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COMPRENDEN PARTES P2 N-CICLICAS.
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ANEXOS
Comprobante de pago dela tasa de presentaclén de ia solicitud

- E:] Documento que acredlta la existencia y representaclan legal cuando el solicitante sea persona jundica
- Poderes, si fuere el caso 4
m Documento de cesidn del inventor al solxmtante 0 a su causante

D Declaracmnes

, - | X | Copia dé la solicitud internacional, (Reéumen, descripcin, reivindicaciones, dibujos)

§ Traduccién de la solicitud interacional al castellano. (Resumen, descripeidn, reivindicaciones, dibujos)

- Copia del examen preliminar mtemacronal efectuado poria Autondad Internacional de Examen preliminar (IPEA)
D Traduccion del examen preliminar intemacnonal sfectuado por la |PEA
[:] De ser el caso, copia del contrato de ac:ceso

De ser ¢! caso, documento que acredlte la Iicencla v] autoﬁzamén de uso de conocimientos tradicionales de las comunidades
indigenas
De ser el caso, certificado de depésito del material biolégico

] Avte finai 12x 12

De ser el caso, informacién sobre otras solicitudes de patente o titulos obtenidos en el extranjero por el mismo titular o su
causante, relacionadas parcial o totalmente con la invencidn de esta solicitud
.‘ I::l De ser el caso, modificaciones efectuadas a la solicitud intermacional,

l X ] Otros:  Documento de Prioridad US No. 66/‘194,607 con su respectiva traduccion, Blsqueda Intemaciona
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Chen, Kevin X, citizen of the Umted States of America, residing at 44 Gill Lane, Apt. 1D, Iselin,

New Jersey 08830 USA

Arasappan, Ashok, citizen of lndta, residmg at 18 Larsen Court, Bridgewater, New Jersey
08807, U.8.A. _

Venkatraman, Srikanth, citizen of India, residing 35 Roanoke Street, Woodbridge, New Jersey
07095, U.S.A,

Parekh, Tejal N., citizen of India, res:dmg ait 39 Pikeview Lane, Woodbridge, New Jersey
07095 U.S.A, ;

Gu, Hammg, citizen of the Peoples Republic of Chma, residing at 558/70/303 Jiang Chuan
Load, Minhang, Shanghai 200240, F’eoples Repubilic of China.

Njoroge, F. George, citizen of Kenya, residing at 2597 Julaat Place, Union, New Jersey 07083,
U.S.A.

Girijavallabhan, Viyyoor M., citizen of the United States of America, res:ding at 10 Maplewood
Drive, Parsippany, New Jersey 07054 USBA

Ganguly, Ashit, citizen of the United States of America, resuding at 96 Cooper Avenue, Upper
Montclair, New Jersey 07043, U.S A :

Saksena, Aml citizen of the United States of America, residing at 53 Beverly Road, Upper

‘Montclair, New Jersey 07043, U.8.A,

Jao, Edwin, citizen of the United States of America, residing at 20 Crosswood Way, Warren,
New Jersey 07059, U.S.A.

Yao, Nanhua H., citizen of the Umted States of America, ressdmg at 12 Santa Luzia Alsle,
Irvine, Cahforma 92608, U.SA. __

Prongay, Andrew, J., citizen of the United States of America, resndmg at 104 Willow Grove
Road, Stewartsville, New Jersey 08886 U.S.A.

Madison, Vincent 8., citizen of the Unxted States of Am&nca, residing at 12 Ronarm Dnve,
Mountain Lakes, New Jersey 070486, U S.A.

Vibulbhan, Bancha, citizen of Thailand, residing at 201 North 24‘h Street, Kemlworth New
Jersey 07033, U.S.A.
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Efectuada el dia 20 de agosto de 2002, de un documento
escrito en Inglés, al cual para su identificacién se le
estampa el sello de Maria del Pilar Iglesias, Traductora g
Intérprete Oficial por Resolucién No. 819 del 15 de abril de
1971 expedida por el Ministerlo de Jﬂs$icma de la Republica
de Colombia. . .

Traduccién de las autentlcac;ones notar%ales y subsiguientes

correspondlentes a un Poder etorgadm por SCHERING CORPORATION

a CARLOS REINALDO OLARTE Y/O ALVARO CORR A ORDONEZ, documento

éste que viene en espaﬁcl y se expllca p‘r si solo.

' B CE T T R

La firma y cargo de  Edward - H. jMazér como Funcionario

Autorizado de la compaﬁia arriba*'aitada fueron debidamente
\

certificados por el Notario Publlco NormalGallina del Estado

de Nueva Jersey, segun consta en la Cer iiicac16n Notarial,

que también viene en :espaﬁol: Yy que. fue firmada por dicho

‘ Notario el 2 de'agosto deéé@?., quienituvo a la vista la

Escritura de Constitucién de 1la Compaﬁia riagf

abril de 1996 y el Certlficado de Constltuc;" actualizado al

16 de junio de 1997.
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APOSTILLA

(Convencién de La Haya del 5 de octubre de 1961)

1. Pais: Estados Unidos de América
El presente documento publico

2. Fue firmado por Norma Gallina

3. Que actud en su calidad de Notario Publico del Estado dé
Nueva Jersey.

4. Lleva el sello del mencionado Notario Piblico
Se certificd

5. En Trenton, Nueva Jersey 6. E1 9 de agosto de 2002

7. Por parte de John E McCormac, CPA, Tesorero de Nueva

' Jeﬁsey.
8. Bajo el Nimero Al156329.

9. Sello del Estado de Nueva Jersey

10. Firmado por John E McCormac 'gu?ﬂmmuMA“Fm

Es traduccién fiel y completa efectuada por.-hww" COLOMBIA
; M;m@pﬁmm
o TWAM““ x
s L @?2 @g,urg{-os: <
o : » .
c\C.41.339.183 de Bogotd dwfg_c!._,,! iﬁmf%;!;ynr
“Haria de T? o i
C.C. 413 de ruma

ntérprete Oi..mf“s i !“ R RASE 3
|-s de Ab"l de 1971 UC\ tan lfl-».‘:‘fudo Ju&t"-’




APOSTILLE

(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

!

1. COUNTRY: UNITED STATES OF AMERICA

2. THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY:
NORMA GALLINA ~

3. ACTING IN THE CAPACITY OF:
NOTARY PUBLIC OF NEW JERSEY

4, BEARS THE SEAL/STAMP OF:
NORMA GALLINA, NOTARY

CERTIFIED

5. AT TRENTON, NEW JERSEY
6. THE 9TH DAY OF AUGUST 2002

8. NO, Al56329

9. SEAL/STAMP:

7. BY: John E McCormac, CPA, NEW JERSEY TREASURER

10. SIGNATURE

TR




MEMBERS OF THE FIRM

RAIBRECK, LARA, RODRIGUEY & AUEDA C}

BARER & MSKENZIE
ATTORNEYS AT (AW

Av 82 No, |O0-82, &TH FLOOR
Booora, D.C, COLOMBIA
 TELE~HONE (57-1) 634-] BOO
FACSIMILE (B7-1) A76-221 |
NIT 880.088.840-2
OFFICE, BOOOTAG BAKERNET.COM
W, BAKERNET, SaM

POWER OF ATTORNEY

The undersigned.
SCHERING CORPORATION

located in

2000 Galloping Hill Road
Kenilworth, New Jersey 07033
United States of America

declarss that it hereby grants to

CARI.OS REINALDO OLARTE ANDIOR
ALVARO CORREA ORDONEZ

s full and sufficlent power of attumey e apply to the
propar national officers and authorities for the jssua of;

Patents of [nvention, Patents for Ulliity Models,
Industrial Design Registrations, mergers, changes of
name, assignments, fillng and prosecution of
oppositiona, changes of addresa.

to which end it empowers them to take all steps
necessary before sald authorities for the objects stated,
to file petitions] prepare descriptfons, make protests,
declarations, sppeals and oblections, pay Imposts,
aspply for corifications, recelve documents and
securities, abandon applicetions and collect refunds,
To the sald mandatories suficlent power Is granted
hereby to receive notifications for and on behalf of the
Company, fo confer powefrs on those who sre to
represent the company judicially and extrajudicially, o
answer in court In tha matter of all elalms and demands
that may be presented in connection with the patents,
snd fo do e ing that rnay be required, befors
administretive or Judicial officers of any class giving
them iikewlse power to substitute these presents and
revoke such substitutions If necessary.

Daone and subscribed in
Kenilworth, New Jersey, USA

Onthe 2nd dayof August

Mazer
Duly Authorized Officer

EODER

La abajo firmada.

SCHERING CORPORATION

domiclliada an

2000 Galloping Hill Road
Kenilworth, New Jersey 07033
Estados Unidos de America

declara por ol prosente otorgar g

CARLOS REINALDO OLARYE Y/O
ALVARO CORREA ORDONEZ

poder especlal amplio y bastante para recabar de fus
oficinas y sutorida naclonales que correspondan, la
obtancién de @

Patontes de invancion, Patentes de Modalo de Utilidad,
Registro de DiseNos Industriales, fusiones, cambios de
nombre, ceaslones, prasentaclon y rémite de
opesiciones, camblos da diraccidn,

a cuyo efecto los faculta para dar ante dichas
auloridades, todos los pasos necesarios 2l objeto
indicado, elovar solicltudes, formular descripciones |,
protestns, declaraciones, apsiaclones v reclemos, oblar
Impuestos, solicitar testimonios, recibir documentas y
volotes, desistlr vy perclbir. Se rconcede a jos
expresedos mandatarios poder bastante pars recibir
notificacionss @ nombre de la compalfifa, olorgar
poderes a quisnes vayan a rapresentar a la compafiia
Judicial y extrajudiclalments, respondar an juiclo 8 todas
las reclamaciones o demandag que por motivo de jas

8} se prasentaren y hacer cuanto fuers
6, ante las auloridades administrativas o
picialgs de cuaiquler orden, déndoles asimismo
facultad para sustituir el presente v en ¢aso nacesario
frevogar dichas sustituclones,

digs del mes de



mvsse:c::n. LARA, ROBRIGUEL & nut:nm‘
: MEMBEMS OF TrHE File
BAI{T‘R’ & MCKENZIE | 008>

- . ' A'l*'mnwws AT LAW

‘ Av B2 No., 1062, &rH FLoor l
Booora, 0.C, COLOMBIA
TELgPHONE U577~ 1) 834 | 500
FAGGIMILE (57-1) 37B-221 |
. : N NIT 880.088.840-3
. _erece. BOOOTAG BAKERNET. COM
. : ‘ | WL BAKERNET, COM

™

. NOTARIA IFICATION CERTIFICACION NOTARIAL
Qn this

- o 20d . dayof August .. CAles

dizs dol mog de
2002, the undarsigned Notary

de 2002, ol suscrito Notario |
CERTIFIES .

[ T . DAFE
@, Edward H. Mazer . o o

et~ 1. Qua

t logal age snd domicled i Millburn, New Jersey

United States of Amarica

e e« T A s i P

get his hand on the foreguing document,

mayorydomiciiadoen

e

suaeﬂbn dn su pulioy revm el documento que antecede,
2. That the grantor Is i e parsonally know and et holshe bas

2. awa sonezso al olorgante v que dste ieng capaddad lagal
lagal capadity 10 axaciste the instivmen e para o} aamamlamn

3. Thiat the grantor has egxecuted the Wm documan ¢
Duly Authorized Officer
N

3. Qua ol a’myanm ha suscrito of reforigh

of the judicial person

4, That me judictal parson

SCEERING CORPORATION

fing fts home office In 2000 Galloping Hill Road, -  consadeen
enilworth, New Jersey 07033, USA o ‘
i dmy organizéd, hos pmsen_t tegal existenco gnd that the pu

ey csesfor . estd legalms
which the power of attorhay Is grantad are within the seope of its corporate. ' of aclo pargy
\ purpsses.

4

I T eagpatia ol poder egtd comorendido entre
. ! v jos quo czmwwyen su ohjélo sod
! .

8, That the grontor bas in fact the referred tn suthodity and st hfslhar
reprasentation Is lepal.

- 5. Qug o cﬁomanm bene afactwamente la reprasentatian que
L Crslanta ymm 8sla a§ tegmma

6. Thal | have hagad cortficetions 3, 4 and § above bn e following autbantie

documrsms o1 such purpese exhitiled 1o ma and which | mantion smamaaﬂy. ‘
ghanyg thelr dates gnd thelr oHain of sourse;

6. e he l‘ss.ada las cemf’cm:éanns 3, 4 y 5 antedores en los

signientes gotumaenios putdhiens quu a2l efocto so me exhibieron v

que fneadlony espasifizamoen’a eon exprasidn de sus fochias y de su

orlgen o frodedendia;
; \ Certificate of Incorporation, ag amended, dated _

April 4, 1996 e

| Certificate of Restated. Inca}:poratiou filed e :
| JUnET16,1997

e e
| E%Q{?%Zﬁm - NOTARY PUBLICOF NEW JERSEY _
My Commission Expires June 27,2008 ™
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{43) International Publication Date
18 October 2001 (18.10.2001)
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(10) lntemational Publication Number

WO 01/77113 A2... .

(51) International Patent Classification’:

(21) International Application Number: ‘P(:‘*rmsomosss»

" COTD 498/00

‘ (31) Designated States {national)s AE, AG, AL, A

" Montelair, NJ 07043 (US). JAO, Edwin; 20 Crosswood
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. 08886 (US). MADISON, Vincent, 8.; 12 Ronarm Drive,
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Jiang Chuan Load, Minhang, 200240 Shanghai (CN).
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Maplewood Drive, Parsippany, NJ 07054 (US). GAN-
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07043 (US). SAKSENA, Anil; 53 Beveriy Road Uppea‘

MD, MG, MK, MN, MX, MZ, NO, NZ, PL, PT, RO, RU,
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o W iERORE zmematzonal search report and to be mpubi:shed
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‘ Fbr hvo-letter vodas and other itbbreviations, refer to the "Guid-
‘ance Notes on Codes and Abbreviations” appearing at the begin-

m’ng af e each regular issue of the PCT Gazeﬂe.
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(54) Title: MACROCY CLIC NS3-SERINE. PROTE.A3E INHIBITORS OF HEPA’ITI‘IS C VIRUS COWRISING N—CYCLIC P2

O (57y Abstract; The presem nvention discloses novel macrﬂcychc compeunds which have HCV protease inhibitory activity as well
as methods for preparing such compounds: Tn another embodiment, the invention disclases pharmacentical compositions comprising
such macrocycles as well as methods of using them to treat disorders associated with the HCV protease. -

|2

Motmntain Lakes, NJ 07046 (US). VI&ULBHAN, Bancha; -
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Macrocyclic ngﬁerine Protease ln-h‘ibito_j:g of Hepatitis -
C Virus ComjgrisirLcLN-chligé«-;,ﬁz- Moieties

FIELD OF INVENTION

The present invention relates to novel hepatitis C virus ("HCV”) protease
inhibitors, pharmaceutical compositions containing one or more such inhibitors,
methods of preparing such inhibitors and methods of using such inhibitors to treat
hepatitis C and related disorders. This invention specifically discloses novel .
magcrocyclic compounds as inhibitors of the HCV NS3/NS4a serine protease.

