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1. Copia del Formulario de solicltud mtemaaonal PCT, cén su traduccion al
espafiol. \\ 7
N -
2. Copia del formulario de- nohﬁmclén aobre la_presentacién o tmnamuslén del

documento de prioridad, con su traduemén ‘al’'espafiol, Formulario PCT/IB/304.

3. Copia de la publicacién intemacional No. WO 2004/050831 A1 de la ,patante'
PCT/US2003/038280, con su respectiva traduccién al espafiol.

En cop gecuencia, ruego a usted tener en cuenta los anteriores documentos y una
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) curso nhormal. _
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- For receiving Office use only
Y PCT International Application No.
REQUEST

Internations! Filing Date

The undersigned requests that the present .
international application be processed Name of receiving Office and "PCT International Application”

according to the Patent Cooperation Treaty. Applicant's or agent's file reft e WYNC-0767
(if desired) (12 characters maxinunt)

Box No.]I TITLE OF INVENTION : SUBSTITUTED DIHYDROPHENANTHRIDINESULFONAMIDES

Box No.II APPLICANT [] This person is also inventor.
Name and address: (Family nema foliowad by given asme: for a leyul enihy. full official devignation. The cddraus must inclde | 1 €lcphone No.
paawl eode and mnme of country. The country of the address indicaed Ix this Box is the applicant’s Siaws (1.2 country) of revidence [f no
Sare of residence iz indicased beiow.) Facsimile No.
Wyeth eprin
A Corporation of the State of Delaware Teleprinter No.
Five Giralda Farms Apnli t* istration Ni ith
Madiscn, New Jersey 07940 e | on o Wi
United States of America
; (that s, conory) OF nationality: US State (der i, couary) of Tegidence; US
person is applicant || all designated all designated States except [ the United States || the States indicated in
for the purposes of: States the United States of America of America only tlie Supplemental Box

Box No. lII FURTHER APPLICANTS AND/OR (FURTHER) INVENTORS

Name and address: (Family same followd by given nams; for o iegal exrly. full afficial dmignasion. The addres st Incinde | 'THiS PErson is:
panl cody and neme of couniry. Thqufﬁllﬁ-lmhﬂhmblhw#m&mmfm&lﬂvu

Sturm of rezidence it indlcased baiow.) (] applicant only
licant and inventor
MOLINARY, Albert John X epplicant end inven
1506 Jonathan Court [ inventor only (if tkis check-box is
Princeton, New Jersey 08540 - ' marked, do not fill in beiow)
United States of America Applicant's registration No. with
the Office:

State (et b, cunery) of nationality: US State {war &, cownery} Of residence: US

[ This person is applicant |_] all designated |_] all designated States except Q) the United States || the States indicated in
purposes of: i} the United of America of America only Supplemental Box

i Iunhu' applicants and/or (further) inventors are indicated on a continuation sheet.

Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE
"The person identified below 18 hereby/has been eppointed to act on behall

of the applicant(s) before the competent International Authorities as: E agent common representative

Name and address: (Family same foliowed iy given nap; for  lapal antlty, fill fficiol designotion. The eddress mut inchuis | T€lephone No. (215) 568-3100
posinl rode and nams of counrry. The country of the addraxs indicased in skl Box iy the applicani’s Swsz (La. counrry) of rezvidence | no

Smum of rexidency ls indicared beiow.) Facsimile No. (215) 568-3439
LUCCI, Joseph; INGLESE, Jane E. Teleprinter No.

WOODCOCK WASHBURN LLP

One Liberty Place - 46th Floor Agent's registration No. with the
Philadelphis, Permsylvanis 19103 US Office: 33,307 and 48,444

[] Address for correspondence: Murk tris check-box where 5o agent ar common reprasmstative ia/has beeo appoinied mmd the sace sbove i used fasead 10 indicse » spachsl
address 10 which comuspondence should be scat.

Form PCT/RO/101 (first aheet)(March 2001; reprint Janmary 2002) See Notes to the requess form



- [ Continuation of Box No. I1I APPLICANTS AND/OR (FURTHER) INVENTORS
| I none of the following sub-baxes Is used, this shees be incinded in the request.

Name and address: (Family name followed by given name: for a legal ensity, ficll official dexignation. The address 7 This on 18:
muri include pozial code and nama of couniry. The country of the address indicated in this Bax i1 the applicant 's State .
(i.e. counsry) of residence {f no State of revidence is indicoted below,) [ applicant only
icant and inver

ASHWELL, Mark Anthony (% epplicant and inventor
8 Heald Road [ inventor anly ¢/ thir check-box is
Carlisle, Massachusetts 01741 marked. do not fUl in belov)
United States of America Applicant’s registration No. with

the Office:
State (thos Is, courury) of nationality: GB State (thar is, coumiry) of residence: US

This person is applicant [] all designated [T] all designated States except [ the United States ] the States indicated in
for the purposes of: States the United States of America of America only the Supplemental Box

Name and address: (Family name followsd by given name; for o legal antity, full afficial designation. Thaxddress | ‘This person is:
muut include posial code and name of country, The country of the addrexs indicated in this Box is the applicant’s Siate .
fle counrry} of residence {f no State of reyidence Is indicatad below.) [ applicant only
RIDGWAY, Brian Hugh (9 applicant and inventor
164 Willowbrook Drive [C] inventar only ¢if this check-box is
orth Brunswick, New Jersey 08902 marked, do st fll in below)
ited States of America Applicant’s registration No. with
the Office;
State (vhat is, counury) of nationality: US St (rha &5, couniry) of residence; US

This person is applicant [] all designated [} all designated States except ~  [5] the United States  [] the States indicated in
for the purposes of: States the United States of America of America only the Supplemental Box
e R

Name and address: (Family rame followed by given name; for a legal entity, full official designation. The addrers| This person is:

must include posial cods and name of country. The couniry of the address indicaied in this Bax iz the appiicani ‘1 Siate .

(i.e. country) of residence if no Stase of residence ls indicared below,) [ applicant only

FAILL], Amedeo Arturo applicant and inveator

14 Landing Lane [C] inventor only (yf this check-bax is

Princeton Junction, New Jersey 08550 markad, do not flll in below.)

United States of America Applicant’s registration No. with
the Office:

State (shat Is, counrry) of nationality: CA State (rhx i3, counsry) of residence: US

ks perion is applicant  [] all designated [[] all designated Stetes except ] the United States  [] the States indicated in
the purposes of. States. the United States of America ____of Americacaly ___ the Supplemental Box

' Name and address: MM by.'_forl Jegal entity, full qmm:m The oddress| This person is:
owyt inclurde pasial code and name ofcounrry. The couniry of the address indicated in this Box is the applicont s State .
(Le. country) of residence {f no State of reridence is indicated below,) [ applicant only
MOORE, Willism Jay : spplicant and inventor
108 Fox Run Drive [ inventor only (jf rhir check-bax is
Collegeville, Pennsylvania 19426 marked, do rot flll in below,)
United States of America Applicant’s registration No. with
the Office:
State (rkat ir. counsry} of nationality: US State (that is, country) of residence: US

This person is spplicant  [] all designated [] all designated States except  [] the United States ] the States indicated in
o e pposes o _the United States of America __of Americacaly ____the Supplemental Bax

Form PCT/RQ/101 (continuation sheet)(March 2001; reprint January 2002) See Notes to the request form



' : Sheet No. 3 ‘bql *

Box No. V DESIGNATION OF STATES Mark the applicable chack-baxes below; ot least ane must be
marked

L)

‘The following designations are herebyy made under Rule 4.9(s) :
Regloun! Putent

B AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenyn, LS Lesotho, MW Malawi, MZ Mezambique, 8D Sudsa, SL. Siesra Leone, S5Z Swaziland, T2
United Republic of Tanzania, UG Uganda, ZW Zimbabwe and any other State which is a Coniracting State of the Harmre Protocol and of the PCT

2 EA Euvrasian Patent: AM Armenis, AZ Azcrbaijan, BY Belarus, KG Kyrgyzsian, KZ Kazskstan, MD Republic of Moldova, RU Russisn Fedemtion, T3
Tujikistan, TM Turkmenistan, and any other State which is s Conracting State o_flhe Eurmsizn Paent Convention and of the PCT

K EP European Patent: AT Austria, BE Belgiom, BG Bulgsria, CH & L) Switzeriand and Licchiensieln, CY Cyprus, CZ Czeh Republic, DE Germany, DK
Denmark, EE Estonia, ES Spain, F1 Finland, FR France, GB United Kingdom, GR Greeee, HU Hungary, IE Ireiand, IT lialy, LU Luxembourg, MC
Monaco, NL Netherlands, FT Portugal, RO Romania, SE Sweden, S1 Slovenia, SK Slovakia, TR Turkey, and any other Siate which is a Contracting
State of the Europexn Patert Convention and of the PCT

E OA OAPIPatent: BF Burkina Faso, BJ Benin, CF Central Africen Republic, CG Cango, C1 Cte d'voire, CM Cameyoon, GA (ebon, GN Guines. GQ
Equaterial Guinca, GW Cuinea-Bisssu, ML Mall, MR Mauritanis, NE Niger, SN Sencgal, TD Chad, TG Togo, and any other State which is a
member of OAPI and a Contracting State of the PCT (if other kind qf protection or treatment dasirsd, specify on line)

National Fatent (¥ other kind of protection or ireatment desired, specify on dotted line):

X AE United Arab Emirates .......... B GM Gambis D NZ NewZesland...........c.e....
Bd AG Antiguaand Barbuda........... B HR Crostia Bd oM Oman..
B AL Albania.................. v R HU  HUDBAMY .oveorrienmmremcsnarenan: PG Papus New Guines................
D4 AM Amenia [ D Indonesia Bd PH Philippines

ﬂ AT Austria B IL  lsrmel X PL Poland

AU  Australin..........ocneercnnee BJ IN India B4 PT Porugal

B AZ Azerhaijan.......ocricnnnne Bd 1S  Iceland B RO Romania
£d BA Bosnia and Herzegovina ...... B JP Japan X2 RU Russian Federation...............
B4 BB Barbados.......oemrneeene M KE Kenya SC  Scychelles
X BG Bulgaria B KG Kyrgyzstan,.......ooooreermeeemeens Bd SD Sudan....eiissiioisienns
Bd BR Brazil.......ccoccinrerenirenensncenns (I KP Democratic People's B SE Sweden.
Bd BY Belarus.....ccoeeceecscecnnnnen. Republic of Korea.........cee. Bd sSG Singapore.
B3 BZ Belize BJ KR Republic of Korea.................. B SK Slovakia
CA Canada Bd KZ Kazakstan 0] SL Siemaleone........ccocvcrnmece.
B CH& Ll Swinerisndand Liechtenstein = {X] LC  Saint Lucia DJd SY Syrien Arab Republic...........
BJ CN Chima LK  SriLanks B TJ Thajikistan
04 CO Colombif........coeeeem e 5] LR Liberia Bd T™™ Turkmenistan ..........cccmn
B CR Costa Rica Bd LS Lesotho BJ TN Tunisia
CU  CUbB..corcsrucnsmnisrrarermsssasannas Bd LT Lithuania B TR Turkey
Bd CZ Czech Republic.....ccocrreennee Bd LU Luxembourg .......cccccnmemmreeanrns Bd TT Trinidad and Tobago............
Bd DE Germany D LV Latvia Xl TZ United Republic of Tanzania
B DK Denmark B MA Moaraceo UA Ukrine
B4 DM Dominica Pd MD Republic of Moldova............. B UG Uganda
X] DZ Algeria BJ MG Madagascar [(Q US United States of America.....

G o L B4 MK The former Yugosiav 1 UZ Uzbekistan...........oooommemnnee

EE Estonir Republic of Macedonia.......... Bd VC Seint Vincent and the

Bd EG Egypt..ooeeeennee (X MN Mongolia Grenadines ............osesernnane
ES Spain B MW Malawi B3 VN VictNam
B FI  Finland .ooooeomceecereeeeeeerecncneees B MX Mexico X ZA  South Affica......ooomeceemuunserees
Pd GB United Kingdom .................. Bd MZ Mozambique....ccnmermvcmrrrennee D ZM Zambia
Bd GD Grensda Bd NO Norway Bd Zw Zimbabwe
Bd GE Georgia .
BJ GH Ghbam

Check-boxes reserved for designating States (for the purposes of a national patent) which have become party to the PCT after
issuance of this sheet: :

B9.CS SerbinandMontenegro . (] 0

M _EG Egymt : | O

Precautionary Designations Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b)
ull other designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as
being excluded from the scope of this statement. The applicant declares that those additional designations are subject to
confirmation and that any designation which is not confirmed before the expiration of 15 months from the priority date is 1o be
regarded as withdrawn by the applicant at the expiration of that time limit. (Confirmation of a designation consists of the filing of
a notice specifying that designation and the payment of the designation and confirmation fees. Corfirmation must reach the
receiving Office within the 15-month time limit,)

Form PCT/RO/101 (second sheet) (July 2002) See Notes (o #he request form
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Box No. VI PRIORITY CLAIM

The priority of the following earlier application(s) is hercby claimed:

Where earlier application is:
Filing Date Number
of earlier application of earlier . . . . s
laywmonth’ — national regiona) mternationa) spplication:
( n application application: application:* receiving Office
- country regional Office

item (1) 04 December 2002 | 60/430,949 US

(04.12.02)
item (2) 20 November 2003 US

(20.11.03)
item (3)
item (4)
item (5)

] Further priority claims are indicated in the Supplemental Box.

receiving Office is requested 10 prepare snd transmit io the Intemational Buresu & certified copy of the eariier spplication(s) (only if the aoriter application
was flisd with ihe Office which for the purposes of the internation! applicetion iz tha receiving Office) idemtified sbove ac item{s):
B4 (sl items) []itemal [Jitems2 [ items3 [] items4 [ ittms5 [] other, see Supplemental Box

¥ Whare the eariter application is an ARIPO application, indicate ot lears one country party to the Paris Convention for the Protection of Indusiria! Property or
one Member of the World Trade Organtcation for which that earlier application was filed (Rule 4.1000)(10):

Box No. VII INTERNATIONAL SEARCHING AUTHORITY

Choice of International Searching Authority (ISA) (¥ o or more Zssrmrions! Saarching Authorites are compeset % carry out the Sxernavionsl search, indicaie
the Authorify chonm; the fwo-lanes code may by wed):

ISA/EP

Request 10 use resnlts of earller seareh; reference to that senrch (i an sarfier search has been carriad out by or reguested from the Interxarional Searching
Authorigy):
Date (dayvmonih/year) Number Country (or regional Office)

ox No. VIII DECLARATIONS

[ The following declarations are contained in Boxes Nos. VIII (i) to (v) (mark the applicable Number of
check-boxes below and indicate in the right column the number of each type of declaration): declaration

[0  BoxNo. VII(i) Declaration as to the identity of the inventar

Bax No. VIII (ii) Declamation as to the applicant’s entitlement, as at the iniernational
filing date, to apply for an be granted a patent

Box No, VIII (iii) Declaration as to the applicant’s entitlement, as at the international
filing date, to claim the priority of the esrlier application

Box No. VIII (iv) Declaration of inventorship (only for the purposes of the designation
of the United States of America)

O o O 0O

Box No. VIII (v) Declaration s to non-prejudicial disclosures or exceptions to Jack of
novelty

Form PCT/RO/101 (third sheet) (March 2001 ; reprint January 2002) See Notes to the request form
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Box No.IX CHECK LIST; LANGUAGE OF FILING

" This international application contains This ntemational application is accompanied by the following
Nu
{x) the following number of mber

sheets In paper form: item(s) (mark the applicable check-boxar below and indicate in of

request (including items

declaration sheets) : 03 right column the number of sach item):

description (excluding 1. B4 Fee calculation sheet

sequence listing part) : 189 '

2 O Qriginal separate power of attorney
claims : 10
3 O Original general power of attomey
abstract : 01
4, (W] Copy of general power of atiomey; reference number,
drawings : if eny:
| ber : .
Sub-tatal number of sheets 205 5. 0 Statement explaining lack of signature
lisi f

o otion (acnl s ! 6. [J  Priority documem(s) identified in Box No. VI as item(s)

of sheets if filed in paper farm . . . s .

whether or not also filed in 7. 0 Translation of international spplication into (language)

omputer readsble form:

:u (b)::lcw) ¢ . 8. a Se?mme ‘:Indn:luunl conceming deposited microorganism
Total number of sheets : 205 or other biological materia) :
(b) sequence listing part of description in S u St;q‘“::e“:iﬂﬂllmh o :fmﬂdmi .Imblhé:f:_g: |ce|;;1 :

compater readable form ) other)) camers » ’

() [ only (under Section 801(a)(i)) () [J Copy submitied for the purpase of international

() [J in addition to being filed in paper ::‘:' under ml::]:;;:;::g (and not as part of

Type and number of earriers (diskette, CD- ;eludin:: f:{m wﬁ:ﬁ?;:gemﬁlgr the

ROM, CD-R or other) on which the sequence purposes of intemnational search under Rule

li sting part is containing (_dd_lllu_lll copies to 13ser

be indicated under item 9(ii), in right colurm): (iii) [] Together with relevant statement as to the

identity of the copy or copies with the sequence
listing part mentioned in left colurrm

10. E Other (. ) Transmittal letter; return card; check
| Figare of the drawings which nguage of the

should y the abstract: internationa) Ekimim: ENGLISH
Box No. X SIGNATURE OF APFLICANT, AGENT OR C N REP AT

q Next to each signature, indicote the nama of the persan signing and the capacity in which the person signs (if such capacity is not obvious from

reading the request).

T

Atorney for Applicant
1. Date of actusl receipt of the pwiporied international spplication: 2. Drawings:
] received:
[] not received:

3. Corrected date of actual receipt due to Iater but timely received

__Ew'gﬁ:ﬂ! the purporied intemational application;
4.  Daie of timely receipt of the required

corrections under PCT Article 11(2): _
5. Internations) Searching Authority 6. ] Tranamittal of scarch copy delayed
specified by the epplicant ISA/ until search fee in paid
For International Bureau use only
Date of receipt of the record copy
by the International Bureau:

Form PCT/ROY101 (lant sheet 1; reprint January 2002) _-Suﬂanmrhenqumfm
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This sheet is not prrt of and does not count as a sheet of the internntional application. ?)“N /
PCT ForR ving Office use only

FEE CALCULATION SHEET
Anges to the Request

Ioternational application Ne.

Applicant’s or agent's
file reference WYNC-0767

Date stamp of the receiving Office

Applicant: Wyeth, et al.

CALCULATION OF PRESCRIBED FEES
1. TRANSMITTAL FEE T —— 40.00

2. SEARCH FEE ertatamsessaseaResbnanens s nsene R nanae

International search to be l:lrned out by EP
{lf wo or more Insermatianal Searching Authoriias are compasent in relation 1o the bnisrandamal
application, indicate the name of the Authority wiich is chosen w0 carry our thw insernations! Search.)

3. INTERNATIONAL FEE
Basic Fee
Where item (b) of Box No. IX spplies, enter Sub-total number of sheets
Where item (b} of Box No. IX does not apply, enter Total number of sheets
bl  first 30 sheets 476.00 bl
b2 175 x 12.00 = 2100.00 b2
number of sheets fee per sheet
io excess of 30
b3  additional companent (only if sequence listing part of description
is filed in computer readable form under Section 801(a)(T), or
. both in that form and on pnpe.r, under Section 801(a)(ii);
400 x b3

Add amounts entered at bl, b2 and b3 and enter total at B 2576.00 B

Designation Fee
International application contains greater than 5 designations.

3 x 104.00 - 520.00 D

number of designations amount of designarion fee
payable (maximam 5)

Add amounts entered at B and D and enter total at I. 3096.001

T
00 8

4. FEE FOR PRIORITY DOCUMENT ... 40.00 P

5. TOTAL FEES PAYABLE 4495.00

(Applicants from certain States are entitled 1o a reduction of 75% of the international fee.
Where the applicant is {or all applicants are) so entitled, the tosal to be emtered at 1 is
25% of the sum of the amounts entered at B and D.)

.Addlmwnnemmdn'r.s,lnndP,lnde:mrtoulintheTOTALbox TOTAL

|!;'!Eduﬂ ton fee is not paid at this time.
MODE OF PAYMENT

B4 authorization to charge ] postal money order [ cash
depaosit account (see below)

[] coupons

[] other (specify):

[ cheque [ ] bank draft [] revenue stamps
AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT

(this mode of payment may not be available at all receiving Offices)
[0  Authorization to charge the total fees indicated above.
X (This check-box may be marked only if the conditions for deposit accounts

of the receiving Office so permit} Authorization to charge any deficiency
or credit any overpayment in the total fees indicated above.

Authorization to charge the fee for priarity document.

Receiving Office: ROAUS
Deposit Account No.: 23-3050
Date: December 02, 2003
Name: Jane E. Inglese

Form PCI/RO/101 (Annex) (March 2001; reprint January 2002)

Signature: g&%a_
e Notes to the fee calculation shee
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PCT. PEDIDO

El que suscribe solicita que esta solicitud internacional siga
el proceso de acuerdo con el Tratado de Cooperacién sobre
Patentes.

Para uso exclusivo de la Oficina receptora

Solicitud Internacional N*

Fecha de Presentacién Internacional

Nombre de la Oficina Receptora y “Solicitud Internacional PCT¥
Referencia de Archivo del Solicitante o Agente: WYNC-0767

(51 se desea) (mdximo: 12 caracteres)

Casillero N°I: TITULO DE LA INVENCION

DIHIDROFENANTRIDINOSULFONAMIDAS SUSTITUIDAS

Casillero N°II: SOLICITANTE
[] Esta persona es también inventor
Nombre y domicilio: (Apellido seguido del nombre; para empresas, razdn

social completa. El domicilio debe incluir cddigo postal y pals. El pals
del domicilio indicado en este Casillero es el Estado del solicitante (es
decir el pals) de residencia sl no se indica Bstado de residencia abajo)

WYETH

Una sociedad anénima del Estado de Delaware
Five Giralda Farms

Madison, New Jersey 07940

Estados Unidos de América



N° telefénico:

N° de fax:

N° de télex:

Nimero de inscripcién del Solicitante ante la Oficina:

Estado (es decir, pals) de nacionalidad: ESTADOS UNIDOS

Estado (es decir, pais) de domicilio: ESTADOS UNIDOS

Esta persona es solicitante para los propdsitos de:

[] todos 1los Estados designados [X] todos 1los Estados
designados salvo Estados Unidos de América [ ] sdlo Estados
Unidos de América

[] los Estados indicados en el casillero complementario

Casillero N°III: OTRO(S) SOLICITANTE (S} Y/U OTRO(S)
INVENTOR (ES) :

Nombre y domicillio: (Apellido seguido del nombre; para empresas, razdn

soclal completa. El1 domicilio debe incluir cédige postal y pais. E1 pals
del domicilio indicado en este Casillero es el Estado del aolicitante (es
decir el pals) de residencia si no se indica Estado de residencia abajo)

MOLINARI, Albert John

1506 Jonathan Court

Princeton, New Jersey 08540

Estados Unidos

Esta persona: {] sélo solicitante [x] solicitante e inventor

[] sb6lo inventor. (Si marca este casillero, no complate la Informacidn

de mds abajo)



3 ,bgﬁ’

Namero de inscripcién del Solicitante ante la Oficina:--
Estado (es decir, pais) de nacionalidad: Estados Unidos

Estado (es decir, pais) de residencia: Estados Unidos

Esta persona es solicitante para los propésitos de:

[ 1 todos 1los Estados designados [] todos 1los Estados
designados salvo Estados Unidos de América [x]) sélo Estados
Unidos de América

[] los Estados indicados en el casillero complementario

[x] Se indican otros solicitantes y/o (otros) inventores en

una pdgina continuacién

Casillero N°IV: AGENTE O REPRESENTANTE; © DOMICILIO PARA
CORRESPONDENCIA

La persona identificada a continuacién ha sido designada/es
designada por la presente para que actie en nombre del(os)
solicitante{s) ante las Autoridades Internacionales

competaentes, como: [x] agente [] representante

Nombre y domicilio: (Apeilide seguido del nombre; para empresas, razdn

social completa. El domicilio debe incluir cddigeo postal y noabre del pais)

LUCCI, Joseph; INGLESE, Jane E.
WOODCOCK WASHBURN LLP

One Liberty Place - 46 Floor
Philadelphia, Pennsylvania 19103

Estados Unidos



N°® telefénico: (215) 568-3100

N° de fax: (215) 568-3439

N° de télex: ----—-

Nimero de Inscripcién del Agente ante la Oficina: 33.307 vy
48.444

(1 Domicilio para Correspondencia: Marque este casillero si no
se ha designade ningin agente o representante y si el espacio
de precedente ha sido usado en cambio para indicar un

domicilio especial al cual ha de enviarse correspondencia.

Formulario PCT/RO/101 (pAgina uno) (marzo de 2001; reimpreso
en enero de 2002)

Ver Notas al formulario de pedido

Padgina N° 2
Continuacién del Casillero N° III. OTROS SOLICITANTES Y/O
(OTROS} INVENTORES
Si no se usa ninguno de los siguientes subcasilleros, esta

pagina no deberd incluirse en el pedido.

Nombre y domicilio: (Apellido seguido del nombre; para empresas, razdn

social completa. El1 domicilio deba incluir cddigo postal y pals. El pais
del domicilio indicado en este Casillero es el Estado del solicitante (es

decir el pais) de residencisa 31 no se indica Estado de residencia abajo)

ASHWELL, Mark Anthony



8 Heald Road

Carlisle, Massachuseetts 01741

Estados Unidos

Esta persona: [] s6lo solicitante [x] solicitante e inventor

[l s6lo inventor. (Si marca este casillero, no complete la informacidn
de mis abajo)

Nimero de inscripcién del Solicitante ante la Oficina:--
Estado (es decir, pais) de nacionalidad: Reino Unido

Estado (es decir, pais) de residencia: Estados Unidos

Esta persona es solicitante para los propésitos de:

[ 1] todos los Estados designados [] todos los Estados
designados salvo Estados Unidos de América [x]) sélo Estados
Unidos de América

[ ] los Estados indicados en el casillero complementario

Nombre y domicilio: (Apellido seguidoc del nombre; para empresas, razdn

social completa. El domicilio debe incluir cddige postal y pals. El pais
del domicilio indicado an este Casillero es el Estado del solicitante (es

decir el pals) de residencia si no se indica Estado de residencia abajo)

RIDGEWAY, Brian Hugh

164 Willowbrook Drive

North Brunswick, New Jersey 08902
Estados Unidos

Esta persona: [] sélo solicitante [x] solicitante e inventor
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[] sélo inventor. (5i marca este casillero, no complete la informacién
de mds abaijo)

Numero de inscripcién del Solicitante ante la Oficina:--

Estado (es decir, pais) de nacionalidad: Estados Unidos

Estado (es decir, pafs) de residencia: Estados Unidos

Esta persona es solicitante para los propésitos de:

[ 1 tedos 1los Estados designades {] todos 1los Estados
designados salvo Estados Unidos de América [x] sélo Estados
Unidos de América

[ ] loa Eatados indicados en el casillero complementario

Nombre y domicllio: ({(Apesllido seguido del nombre; para empresas, rasén

social completa. El domicilio debe inclulr cédige postal y pais. El pals
del domicilio indilcado en este Casillero es el Estado del solicitante (es
daecir el pais) de residencia sl no se indica Estado de residencia abajo)

FAILLI, Amedeo Arturo

14 Landing Lane

Princeton Junction, New Jersey 08550

Estados Unidos

Esta persona: {] sélo solicitante [x] sclicitante e inventor

[ ] sélo inventor. (S5i marca este casillero, no complete la informacidn
de mds abajo}

Nimero de inscripcién del Solicitante ante la Oficina:--
Estado (es decir, pais) de nacionalidad: Canadéi
Eatado (es decir, pais) de residencia: Estados Unidos

Esta persona es solicitante para los propbsitos de:
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[ ] tedos 1los Estados designados [] todos los Estados
designados salvo Estados Unidos de América [x] sélo Estados
Unidos de América

[ ] los Estados indicados en el casillero complementario

Nombre y domicilio: (Apellido seguido del nombre; para empresas, razdn

social completa. El domicilio debe inclulr cddigo postal y pais. El1 pais
del domicilio indicado en este Caaillero es el Estado del solicitante (es

decir el pais) de residencia si no ae indica Estado de residencia abajo)

MOORE, William Jay

108 Fox Run Drive

Collegeeville, Pennsylvania 19426

Estados Unidos

Esta persona: [] sélo solicitante [x] solicitante e inventor

[ 1 s6lo inventor. (Si marca este casillero, no complete la informacidn

de mds abajo)

Nimerc de inscripcién del Solicitante ante la Oficina:--
Estado (es decir, pais) de nacionalidad: Estados Unidos

Estado (es decir, pais) de residencia: Estados Unidos

Esta persona es solicitante para los propésitos de:

[ 1 todos los Estados designados |[] todos 1los Estados
designados salvo Estados Unidos de América [x] sélo Estados
Unidos de América

[ ] los Estados indicados en el casillero complementario
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[] Se indican otros solicitantes y/o (otros) inventores en una

pagina contlnuacién

Padgina N°® 3
Casillero N°V DESIGNACION DE ESTADOS
Marque los casilleros de verificacién que correspondan a
continuacién; deberd marcar al menos uno.
Las siquientes designaciones se efectian conforme a la Norma
4.9(a):
Patente Regional
[x] AP Patente ARIPO: GH Ghana, GM Gambia, KE Kenia, LS
Lesotho, MW Malawi, MZ Mozambique, SD Sudan, SL Sierra Leona,
SZ Suazilandia, TZ Reptiblica Unida de Tanzania, UG Uganda, 2ZW
Zimbabwe y cualquier otro Estado Firmante del Protocolo de
Harare y del PCT (si desea otro tipo de proteccién o
tratamiento, especifiquelo en la linea de puntos).......
[x) EA Patente de Eurasia: AM Armenia, AZ Azerbaijan, BY
Bielorrusia, KG, Kyrgyzstan, K2z Kazakstan, MD Reptiblica de
Moldavia, RU Federacién Rusa, TJ Tajikistan, TM Turkmenistan y
todo otro Estado Firmante de la Convencién de Patentes de
Eurasia y del PCT.
[x] EP Patente Europea: AT Austria, BE Bélgica, BG Bulgaria,
CH y LI Suiza y Liechtenstein, CY Chipre, CZ Reptiblica Checa,
DE Alemania, DK Dinamarca, EE Estonia, ES Espafa, FI

Finlandia, FR Francia, GB Reino Unido, GR Grecla, HU Hungria,
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IE Irlanda, IT Italia, LU Luxemburgo, MC Mbnaco, NL Paises
Bajos, PT Portugal, RO Rumania, SE Suecia, SI Eslovenia, SK
Eslovaquia, TR Turquia y cualquier otro Estado Firmante de la
Convencién de Patentes Europeas y el PCT.

(x] OA Patente OAPI: BF Burkina Faso, BJ Benin, CF Repiblica
Centroafricana, CG Congo, CI Costa de Marfil, CM Camerin, GA
Gabén, GN Guinea, GQ Guinea Ecuatorial, GW Guinea-Bissau, ML
Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad, TG Tcgo Yy
cualquier otro Estado miembro de la OAPI y Firmante del PCT (asi

desea otro tipo de proteccidn o tratamlento, especifiquela en la linea de

puntos)........

Patente Nacional (sl desea otro tipo de proteccién o tratamlento,

aspecifiquela en la linea de puntos):

[X] AE Emiratos Arabes Unidos [x] LC Santa Lucia

[x] AG Antigua y Barbuda [x] LK Sri Lanka

[x] AL Albania [x] LR Liberia

[x] AM Armenia [x] LS Lesotho

[x] AT Austria [} LT Lituania

[x]! AU Australia [x] LU Luxemburgo

[x] AZ Azerbaijan [x] LV Letonia

[x] BA Besnia y Herzegovina [x] MA Marruecos

[®] BB Barbados [x] MD Repiiblica de Moldavia
[x] BG Bulgaria [x] MG Madagascar

{x] BR Brasil [x] MK Ex Rep. Yugoslava de

[x] BY Bielorrusia de Macedonia
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[x] BZ Belice [x] MN Mongolia

[x] CA Canada [x] MW Malawl

[x] CH y LI Suiza y Liechtenstein [x] MX Méjico

[x] CN China [x] MZ Mozambique

[x] CO Colombia [x] NO Noruega

[x] CR Cosata Rica [(x] NZ Nueva 2elanda
[x] CU Cuba [x] OM OmAn

(x] CZ Repiliblica Checa [x] PG Papda Nueva Guinea
[x] DE Alemania {x}] PH Filipinas

[x] DK Dinamarca [x] PL Polonia

[x] DM Dominica [x] PT Portugal

[x] DZ Argelia [x] RO Rumania

[x] EC Ecuador [x] RU Federacién Rusa
[x] EE Estonia [x] SC Seychelles

[x] EG Egipto . [x] SD Sudén

[x] ES Espaila [x] SE Suecia

[x] FI Finlandia [x] SG Singapur

{x] GB Reino Unido [x] SK Eslovaquia

[x] GD Grenada [x] SL Sierra Leona
[x] GE Georgia [x] SY Reptblica Arabe Siria
[x] GH Ghana [x] TJ Tajikistan

[x] GM Gambia [x] TM Turkmenistan
[x] HR Croacia [x] TN Tdnez

[x] HU Hungria [x] TR Turquia

[x] ID Indonesia [x] TT Trinidad y Tobago



[x]}] IL Iarael [x] TZ Rep.Unida de Tanzania
[x] IN India [x] UA Ucrania
[x] IS Islandia {x] UG Uganda
[x] JP Japén [x] US Estados Unidos
[x] KE Kenia [x] UZ Uzbekistén
[x] KG Kyrgyzstan [x] VC San Vicente y los
[x] KP Repiblica Democrdtica Grenadinos
del Pueblo de Corea [x] VN Vietnam
[x] KR Reptblica de Corea [x]) ZA Sudéfrica
[x] KZ Kazakhstan [x] ZM Zambia

[x] ZW Zimbabwe
Los casilleros de verificacién siguientes estidn reservados
para designar Estados que han firmado el PCT con posterioridad
a la emisién de esta péagina:
[x] CS Serbia y Montenegro [] ~~r———e [] ——==—-
[x] EG Egipto
Declaracién Precautoria sobre Designaciones: Ademis de las
designaciones efectuadas anteriormente, el solicitante también
efectia conforme a la Norma 4.9(b) todas las demés
designaciones que estidn permitidas conforme al PCT salvo
cualquier designacién indicada en el Casillero Suplementario
como excluida del alcance de esta declaracién. El solicitante
declara que aquellas designaciones adicionales estdn sujetas a
confirmacién y que cualquier designacién que no se confirme

con anterioridad al vencimiento de los 15 meses desde la fecha
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de prioridad se considerarA retirada por el solicitante al
vencimiento de ese plazo. (La confirmacidén (incluyendo los
aranceles) deberd llegar a la Oficina receptora dentro del

plazo de 15 meses.)

Pdgina N° 4

Casillero N°VI REIVINDICACION DE PRIORIDAD

Por

la presente ae

solicitud(es) anterior:

reivindica prioridad de 1la

sigulente

Fecha de Numero de Cuando la solicitud anterior es:
presentacién la solicitud | solicitud solicitud
de la solicitud |nacional: | regional:* | internacional:
solicitud anterior pais o Oficina Oficina
anterior Miembro regional receptora
(dia/mes/afio) de WTO
item (1) 60/430.949 | Estados
4 de Unidos
dicliembre de
2002
(4-12-2002)
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item (2) Estados
20 de Unidos

noviembre de
2003

(20-11-2003)

item (3)

item (4)

item (5)

[ ] Se indican otras reivindicaciones de prioridad en el
Casillero Complementario

Se solicita a la Oficina receptora que prepare y transmita a
la Oficina Internacional wuna copla autenticada de 1la
solicitud(es) anterior (solamente si la solicitud anterior se
presentd ante la Oficina que para los propdsitos de la
presente solicitud internacional es la Oficina receptora)
identificada anteriormente como:

[x] todos los items [] item (1) [] item (2) [] item (3)

[] item (4) [] item (5) [] otro, ver Casillero Suplementario

* Cuando la solicitud anterior sea una solicitud ARIPO, es
obligatorio indicar en el Casillero Suplementario al menos un
pais miembro de la Convencién de Paris para la Proteccidén de
la Propiedad Industrial para el cual se presentd la solicitud

anterior (Norma 4.10(b) (ii)).
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Casillero N°VII AUTORIDAD DE BUSQUEDA INTERNACIONAL

Eleccién de la Autoridad de Bisqueda Internacional (ISA) (si

dos o mds Autoridades de Bilsqueda Internacional son competentes para
realizar la bdsqueda internacional, indique la Autoridad elegida; puede

usarse un cédigo de dos letras): ISA/EP

Pedido de uso de los resultados de una blisqueda anterior;
referencia a esa blsqueda (si se ha realizado una bisqueda
anterior o si ésta ha gsido solicitada a la BAutoridad de
Bisqueda Internacional):

Fecha (dia/mes/aflo) Numero Pals (u Oficina regional):

Casillero N°VIII DECLARACIONES JURADAS

Las siguientes declaraciones juradas estén Namero de
contenidas en los Casilleros VIII(i) a (v) declaraciones
(marcar los casilleros de verificaclén

aplicables siguientes e indicar en la columna

de la derecha el nimero de cada tipo de

declaracidn) :

[(]Casillero N°VIII(i) Declaracién sobre la
identidad del
inventor

[1Casillexro N°VITII(ii) Declaraciones sobre
derecho del

solicitante, a la



[JCasillero N°VIII(iii)

{] Caillero N°VIII ({(iv)

[] Casillero N°VIII (v)

15

fecha de presentacién
internacional, de
presentar solicitudes
y que se le conceda
una patente

Declaracién sobre el
derecho del
Solicitante, a la
fecha de presentacién
internacional, de

reivindicar prioridad

de la aolicitud
anterior
Declaracién de

cardcter de inventor
(solamente para los
propésitos de la
designacién de

Estados Unidos)

Declaracién sobre
revelaciones no
perjudiciales o
excepciones a la

falta de novedad

Pdgina N° 5
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Casilleroc IX. LISTA DE VERIFICACION: IDIOMA DE LA PRESENTACION
Esta solicitud internacional contiene:

(a) el siguiente mimero de pAginas en la forma de papel:
pedido (incluyendo 5

pidginas de declaracién)

memoria descriptiva

(eaxcluyendo la parte

del listado de secuencias): 189
reivindicaciones 10
resumen 1
dibujos

Subtotal de numero de péginas 205
Parte del listado de

secuencias de la memoria
descriptiva (nimero real

de paginas sl se presentan

en forma de papel, sean o no
presentadas también en

forma legible por

computadora; ver (b) abajo)
Nimero total de paginas 205
(b) parte del listado de secuencias
de la memoria descriptiva

en forma legible por computadora
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(i) [] solamente (conforme al

Articulo 801(a) (1))

(il) [] ademéAs de ser presentada

en forma de papel {conforme al

Articulo 801(a) (ii))

Escriba y numere los portadores (diskette, CD-ROM, CD-R u
otro) en los cuales estd contenida la parte del listado de
secuencias (las copias adicionales se deben indicar en el
punto 9(il), en la columna de la derecha):

Esta solicitud internacional est& acompafiada Namero de
por el siguiente item{s) (marcar los casilleros Items

de verificacién e indicar en la columna de la

derecha el nimero de cada item):

1. [x] planilla de cé&lculo de aranceles

2. [] poder original por separado

3. [] poder general original

4. [] copia del poder general;

nimero de referencia, si hubilera:

5. [ ] declaracién de explicacién de falta de firma

6. [ | documento(s) de prioridad identificado(s)

en el Casillero N°VI como item{s): --

7. [ ] traduccién de la solicitud internacional

al (idioma):

8. [] indicaciones por separado concernientes

a microorganismos u otro material biolégico depositado
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9. (] listado de secuencias en forma legible

por computadora (indicar también el tipo

y nimero de portadores (diskette, CD-ROM,

CD-R u otro))

(i) [ ] copia presentada para los propésitos de

la bisqueda internacional conforme a la Norma l3ter

solamente (y no como parte de la sclicitud internacional)

(ii) [1 (solamente cuando ser marcd el casillero (b)(i) o
(b) (i1) en la columna de la 1lzquierda) copias adicionales que
incluyen, cuando corresponde, la copia para los propésitos de
la blisqueda internacional conforme a la Norma l3ter.

{(iii) [] Jjunto con la declaraciédn relevante en cuanto a la
identidad de la copia o copias con la parte de listado de
secuencias mencionada en la columna de la izquierda

10. [x] otros (especifique): Carta de Remisién; tarjeta de
devolucién; cheque

Figura de los dibujos que deberid acompafiar al resumen:

Idioma de presentacién de la solicitud internacional: INGLES
Casillero N°X FIRMA DEL SOLICITANTE, AGENTE O REPRESENTANTE
Junto a la firma, indique el nombre del firmante y el caréicter
con el que firma (si el miswo no se deduce de la lectura da la
solicitud): [firma ilegible]}] Jane E. Inglese. Apoderado del

Solicltante

1. Facha de recepcién real de solicitud internacional:
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¥

2. Dibujos: [] recibidos [] no recibidos

3. Correccién de fecha de recepcién real debido a la recepcién
posterior pero en plazo de documentos o dibujos que completan
la solicitud internacional: ----

4. Fecha de recepcién en plazo de las correcciones solicitadas
conforme a la Clausula II(2) del PCT: ---

5. Autoridad de Blsqueda Internaclonal (si dos © m&s son
competentes):; ISA/--

6. [] Remisién de copia de bilsqueda demorada hasta que se
efectie el pago del arancel de bidsqueda

—————————— Para uso exclusivo de la Oficina Internacional---
Fecha de recepcién de la copia del registro por la Oficina
Internacional:-—-

Formulario PCT/R0O/101 (Gltima pégina) (marzo de 2001;
reimpreso en enero de 2002).

Ver notas al formulario de Pedido
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Esta pdgina no forma parte ni se cuenta como una pdgina de la
solicitud internacional -
PCT. PLANILLA DE CALCULO DE ARANCELES

Anexo al Pedido

Para uso exclusivo de la Oficina Receptora

Solicitud Internacional N°

Timbre Fechador de la Oficina receptora

Referencia de Archivo del Sclicitante o agente: WYNC-0767

Solicitante: WYETH et al

CALCULO DE ARANCELES ESTABLECIDOS

1. Arancel de Remisidn--=-=--—-r————-—=—smcemcncccec-- 240 [T}
2. Arancel de Blsqueda-—-—-—-=—==meccccmcccccccceao-— 1119 [s]
Busqueda internacional para ser realizada por EP

(51 dos o mds Autoridades de Biisqueda Internaclonal son
competentes con respecto a la solicitud internacional, indique
el nombre de la Autoridad elegida para realizar la bisqueda
internacional)

3. Arancel Internacional

Arancel Basico

Cuando el punto (b) del Casillero N°IX es aplicable,

ingresar el Subtotal del niémero de paginas

Cuando el punto (b) del Casillero N°IX es aplicable,

ingresar el Total del niimero de pAginas:

[bl] primeras 30 paginas-----------———re—emmm——ce—ee-- 476 [bi)
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[b2] 175 x 12,00 = 2100 [b,]

Nimero de paginas arancel por pagina
que exceden 30

[b3] componente adicional (solamente si se presenta
una parte de listado de secuencias de la
memoria descriptiva en forma legible por
computadora conforme al Articulo 80l{a) (i), o
tanto en esa forma como en papel, conforme
al Articulo 801{a) (ii)):

400 x - [b3]

Sume los importes ingresados en b;, b; y b;

e ingrese el importe en B-==-—=r=m—=—=——————————- 2576 [B]
Arancel de Designaciones

La solicitud internacional contiene mias de 5 designaciones

5 X 104,00 = 520 (D]

nimero de aranceles de importe del arancael designaciones
de designacionesa
a pagar (méAximo: 6)

Sume los importes de B y D

e ingrese el total en I--===—c—-smcemcmecace——- 3096 [I]

36>

(Los solicitantes de ciertos Estados gozan de un descuento del

75% del arancel internacional. Cuando a los solicitantes (o

todos los solicitantes) les corresponda este descuento, el

total que debe ingresarse en I es el 25% de la suma de las

cantidades ingresadas en B y D.)
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4. Arancel por Documento de Prioridad-----—=-—--- 40 [P]
(si corresponde)
5. TOTAL DE ARANCELES A PAGAR

Sume los importes de T,S,I y P

e ingrese el total en el casillero TOTAL---- 4495

[TOTAL]
[] E1 arancel de designacién no se paga en este momento.
FORMA DE PAGO
[x] antorizacién para debitar de cuenta de depésito
(véase abajo)

[ ] orden de pago postal [] efectivo [] cupones
[x] cheque [] giro bancario [] estampillas de ganancias

[] otros (especifique): --

AUTORIZACION PARA CUENTAS DE DEPOSITO (esta forma de pago
puede no estar disponible en la Oficina Receptora)

[1 Autorizacién para debitar los aranceles totales indicados
anteriormente.

[x] (Este casillero se puede marcar solamente 91 las
condiciones para las cuentas de depdsito de la Oficina
receptora asi lo permiten) Autorizacién para debitar el
importe faltante o acreditar el pago sobrante en los aranceles
totales indicados anteriormente.

[ ] Autorizacién para debitar el arancel del documento de

prioridad
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Oficina Receptora RO/US
Cuenta de Depdsito N°: 23-3050
Fecha: 2 de diciembre de 2003
Nombre: Jane E. Inglese

Firma: ([firma ilegible]

Formulario PCT/RO/101 (Anexo} (marzo de 2001; reimpreso en
enero de 2002)

Ver Notas a la planilla de cdlculo de aranceles
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C‘ v D2V T TOCLIENT

PCT

NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT

(PCT Administrative instructions, Section 411}

- #ATENT COOPERATION TREATY

Date of malling (day/momivyaar)}

2%

PCTAUS2
T

From the INTERNATIONAL BUREAU

To:
REC
LUCCI, Joseph EWED
Woodcock Washb LLP
whfioor APR 2 8 2004
One Liberty Place

Philadelphis, PA 19103 Woodcack Washburn
United States of America

16 April 2004 {16.04.2004)
Applicant’s or agent’s flle referance
WYNC-0767 IMPORTANT NOTIFICATION
International application Na. Intemational flling data (day/momtthiyear)
PCT/US2003/038290 02 December 2003 (02.12.2003)

International publication date {day/momh/year)
Not yet published

Priority date {day/month/ysar)
04 December 2002 {04.12.2002)

Applicant
WYETH st al

reasonabls under the ciroumstances.

which Is reasonable under the circumstances.

1. By means of this Form, which replaces any previously issued notlfication congerning submission or transmittal of priority
documents, the applicant is hereby notified of the data of receipt by tha International Buresu of the priority documant(s)
relating to all earlier application{s) whose priority is claimed. Uniless otherwise indicatad by the letters "NR", in the
right-hand column or by an asterisk appesring naxt to a date of receipt, the priarity dooument concamed was submitted or
transmitted to the Intemstional Bureau in complisnce with Rule 17.1(s)} or {b).

2. (M applicabls} The istters “NR" appearing in the right-hand oolumn denote a pnullv document which,_on the data of malling
of thin Form. had nat yet been received by the internationsl Buresu under Ruls 17.1{a) or {b). Where, under Rule 17.1(a) . the
priority document must bs submittad by the applicant to the receiving Office or the internationai Bureau, but the applicam
falls to submit the priority document within the applicable time limit under that Rule, the attantion of the applicant is directad
ta Rule 17.1(c) which provides that no designated Office may disregard the priarity clalm concerned before giving the
applicant an cpportunity, upon antry into the national phase, 1o furnish the priority document within a time limit which is

3. (if applicable) An asterisk{*) appearing next to a date af receipt, in the right-hand column, denotes a priority document
submitted or tranamittad to the imemational Bureau but not in compliance with Ruls 17.1{a) or (b) (the priority dooument
wias received sfter the tima limk prescribed in Rule 17.1{s) or the request to prepare and trensmit the priority document was
submitted to the receiving Office after the applicable time limit under Rula 17.1(b}). Even though the priority document was
not fumished in compliance with Rule 17.1{a) or (b), the International Bureau will nevertheleas transmit s copy of the
document to the designated Officss, for their consideration. In case such a copy Is not accepted by the decignated Office
as priority document, Rule 17.1(c) provides that no designated Office may disregard the prigrity claim concerned before
giving the applicant an apportunity, upon entry into the national phase, to fumish the priority documemt within a time limit

Facaimlle No. (41-22) 338.71.40

Priarity d Priori llcation N C ional Qff Data of rosi
or PCT racelving Offica of orgrity documant
|04 Dace 2002 {04.12.2002) 60/430,949 us 20 Febr 2004 (20.02.2004)
20 Nove 2003 (20.11.2003) 10/718,461 Us 13 Apri 2004 (13.04.2004)
The internationsl Bureau of WIPO Autharized officer
34, chemin des Colombatisa SAFl, HORIYA
1211 Geneva 20, Switzeriand

Telephone No. {41-22) 338 8137

Form PCTAB/304 (January 2004)
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PCT/US2003/038290
TRATADO DE COOPERACION EN MATERIA DE PATENTES
PCT. NOTIFICACION SOBRE PRESENTACION O REMISION DE DOCUMENTOS
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SUBSTITUTED DIHYDROPHENANTHRIDINESULFONAMIDES

BACKGROUND OF THE INVENTION

[0001] This invention relates to ligands for the estrogen receptor (ER), and
specifically relates to substituted dihydrophenanthridinesulfonamides useful for the
- treatment of the inflammatory compaonent of diseases and are particularly useful in
treating atherosclerosis, myocardial infarction, congestive heart failure, inflammatory
bowel disease, arthritis, type Il diabetes, and autoimmune diseases such as muitiple
sclerosis and rheumatoid arthritis.

[0002] The ability of ligands for the estrogen receptor to inhibit inflammatory
gene exprassion causing a reduction of cytokines, chemokines, adhesion molecules
and inflammatory enzymes provides a means to treat the inflammatory component of
diseases such as atherosclerosis, myocardial Infarction (Ml), congestive heart failure
(CHF), inflammatory bowel disease and arthritis. Other potential therapeutic indications
for these type of molecules include type |l diabetes (Cefalu, J Womens Health &
Gender-based Med., 2001, 10, 241 & Yuan et al., Science, 2001, 293, 1673),
osteoarthritis (Pelletier et al., Arthr. & Rheum., 2001, 44:1237 and Felson et al., Curr
Opinion Rheum, 1998, 10, 269) asthma (Chin-Chi Lin etal., Immunol. Lett., 2000, 73,
57), Alzheimer's disease (Roth, A. et. al.,; J. Neurosci. Res., 1999, 57, 399) and
autoimmune diseases such as multiple sclerosis and rheumatoid arthritis.

[0003] A common component of these chronic inflammatory condttions Is
polymorphonuclear leukocyte and monocyte inflitration into the site of damage through
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increased expression of cytokines and adhesion molecules responsible for their
recruitment. Overproduction of the cytokine interleukin (IL-6) has been associated with
states of chronic inflammation (Bauer M. A., Herrmann F., Ann. Hematol., 1991, 62,
203). Synthesis of the IL-6 gene is induced by the transcription factor, nuclear factor
0B (NF-0OB). lnterf.erence at this step in the inflammatory process can effectively
regulate the unconirolled proliferative process that occurs in these chronic conditions.

[0004] In endothelial cells, 17p-estradiol (E2) inhibits IL-1p induced NF—KB.
reporter activity and [L-6 expression in an ER dependent fashion (Kurebayashi S. et. al.,
J. Steroid Biochem. Molec. Biol., 1997, 80, 11). This corelates with anti-inflammatory
action of E2 in vivo as confirmed in different animal models of inflammation. In models
of atherosclerosis, E2 was shown to protact endothelial cell integrity and function and to
reduce leukocyte adhesion and intimal accumulation (Adams, M. R. et al., Arferio.,
1990, ,1051, Sullivan, T. R. et al. J. Clin. Invst., 1995, 96, 2482, Nathan, L. et. al., Circ.
Res., 1999, 85, 377). Similar effects of estrogen on the vascular wall have also been
demonstrated in animal models of myocardial infarction (Delyani, J. A. et al., J. Molec.
Cell. Cardiol., 1996, 28, 1001) and congestive heart failure. Clinically, estrogen
replacement therapy (ERT) has been demonstrated to reduce the risk of mortality in
patients with both CHF (Reis et. al., J. Am. Coll. Cardio., 2000, 36, 529) and MI
(Grodstein, F. et. al., Ann. Ini. Med., 2000, 133, 933, Alexander et. al., J. Am. Coll.
Cardio., 2001, 38, 1 and Grodstein F. et. al., Ann. Int. Med, 2001, 135,1). In ERT,
clinical studies demonstrated an influence of E2 on the decrease in the production. of -
amyloid 1-42 (AB42), a peptide central for the formation of senile plaques in Alzheimer's
disease (Schonknecht, P.et al., Neurosci. Lett., 2001, 307, 122).

[0005] However, 17-B-estradiol also strongly stimulates creatine kinase
expression. Thus, In ERT some potential unwanted side effects, such as an increase
risk of cardiovascular events in the first year of use, have been demonstrated (Hulley, S.
et. al., J. Am. Med. Assoc., 1998, 280, 605) as well as proliferative effects on uterine
and breast tissue.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0006] The invention provides substituted dihydrophenanthridinesulfonamides
represented by the general formulae (1) and (il) that are useful for the treatment of the
inflammatory component of diseases and are particularly useful in treating
atherosclerosis, myocardial infarction, congestive heart failure, inflammatory bowel
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disease, arthritis, type Il diabetes, and autoimmune diseases such as muitiple sclerosis

and rheumatoid arthritis. ... R
[0007] This invention provides novel compounds of formulae (1) or (Il) having
the structure
Rp Rae
R Rag
R, "’ “ o )TE) s
2
(el | JEELT
Ry N Rs Rog Raq Rzs
0=8=0 0=5=0
Rqs Ryq Ras Ra
R Rz Rag o Rz
o‘-Rms Ras
() (1)
wherein

R‘h Rz- R3. R4| R7l Rll R’l Rﬂh R‘"l R12. R14| and R15 ars Bach. independenﬂy! hydmenl

Rs is

R47. monofluoroalkyl, monofiuoroalkenyl, aryl-Ris-, heteroaryl-Rsg-, hydroxyalkyl,
HO-Ryg~, Rir-X-Rig-, HS-Rig~, R17-8(0), R17-S5(0)-, Ri7-80z, R17-S(ORNR-,
-N{(R)2, -NR-C(NHz)=NR, cyano, nitro, halogen, -OR, -SR, -SO3R, -S(O)22N(R)z,
-C(O)R, -C(R)=N-OR, -C(NHz2)=NR, -CO2R, -OC(O)R, or -C(O)N(R).: or are
taken together with either Rp+y or R4 linked with an -alkylene-, or -X-alkylene-
group;

hydrogen, R7, monofiucroalkyl, monoflucroalkenyl, aryl-Rie-, heteroaryl-Rqe-,
hydroxyalkyl. HO-R1g-, R17—X-R1r. HS-R1r, -CR(O), -COzR, or -C(O)N(R)z; or Rs
may be taken together with either Rg or Ry and linked with an -alkylene- or
-X-alkylene- group;

hydrogen, Ri;, monofluoroalkyl, monofiuoroalkenyl, aryl-Rss, heteroaryl-Rqg-,
hydroxyalkyl, HO-R4e-, Ri>~X-R¢e-, HS-R1g-, -CR(Q), -CO2zR, or -C(ON(R); or R°

may be taken together with either Rs or Ry and linked with an -alkylene- or .

-X-alkylene- group;

Ri3 i8 R, Ri+-X-R1g-, R17~8(0}, R1+-S{O)x, -SOsR, -S(0)2N(R)z, or D-glucuronidate;

-3-
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Ris is -alkylene-, —cycloalkylene-, -alkylene-X-alkylene-, -alkylene-X-cycloalkylene-,
-cycloalkylene-X-alkylene-, or -cycloalkylene-X-cycloalkylene-;

Ry Is alkyl, aryl, heteroaryl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
alkenyl-X-alkylene-, cycloaikenyl-X-alkylene-, or perfluoroalkyl;

R is, independently, hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
monofiuoroalkyl, perfiuoroalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
hydroxy-(C2-Cg)alkyl, alkoxyalkyl, alkylthioalkyl, formyl, acyl, alkoxycarbonyl,
-C(O)NHz, alkylaminocarbonyl, dialkylaminocarbonyl, alkylaminoalkyl, or
dialkylaminoalkyl; or when an atom contains two R groups, the R groups may be
taken together linked with an -alkylene- group;

Xis O, -NR-, -S(0)m~, -C(O}-, -OC(0)-, -C(O)0O-, -NRC(O}-, or -C(ONR-;

mis O, 1, or 2,

pis2,3,6,7,8,9,12, 13, or 14,

Rz1, Rz, Ras, Ra, Rzr. Ros, Ras, Ruo, Rat, Ras, Ra, and Rgs are, independently,
hydrogen, Ri;, moncfluoroalkyl, monofluoroalkenyl, aryl-Rse-, heteroaryl-Rie-,
hydroxyalkyl, HO-Rie~, Ri7-Y-Rig~, HS-Rig~, Ri-S(0)-, R»S(O)z, RSOz,
R1-S{O)2NR-, -N(R)2, -NR-C(NH2)=NR, cyano, nitro, halogen, -OR, -SR, -SO3R,
-S(OxN(R);, -C(O)R, -C(R)=N-OR, -C(NHz)=NR, -CO:R, -OC(O)R, or
-C(O)N(R)z: or are taken together with either Rq+ or Rgq linked with an
-alkylene-, or -Y-alkylene- group;

R2s is hydrogen, Ry, monofluoroalkyl, monofiucroalkenyl, aryl-Rss-, heteroaryl-Rsg-,

) hydroxyalkyl. HO—RW-, R17—Y—R1r. HS—Rm—, -CR(O). -COzR. or -C(O)N(R)z; or
Ras may be taken together with either Rzg or Rzr and linked with an -alkylene- or
-Y-alkylene- group;

Rzs Is hydrogen, R, monofluoroalkyl, monoflucroalkenyl, aryl-Ris-, heteroaryl-Rie-,
hydroxyalkyl, HO-Rsg-, R17~Y-Rg-, HS-R¢e-, “CR(O), -CO2R, or -C{O)N(R)2; or-
Rzs may be taken together with either Ras or Rzy and linked with an -alkylene- or
-Y-alkylene- group;

Raz I8 R, Ri7-Y-Rig-. Rir-S(O)-, R17-8(0)z-, -SO3R, -S(O)2N(R)z, or D-glucuronidate;

Y Is O, -NR-, -S(O)y, -C(O})-, “OC(O}-, -C(0)O-, -NRC(O)-, or -C(O)NR-;

nis0,1,0r2;

qls 22, 23, 26, 27, 28, 28, 32, 33, or 34;

or pharmaceutically acceptable salts thereof.

-4 -



WY

WO 2004/050631 PCT/US2003/038290

[0008] The term “alkyl”, employed alone, is defined herein as, uniess otherwise
stated, either a (C1-Cz) straight chain or (Cs-C2p) branched-chain monovalent saturated
hydrocarbon moiety. Examples of saturated hydrocarbon alkyl moleties include, but are
not limited to, chemical groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, teri-
butyl, isobutyl, sec-butyl; higher homologs such as n-pentyl, n-hexyl, n-heptyl, n-octyl,
and the like. It is preferred that straight chain alkyl moieties have 1-6 carbon atoms,
and branched alkyl moieties have 3-8 carbon atoms.

[0009] The term “alkenyl”, employed alone, is defined herein as, unless
otherwise stated, either a (C2>-Czp) straight chain or (Ca-Cag) branched-chain monovalent
hydrocarbon moiety containing at least one double bond. Such hydrocarbon alkenyl
moieties may be mono or polyunsaturated, and may exist in the E or Z configurations.
The compounds of this invention are meant to include all possible E and Z
configurations. Examples of mono or polyunsaturated hydrocarbon alkenyl moieties
include, but are not limited to, chemical groups such as vinyl, 2-propenyl, Isopropenyi,

" crotyl, 2-isopentenyl, butadienyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1_.4-pentadienyl).
and higher homologs, isomers, and the like. It is preferred that straight chain alkenyl
moieties have 2-7 carbon atoms, and branched alkenyl moieties have 3-8 carbon
atoms.

[0010] The term “alkynyl”, employed alone, is defined herein as, unless
otherwise stated, either a (C2-Cxp) straight chain or (C3-C20) branched-chain monovalent
hydrocarbon mc;iety containing at least one triple bond. Examples of alkynyl moieties
include, but are not limited to, chemical groups such as ethynyl, 1-propynyt, 1-(2-
propynyl), 3-butynyl, and higher homologs, isomers, and the like. Itis preferred that
straight chain alkynyl moieties have 2-7 carbon atoms, and branched alkynyl moleties
have 3-8 carbon atoms.

{0011] The term “alkylene®, employed alone or in combination with other terms,
is defined herein as, unless otherwise stated, either a (C1-Czp) straight chain or (C2-Czo)
branched-chain bivalent hydrocarbon moiety derived from an alkane; or a (C2-Czo)
straight chain or branched-chain bivalent hydrocarbon molety derived from an alkene.
Such hydrocarbon alkylene moisties may be fully saturated, or mono or
polyunsaturated, and may exist in the E or Z configurations. The compounds of this
invention are meant to include all possible E and Z configurations. Examples of
saturatad and unsaturated hydrocarbon alkylene moieties include, but are not limited to,
bivalent chemical groups such as -CHz-, -CHzCHz-, -CH2CH2CHz, -CH2CH2CH2CHz-,

-5-.
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-CH=CH-, -CH=CHCH=CH-, vinylidene, and higher homologs, isomers, and the like.
Preferred alkylene chains have 2-7 carbon atoms.

[0012] The term “cycloalkyl”, employed alone or in combination with other
terms, is defined herein as, uniess otherwise stated, a monocyclic, bicyclic, tricyclic,
fused, bridged, or spiro monovalent saturated hydrocarbon moiety of 3-10 carbon
atoms, wherein the carbon atoms are located inside or outside of the ring system. Any
suitable ring position of the cycloalkyl moiety may be covalently linked to the defined
chemical structure. Examples of cycloalkyl moieties include, but are not limited to,
chemical groups such as cyclopropyl, cyclopropylmethyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclohexylmethyl, cyclohexylethyl, cycloheptyl, norbomyl, adamantyl,
spiro[4.5]decanyl, and homologs, isomers, and the like.

[0013] The term “cycloalkenyl”, employed alone or in combination with other
terms, is defined herein as, unless ctherwise stated, a monocyclic, bicyclic, tricydlic,
fused, bridged, or spiro monovatent unsaturated hydrocarbon moiety of 3-10 carbon
atoms containing at least one double bond, wherein the carbon atoms are located inside
or outside of the ring system. Any sultable ring position of the cycloalkenyl moiety may
be covalently linked to the defined chemical structure. Examples of cycloalkenyl
moieties include, but are not limited to, chemical groups such as cyclopropenyl,
cyclopropenyimetiiyl cyclobutenyl, cyclopentenyl, cyclohexenyl, cyclohexenyimethyl,
cyclohexenylethyl, cycloheptenyl, norbornenyl, and homologs, isomers, and the like.

[0014] The term “cycloalkylene®, employed alone, is defined herein as, unless
otherwise stated, a bivalent moiety of 3-10 carbon atoms derived from a monocyclic,
bicyclic, tricyclic, fusaed, bridged, or spiro hydrocarbon. Such hydrocarbon cycloalkylene
moieties may be fully saturated, or mono or polyunsaturated, and may exist in the E or
Z configurations. The compounds of this invention are meant to include all possible E
and Z configurations. Any suitable ring position of the cycloalkylene molety may be
covalently linked to the defined chemical structure. Examples of saturated and
unsaturated hydrocarbon cycloalkylene moleties include, but are not limited to, bivalent
chemical groups such as cyclopropylene, cyclopentylene, cyclohexylenae,
cyciohexenylene, trans-decahydronaphthalenylens, spiro[3.3]heptenyiene, and higher
homologs, isomers, and the like.

[0015]) The terms “halo® or “halogen®, employed alone or in combination with
other terms, is defined herein as, unless otherwise stated, a fluorine, chlorine, bromine,
or lodine atom.
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[0016] The term “monofiuoroalkyl®, employed alone, is dsfined herein as,
- unless otherwise stated, either a (C4-C1q) straight chain or (C3-C+p) branched-chain
monovalent saturated hydrocarbon moiety containing only one fluorine atom. Examples
of monofluoroatkyl moieties include, but are not limited to, chemical groups such as -
CH,F, -CH.CH2F, -_CH(CH;)CH;‘CHzF, and higher homologs, isomers, and the like.
Preferred chain lengths are from 1-6 carbon atoms for straight chains and from 3-8
carbon atoms for branched chains. '

[0017] The term “monofluoroalkenyl”, employed alone, is defined herein as,
unless otherwise stated, either a (C2-C1p) straight chain or (C3-C4p) branched-chain
monovalent unsaturated hydrocarbon moiety, containing only one fluorine atom and at
least one double bond. Examples of monofluoroalkeny! moisties include, but are not
limited to, chemical groups such as -CH=CH,F, -CH2CH=CH.F, -CH=CHCH_F, -
C(CH3)=CHF and higher homologs, isomers, and the like. Preferred chain lengths are
from 2-7 carbon atoms for straight chains and from 3-8 carbon atoms for branched
chains.

[0018] ' The term “perflucroalkyl”, employed alone or in combination with other
terms, is defined herein as, unless otherwise stated, sither a {C1-C1o) straight chain or
(C3~C10) branched-chain monovalent safurated hydrocarbon moiety containing two or
more fluorine atoms. Examples of perfluoroalkyl moieties inciude, but are not limited to,
chemical groups such as trifluoromethyl, -CH.CF3, -CF2CF3, and -CH(CF3),, and
homologs, isomers, and the like. Preferred chain lengths are from 1-7 carbon atoms for
straight chains and from 3-8 carbon atoms for branched chains.

[0019] The term "aryl®, employed alone or in combination with other terms, Is
defined herein as, uniess otherwise stated, an aromatic carbocyclic moiety of 5 to 20
carbon atoms, which may be a single ring (monocyclic) or multiple rings (bicyclic, up to
three rings) fused together or linked covalenly. Any suitable ring position of the aryl
moiety may be covalently linked to the defined chemical structure. Examples of aryl
moieties include, but are not limited to, chemical groups such as phenyl, 1-naphthyl, 2-
naphthyl, dihydronaphthyl, tetrahydronaphthyl, biphenyl. anthryl, phenanthryl, fluorenyl,
indanyl, biphenylenyl, acenaphthenyl, acenaphthylenyl, and the like. It is preferred that
the aryl moiety contain 6-14 carbon atoms. ' '

[0020] The term “arylalkyl”, employed alone or in combination with other terms,
is defined herein as, unless otherwise stated, an aryl group, as herein before defined,
suitably substitutad on any open ring position with an alkyl moiety wherein the alkyl
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chain is either a (C1-Cs) straight or (C2-C;) branched-chain saturated hydrocarbon

moiety, Examples of arylalkyl moieties include, but are not limited to, chemical groups
such as benzyl, 1-phenylethyl, 2-phenylethyl, diphenylmethyl, 3-phenylpropyl, 2-
phenylpropyl, fluorenyimethyl, and homologs, isomers, and the like.

[0021] The term “heteroaryl®, employed alone or in combination with other
. terms, is defined herein as, unless otherwise stated, an aromatic heterocyclic ring
system of 5-20 atoms, which may be a single ring (monocyclic) or multiple rings
(bicyclic, up to three rings) fused togsther or linked covalently. The rings may contain
from one to four hetero atoms selacted from nitrogen (N), oxygen (O), or sulfur (S),
wherein the nitrogen or sulfur atom(s) are optionally oxidized, or the nitrogen atom(s)
are optionally substituted or quartemized. Any suitable ring position of the heteroaryl
moiety may be covalently linked to the defined chemical structure. Examples of
heteroaryl moleties include, but are not limited to, heterocycles such as furan,
thiophane, pymole, N-methylpymols, pyrazole, N-methylpyrazole, imidazole, N-
methylimidazole, oxazole, isoxazole, thiazole, isothiazole, 1H-tetrazole, 1-
methyltetrazole, 1,3,4-oxadiazole, 1H-1,2,4-trazole, 1-methyl-1,2,4-triazole, 1,3.4-
triazole, 1-methyl-1,3,4-triazole, pyridine, pyrimidine, pyrazine, pyridazine, benzoxazole,
benzisoxazole, benzothiazole, benzofuran, benzothiophene, thianthrene,
dibenzolb,d}furan, dibenzo[b,d}jthiophens, benzimidazole, N-msthylbenzimiiazole,
indole, indazole, quinoline, isoquinoline, quinazoline, quinoxaline, purine, pteridine, 9H-
carbazole, B-carboline, and the like.

[0022] The term “heteroarylalkyl®, employed alone or in combination with other
terms, is defined herein as, unless otherwise stated, a heteroaryl group, as herein
before defined, suitably substituted on any open ring position with an atkyl moiety,
whereln the alkyl chain is elther a (C4-Cp)-straight or (C>-C;) branched-chain saturated
hydrocarbon moiety, Examples of heteroarylalkyl moleties include, but are not limited
to, chemical groups such as furanyimethyl, thienylethyl, indolylmethyl, and the like.

[0023] Heteroaryl chemical groups, as hereln before defined, also include saturated
or partially saturated heterocydiic rings. Examples of saturated or partially saturated heteroaryl
moletles include, but are not limited to, chemical groups such as azetidinyl, 1,4-dloxanyl,
hexahydroazepinyl, piperazinyl, piperidinyl, pyrrolidinyl, morpholinyl, thiomorpholinyl,
dihydrobenzimidazolyl, dihydrobenzofuranyl, dihydrobenzothienyl, dihydrobenzoxazolyl,
dihydrofuranyl, dihydroimidazolyl, dihydroindolyl, dihydroisooxazoly!, dihydroisothlazolyl,
dihydrooxadiazolyl, dihydrooxazolyt, dihydropymrazinyl, dihydropyrazolyl, dihydropyridinyl,
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dihydropyrimidinyl, dihydropyrrolyl, dihydroquinolinyl, dihydrotetrazolyi,
dihydrothiadiazolyl, dihydri;ﬁ;iémlyl. dihydrothienyl, dihydrotriazolyl, dihydroazetidinyl,
dihydro-1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothienyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and the like.

[0024] The term “acyl®, employed alone or in combination with other terms, is
defined herein as, unless otherwise stated, either an alkyl, arylalkyl, heteroarylalkyl, (C>-
Ci) straight chain, or (C4+C¢¢) branched-chain monovalent hydrocarbon molety;
wherein the carbon atom, covalently linked to the defined chemical structure, is oxidized
to the carbonyl oxidation state. Such hydrocarbon moieties may be mono or
polyunsaturated, and may exist in the E or Z configurations. The compounds of this
invention are meant to include all possible E and Z configurations. Examples of acyl
moieties include, but are not limited to, chemical grou;-:s such as acetyl, propionyl,
butyryl, 3,3-dimethylbutyryl, trifiuoroacetyl, pivaloyl, hexanoyl, hexenoyl, decanoyl,
benzoyl, nicotinyl, isonicotinyl, and homologs, isomers, and the like.

[0025] The term “hydroxyalkyl”, smployed alone or in combination with other
terms, is defined herein as, unless otherwise stated, a (C4+-Cyo) straight chain
hydrocarbon, terminally substituted with a hydroxyl group. Examples of hydroxyalkyl
moieties include chemical groups such as -CHzOH, -CH.CH,0OH, -CH.CH,CH2OH, and
higher homologs.

[0026] The term "alkoxy”, employed alone or in combination with other terms, is
defined herein as, unless otherwise stated, elther a (C4-Cyo) straight chain or (C3-C1o)
branched-chain hydrocarbon covalently bonded to an oxygen atom. Examples of
alkoxy moieties include, but are not limited to, chemical groups such as methoxy,
ethoxy, isopropoxy, sec-butoxy, fert-butoxy, decanoxy, and homologs, Isomers, and the
like.

[0027] The terms “aryloxy” or “heteroaryloxy”, employed alone or in
combination with other terms, or unless otherwise stated, are aryl or heteroaryl groups,
as herein before defined, which are further covalently bonded to an oxygen atom.
Examples of aryloxy, or heteroaryloxy moieties include, but are not limited to, chemical
groups such as CgHsO-, 4-pyridyt-O-, and homologs, isomers, and the like.

[0028] The term “carbonyl”, employed alone or in combination with other terms,’
is defined herein as, unless otherwise stated, a bivalent one-carbon moiety further

bonded to an oxygen atom with a double bond. An example Is (\c/ )
a
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[0028] The term “alkoxycarbonyl®, employed alone or in combination with other
terms, is defined herein as, unless otherwise stated, an alkoxy group, as herein before
defined, which is further bonded to a carbonyi group to form an ester moiety. Examples
of alkoxycarbonyl moieties include, but are not limited to, chemical groups such as
methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl, sec-butoxycarbonyl, {fert-
butoxycarbonyl, decanoxycarbonyl, and homologs, isomers, and the like.

[0030] The term "alkyithio®, employed alone or in combination with other terms,
is defined herein as, uniess otherwise stated, elther a (C4-Co) straight chain or (C3-C1o)
branched-chain hydrocarbon moiety covalently bonded to a sulfur atom. Examples of
alkyithio moieties include, but are not limited to, chemical groups such as methylthio,
ethyithio, isopropytthio, sec-butytthio, fert-butyithio, decanylthio, and homologs, isomers,
and the like. It is preferred that straight chain alkylthio moeties have 1-6 carbon atoms,
and branched alkylthio moieties have 3-8 carbon atoms.

[0031]) The terms “arylthio® or “heteroarylthio®, employed alone or in
combination with other terms, or unless otherwise stated, are aryl or heteroaryl groups,
as herein before defined, which are further covalenlly bonded to a sulfur atom.
Examples of aryithio or heteroarylthio moieties include, but are not limited to, chemical
groups such as CgHsS-, 4-pyridyl-S-, and homologs, isomers, and the like.

[0032)] The terms “alkoxyalkyl” or “alkyithioalkyl”, employed alone or in
combination with other terms, are an alkoxy or alkyithio group, as herein before defined,
which is further covalenlly bonded to an unsubstituted (Cs-C4) straight chain or
unsubstituted (CxCq) branched-chain hydrocarbon. Examples of alkoxyalkyl or
alkyithioalkyl moieties include, but are not limited to, chemical groups such as ,
methoxymethyl, methyithioethyl, ethyithioethyl, isopropyithlomethyl, sec-butyithioethyl, -
CHzCH(CH3)OCH2CH3, and homologs, isomers, and the like. It is preferred that straight
chain alkoxyalkyl or alkyithioalkyl moieties have 1-8 carbon atoms, and branched
alkoxyalkyl or alkytthicalkyl moleties have 3-8 carbon atoms.

[0033] The terms ‘“aryloxyalkyl", “heteroaryloxyalkyl”, ‘“aryithioalkyl", or
“hetercarylithioalkyl®, employed alone or in combination with other terms, or unless
otherwise stated, are aryloxy, heteroaryloxy, aryithio, or heteroaryithio groups, as herein
before defined, which are further covalently bonded to an unsubstituted (C1-C1) stralght
chain or unsubstituted (C--C1o) branched-chain hydrocarbon. Examples of aryloxyalkyl,
ﬁeteroaryloxyalkyl. aryithioalkyl, or heteroarylthioalkyl moleties Include, but are not
limited to, chemical groups such as CgHsOCHZz, CsHsOCH(CHa,)-, 4-pyridyl-O-CH;CH2-,
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CeHsSCHy-, CgHsSCH(CHa)-, 4-pyridyl-S-CH.CH2-, and homologs, isomers, and the
like. It is preferred that straight chain aryloxyalkyl, heteroaryloxyalkyl, aryithioalkyl, or
heteroarytthioalkyl moieties have 1-6 carbon atoms, and branched arylbxyalkyl.
heteroaryloxyalkyl, arythioalkyi, or heteroaryithioalicyt moleties have 3-8 carbon atoms.

[0034] The term "alkylamino®, employed alone or in combination with other
terms, or unless otherwise stated, is a moisty with one alkyl group, wherein the alkyl
group is an unsubstitued (C1-Cs) straight chain hereunto before defined alkyl group or
an unsubstitued (Cs;Cs) hereunto before defined cycloalkyl .group. Examples of
alkylamino moieties include, but are not limited to, chemical groups such as -NH(CHj), -
NH{CH2CHys), -NH-cyciopentyl, and homologs, and the like.

[0035] The term *dialkylamino”, employed alone or in combination with other
terms, or unless otherwise stated, Is a moiety with two independent alkyl groups,
wherein the alkyl groups are unsubstitued (C+-Cs) straight chain hereunto before
defined alkyl grbups or unsubstitued (Cs-Cg) hereunto before defined cycloalkyl groups.
Two groups may be linked fo form an unsubstituted (C.-Cs) —alkylene- group.
Examples of dialkylamino moleties Include, but are not limited to, chemical groups such

as -N(CHa)z, -N{CH2CHs)z, -NCH3(CHzCHa), —"D , and homologs, and the like.

[0036] The term “alkylaminoalkyl” employed alone or in combination with other
terms, or unless otherwise stated, is an alkylamino moiety, as herein before defined,
which is- further covalently bonded to a straight chain alkyl group of 1-6 carbon atoms.
Examples of alkylaminoalkyl moleties include, but are not iimited to, chemical groups
such as -CHoNH(CH;), -CHCH:NH(CH:CHs), -CHCHCHoNH{(CH2CH3), and
homologs, and the like.

[0037] The term "diatkylaminoalkyl® employed alone or in combination with
other terms, or unless otherwise stated, is a dialkylamino moietg;. as herein before
defined, which is further covalently bonded to a straight chain alkyl group of 1-8 carbon
atoms. Examples of dialkylaminoalkyl moieties include, but are not limited to, chemical
groups such as -CHaN(CHs)z, -CH,CH2N(CHzCHs)z, ~CH2CH2CH2NCH3(CH2CHs), and
homologs, and the like.

[0038] The terms “alkylaminocarbonyl” or “dialkylaminocarbonyl”, employed
alone, or unless otherwise stated, are alkylamino or dialkylamino moieties, as herein
before defined, which are further bonded to a carbonyl group. Examples of
alkylaminocarbonyl or dialkylaminocarbonyl moieties include, but are not limited to,
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cnemical groups such as ~C{(O)NH(CHs), -C(O)N(CHzCHs)z, -C(O)NCHy(CH2CHs), and
homologs, and the like.

[0039] Each of the above terms (e.g., alkyl, aryl, heteroaryl) includes
unsubstituted, monosubstituted, and polysubstituted forms of the indicated radical or
moiety. Substituents for each type of moiety are provided below.

[0040] Substhuents for alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, alkylene,
cycloalkylene, the alkyl portion of arylatkyl and heteroarylalkyl, saturated or partially
saturated heterocyclic rings, and acyl or carbonyl moieties are, employed alone or in
combination with other terms, selected from the group consisting of -R’, OR’, =0, =NR’,
=N-OR', -NR'R", -SR', halo, triflucromethyl, trifluoromethoxy, -OC(O)R’, -CO:R', -
C(O)NR'R", -OC(O)NR'R", -NR"C(O)R’, -NR"COzR'", -NR'C(O)NR'R", -NH-C(NH2)=NH, -
NR'C{NHz)=NH, -NH-C(NH2)=NR’, -S(O)R’, -S(0O)2R’, -S(O2NR'R", cyano, and nitro;
wherein, R’ or R" are each, independently, hydrogen, unsubstituted (C+-Ce)alkyl,
unsubstituted (Cs-Cr)cycloalkyl, aryl, aryl-{(C-Ca)aliyl, aryloxy-(C1-Ca)alkyl, aryithio~(Cy-
Cs)alkyl, heteroaryt, heteroaryi-{C+-Cj3)alkyl, heteroaryloxy-{Ci-C3)alkyl, or
heteroarylthio{C4-Ca)alkyl groups; or if optionally taken together may be linked as an —
alkylen - group to form a ring.

[0041] The aryl or heteroaryl moieties, employed alone or in combination with
other terms, may be optionally mono-, di- or tri-substituted with substituents selecte_d
from the group consisting of -R’, -OR', -SR', -C(O)R', -CO:R', -aslkoxyalkwi,
alkoxyalkyloxy, cyano, halogen, nitro, trifluoromethyl, frifluoromethoxy, -NR'R",
alkylaminoalkyl,” ' dialkylaminoalkyl, - hydroxyalkyl, -S(O)R, -S(OkR', -SO4R’, -
S(O)NR'R", -CO2R', -C(ONR'R", -OC(O)NR'R’, -NR'C(O)R’, -NR'CO;R', -
NR'C(O)NR'R", -NH-C(NH2)=NH, -NR'C(NH,)}=NH, -NH-C(NH2)=NR’, -S(O)R’, and -
S(O)2R’; wherein, R' or R" are each, ‘independently, hydrogen, (C+-Cg)alkyl, (Cs-
C;)cycloalkyl, aryl, aryl{C«-Cs)alkyl, aryloxy<{Cs-Cs)alkyl, aryithio-({C4-Ca)alkyl,
heteroaryl, heteroaryl{Cy-Cs)alkyl, heteroaryloxy-(C1-Cs)alkyl, or heteroarylthio-(Cs-
Cs)atkyl groups; or if optionally taken together may be linked as an —alkylene- group to
form a ring.

[0042] A pro-drug is defined as a compound which is convertible by in vivo
enzymatic or non-enzymatic metabolism (e.g. hydrolysis) to a compound of Formula (1)
or Formuia (lI); wherein, Rq3 or Rx; respectively is a hydrogen atom.

[0043] The compounds of the present invention may contain an asymmetric
atom, and some of the compounds may contain one or more asymmetric atoms or
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centers, which may thus give rise to optical isomers (enantiomers) and diastereomers.
While shown without respect to the stereochemistry in Formula (I) or (ll), the present
invention includes such optical isomers {enantiomers) and diastereomers (geometric
- isomers), as well as the racemic and resolved, ehantiomerically pure R and S
sterecisomers; as well as other mixtures of the R and S stereolsomers and
pharmaceutically acceptable salts thereof. Optical isomers may be obtained in pure
form by standard procedures known to those skilled in the art, and inciude, but are not
limited to, diasteromeric salt formation, kinetic resolution, and asymmetric synthesis. it
is also understood that this invention encompasses all possible regidisomers, and
mixtures thereof, which may be obtained in pure form by standard seéparation
procedures known to those skilled in the art, and include, but are not limited to, column
chromatography, thin-layer chromatography, and high-performance liquid
chromatography.

[0044] The compounds of the present invention may contain isotopes of atoms
for diagnostic, therapeutic, or metabolic purposes. Such isotopes may or may not be
radioactive.

[0045] The compounds of this invention include racemates, enantiomers,
geometric isomers, or pro-drugs of the compounds shown by formulae (1) or (II).

[0046] Pharmaceutically acceptable salts of the compounds of Formula (1) and
Formula (11) with an acidic moiety can be formed from organic and inorganic bases.
Suitable salts with bases are, for example, metal salts, such as alkali metal or alkaline
earth metal salts, for example sodium, potassium, or magnesium salts; or salts with
ammonia or an organic amine, such as morpholine, thiomorpholine, piperidine,
pyrrolidine, a mono-, di- or tri-lower alkylamine, for example ethyl-tert-butyl-, dieth'yl-.
diisopropyl-, triethyl-, tributyl- or dimethylpropylamine, or a mono-, di-, or trihydroxy
lower alkylamine, for example mono-, di- or triethanolamine. Intemal salts may
furthermore be formed. Similarly, when a compound of the present invention contains a
basic moiety, salts can be formed from organic and inorganic acids. For example salts
can be formed from acetic, propionic, lactic, citric, tartaric, succinic, fumaric, malelc,
malonic, mandelic, malic, phthalic, hydrochloric, hydrobromic, phosphoric, nitric,
sulfuric, methanesulfonic, napthalenesulfonic, benzenesulfonic, toluenesulfonic,
camphorsulfonic, and similarly known pharmaceutically acceptable acids.

" [0047] As used in accordance with this Invention, the term “providing,” with
respect to providing a compound or substance covered by this invention, means either
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directly administering such a compound or substance, or administering a pro-drug,
derivative, or analog which will form the effective amount of the compound or substance
within the body. This invention also covers providing the compounds of this Invention to
treat the disease states disclosed herein that the compounds are useful for treating.

(A).

(B).

(C).

(D).

(E).

(F).

Preferred compounds of this invention Include those in which:

the compound is of formula ((l),

where the remaining substituents are as defined above.

Preferred compounds of this invention include those of (A) in which:

Raz is hydrogen,

where the remaining substituents are as defined above.

Preferred compounds of this invention include those of (B) in which:

Rzi, Rz, Ras, Rz, Rz, Rzs, Ras, Rao, Rat, Ra, Ra, and Ras are each,
independently, hydrogen, R,,, aryl-R,q. Rir~Y-Re-, hydroxyalkyl, HO-R, -,
halogen, -OR, -COR, or -CO,R;

Rzs and Rz are each, independently, hydrogen or R,

R,, is -alkylene-; '

R,; is alkyl, aryl, heteroaryl, or perfiuoroalkyl;
R is hydrogen or alkyl;
where the remaining substituents are as defined above.

Most priafanad compounds of this Invention include those in which:
the compound is of formula (1),

where the remaining substituents are as defined above.

Most preferred compounds of this Invention include those of (D) in which:

R,, is hydrogen,

where the remaining substituents are as defined above.

Most preferred compounds of this invention include those of (E) in which:

R, Rz, Ra, Rq, Ry, Rs, Re, Ryp, R11, R12, Ry, and Rys are each, independently,
hydrogen, R,,, aryl-R,,., Ri+-X-Rye-, hydroxyalkyl, HO-R,.-, halogen, -OR,
-COR, or -CO,R;

Rs, and R, are each, independently, hydrogen or R, ;

R,q I8 -alkylene-;

R,; is alkyl, aryl, heteroaryl, or perfluoroalkyl;

R is hydrogen or alkyl;
-14 -
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where the remaining substituents are as defined above.

[0048] The compounds of the present invention can be prepared from
commercially available starting materials, compounds known in the literature, or readily
prepared interrnediates.'by employing standard synthetic methods and procedures
known to those skilled in the art. Standard synthetic methods and procedures for the
preparation of organic molecules and functional group transformations and
manipulations can be readily obtained from the relevant scientific literature or from
standard textbooks in the field. Although not limited to any one or several sources,
classic texts such as Smith, M. B.; March, J. March’'s Advanced Organic Chemistry:
Reactions, Mechanisms, and Structure, 5th ed.; John Wiley & Sons: New York, 2001;
and Greene, T. W.; Wuts, P. G. M. Protective Groups in Organic Synthesis, 3rd ed.;
John Wiley & Sons: New York, 1999 are useful and recognized reference textbooks of
organic synthesis known to those in the art. The following synthetic schemes are
designed to illustrate, but not limit, general procedures for the preparation of
compounds of Formula (1) and Formula (il). An exemplary general procedure for the
convenient preparation of such poly-substituted, dihydrophenanthridines is shown in the
following schemes:
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OH
(5)

a. RsLi, ether soivent, -78 °C to RT; b. (3) at -78 °C to RT; c. (3), pyridine, 80 °C;
d. When Ry3 is methyl: BBry, cyclohexene, methylene chioride, 2 - 24h., or when ORy3
is carbonate: 1N NaOH, methanol (1:1), 75 °C, 12h.

[0049] In scheme |, step a, a suitably substituted phenanthridine (1), either
commercially available, known in the literature, or prepared according to methods
known and established for the preparation of said phenanthridines, including the
schemes described below; wherein, R, through R4 are herein before defined, is reacted
with an Rs-Li reagent, either commerclally avallable, known in the literature, or prepared
according to methods known and established for the formation of lithium reagents, in a
sultable solvent, such as diethyl ether, tetrahydrofuran, 1,4-dioxane, or the like, at-
temperatures between —78°C and room temperatura. The lithium amide salt (2A) is
reacted in situ with a suitably substituted sulfonyl chloride (3), either commercially
available, known in the literature, or prepared according to methods known and
established for the preparation of said sulfonyl chlorides, including the schemes VI, VIII,
IX, X, and X! described below, and exemplified in the experimental section at
temperatures between —78°C and room temperature. Alternatively, the sultably
substituted dihydrophenanthridine (2B) can be isolated and reactad In a separate step
with a suitable sulfonyl chloride (3), as previously described, in a2 non-reactive solvent,
such as diethyl sther, tetrahydrofuran, 1,4-dioxane, chloroform, 1,2-dichloroethane, or
typically dichioromethane, and the like, at temperatures between —78 °C and room
temperature.

[0050] A methyl ether (4); wherein, Ry is a methyl group, can be de-
methylated in step d to the comesponding phenol (5) by contacting (4) with boron
tribromide in the presence of an excess of olefin or cycloolefin, such as cyclohexens,
acting as a bromine and hydrogen bromide scavenger, in a suitably halogenated solvent
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such as chlioroform, 1,2-dichloroethane, or dichloromethane, and the like. Altematively,
the methyl ether (4) can be de-methylated to phenol (5) by contacting (4) with boron
trichloride, in the presence of quatemary ammonium iodides, such as
tetrabutylammonium iodide, in a sultably halogenated solvent, such as chloroform, 1,2-
dichloroethane, or dichloromethane, and the like, at temperatures between —78°C and
room temperatura for two to twenty-four hours.

[0051] If Ry3is a benzyl or diphenylmethyl protecting group, removal by
suitably compatible hydrogenolysis techniques, known in the literature for effecting such
transformations, such as hydrogen and 5% palladium-on-carbon catalysts will afford the
desired phenol (5).

[0052] If -ORqais a carbonate moiety, treatment of (4) with a 1 N sodium
hydroxide solution in methanol at typically 40 °C to 75 °C, for a length of time, typically
about twelve hours, will remove the protecting group to afford the desired phenol (5).
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(12)

e. Pd(dppf)Clp, 5 mole%, THF, 5N NaOH, 23 - 70 °C, 8 - 12h.; f. RgCOCl or
(ReCO)20, CHzClz, 2 - 12h.; g. POCl3, acetonlirile, 85 °C, 3h., or polyphosphoric
acid, 120 °C, 24 - 48h.; h. NaBH, (8 eq), trifluoroacetic acid (2 eq), THF, reflux,

8 - 16h.; L. (3), triethylamine, CH2Cly, 4 - 48h.; or (3), pyridine, 80 °C; d. When R¢3

Is methyl: BBrj, cyclohexene, dichloromethane, 2 - 24h., or when ORq3 Is carbonate:
1N NaOH, methanol (1:1), 75 °C, 12h.
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[0053] In scheme |l, step e, a suitably substituted haloaniline (6); wherein, W is
a chlorine, bromine, or iodine atom, or friflate (~-OS0O.CF3) moiety, either commercially
available, known in the literature, or prepared according to methods known and
established for the preparation of sald haloanilines or triflates, including procedures
exemplified in the experimental section of this application; wherein, R, through R, are
herein before defined, Is reactad with a suitably substittrited phenylboronic acid or ester
(7). either commercially available, known in the literature, or prepared according to
methods known and established for the preparation of said phenylboronic acids;
wherein, Ry through Ry are herein before defined, and Ras and Rs7, are independently,
hydrogen or (C4-C4) lower straight chain or (C3-Ce) branched chain alkyl moieties, such
as methyl, ethyl, and isopropyl, or where Rz and Ra7 are taken together, a pinacol
moiety, in the presence of a coupling catalyst. The biphenylamine (8) is reacted in step
f with an acid chloride or anhydride, wherein; Rs is herein before defined, in a suitable
solvent such as chloroform, 1,2-dichloroethane, or dichloromethane, and the like,
optionally in the presence of an acid scavenger such as triethylamine,
diisopropylethylamine, pyridine, or potassium carbonate, and the like, and further
optionally in the presence of a known acylation promoter or catalyst, such as 4-(N,N-
dimethylamino)pyridine at —-20°C to room temperature for several hours. In step g,
treatment of the acylated biphenylamine (9) with phosphorous oxychloride in acetonitrile
at 85°C for typically three hours or treatment with polyphosphoric acid (neat) at 120°C
for typically 24 - 48 hours dfforded phenanthridine (1). The phenanthridine (1) may be
reduced in step h to the comresponding dihydrophenanthridine (10) with various reducing
agents, such as sodium borohydride in the presence of an acid promoter or catalyst
such as acetic acid, or trifluoroacetic acid, and the like, and in a suitable solvent, such
as tetrahydrofuran, at an elevated temperature for eight to sixteen hours. The
dihydrophenanthridine {10) may also be known in the literature, or prepared according
to methods known and established for preparing sald dihydrophenanthridines. The
dihydrophenanthridine (10} may be sulfonylated to the sulfonamide (11) by contacting
(10) with a suifonyl chloride (3) in the presence of an acid scavenger such as
triethylamine, diisopropylethylamine, or pyridine, and the like, in a suitable solvent such
as chloroform, 1,2-dichlorosthane, or dichloromethane from 4 — 48 hours at room
temperature. Altematively, the dihydrophenanthridine (10) and sulfonyl chioride (3) may

-20-



SN

WO 2004/050631 PCT/US2003/038290

be heated at 80°C in pyridine for several hours to afford the sulfonamide (11). The
protected phenol may be de-protected to phenol (12) as previously described for step d.

Scheme lli
Re
FEW O Rg
Br @ R7
I Ve
Ro=3=0
Ris~ Ry4
Ry4 Rez Ry Riz2
Och, Osch,
(13) (14)
R

Ra | R5 -
Rao=8=0
Ris Ry
Ri4 Ri2 R4 Riz
OH O, CHs
(5) (4A)

J. Excess bromine added over 7 hours, acetic acid, 50 °C; e. Pd(dppf)Clz, 5 mola%,
THF, 5N NaOH, 23 - 70 °C, 6 - 12h. or k. tetrakis(triphenyiphosphine)palladium (0),
15 mole%, Rz-B(OR35)(ORsy) (2 aquiv.) (15), 2M Na,COy (3 equiv.), 1,4-dioxane,
100 °C, 1 - 6 hours; d. BBr, cyclohexene, dichloromethane, -30 °C to room

temperature, 2 - 24h.
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[0054] In scheme lli, the sulfonamide (13) may be brominated in step j with

‘'excass bromine in glacial acetic acid at 50 °C to afford (14), followed by a Suzukl
reaction in steps e or k with (15); wherein, Rz is herein before defined, in the presence
of 1 — 10% coupling catalyst, such as [1,1'-
bis(diphenyiphosphino)ferrocene]dichioropalladium (li}, complex with dichloromethane
(1:1) in tetrahydrofuran with two equivalents of a 5 N sodium hydroxide solution at room
temperature to 70°C for 6 — 12 hours to afford (4A). Altemnatively, (14) may be reacted
with two equivalents of (15) in the presence of 1 — 15% coupling catalyst, such as
tetrakis(triphenylphosphine)palladium (0) and a 2 M aqueous sodium carbonate solution
in 1,4 dioxane at 100°C for 1 — 6 hours. The protected phenal {4A) may be de-protected
to phenol (5) as previously described for step d.
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Ry
Br T
I
Rs NH,
Ry
(7)
(Me,fghl
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1. KBr (1.2 equiv.), (NH;)sMo7024" 4 Hz0 (1 mole%), sodium perborate (1.1 equiv.);
e. Pd(dppf)Cla, 5 mole%, THF, 5N NaOH, 23 -70 °C, 6 - 12h. or
k. tetrakis(triphenyiphosphine)palladium (0), 15 mole%, R>-B{(OR3sXOR47)

(2 equiv.) (15), 2M NazCOs (3 equiv.), 1,4-dioxane,100 °C, 1 - 6 hours; f. RgCOCI or
(ReCO)20, CHCly, 2 - 12h.; g. POCI,, acetonitrile, 85 °C, 3h., or polyphosphoric
acid, 120 °C, 24 - 48h.; h. NaBH, (8 eq), trifluoroacetic add (2 equlv.), THF, reflux,

8 - 16h.; . (3B) (Scheme V1), triethylamine, CH2Cl,, 4 - 48h.; or (3B) (Scheme VII),
pyridine, 80 °C; d. BBrs, cyciohexsne, dichioromethane, 2 - 24h.

[0055] In schems IV, step |, a sultably substituted aniline (16); wherein, T is an
iodine atom, or a triflate (-OSO;CF3) moiety, either commercially available, known in the
literature, or prepared according to methods known and established for the preparation
of said haloanilines or triflates, including procedures exempilified in the experimental
section of this application; wherein, R4, Rs, and Ry are hersin before defined, is reacted
with potassium bromide, ammonium molybdate tetrahydrate, and sodium perborate In
glacial acstic acid at room temperature for approximately three hours to afford the
corresponding 4-bromoaniline (17). Coupling haloaniline {(17) with a phenylboronic acid
(7), as herein before defined, according to the previously described steps e, f, g, h, and
i, will afford the 2-bromo dihydrophenanthridinesulfonamide (18). Further coupling of
(18) with the boronic acid or ester {15), as herein before defined, according to the
previously described steps e or k will afford the corresponding R2-substituted
dihydrophenanthridinesulfonamide (11A). The protected phenols {11A) or (18) may be

de-protected to the comesponding phenols {12) or (19) as previously described for step
d.

-4 -




6
T
WO 2004050631 PCT/US2003/4)38290
" 'Scheime V

Y
Noeu

Ry N° Re

OH
(19)

I. KBr {1.2 equiv.), (NH()}sMo705,4” 4 H20 (1 mole%), sodium perborate (1.1 equiv.);

f. RgCOC! or (RgCO)20. CH4Cly, 2 - 12h.; g. POCH;, acstonitrile, 85 °C, 3h., or
polyphosphoric acid, 120 °C, 24 - 46h.; h. NaBH, (8 eq), friflucroacetic acid (2 equiv.),
THF, reflux, 8 - 16h.; 1. (3B), triethylamine, CHzCIé, 4 - 48h.; or (3B) (Scheme VII),
pyridine, 80 °C; d. BBra, cyclohaxens, dichioromethane, 2 - 24h.

[0056] As an altemative to scheme IV, scheme V may be employed; wherein,
the pre-formed biphenylamine (20), is brominated according to the previously described
step |, followed by the previously described steps_ f, g, h, i, and optionally d to afford the
protected phenol (18) or de-protected phenol (18).
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Scheme VI
R Ra
|§11n Ra ,§11n Re
Ry O Ry g
LI L T~
Rs 'l"I Rs Rix—Z —> Rs ':l Rs
RO=§=0 13 RO=§=0
. Rys Ryy R R4
R4 Re2 Rys Ry2
OH 0.
(5) @ "

m. Rq3-Z, base, solvent

[0057] A pro-drug is a compound of Formula (1) or Formula (11) that could
facilitate absorption, inhibit or facilltate metabolism, affect distribution, or alter excretion
of the phamaceutically active agent. A pro-drug may be converted to the actlve
phamaceutical species by hydrolytic, enzymatic, or metabolic transformations. In
scheme VI, the dasired phenol (5) may be protected by alkylation or acylation of phenol
(5) to prepare (4). This could be for the purpose of further synthetic elaboration, or for
the reason of preparing pro-drugs, metabolites, or conjugates of (5). Consequently,
Ris-Z; wherein, Rq3 Is as herein before defined, and Z is a leaving group, such as, but
not limited to, a chlorine, bromine, or iodine atom, or a triflate (-OSO2CF3) or anhydride
molety, or a hydroxy (such as in Mitsunobu chemistry) molety, Is reacted under
alkylating or acylating conditions with (5), optionally in the presence of a base, such as,
but not limited to, triethylamine, diisopropylethyiamine, pyridine, triphenylphosphine, or
potassium carbonate, and the like, and further optionally in the presence of a known
promoter or catalyst, such as 4-(N,N-dimethylamino)pyridine at —78°C to 80 ° C for
saeveral hours to afford the protected phenol (4).
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Scheme VI
Ris Ris
Riq aNa &14 OaCl
. — N
HO R1 1 Cszo R11
Ri2 Ry2 '
(22) (3A)
Ris R¢s
R4 o Ris S0,Cl
———
H;C. o Ry1 H;C\o Ry
Ri2 Rq2
(23) (38)

n. a. NaOH, ethyl chloroformate, water, 12h., b. dimethytformamide,
thionyl chioride, toluene, 100 °C, 12h.; a. chlorosulfonic acid (2 equiv.),
0 °C to room temperature, 12h.

[0058] In scheme VI, step n, a suitably substituted sulfonic acid (22), either
commercially available, known in the literature, or prepared according to methods
known and established for the preparation of said sulfonic acids, inciuding procedures
exemplified in the experimental section of this application; wherein, R4, R12, R4, and
Ris are herein before defined, is reacted with a base such as sodium or potassium
hydroxide and an alky! chioroformate in water for up to 12 hours, followed by thiony!
chloride in an aromatic hydrocarbon such as toluene at up to 100°C for up to 12 hours

"to afford the corresponding sulfonyl chloride (3A). Altematively, in scheme Vi|, step o, a
suitably substituted anisole (23), either commercially available, known in the literature,
or prepared according to methods known and established for the preparation of said
anisoles, including procedures exemplified in the experimental section of this
application; wherein, Ry, R12, R14, and R4s are hersin before defined, is reacted with-
two equivalents of chlorosulfonic acid at 0°C and allowed to stir at room temperature for
up to 12 hours to afford the comesponding sulfonyl choride (3B). The structures (3A)
and (3B) are specific enmbodiments of structure (3) and may be substituted for the more
general (3) in scher_nes where appropriate.
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Scheme Vil
Ry Ris
o L —— L
s Ryy ? Ryy
Riz Rea
(23) (24)

lq
T
Ris S0,ClI
FC Ryq
Rz

(3B)

PCT/US2003/03829)

p- HoS04, 20% SO3, 100 °C; q. PCls5 or dimethylformamide, thionyl chloride,

toluena, 100 °C.

[0059] Similarly, In schema VI, step p, the anisole (23) is reacted with
concentrated sulfuric acid - 20% sulfur trioxide complex at 100°C, followed in step q by
phosphorus pentachoride or dimethytformamide and thionyl chloride in an aromatic

hydrocarbon such as toluene at 100°C to also afford (3B).
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Scheme IX
Ris Ris
R
" r . E‘

H R4 Ry O R4
Riz Rya
(25) (26)
s
Ris Ris

,{“ sofl Fua H(Na)
-

Res Ras Ras/lL Ris
Re2 Ry2
(3C) (27)

r. Rag-CO,H, trifluoroacetic anhydride, titfluoroacetic acid, 0 - 5 °C; s. a. oleum
(18-24%)), trifluoroacetic anhydride (2 equiv.), triflucroacetic acid, 0 -5 °C, b. Na;COa,
water (for salt formation); t. dimethylformamide, thionyl chioride, toluene, 100 °C, 12h.

[0060] In scheme IX, step r, a suitably substituted phenol (25}, either
commercially available, known in the literature, or prepared according to methods
known and established for the preparation of said phenols, including procedures
exempiified in the experimental section of this application; wherein, Ry1, R12, Ry3, Rya,
and Rq5 are herein before defined, is reacted with an organic acid, Rss-CO2H; wherein,
Rss is the above defined R or Ry7-X-R+e-, and trifluoréacetic anhydride in trifluoroacetic
acid at 0 to 5 °C to afford the comesponding (26). Treatment of (26) in step s with
oleumn (18 — 24%) and trifluoroacstic anhydride (2 equivalents) in trifluoroacsetic acetic
acid at  to 5°C , followed opticnally by sodium or potassium carbonate In water, affords
the free sulfonic acid or its corresponding sodium or potassium salt {27). Treatment of
(27) in step t with dimethylformamide and thionyl chlotide in an aromatic hydrocarbon
solvent such as toluene at up to 100°C for up to 12 hours affords the acylated sulfonyl
chloride (3C). The acylated moiety (3C) is a specific embodiment of structure (3) and
may be substituted for the more general (3); where appropriate, to form protected
phenols and pro-drugs according to Formula (I).
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Scheme X
Ris Ris
Riq NH; u Rys Nz' Cr
. R
R“‘O Ry o R4
Ryz Riz
(28) (29)
v
Ris
Rys i
Rﬂ! \o R1 .
Ryz

(3)
u. NaNO,, HCl, <10 °C; v. Sulfur dloxide, copper (I) chioride, acetic acid, HC,
-10 - +10°C,

[0061] In schems X, step u, a suitably substituted para-anisidine {28), either
commercially available, known In the literature, or prepared according to methods
known and established for the preparation of said para-anisidines, including procedures
exempilified in the experimental saction of this application; wherein, R4, Ri2, Ry3, R4,
and R45 are herein before defined, Is reacted with sodium niirite and hydrochloric acid at
-10°C to form the commesponding diazonium salt (28). Treatment of (28) in step v with
sulfur dioxide and copper {l) chloride In acstic acid and hydrochloric acid at —10 to
+10°C affords the comesponding sulfonyl chioride {3).
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Scheme XI
Ras Rss
Raq NH; Rs4 No' CI
.U 3
Ra3 Rs4 Rag Raq
0 (o)
Ryg” #
* (30) Reda1)
v
Ras
Ra4 S0,CI
Ras R4
R ™"
(32)

u. NaNO,, HCI, -10 °C; v. Sulfur dioxide, copper (1) chloride, acetic acid, HCI,
-10-+10°C.

[0062] In analogous fashion, compounds of Formula (Il) may be prepared
following all the above schemes with the appropriately substituted starting materials and
reagents. In particular, following again steps u and v in scheme X, a suitably
substituted meta-anisidine (30), either commercially available, known in the Iiterature, or
prepared according to methods known and established for the preparation of said meia-
anisidines, including proceduras axempilfied in the experimental section of this
application; wherein, Rss, Re, Rss, Ra4, and Ras are herein before defined, Is reacted
with sodium nitrite and hydrochloric acid at —10°C to form the correspohding diazonium
salt (31). Treatment of (31) in step v with sulfur dioxide and copper (I} chloride in acetic
acid and hydrochloric acid at =10 to +10°C affords the corresponding sulfonyl chloride
(32). Sulfonyl chloride (32) may be substituted for sulfonyl chloride (3) in any scheme to
afford the corresponding mefa-substituted phenols or protected phenols of Formula (lI).
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Scheme Xl

aa. Pd(OAc), K2CO,, tetrabutylammonium bromide, THF, 80°C, 2 - 12h; bb. NH,OAc,

MeOH, 60°C; cc. When Rs is hydrogen, NaCNBHa, MeOH, 60°C, 12h; dd. (R)-(+)-2-

hydroxy-4-(2-methoxyphenyl)-5,5-dimethyl-1,3,2-dloxaphosphorinane, 2-butanone; ee.

(3) or (32) wherein R43 or Raz is methy!: triethylamine, CHzCla, 2 - 12h; ff. K2CO3, DMF,
-32-
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100°C, 12h; gg. When Ry3 or R is methyl: BBrs, cyclohexene, dichioromethane, 2 —
24h.

[0063] In Scheme XII, step aa, a suitably substituted arylboronic acid or ester

(33), either commercially available, known in the literature, or prepared according to
methods known and established for the preparation of said aryiboronic acids or esters,
including procedures exemplified in the experimental section of this application;
wherein, L is a fluorine or chlorine atom, Ry through R4, and Ras and Ray are herein
before defined, in the presence of a coupling catalyst, is reacted with a suitably
substituted alkyl aryl ketone (34), either commercially available, known in the literature,
or prepared according to methods known and established for the preparation of said
alkyl aryl ketones, including procedures exemplified in the experimental section of this
application; wherein, W and Rs through R are herein before defined. The
biphenylketone (35) is reacted in step bb with an ammonium source, such as
ammonium chloride or ammonium acetate, and the like, elther commercially avallable,
or known in the literature, in a suitable solvent such as methanol, toluene,
tetrahydrofuran, 1,2-dichloroethane, and the like, optionally in the presence of an acid
catalyst such as p-toluenesulfonic acid or pyridinium p-toluenesulfonate, followed in a
second step cc by reduction of the intermediate Imine with an acceptable hydride
source, such as sodium cyanoborohydride, sodium borohydride, Iithiuh aluminum
hydride, or diisobutylaluminum hydride, or the like. The intermediate imine can be
isolated or not isolated. The conjugate base of a sultable, nucleophilic Rs, such as
methyllithium, terf-butyllithium, and the like, may be substituted for the hydride source to
afford a tertiary biphenylamine as the product of step ce. The biphenylamine (36) can
be separated into it's respective enantiomers (36S) and (36R) by subjecting (36) to
either an analytical chiral separation, an enzymatic or chemical resolution, or a de novo
enantiospecific synthesis of elther (36S) or (36R) according to methods known and
established in the literature for the enantiospecific synthesis of benzylic amines. The
chemical resolution in step dd is carmried out by employing a suitable chiral acid, either
commercially available or known in the literature, according to methods known and
established for the resolution of benzylic amines. The biphenylamine, either as the
racemate or enantiomerically pure, is then reacted in step ee with (3) or (32) or an
anhydride, in a suitable solvent such as acetonitrile, 1,2-dichlorosthane, or
dichloromethane, and the like, optionally in the presence of an acid scavenger such as
tristhylamine, dilsopropylethylamine, pyridine, or potassium carbonate, and the like, and
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further optionally in the presence of a known acylation promoter or catalyst, such as 4-
(N,N-dimethylamino)pyridine at —20°C to room temperature for several hours. in step ff,
treatment of the sulfonamide (37) with potassium carbonate in N, N-dimethyiformamide
at 100°C for 24 - 48 hours affords the phenanthridine (4), or optionally a solution can be
heatad with microwave irradiation for typically seven to ten minutes in suitable solvents
conducive to microwave-assisted reactions. The protected phenol may be de-protacted
In step gg {o phenol (5) as previously described.

[0064] The compounds of this invention are useful in the treatment of the
inflammatory component of diseases and are therefore particularly useful in treating
atherosclarosis, myocardial infarction, congestive heart failure, arthritis, inflammatory
bowel disease, type |l diabstes, osteoarthritis, asthma and any other autoimmune
disease in humans or other mammals which comprises administering to a human or
other mammal an antiinflammatory effective amount of a compound of the present
invention. '

[0085] Representative compounds of this invention were evaluated in the
following standard pharmacological test procedures which demonstrated the
antiinflammatory activity for the compounds of this Invention. The test procedures used
and the results obtained are briefly described below.

Test procedures:
a) Cels

{0066] T-175 flasks of 100% confluent HAECT-1 cells (immortalized human
aortic endaothelial cells) were washed with 8 mL of HBSS (HEPES buffered saline
solution) and infected for four hours with 6 mL of a 1:10 dilution of Ad5-wt-hERa virus
(an adenovirus transfection vector that mediates CMV promoter driven expression of
human ERa) in phenol red free Endothelial Cell Basal medium (Clonetics, San Diego
CA, Catalog # CC-3129) containing 0.25% bovina serum albumin (EBM-BSA). After
four hours, cells were washed with EBM-BSA and incubated ovemight in the same
medium. Following overnight incubation, cells were washed with EBM-BSA and
infected for 2 hours with 8 mL of a 1:10 dilution of Ad5-3x(NFxB).Luc virus (Adenovirus
luciferase expression vector driven by 3 repeats of the MHC NFkb site §' to the
thymidine kinase promoter) in EBM-BSA. After two hours, cells were washed and
incubated at 34°C for 1 hour. Cells were then washed, trypsinized, counted and
resuspended in 95%FBS / 5% dimethyisulfoxide at a concentration of 4x1 o? oellalmL.
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frozen as 1 or 5 mL aliquots in cryo-vials and stored at -150°C. Control (no ER
infection) cells were processed as above without Ads-m-hERu virus infection.

IL-6 and Creatine Kinase (CK)Test Procedure

[0067) ERa infected HAECT-1 cells or control cells were thawed, diluted 42x in
warm EBM-BSA, plated into 96-well plates at 0.1 mL/well and incubated for 4 hours at
34°C. Test compounds were added to the cells as 2x stocks in EBM-BSA containing 2
ng/mL IL-1B (R&D Systems) and the 86-well plates were retumed to the incubator
(34°C). After 15-20 hours, 100 pL aliquots of media were removed from the cells and
assayed for IL-6 content using a BioSource human IL-6 ELISA Kit. Cells were
subsequently washed with 300 ulL of Dulbecco's phosphate buffered saline and lysed in
50 pl of Cell Culture Lysis Reagent (Promega). Luciferase was determined on a
Wallac Victor* Luminometer (Gaithersburg, MD) using 10 uL of lysate and mixing with
100 ul of Promega Luciferase Assay reagent. Creatine kinase was determined from
the rate of increase in Assy following addition of 100 pul of CK assay reagent (Sigma,
cat. No 47-10) to the remainder of the cell lysate.

Data Analyses

{0068] For ICg and ECx calculations, mean IL-6, luciferase or CK values
versus log,, of the compound concentration were fitted to a four parameter logistic

equation. The ICgy/ ECs value, 'Hill slope’, upper and lower limits of the curve were
teratively estimated.
Mice

[0068] Ovarectomized C57BL/6 mice (16-20 g) (Taconic) were separated into
groups of eight mice each. After 5-7 days of recuperation, the mice were fed a chow
diet or an atherogenic diet (15.75% fet, 1.25% cholesterol and 0.5% sodium cholate)
(Purina diet #21539). EE or test compound was administered once daily by gavage in a
methylcellulose/iween vehicle (0.1 ml per mouse) for 5 weeks. At the end of the
experimental period, the liver was collected and uterine wet weight was recorded.
Il.  RNA Analysis

[0070] Liver total RNA was prepared by using Trizol reagent (BRL). Estrogen
and compound regulation of NF-00IB target genes were verified by real time reverse
transcriptase-polymerase chain reaction (RT-PCR) using an AB! PRISM 7700
Sequence Detection System according to the manufacturer’'s protocol (Applied
Biosystems). The daia was analyzed using the Sequence Detector v1.7 software
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(Applied Biosystems) and normalized to GAPDH using the Applied Biosystems primer
set

[0071] The following table summarizes the results obtained in the standard
phamacological test procedures described above.
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Table 1. Effects of tested compounds on ER/NF-«B, IL-6 and CK expression’in
Ad5-wi-ERa infected HAECT-1 cells.

 Exampie ER/NFxB Interieukin-6 ~— Creatine Kinase
#  [ICx Efficacy | ICs (nM) | Efficacy (%) | ECe Efficacy (%)
(nM) (%) (M) _

1 422 04 ND* ND 1004 |39

2 40 103 ND ND 420 28 _
3 1512 | 97 ND NC <35%@10uM
4 54 101 ND ND 48 23

5 433 102 ND ND <35%@10uM

6 474 02 ND ND <35%@10pM

(7 470 07 ND ND <35%@10uM
8 672 890 ND ND <35%@10pM
9 125 89 ND ND 455 28

(10 61 95 ‘ND ND <35%@10pM
1 168 115 ND ND 117 37

12 682 93 ND ND <35%@10uM
13 >10,000 ND ND <35%@10uM
14 108 105 ND ND 757 |50

15 16 89 ND ND <35%@10pM

16 2276 89 ND ND 3160 |15

17 58 76 ND ND <35%@10puM

18 520 76 ND ND <35%@10uM

19 186 |80 ND ND <35%@10pM

20 >10,000 ND ND <35%@10uM
21 831 85 ND ND <35%@10uM

22 163 96 ND ND <35%@10pM

23 >10,000 ND ND <356%@10uM

26 >10,000 ND ND <35%@10uM

27 >10,000 ND ND <35%@10uM

28 76 98 ND ND <35%@10pM

234 86 ND ND <35%@10pM

30 53 76 ND ND <35%@10pM
31 254 108 'ND ND <35%@10uM
32 96 |96 ND ND 302 |26
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"Example ER/NFxB Interleukin-8 Creatine Kinase
# ICso0 Efficacy | ICe (NM) ICe Efficacy (%)* |
(nM) (%) (nM)
33 33 99 23.4 108 o1 21
34 2845 89 35 <35%@10uM
35 707 04 ND ND <35%@10uM
(36 690 60 ND ND <35%@10uM
L‘:Ta >10,000 ND ND <35%@10pM
39 >10,000 ND ND <35%@10pM
40 27 99 ND ND <35%@10pM
A1 815 75 NC ND 429 |24
42 83 99 ND ND <35%@10uM
43 >10,000 ND ND <35%@10uM
44 85 04 ND 'ND <35%@10uM
45 357 a2 ND ND <35%@10uM
48 >10,000 ND ND <35%@10uM
(47 60 80 ND ND <35%@10pM
(48 525 107 ND ND <35%@10uM
(49 >10,000 'ND ND <35%@10pM
50 >10,000 ND ND <35%@10pM
(51 56 106 NC NLC 77 27
52 68 95 ND ND <35%@10pM
[ 63 764 76 ND ND <35%@10uM
(54 423 87 NC ND 839 24
EB >10,000 ND ND 230 32
66 1438 100 ND ND 750 34
(57 >10,000 ND ND <35%@10uM
58 >10,000 ND NC <35%@10uM
(59 1723 102 ND ND 2020 |22
60 257 a5 ND ND <35%@10pM
62 120 80 ND ‘ND <35%@10pM
63 (335 |69 ND ND <35%@10puM
— _ _
65 241 93 ND ND <35%@10pM
(67 245 79 ND ND <35%@10puM
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"Example ~ ER/NFKB Interleukin-8 "~ Creatine Kinase
# [o Efficacy | ICso (NM) # 1Ceo - Efficacy (%)
(nM) (%) (nM)
60 235 90 ND ND <35%@10uM
70 463 90 ND ND <35%@10pM
73 52 56 ND ND <35%@10uM
74 434 96 ND ND <35%@10pM
(75 3928 116 ND ND <35%@10pM
76 1184 67 ND ND <35%@10pM
78 771 79 ND ND <35%@10uM
(79 226 86 ND ND <35%@10uM
84 447 80 ND ND <35%@10uM
90 2550 108 ND ND <35%@10uM
382 | 105 ND ND <35%@10uM
05 678 89 ND ND <35%@10uM
£ ND* ND 341 139 ND ND
100 ND ND 6.9 196 ND ND
101 ND ND 1287 74 ND ND
102 NC ND 54 156 ND ND
103 ND ND 47 141 85 9
104 ND ND 171 43 )
| 105 ND ND 92 >100 32 7
06 |ND  |ND o 104 1418 |2
107 ND ND 1329 79 110 20
908 ND ND Q) 92 152 LN
) ND ND ND ND ND ND
110 ND ND 2340 38 954 -1
111 ND ND 22 114 102 33
112 ND ND 175 100 337 1
113 ND {ND 173 100 264 40
114 ND ND 78 98 23
115 ND ND 81 102 102 16
116 ND  |ND 130 g9 326 23
117 ND ND - 10 101 40 8
118 ND ND 96 103 -16
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"Example ERINFKB Interleukin6 Creatine Kinase
# [ICeoy  |Efficacy | ICeo (M) Ceo Efficacy (%)
(M) (%) _ (nM)
L1_13 Nt_) Nl_: 18 35 21
120 ND ND 6 153 10
121 ND ND 30 113 107 29
122 ND ND~ 464 37 805 14
123 ND ND 7 154 2
124 ND ND 224 19 624 4
125 ND ND 54 o4 22
126 ND ND 40 o0 661 61
127 ND ND ND ND ND ND

*Efficacy values are relative to the maximal inhibition (ER/NF«B or IL-6 test
procedure) or siimulation (CK test procedure) observed with E2. ND = not determined.

[0072] E2 inhibits NF-xB and IL.-8 expression in Ad5-wi-ER infected HAECT-1
cells with an 1Csg value around 1 nM and induces expression of creatine kinase in the
same cells with similar potency (5.8 nM) (Table 1). In contrast, compounds of the
present invention potently and efficaciously inhibit NF-xB and IL-6 expression in Ad5-wt-
ER infected HAECT-1 cells but do not induce CK expression (Table 1) in an ER-
dependent manner. The ability of compounds of the present invention to inhibit NF-xB
and IL-6 expression without inducing CK activity (Table 1) is demonstrates anti-
inflammatory activity in the absence of classic estrogenic activity.

[0073] Based on the results obtained in the standard pharmacological test
procedures, the compounds of this invention are selective antiinflammatory compounds
described herein useful for the treatment and prevention of chronic inflammatory
diseases without stimulating uterine and breast cell proliferation as found with classic
estrogens.

[0074] Accordingly, the compounds of this invention are useful in treating or
inhibiting osteoporosle and in the inhibition of bone demineralization, which may result
from an imbalance in an individual's formation of new bone tissues and the resorption of
older tissues, leading to a net loss of bone. Such bone depletion results In a range of
individuals, particularly In post-menopausal women, women who have undergone
bilateral cophorectomy, those recslving or who have recelved extended corticosteroid
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therapies, those experiencing gonadal dysgenesis, and those suffering from Cushing's
syndrome. Special needs for bone, including teeth and oral bone, replacement can also
be addressed using these compounds in individuals with bone fractures, defective bone
structures, and those receiving bone-related surgeries and/or the impiantation of
prosthesis. In addition to those conditions described above, these compounds can be
used in treatment or inhibition of osteoarthritis, hypocalcemia, hypercalcemia, Paget's
disease, osteomalacla, osteohalisteresis, multiple myeloma and other forms of cancer
having deleterious effects on bone tissues.

[0075] The compounds of this invention are also active in the brain and are
therefore useful for inhibiting or treating Alzheimer’s disease, cognitive decline,
decreased libido, senile dementia, neurodegenerative disorders, debrassion. 'anxie'ly.
insomnia, schizophrenia, and infertllity. The compounds of this invention are also useful
in treating or Inhibiting benign or malignant abnormal tissue growth including,
glomerulosclerosis, prostafic hypértrophy. uterine leiomyomas, breast cancer,
scleroderma, fibromatosis, endometriosis, endometrial cancer, polycystlc ovary
syndrume endometrial polyps bemgn breast disease, adenomyosis, ovarian cancar,
melanoma, prostate cancer, cancers of the colon, CNS cancers, such as glloma or
astioblastomia.

[0076] The compounds of this invention are cardioprotective and are
antioxidants, and are useful in lowering cholesterol, triglycerides, Lipoprotein (a) (Lp(a)).
and low denstty lipoprotein (LDL) levels; Inhibiting or treating hyporcholesteremla.
hyperiipidemia, cardiovascular disease, atherosclerosis, acute coronary syndromse,
peripheral vascular disease, restenosis, and vasospasm, and inhibiting vascular wall
damage from cellular events leading toward immune mediated vascular damage.

[0077] The compounds of this invention are also useful in treating disorders
associated with inflammation or autoimmune diseases, including inflammatory bowel
disease (Crohn's disease, ulcerative colitis, indeterminate colitis), arthritis (rheumatoid
arthritis, spondyloarthropathies, osteoarthritls, psoriatic arthritis, juvenile arthritis),
pleurisy, ischemia/raperfusion injury (e.g. stroke, transplant rejection, myocardial
infarction, etc.), asthma, chronic obstructive pulmonary disease, giant cell arteritis,
prostatitis, uveitis, psoriasis, multiple sclerosis, systemic lupus erythematosus and
sepsis.
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[0078] The compounds of this invention are also useful in treating or inhibiting
ocular disorders including cataracts, uveltis, and macular degeneration and In treating
skin condlitions such as aging, alopecia, and acne.

[0079] The compounds of this invention are also useful in treating or inhlbiting
metabolic disorders such as disorders of lipid metabolism, appetite (e.g. anorexia
nervosa and bulimia), or type-ll diabetes.

[0080] Compounds in this invention are also useful in treating or inhibiting
bleeding disorders such as hereditary hemorrhagic telangiectasia, dysfunctional uterine
bleeding, and combating hemorrhagic shock.

[0081] The compounds of this invention are useful in disease states where
amenoithea is advantageous, such as leukemia, endometrial ablations, chronic renal or
hepatic disease or coagulation diseases or disorders.

[0082] It Is understood that the effective dosage of the active compounds of
this invention may vary dependirig upon the particular compound utilized, the mode of
administration, the condition, and severity thereof, of the condition being treated, as well
as the various physical factors related to the individual being treated. It is projected that
compounds of this invention will be administered at an oral daily dosage of from about
0.05 mg to about 30 g per kllogram of body weight, preferably administered in divided
doses two fo six times per day, or in a sustained release foom. For most large
mammals, the total dally dosage Is from about 3.5 mg to about 2100 mg, preferably
from about 3.5 1o about 5 mg. In the case of a 70 kg human adult, the total daily dose
will generally'be from about 3.5 mg to about 2100 mg and may be adjusted to provide
the optimal therapeutic resutt.

[0083] The compounds of this invention can be formulated neat or with a
pharmmaceutical carrier for administration, the proportion of which is determined by the
solubility and chemical nature of the compound, chosen route of administration and
standard pharmacological practice. The pharmaceutical carier may be solid or liquid.

[0084] A solid carrier can Include one or more substances which may also act
as flavoring agents, sweetening agents, lubricants, solubillzers, suspending agents,
fillars, glidants, compression aids, binders, or tablet-disintegrating agents; it can also be
an encapsulating material. In powders, the carrier Is a finely divided solid which is in
admixture with the finely divided active ingredient.

[0085] Solid dosage unit forms or compositions such as tablets, troches, pills,
capsules, powders, and the likke, may contain a solid carrier binder such as gum
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tragacanth, acacia, com starch or gelatin; exciplents such as dicalcium phosphate; a
disintegrating agent such as corn starch, potato starch, alginic acid; a lubricant such as -
magnesium stearate; and a sweetening agent such as sucrose, lactose, or saccharin.
When a dosage unit form is a capsule, it may contain, in addition to materials of the
above type, a liquid carrier such as a fatty oll. Various other materials may be present
as coatings or to modify the physical form of the dosage unit. For instance, tablets may
be coated with shellac, sugar or both. '

[0086] Liquid carriers are used in preparing liquid dosage forms such as
solutions, suspensions, dispersions, emulsions, syrups, elixirs and pressurized
compositions. The active ingredient can- be dissolved or suspended in a
pharmaceutically acceptable liquid carrier such as water, an organic solvent, a mixture
of both, or pharmaceutically acceptable oils or fats. The liquid carrier can contain other
suitable phamaceutical additives such as solubilizers, emuisifiers, buffers,
preservatives, sweeteners, flavoring agents, suspending agents, thickening agents,
colors, viscosity regulators, stabilizers or osmo-regulators. Suitable examples of liquid
camiers for oral and parenteral administration include water (partially containing
additives as above, e.g. cellulose derivatives, preferably sodium carboxymethyl
cellulose solution); alcohols, including monohydric alcohols such as ethanol and
polyhydric alcohols such as glycols and thelr derivatives; lethicins, and olls such as
fractionated coconut oil and arachis oll. For parenteral administration, the liquid carrier
can also be an oily ester such as ethyl oleate and isopropyl myristate. Sterile liquid
carriers are useful in sterile liquid form compositions for parenteral administration. The
liquid carmrier for pressurized compositions can be a halogenated hydrocarbon or other
phammaceutically acceptable propellant.

[0087] A liquid pharmacsutical composition such as a syrup or elixir may
contain, in addition to one or more liquid carriers and the active Ingredients, a
sweetening agent such as sucrose, preservatives such as methyl and propyl parabens,
a phammaceutically acceptable dye or coloring agent, or a flavoring agent such as chemry
or orange flavoring. :

[0088] Liquid phamaceutical compasitions which are sterile solutions or
suspensions can be administered intraoculaty or parenterally, for example, by
intramuscular, intraperitoneal or subcutaneous injection. Sterile solutions can also be
administered intravenously. The phammaceutical forms sultable for injectable use
include sterile aqueous solutions “or dispersions and sterile powders for the
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extemporaneous preparation of sterile injectable solutions or dispersions. In all cases,
the form must be sterile and must be fiuid to the extent that easy Injectability exists. It
must be stable under the conditions of manufacture and storage and must be preserved
against the contaminating action of microorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing a liquid carrier, for example,
water, ethanol, polyol (e.g. glycerol, propylene glycol and liquid polyethylene glycol),
suitable mixtures thereof, and vegetable oils. The liquid carier may be suitably mixed
with a surfactant such as hydroxypropyiceliulose.

[0089] The compounds of the present invention may also be administered
rectally or vaginally in the form of a conventional suppository. For administration by
intranasal or intrabronchial inhalation or insufflation, the compounds of this invention
may be formulated into an aqueous or partially aqueous solution, which can then be
utilized In the form of an aerosol. The compounds of this invention may be administered
topically, or also transdermally through the use of a transdermal patch containing the
active compound and a carrier that is inert to the active compound, which is non toxic to
the skin, and allows delivery of the agent for systemic absorption into the blood stream
via the skin. The carrier may take any humber of forms such as creams and ointments,
pastes, gels, and occlusive devices. The creams and ointments may be viscous liquid
or semisolid emulsions of either the oil-in-water or water-In-oil iype. Pastes comprised
of absorptive powders dispersed in petroleum or hydrophilic petroleum containing the
active ingredient may also be suitable. A variety of occlusive devices may be used to
releasethe active ingredient into the blood stream such as a semipermeable membrane
covering & reservoir containing the active ingredient with or without a carrier, or a matrix
containing the active ingredient. Other occlusive devices are known in the literature.

[0080] The following describes the preparation of representative compounds of
this invention. Compounds described as homogeneous were determined to be 98% or
greater a single peak (exclusive of enantiomers) by analytical reverse phase
chromatographic analysis with 254 nM UV detaction. Melting points are reported as
uncorracted in degrees centigrade. The infrared data is reported as wavenumbers at
maximum absorption, vinax, In reciprocal centimeters, cm™. Mass spectral data is
reported as the mass-to-charge ratio, nvz; and for high resolution mass spectral data,
the calculated and experimentally found masses, [M+H]", for the neutral formulae M are
reported. Nuclear magnetic resonance data is reported as 8 in parts per miilion (ppm)
downfield from the standard, tetramethyisilane; along with the solvent, nucleus, end field
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strength parameters. The spin-spin homonuclear coupling constants are reported as J
values in hertz; and the multiplicities are reported as a: s, singlet; d, doublet; t, triplet; g,
quartet; quintet; or br, broadened. Italicized elements or groups are those résponslble
for the chemical shifts. '*C NMR chemical shift assignments were made by reasonable
comparison to a fuil chemical shift assignment determination for Exampie 1, Step a.
The yields given below are for informational purposes and may vary according to
experimental conditions or individual techniques.

EXAMPLE 1
Step a) :
5-[(4-Mathoxyphenyl)suIfoﬁyl]-B-moﬂ'lyl-s,s-dlhydrophenanthrldlne
[0091] A stirred solution of phenanthridine (3.58 g, 20 mmol) in anhydrous
diethyl ether (20 mL) was cooled to -30 °C and treated drop-wise under nilrogen via
syringe with a solution of 1.4 M miethyllithium in diethyl ether (14.5 mL, 20.3 mmol). The
yellow solution was warmed to room temperature and stirred for 15 minutes. : The
mixture was cooled to -78°C and treated with 4-methoxybenzenesulfonyl chioride (4.12
g, 20 mmol), as a solid, in a single aliquot. The reaction mixture was warmed slowly to
room temperature over one hour, poured into 1 N aqueous sodium hydroxide, and
extracted with ethyl acetate. The organic phase was washed sequentially with water, a
1N hydrochloric acid solution, and a saturated, aqueous sodium chiloride solution. After
drying over anhydrous sodium sulfate, the organic phase was filtered through a short
column of silica gel, and the filtrate evaporated in vacuo to yleld a crude yellow oil (5.3
g. 73%). The crude oil was purified by preparative chromatography on a Biotage® 40 Mi
column of pre-packed silica gel (80 g), eluting with a mixture of methyl fert-butyl ether-
hexane (15:85) at a flow rate of 40 mL/min to afford, after evaporation of the solvent, a
colorless oll. Crystallization of the coloriess oil from a mixture of diethyl ether-hexane
yielded the title compound (2.02 g, 5.6 mmol, 28%) as a homogeneous, colorless,
crystalline solid, m.p. 167-169°C;
MS [(+ESI), m/z]: 366 [M+H]";
IR (Solid), vnax: 1595, 1585, 1495, 1430, 1330, 1260, 1160, 1080, 770, 720 cm™;
H NMR (500 MHz, DMSO-de) &: 7.77 (dd,, J = 7.6, 1.4 Hz, 1H, ArH-1), 7.62 (dd, J =
7.8, 1.4 Hz, 1H, ArH-4), 7.43 (d, J = 7.6 Hz, 1H, ArH-10), 7.42 (td, J= 7.8, 1.5 Hz, 1H,
ArH-3), 7.38 (id, J = 7.5, 1.4 Hz, 1H, ArH-2), 7.23 (dd, J= 7.3, 1.1, Hz, 1H, ArH-7), 7.17
(td, J = 7.3, 1.2 Hz, 1H, ArH-8), 7.12 (td, / = 7.5, 1.1 Hz, 1H, ArH-9), 6.94 (ddd, J = 8.9,
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2.9, 2.0 Hz, 2H, ArH'-2',6'), 6.54 (ddd, J=9.0, 2.9, 2.0 Hz, 2H, ArH’-3'5"), 542 (q, J =
6.9 Hz, 1H, H-B), 3.62 (s, 3H, -OCHs4'), 1.14 (d, J = 7.0 Hz, 3H, -CH3-6);

*C NMR (125 MHz, DMSO-ds) 5: 162.2 (s, 1C, ArC'4"), 136.3 (s, 1C, ArC-6a), 132.5
(s. 1C, ArC4a), 129.3 (s, 1C, ArC-10b), 128.8 (s, 1C, ArC-4), 128.6 (s, 2C, ArC'-2',6'),
1284 (s, 1C, ArC'-1'), 128.3 (8, 1C, ArC-10a), 128.2 (s, 1C, ArC-3), 128.1 (s, 1C, ArC-
8), 127.5 (s, 1C, ArC-2), 127.4 (s, 1C, ArC-9), 126.0 (s, 1C, ArC-7), 123.7 (s, 1C, ArC-
1), 123.1 (s, 1C, ArC-10), 113.4 (s, 2C, ArC'-3',5'), 55.5 (s, 1C, -OCHy4'), 53.9 (s, 1C,
C-8), 21.7 (s, 1C, -CH3-6);
Additional NMR experiments (NOE, COSY, HSQC, HMBC) confirmed the structural
assignments and chemical shifts;
Anal. calcd for C21H49NO3S: C, 69.02; H, 5.24; N, 3.83. Found: C, 69.19; H, 5.24; N,
3.82.
Step b)
4-{(6-Methylphenanthridin-5(6H)-yl)sulfonyl]phenol

[0092] A stired suspension of 5-[(4-methoxyphenyl)sulfonyl]-6-methyl-5,6-
dihydrophenanthridine (0.73 g, 2.0 mmol) and cyclohexene (3.28 g, 40 mmol) was
treated at room tamperature under nitrogen with a solution of 1.0 M boron tribromide in
dichloromethane (12 mL, 12 mmol). After stirring for approximately four hours at room
temperature, the reaction was quenched with methanol (20 mL) and diluted with
dichloromethane. The mixture was washed sequentially with an aqueous potassium
carbonate solution, a saturated, aqueous sodium chloride solution, and water. The
organic phase was dried over anhydrous sodlum sulfate, filtered through a short column
of silica gel, and eluted with ethyl acetate. The ethyl acetate phase was evaporated in
vacuo to a crude residue (1.0 g). The crude residue was purified by preparative
chromatography on a Blotage® 40 Mi column of pre-packed silica gel (90 g) with
gradient elution of between 10% to 30% methyl terf-butyl ether In hexane at a flow rate
of 50 mL/min and afforded, after evaporation of the solvent, a coloriess oll.
Crystallization of the colorless oll from a mixture of diethyl ether-hexane yielded the title
compound (0.525 g, 1.5 mmol, 75%) as a homogeneous, colorless, crystalline solid,
m.p. 196-198°C;
MS [(-ESI), m/2]: 350 [M-H];
IR (Solid), vmax: 3360, 1600, 1585, 1430, 1325, 1150, 1080, 830, 730 cm'™;
1-H NMR (500 MHz, DMSO-d5) 8: 10.17 (br s, 1H, -OH-4’), 7.77 (dd, /= 7.6, 1.5 Hz, 1H,
ArH-1), 7.62 (dd, J=7.8, 14 Hz, 1H, ArH-4), 7.47 (d, J=7.4 Hz, 1H, ArH-10), 7.41 (id,

-46 -



WO 200150631 PCT/US2003/0382%9) 3 (

J=17.5, 1.5 Hz, 1H, ArH-3), 7.36 (td; J = 7.5, 1.4 Hz, 1H, AtH-2), 7.22 (dd, J= 7.3, 1.2,
Hz, 1H, ArH-7), 7.18 (td, J = 7.3, 1.2 Hz, 1H, AtH-8), 7.13 (td, J = 7.3, 1.5 Hz, 1H, ArH-
9), 6.84 (ddd, J = 8.9, 2.9, 2.0 Hz, 2H, AiH'-2",6'), 6.33 (ddd, J = 8.9, 2.9, 2.0 Hz, 2H,
ArH'-3',5'), 5.40 (g, J = 7.0 Hz, 1H, H-8), 1.12 (d, J = 7.0 Hz, 3H, -CH=8);

3C NMR (125 MHz, DMSO-dg) 0: 161.0 (s, 1C, ArC'4"), 136.5 (s, 1C, ArC-6a), 132.6
(s. 1C, ArC4a), 129.3 (s, 1C, ArC-10b), 128.8 (s, 1C, ArC-4), 128.7 (s, 2C, ArC'-2",68"),
128.3 (s, 1C, ArC™-1"), 128.2 (s, 1C, ArC-10a), 128.0 (s, 1C, ArC-3), 127.4 (s, 1C, ArC-
8), 127.3 (s, 1C, ArC-2), 126.8 (s, 1C, ArC-8), 125.9 (s, 1C, ArC-7), 123.6 (s, 1C, ArC-
1), 123.0 (s, 1C, ArC-10), 114.5 (s, 2C, ArC'-3",5'), 53.8 (s, 1C, C-8), 21.8 (s. 1C, -CHs-
6);

Anal. calcd for CogH17NO4S: C, 68.36; H, 4.88; N, 3.99. Found: C, 68.05; H, 4.84; N,
3.88. :

EXAMPLE 2
Step a)
(S)-5-[(4-Methoxyphenyl)sulfonyl]-6-methyi-5,8-dihydrophenanthridine*
[0093] The enantiomers of 5-[(4-methoxyphenyl)sulfonyi]-6-methyi-5,6-
dihydrophenanthridine, prepared in Example 1, were separated by automated
preparative normal phase chiral chromatography on a Chiralpak AD® (25 cm x 5 cm)
column, eluting with 10% 2-propanol in hexane at a flow rate of 20 mL/min. After
evaporation of the solvent in vacuo, peak one with a retention time at 10.2 minutes,
monitored at 254 nm, was isolated to yield (S)-5-[(4-methoxyphenyl)sulfonyl]-6-methyl-
5,6-dihydrophenanthridine* as a white, solid, single enantiomer, m.p. 183-185°C;
Tr = 10.2 minutes ° ' .
[alp® = +242.9° (c = 1% solution, CHCly);
MS [(+ESI), m/2]: 366 M+H]";
H NMR (500 MHz, DMSO-dg) &: 7.77 (dd, J= 7.8, 1.1 Hz, 1H, ArH-1), 7.62 (dd, J =
7.8, 1.0 Hz, 1H, ArH-4), 7.44 - 7.36 (m, 3H, Ari4-2,3,10), 7.23 (d, J= 7.4 Hz, 1H, ArH-7),
7.7 (t, J=7.3 Hz, 1H, ArH-8), 7.12 (t, /= 7.3 Hz, 1H, ArH-9), 6.94 (d, J= 8.0 Hz, 2H,
ArH-2',6'), 6.54 (d, J = 8.9 Hz, 2H, ArH'-3',5), 5.41(q. J = 6.8 Hz, 1H, H-8), 3.62 (s, 3H,
-OCH34’), 1.13 (d, J = 7.0 Hz, 3H, CH36);
Anal. calcd for C24HgNO3S: C, 69.02; H, 5.24; N, 3.83. Found: C, 68.97; H, 5.26; N,
3.59. - .
*The stereochemical configuration is not absolute and was assigned arbitrarily.
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Step b)
4-{[(S)-6-Methylphenanthridin-5(6H)-yl}sulfonyl}phenol*

[0094] The title compound was prepared from (S)-5-{{(4-methoxyphenyl)sulfonyl}-
6-methyl-5,6-dihydrophenanthridine (0.32 g, 1.02 mmol), cyclohexene (0.26 mL, 2.54
mmol), and 1.0 M boron tribromide in dichloromethane (6.1 mL, 6.1 mmol) according to
the procedure and in the same manner as described in Example 1, stepb. The crude
product was purified by column chromatography on silica gel, eluting with
dichloromethane, to yield 4-{[(S)-8-methylphenanthridin-5(6H}-yl]sulfonyl}phenol* (0.25
g, 0.72 mmol, 71%) as a white, solid, single enantiomer, m.p. 176-178 °C;

[alo® = +298.0° (c = 1% solution, CHCls);

MS [(-ESI), m/z]: 350 [M-H];

'H NMR (500 MHz, DMSO-dg) 5: 10.15 (s, 1H, OH-4"), 7.78 (d, J = 7.8 Hz, 1H, ArH-1),
7.61(d, J=7.8 Hz, 1H, ArH-4), 7.48 (d, J= 7.5 Hz, 1H, ArH-10), 7.42 - 7.35 (m, 2H,
ArH-2,3), 7.23 - 7.12 (m, 3H, AiH-7,8,9), 6.84 (d, J=8.7 Hz, 2H, ArH'-2',6"), 6.33 (d, J =
8.7 Hz, 2H, ArH'-3',5’), 5.40 (q, J = 7.0 Hz, 1H, H-8), 1.13 (d, J=7.0 Hz, 3H, -CHx-6);
Anal. calcd for CxHy7NO3S * 0.30 H20: C, 67.32; H, 4.97; N, 3.93. Found: C, 67.09; H,
4.94; N, 3.70.

“The stereochemical configuration is not absolute and was assigned arbitrarily.

EXAMPLE 3
Step a)
(R)-54{(4-Methoxyphenyl)sulfonyl}-6-methyl-5,6-dihydrophenanthridine*
[0095] The enantiomers of 5{(4-methoxyphenyl)sulfonyl]-8-methyl-5,6-
dihydrophenanthridine, prapared in Example 1, were separated by automated
preparative normal phase chiral chromatography on a Chiralpak AD® (25 cm x 5§ cm)
column, eluting with 10% 2-propanol in hexane at a flow rate of 20 mL/min. After
evaporation of the solvent in vacuo, peak two with a retention time at 12.5 minutes,
monitored at 220 nm, was isolated to yleld (R)-5-{(4-methoxyphenyl)sulfonyl}-6-methyi-
5,8-dihydrophenanthridine* as a white, solid, single enantiomer, m.p. 183-185°C;
Tr = 12.5 minutes
[a)o® = -239.02° (c = 1% solution, CHC5);
MS [(+ESI), m/z): 366 [M+H]";
H NMR (500 MHz, DMSO-dq) &: 7.77 (d, J= 7.8 Hz, 1H, ArH-1), 7.62 (d, J= 7.6 Hz,
1H, ArH-4), 7.44 - 7.36 (m, 3H, ArH-2,3,10), 7.23 (d, J=7.3 Hz, 1H, ArH-7), 7.17 (£, J =
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7.3 Hz, 1H, ArH-8), 7.12 (t, J = 7.4 Hz, 1H, ArH-0), 6.94 (dd, J= 114, 2.7 Hz, 2H, AiH"-
2'6'), 6.54 (d, J = 8.9 Hz, 2H, AiH'-3',5"), 5.41(g, J = 6.9 HZ, 1H, H-6), 3.62 (s, 3H, -
OCH=4'), 1.13 (d, J = 7.0 Hz, 3H, -CH3-6);
Anal. calcd for C21H1sNO3S: C, 69.02; H, 5.24; N, 3.83. Found: C, 69.34; H, 5.51; N,
3.6.
*The stereochemical configuration is not absolute and was assigned arbitrarily.
Step b)

4-{[(R)~6-Methylphenanthridin-5(6H)-ylJsutfonyl}phenol*

[0096] The title compound was prepared from (R)-5-[(4-
methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine (0.38 g, 1.04 mmol),
cyclohexene (0.27 mlL, 2.61 mmol), and 1.0 M boron tribromide in dichioromethane
(6.27 mL, 6.27 mmol) according to the procedure and in the same manner as described
in Example 1, step b. The crude product was purifiad by flash column chromatography
on silica gel, eluting with dichlorométhane, to yleld 4-{[(R)-8-methylphenanthridin-5(6H)-
yilsulfonyl}phenol* (0.26 g, 0.74 mmol, 71%) as a white, solid, single enantiomer, m.p.
181-183°C; - )

[a]o® = -287.07° (c = 4.33 mg / 50 mL, CHCls);

MS [(-ESI), m/2]: 350 M-H]":

MS [(+ESI), m/z]: 352 [M+H]";

'H NMR (500 MHz, DMSOQ-de) 8. 10.17 (s, 1H, OH-4"), 7.78 (d, J = 7.8 Hz, 1H, ArH-1),
7.61 (d, J = 7.8 Hz, 1H, ArH-4), 7.48 (d, J = 7.5 Hz, 1H, ArH-10), 7.42 - 7.35 (m, 2H,
ArH-2,3), 7.23 - 7.12 (m, 3H, ArH-7,8,9), 6.84 (d, J= 8.7 Hz, 2H, ArtH-2'6'), 6.33(d, J =
8.7 Hz, 2H, ArH'-3',5), 5.40 (q, J = 7.0 Hz, 1H, H-6), 1.13 (d, J = 7.0 Hz, 3H, -CHx6);
Anal. calcd for CaoHyNOsS * 0.50 H.0: C, 66.65; H, 5.03; N, 3.89. Found: C, 66.60; H,
4.77; N, 3.61.

*The stereochemical configuration is not absolute and was assigned arbitrarily.

EXAMPLE 4
Step a) .
2.Bromo5-(4-methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine
{0097] A stirred suspension of 5{(4-methoxyphenyi)sulfonyl]-6-methyl-5.6-
dihydrophenanthridine (0.73 g, 2.0 mmol) was heated to 50°C in glacial acetic acid 20
mf.) and freated drop-wise over seven hours with excess bromine (1.92 g, 12 mmol).
After cooling to room temperature, the reaction mixture was diluted with ethy! acetate
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and the pracipitate filtered. The organic phase filtrate was washed sequentially with a
saturated, aqueous sodium thiosulfate solution, a 1 N hydrochloric acid solution, and
water. The organic phase was further washed sequentially with a 2.5 N aqueous
sodium hydroxide solution until a basic extract was obtained, water, and a saturated
aqueous sodium chioride solution. The organic phase was dried over anhydrous
sodium sulfate, filtered through a short column of silica gel, and the solvent removed in
vacuo to afford a crude yellow solid (0.75 g, 1.7 mmol, 85%). The crude solid was
purified by preparative chromatography on a Biotage® 40 Mi column of pre-packed silica
gel (90 g), elutirig with a mixture of methyl teri-butyl ether-hexane (15:85) at a fiow rate
of 40 mL/min to afford, after evaporation of the solvent, a solid. Crystallization of the
solid from a mixture of diethyl ether-hexane yielded the title compound (0.43 g, 0.97
mmol, 48%) as a homogeneous, coloriess, crystalline solid, m.p. 192-194 °C;
MS [(+ESI), m/z]: 444/446 M+H]", contains one bromine atom;
IR (Solid), vmex: 1585, 1585, 1485, 1440, 1330, 1260, 1160, 1080 cm™;
'H NMR (500 MHz, DMSO-dp) &: 7.99 (d, J = 2.3 Hz, 1H, ArH-1), 7.62 (dd, J = 8.8, 2.1
Hz, 1H, ArH-3), 7.57 (d, J = 8.6 Hz, 1H, ArH4), 7.52 (d, J = 7.8 Hz, 1H, ArH-10), 7.26
(dd, J=75, 1.1, Hz, 1H, ArH-7), 7.22 (td, J=7.3, 1.1 Hz, 1H, ArH-8), 7.14 (id, /= 7.3,
1.1 Hz, 1H, ArH-9), 7.01 (ddd, J= 8.9, 2.9, 2.0 Hz, 2H, ArH'-2',6'), 6.58 (ddd, J = 8.9,
2.9, 2.0 Hz, 2H, ArH'-3',5), 5.44 (q, J= 7.0 Hz, 1H, H-8), 3.64 (s, 3H, -OCHs4"), 1.15
(d, J=7.0 Hz, 3H, -CH58);
13C NMR (125 MHz, DMSO-dg) 5: 162.4 (s, 1C, ArC'4'), 136.4 (s, 1C, ArC-8a), 131.8
(s, 1C, ArC4a), 131.5 (s, 1C), 131.0 (s, 1C), 130.8 (s, 1C), 128.8 (s, 1C), 128.7 (s, 2C,
ArH'-2',6'), 128.2 (s, 1C, ArC'-1), 127.5 (s, 1C), 127.0 (s, 1C), 126.4 (s, 1C), 126.1 (s,
1C), 123.5 (s, 1C), 1204 (s, 1C), 113.6 (s, 2C, ArC'-3',5"), 65.5 (s, 1C, -OCH34'), 53.8
(s. 1C, C-6), 21.8 (s, 1C, -CH3-6);
Anal. calcd for C21H1sBrNO3S: C, 56.76; H, 4.08; N, 3.15. Found: C, 58.77: H, 4.04: N,
2.97.
Step b)
4-{(2-Bromo-8-methylphenanthridin-5(6H)-yl)sulfonyl]phenol

[0098] A stirad suspension of 2-bromo-5-{(4-methoxyphenyl)sulfonyl]-8-
methyl-5,6-dihydrophenanthridine (333 mg, 0.756 mmol) and cyclohexene (1.84 g, 20
mmol) was treated at room temperature under nitrogen with a solution of 1.0 M boron
tribromide in dichloromethane (5 mL, 5 mmol). After stirring for approximatsely four
hours at room temperature, the reaction was quenched with methanol (20 mL) and
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diluted with dichloromethane. The mixture was washed sequentially with an aqueous
potassium carbonate solution, a saturated, aqueous sodium chioride solution, and
water. The organic phase was dried over anhydrous sodium sulfate, filtered through a
short column of silica gel, and eluted with ethyl acetate. The ethyl acetate phase was
evaporated in vacuo to a crude orange residue (0.5 g). The crude residue was purified
by preparative chromatography on a Biotage® 40 Mi column of pre-packed silica gel (90
g) with gradient elution of between 10% to 30% methyi tert-butyl ether in hexane at a
flow rate of 50 mL/min; and afforded, after evaporation of the solvent, a colorless oil.
Crystalllzation of the coloriess oil from a mixture of diethyl ether-hexane yielded the title
compound (0.220 g, 0.51 mmol, 68%) as a homogeneous, off-white, crystalline solid,
m.p. 201-203°C; i '

MS [(-ES!), m/z): 428/430 M-H]", contains one bromine atom;

IR (Solid), vmax: 3390, 1600, 1585, 1495, 1430, 1325, 1150, 1130, 1080, 1070, 830 cm’
1 '

H NMR (500 MHz, DMSO-d;) 5: 10.21 (br s, 1H, -OH-4"), 7.97 (d,, J = 2.1 Hz,1H,
ArH-1), 7.59 (dd, J = 8.8, 2.1 Hz, 1H, ArH-3), 7.54 (d, J = 8.6 Hz, 2H, ArH-4,10), 7.24
(dd, J=74, 1.8, Hz, 1H, ArH-7), 7.21 ({d, /=74, 1.0 HZ, 1H, ArH-8), 7.14 (d, /= 7.3,
1.4 Hz, 1H, ArH-9), 6.89 (ddd, J = 8.8, 2.9, 2.0 Hz, 2H, ArH'-2',6’), 6.36 (ddd, J= 8.7,
2.9, 2.0 Hz, 2H, ArH'-3',5"), 5.41 (q, J = 7.0 Hz, 1H, H-6), 1.13 (d, J=7.0 Hz, 3H, -CH3>
8);

13C NMR (125 MHz, DMSO-dg) 5: 181.2 (s, 1C, ArC'4'), 136.6 (s, 1C, ArC-8a), 132.0
(s, 1C, ArC4a), 131.4 (s, 1C), 130.9 (s, 1C), 130.7 (s, 1C), 128.8 (s, 1C), 128.7 (s, 2C,
ArC'-2'8'), 127.5 (s, 1C), 1271 (s, 1C), 126.6 (s, 1C), 126.3 (s, 1C), 126.0 (s, 1C),
123.4 (s, 1C), 120.2 (s, 1C), 114.7 (s, 2C, ArC'-3',5"), 53.7 (s, 1C, C-8), 21.8 (s, 1C, -
CH»-6);

Anal. calcd for CxHaBrNOaS: C, 55.82; H, 3.75; N, 3.25. Found: C, 55.85; H, 3.83; N,
3.15.

