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@ SOLICITUD DE:
X Patente de Invencién. Patente de Modelo de Utllidad.
Capitulo I. X | Capitulo II.
@ Nombre: SCHERING-PLOUGH, LTD. IDENTIFICACION
Direcclén: Weystrasse 20, CH-6000, Lucerne | C.C. NIT
S LICITANTE | S.Switzeria
C.E. Otro
(71) Naclonalldad o Domicllio: __SUJZA
Lugar de Constitucién: SUIZA Cual
Teléfono: Fax: Nimero
E-mall:
IDENTIFICACION
@ Nombre: CARLOS R. OLARTE
C.C.] X | NIT
REPRESENTANTE Dlrecc‘l'én: World Trade Center Torre A, Calle
- Teléfono: _601-7700 Fax:__601-779%9 Cual
E-mall: office@olarteralsbeck.com NGmero 79.782.747 Bta
TP 74.295
@ Nombre: VER PAGINA ADJUNTA
Direcclén: VER PAGINA ADJUNTA -
INVENTOR (ES) | Naclonalidad o Domicllior — VER PAGINA ADIUN
(72) aclonalldad o Domicllio TA
@ PCT (86)
Solicitud Internaclonal No. PCT/IB03/03140 Fecha 7 de Marzo de 2003
Publicaclén Internaclonal No. WO 03/077828 Fecha 25 de Septiembre de 2003
@ Titulo t54) COS PO v S
@ Clasificacién Internacional (51) A61k 7 {/465
(33) Pals de Origen | (32) Fecha | (31) Namero de Sollcitud |
(® Prioridad us Marzo 8, 2002 _10/094,688

SI| X | NO

@ Comprobante de pago No._ 66,565 Fecha 24 de Agosto de 2004
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ANEXOS

Comprobante de pago de |a tasa de presentacién de la sollcitud.

Documento que acredita la existancla y representacién legal cuando el solicitante sea persona juridica.
Poderes, sl fuere &l caso.

Documento de cesitn del Inventor al solicitante o a su causante,

Declaraciones.

Copia de 1a solicitud internaclonal. (Resumen, descripcién, relvindicadones, dibujos). .
Traduccién de la solicitud Internacional al castellano. (Resumen, descripcidn, relvindicaciones, dibujos).

Copla del examen preliminar intemacional efectuado por la Autoridad Intermacional de Examen Preliminar
(IPEA).

Traduccidn del examen preliminar internacional efectuado por la IPEA.
De ser ¢l caso, copla del contrato de acceso.

De ser el caso, documento que acredite |a licencia o autorizacién de uso de conocimientos tradiclonales de las
comunidades Indigenas.

De ser el caso, certificado de depdsito del material blolégico.
Arte final 12 x 12.

De ser el caso, Informadén sobre obras solidtudes de patente o titulos obtenidos en el extranjero por el mismo
titular o su causante, relacionadas parcial o totaimente con la Invencidn de esta solicitud.

De ser el caso, modificaciones efectuadas a la solicitud Intemacional.
Otros. Blisqueda Internacional

® |HED 00000 HEOEEOR ©

FIGURA CARACTERISTICA:

4 N

- /

@ Solicito la conceslén de .Ia patente,

NOMBRE:_CARLOS R, OLARTE FIR

§.782.747 Bt T.P. 74.205 _




ATTACHMENT A

BOOJAMRA, Constantine, G., citizen of the United States of
America, residing at 1068 Ashbury Street, San Francisco,
Califomnia, 94117, USA

CHONG, Lee, S., citizen of the United States of America,

reslding at 374689 Marsten Drive, Newark, Califomnia, 894560,
USA

HECKER, Scott, J., citizen of the United States of America,
residing at 16387 Englewood Avenue, Los Gatos, Califomnia,
95032, USA

GLINKA, Tomasz, W., citizen of the United States of
America, residing at 21122 Patriot Way, Cupertino,
California, 95014, USA

SHUSTER, Dale, E., citizen of the United States of America, <
residing at 267 Beechspring Road, South Orange, New
Jersey, 07079, USA !
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Radicacion 1 (A0ABEST SODOONNS
Ferba UUB); 2804-89-8 17:42:24

Folios: 23

Tranite 1 811 PCT-PRTENT 379 FAGE WCT AL PRESENTAC
Dupendsocia: 2828 DIVISIN DE WEWS (REACIINES
HIT ¢ 999175089-2
RECIBD OFICIAL DE CAJA s O1 -  bF,35
FECHA ¢ ABOSTO 24 TE 2004
$8302 CONSIBNACION se808
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$388 C O MCEP T 0 i
CANT. RENTISTICD CONCEPTO TOTAL CONCEPTS
1 30005-01-01 SOLICITUBES 1 TRAMITES OF SOL. DE PATENTE DE IN 422,000,
TOTAL 1 $  422,000.00
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Traduccidn oficial del Inglés por Marlén Neira Castro, resolucién 2117 del
Ministerio de Justicia de Colombia

APOSTILLA EN PODER DE REPRESENTACION DE
SCHERING- PLOUGH LTD,

APOSTILLA
(Convencién de la Haya del 5 de octubre de 1961)
1. Pais: Estados Unidos de América

~ Este documento Piblico

2. ha sido firmado por Marguerite La Corte

3. Quien ejerce funciones de Notario piblico de Nueva Jersey
Lleva el sello de Marguertie La Corte Notario

CERTIFICADO
En Trenton, Nueva Jersey
E1 29 de aposto 2003

5
6
7. Por John E. McCormac Contador Publico- Tesorero de Nueva Jersey
8 No. A 180348

8

Gran Sello del Estado de Nueva Jersey
10. Firma legible de John MacCormac

PODER DE REPEESEITABIGH
Bilingle inglés- espafio]l otorgado en Kenilworth, Nueva Jersey, Estados Unidos,

el 7 de agoato de 2003 y firmado por Edward H. Mazer - Representante Autorizado
CERTIFICADO NOTARIAL

Bilingle inglés- espafio]l, fechado el 7 de agosto, 2003 csrtificando l1as funciones

de Edward K. Mazer -Representante autorizado de Schering - Plough Ltd.

Las certificaciones anteriores se basan en 1a Resolucién de Junta Directiva de

Schering- Plough tLtd. fechada el 7 noviembre de 2002.

Sello: Marguerite La Corte- Notario piblico,

Estado de Nueva Jersey
Su comisidn venca al 7 de octubre de 2003.

Sello en alto relieve del Notario Piablico

Es traduccién fiel del inglés, con copia archivo para
septiembre, 2003,

MARLEN NEIRA CASTRO

Traductor o Intérpreie Oficial
lf\glls - Espafinl - Inglés
lucidn No, 2117 del 7 Oct 1987
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(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)
<%=

cA’J:

i

COUNTRY: UNITED STATES OF AMERICA

i

THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY:
MARGUERITE LA CORTE

|

}

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

g

4. BEARS THE SEAL/STAMP OF:
MARGUERITE LA CORTE, NOTARY
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AT TRENTON, NEW JERSEY
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THE 29TH DAY OF AUGUST 2003

|

i

BY: John E McCormac, CPA, NEW JERSEY TREASURER
NO. A180348
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OLARTERAISBECK

OLARTE RASBECK & FRIERL, LTDA,
LEcaL & PROFESSIONAL SERVICES

WorLd TRADE CsnTER - ToRRE ©
CauE 100 No. 8A-56 Pigo 10
CoLoMsia

Boaora,

TeiervonE: +57-1 838-8200
Fmx +57-1 8388201

wew.olarteraisheck.com
er. ttorne Poder
The undersigned, E1 suscrito,
Schering-Flough Ltd. .

dotticlled in ) domliciliado en

Toepferstrasse 5, CH 6004 Lucerns, Switxzérlimd

by means of these presents horeby grants to Carlos  por medio dol prescnte otorgs a Carlos R
R. Olartc and/or Ang Maris Frieri lland  Olarte y/o Ana Maria Frieri podor

sufficiext Power of Altorney to file, prosceuts,
obtaln, defend and enforce any and all of the
compans’s Pulents, Utllity Models xad 1ndastrisl
Degigas In the Republic of Colombia, v which end k
empowers thesu to take all sieps before
sy sdministrative or]udleld suthority of any class
For the objects stated, w file petitions, appeals,
replics and uppnlunu. pay taxcs and snnuities,
requeal testimonles, receive documents and
soauitics, abandon applications and collcct refunds.
Sufficlent power is hereby granted 10 recelve
potfications on behalf of the Compuny, (o confer
pueuonumewhombnpmmemmun}
Judiclally and extrafudicially, 1o answer in court In
the mattcr of all claims and demands that may be
presented in connection with the objcets stated,
piving them likewize power to substhute these
presents and revoke such substitulions.

Signature/Firma:
Date/Fecha:
City,Country/Ciuded,Pais: -

expecial, amplio y suficlente pars preseniar,
tramiter, obtener, defender y hacor respetar todss y
cunlquicra dc Patentes, Modelos de Utllidad y
Disefios Industriales de la compafiin en In
Repdblics de Colombia, a cuyo efecto los faculta
para dar todos los pasos necesarios ante cusiqules
ausoridad administrativa o judiclal de cusiquier
Jjerarquis para cumplir con lo encomendado, elevar
soficitudes, apclscionas, respuestas y oposiciones,
pnpr Impuelm y anualidades, solicitar
lestimonios, recibir documentos y valores, desistic
y percibir. Se conoede poder bastante para recibir
notificaclones & nombre de In compalifa, otorgar.
podcres & quicnes vayan s representat s is
compaiila Judicial y exirjudiclaimente, responder
en Juicio a todas las reclamacioncs o demandes
que por motivo 4o lo encomendado se

déndoles asimismo facultad para sustituir of
presentc y revocer dichag sustituciones.

; QuE
CONCIDE GON EL
E K= TENRDD A LA VIETA.
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OLARTERAISBECK

OLARTE RAISBECK & FREERL LTDA.
Leaal & PROFESNONAL SERVICEY
WORLD TrADt CeNTER — TORRE C -
- _ CALLE 100 No. BA-55 P80 10
BoGoTtA, CoLoMpia
TeLEPvONE +57-1 @38-8200
Fax +57-1 §38-8201
www.olarteralsbeck.com
Notarial Certification Certificacién Notarial

Oun this date, August 7, 2003 En csta ﬁ:cl\_a,
The usdersigned Notary Public cerdifies: el Notarlo Phiblico suscrito certifica:
1.Thet Edward H. Mazer Qe

. 1
of legal sge and domiciled in mawer da ey 7 ¢ym'cilindo |
139 ErebtnvoddNDridBysMillburn, New JErsey 07041, U.S.A. .
sigped the forcgoing docoment. suscribid el documento que antceede,
Z Thu the grantor has executed the forcgoing 2. Que el otnrgantc ha suscrito & referido
doamentas Duly Anthorized Representatfiegimenio ensu caricter de
of Schexing—Plongh Ltd. d
3. The Schering-—Plough Ltd. 4.Que
havine its principal olsce of business located ln con sede principal ublcada on

!oegfcuc:uu 5, CB m\lncm:. Switzerland

Is duly incorporaten, ks .cumrcally in existence, and  csté legalnmente constitulda, qie ticnc existencla
that the purposcs for which the Power of Antorney is  legal vigente y que los propisitos para los cuales
gmicd are within the scopc of ils corpomatc  sc olorga el poder s¢ encuentra dentro de los que
purposes. comprenden su abjcio social,

4, That the grantor has the authorily to execwte the 4. Quc ¢l oforganic tiene I represcniscién para
Power of Attorney and that bis’her represeniation 8 suscribir el poder, y quc ésta cs legitima.
fegal.

5. The foundation for my certificutions comalnedin 5. El fundamento de mis corlificaciones '
points 2, 3 and 4 was the exhibition of the following  comtenidas en los punios 2, 3 y 4 fuc ls exhibicién
authentic document(s): de S0z (del) sigulente(s) documcalo(s) astémtico(s):
Regolution of the Board of Directdra -
of Schering-Plough Ltd. of November 7, 2002.

ROAD 3P LONGTAY, QUE GETA
SIAPFT) COMGIDE GON KL
AL 1 ME TRISD0 A LAVISTA.

Margney La Corte
Notary Public of Hew Jersey
My Commission Expires October 7, 2003




ASSIGNMENT

WHEREAS, SCHERING-PLOUGH ANIMAL HEALTH C RPORATION, a
corporation organized and existing under the laws of the State of Delaware, United
States of America, having its principal office at 1085 Momis Avenue, Unlon, New
Jersey 07083-7143, United States of America CASSIGNOR"™), ls ihe owner of record
of patent applications entitled:

NOVEL FLORFENICOL- Bl
and officially identifiled by the United States Patent and Trademar« Office as
Application Number 10/094,688, filad on March 8, 2002, Application Number

10/410.330, filed on April 8, 2003, and/or by the World Intellectual Property
Organization as Intemational Patent Application Numbar _PCT/1813/03140, filed on

Msareh 7. 2003, by virtus of an assignment recorded or: Reel___ o
Frame In the United States Patent and Trademark Qffice, Washington,
D.C., including all Inventions describad and/or claimed in sald patent(s) and/or
patent application(a); )

WHEREAS, SCHERING-PLOUGH LTD., a comoration organized and
existing under the laws of Switzarland, heving its principal office at Weysirasse 20,
P.0. Box CH-6000, Luceme 6, Switzerland ("ASSIGNEE"), Is dezirous of acquiring
ASEIGNOR'S interest in said inventions, patent applications and all resulting patents
based theraon exciuding the patents grented In the Unlted State:s;

NOW, THEREFORE, for good and valuable consideration. the receipt of
which le hereby acknowledged, ASSIGNOR hereby salls, agssigns, and transfors to
ASSIGNEE, all of ASSIGNOR'S right, title, and interest in sald inventions and patent
applications, Including all countarpart applications, paetents, extensions,
supplementary protection certificates, and the like, besed upon sald inventions and
patant applications with the excaption of those held k: tha Unlted States, together
with ASSIGNOR'S right to sue and collact damages for any Infringement, for ite own
use and benefit and for its successors and assigna, &s fully and entinaly ag the same
would have been held by ASSIGNOR had this Assignment and transfer not been
made.

Executed on this 26 day of August, 2004.



Assignor: SCHERING-PLOUGH ANIMAL HEALTH CORPORATION
By.
Name: lener

Title: __Vice Presidentend Counset

o (T

State of ___New Jersey )

yas.:

County of __Unjon )

On 26" day of August, 2004, personally appeared before me
Joel Wisper to me known, and known by me to be the same person described in
and who exacuted the foregoing Instrument, and acknowledged that he exacuted the
same, of his own free wili for the purpose set forth.

(Sea)

SHC 6 b

Nntarv Public




Assignor: SCHERING-PLOU H ANIMAL HEALTH CORPORATION
By
Name:

Title:
ACKNOWLEDGEMENT W l""'
State of __New Jersey ) o
)a.8.
County of ___Unlon )

On 26™ day of August, 2004, personally appeared before me
Josl Wiener to me known, and known by me to be the same person described in
and who exacuted the foregoing Instrument, and acknowledged that he executed the
same, of his own free wiil for the purpose set farth.

(Saal)

SHC & fefoms

Notery Public

SHERYL A. HOHMANN
WOEARY PUSLIC OF Yy Jiasey
Cotmutnion pires 1/20/27

\



Assignes: SCHERING-PLOUGH LTD.

By: (%)
Name:__Richard A, Eidar
Tile:__Direclor, Patenty

ACKNOWLEDGEMENT

State of ____New Jerggy )
Jes:

Countyof _Union )

On 26™ day of August, 2004, personally appeared before me
Richard A, Elder to me known, and known by me to be the same person desciibed
In and who exacuted the foregolng instrumant, and acknawledged that he exacutad
the same, of his own free will for the purpose set fortt.

17




Case AHO6114

ACKNOWLEDGEMENT

State of New Jersey }
8.8
County of Morris ;

| hereby certify that the annexed is a true copy of the original
Assignment to SCHERING-PLOUGH ANIMAL HEALTH CORPORATION, of
a patent application entited “NOVEL FLORFENICOL-TYPE ANTIBIOTICS",
said Assignment having been executed on December 12, 2003, by
Conetantine G. Boojamra.

(gt 0/

Auglét 5, 2004

) %%

Shawn Armstrong
Notary Public of New Je
My Commission Expires May of 200

SHAWN W ARMSTRONG
A Netary Public of New Jersey
(Seal) : My Commnission Ehplru My 15, 2005

1381801

13
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(Joint)
PATENT CASE: AH0611401.
ASSIGNMENT
For good and valuable consideration paid lo us,
(1)  Constantine G. Booiamra __ 7 (4)  YomaszW.Giinka / _
(2) LeeS. Chong 7 (5)  Dale E. Shuster A
(3)  ScottJ. Hecker /7 )
respectively residing at
(1) San Francisco, California (4) Cuptertino, _g_g_lifomia :
(2)  Newark, Califomi (5)  South Orange, New Jersey ~ ~

(3) Lost Gatos, California
by SCHERING-PLOUGH ANIMAL HEALTH CORPORATION, a corporation organizéd under the laws of the

State of Delaware, United States of America, having its principal office at 1095 Morris Avenue, Union, New
Jersey 07083 , United States of America, (hereinafter called "ASSIGNEE"), we each do hereby sell, assign
and transfer to said ASSIGNEE each of our entire right, title and interest in all countries of the world in and to
any and all of our inventions and discoveries described in the patent application entitled

NOVEL FLORFENICOL-TYPE ANTIBIOTICS
and officially identified* by the United States Patent and Trademark Office as Application Number 10/410,330
filed on April 8, 2003, and/or by the World Intelleciual Property Organizalion as International Patent
Application Number _IB03/03140 filed on March 7, .2M03 . in and to the right to file
patent applications in the name of ASSIGNEE, its designee, or in any or all of our names, at its eleclion, on
the aforesaid inventions and discoveries in ail countries of the world, together with all rights of priority in the
aforesaid countries deriving from the above-identified patent application under the Intemational Convention
for the Protection of Industrial Property, under the Inter-American Convention relating to Inventions, Patents,
Designs and Industrial Models and under any other international arrangement to which the United States now
is or hereafier becomes a-signatory, in and to any and all Letters Patent that issue on any of the aforesaid
patent applications, in and to any applications claiming priority benefits lo a provisional patent application or
other applications filed on said inventions, and in and to .:any continuations, divisions, reissues, renewals and
extensions thereof of any of said Letters Patent, the same to be held and enjoyed by said ASSIGNEE, its

. ——

successors, assigns and other iegal representalives, to the full ends of the terms for-whieh a-Letters Patent
therefor may be granted, as fully and entirely as the same wouid have been held and enjoyed by us if this
assignment and sale had not been made. .

And we hereby covenant and agree that we will at any time, upon the request and-at the expense of
ASSIGNEE, execute and deliver any and all documents that may be necessary or desirable to perfect the
fitle to the foregoing inventions and discoveries, patent applications, and Letters Patent and continuations,
divisions, reissues, renewals and extensions thereof in ASSIGNEE, ils successors, assigns or other legal
representatives, including the execution and procurement of any and all further documents’ evidencing this
assignment and sale as may be necessary or desirable for recording the same in the Patent Office of any
country concemed, and that we will, at any time, upon the request and at the expense of ASSIGNEE,



IS

Assignment (Joint) Page 2 PATENT CASE: AH06114 01

execute any additional or divisional applications for patents for said inventions and discoveries, or any part or
parts thereof, and applications far patents of confirmation, registration and importation based on-said Letters
Patent and on Letters Patent issuing from said additional or divisional applications and reissues.. rénewals
and extensions therefor, and will make all rightful oaths and deciarations and do all lawful acts requisite for
procuring the same or for aiding therein, without further compensation, but at the expense of ASSIGNEE, s
successors, assigns or other legal representatives.

*We hereby authorize ASSIGNEE lo insert in this instrument the Application Number and the filing
date of said application for Letters Patent when officially notified thereof. =

a2 A
~~ygay of e 4 208 5.

- LS/ T
CONSTANTINEG. BOOJAMRA
ACKNO’I_ULEDGEMENT
” » )ss.:
County of< WAve
On this /A Aday of KL d . 20L - personally appeared before me
Constantine G. Boojamra fo ma known, and known by me o be the same person described in and

who executed the foregoing instrument, and acknowledged that he {she) execuled the same, of his (her).own
afree will for the purpose set forth.

e ]



Assignment {Joint) Page 3 PATENT CASE: AH06114 01
Executed this day of , 20
L.S.
LEE S. CHONG
ACKNOWLEDGEMENT
State of )
}s.s.: —
County of ) .
On this day of . 20 . personally appeared before-me .
Lee S. Chong to me known, and known by me to be the same person described in and who
. exacuted the foregoing instrument, and acknowledged that he (she) executed the same, of his (her) own free
“will for the purpose set forth. — e .-
(Seal) .
Notary Public
Executed this day of .20
L.S.
SC TT J. HECKER
ACKNOWLEDGEMENT
State of . }
)Ss.8.:
County of ) : .
On this day of . 20 . personally appeared belfore me
_Scott J. Hecker w_ to me known, and known by me to be the same person described in and who

execuled the foregomg instrument, and acknowledged that he {she) executed the same, of his (her) own free
will for the purpose set forth.

(Seal)

- B m—m——=
o N g
. e,
. am w

Notary Public -

16



Assignment (Joint) Page 4 PATENT CASE: AH06114 01

Executed this day of .20

LS.

T MASZ W. GLINKA

ACKNOWLEDGEMENT
State of ) e
)s.s.: :
County of )
On this day of . 20 . personally appeared before me
Tomasz W. Glinka to me known, and known by me to be the same person described in and who

“axecuted the foregoing instrument, and acknowledged that he {she)-executed.tha same, of his {lier) own free
will for the purpose set forth.

(Seal)
Notary Public
Executed this day of , 20
L.S.
DALE E. SHUSTER
ACKNOWLEDGEMENT
State of ) )
)s.s.: . -
County of )
On this day of , 20 . personally appeared befére me

Dale E. Shuster " __to me known, and known by me to be the same person described in and who
exacutad the foregoing instrument, and acknowledged that-he-(she) executed the same, of his (her) own free
will for the purpose set forth.

(Seal) e e —

Notary Public



Case AHO8114

ACKNOWIL EDGEMENT

State of New Jersey }
}ss
County of Morris }

| hereby certify that the annexed is a true copy of the original
Assignment to SCHERING-PLOUGH ANIMAL HEALTH CORPORATION, of
a patent application entited “NOVEL FLORFENICOL-TYPE ANTIBIOTICS”,
sald Assignment having been executed on November 21, 2003, by Lee S.
Chong.

upats; 20/

Audlst 5, 2004

(Seal)
1361501

U

Shawn Armstrong
Notary Public of New Je
My Commission Expires May of 2

SHAWN
Aﬂmhﬂﬁﬂﬂﬂm
My Commisaion Expirss sy 15, 2005

1B



(Joint)
PATENT CASE: AH06114 01 —
ASSIGNMENT
For good and valuable consideration paid to us,
(1) Constantine G. Boojamra (4) Tomasz W. Glinka —
(20 LeeS. Chong (5) Dale E. Shuster g
(3) Scott ). Hecker
respectively residing at
(1) San Francisco, California (4) Cuplertino, Califomia _
(2)  Newark, California (5) South Orange, New Jersey ~

(3) Lost Gatos, California
by SCHERING-PLOUGH ANIMAL HEALTH CORPORATION, a corporatian organizéd under the laws of the

State of Delaware, United States of America, having its principal office at 1095 Morris Avenue, Union, New
Jersey 07083 , United States of America, (hereinafter called "ASSIGNEE"). we each do hereby sell, assign
and transfer lo said ASSIGNEE each of our entire right, title 2nd interest in all countries of the world in and to
any and all of our inventions and discoveries described in the palent application entitled

NOVEL FLORFENICOL-TYPE ANTIBIOTICS
and officially identified” by the United States Patent and Trademark Office as Application Number 10/410.330
filed on April 8, 2003, and/or by the World Intellectual Property Organization as International Patent
Application Number _1B03/03140 fledon __ March 7, .23 . in and o the right to file
patent applications in the name of ASSIGNEE, its designee, or in any or all of our names, at its slection, on
the aforesaid inventions and discoveries in all countries of the warld, together with all rights of priority in the
aforesaid countries deriving from the above-identified patent application under the International Convention
for the Protection of Industrial Property, under the Inter-American Convention relaling to Inventions, Palents,
Designs and Industrial Models and under any other inlernational arrangement to which the United States now
is or hereafter becomes a-signatory, in and to any and all Leliers Patent that issue on any of the aforesaid
patent applications, in ;nd to any applications claiming priority ereﬁl_s_t_q_a provisional patent application or
other applications filed on said inventibns, and in and to_ a_r'r; continuations, divisions, reissues, renewals and
exlensions thereof of any of said Letters Patent, the same o be held and enjoyed by said ASSIGNEE, its
successors, assigns and o-f}.l.;r-l_eagl-r-e-presenlalives. to the full ends of the terms for-which.a-Letters Patent
therefor may be granted, as fully and entirely as the same would have been held and enjoyed by us if this
assignment and sale had not been made. .

And we hereby covenant and agree that we will at any time, upon the request and. at the expense of
ASSIGNEE, execute and deliver any and all documents that may be necessary or desirable to perfect the
title to the foregoing inventions and discoveries, patent applicatians, and Letters Patent and continuations,
divisions, reissues, ranewals and extensions thereof in ASSIGNEE, its successors, assigns or other legal
representalives, including the execution and procurement of any and all further documents’evidencing this
assignment and sale as may be necessary or desirable for recording the same in the Patent Office of any
country concerned, and that we will, at any time, upon the request and at the expense of ASSIGNEE.
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execule any additional or divisional applications for patenis for said inventions and discoveries, or any part or
parts thereof, and applications for patents of confirmation, registration and importation based on_"said Letters
Patent and on Letters Patent issuing from said additional or divisional applications and reissues, renewals
and extensions therefor, and will make all rightful paths and declarations and do all lawful acts requisite for
pracuring the same or for aiding therein, without further compensation, but at the expense of ASSIGNEE. its
successors, assigns or other legal representatives.

*We hereby authorize ASSIGNEE to insert in this instrument the Application Number and the filing

—

date of said application for Letters Patent when officially notified thereof. . =

day of . 20

] Executed this

—— -
e e e . ?

L.S.

C NSTANTINE G. BOOJAMRA

ACKNOWLEDGEMENT
State of )
}s.s.:
County of )
On this day of . 20 . parsonally appeared before me
Constantine G. Boolamma fo me known and known by me 1o be the same person described in and

who executed the foregoing instrument, and acknowledged that he (she) executed the same, of his (her) own
free will for the purpose sel forth.

(Seal)

Notary Public

o EE—
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ExecW_a' n| dayof _ Ni+ 20 2 . _
‘gjﬁﬁ LS. / i

LEE S. CHONG

ACKNOWLEDGEMENT

State of _@#_ﬂm
g ! J E }ss.: . -
Counly of ! -

On this !i/ %ay of NQ—{ mo&v, 20 © 2 personally appeared before me

Lee S. Chong to me known, and known by me to be the same person described in and who
_executed the foragoing instrument, and acknowledged that he.{she) executed the same, of hi& (her) own free
will for the purpose set forth. ——————— - -
JOSE J. SAN GABRIEL V ¥ -
Commission # 1428433 ¥
Nolary Public - Cablomia E - 11 - L
\ Adotary Public
. . .
Executed this day of .20
LS.
SCOTT J. HECKER
ACKNOWLEDGEMENT
State of )
}s.s.
County of ) : -
On this day of .20 . personally appeared beftre me

_ScottJ. Hecker .~ to me known, and known by me to be the same person described in and who
executed the foregoing instrument, and acknowledged that he (she) executed the same, of his (her) own free
will for the purpose sel forth.

{Seal)

- T Ry,
o -

Notary Public ~
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Executed this day of .20

L.S.

TOMASZ W. GLINKA

ACKN WLEDGEMENT

State of } . =
)85 .
County of ) . .
On this day of . 20 . personally appeared before me
. _Tomagz W. Glin to me known, and known by me to be the same person described in and who

" executed the foregoing instrument, and acknowledged that he (she)-execuled.the samse, of his-(her) own free
will for the purpose set forth.

(Seal)
Notary Public
Executed this day of .20
L.S.
DALE E. SHUSTER
ACKNOWLEDGEMENT
State of ' )
)ss.: . .
County of )
On this day of . 20 . personally appeared beft_ara me

Dale E: Shuster _~ to me known, and known by me Lo be the same person described in and who
executed the foregoing instrument, and acknowledged-that-he-(she) executed the same, of his (her) own free
will for the purpose set forth.

(Seal) J—

" A e, g,
. -

Notary Public



Case AH0B8114

ACKNOWLEDGEMENT

State of New Jersey }
}ss
County of Morris }

| hereby certify that the annexed is a true copy of the original
Assignment to SCHERING-PLOUGH ANIMAL HEALTH CORPORATION, of
a patent application entitied “NOVEL FLORFENICOL-TYPE ANTIBIOTICS”,
said Assignment having been executed on December 5, 2003, by Scott J.
Hecker.

s

AugMst5,2004 |

/ Shawn Armstrong
Notary Public of New Je

My Commission Expires May of 2005

Sﬂlﬂﬂlm
“ﬂllvl'ubﬁ.-.ofnum

hngy
(Seal) ¥ Commissien Expires May 15, 30q5
136150-1
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ASSIGNMENT

For good and valuable consideration paid to us,

{1) Constantine G. jamra (4) Tomasz W, Glinka _
(2) LeeS.Chong (5)  Dale E. Shuster -
(3) Scott ). Hecker i
respectively residing at

~(1) San F alifornia {4) Cuptertino, California
(2)  Newark, Califomia (5)  South Orange, New Jersey ™~

(3)  LostGatos Califomia
by SCHERING-PLOUGH ANIMAL HEALTH CORPORATION, a corporation organizéd under the laws of the
State of Delaware, United States of America, having its principal office at 1085 Morris Avenue, Union, New
Jersey 07083 , United States of America, (hereinafter called "TASSIGNEE"), we each do hereby sell, assign
and transfer to said ASSIGNEE each of our entire right, title and interest in all countries of the world in and to
any and all of our inventions and discoveries described in the patent application entitled

NOVEL FLORFENICOL-TYPE ANTIBIOTICS
and officially identified* by the United States Patent and Trademark Office as Application Number 10/410,330
filed on April 8, 2003, and/or by the World Intelleciual Property Organization as International Patent
Application Number _1B03/03140 fiedon __ March 7, . 203 _, in and to the right to file
patent applications in the name of ASSIGNEE, ils designee, or in any or all of our names, at its election, on
the aforesaid inventions and discoveries in all countries of the world, together with all rights of priority in the
aforesaid countries deriving from the above-identified patent application under the international Convention
for the Protection of Industrial Property, under the Inter-American Convention relating to Inventions, Patents,
Designs and Industrial Models and under any other intemational arrangement to which the Uniled States now
is or hereafter becomes a-signatory, in and lo any and all Letters Patent that iasue on any of the aforesaid
patent applications, in and to any applications claiming priorily . Peneﬁl_s_ 1o a provisional patent application or
other applications filed on said inventi-cms. and in and tt;;ny continuations, divisions, reissues, renewals and
extensions thereof of any of said Letters Patenl, the same 1o be held and enjoyed by said ASSIGNEE, its
successors, assigns and oE;;-l;E;I-r'é-;:resentalives. to the full ends of the terms for-whieh.a.Lstters Patent
therefor may be granted, as fully and entirely as the same would have been held and enjoyed by us if this
assignment and sale had nol been made. )

And we hereby covenant and agree that we will at any time, upon the request and. al the expense of
ASSIGNEE, execute and deliver any and all documents that may be necessary or desirable to perfect the
title 1o the foregoing inventions and discoveries, patent applications, and Lelters Palent and continuations,
divisions, reissues, ranewals and extensions thereof in ASSIGNEE, ils successars, assigns or other legal
representatives, including the execution and procurement of any and all further documents evidencing this
assignment and sale as may be necessary or desirable for recording the same in the Patent Office of any

country concemed, and thal we will, at any time, upon the request and at the expense of ASSIGNEE,
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execule any additional or divisional applications for patents for said inventions and discoveries, or any part or
paris thereof, and applications for patents of confirmation, registration and importation based on_"said Letters
Patent and on Letters Patent issuing from said additional or divisional applications and reissues, renewals
and extensions therefor, and will make all rightful caths and declarations and do all lawful acts requisite for
procuring the same or for aiding therein, without further compensation, but at the expense of ASSIGNEE, its
successors, assigns or other legal representativas.

*Woe hereby authorize ASSIGNEE to insert in this instrument the Application Number and the filing

date of said application for Letters Patent when officially notified thereof. . =
Executed this day of .20
LS. -

CONSTANTINE G. BOOJAMRA

ACKNOWLEDGEMENT
State of )
)ss.
County of )
Onthis______ dayof . 20 , personally appeared before me
Constantine G. Boo] Boojlamra to me known and known by me to be the same person described in and

who executed the foregoing instrument, and acknowledged that he (she) executed the same, of his (her) own
free will for the purpose set forth.

{Seal)

Notary Public

N R .



Assignment (Joint) Page 3 PATENTCASE: AH0G6114 01
Executed this day of .20
L.S.
LEE S. CHONG
ACKNOWLEDGEMENT
State of )
)s.s.: —
County of ) =
Onthis ____ dayof . 20 . personally appeared before me

Lae S. Chong to me knawn, and known by me to be the same person described in and who

execuied the foregoing insirument, and acknowledged that he (she) executed the same, of his (her) own fiee
* will for the purpose set forth. —_—— .
(Seal) .-
Notary Public

Executed this _3 __ day of ~December .2003

//C‘Jr { ?'/l—v)um L.S. /

SCOTT J. HECKER

Slate of

County of - -
Onthis ______ dayof péraonally appeared before me
Scott J. Hecker - lo me known, and known e lo be the sameperson described in and wio

executed the foregoing instrument, and acknowledged that h e) &xeculed the same, of his (her) own free

wilt for the purpose set forth. T

{Seal)

Notary Public - .~ N\__

SEE ATTACHED CALTFORNIA ALL-PURPOSE ACKNOWLEDGMENT



CALIF RNIA ALL-PURPOSE ACKN WLEDGMENT
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] State of California
55
County of San Diego
On__Decembex 5, 2003  belore me. _Elisa_anna_HesLnn,_ﬂo_:ar?v_Euh_Lic .
Oniy hopnt 40 Tow o OMcm 0 5 “Jave Dop, ham P2 1
personally appearad _Scott J. Hecker
hean-t o Bgres. . -
N personally known 1o me )
~satrsiaciory

gvrdence

10 be the parsonly) whose namefy) Givdle
subscribed to—the--within . yment «and
acknowiedged to me lhal@s-;my exacuted
the same n riNgir  authonzed
capacdy(ip4). and that by . EdyngcUR
signature(y) on the instrument the personis§. or
the entty upon behall of which the person{
acted. executed the instrument.