Background e Invention

Hepatitis C virus (HCV) is a (+)-sense single-stranded RNA virus that has
been implicated as the major causative agent in non-A, non-B hepatitis (NANBH),
particularly in blood-associated NANBH (BB-NANBH)(see, Inteérnational Patent
Application Publication No. WO 89/04669 and European Patent Application
Publication No. EP 381 218). NANBH is to be dis'tinguished from other types of
viral-induced liver disease, such as hepatitis A virus (HAV), hepatitis B virus
(HBV), delta hepatitis virus (HDV), cytomegalovirus (CMV) and Epstein-Barr virus
(EBV), as well as from other forms of liver disease such as alcoholism and
primary biliar cirthosis. | )

Recently, an HCV protease n‘ebessary for polypeptide processing and viral
replication has been identified, cloned and expressed; (see, 8.0., U.S. Patent No.
5,712,145). This approximately 3000 amino acid polyprotein contains, from the
amino terminus to the carboxy terminus, a nucleocapsid protein (C), envelope
proteins (E1 and E2) and several non-structural proteins (NS1, 2, 3, 4a, 5a and >
5b). NS3 is an approximately 68 kda protein, encoded by approximately 1893
nucleotides of the HCV genome, and has two distinct domains: (a) a serine
protease domain consisting of approximately 200 of the N-terminal amino acids;
and (b} an RNA-dependent ATPase domain at the C-terminus of the protein. The
NS3 protease is considered a member of the chymotrypsin family because of
similarities in protein sequence, overall three-dimensional structure and
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(MBip) (Dimasi gz_gi (1997) J,Mi_rgd,z,_‘7461~?489), cVHEz (a “camelized”
variablo domain anﬁbody fragment) (Martin et al, (1 997)_2__9@,[3_&39, 10: 607-644),
and o ~ant|chymotrypsin (AOT)(Eizouki etal) (1 997) __ﬂgga_t& 27:42-28). A
ribozyme designed i:o sei@ctweiy dastroy hepatitis c virus RNA has recently been
disclosed (see, Bic ‘ (217); 4 (November 10, 1998)).

Referenoe is also made to the PCT Pubiicaﬁons, No, WO 98/17679,

‘pubhshed Apnl 30 1998 (Vartex Pharmaaeutica!s lnearporated), WO 98/224986,

published May 28, 1998 (F. Hoifmann—La Roche AG), and WO 99/07734,
published February 18, 1999 (Boehrmger Ingelhanm Canada Ltd )

HCV has been imphcated in c:rrhosxs af the Iwer and in mciuciion of
hepatoceuular carcmoma The prognosis for paﬁents suffering from HCV infection
is currently poor HCV infeciion is more dn‘i‘cuit to treat than other forms of -

hepatitis due to the lack of 1mmumty or remission associaied with HCV mfection

Current data indicates a less than 50% survival rate at four years post cirrhosis
diagnosis. Patients diagnosed thh localized resectabie hepatocellular carcinoma
have a five-year survivai rate of 10-30%, whereas those with ioeahzed
unresectable hepatoc@uuiar aarcmoma have a ﬁveﬁyear survwal rate of less than
1%' ) 1\ H S g .
Reference is. also made o WO 00/09558 (Assignee Boehringer Ingelheim
Limited; Published February 24 2000) which disclases pepﬂde derivatwes of the

: fcrmuia
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Reference is also made to WO 00/09543 (Assignee: Boehringer Ingelheim
Limited; Published February 24, 2000) which discloses peptide derivatives of the .

formula:
Rg R4
0
Re
™~ )l\
Aa }N! Az
© OH
0
5 where the various elements are defined therein. An illustrative compound of that

series is:

HiC
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!n rts principal embodtment the present invent;on providess a macrocyche |
campoundofFQrmulal B R a

frr i

wherein: - T o : S
Xand Y are independ@ntly selected from the moieties: alkyl alkyl-aryl,
heteroalkyl, heteroawl aryl~heteroaryl, alkyl~heteroaryl cycloalkyl, alkyl ether,
alkyl~ary! ether, ary! ether, alkyl ammo aryl amma, alkyt—aryl ammo alkyl sulfide,
alkylaaryl sulfide, aryl sumde, alkyl sulfone, alkyl~aryl sulfcne, ary! sulfone, alkyl-

alkyl sulfoxide alkylwaryl sulfoxide, a!kyl am:de alkyl»aryi amlde, aryl amide, alkyl

sulfonamide, alkyl*aryl sulfonamnde, aryl sulionamide, alky! urea alkyl-aryl urea,
aryl urea, alkyl carbamate, aikyl~aryl oarbamate, aryl carbamate alky! ~hydrazade
alkyl-aryl hydrazide, alky} hydroxamide, alkyl«aryl hydmxamide, alkyl sulfonyl, aryl
sulfonyl, heteroalkyl suﬁonyl, heteroary! sulfonyl alkyl carbonyl, aryl carbonyl,
heteroalkyl carbonyl, heteroaryl oarbonyl alkoxyc:arbonyl aryloxycarbanyl
hetemary!oxycarbonyl a!kylaminocarbonyl arylammoc:arbonyl
hateroatyiamimcarbonyl or a combination thereof wﬁh the prov:so that X and Y

2

‘may optionally be additionally subsmuted with maieﬁes selected from the group

consisﬁng of aromatuc alkyl alkyl»ary! heteroalkyl aryl-he’teroaryl alkyl-
heteroaryi, oycloalkyt alkyl ath@r alkyla-aryl ather alkyl sulfide, alkyl-aryl sulfide,
alkyl sulfone, alkyl-aryl sulfone, aikyl armde alkyl»aryl amide, alkyl sulfonamide, ,

~alkyl amines, alkyl-aryl ammes alkyl‘aryl sutfonam de, alkyl urea, alkyl-aryl urea,

alkyl carbamate and alkyl~aryl earbamate, |




10

15

20

25

30

WO 01/77113 L PCT/US1/10869

M is present with L bemg absent, then M is directly and

oE;,
M may be present or absent, and when Mis present Mis O, NR, 8, 8O,,
(CH,),, (CHR), (CHR»OHF&’);,, or (CFRI‘-’(’)p ;

p is a number from 0 togand .

R R, R, R and R are mdependently selected from.the group consastmg
of H; C1-C10 alkyl; C2-C10 alkenyl C3-C8 cycloalkyl; CS*Q& heterocycloalkyl,
alkoxy, aryloxy, alkylthio, arylthio, amino, amido, ester, carboxylic acid,
carbamate, urea, ketone, aldeﬁyde, cyano, nitro; cxygen, nitrogen, sulfur, or
phosphorus atoms wrth said oxygen, nitrogen, sulfur, or phosphorus atoms
numbering zero to six; i : :
{cycloalkyhalkyl and (heterocycloalkyl)anwl wherain said cycloalkyl is made of
three to eight carbon atoms and zefo fo 8ix oxygan, mtrogen sulfur, or
phosphorus atoms, and said alkyl is of one to Bix carbon atoms; aryl; heteroaryl;
alkyl-aryl; and alkyl-heteroaryl; o
with said alkyl, heteroalkyl, alkenyl, heteroalkenyl aryl heteroaryl cycloalkyl and
heterocycloalkyl moieties may be optionally subsﬁtuted with said term
*substituted” referring to opﬁonal and suitable substitution with one of more ,
moieties selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, aralkyl,
cycloalkyl, heterocyclic, halogen, ‘hydroxy, thio, aikoxy, aryloxy, alkylthio, arylthio,
amino, amido, ester, aarboxylio acid, carbamate, urea, ketone, aldehyde, cyano,

“nitro, sulfonamide, au!foxnde, sulfone, sulfonyl urea, hydrazide, and hydroxamate.

Unless defined othewvnse, all technical and scientific terms used herein
have the same meaning as is commonly understood by one of skill in the art to
which this invention belongs. Thus, for example, the term alkyl (including the alkyl
portions of alkoxy) refers to a monovalent group denved from a straight or
branched chain saturated hydrocarbon by the removal of a smgle atom having
from 1 to 8 carbon atoms, preferably from Tto 8

aryl - represents a carbczcyehc; group havmg fmm 610 14 carbon aloms
and having at least one benzenoid ring, with all available 5ubstitutable aromatic

independentiy linked to E, and Jis dtrectly and mdependenﬂy linked ...
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The invention also provides methods for preparing compounds of Formula |
I, as well as methods for treating diseases such as, for example, HCV and relajed ..
disorders. The methods for treating comprise administering to a patient suffering
from said disease or diseases a therapeutically effective amount of a compound
of Formula |, or pharmaceutical compositions comprising a compound of Formula
I

Also disclosed is the use of a compound of Formula | for the manufacture
of a medicament for treating HCV and related disorders.

Detaile tion of Preferr bodiments
In one embodiment, the present invention discloses compounds of
Formula [ as inhibitors of HCV protease, especially the HCV'NS3/NS4a serine
protease. Among the compounds encompassed by Formula |, preferred
compounds are those which have the Formula 1l

%l)t
X

Formula il
or a pharmaceutically acceptable derivative thereof, where the various definitions
are given above. Some of the preferred embodiments include, but are not limied .
to, the following definitions of the various functionalities in the above-noted
general formulas | and Il. Thus, for example, R® in formula | may be selected from
the following moieties:
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R B A
' R
R R R
'/' ,/LN '/
0 0

]

The struciure a may be selected from the following non-limiting types of

structures:

A AN

0O

5  Other additional preferred embodiments are, for example, where the moiety:

\e ’

/ M‘f‘ )
M
AN

o |/ ‘

\ \

N
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in other preferred embodiments, R® in formula | is selected from the following
structures: oo

anan e T g N

| R R R

- L O

YO
QO Q) ()
GOCHs FF
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Several additional and further refinements of the above-noted various }? ¢
definitions for the compounds represented by Formula | are noted in the Claims. ..
section of this application. They are also represented by the various compounds
listed in the specification and claims. Such refinements, definitions and limitations
are to be considered as representing the entire invention of this application.

Representative compounds of the invention which exhibit excelflent HCV
protease inhibitory activity are listed below along with their activity (ranges of K,
values in nanomolar, nM). The Example numbers refer to the numbers for the
various structures in the EXAMPLES section found in the later parts of this
application.

Table 1: HCV protease continuous assay results

Example Number Ki* (nM)
1A
1B

2
3
_4A
4B
5
6
7A
7B
8
9
10A
-10B
11
12A
- 12B
13A
13B
14
15
16
17
18
19

TOOOITIT|UR oo |2 {TIe (T1a | ITH T T OI1T{ T D
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66A

66B

67A

67B

68

69A

69B

70A

708

71

72

73

74A

748

75A

75B

76

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101
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5 Dépendingj upon the s*tr’ucts.ire’, the ‘ccmpcuhdc of the Invention may form
pharmaceutically aceeptabic salts with orgamc or inorganic acids, or organic-or
inorganic bases. Exampics of surtabie acids for such salt formation are
hydrochloric, sulfuric, phosphcnc acetic, citric, oxalic, malonic, salicylic, malic, .

. fumaric, suceinic, ascorbic, malelc, methancsuifomc and other mineral and

| 10 carboxylic acids well kncwn o thcse skiiied in the art ‘For formation of salts with

| bases, suitable bases are, for example, NaOH, KOH NH, OH,

” tetraalkylammonium hydroxide and the like. N

In another embodiment this mvcntncn provrdes pharmaceutical
compositions ccmpnsing ihc above»descnbcd mventive macrocycles as an active
15 ingredient. The pharmacauticai composrhons generaily additicnaliy comprise a
pharmaceutically acceptabie carrier diluent, excipient or carrier (collectively -
referred to herein as carrier matenals) Bccauca cf their HCV inhibitory activity,
— such pharmaceutical ccmpcciiions possess utiiity in treating hepatitis C and -
k.. related disorders. e . :

. 20 In yet another embodiment the prescrit mventicn discicses methods for-
preparing pharmaceuticai composriions ccmprising the inventive macrocycie
compounds as an actwe ingredient In the pharmaceu‘uca! ccmposutions and~ 7
methods of the present invention, the active mgredicnts will typically be
administered in admixiure wrih cuntabie carrier materiais suitabiy selected with

25  respecttothe intended form of admimstraticn, i.e. cral tabtets capsules (either
solid-filled, semi-solid filled or hquici ﬁiled), pcwdcrs for constitution, oral geis,
elixirs, dispersible granuies, syrups, suapcns:ons, and the iike, and consistent
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Aerosol preparations suitable for inhalationn may include solutions and
solids in powder form, which may be in combination with a pharmaceutically .. .-
acceptable carrier such as inert compressed gas, e.g. nitrogen.

For preparing suppositories, a low melting wax such as a mixture of fatty
acid glycerides such as cocoa butter is first melted, and the active ingredient is
dispersed homogeneously therein by stirring or similar mixing. The molten
homogeneous mixture is then poured into convenient sized molds, allowed to cool
and thereby solidify.

Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for either oral or
parenteral administration. Such liquid forms include solutions, suspensions and
emulsions.

The compounds of the invention may also be deliverable transdermally.
The transdermal compositions may take the form of creams, lotions, aerosols
and/or emulsions and can be included in a transdermal patch of the matrix or
reservoir type as are conventional in the art for this purpose.

Preferably the compound is administered orally.

Preferably, the pharmaceutical preparation is in a unit dosage form. In
such form, the preparation is subdivided into suitably sized unit doses containing
appropriate quantities of the active components, e.g., an effective ambunt to
achieve the desired purpose.