EXAMPLE 5
Step a)
54(4-Methoxy-3-methylphenyl)sulfonyi]-8-methyl-5,6-dihydrophenanthridine
[0099] The title compound was prepared from phenanthridine (1.79 g, 10
mmol), 1.4 M methyllithium in diethyl ether (7.25 mL, 10.15 mmol), and 4-methoxy-3-
methyl-benzenesutfonyl chioride (2.21 g, 10 mmol) according to the procedure and in
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the same manner as described in Example 1, step a; and yielded after chromatographic
purification and crystalilzation from a mixture of ethyt acetate-hexane, 5-J(4-methoxy-3-
methylphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine (2.1 g, 5.5 mmol, 55%) as a
homogeneous, colorless, crystalline solid, m.p. 171-173 °C;
MS [(+ESI), m/z]: 380 (M+H]";
IR (Solid), vmax: 1600, 1580, 1490, 1440, 1330, 1270, 1185, 1124, 1080, 910, 770, 725
cm™;
H NMR (500 MHz, DMSO-dg) B: 7.75 (dd, J = 7.6, 1.6 Hz, 1H, ArH-1), 7.60 (dd, J =
7.6, 1.5 Hz, 1H, ArH-4), 7.44 - 7.35 (m, 3H, ArH-2,3,10), 7.22 (dd, J =7 4, 1.5, Hz, 1H,
AH-7), 717 (td, J=T7.4,1.2 Hz, 1H, ArH-8), 7.10 (td, J=7.5, 1.5 Hz, 1H, ArH-8), 6.80
(dd, J=8.7, 2.2 Hz, 1H, ArH-6’), 6.75 (dd, J= 2.3, 0.7 Hz, 1H, ArH'-2'), 6.53 (d, /= 8.7
Hz, 1H, ArH-5’), 5.39 (q, J = 7.0 Hz, 1H, H-8), 3.65 (8, 3H, -OCHs4"), 1.77 (s, 3H, -CH>-
3), 1.12(d, J = 7.1 Hz, 3H, -CHx-6); ._'
3C NMR (125 MHz, DMSO-dg) 5: 160.4 (s, 1C, ArC'4"), 136.3 (s, 1C, ArC-6a), 132.7
(s, 1C, ArC-4a), 129.5 (s, 1C, ArC-10b), 128.8 (s, 1C, ArC-4), 128.6 (s, 1C), 128.2 (s,
2C), 127.9 (s, 1C), 127.5 (s, 1C), 127.4 (s, 1€), 127.3 (s, 1C), 126.7 (s, 1C), 126.0 (s.
1C), 125.8 (8, 1C), 123.7 (8, 1C, ArC-1), 123.0 (s, 1C, ArC-10), 108.3 (s, 1C, ArC'-5'),
55.6 (s, 1C, -OCHs4"), 53.9 (s, 1C, C-8), 21.7 (s, 1C, -CHx-6), 15.5 (8, 1C, CH3-3');
Anal. calcd for C2H21NOsS: C, 69.63; H, 5.58; N, 3.69. Found: C, 69.72; H, 5.33; N,
3.57.
Step b)

2-Methyl-4-{(6-methylphenanthridin-5(6 H)-yl)sulfonyl]phenol
[0100] The title compound was prepared from 5-{(4-methoxy-3-

methyiphenyt)sulfonyl)-6-methyl-5,6-dihydrophenanthridine (0.758 g, 2 mmol),
cyciohexene (3.28 g, 40 mmol), and 1.0 M boron tribromide in dichioromethane (10 mL,
10 mmol) according to the procedure and in the same manner as described in Example
1, step b; and yielded, after chromatographic purification and crystallization from a
mixture of diethyl ether-hexane, 2-methyl-4-[(6-methylphenanthridin-5(6H)-
yl)sulfonyllphenol (0.577 g, 1.58 mmol, 78%) as a homogeneous, colorless, crystalline
solid, m.p. 186-188°C;
MS [(+ESI), m/z]: 366 [M+H]":
MS [(-ESI), m/z): 364 [M-HJ;
IR (Solid), vmax: 3410, 1590, 1500, 1325, 1310, 1160, 1120, 1080, 725 cm™;
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'H NMR (500 MHz, DMSO-d) 5: 10.06 (br s, 1H, -OH-4"); 7.75 (dd, J = 7.6, 1.4 Hz, 1H,
ArH-1), 7.59 (dd, J = 7.9, 1.4 Hz, 1H, AtH-4), 7.4 (d, J = 7.6 Hz, 1H, AtH-10), 7.39 (id,
J=17.5, 1.5 Hz, 1H, ArH-3), 7.35 (td, J = 7.5, 1.4 Hz, 1H, ArH-2), 7.23 (dd, J= 7.3, 1.1,
Hz, 1H, ArH-7), 7.18 {td, J= 7.3, 1.1 Hz, 1H, ArH-8), 7.12 (id, /= 7.6, 1.4 Hz, 1H, ArH-
8), 6.71 (d, J = 2.0 Hz, 1H, ArH'-2"), 6.64 (dd, J = 8.6, 2.3 Hz, 1H, ArH'-6'),6.33 (d, J=
8.6 Hz, 1H, ArH"-5"), 5.38 (q, J = 6.8 Hz, 1H, H-6), 1.74 (s, 3H, -CHa-3"), 1.12(d, J= 7.0
Hz, 3H, -CH36);
13C NMR (125 MHz, DMSO-dg) 5: 158.2 (s, 1C, ArC'4"), 136.5 (s, 1C, ArC-6a), 132.8
(s, 1C, ArC-43), 129.4 (s, 1C, AfC-10b), 129.3 (s, 1C), 128.7 (s, 1C, ArC4), 128.3 (s,
1C), 128.1 (s, 1C), 127.8 (s, 1C), 127.3 (s, 1C), 1272 (s, 1C), 126.3 (s, 1C), 126.2 (s,
1C), 126.0 (s, 1C, ArC-7), 124.0 (s, 1C), 123.6 (s, 1C, ArC-1), 123.0 (s, 1C, ArC-10),
113.3 (s, 1C, ArC"-5"), 53.8 (8, 1C, C-8), 21.7 (5, 1C, -CHz-6), 16.4 (s, 1C, -CHz-3");
Anal. calcd for C21H1gNO3S: C, 69.02; H, 5.24; N, 3.83. Found: C, 69.00‘.'H. 5.20; N,
3.83.

EXAMPLE 6

Step a)

2-Bromo-5-[(4-methoxy-3-methylphenyl)sulfonyl]-8-methyi-5,6-

dlhydrophenanthridine
[0101] The title compound was prepared from 5-[(4-methoxy-3-

methylphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine (1.4 g, 3.7 mmol) and
bromine (4.0 g, 25.0 mmol) according to the procedure and in the same manner as
described in Example 4, step a; and ylelded, after chromatographic purification and
crystallization from a mixture of ethyl acetate-hexane, 2-bromo-5-[(4-methoxy-3-
methyiphenyl)sulfonyl}-6-methyi-5,6-dihydrophenanthridine (1.0 g, 2.2 mmol, 58%) as a
homogeneous, coloress, crystalline solid, m.p. 219-221°C;
MS [(+ESI), m/z): 458/460 [M+H}', contains one bromine atom;
IR (Solid), vinex: 1590, 1580, 1480, 1480, 1440, 1330, 1260, 1170, 1130 cm™;
TH NMR (500 MHz, DMSO-dg) &: 7.86 (d, J = 2.1 Hz, 1H, ArH-1), 7.60 (dd, /= 8.6, 2.3
Hz, 1H, ArH-3), 7.53 (d, J = 8.6 Hz, 1H, ArH-4), 7.49 (d, J = 7.6 Hz, 1H, ArH-10), 7.25
(dd, J=7.5, 1.1 Hz, 1H, ArH-7), 7.21 (id, /= 7.2, 1.0, Hz, 1H, ArH-8), 7.11 (td, J= 7.6,
1.4 Hz, 1H, ArH-9), 6.84 (dd, J = 8.6, 2.3 Hz, 1H, ArH'-6"), 6.82 (d, J = 2.3 Hz, 1H, ArH'-
2", 6.59 (d, J = 8.6 Hz, 1H, ArH'-5"), 5.41 (q, J= 7.0 Hz, 1H, H-6), 3.66 (s, 3H, -OCHj5-
4'), 1.79 (s, 3H, -CH5-3"), 1.13 (d, J = 7.0 Hz, 3H, -CH3-6);
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3C NMR (125 MHz, DMSO-dg) 8: 160.5 (s, 1C, ArC'-4'), 136.5 (s, 1C, ArC-8a), 132.0
(s, 1C, ArC4a), 131.6 (s, 1C, ArC-10b), 130.9 (s,1C), 130.8 (s,1C), 128.8 (s, 2C), 127.5
(s, 1C), 127.4 (s, 1C), 127.0 (s, 1C), 126.7 (s, 1C), 126.3 (s, 1C), 126.1 (s, 1C), 126.0
(s, 1C), 123.4 (s, 1C, ArC-1), 120.4 (s, 1C, ArC-10), 108.4 (s, 1C, ArC'-5'), 55.7 (s, 1C, -
OCH34'), 53.8 (s, 1C, C-6), 21.7 (s, 1C, -CHz-6), 15.8 (s, 1C, -CHy-3');
Additional NMR experiments (NOE) confirmed the 'H NMR structural assignments and
chemical shifts;
Anal. caled for CxHxBrNOsS: C, 57.65; H, 4.40; N, 3.06. Found: C, 57.67; H, 4.21; N,
2.94,
Step b)
4-[(2-Bromo-6-methylphenanthridin-5(6H)-yl)sulfonyl]-2-methylphenol
[0102] The title compound was prepared from 2-bromo-5-[(4-methoxy-3-
methylphenyl)sulfonyl]-6-methy}-5,6-dihydrophenanthridine (0.535 g, 1.17 mmol),
cyclohexene (2.46 g, 30 mmol), and 1.0 M boron tribromide in dichloromethane (8 mL,
8.0 mmol) according to the procedure and in the same manner as described in Example
4, step b; and yielded, after chromatographic purification and crystallization from a
mixture of diethy! ether-hexane, 4-{(2-bromo-6-methylphenanthridin-5(6H)-yl)suifonyl]-2-
methylphenol (0.348 g, 0.78 mmol, 67%) as a homogeneous, colorless, crystalline solid,
m.p. 193-195°C;
MS [(+ES!), m/z]: 444/446 [M+H]', contains one bromine atom;
MS [(-ESl), m/z]: 442/444 [M-HT, contalns one bromine atom;
IR (Solid), vmax: 3420, 1605, 1580, 1500, 1440, 1325, 1280, 1160, 1120 cm™;
H NMR (500 MHz, DMSO-dg) 5: 10.13 (br s, 1H, -OH-4"), 7.96 (d, J = 2.3 Hz, 1H, ArH-
1), 7.58 (dd, J = 8.6, 2.3 Hz, 1H, ArH-3), 7.53 (d, /= 8.6 Hz, 1H, ArH-4),7.51 (d, J=7.5
Hz, 1H, ArH-10), 7.26 (dd, J=7.5, 1.2 Hz, 1H, ArH-7), 7.22 (id, J = 7.3, 0.9, Hz, 1H,
ArH-8), 7.13 (td, J = 7.8, 1.4 Hz, 1H, ArH-9), 6.77 (d, J = 2.3 Hz, 1H, ArH'-2"), 6.68 (dd,
J = 8.6, 2.3 Hz, 1H, ArH'-§’), 6.37 (d, J = 8.6 Hz, 1H, ArH'-5'), 5.40 (q, J = 7.0 Hz, 1H, H-
6), 1.75 (s, 3H, -CHs-3'), 1.12 (d, J = 7.0 Hz, 3H, -CHy-6);
3C NMR (125 MHz, DMSO-dg) 5: 159.4 (s, 1C, ArC'4'), 136.6 (s, 1C, ArC-8a), 132.1
(s, 1C, ArC4a), 131.5 (s; 1C, ArC-10b), 130.9 (s.1C), 130.7 (s,1C), 129.3 (s, 1C), 128.5
(8. 1C), 127.5 (s, 1C), 127.0 (8, 1C), 126.3 {8, 1C), 126.2 (8, 1C), 126.1 (s, 1C), 126.0
(s, 1C), 124.2 (8, 1C), 1234 (8, 1C, ArC-1), 120.2 (s, 1C, ArC-10), 113.4 (8, 1C, ArC'-
5'), 53.8 (s, 1C, C-8), 21.8 (s, 1C, -CHs8), 15.4 (s, 1C, -CH3-3");
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Anal. calcd for C21H41gBINOaS: .C, 56.76; H, 4.08; N, 3.15. Found: C, 56.62; H, 3.74; N,
3.02. '

EXAMPLE 7
Step a)
6-Butyl-5-[(4-methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine
[0103] The titlte compound was prepared from phenanthridine (3.58 g, 20
mmol), 1.6 M n-butyllithium In hexanes (13.0 mL, 20.8 mmol), and 4-
methoxybenzenesulfonyl chloride (4.12 g, 20 mmol) according to the procedure and in
the same manner as described In Example 1, step a; and yielded, after
chromatographic purification and crystallization from a mixture of diethyl ether-hexane,
6-butyl-5-[{(4-methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine (5.16 g, 12.6 mmol,
63%) as a homogeneous, colorless, crystalline solid, m.p. 127-129°C;
MS [(+ESI), m/z]: 408 M+H]";
IR (Solid), vinex: 1595, 1580, 1495, 1330, 1270, 1170 cm™;
H NMR-(500 MHz, DMSO-dg) 5: 7.75 (dd, J= 7.6, 1.4 Hz, 1H, ArH-1), 7.62 (dd, J =
7.9, 1.2 Hz, 1H, ArH-4), 7.43 (d, J= 7.5 Hz, 1H, ArH-10), 7.41 (id, /=7.6, 1.4 Hz, 1H,
ArH-3), 7.36 (id, J = 7.5, 1.4 Hz, 1H, ArtH-2), 7.20 — 7.15 (m, 2H, ArH-7.8), 7.11 (¢d, J =
7.3, 1.8 Hz, 1H, ArH-9), 6.93 (ddd, J=9.0, 2.9, 2.0 Hz, 2H, ArH’-2',6"), 6.52 (ddd, J =
8.9, 2.9, 2.0 Hz, 2H, ArH’-3',5'), 5.16 (dd, J=9.5, 4.6 Hz, 1H, H-6), 3.81 (s, 3H, -OCH;-
4'), 1.38 — 1.19 (m, 6H, {CH3)sCHg), 0.80 (t, J = 7.3 Hz, 3H, -(CH2)2CH3);
13C NMR (125 MHz, DMSO-d) 5: 162.2 (s, 1C, ArC'-4'), 135.5 (s, 1C, ArC-8a), 132.5
(s, 1C, ArC-4a), 129.6 (s, 1C, ArC-10b), 128.7 (s, 1C, ArC4), 128.6 (s, 2C, ArC'-2',8"),
128.5 (s, 2C, ArC-10a, ArC'-1"), 128.2 (s, 1C, ArC-3), 127.9 (s, 1C, ArC-8), 127.5 (s, 1C,
ArC-2), 127 4 (s, 1C, ArC-9), 1264 (s, 1C, ArC-7), 123.7 (s, 1C, ArC-1), 123.1 (s, 1C,
ArC-10), 113.4 (s, 2C, ArC'-3',5"), 58.0 (s, 1C, C-6), 55.5 (s, 1C, -OCH34"), 33.8 (s, 1C,
-CH2CH2CH2CHa3); 27.5 (s, 1C, -CH2CH2CH,CH,), 21.4 (s, 1C, -CH2CH2CH2CH3), 13.8
(s, 1C, -CH2CH2CH2CHa); '
Anal. caled for C24H2sNO3S: C, 70.73; H, 6.18; N, 3.44. Found: C, 70.65; H, 6.05; N,
3.28.
Step b)
4{(6-Butylphenanthridin-5(6 H)-yl)sulfonyl]phenol
[0104] The title compound was prepared from 6-butyl-5-[(4-
methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine (0.815 g, 2 mmol), cyclohexene
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(3.70 g, 45 mmol), and 1.0 M boron tribromide in dichloromethane (14 mL, 14 mmol)
according to the procedure and in the same manner as described In Example 1, step b;
and yielded, after chromatographic purification and crystallization from a mixture of
diethy! ether-hexane, 4-[(6-butylphenanthridin-5(6H)-yi)sulfonyf]phenol (0.83 g, 1.6
mmol, 80%) as a homogeneous, colorless, crystalline solid, m.p. 149-151°C;

MS [(+ESI), m/z]: 394 [M+H]";

MS [(-ESI), m/2]: 392 [M-H];

IR (Solid), vnax: 3320, 1600, 1580, 1500, 1430, 1310, 1280, 1130, 825, 725 cm™*:

'H NMR (500 MHz, DMSO-dg) 5: 10.13 (s, 1H, -OH-4"), 7.75 (dd, J = 7.6, 1.4 Hz, 1H,
ArH-1), 7.60 (dd, J= 7.8, 1.4 Hz, 1H, ArH-4), 7.46 (d, J = 7.3 Hz, 1H, ArH-10), 7.39 (td,
J=17.5, 1.4 Hz, 1H, ArH-3), 7.34 (id, J= 7.6, 1.4 Hz, 1H, ArH-2), 7.20 - 7.11 (m, 3H,
ArH-7,8,8), 6.83 (ddd, J=8.7, 2.9, 1.8 Hz, 2H, ArH'-2",8"), 6.32 (ddd, /<= 8.8, 2.9, 2.0
Hz, 2H, ArH-3'.5'), 5.14 (dd, /= 9.3, 4.6 Hz, 1H, H-8), 1.39 — 1.16 (m, 6H, -(CH2)sCHs),
0.79 (t, J = 7.2 Hz, 3H, -(CH2)sCH5);

3C NMR (125 MHz, DMSO-dg) 5: 160.9 (s, 1C, ArC'-4'), 135.7 (s, 1C, ArC-8a), 132.7
(s, 1C, ArC-4a), 129.6 (s, 1C, ArC-10b), 128.7 (s, 1C, ArC-4), 128.6 (s, 2C, ArC’-2',6'),
128.5 (s, 2C, ArC-10a, ArC'-1'), 128.1 (s, 1C), 127.8 (s, 1C), 127 .4 (s, 1C), 127.3 (s,
1C), 127.1 (8,1C), 126.3 (s, 1C, ArC-7), 123.6 (s, 1C, ArC-1), 123.0 (s, 1C, ArC-10),
114.5 (s, 2C, ArC'-3',5), 57.9 (s, 1C, C-8), 33.9 (s, 1C, -CH.CH>CH>CH3), 27.5 (s, 1C., -
CH2zCH2CH2CH3), 21.3 (s, 1C, -CH2CH2CH;CH3), 13.8 (s, 1C, -CH2CH2CH2CHy);

Anal. calcd for CxHzsNOsS: C, 70.20; H, 5.89; N, 3.56. Found: C, 70.09; H, 6.06; N,
3.53.

EXAMPLE 8

Step a)

2-8romo-6-butyl-5{(4-methoxyphenyl)suifonyi]-5,6-dihydrophenanthridine

[0105] The title compound was prepared from 6-butyl-5-[(4-

methoxyphenyl)sulfonyl}-5,6-dihydrophenanthridine (1.22 g, 3.0 mmol) and bromine
(0.96 g, 6.0 mmol) according to the procedure and in the same manner as described In
Example 4, step a; and yielded, after chromatographic purification and crystallization
from a mixture of diethyl ether-hexane, 2-bromo-6-butyl-5-{(4-methoxyphenyl)sulfonyl}-
5,6-dihydrophenanthridine (0.72 g, 1.5 mmol, 50%) as a colorless, crystalline solid, m.p.
108-111°C;
MS [(+ESI), m/Z): 486/488 [M+H]", contains one bromine atom;
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IR (Solid), vinax: 1590, 1580, :1:490. 1450, 1330, 1260, 1160 cm™;
TH NMR (500 MHz, DMSO-dg) 5: 7.96 (d, J = 2.1 Hz, 1H ArH-1), 7.60 (dd, J = 8.6, 2.1
Hz, 1H, ArH-3), 7.55 (d, J = 8.6 Hz, 1H, ArH-4), 7.50 (d, J= 7.8 Hz, 1H, ArH-10), 7.23 -
7.19 (m, 2H, ArH-7,8), 7.13 (td, J = 7.8,2.0 Hz, 1H, ArH-9), 6.98 (ddd, J.='8.9. 29,18
Hz, 2H, ArH’-2',6"}), 6.56 (ddd, J = 8.9, 2.9, 1.8 Hz, 2H, ArH'-3',5"), 5.17 (dd, J= 9.3, 4.4
Hz, 1H, H-6), 3.62 (s, 3H, -OCH3-4"), 1.37 — 1.20 (m, 6H, -(CH2);CHs), 0.80 (t, J=7.2
Hz, 3H, -(CH2)sCHa); '
3C NMR (125 MHz, DMSO-dg) 5: 162.3 (s, 1C, ArC'4'), 135.7 (s, 1C, ArC-6a), 131.8
(s, 1C, ArC-4a), 131.7 (s, 1C), 131.0 (s, 2C), 130.6 (s, 1C), 128.6 (s, 2C, ArC'-2',6"),
128.5 (s, 1C), 127.5 (s, 1C), 127.3 (s, 1C), 126.5 (s, 1C), 1264 (s, 1C), 123.5 (s, 1C,
ArC-10), 120.4 (s, 1C), 113.5 (s, 2C, ArC'-3',5), 57.9 (s, 1C, C-6), 55.5 (s, 1C, -OCHs-
4’), 33.9 (s, 1C, -CH2CH2CH2CH3), 27.5 (s, 1C, -CH2CH,CH2CH3), 21.3 (s, 1C, -
CHzCH2CH2CHa), 13.8 (s, 1C, -CH2CH2CH2CHs);
Anal. calcd for Ca4H24BrNO,S: C.' 59.26; H, 4.97; N, 2.88. Found: C, 59.00; H, 4.82; N,
2.75. '
Step b)
4-[(2-Bromo-6-butyiphenanthridin-5(6H)-yl)sulfonyl]phenol
[0106] The title compound was prepared from 2-bromo-6-butyl-5-{(4-
methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine (0.565 g, 1.16 mimol), cyclohexene
(2.46 g, 30 mmol), and 1.0 M boron tribromide in dichloromethane (8 mL, 8.0 mmol)
according to the procedure and in the same manner as described in Example 4, step b;
and yielded, after chromatographic purification and crystallization from a mixture of
diethyl ether-hexane, 4-[(2-bromo-6-butylphenanthridin-5(6H)-yl)sulfonyfjphenol (0.404
g, 0.85 mmol, 74%) as a homogeneous, colorless, crystaliine solid, m.p. 178-180°C;
MS [(-ESI), m/z]: 470/472 [M-HJ, contains one bromine atom;
IR (Solid), vmax: 3320, 1600, 1580, 1500, 1430, 1310, 1280, 1130, 1080, 830 cm™;
TH NMR (500 MHz, DMSO-dg) 5: 10.21 (br s, 1H, -OH-4"), 7.96 (d, J = 2.0 Hz, 1H, ArH-
1), 7.58 (dd, J = 8.8, 2.1 Hz, 1H, ArH-3), 7.54 (d, J = 8.6 Hz, 1H, ArH-4), 7.53 (d, /=7.8
Hz, 1H, ArH-10), 7.22 = 7.21 (m, 2H, ArH-7,8), 7.19 — 7.13 (m, 1H, ArH-9), 6.88 (d, J =
8.7 Hz, 2H, ArH'-2'.6"), 6.55 (d, J= 8.9 Hz, 2H, ArH'-3",5"), 5.15 (dd, /= 9.2, 4.1 Hz, 1H,
H-6), 1.38 — 1.17 (m, 8H, -(CH2)sCHjy), 0.80 (t, J = 7.2 Hz, 3H, {CH2)xCHs);
13C NMR (125 MHz, DMSO-dg) 5: 161.1 (s, 1C, ArC'4"), 135.9 (s, 1C,'ArC-8a), 132.0
(s, 1C, ArC~4a), 131.7 (s, 1C), 130.9 (s,1C), 130.8 (s, 1C), 128.7 (s, 1C), 128.8 (s, 2C,
ArC'-2',6'), 127.5 (s, 1C), 127.3 (s, 1C), 126.8 (8, 1C), 126.5 (s, 1C), 126.3 (s, 1C), .
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123.5 (s, 1C, ArC-1), 120.2 (s, 1C, ArC-10), 114.7 (s, 2C, ArC*-3',5'), 57.9 (s, 1C, C-6),
33.9 (s, 1C, -CH2CH2CH2CH3), 27.5 (8, 1C, -CH2CH2CH2CH;3), 21.3 (s, 1C, -
CHzCHzCHzCH;). 13.8 (S. 1C, -CHzCHzCHzCHa):

Anal. caicd for CxaHzBMNO,S: C, 58.48; H, 4.69; N, 2.97. Found: C, 58.65; H, 4.80; N,
2.99,

EXAMPLE 9
Step a)
5-4{(4-Methoxyphenyl)sulfonyl]-6-phenyl-5,6-dihydrophenanthridine

[0107]) The title compound was prepared from phenanthridine (5.37 g, 30.0
mmol), 1.8 M phenyllithium in cyclohaxane-diethyl ether (70/30), (17.0 mL, 30.6 mmot),
and 4-methoxybenzenesulfonyl chloride (8.20 g, 30.0 mmol) according to the procedure
and in the same manner as describad in Example 1, step a; and yielded, after
chromatographic purification and crystallization from a mixture of diethyl ether-hexane,
5-[(4-methoxyphenyl)sulfonyi]-6-phenyl-5,6-dihydrophenanthridine (8.73 g, 20.4 mmol,
68%) as a colorless, crystalline solid, m.p. 145-147°C.
Step b)

4-{(6-Phenylphenanthridin-5(6H)-yl)sulfonyljphenol

[0108] The titite compound was prepared from 5-[(4-methoxyphenyl)sulfonyi}-6-
phenyl-5,6-dihydrophenanthridine (1.07 g, 2.5 mmol), cyclohexene (4.10 g, 50 mmol),
and 1.0 M boron tribromide in dichioromethane (15 mL, 15.0 mmol) according to the
procedure and in the same manner as described in Example 1, step b; and yielded,
after chromatographic purification and crystallization from a mixture of diethyl ether-
hexane, 4-[(6-phenylphenanthridin-5(6H)-yl)sulfonyilphenol (0.89 g, 2.15 mmol, 86%) as
a homogeneous, colorless, crystalline solid, m.p. 217-220 °C;
MS [(-ESI), m/2]: 412 M-H];
IR (Solid), vmax: 3400, 1600, 1580, 1500, 1440, 1320, 1280, 1140, 1085 cm™;
'H NMR (500 MHz, DMSO-dg) &: 10.23 (br s, 1H, -OH-4"), 7.74 (d, J = 7.0 Hz, 1H, ArH-
1), 7.58 (d, J = 8.2 Hz, 1H, ArH-10), 7.56 (dd, J = 7.8, 0.8 Hz, 1H, ArH-4), 7.40 (dd, J =
7.9, 1.5 Hz, 1H, ArH-7), 7.32 - 7.25 (m, 4H, ArH-2,3,8,9), 7.18 (dd, J = 7.6, 7.2 Hz, 2H,
6-ArH"-3".5%), 7.12 (t, /= 7.2 Hz, 1H, 6-ArH"4"), 7.01 (d, J = 7.8 Hz, 2H, 6-ArH"-2",6"),
6.96 (d. J = 8.7 Hz, 2H, ArH'-2',6"), 6.49 (s, 1H, H-6), 6.39 (d, J= 8.7 Hz, 2H, ArH'-3'.5");
13C NMR (125 MHz, DMSO-ds) 5: 181.2 (s, 1C, ArC'-4"), 139.2 (s, 1C, ArC-6a), 133.1
(s, 1C, ArC4a), 132.8 (s, 1C), 120.6 (s, 2C), 128.9 (s, 2C), 128.5 (s, 1C), 128.2 (s, 4C),
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128.1 (5,2C), 127.9 (s, 1C),"127.4 (s, 1C), 127.2 (s, 1C), 126.9 (s, 2C), 123.7 (s, 1C,
ArC-1), 123.4 (s, 1C, ArC-10), 114.7 (s, 2C, ArC'-8',5'), 59.7 (s, 1C, C-6);

Anal. calcd for CsH1gNO3S: C, 72.62; H, 4.63; N, 3.39. Found: C, 72.35; H, 4.78; N,
3.33. .

EXAMPLE 10

Step a) . :
(R)-5-[(4-Methoxyphenyl)sulfonyl]-6-phenyl-5,6-dihydrophenanthridine*

[0109] The enantiomers of 5-[(4-methoxyphenyl)sulfonyl]-6-phenyi-5,6-
dihydrophenanthridine (3.0 g, 7.02 mmol) were separated by automated preparative
normal phase chiral chromatography on a (S, S) Whelk-O® (25 cm x 2 cm) column,
eluting with 20% 2-propanol in hexane at a flow rate of 20 mL/min. After eiraporation of :
the solvent in vacuo, peak one with a retention time of 12.61 minutes was isolated as a
colorless solid. Crystallization of the colorless solid from a mixture of diethyl ether-
hexane yielded (R)-5-{(4-methoxyphenyl)sulfonyl]-8-phenyi-5,6-dihydrophenanthridine*
(1.40 g, 3.27 mmol, 47%) as a homogeneous, colorless, crystalline single énantiomer*,
m.p. 145-147°C;
Tr = 12.61 minutes
MS [(+ESI), m/z); 428 [M+H]";
IR (Solid), vmax: 1595, 1580, 1485, 1440, 1340, 1260, 1155, 1085, 1025 cm™,;
[alo® = -123.4" (c = 1% solution, CHCl,);
TH NMR (500 MHz, DMSO-dg) 5: 7.74 (dd, J = 7.6, 1.2 Hz, 1H, ArH-1), 7.56 (dd, J =
7.2, 1.1 Hz, 1H, ArH-10), 7.54 (d, J = 6.0 Hz, 1H, ArH-4), 7.41 (dd, J =7.6, 0.8 Hz, 1H,
ArH-7), 7.33 - 7.22 (m, 4H, ArH-2,3,8,9), 7.18 (t, J= 7.8 Hz, 2H, 6-ArH"-3"5"), 7.13 (1, J
=7.2 Hz, 1H, 6-ArH"4"), 7.06 (ddd, J = 9.0, 3.1, 2.9 Hz, 2H, ArH-2',6), 7.02 (d, J=7.3
Hz, 2H, 6-ArH"-2",67), 6.59 (ddd, J = 9.0, 3.1, 2.9 Hz, 2H, ArH{’-3',5"), 6.51 (s, 1H, H-6),
3.64 (s, 3H, -OCHz4'),
13C NMR (100 MHz, DMSO-dg) 5: 162.4 (s, 1C, ArC'-4"), 139.0 (s, 1C, ArC-6a), 133.0
(s, 1C, ArC-4a), 132.6 (8, 1C), 120.7 (s, 1C), 126.8 (s, 1C), 128.7 (s, 2C, ArC'-2',6"),
128.6 (s, 1C), 128.5 (s, 1C), 128.3 (s, 1C), 128.2 (3, 2C), 128.1 (s, 2C), 127.9 (s, 1C),
127.4 (s, 2C), 126.9 (s, 2C), 123.7 (s, 1C, ArC-1), 123.4 (s, 1C, ArC-10), 113.5 (s, 2C,
ArC'-3',5"), 59.8 (s, 1C, C-8), 55.5 (s, 1C, -OCHz4");
Anal. calcd for CasHziNO3S: C, 73.05; H, 4.95; N, 3.28. Found: C, 72.90; H, 5.05; N,
3.19.
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*The stereochemical configuration is not absolute and was assigned arbiirarily.
Step b)
4-{[(R)-6-Phenylphenanthridin-5(6H)-ylisuifonyl}phenol*

[0110] The title compound was prepared from (R)-5-{(4-
methoxyphenyl)sulfonyl]l-6-phenyl-5,6-dihydrophenanthridine* (1.35 g, 3.16 mmol),
cyclohexene (6.16 g, 75 mmol), and 1.0 M boron tribromide in dichloromethane (20 mL,
20 mmol) aix:ording to the procedure and in the same manner as described in Example
1, step b; and yielded, after chromatographic purification and crystallization from diethyl
ether-hexane, 4-{J(R)-6-phenyiphenanthridin-5{(6 H)-yljsulfonyl}phenol* (0.691 g, 1.67
mmol, 53%) as a homogeneous, colorless, crystalline, single enantlomer*, m.p. 208-
210°C; '

MS [(-ESI), m/z): 412 [M-HJ;

IR (Solid), vmax: 3410, 1600, 1580, 1500, 1440, 1330, 1280, 1155, 1085, 1020 cm™;
[alo® = -141.0" (¢ = 1% solution, CHCly);

'H NMR (500 MHz, DMSO-dg) 5: 10.23 (br s, 1H, -OH4"), 7.74 (d, J = 7.6 Hz, 1H, ArH-
1), 7.58 (d, J = 8.7 Hz, 1H, ArH-10), 7.56 (dd, J= 7.8, 1.1 Hz, 1H, ArtH4), 7.41 (dd, J=
8.6, 2.0 Hz, 1H, ArH-7), 7.32 — 7.24 (m, 4H, ArH-2,3,8,9), 7.17 (dd, J= 7.6, 7.2 Hz, 2H,
6-ArH"-3",5%), 7.13 (t, J= 7.2 Hz, 1H, 6-ArH"4"), 7.02 (d, J = 7.6 Hz, 2H, 8-ArH"-2",6"),
6.97 (ddd, J= 8.9, 2.9, 1.8 Hz, 2H, ArH{'-2',6"), 6.50 (s, 1H, H-6), 6.39 (ddd, J=8.9, 2.9,
1.8 Hz, 2H, ArH'-3',5');

3¢ NMR (125 MHz, DMSO-ds) 5: 161.2 (8, 1C, ArC'4"), 139.2 (s, 1C, ArC-8a), 133.1
(s, 1C, ArC-4a), 132.8 (s, 1C). 120.6 (s, 2C), 128.9 (s, 2C), 128.5 (s, 1C), 128.2 (s, 4C),
128.1 (s, 2C), 127.9 (s, 1C), 127.4 (s, 1C), 127.2 (s, 1C), 126.9 (s, 2C), 123.7 (s, 1C,
ArC-1), 123.4 (s, 1C, ArC-10), 114.7 (s, 2C, ArC'-3'.5"), 59.7 (s, 1C, C-8);

Anal. caled for CasHipNOaS: C, 72.62; H, 4.63; N, 3.39. Found: C, 71.67; H, 4.80; N,
3.24.

*The stereochemical configuration is not absolute and was assigned arbitrarily.

EXAMPLE 11
Step a)
(S)-5-[(4-Methoxyphenyl)sulfonyl]-6-phenyl-5,6-dlhydrophenanthridine*
[0111] The enantiomers of 5-{(4-methoxyphenyl)sulfonyl}-8-phenyi-5,6-
dihydrophenanthridine (3.0 g, 7.02 mmol) were separated by automated preparative
normal phase chiral chromatography on a (S, S) Whelk-O® (25 cm x 2 cm) column,
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eluting with 20% 2-propano! in hexane at a flow rate of 20 mL/min. After evaporation of
the solvent in vacuo, peak two with a retention time of 14.15 minutes was isolated as a
colorless solid. Crystallization of the colorless solid from a mixture of diethyl ether-
hexane yielded (S)-5-[(4-methoxyphenyt)sulfonyl]-6-phenyl-5,6-dihydrophenanthridine®
as a homogeneous, colorless, crystalline, single enantiomer* (1.40 g, 3.27 mmol, 47%),
m.p. 145-147 °C;

Tr = 14.15 minutes

MS [(+ESI), m/z]: 428 (M+H]";

IR (Solid), vnax: 1595, 1580, 1495, 1440, 1340, 1280, 1155, 1095, 1025 cm™;

[a}p® = +128.2" (c = 1% solution, CHCl);

'H NMR (500 MHz, DMSO-dg) &: 7.73 (dd, J=7.6, 1.2 Hz, 1H, ArH-1), 7.56 (dd, J =
7.8, 1.2 Hz, 1H, ArH-10), 7.54 (d, J = 6.3 Hz, 1H, ArH-4), 740 (dd, J=7.5, 1.1 Hz, 1H,
ArH-7), 7.33 — 7.22 (m, 4H, ArH-2,3,8.9), 7.18 (t, J = 7.6 Hz, 2H, 6-ArH™3".5"), 7.13 (t, J
= 7.3 Hz, 1H, 6-ArH"-4"), 7.06 (ddd, J=8.9, 2.8, 2.7 Hz, 2H, AiH-2',6'), 7.02 (d, J= 7.3
Hz, 2H, 6-ArH"-2",6"), 6.59 (ddd, J = 8.8, 2.9, 2.7 Hz, 2H, ArH’-3',5"), 6.51 (s, 1H, H-6),
3.64 (s, 3H, -OCHz4'); : . . :

13C NMR (125 MHz, DMSO-dg) 8: 162.4 (s, 1C, ArC'4'), 139.0 (s, 1C, ArC-6a), 133.0
(s, 1C, ArC+4a), 132.6 (s, 1C), 129.7 (s, 1C), 129.6 (s, 1C), 128.7 (s, 2C, ArC'-2',6"),
128.6 (s, 1C), 128.5 (s, 1C), 128.3 (s, 1C), 128.2 (s, 2C), 128.1 (s, 2C), 127.9 (s, 1C),
127 .4 (s, 2C), 127.0 (s, 2C), 123.7 (s, 1C, ArC-1), 123.4 (s, 1C, ArC-10), 113.5 (s, 2C,
ArC'-3'5"), 59.8 (s, 1C, C-6), 55.6 (s, 1C, -OCHs4"); _

Anal. caled for' CsH24NO3S: C, 73.05; H, 4.95; N, 3.28. Found: C, 72.66; H, 4.89; N,
3.26.

*The stereochemical configuration is not absolute and was assigned arbitrarily.

Step b)

WO 2004050631 PCT/US2HNINIBZHN

4{[(S)-6-Phenylphenanthridin-5(6H)-yl]sulfonyl}phenol*

[0112] The title compound was prepared from (S)-5-[(4-methoxyphenyl)sulfonyl}-
6-phenyl-5,6-dihydrophenanthridine* (1.35 g, 3.16 mmol), cyclohexene (6.16 g, 75
mmol), and 1.0 M boron tribromide in dichloromethane (20 mL, 20 mmol) according to
the procedure and in the same manner as described in Example 1, step b; and yielded,
after chromatographic purification and crystallization from diethyl ether-hexane, 4-{[(S)-
68-phenylphenanthridin-5(6H)-yllsulfonyl}phenol* (0.627 g, 1.52 mmol, 48%) as a
homogeneous, colorless, crystalline, single enantiomer®, m.p. 210-212°C;

MS [(-ESI), m/z]: 412 M-H];
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IR (Solid), vnax: 3410, 1600, 1580, 1500, 1440, 1330, 1280, 1155, 1095, 1020 cm™;
[a]o® = +153.3° (¢ = 1% solution, CHCls);

'H NMR (500 MHz, DMSO-dg) 5. 10.22 (br s, 1H, -OH-4'), 7.74 (dd, J = 7.6, 1.4 Hz, 1H,
ArH-1), 7.58 (dd, J= 8.7, 1.8 Hz, 1H, ArH-10), 7.56 (dd, J=7.9, 0.8 Hz, 1H, ArH-4),
7.41 (dd, J=8.7, 2.1 Hz, 1H, ArH-7), 7.32 - 7.24 (m, 4H, ArH-2,3,8.9), 7.18 (dd, J= 7.6,
7.0 Hz, 2H, 6-ArH™-3",57), 7.12 (t, J=7.0 Hz, 1H, 6-ArH"4"), 7.02 (d, J = 7.6 Hz, 2H, 6-
ArH"-2",6%), 6.97 (ddd, J=8.7, 2.9, 2.7 Hz, 2H, ArH-2',6"), 6.49 (s, 1H, H-6), 6.39 (ddd,
J=8.9, 2.9, 2.7 Hz, 2H, AH'-3".5");

13C NMR (125 MHz, DMSO-dg) 5: 161.1 (s, 1C, ArC'4"), 139.2 (s, 1C, ArC-6a), 133.1
(s. 1C, ArC-4a), 132.8 (s, 1C), 129.6 (s, 2C), 128.9 (s, 2C), 128.5 (s, 1C), 128.2 (s, 4C),
128.1 (s, 2C), 127.9 (s, 1C), 127.3 (s, 1C), 127.2 (s, 1C), 126.9 (s, 2C), 123.7 (s, 1C,
ArC-1), 123.4 (s, 1C, ArC-10), 114.7 (s, 2C, ArC’-3',5'), 59.7 (s, 1C, C-8);

Anal. caled for CasH1gNOsS: C, 72.62; H, 4.63; N, 3.39. Found: C, 72.43; H, 4.67; N,
3.28.

*The stereochemical configuration Is not absolute and was assigned arbitrarily.

EXAMPLE 12

Step a)

2-Bromo-5-{(4-methoxyphenyi)sulfonyl}-6-phenyl-5,6-dlhydrophenanthridine

[0113] A stimed suspension of 5{(4-methoxyphenyl)sulfonyi}-6-phenyl-5,6-

dihydrophenanthridine (4.27 g, 10 mmol) was heated to 50°C in glacial acetic acid (20
mL) and treated drop-wise over three hours with excess bromine (8.0 g, 50 mmol).
After cooling to room temperature, the reaction mbdure was diluted with ethyl acetate,
and the precipitate filtered. The organic phase filirate was washed sequentially with a
saturated, aqueous, sodium thiosulfate solution, a 1 N hydrochloric acld solution, and
water. The organic phase was further washed sequentially with a 2.5 N aqueous
sodium hydroxide solution until a basic extract was obtained, water, and a saturated,
aqueous, sodium chloride solution. The organic phase was dried over anhydrous
sodium sulfate, fittered through a short column of silica gel, and the solvent removed in
vacuo to afford a crude yellow solid (4.0 g, 7.9 mmol, 79%). The crude solid was
purified by repetitive preparative chromatography on a Biotage® 40 Mi column of pre-
packed sllica gel (80 g). eluting with dichloromethane at a flow rate of 25 mL/min; to
afford, after evaporation of the appropriate fractions, a monobromo compound and a
dibromo compound, both as solids. Crystallization of the monobromo compound from a
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mixture of dichloromethane-diethy! emer-hex_ane yieldan_:i thg tite compound (1.4 g, 2.76
mmol, 28%) as a homogeneous, colorless, crystalline solid, m.p. 209-211°C;
MS [(+ESI), m/z]: 506/508 (M+H]", contains one bromine atom;
IR (Solid), vmax: 1590, 1580, 1500, 1490, 1440, 1330, 1270, 1170, 1020 cm™;
H NMR (400 MHz, DMSO-d5) 5: 7.84 (d, J = 1.2 Hz, 1H, ArH-1), 7.62 (dd, /= 7.6, 0.9
Hz, 1H, ArH-10), 7.49 (s, 2H, ArH-3,4), 7.43 (dd, J = 7.4, 1.3 Hz, 1H, ArH-7), 7.30 (id, J
= 7.4, 1.3 Hz, 1H, ArH-8), 7.24 (id, J = 7.6, 1.4 Hz, 1H, ArH-9), 7.22 -7.15 (m, 3H, 6-
ArH"-3" 4" 5%), 7.11 (ddd, J = 8.9, 3.0, 2.1 Hz, 2H, ArH'-2',6"), 6.99 (dd, J =8.2, 2.1 Hz,
2H, 6-ArH"-2",6"), 6.62 (ddd, J = 9.0, 3.0, 2.1 Hz, 2H, ArH-3',5'), 6.54 (s, 1H, H-6), 3.65
(s, 3H, -OCHs4');
*3C NMR (75 MHz, DMSO-dg) 5: 162.5 (s, 1C, ArC'4'), 138.7 (s, 1C, ArC-6a), 132.7 (s,
1C, ArC4a), 132.3 (s, 1C), 131.8 (s, 1C), 131.1 (s, 1C), 130.6 (s, 1C), 128.8 (s, 2C,
ArC'-2',6"), 128.7 (s, 1C), 128.4 (s, 2C), 128.3 (s, 2C), 128.2 (s, 2C), 127.5 (s, 1C),
126.9 (s, 2C), 126.4 (s, 1C), 123.9 (s, 1C, ArC-10), 120.4 (s, 1C), 113.7 (s, 2C, ArC'-
3',5'), 59.6 (s, 1C, C-6), 55.6 (s, 1C, -OCHs4'");
Anal. calcd for C2gH20BMNO»S: C, 81.67; H, 3.98; N, 2.77. Found: C, 61.56; H, 4.086; N,
272,
Step b)
4-{(2-Bromo-6-phenylphenanthridin-5(6H)-yl)sulfonyl]phenol
[0114] A stired suspension of 2-bromo-5-[(4-methoxyphenyl)sulfonyl]-6-
phenyl-5,6-dihydrophenanthridine (1.01 g, 2.0 mmol) and cyclohexene (3.70 g, 45
mmol) was treated at room temperature under nitrogen with a solution of 1.0 M boron
tribromide in dichioromethane (12 'mL, 12 mmol). After stirring for approximately two
hours at room temperature, the reaction was quenched with methanol (20 mL) and
diluted with dichlorom.el:hane. The mixture was washed sequentially with an aqueous
potassium carbonate solution, a saturated, agueous, sodium chloride solution, and
water. The organic phase was dried over anhydrous sodium sulfate, filtered through a
short column of silica gel, and eluted with ethyl acetate. The ethyl acetate phase was
evaporated /n vacuo to a crude orange rasidue (1.0 g,). The crude residue was purified
by preparative chromatography on a Biotage® 40 Mi column of pre-packed sllica gel (90
g) with gradient elution of between 10% to 30% methyl teri-butyl ether in hexane at a
flow rate of 50 mL/min; and afforded, after evaporation of the solvent, a coloress oll.
Crystalllzation of the colorless oil from a mixture of ethyl acetate-dlethyl ether-hexane
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yielded the title compound (0.845 g, 1.72 mmol, 86%) as a homogeneous, colorless,
crystalline solid, m.p. 262-265°C;

MS [(-ESI), m/Z]: 490/492 [M-H], contains one bromine atom;

IR (Solid), vimax: 3400, 1600. 1590, 1500, 1490, 1440, 1430, 1330, 1145, 830, 760 cm™;
H NMR (400 MHz, DMSO-dg) 5: 10.29 (s, 1H, -OH4"), 7.95 (d, J = 1.0 Hz, 1H, ArH-1),
7.65 (d, J=7.8 Hz, 1H, ArH-10), 7.49 (s, 2H, ArH-3,4), 7.43 (d, J= 7.2 Hz, 1H, Ar4-7),
7.33-7.24 (m, 2H, ArH-8,9), 7.22 - 7.13 (m, 3H, 6-ArH"-3"4",5%), 7.02 — 6.99 (m, 4H,
ArH'-2' 6', 6-ArH"-2",6"), 6.52 (s, 1H, H-6), 6.42 (ddd, /= 8.9, 2.1, 1.9 Hz, 2H, ArH'-
3.5);

3C NMR (75 MHz, DMSO-d,) 5: 161.4 (s, 1C, ArC'4"), 138.9 (s, 1C, ArC-8a), $32.9 (s,
1C, ArC-4a), 132.4 (s, 1C), 131.7 (s, 1C), 131.0 (s, 1C), 130.5 (s, 1C), 128.9 (8, 2C),
128.6 (s, 1C), 128.4 (s, 1G), 128.3 (s, 3C), 128.2 (s, 1C), 127.5 (8, 1C), 126.9 (s, 2C),
126.7 (s, 1C), 126.3 (8,1C), 123.8 (s, 1C, ArC-10), 120.2 (s, 1C), 114.9 (s, 2C, ArC’-
3'.5’), 59.6 (s, 1C, C-6);

Anal. calcd for C2sH1sBrNO;S: C, 60.98; H, 3.68; N, 2.84. Found: C, 60.69; H, 3.63; N,
2.72.

EXAMPLE 13
Step a)
2-Bromo-5-[(3-bromo-4-methoxyphenyl)sulfonyf]-6-phenyl-5,6-
dihydrophenanthridine

[0115] A stimed suspension of 5-{(4-methoxyphenyl)sulfonyl]-6-phenyi-5,6-
dihydrophenanthridine (4.27 g, 10 mmol) was heated to 50°C in glacial acetic acid (20
mL.) and treated drop-wise over three hours with excess bromine (8.0 g, 50 mmol).
After cooling to room temperature, the reaction mixture was diluted with ethyl acetate,
and the precipitate filiered. The organic phase filtrate was washed sequentially with a.
saturated, aqueous, sodium thiosuifate solution, a 1 N hydrochloric acid solution, and
water. The organic phase was further washed sequentially with a 2.5 N aqueous
sodium hydroxide solution until a basic extract was obtained, water, and a saturated,
aqueous, sodium chloride solution. The organic phase was dried over anhydrous
sodium sulfate, filtered through a short column of silica gel, and the solvent removed in
vacuo to afford a crude yellow solid (4.0 g, 7.9 mmol, 79%). The crude solid was
purified by repetitive preparative chromatography on a Biotage® 40 Mi column of pre-
packed silica gel (80 g), eluting with dichioromethane at a flow rate of 25 mL/min; to.
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afford, , 2 monobromo compound and a dibromo compound, both as solids.
Crystallization of the dibromo t;ompound from a mixture of ethyl acetate-hexane yielded
the title compound (0.663 g, 1.13 mmol, 11%) as a homogeneous, coloriess, crystalline
solid, m.p. 205-207°C;
MS [(+ES!), m/z]: 584/586/588 [M+H]*, contains two bromine atoms;
IR (Solld), vmax: 1580, 1480, 1440, 1330, 1270, 1170 cm™;
TH NMR (400 MHz, DMSO-dg) 5: 7.96 (d, J = 2.1 Hz, 1H, ArH-1), 7.60 (d, J = 7.6 Hz,
1H, ArH-10), 7.52 (dd, J = 8.6, 2.1 Hz, 1H, ArH-3), 7.47 (d, J = 8.5 Hz, 1H, ArH-4), 7.47
(d. J=8.5Hz, 1H, ArH-7), 7.32 (id, J=7.4, 1.2 Hz, 1H, ArH-8), 7.28 (d, J=2.3 Hz, 1H,
ArH'-2'), 7.24 (td, J = 7.6, 1.3 Hz, 1H, ArH-8), 7.20 (td, J = 7.4, 1.7 Hz, 2H, 6-ArH"-
3°5%), 7.156 (tt, J= 7.0, 1.3 Hz, 1H, 6-ArH"4"), 7.07 (dd, J = 8.8, 2.3 Hz, 1H, ArH'-6"),
6.99 (dd, J=7.1, 0.9 Hz, 2H, 6-ArH™-2",6"), 6.80 (d, J = 8.8 Hz, 1H, ArH'-5’), 6.57 (s,
1H, H-6), 3.75 (s, 3H, -OCHs4');
Anal. calcd for C2aH1oBraNO3S: C, 53.35; H, 3.27; N, 2.39. Found: C, 53.18; H, 3.24; N,
2.34.
Step b)

2-Bromo-4{(2-bromo-6-phenylphenanthridin-5(6H)-yl)sulfonyl]phenol

[01186] A stirred suspension of 2-bromo-5-[(3-bromo-4-methoxyphenyl)sutfonyl]-
6-phenyi-5,6-dihydrophenanthridine (0.527 g, 0.9 mmol) and cyclohexene (2.05 g, 25
mmol) was treated at room temperature under nitrogen with a solution of 1.0 M boron
tribromide in dichloromethane (6 mL, 6 mmol). After stirring for approximately two hours
at room temperature, the reaction was quenched with methanol (10 mL) and diluted with
dichloromethane. The mixture was washed sequentially with an aqueous potassium
carbonate solution, a saturated, aqueous, sodium chloride solution, and water. The
organic phase was dried over anhydrous sodium sulfate, filtered through a short column
of silica gel, and eluted with ethyl acetate. The ethyl acetate phase was evaporated in
vacuo to a crude orange residue (0.5 g,). The crude residue was purified by preparative
chromatography on a Biotage® 40 Mi column of pre-packed silica gel (90 g) with
gradient elution of between 10% to 30% methyl t-butyl ether in hexane at a flow rate of
50 mL/min; and afforded, after evaporation of the solvent, a colorless oil. Crystallization
of the colorless oil from a mixture of ethyl acetate-diethyl ether-hexane yielded the title
compound (0.322 g, 0.56 mmol, 63%) as a homogeneous.'ooloﬂess. crystalline solid,
m.p. 237-288°C; o
MS [(-ES!), m/z]: 568/570/572 [M-HT, contains two bromine atoms;
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IR (Solid), vmex: 3480, 1575, 1480, 1440, 1360, 1330, 1175 cm™;
TH NMR (400 MHz, DMSO-dg) 5: 11.18 (s, 1H, -OH4"), 7.97 (d, J = 2.2 Hz, 1H, ArH-1),
7.64 (dd, J=7.6, 0.9 Hz, 1H, ArH-10), 7.50 (dd, J = 8.8, 2.2 Hz, 1H, ArH-3), 7.47 -7.45
(m, 2H, ArH-4,7), 7.33 (id, J = 7.4, 1.2 Hz, 1H, ArH-8), 7.26 (td, / = 7.6, 1.4 Hz, 1H,
ArH-9), 7.23 (d, J = 2.3 Hz, 1H, ArH'-2’), 7.20 (td, J = 7.4, 1.7 Hz, 2H, 6-ArH"-3".5"),
7.16 (t, J=7.0 Hz, 1H, 6-ArH"4"), 6.99 (dd, J = 7.6, 1.4 Hz, 2H, 6-ArH"-2",6"), 6.92 (dd,
J = 8.6, 2.4 Hz, 1H, ArH’-6'), 6.58 (d, J = 8.7 Hz, 1H, ArH'-5"), 6.54 (s, 1H, H-6);
3C NMR (75 MHz, DMSO-dg) 5: 158.2 (s, 1C, ArC'-4'), 138.8 (s, 1C, ArC-8a), 132.6 (s,
1C, ArC+4a), 132.1 (s, 1C), 131.9 (s, 1C), 131.7 (s, 1C), 131.1 (s, 1C), 130.7 (s, 1C),
128.8 (s, 1C), 128.3 (s, 2C), 128.2 (s, 4C), 127.6 (s, 2C), 127.0 (s, 2C), 126.4 (s, 1C),
123.8 (s, 1C, ArC-10), 120.6 (s, 1C), 115.3 (s, 1C, ArC'-§"), 109.1(s, 1C, ArC'-3'), 59.6
(s, 1C, C-6);
Additional NMR experiments (NOE) confirmed the 'H NMR structural assignments and
chemical shifts;
Anal. calcd for C25H¢7BraNO3S: C, 52.56; H, 3.00; N, 2.45. Found: C, 52.63; H, 3.08; N,
2.30.

EXAMPLE 14

Step a)

6-tert-Butyl-5-[(4-methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine

[0147] A stimed solution of phenanthridine (7.16 g, 40 mmol) in anhydrous
tetrahydrofuran (20 mL) was cooled to -30 °C, and treated drop-wise under nitrogen via
syringe with a solution of 1.7 M ferf-butyllithium in pentane (24 mL, 40.8 mmol). The
yellow solution was warmed to room temperature and stirmed for 15 minutes. The
mixture was cooled to -78°C, and treated with 4-methoxybenzenesulfonyl chloride (8.27
g, 40 mmol) as a solid in a single aliquot. The reaction mixture was warmed slowly to
room temperature over one hour, poured into 1 N agueous sodium hydroxide, and
extracted with ethyl acetate. The organic phase was washed sequentially with water, a
1 N hydrochloric acid solution, and a saturated, aqueous, sodium chioride solution.
After drying over anhydroﬁs sodium sulfate, the organic phase was filtered through a
short column of silica gel, and the filtrate evaporated In vacuo to yield a crude yellow oll
(16.2 g, 99%). The crude oil was purified by preparative chromatography on a Biotage®
40 Mi column of pre-packed silica gel (80 g), eluting with a mixture of methy! ferf-butyl
ether-hexane (15:85) at a flow rate of 40 mL/min to afford, after evaporation of the .
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solvent, a colorless il. Crystalllzahon of the colorless 0|I fmm a mixture of diethyl ether-
hexane yielded the title oompound (3 7 9, 9.1 mmol, 23%) as a homogeneous,
coloress, crystalline solid, m.p. 156-158°C.

Step b) :
4-{(6-tert-Butylphenanthridin-5(6H)-yl)sulfonyilphenol

[0118] The titte compound was prepared from 6-tert-butyl-5-[(4-
methoxyphenyl)sutfonyl]-5,6-dihydrophenanthridine (0.815 g, 2 mmol), cyclohexene
(3.28 g, 40 mmol), and 1.0 M boron tribromide in dichloromethane (12 mL, 12 mmol)
according to the procedure and in the same manner as descnbed in Example 1, step b;
and yielded, after chromatographic purification and crystalllzatlon from a mixture of
diethyl ether-hexane, 4-{(6-tert-butyiphenanthridin-5(6H)-yl)sutfonyl]phenol (0. 598 g,
1.52 mmol, 76%) as a homogeneous, off-whiE. crystaliine solld, m.p. 192-184°C;
MS [(-ESI), m/z]: 392 (M-HT: | | |
IR (Solid), vinex: 3420, 1600, 1580, 1500, 1480, 1430, 1420, 1320, 1280, 1140, 1130,
1080, 1060, 840, 750 cm'™;
H NMR (400 MHz, DMSO-dy) 5: 10.14 (s, 1H, -OH-4'), 7.73 (dd, J= 7.8,1.6Hz, 1H,
Art-1), 7.64 (dd, J=7.9, 1.2 Hz, 1H, ArH-4), 7.50 (dd, /=17.8, 2.1 Hz, 1H, ArH-10),
7.38 (id, J= 7.4, 1.6 Hz, 1H, ArH-3), 7.31 (td, J = 7.6, 1.4 Hz, 1H, ArH-2), 7.19-7.16
(m, 3H, Ar-7,8,9), 6.84 (ddd, J = 8.9, 2.1, 1.8 Hz, 2H, AriH’-2’-8"), 6.31 (ddd, J=8.7,
2.1, 1.9 Hz, 2H, ArH'-3',5'), 4.94 (s, 1H, H-8), 0.70 (s, 8H, fert-butyl);
3C NMR (75 MHz, DMSO-dg) 5: 160.9 (8, 1C, ArC'4"), 134.9 (s, 1C, ArC-6a), 131.7 (s,
1C, ArC-4a), 130.4 (s, 1C, ArC-10b), 130.3 (8, 1C, ArC-4), 129.1 (s, 1C, ArC-10a),
128.8 (s, 2C, ArC'-2',6), 128.2 (s,"1C, ArC’-1), 128.0 (s, 1C, ArC-é), 127.5 (s,'1 C, ArC-
8), 127.0 (s, 3C, ArC-2,7,9), 123.5 (s, 1C, ArC-1), 122.8 (s, 1C, ArC-10), 114.5 (s, 2C,
ArC'-3',5'), 654 (s, 1C, C-6), 36.8 (s, 1C, -C(CH3)x-8), 26.5 (s, 3C, -C(CHa)rB):
Anal. calcd for Ca3H23NO3S: C, 70.20; H, 5.89; N, 3.56. Found: C, 69.89; H, 6.02; N,
3.54.

EXAMPLE 15
Step a) _ .
(R)-G-tart-Butyl-S-{(hnethoxyphenyl)sulfonyl]-S.B-dihydropherianthridine*
[0119] The enantiomers of 6-terf-butyl-5-[(4-methoxyphenyt)sulfonyl}-5,6-
dihydrophenanthridine (4.26 g, 10.45 mmol) were separated by automated, preparative,
normal phase, chiral chromatography on a (S,S) Whelk-O® (25 cm x 2 cm) column,
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eluting with 10% 2-propanol in hexane at a flow rate of 20 mL/min. After evaporation of
the solvent in vacuo, peak one with a retention time at 11.88 minutes was isolated as a
coloriess solid. Crystallization of the colorless solid from a mixture of ethyl acetate-
diethyl ether-hexane yielded (R)-6-fert-butyl-5-[(4-methoxyphenvi)sulfonyl}-5,6-
dihydrophenanthridine* (1.47 g, 3.61 mmol, 35%) as a homogeneous, clear, colorless,
crystalline (needles), single enantiomer*, m.p. 157-158°C;

Tr = 11.88 minutes
MS [(+ESI), m/z): 408 [M+H]";
IR (Solid), vmex: 1595, 1580, 1495, 1480, 1340, 1260, 1160, 1020, 830, 740 cm™;
[ap?® = -275.16° {c = 5.257 mg / 0.526 mL, CHCl3);
Enantiomeric Purity: 99.7% by chiral HPLC; .
TH NMR (500 MHz, DMSO-dg) 5: 7.72 (d, J = 7.6 Hz, 1H, ArH-1), 7.65 (d, / = 7.0 Hz,
1H, ArH-4), 7.46 (dd, J = 5.7, 2.4 Hz, 1H, ArH-10), 7.40 (d, J = 7.3, 0.9 Hz, 1H, ArH-3),
7.33(t, J=17.6 Hz, 1H, ArH-2), 7.16 — 7.13 (m, 3H, ArH-7,8,9), 6.95 (ddd, /= 8.7, 2.9,
2.7 Hz, 2H, ArH'-2'-6'), 6.52 (ddd, J= 8.7, 2.9, 2.7 Hz, 2H, ArH'-3',5'), 4.95 (s, 1H, H-6),
3.61 (s, 3H, -OCH34"), 0.71 (s, 9H, teri-butyl);
C NMR (125 MHz, DMSO-dy) 5: 162.1 (8, 1C, ArC'4"), 134.8 (s, 1C, ArC-8a), 1315
(s, 1C, ArC4a), 130.5 (s, 1C, ), 130.3 (s, 1C), 129.2 (s, 1C), 128.6 (s, 1C), 128.5 (s, 2C,
ArC'-2',6"), 128.3 (s, 1C), 128.1 (s, 1C), 127.5 (s, 1C), 127.2 (s, 1C), 127.1 (s, 1C),
123.5 (s, 1C, ArC-10), 122.8 (s, 1C), 113.3 (s, 2C, ArC’-3',5'), 65.5 (s, 1C, C-8), 55.5 (s,
1C, -OCH>4'), 36.8 (s, 1C, -C(CHa3):-6), 26.5 (s, 3C, -C{CHa)»-6):
Anal. caled for Ca¢HzsNO3S: C, 70.73; H, 6.18; N, 3.44. Found: C, 70.48; H, 6.32; N,
3.24.
*The absolute configuration was determined by a single crystal x-ray diffraction
experiment.
Step b)

4{[{R)-6-tert-Butylphenanthridin-5{(6H)-yl}sulfonyl}phenol*

[0120] The title compound was prepared from (R)-8-ferf-butyl-5-[(4-
methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine (1.35 g, 3.31 mmol), cyclohexene
(6.16 g, 75 mmol), and 1.0 M boron tribromide in dichloromethane (20 mL, 20 mmol)
according to the procedure and in the same manner as described In Example 12, step
b; and yielded, after chromatographic purification and crystallization from a mixture of
diethyl ether-hexane, 4—{[(R)-6-tert-butylphenant_hrldln—5(6H)—yl]suH’onyl}phenol" (110,

-88 -



\A

WO 2004/050631 : PCT/US2003/038190 :
2.8 mmol, 84%) as a homogeneous, colorless, crystalline,.single enantiomer*, m.p. 187-
189°C;
MS [(-ESI), m/Z): 382 [M-H]:
MS [(+ES), m/z}: 394 [M+H]";
IR (Solid), vmax: 3400, 1600, 1580, 1500, 1480, 1430, 1330, 1280, 1210, 1150, 1090,
1060, 830, 740 cm™;
[a)o®® = -305.4° (c = 1% solution, CHCs);
Enantiomeric Purity: 99.9% by chiral HPLC;
'H NMR (500 MHz, DMSO-dg) &: 10.13 (s, 1H, -OH-4"), 7.73 (d, J = 7.8 Hz, 1H, ArH-1),
7.64 (d, J=7.9 Hz, 1H, ArH-4), 7.50 (dd, J= 3.8, 3.2 Hz, 1H. ArH-10), 7.38 (td, J = 7.5,
1.4 Hz, 1H, ArH-3), 7.31 ({t, J = 7.5 Hz, 1H, ArH-2), 7.18 - 7.16 (m, 3H, ArH-7,8,9), 6.85
(d, J=8.7 Hz, 2H, ArH-2'-6"), 6.32 (d, J = 8.7 Hz, 2H, ArH'-3',5"), 4.94 (s, 1H, H-6), 0.70
(s, 9H, tert-butyl);
3C NMR (125 MHz, DMSO-dg) 5: 160.9 (s, 1C, ArC'4'), 134.9 (s, 1C, ArC-6a), 131.7
(s, 1C, ArC+4a), 130.4 (s, 1C, ArC-10b), 130.3 (s, 1C, ArC-4), 128.1 (s, 1C, ArC-10a),
128.6 (s, 2C, ArC'-2',6"), 128.2 (s, 1C, ArC'-1"), 128.0 (s, 1C, ArC-3), 127.5 (s, 1C, ArC-
8), 127.1 (s, 1C, ArC-2), 127.0 (s, 2C, ArC-7.,9), 123.5 (s, 1C, ArC-1), 122.7 (s, 1C, ArC-
10), 114.5 (s, 2C, Ard'-3'.5'). 65.4 (s, 1C, C-8), 36.8 (s, 1C, -C(CHa)s-6), 26.5 (s, 3C, -
C(CHa)s-6);
" Anal. calcd for C23HzaNO3S: C, 70.20; H, 5.89; N, 3.56. Found: C, 70.17; H, 5.91; N,
3.42.
*The absolute configuration was assigned by comparison of the physical and optical
propertles of the starting materials and other optical enantiomers, and the resuits of
single crystal x-ray diffraction experiments on both (R)-6-tert-butyl-5-[(4-
methoxyphenyl)sulfonyl}-5,6-dihydrophenanthridine and 4-{[(S)-8-fert-
butylphenanthridin-5(6H)-yijsulfonyl}phenol.

EXAMPLE 16
Step a)
(S)-G-tert-ButyI-5-[(4-mothoxyphenyl)suIfonyl]-s.s-dlhydrophenanﬂ\ridlne"
[0121} The enantiomers of 8-teri-butyl-5-[(4-methoxyphenyl)sulfonyl}-5,6-
dihydrophenanthridine (4.26 g, 10.45 mmol) were separated by automated preparative
normal phase chiral chromatography on a (S,S) Whelk-O_‘ {25 cm x 2 cm) column,
eluting with 10% 2-propanol in hexane at a flow rate of 20 mL/min. After evaporation of
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the solvent in vacuo, peak two with a retention time at 14.25 minutes was isolated as a
colorless solid. Crystallization of the colorless solid from a mixture of ethyl acetate-
diethyl ether-hexane yielded (S)-6-ferf-butyl-5-[(4-methoxyphenyi)sulfonyl}-5,6-
dihydrophenanthridine* (1.47 g, 3.61 mmol, 35%), as a homogeneous, colorless,
crystalline (needles), single enantiomer* m.p. 156-158°C;
Tr = 14.25 minutes
MS [(+ESI), nvz): 408 M+H]"; i
IR (Solid), vmex: 1595, 1580, 1495, 1480, 1340, 1260, 1160, 1020, 830, 740 cm’*;
[olo® = +272.81° (¢ = 5.364 mg / 0.536 mL, CHCls);
Enantiomeric Purity: 99.5% by chiral HPLC;
'H NMR (500 MHz, DMSO-ds) 8: 7.73 (dd, J=7.8, 1.1 Hz, 1H, ArH-1), 7.65 (dd, J =
8.1, 1.1 Hz, 1H, ArH-4), 7.46 (dd, J = 5.5, 2.9 Hz, 1H, ArH-10), 7.40 (td, J= 7.5, 1.4 Hz,
1H, ArH-3), 7.33 (td, J= 7.6, 1.2 Hz, 1H, ArtH-2), 7.17 — 7.13 (m, 3H, ArH-7,8,9), 6.85
(d, J = 9.0 Hz, 2H, ArH'-2'-6"), 6.51 (d, J = 9.0 Hz, 2H, ArH’-3',5"), 4.95 (s, 1H, H-6), 3.61
(s. 3H, -OCH3-4'), 0.71 (s, OH, tert-butyl);
3C NMR (125 MHz, DMSO-dg) 5: 162.1 (g, 1C, ArC'-4"), 134.8 (s, 1C, ArC-8a), 131.5
(s, 1C, ArC4a), 130.5 (s, 1C), 130.3 (s, 1C), 129.2 (s, 1C), 128.8 (s, 1C), 128.5 (s, 2C,
ArC'-2'.6"), 128.3 (s, 1C), 128.1 (s, 1C), 127.5 (8, 1C), 127.2 (s, 1C), 127.1 (s, 1C),
123.5 (s, 1C, ArC-10), 122.8 (s, 1C), 113.3 (s, 2C, ArC'-3',5'), 65.5 (s, 1C, C-6), 55.5 (s,
1C, -OCHx4"), 36.8 (s, 1C, -C(CH3)s-8), 26.5 (8, 3C, -C{CH3)3-8);
Anal. calcd for C24H2sNOaS: C, 70.73; H, 6.18; N, 3.44. Found: C, 70.69; H, 6.04; N,
3.27. :
*The absolute configuration was determined by a single crystal x-ray diffraction
experiment.
Step b)

4-{[(S)-6-tert-Butylphenanthridin-5(6 H)-yi]sulfonyl}phenol*

[0122] The title compound was prepared from (S)-6-fert-butyl-5-[(4-
methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine (1.35 g, 3.31 mmol), cyclohexene
(6.16 g, 75 mmol), and 1.0 M boron tribromide in dichioromethane (20 mL, 20 mmol)
according to the procedure and in the same manner as described in Example 12, step
b; and yielded, after chromatographic purification and crystallization from a mixture of
diethyl ether-hexane, 4-{[(S)-6-tert-butylphenanthridin-5(6H)-yl]sulfonyl}phenol* (0.975
g, 2.48 mmol, 75%) as a homogeneous, colorless, crystaliine (prisms), single
enantlomer*, m.p. 187-189°C;
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MS [(-ESI), m/z]: 392 [M-HT;

* MS [(+ES1), m/z]: 304 M+H]; =
IR (Solid), vmex: 3470, 3400, 1600, 1580, 1500, 1480, 1430, 1320, 1280, 1160, 1150,
1090, 1060, 830, 740 cm'™;

_[alo® = +310.5° (c = 1% solution, CHCls);

Enantiomeric Purity: 100.0% by chiral HPLC;

H NMR (400 MHz, DMSO-d) 5: 10.08 (s, 1H, -OH-4"), 7.68 (dd, J = 7.8, 1.4 Hz, 1H,
ArH-1), 7.60 (dd, J = 8.0, 1.3 Mz, 1H, ArH-4), 7.46 (dd, J = 5.3, 2.0 Hz, 1H, ArH-10),
7.34 (td, J= 7.5, 1.4 Hz, 1H, ArH-3), 7.27 (td, J = 7.5, 1.3 Hz, 1H, ArH-2), 7.15-7.12
(m, 3H, ArH-7,8,9), 6.81 (ddd, /= 8.8, 2.9, 2.0 Hz, 2H, ArH'-2'-6'), 6.28 (ddd, J = 8.8,
2.9, 2.0 Hz, 2H, ArH'-3',5"), 4.90 (s, 1H, H-8), 0.67 (s, 9H, tert-butyl);

3C NMR (100 MHz, DMSO-dg) 3: 161.6 (s, 1C, ArC'4'), 135.6 (s, 1C, ArC-8a), 132.4
(s, 1C, ArC-4a), 131.1 (s, 1C, ArC-10b), 131.0 (s, 1C, ArC-4), 129.8 (s, 1C, ArC-10a),
129.3 (s, 2C, ArC'-2',6"), 128.8 (s, 1C, ArC'-1"), 128.7 (s, 1C, ArC-3), 128.2 (s, 1C, ArC-
8), 127.7 (s, 3C, ArC-2,7,9), 124.1 (s, 1C, ArC-1), 123.4 (s, 1C, ArC-10), 115.2 (s, 2C,
ArC'-3',5"), 66.1 (s, 1C, C-6), 374 (s, 1C, -C(CH3)3-6), 27.2 (s, 3C, -C(CHa)s-6);

Anal. calcd for C2aH2zNOsS: C, 70.20; H, 5.89; N, 3.58. Found: C, 70.17; H, 5.93; N,
3.46.

*The absolute configuration was determined by a single crystal x-ray diffraction
experiment.

- T

EXAMPLE 17
Step a)
2-Bromo-6-tert-butyl-5{(4-methoxyphenyl)sulfonyl]-5,6-dlhydrophenanthridine

[0123] The title compound was prepared from 6-fert-butyl-5-[(4-
methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine (1.43 g, 3.5 mmol) and bromine (4.0
g, 25.0 mmol) accdrding to the procedure and in the same manner as described In
Example 4, step a; and ylelded, after chromatographic purification and crystallization
from a mixture of ethyl acetate-diethyl ether-hexane, 2-bromo-6-tert-butyl-5{(4-
methoxyphenyl)sutfonyl]-5,6-dihydrophenanthridine (1.13 g, 2.32 mmol, 66%) as a
coloriess, crystalline solid, m.p. 185-188°C;
" MS [(+ESI), m/z): 486/488 [M+HT", contains one bromine atom;
IR (Solid), vnax: 1585, 1580, 1500, 1480, 1440, 1330, 1270, 1160 cm™;
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'H NMR (400 MHz, DMSO-ds) 5: 7.94 (s, 1H, ArH-1), 7.58 (m, 2H, ArH-3,4), 7.19 (d, J
= 7.4 Hz, 1H, ArH-10), 7.20 - 7.14 {m, 3H, ArH-7,8,9), 6.99 (ddd, J=8.9,2.9, 1.9 Hz, °
2H, ArH'-2'-6"), 6.55 (ddd, J = 8.9, 2.9, 1.9 Hz, 2H, ArH{"-3'.5'), ), 4.97 (s, 1H, H-6), 3.62
(s, 3H, -OCH3-4"), 0.71 (s, SH, tert-butyl);
3C NMR (75 MHz, DMSO-dg) 8: 162.3 (s, 1C, ArC'4’), 134.1 (s, 1C, ArC-6a), 132.6 (s,
1C, ArC4a), 131.6 (s, 1C, ArC-10b), 131.0 (s, 1C, ArC4), 130.1 (s, 1C, ArC-10a),
129.3 (s,1C, ArC'-1'), 128.0 (s, 1C, ArC-3), 128.5 (s. 2¢C, ArC'-2'6'), 1284 (s, 1C, ArC-
8), 127.8 (s, 1C, ArC-2), 127.7 (s, 1C, ArC-9), 128.1 (s, 1C, ArC-7), 123.2 (s, 1C, ArC-
10), 120.1 (s, 1C, ArC-1), 113.5 (s, 2C, ArC'-3',5'), 65.4 (s, 1C, C-6), 55.5 (s, 1C, -
OCHx4'), 36.9 (s, 1C, -C(CHs)s-6), 26.5 (s, 3C, -C(CHa)s-6);

Anal. calcd for C24H24BrNO3S: C, 59.26; H, 4.97; N, 2.88. Found: C, 59.07; H, 5.03; N,
2.67.
Step b)
4-{(2-Bromo-6-tert-butylphenanthridin-5(6H)-yl)sulfonyl]phenol

[0124] The title compound was prepared from 2-bromo-6-fert-butyl-5-[(4-
methoxyphenyl)sulfonyi]-5,8-dihydrophenanthridine (0.610 g, 1.25 mmol), cyclohexene
(3.28 g, 40 mmol), and 1.0 M boron tribromide in dichloromethane (10 mL, 10 mmol)
according to the procedure and in the same manner as described in Example 4, step b
and yielded, after chromatographic purification and crystallization from a mixture of
diethyl ether-hexane, 4-[(2-bromo-6-fer-butylphenanthridin-5(6H)-yi)sulfonyl]phenol
(0.440 g, 0.93 mmol, 75%) as a homogeneous, colorless, crystalline solid, m.p. 245-
247°C;
MS [(-ESI), m/Z}: 470/472 M-H], contains one bromine atom;
MS [(+ESI), m/z]: 472/A74 [M+H]", contains one bromine atom;
IR (Solid), vnex: 3400, 1600, 1580, 1495, 1480, 1440, 1320, 1150, 1145, 1080, 1060,
840 cm™;
H NMR (400 MHz, DMSO-dg) 5: 10.20 (s, 1H, -OH-4"), 7.94 (s, 1H, ArH-1), 7.58 — 7.55
(m, 3H, ArH-3,4,10), 7.21 — 7.16 (m, 3H, ArH-7,8,9), 6.89 (ddd, J = 8.9, 2.9, 1.9 Hz, 2H,
ArH’-2'-6"), 6.35 (ddd, J = 8.9, 2.9, 1.9 Hz, 2H, ArH'-3",5'), ), 4.95 (s, 1H, H-6), 0.71 (s,
9H, fert-butyf);
13C NMR (75 MHz, DMSO-dg) 5. 1681.1 (s, 1C, ArC'-4"), 134.3 (s, 1C, ArC-6a), 132.5 (s,
1C, ArC-4a), 131.7 (s, 1C, ArC-10b), 130.9 (s, 1C, ArC-4), 130.0 (s, 1C, ArC-10a),
129.2 (s,1C, ArC’-1'"), 129.0 (s, 1C, ArC-3), 128.7 (s, 2C, ArC'-2',8'), 127.7 (s, 2C, ArC-
2.,8), 126.8 (s, 1C, ArC-9), 126.1 (s, 1C, ArC-7), 123.1 (s, 1C, ArC-10), 119.9 (s, 1C,
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ArC-1), 114.7 (s, 2C, ArC'-3',9)),,654 (s, 1C, C-6), 36:94s, 1C, -C(CH3)3-8), 26.5 (s, 3C,
-C(CHs)s-6);

Anal. calcd for CaH2BMNO;S: C, 58.48; H, 4.69; N, 2.86. Found: C, 58.42; H, 4.70; N,
2.81,

EXAMPLE 18
Step a) i :
6-Ethyl-5-[(4-methoxyphenyl)sulfonyi]-5,6-dihydrophenanthridine

[0125] A stimed solution of phenanthridine (25 g, 139 mmol) in anhydrous
diethyl ether (100 mL) was cooled to -78°C, and treated drop-wise under nitrogen via
syringe with a solution of 0.62 M ethyllithium' In diethyi ether (225 mL, 139 mmol). The
yellow solution was wammed to room temperature and stirred for three to four hours.
The reaction was cooled to -78°C, and quenched with water. After warming to room
temperature, the reaction mixture was extracted with diethyl ether,-and the organic
phase was washed sequentially with water and a saturated, aqueous, sodium chloride
solution. The organic phase was dried over anhydrous sodium sulfats, filtered, and the
solvent evaporated in vacuo, to yield 6-ethyl-5,6-dihydrophenanthridine as a crude solid
(26 g, 124 mmol, 89%).

[0126] A solution of 6-ethyl-5 G-dlhydrophenanthndlne (14 g, 69.2 mmol) and 4-
methoxybenzenesulfonyl chloride (17.2 g, 83 mmol) in pyridine (100 ml) was heated at
80°C ovemnight. The solvent was evaporated in vacuo; and the crude product was
purified by preparative column chromatography on silica gel, eluting with a gradient and
mixture of dichloromethane-hexane (50:50 to 100:0). After evaporation of the solvent,
the residue was crystallized from diethyl ether, yielding the title compound (22.8 g, 60.1
mmol, 87%) as a colorless, crystalline solid, which was characterized by LCMS (ES+,
FA, CV=5) and 'H NMR.

[0127] Note 1: The ethyllithium was prepared according to the procedure
described in Org. Synth., Coll. Vol. VI, 293.

Step b)
4-[(6-Ethylphenanthridin-5(6H)-yl)sulfonyl]phenol

[0128] A stired and cooled solution of 6-ethyl-5-[(4-methoxyphenyl)sulfony]-
5,6-dihydrophenanthridine (38 mg, 100 umof) in dichloromethane (2 mL) was treated
drop-wise under nltrogen at -30°C with a solution of 1.0 M boron tribromide in
dichloromethane (500 pL, 500 pmol). After the addition was completed, the reaction
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mixture was allowed to wamm to rcom temperature and was stirmed for four hours. The
reaction mixture was cooled to -30°C and quenched with methanol (600 ul). The
solvent was removed In vacuo to yield the title compound (36.5 mg, 100 umol, 100%),
which was confirmed by LCMS (ES-, FA, CV=20 or 5),

LCMS [(+ESI), m/z]: 366 M+H]";

*H NMR (300 MHz, CDCl3) 5: 7.80 (dd, J = 7.8, 1.5 Hz, 1H, ArH-1), 7.58 (dd, J = 7.8,
2.1 Hz, 1H, ArH-4), 7.37 (td, J= 7.8, 1.5 Hz, 1H, ArH-3), 7.30 (td, J= 7.8, 1.5 Hz, 1H,
ArH-2), 7.28 (d, J = 8.1, 1.5 Hz, 1H, ArH-10), 7.20 ~ 7.04 (m, 3H, ArH-7,8,9), 6.92 (d, J
= 9.0 Hz, 2H, ArH'-2',6’), 6.30 (d, J = 9.0 Hz, 2H, ArH'-3',5"), 5.08 (t. /= 7.8 Hz, 1H, H-
6), 4.96 (s, 1H, -OH), 1.48 (quintet, J= 7.2 Hz, 2H, -CH:CH,), 1.00 (t, /= 7.2 Hz, 3H, -
CH,CH,);

EXAMPLE 19
Step a)
2-Bromo-6-ethyl-5-[(4-methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine
[0129] A stirred solution of 6-ethyl-5-[{(4-methoxyphenyl)sulfonyl]-5,6-
dihydrophenanthridine (6.0 g, 15.8 mmol) in dichloromethane (800 mL) was treated
drop-wise with excess bromine (2.1 mL, 41 mmol). The reaction mixture was heated to
reflux and additional bromine (1.0 mL, 10 mmol) was added. The reaction was cooled
and stirred at room temperature ovemight. The reaction mixture was washed
sequentially with a saturated, aqueous sodium thiosulfate solution, water, and a
saturated, aqueous, sodium chidride solution. The organic phase was dried over
anhydrous magnesium sulfate, filtered through a short column of sllica gel, and the
solvent was removed /n vacuo to afford & crude yellow solid. The crude solid was .
crystallized from a mixture of ethyl acetate-hexane (1:1), and yielded the title compound
(6.3 g, 13.8 mmol, 87%) as a colorless, crystalline solid;
LCMS [(+ESI), m/z]: 458/460 [M+H]", contains one bromine atom.
Step b)

4-{(2-Bromo-6-ethylphenanthridin-5(6H)-yl)sulfonyl]phenol
[0130] The title compound was prepared from 2-bromo-6-ethyl-5-[(4-
methoxyphenyl)sulfonyl}-5,6-dihydrophenanthridine (45.8 mg, 100 pmol) and 1.0 M
boron tribromide in dichloromethane (500 pL., 500 umol) according to the procedure and
in the same manner as described In Example 18, step b and yielded, after evaporation
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of the solvent in vacuo, 4—[(2-bromo-6-eﬂ1ylphenanthﬁdir_1:§(6H)—yl)sutfonyl]phenol (44.4

mg, 100 pmol, 100%), which was confirmed by LCMS {ES-, FA, CV=20 or 5);

'H NMR (300 MHz, CDCl3) &: 7.71 (d, J = 2.1 Hz, 1H, ArH-1), 7.68 (d, J = 8.7 Hz, 1H,
ArH-4), 7.48 (dd, J = 8.7, 2.1 Hz, 1H, AH-3), 7.26 (dd, 1H, ArH-10}), 7.24 — 7.10 (m, 2H,
ArH-8-9), 7.16 (dd, J = 7.5, 2.1 Hz, 1H, ArH-7), 6.95 (d, J = 9.0 Hz, 2H, ArH'-2",6"), 6.33
(d. J = 9.0 Hz; 2H, ArH'-3",5"), 5.07 (t, 1H, H-8), 4.83 (s, 1H, -OH-4"), 1.45 (quintet, J =
7.5 Hz, 2H, -CHzCHs), 0.99 (t, J = 7.5 Hz, 3H, -CH2CH).

EXAMPLE 20

Step a)

G-Ethyl-5-[(4-methoxy-3-m6thylphenyl)sulfonyl]-s,s-dlhydrophenanthridIne

[0131] The title compound was prepared from phenanthridine, 0.62 M
ethyllithium in diethyl ether, and 4-methoxy-3-methylbenzenesulfonyl chioride according
to the procedure and in the same manner as described in Example 18, step a and
yielded, after chromatographic purification and crystallization from diethyl ether, 6-ethyl-
5-[(4-methoxy-3-methylphenyl)sulfonyi}-5,6-dihydrophenanthridine as a colorless,
crystalline, solid, which was characterized by LCMS (ES+, FA, CV=5) and 'H NMR.
Step b) _
44 (6-Ethyiphenanthridin-5(6 H)-yl)sulfonyi]-2-methylphenol
[0132] The title compound was prepared from, 8-ethyl-5-[(4-methoxy-3-

methylphenyl)sulfonyl]-5,6-dihydrophenanthridine (39.3 mg, 100 pmol), and 1.0 M boron
tribromide in dichloromethane (500 plL, 500 umol) according to the procedure and in the
same manner as described in Example 18, step b and yielded, after evaporation of the
solvent in vacuo, 4-[(6-ethylphenanthridin-5(6H)-yl)sulfonyl]-2-methyiphenol (37.9 mg,
100 pumol, 100%), which was confirned by LCMS (ES-, FA, CV=20);
LCMS [(-ESI), m/z}): 378 (M-HT;
'H NMR (300 MHz, CDCl;) 5: 7.78 (dd, J = 7.5, 0.9 Hz, 1H, ArH-1), 7.58 (dd, J= 7.5,
2.1 Hz, 1H, ArH-4), 7.40 —7.03 (m, 6H, ArH-2,3,7.8,9,10), 6.80 (d, 1H, ArH'-2"), 8.75
(dd, 1H, ArH'-6"), 8.20 (d, 1H, ArH'-5") 5.07 (t, /= 7.2 Hz, 1H, H-8), 4.83 (s, 1H, -OH-4'),
1.85 (s, 3H, -CH3-3'), 1.44 (quintet, 2H, -CH2CHg), 1.00 (t, J = 7.5 Hz, 3H, -CH2CH,).

EXAMPLE 21
Step a)
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2-Bromo-6-ethyl-5(4-methoxy-3-methyiphenyl)sulfonyl]-5,6-
dihydrophenanthridine

[0133] The title compound was prepared from 6-ethyl-5-{(4-methoxy-3-
methylphenyl)sulfonyi}-5,6-dihydrophenanthridine and excess bromine according to the
procedure and In the same manner as described in Example 19, step a and yielded,
after crystallization from a mixture of ethyl acetate-hexane, 2-bromo-6-ethyl-5-[(4-
methoxy-3-methylphenyl)sulfonyl}-5,6-dihydrophenanthridine as a colorless, crystalline,
solid, which was characterized by LCMS (ES+, FA, CV=5) and 'H NMR;

Step b)
44(2-Bromo-6-ethylphenanthridin-5(6H)-yl)sulfonyl]-2-methyiphanol

[0134] The title compound was prepared from 2-bromo-6-athyl-5-[(4-methoxy-
3-methylphenyl)sulfonyl]-5,6-dihydrophenanthridine (47.2 mg, 100 umol) and 1.0 M
boron tribromide in dichloromethane (500 ul, 500 pmol) according to the procedure and
in the same manner as described in Example 18, step b and yielded, after evaporation
of the solvent in vacuo, 4-[(2-bromo-6-ethyliphenanthridin-5(6H)-yl)sulfonyl}-2-
methyiphenol (45.8 mg, 100 pmol, 100%), which was confired by LCMS (ES-, FA,
CV=20 or 5); _ '

LCMS [(+ESI), m/z]: 458/460 [M+H]", contains one bromine atom.

H NMR (300 MHz, CDCly) &: 7.71 (d, J = 2.1 Hz, 1H, ArH-1), 7.67 (d, J = 8.4 Hz, 1H,
ArH-4), 7.48 (dd, J = 84, 2.1 Hz, 1H, ArH-3), 7.24 (dd, 1H, ArH-10), 7.19 (td, J = 7.2,
1.2 Hz, 1H, ArH-8), 7.16 (id, J = 7.2, 1.2 Hz, 1H, ArH-8), 7.08 (dd, J = 9.0, 1.8 Hz, 1H,
ArH-7), 6.83 (d, J = 2.4 Hz, 1H, ArH"-2"), 6.78 (dd, J = 8.4, 2.4 Hz, 1H, ArH'-8"), 6.28 (d,
J = 8.1 Hz, 1H, AH'-5"), 5.07 (t, 1H, H-8), 4.80 (8, 1R, -OH-4"), 1.87 (8, 3H, -CH»3'),
1.44 (p, J=17.5 Hz, 2H, -CH2CHj3), 1.00 (t, J = 6.9 Hz, 3H, -CH2CHj).

EXAMPLE 22
Step a)
5{(4-Methoxyphenyl)sulfonyl]-{(S*)-6{(R*)-1-methylpropy{]}-5,6-
dihydrophenanthridine '

[0135] A stimed solution of phenanthridine (3.58 g, 20 mmol) In anhydrous
diethyl ether (20 mL) was cooled to -30°C, and treated drop-wise urider nitrogen via
syringe with a solution of 1.3 M sec-butyllithium in cyclohexane (15.5 mL, 20.15 mmof).
The yellow solution was warmed to room temperature and stirred for 15 minutes. The
mixture was cooled to -78°C, and treated with 4-methoxybenzenesulfonyl chloride (4.12

-76 -



WO 2004050631 | PCT/US2003/038290 \\

g, 20 mmol) as a solid in a single gliquot The reaction mixture was wammed slowly to

room temperature over one hour, diluted with diethyl ether (80 mL), and the white

precipitate (first diastereomer A) (4.0 g, 10.17 mmol, 51%) filtered.’* The filtrate was
poured info 1 N aqueous sodium hydroxide, and extracted with ethyl acetate. The
organic phase was washed sequentially with water, a 1 N hydrochloric acid solution,
and a saturated, aqueous sodium chloride-solution. After drying over anhydrous sodium
sulfate, the organic phase was filtered through a short column of silica gel, and the
filtrate avaporated /n vacuo to yield a crude yellow ol (3.87 g, 9.84 mmol, 49%). The
crude oil was crystallized from diethyl ether to afford the tile compound, enriched in the

second diastereomer B.2® .

Notes: .

1. The white precipitate consisted of two diastereomers in a ratio of ~88(A):12(B), and
was labeled first diastereomer A, (S*}R").

2. The crystallized solid consisted of two diastereomers in a ratio of ~27(A).73(B), and
was labeled second diastereomer B, (R*)}R*).

3. The diastereomeric ratio was determined by analytical reverse phase
chromatography on a Chromolith® RP-C-18 column (4.6 mm x 100 mm) eluting
isocratically with 70% methanol in water with 0.1% trifluoroacetic acid. Diastereomer
A, retention fime at 2.36 minutes. Diastereomer B, retention time at 2.51 minutes.
'H NMR was also used to estimate the diastereomeric ratio.

Step b)

4-{[(S*)-6-{(R*)-1-Methylpropyl]phenanthridin-5(6H)-yl]lsulfonyl}phenol
[0136] The tile compound was prepared from 5-[(4-methoxyphenyl)sulfonyl}-

{{(S")y-6-[(R*)-1-methylpropyi[}-5,6-dihydrophenanthridine (first diastereomer A, 0.814 g,

2 mmol), cyclohexene (3.69 g, 45 mmol), and 1.0 M boron tribromide in

dichloromethane (12 mL, 12 mmoal) according to the procedure and In the same manner

as described in Example 1, step b and yielded, after chromatographic purification and
crystallization from a mixiure of diethyl ether-hexane, 4{[(S*)-6-[(R*)-1-

methylpropyllphenanthridin-5(6H)-ylJsulfonyl}phenol (0.425 g, 1.05 mmol, 54%) as a

coloriess, crystalline solid, m.p. 115-118°C;

MS [(-ESt), m/z): 392 M-HT; _ .

IR (Solid), vnar: 3430, 1585, 1580, 1500, 1480, 1440, 1320, 1130, 1080, 1075, 830,

725 cm™;

L.
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H NMR (500 MHz, DMSO-dg) 5: 10.13 (s, 1H, -OH-4"), 7.76 (dd,, J = 7.6, 1.4 Hz, 1H,
ArH-1), 7.83 (dd, J = 7.8, 1.4 Hz, 1H, ArH-4), 7.46 (dd, J = 7.6, 2.0 Hz, 1H, ArH-10),
7.39 (id, J=7.5, 1.4 Hz, 1H, ArH-3), 7.34 (td, J = 7.5, 1.4 Hz, 1H, ArH-2), 7.19 - 7.14
(m, 3H, ArH-7,8,9), 6.82 (ddd, J = 8.7, 2.9, 2.0 Hz, 2H, ArH-2',6"), 6.31 {ddd, J = 8.8,
2.9, 2.0 Hz, 2H; ArH'-3'.5), 4.79 (d, J = 9.2 Hz, 1H, H6), 1.26 —1.21 (m, 1H, -
CH(CH3)CH2CHs), 1.14 — 1.05 (m, 2H, -CH(CH3)CH-CHjy), 0.86 (d, J = 6.3 Hz, 3H, -
CH(CH3)CH2CHa), 0.69 (t, J = 7.2 Hz, 3H, -CH(CH3)CH2CHs);

3C NMR (125 MHz, DMSO-dy) 5: 160.9 (s, 1C, ArC'4’), 133.9 (s, 1C, ArC-6a), 133.3
(s, 1C, ArC-4a), 129.9 (s, 1C, ArC-10b), 120.1 (s, 1C, ArC-4), 128.8 (s, 2C, ArC'-2",8"),
128.2 (s, 1C, ArC-1'), 128.1 (s, 1C, ArC-10a), 128.0 (s, 1C, ArC-3), 127.5 (s, 1C, ArC-
2), 127.3 (s,1C, ArH-8), 127.2 (s, 2C, ArC-7.9), 123.7 (s, 1C, ArC-1), 123.2 (s, 1C, ArC-
10), 114.5 (s, 2C, ArC'-3',5'), 62.5 (s, 1C, C-8), 37.3 (s, 1C, -CH(CH;)CH,CH;), 24.7 (s,
1C, -CH(CH3)CH2CH3), 15.2 (s, 1C, -CH(CHs)CH2CHs), 11.0 (s, 1C, -CH(CH3)CH2CHa);
Additional NMR experiments (NOE, TOCSY) confirmed the 'H NMR structural
assignments and chemical shifts;

Anal. calcd for CzsH2aNO3S: C, 70.20; H, 5.89; N, 3.56. Found: C, 70.22; H, 5.93; N,
3.43.

EXAMPLE 23

Step a)

5-[(3,4-Dimethoxyphenyl)sulfonyl]-8-methyl-5,6-dihydrophenanthridine

[0137] A stimed solution of phenanthridine (3.58 g, 20 mmol) in anhydrous
diethyl ether (20 mL) was cooled to -30 °C, and treated drop-wise under nitrogen via
syringe with a solution of 1.4 M methyflithium in diethyl ether (14.5 mL, 20.3 mmol). The
yellow solution was warmed to room temperature and stirred for 15 minutes. The
mixture was cooled to -78°C, and treated with 3,4-dimethoxybenzenesulfonyl chloride
(4.73 g, 20 mmol) as a solid In a single aliquot. The reaction mixture was warmed
slowly to room temperature over one hour, poured into a 1 N aqueous sodium hydroxide
solution, and extracted with ethyl acetate. The organic phase was washed sequentially
with water, 1 N hydrochldric acld, and a saturated, aqueous, sodlum chloride solution.
After drying over anhydrous sodium sulfate, the organic phase was fiitered through a
short column of sllica gel, and the filtrate evaporated /n vacuo to yleld a crude yellow
solid (5.3 g, 67%). Crystallization of the solid from a mbcdure of diethyl ether-hexane
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ylelded the title compound (2.93‘.9) and a second crop (0.8 g) (Total: 3.73 g, 9.43 mmol,
47%) as & homogeneous, off-white, crystalline solid, m.p. 131-133°C:

MS [(+ESI), m/z}. 396 (M+H]";

IR (Solid), vmax: 1590, 1505, 1440, 1330, 1275, 1230, 1160, 1130, 1080, 1020, 770,
730 o™,
H NMR (500 MHz, DMSO-dy) 8: 7.77 (dd, J=7.6, 1.2 Hz, 1H, ArH-1), 7.63 (dd, J =
7.9, 1.1 Hz, 1H, ArH-4), 7.45 - 7.41 (m, 2H, ArH-3,10), 7.38 (td, J= 7.5, 1.1 Hz, 1H,
ArH-2),7.24 (d,J=7.3Hz, 1H, AH-T), 716 (t, J=7.3 Hz. 1H, ArH-8), 7.11 (td, J = 7.5,
1.1 Hz, 1H, ArH-9), 6.60 (dd, J = 8.6, 2.0 Hz, 1H, ArH'-6"), 6.56 (d, J = 8.6 Hz, 1H, ArH"-
5'), 6.38 (d, J= 2.0 Hz, 1H, ArH'-2"), 5.44 (q, J = 6.9 Hz, 1H, H-6), 3.61 (s, 3H, -OCHs
4’), 3.38 (s, 3H, -OCH#-3'), 1.14 (d, J = 7.0 Hz, 3H, -CH3-8);
°C NMR (125 MHz, DMSO-dg) 8: 152.0 (s, 1C, ArC'4"), 147.8 (s, 1C, ArC'-3'), 136.3
(s, 1C, ArC-6a), 132.6 (s, 1C, ArC-4a), 128.5 (s, 1C, ArC-10b), 128.8 (s, 1C, ArC-4),
128.3 (s, 1C, ArC’-1"), 128.2 (s, 1C, ArC-10a), 128.0 (s, 2C, ArC-3,8), 127.5 (s, 1C, ArC-
2), 127 .4 (s, 1C, ArC-9), 126.0 (s, 1C, ArC-7), 123.6 (s, 1C, ArC-1), 123.0 (s, 1C, ArC-~
10), 120.6 (s, 1C, ArC'-8'), 1104 (s, 1C, ArC’-2'), 108.9 (s, 1C, ArC'-5'), §5.7 (s, 1C, -
OCH3-4"), 55.0 (s, 1C, -OCH3-3’), 53.9 (s, 1C, C-6), 21.8 (s, 1C, -CHx-B);
Anal. calcd for C»H2NO4S: C, 86.82; H, 5.35; N, 3.54. Found: C, 66.82; H, 5.27; N,
3.22.
Step b)

4-[(6-Methylphenanthridin-5(6H)-yl)sulfonyl]benzene-1,2-dio}

[0138] A stired suspension of 5-[(3,4-dimethaxyphenyl)sulfonyl}-6-methyl-5,6-
dihydrophenanthridine (988 mg, 2.5 mmol}) and cyciohexene (4.11 g, 50 mmol) was
treated at room temperature under nitrogen with a solution of 1.0 M boron tribromide in
dichloromethane (15 mL, 15 mmol). After stiming for approximately two hours at room
temperature, the reaction was quenched with methanol (20 mL) and diluted with .
dichloromethane. The mixture was washed sequentially with an aqueous potassium
carbonate solution, a saturated, agueous, sodium chloride solution, and water. The
organic phase was dried over anhydrous sodium sulfate, filtered through a short column
of silica gel, and eluted with ethyl acetate. The ethyl acetate phase was evaporated /in
vacuo to a crude residus (1.0 g). The crude residue was purified by preparative
chromatography on a Biotage® 40 Mi column of pre-packed sllica gel (90 g) with .
gradient elution of between 10% to 70% methyl tert-butyl ether in hexane at a flow rate
of 50 mL/min; and afforded, after evaporation of the solvent, a colorless solid.
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Crystaliization of the coloriess solid from a mixture of ethy! acetate-diethyl ether-hexane

vielded the title compound (0.523 g, 1.42 mmol, 57%) as a colorless, amorphous solid,
m.p. 163-165°C;

MS [(-ES1), m/z]: 366 [M-HT;

IR (Solid), vinax: 3400, 1610, 1595, 1520, 1480, 1430, 1340, 1290, 1150, 1075, 775,
730 cm™;

'H NMR (500 MHz, DMSO-dg) 5: 8.59 (br s, 1H, -OH-4"), 9.18 (bs, 1H, -OH-3'), 7.79 (d,
J=17.6 Mz, 1H, ArH-1), 7.59 (d, /= 7.8 Hz, 1H, ArH4), 7.52 (d, J = 7.3 Hz, 1H, ArH-10),
7.40 (t, J= 7.3 Hz, 1H, ArH-3), 7.35 {t, /= 7.5 Hz, 1H, ArH-2), 7.19 - 7.12 (m, 3H, ArH-
7.8,9), 6.46 (d, J= 2.1 Hz, 1H, ArH-2'), 6.41 (dd, J = 8.4, 2.1 Hz, 1H, ArH'-§"),6.32 (d, J
= 8.4 Hz, 1H, ArH'-5"), 5.35 (q, J = 6.9 Hz, 1H, H-6), 1.12 (d, J= 6.9 Hz, 3H, -CH3-6);
3C NMR (125 MHz, DMSO-dg) 5: 149.5 (s. 1C, ArC'-4'), 144.5 (s, 1C, ArC'-3'), 136.6
(s, 1C, ArC-6a), 132.8 (s, 1C, ArC-4a), 120.2 (s, 1C, ArC-10b), 1284 (s, 1C, ArC4),
128.3 (s, 1C, ArC'-1"), 128.1 (s, 1C, ArC-10a), 127.8 (s, 1C, ArC-3), 127.4 (s, 1C, ArC-
8), 127.1 (s, 2C, ArC-2,9), 125.8 (s, 1C, ArC-7), 123.7 (s, 1C, ArC-1), 123.0 (s, 1C, ArC-
10), 119.1 (s, 1C, ArC'-6"), 114.4 (s, 1C, ArC'-2'), 113.8 (s, 1C, ArC'-5'), 53.8 (s, 1C, C-
6), 21.8 (s, 1C, -CH3-8);

Anal. caled for CoH17NO.S: C, 65.38; H, 4.66; N, 3.81. Found: C, 65.02; H, 4.65; N,
3.70.

EXAMPLE 24
2-Hydroxy-5-{(6-methylphenanthridin-5(6 H)-yl)sulfonyl]benzoic acld

A stirred solution of phenanthridine (7.16 g. 40 mmol) In anhydrous diethyl ether
(40 mL) was cooled to -30°C, and treated drop-wise under nitrogen via syringe with a
solution of 1.4 M methyflithium in diethyt ether (30 ml., 42 mmoi). The yellow solution
was warmed to room temperature and stirred for 15 minutes. The mixture was cooled
to -78°C, and treated with 5-(chlorosulfonyl)-2-hydroxybenzoic acid (9.47 g, 40 mmol)
as a solld in a single aliquot. The reaction mixture was diluted with anhydrous
tetrahydrofuran (40 mL), warmed to room temperature, and a solution of N,N-
diisopropylethylamine (25.85 g, 200 mmol) in anhydrous dimethylformamide (40 mL)
was added. After stirring at room temperature overnight, the reaction mixture was
poured into a 1 N hydrochloric acid solution, and extracted with ethyl acetate. The
organic phase was washed sequentially with a 1 N aqueous hydrochloric acid solution,
water, and a saturated, agueous, sodium chioride solution. After drying over anhydrous
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sodium sulfate, the organic phase was filtered and the solvent evaporated in vacuo to

yield a crude yellow solid (3.4 g, 21%) The crude solid (1.0 g) was purified by reversa
phase preparative chromatography' on a Primesphere® 10 "G-18 column (25 cm x 5 cm),
eluting with 56% acetonitrile in water with 0.1% trifluoroacstic acid at a flow rate of 90
mL/min. After evaporation of the acetonitrile solvent, the aqueous phase was extracted
with ethyt acetate. The organic phase was washed saquentially with water and a
saturated, aqueous, sodium chloride solution, dried over anhydrous sodium suffats, and
the solvent evaporated in vacuo to a coloriess solid. Crystallization of the coloriess
solid from a mixture of diethyl ether-hexane ylelded the title compound (046 g, 1.16
mmol) as a homogeneous, coloriess, crystalline solid, m.p. 225-230°C,

MS [(-ESI), m/z]: 394 [M-HT;

IR (Solid), vmsx: 3300 {br), 1670, 1605, 1580, 1480, 1440, 1250, 1175, 1080, 775, 730
em?;

'H NMR (500 MHz, DMSO-dg) 5: 7.77 (dd, J = 7.6, 0.9 Hz, 1H, ArH-1), 7.61 (dd, J =
7.8,0.9 Hz, 1H, ArH-4), 7.45 (td, J= 7.5, 1.4 Hz, 1H, ArH-3), 741 -7.38 (m, 3H..ArH-
2,10, Art’-2'), 7.24 (dd, J= 7.8, 0.9 Hz, 1H, ArH-7), 7.13 (td, J = 7.3, 0.9 Hz, 1H, ArH-
8),7.10 (td, J = 7.3, 1.4 Hz, 1H, ArH-9), 6.93 (dd, J = 8.7, 2.4 Hz, 1H, ArH'-6'), 6.51 d.J
= 8.9 Hz, 1H, ArH'-5"), 5.41 (q, /= 7.0 Hz, 1H, H-6), 1.13 (d, J = 7.0 Hz, 3H, -CH»-8);
13C NMR (125 MHz, DMSO-dg) 8: 170.2 (8, 1C, -C=0-4'), 163.8 (s, 1C, ArC'4"), 136.0
(s, 1C, ArC-6a), 132.8 (s, 1C, ArC'-6"), 132.3 (s, 1C, ArC-4a), 130.0 (s, 1C, ArC'-2"),
129.6 (s, 1C, ArC-10b), 128.1 (s, 1C, ArC-10a), 128.4 (s, 1C, ArC'-1"), 128.2 (s, 1C,
ArC-3), 128.1 (s, 1C, ArC-8), 127.9 (s, 1C, ArC-2), 127.3 (s, 1C, ArC-8), 126.5 (s, 1C,
ArC-4), 126.1 (s, 1C, ArC-7), 123.8 (s, 1C, ArC-1), 123.1 (s, 1C. ArC-10), 116.9 (s, 1C,
ArC'-3'), 112.5 (s, 1C, ArC'-5'), 54.1 (s, 1C, C-6), 21.6 (s, 1c, -CHz-6);

Anal. calcd for CzyHyyNOsS: C, 63.79; H, 4.33; N, 3.54. Found: C, 63.40; H, 4.29; N,
3.39

EXAMPLE 25
Ethyl z-ethoxy-s-[(s-meﬂlylphenanmﬂdin-ﬁ(ﬁl-l)-yl)sulfonyl]bomoaté
[0138) A stirred suspension of 2-hydroxy-5-{(6-methylphenanthridin-5(6H)-
yi)suifonyi]benzoic acid (0.5 g, 1.26 mmol) and anhydrous potassium carbonate (0.36 g,
2.8 mmol) in anhydrous N,N-dimethyiformamide (5 mL) was treated drop-wise at room
temperature under nitrogen with a solution of iodoethans (0.405 g, 2.6 mmol)' in
anhydrous N,N-dimethylformamide (1 mL). The mixture was stired at room
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temperature ovemight. The reaction was diluted with diethyl ether and water. The
organic phase was separated and washed sequentially with a 1 N hydrochloric acid
solution and water. After drying over anhydrous sodium sulfate, the organic phase was
filtered through a short column of silica gel, and the filtrate evaporated in vacuo to yield
a crude product (0.5 g). The crude product was purified by preparative chromatography
on a Biotage® 40 Mi column of pre-packed silica gel (30 g), eluting with a mixture of
methyl terf-butyl ether-hexane (15:85) at a flow rate of 40 mL/min to afford, after
evaporation of the solvent, a colorless solld. Crystallization of the colorless solid from a
mixture of diethyl ether-hexane yielded the title compound (0.239 g, 0.53 mmol, 42%)
as a homogeneous, white powder, m.p. 113-115°C;

MS [(+ESI), nvz]: 452 M+H]";

IR (Solid), vmax: 1710, 1600, 1480, 1440, 1330, 1175, 1150, 1100, 1080, 770, 725 cm™;
'H NMR (500 MHz, DMSO-dg) 8: 7.72 (dd,, J = 7.5, 1.6 Hz, 1H, ArH-1), 7.58 (dd, J =
7.9, 1.4 Hz, 1H, ArH-4), 7.41 (td, J= 7.5, 1.6 Hz, 1H, ArH-3), 7.38 — 7.34 (m, 2H, ArH-
2,10), 7.18 (dd, J = 7.5, 1.2 Hz, 1H, ArH-7), 7.12 (d, J = 2.6 Hz, 1H, ArH'-2'), 7.10 - 7.056
(m, 2H, ArH-8,9), 7.02 (dd, J = 8.8, 2.8 Hz, 1H, Ari'-6"), .69 (d, J = 8.9 Hz, 1H, ArH'-
5'), 5.37 (q, /= 7.0 Hz, 1H, H-6), 4.11 (q, /= 7.1 Hz, 2H, -C(O)CHCH3-3"), 3.92 (dq, J
= 14.0, 7.1 Hz, 2H, -OCH;CH3z4") 1.21 (t, J= 7.1 Hz, 3H, -C(O)CH2.CH33"), 1.20 (£, J =
7.0 Hz, 3H, -OCH2CH34"), 1.10 (d, J = 7.0 Hz, 3H, -CHs-6);

¥C NMR (125 MHz, DMSO-d) 5: 163.5 (s, 1C, -C=0), 160.5 (s, 1C, ArC'-4’), 135.9 (s,
1C, ArC-8a), 132.3, (s, 1C, ArC-4a), 131.7 (s, 1C, ArC'-68"), 128.7 (s, 1C, ArC'-2"), 120.5
(s, 1C, ArC-10b), 128.9 (s, 1C, ArC-10a or ArC'-1’), 128.4 (s, 1C, ArC-3), 128.1 (s, 1C,
ArC-8), 127.8 (s, 1C, ArC-2), 127.5 (s, 1C, ArC-9), 127.3 (s, 1C, ArC4), 126.0 (s, 1C,
ArC-7), 123.8 (s, 1C, ArC-1), 123.0 (s, 1C, ArC-10), 118.5 (s, 2C, ArC'-3’), 112.9 (s, 1C,
ArC'-5'), 64.6 (s, 1C, -C(O)CH=CH3-3'), 60.5 (s, 1C, -OCH.CHy4'), 54.1 (s, 1C, C-6),
21.6 (s, 1C, -CH3-6), 14.1 (8, 1C, -C(O)CHzCHs-3'), 14.0 (8, 1C, -OCH2CHx-4");

Anal. caled for C2sHasNO3S: C, 66.50; H, 5.58; N, 3.10. Found: C, 66.70; H, 5.62; N,
2.84.

EXAMPLE 26
2-{Hydroxymethyl)-4-{(8-methyiphenanthridin-5(6H)-yl)sulfonyijphen |
[0140] A stied solution of crude 2-hydroxy-5-{(6-methylphenanthridin-5(6H)-

yl)sulfonyfjbenzoic acld (1.75 g, 4.43 mmol) in anhydrous tetrahydrofuran (20 mL) was
treated drop-wise at room temperature under nitrogen via syringe with 10 M borane-.
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methyl sulfide complex (1.5 mL, 15 mmol). After sfirring four hours at room
temperature, the reaction was:qtienched with meﬂ1anol"(2'0 mL), concentrated in vacuo,
diluted with water, and extracted with ethyl acetate. The organic phase was washed
sequentially with an agueous solution of potassium carbonate, water, a saturated,
aqueous, sodium chloride solution, a 1 N hydrochloric acid solution, and water. The
organic phase was dried over anhydrous sodium sulfate, filtered through a short column
of silica gel, and eluted with ethyl acetate. The ethyl acetate phase was evaporated in
vacuo to a crude oll (1.2 g). The crude oll was purified by preparative chromatography
on a Biotage® 40 Mi column of pre-packed sllica gel (80 g) with gradient elution of
between 10% to 55% methyl terf-butyl ether in hexane at a flow rate of 50 mlL/min; and
afforded, after evaporation of the solvent, a colorless oil (0.687 g. 1.8 mmaol).
Crystallization of the colorless oil from diethyl ether yielded the title compound (0.6 g,
1.57 mmol, 35%) as a homogeneous, coloriess, crystalline, solid, m.p. 182-184°C;

MS [(+ESI), m/z]: 382 M+H]"; '

MS [(-ESl), m/z]: 380 [M-HT;

IR (Solid), vnax: 3520, 3400, 1600, 1590, 1500, 1480, 1440, 1305, 1280, 1155, 1120,
1075, 1010, 730 cm’;

H NMR (500 MHz, DMSO-dg) 5: 10.14 (br s, 1H, -OH-4"), 7.76 (dd., J = 7.6, 0.9 Hz,
1H, ArH-1), 7.58 (dd, J=7.8, 1.1 Hz, 1H, AiH-4), 745 (d, J=T7.5 Hz, 1H, ArH-1 0),.7.40
(td, J= 7.'5, 1.2 Hz, 1H, ArH-3), 7.35 (td, J = 7.5, 1.4 Hz, 1H, ArH-2), 7.18 — 7.09 (m, 4H,
Ar-7 8,9, ArH’-2"), 6.71 (dd, J= 8.5, 2.4 Hz, 1H, ArH'-8"), 6.34 (d, J= 8.5 Hz, 1H, ArH'-
5'), 5.35 (q, J =6.9 Hz, 1H, H-6), 4.87 (br 8, 1H, -CHz0H-3"), 4.16 (d, /= 14.5 Hz, 1H, -
CH,OH-3°), 4.07 (d, J = 14.5 Hz, 1H, -CH;0H-3'), 1.12 (d, J = 7.0 Hz, 3H, -CH+6);

C NMR (125 MHz, DMSO-dg) 8: 157.7 (s, 1C, ArC'4"), 136.5 (s, 1C, ArC-8a), 132.8,
(s. 1C, ArC-4a), 129.3 (s, 1C, ArC-10b), 128.7 (s, 1C, ArC4), 128.6 (s, 1C, ArC'-1"),
128.3 (s, 1C, ArC-10a) 128.1 (s, 1C, ArC-3), 127.8 (s, 1C, ArC-8), 127.3 (s, 1C, ArC-2),
127.2 (s, 1C, ArC-9), 128.7 (s, 1C, ArC'-6'), 126.6 (s, 1C, ArC’-2"), 126.4 (s, 1C, ArC'-
3'), 126.0 (s, 1C, ArC-7), 123.6 (s, 1C, ArC-1), 123.0 (s, 1C, ArC-10), 113.5 (s, 1C,
ArC'-5'), 57.2 (s, 1C, -CH,OH-3'), 53.8 (s, 1C, C-8), 21.7 (s, 1C, -CHs-8);

Anal. calcd for C21HigNO4S: C, 66.12; H, 5.02; N, 3.67. Found: C, 65.84; H, 5.11: N,
3.45.

EXAMPLE 27
2-Hydroxy-5-{(6-methylphenanthridin-5(6H)-yl)sulfonyl]benzaldehyde
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[0141] 4-{(6-Methylphenanthridin-5(6H)-yl)sulfonyljphenol (0.5 g, 1.42 mmol),

prepared according to the procedure in Example 1, and hexamethylenetetramine (0.6 g,
4.28 mmol) were suspended in trifiuoroacetic acid (5 mL) and reluxed under argon for
two hours. The solid gradually dissolved. The reaction mixture was cooled to room
temperature and quaenched with water. Trifluoroacetic acid was removed in vacuo, and
the aqueous phase was extracted with ethyl acetate. The organic phase was washed
saquentiaily with water, a saturated, aqueous, sodium carbonate solution, and a
saturated, aqueous, sodium chloride solution. After drying over anhydrous magnesium
sulfate, the organic phase was evaporated In vacuo to yield a red-orange oil. The crude
product was purified by flash column chromatography on silica gel, eluting with a
mixture of ethyl acetate-hexane (1:3), to yield the title compound (0.17 g, 0.45 mmol,
31%) as a white solid, m.p. 143-145°C;

MS [(-ESI), m/z]: 378 [M-HJ;

TH NMR (500 MHz, DMSO-dy) 5: 11.41 (s, 1H, CHO), 9.94 (s, 1H,-OH-4), 7.76 (d, J =
7.6 Hz, 1H, ArH-1), 7.61 (d, J=7.8 Hz, 1H, ArH-4), 7.46 - 7.38 (m, 3H, ArH-2,3,10),
7.24(d, J= 2.5 Hz, 1H, AiH-2"), 7.20 (d, J = 7.8 Hz, 1H, ArH-7), 7.13 - 7.08 (m, 2H,
ArH-8,9), 6.97 (dd, J= 8.7, 2.6 Hz, 1H, ArH’-6"), 6.55 (d, J = 8.7 Hz, 1H, ArH’-5’), 5.39
(g, J=7.0 Hz, 1H, H-8), 1.14 (d, J = 7.0 Hz, 3H, -CH:8);

Anal. caled for C21H17NO,S - 0.14 H20: C, 66.04; H, 4.56; N, 3.67. Found: C, 68.05; H,
4.53; N, 3.54.

EXAMPLE 28

Step a)

4-4(2-Bromo-6-athyiphenanthridin-5(6H)-yl)sulfonyl]phenol

[0142] A stirred and cooled solution of 2-bromo-8-ethyl-5-{(4-
methoxyphenyl)suifonyl]-5,6-dihydrophenanthridine (1.13 g, 2.46 mmol) and
cyclohexene (2.5 mL, 24.6 mmol) in dichloromethane (5 mL) was treated drop-wise
under nitrogen at -30°C with boron tribromide (2.5 mL, 24.6 mmol). After the addition
was completed, the reaction mixiure was allowed to warm to room temperature and
stirred for four hours. The reaction was cooled o -30°C and quenched with methanol (1
mL). The solvent was removed in vacuo to yield the tite compound as a gray powder
(0.982 g, 2.21 mmol, 90%), which was confimed by L.CMS (ES-, FA, CV=20 or 5).
Step b)
44(6-Ethyl-2-thien-3-ylphenanthridin-5(6H)-yl)sulfonyllphenol
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[0143] A solution of 4-[(2-bromo-6-ethylphenanthridin-5(6H)-yl)sulfonyflphenol

(0.982 g, 2.21 mmol) and 3;thiopheneboronic acid (0.565 g, 4.42 mmol) in 1,4-dioxane
was treated with a freshly prepared and nitrogen purged solution of
tetrakis(triphenylphosphine)palladium (0) (0.127 g, 0.110 mmol, 5 mole%) in 1,4-
dioxane and a 2 M aqueous solution of sodium carbonate (3.31 mL, 6.63 mmol). The
mixture was purged with argon for 30 minutes and heated to 100 °C for up to six hours.
The reaction progress was monitored by high-prassure liquid chromatography. At
completion, the reaction was cooled to room temperature, and diluted with
dichloromethane (3 mL) and a 0.5 M aqueous sodium hydroxide solution (2 mL). After
stirring for 30 minutes, the mixture was extracted with ethyl acetate. The organic phase
was dried over anhydrous sodium sulfate and concentrated to & residue. The residue
was purified by flash column chromatography on silica gel with gradient elution of
betwaen 10% to 20% ethyl acetate in hexane to yield the title compound (0.643 g, 1.44
mmol, 65%) as a.purified product; which was characterized by LCMS (ES-, FA, CV=20
or 5), m.p. 174-176°C;
MS [(-ESI), m/Z]: 446 [M-HJ,
HRMS [(+ESI), m/2]: 448.10296 [M+H]". Calcd. for C2sH2NO3S5: 448.10356;
IR (Solid), vinax: 3410, 1600, 1590, 1485, 1490, 1450, 1325, 1150, 1080; 825 cm™;
'H NMR (500 MHz, DMSO-dg) 5: 10.14 (s, 1H, -OH-4"), 8.09 (d, J = 1.8 Hz, 1H, ArH-1),
8.04 (dd, J = 2.8, 1.4 Hz, 1H, 2-thiophene), 7.76 (dd, J = 8.4, 1.8 Hz, 1H, ArH-3), 7.71 -
7.64 (m, 4H, ArH-4,10, 4,5-thiophene), 7.24 - 7.16 (m, 3H, ArH-7.8,9), 6.90 (d, J = 8.7
Hz, 2H, ArH'-2',6'), 6.35 (d, J = 8.7 Hz, 2H, ArH'-3',5'), 5.08 (dd, J/ = 9.8, 5.5 Hz, 1H, H-
6), 1.42 (d quintet, J = 13.4, 7.2 Hz, 1H, -CH>CHg-6), 1.30 (ddq, J = 13.4, 9.8, 7.2 Hz,
1H, -CH2CHs-8), 0.91 (t, J = 7.2 Hz, 3H, -CH.CH3-6).

EXAMPLE 29
4-{I6-Ethyl-2{3-methoxyphenyl)phenanthridin-5(6 H)-yl]sulfonyl}phenol
[0144] A solution of 4-[(2-bromo-8-ethylphenanthridin-5(6H)-yl)sulfonyljphenol

(1.25 g, 2.70 mmol) and 3-methoxyphenylboronic acid (0.822 g, 5.41 mmol) in 1,4-
dioxane was treated with a solution of tetrakis(iriphenylphosphine)palladium (0) (0.156
g, 0.135 mmol, 5 mole%) in 1,4-dioxane and a 2 M aqueous solution of sodium
carbonate (4.0 mL, 8.0 mmol) according to the procedure and in the same manner as
described in Example 28, step b; and yielded, after chromatographic purification, 4-{[6-
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ethyl-2{3-methoxyphenyl)phenanthridin-5(6 H)-yl]sulfonyl}phenol (1.05 g, 2.23 mmol,
83%) as a purified product, which was characterized by LCMS (ES+, FA, CV=20 or 5);
MS [(-ESI), nv/2): 470 [M-HT;

H NMR (500 MHz, DMSO-dg) 5: 10.19 (s, 1H, -OH-4"), 8.03 (s, 1H, ArH-1), 7.71 (m,
3H), 7.31 - 7.19 (m, 6H), 6.94 (d, 2H, ArH'-2',6"), 6.94 (d, 1H, ArH"4"), 6.36 (d, 2H,
ArH'-3',5'), 5.05 (dd, 1H, H-6), 3.84 (s, 3H, -OCH»-3"), 1.60 — 1.20 (m, 2H, -CH:CH3-8),
0.91 (t, J= 7.2 Hz, 3H, -CHCH3-6).

EXAMPLE 30
3-{6-Ethyl-5-[(4-hydroxyphenyl)sulfonyl]}-5,6-dihydrophenanthridin-2-yi}phenol
[0145] A stired and cooled solution of 4-{[6-ethyl-2-(3-
methoxyphenyl)phenanthridin-5(6H)-yl}sulfonyl}phenol (0.645 g, 1.36 mmol) and
cyciohexene (1.1 mi, 10.9 mmol) in dichloromethane (5 mL) was treated drop-wise
under nitrogen at ~30 °C with boron tribromide (1.03 mL, 10.9 mmol). After the addition
was completed, the reaction mixture was allowed to warm to room temperature and
stirred for four hours. The reaction was cooled to -30°C and quenched with methanol (1
mL). The solvent was removed /in vacuo, and the residue was purified by flash column
chromatography on silica gel, eluting with a mixture of ethyl aceiate-hexane (1:3); to
yield the title compound (0.473 g, 1.03 mmol, 78%), which was characterized by LCMS
(ES+, FA, CV=20 or 5), m.p. 105°C;
MS [(+ESI), m/z]: 458 [M+H]";
MS [(-ESI), m/z]: 456 [M-HJ;
HRMS [(+ESI), m/z}: 458.14179 [M+H]". Calcd. for Cx7HzNO,S: 458.14206;
TH NMR (500 MHz, DMSO-dg) 5: 10.15 (s, 1H, -OH-4'), .53 (8, 1H, -OH-3"), 7.95 (d, J
= 1.7 Hz, 1H, ArH-1), 7.72 - 7.63 (m, 3H), 7.29 ~- 7.15 (m, 5H), 7.12 (s, 1H, ArH"-2"),
6.93 (d, J = 8.7 Hz, 2H, Ar{’-2',8"), 6.79 (dd, J = 7.9, 2.1 Hz, 1H, ArH"4"), 8.38 (d, J =
8.7 Hz, 2H, ArtI’-3',5"), 5.08 (dd, J = 9.6, 5.5 Hz, 1H, H-8), 1.47 — 1.38 (d quintet, J =
13.8, 7.2 Hz, 1H, -CH:CH5-6), 1.34 — 1.25 (ddq, J = 13.6, 9.6, 7.2 Hz, 1H, -CH.CH3-6),
0.91 (t, J= 7.2 Hz, 3H, -CH,CH3-6).

EXAMPLE 31
Step a)
2-({Dibenzo[b,d}furan-4-yl)-6-ethyl-5-{(4-methoxyphenyl)sulfonyl]-5,6-
dihydrophenanthridine
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[0146] A solution of 2-bromo-6-aﬂ1yl-5-[(4—methoxyphanyl)su!fonyl]-s 6-
dihydrophenanthridine (1.5 g, 3.1 mmol) and dibenzo[b, d]fm'an-d—ylboromc acid (1.34 g,

6.3 mmol) in 1,4-dioxane was treated with a solution of
tetrakis(triphenylphosphine)palladium (0) (0.182 g, 0.15 mmol, 5 mole%) in 1,4-dioxane
and a 2 M aqueous solution of sodium carbonats (4.74 mL, 9.4 mmol) according to the
procedure and in the same manner as described in Example 28, step b; and yielded,
after chromatographic purification on silica gel, eluting with a mixture of ethyl acetate in
hexane (1:9), 2-(dibenzob,d]furan-4-yi}-6-ethyi-5-[(4-methoxyphenyl)sulfonyi]-5,6-
dihydrophenanthridine (0.855 g, 1.56 mmol, 51%) as a purified product, which was
characterized by LCMS (ES+, FA, CV=20 or 5);
Step b)

4-{{2-Dibenzo[b,d]furan-4-yl-6-ethylphenanthridin-5(6 H)-yl)sulfonyljphenol

[0147] A stimed and cooled solution of 2-{dibenzofb,dfuran-4-yl)-6-ethyl-5-{(4-

methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine (0.855 g, 1.56 mmol) and
cyclohexene (1.26 mL, 12.5 mmol) in dichloromethane (5 mL) was treated drop-wise
under nitrogen at -30 °C with boron tribromide (1.18 mL, 12.5 mmol). After the addition
was completed, the reaction mixture was allowed to warm to room temperature and
stimed for four hours. The reaction was cooled to -30°C and quenohed with methanol (1
mL). The solvent was removed In vacuo, and the residue was purified by flash column
chromatography on silica gel to yield the titte compound (0.756 g, 1.42 mmol, 91%),
which was characterized by LCMS (ES+, FA, CV=20 or 5), m.p. 218-220°C;
MS [(+ESI), m/2]: 532 M+H]";
MS [(-ESI), m/z): 530 [M-HT;
HRMS [(+ESI), m/z]: 532.15748 [M+H]'. Calcd. for CasHasNO,S: 532.15771;
IR (Solid), vmax: 3400, 1600, 1580, 1500, 1490, 1450, 1190, 1170, 1080, 830, 755 cm™;
H NMR (500 MHz, DMSO-dg) 5: 10.18 (8, 1H, -OH-4'), 8.28 (d, J = 1.8 Hz, 1H, ArH-1),
8.22 (dd, J=7.6, 0.6 Hz, 1H, ArH"-9"), 8.19, (d, J= 7.6 Hz, 1H, ArH"-1 °), 8.02 (dd, J =
8.4, 1.8 Hz, 1H, ArH-3), 7.85 (d, J = 7.6 Hz, 1H, ArH"-3%), 7.81 (d, J = 8.4 Hz, 1H, ArH-
4), 7.80 (d. J = 8.1 Hz, 1H, ArH"-6"), 7.68 (dd, J = 8.4, 1.4 Hz, 1H, ArH-10), 7.55 (td, J =
8.3, 0.9 Hz, 1H, ArH"-7"), 7.583 (t, J = 7.6 Hz, 1H, ArH"-2"), 7.44 (t, J= 7.5 Hz, 1H, ArH"-
87), 7.26 - 7.18 (m, 3H, ArH-7,8,9), 7.00 (dd, J = 8.7, 2.8 Hz, 2H, ArH’-2',6'), 6.40 (dd, J
= 8.7, 2.8 Hz, 2H, ArH'-3',5"), 5.13 (dd, J = 9.8, 5.5 Hz, 1H, H-8), 1.48 (d quintet, J =
13.4, 7.2 Hz, 1H, -CH,CH3-8), 1.36 (ddq, J = 13.4, 8.8, 7.2 Hz, 1H, -CH.CH3>-8), 0.65 (t,
J =7.2 Hz, 3H, -CH2CH3-6).
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EXAMPLE 32
Method A
Step a)
N-{4'-Fluoroblphenyl-2-yl)acetamide
[0148] A stimed solution of 2-iodoaniline (32.6 g, 149 mmol) and 4-
fluorophenyiboronic acid (20.8 g, 149 mmol) in tetrahydrofuran (1.5 L) was treated
under nitrogen with [1,1'-bis(diphenylphosphino)ferrocens]dichloropalladium (11)
complex with dichloromsthane (2.20 g, 2.69 mmol) and a 5 N sodlum hydroxide solution
(60 mL). The reaction mixture was heated at refiux for twelve hours, cooled to room
temperature, and the solvent removed in vacuo. The residue was dissolved in ethyi
acetate (250 mL) and extracted with a saturated, aqueous, sodium chloride solution
(100 mL). The aqueous phase was further extracted with ethyl acetate (2 x 50 mL).
The combined organic phase was dried over anhydrous magnesium sulfate, filtered,
and concentrated in vacuo to a brown oil. The brown oil was filtered through a short
column of silica gel, and eluted with a mixture of ethyl acetate-hexane (1:4). After
evaporation of the solvent in vacuo, a solution of the crude 4'-fluoro-biphenyl-2-ylamine
in dichloromethane (75 mL) was treated with pyridine (27.7 mL, 343 mmol), acetic
anhydride (15.5 mL, 164 mmol), and 4-(N,N-dimethylamino)pyridine (0.55 g, 4.5 mmol).
After stirring for twelve hours at room temparature, the reaction was quenched with a
saturated, aqueous, ammonium chioride solution (250 mL). The separated aqueous
phase was extracted with dichioromethane (3 x 75 mL), and the combined organic
phase washed sequentially with a 0.1 N hydrochloric acid solution (2x50mL),and a
saturated, aqueous, sodium bicarbonate solution (50 mL). The organic phase was driod.
over anhydrous sodium sulfate, filtered and concentrated in vacuo to a second brown
oil. After toluene was added and removed in vacuo (3x), the resulting brown solid was
crystallized from ethyl acetate-hexane to yield a first crop of the desired product (18.0
g). The mother liquor was concentrated and purified by flash eolumn chromatography
on silica gel, eluting with athyl acetate-hexane (1:4), to obtain a second crop (5.0 g).
The combined crops afforded the title compound as a homogeneous, colorless,
crystalline, solid (24.0 g, 70%). m.p. 123-124°C;
MS [(+ESI), m/2]; 230 [M+H]";
TH NMR (500 MHz, DMSO-dg) 5: 9.24 (8, 1H), 7.44 - 7.23 (m, 8H), 1.87 (s, 3H);
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Anal. caled for C14H12FNO: C, 73.35; H, 5.28; N, 6.11. Found: C, 73.09; H, 5.20; N,
5.89.

Step b)
8-Fluoro-6-methylphenanthridine

[0149] The N-(4-fluorobiphenyl-2-yl)acetamide (18.5 g, 80.7 mmoi) was mixed
with polyphosphoric acid (250 g) and heated at 120°C with vigorous stirring for 48
hours. The hot reaction mixture was poured onto ice and stirred vigorously until
homogeneous. Ammonium hydroxide (28-30%, aqueous) was added until the pH was
greater than eight. A white precipitate was filtered, dissolved in ethyl acetate (250 mL.),
and re-filtered. The combined filirate was washed with a saturated, aqueous, sodium
chloride solution, dried over anhydrous sodium sulfate, filtered, and evaporated In vacuo
to a brown solid. The brown solid was purified by crystaliization from a mixture of ethyl
acetate-hexane to yield the titte compound as a white, crystalline solid (15.9 g, 94%),
m.p. 92-93°C; '
MS [(+ESI), m/zZ]: 212 M+H]";
'H NMR (500 MHz, CDCls) 5: 8.83 (dd, J = 9.0, 5.4 Hz, 1H), 8.40 (dd, J=8.2, 1.0 Hz,
1H), 8.10 (dd, J = 8.1, 1.1 Hz, 1H), 7.84 (dd, J = 9.6, 2.8 Hz, 1H), 7.71 (m, 1H), 7.65 -
7.57 (m, 2H), 3.01 (s, 3H);
H NMR (400 MHz, DMSO-dg) 5: 8.89 (dd, /= 8.1, 5.6 Hz, 1H), 8.70 (dd, /= 8.1, 1.3 _
Hz, 1H), 8.05 {dd, J = 10.1, 2.5 Hz, 1H), 7.97 (dd, J = 8.1, 1.3 Hz, 1H), 7.80 (m, 1H),
7.70 (m, 1H), 7.63 (m, 1H), 3.01 (s, 3H);
Anal. calcd for Cy4H1pFN - 0.10 H20: C, 78.83; H, 4.83; N, 6.57. Found: C, 78.90: H,
4.57;, N, 6.58.
Step ¢)

4~(Chlorosuifonyl)phenyl ethyl carbonate

[0150] A solution of sodlum 4-hydroxybenzenesulfonate dihydrate (50.0 g, 215
mmoi) in 1.25 N aqueous sodium hydroxide (170 mL, 213 mmol) was treated drop-wise
with ethyl chioroformate (20.6 mL, 215 mmol). The reaction mixture was stirred for
twelve hours at room temperature. After cooling the mixture to 0°C, a white precipitats,
which formed under the reaction conditions, was filtered. The solid was dried in vacuo
at 70°C. The white solid {40.0 g) was suspended in toluene (350 mL) and treated with
N, N-dimethylformamide (6.0 mL) and thionyl chloride (22.0 mL, 298 mmol), and the
resulting mixture was heated at 100°C for twelve hours. After cooling to room _
temperature, the reaction mixture was filterad through diatomaceous earth. The filtrate
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was concentrated in vacuo, and the resulting ofl solidified upon standing. The solidified
oil was dissolved in ethyl acetate-hexane (1:4), filtered through a short column of silica
gel, and the solvent removed in vacuo to yield the sulfonyi chloride as a white solid
(34.8 g, 61%), m.p. 74-76°C;
'H NMR (400 MHz, DMSO-dy) 5: 7.60 (d, J= 8.7 Hz, 2H), 7.14 (d, J = 8.8 Hz, 2H), 4.23
(9. J=7.1 Hz, 2H), 1.26 (t, J = 7.1 Hz, 3H).
Step d)
Ethyl 4-[(8-fluoro-6-methylphenanthridin-5(6H)-yl)sulfonyl]phenyl carbonate

[0151] A stirred solution of 8-fluoro-8-methylphenanthridine (8.00 g, 37.9 mmol)
in tetrahydrofuran (152 mL) was treated with freshly crushed sodium borohydride (7.16
9, 189 mmol). Trifluoroacetic acid (11.7 mL, 152 mmol) was added drop-wise at a rate
suitable to control gas evolution and exothermic reaction conditions. After the
trifluoroacetic acid addition was completed, the heterogeneous reaction mixture was
stirred until the reaction retumed to room temperature; then was re-heated to reflux for
14 hours. After cooling to room temperature, a saturated, aqueous, sodium bicarbonate
solution (250 mL) was slowly added. The mixture was filtered through a plug of glass
wool, and extracted with diethyl ether (4 x 76 mL). The combined organic extract was
dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo to afford the
dihydrophenanthridine as a light-brown paste. A solution of the crude
dihydrophenanthridine in dichloromethane (38 mL) was treated with triethylamine (31.7
mL, 227 mmol) and 4-{chlorosulfonyl)phenyl ethyl carbonate (12.0 g, 45.3 mmol), and
stired at room temperature for 14 hours. The reaction was quenched witha 0.1 N
sodium hydroxide solution (150 mL) and extracted with dichloromethane (6 x 50 mL).
The combined organic extract was washed with a 2 N hydrochloric acid solution (2 x 40
mL), dried over anhydrous sodium sulfate, filtered, and concenirated in vacuo to a
viscous, brown oil. The brown oll was triturated with hexane (25 mL) to afford a light-
brown solid. The light-brown solid was purified by cystallization from a mixiure of ethyl
acetate-hexane to yield a first crop of the desired product. The mother liquor was
concentrated in vacuo, and purified by filtration through a plug of silica gel, eluting with
ethyl acetate-hexane (1:4), to obtain a second crop. The combined crops afforded the
tile compound as a white, crystalline solid (15.2 g, 91%), m.p. 136-138°C;
MS [(+ESI), m/z]: 442 M+H]™;
'H NMR (500 MHz, DMSO-dg) 5: 7.77 (d, J = 7.8 Hz, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.48
-7.39 (m, 3H), 7.19 (dd, J = 9.0, 2.6 Hz, 1H), 7.09 (d, J = 8.7 Hz, 2H), 6.98 (d, J = 8.7
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Hz, 2H), 6.93 {td, J = 8.7, 2.8 Hz, 1H), 548 (q, J = 7.0 Hz, 1H), 4.21 (q, J = 7.1 Hz, 2H),
1.25 (t, J="7.1 Hz, 3H), 1.15 (t, =7.0 Hz, 3H); W
Anal. caled for CzsH20FNOsS: C, 62.57; H, 4.57; N, 3.17. Found: C, 62.51; H, 4.47; N,
2.96.

Step e)
4-[(8-Fluoro-6-methyiphenanthridin-5(6H)-yl)sulfonyllphenol

[0152] © A solution of ethyl 4-[(8-fiuoro-6-methylphenanthridin-5(6H)-
yl)sulfonyllphenyl carbonate (0.45 g, 1.02 mmol) in methanol (5.0 mL) was treated with
a 1 N sodium hydroxide (5.1 ml) solution, and heated at 75°C for 14 hours. After
cooling to room temperature, the methanol was evaporated in vacuo. The resulting
aqueous mixture was acidified with a 1 N hydrochloric acid solution, diluted with a
saturated, aqueous, sodium chloride solution (100 mL), and exiracted with
dichloromethane (5 x 15 mL). The combined organic phase was dried over anhydrous
sodium sulfate, filtered, and concentrated in vacuo to a white solid. The solid was
purified by filtration through a short column of silica gel, eluting with ethyl acetate, to
yield the title compound as a homogeneous, white, crystalline, solid (0.34 g, 88%), m.p.
188°C;
MS [(-ESI), m/z]: 368 [M-HJ;
'H NMR (500 MHz, DMSO-dg) 5: 10.24 (br s, 1H), 7.76 (dd, J = 7.6 Hz, 1.5, 1H), 7.60
(dd, J=7.8, 1.4 Hz, 1H), 7.52 (dd, J= 8.7, 5.0 Hz, 1H), 741 (m, 1H), 7.37 (m, 1H), 7.17
(dd, J=9.2, 2.7 Hz, 1H), 6.96 (id, J = 8.7, 2.7 Hz, 1H), 6.86 (d, J = 8.9 Hz, 2H), 6.38 (d,
J=8.9 Hz, 2H), 5.41 (q, J= 7.0 Hz, 1H), 1.13 (d, /=7.0 Hz, 3H); -
Anal. calcd for CxH1eFNO4S: C, 65.03; H, 4.37; N, 3.79. Found: C, 64.77; H, 4.31; N,
3.76.
Method B
Step a)

8-Fluoro-5-(4-methoxyphenylsulfonyl)-8-methyl-5,6-dihydrophenanthridine

[0153] The titie compound was prepared from 8-fluoro-6-methylphenanthridine
(5.27 g, 25.0 mmoal), sodium borohydride (4.72 g, 125 mmol), and trifluoroacstic acid ( 8
mL, 100 mmol), in tetrahydrofuran (100 mL); followed by triethylamine (20 mL, 150
mmol) and 4-methoxybenzenesulfonyl chloride (5.67 g, 27.5 mmol) in dichloromethane
(20 mL), according to the procedure and in the same manner as described in Iéxample
32, Method A, Step d, to afford the crude product as a brown solid. The crude product
was purified by fe—crystallization from a mixture of dichloromsthane-hexane to yield 8-

-99 -



WO 204/050631 PCT/US2003/038290
fluoro-5-(4-methoxyphenylisulfonyl)}-6-methyl-5,6-dihydrophenanthridine, as a
homogeneous, white, crystalline, solld (8.31 g, 87%), m.p. 132-136°C;

MS [(+ESI), m/z]: 384 [M+H]";

'H NMR (500 MHz, DMSO-dg) &: 7.75 (dd, J = 7.7, 1.1 Hz, 1H), 7.61 (m, 1H), 7.48 (dd,
J = 8.6, 5.4 Hz, 1H), 7.43 (m, 1H), 7.38 (m, 1H), 7.18 (dd, J= 9.2, 2.8 Hz, 1H), 6.98 -
6.92 (m, 3H), 6.59 (d, J = 8.8 Hz, 2H), 543 (q, J= 7.0 Hz, 1H), 3.64 (s, 3H), 1.13 (d. J =
7.0 Hz, 3H);

Anal. calcd for C21H1gFNO5S: C, 65.78; H, 4.;, 3.65. Found: C, 65.64; H, 4.90;

N, 3.51.
Step b)

4-[(8-Fluoro-6-methylphenanthridin-5{6H)-yl)sulfonyl]phenol

[0154] A stimed suspension of 8-fluoro-5-(4-methoxyphenylsulfonyl}-6-methyi-
5,6-dihydrophenanthridine (1.26 g, 3.29 mmol) and cyclohexene (6.0 mL, 59 mmol) was
treated drop-wise with a solution of 1 M boron tribromide (20 mL, 20 mmol) in
dichioromethane at room temperature under nitrogen. After stiring for 20 hours at room
temperature, a saturated, aqueous, sodium bicarbonate solution (300 mL) wae added
drop-wise, and the resulting mixture extracted with dichloromethane (6 x 20 mL). The
combined organic phase was dried over anhydrous sodium sulfate, filtered, and
concentrated in vacuo. The crude material was purified by flash column
chromatography on silica gel, eluting with a mixture of ethyl acetate-hexane (1:19 to 1:4
gradient), followed by re-crystallization from a mixture of dichioromethane-hexane to
yield the titie compound as a homogeneous, white, crystalline, solid (1.1 g, 90%). The
melting point, mass spectum, and NMR spectrum of this product were identical to the
authentic material prepared in Example 32, Method A, Step e.

EXAMPLE 33
Method A
Step a)
Ethyl 4-{[(S)-8-fluoro-6-methylphenanthridin-5(6H)-yllsulfonyl}phenyl carbonate*

[0155] The enantiomers of ethyl 4-[(-8-fluoro-6-methylphenanthridin-5(6H)-
ylJsulfonyl]phenyl carbonate (Example 32, Method A, Step d) were separated by chiral
stationary phase high-performance liquid chromatography (Chiraicel® 0J-25 x 5 cm
column) on a Rainin Auto-Prep System®, eluting with ethanol at a flow rate of 10
mb/min. The first peak with a retention time at 8.5 minutes was the title compound;

Tr 8.5 min;
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m.p. 159 °C; : g . v
[alp® = +212.2° (c = 1% solution, CHCls);
MS [(+ESI), m/z): 442 [M+H]";
'H NMR (500 MHz, DMSO-dg) 5: 7.77(d, J=7.6 Hz 1H),7.63 (d, J=7.8 Hz, 1H), 7.48
- 7.38 (m, 3H), 7.19 (dd, J=9.0 Hz, 2.6, 1H), 7.09 (d, J= 8.7 Hz, 2H), 6.98 (d, J=8.7
Hz, 2H), 6.93 (td, J = 8.7 Hz, 2.6, 1H), 5.48 (q, J = 7.0 Hz, 1H), 4.21 (q, J = 7.1 Hz, 2H),
1.25(t, J=7.1 Hz, 3H), 1.15({t, J= 7.0 Hz, 3H);
Anal. calcd for C2aH2gFNOsS: C, 62.57; H, 4.57; N, 3.17. Found: C, 62.44; H, 4.58; N,
3.03.
*The absolute configuration was assigned by convarsion to 4-{[(3)-8-ﬂuom—6-
methylphenanthridin-5(6H)-yl}sulfonyl}phenal.
Step b) .
4-{I(S)-8-Fluoro-6-methylphenanthridin-5(6H)-yl]sulfonyl}phenol*

[0156] The title compound was prepared from ethyl 4-{{(S)-8-fluoro-6-
methylphenanthridin-5(6H)-yllsulfonyl}pheny! carbonate (0.05 g, 0.11 mmol), 2.5 N
aqueous sodium hydroxide (2 mL, 5 mmol), and methanol (2 mL), according to the
procedure and in the same manner as described in Example 32, Method A, Step e to
yield 4-{I(S)-8-fluoro-6-methylphenanthridin-5(6H)-yl]sulfonyl}phenol as a solid (0.04 g,
100%), m.p. 183°C;

[alo® = +267.2° (c = 1% solution, CHCl,);

MS [(-ESI), m/z]: 368 [M-HJ;

H NMR (500 MHz, DMSO-dg) 5: 10.24 (br s; 1H), 7.78 (dd, J = 7.6 Hz, 1.5, 1H), 7.60

(dd, J=7.8 Hz, 1.4, 1H), 7.52 (dd, J= 8.7 Hz, 5.0, 1H), 7.41 (m, 1H), 7.37 (m, 1H), 7.17

(dd, J=9.2, 2.7 Hz, 1H), 6.96 (id, /= 8.7, 2.7 Hz, 1H), 6.86 (d, J=8.9 Hz, 2H), 6.38 (d,

J = 8.9 Hz, 2H), 5.41 (q, J= 7.0 Hz, 1H), 1.13 (d, J=7.0 Hz, 3H);

Anal. calcd for C2gHeFNO;S: C, 85.03; H, 4.37; N, 3.79. Found: C, 64.82; H, 4.47; N,

3.71.

*The absolute configuration was assigned by analogy to (S)-8-fluoro-5-{(4-

methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine. The absolute

configuration of the above (S)-8-fluoro-5-[(4-methoxyphenyl)sulfonyl]-8-methyi-5,6-

dihydrophenanthridine was determined by a single crystal x-ray diffraction experiment.

Method B

Step a)
(S)-8-Fluoro-5-[(4-methoxyphenyl)sulfonyl]}-8-methyl-5,6-dihydrophenanthridine*
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[0157] The enantiomers of 8-fluoro-5-[(4-methoxyphenyl)sulfonyl}-6-methyi-5,6-

dihydrophenanthridine (Example 32, Method B, Step a) were separated by chiral
stationary phase high-performance liquid chromatography (Chiralpak® AD-25 x 5 cm
column) on a Rainin Auto-Prep System®, eluting with a mixture of 2-propanoi-hexane
(1:8) at a flow rate of 15 mL/min. The first peak with a retention ime at 10.0 minutes
was the title compound;
Tr 10.0 minutes;
m.p. 181-182 °C;
falo® = +239.3° (c = 1% solution, CHCI3);
MS [(+ESI), m/z]: 384 [M+HT";
TH NMR (500 MHz, DMSO-dg) 5: 7.75 (dd, J=7.7, 1.1 Hz, 1H), 7.61 {m, 1H), 7.48 (dd,
J=8.6, 5.4 Hz, 1H), 743 (m, 1H), 7.38 (m, 1H), 7.16 (dd, J=9.2, 2.8 Hz, 1H), 6.98 -
6.92 (m, 3H), 6.59 (d, J = 8.8 Hz, 2H), 5.43 (q, J = 7.0 Hz, 1H), 3.64 (s, 3H), 1.13(d, J=
7.0 Hz, 3H).
*The absolute configuration of (S)-8-fluoro-5-[(4-methoxyphenyl)sulfonyl]-8-methyi-5,6-
dihydrophenanthridine was determined by a single crystal x-ray diffraction experiment.
Step b)

4-{](S)-8-Fluoro-6-methylphenanthridin-5(6H)-yllsulfonyl}phenol*

[0158] The tile compound was prepared from (S)-8-fluoro-5-[(4-
methoxyphenyl)sulfonyl}-6-methyl-5,6-dihydrophenanthridine (0.75 g, 1.95 mmol),
cyclohexene (7.1 mL, 70.1 mmol), and 1 M boron tribromide In dichoromethane (23 mL,
23 mmol) according to the procedure and in the same manner as described in Example
32, Method B, Step b. The crude product was purified by flash column chromatography
on silica gel, eluting with a mixture of ethyl acetate-hexane (1:9 to 1:4 gradient) to vield,
4-{[(S)-8-fluoro-6-methylphenanthridin-5(6H)-yljsulfonyl}phenol*, as a homogeneous
solid (0.59 g, 82%), m.p. 183°C.

*The mass spectum and NMR spectrum of this material were identical to the mass
spectum and NMR spectrum of authentic material prepared in Example 33, Method A,
Step b;
[alp®® = +263" (1% solution, CHCh).
METHOD C
Step a)

' 142", 4-DHluoro-1,1"-biphenyl-2-yl)ethanone
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[0158] A stired solution of 2-bromo-5-fluoroacetophenone (11.72 g, 54 mmol)

and 2-ﬂuorophenylboronlc acid, (7 o5 g, 54 mmol) in tetrahydmﬁ.lran (600 mL) was
treated under nitrogen with [1.1 -bls(d|phenylphosphmo)ferrocene]dlmloropallad|um {n
complex with dichloromethane (2.20 g, 2.68 mmol, 5 mole%) and a 5 N sodium
hydroxide solution (21.6 mL, 108 mmol). The reaction was heated at 60 °C for twelve
hours, cooled to room temperature, and the solvent removed in vacuo. The residue
was dissolved in diethyl ether, filtered through a short column of silica gel, and the '
solvent evaporated /In vacuo to a crude brown oil (11.72 g). The crude oil was purified
by repetitive, preparative, liquid chromatography on a Biotage® 40 Mi column of pre-
packed silica gel (90 g), eluting with a gradient of between 3% and 10% methyl tert-
butylether in hexane at a flow rate of 50 mL/min to afford, after evaporation of the
solvent, the tite compound as a purified, colorless oil (10.2 g, 43.9 mmol, 81%)
Step b)
1{2".4-Difluoro-1,1"-biphenyl-2-yl)ethylamine

[0160] A stirred solution of 1-(2',4-difluoro-1,1'-biphenyl-2-yl)ethanone (9.10 g,
39.0 mmol) in anhydrous methanol (800 mL) was treated with dried aﬁmnium acetate
(154.1 g, 2.0 mol) and sodium cyanoborohydride (5.00 g, 80 mmol). The reaction was
heated under nitrogen at 60°C for fifteen hours, cooled to room temperature, and the
solvent removed in vacuo. The residue was treated with a saturated, aqueous,
ammonia solution and extracted with diethyt ether (2x). The combined 'organic phase
was washed sequentially with water and eight times (or until the amine was no longer
present in the organic layer) with a 2 N aqueous hydrochloric acid solution. The
combined acidic aqueous layer was filtered to afford a dialkyated dimer, N,N—bI§[1 -(2' 4-
diftuoro-1,1'-biphenyl-2-yl)ethyllamine hydrochloride (1:1) (0.68 g 1.40 mmol, 7.2%), as
a colorless solid, m.p. 180-193°C. The aqueous filtrate was exiracted with diethyl ether
(1x) and neutralized to pH 10 with a 2.5 N aqueous sodium hydroxide solution. The
aqueous phase was extracted with diethyl ether (3x). The combined organic phase was
washed with water, dried over anhydrous sodium sulfate, flitered, and the solvent
removed in vacuo below room temperature to afford the titie compound as a
homogeneous, clear, coloress oil (5.5 g, 23.6 mmol, 60%), which solidified in the
freazer, m.p. 38-40°C;
MS [(+ESI), m/z]: 234 [M+H]";
IR (Film), vinax: 2967, 1606, 1476, 1447, 1370, 1257, 1199, 1107, 871, 813, 757 c;m":
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TH NMR (400 MHz, DMSO-dg) 5: 1.08 (broad d, J = 6.9 Hz, 3H), 1.82 (broad s, 2H),

3.82 (q, J=6.3 Hz, 1H), 7.10 (td, /= 8.3, 2.7 Hz, 1H), 7.15 {t, /= 6.1 Hz, 1H), 7.27 -
7.35 (m, 3H), 7.44 (m, 1H), 7.54 (d, J = 10.4 Hz, 1H);
Anal. calcd for Ci4H1aF2N: C, 72.09; H, 5.62; N, 6.00. Found: C, 71.51; H, 5.72; N,
6.08.
Step c)

(15)-142",4-Difluoro-1,1"-biphenyl-2-yljethanaminium * (4R)-4-(2-methoxyphenyl)-

5,5-dimethyl-1,3,2-dioxaphosphinan-2-olate 2-oxide
[0161] A solution of 1-(2' 4-difluoro-1,1'-biphenyl-2-yl)ethylamine (2.78, 11.9

mmol) in 2-butanone (15 mL) was added to a stimed slumry of (R)(+)-2-hydroxy-4-(2-
methoxyphenyl)-5,5-dimethyl-1,3,2-dioxaphosphorinane (3.27 g, 12 mmol) in 2-
butanone (100 mL). The mixture was heated to refiux until 8 homogeneous solution
was obtained. After cooling to room temperature, the flask was covered and allowed to
stand undisturbed for 64 hours, The white precipitate (2.74 g, 90.9% based upon
theoretical 50% resolution) was collected by filtration. The chiral purity of the white
precipate was determined by chiral LC (98.4% (+) :: 1.6% (-)), then the solid re-
suspended in 2-butanone (100 mL) and heated vigorously. The heterogenous mixture
was filtered while warm, the solid rinsed with additional warm 2-butanone, and dried to a
constant weight (2.86 g, 97%), m.p. 269.8-272°C;
MS [(+ESI), m/z): 234 [M+H]";
'H NMR (400 MHz, DMSO-dg) 5: 0.54 (s, 3H), 0.83 (s, 3H), 1.41 (d, J = 6.5 Hz, 3H),
3.41 (dd, J = 23.1, 10.7 Hz,1H), 3.73 (s, 3H), 3.97 (m, 2H), 5.50 (d, J = 2.9 Hz, 1H),
6.95 (dd, J = 14.4, 7.7 Hz, 2H), 7.25 (m, 2H), 7.33 (m, 5H), 7.50 (m, 1H), 7.78 (d, J =
10.4 Hz, 1H), 8.74 (s, 3H);
Anal. Calcd for CyHyaF2N " Cy2H17OsP: C, 61.78; H, 5.98; N, 2.77. Found: C, 61.75; H,
5.70; N, 2.60.
Step d)
Part 1)

N4{(185)-1<{2’,4-Difluoro-1,1"-biphenyl-2-yl)ethyi]}-4-methoxybenzenesulfonamide

[0162] A stired suspenslon of (1S)-1-(2'.4-difluoro-1,1-biphenyl-2-

yl)ethanaminium - (4R)4-(2-methoxyphenyl)-5,5-dimethyl-1,3,2-dloxaphosphinan-2-
olate 2-oxide (2.53 g, 5.0 mmol) in acetonitrile (50 mlL.) was treated sequentially with
triethylamine (1.32 mL, 10 mmol) and 4-methoxybenzenesulfonyl chloride {1.04 g, 5.05
mmol). The progress of the reaction was monitored by LCMS. After eight hours,
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approximatsly 5% of the starting amine was still present. An additional aliquot of 4-
methoxybenzenesulfonyl chioridé (52 rhg, 0.25 mmol, gﬁr'ﬁole%) was added, and the
reaction was stirred at ambient temperature for an additional 16 hours. Monitoring by
LCMS indicated complete formation of a single product. The solvent was removed in
vacuo. The residue was dissolved In dichloromethane and washed with a 5% aqueous
sodium bicarbonate solution. The aqueous phase was extracted with dichloromethane.
The combined organic phase was washed with a 2 N hydrochloric acid solution. The
organic phase was dried over anhydrous sodium sulfate, filtered, and concentrated in
vacuo to a residue. The residue was purified by preparative liquid chromatography on a
Biotage® 40 Mi column of pre-packed slfica gel (90 g), eluting with a gradient of 30% -
50% methyl terf-butylether in hexane, to afford N-[(1S)-1-(2" ,4-difluoro-1,1*-biphenyl-2-
yl)ethyrj-4-mathoxybenzenesulfonah1ida (1.8 g, 89%.. 89.2% ee), m.p. 133-135°C;

[a)p® = -17* (c = 10.1 mg/mL in CHCly);

Chiral LC Purity: 99.2% ee;

HRMS [(+ES!), m/z): 404.11224 [M+H]". Calcd for C21HipF2NOsS: 404.112656

'H NMR (400 MHz, DMSO-dg) 5: 1.13 (d, J = 6.8 Hz, 3H), 3.79 (s, 3H), 4.05 (m, 1H),

6.92 (d, J=8.6 Hz, 2H), 7.05 (1. J = 6.9 Hz, 1H), 7.11 (m, 1H), 7.20 (t, J = 7.8 Hz, 2H).