WITNESS Wﬁoﬂual seal.
O
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Signer(s) Other Than Named Above: Constantine G. Boojamra, Lee 8. LChong,
Thomasz W. Glinka., and Dale E. Shuster

Capacity(ies) Claimed by Signer -7
Signer's Name: m.:. —

Xx Individual R
Corporate OHlicer — Title{s): ____
Partnar — __ Limited ‘General”
Atiomey-in-Fact DT e
Trustee - .
Guardian or Conservator
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Self

Signar Is Representing:

e
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Executed this day of . 20

L.S.

TOMASZ W. GLINKA

ACKNOWLEDGEMENT
State of ) =
)s.s.:
County of )
On this day of . 20 . personally appeared before me
-, Tomasz W. Glinka to me known, and known by me to be the same person described in and who

‘executed the foregoing instrument, and acknowledged that he (she)-executed.the same, of his{lier) own free
will for the purpose set forth.

(Seal)
Notary Public
Executed this day of . 20
L.S.
DALE E. SHUSTER
ACKN WLEDGEMENT
State of i )
)ss.: . .
County of )
On this day of .20 . personally appeared beftire me

Dale E. Shuster ™ __to me known, and known by me to be the same person described in and who
executed the foregoing instrument, and acknowledged that-he-{shre} executed the same, of his (her) own free
will for the purpose set forth.

(Seal) - - .

- Ry

Notary Public



Case AHO6114

ACKNOWLEDGEMENT

State of New Jersey }
}s.s
County of Morris }

| hereby certify that the annexed is a true copy of the original
Assignment to SCHERING-PLOUGH ANIMAL HEALTH CORPORATION, of
a patent application entitted “NOVEL FLORFENICOL-TYPE ANTIBIOTICS”,
said Assignment having been executed on November 13, 2003, by Tomasz

@W}Wy

Notary Public of New Jersey
My Commission Expires May of 2005

SHAWN M ARMSTRONG
A Noiary Pabliz of New Jersey
My Comcaixzion Explres May 15, 2005

7 wy

(Seal)
136150-1
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ASSIGNMENT

For good and valuable consideration paid to us,

{1) Constantine G. Boojamra (4) Tomasz W. Glinka _
(2) LeeS.Chong (5)  Dale E. Shuster -
(3)  Scott J. Hecker
respectively residing at

~{1) San Francisco, California {4) Cupterting, galifornia
(2)  Newark, Califomia (5)  South Orange. New Jersay ~ -

(3) Lost Gatas, Califomnia
by SCHERING-PLOUGH ANIMAL HEALTH CORPORATION, a corporation organizéd under the laws of the
State of Delaware, Uniled States of America, having its principal office at 1095 Morris Avenue, Union, New
Jersey 07083 , United States of America, (hereinafter called "ASSIGNEE™), we each do hereby sell, assign
and transfer to said ASSIGNEE each of our entire right, title and interest in all countsies of the world in and to
any and all of our inventions and discoveries described in the patent applicalion entitled

NOVEL FLORFENICOL-TYPE ANTIBIOTICS
and officially identified* by the United States Patent and Trademark Office as Applicalion Number 10/410,330
filed on April 8, 2003, and/or by the World Inteflectual Property Organizalion as International Patent
Application Number _IB03/03140 fledon__ March 7, . 203 ., in and to the right to file
patent applications in the name of ASSIGNEE, its designee, or in any or all of our names, at its election, on
the aforesaid inventions and discoveries in all countries of the warld, together with all rights of priority in the
aforesaid countries deriving from the above-identified patent application under the International Convention
for the Protection of industrial Property, under the Inter-American Canvention relating to Inventions, Palents,
Designs and Industrial Models and under any other international arrangement to which the United States now
is or herealter becomes a-signatory, in and to any and all Letters Patent that issue on any of the aforesaid
patent applications, in and to any applications claiming priority benefits to a provisional patent application or
other applications filed on said inventions. and in and to :;;;co'nlinualions. divisions, reissues, renewals and
extensions thereof of any of said Letters Palenl, the same lo be held and enjoyed by said ASSIGNEE, its
successors, assigns and oiﬁé}-i;_;;_;i-l:ebresanlalives, to the full ends of the termns for-which.a-Letters Patent
therefor may be granted, as fully and entirely as the same would have been held and enjoyed by us if this
assignment and sale had not been made. .

And we hereby covenanl and agree that we will at any time, upon the request and- at the expense of
ASSIGNEE, execute and deliver any and all documents that may be necessary or desirable to perfect the
litle to the foregoing inventions and discoveries, patent applications, and Letters Patent and continuations,
divisions, reissues, renewals and extensions thereof in ASSIGNEE, its successors, assigns or other legal
represeniatives, including the execution and procurement of any and all further documents evidencing this
assignment and sale as may be necessary or desirable for recording the same in the Patent Office of any
country concemed, and that we will, at any time, upon the request and at the expense of ASSIGNEE,
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execute any additional or divisional applications for patents for said inventions and discoveries, or any part or
paris thereof, and applications for patents of confirmation, registration and importation based onsaid Lelters
Patent and on Letters Patent issuing from said additional or divisional applications and reissues.-i'e'ﬁewals .
and extensions therefor, and will make all rightful oaths and declarations and do all lawful acts requisite for
procuring the same or for aiding therein, without further compensation, but at the axpense of ASSIGNEE, its
successors, assigns or other legal representatives.

*We hereby authorize ASSIGNEE to insert in this instrument the Application Number and the filing

date of said application for Letters Patent when officially notified thereof. . =
Executed this day of , 20
T e e e e - -
L.S.
CONSTANTINE G. BOOJAMRA
ACKN WLEDGEMENT
State of )
}s.s.:
County of )
Onthis ____ dayof . 20 , personally appeared before me
Constantine G. Boojamra to me known and known by me to be the same person described in and

who executed the foregoing instrument, and acknowledged that he (she) executed the same, of his (her) own
free will for the purpose set forth.

(Seal)

Notary Public
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Executed this day of , 20
L.S.
LEE S. CHONG
ACKNOWLEDGEMENT
State of )
}s.s. —
County of ) )
Onthis ____  dayof , 20 , personally appeared before-me -
Lee S. Chong to me known, and known by me to be the same person described in and who
_ executed the foregoing instrument, and acknowledged that he (she) executed the same, of his (her) own free
“will for the purpose set forth. ——— e .-
(Seal) -
Notary Public
Executed this day of . 20
L.S.

SCOTT J. HECKER

ACKN WLEDGEMENT

State of . )
}s.s.:
County of ) : .
On this day of ., 20 . personally appeared before me
Scott J. Hacker fo me known, and known by me to be lhe same person described in and who

will for the purpose set forth.
{Seal)

s - e =
e e

" e -

Notary Public -
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Executed this -3 _day of Novemosx=20 03
Ay i
\/ / /‘/ LS. / "

f
TOI‘ASZ\N. GLINKA

ACKNOWLEDGEMENT
stateof __Clupomg ) -

- 5.5.:
County of Saun dav- ;

On this _{3W dayof NMov. , 2007 , personally appeared before me
. Jomasz W. Glinka to-ma-known, andxnm-by-me to be the same person described in and who
" executed the foregoing Instrument, and acknowledged that he (ste)-execulsd the same, of his. {wer) own free
will for the purpose set forth.

O RAJEHGRA K. Drat, Al &

(Seal) : 8 hc::-:“ U = e

Digaante wisn sat e iin: ¥ Ly/

{ ' e Comn et o 2 305 T N

~Rotary Public
Executed this day of .20
L.S.
DALE E. SHUSTER
ACKNOWLEDGEMENT
State of ' )
)ss.: : .
County of )
On this day of , 20 , personally appeared befc;}e me

ale E. Shuster = __to me known, and known by me to be the same person described in and who
executed the foregoing instrument, and acknowledged that-he-(she) exeeutad the same, of his (her) own free
will for the purpose set forth.

(Seal)

..-\._'-n.n-._-_‘
L

Notary Public

35
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Case AH06114

ACKNOWLEDGEMENT

State of New Jersey }
}s.s
County of Morris }

| hereby certify that the annexe is a true copy of the original
Assignment to SCHERING-PLOUGH ANIMAL HEALTH CORPORATION, of
a patent application entited "NOVEL FLORFENICOL-TYPE ANTIBIOTICS",
said Assignment having been executed on November 17, 2003, by Dale E.
Shuster.

/ Zﬂy
Augdst 5, 2004

Jpal o

Shawn Amstrong
Notary Public of New Je
My Commission Expires May of 20

SHAWN M ARMSTRONG
A Notary Publie of New Jersey
(Seal) My Conanisslon Expires May 15, 2008

1381501
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PATENT CASE: AHO611401-
ASSIGNMENT
For good and valuable consideration paid to us,
(1) Constantine G. Boojamra (4) Tomasz W. Glinka —
(2) LeeS.Chong (5)  DaleE. Shuster B
(3) it .. Hecker )
respectively residing at
(1) San Franci California {4) Cuptertino, g_a_lnfoml _
{2) Newark, California (5) South Orange, New Jersey

{3) Lost Galos, Califomia
by SCHERING-PLOUGH ANIMAL HEALTH CORPORATION, a corporation organized under the laws of the
Stale of Delaware, United States of America, having its principal office at 1095 Morris Avenue, Union, New
Joersey 07083 , United States of America, (hereinafter called "ASSIGNEE"), we each do hereby sell, assign
and transfer to said ASSIGNEE each of our entire right, tile and interest in all countries of the world in and to
any and all of our inventions and discoveries described in the patent application entitled

NOVEL FLORFENICOL-TYPE ANTIBIOTICS
and officially identified* by the United States Patent and Trademark Office as Application Number 10/410,330
filed on April 8, 2003, and/or by the World Intellectual Property Organization as Inlernational Patent
Application Number _IB03/03140 fiedon___ March 7, .23 _, in and to the right to file
patent applications in the name of ASSIGNEE, ils designee. or in any or all of our names, at ils election, on
the aforesaid inventions and discoveries in all countries of the world, together with all rights of priority in the
aforesaid countries deriving from the above-identified patent application under the inlemational Convention
for the Protection of Industrial Property, under the inter-American Convention relating to Inventions, Patents,
Designs and industrial Models and under any other international arrangement to which the United States now
is or hereafter becomes a-signatory, in and 1o any and all Letters Patent that issue oﬁ any of the aforesaid
patent applications, in and to any applications claiming priority benefits to a provisional patent application or
other applications filed on said invenli-ons and in and Ic; a;ny continuations, divisions, reissues, renewals and
exlensions thereof of any of said Letters Patent, the same to be held and enjoyed by said ASSIGNEE, its
successors, assigns and other 'IeEal_ r-epresenlalwes to the full ends of the terms for which_a.Letters Patent
therefor may be granted, as fully and entirely as the same would have been held and enjoyed by us if this
assignment and sale had not been made. .

And we heraby covenant and agree that we will at any time, upon the request ahd-at the expense of
ASSIGNEE, executie and deliver any and all documents that may be necessary or desirable lo perfect the
tide to the foregoing inventions and discoveries, patent applications, and Letters Patent and continuations,
divisions, reissues, renewals énd extensions thereof in ASSIGNEE, its successors, assigns or other legal
representalives, including the execution and procurement of any and all further documents’evidencing this
assignment and sale as may be necessary or desirable for recording the same in the Patent Office of any
country concemned, and that we will, at any time, upon the request and al the expense of ASSIGNEE.

35
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execule any additional or divisional applications for patenis for said inventions and discoveries, or any part or
parts therecf, and applications for patents of confirmation, registration and importation based on $3id Letters
Patent and on Letters Patent issuing from said additional or divisional applications and reissues, renewals
and exiensions therefor, and wili make all rightful oaths and declarations and do all lawful acts requisite for
procuring the same or for aiding therein, without further compensation, but at the expense of ASSIGNEE, its
successors, assigns or other legal representatives.

*Wae heraby authorize ASSIGNEE to inse[t in this instrument the Application Number and the fiing

st

date of said application for Letters Patent when officially notified thereof. . -~

day of , 20

L.S.

CONSTANTINE G. BOOJAMRA

ACKN WLEDGEMENT

State of )
)ss.:
County of )
On this day of ., 20 , personally appeared befors me
Constanting G. Boojamra to me known, and known by me to be the same person described in and

who executed the foregoing instrument, and acknowledged that he (she) executed the samae, of his (her) own
free will for the purpose set forth.

(Seal)

Notary Public
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Executed this day of ., 20

L.S.
LEE S. CHONG
ACKNOWLEDGEMENT
State of )

}s.s.: =
County of ) :
On this day of .20 . personally appeared before:me
Les S. Chong to me known, and known by me to be the same person described in and who
» , executed the foregoing instrument, and acknowiedged that he (she) executed the same, of his (her) own free
“will for the purpose set forth. — e e
(Seal) -
Notary Public

Executed this day of ., 20

LS.

SCOTT J. HECKER

ACKNOWLEDGEMENT
State of )
}s.s.:
County of ) - .
On this day of , 20 . personally appeared before me
Scott J. Hecker = to me known, and known by me to be the same person described in and who

executed the foregoing instrument, and acknowledged that he (she) executed the same, of his (her) own free
wilt for the purpose set forth.

{Seal)

- ——————
T P

- -

Notary Public -~
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Executed this ___ dayof .20

L.S.

TOMASZ W. GLINKA

ACKNOWLEDGEMENT
State of ) R .
)ss.:
County of )
On this day of , 20 . personally appeared before me
» . __Tomagz W, Glinka to me known, and known by me o ba the same person described in and who

executed the foregoing instrument, and acknowiedged that he (she)exesuled.the_same, of his (er) own free
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NOVEL FLORFENICOL-TYPE ANTIBIOTICS

FIEL.D OF THE INVENTION

The present invention relates to the fields of organic chemistry,
pharmaceutical chemistry, biochemistry and medicine. In particular, it relates to
novel! florfenicol-type antibiotics.

BACKGROUND OF THE INVENTION

Florfenicol is a broad spectrum antibiotic with activity against many gram-
negative and gram-positive barieria. Florfenicol is useful for the prevention and
treatment of bacterial Infectlons due to susceptible pathogens in birds, reptiles, fish,
shellfish and mammals. One of its primary uses is In the treatment of pneumonia
and associated respiratory infections in cattle (often referred to generically as Bovine
Raspiratory Disease or BRD) caused by Mannhemia haemolytica, Pasturella
multocida and(or) Haernophilus somnus. 1t is also Indicated in the treatment of
pododermatitis in cattle caused by Fusobacterium necrophorum and Bacienoides
melaninogenicus, swine respiratory disease caused by Pasteurefla multocida,
Actinobacillus pleuropneumoniae, Streptococcus suis, Salmonelia cholerasuis
and(or) Mycoplasma spp., colibacillosis in chickens caused by Escherichia coll,
enteric septicemia in catfish caused by Edwardsiella icteluri, and furunculosis in
salmon caused by Aeromonas salmonicida. Other genera of bacteria that have
exhibited susceptibility to florfenicol include Enterobacter, Klebslelia,
Staphylococcus, Enterococcus, Bordetella, Proteus,and Shigelia. In particular,
chioramphenicol resistant strains of organisms such as K. pneumoniae, E. cloacae,
S. typhus and E. coli are susceptibie to florfenicol.

Florfenicol is a structural analog of thiamphenicol, which in tum is a derivative
of chioramphenicoi in which the aromatic nitro group, which nitro group has been

implicated in
- OH OH OH
HN. O ~ HN_ O ~ HN. O
OoN =%

Lo T oL oL

chloramphenicol thiamphenicol florfenicol
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chioramphenicol-induced, non-dose related imeversible aplastic anemia in humans,
Is replaced with a methyisuifonyl group. Florfenicol has a fluorine atom in place of
the primary hydroxyl group of chloramphenicol and thiamphenicol. This renders
florfenicol lass susceptible to deactivation by bacteria contalning the plasmid-
encoded enzyme, chioramphenicol acetyl transferase (CAT), which acetylates the
primary hydroxyi group of chloramphenicol and thiamphenicol, thereby preventing
them from binding to ribosomal subunits of susceptible bacteria. Ribosomatl binding
is the primary mechanism of action of the chloramphenicol antibiotica and results in
Inhibition of peptidyl transferase, which is responsible for the transfer of amino acids
to growing peptlide chains and subsequent protein formation in bacteria.
Nonetheless, compounds having the primary hydroxyl group do have utility in the
treatment of bacterial infections, as evidenced by the continuing use of
chloramphenicol and thiampheniol throughout the world.

in recent years, a number of bacterial genera and species have begun to
axhibit some resistance to flofenicol. For example, resistance has been observed In
Salmonella species (Bolton, L. F., et al., Clin. Microbiol. 1999, 37, 1348), E. coli
{Keyes, K., et al., Antimicrob. Agents Chemother., 2000, 44, 421.), Klebsiella
pneumoniae (Cloeckaert, A., et al., Antimicrob. Agents Chemother., 2001, 45, 2381),
and in the aquacultural pathogan, Photfobacterium damselae subsp. piscicids
(formerly Pasteurelia piscicida) (Kim, E., et al., Microbiol. immunol., 1996, 40, 665).
This resistance has been traced to a highly conserved gene (flo) that produces an
antibiotic efflux pump (Flo).

The emergence, and threatened spread, of resistance to florfenicol has
fostered the need for new antibiotics that retain or exceed the activity of florfenicol,
maintain its imperviousness to the CAT enzyme and, in addition, are not substrates
for the Flo effiux pump. The compounds of the present invention are such
antibiotics.

SUMMARY

Thus, an embodiment of this invention is a compound having the chemical

formula:

I
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wherein:
R! is selected from the group consisting of -OH and -F;
R? and R? are independently selected from the group consisting of hydragen, (1C —
4C)alkyl, halo, -CF3, -NHz, -CN and Nj;
R is selected from the group consisting of:
-C(=R°)R®,
wherein:
R®is selected from the group consisting of oxygen, N-C=N, and NOR’,
wherein:
R’ is selected from the group consisting of hydrogen, alkyl,
ar, heteroaryl, alicyclic and heteroalicyclic;
R°is selected from the group consisting of hydrogen, (1C — 4C)alkyl, (3C —
6C)cycloalkyl, (1C —~ 4C)alkoxy, aryl, heteroaryl, alicyclic and heteroalicydlic;

AOAS

A4
wherein:
Al ls carbon or nitrogen;
A2, A3, A* and A’ are iIndependentiy selected from the group consisting of
carbon, nitrogen, oxygen and sulfur, provided that at least one of A' — AS is
not carbon, that the total number of nitrogen, oxygen and sulfur atom in the
ring does not exceed 4 and that the ring is aromatic;
carbon atoms in the ring are independently substituted with an entity selected
from the group consisting of hydrogen, (1C — 4C)alkyi, (3C — 6C)cycloalkyl,

Yl
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(1C - 4C)alkylO-, -CFs, -OH, -CN, halo, (1C — 4C)alkyiS(O)-, (1C -
4C)alkylS(O)-, NH2SO2-, (1C ~ 4C)alkyINHSO2-, ((1C — 4C)alkyi)aNSO»-,
-NHz, (1C — 4C)alkyiNH-, ((1C — 4C)alkyl)oN-, (1C — 4C)alkylSOzNH-, (1C —
4C)alkylC(O)-, (3C — 6C)cycloalkylC(O)-, (1C — 4C)alkyiOC(O)-, (1C -
4C)alkylC(QO)NH-, -C(O)NHy, {(1C - 4C)alkyINHC(O)- and ((1C —
4C)alkyl}aNC(0)-, wherein any of the alkyl groups In any of the substituents
may optionally be substituted with a group selected from halo and -OH;

if A' Is carbon and the ring does not contain oxygen or sulfur, one of the
nitrogen atoms may optionally be substituted with an entity selected from the
group consisting of (1C — 4C)alkyi, (1C — 4C)alkylS(O).- and —-NHz;

7Y
A\A. A"
wherein:

AS, A7, A®, A® and A'° are independently selected from the group consisting of

\N-p_o.
carbon, nitrogen and , provided that only one of A® ~ A" ata

Wt
timeu:anbe/N+ 0;

carbon atoms in the ring are independently substituted with an entity
selected from the group consisting of hydrogen, (1C — 4C)alkyl, (3C —
6C)cycloalkyl, (1C ~ 4C)alkyiO-, -CF3, -OH, -CN, halo, (1C — 4C)alkylS(O}-,
(1C - 4C)alkylS{Q)z-, NH2SOz, (1C — 4C)alkyINHSO2, ((1C — 4C)alkyl}2NSO~-,
-NHz, (1C — 4C)alkyiNH-, ((1C — 4C)alkyl)2N-, (1C - 4C)alkylSO2NH-, (1C -
4C)alkylC(O)-, (3C — 6C)cycloalkylC(O)-, (1C — 4C)alkylOC(O})-, (1C -
4C)alkylC(O)NH-, -C(O)NHj,, (1C — 4C)alkyINHC(O}-, ((1C — 4C)alkyl}l,NC(O)-
and —-OCH20-, the oxygen atoms in the ~OCH20- substituent being bonded to
adjacent ring carbori atoms, wherein any of the alkyl groups in any of the
substitvents may optionally be substituted with a group selected from
halo and -OH;
R? is hydrogen in &ll compounds, except when R? and R? are both F, in which case
R® is hydrogen or F; and,
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the compound Is either a racemate having the relative stereochemistry shown or is
substantially enantiomerically pure and has the absolute stereochémistry shown.

In an embodiment of this invention, R' Is -F.

In an embodiment of this invention, R? and R® are independently selected
from the group conslsting of Cl and F.

In an embodiment of this invention, R® is hydrogen.

In an embodiment of this invention, R* is -C(=R%)R® wharein R® and R® are as
definad above.

In an embodiment of this invention, R* is CHsC(O)-.

AN
o

A Al
In an embodiment of this invention, R*is  ~a" ,

wherein:
A8 A7, A%, A% and A are as defined above, and,
any of A® —-A' that is carbon is substituted with an entity selected from the group
consisting of hydrogen, -NHjz, halo-, -CN, (1C — 4C)alkyl-, (1C — 4C)alkylC(O)-, (1C
— 4C)alkylS(O}-, (1C - 4C)alkylS(0)z-, NH2802-, (1C - 4C)alkyiSONH-, (1C -
4C)alkyINHSO2-, ((1C — 4C)alkyl)2NSO2-, wherein any of the alkyl groups in any of
the substituents may optionally be substituted with halo or —OH.
o
L L
in an embodiment of this invention, R*is " and one, two or three
of A® — A" ig/are nitrogen; and,
one or two of the remaining carbon atoms in the ring is/are optionally substituted with
—NH, all other carbon atoms in the ring being unsubstituted.
In & presently preferred embodiment of this invention, R* is selected from the
group consisting of:

o SIS 5 o "Q’ﬁ"-
- S - 4 's.,l""\. N
SN DAEE S S S AN O

Yz
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In an embodiment of this invention, R* is " as defined above.

Fh,
A!_A1
O
A\ /A'
Al and all carbon atoms

Ho,

A:""'_ Ai

In an'embodiment of this invention, R* Is
and nitrogen atoms are unsubstituted.

In an embodiment of this invention, R*is “A*  and one of A>— A% that
is carbon is substituted with an —~NH2 group, all other carbon and, if applicable,
nitrogen atoms in the ring being unsubstituted.

in a presently preferred embodiment of this invention, R* is selected from the
group oonsisting of;

egkaglie e s
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b
**{jﬁ' \ /ENf\\ H,Ni\_/\(N

NH,

A presently preferred embodiment of this invention is a compound selected
from the group consisting of:

OH OH
E
N HN S HN
i
& FF, HzNJ\N’ F .
OH oH OH
F F F
pal-ads e adieq
o oo, &S FPNF, HC NP FF
OH OH OH

F

F &\
NS HNI: NS HN\rO N\y@ HNI:
HN" 7 o # o, S a >,

OH
OH OH £
F F NTX HN._ O
N HN. O NN HN. O I
1l I 0] I cl Cl
NF PN, WA c” N, NH
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OH OH

F F
o "F o HzN Y o Na,
OH OH
F F ™
HN.__O 0 HN._.O F
HoN
HaN FF , HaN a , _<\Ns , FIF ,
OH
,@"* iope:
N ”"Io CH3SO;
T X Ic,

OH

wherein the compound is elther a racemate having the relative stereochemistry
shown or Is substantially enantiomerically pure and has the absolute stereochemistry
shown.

A presently particularly preferred embodiment of this invention is a compound

selected from the group consisting of:

OH OH OH

F
S
NC~F FNF

Z=Z
4
Z
<
Z=Z
\_#
L]
C'; o)
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OH
OH OH E
£ F HN. O
HN NS HN N’\Of I
| F7 F
cl , NC oo, HaN :
OH
OH OH
F
0 HN. O F F
Ny | o I o N\N\ HNIO N-\N\ HNIO
HaN »- e, &S o

OH OH
G ”"I: | CHySO; “Nﬁ
N cl and c al,

wherein the compound Is either a racemate having the relative stereochemistry
shown or is substantlally enantiomerically pure and has the absolute stereochemistry
shown. '

In another particularly preferred embodiment of this invention, the compound
herein is substantially enantiomerically pure and has a 1-(R)-2-(S) absolute
configuration.

An embodiment of this invention Is a method of treating or preventing a
bacterial infectlon, comprising administering to a patient in need thereof a
phamaceutically effective amount of a compound hereof.

in an embodiment of this invention, the bacterial infection is caused by a
bacteria of the genus Pasteurella, Haemophilus, Fusobacteriurn, Bacierioides,
Aeromonas, Enterobacter, Escherichia, Klebsiella, Salmonella, Shigelia,
Actinobacillus, Streptococcus, Mycoplasma, Edwardsielia, Staphylococcus,
Enterococcus, Bordetella, Proteus, or Mannheimia.

In an embodiment of this invention the bacterial infection is caused by
Mannhemia haemolytica, Pasteureila mulfocida, Haemophilus somnus,
Fusobacterium necrophorum, Bacterioides melaninogenicus, Actinobacilius
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pleuropneumoniae, Streptococcus suis, Saimonelia cholerasuis, Mycoplasma bovis,
Mycoplasma hyopneumoniae, Mycoplasma hyorhinis, Mycoplasma gallisepticum,
Edwardsielfa ictaluri, Escherichia coli, Enferobacter cloacae, Staphylococcus aureus,
Staphylococcus intermedius, Enterococcus faecalis, Enlerococcus faecium,
Klgbslella pneumoniae, Klebsiella oxytoca, Enterobacter cloacae, Proteus mirabiiis,
or Aeromonas salmonicida.

DETAILED DESCRIPTION OF THE INVENTION
Brief description of the Tables

Table 1 shows structures of representative compounds of this invention. The
table and the compounds therein are not intended, nor should they be construed, to
limit this invention in any manner whatsoever.

Table 2 Is a list of the microorganisms against which the compounds of this
invention were tested. The list is not intended, nor should it be construed, to limit the
scope of this Invention in any manner whatsoever.

Definitions

As used herein, "halo” refers to fluorine, chlorine, bromine or iodine.

As used herein, “alkyl” refers to a saturated (containing no muitiple bonds)
aliphatic (no delocalized -electron system), hydrocarbon (containing, if '
unsubstituted, only carbon and hydrogen). The designation (n1C — nzC)alky,
whereln ny and n2 are Integers from 1 - 6, refers to a straight chain or branched
chain alkyl comprising from n, to nz carbon atoms. For example, (1C — 4C)alkyl
refers to CHy-, CH3CHz-, CH3CH2CHz-, CH3CH(CH3)-, CHsCH2CH2CHz-,
CH3CHzCH(CH3)- or (CH3):C-. The alkyl group may be unsubstituted or substituted
with one or more moisties selected from the group consisting of halo, -OH, OCHs,
and -C=N.

As used herein, "cycloalkyl” refers to an all-carbon cydlic or fused multicyclic
ring, which, although it may contain one or more double bonds, maintains an
essentially allphatic character; that is, the double bonds do not interact to form a

delocalized R-electron system around the ring. For the purposas of this invention,

the ring may contain up to 7 carbon atoms. The designation (3C — 6C)cycloalkyl
refers to 3, 4, 5, and 6-member all-carbon-atom rings. As used herein, "fused”

10
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means that two cycloalkyl groups share at least one ring atom between them. Thus,
such compounds as spiro[4.4]nonane are considered “fused” for the purposes of this
invention. More commonly, fused rings share two adjacent ring carbon atoms. An
example of such a fused system is decalin. A cycloalkyl ring may be unsubstituted
or substituted with a moiety selected from the group consisting of —OH, -OCH,, halo
and -CsN.

As used herein, "aryl" refers to an all-carbon 6-member ring or two fused six-

member rings, the ring or fused rings having a delocallzed w-electron system. By

"fused” is meant that each ring of the system shares two adjacent ring carbon atoms
with at least one other ring. An aryl ring may be unsubstituted or substituted with
one or more moieties selected from the group consisting of —OH, -OCHj, halo and
-C=N.

As used herein, "heteroaryl” refers to a five-member or six-member ring or to
two rings, i.e., two 5-member, two six-member or a five- and a six-member ring fused

together wherein the ring or fused ring has a delocalized Tt-electron system. If a

ring Is six-membered, It must consist of carbon and nitrogen only and may contain
from one to four nitrogen atoms. If a ring is five-membered, it must contain one
nitrogen, oxygen or sulfur atom and may contain one, two or three additional
nitrogen atoms. A five-member ring with a circle in the center indicates that the ring
is heteroaromatic. The circle is used to emphasize the fact that the location of the
double bonds that participate in making the ring heteroaromatic is not static, rather it
is dependent on the nature of the atoms forming the ring, i.e., whether they are
carbon, nitrogen, oxygen or sulfur and what groups, if any, are bonded to them. The
actual structure of any five-member heteroaromatic will be immediately apparent to
those skilled in the art once the ring atoms are designated. With regard to
heteroaromatic groups, the term fused has the same meaning as in the case of aryl
groups. A heteroaryl group may be unsubstituted or substituted with any of the
moieties described above with regard to aryl groups.

As used herein, "heteroalicyclic” refers to a cyclic or fused cyclic ring system
containing atoms selected from the group consisting of carbon, nitrogen, oxygen and

sulfur but no delocalized T-electron system. "Fused” has the same meaning set

forth above with regard to cycloalkyl rings. Likewise, a heteroallcyclic ring may be

11
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unsubstituted or substituted with the same moleties described above for cycioalkyl
rings.

Whenever a ring carbon atom [s stated to be “unsubstituted,” it is understood
that any unfilled valences are in fact occupled by hydrogen atoms. Likewise, if a ring
nitrogen atom Is capable of being further substituted and It is stated to be
unsubstituted, it means that the nitrogen is bonded to a hydrogen atom.

As used herein, “relative stereochemistry” refers to the positioning in space of
substituents relative to one another. '

As used herein, “absolute stereochemistry” refers to the exact positioning of
substitutents in three-dimensional space as determined by the Cahn-ingold-Prelog
rules, the application of which are well-known to those skilled In the art.

As used herein, an "enantiomer” refers to one of the two absolute
stereochemical configurations of a molecule that rotates plane polarized light in one
direction or the other (l.e., counterclockwise from its original axis, conventionally
called "left,” or clockwise, conventionally referred to as "right”). By "substantially
enantiomerically pure” Is meant that the compound consists of greater than 80% of
the one enantiomer, preferably greater than 95%, and most preferably greater than
86%.

As used herein, a "racemate” refers to a 1:1 mixture of the two enantiomers of
a compound. Racemic mixtures are designated by a (+/-) indicator. Substantially
enantiomerically pure compounds are shown without the indicator.

As used herein, “patient’ refers to birds, reptiles, fish, shellfish, and mammals.
In particular it refers to birds such as, without limitation, chickens and turkeys, fish
such as, without limitation, salmon, trout, catfish and yellowtail, mammals such as,
without limitation, cats, dogs, rabbits, sheep, cattle, pigs, horses and goats and to
human beings.

Discussion

The compounds of this invention are expected to be useful for the treatment
of bacterial Infections in patients.
Compounds

The compounds of the present invention are set forth generally in the
Summary, above. Exemplary compounds of this invention are shown in Table 1.

12
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Neither the table nor the compounds shown therein are intended, or are to be

construed, as limiting the scope of this invention in any manner whatsoever.

TABLE 1
Compound # Structure
28 OH
F
N| N HNIO
# cI cl
29 OH
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A HN O
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() d |
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F
HN._.O
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N HN._.O
A ¢
*h) o
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F
«s HNIO
NN #1 F
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Syntheses

Intermediates were prepared In enantiomerically pure form, starting with
commercially available chioramphenicol base (1), or as racemic mixtures by
condensation of p-bromobenzaldehyde with glycine under basic conditions. For the
enantiomerically pure synthesis of intermediates such as 9, chioramphenicol base
was converted to compound 3 (Rebstock, M. C., et al., J. Am, Chem. Soc., 1949, 71,
2458; Evans, D. D., et al., J. Chem. Soc., 1954, 1687; Moris, D. 8. and Smith, 8. D.,
J. Chem. Soc., 1954, 1680). Compound 3 was subjected to the Sandmeyer reaction
afler which the acetate protecting group was removed under acidic conditions to
provide enantiomerically pure 9.