The quantity of the inventive active composition in a unit dose of
preparation may be generally varied or adjusted from about 1.0 milligram to about
1,000 milligrams, preferably from about 1.0 to about 950 milligrams, more )
preferably from about 1.0 to about 500 milligrams, and typically from about 1 to
about 250 milligrams, according to the particular application. The actual dosaQe
employed may be varied depending upon the patient's age, sex, weight and

>

severity of the condition being treated. Such techniques are well known to those

skilled in the art.
Generally, the human oral dosage form containing the active ingredients
can be administered 1 or 2 times per day. The amount and frequency of the
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carboxymethylcellulose; microcrystalline celluloses and cross-linked
microcrystalline celluloses such as sodium croscarmellose; alginates such as ... ..
alginic acid and sodium alginate; clays such as bentonites; and effervescent: .
mixtures. The amount of disintegrant in the composition can range from about 2
to about 15% by weight of the composition, more preferably from about 4 to about
10% by weight.

Binder - refers to substances that bind or "glue” powders together and
make them cohesive by forming granules, thus serving as the “adhesivé“ in the
formulation. Binders add cohesive sirength already available in the diluent or i
bulking agent. Suitable binders include sugars such as sucrose; starches derived
from wheat, comn rice and potato; natural gums such as acacia, gelatin and
tragacanfh; derivatives of seaweed such as alginic acid, sodium alginate and
ammonium calcium alginate; cellulosic materials such as methylcellulose and
sodium carboxymethylcellulose and hydroxypropyimethyicellulose;
polyvinylpyrrolidone; and inorganics such as magnesium aluminum silicate. The
amount of binder in the composition can range from about 2 to about 20% by
weight of the composition, more preferably from about 3 1o about 10% by weight,
even more preferably from about 3 to about 6% by weight.

Lubricant - refers to a substance added to the dosage form to enable the
tablet, granules, etc. after it has been compressed, to release from the mold or

die by reducing friction or wear. Suitable lubricants include metallic stearates such

as magnesium stearate, calcium stearate or potassium stearate; stearic acid; high
melting point waxes; and water soluble lubricants such as sodium chloride,
sodium benzoate, sodium acetate, sodium oleate, polyethylene glycols and dl-
leucine. Lubricants are usually added at the very last step before corﬁpressiop,
since they must be present on the surfaces of the granules and in between them
and the parts of the tablet press. The amount of lubricant in the composition can

>

‘range from about 0.2 to about 5% by weight of the composition, preferably from

about 0.5 to about 2%, more preferably from about 0.3 to about 1.5% by weight.
Glident - material that prevents caking and improve the flow characteristics
of granuiations, so that flow is smooth and uniform. Suitable glidents include
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hydroxytetrahydroisoquinoline-3-carboxylic acid (“TIC”), suitable substitution of
any of both the natural and unnatural amino acids will result in the formation of... ...
the desired macrocycles based on such substitution.
Abbreviations which are used in the descriptions of the schemes,
preparations and the examples that follow are:
THF: Tetrahydrofuran
DMF: N,N-Dimethylformamide
EtOAc: Ethyl acetate
AcOH: Acetic acid
HOOBt: 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one ‘
EDCI: 1-(8-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
NMM: N-Methylmorpholine "

-ADDP: 1,1-(Azodicarbobyl)dipiperidine

DEAD: Diethylazodicarboxylate

MeOH: Methanol

EtOH: Ethanol

Et20: Diethyl ether

Bn: Benzyl

Boc: tert-Butyloxycarbonyl

Cbz: Benzyloxycarbonyl

Cp: Cylcopentyldienyl

Ts: p-toluenesulfonyl

Me: Methyl

PyBrOP: Tris(pyrolidino)bromophosphonium hexaﬂuorophospha‘{e
DMSO: Dimethyl sulfoxide |
TFA: Trifluoroacetic acid

HOBt: Hydroxybezotriazole

Hinigs base: Diisoprpylethyl amine

BOP: Benzotrizaol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate
I.DA: Lithium diisopropyl amide

Ph3aP: Triphenyl phosophine

»
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The preparation of the compound of Formula 2e, wherein R1, R2, R3, R

5 and R' are defined above, is outlined in Scheme 2. The protected 3,4~
dehydroproline 2a is diastereoselectively dihydroxylated to afford cis-diol 2b. The

acetal formation between 2b and an aldehyde can be accomplished in the
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Scheme 3

The preparation of the compound of Formula 4f, wherein R1, R2, R3, R,
and n are defined above, is outlined in Scheme 4. The coupling between amino
ester 4a and a Boc-protected amino acid was realized in the presence of NMM,

HOOBY, and EDCI-HGI. After removal of the Boc group from 4b, the dipeptide is
coupled to a terminal alkene carboxylic acid to give 4¢. The double bond was
then converted to an alcohol through hydroboration. The macrocyclization of ’;he
phenol alcohol is accomplished under Mitsunobu conditions by using
triphenylphosphine and ADDP. After the resulting ester 4e is hydrolyzed to an
acid with lithium hydroxide, the acid is coupled o an amine intermediate to afford
4i.

NS
00@

A7
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The compound of formula 6m is synthesized as outlined in Scheme 6
wherein R', R, R’ and n are defined in Scheme 1 and R’ being alkyl, aryl, eéter,
carboxylic acid and carboxylamides. The compound of type 6b is synthesized
from 6a by a Wittig olefination using Ph,PCH,l and BuLi. The compound 6b is
further aminohydroxylated to synthesize compound of the type 8¢, which was
reduced using Rh/C, and H, to afford compound of type 6d. The compound 6d
was oxidized to compound of type 6e_ using RuCl, and H,JO,. The compound 6e
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The compounds of type 7d are synthesized using the arene ruthenium
chemistry wherein the substituents R', R?, R°, R’ are defined in Scheme 1, and
n=0 1o 3. The synthesis of the compound of formula 7b was obtained from
compound of type 7a by an EDCI, HOBt, Hanigs base coupling. The treatment of
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5 The preparation of the compound of formula 9d, wherein R1, R2, R3 are
defined above, R' is alkyl, heteroalkyl (OR", SR™, NR*R" wherein R" and R™ are
alkyl groups), halo substituent at ortho, meta, or para -position to oxygen atom; R
is alkyl, aryl, or alkylaryl groups; n is from zero to five; X is (CH,), where m is one
to five, oxygen atom, NY where Y is hydrogen atom, alkyl, aryl group; and LG is
10 leaving group (e.g., OTs, Br) is outlined in Scheme 9. The protected 4-

hydroxyproline derivative 1a is converted to 9a via formation of 1d (which is
described in Scheme 1). Removal of the benzyl ether followed by conversion to

an appropriate leaving group and unravelling the N protecting group provided 9b.
Conversion to the macrocyclic ester 9¢ was carried out by treatment yvith 'sodiu;n

16 carbonate/sodium iodide in refluxing acetone. Subsequent processing to the P
desired target 8d was accomplishéd as outlined in Scheme 1.
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The preparation of the compound of formula 11g, wherein R1, R2, R3 are
defined above, R is alkyl, aryl, or alkylaryl groups; X is (CH,),,, (CH,),O, (CH,), NY
where m is one to five, and Y is hydrogen atom, alkyl, aryl group; A is hydrogen
atom or appropriately positioned halogen atom; PG’ is appropriate protecting
groups (PG’ = t-boc, cbz, etc) is outlined in Scheme 11. The protecied 4-
aminoproline derivative 11a is converted to 11b by treatment with suitable
benzenesulfonyl chioride and a base. Removal of protecting group and coupling
with a protected aminoacid derivative gave 11¢. This was converted to 11d using
similar deprotection, coupling strategy. Paliadium(O) catalyzed cyclization
afforded 11e as a mixture of isomers which was hydrogenated to provide
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The resulting solution was stirred for 10 minutes, fc:ilawad by addition of di-#-
butyldicarbonate (0.110 g, 14 0 mmol) and sﬁrr@d at 0"C for 15 minutes. The ... ..
solutmn was then warmed m room temperature, stired for 45 minutes and kept
at refngerator ovemight and concentrated to dryness to gwe a crude material. To
5 the solution of this erude mateﬁal in EtOAc (1 00 mL) and ice, was added KHSO4
(3.36 g) and H20 (32 mL) and s’urred fOf 4-6 minutes The organic layer was then
-separated and the aqueous layer was axtracted twice thh EtOAc and the
combined orgamc Iayer was washed w:ih water, brine, dned over NagS04,

oW

filtered and concentrated to dryness to g:ve the product asa clear gum (3.0 g,
10 . 89% y:eld) ST ‘ |
Step 4:

g

1 5‘ - Toa stirred soiution of SMng matenal (3 OO g, 12.0 mmol) in DMF (15
‘'ml.) and CHgCﬁg (15 mL) at -20°C was added HOOBt (1.97 g, 12.0 iimol), N-

methyl morpholme (4 0 mL 36, 0 mmol) and EDC! (2 79 g, 14.5 mmol) and stired

@ for 10 mmutes foﬂawed by addituon cvf HCI HgN-GIy@Bn (2.56 g, 13.0 mmol)
. O The resulting sa!ut!on was st:rred at -20°0 far :a hrs, then kept at refrigerator

20  overnight and conaentrated io dryness followed by dllU’l‘lOn with EtOAc (150 mL).
" The EtOAc solution was thén washed twice with saturated NaHCO,, H,0, 5%.. >
H PO, brine, dned over Nazsw, ﬁltered and ooncentrated to dryness o give the

' product (4 5 g, 94%) LRMS m/z MH'*'-* 395 1
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79 C

concentrated in vacuo to afford crude product viii (4.86 g) as a white solid, which

was used without further purification. —— =
Step 7:
?Ha —— £H3
BocHN" " CHg HCHHAN" Ny “CHy
0 0
vili ix

The N-Boc-phenylglycine dimethylamide viii (4.70 g, crude) was dissolved
in4 N HCI (60 mL, 240 mmol) and the resulting solution was stirred at room
temperature. The progress of the reaction was monitored by.TLC. After 4 h, the
solution was concentrated in vacuo to yield a white solid which was used in the

10  next reaction without further purification. LRMS m/z MH+= 179.0.
Step 8:

H H \io
‘BocHN H N ?H 5
O

HCIHH 2N N\CH3
CHg | &) :
vi ix

‘ H\j‘u ?':'SHS i
i .

Ls

X \
The desired compound x was prepared according to the coupling

15  procedures described in Siep 4. LRMS m/z MH+= 465.1,
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The crude material was sufficiently pure for further studies. A portion of the
product was purified by flash chromatography using 97/3 dichloromethane/MeQH.
HRMS (FAB) Calcd for CosH40N307: 494.2866 (M+H)*. Found: 494.2863.

Step 2

>|/ \gﬂ N\/“\H o\l<

HCL HoN 4 N\/IOLO\'(

.

5
The desired product B was obtained by the procedure described for
Intermediate A, Step 7. The crude material was used without further purification.
10 Step 1:

H g N :

BocHN BockN “CHs
0 0 * »
vii xiii >

The desired compound xiii was prepared similar to the coupling
procedures described in Step 6 for intermediate A except for substituting
methylamine for dimethylamine.
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Step 4:
aoan L R LK
0c N CHy T
0 H o
CHs
Xv
St i ,
H H
HCIH2N N H N‘CHs
0 0O
CHz .
c
5 The desired intermediate C was prepared according to the procedures

described in Step 7 for intermediate A. LRMS m/z MH+= 351.1. It was used
without further purification.

Intgrmediatg D:

10
S BNSS B
BocHN N o o HCIH:N N A g ~pn
® >
- CHa ' CHs
. . v D -

+ L

The desired intermediate D was prepared from compound v according to
the procedures described in Step 7 for intermediate A. It was used without further
15  purification.
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H
TFA.HN H\/& H
N
Xvii

|

Y L R T o
: Wﬁ e
| ' xviii

The desired compound xviii was-obtained by the method described for

Step 2

intermediate A, Step 3. Sodium carbonate was used as the base instead of
5 NaOH. The crude material xviii was carried further without purification.

Step 3
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Step 1 -
HO, HO,

B — R

To a cold (0°C) solution of xx (20.0 g, 86.5 mmol) in benzene (300 mL)
and MeOH (50 mL) was added trimethylsily! diazomethane (2M in hexanes, 56
mL, 112 mmol) dropwise till the solution remained yellow. The reaction mixture
was concenirated to provide 21 g of xxi (99% yield) which was pure enough o be

carried further. HRMS (FAB) Calcd for C11H20NO5: 246.1341 (M+H)*+. Found:
246.1347.
Step 2

HO Ms
L:IL}\C%CH g T N COCHj
ﬂ\0 0 >Lo)“o
xxi : v

xxil

To a cold (~5°C) mechanically stirred mixture of triphenylphosphine (31.97
g, 121.9 mmol) and methanesulfonic acid (7.66 mL, 118.1 mmol) in toluene was
added DEAD (26.47 g, 152 mmol) slowly while maintaining the reaction
temperature below 35°C. After the addition was complete, the reaction mixiure
was cooled to 20°C and a solution of xxi (23.71 g, 96.8 mmol) in toluene was
added followed by triethylamine (5.39 mL, 38.7 mmol). The mixture was heated
to 70-75°C for 6 hrs and cooled to 5-10°C for 1 hr. All the solid material were
filtered off and the filtrate was washed with 5% KH2PQ4 solution and brine. The
organic layer was dried (Na2S04), and concentrated. Flash column

chromatography of the residue using 95/5 dichloromethane/EtOAc provided 26 g
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Examples
Example 1: Preparation of compounds of Formulas 1A and 1B: e

; 0 0 CHy
H ﬁ\/u\:::’i/'{'*c&la

CHg
1A
4\
. “\)L(lgngUtgﬁl
O %
| 1B
Step A
HQ__ Cr\o/\/\g)
Ao —— 7 LA
1a 1b o

»,

To a solution of Boc-Hyp-OH (7.0 g, 30.3 mmol) and benzyl 3-bromopropyl
ether (7.8 g, 34.0 mmol) in anhydrous DMF (400 mL)) at room temperature was
added sodium hydride (3.5 g, 60% dispersion in mineral oil, 87.6 mmol) and
sodium iodide (0.5 g, 3.33 mmols) with stirring. The resulting suspension was
vigorously stirred at room temperature overnight (18 h). The reaction was

f,
L
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"solutton was concemrated m vacuo and the residue was kept under vacuum
* overnight to yield a wh:te sohd which was used in the next coupling reaction

without further punfcation. v
Step D: ER

ud ”j“j‘"j‘ o o % fe

. Toa so!utton of the amme ester 1d (from Step 1B), N-Boc-
cyclchexylglycma (4 10 g, 14 9 mmol) HOOBt (2.60 g, 15.9 mmol) and EDCI
@ 41g,17.8 mmol) in anhydmus DMF (1 50 mL) and CH2Clo at -20°C, was
added NMM (6 50 mL 59 1 mmol). After being stxrred at this temperature for 30
rmin, the reaction mzxture was kept i in a fraezer overmght (18 h). It was then stirred

in air and allowed to warm to room temperature in 1h. EtOAc (450 mL), brine

(100 mL) and 5% H3PO4 (1 00 mL) were added The separated organic solution

‘was washed wnth 5% H3P04 (1 00 mL), saturated aqueous sodium bicarbonate

solution (2 X 150 mL), water (150 mL.), and bnne (1 50 mL), dried wuth magnesaum
sulfate, filtered and concentrated in vacuo. Flash chromatography (10to 20 %