. 7.29 (m, 2H), 7.40 (d, J = 8.8 Hz, 2H), 748 (m, 1H), 8.10 (d, J= 7.0 Hz, 1H).

Step d)

Part 2a)

N{1+2',4-Difluoro-1,1"-biphenyl-2-yl)ethyl]-4-methoxybenzenesulfonamide.

[0163] A stimed solution of 1-(2',4-difluoro-1 .1'-bipheny|—2-yl)et-hylamin3 (0.26

g, 1.12 mmol) in dichloromethane (10 mL) was treated with 4-methoxybenzenesulfonyl

chloride (0.23 g, 1.12 mmﬁl). and pyridine (0.09 g, 1.12 mmol). The reaction was stirred

at room temperature for twelve hours, diluted with dichloromethane, washed

sequentially with a 1 N hydrochioric acid solution (2x) and a saturated, aqueous, sodium

chloride solution. The organic phase was dried over anhydrous sodium sulfate, filtered

through a short column of silica gel, and evaporated to a residue which, after

crystallization from ethyl acetate-hexane, afforded the title compound (0.22 g, 0.53

mmol, 48%) as a racemic, homogensous, coloriess, crystalline solid, m.p. 182-184°C;

MS [(+ESI), m/z]: 404 M+H]";

MS [(-ESI), m/z}: 402 M-HT";

IR (Solid), vmar: 3241, 1594, 1480, 1325, 1263, 1154, 1083, 1026, 817, 835, 768, 671

cm™;
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"H NMR (400 MHz, DMSO-dg) 8: 1.13 (d, J = 6.7 Hz, 3H), 3.70 (s, 3H), 4.05 (d, J= 7.1
Hz, 1H, major rotomer), 4.10 (broad s, 1H, minor rotomer), 6.92 (d, J = 8.5 Hz, 2H), 7.11
(t. J=8.3 Hz, 1H), 7.20 (m, 2H), 7.27 (t, /=8 8 Hz, 1H), 7.32 (t, J= 7.4 Hz, 1H), 7.41
(d, J = 8.8 Hz, 2H), 7.45 - 7.50 (m, 1H), 8.05 (broad s, 1H, minor rotomer), 8.09 (broad
s, 1H, major rotomer), exists as approximately 2:1 ratio of rotomers;

Anal. caicd for Cz1H1pF2NO,S: C, 62.52; H, 4.75; N, 3.47. Found: C, 62.54; H, 4.84; N,

3.24.

Step d)

Part 2b)
N4{(1R)-1-{2’,4-Difluoro-1,1’-biphenyl-2-yl)ethyl]-4-methoxybenzenesulfonamide*

[0164] The enantiomers of N-[1-{2' 4-difluoro-1,1"-biphenyl-2-yl)ethyl]-4-

methoxybenzenesulfonamide were saeparated by automated, preparative, normal phase,

chiral chromatography on a Chiralpak AD-H® column (2 x 25 cm) eluting with & mixture

of 50% ethanol in hexane at a flow rate of 15 mlL/min. After evaporation of the solvent

In vacuo, peak one with a retention time at 5.4 minutes and monitored by ultraviolet

detection yielded, N-[(1R)-1-(2',/4-difluoro-1,1"-biphenyl-2-yi)ethyl]-4-

methoxybenzenesulfonamide* (0.05 g, 0.13 mmol, 50%) as a homogeneous, colorless,

amorphous solid, m.p. 133-135°C;

Tr = 5.4 minutes;

[a® = +14.9° (c = 10.0 mg/mL in CHCly);

HRMS [(+ES!), m/z): 404.11218 [M+H]". Calcd. for C2;HgF2NO,;S: 404.11265;

'H NMR (400 MHz, DMSO-dg) 5: 1.13 (d, J = 8.7 Hz, 3H, malor rotomer), 3.79 (s, 3H),

4.05 (broad q, 1H, major rotomer), 4.10 (broad q, 1H, minor rotomer), 6.92 (d, J=8.5

Hz, 2H), 7.11 (, J= 8.3 Hz, 1H), 7.20 (m, 2H), 7.27 (t, J=8.9 Hz, 1H), 7.32 (t, /=7 4

Hz, 1H), 7.41 (d, J = 8.9 Hz, 2H), 7.45 - 7.50 (m, 1H), 8.05 {d, J = 7.0 Hz, 1H, minor

rotomer), 8.10 (d, J = 7.0 Hz, 1H, major rotomer), exists as approximatsly 2:1 ratio of

rotomers. '

*The stereochemical configuration is absolute and was assigned by conversion to (6R)-

8-fluoro-5-[(4-maﬂ10xyphanyl)sulfonﬂ-6—meﬂ1yh5.Gdlhydmphonanﬂlﬂdlne. The

absolute configuration was determined by analogy to (6S)-8-fluoro-5-{(4-

methoxyphenyl)sulfonyl}-8-methyl-5,6-dihydrophenanthridine which was determined by

a single crystal x-ray diffraction axperiment.

Step d)

Part 2c)
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N-4(15)-1{2",4-Diflu ro-1,1’-biphenyl-2-yl)ethyl}-4-methoxybenzenesulfonamide*

[0165] The enantiomers of N-[1-(2' 4-difluoro-1,1"-biphenyl-2-yl)ethyl]-4-
methoxybenzenesulfonamide were separated by automated, preparative, normal phase,
chiral chromatography on a Chiralpak AD-H® column (2 x 25 cm) eluting with a mixture
of 50% ethanol in hexane at a flow rate of 15 mL/min. After evaporation of the solvent
in vacuo, peak two with a retention time at 6.7 minutes and monitored by ultraviolet
detection yielded, N-[(1S)-1-(2',4-difiuoro-1,1"-biphenyl-2-yl)ethyl}-4- '
methoxybenzenesulfonamide* (0.05 g, 0.13 mmol, 50%) as a homogeneous, colorless,
amorphous solid, m.p. 133-135°C;
Tr = 6.7 minutes;
[alo® = -15.8° (¢ = 10.0 mg/mL In CHCl);
HRMS [(+ESI), m/z): 404.11224 (M+H]". Calcd. for C21H1gF2NOsS: 404.112865;
'H NMR (400 MHz, DMSO-dg) 5: 1.08 (d, J = 7.0 Hz, 3H, minor rotomer), 1.13 (d, J=
6.7 Hz, 3H, major rotomer), 3.79 (s, 3H), 4.05 (broad s, 1H, major rotomer), 4.10 (broad
s, 1H, minor rotomer), 6.92 (d, J = 8.5 Hz, 2H), 7.11 {t, J = 8.3 Hz, 1H), 7.20 (m, 2H),
7.27 (t, /=89 Hz, 1H), 7.32 (t, J= 7.4 Hz, 1H), 7.41 (d, J = 8.9 Hz, 2H), 7.45 - 7.50 (m,
1H), 8.05 (broad s, 1H, minor rotomer), 8.08 (broad s, 1H, major rotomer), exists as
approximataly 2:1 ratio of rotomers. .
*The stereochemical configuration is absolute and was assigned by conversion to (6S)-
8-fiuoro-5-[(4-methoxyphenyl)sulfonyl]-8-methyl-5,6-dihydrophenanthridine. The
absolute configuration was assigned by comparison to the authentic sample of (6S)-8-
fluoro-5-[(4-methoxyphenyl)sulfonyl}-6-methyl-5,6-dihydrophenanthridine determined by
a single crystal x-ray diffraction experiment.
Step e)
(6S)-8-Fluoro-5-[(4-methoxyphenyl)sulfonyi]-6-methyl-5,6-dihydrophenanthridine*

[0166] A stirmed suspension of N-[(1S)-1-(2' 4-difluoro-1,1"-biphenyl-2-yi)ethyl}-
4-methoxybenzenesulfonamide (1.7 g, 4.2 mmol) and potassium carbonate (1.16 g, 8.4
mmol) in N,N-dimethylformamide (25 mL) was heated at 100°C, and the reaction
progress was monitored by LCMS. After 96 hours, water (300 mL) was added with
stiming. A precipitate was filtered and washed with copious amounts of water. The
product was purified by preparative liquld chromatography on a Biotage® 40 Mi column
of pre-packed sflica gel (90 g), eluting with a gradient of 30% - 50% methyl teri-
butylether in hexane, to afford a purified solld. Recrystallization of the solid afforded
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Lo FO-TIUOIO-D-{(4-MBmoxyphenyl)sultonyl)-8-methyl-5,6-dihydrophenanthridine* (1.4 g,

87%, >99.9% ee), m.p. 196.8-198 °C;
[alo® = +209° (¢ = 11.0 mg/mL in CHCl);
Chiral LC Purity: >99.9% ee;
MS [(+ESI), m/z]: 384 [M+H]";
'H NMR (400 MHz, DMSO-ds): 5: 1.14 (d, J = 7.0 Hz, 3H), 3.65 (s, 3H), 5.44 (q, /= 6.8
Hz, 1H), 6.61 (m, 2H), 6.97 (m, 3H), 7.18 (dd, J = 9.2, 2.7 Hz, 1H), 7.41 (m, 2H), 7.50
(dd, J = 8.8, 5.5 Hz, 1H), 7.62 (dd, /= 7.9, 1.4 Hz, 1H), 7.76 (dd, J= 7.4, 2.0 Hz, 1H);
Anal. Calcd for C21H1sFNOaS: C, 65.78; H, 4.73; N, 3.65. Found: C, 65.65; H, 4.65; N,
3.65.
*The stereochemical configuration is absolute and was assigned by comparison to an
authentic sample of (6S)-8-fluoro-5-[(4-methoxyphenyl)sutionyl]-6-methyl-5,6-
dihydrophenanthridine synthesized in Example 33, Method B, step a. The absolute
configuration of the above (6S)-8-fluoro-5-[(4-methoxyphenyl)sulfonyi]-6-methyi-5,6-
dihydrophenanthridine was determined by a single crystal x-ray diffraction experiment.
Stepf)
4-{[(8S)-8-Fluoro-8-methylphenanthridin-5(6H)-yf]sulfonyl}phenol

[0167] The title compound can be obtained from N-[(1S)-1-(2" 4-difluoro-1,1'-
biphenyl-2-yl)ethyl}-4-methoxybenzenesulfonamide (Example 33, Method C, Step d,
Parts 1 or 2¢) by following first the procedum described in Example 33, Method C, Step
e, followed by the demethylation procedure described in Example 33, Method B, Step b.

EXAMPLE 34

Method A
Step a)

Ethy! 4-{[(R)-8-fluoro-8-methyiphenanthridin-5(6H)-yl]sulfonyl}phenyl carbonate*

[0168] The enantiomers of ethyl 4-{[(R)-8-fluoro-6-methylphenanthridin-5(6H)-

yisutfonyl}phenyl carbonate (Example 32, Method A, Step d) were separated by chiral
stationary phase high-performance liquid chromatography (Chiralcel® 0J-25 x 5 cm
column) on a Rainin Auto-Prep System®, eluting with ethanol at a flow rate of 10
mbL/min. The second peak with a retention time at 12.6 minutes was the tile compound;
Tr 12.6 minutes;
m.p. 159 °C;
[a)o® = -217.0° (c = 1% solution, CHCly);
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MS [(+ESI), m/z]: 442 [M+H]";
H NMR (500 MHz, DMSO-dg) &: 7.77 (d, J = 7.6 Hz, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.48
- 7.38 (m, 3H), 7.19 (dd, J=9.0, 2.6 Hz, 1H), 7.09 {d, /= 8.7 Hz, 2H), 6.98 (d, J = 8.7
Hz, 2H), 6.93 (td, /= 8.7, 2.6 Hz, 1H), 5.48 (q, J=7.0 Hz, 1H), 4.21 (g, J= 7.1 Hz, 2H),
1.25(t, J=7.1 Hz, 3H), 1.15 {t, J= 7.0 Hz, 3H);
Anal. caled for Co3H2FNOsS: C, 82.57; H, 4.57; N, 3.17. Found: C, 62.50; H, 4.59; N,
3.06.
*The absolute configuration was assigned by conversion to 4-{[(R)-8-fluoro-6-
methylphenanthridin-5(6H)-yl]sulfonyl}phenol.
Step b) '
4-{[(R)-8-Fluoro-6-methylphenanthridin-5(6H)-yl]sulfonyl}phenol*

[0168] The title compound was prepared from ethyl 4-{[(R)-8-fluoro-6-
methylphenanthridin-5(6H)-yijsulfonyf}phenyl carbonate {0.05 g, 0.11 mmol), a 2.5 N
aqueous sodium hydroxide solution (2 mL, 5 mmol), and methanol (2 mL), according to
the procadure and in the same manner as described in Example 32, Method A, Step e
to yield 4-{[(R)-8-fluoro-6-methylphenanthridin-5(6H)-yljsulfonyl}phenol* as a solid (0.04
g, 100%), m_p. 193°C;

[a)o®® = -263.0° (c = 1% solution, CHCl,);

MS [(-ESI), m/z]: 368 M-HJ;

H NMR (500 MHz, DMSO-dg) 5: 10.24 (br s, 1H), 7.76 (dd, J = 7.6 Hz, 1.5, 1H), 7.60

(dd, J=7.8, 1.4 Hz, 1H), 7.52 (dd, J = 8.7, 5.0 Hz, 1H), 7.41 (m, 1H), 7.37 (m, 1H), 7.17

(dd, J=9.2, 2.7 Hz, 1H), 6.96 (td, J = 8.7, 2.7 Hz, 1H), 6.86 (d, J = 8.9 Hz, 2H), 6.38 (d,

J=8.9 Hz, 2H), 541 (q, J=7.0 Hz, 1H), 1.13(d, J= 7.0 Hz, 3H),

Anal. calcd for C29H1eFNO2S * 0.30 HzO: C, 64.08; H, 4.46; N, 3.74. Found: C, 63.88;
H, 4.31; N, 3.59.

*The absolute configuration was assigned by analogy to (S)-8-fluoro-5-[(4-

methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine. The absolute

configuration of the above (S)-8-fluoro-5-{(4-methoxyphenyl)sulfonyi}-6-methyl-5,6-

dihydrophenanthridine was determined by a single crystal x-ray diffraction experiment.

Method B

Step a)
(R)-8-Fluoro-5-{{4-methoxyphenyl)sulfonyl}-6-methyl-5,6-dlhydrophenanthridine*

[0170] The enantiomers of 8-fluoro-5-[(4-methoxyphenyl)sulfonyi}-6-methyl-5.6-
dihydrophenanthridine (Example 32, Method B, Step a) were separated by chiral
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stationary phase high-parformace liquid chromatography (Chiralpak® AD-25 x 5 cm
column) on a Rainin Auto-Prap System®, eluting with a mixture of 2-propanol-hexane
(1:9) at a flow rate of 15 mL/min. The second peak with a retention time at 12.8 minutes
w-as the title compound,

Tr 12.8 minutes;
m.p. 181-182 °C;
[alp® = -251.0 *(1% solution, CHCla);
MS [(+ESI), m/z]: 384 [M+H]";
H NMR (500 MHz, DMSO-dg) 8: 7.75 (dd, J = 7.7, 1.1 Hz, 1H), 7.61 (m, 1H), 7.48 (dd,
J = 8.6, 5.4 Hz, 1H), 7.43 (m, 1H), 7.38 (m, 1H), 7.16 (dd, J = 9.2, 2.8 Hz, 1H), 6.98 -
6.92 {m, 3H), 8.59 (d, /= 8.8 Hz, 2H), 543 (q, /= 7:0 Hz, 1H), 3.64 (s, 3H), 1.13 ({d, J =
7.0 Hz, 3H).
*The absolute configuration was assigned by analogy to (S)-8-fluoro-5-{(4-
methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine.
Step b)

4-{I(R)-8-Fluoro-6-methylphenanthridin-5(6H)-yl]sulfonyl}phenol*

[01714] The tiie compound was prepared from (R)-8-fluoro-5-[(4-
methoxyphenyi)sulfonyl]-6-methyi-5,6-dihydrophenanthridine (0.74 g, 1.93 mmol),
cyclohexene (7.0 mL., 70.0 mmol), and 1 M boron tribromide in dichloromethane (23 mL,
23 mmol) according to the procedure and in the same manner as described in Example
32, Method B, Step b. The crude product was purified by flash column chromatography
on silica gel, eluting with a mixture 'of ethyl acetate-hexane.(1:9 to 1:4 gradient),
followed by trituration from hot hexane to yield 4-{[(R)-8-fluoro-6-methylphenanthridin-
5(6H)-yljsulfonyl}phenol* as a solid (0.52 g, 73%), m.p. 193°C.

*The mass and NMR spectira of this material were identical to the mass and NMR
spectra of authentic material prepared in Example 34, Method A, Step b;
[0]o®® = -261° (1% solution, CHCls).

EXAMPLE 35
Step a)
8-Fluoro-5-{(4-methoxy-3-methyiphenyf)sulfonyl]-6-methyl-5,6-
dihydrophenanthridine
[0172] The intermediate dihydrophenanthridine was prepared from 8-fluoro-6-
methylphenanthridine, {Example 32, Method A, Step b, 0.7 g, 3.3 mmol), by treatment
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with sodium borohydride (0.5 g, 13.2 mmol) and triftuoroacstic acid (0.5 mL, 6.6 mmol!)
in tetrahydrofuran (35 mL). Ina separate, second step, the dihydrophenanthridine was
treated with triethylamine (1.0 mL, 7.4 mmol) and 4-methoxy-3-methylbenzenesulfonyl
chloride (0.82 g, 3.7 mmol, 2 equivalents) in dichloromethane (10 mL) according to the
procedure and in the same manner.as described in Ex'ample 32, Method A, Step d. The
crude product was purified by flash column chromatography on silica gel, eluting with a
mixture of ethyl acetate-hexane (1:9 to 1:4 gradient) to yield, 8-fluoro-5-[(4-methoxy-3-
methyiphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine 25 a homogeneous, white
solid (0.36 g, 49% from the dihydrophenanthridine);
MS [(+ESI), m/z]: 420 [M+NaJ";
H NMR (400 MHz, CDCly) &:- 7.75 (dd, 1H), 7.50 (dd, 1H), 7.36 (td, 1H), 7.30 (td, 1H),
7.21 (m, 1H), 6.87 (m, 1H), 6.76 - 6.71 (m, 3H), 6.30 (d, 1H), 5.32 (g, 1H), 3.67 (s, 3H),
1.82 (s, 3H), 1.22 (d, 3H). '
Step b)

4-(8-Fluoro-8-methylphenanthridin-5(6H)-yl)sutfonyl]-2-methylphenol

[0173] A mixture of 8-fluoro-5-[(4-methoxy-3-methyiphenyl)sulfonyl]-6-methyl-
5,6-dihydrophenanthridine (0.30 g, 0.75 mmol) and tetrabutylammonium iodide (0.69 g,
1.9 mmol) was treated with 1 M boron trichloride in dichloromethane (1.9 mL, 1.8 mmol)
at room temperature. After stirring for 24 hours at room temperature, the mixture was
treated sequentially with water (20 mL), a saturated, aqueous, sodium bicarbonate
solution (50 mL), and ether (20 mL). The separated aqueous phase was extracted with
diethyl ether (3 x 25 mL). The combined organic phase was dried over anhydrous
sodium sulfate, filtered, and concentrated in vacuo to a residue. The residue was
purified by flash column chromatography on silica gel, eluting with a mixture of ethyl
acetate-hexane (1:4 to 3:7 gradient) to yield, the title compound as a homogeneous
sofid (0.21 g, 73%), m.p. 196°C;
MS [(+ESI), m/2]: 384 [M+HT"; -
H NMR (500 MHz, CDCl3) 5: 7.78 (dd, 1H), 7.53 (dd, 1H), 7.39 (td, 1H), 7.33 (td, 1H),
7.23 (m, 1H), 6.82 - 6.75 (m, 3H), 6.28 (d, 2H), 5.36 (q, 1H), 4.88 (s, 1H), 1.90 (s, 3H),
1.25 (d, 3H);
Anal. calcd for C21HygFNOaS: C, 65.78; H, 4.73; N, 3.65. Found: C, 65.66; H, 4.81; N,
3.50.

EXAMPLE 36

-103 -



WO 2014050631 PCT/US2003/038290
Step a)
N-{3'-Methoxy-1,1"-biphenyl-2-yl}acetamide

[0174] 3'-Methoxy-1,1-biphenyl-2-ylamine was prepared from 2-iodoaniline
(3.84 g, 16.7 mmot), 3-methoxyphenylboronic acid (2.54 g, 16.7 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium (II) complex with dichloromethane
(0.41 g, 0.50 mmol), and a 5 N aqueous sodium hydroxide solution (6.7 mL, 33.5
mmol), according to the procedure and in the same manner as described in Exampie
32, Method A, Step a, to afford the intermediate biphenyl amine as an oil (2.79 g, 84%).
The title compound was prepared from the above intermediate biphenyl amine (0.75 g,
3.8 mmol), acetic anhydride (1.4 mL, 15 mmol), 4-(N,N-dimethylamino)pyridine (0.05 g,
0.4 mmol), and pyridine (1.2 mL, 15 mmol) according to the same procedure as
described In Example 32, Method A, Step a to yield N-(3'-methoxy-1,1'-biphenyl-2-
yl)acetamide as a solid (0.60 g, 66%), m.p. 105-107°C;
MS [(+ESI), m/z): 242 [M+HT";
H NMR (500 MHz, CDCly) 5: 8.29 (d, J = 8.1 Hz, 1H), 7.40 - 7.35 (m, 2H), 7.24 (d, J =
7.3 Hz, 1H), 7.18 {(m, 2H), 6.95 (m, 2H), 6.90 (s, 1H), 3.84 (s, 3H), 2.03 (s, 3H);
Anal. calcd for C1gH1sNO,: C, 74.67; H, 6.27; N, 5.80. Found: C, 74.35; H, 6.25; N,
5.63.
Step b)

7-Methoxy-6-methylphenanthridine
and
9-Methoxy-8-methyiphenanthridine

[0175] A stirred solution of N+(3'-methoxy-1,1'-biphenyl-2-yl)acetamide (2.04 g,
10.2 mmol) in acetonitrile (205 mL) was treated with phosphorous oxychloride (4.8 mL,
51 mmol) and heated at reflux for 14 hours. After cooling to room temperature, the
reaction was diluted with a saturated, aqueous, ammonium chloride solution (500 mL),
ammonium hydroxide (until pH > 10), and ethyl acetats (200 mL). The separated
agqueous phase was exiracted with ethyl acetate (3 x 100 mL). The combined organic
phase was dried over anhydrous sodium sulfats, filtered, and concentrated in vacuo to a
crude product. Analysis of the crude product by liquid chromatography with a mass
spectrum detector Indicated a 2:1 mixture of regiolsomers. The crude product was
purified by flash column chromatography on sllica gel, eluting with a mixture of ethyl
acetate-hexane (0:1 o 3.7 gradient), {o yield the separated regioisomers, both as
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homogeneous solids: 7-methoxy regioisomer A (0.61 g, 24%), and S-methoxy
regioisomer B (1.19 g, 52%); _
Regioisomer A:  7-Methoxy-6-methylphenanthridine,
m.p. 85°C;
MS [(+ESI), m/z}: 224 M+H]";
'H NMR (500 MHz, CDCly) 5: 8.48 (d, J = 7.9 Hz, 1H), 8.21 (d, J = 8.0 Hz, 1H), 8.04
(dd, y=8.3, 0.8 Hz, 1H), 7.73 (t. J = 8.2, 1H), 7.68 (m, 1H), 7.58 (m, 1H), 7.09 (d, J=
8.0 Hz, 1H), 4.03 (s, 3H), 3.18 (s, 3H);
Anal. caled for C15H13NO - 0.60 H2O: C, 76.97; H, 6.11; N, 5.98. Found: C, 76.98; H,
6.15; N, 5.80. _
Regioisomer B: 9-Methoxy-6-methylphenanthridine,
m.p. 85°C;
MS [(+ESI), m/z]: 224 [M+H]":
'H NMR (500 MHz, CDCls) 8: 8.46 (m, 1H), 8.15 (d, J = 9.0 Hz, 1H), 8.07 (dd, J= 8.1,
1.1 Hz, 1H), 7.95 (d, J = 2.4 Hz, 1H), 7.70 (m, 1H), 7.59 (m, 1H), 7.29 (dd, J = 8.9 Hz,
2.5, 1H), 4.05 (s, 3H), 3.00 (s, 3H); ' '
Anal. calcd for C4sH13NO: C, 80.69; H, 5.87; N, 6.27. Found: C, 80.71; H, 5.83; N,
6.20.
Step c)
g-Methoxy-5-{(4-methoxyphenyli)sulfonyl]-6-mathyl-5,6-dihydrophenanthridine
~ [0176] The intermediate dihydrophenanthridine was prepared from 8-methoxy-
6-methylphenanthridine (0.7 g, 3.1 mmol) by treatment with sodium borohydride (0.48 g,
12.6 mmol) and trifluoroacetic acid (0.5 mL, 6.3 mmol) in tetrahydrofuran (35 mL). Ina
separate, second step, the dihydrophenanthridine was treated with hiethylamlne (1.0
mL, 7.5 mmol) and 4-methoxybenzenesulfoiyl chloride (0.77 g, 3.7 mmol, 2
equivalents) in dichloromethane (10 mL) according to the procedure and in the same
manner as described in Example 32, Method A, Step d. The crude product was purified
by flash column chromatography on silica gel, eluﬁné with a mixture of ethyl acetate-
hexane (1:8 fo 1:4 gradient), to yiéld 9-meﬂ10xy-5—[(4-meﬂ10xyphenyl)sulfonylj-ﬁ-meﬂ\yl-
5,6-dihydrophenanthridine as a homogeneous, white solid (0.45 g, 61% from the '
dihydrophenanthridine), m.p. 128-130°C; ' o
MS [(+ES!), m/z]: 396 M+H]";
TH NMR (500 MHz, CDCl3) 5: 7.79 (dd, J=8.0 Hz, 1.4, 1H), 7.53 (dd; J=7.7, 1.4 Hz,
1H), 7.39 (m, 1H), 7.33 (m, 1H), 6.85 (m, 3H), 6.75 (d, J= 2.4 Hz, 1H), 6.71 (dd, /= 8.2,
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2.4 Hz, 1H), 6.37 (m, 2H), 5.37 (q, J = 7.0 Hz, 1H), 3.75 (s, 3H), 3.67 (s, 3H), 1.22 (d, J
=7.0 Hz, 3H);
Anal. calcd for CoH2iNO4S: C, 66.82; H, 5.35; N, 3.54. Found: C, 66.79; H, 5.33; N,
344,
Step d)

5-[{4-Hydroxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridin-8-ol

[0177] The title compound was prepared from 8-methoxy-5-[(4-
methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine (0.35 g, 0.89 mmal),
tetrabutylammonium iodide (0.82 g, 2.2 mmol), and 1 M boron trichloride in
dichloromethane (4.44 mL, 4.44 mmol) according to the procedure and in the same
manner as described in Example 35, Step b. The crude product was purified by flash
column chromatography on silica gel, eluting with a mixture of ethyt acetate-hexane (3:7
to 1:1 gradient), to yleld 5-[(4-hydroxyphenyl)sulfonyl}-6-methyi-5,6-
dihydrophenanthridin-9-ol as a solld (0.18 g, 56%), m.p. 212°C;
MS [(+ESI), nvz]: 368 (M+H]";
'H NMR (500 MHz, CDCls) 5: 7.80 (dd, 1H), 7.51 (dd, 1H), 7.40 (td, 1H), 7.33 (td, 1H),
6.85 - 6.91 (m, 3H), 6.77 (d, 1H), 8.65 (dd, 1H), 6.36 (d, 2H), 5.37 (q, 1H), 5.05 (br s,
1H), 4.66 (br s, 1H), 1.23 (d, 3H);
Anal. calcd for C2oH17NO4S: C, 85.38; H, 4.66; N, 3.81. Found: C, 65.02; H, 4.88; N,
3.56.

EXAMPLE 37
Step a)
9-Methoxy-5-[(4-methoxy-3-methylphenyl)sulfonyl]-8-methyl-5,6-
dihydrophsnanthridine

[0178] The intermediate dihydrophenanthridine was prepared from 9-methoxy-
6-methylphenanthridine, (Example 36, Step b, 0.7 g, 3.1 mmol), by treatment with
sodium borohydride (0.48 g, 12.6 mmol) and trifluoroacetic acld (0.5 mL, 6.3 mmol) in
tetrahydrofuran (35 mL). In a separate, second step, the dihydrophenanthridine was
treated with triethylamine (1.1 mL, 7.9 mmol) and 4-methoxy-3-methylbenzenesutfonyl
chloride (0.87 g, 3.9 mmol, 2 equivalents) In dichloromethane (10 mlL.) according to the
procedure and In the same manner as described In Example 32, Method A, Step d. The
crude product was purified by flash column chromatography on silica gel, sluting with a
mixture of ethyl acetate-hexane (1:8 to 3:7 gradient), {o yield 8-methoxy-5-{(4-methoxy-
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3-methyiphenyl)sulfonylj-6-methyl-5,6-dihydrophenanthridine as a homogeneous, white
solid (0.27 g, 33% from the djpydrophenanthridine); '

H NMR (400 MHz, CDCIa) 6: 7.75 (dd, 1H), 7.51 (dd, 1H), 7.37 (td 1H), 7.20 (td, 1H)
6.94 (m, 1H), 6.82 (dd, 1H), 6.70 - 6.66 (m, 3H), 6.26 (d, 1H), 5.33 (g, 1H), 372 (s 3H),
3.66 (s, 3H), 1.80 (s, 3H),.1.20 (d, 3H).
Step b) _
5-(4-Hydroxy-3-methylphenyl)sulfonyl}-6-methyl-5,6-dihydrophenanthridin-8-ol
[0179] The title compound was prepared from 9-methoxy-5-[(4-me’d10xy—3-
methylphenyl)sulfonyl]—ﬁ-methYI-5 6-dihydrophenanthridine (0.27 g, 0.66 mmol),
tetrabutylammonium iodide (0.61 g, 1.7 mmol), and 1 M boron trichloride in
dichloromethane (3.3 mL, 3.3 mmol) according to the procedure and in the same
manner as described in Example 35, Step b. The crude product was purified by flash
column chromatography on silica gel, eluting with a mixture of ethyl acetate-hexane (3:7
to 1:1 gradient), followed by re-crystallization from a mixture of dichloromethane-
hexane, to yield 5-[(4-hydroxy-3-methyiphenyl)sulfonyl]-6-methyl-5,6-
dihydrophenanthridin-8-ol as a homogeneous solid (0.10 g, 40%);
MS'[(-ESI), m/z]: 380 [M-H];
TH NMR (500 MHz, DMSO-dg) &: 10.07 (s, 1H), 8.31 (s, 1H), 7.59 (d, 1H), 7.56 (d 1H),
7.37 {t, 1H), 7.32 (t, 1H), 7.02 (d, 1H), 8.78 (s, 1H), 6.72 (s, 1H), 6.65 (d, 1H), 6.60 (d,
1H), 6.37 (d, 1H), 5.30 (q, 1H), 1.78 (s, 3H), 1.07 (d, 3H);
Anal. caled for C21H1gNO4S - 0.20 H20: C, 85.51; H, 5.08; N, 3.64. Found: C, 65.49; H,
4.84; N, 3.51.

EXAMPLE 38
Step a)
7-Methoxy-5-{(4-methoxy-3-methylphenyl)sulfonyl}-6-methyl-5,6-
dlhydrophenanthridine

[0180] The intermediate dihydrophenanthridine was prepared from 7-methoxy-
6-methylphenanthridine, {(Example 36, Step b, 0.61 g, 2.7 mmol), by treatment with
sodium borohydride (0.62 g, 16 mmol) and trifluoroacetic acld (0.84 mL, 10.8 n{mol) in
tetrahydrofuran (12 mL). In a separate, second step, the dihydrophenanthridine was
treated with tristhylamine (0.85 mL, 6.1 mmol) and 4-methoxy-3-methylbenzenesulfonyl
chioride (0.67 g, 3.0 mmol, 2 equivalents) in dichloromethane (3 mL) according to the
procedure and in the same manner as described in Example 32, Method A, Step d. The

- 107 -



WO 2014/050631 PCT/US2003/038290
crude product was purified by flash column chromatography on silica gel, eluting with a
mixiure of ethyl acetate-hexane (1:9 to 1:4 gradient), to yield 7-methoxy-5-[(4-methoxy-
3-methylphenyl)sultfonyl}-6-methyl-5,6-dthydrophenanthridine as a homogeneous, white
solid (0.21 g, 34% from the dihydrophenanthridine);

"H NMR (400 MHz, DMSO-dg) 5. 7.70 (dd, 1H), 7.54 (dd, 1H), 7.40 - 7.31 (m, 2H), 7.02
(m, 2H), 6.80 {(dd, 1H), 6.75 (dd, 1H), 6.70 (d, 1H), 8.53 (d, 1H), 5.58 (g, 1H), 3.83 (s,
3H), 3.62 (s, 3H), 1.76 (s, 3H), 1.03 (d, 3H).
Step b)
5-{(4-Hydroxy-3-methylphenyl)sulfonyl]-6-methyl-5,6-dlhydrophenanthrdin-7-ol
[0181] The title compound was prepared from 7-methoxy-5-{(4-methoxy-3-
mathylphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine (0.21 g, 0.51 mmol),
tetrabutylammonium iodide (0.47 g, 1.3 mmol), and 1 M boron trichioride in
dichloromethane (3.1 mL, 3.1 mmol) according to the procedure and in the same
manner as described in Example 35, Step b. The crude product was purified by flash
column chromatography on silica gel, eluting with a mixture of ethyl acetate-hexane (3:7
to 3:2 gradient), followed by trituration from dichloromethane, to yield 5-[{(4-hydroxy-3-
methyiphenyi)sulfonyi]-6-methyi-5,6-dihydrophenanthridin-7-ol as a homogeneous solid
(0.10 g, 53%), m.p. 258°C;
MS [(-ESI), m/z]: 380 [M-HT;
'H NMR (500 MHz, DMSO-dg) 5: 10.03 (s, 1H), 0.75 (s, 1H), 7.68 (d, 1H), 7.56 (d, 1H),
7.37 (1, 1H), 7.31 (1, 1H), 6.91 {m, 2H), 6.78 (s, 1H), 6.67 (d, 1H), 6.63 (d, 1H), 6.34 (d,
1H), 5.64 (q, 1H), 1.77 (s, 3H), 1.07 (d, 3H);
Anal. caled for C24H4gNO,S " 0.5 H.O: C, 64.60; H, 5.16; N, 3.59. Found: C, 64.64; H,
4.93; N, 3.55.

EXAMPLE 39

Step a)

7-Methoxy-5-{(4-methoxyphenyl)sulfonyl]-6-methyl-5,8-dthydrophenanthridine

[0182] The intermediate dihydrophenanthridine was prepared from 7-methoxy-

6-methylphenanthridine, (Example 36, Step b, 0.61 g, 2.7 mmol), by freatement with
sodlum borohydride (0.62 g, 16 mmol) and trifluoroacetic acid (0.84 mL, 10.8 mmol) in
tetrahydrofuran {12 mL). In a separate, second step, the dihydrophenanthridine was
treated with triethylamine (0.77 mL, 5.5 mmol) and 4-methoxybenzenesulfonyl chloride
(0.57 g, 2.8 mmol, 2 equivalents) In dichloromethane (3 mL) according to the procedure
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and in the same manner as described in Example 32, Method A, Step d. The crude
product was purified by flash column chromatography on silica gel, eluting with a
mixture of ethyl acetate-hexane (1:9 to 1:4 gradient), to yield 7-methoxy-5-[(4-
methoxyphenyl)sulfonyi]-8-methyi-5,6-dihydrophenanthridine as a white solid (0.17 g,
33% from the dihydrophenanthridine);
H NMR (400 MHz, DMSO-dg) 5: 7.71 (dd, 1H), 7.56 (dd, 1H), 7.40 - 7.31 (m, 2H), 7.04
(m, 2H), 6.89 (m, 2H), 6.79 (dd, 1H), 6.53 (m, 2H), 5.58 (q, 1H), 3.83 (s, 3H), 3.60 (s,
3H), 1.03 (d, 3H).
Step b)

5-[(4-Hydroxyphenyl)suIfonyl]-s-methyl-5.6-dihy(imphenanthridln-T-ol

[0183] The title compound was prepared from 7-methoxy-5-{(4-
methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine (0.17 g, 0.43 mmol),
tetrabutylammonium iodide (0.39 g, 1.1 mmol), and 1 M boron trichloride in
dichloromethane (2.6 mL, 2.6 mmol) according to the procedure and in the same
manner as dascribed in Example 35, Step b. The crude product was purified by flash
column chromatography on silica gel, eluting with a mixture of ethyl acetate-hexane
(1:1), followed by trituration from dichioromethane, to yield 5-{(4-
hydroxyphenyl)sulfonyi]-6-methyl-5,6-dihydrophenanthridin-7-ol as a homogenous solid
(0.096 g, 61%);
MS [(-EST), m/z]: 366 [M-H]"
'H NMR (500 MHz, DMSO-dg) 5: 10.15 (br s, 1H), 9.72 (br s, 1H), 7.70 (dd, 1H), 7.59
(dd, 1H), 7.37 (id, 1H), 7.33 (td, 1H), 6.92 (m, 2H), 6.86 (d, 2H), 6.67 (dd, 1H), .35 (d,
2H), 5.64 (q, 1H), 1.07 (d, 3H)
Anal. calcd for C2oH17NO4S - 0.20 H.0O: C, 64.74; H, 4.73; N, 3.78. Found: C, 84.79; H,
4.64; N, 3.69.

EXAMPLE 40

Step a) : .
N-{4'-Fluoro-1,1"-biphenyl-2-yl)propanamide

[0184] The intermediate 1,1’-biphenylamine was prepared from 2-iodoanifine
(16.5 g, 75.3 mmol), 4-fluorophenylboronic acid (10.5 g, 75.3 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium (1) complex with dichloromethane
(0.60 g, 0.73 mmol), and a 5 N aqueous sodium hydroxide solution (30 mL, 150 mmol).
In a separats, second step the 1,1*-biphenylamine was treated with propionic anhydr]da
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(10.6 mL, 82.8 mmol), 4N, N<dimethylamino)pyridine (0.46 g, 3.8 mmol), and pyridine
(24.0 mL, 301 mmol) in dichloromsthane, according to the procedure and in the same
manner as described in Example 32, Method A, Step a, to vield N~(4"-fluoro-1,1-
biphenyl-2-yl)propanamide as a solid (10.6 0. 58%), m.p. 101°C;
MS [(+ESI), m/z]: 244 [M+H]";
TH NMR (400 MHz, DMSO-dg) 5: 9.12 (s, 1H), 7.40 - 7.18 (m, 8H), 2.10 (g, J = 7.5 Hz,
2H), 0.93 (t, J = 7.5 Hz, 3H):
Anal. calcd for C1sH44FNO: C, 74.06; H, 5.80; N, 5.76. Found: C, 73.01; H, 583 N,
5.63.
Step b)
6-Ethyl-8-fluocrophenanthridine
[0185] The title compound was prepared from N-{4-fluoro-1,1"-biphenyl-2-

yl)propanamide (5.00 g, 20.6 mmol) and phosphorous oxychloride (9.6 mL, 103 mmol),
according to the procedure and in the same manner as described in Example 36, Step b
to yield, afier purification by re-crystallization from a mixture of ethy! acetate-hexane, 6-
sthyl-8-fluorophenanthridine as a white solid (1.43 g, 31%, m.p. 105-106°C;
MS [(+ESI), m/z]: 226 [M+H]";
H NMR (500 MHz, DMSO-ds) &: 8.93 (dd, J=9.1, 5.6 Hz, 1H), 8.74 (d, J= 7.8 Hz,
1H), 8.13(dd, J = 10.3, 2.6 Hz, 1H), 8.03 (dd, = 8.1, 0.8 Hz, 1H), 7.82 (m, 1H), 7.74
(m, 1H), 7.68 (m, 1H), 3.34 (q, /= 7.5 Hz, 2H), 1.40 (t, J= 7.5 Hz, 3H);
Anal. caled for CysHqzFN: C, 78.88; H, 5.37; N, 6.22. Found: C, 79.71; H, 5.20; N, 6.09.
Step ¢)

6-Ethyl-8-fluoro-5-{(4-methoxyphenyl)sulfonyl}-5,6-dihydrophenanthridine

[0186] The intermediate dihydrophenanthridine was prepared from 6-ethyl-8-

fluorophenanthridine (1.10 g, 4.88 mmal) by treatment with sodium borohydride (1.11 g,
29.3 mmol) and trifluoroacetic acid (1.50 mL, 19.5 mmol) in tetrahydrofuran (18 mL). In
a separate, second step, the dihydrophenanthridine was treated with triethylamine (4.1
mlL, 29.3 mmol) and 4-methoxybenzenesulfonyl chioride (1.11 g, 5.37 mmol) in
dichloromethane (5 mL) according to the procedure and in the same manner as
described in Example 32, Method A, Step d. The crude product was purified by flash
column chromatography on silica gel, eluting with a mixturs of ethy! acetate-hexane (1:9
to 3:7 gradient), to yield 8-ethyl-8-fluoro-5{(4-methoxyphenyl)sulfonyl}-5,6-
dihydrophenanthridine as a homogeneous, whits, crystalline, solid (1.87 g, 87%), m.p.
153-156°C;
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MS [(+ESI), m/z]: 388 [M+H]; '
'H NMR (500 MHz, DMSO-dg) 5: 7.74 (m, 1H), 7.62 (d, 1H), 7.49 (dd, 1H), 743 -7.35
(m, 2H), 7.16 (dd, 1H), 6.98 (d, 2H), 6.96 (m, 1H), 6.60 (d, 2H), 5.12 (dd, 1H), 3.64 (s,
3H), 1.42 (m, 1H), 1.22 (m, 1H),’0.90 (t, 3H); _
Anal. calcd for CoH0FNOaS: C, 66.48; H, 5.07; N, 3.52. Found: C, 66.25; H, 4.96; N,
3.45.
Step d)
4-[(6-Ethyl-8-fluorophenanthridin-5(6 H)-yl)sulfonyi]phenol
The titte compound was prepared from 6-ethyi-8-fluoro-5-[(4-
methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine (0.51 g, 1.3 mmol),
tetrabutylammonium iodide (1.2 g, 3.2 mmol), and 1 M boron trichloride in
dichloromethane (9.0 mL, 9.0 mmol) according to the p'rocedura and in the same
manner as described in Example 35, Step b. The crude product was purified by flash
column chromatography on silica gel, eluting with a mixture of ethyl acetate-hexane (1:9
to 2:3 gradient), followed by re-crystallization from a mixture of dichloromethane-
hexane, to yield 4-[(6-ethyl-8-flucrophenanthridin-5(6H)-yl)sulfonyl]phenol as a solid
(0.36 g, 94%), m.p. 151°C;
MS [(+ESI), m/z]: 384 [M+H]";
'H NMR (500 MHz, DMSO-dg) 5: 10.21 (s, 1H), 7.74 (m, 1H), 7.60 (m, 1H), 7.52 (dd,
1H), 7.41 - 7.34 (m, 2H), 7.16 (dd, 1H), 6.96 (id, 1H), 6.87 (d, 2H), 6.37 (d, 2H), 5.09
(dd, 1H), 1.42 (m, 1H), 1.23 (m, 1H), 0.89 (i, 3H);
Anal. calcd for C24HgFNQO1S: C, 65.78; H, 4.73; N, 3.65. Found: C, 65.55; H, 4.64; N,
3.56. '

EXAMPLE 44
Step a)
6-Ethyl-8-fluoro-5-[(4-methoxy-3-methylphenyl)sulfonyl]-5,6-
dihydrophenanthridine

[0187] The intermediate dihydrophenanthridine was prepared from 6-ethyl-8-
fluoro-phenanthridine, (Example 40, Step b, 0.78 g, 3.48 mmol), by treatment with
sodium borohydride (0.79 g, 29 mmol) and trifluoroacetic acid (1.1 mL, 14 mmol) in
tetrahydrofuran (18 mL). In a separate, second step, the dihydrophenanthridine was
treated with tristhylamine (0.8 mL, 6 mmol) and 4-methoxy-3-methylbenzenesulfonyl
chioride (0.66 g, 3.0 mmol, 2 equivalents) in dichloromethane (5 mL) according to the.
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procedure and in the same manner as described in Example 32, Method A, Stepd. The
crude product was purified by flash column chromatography on silica gel, eluting with a
mixture of ethyl acetate-hexane (1:19 to 3:7 gradlent), to yield 6-ethyl-8-fluoro-5-{(4-
methoxy-3-methyiphenyl)sulfonyl}-5,6-dihydrophenanthridine as a homogeneous, white
solid (0.57 g, 92% from the dihydrophenanthridine), m.p. 140°C;

MS [(+ESI), m/z]: 434 [M+Na]";
'H NMR (500 MHz, DMSO-dg) 5: 7.72 (m, 1H), 7.59 (dd, 1H), 7.46 (dd, 1H), 7.42 - 7.35
{m, 2H), 7.16 (dd, 1H), 6.93 (td, 1H), 6.82 (m, 2H), 6.59 (d, 1H), 5.09 {dd, 1H), 3.67 (s,
3H), 1.82 (s, 3H), 1.42 (m, 1H), 1.22 (m, 1H), 0.90 (t, 3H).
Step b)
4-[(6-Ethyl-8-fluorophenanthridin-5(6H)-yl)sulfonyl]-2-methylphenol

[0188] The titie compound was prepared from 6-ethyl-8-fluoro-5-[(4-methoxy-3-
methyiphenyl)sulfonyl}-5,6-dihydrophenanthridine (0.53 g, 1.3 mmol),
tetrabutylammonium iodide (1.2 g, 3.2 mmol), and 1 M boron trichloride in
dichloromethane (8.9 mL, 8.9 mmol) according to the procedi:ra and in the same
manner as described in Example 35, Step b. The crude product was purified by flash
column chromatography on silica gel, eluting with a mixture of ethyl acetate-hexane (1:9
to 1:1 gradient), followed by re-crystallization from a mixture of dichloromethane-hexane
to yield 4-[(6-ethyl-8-fluorophenanthridin-5(8H)-yl)sulfonyl}-2-methylphenol as a
homogeneous solid (0.25 g, 50%), m.p. 181°C;
MS [(-ESI), m/z] 396 [M-HT;
H NMR (500 MHz, DMSO-dg) 5: 10.11 (s, 1H), 7.74 (d, 1H), 7.72 (d, 1H), 7.58 (dd,
1H), 7.49 - 7.33 (m, 2H), 7.17 (dd, 1H), 8.95 (td, 1H), 8.77 (d, 1H), 6.66 (dd, 1H), 6.37
(d, 1H), 5.09 (dd, 1H), 1.78 (s, 3H), 1.56 (m, 1H), 1.22 (m, 1H), 0.89 (t, 3H);
Anal. caicd for C2Hz0FNO3S - 0.50 H20: C, 65.01; H, 5.21; N, 3.45. Found: C, 65.23;
H, 4.97; N, 3.40.

EXAMPLE 42
Step a)
N-(3'-ﬁethyl-1,1'-b|phenyl-2-yl)propnnamide
[0189] 3'-Methyl-1,1-biphenyl-2-ylamine was prepared from from 2-iodoaniline
(2.97 g, 13.5 mmol), 3-methylphenylboronic acid (1.84 g, 13.5 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium (1) complex with dichloromethane
(0.33 g, 0.41 mmol), and a 5 N aqueous sodium hydroxide solution (5.4 mL, 27 mmol),
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according to the procedure and in the same manner as described in Example 32,
Method A, Step a, to afford the intermediate biphenylamine as an ofl (2.05 g, 83%). The
title compound was prepared from the above intearmediate biphenylamine (1.89 g, 10.3
mmol), propionic anhydride (2.64 mL., 20.6 mmoal), 4-(N,N-dimethylamino)pyridine (0.12
g, 1.0 mmol}), and pyridine (3.3 mL, 41 mmol), according o the same procedure, to yield
N-(3'-methyl-1,1"-biphenyl-2-yl)propanamide as a solid (2.45 g, 99%), m.p: 83°C;
MS [(-ESI), m/z]: 238 [M-HT;
H NMR (500 MHz, DMSO-dg) §: 9.08 (s, 1H), 7.44 (d, J=7.8 Hz, 1H), 7.34 - 7.24 (m,
4H), 7.13 (t, J = 8.4 Hz, 3H), 2.33 (8, 3H), 2.14 (q, /= 7.4 Hz, 2H), 0.98 (t, J= 7.4 Hz,
3H); '
Anal. calcd for C1gH17NO: C, 80.30; H, 7.16; N, 5.85. Found: C, 80.47; H, 7.12; N,
5.78.
Step b)
6-Ethyl-7-methylphenanthridine
and
6-Ethyl-9-methyiphenanthridine
[0190] The title compounds were prepared from N-(3-methyl-1,1"-biphenyl-2-

yl)propanamide (2.35 g, 9.82 mmol) and phosphorous oxychloride (4.6 mL., 49 mmol)
according to the procedure and in the same manner as described in Example 36 Step
b. The regioisomers were purified by flash column chromatography on silica gel, eluting
with ethyl acetate-hexane (1:9) to yield the separated regiocisomers as white solids: 7-
mefth).d regioisomer A (0.25 g, 12%) and 8-methyl regioisomer B (1.59 g, 73%);
Regioisomer A: 8-Ethyl-7-methyiphenanthridine,
MS [(+ESI), m/2]: 222 [M+H]";
'H NMR (400 MHz, CDCl3) 5: 8.53 (dd, J = 8.2, 0.5 Hz, 1H), 8.49 (m, 1H), 8.04 (dd, J =
8.2 Hz, 1.0, 1H), 7.67 - 7.862 (m, 1H), 7.57 - 7.49 (m, 2H), 747 (d, J=7.2 Hz, 1H), 3.50
(q, J=7.4 Hz, 2H), 2.98 (s, 3H), 1.41 (, J = 7.4 Hz, 3H).
Regioisomer B: 6-Ethyl-9-methylphenanthridine,
MS [(+ESI), mz): 222 [M+H]";
'H NMR (400 MHz, CDCl;) 5: 8.50 (dd, J= 8.2, 1.3 Hz, 1H), 8.40 (s, 1H),8.12({d, J=
8.4 Hz, 1H), 8.07 (dd, J = 8.2, 1.2 Hz, 1H), 7.66 {m, 1H), 7.57 (m, 1H), 7.48 (dd, J = 8.4,
1.5 Hz, 1H), 3.36 (q, J/ = 7.5 Hz, 2H), 2.62 (8, 3H), 1.47 (t, J=7.5 Hz, 3H). '
Step ¢) '

8-Ethyl-5-{{4-methoxyphenyl)sulfonyl]-7-methyi-5,6-dlhydrophenanthridine
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[0191] The intermediate dihydrophenanthridine was prepared from 6-ethyl-7-
methylphenanthridine (0.25 g, 1:1 mmol) by freatment with sodium borchydride (0.26 g,
6.8 mmol) and trifluoroacetic acid (0.35 mL., 4.6 mmol) in tetrahydrofuran (6 mL). In a
separate, second step, the dihydrophenanthridine was treated with triethylamine (1.0
mL, 6.8 mmol) and 4-methoxybenzenesulfonyi chloride {0.47 g, 2.3 mmol) in
dichloromethane (4 mL) according to the procedure and in the same manner as
described in Example 32, Method A, Step d. The crude product was utilized without
further purification.

MS [(+ESI), m/z]: 416 [M+Na]";
'H NMR (400 MH2, DMSO-ds) 6: 7.71 (dd, 1H), 7.58 (dd, 1H), 7.40 - 7.31 (m, 2H), 7.24
(m, 1H), 6.98 {(m, 2H), 6.88 (m, 2H), 6.50 (m, 2H), 5.10 (dd, 1H), 3.58 (s, 3H), 2.27 (s,
3H), 1.40 (m, 1H), 1.08 (m, 1H), 0.90 (t, 3H).
Step d)

4-[(6-Ethyl-7-methylphenanthridin-5(6H)-yl)sulfonyl]phenol

[0192] The title compound was prepared from 6-ethyl-5-{(4-
methoxyphenyl)sulfonyl}-7-methyl-5,8-dihydrophenanthridine (0.45 g, 1.1 mmol),
tetrabutylammonium iodide (1.00 g, 2.71 mmol), and 1 M boron trichloride in
dichloromethane (8.0 mL, 8.0 mmol) according to the procedure and in the same
manner as described in Example 35, Step b. The crude prociuct was purified by flash
column chromatography on silica gel, eluting with a mixture of ethyl acetate-hexane (3.7
to 1:1 gradient), followed by re-crystallization from a mixture of ethyl acetate-hexane, to
yield 4-{(6-ethyl-7-methylphenanthridin-5(6H)-yi)sulfonyl]phenol as a homogeneous
solid (0.11 g, 25%), m.p. 167-169°C;

MS [(-ES!), m/z]): 378 [M-H];

'H NMR (500 MHz, DMSO-dg) 5: 10.17 (br 8, 1H), 7.75 (d, 1H), 7.60 (dd, 1H), 7.41 -
7.31 (m, 3H), 7.05 - 7.01 (m, 2H), 6.82 (d, 2H), 6.33 (d, 2H), 5.13 (dd, 1H), 2.30 (s, 3H),
1.43 (m, 1H), 1.12 (m, 1H), 0.93 (t, 3H);

Anal. calcd for C22H21NO»S: C, 68.63; H, 5.58; N, 3.69. Found: C, 69.35; H, 5.87; N,
3.63.

EXAMPLE 43

Step a)
6-Ethyl-5-{(4-methoxyphenyl)sulfonyl]-8-methyl-5,6-dlhydrophenanthridine
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[0193] The intermediate dihydrophenanthridine was prepared from 6-ethyl-9-
methylphenanthridine, (Example 42, Step b, 0.50 g, 2.3.mmal), by treatement with
sodium borohydride (0.51 g, 13.5 mmol) and trifluoroacstic acid (0.7 mL, 9 mmol) in
tetrahydrofuran (11 mL). In a separate, second step, the dihydrophenanthridine was
treated with triethylamine (1.9 mL, 14 mmoi) and 4-methoxybenzenesulfonyt chloride
(0.93 g, 4.50 mmol) in dichloromethane (11 mL) according to the procedure and in the
same manner as described in Example 32, Method A, Step d. The crude product was
purified by re-crystallization from a mixture of ethyi acetate-hexane to yield 6-ethyl-5-{(4-
methoxyphenyl)sulfonyi}-9-methyl-5,6-dihydrophenanthridine as a homogeneou.s. white,
crystalline, solid, m.p. 133°C;

MS [(+ESI), m/z]: 394 [M+H]';

'H NMR (500 MHz, DMSO-dg) 5: 7.72 (d, J = 7.4 Hz, 1H), 7.59 (m, 1H), 7.41 - 7.33 (m,

2H), 7.22 (s, 1H), 7.07 (d, J = 7.6 Hz, 1H), 6.98 (d, /= 7.6 Hz, 1H), 6.90 (d, J=9.0 Hz,

2H), 6.53 (d, J = 9.0 Hz, 2H), 5.02 (dd, J = 9.5, 5.7 Hz, 1H), 3.63 (s, 3H), 2.21 (s, 3H),

1.36 (m, 1H), 1.23 (m, 1H), 0.88 (t, J = 7.2 Hz, 3H); ' '

Anal. calcd for CzzH2NO3S - 0.10 Hz0 - 0.26 CgHisN: C, 69.97; H, 6.48; N, 4.19.

Found: C, 69.79; H, 5.97; N, 3.57. '

Step b) .
4{(6-Ethyl-!l-mothylphonanthrldin-5(6H)-yl)si|lfonyI]phanol

{0194] The title.compound was prepared from 6-ethyl-5-[(4-
methoxyphenyl)sulfonyl}-8-methyi-5,6-dihydrophenanthridine (0.67 g, 1.7 mmol),
tetrabutylammonium lodide (1.5 g, 4.1 mmol), and 1 M boron trichloride in
dichloromethane (11.9 mL, 11.9 mmol) acoordind o the procedure and in the same
manner as described in Example 35, Step b. The crude product was purified by flash
column chromatography on silica gel, eluting with a mixture of ethyt acetate-hexane (3:7
to 1:1 gradient), followed by trituration from a mixture of ethyl acetate-hexane, to yield 4-
[(6-ethyl-9-methylphenanthridin-5(6H)-y!)sulfonyilphenol as a homogeneous solid (0.23
g, 36%), m.p. 167-170°C;

MS [(+ESI), m/z]: 380 [M+H]";

*H NMR (500 MHz, DMSO-ds) 5: 10.17 (br s, 1H), 7.74 (d, 1H), 7.60 (d, 1H), 7.39 -
7.32 (m, 2H), 7.27 (s, 1H), 7.08 (d, 1H), 6.99 (d, 1H), 6.81 (d, 2H), 6.33 (d, 2H), 5.01
(dd, 1H), 2.23 (s, 3H), 1.38 (m, 1H), 1.23 (m, 1H), 0.87 (t, 3H);

Anal. calcd for C2H21NO3S: C, 69.63; H, 6.58; N, 3.69. Found: C, 69.59; H, 5.47; N,
3.58.
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EXAMPLE 44
Step a)
N<{5-Bromo-4'-flucro-1,1"-biphenyl-2-yl)propanamide

[0195] A vigorously stimed suspension of 2-iodoaniline (10.0 g, 45.7 mmol),
potassium bromide (6.52 g, 54.8 mmol), and ammonium molybdate tetmhydrate (0.57
g, 0.46 mmol) in acetic acid (54 mL) was cooled to 0°C, treated with sodium perborate
(7.74 g, 50.3 mmol), and stired for two hours as the reaction warmed to room
temperature. After adding water and stirming one additional hour, the reaction mixture
was poured into ice-water and filtered. The filtered solid was washed with water,
dissolved in ethyl acetate (250 mL), and washed with a saturated, aqueous, potassium
carbonate solution (2 x 75 mL). The organic phase was dried over anhydrous sodium
sulfate, filtered, and concentrated in vacuo to afford the intermediate, 4 bromo-2-
iodoaniline, as a red solid (12.56 g, 92%).

[0196] 5-Bromo-4'-fluoro-1,1-biphenyl-2-ylamine was prepared from the above
intermediate, 4-bromo-2-lodoaniline (12.6 g, 42.2 mmol), 4-flucrophenylboronic acid
(5.9 g, 42 mmol), [1,1'-bis(diphenyiphosphino)ferrocene]dichloropalladium (i) complex
with dichloromathane (0.69 g, 0.84 mmol}, and a 5 N aqueous sodium hydroxide
solution (85 mL, 425 mmol) according to the procedure and in the same manner as
described in Example 32, Method A, Step a.

[01971 The title compound was prepared from the above 5-bromo-4'-fluoro-1,1'-
biphenyl-2-ylamine (10.1 g, 37.8 mmol), propionic anhydride (5.33 mL, 41.6 mmoal), 4-
(N,N-dimethylamino)pyridine (0.46 g, 3.8 mmol), and pyridine (12.3 mL., 151 mmol),
according to the same procedure, to yleld N{5-bromo-4"-fluoro-1,1"-biphenyl-2-
yl)propanamide as a solid (7.74 g, 64% from 4-bromo-2-iodoaniline), m.p. 133°C;

MS [(-ESl), m/z}: 320 [M-HT;
'H NMR (500 MHz, DMSO-ds) 5: 9.21 (s, 1H), 7.52 (dd, J = 2.4, 8.5 Hz, 1H), 7.47 (d, J
= 2.2 Hz, 1H), 7.43 - 7.38 (m, 3H), 7.28 - 7.23 (m, 2H), 2.13 (q, J = 7.5 Hz, 2H), 0.95 (t,
J=7.5 Hz, 3H);
Anal. calcd for CysH13BIFNO: C, 55.92; H, 4.07; N, 4.35. Found: C, 55.79; H, 4.08; N,
4.31.
Step b)

2-Bromo-6-ethyl-8-fluorophenanthridine
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[0198] The title compound was prepared from N-{5-bromo-4'-flucro-1,1'-

biphenyl-2-yl)propanamide (3.94 g, 12.2 mmol) and polyphosphoric acid (74 g),

according to the procedure and in the same manner as described in Example 32,

Method A, Step b, to yield, after re-crystallization from a mixture of ethy! acetate-

hexane, 2-bromo-6-ethyl-8-fluorophenanthridine as a white solid (3.32 g, 89%), m.p.

111°C;

MS [(+ES1), m/z): 304 [M+H]";

'H NMR (500 MHz, DMSO-dg) 8: 8.99 (m, 2H), 8.15 (dd, J = 10.2, 2.4 Hz, 1H), 7.95 (d,

J = 8.7 Hz, 1H), 7.87 - 7.81 (m, 2H), 3.33 (q, J = 7.4 Hz, 2H), 1.39 (t, J = 7.4 Hz, 3H);

Anal. calcd for C4sHy4BrEN: C, 59.23; H, 3.65; N, 4.60. Found: C, 59.00: H, 3.52; N,
4.44. '

Step c)
2-Bromo-6-ethyl-8-fluoro-5-f(4-methoxyphenyl)sulfonyl]-5,6-
dihydrophenanthridine

[0189] The intermediate dihydrophenanthridine was prepared from 2-bromo-6-
ethyl-8-fluorophenanthridine (3.27 g, 10.8 mmol) by treatment with sodium borohydride
(2.03 g, 53.8 mmol) and trifluoroacetic acid (3.31 mL, 43.0 mmol) In tetrahydrofuran (43
mL). In a separate, second step, the dihydrophenanthridine was treated with
triethylamine (8.0 mL, 65 mmol) and 4-methoxybenzenesulfonyl chloride (2.44 g, 11.8
mmol) in dichloromethane (11 mL) according to the prﬁcedura and in the same manner
as described in Examnpie 32, Method A, Step d. The crude product was purified by flash
column chromatography on silica gei; eluting with a mixture of ethyl acetate-hexane (1:9
to 1:4 gradient), to afford 2-bromo-6-ethyl-8-fluoro-5-[(4-methoxyphenyl)sulfonyl}-5,6-
dihydrophenanthridine as a homogeneous; yellow, crystalline, solid, m.p. 133-136°C;
MS [(+ESI), m/z]: 498/500 (M+Na]*, contains one bromine atom; -
H NMR (400 MHz, DMSO-dg) &: 7.94 (d, J = 2.2 Hz, 1H), 7.65 - 7.47 (m, 3H), 7.15 (m,
1H), 7.00 (d, J = 8.9 Hz, 2H), 6.93 (td, /= 8.8, 2.8 Hz, 1H), 6.60 (d, J = 8.9 Hz, 2H),
5.10 {dd, J = 10.0, 5.5 Hz, 1H), 3.61 (s, 3H), 1.36 (m, 1H), 1.18 (m, 1H), 0.86 tJ=73
Hz, 3H).
Step d)

4-](2-Bromo-6-ethyl-B-fluorophenanthridin-5(6H)-yl)sulfonyljphenol

{0200] The title compound was prepared from 2-bromo-6-sthyl-8-fluoro-5-{(4-
méthoxyphenyl)suIfonyl]-5.6-dlhyglrophenanthﬂdlna (0.61 g, 1.3 mmol),
tetrabutylammonium iodide (1.1 g, 3.1 mmol), and 1 M boron trichloride in
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dichloromethane (9.0 mi, 8.0 mmol) according to the procedure and in the same
manner as described in Example 35, Step b. The crude product was purified by flash
column chromatography on silica gel, eluting with a mixture of ethyl acetate-hexane (3.7
to 1:1 gradient), followed by trituration from a mixture of ethyl acetate-hexane to yield 4-
[(2-bromo-6-ethyl-8-fluorophenanthridin-5(6 H)-yl)sulfonyflphenol as a homogeneous
solid (0.23 g, 38%), m.p. 220-221°C;

MS [(-ESI), m/z]): 460 [M-HT;

H NMR (500 MHz, DMSO-dg) 8: 10.27 (br s, 1H), 7.87 (d, 1H), 7.62 - 7.58 (m, 2H),
7.54 (d, 1H), 7.19 (dd, 1H), 6.97 (td, 1H), 6.92 (d, 2H), 6.41 (d, 2H), 5.11 (dd, 1H), 1.43
(m, 1H), 1.21 (m, 1H), 0.89 (t, 3H);

Anal. caled for C21H7BIiFNO3S: C, 54.568; H, 3.71; N, 3.03. Found: C, 54.33; H, 3.77;
N, 2.97.

EXAMPLE 45

4{(2-Bromo-8-fluoro-6-methylphenanthridin-5(6H)-yt)sulfonyl]lphenol

[0201} 8-Fluoro-5-(4-methoxyphenyisulfonyl)-6-methyl-5,6-
dihydrophenanthridine (0.64 g, 1.7 mmol) was treated with 1 M boron tribromide in
dichloromethane (6.6 mL, 6.6-mmol) and stirred at room temperature for twelve hours.
A solution of saturated, aqueous, sodium blcarbonate (50 mL) was added slowly to the
reaction, followed by extraction of the mixture with dichloromethane (8 x 20 mL). The
combined organic phase was dried over anhydrous sodium sulfats, filtered, and
concentrated in vacuo to a crude material. The crude material was filtered through a
short column of silica gel, eluted with a mixture of ethy! acetate-hexane (1:4), and the
filtrate concentrated /n vacuo to a solid. After trituration with dichloromethane and
filtration, the title compound was obtained as a homogeneous solid (0.23 g, 37%), m.p.
237-239°C;
MS [(-ESI), m/z]): 446 [M-HJ;
'H NMR (500 MHz, DMSO-dg) 5: 10.30 (br s, 1H), 7.97 (d, J = 2.1 Hz, 1H), 7.61 - 7.57
(m, 2H), 7.51 (d, J= 8.6 Hz, 1H), 7.18 (dd, J= 9.2, 2.7 Hz, 1H), 6.95 (id, J= 8.8 Hz, 2.7,
1H), 6.90 (d, J = 9.0 Hz, 2H), 6.40 (d, J = 8.0 Hz, 2H), 5.41 (g, J= 7.0 Hz, 1H), 1.11 (d,
J=7.0 Hz, 3H);
Anal. calcd for CapH4sBrFNO3S: C, 53.58; H, 3.37; N, 3.12. Found: C, 53.29; H, 3.17;
N, 2.97.
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‘ EXAMPLE 46

Step a) . _
3-Chloro-4-methoxybezenesulfo'nyl chioride

[0202] A stirred solution of 2-chloroanisole (8.90 mL, 70.1 mmotl) In chloroform
(100 mL) was cooled to 0°C, and treated drop-wise with chiorosulfonic acid (9.3 mL,
140 mmol). After stirring at room temperature for 14 hours, the reaction mixture was
poured into ice-water (250 mL) and the separated, aqueous phase extracted with
chioroform (2 x 50 mL). The combined organic phase was dried over anhydrous
sodium sulfate, filtered, and concentrated in vacuo to a viscous oll which crystallized
upon standing (8.58 g, 52%), m.p. 78°C; .
TH NMR (400 MHz, DMSO-dg) 5: 7.50 - 7.45 (m, 2H), 7.04 (d, J = 8.4 Hz, 1H), 3.81 (s,
3H).
Step b)

6-Ethyi-B-fluoro-5{(3-chloro-4-methoxyphenyl)sulfonyl]-5,6-
dihydrophenanthridine

[0203] The intermediate dihydrophenanthridine was prepared from 6-ethyl-8-
fluorophenanthridine, (Example 40, Step b, 0.40 g, 1.8 mmal), by treatment with sodium
borohydride (0.40 g, 10.6 mmol) and trifluoroacetic acid (0.55 mL, 7.1 mmol) in
tetrahydrofuran (7 mL). In a separate, second step, the dihydrophenanthridine was
treated with triethylamine (0.9 mL, 6.4 mmol) and 3-chloro-4-methoxybenzenesulfonyl
chloride (0.51 g, 2.1 mmol, 2.1-equivalents) In dichloromethane (5 mL), according to the
procedure and in the same manner as described in Example 32, Method A, Step d, to
afford 6-ethyl-8-fluoro-5-[(3-chloro-4-methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine
as a crude product, which was utilized without further purification.
MS [(+ESI), m/Z]: 454 [M+Na]"; ,
TH NMR (400 MHz, DMSO-dy) &: 7.72 (dd, 1H), 7.57 (dd, 1H), 7.48 - 7.35 (m, 3H), 7.18
(dd, 1H), 6.97 (d, 1H), 6.95 - 6.87 (m, 2H), 6.79 (d, 1H), 5.11 (dd, 1H), 3.71 (s, 3H), 1.38
(m, 1H), 1.19 (m, 1H), 0.87 (t, 3H).
Step ¢)

2-Chioro-4-{(6-ethyl-8-flucrophenanthridin-5(6 H)-yl)sulfonyl]phenol

[0204] The title compound was prepared from 6-athyl-8-fluoro-5-[(3-chloro-4-
methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine (0.41 g, 0.96 mmol), .
tetrabutylammonium jodide (0.85 g, 2.3 mmol). and 1 M boron trichloride In
dichloromethane (6.7 mL, 6.7 mmol)} according to the procedure and in the same
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manner as described in Example 35, Step b. The crude product was purified by flash

column chromatography on silica gel, eluting with a mixture of ethyl acetate-hexane
(20:80 to 35:65 gradient), followed by re-crystallization from a mixture of ethyl acetate-
hexane, to yield 2-chloro-4-{(6-athyl-8-fluorophenanthridin-S5(6H)-yl)sulfonyllphenol as a
homogeneous solid (0.16 g, 41%), m.p. 174-177°C;

MS [(-ESI), m/z]: 416 M-H];

TH NMR (500 MHz, DMSO-dg) 5: 11.09 (s, 1H), 7.78 (dd, 1H), 7.59 (m, 1H), 7.51 (dd,
1H), 7.45 - 7.37 (m, 2H), 7.22 (dd, 1H), 7.00 - .92 (m, 2H), 8.77 (m, 1H), 6.56 (d, 1H),
5.12 (dd, 1H), 1.42 (m, 1H), 1.20 (m, 1H), 0.90 (t, 3H);

Anal. calcd for C21H17CIFNO,S: C, 80.36; H, 4.10; N, 3.35. Found: C, 60.00; H, 4.09;
N, 3.24.

EXAMPLE 47
Step a)
6-Ethyl-8-fluoro-5{(4-methoxyphenyl)sulfonyl]-2-pheny!-5,6-
dihydrophenanthridine
[0205] A stirmed solution of 2-bromo-8-ethyl-8-fluoro-5-[(4-
methoxyphenyl)suifonyl}-5,6-dihydrophenanthridine (Example 44, Step c, 0.25 g, 0.52
mmol) and phenylboronic acid (0.08 g, 0.52 mmol) in tstrahydrofuran (5 mL) was
treated under nitrogen with [1,1"-bis(diphenyiphosphino)ferrocens]dichloropaiiadium (il)
complex with dichloromethane (0.01 g, 0.02 mmol) and a § N aqueous sodium
hyciroxlda solution (0.2 mL, 1 mmol). The reaction mixture was heatad at reflux for
twelve hours, cooled to room temperature, and quenched with a saturated, aqueous, -
sodium chloride solution (10 mL) and diethyl ether (50 mL). The saparated arganic
phase was dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo
fo a crude product. The crude product was purified by flash column chromatography on
silica gel, eluting with a mixture of ethyl acetate-hexane (1:4) to yield the title compound
as a solid (0.13 g, 50%);
MS [(+ESI), m/z): 474 M+H]";
H NMR (500 MHz, DMSO-dg) 5: 8.02 (d, J = 1.7 Hz, 1H), 7.81 (m, 2H), 7.72 (m, 3H),
7.49 (t, J=T7.7 Hz, 2H), 7.39 (t, J = 7.3 Hz, 1H), 7.18 (dd, /= 9.2, 2.6 Hz, 1H), 7.07 (d, J
= 8.9 Hz, 2H), 6.98 (id, /= 8.7, 2.8 Hz, 1H), 6.63 (d, J = 8.9 Hz, 2H), 5.14 (dd, J = 10.0,
5.4 Hz, 1H), 3.64 (s, 3H), 1.46 (m, 1H), 1.28 (m, 1H), 0.83 (t, J = 7.3 Hz, 3H);
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Anal. calcd for CasHa4FNORS: C, 71.02; H, 5.11; N, 2.96. Found: C, 70.84; H, 5.24; N,
2.80.

Step b)
4-[(6-Ethyl-8-ﬂuorb-2-pheny1phonanthridin-5(6H)-yl)sulfonyl]phehol

[0206] A stired suspension of 6-sthyl-8-fluoro-5-[(4-methoxyphenyi)sulfonyl}-2-
phenyl-5,6-dihydrophenanthridine (0.13 g, 0.26 mmol) and cyclohexene (0.48 mL, 4.8
mmol) was treated drop-wise at room temperature under nitrogen with a solution of 1 M
boron tribromide in dichloromethané (1.6 mL, 1.6 mmol). After stiming for 20 hours at
room temperature, the reaction was quenched by the drop-wise addition of a saturated,
aqueous, sodium bicarbonate solution (300 mL), followed by extraction with
dichloromethane (6 x 20 mL). The combined organic phase was dried over anhydrous
sodium sulfate, filtered, and concentrated in vacuo t0 a crude product. The crude
product was purified by flash column chromatography on silica gel, eluting with a
mixture of ethyl acetate-hexane (1:4 o 3:7 gradient), followed by re-crystallization from
a mixture of ethyl acetate-hexane, to yield 4{{6-ethyl-8-fluoro-2-phenyiphenanthridin-
5(6H)-yl)sulfonyljphenol as a homogeneous solid (0.09 g, 71%), m.p. 207°C;
MS [(-ES!), m/z]: 458 [M-H]; '
H NMR (500 MHz, DMSO-ds) 5: 10.22 (br s, 1H), 8.03 (d, 1H), 7.81 (m, 2H), 7.77 -
7.68 (m, 3H), 7.48 (t, 2H), 7.39 (t, 1H), 7.18 (dd, 1H), 7.01 - 6.96 (m, 3H), 6.41 (d, 2H),
5.13 (dd, 1H), 1.46 (m, 1H), 1.29 (m, 1H), 0.92 (t, 3H); '
Anal. caled for CH2FNOsS: C, 70.57; H, 4.83;-N, 3.05. Found: C, 70.27; H, 4.69; N,
2.94, : .

EXAMPLE 48

Step a)

8-Fluoro-5-[(3-methoxyphenyl)sulfonyl]-6-methyl-5,6-dlhydrophenanthridine

[0207] The intermediate dihydrophenanthridine was prepared from 8-fluoro-6-

methylphenanthridine, (Example 32, Method A, Step b, 2.00 g, 9.45 mmol), by
treatment with sodium borohydride (1.79 g, 47.4 mmol) and trifiucroacetic acid (2.9 mL,
37.9 mmoal) in tetrahydrofuran (38 mL). In a separate, second step, the
dihydrophenanthridine was treated with triethylamine (2.9 mL, 21 mmol) and 3-
methoxybenzenasulfonyl chioride (0.78 g, 3.8 mmol, 1.1 equivalents) in
dichloromethane (5 ml.) according to the procedure and in the same manner as
described in Example 32, Method A, Step d. The crude product was purified by re-
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crystallization from a mixture of ethyl acetate-hexane to yield 8-fluoro-5-{(3-
methoxyphenyl)sulfony]-6-methyl-5,6-dihydrophenanthridine as a homogeneous solid
(1.02 g, 78% from the dihydrophenanthridine), m.p. 130-131°C;

MS [(+ESI), m/z): 384 M+H]";
H NMR (500 MHz, COCls) &: 7.81 (dd, J = 8.0, 1.3 Hz, 1H), 7.55 (dd, J = 7.8, 1.4 Hz,
1H), 7.41 (m, 1H), 7.34 (m, 1H), 7.25 (m, 1H), 6.86 (m, 1H), 6.80 - 6.74 (m, 2H), 6.71 -
6.67 (m, 2H), 6.52 (m, 1H), 5.38 (g, /= 7.0 Hz, 1H), 3.48 (s, 3H), 1.27 (d, /= 7.0 Hz,
3H);
Anal. calcd for C21H1sFNO3S * 0.15 CgHisN * 0.50 H20: C, 64.53; H, 5.25; N, 3.95.
Found: C, 64.87; H, 5.05; N, 3.92.
Step b)
34{(8-Fluoro-6-methylphenanthridin-5(6H)-yl)sulfonyl]phenol

[0208] The tile compound wae prepared from 8-fluoro-5-[(3-
methoxyphenyi)sulfonyl]-6-methyt-5,6-dihydrophenanthridine (0.50 g. 1.3 mmol),
cyclohexene (2.4 mL, 24 mmol), and 1 M boron tribromide in dichloromethane (7.8 mL,
7.8 mmol) according to the procedure and in the same manner as described in Example
47, Step b. The crude product was purified by flash column chromatography on silica
gel, eluting with a mixture of ethyl acetate-hexane (1:4), followed by trituration from
hexane, to yield 3-{(8-fluoro-6-methylphenanthridin-5(6H)-yl)sulfonyl]phenol as a
homogeneous salid (0.37 g, 71%), m.p. 161°C;
MS [(-ESI), m/z}: 368 [M-HT;
H NMR (500 MHz, DMSO-dg) 5: 9.73 (br &, 1H), 7.78 (d, 1H), 7.60 (m, 1H), 7.53 (dd,
1H), 7.43 - 7.37 (m, 2H), 7.15 (dd, 1H), 6.95 (td, 1H), 6.89 (t, 1H), 6.65 (dd, 1H), 6.51 (d,
1H), 6.48 (8, 1H), 5.42 (q, 1H), 1.14 (d, 3H);
Anal. calcd for CagH1gFNO3S © 0.10 C4HsO2* 0.10 H2O: C, 64.48; H, 4.51; N, 3.68.
Found: C, 64.47; H, 4.29; N, 3.48.

EXAMPLE 49
Step a)
3-Fluoro-4-methoxybenzenesulfonyl chloride
[0209] A stimed solution of 2-fluoroanisole (33.7 mL, 301 mmol) in. chloroform
(250 mL) was cooled to 0°C and treated drop-wise with chlorosulfonic acid (50.0 mL,
752 mmol). After stirring at room temperature for 14 hours, the reaction mixture was
poured Into ice-water (700 mL) and the separated, aqueous phase extracted with
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chioroform (2 x 200 mL). The combined organic phase was dried over anhydrous
sodium sulfate, filtered, and concentrated in vacuo to yield 3-luoro-4-
methoxybenzenesulfony! chloride as a fine, white solid (58.6 g, 87%), m.p. 80°C;

'H NMR (400 MHz, DMSO-dg) 5: 7.32 (m, 1H), 7.25 (dd, J = 11.5, 2.0 Hz, 1H), 7.05 (t,
J = 8.5 Hz, 1H), 3.78 (s, 3H).

Step b)

WO 2004050631 PCT/US 2043138290

B-FIuoro-5-[(3-ﬂuoro-4-methoxyphenyl)suIfonyl]-ﬁ-inothyi-s.s-
dihydrophenanthridine

[0210] The intermediate dihydrophenanthridine was prepared from 8-fluoro-6-
methylphenanthridine, (Example 32, Method A, Step b, 2.00 g, 9.45 mmol), by
treatment with sodium borohydride (1.79 g, 47.4 mmol) and trifluoroacetic acid (2.9 mL.,
37.9 mmol) in tetrahydrofuran (38 mL). In a separate, second step, the
dihydrophenanthridine was treated with triethylamine (2.7 mL, 19 mmol) and 3-fluoro4-
methoxybenzenesulfonyl chloride (0.78 g, 3.5 mmol, 1.1 equivalents) in
dichloromethane (5 mL) according to the procedure and in the same manner as
described in Example 32,-Method A, Step d. The crude product was purified by re-
crystallization from a mixture of ethyl acetate-hexane to yield 8-fluoro-5-{(3-fluoro-4-
methoxyphenyl)sulfonyl}-6-methyl-5,6-dihydrophenanthridine as a homogeneous solid
(1.08 g, 84% from the dihydrophenanthridine), m.p. 146-147°C;
MS [(-ESI), m/z]: 460 [M+AcOT;
'H NMR (500 MHz, CDCl3) &: 7.77 (m, 1H), 7.56 (d, J = 7.7 Hz, 1H), 7.38 (m, 2H), 7.31
(dd, J="8.1, 5.4 Hz, 1H), 6.89 (dt, J = 8.7, 1.1 Hz, 1H), 6.82 (id, J = 8.6, 2.6 Hz, 1H),
6.78 (dd, J= 8.4, 2.6 Hz, 1H), 6.70 (dd, /= 10.7, 2.2 Hz, 1H), 6.51 (m, 1H), 5.35(q, J=
7.0 Hz, 1H), 3.77 (s, 3H), 1.26 (d, J = 7.0 Hz, 3H);
Anal. caled for C21H7F2NO3S: C, 62.83; H, 4.27; N, 3.49. Found: C, 62.59; H, 4.48; N,
3.49.
Step c)

2-Fluoro-4-[(8-fluoro-6-methyiphenanthridin-5(6H)-yl)sulfonyl]phenol

[0211] The titie compound was prepared from 8-fiuoro-5-[(3-fluoro-4-
methoxyphenyl)sulfonyl}-6-methyl-5,6-dihydrophenanthridine (0.50 g, 1.3 mmol),
cyclohexene (2.3 mL, 22 mmol), and 1 M boron tribromide in dichloromethane (7.5 mL,
7.5 mmol) according to the procedure and In the same manner as described in Example
47, Step b. The crude product was purified by flash column chromatography on sllica
gel, eluting with a mixture of ethyl acetate-hexane (1:4), followed by trituration from
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hexane, 1o yield 2-fluoro-4-[(8-fluoro-6-methylphenanthridin-5(6 H)-yi)sulfonyllphenol as
a homogeneous solid (0.40 g, 82%), m.p. 191°C;

MS [(-ESI), m/z): 386 [M-HT

H NMR (500 MHz, DMSO-dg) 5: 10.79 (br s, 1H), 7.79 (dd, 1H), 7.59 (dd, 1H), 7.54
(dd, 1H), 7.45 - 7.38 (m, 2H), 7.21 (dd, 1H), 6.98 (td, 1H), 6.74 (dd, 1H), 6.67 (dd, 1H),
6.58 (t, 1H), 5.44 (q. 1H), 1.44 (d, 3H);

Anal. calcd for C2oH1sF2NO3S: C, 62.01; H, 3.90; N, 3.62. Found: C, 61.75; H, 3.80; N,
341.

EXAMPLE 50
Step a)
5-[(3,4-Dimethoxyphenyl)sulfonyl]-8-fluoro-6-methyl-5,8-dihydrophenanthridine

[0212] The intermediate dihydrophenanthridine was prepared from 8-fluoro-6-
methylphenanthridine, (Example 32, Method A, Step b, 2.00 g, 9.45 mmol), by
treatment with sodium borohydride (1.79 g. 47.4 mmol) and trifluoroacetic acid (2.9 mL,
37.9 mmol) in tetrahydrofuran (38 mL). In a separate, second step, the
dihydrophenanthridine was treated with triethylamine (3.0 mL, 22 mmol) and 3,4-
dimethoxybenzenesulfonyl chloride (0.94 g, 3.97 mmol, 1.1 equivalents) in
dichloromethane (5 mL) according to the procedure and in the same manner as
described in Example 32, Method A, Step d. The crude product was purified by re-
crystallization from a mixture of ethy! acetate-hexane to yield 5-{(3.4-
dimethoxyphenyl)sulfonyl]-8-fluoro-6-methyl-5, 6-dihydrophenanthridine as a
homogeneous solid (1.03 g, 69% from the dihydrophenanthridine), m.p. 152-153°C;
MS [(+ESI), m/z): 414 [M+H]™;
'H NMR (500 MHz, CDCly) 5: 7.82 (dd, 1H), 7.54 (dd, 1H), 7.40 (m, 1H), 7.33 (m, 1H),
7.27 (m, 1H), 6.81 - 6.75 (m, 3H), 6.41 (d, 1H), 6.36 (d, 1H), 5.38 (q, 1H), 3.75 (s, 3H),
3.46 (s, 3H), 1.26 (d, 3H); :
Anal. calcd for C22HFNO,LS: C, 83.91; H, 4.88; N, 3.39. Found: C, 63.54; H, 4.97; N,
3.30.
Step b)

4-{(8-Fluoro-6-methylphenanthridin-5(6 H)-yl)sulfonyllbenzene-1,2-diol

[0213] The title compound was prepared from 5-{(3,4-
dimethoxyphenyl)sulfonyi}-8-fluoro-8-methyl-5,8-dhydrophenanthridine (0.50 g, 1.2
mmol), cyclohexene (4.4 miL, 44 mmol), and 1 M boron tribromide in dichloromethane
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(14.5 mL, 14.5 mmol) according to the procedure and in the same manner as described
in Example 47, Step b. The crude product was purified by flash column
chromatography on silica gel, eluting with a mixture of ethyl acetate-hexane (1:1 to 7:3
gradient), followed by re-crystallization fror_n a mixture of dichloromethane-hexane (2x).
to yield 4—[(8—ﬂuoro-6-meﬂ1ylphenanﬂ1ridin-5(6H)-yI)squony|]benzene-'1 ,2-dlol asa
homogeneous solid (0.23 g, 50%), m.p. 165-170°C;

MS [(-ESI), m/z]: 384 [M-H];

"H NMR (500 MHz, DMSO-dg) 5: 9.84 (br s, 1H), 8.22 (br s, 1H), 7.77 (dd, 1H), 7.58
(dd, 1H), 7.55 (dd, 1H), 7.41 - 7.32 (m, 2H), 7.31 (dd, 1H), 6.95 (id, 1H), 6.44 - 6.41 (m,
2H), 6.36 {d, 1H), 5.37 (g, 1H), 1.13 (d, 3H}); '

Anal. caled for CyoH1sFNO,S * 0.50 CH,Cly: C, 57.55; H, 4.00; N, 3.27. Found: C,
57.18; H, 4.14; N, 3.21.

EXAMPLE 51
Step a)
6-Ethyl-8-fluoro-5-[(4-methoxyphenyl)sulfonyl]-2-methyl-5,6-
dihydrophenanthridine
[0214] A stirred solution of 2-bromo-8-ethyl-8-fluoro-5-[(4-
methoxyphenyl)sulfonyl}-5,6-dihydrophenanthridine (Example 44, Step ¢, 0.30 g, 0.83
mmol) in tetrahydrofuran (7 mlL) was cooled to —78°C, and treated drop-wise under
nitrogen with a solution of 1.4 M n-butyliithium in hexane (0.9 mL, 1.26 mmol). After
stiring for 10 min, iodomethane (0.08 mL, 1.26 mmol) was added, and the reaction
stirred until room temperature was reached. The reaction was quenched witha 0.1 N
hydrochloric acid solution (15 mL, 1.5 mmol), and a saturated, aqueous, sodium
chloride solution (150 mL). The separated aqueous phase was extracted with diethyl
ether (3 x 20 mL). The combined organic phase was dried over anhydrous sodium
sulfats, filtered, and concentrated /n vacuo to a crude product, which was used without
further purification;
MS [(+ESI), m/z): 434 [M-l-_Na]*;
H NMR (400 MHz, DMSO-dg) 5: 7.51 (8, 1H), 7.47 - 7.41 (m, 2H), 7.18 (dd, 1H), 7.10
(dd, 1H), 6.97 - 6.89 (m, 3H), 6.56 (d, 2H), 5.04 (dd, 1H), 3.60 (s, 3H), 2.32 (s, 3R), 1.37
{m, 1H), 1.19 (m, 1H), 0.85 (t, 3H).
Step b)
4-[(6-Ethyl-8-fluoro-2-methylphenanthridin-5(6H)-yl)sulfonyllphenol
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[0215] The title compound was prepared from 6-ethyl-8-fluoro-5-{(4-

methoxyphenyl)sulfonyf}-2-methyl-5,6-dihydrophenanthridine (0.24 g, 0.58 mmol),
cyciohexens (2.1 mL, 21 mmol), and 1 M boron tribromide in dichloromethane (7.0 mL,
7.0 mmot) according to the procedure and in the same manner as described in Example
47, Step b. The crude product was purified by flash column chromatography on silica
gel, eluting with a mixture of ethyl acetate-hexane (1:4), followed by re-crystallization
from a mixture of ethyl acetate-hexane (2x), to afford 4-[(6-ethyl-8-fluoro-2-
methylphenanthridin-5(6H)-yi)sulfonylf]phenol as a homogeneous solid (0.14 g, 59%),
m.p. 187-200°C;

MS [(-ESI), m/z]: 396 [M-HJ;

H NMR (500 MHz, DMSO-dg) 5: 10.18 (br s, 1H), 7.56 (s, 1H), 7.51 - 7.47 (m, 2H),
7.21 (d, 1H), 7.14 (dd, 1H), 6.95 (td, 1H), 6.88 (d, 2H), 6.38 (d, 2H), 5.07 (dd, 1H), 2.35
(s, 3H), 1.40 (m, 1H), 1.21 {m, 1H), 0.88 (t, 3H);

Anal. caled for CaH20FNOaS - 0.50 Hz0: C, 85.01; H, 5.21; N, 3.45. Found: C, 64.98; H,
5.08; N, 3.26.

EXAMPLE 52
Step a)
6-Ethyl-8-fluoro-5-{(4-methoxyphenyl)sulfonyl]-2-thien-3-yl-5,6-
dihydrophenanthridine

[0216] The title compound was prepared from 2-bromo-6-ethyl-8-fluoro-5-[(4-
methoxyphenyl)sulfonyl]-5,6-dihydrophenanthridine (Example 44, Step c, 0.35 g, 0.73
mmol), 3-thiophenehoronic acid (0.08 g, 0.73 mmol), [1,1-
bis(diphenylphosphino)ferrocene]dichloropalladium (11} complex with dichioromethane
(0.02 g, 0.02 mmol), and a 5 N aqueous sodium hydroxide solution (0.3 mL, 1.5 mmol)
according to the procedure and in the same manner as described in Example 47, Step
a. The crude material was purified by flash column chromatography on silica gel,
eluting with a mixture of ethyl acetate-hexane (1:4) to yield 6-ethyl-8-fluoro-5-j(4-
methoxyphenyl)sulfonyl]-2-thien-3-yl-5,6-dihydrophenanthridine as a solid (0.18 g,
51%);
MS [(+ESI), m/z]: 480 [M+H]";
'H NMR (500 MHz, DMSO-dg) 5: 8.08 (m, 2H), 7.78 (dd, 1H), 7.72 (m, 2H), 7.68 (m,
1H), 7.64 (d, 1H), 7.15 (dd, 1H), 7.04 (d, 2H), 8.99 (td, 1H), 6.62 (d, 2H), 5.13 (dd, 1H),
3.64 (s, 3H), 1.45 (m, 1H), 1.27 (m, 1H), 0.93 (t, 3H);
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Anal, calcd for CaeHngNOg;Sz 0.10 CgHva: C, 65.44; H, 4.83; N, 2.87. Found: C,
65.74; H, 5.05; N, 2.73.

Step b)

4-{(6-Ethyl-8-fluoro-2-thien-3-ylphenanthridin-5(6H)-yl)sulfonyl]phenol

[0217] The title compound was prepared from 8-ethyi-8-fluoro-5-[(4-
methoxyphenyl)sulfonyl]-2-thien-3-yl-5,6-dihydrophenanthridine (0.28 g, 0.58 mmol),
cyclohexene (13 mL, 10.5 mmol), and 1 M boron tribromide In dichloromethane (3.5 mi.,
3.5 mmol) according to the procedure and in the same manner as described in Exar'nple
47, Step b. The crude product was purified by flash column chromatography on sllica
gel, eluting with a mixture of ethyl acetate-hexane (1:4) to yield 4-[(6-ethyl-8-fluoro-2-
thien-3-ylphenanthridin-5(6 H)-yl)sulfonyi]phenol as a homogeneous solid (0.17 g, 63%);
MS [(-ESI), m/z]: 464 [M-HT: |
'H NMR (500 MHz, DMSO-dg) 5: 10.20 (br s, 1H), 8.08 (m, 2H), 7.78 - 7.66 (m, 4H),
7.63 (d, 1H), 7.17 (dd, 1H), 7.00 (id, 1H), 6.94 (d, 2H), 6.40 (d, 2H), 5.11 (dd, 1H), 1.44
(m, 1H), 1.26 (m, 1H), 0.91 (t, 3H). '

EXAMPLE 53
4-[(6-Ethyl-8-fluorophenanthridin-5(6H)-yl)sulfonyl]phenyl 3,3-dimethylbutanoate
[0218] A stired solution of 4—[(6-athyl-8-ﬂuorophenénthridin-5(6H)-

yl)suffonyl]phenol (Example 40, Step d, 0.05 g, 0.13 mmol) in dichloromethane (2 mL)
was treated sequentially with pyridine (0.04 ml., 0.52 mmol) and t-butylacetyl chloride
(0.04 mL, 0.26 mmol). After stirring for twelve hours at room temperature, the reaction
was quenched with a saturated, aqueous, sodium bicarbonate solution (50 mL). The
separated aqueous phase was extracted with dichloromethane (3 x 10 mL). The
combined organic phase was dried over anhydrous sodium sulfate, filtered, and
concentrated in vacuo to a crude product. The crude product was purified by flash
column chromatography on silica gel, eluting with a mixture of ethyt acetate-hexane (1:9
to 1:4 gradient) to yleld the title compound as a white. solid (0.05 g, 71%) m.p. 128°C;
MS [(+ESI), m/z]: 482 M+H]";
'H NMR (500 MHz, DMSO-d,) &: 7.75 (d, 1H), 7.63 (d, 1H). 7.48 -7.39 (m, 3H), 7.17
(dd, 1H), 7.11 (d, 2H), 6.89 (m, 1H), 6.85 (d, 2H), 5.14 (dd, 1H), 2.29 (s, 2H), 1.44 (m,
1H), 1.23 (m, 1H), 1.02 (s, 9H), 0.91 {t, 3H);
Anal. caled for CyH2gFNO4LS * 0.15 CgHye * 0.30 HZO: C, 67.03; H, 6.19; N, 2.80.
Found: C, 67.15; H, 6.40; N, 2.40.
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EXAMPLE 54
44(6-Ethyl-8-flucrophenanthridin-5(6 H)-yl)sulfonyllphenyl proplonate
[0219] A stimed solution of 4-[(6~ethyl-8-fluorophenanthridin-5(6H)-

yl)sulfonyllphenol (Example 40, Step d, 0.06 g, 0.16 mmaol) in dichloromethane (2 mL)
was treated sequentially with pyridine (0.05 mL, 0.63 mmol) and propiony! chloride (0.03
mL, 0.3 mmol). After stirring for twelve hours at room temperature, the reaction was
quenched with a saturated, aqueous, sodium bicarbonate solution (50 mL). The
separated aqueous phase was extracted with dichloromethane (3 x 10 mL). The
combined organic phase was dried over anhydrous sodium suifate, filtered, and
concentrated /n vacuo to a crude product. The crude product was purified by flash
column chromatography on silica gel, eluting with a mixture of ethyl acetate-hexane (1:9
to 1:4 gradient) to yield the tile compound as a white solid (0.05, 77%), m.p. 111-
112°C;

MS [(+ESI), mv/z]: 440 M+H]";

'H NMR (500 MHz, DMSO-dg) 5: 7.76 (d, 1H), 7.65 (dd, 1H), 7.48 (dd, 1H), 7.45 - 7.37
(m, 2H), 7.19 (dd, 1H), 7.09 (d, 2H), 6.93 (m, 1H), 6.86 (d, 2H), 5.16 (dd, 1H), 2.54 (q,
2H), 1.44 (m, 1H), 1.24 (m, 1H), 1.07 (t, 3H), 0.91 (t, 3H):

Anal. caled for CaHxFNO,S: C, 85.59; H, 5.05; N, 3.19. Found: C, 65.20; H, 4.98; N,
3.00.

EXAMPLE 55 _
44(6-Ethyl-8-fluorophenanthridin-5(6H)-yl)sulfonylJphenyl benzoate
[0220] A stirred solution of 4-{(6-ethyl-8-fluorophenanthridin-5(6H)-

vi)sulfonyllphenal (Example 40, Step d, 0.05 g, 0.13 mmol) in dichloromethane (2 mL.)
was treated sequentially with pyridine (0.04 ml., 0.52 mmol) and benzoyi chloride (0.03
mL, 0.26 mmol). After stirring for twelve hours and room temperature, the reaction was
quenched with a saturated, aqueous sodium bicarbonate solution (50 mL). The
soparated aqueous phase was extractad with dichloromethane (3 x 10 mL). The
combined organic phase was dried over anhydrous sodium sulfate, filtered, and
concentrated in vacuo to a crude product. The crude product was purified by flash
column chromatography on sllica gel, eluting with a mixture of ethyl acetate-hexane (1:9
to 1:4 gradient), followed by re-crystallization from a mixture of ethyl acetate-hexane, o
yield the title compound as a white solid (0.04 g, 59%);
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MS [(+ESI), m/z]: 488 [M+H]";

*H NMR (500 MHz, DMSO &) 5: 8.06 (m, 2H), 7.78 (d, 1H), 7.74 (m, 1H), 7.66 (m, 1H),
7.59 (t, 2H), 7.53 (dd, 1H), 7.46 - 7.39 (m, 2H), 7.22 (dd, 1H), 7.15 (d, 2H), 7.06 (d, 2H),
6.97 (td, 1H), 5.20 (dd, 1H), 1.46 (m, 1H), 1.25 (m, 1H), 0.93 (t, 3H);

Anal. calcd for CoaHzzFNO4S - 0.40 H20: C, 68.73; H, 4.57; N, 2.86. Found: C, 68.56;
H, 4.30; N, 2.71.

EXAMPLE 56

Step a)

5-(3-Fluoro-4-methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine

[0221] The title compound was prepared from phenanthridine (7.17 g, 40
mmol), 1.4 M methyllithium in diethyt ether (29 mL, 40.6 mmol), and 3-fluoro4-
methoxybenzenesulfonyi chioride (8.99 g, 40 mmol) according to the procedure and in
the same manner as described in Example 1, step a. The crude product was purified by
re-crystallization from a mixture of ethyl acetate-cyclohexane to vield 5-[(3-fluoro-4-
methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine (6.79 g, 17.7 mmol, 44%)
as an off-white solid; ' :
MS [(El), m/z]: 383 [MT;
H NMR (500 MHz, DMSO-de) 5: 7.79 (dd, J = 7.5, 1.5 Hz, 1H, ArH-1), 7.60 (dd, J =
7.6, 1.5 Hz, 1H, ArH-4), 7.39 - 7.47 (m, 3H, ArH-2,3,10), 7.26 (d, J = 6.6 Hz, 1H, ArH-7),
7.12-7.21 (m, 2H, ArH-8,9), 6.73 - 6.82 (m, 3H, ArH'), 5.42 (q, J =7 Hz, 1H, H-6), 3.71
(s, 3H, -OCHs4"), 1.11 (d, J = 7 Hz, 3H, -CH3-6);
Anal. calcd for C2¢H1gFNO3S: C, 65.78; H, 4.73; N, 3.65. Found: C, 65.84; H, 4.69; N,
3.57.
Step b)
2-Fluoro-4-[{6-methylphenanthridin-5(6H)-yl)sulfonyi]lphenol
[0222] The title compound was prepared from 5-{(3-fluoro-4-

methoxyphenyl)sulfonyi}-8-methyl-5,6-dihydrophenanthridine (0.5 g, 1.3 mmol),
cyclohexene (0.33 mL, 3.25 mmol) and 1.0 M boron tribromide in dichloromethane (7.8
mL, 7-.8 mmol) according to the procedure and in the same manner as described in
Example 1, step b. The crude product was purified by flash column chromatography on
silica gel, eluting sequentially with dichioromethane and ethyl acetate to yield 2-fluoro4-
[('S-methylphenanﬂ1ridin-5(6H)—yI)squonyI]phenol (0.35 g, 0.96 mmol, 74%) as a light-
yeflow solid, m.p. 172-174°C; : : '
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MS [(-ESI) m/z): 368 [M-HT;
'H NMR (500 MHz, DMSO-dg) 5: 10.71(s, 1H, -OH-4"), 7.79 (dd, J = 7.5, 1.7 Hz, 1H,
ArH-1), 7.60 (dd, J= 7.6, 1.5 Hz, 1H, ArH-4), 7.48 (d, J = 7.3 Hz, 1H, ArH-10), 7.37 -
7.45 (m, 2H, ArH-2,3), 7.25 (d, J = 7.5, 1.4 Hz, 1H, ArH-7), 7.13 - 7.21 (m, 2H, ArH-8,9).
6.68 (dd, /= 10.7, 2.1 Hz, 1H, ArH'-2"), 6.63 (dd, J = 8.9, 2.1 Hz, 1H, ArH-6"), 6.53 (dd,
J =10.7, 8.9 Hz, 1H, ArH'-5"), 5.41(q, J = 7.0 Hz, 1H, H-6), 1.11(d, J = 7.0 Hz, 3H, -CH¥
6).
Anal. calcd for CagH1aFNO3S0.15 HO: C, 64.56; H, 4.42; N, 3.76. Found: C, 64.31; H,
4.17; N, 3.56.

EXAMPLE 57
Step a)
2-Bromo-5-{(3-fluoro-4-methoxyphenyl)sutfonyl}-8-methyl-5,6-
dihydrophenanthridine

[0223] The title compound was prepared from 5-[(3-fluoro-4-
methoxyphenyl)sulfonyl}-6-methyi-5,6-dihydrophenanthridine (1.15 g, 3.0 mmol),
bromine (0.61 mL.. 12.0 mmol), and acetic acid (30 mL) according to the procedure and
in the same manner as described in Example 4, step a. The crude product was purified
by re-crystallization from ethyl acetats to yield 2-bromo-5-{(3-fluoro-4-
methoxyphenyl)sulfonyl]-6-methyi-5,6-dthydrophenanthridine (1.03 g, 2.22 mmol, 74%);
MS [(+ESI), m/z]: 461 M+H]";
'H NMR (500 MHz, DMSO-ds) 5: 8.00 (d, J = 2.3 Hz, 1H, ArH-1), 7.63 (dd, J = 8.6, 2.3
Hz, 1H, Art4-3), 7.53 - 7.55 (m, 2H, ArH-4,10), 7.28 (d, J= 7.5 Hz, 1H, ArH-7), 7.22 {t, J
= 7.5 Hz, 1H, ArH-8), 7.15 (t, J = Hz, 1H, ArH-B), 6.80 - 6.87 (m, 3H, ArH'-2',5',6’), 5.44
(q. J =17.0 Hz, 1H, H-8), 3.72 (s, 3H, -OCH34'), 1.14 (d, J = 7.0 Hz, 3H, -CH3-6);
Step b)

44(2-Bromo-8-methylphenanthridin-5(6H)-yl)sulfonyl]-2-fluorophenol

[0224] The title compound was prepared from 2-bromo-5-[(3-fluoro-4-
methoxyphenyl)sulfonyl]-6-methyl-5,6-dlhydrophenanthridine (0.5 g, 1.08 mmol),
cyclohexene, (0.27 mL, 3.58 mmol), and 1.0 M boron tribromide in dichloromethane
(6.49 mL, 6.49 mmol) according to the procedure and in the same manner as described
in Example 4, step b. The crude product was purified by re-crystallization from
dichioromethane to yield 4-{(2-bromo-8-methylphenanthridin-5(6H)-yi)sulfonyi}-2-
fluorophenol (0.15 g, 0.34 mmol, 31%) as an off-white solid, m.p. 203-206°C;
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MS [(-ESI), m/z}: 448 M-HT; |
'H NMR (500 MHz, DMSO-dg) 5: 10.77 (s, 1H, -OH-4"), 8.01 (d, J = 2.2 Hz, 1H, ArH-1), -
7.62 (dd, J = 8.6, 2.3 Hz, 1H, ArH-4), 7.52 - 7.57 (m, 2H, AH-3,10), 7.28 (d, J = 7.3 Hz.
1H, ArH-7), 7.23 (t, J = 7.3 Hz, 1H, AtH-8), 7.16 {t, J = 7.3 Hz, 1H, ArH-9), 6.79 (dd, J =
10.7, 2.1 Hz, 1H, ArH'-2"), 6.67 (dd, J = 8.6, 2.1 Hz, 1H, ArH'-6"), 8.57 (1,
J = 8.6 Hz, 1H, AtH'-5), 5.43 (q, J = 7.0 Hz, 1H, H-6), 1.14 (d, J = 7.0 Hz, 3H, -CHs-
6);
Anal. calcd for CagHisBrFNOSS - 0.35 H,0: C, 52.84; H, 3.48; N, 3.08. Found: C, 52.76;
H, 3.33; N, 2.98. ‘

EXAMPLE 58
Step a)
1-Methoxy-2-{trifluoromethyl)benzene
[0225] A stirred solution of 2-hydroxybenzotrifluoride (23.0 g, 142 mmol) in 2-

butanone (107 mL) was treated with potassium carbonate (25.51 g, 185 mmol) and
iodomethane (13.3 mL, 213 mmol). The mixture was heated at reflux ovemight under
argon until the thin-layer chromatography showed a completed reaction. The mixture
was cooled to room temperature and filtered through diatomaceous earth. The filtered
solid was washed with acetone and the filtrate concentrated carefully in ‘vacuo without
heating. The resulting crude liquid was purified by vacuum distillation to yield the title
compound (21.79 g, 0.124 mol, 87%) as a colorless liquid.

7.56 (m, 2H, ArH-4,5), 7.26 (m, 1H, ArH-6), 7.03 (m, 1H, ArH-3), 3.83 (s, 3H, -OCH3-1);
Step b)

4-Methoxy-3-{trifluoromethyl)benzenesulfonyl chloride
[0226] A solution of 1-methoxy-2-{trifluoromethyl)benzene (10.0 g, 56.8 mmol)

in dry chloroform (76 mL.) was cooled to 0°C and treated with chlorosulfonic acid (7.55
mL., 113.5 mmol) drop-wise under argon. After the addition was completed, the reaction
mixture was gradually warmed to room temperature and stired ovemnight. The reaction
was quenched by pouring the mixture slowly onto Ice. The separated, aqueous phase
was extracted with chloroform (3x). The combined organic phase was washed
sequentially with a saturated, aqueous sodium chloride solution (2x) and water. The
organic phase was dried over anhydrous magnesium sulfate and concentrated In vacuo
to yield the title compound (8.77 g. 31.9 mmol, 56%) as a gray solid;

MS [(+ES!), m/z]: 274 [M+H]"; '
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'H NMR (500 MHz, DMSO-ds) 5: 7.81 (dd, J = 8.6, 2.0 Hz, 1H, ArH-6), 7.75(d, 1H, J =

2.1 Hz, ArH-2), 7.20(d, 1H, J = 8.7 Hz, ArH-5), 3.89 (s, 3H, -OCHx4),
Anal. calcd for CgHgCIF305S: C, 34.99; H, 2.2. Found: C, 34.98, H, 2.1,
Step c)
5-{[4-Methoxy-3-{trifluoromethyl)phenyljsulfonyl}-6-methyl-5,6-
dihydrophenanthridine
[0227] The title compound was prepared from phenanthridine (5.38 g, 30
mmol), 1.4 M methyllithium in diethyl ether {21.8 mL., 30.5 mmol), and 4-methoxy-3-
(trifluoromethyi)benzenesulfonyt chioride (8.24 g, 30 mmol) according to the procedure
and in the same manner as described In Example 1, step a. The crude product was
purified by flash column chromatography on sillca gel, eluting with a mixture of ethyi
acetate-hexane (1:8) to yield 5-{J[4-methoxy-3~{trifluoromethyl)phenyljsulfonyl}-6-methyl-
5,6-dihydrophenanthridine (5.75 g, 13.27 mmol, 44%) as a white solid;
MS [(+ESI), m/z]: 434 [M+H]";
"H NMR (500 MHz, DMSO-dg) 5: 7.77 (d, J = 7.8 Hz, 1H, ArH-1), 7.63 (d, /= 7.7 Hz,
1H, ArH-4), 7.49 - 7.36 (m, 3H, ArH-2,3,10), 7.25 (d, J = 7.3 Hz, 1H, ArH-7), 7.18 - 7.09
(m, 3H, ArH-8,9, ArH’-8'), 6.98 {(d, J = 2.1 Hz, 1H, ArH"-2"), 6.88 (d, J = 8.0 Hz, 1H, ArH'-
5'), 543 (q, J= 7.0 Hz, 1H, H-8), 3.77 (s, 3H, -OCH34'), 1.14 (d, J=7.0 Hz, 3H, -CHs-
6)
Anal. calcd for C2H4gF3NO2S: C, 60.96; H, 4.19; N, 3.23. Found: C, 60.88; H, 4.1; N,
3.03.
Step d)
4-{(6-Methylphenanthridin-5(6H)-yl)sulfonyl]-2-{trifluoromethyl)phenol
[0228] The title compound was prepared from 5-{[4-methoxy-3-
(trifluoromethyl)phenyljsulfonyf}-8-methyi-5,6-dihydrophenanthridine (0.5 g, 1.15 mmol),
_cyclohexene (0.29 mL, 2.88 mmol), and 1.0 M boron tribromide in dichloromethane
(6.92 mL, 6.82 mmol) according to the procedure and in the same manner as described
in Example 1, step b. The crude product was purified by flash column chromatography
on silica gel, eluting with dichloromethane to yield 4-{(6-methylphenanthridin-5(6H)-
yl)sulfonyl}-2-(trifiuoromethyl)phenol (0.044 g, 0.104 mmol, 9%) as an off-white solid,
m.p. 213-215°C;
MS [(-ESI) m/z]: 418 [M-HT;
H NMR (500 MHz, DMSO-dg) 5: 11.44 (s, 1H, OH-4"), 7.78 (d, J = 7.5 Hz, 1H, ArH-1),
7.62 (d, J=7.6 Hz, 1H, ArH-4), 7.47 - 7.40 (m, 3H, ArH-2,3,10), 7.24 (d, /= 7.3 Hz, 1H,
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ArH-T), 7.18 - 7.10 (m, 2H, ArH-8,9), 6.98 (dd, J = 8.7, 2.0 Hz, 1H, ArH'-6’), 6.94 (s, 1H,
ArH'-2'), 6.56 (d, J = 8.7 Hz, 1H; ArH-5"), 5.41 (q, J=6.9 Hz, 1H, H-6), 1.14 (d, J=7.0
Hz, 3H, -CH36);

Anal. calcd for Cz1H1gFsNO3S - 0.20 CH2Cla * 0.20 H20: C, 57.87; H, 3.85; N, 3.18.
Found: C, 57.75; H, 3.91; N, 3.05.

EXAMPLE 50
Step a)
4-Methoxy-3,5-dimethylbenzenesulfonyl chloride
[0229] The title compound was prepared from 2-methoxy-1,3-diméthylbenzene

(6.81 g, 50 mmol) and chiorosulfonic acid (6.65 mL, 100 mmof), according-fo the
procedure and in the same manner as described in Example 58, step b to yield 4-
methoxy-3,5-dimethylbenzenesulfonyl chioride (7.43 g, 31.3 mmol, 63%) as a white
solid; '
MS {(+ESl), m/z}: 234 M+H]";
'H NMR (500 MHz, DMSO-dg) 5: 7.24 (s, 2H, ArH-2,6), 3.62 (s, 3H, ~OCH3z4), 2.19 (5,
6H, -CH3-3,5);
Anal. calcd for CoH44Cl03S" 0.3 H,O: C, 45.02; H, 4.87. Found: C, 44.82; H, 4.78.
Step b) '

5-[(4-Methoxy-3,5-dimethylphenyl)sulfonyi]-8-methyl-5,6-dihydrophenanthridine

[0230] The titte compound was prepared from phenanthridine (3.58 g, 20

mmol), 1.4 M methyllithium in diethyl ether (14.5 mL, 20.3 mmol), and 4-methoxy-3,5-
dimethylbenzenesulfonyl chloride (4.69 g, 20 mmol) acconding to the procedure and in
the same manner as described in Example 1, step a. The crude product was purified by
flash column chromatography on silica gel, eluting with a mixture of ethyt acetate-
hexane (1:8) to yield 5-[(4-methoxy-3,5-dimethyiphenyl)sulfonyl}-6-methyl-5,6-
dihydrophenanthridine (4.86 g, 12.4 mmol, 62%) as a white solid;
MS [(+ESI), m/z]: 384 [M+H]";
H NMR (500 MHz, DMSO-dg) 5: 7.78 (d, J = 7.5 Hz, 1H, Ar4-1), 7.59 (d, J = 7.8 Hz,
1H, ArH-4), 7.45 - 7.38 (m, 3H, Ar{-2,3,10), 7.21 - 7.16 (m, 2H, ArH-7.8), 7.10 (t, J =
7.3 Hz, 1H, ArH-9}, 6.60 (s, 2H, ArH'-2'.6), 5.35 (q, J = 7.1 Hz, 1H, H-8), 3.48 (s, 3H, -
OCHz4'), 1.85 (s, 6H, -CH¢-3',5°), 1.13 (d, J = 7.1 Hz, 3H, -CHs-6);
Anal. calcd for Ca3H23NOaS: C, 70.20; H, 5.89; N, 3.56. Found: C, 80.08; H, 5.84; N,
3.45.
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Step c)
2,6-Dimethyl-4-{{6-methyiphenanthridin-5(6H)-yl)sulfonyl]phenol
[0231] The title compound was prepared from 5-[(4-methoxy-3,5-

dimathylphenyl)sulfonyl}l-6-methyl-5,6-dihydrophenanthridine (1.0 g, 2.54 mmol),
cyclohexene (0.64 mL, 6.36 mmol) and 1.0 M boron tribromide in dichloromethane (15.3
mL, 15.3 mmol) according to the probedura and in the same manner as described in
Example 1, step b. The crude product was purified by flash column chromatography on
silica gel, eluting with dichloromethane to yield 2,6-dimethyl-4-[(6-methylphenanthridin-
5(6H)-yl)sulfonyljphenol {0.79 g, 2.08 mmol, 82%) as a white solid, m.p. 211-213°C;
MS [(+ESI), m/z]: 380 [M+H]*;
H NMR (500 MHz, DMSO-dg) &: 8.93 (s, 1H, -OH-4'), 7.76 (d, J = 7.5 Hz, 1H, ArH-1),
7.58 (d, J= 7.8 Hz, 1H, ArH-4), 7.44 - 7.34 (m, 3H, ArH-2,3,10), 7.22 - 7.17 (m, 2H,
ArH-7.8), 7.11 (t, J= 7.2 Hz, 1H, ArH-8), 6.52 (s, 2H, ArH'-2',6"), 5.36 (q, J = 7.0 Hz, 1H,
H-8), 1.79 (s, 6H, -CH3-3'.5"), 1.12 (d, J = 7.0 Hz, 3H, -CH38),
Anal. caled for CxH24NO3S - 0.85 H,O: C, 67.55; H, 5.75; N, 3.58. Found: C, 67.43; H,
5.55; N, 3.44.

EXAMPLE 60
Step a)
‘-Methyl-1,1"-biphenyl-2-amine
[0232] A stimed solution of 2-jodoaniline (5.0 g, 22.8 mmol), and 4-
methylphenylboronic acid (3.1 g, 22.8 mmol) in tetrahydrofuran was treated under argon
with [1,1"-bis(diphenylphosphino)ferrocene]dichloropaliadium (ll) complex with
dichioromethane (1:1) (0.37 g, 0.46 mmol), and a 5.0 N sodium hydroxide solution (9.1
mL, 45.7 mmol). The reaction mixture was heated under reflux for 24 hours, cooled to
room temperature, and washed with a saturated, aqueous, sodium chioride solution.
The aqueous phase was further extracted with ethy! acetats (3x). The combined
organic phase was dried over anhydrous magneslum sulfate, and the solvent
evaporated in vacuo. The crude product was purified by flash column chromatography
on silica gel, eluting with a mixture of ethyl acetate-hexane (1:12) to yleld the title
compound (3.26 g, 17.8 mmol, 78%) as an orange oil;
MS [(+ES)), m/z]: 184 [M+H]";
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'H NMR (500 MHz, DMSO-dg) &: 7.29 (d, J=7.9 Hz, 2H, ArH-2'6), 7.24 (d, J= 7.9
Hz, 2H, ArH'-3',5"), 7.02 {t, 1H ArH-5), 6.95 (d, J = 7.6, 1H, ArH-6), 6.74 (d, J = 7.9 Hz,
1H, ArH-3), 6.61 (t, J= 7.4 Hz, 1H, ArH-4), 4.69 (s, 2H, -NH>-2), 2.33 (s, 3H, -CH34"),
Anal. calcd for C1aH3N: C, 85.21; H, 7.15; N, 7.64. Found: C, 85.0, H, 7.15; N, 7.55.
Step b)

N+{4'-Methyl-1,1"-biphenyl-2-yl)acetamide
[0233] A stirred solution of 4'-methyl-1,1"-biphenyl-2-amine (3.09 g, 16.87
mmol) in dichloromethane was treated with acatic anhydride (1.75 mL, 18.6 mmol),
pyridine (3.14 mL, 38.8 mmol), and 4-(N,N-dimethylamino)pyridine (0.062 g, 0.506
mmol). After stirring under argon for 16 hours, a saturated, aqueous, ammonium
chloride solution (5 mL) was added to the reaction mixture and stirring continued
another 30 minutes. The reaction mixture was poured into a 0.1 N hydrochloric acid
solution. The separated aqueous phase was further extracted with dichloromethane
(3x). The combined organic phase was washed sequentially with a 0.1 N hydrochloric
acid soiution and a saturated aqueous, sodium bicarbonate solution. After drying over
anhydrous magnesium sulfate, the solvent was removed in vacuo. The crude product
was purified by re-crystallization from a mbdure of ethyl acetate-hexane to yleld the titfe
compound (3.17 g, 14.1 mmol, 83%) as a white, crystalline solid;
MS [(+ESI), m/z): 226 [M+H]";
H NMR (500 MiHz, DMSO-dg) 8: 9.16 (8, 1H, NH), 7.45 - 7.22 (m, 8H, AriH), 2.34 (s,
3H, CH3-3',5'), 1.88 (s, 3H, -C(O)CHy,);
Anal. calcd for CisHsNO: C, 79.97: H, 6.71; N, 6.22. Found: C, 80.13;H,6.76; N,
6.11.
Step ¢)
6,8-Dimethylphénanthridine
[0234] The titie compound was prepared from N-(4'-methyi-1,1"-biphenyi-2-

yl)acetamide (3.05 g, 13.5 mmol) and polyphosphoric acid (40 g) according to the
procedure and in the samie manner as described In Example 32, Method A, step b. The
crude product was purified by re-crystallization from a mixture of ethyl acetate-hexane
to yield 6,8-dimethyiphenanthridine (2.04 g, 9.82 mmoi, 73%) as a light-yeliow solid;
MS [(+ESI), m/z]: 208 [M+H]"; .
TH NMR (500 MHz, DMSO-dg) 5: 8.72 (d, J=8.4 Hz, 1H, ArH-1), 8.69 (d, J= 8.1 Hz,
1H, ArH-4), 8.11 (s, 1H, ArH-7), 7.97 (d, J= 8.1, 1H, ArHH-10), 7.77 {(d, J = 8.4 Hz, 1H,
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Art-9), 7.71 - 7.67 (t, J= 8.0 Hz, 1H, ArH-2), 7.63 (t, J = 8.1 Hz, 1H, ArH-3), 2.94 (s,

3H, -CHs-B), 2.58 (s, 3H, -CH3-8);
Anal, calcd for C4sHiaN: C, 86.92; H, 6.32; N, 6.76. Found: C, 86.65; H, 6.35; N, 6.62.
Step d)

5-J(4-Methoxyphenyl)sulfonyl]-6,8-dimethyl-5,6-dihydrophenanthridine

[0235] A stired solution of 6,8-dimethylphenanthridine (1.95 g, 9.41 mmol) in
tetrahydrofuran (90 mL) was treated with sodium borohydride (1.42 g, 37.6 mmol) and
trifluoroacetic acid (0.72 mL, 9.41 mmol). After stirring overnight under argon, another
equivalent of sodium borohydride was added, and the mixture heated at reflux for five
hours. After cooling to room temperature, the reaction was quenched with a mixture of
a saturated, agueous, sodium bicarbonate solution and a saturated, aqueous, sodium
chloride solution. The aqueous phase was exiracted with diethyi ether (3x). The
combined organic phase was dried over anhydrous magnesium sulfats, filtered, and
evaporated in vacuo to a crude dihydrophenanthridine. A solution of the crude
dihydrophenanthridine in dichloromethane (25 mL) was treated with triethylamine (5.25
mL, 37.63 mmol) and 4-methoxybenzenesulfonyl chloride (2.14 g, 10.3 mmol). After
stiming for 18 hours under argon at room temperature, the reaction mixture was
quenched with a 1 N sodium hydroxide solution and extracted with dichloromethane
(2x). The combined organic phase was washed with a 2 N hydrochloric acid solution,
dried over anhydrous magnesium sulfate, and evaporated in vacuo to an orange solid.
The orange solid was purified by flash column chromatography on silica gel, eluting with
a mixture of ethy! acetate-hexane (1:8) to yield the title compound (1.61 g, 4.24 mmol,
45%) as a white solid;
MS [(+ESI), m/2]: 380 (M+H]";
'H NMR (500 MHz, DMSO-dg) 8: 7.72 (d, J = 7.5 Hz, 1H, ArH-1), 7.58 (d, J = 7.9 Hz,
1H, ArH-4), 7.39 - 7.31 (m, 3H, ArH-2,3,10), 7.00 (s, 1H, ArH-7), 6.95 (d, J = 8.9 Hz, 2H,
ArH’-2',6%, 6.93 (d, J = 8.1 Hz, 1H, ArH-8), 6.55 (d, J = 8.8 Hz, 2H, ArH'-3',5"), 5.31 (q, J
= 6.9 Hz, 1H, H-6), 3.83 (s, 3H, -OCHs4'), 2.25 (s, 3H, -CH8), 1.12 (d, J = 7.0 Hz, 3H,
-CHx6),
Anal. calcd for szHmNO;'S: C, 69.83; H, 5.58; N, 3.69. Found: C, 69.31; H, 5.42; N,
3.57.
Step o)

4-{(6,8-Dimethylphenanthridin-5(6H)-yl)sulfonyljphenol
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[0238] The title compound was prepared from 5-{(4-methoxyphenyl)sutfonyi]-
6.8-dimethyl-5,6-dihydrophenanthridine (0.6 g, 1.58 mnﬁl). cyclohexene (0.4 mL, 3.95
mmol), and 1.0 M boron tribromide in dichloromethane (9.5 mL, 9.49 mmol) accordin'g
to the procedure and in the same manner as described in Example 1, step b. The crude
product was purified by flash column chromatography on silica gel, eluting with -
dichloromethane to yield 4-[(6,8-dimethylphenanthridin-5(6H)-yi)sulfonyllphenol (0.31 g,
0.85 mmol, 54%) as a white solid, m.p. 111-113°C;

MS [(-ESi), m/z): 364 [M-H];

H NMR (500 MHz, DMSO-dp) 8: 10.20 (s, 1H, OH-4'), 7.73 (d, J = 7.5 Hz, 1H, ArH-1),
7.57 (d, J = 7.5 Hz, 1H, ArH-4), 7.38 - 7.31 (m, 3H, ArH-2,3,10), 7.01 (s, 1H, ArH-7),
6.95(d, J=7.9 Hz, 1H, ArH-9), 6.84 (d, J = 8.8 Hz, 2H, ArH'-2'6"), 6.34 (d, J= 8.7 Hz,
2H, ArH'-3',5'), 5.31 (q, J = 6.9 Hz, 1H, H-8), 2.25 (s, 3H, -CHs-8), 1.11 (d, /= 6.9 Hz,
3H, -CH3-6); :
Anal. calcd for C21H1gNO3S * 0.40 H2O: C, 67.68; H, 5.36; N, 3.76. Found: C, 67.45; H,
5.16; N, 3.64.

. EXAMPLE 61
Step a)
4'-Chloro-~1,1"-biphenyl-2-amine
[0237] The title compound was prepared from 2-iodoaniline (5.0 g, 22.83

mmol), 4-chlorophenylboronic acid (3.57 g, 22.8 mmol), [1,1'- '
bis(diphenylphosphino)ferrocene]dichloropalladium (l1) complex with dichloromethane
(0.373 g, 0.46 mmol), and a 5.0 M sodium hydroxide solution (9.1 mL, 45.65 mmol)
according to the procedure and in the same manner as described in Example 60, step
a. The crude product was purified by flash column chromatography on silica gel, eluting
with a mixture of ethyl acetate-hexane (1:12) to yield 4'chloro-1,1"-biphenyl-2-amine
(3.67 g, 18.0 mmol, 79%) as an orange oil;

MS [(+ESI), m/2]: 204 [M+H]";

'H NMR (500 MHz, DMSO-dg) 5: 7.47 (d, J= 8.4 Hz, 2H, ArH'-3',5'), 7.42 (d, J = 8.4
Hz, 2H, ArH’-2',6"), 7.04 (id, J= 7.4, 1.1 Hz, 1H, ArH-5), 6.86 (d, J = 7.5 Hz, 1H, ArH-6),
6.75 (d, /= 8.1 Hz, 1H, ArH-3), 6.62 (t, J = 7.5 Hz, 1H, ArH-4), 4.80 (s, 2H, NH=-2);
Anal. calcd for C42H1eCIN - 0.05 Hz0: C, 70.48; H, 4.98; N, 6.85. Found: C, 70.3; H,
4.88; N, 6.86. :

Step b)
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N+{4'-Chioro-1,1"-biphenyi-2-yl)acetamide

[0238] The tile compound was prepared from 4'-chloro-1,1-biphenyi-2-amine
(3.5 g, 17.19 mmol), acetic anhydride (1.79 mL, 18.9 mmol), pyridine (3.2 mL, 39.5
mmol), and 4-(N,N-dimathylamino)pyridine (0.06 g, 0.52 mmol) according to the
procedure and in the same manner as described in Example 60, step b. The crude
product was purified by re-crystallization from a mixture of ethyl acetate-hexane to yield
N-(4'-chioro-1, 1"-biphenyl-2-yl)acetamide (2.16 g, 8.78 mmol, 51%) as a white solld;
MS [(-ESI,) m/z]: 244 (M-HT;
H NMR (500 MHz, DMSO-ds) 5: 9.28 (s, 1H, -NH), 7.49 - 7.26 (m, 8H, ArH), 1.87 (s,
3H, -C(O)CH);
Anal. calcd for C14H12CINO: C, 68.44; H, 4.92; N, 5.7. Found: C, 68.39; H, 4.92; N,
5.62.
Step c)

8-Chloro-6-methylphenanthridine

[0239] The title compound was prepared from N-(4'-chloro-1,1'-biphenyt-2-
viJacetamide (2.1 g, 8.55 mmol) and polyphosphoric acid (25.3 g) according 1o the
procedure and in the same manner as described in Example 32, Method A, Step b. The
crude product was re-crystaliized from a mixture of hexane-ethyl acetate to yield 8-
chioro-6-methylphenanthridine (1.66 g, 7.28 mmol, 85%) as an off-white solid;
MS [(+ESI), m/z]: 228 (M+H]";
H NMR (500 MHz, DMSO-ds) 5: 8.87 (d, J= 8.9 Hz, 1H, ArH-1), 8.74 (d, J = 8.3 Hz,
1H, Arti4), 8.35 (d, J = 2.0 Hz, 1H, Ar4-7), 8.01 (d, J = 8.1 Hz, 1H, ArH-10), 7.95 (dd, J
= 8.7, 2.0 Hz, 1H, ArH-8), 7.76 (d, J = 8.1 Hz, 1H, ArH-2), 7.68 (d, J = 8.1 Hz, 1H, ArH-
3), 2.96 (8, 3H, -CHy-6);
Anal. calcd for C14H1CIN: C, 73.85; H, 4.43; N, 6.15. Found: C, 73.53; H, 4.37; N,
6.05.
Step d)

8-Chloro-5{(4-methoxyphenyl)sulfonyl]-8-methyl-5,8-dihydrophenanthridine

[0240] A stirred solution of 8-chloro-8-methylphenanthridine (1.6 g, 7.03 mmol)
in tetrahydrofuran (67 mL) was treated with sodium borohydride (2.13 g, 56.2 mmol)
and trifluoroacetic acid (1.08 mL, 3.51 mmol) and heated at reflux for 5.5 hours. After
cooling to room temperature, the reaction was quenched with a mixture of a saturated,
aqueous, sodium blcarbonate solution and a saturated, aqueous, sodium chioride
solution. The aqueous phase was extracted with diethyl ether (3x). The combined
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organic phase was dried over anhydrous magnesium sulfats, filtered, and evaporated in
vacuo to a crude dihydrophenanthridine. A solution of the dihydrophenanthridine in
dichloromethane (19 mL) was treated with tristhylamine (3.9 mL, 28.1 mmol) and 4-
methoxybenzenesulfonyl! chloride (1.60 g, 7.73 mmol). After stirring for 18 hours under
argon at room temperature, the reaction mixture was quenched with a 1 N agueous
sodium hydroxide solution, and extracted with dichloromethane (2x). The combined
organic phase was washed with a 2 N hydrochloric acid solution, dried over anhydrous
magnesium sulfate, and evaporated in vacuo to an orénge solid. The orange solid was
purified by flash column chromatography on silica gel, eluting with a mixture of ethyl
acetate-hexane (1:8) to yield the title compound (1.65 g, 4.11 mmol, 59%) as a white
solid; '
MS [(+ESI), m/z]: 400 [M+H]";
"H NMR (500 MHz, DMSO-dg) 5: 7.78 (d, J = 7.6 Hz, 1H, ArH-1), 7.61 (d, J = 8.0 Hz,
1H, ArH-4), 7.48 - 7.36 (m, 4H, ArH-2,3,7,10), 7.16 (dd, J = 8.4, 2.3 Hz, 1H, ArH-9),
6.99 (dd, J = 11.7, 2.9 Hz, 2H, ArH'-2",6'), 6.60 (dd, J = 11.6, 2.8 Hz, 2H, ArH'3’,5’), 5.41
(q. J = 7.0 Hz, 1H, H-6), 3.66 (s, 3H, -OCH>4"), 1.13 (d, J = 7.0 Hz, 3H, -CH56);
Anal. calcd for C21H1gCINOaS: C, 63.07; H, 4.54; N, 3.5. Found: C, 62.96; H, 4.67; N,
3.34. |
Step e)
44 (8-Chloro-6-methylphenanthridin-5(6H)-yl)sulfonyljphenol

[0241] The title compound was prepared from 8-chloro-5-{(4-
methoxyphenyl)sulfonyl]-6-methyl-5,6-dlhydrophenanthridine (0.6 g, 1.50 mmol),
cyclohexene (0.304 mL, 3.75 mmol), and 1.0 M boron tribromide in dichioromethane
(8.0 mL, 9.0 mmol) according to the procedure and In the same manner as described in
Example 1, step b. The crude product was purified by flash column chromatography on
silica gel, eluting with dichloromethane to yieid 4-{(8-chloro-6-methylphenanthridin-
5(6H)-yl)sulfony{]phenol (0.24 g, 0.63 mmol, 42%) as a white solid, m.p. 176-178°C;
MS [(-ESI), m/z): 384 [M-HT;
H NMR (500 MHz, DMSO-dg) 5: 10.23 (s, 1H, -OH-4'), 7.78 (dd, J= 7.7, 1.6 Hz, 1H,
ArH-1), 7.60 (dd, J= 7.9, 1.2 Hz, 1H, ArH-4), 7.49 (d, J = 8.5 Hz, 1H, ArH-10), 7.46 -
7.36 (m, 3H, ArH-2,3,7), 7.17 (dd, J = 8.5,2.2 Hz, 1H, ArH-9), 6.87 (d, J = 8.9 Hz, 2H,
ArH'-2',6"), 6.38 (d, J = 8.9 Hz, 2H, AiH'-3',5'), 5.41 (q, J=7.0Hz, 1H, H-6), 1.12 (d, J=
7.0 Hz, 3H, -CH3-8); '
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Anal. caled for CagH1gCINOSS ° 0.45 H;0: C, 80.97; H, 4.32; N, 3.56. Found: C, 60.95;

H, 4.01; N, 3.43.

EXAMPLE 62
Step a)
2-Bromo-8-chloro-5-{(4-methoxyphenyl)sulfonyl]-6-methyl-5,6-
dihydrophenanthridine

[0242] The title compound was prepared from 8-chloro-5-[(4-
methoxyphenyl }sulfonyl]-6-methyi-5,6-dihydrophenanthridine (0.95 g, 2.38 mmol),
bromine (0.12 mL, 9.50 mmol), and glacial acetic acid (24 mL) according to the
procedure and in the same manner as described in Example 4, step a. The crude
product was purified by flash column chromatography on sllica gel, eluting with a
mixture of ethyl acetate-hexane (1:3 to 1:1 gradient) to yleld 2-bromo-8-chloro-5-[(4-
methoxyphenyl)sulfonyl}-6-methyl-5,6-dihydrophenanthridine (0.70 g, 1.46 mmol, 61%)
as a white solid;
MS [(+ESI), m/z]: 478 M+H]";
'H NMR (500 MHz, DMSO-ds) 3: 8.01 (d, J= 2.1 Hz, 1H, ArH-1), 7.64 (dd, J = 8.6, 2.1
Hz, 1H, ArH-4), 7.56 - 7.53 (m, 2H, ArH-3,10), 7.38 (d, J = 2.1 Hz, 1H, ArH-7), 7.16 (dd,
J=84, 2.1 Hz, 1H, ArH-9), 7.05 (d, J = 9.0 Hz, 2H, ArH'-2',6'), 6.63 (d, /= 8.9 Hz, 2H,
ArH'-3'.5"), 543 (q, J = 7.0 Hz, 1H, H-6), 3.67 (8, 3H, -OCHs4'),1.14 (d, J = 7.0 Hz, 3H,
-CHz6);
Anal. calcd for C1H7BrCINO3S: C, 52.68; H, 3.58; N, 2.93. Found: C, 52.98; H, 3.71;
N, 2.9.
Step b)

4-{(2-Bromo-8-chloro-6-methylphenanthridin-5(8H)-yl)sulfonyl]phenol

[0243] The title compound was prepared from 2-bromo-8-chioro-5-[(4-
methoxyphenyl)sulfonyl}-8-methyl-5,6-dihydrophenanthridine (0.6 g, 1.25 mmol),
cyclohexene (0.32 mL, 3.13 mmol), and 1.0 M boron tribromide in dichloromethane
(7.52 mL, 7.52 mmol) according to the procedure and in the same manner as described
in Example 1, step b. The crude product was purified by flash column chromatography
on silica gel, eluting with dichloromethane to yield 4-{{2-bromo-8-chloro-8-
methylphenanthridin-5(6H)-yi)sulfonyf]phenol (0.33 g, 0.71 mmol, 56%) as a light-ysliow
solid, m.p. 213-215°C;
MS [(-ESI) m/z]: 462 M-HT;
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'H NMR (500 MHz, DMSO-ds) 3: 10.29 (s, 1H, -OH-4"), 8.01 (d, /= 2.0 Hz, 1H, ArH-1),
7.63 - 7.52 (m, 3H, ArH-3,4,10), 7.41 (d, J = 1.9 Hz, 1H, ArH-7), 7.18 (dd, /= 8.4, 2.0
Hz, 1H, ArH-0), 8.92 (d, J = 8.7 Hz, 2H, ArH'-2',6'), 6.41 (d, J = 8.7 Hz, 2H, ArH'-3',5"),
943 (q. J = 6.9 Hz, 1H, H-6), 1.13 (d, J= 6.9 Hz, 3H, -CH¥6);

Anal. calcd for CaoH4sBrCINOaS: C, 51.69; H, 3.25; N, 3.01. Found: C, 51.53; H, 3.26;
N, 2.93. '

[0244] Examples 63 to 98 were synthesized as an automated directed amay in an
combinatorial manner according to General Procedure A described below.

General Procedure A
Step a)

[0245] A 0.25 M solution of 2-bromo-6-ethyl-5-[(4-methoxyphenyl)sulfonyi}-5,6-
dihydrophenanthridine (400 uL, 45.8 mg, 100 pmol) in 1,4-dioxane and a0.25 M
solution of the aryl (or alkyl) boronic acid (800 uL., 200 umol) in 1,4-dioxane were mixed
together in a two dram vial and treated with a freshly prepared 0.05 M solution of
tetrakis(triphenylphosphine)palladium (0) (300 pL, 5.78 mg, 15 pmol)and a 2 M
aqueous solution of sodium carbonate (150 ul., 41.5 mg, 300 pmol). The mixture was
purged with argon for 30 minutes and heated to 100°C for up to six hours. The reaction
progress was monttored by hlgh-perfonnance liquid chromatography. At completion,
the reaction was cooled to room temperature and diluted with dichloromethane (3 mL)
and a 0.5 M aqueous sodium hydroxide solution (2 mL). After shaking for 30 minutes
and centrifugation, the organic phase was separated and concentrated to a residue in a
clean vial, and the product confirmed by MS (APCIl+).

Step b)

[0246]) A shaken solutuon of the Suzulu coupled product of General Procedure
A, Step a, and cyclohaxena (100 pL, 1.0 mmol) in dichloromethane (600 p.L) was
treated under argon in a glove box at -30°C with a solution of 1.0 M boron tribromide in
dichloromethane (800 ul, 800 umol). After the addition was compieted, the reaction
mixture was allowed to warm to room temperature for five hours. The reaction was
cooled to -30°C, and quenched with methanol {200 pl.) at a rate of 1 mL/min. The
mixture was diluted with dichloromethane (2 mL) and water (2 mL), shaken; and the
organic phase was separated and concentrated by centrifugation to a residue. The
residue was diluted with dimethyl sulfoxide (800 uL) and purified by high-throughput
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purification techniques to yield the purified compound, which was confirmed by LCMS
(ES-, FA, CV=20 or 5).

EXAMPLE 63
2-{6-Ethyl-5{(4-hydroxyphenyl)sulfonyl]}-5,6-dihydrophenanthridin-2-yl}phenol
[0247] HRMS [(+ESI!), m/z): 458.14151 [M+H]". Calcd. for CzzH2aNO,.S:
458.14206.

EXAMPLE 64
4-{[6-Ethyl-2{4-{methylthio)phenyl]phenanthridin-5(6H)-yl]sulfonyl}phenol
[0248] HRMS [(+ESI), m/z]: 488.13407 [M+H]". Calcd. for CaaH2sNOaS,:
488.13487.

EXAMPLE 65
4-{[6-Ethyl-2-J(E)-2-phenylethenyl]phenanthridin-5{6 H)-yl]sulfonyi}phenol
[0249) HRMS [(+ESI), m/z}: 468.18250 [M+H]'. Calcd. for CagHasNO;S:
488.16279.

EXAMPLE 66
4-{]2<{1,1"-Biphenyl-4-yl)-6-ethylphenanthridin-5(6 H)-yl]sulfonyl}phenol
[0250] HRMS [(+ESI), m/Z]: 518.17747 M+H]'. Calcd. for CxsHxyNOsS:
518.17844. '

EXAMPLE 67

4-{2-(3-Chiorophenyl)-8-sthylphenanthridin-5(6 H)-yl]sulfonyl}phenol
[0251] HRMS [(+ESI), m/z): 476.10774 [M+H]". Calcd. for C;;HCINOS:
476.10817.

EXAMPLE 68
4-[(6-Ethyl-2-quinolin-8-yiphenanthridin-5(6 H)-yl)sulfonyl]phenacl
[0252] HRMS [(+ESI), m/Z]: 483.15815 [M+H]". Calcd. for CagHaN;04S:
493.15804.

EXAMPLE 69
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4-[(6-Ethyl-2-phenylphenanthridin-5(6H)-yl)sulfonyl]phenol

[0253] HRMS [(+ESI), m/Z]: 442.14691 [M+H]'. Calcd. for CxnHzNO:S:
442.14714.

EXAMPLE 70
4{[6-Ethyl-2-(2-methylphenyl)phenanthridin-5(6 H)-y{]sulfonyf}phenot

[0254) HRMS [(+ESI), m/z]: 456.16263 M+H]*. Calcd. for CaaHasNO;S:
456.16279.

EXAMPLE 71
4-J(6-Ethyl-2-thianthren-1-ylphenanthridin-5(6H)-yl)sulfony(lphenol

[0255] HRMS [(+ESI), m/z]: 580.10708 [M+H]'. Calcd. for CaHzsNO3sSs:
580.10694.

EXAMPLE 72
4-{[2{1-Benzofuran-2-yl}-8-aethylphenanthridin-5(6H)~yl]sulfonyf}phenol

[0256] HRMS [(+ESI), m/z): 482.14186 [M+H]". Calcd. for CagHzNOSS:
482.14206.

EXAMPLE 73 -
4-{[{6-Ethyl-2{4-hydroxyphenyl)phenanthridin-5(6H)-yi]sulfonyl}phenol
[0257] HRMS [(+ES!), m/z]: 458.14136 M+H]'. Calcd. for CnH2sNO4S:

458.14206.

_ EXAMPLE T4
4-{[2-{2-Chlorophenyl)-6-ethylphenanthridin-5(6H)-yl]sulfonyl}phenol
[0258] HRMS [(+ESI), m/z]: 476.10818 M+H]'. Calcd. for Cz7H22CINO;S:

476.10817.

EXAMPLE 75
4-{[6-Ethyl-2-{4-ethylphenyl)phenanthridin-5(6 H)-yf]sulfonyf}phenol
[0259] HRMS [(+ESI), m/z]: 470.17797 [M+H]*. Calcd. for CxHzNOsS:
470.17844.
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EXAMPLE 76

1-(5-(G-Ethyl-5-[(4-hydroxyphenyl)sulfonyl]-s.s-dihydrophenanﬂ!rldln-2-y|}thien-2-
yl)ethanone
[0260] HRMS [(+ESI), m/Z]: 490.11440 [M+H]". Calcd. for CzHasNO,S2:
490.11413.

EXAMPLE 77
5-{6-Ethyl-5-{(4-hydroxyphenyl)sulfonyl]-5,6-dihydrophenanthridin-2-
- yi}pyrimidine-2,4-diol
[0281)] HRMS [(+ESI), m/Z]: 476.12804 [M+H]". Calcd. for CasH21N305S:
476.12747.

EXAMPLE 78
4-{[6-Ethyl-2<{2-hydroxyphenyl)phenanthridin-5(6 H)-yl]sulfonyl}-2-methylphenol
[0262] HRMS [(+ESI), m/2]: 472.15783 [M+H]'. Calcd. for CagHasNOS:
A72.15771.

EXAMPLE 79
4.{(6-Ethyl-2-thlen-3-yiphenanthridin-5(6 H)-yl)sulfonyl]-2-methylphenol
[0263] HRMS [(+ES!), m/z): 462.11896 [M+H]'. Calcd. for CagHasNOsS2:

462.11921.

EXAMPLE 80
4-{[6-Ethyl-2-[4-{methylthlo)phenyl]phenanthridin-5(6H)-y[]sulfonyl}-2-
methyiphenol

[0264] HRMS {(+ES!), m/z}: 502.15006 M+H]'. Calcd. for CgHxNO:S2:
502.15052.

EXAMPLE 81
4-{[6-Ethyl-24(E)-2-phenylethenyl]phenanthridin-5(6 H)-yljsulfonyl}-2-
methyiphenol

[0265] HRMS [(+ESI), m/Z]: 482.17829 [M+H]'. Calcd. for CyHzzNOsS:
482.17844,
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EXAMPLE 82 .
4-{6-Ethyl-5-[(4-hydroxy-3-methylphanyl)suIfonyl]-s.s-dlhydrophananmrldln-z-
yljbenzene-1,2-diol

[0266] HRMS [(+ESI), m/z]: 488.15248 [M+H]'. Calcd. for CogHasNOsS:

488.15262.

EXAMPLE 83
4-{[24{1,1 "-Biphenyl-4-yl)-6-ethylphenanthridin-5(6H)-y{}sulfonyl}-2-methylphenol

[0267] HRMS [(+ESl), m/Z]: 532.18301 M+H]". - Calcd. for CayH2gNOS:

532.19408.

EXAMPLE 84
4-{[6-Ethyl-2-(3-hydroxyphenyl)phenanthridin-5{6 H)-yl}sulfonyl}-2-methylphenol

{0268] HRMS [(+ESI), m/z): 472.15779 M+H]'. Calcd. for CaaHzsNO,S:

472.15771.

EXAMPLE 85
4—{[2-(3-chlorophenyl)-G-ethylphonanthrldln-S(BH)-y!]sulfonyl}-:—methylphenol

[0269] HRMS [(+ES!), m/z]: 480.12370 [M+H]". Calcd. for CoaHuCINOsS:

490.12382.

EXAMPLE 86
4-{[6-Ethyl-2-[(E)-hept-1-enyl]phenanthridin-5(6 H)-yijsulfonyl}-2-methyiphenol

[0270]  HRMS [(+ESI), m/z]: 476.22567 [M+H]*. Calcd. for CzHz:NOsS:

476.22539.

EXAMPLE 87
4-(6-Ethyl-2-pyridin-4-yiphenanthridin-5(6H)-yl)sulfonyl]-2-methyiphenol

[0271] HRMS [(+ESI), m/&}: 457.15770 [M+H]". Caicd. for CxHaeN205S:

457.15804.

EXAMPLE 88
4-[(6-Ethyl-2-quin lin-8-yiphenanthridin-5(6H)-yl)sulfonyl]-2-methyiphenol

- 145 -

y -



WO 20041050631 PCT/US2003M382%0

[0272] HRMS [(+ESI), m/z): 507.17306 (M+H]". Caicd. for C31HasN203S:
507.17369.

EXAMPLE 89
4-{[6-Ethyl-2-{2-methylphenyl)phenanthridin-5(6 H)-yllsulfonyl}-2-methylphen |
[0273] HRMS [(+ES!), m/]: 470.17835 [M+H]'. Caled. for CgHnNO;S:
470.17844,

EXAMPLE 80
4-{T2-{1-Benzothien-2-yl)-6-athylphenanthridin-5(6 H)-yllsulfonyl}-2-methyiphenol
[0274] HRMS [(+ESI), m/&]: 512.13482 M+H]". Calcd. for CagHzsNOaSa:
512.13487.

EXAMPLE 91
4-{[2-(1-Benzothien-3-yl)-6-ethylphenanthridin-5(6 H)-yl]sulfonyl}-2-methyiphenaol
[0275] HRMS [(+ESI), m/): 512.13470 [M+H]'. Calcd. for CgoHasNOsS2:
512.13487.

EXAMPLE 92
44(2-Dibenzo]b,d]furan-4-yi-6-ethylphenanthridin-5(6H)-yl)sulfonyl]-2-
methylphenol

[0276] HRMS [(+ESI), m/Zz]: 548.17342 (M+H]'. Calcd. for CaHzyNO.S:
546.17336.

EXAMPLE 93
4-{12{1-Benzofuran-2-yl)-6-ethylphenanthridin-5(6 H)-ylflsulfonyl}-2-methylphenol

[0277]  HRMS [(+ESI), m/z]: 498.15765 [M+H]'. Calcd. for CagHzsNOLS:
496.15771.

EXAMPLE 94
4-{[6-Ethyl-2-{4-hydroxyphenyl)phenanthridin-5{8 H)-yl]lsulfonyl}-2-methyiphen |
[0278] HRMS [(+ESI), m/]: 472.15758 [M+HI". Calcd. for CaHsNO,S:
472.15771.
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EXAMPLE 95 '
4-{[2-(2-Chlorophenyl)-6-ethylphenanthridin-5(6 H)-yl]sulfonyl}-2-methyiphenol

490.12382.

EXAMPLE 96
4-{[6-Ethyl-2-{4-sthyiphenyl)phenanthridin-5(6H)-yl}sulfonyl}-2-methyiphenol

[0280] HRMS [(+ESI), m/z): 484.19412 [M+H]". Calcd. for CaoHzpNO3S:

484.19409.

EXAMPLE 97
1-<{5-{6-Ethyl-5-{(4-hydroxy-3-methyiphenyl)sulfonyi}-5,6-dihydrophenanthridin-2-
yljithien-2-yl)ethanone

[0281] HRMS [(+ESI), m/z]: 504.12069 [M+H]'. Calcd. for CzsHzsNO4S3:
504.12978. '
EXAMPLE 98
5-{6-Ethyl-5{(4-hydroxy-3-methylphenyl)sulifonyl]-5,6-dihydrophenanthridin-2-
' ylpyrimidine-2,4-dlol
[0282] HRMS [(+ES)), m/z]: 490.14349 [M+H]*. Calcd. for CosH2aNsOsS:
490.14312.
EXAMPLE 99
Step a)

1{2*,4,4’-Trifluoro-1,1’-biphenyl-2-yl)ethanone

[0283] A stied solution of 2-bromo-5-fluoroacstophencne (11.72 g, 54 mmol)
and 2,4-diflucrophenylboronic acid (8.53 g, 54 mmeol) in tetrahydrofuran (600 mL) was
treated under nitrogen with [1,1'-bis(diphenylphosphino)ferrocenejdichloropaltadium (l1)
complex with dichloromethane (2.20 g, 2.69 mmol, 5 mole%) and a 5 N sodium
hydroxide solution (21.6 mL, 108 mmol). The reaction was heated at 60 °C for iwelve
hours, cooled to room temperature, and the solvent removed /n vacuo. The residue
was dissolved in dlethyl ether, filtered through a short column of silica gel, and the
solvent evaporated In vacuo to a crude brown oll (11.72 g). The crude oi was purified
by preparative liquid chromatography on a Biotage® 40 Mi column of pre-packed silica
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gel (90 g). eluting with a gradient of between 3% and 10% methyl tert-butyt ether in
hexane at a flow rate of 50 mL/min to afford, after evaporation of the solvent, the title
compound as a purified, colorless oil (7.11 g, 28.4 mmoal, 52%);

HRMS [(+ESI), m/z]): 251.06705 [M+H]". Calcd for C4HgF30: 251.06783;
IR (Film), vmax: 2918, 1695, 1604, 1481, 1424, 1267, 1186, 1139, 1100, 962, 850, 814
em’;
H NMR (400 MHz, DMSO-ds) 5: 2.44 (s, 3H), 7.16 (tdd, J = 8.5, 2.5, 0.9 Hz, 1H), 7.28
(ddd, J = 10.5, 8.4, 2.6 Hz, 1H), 7.37 - 7. 45 (m, 2H), 7.50 (td, J = 8.5, 2.7 Hz, 1H), 7.75
(dd, J=9.4, 2.7 Hz, 1H),
Anal. caicd for C44HeF30: C, 67.20: H, 3.63; N, 0.00. Found: C, 67.37; H, 3.46; N, 0.00.
Step b)
1-(2',4,4'-Trifluoro-1,1’-biphenyl-2-yl)ethylamine
[0284] A stirred solution of 1-(2',4,4'-trifluoro-1,1'-biphenyl-2-yl)ethanone (6.80

g, 27.2 mmol) in anhydrous methanol (560 mL) was treated with dried ammonium
acetate (108 g, 1.4 mol) and sodium cyanoborohydride (3.64 g, 56 mmol). The reaction
was heated under nitrogen at 60°C for fiftean. hours, cooled to room temperature, and
the solvent removed in vacuo. The residue was treated with a saturated, aqueous
ammonia solution and extracted twice with diethyl ether. The combined organic phase
was washed sequentially with water and elght times (or until the amine was no longer
present in the organic layer) with a 2 N aqueous hydrochloric acid solution. The
combined acidic aqueous layer was filtered to afford a dlalkyated dimer, N,N-bis[1-
(2’4 4'-trifluoro-1, 1'-biphenyl-2-y1) ethyllamine hydrochloride (1:1) (0.86 g 1.77 mmol,
13%), as a colorless solld, m.p. 285°C. The aqueous filtrate was extracted with diethyl
ether (1x) and neutralized to pH 10 with a 2.5 N aqueous sodium hydroxide solution.
The aqueous phase was extracted with diethyl ether (3x). The combined organic phase
was washed with water, dried aver anhydrous sodium sulfate, fitered, and the solvent
removed in vacuo below room temperature to afford the title compound, as a
homogeneous, clear, coloriess oll (4.30 g, 17.1 mmol, 81%);
HRMS [(+ESY), m/z): 252.09935 [M+H]". Calcd. for C14H12FsN: 252.09946;
'H NMR (400 MHz, DMSO-dg) 8: 1.07 (broad s, 3H), 2.01 (broad s, 2H), 3.77 (q, J=
6.2 Hz, 1H), 7.07 - 7.18 (m, 3H), 7.32 - 7.48 (m, 2H), 7.53 (d, J = 10.5 Hz, 1H).
Step c¢)

4-Methoxy-N-{1-(2' 4,4’ trifluoro-1,1'-biphenyl-2-yljethyl]benzenesuifonamide
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[0285] A stirred solution of 1+(2',4,4 -trifluoro-1,1"-biphenyl-2-yl)ethylamine

(0.71 g, 2.84 mmol) in dichloromethane (5 mL) was treated with 4-
methoxybenzenesulfonyl chioride (0.62 g, 3.0 mmol), and N,N-diisopropyiethylamine
(0.77 g, 6.0 mmol). The reaction was stirred at room temperature for twelve hours, and
the solvent evaporated in vacuo to a crude oil. The crude oil was purified by preparative
liquid chromatography on a Biotage® 40 Mi column of pre-packed silica ge! (S0 g,
eluting with a gradient of between 5% and 50% methyl teri-buty! ether in hexane at a
fiow rate of 40 mL/min, to afford, after evaporation of the solvent, a colorless oil.
Crystallization of the colorless oil from diethyl ether-hexane yielded the titte compound
(0.80 g, 1.90 mmol, 67%) as a homogeneous, colorless, crystalline solid, m.p. 178-
180°C; '
MS [(+ESI), m/z]: 422 [M+H]";
MS [(-ESI), m/z]: 420 [M-H];
IR (Solid), vmax: 3241, 1594, 1481, 1425, 1325, 1264, 1145, 1024, 835, 670 cm’™;
'H NMR (400 MHz, DMSO-dg) 5: 1.16 (d, J = 6.9 Hz, 3H), 3.79 (s, 3H), 4.04 (m, 1H),
6.93 (d, J= 8.7 Hz, 2H), 7.05 - 7.38 (m, 6H), 7.42 (ddd, /= 8.9, 2.8, 2.2'Hz. 2H), 8.06
(d, J = 5.4 Hz, 1H, major rotomer), 8.11 (d, J =4.9 Hz, 1H, minor rotomer), exists as
approximately 2:1 ratio of rotomers;
Anal. calcd for C21H4eFaNOaS: C, 59.85; H, 4.31; N, 3.32. Found: C,.59.93; H, 4.33 N,
3.34.
Step d)

3,8-Difluoro-5-{(4-methoxyphenyl)sulfonyl]-8-methyl-5,6-dihydrophenanthridine

[0286] A stimed suspension of 4-methoxy-N-[1-(2' 4,4 -trifluoro-1,1'-biphenyl-2-
yl)ethyl]benzenesulfonamide (0.74 g, 1.74 mmol) and potassium carbonate (0.48 g,
3.50 mmol) in N, N-dimethyiformamide (5 mL) was heated for twelve hours at 100°C.
The reaction mixture was cooled and poured into distilled water. After stiming overnight
at room temperature, a precipitate was filtered and dried under high vacuum. The
precipitate was purified by preparative liquid chromatography on a Biotage® 40 Mi
column of pre-packed silica gel (90 g), eluting with a mixture of 15% methyl tar.t-butyl
ether in hexane at a flow rate of 50 mL/min to afford, after evaporation of the solvent, a
colorless solid. Crystallization from diethyl ether-hexane vielded the title compound
(0.67 g, 1.65 mmol, 95%) as a homogeneous, colorless, crystalline solld, m.p. 141-
143°C;
MS [(+ESI), m/z}: 402 [M+H]";
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IR (Solid), vmar: 1593, 1479, 1340,1240, 1150, 1071, 980, 811, 699 cm™;
'H NMR (400 MHz, DMSO-dg) 5: 1.16 (d, J = 7.0 Hz, 3H), 3.66 (s, 3H), 546 (q, /= 6.9
Hz, 1H), 6.64 {(ddd, J=9.1, 3.1, 2.1 Hz, 2H), 8.97 (id, J = 8.8, 2.6 Hz, 1H), 7.06 (ddd, J

=9.1,3.1,2.1 Hz, 2H), 7.19 (dd, J = 8.2, 2.7 Hz, 1H), 7.27 (td, J = 8.6, 2.7 Hz, 1H), 7.41
(dd, 4 =10.0, 2.7 Hz, 1H), 7.50 (dd. J = 8.8, 5.4 Hz, 1H), 7.84 (dd, /= 8.8, 8.2 Hz, 1H);

Anal. calcd for C21H7F2NO3S: C, 62.83; H, 4.27; N, 3.49. Found: C, 63.07; H, 4.22; N,
3.39,

Step o)

4-{[(6R)-3,8-Difluoro-6-methylphenanthridin-5(6H)-yl]suilfonyl}phenol*

[0287] A stired suspension of 3,8-difluoro-5-[{4-methoxyphenyi)sulfonyl)-6-
methyl-5,6-dihydrophenanthridine (0.73 g, 1.74 mmol) and cyclohexene (4.10 g, 50.0
mmol) was treated at room temperature under nitrogen with a solution of 1.0 M boron
tribromide in dichloromethane (15 mL, 15.0 mmol). After stirring for approximately four
hours at room temperature, the reaction was cooled to —20°C and quenched with
methanol (5 mL). The solvent was evaporated in vacuo to a dark oll. The dark oil was
purified by preparative liquid chromatography on a Biotage 40 Mi column of pre-packed
silica gel (90 g), eluting with a gradient of between 5% and 30% methyl feri-butyl ether
in hexane at a flow rate of 50 mL/min to afford, after evaporation of the solvent in vacuo
and trituration with hexane, 4-[(3,8-difluoro-6-methyiphenanthridin-5(6H)-
yl)sulfonylf]phenoi as a colorless racemic solid (0.44 g, 1.13 mmol, 65%).