Altemnatively, p-bromobenzaldehyde (5) can be converted to (d/)-threo-p-
bromophenyiglycine (8, Scheme 1), (Bolhoffer, W. A. J. Am. Chem. Soc. 1954, 76,
1322; Herbert, R. B.; Wilkinson, B.; Ellames, G. J. Can. J. Chem. 1994, 72, 114),
which can be protected as N-Boc derivative 7 and then reduced In two-steps:
activation with DCC and N-hydroxysuccinimide followed by treatment with NaBH4 to
provide 8. Compound 9 can be isolated as its TFA salt or as the free base.
Regioselective Introduction of fluoride is accomplished by protecting the amine and
benzylic hydroxyl group as phenyl oxazoline 10 followed by fluorination with
(diethylamino)suifur trifluoride (DAST) or [bis(2-methoxyethyi)amino]sulfur trifluoride
(Lal, G. S., J. Org. Chem., 1999, 64, 7048) to give 11. Compound 11 Is used In the
Suzuki cross-coupling reaction for the synthesis of biaryl derivatives. The other
Suzukl partner, an aryl boronic acid such as 12, can be prepared as shown and
reacted with aryl halldes.

30



WO 03077828 PCT/IBO3N3140

Scheme 1
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The conditions for removal of the phenyloxazoline protecting group proved to
be incompatible with many functional groups at the p-position of the aromatic ring.
Thus, a new protecting group motif was developed based on literature methods
(Scheme 2; Jommi, G., et al., Gazz, Chim. Ital., 1986, 116:485). Phenylserine 6 was
converted to methyl ester 13, which was protected as oxazolidinone 14, which, in
tumn, was reduced with NaBH4 to 15. Fluorination with either DAST or [bis{2-
methoxyethyl)amino]sulfur trifluoride gave intermediate 16, which did not give
consistently good Suzuki reaction yields. Thus, 16 was converted to 17. Cleavage of
the oxazolidinone protecting group was facilitated by the introduction of a Boc group
(Grehn, L., et al., Acta Chem. Scand. B, 1986, 40, 745) followed by base-catalyzed
cleavage to give 18 (Ishizuka, T. and Kunieda, T., Telrahedron Lett., 1987, 28, 4185;
Jommi, G., et al., Gazz. Chim. Ital., 1988, 118:75).
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Scheme 2
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Compound 18 was protected as isopropylidene derivative 19, which was
converted to boronic acid 23 (Scheme 3). Compounds 18, 19, 22 and 23 were used
in Suzuki cross-coupling reactions. Compound 23 provided the most versatility since
it could be cross-coupled with any aryl bromide or iodide and the protecting groups
could be easily removed under mild conditions. Compound 22 was attractive as a
Suzuki cross-coupling partner in that the coupling reactions yielded the desired
florfenicol analogs directly without the need for deprotection and dihaloacetylation.
Howsver, cross-coupling vields with 22 were lower than those with 23. Cross-
couplings using 21 gave the desired products contaminated with acetate and
monochloroacetate analogs.

Racemic compound 20 was identical spectroscopically to a sample
synthesized from semi-synthetic 11 by hydrolytic cleavage and basic work-up. This
provided unequivocal proof that the condensation of phenylserine 6 had proceeded
with the appropriate relative threo or syn stereoselectivity.
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Scheme 3
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Compounds 11 and 12 were used to prepare compounds 28 and 29 (Scheme
4). Compound 11 was cross-coupled with 3-pyridine boronic acid under standard
biphasic Suzuki conditions to yield protected intermediate 26. The N-C cross-
coupling product 27 was prepared according to the recently reported methods of
Lam and coworkers (Lam, P. Y. S., et al., Synleti, 2000, 674; Lam, P. Y. S,,
Tetrahedron, Lett, 1998, 39, 2941; Lam, P. Y. S., Tetrahedron Leff., 2001, 42,
3415). Both 26 and 27 were deprotected and dichioroacetylated to give 28 and 29.
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Compound 23 and 2-bromo-1,3,4-thiadiazole (24) were reacted to give 48
(Scheme 5). Suzuki cross-coupling produced the heteroblaryt 25. Compound 25
was deprotacted with 9:1 TFA/H20, which removed the Boc and isopropylidene
groups simultansously, and then was diflucroacetyated to give 48.

o*
(HOhB ok F{\L (T“' — ( (' YO/Y

H-) N-N (+4)
1) CayCO,. PdC{Uppt), THE, DMF, HyO; T) 9:1 TFAMO; N) E4N. mathyl dfuomacsiate, A

While p-bromo functional groups of derivatives such as 11 and the
corresponding boronic acids such as 12 have substantial utility as synthetic
intermediates to florfenicol analogs, p-cyano compounds have also served as
important intermediates. Using literature methods (Morris, D. S.; Smith, S. D.,
above), intermediates such as 30 have been prepared In enantiomerically pure form
(Scheme 6). Larger amounts of intermediate were prepared using racemic, totally
synthetic intermediates such as 35. The aldol condensation used to produce 32
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from p-cyanobenzaldehyde and glycine methyl ester was adapted from the literature
(Pines, S. H. and Kazlowski, M. A., J. Org. Chem., 1972, 37, 292).

Scheme 6
e
P . -
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M )

O

1} ltarsture procadur—sse text; 1) larsture pocadum—aees text; l) CDI, TEA, THF ar 1, 2-dichiorosthan; iv) MaBH,, MeOH, 0°C; v) DAST or
oin{2-mothoywitvyljaminalsulfyr tifluoride -78 °C 10 min then ream temperature unil complole.

Compound 41 {Scheme 7) was prepared from intermediate 36, the
preparation of which from 30 has been described (von Strandtmann, M., et al., J.
Med. Chem., 1967, 10, 888). Compound 36 was deprotected with aqueous HaSO4
and then regloselectively protected as phenyloxazoline 38. Compound 39 was
obtained on treatment with DAST and then was deprotected and dichloroacetylated

«O’*‘* LG e O 2 Ycr‘“g

a
oH OH
¥ \ v . v F
. X
| S a 4@ ° 4 ata

1) MaLl, THF, then H0; 1l |ﬂmm|-|-so. A; ) EtyN, wihyl henzimidate hydrochioride, 3; Iv) DAST -78 *C to room tampeniurs; v) 6N
HCL A; i]l‘l‘lmﬂhh E15N, MaOH, 4

Scheme 7
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Compound 47 was prepared from intermediate 35 by treatment with
hydroxylamine hydrochloride followed by triethyl orthoformate to give 43, which was
deprotected to give 48, which was then dichloroacetylated.

Scheme 8
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p-Acyl derivatives were obtained by Stille coupling reactions of the protected
intermediates (Scheme 9, compounds 87 and 88) with acid chlorides.
Trimethylstannyl groups were introduced by Pd-mediated reactions using

hexamethyiditin.
Scheme 9

enantiopure or (+/-) enanhop:;e or (+/-)

oK o oK o
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\
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88

) MeySnSnMeg, Pd(PPhy),, A, CgHg or PhMe
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The cyclobutyl derivative 73 was prepared from 87 via a Stille coupling
reaction that produced intemediate 89 (Scheme 10) which was deprotected and

dichioro- acetylated. -

Attempted deprotection of the cyclopropyl derivative coresponding to 89 led
to HCl-mediated ring opening. Thus, to prepare 91, the boc/isopropylidene approach
was employed since deprotection occurs under conditions that do not affect the

cyclopropyl group.

Scheme 10
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i} Pdxdbay, K3C0,, ElgN, cyclobutanacarbonyl chiodde, room termperature, 3h; i) 6N HCl sealed iube, A; ) methykdichloroacetate,
EtsN, MeOH, 4A: iv) Pdatdbes, KzCO4y, EtyN, cydaopropanecarbonyl chioride, room tamperatum, 3k v} TFAH,0

When required, p-carboxyphenyl derivatives of protected phenicol
intermediates could be prepared in two ways. For example, hydrolysis of the p-nitrile
analog of 17 gives the corresponding carboxylic acid. However, nitriles generally
could not be obtained as readily as the bromo derivatives. Thus, the preferred
approach to carboxylation was replacement of the bromo group. For example,
carboxylic acid derivative 102 (Scheme 11) was prepared by lithiation of 17 followed
by treatment with CO2 and acid work-up. Compound 102 was converted to methyl
ester 103, which was reacted with hydrazine fo give 104. Cyclization of 104 with
triethyl orthoformate gave oxadiazole 105, which was deprotected and
dihaloacetylated to give 106 and 107.
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Scheme 11
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The carboxyfic acld derivative of 102 was also used to prepare compounds
such as 109 (Scheme 12), by reduction to alcohol 108 followed by deprotection and

dichioroacstylation

Scheme 12
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Biological evaluation

All of the compounds of this Invention are expected to demonstrate
antimicrobial activity against the same bacteria as the other members of the
chloramphenicol family. In addition, they may be expacted to be active against
species of bacteria that are resistant to current chloramphenicol antibiotics, in
particular florfenicol. 1t is also expected that the present compounds may exhibit
activity against genera and species of bacteria egainst which current
chioramphenicol-type antibiotics are not active.

Itis also understood that, with regard to bioactivity, one enantiomer of a
compound may be more active than the other. In such case, whether expressly
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stated or not, the more active isomer is considered the praferred embodiment of this
invention. Particularly preferred is the most active enantiomer of the 1-(R}-2(S)
absolute configuration of any compound herein.

To determine the range and level of activity of the compounds of this
invention, the following protocols may be used. Other such protocols will become
apparent to those skilled in the art based on the disclosures herein and are within the
scope of this invention. Some compounds herein are expected to not only exhibit
substantial antibacterial activity but to also be less susceptlble to current
chloramphenicol resistance mechanisms. The screening protocols herein may be
used to determine such characteristics alsa.

Susceptiblitty testing

Compounds were evaluated against a panel of bacterial strains using a broth
microdilution assay performed as recommended by the NCCLS (National Committee
for Clinical Laboratory Standards (NCCLS) 2000, Methods for Dilution of
Antimicroblal Susceptibility Tests for Bacteria That Grow Asrobically - Fifth Edition,
Approved Standard, NCCLS Document M7-AS5, Vol 20, No. 2). The minimum
inhibitory concentration (MIC) is defined as the lowest concentration of a compound
that prevents the growth of the bacteria.

The following 10 organisms constituted the primary panel of evaluation:

TABLE 2

Bacteria Strain Efflux Pump Phenotype
Eschaerichia coli ECM1194 AcrAB? Wild type
Escherichia coll ECM1694 None AacrAB::TnB803kmr
Escherichia coli ECM 1642 AcrAB MarR
Escherichia coli ECM 1888 MdfA tolC::Tn mdfR
Escherichia coli ECM 1750 CmiA AacrAB::Tn903kmr/pL Q821
Escherichia coli ECM 1958 Flo AacrAB:: Tn903kmr/p1956
Escherichia coli ECM 1970 AcrAB+Flo marR/p1956
Escherichia coli ECM 1197 AcrAB? EMR::Cm (cat)

or ECM 2024 AcrAB® ECM1197 acrAB::Kan

Pasteurella mullocida | ATCC43134 Wild type
Mannhemia ATCC33396 wild type
haemolylica

AcrAB afflux pump expressed at a low level
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Assays were performed in Cation-Adjusted Mueller-Hinton Broth (CAMHB) at
a bacterial inoculum of 5 x 10°* CFU/ml and a final volume of 100 pl. Florfenicol and
chloramphenicol controls and test compounds were prepared at four times the
desired final concentration. Dilution to the desired concentration was accomplished
directly on the plates by serial 2-fold dilution using a multi-channel pipette. After
dliution, 25 wf of CAMHB was added to each well.

The bacterial Inocula were prepared as follows. For each strain, one isolated
colony was used to inoculate a volume of 5 ml of CAMHB. The cultures were
incubated ovemnight (20 hours) at 35 "C in a shaking incubator. They were then
diluted in sterlle saline to a density equivalent to a 0.5 McFarfand suspension
(approx. 10% CFU/mI). The suspenslons were further diluted in CAMHB to
approximately 5§ x 10° CFU/ml. A volume of 50 pl of the inoculum was added to each
well. Positive and negative growth controls were included on each plate. The
original inocula were determined by applying 10 pl of several 10-fold dilutions on
TSA plates. Agar plates were incubated overnight at 35 *C and colony-forming units
(CFU) counted. Microtiter platas were incubated for 20 hours at 35 °C and were
read using a microtiterplate reader (Molecular Devices) at 850 nm and by visual
observation using a microtiterplate reading mirror to determine the MIC.
Pharmaceutical composlitions

A compound of the present invention, a prodrug thereof or a physiologically
acceptable salt of either the compound or its prodrug, can be administered as such
to a patient or can be administered in pharmaceutical compaositlons in which the
foregoing materials are mixed with suitable excipient(s). Techniques for formulation
and administration of drugs may be found in Remington's Pharmecological Sciences,
Mack Publishing Co., Easton, PA, latest edition. The formulations and techniques
discussed in Remington retate primarily to use with human patients; however, they
may readily modified for use with non-human patients by techniques well-known to
those skilled In the veterinary art.

Routes of Administration

As used herein, "administer” or "administration” refers to the delivery of a
compound, salt or prodrug of the present invention or of a pharmaceutica)
composition containing a compound, salt or prodrug of this invention to an organism
for the purpose of treating or preventing a microbial infection.
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Sultable routes of administration may include, without limitation, oral, rectal,
transmucosal, intramusculer, subcutanaous, intramedullary, intrathecal, direct
intraventricular, intravenous, intravitreal, intraperitoneal, Intranasal, aural or
intraocular. The preferred routes of administration are oral and parenteral.

Alternatively, one may administer the compound in a local rather than
systemic manner, for example, by preparation as a salve that is applied directly to
the infected area or by Injection of the compound directly into infected tissue. In
elther case, a sustained release formulation may be used.
Compositlon/Formulation

' _ Phamaceutical compositions of the present Invention may be manufactured
by processes well known in the art, e.g., using a varlety of well-known mixing,
dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating,
entrapping or lyophllizing processes. The compasitions may be formulated in
conjunction with one or more physiologically acceptable carriers comprising
exclpients and auxiliaries which facilltate processing of the active compounds into
preparations which can be used pharmacsutically. Proper formulation is dependent
upon the route of administration chosen.

For injection, including, without limitation, intravenous, intramusclular and
subcutaneous Injection, the compounds of the invention may be formulated in
aqueous solutions, preferably in physiologically compatible buffers such as Hanks'
solution, Ringer's solution, physiological saline buffer or polar solvents including,
without limitation, N-methyl-2-pyrrolidone, 2-pymolidone, other pymrolidones, N,N-
dimethylacetamide, N,N-dimethylformamide, dimethylsulfoxide, acetone and glycerol
formal. For transmucosal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the
art.

For oral administration, the compounds can be formulated by combining the
active compounds with pharmaceutically acceptable carriers well-known in the art.
Such carriers enable the compounds of the invention to be formulated as tablets,
pills, lozenges, dragees, capsules, liquids, gels, syrups, pastes, slurries, solutions,
suspensions, concentrated solutions and suspensions for diluting in the drinking
water of a patient, premixes for dilution in the feed of a patient, and the like, for oral
ingestion by a patient. Pharmaceutical preparations for oral use can be made using
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a solld excipient, optionally grinding the resulting mixture, and processing the mixture
of granules, after adding other suitable auxiliaries If desired, to obtain tablets or
dragee cores. Useful exciplents are, in particular, fillers such as sugars, Including
lactose, sucrose, mannitol, or sorbitol, celiulose preparations such as, for example,
malze starch, wheat starch, rice starch and potato starch and other materials such
as gelatin, gum tragacanth, methyi celluiose, hydroxypropyl- methyiceliulose, sodium
carboxy- methyicellulose, and/or polyvinyipyrrolidone (PVP). If desired,
disintegrating agents may be added, such as cross-linked polyvinyl pyrrolidone,
agar, or alginic acid. A salt such as sodium alginate may also be used.

Dragee cores are provided with sultable coatings. For this purpose,
concsntrated sugar solutions may be used which may optionally contain gum arabic,
talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide,
lacquer solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or
pigments may be added to the tablets or dragee coatings for identlfication or to
characterize different combinations of active compound doses.

Pharmacseutical compositions that can be used orally include push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer,
such as glycerol or sorbitol. The push-fit capsules can contain the active ingredients
in admixture with a filler such as lactose, a binder such as starch, and/or a lubricant
such as taic or magnesium stearate and, optionally, stabilizers. In soft capsules, the
aclive compounds may be dissolved or suspended in suitable liquids, such as fatty
oils, liquid paraffin, or liquid polyethylene glycols. Stabilizers may be added in these
formulations, also.

For administration by Inhalation, the compounds of the present invention can
conveniently be delivered in the form of an aerosol spray using a pressurized pack or
a nebulizer and a suitable propellant, e.g., without limitation, dichlorodifluoro-
methane, trichloroflucromethane, dichlorotetrafiuoroethane or carbon dioxide. In the
case of a pressurlzed aerosol, the dosage unit may be controlled by providing a
valve to dellver a metered amount. Capsules and cartridges of, for example, gelatin
for use In an inhaler or insufflator may be formulated containing a powder mix of the
compound and a suitable powder base such as lactose or starch.

The compounds may also be formulated for parenteral administration, e.g., by
bolus injection or continuous infusion. Formulations for Injection may be presented in

42




WO 03/077828 PCT/IBO3/03140 éﬁ

G|

unit dosage form, e.g., in ampoules or in multi-dose containers. Useful compositions
include, without limitation, suspensions, solutions or emulsions in oily or aqueous
vehicles, and may contain adjuncts such as suspending, stabllizing and/or dispersing
agents. Pharmaceutical compositions for parenteral administration include aqueous
solutions of a water soluble form, such as, without limitation, a salt, of the active
compound. Additionally, suspensions of the active compounds may be prepared in a
lipophilic vehicle. Suitable lipophilic vehicles include fatty oils such as sesame oil,
synthetic fatty acid esters such as ethyl oleate and triglycerides, or materials such as
liposomes. Aqueous injection suspensions may contain substances that increase
the viscosity of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or
dextran. Optionally, the suspension may also contain suitable stabillzers and/or
agents that increase the solubility of the compounds to allow for the preparation of
highly concentrated solutions. Altematively, the active ingredient may be in powder
form for constitution with a suitable vehicle, e.g., sterile, pyrogen-free water, before
use.

The compounds may also be formulated in rectal compositions such as
suppositories or retention enemas, using, e.g., conventional suppository bases such
as cocoa butter or other glycerides.

in addition to the formulations described previously, the compounds may aiso
be formulated as depot preparations. Such long acting formulations may be
administered by implantation (for example, subcutaneously or intramuscularly) or by
intramuscular injection. A compound of this invention may be formulated for this
route of administration with suitable polymeric or hydrophobic materials (for instance,
in an emulsion with a pharmacologlcally acceptable oil), with ion exchange resins, or
as a sparingly soluble derivative such as, without limitation, a sparingly soluble salt.

Other delivery systems for relatively hydrophobic pharmaceutical compounds
may be employed. Liposomes and emulsions are well-known examples of delivery
vehicles or carriers for hydrophobic drugs. In addition, organic solvents such as
dimethylisulfoxide may be used, although often at the risk of greater toxicity.

Additionally, the compounds may be delivered using a sustained-release
system, such as seml-permeable matrices of solid hydrophobic polymers containing
the therapeutic agent. Various sustained-release materials have bean established
and are well known by those skilled in the art. Sustalned-release capsules may,
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depending on their chemical nature, release the compounds for a few weeks up to
over 100 days. Depending on the chemical nature and the biological stabillty of the
particular compound, additional stabillzation strategles may be employed.

Pharmaceutical compositions useful herein also may comprise solid or gel
phase carriers or excipients. Examples of such carmiers or excipients include, but are
not limited to, calcium carbonate, calcium phosphata, various sugars, starches,
cellulose dertvatives, gelatin, and polymers such as polysthylene glycols.

Dosage

A therapeutically effective amount refers to an amount of compound effective
to prevent, alleviate or ameliorate symptoms of a microbial infection. Determination
of a therapeutically effective amount is well within the capabllity of those skilled in the
art, especially in light of the disclosure herein.

For any compound used in the methods of the invention, the therapeutically
effective amount can be estimated initially from cell culture assays. Then, the
d sage can be formulated for use in animal models so as to achieve a circulating
concentration range that includes the MIC as determined In cell cultura. Such
information can then be used to mare accurately determine dosages useful in
patients.

Toxicity and therapeutic efficacy of the compounds described herein can be
determined by standard pharmaceutical procedures in cell cultures or experimental
animals. For example, the MIC and the LDgy for a particular compound can be
determined by methods well-known In the art. The data obtained can be used to
formulat a range of dosages useful in patients. The dosage, of course, may vary
depending upon the dosage form and route of administration. The exact formulation,
route of administration and dosage can be selected by the individual physician in
view of the patient’s condition. (See e.g., Fingl, et al., 1975, In "The Pharmacological
Basis of Therapeutics®, Ch. 1 p.1). In general, however, the presently preferred
dosage range for systemic' delivery of a compound of this invention will be from
about 1 to about 100 mg/Kg. The presently preferred dosage range for topical use
will generally be from about 0.1 mg to about 1 gm.

Dosage amount and interval may be adjusted individually to provide plasma
levels of the compound that are sufficlent to maintain a concentration equal to the
MIC or any other desired level. Such plasma levels are often referred to as minimum
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sffective concentrations {(MECs). The MEC will vary for each compound but can be
estimated from in vitro data, e.g., the concentration necessary to achieve 80+%
inhibition of a microbe, may be ascertained using the assays described herein.
Dosages necessary to achieve the MEC will depend on individual characteristics and
route of administration. HPLC assays or bioassays can be used to determine plasma
concantrations.

Dosage intervals can also be determined using MEC value. Compounds
should be administered using a regimen that maintains plasma levels above the
MEC for 10-90% of the time, preferably between 30-90% and most preferably
between 50-90%.

In cases of local administration or selective uptake, the effective local
concantration of the drug may not be related to plasma concentration and other
pracedures known in the art may be employed to determine the correct dosage
amount and interval.

The amount of a composition administered will, of course, be dependent on
the patient being treated, the severity of the infection, the manner of administration,
the judgment of the prescribing physician, etc.

Packaging

The compositions may, if desi'red. be presented in a pack or dispenser device,
such as an FDA approved kit, which may contain one or more unit dosage forms
containing the active ingredient. The pack may for example comprise metal or
plastic foil, such as a blister pack. The pack or dispenser device may be
accompanied by instructions for administration. The pack or dispenser may also be
accompanied by a notice associated with the container in a form prescribed by a
governmental agency regulating the manufacture, use or sale of pharmaceuticals,
which notice is reflective of approval by the agency of the form of the compositions
or of human or velerinary administration. Such notice, for example, may be of the
labeling approved by the U.S. Food and Drug Administration for prescription drugs or
of an approved product insert. Compositions comprising a compound of the
invention formulated in 2 compatible pharmaceutical carrier may also be prepared,
placed in an appropriate container, and labeled for treatment of an indicated
condition.
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Examples

The following examples are provided to illustrate certaln embodiments of this
invention and are not Intended, nor are they to be construed, to limit Its scope in any
manner whatsoever.

Starting materials were obtained from commercial suppliers and used without
further purification unless otherwise noted. Chemical suppliers included Aldrich,
Fluka, and Lancaster. Pd(PPh;)s was obtained from Lancaster or Strem and
immediately transferred into N2 flushed vials (between 10 and 100 mg each) in an N2
glove bag. The vials were wrapped in aluminum foil and stored in N2-flushed, zip-
lock baggles at —20 °C. PdCl:(dppf) was obtained from Aldrich and used from the
bottle. Standard reagent grade solvents, which were not necessarily anhydrous,
were used. Anhydrous solvents were purchased from chemical suppliers and used
asis.

'H NMR spectra were recorded on a 300 MHz Varian FT-NMR spectrometer
and are reported in the format “chemical shift (multiplicity, integration, coupling
constant).” Coupling constants are reported in Hz. Mass spectra were obtained on
a Micromass Platform |l single quadrupole mass spectrometer equipped with
electrospray ionization (ESI).

The following three Suzuki cross-coupling methods were used:

Method A: the aryl boronic acid {0.167 mmol} and aryl bromide (0.334 mmol) were
combined in a mixture of aqueous NazCO; (3 mL of a 10% (w/w) solution) and THF
(5 mL). The mixture was purged briefly with N2. Pd(PPhs)4 (10 moi%, 0.0167 mmol)
was added, the mixture purged with Nz, and then refluxed for 16 hours. The reaction
mixture was diluted with ethyl acetate (EtOAc), washed with a saturated brine
solution, dried over anhydrous Na:SQ4 and concentrated. The residue was then
purified by chromatography.

Method B: the aryl boronic acid (0.301 mmol), the aryl bromide (0.602 mmol), and
Cs2C0O5 (0.903 mmol) were combined in THF (2.0 mL), DMF (2,0 mL), and H20 (0.5
mL) at room temperature. The mixture was purged with N2 for 5 min and [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) dichloromethane complex
(0.0301 mmol) was added. The mixture was purged with N2 for 5 minutes and then
stirred at 55 °C for 16 hours. The mixture was concentrated under vacuum, diluted
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with EtOAc and washed with brine. The EtOAc was dried over anhydrous NasSQO,
and concentrated. The residue was purified by chromatography.

Method C: the aryl boronic acid (0.934 mmol), the aryl bromide (2.34 mmol), and
Cs.COj5 (2.80 mmol) were suspended in a mixture of toluene (4 mL), n-butanol (4
mL), and H20 (2 mL). The mixture was purged at room temperature with N2 after
which Pd{PPhs), (0.280 mmol) was added. The mixture was purged with Na for an
additional 5 minutes and then heated to 75 °C. After 12 hours, the mixture was
cooled to room temperature and concentrated under vacuum. The residue was
partitioned between HzO (75 mL) and EtOAc (75 mL). The EtOAc layer was washed
with brine (2 x 50 mL), dried over anhydrous Na>SO,, and concentrated under
vacuum. The residue was purified by chromatography.

Example 1: Compound 3

OH QH OH
—_— O/H/\OH - l@/’\r\QH
O:N NH; ON NHAc HaN NHAC
1 2 3

In 80 mL of methanol was dissolved 8.13 g (32.0 mmol) of chloramphenicol
base as the N-acetate, prepared by literature methods (Rebstock, M. C., ef al.,
supra, Crooks H. M. et el., supra; Evans, D. D.; Morris, D. S. et al., supra). After
purging with Nz, Pd/C was added and the mixture was stirred under Hx(1 atm) for 16
hours. The Pd/C was then removed by filtration through Celite. The solution was
concentrated under vacuum and the residue purified by silica gel chromatography,
eluting with 15% MeOH in CHCl, to give 3 (7.13 g, 31.7 mmol). 'H NMR (300 MHz,
CDs0OD): & 1.92 (s, 3H), 3.40 {dd, 1H, J=11.1, 6.0}, 3.61 (dd, 1H, J= 11.1, 5.7),
4.01 (m, 1H), 4.73 (d, 1H, J=5.4), 6.69 (d, 2H, /= 8.4), 7.11 (d, 2H, J= 8.4).

Example 2: Compound 4
OH OH
)©*1/\0H —_— m\oH
HoN . NHAc Br . NHAc

An aqueous solution of NaNOz (1.27 g, 18.5 mmol, 50 mL H20) was added
dropwise to a solution of 3 (3.76 g, 16.8 mmol) in 35 mL of 48% aqueous HBr at 0
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°C. After addition was completed, the mixture was stirred for 30 min at 0 °C. The
mixture was then added dropwise to a solution of CuBr (2.65 g, 18.45 mmol) in 15
mL 48% aqueous HBr. The mixture was warmed to room temperature and stirred for
an additional 16 hours. The reaction mixiure was neutralized with 3 M aqueous
NaOH, filtered through a pad of Celite, and extracted with EtOAc (3 x 100 mL). The
combined organic fractions were dried over anhydrous Na;SO, and concentrated
under vacuum to give 1.2 g (4.17 mmol) of crude product that was used without
further purification. *H NMR (300 MHz, CD1OD): 5 1.87 (s, 3H), 3.48 (dd, 1H, J=
11.0, 5.9), 3.69 (dd, 1H, J= 11.0, 6.5), 4.01 (m, 1H), 4.91 (d, 1H, J = 3.6), 7.30 (d,
2H,J=8.3),745(d, 2H, J=8.3).

Example 3: Compound 6

OH O
OH O
H P . Br N %a'i- Mﬂn
NH
Sa [ ]
‘ | Br J

4-Bromobenzaldehyde (100 g, 0.540 mol) was dissolved in ethanol (EtOH) in
a 2 L rund-bottom flask. With rapid stirring, glycine (0.5 molar equivalents, 20.3 g,
0.270 mol) and then, in one portion, KOH (30.3 g, 0.540 mol) were added. itis
essential to add the KOH all at once. Thus, an ice bath should be used when
performing the reaction on a larger scale to controt the exotherm. After addition of
the KOH, the turbid suspension became ysllow and homogeneous. After about 15
minutes, a thick white precipitate began to form. The mixture was stirred for 12
hours at room temperature under N2. Enough 2 N aqueous HC| was added (~400
mL) to make the solution red to pH paper. The mixture was then stirred at
approximately 60 °C untll it again become a homogensous yellow salution. The
EtOH was removed under vacuum to give an aqueous suspension of white
precipitate. The precipitate was filtered and the remaining aqueous solution washed
three times with EtOAc. The aqueous solution was then basified to about pH 9 with
concentrated aqueous NHax and excess ammonia was removed under vacuum. As
the NH; was removed, the product, 8, began to precipitate. Evaporation continued to
one-quarter the volume of solution where precipitation was first observed. The
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product was then collected on a vacuum filter and dried under vacuum to a constant
welght (51.3 g). If NMR indicates the presence of the undesired trans stersoisomer,
it can be removed by recrystallization from H0/ EtOH). 'H NMR (300 MHz,
CD3;OD): 53.64 (d, 1H, J=3.6), 5.25 (d, 1H, J=3.6), 7.41 (d, 2H, J = 8.4), 7.53 (d,
2H, J=8.4).

Example 4: Compound 7
OH © OH ©
OH 10% aq. Na;COy (viwt) OH
NH 1 4 —- Br NHBoc
Br ( _'_e’_) 2 A-dioxane, Boc,O )

7

Compound 6 (32.60 g, 12.53 mmol) was dissolved in 10% aqueous KzCO1
(10% wiv; 500 mL). Di-terf-butyl dicarbonate (34.2 g, 157 mmol) was dissolved in
1,4-dioxane (500 mL) and added to the aqueous solution, after which the mixture
was stirred at room temperature for 72 hours. The mixture was concentrated under
vacuum and taken up in 100 mL 1 N aqueous NaOH and washed with Et;0 (2 x 100
mL). The aqueous layer was acidified with 1 N aqueous HCI and the product
extracted into EtOAc (3 x 200 mL). The combined EtOAc extracts were dried over
anhydrous Na2SO,, filtered, and concentrated under vacuum. The product (26.7 g,
74.0 mmol) was isolated and used without further purification. 'H NMR (300 MHz,
CDsODY): & 1.32 (s, 9H), 4.37 (d, 1H, J = 2.7), 5.23 (d, 1H, J=2.7), 7.32 (d, 2H, 8.4),
7.46 (d, 2H, J=8.4).

Example 5: Compound 8
OH O OH

OH o OH

Br NHBoc Br NHBoc

(+-) {(+/-)
7 a

Compound 7 (5.29 g, 14.7 mmol) and N-hydroxysuccinimide (1.69 g, 14.7
mol) were dissolved in EtOAc (200 mL) and the mixture cooled to 0 °C. N,N'-
dicyclohexyl- carbodiimide (3.04 g, 14.7 mmol) was added and the mixture stirred for
30 minutes, warmed to room temperature and stirred for 30 additional minutes. It
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was then cooled to 0 °C and filtered to remove the precipitated N,N'-dicyciohexylurea
byproduct. The filirate was concentrated under vacuum and the residue dissolved In
THF (100 mL). The solution was cooled to 0 °C, NaBH, (5.8 g, 150 mmol) added,
and the mixture stimed for two minutes. Water was then added to the mixture
dropwise until bubbling ceased, then a volume of water equal to the volume of THF
was added over 30 minutes, after which the mixture was warmed to room
temperature and stirred for 5 hours. The dioxane was removed under vacuum and
EtOAc (200 ml.) was added, followeci by gradual acidification of the aqueous layer
with 1 N aqueous HCI. The EtOAc layer was washed with brine and dried over
anhydrous Na;SO;. Filtration followed by concentration under vacuum gave 4.31 g
(12.4 mmol) of 8, which was used without further purification. 'H NMR (300 MHz,
CD;0D): § 1.32 (s, 9H), 3.46-3.51 (m, 1H), 3.63-3.73 (m, 2H), 4.88 (br s, 1H), 7.29
(d, 2H, J=8.3), 7.45 (d, 2H, J=8.3).

Example 6: Compound 9 {from 4)

OH OH
o OH
ar NHAe —— ™ pr NH;
4
9

Compound 4 (1.0 g, 3.5 mmol) was dissolved in 10% aqueous HzSO4 (10%
viv, 15 mL total) and the solution refluxed for 10 h. The reaction mixture was
basified with 3 M aqueous NaOH and extracted with EtOAc (3 x 50 mL). The
combined EtOAc fractions were dried over anhydrous NazSO, and concentrated
under vacuum to give 710 mg (2.9 mmol) of 4, which was used without further
purification. '"H NMR (300 MHz, CD;OD): 5 2.80-2.90 (br m, 1H), 3.30-3.39 (br m,
1H), 3.40-3.50 (br m, 1H), 4.52-4.58 (m, 1H), 7.30 (d, 2H, J=8.1),7.49{(d, 2H, J =
8.1).

Example 7: Compound 8 {from 8)

50



WO 03/077828 PCT/IBOIA3 140 ﬁ

o OH
OH —— H OH
NHBac Br 2
Br (+)
(+/-)
3 (free base or TFA salt)
9

Compound 8 (4.31 g, 12.4 mmol) was dissalved in trifluoroacetic acid (TFA,
40 mL). The mixture was stired for 3 hours at room temperature and concentrated
under vacuum. The TFA salt was partitioned between 50 mL of 2 N aqueous NaOH
and an equal volume of EtOAc. The layers were separated and the aqueous layer
was washed with EtOAc (50 mL). The combined EtOAc fractions were washed with
brine, dried over anhydrous Na>SO. and concantrated under vacuum to give a waxy
solid {2.72 g, 11.1 mmol}), which was used without further purification. 'H NMR (300
MHz, CDJOD): § 2.83-2.90 (m, 1H), 3.30-3.35 (m, 1H), 3.46 (dd, 1H, J = 10.8, 4.8),
4.56 (d, 1H, J=6.6), 7.29 (d, 2H, /= 8.6), 749 (d, 2H, J = 8.6).