'EtOAc-CHaCIg) afforded 1e (6 so g, 84% 2 steps) as a white solid. TH NMR (400

MHz, a-nmsc»smw 25 (m 5 H),687 (d Jm&g Hz, 1 H), 4.46-4.40 (m, 2"
H), 4.25 (t, J = 83Hz,1H),41‘1(s,‘lH),405~404(m,1H),40’3~3'94(m,1H)
3.60 (s,3H),350~3 41 (m,4H), 2.26-2.20 (m, 1 H), 1.95-1.88 (m, 1 H), 1.77-
1.55 (m, 9 H), 1 35 s 9 H), 1.19-0.90 (m, 4H), **C NMR (100 MHz, dDMSQ) &
172.0, 1707 165.8, 1888 1282, 127.4, 127.3,78.0, 77.1,71.9, 66.6, 65.1, 57.4,

- 6.3, 51.8, 34.5, 296 286 282 259 258 255

by
%«'5’0
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Toa solution cf the amine 1 (from Step 1D), 3~hyclroxy phenylacetic acid |
(1.90g, 125 mmol) HOOBt (2. 10 g, 12.9 mmol) and EDCI (2.85 9s 14.9 mmollLin .
anhydrous DMF (250 mL) and CHzClg (1 00 mL) at -20°C, was added NMM (4.20
mL, 38.2 mmol) After being stnrred atthis tempera‘ture for 30 min, the reaction
mixture was kept in a freezer ovemight (18 h). 1t was then stirred in air and
allowed to warm to room temperature in 1h EtOAc ( 500 mL), brine (100 mL) and.
5% H3PO4 (100 m.L) were added. T_he separat;ed organic solution was washed
with 5% H3P04 (100 rh-L);, saturat‘ed‘aquéblis éodium bicarbonate solution (2 X |
150 mL), water (1 50 mL), and brine (1 50 mL), dried with magnesium sulfate,
filkered and concentrated in vacuo Flash chromatography (10 to 20 % EtOAc-

- CH2Clp) afforded 1g (s 30g, 11.1 mmol 90 % (2 steps)) as a white solid. 1H

NMR (400 MHz, de-DMSO) 59.26 (5.1 H), 8199 (d, J =B85 Hz, 1 H), 7.36-7.25 (m,
5 H), 7.05-7.01 (m, 1 H), 6.66-6.64 (m, 1H), 6. 80-6.57 (m, 1 H), 4.46-4.39 (m, 2
H), 4.34 (t, J = 8.3 Hz, 1 H), 4.29-4.25 (m, 1 H), 4.09-4.08 (m, 1 H), 3.91 (d, J=

11.0 Hz, 1H),366-358(m,1 H),361 (s,3H),350~339(m 5H),3.30(d, J=

13.7 Hz, 1 H), 2.24-2.18 (m, 1 H), 1.95-1.89 (m, 1 H), 1.74-1.57 (m, 8H), 1.18-

0.89 (m, 5 H); ’30 NMR (mo MHz, d6~DMso) § 172.0, 170.3, 170.0, 157.1,

138.8, 137.6, 1289 1282 12’7’4 127.3,119.6, 116.1, 113.2, 76.9, 71.8, 66.6,

652 57.4,54.7,51.9, 51 8,418 34.4, 296 285 280 25.5, 25.5; HRMS m/z

567.3073 [caled far 032H43N207, 567. 3070]
Step_ G: g
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2 % MeOH in CH2Cl2) m‘aﬁam a mixture of the macrocycle 1l and
triphenylphosphine oxide. 1H NMR (400 MHz, deanSO) §8.47 (d, J=9.7 Hzpt ..
H), 7.17-7.13 (m, 1 H), 6. 79 (s, 1 H), 8.73 (d, Jm1 8Hz, 1H), 6.71 (d, J=1.8 Hz, 1
H),450~445(m,1 H) 424(dd J::103 76Hz, 1 H),4 17-4.06 (m, 4 H), 3.68
(d, J= 15.1 Hz, 1 H), 363(8,3H) 360-351 (m, 2H),337(d J=15.1 Hz, 1 H),

3.35-3.27 (m, 1 H), 2.51-2.43 (m, 1 H); 1 85-1.47 (m, 9 H), 1.22-1.12 (m, 3 H),

0.97-0.88 (m,zH),wG NMH (100 MHz, dgsDMSO)a 1720 170.0, 169.8, 158.4,
138.1, 129.1, 121.8, 115.4, 112.2, 77.0, 64.9, 63.8, 57.0, 54.3, 53.4, 51.8, 41.3,
33.2, 28.9,28.5, 282 26.0, 25 a, HRMS miz 459.2495 [calcd for CosHasN20g,
4592495] [ T T

An aqueous Ii'thium hydroxide solutron (0 45 g in 30mL H ,0) was added to
a 0°C solution of the methyl ester 1i in THF (30 mL) and methanol (30 mL). The
mixture was strrred rn an ice bath and warmed to roam temperature along with it

in4h The progress of the reaction was momtored by TLC. After the volatiles
~ were removed in vacuo, EtOAcz (150 mL) and water (80 mL) were added and the

LS

two layers separated The aqueous solution wa&‘ extracted again with CHzCla
(150 mL), after whrch it was aoidir”ed to pH =1, EtOAc (200 mlL) was then added
and the aqueous solu’aorr was saturated with solrd sodrum chloride. After
separation of the layers, the aqueous layer waa e:dracted with EtOAc (2 X150
mL). Organic solutions were cdmbrned dried wﬁh magnesium sulfate, filtered and
concentrated in vacuo to aﬁord 1j (1 45 g, 3 26 mmol, 35 %, 2 steps) as a pale

9
4 6o

>

&
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with magnesium sulfate ﬁ!tered and éoncenirated in vacuo. Flash
chromatography (4 to7. 5 % MeOHCHgO!z) afforded 1k as a mixture of four

dlastereomers (0.59 o 0. 75 mmol 56%) as a white aohd TH NMR (400 MHz, de-

'DMSO0) 68.54-8.35 (m, 2 H), 7.95-6.98 (m, 8 H), 6.79-6. 77 (m, 1 H), 6.72-6.70 (m,
2 H), 5.96-5.73 (m, 2 H), 4.68-4.45 (m, 1 H), 4.35-3.61 (m, 11 H), 3.54-3.41 (m, 1

H), 8.40-3.22 (m, 1 H),293-2 92 (m, 3H) 284(3.3H),242-217(m.1 H), 1.87-
1,55 (m, 10 H),149-1 oe (m 7H) 098-0 75 (m,5H), **C NMR (100 MHz, d¢-
DMSO0) § 172.1,171.9, 171 8, 170.8, 1707 1704 1704 170.3, 170.0, 169.8,

- 1609.7, 169.6, 169.2, 169.2 1679 1678 1678 ‘1584 158.3, 138.2, 138,15,

138.11, 138.07, 13‘76 13750 13748 1291 1285 128.3, 127.8, 127.7, 121.7,

121.6, 115.4, 1153 11809 11207 112.0 1119 76.9, 76.8,73.3,72.1,71.9,
64.9, 64.8, 63.2, 587 585 5’79 578 548 545 5448 53.8, 53.78, 53.7,

‘5366 63.0, 529 51 0,508,507 416 415 41 4, 41.3, 36.6, 35.3, 33.9, 33.86,

335, 32.9, 321 299 290,289,285 284 2&3,26‘0 25.9, 25.3, 25.25, 25.2,

1856, 18. 56 185 138 137 HRMS Wz ‘791 4339 [calcd for CagHsgNeOg,
791, 4344 erroru'l ppm] S ' |

pIon

Yy,

| EE SO0 S O | 6]
mL), brine (50 mL) and 5% HgPO4 (50 mL) were added. The separated organic
solution was washed suocessively, with 5% H3PO4 (80 mL.), saturated aqueoua
sodium bncarbonate saluﬂon (2 X 80 mL) water (80 mL), and brine (80 mL), dried .
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to 4 % MeOH-CH2Cl2) afforded two diastersomers 1A (250 mg, 0.32 mmol) and
1B (217 mg, 0.28 mmol, 82% combined yield) as white solids. S
Example 2: Preparation of Compound 2;

2a

10 The desired compound 2a was prepared according to the method of
Example 1, Step J, except for substituting the amine B for the amine A. The
hydoxy amide was obtained as a mixture of inseparable diastereomers in the form
of a white solid in 80 % vield.
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28.4, 28.3, 27.5, 26.0, 26.0, 25.4, 25.3, 25.2, 18.7, 18.6, 18.5, 13.9, 13.8; HRMS
m/z 820.4493 [calcd for C44He1 N5019, 820.4497].

xample 3: Preparation of the Compound of Formula 3 below:

e

/—'\\(2
0 H\iag&“\j%”
Ve 0]
O CHs
3

ﬁ\iﬁ\@rnggrnvﬁ\” .
< o) H
o} O CH«:: ' 0

2

— el
G "

3

A solution of the +-Butyl ester 2 (26 mg, 0.032 mmol)} in trifluoroacetic acid
(2 mL) and CH2Cl2 (2 mL) was stirred at room temperature for 3 h. After the

volatiles were removed in vacuo, the residue was dissolved in 50% MeOH-

£%

g
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HQ" 3 /\O/\\NO.‘ P
[.)\COZH | CNLCOQH '
AL ok
1

4a

The desired product 4a was obtained by the method described for
5 Example 1, Step A. The crude material was carried to the next step as it was.

_ Step B:

g\o ACOCH
U >Lo,g o — 9\0/%0 o

4b

10
The desired product 4b was obtained by the method described for Example 1,
Step B. The material was purified by flash column chromatography using 80/20
to 75/25 hexanes/ethyl acetate to provide 4b in 50% yield as a colorless oil.
Step C:

15

O Mo, O
N” “COLCH A
7L0’L*o T e NhorOLHs

4b 4c
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Step F:

(YA " o

C)\C()zCHs HO “\/'\Lo 2vg

HCI. HgN\g,iLo — m : |
O ) O

de

The desired product 4f was obtained by the method described in Example
1, Step F. The material was purified by flash column chromatography using 80/20
to 60/40 dichloromethane/ethyl acetate to provide 4f in 85% yield. HRMS (FAB)

Calcd for C33H45N207: 581.3227 (M+H)*. Fo;md: 581.3222,
Step G:
@/\o/\/\'/cx_ HO ™A
: : "CO2CH3 : £:1)\002CJH3

o 1 SR P
O O

af 4g -

The desired product 4g was obtained by the method described in Example
1, Step G. The crude material was carried to the next step as was. HRMS (FAB)

Caled for C2gHzoN207: 491.2757 (M+H)*. Found: 491.2761.
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(m, 1H), 3.62-3.68 (m, 2H), 3.91-3.99 (m, 3H), 4.04-4.08 (m, 2H), 4.46 (1, 1H),
6.67-6.72 (m, 3H), 7.13 (app. t, 1H), 8.36 (d, 1H), 12.40 (br. s, 1H); '°C NMR «- .-
(DMSO-dg) 8 25.26, 25.31, 25.97, 26.62, 28.42, 33.28, 39.75, 41.49, 53.50,

54.28, 57.45, 67.57, 67.98, 77.25, 111.07, 115.23, 121.48, 129.11, 137.99,

158.33, 170.07, 172.92; HRMS (FAB) Calcd for C25H35N20g: 459.2495

(M+H)*. Found: 459.2494.

Step J:

H o CHg
N“COMH  +  HCLHN N &
A el 0
Hy B
’ A

| | Q q OH H\/ﬁ\ CHy
— G R,
Hg

Y O
-
o
-

0
O 4§

»

-

The expected product 4j was synthesized as described earlier for the Examplé 1
Step J. The material after work-up was of sufficient purily to be carried forward to
the next step. HRMS (FAB) Calcd for C43He1NeOg: 805.4500 (M+H)*. Found:
805.4492.
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HRMS (FAB) Calcd for C43H59Ng0g9: 803.4344 (M+H)*+. Found: 803.4339
(4A), 803.4347 (4B). St
Example 5: Preparation of Compound 5:

5

P

Y
y 0
‘s
5
Step A:

10

5a
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ample 6: Preparatio Co und 6:

s nﬂ%

H\,k 0

. Step A:

10
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Step B:

B il e

The desired compound 7b was prepared from 7a according o the
procedure of Example 1, Step B.

Step C:

Q\"]\/\o Q\"’\/“%

7b 7c

The desired compound 7¢ was prepared from 7b according 1o the
procedure of Example 1, Step C. The product was used in Step D without further
purification.

Step D:

Ao 3

O, o/

\/"\9 H\/ll\ OMe
i

el Y 5

7e 7d
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Step G:

peppre | aie

Y

=

H ? |
I o T ij@w
o O 0 o

7 79
) 5 The desired compound 79 was prepared from 7f according to the
. procedure of Example 1, Step F.