[0288] The enantiomers of 4-{(3,8-difluoro-8-methylphenanthridin-5(6H)-
yi)sulfonyl]phenol were separated by automated, preparative, normal phase, chiral
chromatography on a Chiralpak AD-H® column (2 x 25 cm) eluting with a mixture of
10% 2-propanol in hexane at a flow rate of 20 mL/min. After evaporation of the solvent
in vacuo, peak one with a retention time at 13.2 minutas and monitored by ulfraviolet
detection ylelded, after trituration with 2-propanol-hexanae, 4-{[(6R)-3,8-difluoro-8-
methylphenanthridin-5{(6H)-yl]sutfonyl}phenol* (0.15 g, 0.40 mmol, 23%) as a
homogeneous, colorless, amorphous solid, m.p. 184-195°C;

Tr = 13.2 minutes;

[a}p™ = -225° (c = 11.7 mg/mL in MeOH);

MS [(+ESl), m/z]: 388 M+H]";

MS [(-ESI), m/z]: 386 [M-HT;

IR (Solid), vmex: 3397, 3320, 1586, 1482, 1440, 1241, 1147, 952, 812, 70 cm™:
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'H NMR (400 MHz, DMSO-dg) 5: 1.15 (d: J=70 Hz, 3H), 5.45 (q, J=7.0 Hz, 1H), 6.43
(ddd, J=8.8, 2.8, 2.1 Hz, 2H), 6.85 (ddd, J=6.7, 2.8, 2.1 Hz, 2H), 6.98 (td. J/ = 8.8, 2.6
Hz, 1H), 7.19 (dd, J = 9.2, 2.7 Hz, 1H), 7.26 (td, J = 8.7, 2.8 Hz, 1H), 7.40 (dd, J = 10.0,
2.7 Hz, 1H), 7.53 (dd, J = 8.8, 5.4 Hz, 1H), 7.85 (dd, J = 8.8, 6.2 Hz, 1H), 10.20 (s, 1H)
Anal. caicd for C2oH1sF2NOsS: C, 62.01; H, 3.90; N, 3.62. Found: C, 61.67; H, 3.72; N,
3.59.

“The stereochemical configuration is not absolute and was assigned arbitrarity.

WO 200450631

EXAMPLE 100
4-{[(6S)-3,8-Difiuoro-6-methyiphenanthridin-5(6H)-yl]lsulfonyl}phenol*
[0289] The enantiomers of 4-[(3,8-diflucro-6-methylphenanthridin-5(6+)-

yl)sulfonyfjpheno! were separated by automated, preparative, normai phase, chiral
chromatography on a Chiralpak AD-H® column (2 x 25 cm) eluting with a mixture of
10% 2-propanol in hexane at a flow rate of 20 mL/min. After evaporation of the solvent
in vacuo, peak two with a retention time at 17.6 minutes and monitored by ultraviolet
detection yielded, after trituration with 2-propanol-hexane, 4-{{(6S)-3,8-difluoro-6-
methylphenanthridin-5(6H)-yljsulfonyi}phenot* (0.15 g, 0.39 mmol, 22%) as a
homogeneous, colorless, amorphous solid, m.p. 194-196°C; '

Tr = 17.8 minutes; : .

[a]o® = +233° (¢ = 11.0 mg/mL in MeOH);

MS [(+ESI), m/z}: 388 [M+H]";

MS [(-ESI), m/2]: 386 [M-HT:

IR (Solid), vmex: 3396, 3329, 1586, 1481, 1439, 1327, 1241, 1147, 951, 812, 701 om™;
'H NMR (400 MHz, DMSO-d¢) &: 1.15 (d, J = 7.0 Hz, 3H), 5.45 (g, J = 7.0 Hz, 1H), 6.43
(ddd, J = 8.8, 2.8, 1.8 Hz, 2H), 6.96 (ddd, J= 8.8, 2.8, 2.1 Hz, 2H), 6.98 (id, /= 8.8, 2.8
Hz, 1H), 7.18 (dd, J = 9.2, 2.7 Hz, 1H), 7.26 (id, J= 8.8, 2.7 Hz, 1H), 7.40 (dd.'J =10.0,
2.7 Hz, 1H), 7.53 (dd, J = 8.5, 5.4 Hz, 1H), 7.85 (dd, J = 8.8, 8.2 Hz, 1H), 10.20 (s, 1H):
Anal, calcd for CxoHsF2NO3S: C, 62.01; H, 3.90; N, 3.62. Found: C, 60.94; H, 3.52; N,
3.50.

*The stereochemical configuration is not absolute and was assigned arbitrarily.

EXAMPLE 101
Step a)
3-Methoxy-N{1-(2",4,4triflucro-1,1"-biphenyl-2-yl)ethyl]benzenesulfonamide.
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[0290] The title compound was prepared from 1-(2',4.4'triftuoro-1, 1"-biphenyl-
2-ylethylamine (0.71 g, 2.84 mmol), 3-methoxybenzenesuifonyl chloride (0.62 g, 3.0
mmol), and N,N-diisopropylethylantine (0.77 g, 6.0 mmol) in dichloromethane (5 mL.)
according to the procedure and in the same manner as described in Example 99, step
c. The crude product was purified by preparative liquid chromatography on a Biotage®
40 MI column of pre-packed silica gel (80 g), eluting with a gradient of between 5% and
50% methyl fert-butyl ether in hexane at a flow rate of 40 mL/min to afford, after
evaporation of the solvent, a colorless oil. Crystalllzation of the colorless oil from ethyl
acetate-hexane yielded the ﬁﬂe compound (0.96 g, 2.28 mmol, 80%) as a
homogeneous, colorless, crystalline solid, m.p. 128-130°C;
MS [(+ESI), m/z]: 422 M+H]";
MS [(-ES!), m/z]: 420 M-H];
IR (Solid), vimax: 3260, 1594, 1479, 1426, 1325, 1248, 1153, 1079, 917, 866, 681 cm™"; .
TH NMR (400 MHz, DMSO-dg) 5: 1.18 (d, J = 6.7 Hz, 3H), 3.71, (s, 3H, minor rotamer),
3.74 (s, 3H, major rotamer), 4.04 — 4.11 (m, 1H), 6.98 — 7.38 (m, 10H), 8.25 (broad s,
1H, minor rotamer), 8.28 (broad s, 1H, major rotamer), exists as approximately 2:1
mixture of rotamers;
Anal. calcd for C24H4sFaNO3S: C, 59.85; H, 4.31; N, 3.32. Found: C, 58.67; H, 4.11; N,
3.17.
Step b)
3,8-Difluoro-5-(3-methoxyphenyl)suifonyl]-8-methyl-5,6-dlhydrophenanthridine
[0291] A stired suspension of 3-methoxy-N-[14(2’,4,4 -trifluoro-1,1’-biphenyl-2-
yethyllbenzenesulfonamide (0.88 g, 2.1 mmol) and potassium carbonate (0.58 g, 4.2
mmol) In N,N-dimethytformamide (5 mL) was heated for twelve hours at 100°C. The
reaction mixture was cooled and poured into distilled water. After stirring ovemnight at
room temperature, a pracipitate was filtered and dried under high vacuum. The titie
compound (0.81 g, 2.0 mmol, 96%) was obtained as a coloriess, fine, crystaliine
powder, m.p. 147-148°C;
MS [(+ESI), m/z): 402 [M+H]";
IR (Solid), vnax: 1597, 1477, 1342, 1241, 1160, 1048, 055, 815, 705 cm™;
"H NMR (400 MHz, DMSO-dg) 5: 1.17 (d, J = 7.0 Hz, 3H), 3.6 (s, 3H), 5.53 (q, /= 7.0
Hz, 1H), 6.65 (dd, J= 3.8, 1.4 Hz, 1H), 6.67 (dt, J= 7.8, 1.2 Hz, 1H), 6.88 (ddd, J/ = 8.3,
2.5, 0.8 Hz, 1H), 8.95 (id, J = 8.8, 2.8 Hz, 1H), 7.04 (t, J = 8.0 Hz, 1H), 7.23 (dd, /= 8.2,
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2.7 Hz, 1H), 7.30 (td, J = 8.7, 2.8 Hz, 1H), 7.44 (dd, J = 10.0, 2.7 Hz, 1H), 7.49 (dd, J =

8.8, 5.4 Hz, 1H), 7.86 (dd, J = 8.8, 8.2 Hz, 1H); '

Anal, calcd for C21H1;F2NO3S: C, 62.83; H, 4.27; N, 3.49. Found: C, 62.85; H, 3.92; N,

3.44,

Step c)

3{[{6R)-3,8-Difluoro-6-methylphsnanthridin-5(6H)-yl]sulfonyl} phenol*

[0282] A stimed suspension of 3,8-difluoro-5-{(3-methoxyphenyl)sulfonyl}-6-
methyl-5,6-dihydrophenanthridine (0.90 g, 2.24 mmol) and cyclohexene (4.10 g, 50.0
mmol) was treated at room temperature under nitrogen with a solution of 1.0 M boron
tribromide in dichloromethane (15 mL, 15.0 mmol). After stimming for approximately four
hours at oom temperature, the reaction was cooled to —20°C and quenched with
methano! (5 mL). The solvent was evaporated in vacuo to a dark oll. The dark oll was
purified by preparative liquid chromatography on a Biotage® 40 Mi column of pre-
packed silica gel (90 g), eluting with a gradient of between 5% and 30% methyl fort-
butyl ether in hexane at a flow rate of 50 mL/min to afford, after evaporation of the
solvent in vacuo and trituration with hexans, 4-(3,8-difluoro-6-methylphenanthridin-
5(6H)-yl)sulfonyf]phenol, as a coloriess racemic solid (0.55 g, 1.42 mmol, 63%).

[0293]) The enantiomers of 3-{(3,8-difluoro-6-methyiphenanthridin-5(6H)-
yl)sulfonyl]phenol were separated by automated, preparative, normal phase, chiral
chromatography on a Chiralpak AS-H® column (2 x 25 cm) eluting with a mixture of 15%
2-propanol in hexane at a flow rate of 20 mL/min. After evaporation of the solvent in
vacuo, peak one with a retention time at 18.1 minutes and monitored by ultraviolet
detection yielded, after trituration with diethyl ether-hexane, 3-{[(6R)-3,8-difluoro-6-
methylphenanthridin-5(6H)-yf}sulfonyf}phenol* (0.08 g, 0.20 mmol, 8.9%) as a
homogeneous, coloriess, amorphous solid, m.p. 181-183°C; '

WO 2004050631

Tr = 18.1 minutes;

[a]oZ = -218° (¢ = 10.5 mg/mL in MeOH);

MS [(+ESI), m/z): 388 [M+H]":

MS [(-ES!), m/z]: 386 [M-HT;

IR (Solid), tmex: 3404, 1605, 1478, 1446, 1305, 1239, 1158, 1067, 958, 822, 709 cm™";
H NMR (400 MHz, DMSO-de) 5: 1.17 (d, J = 7.0 Hz, 3H), 5.46 (q, J = 6.8 Hz, 1H), 6.53
(t.J = 2.1 Hz, 1H), 6.59 (ddd, J = 7.8, 1.6, 0.9 Hz, 1H), 6.68 (ddd, J=8.1,2.5, 0.8 Hz,
1H), 6.93 (t, J = 8.0 Hz, 1H), .93 (id, J= 8.7, 2.8 Hz, 1H), 7.17 (dd, /= 9.2, 2.7 Hz,
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1H), 7.28 (id, J = 8.6, 2.7 Hz, 1H), 7.41 (dd, J=10.1, 2.6 Hz, 1H), 7.53 (dd, /= 8.8, 5.4
Hz, 1H), 7.87 (dd, J = 8.8, 6.2 Hz, 1H), 9.8 (s, 1H);

Anal. caled for C2oH4sF2NOaS: C, 62.01; H, 3.90; N, 3.62. Found: C, 61.60; H, 3.76; N,
3.31.
*The stereochemical configuration is not absolute and was assigned arbitrarily.

EXAMPLE 102
3-{I({6S)-3,8-Difluoro-6-methylphenanthridin-5(6 H)-yllsulfonyl}phenoi*
[0284] The enantiomers of 3-[(3,8-dlfluoro-6-methylphenanthridin-5(6H)-

yl)suifonyljphenol were separated by automated, preparative, norma) phass, chiral
chromatography on a Chiralpak AS-H® column (2 x 25 cm) eluting with a mixture of 15%
2-propanol in hexane at a flow rate of 20 ml/min. After evaporation of the solvent in
vacuo, peak two with a retention time at 16.68 minutes and monitored by ultraviolet-
detection yielded, after trituration with diethyl ether-hexane, 3-{[(6S)-3,8-difluoro-6-
methylphenanthridin-5(6H)-yl]sulfonyllphenol® (0.08 g, 0.20 mmol, 8.9%) as a
homogeneous, colotiess, amormhous solid, m.p. 181-182°C;

Tr = 19.6 minutes;

falo® = +241° (c = 10.0 mg/mL in CHCla);

MS [(-ESI), m/z): 386 [M-HT;

IR (Solid), vmex: 3408, 1606, 1479, 1448, 1259, 1160, 1068, 823, 711 cm™;

'H NMR (400 MHz, DMSO-dg) &: 1.17 (d, J= 7.0 Hz, 3H), 5.46 (q, / = 6.8 Hz, 1H), 6.53
{t. J=2.1 Hz, 1H), 8.59 (ddd, J=7.8, 1.8, 0.9 Hz, 1H), 6.68 {ddd, J=8.1, 2.5, 0.8 Hz,
1H), 6.83 (1, J = 8.0 Hz, 1H), 8.93 (id, J= 8.7, 2.8 Hz, 1H), 7.17 (dd, J = 9.2, 2.7 Hz,
1H), 7.28 (td, J = 8.8, 2.7 Hz, 1H), 7.41 (dd, J = 10.1, 2.6 Hz, 1H), 7.53 (dd, /= 8.8, 5.4
Hz, 1H), 7.87 (dd, J = 8.8, 8.2 Hz, 1H), 9.8 (s, 1H);

Anal. calcd for CapH1sF2NOsS: C, 62.01; H, 3.90; N, 3.62. Found: C, 61.83; H, 3.87: N,
3.51.

*The stereochemical configuration is not absolute and was assigned arbitrarly.

EXAMPLE 103
Step a)
2,4-Dimethoxy-N-{1-{2',4,4"-trifluoro-1,1"-biphenyl-2-yl)ethyllbenzenesulfonamide
[0295] A stirred solution of 1-(2',4,4'-triflucro-1,1"-biphenyl-2-yl)ethylamine
(0.71 g, 2.84 mmol) in dichioromethane (5 mL) was treated with 2,4-
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dimethoxybenzenesulfonyl chloride (0.71 g, 3.0 mmol), and N,N-diisopropylethylamine

(0.77 g, 6.0 mmol). The reactiop was stirred at room temperature for twelve hours, and
the solvent was evaporated in vacuo to a crude oil. The crude oil was purified by
preparative liquid chromatography on a Biotage® 40 Mi column of pre-packed silica gel
(90 g), eluting with a gradient of between 5% and 50% methy! teri-butyl ether in hexane
at a flow rate of 40 mL/min to afford, after evaporation of the solvent, a colorless ail.
Crystallization of the colorless oil from ethyl acetate-hexane yielded the titte compound
(0.93 g, 2.07 mmol, 73%) as a homogeneous, colorless, crystalline solid, m.p. 192-
194°C;

MS [(+ESI), m/z): 452 [M+H]";

MS [(-ESI), m/z): 450 [M-HJ;

IR (Solid), vmax: 3281, 1592, 1470, 1421, 1319, 1136, 1022, 817, 681 em™;

TH NMR (400 MHz, DMSO-d) &: 1.18 (d, J = 6.7 Hz, 3H), 3.79 (s, 6H), 4.05 (m, 1H),
6.36 ~ 6.56 (m, 2H), 6.98 — 7.14 (m, 3H), 7.22 (broad t, 1H), 7.26 — 7.42 (m, 3H), 7.81
(broad d, J = 8.0 Hz, 1H), exists as approximately 1:1 mixture of rotamers;

Anal. calcd for CoHzgFaNO,S: C, 58.53; H, 4.47; N, 3.10. Found: C, 58.52; H, 445 N,
3.13.

Step b)

WO 200450631

5-(2,4-Dimethoxyphenyl)sulfonyl]-3,8-difluoro-6-methy!-5,6-
dihydrophenanthridine

[0296] A stimed suspension of 2,4-dimethoxy-N-{1-(2',4,4"-trifluoro-1,1*-
biphenyl-2-yl)ethyijbenzenesulionamide (0.86 g, 1.91 mmol) and potassium carbonate
(0.53 g, 3.82 mmol) in N,N-dimethylformamide (5 mL) was heated for twelve hours at
100 °C. The reaction mixture was cooled and poured into distilled water. After stirring
ovemight at room temperature, a precipitate was filtered and dried under high vacuum.
The titte compound (0.75 g, 1.74 mmol, 91%) was obtained as a coloriess, fine,
crystalline powder, m.p. 112-115°C; '
MS [(+ESI), m/z]: 432 fM+H]";
IR (Solid), vmax: 1596, 1480, 1345, 1163, 1067, 965, 811, 699 om™;
H NMR (400 MHz, DMSO-de) 5: 1.19 (d, J = 7.0 Hz, 3H), 3.15 (s, 3H), 3.71 (s, 3H),
5.35 (q, J = 6.9 Hz, 1H), 6.20 (d, J = 2.3 Hz, 1H), 6.47 (dd, J=9.1, 2.3 Hz, 1H), 7.06
(dd, J = 9.3, 2.6 Hz, 1H), 7.08 (id, /= B.8, 2.6 Hz, 1H), 7.16 (td, J=8.6, 2.7 Hz, 1H),
7.34 (dd, J = 10.6, 2.8 Hz, 1H), 7.57 (d, J = 8.8 Hz, 1H), 7.76 (dd, J = 8.5, 5.4 Hz, 1H),
7.91 (dd, J=8.8, 6.2 Hz, 1H);
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Anal. caicd for C»xHgF2NO4S: C, 61.24; H, 4.44; N, 3.25. Found: C, 61.20; H, 442; N,
3.24.
Step c)

4-{{(6 S)-3,8-Difluoro-8-methyiphenanthridin-5(6 H)-yllsulfonyl}benzene-1,3-diol*

[0297] A stirred suspension of 5-[(2,4-dimethoxyphenyl)sulfonyl]-3,8-difluoro-6-
methyl-5,8-dihydrophenanthridine (0.69 g, 1.60 mmol) and cyclohexene (4.10 g, 50.0
mmol) was treated at room temperature under nitrogen with a solution of 1.0 M boron
tribromide In dichloromethane (15 mL, 15.0 mmol). After stirring for approximately four
hours at room temperature, the reaction was cooled to —~20°C and quenched with
methanal (5 mL). The solvent was evaporated in vacuo to a dark oll. The dark oil was
purified by preparative liquid chromatography on a Biotage® 40 Mi column of pre-
packed silica gel (80 g), eluting with a gradient of between 5% to 30% methyl tert-butyl
ether in hexane at a flow rate of 50 mL/min to afford, after avaporation of the solvent in
vacuo and trituration with hexane, 4-[(3,8-dlfluoro-8-methylphenanthridin-5(6 H)-
yl)sulfonyl]benzene-1,3-diol, as a colorless racemic solid (0.55 g, 1.42 mmol, 63%).
[0298] The enantiomers of 4-[(3,8-difluoro-6-methylphenanthridin-5(6H)-

yl)sulfonyllbenzene-1,3-diol were separated by automated, preparative, normal phase,
chiral chromatography on a Chiralpak AS-H® (2 x 25 cm) column eluting with a mixture
of hexane-2-propanol-ethanol in a ratio of 72/18/10% at a flow rate of 20 mL/min. After
evaporation of the solvent in vacuo, peak one with a retention time at 11.2 minutes and
monitored by ultraviolet detection ylelded, after trituration with hexane, 4-{[(65)-3,8-
difluoro-6-methylphenanthridin-5(6H)-yl]sulfonyl}benzene-1,3-diol* (0.07 g, 0.17 mmol,
10.8%) as a homogeneous, colorless, amorphous solid, m.p. 163-185°C;
Tr = 11.2 minutes;
[ale® = +197° (c = 10.4 mg/mL in CHCl);
HRMS [(+ESI), m/z]: 404.07690 [M+H]'. Calcd for CxH15F2NO,S; 404.07627:
IR (Solid), vmex: 3394, 1596, 1475, 1404, 1337, 1255, 1145, 1061, 957, 811, 715 cm™;
H NMR (400 MHz, DMSO-dg) 5: 1.15 (d, J = 7.0 Hz, 3H), 5.40 (q, J = 6.9 Hz, 1H), 6.05
(d, J=23 Hz, 1H), 6.13 (dd, /= 8.8, 2.3 Hz, 1H), 7.08 — 7.15 (m, 3H), 7.28 (d, J= 8.8
Hz, 1H), 7.37 (dd, J = 10.7, 2.7 Hz, 1H), 7.75 (dd, J = 8.5, 5.4 Hz, 1H), 7.88 (dd, /= 8.8,
6.5 Hz, 1H), 10.13 (s, 1H), 10.20 (s, 1H).
*The stereochemical configuration is not absolute and was assigned arbitrarily.

EXAMPLE 104
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4-{[(6R)~3,8-Difluoro-6-methylphenanthridin-5{6H)-yl]sulfonyl}benzene-1,3-diol*
[0289] The enantiomers of 4-[(3,8-difluoro-8-methylphenanthridin-5(6H)-

yl)sulfonyf]benzene-1,3-diol were separated by autorﬁated. preparative, normal phase,
chiral chromatography on a Chiralpak AS-H® (2 x 25 cm) column eluting with a mixture
of hexane-2-propanol-ethanol in a ratio of 72/18/10% at a flow rate of 20 mU/min. After
evaporation of the solvent in vacuo, peak two with a retention time at 15.7 minutes and
monitored by ultraviolet detection yielded, after trituration with diethyl ether-hexane, 4-
{[(6R)-3,8-difluoro-6-methylphenanthridin-5(6H)-yl]sulfonyf}benzene-1,3-diol* (0.07 g,
0.17 mmol, 10.8%) as a homogeneous, colorless, amorphous solid, m.p. 153-156°C;
Tr = 15.7 minutes;
[alp® = -199° (c = 10.1 mg/mL in CHCls);
MS [(+ESI), m/z]: 404 [M+HT";
MS [(-ESI), m/z]: 402 [M-HT;
IR (Solid), vnax: 3393, 1596, 1475, 1337, 1239, 1145, 1061, 957, 840 cm™;
'H NMR (400 MHz, DMSO-dp) &: 1.15 (d, J = 7.0 Hz, 3H), 5.40 (q, J = 6.9 Hz, 1H), 6.05
(d, J= 2.3 Hz, 1H), 6.13 (dd, J=8.8, 2.3 Hz, 1H), 6.05-7.15 (m, 3H), 7.28 (d, /=8.8
Hz, 1H), 7.37 (dd, J =10.7, 2.7 Hz, 1H), 7.75 (dd, J = 8.8, 5.4 Hz, 1H), 7.88 (dd, J= 8.8,
6.5 Hz, 1H), 10.13 (s, 1H), 10.20 (s, 1H);
Anal. caled for CxgHisFaNO4S: C, 58.55; H, 3.75; N, 3.47, Found: C, 58.82; H, 3.54; N,
2.34.
*The stereochemical configuration is not absolute and was assigned arbitrarily.

EXAMPLE 105
Step a)
1H2',4’-Difluoro-1,1*-biphenyl-2-yl)ethanone
[0300] 2,4-Difluorophenylboronic acid (9.47 g, 60 mmol), tetrabutylammonium
bromide (16.1 g, 50 mmol), and potassium carbonate (20.7 g, 150 mmol) were added to
a flask followed by water (50 mL). The contents were mixed until most of the
dissolvable solids were in solution, To the remaining slury was added 2'-
bromoacetophenone (8.95 g, 50 mmol) and palladium acetate (1.12 g, 5 mmol). The
stired contents werse heated to 70°C under a nitrogen atmosphere for 12 hours. Thin
layer chromatography analysis indicated the formation of a single product. The reaction
was allowed to cool to room temperature. Ethyl acetate (500 mL) was added and the
organic phase was extracted with water (3 x 100 mL). The combined aqueous phase
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was extracted once with additional ethyl acetate and the organic phases were
combined, dried ver anhydrous sodium sulfate, filtered, and concentrated to provide a
crude oil. The product was purified by preparative liquid chromatography on a Biotage®
40 MI column of prepacked sllica gel (80 g), eluting with a gradient of 5% - 20% methy!
tert-butyl ether in hexane, to afford the title compound (5.7 g, 49%) as a yellow oil;
MS [(+ESI), m/z): 233 [M+H]";
H NMR (400 MHz, DMSO-ds) 5: 2.42 (s, 3H), 7.16 (m, J = 8.5, 8.5, 2.6, 1.0 Hz, 1H),
7.27 (m, 1H), 7.39 (m, 2H), 7.58 (id, J=7.6, 1.5 Hz, 1H), 7.64 (id, J= 7.5, 1.4 Hz, 1H),
7.86(m, J=7.6,0.7,60.7, 0.4 Hz, 1H);
Step b)
14{2',4’-Difluoro-1,1’-biphenyl-2-yl)ethylamine

[0301] To a stirred solution of 1-(2',.4'-difluoro-1,1"-biphenyl-2-yl)ethanone (3.67
g, 15.8 mmol) in anhydrous methanol (200 mL) was added solid ammonium acetate .
(12.2 g, 158 mmol). The reaction mixture was heated at 60 °C for one hour, followed by
the addition of a methanolic solution of sodium cyanoborohydride (5 mL, 1.99 g, 31.6
mmol). After 16 hours, the methanol was removed in vacuo and aqueous ammonium
hydroxide was added. The aqueous phase was extracted with diethyl ether (3 x 200
mL) until the amine was no longer present in the aqueous phase. The combined
organic phase was washed with 2 N aqueous hydrochloric acid (3 x 100 mL) and the
aqueous phases combined. The solld formed during the acid wash was determined to
be the dialkyated amine and was segregated from the aqueous phase. Aqueous
sodium hydroxide was added to the acidic aqueous phase until the solution was
neutralized to pH 8 to 8. The basic aqueous phase was exiracted with diethyl ether untll
the primary amine was no longer detected in the aqueous phase. The combined .
organic phase was dried over anhydrous sodium sulfate, filtered, and concentrated to
afford a clear oil that was used without further purification;
MS [(+ESI), m/z]: 217 M+H-17]", benzylic cation as a result of the loss of NH3;
'H NMR (400 MHz, DMSO-de) 5: 1.10 (d, J = 25.6 Hz, 3H) 3.80 (q, J = 6.5 Hz, 1H),
7.10(d, J= 7.5 Hz, 1H), 7.17 (m, 1H), 7.27 (id, J=7.5, 1.3 Hz, 1H), 7.34 (td, /= 9.7,
2.6 Hz, 2H), 7.43 (id, /= 7.6, 1.0 Hz, 1H), 7.71 (dd, /= 6.1, 2.7 Hz, 1H);
Step c)

N{14{2",4'-Difluoro-1,1'-biphenyl-2-yl}ethyl}-4-methoxybenzenesulfonamide

[0302] 4-Msethoxybenzenesulfonyl chloride (341 mg, 1.7 mmol) was added to a

solution of 1«(-2",4’-difluoro-biphenyl-2-yl)ethylamine (350 mg, 1.5 mmol) and
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triethylamine (418 pL, 3 inmol) in acetonitrile. The reaction progress was monitored by
LCMS and after 2 hours the reaction appeared to bé complete. Water was added and
the resulting solid was collected by filtration. The solid was dissolved in
dichloromethane and purified by preparative liquid chromatography on a Biotage® 40 M
column of prepacked silica gel (90 g), eluting with a gradient of 30% - 50% methyl tert-
butyl ether in hexane (35 min), to afford the title compound (473 mg, 78%) as a white
solid, m.p. 154-155°C;
MS [(El), m/z]: 403.11 (M".);
MS [(+ESI), m/z]: 404 M+H]");
MS [(-ESI), m/z): 402 [M-H];
TH NMR (400 MHz, DMSO-dg) 5: 1.12(d, J=7.0 Hz, 3H), 3.80 (s, 3H), 3.99 (m, 1H),
6.91 (t, J = 8.8 Hz, 2H), 7.07 (m, 1H), 7.23 (m, 4H), 7.32 (m, 1H), 7.42 (d, J=8.8 Hz,
3H), 8.06 (d, J=6.7 Hz, 1H);
Anal. Calcd for C21HgF2NO3S: C, 62.52; H, 4.75; N, 3.47. Found: C, 62.37; H, 4.80; N,
3.25.
Step d) .

3-Fluoro-5-{(4-methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine

[0303] N-[1-(2'.4-Difluoro-1,1-biphenyl-2-yl)ethyl}-4-

methoxybenzenesulfonamide (347 mg, 0.86 mmol) was dissolved in anhydrous N,N-
dimethylformamide (2 mL) and potassium carbonate (238 mg, 1.72 mmol) was added
as a solid in one portion. The mixture was heated at 100°C with stirring until a single
‘product had formed as gauged by LCMS (5 - 6 hours). Water (10 mL) was added and a
white solid precipitated from the cloudy solution. The mixture was aflowed to stand until
the solution was clear, and the precipitated solid was filterad and washed with additional
water to afford the desired compound (324 mg, 98%) as a.white solid, m.p. 137.5-
139°C;
MS [(El), m/z]): 383.1 (M+.);:
MS [(+ESI), m/z): 384 M+H]"
H NMR (400 MHz, DMSO-dg): 5: 1.16 (d, J = 7.0 Hz, 3H), 3.84 (s, 3H), 544 (q, J=7.0
Hz, 1H), 6.58 (m, 2H), 7.03 (m, 2H), 7.16 {m, J = 19.6, 7.3, 7.3, 1.4 Hz, 2H), 7.26 (m,
2H), 7.42 (dd, J = 10.1, 2.9 Hz, 1H), 7.45 (dd, J = 7.6, 1.2 Hz, 1H), 7.86 (dd, J= 8.8, 6.2
Hz, 1H);
Anal. Calcd for C21H1sFNOsS: C, 65.78; H, 4.73; N, 3.65. Found: C, 65.67; H, 4.68; N,
3.52.
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Step e)
4-(3-Fluoro-8-methyiphenanthridin-5(6 H)-yl)sulfonyl]phencl

[0304] To a stimed slurry of 3-fluoro-5-{(4-methoxyphenyl)sulfonyl]-6-methy!-
5,6-dihydrophenanthridine (282 mg, 0.68 mmol) in cyclohexene (1.38 mL, 14 mmol)
under an inert atmosphere of nitrogen was added a 1 M solution of boron tribromide in
dichloromethane (4.1 mL). The progress of the reaction was monitored by thin-layered
chromatography and after 2.5 hours the reaction was deemed compiete. The reaction
contents were cooled to 0°C and methanol was added slowly. The volatile components
were removed /n vacuo and the crude residue was purified by preparative liquid
chromatography on a Biotage® 40 Mi column of prepacked silica gel (80 g), eluting with
a gradient of 30% - 50% methyl terf-butyl ether in hexane, to afford the titte compound
(77 mg, 30%) as a solid, m.p. 162-1685°C;
MS [(+ES1), m/2): 370 [(M+H]";
MS [(-ESI), m/z): 368 [M-H];
'H NMR (400 MHz, DMSO-de) 5: 1.15(d, J=7.0 Hz, 3H), 5.43 (q, J = 7.0 Hz, 1H), 6.38
(ddd, J =84, 2.9, 2.5 Hz, 2H), 6.93 (m, 2H), 7.17 (ddd, J=8.6, 7.2, 1.8 Hz, 2H), 7.24
(m, 2H), 7.41 (dd, J=10.1, 2.9 Hz, 1H), 7.48 (dd, /=7.4, 1.4 Hz, 1H), 7.88 (dd, /= 8.8,
6.2 Hz, 1H), 10.23 (s, 1H), Smali impurities.

EXAMPLE 106

Step a)

N-{1+(2",4’-Difluoro-1,1"-blphenyi-2-yl)ethyl]-3-methoxybenzenesulfonamide

[0305] The title compound was prepared from 3-methoxybenzenesuifonyl

chioride (341 mg, 1.7 mmol), 1«(-2",4"-dlfluoro-biphenyl-2-yl)ethylamine (350 mg, 1.5
mmol), and triethylamine (418 pl., 3 mmol} according to the procedure and in the same
manner as described in Example 105, step c. The solid was purified by preparative
liquid chromatography on a Biotage® 40 Mi column of prepacked silica ge! (90 g),
eluting with a gradient of 30% - 50% methyl fert-buty! ether in hexane (35 min), and the
product (473 mg, 78%) Isolated as a white solid, m.p. 127.5-1209°C;
MS [(+ESI), m/z]: 404 [M+H]";
MS [(-ESI), m/z]: 402 M-H]);
'H NMR (400 MHz, DMSO-dg) &: 1.15 (brd, J = 7.0 Hz, 3H), 3.71 (m, J = 13.5 Hz, 3H),
4.05 (m, 1 H), 7.0 (s, 1H), 7.07 (m, 3H), 7.15 (brm, 1H), 7.23 (f, J = 7.4 Hz, 2H) 7.31 (br
m, 3H), 7.47 (d, /= 7.8 Hz, 1H), 8.24 (brd, J = 8.7 Hz, 1H); :
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Anal. Calcd for C21HgF2NO3S: C, 82.52; H, 4.75; N, 3.47. Found: C, 62.34; H, 4.75: N,
3.23, ’

Step b)

3-Fluoro-5-[(3-methoxyphenyl)sulfonyl]-6-methyl-5,6-dthydrophenanthridine
[0306] The title compound was prepared from N-[1-(2',4'-diﬁuoro-1 . 1*-biphenyi-

2-yl)ethyl]-3-methoxybenzenesulfonamide (454 mg, 1.12 mmol), anhydrous N,N-

dimethytformamide (2 mL), and potassium carbonate (31 1mg, 2.25 mmol) according to

the procedure and in the same manner as described in Exarriple 105, step d, and the

praduct (426 mp, 99%) isolated as a white solid, m.p. 115-117°C;

MS [(+ESI), m/z}: 384 [M+H]";

'H NMR (400 MHz, DMSO-dg) &: 1.17 (d, J = 7.0 Hz, 3H), 3.51 (s, 3H), 5.48 (q, /= 6.8

Hz, 1H), 6.59 (dd, J = 2.6, 1.8 Mz, 1H), 6.67 (ddd, J = 7.7, 1.8, 0.9 Hz, 1H), 6.84 (ddd, J

= 8.4, 2.6, 0.8 Hz, 1H), 7.00 (m, 1H), 7.15 (m, 2H), 7.27 (dt, /= 5.8, 1.7 Hz, 1H), 7.30

{m, 1H), 7.45 (ddd, J = 7.2, 5.0, 2.2 Hz, 2H), 7.88 (dd, J = 8.8, 8.2 Hz, 1H);

Anal. Calcd for CzH1sFNOsS: C, 85.78; H, 4.73; N, 3.65. Found: C, 65.54; H, 4.83; N,

3.52.

Step c)
34(3-Fluoro-6-methyiphenanthridin-5(6 H)-yl)sulfonyl}phenol

[0307) The title compound was prepared from 3-fluoro-5-[(3-
methoxyphenyl)sulfonyi}-6-methyl-5,8-dihydrophenanthridine (350 mg, 0.91 mmol),
cyclohexene (1.85 mL, 18 mmol), and 1.0 M solution of boron tribromide in
dichloromethane (5.5 mL) according to the procedure and in the same manner as
described in Example 105, step e. The volatile components were removed in vacuo
and the crude residue was purified by preparative liquid chromatography on a Biotage®
40 Mi column of prepacked silica gef (90 g), eluting with a gradient of 30% - 50% methyl
tert-butyl ether In hexane, to afford the desired compound (77 mg, 30%) as a solid, m.p.
164-167°C;
MS [(+ESI), m/z}: 370 [M+H]";
MS [(-ESI), m/z]. 368 [M-HJ;
'H NMR (400 MHz, DMSO-de) 8: 1.17 (d, J = 7.0 Hz, 3H), 5.43 (q. J = 6.9 Hz, 1H), 6.53
(m, 1H), 6.57 {m, 1H), 6.65 (ddd, J = 8.2, 2.5, 0.9 Hz, 1H), 6.88 (t, /= 8.0 Hz, 1H), 7.19
(m, 3H), 7.27 (m, 1H), 7.42 (dd, J= 10.1, 2.9 Hz, 1H), 7.50 (dd, /= 7.2, 1.6 Hz, 1H),
7.89 (dd, J = 8.8, 6.2 Hz, 1H), 9.73 (s, 1H);
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Anal. Calcd for CoH1sFNO3sS: C, 65.03; H, 4.37; N, 3.79. Found: C, 64.85; H, 4.35; N,
3.51.

EXAMPLE 107
3-{[(6R)-3-Fluoro-8-methylphenanthridin-5(6 H)-yljsulfonyi}phenol
[0308] The enantiomers of 3-{(3-fluaro-6-methylphenanthridin-5(6H)-

yl)sulfonyfjphenol (200 mg, 0.54 mmol) were separated by automated, preparative,
nomal phase, chiral chromatography on a Chiralpak AS (20 mm x 250 mm) column
eluting with a mixdure of hexane-2-propanol-ethanol (85:10:5) at a flow rate of 20
mL/min. The fractions were combined and evaporated in vacuo, and one peak (99.8%)
with a retention time of 9.18 minutes was isolated as a white solid (55 mg, 55% based
upon a 1:1 ratio of enantiomers with a theoretical maximum amount of 100 mg);
lalo®® = -233° (c = 10.0 mg/mL, CHCls);
MS [(+ESI) m/2]}: 370 (M+H]";
MS [(-ESI), m/z]. 368 M-HT:
'H NMR (400 MHz, DMSO-dg) 5: 1.17 (d, J = 7.0 Hz, 3H), 5.43 (q, J = 6.8 Hz, 1H), 6.53
(m, 1H), 6.57 (ddd, J = 7.8, 1.8, 1.0 Hz, 1H), 6.65 (ddd, J=8.2, 2.5, 0.8 Hz, 1H), 6.88 (t,
J=8.0 Hz, 1H), 7.18 (m, 3H), 7.27 (id, J = 8.6, 2.7 Hz, 1H), 7.42 (dd, J = 10.1, 2.6 Hz,
1H), 7.50 (dd, J = 7.5, 1.6 Hz, 1H), 7.89 (dd, J = 8.8, 6.2 Hz, 1H), 9.73 (8, 1 H);
Anal. Calcd for CoH1sFNO3S: C, 65.03; H, 4.37; N, 3.79. Found: C, 65.35; H, 4.77; N,
3.47.

EXAMPLE 108
3-{[(6S)-3-Fluoro-6-methyiphenanthridin-5(6H)-yl]sulfonyl}phenol
[0309] The enantiomers of 3-{(3-fiuoro-8-methylphenanthridin-5(6H)-
yl)sutfonyijphenol (200 mg, 0.54 mmol) were separated by automated, preparative,
normal phase, chiral chromatography on a Chiralpak AS (20 mm x 250 mm) column
eluting with a mixture of hexane-2-propanol-ethanol (85:10:5) at a flow rate of 20
mL/min. The fractions were combined and evaporated in vacuo, and one peak (99.9%)
with a retention time of 11.154 minutes was Isolated as a white solid (60 mg, 60%
based upon a 4.1 ratio of enantiomers with a theoretical maximum amount of 100 mg);
[alp® = +218° (c = 10.0 mg/mL, CHCls);
MS [(+ES1), m/z]: 370 M+HT";
MS [(-ESI), m/Z). 368 [M-HT;
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'H NMR (400 MHz, DMSO-dg) 5: 1.17 (d, J = 7.0 Hz, 3H), 5.43 (q, J = 7.0 Hz, 1H), 6.53
(m, 1H), 6.57 (ddd, J = 7.8:-1.7, 0.9 Hz, 1H), 6.65 (ddd, J = 8.2, 2.5, 0.8 Hz, 1H), 6.88 (t,
J = 8.0 Hz, 1H), 7.18 (m, 3H), 7.27 (td, J = 8.6, 2.7 Hz, 1H), 7.42 (dd, J = 10.1, 2.6 Hz,
1H), 7.50 (dd, J = 7.4, 1.7 Hz, 1H), 7.89 (dd, J = 8.8, 6.2 Hz, 1H), 9.73 (s, 1H).
[a}o® = +249° (c = 10.0 mg/mL, CHCl);
MS [(+ES!), m/2]: 370 [M+H]";
MS [(-ESI), m/z]: 368 [M-HT;
'H NMR (400 MHz, DMSO-dy) 5: 1.17 {d, J = 7.0 Hz, 3H), 5.43 (q, J = 7.0 Hz, 1H), 6.53
(m, 1H), 6.57 (ddd, J = 7.8, 1.7, 0.9 Hz, 1H), 6.65 (ddd, J = 8.2, 2.5, 0.8 Hz, 1H), 6.88 (t,
J=8.0 Hz, 1H), 7.18 (m, 3H), 7.27 (td, J = 8.6, 2.7 Hz, 1H), 7.42 (dd, J = 10.1, 2.6 Hz,
1H), 7.50 (dd, J = 7.4, 1.7 Hz, 1H), 7.89 (dd, J = 8.8, 6.2 Hz, 1H), 9.73 (s, 1H).

EXAMPLE 109
Step a)
N-[14{2",4'-Difiluoro-1,1 '-blphanyl-2-yl)nthyl]-2,Mlmeﬂloxybonzonequlfonhmide
[0310] The titte compound was prepared from 2,4-dimethoxybenzenesulfonyl
chloride (473 mg, 2.0 mmol), 1-(2",4'difluoro-1,1'-biphenyl-2-yl)ethylamine (466 mg, 2.0
mmol), and triethylamine (334 pL, 2.2 mmol) according to the procedure and in the’
same manner as described in Example 105, step c. The product was purified by
preparative liquid chromatography on a Biotage® 40Mi column of prepacked column of
silica gel (90 g), eluting with a gradient of 30% - 50% methyl ferf-butyl ether in hexane
(35 min), to afford the desired compound (600 mg, 69%) as a white solid;
MS [(+ESI), m/z]: 434 [M+H]";
MS [(-ESI), m/z]: 432 [M-HT;
TH NMR (400 MHz, DMSO-dg) 5: 1.16 (d, J = 6.7 Hz, 3H), 3.75 (s, 3H), 3.78 (s, 3H),
4.05 (m, 1H), 6.49 (m, 2H), 6.96 (d, J = 7.5 Hz, 1H), 7.05 (m, 2H), 7.20 (t, J=7.6 Hz,
2H), 7.34 (m, 2H), 7.60 (d, /= 7.8 Hz, 1H), 7.71 (d, J = 7.8 Hz, 1H);
Anal. Calcd for CxH21F2NO.S: C, 60.86; H, 4.88; N, 3.23. Found: C, 60.74; H, 4.82; N,
3.05.
Step b)
3-Fluoro-5-{(2,4-dimethoxyphenyl)sulfonyl]-6-methyl-5,6-dlhydrophenanthridine
[0311] The title compound was prepared from N-[1-(2',4'-dlflucro-1,1'-biphenyl-
2-yl)ethyl}-2,4-dimethoxybenzenesulfonamide (550 mg, 1.27 mmol), anhydrous N,N-
dimethylformamide (1 mL), and potassium carbonate (351 mg, 2.5 mmol) according to

-163 - !



WO 2004/050631 PCTAISTNOI0IB2%

the procedure and in the same manner as described in Example 105, step d, and the
product (525 mg, 89%) isolated as a white solid;
MS [(+ESI), m/z]: 414 [M+H]";
MS [(-ESI), mvz]. 412 (M-H];
TH NMR (400 MHz, DMSO-dg) &: 1.19 (d, J = 7.0 Hz, 3H), 3.11 (s, 3H), 3.70 (s, 3H),
5.32 (q. J=T7.0 Hz, 1H), 6.18 (d, J= 2.3 Hz, 1H), 6.46 (dd, J=9.0, 2.5 Hz, 1H), 7.15 (m,
3H), 7.26 (id, J= 7.5, 1.4 Hz, 1H), 7.35 (dd, J = 10.7, 26 Hz, 1H), 7.58 (d, J = 8.8 Hz,
1H), 7.72 (d, J = 7.0 Hz, 1H), 7.93 (dd, /= 8.8, 6.2 Hz, 1H).
Step c)
4{3-Fluoro-6-methylphenanthridin-5{6 H)-yl}sulfonyllbenzene-1,3-dlol
[0312] The title compound was prepared from 3-fluoro-5-f(2,4-
dimethoxyphenyl)sulfonyl]-8-methyl-5,6-dihydrophenanthridine (490 mg, 1.2 mmol),
cyclohexene (1.08 mL, 10.7 mmol), and 1.0 M solution of boron tribromide in
dichloromethane (8.3 mL ) according to the procadure and in the same manner as
described in Example 105, step e. The volatile components were removed /n vacuo
and the crude residue was purified by preparative liquid chromatography on a Biotage®
40 Mi column of prepacked silica gel (80 g), eluting with a gradient of 30% - 50% methyi
tert-butyl ether in hexane, to afford the product (252 mg, 55%) as a solid;
MS [(+ES1), m/z]: 386 [M+H]";
MS [(-ESI), m/z]: 384 [M-HT.

EXAMPLE 110
4-{J(6 R)-3-Fluoro-6-methylphenanthridin-5(6 H)-yllsulfonyl}benzene-1,3-diol
[0313] The enantiomers of 4-{3-fluoro-6-methylphenanthridin-5(6H)-
yijsulfonyl]benzene-1,3-diol (252 mg, 0.85 mmol) were sepanated by automated,
preparative, nommal phase, chiral chromatography on a Chiralpak AS (20 mm x 250
mm) column eluting with 30% ethanol in hexane at a flow rate of 20 mL/min. The
fractions were combined and evaporated in vacuo, and one peak (99.8%) with a
retention time of 6.00 minutes with a negative optical rotation was Isolated as a white
solid (78 mg, 61% based upon a 1:1 ratio of enantiomers with a theoretical maximum
amount of 126 mg), m.p. 150-152°C;
[alo® =-221° (c = 10.7 mg/mL, CHCl);
MS [(+ESI), m/z]: 386 [M+H]";
MS [(-ESI), m/z]: 384 [M-H];
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HRMS [(+ESI_FT), m/z); 386.08530 [M+H]*. Calcd for CaoH:¢FNO,S: 386.08569;

"H NMR (400 MHz, DMSO-dg) 5: 1.13 (d, J = 7.0 HZ, 3H), 5.36 (q, J = 6.8 Hz, 1H), 6.07
(d. J=2.3 Hz, 1H), 6.15 (dd, J = 8.8, 2.3 Hz, 1H), 7.11 (td, J = 8.5, 2.6 Hz, 1H), 7.24 (m,
3H), 7.36 (m, 2H), 7.72 (d. J = 7.5 Hz, 1H), 7.91 (dd, J = 8.8, 6.5 Hz, 1H), 10.13 (s, 1H),
10.23 (s, 1H).

EXAMPLE 111
4-{[(6 S)-3-Fluoro-6-methylphenanthridin-5(6H)-yi]}sulfonyl}benzene-1,3-diol
[0314] The enantiomers of 4-{3-fluoro-6-methylphenanthridin-5(6)-

yiisulfonyl]benzene-1,3-diol (252 mg, 0.65 mmol) were separated by automated,
preparative, normal phase, chiral chromatography on a Chiralpak AS (20 mm x 250
mm) column eluting with 30% ethanol in hexane at a flow rate of 20 mL/min. The
fractions were combined and evaporated in vacuo, and one peak (89.5%) with a
retention time of 6.80 minutes with a positive optical rotation was isolated as a white
solid (76 mg, 60% based upon a 1:1 ratio of enantiomers with a theoretical maximum
amount of 1268 mg), m.p. 151-1563°C;
[a}o® = +247° (c = 11.1 mg/mL, CHCl);
MS [(+ESI), m/2]: 386 M+H]";
MS [(-ESI), m/z]: 384 [M-HT;
HRMS [(+ESI_FT), m/z]: 386.08511 [M+H]". Calcd for CagH1sFNO,S: 386.08569;
'H NMR (400 MHz, DMSO-dg) 5: 1.13 (d, J = 7.0 Hz, 3H), 5.36 (m, 1H), 6.07 (d, J = 2.1
Hz, 1H), 6.15 (dd, J=8.8,'2.3 Hz, 1H), 7.11 (td, J = 8.6, 2.7 Hz, 1H), 7.24 (m, 3H), 7.34
(d, J=8.8 Hz, 1H), 7.37 (dd, J= 10.9, 2.6 Hz, 1H), 7.72 (d, J= 7.5 Hz, 1H), 7.91 (dd, J
= 8.8, 6.5 Hz, 1H), 10.13 (s, tH), 10.23 (s, 1 H);

EXAMPLE 112
Step a)
142',5'-Difluoro-1,1"-biphenyl-2-yl)ethanone
[0315] The title compound was prepared from 2,5-difluorophenylboronic acid
(1.74 g, 11 mmol), tetrabutylammonium bromide (3.22 g, 10 mmol), potassium
carbonate (4.15 g, 30 mmol), 2'-bromoacstophenone (1.99 g, 10 mmol), and palladium
acetate (224 mg, 1.0 mmol) according to the procedure and in the same manner as
deécribed in Example 99, step a. The product was purified by preparative liquid
chromatography on a Biotage® 40 Mi column of prepacked silica gel (S0 g), eluting with
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a gradient of 10% - 30% methyl teri-butyl ether in hexane, to afford the desired
compound (2.31 g, 99%) as a ysllow oil;
MS [(El), m/2]): 232.07 (M".);
"H NMR (400 MHz, DMSO-dg) 5: 2.46 (s, 3H), 7.25 (m, 3H), 7.41 (dd, J= 7.4, 1.3 Hz,
1H), 7.58 (td, /= 7.6, 1.3 Hz, 1H), 7.65 (td, /= 7.5, 1.4 Hz, 1H), 7.89 (dt, /= 7.7, 0.8
Hz, 1H).
Step b)
1<(2',5'-Difluoro-1,1"-biphenyl-2-yl)ethylamine

[0316] The title compound was prepared from 1-(2°,5'-difluoro-1,1"-biphenyl-2-
yl)ethanone (2.0 g, 8.6 mmol), anhydrous methanol (100 mL), ammonium acetate (13.3
g. 172 mmol), and sodium cyanoborohydride (1.08 g, 17.2 mmol) according to the
procedure and in the same manner as described in Example 105, step b;
MS [(+ESI), m/z): 234 [M+H]";
'H NMR (400 MHz, DMSO-dg) 8: 1.10 (d, J = 19.1 Hz, 3H), 1.81 (s, 2H), 3.83 (q, J =
6.5 Hz, 1H), 7.13 (dd, J = 7.5, 1.3 Hz, 1H), 7.30 (m, 4H), 7.44 (i, J = 7.6, 1.3 Hz, 1H),
7.71(d, J=5.7 Hz, 1H).
Step c)

N-[1+2",5'-Difluoro-1,1'-biphenyl-2-yl)ethyl]-4-methoxybenzenesutfonamide

[0317] 4-Methoxybenzenesuifonyl chioride (326 mg, 1.6 mmol) was added io a
solution of 1-(2',5'difluoro-1,1"-biphenyl-2-yl)ethylamine (350 mg, 1.5 mmol) and
triethylamine (418 uL, 3 mmol) in acelonitrile. The reaction was stirred at ambient
temperature for 16 hours, whereupon dichloromethane was added and the reaction
washed with water. The organic phase was dried over anhydrous sodium sulfate,
filtered, concentrated, and purified by preparative liquid chromatography on a Blotage®
40 Mi column of prepacked silica gel (80 g), eluting with a gradient of 30% - 50% methyl
tert-butyl ether in hexane (35 min), to afford the product (540 mg, 89%) as a white solid,
m.p. 143-144°C;
MS [(-ESI), m/z]: 402 [M-HT;
'H NMR (400 MHz, DMSO-d3) 5: 1.12 (d, J = 6.7 Hz, 3H), 3.8 (s, 3H), 3.98 (m, 1H),
6.88 (d, J= 8.5 Hz, 2H), 7.06 (d, J = 7.50 Hz, 1H), 7.26 (m, 5H), 7.35 (m, 2H), 7.45 (d, J
= 7.8 Hz, 1H), 8.05 (d, J = 8.5 Hz, 1H), exists as a mixture of rotomers;
Anal. Calcd for C21H1gF2NO3sS: C, 82.52; H, 4.75; N, 3.47. Found: C, 62.44; H, 4.61; N,
3.45.
Step d)
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2-Fiuoro-5-{(4-methoxyphenyl)sulfonyl]-6-methyl-5,6-dlhydrophenanthridine
[0318] The title compound was prepared fram N-[1-(2',5'-difluoro-1,1"-biphenyl-
2-yhethyl]-4-methoxybenzenesulfonamide (450 mg, 1.1 mmol), anhydrous N,N-
dimethylformamide (2 mL), and potassium carbonate (304 mg, 2.2 mmol) according to
the procedure and in the same manner as described in Example 105, step d. The
product was purified by preparative column chromatography on a Biotage® 40 Mi
column of prepacked silica gel (90 g), eluting with a gradient of 30% - 50% methyl fert-
buty! ether in hexane (35 min), to afford the desired compound (280 mg, 65%) as a
white solid, m.p. 167-168°C;
MS [(+ESI), m/z]: 384 [M+H]";
'H NMR (400 MHz, DMSO-dg) 5: 1.11 (d, J= 7.0 Hz, 3H), 3.60 (s, 3H), 5.39 (q, /= 6.8
Hz, 1H), 6.52 (m, 2H), 6.91 (m, 2H), 7.09 (td, /= 7.5, 1.6 Hz, 1H), 7.22 (m, 3H), 7.43 (d,
J=17.8 Hz, 1H), 7.62 {m, 2H).
Step e)
44(2-Fluoro-8-methylphenanthridin-5(6H)-yl)sulfony{]Jphenol
[0319] The title compound was prepared from 2-fluoro-5-{(4-

methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine (220 mg, 0.57 mmol),
cyclohexene (1.2 mL, 11.5 mmol), and 1.0 M solution of boron tribromide in
dichloromethane (3.4 mL) according to the procedure and in the same manner as
described in Example 105, step e. The volatile components were removed in vacuo,
and the crude residue was purified by preparative liquid chromatography on a Biotage®
40 M column of prepacked silica gel (90 g), eluting with a gradient of 5% - 30% methyl
tert-butyl ether in hexane, to afford the product (164 mg, 77%) as a solid, m.p. 216-
218°C; )
H NMR (400 MHz, DMSO-dg) &: 1.11 (d, J = 7.0 Hz, 3H), 5.38 (g, J/ = 6.8 Hz, 1H), 6.31
(m, 2H), 6.81 (ddd, J = 9.4, 2.9, 2.5 Hz, 2H), 7.11 (td, J = 7.3, 1.7 Hz, 1H), 7.21 (m, 3H),
- 7.46 (d, J=7.8 Hz, 1H), 7.60 (dd, J = 8.0, 4.7 Hz, 1H), 7.63 (dd, J = 8.3, 2.1 Hz, 1H),
10.15 (s, 1H);
Anal. Calcd for CxHgFNOsS: C, 66.03; H, 4.37; N, 3.79. Found: C, 65.01; H, 4.18; N,
3.53.

EXAMPLE 113
Step a)
N-[1{2',5"-Difluoro-1,1"-biphenyl-2-yl)ethyl]-3-methoxybenzenesulfonamide -
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[0320] The title compound was prepared from 3-methoxybenzenesulfonyl
chloride (326 mg, 1.6 mmol), 1-(-2',5"-dlfluoro-biphenyl-2-yl)ethylamine (350 mg, 1.5
mmol), and triethylamine (418 pl., 3 mmol) according to the procedure and in the same
manner as described in Example 112, step ¢. The product was purified by preparative
liquid chromatography on a Biotage® 40 Mi column of prepacked silica gel (90 g).
eluting with a gradient of 30% - 50% methyl tert-butyl ether in hexane (35 min), to afford
the desired compound (570 mg, 84%) as a clear glass;
MS [(+ESI), m/z]: 404 M+H]":
MS [(-ES!), m/z]: 402 M-HT;
TH NMR (400 MHz, DMSO-dg) 5: 1.15 (brd, J=6.7 Hz, 3H), 3.67 (br s, 3H), 4.04 (m, J
= 3.1 Hz, 1H), 6.80 (m, 1H), 6.95 (d, /= 1.0 Hz, 1H), 7.03 (m, 3H), 7.21 {d, /= 7.0 Hz,
1H), 7.27 (m, 4H), 7.46 (d, J = 7.8 Hz, 1H), 8.25 (s, 1H).
Step b) .

2-Fluoro-5{(3-methoxyphenyl)suifonyl]-6-methyl-5,6-dihydrophenanthridine

[0321] The title compound was prepared from N-[1{2',5'difluoro-1,1-biphenyl-
2-yl)ethyl]-3-methoxybenzenesulfonamide (440 mg, 1.1 mmol), anhydrous N,N-
dimethytformamide (2 mL), and potassium carbonate (301 mg, 2.2 mmol) according to
the procedure and in the same manner as described in Example 105, step d. The
product was purifled by preparative liquid chromatography on a Biotage® 40 Mi column
of prapacked silica gel (80 g). eluting with a gradient of 30% - 50% methyl tert-butyl
ether in hexane (35 min), to afford the desired compound (100 mg, 24%) as a white
solid; . '
MS [(+ESI), m/z]: 384 [M+H]";
MS [(-ESI), m/z]: 382 [M-HT.
Step c)

3{(2-Fluoro-6-methyiphenanthridin-5(6 H)-yl)sulfonyl]phenol

[0322] The title compound was prepared from 2-fluoro-5-{(3-
methoxyphenyi)sulfonyl}-6-methyl-5,6-dihydrophenanthridine (100 mg, 0.26 mmol),
cyciohexene (528 ul., 5.2 mmol), and 1.0 M solution of boron tribromide in
dichloromethane (1.6 mL) according to the procedure and in the same manner as
described in Example 105, step . The volatile components were removed in vacuo,
and the crude residue was purified by preparative liquid chromatography on a Blotage®
40 Mi column of prepacked silica gel (30 g), eluting with a gradient of 5% - 30% methyl
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tert-butyl ether in hexane, to afford the desired compound (86 mg, 89%) as a solid, m.p.
195-196°C; : '
MS [(+ES1), m/2z]: 370 M+H]";
MS [(-ESI), m/z]: 368 (M-H];
'H NMR (400 MHz, DMSO-dg) 5: 1.12 (d, J = 7.0 Hz, 3H), 5.37 (g, J = 6.9 Hz. 1H), 6.41
(m, 1H), 6.45 (m, 1H), 6.59 (ddd, J = 8.2, 2.5, 0.9 Hz, 1H), 6.82 (t, J = 8.0 Hz, 1H), 7.09
(ddd, J=7.8, 6.6, 2.2 Hz, 1H), 7.18 (ddd, /= 14.4, 7.8, 1.7 Hz, 2H), 7.25 (id, /= 8.7,
2.9 Hz, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.60 (dd, J = 8.8, 5.4 Hz, 1H), 7.65 (dd, J= 10.1,
2.9 Hz, 1H), 9.66 (s, 1H).

EXAMPLE 114
Step a)
1«2’ 4',5-Trifluoro-1,1’-biphenyl-2-yl}ethanone

[0323] The title compound was prepared from 2 4-difluorophenylboronic acid
(2.0 g, 12.7 mmol), tetrabutylammonium bromide (3.71 g, 11.5 mmol), potassium
carbonate (4.78 g, 34.6 mmol), 2'-bromo-4'-fluoroacetophenone (2.5 g, 11.5 mmol), and
palladium acetate (259 mg, 1.15 mmol) according to the procedure and in the same
manner as described in Example 105, step a. The product was purified by preparative
liquid chromatography on a Biotage® 40 Mi column of prepacked silica gel (30 g),
eluting with a gradient of 10% - 30% methyl fert-butyl ether in hexane, to afford the
desired compound (850 mg, 30%) as a clear yellow oil;
MS [(El), m/z]: 250.1 (M*.);
'H NMR (400 MHz, DMSO-dg) &: 2.42 (s, 3H), 7.17 (m, J = 8.5, 8.5, 2.8, 0.9 Hz, 1H),
7.29 (m, 2H), 7.43 (m, 2H), 7.87 (dd, J=8.7, 5.8 Hz, 1H).
Step b)

142" ,4'.5-Trifluoro-1,1"-biphenyl-2-yl)ethylamine

[0324] The title compound was prepared from 1-(2',4',5-trifluoro-1,1'-biphenyl-
2-ylyethanone {720 mg, 2.9 mmol), anhydrous methanol (10 mL), ammonium acetate
(4.44 g, 58 mmol), and sodium cyanoborohydride (362 g, 5.8 mmol) according to the
procedure and in the same manner as described in Example 105, step b. The crude
amine was immediately used without further purification in Example 114, step c;
MS [(+ESI), m/z]: 252 [M+H]*, 235 [M+H-17]", benzylic cation as a resutt of the loss of
NHs. .
Step ¢)
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N-{1<{2' 4',5-Trifluoro-1,1’-biphenyl-2-yl)ethyl]-4-methoxybenzenesulfonamide
[0325] The titte compound was prepared from 4-methoxybenzenesulfonyl
chloride (146 mg, 0.7 mmol), 1«(-2',4',5-trifluoro-1,1'-biphenyl-2-yl)ethylamine (169 mg,
0.87 mmol), and triethylamine (187 pL, 1.3 mmol) according to the procedure and in the
same manner as described in Example 105, step ¢. The product was purified by
preparative liquid chromatography on a Blotage® 40 Mi column of prepacked silica gel
(90 g), eluting with a gradient of 30% - 50% methyl tert-butyl ether in hexane (35 min),
to afford the desired compound (197 mg, 70%) as a white solid;
MS [(+ESI), m/z}: 422 M+H]";
MS [(-ESI), m/z]. 420 M-HJ .
Step d)
3.9-Diﬂuoro-5-[(4-methoxyphenyl)suIfonyl]-s-methyl-s.sidlhydmphenanthrldlne
' [0328] The title compound was prepared from N-[1-(2',4",5-trifluoro-1,1'- ‘
biphenyl-2-yl)ethyl]-4-methoxybenzenesulfonamide (161 mg, 0.38 mmol), anhydrous
N,N-dimethylformamide (1 mL), and potassium carbonate (106 mg, 0.76 mmot)
according to the procedure and in the same manner as described in Example 105, step
d resulting in the isolation of 143 mg (93%) of a white solid. This material was used
without further purification in Exampla 114, step e;
MS [(+ESI), m/z]: 402 [M+H]";
'H NMR (400 MHz, DMSO-dg) 5: 1.14 (d, J = 7.0 Hz, 3H), 3.86 (s, 3H), 5.48 (q, /= 6.9
Hz, 1H), 6.63 (m, 2H), 7.03 (m, 2H), 7.30 (m, 2H), 7.43 (dd, J = 10.0, 2.7 Hz, 1H), 7.89
(dd, J= 8.8, 6.2 Hz, 1H).
Step e)
4-{(3,9-Difluoro-8-methylphenanthridin-5(6H)-yl)sutfonyl]phenol .‘
[0327] The title compound was prepared from 3,8-difluoro-5-[(4-
methoxyphenyl)sulfonyl]-8-methyl-5,6-dlhydrophenanthridine (130 mg, 0.32 mmol),
cyclohexene (656 pl, 6.5 mmol), and 1.0 M solution of boron tribromide in
dichloromethane (1.84 mL) according to the procedure and in the same manner as
described in Example 105, step 6. The volatile components were removed in vacuo
and the crude residue was purified by preparative liquid chromatography on a Biotage®
40 Mi column of prepacked silica gel (90 g), eluting with a gradient of 5% - 50% methyl
tert-butyl ether in hexane, to afford the product (88 mg, 78%) as a solid, m.p. 178.5-
186°C;
MS [(+ESI), m/z]: 388 [M+H]";
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MS [(-ESI), m/z): 386 (M-HT;
"H NMR (400 MHz, DMSO-dg) 5: 1.14 (d, J = 6.7 Hz, 3H), 6.46 (q, J = 6.9 Hz, 1H), 6.42
(m, 2H), 6.93 (m, 2H), 7.03 (id, J=8.7, 2.6 Hz, 1H), 7.29 (m, 2H), 7.36 (dd, /= 10.4,
2.8 Hz, 1H), 7.42 (dd, J = 10.1, 2:9 Hz, 1H), 7.91 (dd, J = 8.8, 6.2 Hz, 1H), 10.30 (s,
1H).

EXAMPLE 115
Step a) ¢
N-[1+(2' 4", 5-Trifluoro-1,1"-biphenyl-2-yl)ethyl]-3-methoxybenzenesulfonamide
[0328] The title compound was prepared from 3-methoxybenzenesulifonyl
chioride (146 mg, 0.7 mmol}, 1-(-2',4',5-rifluoro-1,1’-biphenyl-2-yl)ethylamine (169 mg,
0.67 mmol), and tristhylamine (187 ul, 1.3 mmol) according to the procedure and in the
same manner as described in Example 105, step c. The product was purified by
preparative liquid chromatography on a Biotage® 40 Mi column of prepacked silica gsl
(90 g), eluting with a gradient of 30% - 50% methyl tert-butyl ether in hexane (35 min),
to afford the desired compound (235 mg, 83%) as a white solid;
MS [(+ESI), m/z): 422 [M+H]*;
MS (-ESI), m/z): 420 [M-HT.

Step b)
3,9-Difluoro-5{(3-methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine
[0329] The titte compound was prepared from N-[1+(2',4',5-trifluoro-1,1"-

biphenyt-2-yl)ethyl]-3-methoxybenzenesulfonamide (234 mg, 0.65 mmol), anhydrous
N,N-dimethylformamide (1 mL), and potassium carbonate (154 mg, 1.1 mmoal)
according to the procedure and in the same manner as described in Example 105, step
d resulting in the isolation of 211 mg (85%) of a white solid. This material was used
without further purification in Example 115, step c;
MS [(+ESI), m/z}: 402 [M+H]"; h
'H NMR (400 MHz, DMSO-dg) 5: 1.16 (d, J = 7.0 Hz, 3H) 3.55 (s, 3H), 5.53 (q, J= 7.0
Hz, 1H), 6.60 (dd, J = 2.3, 1.8 Hz, 1H), 6.66 (ddd, J=7.7, 1.8, 0.9 Hz, 1H), 6.91 (ddd, J
= 8.4, 2.6, 0.9 Hz, 1H), 7.02 (m, 2H), 7.32 (m, 3H), 7.46 (dd, J = 10.0, 2.7 Hz, 1H), 7.92
(dd, J = 8.8, 6.2 Hz, 1H).
Step c)

3-[(3,9-Difluoro-6-methyiphenanthridin-5(6H)-yl)sulfonyllphenol
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[0330) The title compound was prepared from 3,9-difluoro-5-{(3-

methoxyphenyl)sulfonyl]-6-methyl-5,8-dihydrophenanthridine (150 mg, 0.37 mmol),
cyclohexene (757 pl., 7.5 mmol), and 1.0 M solution of boron tribromide in
dichloromethane (2.24 mL) according to the procedure and in the same manner as
described in Example 105, siep e. The volatile components were removed in vacuo,
and the crude residue was purified by preparative liquid chromatography on .a Biotage®
40 Mi column of prepacked silica gel (90 g), sluting with a gradient of 5% - 50% methy!
terf-butyl ether in hexane, to afford the product (98 m, 78%) as a solid, m.p. 167.2-
173°C;

MS [(+ESI), m/z]: 388 M+H]";

MS [(-ESI), m/Z]: 386 [M-HT;

H NMR (400 MHz, DMSO-dg) 8: 1.15 (d, J= 7.0 Hz, 3H), 5.46 (q, J = 6.8 Hz, 1H), 6.50
(m, 1H), 6.57 (ddd, J=7.8, 1.8, 1.0 Hz, 1H), 6.70 (ddd, J= 8.2, 2.5, 0.9 Hz, 1H), 6.93 {t,
J=8.0 Hz, 1H), 7.00 (td, J = 8.7, 2.6 Hz, 1H), 7.30 (m, 2H), 7.36 (dd, J= 10.4, 2.6 Hz,
1H), 7.43 (dd, J = 10.1, 2.6 Hz, 1H), 7.93 (dd, J = 8.8, 6.2 Hz, 1H), 9.78 (s, 1H).

EXAMPLE 116
Step a)
1-(2',5",5-Trifluoro-1,1"-biphenyl-2-yl)ethanone

[0331] The titie compound was prepared from 2,5-difiluorophenylboronic acid
(2.0 g, 12.7 mmol), tetrabutylammonium bromide (3.71 g, 11.5 mmol), potassium
carbonate (4.78 g, 34.6 mmol), 2'-bromo-4’-fluoroacetophenone (2.5 g, 11.5 mmol), and
palladium acetate (259 mg, 1.15 mmol) according to the procedure and in the same
manner as described in Example 105, step a. The product was purified by preparative
liquid chromatography on a Biotage® 40 Mi column of prepacked silica gel (90 g),
eluting with a gradient of 10% - 30% methyl teri-butyl ether in hexane, to afford the
desired compound (784 mg, 27%) as a clear yellow oll.
Step b)

142',5',5-Trifluoro-1,1"-biphenyi-2-yljethylamine

[0332] The titie compound was prepared from 1-(2',5,5-trifluoro-1,1*-biphenyl-
2-yl)ethanone (650 mg, 2.6 mmol), anhydrous methanol (10 mL), ammonium acetate
(4.0 g, 52 mmol), and sodium cyanoborohydride {326 g, 5.2 mmol) according to the
procedure and in the same manner as described in Exampie 105, step b. The crude
amine was immediately used without further purification in Example 1186, step c;
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MS {(+ES1), m/z}: 252 M+H]", 235 M+H-17T, benzylic cation as a resutt of the loss of
NH;.
Step c)
N-[1{2',5',5-Trifluoro-1,1"-biphenyi-2-yljethyl}-4-methoxybenzenesulfonamide
[0333] The title compound was prepared from 4-methoxybenzenesulfonyl
chloride (153 mg, 0.74 mmol), 1-(-2',5',5-trifluoro-1,1’-biphenyl-2-yi)ethylamine (177 mg,
0.70 mmol), and triethylamine (147 pL, 1.1 mmol) according to the procedure and in the
same manner as described in Example 105, step ¢. The product was purified by
preparative liquid chromatography on a Biotage® 40 Mi column of prepacked silica gel
(80 g), eluting with a gradient of 30% - 50% methyl feri-butyl ether in hexane (35 min),
to afford the desired compound (259 mg, 91%) as a white solid;
MS [(+ES1), m/z]: 422 [M+H]";
MS [(-ESI), m/z]: 420 [M-H]".
Step d)
2,9-Difluoro-5-[{4-methoxyphenyi)sulfonyl]-6-methyl-5,8-dihydrophenanthridine
[0334] The title compound was prepared from N-[1-(2',4',5-frifluoro-1,1'-
biphenyl-2-yl)ethyl}-4-methoxybenzenesulfonamide (210 mg, 0.50 mmol), anhydrous
N,N-dimethytformamide (1 mL), and potassium carbonate (138 mg, 1.0 mmol)
according to the procedure and in the same manner as described in Example 105, step
d resulting in the isolation of 200 mg (99%) of a white solid. This material was used
without further purification in Example 116, step e;
MS [(+ESI), nv/z]: 402 M+H]";
TH NMR (400 MHz, DMSO-dg) &: 1.13 (d, J= 7.0 Hz, 3H), 3.66 (s, 3H), 546 (g, /= 7.0
Hz, 1H), 6.61 (m, 2H), 6.94 (m, 2H), 7.06 (d, J = 8.7, 2.6 Hz, 1H), 7.34 (m, 3H), 7.65
{(dd, J=9.1, 5.4 Hz, 1H), 7.72 {dd, J = 10.0, 3.0 Hz, 1H).
Step e)
4-[(2,9-Difluoro-6-methylphenanthridin-5(6H)-yl)sulfonyliphenol
[0335] The title compound was prepared from 2,9-difluoro-5-](4-
methaxyphenyl)sulfonyl}-6-methyl-5,6-dihydrophenanthridine (150 mg, 0.37 mmol),
cyclohexene (757 ul, 7.5 mmol), and 1.0 M solution of boron tribromide in
dichloromethane (2.24 ml.) according to the procedure and in the same manner as
described in Example 105, step e. The volatile components were-removed /n vacuo
and the crude residue was purified on a Biotage® 40 Mi column of prepacked silica gel
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(90 g), eluting with a gradient of 5% - 50% methyl! terf-butyl ether in hexane, to afford
the desired compound (117 mg, 81%) as a white solid, m.p. 194-1968°C;

MS [(+ESI), m/z): 388 [M+H]";

MS [(-ES!), m/z]: 386 [M-HT;

'H NMR (400 MHz, DMSO-dg) 5: 1.13 (d, J= 7.0 Hz, 3H), 5.45(q, J= 7.0 Hz, 1H), 6.40
(m, 2H), 6.85 (ddd, J = 9.4, 2.8, 2.5 Hz, 2H), 7.06 (td, J = 8.7, 2.6 Hz, 1H), 7.31 (qd, J =
5.7,2.9 Hz, 2H), 7.40 (dd, J = 10.4, 2.6 Hz, 1H), 7.64 (dd, J=8.9, 5.3 Hz, 1H), 7.74 (dd,
J=9.8, 2.9 Hz, 1H), 10.27 (s, 1H).

EXAMPLE 117
Step a)
N{1-(2',5",5-Trifluoro-1,1"-biphenyl-2-yi)ethyl]-3-methoxybenzenesulfonamide
[0336] The title compound was prepared from 3-methoxybenzenesulfonyl
chioride (153 mg, 0.74 mmoal), 1-(-2'.5',5-triflucro-1,1'-biphenyl-2-yi)ethylamine (177 mg,
0.70 mmol), and triethylamine (147 uL, 1.1 mmol) according to the procedure and in the
same manner as described in Example 105, step c. The product was purified by
preparative liquid chromatography on a Biotage® 40 Mi column of prepacked silica gel
(90 g), eluting with a gradient of 30% - 50% methyl fert-butyl ether in hexane (35 min),
to afford the desired compound (285 mg, 100%) as a white solid;
MS [(+ESI), m/z}: 422 M+H]*;
MS [(-ESI), m/z]: 420 [M-HT.
Step b)
2,9-Difluoro-5-](3-methoxyphenyl)sulfonyi]-6-methyi-5,68-dihydrophenanthridine
[0337] The title compound was prepared from N-[1-(2',4",5-trifluoro-1,1'-
biphenyl-2-yl)ethyl}-3-methoxybenzenesulfonamide (221 mg, 0.52 mmol), anhydrous
N,N-dimethylformamide (1 mL), and potassium carbonate (138 mg, 1.0 mmol)
according to the procedure and in the same manner as described in Example 105, step

d resutting in the Isolation of 208 mg (99%) of a white solld. This material was used
without further purification in Example 117, step c;

MS [(+ESI), m/z]: 402 M+H]';

'H NMR (400 MHz, DMSO-dyg) 5: 1.15 (d, J = 7.0 Hz. 3H), 3.55 (s, 3H), 5.52 (g. J= 6.8
Mz, 1H), 6.54 (m, 1H), 6.57 (ddd, J=7.6, 1.7, 1.0 Hz, 1H), 6.89 (ddd, /= 8.4, 2.8, 0.9
Hz, 1H), 7.04 (m, 2H), 7.35 (m, 3H), 7.67 (dd, J = 8.8, 5.4 Hz, 1H), 7.75 (dd, J = 9.8, 2.9
Hz, 1H).
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Step c) ' -
3-{(2,9-Difluoro-6-methylphenanthridin-5(6H)-yl)sulfonyljphenol
[0338] The titte compound was prepared from 2,8-difluoro-5-[(3-

methoxyphenyl)sutfonyl]-6-methyl-5,6-dihydrophenanthridine (156 mg, 0.38 mmol),
cyclohexene (760 pL, 7.7 mmol), and 1.0 M solution of boron tribromide in
dichloromethane (2.33 mL) according to the procedure and in the same manner as
described in Example 105, step e. The volatile components were removed /n vacuo
and the crude residue was purified by preparative liquid chromatography on a ﬁiotage'
40 Mi column of prepacked silica gel (90 g), eluting with a gradient of 5% - 50% methyl

tert-butyl ether in hexane, to afford the desired product (139 mg, 92%) as a white solid,
m.p. 165.5-171°C;

MS [(+ESI), m/z]: 388 [M+H)";

MS [(-ESI), m/z]: 386 [M-H];

"H NMR (400 MHz, DMSO-dg) &: 1.14 (d, J = 7.0 Hz, 3H), 5.44 (q, J = 6.9 Hz, 1H), 6.42
(m, 1H), 6.49 (ddd, J = 7.8, 1.8, 1.0 Hz, 1H), 6.68 (ddd, J= 8.2, 2.5, 0.8 Hz, 1H), 6.90 (t,
J = 8.0 Hz, 1H), 7.04 (td, J = 8.7, 2.6 Hz, 1H), 7.32 (m, 2H), 7.39 (dd, J = 10.4, 2.6 Hz,
1H), 7.65 (dd, J = 9.1, 5.4 Hz, 1H), 7.76 (dd, J = 9.8, 2.9 Hz, 1H), 9.65 (br s, 1H).

EXAMPLE 118
METHOD A
Step a)
4-Chloro-1,1"-biphenyl-2-ylamine
[0339] A stimed solution of 2-bromo-5-chloronitrobenzene (5.00 g, 21.2 mmol)
and phenylboronic acld (2.58 g, 21.2 mmol) in tetrahydrofuran (85 mL) was treated
under nitrogen with [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (H)
complex with dichloromethane (0.52 g, 0.63 mmol, 3 mole%) and a 5 N sodlum
hydroxide solution (8.5 mL, 42.5 mmol). The reaction was heated at 60 °C for twelve
hours, cooled to room temperature, and the solvent removed in vacuo. The residue
was treated with ethyl acetate (200 mL) and a saturated aqueous sodium chloride
solution (100 mL). The phases were separated and the aqueous phase was extracted
with ethy! acetate (2 x 50 mL). The combined organic phase was dried over anhydrous
magnesium sulfate, fittered, and the solvent concentrated in vacuo. The resulting brown
oil was filtered through aplug of sliica gel (20:80 ethyl acetate:hexane). After
concentration of the solvent in vacuo, the resulting, pure 4-chloro-2-nitro-biphenyl (4.66

-175-



WO 2004/050631 PCT/US2003/0382%

g. 19.0 mmol, 84%) was dissolved in acetic acid (13.2 mL) and ethanol (13.2 mL). Iron
granules (15.6 g, 278 mmol) were added and the mixture was stirred with a mechanical
stirrer for 12 hours. The mixture was diluted with ethanol and then filtered through
Celite® filter aid. The resulting solution was concentrated in vacuo, diluted with toluene
and concentrated in vacuo (x3) to afford a viscous oil. The viscous oll was purified by
flash column chromatography, eluting with a mixture of ethyl acetate-hexane (1:4), to
afford the title compound as a homogeneous oil {(3.46 g, 85%);
TH NMR (400 MHz, DMSO-de) 8: 7.45 — 7.30 (m, 5H), 6.94 (d, J = 8.0 Hz, 1H), 6.78 (d. J
= 2.1 Hz, 1H), 6.61 (dd, J = 8.0, 2.1 Hz, 1H), 5.07 (s, 2H).
Step b)
N-{(4-Chioro-1,1'-biphenyl-2-yl)acetamide

[0340) A stired solution of 4-chloro-1,1-biphenyl-2-ylamine (3.46 g, 17.0
mmol) in dichloromethane (8.5 mL) was treated with pyridine (3.2 mL, 39 mmol), acetic
anhydride (1.77 mL, 18.7 mmol), and 4<{dimethylamino)pyridine (0.62 g, 0.51 mmol)
and stirred at room temperature for 12 hours. A saturated, aqueous solution of
ammonium chloride (150 mL) was added, and the layers were separated. The aqueous
phase was extracted with dichloromethane (3 x 75 mL). The combined organic phase
was washed sequentially with a 0.1 N hydrochloric acid solution (2 x 50 mL) and a
saturated, aqueous sodium bicarbonate solution (50 mL), dried over anhydrous sodium
sulfate, filtered and the solvent evaporated In vacuo to yield a brown oll. Toluene was
added and removed in vacuo (x 3) to afford a brown solid which, upon trituration with
ethyl acetate/hexane, afforded the title compound as a homogeneous, colorless,
crystalline solid (2.28 g, 93%), m.p. 125-127°C;
MS [(-ES)), m/z]: 244 [M-H[;
'H NMR (500 MHz, DMSO-dg) &: 9.27 (s, 1H), 7.58 (s, 1H), 7.43 —7.28 (m, 7H), 1.86
(s, 3H);
Anal. caled for C14H12CINO: C, 68.44; H, 4.92; N, 5.70. Found: C, 88.25; H, 4.73; N,
5.37.
Step c)

3-Chloro-6-methylphenanthridine

[0341] N-(4-Chloro-1,1-biphenyl-2-yl)acetamide (2.65 g, 10.8 mmol) was
mixed with polyphosphoric acid (50 g) and heated to 120°C with vigorous stirring for 12
h.ours. The hot reaction mixture was poured into a beaker contalning ice and stirred
vigorously until homogeneous. The solution was neutrallzed to a pH > 8 with
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concentrated aqueous ammonia. A white precipitate formed and was filttered. The

white solid was dissolved in ethyi acetate (250 mL) and re-filtered. The filtrate was
washed with a saturated aqueous sodium chioride solution, dried over anhydrous
sodium sulfate, filtered and the solvent concentrated in vacuo to a brown solid. The
brown solid was purified by trituration with ethyl acetate/hexane o afford the title
compound as white crystals (2.28 g, 93%), m.p. 129-131°C;
MS [(+ESI), m/z): 228 [M+H]";
'H NMR (500 MHz, DMSO-dg) 5: 8.78 (d, J = 8.2 Hz, 1H), 8.73 (d, J = 8.8 Hz, 1H). 8.30
(dd, J= 8.2, 0.6 Hz, 1H), 7.98 (d, J = 2.2 Hz, 1H), 7.92 (m, 1H), 7.78 (m, 1H), 7.64 (dd,
J=8.7,22Hz, 1H), 2.93 (s, 3H);
Anal. calcd for C44H1oCIN: C, 73.85; H, 4.43; N, 6.15. Found: C, 73.53; H, 4.10; N,
5.83.
Step d)
3-Chloro-5-(3-methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine
[0342] A stired solution of 3-chloro-6-methylphenanthridine (0.40 g, 1.76
mmol) in tetrahydrofuran (7 mL) was treated with freshly crushed sodium borohyddde
{0.33 g, 8.8 mmol). Trifluoroacetic acid (0.54 mL, 7.0 mmol) was added dropwise at a
rate to keep the exothermic reaction and gas evolution under control. After the addition
was complete the heterogeneous reaction mixture was stired until the temperature
retumed to 23°C. The mixture was then heated at reflux for 14 hours. The reaction was
cooled to room temperature and neutralized with a saturated, aqueous sodium
bicarbonate solution (150 mL). The mixiure was filtered through a plug of glass wool
into a separatory funnel and extracted with diethyl ether (4 x 50 mL). The combined °
organic phase was dried over anhydrous sodium sulfate, filtered, and concentrated in
vacuo 1o a light brown péste. The crude 3-chloro-8-methyl-5,6-dihydrophenanthridine
was dissolved in pyridine (12 mL), treated with 3-methoxybenzenesutfonyl chloride
(0.55 g, 2.64 mmol) and 4-(dimethylamino)pyridine {(0.01 g, 0.08 mmol), and stirred at
80°C for 14 hours. The reaction mixture cooled to room temperature, treated with a 0.1
N aqueous sodium hydroxide solution (100 mL, 10 mmol), and extracted with
dichloromethane (6 x 50 mL). The combined organic phase was washed witha2 N
hydrochloric acid solution (2 x 40 mL), dried over anhydrous sodium sulfats, filtered,
and concentrated /7 vacuo to a brown solid. The brown solld was purified by flash
column chromatography, eluting with a mixture of ethyl acetate:hexane (1:4), followed
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by crystallization from ethyl acetate-hexane, to afford the tite compound as a
homogsneous, white, crystalline solid (0.38 g, 54%), m.p. 117-118°C;
MS [(-ESt), m/z]: 398 [M-HT;
'H NMR (500 MHz, DMSO-de) 5: 7.85 (d, J = 8.6 Hz, 1H), 7.85 (d, J = 2.3 Hz, 1H), 7.47
(m, 2H), 7.27 (dd, J= 7.5, 1.2 Hz, 1H), 7.19 (m, 1H), 7.13 (id, J = 7.6, 1.4 Hz, 1H), 6.99
(t, J = 8.0 Hz, 1H), 6.83 (m, 1H), 6.64 (m, 1H), 6.58 (m, 1H), 5.49 (q, /=7.0 Hz, 1H),
3.51 (s, 3H), 1.17 (d, J=7.0 Hz, 3H);
Anal. caled for C21H1gCINO3S * 0.20 H20: C, 62.51; H, 4.60; N, 3.47. Found: C, 62.19;
H, 4.46; N, 3.28.
Step a)

3{(3-Chloro-6-methylphenanthridin-5(6H)-yl)sulfonyl}phenoli
[0343] A stired suspension of 3-chloro-5-{(3-methoxyphenyt)sulfonyl]-6-
methyl-5,6-dihydrophenanthridine (0.38 g, 0.85 mmol) and cyclohexene {1.73 mL, 17.1
mmol) was treated dropwise at room temperature under nitrogen with a solution of 1.0
M boron tribromide (5.7 mL, 5.7 mmol) in dichloromethane. After stirring for 20 hours at
room temperature, the reaction was quenched with a saturated, aqueous sodium
bicarbonate solution (50 mL), and extracted with dichloromethane (6 x 20 mL). The
combined organic phase was dried over anhydrous sodium sulfate, filtered, and
concentrated in vacuo to a crude residue. The crude residue was triturated with hexane
and purified by flash column chromatography, eluting with a mixture of ethyl acetate-
hexane (30:70), to afford the title compound as a homogeneous, white, crystalline solid
(0.17 g, 73%), m.p. 215°C;
MS [(-ESI), m/z]: 384 M-H];
'H NMR (500 MHz, DMSO-dg) 5: 9.73 (s, 1H), 7.87 (d, J=8.6 Hz, 1H), 7.62 (d, J=2.3
Hz, 1H), 7.51 (d, J= 7.3 Hz, 1H), 7.46 (dd, J = 8.5, 2.2 Hz, 1H), 7.23 - 7.12 (m, 3H),
6.87 (t, J=7.9 Hz, 1H), 6.64 (L, J = 7.9 Hz, 1H), .55 (m, 1H), 6.50 (t, J = 2.0 Hz, 1H),
5.41 (q, J=6.9 Hz, 1H), 1.16 (d, J = 6.9 Hz, 3H);
Anal. caled for C20H1gCINO3S: C, 62.25; H, 4.18; N, 3.63. Found: C, 61.88; H, 4.31; N,
3.49.
METHOD B
Step a)
1-{4'<Chloro-2"-fluoro-1,1"-biphenyl-2-yl)ethanone
[0344] 2-Acetylphenyiboronic acid (& g, 30.5 mmol) and 4-chioro-2-

fluoroiadobenzene (8.6 g, 33.5 mmol) were digsolved In a toluene/ethanol mbdure (B_:1.
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175 mL). An aqueous solution of potassium carbonate (2M,60mL)and
tetrakis(triphenylphosphine) palladium (0) (1.06 g, 0.81 mmol) were added to the
solution and the entire mixture was degassed using‘vacuum and stirring with
intermittent nitrogen purge. The mixtura was heated at 85°C with stining for 14 hours.
The mixture was allowed to cool and then water was added. The organic phase was
separated from the aqueous phase and the aqueous phase was éxiracted with ethyi
acetate (3 x 100 mL). The organic phases were combined, dried over anhydrous
sodium sulfate, filtered, and concentrated to a crude oil. The crude oil was purified by
preparative liquid chromatography on a Biotage® 40 Mi column of prepacked sliica gel
(20 g). eluting with a gradient of 5% - 20% methyt teri-butyl ether in hexane, to afford
the desired product (4.07 g, 54%) as a yellow oil;
MS [(El), m/2]: 248.0/250.0 [M".], contains one chlorine atom pattem;
'H NMR (400 MHz, DMSO-dg) 5: 2.45 (s, 3H), 7.37 (m, 3H), 7.44 (m, 1H), 7.57 (td, J =
7.6, 1.3 Hz, 1H), 7.65 (td, J = 7.6, 1.4 HZ, 1H), 7.90 (ddd, J=7.8, 1.4, 0.5 Hz, 1H)..
Step b) ' '
1<{4'-Chloro-2"-fluoro-1,1'-biphenyl-2-yl)ethylamine _
[0345] To a stirred solution of 1-(4'-chloro-2"-fluoro-1,1"-biphenyl-2-yl)ethanone
(3.2 g, 12.9 mmol) in anhydrous methanol (200 mL) was added solid ammonium
acetate (19.8 g, 257 mmol). The reaction mixture was heated at 60°C for ane 'hour.
followed by the addition of a methanolic solution of sodium cyanoborohydride (1.62 g,
25.8 mmol). After 16 hours, the methanof was removed in vacuo and agueous
ammonium hydroxide was added. The aquéous phase was extracted with diethyl ether
(3 x 200 mL) until the amine was no longer present in the aquéous phase. The organic
phase was then washed with 2 N aqueous hydrochloric acid (3 x 100 mL) and the -
aqueous phases combined. The solid formed during the acid wash was determined to
be the dialkyated amine and was segregated from the aqueous phase. Aqueous
sodium hydroxide was added to the acidic aqueous phase unti! the solution was
neutralized to pH 8 to 9. The basic aqueous phase was extracted with diethyl ether until
the primary amine was no longer detected in the aqueous phase. The combined
organic phases were dried over anhydrous sodium sulfate, filtered, and concentrated to
afford a clear oll that was used without further purification;
MS [(+ESI), m/z]: 233 M+H-17]", benzylic cation as a result of loss of NHs;
Step ¢)
N-{1-(4’-Chloro-2'-fluoro-1,1"-biphenyl-2-yl)ethyl]-3-methoxybenzenesulfonamide
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[03468] 3-Methoxybenzenesulfonyi chioride (331 mg, 1.6 mmol) was added to a
solution of 1-{4'~chloro-2"-fluoro-1,1"-biphenyl-2-yl)ethylamine (400 mg, 1.6 mmol) and
triethylamine (246 pL, 1.7 mmol) in acetonitrile. The reaction was mixed at room
temnperature for 24 hours, afterwhich the acetonitrile was removed in vacuo. The
remaining solid was dissolved in dichloromethane and purified by preparative liquid
chromatogrpahy on a Biotage® 40 Mi column of prepacked silica gel (90 g), eluting with
a gradient of 5% - 50% methyl teri-butyl ether in hexane (35 min), fo afford the the
desired product (694 mg, 99%) as a white solid;
MS [(+ESI), m/z]: 420/422 [M+H]", contains one chlorine atom pattem;
MS [(-ESI), m/z}: 418/420 [M-HT", contains one chlorine atom pattem;
TH NMR (400 MHz, DMSO-dg) 8: 1.16 (d, J = 7.0 Hz, 3H), 3.72 (m, J = 13.5 Hz, 3H),
4.03 (m, 1H), 6.97 (dd, J=2.5, 1.7 Hz, 1H), 7.09 (m, 3H), 7.24 (t, / = 7.2 Hz, 2H), 7.36
{m, 3H), 7.50 (m, 2H), 8.25 (d, J= 7.0 Hz, 1H).
Step d)

3-Chioro-5{(3-methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine

[0347] The title compound was prepared from N-{1-{4'-chloro-2"-fluoro-1,1"-
biphenyi-2-yl)ethyl}-3-methoxybenzenesutfonamide (686 mg, 1.6 mmol), anhydrous
N,N-dimsthylformamide (2 mL.), and potassium carbonate (442 mg, 3.2 mmol)
according to the procedure and in the same manner as described in Example 105, step
d resulting in the isolation of 547 mg (84%) of a white solid that was used without further
purification;
MS {(+ESI), m/z]: 400/402 [M+H]*, contalns one ¢hlorine atom pattem;
MS [(-ESY), m/z): 398/400 M-H], contains one chlorine atom pattern.
Step e)

3-{(3-Chloro-6-methylphenanthridin-5(6H)-yl)sulfonyl]phenol

[0348] The title compound was prepared from 3-chloro-5-{(3-
methoxyphenyl)sulfonyl]-8-methyl-5,6-dihydrophenanthridine according to the
procedure and in the same manner as described in Example 118, Method A, step e.
The resulfing racemic product was optically resolved in Examples 119 and 120.

EXAMPLE 118
3-{I(6R)-3-Chloro-6-methylphenanthridin-5(6H)-yl]sulfonyl}phenol
[0349] The enantiomers of 3{(3-chloro-6-methylphenanthridin-5(6H)-
yl)sulfonyllphenol (280 mg, 0.73 mmol) were separated by automated, preparative,
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normal phase, chiral chromatography on a Chiralpak® AS (20 mm x 250 mm) column
eluting with 20% 2-propanol in hexane at a flow rate of 20 mL/min. After combination of
fractions and evaporation of .fha solvent in vacuo, one peak (98.8%) with a retention
time of 6.84 minutes was isolated as a white solid (122 mg, 44% based upon a 1:1 ratlo
of enantiomers with a theoretical maximum amount of 140 mg), m.p. 220.8-223°C;
[alo® = -100.6°(c = 10.0 mg/mL, CHCls);

MS [(+ESI), m/z]: 386/388 [M+H]", contains one chlorine atom pattem;

MS [{(-ESI), m/z]: 384/386 [M-HJ, contains one chlorine atom pattem;

'H NMR (400 MHz, DMSO-dg) 5: 1.17 (d, J = 7.0 Hz, 3H), 5.42 (q, J = 7.0 Hz, 1H), 6.51
{m, 1H), 6.57 (m, 1H), 6.85 (ddd, J = 8.2, 24, 1.0 Hz, 1H), 6.89 (t, /= 8.0 Hz, 1H), 7.16
(m, 1H), 7.22 (m, 21), 7.47 (dd, J = 8.4, 2.2 Hz, 1H), 7.52 (dd, J = 7.6, 0.9 Hz, 1H), 7.63
(d, J = 2.1 Hz, 1H), 7.87 (d, J = 8.5 Hz, 1H), 9.74 (s, 1H);

Anal. Caled for C2H1sCINO»S: C, 62.25; H, 4.18; N, 3.63. Found: C, 61.86; H, 4.28; N,
3.44.

EXAMPLE 120
3-{[(68)-3-Chloro-6-methylphenanthridln-5(6m-yl]sulfoﬁyl}phenol

[0350] The enantiomers of 3-[(3-chloro-6-methylphenanthridin-5(6H} -
yl)sulfonyllphenol (280 mg, 0.73 mmol) were separated by automated, preparative,
normal phase, chiral chromatography on a Chiralpak® AS (20 mm x 250 mm) column
eluting with 20% 2-propanol in hexane at a flow rate of 20 mL/min. After combination of
fractions and evaporation of the solvent in vacuo, one peak (89.9%) with a retention
time of .38 minutes was isolated as a white solid (120 mg, 43% based upon a 1:1 ratio
of enantiomers with a theoretical maximum amount of 140 mg), m.p. 219-223°C;
[a)o™ = +81.6° (c = 10.0 mg/mL, CHCla);
MS [(+ESl), m/z]: 386/388 [M+H]", contains one chlorine atom pattem;
MS [(-ESI), m/z]: 384/386 [M-H]", contains one chlorine atom pattern;
'H NMR (400 MHz, DMSO-dg) 8: 1.17 (d, J = 7.0 Hz, 3H), 5.42 (q, J = 6.8 Hz, 1H), 6.51
(m, 1H), 6.57 (ddd, J = 7.8, 1.8, 1.0 Hz, 1H), 6.65 (ddd, J=8.3, 2.5, 0.9 Hz, 1H), 6.88 (t,
J=8.0Hz, 1H), 7.14 (dd, /= 7.0, 1.8 Hz, 1H), 7.17 (m, 1H), 7.22 (m, 1H), 7.47 (dd, J =
8.4,2.2Hz, 1H), 7.52 (dd, J= 7.5, 1.0 Hz, 1H), 7.63 (d, J=2.1 Hz, 1H), 7.87 (d, /= 8.5
Hz, 1H), 9.74 (s, 1H);
Anal. Calcd for C2oH1sCINO»S: C, 62.25; H, 4.18; N, 3.63. Found: C, 62.14; H, 4.45; N,
3.54.
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EXAMPLE 121
METHOD A
4-[(3-chIoro-s-moth'ylphonanthrldin-5(6m-yl)'sulfony|]phenol
[0351] A stimed solution of 3-chloro-6-methylphenanthridine (0.40 g, 1.76
mmol) in tetrahydrofuran (7 mL) was treated with frashly crushed sodium borohydride
(0.33 g, 8.8 mmol). Trifluoroacetic acid (0.54 mL, 7.0 mmol) was added dropwise at a
rate to keep the exothermic reaction and gas evolution under control. After the addition
was complets, the heterogeneous reaction mixture was stired until the temperature
retumed to 23°C. The mixture was then heated at reflux for 14 hours. The reaction was
cooled to room temperature and neutralized with a saturated, aqueous sodium
bicarbonate solution (150 mL). The mixture was filtered through a plug of glass wool
into a separatory funnel and extracted with diethyl ether (4 x 50 mL). The combined
organic phase was dried over anhydrous sodium sulfate, filtered, and concentrated in
vacuo to a light brown paste. The crude 3-chioro-6-methyi-5,6-dihydrophenanthridine
was dissolved in pyridine (12 mL), treated with carbonic acid 4-chlorosulfonyl-phenyt
ester ethyl ester (0.699 g, 2.64 mmol) and 4-(dimethylamino)pyridine (0.01 g, 0.08
mmol), and stirred at 80°C for 14 hours. The reaction was cooled to room termperature,
treated with a 0.1 N aqueous sodium hydroxide solution (100 mL, 10 mmeol), and
extracted with dichloromethane (6 x 50 mL). The combined organic phase was washed
with a 2 N hydrochloric acid solution (2 x 40 mL), drled over anhydrous sodium sulfate,
filtered, and concentrated in vacuo to a viscous, brown oil. The viscous oil was purified
by filtration through a plug of sllica gel, eluting with a mixiure of ethyl acetate-hexane
(1:4). Concentration of the filtrate In vacuo, followed by trituration with ethyl acetate-
hexane afforded the title compound as a homogeneous, white crystalline sofid (0.25 g,
37%), m.p. 204°C;
MS [(-ESI), m/z]: 384 [M-HT;
TH NMR (500 MHz, DMSO-dg) &: 10.25 (br s, 1H), 7.83 (d, J = 8.6 Hz, 1H), 7.81 (d, J =
2.3 Hz, 1H), 7.50 (d, J = 7.5 Hz, 1H), 7.44 (dd, J = 8.6, 2.2 Hz, 1H), 7.25 - 7.13 (m, 3H),
6.91 (d, J=8.9 Hz, 2H), 6.37 (d, J=8.9 Hz, 2H), 541 (q, J=7.0Hz, 1H), 1.14 (d, J =
7.0 Hz, 3H);
Anal. caled for CooH1gCINO3S: C, 62.25; H, 4.18; N, 3.63. Found: C, 62.03; H, 4.06; N,
3.42.
METHOD B
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Step a)

N-[1{4’-Chloro-2"-fluoro-1,1"-biphenyi-2-yl)ethyl]-4-meth xybenzenesulfonamide
[0352] The title compound was prepared from 4-methoxybenzenesulfony!
chloride (331 mg, 1.6 mmol), 1-~(4'chioro-2"-fluoro-1,1"-biphenyi-2-yl)sthylamine (400 mg,

1.6 mmol), and triethylamine (246 pl., 1.7 mmol) according to the procedure and in the
same manner as described in Exahple 105, step ¢ resulting in the isolation of 644 mg

(96%) of a white solid;
MS [(+ESI), m/2): 420/422 [M+H]", contains one chlorine atom pattemn;
MS [(-ESI), m/z]: 418/420 [M-HJ, contains one chiorine atom pattem;
'H NMR (400 MHz, DMSO-dg) 5: 1.14 (d, J = 7.0 Hz, 3H), 3.80 (s, 3H), 3.96 (m, 1H),
6.91 (t, J = 8.0 Hz, 2H), 7.09 (m, 1H), 7.21 (m, 3H), 7.33 (m, 1H), 7.41 (d, /= 8.8 Hz,
2H), 7.51 (m, 2H), 8.06 (d, J = 6.5 Hz, 1H).
Step b)
3-ChIoro-5-[(4-methoxyphenyl)suIfonyl]-e-mathyl-5,6-dlhydrophénanthridlno

[0353] The title compound was prepared from N-[1-(4'-chloro-2"-fluoro-1,1*-
biphenyl-2-¥|)ethyl]-d—memoxybenzenesulfonamide (617 mg, 1.5 mmol), anhydrous
N,N-dimethylformamide (2 mL), and potassium carbonate (414 mg, 3.0 mmol)
according to the procedure and in the same manner as described in Example 105, step
d resulting in the isolation of 607 mg (93%) of a white solid that was used without further
purification;
MS [(+ESI), m/z}: 400/402 (M+H]", contains one chiorine atom pattem;
MS [(-ES!), m/z): 398/400 [M-HT, contains one chlorine atom pattem.
Step c)

4-[(3-Chloro-6-methylphenanthridin-5(6H)-yf)sulfonyl]phenol

[0354] The tite compound was prepared from 3-chloro-5-j(4-
methoxyphenyl)sulfonyl]-6-methyl-5,6-dihydrophenanthridine according to the
procedure and in the same manner as described in Example 118, Method A, step e.
The resulting racemic product was optically resolved In Examples 122 and 123.

EXAMPLE 122
4-{J(6R)-3-Chloro-8-methylphenanthridin-5(6H)-yl]suifonyl}phenol
[0355] The enantiomers of 4-[(3-chloro-6-methylphenanthridin-5(6H)-
yl)sulfonyllphenol (400 mg, 1.0 mmol) were separated by automated, preparative,
normal phase, chiral chromatography on a Chiralpak® AS (20 mm x 250 mm) column
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eluting with 15% 2-propanol in hexane at a flow rate of 20 mL/min. After combination of
fractions and evaporation of the solvent in vacuo, one peak (89.9%) with a retention
time of 10.25 minutes was isolated as a white solid (151 mg, 43% based upon a 1:1
ratio of enantiomers with a theorstical maximum amount of 200 mg), m.p. 217.5-221°C;
[} = -103.8° (c =10.0 mg/mL, CHCl);

MS [(+ESI), m/z]: 386/388 [M+H]", contains one chiorine atom pattemn;

MS [(-ESI), m/z]: 384/386 [M-H], contains one chlorine atom pattem;

H NMR (400 MHz, DMSO-dg) 5. 1.15 (d, J = 7.0 Hz, 3H), 5.42 (m, 1H), 8.38 (m, 2H),
6.92 (m, 2H), 7.17 (ddd, J = 14.1, 6.6, 1.6 Hz, 1H), 7.24 (ddd, J = 12,7, 7.3, 1.4 Hz, 2H),
7.45 (dd, J=8.4,2.2 Hz, 1H), 7.51 (d, J= 7.5 Hz, 1H), 7.62 (d, J= 2.3 Hz, 1H), 7.84 (d,
J = 8.5 Hz, 1H), 10.23 (s, 1H).

EXAMPLE 123
4-{[(6 S)-3-Chloro-6-methylphenanthridin-5{(6 H)-y{]sulfonyl}phenol
[0356] The enantiomers of 4-{(3-chloro-8-methylphenanthridin-5(6H)-
yl)sulfonyl]phenol (400 mg, 1.0 mmol) were separated by automated, preparative,
normal phase, chiral chromatography on a Chiralpak® AS (20 mm x 250 mm) column
eluting with 15% 2-propanol in hexane at a flow rate of 20 mL/min. After combination of
fractions and evaporation of the solvent in vacuo, one peak (98.9%) with a retention
time of 13.90 minutes was igolated as a white solid (151 mg, 43% based upon a 1:1
ratio of enantiomers with a theoretical maximum amount of 200 mg), m.p. 213.5-220°C,;
[alo® = +96.4° (c = 10.0 mg/mL, CHCl,);
MS [(+ESI), m/2]: 386/388 [M+H]*, contains one chlorine atom pattem;
MS [(-ES1), m/z]: 384/386 [M-HJ, contains one chiorine atom pattem;
H NMR (400 MHz, DMSO-dg) &: 1.15 (d, J = 7.0 Hz, 3H), 5.42 (q, J = 6.8 Hz, 1H), 6.38
(ddd, J = 9.4, 2.9, 2.5 Hz, 2H), 6.92 (m, 2H), 7.17 (ddd, J= 14.1, 6.5, 1.7 Hz, 1H), 7.24
(ddd, J=12.7, 7.3, 1.4 Hz, 2H), 7.45 (dd, J = 8.5, 2.3 Hz, 1H), 7.50 (dd, J=7.6, 0.9 Hz,
1H), 7.62 (d, J = 2.1 Hz, 1H), 7.84 (d, J = 8.5 Hz, 1H), 10.24 (s, 1H).

EXAMPLE 124
Step a)
N{1-{4’-Chloro-2'-fluoro-1,1"-biphenyl-2-yl)ethyl]}-2,4-
dimethoxybenzenesulfonamide
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[0357] The titie compound was prepared from 2,4-dimethoxybenzenesulfonyl
chloride (379 mg, 1.6 mmoQ. 1-(4'chloro-2'-fluoro-1,1"-biphenyl-2-yl)ethylamine (400
mp, 1.6 mmol), and triethylamine (246 ul., 1.7 mmol) according to the procedure and in
the same manner as described in Example 105, step ¢ resulting in the isolation of 480
mg (67%) of a white solid;

MS [(+ES!), m/z): 450/452 (M+H]", contains one chiorine atom pattem;

MS {(-ES!), m/z]: 448/450 [M-H]", contains one chlorine atom pattem;

'H NMR (400 MHz, DMSO-dg) &: 1.17 (d, J = 7.0 Hz, 3H), 3.75 (br s, 3H), 3.79 (br s,

3H), 4.02 (m, 1H), 6.47 (m, 2H), 7.01 {m, 2H), 7.20 {t, J=7.0 Hz, 1H), 7.32(d, /= 8.5

Hz, 1H), 7.38 {m, 2H), 747 (d, J=8.5Hz, 1H), 760 (d, J=7.8 Hz, 1H), 7.71 (4, J=7.5

Hz, 1H).

Step b)
3-Chloro-54(2,4-dimethoxyphenyl)sulfonyl]-8-methyl-5,6-dlthydrophenanthridine

[0358] The title compound was prepared from N-{1-(4'chloro-2'-fluoro-1,1'-
biphenyl-2-yi)ethyl}-2,4-dimethoxybenzenesulfonamide (470 mg, 1.04 mmol), anhydrous
N,N-dimethyiformamide (2 mL), and potassium carbonate (287 mg, 2.0 mmol)
according to the procedure and in the same manner as described in Example 105, step
d resulting in the isolation of 447 mg (100%) of a white solid that was used without
further purification;

MS [(+ESI), m/z]: 430/432 [M+H]", contains one chlorine atom pattem.
Step ¢)
4-{]-3-Chloro-6-methylphenanthridin-5(6H)-yl}sulfonyl}benzene-1,3-dlol

[0359] The title compound was prepared from 3-chloro-5-[(2,4-
dimethoxyphenyl)sulfonyl}-6-methyi-5,6-dihydrophenanthridine (429 mg, 1.0 mmol),
cyclohexene (3.0 mL, 30 mmol), and 1.0 M solution of boron tribromide in
dichloromethane (6..0 mL) according to the procedure and in the same manner as
described in Example 105, step e. The volatile components were removed in vacuo
and the crude residue was purified by preparative fiquid chromatography on a Blotage®
40 Mi column of prepacked silica gel (90 g), eluting with a gradient of 30% - 50% methyl
tert-butyl ether in hexane, to afford the desired compound (400 mg, 99%) as a solid;
MS [(-ESI), m/z]: 400/402 [M-H]", contalns one chlorine atom pattem.

Stap d)
*{[(6R)-3-Chl ro-6-methylphenanthridin-5{6H)-yl]sulfonyl}benzene-1,3-di |
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[0360] The enantiomers of 4-{[3-chloro-6-methylphenanthridin-5(6+)-

yilsulfonyl}benzene-1,3-diol (340 mg, 0.85 mmol) were separated by automated,
preparative, normal phase, chiral chromatography on a Chiralpak AS (20 mm x 250
mm) column eluting with a mixture of ethanol and hexane (1:1) at a flow rate of 14
mbL/min. After combination of fractions and evaporation of the solvent /in vacuo, one
peak (99.8%) with a retention time of 4.38 minutes was isolated as a white solid (103
mg, 30% based upon a 1:1 ratio of enantiomers with a theoretical maximum amount of
170 mg), m.p. 178.2-182°C;
[alo®® = -72.01° (¢ = 10.0 mg/mL, CHCls);
MS [(+ESI), m/2]: 402/404 M+H]", contains one chlorine atom pattem;
MS [(-ESl), m/z]: 400/402 [M-HJ, contains one chlorine atom pattem;
'H NMR (400 MHz, DMSO-d) 5: 1.13 (d, J = 7.0 Hz, 3H), 6.32 (m, 1H), 6.07 (d, J= 2.1
Hz, 1H), 6.15 (dd, J=8.8, 2.3 Hz, 1H), 7.21 (m, 2H), 7.27 (m, 1H), 7.32 (id, /= 5.7, 3.1
Hz, 2H), 7.61 (d, /= 2.3 Hz, 1H), 7.75 (dd, J= 7.8, 1.0 Hz, 1H), 7.89 (d, J= 8.5 Hz, 1H),
10.13 (s, 1H), 10.24 (s, 1H);
Anal. Calcd for C20H16CINO,S: C, 59.78; H, 4.01; N, 3.49. Found: C, 59.89; H, 3.86; N,
3.24.

EXAMPLE 125
4-{[(6S)-3-Chloro-8-methylphenanthridin-5(6H)-yllsulfonyl}benzene-1,3-dlol
[0361] The enantiomers of 4-{]3-chloro-6-methylphenanthridin-5(6H)-

yljsulfonyl}benzene-1,3-diol (340 mg, 0.85 mmol) were separated by automated,
preparative, normal phase, chiral chromatography on a Chiralpak® AS (20 mm x 250
mm) column eluting with a mixture of ethanol and hexane (1:1) at a flow rate of 14
mbl/min. After combination of fractions and evaporation of the solvent in vacuo, one
peak (98.7%) with a retsntion time of 5.42 minutes was isolated as a white solid (100
mg, 29% based upon a 1:1 ratio of enantiomers with a theoretical maximum amount of
170 mg), m.p. 180.2-183.1°C;
[a]p?® = +66.7° (¢ = 10.0 mg/mL, CHCly);
MS [(+ESI), m/z}: 402/404 [M+H]', contains one chlorine atom pattem;
MS [(-ES!), m/z]: 400/402 [M-H], contains one chlorine atom pattern; _
'H NMR (400 MHz, DMSO-dg) 5: 1.13 (d, J = 7.0 Hz, 3H), 5.32 (m, 1H), 6.07 (d, J = 2.3
Mz, 1H), 6.15 (dd, J = 8.8, 2.3 Hz, 1H), 7.21 (ddd, J = 13.4, 7.2, 1.4 Hz, 2H), 7.27 (m,
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1H), 7.32 (id, J = 5.8, 2.6 Hz, 2H), 7.61 (d, J= 2.4 Hz, 1H), 7.75 (dd, /= 7.8, 1.0 Hz, .

1H), 7.89 (d, J = 8.5 Hz, 1H), 10.13 (s, 1H), 10.24 (s, 1H).

EXAMPLE 126
4-{](6S)-8-Fluoro-6-methylphenanthridin-5(6H)-yl]sulfonyl}phenyl sulfamata
[0362] To a stirred solution of 4-{[{(6S)-8-flucro-6-methyiphenanthridin-5(6H)-

yllsuifonyf}phenol {1.11 g. 3.0 mmol) in dimethyacetamide (10 mL), cooled to 0°C, was
added sulfamoyl chioride (1.39 g, 12.0 mmol). The mixture was allowed to warm to
room temperature and stirring continued for 16 hours. Water (100 mL) was added and
a white precipitate deposited on the inside of the reaction vessel. The water was
removed and the flask was washed with additional water. The white solid was dissolved
in dichloromethane and purified by preparative liquid chromatography on a Biotage® 40
Mi column of prepacked silica gel (90 g), eluting with a gradient of 30% - 50% methyl
tert-butyl ether in hexane, to afford the title compound (1.16 g, 87%) as a white solid,
m.p. 166.5-167°C;
MS [(+ESI), m/z]: 449 (M+H]";
MS {(-ESI), m/z]): 447 [M-HJ;
H NMR (400 MHz, DMSO-dg) 5: 1.16 (d, /= 7.0 Hz, 3H), 5.49 (q, J = 7.0 Hz, 1H), 6.97
(m, 3H), 7.14 (ddd, J = 9.2, 2.8, 2.5 Hz, 2H), 7.20 (dd, J = 9.2, 2.7 Hz, 1H), 7.45 (m,
3H), 7.63 (dd, J = 7.8, 1.3 Hz, 1H), 7.77 {dd, J= 7.6, 1.7 Hz, 1H), 8.13 (s, 2H);
Anal. Calicd for CagH17FN20sS2: C, 53.56; H, 3.82; N, 6.25. Found: C, 53.47; H, 3.82;
N, 6.10.
m.p. 165.5 - 167.3 °C;
falo®® = +211° (¢ = 10.0 g/mL, CHCl3);
MS [(+ESI), m/z): 449 [M+H]";
MS [(-ESI), m/Z]: 447 [M-HT; .
HRMS [(+ESI), m/z]:' 449.06289 [M+H]'. Calcd for CaoHyFN20sS2: 449.06357;
TH NMR (400 MHz, CDCl5) 5: CONSISTENT;
Anal. Calcd for CaoH17FN205S2: C, 53.56; H, 3.82; N, 6.25. Found: C, 52.70; H, 3.55;
N, 6.14.
m.p. 148-150 °C;
fa]o® = +188° (c = 10.0 mg/mL, CHCly);
MS [(+ESI), m/z]: 440 [M+H]";
MS [(-ESI), m/z]: 447 [M-HT;
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TH NMR (400 MHz, CDCls) 5: CONSISTENT;
Anal. Caled for CogHy7FN205S2: C, 53.86; H, 3.82; N, 6.25. Found: C, 53.27; H, 3.58;
N, 8.15.
m.p. 148-150 °C;
[alp® = +154° (c = 10.0 mg/mL, CHCly);
MS [(+ESI), m/z]: 449 [M+H]";
MS [(-ESI), m/Z]: 447 M-H];
"H NMR (400 MHz, CDCl;) 5: CONSISTENT:;
Anal. Calcd for CagH17FN20sS2: C, 53.56; H, 3.82; N, 6.25. Found: C, 53.42; H, 3.58;
N, 6.23.
m.p. 151 °C;
'H NMR (400 MHz, CDCls) 5: CONSISTENT, trace impurities might include ethyl
acetate, but well below quantifiable 0.1 mole aquiv minimum.

EXAMPLE 127
Step a)
8-Ethyl-8-fluoro-5-](4-methoxyphenyl)sulfonyl]-2-pyridin-3-y}-5,6-
dihydrophenanthridine
[0363] A stirred solution of 2-bromo-8-ethyl-8-fluoro-5-[(4-
methoxyphenyl)sulfonyl]5,6-dihydrophenanthridine (0.35 g, 0.73 mmol) and 3-
pyridineboronic acid (0.09 g, 0.73 mmol) in tetrahydrofuran (8.0 mL) was treated under
nitrogen with [1,1'-bis(diphenyiphosphino)fermocene]dichioropalladium (i) complex with
dichloromsethane (18.0 mg, 0.02 mmol) and a 5 N sodium hydroxide solution (0.29 mL,
1.46 mmol). The reaction mixture was heated at reflux for twelve hours, cooled to room
temperature, and the solvent removed in vacuo. The residue was dissolved In ethyl
acetate (25 mL) and extracted with a saturated, aqueous, sodium chloride solution (10
mL). The aqueous phase was further extracted with ethyl acstate (2 x 25 mL). The
combined organic phase was dried over anhydrous magnesium suifate, filtered, and
concentrated in vacuo to a brown oil. The brown oil was purified by preparative liquid
chromatography on a Biotage® 40 Mi column of prepacked sllica gel (30 g), eiuting with
a gradient of 20% - 75% ethyl acetate in hexane, to afford the titte compound (0.26 g,
75%) as a homogeneous white solid;
MS [(+ESI), m/z]: 475 M+H]";
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H NMR (500 MHz, DMSO-de) 5: 0.89 (t, J=7.2 Hz, 3H), 1.13 — 1.27 (m, 1H), 1.39 —
1.45 (m, 1H), 3.61 (s, 3H), 5.12(dd, J = 10.0, 5.5 Hz, 1H), 6.60 (ddd, /= 8.8, 3.0, 2.1
Hz, 2H), 6.95 (td, J = 8.9, 3.1 Hz, 1H), 7.05 (ddd, J = 8.9, 3.0, 2.0 Hz, 2H), 7.14 (dd, J =
9.3, 2.8 Hz, 1H), 7.46 (dd, /=7.2,4.8 Hz, 1H), 7.70 (d, J=8.3 Hz, 1H), 7.73 (dd, J =
8.6, 5.6 Hz, 18), 7.77 (dd, J= 8.5, 2.1 Hz, 1H), 8.09 (d, J = 2.1 Hz, 1H), 8.19 (ddd, J =
8.1,2.4, 1.5 Hz, 1H), 8.55 (dd, J=4.8, 1.5 Hz, 1H), 9.00 (d, J = 1.9 Hz, 1H);
Anal, calcd for Co7H23FN203S: C, 68.34; H, 4.89; N, 5.90. Found: C, 68.05; H, 5.01; N,
5.63.
Step b)

4-](6-Ethy|-8-fluoro-2-pyridin-3-yiphenanthridin-5{6H)-yl)sulfonyl]phenol

[0364] A stirred suspension of 6-ethyl-8-fuoro-5{(4-methoxyphenyl)sulfonyl]-2-

pyridin-3-yl-5,6-dihydrophenanthridine {(0.24 g, 0.51 mmol) and cyclohexene (11.4 mL),
9.22 mmoi) was treated at room temperature under nitrogen with a solution of 1.0 boron
tribromide in dichloromethane (3.1 mL, 3.1 mmol). After stirring for 20 hours at room
temperature, the reaction was quenched with a saturated, aqueous sodium bicarbonate
solution (100 mL), and extracted with dichloromethane (6 x 20 mL). The combined
organic phase was dried over anhydrous sodium sulfate, filtered, and the solvent
concentrated in vacuo. The crude residue was triturated with hexane, filtered, and
recrystallized from dichioromethane-methanol to afford the title compound as a
homogenaous, white, crystalline solid (0.17 g, 73%), m.p. 185-200°C;
MS [(+ESI), m/z]: 461 [M+H]";
H NMR (500 MMz, DMSO-dg) 5: 10.22 (br s, 1H), 9.27 (d, J = 2.0 Hz, 1H), 8.78 (m,
2H), 8.22 (d, /= 2.1 Hz, 1H).. 7.94 (dd, J= 8.1, 5.5 Hz, 1H), 7.86 (dd, J = 8.4, 2.2 Hz,
1H), 7.79 (dd, J = 8.8, 5.5 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.17 {dd, /= 9.2, 2.7 Hz,
1H), 7.01 (td, J = 8.8, 2.7 Hz, 1H), 6.96 (d, J = 8.9 Hz, 2H), 6.39 (d, J = 8.9 Hz, 2H),
5.13 (dd, J=9.9, 54 Hz, 1H), 1.43 (m, 1H), 1.23 (m, 1H), 0.88(t,J=7.2 I-iz. 3H).
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CLAIMS

What is claimed is:

1. A compound of formulae (1) or (11) having the structure

Re Rag
R.
300
P OGN

N\

Ras Ras I Ros

. 0=5=0

Rui[lgi Raj
R4 Ry2 R ! orRe

O.RI3 33

()] ()

wherein

R1, Rz, R3, Ry, Ry, Rs, Re, R1o, R11, R12, Ri4, and Rys are each, independently, hydrogen,
R17, monofiuoroalkyl, monofiuoroaikenyl, aryl-Rqe-, heteroaryl-Rse-, hydroxyalkyl,
HO-Rig~, Rir-X-Rig~, HS-Rig-, R1rS{0). R7-S(O), R17~S03, R1+S(O)2NR-,
-N(R)2, -NR-C(NHz)=NR, cyano, nitro, halogen, -OR, -SR, -SO3R, -S{O)2:N(R)2,
-C(O)R, -C(R}=N-OR, -C(NH2)=NR, -CO2R, -OC(O)R, or -C(O)N(R); or are
taken together with either Rp4 or R, linked with an -alkylene-, or -X-alkylene-
group;

Rs is hydrogen, R¢;, monofluoroalkyl, monofluoroalkenyl, aryl-Rig-, heteroaryl-Rig-,
hydroxyalkyl, HO-Rsg-, Rt-X-R1s-, HS-R1e-, -CR(O), -CO2R, or -C(O)N(R)z; or Ry
may be taken together with either Rg or R; and linked with an -alkylene- or
-X-alkylene- group; _

Rs is hydrogen, Rs;, monofluoroalkyl, monofiuoroalkenyl, aryl-Rie-, heteroaryl-Rqe-,
hydroxyalkyl, HO-R1g-, Ri+-X-R1e-, HS-R1e-, -CR(O), -CO2R, or -C(O)N(R)z; or Ry
may be taken together with either Rs or R; and linked with an -alkylene- or
-X-alkylane- group;

Ri3 I8 R, R17-X-R4g~, R17-S(0)-, R17-8(0)z-, -SOsR, -S(O)2N(R)z, or D-glucuronidate;
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R is -alkylene-, -cycloalkylene-, -alkylene-X-alkylene-, -glkylene-X-cycloalkylene-,
-cycloalkyiene-X-alkylene-, or -cycloalkylene-X-cycloalkylene-;

Ry is alkyl, aryl, heferoaryl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
alkenyl-X-alkylene-, cycloalkenyl-X-alkylene-, or perfluoroalkyl;

R is. independently, hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenvi,
monofluoroalkyl, perfluoroalkyl, aryl, arylalkyl, heteroaryl, heteroaryialkyl,
hydroxy-(C>-Cg)alkyl, alkoxyalkyi, alkylthicalkyl, formyl, acyl, alkoxycarbonyi,
-C(O)NHz, alkylaminocarbonyl, dialkylaminocarbonyl, alkylaminoalkyl, or
dialkylaminoalky}l; or when an atom contains two R groups, the R groups may be
taken together linked with an -alkylene- group;

Xis O, -NR-, ~§(O)m-, -C(O)-, ~OC(0)-, -C(0)O-, -NRC(O)-, or -C(O)NR-;

mis0,1,0r2;

pis2,3,6,7,8,9,12, 13, or 14;

R21, R22, R2s, Ras. Rzr, Rzs, Rze, Rap, Ras. Ras, Ras, and Rass are, independently,
hydrogen, Ry;, monofluoroalkyl, monofluoroalkenyi, aryl-Re-, heteroaryl-Ris-,
hydroxyalkyl, HO-Rig~, Ri7-Y-Rig-, HS-Rig~, R17-S(0), R-S(0)>~, Rir-SO3-,
R17-S(0)2NR-, -N(R)z, -NR-C(NHz)=NR, cyano, nitro, halogen, -OR, ;.SR. -SO3R,
-S(0):2N(R)2, -C{O)R, -C(R)=N-OR, -C(NH2)=NR, -CO:R, -OC(O)R,, or
-C(O)N(R)z; or are taken together with either Rg+q or Rqq linked with an
-alkylene-, or -Y-alkylene- group;

Ras is hydrogen, Ryz, monofluoroalkyl, monofiuoroalkenyl, aryl-Rse-, heteroaryl-Rye-,
hydroxyalkyl, HO-R4g-, Rir~Y-R¢g~, HS-R4g~, -CR(O), -COzR, or -C(O)N(R)z; or
R2s may be taken together with either Ras or Rzy and linked with an -alkylene- or
-Y-alkylene- group;

Rzs i8 hydrogen, Ry;, monofluoroalkyl, monofluoroalkenyl, aryl-Rss-, heteroaryl-Rie-.
hydroxyalkyl, HO-R+e-, Ri7-Y-R1s, HS-R4g-, -CR(O), -CO2R, or -C(O)N(R)2; or
R2s may be taken together with either Rzs or Rz and linked with an -alkylene- or
-Y-alkylene- group;

Raz i8 R, Ri~Y-Rig-, Ri+-S(O), R17-8{0)z -SO3R, -S(O)zN(R)z, or D-glucuronidate;

Y is O, -NR-, ~S(O)y-, -C(O}, -OC(0}-, -C(Q)O-, -NRC(O)-, or -C(O)NR-~;

nis0,1,or2;

qis 22, 23, 26, 27, 28, 29, 32, 33, or 34;

or a pharmaceutically acceptable salt thereof.
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2. The compound according to claim 1, wherein the compound is of formula (1) or a
pharmaceutical acceptable salt thereof.

3. The compound according to claim 2, wherein R,, is hydrogen, ora
phamaceutically acceptable salt thereof.

4, The compound according to claim 3, wherein

R4, Rz, R3, Rs, Ry, Ra. Re, R10, R14, R12, R14, and Ry5 are each, independently, hydrogen,
R,y aryR, g, Rir-X-Rye-, hydroxyalkyl, HO-R,-, halogen, -OR, -COR, or-CO,R;

R, and R, are each, independently, hydrogen or R,

R,q is -alkylene-;

R,, is alkyl, aryl, heteroaryl, or perfluoroalkyt;

R is hydrogen or alkyl; or a pharmaceutically acceptable salt thereof.

8. The compound according to claim 1, wherein the compound is of formula (I} or a
pharmaceutical acceptable sait thereof.

6. The compound according to claim 5, whersin R,, is hydrogen, or a
pharmaceutically acceptable salt thersof.

7. The compound according to claim 6, wherein

Rz1, Rz2, Rzs, Ra4, Rz7, Ras, R2g, Rao, Ra1, Rss, Ry, and Ras are each, independently,
hydrogen, R,,, aryl-R,;., Ri7-Y-Rqe-, hydroxyalkyl, HO-R -, halogen, -OR, -COR,
or-CO,R;

Ras and Rgzs are each, independently, hydrogen or R

R,, is -alkylene-;
R,; Is alkyl, aryl, heteroaryl, or perfluoroalkyl;
R is hydrogen or alkyl; or a pharmaceutically acceptable salt thereof.

17

8. The compound according to claim 1, which Is

a) 4-{(6-methylphenanthridin-5(6 H)-yl)sulfonyf}phenol;

b) 4-{[(S)-8-methylphenanthridin-5(68H)-yi]sulfonyl}phenol;

c) 4-{[(R)-6-methyiphenanthridin-5(6 H)-yl]sulfonyl}phenol;

d) 4-[(2-bromo-8-methylphenanthridin-5(6H)-yl)sulfonyljphenol;

e) 2-methyl-4-[(6-methyiphenanthridin-5(6H)-yi)sulfonylJphenol;
: -192-
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g)
h)
i)
)
k)

bb)

dd)
e8)

gg)
hh)
Ii)
1)
kk)

4-]{2-bromo-8-methylphenanthridin-5(6H)-yf)sulfonyi]-2-methylphenol;
4-[(6-butylphenanthridin-5(6H)-yl)sulfonyi]phenol;
4-[(2-bromo-6-butylphenanthridin-5(6H)-yl)sulfonyllphenol;
4-](6-phenylphenanthridin-5(6H)-yl)sulfonyi]phenol;
4-{[(S)-6-phenylphenanthridin-5(6 H)-yl]sulfonyl}phenol;
4-{|(R)-6-phenylphenanthridin-5{6H)-yl]sulfonyl}phenol;
4-[(2-bromo-8-phenylphenanthridin-5(6H)-yl)sulfonyljphenol;
2-bromo-4-[(2-bromo-8-phenylphenanthridin-5(6 H)-yl)sulfonyl]phenol;
4-[(6-terl-butylphenanthridin-5(6H)-yl)sulfonyljphenol;
4-{[(R)-6-tert-butylphenanthridin-5(6H)-yl]sulfonyl}phenol;
4-{[(S)-6-tert-butylphenanthridin-5(6 H)-yl}sulfonyl}phenol;
4-[(2-bromo-6-tert-butylphenanthridin-5(6 H)-yl )sulfonyllphenol;
4-[(6-ethylphenanthridin-5(6H)-yl)sulfonyl]phenol;
4-[(2-bromo-6-ethylphenanthridin-5(6H)-yl)sulfonyllphenol;
4-[(6-ethylphenanthridin-5(6H)-yl)sulfonyl]-2-methyiphenol,
4-](2-bromo-6-ethylphenanthridin-5(6H)-yl)sulfonyf]-2-methylphenol;
4-{[(S*")-6-[(R*)-1-methylpropyllphenanthridin-5(6H)-yl]sulfonyl}phenol;
4-[(6-methylphenanthridin-5(6H)-yl)sulfonyljbenzene-1,2-diol;
2-hydroxy-5-[(6-methylphenanthridin-5{(6 H)-yl)sulfonyllbenzoic acid;
ethyl 2-ethoxy-5-[(6-methylphenanthridin-5(6H)-yl)sulfonyllbenzoate;
2-{hydroxymethyl)-4-{(6-methylphenanthridin-5(6/H)-yl)sulfonyl}phenol;

 2-hydroxy-5-](6-methyiphenanthridin-5(6H)-yl)sulfonyllbenzaldehyde;

4-[(6~ethyl-2-thien-3-ylphenanthridin-5(6 H)-yl)sulfonyljphenol;
4-{[6-ethyl-2-(3-methoxyphenyl)phenanthridin-5(6 H)-yl]sulfonyf}phenol;
3-{B-ethyl-5-[(4-hydroxyphenyl)sulfonyl}-5,6-dihydrophenanthridin-2-yf}phenol,
4-[(2-dibenzo[b, dlfuran-4-yi-6-ethylphenanthridin-5(6 H)-yl)sulfonyl}phenol;
4-[(8-fluoro-8-methylphenanthridin-5(6H)-yl)sulfonyljphenol;
4-{[(S)-8-fluoro-6-methylphenanthridin-5(6H)-yl]sulfonyi}phenol;
4-{[(R)-8-flucro-6-methyiphenanthridin-5(6 H}-yi]sulfonyl}phenol;
4-[(8-fluoro-6-methylphenanthridin-5(6H)-yl)sulfonyl]-2-methylphenol;
5-[(4-hydroxyphenyl)sulfonyl}-6-methyi-5,6-dihydrophenanthridin-8-ol;
5-(4-hydroxy-3-methylphenyl)sulfonyl]-8-methyl-5,6-dihydrophenanthridin-8-
ol;
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)] 5-[(4-hydroxy-3-methyiphenyl)sutfonyl]-6-methyi-5,6-dihydrophenanthridin-7-
ol;

mm) 5-[(4-hydroxyphenyl)sulfonyl}-6-methyl-5,8-dihydrophenanthridin-7-ol;

nn) 4-[(6-ethyi-8-fluorophenanthridin-5(6H)-yl)sulfonyliphenol;

00) 4-[(6-ethyl-8-fluorophenanthridin-5(8H)-yi)sulfonyi}-2-methyiphenol;

Pp) 4-[(6-ethyl-7-methylphenanthridin-5(6H)-yl)sulfonyl]phenol;

qq) 4-[(B-ethyk-9-methylphenanthridin-5(6H)-yl)sulfonyfjphenol;

) 4-](2-bromo-6-ethyi-8-flucrophenanthridin-5(6H)-yl)sulfonyilphenol;
s8) 4-[(2-bromo-8-fluoro-6-methylphenanthridin-5(6H)-vl)sulfonyljphenol,
it) 2-chioro-4-{(8-ethyl-8-fluorophenanthridin-5(6H)-yl)sulfonyl)phenol;

uu) 4-[(6-ethyl-8-fluoro-2-phenylphenanthridin-5(6H)-yl)sulfonyl]phenol;

w) 3-[(8-fluoro-6-methylphenanthridin-5(6H)-yl)sulfonyljphenol;

ww) 2-ﬂuoro-4-[(8-ﬂuom—6—meﬂ1ylpﬁenanthridin-5(6H)-yI)sulfonyl]phenoI:

XX) 4-(8-fluoro-6-methylphenanthridin-5(6H)-yl)sulfonyllbenzene-1,2-diol;

yy) 4-{(6-ethyl-8-fluoro-2-methylphenanthridin-5(6 H)-yl)sulfonyljphenol;

zz) 4-[(6-ethyl-8-fluoro-2-thien-3-ylphenanthridin-5(6H)-yl)sulfonyilpheno!;

aaa) 4-[(6-ethyl-8-fluorophenanthridin-5(6H)-yl)sulfonyli]phenyl 3,3-
dimethylbutanoate, _

bbb} 4-[(6-ethyl-8-fluorophenanthridin-5(6H)-yl)sulfonyf]phenyl propionate;

cco) 4-{(6-ethyl-8-fluorophenanthridin-5(8 H)-yl)sulfonyl]phenyl benzoate;

ddd) 2-fluoro-4-[(6-methylphenanthridin-5(6H)-yl)sulfonyl]phenol;

eea) -4-[(2-bromo-8-methylphenanthridin-5(6H)-yl)sulfonyl}-2-fluorophenot;

fif) 4-[(6-methyiphenanthridin-5(6H)-yl)sulfonyl)-2-(trifluoromethyi)phenol;

ggg) 2,6-dimethyl-4-[(6-methylphenanthridin-5(6H)-yl)sulfonyl]phenol;

hhh) 4-{(6,8-dimethylphenanthridin-5(6H)-yi)sulfonyl)phenol;

iii) 4-[(8-chloro-6-methylphenanthridin-5(6H)-yl)sulfonyljphenol;

i) 4-[(2-bromo-8-chloro-6-methylphenanthridin-5(6 H)-yi)sulfonyl]pheno!;

ki) 2-{6-ethyl-5-[(4-hydroxyphenyl)sulionyi]-5,8-dlhydrophenanthridin-2-yl}phenol;

)] 4-{[6-ethyl-2-[4-(methyithio)phenyilphenanthridin-5(6H)-yl]suifonyl}pheno!;

mmm)  4-{[B-ethyl-2-[(E)-2-phenylethenyijphenanthridin-5(8 H)-yl]sulfonyl}phenol;

' nnn) 4-{[2-(1,1'-biphenyl-4-y1)-6-ethylphenanthridin-5(6H)-yllsulfonyl}phenol;

000) 4-{J2-(3-chlorophenyl)-6-ethylphenanthridin-5(6 H)-yljsulfonyf}phenoi;

ppp)  4-(6-ethyl-2-quinolin-8-yiphenanthridin-5(6H)-yl)sulfonyf]phenol;

qqq) 4-[(6-ethyl-2-phenylphenanthridin-5(6H)-vl)sutfonyljphenol;
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) 4-{[6-ethyi-2-(2-methyiphenyl)phenanthridin-5(6 H)-yl}sulfonyf}phenoi;

§88) 4-[(6-ethyl-2-thianthren-1-ylphenanthridin-5(6+)-yl)sulfonyllphenol;

tit) 4-{[2~(1-benzofuran-2-yl)-6-ethyiphenanthridin-5(6H)-yljsulfonyl}phenol;

uuu) 4—{[6-eﬂ1yl-2-(4—hydmxyphenyl)phenanihridin-5(6!-i)-y|]sulfonyl}phenol;

vwv) 4-{[2-(2-chiorophenyl)-6-ethylphenanthridin-5{6 H)-yljsulfonyl}phenol;

www)  4-{[6-ethyl-2{4-ethylphenyl)phenanthridin-5(8H)-yl}sulfonyf}phenol;

XXX) 1-(5-{6-ethyl-5-{(4-hydroxyphenyl)sulfonyl]-5,8-dihydrophenanthridin-2-
yiithien-2-yl)ethanone;

yyv) 5-{6-ethyl-5-[(4-hydroxyphenyl)sulfonyl]-5,6-dihydrophenanthridin-2-
yl}pyrimidine-2,4-diol;

7z2) 4{[6-ethyl-2-(2-hydroxyphenyl)phenanthridin-5(6 H)-yi}sulfonyl}-2-
methylphenol;

aaaa) 4{(6-ethyl-2-thien-3-yiphenanthridin-5(6 H)-yl)sulfonyl}-2-methyiphenot;

bbbb)  4-{I6-ethyi-2-[4-(methyithio)phenyllphenanthridin-5(6H)-yl]sulfonyl}-2-
methylphenol;

ceee) 4-{[6-ethyl-2-[(E}-2-phenylethenyi]phenanthridin-5(6H)-yisulfonyl}-2-
methyiphenol;

dddd) 4-{6-ethyi-5-[(4-hydroxy-3-methylphenyt)sutfonyl}-5,6-dihydrophenanthridin-2-
yl}benzene-1,2-dio};

eeee)  4-{[2-(1,1-biphenyl-4-yi}-6-ethylphenanthridin-5(6H)-ylisulfonyl}-2-
methylphenol;

ffff) 4-{[6-ethyl-2-(3-hydroxyphenyl)phenanthridin-5(6 H)-yllsulfonyf}-2-
methylphenol;

gagg)  4-{[2-(3-chiorophenyl)-6-ethylphenanthridin-5(6H)-yl]suifonyl}-2-methyiphenol;

hhhh)  4-{I6-ethyl-2-[(E)}-hept-1-enyllphenanthridin-5(6H)-yl]sulfonyl}-2-methylphenoal;

iiff) 4.](6-ethyl-2-pyridin<4-ylphenanthridin-5(6H)-yl)sulfonyl}-2-methyiphenol;

iii) 4-[(6-ethyl-2-quinolin-8-ylphenanthridin-5(6H)-yl)sulfonyl}-2-methyiphenol;

kkkk) 4-{[6-ethyi-2-(2-methyiphenyl)phenanthridin-5(6H)-yl}sulfonyl}-2-
methyiphenol;

Hir) 4-{[2-(1-benzothien-2-yl)}-6-ethylphenanthridin-5(6H)-yljsulfonyl}-2-
methylphenol;

mmmm) 4-{[2-(1-benzothien-3-yi)-6-ethylphenanthridin-5(6H)-yl}sulfonyl}-2-

methylphenol;
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nnnn)  4-[(2-dibenzo]b,d]furan-4-yi-6-ethylphenanthridin-5(6H)-yl)sulfonyl}-2-
methyiphenol;

oo00)  4-{[2-(1-benzofuran-2-yi)}-6-ethyliphenanthridin-5(6 H)-yllsulfonyl}-2-
methylphenol,

pppp)  4-{[6-ethyi-2-(4-hydroxyphenyl)phenanthridin-5(6H)-yljsulfonyl)-2-
methylphenol;

qqaq)  4-{2-(2-chiorophenyl)-6-ethylphenanthridin-5(6H)-yijsulfonyl}-2-methylphenol;

mT) 4-{[6-ethyl-2-{4-sthyiphenyt)phenanthridin-5(6H)-yllsulfonyl}-2-methylphenol;

8888) 1-{5-{8-ethyi-5-[(4-hydroxy-3-methylphenyl)sulfonyl]-5,6-
dihydrophenanthridin-2-yf}thien-2-yl)ethanone;

tiit) 5-{6-ethyl-5-[(4-hydroxy-3-methylphenyl)suifonyi]-5,6-dihydrophenanthridin-2-
yl}pyrimidine-2,4-diol,

or a phanmacsutically acceptable salt thereof.

g. ~ A pharmaceutical composition, which comprises a compound of formulae () or
(if) having the structure '

1) )]

wherein

R1, R2, Rs, Ry, Ry, Ra, Ra, Ria, R11, Ry2, R4, and Rys are each, independently, hydrogen,
R17, monofiuoroalkyl, monofluoroatkenyl, aryl-Rg-, heteroaryl-Rqe-, hydroxyalkyl,
HO-Rig-, R17-X-R1g~, HS-R1e~, R1=S(0), R1-S(0)-, R11-803-, Ri7-S{O)NR-,
-N(R)z, -NR-C(NH2)=NR, cyano, nitro, halogen, -OR, -SR, -SO3R, -S{O)2:N(R)2,
-C(O)R, -C(R)=N-OR, -C(NH:}=NR, -COzR, -OC(O)R, or -C(O)N(R):; or are
taken together with elther Ry+4 or Ry linked with an -alkylene-, or -X-alkylene-
group; )
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Rs is hydrogen, Rj;, monofluoroalkyl, monofiuoroalkenyl, aryi-Rqe-, hateroaryl-l;w-,
hydroxyalkyl, HO-Rg-, Ri-X-Rig-, HS-Ryg-, -CR(O), -CO2R, or -C(O)N(R)z; or R,
may be taken together with either Rs or Ry and linked with an -alkylene- or
-X~-alkylene- group;

Re is hydrogen, Ri;, monofluoroalkyl, monofiuoroalkenyl, aryl-R.s-, heteroaryl-Rqe-,
hydroxyalkyl, HO-R1g-, Ri7-X-R1g-, HS-Ryg-, -CR(O), -CO2R, or -C(O)N(R)z; or R,
may be taken together with either Rs or Ry and linked with an -alkylene- or
-X-alkylene- group;

R1a is R, Ri=-X-Rig= R17-S(0), R17-S(0)z-, -SO3R, -S(0)N(R)z, or D-glucuronidate;

Ris is -alkylene-, -cycloalkylene-, -alkylene-X-alkylene-, -alkylene-X-cycloalkylene-,
-cycloalkylene-X-alkylene-, or -cycloalkylene-X-cycloalkylene-;

Ry is alkyl, aryl, heteroaryl, cycloalkyl, alkenyl, cycloalkenyl, alkynyi,
alkenyt-X-alkylene-, cycloalkenyl-X-alkylene-, or perflucroalkyl;

R is, independently, hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
monofluoroalkyl, perfluocroalkyl, aryl, arylalkyl, hetieroaryl, heteroarylalkyl,
hydroxy-{C2-Cg)alkyt, alkoxyalkyl, alkyithioalkyl, formyl, acyl, alkoxycarbonyl,
-C{O)NH2, alkylaminocarbonyl, dialkylaminocarbonyl, alkylaminoalkyl, or .
diallqdaminoélkyl; or when an atom contains two R groups, the R groups may be
taken together linked with an -alkylene- group; ]

X is O, -NR-, -8(O)m-, “C(0O)-, -OC(0)-, -C(0)O-~, -NRC(O})-, or -C(O)NR-;

mis 0, 1,or2;

pis2,3,6,7,8,9, 12,13, or 14;

R21, Rz, Rzs, Ra, Rzr, R2s, Rzg, Rao, Rs1, R, Ry, and Rss are, independently,
hydrogen, Ri7; monofluoroalkyl, monofiuoroalkenyl, aryl-Rse-, heteroaryl-Rig-,
hydroxyalkyl, HO-Ris~, Ryr-Y-Rsg~, HS-Rig~, R17S(0), R17-8(0)z, R:7-SOs-,
R17-S(0)NR-, -N(R)z, -NR-C(NHz)=NR, cyano, nitro, halogen, -OR, -8R, -SOsR,
-S(ORN(R)2, -C(O)R, -C(R)=N-OR, -C{NH2)=NR, -CO.R, -OC(O)R, or
-C{O)N(R)z; or are taken together with either Rg¢ or Rgq linked with an
-alkylene-~, or -Y-alkylene- group;

R2s is hydrogen, Riz, monofluoroalkyl, monofiuoroalkenyl, aryl-R4s-, heteroaryl-Rsge-,
hydroxyalkyl, HO-Ryg-, R17-Y-R1g-, H8-Rys~, -CR(0O), -COzR, or -C(O)N(R)z; or
Rzs may be taken together with elther Rzg or Rzr and linked with an -alkylene- or
-Y-alkylene- group;
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Ras I8 hydrogen, Rqy, monofiuoroalkyl, monofiuoroalkenyl, aryl-Rsg-, heteroaryi-Ris-.
hydroxyalkyl, HO-Rte~, R17-Y-Rig-, HS-R¢e-, -CR(O), -CO2R, or -C(O)N(R)z; or
Ra2s may be taken together with either Rzs or Rz and linked with an -alkylene- or
-Y-alkylene- group;

Rx is R, Ri-Y-R1g, R17-S(0)-, R17-8(0)z-, -SO3R, -S{O)oN(R)2, or D-glucuronidats;

Y is O, -NR-, -§(O)s-, -C(O}-, OC(0)-, -C(0)O-, -NRC(O}-, or -C(O)NR-;

nis0,1,0r2;

qis 22, 23, 26, 27, 28, 29, 32, 33, or 34;

or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier.

10. A method of treating or inhibiting chronic inflammatory disease in 8 mammal in
need thereof, which comprises administering to said mammal an effective amount of a
compound of claim 1.

11. A method of treating or Inhibiting rheumatoid arthritis, spondyloarthropathies,
osteoarthritis, psoriatic arthritis, or juvenlle arthritis in 28 mammal in need thereof, which
comprises administering to said mammal an effective amount of a compound of claim 1.

12. A method of treating or inhibiting inflammatory bowel disease, Crohn's disease,
ulcerative colitis, or indeterminate colitis in a mammal in need thereof, which comprises
administering to said mammal an effective amount of a compound of claim 1.

13. A method of treating or inhibiting psoriasis in a mammal in need thereof, which
comprises administering to said mammal an effective amount of a compound of claim 1.

14. A method of treating or inhibiting asthma or chronic obstructive pulmonary
disease in a mammal in need thereof, which comprises administering to said mammal
an effective amount of a compound of claim 1.

15. A method of treating or inhibiting stroke, ischemia, or reperfusion Injury in a

mammal in need thereof, which comprises administaring to sald mammal an effective
amount of a compound of claim 1.
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16. A method of lowering cholesteral, triglycerides, Lp(a), and LDL levels; inhibiting
or treating hypercholesteremia, hyperlipidemia, cardiovascular disease, atherosclerosis,
acute coronary syndrome, peripheral vascular disease, restenosis, or vasospasm in a

mammal in need thereof, which comprises administering to said mammal an effective
amount of a compound of claim 1.

17. A method of treating or inhibiting Alzheimer's disease, cognitive decline, or senile
dementia in a mammal in need thereof, which comprises administering to sald mammal
an effective amount of a compound of claim 1.

18. A method of treating or inhibiting type 1l diabetss in a mammal in need thereof,
which comprises administering to said mammat an effective amount of a compound of

claim 1.

19. A method of treating or inhibiting sepsis in a mammal in need thereof, which
comprises administering to said mammal an effactive amount of a compound of claim 1.
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0 una sal farmacéuticamente aceptable de &1 que son titiles
para el tratamiento del componente inflamatorio de
enfermedades y son particularmente ttiles en el tratamiento de
aterosclerosis, infarto de miocardio, insuficiencia cardiaca
congestiva, enfermedad intestinal inflamatoria, artritils,
diabetes tipo II, y enfermedades autoinmunes como esclerosis

miltiple y artritis reumatoide.



DIHIDROFENANTRIDINOSULFONAMIDAS SUSTITUIDAS

ANTECEDENTES DE LA INVENCION

Esta invencién se relaciona con ligandos para el receptor de
estrégeno (RE) y se relaciona especificamente con
dihidrofenantridinosulfonamidas ttiles para el tratamiento del
componente inflamatorio de enfermedades y son particularmente
itiles en el tratamiento de aterosclerosis, infarto de
miocardio, insuficiencia cardiaca congestiva, enfermedad
intestinal inflamatoria, artritis, diabetes tipo 1II, Yy
enfermedades autoinmunes tales como esclerosis miltiple vy

artritis reumatoide.

La capacidad de los ligandos para el receptor de estrégeno
para inhibir la expresién del gene inflamatorio que produce
una reduccién de citocinas, quimiocinas, moléculas de adhesaién
y enzimas Iinflamatorlias ofrece un medio para tratar el
componente inflamatorio de las enfermedades como
aterosclerosis, infarto de miocardio (IM), insuficiencia
cardiaca congestiva (ICC), enfermedad intestinal inflamatoria
y artritis. Otras indicaciones terapéuticas potenciales para
este tipo de moléculas i1ncluyen diabetes tipo II (Cefalu, J
Womens Health & Gender-based Med., 2001, 10, 241 & Yuan et

al., Sclence, 2001, 293, 1673), osteoartritis {(Pelletier et
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al., Arthr. & Rheum., 2001, 44:1237 y Felson et al., Curr
Opinion Rheum, 1998, 10, 269) asma (Chin-Chi Lin et.al.,
Immunol. Lett., 2000, 73, 57), enfermedad de Alzheimer (Roth,
A. et. al.,; J. Neurosci. Res., 1999, 57, 399) vy
enfermedades eautoinmunes tales como esclerosis miltiple vy

artritls reumatoide.

Un componente comin de estas condiclones inflamatorias
crénicas es la infiltracién de leucocitos polimorfonucleares y
monocitos en el sitio de la lesién a través de la expresiédn
aumentada de citocinas y moléculas de adhesién responsables de
su reclutamiento. La sobreproduccidn de la citocina
interleucina (IL-6) bha sido asociada con estados de
inflamacién crénica (Bauer M. A., Herrmann F., Ann. Hematol.,
1991, 62, 203). La sintesis del gene de IL-6 es inducida por
el factor de transcripcién, el factor nuclear kB (FN-xB). La
interferencia en este paso en el procesc inflamatorio puede
regular eficazmente el proceso proliferativo controlado que

ocurre en estas condiciones crénicas.