Example 8: Compound 10

Br

(enantiopure or (+/-)) {enantiopure or (+/-))
{free base or TFA salt) 10
9

Compound 9 (710 mg, 2.89 mmol), ethyl benzimidate hydrochloride (533 mg,
2.89 mmol) and triethylamine (EtsN, 0.40 mL, 2.89 mmol) were combined in 25 mL
1,2-dichloroethane. The mixture was refluxed with stirring under Nz for 16 hours at
which time TLC indicated one major product. After cooling to room temperature, the
mixture was diluted with EtOAc, washed twice with saturated aqueous NH,CI, twice
with saturated aqueous NaHCO; and then dried over anhydrous Na;SQO,. The
solution was filtered and the EtOAc removed under vacuum to give 885 mg (2.66
mmol) of 10, which was used without further purification. H NMR (300 MHz,
CD,0D): & 3.74-3.89 (m, 2H), 4.13-4.18 (m, 1H), 5.59 (d, 1H, J=6.6), 7.30 (d, 2H, J
= 8.4), 7.46-7.57 {m, 5H), 7.99-8.02 (m, 2H).

51



WO 03/077828 PCT/ABO3/03 140

Example 9: Compound 11

(enantiopure or {+/-)) (enantiopure or (+/-))
10 1"

Compound 10 (885 mg, 2.66 mmol) was suspended in CHzCl2 (15 mL) and
cooled to —78 °C. Diethylaminosulfur trifluoride-(DAST, 0.53 mL, 4.00 mmol) was
added by syringe, the mixture warmed over 1 hour 1o room temperature and then
stirred for 16 hours under Na. Excess DAST was quenched by slow addition of H20
after which the mixture was diluted with additiona!l CH:Cl>. The organic layer was
washed with H20 and saturated aqueous NaHCO3, dried over anhydrous Na;SO;,
and concentrated under vacuum. The residue (950 mg) was chromatographed on
silica gel, eluting with 15:85 EtOAc/hexanas to give 11 as an oil (420 mg, 1.25
mmol). 'H NMR (300 MHz, CDCly): § 4.23-4.35 (m, tH), 4.45-4.75 (m, 2H), 5.43 (d,
1H, J=6.9), 7.17(d, 2H, 8.3), 7.36-7.47 (m, 5H), 7.96 (d, 2H, J = 8.3).

Example 10: Compound 12

o—-':\ 0"\2
N N
Br F (HO),B F

(enantiopure or (.|.’_” (enan'bpure or ("‘I'»
1 12

Compound 11 (807 mg, 2.41 mmol, enantioptire from chlaramphanicol or
racemic from (+/)-threo-p-bromophenylserine), was dissolved in anhydrous THF (10
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mL) in a flame-dried round bottom flask and cooled to ~78 °C. n-BuLi (1.6 M in
hexanes, 3.02 mL, 4.83 mmol) was added with vigorous stirring. After 10 minutes,
trimethyl borate (0.55 mL, 4.83 mmol) was added, the mixture warmed to room
temperature over 1 hour and then stirred for 6 hours. The mixture was quenched
with 1 N aqueous HCI and extracted three times with EtOAc. The combined EtOAc
fractions were washed three times with brine and dried over anhydrous Na.SO,.

The EtOAc was removed under vacuum to give 805 mg of material, which was
purified by flash column chromatography, eluting initially with 1:1 hexanes/EtOAc to
remove Impurities followed by elution with 1:9 MeOH/CH2Cl to obtain the product as
an oil (285 mg, 0.953 mmol). 'H NMR (300 MHz, CD3OD): 5 4.28-4.39 (m, 1H), 4.69
(dd, 2H, J=47.1, 4.2), 5.64 (d, 1H, J=6.6), 7.37 (d, 2H, J = 8.1), 7.47-7.52 {m, 2H),
7.56-7.62 (m, 1H), 7.67 (d, 1H, J=7.5) 7.74-7.82 (m, 1H), 8.01 (d, 2H, J=7.2). ).
LRMS (ESI) m/z: 288.0 (M-H* C1sH14BFNO; requires 298.1).

Example 11: Compound 13

OH © OH O
OH 1) HCI, MeOH, A o/
NH; 2) NaOH NH;
B ) Br (+-)
6 13

Compound 6 (20.6 g, 0.079 mol) was suspended in 400 mL of anhydrous
MeOH. The mixture was stirred rapidly and cooled in an ice bath to 0 °C.
Anhydrous HCi gas was slowly bubbled in. After 10 minutes, all solids had
dissolved. Acidification was continued for 10 minutes after the mixture became
homogeneous, at which point the MeOH turned pH paper very red. The apparatus
was fitted with a drying tube and the reaction mixture was refluxed for 8 hours
followed by stiring at room temperature for 12 hours. The mixture was concentrated
under vacuum and then suspended in a mixture of 300 mL of EtOAC and 100 mL of
water. With rapid stirring, 3 N NaOH was added very slowly until the suspended
material dissolved. Addition of base was continued until a pH of 10 was attained.
The layers were separated and the EtOAc fraction was washed with brine (2x) and
dried over anhydrous Na,S0,. Concentration under vacuum gave 13 as a white
powder (15.3 g), which was used without further purification. 'H NMR (300 MHz,
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CD5OD): 5 3.50 (d, 1H, J = 4.5), 3.66 (8, 3H), 4.92 (d, 1H, J = 4.5), 7.28 (d, 2H, J =
8.3), 7.49 (d, 2H, J = 8.3).

Example 12: Compound 14

0
OH O
) o
0 NH
Br NH,
) Br oo~
13 (+-)
14

1,1'-Carbonyldiimidazole (23.6 g, 0.146 mol) was dissolved in 250 mL of
anhydrous 1,2-dichloroethane at room temperature followed by addition of
triethylamine (EtaN, 12.2 g, 16.8 mL). In a separate flask, 13 (33.26 g, 0.121 mol)
was dissolved in 125 mL of anhydrous tetrahydrofuran (THF) and an equivalent of
triethylamine. The THF solution was diluted with 125 mL of 1,2-dichloroethane and
then added, under N2, over 2 hours to the 1,1'-carbonyidiimidazole solution. After
addition was complete, the mixture was stirred for 2 hours under Nz at room
temperature. The reaction mixture was concentrated under vacuum and the residue
diluted with 300 mL of EtOAc, which was washed with 5 x 200 mL of 2 N HCI, 3 x
300 mL of saturated NaHCO;, and 2 x 200 mL of brine. The EtOAc layer was dried
over anhydrous Na;SO,, fiitered, and concentrated under vacuum to give 34.27 g of
14, 80-90% pure by 'H NMR. Compound 14 was used without further purification.
'H NMR(300 MHz, CD;OD): 5 3.83 (s, 3H), 4.34 (d, 1H, J=5.0), 5.65 (d, 1H, J =
5.0), 7.36 (d, 2H, J=8.7), 7.60 (d, 2H, J=8.7).

Example 13: Compound 15

o 0
0
O jopd
jo 0 i
Br d Br (+/-) H

0” "0
(';a:) 15
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Compound 14 (55.3 g, 0.184 mmol) was dissolved in 375 mL MeOH. The
solutlon was coaled to 0 °C and NaBHs (2 equivalents, 13.9 g, 0.389 mol) was added
in portions, care being taken to not let the temperature exceed 20 °C. After the last
portion was added, cooling was ceased and the mixture stired for 2 hours. Glacial
acetic acid was added slowly until a pH of 7 was achieved. The mixture was filtered
through Celite and concentrated under vacuum. The residue was partitioned
between EtOAc (375 mL) and 2 N HCI (500 mL). The organic layer was washed
with 2 N HCI (2 x 300 mL), saturated aqueous NaHCOj3 (2 x 250 mL) and brine (250
mL), dried over anhydrous Na;SOy, filtered and concentrated under vacuum. The
product was crystallized from hexanes/EtOAc to give 26.3 g of 15. H NMR(300
MHz, CD30D): & 3.64-3.72 (m, 3H), 5.38 (d, 1H, J=5.1), 7.32 (d, 2H, J = 8.6), 7.57
(d, 2H, J= 8.6).

Example 14: Compound 16

. O 0
o4
M A M
I
Br OH Br”

(+)

15 )

18

Compound 15 (7.57 g, 0.0278 mol) was suspended in 275 mL of CH:Cl.
Under N2 and with rapid stirring, the biphasic mixture was cooled to ~78 “C in a dry
ice/acetone bath. DAST (5.51 mL, 6.72 g, 0.0417 mol) was added dropwise by
syringe over 2-3 minutes. After 30 minutes the mixture was transferred to an ice
water bath and stirred for 30 minutes, during which time the solids dissolved.
Another 1 mL of DAST was added to ensure completion of the reaction. The mixture
was stimed for 20 minutes at 0 °C and then warmed to room temperature. The
mixture was stirred at room temperature for 20 minutes and then cooled to 0 °C.
Excess DAST was quenched by dropwise addition of saturated aqueous NaHCO;
over 30 minutes with very rapid stirring. After bubbling ceased, the aqueous layer
was slightly basic (7 < pH < 9). The CH;Cl» was diluted with enough EtOAc (~600
mL.) to bring the organic layer to the top during aqueous extraction. The organic
layer was washed with saturated aqueous NaHCO; (1 x 300 mL), 1 N HCI (2 x 200
mL), saturated aqueous NaHCO3 (3 x 200 mL ) and brine (1 x 150 mL) and dried
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over anhydrous Na;SO4. After filtration, the mixture was concentrated under vacuum
to give 8.13 g of brown oll. 'H NMR(300 MHz, CD30D): 5 3.87-3.98 (dm, 1H, J = 20
(F-CHa)), 4.54 (dd, 2H, J = 48.7 (CHx>-F), 4.2), 542 (d, 1H, J=5.1),7.34 (d, 2H, J=
8.4), 7.59 (d, 2H, J= 8.4).

Example 15: Compound 17

0 0
o*( 0/( o
O
Br F Br () F K
16 17

(+/-)

Compound 16 (8.13 g or 0.0287) was dissolved in 200 mL of CH;CN. BoczO
(9.71 g, 1.5 equivalents, 0.0445 mol) and DMAP (362 mg, 0.00297 moi, 0.1
equivalent) were then added. The mixture was stirred for 2 hours at room
temperature under N». Concentration of the mixture under vacuum was followed by
partitioning between 200 mL of EtOAc¢ and 200 mL of 1 N HCI. The EtOAc layer was
washed with 2 N HCI (3 x 100 mL), saturated aqueous NaHCQ; (2 x 100 mL) and
brine. The EtOAc layer was filtered, dried over anhydrous Na;SO, and concentrated
under vacuum. The residue was recrystallized twice from hexanes/EtOAc. 'H NMR
(300 MHz, CDsOD): 5 1.53 (s, 9H), 4.20-4.40 (dm, 1H, J = 24.6), 4.63-4.98 (m, 2H),
553(d, 1H,/=4.2),7.34(d,2H, /=8.4),7.61, (d. 2H, J= 8.4).

Example 16: Compound 18

OH
0
o‘( F
e e
B F o\ﬁ (+F) O‘K
r J- -
(1+7) 18

Compound 47 (0.050 g, 0.134 mmol) was suspended in 5 mL of CH3OH.
Cs2C04 (8.7 mg, 20 mol%, 0.0267 mmol) was added with rapid stirming at room
temperature. The solids dissolved in about 10 minutes after which stirring was
continued for 10 minutes, at which time TLC (3:1 hexanes/EtOAc) indicated that the
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reaction was complete. The reaction mixture was concentrated under vacuum and
the residue partitioned beiwesen 20 mL of EtOAc and 10 mL of H20. The H.0 layer
was acidified slightly with 1N aqueous HCI, the mixture vigorously shaken and the
layers separated. The EtOAc layer was washed with saturated aqueous NaHCO3 (1
x 20 mL) and brine (1 x 20 mL). The EtOAc was dried over anhydrous Na>SO; and
concentrated under vacuum to give 43.4 mg (0.124 mmol) of 18 as a white foam. 'H
NMR (300 MHz, CDsOD): & 1.33 (s, 9H), 3.90-4.57 (m, 4H), 7.29 (d, 2H, /= 8.1),
746(d. 2H, J=8.1)

Example 17: Compound 22

jop - jope
HN._.O —
Br o) \o( Br HNIO
b
w < 6 e

Compound 18 (0.740 g, 2.13 mmol) was stirred in 10 mL. TFA/H20 (8/1, viv) at
room temperature for one hour. The mixture was concentrated under vacuum and
partitioned between 30 mL of EtOAc and 30 mL of 1N aqueocus NaOH. The mixture
was shaken vigorously and the layers allowed to separate. The organic layer was
washed with brine (2 x), dried over anhydrous Na;SO, and concentrated under
vacuum to give 0.484 g (1.95 mmol, 92%) of product, which was dissolved in 20 mL
of CH2Clz. To this was added 1 mL of EtaN and 1 mL of difluoroacetyl chloride,
prepared according to literature procedure (Yu, K.-L., et al., J. Med. Chem., 1996,

39, 2411-2421.). After 1 hour, the mixture was concentrated under vacuum. The
residue was placed in 10 mL of a 1:8:1 (viviv) solution of EtsN/MeOH/H20 and stimed
for one hour at room temperature to cleave any difluoroacetyl groups on the benzylic
oxygen. The mixture was then concentrated under vacuum, and partitioned between
EtOAc (50 mL) and 1 N HCI (50 ml). The EtOAc layer was washed twice with 20 mL
of 1 N HCI, twice with 20 mL saturated aqueous NaHCO; and twice with 20 mL

brine. The EtOAc was then dried over anhydrous NazSQq, filtered, and concentrated
under vacuum. Compound 22 {584 mg, 1.79 mmol) was used without further
purification. 'H NMR (300 MHz, CD;OD): 6 4.25-4.67 (m, 3H), 4.90 (d, 1H, J = 3.9),
5.98 (t, 1H, J = 53.9), 7.30 (d. 2H, J = 8.6), 7.48 (d, 2H, J= 8.6).
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Example 18: Comp und 19

,UO'\H” SIS o V.
Br (ﬂ-)HNf\OK N mF o\g

18

Compound 18 (1.03 g, 2.94 mmol) was dissolved in CH.Cl2 (30 mL) in a 50
mL round-bottom flask. 2-Methoxypropene (339 pl., 3.54 mmol) was added by
symige. followed by a single crystal of p-toluenesulfonic acid (p-TsOH) hydrate.
After about 1 minute, the mixture tumed yellow. TLC (4:1 hexanes/EtOAc) showed
some 18 to still be present. An additional 5 drops of 2-methoxypropene were added
followed two minutes later by another 5 drops, a which time TLC indicated the
reaction was complete. The CHzCl, was removed under vacuum and the residue
partitioned betwean EtOAc (75 mL) and saturated aqueous NaHCQj (50 mL). The
EtOAc layer was washed twice with 50 mL NaHCOj and twice with brine. The
EtOAc layer was dried over anhydrous Na;S0;, filtered and evaporated to give a
yellow oil (1.08 g, 2.78 mimol) that solidified to a waxy solid, which was used without
further purification. *H NMR (300 MHz, CD,OD): § 1.49 (s, 9H), 1.55 (s, 3H), 1.67 (s,
3H), 3.70-3.85 (m, 1H), 4.34-4.53 (m, 2H), 5.08, (d. 1H,J=7.5),7.37 (d, 2H, J=
8.6), 7.54 (d, 2H, J = 8.6).

Example 19: Compound 23

St oA
Br (+) F °\< (HO),B ¢+-) F OK
19

23
Compound 19 (309 mg, 0.796 mmol) was placed In an oven-dried 50 mL
round-bottom flask equipped with a magnetic stir bar. The flask was immediately
capped with a rubber septum and flushed with dry Nz. Anhydrous THF (15 mL) was
added by syringe and a long cannuila was used to flush the solvent with N2 for 10
minutes. The mixture was then cooled to -78 °C. With vigorous stirring, n-Buli (850
pl, 0.995 mmol) was added dropwise by syringe over 3 n:inutes to give a clear
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orange solution. After 20 minutes, B(OMe); (158 pL, 1.39 mmol), which had been
stored over 4A activated molecular sievas for at least 48 hours, was added dropwise
over one minute using an oven-dried, gas-tight syrings. The mixture was wamed to
room temperature and stirred under N2 for 16 hours. Approximately 20 mL of
saturated aqueous NH,Cl was added with vigorous stirring, which resulted in a white
precipitate dispersed in the two liquid phases. The mixture was stirred for an
additional 90 minutes and then diluted with EtOAc and H20 until all the precipitate
dissolved. The organic layer was separated, washed with brine and dried over
anhydrous Na;SQ,. After filtration, the EtOAc was removed under vacuum to give
328 mg of yellow oil. The product was purified by silica gel chromatography to give
23 (163 mg). 'H NMR (300 MHz, CD30D): 5 1.49 (s, 9H), 1.56 (s, 3H), 1.67 (s, 3H),
3.74-3.88 (m, 1H), 4.33-1.52 (m, 2H), 5.10 (d, 1H, J=7.5), 7.43 (d, 2H, J = 8.1}, 7.64
(d, 2H, J=8.1). LRMS (ESI) m/z: 352.2 (M-H" C47H24BFNOs requires 352.7).

Example 20: Compound 28

OH
F
0\ 0 HN._,0
o o
=
-
Br F NS F (anantiopure)
1 28

Z 28

This is an example of Suzuki coupling method A. Compound 11 (47 mg, 0.14
mmol) and pyridine-3-boronic acid (21 mg, 0.17 mmol) were dissolved in 5.0 mL of
THF. Pd(PPha)s (11 mg, 0.0098 mmoi) and 3.0 mL of 10% (w/v) aqueous NazCOs
were added. The reaction mixture was refluxed for 16 hours, cooled, diluted with
EtOAc and washed fwice with 10% (w/v) aqueous NazCOj and twice with brine. The
EtOAc iayer was then dried over anhydrous Na,SQO, filtered, and concentrated
under vacuum. Silica gel chromatography (eluting with 1:1 hexanes/EtOAc) gave 47
mg {0.14 mmol) of 26. Intermediate 26 was heated to 105 °C in a sealed tube with
6M aqueous HCI and held at that temperature for 16 hours. The mixture was cooled
to room temperature and basified to pH 10 with 3 N NaOH. The product was
exiracted into EtOAc, which was dried over Na-SOy, filtered, and concentrated under
vacuum to give 42 mg of the deprotected free amine, contaminated with the
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expected benzoic acid-related by-product arising from cleavage of the protecting
group. The crude resldue was dichloroacetylated as in the synthesis of 29. Silica
gel chromatography, eluting with 7.5% MeOH in CHzClz, gave 10 mg of product. 'H
NMR (300 MHz, CDsOD): 5 4.31-4.74 (m, 3H), 5.02 (d, 1H, J = 3.6), 8.27 (s, 1H),
7.49-7.56 (m, 3H), 7.64 (d, 2H, J = 8.4), 8.09 (ddd, 1H, J= 8.0, 2.3, 1.5), 8.50 (brd,
1H, J = 3.9), 8.78 (br s, 1H). LRMS (ESI') m/z. 356.9 (calc. for M+H":
C1sH1sClFN202 357.0).

Example 21: Compound 27

0™\ 0\
ol — oY
(HO):B F FN F

(41 "o en
12 27

Boronic acid 12 (43 mg, 0.144 mmol), imidazole (15 mg, 0.215 mmol) and 4A
powdered molacular sieves (110 mg) were combined in CH,Clz (4.0 mL) and
pyridine (23 ulL). With rapld stirring, Cu(OAc). (26 mg, 0.144 mmol) was added and
the mixturse stimed, exposed to air, for 40 hours at room temperature. The mixture
was quenched with 3 mL of 2 M NHj; in MeOH. The mixture was filtered through
Celite and concentrated under vacuum. The product was purified by flash column
chromatography (19:1 CH.Cl/MeOH). Although 'H NMR indicated that a significant
side-product had eluted with the desired product, the mixture was used without
further purification. LRMS (ESI*) m/z: 321.9 (calc. for M+H" CygH17FN1O 322.1).

Example 22: Compound 29
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Compound 27 (27 mg, 0.084 mmol) was heated with 6 N HCI (3.0 mL) to 100
°C in a sealed tube and held for 16 hours. The mixiure was cooled to room
temperature, basified with 3 N aqueous NaOH and extracted three times with EtOAc.
The combined EtOAc fractions were dried over anhydrous NazSO,, flitered, and
concentrated under vacuum to give 9 mg of residue. LRMS (ESI") m/z: 236.1 (Calc.
for M+H"* Cy2H5FN;3O 236.1).

The residue was refluxed in MeOH (5.0 mL} containing EtsN (26 pL 0.189
mmol) and methyl dichloroacetate (13 uL, 0.126 mmol) for 3 hours. The mixture was
concentrated under vacuum and purified by silica gel chromatography (7.5% MeOH
in CHzCl2) to give 29 (6.0 mg, 0.017 mmol). 'H NMR (300 MHz, CD;0D): § 4.33-
4.75 (m, 3H), 5.03 (d, 1H, J=3.3), 6.26 (s, 1H), 7.13 (s, 1H), 7.51-7.58 (m, 5H), 8.10
(s, 1H). LRMS (ESI") m/z: 345.8 (calc. for M+H* C44H15sCl.FN2O2 346.0),

Example 23: Compound 34

0
OH O o JZ) 04(
e NH NH
NH, .

(+) NC™ oy 070 NE ey O

32 33 M
Compound 32 was prepared by the procedure of Pines, et al., supra. Ina
250-mL round-bottom flask was placed 1,1"-carbonyldiimidazole (CDI, 5.06 g, 31.2
mmol) and EtsN (2.17 mL, 15.6 mmol)} in 1,2-dichloroethane (50 mL). Compound 32
(4.00 g, 15.6 mmol) was added to a beaker containing 1,2-dichloroethane (50 mL ).
EtsN (4.34 mL, 31.2 mmol} was added to the beaker upon which a thick suspension
formed. Additional 1,2-dichloroethane (20 mL) and THF (50 mL) were added to thin

the suspension. The mixture was added portion-wise to the CDI suspension over 30

NC

min, The mixture, which became mostly homogenous and tumed yellow was stirred
for 12 hours. The solvent was removed under vacuum and the residue was
partitioned between 2 N aqueous HC!| and EtOAc. The EtOAc layer was washed
with 2 N HCI (2 x 45 mL), saturated aqueous NaHCOj (2 x 30 mL) and brine. 1t was
dried over anhydrous NazSQy, filtered, and evaporated to give 3.27 g of 33 as a fluffy
yellow solid, which was used without further purification.
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Compound 33 (1.00 g, 4.08 mmol) was dissolved in MeOH (50 mL) and
cooled to 0 °C in an ice bath. Over & minutes, NaBH, (308 mg, 8.13 mmol) was
added portion-wise. After bubbling ceased, TLC (5% MeOH in CH2Cl>) indicated
that starting material remained so 100 mg additional NaBH; was added. After
bubbling ceased, the mixture was quenched with glacial HOAc until a pH of
approximately 7 was achieved. The mixture was concentrated under vacuum and
partitioned between EtOAc and 1 N HCl. The EtOAc layer was washed with
saturated aqueous NaHCO;3 (2 x 40 mL) and brine (40 mL) and dried over anhydrous '
Na2S04. The product was isolated by silica gel chromatography (2% to 3% to 4%
to10% MeOH in CH2Cl2) to give 128 mg of 34 as an oll. Additiona! product was
obtained by avaporation of the aqueous layer followed by trituration with hot EtOAc
(153 mg, 281 mg total). 'H NMR (300 MHz, CD30OD): 5 3.69 (br s, 3H), 5.50 {br s,
1H), 7.58 (d, 2H, J=7.8), 7.79 (d, 2H, J = 7.8).

Example 24: Compound 35
0
o o]
A L

m — m.NH
NC OH NC

(+-) ¢« F
M 35

Fluorination was performed using DAST as in the synthesis of compound 11.
H NMR (300 MHz, CD;0D): 5 3.89-3.97 (m, 1H), 4.49-4.66 (m, 2 H), 5.55 (d, 1H, J
=4.8), 7.59 (d, 2H, J=8.1), 780 (d, 2H, J= 8.4).

OH OH 0" \E
v N
OH ] OH il N

o s o} 37 o as

Example 25: Compound 38

Compound 36 (2.12 g), was prepared by the procedure of von Strandimann,
supra. It was heated with 10% aqueous H2SO4 to 100 °C in a sealed tube and held
for 4 hours. After cooling to room temperature, the mixture was basified with 1 M
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NaOH and extracted three times with n-butanol. The n-butanol fractions were
combined and dried over anhydrous Na2S04. The solvent was evaporated to give
1.61 g of 37.

Compound 37 (1.61 g, 7.70 mmol) was dissolved in 1,2-dichloroethane (100
mL), along with ethyl benzimidate hydrochloride (1.42 g, 7.70 mmol), and EtsN (1.06
mL, 7.70 mmol). The mixture was refiuxed for 12 hours, cooled to room temperature
and diluted with EtOAc. The solution was washed with saturated aqueous NH;Cl (3
x) and saturated NaHCO3 (1 x) and dried over anhydrous Na;SO4. The product
precipitated from the EtOAc on cocling and addition of several drops of hexanes to
give 0.62 g of 38 (2.1 mmol). 'H NMR (300 MHz, CDsOD): 5 2.60 (s, 3H), 3.79 (dd,
1H, J=11.3, 5.9), 3.88 (dd, 1H, J= 11.3, 4.1), 4.14-4.20 (m, 1H), 5.70 (d, 1H, 6.3),
7.47-7.61 (m, 5H), 8.01-8.05 (m, 4H).

Exampie 26: Compound 39

Compound 38 (0.62 g, 2.1 mmol) was suspended in CH>Clz (15 mL) and
cooled to =78 °C. DAST (0.42 mL, 3.1 mmol) was added by syringe and the solution
stired overnight, during which time It was allowed to come to room temperature as
the cold bath warmed. The solvent was removed under vacuum and the product
isolated by silica gel chromatography (1:4 EtOAc/hexanes) to give 0.17 g of 39. 'H
NMR (300 MHz, CD30D): & 2.60 {s, 3H), 4.30-4.40 (m, 1H), 4.634.67 (m, 1H), 4.79-
4.81 (m, 1H), 5.74 (d, 1H, 6.9), 7.48-7.63 (m, 5H), 8.01-8.07 (m, 4H).

Example 27: Compound 40
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o OH
N —— F
NHq
T F 0O 40

Compound 39 {0.17 g, 0.58 mmol) was suspended in 8 N aqueous HCI (5 mL)
In & sealed tube. The mixture was heated to 100 °C and held for 12 hours. After
cooling to room temperature, the mixture was basified with 3 N NaOH and the
product extracted into CH2Clz (3 x). The combined CH2Cl: fractions were dried over
anhydrous Na,SO,, filtered and concentrated to give 40 (0.113 g, 0.541 mmol). 'H
NMR (300 MHz, CD3OD): § 2.60 (s, 3H), 3.04-3.15 (m, 1H), 4.09-4.48 (m, 3H), 4.71
(d, 1H, J=6.0), 7.52 (d, 2H, J = 8.1), 7.90 (d, 2H, J = 8.1).

Example 28: Compound 41
OH

F
HN IO
o Cl- Cl

Compound 40 was dichloroacetylated to give 41 in the same manner that 27
was converted to 29. *H NMR (300 MHz, CD,0D): 5 2.57 (s, 3H), 4.314.78 (m,
3H,), 5.03 (d, 1H, /= 3.3), 6.23 (s, 1H), 7.53 (d, 2H, J = 8.6), 7.95 (d, 2H, J= 8.8).

Example 29: Compound 43
o O 0
o] oJ’(
OJ( )(,NH NH

feadin Ve Rt Vot
H.N N
NGy F C () F < () F

a5 Ho-N 42 o-N 43
Compound 35 (100 mg, 0.454 mmol) was dissolved In 3 mL of EtOH and
transferred to a 25 mL round-bottom flask. Hydroxylamine hydrochloride (38 mg,

0.545 mmol) was added followed by Et3N (127 uL, 0.909 mmol). The mixture was
stimed at reflux for 3 hours, at which point TLC indicated complete consumption of
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starting matarial. The mixture was concentrated under vacuum 1o 232 mg of yellow
oil, which was used without further purification. A portion of the oil (115 mg) was
dissolved in 10 mL of triethylorthoformate. The mixture was stired at 120 °C under
N2 for 2 hours and then at room temperature for 48 hours. TLC (10% MeOH in
CH,Cl2) a major new spot. The triethyl orthoformate was removed under vacuum
and the residue partitioned between EtOAc and 1 N aqueous NaOH. The organic
layer was washed with 1 N aqueous NaOH (2 x) and brine (2 x). The EtOAc layer
was dried over anhydrous Na;SQ, filtterad, and evaporated, to give 84 mg of oil.
The product was purified by chromatotron (1 mm silica plate, 60:40 to 50:50 to 40:60
hexanes/EtOAc). Another purification by chromatotron (2% MeOQH in CHxCl2) gave
43 (20 mg) as a white solid. 'H NMR (300 MHz, CD3;0D): 5 3.93-4.04 (m, 1H), 4.49-
4.87 (m, 2 H), 5.53 (d, 1H, J=5.1), 7.59 (d, 2H, J=8.3), 8.17 (d, 2H, /= 8.3), 9.28
(s. 1H).

Example 30: Compound 45

_{’ r{ oH
o I “,O*(\F
{m €" pr F + <:-N o) HNID
o-N a“ s \F

Compound 43 (20 mg, 0.076 mmol) was dissolved in CH3CN (2 mL). BocO
(25 mg, 0.114 mmol) was added followed by a single crystal of DMAP
(approximately 1 mg, 0.008 mmol). After 2 hours, TLC (1:1 hexanes/EtOAc)
indicated that the reaction was complete. The CH3CN was removed under vacuum
and the resulting white solid dissoived in EtOAc, which was washed with 1 N
aqueous HCI (2 x), followed by NaHCOj3 (2 x) then brine. The organic layer was
dried over anhydrous Na-SQ,, filtered, and concentrated under vacuum to give 44 as
a white solid (28 mg).

Compound 44 (0.026 mg, 0.072 mmol) was dissolved in MeCH (2 mL) and
CszCOs (5 mg, 0.014 mmol) was added in a single portion. After 1 hour, TLC (1:1
hexanes/EtOAc) showed a single product. The solvent was removed under vacuum,
EtOAc added and the mixture stirred rapidly at room temperature. Then, H.O was
added, followed by 0.5 M HCI dropwise until all solids dissolved. The organic phase
was washed with 0.5 N HCI, followed by saturated aqueous NaHCOj3 (2 x) and brine.
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The organic layer was then dried over anhydrous NazSO., filtered and concentrated
to give a yellow oll, which was purified by chromatotron (1 mm silica plate, 4:1
hexanes/EtOAc to 1:1 hexanes/EtOAc) to give 45 (13 mg, 0.039 mmol). 'H NMR
(300 MHz, CDsOD): & 1.31 (s, 9H), 4.01-4.63 {m, 3 H), 4.94 (d, 1H, J=2.7), 7.55 (d,
2H, J=8.4),8.05 (d, 2H, J= 8.4), 9.24 (s, 1H).

Example 31;: Compound 47
OH OH

(0% 0 o
2 N HN._O
<o'" (449 :!,:( <°_N (=) Ko-" (+-) Ic'

45 43 47 Cl

Compound 45 was dissolved in 2.5 mL of 9:1 TFA/H20 in a 10 mL flask. The
mixture was stimed at room temperaturae for 30 minutes, at which time TLC indicated
completion of the reaction. The mixture was concentrated under vacuum and
partitioned with rapid stirming between 1 N aqueous NaOH and EtOAc. The EtOAc
layer was washed with brine (1 x), dried over anhydrous Na;SO,, filtered and
evaporated to give 11 mg of 46 as an oil .

To 6 mg {(0.025 mmol) of 46 in a 10 mL round bottom flask was added MeOH
(2 mL), followed by EtsN (3.5 pL, 0.025 mmol) and methyl dichloroacetate (13.1 wL,
0.025 mmol). The mixture was refluxed for 4 hours at which time TLC indicated no
reaction had occurred. An additional 26.2 pl. of methyl dichioroacetate was added
followed by 7 pL of EtsN. The mixture was refluxed for 20 hours after which TLC
indicated that the reaction was complete. The product was purified via chromatotron
(1mm silica gel plate, 99:1 CH;Cla/MeOH) to glve 5 mg 47. 'H NMR (300 MHz,
CD;OD): §4.324.72 (m, 3H), 5.03 (d, 1H, J= 2.7), 6.25 (s, 1H), 7.56 (d, 2H, J =
8.3), 8.05 (d, 2H, J=8.3), 9.24 (s, 1H). LRMS (ESI") m/z: 348.0 (M-H"
C13H11CloFN3Os reqguires 346.0).

Example 32: Compound 24

«Srﬂr

N—N
24
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In a 200 mL round-bottom flask, 2-amino-1,3,4-thiadiazole (1.00 g, 9.89
mmol) was added to 10 mL of 48% aqueous HBr. Water (10 mL) was added to give
a yellow solution in which most solids dissolved. The mixture was cooled to 0 °C and
CuBr (142 mg, 0.989 mmol) was added to give an opaque brown salution with some
precipitate. NaNO, (682 mg, 9.89 mmol) was dissolved in 25 mL HzO and added
dropwise over 45 minutes to the thiadiazole mixture. The mixture became dark
green and opaque with the first drops of NaNO- solution. Slowly, the solution
became brownish yellow and brown gas evolved. The mixture was stirred for an
additional 10 minutes at 0 °C from the time gas evolution began. The mixture was
warmed to room temperature over 30 minutes. Saturated aqueous NaHCOs was
added dropwise until bubbling ceased and the pH was 8.5. To this was added 50
mL of EtOAc and the biphasic mixture stirred rapidly. The mixture was filtered
through a pad of Celite to remove solids and then the layers were separated. The
organics were washed with brine (2 x). The aqueous layer was extracted with EtOAc
and washed with brine (1 x). The combined organic layers were dried over Na;SOj.
The remaining aqueous material was extracted once more by vigorous stirring with
EtOAc {50 mL) for 12 hours. This EtOAc layer was washed with brine and combined
with the EtOAc that was already drying over NazSQO;. The solution was filtered and
evaporated under vacuum to glve 24 as a tan solid (1.22 g, 7.36 mmol), which was
used without further purification.