Step H:

H

o
> n\j\()\gm
e

‘F

79

A solution of the phenol alcohol 7g (830 mg, 1.79 mmol) and ADDP (1.36
g, 5.39 mmol) in anhydrous CH2Cl2 (200 mL) was bubbled with Argon through a
frit glass bubbler for 20 min. To this solution at 0°C was added triphenyliphosphine
(1.41 g, 5.38 mmol). After stimring at 0°C for 20 min, the solution was warmed to
15  room temperature and stirred overnight (20 h) under nitrogen. After removal of
solvent in vacuo, the residue was purified by flash chromatography (1 10 3 %
MeOH in CHéClg) to afford a mixture of the desired product 7h and

triphenylphosphine oxide, which was used in Step | without further purification.
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el
00p77

| e

‘F

--./\g
/ H OHg
0 bi{lgn - mﬂg.\xw
CHs

7

©
%{lﬁ{w\iﬁﬁﬁm
Q0 & o o)
O CHa

~%
O

7B

The desired compound 7A and 7B were prepared from 7j according to the
procedure of Example 1, Step K.
Ex; le 8: Preparation of Compound of Formula 8:

SO
klé N N N 014
Ok

8
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The desired compound 8 was prepared in 72 % yield from 8a according 1o
the method of Example 1, Step K.
Example 9: Preparation of Compound of Formula 9:

\/\g |
E j“ LR R ; 0
oN\j\i%’ 0 \j\u O H’ . b

CHg

-,

9
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Example 10: preparation of Compoun ormula 10A and 10B:

” "
- "C;)\n,k! .RL)iN L
, n\_/L‘*o 0 0 L)
' P

oy -

Step A:

HO, Br—@—g—
D =8
N 2CH3 N’ “COsCH4
L ] 10 10b

To a 0°C solution of 10a (10 g, 41 mmol) in dichloromethane (60 mL) was
added triethylamine (28.68 mL, 204 mmol) slowly. 4-bromobenzenesulionyl ™
10  chloride (20.91 g, 82 mmol) and DMAP (few crystals) were then added and the
temperature was maintained at 0°C for 30 min. The reaction mixture was left
standing in the refrigerator (~5°C) overnight followed by slow warming to ambient
temperature over two hours. At this time TLC analysis revealed complete
consumption of the starting material. The reaction mixture was diluted with
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111315t
2.34 (m, 2H), 2.69 (t, 2H), 8.23-3.49 (m, 2H), 3.73-3.78 (m, 5H), 3.86-3.95 (m,
1H), 4.38-4.37 and 4.42-4.46 (2dd, 1H); **C NMR (mixture of rotamers, CDClgyd ~
28.21, 28.30, 32.15, 32.23, 36.65, 37.27, 40.45, 40.89, 52.16, 52.35, 52.50,
52.84, 58.32, 58.55, 61.22, 61.41, 80.35, 153.49, 153.99, 173.05, 173.23; HRMS

5 (FAB) Calcd for C14HogNOsS: 320.1532 (M+H)*. Found: 320.1528.

HOWS"- HO A5
(o, - .
- S LT (asoers
= 10c . 10d
10 The desired compound 10d was prepared by the protocol described for

Example 1, Step C. Reaction conditions were 0°C, 1hr. The material was carried
to the next step as it was,

Siep D:
HO\AA.
H S i \
H
Ha o *T A
0
o O
15 10e
The desired compound 10e was prepared by the method described for. s

Example 1, Step D. The coupling reaction was carried out at -8°C for 2 days.
After workup the product 10e was sufficiently pure by TLC and was obtained in

20 80% yield; HRMS (FAB) Calcd for CooHagN20gS: 459.2529 (M+H)+. Found:
450.2523.
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171.87, 171.96; HF!MS (FAB) Caled for C25H37N20sS: 493.2372 (M+H)*.
Found: 493.2364. e
Step G:

H ﬁ\ixc e > L_)\CO:zCHs

Y e L,

O O I K
109 O 10h

The desired compound 10h was prepared by the protocol described for
Example 1, Step G. The crude product was suspended in 80/20 ethyl
acetate/hexane, and the solid material was filtered off. The filtrate was
concentrated and purified by flash column chromatography using 80/20
hexane/acetone to yield 22% of 10h as a solid, "H NMR (CDCly) § 0.98-1.30 (m),
1.64-1.90 (m), 2.06-2.14 (m, 1H), 2.16-2.21 (dd, 2H), 2.62-2.70 (m, 2H), 3.38-3.46
(m, 2H), 3.60-3.66 (m, 3H), 3.71 (s, 3H), 3.88-3.94 (dd, 1H), 4.07-4.15(m, 1H),
4.22-4.29 (m, 1H), 4.48 (i, 1H), 4.60 (1, 1H), 5.97 (br i, 1H), 6.76-6.81 (m, 2H),
6.99 (br s, 1H), 7.20 (dd, 1H); HRMS (FAB) Calcd for CosH3sN2O58: 475.2267
(M+H)*. Found: 475.2260.

Step H:

10i
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workup was sufficiently pure by TLC for further manipulations; HRMS (FAB)

Caicd for C42H59N608S: 807.4115 (M+H)*. Found: 807.4103. -

Step J:

10A

108

To a solution of 10j (180 mg, 0.22 mmol) in dichloromethane was added
sequentially DMSO (0.313 mL, 4.4 mmol), DCC {908 mg, 4.4 mmol), and
dichloroacetic acid (36.4 uL, 0.44 mmol). The reaction mixture was stired
overnight at ambient temperature. It was quenched by addition of aqueous 5%
citric acid solution (5mL) and MeOH (1mL) and stirred for 30 min. The solid

SOE
716
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To a cold (0°C) solution of 10h (200 mg, 0.42 mmol) in dichloromethane
(10 mL) was added MCPBA (60%, 364 mg, 1.26 mmol). The reaction mixture«- -
was slowly warmed to ambient temperature over 18 hrs, The reaction mixture
was diluted with dichloromethane and washed with saturated sodium bicarbonate
and sodium bisulfite solution. The organic layer was dried (Na,S0,), and
concentrated. Purification by flash column chromatography using 98/2
dichloromethane/methanol provided 11a (138 mg, 65% yield). HRMS (FAB)

Caled for CosHasN2078: 507.2165 (M+H)*. Found: 507.2158,
Step B:

£=0 - §=0

o o

(P oo0m, 5,3\
ﬁ Y O : - H Y )
11a 11b

The expected product 11b was synthesized as described for Example 1,
Step | in 90% yield as a white solid; HRMS (FAB) Calcd for C24H33N2078S:

493.2008 (M+H)*. Found: 493.2012.
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The desired product 11 was obtained by the oxidation protocol described |
earlier for Example 1, Step K. Purification by flash column chromatography using.
98/2 dichloromethane/methanol afforded 11 in 4% yield (2 steps). HRMS (FAB)

Calcd for C42H57Ng010S: 837.3857 (M+H)*. Found: 837.3865.
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138.45, 155.62, 165.06, 171.13, 172.54; HRMS (FAB) Calcd for Co7H43N207:

507.3070 (M+H)*+. Found: 507.3077. e
Step B:

O\,O\/\/Q Q\,O\/\/Q
N LCHy . Q\‘?OzCHa
*\gn\/g 5 HCL. HQN\.AO

0
i 5 12a 12b
L
.. The desired compound 12b was prepared by the protocol described for
Example 1, Step E. The material was carried forward to the next step.
Step C:
10
@/0\/\\/@ @ J L
ZN\S.E\OOzGHs » n\i)\cozcl-la
HCLH y 0 HOO/Y Y 0
£ 0 £
‘, ." 12b 12¢
' v

The desired product 12¢ was obtained by the procedure described for”
15 Example 1, Siep F. The material was purified by flash column chrorhatography
using 99/1 dichloromethane/methanol to vield 12¢ in 91%. '>C NMR (CDClg) &
26.24, 29.93, 34.95, 35.96, 43.48, 52.18, §3.09, 57.06, 58.06, 66.10, 66.92,
72.93, 77.43, 114.59, 116.14, 120.87, 127.58, 127.64, 127.74, 128.37, 130.02,
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process once again, the filtrate was concentrated and applied on the column as a
dichloromethane solution. The column was eluted with 75/25 hexane/acetonede -

yield 29% of 12e. HRMS (FAB) Calcd for 023H33N206: 433.2339 (M+H)*.

Found: 433.2339. i |
- \
. ,
) 9

% % '
C)\cogcus — y Q\COQH ~
\./Lo N\./ko |

- A

Step E:
12e . 12

ZX

The advanced intermediate 12f was synthesized as described for Example ‘
1, Step |, in quantitative yield; *H NMR (DMSO-dg) 5 0.96 (s, 9H), 1.66-1.70 (m,
1H), 1.75-1.82 (m, 2H), 2.43 (dd, 1H), 3.32-3.36 (m, 2H), 3.48-3.52 {m, 1H), 3.55
(dd, 1H), 3.84 (app. d, 1H), 3.99 (app. d, 1H), 4.06-4.10 (m, 3H), 4.16 (dd, 1H), ‘
4.69 (d, 1H), 6.70-6.72 (m, 3H), 7.15 (app. 1, 1H), 8.42 (d, 1H), 12.43 (br. s, 1H); i
3C NMR (DMSO-dg) & 26.25, 28.54, 33.31, 34.97, 41.22, 53.96, 56.11, 56.97, }
63.36, 64.96, 76.84, 111.94, 115.25, 121.73, 129.13, 138.36, 158.27, 169.85,
170.15, 173.04; HRMS (FAB) Calcd for CooH31N20g: 419.2182 (M+H)+.
Found: 419.2180.
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Step H:

i

% H E
%\ [;)\W%H\j\h! I!I\ —
k]'\_/go 0 0 "0
e

129

! | %
E by 9 4 0
Sesaases
0 AN

0
12A
RSN
. NI AA
H\i/lool}' ) Ho§ .
i /—]\ 12B

The desired products 12A and 12B were obtained by the oxidation protocol
described previously for Example 1, Step K. Purification by flash column
chromatography using 98/2 to 96/4 of dichloromethane/methanol afforded
separate isomers 12A and 12B, and some mixture. Combined yield = 57% (for 2
steps). HRMS (FAB) Calcd for C40H55Ng09: 763.4031 (M+H)*. Found:
763.4040 (12A), 763.4047 (12B).

-




001/77113 PCT/US01/10869
WO 01

138

The expected product 13a was synthesized as described earlier for the
Example 1, Step J. The material after work-up was of sufficient purity fo be .-
carried forward to the next step. HRMS (FAB) Caled for C41H59Ng09: 779.4344
(M+H)*. Found: 779.4350.
5 StepB:

Q
i H H l
H\fg(}ﬁ 0 \/&H o )
° A 13A
3
L J , D AN %‘\
o nwfﬁiﬁ N
' O/Ei\ 138 '

The desired producis 13A and 13B were obtained by the oxidation protocol
10 described previously for Example 1, Step K. Purification by flash column
chromatography using 100/0 to 96/4 dichloromethane/methanol afforded separate
isomers 13A and 138, and some mixture. Combined yield = 50% (for 2 steps).
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Ste

e

N
BocH \/\OH

-
-

AN

14¢

A solution of tert-butyl carbamate (5.96 g, 50.9 mmol) in 1-PrOH (68 mt)
was treated with ag. NaOH (128 mlL., 0.41 M) and teri-butyl hypochlorite (5.5g,
50.9 mmol). The reaction mixture was cooled to 0° C and (DHQ)2Phal (780 mg,

1.00 mmol) in 1-PrOH (64 mL) was added. A solution of tert-butyl-4-vinylbenzoate
14b in 1-PrOH (119 mL) was added followed by K20sO4eH20 (248 mg, 0.7

mmol) and the reaction mixture was stirred at 0° C for 4-5 h. The reaction turns
green and all the starting material disappears with a new product formed. The
reaction mixture was concenirated in vacuo and the residue was diluted with HoO

(300 mL) and extracted with EtOAc (3x100 mL). The combined organic layer was
extracted with aq. HC) (200 mL), brine(100 mL.) dried (Na2S04) filtered cone. in

vacuo and purified by chromatography (SiO2, EtOAc/Hexanes 1:2) to.yield 14¢ as

a colorless solid (4.6 g, 82%). 1H NMR (CD30D, 8) 7.90 (d, 2 H, /=6.0 Hz), 7.40
(d, 2 H, J=6.3 Hz), 7.22 (bd, 1 H, J=5.7 Hz), 4.69 (bs, 1 H), 3.71-3.62 (m, 2 H)
1.58 (s, 9 H), 1.39 (s, 9 Hz); 13C NMR (CD30D, 75 MHz) 169.7, 160.5, 149.8,
134.5, 132.9, 130.4, 84.7, 82.9, 68.7, 60.7, 31.25, 30.9 MS (FAB) 675.2 ([2M+1]*,

15), 338 ((M+1]+, 15), 282 (85), 225 (50), 165 (100); HRMS caled for
C18H2gNO5 (M+1): 338.1887; found 338.1967.

2y
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A solution.of amino alcohol 14d (3.3 g, 11.08 mmol) in dry THF (200 mL)
was cooled to -78 °C (dry ice/acetone, internal temperature -68°C) was treated--
with LDA (44 mL, 2M soln in heptanes, 88 mmol, 8.0 equiv.). The reaction mixture
was stirred at -78° C for 2 h and quenched with CH30H (20 mL). The reaction
mixture was treated with aq. HC! (150 mL, 1 M) and extracted with ether (3x100
mL). The combined ether layer was extracted with brine (50 mL) dried (MgSQ4),
concentrated in vacuo and purified by crystallization from boiling hexanes. The
solid separating out from the mother liquor was predominantly cis stereo isomer,
where concentration of the mother liquor gave the pure frans isomer. The above
sequence was repeated twice more to obtain 2.7 g of the trans compound and

800 mg of cis/trans mixture. 13C NMR (CDCI3, 75 MHz) 175.3,156.6, 79.8, 63.6,

57.0, 44.1, 38.3, 37.7, 28.9, 28.6, 28.4, 28.1, 26.6, 26.1. MS (eleciron spray) 344
(M*, 50), 288 (50) 232 (20), 188 (100).

Step F:
BOGHN\,/\OH BOGHN\E/&OH
’
o , Oi iﬂ\ *
14e 14f

A solution of alcohol 14e (2.6 g, 7.6 mmol) in CH3CN (150 mL) and CClg
(150 mL) was treated with H20 (22 mL), cooled to 0°C, treated with periodic acid
(7.05 g, 30.92 mmol, 4.0 equiv.) and RuClze3H20 (60 mg, 0.3 mmol, 4 mol%}.
The reaction mixture was stirred at rt. for 3h, and concentrated in vacuo. The

residue was diluted with water (150 mL) and extracted with EtOAc (3x100 mL).
The combined organic layer was extracted with H20 (100 mL) and with aq. NaOH

(1M, 3x100 mL).The combined aq. layers were acidified with HCI (6M, pH ~1) and
extracted with EtOAc (3x100 mL). The ethyl acetate layers were pooled, extracted
with brine (100 mL) dried (NapSO4) filtered concenirated in vacuo to yield acid

141 (1.8 9, 66%) used for further couplings without further purification. MS (FAB)

AN
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127.5, 127.4, 127.3, 79.8, 79.7, 79.0, 77.5, 72.5, 66.7, 65.4, 58.1, 56.6, 52.1,
51.3, 43.9, 40.4, 39.4, 38.6, 34.6, 29.8, 28.4, 27.9, 27.3, 26.1, 25.4, 24.5; MS ..
(FAB) 633 (IM+1}+, 11), 538 (55), 477 (24), 428 (5), 294 (100), 234 (12) 156 (40),
128 (39); CHN Calcd. for C34H52N0g € 64.53% H 8.28% N 4.43%; Found C
64.41% H 8.00% N 4,19%.