En las células endoteliales, 17B-estradiol (E2) inhibe 1la

actividad del informante del NF-xB inducida por IL-1P y la

expresién de IL-6 en una forma que depende del RE (Kurebayashi

S. et. al., J. Sterocid Biochem. Molec. Biol., 1997, 60, 11).
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Est; se correlaciona con la accién antiinflamatoria de E2 in
vivo como se confirma en diferentes modelos de animales de
inflamacién. En los modelos de aterosclerosis, se demostré que
E2 protege 1la integridad y la funcién de las células
endoteliales y que reduce la adhesién de los leucocitos y la
acumulacién Iintima (Adams, M. R. et al., Arterio., 1990,
1051, Sullivan, T. R. et al. J. Clin. Invst., 1995, 96, 2482,
Nathan, L. et. al., Circ. Res., 1999, 85, 377). También se han
demostrado efectos similares del astrégeno sobre la pared
vascular en modelos de animales de infarto de miocardio
(Delyani, J. A. et al., J. Molec. Cell. Cardiol., 1996, 28,
1001) e insuficiencia cardiaca congestiva. Se ha demostrado
clinicamente que la terapia de reemplazo de estrégeno (TRE)
reduce el riesgo de mortalidad en pacientes con ICC (Reis et.
al., J. Am. Coll. Cardio., 2000, 36, 529) e IM {(Grodstein, F.
et. al., Ann. Int. Med., 2000, 133, 933, Alexander et. al., J.
Am, Coll. Cardio., 2001, 38, 1 y Grodstein F. et. al., Ann.
Int. Med, 2001, 135,1). En la TRE, los estudios clinicos
demostraron una influencia de E2 sobre la reduccién en 1la
produccién de p-amiloide 1-42 (AB42), un péptido central para
la formacién de placas seniles en la enfermedad de Alzheimer

(Schonknecht, P.et. al., Neuroscli. Lett., 2001, 367, 122).

Sin embargo, 17-B-estradiol también estimula fuertemente 1la

expresién de creatina cinasa. Por lo tanto, en la TRE se han
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demostrade algunos efectos colaterales potenciales, por
ejemplo un aumento en el riesgo de eventos cardiovasculares en
el primer afio de uso (Hulley, S. et. al., J. Am. Med. Assoc.,
1998, 280, 605) asi como efectos proliferativos sobre el

tejido uterino y mamario.

DESCRIPCION DETALLADA DE LA INVENCION

La invencién proporciocna dihidrofenantridinosulfonamidas
sustituidas representadas por las férmulas generales (I) vy
{({II) que son (tiles para el tratamiento del componente
inflamatorio de enfermedades y son particularmente utiles en
el tratamiento de aterosclerosis, infarto de miocardio,
insuficiencia cardiaca congestiva, enfermedad intestinal
inflamatoria, artritis, diabetes tipo 1II, y enfermedades
autoinmunes talea como esclerosis miltiple y artritis

reumatoide.

Esta invencién proporciona compuestos novedosos de 1las

férmulas (I) y (II) que tienen la estructura
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en donde
Ri, R_.a, Ra, Ry, R7, Rs, Ry, Rio, Rii, Ri2, Ria, Y Ris son cada uno
independientemente, hidxégeno, Ry7, monofluorcalquilo,
monofluoroalquenilo, aril-R;¢-, heteroaril-R;¢~, hidroxialquilo,
HO-Rig=,» Ry7—X-Ris~, HS-Ry¢~, R17-5(0)-, Ry1»~5(0)z-, Ry7-SO03-,
R19-S(O)2NR~, -N{(R)a2, -NR-C{NHz2)=NR, ciano, nitro, halégeno,
-OR, -SR, =-SO3R, =-S(0)zN{(R)z, -C(O)R, =-C(R)=N-OR, -C{NHz)=NR,
-CO;R, -OC(O)R, o -C(O)N(R)2; o se toman junto con I;,u 0 Rp
unidoa Eon un grupo -alquileno-, o -X-alquileno-;
Rs es hidrégeno, R;7, monofluorocalquile, monofluoroalquenilo,
aril-~Rjg~, heteroaril-R;s-, hidroxialquilo, HO-Rig~, Rir—X-Ris~-,
HS-Ri¢-, -CR{0), -CO;R, o -C(O}N(R)2; o R, puede tomarse junto
con R © Ry y unirse con un grupc -alquileno- o -X-alquileno-;
R es hidrégeno, R;;, monofluoroalquilo, monofluorocalquenilo,
aril-Rj¢-, heterocaril-R;¢-, hidroxialquilo, HO-Ris~, Ri17-X-Ri¢-,

HS-Ri¢-;, -CR(O), -COzR, o -C(O)N(R)2; o R, puede tomarse junto

con Rs 06 Ry y unirse con un grupo -alquileno- o -X-alquileno-;
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Riz es R, Rp7-X-Rie-, R17-5(0)-, Ry7-5(0}2-, -SO3R, -S(0)2N{(R)2, ©
D-glucuronidato;

Rig es -alquileno-, -cicloalquileno-, =-alquileno-~X-alquileno-,
~alquileno-X-cicloalquileno-, =-cicloalquileno~X-alquileno-, o
~cicloalquileno-X-cicloalquileno-;

Ry7 es alquilo, arilo, heterocarilo, cicloalquilo, alquenilo,
clcloalquenilo, alquinilo, alquenil-X-alquileno-,
cicloalquenil-X-alquileno~, o perfluorocalquilo;

R es, independientemente, hidrégeno, alquilo, alquenilo,
alquinilo, cicloalquilo, cicloalquenilo, monofluoroalquilo,
perfluorocalquilo, arilo, arilalquiloe, heterocarilo,
heterocarilalquilo, hidroxi-(C;-C¢)alquilo, alcoxialquilo,
alquiltiocalquilo, formilo, acilo, alcoxicarbonilo, -C(O)NH,,
alquilaminocarbonilo, dialgquilaminocarbonilo,
alquilaminoalquilo, o dialquilaminocalquilo; o cuando un Atomo
contiene dos grupos R, los grupos R pueden tomarse juntos
ligados con un grupo -alquileno-;

X es 0, -NR-, -S(0)p-, -C(O)-, -OC(O)-, -C{0O}O-, -NRC{O)-, o
-C(O)NR-;

mes 0, 1, o 2;

pes 2, 3, 6, 7, 8, 9, 12, 13, o 14;

R21, Raz, Ra23, Raq, R27, R2s, R29, Rag, Rasy, Rss, Ry, ¥y Ras son,
independientemente, hidrégeno, Ri17, monofluoroalquio,
monofluoroalquenilo, aril-R;¢-, heteroarilo-Rie—,

hidroxialquilo, HO-Rig—, Ri7=¥-Rig—, HS-Rig—, R17-8(0) -,
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R17-8(0) 2=, Ry7-8503-, R;7-5(0)z2NR-, -N(R}2, -NR-C(NHz)=NR, ciano,
nitro, halégeno, -OR, -8R, ~-SO1R, =5{0}2N(R) 32, ~-C(O)R,
~C(R)=N-OR, -C(NHz)}=NR, -CO:R, -OC(O)R, o -C(O)N{(R)z; o se
toman juntos con Rgy1 © Rg.; unido con un grupo -alquileno-, o
-Y-alquileno;

Rys es hidrdgeno, R;;, monofluorocalquilo, monofluoroalquenilo,
aril-Ris-, hetercaril-R;s~, hidroxialquilo, HO-Ris-, Ri;-Y~Ris—,
HS-Ry6-, -CR(O), -COzR, o -C{O)N{R)2; o Rzs puede taomarse junto
con Rz o Rz; y ligarse con un grupo =-alquileno- o
-Y-alquileno-;

R:¢ es hidrégeno, R;7;, monofluorcalquilo, monofluorcalgquenilo,
aril-R;g-, heteroaril-R;g-, hidroxialquilo, HO-R;s-, Ri17-Y-Ris—,
HS-Rjg-, -CR{O), -COR, o -C({(O)N{(R)2; o Rz¢ puede tomarse junto
con Rzs 0 Ry; ¥ unirse con un grupo -alquilene- o -Y-alquileno-;
Rs2 @3 R, Ri~Y-Rie~, R17-5{0)-, R11-5(0)2-, -SOsR, -S(0)2N(R)z2, ©
D-glucuronlidata;

Y es 0, -NR-, -5(0)p-, -C{O)-, ~OC(O)-, -C(D)O-, -NRC(O)~, ©
-C(O)NR-;

nes 0, 1, o 2;

q es 22, 23, 26, 27, 28, 29, 32, 33, o 34;

0 las sales farmacéuticamente aceptables de é&l.

El término “alquilo”, empleado solo, se define aqui, a menos
que se diga lo contrario, como un grupo hidrocarburo saturado
monovalente de cadena recta (de C;-Ciz) o de cadena ramificada

{de C3-C2p). Ejemplos de grupos hidrocarburo saturado incluyen,
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en forma no taxativa, grupos quimicoa talea como metilo,
etilo, n-propilo, isopropilo, terc-butilo, isobutilo, sec-
butilo; homdélogos superiores tales como n-pentilo, n-hexilo,
n-heptilo, n-octilo, y similares. Se prefiere que los grupos
alquilo de cadena recta tengan de 1 a 6 &tomos de carbono, y
que grupos alquilo ramificados tengan de 3 a 8 Atomos de

carbono.

El término “alquenilo”, empleado solo, se define, salvo gque ase
diga lo contrario, como un grupo hidrocarburo monovalente de
cadena recta (de Ci-Czy) o de cadena ramificada (de C3-Czy) que
contiene al menos un enlace doble. Esos grupos alquenile de
hidrocarburo pueden ser monc o poliinsaturados, y pueden
existir en configuraciones de E o Z. Los compuestos de esta
invencién incluyen todas las configuraciones de E y 2
posibles. Ejemplos de grupos alquenilo de hidrocarburo mono o
poliinsaturados incluyen, en forma no taxativa, grupos
quimicos tales como vinilo, 2-propenilo, isopropenilo,
crotilo, 2-isopentenilo, butadienilo, 2-{(butadienilo), 2,4-
pentadienilo, 3-(1,4-pentadienilo) y homéloges superiores,
isémeros y similares. Se prefiere que los grupos alquenilo de
cadena recta tengan de 2 a 7 Atomos de carbono, y que los
grupos alquenilo ramificados tengan de 3 a 8 Atomos de

carbono.
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El término “alquinilo” empleado solo, se define aqui, a menos
que se 1ndique lo contrario, como un grupo hidrocarburo
monovalente de cadena recta {(de C;-Cy) o0 de cadena ramificada
{de C3-C20) que contiene al menos un enlace triple. Ejemplos de
grupos alquinilo incluyen, en forma no taxativa, grupos
quimicos tales como etinilo, 1l-propinilo, 1-(2-propinilo), 3-
butinile, y homélogos superiores, isémeros y similares. Se
prefiere que los grupos alquinilo de cadena recta tengan de 2
a 7 &tomos de carbono, y que los grupos algquinilo ramificados

tengan de 3 a 8 Atomos de carbono.

El término “alquileno” empleado solo © en combinacién con
otros términos, se define, aqui, a menos que se indique lo
contrario, comoc un grupo hidrocarburo bivalente de cadena
recta (de C;-Cz) o de cadena ramificada (de C;-Cz¢) derivado de
un alcano; o un grupo hidrocarburo bivalente de cadena recta o
de cadena ramificada (de C3—Czp) derivado de un alqueno. Esos
grupos alquileno de hidrocarburo pueden ser totalmente
saturadoa, ¢ mono o poliinsaturados y pueden existir en las
configuraciones de E o Z., Los compuestos de esta invencién
incluyen todas la configuraciones de E y Z posibles. Ejemplos
de grupos alquileno de hidrocarburo saturados e 1insaturados
incluyen, en forma no taxativa, grupocs quimicos bovalentes
tales como -CHp-, -CHaCHz-, -CHCHzCHz-, -CH2CH;CHzCH2-, -CH=CH-,

-CH=CHCH=CH-, vinilidenc, y hombélogos superiores, y isémeros y
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similares. lLas cadenas de alquileno preferidas tienen de 2 a 7

Atomos de carbono.

El término “cicloalquilo” empleado solo o en combinacién con
otros términos, se define aqui, a menos que se indique lo
contrario, como un grupo hidrocarburo saturado monovalente
monociclico, biciclico, triciclico, fusionado, en puente, o
espiro de 3 a 10 Atomos de carbono, en donde los &tomos de
carbono estén ubicados dentro o fuera del sistema del anillo.
Todas las posicliones del anillo adecuadas del grupo
cicloalquilo pueden unirse covalentemente a la estructura
quimica definida. Ejemplos de grupos cicloalquilo incluyen, en
forma no taxativa, grupos quimicos tales como ciclopropilo,
ciclopropilmetilo, <ciclobutilo, <ciclopentilo, ciclochexilo,
ciclohexilmetilo, ciclohexiletilo, ciclcocheptileo, norbornilo,
adamantilo, espiro[4.5]decanilo, y homélogos, isémeros vy

similares.

El término “cicloalquenilc” empleado solo o en combinacién con
otros términos, se define aqui, a menos que se indique 1lo
contrario, como un grupo hidrocarburo insaturado monovalente
monociclico, biciclico, triciclico, fusionado, en puente, o
espliro de 3 a 10 Atomos de carbono que contiene al menos un
enlace doble, en donde los &tomos de carbono estdn ubicados

dentro o fuera del sistema del anillo. Todas las posiciones

Wl
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del anlllo adecuadas del grupo cicloalgquenilo pueden unirse
covalentemente a la estructura quimica definida. Ejemplos de
grupos cicloalquenilo incluyen, en forma no taxativa, grupos
quimicos tales como ciclopropenilo, cleclopropenilmetilo
ciclobutenilo, ciclopentenilo, ciclohexenilo,
ciclohexenilmetilo, ciclohexeniletilo, cicloheptenilo,

norbornenilo, y homélogos, lsémeros, y similares.

El término “cicloalquileno”, empleado solo, se define aqui a
menos que se indique lo contrario, como un grupo bivalente de
3 a 10 Atomos de carbono derivado de un hildrocarburo,
monociclico,, biciclico, triciclico, fusionado, en puente o
espiro. Esos grupos cicloalquileno de hidrocarburo pueden ser
totalmente saturados, o nomo © poliinsaturados y pueden
existir en las configuraciones de E o Z. Los compuestos de
esta invencidn incluyen todas las configuraciones de E y 2
posibles. Todas las posiciones del anillo adecuadas del grupo
cicloalquileno pueden unirse covalentemente a 1la estructura
quimica definida. Ejemplos de grupos cicloalquileno de

hidrocarburo saturado e insaturado incluyen, en forma no

taxativa, grupos quimicos bivalentes tales como
ciclopropileno, ciclopentileno, ciclohexileno,
ciclohexenileno, trans-decahidronaftalenileno,

espiro[3.3]heptenileno, y hombélogos superiores, 1lsémreso vy

similares.
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Los términos “halo” o “halégenoc” empleados solos o en
combinacién con otros términos, se definen aqui, a menos gque
se indique lo contrario, como un &tomo de flbor, cloro, bromo,

o yodo.

El término “monofluorcalquilo” empleado solo, se define aqui,
a4 menos que se indique 1lo contrario, como un grupo
hidrocarburo saturado monovalente de cadena recta (de C;-Cjq) o
de cadena ramificada (de C3-Cjp) gque contiene solamente un
dtomo de flidor. Ejemplos de grupos monofluoroalquilo incluyen,
en forma no taxativa, grupos quimicos tales como as -CH;F, -
CH,CHzF, -CH{CH3)CH2CH2F, y homélogos superiores, isémeros y
similares. Las longitudes de cadena preferidas son de 1 a 6
dtomos de carbono para las cadenas rectas y de 3 a 8 4tomos de

carbono para las cadenas ramificadas.

El término “monofluorcalquenilo”, empleado soclo 8se define
agqui, a menos que se indique lo contrario, como un grupo
hidrocarburo insaturado monovalente de cadena recta (de Cz-Ciip)
o de cadena ramificada (de C3-Cip}, que contiene solamente un
dtomo de flior y al menos un enlace doble. Ejemplos de grupos
monofluorocalquenilo incluyen, en forma no taxativa, grupos
quimicos tales como -CH=CH,F, -CH,CH=CH;F, -CH=CHCH;F, -
C(CH3)=CHF y homélogos superiorea, isémeros y similares. Las

longitudes de cadena preferidas son de 2 a 7 atomos de carbono
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para las cadenas rectas y de 3 a B Atomos de carbono para las

cadenas ramificadas.

El término “perfluorcalgquilo” empleado solo o en combinacién
con otros términos, se define aqui, a menos que se indique lo
contrario, como un grupo hidrocarburo saturado monovalente de
cadena recta (de C;-Cig) o de cadena -ramificada (de C3-Cig) que
contiene dos o mis &tomos de fldor. Ejemplos de grupos
perfluorcalquilo incluyen, en forma no taxativa, grupos
quimicos tales como trifluorometilo, -CHzCF3, =-CF:CF), and -
CH(CF3)2, y homélogos, isémeros y similares. Las longitudes de
cadena preferidas son de 1 a 7 dtomos de carbono para cadenas

rectas y de 3 a B &tomos de carbono para cadenas ramificadas.

El término “arilo” empleado solo o en combir‘mcién con otros
términos, se define aqui, a menos que se indique lo contrario,
como un grupo carboxilico aromAtico de 5 a 20 Atomos de
carbono, que puede ser un solo anillo (monociclico) o varios
anillos (biciclico, hasta tres anillos) fusionados juntos o
unidos covalentemente. Todas las posiciones del anillo-
adecuadas del grupo arilo pueden estar unidas covalentemente a
la estructura quimica definida. Ejemplos de grupos arilo
incluyen, en forma no taxativa, grupos quimicos tales camo
fenilo, l-naftilo, 2-naftilo, dihidronaftilo,

tetrahidronaftilo, bifenilo, antrilo, fenantrilo, fluorenilo,
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indanilo, bifenilenilo, acenaftenilo, acenaftilenilo Y
similares. Se prefiere que el grupo arilo contenga de 6 a 14

Atomos de carbono.

El término "“arilalquilo” empleado s0lo o0 en combinacién con
otros términos se define aqui, a menos que se indique 1lo
contrario, como un grupo arilo, definido anteriormente aqui,
sustituido adecuadamente en una posicién del anillo abierto
con un grupo alquilo en donde la cadena de alquilo es un grupo
hidrocarburo saturado de cadena recta (de C,-C¢) o de cadena
ramificada 8de C;~C,). Ejemplos de grupos arilalquilo incluyen,
en forma no taxativa, grupos quimicos tales como bencilo, 1-
feniletilo, 2-feniletilo, difenilmetilo, 3-fenilpropilo, 2-
fenilpropilo, fluorenilmetilo, y homélogos, isémeros vy

aimilares.

El término “hetercarilo” empleado solo ¢ en combinacién con
otros términos, se define aqui, a menos que se indique lo
contrario, como un sistema de anillo heterociclico aromitico
de 5 a 20 Atomos, que pueden ser un s0lo anillo (monociclico)
o varios anillos (biciclico, hasta tres anillos) fusionados
juntos o unidos covalentemente. Los anillos pueden contener de
uno a cuatro heterocdtomos que se seleccionan de nitrégeno (N),
oxigeno (0), o azufre (S}, en donde el &tomo de nitrégeno o

azufre optativamente se oxidan, o el &tomo de nitrégeno
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optativamente se sustituye o se cuarterniza. Todas las
posiciones del anillo adecuadas del grupo heteroarilo pueden
unirse covalentemente a 1la estructura quimica definida.
Ejemplos de grupos hetarcarilo incluyen, en forma no taxativa,
heterociclos tales como furano, tiofeno, pirrol, N-
metilpirrol, pirazol, N-metilpirazol, imidazol, N-
metilimidazol, oxazol, isoxazol, tiazol, isotiazol, 1H-
tetrazol, l-metiltetrazol, 1,3,4-oxadiazol, 1H-1,2,4-triazol,
l-metil-1,2,4-triazol, 1,3,4-triazol, l-metil-1, 3,4-triazol,
piridina, pirimidina, pirazina, piridazina, benzoxazol,
bencisoxazol, benzotiazol, benzofurano, benzotiofeno,
tiantreno, dibenzo[b,d] furano, dibenzo[b,d]tiofeno,
bencimidazol, N-metilbencimidazol, indol, indazel, quinolina,
isoquinolina, quinazolina, quinoxalina, pirina, pteridina, 9H-

carbazel, B-carbolina y similares.

El término “hetercarilalquilo”, empleado solo o en combinacién
con otros términos, se define aqui, a menos que se indique lo
contrario, como un grupo heterocarilo, definido anteriormente
aqui, sustituido adecuadamente en cualquier posicién del
anillo abierto con un grupc alquilo, en donde la cadena de
alquilo es un grupo hidrocarburo saturado de cadena recta (de
C;-Cs) o de cadena ramificada {de C;-C;)}. Ejemplos de grupos

hetercarilalquilo incluyen, en forma no taxativa, grupos
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quimicos tales como furanilmetilo, tieniletilo, indolilmetilo,

16

y similares.

Los grupos quimicos heterocarilo, definidos anteriormente aqui,
también incluyen anillos heterociclicos saturados o
parcialmente saturados. Ejemplos de grupos heteroarilo
saturados o parcialmente saturados incluyen, en forma no
taxativa, grupos quimicos tales como azetidilo, 1,4-dioxanilo,

hexahidroazepinilo, pilperazinilo, piperidinilo, pirrolidinilo,

morfolinilo, tiomorfolinilo, dihidrobencimidazolilo,
dihidrobenzofuranilo, dihidrobenzotienilo,
dihidrobezoxazeolilo, dihidrofuranilo, dihidroimidazolilo,
dihidroindolilo, dihidroisooxazolilo, dihidroisotiazolilo,

dihidrooxadiazolilo, dihidrooxazolilo, dihidropirrazinilo,
dihidropirazolilo, dihidropiridinilo, dihidropirimidinilo,
dihidropirrolilo, dihidroquinolinilo, dihidrotetrazolilo,
dihidrotiadiazolilo, dihidrotiazolilo, dihidrotienilo,
dihidrotriazolilo, dihidroazetidinilo, dihidro-1,4-dioxanilo,
tetrahidrofuranilo, tetrahidrotienilo, tetrahidroquinolinilo,

tetrahidroisoquinolinilo, y similares.

El término “acilo empleado solo © en combinacién con otros
términos, se define aqui, a menos que se indique lo contrario,
como un alquilo, uvn grupo arilalquilo, hetarcarilalquiloe,

hidrocarbure monovalente de cadena recta (de C;-Cig), © de
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cadena ramificada (de C4-Ci:;); en donde el &tomo de carbono,
unido covalentemente unido a la estructura quimica definida,
se oxlida hacia el estado de oxidacién de carbonilo. Esos
grupos hidrocarburo pueden ser mono o poliinsaturados, vy
pueden existir en las configuraciones de E o 2. Los compuestos
de esta invencidén incluyen todas las configuraciones de E y 2
posibles. Ejemplos de grupos acilo incluyen, en forma no
taxativa, grupos quimicos tales como acetilo, propionilo,
butirilo, 3,3-dimetilbutirilo, trifluorcacetilo, pivaloilo,
hexanolilo, hexenoilo, decanoilo, benzoilo, nicotinilo,

isonicotinilo, y homélogos, isémeros, y similares.

El término “hidroxialquilo” empleado solo o en combinacién con
otros términos, se define aqui, a menos que se indique lo
contrario, comoc un hidrocarburo de cadena recta (de C;-Cia),
sustituido en el extremo con un grupo hidroxilo. Ejemplos de
grupos hidroxialquilo incluyen grupos quimicos tales como

-CH0H, -CH;CH;0H, -CH;CH;CH;OH, y hombdlogos superiores.

El término “alcoxi” empleado solo o en combinacién con otros
términos, se define aqui, a menos que se indique lo contrario,
como un hidrocarburo de cadena recta (de C;-Cis} o de cadena
ramificada (de C3-Cjp) enlazado en forma covalente a un Atomo
de oxigeno. Ejemplos de grupos alcoxi incluyen, en forma no

taxativa, grupos quimicos tales como metoxi, etoxi,
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isopropoxi, sec-butoxi, terc-butoxi, decanoxi, y homélogo,

ra
isémeros y similares.

Los términos “ariloxi” o “heterocariloxi” empleados solos o en
combinacién con otros términos, © a menos que se indique 1lo
contrario, son grupos arilo o heteroarilo, definidos
anteriormente aqui, que ademds estan enlazados covalentemente
a un atomo de oxigeno. Ejemplos de grupos ariloxi o
heteroariloxi incluyen, en forma no taxativa, grupos quimicos
tales como CeHsO-, 4-piridilo-0-, y homélogos, isémeros y

similares.

El término “&tarbonilo” empleado solo o en combinacién con
otros terminos, se define aqui, salvo que se indique 1lo
contrario, como un grupo de un carbono bivalente que ademéas

estd enlazado a un atomo de oxigeno con un enlace doble. Un
/).

El término “alcoxicarbonilo” empleado s0lc o en combinacién

W

con otros términos, se define aqui, a ‘mg‘x\foa que se indique lo

O

o

ejemplo es (\

contrario, como un grupo alcoxi, detinido aqui anteriormente,
que ademis est4d enlazado a un .grupo carbonilo para formar un

grupo éster. Ejemplbé' de grupos alco:iicarbonilo; incluyen; en

forma no taxativa, grupos quimicos: tales como mtdxidarﬁbhila,
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etoxicarbonilo, isopropoxicarbonilo, sec-butoxicarbonilo,
terc-butoxicarbonilo, decanoxicarbonilo y homélogos, isémeros

y similares.

El término “alquiltio” empleado solo o en combinacién con
otros términos se define aqui, a menos que se indique 1lo
contrario, como un grupo hidrocarburo de cadena recta (de C;-
Ciww) o de cadena ramificado (de C3-Cis) enlazado en forma
covalente a un Atomo de azufre. Ejemplos de grupos alquiltio
incluyen, en forma no taxativa, grupos quimicos tales como
metiltio, etiltio, isopropiltio, sec-butiltio, terc-butiltio,
decaniltio, y homélegos, isémeros y similares. Se prefiere que
los grupos alquiltio de cadena recta tengan de 1 a 6 Atomos de
carbono y que los grupos alquiltio ramificados tengan de 3 a 8

&tomos de carbono.

Los términos “ariltio” o “hetarocariltio” empleados solos o en
combinacién con otros términos, a menos que se indique lo
contrario, son grupos arilo o©  heteroarilo, definidos
anteriormente, que ademids estdn unidos en forma covalente a un
dtomo de azufre. Ejemplos de grupos ariltio o heteroariltio
incluyen, en forma no taxativa, grupos quimicos tales como

Ce¢HsS-, 4-piridilo-5-,y homdlogos, isdmeros y similares.
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Los términos “alcoxialquilo” o “alquilticalquilo”, empleados o
en combinacién con otros términos, son un grupo alcoxl o
alquiltio, definidos aqui, que ademis estin enlazados en forma
covalente a un hidrocarburo de cadena recta (de C;~Ci;;) no
sustituido o de cadena ramificada (de C;-C;s) no sustituido.
Ejemplos de grupos alcoxialquile o alquiltiocalquilo incluyen,
en forma no taxativa, grupos quimicos tales como metoximetilo,
metiltiocetilo, etiltiocetilo, isopropiltiometilo, sec-
butiltioetilo, -CH;CH(CH3;)OCH;CHy, y homélogos, isémeros vy
similares. Se prefiere que los grupos alcoxialquilo o
alquiltioalquilo de cadena recta tengan de 1 a 6 Atomos de
carbono, y que los grupos alcoxialquilo o alquiltiocalquilo de

cadena ramificada tengan de 3 a 8 4tomos de carbono.

Los términos Yariloxialquilo”, “hetaroariloxialquilo”,
“ariltiocalquilo” o “hetaroariltiocalquilo” empleado solo o en
combinacién con otros términos, o a menos gue se indique lo
contrario, son grupos ariloxil, hetarcariloxi, ariltio o
hetaroariltio, definidos anteriormente, que ademAs estén
enlazados en forma covalente a un hidrocarburo de cadena recta
(de C;~Cio) no sustituido o de cadena ramificada (de C;-Ciy) no
sustituido. Ejemplos de grupos ariloxialquilo,
heteroariloxialquile, arilticalquilo, o hetercariltiocalquilo
incluyen, en forma no taxativa, grupos quimicos tales como

CeH50CHz~, CgHsOCH (CHa) -, 4-piridil-0-CH;CHz~, CgHsSCHz~,
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CellsSCH (CH3) -, 4-pilridil-S-CHCH~ y homélogos, isémeros vy
similares. Se prefiere que 1los grupos ariloxialquilo,
heterocariloxialquilo, ariltloalquilo, o hetercariltiocalquilo
tengan de 1 a 6 d&tomos de carbono, y que los grupos
ariloxialquilo, heteroariloxialquilo, ariltioalquilo, o

heterocariltiocalquilo tengan de 3 a 8 &tomos de carbono.

El término “alquilamino” empleado solo o en combinacién con
otros términos, o a menos gque se indique lo contrario, es un
. grupo con un grupo alquilo, en donde el grupo alquilo es un
grupo alquiloc de cadena recta (de C;-C¢) no sustit;uida definido
aqui anteriormente o un grupo cicloalquilo (de C3-C3) no
sustituido definido anteriormente. Ejemplos de grupos
alquilamino incluyen, en forma no taxativa, grupos quimicos
tales como ~NH(CH3), -NH(CH;CHis}, -NH-ciclopentilo y homdlogos

Yy similares.

El término “dialquilamino” empleado solc o en combinacién con
otros términos, o a menos que se indique lo contrario, es un
grupo con dos grupos algquilec independientes, en donde los
grupos alquilo son grupos alquilo de cadena recta (de C;-C6) no
sustituido definidos anteriormente o grupos cicloalquilo (de
C3-Cy) no sustituidos definidos anteriormente aqui. Dos grupos
pueden unirse para formar un grupo -alquileno- (de C;-Cg) no

sustituido. Ejemploa de grupos dialquilamino incluyen, en
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forma no taxativa, grupos quimicos tales como -N{CHj3)z, -

)
N{CHzCHa) 3, -NCH3(CHzCHi}, ¢+ Y homdlogos y similares.

El término “alquilaminoalquiloc” empleado solo o en combinacién
con otros términos, ¢ a menos gque se indique lo contrario, es
un grupo alquilamino, definido anteriormente aqui, que ademis
estd enlazado en forma covalente a un grupo alquilo de cadena
recta de 1 a 6 atomos de carbono. Ejemplos de grupos
alquilaminocalquilo incluyen, en forma no taxativa, grupos
quimicos tales COmo =CH;NH (CH)) , =CH,CHzNH (CH,CH3) , -

CHzCH2CHaNH (CH2CH3) , y hombélogos, y similares.

El término “dialquilaminoalquilo” empleado s80lo o en
combinacién con otros términos, o a menos que se indique lo
contrario, es un grupo dialquilamino, definido anterioremente
aqui, que ademfs estd enlazado en forma covalente a un grupo
alquilo de cadena recta de 1 a 6 &tomos de carbono. Ejemplos
de grupos alquilaminoalquilo incluyen, en forma no taxativa,
grupos gquimicos tales como =-CHaN(CHi)z, =-CH2CHzN{(CH CHj3)2, -

CH,CH2CH2NCH3 (CH,CH3) , Yy hombélogos y similarea.

Los términos *alquilaminocarbonilo” o
“dialquilaminocarbonilo”, empleados soclos, © a mencs que Sse

indique lo contrario, son grupos alquilamino o dialquilamino,
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definidos anteriormente aqui, que ademids estdn enlazados en
forma covalente a un grupo carbonilo. Ejemplos de grupos
alquilaminocarbonilo o dialquilaminocarbonile incluyen, en
forma no taxativa, grupos quimicos tales como -C{O)NH(CHi), -~

C(O)N(CH2CH3)2, -C(O)NCH3(CH2CH3), y homélegos y similares.

Cada uno de los términos precedentes (por ejemplo, alquilo,
arilo, heteroarilo) incluye formas no sustituidas,
monosustituidas y polisustituidas del radical o grupo
indicado. Los Bustituyentes para cada tipo de grupo Bse

proporcionan a continuacién.

Los sustituyentes para el alquilo, algquenile, alquinilo,
cicloalquilo, cicloalguenilo, alquileno, cicloalquileno, 1la
porcién de alquilo de los anillos de arilalquilo ¥y
heteroarilalquilo, Theterociclico saturado o parcialmente
saturado y grupos acilo o carbonilo, empleados soclos o en
combinacién con otros términos, se seleccionan del grupo
formado por -R’, OR’, =0, =NR’, =N-OR’, -NR'R”, =-SR’, halo,
trifluorometilo, trifluorometoxi, -OC(O)R’, -COzR’, -C(O)NR'R“,
-OC{(O)NR’R”, =NR*C(O)R", -NR“COzR’ , -NR’C(O)NR’R", -NH-
C(NHz2)=NH, -~NR’C(NH;)=NH, -NH-C(NH2)=NR’, -S(O)R', -S(O)zR', =~
S(0)2NR’R”, ciano, y nitro; en donde R’ o R” son cada uno,
independientemente, hidrégeno, grupos alquilc {(de C;-Cg) no

sustituido, cicloalquilo (de C3-C,;) no sustituldo, arilo, aril-
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alquilo (de C,-C;), ariloxi-alquilo (de C;-C;), ariltio-alquilo
(de C1-Ca), heterocarilo, heterocaril-alquilo (de C;~Cs),
heteroariloxi-alquilo (de C;-C3), o heterocariltio-alquilo (de
C1-C3); o sl optativamente se toman juntos pueden unirse a un

grupo -alquileno- para formar un anillo.

Los grupos arilo o hetarcarilo, empleados solos o© en
combinacién con otros términos, pueden ser optativamente mono,
di o trisustituidos con sustituyentes gque se seleccionan del
grupo formado por -R’, =-OR’, -SR’, -C(O)R’, -COaR’, -
alcoxialquilo, alcoxialquiloxi, ciano, halégeno, nitro,
trifluorometilo, trifluorometoxi, -NR’'R”, alquilamincalquilo,
dialquilaminoalquilo, hidroxialquilo, -S{O)R’, -S{0Q)2R’, -
SO;R’, -S(0)2NR’'R”, -CO2R/, -C(Q)NR'R", ~-OC (O) NR'R”, -
NR”C(O)R’, -NR¥”CO3R’ , -NR’C (O} NR'R”, -NH-C (NHz) =NH, -
NR’C(NH;)=NH, -NH~-C(NHz)=NR’, -S(O}R’, y -S5(0)2R’; en donde R’
o R” son cada uno, independientemente, hidrégeno, grupos
alquilo (de C;-Cg), cicloalquilo (de C3-C;), arilo, aril-alquilo
{(de C;-C3), ariloxi-alquilo (de C;-Cj3), ariltio-alquilo (de Ci-
C3), heteroarilo, heterocaril-alquilo (de C;~Ci3), heterocariloxi-
alquilo {(de C;-C3), © heterocariltio-alquilo (de C;~Ci); o si se
toman juntos pueden unirse a un grupo -alquileno- para formar

un anillo.
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Una prodroga se define como un compuesto que puede convertirse
in vivo mediante el metabolismo enziméAtico o no enzimatico in
vivo (por ejemplo hidrélisis) en un compuesto de la Férmula
(I) o de la Férmula (II); en donde R;3 © Rj;, respectivamente es

un 4tomo de hidrégeno.

Los compuestos de la presente invencién pueden contener un
dtomo asimétrico, y algunos de los compuestos pueden contener
uno o mAs &Atomos o centres asimétricos, que por lo tanto
pueden dar origen a 1sb6meros épticos (enantidémeros} vy
diastereémeros. Si bien se muestra con respecto a la
composicién estereoquimica de 1la Férmula (I) o (II), 1la
presente invencién incluye esos isémeros épticos
(enantiémeros) y diastereémeros (isdémeros geométricos); asi
como estereoisémeros R vy S racémicos Y resueltos,
enantioméricamente puros; asi camo otras mezclas de
estereoisémeros R y S y sales farmacéuticamente aceptables de
ellos. Los isémeros O&pticos pueden obtenerse en forma pura
mediante procedimientos conocidos para los expertos en el
arte, e incluyen, en forma no taxativa, la formacién de sales
diasteroméricas, la resolucién cinética, y la sintesis
asimétrica. Se entiende también que esta invencién abarca
todos los regloisémeros poaibles, y mezclas de ellos, que
pueden obtenerse en forma pura mediante procedimientos de

separacién comunes conocidos para los expertos en el arte e

¥ ad
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incluyen, en forma no taxativa, cromatografia de columna,

cromatografia de capa delgada, y cromatografia de liquidos de

alto rendimiento.

Los compuestos de la presente invencién pueden contener
lsbétopos de &tomos con fines de diagnéstico, terapéuticos, o

metabdélicos. Esos 1sétopos pueden o ser o no radiocactivos.

Los compuestos de esta invenciébn incluyen racematos,
enantiémerocs, isémeros geométricos, o prodrogas de los

compuestos que muestran las férmulas (I) o (II).

Las sales farmacéuticamente aceptables de los compuestos de la
Férmula (I) y de la Férmula (II) con un grupo #écido pueden
formarse a partir de bases orgénicas ¢ inorgdnicas. Las sales
adecuadas con bases son, por ejemplo, sales de metales, tales
como sales de metales alcalinos o de metales alcalinotérreos,
por ejemplo, sales de sodio, potasio o magnesio; o sales con
amoniaco o una amina orgdnica, tales como morfolina,
tiomorfolina, piperidina, pirrolidina, una mono, di o
trialquilamina inferior, por ejemplo, etil-terc-butil-,
dietll-diisopropil-, trietil-, tributil- o dimetilpropilamina
o una mono, di o trihidroxi-alquilamina inferior, por ejemplo
mono, di o trietanolamina. Ademas se pueden formar sales

internas. En forma similar, cuando un compuesto de la presente
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invencién contiene un grupo bésico, se pueden formar salea a
partir de A&cidos orgidnicos e inorgdnicos. Por ejemplo se
pueden formar sales a partir de 4cidos acético, propiénico,
lactico, citrico, tartédrico, succinico, fumirico, maleico,
malénico, mandélico, milico, ftalico, clorhidrico,
bromﬁidrico, fosfdrico, nitrico, sulfirico, metanosulfénico,
naftalenosulfénico, bencenosulfénico, toluenosulfénico,
alcanforsulfébnico, y Acidos farmacéuticamente aceptables

conocidos similares,

Como se utiliza de acuerdo con esta invencién, el término “que
proporciona” con respecto & un compuesto ©0 una sustancia
abarcada por esta invencién, aignifica administrar
directamente ese compuestoc o sustancia, o administrar una
prodroga, un derivado, ¢ un andlogo que forma la cantidad
eficaz del compuesto o la sustancia dentro del cuerpo. Esta
invencién también incluye proporcionar los compuestos de esta
invencién para tratar los estados de enfermedad que se revelan

aqui que los compuestos son iitiles para tratar.

Los compuestos preferidos de esta invencién incluyen aquellos
en donde:

(A) el compuesto es de la férmula (II),

en donde los sustituyentes restantes son los definidos

anteriormente.
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Los compueatos preferidos de esta invencién incluyen aquellos
de (A) en donde:

(B) Ri2 es hidrégeno,

en donde los sustituyentes restantes son los definidos

anteriormente.

Los compuestos preferidos de esata invencién incluyen aquellos
de (B) en donde:

(C) Rai, Raz2, Rza, Raqs R27;, Rzsy Ra2s, Ryos Rai, Ras, Ragy Y Ras son
cada uno independientemente hidrégneno, R,/ aril-R, -
Ri17-¥-Ri¢~, hidroxialquilo, HO-R, -, halébgeno, -OR, =-COR, o©
~-CO,R;

R2s ¥ Ry¢ son cada uno independientemente hidrégeno o R,,;

R._. es -alquileno-;

16

R, es alquilo, arilo, heteroarilo, o perfluorcalquilo;

17
R es hidrégeno o alquilo;

en donde los sustituyentes restantes son lo definido

anteriormente.

Los compuestos més preferidos de esta invencién incluyen
aquellos en donde:

(D) el compuesto tiene la férmula (I),

en donde los sustituyentes restantes son los definidos

anteriocrmente.
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Los compuestos mis preferidos de esta invencién incluyen
aquellos de (D) en donde:

(E) R;3 es hidrégeno,

en donde los sustituyentes restantes son lo definido

anteriormente.

Los compuestos mAs preferidos de esta invencién incluyen
aquellos de (E) en donde:

(F) Ri, Ra, Ry, R4y R7, Ry, Ro, Ryp,» Riuy, Ria, Ryq, y Rys 30n cada
Ry7=X-Ry¢-,

uno independientemente, hidrégeno, R,,, aril-R,..,

hidroxialquilo, HO-R, .-, halégeno, ~OR, -COR, o© ~CO,R;
Ry, ¥ Rs, son cada uno independientemente, hidrégeno o R,,;

R, €s —alquileno-;

R., es alquilo, arilo, heteroarilo, o perfluoroalquilo;

17
R es hidrégeno o alquilo;
en donde los sustituyentes restantes son lo definido

anteriormente.

Los compuestos de la presente invencién pueden prepararse a
partir de materiales iniciales comercialmente disponibles,
compuestos conocidos en 1la bibliografia o compuestos
intermedios féciles de preparar, empleando métodos sintéticos
y procedimientos comunes conocidos para los expertos en el

arte. Los métodos sintéticos y procedimientos comunes para la
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preparacién de moléculas orgédnicas y transformaciones o
manipulaciones de grupos funcionales se pueden obtener
fdcilmente a partir de la bibliografia cientifica relevante o
a partir de textos comunes del campo. Aungque no se limita a
una o varias fuentes cualquiera, los textos clasicos tales
como Smith, M. B.; March, J. March’s Advanced Organic
Chemistry: Reactions, Mechanisms, and Structure, 5th ed.; John
Wiley & Sons: New York, 2001; y Greene, T. W.; Wuts, P. G. M.
Protective Groups in Organic Synthesis, 3rd ed.; John Wiley &
Sons: New York, 1999 son textos de referencia 1itiles vy
reconocidos de la sintesis org&nica conocidos para los
expertos en el arte. Los sigulentes esquemas sintéticos
ilustran, pero no limitan, los procedimientos generales para
la preparacién de compuestos de la Férmula (I) y de la Férmula
(II). Un ejemplo de procedimiento general para la preparacién
de componentes de esas dihidrofenantridinas polisustituidas se

muestra en los siquientes esquemas:
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a. RsLi, solvente éter, -78°C a temperatura ambiente; b.
{3) a -78°C a temperatura amblente; c¢. (3), piridina,
80°C; d, Cuando R;3 es metilo: BBrj3, ciclohexeno, cloruro
de matileno, 2 - 24 horas, o cuando OR;3 es carbonato: 1N

NaOH, metanol (1:1), 75°C, 12 horas.

En el esquema I, paso a, una fenantridina Ssustituida
adecuadamente (1), comercialmente disponible, conocida en 1la
bibliografia, o preparada de acuerdo con métodos conocidos y
establecidos para preparacién de esas fenantridinas, que
incluyen los esquemas que se describen a continuacién; en
donde R; a R;p definidos anteriormente aqui, reaccionan con un
reactivo Rs-Li, comercialmente disponible, conocido en 1la
bibliografia, o preparado de acuerdo con métodos conocidos y
establecidos para la formacién de reactivos de 1litio, en
solvente adecuado, tal como éter dietilico, tetrahidrofurano,

l,4-dioxano, o similares, a temperaturas de entre -78°C y la
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temperatura ambiente. La sal de amida de litio (2A) reacciona
in situ con un cloruro de sulfonilo sustituildo adecuadamente
(3), comercialmente disponible, conocido en la bibliografia o
preparado de acuerdo con métodos conocidos y establecidos para
la preparacién de esos cloruros de sulfonilo, que incluyen los
eaquemas VII, VIII, IX, X y XI que se describen a
continuacién, y ejemplificados en la seccién experimental a
temperaturas de entre -78°C y la temperatura ambiente.
Alternativamente, la dihidrofenantridina sustituida
adecuadamente (2B) puede aislarse y reaccionar en un paso
separado con un cloruro de sulfonilo adecuado (3), como se
describié anteriormente, en un sclvente no reactivo, tal como
éter dietilico, tetrahidrofurano, 1,4-dioxano, clorofommo,
1l,2-diclorcetano, © generalmente diclorometano y similares, a

temperaturas de entre -78°C y la temperatura ambiente.

Un éter metilico (4); en donde Ri3 @8 un grupo metilo, se puede
desmetilar en el paso d hacia el fenol correspondiente (5)
poniendo en contacto (4) con tribromuro de boro en 1la
presencia de un exceso de olefina o cicloolefina, tal como
ciclohexeno, que actta como un depurador de bromo y bromuro de
hidrbébgeno, en un solvente halogenado adecuadamente tal como
cloroformo, 1,2-dicloroetano, o diclorometano, y similares.
Alternativamente, el éter de metilo (4) puede desmetilarse al

fenol (5) poniendo en contacto (4) con tricloruro de boro, en
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la presencia de yoduros de amonio cuaternarios, tales como
yoduro de tetrabutilamonio, en un solvente halogenado
adecuad;mente, tal como cloroformo, 1,2-dicloroetano, o
diclorometano, y similares, a temperaturas de entre -78B°C y 1la

temperatura ambiente durante dos a veinticuatro horas.

Si R;3 es un grupo protector benzoilo o difenilmetile, 1la
remocién mediante técnicas de hidrogenélisis compatibles
adecuadamente, conocidas en la bibliografia para efectuar esas
transformaciones, tales como hidrégeno y 5% de catalizadores

de paladioc sobre carbono dan el fenol deseado (5).

Si -OR;3 es un grupo carbonato, el tratamiento de (4) con una
solucién de hidréxido de sodic 1N en metanol generalmente a
una temperatura de 40°C a 75°C, durante un periode de tiempo,
generalmente de doce horas, remueve el grupo protector para

dar el fenol deseado (5).

A4
s\b



35

e. Pd{dppf)Cl:, 5% en moles, THF, NaOH 5N, 23°C-70°C, 6-12
horaa; f£. RgCOCl o (RgCO)20, CH,Clz, 2-12 horas; g. POCl,,
acetonitrilo, 85°C, 3 horas, o Acido polifosférico, 120°C,

24-48 horas; h. NaBH, (8 equivalentes), dcido
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trifluoroacético (2 equivalentes), THF, reflujo, B-16
horas; i. (3), trietilamina, CHCl2, 4-48 horas; o (3),
piridina, 80°C; d. Cuando R;3 es metilo: BBrj, ciclohexeno,
diclorometano, 2-24 horas, o cuando OR;3y es carbonato:

NaOH 1N, metancl (1:1), 75°C, 12 horas.

En el Esquema II, paso e, una haloanilina adecuadamente
sustituida (6); en donde W es un Atomo de cloro, bromo o yodo,
© un grupo triflato (-0SO;CF;), comercialmente disponible,
conocido en la bibliografia o preparado de acuerdo con métodos
conocidos y &establecidos para la preparacién de esas
halecanilinas o triflatos, que incluyen procedimientos
ejemplificados en la seccién experimental de esta solicitud;
en donde R; a Ry son lo definido aqui anteriormente, reacciona
con un é&cido fenilborénico o ésater sustituido adecuadamente
(7), comercialmente disponible, conocido en la bibliografia o
preparado de acuerdo con métodos conocidos y estableclidos para
la preparacién de esos dcidos fenilborénicos; en donde R; a Ry
son lo definido anteriormente aqui, y Riss Y Ryy 8son
independientemente hidrégeno o grupos alquilo de cadena recta
inferior (de C;~C4) © de cadena ramificada (de C3-C4), tales
como metilo, etilo e isopropilo, o donde R3s y Riy7 se toman
juntos, un grupec pinacol, en la presencia de un catalizador de
acoplamiento. La bifenilanilina (8) reacciona en el paso f con

un cloruro de Acido o anhidrido, en donde R; es lo definido



37

anteriormente, en un solvente adecuado tal como cloroformo,
1,2-dicloroetano, o diclorometanoc, y similares, optativamente
en la presencia de un depurador de 4cido tal como
trietilamina, diisopropiletilamina, piridina, o carbonato de
potasio, y similares, y también optativamente en la presencia
de un promotor o catalizador de acilacién conocido, tal como
4-(N,N-dimetilamino)piridina a una temperatura de -20°C a la
températura ambiente durante varias horas. En el paso g, el
tratamiento de la bifenilamina acilada (9) con oxicloruro de
f6sforo en acetonitrilo a 85°C generalmente durante tres horas
© el tratamiento con 4&cido polifosférico (puro}) a 120°C
generalmente durante 24-48 horas dio la fenantridina (l1). La
fenantridina (1) puede reducirse en el paso h a la
dihidrofenantridina correspondiente (10} con diferentes
agentes reductores, tales como borchidruro de sodic en la
presencia de un promotor o catalizador de &cido tal como &cido
acético, o 4&cido trifluorcacético, y similares, y en un
solvente adecuado, tal como tretrahidrofurano, a una
temperatura elevada durante ocho a dieciséis horas. La
dihidrofenantridina (10) puede ser conocida también en 1la
bibliografia, o prepararse de acuerdo con métodos conocidos y
establecidos para preparar las dihidrofenantridinas
menclonadas. La dihidrofenantridina (10) puede sulfonilarse a
la sulfonamida (1l1) poniendo en contacto (10} con un cloruro

de sulfonilc (3) en la presencia de un depurador de &acido tal
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como trietilamina, diisopropiletilamina, <o @piridina, vy
similares, en un solvente adecuado tal como cloroformo, 1,2-
dicloroetano, o diclorometano de 4 a 48 horas a temperatura
ambiente. Alternativamente, la dihidrofenantridina (10) el
cloruro de sulfonilo (3) pueden calentarse a 80°C en piridina
durante varias horas para dar la sulfonamida (il). El fenol
protegido puede desprotegerse al fenol (12) como se describiéd

previamente en el paso d.
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Esquama IXIX

(5) (4A)
j. Bromo en exceso agregade durante 7 horas, &cido
acético, 50°C; e. Pd(dppf)Clz, 5% en moles, THF, NaOH 5N,
23°C-70°C, 6-12 horas. 0 k.
tetrakis(trifenilfosfinolpaladio (0), 15% en moles, Rp-
B {OR36) (OR37) (2 equivalentes) (15), NaCO; 2M (3

equivalentes), 1,4-dioxano, 100°C, 1-6 horas; d. BBr;,
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ciclohexeno, diclorometano, -30°C a temperatura ambiente,

2-24 horas.

En el esquema III, la sulfonamida ({(13) puede bromarse en el
paso j con bromo en exceso en Aacido acético glacial a 50°C
para dar (l14), seguido por la reacciédn de Suzuki en los pasos
e o k con (15); en donde R es lo definido aqui anteriormente,
en la presencia de 1%-10% de un catalizador de acoplamiento,
tal como un complejo de [1,17-
bis(difenilfosfino)ferroceno]dicloropaiadio {(IT) con
diclorometano (1:1) en tetrahidrofurano con dos equivalentes
de una solucién de hidréxido de sodio 5 N a temperatura
ambiente haata 70°C durante 6-12 horas para dar (4A).
Alternativamente, (14} puede reaccionar con dos equivalentes
de (15) en la presencia de 1%-15% de un catalizador de
acoplamiento, tal como tetrakis{trifenilfosfino)paladio (0) y
una solucién acuosa de carbonato de sodio 2 M en 1,4 dioxano a
100°C durante 1-6 horas. El1 fenol protegido (4A) puede

desprotegerse al fenol (5) como se describié anteriormente en

el paso d.
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(12) (19)

1. KBr (1,2 equivalente), (NH,)eM07024-4 H20 (1% en moles),
perborato de sodio (1,1 equivalente); e. Pd(dppf)Clz, 5%
en moles, THF, NaQH 5N, 23°C-70°C, 6-12 horas, o k.

tetrakis(trifenilfosfino)paladio (0), 158 en moles, Ra-
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B (ORas) (ORa7) (2 egquivalentes) (15), Na;C0; 2M (3
equivalentes), 1,4-dioxano, 100°C, 1-6 horas; f. R OCl o
(RC0O)20, CH2Clz, 2-12 horas; g. POCl,, acetonitrilo,
85°C, 3 horas, o Acido polifosférico, 120°C, 24-48 horas;
h. NaBHy (8 equivalentes), A4cido trifluorocacético (2
equivalentes), THF, reflujo, 8-16 horas; i. (3B) (Esquema
VII), trietilamina, CH2Cla, 4-48 hors; o (3B) (Esquema
VII), piridina, 80°C; d. BBrj, ciclohexeno, diclorometano,

2-24 horas.

En el Esquema IV, paso 1, una anilina sustituida adecuadamente
{(16) en donde T es un Atomo de yodo, o un grupo triflato (-
0S0,CFa), comercialmente disponible, conocido en la
bibllografia o preparado de acuerdo con métodos conocidos y
establecidos para 1la preparacién de esas halocanilinas o
triflatos, que incluyen procedimientos ejemplificados en 1
seccién experimental de esta solicitud; en donde Ry, Ry y Ry son
lo definido aqui anteriormente, reacciona con bromuroc cie
potasio, molibdato de amonio tetrahidratado y perborato de
sodio en Acido acético glacial a temperatura ambiente durante
tres horas para dar la 4-bromocanilina correspondiente ({(17). El
acoplamiento de la haloanilina (17) con un &cido fenilborénico
(7) definido aqui anteriormente, de acuerdo con los pasos
descritos previamente e, £, g, h, i da la 2-bromo

dihidrofenantridinosulfonamida (18). Un nuevo acoplamiento de



43

5?){

(18) con el 4&cido borénico o éster (15) definido aqui
anteriormente, de acuerdo con loa pasos descritos previamente
e 0 k da la dihidrofenantridinosulfonamida Rz-sustituida (11A).
Los fenoles protegidos (11A) o (18) pueden desprotegerse hacia

los fenoles (12) o (18) correspondientes como se desacribid

previamente para el paso d.

Esquena V
10 Rs 10 Re
s N ou

(20 (21)

(19)
1. KBr (1,2 equivalentes), (NHy)¢M0O7024*4 H0 (1% en moles),
perborato de sodio (1,1 equivalente); f. R¢COCl o (ReCO)20,
CH;Clz, 2-12 horas; g. POCl,, acetonitrilo, 85°C, 3 horas,
o #&cldo polifosférico, 120°C, 24-48 horas; h. NaBH, (8

equivalentes), 4&cldo trifluoroacético (2 equivalentes),
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THF, reflujo, B-16 horas; i. (3B), trietilamina, CH;Cla,
4-48 horas; o (3B) (Esquema VII), piridina, 80°C; d. BBrj,

ciclohexeno, diclorometano, 2-24 horas.

Como una alternativa al esquema IV, se puede emplear el
esquema V en donde la bifenilamina preformada (20) se broma de
acuerdo con el paso 1 descrito previamente, seguido por los
pasos previamente descritos f, g, h, i y optativamente d para

dar el fenol protegido (18) o el fenol desprotegido (19).

Esquema VI
Re
10 Re
Ry '“Rq _
————
n -Lo Ria—Z
Res Ry
R“ Rﬂ
H
()

m. Rja~2Z, base, solvente

Una prodroga e€s un compuesto de la Férmula (I) o de la Férmula
(II) que puede facilitar la absorcidén, inhibir o facilitar el
metabolismo, afectar la distribucién, o alterar la excrecién

del agente farmacéuticamente activo. Una prodroga puede
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convertirse en la especie farmacéutica activa mediante
transformaciones hidroliticas, enzimdticas o metabélicas. En
el Esquema VI, el fenol (5) deseado puede protegerse mediante
la alquilacién o acilacién del fenol (5) para preparar (4).
Esto puede tener el propdésito de una nueva elaboracién
sintética, o con el motivo de preparar prodrogas, metabolitos,
o conjugados de (5). En consecuencia, Riy-Z en donde R;3; es lo
definido anteriormente y 2 es un grupo saliente, tal como en
forma no taxativa un &tomo de cloro, bromo o yodo o un grupo
triflato (-0SO,CF3;) o anhidrido, o un grupo hidroxi (tal como
la composicién quimica de Mitsunobu), reacciona en condiciocnes
de alquilacién o acilacién con (5), optativamente en 1la
presencia de wuna base, tal como en forma no taxativa,
trietilamina, diilsopropiletilamina, pirldina, trifenilfosfina
o carbonato de potasio, y similares, y también optativamente
en la presencia de un promotor o catalizador conocido, tal
como 4-(N,N-dimetilamino)piridina a una temperatura de -78°C a

B0°C durante varias horas para dar el fenol protegido (4).
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Esquema VII

Ris Ris
Ry 4 I
—_—
R4 Ca Rqq
2 Rz
(22) (3A)
18 Ris
Ris R S0,CI
) 14
Ray Ris
Ria Re2
(29) (3B)

n. a. NaOH, cloroformato de etilo, agqua, 12 horas, b.
dimetilformamida, cloruro de tionilo, tolueno, 100°C, 12
horas; o. Acido clorosulfénico (2 equivalentes), 0°C hasta

temperatura ambiente, 12 horas.

En el esquema VII, paso n, un Aacido sulfénico sustituido
adecuadamente (22), comercialmente disponible, conocido en la
bibliografia, o preparado de acuerdo con métodos conocidos y
establecidos para la preparacién de esos &cidos sulfénicos,
que Iincluyen procedimientos ejemplificados en 1la seccién
experimental de esta solicitud; en donde R;;, Rj2, Riq ¥ Ri5 son
lo definido anteriormente aqui, reacciona con una base tal
como hidréxido de sodio o potasio y un cloroformato de alquilo

en agua durante hasta 12 horas, seguido por cloruro de tionilo
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en un hidrocarburo aromitico tal como tolueno hasta 100°C
durante hasta 12 horas para dar el cloruro de sulfonilo
correspondiente (3A). Alternativamente, en el esquema VI, paso
0, un anisol sustituido adecuadamente (23), disponible
comercialmente, conocido en la bibliografia, o preparado de
acuerdo con métodos conocidos y establecidos para 1la
preparacién de los anisoles mencionados, que 1incluyen
procedimientos ejemplificados en la seccién experimental de
esta solicitud; en donde Rj;i, Riz, Riq ¥ Ris son los definidos
anteriormente, reaccionan con dos equivalentes de A&cido
clorosulfénico a 0°C y se dejé agitar a temperatura ambiente
durante hasta 12 horas para dar el cloruro de sulfonilo
correspondiente (3B). Las estructuras (3R) y (3B) son
realizaciones especificas de 1la estructura (3) y pueden
sustituirse por el (3) mAs general en los esquemas donde

corresponda.

7B

1%
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Esquema VIII

1 s
Ris p H‘:u
Rqy Ry
12 12
(23) (24)
q
Ris
Rte 80,01
s Ru1
2
(38)

p- HaSO4, 20% S05, 100°C; g. PCls o dimetilformamida,

cloruro de tionilo, toluene, 100°C.

En forma similar, en el esquema VIII, paso p, el anisol (23)
reacciona con un complejo de Acido sulfirico concentrado y 20%
de tridxido de azufre a 100°C, seguido en el paso g por
pentacloruro de fésforo o dimetilformamida y cloruro de
tionilo en un hidrocarburc aromitico tal como tolueno a 100°C

para dar también (3B).

Esquema IX
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s 18
Ris r 14
ol
Ry4 Ras Ry1
1 Rz
(28) (26)
s
18 19
14 5030| t 14 SO.H(NH)
—tf
Rt Rsd Rt
12 R13
(3C) (@7)
r. R3g—-COzH, anhidrido trifluoroacético, dcido

trifluoroacético, 0°C-5°C; s. a. 6lec (18%-24%), anhidrido
trifluorocacético (2 equivalentes), &cido trifluoroacético,
0°C-5°C, b. Na,C0;, agua (para la formacién de sales); t.
dimetilformamida, cloruro de tionilo, tolueno, 100°C, 12

horas.

En el esquema IX, paso r, un fenol sustituido adecuadamente
(25), comercialmente disponible, conocido en la bibliografia,
o preparado de acuerdo con métodos conocidos y establecidos
para la preparacién de esos fenocles, que incluyen
procedimientos ejemplificados en la seccién experimental de
esta solicitud; en donde Rj;, Riz, Ris, Riq ¥ R15 son lo definido
anteriormente, reacciona con un Acido orgénico, R3—-CO;H; en

donde R3s es R definido anteriormente o R;-X-Ris—, ¥y anhidrido
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trifluorcacético o &cido trifluorocacético a una temperatura de
0°C a 5°C para dar el (26) correspondiente. El tratamiento de
(26) en el paso 8 con 6leo (18%-24%) Yy anhidrido
trifluorocacético (2 equivalentes) en &cido trifluorocacético a
una temperatura de 0°C a 5°C, sequido optativamente por
carbonato de sodio o potasio en agua, da el &cido sulfénico
libre o su sal de sodio o potasio (27) correspondiente. El
tratamiento de (27) en el paso t con dimetilformamida vy
cloruro de tionilo en un solvente de hidrocarburo aromiAtico
tal come tolueno hasta 100°C durante hasta 12 horas da el
cloruro de sulfonilo acilado (3C). El1 grupo acilado (3C) es
una realizacién especifica de 1la estructura (3) y puede
sustituirse por el (3) mAs general cuando corresponda para
formar fenoles protegidos y prodrogas de acuerdo con 1la

Férmula (I).
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Esquema X
18 Res
Ryq NHy a Rey Nf cr
———
Ria R4 Rua R4
12 2
(28) (28)
v
Ris
Ryg §0.CI
Rys Ryq
12
3)

u. NaNOz, HCl, =-10°C; v. diéxido de azufre, cloruro de

cobre (I), Acido acético, HCl, -10°C - +10°C.

En el esquema X, paso u, una para-anisidina sustituida
adecuadamente (28) comerclalmente disponible, conocida en la
bibliografia, o preparada de acuerdo con métodos conocidos y
establecidos para la preparacién de esas para-anisidinas, que
incluyen procedimientos ejemplificados en la seccién
experimental de esta solicitud; en donde Rii, Riz, Ria, Riq ¥ Ris
son lo definido aqui anteriormente, reacciona con nitrito de
sodio y 4&cido clorhidrico a -10°C para formar la sal de
diazonio (29) correspondiente. El tratamiento de (29) en el

paso v con diéxido de azufre y cloruroc de cobre (I) en é&cido
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acético y &cido clorhidrico a una temperatura de -10°C a +10°C

da el cloruro de sulfonilo (3) correspondiente.

Esquama XI
Ras Ros
Ras NH; u Ny* CF
———
Ry Ray Ray Ry
Red 30) ")
v
Ras
R4
Rs3 Ras
Ra’o
(32)

u. NaNO;, HCl, -10°C; v. diéxido de azufre, cloruro de

cobre (I), &4cido acético, HCl, -10°C a + 1Q°C

En forma anéloga, los compuestos de la Férmula (II) pueden
prepararse después de que todos los esquemas precedentes con
los materiales iniciales sustituidos apropladamente Y
reactivos, En particular, siguiendo nuevamente los pasos uy v
en el eaquema XI, una meta-anisidina adecuadamente sustituida
(30) comercialmente disponible, conocida en la bibliografia, o
preparada de acuerdo con métodos conocidos y eatablecidos para

la preparacién de las meta-anisidinas mencionadas, que
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incluyen procedimientos ejemplificados en la seccidn
experimental de esta solicitud, en donde Rai, Riz, R3az, Ra ¥ Rss
son los definidos aqui anterlormente, reacciona con nitrito de
sodio y A4cido clorhidrico a -10°C para formar la sal de
diazonio (31) correspondiente. El1 tratamiento de (31) en el
paso v con diéxido de azufre y cloruro de cobre (I) en A4cido
acético y 4cido clorhidrico a una temperatura de -10°C a +10°C
da el cloruro de sulfonilo (32) correspondiente. El cloruro de
sulfonilo (32) puede sustituirse con el cloruro de sulfonilo
(3) en cualquier esquema para dar los fenoles meta-sustituidos

o fenoles protegidos correspondientes de la Fbérmula (II).
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am. Pd{(OAc)z, KzCO;, bromuro de tetrabutilamonio, THF,
60°C, 2 - 12h; bb. NH.OAc, MeOH, 60°C; co. Cuando Rs es
hidrégeno, NaCNBH;, MeOH, 60°C, 12h; dd. (R)-(+)-2-
hidroxi-4-{2-metoxifenil)-5, 5~-dimetil-~1,3,2-

dioxafosforinano, 2-butanona; ea. (3) o (32) en donde R;;
© Ry; es metilo: trietilamina, CHzCl;, 2 - 12h; ££. K;CO,,
DMF, 100°C, 12h; gg. Cuando Rj3 © R32 es metilo: BBrs,

ciclohexeno, diclorometano, 2 - 24h.

En el Esquema XII, paso aa, un é&cido arllborénico o éster
sustituido adecuadamente (33}, comercialmente diaponible,
conocidoe en 1la bilbliografia, o preparado de acuerdo con
métodos conocidos y establecidos para la preparacién de los
dcidos arilborénicos o ésteres mencionados, que incluyen
procedimientos ejemplificados en la seccién experimental de
esta solicitud; en donde L es un d&tamo de fldor o cloro, R; a
Rie ¥ R3¢ ¥ R37 son lo definido aqui anteriormente, en la
presencla de un catalizador de acoplamiento, reacciona con una
alquil aril cetona sustituida adecuadamente (34),
comercialmente disponible, conocida en la bibliografia, o
preparada de acuerdo con métodos conocidos y establecidos para
la preparacién de las alquil aril cetonas mencionadas, que
incluyen procedimientos ejemplificados en la secclon

experimental de esta solicitud; en donde W y R¢ a Rjp son lo

b
{7")

—2L
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definido aqui anteriormente. La bifenilcetona (35) reacciona
en el pasc bb con una fuente de amonio, tal como cloruro de
amonio o© acetato de amonio, y similares, que esatan
comercialmente disponibles, o aon conocidos en la
bibliografia, en un solvente adecuado tal como metancl,
tolueno, tetrahidrofurano, l,2-dicloroetanoc y similares,
optativamente en la presencia de un catalizador &cido tal como
&cido p-toluenosulfédnicc o p-toluenosulfonato de piridinio,
seguido en un segundo paso c¢ por la reduccién del compuesto
intermedio imina con una fuente de hidruro aceptable, tal como
clanoborohidruro de sodio, borohidruro de sodio, hidruro de
litio y aluminio, o hidruro de diisobutilaluminioc, o
saimilares. El1 compuesto intermido imina puede aislarse o no
aislarse. La base del conjugado de un Rs nucledfilo adecuado
tal como metillitio, terc-butillitio y similares, puede
sustituirse con la fuente de hidruro para dar una bifenilamina
terciaria como el producto del paso cc. La bifenilamina (36)
puede separarse en sus respectivos enantiémeros (365) y (36R)
sometiendo (36) a wuna separacién quiral analitica, una
resolucién enzimética o quimica, ° una sinteais
enantioespecifica a de novo de (36S) o (36R) de acuerdo con
métodos conocidos y establecidos en la bibliografia para la
sintesis enantioespecifica de las aminas bencilicas. La
resolucién quimica del paso dd se lleva a cabo empleando un

Acido quiral adecuado, comercialmente disponible o conocido en

X

-
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la bibliografia, de acuerdo con métodos <conocidos vy
establecidos para la resolucién de aminas bencilicas. La
bifenilamina, como el racemato o enantioméricamente pura,
luego reacciona en el paso ee con (3) o (32) o un anhidrido,
en un solvente adecuado tal como acetonitrilo, 1,2-
dicloroetano, o diclorometano, y similares, optativamente en
la presencia de un depurador de #&cido tal como trietilamina,
diisopropiletilamina, piridina, o carbonato de potasio, vy
similares, y también optativamente en la presencia de un
promotor o catalizador de acilacién conocido, tal como 4-(N,N-
dimetilamino)piridina a -20°C hasta temperatura ambiente
durante varlas horas. En el paso ff, el tratamiento de 1la
sul fonamida (37) con carbonato de potasio en N,N-
dimetilformamida a 100°C durante 24-48 horas da la
fenantridina (4), u optativamente B8e puede calentar una
solucién con irradiacién de microondas generalmente durante
slete a diez minutos en solventes adecuados que conducen a
reacciones asistidas por microondas. El fenol protegido puede
desprotegerse en el paso gg al fenol (5) que 3se describid

previamente.

Los compuestos de esta invencién son dtiles en el tratamiento
del componente inflamatorio de enfermedades y en consecuencia
son particularmente Gtiles en el tratamiento de

aterosclerosls, infarto de miocardio, 1insuficiencia cardiaca

&L

)
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congestiva, artritis, enfermedad intestinal inflamatoria,
diabetes tipo 1I, osteocartritis, asma y cualquier otra
enfermedad autoinmune en humanos u otros mamiferos que
comprende administrar a un humano u otro mamifero una cantidad
eficaz antiinflamatoria de un compuesto de 1la presente

invencién.

Los compuestos representativos de esta invencién se evaluaron
en los siguientes procedimientos de ensayo farmacolégicos
comunes que demostraron la actividad antiinflamatoria para los
compuestos de esta invencién. Los procedimientos de ensayo
usados y los resultados obtenidos se describen previamente a

continuacién.

Procedimientos de Ensayo:

a) Células

Matraces T-175 de 100% células HAECT-1 confluyentes (células
endoteliales aérticas humanas inmortalizadas) se lavaron con 8
ml de HBSS (solucién salina con tampén HEPES) y se infectaron
durante cuatro horas con 6 ml de una dilucién 1:10 del virus

Ad5-wt-hERa (un vector de transfeccién de adenovirus que media

la expresién de ERao humano impulsada por el promotor de CMV)

en un medio Basal de Células Endoteliales sin rojo de fenol
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(Clonetics, San Diego, California, Catdlogo N° CC-3129) que
contiene 0,25% de albimina de suero bovino (EBM-BSA). Después
de cuatro horas las células se lavaron con EVM-BSA y se
incubaron toda la noche en el mismo medio. Después de la
incubacién durante toda la noche, las células se lavaron con
EBM-BSA y se infetaron durante 2 horas con 6 ml de una
dilucién 1:10 de Ad5-3x(NFxB), El1 virus de Luc (vector de
expresién de luciferasa de Adenovirus impulsado por 3
repeticiones del sitio 5’ de MHC NFxB al promotor de timidina
cinasa) en EBM-BSA. Después de dos horas, las células se
lavaron y se incubaron a 34°C durante 1 hora. Las células se
luego 8se lavaron, se tripsinizaron, se contaron y se
resuspendieron en 95% FBS/5% sulféxido de dimetilo a una
concentracién de 4x10% células/ml, se congelaron como alicuotas
de 1 ml o 5 ml en crio-frascos y se almacenaron a -150°C. Las

células control (sin infeccién con ER) se procesaron como

anteriormente sin infeccién con el virus AD5-wt-hERa.

Procedimiento de Ensayo de IL-6 y Creatina Cinasa (CK)

Células HAECT-1 infectadas con ERa o células control se
derritieron, se diluyeron 42x en EBM-BSA caliente, se
colocaron en placas de 96 receptdculos a 0,1 ml/receptaculo y

se incubaron durante 4 horas a 34°C. Los compuestos del ensayo
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se agregaron a las células como materiales 2x en EBM-BSA que
contienen 2 ng/ml de IL-1B (R&D Systems) y las placas de 96
recepticulos se devolvieron al incubador (34°C). Después de
15-20 horasa, alicuotas de 100 pl de medios se removieron de las

células y se ensayé su contenido de IL-6 usando un Estuche de

ELISA de IL-6 humana BioScurce. Las células posteriormente se
lavaron con 300 pl de solucitén salina con tampén de fosfato de
Dulbecco y se lisaron en 50 pl del Reactivo de Lisis de Cultivo
de Células {Promega) . Se determiné luciferasa en un
Luminémetro Wallac Victor? (Gaithersburg, MD) usando 10 pl de
lisado y mezclando con 100 ul del reactivo de Ensayo de
Luciferasa Promega. Se determiné creatina cinasa a partir del
indice de aumento en Ay, después de agregar 100 pl del reactivo

de ensayo de CC (Sigma, cat. N° 47-10) al resto del lisado de

células.

Andlisis de Datos

Para los cdlculos de ICsp y ECsgp, los valores de IL-6 media,
luciferasa o CC contra logiy de la concentracién del-compuesto
se ajustaron a una ecuacién logistica de cuatro parametros. El
valor de ECsp/ICsp, “pendiente de Hill”, limites superiores e

inferiores de la curva se estimaron en forma relterada.
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Ratones C57BL/6 sometidos a ovariectomia (16 g - 20 g)

Ratones

(Taconic} se separaron en grupos de ocho ratones cada uno.
Después de 5-7 dias de recuperacién, se alimenté a los ratones
con una dieta alimentaria o una dieta aterogénica (15,75% de
grasa, 1,25% de colesterol y 0,5% de colato de sodio) (dieta
Purina N°21539). Se admimnistré EE o el compuesto del ensayo
solamente en forma diaria mediante cebadura en un wvehiculo
metilcelulosa/tween (0,1 ml por ratédn) durante 5 samahas. Al
final del periodo experimental, se recogié el higado y ase

anotd el peso himedo uterino.

II. AnAlisis del ARN

Se preparé el ARN total del higade usando el reactivo de
Trizol (BRL). La regulacién del estrégeno y del compuesto de
genes blanco de NF-xB se verificaron mediante la reaccién en
cadena de transcriptasa-polimerasa invertida en tiempo real
(RT-PCR) usando un Sistema de Deteccidn de Secuencias ABI
PRISM 7700 de acuerdo con el protocolo del fabricante
(Applieda Biosystems). Los datos se analizaron usando el
software Detector de Secuencias vl.7 (Applied Biosystems) y se
normalizaron a GAPDH usando el conjunto de iniciadores de

Applied Biosystems.
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La siguiente tabla resume los resultados que se obtuvieron en

62

los procedimientos de los ensayos farmacoldégicos comunes que

se describleron anteriormente.

Tabla 1. Efectos de 1los compuestos ensayados sobre la

expresién de RE/NF-xB, IL-6 y CC en células HAECT-1 infectadas

con AdS5-wt-ERa.

Ejemplo RE/NFxB Intarleucina-6 Creatina Cinasa

N° ICsp Eficacia | ICsp | Eficacia | ECso Eficacia
(nM) (%)~ (nM) (%) (nM) (%)

1 422 94 ND** | ND 1004 33

2 40 103 ND ND 420 28

3 1512 97 ND ND <35%al0pM

4 54 101 ND ND 48 23

5 433 102 ND ND <35%al0uM

6 474 52 ND ND <35%al0pM

7 470 07 ND ND <35%al0pM

] 672 89 ND  |ND <35%a10pM

9 125 89 ND ND 4355 26

10 61 95 ND ND <35%alOouM

11 leB 115 ND ND 117 37

12 682 93 ND ND <35%al0pM

13 >10.000 ND ND <35%al0uM
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Ejemplo RE/NFxB Interleuocina-6 Creatina Cinasa
N° ICsg Eficacia | ICsp | Eficacia ECso Eficacia
{nM) (%)* (nM) (%) (nM} (%)
14 108 105 KD ND 157 20
15 16 99 ND ND <35%al0pM
16 2276 89 ND ND 3160 15
17 58 76 ND ND <35%a10uM
18 529 76 ND ND <35%al0pM
19 186 80 ND ND <35%al0uM
20 >10.000 ND ND <35%a10uM
21 831 85 ND ND <358al0uM
22 163 96 ND ND <35%al0uM
23 >10.000 ND ND <35%al0uM
26 >10.000 ND ND <35%al0uM
27 >10.000 ND ND <35%al0pM
28 76 98 ND ND <35%a10pM
29 234 86 ND ND <35%a10uM
30 53 76 ND ND <35%alOuM
31 254 108 ND ND <35%al0uM
32 96 96 ND ND 302 26
33 33 99 23.4 |108 91 21
34 2845 89 35 <35%al0uM
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Ejemplo RE/NFxB Interleucina-6 Creatina Cinasa
N° ICso Eficacia | ICsp | Eficacia | ECs Eficacia
(nM) (%) * {nM) (%) (nM) (%)
35 707 94 ND ND <35%al0uM
36 690 60 ND ND <35%alouM
38 >10.000 ND ND <35%alouM
39 >10.000 ND ND <35%al0pM
40 27 99 ND ND <35%al0pM
41 815 75 ND ND 429 24
42 83 99 ND ND <35%al0pM
43 >10.000 ND ND <35%aliuM
44 85 94 ND ND <35%al0pM
45 357 92 ND ND <35%alOuM
46 >10.000 ND ND <35%a10pM
47 60 89 ND ND <35%al0uM
48 525 107 ND ND <35%a10uM
49 >10.000 ND ND <35%al0uM
50 >10.000 ND ND <35%alOuM
51 56 106 ND ND 77 27
52 68 95 ND ND <35%alopM
53 764 76 ND ND <35%alouM
54 423 87 ND ND 839 24
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Ejemplo RE/NFxB Intarleucina-6 Creatina Cinasa
N° ICso Eficacia | ICsg | Eficacia ECso Eficacia
(nM) (%) * {nM) (%) (nM) (%)
55 >10.000 ND ND 239 32
56 1436 100 ND ND 750 34
57 >10.000 ND ND <35%al0uM
58 >10.000 ND ND <35%al0uM
59 1723 102 ND ND 2929 22
€0 257 95 ND ND <35%al0pM
62 120 90 ND ND <35%al0pM
63 335 89 ND ND <35%al0pM
65 241 93 ND ND <35%al0uM
67 245 79 ND ND <35%a10uM
69 235 90 ND ND <35%alopM
70 463 90 ND ND <35%al0uM
73 52 56 ND ND <35%al0puM
74 434 96 ND ND <35%al0pM
15 3928 116 ND ND <35%al0uM
76 1184 67 ND ND <35%al0uM
78 771 79 ND ND <35%al0pM
79 226 86 ND ND <35%al0uM
84 447 80 ND ND <35%al0uM
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Ejemplo RE/NFxB Interleucina-6 Creatina Cinasa

N® ICsq Eficacia | ICsp | Eficacia ECso Eficacia
(nM) (%) * (nM) (%) (nM) (%)

90 2550 108 ND ND <35%al0uM

94 382 105 ND ND <35%al0uM

95 678 89 ND ND <35%al0pM

99 ND** ND 341 [139 ND ND

100 ND ND 6.9 196 ND ND

101 ND ND 1281 |74 ND ND

102 ND ND 5.4 156 ND ND

103 ND ND 47 141 85 9

104 ND ND 171 43 9

105 ND ND 92 >100 32 17

106 ND ND 43 104 1418 22

107 ND ND 1329 |79 110 20

108 ND ND 43 92 152 11

109 ND ND ND ND ND ND

110 ND ND 2340 |38 954 -7

111 ND ND 22 114 102 33

112 ND ND 175 100 337 1

113 ND ND 173 100 284 40

114 ND ND 78 98 23

115 ND ND a1 102 102 16




Ejemplo RE/N¥FxB Interleucina-6 Creatina Cinasa

N° ICso Eficacia | ICso | Eficacla | ECsg Eficacia
(nM) (%) * (nM) (%) (nM) (%)

116 ND ND 130 99 326 23

117 ND ND 104 101 40 8

118 ND ND 96 103 -16

119 ND ND 18 35 21

120 ND ND 6 153 10

121 ND ND 30 113 107 29

122 ND ND 464 37 B0S 14

123 ND ND 7 154 2

124 ND ND 224 19 624 4

125 ND ND 54 94 22

126 ND ND 40 99 661 61

127 ND ND ND ND ND ND

*L.os valores de eficacia estdn en relacién con la inhibicién
(procedimiento de ensayo de RE/NF-xB o IL-6) o estimulacién

{procedimiento de ensayo de CC) que se observé con E2. ND = no

determinado.

E2 inhibe la expresién de NF-xB e IL-6 en células HECT-1
infectadas con AdS5-wt-ER con un valor de ICsp de 1 nM e induce
la expresién de creatina cinasa en las mismas células con una

potencia similare (5,8 nM) (Tabla 1). En camblo, los
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compuestos de 1la presente invencién inhiben potente vy
eficazmente la expresién de NF-xB e IL-6 en células HAECT-1
infectadas con Ad5-wt-ER pero no inducen la expresién de CC
(Tabla 1) en una forma que depende de RE. La capacidad de los
compuestos de la presente invencién de inhibir la expresién de
NF-xB e IL-6 sin inducir la actividad de CC (Tabla 1) demuestra
la actividad antiinflamatoria en la ausencia de la actividad

estrogénica clasica.

Basado en los resultados obtenidos en los procedimientos de
ensayo farmacoldédgico comunes, los compuestos de la presente
invencién son compuestos antiinflamatorios selectivos que se
describen aqui que son Gtiles para el tratamiento y 1la
prevencién de enfermedades inflamatorias crénicas sin
estimular la proliferacién de células uterinas y mamarias que

se halla en los estrbégenos clésicos.

Por consiguiente, los compuestos de la invencién son tdtiles en
el tratamiento o inhibicién de 1la osteoporosis y en 1la
inhibicién de desmineralizacién ésea, que puede derivar de un
desequilibrio en la formacidén de nuevos tejidos &éseos de un
individuo y la resorciétn de tejidos mids viejos, que lleva a
una pérdida ésea neta. Ese agotamiento éseo deriva en una gama

de individuos, particularmente en mujeres postmenopdusicas,
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mujeres que han sido sometidas a ovariotomia bilateral,
aquellas que reciben o gque han recibido terapias con
corticosteroides prolongadas, aquellas que experimentan
disgénesis gonadal, y aquellas que sufren sindrome de Cushing.
Las neceaidades especiales de huesos, que incluyen huesos
dentales y orales, reemplazo, también se pueden enfrentar
usando estos compuestos en individuos con fracturaa 6éseas,
estructuras ¢&seas defectuosas, y aquellos que reciben
cirugias relacionadas con los huesos y/o la implantacién de
prétesis. Ademds de las condiciones que se describieron
anteriormente, estos compuestos se pueden utilizar en el
tratamiento o la inhibicién de ostecartritis, hipocalcenmia,
hipercalcemia, enfermedad de Piaget, osteomalacia,
ostechalisteresis, mieloma miltiple y otras formas de cancer

que tienen efectos perjudiciales sobre los tejidos éseos.

Los compuestos de esta invencién son también activos en el
cerebro y en consecuencia son ttiles para inhibir o tratar la
enfermedad de  Alzheimer, decadencia cognitiva, libido
reducilda, demencia senil, trastornos neurodegenerativos,
depresién, ansiedad, insomnio, esquizofrenia, e infertilidad.
Los compuestos de esta invencién son también ifitiles en el
tratamientoc y la inhibicién del crecimiento de tejidos
anormales benignos o malignos que incluyen glomerulosclerosis,

hipertrofia prostdtica, leiomiomas uterinos, céncer de mamas,



70

5

escleroderma, fibromatosis, endometriosis, céncer endometrial,
sindrome de ovario policistico, pélipos endometriales,
enfermedad mamaria benigna, adenomiosis, cdncer ovérico,
melanoma, céAncer de préstata, céanceres del colon, cénceres del

sistema nervioso central, tales como glioma o astioblastomia.

Los compuestos de esta invenciétn son cardioprotectores y son
antioxidanates, y son dtiles en la reduccién de los niveles de
colesterol, triglicéridos, Lipoproteina (a) (Lpl{a)) Yy
lipoproteina de baja densidad (LDL); en la inhibicién o el
tratamiento de hipercolesterolemia, hiperlipidemia, enfermedad
cardiovascular, aterosclerosis, sindrome coronario agudo,
enfermedad vascular periférica, restenosis, y vasoespasmo y en
la inhibicién de 1la lesién de las paredes vasculares
producidas por eventos celulares que producen lesién vascular

mediada inmune.

Los compuestos de la invencién son también iwdtiles en el
tratamiento de trastornos asociadso con inflamacién o
enfermedades autoinmunes, gque incluyen enfermedad intestinal
inflamatoria (enfermedad de Crohn, colitis ulcerativa, colitis
indeterminada), artritis (artritis reumatoide,
espondiloartropatias, osteoartritis, artritis soriésica,
artritis juvenil), pleuresia, isquemia/lesién de reperfuaién

(por ejemplo, ataque, rechazo de trasplantes, infarto de
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miocardio, etc), asma, enfermedad pulmonar obstructiva
crdénica, arteritis de células gigantes, prostatitis, uveltis,
soriasis, esclerosis miltiple, lupus eritematoso sistémico y

sepsis.

Los compuestos de esta invencién también son iwtiles en el
tratamiento o© 1la inhibicién de trastornos oculares que
incluyen cataratas, uveitis, y degeneracién macular y en el
tratamiento de condiciones de la piel tales como

envejecimiento, alopecia, y acné.

Los compuestos de esta invencién también son ttiles en el
tratamiento o la inhibicién de trastornos metabdlicos tales
como traatornos del metabolismo de 1lipidos, apetito (por

ejemplo anorexia nerviosa y bulimia), o diabetes tipo II.

Los compuestos de esta invencidén también son Gtiles en el
tratamiento o la inhibicién de trastornos hemorr&gicos tales
como telanglectasia hemorrdgica hereditaria, sangrado uterino

disfuncional, y choque hemorrégico.

Los compuestos de esta invencién son UGtiles en estados de
enfermedad en 1los cuales la amenorrea es ventajosa, por

ejemplo, leucemia, ablaciones endometriales, enfermedad renal
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o hepética crbénica o enfermedades o trastornos de 1la

coagulacién.

Se entiende que la dosificaclién eficaz de 1los compuestos
activos de esta invencién pueden variar seglin el compuesto
particular que se utilice, la forma de administracién, la
condicién, y su severidad, la condicién que se est& tratando,
asi como los diferentes factores fisicos relacionados con el
individuo al que 82se estd tratando. Se proyecta gque los
compuestos de esta invencién se administrardn en una
dosificacién diaria oral de 0,05 mg a 30 mg por kilogramo de
peso corporal, preferentemente se administrardn en doais
divididas de dos a seis veces por dia, o en una forma de
liberacién sostenida. Para la mayor parte de los mamiferos
grandes, la dosificacidn diaria total es de 3,5 mg a 2100 mg,
preferentemente de 3,5 mg a 5 mg. En el caso de un humano
adulto de 70 kg, la dosis diaria total generalmente es de 3,5
mg a 2100 mg y puede ajustarse para proporcionar el resultado

terapéutico dptimo.

Los compuetos de esta invenciédn pueden formularse puros o con
un portador farmacéutico para la administracién, cuya
proporclién estd determinada por la solubilidad y la naturaleza

quimica del compuesto, la via de administracién elegida y la
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practica farmacolégica habitual. El1 portador farmacéutico

puede ser sdélido o liquido.

Un portador sélido puede incluir una o mas sustancias que
también pueden actuar como agentes saborizantes, agentes
edulcorantes, lubricantes, solubilizantes, agentes de
suspensién, rellenos, deslizantes, auxiliares para la
compresién, ligantes, o agentes de desintegracién de tabletas;
también puede ser un material encapsulante. En los polvos, el
portador es un sélido finamente dividido que estd mezclado con

el ingrediente activo finamente diwvidido.

Las formas de unitarias de dosificacién sélidas o
composiciones tales como tabletas, pastillas, pildoras,
cépsulas, polvos, y 8similares pueden contener un ligante
portador sélido tal como goma de tragacanto, acacia, almidén
de maiz o gelatina; excipientes tales como fosfato dicélcico;
un agente desintegrador tal como almidén de maiz, almidén de
papa, A4cido alginico; un lubricante tal como estearato de
magnesio; y un agente edulcorante tal como sucrosa, lactosa, o
sacarina. Cuando una forma unitaria de dosificacién es una
cdpsula, puede contener, ademids de materiales del tipo
precedente, un portador 1liquido tal como un acelte graso.
Otros diferentes materiales pueden estar presentes como

recubrimientos o para modificar la forma fisica de la
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doslficacidén unitaria. Por ejemplo, las tabletas se pueden

recubrir con laca, azlicar o ambas.

Se usan portadores liquidos en la preparacién de formas de
dosificacidén 1liquidas tales como socluciones, suspensiones,
dispersiones, emulsiones, jarabes, elixires y composiciones
presurizadas. El ingrediente activo puede disolverse o
suspenderse en un portador liquido farmacéuticamente aceptable
tal como agua, un solvente orgdnico, una mezcla de ambos, o
aceites o grasas farmacéuticamente aceptables. El1 portador
liquido puede contener otros aditivos farmacéuticos adecuados
tales como solubilizadores, emulsionadores, tampones,
conservantes, edulcorantes, agentes saborizantes, agentes de
suspensién, agentes espesantes, colorantes, reguladores de la
viscosidad, eastabilizadores u osmorreguladores. Ejemplos
adecuados de portadores liquidos para la administracién oral y
parenteral incluyen agua (que contiene parcialmente los
aditivos precedentes, por ejemplo derivados de celulosa,
preferentemente wuna solucidén de carboximetilcelulosa de
sodio); alcoholes, dque incluyen alcoholes monohidricos tales
como etanol y alcoholes polihidricos tales como glicoles y sus
derivadosa; lecitinas y aceites tales como aceite de coco
fraccionado y aceite de araquis. Para 1la administracién
parenteral, el portador liquido también puede ser un éster

aceitoso tal como oleato de etilo y miristato de isopropilo.
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Los portadores liquidos estériles son idtiles en composiciones
en forma liquida estéril para la administracién parenteral. El
portador liquido para composiciones presurizadas puede ser un
hidrocarburo halogenado u otro propelente farmacéuticamente

aceptable.

Una composiciédn farmacéutica liquida tal como un jarabe o un
elixir puede contener, ademas de uno o mAs portadores liquidos
y los ingredientes activos, un agente edulcorante tal como
sucrosa, conservantes tales como metil y propil parabenos, un
colorante o un agente colorante farmacéuticamente aceptable, o
un agente saborizante tal como un saborizante de cereza o

naranja.

Las composiciones farmacéuticas liquidas que son soluciones o
suspensiones estériles pueden administrarse en forma
intraocular o parenteral, por ejemplo, mediante inyeccién
intramuscular, intraperitoneal o subcuténea. Las soluciones
estériles también pueden administrarse por via intravenosa.
Las formas farmacéuticas adecuadas para uso inyectable
incluyen soluciones o suspensiones acuosas estériles y polvos
estériles para la preparacién extemporénea de soluciones o
dispersiones inyectables estériles. En todos los casos, 1la
forma debe ser estéril y debe ser flulda siempre que exista

una inyectabilidad fé&cil. Debe ser estable en las condiciones
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de fabricacién y almacenamiento y debe preservarse contra la
acciédn contaminante de microorganismos tales como bacterias y
hongos. El1 portador puede ser un sclvente o un medio de
dispersién que contiene un portador liquido, por ejemplo,
agua, etanol, poliol {por ejemplo, glicerocl, propilenglicol y
polietilenglicol 1liquido), mezclas adecuadas de elloa, vy
aceites vegetales. El1 portador 1liquido puede mezclarse
adecuadamente con un surfactante tal como

hidroxipropilcelulosa.

Los compuestos de la presente invencién también pueden
administrarse por via rectal o vaginal en la forma de un
supositorio convencional. Para la administracién mediante
inhalacién o 1nsuflacién intranasal o intrabronquial, los
compuestos de esta invencidén pueden formularse en una' solucién
acuosa o parclalmente acuosa, que puede entonces utilizarse en
la forma de un aerosol. Los compuestos de esta invencidn
pueden administrarse en forma tépica, o también en forma
transdérmica usando un parche transdérmico que contiene el
compuesto activo y un portador que es inerte al compuesto
activo, que es no téxico para la piel, y permite 1la
administracién del agente para la absorcién sistémica en el
torrente sanguineo a través de la piel. El1 portador puede
tomar numerosas formas tales como cremas y ungllentos, paatas,

geles, y aparatos oclusivos. lLas cremas y ungllentos pueden ser
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emulsiones liquidas o semisélidas viscosas del tipo de aceite
en agua o de agua en aceite. Las pastas que comprenden polvos
absorbentes dispersados en petrdleo o petréleo hidréfilo que
contiene el ingrediente activo también pueden ser adecuados.
Una variedad de aparatos oclusivos se puede utilizar para
liberar el ingrediente activo en el torrente sanguineo tal
como una membrana semipermeable gue cubre un depdsito que
contiene el ingrediente activo con o sin un portador, o una
matriz que contiene el ingrediente activo. Otros aparatos

oclusivos son conocidos en la bibliografia.

A continuacién se describe la preparacién de compuestos
representativos de esta invencién. Se determiné que compuestos
que se describen como homogéneos eran el 98% o mis de un solo
pico (exclusivo de los enantiémeros) mediante anéAlisis
cromatografico de fase invertida analitica con una deteccién
de radiacién ultravioleta de 254 nM. Los puntos de fusién se
informan sin corregir en grados centigrados. Los datos de

radiacién infrarroja se informan comc nimeros de onda a la

absorcién mixima, Ve en centimetros reciprocos, cml. Los

datos del espectro de masa se informan como la relaciédn de
masa a carga, m/z; y para los datos del espectro de masa de
alta resolucién, se informan las masas calculadas y halladas
experimentalmente, [M+H]*, para las férmulas neutras M. Los

datos de la resonancla magnética nuclear se informan como & en
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partes por millén (ppm) en el campo debajo del esténdar,
tetrametilsilano; junto con los parémetros del solvente, el
niclec y el campo. lLas constantes de acoplamiento homonuclear
espin~-espin se informan como valores de J en hertz; y las
multiplicidades se informan como un: s, singulete; d, doblete;
t, triplete; g, cuarteto; q, quinteto; o br, ensanchado. Los
elementos o© grupos escritos en bastardilla son aquellos
responsables de los corrimientos guimicos. Las asignaciones de
corrimientos quimicos de ! NMR se hicieron mediante la
comparacién razonable con una determinacién de asignaciocnes de
corrimiento quimico total para el Ejemplo 1, Paso a. Los
rendimientos que se dan a continuacién tienen propdsitos
informativos y pueden variar de acuerdo con condiciones

experimentales y técnicas individuales.

BJEMPLO 1
Paso a)

S5-[(4-Metoxifenil) sulfonil] -6-metil-5, 6-dihidrofenantridina

Una solucién agitada de fenantridine (3,58 g, 20 mmol) en éter
dietilico anhidro (20 ml) se enfrié a -30°C y se tratd gota a
gota bajo nitrégeno a través de una jeringa con una solucién
de 1,4 M metillitio en éter dietilico (14,5 ml, 20,3 mmol). La
solucién amarilla se calenté a temperatura ambiente y se agité

durante 15 minutos. La mezcla se enfrié a -78°C y se tratd con
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cluroro de 4-metoxibencensulonilo (4,12 g, 20 mmol), como un
sdlido, en una sola alicuota. La mezcla de la reaccién se
calenté lentamente a temperatura ambiente durante una hora, se
vertié en hidréxido de sodio 1 N, y se extrajo con acetato de
etilo. La fase orgénica se lavé en secuencia con agua, una
solucién de 4cido clorhidrico 1N, y una solucién de cloruro de
sodio acuosa, saturada. Después de secar sobre sulfatoc de
sodio anhidro, la fase orgénica se filtré a través de una
columna corta de gel de silice, y el filtrado se evaporé en
vacio para dar un aceite amarillo crudo (5,3 g, 73%). El
aceite crudo se purificé mediante cromatografia preparativa
sobre una columna de Biotage® 40 Mi de gel de silice
previamente envasado (90 g), levigando con una mezcla de éter
metil terc-butilice - hexano (15:85) a una velocidad de flujo
de 40 ml/min para dar, después de la evaporacidén del solvente,
un aceite incoloro. La cristalizacién del aceite incoloro
deade una mezcla de éter dietilico - hexano dlo el campueato
del titulo (2,02 g, 5,6 mmol, 28%) como un sélido cristalino,
incoloro, homogéneo, punto de fusién 167°C-169°C.

MS [(+ESI), m/z]: 366 [M+H]’;

IR (S6lido), vasx : 1595, 1585, 1495, 1430, 1330, 1260, 1160,
1080, 770, 720 an™};

'H NMR (500 MHz, DMSO-ds) &: 7,77 (dd,, J = 7,6, 1,4 Hz, 1H,

MH-].)' 7,62 (dd; J = 7,8' 1,4 Hz, IH' AIH-4)' 7'43 (d' J =
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7,6 Hz, 1H, ArH-10), 7,42 (td, J = 7,8, 1,5 Hz, 1H, ArH-3),
7,38 (td, 7= 17,5, 1.4 Hz, 1H, Ark-2), 7,23 {(dad, J= 7,3, 1,1,
Hz, 1H, ArH-7), 7,17 (td, J = 7,3, 1,2 Hz, 1H, ArH-8), 7,12
(t¢d, J= 7,5, 1,1 Hz, 1H, ArH-9), 6,94 (ddd, J = 8,9, 2,9, 2,0
Hz, 2H, ArH’'-2',6'), 6,54 (ddd, J = 9,0, 2,9, 2,0 Hz, 2H,
ArH'-3’,5'), 5,42 (q, J = 6,9 Hz, 1H, H-6), 3,62 (s, 3H, -OCHy
4’), 1,14 (d, J= 7,0 Hz, 3H, -CHy6);
3¢ NMR (125 MHz, DMSO-ds) 5: 162,2 (s, 1C, ArC’-4’), 136,3 (s,
1C, ArC-6a), 132,5 (s, 1C, AxC-4a), 129,3 (s, 1C, ArC-1i0b),
128,8 (s, 1C, ArC-4), 128,6 (s, 2C, Arc’-2’,6"), 128,4 (s, 1lC,
ArC’-1’), 128,3 (s, 1lc, Arc-10a), 128,2 (s, 1C, ArC-3), 128,1
(s, 1C, Arc-8), 127,5 (s, 1C, ArCc-2), 127,4 (s, 1C, ArC-9),
126,0 (s, 1C, ArcCc-7), 123,7 (s, 1lc, ArxC-1), 123,1 (s, 1C, ArC-
10), 113,4 (s, 2¢C, Arc’'-3',5'), 55,5 (s, 1C, -OCH3;-4'), 53,9
(s, 1C, C-6), 21,7 (s, 1C, -CH3-6);
Experimentos adicionales (NOE, COSY, HSQC, HMBC) confirmaron
asignaciones estructurales y corrimientos quimicos;
analisis calculado para C;;H;eNO3S: C, 69,02; H, 5,24; N, 3,83.

Hallado: C, 69,19; H, 5,24; N, 3,82.

Paso b)

4-[(6-Meatilfaenantridin-5(6H)-il)sulfonil] fanol

Una suspensién agitada de 5-[(4-metoxifenil)sulfonil]-6-metil-

5,6-dihidrofenantridina (0,73 g, 2,0 mmol) y ciclohexeno (3,28
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g, 40 mmol) se traté a temperatura ambiente bajo nitrégeno con
una soluciédn de tribromuro de boro 1,0 M en diclorcmetano (12
ml, 12 nmmol). Después agitar durante cuatro horas a
temperatura ambiente, la reaccién se enfrié con metanol (20
ml) y se diluyé con diclorometano. La mezcla se lavdé en
secuencia con una solucidén de carbonato de potasio acuosa, una
solucién de cloruro sodio acuosa, saturada, y agua. La fase
orgianica se secd sobre sulfato de sodio anhidro, se filtré a
través de una columna corta de gel de silice, y se levigd con
acetato de etllo. La fase de acetato de etilo se evaporé en
vacio hacia un residuo crudo (1,0 g). El1l residuo crude se
purlficé mediante cromatografia preparativa sobre una columna
Biotage® 40 Mi de gel de silice previamente envasado (90 g)
con levigacién de gradiente de entre 10% y 30% de éter metil
terc-butilico en hexano a una velocidad de flujo de 50 ml/min.
y dio, después de la evaporacién del solvente, un aceite
incoloro. la cristalizacién del aceite incoloro desde una
mezcla de éter dietilico - hexano dio el compuesto del titulo
(0,525 g, 1,5 mmol, 75%) como un sélido cristalino, incoloro,
homogéneo, punto de fusidén 196°C-198°C.

MS [(-ESI), m/z]: 350 [M-H]";

IR (Sélido), wmx : 3360, 1600, 1585, 1430, 1325, 1150, 1080,
830, 730 cm};

4 NMR (500 MHz, DMSO-ds) &: 10,17 (br s, 1H, -OH-4’), 17,77

(dd' IJ - 7, 6' 1,5 Hz, IH' ArH-l)' 7'62 (dd, J = 7'9, 1'4 HZ,
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1H, ArH-4), 7,47 (d, J = 7,4 Hz, 1H, ArH-10), 7,41 (td, J =
1,5, 1,5 Hz, 1H, ArH-3), 7,36 (td, J = 7,5, 1,4 Hz, 1H, ArH-
2), 7,22 {dd, g = 7,3, 1,2, Hz, 1H, ArH-7), 7,18 (td, J = 7,3,
1,2 Hz, 1H, ArH-8), 7,13 (td, 0 = 7,3, 1,5 Hz, 1lH, ArH-9),
6,84 (ddd, J = 8,9, 2,9, 2,0 Hz, 2H, ArH'-27,6'), 6,33 (ddd, J
- 8,9, 2,9, 2,0 Hz, 2H, ArH’'-3’,5'), 5,40 (q, J = 7,0 Hz, 1H,
H-6), 1,12 (d, J = 7,0 Bz, 3H, -CH;-6);

130 NMR (125 MHz, DMSO-ds) &: 161,0 (s, 1C, ArC’-4’}), 136,5 (s,
1C, ArC-6a), 132,6 (s, 1C, ArC-4a), 129,3 (s, 1C, ArC-10b),
128,8 (s, 1C, ArC-4}, 128,7 (s, 2C, ArC’'-2’,6’), 128,3 (s, 1C,
ArC’-1’), 128,2 (s, 1lC, ArC-10a), 128,0 (s, 1C, ArC-3), 127,4
(s, 1C¢, - Arc-8), 127,3 (s, 1C, ArCc-2), 126,8 (s, 1C, ArC-9),
125,9 (s, 1C, ArC-7), 123,6 (s, 1C, ArC-1), 123,0 (s, 1lC, ArC-
10), 114,5 (s, 2C, Arc’-3’,5'), 53,8 (s, 1Cc, C-6), 21,8 (s,
1C, -CH;-6);

Anédlisis calculado para C;pH17NO3S: C, 68,36; H, 4,88; N, 3,99.

Hallado: C, 68,05; H, 4,84; N, 3.88.

EJEMPLO 2
Paso a)
(8)~5-[ (4-Metoxifenil) sulfonil] -6-metil-5, 6~

dihidrofenantridina¥®

Los enantiémeros de 5-[{4-metoxifenil)sulfonil]-6é-metil-5,6-

dihidrofenantridina, preprados en el Ejemplo 1, se separaron
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mediante cromatografia quiral de fase normal preparativa
automatizada en una columna Chiralpak AD® (25 cm x S cm),
levigando con 10% de 2-propanol en hexano a una velocidad de
flujo de 20 ml/min. Después de la evaporacién del solvente en
vacio, el pico uno con un tiempo de retencién de 10,2 minutos,
monitoreado 254 nm, se alslé para dar (S)-5-[(4-
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina* como un
solo enantidémero sélido blanco, punte de fusién de 183°C-
185°C; Tr = 10,2 minutos.

[@]p® = +242,9° (c = 1% solucién, CHCl,);

MS [(+ESI), m/z]: 366 [M+H]*;

3 NMR (500 MHz, DMSO-dg) &: 7,77 (dd, J = 7,8, 1,1 Hz, 1H,
ArH-1), 7,62 (dd, Jg= 7,8, 1,0 Hz, 1H, ArH-4), 7,44 - 7,36 (m,
3H, ArH-2,3,10), 7,23 (d, J= 7,4 Hz, 1H, ArH-7), 7,17 (t, J =
7,3 Hz, 1H, ArH-8), 7,12 (t, J = 17,3 Hz, 1lH, ArH-9), 6,94 (d,
J = 9,0 Hz, 2H, ArH’'-2’,6’), 6,54 (d, g = 8,9 Hz, 2H, ArH’'-
3,5'), 5,41(q, J - 6,8 Hz, 1H, H-6), 3,62 (s, 3H, -OCH)-4'),
1,13 (d, J = 7,0 Hz, 3H, CH;6);

Andlisis calculado para CaiHjsNO2S: C, 69,02; H, 5,24; N, 3,83.
Hallado: C, €8,97; H, 5,26; N, 3,59.

*La configuraciédn estereoquimica no es absoluta y se asignd

arbitrariamente.

Paso b)

4-{[ (8) -6-Matilfenantridin-5(6H) -il]lsulfonil}fenol*
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El compuesto del titulo se preparé6 a partir de ($)-5-[(4-
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina (0,32 gq,
1,02 mmol), ciclohexeno (0,26 ml, 2,54 mmol) y tribromuro de
boro 1,0 M en diclorometano (6,1 ml, 6,1 mmol) de acuerdo con
el procedimiento y en la misma forma que se describié en el
Ejemplo 1, paso b. El producto crudo se purificé mediante
cromatografia de columna sobre gel de silice, levigando con
diclorometano, para dar 4~-{[(S)-6-metilfenantridin-5(6H)-
il)sulfenil}fenol* (0,25 g, 0,72 mmol, 71%) como un solo
enantiémero sélido blanco, punto de fusién 176°C-178°C;

[a]p®® = +298,0° {(c = 1% solucién, CHCl;);

MS [(-ESI), m/z]: 350 [M-H] ;

'H NMR (500 MHz, DMSO-ds) &: 10,15 (s, 1H, OH-4’), 7,78 (d, J =
7,8 Hz, 1H, ArH-1), 7,61 (d, J = 7,8 Hz, 1H, ArH-4), 7,48 (d,
J= 7,5 Hz, 1H, ArH-10), 7,42 - 7,35 (m, 2H, ArH-2,3), 7,23 -
7,12 {m, 3H, ArH-7,8,9), 6,84 (d, J= 8,7 Hz, 2H, ArH’'-2’,6’),
6,33 (d, J = 8,7 Hz, 2H, ArR’'-3',5'), 5,40 (q, J = 7,0 Hz, 1H,
H-6), 1,13 (d, J= 7,0 Hz, 3H, -CH;3;-6);

Andlisis Calculado para: Cz¢H;7NO3S - 0,30 H0: C, 67,32; H,
4,97; N, 3,93. Hallado: C, 67,09; H, 4,94; N, 3,70.

*La configuracién estereoquimica no es absoluta y se asignéd

arbitrariamente.

EJEMPLO 3

Paso a)

25

gd



(R) -5-( (4-Meatoxifenil) sulfonil]-6-metil-5, 6-

dihidrofenantridina¥

Los enantiémeros de 5-[(4-metoxifenil)sulfonil]-6-metil-5, 6~
dihidrofenantridina, preparados en el Ejemplo 1, se separaron
mediante cromatografia quiral de fase normal preparativa
automatizada sobre una columna Chiralpak AD® (25 cm x 5 cm),
levigando con 10% de 2-propanol en hexano a una velocidad de
flujo de 20 ml/min. Después de la evaporacién del solvente en
vacio, el pico dos con un tiempo de retencién de 12,5 minutos,
monitoreado a 220 nm, se aisldé para dar (R)-5-[(4-
metoxifenil)sulfonil)-6-metil-5, 6-dihidrofenantridina¥ como un
sclo enantibémero sélido blanco, punto de fusién 183°C-185°C;

Tg = 12,5 minutos

[a)p?® = -239,02° (c = 1% solucidén, CHCls);

MS [(+ESI), m/z]: 366 [M+H]*;

'H NMR (500 MHz, DMSO-ds) &: 7,77 (d, J = 7,6 Hz, 1H, ArH-1),
7,62 (d, J = 7,6 Bz, 1H, ArH-4), 7,44 - 7,36 (m, 3H, ArH-
2,3,10), 7,23 {(d, 5= 7,3 Hz, 1H, ArH-7), 7,17 (¢, J= 7,3 Hz,
1H, Arh-8), 7,12 (t, J = 7,4 Hz, 1H, ArH-9), 6,94 (dd, J =
11,4, 2,7 Hz, 2H, ArH’'-2',6'), 6,54 (4, J = 8,9 Hz, 2H, ArH’'-
3,5'), 5,41{(q, J = 6,9 Hz, 1H, H-6), 3,62 (s, 3H, -OCHy-4'}),
1,13 (4, J= 7,0 Hz, 3H, -CHsb6);

Andlisis calculado para: CzH3gNO;S: C, 69,02; H, 5,24; N,

3,83. Hallado: C, 69,34; H, 5,51; N, 3,6.
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*La configuracién estereoquimica no es absoluta y se asigné en

forma aleatoria.

Paso b)

4-{[ (R) -6-Metilfanantridin-5(6H) -il] sulfonil}fenol¥

El compuesto del titulo se prepard a partir de (R)-5-[(4-
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina (0,38 g,
1,04 mmol), ciclohexeno {0,27 ml, 2,61 mmol), y tribromuro de
boro 1,0 M en diclorometano (6,27 ml, 6,27 mmol) de acuerdo
con el procedimiento y en la misma forma que se describié en
el Ejemplo 1, paso b. El producto crudo se purificé mediante
cromatografia rédpida asobre gel de silice, levigando con
diclorometano, para dar 4-{[(R)-6-metilfenantridin~5 (6H)-
il]sulfonil}fenol* (0,26 g, 0,74 mmol, 71%) como un solo
enantiémero s6lido blanco, punto de fusién 181°C-183°C.

[a]p?® = ~287,07° (c = 4.33 mg / 50 mL, CHClj3);

MS [(-ESI), m/z]: 350 [M-H]";

MS [(+ESI), m/z): 352 [M+H]*;

H NMR (500 MHz, DMSO-ds) 5: 10,17 (s, 1H, OH-4’), 7,78 (d, J =
7,8 Hz, 1H, ArH-1), 7,61 {(d, J = 7,8 Hz, 1H, ArH-4), 7,48 (d,
J= 17,5 Hz, 1lH, ArH-10), 7,42 - 7,35 (m, 2H, ArH-2,3), 7,23 -
7,12 (m, 3H, ArH-7,8,9), 6,84 (d, J = 8,7 Hz, 2H, ArH’'-2’,6'),
6,33 (d, J = 8,7 Hz, 2H, ArH’'-3',5'), 5,40 (q, J = 7,0 Hz, 1H,

H_G)' 1' 13 ld, J - 7’0 Hz, BH' -CHJ-G),.

25
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Anélisis calculado para CzH,7NO3S ° 0,50 H;0: C, 66,65; H,
5,03; N, 3,89. Hallado: C, 66,60; H, 4,77; N, 3,61,
*La configuracidén estereoquimica no es absoluta y se asigné

arbitrariamente.

EJEMPLO 4
Paso a)
2-Bromo-5-[ (4-metoxifenil) sulfonil] -6-metil-5, 6~

dihidrofenantridina

Una suspensién agitada de 5-{(4-metoxifenil)sulfonil]-6-metil-
5, 6-dihidrofenantridina (0,73 g, 2,0 mmol) se calenté a 50°C
en &cido acético glacial (20 ml) y se traté gota a gota
durante giete horas con bromo en exceso (1,92 g, 12 mmol).
Después de enfriar a temperatura ambiente, la mezcla de la
reaccién se diluyé con acetato de etilo y el precipitado se
filtrd. E1 filtrado de fase orgénica se lavd en secuencia con
una soluciédn de tiosulfato de sodio acuoso, saturado, una
solucién de &cido clorhidrico 1 N, y agua. La fase orgénica se
lavé nuevamente en secuencia con una solucién de hidréxido de
sodio acuoso 2,5 N hasta que se obtuvo un extracto basico,
agua y una solucién de cloruro de sodio acuoso saturado. La
fase orgédnica se secé sobre sulfato de sodio anhidro, se
filtré a través de una columna corta de gel de silice, y el

solvente se removid en vacio para dar un sélido amarillo crudo
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(0,75 g, 1,7 mmol, 85%). El sélido crudo se purificé mediante
cromatografia preparativa en una columna Biotage® 40 Mi de gel
de s8ilice previamente envasada (90 g), levigando con una
mezcla de éter metil terc-butilico - hexano (15:85) a una
velocidad de flujo de 40 ml/min para dar, después de la
evaporacién del solvente, un sélido. La cristalizacién del
s86lido a partir de una mezcla de éter dietilico-hexano dioc el
compuesto del titulo (0,43 g, 0,97 mmol, 48%) como un sélido
cristalino incoloro homogéneo, punto de fusidén 192°C-194°C;

MS [(+ESI), m/z]: 444/446 [M+H]', contiene un &tomo de bromo;
IR (86lido), vmsx : 1595, 1585, 1495, 1440, 1330, 1260, 1160,
1080 em™?;

'H NMR (500 MHz, DMSO-dg} 5: 7,99 (d, J = 2,3 Hz, 1lH, ArH-1),
7,62 {dd, J = 8,6, 2,1 Hz, 1lH, ArH-3), 7,57 (d, J = 8,6 Hz,
1H, ArH-4), 7,52 (d, J = 7,6 Hz, 1lH, ArH-10), 7,26 (dd, J =
1,5, 1,1, Hz, 1H, ArH-7), 7,22 (td, = 17,3, 1,1 Hz, 1lH, ArH-
8), 7,14 (td, o= 17,3, 1,1 Hz, 1H, ArH-9), 7,01 (ddd, J = 8,9,
2,9, 2,0 Hz, 2H, ArH’-2’,6'), 6,58 (ddd, J = 8,9, 2,9, 2,0 Hz,
2H, ArH’-3’,5"), 5,44 (g, J = 7,0 Hz, 1H, H-6), 3,64 (s, 3H, -
OCHy-4'), 1,15 (d, J = 7,0 Hz, 3H, -CH;-6)};

13c NMR (125 MHz, DMSO-ds) &: 162,4 (s, 1C, ArC’-4'), 136,4 (s,
1C, ArC-6a), 131,8 (s, 1C, ArC-4a), 131,5 (s, 1C), 131,0 (s,
1¢), 130,8 (s, 1Cc), 128,8 (s, 1lc), 128,7 (s, 2C, ArH’-2’,6'),
128,2 (s, 1lc, Arc’'-1’), 127,5 (s, 1C), 1.27,0 (s, 1C}, 126,4

(s, 1C), 126,1 (s, 1c), 123,5 (s, 1C), 120,4 (s, 1C), 113,6
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(B' zc' AJ’.‘C' -3"5'), 55'5 (8' IC' -OC-'H;—‘I'), 53'8 (S, 1C’ C—G),

21,8 (s, 1C, -CH3-6);
Anélisis calculado para C; H;gBrNO;S: c, 56,76; H, 4,08; N,

3,15. Hallado: C, 56,77; K, 4,04; N, 2,97.

Paso b)

4-[(2-Bromo-6-metilfenantridin-5(68)-il) sulfonil]fanol

Una suspensitén agitada de 2-bromo-5-[(4-metoxifenil)sulfonil]-
6-metil-5, 6-dihidrofenantridina (333 mg, 0,75 mmol) Yy
cliclohexeno (1,64 g, 20 mmol) se traté a temperatura ambiente
balo nitrégeno con una solucién de tribromuro de boro 1,0 M en
diclorometano (5 ml, 5 mmol). Después de agitar durante cuatro
horas a temperatura ambiente, la reaccién se enfrié con
metanol (20 ml) y se diluyé con diclorometano. La mezcla se
lavd en secuencia con una solucién de carbonato de potasio
acuoso, una solucién de cloruro de sodio acuoso, saturado y
agua. La fase orgédnica se secd sobre sulfato de sodio anhidro,
se flltré a través de una columna de gel de silice, y se
levigé con acetato de etilo. La fase de acetato de etilo se
evapord en vacio a un residuo naranja crudo (0,5 g). El
residuo crudo se purificé mediante crematografia preparativa
sobre una columna Biotage® 40 M1 de gel de silice previamente
envasada (90 g) con levigacién de gradiente de entre el 10% y

elo 30% de éter metil terc-butilico en hexano a una velocidad
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de flujo de 50 ml/min; y dio, después de la evaporaclédn del
solvente, un aceite incoloro. La cristalizacién del acelte
incoloro a partir de una mezcla de éter dietilico-hexano dio
el compuesto del titulo (0,220 g, 0,51 mmol, 68%) como un
sélido cristalino blancuzco homogéneo, punto de fusién 201°C-
203°C;

MS [(-ESI), m/z]: 428/430 [M-H] , contiene un aAtomo de bromo;
IR (S6lido), vaax : 3390, 1600, 1585, 1495, 1430, 1325, 1150,
1130, 1080, 1070, 830 ecm™;

'H NMR (500 MHz, DMSO-ds) 5: 10,21 (br s, 1lH, -OH-4'), 7,97
(d,, J = 2,1 Hz, 1lH, ArH-1), 7,59 (dd, J = 8,6, 2,1 Hz, 1lH,
ArH-3), 7,54 (d, J = 8,6 Hz, 2H, ArH-4,10), 7,24 (dd, J = 7,4,
1,6, Hz, 1lH, ArH-7), 7,21 (td, 0 = 7,4, 1,0 Hz, 1H, ArH-8),
7,14 (td, J = 7,3, 1,4 Hz, 1H, ArH-9), 6,89 (ddd, J = 8,8,
2,9, 2,0 Hz, 2H, ArH’-2',6'), 6,36 (ddd, = 8,7, 2,9, 2,0 Hz,
2H, ArH’-3',5'), 5,41 (qp J = 7,0 Hz, 1H, H-6), 1,13 (d, J =
7,0 Hz, 3H, -CH3-6);

3c NMR (125 MHz, DMSO-ds) 5: 161,2 (s, 1C, ArC’-4’), 136,6 (s,
ic, Arc-6a), 132,0 (s, 1C, ArC-4a), 131,4 (s, 1C), 130,9 (s,
ic), 130,7 (s, 1c), 128,8 (s, 1lC), 128,7 (s, 2C, ArC'-2',6'),
127,5 (s, 1c), 127,1 (s, 1lcC), 126,6 (s, 1c), 126,3 (s, 1C),
126,0 (s, 1c), 123,4 (s, 1C), 120,2 (s, 1C), 114,77 (s, 2C,
ArCc’-3’,5"), 53,7 (s, 1C, C-6), 21,8 (s, 1C, —-CH3-6);

Andlisis calculado para CxH;BrNO;S: C, 55,82; H, 3,75; N,

3,25. Hallado: C, 55,5; H, 3,63; N, 3,15.



EJEMPLO 5
Paso a)
5-[{4-Matoxi-3-metilfenil)sulfonil]-6-metil-5,6-

dihidrofenantridina

El compuesto del titulo se prepar6 a partir de fenantridina
(1,79 g, 10 mmol), metillitio 1,4 M en éter dietilico (7,25
ml, 10,15 mmol) y cloruro de 4-metoxi-3-metil-bencenosulfonilo
(2,21 g, 10 mmol) de acuerdo con el procedimiento y en la
misma forma que se describié en el Ejemplo 1, paso a; y dio
después de la purificacién cromatogré&fica y la cristalizacién
a partir de una mezcla de acetato de etilo-hexano, 5-[(4-
metoxi-3-metilfenil)sulfonil]-6-metil~5, 6-dihidrofenantridina
(2,1 g, 5,5 mmol, 55%) como un sbélido cristalino incoloro
homogéneo, punto de fusién 171°C-173°C;

MS [(+ESI), m/z): 380 [M+H]*;

IR (Sélido), wvax @ 1600, 1580, 1490, 1440, 1330, 1270, 1165,
1124, 1080, 910, 770, 725 cm’;

'H NMR (500 MHz, DMSO-ds) &: 7,75 (dd, J = 7,6, 1,6 Hz, 1H,
ArH-1), 7,60 (dd, Jg= 7,6, 1,5 Hz, 1H, ArH-4), 7,44 - 7,35 (m,
3H, ArH-2,3,10), 7,22 (dd, = 7,4, 1,5, Hz, 1lH, ArH-7), 7,17
{td, v = 7,4, 1,2 Hz, 1H, Arp-8), 7,10 (td, J = 7,5, 1,5 Hz,
1H, ArH-9), 6,80 (dd, g = 8,7, 2,2 Hz, 1H, ArH’-6'), 6,75 (dd,

J = 2,3' 0,7 Hz, 1H, ArH'-Z'), 6'53 (d' J = 8'7 Hz; 1“, AIH'-

23%
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5’), 5,39 (g, J = 7,0 Hz, 1H, H-6), 3,65 (s, 3H, -OCH)>-4'),
1,77 (s, 3H, -CH;-3'), 1,12 (d, J = 7,1 Hz, 3H, -CHs-6);

13¢ NMR (125 MHz, DMSO-ds) 5: 160,4 (s, 1C, ArC’-4’), 136,3 (s,
1C, ArC-6a), 132,7 (s, 1C, ArC-4a), 129,5 (s, 1C, ArC-10b),
128,8 (s, 1C, Arc-4), 128,6 (s, 1c), 128,2 (s, 2c), 127,9 (s,
1¢), 127,5 (s, 1lc), 127,4 (s, 1C), 127,3 (s, 1C), 126,7 (s,
1c), 126,0 (s, 1c), 125,8 (s, 1c), 123,7 (s, 1Cc, ArC-1), 123,0
(s, 1c, Arc-10), 109,3 (s, 1C, ArC’-5’), 55,6 (s, 1C, -OCH;-
4’), 53,9 (s, 1Cc, ¢-6), 21,7 (s, 1C, -CH3-6), 15,5 (s, 1C, CHs-
3');

Andlisis calculado para C,;Ha2;NO3S: C, 69,63; H, 5,58; N, 3,689.

Hallado: C, 69,72; B, 5,33; N, 3,57.

Paso b)

2-Matil-4-[ (6-matilfaenantridin-5(6H)-il)sulfonil] fenol

El compuesto del titulo se prepard a partir de 5-{(4-metoxi-3-
metilfenil)sulfonil}-6-metil-5, 6-dihidrofenantridina (0,758 g,
2 mmol), ciclohexeno (3,28 g, 40 mmol) y tribramuro de boro
1,0 M en diclorometano (10 ml, 10 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en Ejemplo
1, paso b; y dio, después de la purificacién cromatografica y
la cristalizacién desde una mezcla de éter dietilico-hexano,

2-metil-4-[(6-metilfenantridin-5{6H)-il)sulfonil] fenol (0,577

233
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g, 1,58 mmol, 79%) como un sélido cristalino incoloro
homogéneo, punto de fusién 186°C-188°C;

MS [(+ESI), m/z]: 366 [M+H]";

MS [(-ESI), m/z]: 364 [M-H]";

IR (S6lido), wvaex = 3410, 1590, 1500, 1325, 1310, 1160, 1120,
1080, 725 em™;

IH NMR (500 MHz, DMSO-ds} &: 10,06 (br s, 1H, -OH-4’}, 17,75
(dd, o= 7,6, 1,4 Hz, 1H, ArH-1), 7,59 (dd, J = 7,9, 1,4 Hz,
1H, ArH-4), 7,44 (d, g = 7,6 Hz, 1lH, ArH-10), 7,39 (td, J =
7,5, 1,5 Hz, 1H, ArH-3), 7,35 (td, 0 = 7,5, 1,4 Hz, 1H, ArH-
2), 1,23 (dd, = 7,3, 1,1, Hz, 1lH, ArB-7), 7,18 (td, g = 7,3,
1,1 Hz, 1H, ArH-8), 7,12 (td, J = 7,6, 1,4 Hz, 1H, ArH-9),
6,71 (d, J= 2,0 Hz, 1H, ArH'-2'), 6,64 (dd, J = 8,6, 2,3 Hz,
1H, ArH’'-6’'), 6,33 (d, = 8,6 Hz, 1H, ArH’'-5'), 5,38 (q, J =
6,9 Hz, 1H, H-6), 1,74 (s, 3H, -CHy3'), 1,12 (d, J = 7,0 Hz,
3H, -CHs-6);

13c NMR (125 MHz, DMSO-ds) &: 159,2 (s, 1C, Arc’-4’), 136,5 (s,
1c, ArC-6a), 132,8 (s, 1C, ArC-4a), 129,4 (s, 1C, ArC-10b),
129,3 (s, 1c), 128,7 (s, 1c, Arc-4), 128,3 (s, 1C), 128,1 (s,
ic), 127,88 (s, 1€), 127,3 (s, 1c), 127,2 (s, 1C), 126,3 (s,
1¢), 12¢,2 (s, 1C), 126,0 (s, 1C, ArxC-7), 124,0 (s, 1C), 123,6
(s, 1C¢, Arc-1), 123,0 (s, 1lc, ArC-10), 113,3 (s, 1C, ArCc’-5'),
53,8 (s, 1C, C-6), 21,7 (s, 1C, -CH;~6), 15,4 (s, 1C, -CH3-3’);
Andlisis calculado para C;H;gNO3S: C, 69,02; H, 5,24; N, 3,83.

Hallado: C, 69,00; H, 5,20; N, 3,83.
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Ejemplo 6

Paso a)
2-Bromo-5-{ (i-netoxi-3-metilfenil)sulfonil]-6-metil-5, 6-

dihidrofenantridina

El compuesto del titulo se prepard a partir de 5-[{4-metoxi-3-
metilfenil)sulfonil]-6-metil-5, 6-dihidrofenantridina (1,4 g,
3,7 mmol) y bromo (4,0 g, 25,0 mmol) de acuerdo con el
procedmiento y en la misma forma que se describié en el
Ejemplo 4, paso a; y dio, después de la purificacién
cromatografica y la cristalizacién desde una mezcla de acetato
de etilo-hexano, 2-bromo-5-[(4-metoxi-3-metilfenil)sulfonil]-
6-metil-5, 6-dihidrofenantridina (1,0 g, 2,2 mmol, 59%) como un
86lido cristalino incoloro homogéneo, punto de fusién 219°C-
221°C;

MS [(+ESI), m/z]: 458/460 [M+H]*, contiene un &tomo de bromo;
IR (86lido), wvaax : 1590, 1580, 1490, 1480, 1440, 1330, 1260,
1170, 1130 em™;

4 NMR (500 MHz, DMSO-ds) 8: 7,96 (d, J = 2,1 Hz, 1H, ArH-1},
7,60 (dd, J = 8,6, 2,3 Hz, 1lH, ArH-3), 7,53 (d, J = B,6 Hz,
1H, ArH-4), 7,49 (d, J = 7,6 Hz, 1H, ArH-10), 7,25 (dd, J =
1,5, 1,1 Hz, 1H, ArH-7), 7,21 (td, J = 7,2, 1,0, Kz, 1H, ArH-
8), 7,11 (td, g = 7,6, 1,4 Hz, 1H, ArH-9), 6,84 (dd, J = 8,6,
2,3 Hz, 1H, ArH’-6'), 6,82 (d, J = 2,3 Hz, 1H, ArH'-2’), 6,59

(d' J = 8'6 HZ, 1H' AIH'-S'), 5'41 (q’ J = 7'0 HZ, 1H' !1-6),
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3,66 (s, 3H, -OCHs-4’), 1,79 {s, 3H, -CH3~3'), 1,13 (d, J= 17,0
Hz, 3H, -CHj;-6);

c NMR (125 MHz, DMSO-ds) &: 160,5 (s, 1C, ArC’-4'), 136,5
(s, 1C, ArC-6a), 132,0 (s, 1C, ArC-4a), 131,6 (s, 1C, ArC-
10b), 130,9 (s,1C), 130,8 (s,1C), 128,6 (s, 2C), 127,5 (s,
ic), 127,4 (s, 1¢), 127,0 (s, 1c), 126,7 (s, 1C), 126,3 (s,
1¢), 126,1 (s, 1C), 126,0 (s, 1C), 123,4 (s, 1C, ArC-1), 120,4
(s, 1C, ArC-10), 1.09,4 (s, 1C, ArC’-5'), 55,7 (s, 1C, -OCH;-
4'), 53,8 (s, 1C, C-6), 21,7 (s, 1lC, -CH3-6), 15,6 (s, 1lCc, -
CH3~3');

Experimentos de NMR adicionales (NOE) confirmaron las
asignaciones estructurales de 'H NMR y los corrimientos
quimicos; _

Anflisis calculado para  C;;HgBrNOsS: C, 57,65; H, 4,40; N,

3,06. Hallado: C, 57,67; H, 4,21; N, 2,94.

Paso b)

4-[ (2-Bromo-6-matilfenantridin-5(6H) -il)sulfonil] -2-metilfenol

El compuesto del titulo se prepard a partir de 2-bromo-5-[(4-
metoxi~3-metilfenil)sulfonil]-6-metil-5, 6-dihidrofenantridina

(0,535 g, 1,17 mmol), ciclohexeno (2,46 g, 30 mmol) vy
tribromuro de boro 1,0 M en diclorometano (8 ml, 8,0 mmol) de
acuerdo con el procedimiento y en la misma forma que se

describié en el Ejemplo 4, pasc b; y dio, después de la
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purificacién cromatogrdfica y la cristalizacidén desde una
mezcla de éter dietilice-hexano, 4-[ (2-bromo—-6-
metilfenantridin-5(6H)-1il)sulfonilj-2-metilfenol (0,348 g,
0,78 mmol, 67%) como un sélido cristalino incoloro homogéneo,
punto de fusién 193°C-195°C;

MS [(+ESI), m/z]: 444/446 [M+H]*, contiene un &tomo de bramo;
MS [(-ESI), m/z]: 442/444 [M-H] , contiene un &tomo de bromo;
IR (Sélido), wvasx : 3420, 1605, 1590, 1500, 1440, 1325, 1280,
1160, 1120 cm™?;

'H NMR (500 MHz, DMSO-dg) &: 10,13 (br s, 1H, -OH-4'), 7,96 (d,
J= 2,3 Hz, 1H, ArH-1), 7,58 {(dd, J = 8,6, 2,3 Hz, 1H, ArH-3),
7,53 (d, J = 8,6 Hz, 1H, ArH-4), 7,51 (d, J= 7,5 Hz, 1H, ArH-

10)’ 7'26 (dd, J = 7'5, 1,2 HZ, lH' A.‘I’.‘H'?), 7’22 ttd, J = 7,3'

2\

a0

0'9' HZ, IH' ArH-a)' 7'13 (td, J = 7,0, 1'4 Hz, 1H' AIH"Q), -

6,77 (d, J = 2,3 Hz, 1H, ArH’-2’), 6,68 (dd, J = 8,6, 2,3 Hz,
1H, ArH’-6'), 6,37 (d, J = 8,6 Hz, 1H, ArH’-5'), 5,40 (q, J =
7,0 Hz, 1H, H-6), 1,75 (s, 3H, -CH;-3'), 1,12 (d, J = 7,0 Hz,
3H, -CH3-6);

3c NMR (125 MHz, DMSO-ds) 5: 159,4 (s, 1C, ArC’-4’), 136,6 (s,
1C, ArC-6a), 132,1 }s, 1C, ArC-4a), 131,5 (s, 1C, ArC-10b),
130,9 (s,1C), 130,7 (s,1C), 129,3 (s, 1C), 128,5 (s, 1C),
127,5 (s, 1l¢), 127,0 (s, 1cC), 126,3 (s, 1C), 126,2 (s, 1C),
126,1 (s, 1C), 126,0 (s, 1C), 124,2 (s, 1C), 123,4 (s, 1C,
Arc-1), 120,2 (s, 1C, ArCc-10), 113,4 (s, 1C, ArC’'-5’), 53,8

(B, 1C, C-G,, 21,8 (3, lc, -ms-S), 15,4 (S, 1C, -aij-s');
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Anilisis calculado para CaH;gBrNO3S: C, 56,76; H, 4,08; N,

3,15. Hallado: C, 56,62; H, 3,74; N, 3,02.

EJEMPLO 7

Paso a)

6-Butil-5-[ (4-metoxifenil)sulfonil]-5,6-dihidrofenantridina

El compuesto del titulo se preparé a partir de fenantridina
(3,58 g, 20 mmol), n-butillitio 1,6 M en hexanos (13,0 mi,
20,8 mmol) y cloruro de 4-metoxibencensulfonilo (4,12 g, 20
mmol) de acuerdo con el procedimiento y en la misma forma que
se describié en el Ejemplo 1, paso a; y dio, después de la
purificacién cromatogrdfica y la cristalizacién desde una
mezcla de éter dietilico-hexano, 6-butil-5-[ (4-
metoxifenil)sulfonil) -5, 6-dihidrofenantridina (5,16 g, 12,6
mmol, 63%) como un sélido cristalino incoloro homogéneo, punto
de fusién 127°C-129°C;

MS [(+ESI), m/z]: 408 [M+H}*;

IR (S61ido), Vmex : 1595, 1580, 1495, 1330, 1270, 1170 cm™;

'H NMR (500 MHz, DMSO-ds) &: 7,75 (dd, J = 7,6, 1,4 Hz, 1H,
Arn-1), 7,62 (dd, J = 7,9, 1,2 Hz, 1H, ArH-4), 7,43 (d, J =
7,5 Hz, 1H, ArH-10), 7,41 (td, o = 7,6, 1,4 Hz, 1H, ArH-3),
7,36 (td, 0 = 7,5, 1,4 Hz, 1H, ArH-2), 7,20 - 7,15 (m, 2H,
ArnH-7,8), 7,11 (td, J = 7,3, 1,8 Hz, 1H, ArH-9), 6,93 (ddd, J

= 9,0, 2,9' 2'0 Hz, ZH' AI.'H'—Z',G'), 6'52 (ddd' J = 8'9, 2,9'

22
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2,0 Bz, 2H, ArH’-3',5’), 5,16 (dd, J = 9,5, 4,6 Hz, 1lH, H-6),
3,61 (s, 3H, -OCHy-4’), 1,38 - 1,19 (m, 6H, -(CHz)3sCHs), 0,B0
(t, J= 7,3 Hz, 3H, —(CHz)aiCHj); .

3¢ NMR (125 MHz, DMSO-dg) &: 162,2 (s, 1C, ArC’'-4’), 135,5 (s,
1€, ArC-6a), 132,5 (s, 1lC, ArC-4a), 129,6 (s, 1C, Arc-10b),
128,7 (s, 1C, ArC-4), 128,6 (a, 2C, ArC’-27,6’), 128,5 (s, 2C,
ArC-l0a, ArxC’-1’), 128,2 (s, 1C, Arc-3), 127,9 (s, 1C, ArC-8),
127,5 (s, 1C, arc-2), 127,4 (s, 1C, ArC-9), 126,4 (s, 1C, ArC-
1, 123,7 (s, 1C, ArC-1), 123,1 (s, 1C, ArCc-10), 113,4 (s, 2C,
Arc’'-3'’,5’), 58,0 (s, 1C, C-6), 55,5 (s, 1C, -OCH3-4'), 33,8
(s, 1C, -CHCH,CH,CH3), 27,5 (s, 1C, -CHCH,CH,CH3), 21,4 (s, 1C,
-CHCH2CH2CH3), 13,8 (s, 1C, -CHCH2CH2CH;3) ;

Analisis calculado para Cz(HzsNOsS: €, 70,73; H, 6,18; N, 3,644,

Hallado: C, 70,65; H, 6,05; N, 3,28.

Paso b)

4-[ (6-Butilfenantridin-5 {6H)~il) sulfonil)}fenol

El compuesto del titulo se prepard a partir de 6-butil-5-[(4-
metoxifenil)sulfonil]-5, 6-dihidrofenantridina (0,815 q, 2
mmol), ciclohexenc (3,70 g, 45 mmol), y tribromuro de boro 1,0
M en diclorometano (14 ml, 14 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en al
Ejemplo 1, paso b; y dio, después de la purificacién

cromatogrdfica y la cristalizacién desde una mezcla de éter
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dietilico-hexano, 4~ (6-butilfenantridin-5(6H) -
il)sulfm.'lil]fenol (0,63 g, 1,6 mmol, 80%) como un sélido
cristalino incoloro homogéneo, punto de fusién 149°C-151°C;

MS [(+ESI), m/z]: 394 [M+H]*;

MS [(-ESI), m/z]: 392 [M-H];

IR (S61ido), vax : 3320, 1600, 1590, 1500, 1430, 1310, 1280,
1130, 825, 725 em™;

H NMR (500 MHz, DMSO-dg) 5: 10,13 (s, 1H, -OH-4’), 7,75 (dd, J
= 1,6, 1,4 Hz, 1H, ArH-1), 7,60 {(dd, J = 7,8, 1,4 Hz, 1H, ArH-
4), 7,46 (d, J = 7,3 Hz, 1H, ArH-10), 7,39 {(td, J = 17,5, 1,4
Hz, 1H, ArH-3), 7,34 (td, J = 7,6, 1,4 Hz, 1H, ArH-2), 7,20 -
7,11 (m, 3H, ArH-7,8,9), 6,83 (ddd, J = 8,7, 2,9, 1,8 Hz, 2H,
ArH’-2',6'), 6,32 (ddd, J = 8,8, 2,9, 2,0 Hz, 2H, ArH'-3’,5’),
5,14 (dd, J = 9,3, 4,6 Hz, 1H, H-6), 1,39 - 1,16 (m, 6H, -
(CH;) 3CH3), 0,79 (t, J = 7,2 Hz, 3H, -(CHa)iCHs):

13c NMR (125 MHz, DMSO-ds) &: 160,9 (s, 1C, AxC'-4'), 135,7 (s,
1c, ArC-6a), 132,7 (s, 1C, ArC-4a), 129,6 (=, 1C, ArC-10b),
128,7 (s, 1lC, Arc-4), 128,6 (s, 2c, ArC'-2/,6’), 128,5 (s, 2C,
ArC-10a, ArCc’-1'), 128,1 (s, 1C), 127,8 (s, 1C)}, 127,4 (s,
ic), 127,3 (s, 1C), 127,1 (s,1C), 126,3 (s, 1C, ArC-7), 123,6
(s, 1lc, Arc-1), 123,0 (s, 1c, ArC-10), 114,5 (s, 2C, AzC’'-
3’,s'), 57,9 (s, 1c, C-6), 33,9 (s, 1C, ~CH,CHsCHCH3), 27,5 (s,
1C, =-CH;CH,CH,CH;), 21,3 (s, 1C, -CHCH2CH,CHy), 13,8 (s, 1C, -

CHzCH,;CHzCH3) ;
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Andlisis calculado para Cz3H23NO3S: C, 70,20; H, 5,89; N, 3,56.

Hallado: C, 70,09; H, 6,06; N, 3,53.

EJEMPIO 8
Paso a)
2=-Bromo-6-butil-5~[ (4-matoxifenil)sulfonil]-5,6-

dihidrofenantridina

El compuesto del titulo se preparé a partir de 6-butil-5-[(4-~
metoxifenil)sulfonil]-5, 6—-dihidrofenantridina (1,22 g, 3,0
mmol) y bromo (0,96 g, 6,0 mmol) de acuerdo con el
procedimiento y en la misma forma que se decribid en el
Ejemplo 4, paso a: y dio, después de 1la purificacién
cromatogrAfica y la cristalizacién a partir de una mezcla de
éter dletilico~hexano, 2-bromo-6~butil-5-[ (4-
metoxlfenil)sulfonil]~5, 6-dihidrofenantridina (0,72 ¢, 1,5
rmmol, 50%) como un sélido cristalino incoloro, punto de fusién
108°C~111°C;

MS [(+ESI), m/z]: 486/488 [M+H]', contiene un Atomo de bromo;
IR (Sélido), Vamx: 1590, 1580, 1490, 1450, 1330, 1260, 1160
cm™;

i NMR (500 MHz, DMSO-ds) &: 7,96 (d, J = 2,1 Hz, 1H, ArH-1),
7,60 (dd, o = 8,6, 2,1 Hz, 1H, ArH-3), 7,55 (d, J = B,6 Hz,
i1H, ArH-4), 7,50 (d, J = 7,8 Hz, 1H, ArH-10), 7,23 - 7,19 (m,

2H, ArH-7,8), 7,13 (td, J = 17,8, 2,0 Hz, 1H, ArH-9), 6,98
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(ddd, J - 8,9, 2,9, 1,8 Hz, 2H, ArH'-2’,6'), 6,56 (ddd, J =
8,9, 2,9, 1,8 Hz, 2H, ArH'-3',5'}, 5,17 (dd, J = 9,3, 4,4 Hz,
1H, H-6), 3,62 (s, 3H, -OCH;-4’), 1,37 ~ 1,20 (m, 6H, -
(CH2)3CH3), 0,80 (t, J= 7,2 Hz, 3H, -(CHz)3CHj3);

3¢ NMR (125 MHz, DMSO-dg) &6: 162,3 (s, 1C, ArxC’'-4’), 135,7 (s,
1C, ArC-6a), 131,8 (s, 1C, ArC-4a), 131,7 (s, 1C), 131,0 (s,
2C), 130,6 (s, 1C), 128,6 (s, 2C, ArC’-27,6’), 128,5 (s, 1lC),
127,5 (s, 1), 127,3 (s, 1C), 126,5 (s, 1C), 126,4 (s, 1C),
123,5 (s, 1C, ArC-10), 120,4 (s, 1C), 113,5 (s, 2C, ArC'-
3’,5%"), 57,9 (s, 1c, c-6)}, 55,5 (s, 1C, -OCH;-4’), 33,9 (s, 1lC,
-CH,CHCH2CH3), 27,5 (s, 1C, -CHaCHCH,CH3), 21,3 (s, 1lc, -
CH,CHz2CHaCHy), 13,8 (s, 1C, =-CHCH2CH;CH));

Anélisis calculado para CpHa4BrNOsS: C, 59,26; H, 4,97; N,

2,88. Hallado: C, 59,00; H, 4,B2; N, 2,75.

Paso b)

4-[ (2-Bromo-6-butilfenantridin-5 (6H) ~11) sulfonil] fenol

El compuesto del titulo se preparé a partir de 2-bromo-6-
butil-5-[(4-metoxifenil)sulfonil]) -5, 6-dihidrofenantridina

(0,565 g, 1,16 mmol), ciclochexeno (2,46 g, 30 mmol) vy
tribromuro de boro 1,0 M en diclorometano (B8 ml, 6,0 mmol) de
acuerdo con el procedimiento y en la misma forma que se
describié en el Ejemplo 4, paso b; y dio, después de 1la

purificacién cromatografica y la cristalizacién a partir de
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una mezcla de éter dietilico-hexano, 4-[ (2-bromo-6-
butilfenantridin-5(6H)-il)sulfonil] fenol (0,404 g, 0,85 mmol,
74%) como un sélido cristalino incoloro homogéneo, punto de
fuslién 178°C-180°C;

MS [(-ESI), m/z]: 470/472 [M-H] , contiene un &tomo de bromo;
IR (S6lido), vaax: 3320, 1600, 1580, 1500, 1430, 1310, 1280,
1130, 1080, 830 cm™;

g NMR (500 MHz, DMSO-ds) 5: 10,21 (br s, 1H, -OH-4’), 7,96 (d,
J= 2,0 Hz, 1H, ArH-1), 7,58 (dd, J = 8,6, 2,1 Hz, 1lH, ArH-3),
7,54 {(d, J - 8,6 Hz, 1H, ArH-4), 7,53 (d, J = 7,8 Hz, 1H, ArH-
10), 7,22 - 7,21 (m, 2H, ArH-7,8), 7,19 - 7,13 (m, 1H, ArH-9),
6,88 (d, J = 8,7 Hz, 2H, ArH’-2’',6’), 6,35 {(d, J = 8,9 Hz, 2§,
ArH’-3',5'), 5,15 (dd, g =~ 9,2, 4,1 Hz, 1lH, H-6), 1,38 - 1,17
(m, 6H, -{CHj)3CH3), 0,80 (t, J = 7,2 Hz, 3H, -(CH2)3CHs):

3¢ NMR (125 MHz, DMSO-ds) &: 161,1 (s, 1C, ArC’-4’), 135,9 (s,
1c, Arc-6a), 132,0 (s, 1C, ArC-4a), 131,7 (s, 1C), 130,9
(s,1C), 130,6 (s, 1c), 128,7 (s, 1lc), 128,6 (s, 2C, ArC'-
2’,6’), 127,5 (s, 1), 127,3 (s, 1C), 126,8 (s, 1C), 126,5 (s,
1c), 126,3 (s, 1¢), 123,5 (s, 1C, ArcC-1l), 120,2 (s, 1C, ArC-
10), 114,7 (s, 2C, AxC’-3’,5'), 57,9 (s, 1C, C-6), 33,9 (s,
1C, -CHaCH2CH2CH3), 27,5 (s, 1C, -CHaCHCHzCH;), 21,3 (s, 1C, -
CH,CH2CH,CH3) , 13,8 (s, 1C, -CH2CHCH2CH;)

Andlisis calculado para Cy3;H22BrNOsS: C, 58,48; H, 4,69; N,

2,97. Hallado: C, 58,65; H, 4,80; N, 2,99.
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5-[ (4-Metoxifenil)sulfonil]-6~-fenil-5,6-dihidrofenantridina

Paso a)

El compuesto del titulo se prepard a partir de fenantridina
(5,37 g, 30,0 mmol), fenillitio 1,8 M en ciclohexano-éter
dietilico (70/30), (17,0 ml, 30,6 mmol), y cloruro de 4-
metoxibencensulfonilco (6,20 g, 30,0 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 1, paso a; y dio, después de 1la purificacién
cromatogridfica y la cristalizacién desde.una mezcla de éter
dietilico-hexano, 5-[{4-metoxifenil)sulfonil]-6-fenil-5, 6~
dihidrofenantridina (8,73 g, 20,4 mmol, 68%) como un sdlido

cristalino incoloro, punto de fusién 145°C-147°C.

Paso b)

4-[ (6-Fenilfenantridin-5(6H)-11) sulfonil] fenol

El compuesto del titulo se preparé a partir de 5-[(4-
metoxifenil)sulfonil]-6-fenil-5, 6-dihidrofenantridina (1,07 gq,
2,5 mmol), ciclohexeno (4,10 g, 50 mmol), y tribromuroc de boro
1,0 M en diclorometano (15 ml, 15,0 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemple 1, paso b; y dlo, después de 1la puirificacién

cromatogrAfica y la cristalizacién a partir de una mezcla de
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éter dietilico-~hexano, 4-[ (6-fenilfenantridin-5 {(6H) -
il)sulfonil] fenil (0,89 g, 2,15 mmol, 86%) como un sélido
cristal?no incoloro homogéneo, punto de fusibén 217°C-220°C;
MS [(-ESI), m/z]l: 412 [M-H]1";
IR (S6lido), vasx : 3400, 1600, 1590, 1500, 1440, 1320, 1280,
1140, 1085 cm™;
4 NMR (500 MHz, DMSO-dg) &: 10,23 (br s, 1H, -OH-4'), 7,74 (d,
J= 7,0 Bz, 1H, ArH-1), 7,58 (d, J = 8,2 Hz, 1H, ArH-10), 7,56
(dd, o = 7,8, 0,8 Hz, 1H, ArH-4), 7,40 (dd, J = 7,9, 1,5 Hz,
1H, ArH-7), 7,32 - 7,25 (m, 4H, ArH-2,3,8,9), 7,18 {(dd, J =
7,6, 71,2 Hz, 2H, 6-ArH”-3*,5*), 7,12 (t, J = 7,2 Hz, 1lH, 6-
ArH”-4"), 7,01 (d, J = 7,6 Kz, 2H, 6-ArH*-2%,6"), 6,96 (d, J =
8,7 Hz, 2H, ArH'-2’,6'), 6,49 (s, 1H, H-6), 6,39 (d, J = 8,7
Hz, 2H, ArH’-3’,5');
3c NMR (125 MHz, DMSO-dg) &: 161,2 (s, 1C, ArC’'-4’), 139,2 (s,
1¢, ArC-6a), 133,1 (s, 1C, ArC-4a), 132,8 (s, 1C), 129,6 (s,
2Cc), 128,9 (s, 2c), 128,5 (s, 1C), 128,2 (s, 4C), 128,1 (s,
2c), 127,9 (s, 1c), 127,4 (s, 1lc), 127,2 (s, 1c), 126,9 (s,
2C), 123,7 (s, 1C, ArC-1), 123,4 (s, 1C, ArC-10), 114,7 (s,
2C, ArC’-37,5'), 59,7 (s, 1C, C-6);
Andlisis calculado para CzsH1gNO3S: C, 72,62; H, 4,63; N, 3,39.

Hallado: C, 72,35; H, 4,78; N, 3,33.

BJEMPLO 10

Paso a)
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(R) -5-[ (4-Matoxifanil) sulfonil]~-6-fenil-5, 6~

dihidrofenantridina¥

Los enantidmeros de 5-[{4-metoxifenil)sulfonil]-6-fenil-5,6-
dihidrofenantridina (3,0 g, 7,02 mmol) se separaron mediante
cromatografia quiral de fase normal preparativa automatizada
sobre una columna (S,S) Whelk-O® (25 cm x 2 cm), levigando con
20% de 2-propanol en hexano a una velocidad de flujo de 20
ml/min. Después de la evaporacién del solvente en vacio, el
plco uno con un tiempo de retencién de 12,61 minutos se alslé
como un s86lido incoloro. La cristalizacién del sélido incoloro
desde wuna mezcla de é&ter dietilico-hexano dio (R)-5-[(4-
metoxifenil)asulfonill-6-fenil-5, 6-dihidrofenantridina* (1,40
g, 3,27 mmol, 47%) como un solo enantidémero cristalino
incoloro homogéneo*, punto de fusién 145°C-147°C,

Ta = 12.61 minutos

MS [(+ESI), m/z]: 428 [M+H]*;

IR (86lido), vaax @ 1595, 1580, 1495, 1440, 1340, 1260, 1155,
1095, 1025 em™;

[a]p?® = ~123,4° (c = 1% solucién, CHClj);

'H NMR (500 MHz, DMSO-dg) &: 7,74 (dd, J = 7,6, 1,2 Hz, 1H,
Ari-1), 7,56 (dd, = 17,2, 1,1 Hz, 1H, ArH-10), 7,54 (d, J =
6,0 Hz, 1H, ArH-4), 7,41 (dd, J =-7,6, 0,8 Hz, 1lH, ArH-7), 7,33
- 7,22 (m, 4H, ArH-2f3,8,9), 7,18 (t, J = 7,8 Hz, 2H, 6~ArH"-

*,5"), 1,13 (¢, J = 7,2 Hz, 1lH, 6-ArH"-47), 7,06 (ddd, J =
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9,0, 3,1, 2,9 Hz, 2H, ArH’-2',6'), 7,02 (d, J= 7,3 Hz, 2H, 6-
ArH”-27,6"), 6,59 (ddd, J= 9,0, 3,1, 2,9 Hz, 2H, ArH’-3’,5'),
6,51 (s, 1H, H-6), 3,64 (s, 3H, -OCHy4');

3c NMR (100 MHz, DMSO-dg) 5: 162,4 (s, 1C, ArC’-4'), 139,0 (s,
1¢, ArC-6a), 133,0 (s, 1C, ArC-4a), 132,6 (s, 1C), 129,7 (s,
1c), 129,6 (s, 1C), 128,7 (s, 2C, ArC'-2',6"'), 128,6 (s, 1C),
128,5 (a, 1C), 128,3 (s, 1c), 128,2 (s, 2C), 128,1 (s, 2C),
127,9 (s, 1Cc), 127,4 (s, 2C), 126,9 (s, 2C), 123,7 (s, 1cC,
ArC-1), 123,4 (s, 1C, ArC-10), 113,5 (s, 2C, Arc’-3’,5’), 59,8
(s, 1C, C-6), 55,5 (s, 1C, -OCHy-4');

Analisis calculado para CzegHz)NO3S: C, 73,05; H, 4,95; N, 3,28.
Hallado: C, 72,90; H, 5,05; N, 3,19.

*La configuracién estereoquimica no es absoluta y se asignéd

arbitrariamente.

Paso b)

4-{[(R)-6-Fenilfenantridin-5(6B) -il]sulfonil}fenol*

El compuesto del titulo se prepard a partir de (R)-5-[(4-
metoxifenil)sulfonil]-6-fenil-5, 6-dihidrofenantridina* (1,35
g, 3,16 mmol}, ciclohexeno {6,16 g, 75 mmol) y tribromuro de
boro 1,0 M en diclorometano {20 ml, 20 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 1, paso b; y dio, después de 1la purificacién

cromatogréfica y la cristalizacién desde é&ter dietilico-
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hexano, 4-{[ (R)-6-fenilfenantridin-5(6H)-11]sulfonil}fenol*
{0,691 g, 1,67 mmol, 53%) como un solo enantiémero* cristalino
incoloro homogéneo, punto de fusién 208°C-210°C;
MS [(-ESI), m/xz]: 412 [M-H]";
IR (S6lido), vaax : 3410, 1600, 1590, 1500, 1440, 1330, 1280,
1155, 1095, 1020 cm™';
[a]p®® = -141,0° (c = 1% solucién, CHCl,);
4 NMR (500 MHz, DMSO-ds) &: 10,23 (br s, 1H, -OH-4'), 7,74 (d,
J= 7,6 Hz, 1H, ArH-1), 7,58 (d, J = 8,7 Hz, 1H, ArH-10), 7,56
(dd, J = 7,8, 1,1 Hz, 1H, ArH-4), 7,41 (dd, J - 8,6, 2,0 Hz,
-1H, ArH-7), 7,32 - 7,24 (m, 4H, ArH-2,3,8,9), 7,17 (dd, g =
1.6, 7,2 Hz, 24, 6-ArH”-37,5%), 7,13 {(t, J = 17,2 Hz, 1H, 6-
ArH*-4%), 7,02 (d, J= 7,6 Hz, 2H, 6-ArH”-27,6”), 6,97 (ddd, J
= 8,9, 2,9, 1,8 Hz, 2H, ArH’'-2’,6'), 6,50 (s, 1H, H-6), 6,39
(ddd, = 8,9, 2,9, 1,8 Hz, 2H, ArH'-3',5');
3¢ NMR {125 MHz, DMSO-dg) &: 161,2 (s, 1C, Arc’-4’), 139,2 (s,
1c, ArC-6a), 133,1 (s, 1C, ArC-4a), 132,8 (s, 1C), 129,6 (s,
2C), 128,9 (s, 2C), 11.28,5 (s, 1C), 128,2 (s, 4C), 128,1 (s,
2c), 127,9 (s, 1c), 127,4 (s, 1C), 127,2 (s, 1C), 126,9 (s,
2C), 123,7 (s, 1C, ArC-1), 123,4 (s, 1C, ArC-10), 114,7 (s,
2C, ArC’-3’,5'), 59,7 (s, 1C, C-6});
Anilisls calculado para CsH;gNO3S: C, 72,62; H, 4,63; N, 3,39.
Hallado: C, 71,67; H, 4,80; N, 3,24.
*La configuracién estereoquimica no es absoluta y se asigné

arbitrariamente.