Example 33: Compound 25

Oijig e Or e
°—€ N-N —_— O—é
(HO),B 24 «57',‘ F

\ -

() F (41
25 ,

This is an example of Suzuki coupling method B. Compound 23 (19 mg,
0.0538 mmol) was dissolved in THF (1 mL), DMF (1 mL), and H20 (0.5 mL). The
mixture was stimed at room temperature until all material dissolved and then 2-
bromo-1,3,4-thiadiazole (24, 5.0 mg, 0.027 mmol) was added. The solution was
purged with N2 for 5 minutes by means of a long needle. PdCl(dppf) was added
and then the soiution was again purged with N2 for 5 minutes. The mixture was then
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stimed at 85 °C for 18 hours under Nz and then at room temperature for an additional
30 hours. The resulting clear brown solution was concentrated under vacuum.
Compound 25 (5.4 mg, 0.0137 mmoi) was obtained as a yeliow cll by chromatotron
purification (silica gel, 1 mm piate, 1:9 EtOAc/hexanes to 1:4 EtOAc/hexanes).

It was found that the yield could be substantially improved by switching to
coupling method C. Compounds 23 (0.330 g, 0.934 mmol) and 24 (0.385 g, 2.34
mmol) were dissolved in a mixture of toluene, n-butanol, and H20 (8 mL:8 mL:2 mL)
and CszCO; (0.912 g, 2.80 mmol) was added. The mixture was purged with N2 and
Pd(PPhs) was added. The mixture was again purged with N; for 5 minutes and then
stirred rapidiy at 70 °C under N2 for 12 hours. The mixture was concentrated under
vacuum and the residue partitioned between H20O (75 mL) and EtOAc (75 mL. The
layers were separated and the EtOAc was washed with brine (2 x 50 mL). The
EtOAc was dried over anhydrous Na;SO,, filtered, and concentrated under vacuum
to give 0.720 g of yellow oll. Compound 25 (0.220 g) was obtained by sllica gel
chromatography, eluting with 5:1 to 2:1 to 1:1 hexanes/EtOAc. 'H NMR (300 MHz,
CDsOD): § 1.50 (s, 9H), 1.58 (s, 3H), 1.70 (s, 3H), 3.80-3.94 (m, 1H), 4.42-4.61 (m,
2H), 5.20, (d. 1H, J=7.5), 7.64 (d, 2H, J = 8.3), 8.05 (d, 2H, J=8.3), 9.45 (s, 1H).

Example 34: Compound 48
OH

F

N o e
48

Compound 25 (5.4 mg, 0.014 mmol) was transferred to a 25 mL round-bottom
flask and 2.5 mL of 9:1 TFA/H20 (v/v) were added. The resulting bright yellow
mixture was stirred at room temperature for 18 hours. The solvent was removed
under vacuum and the residue dissolved three times in a mixture of MeOH and
toluene, which was evaporated to near dryness each time. The product was
recovered as an oll (4.9 mg, 0.013 mmol), which was used without further
purification. 'H NMR (300 MHz, CD3OD): 5 3.59-3.70 (m, 1H), 4.30-4.71 (m, 2H),
492 (d, 1H, J=8.1), 7.64 (d, 2H, J = 8.3), 8.08 (d, 2H, J = 8.3), 9.47 (s, 1H).
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In a 10 mL round-bottom flask, the above product was dissolved in 2 mL of
MeOH. To this was added EtsN (9.7 uL, 0.070 mmol) followed by methyi
difiuoroacetate (3.0 pl, 0.035 mmol). The mixture was refluxed for 16 hours, at
which point TLC indicated that some starting material still remained. An additional 3
drops of Et;N was added followed by 2 drops of methyl difluoroacetate. After 3
hours, all starting material had been consumed. The mixture was ¢ooled to room
temperature and evaporated to dryness under vacuum. Compound 48 (4.1mg, 012
mmol) was obtained by chromatotron purification (silica gel, 1 mm plate). 'H NMR
(300 MHz, CD;0D): § 4.31-4.72 (m, 3H), 5.03 (d, 1H, J=3.9), 5.98 {t, 1H, J = 53.9),
7.58 (d, 2H, J = 8.3), 7.99 (d, 2H, J = 8.3), 9.43 (8, 1H). LRMS (ESI) m/z: 330.1 (M-
H* Cq3H14FaN3O:S requires 330.1).

Example 35: Compound 49
OH

s
NC O (+-) CIICI

The biaryl intermediate was prepared from 18 and the appropriate boronic
acid using Suzuki coupling method A. Removal of the Boc group was accomplished
by brief treatment with 90/10 (v/v) TFA/H20. Dichloroacetylation was performed as
in the synthesis of 29. "H NMR (300 MHz, CD30OD): 5 4.31-4.80 (m, 3H), 5.01 (d,
1H, J=3.6), 6.26 (s, 1H), 7.52 (d, 2H, 8.3), 7.65 (d, 2H, J= 8.3), 7.79 (s. 4H).
LRMS (ESI") m/z: 379.0 (M-H" C1gH14ClFN202 379.0).

Example 36: Corﬁpound 50
OH

0 HN S
O (+-) FIF

The biaryl intermediate was prepared from 22 and the appropriate boronic
acld using Suzuki coupling method A. 'H NMR (300 MHz, CD3OD): § 4.27-4.68 (m,
3H), 4.99 (d, 1H, J=4.5), 6.00 (t, 1H, J=53.9), 7.52 (d. 2H, J=8.1), 7.67 (d, 2H, J =

NC
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8.1), 7.76-7.82 (m, 2H). LRMS (EST) m/z: 347.1 (M-H" C1sH14F3sN202 requires
347.1).

Example 37: Compound 51
OH
F
HNIO
.
0”5'}0 F* °F

The blaryl intermediate was prepared from 22 and the appropriate boronic
acid using Suzukl coupling method A. 'H NMR (300 MHz, CD;0D): 5 3.14 (s, 3H),
4.30-4.68 (m, 3H), 5.00 (d, 1H, J =4.5), 8.00 (t, 1H, J= 54), 7.53 (d, 2H, J = 8.3),
7.70 {d, 2H, J = 8.3), 7.88 {(d, 2H, J = 8.6), 8.00 {d, 2H, J = 8.6). LRMS (ESI') m/z:
400.1 (M-H* C1gH17F3NO4S requires 400.1).

Example 38: Compound 52
OH
F -
HN.__O '
¢ ¢
S (+-) F N E

The biaryl intermediate was prepared from 22 and the appropriate boronic
acid using Suzuki coupling method B. "H NMR (300 MHz, CD,0D): § 4.26-4.64 (m,
3H), 4.93 (d, 1H, J = 4.8), 6.01 (t, 1H, J= 53.9), 7.40-7.45 (m, 4H), 7.60-7.66 (m,
3H). LRMS (ESI') m/z: 328.1 (M-H" CysH13FaNO-S requires 328.1).

Example 39: Compound 53

OH

E

= HN._O
-5 ) FIF

The biaryl intermediate was prepared from 22 and the appropriate boronic
acid using Suzuki coupling method B. "H NMR (300 MHz, CD;0D): 5 4.25-4.65 (m,
3H), 4.92 (d, 1H, J = 4.5), 6.01 (t, 1H, J=53.9), 7.06-7.08 (m, 1H), 7.36-7.42 (m,
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4H), 7.61 (d, 2H, J = 8.4). LRMS (ESI") m/z; 352.0 (calc. for M+Na"
CisH1sFaNNaO2S 352.1).

Example 40: Compound 54
OH

F

N HN_ O
NA h ¢ Im

The biaryl intermediate was prepared from 18 and the boronic acid using

Suzuki coupling method B. Removal of the Boc group was accomplished by brief
treatment with 9/1 (v/v) TFA/H20. Dichloroacetylation was performed as in the
synthesis of 29. 'H NMR (300 MHz, CD;OD): § 4.33-4.79 (m, 3H), 5.03 (d, 1H, J =
3.3), 6.28 (s, 1H), 7.55 (d, 2H, J = 8.4), 7.69-7.75 (m, 4H), 8.56 (d, 2H, J=5.7).
LRMS (ESI") m/z: 357.1 (calc. for M+H* C1gHCIaFN202 357.1).

Example 41: Compound 55
OH

<SY©/E"/I\‘F’

NN c” el
The biaryl intermediate was prepared from boronic acid 23 and compound 24
using Suzuki coupling method B. Removal of the protecting groups was
accomplished by brief treatment with 9/1 (viv) TFA/H20. Dichloroacetylation was
performed as in the synthesis of 29. 'H NMR (300 MHz, CD;OD): 5 4.34-4.76 (m,
3H), 5.04 (d, 1H, /= 3.0), 6.24 (s, 1H), 7.58 (d, 2H, J = 8.3), 7.97 (d, 2H, J= 8.3),
9.42 (s, 1H). LRMS (ESI') m/z: 362.0 (calc. for M-H* C143H11Cl2FN2O:S 362.0).

Example 42: Compound 56

OH
F
S HNIO
oMNF R aa
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Compound 54 (29.4 mg, 0.0824 mmol) was dissolved in 5 mL of CHaCla. The
mixture was cooled to 0 °C and m-chloroperbenzoic acld (m-CPBA, 38 mg, 0.18
mmol) was added with stirring. After 5 minutes, the mixture was warmed to room
temperature and stired for 12 hours. The mixture was concentrated under vacuum
and the product purified by silica gel chromatography eluting successively with 2%,
3%, 4%, 6%, and'10% MeOH In CH,Cl,. Compound 56 was obtained as a white
solid (22.5 mg, 0.060 mmol). "H NMR (300 MHz, CDyOD): § 4.32-4.75 (m, 3H), 5.03
(d, 1H, J=13.3), 6.25 (s, 1H), 7.56 (d, 2H, J=8.4), 7.74 (d, 2H, J= 8.4), 7.84 (d, 2H,
J=7.2),8.34 (d, 2H, J=7.2). LRMS (ESI') m/z: 371.0 (calc. for M-H*
C18H14Cl2FN203 371.0).

Example 43: Compound 57

OH

.

N HN.__O
NF FIF

The biaryl intermediate was prepared from 18 and the appropriate boronic
acid using Suzuki coupling method B. Removal of the protecting group was
accomplished by brief treatment with 9/1 (v/iv) TFA/H:0. Difluoroacetylation was
performed as in the synthesis of 48. 'H NMR (300 MHz, CD3;0D): 5 4.28-4.68 (m,
3H), 5.00 (d, 1H, /= 4.2), 5.99 (1, 1H, J=53.9), 7.55 (d, 2H, /= 8.1), 7.70-7.77 (m,
4H), 7.84 (d, 2H, J = 7.2), 8.56 (d, 2H, J = 6.3). LRMS (ESI") m/z: 325.2 (calc. for
M+H* CigHiaF3sN202 325.1).

Exampie 44: Compound 58
OH
F

O HN._O

& @+ ¢ Im

Compound 58 was prepared from 68 as 56 was from 54. 'H NMR (300 MHz,
CD,;OD): 5 4.30-4.75 (m, 3H), 5.02 (d, 1H, J = 3.3), 6.25 (s, 1H), 7.55-7.67 (m, 5H),
7.87 (d, 1H, J=8.1), 8.30 (d, 1H, J=7.2), 8.58 (br s, 1H). LRMS (ESI') m/z: 371.0
(calc. for M-H* C1gH14ClzFN203 371.0).
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Example 45: Compound 59
OH

F

N~ c1~ > cl

The biaryl intermediate was prepared from 11 and the appropriate boronic
acid using Suzuk! coupling method A. The phenyloxazoline protecting group was
removed and the dichioroacetate group introduced as in the synthesis of 29. 'H
NMR (300 MHz, CDs0D): § 4.304.75 (m, 3H), 5.02 (d, 1H, J= 3.6), 6.26 (s, 1H),
7.54-8.70 (m, 8H). LRMS (ESI') m/z: 354.8 (calc. for M-H" CygHsCl2FN20; 355.0).

Example 46: Compound 60

OH
F

\ HNIO

o N A ¢ > cl

Compound 80 was prepared from compound 59 in the same manner that
other pyridine N-oxides In these examples were formed from the corresponding
pyridine. 'H NMR (300 MHz, CDsOD): 5 4.33-4.78 (m, 3H), 5.03 (d, 1H, J= 3.3),
6.25 (s, 1H), 7.57 (d, 2H, J=8.4), 7.75 (d, 2H, J= 8.4), 7.87 (d, 2H, J = 7.5), 8.38 (d,
2H, J=17.5). LRMS (ESI) m/z: 370.8 (calc. for M-H* C1gH14Cl2FN2O3 371.0).

Example 47: Compound 61
OH

O O HNI;

.,
o"s“o cl” o

L]

s
e
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The biaryl intermediate was prepared from 11 and the appropriate boronic
acld using Suzuki coupling method A. The phenyl oxazoline protecting group was
cleaved and dichloroacstate introduced as in the synthesis of 29. 'H NMR (300
MHz, CDs0D): 5 3.14 (s, 3H), 4.36-4.75 {m, 3H), 5.02 (d, 1H, J = 3.8), 6.27 (s, 1H).
7.54 (d, 2H, J = 8.3), 7.68 (d, 2H, J=8.3), 7.87 (d, 2H, /= 8.7), 8.01 (d, 2H, J= 8.7).
LRMS (ESI") m/z: 431.8 (calc. for M-H" C1gH1,CloFNO4S 432.0).

Example 48: Compound 62

OH
F

NN HNTO
s ol

The free amine Intermediate was prepared as in the synthesis of 28. The
nitrogen was monochloroacetylated using chloroacetyl chioride. *H NMR (300 MHz,
CDy0D): 5 4.00-4.03 {(m, 2H), 4.27-4.70 {m, 3H), 5.00 (d, 1H, J = 3.9), 7.49-7.56 (m,
3H), 7.66 (d, 2H, J=8.4), 8.00 (d app t, 1H, J=7.8, 2.4), 8.50 (dd, 1H, J=4.8, 1.5),
8.78 (br d, 1H, J = 2.4). LRMS (ESI") m/z: 321.0 (calc. for M+H" C1gH1sCIFN202
357.1).

Example 49: Compound 63
OH

F
N HN.__O
& CIIF
Prepared in the same manner as 28 using ethyl chlorofluoroacetate. 'H NMR
(300 MHz, CDaOD): 8 4.31-4.70 (m, 3H), 5.01 (d, 1H, J = 3.9), major diastereomer
6.49 (d, 1H, J = 49.8), minor diastereomer 6.51 (d, 1H, J = 49.8), 7.48-7.56 (m, 3H),

7.83-7.67 (m, 2H), 8.07-8.11 (m, 1H), 8.48-8.51 (m, 1H), 8.78 (br d, 1H, J = 1.5).
LRMS (ESI) m/z: 338.9 (calc. for M-H' C1gH14CIF2N20; 339.1).

Example 50: Compound 64

74
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OH
' F
| Ny HNIO
Z o
The blaryl intermediate was prepared from 12 and 2-bromopyridine using
Suzukl coupling method A. "H NMR (300 MHz, CD30D): 6 4.28-4.74 (m, 3H), 5.02
(d, 1H, J = 3.6), 6.27 (s, 1H), 7.33-7.37 (m, 1H), 7.53 (d, 2H, J=8.1), 7.18-7.93 (m,
4H), 8.58-8.60 (m, 1H). LRMS (ESI") m/z: 354.8 (calc. for M-H" C4gH14CIzFN-0O;
355.0)

Example 51: Compound 65

OH

F
N HNIO
N# . a”>F

Compound 65 was prepared in the same manner as 59 using ethyl
chiorofluoroacetats. 'H NMR (300 MHz, CD;OD): 5 4.32-4.70 (m, 3H), 5.02 (d, 1H, J
= 3.6), major diastereomer 6.48 (d, 1H, J = 49.8), minor diastereomer 6.50 (d, 1H, J
= 50.1), 7.55-7.58 (m, 2H), 7.73-7.78 (m, 4H) 8.57 (br d, 2H, J=5.7). LRMS (ESI)
m/z: 338.8 (calc. for M-H" C1sH14CIF2N,02 339.1).

Example 52: Compound 66

OH
F
C HN. _.O
\ X
N a1~

The biaryl intermediate was prepared from 12 and the appropriate bromide
using Suzuki coupling method A. Removal of the protecting group and
dichloroacetylation was accomplished as in the synthesis of 29. 'H NMR (300 MHz,
CD,0D): § 4.34-4.72 (m, 3H), 5.01 (d, 1H, J=2.4),6.25 (s, 1H), 7.52 (d, 2H, J=
6.3), 7.57 (d, 1H, J=2.6) 7.84 (d, 1H, J= 2.6), 7.90 (d, 2H, J = 6.3). LRMS (ESI')
m/z: 360.7 (calc. for M-H* C14H12C1aFN20,S 361.0).
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Example 53: Compound 67
H
F
NS HNIO
ILN c” a

The biaryl Intermediate was prepared from 12 and the appropriate bromide
using Suzuki coupling method A. Removal of the protecting group and
dichloroacetylation was accomplished as in the synthesis of 29. 'H NMR (300 MHz,
CD3OD): 5 4.32-4.75 (m, 3H), 5.04 (d, 1H, J = 3.6), 6.28 (s, 1H), 7.59 (d, 2H, J =
8.3), 7.70 (d, 2H, J = 8.3) 9.06 (s, 2H,), 9.13 (s, 1H). LRMS (ESI') m/z: 357.8 (calc.
for M+H" Cy5H4sClFN3sO2 358.0).

Example 54: Compound &3
OH
F
NS HNIO
& a” a

(+-)

The biaryl intermediate was prepared from bromide 11 and the appropriate
boronic acid using Suzuki coupling method A. Removal of the protecting group and
dichioroacetylation was accomplished as in the synthesis of 29. 'H NMR (300 MHz,
CD30D): 5 4.314.74 (m, 3H), 5.02 (d, 1H, J = 3.6), 6.27 (s, 1H), 7.48-7.51 (m, 1H),
7.54 (d, 2H, J=8.3), 7.64 (d, 2H, J = 8.3) 8.08 (ddd,1H, J = 8.0, 2.4, 1.8), 8.50 (dd,
1H, 4.8, 1.5), 8.77 (dd, 1H, J = 2.4, 0.8). LRMS (ESI') m/z: 354.8 (calc. for M-H*
C16H14CIzFN202 355.0).

O O HNIO

cl” ¢l
o (+h)

The biaryl intermediate was prepared from bromide 11 and the appropriate
boronic acld using Suzuki coupling method A. Removal of the protecting group and
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dichloroacstylation was performed as in the synthesis of 29. "H NMR (300 MHz,
CDsOD):  2.63 (s, 3H), 4.31-4.74 (m, 3H), 5.01 (d, 1H, J = 3.9), 6.27 (s, 1H), 7.51
(d, 2H, J=8.3), 7.67 (d, 2H, J=8.3), 7.75 (d, 2H, J= 8.6) 8.06 (d, 2H, J = 8.6).

Example 56: Compound 71
OH

Nops

0 ClI” °F
This compound was prepared in analogous fashion to 41 using ethyl
chlorofluoroacetate in place of methyi dichloroacetate. 'H NMR (300 MHz, CD30D):
5 2.58 (s, 3H), 4.31-4.71 (m, 3H), 5.03 (br d, 1H, J = 3.9), major diastereomer 6.46
(d, 1H, J = 49.8), minor diastereomer (d, 1H, J = 50.1), major diastereomer 7.53 (d,
2H, J = 8.1), minor diastereomer 7.51 (d, 2H, J = 8.1), 7.94-7.96 (m, 2H). LRMS
(ESI) mfz: 304.1 (calc. for M-H" Cq3H13CIF2NO; 304.1).

Example 57: Compound 72

OH
F

_0 HNIO
° ol i

Initially, the p-cyano analog of compound 11 had been prepared by methods
analogous to those used to prepare 11 itself. Attempts to remove the
phenyloxazoline protecting group (as described in the synthesis of 29) led to some of
the desired deprotected nitrile intermediate. However, much of the mass recovered
was the deprotected p-carboxylic acid corresponding to acidic hydrolysis of the nitrile
functional group. This material was dichloroacetylated using the same procedure as
that employed in the synthesis of 29 and the product was converied to its methyl
ester with CHz2Nz. "H NMR (300 MHz, CDyOD): 5 3.83 (s, 3H), 4.25-4.66 (m, 3H),
4.98 (d, 1H, J = 3), 6.17 (s, 1H), 7.46 (d, 2H, J = 8.3), 7.91 (d, 2H, J = 8.3).

Example 58: Compound 73

71

-
EY ¢
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" OH

oL

o (+}) Cl
Compound 87 (36.5 mg, 0.0873 mmol) was dissolved in THF (5 mL

anhydrous) under Nz2. After addition of anhydrous powdered K2COs ( 24 mg, 0.175
mmol), the mixture was purged with N>. EtsN (31 mL, 0.218 mmol) and
cyclobutanecarbonyl chioride (13 mL, 0.113 mmol) were added and the mixture
purged gently with N» for another 5 min. Pdzdba,; was added and the mixture purged
again with N2. The mixture was then stimed under Nz for 3 hours after which it was
diluted with EtOAc and Hz0 and filtered through a cotton plug. The EtOAc layer was
washed with 1N aqueous HCI (x 2), brine (x 2), and dried over anhydrous NazSO,.
The mixture was filtered and the solvent removed to give 16.9 mg, 0.0501 mmol of
materiel that was purified by chromatotron {1 mm plate, eiuting with 4:1
hexanes/EtOAc). The protected intermediate obtained was subjected to
phenyloxazoline cleavage and dichloroacetylation as in the synthesis of 29 to give
73. 'H NMR (300 MHz, CD30D): & 1.73-1.85 (m, 1H), 1.98-2.11 (m, 1H), 2.20-2.27
(m, 4H), 3.97-4.09 (m, 1H), 4.23-4.67 (m, 3H), 4.95 (d, 1H, J = 3.3), 6.16 (s, 1H),
7.45 (d, 2H, J= 8.4), 7.81 (d, 2H, J = 8.4). LRMS (ESI") m/z: 360.0 (calc. for M-H*
C1gH17CI2FNO3 360.0).

Example 59: Compound 74
OH

F
c Nom/@/':'r\ro

° a0 ol

The carboxylic acid Intermediate from the synthesis of 72 was
dichloroacetylated as in the synthesis of 29. The resulting intermediate (95.8 mg,
0.297 mmol) was dissolved in 2 mL of MeOH, several drops of H2O were added and
then a 20% (w/v) aqueous Cs,COj solution was added dropwise until the solution
reached pH 7. The mixture was concentrated under vacuum. One drop of EtsN and
10 mL of 2-chloroethanol were added and the mixture stirred at 135 °C for 2 hours.
Residual chioroethanol was removed under vacuum and the residue
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chromatographed. Compound 74 (13.3 mg) was the major product and 75 (9.2 mg) c‘
the minor product. 'H NMR (300 MHz, CD;OD): 5 3.78-3.82 (m, 2H), 4.23-4.68 (m,
5H), 4.97 (d, 1H, J = 3.0), 6.17 (s, 1H), 7.46 (d, 2H, J=8.3), 7.93 (d, 2H, J = 8.3).

LRMS (ESI") m/z: 407.9 (calc. for M+Na* C14H1sClsFNNaO, 408.0).

Example 60: Compound 75

OH
Soprs:
N HNIO
o o

H NMR (300 MHz, CD3OD): 5 3.83-3.39 (m, 2H), 4.31-4.74 (m, §H), 5.02 (d,
1H, J = 3.3), 6.23 (s, 1H), 7.52 (d, 2H, /= 8.4), 8.02 (d, 2H, J= 8.4). LRMS (ESI)
m/z; 366.0 (calc. for M—H+ C14H150|2FN05 366.0).

Example 61: Compound 76
OH

Sege:
al NIO
°© ¢
(+/-)

The cyclopropyl analog of intermediate 89 was prepared by a Stille coupling
analogous to that used to synthesize 89. Acidic cleavage of the phenyloxazoline
group resulted in the HCl-mediated opening of the cyclopropyl ring. This material
was deprotected and dichloroacetylated to give 76. '"H NMR (300 MHz, CD,0D): &
2.10-2.19 (m, 2H), 3.19 (t, 2H, J=7.1), 3.66 (t, 2H, J = 6.6), 4.31-4.74 (m, 3H), 5.03
(d. 1H, J=3.3), 6.23 (s, 1H), 7.53 (d, 2H, J = 8.3), 7.96 (d, J = 8.3). LRMS (ESI)
m/z: 381.9 (calc. for M-H" C1sH1sCIsFNO; 382.0).

Example 62: Compound 77
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OH
F
~T>
N\
HO S cl cl

The thiazole ring of this analog was formed by conversion of the protected
nitrile intermediate to the corresponding thioamide by reaction with H2S In pyridine.
The thioamide was then reacted with the appropriate protected a-halocarbonyl
compound to form the substituted thlazole shown. Deprotection and
dichloroacetylation was performed as for other compounds of this invention. H
NMR (300 MHz, CD30D): 5 4.32-4.75 {m, 5H), 5.01 (d, 1H, J=3.3), 6.27 (s, 1H),
7.38 (s, 1H), 7.51 (d, 2H, J=8.3), 7.81 (d, 2H, J= 8.3). LRMS (ESI') m/z: 390.9
(calc. for M-H* C45MH44ClzFN203S 391.0).

Example 63: Compound 79
OH

O OH
o} HN._O
<o O CIICI

This compound was formed by Suzukl coupling method A from an
intermediate In which the primary hydroxyl group was not converted to a fluoride.
Deprotection and dichloroacetylation were performed as with other compounds of
this invention. 'H NMR (300 MHz, CDsOD): § 3.55 (dd, 1H, J = 11.0, 5.9), 3.77 (dd,
1H, J = 11.0, 6.5), 4.07-4.11 (m, 1H), 5.02 (d, 1H, J = 3.8), 5.96 (s, 2H), 6.29 (s, 1H),
6.86 (d, 1H. J = 8.4), 7.05-7.07 (m, 2H), 7.40-7.50 (m, 4H). LRMS (ESI) m/z; 395.9
. (calc. for M-H* C1aH1sC12NO5 396.0).

Example 64: Compound 80

F
HN_ O

S ¢
HO'N ci” a

Compound 41 (11.5 mg, 0.0348 mmol) and hydroxylamine hydrochloride (2.8
mg, 0.0415 mmol) were stirred In EtOH (3 mL) for 12 hours and then refluxed for an
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additional 12 hours. The solvent was removed under vacuum and the product
isolated as a single isomer (it was not determined whether the isomer was the cis or
trans oxime). 'H NMR (300 MHz, CDs;OD): & 2.21 (s, 3H), 4.26-4.68 (m, 3H,), 4.95
(d, 1H, J = 3.8), 6.27 (s, 1H), 7.39 (d, 2H, J= 8.3), 7.61 (d, 2H, J = 8.3).

Example 65: Compound 81
OH

Sogs:

0 ci

Free amine 37 (4.7 mg, 0.0224 mmol) was dissolved in MeOH (1 mL} and the
mixture cooled to 0 °C. Chloroacetic anhydride (5 drops) and triethylamine (5 drops)
wers added and the mixture warmed to room temperature and stirred for 2 hours.
The solvent was removed under vacuum and the product purified by silica gel
chromatography (2:3 EtOAc/hexanes) to give 3.3 mg (0.011 mmol) of product. 'H
NMR (300 MHz, CD30D): § 2.59 (s, 3H), 3.92-4.03 (m, 2H,), 4.29-4.68 (m, 3H), 5.02
(d, 1H, J=3.3),7.53 (d, 2H, J= 8.4), 7.96 (d, 2H, /= 8.4).

Example 66: Compound 82

OH
F
N HNIO
|
Z ) FOF

The biaryl intermediate was formed by Suzuki coupling method A using 22
and the appropriate boronic acid. 'H NMR {300 MHz, CD;0D): & 4.28-4.68 (m, 3H),
5.00 (d, 1H, J= 4.2), 6.01 {t, 1H, J = 54), 7.49-7.60 {m, 3H), 7.66 (d, 2H, J=B8.4),
8.07-8.11 (m, 1H), 8.50 (dd, 1H, J = 4.8, 1.5), 8.79-8.79 (m, 1H). LRMS (ESI") m/z
322.9 (M-H" C;gH14F3N20; requires 323.1).

Example 67: Compound 84

81
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OH

This compound was prepared by proceduras analogous to those described in
Schemes 2 and 3. The 4-(1,2,4-triazol-1-yl)phenylserine analog of 8 was
synthesized by the same methods used to make 6. The required 4-(1,2 4-triazol-1-
yi)benzaldehyde \;vas prepared as described in the literature (Tanaka, A., etal., J.
Med. Chem. 1998, 41, 2390-2410). 'H NMR (300 MHz, CD;OD): 5 4.33-4.76 (m,
3H), 5.04 (d, 1H, J = 3.3), 6.26 (s, 1H), 7.59 (d, 2H, J= 8.8), 7.78 (d. 2H, J = 8.6),
8.14 (s, 1H), 9.05 (s, 1H). LRMS (ESI’) m/z: 345.0 (caic. for M-H" C13H2Cl2FN4O
345.0).

N -
¢
N (+~) Cl

Example 68: Compound 85
OH

F

N HN.__.O
(; X

N~ (+) a” d

The biaryl intermediate was prepared from boronic acid 12 and 2-

iodopyrazine. Deprotection and dichloroacetylation were accomplished as in the
synthesis of 29. 'H NMR (300 MHz, CD;0D): 5 4.32-4.75 (m, 3H), 5.04 (d, 1H, J=
3.3), 8.27 (s, 1H), 7.57 (d, 2H, J= 8.4), 8.05 (d, 2H, J= 8.4), 8.51 (d, 1H, /= 2.7),
8.65-8.66 (m, 1H), 9.08 (d, 1H, J = 1.8). LRMS (ESI') m/z: 355.8 (calc. for M-H"
C1sH1sCl2FN3O2 358.0).

Example 69: Compound 86
OH

F
HN_ O

=
® X
N (+) C” °F
Same procedure as that for the synthesis of 68. 'H NMR (300 MHz, CD;ODY:

54.29-4.73 (m, 3H), 5.01 (br d, 1H, J = 3.9), major diastereomer 6.49 (d, 1H, J =
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49.8), minor diastereomer 6.51 (d, 1H, J = 49.8), 7.48-7.56 {m, 3H), 7.64-7.87 (m,
2H), 8.06-8.10 {m, 1H), 8.49-8.51 (m, 1H), 8.78-8.79 (m, 1H). LRMS (ESI') m/z:
338.9 (calc. for M-H* CgH14CIF2N202 339.1).

Example 70: Compound 87

0

‘\N —_— \
/m S0 F
Br

F \
enantiopure or (+/-) enantiopure or (+/-)
11 87

Compound 41 (0.496 g, 1.48 mmol) was dissoived in anhydrous benzene (15
mL) under N2. The flask was fitted with a reflux condenser and a long needle was
dropped through the condenser and the solution purged with a gentle stream of dry
N; for 5 minutes. Hexamethyiditin (0.58 g, 1.78 mmol) was added and the mixture
purged for another 5 minutes. Pd(PPha)4 (0.171 g, 0.148 mmol) was added and
purging with Nz continued. After S minutes, the needle was removed and a N inlet
was placed at the top of the reflux condenser. The mixture was refluxed for
approximately 2 hours under N2. Over the course of the reaction, the mixture tumed
from orange to yellow to black. The solvent was removed under vacuum and the
product purified by chromatotron (silica gel, 1 mm plate) to give 440 mg of product as
a clear oil. 'H NMR (300 MHz, CD30D): § 0.27 (s, 9H - this resonance contains
significant satellite peaks, which are due to NMR-active isotopes of tin), 4.27-4.41
(m, 1H), 4.59-4.76 (m, 2H), 5.60(d, 1H, J=6.9), 7.33 (d, 2H, J = B.1), 7.45-7.31 (m,
5H), 7.99-8.02 (m, ZH).

Example 71: Compound 88

83

$o

5|
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(+F)

19 ('H ')

This compound was prepared in the same manner as 87. 'H NMR (300 MHz,
CD4OD): 5 0.027 (s, 9H, with significant satellite peaks caused by NMR-active tin
isotopes), 1.49 (s, 9H), 1.55 (s, 3H), 1.67 (s, 3H), 3.73-3.83 (m, 1H), 4.30-4.49 (m,
2H), 5.06 (d, 2H, J = 7.5), 7.36-7.51 (m, 4H).

Example 72: Compound 89
© o
OC — a O
\
A e " T e T
87 80

Compound 87 (36.5 mg, 0.0873 mmol) was dissoclved in anhydrous THF
under N2. With stiming, K2CO; (24mg, 0.16 mmol) was added. The mixture was
purged with a gentle stream of Nz for 5 minutes. EtsN (31 uL, 0.22 mmol) and
cyclobutanecarbonyl chioride {13 pL, 0.11 mmol) were added and the mixture
purged with Nz for 5 minutes. Pd2dbas was added, the mixture purged for 5 min and
then stirred under Nz for 3 hours. The mixture was diluted with EtOAc (25 mL) and
H20 (25 mL) and filtered through a cotton plug to remove solids. The EtOAc was
washed with 1 N HCI (2 x) and brine (2 x), dried over Na2S0,4 and concentrated
under vacuum. The product was purified by chromatotron (silica piate, 1 mm, 1:4
EtOAc/hexanes) to give 16:9 mg (0.050 mmol) of product. LRMS (ESI*) m/z: 338.2
(M+H" C21H21FNO2 requires 338.2).

Example 73: Compound 90
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Same procedure as In the synthesis of 89. 'H NMR (300 MHz, CD;OD): 5
0.027 (s, 9H, with significant satellite peaks caused by NMR-active tin isotopes),
1.49 (s, 9H), 1.55 (s, 3H), 1.67 (s, 3H), 3.73-3.83 (m, 1H), 4.30-4.49 (m, 2H), 5.06 (d,
2H, J=17.5), 7.36-7.51 (m, 4H).