Step H:

Q/O\NQ., @\ﬂ
Qcoocns (I:llCOOCHg

BocHN. CIH 3
¥ e i S

>LOE 14g >\\0 14h

A solution of Boc-trans-4-tertbutylcarboxycyclohexyl glycine 149 (1.8 g) in
HCI (4M soln in dioxane, 60 mL) was stirred at rt. for 4-5 h. The reaction was
followed by TLC (EtOAc/Hex 3.7) for the disappearance of starting material and
the appearance of base line product. The reaction mixiure was concentrated in
vacuo and the residue was dried in the pump overnight. The solid 14h was used
for couplings without further purification.

6 15  Stepl;

=

H o QCOOCHQ, E>‘0000H3
H
. C 3% . ﬂ \)§

-
-

w o OhR IS

14h o 14j

un
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115.7, 113.8, 100.0, 94.8, 79.9, 79.8, 77.5, 65.1, 58.5, 58.2, 55.6, 55.5, 54.3,
52.2, 51.5, 43.9, 42.1, 39.4, 35.0, 32.4, 28.6, 28.4, 27.5, 27.2, 27.1, 26.1, 25.2,..
25.0; MS (FAB): 577 ([M+1T, 70), 521 (10), 443 (10), 387 (10), 374 (10), 318
(15), 290 (100), 248 (30); HRMS calcd. for C3oH45N20g (M+H)*: 577.3125;
Found 577.3133.

C(_/-OH
0,
A %
H o
&CODCHQ %’ \LO COOCH;z
] 3

R T &

A solution of alcohol 14k (600 mg, 1.05 mmol) and ADDP (787 mg, 3.12
mmol, 3.0 equiv.) in CH2Cl2 (30 mL) was treated with Ph3P (818 mg, 3.12 mmol,
3.0 equiv.) under a positive pressure of dry N2 at 0 °C. The reaction mixture was

2
|

| LTR L

stirred at rt. for 24 h, concentrated in vacuo and the residue was purified by -
chromatography (SiO2, acetone/Hexanes 2:3) 1o yield a colorless solid 141 (120
mg, 22%) of cyclic product; Rf 0.73 (acetone/Hexanes 1:1); 1H NMR (CD30D, §)

7.43 (4, 1 H J=7.8 Hz), 6.76 (s, 1 H), 6.71 (1, 2 H, J=8.1Hz), 4.58 (d, 1 H, J=0.9
Hz), 4.37 (dd, 1 H, J=7.8, 2.7 Hz), 4.23-4.11 (m, 4 H), 3.74-3.61 (m, 2 H), 3.66 (s,
3 H), 3.59-3.40 (m, 2 H), 2.54-2.41 (m, 1 H), 2.19-2.10 (m, 1H), 1.98-1.42 (m, 10
H), 1.43 (s, 9 H); 13C NMR (CD3OD, 8) 175.6, 172.4, 172.1, 170.8, 159.0, 137.0,
120.1, 121.7, 115.7, 112.2, 94.8, 79.8, 77.4, 65.2, 64.0, 57.6, 55.2, 53.8, 51.3,
44.0,41.5,39.1, 33.3, 28.7, 28.1, 26.9; MS (electron spray) 559 ([M+1}¥, 100)
327 (10), 189 (20); HRMS calcd. for C3pH43N208 (M+1)*: 559.3019; Found:

T
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Step M;:
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14m I

A solution of carboxylic acid 14m (110 mg, 0.21 mmol) in DMF (3.0 mL)
and CH2Cl2 (5.0 mL) was treated with Hiinigs base (109 mg, 0.84 mmol, 4.0
equiv. 155.0 pl) and HOOB (52 mg, 0.315 mmol, 1.5 equiv.). The reaction.
mixture was cooled to 0 °C and treated with EDCI (61 mg, 0.31 mmol, 1.5 equiv.)
The reaction mixture was stirred at 0 °C and treated with amine hydrochloride A
after 30 min. The reaction mixture was stirred at n. for 24 h and concentrated in
vacuo to remove DMF and CH2Clp. The residue was diluted with aq. HCI (1 00
mL) and extracted with CH2Cl2 (3x75 mL) The combined organic layers were

extracted with ag. NaOH (1M, 3x50 mL), brine (100 mL) and concentrated in
vacuo. The residue 14n (79 mg) was oxidized without further purification.
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Exambple 15: Preparation of Compound 15:

15
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258(20), 246 (100), 202 (70), 200 (20); HRMS calcd. for C18H32NOg (M+1)*:
358.2230; Found: 358. 2237. s
Step B:

16a 1d 16b

The desired compound 16b was prepared from 16a in 41% yield according
to the procedure of Example 14, Step G; [o]D -52.7 (¢ 0.3 CHCI3, 25); 1H NMR
(CDClg, §) 7.35-7.21 (m, 5 H), 6.63 (d, 1 H, J=9.3 Hz), 4.46 (d, 2 H, /4.3 Hz),

10 4.41 (1, 1 H, J=9.3 Hz), 4.38-4.07 (m, 3 H), 3.88 (s, 3 H), 3.66-3.43 (m, 5 H), 2.45
(p, 1 H, J=4.2 Hz), 2.32 (dd, 1 H, J=7.8, 5.7 Hz), 2.02-1.90 (m, 3 H), 1.90-1.56 (m,

3 H), 1.56-1.24 (m, 24 H); 13C NMR (CD,0D, §)174.7, 172.4, 172.0, 156.4,
138.4, 128.0, 127.5, 127.4, 79.8, 79.0, 77.5, 72.5, 66.8, 65.3, 58.0, 55.3, 52.1,

51.3, 40.4, 38.6, 34.7, 29.7, 27 .4, 27.03, 26.1, 24.5. MS (FAB) 633.2 [(M+1)+,
15 100}, HRMS caled for C34H53N209 (M+1)*: 6338.3751; Found 633.3759.

,
oo
4
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6 H), 2.54-2.42 (m, 1 H), 2.28-2.39 (m, 1 H), 2.1-1.9 (m, 3 H), 1.86-1.64 (4 H),
1.50-1.38 (m, 14 H); 13C NMR (CDCl3, §) 175.0, 172.4, 171.5, 171.1, 157.1, =~

138.5, 136.0, 130.1, 128.5, 127.9, 127.7, 121.0, 116.0, 114.8, 80.5, 77.6, 73.0,
66.9, 66.2, 58.2, 54.3, 52.5, 52.3, 43.4, 39.4, 39.9, 34.9, 30.0, 28.2, 26.8, 26.6,

5 26.0, 24.0; MS (FAB) 689 [(M+Na)*, 35), 667 [(M+H)*, 23), 633 (5), 294 (100),
204 (39), 156 (63).
Step E:

P H % K

L J COOCHg COOCHg
H\%O g \l
Noy 0

E"’;‘O%\ 90/\\

16d 16e

&

vind

md

\

10

The desired compound 16e was prepared from 16d according to the
procedure of Example 14, Step J. The product was used without further
purification.
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Step G: .
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16¢ 169
5 The desired compound 16g was prepared from 16f according to the

procedure of Example 14, Step H. The product was used without further

purification.
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The desired compound 16 was prepared as a colorless solid from 16h in
5  40% yield according to the procedure of Example 14, Step N. MS (electron spray)

889 [(M+1)+: 85), 637 (20), 530 (75), 265 (100); HRMS calcd. for C47He5Ng011:
889.4711; Found 889.4699.
Example 17: Preparation of C ound 17:

i | -
ST

17

10
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0 0]
18a 18b

To a cold (0°C) slurry of 18a (15.0 g, 90 mmol) in dioxane (100 mL), water
(100 mL), and saturated sodium bicarbonate (100 mL) was added a solution of
tert-butoxycarbonyl anhydride (7.2 g, 33 mmol) in dioxane (100 mL). The reaction
mixture was slowly warmed 1o ambient temperature over 6 hr. The reaction
10 mixture was concentrated in vacuo. The residue was diluted with water and
extracted with diethylether (2 x 150 mL). The ether layer was discarded. The
aqueous layer was acidified slowly with solid citric acid (pH ~ 4) and extracted
with ethyl acetate (3 x 150 mL). The organic layer was dried (Na2SO4) and

concentrated in vacuo to afford 18b (14.86 g, 61% yield) as a white foam.
15 Step B:

>Loj\ﬁ I W >ko,ﬁ\ﬁ 0‘7<

To a 80°C solution of 18b (14.6 g, 54.68 mmol) in toluene (230 mL) was
20 added DMF-di-teri-butyl acetal (53 mlL, 218.72 mmol) dropwise over 2 hrs, The
reaction mixture was maintained at the same temperature for 1 hr after the
addition was complete. It was then cooled to ambient temperature and
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To an oven dried flask was added THF (75 mL, previously deoxygenateg.
by bubbling argon), palladium acetate (74 mg, 0.33 mmol), B-(+)-BINAP (311 mg,
0.495 mmol), and cesium carbonate (5.38 g, 16.5 mmol) under argon
atmosphere. To this mixture was added 18d (5.0 g, 11 mmol) followed by
diphenylketimine (2.77 mL, 16.5 mmol). The flask was fiushed with argon and
heated to reflux for 12 hrs (overnight). Cooled the reaction mixture to ambient
temperature and diluted with ether (500 mL). The organic layer is washed with
saturated ammonium chloride solution (2 x 300 mL), dried (Na2SQO4) and

concentrated Purification by flash chromatography using 100/0 to 90/10

: drchloromethane/ethyl acetate provided the required product 18e (3.58 g) in 67%

yield.
Step E:

®

% '”
oA, Km*’i IS

18t

To a solution of 18e (3.0 g, 6.17 mmol) in methanol (62 mL) was added
sodium acetate (1.218 g, 14.8 mmol), and hydroxylamine hydrochloride (0. 774 g,
11.11 mmol). The reaction mixiure was stirred at ambient temperature for 3 hrs.
The reaction mixture was concentrated, diluted with dichloromethane and washed
with 0.1 N NaOH solution. The organic layer was dried (Na2S0O4) and

b

concentrated. Purification by flash column chromatography using 95/5 to 92/8
dichloromethane/ethyl acetate afforded 18f (1.31 g) in 66% yield.



WO 01/77113 PCT/US01/10869

00esT

165 45

ey

H

vi

18h
. Qe
< HN""“NH,
® -
PPN
b
ISR AeR AN
18
5 The expected product 18i was synthesized as described earlier for the

Example 1, Step D. The crude material was purified by flash chromatography
using 98/2 to 90/10 dichioromethane/methanol to afford 18i in 34% yield.
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Step J:
Ox e O
@ >3
HN""NH
O Q‘ ' 2
O N* COgH
BN e
12§ 18j
2 Oxe 0
Q HN'S‘NHg
C R
R N
> 0 H oo
18k
5 The expected product 18k was synthesized as described earlier for the

Example 1, Step J. The material after work-up was of sufficient purity to be
carried forward to the next step. | )

o
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19

O

5 The expected product 19 was synthesized as described earlier for the
Example 3, Step A, in quantitative yield.
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20a 20b

The desired product 20b was obtained by the method described for
Example 1, Step G. The material was purified by flash column
chromatography using 98/2 fo 96/4 dichloromethane/methanol to provide 20b
in 81% yield. HRMS (FAB) Calcd for C25H37N207: 477.2601 (M+H)*.
Found: 477.2606.

Step C:
_\—q
H HO Y
002CH3 . CO,CH3
\/rLo , N -
O

20b 20c

The desired product 20¢ was obtained by the method described for
Example 1, Step H. Purification by column chromatography using 99/1
dichloromethane/methanol afforded 20c¢ along with triphenylphosphine oxide.
This mixture was taken to the next step. HRMS (FAB) Calcd for
C25H35N206: 459.2495 (M+H)*, Found: 459.2490.

Step D:

-~
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O 20e

The expected product 20e was synthesized as described eartier for the
Example 1, Step J. The material after work-up was of sufficient purity to be
carried forward to the next step.
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Example 21: Preparation of Compo of ula 21:

il Sad

21

Step A:

20d
” OH
R LA T o
N 0 0 0
o .

o) z
O 21a

The expected product 21a was synthesized as described earlier for the
Example 2, Step A. The material after work-up was of sufficient purity to be
carried forward to the next step.

S
Ei‘ i,
3
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The expected product 22 was synthesized as described earlier for the
Example 3, Step A, in quantitative yield. HRMS (FAB) Calcd for

C40H52N5010: 762.3714 (M+H)*. Found: 762.3722.

ample 23: Preparation of Compound of Formula 23:

M

0 o
G

23

10
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Step B;

Y

U\()Y <\f

\)L R IR
S O

CHs

-4 )
e

23
The desired compound 23 was prepared in 79 % yield from 23a

according to the method of Example 1, Step K.
Example 24: Preparati f Compound of Formula 24:

P,
H; (AN H .
NO RN

24

L X
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Step A:

14

The desired compound 25 was prepared in 53 % yield from 24
according to the method of Example 1, Step J, except substituting benzyt
amine for amine A.
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Step B:

BrO~~~2O.

/‘:N"’ NCO,CH3
B
gegge!
¥ 0 + 0 .
: NO,
Q 26b
1#
BnO AL,
qXCOzCHg

n NN
BOUE,SO

26¢

To a solution of 1f (2.3 g, 5.1 mmol) in dichloromethane/DMF (25/5 mL)
at 0°C was added 26b (2.24 g, 6.1 mmol) followed by friethylamine (0.86 mL,
6.1 mmol). Few crystals of imidazole were added and the reaction mixture
stored at -8°C for 16 hrs. The reaction mixture was diluted with
dichloromethane, washed with saturated sodium bicarbonate, 10% aqueous
citric acid solution, dried (Na23804), and evaporated in vacuo. The crude
material was purified by flash column chromatography using 100/0 to 70/30
dichloromethane/ethyl acetate to provide 26¢ (1.2 g, 38% yield). HRMS

(FAB) Caled for C38H48N307: 658.3492 (M+H)*. Found: 658.5482’,.
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The desired product 26f was obtained by the method described for
Example 1, Step . HRMS (FAB) Caled for C23H32N308: 446.2291 (M+H)*.
Found: 446.2290.