EJEMPLO 11
Paso a)
(3) -6-[ (4-Matoxifenil)sulfonil] -6-fenil-5, 6~

dihidrofenantridinat

Los enantidémeros de 5-[{4-metoxifenil)sulfonil]-6-fenil-5,6-
dihidrofenantridina (3,0 g, 7,02 mmol) se separaron mediante
cromatografia quiral de fase normal preparativa automatizada
en una columna (S,S) Whelk-O® (25 cm x 2 cm), levigando con
20% deﬁi—prOpanol en hexano a una velocidad de flujo de 20
ml/min. Después de la evaporacién del solvente en vacio, el
pico dos con un tiempo de retencién de 14,15 minutos se aislé
como un sélido incoloro. La cristalizacién del sélido incoloro
desde una mezcla de éter dietilico-~hexano dio (S)-5-[(4-
metoxifenil)sulfonil}-6-fenil-5, 6-dihidrofenantridina* como un
solo enantiémero* cristalino incoloro homogéneo (1,40 g, 3,27
mmol, 47%), punto de fusién 145°C-147°C;

Tp = 14.15 minutos

MS [(+ESI), m/z]: 428 [M+H]*;

IR (S6lido), wvasx ¢ 1595, 1580, 1495, 1440, 1340, 1260, 1155,

1095, 1025 cm™;

[a]p?® = +128,2° (c = 1% solucién, CHClj);

14 NMR (500 MHz, DMSO-dg) &: 7,73 (dd, J = 7,6, 1,2 Hz, 1H,
RIH-I), 7'56 (dd, J = 1'6, 1'2 Hz' IH' AIH-IO)' 1,54 (d| J =

6' 3 HZ, 1H' ArH—4) ’ 7' 40 (dd' J = 7, 5' 1' 1 HZ, IH' AIH-T) r
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7,33 - 7'22 ‘m' 4H, AIH’2,3,8-9), 7'18 (t' J - 7'6 .H.Z, ZH' 6"
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ArH”-3*,5")}, 7,13 (¢, J = 17,3 Hz, 1H, 6-ArH*-4"), 7,06 (ddd, J
- 8,9, 2,9, 2,7 Hz, 2H, ArH’'-2',6'), 7,02 (d, J = 7,3 Hz, 2H,
6-ArH”-2",6"), 6,59 (ddd, o = 8,9, 2,9, 2,7 Hz, 2H, ArH'-
3’,5'), 6,51 (s, 1H, H-6), 3,64 (s, 3H, -OCH3-4');

c NMR (125 MHz, DMSO-ds) &5: 162,4 (s, 1C, ArC’-4'), 139,0 (s,
1C, Arc-6a), 133,0 (s, 1C, ArC-4a), 132,6 (s, 1C), 129,7 (s,
1c), 129,6 (s, 1c)}, 128,7 (s, 2C, Arc’'-2’,6'), 128,6 (s, 1C),
128,5 (s, 1C), 128,3 (s, 1C), 128,2 (s, 2C), 128,1 (s, 2C),
127,9 (s, 1c), 127,4 (s, 2C), 127,0 (s, 2C), 123,7 (s, 1C,
ArC-1), 123,4 (s, 1lc, ArC-10), 113,5 (s, 2C, ArC’'-3’,5’), 59,8
(s, 1C, C-6), 55,6 (s, 1C, -OCH3-4');

Andlimsis calculado para CygH1NO3S: C, 73,05; H, 4,95; N, 3,28.
Hallado: C, 72,66; H, 4,89; N, 3,26.

*La configuracién estereoquimica no es absoluta y se asignéd

arbitrariamente.

Paso b)

4-{[(8)-6-Fanilfenantridin-5(6H) -il] sulfonil}fenol*

El compuesto del titulo se prepard a partir de (S)-5-[(4-
metoxifenil)sulfonil]-6-fenil-5, 6-dihidrofenantridina* (1,35
g, 3,16 mmol), ciclchexeno (6,16 g, 75 mmol), y tribromuro de
boro 1,0 M en diclorometano (20 ml, 20 mmol) de acuerdo con el

procedimiento y en la misma forma que se describié en el
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Ejemplo 1, paso b; y dio, después de 1la purificacién
cromatografica y la cristalizacién desde éter dletilico-
hexano, 4-{[(S)-6-fenllfenantridin-5(6H)-il)sulfonil}fenol*
(0,627 g, 1,52 mmol, 48%) como un solo enantidmero* cristalino
incoloro homogéneo, punto de fusién 210°C-212°C;
MS [(-ESI), m/z]: 412 (M-H]";
IR (S6lido), wvams. : 3410, 1600, 1590, 1500, 1440, 1330, 1280,
1155, 1095, 1020 cm™';
[a]p?® = +153,3° (c = 1% solucién, CHCl,);
'H NMR (500 MHz, DMSO-dg) 5: 10,22 (br s, 1H, -OH-4'), 7,74
(dd, g = 7,6, 1,4 Hz, 1lH, ArH-1), 7,58 (dd, J = 8,7, 1,8 Hz,
14, ArH-10), 7,56 (dd, J = 7,9, 0,9 Hz, 1H, ArH-4), 7,41 (dd,
J=28,7, 2,1 Hz, 1H, ArH-7), 7,32 - 7,24 {m, 4H, ArH-2,3,8.9),
7,18 (dd, g = 17,6, 7,0 Hz, 2H, 6-ArH"-3¥,5"), 7,12 (t, J= 17,0
Hz, 1H, 6-ArH”-4"), 7,02 (d, J = 7,6 Hz, 2H, 6-ArH”-2%,6"),
6,97 (ddd, 0= 8,7, 2,9, 2,7 Hz, 2H, ArH’-2',6'), 6,49 (s, 1H,
H-6), 6,39 (ddd, J= 8,9, 2,9, 2,7 Hz, 2H, ArH’-3',5');
3c NMR (125 MHz, DMSO-ds) &: 161,1 (s, 1C, ArC’-4’), 139,2 (s,
1c, ArxC-6a), 133,1 (s, 1C, ArC-4a), 132,8 (s, 1C), 129,6 (s,
2C), 128,9 (s, 2C), 128,5 (s, 1C), 128,2 (s, 4c), 128,1 (s,
2c), 127,9 (s, 1c), 127,3 (s, 1C), 127,2 (s, 1C), 126,9 (s,
2C), 123,7 (s, 1C, ArC-1), 123,4 (s, 1C, ArC-10), 114,7 (s,
2C, Arc’-3’,5'), 59,7 (s, 1c, C-6);
Andlisis calculado para CasH;sNO3S: C, 72,62; H, 4,63; N, 3,39.

Hallado: C, 72,43; H, 4,67; N, 3,28.

-y
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*La configuracién estereoquimica no es absoluta y se asigné

arbitrariamente.

EJEMPLO 12
Paso a)
2=-Bromo=-5-[ (4-metoxifenil)sulfonil]-6-fenil-5, 6-

dihidrofenantridina

Una suspensién agitada de 5-[{4-metoxifenil)sulfonil]-6-fenil-
5, 6-dihidrofenantridina (4,27 g, 10 mmol) se calenté a 50°C en
dcido acético glacial (20 ml) y se tratd gota a gota durante
tres horas con bromo en exceso (8,0 g, 50 mmol). Después de
enfriar a temperatura ambiente, la mezcla de la reaccidén se
diluyé con acetato de etilo y el precipitado se £iltré. El
filtrado de fase orgénica se lavd en secuencia con una
solucién de tiosulfato de sodio acuoso saturado, una solucién
de &cido clorhidrico 1 N, y agua. lLa fase orgédnica se lavé
nuevamente en secuencia con una soluclién de hidréxido de sodio
acuoso 2,5 N hasta que se obtuvo un extracto bdsico, agua y
una solucidén de cloruro de sodio acuoso saturado. La fase
organica ge secd sobre sulfato de sodio anhidro, se filtré a
través de una columna corta de gel de silice, y el solvente se
removid en vacio para dar un sélido amarillo crudo (4,0 g, 7,9
mmol, 79%). El sélido crudo se purificé mediante cromatografia

preparativa repetitiva en una columna Biotage® 40 Mi de gel de
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silice previamente envasado (90 g)., levigando con
diclorometano a una velocidad de flujo de 25 ml/min; para dar,
después de la evaporacién de las fracciones apropiadas, un
compuesto monobromo y un compuesto dibromo, ambos como
s6lidos. La cristalizacién del compuestc moncbromo desde una
mezcla de diclorometano-éter dietilico-hexano dio el compuesto
del titulo (1,4 g, 2,76 mmool, 28%) como un sélido cristalino

incoloro homogéneo, punto de fusién 209°C-211°C;

MS [(+ESI), m/z]): 506/508 [M+H)*, contiene un &tomo de bromo;
IR (S6lido), vax : 1590, 1580, 1500, 1490, 1440, 1330, 1270,
1170, 1020 cm™;

H NMR (400 MHz, DMSO-ds) 5: 7,94 (d, J = 1,2 Hz, 1H, ArH-1),
7,62 (dd, J = 7,6, 0,9 Hz, 1H, ArH-10), 7,49 (s, 2H, ArH-3,4),
7,43 (dd, J = 7,4, 1,3 Hz, 1H, ArH-7), 7,30 (td, J = 7,4, 1,3
Hz, 1H, ArH-8), 7,24 (td, J = 7,6, 1,4 Hz, 1H, ArH-9), 7,22 -
7,15 (m, 3H, 6-ArH”-3”7,4”,5%), 7,11 (ddd, J = 8,9, 3,0, 2,1
Hz, 2H, ArH'-2’,6'), 6,99 (dd, J = 8,2, 2,1 Hz, 2H, 6-ArH"-
2¥,6"), 6,62 (ddd, J = 9,0, 3,0, 2,1 Hz, 2H, ArH’'-3’,5’), 6,54
(s, 1H, H-6), 3,65 (s, 3H, -OCH;-4');

3¢ NMR (75 MHz, DMSO-ds) &: 162,5 (s, 1C, Arc’-4’), 138,7 (s,
1C, ArC-6a), 132,7 (s, 1C, ArC-4a), 132,3 (s, 1C), 131,8 (s,
ic), 131,1 (s, 1C), 130,6 (a, 1C), 128,8 (s, 2C, ArC’-2’,6'),
128,7 (s, 1C), 128,4 (s, 2C), 128,3 (s, 2Cc), 128,2 (s, 2C),

127,5 (s, 1¢), 126,9 (s, 2C), 126,4 (s, 1C), 123,9 (s, 1C,
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ArC-10), 120,4 (s, 1C), 113,7 (s, 2C, Arc’-3’,5'), 59,6 (s,
1C, C-6), 55,6 (3, 1C, -OCHy-4');
Andlisis calculado para CzeH2pBrNO3S: C, 61,67; H, 3,98; N,

2,77. Hallado: C, 61,56; H, 4,06; N, 2,72.

Paso b)

4-[ (2-Bromo-6-fenilfenantridin-5(6H) -1l) sulfonil] fenol

Una suspension agitada de 2-bromo-5-[(4-metoxifenil)sulfonil]-
6-fenil-5, 6-dihidrofenantridina (1,01 g, 2,0 mmol) Yy
ciclohexeno (3,70 g, 45 mmol) se tratd a temperatura ambiente
bajo nitrégeno con una solucién de tribromuro de boro 1,0 M en
diclorometano (12 ml, 12 mmol)}. Después de agitar durante dos
‘' horas a temperatura ambiente, la reaccién se enfridé con
metanol (20 ml) y se diluyé, con diclorometano. La mezcla se
lavé en secuencia con una solucién de carbonato de potasio
acuoso, una Bsoluclién de cloruro de sodio acuoso saturado, ¥y
agua. La fase orgadnica see secd sobre sulfato de sodio
anhidro, se filtré a través de una columna corta de gel de
8ilice, y se levigdé con acetato de etilo. La fase de acetato
de etilo se evapordé en vacio a un residuo naranja crudo (1,10
g). El residuo crudo se purificdé mediante cromatografia
preparativa sobre una columna Biotage® 40 M1 de gel de silice
previamente envasada (90 g) con levigacién de gradiente de

entre 10% y 30% de éter metil terc-butilico en hexanc a una
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velocidad de flujo de 50 ml/min; y dio, después de 1la
evaporacidn del solvente, un aceite incoloro. La
cristalizacién del aceite incoloro desde una mezcla de acetato
de etilo-éter dietilico-hexano dio el compuesto del titulo
(0,845 g, 1,72 mmol, B86%) como un sdélido cristalino incoloro
homogéneo, punto de fusién 262°C-265°C;

MS [(-ESI), m/z): 490/492 [M-H] , contiene un Atomo de bromo;
IR (56lido), vasx : 3400, 1600. 1590, 1500, 1490, 1440, 1430,
1330, 1145, 830, 760 cm™;

H NMR (400 MHz, DMSO-ds) &: 10,29 (s, 1H, -OH-4'), 7,95 (d, J
= 1,0 Hz, 1H, ArH-1), 7,65 (d, J = 7,8 Hz, 1H, ArH-10), 7,49

(s, 24, ArH-3,4), 7,43 (d, J= 7,2 Hz, 1H, ArH-7), 7,33 - 7,24
(m, 2H, ArH-8,9), 7,22 - 7,13 {(m, 3H, 6-ArH”-37,4”,5"), 7,02 -
6,99 (m, 4H, ArH’-2’,6', 6-ArH~-2"7,6"), 6,52 (s, 1H, H-6),
6,42 (ddd, = 8,9, 2,1, 1,9 Hz, 2H, ArH’-3',5');
3¢ NMR (75 MHz, DMSO-ds) 5: 161,4 (s, 1C, ArC’-4’), 138,9 (s,
1C, ArC-6a), 132,9 (s, 1C, ArC-4a), 132,4 (s, 1c), 131,7 (s,
1¢c), 31,0 (s, 1C), 130,5 (s, 1C), 128,9 (s, 2C), 128,6 (s,
ic), 128,4 (s, 1c), 128,3 (s, 3C), 128,2 (s, 1C), 127,5 (s,
ic), 126,9 (s, 2c), 126,7 (s, 1Cc), 126,3 (s,iCc), 123,8 (s, 1C,
ArC-10), 120,2 (s, 1C), 114,9 (s, 2C, ArC’-3’,5"), 59,6 (s,
1Cc, C-6);

Anélisis calculado para CysH;gBrNO,S: C, 60,98; H, 3,68; N,

2,84. Hallado: C, 60,69; H, 3,63; N, 2,72.
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EJENMPLO 13
Paso a)
2-Bromo-5~[ (3-bromo-4-metoxifenil)sulfonil]-6-fenil-5, 6~

dihidrofenantridina

Una suspensidén agitada de 5-{(4-metoxifenil)sulfonil]-6-fenil-
5,6-dihidrofenantridina (4,27 g, 10 mmol) se calentd a 50°C en
4cldo acético glacial (20 ml) y se tratdé gota a gota durante
tres horas con exceso de bromo (8,0 g, 50 mmol). Después de
enfriar a temperatura ambiente, la mezcla de la reaccién se
diluyé con acetato de etilo, y el precipitado se filtrd. E1
filtrade de fase organica se lavé en secuencia con una
solucién de tiosulfato de sodio acuoso saturado, una solucién
de &cido clorhidrico 1 N, y agua. La fase orgénica se lavdé en
secuencia con una solucién de hidréxido de sodio acuoso hasta
que sa obtuvo un extracto bédsico, agua y una solucién de
cloruro de sodio acucso saturado. La fase orgédnica se sechd
sobre sulfato de sodio anhidro, se filtré a través de una
columna corta de gel de silice, y el solvente se removid en
vacio para dar un 8sélido amarillo crudo (4,0 g, 7,9 mmol,
79%). El1 sdélido crudo se purificd mediante cromatografia
preparativa repetitiva sobre una columna Biotage® 40 Mi de gel
de silice previamente envasado (90 gq) levigando con
diclorometano a una velocidad de flujo de 25 ml/min; para dar

un compuestc monobromo y un compuesto dibromo, ambos como
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sélidos. La cristalizacién del compuesto dibromo desde una
mezcla de acetato de etilo-hexano dio el compeusto del titulo
(0,663 g, 1,13 mmol, 11%) como un sélido cristalino incoloro
homogéneo, punto de fusién 205°C-207°C;

MS {[(+ESI), m/z]: 5B84/586/588 [M+H]*, contiene dos &tomos de
bromo;

IR (S61ido), Wvaux : 1590, 1480, 1440, 1330, 1270, 1170 cm};

'H NMR (400 MHz, DMSO-dg) &: 7,96 (d, J = 2,1 Hz, 1H, ArH-1),
7,60 {(d, J = 7,6 Hz, 1H, ArH-10), 7,52 {dd, J = 8,6, 2,1 Rz,
14, ArH-3), 7,47 (d, J = 8,5 Hz, 1H, ArH-4), 7,47 (d, J = 8,5
Hz, 1H, ArH-7), 7,32 (td, J = 7,4, 1,2 Hz, 1H, ArH-8), 7,28
(d, J = 2,3 Hz, 1H, ArH’'-2'), 7,24 (td, J = 7,6, 1,3 Hz, 1H,
ArH-9), 7,20 (td, J = 17,4, 1,7 Hz, 2H, 6-ArH*-3”,5"), 7,15
(tt, g =17,0, 1,3 Hz, 1lH, 6-ArH"-4*), 7,07 (dd, J = 8,8, 2,3
Hz, 1H, ArH'-6’), 6,99 (dd, J = 7,1, 0,9 Hz, 2H, 6-ArH"-
2~,6")}, 6,80 (d, J = 8,8 Hz, 1H, ArH'-5’), 6,57 (s, 1H, H-6},
3,75 (s, 3H, -OCH;~-4');

Andlisis calculado para C;gHysBraNOsS: C, 53,35; H, 3,27; N,

2.39. Hallado: C, 53,18; H, 3,24; N, 2,34.

Paso b)

2-RBromo=-4-[ (2-bromo-6-fenilfanantridin~-5(6H) -il1) sulfonil] fenol
Una suspensidén agitada de 2-bromo-5-[ (3-bromo-~-4-
metoxifenil)sulfonil]-6-fenll-5, 6-dihidrofenantridina (0,527

g, 0,9 mmol) y ciclohexeno (2,05 g, 25 mmol) se tratd a
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temperatura ambiente bajo nitrégeno con una solucién de
tribromuro de boro 1,0 M en diclorometano (6 ml, 6 mmol).
Después de agitar durante dos horas a temperatura ambilente, la
reaccién se enfrié con metanocl (10 ml} y se diluyé con
diclorometano. La mezcla se lavdé en se cuencia con una
solucién de carbonatc de potasio acuoso, una solucién de
cloruro de sodio acuoso saturado y agua. La fase orginica se
secdé sobre sulfato de sodio anhidro, se filtrd a través de una
columna corta de gel de silice, y se levigé con acetato de
etilo. La fase de acetato de etllo se evaporé al vacio a un
residuo naranja crudo (0,5 g). El residuo crudo se purificé
mediante cromatografia preparativa sobre una columna Biotage®
40 M1 de gel de silice previamente envasado (90 g) con
levigacién de grdiente de entre 10% y 30% de éter metil t-
butilico en hexano a una velocidad de flujo de 50 ml/min; y
dio después de la evaporacidn del solvente un aceite incoloro.
La cristalizaclién del acite incolore desde una mezcla de
acetato de etilo-éter dietilico-hexano dio el compuesto del
titulo (0,322 g, 0,56 mmol, 63%) como un 8sdélido cristalino
incoloro homogéneo, punto de fusién 237°C-239°C;

MS [(-ESI), m/z]: 568/570/572 [M-H] , contiene dos &tomos de
bromo;

IR (S6lido), veax : 3480, 1575, 1480, 1440, 1360, 1330, 1175

cm™;

-———
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'H NMR (400 MHz, DMSO-dg) &: 11,18 (s, 1H, -OH-4’), 7,97 (d, J
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= 2,2 Hz, 1lH, ArH-1l), 7,64 {(dd, J = 7,6, 0,9 Hz, 1H, ArH-10),
7,50 (dd, J = 8,6, 2,2 Hz, 1H, ArH-3), 7,47-7,45 (m, 24, ArH-
4,7, 7,33 (td, J = 7,4, 1,2 Hz, 1H, ArH-8), 7,26 (td, J =
7,6, 1,4 Hz, 1H, ArH-9), 7,23 (d, J = 2,3 Hz, 1H, ArH’-2’),
7,20 (td, g = 17,4, 1,7 Kz, 2H, 6-ArH”-3~,5%), 7,16 (t, J= 1,0
Hz, 1H, 6-ArH"-4"), 6,99 (dd, J = 7,6, 1,4 Hz, 2H, 6-ArH*-
27,6*), 6,92 {(dd, g - 8,6, 2,4 Hz, 1H, ArH’-6’), 6,58 (d, J =
8,7 Hz, 1lH, ArH'-5'), 6,54 (s, 1lH, H-6):

1% NMR (75 MHz, DMSO-dg) &: 158,2 (s, 1C, ArC’-4’), 138,6 (s,
1Cc, ArC-6a), 132,6 (s, 1C, ArC-4a), 132,1 (s, 1C), 131,9 (=,
ic), 131,7 (s, 1ic), 131,1 (s, 1c), 130,7 (s, 1C), 128,8 (s,
1c), 128,3 (s, 2C), 128,2 (s, 4C), 127,6 (s, 2C), 127,0 (s,
2C), 11l26,4 (s, 1C), 123,8 (s, 1C, Arc-10), 120,6 (s, 1C),
115,3 (s, 1C, ArC’-5'), 109,1(s, 1C, ArC’-3'), 59,6 (s, 1C, C-
6);

Los experimentos de NMR adicionales (NOE) confirmaron las
asignaciones estructurales de H NMR y los corrimientos
quimicos;

Andlisis calculado para C;sHy7BraNO3S: C, 52,56; H, 3,00; N,

2,45. Hallado: C, 52,63; H, 3,08; N, 2,30.

EJEMPLO 14

Paso a)
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6-terc-Butil-5-[ (4-metoxifenil)sulfonil}-5, 6-

dihidrofenantridina

Una solucién agitada de fenantridina (7,16 g, 40 mmol) en
tetrahldrofurano anhidro (20 ml) se enfrié a -30°C, y se traté
gota a gota bajo nitrégeno a través de una jeringa con una
solucién de terc-butillitio 1,7 M en pentano (24 ml, 40,8
mmol). La solucidén amarilla se calenté a temperatura ambiente
y se agitd durante 15 minutos. La mezcla se enfrié a -78°C y
se tratdé con cloruro de 4-metoxibencensulfonilo (8,27 g, 40
mmol) como un sb6lido en una sola alicuota. La mezcla de la
reaccién se calentdé lentamente a temperatura ambiente durante
una hora, se verti6é en hidréxido de sodio acuocso 1 N, y se
extrajo ‘con acetato de etilo. lLa fase orginica se lavé en
secuencia con agua, una solucién de Acido clorhidrico 1 N, vy
una solucién de cloruro de sodio acuoso saturado. Después de
secar sobre sulfato de sodio anhidro, la fase orgadnica se
filtré a través de una columna corta de gel de silice, y el
filtrado se evapord en vacio para dar un aclete amarillo crudo
(16,2 g, 99%). El1 aceite crudc se purificé mediante
cromatografia preparativa sobre una columna Biotage® 40 Mi de
gel de silice previamente envasado (90 g), levigando on una
mezcla de ¢&ter metil terc-butilico-hexano (15:85) a una
velocidad de flujo de 40 ml/min para dar, después de la

evaporacién del solvente, un aceite incoloro. La
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cristalizacién del aceite incoloro desde una mezcla de éter
dietilico-hexano dio el compuesto del titulo (3,7 g, 9,1 mmol,
23%) como un sdélido cristalino incoloro homogéneo, punto de

fusién 156°C-158°C.

Paso b)

4-[ (6-tero-Butilfenantridin-5 (6H) -1il) sulfonil]fenol

El compuesto del titulo se prepardé a partir de 6-terc-butil-5-
[ (4-metoxifenil)sulfonil]-5, 6-~dihidrofenantridina (0,815 g, 2
mmol), ciclohexeno (3,28 g, 40 mmol) y tribromuro de boro 1,0
M en diclorometano (12 ml, 12 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 1, paso b; y dio, después de 1la purificacién
cromatogrdfica y la cristalizacién desde una mezcla de éter
dietilico-hexano, 4-[ (6-terc-butilfenantridin-5(6H)-
ilysulfonil] fenol (0,598 g, 1,52 mmol, 76%) como un sélide
cristalino blancuzco homogéneo, punto de fusién 192°C-194°C;

MS [(-ESI), m/z]: 392 [M-H]";

IR {S6lido), Vaaxr : 3420, 1600, 1580, 1500, 1480, 1430, 1420,
1320, 1280, 1140, 1130, 1090, 1060, B840, 750 cm™!;

'H NMR (400 MHz, DMSO-ds) 5: 10,14 (s, 1H, -OH-4’), 7,73 (dd, J
= 7,8, 1,6 Hz, 1H, ArH-1), 7,64 (dd, g = 7,9, 1,2 Hz, 1H, ArH-
4), 7,50 (dd, J = 7,8, 2,1 Hz, 1H, ArH-10), 7,38 (td, J= 7,4,

1' 6 Hz, 1“' hl.'H-3) r —,' 31 (td' J = -" 6' 1, 4 HZ, 1“, AIH"z) »
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7,1% - 7,16 {(m, 3H, ArH-7,8,9), 6.84 (ddd, 7 = 8,9, 2,1, 1,9
Hz, 2H, ArH'-2'-6'), 6,31 {(ddd, J = 8,7, 2,1, 1,9 Hz, 2H,
ArH’-3',5’), 4,94 (s, 1H, H-6), 0,70 (s, 9H, terc-butililo);

C NMR (75 MHz, DMSO-ds) 5: 160,9 (s, 1C, ArC’-4’), 134,9 (s,
1¢, ArC-6a), 131,7 (s, 1lc, ArC-4a), 130,4 (s, 1C, ArC-10b),
130,3 (s, 1C, ArcC-4), 129,1 (s, 1C, ArC-10a), 128,6 (s, 2C,
ArC’-2’,6’), 128,2 (s, 1Cc, Arc’-1’), 128,0 (s, 1C, Arc-3),
127,5 (s, 1C, ArC-9), 127,0 (s, 3C, ArC-2,7,9), 123,5 (s, 1lcC,
ArC-1), 122,88 (s, 1C, Arc-10), 114,5 (s, 2C, ArC’-3’,5'), 65,4
(s, 1¢, Cc-6), 36,8 (s, 1lC, -C(CHj3)a-6), 26,5 (s, 3C, -C({CHj3)>-
6);

Anédliisis calculado para Cz»H2aNO3S: C, 70,20; H, 5,89; N, 3,56.

Hallado: C, 69,89; H, 6,02; N, 3,54.

EJEMPLIO 15
Paso a)
(R) -6-texrc-butil-5-[ (i-metoxifenil)sulfonil]-S, 6-

dihidrofenantridina

Los enantiémeros de 6-terc-butil-5-[(4-metoxifenil)sulfonil]-
5, 6-dihidrofenantridina (4,26 g, 10,45 mmol) se separaron
mediante cromatografia quiral de fase normal preparativa
automatizada sobre una columna (S,S) Whelk-O® (25 cm x 2 cm),
levigando con 10% 2-propanol en hexano a una velocidad de

flujo de 20 ml/min. Después de la evaporacién del solvente en
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vaclio, el pico uno con un tiempo de retencién de 11,88 minutos
como un sélido incoloro. La cristalizacién del sélido incoloro
desde una mezcla de acetato de etilo-éter dietilico-hexano dio
(R)-6-terc-butil-5-[ (4-metoxifenil)sulfonil]-5, 6-
dihidrofenantridina* (1,47 g, 3,61 mmol, 35%) como un solo
enantiémero* cristalino (agujas), 4incoloro, transparente,
homogéneo, punto de fusién 157°C-158°C;

Ta = 11,88 minutos

MS [(+ESI), m/z}: 408 [M+H]*;

IR (S6lido), Vmx : 1595, 1580, 1495, 1480, 1340, 1260, 1160,
1020, 830, 740 cm’};

[alp?® = -275.16° (c = 5,257 mg / 0,526 mL, CHCli);

Pureza Enantiomérica: 99,7% mediante HPLC quiral;

!H NMR (500 MHz, DMSO-ds) 6: 7,72 (d, J = 7,6 Hz, 1H, ArH-1),
7,65 (d, J = 7,9 Hz, 1H, ArH-4), 7,46 (dd, J = 5,7, 2,4 Hz,
14, ArH-10), 7,40 (td, J= 17,3, 0,9 Hz, 1H, ArH-3), 7,33 (t, J
- 7,6 Hz, 1H, ArH-2), 7,16 - 7,13 (m, 3H, ArH-7,8,9), 6,95
(ddd, 7 - 8,7, 2,9, 2,7 Hz, 2H, ArH’-2’-6'), 6,52 (ddd, J =
8,7, 2,9, 2,7 Bz, 2H, ArhH’'-3'’,5'), 4,95 (s, 1H, H-6), 3,61 (s,
3H, -OCHy+4’), 0,71 (8, 9H, terc-butilo);

13c NMR (125 MHz, DMSO-ds) 5: 162,1 (s, 1C, ArC’-4¢), 134,8 (s,
iCc, ArC-6a), 131,5 (s, 1C, ArC-4a), 130,5 (s, 1C, ), 130,3 (s,
1¢), 129,2 (s, 1C), 128,6 (s, 1C), 128,5 (s, 2C, ArC’'-2’,6'),
128,3 (s, 1lc¢), 128,1 (s, 1c), 127,5 (s, 1C), 127,2 (s, 1C),

127,1 (3, 1C) r 123,5 (3' 1C, AIC-IO), 122,8 (B' IC), 113’3 (S,
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2c, ArC'-3’,5'), 65,5 (s, 1lc, c-6), 55,5 (s, 1C, -OCH;-4'),
36,8 (s, 1C, -C(CH;3)3-6), 26,5 (s, 3C, -C(CH3)3-6);

Analisis calculado para CyHasNO3S: C, 70,73; H, 6,18; N, 3,44.
Hallado: C, 70,48; H, 6,32; N, 3,24,

*La configuracién absoluta se determiné mediante un

experimento de difraccién de rayos X de un solo cristal.

Paso b)

4-{[ (R) -6-terc-butilfenantridin-5(6H)-il]sulfonil)fanol¥

El compuesto del titulo se preparé a partir de (R)-6-terc-
butil-5-[ (4-metoxifenil)sulfonil] -5, 6-dihidrofenantridina

(1,35 g, 3,31 mmol), ciclohexeno (6,16 g, 75 mmol), vy
tribromuro de boro 1,0 M en diclorometano (20 ml, 20 mmol} de
acuerdo con el procedimiento y en la misma forma que se
describié en el Ejemplo 12, pasoc b; y dio, después de la
purificacién cromatogréfica y 1la cristalizacién desde una
mezcla de éter dietilico-hexano, 4-{ [ (R-6-terc-
butilfenantridin-5(6H)~illsulfonil}fenol* (1,1 g, 2,8 mmo,
84%) comc un sole enantiémero* cristalino, incoloro,
homogéneo, punto de fusién 187°C-189°C;

MS [(-ESI), m/z]: 392 [M-H]";

MS [(+ESI), m/z]: 394 [M+H]*;

IR (S1iddé), wax : 3400, 1600, 1580, 1500, 1480, 1430, 1330,

1280, 1210, 1150, 1090, 1060, 830, 740 cm™;
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[a]p®® = -305.4° (c = 1% solucién, CHCl,);

Pureza Enantiomérica: 99,9% mediante HPLC quiral;

'H NMR (500 MHz, DMSO-ds) &: 10,13 (s, 1H, -OH-4'), 7,73 (d, J
- 7,8 Hz, lH, ArH-1l), 7,64 (d, J = 7,9 Hz, 1H, ArH-4), 17,50
(dd, J = 3,8, 3,2 Hz, 1H, ArH-10), 7,38 (td, 0= 7,5, 1,4 Hz,
lH, ArH-3), 7,31 (t, J =- 7,5 Hz, 1H, ArH-2), 7,19 - 7,16 (m,
3H, ArH-7,8,9), 6,85 (d, J = 8,7 Hz, 2H, ArH’-2'-6'), 6,32 (d,
J=28,7 Hz, 2H, ArH’-3’,5’), 4,94 (s, 1H, H-6), 0,70 (s, SH,
terc-butilo) ;

3c NMR (125 MHz, DMSO-ds) &5: 160,9 (s, 1C, Arc’-4’), 134,9 (s,
1C, ArC-6a), 131,7 (s, 1C, ArC-4a), 130,4 (s, 1C, Arc-10b),
130,3 (s, 1C, ArC-4), 129,1 (s, 1C, ArC-10a), 128,6 (s, 2C,
ArC’-2’,6'), 128,2 (s, 1Cc, ArC’-1’), 128,0 (s, 1C, ArC-3),
127,5 (s, 1c, Arc-8), 127,1 (s, 1C, Arc-2), 127,0 (s, 2C, ArC-
7,9), 123,5 (s, 1C, Arc-1), 122,7 (s, 1C, ArC-10), 114,5 (s,
2C, Arc’-3'’,5'), 65,4 (s, 1c, c-6), 36,8 (s, 1C, -C(CH;)3-6),
26,5 (s, 3C, -C{CH3)a-6);

Andlisis calculado para C;3HzaNO3S: C, 70,20; H, 5,89; N, 3,56.
Hallado: C, 70,17; H, 5,91; N, 3,42,

*L.a configuracién absoluta se asigndé mediante la comparacién
de las propiedades fisicas y Opticas de los materiales
iniciales y otros enantitmeros épticos, y los resultados de
los experimentos de difraccién de rayos X de un solo cristal

en (R) -6-terc-~butil-5-[ (4-metoxifenil)sulfonil]-5, 6-
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dihidrofenantridina y 4-{[(S)-6-terc-butilfenantridin-5(6H)-

il)sulfonil}fenol.

EJEMPLO 16
Paso a)
(8) ~6-tearc-butil-5-[ (i-metoxifenil) sulfonil] -5, 6~

dihidrofenantridina¥

Los enantiémeros de 6-terc-butil-5-[(4-metoxifenil)sulfonil]-
5,6-dihidrofenantridina (4,26 g, 10,45 mmol) se separaron
mediante cromatografia quiral de fase normal preparativa
automatizada en una columna (S,S) Whelk-O® (25 cm x 2 cm),
levigando con 10% de 2-propanol en hexano a una velocidad de
flujo de 20 ml/min. Después de la evaporacién del solvente en
vacio, el pico dos con un tiempo de retencién a 14,25 minutos
se aislé como un sbé6lido incoloro. La cristalizacién del sélido
incoloro desde una mezcla de acetato de etilo-éter dletilico-
hexano dio (8)-6-terc-butil-5-[(4-metoxifenil)sulfonil}-5, 6-
dihidrofenantridina* (1,47 g, 3,61 mmol, 35%) como un solo
enantiémero* cristalino, incoloro, homogéneo (agujas), punto
de fusién 156°C-158°C;

Ta = 14.25 minutos

MS [(+ESI), m/z]: 408 [M+H]*;

IR (S6lido), vux : 1595, 1580, 1495, 1480, 1340, 1260, 1160,

1020, 830, 740 cm™};

20



O

[a)p?® = +272,81° (c = 5,364 mg / 0,536 mL, CHClj);

Pureza Enantiomérica: 99,5% mediante HPLC quiral;

'H NMR (500 MHz, DMSO-dg) &: 7,73 (dd, J = 7,8, 1,1 Hz, 1H,
ArH-1), 7,65 (dd, 0 - 8,1, 1,1 Hz, 1H, ArH-4), 7,46 (dd, J =
5,5, 2,9 Hz, 1H, ArH-10), 7,40 (td, J = 7,5, 1,4 Hz, 1H, ArH-
3), 7,33 {td, g = 17,6, 1,2 Hz, 1H, ArR-2), 7,17 - 7,13 (m, 3H,
ArH-7,8,9), 6,95 (d, J = 9,0 Hz, 2H, ArH'-2'-6’), 6,51 (d, J =
9,0 Hz, 2H, ArH’-3’,5’), 4,95 (s, 1H, H-6), 3,61 (s, 3H, -OCH;-
4'), 0,71 (s, 9H, terc-butilo);

3¢ NMR (125 MHz, DMSO-ds) 5: 162,1 (s, 1C, ArC’'-4’), 134,8
(s, 1c, ArC-6a), 131,5 (s, 1C, ArC-4a), 130,5 (s, 1C}, 130,3
{s, 1lc), 129,2 (s, 1C), 128,6 (s, 1C), 128,5 (s, 2C, ArC'-
2’,6’), 128,3 (s, 1c), 1l28,1 (s, 1lc), 127,5 (s, 1lC), 127,2 (s,
ic), 127,1 (s, 1¢), 123,5 (s, 1C, ArC-10), 122,8 (s, 1C),
113,3 (s, 2c, Arc’-3’,5’), 65,5 (s, 1lc, c-6), 55,5 (s, 1C, -
OCHy-4"), 36,8 (s, 1C, -C(CHa)3-6), 26,5 (s, 3C, =C(CHy)3-6);
Andlisis calculado para Cy4H2sNO3S: C, 70,73; H, 6,18; N, 3,44.
Hallado: C, 70,69; H, 6,04; N, 3,27.

*La confiquracién absoluta se determiné mediante un

experimento de difraccién de rayos X de un solo cristal.

Paso b)

4-{[(8) -6-terc-butilfenantridin-5(6H)-il]sulfonil}fenol*

?f’
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El compuesato del titulo se prepard a partir de (S)-6-terc-
butil-5-[(4-metoxifenil)sulfonil}-5,6-dihidrofenantridina

(1,35 g, 3,31 nmmol), ciclohexeno (6,16 g, 75 mmol), vy
tribromurc de boro 1,0 M en diclorometano (20 ml, 20 mmol) de
acuerdo con el procedimiento y en la misma forma que se
describié en el Ejemplo 12, paso b; y dio, después de la
purlficacidén cromatogrdfica y la cristalizacién desde una
mezcla de éter dietilico-hexano, 4-{[ (5)-6-terc-
butilfenantridin-5(6H)-il]sulfonil}fenil* (0,975 g, 2,49 mmol,
75%) camo un solo enantidmero* cristalino (prismas) incoloro
homogéneo, punto de fusién 187°C-189°C;

MS [(-ESI), m/z]: 392 [M-H]";

MS [(+ESI), m/z]: 394 [M+H]*;

IR (S6lido), Vax : 3470, 3400, 1600, 1580, 1500, 1480, 1430,
1320, 1280, 1160, 1150, 1090, 1060, 830, 740 cm™;

[a]p®® = +310,5° (c = 1% solucién, CHCli);

Pureza Enantiomérica: 100,0% mediante HPLC quiral;

H NMR (400 MHz, DMSO-ds) 5: 10,09 (s, 1H, -OH-4’), 7,69 (dd, J
- 7,8, 1,4 Hz, 1H, ArK-1), 7,60 (dd, J = 8,0, 1,3 Hz, 1H, ArH-
4), 7,46 (dd, J = 5,3, 2,0 Hz, 1lH, ArH-10), 7,34 (td, J= 7,5,
1,4 Hz, 1H, ArH-3), 7,27 (td, J = 7,5, 1,3 Hz, 1lH, ArH-2),
7,15 - 7,12 {(m, 3H, ArH-7,8,9), 6,81 (ddd, J = 8,8, 2,9, 2,0
Hz, 2H, ArH’'-2‘'-6'), 6,28 (ddd, J = 8,8, 2,9, 2,0 Hz, 2H,

ArH’-3’,5'), 4,90 (s, 1H, H-6), 0,67 (s, 9H, terc-butilo);
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3c NMR (100 MHz, DMSO-ds) &: 161,6 (s, 1C, AxC’-4'), 135,6
(s, 1C, ArC-6a), 132,4 (s, 1C, ArC-4a), 131,1 (s, 1C, ArC-
i0b), 131,0 (s, 1lc, Arc-4), 129,8 (s, 1C, ArC-10a), 129,3 (s,
2c, ArC’-2',6’), 128,8 (s, 1C, ArC'-1’), 128,7 (s, 1C, Arc-3),
128.2 (s, 1c, Arc-8), 127.7 (s, 3c, ArC-2,7,9), 124.1 (s, 1c,
Arc-1), 123,4 (s, 1C, Arc-10), 115,2 (s, 2C, ArC’-3’,5'), 66,1
(s, 1c, c-6), 37,4 (s, 1C, -C(CH;)3-6), 27,2 (s, 3C, -C(CHi)s~
6);

Andlisis calculado para Cz3H23NO3S: C, 70,20; H, 5,89; N, 3,56.

Hallado: C, 70,17; H, 5,93: N, 3,46.

*La configuracién absoluta se determiné mediante un

experimento de difraccién de rayos X de un solo cristal.

EJEMPLO 17
Paso a)
2-Bromo-6-terc-butil-5-[ (4i-metoxifenil)sulfonil]-5,6-

dihidrofenantridina

El compuesto del titulo se prepardé a partir de é6-terc-butil-5-
[{4-metoxifenil)sulfonil]-5, 6-dihidrofenantridina (1,43 g, 3,5
mmol) y bromo (4,0 g, 25,0 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 4, pasc a; y dio, después de 1la purificacién

cromatogréfica y la cristalizacién desde una mezcla de acetato

P
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de eatilo-éter dietilico-hexano, 2-bromo-6-terc-butil-5-[(4-
metoxifenil)sulfonil)-5, 6~dihidrofenantridina (1,13 g, 2,32
mmol, 668%) como un sélido cristalino incoloro, punto de fusién
195°C-198°C;

MS [(+ESI), m/g2]: 486/488 [M+H]', contiene un Atomo de bromo;
IR (S6lido), vmex @ 1595, 1580, 1500, 1480, 1440, 1330, 1270,
1160 cm™;

'H NMR (400 MHz, DMSO-ds) 5: 7,94 (s, 1H, ArH-1), 7,58 (m, 2H,
ArH-3,4), 7,19 (d, J = 7,4 Hz, 1H, ArH-10), 7,20 - 7,14 (m,
3H, ArH-7,8,9), 6,99 (ddd, J = 8,9, 2,9, 1,9 Hz, 2H, ArH’'-2'-
6'), 6,55 (ddd, = 8,9, 2,9, 1,9 Hz, 2H, ArH’'-3',5’), ), 4,97
(s, 1H, H-6), 3,62 (s, 3H, -OCH3;-4'), 0,71 (s, 9H, terc-
butilo);

3¢ NMR (75 MHz, DMSO-dg) &: 162,3 (s, 1C, ArC’-4’), 134,1 (s,
1C, ArcC-6a), 132,& (s, 1C, ArC-4a), 131,6 (s, 1C, ArC-10b},
131,0 (s, 1c, Arc-4), 130,1 (s, 1lc, Arc-10a), 129,3 (s,lC,
Arc’-17), 129,0 (s, 1lc, Arc-3), 128,5 (s, 2C, ArxC’'-2',6'),
128,4 (s, 1C, ArC-B8), 127,8 (s, 1C, ArC-2), 127,7 (s, 1C, ArC-
%), 126,1 (s, 1C, ArC-7), 123,2 (s, 1C, ArC-10), 120,1 (s, 1C,
ArC-1), 113,5 (s, 2C, ArC’-3’,5’), 65,4 (s, 1lC, C-6), 55,5 (s,
1C, -OCH;-4’), 36,9 (s, 1C, -C(CHy)3-6), 26,5 (s, 3C, ~C(CHa)s-
6);

Andlisis calculado para Cz¢Hz4BrNO,S: C, 59,26; H, 4,97; N,

2,88. Hallado: C, 59,07; H, 5,03; N, 2,67.



Paso b}

4-[ (2-Bromo-6-terc-butilfenantridin-5(6H) -il) sulfonil] fenol

El compuesto del titulo se prepard a partir de 2-bromo-é6-terc-
butil-5-[ (4-metoxifenil)sulfonil]-5,6~dihidrofenantridina
(0,610 g, 1,25 mmol), ciclohexeno (3,28 g, 40 mmol) vy
tribromuro de bore 1,0 M en diclorometanc (10 ml, 10 mmol) de
acuerdeo con el procedimiento y en la misma forma que se
describié en el Ejemplo 4, paso b, y dio, después de la
purificacién cromatogrdfica y la cristalizaciétn desde una
mezcla de éter dietilico-hexano, 4-[ (2-bromo-6-terc-
butilfenantridin-5(6H)-il}sulfonil] fenol (0,440 g, 0,93 mmol,
75%) como un sé6lido cristalino incoloro homogéneo, punto de
fusién 245°C-247°C;

MS [(-ESI), m/z): 470/472 [M-H] , contiene un Atomo de bromo;
MS [(+ESI), m/z): 472/474 [M+H]*, contiene un Atomo de bromo;
IR (S6lido), veex : 3400, 1600, 1580, 1495, 1480, 1440, 1320,
1150, 1145, 1080, 1060, 840 cm™;

1H NMR (400 MKz, DMSO-ds) &: 10,20 (s, 1H, -OH-4'), 7,94 (s,
1H, ArH-1), 7,58 - 7,55 (m, 3H, ArH-3,4,10), 7,21 - 7,16 (m,
3H, ArH-7,8,9), 6,89 (ddd, 0 = 8,9, 2,9, 1,9 Hz, 2H, ArH'-2'-
6’'), 6,35 (ddd, J = 8,9, 2,9, 1,9 Hz, 2H, ArH'-3’,5'), ), 4,95
(s, 1H, H-6), 0,71 (s, 9H, terc-butilo):

13c NMR (75 MHz, DMSO-dg) &: 161,1 (s, 1C, ArC’'-4'), 134,3 (s,

lc' AIC-Ga) ’ 132' 5 (S, lc, Arc-da) z 131' 7 (3, 1C, Arc-lob) ’
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130,9 (s, 1c, Arc-4), 130,0 (s, 1lc, Arc-10a), 129,2 (s,lC,
Arc’-1'), 129,0 (s, 1C, ArC-3), 128,7 (s, 2C, ArC’'-27,6’),
127,7 (s, 2C, ArxC-2,8), 126,8 (s, 1C, Arc-9), 126,1 (s, 1C,
ArC-7), 123,1 (s, 1C, ArcC-10), 119,9 (s, 1C, ArC-1l), 114,7 (s,
2C, ArC’~3’,5'), 65,4 (s, 1c, C-6), 36,9 (s, 1C, -C(CH3)}3-6),
26,5 (s, 3C, -C(CHj3)3-6);

Andlisia calculado para Cy3Hz;BrNO;3S: C, 58,48; H, 4,69; N,

2,96. Hallado: C, 58,42; H, 4,70; N, 2,B1.

EJEMPLO 18
Paso a)

6-Etil-5-[ (4-metoxifenil)sulfonil] -5, 6~dihidrofenantridina

Una solucién agitada de fenantridina (25 g, 139 mmol) en éter
dietilico anhidro (100 ml) se enfrié a -78°C y se tratd gota a
gota baijo nitrégenoc a través de una jeringa con una solucién
de etillitio® 0,62 M en éter dietilico (225 ml, 139 mmol). La
solucién amarilla se calenté a temperatura ambiente y se agité
durante tres a cuatro horas. La reaccién se enfrié a -78°C y
se enfrié con agua. Después de calentar a temperatura
ambiente, la mezcla de la reacclén se extrajo con éter
dietilico, y la fase orgénica se lavé en secuencia con agua y
una solucién de cloruro de sodio acuoso saturado. La fase
orgdnica se secd sgocbre sulfato de sodio anhidro, se filtré y

el solvente se evaporé en vacio, para dar 6-etil-5,6-
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dihidrofenantridina como un sélido crudo (26 g, 124 mmol,

89%).

Una solucidédn de 6-etil-5,6-dihidrofenantridina (14 g, 69,2
mmol) en clouro de 4-metoxibencenosulfonilo (17,2 g, 83 mmol)
en piridina (100 ml) se calenté a B0°C toda la noche. El
solvente se evapor® en vacio; y el producto crudo se purificé
mediante cromatografia de columna preparativa sobre gel de
silice, levigando con un gradiente y una mezcla de
diclorometano-hexano {50:50 a 100:0). Después de 1la
evaporacién del solvente, el residuo se cristalizé desde éter
dietilico, dando el compuesto del titule (22,8 g, 60,1 mnmol,
87%) como un sdlido cristalino incoloro, que se caracterizé

por LCMS (ES+, FA, CV=5) y 'H NMR.

Nota 1l: El1 etillitio se preparéd6 de acuerdo con el

procedimiento descrito en QOrg. Synth., Coll. Vol. VII, 293.

Paso b)

4-[(6-Etilfenantridin-5(6H) ~il)sulfonil]fenol

Una solucién agitada y enfriada de 6-etil-5-] (4-
metoxifenil)sulfonil}-5, 6~dihidrofenantridina (38 mg, 100 umol)
en diclorometanc (2 ml) se traté gota a gota bajo nitrégeno a

=30°C con una solucién de tribromuro de boro 1,0 M en
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diclorometano (500 pl, 500 pmol). Después de que se terminéd el
agregado, la mezcla de la reaccién se dejd calentar a
temperatura ambiente y se agitdé durante cuatro horas. La
mezcla de la reaccidén se enfridé a -30°C y se enfridé con

metanol (600 pl). El solvente se removidé en vacio para dar el

compuesto del titulo (36,5 mg, 100 umol, 100%), que se confirmé
mediante LCMS (ES-, FA, Cv=2(0 o 5); .

LCMS [(+ESI), m/z]: 366 [M+H]';

'H NMR (300 MHz, CDCli) &: 7,80 (dd, J = 7,8, 1,5 Hz, 1H, ArH-
1), 7,58 {dd, J = 7,8, 2.1 Hz, 1H, Arh-4), 7,37 (td, g = 7,8,
1,5 Hz, 1H, ArH-3), 7,30 (td, 0 = 7,8, 1,5 Hz, 1H, ArH-2),
7,28 (d, J - 8,1, 1,5 Hz, 1H, ArH-10), 7,20 - 7,04 (m, 3H,
ArH-7,8,9), 6,92 (d, J = 9,0 Hz, 2H, ArH’-2’,6'), 6,30 (d, J =
9,0 Hz, 2H, ArH’'-3',5’), 5,08 (t, J = 7,8 Hz, 1H, H-6), 4,96
(s, 1H, -OH)}, 1,48 (quinteto, J = 7,2 Hz, 2H, ~CHXCH;), 1,00

EJEMPLO 19
Paso a)
2-Bromo-6-etil-5-[ (4-metoxifenil)sulfonil]-5,6-

dihidrofenantridina

Una solucién agitada de 6-etil-5-[(4-metoxifenil)sulfonil]-

5,6-dihidrofenantridina (6,0 g, 15,8 mmol) en diclorometano
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(800 ml) se traté gota a gota con exceso de bromo (2,1 ml, 41
mmol). La mezcla de la reaccién se calenté a reflujo y se
agregé bromoc adicional (1,0 ml, 10 mmol). La reaccién se
enfrid y se agité a temperatura ambiente toda la noche. 1la
mezcla de la reaccidédn se lavd en secuencla con una solucidn de
tiosulfato de sodio acuoso saturado, agqua y una solucién de
cloruro de sodio acuoso saturado. La fase orgénica se secd
sobre sulfato de sodio anhidro, se filtrd a través de una
columna corta de gel de silice, y el solvente se removié en
vacio para dar un 8élido amarillo crudo. El sélido crude se
cristalizé desde una mezcla de acetato de etilo-hexano {(1:1) y
dio el compuesto del titule (6,3 g, 13,8 mmol, B87%) como un
sélido cristalino inceloro.

LCMS [(+ES), m/z]: 458/460 [M+H]', contiene un &tomoc de bromo.

Paso b)

4d-] (2-Bromo—-6-etilfenantridin-5(6H) ~il) sulfonil] fenol

El compuesto del titulo se prepard a partir de 2-bromo-6-etil-

5-[ (4-metoxifenil) sulfonil] -5, 6-dihidrofenantridina (45,8 mg,
100 pmol) y tribromuro de boro 1,0 M en diclorometano (500 ul,

500 pumol) de acuerdo con el procedimiento y en la misma forma

que se describié en el Ejemplo 1B, paso b y dio, después de la

evaporacién del solvente en vaclio, 4-[ (2-bromo=-6-
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etilfenantridin-5(6H}-il)sulfonil] fenol (44,4 mg, 100 pumol,
100%), que se confirmd mediante LCMS (ES-, FA, CV=20 o 5);

'H NMR (300 MHz, CDCl;) &: 7,71 (d, J = 2,1 Hz, 1H, ArH-1),
7,68 (d, J = 8,7 Hz, 1lH, ArH-4), 7,48 (dd, J = 8,7, 2,1 Hz,
1H, ArH-3), 7,26 (dd, 1H, ArH-10), 7,24 - 7,10 (m, 2H, ArH-8-
9, 7,16 (dd, g = 7,5, 2,1 Hz, 1H, ArH-7), 6,95 (d, J = 9,0
Hz, 2H, ArH'-2’,6'), 6,33 (d, J = 9,0 Hz, 2H, ArH'-3’,5'},
5,07 (t, 1H, H-6), 4,83 (s, 1H, -OH-4’), 1,45 (quinteto, J =

7' 5 HZ, 2H' -CHzc.Ha) r 0, 99 (t' J = 7, 5 HZ, 3“' -CHZCHS) -

EJEMPLO 20
Paso a)
6-Etil-5-[ (4-metoxi-3-metilfenil)sulfonil]-5, 6~

dihidrofenantridina

El compuesto del titulo se prepard a partir de fenantridina,
etillitio 0,62 M en éter dietilico, y cloruro de 4-metoxi-3-
metilbencensulfonilo de acuerdo con el procedimiento y en la
misma forma que se describié en el Ejemplo 18, paso a y dio,
después de la purificacién cromatografica y la cristalizacién
desde éter dietilico, 6-etil-5-[ (4-metoxi-3-
metilfenil)sulfonil]-5,6-dihidrofenantridina como un sélido
cristalino incoloro, que se caracterizé mediante LCMS (ES+,

FA, CV=5) y H NMR.
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Paso b)

d=-[(6-Etilfenantridin-5(6H) ~il)sulfonil] -2-metilfenocl

El compuesto del titulo se preparé a partir de 6-etil-5-[(4-

metoxi-3-metilfenil)sulfonil)-5, 6-~dihidrofenantridina (39,3
mg, 100 pmol) y tribromuro de boro 1,0 M en diclorometano (500

pmol, 500 pmol) de acuerdo con el procedimiento y en la misma
forma que se describldé en el Ejemplo 18, paso b y dio, después
de la evaporacidn del solvente en vacio, 4-[{etilfenantridin-
5(6H)~-1il)sulfonil]-2-metilfenol (37,9 mg, 100 umol, 100%), que
se confirmé mediante LCMS (ES-, FA, CV=20};

'H NMR (300 MHz, CDCly) &: 7,78 (dd, J= 7,5, 0,9 Hz, 1H, ArH-
1), 7,58 (dd, o= 7,5, 2,1 Hz, 1H, ArH-4), 7,40 - 7,03 (m, 6H,
ArH-2,3,7,8,9,10), 6,80 (d, 1H, ArH’-2’'), 6,75 (dd, 1H, ArH’'-
6’), 6,20 (d, 1H, ArH’'-5') 5,07 (t, J= 7,2 Hz, 1H, H-6), 4,83
(s, 1H, -OH-4’), 1,85 (s, 3H, -CH3~3'), 1,44 (quinteto, 2H, -

CH.CH3), 1,00 (t, J= 7,5 Hz, 3H, -CHa2CHj).

EJEMPLO 21
Paso a)
2-Aromo-6-etil-=5-[ (i-matoxi-3-metilfenil)sulfonil]-5,6-

dihidrofenantridina
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El compuesto del titulo se prepardé a partir de 6-etil-5-[(4-
metoxi—3-metilfenil)sulfonil] -5, 6-dihidrofenantridina y bromo
en exceso de acuerdo con el procedimiento y en la misma forma
que se describidé en el Ejemplo 19, paso a y dio después de la
cristalizacién desde una mezcla de acetato de etilo-hexano, 2-
bromo-6-etil-5-[ (4-metoxi-3-metilfenil)sulfonil]-5, 6-

dihidrofenantridina como un sélido cristalino incoloro que se

caracterizé mediante LCMS (ES+, FA, CV=5) y H NMR;

Paso b)

4-[(2-Bromo-6-etilfenantridin—5 (6H) -il) sulfonil] -2-metilfencl

El compuesto del titulo se preparé a partir de 2-bromo-6-etil-

5-[{4-metoxi-3-metilfenil)sulfonil]-5, 6-dihidrofenantridina
(47,2 mg, 100 umol) y tribromuro de boro 1,0 M en diclorometano

(500 pl, 500 pmol) de acuerdo con el procedimiento y en la
misma forma que se describié en el Ejemplo 18, paso b y dio,
después de la evaporacién del solvente en vacio, 4-[(2-bromo-
6-etilfenantridin-5(6H)~-11l)sulfonil]-2-metilfenol (45,8 mq,
100 pmol, 100%), que se confirmé mediante LCMS (ES-, FA, CV=20
o 5);

LCMS [ (+ESI), m/z]: 458/460 [M+H]*, contiene un &tomo de bromo.
H NMR (300 MHz, CDCli) &: 7,71 {(d, J = 2,1 Hz, 1H, ArH-1),

7,67 (d, J = 8,4 Hz, 1H, ArH-4), 7,48 (dd, J = 8,4, 2,1 Hz,
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1H, ArH-3), 7,24 (dd, 1H, ArH-10), 7,19 (td, J = 7,2, 1,2 Hz,
1H, ArH-8), 7,16 (td, J = 7,2, 1,2 Hz, 1H, ArH-9), 7,08 (dd, J
= 9,0, 1,8 Hz, 1H, ArH-7), 6,83 (d, J = 2,4 Hz, 1H, ArH’'-2’),
6,78 (dd, J = 8,4, 2,4 Hz, 1H, ArH’-6’), 6,28 (d, J = 8,1 Hz,
1H, ArH’-5'}), 5,07 (t, 1H, K-6), 4,90 (s, 1H, -OH-4'), 1,87
(s, 3H, -CH;-3'), 1,44 (p, J = 7,5 Hz, 2H, -CHCH3), 1,00 (t, J

EJEMPLO 22
Paso a)
5-[(4-Metoxifenil)sulfonil]-{ (8*%)-6-[ (R*) -1-matoxipropil] }-

5,6-dihidrofenantridina

Una sclucién agitada de fenantridina (3,58 g, 20 mmol) en éter
dietilico anhidro {20 ml) se enfriéd a -30°C y se tratd gota a
gota bajo nitrégenoc a través de una Jjeringa con una solucién
de sec-butillitio 1,3 M en ciclohexano {15,5 ml, 20,15 mmol).
La solucién amarilla se calent4 a temperatura ambiente y se
agitd durante 15 minutos. La mezcla se enfrié a -78°C y se
tratd con cloruro de 4-metoxibencensulfonilo (4,12 g, 20 mmol)
como un sélido en una sola alicuota. La mezcla de la reaccién
se calenté lentamente a temperatura ambiente durante una hora,
se diluydé con éter dietilico (80 ml) y el precipitado blanco
(primer diasteredémero A) (4,0 g, 10,17 mmol, 51%) se f£iltré.:3

El filtrado se vertié en un hidréxido de sodic acuoso 1 N, y

7
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se extrajo con acetato de etilo. La fase orgénica se lavd en
secuencia con agua, una solucién de Acido clorhidrico 1 N, y
una solucién de cloruro de sodio acuoso saturado. Después de
secar sobre sulfato de sodio anhidro, la fase organica se
filtrd a través de una columna corta de gel de silice, y el
filtrado se evapord en vacio para dar un aceite amarillo crudo
(3,87 g, 9,64 mmol, 49%). El aceite crudo se cristalizé desde
éter dietilico para dar el compuesto del titulo, se enriquecid
en el segundo diastereémero B.?:3

Notas:

l. El precipitado blanco comprendia dos diasteredémeros en una
relacién de 88(A):12(B), y se rotuldé primer diastereémeroc A,
(S*)} (R*).

2. El sélido cristalizado comprendia dos diastereémeros en una
relacién de 27(A):73(B), y se rotulé el segundo diastereémero
B, (R*) (R¥).

3. La relaclén diasterecmérica se determindé mediante
cromatografia de fase invertida analitica sobre una columna
Chromolith® RP-C-18 (4,6 mm x 100 mm) levigando en forma
isocritica con 70% de metanol en agua con 0,1% de Acido
trifluorcacético. Diastereémero A, tiempo de retencién a 2,36
minutos. Diastereémero B, tiempo de retencién a 2,51 minutos.
También 8se utilizé 'H NMR para estimar 1la relacién

diastereomérica.
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Paso b)
4-{{(S*)-6-[ (R*)-1-Metilpropil] fenantridin-5({6H) -

il]sulfonil} fenol

El compuesto del titulo se prepard a partir de 5-[(4-
metoxifenil)sulfonil]-{ (S*)-6-[(R*)-1-metilpropil]}-5,6-
dihidrofenantridina (primer diastereémero A, 0,814 g, 2 mmol),
ciclohexeno (3,69 g, 45 mmol) y tribromuro de boro 1,0 M en
diclorometano (12 ml, 12 mmol) de acuerdo con el procedimiento
en la misma forma que se describié en el Ejemplo 1, paso b y
dio, después de 1la purificacién cromatogridfica y 1la
cristalizacién desde una mezcla de éter dietilico-hexano, 4-
{[(8%*)=6-[ (R*)-1-metilpropil] fenantridin<5 (6H)-
il]sulfonil}fenol (0,425 g, 1,08 mmol, 54%) como un sélido
cristalino incoloro, punto de fusién 115°C-118°C;

MS [(-ESI), m/z]: 392 [M-H]";

IR (S6lido)}, Veax : 3430, 1595, 1580, 1500, 1480, 1440, 1320,
1130, 1090, 1075, 830, 725 cm™;

'H NMR (500 MHz, DMSO-ds) &: 10,13 (s, 1H, -OH-4’), 7,76 (dd,,
Jg= 7,6, 1,4 Hz, 1lH, ArH-1l), 7,63 (dd, g = 7,8, 1,4 Hz, 1H,
ArH-4), 7,46 (dd, g = 7,6, 2,0 Hz, 1H, ArH-10), 7,39 (td, J =
7,5 1,4 Hz, 1lH, ArH-3), 7,34 (td, J = 7,5, 1,4 Hz, 1H, ArH-
2), 7,19 - 7,14 {m, 3H, ArH-7,8,9), 6,82 (ddd, J = 8,7, 2,9,
2,0 Hz, 2H, ArH’'-2’,6'), 6,31 (ddd, J = 8,8, 2,9, 2,0 Hz, 2H,

ArH'-3',5'), 4,79 (d' J = 9,2 HZ, 1H’ H_G)' 1,26 - 1'21 (m,
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1H, -CH(CH3;)CH,CH3;), 1,14 - 1,05 (m, 2H, -CH(CH3)CH,CHi), 0,86
(d, J= 6,3 Hz, 3H, -CH(CH3)CH2CHs), 0,69 (t, J = 7,2 Hz, 3H, -
CH (CHj3) CH2CHj) ;

% NMR (125 MHz, DMSO-ds) 5: 160,9 (s, 1C, ArC’-47), 133,9
(s, 1C, ArC-6a), 133,3 '(s, 1C, ArC-4a), 129,9 (s, 1C, ArC-
10b), 129,1 (s, 1C, ArC-4), 128,6 (s, 2C, ArC’-2’,6'), 128,2
(s, 1C, ArC’'-1’), 128,1 (s, 1Cc, ArcC-10a), 128,0 (s, 1C, ArC-
3), 127,5 (s, 1C, ArC-2), 127,3 (s,l1C, ArH-B), 127,2 (s, 2C,
ArCc-7,9), 123,7 (s, 1c, Arc-1), 123,2 (s, 1C, ArC-10), 114,5
(s, 2C, ArCc’'-3,5"), 62,5 (s, 1;¢, c¢-6), 37,3 (s, 1c, -
CH(CH3) CH2CH3), 24,7 (s, 1C, -CH(CHj3)CH,CH;), 15,2 (s, 1C, -~
CH(CH3)CH2CH3}, 11,0 (s, 1C, -CH(CHj)CH2CH;3);

Los experimentos de NMR adicionales (NOE, TOCSY) confirmaron
las asignaciones estructurales de H NMR y los corrimientos
quimicos;

Andlisis calculado para Cz;H3NOsS: C, 70,20; H, 5,89; N, 3,56.

Hallado: C, 70,22; H, 5,93; N, 3,43.

EJEMPIO 23
Paso a)
5-[(3,4-Dimetoxifenil)sulfonil]-6-metil-5, 6-

dihidrofenantridina

Una solucién agitada de fenantridina (3,58 g, 20 mmol) en éter

dietilico anhidro (20 ml) se enfrié a -30°C y se traté gota a
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gota bajo nitrbégeno a través de una jeringa con una solucién
de metillitio 1,4 M en éter dietilico (14,5 ml, 20,3 mmol). la
solucién amarilla se calenté a temperatura ambiente y se agité
durante 15 minutos. La mezcla se enfridé a -78°C y se traté con
cloruro de 3,4-dimetoxibencensulfonilo (4,73 g, 20 mmol) como
un sdlido en una sola alicuota. La mezcla de la reaccidn se
calenté lentamente a temperatura ambiente durante una hora, se
vertié en una solucién de hidréxido de sodio acuoso 1 N y se
extrajo con acetato de etilo. lLa fase orgénica se lavd en
secuencia con agua, Acido clorhidrico 1 N, y una solucién de
cloruro de sodio acuosc saturado. Después de secar sobre
sulfato de sodio anhidro, la fase orgdnica se filtrdé a través
de una columna corta de gel de silice, y el filtrado se
evapord en vacio para dar un sélido amarillo crudo (5,3 gq,
67%). La cristalizacién del sélido desde una mezcla de éter
dietilico-hexano dio el compuesto del titulo (2,93 g) y una
segqunda cosecha (0,8 g) {(Total: 3,73 g, 9,43 mmol, 47%) como
un 8sélido cristalino blancuzce homogéneo, punto de fuaién
131°Cc-133°C;

MS [(+ESI), m/z]: 396 [M+H]*;

IR (S6lido), Ve : 1590, 1505, 1440, 1330, 1275, 1230, 1160,
1130, 1080, 1020, 770, 730 cm’l;

14 NMR (500 MHz, DMSO-dg) &: 7,77 {dd, J = 7,6, 1,2 Hz, 1H,
ArH-1), 7,63 (dd, J=- 7,9, 1,1 Hz, 1H, ArH-4), 7,45 - 7,41 (m,

2“, AIH—3,10), 1’38 (td' J = 7'5, 1'1 Hz' 1H, AIH-Z)' 1,24 ‘d'
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J= 17,3 Hz, 1H, ArH-7), 7,16 (t, J = 7,3 Hz, 1H, ArH-8), 7,11
(td, J = 7,5, 1,1 Hz, 1H, ArH-9), 6,60 (dd, J = 8,6, 2,0 Hz,
1H, ArH’-6’), 6,56 (d, J = 8,6 Hz, 1H, ArH’-5'), 6,38 (d, J =
2,0 Hz, 1H, ArH’-2'), 5,44 (q, J = 6,9 Hz, 1H, H-6), 3,61 (s,
3H, -OCHs-4’), 3,38 (s, 3H, -OCHs-3’), 1,14 (d, J = 7,0 Hz, 3H,
-CH;-6) ;

3¢ NMR (125 MHz, DMSO-dg) 5: 152,0 (s, 1C, ArxC’-4'), 147,6
(s, 1C, ArC’-3’), 136,3 (s, 1C, ArC-6a), 132,6 (s, 1lC, ArC-
4a), 12%9,5 (s, 1C, ArC-10b), 128,8 (s, 1C, ArC-4), 128,3 (s,
1C, ArC’-1’), 128,2 (s, 1C, ArC-10a), 128,0 (s, 2C, ArcC-3,8),
127,5 (s, 1C, ArC-2), 127,4 (s, 1C, ArcC-9), 126,0 (s, 1C, ArC-
7, 123,6 (s, 1C, ArC-1), 123,0 (s, 1C, Arc-10), 120,6 (s, 1lC,
ArC’'-6’), 110,4 (s, 1C, Arc’-2’'), 108,9 (s, 1C, ArC’-5’), 55,7
(s, 1C, -OCH;-4’), 55,0 (s, 1C, -OCH;-3’), 53,9 (s, 1Cc, C-6),
21,8 (s, 1C, -CH;3-6);

Andlisis calculado para CzHiNOS: C, 66,82; H, 5,35; N, 3,54.

Hallado: C, 66,82; H, 5,27; N, 3,22.

Paso b)

4-[(6-Matilfenantridin-5({6H) -il)sulfonil]benceno-1,2-diol

Una suspensién agitada de 5-[(3,4-dimetoxifenil)sulfonil]-6-
metil-5, 6-dihidrofenantridina (988 mg, 2,5 mmol) y ciclohexeno
(4,11 g, 50 mmol) se tratd con a temperatura ambiente bajo

nitrégeno con una solucién de tribromuro de boro 1,0 M en
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diclorometano (15 ml, 15 mmol). Después de agitar durante dos
horas a temperatura ambiente, al reaccién se enfrid con
metanol (20 ml) y se diluyé con diclorometano. La mezcla se
lavé en secuencia con una solucién de carbonato de potasio
acuoso, una solucidén de cloruro de sodio acuocso saturado y
agua. lLa fase orgénica se secdé sobre sulfato de sodio
anhiddro, se filtrdé a través de una columna corta de gel de
Bilice, y se levigd con acetato de etilo. La fase de acetato
de etilo se evapor$ en vacio a un residuo crude (1,0 g). El
residuo crudo se purificé mediante cromatografia preparativa
sobre una columna Biotage® 40 Mi de gel de silice previamente
envasado (90 g) con levigacién de gradiente de entre 10% y 70%
de éter metil terc-butilico en hexano a una velocidad de flujo
de 50 ml/min; y dio, después de la evaporacién del solvente,
un 8élido incoloro. La cristalizacién del sélido incoloro
desde una mezcla de acetato de etilo-éter dietilico-hexano dio
el compuesto del tituleo (0,523 g, 1,42 mmol, 57%) como un
sélido amorfo incoloro, punto de fusién 163°C-165°C;

MS {[(-ESI), m/z]: 366 [M-H]";

IR (S6lido), vmex : 3400, 1610, 1595, 1520, 1480, 1430, 1340,
1290, 1150, 1075, 775, 730 cm’;

'H NMR (500 MHz, DMSO-dg) 5: 9,59 (br s, 1H, -OH-4’), 9,18 (ba,
1H, -OH-3’), 7,79 (d, J = 17,6 Hz, 1H, ArH-1), 7,59 (d, g = 17,8
Hz, 1H, ArH-4), 7,52 (d, J= 7,3 Hz, 1H, ArH-10), 7,40 (t, J =

7,3 Hz, 1H, Arm-3), 7,35 {t, J = 7,5 Hz, 1H, ArH-2), 7,19 -

54

“\
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7,12 (m, 3H, ArH-7,8,9), 6,46 (d, J = 2,1 Hz, 1H, ArH’-2’),
6,41 (dd, J = 8,4, 2,1 Hz, 1H, ArH’-6'), 6,32 (d, J = 8,4 Hz,
1H, ArHW’-5’), 5,35 (g, J = 6,9 Hz, 1H, H-6), 1,12 (d, J = 6,9
Hz, 3H, -CHy6);

13c NMR (125 MHz, DMSO-ds) &: 149,5 (s, 1C, ArC’-4'), 144,5 (s,
1c, Arc’-3’), 136,6 (s, 1C, ArC-6a), 132,8 (s, 1C, ArC-4a),
129,2 (s, 1C, ArC-10b), 128,4 (s, 1C, Arc-4), 128,3 (s, 1cC,
Arc’-1’), 128,1 (s, 1C, ArxC-10a), 127,9 (s, 1C, ArC-3), 127,4
(s, 1c, Arc-8), 127,1 (s, 2C, ArC-2,9), 125,9 (s, 1C, ArC-17),
123,7 (s, 1c, Arc-1), 123,0 (s, 1C, Arc-10), 119,1 (s, 1C,
Arc’-6'), 114,4 (s, 1c, Arc’-2'), 113,8 (s, 1C, Arc’-5'), 53,8
(s, 1c, c-6), 21,8 (s, 1C, -CH3-6);

Andlisis calculado para C,oH;/NOS: C, 65,38; H, 4,66; N, 3,81.

Hallado: C, 65,02; H, 4,65; N, 3,70.

EJEMPLO 24
Acido 2-hidrozi-5-[ (6-matilfenantridin-5 (6H) -

il)sulfonillbensoico

Una solucién agitada de fenantridina (7,16 g, 40 mmol) en éter
dietilico anhidro (40 ml) se enfrié a -30°C y se tratd gota a
gota bajo nitrégeno a través de una jeringa con una solucién
de metillitio a 1,4 M en éter dietilico (30 ml, 42 mmol). La
solucién amarilla se calent$ a temperatura ambiente y se agité

durante 15 minutos. La mezcla se enfrié a -78°C y se traté con
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dcide 5-(clorosulfonil)-2-hidroxibenzoico (9,47 g, 40 mmol)
como un sdélido en una scla alicuota. La mezcla de la reaccién
se diluyé con tetrahidrofurano anhidro (40 ml), se calentd a
temperatura ambiente, y 8e agregé una soluclién de N,N-
diisopropiletilamina (25,85 g, 200 mmol) en dimetilformamida
anhidra (40 ml). Después de agitar a temperatura ambiente toda
la noche, la mezcla de la reacciédn se vertié en una solucién
de 4&cido clorhidrico 1 N, y se extrajo con acetato de etilo.
La fase organica se lavdé en secuencia con una solucién de
dcido clorhidrico acuoso 1 N, agua y una solucién de cloruro
de sodio acuoso saturado. Después de secar sobre sulfato de
sodio anhidro, la fase orgénica se filtré y el solvente se
evapord en vacio para dar un sélido amarillo crude (3,4 g,
21%). El1 s8é6lido crudo (1,0 g) se purificé mediante
cromatografia preparativa de fase invertida sobre una columna
Primesphere® 10 C-18 (25 cm x 5 cm), levigando con 56% de
acetonitrilo en agua con 0,1% de &cido trifluoroacético a una
velocidad de flujo de 90 ml/min. Después de la evaporacién del
solvente acetonitrilo, la fase acuosa ase extrajo con acetato
de etilo. La fase orgAnica se lavé en secuencia con agua y una
soluclén de cloruro de sodio acuoso saturado, se secd sobre
sulfato de sodio anhidro, y el solvente se evaporé en vacio
hacla un s8élido 1incoloro. La cristalizacién del sélido

incoloro desde una mezcla de éter dietilico-hexano dio el

sl
sl
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compuesto del titulo (0,46 g, 1,16 mmol) como un sdblido
cristalino incoloro homogéneo, punto de fusién 225°C-230°C;

MS [(-ESI), m/z]: 394 [M-H]";

IR (S6lido), wvamx : 3300 (br), 1670, 1605, 1580, 1480, 1440,
1250, 1175, 1080, 775, 730 cm™’;

'H NMR (500 MHz, DMSO-dg) &: 7,71 (dd, J = 7,6, 0,9 Hz, 1H,
ArH-1), 7,61 {(dd, J = 7,8, 0,9 Hz, 1lH, ArH-4), 7,45 (td, J =
7,5, 1,4 Hz, 1H, ArH-3), 7,41 - 7,39 (m, 3H, ArH-2,10, ArH’-
2'y, 7,24 (dd, g = 7,8, 0,9 Hz, 1H, ArH-7), 7,13 (td, o= 17,3,
0,9 Hz, 1H, ArH-8), 7,10 {(td, 0 = 7,3, 1,4 Hz, 1H, ArH-9),
6,93 (dd, J = 8,7, 2,4 Hz, 1H, ArH’'-6’), 6,51 (d, J = B,9 Hz,
1H, ArH’-5’), 5,41 (q J = 7,0 Hz, 1H, H-6), 1,13 (d, g = 7,0
Hz, 3H, -CHy6);

13c NMR (125 MHz, DMSO-ds) &: 170,2 (s, 1C, -C=0-4’), 163,8
(s, 1C, ArC’'-4'), 136,0 (s, 1C, ArC-6a), 132,8 (s, 1C, ArC’'-
6’), 132,3 (s, 1C, ArC-4a), 130,0 (s, 1C, ArC’-2’), 12%,6 (s,
1¢c, ArC-10b), 129,1 (s, 1C, ArC-10a), 128,4 (s, 1lC, ArC’-1’),
128,2 (s, 1C, ArC-3), 128,1 (s, 1C, ArC-8), 127,9 (a, 1C, ArC-
2), 127,3 (s, 1C, ArC-9), 126,5 (s, 1C, Arc-4), 126,1 (s, 1C,
Arc-7), 123,8 (s, 1c, ArC-1), 123,1 (s, 1C, ArC-10), 116,9 (s,
1C, ArC’-3’), 112,5 (s, 1C, ArC’-5'), 54,1 (s, 1C, C-6), 21,6
{s, 1C, —-CHy-6):;

Anélisis calculado para C;H;;NOsS: C, 63,79; H, 4,33; N, 3,54.

Hallado: C, 63,40; H, 4,29; N, 3,39
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EJEMPLO 25

Etil 2-etoxi-5-[ (6-matilfenantridin-5(6H)~-il)sulfonil]benzoato

Una suspensién agitada de dcido 2-hidroxi-5-[ (6-
metilfenantridin-5(6H)-il)sulfonil]-benzoico (G,5 g, 1,26
mmol) y carbonato de potasio anhidro (0,36 g, 2,6 mmol) en
N,N-dimetilformamida anhidra (5 ml) se traté gota a gota a
temperatura ambiente bajo nitrégeno con una solucién de
yodoetano (0,405 g, 2,6 mmol) en N,N-dimetilformamida anhidra
(1 ml). La mezcla se agitdé a temperatura ambiente toda 1la
noche. La reaccién se diluyé con éter dietilico y agua. La
fase orgénica se separ6 y se lavé en secuencia con una
soluciédn de Acido clorhidrico 1 N y agua. Después de secar
sobre sulfato de sodio anhidro, la fase orgdnica se filtré a
través de una columna corta de gel de silice, y el filtrado se
evapord en vacio para dar un producto crudo (0,5 g). el
producto crudo se purificé mediante cromatografia preparativa
sobre una columna Biotage® 40 Mi de gel de silice previamente
envasado (90 g), levigando con una mezcla de éter metil terc-
butilico-hexano (15:85) a una velocidad de flujo de 40 ml/min
para dar, después de la evaporacién del solvente, un sélido
incoloro. La cristalizacién del sdlido incoloro desde una
mezcla de éter dietilico-hexano dio el compuesto del titulo
(0,239 g, 0,53 mmol, 42%) como un polvo blanco homogéneo,

punto de fusién 113°C-115°C;

oY
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MS [(+ESI), m/z]: 452 [M+H]*;

IR (S61ido), WVer : 1710, 1600, 1480, 1440, 1330, 1175, 1150,
1100, 1080, 770, 725 cm};

'H NMR (500 MHz, DMSO-dg¢) &: 7,72 (dd,, J = 7,5, 1,6 Hz, 1H,
ArH-1), 7,58 (dd, J = 7,9, 1,4 Hz, 1H, ArH-4), 7,41 (td, J =
7,5, 1,6 Hz, 1H, ArH-3), 7,38 - 7,34 (m, 2H, ArH-2,10), 7,18
{dd, J = 7,5, 1,2 Hz, 1H, ArH-7), 7,12 (d, J = 2,6 Hz, 1H,
ArH’-2'), 7,10 - 7,05 (m, 2H, ArH-8,9), 7,02 (dd, J = 8,8, 2,6
Hz, 1H, ArH’-6’), 6,69 (d, J = 8,9 Hz, 1H, ArH’-5’), 5,37 (q,
J= 17,0 Hz, 1H, H-6), 4,11 (q, J = 7,1 Hz, 2H, -C{O)CHCHy-3’),
3,92 (dq, J = 14,0, 7,1 Hz, 2H, -OCHLCHy~4’) 1,21 (t, J = 7,1
Hz, 3H, -C(O)CH,CHr3'), 1,20 (t, J = 7,0 Hz, 3H, -OCH,CHs-4'),
1,10 (d, J = 7,0 Hz, 3H, -CHs6);

3¢ NMR (125 MHz, DMSO-dg) &: 163,5 (s, 1C, -C=0), 160,5 (s,
1C, Arc’-4’), 135,9 (s, 1Cc, ArC-é6a), 132,3, (s, 1C, ArC-4a),
131,7 (s, 1C, Arxc’-6’), 129,7 (s, 1lc, Arc’-2’), 129,5 (s, 1cC,
ArC-10b), 128,9 (s, 1C, ArC-10a o Arc’'-1’), 128,4 (s, 1C, ArC-
3), 128,11 (s, 1lc, ArC-8B), 127,8 (s, 1lC, Arc-2), 127,5 (s, 1C,
Arc-9), 127,3 (s, 1C, Arc-4), 126,0 (s, 1C, ArCc-7), 123,8 (s,
1C, Arc-1), 123,0 (s, 1C, Arc-10), 119,5 (s, 2C, ArC’-3'),
112,9 (s, 1c, Arc’-5’'), 64,6 (s, 1C, -C(O)CH2CH;-3'), 60,5 (s,
1C, -OCH,CH;-4'), 54,1 (s, 1C, C-6), 21,6 (s, 1C, -CHa-6), 14,1
(s, 1C, -C(O)CH,CH3-3’), 14,0 (s, 1C, -OCH CH;-4’');

Andlisis calculado para CzsHzsNOsS: C, 66150,- H, 5,58; N, 3,10.

Hallado: C, 66,70; H, 5,62; N, 2,84.
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EJEMPLO 26
2- (Ridroximetil) -4-[ (6-metilfenantridin-5 (6H) -

1l) sulfonil] fenocl

Una solucién agitada de acido 2-hidroxi-5-[ (6-
metlilfenantridin-5(6H)il)sulfonil]lbenzoico (1,75 g, 4,43 mmol)
en tetrahidrofurano anhidro (20 ml) se traté gota a gota a
temperatura ambiente bajo nitrégeno a través de una jeringa
con un complejo de borano-sulfato de metilo 10 M (1,5 ml, 15
mmol). Después de agitar durante cuatro a temperatura
ambiente, la reaccién se enfrié6 con metanol (20 ml), se
concentrd en vacio, se diluyé con agua y se extrajo con
acetato de etilo. La fase orgdnica se lavé en secuencia con
una solucién acuosa de carbonato de potasio, agua, una
solucién de cloruro de sodio acuoso saturado, una solucién de
dcido clorhidrico 1 N, y agua. La fase orgédnica se Bsecd sobre
sulfato de sodio anhidro, se filtrd a través de una columna
corta de gel de silice y se levigd con acetato de etilo. la
fase de acetato de etilo se evapor6é en vacio a un aceite crudo
(1,2 g). El1 aceite crudo se purificd mediante cromatografia
preparativa sobre una columna Biotage® 40 Mi de gel de asilice
previamente envasado (90 g) con una levigacién de gradiente de
entre el 10% y el 55% de éter metil terc-butilico en hexano a
una velocidad de flujo de 50 ml/min; y dio, después de la

evaporacién del solvente, un aceite incoloro (0,687 g, 1,8
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mmol). La cristalizacién del aceite incoloro desde éter
dietilico dio el compuesto del titulo (0,6 g, 1,57 mmol, 35%)
como un sélido cristalino inceloro homogéneo, punto de fusidn
182°C~184°C;

MS [(+ESI), m/z]: 382 [M+H]*;

MS [(-ESI), m/z]: 380 [M-H]";

IR (S61ido), vax : 3520, 3400, 1600, 1590, 1500, 1480, 1440,
1305, 1280, 1155, 1120, 1075, 1010, 730 cm™;

'H NMR (500 MHz, DMSO-dg) &: 10,14 (br s, 1H, -OH-4'), 7,76
(dd,, o= 7,6, 0,9 Hz, 1H, ArH-1), 7,58 (dd, g = 7,8, 1,1 Hz,
1H, ArH-4), 7,45 {(d, J = 7,5 Hz, 1lH, ArH-10), 7,40 (td, J =
7,5, 1,2 Hz, 1H, ArH-3), 7,35 (td, g =- 7,5, 1,4 Hz, 1H, ArH-
2), 7,18 - 7,09 (m, 4H, ArH-7,8,9, ArH’-2’), 6,71 (dd, J =
8,5, 2,4 Hz, 1H, ArH’-6"), 6,34 (d, J = 8,5 Hz, 1H, ArH’'-5'}),
5,35 {(qp J = 6,9 Hz, 1H, H-6), 4,87 (br s, 1H, -CH;0H-3'), 4,16
(d, J = 14,5 Hz, 1H, -CH,0OH-3’), 4,07 (d, J = 14,5 Hz, 1H, =-
CHOH-3’), 1,12 (d, J = 7,0 Hz, 3H, -CHy6);

3¢ NMR (125 MHz, DMSO-dg) &: 157,7 (s, 1C, ArC’'-4’), 136,5
(s, 1C, ArC-6a), 132,8, (s, 1C, ArC-4a), 129,3 (s, 1C, ArC-
10b), 128,7 (s, 1lc, ArC-4), 128,6 (s, 1C, ArC’-1"), 128,3 (s,
1Cc, ArCc-1l0a) 128,1 (s, 1C, Arc-3), 127,8 (s, 1C, ArC-8), 127,3
(s, 1C, Arc-2)}, 127,2 (s, 1C, ArC-9), 126,7 (s, 1C, ArC’-6’),
126,6 (s, 1lc, arc’-2’), 126,4 (s, 1c, Arc’-3’), 126,0 (s, 1C,



152

IC, AIC' _5') ] 57'2 (S, lc, -CH:OH":"), 53'0 (S, lc' C-G) ’ 21'7
(s, 1C, -CH3-6);
Anadlisis calculado para C;;H;eNO4S: C, 66,12; H, 5,02; N, 3,67.

Hallado: C, 65,84; H, 5,11; N, 3,45.

BEJEMPLO 27
2-Hidroxi-5-[ (6-metilfenantridin-5 (6H) -

il) sulfonil]benzaldehido

4-[(6-Metilfenantridin-5(6H)-1l1)sulfonil)fenol (0,5 g, 1,42
mmol), preparado de acuerdo con el procedimiento del Ejemplo
l, y hexametilentetramina (0,6 g, 4,28 mmol) se suspendieron
en Acido trifluorocacético (5 ml) y refluyé bajo argén durante
dos horas. El sélido se disolvié gradualmente. La mezcla de la
reaccién se enfrid a temperatura ambiente y se enfrié con
agua. El 4&cido trifluorocacético se removié en vacio, y la
fase acuosa se extrajo con acetato de etilo. La fase orgénica
se lavé en secuencia con agua, una solucidén de carbonato de
sodio acuoso saturado, y una 8solucidén de cloruro de sodio
acuoso saturado. Después de secar sobre sulfato de magnesio
anhidro, la fase organica se evaporé en vacio para dar un
aceite naranja rojizo. El producto crudo se purificé mediante
cronatografia de columna répida sobre gel de silice, levigando

con una mezcla de acetato de etilo-hexano (1:3) para dar el

2
b2
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compuesto del titule (0,17 g, 0,45 mmol, 31%) como un sélido
blanco, punto de fusién 143°C-145°C;

MS [(-ESI), m/z]: 378 [M-H]";

H NMR (500 MHz, DMSO-ds) &: 11,41 (s, 1H, CHO), 9,94 (s, 1H,
-OH-4’), 7,76 (d, J = 7,6 Hz, 1H, ArH-1), 7,61 (d, J = 7,8 Hz,
1H, ArH-4), 7,46 - 7,38 (m, 3H, ArH-2,3,10), 7,24 (d, J = 2,5
Hz, 1H, ArH'-2’), 7,20 (d, J = 7,8 Hz, 1H, ArH-7}, 7,13 - 7,08
(m, 2H, ArH-8,9), 6,97 (dd, J = 8,7, 2,6 Hz, 1H, ArH’'-6’),
6,55 (d, J = 8,7 Hz, 1H, ArH'-5’), 5,39 (q, v = 7,0 Hz, 1H, H-
6), 1,14 (d, g = 17,0 Hz, 3H, -CH;-6);

Andlisis calculado para Cj;;H;sNOsS - 0,14 H,0: C, 66,04; BH,

4,56; N, 3,67. Hallado: C, 66,05; H, 4,53; N, 3,54.

EJEMPLO 28
Paso a)

4-[ (2-Bromo-6-etilfenantridin-5(6H) -i1l) sulfonil]fenol

Una solucién agitada y enfriada de 2-bromo-6-etil-5-[(4-
metoxifenil)sulfonil] -5, 6-dihidrofenantridina (1,13 g, 2,46
mmol) y ciclohexeno (2,5 ml, 24,6 mmol) en diclorometano (5
ml) se tratdé gota a gota bajo nitrégeno a -30°C con tribromuro
de boro (2,5 ml, 24,6 mmol). Después de que se completd el
agregado, la mezcla de la reaccién se dejé calentar a
temperatura ambiente y se agitdé durante cuatro horas. La

reaccén se enfridé a -30°C y se enfrié con metanol (1 ml). El
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solvente se removié en vacio para dar el compuesto del titulo
como un polvo gris (0,982 g, 2,21 mmol, 90%) que se confirmd

mediante LCMS (ES-, FA, CV=20 o 5).

Pasc b)

4-[(5-Etil-2-tien-3-ilfenantridin-5(6H)-il) sulfonil)fenol

Una solucién de 4-[ (2-bromo-6-etilfenantridin-5(6H)-
il)sulfonil] fenol (0,982 g, 2,21 mmol) y 4&cido 3-
tiofenoborénico (0,565 g, 4,42 mmol) en 1,4-dioxano se tratd
con una solucidén recién preparada y purgada con nitrégeno de
tetrakis(trifenilfosfino)paladico (0) (0,127 g, 0,110 mmol, 5%
en molea) en 1,4-dioxano y una solucién acuosa 2 M de
carbonato de sodio (3,31 ml, 6,63 mmol). La mezcla se purgd
con argdén durante 30 minutos y se calenté a 100°C durante
hasta seis horas. El avance de la reaccién se monitored
mediante cromatografia de liquidos a alta presién. Al
terminar, la reaccidén se enfrid a temperatura ambiente y se
diluyé con diclorometano {3 ml) y una solucién de hidréxido de
sodico acuoso 0,5 M (2 ml). Después de agitar durante 30
minutos, la mezcla se extrajo con acetato de etilo. La fase
organica se secd sobre sulfato de sodio anhidro y se concentrd
a un residuo. El residuo se purificé mediante cromatografia de
columna répida sobre gel de silice con levigaclén de gradiente

de entre el 10% y el 20% de acetato de etilo en hexano para
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dar el compuestc del titulo (0,643 g, 1,44 mmol, 65%) como un
producto purificado{ que se caracterizé mediante LCMS (ES-,
FA, CV=20 o 5), punto de fusién 174°C-176°C;

MS [{-ESI), m/z]: 446 [M-H]";

HRMS [(+ESI), m/z]: 448,10296 [M+H]'. Calculado para CazsHzzNO3Sz:
448,10356;

IR (S61ido), V¥mx : 3410, 1600, 1590, 1495, 1490, 1450, 1325,
1150, 1080, 825 cm';

'H NMR (500 MHz, DMSO-ds) &: 10,14 (s, 1H, -0H-4’), 8,09 (d, J
= 1,8 Hz, 1H, ArH-1), 8,04 (dd, J = 2,8, 1,4 Hz, 1H, 2-
tiofeno), 7,76 (dd, J = 8,4, 1,8 Hz, 1H, ArH-3), 7,71 - 7,64
(m, 4H, ArH-4,10, 4,5-tiofeno), 7,24 - 7,16 (m, 3H, ArH-
7,8,9), 6,90 (d, J = 8,7 Hz, 2H, ArH’-2’,6’), 6,35 (d, J = 8,7
Hz, 2H, ArH’-3',5’), 5,08 (dd, J = 9,8, 5,5 Hz, 1H, H-~6), 1,42
(d quinteto, J = 13,4, 7,2 Hz, 1H, -CH,CH;~6), 1,30 (ddgq, J =
13,4, 9,8, 7,2 Hz, 1H, -CHCH»-6), 0,91 (t, J = 17,2 Hz, 3H, -

CH,CH-6) .

BIJEMPLO 29
4~{[6-Etil-2-(3-metoxifenil) fenantridin-5(6H) -

il]sulfonil}fencl

Una solucidn de 4-[ (2=-bromo-6-etilfenantridin-5(6H)-
il)sulfonil} fenol {1,25 G, 2,70 mmol) y acido 3-

metoxifenilborénico (0,822 g, 5,41 mmol) en 1,4-dioxano se
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tratd con una solucién de tetrakis(trifenilfosfino)paladio (0)
(0,156 g, 0,135 mmol, 5% en moles) en 1,4-dioxanc y una
solucidén acuosa 2 M de carbonato de sodio (4,0 ml, 8,0 nmol)
de acuerdo con el procedimiento y en la misma forma que se
describié len el Ejemplo 28, paso b; y dio, después de 1la
purificcién cromatogrdfica, 4-{[6-etil-2-(3-
matoxifenil) fenantridin-5(6H)asulfonil}fenol (1,05 gq, 2,23
mmol, 83%) como un producto purificado, que se caracterizé
mediante LCMS (ES+, FA, Cv=20 o 5);

MS [(-ESI), m/z]: 470 [M-H] ;

'R NMR (500 MHz, DMSO-ds) &: 10,19 (s, 1H, -OH-4’), 6,03 (s,
14, ArH-1), 7,71 (m, 3H4), 7,31 - 7,19 (m, 6H), 6,94 (d, 2H,
ArH’-2',6'), 6,94 (d, 1H, ArH”-4*), 6,36 (d, 2H, ArH'-3’,5'),
5,05 (dd, 1H, H-6), 3,84 (s, 3H, -OCH;-3"), 1,60 - 1,20 (m, 2H,

-CH,CHs-6), 0,91 (t, J = 7,2 Hz, 3H, -CH2CH;-6).

EJEMPLO 30
3-{6-EBtil~5~[ (4-hidroxifenil)sulfonil] ~5,6~-dihidrofenantridin-

2-il)fenol

Una solucién agitada Yy enfriada de 4-{[etil-2-(3-
metoxlfenil) fenantridin-5(6H)-il]sulfonil}fenol (0,545 g, 1,36
mmol) y ciclohexeno (1,1 ml, 10,9 mmol) en diclorometano (5
ml) se traté gota a gota bajo nitrégeno a -30°C con tribromuro

de bore (1,03 ml, 10,9 mmol). Después de que terminé la



levigacién, la mezcla de la reaccién se dejé calentar a
temperatura ambiente y se agité durante cuatro horas. La
reacclén se enfridé a -30°C y se enfrid con metanol (1 ml). El
solvente se removidé en vacio, y el residuo se purificé
mediante cromatografia de columna rapida sobre gel de silice,
levigando con una mezcla de acetato de etilo-hexano (1:3) para
dar el compuesto del titule (0,473 g, 1,03 mmol, 76%) que se
caracterizé mediante LCMS (ES+, FA, CV=20 o 5), punto de
fusién 105°C;

MS [(+ESI), m/z]: 458 [M+H]*;

Ms [(-ESI), m/z]: 456 [M-H]";

HRMS [(+BESI), m/z]: 458,14179 [M+H]'. Calculado para
C27H2aNO.S: 458,14206; .

'H NMR (500 MHz, DMSO-ds) &: 10,15 (s, 1H, -OH-4’), 9,53 (s,
1H, -OK-3”), 7,95 (d, J = 1,7 Hz, 1H, ArH-1), 7,72 - 7,63 (m,
3H), 7,29 - 7,15 (m, 5H), 7,12 (s, 1lH, ArH*-2"), 6,93 (d, J =
8,7 Hz, 2H, ArH’'-2',6'), 6,79 (dd, 0 = 7,9, 2,1 Hz, 1H, ArH"-
4”), 6,36 (d, J = 8,7 Hz, 2H, ArH’'-3’,5'), 5,08 (dd, J = 9,6,
5,5 Hz, 1H, H-6), 1,47 - 1,39 (d quinteto, J = 13,6, 7,2 Hz,
1H, ~CH;CH»-6), 1,34 - 1,25 (ddq, J = 13,6, 9,6, 7,2 Hz, 1lH, -

EJEMPLO 31

Paso a)
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2- (Dibenzo[b,d]) furan-4-il) -6-aetil-5~[ (4-metoxifenil) sulfonil] -

5,6-dihidrofenantridina

Una soluciétn de 2-bromo-6-etil-5-[(4-metoxifenil)sulfonil]-
5,6-dihidrofenantridina (1,5 g, 3,1 mmol) Y dcido
diben;o[b,d]furan-4-1lbor6nico (1,34 g, 6,3 mmol) en 1,4-
dioxano se traté con una solucién de
tetrakis{trifenilfosfino)paladio (0) (0,182 g, 0,15 mmol, 5%
en moles) en 1,4-dioxano y una solucién acuocsa 2 M de
carbonato de sodio (4,74 ml, 9,4 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 28, paso b; y dio, después de 1la purlificacién
cromatografica sobre gel de silice, levigando con una mezcla
de acetatc de etilo en hexano (1:9), 2-(dibenzo[b,d]furan-4-
il)~-5-etil-5-[(4-metoxifenil)sulfonil] -5, 6-dihidrofenantridina

(0,855 g, 1,56 mmol, 51%) como un producto purificado, que se

caracterizé mediante LCMS (ES+, FA, Cv=20 o 5).

Paso b)
4-[(2-Diben=zo[b,d] furan-4-il-6-etilfenantridin-3 (68) -

il) sulfonil]fenol

Una solucidén agitada y enfriada de 2-(dibenzo[b,d]furan-4-il)-
6-etil-5-{ (4-metoxifenil)sulfonil}-5, 6-dihidrofenantridina

{0,855 g, 1,56 mmol} y ciclohexeno (1,26 ml, 12,5 mmol} en

-

.o
b1
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diclorometano (5 ml) se traté gota a gota bajo nitrégeno a -
30°C con tribromuro de boro (1,18 ml, 12,5 mmol). Deampués de
que se terminé el agregado, la mezcla de la reaccién se dejéd
calentar a temperatura ambiente y se agité durante cuatro
horas. La reaccién se enfridé a -30°C y se enfrié6 con metanol
(1 ml). El solvente se removid en vacioy el residuo se
purificdé mediante cromatografia de columna rApida sobre gel de
Silice para dar el compuesto del titulo (0,756 g, 1,42 mmol,
91%) que se caracterizé mediante LCMS (ES+, FA, CV=20 o 5),
punto de fusién 218°C-220°C;

MS [ (+ESI), m/z]: 532 [M+H]*;

MS [(-ESI), m/z]: 530 [M-H]";

HRMS [(+ESI), m/z]: 532,15748 [M+H]". Calculado para
CaaHagNO.S: 532,15771;

IR (S6lido), Vs : 3400, 1600, 1580, 1500, 1490, 1450, 1190,
1170, 1080, 830, 755 cm';

'H NMR (500 MHz, DMSO-dg) &: 10,18 (s, 1H, -OH-4’), 8,28 (d, J
= 1,8 Hz, 1H, ArH-1), 8,22 (dd, 0= 7,6, 0,6 Hz, 1H, ArH"-97),
8,19, (¢, J = 7,6 Hz, 1H, ArH”-1"), 8,02 (dd, J - 8,4, 1,8 Hz,
14, ArH-3), 7,85 (d, J = 7,6 Hz, 1H, ArH*-3"), 7,81 (d, J =
8,4 Hz, 1H, ArH-4), 7,80 (d, J = 8,1 Hz, 1H, ArH"-6"), 7,68
(dd, J = 8,4, 1,4 Hz, 1H, ArH-10), 7,55 (td, J = 8,3, 0,9 Hz,
14, Arn”"-7*), 17,53 (t, J = 7,6 Hz, 1H, ArH”-2"), 7,44 (t, J =
7,5 Hz, 1H, ArH”-8"), 7,26 - 7,18 (m, 3H, ArH-7,8,9), 7,00

(dd, 0= 8,7, 2,8 Hz, 2H, ArH’-2',6’), 6,40 (dd, J = 8,7, 2,8

S~

=X
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Hz' ZH' AI‘H'-3',5'), 5,13 (dd| J = 9'8' 5,5 Hz' IH' H-G), 1,48
(d quinteto, J = 13,4, 7,2 Hz, 1H, -CH,CH3-6), 1,36 (ddq, J =
13'4, 9'8' 7'2 HZ, 1H' —Cf‘zCHg‘G), 0'95 (t' J = 7'2 HZ, 3H' -

CH2CHs—6) .

EJEMPLO 32
Método A
Paso a)

N~ (4’ -Fluorobifenil-2-il)acetamida

Una solucién agitada de 2-yodoanilina (32,6 g, 149 mmol) y
édcldo 4-fluorofentilborénico (20,8 g, 149 mmol) en
tetrahidrofurane (1,5 L) se traté bajo nitrégeno con un
complejo de [1,1'-bis(difenilfosfino)ferroceno]ldicloropaladio
(II) (2,20 g, 2,69 mmol) y una solucién de hidréxido de sodio
5 N (60 ml). La mezcla de la reaccién se calenté a reflujo
durante doce horas, se enfrié a temperatura ambiente y el
solvente se removid en vacio. El1 residuo se disolvié en
acetato de etilo {250 ml) y se extrajo con una solucién de
cloruro de sodio acuoso saturado (100 ml). La fase acuosa se
extrajo nuevamente con acetato de etilo (2 x 50 ml). La fase
orgénica combinada se secdé sobre sulfato de magnesio anhidro,
se flltré y se concentrd en vacio a un aceite marrén. E1
aceite marrén se filtrdé a través de una columna corta de gel

de silice, y se levigd con una mezcla de acetato de etilo-

rl
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hexano (1:4). Después de la evaporacién del solvente en vacio,
una solucién de 1la 4'’-fluoro-bifenil-2-ilamina cruda en
diclorometano (75 ml) se traté con piridina (27,7 ml, 343
mmol), anhidrido acético (15,5 ml, 164 mmol) y 4-(N,N-
dimetilamino)piridina (0,55 g, 4,5 mmol). Después de agitar
durante doce horas a temperatura ambiente, la reaccién se
enfrid con una solucién de cloruro de amonio acuoso saturado
(250 ml). La fase acuosa separada se extrajo con diclorometano
(3 x 75 ml), y la fase organica combinada se lavé en secuencia
con una solucién de Acido clorhidrico 0,1 N (2 x 50 ml) y una
solucién de bicarbonato de sodio acuoso saturado (50 ml). La
fase orgdnica se sect sobre sulfato de sodio anhidro, se
filtré y se concentrdé en vacio a un segundo aceite marrén.
Después de que se agregd tolueno y se removié en vacio (3x),
el sdlido marrén resultante se cristalizd desde acetato de
etilo-hexano para dar una primera cosecha del producto deseado
(19,0 g). E1l liquido madre se concentré y se purificé mediante
cromatografia de columna ripida sobre gel de silice, levigando
con acetato de etilo-hexano (1:4) para obtener una segunda
cosecha (5,0 g). Las cosechas combinadas dieron el compuesto
del titulo como un sélido cristalino incoloro homogéneo (24,0
g, 70%), punto de fusién 123°C-124°C;

MS [(+ESI), m/z]: 230 [M+H]*;

If NMR (500 MHz, DMSO-dg) 5: 9,24 (s, 1H), 7,44 - 7,23 (m,

8H), 1,87 (s, 3H);

il
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Andlisis calculado para C;4H12FNO: C, 73,35; H, 5,28; N, 6,11.

Hallado: C, 73,09; H, 5,20; N, 5,89,

Paso b)

8-Fluoro-6-metilfenantridina

La N-(4’-fluorofenil-2-il)acetamida (18,5 g, 80,7 mmol) se
mezclé con Acido polifosfédrico (250 g) y se calentd a 120°C
agitando vigorosamante durante 48 horas. La mezcla de la
reaccién caliente se vertié sobre hielo y se agitéd
vigorosamente hasta que fue homogénea. Se agregd hidréxido de
amonio (28%-30%, acuoso) hasta que el pH fue superior a B. Se
filtré un precipitado blanco, se disolvié en acetato de etilo
(250 ml), y se filtré nuevamente. El filtrado combinado se
lavé con una solucidén de cloruro de sodio acuoso saturado, se
secd sobre sulfato de sodio anhidro, se filtré y se evapord en
vacio a un s6lido marrén. E1l 86lido marrén se purificd
mediante cristalizacién desde una mezcla de acetato de etilo-
hexano para dar el compuesto del titulo come un sélido
cristalino blanco (15,9 g, 94%), punto de fusién 92°C-93°C);

MS [(+ESI), m/z]: 212 [M+H]*;

i1 NMR (500 MHz, C€DCly) 5: 8,63 (dd, J = 9,0, 5,4 Hz, 1H),

8,49 (dd, J = 8,2, 1,0 Hz, 1H), 8,10 (dd, J

8,1, 1,1 Hz,
1H), 7,84 (dd, J = 9,6, 2,6 Hz, 1H), 7,71 (m, 1H), 7,65 - 7,57

{m, 2H), 3,01 (s, 3H):
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'H NMR (400 MHz, DMSO-dg) &: 8,89 (dd, J = 9,1, 5,6 Hz, 1H),
8,70 (dd, J = 8,1, 1,3 Hz, 1H), 8,05 (dd, J = 10,1, 2,5 Hz,
1H), 17,97 {(dd, J = 8,1, 1,3 Hz, 1H), 7,80 (m, 1H), 7,70 (m,
1H), 7,63 (m, 1H), 3,01 (s, 3H);

Andlisis calculado para C;¢H;pFN - 0,10 H,O: C, 78,93; H, 4,83;

N' 6'57. Hallado: C, 79;90; H' 4'51; N, 6'58-

Paso c)

Carbonato de 4-(clorosulfeonil)fenil etileo

Una solucién de 4-hidroxibencensulfonato de sodio dihidratado
(50,0 g, 215 mmol) en hidréxide de sodio acuoso 1,25 N (170
ml, 213 mmol) se tratd gota a gota con cloroformato de etilo
(20,6 ml, 215 mmol). La mezcla de la reaccién se agitd durante
doce horas a temperatura ambiente. Después de enfriar la mezca
a 0°C, un precipitado blanco, que se formd en las condiciones
de la reaccién, se filtré. E1l sélido se secd en vacio a 70°C.
El sélido blanco (40,0 g) se suspendidé en tolueno (350 ml) y
se tratd con N,N-dimetilformamida (6,0 ml) y cloruro de
tionilo (22,0 ml, 298 mmol) y la mezcla resultante se calentd
a 100°C durante doce horas. Después de enfriar a temperatura
ambiente, la mezcla de la reaccidén se filtrd a través de
tierra diatomécea. El1 filtrado se concentré en vacio y el
acelte resultante se sclidificé al estar en reposo. El aceite

solidificado se disolvié en acetato de etilo-hexano (1:4), se

A
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filtré a través de una columna corta de gel de silice, y el
solvente se removié en vacio para dar el cloruro de sulfonilo
como un s86lido blanco (34,8 g, 61%), punto de fusién 74°C-
76°C;

H NMR (400 MHz, DMSO-ds) &: 7,60 (d, J = 8,7 Hz, 2H), 7,14
(d, J =- 8,8 Hz, 2H), 4,23 (q, J = 7,1 Hz, 2H), 1,26 (t, J =

7.1 Hz, 3H).

Paso d)
Carbonato de atil 4-[(B-fluoro-6-matilfenantridin-5(6H)-

il)sulfonil]fenilo

Una solucién agitada de B8-fluoro-6é-metilfenantridina (8,00 g,
37,9 mmol) en tetrahidrofurano (152 ml) se ¢traté con
borohidruro de sodio recién comprimido (7,16 g, 189 mmol). Se
agregd &cido trifluoroacético (11,7 ml, 152 mmol) gota a gota
a una velocidad adecuada para controlar la evolucién de gas y
condiclones de la reaccidn exotérmica. Después de que se
terminé de agregar A&acido trifluoroacético, la mezcla de 1la
;eaccibn heterogénea se agité hasta que la reaceclén volvid a
la temperatura ambiente; luego se recalenté a reflujo durante
14 horas. Después de enfriar a temperatura ambiente, se agregb
lentamente una solucién de bicarbonato de sodio acuoso
saturado (250 ml). La mezcla se filtré a través de un tapdén de

lana de vidrio, y se extrajo con éter dietilico (4 x 75 ml).
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El extracto organico combinado se secé sobre sulfato de sodio
anhidro, se filtré y se concentrd en vacio para dar la
dihidrofenantridina como una pasta de color marrén clarco. Una
solucidén de la dihidrofenantridina cruda en diclorometano (38
ml) se tratd con trietilamina (31,7 ml, 227 mmol) y carbonato
de 4-(clorosulfonil)fenil etilo (12,0 q, 45,3 mmol) y se agité
a temperatura ambiente durante 14 horas. La reacclién se enfriéd
con una solucién de hidréxido de sodio 0,1 N (150 ml) y se
extrajo con diclorometano (6 x 50 ml). El extracto orgdnico
combinado se lavé con una solucidén de &cido clorhidrico 2 N (2
x 40 ml), se secd sobre sulfato de sodio anhidro, se filtré y
se concentrd en vacio a un aceite marrén viscoso. El aceite
marrén se triturdé con hexano (25 ml) para dar un sélido de
color marrén claro. El sélido de color marrén claro se
purificé mediante cristalizacién desde una mezcla de acetato
de etilo-hexano para dar una primera cosecha del producto
deseado. El liquido madre se concentré en vacio, y se purificé
mediante la filtracién a través de un tapdén de gel de silice,
levigando con acetato de etilo-hexano (1:4) para obtener una
segunda cosecha. Las cosechas combinadas dieron el compuesto
del titulo como un sélido cristalino blanco (15,2 g, 91%),
punto de fusién 136°C-138°C;

MS [(+ESI), m/z]: 442 [M+H]*;

'H NMR (500 MHz, DMSO-d¢) &: 7,77 (d, J = 7,6 Hz, 1K), 7,63

{d, J = 7,8 Rz, 1H), 7,48 - 7,39 (m, 3H), 7,19 (dd, J = 9,0,

S
R
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2,6 Hz, 1lH), 7,09 (d, J = 8,7 Hz, 2H), 6,98 (d, J = 8,7 Hz,
2H), 6,93 (td, = 8,7, 2,6 Hz, 1H), 5,48 (q, J = 7,0 Hz, 1H),
4,21 (q, J= 17,1 Hz, 2H), 1,25 (t, J = 7,1 Hz, 3H), 1,15 (t, J
= 7,0 Hz, 3H);

Analisis calculado para Ciz3;HzgFNOsS: c, 62,57; H, 4,57; N,

3,17. Hallado: C, 62,51; H, 4,47; N, 2,96.

Paso e)

4-[{B~Fluoro~6-matilfenantridin-5 (6H) -il) sulfonil] fenol

Una solucidn de carbonato de etil 4-[(B-fluoro-6-
metilfenantridin-5(6H)-1il)sulfonil] fenilo (0,45 g, 1,02 mmol)
en metanol (5,0 ml) se traté con una solucién de hidréxido de
sodio 1 N (5,1 ml) y se calenté6 a 75°C durante 14 horas.
Después de enfriar a temperatura ambiente, el metanol se
evapord® en vacio. La mezcla acuosa resultante se acidificé con
una solucién de é&cido clorhidrido 1 N, se diluyé con una
solucién de cloruro de sodio acuosco saturade (100 ml) y se
extrajo con diclorometano (5 x 15 ml). La fase orgénica
combinada se secdé sobre sulfato de sodio anhidro, se filtrd y
se concentrd en vacio para dar un sélido blanco. El sélido se
purificé mediante filtracién a través de una columna corta de
gel de silice, levigando con acetato de etilo, para dar el
compuesto del titulo comc un sélide cristalino blanco

homogéneo (0,34 g, 89%), punto de fusién 188°C;
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Ms [(-ESI), m/z]: 368 [M-H]";

4 NMR (500 MHz, DMSO-dg) &: 10,24 (br s, 1H), 7,76 (dd, J =
7,6 Hz, 1,5, 1H), 7,60 (dd, J = 7,8, 1,4 Hz, 1H), 7,52 (dd, J
= 8,7, 5,0 Hz, 1H), 7,41 (m, 1H), 7,37 (m, 1H), 7,17 {(dd, J =
9,2, 2,7 Bz, 1H), 6,96 (td, J = 8,7, 2,7 Hz, 1lH), 6,86 (d, J =
8,9 Hz, 2H), 6,38 (d, J = 8,9 Hz, 2H), 5,41 (q, J = 7,0 Hz,
1H), 1,13 (d, J = 7,0 Hz, 3H);

Andlisis calculado para CzoHi1sFNO3S: C, 65,03; H, 4,37; N, 3,79.

Hallado: C, 64,77; H, 4,31; N, 3,76.

Método B
Paso a)
8-Fluoro-5- (d-matoxifenilsulfonil) -6-matil-5, 6~

dihidrofenantridina

El compuesto del titulo se prepard a partir de 8-fluoro-6-
metilfenantridina (5,27 g, 25,0 mmol), borohidrurc de sodioc
(4,72 g, 125 mmol) y &cido trifluorcacético (8 ml, 100 mmol)
en tetrahidrofurano (100 ml); seguido por trietilamina (20 ml,
150 mmol) en cloruro de 4-metoxibencensulfonileo (5,67 g, 27,5
mmol) en diclorometano (20 ml), de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 32, Método A, Paso d, para dar el producto crudo como
un sélido marrén. El producto crudo se purificé mediante 1la

recristalizacién desde una mezcla de diclorometano-hexanc para
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dar 8-fluoro-5-(4-metoxifenilsulfonil)-6-metil-5, 6~
dihidrofenantridina, como un sélido cristalino blanco
homogéneo (8,31 g, 87%), punto de fusibén 132°C - 138°C;

MS [(+ESI), m/z]: 384 [M+H]*;

14 NMR (500 MHz, DMSO-d¢) &: 7,75 (dd, J = 17,7, 1,1 Hz, 1H),
7,61 (m, 1H), 7,48 (dd, J = 8,6, 5,4 Hz, 1H), 7,43 (m, 1H),
7,38 (m, 1H), 7,16 (dd, J = 9,2, 2,8 Hz, 1lH), 6,98 - 6,92 (m,
3H), 6,59 (d, J = 8,8 Hz, 2H), 5,43 (q, J = 7,0 Hz, 1H), 3,64
(s, 3H), 1,13 (d, g = 7,0 Hz, 3H);

Andlidis calculado para Cz;H;sFNO3S: C, 65,78; H, 4,;, 3,65.

Hallado: C, 65,64; H, 4,90; N, 3,51.

Paso b)

4-[ (8~-Fluoro-6-metilfenantridin-5(6H) ~il) sulfonil}fenol

Una suspensién agitada de 8-fluoro-5-(4-metoxifenilasulfonil)-
6-metil-5, 6~dihidrofenantridina {1,26 g, 3,29 nmol) Yy
ciclohexeno (6,0 ml, 59 mmol) se tratd gota a gota con una
solucién de tribromuro de boro 1 M (20 ml, 20 mmol) en
diclorometano a temperatura ambiente bajo nitrdgeno. Después
de agitar durante 20 horas a temperatura ambiente, una
solucién de bicarbonato de sodio acuoso saturado (300 ml) se
agregé gota a gota, y la mezcla resultante se extrajo con
diclorometane (6 x 20 ml). La fase orgdnica combinada se secéd

sobre sulfato de sodio anhidro, se filtré y se concentré en
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vacio. El material crudo se purificé mediante croamtografia de
columna rapida sobre gel de silice, levigando con una mezcla
de acetato de etilo-hexano (gradiente de 1:19 a 1:4), seguido
por la recristalizacién desde una mezcla de diclorometano-
hexano para dar el compuesto del titulo como un sélido
cristalino blanco homogéneo (1,1 g, 90%). El punto de fusién,
el espectro de masa, y el espectro de NMR de eate producto
fueron idénticos al material auténtico preparado en el Ejemplo

32, Método A, Paso e.

EJEMPLO 33
Método A
Paso a)
Carbonato de etil 4-{[(8)-8-fluoro-6-metilfenantridin-5(6H)-

il]sulfonil}fanilo¥*

Los enantiémeros del carbonato de etil 4-[(8-fluoro-6-
metilfenantridin-5(6H)-il]lsulfonil] fenilo (Ejemplo 32, Método
A, Paso d) se separaron mediante cromatografia de liquido de
alto rendimiento de fase estacionaria quiral (columna
Chiralcel® 0J-25 x 5 cm) en un Rainin Auto-Prep System®,
levigando con etanol a una velocidad de flujo de 10 ml/min. El
primer pico con un tiempo de retencién de 8,5 minutos fue el
compuesto del titulo;

Ta B,5 minutos;
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Punto de fusién 159 °C;

[alp?® = +212,2* (c = 1% solucién, CHCly);

MS [(+ESI), m/z]: 442 [M+H]*;

'H NMR (500 MHz, DMSO-dg) 5: 7,77 (d, J = 7,6 Hz, 1H), 7,63
(d, g = 17,8 Hz, 1H), 7,48 - 7,39 (m, 3H), 7,19 (dd, J = 9,0
Hz, 2,6, 1H), 7,09 {(d, J = 8,7 Hz, 2H), 6,98 {(d, J = B,7 Hz,
2H), 6,93 (td, J = 8,7 Hz, 2,6, 1H), 5,48 {(q, J = 7,0 Hz, 1H),
4,21 (qp J= 17,1 Hz, 2H), 1,25 {t, J= 17,1 Hz, 3H), 1,15 (t, O
= 7,0 Hz, 3H);

AnAlisis calculado para Ca3HzoFNOsS: C, 62,57; H, 4,57; N,
3,17. Hallado: C, 62,44; H, 4,58; N, 3,03.

*La configuracién absoluta se asignd mediante la conversidén en

4-{[(S)-8-fluoro—-6-metilfenantridin-5(6H)-il]sulfonil}fenol.

Paso b)

4=-{[(8) -B8-Fluoro-6-matilfenantridin-5 (6H)-il]sulfonil}fenol*

El compuesto del titulo se preparé a partir de carbonato de
etil 4-{[(5)~8-fluoro-6-metilfenantridin-5 (6H) -
iljsulfonil}fenilo (0,05 g, 0,11 mmol}, hidréxido de sodio
acuoso 2,5 N (2 ml, 5 mmol) y metanol (2 ml), de acuerdo con
el procedimiento y en la misma forma que se describlé en el
Ejemplo 32, Método A, Paso e para dar 4-{[(S)-~8-fluoro-6-
metilfenantridin-5(6H)=-il]sulfonil}fenol como un sélido (0,04

g, 100%), punto de fusién 193°C;
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[a]p®® = +267.2° (c = 1% solucién, CHCls);

MS [(-ESI), m/z]: 368 [M-H]";

'H NMR (500 MHz, DMSO-dg) &: 10,24 (br s, 1H), 7,76 (dd, J =
7,6 Hz, 1,5, 1H), 7,60 (dd, J = 7,8 Hz, 1,4, 1H), 7,52 (dd, J
= 8,7 Hz, 5,0, 1H), 7,41 (m, 1K), 7,37 (m, 1H), 7,17 (dd, J =
9,2, 2,7 Hz, 1H), 6,96 (td, J = 8,7, 2,7 Hz, 1lH), 6,86 (d, J =
8,9 Hz, 2H), 6,38 (d, J = 8,9 Hz, 2H), 5,41 (q, J = 7,0 Hz,
1H), 1,13 (d, J= 7,0 Hz, 3H);

Andllsis calculado para CzoH16FNO3S: C, 65,03; H, 4,37; N,

3,79. Hallado: C, 64,982; H, 4,47; N, 3,71.

*La configuraciédn absoluta se asigndé por analogia a (S)-8-
fluoro-5-[ (4-metoxifenil)sulfonil]-6-metil-5, 6-
dihidrofenantridina. La configuracién absocluta de la (5)-8-
fluoro-5-[ (4-metoxifenil)sulfenil]-6-metil->5, 6-
dihidrofenantridina precedente se determindé mediante un

experimento de difraccién de rayos X de un solo cristal.

Método B
Paso a)
(8) -8-Fluoro-5-[ (i—matoxifenil) sulfonil] -6-metil-5, 6-

dihidrofenantridina¥

Los enantiémeros de 8-fluoro-5-((4-metoxifenil)sulfonil]-6-

metil-5, 6~dihidrofenantridina (Ejemplo 32, Método B, Paso a)
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se prepararon mediante cromatografia de liquido de alto
remendimiento de fase estacionaria quiral (columna de 25 x 5
cn Chiralpak® AD) sobre un Rainin Auto-Prep System®, levigando
con una mezcla de 2-propanol-hexano (1:9) a una velocidad de
flujo de 15 ml/min. El primer pico con un tiempo de retencién
de 10,0 minutos fue el compuesto del titulo.

Tg 10,0 minutos;

Punto de fusién 181-182 °C;

[e]p®® = +239,3° (c = 1% solucidén, CHCl;);

MS {(+ESI), m/z]: 384 [M+H]*;

'H NMR (500 MHz, DMSO-d¢) &: 7,75 {dd, J = 17,7, 1,1 Kz, 1H),
7,61 (m, 1H), 7,48 (dd, J - 8,6, 5,4 Hz, 1H), 7,43 (m, 1H),
7,38 (m, 1H), 7,16 (dd, J = 9,2, 2,8 Hz, 1H), 6,98 - 6,92 (m,
3H), 6,59 (d, J = 8,8 Hz, 2H), 5,43 (q, J =~ 7,0 Hz, 1lH), 3,64
(s, 3#), 1,13 {(d, J = 7,0 Hz, 3H).

*La configuracién absoluta de {S)-8~-fluoro-5- {4~
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina se
determiné mediante un experimento de difraccién de rayos X de

un solo cristal.

Paso b)

4-{[ (8) -8=-Fluoro-6-metilfenantridin-5(6H)-il]sulfonil}fencl*

El compuesto del titulo se prepard a partir de (S)-8-fluoro-5-

[ (¢-metoxifenil)sulfonil]-6-metil-5,6-dihidrofenantridina
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(0,75 g, 1,95 mmol), ciclohexeno (7,1 ml, 70,1 mmol) vy
tribromuro de boro 1 M en diclorcmetano (23 ml, 23 mmol) de
acuerdo con un procedimiento y en la misma forma que se
describié en el Ejemplo 32, Método B, Paso b. El producto
crudo se purificé mediante cromatografia de columna rapida
sobre gel de aflice, levigando con una mezcla de acetato de
etilo-hexano (gradiente de 1:9 a 1:4) para dar 4-{[(S)-8-
fluoro-6-metilfenantridin-5(6H)-il]lsulfonil}fenol*, como un
86lido homogéneo (0,59 g, 82%), punto de fusidén 193°C;

*El espectro de masa y el espectro de NMR de este material
fueron idénticos al espectro de masa y al espectro de NMR del
material auténtico que se preparé en el Ejemplo 33, Método A,
Paso b;

[a]p® = +263° (1% solucién, CHCl;).

METODO C
Paso a)

1-(2’ ,4-Difluoro-1,1’-bifenil-2-il)etancona

Una solucién agitada de 2-bromo-5-fluorocacetofenona (11,72 g,
54 mmol) y dcido 2-fluorofenilborénico (7,55 g, 54 mmol) en
tetrahidrofurano (600 ml) se traté bajo nitrégeno con un
complejo de [1,1’-bis(difenilfosfino)ferroceno]dicloropaladio
(II) con diclorometano (2,20 g, 2,69 mmol, 5% en moles) y una

soluclén de hidréxido de sodio 5 N (21,6 ml, 108 mmol). La

o
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reaccién se calentd a 60°C durante doce horas, se enfrid a
temperatura ambiente, y el solvente se removidé en vacio. El
residuo se disolvidé en éter dietilico, se filtrd a través de
una columna corta de gel de silice, y el solvente se evapord
en vacio a un acelte de color marrédn crudo (11,72 g). El
aceite crudo se purificé mediante cromatografia de liquido,
prepara?iva, repetitiva sobre una columna Biotage® 40 Mi de
gel de silice previamente envasada (90 g), levigando con un
gradiente de entre el 3% y el 10% de éter metil terc-butilico
en hexano a una velocidad de flujo de 50 ml/min para dar,
después de 1la evaporaciétn del solvente, el compuesto del
titulo como un aceite incoloro purificado (10,2 g, 43,9 mmol,

81%).

Paso b)

1-(2’ ,4-Difluoro-1,1’-bifenil-2-il)etilanina

Una solucidén agitada de 1-(2’,4-difluoro-1,1’-bifenil-2-
il)etanona (9,10 g, 39,0 mmol) en metanol anhidro (B00 ml) Bse
traté con acetato de amonio seco (154,1 g, 2,0 mol}) vy
cianoborohidruro de sodio (5,00 g, 80 mmol). La reacclidén se
calenté bajo nitrdgeno a 60°C durante quince horas, se enfrié
a temperatura ambiente, y el solvente se removié en vacio. El
residuo se tratéd con una solucldén de amonio acuocso saturado y

se extrajo con éter dietilico (2x). La fase orgidnica combinada
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se lavé en secuencia con agua y ocho veces (o hasta que la
amina ya no estaba presente en la capa organica) con una
soluclién de acido clorhidrico acuoso 2 N. La capa acuosa acida
combinada se filtré para dar un dimero dialquilado,
clorhidrato de *N,N-bis[1-(2’,4-difluoro-1,1’-bifenil-2-
il)etiljamina (1:1) (0,68 g, 1,40 mmol, 7,2%), como un sélido
incoloro, punto de fusién 190°C-193°C. El1l filtrado acuoso se
extrajo con éter dietilico (1lx) y se neutralizdé a pH 10 con
una soluclién de hidréxido de sodio acucso 2,5 N. La fase
acuosa se extrajo con éter dietilico (3x). La fase orgéanica
combinada se lavé con agua, se secé sobre sulfato de sodio
anhidro, se filtré y el solvente se removié en vacio por
debajo de la temperatura ambiente para dar el compuesto del
titulo como un aceite incoloro transparente homogéneo (5,5 g,
23,6 mmol, 60%) que se solidificé en el congelador, punto de
fusién 38°C-40°C;

MS [(+ESI), m/z]: 234 [M+H]%;

IR (pelicula), Vaax : 2967, 1606, 1476, 1447, 1370, 1257, 1199,
1107, 871, 813, 757 cm™%;

lH NMR (400 MHz, DMSO-ds) 5: 1,08 (ancho d, J = 6,9 Hz, 3H),
1,82 {(ancho s, 2H), 3,82 (q, J = 6,3 Hz, 1H), 7,10 (td, J =
8,3, 2,7 Hz, 1H), 17,15 (t, J = 6,1 Hz, 1lH), 7,27 - 7,35 (m,
3H), 7,44 (m, 1H), 7,54 (d, J = 10,4 Hz, 1lH);

AnAlisis calculado para CyH;3feN: €, 72,09; H, 5,62; N, 6,00.

Hallado: C, 71,51; H, 5,72; N, 6,08.

o
b
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Paso c)
2-6xido de (18)-1-(2',4-difluoro-1,1’-bifenil-2-il)etansminio
(4R) ~4- (2-metoxifenil) -5, 5-dimetil~-1l, 3,2-dioxafosfinan-2-

olato

Una solucién de 1-(2’,4-difluoro-1,1’-bifenil-2-il)etilamina
(2,78, 11,9 mmol) en 2-butancna (15 ml) se agregd a una
suspensién agitada de {(R)-{+)-2-hidroxi-4-(2-metoxifenil)-5,5-
dimetil-1, 3,2-dioxafosforinano (3,27 g, 12 mmol) en 2-butanona
(100 ml). La mezcla se calenté a reflujo hasta que se obtuvo
una solucién heomogénea. Después de enfriar a temperatura
amblente, el matraz se cubrié y se dejé en reposo sin
perturbar durante 64 horas. El precipitado blanco (2,74 g,
90,59% basado en la resolucién del 50% tebrica) se recogié
mediante filtracién. La pureza quiral del precipitado blanco
se determindé mediante ILC quiral (98,4%) (+) :: 1,6% ({(-)),
luego el sélido se resuspendié en 2-butanona {100 ml) y se
calentd vigorosamente. La mezcla heterogénea se filtré
mientras estaba caliente, el sélido se enjuagd con 2-butanona
caliente adicional, y se secé a un peso constante (2,66 g,
97%), punto de fusidén 269,9°C-272°C;

MS [(+ESI), m/z]: 234 [M+H]*;

H NMR (400 MHz, DMSO-dg¢) 8: 0,54 (s, 3H), 0,83 (s, 3H), 1,41
{(d, g = 6,5 Hz, 3H), 3,41 (dd, o = 23,1, 10,7 Hz, 1H), 3,73

(" 3H)' 3'97 (m' ZH), 5'50 (d' J = 2'9 Hz' 1H)' 6, 95 ‘dd' J =
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14,4, 7,7 Hz, 2H), 7,25 {m, 2H), 7,33 (m, 5H), 7,50 (m, 1H),
7,78 (d, J = 10,4 Hz, 1H), 8,74 (s, 3H);
AnAlisis calculado para C;qH;aFi;N * Ci2H170sP: C, 61,78; H, 5,98;

N, 2,77. Hallado: C, 61,75; H, 5,70; N, 2,60.

Paso d)
Parte 1)
N-[(18)-1-(2’ ,4~-Difluoro-1,1’'-bifenil-2-il)etil] -4~

metoxibancensulfonamida

Una suspensién agitada de 2-é6xido de (1§)-1-(2’,4-difluoro-
1,1’-bifenil-2-il)etanaminio . (4R) -4- (2-metoxifenil) -5, 5-
dimetil-1,3,2-dioxafosfinan-2-olato (2,53 g, 5,0 mmol) en
acetonitrilo (50 ml) se traté secuencialmente con trietilamina
(1,39 ml, 10 mmol) y cloruro de 4-metoxibencensulfonilo (1,04
g, 5,05 mmol). El1 avance de la reaccién se monitoreé mediante
LCMS. Después de ocho horaa, atin estaba presente un 5% de la
amina iniclial. Se agregé una alicuota adicional de cloruro de
4-metoxibencensulfonilo (52 mg, 0,25 mmol, 5% en moles) y la
reaccién se agitd a temperatura ambiente durante otras 16
horas., El1 monitoreo mediante LCMS indicd la formacién completa
de un solo producto. El1 solvente se removié en vacio. El
residuo se disolvié en diclorometano y se lavdé con una
solucién de bicarbonato de sodio acuoso al 5%. La fase acuosa

se extrajo con diclorometano. La fase orgidnica combinada se
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lavé con una solucién de 4acido clorhidrice 2 N. La fase
organica se secd sobre sulfato de sodio anhidro, se filtré y
se concentrdé en vacioco a un residuo. El residuo se purificé
mediante cromatografia de 1liquido preparativa sobre una
columna Biotage® 40 Mi de gel de silice previamente envasada
(90 g) levigando con un gradiente de 30%-50% de éter metil
terc-butilico en hexano, para dar N-[(1S)-1-(2’,4-difluorc-
1,1’-bifenil-2-1l1)etil]-4-metoxibencensulfonamida (1,8 g, 89%,
99,2% ee), punto de fusién 133°C-135°C;

[alp®® = -17° {¢ = 10,1 mg/mL en CHCl));

Pureza mediante LC quiral: 99,2% ee;

HRMS [(+ESI), m/z]: 404,11224 [M+H]*. Calculado para
CaH1gF2NO3S: 404,11265

H NMR (400 MHz, DMSO-dg) &: 1,13 (d, J = 6,8 Hz, 3H), 3,79
(s, 3H), 4,05 (m, 1H), 6,92 (d, J = 8,6 Hz, 2H), 7,05 (t, J =
6,9 Hz, 1H), 7,11 (m, 1H), 7,20 (t, J = 7,8 Hz, 2H), 7,29 {(m,
2H), 7,40 (d, J = 8,8 Hz, 2H), 7,48 (m, 1H), 8,10 (d, J = 7,0

Hz, 1H).

Paso d)
Parte 2a)
N-[1~({2’ ,4-Difluoro-1,1’-bifenil-2-il)etil] -4~

metoxibancensulfonamida
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Una solucién agitada de 1-(2’,4-difluoro-1,1’-bifenil-2-
il)etilamina (0,26 g, 1,12 mmol) en diclorometano (10 ml) se
tratd con cloruro de 4-metoxibencensulfonile (0,23 g, 1,12
mmol) y piridina (0,09 g, 1,12 mmol). La reaccién se agitd a
temperatura ambiente durante doce horas, se diluyd con
diclorometano, se lavd secuencialmente con una solucién de
&cido clorhidrico 1 N (2x) y una solucién de cloruro de sodio
acuoso saturado. La fase orgdnica se secd sobre sulfato de
sodio anhidro, se filtré a través de una columna corta de gel
de silice, y se evapord a un residuo gque, después de la
cristalizacidn desde acetato de etllo-hexano, dioc el compuesto
del titulo (0,22 g, 0,53 mmol, 48%) como un sélido cristalino
incoloro homogéneo racémico, punto de fusidén 182°C-184°C;

MS [(+ESI), m/z]: 404 [M+H]*;

MS [(-ESI), m/z]: 402 [M-H]";

IR (SOlido), vaax: 3241, 1594, 1480, 1325, 1263, 1154, 1083,
1026, 917, B35, 768, 671 cm™;

'H NMR (400 MHz, DMSO-dg) &5: 1,13 (d, J = 6,7 Hz, 3H), 3,79
(s, 3H), 4,05 (d, J = 7,1 Hz, 1H, rotémerc principal), 4,10
(ancho s, 1H, rotdmero minoritario), 6,92 (d, J = 8,5 Hz, 2H),
7,11 (t, J = 8,3 Hz, 1H), 7,20 (m, 2H), 7,27 (t, J = 8 9 Hz,
iH), 7,32 (t, J = 7,4 Hz, 1H), 7,41 (d, J = 8,8 Hz, 2H), 7,45
- 7,50 (m, 1H), 8,05 (ancho s, 1lH, rotémero minoritarioc), 8,09
{ancho s, 1lH, rotémero principal), existe como una relacién de

2:1 de los rotémeros;
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AnéAlisis calculado para C; H1sF2NO3S: C, 62,52; H, 4,75; N,

3,47. Hallado: C, 62,54; H, 4,84; N, 3,24.

Paso d)
Parte 2b)
N=[(1R)-1-(2’ ,4~Difluoro-1,1l’-bifenil-2-il)eatil] -4-

metoxibencensulfonamidat

Los enantidémeros de N-[1-(2’,4-difluoro-1,1’-bifenil-2-
il)etil]-4-metoxibencensul fonamida se separaron mediante
cromatografia quiral de fase normal preparativa autlomatizada
sobre una columna Chiralpak AD-H® (2 x 25 cm) levigando con
una mezcla de 50% de etanol en hexano a una velocidad de flujo
de 15 ml/min. Después de la evaporacién del solvente en vacio,
el pico uno con un tiempo de retencién a 5,4 minutos y se
monitoreé mediante deteccién de radiacién ultravioleta dio N-
[(1R)-1-(2’,4-difluoro-1,1’'-bifenil-2-il)etil] -4~
metoxibencensulfonamida* (0,05 g, 0,13 mmol, 50%) como un
86lido amorfo incoloro homogéneo, punto de fusién 133°C-135°C;
Ta = 5.4 minutos;

[a]p?® = +14,9° (c = 10,0 mg/mL in CHC13),-'

HRMS [(+ESI), m/z]: 404,11216 [M+H]*. Calculado para
Ca21H;9F2NO3S: 404,11265; .

1H NMR (400 MHz, DMSO-dg) &6: 1,13 (d, J = 6,7 Hz, 3H, rotémero

mayoritario), 3,79 (s, 3H), 4,05 (ancho q, 1lH, rotémero

U"
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mayoritario), 4,10 (ancho q, 1H, rotémero minoritario), 6,92
(d, J = 8,5 Hz, 2H), 7,11 (t, J = 8,3 Hz, 1lH), 7,20 (m, 2H),
7,27 (¢, J= 18,9 Hz, 1H), 7,32 (t, J= 7,4 Hz, 1H), 7,41 {d, J
- 8,9 Hz, 2H), 7,45 - 7,50 (m, 1H), 8,05 (d, J = 7,0 Hz, 1H,
rotémero minoritario), 8,10 (d, J = 7,0 Hz, 1lH, rotémero
mayoritario), existe como una relacién de rotémeros de 2:1.

*La configuracién estereoquimica es absoluta y =se asigné
mediante la conversidn en (6R) -8-fluoro-5-[ (4-
metoxifenil)sulfonil]-6-metil-5, 6~dihidrofenantridina. La
configuracién absoluta se determind por analogia con (6S)-8-
fluoro-5-{ (4-metoxifenil)aulfonil]-6-metil-5, 6-
dihidrofenantridina gque se determiné mediante un experimento

de difraccién de rayos X de un solo cristal.

Paso d)
Parte 2c)
W=[{(18) -1~ (2’ ,4=-Difluoro-1,1’-bifenil-2-1l)etil]-4-

matoxibencansulfonamidav

Los enantidmeros de N-[1-(2',4-difluoro-1,1’-bifenil-2-
il)etil]-4-metoxibencensulfonamida se separaron mediante
cromatografia quiral de fase normal preparativa automatizada
sobre una columna Chiralpak AD-H® (2 x 25 cm) levigando con
una mezcla de 50% de etanol en hexano a una velocidad de flujo

de 15 ml/min. Después de la evaporacién del solvente en vacio,
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el pico dos con un tiempo de retencién a 6,7 minutos y se
monitoreé mediante deteccién de radiacién ultravioleta, dio N-
[{18)-1-(2’,4-difluorxo-1,1’-bifenil-2-il)etil] -4~
metoxibencensulfonamida* (0,05 g, 0,13 mmol, 50%) como un
sbélido amorfo incoloro homogéneo, punto de fusién 133°C-~135°;
Ts = 6,7 minutes;

[alp®® = -15,8° (c = 10,0 mg/mlL en CHCli);

HRMS [(+ESI), m/z]: 404,11224 [M+H]'. Calculado para
C21H,3FaNO3S: 404,11265;

H NMR (400 MHz, DMSO~ds) 5: 1,08 (d, J = 7,0 Hz, 3H, rotémero
minoritario), 1,13 (d, J = 6,7 Hz, 3H, rotémero principal),
3,79 (s, 3H), 4,05 (ancho s, 1lH, rotémero principal), 4,10
(ancho s, 1lH, rotémero minoritario), 6,92 (d, J = 8,5 Hz, 2H),
7,11 (¢, J - 8,3 Hz, 1H), 7,20 {m, 2H), 7,27 (t, J =8 9 Hz,
1H), 7,32 (¢, J = 7,4 Hz, 1H), 7,41 (d, J = 8,9 Hz, 2H), 7,45
- 17,5 (m, 1H), 8,05 (ancho s, 1H, rotémero minoritario), 8,09
(ancho s, 1lH, rotémero principal), existe como una relacién de
rotémeros de 2:1.

*la configuracién estereoquimica es absoluta y se asigné
mediante la conversidén en (6S) -8-fluoro-5-[ (4~
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina. La
configuracién absoluta se asigné mediante la comparacién con
la muestra auténtica de (65)-8-fluoro-5-{ (4-

nmetoxifenil)sulfonil]-6-metil-5,6-dihidrofenantridina
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determinada mediante un experimento de difraccién de rayos X

de un solo cristal.

Pasoc e)
{68) -8-Fluoro-5-[ (i-metoxifenil)sulfonil] -6-metil-5, 6-

dihidrofenantridina%

Una suspensién agitada de N-[{1S)-1-(2’,4-difluoro-1,1’~
bifenil-2-il)etil]-4-metoxibencensulfonamida (1,7 g, 4,2 mmol)
y carbonato de potasio (1,16 g, 8,4 mmol) en N,N-
dimetilformamda (25 ml) se calenté a 100°C y el progreso de la
reaccién se monitore6é mediante LCMS. Desapués de 96 horas, se
agregd agua (500 ml) con agitacién. Un precipitado se filtré y
se lavd con cantidades copiosas de agua. El1 producto se
purificé medliante cromatografia de ligquido preparativa sobre
una columna Biotage® 40 Mi de gel de silice previamente
envasado {90 g), levigando con un gradiente de 30% - 50% de
éter metil terc-butilico en hexano, para dar un sélido
purificado. La recristalizacién del sbdlido dio (6S)-8-fluoro-
5-{(4-metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina*
(1,4 g, 87%, >99,9% ee), punto de fusidn 196,8°C-198°C;

[a]p®® = +209° (c = 11,0 mg/mL in CHClj);

Pureza de LC quiral: >99,9% ee;

MS [(+ESI), m/zl: 384 [M+H]*;
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lH NMR (400 MHz, DMSO-dg): &: 1,14 (d, J = 7,0 Hz, 3H), 3,65
(s, 3H), 5,44 (q, J =~ 6,8 Hz, 1H), 6,61 (m, 2H), 6,97 (m, 3H),
7,18 (dd, J = 9,2, 2,7 Hz, 1H), 7,41 (m, 2H), 7,50 (dd, J =
8,8, 5,5 Hz, 1lH), 7,62 (dd, J ~ 7,9, 1,4 Hz, 1H), 7,76 (dd, J
= 7,4, 2,0 Hz, 1H);

Andlisis calculado para Cz Hi1gFNO;3S: c, 65,78; H, 4,73; N,
3,65. Hallado: C, 65,65; H, 4,65; N, 3,65.

*La configquracién estereoquimica es absoluta y Bse asigné
mediante la comparacién con una muestra auténtica de (65)-8-
fluoro-5~[ (4-metoxifenil)sulfoinil]-6-metil-5, 6-
dihidrofenantridina sintetizada en el Ejemplo 33, Métoodo B,
paso a. La configuracién absocluta de la (6S)-8-fluoro-5-{(4-
metoxifenil)sulfonil]~6-metil-5, 6-dihidrofenantridina se
determiné mediante un experimento de difraccién de rayos X de

un sclo cristal.

Paso f)

4-{[ (63) -B-Fluoro-6-matilfenantridin-5(6H) ~il]sulfonil}fencl

El compuesto del titulo puede obtenerse a partir de N-[(1S)}-1-
(2’ ,4-difluoro-1,1’-bifenil-2-il)etil] -4-

metoxibencensulfonamida (Ejemplo 33, Método C, Paso d, Partes
1 o 2c) siguiendo primeroc el procedimiento gue se describié en

el Ejemplo 33, Método C, Paso e, sequido por el procedimiento
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de desmetilacién que se describidé en el Ejemplo 33, Método B,

Paso b.

EJEMPLO 34
Método A
Paso a)
Carbonato de atil 4-{[(R)-8-fluoro-6-metilfenantridin-5 (6H) -

il]sulfonil}fenilo

Los enantiémeros de carbonato de etil 4-{[(R)-8-fluoro-6-
metilfenantridin-5(6H)-il]lsulfonil}fenilo (Ejemplo 32, Método
A, Paso d) se separaron mediante cromatografia de liquido de
alto rendimiento de fase estacionaria quiral (columna de 25 x
5 cm Chiralcel® O0J) sobre un Rainin Auto-Prep System®,
levigando con etanol a una velocidad de flujo de 10 ml/min. El
segundo pico con un tiempo de retencién a 12,6 minutos fue el
compuesto del titulo;

Tp 12,6 minutos;

Punto de fusién 159 °C;

{a]p?® = -217,0° (c = 1% solucién, CHCl;);

MS [(+ESI), m/z]: 442 [M+H]%;

H NMR (500 MHz, DMSO-dg) 5: 7,77 (d, J = 7,6 Hz, 1H}, 7,63
(d, J = 7,8 Hz, 1H), 7,48 - 7,39 (m, 3H), 7,19 (dd, J = 9,0,
2,6 Hz, 1H), 7,09 (d, J = 8,7 Hz, 2H), 6,98 (d, J = 8,7 Hz,

2H), 6,93 (td, J = 8,7, 2,6 Hz, 1H}, 5,48 (q, J = 7,0 Hz, 1lH),
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4,21 (q, J = 7,1 Hz, 2H), 1,25 (t, J = 7,1 Hz, 3H), 1,15 (t, J
= 7,0 Hz, 3H): |

Andlisis calculado para Cz;HzoFNOsS: C, 62,57; H, 4,57; N,
3,17. Hallado: C, 62,50; H, 4,59; N, 3,06,

*La confilguraclén absoluta se asigné mediante la conversién en

4-{[ (R)-8-fluoro-6-metilfenantridin-5(6H)-il)sulfonil}fenocl.

Paso b)

4-{[{R) -8-Fluoro—-6-matilfenantridin-5(6H)-il]lsulfonil }fenol¥

El compuesto del titulo se prepard a partir de carbonato de
etil 4-{[(R})~-8-fluoro-6-metilfenantridin-5 (6H) -
il]sulfonil}fenilo (0,05 g, 0,11 mmol), una solucién de
hidréxido de sodio acuoso 2,5 N (2 ml, 5 mmol) y metanol (2
ml) de acuerdo con el procedimiento y en la misma forma que se
describié en el Ejemplo 32, Método A, Paso e para dar 4-{[(R)-
8-fluoro-6-metilfenantridin-5(6H)-il]sulfonil}fencl* como un
s6lido (0,04 g, 100%), punto de fusién 193°C;

[a]p?® = -263,0° (c = 1% solucién, CHCly);

MS [(-ESI), m/z]: 368 [M-H] ;

lH NMR (500 MHz, DMSO-dg) 3: 10,24 (br s, 1H), 7,76 (dd, J =
7,6 Hz, 1,5, 1H), 7,60 (dd, 0= 7,8, 1,4 Hz, 1lH), 7,52 (dd, J

= 8,7, 5,0 Hz, 1H), 7,41 (m, 1H), 7,37 (m, 1H), 7,17 (dd, J

9'2' 2'7 HZ, 1H)' 6,96 ‘td' J = B'T' 2’7 Hz' 1H)' 6'36 (d, Jg=
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8,9 Hz, 2H), 6,38 (d, 0 - 8,9 Hz, 2H), 5,41 (q, J = 7,0 Hz,
1H), 1,13 (d, J = 7,0 Hz, 3H);

Andlisis calculado para C;gH1¢FNOS ° 0,30 H,0: C, 64,09; H,
4,46; N, 3,74. Hallado: C, 63,88; H, 4,31; N, 3,59.

*La configuracién absoluta se asigné por analogia con (S)-8-
fluoro-5-[ (4-metoxifenil)sulfonil]-6-metil-5, 6~
dihidrofenantridina. La configuracién absoluta de la (S)-8-
fluoro-5-~{ (4-metoxifenil)sulfonil]-6-metil-5, 6-
dihidrofenantridina precedente se determiné mediante un

experimento de difraccién de rayos X de un solo cristal.

Método B
Paso a)
(R) -8-Fluoro-5-[ (4-metoxifenil) sulfonil] -6-metil-5, 6~

dihidrofenantridina®*

Los enantlémeros de B8-fluoro-5-[{4-metoxifenil)sulfonil)-6-
metil-5, 6-dihidrofenantridina (Ejemplo 32, Método B, Paso a)
se preparé mediante cromatografia de 1liquido de alto
rendimiento de fase estacionaria quiral (columna de 25 x 5 cm
Chiralpak® AD) sobre un Rainin Auto-Prep System®, levigando
con una mezcla de 2-propancl-hexano (1:9) a una velocidad de
flujo de 15 ml/min. El segundo pico con un tiempo de retencién

de 12,8 minutos fue el compuesto del titulo.
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Tr 12,8 minutos;

Punto de fusién 181-182 °C;

[a]p?® = -251,0°(1% solucién, CHClj);

MS [(+ESI), m/z]: 384 [M+H]*;

'H NMR (500 MHz, DMSO-dg) &: 7,75 (dd, J = 7,7, 1,1 Hz, 1H),
7,61 (m, 1lH), 7,48 (dd, J = 8,6, 5,4 Hz, 1H), 7,43 (m, 1H),
7,38 (m, 1lH), 7,16 {(dd, J = 9,2, 2,8 Hz, 1H), 6,98 - 6,92 (m,
3H), 6,59 (d, J = 8,8 Hz, 2H), 5,43 (q, J = 7,0 Hz, 1H), 3,64
{s, 3H), 1,13 (d, g = 7,0 Hz, 3H).

*La configuracién absoluta se asigné por analogia con (S)-8-
fluoro-5-[ (4-metoxifenil)sulfonil]-6-metil-5, 6~

dihidrofenantridina.

Paso b)

4-{[ (R) -8-Fluoro-6-metilfenantridin-5(68) -il]sulfonil}fenol*

El compuesto del titulo se prepard a partir de (R)-8-fluoro-5-
[({4-metoxifenil)sulfonil)-6-metil-5, 6-dihidrofenantridina

(0,74 g, 1,93 mmol), ciclohexeno (7,0 ml, 70,0 mmol) Yy
tribromurc de boro 1 M en diclorometano (23 ml, 23 mmol) de
acuerdo con el procedimiento y en la misma forma que se
describié en el Ejemplo 32, Método B, Paso b. El producto
crudo 8se purificdé mediante cromatografia de columna ré&pida
sobre gel de silice, levigando con una mezcla de acetato de

etilo-hexano {gradiente de 1:9 a 1:4), segulido por 1la
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trituracién desde hexano caliente para dar 4-{[(R)-8-fluoro-6-
metilfenantridin-5(6H)-il]lsulfonil}) fenol* como un sélido (0,52
g, 73%), punto de fusién 193°C;

*Los espectros de masa y los espectros de NMR de este material
fueron idénticos al espectro de masa y a los espectros de NMR
del material auténtico que se preparé en el Ejemplo 34, Método
A, Paso b;

[a)p?® = -261° (1% solucidn, CHCl,).

EJEMPLO 35
Paso a)
8-Fluoro-5-[ (i-mstoxi-3-metilfenil)sulfonil)]-6-metil-5,6-

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se prepard a
partir de B8~fluoro-6-metilfenantridina, (Ejemplo 32, Método A,
Paso b, 0,7 g, 3,3 mmol), mediante el tratamiento borohidruro
de sodio (0,5 g, 13,2 mmol) y &cido trifluoroacético (0,5 ml,
6,6 mmol) en tetrahidrofurano (35 ml). En un segundo paso
separado, la dihidrofenantridina se traté con trietilamina
(1,0 ml, 7,4 mmol) y cloruro de 4-metoxi-3-
metilbencencosulfonilo (0,82 g, 3,7 mmol, 2 equivalentes) en
diclorometano (10 ml) de acuerdo con el procedimiento y en la
misma forma que se describié en el Ejemplo 32, Método A, Paso

d. El1 producto crudo se purificé mediante cromatografia de
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columna rapida sobre gel de silice, levigando con una mezcla
de acetato de etilo-hexano (gradiente de 1:9 a 1:4) para dar
8-fluoro-5-[ (4-metoxi-3-metilfenil)sulfonil]-6-metil-5, 6-
dihidrofenantridina como un sé6lido blanco homogéneo (0,36 g,
49% desde la dihidrofenantridina);

MS [(+ESI), m/z]: 420 [M+Nal*;

'H NMR (400 MHz, CDCla) &: 7,75 (dd, 1H), 7,50 (dd, 1H), 7,36
(td, 1H), 7,30 (td, 1H), 7,21 (m, 1H), 6,87 (m, 1H), 6,76 -
6,71 (m, 3H), 6,30 (d, 1H), 5,32 (q, 1H), 3,67 (s, 3H), 1,82

(s, 3H), 1,22 (d, 3H).

Paso b)
4-[ (6-Fluoro-6-metilfenantridin-5(6H)~-1l)sulfonil] -2~

metilfenol

Una mezcla de 8-fluoro-5-[(4-metoxi-3-metilfenil)sulfonil]-6-
metil-5, 6-dihidrofenantridina (0,30 g, 0,75 mmol) y yoduro de
tetrabutilamonio (0,69 g, 1,9 mmol) se tratdé con tricloruro de
boro 1 M en diclorometano (1,9 ml, 1,9 mmol) a temperatura
ambiente. Después de agitar durante 24 horas a temperatura
ambiente, la mezcla se traté secuencialmente con agua (20 ml),
una solucién de bicarbonato de sodio acuoso saturado (50 ml) y
éter (20 ml). La fase acuosa separada se extrajo con éter
dietilico (3 x 25 ml). La fase organica comblnada se secd

sobre sulfato de sodio anhidro, se filtr4 y se concentrd en
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vacio a un residuo. El1 residuo se purificé mediante
cromatografia de columna rédpida sobre gel de silice, levigando
con una mezcla de acetato de etilo-hexano (gradiente de 1:4 a
3:7) para dar el compuesto del titulo como un sélido homogéneo
(0,21 g, 73%), punto de fusién 196°C;

MS [(+ESI), m/z]: 384 [M+H]%;

lH NMR (500 MHz, CDCl3) &: 7,78 (dd, 1lH), 7,53 (dd, 1H), 7,39
(td, 1n), 7,33 (td, 1H), 7,23 (m, 1H), 6,82 - 6,75 (m, 3H),
6,28 (d, 2H), 5,36 (q, 1H), 4,88 (s, 1H), 1,90 (s, 3H), 1,25
(d, 3H);

Andlisis calculado para Cz;Hi¢FNO3S: C, 65,78; H, 4,73; N,

3,65. Hallado: C, 65,66; H, 4,81; N, 3,50.

Paso a)

N= (3’ -Metoxi-1,1’-bifenil-2-il)acetamida

Se prepardé 3’-metoxi-1,1’-bifenil-2-ilamina a partir de 2-
vodoanilina (3,64 g, 16,7 mmol), &cido 3-metoxifenilborénico
(2,54 g, 16,7 mmol), un compleijo de [1,1’~
bis(difenilfoafino) ferrocenolpaladio (II) con diclorometano
(0,41 g, 0,50 mmol) y una solucién de hidréxido de sodio
acuoso 5 N (6,7 ml, 33,5 mmol), de acuerdo con el
procedimiento y en la misma forma que se describié en el

Ejemplo 32, Método A, Paso a, para dar el compuesto intermedio
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bifenil amina como un aceite (2,79 g, 84%). El compuesto del
titulo se prepard a partir del compuesto intermedio precedente
bifenil amina (0,75 g, 3,8 mmol), anhidrido acético (1,4 mil,
15 mmol), 4-(N,N-dimetilamino)piridina (0,05 g, 0,4 mmol) ¥y
piridina (1,2 ml, 15 nmmol) de acuerdo con el mismo
procedimiento que se describié en el Ejemplo 32, Método A,
Paso a para dar N-(3'-metoxi-1,1’-bifenil-2-1l)acetamida como
un sbélido (0,60 g, 66%), punto de fusidn 105°C-107°C;

MS [(+ESI), m/z]: 242 [M+H]*;

'H NMR (500 MHz, CDCly) 5: 8,29 (d, J = 8,1 Hz, 1H), 7,40 -
7,35 (m, 2!_*!), 7,24 (d, J = 7,3 Hz, 1H), 7,16 (m, 2H), 6,95 (m,
2H), 6,90 (s, 1H), 3,84 (s, 3H), 2,03 (s, 3H);

Andlisis calculado para C;sH,sNO2: C, 74,67; H, 6,27:; N, 5,80.