Example 74: Compound 91
OH

F

HNIO

° (+) CI” °Cl
N

Compound 91 was deprotected by brief treatment of 90 with 9/1 TFA/HZ0.
The dichloroacetyl group was introduced as in the synthesis of 29. LRMS (ESI") m/z
345.8 (calc. for M-H* Cy5H16CloFNO;, 348.0).

Example 75: Compound 92
OH
F
N HN. O
oA ) FIF
92

The same procedure as that used in the synthesis of 56 was employed. 'H
NMR (300 MHz, CD2OD): § 4.28-4.74 (m, 3H), 5.01 (d, 1H, J=3.9), 5.98 (i, 1H, J=
53.8),7.55(d, 2H, J=8.4).7.76 (d, 2H, J=8.4), 7.86 (d, 2H, J=7.1), 8.35(d, 2H, J
=7.1).

Example 76: Compound 93
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The blaryl intermediate was prepared by reaction of 23 and the appropriate
bromide using Suzuki coupling A. Deprotection and dichloroacetylation were carried
out as described above in the synthesis of 29. LRMS (ESI) m/z: 433.0 (M-H*
C17H16ClFN20,S requires 433.0).

Example 77: Compound 94
OH

F
v T
NN Gl g

94

The blaryl intermediate was prepared by reaction of 23 with 2-amino-4-
cyclopropyl-1,3,4-thladiazole (prepared as in the synthesis of 24) using Suzuki
coupling B. Deprotaction was accomplished by brief reatment of the protected biaryl
intermediate with 90/10 TFA/H20O and dichloroacetylation was performed as in the
synthesis of 29. *H NMR (300 MHz, CD30D): 5 1.12-1.31 (m, 4H), 2.46-2.52 (m,
1H), 4.30-4.75 (m, 3H), 5.02 (d, 1H, J= 3.3), 8.24 (s, 1H), 7.54 (d, 2H, J = 8.4), 7.87
(d. 2H, J= 8.4).

Example 78: Compound 95

e

(+-)
95

Same procedure as in the synthesis of 94 using methyl difluoroacetate in
place of methyl dichloroacetate. '"H NMR (300 MHz, CD30D): 5 1.13-1.15 (m, 2H),
1.28-1.32 (m, 2H), 2.47-2.52 (m, 1H), 4.29-4.70 {m, 3H), 5.01 (d, 1H, J=4.2); 5.98
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{t, 1H, J=53.7), 7.54 (d, 2H, /= 8.7), 7.88 (d, 2H, J= 8.7). LRMS (ESI') m/z. 370.0
(M-H* C4gH15F3N302S requires 370.1).

Example 79: Compound 87

Compound 98 was prapared in analogous fashion to 24. Compound 97 was
prepared in analogous fashion to 48. Suzuki coupling method B was used, followed
by deprotection and difluoroacetylation. LRMS (ESI) m/z: 376.0 (M-H*
C14H13F3N30282 requires 376.0)

Example 80: Compound 98
OH OH
F F
. _<s, HN. ;O > o _gs HN._O
an g I 0=S | ’ I
N-N (;{’ ) FONE 7/ N-N () E7NE

98
Compound 97 (11.1 mg or 0.0234 mmol) was dissolved in 5 mL of CHzCl;,

with stirring at room temperature. To this was added m-CPBA (36 mg, 0.147 mmol).
The mixture was stired for 23 hours. Attempted Chromatotron (1 mm plate)
purification, eluting with 80:20 then 70:30 then 50:50 hexanes/EtOAc, falled to
remove m-CPBA-related materials. Thus, material from the Chromotron was
subjected to C-8 reversed-phase HPLC, which gave 8.8 mg (.021 mmol) of 98. 'H
NMR (300 MHz, CD30D): § 3.52 (s, 3H), 4.34-4.72 (m, 3H), 5.05 (d, 1H, J = 3.6),
5.97 (t, 1H, d = 53.9), 7.61 (d, 2H, J = 7.61), 8.05 (d, 2H, J = 8.1).

Example 81: Compound 100
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Compound 99 was prepared in analogous fashion to 24 and 100 was
prepared in analagous fashion to 48. Suzuki coupling method B was used followed
by deprotection and difluoroacetylation. TH NMR (300 MHz, CDsOD): 5 2.80 (s, 3H),
4.30-4.70 (m, 3H), 5.01 (d, 1H, /= 3.6), 5.98 (t, 1H, J = 53.9), 7.55 (d, 2H, J = 8.4),
7.91 (d, 2H, J = 8.3).

Example 82: Compound 101
OH

=N (*)
T ©

Compound 101 was prepared using the same procedure as in the synthesis
of 100 but with methyidichloroacetate in place of methyidifluoroacetate. 'H NMR
(300 MHz, CDsODY): § 2.79 (s, 3H), 4.31-4.75 (m, 3H), 5.03 (d, 1H, J = 3.0), 6.24 (s,
1H),7.55(d, 2H, J=8.4),7.89 (d, 2H, J=84).

Example 83: Compound 102
oY

0 o o
[ N
Br (+1) F (+19) F

17 o 102

Compound 17 (100 mg, 0.258 mmol) was placed in a dry round-bottom flask
equipped with a stir bar. The flask was charged with 5 mL of dry THF and the
contents cooled to —~78 °C under N2. With rapid stirring, n-BuLi (1.30 M In hexanes,
0.322 mmol, 0.248 mL) was added, which produced a clear brown/yellow solution.
The mixture was stirred for an additional 10 minutes. Excess CO;, generated by
sublimation of dry ice, was passed though a drying tube charged with Drierite and
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bubbled directly into the —78 °C mixture, now equipped with a venting needle in the
septum to prevent buildup of CO; pressure. The mixture was warmed to room
temperature and stirred an additional 30 minutes by which time it was clear yellow
and TLC indicated a product had formed. The mixiure was quenched by addition of
10% (viw) aqueous NH,CI (5 drops), producing a cloudy yellow suspension. The
mixture was concentrated under vacuum and re-suspended in EtOAc (50 mL) and
enough 10% aqueous citric acld to produce a biphasic mixture having a pH of 2.5.
The layers were separated and the EtOAc layer was washed with brine (1 x 10 mL).
The mixture was dried aver NaxSQ,, filtered and evaporated to give 105 mg of yellow
oil. The praduct was isolated by chromatotron (1 mm plate eluting with 4:1
hexanes/EtOAc to 65:35 hexanes/EtOAG to 1:1 hexanes/EtOAc lo 2% MeOH in
CH2ClI; to 5% MeOH in CH2Cl> and, finally, 10% MeOH in CHyCl; to which several
drops of acetic acid had been added). The appropriate fractions were combined,
diluted with toluene and evaporated to give 67.5 mg (0.191 mmol) of 102. H NMR
(300 MHz, CD;0D): & 1.49 (s, 8H), 1.57 (S, 3H), 1.69 (s, 3H), 3.77-3.90 (m, 1H),
4.39-4.57 (m, 1H), 4.90-5.10 {br s, 1H), 5.18 {d, 1H, J=7.2), 7.56 (d, 2H, J= 8.1),
8.04 (d, 2H, J = 8.1). LRMS (ESI) m/z: 352 (M-H" CygH23FNOs requires 352).

Example 84: Compound 106

Lol — O — O

F

) o {+-)

° 103 104

oH
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¢ tr F NN ER A
N-N 108

Compound 102 (108 mg, 0.299 mmol) was dissoivad in EtOAc and
diazomethane, generated using an Aldrich Chemical Company diazomethane kit,
was added dropwise until a slight yellow color persisted. Excess of diazomethane
was allowed to evaporate overnight in a well-ventilated fume hood, and the
remalning EtOAc solution was concentrated under vacuum. The residue was

89
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dissolved in Et2O and washed with aqueous NaHCOj3 and then brine. The layers
were separated and the organic layer was dried over anhydrous Na2SO,, filtered and
concentrated to give 0.087 g (0.24 mmol, 79%) of methyl ester 103, which was used
without further purification or characterization.

Compound 103 (0.037g, 0.136 mmol) was dissolved in 1 mL of EtOH. To this
was added hydrazine hydrate (.007 g, 0.177 mmol). The mixture was refluxed for 12
hours. The solvent was remaved under vacuum and the product purified by
chromatotron (1 mm plate, 10% MeOH in CHxCl). Compound 104 was isolated
(40.0 mg, 0.109 mmol) and was used without further characterization. LRMS
(ESIN) m/z; 366 (M-H" CygHzsFN1O, requires 366).

Compound 104 (0.050 g, 0.133 mmol) was dissolved in 5 mL of triethyl
orthoformate and stirmed at 120 °C for 24 hours. The mixture was evaporated to give
26 mg of crude 105, which was used without further characterization or purification.

Compound 105 (0.0051 g, 0.014 mmol) was stirred at room temperature with
10 mL of 9:1 TFA/H20 for 10 minutes. The mixture was concentrated under vacuum,
dissolved three times in a MeOH/toluene mixture, the solvents being evaporated
each time, and dried to a constant weight to give 0.5 mg of deprotected materiai.
The residue was dissolved in 1 mL of MeOH in an open container and 5 drops of
. methyl difluoroacetate and 15 drops of Et;N were added. The mixture was stirmed at
room temperature for 12 hours. After 12 hours, TLC indicated a single product. The
mixture was concentrated under vacuum and the product isolated by silica gel
chromatography eluting with 20:1 CH2Clz/CHsOH to give 2.3 mg of 106. 'H NMR
(300 MHz, CD;0D): 5 4.31-4.74 {m, 3H), 5.04 (d, 1H, J=3.9), 5.96 (t, 1H, J = 53.9),
7.61(d, 2H, J=8.4),8.05(d, 2H, J=8.4), 8.99 (d, 1H). LRMS (ESI') m/z: 314 (M-
H* C1aH.1FaN3Og requires 314).

Example 85: Compound 107

OH
\N/g’\(‘ ;
o HN._ .0
« -N (¥ I
N j07 7 C

Compound 107 was prepared in analogous manner to 406 using methyl
dichloroacetate in place methyl difluoroacetate. 'H NMR (300 MHz, CD:0D): § 4.32-
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4.80 (m, 3H), 5.06 (d, 1H, J = 3.0), 6.23 (S, 1H), 7.62 (d, 2H, J = 8.4), 8.03 (d, 2H, J
= 8,4), 8.98 (s. 1H). LRMS (ESI') m/z: 346 (M-H'* C13H11CLFN10; requires 346).

Example 86:Compound 108
(0] 0 o S( o
.\‘N_<0 ’é R ‘N_< ’e
HO F — ™ Ho °
o ™ ) "
102

108

Compound 102 (32.7 mg, 0.0925 mmol) was dissolved in EtOAc (8 mL) and
cooled with stirring to 0 °C. Pentafluorophenol (17 mg, 0.083 mmol) was added.
Once all solids had dissolved, DCC (19 mg, 0.093 mmol) was added and the mixture
stirred at 0 °C for 1.25 hours. The mixture was evaporated to one-quarter the
original volume at which time a DCU precipitate formed. The DCU was removed by
filtration and the pentafiuorophenyl ester was isolated by evaporation. The residue
was dissolved in 4 mL of MeOH and cooled to 0 °C with stirring. NaBH, (18 mg,
0.46 mmol) was added portionwise. When bubbling ceased, the mixture was
warmed to room temperature. After 2 hour, excess NaBH,; was quenched by
addition of 4 drops of glacial HOAc. The mixture was evaporated {o dryness and the
residue partitioned between 1N aq. HC! and EtOAc. The EtOAc was separated and
washed with 1 N aqueous HCI (2 x 15 mL), saturated aqueous NaHCOs (2 x 10 mL})
and finally brine {1 x 25 mL). The EtOAc layer was dried over anhydrous Na;SO,,
filtered, and evaporated to give 50 mg of yellow oil. Chromatotron purification (1
rmm plate, eluting with 5% EtOAc in hexanes to 10% EtOAc in hexanes) gave 108
(10.3 mg, 0.030 mmol). 'H NMR (300 MHz, CD30D): 5 1.49 (s, 9H), 1.57 (s, 3H),
1.68 (8. 3H), 3.75-3.89 (m, 1H), 3.90 (s, 2H), 4.39-4.58 (m, 1H), 4.90-5.05 (br s, 1H),
5.19 (d, 1H, J=17.2), 7.57 (d, 2H, J = 8.3), 8.04 (d, 2H, J = 8.3).

Example 87: Compound 109

91
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Compound 108 (10 mg, 0.30 mmol) was dissolved in 5 mL of 9:1 TFA/H20
and stirmed at room temperature for 1 hour. The mixture was then concentrated
under vacuum to give approximately 9 mg of deprotected material as the TFA salt.
'H NMR (300 MHz, CD30D): 5 3.54-3.68 (m, 1H), 3.91 (s, 2H), 4.24-4.67 (m, 2H),
4.90 (d, 1H, solvent obscured), 7.57 (d, 2H, J = 8.4), 8.07 (d, 2H, J= 8.4).

The 9 mg of material (0.03 mmol) were dissolved in 2 mL of MeOH in an open
container. To this was added 15 drops of EtsN and 15 drops of methyl
dichloroacetate. The mixture was stirred for 56 hour at room temperature. By the
end of the reaction the solvent had completely evaporated. The residue was loaded
onto a chromatotron (1 mm plate, eluting with 2% MeOH in CHxCla to 4% MeOH in
CH.Cl, providing 7.5 mg of 108. H NMR (300 MMz, CD,0D): § 3.88 (s, 2H), 4.28-
4.73 (m, 3H), 5.02 (d, 1H, J=3.3), 6.22 (s, 1H), 7.51 (d, 2H, /=8.4), 7.97 (d, 2H, J =
8.4).

Example 88: Compound 110
OH

N HNIO
I N> @) FOOF
110
Prepared in analogous fashion to other pyridine-containing biaryl compounds
herein. 'H NMR (300 MHz, CD,0D): § 2.54 (s, 3H), 4.30-4.68 (m, 3H), 4.99 (d, J =
3.3),5.98(t, 1H, J=40.5), 7.35 (d, 1H, J=6.0), 7.49 (d, 2H, J=6.2), 7.61 (d, 2H, J
=86.2), 7.95 (dd 1H, /=8.0, 1.7), 8.61 (d, 1H, J=1.7). LRMS (ESI') m/z: 336.9 (M-

H+ C17H15F3N202 I'BQUiI'ES 3371 ).

Example 89: Compound 111
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Prepared in analogous fashion to other pyridine-containing biaryl compounds
herein. 'H NMR (300 MHz, CDsOD): 5 2.56 (s, 3H), 4.30-4.74 (m, 3H), 5.01 (d, 1H, J
=3.9), 6.27 (s, 1H), 7.36 (d, 1H, J=8.1), 7.56 (d, 2H, J= 8.4), 7.81 (d, 2H, /= 8.4),
7.96 (1H, dd, J= 8.1, 2.3), 8.62 (d, 1H, J = 2.31).

Example 90: Compound 112

OH

F

HN.__.O
N“ ) g Im
o 112
Compound 141 (0.0185g, 0.0499 mmol) was dissoived in 10 mL CHxCl; at 0
°C. To this was added m-CPBA (0.246 g, 0.0997 mmol). The mixture was stirred
until the ice bath melted and the mixture came to rcom temperature, approximately
12 hours. The mixture was concentrated under vacuum and 112 was isolated by
preparativa plate sllica gel chromatography (15% MeOH in CH.Cl.) followed by a
silica gel plug (3% MeOH in CH.Cl,). LRMS (ESI) m/z: 385 (M-H' C47H1sCl2FN2Os
requires 385.1).

Example 91: Compound 113
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Compound 113 was synthesized from compound 110 in the same manner
112 was synthesized from 111, LRMS (ESI") m/z: 353 (M-H"* C17H1gCLFN20;
requires 353.1).

Example 92: Compound 114

OH

E

N HNIO
lLN/ (H) F7OF

114
This compound was prepared in the same manner as other biaryls herein.
LRMS (ESI‘) m/z: 324 (M-H+ 015H13F3N302 requlres 324.1 )

Example 93: Compound 115

OH

F

o HNIO

o NN wy o
115

Prepared in same manner as compound 48. The required aryl bromide was
prepared in two steps from 2-amino-1,3,4-thiadiazole by bromination with Bra
followed by acetylation. LRMS (ESI) m/z: 419 (M-H" C1sH14ClFN4OsS requires
419.0).

Example 94: Compound 116

F OH

F

N HNIO

& #+) F7F
116
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Compound 116 was synthesized as set forth in Schemes 2 and 3. The
phenyiserine analog was abtained by condensation of 4-bromo-2- '
fluorobenzaldehyde with glycine. Suzukl coupling method B was used to couple the
bromide intermediate with m-pyridineboronic acid. Deprotection and
difluoroacetylation were carried out as described previously harein. LRMS (ESI*)
miz: 343 (M+H" CqgH1sFsN20; requires 343.1).

Example 95: Compound 117

F OH
F
O T
l
# a” a

Same procedure as that used for the synthesis of 116. LRMS (ESI") m/z:
375 (M+H" C4gH5F4N20; requires 375.1).

Example 96: Compound 118

OH
0 o 0
F
.\N—‘(Z —é — _J""(o - s HN
8 . S E — Q|
Y e ST “en N F7F
19 N 119 {+-)

118

Compound 19 (100 mg, 0.258 mmol), potassium acetate (38 mg, 0.386
mmeol), and 2 mk of N,N'-dimethylacetamide (DMAC) were combined in a glass
pressure tube. Thiazole (112 mg, 1.31 mmol) was added by syringe, and the syringe
rinsed with an additional 1 mL of DPMAC, which was added to the pressure tube. The
mixture was stirmed at room temperatura while purging with N3 for 10 minutes.
Pd(PPhs) (15 mg, 0.013 mmol) was added, the mixture purged with Nz for 5
minutes, the tube sealed and heated to 150 °C behind a blast shield and held at that
temperature for 12 hours. The mixture became dark brown. After cooling to room
temperature, the contents of the tube were filtered through a pad of Celite and the
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filirate evaporated to dryness. The residue was dissoived In 40 mL of 3.1
EtOAc/hexanes and washed with Hz0 (2 x 15 mL) and brine (2 x 15 mL) and then
dried over anhydrous Na;SO,. The dried organic layer was filtered to remove the
drying agent and concentrated under vacuum to give 109 mg of brown oll.
Compound 419 was purified by silica gel chromatography eiuting with 80:20 to 50:50
hexanes/EtOAc (54 mg, 0.14 mmol). LRMS (ESI") m/z:- 393.1 (M+H"* CHsFN2038
requires 393.2).

All of compound 118 was dissolved In 9:1 (v/iv) TFA/H20 (7.5 mL) and stirred
at room temperature for 30 minutes. The mixture was then concentrated under
vacuum and the resldue dissolved twice in a mixture of toluene and methanol, the
solvents belng evaporated each time. A portion of the product (9.7 mg, 0.027 mmol)
was dissolved in 2 mL of MeOH and 10 drops of EtsN and 12 drops of methyl
difluoroacetate were added. The mixture was left open to the alr and stirred rapidly
for 16 hours. The mixture was evaporated to dryness and the residue purified by
chromatotron (1 mm plate) eluting with 3% MeOH in CH:Cl> to give 118 (6.0mg,
0.018 mmol. 'H NMR (300 MHz, CDJOD): 5 4.27-4.69 (m, 3H), 4.97(d, 1H, J = 4.2),
5.99 {t, 1H, J=53.9), 7.47 (d. 2H, J=8.3), 7.65 (d, 2H, J = 8.3), 8.16 (s, 1H), 8.94
(s, 1H). LRMS (ESI') mizz 331.1 (M+H' Cy4H14F3N202S requires 331.1).

Example 97: Compound 120

OH
F
6,c_', HN. _.O
' X
N (+-)
120 Ci“ ~Ci

Compound 120 was prepared in a manner analogous to that used to prepare
118 using dichloroacetylation instead of difluoroacetylation. LRMS (ESI*) m/z:
363.0 (I\II+H+ C14H14CIz2FN202S requires 363.0).

Example 98: Compound 121
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121
The protected biaryl intfermediate was synthesized by Suzuki coupling method
B from 23 and 3-chloro-6-methylpyridazine. Deprotection and dichloroacetylation
were performed as for other compounds of this invention. LRMS (ESI*) m/z: 372.0
(M+H" C4gH17ClaFN3O; requires 372.1).

Example 99: Compound 122

122
Prepared in analogous fashion to 121. LRMS (ESV*) m/zz 340.1 (M+H"*

C1gH17F3N3O2 requires 340.1).

Example 100: Compound 123

OH
F
N HNIO
NC I (+-) c1” Cl
123

The protected biaryl intermediate was prepared by Suzuki coupling method B
from boronic acid 23 and the appropriate aryl bromide. This intermediate was then
deprotected by brief treatment with 9:1 (v/v) TFA/Hz0 and dichloroacetylated as
described for 29. LRMS (ESI*) m/z: 380.0 (M-H* C7H13Cl2FN3sOa requires 380.0).
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Example 101: Compound 124

OH
F
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N NF 4l FOF

124
Prepared in analogous fashion to 123. Difluoroacatylation was psrformed as

with other compounds of this invention. LRMS {ESI") m/z: 348.0 (M+H"
C17H13F3N3Oz2 requires 348.1).

Example 102: Compound 125

ok g
g ~ RV = O

The biaryl intermadiate was prepared from boronic acid 23 using Suzuki
coupling. LRMS (ESI") m/z: 392.0 (M-H" C1sH3CI3FN3O2 requires 392.0).

Example 103: Compound 126

*) g | ) N R
aH
F
—_— H I:
b
N () a
126

The starting nitrile was prepared from 35 by analogy to the preparation of
bromo intermediate 19. Treatment with PhaP(S)SH gave the thiobenzamide which
was converted to the thiobenzamidine intermediate by reaction with
dimethyiformamide dimethylacetal. Cydlzation with hydroxytamine-O-suifonic acid in
methanol/pyridine gave the biaryl intermediate. LRMS (ES!') m/z: 364.0 (M-H*
C13H12CLFN302S requires 364.0)
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Example 104: Compound 127
ok
NBoc

o ) i
19
The phenyllithium intermediate was prepared by treatment of intermediate 19
with n-butyllithium in THF at -78 °C. The intermediate was reacted with pyridazine
and the mixture of the resulting 2- and 3-position adducts was oxidized with DDQ.
The desired 3-pyridazyl regioisomer was isolated by chromatography. LRMS (ESI*)

m/z: 326.0 (M-H* C45H14F3N3O2 requires 326.0)

Example 105: Compound 128
OH

F
HN._.O
(+F) CIICI
Compound 128 was synthesized using the procedure in Example 104.
LRMS (ESI") m/z: 358.0 (M-H* CysH14CloFN3O; requires 358.0)

OH
F
-, NS HNIZ
N R ¢
127

The procedure discussed in Example 104 was used. LRMS (ESI*) m/z:
358.0 (M-H" C4sH14CIoFN1O2 requires 358.0)

Example 108: Compound 129
ok

o
Br F

(+-)
19

Example 107: Compound 130
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OH
F
N7 HN. O
I
(+/-) I
N~ 7 F

The procedure of Example 104 was used. LRMS (ESI*) m/z: 326.0 (M-H*
C1sH14F3NsOz requires 326.0)

Example 108: Compound 131

A ot ok
o B - 0T - BT
- T

The phenyllithium intermediate was reacted with N-methoxy-N-
methylacetamide and the resulting acetophenone was reactad with
dimethylformamide dimethylacetal and hydroxylamine-O-sulfonic acid in methanol in
presence of pyridine to give the isoxazole. LRMS (ESI") m/z: 347.0 (M-H'
C14H1ac|zN203 raquires 347.0)

Example 109: Compound 132

100



WO 13/077828 PCTABO3/03140 gﬁf

Compound 132 was syntheslzed using the procedure in Example 108. i
LRMS (ESI") m/zz 315.0 (M-H' Cy4H43FaN20; requires 315.0.

Example 110: Compound 133

ok . - 7S
A N A AN
ok
w—{]’q{& -, ngg:i .

The phenyilithium intermediate was reacted with dimethylformamide to give the
formyl intermediate which was then reacted with the ylide generated from
methoxymethyitripheny! phosphenium bromide. The resulting enol ether was brominated
with bromine to give the bromoaldehyde. Cyclization with thiourea gave the
aminothiazole. LRMS (ESI") m/z: 378.0 (M-H" C14H14CloFN3O2S requires 378.0)

Example 111: Compound 134
OH
F
S HN. O
WA T oy I
N F7OF

Compound 134 was synthesized using the procedure in Example 110. LRMS
(ES1"Y m/z: 346.0 (M-H" Cy4H14FsN302S requires 346.0)

Example 112: Compound 135 (mixture of diastereocisomers)

OH
F
0 HN._.O
T en L
F~ Cl

Compound 135 was synthesized using the procedure in Example 108. LRMS
(ESI") m/z: 331.0 (M-H* C14H13F2N203 requires 331.0)
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Example 113: Compound 136
ok +

T e TS X
() tH ) L

138
The starting material In Example 108 was reacted with Lawesson's reagent
and the product was cyclized to the biary! intermediate with hydroxylamine-O-
sulfonic acid in methanol in presence of pyridine. LRMS (ESI") m/z: 363.0 (M-H*
C14H13Cl2FN202S requires 363.0)

Example 114: Compound 137

Compound 137 was synthesized using the procedure in Exampie 113.
LRMS (ESI") m/z: 331.0 (M-H* C14H13F3N20.S requires 331.0)

Example 115: Compound 138 (mixture of diastereocisomaers)

OH
F
HN__.O
" X
+/-
(+) F~

Compound 138 was synthesized using the procedure in Example 113. LRMS
(ESI*) miz: 347.0 (M-H' C14H13CIF2Nz02S requires 347.0)

Example 116: Compound 139
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OH
F
s HN__O
$
N FIF

Compound 139 was synthesized using the procedure in Example 96 starting
from the desired enantiomer of intermediate 19. LRMS (ESI*) m/z: 331.0 (M-H*
C14H13F3N202S requires 331.0)

Example 117: Compound 140 (mixture of diasterecisomers)
OH

weps

NN BR A

Compound 140 was synthesized using the procedure in Example 41. LRMS
(ESI’) miz: 348.0 (M-H"' C13H120|F2N3025 requires 343.0)

Example 118: Compound 141

,% ,oﬁi(" L % A
5T ;’(.?i{ *;/(.?#{k Ters T

1

Intermediate 19 was reacted with trimethylsilylacetylene in presence of copper
iodide and PdCI>(PPhs)2. The product was desilylated by treatment with potassium
carbonate in methanol. The cyanoacatylene intermediate was reacting acetylene
with n-butyllithium, which was then reacted with tosyicyanide. Cyclization to the 3-
aminoisoxazole was performed by treatment of the cyanoacetylene with
hydroxylamine in ethanol. LRMS (ESI*) m/z: 330.0 (M-H* C14H14FaN303 requires
330.0)

Example 119: Compound 142
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OH

c

Compound 142 was synthesized using the procedure in Example 118.
LRMS (ESI*) m/z: 362.0 (M-H" C14H14ChFN1O; requires 362.0)

Example 120: Compound 143

OH
0 “NBoc o—ga oc F
S m —'—_:- N HN IO
B F O-g F NC FoF
19 'é—d 143

The desired enantlomer of intermediate 19 was reacted with
bis(pinacolato)diboron in presence of 1,1'-bls{diphenyiphosphino)ferrocenepalladium
(i) dichloride dichloromethane. The pinacolboronate ester was coupled with 5-
bromo-2-cyanopyridine using the Suzuki reaction. LRMS (ESI’) m/z: 350.0 (M-H*
C17H14F3aN302 requires 350.0)

Example 121: Compound 144

OH

E

NN HNIO
NG~ ~F o

Compound 144 was synthesized using the procedure in Example 120.
LRMS (ESI") m/z: 382.0 (M-H® Cq7H14CLFNsO; requires 382.0)

Example 122; Compound 145 (mixture of diasteracisomers)
ok ok on
S O e O
F
Br F —-‘HMF —- F — Hom\
() o M (+) +H) I:
19 @
145
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Intermediate 19 was reacted with n-butyllithium and then with
dimethylformamide. The formy! intermediate was reacted with methylmagnesium
bromide to give the benzylic alcohol as a mixture of diastereisomers. LRMS (ESI*)
m/z: 324.0 (M-H" C43H1gCl.FNO3 requires 324.0)

Example 123: Compound 146

L - ok v
- UG O G ;
() Ma0,C () ¢ I e CII:J
- 146

The starting acetylene, prepared as described in Example 118, was reacted
with n-butyllithium followed by addition of carbon dioxide and the resulting acid was
esterified with diazomethane in ethyl acetate/dlethyl ether. The 3-hydroxyisoxazole
was obtained by reacting the ester with hydroxylamine and was then methylated with
diazomethane in ethyl acetate/diethyl ether. LRMS (ESI*) m/z: 377.0 (M-H’
C1sH1sClz2FN204 requires 377.0)

Example 124: Compound 147

OH
p)Y\F

S HN._.O
«N'N CIICI

Compound 147 was synthesized by the method of Example 120 using 2-
bromo-1,3,4-thiadiazole in a Suzuki coupling. LRMS (ESI*) m/z: 364.0 (M-H"
C13H12ClbFN102S requires 364.0)

Example 125: Compound 148
J( o—'L/ o—k OH
’,Oic - G- 4
—i ——
F F o] F —S- O HN
e N ) I NI o FI:
Et0; HaN 148

105

Q2



W 034077828 PCT/IB03/03140

The starting acetylane was obtained as described in Example 118. The 3-
carbosthoxy Isoxazole intermediate was obtained by cycloaddition of the nitrile oxide
generated in sifu from ethyl nitroacetate, di-t-butyldicarbonate and 4-
dimethylaminopynidine. The amide was obtained from the 3-carboethoxy isoxazole
intermediate by hydrolysis to the acid, converslon to the acyl chloride and reaction
with ammonia. LRMS (ESI") m/z: 358.0 (M-H" CysH14FsNaO, requires 358.0)

Example 126: Compound 148

OH
F
0 HN. O
W X
cl” ~Cl

Compound 149 was synthesized using the procedure in Example 108 starting
from the deslired enantiomer of intermediata 19. LRMS (ESI*) m/z: 347.0 (M-H'
C14H13Cl2FN20; requires 347.0)

Example 127: Compound 150

The 3-carboxyisoxazole intermediate obtained as described in Example 125
was converted into the acid chloride using Viismeyer reagent in dimethylformamide.
The crude product was reduced to the 3-hydroxymethyl isoxazole intermediate with
tetrabutylammonium borohydride in THF. LRMS (ESI*) m/z: 377.0 (M-H'
C1sH1sCl2FNzO;4 requires 377.0)

Example 128: Compound 151
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Compound 151 was synthesized using the procedure in Example 127.
LRMS (ESI") miz: 345.0 (M-H* CygHysF3N204 requires 345.0)

Example 129: Compound 152

Compound 152 was synthesized using the procedure in Example 125.
LRMS (ES|+) m/z: 390.0 (M-H+ C15H14C|2FN304 requires 39‘0.0)

Example 130: Compound 153

CH

ok
ot - = — :
Br F F — HN
(+) [ T ' . -
19 N {+-) 153

Compound 153 was synthesized using the procedure in Example 40.
EDC/HOBT was used to acylate the amino intermediate with cyanoacetic acid.
LRMS (ESI") m/z: 314.0 (M-H* Cy7H1aFN3O; requires 314.0)

Example 131: Compound 154

OH
F
\ HN__.O
® T
N (-l-f-) Ng

Compound 154 was synthesized using the procedure in Example 130.
LRMS (ESI*) m/z: 330.0 (M-H' CysH16FNsOz requires 330.0)

Example 132: Compound 155
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o‘.\kaoc O‘P OH

F
F o} F = 0 HN. O
v T NI e FIF
155

The starting acetylene was obtained as described In Example 118. The 3-
methyl isoxazole intermediate was obtained by cycloaddition of the nitrile oxide
generated in sifu from nitroethane, di-t-butyldicarbonate and 4-
dimethylaminopyridine. LRMS (ESI*) m/z: 329.0 (M-H" C1sH1sF3N20s requires
329.0)

Example 133: Compound 156
COH

HN__.O
o oL
a” -a
Compound 156 was synthesized using the procedure in Example 132.
LRMS (ESI") m/z: 361.0 (M-H* CsHi5CI2FN2O; requires 361.0)

Example 134 : Compound 157
0 OH

ok 4
B.M:w—_’ NN ° G = "rN’O/:;“EE

F

(+F) ),J (+) )" () ©7C

19 157
Intermediate 19 was reacted with 4-methylimidazole in refiuxing
dimethylformamide in the presence of copper powder. LRMS (ESI*) m/z: 3460.0
(M-H* C14H14CLFN30; requires 346.0)
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Example 135: Compound 158
OH

F
Wepre:
N),-—J (+-) FI

F

Compound 158 was synthesized using the procedure in Example 134.
LRMS (ESI") m/z: 328.0 (M-H" CysH1eF3N30: requires 328.0)

Example 136: Compound 159

OH
F
Jol HN._.O
N X
F~ °F

Compound 159 was synthesized using the procedure in Example 126.
LRMS (ESI") m/z: 315.0 (M-H* C34H43F3N20; requires 315.0)

Example 137: Compound 160

oftte—, o

A mixture of the desired enantiomer of intermediate 19 (1 g, 2.5 mmol),
potassium carbonate (712 mg, 5 mmol), and propiolamide (1.07 g, 15 mmol) in N,N-
dimethylacetamide (4 mL) was stirred at room temperature while purging with N2 for
10 minutes. Pd(PPhs), catalyst (15 mg, 0.013 mmol) was added and the mixture
was purged with N2z for another 5 minutes. The resulting mixture was stirred at 100
9C for 9 hrs. After cooling to room temperature, the crude was flash silica gel
chromatographed to give the coupling product (601 mg). 'H NMR (300 MHz,
CDCls): § 1.49 (s, 9H), 1.59 (s, 3H), 1.70 (s, 3H), 3.75-3.80 (m, 1H), 4.35-4.60 (m,
2H), 5.15 (d, 1H, J = 7.5), 5.65 (s, 1H), 5.85 (s, 1H), 7.45 (d, 2H, J = 8.4), and 7.55
{(d, 2H, J = 8.4).
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ﬂ{* — /Offiﬁ

To dimethylformamamide (2 mL) was slowly added thionyl chloride (2 mL) at
0 °C and the reaction mixture was stirred at that temperature for 30 min. The
solution was then cannulated to a solution of the propiolamide intermediate (600
mg) In DMF (4 mL) at 0 °C. After stirring at room temperature for 30 min, the mixture
was poured into ice/water (50 mL). The pH was adjusted to 7 with saturated sodium
bicarbonate. The solution was extracted with ethyl acetate three times. The
combined organic layers were washed with water, dried over anhydrous sodium
sulfate, and purified by column chromatography to give propiolonitrile intermediate
(326 mg). "H NMR (300 MHz, CDCla): 5 1.49 (s, 9H), 1.59 (s, 3H), 1.70 (s, 3H),
3.75-3.90 (m, 1H), 4.354.60 (m, 2H), 5.15(d, 1H, J =7.5), 7.49 (d, 2H, J = 8.4), and
7.63 (d, 2H, 4= 8.4).