Step F:

P Q

v C—>\c P |
q \/,L O;H 4 HCLH.N N\/lL N,
HN\lr o 0 H

26f

26g
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using 99/1 to 95/5 dichloromethane/methanol provided 26A (as a mixture) and
26B (pure lower Rf isomer). Combined yield = 25%. : v

Example 27: Preparation of Compound 27:

- Q .
3 0 0 CHs
H ]
N\:)kN § ﬂ\/u\ﬁ Ny,
= o)
G
27A
0/\/?\
: 0O
gy © § g o , 9 OHs
N\/u\N . N Nech
5 O - H
G
27B
Step A
HO
= H
O /X .0 E‘Q -
>LOJ\N OMe - J\N Me
O o}
27a 27b

To the mixture of Boc-3,4-didehydroproline-OMe (27a, 5.30 g,23.4
mmol), N-methylmorpholine-N-oxide (4.75 g, 35.1 mmol) in acetone (10 mL) _ >
and water (15 mL) at rt. was added an Osmium tefroxide solution in tert-
butanol (2.5% wiw, 3.5 mL, 0.344 mmol). To this cloudy solution was added
THF until the mixture became almost homogeneous. After stirred at rt.
overnight, saturated aqueous sodium thiosulfate solution (30 mL) was added
and 10 min later, followed by addition of EtOAc¢ (300 mL) and brine (80 mL).
After layers were separated, aqueous solution was extracted with EtOAc
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The desired compound 27d was prepared from 27¢ according to the

method of Example 1, Step C. it was used in the next reaction without further....
-purification.

Step D

A,

m | o :
- = 0 | *{H\J\N OMe
HC H@rome O ©

27d 27e

The desired compound was prepared from 27d according to the
method of Example 1, Step D. Flash chromatography (8 to 20 %
EtOAc/CH2CID) afforded 27e.

Step E

Ph/“o/\?\ W/\/%

.O

WNJ\ OMe  —————> HCH HzN\/“\()\I(O
Q- O |

27e 27

The desired compound 27f was prepared from 27e according to the
method of Example 1, Step E. It was used in the next reaction without further
purification.
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Step H

HO/\/>\ /\/>\
e 10
I K
N\?jiis:l\wADMe >~ N , ﬁ::Z\WADMe

o : 0 o@ 0

27h 27i

I 5

The desired compound was prepared from 27h according to the

method of Example 1, Step H. Flash chromatography (310 § %
MeOH/CH2Cl2) afforded 271 as a mixture with triphenylphosphine oxide which

was hydrblyzed.
Step |

The desired compound was prepared (72%, 2 steps) from 27i
according to the method of Example 1, Step .
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Step K

e N " HH 0 CHs
Né ' | \)LH N..,CH3 e
O CHgz

27k

0O N

“CHs

ot
O
o
Z " 0
QO
pride o
Trare
:E( 3t O
w 0=:
2T
%O ‘
Iz
==

~n
~3
o

The desired compound was prepared from 27k according to the
method of Example 1, Step K. Flash chromatography (2o 5 %
MeOQOH/CH2Cl2) afforded pure 27A and 27B. e
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The desired compound was prepared from 27§ according to the method
of Example 2, Step A. Flash chromatography (3 to 6 % MeOH/CH2Clo) oo

afforded 28a (50%) as a mixture of inseparable diastereomers.
Step B

|

/\?}) 9{
o /N H
O “z)'*@wg“ I Ln
O %

28a

The desired compound was prepared from 28a according to the
method of Example 2, Step B. Flash chromatography (2 to 5 %
MeOH/CH2Cl?) afforded 28A and 28B.
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9 _
Q
\)L H 'ﬂL)L o —
CHs
28A

oo

/\?}Q
Q O 0 CHC: o]

The desired coinpound 29A was prepared from 28A according to the
method of Example 3, Step A.

os

e

.

i

&
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Step A: o
HO
7 Me h/\o’\/L
v
Pt ™~o-A=N * P
o}
30a 30b
P o
~ Oll M
a
@
30¢

To a solution of the Cbz-HYP-OMe (30a) (3.0 g, 10.7 mmol) and 4-
benzyloxy-2-methyl-1-butene 30b (5.30 g, 30.0 mmol) in anhydrous CH2Clo
(80 mL) at 0°C was added trifluoroboron diethyl etherate (0.25 mL, 1.97
mmol). The resulting mixture was stirred at rt. overnight (18 h). Saturated
sodium bicarbonate solution (30 mL), brine (50 mL) and EtOAc (300 mL) were
added and the layers were separated. The aqueous solution was extracted
with EtOAc | '

(2 X 100 mL) and the combined organic solution was dried (MgSO.), filtered
and concentrated in vacuo to give a yellow oil. Flash chromatography (5 to 20
% EtOAc/CH2Clo) afforded 30¢ (2.00 g, 4.32 mmol, 41 %) as an oil.

™

Step B;
o/ : —_—
OMe
N A HN
O 0
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30f .30g

The desired compound 30g was prepared from 30f according to the
procedure of Example 1, Step F. Flash chromatography (2 to 5 %
MeOH/CH2CI2) afforded 30g (48%, 2 steps).

Step F;

)

Aco/\A{‘ HO
H o OH
1 z(“\i
st
,‘(JLJE::ZLTTJDAma ™ g::][ifiahﬂe
= o) 0 :: o]

30g 30h

O

The mixture of 30g (700 mg, 1.28 mmol) and potassium cérbénate )
(530 mg, 3.84 mmot) in anhydrous methanol (80 mL.) was vigorously stirred ai
rt. The reaction progress was monitored by TLC, After 3 h, it was
concentrated in vacuo before EtOAc (200 mL) and water (100 mL.) were
added and layers were separated. The aqueous solution was extracted with
EtOAc (2 X 100 mL). The organic solutions were combined, dried (Mg50,),

0y
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Step {: o

Hy
-‘\\CHS
A OH Cl
0] |
H : \i
H \)I\Q(OH +  HCHi,N § N Nech,
O

30j

The desired compound was prepared from 30j according to the
procedure of Example 1, Step J . Flash chromatography (3 10 6 %
MeOH/CH2Cl2) afforded 30k (58%).
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Step A

Hg

/\Hﬁ{\CHs
’ (E(
S h 0 OH 0
%ﬁﬁ See s
CHs

31a

The desired compound was prepared from 30j and B according fo the
procedure of Example 1, Step J. Flash chromatography (2 to 5 %
MeOH/CH2Cl2) afforded 31a (73 %).

e
NG
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Step A .
H
/\35(\01-%3

e
A Il
O

CHs

/\Hi\(: e
o/ 0
H H H
1N Qrm N\,lLﬁ OH
O
CHs
32

31

iy

23

The desired compound 32 can be prepared from 31 according to the
procedure of Example 3, Step A. ' *
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MeO. OH M H

COMe O,H

33b 33c

An aqueous lithium hydroxide solution (0.342 g in 10 mL H,O) was
added to a solution of the methyl ester 33b in THF (10 mL) and methanol (10
mL) at rt. The progress of the reaction was monitored by TLC. After 4 hr., the
volatiles were removed in vacuo, EtOAc (150 mL.) and water (30 mL) were
added and the aqueous solution was acidified to pH = 1 and saturated with
solid sodium chloride. After separation of the layers, the aqueous layer was
extracted with EtOAc (2 X 150 mL). Organic solutions were combined, dried
with sodium sulfate, filtered and concentrated in vacuo to afford 33¢ (1.6 g).

Step C:

Ph/\o
Ph/\of\/\o
MeO.
+ HCngN\)J\QK) \j\(l(o Me
COoH
3¢ 1f 33d

The desired compound 33d was prepared from 33c and 1f according
to the procedure of Example 1, Step F. Flash chromatography (2 to 5 %
MeQH/CH2Clo) afforded 33d in 90% vield.
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MeO O/\/\Q
0
ﬁ N OMe H
0 O 0
33f

The desired compound 33g was prepared from 33f in 45% yield (2
steps) according to the procedure of Example 1, Step |.

Step G:

+ HCY HZN\¢( \j\ %N‘CH;;

The desired compound 33h is prepared from 33¢ and A according to
the procedure of Example 1, Step J.
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Example 34: : Preparation of Compound 34:

O W

Hs

34
Step A:

M 0/\/\3

0 N H H 0O
H\J\N H * HC{'HZN{\V(N\/KE' \r<
0O 0 0
CHs

33g
MeO

S

O

O"”

Y

sl
0 H\;k%ﬁ OHo “\j\%%
O 34a o .

*

»

The desired compound 34a is prepared according to the method of
Example 1, Step J, except substituting amine B for amine A. The product is
obtained as a mixture of inseparable diastereomers.
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tep A:

M | /\/\9
MO S T
O W

MeO

B

34 ?
R A TR T o
TN N
o i o 0 H o
O CHs
35

The desired compound 35 is prepared from 34 according to the method
of Example 3, Step A.
Ex le 36 : Preparation of Compou :

[ v
0

O

W

36
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Step C
00'Bu
SR— ‘Bu + f
J NG co0'Bu g’ coo'Bu
OH Ns
36¢c 36d 36 d'

A solution of epoxide (4.0 g, 18.4 mmol) in dry ethanol (100 mL) was
treated with NaN3 (12 g, 184 mmol) and NH4Cl (9.6 g. 184 mmol) and heated
at reflux for 36 h. The reaction mixture was diluted with water and the reaction
mixture was extracted with ether (300 mL). The combined organic layers
were dried with Na2804 and concentrated. The residue was purified by Si02
chromatography (EtOAc/Hex 1:19) to yield 1.1 g (28%) of 36d and 731 mg
(18%) of 36d" as a colorless liquid.

Step D
_ ;
?gootau —_——— oH COO'Bu

OH CH

36d 36e

A solution of azide 36d (2.1 g, 8.7 mmol) was dissolved in CH30H _
(100 mL) and treated with Pd/C (50 mg) and hydrogenated (40. psi) for 24 h,
The reaction mixture was filtered through a plug of celite and the filtrate was z
concentrated in vacuo. The residue was used for next reaction without further
purification.

A solution of Cbz-Cl (1.48 g, 8.7 mmol, 1.23 mL) was added dropwise
to a mixture of amine and EtaN (878 mg, 1.25 mL) at -78 °C in CH2Cl2 (30

mL). The reaction mixture was warmed to rt. and concentrated in vacuo. The
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A solution of 36f is dissolved in CH30H (20 mL) and treated with Pd/C.-

(10 mol%, 20 mg). The reaction mixiure will be hydrogenated at 40 psi for 12
h. The reaction mixture is filtered through a plug of Celite and the filtrate is
concentrated in vacuo and directly used in the next step.

Step G

® 5

36h

" . The expected product 36h is synthesized as described earlier for the Example
1, Step J. The coupled material will be used directly for the next step to .
synthesize 36A and 36 B. ' S e
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Example 37: aration of ound 37:

[ add

e

NH ﬁOH\j\%
N o
H% o ]'S*OK
o
37A

‘?{%\ﬁi

HN, '\0\3%
>Lcf:(\\k-iCOgCH 3 m——— >Lo O2CHg

To a cold (0°C) solution of F (2.3g g, 9.43 mmol) in dichlorémethang
(20 mL) was added triethylamine (3.97 mL, 28.28 mmol), DMAP (few crystalsj
and 3-bromobenzenesulfonyl chloride (3.61 g, 14.14 mmol). The reaction
mixture was left standing in the refrigerator (0°-5°C) overnight. The reaction
mixture was washed with saturated NaHCQ3, and 10% citric acid solution.
The organic layer was dried (Na2804) and concentrated. The residue was
pur_iﬁed by flash chromatography using 95/5 to 90/10 dichloromethane/EtOAc

g
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Step D
(S
>ro\“,ﬂ \/L cozcns . - \,LO CO,CH3

37c 37d

aprn

The desired product 37d was obtained by the method described for
Example 1, Step E. The crude material was used in the next step without

purification.
Step E

Br Q éDN,g-l ? Nﬁ

=

O

37d 37e

The desired product 37e was obtained by the method desgcribed for
Example 1, Step F using pentenoic acid as the coupling partner. Purification >
of the residue by column chromatography using 90/10 to 80/20
dichloromethane/EtOAc provided 35% yield of 37e. HRMS (FAB) Calcd for

C25H35N306SBr: 586.1409 (M+H)*. Found: 586.1423.
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The desired product 37g was obtained by the hydrogenation procedure

described for Example 1, Step G in 73% yield. The material was sufficientiy--
pure for further studies. HRMS (FAB) Calcd for C25H3aN306S: 506.2325

(M+H)*. Found: 506.2314.
Step H

N
" QCO;;CH;;,  samman s QCOZH

T
Z
- o

379 37h

The desired product 37h was obtained by the procedure described for
Example 1, Step H in 84% yield. HRMS (FAB) Calcd for C24H34N306S:

492.2168 (M+H)*. Found: 492.2175.

o9
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Step J
SR
n%;'iﬂ\)!\ ~

0\ J)
N 0 o
H
) TJ)I(HJ\“%(OK
iy

37B

»

The desired materials 37A and 37B were synthesized by the oxidation
protocol described for Example 2, Step B. Purification of the residue using
98/2 to 96/4 dichloromethane/MeOH afforded 37A (61%, less polar) and 378
(15%, more polér) as a mixture of diastereomers. HRMS (FAB) Calcd for
C44Hg1Ng0O10S: 8654170 (M+H)*. Found: 865.4190 (37A), 865.4181
(37B).

02z
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The desired material 38A was synthesized as described for Example 3,

" Step A in 91% yield.
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Step A .

o
q)\cozcx-:s —— O\cozons
ko |

F

The desired product 39a was obtained by the method described for
Example 37, Step A using pipsyl chloride instead of 3-bromobenzenesulfonyl
chloride. Purification of the residue by column chromatography using 95/5 to
9010 dichloromethane/EtOAc provided 75% vyield of 39a. HRMS (FAB)

Caled for C17H24N20681: 511.0400 (M+H)*. Found: 511.0386.