Hallado: C, 74,35; H, 6,25; N, 5,63.

Pasc b)
7-Matoxi-6-metilfenantridina

Y

9-Matoxi-6-metilfenantridina

Una solucién agitada de N-(3'-metoxi-1l,1’-bifenil-2-
il)acetamida (2,04 g, 10,2 mmol) en acetamida (205 ml) s=se
traté con oxicloruro fosforosc (4,8 ml, 51 mmol) y se calentd
a reflujo durante 14 horas. Después de enfriar a temperatura

ambiente, la reaccién se diluyé con una solucién de cloruro de

>’
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amonio acuoso saturado (500 ml), hidréxido de amonio (hasta pH
>10), y acetato de etilo (200 ml). La fase acuosa separada se
extrajo con acetato de etilo (3 x 100 ml}). La fase orgéanica
combinada se secdé sobre sulfato de sodio, se filtrd y se
concentrd en vaclo a un producto crudo. El1 andlisis del
producto crudo mediante cromatografia de liquido con un
detector de &espectros de masa indicé una mezcla de
regloisémeros de 2:1. El producto crudo se purificé mediante
cromatografia de columna ripida sobre gel de silice, levigando
con una mezcla de acetato de etilo-hexano (gradiente de 0:1 a
3:7), para dar los regloisémeros separados, ambos como sélidos
homogéneos: el regioisémero A 7-metoxi (0,61 g, 24%) y el
regloisémero B 9-metoxli (1,19 g, 52%);

Regloisémero A: 7-Metoxi-6-metilfenantridina,

punto de fusién B85°C;

MS [(+ESI), m/z}: 224 [M+H]*;

'H NMR (500 MHz, CDCl;) &: 8,48 (d, J = 7,9 Hz, 1H), 8,21 (d,
J = 8,0 Hz, 1H), 8,04 (dd, J = 8,3, 0,8 Hz, 1H), 7,73 (t, J =
8,2, 1H), 7,68 (m, 1H), 7,58 (m, 1H), 7,09 (d, J = 8,0 Hz,
1H), 4,03 (s, 3H), 3,18 (s, 3H);

Andlisis calculado para C;sH;sNO * 0,60 H0: C, 76,97; H, 6,11;
N, 5,98. Hallado: C, 76,98; H, 6,15; N, 5,80.

Regioisémero B: 9-Metoxi-6-metilfenantridina,

punto de fusién 85°C;

MS [(+ESI), m/z]: 224 [M+H]*;
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'H NMR (500 MHz, CDCli) 5: 8,46 (m, 1H), 8,15 (d, J = 9,0 Hz,
ilH), 8,07 {(dd, o= 8,1, 1,1 Hz, 1lH), 7,95 (d, J = 2,4 Hz, 1H),
7,70 (m, 1H), 7,59 (m, 1H), 7,29 (dd, J = 8,9 Hz, 2,5, 1H),
4,05 (s, 3H), 3,00 (3, 3H);

Anélisis calculado para C;sH;3NO: €, 80,69; H, 5,87; N, 6,27.

Hallado: C, 80,71; H, 5,83; N, 6,20.

Paso c)
9-Metoxi-5-[ (i—metoxifenil)sulfonil] -6-metil-5, 6~

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se prepardé a
partir de 9-metoxi-6-metilfenantridina (0,7 g¢q, 3,1 mmol)
mediante el tratamiento con borohidruro de sodio (0,48 g, 12,6
mmol) y @&cido trifluorcacético (0,5 ml, 6,3 mmol) en
tetrahidrofurano (35 ml). En un segundo paso por separado, la
dihidrofenantridina se traté con trietilamina (1,0 mi, 7.5
mmol) y cloruro de 4-metoxibencensulfonilo (0,77 g, 3,7 mmol,
2 equivalentes) en diclorometano (10 ml) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 32, Método A, Paso d. El producto crudo se purificéd
mediante cromatografia de columna rdpida sobre gel de silice,
levigando con una mezcla de acetato de etilo-hexano (gradiente
de 1:9 a 1:4) para dar S-metoxi-5-[(4-metoxifenil)sulfonil]-6-

metil-5, 6-dihidrofenantridina como un sé6lido blanco hcmogéneo
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(0,45 g, 61% a partir de la dihidrofenantridina), punto de
fusién 129°C-130°C;

MS [(+ESI), m/z]: 396 [M+H)*;

'H NMR (500 MHz, CDCl;) &: 7,79 (dd, J = 8,0 Hz, 1,4, 1H),
7,53 (dd, 0 = 7,7, 1,4 Hz, 1H), 7,39 (m, 1H), 7,33 (m, 1H),
6,95 (m, 3H), 6,75 {d, J= 2,4 Hz, 1H), 6,71 (dd, J = 8,2, 2,4
Hz, 1H), 6,37 (m, 2H), 5,37 (q, J= 7,0 Hz, 1H), 3,75 (s, 3H),
3,67 (a, 3H), 1,22 (d, J = 7,0 Hz, 3H);

AnAlisis calculado para C2H;iNOsS: C, 66,82; H, 5,35; N, 3,54.

Hallado: C, 66,79; H, 5,33; N, 3,44.

Paso d)

5-[(4-Hidroxifenil)sulfonil]-6-metil-5,6-dihidrofenantridina

El compuesto del titulo se prepard a partir de 9-metoxi-5-[(4-
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina (0,35 g,
0,89 mmol), yoduro de tetrahidrofenantridina (0,82 g, 2,2
mmol), y tricloruro de boro 1 M en diclorometano (4,44 ml,
4,44 mmol) de acuerdo con el procedimiento y en la misma forma
gque se describié en el Ejemplo 35, Paso b. El producto crudo
se purificé mediante cromatografia de columna rédpida sobre gel
de silice, levigando con una mezcla de acetato de etilo-hexano
(gradiente de 3:7 a 1:1), para dar 5-[(4-
hidroxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridin-9-ol

como un sdlido (0,18 g, S56%), punto de fusidn 212°C;
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MS [(+ESI), m/z]: 368 [M+H]*;

'H NMR (500 MHz, CDCly) &: 7,80 (dd, 1H), 7,51 (dd, 1H), 7,40
(td, 1H), 7,33 (td, 1H), 6,95 - 6,91 (m, 3H), 6,77 (d, 1H),
6,65 (dd, 1H), 6,36 (d, 2H), 5,37 (q, 1H), 5,05 (br s, 1H),
4,66 (br s, 1H), 1,23 (d, 3H):

Anélisis calculado para CagH;9NOS: C, 65,38; H, 4,66; N, 3,81.

Hallado: C, 65,02; H, 4,88; N, 3,56.

EJENPIO 37
Paso a)
9-Metoxi-5-[ (4-matoxi-3-matilfenil)sulfonil]-6-metil-5, 6~

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se preparé a
partir de 9-metoxi-6-metilfenantridina (Ejemplo 36, Paso b,
0,7 g, 3,1 mmol) mediante el tratamientoc con borohidruro de
sodio (0,48 g, 12,6 mmol) y &cido trifluorcacético (0,5 ml,
6,3 mmol) en tetrahidrofurano (35 ml). En un segqundo paso
separado, 1la dihidrofenantridina se traté con trietilamina
(1,1 ml, 7,9 mmol) Y cloruro de 4-metoxi—3-
metilbencensulfonilo (0,87 g, 3,9 mmol, 2 equivalentes) en
diclorometano (10 ml) de acuerdo con el procedimiento y en la
misma forma que se describié en el Ejemplo 32, Método A, Paso
d. El producto crudo se purificé mediante cromatografia de

columna rdpida sobre gel de silice, levigando con una mezcla
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de acetato de etilo-hexano (gradiente de 1:9 a 3:7) para dar
9-metoxi-5-[ (4-metoxi-3-metilfenil)sulfonil]~6-metil-5, 6-
dihidrofenantridina como un sélido blanco homogéneo (0,27 g,
33% desde la dihidrofenantridina).

'H NMR (400 MHz, CcDCls) &: 7,75 (dd, 1H), 7,51 (dd, 1H), 7,37
(td, 1H), 7,29 (td, 1H), 6,94 (m, 1lH), 6,82 (dd, 1H), 6,70 -
6,66 (m, 3H), 6,26 {(d, 1H), 5,33 {(q, 1H), 3,72 (s, 3H), 3,66

(s, 3H), 1,80 (s, 3H), 1,20 (d, 3H).

Paso b)
5=-[ (4-Matoxi-3-matilfenil)sulfonil)~-6-matil-5,6-

dihidrofenantridina

El compuesto del titulo se prepard a partir de 9-metoxi-5-[(4-
metoxi-3-metilfenil)sulfonil]-6-metil-5, 6-dihidrofenantridina

(0,27 g, 0,66 mmol), yoduro de tetrabutilamonio (0,61 g, 1,7
mmol) y tricloruro de boro 1 M en dioclorometano (3,3 ml, 3,3
mmol) de acuerdo con el procedimiento y en la misma que se
describié en el Ejemplo 35, Paso b. El producto crude se
purificé mediante cromatografia de columna rédpida sobre gel de
silice, levigando con una mezcla de acetato de etilo-hexano
(gradiente de 3:7 a 1:1), seguido por la recristalizacién
desde una mezcla de diclorometano-hexano, para dar 5-[{(4-
hidroxi-3-metilfenil)sulfonil]-6-metil-5, 6~dihidrofenantridin-

9-o0l como un sélido homogéneo (0,10 g, 40%);
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MS [(-ESI), m/g]: 3B0 [M-H]";

'H NMR (500 MHz, DMSO-ds) 5: 10,07 (s, 1H), 9,31 (s, 1H), 7,59
(d, 1H), 7,56 (d, 1H), 7,37 (t, 1H), 7,32 (t, 1H), 7,02 (d,
1H), 6,78 (s, 1H), 6,72 (s, 1H), 6,65 (d, 1lH), 6,60 (d, 1H),
6,37 (d, 1H), 5,30 (q, 1H), 1,78 (s, 3H), 1,07 (d, 3H);
Andlisis calculado para Cz;H1eNOsS - 0,20 H;0: C, 65,51; H,

5,08; N, 3,64. Hallado: C, 65,49; H, 4,B84; N, 3,51.

EJEMPLO 38
Paso a)
T-Matoxi-5-[ (i-metoxi-3-metilfenil) sulfonil]-6-metil-5,6-

dihidrofanantridina

El compuesto intermedio di.hidrofenantridina se preparé a
partir de 7-metoxi-6-metilfenantridina (Ejemplo 36, Paso b,
0,61 g, 2,7 mmol) mediante el tratamiento con borohidruro de
sodio (0,62 g, 16 mmol) y &cido trifluorocacético (0,84 ml,
10,8 mmol) en tetrahidrofurano (12 ml). En un segundo paso
separado, la dihidrofenantridina se traté con trietilamina
(0,85 ml, 6,1 mmol) Y cloruro de 4-metoxi-3-
metilbencensulfonilo (0,67 g, 3,0 mmol, 2 equivalentes) en
diclorometano (3 ml) de acuerdo con el procedimiento y en la
misma forma que se describidé en el Ejemplo 32, Método A, Paso
d. El producto crudo se purificd mediante cromatografia de

columna répida sobre gel de silice, levigando con una mezcla
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de acetato de etilo-hexano (gradiente de 1:9 a 1:4) para dar
7-metoxi-5-[ (4-metoxi-3-metilfenil)sulfonil]-6-metil-5, 6-
dihidrofenantridina como un sélido blanco homogénec (0,21 gq,
34% a partir de dihidrofenantridina);

'H NMR (400 MHz, DMSO-dg) &: 7,70 (dd, 1H), 7,54 (dd, 1H),
7,40 - 7,31 (m, 2H), 7,02 (m, 2H), 6,80 (dd, 1H), 6,75 (dd,
l4), 6,70 (d, 1H), 6,53 (d, 1lH), 5,58 {(q, 1lH), 3,83 (s, 3H),

3,62 (s, 3H), 1,76 (s, 3H), 1,03 (d, 3H).

Paso b)
5-[(4-Hidroxi-3-matilfenil)sulfonil]-6-metil-5, 6~

dihidrofanantridin-7-ol

El compueato del titulo se preparé a partir de 7-metoxi-5-((4-
metoxi-3-metilfenil)sulfonil]-6-metil-5, 6~dihidrofenantridina

(0,21 g, 0,51 mmol), yoduro de tetrabutilamonio (0,47 g, 1,3
mmol) y tricloruro de boro 1 M en diclorometano (3,1 ml, 3,1
mmol) de acuerdo con el procedimiento y en la misma forma gque
se describié en el Ejemplo 35, Paso b. El producto crudo se
purificé mediante cromatografia de columna ridpida sobre gel de
silice, levigando con una mezcla de acetato de etilo-hexano
(gradiente de 3:7 a 3:2), sequido por la titulacién desde
diclorometano, para dar 5-[(4-hidroxi-3-metilfenil)sulfonil]-
6-metil-5, 6-dihidrofenantridin-7-0l como un sélido homogéneo

(0,10g, 53%), punto de fusidén 258°C;
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MS [(-ESI), m/z]: 380 [M-H]";

4 NMR (500 MHz, DMSO-ds) 5: 10,03 (s, 1H), 9,75 (s, 1H), 7,68
(d, 1H), 7,56 (d, 1H), 7,37 (t, 1H), 7,31 (t, 1H), 6,91 (m,
2H), 6,78 (s, 1H), 6,67 (d, 1H), 6,63 (d, 1H), 6,34 (d, 1H),
5,64 (g, 1H), 1,77 (s, 3H), 1,07 (d, 3H);

Andlisis calculado para C; H;pNOS °* 0,5 H0: C, 64,60; H, 5,16;

N, 3,59. Hallado: C, 64,64; H, 4,93; N, 3,55.

EJEMPLO 39
Paso a)
7-Matoxi-5-[ (4-matoxifenil)sulfonil] -6-metil-5,6-

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se preparé a
partir 7-metoxi-6-metilfenantridina (Ejemplo 36, Paso b, 0,61
g, 2,7 mmol) mediante el tratamiento con borohidruroc de sodio
(0,62 g, 16 mmol) y 4&cido trifluoroacético (0,84 ml, 10,8
mmol) en tetrahidrofuranoe (12 ml). En un segundo paso
separado, 1la dihidrofenantridina se tratdé con trietilamina
(0,77 mi, 5,5 mmol) y cloruro de 4-metoxibencensulfonilo (0,57
g, 2,86 mmol, 2 equivalentes) en diclorometano (3 ml) de
acuerdo con el procedimiento y en la misma forma que se
describié en el Ejemplo 32, Método A, Paso d. El producto
crudo se purificé mediante cromatografia de columna répida

sobre gel de silice, levigando con una mezcla de acetato de
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etilo-hexano (gradiente de 1:9 a 1:4) para dar 7-metoxi-5-[(4-
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina como un
sélido blanco (0,17 g, 33% a partir de dihidrofenantridina);

'H NMR (400 MHz, DMSO-ds) &: 7,71 (ad, 1H), 7,56 (dd, 1H),
7,40 - 7,31 (m, 2H), 7,04 {(m, 2H), 6,89 (m, 2H), 6,79 (dd,
1H), 6,53 (m, 2H), 5,59 (q, 1H), 3,83 (s, 3H), 3,60 (s, 3H),

1, 03 (df SH) -

Paso b)

5-[ (4-Bidroxifenil)sulfonil]-6-metil-5,6-dihidrofenantridina

El compuesto del titulo se prepard a partir de 7-metoxi-5-[(4-~
metoxifenil)sulfonil]-6-metil~5, 6-dihidrofenantridina (0,17 g,
0,43 mmol), yoduro de tetrabutilamonio (0,39 g, 1,1 mmol) ¥y
tricloruro de boro 1 M en diclorometano (2,6 ml, 2,6 mmol) de
acuerdo con el procedimiento y en la misma forma que se
describié en el Ejemplo 35, paso b. El1 producto crudo se
purificé mediante cromatografia de columna rdpida sobre gel de
8ilice, levigando con una mezcla de acetato de etilo-hexano
(1:1) segqguido por la trituracidén desde diclorometano, para dar
S5-[4-hidroxifenil)sulfonil]-6-metil-5, 6-~dihidrofenantridin-7-
ol como un asélido homogéneo (0,096 g, 61%);

MS [(-ESI), m/z]: 366 [M-H]";

'H NMR (500 MHz, DMSO-dg) 5: 10,15 (br s, 1H), 9,72 (br s,

i), 7,70 (d4d, 1H), 7,59 (dd, 1H), 7,37 (td, 1H), 7,33 (td,
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lH), 6,52 (m, 2H), 6,86 (d, 2H), 6,67 (dd, 1H), 6,35 (d, 2H),
5,64 (q, 1H), 1,07 {(d, 3H);
Andlislis calculado para CzeH;7NO4S ° 0,20 H;0: C, 64,74; H,

4,73; N, 3,78. Hallado: C, 64,79; H, 4,64; N, 3,69.

EJEMPLO 40
Paso a)

N- (4’ -Fluoro-1,1’-bifenil-2-il)propanamida

El compuesto intermedio 1,1’-bifenilamina se preparé a partir
de 2-yodoanilina (16,5 g, 75,3 mmol), acido 4-
fluorofenilborénico (10,5 g, 75,3 mmol)}, un complejo de [1,1’-
bis(difenilfosfino)ferroceno]ldicloropaladio (II) con
diclorometano (0,60 g, 0,73 mmol) y una soluciédn de hidréxido
de sodio acuoso 5 N (30 ml, 150 mmol). En un segundo paso
separado la 1,1’-bifenilamina se traté con anhidrido
propiénico (10,6 m, 82,8 mmol), 4-(N,N-dimetilamino)piridina
(0,46 g, 3,8 mmol) y piridina (24,0 ml, 301 mmol) en
diclorometano, de acuerdo con el procedimiento y en la misma
forma que se describld en el Ejemplo 32, Métodoc A, Paso a,
para dar N-(4’-fluoro-1,1’-bifenil-2-il)propanamida como un
sélido (10,6 g, 58%), punto de fusién 101°C;

MS [(+ESI), m/z]: 244 [M+H]*;

'H NMR (400 MHz, DMSO-dg¢) &: 9,12 (s, 1H), 7,40 - 7,18 (m,

84), 2,10 (q, J = 7,5 Hz, 2H), 0,93 (t, J= 7,5 Hz, 3H);
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Andlisis calculado para C;sH;4FNO: C, 74,06; H, 5,80; N, 5,76.

Hallado: C, 73,91; H, 5,83; N, 5,63.

Paso b)

6-Etil-8-fluorofenantridina

El compuesto del titulo se preparé a partir de N-(4’-fluoro-
1,1’-bifenil-2-il)propanamida (5,00 g, 20,6 mmol) y oxicloruro
fosforoso (9,6 ml, 103 mmol), de acuerdo con el procedimiento
y en la misma forma gue se describi® en el Ejemplo 36, Paso b
para dar, después de la purificacién mediante recristalizacién
desde una mezcla de acetato de etilo-hexano, 6-etil-8-
fluorofenantridina como un sélido blanco (1,43 g, 31%, punto
de fusién 105°C-106°C;

MS [(+ESI), m/z]: 226 [M+H]";

'H NMR (500 MHz, DMSO-ds) &: 8,93 (dd, J = 9,1, 5,6 Hz, 1H),
8,74 (d, g = 17,8 Hz, 1lH), 8,13 (dd, J = 10,3, 2,6 Hz, 1H),
8,03 (dd, J = 8,1, 0,8 Hz, 1H), 7,82 (m, 1H), 7,74 (m, 1H),
7,68 (m, 1H), 3,34 (q, J = 7,5 Hz, 2H), 1,40 (t, g = 7,5 Hz,
3H);

Anélisis calculado para CisH;2FN: C, 79,98; H, 5,37; N, 6,22.

Hallado: C, 79,71; H, 5,20; N, 6,089.

Paso c)



6-Etil-B8-fluoro-5-[ (4-matoxifenil)sulfonil]-5, 6~

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se preparé a
partir de 6-etil-8-fluorofenantridina (1,10 g, 4,88 mmol)
mediante el tratamiento con borohidruro de sodio (1,11 g, 29,3
mmel) y A&cido trifluoroacét:':co (1,50 ml, 19,5 mmol} en
tetrahidrofurano (18 ml). En un segundo paso separado, la
dihidrofenantridina se traté con trietilamina (4,1 g, 29,3
mmol) y cloruro de 4-metoxibencensulfonilo (1,11 g, 5,37 mmol)
en diclorometano (5 ml}) de acuerdo con el procedimiento y en
la misma forma que se describié en el Ejemplo 32, Método A,
Paso d. El producto crudo se purificé mediante cromatografia
de columna répida sobre gel de silice, levigando con una
mezcla de acetato de etilo-hexano (gradiente de 1:9 a 3:7)
para dar 6-etil-8-fluoro-5-[ (4-metoxifenil)sulfonil])-5, 6-
dihidrofenantridina como un sélido cristalino blanco homogéneo
(1,67 g, 87%), punto de fusién 153°C-156°C;

MS [(+ESI), m/z]: 398 [M+H]*;

1H NMR (500 MHz, DMSO-dg¢) &: 7,74 (m, 1H), 7,62 (d, 1H), 7,49
(dd, 1H), 7,43 - 7,35 (m, 2H), 7,16 (dd, 1H), 6,98 (d, 2H),
6,96 (m, 1H), 6,60 (d, 2H), 5,12 (dd, 1H), 3,64 (s, 3H), 1,42
(m, 1H), 1,22 {(m, 1H), 0,90 (t, 3H);

An&lisis' calculado para CazaH29FNO3S: C, 66,48; H, 5,07; N,

3,52. Hallado: C, 66,25; H, 4,96; N, 3,45.
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Paso d)

4-[ (6-Etil-8-fluorofenantridin-5(6H) ~il) sulfonil] fenol

El compuesto del titulo se prepar6 a partir de 5-etil-B8-
fluoro-5-[ (4-metoxifenil)sulfonil] -5, 6~dihidrofenantridina
(0,51 g, 1,3 mmol), yoduro de tetrabutilamonio (1,2 g, 3,2
mmol) y tricloruro de boro 1 M en diclorometano (9,0 ml, 9,0
mmol) de acuerdo al procedimiento y en la misma forma que se
describié en el Ejemplo 35, Paso b. El producto crudo se
purificé mediante la cromatografia de columna rdpida sobre gel
de silice, levigando con una mezcla de acetato de etilo-hexano
(gradiente de 1:9 a 2:3), seguido por la recristalizacién
desde una mezcla de diclorometano-hexano, para dar 4-[(6-etil-
B-fluorofenantridin-5(6H)sulfonil] fenol como un aélido (0,36
g, 94%), punto de fusién 151°C:

MS [(+ESI), m/z]: 384 [M+H]*;

'H NMR (500 MHz, DMSO-dg) &: 10,21 (s, 1H), 7,74 (m, 1H), 7,60
(m, 1H), 7,52 (dd, 1H), 7,41 - 7,34 (m, 2H), 7,16 (dd, 1H),
6,96 (td, 1H), 6,87 (d, 2H), 6,37 (d, 2H), 5,09 (dd, 1H), 1,42
(m, 1H), 1,23 (m, 1H), 0,89 (t, 3H);

Andlisis calculado para Cz;Hi1sFNO3S: C, 65,78; H, 4,73; N,

3,65. Hallado: C, 65,55; H, 4,64; N, 3,56.

REJEMPLO 41
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Paso a)
6=Etil=-8-fluoro-5-[ (-metoxi-3-metilfenil)sulfonil]-5, 6~

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se preparé a
partir de 6-etil-B-fluoro-fenantridina (Ejemplo 40, Paso b,
0,79 g, 3,48 mmol) mediante el tratamiento con borohidruroc de
sodio (0,79 g, 21 mmol) y &cido trifluorcacético (1,1 ml, 14
mmol) en tetrahidrofurano (18 ml). En un segundo paso separado
la dihidrofenantridina se traté con trietilamina (0,8 ml, 6
mmol) y cloruroc de 4-metoxi-3-metilbencensulfonilo(0,66 g, 3,0
mmol, 2 equivalentes) en diclorometano (5 ml) de acuerdo con
el procedimiento y en la misma forma que se describidé en el
Ejemplo 32, Método A, Paso d. El producto crudo se purificé
mediante cromatografia de columna ré&pida sobre gel de silice,
levigando con una mezcla de acetato de etilo-hexano (gradiente
de 1:19 a 3:7) para dar 6-etil-8-fluoro-5-[(4-metoxi-3-
metilfenil)sulfonil] -5, 6-~dihidrofenantridina como un sdlido
blanco homogéneo (0,57 g, 92% desade {a dihidrofenantridina),
punto de fusidén 140°C;

MS [(+ESI), m/z]: 434 [M+Nal*;

H NMR (500 MHz, DMSO-dg) &6: 7,72 (m, 1H), 7,59 (dd, 1H), 7,46
(dd, 1H), 7,42 - 7,35 (m, 2H), 7,16 (dd, 1H), 6,93 (td, 1H),
6,82 (m, 2H), 6,59 (d, 1H), 5,09 (dd, 1H), 3,67 (s, 3H), 1,82

(s, 3H), 1,42 (m, 1H), 1,22 (m, 1H), 0,90 (t, 3H).
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Paso b)

d=[(6~-Etil-8-fluorofenantridin-5{6H) -il)sulfonil]-2-metilfenocl

El compuesto del titulo se prepard a partir de 6-etil-B-
fluoro-5-[ (4-metoxi-3-metilfenil)sulfonil] -5, 6-
dihidrofenantridina (0,53 q, 1,3 mmol), cloruro de
tetrabutilamonio (1,2 g, 3,2 mmol) y tricloruro de boro 1 M en
diclorometano (8,9 ml, 8,9 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 35, Paso b. El producto crudo se purificd mediante
cromatografia de columna répida sobre gel de silice, levigando
con una mezcla de acetato de etilo-hexano (gradiente de 1:9 a
1:1), seguido por la recristalizacién desde una mezcla de
diclorometano-hexano para dar 4-[(6-etil-8-fluorofenantridin-
5{6H)-2-metilfenol como un sdélide homogéneo (0,25 g, 50%),
punto de fusién 1B1°C;

MS [(-ESI), m/z] 396 [M-H]";

H NMR (500 MHz, DMSO-dg) &: 10,11 (s, 1H), 7,74 (d, 1H), 7,72
{(d, 1H), 7,58 {dd, 1H), 7,49 - 7,33 (m, 2H), 7,17 (dd, 1H),
6,95 (td, 1H), 6,77 (d, 1H), 6,66 {(dd, 1H), 6,37 (d, 1H), 5,09
(dd, 1H), 1,78 (s, 3H), 1,56 (m, 1H), 1,22 (m, 1H), 0,89 (t,
3H) ;

Andlisis calculado para C;;HzgFNO3S - 0,50 H,0: C, 65,01; H,

5,21; N, 3,45. Hallado: C, 65,23; H, 4,97; N, 3,40.
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EJEMPLO 42
Paso a)

H- (3’ -Metil-1,1/’-bifenil-2-il)propanamida

3’ -Metil-1,1’-bifenil-2-ilamina se prepard a partir de 2-
yodoanilina (2,97 g, 13,5 mmol), Acido 3-metilfenilborénico
(1,84 g, 13,5 mmol), un complejo de [(1,17-
bis(difenilfosfino) ferroceno]ldicloropaladio (II) con
diclorometano (0,33 g, 0,41 mmol) y una solucién de hidréxido
de sodio acuoso 5 N (5,4 ml, 27 mmol), de acuerdo con el
procedimiento y en la misma forma que se describid en el
Ejemplo 32, Método A, Paso a, para dar el compuesto
intermedioco bifenilamina como un aceite (2,05 g, 83%). El
compuesteo del titulo se preparé a partir del compuesto
intermedic precedente bifenilamina (1,89 g, 10,3 mmol),
anhidrido propibénico (2,64 ml, 20,6 mmol), &cido 4-(N,N-
dimetilamino)piridina (0,12 g, 1,0 mmol) y pilridina (3,3 ml,
41 mmol) de acuerdo con el mismo procedimiento, para dar N-
(3’ -metil-1,1’-bifenil-2-il)propanamida como un sélido (2,45
g, 99%), punto de fusién 83°C;

MS [(-ESI), m/z]: 238 [M-H]";

'H NMR (500 MHz, DMSO-d) &: 9,08 (s, 1H), 7,44 (d, J = 7,8
Hz, 1H), 7,34 - 7,24 (m, 4H), 7,13 (t, J = 8,4 Hz, 3H), 2,33

(s, 3H), 2,14 (q, J= 7,4 Hz, 2H), 0,98 (t, J = 7,4 Hz, 3H);
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An&lisls calculado para C;gH,7;NO: C, 80,30; H, 7,16; N, 5,85.

Hallado: C, B0,47; H, 7,12; N, 5,78.

Paso b)
6-Etil=-7-metilfenantridines

b 4

6-Etil-9-metilfenantridina

Los compuestos del titulo se prepararon a partir de N-(3’-
metil-1,1’-bifenil-2-il)propanamida (2,35 g, 9,82 mmol}) vy
oxicloruro de fosforoso (4,6 ml, 49 mmol) de acuerdo con el
procedimiento y en la misma forma que se describlié en el
Ejemplo 36, Paso b. Los regioisdémeros se purificaron mediante
cromatoérafia de columna rapida sobre gel de silice, levigando
con acetato de etilo-hexano (1:9) para dar los regloisémeros
separados como sélidos blancos: regiosidémero A 7-metilo (0,25
g, 12%) y regiolsémero B 9-metilo (1,59 g, 73%);

Regiclsémero A: 6-Etil-7-metilfenantridina,

MS [(+ESI), m/z]: 222 [M+H]*;

4 NMR (400 MHz, CDCl;) 5: 8,53 (dd, J = 8,2, 0,5 Hz, 1H),
8,49 (m, 1H), 8,04 (dd, J = 8,2 Hz, 1,0, 1H), 7,67 - 7,62 (m,
1H), 7,57 - 7,49 (m, 2H), 7,47 (d, J= 7,2 Hz, 1H), 3,50 (q, J
= 7,4 Hz, 2H), 2,98 (s, 3H), 1,41 (t, J = 7,4 Hz, 3H).
Regioisdémero B: 6~-Etil-9-metilfenantridina,

MS [(+ESI), m/z]: 222 [M+H]*;
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H NMR (400 MHz, CDCl;) 5: 8,50 (dd, J = 8,2, 1,3 Hz, 1H),
8,40 (s, 1H), 8,12 (d, J = 8,4 Hz, 1H), 8,07 (dd, J = 8,2, 1,2
Hz, 1H), 7,66 (m, 1H), 7,57 {(m, 1H), 7,48 (dd, J = 8,4, 1,5
Hz, 1H), 3,36 (q, J = 7,5 Hz, 2H), 2,62 (s, 3H), 1,47 (t, J =

7,5 Hz, 3H).

Paso c¢)
6-Etil-5-[ (d-metoxifenil) aulfonil]-7-metil-5, 6-

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se preparé a
partir de 6-etil-7-metilfenantridina (0,25 g, 1,1 mmol)
mediante el tratamiento con borohidruro de sodio (0,26 g, 6,8
mmol) y 4&cido trifluorocacético (0,35 ml, 4,6 mmol) en
tetrahidrofurano (6 ml). En un segundo paso separado, la
dihidrofenantridina se traté con trietilamina (1,0 ml, 6,8
mmol) y cloruro de 4-metoxibencensulfonilo (0,47 g, 2,3 mmol)
en diclorometano (4 ml) de acuerde con el procedimiento y en
la misma forma que se describidé en el Ejemplo 32, Método A,
Paso d. El producto crudo se utilizé sin nueva purificacidn.

MS [(+ESI), m/z]: 416 [M+Nal*;

'H NMR (400 MHz, DMSO-ds) B&: 7,71 {dd, 1H), 7,58 (dd, 1H),
7,40 - 7,31 (m, 2H), 7,24 (m, 1H}, 6,98 (m, 2H), 6,88 (m, 2H),
6,50 (m, 2H), 5,10 (dd, 1H), 3,58 (s, 3H), 2,27 (s, 3H), 1,40

{m, 1H), 1,08 (m, 1H), 0,90 (t, 3H).
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Paso d)

4-[(6-Etil-7~metilfenantridin-5(6H)~-1il)sulfonil] fenol

El compuesto del titulo se prepard a partir de 6-etil-5-[(4-
metoxifenil)sulfonil)-7-metil-5, 6~dihidrofenantridina (0,45 g,
1,1 mmol), yoduro de tetrabutilamonio (1,00 g, 2,71 mmol) ¥y
tricloruro de boro 1 M en diclorometano (8,0 ml, 8,0 mmol) de
acuerdo con el procedimiento y en la misma forma que se
describid en el Ejemplo 35, Paso b. El1 producto crudo se
purificé mediante cromatografia de columna répida sobre gel de
8ilice, levigando con una mezcla de acetato de eaetilc-hexano
(gradiente de 3:7 a 1l:1), seguido por la recristalizacién
desde una mezcla de acetato de etilo-hexano para dar 4-[(6-
etil-7-metilfenantridin-5(6H)-il)sulfonil] fenol como un sdélido
homogéneo (0,11 g, 25%), punto de fusién 167°C-169°C;

MS [(-ESI), m/z]: 378 [M-H]";

4 NMR (500 MHz, DMSO-dg) 5: 10,17 (br s, 1H), 7,75 (d, 1H),
7,60 (ad, 1iH), 7,41 - 7,31 (m, 3H), 7,05 - 7,01 (m, 2H), 6,82
(d, 2H), 6,33 (d, 2H), 5,13 (dd, 1H), 2,30 (s, 3H), 1,43 (m,
1H), 1,12 {m, 1H), 0,93 (t, 3H);

andlisis calculado para C;;H21NO3S: C, 69,63; H, 5,58; N, 3,69.

Hallado: C, 69,35; H, 5,67; N, 3,63.

EJEMPLO 43

Paso a)
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6-Etil-5-[ (d-metoxifenil)sulfonil]-9-metil-5, 6~

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se preparé a
partir de 6-etil-9-metilfenantridina (Ejemplo 32, Paso b, 0,50
g, 2,3 mmol) mediante el tratamiento con borohidruro de sodio
(0,51 g, 13,5 mmol) y Acido trifluoroacético (0,7 ml, 9 mmol)
en tetrahidrofurano (11 ml). En un segundo paso separado, la
dihidrofenantridina se traté con trietilamina (1,9 ml, 14
mmol) y cloruroc de 4-metoxibencensulfonilo (0,93 g, 4,50 mmol)
en diclorometano (11 ml) de acuerdo con el procedimientc y en
la misma forma que se describié en el Ejemplo 32, Método A,
Paso d. El producto crudo se purificé mediante
recristalizacién desde una mezcla de acetato de etilo-hexano
para dar 6-etil-5-[ (4-metoxifenil)sulfonil]-9-metil-5, 6~
dihidrofenantridina como un sélido cristalino blanco
homogéneo, punto de fusidén 133°C;

MS [(+ESI), m/z]: 394 [M+H]®;

H NMR (500 MHz, DMSO-ds) &: 7,72 (d, J = 7,4 Hz, 1H), 17,59
(m, 1H), 7,41 - 7,33 (m, 2H), 7,22 (s, 1H), 7,07 (d, J = 7,6
Hz, 1lH), 6,98 (d, J - 7,6 Hz, 1H), 6,90 (d, J = 9,0 Hz, 2H),
6,53 (d, J = 9,0 Hz, 2H), 5,02 (dd, J= 9,5, 5,7 Hz, 1H), 3,63
(s, 3H), 2,21 (s, 3H), 1,36 (m, 1H), 1,23 {(m, 1H), 0,88 (t, J

= 7,2 Hz, 3H);
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Andlisis calculado para Cz3H23NO3S * 0,10 H0 ° 0,26 CgHisN: C,

69,97; H, 6,48; N, 4,19. Hallado: C, 69,79; H, 5,97; N, 3,57.

Paso b)

4-[{6-Etil-9-metilfenantridin-6 (6H) -il) sulfonil] fenol

El compuesto del titulo se prepard a partir de 6-etil-5-[(4-
metoxifenil)sulfonil]}-9-metil-5, 6-dihidrofenantridina (0,67 g,
1,7 mmol), yoduro de tetrabutilamine (1,5 g, 4,1 mmol) vy
tricloruro de boro 1 M en diclorometano (11,9 ml, 11,9 mmol)
de acuerdo con el procedimientc y en la misma forma que se
describié en el Ejemplo 35, Paso b. El1 producto crudo se
purificé mediante cromatografia de columna répiada sobre gel
de silice, levigando con una mezcla de acetato de etilo-hexano
{(gradiente de 3:7 a 1:1), sequido por la trituracidén desde una
mezcla de acetato de etilo-hexano, para dar 4-[(6-etil-9-
metilfenantridin-5(6H)-11)sulfonil]fenol como un sbdlido
homogéneo (0,23 g, 36%), punto de fusién de 167°C-170°C;

MS [(+ESI), m/z]: 380 [M+H)*;

'H NMR (500 MHz, DMSO-dg) &: 10,17 (br s, 1lH), 7,74 (d, 1H),
7,60 (d, 1H), 7,39 - 7,32 (m, 2H), 7,27 (s, 1H), 7,08 (d, 1H),
6,99 (d, 1H), 6,81 (d, 2H), 6,33 (d, 2H), 5,01 (dd, 1H), 2,23
(s, 3H), 1,36 (m, 1H), 1,23 (m, 1H), 0,87 (t, 3H);

Andlisis calculado para Cj;Hz;sNO3;S: C, 69,63; H, 5,58; N, 3,69.

Hallado: C, 69,59; H, 5,47; N, 3,58.
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EJEMPLO 44
Paso a)

N- (5-Bromo-4’-fluoro-1,1’ -bifenil-2-1il)propanamida

Una suspensién agitada vigorosamente de 2-yodoanilna (10,0 g,
45,7 mmol), bromuro de potasio (6,52 g, 54,8 mmol) y molibdato
de amonio tetrahidratado (0,57 g, 0,46 mmol) en Acido acético
(54 ml) se enfrié a 0°C, se tratd con perborato de sodio (7,74
g, 50,3 mmol) y se agité durante dos horas cuando la reaccién
se calentd a temperatura ambiente. Después de agregar agua y
de agitar otra hora, la mezcla de la reaccién se vertié en
agua helada y se filtrd. El sdlido filtrado se lavd con agua,
se disolvié en acetato de etilo (250 ml) y se lavé con una
solucién de carbonato de potasio acuoso saturado (2 x 75 ml).
La fase orgédnica se secé sobre sulfato de sodio anhidro, se
filtré y se concentré en vacio para dar el compuesto
intermedio, 4-bramo-2-yodoanilina, como un 36lido rojo (12,56

g, 92%).

S-Bromo-4’-fluoro-1,1’-bifenil-2-ilamina se prepard a partir
del compuesto intermedio precedente, 4-bromo-2-yodoanilina
(12,6 g, 42,2 mol), &cido 4-fluorofenilborénico (5,9 g, 42
mmol), un complejo de [1,1’-
bis(difenilfosfino)ferrdceno]dicloropaladio (II) con

diclorometanoc (0,69 g, 0,84 mmol) y una asocluciétm de hidréxido
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de sodio acuoso 5 N (85 ml, 425 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el

Ejemplo 32, Método A, Paso a.

El compuesto del titulo se preparé a partir de 5-bromo-4'-
fluoro-1,1’-bifenil-2-ilamina (10,1 g, 37,8 mmol), anhidrido
propiénico (5,33 ml, 41,6 mmol), 4-(N,N-dimetilamino)piridina
(0,46 g, 3,8 mmol) y piridina (12,3 ml, 151 mmol), de acuerdo
con el mismo procedimiento, para dar N-({5-bromo-4’-fluoro-
l,1’-bifenil-2-il)propanamida como un sélido (7,74 g, 64%
desde 4-bromo-2-yodoanilina), punto de fusiébn 133°C;

MS [(-ESI), m/z]: 320 [M-H]~;

'H NMR (500 MHz, DMSO-dg¢) &: 9,21 (s, 1H), 7,52 (dd, J = 2,4,
8,5 Hz, 1H), 7,47 (d, J = 2,2 Hz, 1H), 7,43 - 7,38 (m, 3H),
7,28 - 7,23 (m, 2H), 2,13 (q, J = 7,5 Hz, 2H), 0,95 (t, J =
7,5 Hz, 3H);

Andlisis calculado para Cj;sH;3BrFNO: C, 55,92; H, 4,07; N,

4,35. Hallado: C, 55,79; H, 4,08; N, 4,3l.

Paso b)

2=-Bramo-6-etil-8-fluorofenantridina

El compuesto del titulo se preparé a partir de N-({5-bromo-4’-
fluoro-1,1’-bifenil-2-il)propanamida (3,94 g, 12,2 mmol) ¥

Acido polifosférico (74 g), de acuerdo con el procedimiento y
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en la misma forma que se describid en el Ejemplo 32, Métodc A,
Paso b, para dar, después de la recristalizacién desde una
mezcla de acetato de etilo-hexano, 2-bromo-6-etil-8-
fluorofenantridina como un sélido blanco (3,32 g, 89%), punto
de fusién 111°C;

MS [(+ESI), m/z]: 304 [M+H]*;

'H NMR (500 MHz, DMSO-d¢) 5: 8,99 (m, 2H), 8,15 (dd, J = 10,2,
2,4 Hz, 1H), 7,95 (d, J = 8,7 Hz, 1H), 7,87 - 7,81 (m, 2H),
3,33 (9, J= 7,4 Hz, 2H), 1,39 (t, J= 7,4 Hz, 3H);

Andlisis calculado para C;sHi;BrFN: C, 59,23; H, 3,65; N, 4,60.

Hallado: C, 59,00; H, 3,52; N, 4,44,

Paso c)
2-Bromo-6-etil-8-fluoro-5-{ (4-matoxifenil)sulfonil]~-5, 6~

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se preparé a
partir de 2-bromo-6-etil-8-~fluorofenantridina (3,27 g, 10,8
mmol) mediante el tratamlento con borohldruro de sodio (2,03
g, 53,8 mmol) y acido trifluoroacético (3,31 ml, 43,0 mmol) en
tetrahidrofurano (43 ml). En un segqundo paso separado, la
dihidrofenantridina se traté con trietilamina (9,0 ml, 65
mmol) y cloruro de 4-metoxibencensulfonilo (2,44 g, 11,8 mmol)
en diclorometano (11 ml) de acuerdo con el procedimiento y en

la misma forma que se describlé en el Ejemplo 32, Método A,
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Paso d. El producto crude se purificé mediante cromatografia
de columna répida sobre gel de silice, levigando con una
mezcla de acetato de etilo-hexano (gradiente de 1:9 a 1:4)
para dar 2-bromo-6-etil-8-fluoro-5-[(4-metoxifenil)sulfonil]-
5, 6-dilhidrofenantridina como un 86lido cristalino amarillo
homogéneo, punto de fusién 133°C-136°C;

MS [(+ESI), m/z]: 498/500 [M+Nal*, contiene un A&tomo de bromo;
'H NMR (400 MHz, DMSO-d¢) &: 7,94 (d, J = 2,2 Hz, 1H), 7,65 -
17,47 (m, 38H), 7,15 (m, 1K), 7,00 (4, J = 8,9 Kz, 2H), 6,93
(td, J = 8,8, 2,8 Hz, 1H), 6,60 (d, J = 8,9 Hz, 2H), 5,10 (d4d,
J = 10,0, 5,5 Hz, 1H), 3,61 (s, 3H), 1,36 (m, 1H), 1,16 ({(m,

1H), 0,86 (t, J= 7,3 Hz, 3H).

Paso d)

4-[(2-Bromo~-6-atil-8-fluorofenantridin-5(6H) -il) sulfonil] fenol

El compuesto del titulo se prepard a partir de 2-bromo-6-etil-
8-fluoro-5-[ (4-metoxifenil)sulfonil)-5, 6-dihidrofenantridina

(0,61 g, 1,3 mmol), yoduro de tetrabutilamonio (1,1 g, 3,1
mmol) y tricloruro de boro 1 M en diclorometano (9,0 ml, 9,0
mmol) de acuerdo con el procedimiento y en la misma forma que
568 describié en el Ejemplo 35, Paso b. El producto crudo se
purificé mediante cromatografia de columna rédpida sobre gel de
8ilice, levigando con una mezcla de acetato de etilo-hexano

(gradiente de 3:7 a 1l:1), seguido por la titulacién desde una



mezcla de acetato de etilo-hexano para dar 4-[(2-bromo-6-etil-
8-fluorofenantridin-5(6H)-11)sulfonil]fenol como un sélido
homogéneo (0,23 g, 38%), punto de fusibén 220°C-221°C;

MS [(-ESI), m/xz): 460 [M-H] ;

'H NMR (500 MHz, DMSO-dg) &: 10,27 (br s, 1H), 7,97 (d, 1H),
7,62 - 7,58 {(m, 2H), 7,54 (d, 1H), 7,19 (dd, 1H), 6,97 (td,
1H), 6,92 (d, 2H), 6,41 (d, 2H), 5,11 (dd, 1H), 1,43 (m, 1H),
1,21 (m, 1H), 0,89 (t, 3H);

Andlisis calculado para C;;H;;BrFNOsS: C, 54,56; H, 3,71; N,

3,03. Hallado: C, 54,33; H, 3,77; N, 2,97.

EJEMPLO 45
4-[ (2-Bromo—-B8-fluoro-6-metilfenantridin-5 (6H) -

il)sulfonil]fenol

8-Fluoro—5-{4-metoxifenilsulfonil)-6-metil-5, 6-

dihidrofenantridina (0,64 g, 1,7 mmol} se tratdé con tribromuro
de boro 1 M en diclorometano (6,6 ml, 6,6 mmol) y se agitd a
temperatura ambiente durante doce horas. Una solucién de
bicarbonato de sodio acuoso saturado (50 ml) se agregd
lentamente a 1la reaccldén, seguido por la extraccién de la
mezcla con diclorometano (6 x 20 ml). La fase orgénica
combinada se secé sobre sulfato de sodio anhidro, se filtré y
se concentré en vacic a un material crudo. El material crude

se filtr6 a través de una columna corta de gel de silice, se
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levigé con una mezcla de acetato de etilo-hexano (1:4), y el
filtrado se concentrd en vacio a un 8sblido. Después de 1la
trituracidén con diclorometano y de la filtracién, el compuesto
del titulo se obtuvo como un sélido homogéneo (0,23 g, 37%),
punto de fusibébn 237°C-239°C;

MS [(-ESI), m/z]: 446 [M-H]~;

'H NMR (500 MHz, DMSO-ds) &: 10,30 (br s, 1H), 7,97 (d, J =
2,1 Hz, 1H), 7,61 - 7,57 (m, 2H), 7,51 (d, J = 8,6 Hz, 1H),
7,18 (dd, J = 9,2, 2,7 Hz, 1H), 6,95 (td, J = 8,8 Hz, 2,7,
1H), 6,90 (d, J = 9,0 Hz, 2H), 6,40 (d, J = 9,0 Hz, 2H), 5,41
(g J= 7,0 Hz, 1H), 1,11 (d, J = 7,0 Hz, 3H);

Andlisis calculado para CzoHisBrFNQ;S: C, 53,58; H, 3,37; N,

3,12. Hallado: C, 53,29; H, 3,17; N, 2,97.

EJEMPLO 46
Paso a)

Cloruro de 3-cloro-4-matoxzibencensulfonilo

Una solucidn agltada de 2-clorocanisol (8,90 ml, 70,1 mmol) en
cloroformo (100 ml) se enfrié a 0°C, y se tratd gota a gota
con dcido clorosulfénico (9,3 ml, 140 mmol). Después de agitar
a temperatura ambiente durante 14 horas, la mezcla de la
reaccién se vertid en aéua helada (250 ml) y la fase acuosa
separada se extrajo con cloroformo (2 x 50 ml). La fase

orgdnica combinada se secd scbre sulfato de sodioc anhidro, se
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filtré y se concentré en vacio a un aceite viscoso gue ae
cristalizdé al estar en reposoc (B,58 g, 52%), punto de fusién
78°C;

'H NMR (400 MHz, DMSO-dg) 5: 7,50 - 7,45 (m, 2H), 7,04 (d, J =

8,4 Hz, 1H), 3,B1 (s, 3H).

Paso b)
6-Etil-8-flucro-5-[(3-cloro-4-matoxifenil) sulfonil]-5,6-

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se preparé a
partir de 6-etil-8-fluorofenantridina (Ejemplo 40, Pasc b,
0,40 g, 1,8 mmol) mediante el tratamiento con borohidruro de
sodio (0,40 g, 10,6 mmol) y Acido trifluorocacético (0,55 ml,
7,1 mmol) en tetrahidrofurano (7 ml). En un segundo paso
separado, la dihidrofenantridina se traté con trietilamina
(0,9 ml, 6,4 mmol) Y cloruro de 3-cloro-4-
metoxibencensulfonile (0,51 g, 2,1 mmol, 2,1 equivalentes) en
diclorometano (5 ml) de acuerdo con el procedimiento y en la
misma forma que se describié en el Ejemplo 32, Método A, Paso
d, para dar 6-etil-B-fluoro-5-[ (3-cloro-4-
metoxifenil)sulfonil] -5, 6-dihidrofenantridina como un producto
crudo, que se utilizé sin nueva purificacién.

MS [(+ESI), m/z]: 454 [M+Nal*;
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IH NMR (400 MHz, DMSO-dg) 5: 7,72 (dd, 1H), 7,57 (dd, 1H),
7,48 - 7,35 (m, 3H), 7,18 (dd, 1H), 6,97 (d, 1H), 6,95 - 6,87
(m, 2H), 6,79 (d, 1H), 5,11 (dd, 1H), 3,71 (s, 3H), 1,38 (m,

1H), 1,19 (m, 1H), 0,87 (t, 3H).

Paso c)

2-Cloro-4-[ (6~etil-B~fluorofenantridin-5 (6H) ~il) sulfonil]fenol

El compuesto del titulo se prepard a partir de 6-etil-B-
fluoro-5-[(3-cloro-4-metoxifenil)sulfonil)-5, 6-
dihidrofenantridina (0,41 g, 0,96 mmol), yoduro de
tetrabutilamonio (0,85 g, 2,3 mmol) y tricloruro de boro 1 M
en diclorometano (6,7 ml, 6,7 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 32, Paso b. El1 producto crudo se purificé mediante
cromatografia de columna répida sobre gel de silice, levigando
con una mezcla de acetato de etilo-hexano {gradiente de 20:80
a 35:65), seguido por la recristalizacién desde una mezcla de
acetato de etilo-hexano, para dar 2-cloro-4-[(6-etil-8-
fluorofenantridin—5(6H)-il)sulfonil] fenol COomo un adlido
homogéneo (0,16 g, 41%), punto de fusién 174°C-177°C;

MS [(-ESI), m/z]: 416 [M-H]";

H NMR (500 MHz, DMSO-ds) B&: 11,09 (s, 1H), 7,76 (dd, 1H),

7,59 (m, 1H), 7,51 (dd, 1H), 7,45 - 7,37 (m, 2H), 7,22 (dd,
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1H), 7,00 - 6,92 (m, 2H), 6,77 (m, 1H), 6,56 (d, 1H), 5,12
{(dd, 1H), 1,42 {(m, 1iH), 1,20 (m, 1H), 0,90 (t, 3H):;
Anadlisis calculado para Cz;H;7ClFNOsS: C, 60,36; H, 4,10; N,

3,35. Hallado: C, 60,00; H, 4,09; N, 3,24.

EJEMPLO 47
Paso a)
6-Etil-8-fluoro-5-[ (i-metoxifanil) sulfonil]-2-fenil-5, 6~

dihidrofanantridina

Una solucién agitada de 2-bromo-6-etil-8-fluoro-5-[ (4~
metoxifenil)sulfonil)-5, 6-dihidrofenantridina (Ejemplo 44,
Paso c, 0,25 g, 0,52 mmol) y dcido fenilborénice (0,06 g, 0,52
mmol) en tetrahidrofurano (5 ml) se tratd bajo nitrégeno con
un complejo de (1,1’-
bis{difenilfosfino) ferrocencldicloropaladio (II) con
diclorometano (0,01 g, 0,02 mmol) y una solucién de hidréxido
de sodio 5 N (0,2 ml, 1 mmol). La mezcla de la reacclén se
calentd a reflujo durante doce horas, se enfrié a temperatura
ambiente, y se enfrié con una solucién de cloruro de sodio
acuoso saturado (10 ml) y éter dietilico (50 ml). La fase
orgnica separada se secd sobre sulfato de magnesio anhidro,
se filtrd y se concentrd en vacio a un producto crudo. El
producto crudo se purificé mediante cromatografia de columna

rdpida sobre gel de silice, levigando con una mezcla de
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acetato de etilo-hexano (1:4) para dar el compuesto del titulo
como un sélido (0,13 g, 50%):

MS [(+ESI), m/z]: 474 [M+H]*;

'H NMR (500 MHz, DMSO-dg) &: 8,02 (d, J = 1,7 Hz, 1H), 7,81
{m, 2H), 7,72 (m, 3H), 7,49 (t, J = 7,7 Hz, 2H), 7,39 (t, T =
7,3 Hz, 1H), 7,18 (dd, J = 9,2, 2,6 Hz, 1lH), 7,07 (d, J - 8,9
Hz, 2H), 6,98 (td, J = 8,7, 2,6 Hz, 1H), 6,63 (d, J = 8,9 Hz,
2H), 5,14 (dd, J = 10,0, 5,4 Hz, 1H), 3,64 (s, 3H), 1,46 (m,
1H), 1,28 (m, 1lH), 0,93 (t, J = 7,3 Hz, 3H);

Andlisils calculado para CipH24FNO;3S: ¢, 71,02; H, 5,11; N,

2,96. Hallado: C, 70,84; H, 5,24; N, 2,80.

Paso b)

4=[ (6-Etil-8-fluoro-2-fenilfanantridin—5 (6H)-1il)sulfonil] fenol

Una suspensién agitada de 6-etil-8-fluoro=-5-[ (4-
metoxifenil)sulfonil]-2-fenil-5, 6-dihidrofenantridina (0,13 gq,
0,26 mmol) y ciclohexeno (0,48 ml, 4,8 mmol) se traté gota a
gota a temperatura ambiente bajo nitrdgeno con una solucidén de
tribromuro de boro 1 M en diclorometanc (1,6 ml, 1,6 mmol).
Después de agitar durante 20 horas a temperatura ambiente, 1la
reacclén se enfrié agregando gota a gota una solucién de
bicarbonato de sodio acuoso saturado (300 ml), seguldo por la
extracclén con diclorometano (6 x 20 ml). La fase orgénica

combinada se secé scbre sulfatoc de sodio anhidro, se filtrd y
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se concentrd en vacio a un producto crudo. E1 producto crudo
se purificé mediante cromatografia de columna r&pida sobre gel
de silice, levigando con una mezcla de acetato de etilo-hexano
(gradiente de 1:4 a 3:7), sequido por la recristalizacién
desde una mezcla de acetato de etilo-hexano, para dar 4-[ (6~
etil-8-fluoro-2-fenilfenantridin-5(6H)~-1il)sulfonil]fenol como
un sélido homogéneo (0,09 g, 71%), punto de fusién 207°C;

MS [(-ESI), m/z]: 458 [M-H]";

'H NMR (500 MHz, DMSO-d¢) &: 10,22 (br s, 1H), 8,03 (d, 1H),
7,81 (m, 2H), 7,77 - 7,68 (m, 3H), 7,48 (t, 2H), 7,39 (t, 1H),
7,18 (dd, 1iH), 7,01 - 6,96 (m, 3H), 6,41 (d, 2H), 5,13 (dd,
1H), 1,46 (m, 1H), 1,29 (m, 1lH), 0,92 (t, 3H);

Analisis calculado para Cz7H2;FNO;3S: c, 70,57; H, 4,83; N,

3,05. Hallado: C, 70,27; H, 4,69; N, 2,94.

EJEMPLO 48
Paso a)
B-Fluoro~5-[ {(3-netoxifenil) sulfonil] -6-metil-5,6-

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se preparé a
partir de 8-fluoro-6-metilfenantridina (Ejemplo 32, Método A,
Paso b, 2,00 g, 9,45 mmol) medlante 1le tratamiento con
borohidruro de sodio {1,79 g, 47,4 rmmol) y é&cido

trifluorcacético (2,9 ml, 37,9 mmol) en tetrahidrofurano (38
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ml). En un segundo paso separado, la dihidrofenantridina se
tratd con trietilamina (2,9 ml, 21 mmol) y cloruro de 3-
metoxibencensulfonilo (0,78 g; 3,8 mmol, 1,1 equivalente) en
diclorometano (5 ml) de acuerdo con el procedimiento y en la
misma forma que se describié en el Ejemplo 32, Método A, Paso
d. El producto crudo se purificé mediante recristalizacién
desde una mezcla de acetato de etilo-hexano para dar 8-fluoro-
5-[(3-metoxifenil)sulfonil]-é-metil-5, 6-dihidrofenantridina
como un sélido homogéneo {1,02 g, 78% deade
dihidrofenantridina), punto de fusién 130°C-131°C;

MS [(+ESI), m/z]: 384 [M+H]*;

‘H NMR (500 MHz, CDCl3) &: 7,81 (dd, J = 8,0, 1,3 Hz, 1H),
7,55 (dd, 0 = 7,8, 1,4 Hz, 1H), 7,41 (m, 1H), 7,34 (m, 1H),
7,25 (m, 1H), 6,86 (m, 1H), 6,80 - 6,74 (m, 2H), 6,71 - 6,67
(m, 2H), 6,52 (m, 1H), 5,38 (q, J = 7,0 Hz, 1H), 3,48 (s, 3H),
1,27 (d, = 17,0 Hz, 3H);

Analisis calculado para Cz Hj;aFNO3S - 0,15 CgH;sN - 0,50 H0: C,

64,53; H, 5,25; N, 3,95. Hallado: C, 64,87; H, 5,05; N, 3,92.

Paso b)

3-[ (8~-Fluoro-6-metilfenantridin-5 (6H)-il) sulfonil] fanol

El compuesto del titulo se prepard a partir de 8-fluoro-5-[(3-
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina (0,50 g,

1,3 mmol), ciclohexeno (2,4 ml, 24 mmol) y tribromuro de bero



l M en diclorometano (7,8 ml, 7,8 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 47, Paso b. El producto crudo se purificé mediante
cromatografia de columna répida sobre gel de silice, levigando
con una mezcla de acetato de etilo-hexano (1:4), seguido por
la trituracién desde hexano, para dar 3-[(8-fluoro-é6-
metilfenantridin-5(6H)-il)sulfonil] fenol como un adlido
hoemogéneo (0,37 g, 71%), punto de fusién 161°C;

MS [ (~-ESI), m/z]: 368 [M-H]";

'H NMR (500 MHz, DMSO-dg) &: 9,73 (br s, 1H), 7,78 (d, 1H),
7,60 (m, 1H), 7,53 (dd, 1H), 7,43 - 7,37 (m, 2H), 7,15 (dd,
1H), 6,95 (td, 1H), 6,89 (t, 1H), 6,65 (dd, 1H), 6,51 (d, 1H),
6,48 (s, 1H), 5,42 (q, 1H), 1,14 (d, 3H);

Anélisis calculado para CigHi16FNO3S - 0,10 CiHgOz * 0,10 H;0: C,

64,48; H, 4,51; N, 3,69. Hallado: C, 64,47; H, 4,29; N, 3,48.

EJEMPLO 49
Paso a)

Clorureo da 3-Fluoro-4-metoxibencensulfonilo

Una solucién agitada de 2-fluoroanisol (33,7 ml, 301 mmol) en
cloroformo (250 ml) se enfrié a 0°C y se tratd gota a gota con
dcido clorosulfénico (50,0 ml, 752 mmol). Después de agitar a
temperatura ambiente durante 14 horas, la mezcla de la

reaccién se vertié en agua helada (700 ml) y la fase acuosa

A0
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separada se extrajo con cloroformo (2 x 200 ml). La fase
orginica combinada se secé sobre sulfato de sodio anhidro, se
filtré y se concentré en vacio para dar clorurc de 3-fluoro-4-
metoxibencensulfonilo como un sélidoe blanco fino (58,6 g,
87%), punto de fusién 80°C;

H NMR (400 MHz, DMSO-dg) &: 7,32 (m, 1H), 7,25 (dd, J = 11,5,

2,0 Hz, 1lH), 7,05 (t, J=- 8,5 Hz, 1H), 3,78 (s, 3H).

Paso b)
8-Fluoro-5-[ (3-fluoro-4-metoxifenil)sulfonil] -6-metil-5, 6-

dihidrofenantridina

El compuesto Iintermedio dihidrofenantridina se prepard a
partir de 8-fluoro-6é-metilfenantridina (Ejemplo 32, Método A,
Paso b, 2,00 g, 9,45 mmol) mediante el tratamiento con
borohidruro de sodio (1,79 gq, 47,7 nmmol) Yy Aacido
trifluorcacético (2,9 ml, 37,9 mmol) en tetrahidrofurano (38
ml). En un segundo paso separado, la dihidrofenantridina se
traté con trietilamina (2,7 ml, 19 mmol) y cloruro de 3-
fluoro-4-metoxibencensulfonileo (0,78 g, 3,5 mmol, 1,1
equivalente) en diclorometano (5 ml) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 32, Método A, Paso d. El1 producto crudo se purificd
mediante recristalizacién desde una mezcla de acetato de

etilo-hexano para dar 8-fluoro-5-{ (3-fluoro-4-



metoxifenil)sulfonil)-6-metil-5,6-dihidrofenantridina como un
s6lido homogéneo (1,08 g, 84% desde dihidrofenantridina),
punto de fusién 146°C-147°C;

MS [(-ESI)}, m/z]: 460 [M+AcO™]~;

'H NMR (500 MHz, CDCls) &: 7,77 (m, 1H), 7,56 (d, J = 7,7 Hz,
1), 7,38 (m, 2H), 7,31 {(dd, J = 8,1, 5,4 Hz, 1H), 6,89 (dt, J
= 8,7, 1,1 Hz, 1H), 6,82 (td, J = 8,6, 2,6 Hz, 1H), 6,78 (dd,
J= 8,4, 2,6 Hz, 1lH), 6,70 (dd, o0 = 10,7, 2,2 Hz, 1H), 6,51
{m, 1H), 5,35 {q, J= 7,0 Hz, 1H), 3,77 (s, 3H), 1,26 (d, J =
7,0 Hz, 3H):

Andlisis calculado para Cz;H17F2NO;3S: C, 62,83; H, 4,27; N\,

3,49. Hallado: C, 62,59; H, 4,46; N, 3,49.

Paso c)
2-Fluoro-4-[ (8-fluoro-6-metilfenantridin-5 (6H) -

il)sulfonil] fenol

El compuesto del titulo se prepard a partir de B-fluoro-5-[(3-
fluoro-4-metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina

(0,50 g, 1,3 mmol), ciclohexenoc (2,3 ml, 22 mmol) y tribromuro
de boro 1 M en diclorometano (7,5 ml, 7,5 mmol) de acuerdo con
el procedimiento y en la misma forma que se describié en el
Ejemplo 47, Paso b. El producto crudo se purificé mediante
cromatografia de columna répida sobre gel de silice ,

levigando con una mezcla de acetato de etilo-hexano (1:4),
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seguido mediante l; trituracién desde hexano, para dar 2-
fluoro-4-[ (8-fluoro-6-metilfenantridin-586H)-il)sulfonil] fenol
como un sdélido homogéneo (0,40 g, 82%), punto de fusiébm 191°C;
MS [(-ESI), m/z): 386 [M-H]";

H NMR (500 MHz, DMSO-dg¢) 5: 10,79 (br s, 1H), 7,79 (dd, 1H),
7,59 (dd, 1H), 7,54 (dd, 1H), 7,45 - 7,38 (m, 2H), 7,21 (dd,
1H), 6,98 (td, 1lH), 6,74 (dd, 1H), 6,67 (dd, 1H), 6,58 (t,
1H), 5,44 (q, 1H), 1,44 (4, 3H):

Andlisis calculado para CioH;s5F2NO3S: C, 62,01; H, 3,90; N,

3,62. Hallado: C, 61,75; H, 3,80; N, 3,41.

EJEMPLO 50
Paso a)
5-[(3,4-Dimstoxifenil)sulfonil] -8-fluoro-6-metil-5, 6-

dihidrofenantridina

El compuesto intermedio dihidrofenantridina se preparé a
partir de 8-fluoro-6-metilfenantridina (Ejemplo 32, Método A,
Paso b, 2,00 g, 9,45 mmol) mediante el tratamiento con
borohidruro de sodio (1,79 g, 47,4 mmol) y Acido
trifluorocacético (2,9 ml, 37,9 mmol) en tetrahidrofurano (38
ml). En un segundo paso separado, 1la dihidrofenantridina se
traté con trietilamina (3,0 ml, 22 mmol) y cloruro de 3,4-
dimetoxibencensulfonilo (0,94 g, 3,97 mmol, 1,1 equivalente)

en diclorometanc (5 ml) de acuerdo con el procedimiento y en
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la misma forma que se describié en el Ejemplo 32, Método A,
Paso d. El producto crudo se purificé mediante
recristalizacién deade una mezcla de acetato de etilo-hexano
para dar 5-[(3,4-dimetoxifenil)sulfonil]-8-fluoro-6-metil-5, 6~
dihidrofenantridina como un sélido homogéneo (1,03 g, 69% a
partir de dihidrofenantridina), punto de fusién 152°C-153°C;

MS [(+ESI), m/z]: 414 [M+H]*;

'H NMR (500 MHz, CDCls) 5: 7,82 (dd, 1H), 7,54 (dd, 1H), 7,40
(m, 1H), 7,33 (m, 1H), 7,27 (m, 1H), 6,81 - 6,75 (m, 3H), 6,41
{(d, 1H), 6,36 (d, 1H), 5,38 (q, 1lH), 3,75 (s, 3H), 3,46 (s,
3H), 1,26 (d, 3H):;

Anélisis calculado para CzzHzo0FNOS: C, 63,91; H, 4,88; N,

3,39. Hallado: C, 63,54; H, 4,97; N, 3,30.

Paso b)
4-[ (8-Fluoro-6-metilfenantridin-5 (6H) -il) sulfonil]lbencen-1,2-

diol

El compuesto del tituloc se preparé a partir de 5-[(3,4-
dimetoxifenil)sulfonil]-8-~fluoro-6-metil-5, 6~

dihidrofenantridina (0,50 g, 1,2 mmol), ciclohexeno (4,4 ml,
44 mmol) y tribromuro de boro 1 M en diclorometano (14,5 ml,
14,5 mmol) de acuerdo con el procedimiento y en la misma forma
que se describié en el Ejemplc 47, paso b. El producto crudo

se purificé mediante cromatografia de columna répida sobre gel
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de silice, levigando con una mezcla de acetato de etilo-hexano
(gradiente de 1:1 a 7:3), seqguido por 1la recristalizacién
desde una mezcla de diclorometano-hexano {2x), para dar 4-[(8-
fluoro-6-metilfenantridin-5(6H)-11)sulfonil)-bencen-1,2-diol
como un 86lido homogéneo (0,23 g, 50%), punto de fusién 165°C-
170°C;

MS [(-ESI), m/z]: 384 (M-H]";

'H NMR (500 MHz, DMSO-dg) 5: 9,64 (br s, 1H), 9,22 (br s, 1H),
1,77 (dd, 1H), 7,58 (dd, 1H), 7,55 (dd, 1H), 7,41 - 7,32 (m,
2H), 7,31 {(dd, 1H), 6,95 (td, 1H), 6,44 - 6,41 (m, 2H), 6,36
(d, 1H), 5,37 (q, 1H), 1,13 (d, 3H);

Andlisis calculado para CzpH;gFNO4S * 0,50 CHzCl.: C, 57,55; H,

4,00; N, 3,27. Hallado: C, 57,18; H, 4,14; N, 3,21.

EJEMPIO 51
Pasoc a)
6-Etil-6-fluozro-5-[ (i-metoxifenil) sulfonil)]~2-metil-5, 6~

dihidrofenantridina

Una solucién agitada de 2-bromo-6-etil-8-fluoro-5-[ (4-
metoxifenil)sulfonil] -5, 6-dihidrofenantridina {Ejemplo 44,
Paso ¢, 0,30 g, 0,63 mmol) en tetrahidrofurano (7 ml) ase
enfrié a -78°C y se tratd gota a gota bajo nitrégeno con una
soluclén de n-butillitio 1,4 M en hexano (0,9 ml, 1,26 mmol).

Después de agitar durante 10 minutos, se agregd yodometano

14
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(0,08 ml, 1,26 mmol), y la reaccidén se agitd hasta que llegd a
la temperatura ambiente. La reaccién se enfrié con una
solucidén de Acido clorhidrice 0,1 N (15 ml, 1,5 mmol) y una
soluclén de cloruro de sodio acuoso saturado (150 ml). La fase
acuosa separada se extrajo con éter dietilico (3 x 20 ml). lLa
fase organica combinada se secé sobre sulfato de sodio
anhidro, se filtré y se concentré en vacio a un producto
crudo, que se usd sin nueva purificacién;

MS [(+ESI), m/z]: 434 [M+Nal®*;

'H NMR (400 MHz, DMSO-d¢) &: 7,51 (s, 1H), 7,47 - 7,41 (m,
2H), 7,18 ({dad, 1H), 7,10 {(dad, 1lH), 6,97 - 6,89 (m, 3H), 6,56
(d, 2H), 5,04 (dd, 1H), 3,60 (s, 3H), 2,32 (s, 3H), 1,37 (m,

l4), 1,19 (m, 1H), 0,85 (t, 3H).

Paso b)

4-[(6-Etil-8-fluoro-2-metilfenantridin-5(6H) ~il)sulfonil]fenol

El compuesto del titulc se prepardé a partir de 6-etil-B-
fluoro-5-[ (4-metoxifenil)sulfonil]-2-metil-5, 6-

dihidrofenantridina (0,24 g, 0,58 mmol), ciclohexeno (2,1 ml,
21 mmol) y tribromuro de boro 1 M en diclorometano (7,0 ml,
7,0 mmol) de acuerdo con el procedimiento y en la misma forma
que se describidé en el Ejemplo 47, Paso b. El1 producto crudo
se purificd mediante cromatografia de columna rdpida sobre gel

de silice, levigando con una mezcla de acetato de etilo-hexano



(1:4), seguido por la recristalizacién desde una mezcla de de
acetato de etilo-hexano (2x), para dar 4-[(6~etil-8-fluoro-2-
metllfenantridin-5(6H)~il)sulfonil)fenol como un sélido (0,14
g, 59%), punto de fuaidn 197°9C-200°C;

MS [{(-ESI}, m/z]: 396 [M-H]";

'H NMR (500 MHz, DMSO-ds) 5: 10,18 (br s, 1H), 7,56 (s, 1H),
7,51 - 7,47 (m, 2H), 7,21 (d, 1H), 7,14 (dd, 1H), 6,95 (td,
1H), 6,88 (d, 2H), 6,38 (d, 2H), 5,07 {(dd, 1H), 2,35 (s, 3H),
1,40 {m, 1H), 1,21 (m, 1H), 0,88 (t, 3H);

Andlisis calculado para CazH;oFNOsS - 0,50 H,O0: C, 65,01; H,

5,21; N, 3,45. Hallado: C, 64,98; H, 5,08; N, 3,26.

EJEMPLO 52
Paso a)
6-Etil-8-fluoro-5~[ (i-metoxifenil) sulfonil]-2-tien-3-il-5, 6~

dihidrofenantridina

El compuesto del titulo se prepard a partir de 2-bromo-6-etil-
8-fluoro-5-[ (4-metoxifenil)sulfonil] -5, 6~dihidrofenantridina

{(Ejemplo 44, Paso ¢, 0,35 g, 0,73 mmol), A&cido 3-
tiofenborénico (0,09 g, 0,73 mmol), un complejo [1,1’-
bis({difenilfosfino) ferrocenoldicloropaladio (II) con
diclorometano (0,02 g, 0,02 mmol) y una solucién de hidréxido
de sodio acuoso (0,3 ml, 1,5 mmol) de acuerdo con el

procedimiento y en la misma forma que se describié en el
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Ejemplo 47, Paso a. El material crudo se purificé mediante
cromatografia de columna répida sobre gel de silice, levigando
con una mezcla de acetato de etilo-hexano (1:4) para dar 6-
etil-5-fluoro-4-((4-metoxifenil)sulfonil]-2-tien-3-11-5,6-
dihidrofenantridina como un sélido (0,18 g, 51%);

MS [(+ESI), m/z]: 480 [M+H]*;

'H NMR (500 MHz, DMSO-dg) 5: 8,06 (m, 2H), 7,78 (dd, 1H), 7,72
{m, 2H), 7,68 {(m, 1H), 7,64 (d, 1H), 7,15 {(dd, 1lH), 7,04 (d,
2H), 6,99 (td, 1H), 6,62 (d, 2H), 5,13 (dd, 1lH), 3,64 (s, 3H),
1,45 (m, 1H), 1,27 (m, 1H), 0,93 (t, 3H};

Andlisis calculado para C;gHz;FNO3S2 - 0,10 CgHiq: C, 65,44; H,

4,83; N, 2,87. Hallado: C, 65,74; H, 5,05; N, 2,73.

Paso b)
4-[(6-Etil=-8~fluoro-2-tien-3-ilfenantridin-3(6H) -

il)sulfonil]fenol

El compuesto del titulo se prepard a partir de 6-etil-8-
fluoro-5-[ (4-metoxifenil)sulfonil]-2-tien-3-i1-5, 6~

dihidrofenantridina (0,28 g, 0,58 mmol), ciclohexeno {13 ml,
10,5 mmol) y tribromuro de boroc 1 M (3,5 ml, 3,5 mmol) de
acuerdo con el procedimiento y en la misma forma que se
describié en el Ejemplo 47, paso b. El producto crudo se
purificdé mediante cromatografia de columna répida sobre gel de

silice, levigando con una mezcla de acetato de etilo-hexano
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(1:4) para dar 4-[(6-etil-8-fluoro-2-tien-3-ilfenantridin-
5(6H)-il)sulfonil]fenol como un sélido homnogéneo (0,17 gq,
63%);

MS [(-ESI), m/z]): 464 [M-H]";

'H NMR (500 MHz, DMSO-d¢) &: 10,20 (br s, 1H), 8,06 (m, 2H),
7,78 - 7,66 (m, 4H), 7,63 (d, 1H), 7,17 (dd, 1H), 7,00 (td,
1H), 6,94 (d, 2H), 6,40 (d, 2H), 5,11 {(dd, 1H), 1,44 (m, 1H),

1,26 (m, 1H), 0,91 (t, 3H).

EJEMPLO 53
4-[(6-Etil-8-fluorofenantridin-5(6H)~-il)sulfonil] fenil 3,3~

dimetilbutancate

Una solucién agitada de 4-[(6-etil-8-fluorofenantridin-5(6H)~-
il)sulfonil] fenol (Ejemplo 40, Paso d, 0,05 g, 0,13 mmol) en
diclorometano (2 ml) se traté secuencialmente piridina (0,04
ml, 0,52 mmol) y cloruro de t-butilacetilo (0,04 mi, 0,26
mmol) . Después de agitar durante doce horas a temperatura
ambiente, 1la reacciétn se enfridé con una solucién de
bicarbonato de sodio acuoso saturado (50 ml). La fase acuosa
separada se extrajo con diclorometano (3 x 10 ml). La fase
organica combinada se secd sobre sulfato de sodio anhidro, se
£iltrd y se concentré en vacio a un producto crudo. El
producto crudo se purificé mediante cromatografia de columna

rapida sobre gel de silice, 1levigando con una mezcla de
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acetato de etilo-hexano (gradiente de 1:9 a 1:4) para dar el
compuesto del tituloe como un sdélido blanco (0,05 g, 71%),
punto de fusién 128°C;

MS [(+ESI), m/z]: 482 [M+H]*;

4 NMR (500 MHz, DMSO-d¢) &: 7,75 (d, 1H), 7,63 (d, 1H), 7,48
- 7,39 (m, 3H), 7,17 {dd, 1H), 7,11 (d, 2H), 6,89 (m, 1H),
6,85 (d, 2H), 5,14 (dd, 1H), 2,29 (s, 2H), 1,44 (m, 1H), 1,23
{(m, 1H), 1,02 (s, 9H), 0,91 (t, 3H);

Anilisis calculado para C2;Hz¢FNOsS ' 0,15 CgHiq - 0,30 H0: C,

67,03; H, 6,19; N, 2,80. Hallado: C, 67,15; H, 6,40; N, 2,40.

EJEMPLO 54
Propionato de 4-[(6-Etil-8-fluorofenantridin-5 (6H)-

il)sulfonil]fenilo

Una solucién agitada de 4-[(6-etil-B-fluorofenantridin-5(6H)-
il)sulfonil)] fenol (Ejemplo 40, Pase d, 0,06 g, 0,16 mmol) en
diclorometano (2 ml) se traté secuencialmente con piridina
(0,056 mi, 0,63 mmol) y cloruro de propionilo (0,03 ml, 0,3
mmol). Desapués de agitar durante doce horas a temperatura
ambiente, la reaccién se enfri6 con wuna solucién de
bicarbonato de sodio acuoso saturado (50 ml). La fase acuosa
separada Bse extrajo con diclorometanoc (3 x 10 ml). La fase
orgénica combinada se secd sobre sulfato de sodio anhidro, se

filtrd y se concentrd en vacio a un producto crudo. El
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producto crudo se purificé mediante cromatografia de columna
rapida sobre gel de silice, levigando con una mezcla de
acetato de etilo-hexano (gradiente de 1:9 a 1:4) para dar el
compuesto del titulo (0,05, 77%), punto de fusién 111°C-112°C;
MS [(+ESI), m/z]: 440 [M+H]*;

'H NMR (500 MHz, DMSO-ds) &: 7,76 {(d, 1H), 7,65 (dd, 1H), 7,48
(dd, 1H), 7,45 - 7,37 (m, 2H), 7,19 (dd, 1H), 7,09 (d, 2H),
6,93 (m, 1H), 6,86 (d, 2H), 5,16 (dd, 1lH), 2,54 (g, 2H), 1,44
(m, 1iH), 1,24 (m, 1H), 1,07 (t, 3H), 0,91 (t, 3H);

Anilisis calculado para CaqH22FNO4S: c, 65,59; H, 5,05; N,

3,19. Hallado: C, 65,20; H, 4,98; N, 3,00.

EJEMPLO 55
Benzoato da 4-[(6-Etil-8-fluorofenantridin-5 (6H) -

il)sulfonil] fenile

Una solucidédn agitada de 4-[(6-etil-B-fluorofenantridin-5(6H)~
il)sulfonil] fenol {(Ejemplo 40, Paso d, 0,05 g, 0,13 mmol) en
diclorometano (2 ml) se traté secuencialmente con piridina
(0,04 ml, 0,52 mmol) y cloruro de benzoilo (0,03 ml, 0,26
mmol). Después de agitar durante doce horas a temperatura
ambiente, la reaccién se enfrié6 con una solucién de
bicarl?onato de sodio acuoso saturado (50 ml). La fase acuosoa
separada se extrajo con diclorometanc (3 x 10 ml). La ase

orgAnica combinada se secé sobre sulfato de sodio anhidro, se



filtrdé y se concentrd en vacio a un producto crudo. E1
producto crudo se purificé mediante cromatografia de columna
rpida sobre gel de silice, levigando con una mezcla de
acetato de etilo-hexano (gradiente de 1:9 a 1:4), seguido por
la recristalizacién desade una mezcla de acetato de etilo-
hexano, para dar el compuesto del titulo como un sélido blanco
(0,04 g, 59%);

MS [(+ESI), m/z]: 488 [M+H]*;

H NMR (500 MHz, DMSO-dg¢) &5: 8,06 (m, 2H), 7,78 (d, 1H), 7,74
(m, 1H), 7,66 (m, 1H), 7,59 (t, 2H), 7,53 (dd, 1H), 7,46 -
7,39 (m, 2H), 7,22 (dd, 1H), 7,15 (d, 2H), 7,06 (d, 2H), 6,97
(td, 1H), 5,20 (d4d, 1H), 1,46 (m, 1H), 1,25 (m, 1H), 0,93 (t,
3H) ;

Andlisis calculado para CzgHz2FNOS * 0,10 Hp0: C, 68,73; H,

4,57; N, 2,86. Hallado: C, 68,56; H, 4,30; N, 2,71.

EJEMPLO 56
Paso a)
5-[({3-Fluoro~-4-metoxifenil)sulfonil]-6-metil-S, 6-

dihidrofenantridina

El compuesto del titulo se preparé a partir de fenantridina
(7,17 g, 40 mmol), metillitio 1,4 M en éter dietilico (29 ml,
40,6 mmol) y clorurc de 3-fluoro-4-metoxibencensulfonilo (8,99

g, 40 mmol) de acuerdo con el procedimiento y en la misma
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forma que se describié en el Ejemplo 1, paso a. El producto
crudo se purificé mediante recristalizacién desde una mezcla
de acetato de etilo-ciclohexano para dar 5-[(3-fluoro-4-
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina (6,79 gq,
17,7 mmol, 44%) como un aélido blancuzco;

MS [(EI), m/z]: 383 [M]%;

‘H NMR (500 MHz, DMSO-d¢) 5: 7,79 (dd, J = 7,5, 1,5 Hz, 1H,
ArH-1), 7,60 {(dd, J = 7,6, 1,5 Hz, 1H, ArH-4), 7,3% - 7,47 (m,
3H, ArH-2,3,10), 7,26 (d, J = 6,6 Hz, 1lH, ArH-7), 7,12 - 7,21
(m, 2H, ArH-8,9), 6,73 - 6,82 (m, 3H, ArH'), 5,42 (q, J = 17
Hz, 1H, H-6), 3,71 (s, 3H, -OCHy4'), 1,11 {(d, J = 7 Hz, 3H, -
CHy-6) ;

Andlisis calculado para C; HigFNO;S: C, 65,78; H, 4,73; N,

3,65. Hallado: C, 65,84; H, 4,69; N, 3,57.

Paso b)

2-Fluoxo-4-[ (6-metilfenantridin-5(6H) -il) ] sulfonil)fenol

El ompuesto del titulo se prepard a partir de 5-{[(3-fluoro-4-
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina (0,5 g,
1,3 mmol), ciclohexeno (0,33 ml, 3,25 mmol) y tribromuro de
boro 1,0 M en diclorometano (7,8 ml, 7,8 mmol) de acuerdo
conel procedimiento y en la misma forma que se describié en el
Ejemplo 1, paso b. El producto crudo se purificé mediante

cromatografia de columna rdpida sobre gel de silice, levigando
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secuencialmente con con diclorometano y acetato de etilo para
dar 2-fluoro-4-[{6-metilfenantridin-5-(6H)-il)sulfonil] fenol
(0,35 g, 0,96 mmol, 74%) como un sélido amarillo claro, punto
de fusién 172°C-174°C;

MS [(-ESI) m/z]: 368 [M-H];

'H NMR (500 MHz, DMSO-ds) &: 10,71(s, 1H, -OH-47), 7,79 (dd, J
=7,% 1,7 Hz, 1H, ArH-1), 7,60 (dd, J = 7,6, 1,5 Hz, 1H, ArH-
4), 7,48 (d, g =- 7,3 Hz, 1H, ArH-10), 7,37 - 7,45 (m, 2H, ArH-
2,3, 7,25 (4, g = 7,5, 1,4 Hz, 1H, ArH-7), 7,13 - 7,21 (m,
2H, ArH-8,9), 6,68 (dd, J = 10,7, 2,1 Hz, 1H, ArH’'-2’), 6,63
(dd, J = 8,9, 2,1 Hz, 1H, ArH-6'), 6,53 {(dd, J = 10,7, 8,9 Hz,
1H, ArH’-5'), 5,41(q, J = 7,0 Hz, 1H, H-6), 1,11(d, 0 = 7,0
Hz, 3H, ~-CHy6):

Analisis calculado para CzoH16FNO3S'0,15 H0: C, 64,56; H, 4,42;

N, 3,76. Hallado: C, 64,31; H, 4,17; N, 3,56.

EJEMPLO 57
Paso a)
2-Bromo-5-[ (3-fluoro-4-metoxifenil) sulfonil]-6-metil-5, 6~

dihidrofenantridina

El compuesto del titulo se prepard a partir de 5-[(3-fluoro-4-
metoxifenil)sulfonil] -6-metil-5, 6-dihidrofenantridina (1,15 g,
3,0 nmol), bromo (0,61 ml, 12,0 mmol) y Acido acético (30 ml)

de acuerdo con el procedimiento y en la misma forma que se
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describid en el Ejemplo 4, paso a. El producto crudo se
purificé mediante recristalizacién desde acetato de etilo para

dar 2-bromo-5-[(3-fluoro-4-metoxifenil)sulfonil]-6-metil-5, 6~
dihidrofenantridina (1,03 g, 2,22 mmol, 74%);

MS [(+ESI), m/z]: 461 [M+H)*;

'H NMR (500 MHz, DMSO-ds) 5: 8,00 (d, J = 2,3 Hz, 1H, ArH-1),
7,63 (dd, J = 8,6, 2,3 Hz, 1H, ArH-3), 7,53 - 7,55 (m, 2H,
ArH-4,10), 7,28 (d, J = 7,5 Hz, 1H, ArH-7), 7,22 (t, J = 17,5

Hz, 1H, ArH-8), 7,15 (t, J = Hz, 1lH, ArH-9), 6,80 - 6,87 (m,

3H, ArH’-2’,5’,6’), 5,44 (q, J - 7,0 Hz, 1H, H-6), 3,72 (s,

3“, -OCH_]—" ) r 1, 14 (d' J = 1'0 Hz' 3H' -CHS-S) .

Paso b)
4= (2-Bromo-6-metilfenantridin-5({6H)-il)sulfonil] -2~

fluocrofencl

El compueato del titulo se prepardé a partir de 2-bromo-5-[(3-
fluoro-4-metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina

{(0,5g, 1,08 mmol), ciclohexenoc (0,27 ml, 3,58 mmol} vy
tribromuro de boro 1,0 M en diclorometano (6,49 ml, 6,49 mmol)
de acuerdo con el procedimiento y en la misma forma que se
describié en el Ejemplo 4, paso b. El producto crudo se
purificé mediante recristalizacién desdes diclorometano para

Fy

dar 4-[(2-bromo-6-metilfenantridin-5(6H)~1il))sulfonil] -2~
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fluorcfenol (0,15 g, 0,34 mmol, 31%) como un sélido blancuzco,
punto de fusién 203°C-206°C;

MS [(-ESI), m/z]: 446 [M-H]";

'H NMR (500 MHz, DMSO-dg) &: 10,77 (s, 1H, -OH-4'), 8,01 (d, J
= 2,2 Hz, 1H, ArH-1), 7,62 {(dd, J = 8,6, 2,3 Hz, 1H, ArH-4),
7,52 - 1,57 (m, 2H, ArH-3,10), 7,28 (d, J = 7,3 Hz, 1lH, ArH-
7, 7,23 (t, J = 7,3 Hz, 1H, ArH-8), 7,16 (t, J = 7,3 Hz, 1H,
ArH-9), 6,79 (dd, = 10,7, 2,1 Hz, 1H, ArH’-2’), 6,67 (dd, J
= 8,6, 2,1 Hz, 1H, ArH’'-6’), 6,57 (t, J = 8,6 Hz, 1H, ArH’-
5’), 5,43 (q J= 17,0 Hz, 1H, H-6), 1,14 (d, J = 7,0 Hz, 3H, -
CHy-6) ;

Anélisis calculado para Cz¢H;sBrFNO,S ' 0,35 H;0: C, 52,84; H,

3,48; N, 3,08. Hallado: C, 52,76; H, 3,33; N, 2,98.

EJEMPLO 58
Paso a)

l1-Matoxi-2-~ (trifluorcmeatil)bencano

Una solucién agitada de 2-hidroxibenzotrifluoruro (23,0 g, 142
mmol) en 2-butanona (107 ml) se trgté con carbonato de potasio
(25,51 g, 185 mmol) y yodometano (13,3 ml, 213 mmol). La
mezcla se calentd a reflujo toda la noche bajo argédn hasta que
la cromatografia de capa delgada mostré la finalizacién de la
reaccién. La mezcla se enfrié a temperatura ambiente y se

filtré a través de tierra diatomécea. El sélido filtrado se
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lavé con acetona y el filtrado se concentrd cuidadosamente en
vacio sin calentar. El 1liquido crudo resultante se purificéd
mediante destilacién al vacio para dar el compuesto del titulo
(21,79 g, 0,124 mol, 74%) como un liquido incoloro.

7,56 (m, 2H, ArH-4,5), 7,20 (m, 1H, ArH-6), 7,03 (m, 1H, ArH-

3}, 3,83 (s, 3H, -OCH;-1).

Paso b)

Cloruro de 4-Metoxi-3-(trifluoromstil)bencenosulfonilo

Una solucién de 1l-metoxi-2-(trifluorometil)benceno (10,0 gq,
56,8 mmol) en cloroformo seco (76 ml) se enfrié a 0°C y se
traté con &cido clorosulfénico (7,55 ml, 113,5 mmol) gota a
gota bajo argén. Después de que se termina el agregado, la
mezcla de la reaccién se calenté gradualmente a temperatura
ambiente y se agité toda la noche. La reacclén se enfrid
vertiendo la mezcla lentamente scbre hielo. La fase acuosa
separada se extrajo con cloroformo (3x) La fase orgénica
combinada se lavd con una solucién de cloruro de sodio acuoso
saturado (2x) y aqua. La fase orgénica se secé ascbre sulfato
de magnesio anhidro y se concentré en vacio para dar el
compuesto del titule (8,77 g, 31,9 mmol, 56%) como un sdélido
grls;

MS [(+ESI), m/z]: 274 [M+H]*;
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14 NMR (500 MHz, DMSO-dg) &: 7,81 (dd, J = 8,6, 2,0 Hz, 1H,
ArH-6), 7,75 (d, 1H, J = 2,1 Hz, ArH-2), 7,20 (d, 1H, J = 8,7
Hz, ArH-5), 3,89 (s, 3H, -0OCHy-4);

Andlisis calculado para CgHgClFi03S: C, 34,99; H, 2,2,

Hallado: C, 34,98, H, 2,1.

Paso c)
5-[ (4-Metoxi~3-{trifluorometil) fenil]sulfonil]-6-metil-5, 6~

dihidrofenantridina

El compuesto del titulo se prepard a partir de fenantridina
{5,386 g, 30 mmol), metillitio 1,4 M en éter dietilico (21,8
ml, 30,5 mmol), Y cloruro de 4-metoxi-3-
(trifluorometil)bencensulfonilo (8,24 g, 30 mmol) de acuerdo
con el procedimiento y en la misma forma que se describié en
el Ejemplo 1, paso a. El producto crudo se purificé mediante
cromatografia de columna répida sobre gel de silice, levigando
con una mezcla de acetato de etllo-hexano (1:8) para dar 5-
{ (4-metoxi-3-(trifluorometil) fenil]sulfonil}-6-metil-5, 6~
dihidrofenantridina (5,75 g, 13,27 mmol, 44%) como un sélido
blanco;

MS [(+ESI), m/z]: 434 [M+H]%;

1H NMR (500 MHz, DMSO~dg) &: 17,77 (d, J = 7,8 Hz, 1H, ArH-1l),
7,63 (d, J = 7,7 Hz, 1H, ArH-4), 7,49 - 7,36 (m, 3H, ArH-

2'3'10)' 1,25 ‘d, J = 1'3 HZ, 1“, AIH-"" 1'18 - 1'09 ‘m, 3H'
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ArH-8,9, ArH’-6’), 6,98 (d, J = 2,1 Hz, 1H, ArH’-2'), 6,88 (d,
J= 9,0 Hz, 1H, ArH’-5’), 5,43 (q, J = 7,0 Hz, 1H, H-6), 3,77
(s, 3H, -OCH;-4'), 1,14 (d, J = 7,0 Hz, 3H, -CH3-6);

Andlisis calculado para Cz;H)gF3NOiS: C, 60,96; H, 4,19; N,

3,23. Hallado: C, 60,88; H, 4,1; N, 3,03.

Paso d)
4-[(6-Matilfenantridin-5(6H)-1il)sulfonil]-2-

(trifluoromatil) fanol

El compueato del titulo se prepard a partir de 5-{([4-metoxi-3-
{trifluorcmetil) fenil)sulfonil}-6-metil-5, 6-
dihidrofenantridina (0,5 g, 1,15 mmol), ciclohexeno (0,29 ml,
2,808 mmol) y tribromuro de boro 1,0 M en diclorometano (6,92
ml, 6,92 mmol) de acuerdo con el procedimiento y en la misma
forma que se describié en el Ejemplo 1, paso b. El producto
crudo se purificé mediante cromatografia de columna réapida
sobre gel de silice, levigando con diclorometano para dar 4-
[(6-metilfenantridin-5(6H)-il)sulfonil] -2~
(trifluorometil)fenocl (0,044 g, 0,104 mmol, 9%) como un sdélido
blancuzco, punto de fusién 213°C-215°C;

MS [(-ESI) m/z]: 418 [M-H]~;

14 NMR (500 MHz, DMSO-ds) 5: 11,44 (s, 1H, OH-4’), 7,78 (d, J
- 7,5 Hz, 1lH, ArH-1), 7,62 (d, J = 7,6 Hz, 1H, ArH-4), 7.47 -

1' 40 (m' 3“, AIH-‘Z, 3' 10) ” 1' 24 ‘d, J - 1, 3 Hz' 1“, BIH-'” »
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1,18 - 7,10 (m, 2H, ArH-8,9), 6,99 (dd, J = 8,7, 2,0 Hz, 1H,
ArH’-6"), 6,94 (s, 1H, ArH’-2’), 6,56 (d, J = 8,7 Hz, 1H,
ArH’-5"), 5,41 (q, J - 6,9 Hz, 1H, H-6), 1,14 (d, J = 7,0 Hz,
3H, -CHs-6);

Andlisis calculado para C2H;gF3NOaS ° 0,20 CH,Cl, - 0,20 H0: C,

57,87; H, 3,85; N, 3,18. Hallado: C, 57,75; H, 3,91; N, 3,05.

EJEMPLO 59
Paso a)

Clorurco de 4-Matoxi-3,5-dimetilbencensulfonilo

El compuesto del titulo se preparé a partir de 2-metoxi-1,3-
dimetilbenceno (6,81 g, 50 mmol) y &cldo clorosulfénico (6,65
mli, 100 mmol)} de acuerdo con el procedimiento y en la misma
forma que se describié en el Ejemplo 58, pasoc b para dar
cloruro de 4-metoxi-3,5-dimetilbencensulfonilo (7,43 g, 31,3
mmol, 63%) como un sélido blanco;

MS [(+ESI), m/z]: 234 [M+H]";

lH NMR (500 MHz, DMSO-dg) 5: 7,24 (s, 2H, ArH-2,6), 3,62 (s,
3H, -OCHs~4), 2,19% (s, 6H, -CHy3,5);

Andlisis calculado para CgH;;C103S° 0,3 H;0: C, 45,02; H, 4,87.

Hallado: C, 44,92; H, 4,78.

Paso b)
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5-[ (4-Metoxi-3,5-dimetilfenil) sulfonil] -6-metil~5, 6~

dihidrofenantridina

El compuesto del titulo se preparé a partir de fenantridina
(3,58 g, 20 mmol), metillitio 1,4 M en éter dietilico (14,5
ml, 20,3 mmol) y cloruro de 4-metoxi-3, 5-
dimetilbencensulfonilo (4,69 g, 20 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 1, paso a. El producto crudo se purificé mediante
cromatografia de columna rapida sobre gel de silice, levigando
con una mezcla de acetato de etilo-hexano (1:8) para dar 5-
[ (4-metoxi-3,5-dimetilfenil) sulfonil] -6-metil-5, 6~
dihidrofenantridina (4,86 g, 12,6 mmol, 62%) como un sdélido;

MS {(+ESI), m/z]: 394 [M+H]*;

14 NMR (500 MHz, DMSO-ds) &: 7,78 (d, J = 7,5 Hz, 1H, ArH-1),
7,59 (d, J = 7,8 Hz, 1H, ArH-4), 7,45 - 7,38 (m, 3H, ArH-
2,3,10), 7,21 - 7,16 {(m, 2H, ArH-7,8), 7,10 (t, J = 7,3 Hz,
14, ArH-9), 6,60 (s, 2H, ArW’-2/,6’), 5,35 (q, J = 7,1 Hz, 1H,
H-6), 3,48 (s, 3H, -OCH;-4’), 1,85 (s, 6H, -CHys3',5'), 1,13
(d, J= 7,1 Bz, 3H, -CHy6);

Andlisis calculado para Cz3Hz3NO3S: C, 70,20; H, 5,89; N, 3,56.

Hallado: C, 80,08; H, 5,84; N, 3,45,

Pasoc c)

2,6-Dimetil-4~-[ {(6~metilfenantridin-5 (6H) -il) sulfonil] fanol
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El compuesto del titulo se preparé a partir de 5-([(4-metoxi-
3,5-dimetilfenil)sulfonil] -6-metil-5, 6~dihidrofenantridina

(1,0 g, 2,54 mmol), ciclohexeno (0,54 ml, 6,36 mmol) vy
tribromuro de boroc 1,0 M en diclorometano (15,3 ml, 15,3 mmol)
de acuerdo con el procedimiento y en la misma forma que se
describlid en el Ejemplo 1, paso b. El producto crudo se
purificé mediante cromatografia de columna répida sobre gel de
ailice, levigando con diclorometano para dar 2,6-dimetil-4-
[(6-metilfenantridin-5(6H)-il)sulfonil] fenol (0,79 g, 2,0
mmol, 82%) como un sdlido blanco, punto de fusidén 211°C-213°C;
MS [(+ESI), m/z]: 380 [M+H]*;

4 NMR (500 MHz, DMSO-ds) 5: 8,93 (s, 1H, -OH-4'), 7,76 (d, J
= 7,5 Hz, 1H, ArH-1), 7,58 (d, J = 7,8 Hz, 1H, ArH-4), 7,44 -
7,34 (m, 3H, Ars-2,3,10), 7,22 - 7,17 {(m, 2H, ArH-7,8), 7,11
{t, J= 17,2 Hz, 1lH, ArH-9), 6,52 (s, 2H, ArH’'-2’,6’'}, 5,36 (q,
J= 17,0 Hz, 1H, H-6), 1,79 (s, 6H, -CHy-3',5’), 1,12 (d, U =
7,0 Hz, 3H, -CH36);

Andlisis calculado para CaH2)NOS - 0,65 H0: c, 67,55; H,

5,75; N, 3,58. Hallado: C, 67,43; H, 5,55; N, 3,44.

EJEMPLO 60
Paso a)

4!’ -Matil-1l,l’-bifenil-2-anina



Una solucién agitada de 2-yodoanilina (5,0 g, 22,8 mmol), y
acido 4-metilfenilborénico (3,1 g, 22,8 mmol) en
tetrahidrofurano se tratdé bajo argébn con un complejo de [1l,1’-
bis{difenilfosfino) ferrocenoldicloropaladio (IX) con
diclorometano (1l:1) (0,37 g, 0,46 mmol) y una solucién de
hidréxido de sodio 5,0 N (9,1 ml, 45,7 mmol). La mezcla de la
reaccién se calentd bajo reflujo durante 24 horas, se enfrid a
temeperatura ambiente, y se lavé con una solucién de cloruro
de 8socdic acuoso saturado. La fase acuosa se extrajo con
acetato de etilo (3x). La fase org&nica combinada se secé
sobre sulfato de magnesio anhidro y el solvente se evapord en
vacio. El producto crudo se purificé mediante cromatografia de
columna rédpida sobre gel de silice, levigando con una mezcla
de acetato de etilo-hexano (1:12) para dar el compuesto del
titulo (3,26 g, 17,8 mmol, 78%) como un gel naranja:

MS [(+ESI), m/z]: 184 [M+H]";

14 NMR (500 MHz, DMSO-dg) &: 7,29 (d, J = 7,9 Hz, 2H, ArH’'-
2’,6'), 7,24 d, J = 7,9 Hz, 2H, ArH’'-3',5’), 7,02 (t, 1lH,
ArH-5), 6,95 (d, o = 7,6, 1H, ArH-6), 6,74 (d, J = 7,9 Hz, 1lH,
ArH-3), 6,61 (t, J= 7,4 Hz, 1H, ArH-4), 4,69 (s, 2H, -NH;-2),
2,33 (s, 3H, -CHy4'});

Andlisis calculado para C;jH;sN: €, 85,21; H, 7,15; N, 7,64.

Hallado: C, 85,0, H, 7,15; N, 7,55.

Paso b)
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N-(4’'-Metil-1l,1’-bifenil-2-il)acetamida

Una solucién agitada de 4’-metil-1l,1’-bifenil-2-amina (3,09 g,
16,87 mmol) en diclorometano se traté con anhidride acético
(1,75 ml, 18,6 mmol), piridina (3,14 ml, 38,8 mmol) y 4-(N,N-
dimetilamino)piridina (0,062 g, 0,506 mmol). Después de agitar
bajo argén durante 16 horas, una solucién de amonio acuoso
saturado (5 ml) se agregé a la mezcla de la reaccidén y se
continudé agitando otros 30 minutos. La mezcla de la reacciébn
se vertié en una solucién de acido clorhidrico 0,1 N. lLa fase
acuosa separada se extrajo con diclorometano (3x). La fase
orxgdnica combinada se lavé secuencialmente con una soluclén de
dcido clorhidrico 0,1 N y una solucién de bicarbonato de sodio
acuoso saturado. Después de secar sobre sulfato de magnesio
anhidro, el solvente se removidé en vaclio. El producto crudo se
purificé mediante recristalizacién desde una mezcla de acetato
de etilo-hexano para dar el compuesto del titulo (3,17 g,
14,1 mmol, B83%) como un sélido cristalino incoloro;

MS [(+ESI), m/z]: 226 [M+H]*;

'H NMR (500 MHz, DMSO-dg) &: 9,16 (s, 1H, NH), 7,45 - 7,22 (m,
8H, ArH), 2,34 (s, 3H, CH;-3’,5'), 1,88 (s, 3H, -C(O)CHs);
AnAlisis calculado para C,sH;sNO: C, 79,97; H, 6,71; N, 6,22.

Paso c)
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6,8-Dimetilfenantridina

El compuesto del titulo se prepardé a partir de N-(4’-metil-
1,1’ -bifenil~-2-il)acetamida (3,05 g, 13,5 mmol) y A&cido
polifosférico (40 g) de acuerdo con el procedimiento y en la
misma forma que se describié en el Ejemplo 32, Método A, paso
b. El1 producto crudo se purificé mediante recristalizacién
deade una mezcla de acetato de etilo-hexno para dar 6,8-
dimetilfenantridina (2,04 g, 9,82 mmol, 73%) como un sdélido
amarillo claro;

MS [(+ESI), m/z]: 208 {M+H]*;

'H NMR (500 MHz, DMSO-ds) &: 8,72 (d, J = 8,4 Hz, 1H, ArH-1),
8,69 (d, J = 8,1 Hz, 1H, ArH-4), 8,11 (s, 1lH, ArH-7), 7,97 (d,
J = 8,1, 1H, ArH-10), 7,77 (d, J = 8,4 Hz, 1H, ArH-9), 7,71 -
1,67 (¢, J = 8,0 Hz, 1H, ArH-2), 7,63 (t, J= 8,1 Hz, 1lH, ArH-
), 2,94 (s, 3H, -CHy-6), 2,58 (s, 3H, -CHy-0);

Andlisis calculado para C;sH;3N: C, 86,92; H, 6,32; N, 6,76.

Hallado: C, 86,65; H, 6,35; N, 6,62.

Paso d)
5-[ (4-Matoxifenil)sulfonil]-6,8-dimetil-5, 6~

dihidrofenantridina

Una solucién agitada de 6,8-dimetilfenantridina (1,95 g, 9,41

mmol) en tetrahidrofurano (90 ml) se tratdé con borohidruro de



sodio (1,42 g, 37,6 mmol) y &cido trifluoroacético (0,72 ml,
9,41 mmol). Después de agltar toda la noche bajo argén, se
agregé otro equivalente de borohidruro de sodio y la mezcla se
calenté a reflulo durante cinco horas. Después de enfriar a
temperatura ambiente, la reaccién se enfrié con una mezcla de
una 8Solucién de bicarbonato de sodio acucso saturado y una
solucién de cloruro de scdio acuoso saturado. La fase acuosa
se extrajo con éter dietilico (3x). La fase orgdnica combinada
se secd sobre sulfato de magnesio anhidro, se filtrd y se
evapord en vacio a una dihidrofenantridina cruda. Una solucién
de dihidrofenantridina cruda en diclorometanc (25 ml) se traté
con trietilamina (5,25 ml, 37,63 mmol) y cloruro de 4-
metoxibencensulfonilo (2,14 g, 10,3 mmol). Después de agitar
durante 18 hors bajo argén a temperatura ambiente, la mezcla
de 1la reaccibn. se enfrié con una solucién de hidréxido de
sodio 1 N y se extrajo con diclorometano (2x). La fase
orgidnica combinada se 1lavé con una 8solucién de &cido
clorhidrico 2 N, se secdé sobre sulfato de magnesio anhidro, y
se evapord en vacio a un sélido naranja. El1 sélido naranja se
purificé mediante cromatografia de columna répida sobre gel de
silice, levigando con una mezcla de acetato de etilo-hexano
(1:8) para dar el compuesto del titulo (1,61 g, 4,24 mmol,
45%) como un sélido blanco;

MS [(+ESI), m/z]: 380 [M+H]*;
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4 NMR (500 MHz, DMSO-dg) &: 7,72 {(d, J = 7,5 Hz, 1H, ArH-1),
7,58 (d, J = 7,9 Hz, 1H, ArH-4), 7,39 - 7,31 (m, 3H, ArH-
2,3,10), 7,00 (s, 1H, ArH-7), 6,95 (d, J = 8,9 Hz, 2H, ArH'-
2’,6'), 6,93 (d, J = 8,1 Hz, 1H, ArH-9), 6,55 (d, J = 8.9 Hz,
2H, ArH’-3',5"), 5,31 (q, J = 6,9 Hz, 1H, H-6), 3,63 (s, 3H, -
OCH-4’), 2,25 (s, 3H, -CHy8), 1,12 (d, J = 7,0 Hz, 3H, -CHsr
6);

Andlisis calculado para Cy;HaiNO3S: C, 69,63; H, 5,58; N, 3,69.

Hallado: C, 69,31; H, 5,42; N, 3,57.

Paso e)

4-[{6,8-Dimstilfenantridin-5(6H) -il) sulfonil] fenol

El compuesto del titulo se preparé a partir de 5-[(4-
metoxifenil)sulfonil]-6,8-dimetil-5, 6-dihidrofenantridina (0,6
g, 1,58 mmol), ciclohexeno (0,4 ml, 3,95 mmol) y tribromuro de
boro 1,0 M en diclorometano (9,5 ml, 9,49 mmol) de acuerdo con
el procedimiento y en 1la misma forma que se describidé en el
Ejemplo 1, paso b. El1 producto crudo se purificdé mediante
cromatografia de columna ripida sobre gel de silice, levigando
con diclorometano para dar 4-[(6,8-dimetilfenantridin-5(6H)-
il)sulfonil] fenol (0,31 g, 0,85 mmol, 54%) como un sélido
blanco, punto de fusién 111°C-113°C;

MS [(~ESI), m/z]: 364 [M-H]";
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'H NMR (500 MHz, DMSO-ds) 5: 10,20 (s, 1H, OH-4’), 7,73 (d, J
= 7,5 Hz, 1H, ArH-1), 7,57 (d, J = 7,5 Hz, 1H, ArH-4), 7,38 -
7,31 (m, 3H, ArH-2,3,10), 7,01 (s, 1lH, ArH-7), 6,95 (d, J =
7,9 Hz, 1H, ArH-9), 6,84 (d, J = 8,8 Hz, 2H, ArH’-2’,6’), 6,34
(d, J = 8,7 Hz, 2H, ArH’-3',5'}), 5,31 (q, J = 6,9 Hz, 1H, H-
6), 2,25 (s, 3H, -CHy-8), 1,11 {(d, J = 6,9 Hz, 3H, -CH36);

Analisis calculado para Cz;Hi;gNO3S - 0,40 Hz0: C, 67,68; H,

5,36; N, 3,76. Hallado: C, 67,45; H, 5,16; N, 3,64.

EJEMPLO 61
Paso a)

4’ -Cloro=-1,1’ -bifenil-2-amina

El compuesto del titulo se prepard a partir de 2-yodoanilina
(5,0 g, 22,83 mmol), &cido 4-clorofenilborénico (3,57 g, 22,8
mmol), un complejo de [1,17-
bis{difenilfosfino) ferrocenoc]ldicloropaladio {II) con
diclorometanc (0,373 g, 0,46 mmol) y una solucién de hidréxido
de sodio 5,0 M (9,1 ml, 45,65 mmol) de acuerdo con el
procedimientc y en la misma forma que se describié en el
Ejemplo 60, paso a. El producto crudo se purificé mediante
cromatografia de columna rdpida sobre gel de silice, levigando
con una mezcla de acetato de etilo-hexano (1:12) para dar 4’'-
cloro-1,1’-bifenil-2-amina (3,67 g, 18,0 mmol, 79%) como un

aceite naranja;
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MS [(+ESI), m/z]: 204 [M+H]*;

H NMR (500 MHz, DMSO-dg) 5: 7,47 (d, J = 8,4 Hz, 2H, ArH’'-
3’,5%'), 7,42 (d, J = 8,4 Hz, 2H, ArH’-2',6’), 7,04 (td, J =
7,4, 1,1 Hz, 1H, ArH-5), 6,96 (d, J = 7,5 Hz, 1H, ArH-6), 6,75
(d, J - 8,1 Hz, 1H, ArH-3), 6,62 (t, J = 7,5 Hz, 1H, ArH-4),
4,80 (s, 2H, NHz-2);

Andlisis calculado pare Ci;2H10CIN - 0,05 Hz0: C, 70,46; H,

4,98; N, 6,85. Hallado: C, 70,3; H, 4,88; N, 6,86.

Paso b)

N’ -{4’-Cloro-1,1’ -bifenil-2-il)acstamida

El compuesto del titulo se preparé a partir de 4’-cloro-1,1’-~
bifenil-2-amina (3,5 g, 17,19 mmol), anhidrido acético (1,79
ml, 18,9 mmol), piridina (3,2 ml, 39,5 mmol) y 4-(N,N-
dimetilamino)piridina (0,06 g, 0,52 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en ele
Ejemplo 60, paso b, El producto se purificé mediante
recristalizacién deade una mezcla de acetato de etilo-hexano
para dar N-(4’-cloro-1,1’-bifenil-2-il)acetamida (2,16 g, 8,78
mmol, 51%) como un sélido blanco;

MS [(-ESI,) m/z]: 244 [M-H]";

‘H NMR (500 MHz, DMSO-dg) &: 9,28 (s, 1H, -NH), 7,49 - 7,26
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And&lisis calculado para C;(H;2C1NO: C, 68,44; H, 4,92; N, 5,7.
Hallado: C, 68,39; H, 4,92; N, 5,62.
Paso c)

8-Cloro-6-matilfenantridina

El compuesto del tituloc se preparé a partir de N-({4’-cloro-
1,1’-bifenil~2-il)acetamida (2,1 g, 8,55 mmol) vy 4&cido
polifosférico (25,3 g} de acuerdo con el procedimiento y en la
misma forma que se describié en el Ejemplo 32, Método A, Paso
b. El producto crudo se recristalizé desde una mezcla de
hexano-acetato de etilo para dar 8-cloro-6-metilfenantridina
(1,66 g, 7,28 mmol, B5%) como un sdlido blancuzco;

MS [(+ESI), m/z]: 228 [M+H]*;

H NMR (500 MHz, DMSO-ds) &: 8,87 (d, J = 8,9 Hz, 1lH, ArH-1),
8,74 (d, J = 8,3 Hz, 1H, ArH-4), 8,35 (d, J = 2,0 Hz, 1H, ArH-
7}, 8,01 (d, J = 8,1 Hz, 1H, ArH-10), 7,95 (dd, J = 8,7, 2,0
Hz, 1H, ArH-9), 7,76 (d, J = 8,1 Hz, 1H, ArH-2), 7,68 (d, J =
8,1 Hz, 1H, ArH-3), 2,96 (s, 3H, -CHsy6);

AnAlisis calculado para C;4H;oC1N: C, 73,85; H, 4,43; N, 6,15.

Hallado: C, 73,53: H, 4,37; N, 6,05.

Paso d)
8-Cloro~5-[ (i-metoxifenil)sulfonil] -6-metil~5, 6~

dihidrofenantridina
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Una solucién agitada de B8-cloro-6-metilfenantridina (1,6 g,
7,03 mmol) en tetrahidrofuranoc (67 ml) se traté con
borohidrure de sodio (2,13 g, 56,2 mmol) y &cido
trifluoroacético (1,08 ml, 3,51 mmol) y se calentd a reflujo
durante 5,5 horas. Después de enfriar a temperatura ambiente,
la reaccién se enfrié con una mezcla de una solucién de
bicarbonato de sodio acuoso saturado y una soluclén de cloruro
de sodio acuoso saturado. La fase acuosa se extrajo con éter
dietilico (3x). La fase orgé&nica combinada se secd sobre
sulfato de magnesio anhidro, se filtré y se evapord en vacio a
una dihidrofenantridina cruda. Una solucién de la
dihidrofenantridina en diclorometano (19 ml) se traté con
trietilamina (3,9 mi, 28,1 mmol) y cloruro de q-
metoxibencensulfonilo (1,60 g, 7,73 mmol). Después de agitar
durante 18 horas bajo argén a temperatura ambiente, la mezcla
de la reaccién se enfrié con una solucién de hidréxido de
sodio acuoso 1 N, y se extrajo con diclorometano (2x). Ia fase
orgdnica combinada se lavé con wuna solucién de Acido
clorhidrico 2 N, se secd sobre sulfato de magnesioc anhidro, y
se evaporé en vacio a un sélido naranja. El sélido naranja se
purificé mediante cromatografia de columna rApida sobre gel de
silice, levigando con una mezcla de acetato de etilo-hexano
(1:8) para dar el compuesto del titule (1,65 g, 4,11 mmel,
59%) como un sélido blanco;

MS [(+ESI), m/z]: 400 [M+H]*;



lH NMR (500 MHz, DMSO-dg) 5: 7,78 (d, J = 7,6 Hz, 1H, ArH-1),
7,61 (d, J = 8,0 Hz, 1H, ArH-4), 7,48 - 7,36 (m, 4H, ArH-
2,3,7,10}, 7,16 (dd, J = 8,4, 2,3 Hz, 1H, ArH-9), 6,99 (dd, J
- 11,7, 2,9 Hz, 2H, ArH’-2’,6'), 6,60 (dd, 0 = 11,6, 2,8 Hz,
2H, ArH’3’,5'), 5,41 (q, J = 7,0 Hz, 1H, H-6), 3,66 (s, 3H, -
OCHy-4'), 1,13 (d, J= 7,0 Hz, 3H, -CHy-6);

Analisis calculado para Cz;H;sClNOaS: C, 63,07; H, 4,54; N,

3,5. Hallado: C, 62,96; H, 4,67; N, 3,34.

Paso e)

4=-[ (B=Cloro-6-matilfanantridin-5 (6H) -il)sulfonil] fenol

El compuesto del titulo se prepard a partir de 8-cloro-5-[(4-
metoxifenil)sulfonil]-6-metil-5, 6~-dihidrofenantridina (0,6 g,
1,50 mmol), ciclohexenoc (0,304 ml, 3,75 mmol) y tribromuroc de
boro 1,0 M en diclorometano (9,0 ml, 9,0 mmol) de acuerdo con
el procedimiento y en la misma forma que se describié en el
Ejemplo 1, paso b. El producto crudo se purificé mediante
cromatografia de columna ripida sobre gel de silice, levigando
con diclorometano para dar 4-((8-cloro-6-metilfenantridin-
5(6H)-1l)sulfonil) fenol (0,24 g, 0,63 mmol, 42%) como un
s6lido blanco, punto de fusién 176°C-178°C;

MS [(-ESI), m/z]: 384 [M-H]";

14 NMR (500 MHz, DMSO-ds) &: 10,23 (s, 1H, -OH-4’), 7,78 (dd,

J= 17,7, 1,6 Hz, 1lH, ArH-1), 7,60 (dd, J = 7,9, 1,2 Hz, 1lH,
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ArH-4), 7,49 (d, J = 8,5 Hz, 1H, ArH-10), 7,46 - 7,36 (m, 3H,
ArH-2,3,7), 7,17 (dd, J - 8,5, 2,2 Hz, 1H, ArH-9), 6,87 (d, J
- 8,9 Hz, 2H, ArH'-2’,6'), 6,38 (d, J = 8,9 Hz, 2H, ArH'-
3,5%'), 5,41 {(q, J =~ 7,0 Hz, 1H, H-6), 1,12 (d, J = 7,0 Hz,
3H, -CH;-6);

Andlisis calculado para C;oH16CLNOsS - 0,45 Hz0: C, 60,97; H,

4,32; N, 3,56, Hallado: C, 60,95; H, 4,01; N, 3,43.

EJEMPLO 62
Paso a)
2-Bromo-8-aloro-3-[ (d-matoxifenil) sulfonil]-6-matil~-5,6~

dihidrofenantridina

El compuesto del titulo ase preparé a partir de B8-cloro-~5-[(4-
metoxifenil)sulfonil)-6-metil-5, 6-dihidrofenantridina (0,9 g,
2,38 mmol), bromo (0,12 ml, 9,50 mmol) y Acido acético glacial
(24 ml) de acuerdo con el procedimiento y en la misma forma
que se describid en el Ejemplo 4, paso a. El producto crudo se
purificé mediante cromatografia de columna rApida sobre gel de
aflice, levigando con una mezcla de acetato de etilo-hexano
(gradiente de 1:3 a 1:1) para dar 2-bromo-8-cloro-5-[(4-
metoxifenil)sulfonil] -6-metil-5, 6-dihidrofenantridina (0,70 gq,
1,46 mmol, 61%) comc un sélido blanco;

MS [(+ESI), m/z]: 478 [M+H]*;
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H NMR (500 MHz, DMSO-ds) &: 8,01 (d, J = 2,1 Hz, 1H, ArH-1),
7,64 (dd, J = 8,6, 2,1 Hz, 1H, ArH-4), 7,56 - 7,53 (m, 2H,
ArH-3,10), 7,38 (d, J = 2,1 Hz, 1H, ArH-7), 7,16 (dd, J = 8,4,
2,1 Hz, 1H, ArH-9), 7,05 (d, J = 9,0 Hz, 2H, ArH’-2’,6"), 6,63
(d, J = 8,9 Hz, 2H, ArH’-3’,5’), 5,43 (q, J = 7,0 Hz, 1H, H-
6), 3,67 (s, 3H, -OCHy~4'), 1,14 (d, J = 7,0 Hz, 3H, -CHy;-6);

Andlisis calculado para CzHiyBrClNOsS: €, 52,68; H, 3,58; N,

2,93, Hallado: C, 52,98; H, 3,71; N, 2,9.

Paso b)

4-[ (4-Bromo-8-aloro-6-matilfanantridin~S (6H) ~il) sulfonil] fenol

El compuesto del titulo se preparé a partir de 2-bromo-8-
cloro-{(4-metoxifenil)sulfonil]-6-metil-5, 6-
dihidrofenantridina (0,6 g, 1,25 mmol), ciclohexeno (0,32 ml,
3,13 mmol) y tribromuro de boro 1,0 M en diclorometano (7,52
ml, 7,52 mmol) de acuerdo con el procedimiento y en la misma
forma que se describié en el Ejemplo 1, pasc b. El producto
crudo se purificd mediante cromatografia de columna répida
sobre gel de silice, levigando con diclorometano, para dar 4-
[ (2-bromo-8-cloro-6-metilfenantridin-5(6H)-il)sulfonil] fenol
(0,33 g, 0,71 mmol, 56%) como un sélido amarillo claro, punto
de fusién 213°C-215°C;

MS [(-ESI) m/z): 462 [M-H]";
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'H NMR (500 MHz, DMSO-ds) &: 10,29 (s, 1H, -OH-4’), 8,01 (d, J
- 2,0 Hz, 1lH, ArH-1), 7,63 - 7,52 (m, 3H, ArH-3,4,10), 7,41
(d, J =- 1,9 Hz, 1H, ArH-7), 7,18 (dd, J = 8,4, 2,0 Hz, 1H,
ArH-9), 6,92 (d, J = 8,7 Hz, 2H, ArH'-2’,6'), 6,41 (d, J = 8,7
Hz, 2H, ArH'-3’,5'), 5,43 (q, J = 6,9 Hz, 1H, H-6), 1,13 (d, J
= 6,9 Hz, 3H, -CHy6);

Analisis calculado para C2oH;sBrCINO;S: C, 51,69; H, 3,25; N,

3,01. Hallado: C, 51,53; H, 3,26; N, 2,93.

Los ejemplos 63 a 96 se sintetizaron como un conjunto dirigido
automatizado en una forma combinatoria de acuerdo con el

Procedimiento General A que se describe a continuacién.
Procedimiento General A

Paso a)

Una solucién 0,25 M de 2-bromo-6-etil-5-[{4-
metoxifenil)sulfoﬁil]—s,G-dihidrofenantridina (400 pL, 45,8 mg,
100 pmol) en 1,4-dioxano y una solucién 0,25 M del 4cido aril
(o alquil) borénico (800 uL, 200 pmol) en 1,4-dioxano se

mezclaron juntos en un frasco de dos dracmas y se trataron con

una aolucién 0,05 M recién preparada de
tetrakis(trifenilfosfino)paladio {0) (300 pL, 5,78 mg, 15 umol)

y una solucién acuosa 2 M de carbonato de sodio (150 upL, 41,5
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mg, 300 pmol). La mezcla se purgd con argén durante 30 minutos
y se calentd a 100°C durante hasta seis horas. El avance de la
reaccién se monitored mediante cromatografia de 1liquido de
alto rendimiento. Al terminar, 1la reaccién se enfridé a
temperatura ambiente y se diluyé con diclorometano (3 ml) y
una solucién de hidréxido de sodio acuoso 0,5 M (2 ml).
Después de agitar durante 30 minutos y de centrifugar, la fase
orgidnica se separ6 y se concentrd a un resjiduo en un frasco
limpio, y el producto se confirmé mediante MS (APCl+).

Paso b)

Una solucién agitada del producto acoplado de Suzuki del
Procedimiento General A, Paso a, y ciclohexeno (100 pL, 1,0
mmol) en diclorometano (600 pl) se tratd bajo argdébn en una cajla
de guantes a -30°C con una solucién de tribromuro de boro 1,0
M en diclorometanoc (800 puL, 800 mumol). Después de que se
terminé el agregado, la mezcla de la reaccidén se dejdé calentar
a temperatura ambiente durante cinco horas. La reaccidn se
enfrié a -30°C y se enfrid con metanol (200 pL) a una velocidad
de 1 ml/min. La mezcla se diluyé con diclorometanc (2 ml) y
agua (2 ml), se agitd y la fase organica se separd y se
concentrd mediante centrifugacién a un residuo: El residuo se
diluyé con sulféxido de dimetilo (800 pL) y se purificéd

mediante tecnologias de purificacién de alto rendimiento para



dar el compuesto purificado, que se confirmé mediante LCMS

(ES", FA' CV'ZO (o] 5’ .

2=-{6-Etil-5~[ (4-hidroxifenil)sulfonil] -5, 6~dihidrofenantridin-

2-il}fencl
HRMS [(+ESI), m/z]l: 458,14151 [M+H]". Calculado para
C27H2aNOS: 458,14206.

EJEMPLO 64

4-{[6-Etil-2-[4- (metiltio)fenil]fenantridin-5(68H) -

il]lsulfonil}fencl
HRMS [(+ESI), m/z]: 488,13407 [M+H]*. Calculado para
CagHasNO3S2: 488,13487.
EJEMPLO 65

4~{[6-Btil-2-{ (K)-2-fenilatenil)fenantridin-5 (68) -

il)sulfonil}fencl
HRMS [(+ESI), m/z]: 468,16250 [M+H]*. Calculado para
Ca20H25NO35: 468,16279.
EJEMPLO 66

4-{[2-(1,1'-Bifenil-4-il)-6-etilfenantridin-5(6H) -

il]lsulfonil}fenocl
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HRMS [(+ESI), m/z): 518,17747 [M+H)*. Calculado para

Ca3Ha29NO53S: 518,17844.

EJEMPLO 67
4-{[2- (3-Clorofenil) -6-etilfenantridin-5(6H)=-11]sulfonil}fenol
HRMS [(+ESI), m/z]: 476,10774 [M+H]*. Calculado para

Ca7H22C1NO3S: 476,10817.

EJEMPLO 68
4-[(6-Etil-2~quinolin-8-ilfenantridin-5(6H)-il)sulfonil] fenol
HRMS [(+ESI), m/z]: 493,15815 [M+H]". Calculade para

C3pH24N209S8: 493,15804.

EJEMPLO 69
4-[(6-Etil-2-fenilfenantridin-5(6H)-il) sulfonil] fenol
HRMS [(+ESI), m/z]: 442,14691 [M+H]*. Calculado C37H3NO3S:

442,14714.

BEJEMPLO 70
4-{[6-Etil-2- (2-metilfenil) fenantridin-5(6H) -il]sulfonil}fanol
HRMS [(+ESI), m/z]: 456,16263 [M+H]". Calculado para

Ca2aH2sN035: 456,16279.

EJEMPLO 71

4-{(6-Etil-2-tiantren-1-ilfenantridin-5(6E8)-il)sulfonil]fenocl
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HRMS [(+ESI), m/z]: 580,10708 [M+H]'. Calculado para
Ca3H25N03S3: 580,10694.
EJEMPLO 72

4-{[2~- (1-Benzofuran-2-il)-6-etilfenantridin-5{6H) -

illaulfonil}fenol
HRMS [(+ESI), m/z]: 4B2,14186 [M+H]*. Calculado para
CasH2aNO,5: 482,14206.
EJEMPLO 73

4~-{[6-Etil-2-({4-hidroxifenil) fanantridin-5 (6H) -

il]sulfonil}fencl
HRMS [(+ESI), m/z]: 458,14136 [M+H]*. Calculado para
C27Ha3NO4S: 458,14206.
RIEMPLO 74

4-{[2=-(2-Clorofenll) -6~-etilfenantridin-5(6H) -11l]sulfonil}fanol
BRMS [(+ESI), m/z]: 476,10818 [M+H]*. Calculado para

C27H22C1NO3S: 476,10817.

EJEMPLIO 75
4-{[6-BEtil=-2~(4-atilfenil) fenantridin-5(6H) ~illsulfonil}fencl
HRMS [(+ESI), m/z): 470,17797 [M+H] . Calculado para

CasH29NCaS: 470,17844.
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BIJEMPLO 76
1-(5~{6-Etil-5-[ (4~hidroxifenil)sulfonil] -5, 6-
dihidrofenantridin-2-il}tien-2-il)etanona
HRMS [(+ESI), m/z]: 490,11440 [M+H]". Calculado para

C27H2aNO4S3: 490,11413.

EJEMPLO 77
5-{6-Etil-5~[ (4-hidroxifenil) sulfonil]-5,6-iihidrofenantridin-
2-il}pirimidino-2,4~diol
HRMS [(+ESI), m/z]: 476,12804 [M+H]*. Calculado para

Czs5Hz1N30:5: 47 6, 12747.

EJEMPLO 78

4-{[6-Etil-2~-(2-hidroxifenil) fenantridin-5(6K) -il]sulfonil)-2-

metilfenol
HRMS [(+ESI), m/zl: 472,15783 [M+H]". Calculado para
CagHasNOS: 472,15771.

EJEMPIO 79

4=[ (6-Etil-2-tien-3-ilfenantridin-5(6H) -1il)sulfonil] -2~
matilfenol
HRMS [(+ESI), m/z]: 462,11896 [M+H]*. Calculado para

CagHaiNO3S2: 462,11921.
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4-([6-Etil-2-[4-(metiltioc)fenil]fenantridin-5(6H) -
il)lsulfonil}-2-metilfencl
HRMS [(+ESI), m/z]: 502,15006 [M+H]*. Calculado

Ca9H3z7NO3Sz: 502,15052.

EJEMPLO 81
4-{[6-Etil-2~[ (E) -2-feniletenil] fenantridin-5 (6H) -
il)sulfonil}-2-maetilfencl
HRMS [(+ESI), m/z): 482,17829 [M+H]"*. Calculado

C3pHz7NOaS: 482,17844.

EJEMPIO 82
4-{6-Btil-5-[ (4-hidroxi-3-metilfenil)sulfonil]-5, 6~
dihidrofanantridin-2-il)benzeno-1,2-diol
HRMS [(+ESI), m/z]: 488,15249 [M+H]'. Calculado

Ca2gHasNOsS: 488,15262.

EJEMPLO 83
4-{[2-(1,1'-Bifenil~4-il)-6-etilfenantridin-5 (6H) -
illsulfonil)-2-metilfanocl
HRMS [(+ESI), m/z]: 532,19391 [M+H]*. Calculado

C3qH29NQ3S: 532,19409.

EJEMPIO B4

s

para

para

para

para
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4-{[6-Etil-2- (3-hidroxifenil)fenantridin-5(6H)-il)sulfonil)-2-

matilfenol
HRMS [(+ESI), m/x): 472,15779 ([M+H]*. Calculado para
CzeHzaNO.S: 472,15771.

EJEMPLO 85

4-{[2-(3-Clorofenil)-6-etilfenantridin-5(6R) ~il]lsulfonil}-2-

metilfenol
HRMS [(+ESI), m/z]: 490,12370 [M+H}". Calculado para
C2gH24C1NO3S: 490,12382.

EJENMPLO 86

4-{[6-Etil-2-[ (E) ~-hept-1-aniocl]fenantridin-5(6H) -il]lsulfonil}~-
2-matilfenol
HRMS [(+ESI), m/z]: 476,22567 [M+H]*. Calculado pra CzgH33NO3S:

476,22539.

EJEMPLO 87
4-[(6-Etil-2-piridin-4-ilfenantridin-5(68)-il) sulfonil]-2-
metilfenol
HRMS |[(+ESI), m/z]: 457,15770 [M+H]*. Calculado Cz7Hz{Nz03S:

457,15804.

EJEMPLO 88
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4-[(6-Etil-2-quinolin-B8-ilfenantridin~5(6H)-1il)sulfonil] -2~

matilfencl
HRMS [(+ESI), m/z]: 507,17306 [M+H]*. Calculado para
CaHzeN203S: 507,17369.

EJEMPLO 89

4-{[6-Etil-2-(2-matilfenil) fenantridin~5 (6H) -il]lsulfonil}-2-

metilfenol
HRMS [(+ESI), m/z): 470,17835 [M+H]'. Calculado para
CaeH27N0O3S: 470,17844,

EJEMPLO 90

4={[2=(1-BanEotien-2-il)-6-etilfenantridin-5(6H) ~il]sulfonil}-

2-matilfenol
HRMS [(+ESI), m/z]: 512,13482 [M+H]*. Calculado para
CagH2sNO3S2: 512,13487.

BEJEMPLO 91

4d-{[2- (1-Benzotien-3-il) -6-stilfenantridin-5(6H) -il)]sulfonil}-
2-matilfencl
HRMS [(+ESI), m/z]: 512,13470 ([M+H]*. Calculado para

CapH2sNO3S2: 512,13487.

EJEMPLO 92
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4-[ (2-Dibanzo[b,d] furan-4-il-6-etilfenantridin-5 (6H) -
il)sulfonil}-2-metilfenocl
HRMS [(+ESI), m/2]: 546,17342 [M+H]*. Calculado para

Cy¢H27NO4S: 546,17336.

EJEMPLO 93
4-{[2~ (1-Benzofuran-2-il) -6-etilfenantridin-5 (6H) -
illsulfonil)=-2-metilfanol
HRMS [(+ESI), m/z]: 496,15765 [M+H]*. Calculado para

EJEMPLO 94

4-{[6-BEtil-2- (4-hidroxifenil) fenantridin-5(6H) -11] sulfonil}-2-
matilfenol

HRMS [(+ESI), m/z]: 472,15758 [M+H]". Calculado CagH2sNO4S:

472,15771.

RJEMPLO 95
4-{[2-(2-Clorofenil) -6-etilfenantridin-5(6H) -il)sulfonil}-2~-
metilfenol
HRMS [(+ESI), m/z]: 490,12405 [M+H]*. Calculado para

Ca29H24C1NO3S: 490,12382.



4-{[6-Etil-2- (4~etilfenil)fanantridin-5(6R) ~il)sulfonil})-2-

metilfenol
HRMS [ (+ESI), m/z]: 484,19412 [M+H]". Calculado para
CaoH20NO-5: 484,19409.

EJEMPLO 97

1-({5-{6-Etil-5-[(4-hidroxi-3~matilfenil)sulfonil]-5, 6-
dihidrofenantridin-2~-il}tien-2-il)etanona
HRMS [(+ESI), m/2): 504,12969 [M+H]*. Calculado para

C2gH25NO,S2: 504,12978.

EJEMPLO 98
5-{6-Etil-5-[(4-hidroxi-3-metilfenil)sulfonil]-5, 6~
dihidrofenantridin-2-il}pirimidino-2,4-diol
HRMS [(+ESI), m/z]: 490,14349 [M+H]". Calculado para

Ca6H23N305S: 490,14312.

Pasoc a)

1-(2’ ,4,4’-Trifluoro-1,1’ ~-bifenil-2-il)etanona

Una solucién agitada de 2-bromo-5-fluorcacetofenona (11,72 g,
54 mmol) y &cido 2,4-difluorofenilborénico (8,53 g, 54 mmol)
en tetrahidrofurano (600 ml) se tratdé bajo nitrégeno con un

complejo de [1,1’-bis{difenilfosafino)ferrocenocldicloropaladio
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(II) con diclorometano (2,20 g, 2,69 mmol, 5% en moles) y una
solucién de hidréxide de sodio (21,6 ml, 108 mmeol}. ILa
reaccién se calentd a 60°C durante doce horas, se enfrié a
temperatura ambiente, y el solvente se removié en vacio. El
residuoc se disolvid en éter dietilico, se filtré a través de
una columna corta de gel de silice, y el solvente se evapord
en vacio hacia un aceite marrén crudo (11,72 g). El aceite
crudo se purificé mediante cromatografia de liquido
preparativa sobre una columna Biotage® 40 M1 de gel de silice
previamente envasado (90 g), levigando con un gradiente de
entre 3% y 10% de éter metil terc-butilico en hexano a una
velocidad de flujo de 50 ml/min para dar, después de la
evaporacién del solvente, el compuesto del titulc como un
aceite incoloro purificado (7,11 g, 28,4 mmol, 52%);

HRMS [(+ESI), m/z]: 251,06705 [M+H]'. Calculado para C;(HsF30:
251,06783;

IR (Pelicula), Ve : 2918, 1695, 1604, 1481, 1424, 1267, 1186,
1139, 1100, 962, 850, 814 cm™;

'H NMR (400 MHz, DMSO-ds) &: 2,44 (s, 3H), 7,16 (tdd, J = 8,5,
2,5 0,9 Hz, 1H), 7,28 (ddd, J = 10,5, 9,4, 2,6 Hz, 1H), 7,37
- 7,45 (m, 2H), 7,50 (td, J = 8,5, 2,7 Hz, 1H), 7,75 (dd, J =
9,4, 2,7 Hz, 1H);

Analisis calculado para CiH¢F20: C, 67,20; H, 3,63; N, 0,00.
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Paso b)

1-(2,4,4’ -Trifluoro-1,1’'-bifenil-2-il)etilamina

Una solucién agitada de 1-(2’,4,4’-trifluoro-1,1’-bifenil-2-
il)etanona (6,80 g, 27,2 mmol) en metanol anhidro (560 ml) se
traté con acetato de amonio seco (108 g, 1,4 mol) vy
clanoborohidrure de sodio (3,64 g, 56 mmol). La reacclén se
calenté bajo nitrdgeno a 60°C durante quince horas, se enfrié
a temperatura ambiente, y el solvente se removid en vacio. El
residuo se tratdé con una solucidén de amoniaco acuoso saturado
Yy 8e extrajo dos veces con éter dietilico. La fase orgénica
combinada se lavéd secuencialmente con agua y ocho veces (o
hasta que la amina ya no estaba presente en la capa orgénica)
con una solucién de acido clorhidrico acuoso. La capa acuosa
Acida combinada se filltré para dar un dimero dialquilado,
clorhidrato de N,N-bis{1-2’,4,4'trifluoro-1,1’-bifenil-2-il)
etilamina (1:1) (0,86 g, 1,77 mmol, 13%) como un sélido
incoloro, punto de fusién 285°C. El filtrado acuoso se extrajo
con éter dietilico (lx) y 8se neutralizd a pH 10 con una
solucién de hidréxido de sodio acuoso 2,5 N. La fase acuosa se
extrajJo con éter dietilico (3x). La fase orgédnica combinada se
lavé con agqua, se secdé sobre sulfato de sodio anhidro, se
filtré y el solvente se removié en vacio por debajo de la

temperatura ambiente para dar el compuesto del titulo, como un
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aceite incolorc transparente homogéneo (4,30 g, 17,1 mmol,
61%);

HRMS [(+ESI), m/z]: 252,09935 [M+H]*. Calculado para CjH1zFsN:
252,09946;

'H NMR (400 MHz, DMSO-d¢) 5: 1,07 (ancho s, 3H), 2,01 (ancho
s, 2H), 3,77 (q, J = 6,2 Hz, 1H), 7,07 - 7,18 (m, 3H), 7,32 -

7,46 (m, 2H), 7,53 (d, J = 10,5 Hz, 1H).

Paso c)
4-Metoxi-N-[1-(2’ ,4,4’' -trifluoro~-1,1’~bifenil-2-
il)etil]bencensulfonamida

Una solucién agitada de 1-(27,4,4’-trifluoro-1,1’~bifenil-2~
il)etilamina (0,71 g, 2,84 mmol) en diclorometano (5 ml) se
traté con cloruro de 4-metoxibencensulfonilo (0,62 g, 3,0
mmol) y N,N-diisoproplletilamina (0,77 g, 6,0 mmol). ILa
reaccidn se agitd a temperatura ambiente durante doce horas, y
el solvente se evaporé en vacio a un aceite crudo. El aceite
crude se purificé mediante cromatografia de 1liquido
preparativa sobre una columna Biotage® 40 Mi de gel de silice
previamente envasado (90 g), levigando con un gradiente de
entre el 5% y el 50% de éter metil terc-butilico en hexano a
una velocidad de flujo de 40 ml/min, para dar, después de la
evaporacién del solvente, un acelte incoloro. La
cristalizacién del aceite incoloro desde éter dietilico-hexano

dio el compuesto del titulo (0,80 g, 1,90 mmol, 67%) como un
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sélido cristalino incoloro homogéneo, punto de fusién 178°C-
180°C;

MS [(+ESI), m/z]: 422 [M+H]*;

MS [(-ESI), m/=2]: 420 [M-H1";

IR (86lido), wam: 3241, 1594, 1481, 1425, 1325, 1264, 1145,
1024, 835, 670 cm™%;

4y NMR (400 MHz, DMSO-dg) &: 1,16 (4, J = 6,9 Hz, 3H), 3,79
(s, 3H), 4,04 (m, 1H), 6,93 (d, J = 8,7 Hz, 2H), 7,05 - 7,38
(m, 6H), 7,42 (ddd, J = 8,9, 2,8, 2,2 Hz, 2H), 8,06 (d, J =
5,4 Hz, 1H, rotémero principal), 8,11 (d, J = 4,9 Hz, 1H,
rotémero minoritario), existe como una relacién de 2:1 de los
rotémeros;

Andlisis calculado para Cz;H;eF3NO3S: C, 59,85; H, 4,31; N,

3,32. Hallado: C, 59,93; H, 4,33 N, 3,34.

Paso d)
3,8-Difluoro-5-[ (i-metoxifenil)sulfonil] -6-matil-5, 6~

dihidrofenantridina

Una suspensién agitada de 4-metoxi-N-[1-(27,4,4'’-trifluoro-
1,1’-bifenil-2-il)etil)bencensulfonamida (0,74 g, 1,74 mmol) ¥y
carbonato de potasio (0,48 g, 3,50 mmol) en N,N-
dimetilformamida (5 ml) se traté durante doce horas a 100°C.
La mezcla de la reaccién se enfridé y se vertld en agua

destilada. Después de agitar toda la noche a temperatura



ambiente, se filtrd un precipitado y se secé bajo alte vacio.
El precipitado se purificé mediante cromatografia de liquido
preparativa sobre una columna Biotage® 40 Mi de gel de ailice
previamente envasado (90 g), levigando con una mezcla de 15%
de éter metil terc-butilico en hexano a una velocidad de flujo
de 50 ml/min par dar, después de la evaporaciédn del solvente,
un sélido incoloro. La cristalizacién desde éter dietilico-
hexano dioc el compuesto del titule (0,67 g, 1,65 mmol, 95%)
como un sé6lido cristalino incoloro homogéneo, punto de fusién
141°C-143°C;

MS [(+ESI), m/z]: 402 [M+H]%;

IR (Solid), wvamax: 1593, 1479, 1340,1240, 1150, 1071, 960, 811,
699 em™;

H NMR (400 MHz, DMSO-ds) &: 1,16 (d, J = 7,0 Hz, 3H), 3,66
(s, 3H), 5,46 (q, J = 6,9 Hz, 1H), 6,64 (ddd, J = 9,1, 3,1,
2,1 Hz, 2H), 6,97 (td, J = 8,8, 2,6 Hz, 1lH), 7,06 (ddd, J =
9,1, 3,1, 2,1 Hz, 2H), 7,19 (dd, J = 9,2, 2,7 Hz, 1H), 7,27
(td, J = 8,6, 2,7 Hz, 1H), 7,41 (dd, J = 10,0, 2,7 Hz, 1H),
7,50 {(dd, J = 8,8, 5,4 Hz, 1H), 7,84 (dd, J = 8,8, 6,2 Hz,
1H) ;

Andlisis calculado para C;;H;7F2NO;S: c, 62,83; H, 4,27; N,

3,49. Hallado: C, 63,07; H, 4,22; N, 3,38.

Paso e)

57
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4-{[(6R) -3,8-Difluocro-6-metilfenantridin-3 (6B) -

il]lsulfonil}fenocl*

Una suspensién agitada de 3,8-difluoro-5-[(4-
metoxifenil)sulfonil] -6-metil-5, 6~dihidrofenantridina (0,73 gq,
1,74 mmol) y ciclohexeno (4,10 g, 50,0 mmol) se tratd a
temperatﬁra ambiente bajo nitr6geno c¢on una solucién de
tribromuro de boro 1,0 M en diclorometano (15 ml, 15,0 mmol).
Después de agitar durante cuatro horas a temperatura ambiente,
la reaccién se enfridé a -20°C y se enfrid con metanol (5 ml).
El solvente se evapord en vacioco hacla un aceite oscuro. El
aceite oscuro se purificé mediante cromatografia de liquido
preparativa sobre una columna Biotage® 40 Mi de gel de silice
previamente envasado (90 g), levigando con un gradiente de
entre 5% y 30% de éter metil terc-butilico en hexano a una
velocidad de flujo de 50 ml/min para dar, después de 1la
evaporacién del solvente en vacio y la trituracién con hexano,
4~[(3,8-difluoro-6-metilfenantridin-~n5(6H)-il)sulfonil) fenol

como un sdlido racémico incoloro (0,44 g, 1,13 mmol, 65%).

Los enantiémeros de 4-[(3,8-difluoro-6-metilfenantridin-5 (6H)-
il)sulfonil] fenol se separaron mediante cromatografia quiral
de fase normal, preparativa automatizada sobre una columna .
Chiralpak AD-H® (2 x 25 cm) levigando con una mezcla de 10% de

2-propanol en hexanc a una velocidad de flujo de 20 ml/min.



Después de la evaporacién del solvente en vacio, el pico uno
con un tiempo de retencién a 13,2 minutos y monitoreado
mediante deteccién de radiacién ultravioleta dio, deaspués de
la trituracién con 2-propanol-hexano, 4-{[(6R)-3,8-difluoro-6-
metilfenantridin~5(6H)-1il]sulfonil}fenol* (0,15 g, 0,40 mmol,
23%) como un s8dlido amorfo incoloro homogéneo, punto de fusién
194°C-195°C;

Ta = 13,2 minutos;

[a]p®® = -225° (c = 11,7 mg/mL in MeOH);

MS [(+ESI), m/z]: 388 [M+H]*;

MS [(-ESI), m/z]: 386 [M-H]";

IR (S6lido), vaex: 3397, 3320, 1586, 1482, 1440, 1241, 1147,
952, 812, 70 cm™;

'H NMR (400 MHz, DMSO-dg) &: 1,15 (d, J = 7,0 Hz, 3H), 5,45
(¢ J = 7,0 Hz, 1H), 6,43 (ddd, J = 8,8, 2,8, 2,1 Hz, 2H),
6,95 (ddd, g = 6,7, 2,8, 2,1 Hz, 2H), 6,98 (td, J = 8,8, 2,6
Hz, 1lH), 7,19 (dd, J = 9,2, 2,7 Hz, 1H), 7,26 (td, J = 8,7,
2,8 Hz, 1H), 7,40 (dd, J = 10,0, 2,7 Hz, 1H), 7,53 (dd, J =
6,8, 5,4 Hz, 1lH), 7,85 (dd, J = 8,8, 6,2 Hz, 1H), 10,29 (s,
1H);

Andlisis calculado para CzoH;5F2NO3S: C, 62,01; H, 3,90; N,
3,62. Hallado: C, 61,67; H, 3,72; N, 3,59.

*L.a configuracién esatereoquimica no es abscluta y se asigné

arbitrariamente.



EJEMPLO 100
4-{[(68)-3,8-Diflucro-6-metilfenantridin-5(6H) -

illsulfonil)fenol¥

Los enantiémeros de 4-[(3,8-difluoro-6-metilfenantridin-5(6H)-
il)'sulfonillfenol se separaron mediante cromatografia quiral
de fase normal preparativa automatizada sobre una columna
Chiralpak AD-H® (2 x 25 cm) levigando con una mezcla de 10% 2-
propanol en hexano a una velocidad de flujo de 20 ml/min.
Después de la evaporacién del solvente en vacio, el pico dos
con un tiempo de retencién a 17,6 minutos y monitoreado
mediante deteccién de radiaciédn ultravioleta, dio después de
la trituracién con 2-propaol-hexano, 4-{[(6S)-3,8-difluoro-6-
metilfenantridin-5(6H)-il])sulfonil}fenol* (0,15 g, 0,39 mmol,
22%) como un sélido amorfo incoloro homogéneo, punto de fusién
194°C-196°C;

Tz = 17,6 minutos;

{a]p®® = +233° (¢ = 11,0 mg/mL in MeOH);

MS [(+ESI), m/z]: 388 [M+H]}";

MS [(-ESI), m/z]: 386 [M-H]";

IR (S6lido), wvasx: 3396, 3329, 1586, 1481, 1439, 1327, 1241,
1147, 951, 812, 701 cm™;

'H NMR (400 MHz, DMSO-dg) &: 1,15 (d, J = 7,0 Hz, 3H), 5,45
(g J = 17,0 Hz, 1H), 6,43 (ddd, J - 8,8, 2,8, 1,8 Hz, 2H),

6,96 (ddd, 0 = 8,8, 2,8, 2,1 Hz, 2H), 6,98 (td, J = 8,8, 2,8
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Hz, 1H), 7,19 (dd, J = 9,2, 2,7 Hz, 1H), 7,26 {(td, J = 8,6,
2,7 Hz, 1H), 7,40 (dd, J = 10,0, 2,7 Hz, 1H), 7,53 (dd, J =
8,5, 5,4 Hz, 1H), 7,85 (dd, o = B,8, 6,2 Hz, 1H), 10,29 (s,
1H) ;

Andlisis calculado para CagH15FaNO3S: C, 62,01; H, 3,90; N,
3,62. Hallado: C, 60,94; H, 3,52; N, 3,50.

*La configuracién estereoquimica no es absoluta y se asigné

arbitrariamente.

EJEMPLO 101
Paso a)
3-Matoxi-N-(1’-(2’ ,4,4' -trifluoro-1,1’-bifenil-2-

il)etil]bancensul fonamida

El compuesto del titulo se preparé a partir de 1-(2’,4,4'-
trifluoro-1,1’-bifenil-2-il)etilamina (0,71 g, 2,84 mmol),
cloruro de 3-metoxibencensulfonilo (0,62 g, 3,0 rmmol) y N,N-
diisopropiletilamina (0,77 g, 6,0 mmol} en diclorometano (5
ml) de acuerdo con el procedimiento y en la misma forma que se
describié en el Ejemplo 99, paso c¢. El1l producto crudo se
purificé mediante cromatografia de liquido preparativa scbre
una columna Blotage® 40 Mi sobre gel de silice previamente
envasado (90 g) levigando con un gradiente de entre 5% y 50%
de éter metil terc-butilico en hexano a una velocidad de flujo

de 40 ml/min para dar, después de la evaporacién del solvente,
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un aceite incoloro. La cristalizacién del aceite incoloro
desde acetato de etilo-hexano dio el compuesto del titulo
(0,96 g, 2,28 mmol, B0%) como un sélido cristalino incoloro
homogéneo, punto de fusién 129°C-130°C;

MS [(+ESI), m/z]: 422 [M+H]*;

MS [(-ESI}, m/z]: 420 [M-H]~;

IR (S6lido), vaax : 3260, 1594, 1479, 1426, 1325, 1248, 1153,
1079, 917, 866, 681 cm™’;

H NMR (400 MHz, DMSO-ds) 6: 1,18 (d, J = 6,7 Hz, 3H), 3,71,
(3, 3H, rotadmero minoritario), 3,74 (s, 3H, rotémero
principal), 4,04 - 4,11 (m, 1H), 6,98 - 7,38 (m, 10H), 8,25
(ancho s, 1H, rotamero minoritario), 8,28 (ancho s, 1H,
rotdmero principal), existe como una mezcla 2:1 de rotémeros;
Andlisis calculado para Cz2;1H;gFaNO;S: C, 59,85; H, 4,31; N,

3,32. Hallado: C, 59,67; H, 4,11; N, 3,17.

Paso b)
3,8-Difluoro-5-[ (3-metoxifenil)sulfonil] -6-metil-5, 6~

dihidrofenantridina

Una suspensién agitada de 3-metoxi-N-{1-(2’,4,4’-trifluoro-
1,1’-bifenil-2-il)etil]bencensulfonamida (0,88 g, 2,1 mmol) y
carbonato de potasio (0,58 g, 4,2 mmol) en N,N-
dimetilformamida (5 ml) se calenté durante doce horas a 100°C.

La mezcla de la reaccién se enfrié y se vertlé en agua
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destlilada. Después de agitar toda la noche a temperatura
ambiente, un precipitado se filtré y se secé bajo alto vacio.
El compuesto del titulo (0,81 g, 2,0 mmol, 96%) se obtuvo como
un polvo cristalino fino incoloro, punto de fusién 147°C-
149°C;

MS [(+ESI), m/z]: 402 [M+H]*;

IR (S61ido), Ve : 1597, 1477, 1342, 1241, 1160, 1046, 955,
815, 705 cm™;

'H NMR (400 MHz, DMSO-ds) &5: 1,17 (d, J = 7,0 Hz, 3H), 3,6 (s,
3H), 5,53 (q, J =~ 7,0 Hz, 1H), 6,65 (dd, J = 3,8, 1,4 Hz, 1lH),
6,67 (dt, J = 7,8, 1,2 Hz, 1lH), 6,88 (ddd, J = 8,3, 2,5, 0,8
Hz, 1H), 6,95 (td, J = 8,8, 2,8 Hz, 1H), 7,04 (t, J = 8,0 Hz,
1H), 7,23 (dd, J = 9,2, 2,7 Hz, 1H), 7,30 (td, 0 = 8,7, 2,8
Hz, 1H), 7,44 (dd, J = 10,0, 2,7 Hz, 1H), 7,49 (dd, J = 8,8,
5,4 Hz, 1H), 7,86 (dd, J = 8,8, 6,2 Hz, 1H);

Anfilisis calculado para Ca;H;;FaNO,S: C, 62,83; H, 4,27; N,

3,49. Hallado: C, 62,65; H, 3,92; N, 3,44.

Paso c)
3-{[(6R) -3,8-Difluoro-6-metilfenantridin-5(6H) -

il]lsulfonil}fenol*

Una suspensién agitada de 3,8~difluoro-5-[(3-
metoxifenil)sulfonll]-6-metil-5,6-dihidrofenantridina (0,90 g,

2,24 mmol) y ciclohexeno (4,10 g, 50,0 mmol) se tratd a



temperatura amblente bajo nitrégeno con una solucién de
tribromuro de boro 1,0 M en diclorometano (15 ml, 15,0 mmol).
Deapués de agltar durante cuatro horas a temperatura ambiente,
la reaccién se enfrié a -20°C y se enfrid con metanol (5 ml}.
El solvente se evaporé en vacio a un acelte osacuro. El aceite
oscuro se purlficé mediante cromatografia de 1liquido
preparativa sobre una coclumna Biotage® 40 Mi de gel de silice
previamente envasado (90 g¢) 1levigando con un gradiente de
entre 5% y 30% de éter metil terc-butilico en hexano a una
velocidad de flujo de 50 ml/min para dar, después de 1la
evaporacién del solvente en vacio y la trituracibén con hexano,
4-[(3,8-difluoro-6-metilfenantridin-5(6H)-il)sulfonil] fenol,

come un sdlido racémico incoloro (0,55 g, 1,42 mmol, 63%).