N/Oj{)(’ﬂr _'..,,ng%i*:wL - W*Oj"?t:

To a solutlon of sodium hydroxide (206 mg, 7 eq.) in water (2 mL), was added
hydroxylamine hydrochloride (256 mg, 5 eq.). The solution was added to the
propiolonitrile intermediate (263 mg) dissolved in ethanol (7 mL). The resulting
mixture was stimed at room temperature for 6 hrs. Ethyl acetate was added, the
organic layer was separated, washed with water, and drled with anhydrous sodium
sulfate. The crude material was purified by column chromatography to give the
protected 3-aminoisoxazole which was then dissolved in THF (6 mL) and 4 N HCI (6
mL), and stimed at 80 °C for 2.5 hrs. The reaction mixture was evaporated to
dryness under reduced pressure. The residue was co-evaporated with methanol
twice and dried ovemight under vacuum. To the crude material dissolved in
methanol (2 mL) was added triethylamine (2 mL.), followed by methyl
dichloroacetate (1 mL). The mixture was stirred at room temperature for 24 hrs. The
solvent was evaporated and the mixture was purified by flash column
chromatography to give compound 160 (167 mg). 'H NMR (300 MHz, CDCl3 +
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CDy0OD): 6 4.35-4.70 (m, 3H), 5.05 (m, 1H), 5.85 (s, 1H), 6.16 (s, 1H), 7.44 (d, 2H, J
= 8.1), and 7.65 (d, 2H, J = 8.1). LRMS (ESI") m/z: 362.0 (M-H" C14H14ClFN30,
requires 362.0)

Example 138: Compound 161

Compound 181 was synthesized using the procedure In Example 132 starting
from the desired snantiomer of intermediate 19. LRMS (ESI") m/z 361.0 (M-H'
C1aHsCIz2FN203 requires 361.0)

Example 139: Compound 162

Compound 162 was synthesized using the procedure In Example 138.
LRMS (ESF) m/z: 329.0 (M-H' CysH1sF3N20j3 requires 329.0)

Example 140: Compound 163

OH
F
~ HN \to

NC” N CN

Compound 163 was synthesized using the procedure in Example 120.
Dicyclohexylcarbodiimide was used to acylate the amino intermediate with
cyanoacetic acid. LRMS (ESI*) m/z: 339.0 (M-H' C1gH15FN4O2 requires 339.0)

Example 141: Compound 164
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OH
F
S Hnro
NC” N Ny

Compound 164 was synthesized using the procedure in Example 120.
Dicyclohexylcarbadiimide was used to acylate the amino intermediate with
-azidoacetic acid. LRMS (ESI*) m/z: 355.0 (M-H" C17H1sFNgOz requires 355.0)

Example 142: Compound 165
OH

F
HN._.O
®» T
NC™ 'N
Compound 165 was synthesized using the procedure in Example 120. The
amino intermediate was acetylated with acstic anhydride. LRMS (ESI") m/zz 314.0
(M-H‘ Ct7H1sFN3O2 requires 314.0)

Example 143: Compound 166

OH
Soge:
s HN._O
«N"N FIF

Compound 166 was synthesized using the procedure in Example 120.
LRMS (ESI*) m/z: 350.0 (M-H‘ C13H11F4N3O,S requires 350.0)

Example 144: Compound 167
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Compound 167 was synthesized using the procedure in Example 120.
Dicyciohexylcarbodiimide was used to acylate the amino Intarmediate with N-Boc-
glycine and the resulting glycinamide was deprotected with hydrochloric acid in
methanol. LRMS (ESI*) m/z: 329.0 (M-H* C{7H7FN4O; requires 329.0)

Example 145: Compound 188

OH
F
N HNTO

L . .
NC” N " NH,

Compound 168 was synthesized using the procedure in Example 143.
LRMS (ESI") m/zz 343.0 (M-H" C1gH1gFN,4O2 requires 343.0)

Example 146 : Compound 169
O ¢
,,mp 0—6 Qsf\m‘Ej)\LF —<_
19 W=l

The desired enantiomer of intermediate 19 {1.16 g, 3 mmol), potassium
carbonate (1.659 g, 12 mmol), imidazole (1.225 g, 18 mmol), and copper powder
(191 mg, 3 mmol}) in 20 mL of DMF were stimed vigorously at reflux for 4 hrs. The
reaction mixture was cooled to room temperature and poured into water (100 mL).
After extraction with ethyl acetate and washing of the organic extract with water (3X),
the organic layer was passed through a silica gel and anhydrous sodium sulfate
plug. Evaporation of solvent gave the imidazole (1.06 g). 'H NMR (300 MHz,
CDCls): 5 1.45 (s, 9H), 1.60 (s, 3H), 1.75 (s, 3H), 3.75-3.85 (m, 1H), 4.354.55 (m,
2H), 5.20 (d, 1H, J =7.5), 7.22 (s, 1H), 7.28 (s, 1H), 7.41 (d, 2H, J = 8.4), 7.58 (d,
2H, J =8.4), and 7.89 (s, 1H).
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Y
QQIE{% —-GD*C{JV — @UEE:

The imidazole Intermediate (2.77 g) was dissolved in THF (20 mL)and 4 N
HCI (20 mL), and stirmed at 80 °C for 2.5 hrs. The reaction mixture was evaporated
to dryness under reduced pressure. The residue was co-evaporated with methanol
twice and dried ovemight under vacuum. The crude material was dissolved in
methanol (20 mL) and triethylamine (5 mL) was added, followed by methyl
dichloroacetate (5 mL). The mixture was stimed at room temperature for 20 hrs. The
solvent was evaporated and the mixture was purified by flash column
chromatography to give compound 168 (1.1 g) as white solid. 'H NMR (300 MHz,
CDCls): 5 4.30-4.75 (m, 3H), 5.21 (d, 1H, J = 7.5), 5.86 (s, 1H), 7.05 (d, 1H, J=7.5),
7.10 (s, 1H), 7.28 (s, 1H), 7.39 (d, 2H, J =8.4), 7.52 (d, 2H, J=8.4 Hz), and 7.81 (s,
1H). LRMS (ESI*) m/z: 360.0 (M-H" C45H1sCIzFN3O2 requires 360.0)

Example 147: Compound 170

OH

F

N HNIO
1l

& c” el

Compound 170 was synthesized by the method of Example 106 using the
desired enantiomer of Intermediate 19. LRMS (ESI*) m/zz 358.0 (M-H*
C1sH14CLFN3O2 requires 358.0)

Example 148: Compound 171

OH
F
NS HNIO
]
N~ F F

Compound 171 was synthesized using the procedure in Example 147.
LRMS (ESI*) m/z: 326.0 (M-H* Cy5H4F3N30, requires 328.0)
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Example 149: Compound 172

OH
F
-] HN._.0
Rt O
N F7F

Compound 172 was synthesized by the method-of Example 110 using the
desired enantiomer of intermediate 19. LRMS (ESI") m/z: 346.0 (M-H'
C14H14F3N302S requires 346.0)

Example 150: Compound 173

Compound 173 was synthesized using the procedure in Example 137.
LRMS (ESI*) m/z: 330.0 (M-H" Ci4H4F3N2Os requires 330.0)

Example 151: Compound 174

Compound 174 was synthesized using the procedure in Example 146.
LRMS (ES!") m/z: 314.0 (M-H" C14H14F3sN3sO; requires 314.0)

Example 152: Compound 175

oH
F

HNIO

° FNF

Compound 175 was synthesized using the procedure in Example 28. LRMS
(ESI") miz: 280.0 (M-H" C13H14FaNO; requires 290.0)
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Example 153: Compound 178

OH

F

s HN_ .0
w77 Y

N c” el

Compound 176 was synthesized using the procedure in Example 149.
LRMS (ESI') m/z: 378.0 (M-H" C14H14ClaFN3;0,S requires 378.0)

Example 154: Compound 177

OH
F
N HNIO
< oy OO
Compound 177 was synthesized by the method of Example 33 using the

bromopyridine derivative and boronic acid 23. LRMS (ESP) m/z: 372.0 (M-H'
C16H1aCl2FN302 requires 372.0)

HoN

Example 155: Compound 178

OH
F
N HNIO
HzNJLN c” ¢l

(+4)
Compound 178 was synthesized by the method of Example 33 using a
bromopytimidine derivative and boronic acid 23. LRMS (ESI*) m/z: 373.0 (M-H*
C1sH15Cl2FN4O2 requires 373.0)
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Example 156: Compound 179
OH

NHg F
IIIL N HNIO
N cl-
(+-)
Compound 179 was synthesized by the method of Example 33 using the
bromopyrimidine derivative and boronic acid 23. Standard conditions were used for

the removal of protecting groups and the introduction of dichloroacetamide
functionality. LRMS (ESI*) m/z: 373.0 (M-H" C45H1sCIoFN4O7 requires 373.0)

Example 157: Compound 180

oH

F

N HNIO
HoN \~ a”

(-}
Compound 180 was synthesized by the method of Example 33 using the
requisite chloropyridazine derivative and boronic acid 23. Standard conditions were
used for the removal of protecting groups and the introduction of dichloroacetamide
functionality, LRMS (ESI") m/z: 373.0 (M-H" C45H5ClaFN4Oa requires 373.0)

CONCLUSION

Thus, it will be appreclated that the present invention provides novel
florfenicol-like compounds and methods for their use in the treatment or prevention
of bacterial infection in animals or humans.

Although certain embodiments and examplés have been used to describe the
present invention, it will be apparent to those skilled in the art that changes in the
embodiments and examples shown may be made without departing from the scope
of this invention.

117

g

F



WO 03077828 PCT/IBOI 140

WHAT IS CLAIMED:

1. A compound having the chemical formula:

wherein:
R! is selected from the group consisting of -OH and -F;

R? and R? are independently selectad from the group consisting of hydrogen, (1C —
4C)alkyl, halo, -CFj, -NHz, -CN and Na;

R* is selected from the group consisting of:
-C(=R*R®,
wherein:
R5is selected from the group consisting of oxygen, N-C=N, and NOR’,
wherein:

R’ is selected from the group consisting of hydrogen, alkyl,
aryl, heteroaryl, alicyclic and heteroalicyclic;

R%is selected from the group consisting of hydrogen, (1C — 4C)alkyl, (3C —
6C)cycloalkyl, (1C — 4C)alkoxy, heteroaryl, alicyclic and heteroalicyclic;
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Yy,

AZ_A"I,
I )\
A\ > /A-"

A

wherein:
Al is carbon or nitrogen;

AZ, A%, A and A® are independently selected from the group consisting of
carbon, nitrogen, oxygen and sulfur, provided that at least one of A'—ASis
not carbon, that the total number of nitrogen, oxygen and sulfur atoms in the
ring does not exceed 4 and that the ring is aromatic;

carbon atoms in the ring are independently substituted with an entity selected
from the group consisting of hydrogen, (1C - 4é)alky|, (3C ~ 6C)cycloatkyl,
(1C — 4C)alkylO-, -CF3, -OH, -CN, halo, {1C - 4C)alkylS(O)-, (1C -
4C)alkylS(O)2-, NH2SO2-, (1C - 4C)alkyINHSO2-, ({(1C — 4C)aikyl)2NSO--,
-NHg, {1C — 4C)alkylNH-, {({(1C — 4C)alkyl)zN-, (1C — 4C)alkyiSOzNH-, (1C -
4C)alkylC({O)-, (3C — 6C)cycloalkylC(O)-, (1C — 4C)alkyilOC(O}-, (1C —
4C)alkylC(O)NH-, -C(O)NH-. (1C — 4C)alkyINHC(O)- and ((1C -
4C)alkyl)2NC{O)-, wherein any of the alkyl groups in any of the substituents
may be unsubstituted or substituted with a group selected from halo and -OH;

if A' is carbon and the ring does not contain oxygen or sulfur, one of the

nitrogen atoms may optionally be substituted with an entity selected from the
group consisting of {(1C — 4C)alkyl, {1C — 4C)alkylS(O)2- and —NH_;
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(1C

wherein:
A%, A7, A%, A% and A" are independently selected from the group consisting of

SN—O
carbon, nirogen and ~~ , provided that only one of A~ A" at a

e
ﬂmecanbe/w 0-;

carbon atoms in the ring are independently substituted with an entity

selected from the group consisting of hydrogen, (1C — 4C)alkyl, (3C —
6C)cycloalkkyl, (1C — 4C)alkylO-, -CF3, -OH, -CN, halo, (1C — 4C)alkyiS(O)-,

— 4C)alkyiS(O)-, NH2SO2-, (1C ~ 4C)alkyINHSO2, ((1C—  4C)alkyl}aNSO2-,
«NHz, (1C - 4C)alkylNH-, {(1C — 4C)alkyl}aN-, (1C - 4C)alkylSOzNH-, (1C -
4C)alkyiC(Q)-, (3C — 8C)cycloalkylC(O)-, (1C ~ 4C)alkylOC(O}-, (1C -
4C)alkylC(O)NH-, -C(O)NHz, (1C — 4C)alkyINHC(O)-, {(1C — 4C)alkyl)}aNC(O)-
and —OCH20-, the oxygen atoms of the -OCHzO- group being bonded to
adjacent ring carbon atoms, and wherein any of the alkyl groups in any
substituent may be unsubstituted or substituted with a group selected from
halo and -OH;

R® Is hydrogen In all compounds, except when R? and R? are both F, in which case
R?is hydrogen or F; and,

the compound is either a racemate having the relative sltereochemistry shown or is
substantially enantiomerically pure and has the absolute stereochemistry shown.

2.  The compound of claim 1, wherein R'is -F.

3. The compound of claim 2, wherein:

R? and R? are independently selected from the group consisting of Cl and F; and,

R? is hydrogen.
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4, The compound of claim 3, wherein:
R* Is -C(=R°)R®,
wherein:
RPis selected from the group consisting of oxygen, N-C=N, and NOR’,
whersin:

R is selected from the group consisting of hydrogen, alkyl,
aryl, heteroaryl, alicyclic and heteroalicyclic; and,

R® is selected from the group consisting of hydrogen, (1C — 4C)alkyl, (3C —
6C)cycloalkyl, (1C — 4C)alkoxy, aryl, heteroaryl, alicyclic and heteroalicyclic.

5.  The compound of claim 4, wherein R* is CHsC(O)-.

6. The compound of claim 2, wherein:

o
R'is l T
wherein:

A8, A7 A% A" and A" are as defined in claim 1; and,

any of A® — A'° that is carbon is substituted with an entity selected from the
group consisting of hydrogen, -NHa, halo-, -CN, (1C - 4C)alkyl-, (1C -
4C)alkylC(O}-, (1C — 4C)alkylS{O)-, (1C — 4C)alkylS{O), NH2802-, (1C -
4C)alkylSOzNH-, {1C — 4C)alkyINHSOo-, {(1C — 4C)alkyl}2NSO--, wherein any
alkyl group in any substituent may be unsubstituted or substituted with halo or
—OH.
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7. The compound of claim 3, wherein:

N
wherein:

A% AT, A% A? and A" are Independently selected from the group consisting of

\N‘-—o-

carbon, nitrogen and .~ , provided that only one of AS —
Sk

A" st atime canbe .~ N O ; and,

any of A® — A" that is carbon is substituted with an entity selected from the
group consisting of hydrogen, -NHa, halo-, -CN, (1C — 4C)alkyl-, (1C —
4C)alkytC(O)-, (1C — 4C)alkylS(O})-, {(1C — 4C)alkyiS(O)>-, NH2SO2-, (1C ~
4C)alkylSOz2NH-, {(1C ~ 4C)alkyINHSO2-, ((1C — 4C)alkyl2NSOz, wherein any
of the alky! groups within any of the subslituents may be unsubstituted or
substituted with haio or —~OH.

8. The compound of claim 2, wherein:

one, two or three of A® — A'° is/are nitrogen; and,

one or two of the remaining carbon atoms in the ring is/are optionally substituted with
—NHj, all other carbon atoms in the ring being unsubstituted.

9. The compound of claim 3, wherein:

one, two or three of A® — A"” is/are nitrogen; and,

one or two of the remaining carbon atoms in the ring Is/are oplionally substituted with
—NH,, all other carbon atoms in the ring being unsubstituted.
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10. The compound of claim 2, wherein R* is selected from the group
consisting of:

AP 1 G GV . G NG Y Y
@@og N:j U"Q/
% N % N 2 N'N\\"- N'N\
oF OO O
oo ok o0
HaC ' N:f;/ TRV 'HzNJ\N’

o NH
N
d N "j)\
an Hlel/ )

N

11.  The compound of clalm 3, wherein R? is selected from the group
consisting of ;

©>{- @YOQ Ej}{ 'O\U\f' h"';j}l
oF OF OO O
A % % *,
H“CYQ/' E;DI HzND 'Hznilu\j/
0

NHy
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12. The compound of claim 2, wherein:

wherein A', A2, A3, A* and A® are as defined in claim 1.

13. The compourd of claim 3, wherein:
Rlis .
wherein A’, A% A®, A* and A® are as defined in claim 1.

14, The compound of claim 12, wherein all carbon atoms and nitrogen
atoms are unsubstituted.

15. The compound of claim 13, whereln all carbon atoms and nitrogen
atoms are unsubstituted.

16. The compound of claim 12, wherein one of AZ - A® that is carbon is
substituted with an —NH2 group, all other carbon and, if applicable, nltrogen atoms in
the ring being unsubstituted.

17. The compound of claim 13, wherein one of A2 - A® that is carbon is
substituted with an —-NH2 group, all other carbon and, if applicable, nitrogen atoms in
the ring being unsubstituted.

18.  The compound of claim 2, wherein R’ is selected from the group
consisting of:
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19. The compound of claim 3, wherein R* is selected from the group

.

consisting of.

e
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20. A compound of claim 1 selected from the group consisting of:
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OH OH OH
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OH CH OH

F F mF
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OH
F
@ HNIO
N o al,

wherein the compound is either a racemate having the relative stereochemisiry
shown or is substantially enantiomerically pure and has the absolute stereochemistry
shown.

21. A compound of claim 1 selected from the group consisting of:

o OH oH

£ F F

NC” P e, W FNE, NP a” e,
OH

OH OH

F
Q)Y\ F i o HN. O
HN__O N HN Ny I
i < L F”F
o ca NC cl” e H .

z

Z=

. , 2N
OH
OH OH
F
HN. O F F
I Ne. HN._O Ne HN
ca >~ N I N
, S 20 o al ,
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OH QH

F F
/ N CHgst
(N;’ CIICI . and CIICI .

whereln the compound is elther a racemate having the relative stereochemistry
shown or Is substantially enantiomerically pure and has the absolute stereochemistry
shown.

22. The compound of claim 1, wherein the compound is substantially
enantiomerically pure and has a 1-(R)-2-(S) absolute configuration.

23. A method of treating or preventing a bacterial infection, comprising
administering to a patient in need thereof a pharmaceutically effective amount of a
compound of claim 1.

24, The method of clalm 30, wherein the bacterial infection is caused by a
bacteria of the genus Pastfeurella, Haemophilus, Fusobacterium, Bacterioides,
Aeromuonas, Enterobacter, Escherichia, Klebsiella, Salmonelia, Shigelia,
Actinobaclllus, Streptococcus, Mycoplasma, Edwardsiella, Staphylococcus,
Enterococcus, Bordetella, Proteus, or Mannheimia.

25. The method of claim 31, whenrein the bacterial infection is caused by
Mannhemia haemolytica, Pasteurella multocida, Haemophilus somnus,
Fusobacterium necrophorum, Bactericides melaninogenicus, Actinobacillus
pleuropneumoniae, Streptococcus suis, Salmonella cholerasuis, Mycoplasma bovis,
Mycoplasma hyopneumoniae, Mycoplasma hyorhinis, Mycoplasma gallisepticum,
Edwardsiella ictalurl, Escherichia coli, Enterobacter cloacae, Staphylococcus aureus,
Staphylococcus intermedius, Enterococcus faecalis, Enterococcus faecium,
Kiebsiella pneumoniae, Kiabsiella oxytoca, Enterobacter cloacae, Proteus mirabifis,
or Aesromonas salmonicida.
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NUEVOS ANTIBIOTICOS TIPO FLORFENICOL
CAMPO EL INVENTO

El presente invento se relaciona con los campos de la quimica orgénica, quimica
farmacéutica, bioquimica y medicina. En particular, se relaciona con nuevos antibiticos
tipo florfenicol.

FUNDAMENTO DEL INVENTO

El florfenicol es un antibidtico de amplio espectro con una actividad contra muchas
bacterias gram-negativas y gram-positivas. El florfenicol es 1itil para la prevencién y
tratamiento de infecciones bacterianas por patdégenos susceptibles en aves, reptiles, peces,

_ moluscos y mamiferos. Uno de sus usos principales esté en el tratamiento de neumonia e

infecciones respiratorias asociadas en ganado (a menudo genéricamente conocida como
Enfermedad Respiratoria Bovina 0 BRD) Mannhemia hemolitica, Pasturella multocida (o)
Haemophilus somnus. También se indica en el tratamiento de pododermatitis en un ganado
producida por Fusobacterium necrophorum y Bacterioides melaninogénicus, enfermedad
respiratoria porcina producida por Pasteurella multocida, Actinobacillus
pleuropneumoniae, Streptococcus suis, Salmonella cholerasuis y(o) Mycoplasma spp.,
colibacilosis en pollos producida por Escherichia coli, septicemia entérica en bagre
producida por Edwardsiella ictaluri, y furunculosis en salmén producida por Aeromonas
salmonicida. Otros géneros de bacterias que han exhibido susceptibilidad al florfenicol
incluyen Enterobactor, Kiebsiella, Staphylococcus, Enterococcus, Bordetella, Proteus y
Shigella. En particular, las cepas resistentes a clorafenicol de organismos tales como
K pneumoniae, E. cloacae, S. typhus y E. coli son susceptibles a florfenicol.

El florfenicol es un andlogo estructural de tianfenicol, el cual a su vez es un
derivado de cloranfenicol en el cual el grupo nitro aromético, cuyo grupo nitro ha sido
implicado en

chloramphenicol thiamphenicol florfenicol

anemia apléstica jrreversible no relacionada con dosis inducida por clorafenicol en
humanos, es reemplazado con un grupo metilsulfonilo. El florfenicol tiene un dtomo de
fliior en cambio del grupo hidréxilo primario de cloranfenicol y tianfenicol. Este hace al
florfenicol menos susceptible a desactivacién mediante bacterias que contienen la enzima
codificada mediante plésmida, cloranfenicol acetil transferasa (CAT) la cual acetila el
grupo hidréxilo primario de cloranfenicol y tianfenicol, evitando asf la unién de estos a
subunidades ribosomales de bacterias susceptibles. La unién ribosomal es el principal
mecanismo de accién de los antibidticos de cloranfenicol y produce la inhibicién de la
peptidilo transferasa, la cual es responsable de la transferencia de aminoécidos hacia
cadenas peptidicas crecientes y subsecuente formacién proteica en bacterias. Sin embargo,
los compuestos y que tienen el grupo hidréxilo primario tienen utilidad en el tratamiento de

4

- OH OoH OH .

0 HN._ .0 HN._..O

o HNIC &5 T &% X
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infecciones bacterianas, tal como se evidencié por el uso continuo de cloranfenicol y
tianfenicol en todo el mundo.

En afios recientes, un nimero de géneros y especies bacterianas han comenzado a
exhibir alguna resistencia al florfenicol. Por ejemplo, se ha observado resistencia en

especies de salmonella (Bolton, L.F., Clin. Microbiol. 1999, 37, 1348), E. coli (Keyes, K.,

Antimicrob. Agents Chomother., 2000, 44, 421.), Klebsiella pneumoniae (Cloeckaert, A.,
Antimicrob. Agents Chemother., 2001, 45, 2381), y el patogeno acuicultural,

Photobacterium damselae subsp. piscicida (anteriormente Pasteurella piscicida) (Kim, E.,

Microbiol. Iinmunol., 1996, 40, 665). Esta resistencia ha sido rastreada hasta un gen
altamente conservado (flo) que produce una bomba de efusidn antibiética (Flo).

La aparicién y la amenaza de diseminacién, de resistencia al florfenicol ha
fomentado la necesidad de nuevos antibidticos que retengan o excedan la actividad del

florfenicol, mantengan su impermeabilidad a la enzima CAT y, ademés, no sean substratos

para la bomba de efusién Flo. Los compuestos del presente invento son tales antibiéticos.

RESUMEN
Por lo tanto, una realizacién de este invento es un compuesto con la formula
quimica: OH
R4 HN IO
R2 RBRa
en donde:

R1 es seleccionado del grupo que consia de -OH y -F;
R2 y R3 son independientemente seleccionados del grupo que consta de hidrégeno, (1C-
4C)alquilo, halo, -CF3, -NH2, -CN y N3;
R4 es seleccionado del grupo que consta de:
-C(=R6)RS,

en donde:

RS5 es seleccionado del grupo que consta de oxigeno, N-C=N, y NOR7,

en donde:

R7 es seleccionado del grupo que consta de hidrégeno, alquilo, arilo, heteroarilo,
aliciclico y heteroaliciclico; _

R6 es seleccionado del grupo que consta de hidrégeno, (1C-4C)alquilo, (3C-
6C)cicloalquilo, (1C-4C)alcoxilo, arilo, heteroarilo, aliciclico y heteroaliciclico;

en donde: A
Al es carbono o nitrégeno;

——— .“;_a

(&S




A2, A3, A4 y AS son independientemente seleccionados del grupo que consta de
carbono, nitrgeno, ox{geno y azufre siempre y cuando al menos uno entre Al - A5 no sea
carbono, que el ntmero total de 4tomos de nitrégeno, oxigeno y azufre en el anillo no
exceda 4 y que el anillo sea aromético; los A&tomos de carbono cn el anillo son
independientemente sustituidos con una entidad seleccionada del grupo que consta de
hidrégeno, (1C-4C)alguilo, (3C-6C)cicloalquilo, (1C-4C)alquilO, -CF3, OH, -CN, halo,
(1C-4C)alquilS(0)-, (1C-4C)alquilS(0)2, NH2S02-, (1C-4C)alquilNHSO2, ((1C-
4C)alquilo)2NSO2-, NH2, (1C-4C)alquilNH, ((1C-4C)alquilo)2N, (1C-4C)alquilSO2NH,
(1C4C)alquilC(0), (3C-6C)cicloalquilC(0), (1C-4C)alquilOC(0)-, (1C-
4C)alquil C(O)NH-, -C(O)NH2, (1C-4C)alquilNHC(O)-, y (alquilo(1C4C))2NC(0)-, en
donde cualquiera de los grupos alquilo en cualquiera de los substituyentes puede
opcionalmente ser substituido con un grupo seleccionado de halo y -OH; si Al es carbono y
el anillo no contiene oxigeno o azufre, uno de los 4lomos de nitrégeno puede
opcionalmente ser substituido con una entidad seleccionade del grupo que consta de (1C-
4C)alquilo, (1C-40)AlquiIS(0)2, y -NH2;

Y

/ A1U

en donde
A6, A7, A8 A9 y Al0son mdependlentemente seleccionados del grupo que consta
de carbono, nitrégeno y =% N"'—-O' , siempre y cuando solamente uno entre A8 - Al10 a

la vez pueda ser formula >N+-—O‘ .

los 4tomos de carbono en el anillo son independientemente sustituidos con una entidad
seleccionada del grupo que consta de hidrégeno, (1C-4C)alquilo, (3C-6C)cicloalquilo, (1C-
4C)alquilO, -CF3, OH, -CN, halo, (1C4C)alquilS(O)-, (1C-4C)alquil$(0)2, NH2502-,
(1C-4C)alquilNHSO2, ((1C-4C)alquilo)2ZNSO2-, NH2, (1C-4C)alquilNH, ((1C-
4C)alquilo)2N, (1C-4C)alquilSO2NH, (1C-4C)alquilC(O), (3C-6C)cicloalquilC(0), (1C-
4C)alquilOC(0)-, (1C4C)alquilC{O)NH-, -C(O)NH2, (1C-4C)alquilNHC(O)-,
(alquilo(1C-4C))2NC(0)-, y OCH20-, los dtomos de oxigeno en el substituyente -OCH20-
son unidos a los dtomos de carbono del anillo adyacente, en donde cualquiera de los grupos
alquilo en cualquiera de los sustituyentes puede opcionalmente ser sustituido con un grupo
seleccionado de halo y -OH;
R8 es hidrégeno en todos los compuestos, exepto cuando R2 y R3 son ambos F, en cuyo
caso R8 es hidrégeno o F; y, el compuesto es un racemato que tiene la estereoquimica
relativa mostrada o es sustancialmente enantioméricamente puro y tiene la estereoquimica
absoluta mostrada.

En una realizacidn de este invento, R1 es -F.

En una realizaci6n de este invento, R2 y R3 son independientemente seleccionados
del grupo que constade Cly F.

En una realizaci6én de este invento, R8 es hidrégeno.,
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En una realizacién de este invento, R4 es -C(=R5)R6 en donde RS y R6 son tal
como se definieron antes.

En una realizacién de este invento, R4 es CH3C(0)-;

Y
A\ 'f A‘Il
En una realizacion de este invento, R4 es
cn donde:
AG, A7, A8, A9 y A10 son tal como se definieron anteriormente, y, cualquiera entre A6 -
A10 que es carbono es substituido con una entidad que es seleccionado del grupo que
consta de hidrégeno, -NH2, halo, -CN, (1C4C)alquilo-, (1C-4C)alquiloC(0)-, (1C-
4C)alquilS(0)-, (1C4C)alquilS(0)2-, NH2802-, (1C4C)alquilSO2NH-, (1C-
4C)alquiINHSO2-, ((1C-4C)alquilo)2NSO2-, en donde cualquiera de los grupos alquilo en
cualquiera de los sustituyenies puede opcionalmente ser sustituido con halo o ~OH.
En una realizaci6én de este invento, R4 es y uno, dos o tres de A6 —

A10 es/son nitrdgeno; y,
uno o dos de los restantes 4lomos de carbono en el anillo es/son opcionalmente sustituidos
con -NH2, todos los demés dtomos en el anillo no son sustituidos.

En una realizacién actualmente preferida de este invento, R4 es seleccionado del
grupo que consta de:

C (ji_o@}l oM N N.[Nj"".
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En una realizacién de este invento, R4 es A/ \A’ tal como se definié
anteriormente. vl

/
En una realizacién de este invento, R4 es /A""—A’ y todos los &tomos de
carbono y dtomos de nitrégeno no son sustituidos A \

X /“’
En una realizacién de este invento, R4 es O y uno entre A2 - A5 que es
carbono es substituido con un grupo -NH2, todos los demﬂs atomos de carbono y, si es
aplicable, de nitrégeno en el anillo no son substituidos.

En una realizacioén actualmente preferida de este invento, R4 es seleccionado del
grupo que consta de:

sk ealie e tis
< g’w;;w
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Una realizacion actualmente preferida de este invento es un compuesto seleccionado

. del grupo que consta de:
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en donde el compuesto es un racemato que tiene la estereoquimica relativa mostrada o es
sustancialmente enantioméricamente puro y tiene la estereoquimica absoluta mostrada.

Una realizacién actualmente particularmente preferida de este invento es un
compuesto seleccionado del grupo que consta de:
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en donde el compuésto e3 un racemato que tiene la estereoquimica relativa mostrada o es
sustancialmente enantioméricamentc puro y tiene la estereoquimica absoluta mostrada.

En otra realizacidn particularmente preferida de éste invento, el compuesto en la
presente es sustancialmente enantiomericamente puro y tiene una configuracién absoluta 1-
(R)-2<(8).

Una realizacién de este invento es un método para tratar o prevenir una infeccidon
bacteriana, que comprende la administracién a un paciente en necesidad del mismo de una
cantidad farmacéuticamente efectiva de un compuesto.

En una realizacién de este invento, la infeccién bacteriana es producida por una
bacteria del género Pasteurella, Haemophilus, Fusobacteriwm, Bacterioides, Aeromonas,
Enterobacter, Escherichia, Klebsiella, Salmonella, Shigella, Actinobacillus, Streptococcus,
Mycoplasma, Edwardsiella, Estaphylococcus, Enterococcus, Bordetella, Ptroteus, o
Mannheimia.

En una realizacion de este invento la infeccion bacteriana es producida por
Mannhemia haemolitica, Pasteurella multocida, Haemophilus somnus, Fusobacterium



necrophorum, Baclerioides melaninogenicus, Actinobacillus pleuropneumoniae,
Streptococcus suis, salmonella cholerasuis, Mycoplasma bovis, Mycoplasma
hyopneumoniae, Mycoplasma hyorhinis, Mycoplasma gallisepticum, Edwardsiella ictaluri,
Escherichia coli, Enteroacter cloacae, Staphylococcus aureus, Staphylococcus intermedius,
Enterococcus faecalis, Enterococcus faecium, Klebsiella pneumoniae, Klebsiella oxytoca,
Enterobacter cloacae, Proteus mirabilis, o Aeromonas salmonicida.

DESCRIPCION DETALLADA DEL INVENTO

Breve descripeion de las tablas

La Tabla 1 muestra estructuras de compuestos representativos de este invento. La
tabla y los compuestos en la misma no pretenden ni se deben interpretar como limitacién de
este invento en forma alguna,

La Tabla 2 es una lista de los microorganismos contra los cuales los compuestos de
esle invento fueron probados. La lista no pretende ni se debe interpretar como una
limitacién del alcance del invento en forma alguna.

Definicioncs

Como se utiliza la presente, "halo" se refiere a flior, cloro, bromo o yodo.