Step B

i Qp

oA o\ Jon

| >]\ /'JL COLHs  —™ > ¥ QCC)zCHs
o _ H.HC

39a

3%

The desired product 39b was obtained by the method described for
Example 1, Step C. The crude material was used in the next step without -
purification.
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39d 39%e

The desired product 39e was obtained by the method described for
Example 1, Step F using pentenoic acid as the coupling partner. Purification
of the residue by column chromatography using 98/2 dichloromethane/MeOH

provided 76% yield of 39e.
Step F
0P
Y
N” "COzCH3 | QCOzCHa

3%e 39f

The desired product 39f was obtained by the method described for >
Example 37, Step F. Purification of the residue by column chromatography
using 98/2 dichloromethane/MeOH provided 28% vield of 39f as a mixture of

diastereomers. HRMS (FAB) Calcd for Co5H34N306S: 504.2168 (M+H)*.
Found: 504.2160.
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i 50 o H

39i

The expecied product 39i was obtained by the method described for
Example 2, Step A in 36% vield. The crude material was sufficiently pure for

further studies. HRMS (FAB) Caled for C44H33N501os 867. 4326 (M+H)*.
Found: 867.4342.
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Step A

S

0 o)
0
0O
40
The desired material 40 was obtained by the procedure described for
Example 3, Step A in 93% vyield as a mixture of diastereomers. HRMS (FAB)

Caled for C4pH53Ns010S: 809.3544 (M+H)*. Found: 809.3544. .
Example 41: Preparation of Co und 41:

Y

Oz
Ay )
N o0 0 H 5 \]< -
0
41
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[-)\COQCH 3 H N 0,CH3
./
o O 0
41a 41b

The desired product 41b was obtained by the method described for
Example 37, Step F. The residue was purified using 97/3
dichloromethane/MeOH to afford 41b in 26% vyield. HRMS (FAB) Calcd for

Ca3H3pN306S: 476.1855 (M+H)*. Found: 476.1858,
Step C

Oy, /, Oy, :;
é OoCH; OzCH3
. .

The desired product 41¢ was obtained by the hydrogenation method
described for Example 1, Step D in 75% vield. The material was sufficiently
pure for further studies.

® %
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The expected product 41e was obtained by the method described for
Example 2, Step A in 63% yield. The crude material was sufficiently pure fos~

further studies.
Step F

NAh.o J o 0
O
4

The desired material 41 was obtained by the oxidation protocol
described for Example 2, Step B. Purification of the residue using 98/2 to
95/5 dichloromethane/MeOH afforded 41 in 52% vyield as a mixture of
diastereomers. ' .
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Ex le 43: Preparation of C ound 43:

i 2t

Step A

O

Sou
- N~ “CO2CH3
ok

F 43a

H 2N'.
(;)\0026113
>Lo/go

To a cold (0°C) solution of F (5.4 g, 22.1 mmol) in dichloromethane (50
mL) was added tristhylamine (6.8 mL, 48.6 mmol), DMAP (few crystals) and
benzenesulfonyl chloride (3.29 g, 24.1 mmol). The reaction mixture was left
standing in the refrigerator (0-5°C) overnight. - The reaction mixture was
washed with saturated NaHCO3, and 10% citric acid solution. The organic
layer was dried (Na2804) and concentrated. The residue was purified by
flash chromatography using 95/5 dichloromethane/EtOAc to afford 5.0 g (59%
yield) of 43a.

Step B .

Bg v ..

.

)

Z
~

!
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mixture and added Et20 (50 mL). The precipitated solid material was filtered
off. Repeated this operation twice to remove most of the side products. The~
filtrate was concentrated and purified by flash chromatography usihg 90/10 to
85/15 dichloromethane/EtOAc to provide 330 mg of 43d. The recovered
starting materials, along with some triphenylphosphine oxide, was resubjected
to the above described conditions to provide additional 420 mg of 43d.
Combined yield = 34%. HRMS (FAB) Calcd for C35H50N308S: 672.3319

(M+H)*. Found: 672.3330.

Step E
§02Ph | $O2Ph
BnOWN," BrO A~

y C)\COZCH?, [_)\COZCH;:,
'S Sa BN §

i H
O | O
43d 43e

The desired product 43e was obtained by the method desgribed for
Example 1, Step E. The crude product was carried to the next step.

Step F

43e 43f
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concentrated and Et20/EtQOAc (50mL/50 mL) was added. The precipitated
solids were filtered off and the filirate was concentrated. The residue was.
purified by flash  chromatography using 8515 to  80/20
dichloromethane/EtOAc to afford pure 43h in 20% yield. HRMS (FAB) Calcd

for C31H40N307S: 598.2587 (M+H)*. Found: 598.2581.
Step |

g g

" Qcozcm . H\i)\’oz“
\/ko : O

N
e O

43h 43i

The expected product 43i was obtained by the procedure described for
Example 1, Step | in 92% vield.
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Step K

N»SOgPh
;f* Yy
N\/La§ 0

. (\,'g:sozph
%}3 H\j\m '\
H\/k O H 6]
Y 0
O
43
The expected product 43 was obtained by the oxidation protocol
described previously for Example 1, Step K. Purification by flash column

chromatography using 97/3 dichloromethane/MeOH afforded 43 as a mixture
of diastereomers. Combined yield = 80% (for 2 steps). HRMS (FAB) Calcd

for C48Hg2N7010S: 928.4279 (M+H)*. Found: 928.4290.

*
. Pe
24
I



.
s

PCT/US01/10869 {3 5/3,5,

WO 01/77113
181
¢9

4 Step B

B~ BrO”
CXCOZCHs L)
HCI. HZN\/t

>I’OT5 —

CO,CH4
0

—> (22

44b

The desired product 44b was obtained by the method described for
Example 1, Step E. The crude material was carried forward without

purification.

Step C

BnQ/\/\/Q.,

C}‘Cochg cochs
He Hszko \l

44b

44c

The desired product was obtained by the method described for
Example 1, Step F, using 3-hydroxybenzoic acid. The material was purified
by flash column chromatography using 85/15 to 65/35 dichloromethane/ethyl .

acetate o provide 44¢ in 81% yield. C.
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The desired product 44f was obtained by the method described for
Example 1, Step . Yield of 44f (for 2 steps) = 11%. '

Step G
(q
% OH '
y H +  HCLH.N ﬁ\j\N N
N\/goo 0 o6
£

> AN

44

A

o]
/'\ 449

The expected product 44g was synthesized as described eatlier for the
Example 1, Step J. The material after work-up was carried forward to the next
step.
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Q
!‘ [l;>\r(n n\im NMe,
. o\gﬂ\é/ko 0 o é
2
‘ 45
’ Step A
. BnO™ ~~""OH .

45a
> Q\O/\/\O/\/\OBn

+
"
45b

Alkylation of 45a with 45b was carried out using the procedure
described for Example 1 Step A. The crude product was purified using
85/0/15 to 85/5/10 hexanes/EtOAc/dichloromethane to provide 45¢ in 37%
yield. HRMS (FAB) Calcd for C1gH2004: 309.2066 (M+H)*. Found:
) 309.2060. .
StepB

o»

45d

e )
Qo’\z\o/‘\/\oan HO™ "0 0Bn
45¢

To a solution of 45¢ (4.8 g, 15.5 mmol) in MeOH (30 mL) was added
pyridinium p-toluenesulfonate (780 mg, 3.1 I,rnmol) and refluxed for 3 hrs when
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45f 459

The desired product 45g was obtained by the procedure described for

i‘ Example 18 Step B using 45f as the starting material. The residue was
purified by flash chromatography using 90/10 dichloromethane/EtOAc to

. provide 45g in 61% yield (for 2 steps). HRMS (FAB) Calcd for C27H44NO7:

494.3118 (M+H)*. Found: 494.3107.

Step F
S — f

The desired compound 45h was prepared by the protoco! described for
Example 1 Step C. The material was carried forward.

7 Step G

o
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To a cold (0°C) solution of 45k in dichloromethane is added
. triethylamine followed by carbonyldiimidazole. Slow warming to ambient
temperature overnight is expected to provide the required product 451. This
product can be purified using conventional flash column chromatography to
afford pure 45).

Step K

= EQT* - o\gn\f@ﬂ H
O 451 O 45m

The desired product 45m is obtained by the producer described z
previously for Example 3 Step A.

£y
‘ ‘f
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45

The desired product 45 is obtained by the oxidation protocol described

previously for Example 1 Step K.
chromatography will afford pure 45.

Purification by flash column

le 46: Preparation of C ound 46:

46

n\igw

%)

44
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by flash column chromatography using 10/90 to  30/70
EtOAc/dichlioromethane to provide 4.2 g of 46¢c (45% yield - for 2 steps)—

HRMS (FAB) Calcd for C1oH20NO3S: 234.1164 (M+H)*. Found: 234.1168.
Step C

XOXK{;&H X&g%“\iwe
g 46 - g 46d

To a cold (-15°C) solution of 46¢ (4.2 g, 19.4 mmol) in dichloromethane
was added acetic acid (2.14 mbL, 38.8 mmol) followed by methyl
isocyanoacetate (1.76 mL, 19.4 mmol). The reaction mixture was warmed io
room temperature and let stand for 16 hrs. Diluted the reaction with EtOAc
and washed with saturated NaHCO3, brine and water. The organic layer was
dried (Na280,) and concentrated. Purification by flash column
chromatography using 30/70 EtOAc/dichloromethane afforded pure 46d (6.5
g) as a white solid in 92% yield. HRMS (FAB) Calcd for C1gH2gN2078S:

393.1695 (M+H)*. Found: 393.1692.
Step D

P

To a solution of 46d (6.5 g, 16.6 mmol) in MeOH (30 mL) was added a
solution of lithium hydroxide (1.19 g, 50 mmol) in water (30 mL). After 45
minutes the reaction mixture was concentrated. Aqueous citric acid solution
was added till acidic pH (38) and the product was extracted into EtOAc.
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469

The desired compound 46g was prepared by the protocol described for
Intermediate A, Step 4. The material was carried forward for further studies.

GG .-
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The desired product 46 was obtained by the oxidation protocol
described previously for Example 10, Step J. The reaction took 4 days to go
to completion. Purification of the residue by flash column chromatography
(twice) and preparative TLC using 98/2 dichloromethane/MeOH afforded 46
as a mixture of diastereomers in 12% yield (for 2 steps). HRMS (FAB) Caicd

for C40H55Ng00S: 795.3751 (M+H)*. Found: 795.3761.
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Example 48: Preparation of Compound 48: .

The desired product 48b was obtained by the procedure described for
Example 1 Step J. The crude material was sufficiently pure for further
manipulations. (Note: The precursor 48a was obtained from commercially
available Nboc-S-methylcysteine by similar procedures described for 46g)
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The desired product 49 is obtained by the oxidation protocol described

previously for Example 11 Step A.
P ation of Compound 50:

Y

Example 50:

q e
H\_;/goo :
o) O A
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The desired product 50c is obtained by the method described for
Example 10 Step A using p-toluenesulfonyl chloride as the starting material,

Step D

Tso/\/\ TsO/\/\‘

3 J
NTs Y, NH Y
(o Oy
(o
ﬁ\../ko ° “\/go
- o £ :
O 50 O s0d

The desired product 50d is obtained by the treating 50¢ with HOBt in
THF at ambient temperature over several hrs.

L
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The expected product 50g is synthesized as described earlier for

Example 1 Step J.
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The expected product 51a is synthesized as described earlier for
Example 2 Step A.
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The desired product 52 is obtained by the procedure described
previously for Example 3, Step A.
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53a B3b

The desired product 53b was obtained by the method described in
Example 1, Step G. The crude material was carried to the next step as is.

Step C:

HO’WO
OH [-)\CO:gCHs ﬂ COzCHs
m,},\ @ ”
53b 53¢

The desired product 53¢ was obtained by the method described in
Example 1, Step H. Purification by column chromatography using 99/1
dichloromethane/methanol afforded 53¢ along with triphenylphosphine oxide.
This mixture was taken to the next step.
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Step F;

precs

538
The desired products 53A and 53B were obtained by the oxidation

protocol described previously for Example 1, Step K. Purification by flash
column chromatography using 100/0 to 99/1 dichloromethane/methanol
afforded separate isomers 53A and 53B, and some mixture.
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54c 54d
The desired product 54d was obtained by the procedure described for
Example 1 Step C. The crude product was used without further purification.

Step D

HCL. HzN\:j\o,g\_ | /O/O{“\j\o/\
5~
54e 54f

The desired product 54f was obtained by the procedure described for
Example 26 Step A using 54e as the starting material. The crude product was
purified by flash  chromatography using 80/20 to  100/0
dichloromethane/hexanes to afford 54f. |
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The desired compound 54i was prepared by the protocol described for

Example 18 Step B.
Step H
Bno\/\,o," BnO\/\,O.,‘
) . (N)Yo
S % HCLH & K
o 0
54i 84j

The desired product 54f was obtained by the procedure described for
Example 1 Step C. The crude material was used without purification.

Stepl
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Step b

g B dfﬁ

,°O o O

The desired product 54n is obtained by the producer described

previously for Example 3 Step A.

Step M

d OH +  HCLHg H\)Lg,r!:\
,Njgﬁ\{go OA o

o () |

q |
S d O H\/ﬁ\;?r'h\
/N\c[)rﬁégo 0 0 o . o
540

The expected product 540 is synthesized as described earlier for
Example 1 Step J.
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55a

H OH HO
. ' .
) NO,
55b

Commercially available 55a was converted to the desired product 55b
using the procedure described for Example 26 Step A in 41% yield.

@ Ste

The desired product 55¢ was obtained by the coupling protocol
described previously for Example 1 Step D using N-boc-t-butylglycine as the

coupling partner. Purification using 95/5 dichloromethane/EtOAc afforded 55¢
i in 57% vyield.

‘ Step C

BO A~ BiO~C,

TS sse TS ssa
The desired product 55d was obtained by the procedure described
previously for Example 1 Step C. The crude material was carried further.
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Step F
HO\/\/Q'.
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The expected product 55g was synthesized as described earlier for
Example 1 Step H. Purification by flash chromatography using 85/15
. dichloromethane/EtOAc provided 55g in 10% yield.

Step G
M d/\'
% 3
dg\;r 1 0 \]< i i %H
] .
5h

Y

Q
T~ 559 TS s

The desired product 55h was obtained by the method described
previously for Example 3 Step. A. The crude material was carried further
without purification. ' )