Los enantiémeros de 4-[(3,8-difluoro-6-metilfenantridin-5(6H)-
il)sulfonil]lfenol se separaron mediante cromatografia quiral
de fase normal preparativa automatizada sobre una columna
Chiralpak AS-H® (2 x 25 cm) levigando con una mezcla de 15% de
2-propanol en hexano a una velocidad de flujo de 20 ml/min.
Después de la evaporacién del solvente en vacio, el pico uno
con un tiempo de retencién de 18,1 minutos y monitoreado
mediante deteccién de radiacién ultravioleta dio, después de
la trituracién con éter dietilico-hexano, 3-{[(6R)-3,8-

difluoro—6-metilfenantridin-5(6H)-il)sulfonil}fenol* (0,08 g,



0,20 mmol, 8,9%) como un sélido amorfo incoloro homogéneo,
punto de fusién 181°C-183°C;

Tg = 18,1 minutos:

[@]p®® = -218° (c = 10,5 mg/mL in MeOH);

MS [(+ESI), m/z): 388 [M+H]*:

MS [(-ESI), m/z]: 386 [M-H]~;

IR (S6lido), vaax:t 3404, 1605, 1478, 1446, 1305, 1239, 1158,
1067, 959, 822, 709 cm};

H NMR (400 MHz, DMSO-dg) &: 1,17 (d, J = 7,0 Hz, 3H), 5,46
(g J = 6,8 Hz, 1H), 6,53 (t, J = 2,1 Hz, 1H), 6,59 (ddd, J =
7,8, 1,6, 0,9 Hz, 1H), 6,68 (ddd, o = 8,1, 2,5, 0,8 Hz, 1lH),
6,93 (t, J = 8,0 Hz, 1H), 6,93 (td, J = 8,7, 2,8 Hz, 1lH), 7,17
(dd, J = 9,2, 2,7 Hz, 1H), 7,28 (td, J = 8,6, 2,7 Hz, 1H),
7,41 (dd, J = 10,1, 2,6 Hz, 1H), 7,53 (dd, J = 8,8, 5,4 Hz,
1H), 7,87 (dd, g = 8,8, 6,2 Hz, 1H), 9,8 (s, 1H);

Anadlisis calculado para CzoHisF2NO3S: C, 62,01; H, 3,90; N,
3,62. Hallado: C, 61,60; H, 3,76; N, 3,31.

*La configuracién estereoquimica no es absoluta y se asignéd

arbitrariamente.

BJEMPLO 102
3-{[68)-3,8-Difluocro-6-metilfenantridin-5 (6H) -

il]sulfonil}fenol*
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Los enantiémeros de 3-[(3,8-difluoro-6-metilfenantridin-5(6H)-
il)sulfonil] fenol se separaron mediante cromatografia quiral
de fase normal preparativa automatizada sobre una columna
Chiralpak AS-H® (2 x 25 cm) levigando con una mezcla de 15% de
2-propancl en hexano a una velocidad de flujo de 20 ml/min.
Después de la evaporacién del solvente en vacio, el pico dos
con un tiempo de retencién a 19,6 minutos y monitoreado
mediante deteccidén de radiaciédn ultravioleta dio, después de
la trituracién con éter dietilico-hexano, 3-{[(6S)-3,8-
difluoro-6-metilfenantridin-5(6H)-il]lsulfonil}fenol* (0,08 g,
0,20 mmol, 8,9%) como un sélido amorfo incoloro homogéneo,
punto de fusién 181°C-182°C;

Ta = 19,6 minutos;

[a]p?® = +241° (c = 10,0 mg/mL in CHCl,);

MS [(-ESI), m/z]: 386 [M-H] ;

IR (Sb6lido), vamax: 3406, 1606, 1479, 1446, 1259, 1160, 1068,
823, 711 em™;

H NMR (400 MHz, DMSO-dg) &: 1,17 (d, J = 7,0 Hz, 3H), 5,46
(¢ J= 6,8 Hz, 1H), 6,53 (t, J = 2,1 Hz, 1H), 6,59 (ddd, J =
7,8, 1,6, 0,9 Hz, 1H), 6,68 (ddd, J = 8,1, 2,5, 0,8 Hz, 1H),
6,93 (t, J=- 8,0 Hz, 1H), 6,93 (td, J - 8,7, 2,8 Hz, 1H), 7,17
(dd, 7 = 9,2, 2,7 Hz, 1H), 7,28 (td, J = 8,6, 2,7 Hz, 1H),
7,41 (dd, J = 10,1, 2,6 Hz, 1H), 7,53 (dd, J = 8,8, 5,4 Hz,

14), 7,87 (dd, J - 8,8, 6,2 Hz, 1H), 9,8 (s, 1H);
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Andlisis calculado para CzoH;sFaNOs3S: C, 62,01; H, 3,90; N,
3,62. Hallado: C, 61,83: H, 3,87; N, 3,51.
*La configuracién estereoquimica no es absoluta y se asigné

arbitrariamente.

BEJEMPLO 103
Paso a)
2,4-Dimatoxi-N-[1-(2’ ,4,4’ -trifluoro-1,1’-bifenil-2-

il)bencensul fomanida

Una 3solucidén agitada de 1-(2’,4,4’-trifluorc-1,1’-bifenil-2-
il)etilamina (0,71 g, 2,84 mmol) en diclorometano (5 ml) se
traté con cloruro de 2,4-dimetoxibencensulfonile (0,71 g, 3,0
mmol) y N,N-diisopropiletilamina (0,77 g, 6,0 mmol). ILa
reaccién se agité a temperatura ambiente durante doce horas, y
el solvente se evapord en vacio a un aceite crudo. El aceite
crudo se purificé mediante cromatografia de liquido
preparativa sobre una columna Biotage® 40 Mi de gel de silice
previamente envasado (90 g) levigando con un gradiente de
entre 5% y 50% de éter metil terc-butilico en hexano a una
velocidad de flujo de 40 ml/min para dar, después de 1la
evaporacién del solvente, un aceite incoloro. La
cristalizacidén del aceite incoloro deade acetato de etilo-

hexano dio el compuesto del titulo (0,93 g, 2,07 mmol, 73%)
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como un.sélido cristalino incoloro homogéneo, punto de fusidn
de 192°C-194°C;

MS [(+ESI), m/z]: 452 [M+H]*;

MS [(-ESI), m/z]: 450 [M-H]~;

IR (S61ido), Vax: 3281, 1592, 1470, 1421, 1319, 1136, 1022,
817, 681 cm™;

!H NMR (400 MHz, DMSO-dg) 5: 1,18 (d, J = 6,7 Hz, 3H), 3,79
(s, 6H), 4,05 {(m, 1H), 6,36 - 6,56 (m, 2H), 6,98 - 7,14 (m,
3H), 7,22 (ancho t, 1H), 7,26 - 7,42 (m, 3H), 7,81 (ancho d, J
= §,0 Hz, 1H), existe como una mezcla de rotameros 1l:1.
Andlisis calculado para CazHz9F3NO4S: C, 58,53; H, 4,47; N,

3,10. Hallado: C, 58,52; H, 4,45 N, 3,13.

Paso b)
5-[(2,4-Dimatoxifenil)sulfonil]-3,8-difluoro-6-metil-5, 6~

dihidrofenatridina

Uﬁa suspensién ag?tada de 2,4-dimetoxi-N-[1-(27,4,4'-
trifluore-1,1’-bifenil-2-il)etil)bencensul fonamida (0,86 g,
1,91 mmol) y carbonato de potasio (0,53 g, 3,82 mmol) en N,N-
dimetilformamida (5 ml) se traté durante doce horas a 100°C,
La mezcla de la reaccién se enfrié y se vertid en agua
destilada. Después de agitar a temperatura amblente, un

precipitado se filtrd y se secd bajo alto vacio. El1 compuesto



del titule (0,75 g, 1,74 mmol, 91%) se obtuvo como un polvo
cristalino fino incoloro, punto de fusién 112°C-115°C;

MS [(+ESI), m/z]: 432 [M+H];

IR (S6lido), Vmx : 1596, 1480, 1345, 1163, 1067, 965, 811, 699
cml;

'H NMR (400 MHz, DMSO-dg) &: 1,19 (d, J = 7,0 Hz, 3H), 3,15

(s, 3H), 3,71 (s, 3H), 5,35 (q, J = 6,9 Hz, 1H), 6,20 (d, J =

2,3 Hz2, 1H), 6,47 (dd, 0 = 9,1, 2,3 Hz, 1lH), 7,06 {(dd, J
9'3' 2'6 HZ, 1H)' 7,03 (td, J = 8'8' 2,6 Hz' IH), 1,16 (td' J
= 8'6' 2'7 Hz' 1H), 7'34 (dd' J = 10'6, 2'6 HZ, 1H)' 7'57 (d'

J=28,8 Hz, 1H), 7,76 (dd, J= 8,5, 5,4 Hz, 1H), 7,91 {(dd, J

8,8, 6,2 Hz, 1H);
Andlisis calculado para CiH;gFaNO,.5: C, 61,24; H, 4,44; N,

3,25. Hallado: C, 61,20; H, 4,42; N, 3,24.

Paso c)
4-{[(68)-3,8-Difluorofenantridin-5 (6H) -il] sulfonil }bancano~

1,3-diol

Una suspensiéon agitada de 5-[(2,4-dimetoxifenil)sulfonil]-3, 8-
difluoro-6-metil-5, 6-~dihidrofenantridina (0,69 g, 1,60 mmol) y
ciclohexeno (4,10 g, 50,0 mmecl) se traté a temperatura
ambiente bajo nitrégeno con una solucién de tribromuro de boro
1,0 M en diclorometanc (15 ml, 15 mmol). Después de agitar

durante cuatro horas a temperatura ambiente, la reaccién se
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enfrié a -20° y se enfridé conmetanol (5 ml). E1l solvente se
evaporé en vacio a un aceite oscuro. El1 aceite oscuro se
purificé mediante cromatografia de liquido preparativa sobre
una columna Blotage® 40 Mi de gel de silice previamente
envasado (90 g}, levigando con un gradiente de entre 5% y 30%
de éter metil terc-butilico en hexano a una velocidad de flujo
de 50 ml/min para dar, después de la evaporacién del solvente
en vacio y de la trituracién con hexano, 4-[(3,8-difluoro-6-
metilfenantridin-5(6H)-1il)sulfonil]benceno-1, 3-diol, como un

s6lido racémico incoloro (0,55 g, 1,42 mmol, 63%).

Los enantiémeros de 4-[(3,8-difluoro-6-metilfenantridin-5(6H)-
il)sulfonil)benceno-1,2-diol se separaron mediante
cromatografia quiral de fase normal preparativa automatizada
sobre una columna Chiralpak AS-H® (2 x 25 cm) levigando con
una mezcla de hexano-2-propancl-etnol en una relacién de
72/18/10% a una velocidad de flujo de 20 ml/min. Después de la
evaporacién del solvente en vacio, pico uno con un tiempo de
retencién de 11,2 minutos y monitoreado mediante deteccién de
radiacién ultravioleta, después de la trituracién con hexano,
4-{[(68)-3,8-difluoro-6-metilfenantridin-5(6H)-
il)sulfonil]benceno-1,3-diol* (0,07 g, 0,17 mmol, 10,08%) como
un sélido amorfo incoloro homogéneo, punto de fusién 163°C-
165°C;

Tp = 11,2 minutos;

e g
Y Y



290 )(54

2\

[a]p?® = +197° (c = 10,4 mg/mL in CHClj);

HRMS [(+ESI), m/z]: 404,07690 [M+H]*. Calculado para
CaoH1sF2NOS: 404,07627;

IR (S61ido), Vaex: 3394, 1596, 1475, 1404, 1337, 1255, 1145,
1061, 957, 811, 715 em™;

'H NMR (400 MHz, DMSO-dg) 5: 1,15 (d, J = 7,0 Hz, 3H), 5,40
(q J =~ 6,9 Hz, 1H), 6,05 (d, J = 2,3 Hz, 1H), 6,13 (dd, J =
4,8, 2,3 Hz, 1H), 7,06 - 7,15 (m, 3H), 7,28 (d, J = 8,8 Hz,
1), 7,37 (dd, o = 10,7, 2,7 Hz, 1H), 7,75 (dd, J = 8,5, 5,4
Hz, 1), 7,88 (dd, J = 8,8, 6,5 Hz, 1H), 10,13 (s, 1H), 10,20
(s, 1H).

*La configuracién estereoquimica no es absoluta y se asigné

arbitrariamente.

EJEMPLO 104
4-{[ (6R)-3,8-Difluoro-6-metilfenantridin-5 (68) -

il]sulfonil}benceno-1,3-diol¥

Loa enantidémeros de 4-[(3,8-difluoro-6-metilfenantridin-5(6H)-
il)sulfonil]benceno-1, 3-diol se separaron mediante
cromatografia quiral de fase normal preparativa automatizada
sobre una columna Chiralpak AS-H® (2 x 25 cm) levigando con
una mezcla de hexano-2-propanol-etanol en una relacién de
72/18/10% a una velocidad de flujo de 20 ml/min. Después de la

evaporacién del solvente en vacio, el pico dos con un tiempo d
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retencién a 15,7 minutos y monitoreado mediante la deteccién
por radiacién ultravioleta dio, después de la trituracién con
éter dietilico-hexano, 4-{[(6R)-3,8-difluorc—-6-
metilfenantridin-5(6H)-il]sulfonil}benceno-1, 3-diol* (0,07 gq,
0,17 mmol, 10,8%) como un sdélido amorfo incoloro homogéneo,
punto de fusién 153°C-156°C;

Ta = 15.7 minutos;

[a]p?® = -199° (¢ = 10.1 mg/mL in CHCl,);

MS [(+ESI), m/z]: 404 [M+H]";

MS [(-ESI), m/z]: 402 [M-H]";

IR (SOlido), wvamx: 3393, 1596, 1475, 1337, 1239, 1145, 1061,
957, 840 cm™;

'H NMR (400 MHz, DMSO-d¢) &: 1,15 (d, J = 7,0 Hz, 3H), 5,40
(g, J = 6,9 Hz, 1H), 6,05 (d, J = 2,3 Hz, 1H), 6,13 (dd, J =
8,8, 2,3 Hz, 1H), 6,05 - 7,15 (m, 3H), 7,28 (d, J = 8,8 Hz,
1H)}, 7,37 (dd, J = 10,7, 2,7 Hz, 1H), 7,75 (dd, J = 8,8, 5,4
Hz, 1H), 7,88 (dd, J = 8,8, 6,5 Hz, 1H), 10,13 (s, 1lH), 10,20
(s, 1H);

Andlisis calculado para CzpHi5F2NOS: C, 59,55; H, 3,75; N,
3,47. Hallado: C, 58,82; H, 3,54; N, 2,34.

*La configuracién estereoquimica no es absoluta y se asigné

arbitrariamente.

EJEMPLO 105

Paso a)
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1-(2’ ,4’ -Difluoro~1,1’-bifenil-2~il)etancona

Acido 2,4-difluorofenilborénico (9,47 g, 60 mmol), bromuro
tetrabutilamonio (16,1 g, 50 mmol) y carbonato de potasio
(20,7 g, 150 mmol) se agregaron a un matraz seguido por agua
(50 ml). Los contenidos se mezclaron hasta que la mayor parte
de los 1liquidos disolublea estuvieron en solucién. A 1la
suspensién restante se agregd 2’-bromoacetofenona (9,95 g, 50
mmol) y acetato de paladio (1,12 g, 5 mmol). Los contenidos
agitados se calentaron a 70°C bajo una atmésfera de nitrégeno
durante 12 horas. El anélisis de cromatografia de capa delgada
indicé la formacién de un solo producto. La reacciédn se dejod
enfriar a temperatura amblente. Se agreqgd acetato de etilo
(500 ml) y la fase orgdnica se extrajo con agua (3 x 100 ml).
La fase acuosa combinada se extrajo una vez con acetato de
etilo adicional y las fases orgédnicas se combinaron, se
secaron sobre sulfato de sodio anhidro, se filtraron y se
concentraron para proporcionar un aceite crudo. El producto se
purificé mediante cromatografia de liquido preparativa sobre
una columna Biotage® 40 Mi de gel de silice previamente
envasado (90 g), levigando con un gradiente de 5% -20% de éter
meti]l terc-butilico en hexano, para dar el compuesto del
titulo (5,7 g, 59%) como un aceite amarillo;

MS [(+ESI), m/z]: 233 [M+H]*;
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'H NMR (400 MHz, DMSO-dg) &: 2,42 (s, 3H), 7,16 (m, J = 8,5,
8,5 2,6, 1,0 Hz, 1H), 7,27 (m, 1H), 7,39 (m, 2RH), 7,56 (td, g
= 7'6' 1'5 Hz' IH), 7'64 ‘td' J = -"5' 1'4 Hz' lH)' 7'86 ‘m' J

= 7,6, 0,7, 0,7, 0,4 Hz, 1H).

Paso b)

1-(2’ ,4'-Difluoro-1,1’-bifenil-2-il)etilamina

A una solucién agitada de 1-{(2’,4’~-difluoro-1,1’-bifenil-2-
il)etanona (3,67 g, 15,8 mmol) en metanol anhidro (200 ml) se
agregd acetato de amonio sélido (12,2 g, 158 mmol). La mezcla
de la reaccidédn se calenté a 60°C durante una hora, seguido por
el agregado de una solucidén metandlica de cianoborohidrure de
sodio (5 ml, 1,99 g, 31,6 mmol). Después de 16 horas, el
metanol se removié en vacio y se agregd hidréxido de amonio.
La fase acuosa se extrajo con éter dietilico (3 x 200 ml)
hasta que la amina ya no estaba presente en la fase acuosa. La
fase orgadnica combinada se lavdé con Acido clorhidrico acuoso 2
N (3 x 100 ml) y las fases orgédnicas se combinaron. Se
determiné que el s6lido que se formd durante el lavado con
4cido era la amina dialquilada y see segregd desde la fase
acuosa. Se agregé hidréxido de sodio acuoso a la fase acuosa
4cida hasta que la solucién se neutralizdé a pH 8 a 9. La fase
acuosa bésica se extrajo con éter etilico hasta que la amina

primaria ya no se detecté en la fase acuosa. La fase orgénica
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combinada se secd sobre sulfato de sodio anhidro, se filtré y
se concentrd para dar un aceite transparente que se utilizé
sin nueva purificacién.

MS [(+ESI), m/z]: 217 [M+H-17]%, «catién bencilico como
resultado de la pérdida de NHj;

'H NMR (400 MHz, DMSO-dg) &: 1,10 (d, J = 25,6 Hz, 3H) 3,80
(9 J = 6,5 Hz, 1H), 7,10 (d, J = 7,5 Hz, 1lH), 7,17 (m, 1H),
7,27 (td, 0o = 7,5, 1,3 Hz, 1H), 7,34 (td, g = 9,7, 2,6 Hz,
2H), 7,43 (td, o = 7,6, 1,0 Bz, 1H), 7,71 (dd, J = 6,1, 2,7

Hz, 1H).

Paso c¢)
N-[l-(2’ ,4'~-Difluoro~1l,1l’ ~-bifenil-2-il)etil] -4~

matoxibencansul fonamida

Cloruro de 4-metoxibencensulfonilo (341 mg, 1,7 mmol) se
agregé a una solucién de 1-(2’,4’-difluoro-bifenil-2-
il)etilamina (350 mg, 1,5 mmeol)}) y trietilamina (418 uL, 3
mmol) en acetonitrilo. El avance de la reaccién se monitoreé
mediante LCMS y después de 2 horas la reacclién parecié
terminar. Se agregé agua y el sdélido resultante se recogld
mediante flltracién. El sélido se disolvid en diclorometano y
se purificé mediante cromatografia de liquido preparativa
sobre una columna Biotage® 40 Mi de gel de silice previamente

envasado (90 g), levigando con un gradiente de 30% - 50% de

55

n®
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éter metil terc-butilico en hexano (35 min), para dar el
compuesto del titulo (473 mg, 78%) como un sélido blanco,
punto de fusién 154°C-155°C;

MS [(EI), m/z]: 403.11 (M'.);

MS [(+ESI), m/z]: 404 [M+H1%);

MS [(-ESI), m/z]: 402 [M-H]";

!4 NMR (400 MHz, DMSO-ds) &5: 1,12 (d, J = 7,0 Hz, 3H), 3,80
(s, 3H), 3,99 (m, 1H), 6,91 (t, J= 8,8 Hz, 2H), 7,07 (m, 1H),
7,23 (m, 4H), 7,32 {(m, 1lH), 7,42 (d, J - 8,8 Hz, 3H), 8,06 (d,
J= 6,7 Hz, 1H);

Anédlisia calculado para Czi1H;sFaNO;S: C, 62,52; H, 4,75; N,

3,47. Hallado: C, 62,37; H, 4,80; N, 3,25.

Paso d)
3-Fluoro-5-[ (i-metoxifenil)sulfonil] -6-metil-5,6-

dihidrofenantridina

N-[1-(2’,4’-Difluoro-1,1’-bifenil-2~il)etil] -4~

metoxibencensulfonamida (347 mg, 0,86 mmol) se disolvié en
N,N-dimetilformamdia anhidra (2 ml) y carbonato de potasio
(238 mg, 1,72 nmol) se agregé como un sélido en una porcién.
La mezcla se calentd a 100°C con agitacién hasta que se habia
formado un 8so0lo producto que se mididé mediante LCMS (5-6
horas). Se agregé agua (10 ml) y un sédlido blanco precipitéd

desde la solucién turbia. La mezcla se dejé en reposo haata
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que la solucién fue transparente, y el sélido gque precipité se
filtré y se lavé con agua para dar el compuesto deseado (324
mg, 98%) como un sélido blanco, punto de fusién 137,5°C-139°C:
MS [(EI), m/z]: 383.1 (M+.):

MS [(+ESI), m/z]: 384 [M+H]';

'H NMR (400 MHz, DMSO-dg): &: 1,16 (d, J = 7,0 Hz, 3H), 3,64
{s, 34), 5,44 (q, J = 7,0 Hz, 1H), 6,58 (m, 2H), 7,03 (m, 2H),
7,16 (m, J =- 19,6, 7,3, 7,3, 1,4 Hz, 2H), 7,26 (m, 2H), 7,42
(dd, J = 10,1, 2,9 Hz, 1H), 7,45 (dd, J = 7,6, 1,2 Hz, 1H),
7,86 (dd, J = 8,8, 6,2 Hz, 1H);

Andlisis calculado para Cz;;H;sFNOaS: C, 65,78; H, 4,73; N,

3,65. Hallado: C, 65,67; H, 4,68; N, 3,52.

Paso e)

4-[(3-Fluoro-6-metilfenantridin-5(6H)-il)sulfonil] fenol

A una suspensibn agitada de 3-fluoro-5-[ {4~
metoxifenil)sulfonil)])-6-metil-5, 6-dihidrofenantridina (262 mg,
0,68 mmol) en ciclohexeno (1,38 ml, 14 mmol) bajo una
atmésfera lnerte de nitrégeno se agregd una solucién 1 M de
tribromuro de boro en diclorometano (4,1 ml). El avance de la
reacclén se monitoreé medlante cromatografia de capa delgada y
después de 2,5 horas la reaccién se considerdé terminada. Loas
contenidos de la reacclén se enfriaron a 0°C 'y se agregd

metanol lentamente. Los componentes voldtiles se removieron en
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vacio y el residuo crudo se purificéd mediante cromatografia
de liquido preparativa sobre una columna Biotage® 40 Mi de gel
de silice previamente envasado (90 g} levigando con un
gradiente de 30%-50% de é&ter metil terc-butilico en hexano,
para dar el compuesto del titulo (77 mg, 30%) como un sélido,
punto de fusibén 162°C-165°C;

MS [(+ESI), m/z]: 370 [M+H]*;

MS [(-ESI), m/z]: 368 [M-H]~;

'H NMR (400 MHz, DMSO-d¢) 5: 1,15 (d, J = 7,0 Hz, 3H), 5,43
(g0 J =- 7,0 Hz, 1H), 6,38 (ddd, J = 9,4, 2,9, 2,5 Hz, 2H),
6,93 (m, 2H), 7,17 {(ddd, v = 8,6, 7,2, 1,6 Hz, 2H), 7,24 (m,
2H), 7,41 (dd, J = 10,1, 2,9 Hz, 1H), 7,48 (dd, J = 7,4, 1,4
Hz, 1H), 7,86 (dd, J = 8,8, 6,2 Hz, 1H), 10,23 (s, 1H),

pequeflas impurezas.

EJEMPLO 106
Paso a)
N-[1-(27,4'~-Difluoro-1,1’-bifenil-2-il)etil]-3-

metoxibencensulfonamida

El compuesto del titulo se prepard a partir de cloruro de 3-
metoxibencensulfonilo (341 mg, 1,7 mmol), 1-(2’,4’-difluoro-
bifenil-2-il)etilamina (350 mg, 1,5 mmol) y trietilamina (418
pL, 3 mmol) de acuerdo con el procedimiento y en la misma

forma que se describlé en el Ejemplo 105, paso c¢. El sbélido se
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purificé mediante cromatografia de liquido preparativa sobre
una columna Biotage® 40 Mi de gel de silice previamente
envasado (90 gi, levigando con un gradiente de 30%-50% de éter
metil terc-butilico en hexano (35 min) y el producto (473 mg,
78%) se aislé como un sdédlido blanco, punto de fusién 127,5°C-
129°C;

MS [(+ESI), m/z): 404 [M+H)*;

MS [(-ESI), m/z]: 402 [M-H]"):

'H NMR (400 MHz, DMSO-dg) &: 1,15 (br d, J = 7,0 Hz, 3H), 3,71
(m, J = 13,5 Hz, 3H), 4,05 (m, 1 H), 7,0 (s, 1H), 7,07 (m,
3H), 7,15 (br m, 1H), 7,23 (t, J = 7,4 Hz, 2H) 7,31 (br m,
3H), 7,47 (d, J= 7,8 Hz, 1H), 8,24 (br d, J = 6,7 Hz, 1lH);
Andlisis calculado para Ci HjgFaNO;S: C, 62,52; H, 4,75; N,

3,47. Hallado: C, 62,34; H, 4,75; N, 3,23.

Paso b)
3-Fluoro-5-[(3—metoxifenil) sulfonil]-6-metil-5,6-

dihidrofenantridina

El compuesto del titulo se preparé a partir de N-[1-(2',4'-
difluoro-1,1’-bifenil-2-il)etil]-3-metoxibencensulfonamida

(454 mg, 1,12 mmol), N,N-dimetilformamida anhidra (2 ml) y
carbonato de potasio (311 mg, 2,25 mmol) de acuerdo con el

procedimiento y en la misma forma que se describié en el
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Ejemplo 105, paso d y el producto (426 mg, 99%) se aisld como
un sélido blanco, punto de fusién 115°C-117°C;

MS [(+ESI), m/z]: 3B4 [M+H]}*;

'Hi NMR (400 MHz, DMSO-dg¢) &: 1,17 (d, J = 7,0 Hz, 3H), 3,51
(s, 3H), 5,49 (q, J = 6,8 Hz, 1H), 6,59 (dd, J = 2,6, 1,8 Hz,
1H), 6,67 (ddd, 0= 7,7, 1,8, 0,9 Hz, 1H), 6,84 (ddd, J = 8,4,
2,6, 0,9 Hz, 1H), 7,00 (m, 1H), 7,15 (m, 2H), 7,27 (dt, J =
5,8, 1,7 Hz, 1H), 7,30 (m, 1H), 7,45 (ddd, J = 7,2, 5,0, 2,2
Hz, 2H), 7,88 (dd, J = 8,8, 6,2 Hz, 1H);

Andlisis calculado para Ci;H)sFNOaS: C, 65,78; H, 4,73; N,

3,65. Hallado: C, 65,54; H, 4,B83; N, 3,52.

Paso c)

3-[ (3-Fluoro-6-metilfenantridin-5(6H)-il) sulfonil] fenol

El compuesto del titulo se prepard a partir de 3-fluoro-5-[(3-~
metoxifenil)sulfonil]-6-metil-dihidrofenantridina (350 mg,
0,91 mmol), ciclohexeno (1,85 ml, 18 mmol) y una solucién 1,0
M de tribromuro de boro en diclorometano (5,5 ml) de acuerdo
con el procedimiento y en la misma forma que se describlé en
el Ejemplo 105, paso e. Los componentes volitiles se
removieron en vacio y el reaiduo crudo se purificé mediante
cromatografia de 1liquido preparativa sobre una columna
Biotage® 40 Mi de gel de silice previamente envasado (90 gq),

levigando con un gradiente de 30%-50% de éter metil terc-
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butilico en hexano, para dar el compuesto deseado (77 mg, 30%)
como un sdélido, punto de fusién 164°C-167°C;

MS [{(+ESI), m/z): 370 [M+H]*;

MS [(-ESI), m/z]: 368 [M-H]";

'H NMR (400 MHz, DMSO-ds) &: 1,17 (d, J = 7,0 Hz, 3H), 5,43
(¢p J = 6,9 Hz, 1H), 6,53 (m, 1H), 6,57 (m, 1H), 6,65 (ddd, J
- 8,2, 2,5, 0,9 Hz, 1H), 6,88 (t, J = 8,0 Hz, 1H), 7,19 (m,
34q), 7,27 (m, 1H), 7,42 (dd, J = 10,1, 2,9 Hz, 1lH), 7,50 (dd,
J= 7,2, 1,6 Hz, 1H), 7,89 (dd, J = 8,8, 6,2 Hz, 1H), 9,73 (s,
1H) ;

Andlisis calculado para CyH;gFNO3S: C, 65,03; H, 4,37; N,

3,79. Hallado: C, 64,85; H, 4,35; N, 3,51.

EJEMPLO 107

3-{[(6R)-3-Fluoro-6-matilfenantridin-5 (6H)~il)sulfonil)fenol

Los enantidmeros de 3-[(3-fluoro-6-metilfenantridin-5(6H)-
il)sulfonil] fenol (200 mg, 0,54 mmol) se separaron mediante
cromatografia quiral de fase normal preparativa antomatizada
sobre una columna Chiralpak AS (20 mm x 250 mm) levigando con
una mezcla de hexano-2-propanol-etanol (85:10:5) ' a una
velocidad de flujo de 20 ml/min. Las fraccionea se combinaron
Yy Se evaporaron en vacio y un pico (99,8%) con un tiempo de

retencién de 9,18 minutos se aisld como un sélido blanco (55

#

<)
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mg, 55% basado en un relacién de los enantidémeros de 1:1 con
una cantidad maxima teérica de 100 mg);

[a]p?® = -233° (c = 10,0 mg/mL, CHCl;);

MS [(+ESI) m/z]: 370 [M+H]*;

Ms [(-ESI), m/z]: 368 [M-H] ;

'H NMR (400 MHz, DMSO-ds) &: 1,17 (d, J = 7,0 Hz, 3H), 5,43
(g J = 6,8 Hz, 1H), 6,53 (m, 1H), 6,57 (ddad, 0 - 7,8, 1,8,
1,0 Hz, 1H), 6,65 (ddd, J = 8,2, 2,5, 0,8 Hz, 1lH), 6,88 (t, J
= 8,0 Hz, 1), 7,18 (m, 3H), 7,27 (td, J = 8,6, 2,7 Hz, 1lH),
7,42 (dd, J = 10,1, 2,6 Hz, 1H), 7,50 (dd, J = 7,5, 1,6 Hz,
iH), 7,89 (dd, J = 8,8, 6,2 Hz, 1H), 9,73 (s, 1 H);

Andlisis calculado para CzpH15FNO3S: C, 65,03; H, 4,37; N,

3,79. Hallado: C, 65,35; H, 4,77; N, 3,47.

BJEMPLO 108

3-{[(68) -3-Fluoro-6-metilfenantridin-5(6H) -il]sulfonil}fenol

Los enantiémeros de 3-[{3-fluoro-6-metilfenantridin-5(6H)-
il)sulfonil]fenol (200 mg, ©,54 mmol) se separaron mediante
cromatografia quiral de fase normal preparativa automatizada
scbre una columna Chiralpak AS (20 mm x 250 mm) levigando con
una mezcla de hexano-2-propanol-etanol (85:15:10) a una
velocidad de flujo de 20 ml/min. Las fracciones se combinaron
Yy se evaporaron en vacio, y un pico (99,9%) con un tiempo de

retencién de 11,54 minutos se alsldé como un sélido blanco (60
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mg, 60% basado en una relacién de los enantiémeros de 1:1 con
una cantidad mdxima tedérica de 100 mg):
[a]p?® = +218° (¢ = 10,0 mg/mL, CHCl,);
MS [(+ESI)}, m/z): 370 [M+H]*;
MS [(-ESI), m/z]: 368 [M-H);
IH NMR (400 MHz, DMSO-dg) &: 1,17 (d, J = 7,0 Hz, 3H), 5,43
(qy J = 7,0 Hz, 1H), 6,53 (m, 1H), 6,57 {(ddd, J = 7,8, 1,7,
0,9 Hz, 1H), 6,65 (ddd, J = 8,2, 2,5, 0,8 Hz, 1H), 6,88 (t, J
= 8,0 Hz, 1H), 7,18 (m, 3H), 7,27 (td, J = 8,6, 2,7 Hz, 1H),
7,42 (dd, J = 10,1, 2,6 Hz, 1H), 7,50 (dd, J = 7,4, 1,7 Hz,
iH), 7,89 (dd, J = 8,8, 6,2 Hz, 1H), 9,73 (s, 1H).
[a]p®® = +249° (c = 10,0 mg/mL, CHCl;);
MS [(+ESI), m/z]: 370 [M+H]*;
MS [(-ESI), m/z]: 368 [M-H]";
'H NMR (400 MHz, DMSO-ds) &: 1,17 (d, J = 7,0 Hz, 3H), 5,43
(@ J = 7,0 Hz, 1H), 6,53 (m, 1H), 6,57 (ddd, J = 7,8, 1,7,
0,9 Hz, 1H), 6,65 (ddd, J = 8,2, 2,5, 0,8 Hz, 1H), 6,88 (t, J
- 8,0 Hz, 1K), 7,18 (m, 3H), 7,27 (td, J = 8,6, 2,7 Hz, 1H),
7,42 (dd, J = 10,1, 2,6 Hz, 1H), 7,50 (dd, J = 7,4, 1,7 Hz,

1H), 7,89 (dd, J = 8,8, 6,2 Hz, 1H), 9,73 (s, 1H).

EJEMNPLO 109
Paso a)
N-[1-({2’ ,4’ -Difluoro-1,1’-bifenil-2-il)etil]-2,4-

dimetoxibancensulfonamida
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El compuesto del titulo se prepardé a partir de clorurc de 2,4-
dimetoxibencensulfonilo (473 mg, 2,0 mmol), 1-(2’,4’-difluoro-
1,1’-bifenil-2-il)etilamina (466 mg, 2,0 mmol) y trietilamina
(334 pL, 2,2 mmol) de acuerdo con el procedimiento y en 1la
misma forma que se describié en el Ejemplo 105, paso c. El
producto se purificé mediante cromatografia de liquido
preparativa sobre una columna Biotage® 40 Mi gel de silice
previamente envasado (90 g) levigando con un gradiente de 30%-
50% de éter metil terc-butilico en hexano (35 min) para dar el
compuesto deseado (600 mg, 69%) como un sélido blanco;

MS [(+ESI), m/z): 434 [M+H]*;

MS [(-ESI), m/z]: 432 [M-H]";

4 NMR (400 MHz, DMSO-dg) &: 1,16 (d, J = 6,7 Hz, 3H), 3,75
(s, 3H), 3,78 (s, 3H), 4,05 (m, 1H), 6,49 (m, 2H), 6,96 (d, J
= 7,5 Hz, 1lH), 7,05 (m, 2H), 7,20 (t, J = 7,6 Hz, 2H), 7,34
(m, 2H), 7,60 (d, J= 7,8 Hz, 1H), 7,71 (d, J= 7,8 Hz, 1lH);
Andlisis calculado para CzzH21F;NO4S: Cc, 60,96; H, 4,88; N,

3,23. Hallado: C, 60,74; H, 4,82; N, 3,05.

Paso b)
3~Fluoro-5-[(2,4-dimstoxifenil) sulfonil]-6-matil-5, 6~
dihidrofenantridina
El compuesto del titulo se preparé a partir de N-[1-(2',4'-
difluoro-1,1'-bifenil-2-il)etil] -2, 4-dimetoxibencensul fonamida

(550 mg, 1,27 mmol), N,N-dimetilformamida anhidra (1 mL), ¥y
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carbonato de potasio (351 mg, 2,5 mmol) de acuerdo con el
procedimiento y en la misma forma que se deacribié en el
Ejemplo 105, paso d, y el producto (525 mg, 99%) se aislé como
un sélido blanco;

MS [(+ESI), m/z]: 414 [M+H]*;

MS [(-ESI), m/z]: 412 [M-H]";

H NMR (400 MHz, DMSO-d¢) &: 1,19 (d, J = 7,0 Hz, 3H), 3,11
(s, 3H), 3,70 (s, 3H), 5,32 {(q, J = 7,0 Hz, 1lH), 6,18 {d, J =
2,3 Hz, 1H), 6,46 (dd, o0 - 9,0, 2,5 Hz, 1H), 7,15 (m, 3H},
7,26 (td, J = 7,5, 1,4 Hz, 1H), 7,35 (dd, J = 10,7, 2,6 Hz,
1H), 7,59 {(d, J = 8,8 Hz, 1H), 7,72 (d, J = 7,0 Hz, 1H), 7,93

(dd, v = 8,8, 6,2 Hz, 1H).

Paso c)
4-[3-Fluoro-6-metilfenantridin-5(6H) -il] sulfonil]bencano-1, 3~
diol
El compuesto del titulo se preparé a partir de 3-fluoro-5-

[(2,4~dimetoxifenil)sulfonil])-6-metil-5, 6-dihidrofenantridina

(490 mg, 1,2 mmol), ciclohexeno (1,08 mL, 10,7 mmol), y una
solucién 1,0 M de tribromurc de boro en diclorometano (8,3 mL)
de acuerdo con el procedimiento y en la misma forma que se
describid en el Ejemplo 105, pasc e. Los componentes volatiles

se removieron en vacio y el residuo crudo se purificé mediante

cromatografia de liquido preparativa aobre una columna Biotaga‘

40 Mi de gel de silice previamente envasado (90 g), levigando
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con un gradiente de 30% - 50% de éter metil tern-butilico en
hexano, para dar el producto (252 mg, 55%) como un sélido;
MS [(+ESI), m/z]: 386 [M+H]*;

MS [(-ESI), m/z]: 384 [M-H] .

EJEMPLO 110
4-{[ (6R) -3-Fluoro~-6-metilfenantridin-5 (6H) -

il]sulfonil }benceno-1, 3-diol

Los enantiémercs de 4-[3-fluoro-é-metilfenantridin-5(6H)-
il]sulfonil]benceno-1,3-diol (252 mg, 0,65 mmol) se separaron
medlante cromatografia quiral de fase normal preparativa
automatizada sobre una columna Chiralpak AS (20 mm x 250 mm)
levigando con 30% de etanol en hexano a una velocidad de flujo
de 20 ml/min. las fracclones se combinaron y se evaporaron en
vaclo, y un pico (99,8%) con un tiempo de retencién de 6,00
minutos con una rotacién éptica se aisldé como un sélido blanco
(78 mg, 61% basado en la relacién de enantiémeros de 1l:1 con
una cantidad mAxima teérica de 126 mg), punto de fusién 150°C-
152¢°C;

[a]p*® = -221° (c = 10,7 mg/mL, CHClj);

MS [(+ESI), m/z]: 386 [M+H]*;

MS [(-ESI), m/z]: 384 [M-H]";

HRMS [(+ESI_FT), m/z]: 386,08530 [M+H]*. Calculado para

CapH15FNO4S: 386,08569;

4°

b
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'H NMR (400 MHz, DMSO-ds) 5: 1,13 (d, J = 7,0 Hz, 3H), 5,36
(q J = 6,8 Hz, 1H), 6,07 (d, J = 2,3 Hz, 1H), 6,15 (dd, J =
8,8, 2,3 Hz, 1H), 17,11 (td, J = 8,5, 2,6 Hz, 1H), 7,24 (m,
34), 7,36 (m, 2H), 7,72 (d, J = 7,5 Hz, 1lH), 7,91 (dd, J =

8,8, 6,5 Hz, 1H), 10,13 (s, 1H), 10,23 (s, 1H).

EJEMPLO 111
4-{[ (68) -3-Fluoro-6-matilfenantridin-5 (6H) -

il]sulfonil }banceno~1l,3~diol

Los enantiémeros de 4-[3-fluoro-6-metilfenatridin-5(6H) -
:i.l]s'ulfonil}benceno-l,3-diol (252 mg, 0,65 mmol) se prepararon
mediante cromatografia quiral de fase normal preparativa sobre
una columna Chiralpak AS (20 mm x 250 mm) levigando con 30% de
etanol en hexano a una velocidad de flujo de 20 ml/min. Las
fracciones se combinaron y se evaporaron en vacio, y un pico
(99,5%) con un tiempo de retencién de 6,80 minutos con una
rotacién dptica positiva se alslé como un sédlido blanco (76
mg, 60% basado en una relacién de 1:1 de enantiémeros con una
cantidad méxima teérica de 126 mg), punto de fusién 151¢°C-
153°C;

{@]p®® = +247° (c = 11,1 mg/mL, CHCl3);

MS [(+ESI), m/z]: 3B6 [M+H]™;

MS [(-ESI), m/z]: 384 [M-H]";
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HRMS [(+ESI_FT), m/z]: 386,08511 [M+H]*. Calculado para
CaoH16FNO.S: 386, 08569;

'H NMR (400 MHz, DMSO-ds) &: 1,13 (d, J = 7,0 Hz, 3H), 5,36
(m, 1H), 6,07 (d, J = 2,1 Hz, 1H), 6,15 (dd, J = 8,8, 2,3 Hz,
1H), 7,11 (td, J = 8,6, 2,7 Hz, 1H), 7,24 (m, 3H), 7,34 (d, J
= 8,8 Hz, 1H), 7,37 (dd, J = 10,9, 2,6 Hz, 1H), 7,72 (d, J =
7,5 Hz, 1H), 7,91 (dd, J = 8,9, 6,5 Hz, 1H), 10,13 (s, 1H),

10,23 (s, 1 H).

EJEMPLO 112

Paso a)

1-(2’,5'-Difluoro-1,1’-bifenil-2-il)etanona

El compuesto del titulo se preparé a partir de &cido 2,5-
difluorofenilborénico (1,74 g, 11 mmol) , bromuro de
tetrabutilamonio (3,22 g, 10 mmol), carbonato de potasio (4,15
g, 30 mmol), 2’-bromoacetofenona (1,99 g, 10 mmol} y acetato
de paladio (224 mg, 1,0 mmol) de acuerdo con el procedimiento
y en la misma forma que se describié en el Ejemplo 99, paso a.
El producto se purificé .mediante cromatografia de 1liquido
preparativa sobre una columna Biotage® 40 Mi de gel de silice
previamente envasado (90 g}, levigando con un gradiente de 10%
- 30% de éter metil terc-butilico en hexano, para dar el
compuesto deseado (2,31 g, 99%) como un aceite amarillo;

MS [(EI), m/z]: 232.07 (M'.);
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4y NMR (400 MHz, DMSO-dg) &: 2,46 (s, 3H), 7,25 (m, 3H), 7,41
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(dd, J = 7,4, 1,3 Hz, 1H), 7,58 (td, o =- 7,6, 1,3 Hz, 1H),
7,65 (td, 9 = 7,5, 1,4 Hz, 1B), 7,89 (dt, 0= 7,7, 0,8 Hz,

1H).

Paso b)

1-(2’ ,5’'-Difluoro-1l,1l’-bifenil-2-il)etilamina

El compuesto del titulo se prepard a partir de 1-{2’,5'-
difluoro-1,1’-bifenil-2-il)etanona (2,0 g, 68,6 mmol), metanol
anhidro (100 ml), acetato de amonio (13,3 g, 172 mmol) y
cianoborohidruro de sodio (1,08 g, 17,2 mmol} de acuerdo con
el procedimiento y en la misma forma que se describié en el
Ejemplo 105, paso b;

MS [(+ESI), m/2z): 234 [M+H]*;

4 NMR (400 MHz, DMSO-dg) &: 1,10 (d, J = 19,1 Hz, 3H), 1,81
(s, 2H), 3,83 (q, J = 6,5 Hz, 1H), 7,13 {(dd, J =~ 7,5, 1,3 Hz,
1H), 7,30 (m, 4H), 7,44 (td, J = 7,6, 1,3 H2z, 1H), 7,71 (d, J

- 5'7 Hz; IH)-

Paso c)
N-[1-(2’,5'-Difluoro-1,1’ -bifenil-2-il)etil)-4-

matoxibancansul fonamida
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Cloruro de 4-metoxibencensulfonilo (326 mg, 1,6 mmol) se
agregé a una solucién de 1-(2’,5’-difluoro-1,1’-bifenil-2-
il)etilamina (350 mg, 1,5 mmol) y trietilamina (418 uL, 3
mmol) en acetonitrilo. La reaccién se agité a temperatura
ambiente durante 16 horas, después de lo cual se agregd
diclorometano y la reaccién se lavé con agua. La fase orgénica
se B8ecé sobre sulfato de sodio anhidro, se filtré, se
concentré y se purificé mediante cromatografia de liquido
preparativa sobre una columna Biotage® 40 Mi de gel de silice
previamente envasado (90 g), levigando con un gradiente de
304-508% de éter metll terc-butilico en hexano (35 min), para
dar el producto (540 mg, 89%) como un sélido blanco, punto de
fusién 143-144°C;

MS [(-ESI), m/z]: 402 [M-H]~;

4 NMR (400 MHz, DMSO-dg) &: 1,12 (d, J = 6,7 Hz, 3H), 3,8 (s,
3H), 3,98 (m, 1H), 6,88 (d, J = 8,5 Hz, 2H), 7,06 (d, J= 7,50
Hz, 1H), 7,26 {(m, 5H), 7,35 (m, 2H), 7,45 (d, J = 1,8 Hz, 1H),
8,05 (d, J= 6,5 Hz, 1H), existe como una mezcla de rotdmeros;
Anélisis calculado para Cz Hi1sF2NO3S: C, 62,52; H, 4,75; N,

3,47. Hallado: C, 62,44; H, 4,61; N, 3,45,

Paso d)
2-Fluoro-5-[ (i-metoxifenil)sulfonil] ~6-metil-5, 6-

dihidrofenantridina
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El compuesto del titulo se preparé a partir de N-[1-2,5'-
difluoro-1,1’-bifenil-2-il)etil]-4-metoxibencensul fonamida

{450 mg, 1,1 mmol), N,N-dimetilformamida anhidra (2 ml) y
carbonato de potasio (304 mg, 2,2 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 105, paso d. El1 producto se purificé mediante
cromatografia de columna preparativa sobre una columna
Biotage® 40 Mi de gel de silice previamente envasado (90 g)
levigando con un gradiente de 30%-50% de éter metil terc-
butilico en hexano (35 min), para dar el compuesto deseado
(280 mg, 65%) como un sélido blanco, punto de fusién 167°C-
168°C;

MS [(+ESI), m/z]: 384 [M+H]*;

H NMR (400 MHz, DMSO-ds) &: 1,11 (d, J = 7,0 Hz, 3H), 3,60
(s, 3H), 5,39 (g, J = 6,8 Hz, 1H), 6,52 (m, 2H), 6,91 (m, 2H),
7,09 {(td, J= 7,5 1,6 Hz, 1H), 7,22 (m, 3H), 7,43 (d, J= 17,8

Hz, 1H), 7,62 (m, 2H).

Pasoc e)

4-[ (2-Fluoro-6-metilfenantridin-5 (6H)-il) sulfonil] fenol

El compuesto del titulo se preparé a partir de 2-fluoro-5-{(4-
metoxifenil)sulfonil)-6-metil-5, 6-dihidrofenantridina (220 mg,
0,57 mmol), ciclochexeno (1,2 ml, 11,5 mmol) y una solucién 1,0

‘M de tribromuro de boro en diclorometano (3,4 ml) de acuerdo
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el procedimiento y en la misma forma que se describié en el
Ejemplo 105, paso e. Los componentes volidtiles se removieron
en vacio y el residuo crudo se purificé mediante cromatografia
de liquido preparativa sobre una columna Biotage® 40 Mi de gel
de silice previamente envasado {90 g), levigando con un
gradiente de 5%-30% de éter metil terc-butilico en hexano,
para dar el producto (164 mg, 77%) como un sdlido, punto de
fusién 216°C-218°C;

'H NMR (400 MHz, DMSO-dg) &5: 1,11 (d, J = 7,0 Hz, 3H), 5,38
(g0 J = 6,8 Hz, 1H), 6,31 (m, 2H), 6,81 (ddd, J = 9,4, 2,9,
2,5 Hz, 2H), 7,11 (td, g = 7,3, 1,7 Hz, 1H), 7,21 (m, 3H),
7,46 (d, J = 7,8 Hz, 1H), 7,60 (dd, J = 8,0, 4,7 Hz, 1H), 7,63
(dd, J = 9,3, 2,1 Hz, 1H), 10,15 (s, 1H);

Andlisis calculado para C;pH;gFNO3S: cC, 65,03; H, 4,37; N,

3,79. Hallado: C, 65,01; H, 4,19; N, 3,53.

EJEMPLO 113
Paso a)
R-[1-(2’ ,5'-Difluoro-1,1’'-bifenil-2-il)etil]-3-

matoxibancensulfonamida

El compuesato del titulo se preparé a partir de cloruro de 3-
metoxibencensulfonile (326 mg, 1,6 mmol), 1-(-2’,5’-difluoro-

bifenil-2~il)etilamina (350 mg, 1,5 mmol) y trietilamina (418

BL, 3 mmol) de acuerdo con el procedimiento y en la misma forma
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que ase describié en el Ejemplo 112, paso c. El producto se
purificé mediante cromatografia de liquido preparativa sobre
una columna DBiotage® 40 Mi de gel de silice previamente
envasado (90 g), levigando con un gradiente de 30%-50% de éter
metil terc~butilico en hexano (35 min) para dar el compuesto
deseado (570 mg, 94%) como un vidrio transparente;

MS [(+ESI), m/z]: 404 [M+H]*;

MS [(-ESI), m/z]: 402 [M-H]~;

‘K NMR (400 MHz, DMSO-ds) 5: 1,15 (br d, J = 6,7 Hz, 3H), 3,67
(br s, 3H), 4,04 (m, J= 3,1 Hz, 1lH), 6,80 (m, 1H), 6,95 (d, J
= 1,0 Hz, 1H), 7,03 (m, 3H), 7,21 (d, J = 7,0 Hz, 1H), 7,27

(m, 4H), 7,46 (d, J=- 7,8 Hz, 1H), 8,25 (s, 1H).

Paso b)
2-Fluoro-5-[ (3-metoxifenil) sulfonil] -6-matil-5, 6-

dihidrofanantridina

El compuesto del titulo se preparé6 a partir de N-[1-(2’,5'-
difluoro-1,1’-bifenil-2-il1)etil]-3-metoxibencensaulfonamida

(440 mg, 1,1 mmol), N,N-dimetilformamida anhidra (2 ml) vy
carbonato de potasio (301 mg, 2,2 mmol) de acuerdo con el
procedimiento y en la misma forma que se describidé en el
Ejemplo 105, paso d. El1 producto se purificé mediante
cromatografia de liquido preparativa sobre wuna columna

Biotage® 40 Ml de gel de silice previamente envasado (90 g)
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levigando con un gradiente de 30%-50% de éter metil terc-
butilico en hexano (35 min) para dar el compuesto deseado (100
mg, 24%) como un sélido blanco;

MS [(+ESI), m/z]: 384 [M+H]*;

Ms [(-ESI), m/z]: 382 [M-H] .

Paso c¢)

3-[ (2-Fluoro-6-metilfenantridin-5 (6H) ~il) sulfonil] fenol

El compuesto del titulo se preparé a partir de 2-fluoro-5-[(3-
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina (100 mg,
0,26 mmol), ciclohexeno (528 pL, 5,2 mmol) y una solucién de
tribromuro de boro 1,0 M en diclorometano (1,6 ml) de acuerdo
con el procedimiento y en la misma forma que se describidé en
el Ejemplo 105, paso e. Los componentes vol&tiles se
removieron en vacio, y el residuo crudo se purificd mediante
cromatografia de ligquido preparativa sobre una columna
Biotage® 40 Mi de gel de silice previamente envasado (90 g)
levigando con un gradiente de 5%-30% de éter metil terc-
butilico en hexano, para dar el compuesto deseado (86 mg, B9%)
como un sélido, punto de fusién 195°C-198°C;

MS [(+ESI), m/z]: 370 [M+H]";

MS [(-ESI), m/z]: 368 [M-H]";

'H NMR (400 MHz, DMSO-ds) &: 1,12 (d, J = 7,0 Hz, 3H), 5,37

(qp J = 6,9 Hz, 1H), 6,41 (m, 1H), 6,45 (m, 1H), 6,59 (ddd, J
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= 8,2, 2,5, 0,9 Hz, 1H), 6,82 (t, J = B,0 Hz, 1lH), 7,09 (ddd,

J

1,8, 6,6, 2,2 Hz, 1H), 7,18 (ddd, J = 14,4, 7,8, 1,7 Hz,
2H), 7,25 (td, J = 8,7, 2,9 Hz, 1H), 7,48 (d, J = 7,5 Hz, 1H),
7'60 (dd' J = B,B, 5'4 Hz' IH)' 7'65 (dd, J = 10'1' 2'9 Hz,

1H), 9,66 (s, 1H).

EJEMPLO 114
Paso a)

1-(2' ,4' ,5'-Trifluoro-1,1’' -bifenil-2-il)etancna

El compuesto del titulc se preparé a partir de Acido 2,4-
difluorofenilborénico {2,0 g, 12,7 mmol), bromuroe de
tetrabutilamonio (3,71 g, 11,5 mmol), carbonato de potasio
(4,78 g, 34,6 mmol), 2’'-bromo-4’-fluorocacetofenona (2,5 g,
11,5 mmol) y acetato de paladio (259 mg, 1,15 mmol) de acuerdo
con el procedimiento y en la misma forma que se describié en
el Ejemple 105, paso a. El producto se purificé mediante
cromatografia de 1ligquido preparativa sobre una columna
Biotage® 40 M1 de gel de silice previamente envasado (90 g)
levigando con un gradiente de 10%-30% de éter metil terc-
butilico en hexano, para dar el compuesto deseado (850 mg,
30%) como un aceite amarillo claro;

MS [(EI), m/z}: 250,1 (M'.);
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Y NMR (400 MHz, DMSO-ds) &5: 2,42 (s, 3H), 7,17 (m, J = B,5,
8,5, 2,6, 0,9 Hz, 1H), 7,29 (m, 2H), 7,43 (m, 2H), 7,97 (dd, J

= 8,7, 5,8 Hz, 1H).

Paso b)

1-(2’,4’,5' -Trifluoro-1,1’ -bifenil-2-il)etilamina

El compuesto del titulo se preparé a partir de 1-(2’,4',5'-
trifluoro-1,1’-bifenil-2-il)etanona (720 mg, 2,9 mmol),
metanol anhidro (10 ml), acetato de amonio (4,44 g, 58 mmol) y
cianoborohidruro de sodio (362 g, 5,8 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 105, paso b. La amina cruda se usdé inmediatamente asin
nueva purificaclén en el Ejemplo 114, paso c;

MS [(+ESI), m/z]: 252 [M+H]*, 235 [M+H-17]%, catién bencilico

como resultado de la pérdida de NH;.

Paso c)
N-[1-(2’ ,4’ ,5'=Trifluoro-1,1'-bifenil-2~-il)etil]-4-

metoxibancensulfonamida

El compuesto del titulo se preparé a partir de cloruro de 4-
metoxibencensulfonilo {146 mgq, 0,7 mmol), 1-(-2’,4',5"-

trifluoro-1,1’-bifenil-2-il)etilamina (169 mg, 0,67 mmol) ¥

.trietilamina (187 uL, 1,3 mmol) de acuerdo con el procedimiento
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y en la misma forma que se describié en el Ejemplo 105, paso
c. El producto se purificé mediante cromatografia de liquido
preparativa sobre una columna Biotage® 40 Mi de gel de silice
previamente envasado (90 g) levigando con un gradiente de 30%-
50% de éter metil terc-butilico en hexano (35 min) para dar el
compuesto deseado (197 mg, 70%) como un sélido blanco;

MS [(+ESI), m/z]: 422 [M+H]*;

MS [(-ESI), m/z]: 420 [M-H] .

Paso d)

2,9-Difluoro-5-[ (4—matoxifenil)sulfonil] -6-metil-5,6-

dihidrofenantridina

El compuesto del titulo se preparé a partir de N-[1-(2/,4’,5'-
trifluoro-1,1’-bifenil-2-il)etil] -4-metoxibencensul fonamida
(161 mg, 0,38 mmol), N,N-dimetilformamida anhidra (1 ml) y
carbonato de potasio (106 mg, 0,76 mmol) de acuerdo con el
procedimiento y en la misma forma que se desacribld en el
Ejemplo 105, paso d que deriva en el aislamiento de 143 mg
(93%) de un sélido blanco. Este material se uad sin nueva
purificacién en el Ejemplo 114, paso e;
MS [(+ESI), m/z]: 402 [M+H]*;
'H NMR (400 MHz, DMSO-ds) &: 1,14 (d, J = 7,0 Hz, 3H), 3,66
(s, 3H), 5,48 (q, J = 6,9 Hz, 1H), 6,63 (m, 2H), 7,03 (m, 2H),
7,30 (m, 2H), 7,43 (dd, J = 10,0, 2,7 Hz, 1H), 7,89 (dd, J =

8,8, 6,2 Hz, 1H).
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Paso e)

4-{(3,9-Difluoro-6-metilfenantridin-6(6H) -il)sulfonil] fanol

El compuesto del titulo se preparé a partir de 3,9-difluoro-5-
[(4-metoxifeniil)sulfonil]-6-metil~5, 6-dihidrofenantridina

(130 mg, 0,32 mmol), ciclohexeno (656 uL, 6,5 mmol} y una
soluclién 1,0 M de tribromuro de boro en diclorometano (1,94
ml) de acuerdo con el procedimiento y en la misma forma que se
describlé en el Ejemplo 105, paso e. Los componentes volAtiles
se removieron en vacio y el residuo crudo se purificé mediante
cromatografia de liquido preparativa en una columna Biotage®
40 Mi de gel de silice previamente envasado (90 g), levigando
con un gradiente de 5%-50% de éter metil terc-butilico en
hexano, para dar el producto (98 mg, 78%) como un adlido,
punto de fusién 178,5°C-186°C;

MS [(+ESI), m/z): 388 [M+H]*;

MS [(-ESI), m/z]: 386 [M-H]";

'H NMR (400 MHz, DMSO-ds) &: 1,14 (d, J = 6,7 Hz, 3H), 5,46
(q, J = 6,9 Hz, 1H), 6,42 (m, 2H), 6,93 {(m, 2H), 7,03 (td, T =
8,7, 2,6 Hz, 1H), 7,29 (m, 2H), 7,36 (dd, J - 10,4, 2,6 Hz,
1H), 7,42 (dd, J = 10,1, 2,9 Hz, 1H), 7,91 {(dd, J = 8,8, 6,2

Hz, 1H), 10,30 (s, 1H).

EJEMPLO 115

Paso a)
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N-[1-(2’ ,4’ ,5'-Trifluoro~1,1’-bifenil-2-il)etil]-3-

metoxibencansulfonamida

El compuesto del titulo se prepardé a partir de cloruro de 3-
metoxibencensulfonilo (146 mgq, 0,7 mmol), 1-(~-2*,4',5"-
trifluoro-1,1’-bifenil-2-il)etilamina (169 mg, 0,67 mmol) vy
trietilamina (187 uL, 1,3 mmol) de acuerdo con el procedimiento
y en la misma forma que se describié en el Ejemplo 105, paso
¢. El1 producto se purificéd mediante cromatografia de liquido
preparativa sobre una columna Biotage® 40 Mi de gel de silice
previamente envasado para dar el compuesto deseado (235 mg,
83%) como un sélido blanco;

MS [(+ESI), m/z]: 422 [M+H]%;

MS (-ESI), m/z): 420 [M-H] .

Paso b)
3,9-Difluoro—8-[ (3-matoxifanil)sulfonil]-6-metil-5,6-

dihidrofenantridina

El compuesto del titulo se preparé a partir de N-[1-(2',4’,5'-
trifluoro-1,1’-bifenil-2-il)etil]-3-metoxibencensulfonamida

(234 mg, 0,55 mmol), N,N-dimetilformamida anhidra (1 ml) vy
carbonato de potasio (154 mg, 1,1 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el

Ejemplo 105, paso d que deriva en el aislamiento de 211 mg
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(95%) de un sélido blanco. Este material se utilizé sin nueva
purificacién en el Ejemplo 115, paso ¢;

MS [(+ESI), m/z]: 402 [M+H]*;

'H NMR (400 MHz, DMSO-dg} &: 1,16 (d, J = 7,0 Hz, 3H) 3,55 (s,
3H), 5,53 (q, J= 17,0 Hz, 1H), 6,60 (dd, J = 2,3, 1,8 Hz, 1H),
6,66 (ddd, 0= 7,7, 1,8, 0,9 Hz, 1H), 6,91 (ddd, J = 8,4, 2,6,
0,9 Hz, 1H), 7,02 (m, 2H), 7,32 (m, 3H), 7,46 (dd, J = 10,0,

2,7 Hz, 1H), 7,92 (dd, J = B,8, 6,2 Hz, 1lH).

Paso c)

3=-[(3,9-Difluoro-6-metilfenantridin-5 (6H) -1il) sulfonil] fenol

El compuesto del titulo se preparé a partir de 3,9-difluoro-5-
[{3-metoxifenil)sulfonil]-6-metil-5, 6~dihidrofenantridina (150
mg, 0,37 mmol), ciclohexeno (757 uL, 7,5 mmol) y una solucién
1,0 M de tribromuroc de boro en diclorometano (2,24 ml) de
acuerdo con el procedimiento y en la misma forma que se
deacribié en el Ejemplo 105, paso e. Los componentes voldtiles
se removieron en vacio, y el residuo crudo se purificéd
mediante cromatografia de liquido preparativa en una columna
Biotage® 40 Mi de gel de silice previamente envasada (90 g)
levigando con un gradiente de 5% - 50% de éter metil terc-
butilico en hexano, para dar el producto (98 mg, 78%) como un
asdlido, punto d; fusiébn 167,2°C-173°C;

MS [(+ESI), nv/z]: 388 [M+H]";

o
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MS [(-ESI), m/z]: 386 [M-H]";

'H NMR (400 MHz, DMSO-dg) &: 1,15 (d, J = 7,0 Hz, 3H), 5,46
(¢ J = 6,9 Hz, 1H), 6,50 (m, 1H), 6,57 (ddd, J = 7,8, 1,8,
1,0 Hz, 1H), 6,70 (ddd, J = 8,2, 2,5, 0,9 Hz, 1H), 6,93 (t, J
- 8,0 Hz, 1H), 7,00 (td, J = 8,7, 2,6 Hz, 1H), 7,30 (m, 2H),
7,36 (dd, J = 10,4, 2,6 Hz, 1H), 7,43 (dd, J = 10,1, 2,6 Hz,

1H), 7,93 (dd, J = 8,8, 6,2 Hz, 1H), 9,78 (s, 1lH).

EJEMPLO 116
Pasoc a)

1-(2’,5’,5' -Trifluoro-1,1’-bifenil-2-il)atanona

El compuesto del titulo se prepard a partir de &cido 2,5-
difluorofenilborénico (2,0 g, 12,7 mmol), bromuro de
tetrabutilamonio (3,71 g, 11,5 mmol), carbonato de potasio
(4,78 g, 34,6 mmol), 2’'-bromo-4’-fluorocacetofenona (2,5 gq,
11,5 mmol) y acetato de paladio (259 mg, 1,15 mmol) de acuerdo
con el procedimiento y en la misma forma que se describié en
el Ejemplo 105, paso a. El producto se purificé mediante
cromatografia de 1liquido preparativa sobre una columna
Biotage® 40 Mi (90 ¢g), levigando con un gradiente de 10% - 30%
de éter metil terc-butilico en hexano, para dar el compuesto

deseado (784 mg, 27%) como un aceite amarillo transparente.

Paso b)
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1-(2’,5’ ,5' -Trifluorc-1,1’-bifenil-2-il)etilanina

El compuesto del titulo se prepard a partir de 1-{(2",5’5'-
trifluoro-1,1’-bifenil-2-il)etanona {650 mg, 2,6 mmol),
metanol anhidro (10 ml), acetato de amonio (4,0 g, 52 mmol) y
clanoborohidruro de sodio (326 g, 5,2 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 105, paso b. La amina cruda se utilizé inmediatamente
sin nueva purificacién en el Ejemplo 1116, paso c;

MS [(+ESI), m/z]: 252 [M+H]', 235 [M+H-17]*, catién bencilico

como resultado de la pérdida de NH;.

Paso c)
N=-[1-(2’,5’ ,5" =Trifluoro-1l,1l’ =bifenil-2~il)eatil] -4~

metoxibencansulfonamida

El compueato del titulo se preparé a partir de cloruro de 4-
metoxibencensulfonilo (153 mg, 0,74 mmol), 1-(-2’,5’,5'-
trifluoro-1,1’-bifenil-2-il)etilamina (177 mg, 0,70 mmol) vy
trietilamina (147 pL, 1,1 mmol) de acuerdo con el procedimiento
y en la misma forma que se describié en el Ejemplo 105, paso
c. El producto se purificé mediante cromatografia de liquido
preparativa en una columna Biotage® 40 Mi de gel de silice

previamente envasado (90 g) levigando con un gradiente de 30%-
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50% de éter metil terc-butilico en hexano (35 min) para dar el
compuesto deseado (259 mg, 91%) como un sélido blanco;
MS [(+ESI), m/z]: 422 [M+H]*;

MS [(-ESI), m/z]: 420 [M-H] .

Paso d)
2,9-Difluocro-6¢5-[ (d-metoxifenil)sulfonil] -6-metil-5,6-

dihidrofenantridina

El compuesto del titulo se preparé a partir de N-[1-(2’,4',5'-
trifluoro-1,1’~bifenil-2-il)etil] -4-metoxibencensul fonamida
(210 mg, 0,50 mmol), N,N-dimetilformamida anhidra (1 ml) ¥y
carbonato de potasio (138 mg, 1,0 mmol) de acuerdo con el
procédimiento y en la misma forma que se describié en el
Ejemplo 105, paso d que derivé en el aislamiento de 200 mg
{99%) de un sélido blanco. Este material se utilizé sin nueva
purificacién en el Ejemplo 116, paso e;

MS [(+ESI), m/z]: 402 [M+H])*;

H NMR (400 MHz, DMSO-ds) &: 1,13 (d, J = 7,0 Hz, 3H), 3,66
(s, 3H), 5,46 (q, J = 7,0 Hz, 1H), 6,61 (m, 2H), 6,94 (m, 2H),
7,06 (td, J = 8,7, 2,6 Hz, 1H), 7,34 (m, 3H), 7,65 (dd, J =

9,1, 5,4 Bz, 1H), 7,72 (dd, J = 10,0, 3,0 Hz, 1RH).

Paso e)

4~[(2,9-Difluoro-6-metilfenantridin-5({6H)~il) sulfonil] fenol
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El compuestoc del titulo se prepardé a partir de 2,9-difluoro-5-
[{(4-metoxifenil)sulfonll]-6-metil-5, 6-dihidrofenantridina (150
mg, 0,37 mmol), ciclohexeno (757 pL, 7,5 mmol), y una solucién
1,0 M de tribromuro de boro en diclorometano (2,24 ml) de
acuerdo con el procedimiento y en la miama forma que se
describié en el Ejemplo 105, paso e. Los componentes voldtiles
se removieron en vacio y el residuo crudo se purificdé sobre
una columna Blotage® 40 Mi de gel de silice previamente
envasado (90 g), levigando con un gradiente de 5%-50% de éterx
metil terc-butilico en hexano, para dar el compuesto deseado
{117 mg, 81%) como un sélido blanco, punto de fuslén 194°C-
196°C;

MS [(+ESI), m/z]: 388 [M+H]*;

MS [(-ESI), m/z}: 386 [M-H]";

lH NMR (400 MHz, DMSO-dg) &: 1,13 (d, J = 7,0 Hz, 3H), 5,45

(g §J - 7,0 Hz, 1H), 6,40 {(m, 2H), 6,85 (ddd, J = 9,4, 2,9,

2,5 Hz, 2H), 7,06 (td, J = 8,7, 2,6 Hz, 1H), 7,31 (qd, J
5,7, 2,9 Hz, 2H}, 7,40 (dd, J = 10,4, 2,6 Hz, 1H), 7,64 (dd, J
= 8,9’ 5'3 HZ, 1H,, 7'14 ‘dd' J = 9’3, 2’9 HZ, 1H)' 10'21 ‘5'

1H) .

EJEMPIO 117
Paso a)
N-[1-(2’,5’ ,5' -Trifluoro-1,1’’'-bifenil-2-il)etil] -3~

metoxibencensulfonamida
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El compuesto del titulo se prepard a partir de cloruro de 3-
metoxibencensulfonile (153 mg, 0,74 mmol), 1-(-2’,5",5"-
trifluoro~1,1’-bifenil-2-il)etilamina (177 mg, 0,70 mmol) y
trietilamina (147 wulL, 1,1 nmol) de acuerdo <con el
procedimiento y en la misma forma que se describidé en el
Ejemplo 105, paso c. El producto 8se purificdé mediante
cromatografia de liquido preparativa sobre una columna
Biotage® 40 Mi de gel de silice previamente envasado (90 gq),
levigando con un gradiente de 30% - 508% de éter metil terc-
butilico en hexano (35 min), para dar el compuesto deseado
(295 mg, 100%) como un sélido blanco;

MS [(+ESI), m/z]: 422 [M+H]*;

MS [(-ESI), m/zl: 420 [M-H] .

Paso b)
2,9-Difluocro-5-[ (3-metoxifenil) sulfonil]-6-metil-5, 6~

dihidrofenantridina

El compuesto del titulo se prepard a partir de N-[1-(27,4’,5'~-
trifluoro-1,1’-bifenil-2-il)etil]~3-metoxibencensulfonamida

(221 mg, 0,52 mmol), N,N-dimetilformamida anhidra (1 ml) y
carbonato de potasio {138 mg, 1,0 mmol) de acuerdo con el
procedimiento y en la misma forma que se describlé en el

Ejemplo 105, paso de que derivé en el aislamiento de 208 mg
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(99%) de un 8sbélido blanco. Este material se utilizé sin nueva
purificacién en el Ejemplo 117, paso c;

MS [(+ESI), m/z]: 402 [M+H]*;

'H NMR (400 MHz, DMSO-dg¢) &: 1,15 (d, J = 7,0 Hz, 3H), 3,55
(s, 3H), 5,52 (q, J = 6,8 Hz, 1H), 6,54 (m, 1lH), 6,57 (ddd, J
= 7,6, 1,7, 1,0 Hz, 1H), 6,89 (ddd, J - 8,4, 2,6, 0,9 Hz, 1H),
7,04 {m, 2H), 7,35 (m, 3H), 7,67 (dd, J = 8,8, 5,4 Hz, 1H),

7,75 (dd, J = 9,8, 2,9 Hz, 1lH).

Paso c)

3-[(2,9-Difluoro-6-metilfenantridin-5 (6H) -1i1l) sulfonil] fenol

El compuesto del titulo se prepard a partir de 2,9-difluoro-5-
[(3-metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina (156
mg, 0,39 mmol), ciclohexeno {760 puL, 7,7 mmol) y una solucién
1,0 M de tribromuro de boro en diclorometanc (2,33 ml) de
acuerdo con el procedimientoc y en la misma forma que se
describié en el Ejemplo 105, pasc e. Los componentes volAtiles
se removleron en vacio y el residuo crudo se purificé mediante
cromatografia de liquido preparativa en una columna Biotage®
40 Mi de gel de silice previamente envasado (90 g), levigando
con un gradiente de 5% - 50% de éter metil terc-butilico en
hexano, para dar el compuesto deseado (139 mg, 92%) como un
8élido blanco, punto de fusién 165,5°C-171°C;

MS [(+ESI), m/z]: 388 [M+H)*;
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MS [{-ESI), m/z]: 386 [M-H]:

H NMR (400 MHz, DMSO-dg) &: 1,14 (d, J = 7,0 Hz, 3H), 5,44
(q0 J = 6,9 Hz, 1H), 6,42 (m, 1H), 6,49 (ddd, J = 7,8, 1,8,
1,0 Hz, 1H), 6,68 (ddd, J = B,2, 2,5, 0,8 Hz, 1H), 6,90 (t, J
= 8,0 Hz, 1H), 7,04 (td, J = 8,7, 2,6 Hz, 1H), 7,32 (m, 2H),
7,39 (dd, J = 10,4, 2,6 Hz, 1H), 7,65 (dd, J = 9,1, 5,4 Hz,

14), 7,76 (dd, J = 9,8, 2,9 Hz, 1H), 9,65 (br s, 1H).

EJEMPLO 118
METODO A
Paso a)

4-Cloro-1,1’ ~bifenil-2-ilamina

Una solucién agitada de 2-bromo-5-cloronitrobenceno (5,00 g,
21,2 mmo}) y é&clido fenilborénico (2,58 g, 21,2 mmol) en
tetrahidrofurano (85 ml) se traté bajo nitrégeno con un
complejo de [1,1’-bis(difenilfosfinc)ferroceno]dicloropaladio
(II) con diclorometano (0,52 g, 0,63 mmol, 3% en moles) y una
solucién de hidréxido de sodio 5 N (8,5 ml, 42,5 mmol). La
reaccién se calenté a 60°C durante doce horas, se enfrié a
temperatura ambiente y el solvente se removié en vacio. El
residuo se tratdé con acetato de etilo (200 ml) y una solucién
de cloruro de sodio acuoso saturado (100 ml). Las fases se
separaron y la fase acuosa se extrajo con acetato de etilo (2

% 50 ml). La fase orgénica combinada se secd sobre sulfato de
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magnesio anhidro, se filtré y el solvente se concentré en
vacio. El aceite marrén resultante se filtré a través de un
tapébn de gel de silice (20:80 acetato de etilo:hexano}.
Después de la concentracién del solvente en vacio, el 4-cloro-
2-nitro-bifenilo puro (4,66 g, 19,0 mmol, 94%) se disolvid en
dcido acético (13,2 ml) y etanol (13,2 ml). Se agregaron
grdnulos de hierro (15,6 g, 278 mmol) y la mezcla se agitd con
una barra de agitacién mecénica durante 12 horas. La mezcla se
diluyd con etanol y luego se filtrd a través de un auxiliar de
filtro Celite®. La solucién resultante se concentré en vacio,
se diluyé con tolueno y se concentré en vacio (x3) para dar un
acelte viscoso. El1 aceite viscoso se purificé mediante
cromatografia de columna ripida, levigando con una mezcla de
acetato de etilo-hexano (1:4) para dar el compuesto del titulo

como un aceite homogéneo (3,46 g, 85%);
14 NMR (400 MHz, DMSO-d¢) 8: 7,45 - 7,30 (m, 5H), 6,94 (d, J =
B,0 Hz, 1H), 6,78 (d, J = 2,1 Hz, 1H), 6,61 (dd, J = 8,0, 2,1

Hz, 1H), 5,07 (s, 2H).

Paso b)

N-({4-Cloro-1,1’-bifenil=-2-il)acetamida

Una solucidén agitada de 4-cloro-1,1’-bifenil-2-jilamina (3,46
g, 17,0 mmol) en diclorometano (8,5 ml) se traté con piridina

(3,2 ml, 39 mmol), anhidrido acético (1,77 ml, 18,7 mmol) y 4-
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(dimetilamino)piridina (0,62 g, 0,51 mmol) y 8se agité a
temperatura ambiente durante 12 horas. Se agregd una solucién
acuosa saturada de cloruro de amonio (150 ml) y las capas se
separaron. La fase acuosa se extrajo con diclorometano (3 x 75
ml). La fase orgénica combinada se lavd secuencialmente con
una solucidén de &cido clorhidrico 0,1 N (2 x 50 ml) y una
solucién de bicarbonato de sodio acuoso saturado (50 ml), Bse
secd sobre sulfato de sodio anhidro, se filtrd y el solvente
se evapord en vaclo para dar un aceite marrén. Se agregd
tolueno y se removidé en vacio (x3) para dar un sélido marrén
gue, al triturarse con acetato de etilo/hexano, dioc el
compuesto del titulo como un sélido cristalino incoloro
homogéneo (2,28 g, 93%), punto de fusién 125°C-127°C;

MS [(-ESI), m/z]: 244 [M-H];

'H NMR (500 MHz, DMSO-ds) &5: 9,27 (s, 1H), 7,58 (s, 1H), 7,43
- 7,28 {m, 7H), 1,86 (a, 3H);

An&lisis calculado para C;4H12CINO: C, 6B,44; H, 4,92; N, 5,70.

Hallado: C, 68,25; H, 4,73; N, 5,37.

Paso c)

3-Cloro-6-metilfenantridina

N-{4-Cloro-1,1’'-bifenil-2-il)acetamida (2,65 g, 10,8 mmol) se
mezclé con A&cido polifosfédrico (50 g) y se calentd a 120°C

agitando vigorosamente durante 12 horas. La mezcla de la
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reacclén caliente se vertidé en un vaso de precipitado que
contenia hielo y se agité vigorosamente hasta que fue
homogénea. La solucién se neutralizé a pH >8 con amoniaco
acuoso concentrado. Se formé un precipitade blanco y se
filtr6. E1 adlido blanco se disolvié en acetato de etilo (250
ml) y se refiltré, E1l filtrado se lavé con una solucién de
cloruro de sodio acuoso saturado, se secd sobre sulfato de
sodio anhidro, se filtré y el solvente se concentré en vacio
hacia un sélido marrén. El sélido marrén se purificd mediante
trituracién con acetato de etllo/hexano para dar el compuesto
del titulo como cristales blancos (2,28 g, 93%), punto de
fusién 129°C-131°C;

MS [(+ESI), m/z]: 228 [M+H]*;

‘A NMR (500 MHz, DMSO-ds) &: 8,78 {(d, J = 8,2 Hz, 1H), 8,73
(d, J = 8,8 Hz, 1H), 8,30 (dd, v = 8,2, 0,6 Hz, 1H), 7,98 (d,
J = 2,2 Hz, 1H), 7,92 (m, 1H), 7,78 (m, 1H), 7,64 (dd, J =
8,7, 2,2 Hz, 1H), 2,93 (s, 3H);

AnAlisis calculado para C;(H;pC1N: C, 73,85; H, 4,43; N, 6,15.

Hallado: C, 73,53; H, 4,10; N, 5,83,

Paso d)
3-Cloro-5-[(3-metoxifenil)sulfonil] -6-metil-5, 6-

dihidrofenantridina
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Una soluclién agitada de 3-cloro-6-metilfenantridina (0,40 g,
17,6 mmol) en tetrahidrofuranc (7 ml} se traté con borohidruro
de sodio recién comprimido (0,33 g, 8,8 mmol). Se agregd &cido
trifluoroacético (0,4 ml, 7,0 mmol) gota a gota a una
velocidad para mantener la reaccidén exotérmica y la evolucién
de gas bajo control. Despuéa que se termind el agregado, la
mezcla de 1la reaccién heterogénea se agité hasta que la
temperatura volvié a 23°C. La mezcla luego s8se calenté a
reflujo durante 14 horas. La reaccién se enfrié a temperatura
ambiente y se neutralizé con una solucién de bicarbonato de
sodio acuoso saturado (150 ml). La mezcla se filtré a través
de un tapdén de lana de vidrio en un embudo separador y se
extrajo con éter dietilico (4 x 50 ml). La fase organica
combinada se secé sobre sulfato de sodio anhidro, se filtré y
se concentrdé en vacio hacia una pasta marrén claro. La 3-
cloro-6-metil-5, 6-dihidrofenantridina cruda se disolvié en
piridina (12 ml), se tratéd con cloruro de 3-
metoxibencensulfonilo (0,55 g, 2,64 mmol} y 4-
(dimetilamino)piridina (0,01 g, 0,08 mmol) y se agité a B80°C
durante 14 horas. La mezcla de la reaccién se enfrié a
temperatura ambiente, se tratd con una solucién de hidréxido
de sodio acuoso 0,1 N (100 ml, 10 mmol) y se extrajo con
diclorometano (6 x 50 ml). La fase orgdnica combinada se lavé
con una solucién de Acido clorhidrico 2 N (2 x 40 ml), se secéd

sobre sulfato de sodio anhidro, se filtré y se concentrd en
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vacio hacia un sélido marrén. El sélido marrén se purificéd
mediante cromatografia de columna rApida levigando con una
mezcla de acetato de etilo:hexano {1l:4) seguido por mediante
cristalizacién deade acetato de etilo-hexano, para dar el
compuesto del titulo como wun 8élido cristalino blanco
homogéneo (0,38 g, 54%), punto de fusién 117°C-118°C;

MS [({(-ESI), m/z]: 398 [M-H]";

'H NMR (500 MHz, DMSO-ds) 5: 7,85 (d, J = 8,6 Hz, 1H), 7,65
(d, J=- 2,3 Hz, 1H), 7,47 (m, 2H), 7,27 (dd, g = 17,5, 1,2 Hz,
i#), 7,19 (m, 1H), 7,13 (td, J = 7,6, 1,4 Hz, 1H), 6,99 (t, J
= 8,0 Hz, 1H), 6,83 (m, 1H), 6,64 (m, 1H), 6,58 (m, 1H), 5,49
(¢ J= 7,0 Hz, 1H), 3,51 (s, 3H), 1,17 (d, J = 7,0 Hz, 3H);
Anaiisis calculado para Cz;H;gCINOS ° 0,20 H0: C, 62,51; H,

4,60; N, 3,47. Hallado: C, 62,19; H, 4,46; N, 3,28.

Paso e)

3-[{(3-Cloro-6-metilfenantridin-5(6H)-1l) sulfonil] fenol

Una suspenalédn agitada de 3-cloro-5-[(3-metoxifenil)sulfonil)-
6-metil-5, 6-dihidrofenantridina (0,38 g, 0,95 mmol) \'4
ciclohexeno (1,73 ml, 17,1 mmol) se tratd gota a gota a
temperatura ambiente bajo nitrégeno con una solucién 1,0 M de
tribromuro de boro (5,7 ml, 5,7 mmol) en diclorometano.
Después de agitar durante 20 horas a temperatura ambiente, la

reaccién se enfriéd con una solucién de bicarbonato de sodio
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acuoso saturado (50 ml) y se extrajo con diclorometano (6 x 20
ml). La fase organica combinada se secé sobre sulfato de sodio
anhidro, se filtré y se concentré en vacio hacia un residuo
crudo. El residuo crudo se trituré con hexano y se purificéd
mediante cromatografia de columna répida, levigando con una
mezcla de acetato de etilo-hexano (30:70), para dar el
compuesto del titulo como un sélido cristalino blanco
homogéneo (0,17 g, 73%), punto de fusién 215°C;

MS [(-ESI), m/z]: 384 [M-H]";

JH NMR (500 MHz, DMSO-ds) &: 9,73 (s, 1H), 7,87 (d, J = 8,6
Hz, 1H), 7,62 (d, J = 2,3 Hz, 1H), 7,51 (d, J = 7,3 Hz, 1H),
7,46 {dd, J = 8,5, 2,2 Hz, 1H), 7,23 - 7,12 (m, 3H), 6,87 (t,
J= 17,9 Hz, 1H), 6,64 (£, J = 7,9 Hz, 1H), 6,55 (m, 1H), 6,50
(t, o= 2,0 Hz, 1H), 5,41 (q, J = 6,9 Hz, 1H), 1,16 (d, J =
6,9 Hz, 3H);

Andlisis calculado para CzgH;gC1NOsS: c, 62,25; H, 4,18; N,

3,63. Hallado: C, 61,88; H, 4,31; N, 3,49.

METODO B
Paso a)

1-(4’-Cloro-2’-fluoro-1,1!’-bifenil-2-il)etancna

Acldo 2-acetilfenilborénico (5 g, 30,5 mmol) y 4-cloro-2-
fluoroyodobenceno (8,6 g, 33,5 mmol) se disolvié en una mezcla

de tolueno/etanol (6:1, 175 ml). Una sclucién acucsa de

@\
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carbonato de potasio (2 M, 60 ml) y tetrakis({trifenilfosfino)
paladio (0) (1,06 g, 0,91 mmol) se agregaron a la solucién y
la mezcla completa se desgasificé usando vacio y agitando con
una purga de nitrégeno intermitente. La mezcla se calentdé a
85°C agitando durante 14 horas. La mezcla se dejé enfriar y
luego se agregd agua. La fase orgdnica se separéd de la fase
acuosa y la fase acuosa se extrajo con acetato de etilo (3 x
100 ml). Las fases organicas se combinaron, se secaron sobre
sulfato de sodio anhidro, se filtraron y se concentraron hacia
un aceite crudo. El1 aceite crudo se purificé mediante
cromatografia de 1liquido preparativa sobre una columna
Biotage® 40 Mi de gel de silice previamente envasado (90 g),
levigando con un gradiente de 5%-20% de éter metil terc-
butilico en hexano, para dar el producto deseado (4,07 g, 54%)
como un aceite amarillo;

MS [(EI), m/z]: 248,0/250,0 [M'.], contiene patrén de un &tomo
de cloro:

H NMR (400 MHz, DMSO-ds) &: 2.45 (s, 3H), 7,37 (m, 3H), 7,44
(m, 1H), 7,57 (td, o= 17,6, 1,3 Hz, 1lH), 7,65 (td, J = 7,6,

1,4 Hz, 1H), 7,90 (ddd, J = 7,6, 1,4, 0,5 Hz, 1H).

Paso b)

1-{4’-Cloro-2’'-fluoro-1,1’-bifenil-2-il)etilamina
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A una solucién de 1-(4’-cloro-2’ -fluorao-1,1’-bifenil-2-
il)etanona (3,2 g, 12,9 mmol) en metanol anhidro (200 ml) se
agregd acetato de amonio sélido (19,8 g, 257 mmol). La mezcla
de la reaccidén se calenté a 60°C durante una hora, luego se
agregd una solucidén metanédlica de cianoborohidruro de sodio
(1,62 g, 25,8 mmol). Después de 16 horas, el metanol se
removid en vaclo y se agregd hidréxido de amonio acuoso. La
fase acuosa se extrajo con éter dietilico (3 x 200 ml) hasta
que la amina ya no estaba presente en la fase acuosa. La fase
orgdnica luego se lavé con &cido clorhidrico acuoso 2 N (3 x
100 ml) y las fases acuosas se combinaron. Se determindé que el
sélido que se formé durante el lavado con acido era la amina
dialquilada y Se segregqd desde la fase acuosa., Se agregd
hidréxido de sodio acuoso a las fases acuosas &cidas hasta que
la s0llucién se neutralizé a pH 8 a 9. La fase acuosa bisica
se extrajo con éter dietilico hasta que la amina primaria ya
no se detectd en 1la fase acuosa. Las fases orgdnicas
combinadas se secaron sobre sulfato de sodio anhidro, se
filtraron y se concentraron para dar un aceite transparente
que se utilizé sin nueva purificacidn;

MS [(+BESI), m/z]l: 233 [M+H-17]%, catién bencilico como

resultado de la pérdida de NHj;

Paso ¢)
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N-[1-(4’~Cloro-2/-fluoro-1,1’'-bifenil-2-il)eatil]-3-

metoxibsncensulfonamida

Cloruro de 3-metoxibencensulfonilo (331 mg, 1,6 mmol} se
agregé a una soluclén de 1-(4’-cloro-2’-fluoro-1l,1’-bifenil-2-
il)etilamina (400 mg, 1,6 mmol) y trietilamina (246 pL, 1,7
mmol) en acetonitrilo. La reaccién se mezcld a temperatura
ambilente durante 24 horas, después de lo cual el acetonitrilo
se removié en vacio, El1 sélido restante se disolvié en
diclorometano y se purificé mediante cromatografia de liquido
preparativa sobre una columna Biotage® 40 Mi de gel de silice
previamente envasado (90 g), levigando con un gradiente de 5%-
50% de éter metil terc-butilico en hexano (35 min) para dar el
producto deseado (694 mg, 99%) como un sélido blanco;

MS [(+ESI), m/z]: 420/422 [M+H]*, contiene patrén de un &tomo
de cloro;

Hé [(~ESI), m/z]: 418/420 [M-H] , contiene patrén de un &tomo
de cloro;

'H NMR (400 MHz, DMSO-dg) &: 1,16 (d, J = 7,0 Hz, 3H), 3,72
(m, J= 13,5 Hz, 3H), 4,03 (m, 1H), 6,97 (dd, J = 2,5, 1,7 Hz,
iH), 7,09 (m, 3H), 7,24 (t, J = 7,2 Hz, 2H), 7,36 (m, 3H),

7,50 (m, 2H), 8,25 (d, J = 7,0 Hz, 1H).

Paso d)

¥4

1
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3-Cloro-5-[ (3-metoxifenil)sulfonil]-6-metil-5,6-

dihidrofenantridina

El compuesto del titulo se preparb a partir de N-[1-(4’-cloro-
2’ -fluoro-1,1’-bifenil-2-il)etil] -3-metoxibencensul fonamida
(686 mg, 1,6 mmol), N,N-dimetilformamida anhidra (2 ml) vy
carbonato de potasio (442 mg, 3,2 mmol) de acuerdo con el
procedimiento y en la misma forma que se describié en el
Ejemplo 105, paso d que derivé en el aislamiento de 547 mg
(B4%) de un s8sélido blanco que se utilizé sin nueva
purificacién;

MS [(+ESI), m/2): 400/402 [M+H]', contiene patrén de un &tomo
de cloro;

MS [{-ESI), m/z]: 398/400 [M-H]l , contiene patrén de un &tomo

de cloro.

Paao e)

3-[{3-Cloro-6-metilfenantridin~-5(6H)~il)sulfonil}fenol

El compuesato del titulo se preparé a partir de 3-cloro-5-[(3-
metoxifenil)sulfonil]-6-metil-5, 6-dihidrofenantridina de
acuerdo con el procedimiento y en la misma forma que se
describié en el Ejemplo 118, Método A, paso e. El1 producto
racémico resultante se resolvié Opticamente en los Ejemplos

119 y 120.
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EJEMPLO 119

3-{[{6R) -3-Cloro-6-matilfenantridin-5 (6H)il]sulfonil})fenol

Los enantibdmeros de 3-[(3-cloro-6-metilfenantridin-5(6H)-
il)sulfonil] fenol (280 mg, 0,73 mmol) se separaron mediante
cromatografia quiral de fase normal, preparativa, automatizada
sobre una columna Chiralpak® AS (20 mm x 250 mm) levigando con
20% de 2-propanocl en hexano a una velocidad de flujo de 20
ml/min. Después de la combinacién de las fracciones y de la
evaporacién del solvente en vacio, un pico (99,8%) con un
tiempo de retencién de 6,94 minutos se aisldé como un sélido
blanco (122 mg, 44% basado en una relacién de los enantiémeros
de 1:1 con una cantidad méxima tedérica de 140 mg), punto de
fusién 220,9°C-223°C;

[e]p?® = -=100,6° (c = 10,0 mg/mL, CHCl,):

MS [(+ESI), m/z]: 386/388 [M+H)*, contiene patrén de un &tomo
de cloro;

MS [(-ESI), m/z): 384/386 [M-H] , contiene patrén de un Atomo
de cloro;

'H NMR (400 MHz, DMSO-ds) &: 1,17 (d, J = 7,0 Hz, 3H), 5,42
(@ J= 7,0 Hz, 1H), 6,51 (m, 1H), 6,57 (m, 1H), 6,65 (ddd, J
- 8,2, 2,4, 1,0 Hz, 1H), 6,89 (t, J = 8,0 Hz, 1H), 7,16 {(m,
iH), 7,22 (m, 2H), 7,47 (dd, J = 8,4, 2,2 Hz, 1H), 7,52 (dd, J

=« 7,6, 0,9 Hz, 1H), 7,63 (d, J = 2,1 Hz, 1H), 7,87 (d, J = 8,5

Hz, 1H}, 9,74 (s, 1H);
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Andlisis calculado para CipH1sC1NO;S: C, 62,25; H, 4,18; N,

3,63. Hallado: C, 61,86; H, 4,28; N, 3,44,

EJEMPLO 120

3-{[(68)-3-Cloro-6-meatilfenantridin-5 (6H) -il)sulfonil}fenol

Los enantiémeros de 3-[({3-cloro-6-metilfenantridin-5(6H) -
il)sulfonil] fenol (280 mg, 0,73 mmol) se separaron medlante
cromatografia quiral de fase normal, preparativa, automatizada
sobre una columna Chiralpak® AS (20 mm x 250 mm) levigando con
20% de 2-propanol en hexano a una velocidad de flujo de 20
ml/min. Después de la combinacién de las fracciones y de la
evaporacién del soclvente en vacio, un pico (99,9%) con un
tiempo de retencién de 9,38 minutos se aisld como un sélido
blanco (120 mg, 43% basado en una relacién de los enantiémeros
de 1:1 con una cantidad maxima teérica de 140 mg), punto de
fusién 219°C-223°C;

[a]p®® = +91,6° (¢ = 10,0 mg/mL, CHCli);

MS [(+ESI), m/z]: 386/388 [M+H]*, contiene patrén de un Atomo
de cloro;

MS [(-ESI), m/z]: 3B4/386 [M-H] , contiene patrén de un Aatomo
de cloro;

H NMR (400 MHz, DMSO-ds) 5: 1,17 (d, J = 7,0 Hz, 3H), 5,42
(g, J = 6,8 Hz, 1H), 6,51 (m, 1lH), 6,57 (ddd, J = 7,8, 1,8,

1,0 Hz, 1H), 6,65 (ddd, J = 8,3, 2,5, 0,9 Hz, 1H), 6,89 (t, J
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= 8,0 Hz, 1lH), 7,14 (dd, J = 7,0, 1,8 Hz, 1H), 7,17 (m, 1H),
7,22 {m, 1H), 7,47 {dd, J = 8,4, 2,2 Hz, 1H), 7.52 (dd, J =
7,5 1,0 Hz, 1), 7,63 (d, g = 2,1 Hz, 1lH), 7,87 (4, 0 = 8,5
Hz, 1H), 9,74 (s, 1H):

Andlisis calculado para Cj;oH16C1NO;S: C, 62,25; H, 4,18; N,

3,63. Hallado: C, 62,14; H, 4,45; N, 3,54.

BJEMPLO 121
METODO A

4= (3-Cloro-6-matilfaenantridin-5 (6H) -il) sulfonil] fenol

Una solucidédn agitada de 3-cloro-6-metilfenantridina (0,40 g,
1,76 mmol) en tetrahidrofurano (7 ml) se tratd con borohidruro
de sodio recién comprimido (0,33 g, 8,8 mmol). Se agregd acido
trifluoroacético (0,54 ml, 7,0 mmol) gota a gota a una
velocidad para mantener la reaccién exotérmica y la evolucién
de gaa bajo control. Después de que se terminé de agregar, la
mezcla de la reaccién heterogénea se agité hasta que 1la
temperatura volvié a 23°C. La mezcla luego 8se calentd a
raflujo durante 14 horas. La reaccién se enfrid a temperatura
ambiente y se neutralizé con una solucién de bicarbonato de
sodio acuoso saturado (150 ml). La mezcla se filtré a través
de un tapén de lana de vidrio en un embudo separador y se
extrajo con éter dietilico (4 x 50 ml). La fase orgénica

combinada se secé sobre sulfato de sodio anhidro, se filtrd y
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se concentré en vacio hacia una pasta marrén claro. lLa 3-
cloro-6—-metil-5, 6-dihidrofenantridina se disolvié en piridina
(12 ml), se tratd6 con éster etilico de éster de 4-cloro
sulfonil-fenlilo de &cido carbbnico (0,599 g, 2,64 mmol) y 4-
(dimetilamino)piridina (0,01 g, 0,08 mmol) y se agité a 80°C
durante 14 horas. La reaccién 8e enfrié a temperatura
ambiente, se tratdé con una solucién de hidréxido de sodio
acuoso 0,1 N (100 ml, 10 mmol) y se extrajo con diclorometano
(6 x 50 ml). La fase orginica combinada se lavé con una
solucién de é&cido clorhidrico 2 N (2 x 40 ml), se secd sobre
sulfato de sodio anhidro, se filtré y se concentrd en vacio
hacia un aceite marrén viscoso. El acelte viscoso se purificéd
mediante filtracién a través de un tapén de gel de silice,
levigando con una mezcla de acetato de etilo-hexano (1:4). La
concentracliédn del filtrado en vacio, seguida por la filtracidn
con acetato de etilo-hexano dio el compuesto del titulo como
un sélido cristalino blanco homogéneo (0,25 g, 37%), punto de
fusién 204°C;

MS [(-ESI), m/z]: 384 [M-H];

4 NMR (500 MHz, DMSO-d¢) &: 10,25 (br s, 1H), 7,83 (d, J =
8,6 Hz, 1H), 7,61 (d, J = 2,3 Hz, 1H), 7,50 (d, J = 7,5 Hz,
1H), 7,44 (dd, J = 8,6, 2,2 Hz, 1H), 7,25 - 7,13 (m, 3H), 6,91
(d, J = 8,9 Hz, 2H), 6,37 {(d, J = 8,9 Hz, 2H), 5,41 (q, J =

7,0 Hz, 1H), 1,14 (d, g = 7,0 Hz, 3H);
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Andlisis calculado para CzgHigClNO>S: C, 62,25; H, 4,18; N,

3,63. Hallado: C, 62,03; H, 4,06; N, 3,42.

METODO B
Paso A
N-[1-(4’-Cloro~-2’ -fluoro-1,1’-bifenil-2-il)etil]-4-

metoxibencensulfonamida

El compuesto del titulo se prepardé a partir de clorure de 4-
metoxibencensulfonilo (331 mg, 1,6 mmol), 1-(4’-cloro-2’-
fluoro-1,1’-bifenil-2-il)etilamina (400 mg, 1,6 mmol) vy
trietilamina (246 pL, 1,7 mmol) de acuerdo con el procedimiento
y en la misma forma que se describidé en el Ejemplo 105, paso c
que derivé en el aislamiento de 644 mg (96%) de un sélido
blanco;

MS [(+ESI), m/z]: 420/422 ([M+H]*, contiene patrén de un &tomo
de cloro;

MS [(-ESI), m/z]: 418/420 [M-H] , contiene patrén de un &tomo
de cloro;

'H NMR (400 MHz, DMSO-ds) &: 1,14 (d, J = 7,0 Hz, 3H), 3,80
(s, 3H), 3,96 (m, 1H), 6,91 (t, J = 8,0 Hz, 2H), 7,09 (m, 1H),
7,21 {m, 3H), 7,33 (m, 1H)}, 7,41 (d, J = 8,8 Hz, 2H), 7,51 (m,

2H), 8,06 (d, J = 6,5 Hz, 1H).
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Paso b)
3=-Cloro-5-[ (4-metoxifenil) sulfonil]-6-metil-5, 6~

dihidrofenantridina

El compuesto del titulo se preparé a partir de N-[1l-(4’-cloro-
2’ ~fluoro-1,1'-bifenil-2-il)etil]-4-metoxibencensulfonamida
(617 mg, 1,5 mmol), N,N-dimetilformamida anhidra (2 ml) vy
carbonato de potasio (414 mg, 3,0 mmol) de acuerdo con el
procedimiento y en la misma forma gue se describidé en el
Ejemplo 105, paso d gue deriva en el aislamiento de 607 mg
(93%) de un sélido blanco que se utilizé sin nueva
purificacién;

MS [(+ESI), m/z]: 400/402 [M+H]*, contiene patrén de un &atomo
de cloro;

MS [(-ESI), m/z]: 398/400 [M-H] , contiene patrén de un &tomo

de cloro.

Paso c)

4-[ (3-Cloro-6-metilfenantridin-5(6H)-il)sulfonil]fenol

El compuesto del titulo see prepard a partir de 3-cloro-5-[(4-
metoxifenil)sulfonil]-s-metil-5,G—dihiqrofenantridina de
acuerdo con el procedimiento y en la misma forma que se

describié en el Ejemplo 118, Método A, paso e. El1l producto



343 '
racémico resultante se resolvid épticamente en los Ejemplos

122 y 123.

EJEMPLO 122

4-{[ (6R) ~6-metilfenantridin-5(6B)~il]sulfonil}fenocl

Los enantidémeros de d-[(3-cloro-6-metilfenantridin-5(6H) -
1l)sulfonil] fenol (400 mg, 1,0 mmol) se separaron mediante
cromatografia quiral de fase normal preparativa automatizada
sobre una columna Chiralpak® AS (20 mm x 250 mm) levigando con
15% de 2-propanol en hexano a una velocidad de flujo de 20
ml/min. Después de la combinacién de las fracciones y de la
evaporacién del solvente en vacio, un pico (99,9%) con un
tiempo de retencién de 10,25 minutos se aislé camo un sélido
blanco (151 mg, 43% basado en una relaciédn de enantiémeros de
1:1 con una cantidad mixima tebrica de 200 mg), punto de
fusién 217°C-221°C;

[01p?% = ~103,6° (c = 10,0 mg/mL, CHCl;):

MS [(+ESI), m/z]: 386/388 [M+H]*, contiene patrén de un &tomo
de cloro;

MS [(-ESI), m/z]: 384/386 [M-H] , contiene patrén de un &tomo
de cloro;

1H NMR (400 MHz, DMSO-dg) &: 1,15 (d, J = 7,0 Hz, 3H), 5,42
(m, 1H), 6,38 (m, 2H), 6,92 (m, 2H), 7,17 (ddd, J = 14,1, 6,6,

1,6 Hz, 1H), 7,24 (ddd, J = 12,7, 7,3, 1,4 Hz, 2H), 7,45 (dd,
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J=- 8,4, 2,2 Hz, 1H), 7,51 (d, J = 7,5 Hz, 1H), 7,62 (d, J =

2,3 Hz, 1H), 7,84 (d, J= 8,5 Hz, 1H), 10,23 (s, 1lH).

EJEMPLO 123

4-{[ (68) -3-Cloro-6-metilfenantridin-5(6H) -1i1l] sulfonil)fenol

Los enantifmeros de 4-[(3-cloro-6-metilfenantridin-5(6H)-
il)sulfonil] fenol (400 mg, 1,0 mmol) se separaron mediante
cromatografia quiral de fase normal preparativa automatizada
sobre una columna Chiralpak® AS (20 mm x 250 mmol) levigando
con 15% de Z2-propanol en hexano a una velocidad de flujo de 20
ml/min. Después de la combinacién de las fracciones y de la
evaporacién del solvente en vacio, un pico (98,9%) con un
tiempo de retencién de 13,950 minutos se aislé como un sédlido
blanco (151 mg, 43% basado en una relacién de enantibémeros de
1:1 con una cantidad mdxima tedérica de 200 mg), punto de
fusién 213,5°C-220°C;

[a]p®® = +96,4° (c = 10,0 mg/mL, CHCl;);

MS [(+ESI), m/z]: 386/388 ([M+H]*, contiene patrén de un Atomo
de cloro;

MS [(~ESI), m/2]: 384/386 [M-H] , contiene patrén de un Atomo
de cloro;

'H NMR (400 MHz, DMSO-ds) 5: 1,15 (d, J = 7,0 Hz, 3H), 5,42
(g J = 6,9 Hz, 1H), 6,38 (ddd, 0 = 9,4, 2,9, 2,5 Hz, 2H),

6,92 (m, 2H), 7,17 (ddd, J = 14,1, 6,5, 1,7 Hz, 1H), 7,24
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(ddd, J = 12,7, 7,3, 1,4 Hz, 2H), 7,45 (dd, J = B,5, 2,3 Hz,
1), 7,50 (dd, J = 7,6, 0,9 Hz, 1H), 7,62 (d, J = 2,1 Hz, 1lH),

7,84 (d, J=86,5 Hz, 1H), 10,24 (s, 1H).

BIEMPLO 124
Paso a)
N-[1-(4’=Cloro~2’-fluoro-1,1’ -bifenil-2-il)etil] -2, 4~

dimetoxibencensulfonamida

El compuesto del titulo se prepard a partir de cloruro de 2,4-
dimetoxibencensulfonilo (379 mg, 1,6 mmol), 1-(4’-cloro-2’-
fluoro-1,1’-bifenil-2-il)etilamina (400 mg, 1,6 mmol) vy
trietilamina (246 puL, 1,7 mmol) de acuerdo con el procedimiento
Yy en la misma forma que se describié en el Ejemplo 105, paso ¢
que derivé en el aislamiento de 480 mg (67%) como un sédlido
blanco;

MS [(+ESI), m/z): 450/452 [M+H]*, contiene patrén de un &tomo
de cloro;

MS [(-ESI), m/z): 448/450 [M-H] , contiene patrén de un Atomo
de cloro;

'H NMR (400 MHz, DMSO-dg) &: 1,17 (d, J = 7,0 Hz, 3H), 3,75
(br s, 3H), 3,79 (br s, 3H), 4,02 (m, 1H), 6,47 (m, 2H), 7,01
(m, 2H), 7,20 (¢, 0= 7,0 Hz, 1H), 7,32 (d, J = 8,5 Hz, 1H),
7,38 {m, 2H), 7,47 (d, J = 8,5 Hz, 1H), 7,60 (d, J = 7,8 Hz,

iH), 7,71 (d, J= 7,5 Hz, 1lH).
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Paso b)
3-Cloro-5-((2,4~dimatoxifenil) sulfonil] -6-metil-5, 6~

dihidrofanantridina

El compuesto del titulo se preparé a partir de N-[1-(4’-cloro-
2’ -fluoro-1,1’-bifenil-2-il)etil]-2, 4~

dimetoxibencensul fonamida {470 mg, 1,04 mmol), N,N-
dimetilformamida (2 ml) y carbonato de potasio (287 mg, 2,0
mmol)} de acuerdo con el procedimiento y en la misma forma que
se describlié en el Ejemplo 105, paso d que deriva en el
aislamiento de 447 mg (100%) de un sélido blanco que se
utllizé sin nueva purificacién;

MS [(+ESI), m/z): 430/432 [M+H]', contiene patrén de un &tomo

de cloro.

Paso c)
4-{[-3-Cloro-6-matilfenantridin-5 (6H) ~il]sulfonil}bencenc-1,3-

diol

El compuesto del titulo se preparé a partir de 3-cloro-5-
[(2,4-dimetoxifenil)sulfonil]—-6-metil~5, 6~dihidrofenantridina

(429 mg, 1,0 mmol), ciclohexeno (3,0 ml, 30 mmol) y una
solucién 1,0 M de tribromuro de boro en diclorometano (6,0 ml)
de acuerdo con el procedimiento y en la misma forma que se

describié en el Ejemplo 105, paso e. Los componentes volétiles
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se removieron en vacio y el residuo crudo se purificé mediante
cromatografia de liquido preparativa sobre wuna columna
Biotage® 40 Mi de gel de silice previamente envasado (90 g},
levigando con un gradiente de 30%-50% de éter metil terc-
butilico en hexano, para dar el compuesto deseado (400 mg,
99%) como un sadlido;

MS [(-ESI), m/z]: 400/402 [M-H] , contiene patrén de un &tomo

de cloro.

Paso d)
4=-{[ (6R) -3-Cloro~6-metilfenantridin-5(6HE)-11l]sulfonil}bancano-

1,3-dieol

Los enantiémeros de 4-{{3-cloro-6-metilfenantridin-5(6H)-
il]sulfonil}benceno-1,3-diol (340 mg, 0,85 mmol) se separaron
mediante cromatografia quiral de fase normal preparativa
automatizada sobre una columna Chiralpak AS (20 mm x 250 mm)
levigando con una mezcla de etanol y hexano (1:1) a una
velocidad de flujo de 14 ml/min. Después de la combinacién de
las fracciones y la evaporacién del solvente en vacio, un pico
(99,9%) con una linea de retenciétn de 4,36 minutos se aisld
como un sélido blanco (103 mg, 30% basado en una relacién de
enantiémeros 1:1 con una cantidad méxima tedrica de 170 mg),
punto de fusién 178,2°C-182°C;

[a]p25 = -72,01° (c = 10,0 mg/mL, CHCls);
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MS [(+ESI), m/x): 402/404 [M+H)*, contiene patrén de un &tomo
de cloro;

MS [(-ESI), m/z]: 400/402 [M-H] , contiene patrén de un &tomo
de cloro;

'H NMR (400 MHz, DMSO-ds) &: 1,13 (d, J = 7,0 Hz, 3H), §,32
(m, 1H), 6,07 (d, J = 2,1 Hz, 1H), 6,15 (dd, J = 8,8, 2,3 Hz,
14), 7,21 (m, 2H), 7,27 (m, 1H), 7,32 (td, J = 5,7, 3,1 Hz,
2H), 7,61 (d, J = 2,3 Hz, 1H), 7,75 (dd, g = 7,8, 1,0 Hz, 1H),
7,89 (4, J = 8,5 Hz, 1H), 10,13 (s, 1H), 10,24 (s, 1H);
Anélisis calculado para CzoH1sC1NOS: c, 59,78; H, 4,01; N,

3,49. Hallado: C, 59,99; H, 3,86; N, 3,24.

EJEMPLO 125
4-{[ (68) -3-Cloro-6-metilfenantridin-5 (6H) -il]sulfonil }benceno-

1,3-diel

Los enantiémeros de 4-{{3-cloro-6-metilfenantridin-5(6H) -
il)sulfonil}benceno-1,3-diol (340 mg, 0,85 mmol} se separaron
mediante’ cromatografia quiral de fase normal preparativa
automatizada sobre una columna Chiralpak® (20 mm x 250 mm)
levigando con una mezcla de etanol y hexano (1:1) a una
velocidad de flujo de 14 ml/min. Después de la combinacién de
las fracciones y de la evaporacién del solvente en vacio, un
pico (99,7%) con un tiempo de retencién de 5,42 mintuos se

aisléd como un sélido blanco {100 mg, 29% basado en una
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relacién de los enantiémeros 1:1 con una cantidad méxima
teérica de 170 mg), punto de fusién 180,2°C-183,1°C;

[@]p?® = +66,7° (c = 10,0 mg/mL, CHClj);

MS [(+ESI), m/z]: 402/404 [M+H]', contiene patrén de un &tomo
de cloro;

MS [(-ESI), m/z]: 400/402 [M-H] , contiene patrén de un Atomo
de cloro;

'H NMR (400 MHz, DMSO-ds) &: 1,13 (d, J = 7,0 Hz, 3H), 5,32
(m, 1H), 6,07 (d, J= 2,3 H2, 1H), 6,15 (dd, J = 8,8, 2,3 Hz,
1H), 7,21 (ddd, J = 13,4, 7,2, 1,4 Hz, 2H), 7,27 (m, 1H), 7,32
{td, J = 5,6, 2,6 Hz, 2H), 7,61 (d, J= 2,1 Hz, 1H), 7,75 (dd,
J=17,8, 1,0 Hz, 1H), 7,89 (d, J = 8,5 Hz, 1H), 10,13 (s, 1H),

10,24 (s, 1H).

EJEMPIO 126
Sulfamato de 4-{[ (68)-8-Fluoro-6-metilfenantridin-5 (6H) -

illsulfonil}fenilo

A una solucién agitada de 4-{[(6S)~8-fluoro-6-
metilfenantridin~5(6H)-il]sulfonil}fenol (1,11 g, 3,0 mmol) en
dimetilacetamida (10 ml) que se enfrié a 0°C, se agregd
cloruro de sulfamoilo (1,39 g, 12,0 mmol). La mezcla se dejé
calentar a temperatura ambiente y se continué agitando durante
16 horas. Se agreg6é agua (100 ml) y un precipitado blanco se

depositd sobre el interior del recipiente de la reaccién. El
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agua se removié y el matraz se lavé con agua adicional. El
sélide blanco se disolvié en diclorometano y se purificé
mediante cromatografia de 1liquido preparativa sobre una
columna Biotage® 40 Mi de gel de silice previamente envasado
(90 g) levigando con un gradiente de 30%-50% de éter metil
terc-butilico en hexano, para dar el compuesto del titulo
(1,16 g, 87%) como un sélido blanco, punto de fusién 166,5°C-
167°C;

MS [(+ESI), m/z): 449 [M+H]*;

MS [(-ESI), m/z]): 447 [M-H]";

1H NMR (400 MHz, DMSO-dg) &: 1,16 (d, J = 7,0 Hz, 3H), 5,49
(g v = 7,0 Hz, 1H), 6,97 (m, 3H), 7,14 (ddd, J = 9,2, 2,9,
2,5 Hz, 2H), 7,20 (dd, J = 9,2, 2,7 Hz, 1H), 7,45 (m, 3H),
7,63 (dd, g = 7,8, 1,3 Hz, 1H), 7,77 (dd, J = 7,6, 1,7 Hz,
1H), 8,13 (s, 2H);

Andllsis calculado para CzpH;7FN20sS3: c, 53,56; H, 3,82; N,
6,25. Hallado: C, 53,47; H, 3,82; N, 6,10.

Punto de fusion 165,5°C - 167,3°C;

[@]p?® = +211° (c = 10,0 g/mL, CHCl));

MS [(+ESI), m/z): 449 [M+H]*;

MS [(-ESI), m/z]: 447 [M-H]";

HRMS [(+ESI), m/z]: 449,06289 [M+H]". Calculadoe para
Cz20H17FN205S2: 449,06357;

14 NMR (400 MHz, CDCls) &: CONSISTENTE;
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Analisis calculado para CzgH17FN2055;: C, 53,56:
6,25. Hallado: C, 52,70; H, 3,55; N, 6,14.

Punto de fusion 148°C-150°C;

[@]p®® = +188° (c = 10,0 mg/mL, CHCl);

MS [(+ESI), m/z]: 449 [M+H]*;

MS [{(-ESI), m/z]: 447 [M-H]";

'H NMR (400 MHz, CDCliy)} &: CONSISTENTE;

Andlisis calculado para CyoH17FN20Os5S3: C, 53,56;
6,25. Hallado: C, 53,27; H, 3,58; N, 6,15.

punto de fusion 148°C-150°C;

[a]p?® = +154° (c = 10,0 mg/mL, CHCl,);

MS [(+ESI), m/z]: 449 [M+H]*;

MS [(-ESI), m/z]: 447 [M-H]~;

'H NMR (400 MHz, CDCl;) 5: CONSISTENTE;

Andlisis calculado para CzoHi7FN203Sz: C, 53,56;
6,25. Hallado: C, 53,42; H, 3,58; N, 6,23.

punto de fusion 151°C;

H, 3,82; N,

H, 3,82; N,

H, 3,82; N,

1H NMR (400 MHz, CDCl;) &: CONSISTENTE, vestigios de impurezas

incluyen acetato de etilo, pero bien por debajo del minimo

cuantificable de 0,1 equivalente en moles.

EJEMPLO 127

Paso a)

6-Etil-8-fluoro—[ (4-matoxifenil)sulfonil]-2-piridin-3-il-5,6-

dihidrofsnantridina
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Una solucién agitada de 2-bromo-6-etil-8-fluoro-5-[ (4-
metoxifenil)sulfonil]5, 6-dihidrofenantridina (0,35 g, 0,73
mmol) y &cido 3-piridinoborénice (0,09 g, 0,73 mmol) en
tetrahidrofurano (8,0 ml) se tratd bajo nitrégeno con un
complejo [1,1’-bis(difenilfosfino) ferroceno]ldicloropaladio
(II) con diclorometano (18,0 mg, 0,02 mmol) y una solucidén de
hidréxido de sodio 5 N (0,29 ml, 1,46 mmol). La mezcla de la
reccidn se calentd a reflujo durante doce horas, se enfrié a
temperatura ambiente, y el solvente se removié en vacio. El
residuo se disolvié en acetato de etilo (25 ml) y se extrajo
con una soluclén de cloruro de sodio acuoso saturado (10 ml).
La fase acuosa se extrajo tamblién con acetato de etilo (2 x 25
ml). La fase orgénica combinada se secd sobre sulfato de
magnesio anhidro, se filtrdé y se concentrd en vacio hacia un
aceite marrén. El1 aceite marrén se purificé mediante
cromatografia de 1liquido preparativa sobre una columna
Biotage® 40 Mi de gel de silice previamente envasado (90 g},
levigando con un gradiente de 20% - 75% de acetato de etilo en
hexano, para dar el compuesto del titulo (0,26 g, 75%) como un
sélido blanco homogéneo;

MS [(+ESI), m/z]: 475 [M+H]*;

H NMR (500 MHz, DMSO-ds) &: 0,89 (t, J= 7,2 Hz, 3H), 1,13 -
1,27 (m, 1H), 1,39 - 1,45 (m, 1H), 3,61 (s, 3H), 5,12 (dd, J =
10,0, 5,5 Hz, 1H), 6,60 (ddd, J = 8,9, 3,0, 2,1 Hz, 2H), 6,95

(td' J = B,gp 3'1 Hz' 1H’, 7,05 (ddd, J = Bpgp 3,0, 2'0 Hz'
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2H), 7,14 (dd, J = 9,3, 2,8 Hz, 1H), 7,46 (dd, g = 7,2, 4,8
Hz, 1H), 7,70 (d, J = B,3 Hz, 1H), 7,73 (dd, J = 8,6, 5,6 Hz,
1H), 7,77 (dd, J = 8,5, 2,1 Hz, 1H), 8,09 (d, J = 2,1 Hz, 1H),
8,19 (ddd, J = 8,1, 2,4, 1,5 Hz, 1H), B,55 (dd, J = 4,8, 1,5
Hz, 1H)}, 9,00 (d, J = 1,9 Hz, 1H);

Andlisis calculado para C;7HzaFN203S: C, 68,34; H, 4,89; N,

5,90. Hallado: C, 68,05; H, 5,01; N, 5,63.

Psao b}
4-[ (6-Etil-B-fluoro-2-piridin-3-ilfenantridin-5 (6H)~

il) sulfonil) fenol

Uns suspension agitada de 6-etil-8-fluoro-5-[ (4~
metoxifenil)sulfonil]-2-piridin-3-11-5, 6~dihidrofenantridina

(0,24 g, 0,51 mmol) y ciclohexeno (11,4 ml, 9,22 mmol) se
traté a temperatura ambiente bajo nitrégeno con una solucién
de tribromuro de boro 1,0 en diclorometano (3,1 ml, 3,1 mmol).
Después de agitar durante 20 horas a temperatura ambiente, la
reaccidén se enfridé con una solucién de bicarbonato de sodio
acuoso saturado (100 ml) y se extrajo con diclorometano (6 x
20 ml). La fase orginica combinada se secé sobre sulfato de
sodio anhidro, se filtré y el solvente se concentré en vacio.
El residuo crudo se trituré con hexano, se filtré y. se

recristalizd desde diclorometano-metancl para dar el compuesto



354

del titulo como un sélido cristalino blanco homogéneo (0,17 g,
73%), punto de fusidén 195°C-200°C;

MS [(+ESI), m/z]: 461 [M+H]*;

'H NMR (500 MHz, DMSO-dg) &: 10,22 (br s, 1H), 9,27 (d, J =
2,0 Hz, 1H), 8,78 (m, 2H), 8,22 (d, J = 2,1 Hz, 1lH), 7,94 (dd,
J=- 8,1, 5,5 Hz, 1H), 7,86 (dd, J = 8,4, 2,2 Hz, 1H), 17,79
(dd, g = 8,8, 5,5 Hz, 1H), 7,75 (d, J = 8,4 Hz, 1H), 7,17 (dd,
Jd=9,2, 2,7 Hz, 1H), 7,01 (td, o = 8,8, 2,7 Hz, 1H), 6,96 (d,
J = 8,9 Hz, 2H), 6,39 (d, J = 8,9 Hz, 2H), 5,13 (dd, J = 9,9,
5,4 Hz, 1H), 1,43 (m, 1H), 1,23 (m, 1H), 0,88 (t, J = 7,2 Hz,

3H).

‘l??é

£
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REIVINDICACIONES

1. Un compueato de las férmulas (I) o (II) que tienen la

estructura
Res Rao
R
308
Ras N Ras
Ras | Ras
0=5=0
Ras Ray
pOOs
R
) ()
en donde

Ri, Rz, Ra, Ry, Ry, Ry, Re, Rig, R11;, Rj2, Riy, Y Ris son cada uno
independientemente hidrégeno Ri7, monoflucorcalquilo,
monofluoroalquenilo, aril-Rie-, heteroaril-Rjg-,
hidroxialquilo, HO-R;g-, Ri7—X-Rig-, HS-Rig-, Ri17-5(0)-,
R17-8(0)2-, R17-503~, R1»~S{0)}2NR-, -N(R)2, -NR-C(NHz)=NR,
ciano, nitro, halégeno, -OR, -SR, -8SO3R, -S(0)zN(R)2,
-C(O)R, -C(R)=N-OR, -C (NHz) =NR, -CO2R, -0C (O) R, o
-C(O)N(R)2; o se toman junto con Rpy; ©0 Rp-; unido con un

grupo -alquileno-, o -X-alquileno-;
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Rs es hidrégeno, R;j;, monofluorocalgquilo, monofluoroalquenilo,
aril-Ris~, hetercaril-Ris—-, hidroxialquilo, HO-Ris—,
R17-X-Rj¢-, HS~-Rj¢-, -CR{0), -CO2R, o -C(O)N{(R)a; o R, puede
tomerse Junto con R¢ © R; y unirse con un grupo
-alquileno- o -X-alquileno-;

R¢ es hidrégeno, R;;, monofluoroalquilo, monofluorocalquenilo,
aril-Ri¢-, hetercaril-R,¢—, hidroxialquilo, HO-Ri¢—,
Ri7-X-Rjg-, HS-Rig-, -CR{0), -COzR, o -C{O)N({R)a; o R, puede
tomarse junto con Rs © Ry y unirse con un grupo
-alquileno- o -X-alquileno-;

Ria es R, Riy—-X-Ri¢-, R17-S(0)-, R17-S(0)2-, -SO3R, -5(0)2N(R)z, ©
D-glucuronidato;

Ris es -alquileno-, -cicloalquileno-, -alquileno-X-alquileno-,
-alquileno-X-cicloalquileno-,
-cicloalquileno-X-algquileno-, o
~cicloalquileno-X-cicloalquileno-;

Ri7 es alquillo, arilo, hetercarilo, ciclocalquilo, alquenilo,
cicloalquenilo, alquinilo, alquenil-X-alquileno-,
cicloalquenil-X-alquileno-, o perfluorcalquilo;

R es, independientemente, hidrégeno, alquilo, alquenilo,
alquinilo, cicloalquilo, cicloalquenilo,
monofluorcalquilo, perfluorcalquilo, arilo, arilalquilo,
heteroarilo, heterocarilalquilo, hidroxi-alquilo {de

C2-Cg), alcoxialquilo, alquiltiocalquile, formilo, acilo,
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alcoxicarbonilo, -C{0)NH,, alquilaminocarbonilo,
dialquilaminocarbenilo, alquilaminoalquilo, o
dialquilaminoalquilo; o© cuando un Atomo contiene dos
grupos R, los grupos R pueden tomarse juntos unidos con
un grupo -alquileno-;

X es O, -NR-, -S$(0)p-, -C(O)-, -OC(O)-, -C{O)O-, -NRC(O)-, o©
-C(O)NR-;

mes 0, 1, o 2;

pes?2, 3, 6, 7, 8, 9, 12, 13, o 14;

Rz1, Rz2, R2a, Raay Rz7, Ra29, Razs, Rao, Raa, Ris, Riye, Y Rss son,
independientemente, hidrégeno, Riy, monofluorocalquilo,
monofluorocalquenilo, aril-Ri¢—, heteroaril-R;s—,
hidroxialquilo, HO-Rjg~, Ri7-¥-Rig—, HS-Rie-, Ri17-8(0)-,
R17-8(0)z-, R17-803-, Ry;y-S5(0)2NR-, =N(R)2, -NR-C(NHz)=NR,
ciano, nitro, halégeno, -OR, =-SR, -8O03R, +~5(0)a2N(R)2,
-C(O)R, -C(R)=N-OR, -C (NHz) =NR, -CO2R, -0C(O)R, o
-C{O)N(R)2; o se toman junto con Rqi © Rg-1 unido con un
gruop -alguileno-, o -Y-alquioleno-;

Ras es hidrégeno, R;;, monofluorocalquilo, monofluoroalquenilo,
aril~-Ris—, heterocaril-Rys—, hidroxialquil, HO-Ri¢-,
R;7-Y-Ryjg-, HS-Ri6~, -CR{0), ~-COz:R, o -C{O)N(R)2; o Ras puede
tomarse Jjunto con Ry 0 Rz; y unirse con un grupo
~alquileno- o -Y-alquileno-;

Rz es hidrégeno, R;;, monofluorcalquilo, monofluoroalquenilo,

aril-Ri¢-, heteroaril-R;¢-, hidroxialquilo, HO-Ri¢-,
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R17~Y=-Rig~, HS-Ri;6—, -CR(0O), -COzR, o -C({O)N(R)2; © Rz¢ puede
tomarse Jjunto con Rzs o Rz y unirse con un grupo
~alquileno- o -¥Y-alquileno-;

Ry2 @8 R, R11-Y-Ry-, R17-S(0)-, R17-8(0)z—, -S5O3R, -8(0)a2N(R)2, o
D-glucuronidato;

Y es O, -NR-, -5(0)p-, -C{O)-, -OC(O)-, =-C(O)O-, -NRC(O)-, o©
-C({O}NR-;

nes0, 1, o 2;

q es 22, 23, 26, 27, 28, 29, 32, 33, o 34;

© una sal farmacéuticamente aceptable de él.

2. El compuesto de acuerdo con la reivindicacién 1, en donde
el compuesto es de la férmula (I) o una sal farmacéuticamente

aceptable de él.

3. El compuesto de acuerdo con la reivindicacién 2, en donde

R,, es hidrégeno, o una sal farmacéuticamente aceptable de él.

4. El compuesto de acuerdo con la reivindicacién 3, en donde
Ry, Ra, Rs, Ry, Ry, Re» Re, Rio, Rii, Riz2, Riq, ¥y Ris son cada uno

independientemente, hidrégeno, R,,, aril-R ., Ri-X-Ris~,

hidroxialquilo, HO-R halégeno, -OR, -COR, o -CO,R;

16 *
R, ¥ R, son cada uno independientemente, hidrégeno o R,,;

R, es -alquileno-;
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R,, es alquilo, arilo, heteroarilo, o perfluoroalquilo;

R es hidrdgeno o alquilo; o una sal farmacéuticamente

aceptable de él.

5. El compuesto de acuerdo con la reivindicacién 1, en donde
el compuesto es de la férmula (II) o una sal farmacéuticamente

aceptable de é&l.

6. El compuesto de acuerdo con la reivindicacién 5, en donde

R,, es hidrégeno, o una sal farmacéuticamente aceptable de él.

7. El compuesato de acuerdo con la reivindicacién 6, en

donde:

R2i, R2z, Ra23, Rzes» R27, Ras, R2s, Riyo, Raz, Ras, Raa, Y Ras son cada

aril-R

uno independientemente, hidrégeno, R 16=1

117

Ri17~Y-Rig-, hidroxialquilo, HO-R, .-, halégeno, -OR, -COR, o
-CO,R;
Ras ¥ Rz son cada uno independientemente hidrégeno o R,,;

R,. es -alquileno-;

16

R,, es alquilo, arilo, heterocarilo, o perfluoroalquilo;

17

R es hidrégeno o alquilo; o una sal farmacéuticamente

aceptable de él.

8. El compuesto de acuerdo con la relvindicacién 1, que es



a)
b)
c)
d)
e)

£}

g)
h)
1)
1)
k)
1)

m)

n)

o)

P)

q)

r)

s)

t)
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4-[ (6-metilfenantridin-5(6H)-il)sulfonil] fenol;
4-{[(S)-6-metilfenantridin-5(6H)}-il]sulfonil}fenol;
4-{[(R)-6-metilfenantridin-5(6H) -il]sulfonil}fenol;

4-[ (2-bromo-6-metilfenantridin-5(6H) -il) sulfonil] fenol;
2-metil-4-[(6-metilfenantridin-5(6H)-il)sulfonil] fenol;
4-[(2-bromo-6-metilfenantridin-S(6H)-il)sulfonil]-2-
metilfenol;

4-[ {6-butilfenantridin-5(6H})-il}sulfonil] fenol;

4-[ (2-bromo-6-butilfenantridin-5(6H)-11)sulfonil) fenol;
4-[ (6-fenilfenantridin-5(6H)-il)sulfonil] fenol;
4-{[{S)-6-fenilfenantridin-5(6H)-il]sulfonil) fenol;
4-{[(R)-6-fenilfenantridin-5(6H)-1i1]sulfonil}fenocl;

4-[ (2-bromo-6-fenilfenantridin-5(6H)-il)sulfonil] fenol;
2-promo-4-[ (2-bromo-6-fenilfenantridin-5 (6H) ~
i1l)sulfonil] fenol;
4-[(6-terc-butilfenantridin-5(6H)-il)sulfonil] fenol;
4-{[(R)-6-terc-butilfenantridin-5(6H)-
il]lsulfonil}fenol;

4-{[ (S)-6-terc-butilfenantridin-5(6H) -
il)sulfonil}fenol;

4-[ (2-bromo-6-terc-butilfenantridin-5(6H) -

il)sulfonil] fenol;
4-[(6-etilfenantridin-5(6H)-il)sulfonil) fenol;

4-[ (2-bromo-6-etilfenantridin-S(6H)-il)sulfonil] fenol;

4-[ (6-etilfenantridin-5(6H)-11)sulfonil]-2-metilfenol;
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u) 4-[ (2-bromo-6-etilfenantridin-5(6H)-il)sulfonil]-2-
metilfenol;

v) 4-{[(S*)-6-[ (R*)-1-metilpropil] fenantxridin-5(6H) -
il]sulfonil}fenol;

W) 4-[ (6-metilfenantridin-5(6H)-11)sulfonil]benceno~1, 2-
diol;

x) Acido 2-hidroxi-5-[ (6-metilfenantridin-5(6H) -

il)sulfonil]benzoico;

y) etil 2-atoxi-5-[(6-metilfenantridin-5(6H) -
il)sulfonil]benzoato;

z) 2-(hidroximetil)-4-[ (é6-metilfenantridin-5(6H)-
il}sulfonil) fenol;

aa) 2~hidroxi~-5-[ (6-metilfenantridin-5(6H)-
il)sulfonil]benzaldehido;

bb) 4-[(6-etil-2-tien-3-ilfenantridin-5(6H)-

il)sulfonil] fenol;

cc) 4-{[6-etil-2-(3-metoxifenil) fenantridin-5(6H) -
il}sulfonil}fenol;
dd) 3-{6~etil-5~-[(4-hidroxifenil)sulfonil]-5, 6~

lihidrofenantridin-2-il}fenol;

ee) 4=-[{2~dibenzo[b,d] furan-4-il-6-etilfenantridin~5(6H) -
il)sulfonil] fenol;
££f) 4-[ (8~fluoro-6-metilfenantridin-5(6H) -

1l)sulfonil] fenol;
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hh)

i1)
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kk)

11)

mm)

nn)

oo)

PP)

qq)

rr)

8s)

tt)
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4-{[(S)-8-fluoro-6-metilfenantridin-5(6H) -
il]lsulfonil}fenol;

4-{[ (R)-8-fluoro-6-metilfenantridin-5(6H) -
il]sulfonil}fenol;
4-[(8-fluoro-6-metilfenantridin-5(6H)-il)sulfonil]-2-
metilfenol;

5-[(4-hidroxifenil)sulfonil]-6-metil-5, 6~
dihidrofenantridin-9-ol;
5-[(4-hidroxi-3-metilfenil)sulfonil]-6-metil-5, 6-
dihidrofenantridin-9-o0l;
5-[(4-hidroxi-3-metilfenil)sulfonil]-6-metil-5, 6-
dihidrofenantridin-7-ol;

5-[(4-hidroxifenil)sulfonil] -6-metil-5, 6—
dihidrofenantridin-7-ol;
4-[(6-etil-8-fluorofenantridin-5(6H)-11)sulfonil}fenol;
4-[(6-etil-8-fluorofenantridin-5(6H)-il)sulfonil]-2-
metilfenol;
4-[(6-etil-7-metilfenantridin-5(6H)-il)sulfonil] fenol;
4-[(6-etil-9-metilfenantridin-5(6H)-il)sulfonil] fenol;
4-[ (2-bromo-6-etil-8-fluorofenantridin-5(6H) -
1l)sulfonil] fenol;

4-[ (2-bromo-8-fluoro-6-metilfenantridin-5(6H) -
i1l)sulfonil] fenol;
2-cloro-4-[(6-etil-8-fluorofenantridin-5(6H)-

il)sulfonil] fenol;
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bbb)

cee)

ddd)

eee)
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4-[(6-etil-8-fluoro-2-fenilfenantridin-5(6H)-
il)sulfonil] fenol;
3-{(8-fluoro-6—metilfenantridin-5(6H) -

il)sulfonil] fenol;

2-fluoro-4-[ (8-fluoro-6-metilfenantridin-5(6H) -
il)sulfonil] fenol;
4-[(8-fluoro-6-metilfenantridin-5(6H)-

il) sulfonil]lbenceno-1, 2-diol;
4-[(6-etil-B8-fluoro-2-metilfenantridin-5(6H)-
il)sulfonil] fenol;

4-[ (6-etil-8-fluoro-2-tien-3-ilfenantridin-5(6H) -
il)sulfonil] fenol;

3,3-dimetilbutancato de 4-[(6-etil-8-fluorofenantridin-
5(6H)-il)sulfonil] fenilo;

propionato de 4-[(6-etll-B~fluorofenantridin-5(6H) -
il)sulfonil]fenilo;

benzoato de 4-[ (6-etil~-8-fluorofenantridin-5(6H) -
il)sulfonil) fenilo;

2-fluoro-4-[ (6-metilfenantridin->5(6H)-
il)sulfonil]fenol;

4-[ (2-bromo-6-metilfenantridin-5(6H)-il)sulfonil]~2-
fluorofenol;

4-[ (6~metilfenantridin-5(6H)-il)sulfonil] -2~

(trifluorometil) fenol;

=
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2,6-dimetil-4-[(6-metilfenantridin-5(6H)-
il)sulfonil] fenol;
4-[(6,8-dimetilfenantridin-5(6H)-il)sulfonil}l fenol;
4-{(8-cloro-6-metilfenantridin-5(6H)-il)sulfonil])fenol;
4-[(2-bromo-8-cloro~6-metilfenantridin-5(6H)-
il)sulfonil] fenol;
2-{6-etil-5-((4-hidroxifenoil)sulfonil}-5, 6~
dihidrofenantridin-2-il}fenol;

4-{[6-etil-2-[4~- (metiltio)fenil] fenantridin-5(6H)~-
il)sulfonil}fenol;

4-{[6-etil-2-[(B)-2-feniletenil) fenantridin-5(6H)-
il]sulfonil)fenol;
4-{{2-(1,1'-bifenil-4-11)~6-etilfenantridin-5(6H)~
il]sulfonil}fenol;
4~{[2-(3-clorofenil)-6~-etilfenantridin-5 (6H) -
il]lsulfonil}fenol;
4-[(6-etil-2~quinolin-8-ilfenantridin-5(6H) -
il)sulfonil] fenol;
4~[(6-etll-2-fenilfenantridin-5(6H)-11)sulfonil] fenol;
4-{{6-etil-2-(2-metilfenil) fenantridin-5S(6H)-
il]sulfonil}fenol;

4-[ (6-etil~2-tiantren-l1-ilfenantridin-5{6H) -
il)sulfonil] fenol;
4-{[2-(1-benzofuran-2-il)-6-etilfenantridin-5(6H) -

illsulfonil}fenol:



365 1;55’
5

uuu) 4-{[6-etil-2-(4-hidroxifenil) fenantridin-5 (6H) -
il]sulfonil}fenol;

vvv) 4-{[2-(2-clorofenil)-6-etilfenantrlidin-5 (6H) -
il]lsulfonil)fenol;

wWWW) 4-{[6-etil-2-(4-etilfenll) fenantridin-5(6H)-
il)sulfonil}fenol;

XXX) 1-(5-{6-etlil-5-[(4-hidroxifenil)sulfonil]-5, 6-
dihidrofenantridin-2-il}tien-2-il)etanona;

YYyy) 5-{6-etll-5-[ (4-hidroxifenil)sulfonil]-5, 6-
dihidrofenantridin-2-iljpirimidina-2,4-diol;

ZZZz) 4-{[6-etil-2-(2-hidroxifenil) fenantridin-5 (6H) -
il]sulfonil}-2-metilfenol;

aaaa)} 4-[(6-etil-2-tien-3-ilfenantridin-5(6H)-1il)sulfonil]-2-
metilfenol;

bbbb) 4-{[6-etll-2-[4-(metiltio)fenil]fenantridin-5(6H)-
il]sulfonil}-2-metilfenol;

cccc) 4-{[6-etil-2-[(E)-2-feniletenil)fenantridin-5(6H)-
il]sulfonil}-2-metilfenol;

dddd) 4-{6-etil-5-[(4-hidroxi-3-metilfenil)sulfonil]-5, 6~
dihidrofenantridin-2-il}benceno-1,2~diol;

eeee) 4-{[2-(1l,1'-bifenil-4-il)-6-etilfenantridin-5(6H)-
il]sulfonil}-2-metilfenol;

Efff) 4-{[6-etil-2-(3-hidroxifenil)fenantridin-5(6H)~-

iljsulfonil}-2-metilfenol;
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4-{[2~- (3-clorofenil)-6-etilfenantridin-5(6H) -
illsulfonil}-2-metilfenol;
4-{[6-etll-2-[(E)-hept-l-enil] fenantridin-5(6H)~-
illsulfonil}-2-metilfenol;
4-[{6-etil-2-piridin-~4-ilfenantridin-5(6H)-
1l)sulfonil]-2-metilfenol;

4-[ (6-etil-2-quinclin-8-ilfenantridin-5(6H)-
il)sulfonil]-2-metilfenol;
4-{[6-etll-2-(2-metilfenil)fenantridin-5(6H) -
il)sulfonil}-2-metilfenol;
4-{[2-(1-benzotien-2-jil)-6-etilfenantridin-5(6H) -
illsulfonil}-2-metilfenol;

4—-{[2~ (1-benzotien-3-il)-6~etilfenantridin-5(6H) -
il}sulfonil}-2-metilfenol;

4-[ (2-dibenzo(b,d] furan-4-il-6-etilfenantridin-5(6H) -
il)sulfonil]-2-metilfenol;
4-{[2-(1-benzofuran—-2-il)-6-etilfenantridin-5(6H) -
il]lsulfonil}-2-metilfenol;
4-{[6-etil-2-~(4-hidroxifenil) fenantridin-5(6H)-
il]sulfonil}-2-metilfenol;
4-{[2-(2-clorofenil)-6-etilfenantridin-5(6H)~
il]sulfonil}-2-metilfenol;

4-{[6-etil-2- (4-etilfenil) fenantridin-5(6H)-

il]sulfonil}-2-metilfenol;
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8333) 1-(5-{6-etil-5-[(4-hidroxi-3-metilfenil)sulfonil]-5, 6-
dihidrofenantridin-2~il}tien-2-1i)etanona;

tttt) 5-{6-etil-5-[{4-hidroxi-3-metilfenil)sulfonil]-5, 6-
dihidrofenantridin-2-il)}pirimidina-2,4-diol,

0 una sal farmacéuticamente aceptable de él.

9. Una composicién farmacéutica que comprende un compuesto de

las férmulas (I) o (II) que tienen la estructura

0 (n

en donde

Ri, R2, Ra, Ry R1, Rs, Ry, Rip, Ri1, Ri2, Ris, Yy Rys son cada uno
independientemente, hidrégeno, R;;, monofluoroalquilo,
monofluorocalquenilo, aril-Ry¢-, heteroaril-Ris-,
hidroxialquilo, HO-Rig-, Ri7-X-Ri¢~, HS-Rig~, R17-S(0)-,
R17-8(0) 2=, R17-503-, R17-S(0)2NR-, -N(R)2, -NR-C(NH;)=NR,

ciano, nitro, halédégeno, -OR, -SR, =-SOsR, -S({0)aN(R)2z,



¢\

-C(O)R, -C(R)=N-OR, -C (NH; ) =NR, -COzR, =0C(O}R, o
-C(O)N(R)2; © se toman junto con Rga © Rp-1 unido a un
grupo —alquileno-, o -X-alquileno-;

Rs es hidrégeno, R;7, monofluorocalquilo, monofluorcalquenilo,
aril-Ry¢—, heteroaril-R;e-, hidroxialquilo, HO-Ri6—,
R17=-X-Ri16=, HS-Ryi4-, -CR{O), -COzR, o -C(O)N{(R)3z; © R, puede
tomarse junto con R¢ o Ry y unirse con un grupo
-alquileno- o -X-alquileno-;

R¢ es hidrdgeno, R;7, monofluocroalgquilo, monofluorcalquenilo,
aril-Ri¢-, heteroaril-Ri¢-, hidroxialquilo, HO-Rj6-,
Ri7—X-Ri¢-, HS-Ri6-, -CR(O), -COzR, o -C({O)N(R)2; o R, puede
tomarse Jjunto con Ry o Ry y unirse con un grupo
-alquileno- o -X-alquileno-;

Ri3 es R, Ryy-X-Rye~, R17-8{0)-, R1—-8(0}2—, -SOsR, -S(O)z:N{R)a2, o
D-glucuronidato;

R;¢ es -alquileno-, =-ciclealquileno-, -alquileno-X-alquileno-,
-alquileno-X-cicloalquileno~,
-cicloalquileno-X-alquileno-, o
~cicloalquileno-X-cicloalquileno-;

Ri17 es alquilo, arilo, heteroarilo, cicloalquilo, alquenilo,
cicloalquenilo, alquinilo, alquenil-X-alquileno-,
cicloalquenil-X-alquileno-, o perfluorcalquilo;

R es independientemente hidrégeno, alquile, alquenilo,

alquinilo, cicloalquilo, cicloalquenilo,
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monofluorocalquilo, perfluoroalquilo, arilo, arilalquilo,
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hetercarilo, heteroarilalquilo, hidroxi-alquilo {de
C2-Cs), alcoxialquilo, algquilhiocalquilo, formilo, acilo,
alcoxicarbonilo, =C (O)NH,, alquilaminocarbonilo,
dialquilaminocarbonilo, alquilamincalquilo, o
dialquilaminoalquilo; o cuando un &tomo contiene dos
gruocps R, los grupos R pueden tomarse juntos unidos a un
grupo -alquileno-;

X es O, -NR-, -S(0)gy-, -C{O0)-, -OC{O})-, -C(O0)O-, -NRC(O)=, o
-C(O)NR-;

mes 0, 1, o 2;

pes 2, 3, 6, 7, 8, 9, 12, 13, o 14;

Ra1, Ra2, Ras, Razqy, Rz7, Raa, Ra2y, R3zo, Rai, Raz, Ry, ¥y Rys son,
independientemente, hidrégeno, Ri;; monofluorcalquilo,
monofluorocalquenilo, aril-Rig-, heteroaril-Ri¢-,
hidroxialquilo, HO-Ris~; Riy7-¥-Ris-, HS-Ris-, R11-5(0)-,
R17-8(0)2-, R17-503-, R17-S(0)2NR-, -N(R)z, -NR-C(NH2}=NR,
ciano, nitro, haldgeno, -OR, =SR, =-SOs3R, -S(0)2N(R)a,
-C(O)R, -C(R)=N-0OR, -C (NHz) =NR, -COzR, -OC{O)R, . ]
-C{O)N(R)2; o se toman junto con Rgan © Rg1 unido a un
grupo -alquileno-, o -Y-alquileno-;

Rzs es hidrégeno, R;7, monofluorcalquilo, monofluoroalquenilo,
aril-R;¢~-, heteroaril-Ris—, hidroxialquilo, HO-Ry6~,

Ri7-Y-Ryig—, HS-Rig~, -CR(O), -CO2R, o -C(O)N{R)2; © Ras puede
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tomarse Jjunto con Rz 0 Rz Yy unirse con un grupo
—alquileno- o -Y-alquileno-;

R2¢ es hidrégeno, Ri7, monofluorocalquilo, monofluoroalquenilo,
aril-Ri¢-, heterocaril-Ri¢—, hidroxialquilo, HO-Rig—,
R17-Y-Rj6-, HS-Rig-, —-CR{O), -CO2R, o -C{O}N(R)2; o Rzs puede
tomarse junto con Ry © Rz y unirse con un grupeo
-alquileno- o -Y-alquileno-;

Ri2 es R, Ry;7-Y-Rig~, Ri17-S(0)-, R19-S(0)2-, -S03R, -5(0)2N(R)2, ©
D-glucuronidato;

Y es O, -NR-, -S(Q)p-, -C(O0)-, -0C(O)-, -C{0)O-, -NRC(O)-, o
-C(O)NR-;

nes?0, 1, o 2;

q es 22, 23, 26, 27, 28, 29, 32, 33, o 34;

0 una sal farmacéuticamente aceptable de él y un portador

farmacéuticamente aceptable.

10. Un método de tratamiento o inhibicién de una enfermedad
inflamatoria c¢rénica en un mamifero que lo necesita, que
comprende administrar al mamifero mencionado una cantidad

eficaz de un compuesto de acuerdo con la reivindicacién 1.

1l. Un método de tratamiento o© 1nhibicién de artritis
reumatoide, espondiloartropatiag, ostecartritis, artritis

soridsica, o artritis juvenil en un mamifero que lo necesita,



que comprende administrar al mamifero mencionado una cantidad

eficaz de un compuesto de acuerdo con la reivindicacién 1.

12. Un método de tratamiento o inhibicién de enfermedad
intestinal inflamatoria, enfermedad de Crohn, colitis
ulcerativa, © colitis indeterminada en un mamifero que 1lo
necesita, que comprende administrar al mamifero mencionado una
cantidad eficaz de un compuesto de acuerdo <con la

reivindicacién 1.

13. Un método de tratamiento o inhibicién de la soriasis en un
mamifero que lo necesita, que comprende administrar al
mamifero mencionado una cantidad eficaz de un compuesto de

acuerdo con la reivindicacién 1.

14. Un método de tratamiento o inhibicién de asma o enfermedad
pulmonar obstructiva crénica en un mamifero que lo necesita,
que comprende administrar al mamifero mencionado una cantidad

eficaz de un compuesto de acuerdo con la reivindicacién 1.

15. Un método de tratamiento o inhibicién de ataque, isquemia
o lesién por reperfusién en un mamifero que lo necesita, que
comprende administrar al mamifero mencionado una cantidad

eficaz de un compuesto de acuerdo con la reivindicacién 1.
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l16. Un método para disminuir los niveles de colesterol,
triglicéridos, Lp(a), Yy LDL; para inhibir o] tratar
hipercolesteremia, hiperlipidemia, enfermedad cardiovascular,
aterosclerosis, sindrome coronario agudo, enfermedad vascular
periférica, restenosls, o vasoespasmo en un mamifero que lo
necesita, que comprende administrar al mamifero mencionado una
cantidad eficaz de un compuesto de acuerde <c¢on la

reivindicacién 1.

17. Un método de tratamiento o inhibicidén de enfermedad de
Alzheimer, decadencia cognitiva, o demencia senil en un
mamifero que lo necesita, que comprende administrar al
mamifero mencionado una cantidad eficaz de un compuesto de

acuerdo con la reivindicacién 1.

18. Un método de tratamiento o inhibicion de diabetes tipo II
en un mamifero que lo necesita, que comprende administrar al
mamifero mencionado una cantidad eficaz de un compuesto de

acuerdo con la reivindicaciédn 1.

19. Un método de tratamiento o© inhibicién de sepsis en un
mamifero que lo necesita, que comprende administrar al
mamifero mencionado una cantidad eficaz de un compuesto de

acuerdo con la reivindicaciédn 1.
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A, Clasificacién de la Materia:
IPC 7 C07D221/12 C07D401/04, C07D405/04, C07D409/04,

A61K31/473, A61P9/00, A61P29/00, A61P11/00, A61P25/00

De acuerdo con la Clasificacién Internacional de Patentes

(IPC) o con la clasificacién nacicnal e IPC.

B. Campos de Bisqueda:

Documentacién minima buscada (sistema de clasificacién seguido
por simbolos de clasificacién)

IPC 7 CO7D A61K A6lP

Documentacién buscada ademds de la documentacién minima en la
medida en que tales documentos estdn incluidos en los campos
de busqueda:

Base de datos electrénica consultada durante 1la bisqueda
internacional (nombre de la base de datos y, si es posible,
términos de bilisqueda usados):

EPO-Internal, WPI Data, PAJ, BEILSTEIN Data, CHEM ABS Data
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C. Documentos Considerados Relevantes

(S

Categoria* |Cita de documento, 1indicando, |Relevante para la
sl corresponde, los pasajes |reivindicaci6n N°
relevantes

A WO 02/05616 A (BYK GULDEN|1, 9
LOMBERG CHEM FAB; GUTTERER
BEATE (DE)) 24 de enero de 2002
(24-01-2002)
reivindicaciones

A WO 99/05113 A (BYK GULDEN|1, 9
LOMBERG CHEM FAB; GUTTERER
BEATE (DE)) 4 de febrero de
1999 (4-02-1999)
reivindicaciones

P, A L. ULMER ET AL: “Preparacién yl|1l

caracterizacién de derivados de
sulfonil-azafuleroide Yy
sulfonilaziridino~fulereno”

EUR. J. ORG. CHEM., N° 15,
2003, paginas 2933-2940,
XP002278868

el documento completo

[1 Se mencionan otros documentos en la continuacién del

Casillero C.
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[x] Los miembros de la familia de patentes aparecen en el

anexo.

* Categorias especiales de documentos citados:

*A”: documento que define el estadc general del arte que no se
considera de particular relevancia

"E”: documento anterior pero publicadoc en 1la fecha de
presentacidén internacional o con posterioridad a ella.

“L”: documento que puede arrojar dudas sobre la reivindicacién
de prioridad o que se cita para establecer la fecha de
publicacién de otra «cita o por otra razén especial
(especificada).

*0”: documento que refiere a una revelacién oral, uso,
exhibicién u otro medio.

"P”: documento publicado antes de la fecha de presentacién
internacional pero con posterioridad a la fecha de prioridad
reivindicada.

"T”: documento posterior publicado con posterioridad a la
fecha de presentacién internacional o a la fecha de prioridad
y que no esta en conflicto con la solicitud pero citado para
comprender un principio o teoria que sustenta la invencién.
“X”: documente de particular relevancia: la invencién
reivindicada no puede <considerarse nueva o0 no puede
considerarse que implica un pasc¢ inventivo cuando el documento

se toma solo.
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“Y”: documento de particular relevancia: la invencién
reivindicada no puede considerarse que implica un paso
inventive cuando el documento se combina con otro u otros
documentos, siendo dicha combinacién obvia para un experto en
el arte.

*&”: documento miembro de la misma familia de patentes.

Fecha de la finalizacién efectiva de la busqueda
internacional: 4 de mayo de 2004

Fecha de envio del informe de bisqueda internacional: 18-05-04
Nombre y domicilio para correspondencia de la ISA:

Oficina de Patentes Europea, P.B. 5818 Patentlaan 2

NL - 2280 HV Rijswijk

Tel: (31-70)340-2040

Télex: 31 651 epo nl

Fax: (31-70)340-3016

Funcionario autorizado: Chouly, J

Formulario PCT/ISA/210 (pagina dos) {(enero de 2004)
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CASILLERCO IX. Observaciones cuando se hallé que ciertas
reivindicaciones no son buscables (Continuacién del punto 1 de
la pagina 1)

Este Informe de Bildsqueda Internacional no se ha establecido
con respecto a ciertas reivindicaciones conforme a la Cl&usula

17(2) (a) por los siguientes motivos:

1. [x] Las Relivindicaciones N°:

porque se relacionan con un objeto que no se requiere que sea
buscado por esta Autoridad, a saber:

Aunque las reivindicaciones 10-19 se refieren a un método de
tratamiento del cuerpo humano/animal, 1la biisqueda se ha
llevado a cabo y se ha basado en los efectos supuestos del

compuesto/composicién.

2. [] Las reivindicaciones N°:

porque se relacionan con partes de la Scolicitud Internacional
que no cumplen con los requisitos establecidos en una medida
tal que no se puede realizar wuna Bilsqueda Internacional

significativa; especificamente:
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3. [] Las reivindicaciones N°:
porque son reivindicaciones dependientes y no estdn redactadas
de acuerdo con la segunda y tercera oraciones de la Norma

6.4(a).

CASILLERO II. Observaciones cuando falta unidad de invencién
(Continuacién del punto 2 de la pagina 1)
Esta Autoridad Internacional hallé varias invenciones en esta

solicitud internacional, a saber:

1. [] Dado que la totalidad de los aranceles de bilisqueda
adicionales requeridos fueron abonados oportunamente por el
solicitante, este Informe de Bildsqueda Internacional cubre

todas las reivindicaciones buscables.

2. [] Dado que la totalidad de las reivindicaciones buscables
pudieron ser buscadas sin un esfuerzo que justifique un
arancel adicional, esta Autoridad no intimé al pago de ningin

arancel adicional.

3. [] Dado que solamente parte de los aranceles de bisqueda
adicionales requeridos fueron abonados oportunamente por el
solicitante, este Informe de Bisqueda Internacional cubre
solamente aquellas reivindicaciones para las cuales se

abonaron aranceles, especificamente las reivindicaciones N°:
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q. [1 NingGn arancel adicional requerido fue abonado
oportunamente por el Solicitante. En consecuencia, este

Informe de Biisqueda Internacional se restringe a la invencién
mencionada en primer lugar en las reivindicaciones; esté

cubierto por las reivindicaciones N°:

Observacidn sobre Protesto:

1 Los aranceles de busqueda adicionales estuvieron
acompafiados con el protesto del solicitante.

[] No se acompaild ningn protesto al pago de los aranceles de

blisqueda adicionales.
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7>

)

Documento de Fecha de Miembro(s) de Fecha de

Patente Citado |Publicacién familia de Publicacién

en informe de patentes

bisqueda

WO 0205616 A 24-01-2002 WO 8196501 A 30-01-2002
WO 0205616 A1l  24-01-2002

WO 9905113 A 4-02-1999 AT 228507 T 15-12-2002
AU 756349 B2 9-01-2003
AU 9154698 A 16-02-1999
CA 2297911 A1l  4-02-1999
DE 69809754 D1 9-01-2003
DE 69809754 T2 18-09-2003
DK 1000035 T3 17-03-2003
EE 200000032 A 16-10-2000
WO 9905113 Al 4-02-1999
EP 1000035 Al 17-05-2000
ES 2189235 T3 1-07-2003
HU 0003311 A2 28-03-2001
JP 200150827 T 7-08-2001
PL 338452 Al 6-11-2000
PT 1000035 T 30-04-2003
US 6121279 A 19-09-2000
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