Como se utiliza en la presente, "alquilo” se refiere a un hidrocarburo saturado (no
contiene enlaces multiples) alifético (sistema pi-electrénico no deslocalizado) (conteniendo
si no es substituido solamente carbono e hidrégeno). La designacién (n1C-n2C)alquilo, en
donde nl y n2 son teneros entre 1 - 6, se refiere a un alquilo cadena lineal o cadena
ramificada que comprende entre nl y n2 dtomos de carbono. Por ejemplo, (1C - 4C)alquilo
se refiere a CH3-, CH3CH2-, CH3CH2CH2-, CH3ICH(CH3)-, CH3CH2CH2CH2-,
CH3CH2CH(CH3)-, o (CH3)3C-. El grupo alquilo puede ser substituido o no substituido
con una o més fracciones seleccionadas del grupo que consta de halo, OH, OCH3, y -C=N.

Como se uliliza en la presente, "cicloalquilo” se refiere & un anillo multiciclico
fusionado o ciclico constituido enteramente de carbonos, el cual aunque puede contener
uno o més enlaces dobles, mantiene un carécter esencialmente alifético; es decir, los
enlaces dobles no interact(ian para formar un sistema pi-electrénico deslocalizado alrededor
del anillo. Para propdsitos de este invento, el anillo puede contener hasta 7 dtomos de
carbono. La designacion (3C-6C)cicloalquilo se refiere a anillos de 3, 4, 5, y 6 miembros
cnteramente de dtomos de carbono. Como se utiliza en la presente, "fusionado" significa
que dos grupos cicloalquilo comparteri al menos un 4tomo ciclico entre estos. Por lo tanto,
compuestos tales como spiro{4,4]nonano son considerados "fusionados” para los propésitos
de este invento. Més comGnmente, los anillos fusionados comparten dos 4tomos de carbono
ciclicos adyacentes. Un ejemplo de tal sistcma fusionado es decalina. Un anillo de
cicloalquilo puede ser substituido o no substituido con una fraccién seleccionada del grupo
que consta de -OH, -OCH3, halo y -C=N.

Como se¢ utilize en la presente, "arilo" se refierc a un anillo de seis miembros
enteramente de carbono o dos anillos de seis miembros fusionados, el anillo o anillos
fusionados con un sistema pi-electrénico deslocalizado. Por "fusionado" se entiende que
cada anillo del sistema comparte dos dtomos de carbono ciclicos adyacentes con al menos
otro anillo. Un anillo de arilo puede ser substituido o no substituido con uno o més
fracciones seleccionadas del grupo que consta de -OH, -OCH3, halo y -C=N.
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Como se utiliza la presente, "heteroarilo" se refiere a un anillo de cinco miembros o
seis miembros o a dos anillos, es decir dos anillos de cinco miembros, dos anillos de seis
miembros o un anillo de cinco miembros y un anillo de seis miembros fusionados juntos en
donde el anillo o el anillo fusionado tiene un sistema pi-eletrénico deslocalizado. Si un
anillo es de seis miembros, este debe constar solamente de carbono y nitrégeno y puede
contener entre 1 y 4 d&tomos de nitrégeno. Presién anillo es de cinco miembros, este debe
contener un dtomo de nitrogeno, oxigenc o azufre y puede contener uno, dos o tres &tomos
adicionales de nitrégeno. Un aniflo de cinco miembros con un circulo cn el centro indica
que ¢! anillo es heteroaromético. El circulo es utilizado para enfatizar el hecho que la
ubicacién de enlaces dobles que participan en la composicion del anillo heteroaromético no
es cstitica, en cambio dependerd de la naturaleza de los 4tomos que forman el anillo, es
decir, si son carbono, nitrégeno, oxigeno o azufre y que grupos, si los hay, estin unidos a
los mismos. La estructura actual de cualquier heteroaromitico de cinco miembros serd
inmediatamente manifiesta a aquellos con experiencia en el estado de la técnica una vez
que los dtomos ciclicos son designados. Con respecto a grupos heteroaromiticos, el termino
fusionado tiene el mismo significado que en el caso de grupos arilo. Un grupo heteroarilo
puede ser substituido o no substituido con cualquiera las fracciones descritas anteriormente
con respecto a grupos arilo.

Como se utiliza en la presente, "hcleroaliciclico” se refiere a un sistema ciclico o
ciclico fusionado que contiene dtomos seleccionados del grupo que consta de carbono,
nitrégeno, oxlgeno y azufre pero sin sisiema pi-electrénico deslocalizado. "Fusionado”
tiene el mismo significado divulgado con respecto a anillos de cicloalquilo. Igualmente, un
anillo heteroaliciclico puede ser substituido o no substituido con las mismas fracciones
descritas anteriormente para anillos de cicloalquilo.

Cuando quiera que un dtomo de carbono ciclico es declarado como "no substituido,"
se entiende que cualquier valencia sin llenar es en realidad ocupadas por dtomos de
hidrégeno. Igualmente, si un dtomo de nitrdgena ciclico es cupaz de ser adicionalmente
substituido y es declarado como no substituido, significa que el pitrégeno estd unido & un
itoma de hidrégeno.

Como se utiliza en la presente, "estereoquimica absoluta” se refiere al
posicionamiento exacto de substituyentes en el espacio tridimensional tal como se
determin6 mediante las reglas de Cahn-Ingold-Prelog, 1a aplicacién de estas es bien
conocida por aquellos con experiencia en el estado la técnica.

Como se utiliza en la presente, "enantiomero” se refiere a una de las dos
configuraciones estereoquimicas absolutas dc una molécula que rota la luz polarizada plana
en una direccion o la otra (es decir, en direccion contraria a las manecillas del reloj desde su
eje original, convencionalmente llamada "izquierda," o en direccién de las manecillas del
reloj, convencionalmente conocida como "derecha"). Por "substancialmente
enantiomericamente puro" se entiende que el compuesto consta de mis de 90% del
enantiomero, preferiblemente més de 95%, y lo més preferiblemente mas del 99%.

Como se utiliza en la presente, un "racemato” se refiere a una mezcla 1:1 de los dos
enantiomeros de un compuesto. Las mezclas racémicas son designadas por un indicador
(+/-). Compuestos substancialmente enantiomericamente puros son mostrados sin el
indicador.

Como se utiliza en la presente, "pacicnte” se refiere a aves, repliles, peces,
moluscos, y mamiferos. En particular se refiere a aves tales como, sin limitacidn, pollos y
pavos, peces tales como, sin limitacidn, salinén, trucha, bagre y pez de cola amarilla,
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mamiferos tales como, sin limitacién, gatos, perros, conejos, ovejas, vacas, cerdos, caballos
y cabras y seres humanos.

Discusién

Se espera que los compuestos de este invento sean titiles para el tratamiento de
infecciones bacterianas en pacientes.

Compuestos

Los compuestos del presente invento son divulgados generalmente en el resumen
anterior. Compuestos de ejemplo de este invento son mostrados en la tabla 1. Ni la tabla ni
los compuestos expuestos pretenden limitar e] alcance de este invento de ninguna forma.
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Sintesis

Se prepararon compuestos intermedios cn forma enantioméricamente pura,
comenzando con base de cloranfenicol comercialmente disponible (1), 0 como mezclas
racémicas mediante la condensacién de p-bromobenzaldehido con glicina bajo
condiciones bisicas. Por la sintesis enantiomericamente pura de los compuestos
intermedios tales como 9, 1a base de cloranfenicol fue convertida en el compuesto 3
(Rebstock, M.C., J. Am, Chem. Soc., 1949, 71, 2458, Evans, D.D., J. Chem. Soc., 1954,
1687; Morris, D. S. y Smith, S. D., J. Chem. Soc., 1954, 1680). El compuesto 3 fue
sometido a la reaccidn de Sandmeyer después de la cual el grupo protector de acetato
fue removido bajo condiciones acidicas para proporcionar ¢l compuesto 9
enantiomcricamente puro.

Alternativamente, el p-bromobenzaldehido (5) puede ser convertido en (d/)-
treo-p-bromofenilglicina (6, Esquema 1), (Bolhoffer, W. A. J. Am. Chem. Soc. 1954, 716
1322; Herbert, R. B.; Wilkinson, B. Ellames, G. J. Can, ], Chem. 1994, 72, 114), el cual
puede ser protegido N-Boc derivado 7 y luego reducido en dos pasos: la activacién con
DCC y N-hidroxisuccinimida seguido por el tratamiento con NaBH4 para proporcionar
el compuesto 8. El compuesto 9 puede ser aislado como su sal TFA o como la base
libre. La introduccion regioselectiva de fluor es realizada mediante la proteccién de la
amina y el grupo hidroxilo bencilico como oxazolina de fenilo 10 seguido por
fluorinacidn con trifluoruro de (dietilamino)azufre (DAST) o trifluoruro de [bis(2-
metoxietil)aminolazufre (Lal, G. S., J. Org. Chem., 1999, 64 7048) para proporcionar el
compuesto 11. El compuesto | 1 es utilizado en la reaccién de acople cruzado de Suzuki
para la sintesis de derivados dc biarilo. El otro socio Suzuki, un dcido bordnico de arilo
tal como 12, puede ser preparado como se muestra y se puede hacer reaccionar con
haluros de arilo.
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Las condiciones para la remocién del grupo protector de fentloxazolina probaron
ser incompatibles con muchos grupos funcionales en la posicién-p de anillo aromético,
Por lo tanto, un nuevo grupo protector fue desarrollado con base en métodos de
literatura (Esquema 2; Jommi, G., Gazz. Chim. Ital., 1986, 116:485). La fenilserina 6
fue convertida en éster de metilo 13, ¢l cual fue protegido como oxazolidinona 14, la
cual a su vez fue reducida con NaBH4 a 15. La fluorinacién con DAST o trifluoruro de
[bis(2-metoxietil)aminolazufre proporcioné el compuesto intermedio 16, ¢! cual no dié
rendimientos de la reaccién de Suzuki consistentemente buenos. Por lo 1anto, el
compuesto 16 fue convertido en el compuesto 17. La c¢scisién del grupo protector de
oxazolidinona fue facilitada mediante la introduccién de un grupo Boc (Grehn, L., Acta
Chem. Scand. B. 1986, 40, 745) seguido por escision catalizada con base para
proporcionar €l compuesto 18 (Ishizuka, T. y Kunieda, T. Tetrahedron Lett., 1987, 28,
4185; Jommi, G., Gazza. Chim, Ital, 1988, 118:75).
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El compuesto 18 fue protegido como derivado de isopropilideno 19, el cual fue
convertido en dcido bordnico 23 (Esquema 3). Los compuestos 18, 19, 22 y 23 fueron
utilizados en reacciones de acoplamiento cruzado de Suzuki. El compuesto 23
proporcioné la mayor versatilidad puesto que este pudo ser acoplado de manera cruzada
con cualquier bromuro de arilo 0 yodo y los grupos protectores podian ser fécilmente
removidos bajo condiciones suaves. El compuesio 22 fue atractivo como un socio de
acoplamiento cruzado Suzuki puesto que las reacciones de acoplamiento produjeron los
analogos de florfenicol deseados directamente sin necesidad de desproteccién y
dihaloacetilacién. Sin embargo, los rendimientos de acoplamicnto cruzado con 22 no
fueron menores que aquellos con 23, Los acoplamientos cruzados utilizando 21
proporcionaron los productos deseados contaminados con andlogos de acetato y
monocloroacetato.

El compuesto racémico 20 fue espectroscopicamente idéntico a una muestra
sintetizada a partir del compuesto 11 semi-sintético mediante depuracién hidrolitica y
crecimicnto basico. Esto proporcion6 la prueba incquivaca que la condensacién de
fenilserina 6 procedid con la freo o syn estereoselectividad relativa apropiada.
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Los compuestos 11 y 12 fucron utilizados para preparar los compuestos 28 y 29
(Esquema 4). El compuesto 11 fue acoplado con 4cido bordnico de 3-piridina bajo
condiciones dc Suzuki bifésicas estindares para proporcionar el compuesto intermedio
26 protegido. El producto de acoplamiento cruzado N-C 27 fue preparado segin los
métodos recientemente reportados de Lam y colegas (Lam, P. Y. S., Synlett, 2000, 674;
Lam, P. Y. S., Tetrahedron, Lett., 1998, 39, 2941; Lam, P. Y. S., Tetrahedron Leil.,
2001, 42, 3415). Tanto 26 como 27 fueron desprotegidos y dicloroacetilados para
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proporcionar 28 y 29.
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El compuesto 23 y 2-bromo-1,3,4-tiadiazol (24) fueron hechos reaccionar para
proporcionar 48 (Esquema 5). El acoplamiento cruzado de Suzuki proporcion el
heterobiarilo 25. El compuesto 25 fue desprotegido con 9:1 TFA/H20, el cual removié

los grupos Boc e isopropilideno simultineamente, y luego fue difluoroacetilado para
proporcionar 48.

Esquema 5
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. Mientras los grupos funcionales de p-bromo de derivados tales como 11 y los
correspondientes icidos borénicos tales como 12 la tienen utilidad sustancial como
intermedios sintéticos a andlogos de florfenicol, los compuestos p-ciano también
servieron como intermedios importantes. Utilizando los métodos de la literatura
(Morris, D. S.; Smith, S. D., anterior), los intermedios tales como 30 han sido
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preparados en forma enantiomericamente pura (Esquema 6). Grandes cantidades del
intermedio fueron preparadas utilizando intermedios racémicos totalmente sintéticos
tales como 35. La condensacién de aldol utilizada para producir 32 a partir de p-
cianobenzaldehido y éster metilico de glicina fue adaptada a partir de la literatura
(Pines, S. H. y Kazlowski, M. A,, J. Org, Chem., 1972, 37, 292).

Esquema 6
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El compuesto 41 (Esquema 7) fue preparado a partir del intermedio 36, la
preparacién de este a partir de 30 ha sido descrita (von Strandtmann. M. J. Med. Chem.,
1967, 10, 888). El compuesto 36 fue desprotegido con H2504 acuoso y luego
regioselectivamente protegido como feniloxazolina 38. El compuesto 39 fue tenido

sobre tratamiento con DAST y luego fue desprotegido y dicloroacetilado para
proporcionar 41.
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El compucsto 47 fue preparado a partir del intermedio 35 mediante tratamiento
con hidrocloruro de hidroxilamina seguido por orioformato de trietilo para proporcionar
43, el cual fue desprotegido para proporcionar 46, el cual fue luego dicloroacetilado.

Esquema 8
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Los derivados de p-acilo fueron obtenidos mediante reacciones de acoplamiento
de Stille de los intermedios protegidos (Esquema 9, compuestos 87 y 88) con cloruros
dcidos. Los grupos timetilstanilo fucron introducidos mediante reacciones Pd-mediadas
utilizando hexametilditina.
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El derivado de ciclobutilo 73 fue preparado a partir de 87 a través de la reaccién
de acoplamiento de Stille que proporcioné el intermedio 89 (Esquema 10) el cual fue
desprotegido y dicloroacetilado.

La desproteccion intentada del derivado de ciclopropilo correspondiente a 89
llevé a abertura de anillo HCl-mediada. Por lo tanto, para preparar 91, se utilizé el
enfoque de boc/isopropilideno puesto que la desproteccién ocurre bajo condiciones que
no afectan el grupo ciclopropilo.

Esquema 10
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Cuando se requirié, los derivados de p-carboxifenilo de intermedios de fenicol
protegido sc pudieron preparar en dos formas. Por ejemplo, la hidrélisis del anélogo de
p-nitrilo de 17 proporciona el correspondiente dcido carboxilico. Sin embargo, los
nitrilos generalmente no pueden ser oblenidos con [a facilidad de los derivados de
bromo. Por lo tanto, el enfoque preferido para carboxilacién fue ¢l reemplazo del grupo
bromo. Por ejemplo, el derivado del dcido carboxilico 102 (Esquema 11) fue preparado
mediante litincién de 17 seguido por el tratumiento con CO2 y crecimiento con &cido. El
compuesto 102 fue convertido en éster de metilo 103, el cual fue hecho reaccionar con
hidrazina para proporcionar 104. La ciclizacién de 104 con ortoformato de trietilo
proporcioné oxadiazol 105, el cual fue desprotegido y dihaloacetilado para proporcionar
106 y 107.
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El derivado del 4cido carboxilico 102 también fue utilizado para preparar
compuestos tales como 109 (esquema 12), mediante reduccién a alcohol 108 seguido
por desproteccidn y dicloroacetilacion

Esquema 12
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Evaluacién Biolégica
Se espera que todos los compuestos de este invento demuestren actividad
* antimicrobiana contra las mismas bacterias que los demds miembros de la familia del
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cloranfenicol. Ademds, se espera que sean activos contra especies de bacterias que son
resistentes a los actuales antibiéticos de cloranfenicol, en particular florfenicol. También
se espera que los presentes compuestos puedan exhibir actividad contra géneros y
especies de bacterias contra los cuales los antibidticos tipo florfenicol actuales no son
activos.

También se entiende, con respecto a la bioactividad, que un enantiomero de un
compuesto pucda ser més activo que otro. En tal caso, si se declara expresamente o no,
el isomero mds activo es considerado la realizacién mds preferida del invento.
Particularmente preferido es el enantiomero més activo de la configuracién absoluta |-
(R)-2(S) de cualquier compuesto en la presente.

Para determinar ¢l rango y nivel de actividad de los compuestos de este invento,
se pueden utilizar los siguientes protocolos. Otros protocolos serén manifiestos para
aquellos con experiencia en el estado de la técnica con base en la divulgaciones en [a
presente y cstdn dentro del alcance de este invento. S¢ espera que algunos compucstos
en la presente no solamentc exhiban actividad antibacteriana sustancial sino también
que sean menos susceptibles a los mecanismos dc resistencia del cloranfenicol. Los
protocolos de clasificacién cn la presente se pueden utilizar para determinar tales
caracteristicas también,

Prucba de Susceptibilidad

Los compuestos fueron evaluados contra un panel de cepas bacterianas
utilizando un ensayo de microdilucién de caldo tal como se recomendé mediante el
NCCLS (Comité Nacional para Esténdares de Laboratorio Clinico (NCCLS) 2000,
Métodos para Dilucién de Pruebas de Susceptibilidad Antimicrobiana para Bacterias
que Crecen Aerobicamente - Quinta Edici6n, Estandar Aprobado, Documento NCCLS
M7-AS, vol 20, No. 2). La concentracion inhibitoria minima (MIC) es definida como Ia
concentracién menor de un compuesto que evita el crecimiento de la bacteria.

Los siguientes 10 organismos constituyeron el panel principal de evaluacién:

TABLA 2
Bacteria Cepa Bomba de fenotipo
salida de flujo
Escherichia coli ECM 1194 AcrAB tipo silvestre
Escherichia coli ECM 1694 | Ninguno AacrAB::Tn903kmr
Escherichia coli ECM 1642 AcrAB MarR
Escherichia coli ECM 1888 MdfA tolC::Tn mdiR
Escherichia coli ECM 1750 CmilA AacrAB::Tn903kmr/pLQ821
Escherichia coli ECM 1958 Flo AacrAB::Tn903kmr/p1956
Escherichia coli ECM 1970 AcrAB+Flo marR/p1956
Escherichia coli ECM 1197 AcrAB EMR::Cm (cat)
6 ECM 2024 | AcrAB ECM1197 acrAB::Kan
Pasteurella multocida | ATCCA3134 tipo silvestre
Marmhemia ATCC33396 tipo silvestre
haemolytica

Los ensayos fucron realizados en Caldo Cation-Ajustado Mueller-Hinton a un

inoculo bacteriano de 5 x 10° CFU/ml y un volumen final de 100 ul. Se prepararon
controles de florfenicol y cloranfenicol y compuestos de prueba a cuatro veces in
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concentracién final deseada. La dilucién a la concentracién deseada fue realizada
directamentc sobre lus placas medicnte dilucién scrial doble utilizando una pipeta
multicanal. Después de la dilucidn, se agregé 25 ul de CAMHB a cada pozo.

Los inoculos bacterianos fucron preparados como sigue. Para cada cepa, una
colonia aislada fue utilizada para inocular un volumen de 5 m! de CAMHB. Los
cultivos fueron incubados durante la noche (20 horas) a 35°C en un incubador con
agitacién. Luego fueron diluidos en solucién salina estéril hasta una densidad

equivalentc a una suspension (.5 McFarland (lO8 CFU/ml aprox). Las suspensiones

fucron adicionalmente diluidas ecn CAMHB hasta aproximadamente 5 x 103 CFU/ml.
Se agreg6 un volumen de 50 1 del inoculo a cada pozo. Se incluyeron controles de
crecimiento positivos y negativos en cada placa. Los inoculos originales fueron
determinados mediante la aplicacién de 10 O de varias diluciones de 10 veces sobre
placas TSA. Las placas de agar fueron incubadas durante la noche a 35°C y se contaron
las unidades formadoras de colonias (CFFU). Las placas de microtitulos fucron
incubadas durante 20 horas a 35°C y fueron lefdas utilizando un lector de microtitulos
(dispositivos moleculares) a 650 nm y mediante observacién visual utilizando un espejo
de lectura de plato de microtitulacién para determinar el MIC.

Composiciones farmacéuticas

Un compuesto del presente invento, un proférmaco del mismo o una sal
fisiologicamente aceptable de cualquiera el compuesto o su proférmaco, pueden ser
administrados como tal a un paciente o se pueden administrar en composiciones
farmacéuticas en las cuales los anteriores materiales son mezclados con excipientes
apropiados. Las técnicas para formulacién y administracién de firmacos se pueden
encontrar en Pharmacological Sciences de Remington, Mack Publishing Co. Easton,
PA, (ltima edicién. Las formulacioncs y técnicas discutidas en Remington se relacionan
principaimente con el uso en pacientes humanos; sin cmbargo, se pueden modificar
ficilmenie para utilizar en pacientes no humanos mediante técnicas bien conocidas por
aquellos con cxpericncia en cl estado de la técnica veterinaria.

Rutas de Administracién

Como se utiliza en la presente, "administrar” o "administracién" se refierc a la
liberacién de un compuesto, sal o proférmaco del presente invento o de una
composicion farmacéutica que contiene un compueslo, sal o profirmaco de este invento
& un organismo para ¢l propdsito de tratar o prevenir una infeccién microbiana.

Rutas de administracién apropiadas pueden incluir, sin limitacién, oral, rectal,
transmucosal, intramuscular, subcutinca, intramedular, intratecal, intraventricular
directa, intravenosa, intravitrea, intraperitoneal, intranasal, aural, o intraocular. Las rutas
preferidas dc administracién son la oral y la parenteral.

Alternativamente, el compucsto se puede administrar en forma local més que
sistémica, por ejemplo, mediante la preparacién como un ungliento que es aplicado
directamente al drea infectada o mediante inyeccién del compuesto directamente en
tejido infectado. En cualquier caso, se puede utilizar una formulacién de liberacién
sosienida.

Composicién/Formulacién

Las composiciones farmacéuticas del presente invento se pueden fabricar
mediante procesos bien conocidos en el estado de s técnica, ¢j., utilizando una variedad
de procesos bien conocidos de mezclado, disolucidn, granulacidn, fabricacion de
grageas, levigacién, emulsificacitn, encapsulacién o liofilizacién. Las composiciones se
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puede formular en conjuncién con uno o més vehfculos fisioldgicamente aceptabies que
comprenden excipientes y auxiliares que facilitan ef procesamiento de los compuestos
activos en preparaciones que pueden scr utilizadas farmacéuticamente. La formulecién
adecuada es dependiente de Ia ruta de administracion elegida.

Para inyeccidn, incluyendo, sin limitacién, inyeccién intravenosa, intramuscular
y subcuténes, los compuestos del invento puede ser formulados en soluciones acuosos,
preferiblemente en amortiguadores fisiolégicamente compatibles tales como solucién de
Hanks, la solucién de Ringer, amortiguador salino fisiolégico o solventes polares
incluyendo, sin limitacién, N-metil-2-pirrolidona, 2-pirrolidona, otras pirrolidonas,
N,N-dimetilecetamida, N,N-dimetilformamida, dimetilsulfoxido, acetona y glicerol
formal. Para administracion transmucosal, se utilizan en 1a formuiacién, penetrantes
apropiados para la barrera a ser permeada. Tales penetrantes generalmente son
conocidos en el estado de Ia técnica. Para administracién oral, los compuestos se pueden
formular mediante combinacién de los compuestos activos con vehfculos
farmacéuticamente aceptables bien conocidos en el estado de Ia técnica. Tales vehiculos
permiten que los compuestos del invento sean formulados como tabletas, pildoras,
pastillas, grageas, cdpsulas, liquidos, geles, jarabes, pastas, pastas aguadas, soluciones,
suspensiones, solucioncs concentradas y suspensiones para diluir en el agua potable de
un paciente, premezclas para dilucién en el alimento de un paciente, y similares, para
ingestién oral por parte del pacicnte. Las preparaciones farmacéuticas para uso oral se
pueden hacer utilizando un excipiente s6lido, opcionalmente triturando la mezcla
resultante, y procesando la mezcla de grénulos, después de agregar auxiliares
apropiados si se desea, para obtener tabletas o niicleos de grageas. Excipientes ltiles
son, en particular, rellenos tales como aziicares, incluyendo lactosa, sacarosa, manitol, o
sorbitol, preparaciones de celulosa tales como, por ejemplo, almidén de maiz, almidén
de cebada, almidén de arroz y almidén de papa y otros materiales tales como gelatina,
goma tragacanto, celulosa de metilo, hidroxipropilmetilcelulosa, carboximetilcelulosa
sddica, y/o polivinilpirrolidona (PVP). Si se desea, se pueden agregar agentes
desintegrantes, tales como pirrolidona de polivinilo entrecruzada, o dcido alginico.
También se puede utilizar una sal tal como alginato de sodio.

Los niicleos de grageas son proporcionados con revestimientos apropiados. Para
este propdsito, se pueden utilizar soluciones de azucar concentradas las cuales
opcionalmente pueden contener goma arabiga, talco, polivinilpirrolidona, gel de
carbopol, glicol de polietileno, y/o didxido de titanio, soluciones de laca, y solventes
orgdnicos apropiados o mezclas de solventes. Se pueden agregar tintes o pigmentos a
las 1abletas o revestimientos de grageas para identificacion o para caracterizar las
diferentes combinaciones de dosis de compuestos activos.

Las composiciones farmacéuticas que se pueden utilizar oralmente incluyen
céipsulas push-fit hechas de gelatina, asi como también cdpsulas suaves, selladas hechas
de gelatina y un plastificantc tal como glicerol o sorbitol. Las cépsulas push-fit pueden
contener los ingredientes activos ¢n mezcla con un relleno tal como lactosa, un
oglomerante tal como almiddn, y/o un lubricante tal como talco o estearato de magnesio
y, opcionalmente, estabilizantes. En cdpsulas suaves, los compuestos activos se pueden
disolver o suspender en liquidos apropiados, tales como aceites grasos, parafina liquida,
o glicoles de polietileno liquidos. Los estabilizantes también se puedcn agregar en cstas
formulaciones.

Para administracién por inhalacién, los compuestos del presente invento se
pueden liberar convenientemente en 1a forma de una atomizacién en aerosol utilizando
en empague presurizado o un nebulizador y un propulsor apropiado, €j., sin limitacién,
diclorodifluorometano, tricloroflucrometano, diclorotetrafluoroetano o didxido de
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carbono. En el caso de un aerosol presurizado, la unidad de dosificacién puede ser
controlada proporcionando una vélvula para liberar una cantidad medida. Las cépsulas y
cariuchos de, por ejemplo, gelatina para utilizar en un'inhalador o insuflator se pueden
formular conteniendo una mezcla en polvo del compuesto y una base en polvo
apropiada tal como lactosa o almidén.

Los compuestos también se pueden formular para administraci6n parenteral, ¢j.,
mediante inyeccién de bolo o infusién continua. Formulaciones para inyeccién se
pueden presentar en forma de dosificacién unitaria, ej., en ampollas o en contenedores
de miiltiple dosis. Composiciones ltiles incluyen, sin limitacién, suspensiones,
soluciones o emulsiones en vehiculos aceitosos o acuosos, y pucden contener
aditamentos talcs como agentes de suspensidn, estabilizacién y/o dispersion. Las
composiciones farmacéuticas para administracién parenteral incluyen soluciones
acuosas de una forma soluble en agua, tal como, sin limitacion, una sal, del compuesto
activo. Adicionalmente, las suspensiones de los compuestos activos se pueden preparar
en un vehiculo lipofilico. Vehiculos lipofilicos apropiados incluyen aceites grados tales
como aceite de cacahuate, ésteres de dcidos grados sintéticos tales como oleato de etilo
y triglicéridos, o materialcs tales como liposomas. Las suspensiones de inyeccitn
acuosa pueden contener subsiancias que aumentan la viscosidad de la suspensién, tal
como carboximetilcelulosa sddica, sorbital o dextran. Opcionalmente, la suspensién
también puede contener estabilizantes apropiados y/o agentes que aumentan la
solubilidad de los compuestos para permitir la preparacién de las soluciones altamente
concentradas, Altemativamente, el ingrediente activo también puede estar en forma de
polvo para constitucién con un vehiculo epropiado, ej., agua esteril libre de pirogenos,
antes de utilizar.

Los compuestos también se pueden formular en las composiciones rectales tales
como supositorios 0 enemas de retencién, utilizando, ej., bases supositorias
convencionales tales como manteca de cacao u otros glicéridos.

Ademads de las formulaciones descritas anteriormente, los compuestos también
pueden ser formulados como preparacioncs depot. Tales formulaciones de accién .
prolongada se pueden administrar mediante implante (por ¢jemplo, subcutineamente o
intramuscularmente) o mediante inyeccién intramuscular. Un compuesto de este invento
se puede formular para esta ruta de administracién con materiales poliméricos o
hidrofébicos apropiados (por ejemplo, en una emulsién con un aceite
farmacolégicamente aceptablc), con resinas de intercambio idnico, o con un derivado
apcnas soluble tal como, sin limitaci6n, una sal apenas soluble.

Se pueden utilizar otros sistcmas de liberacién para compuestos farmacéuticos
relativamente hidrofdbicos. Los liposomas y emulsiones son ejemplos bien conocidos
de portadores o vehiculos de liberacién para firmacos hidrofdbicos. Ademés, se pueden
utilizar solventes orgfinicos tales como dimetilsulféxido, aunque a menudo con riesgo
de mayor toxicidad.

Adicionalmente, los compuestos se pueden liberar utilizando un sistema de
liberacién sostenida, tales como matrices semi-permeables de polimeros hidrofébicos
que contienen el agente terapéutico. Se han establecido varios materiales de liberacién
sostenida y son bien conocidos por aquellos con habilidad en el estado de la técnica. Las
céipsulas de liberacién sostenida pueden dependiendo de su naturaleza quimica, liberar
los compuestos durante pocas semanas hasta 100 dfas. Dependiendo de la naturaleza
quimica y la estabilidad bioldgica del compuesto particular, sc pueden emplear
estrategias similares de estabilizacidn.

Las composicioncs farmacéuticas Gtiles en la presente también pueden
comprender vehiculos o excipientes de fase s6lida o en gel. Ejemplos de tales vehiculos
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o excipientes incluyen, pero no estin limitados a, carbonato de caicicf, fosfato de calcio,
varios azucares, almidones, derivados de celulosa, gelatina y polimeros tales como
glicoles de polietileno.

Dosificacién

Une cantidad terapéuticamente efectiva sc refiere a una cantidad efectiva de un
compucsto para prevenir, eliviar, o mejorar los sintomas de una infeccion microbiana.
La determinacién de una cantidad terapéuticamente efectiva es una habilidad general
para aquellos capacitados en el arte, especialmente a Ia Juz de la divulgacion en la
presente.

Para cualquier compuesto usado en los métodos del invento, la cantidad
terapéuticamente efectiva puede ser estimada de manera inicial a partir ensayos de
cultivos celulares. Luego, la dosificacién puede ser formulada para usarse cn modelos
animales para asf lograr un rango de concentracién en circulacién que incluya el MIC
tal como sc determina en cultivos celularcs. Tal informacién puede luego ser usada
para determinar de manera més precisa las dosificacioncs iitiles en los pacientes.

La toxicidad y la eficacia tcrapéutica de los compuestos descritos en la presente
pucden ser determinados mediante procedimientos farmacéuticos estdndares en cultivos
celulares o en animales experimentales. Por ejemplo, el MIC y el LDsg para un
compueslo en particular pueden scr determinado mediante métodos bastante conocidos
en el arte. Los datos obtcnidos pueden ser usados para formular un rango de
dosificaciones dtiles en los pacientes. Por supuesto que la dosificacién puede variar
dependiendo de 1a forma de dosificacién y la via de administracion. La formulacién
exacta, la via de administracién y la dosificacién puede ser escogidn por el médico
particular conocicndo la condicién particular del paciente. (ver, Fingl, et al., 1975, “The
Pharmacological Basis of Therapuctics”, capitulo 1, pagina 1). En generul, sin
cmbargo, el rango de dosificacién preferido en la presente para administracién sistémica
de un compuesto dc este invento oscilard entre 1 y 100 mg/kg aproximadamente. El
rango de dosificacién preferido en la presente para uso tdpico gencralmente oscilard
entre 0.1 mg y | g aproximadamente,

La cantidad ¢ intervalo de dosificacion puede ser ajustado de manera individual
para proporcionar niveles de plasma del compucsto que sean suficientes para mantener
una concentracién igual.al MIC o cualquier otro nivel deseado. Tales niveles de plasma
usualmente se conocen como concentraciones efectivas mfnimas (MECs). El MEC
variard para cada compuesto puede estimarse a partir de dalos in vitro, como por
ejemplo, la concentracién necesaria para lograr un 80%+ de inhibicién de un microbio,
podria averiguarsc usando los ensayos descritos en la presente. Las dosificaciones
nccesarias para lograr la MEC dependerd de caracteristicas particulares y la via de
administracién. Los ensayos de HPLC o bioensayos pueden usarse para determinar las
concentraciones de plasma.

Los intervalos de dosificacién también pueden determinarse usando el valor
MEC. Los compuestos deben ser administrados usando un régimen que mantenga los
niveles de plasma por encima del MEC entre 10 y 90% del tiempo, preferiblemente
entre 30 y 90% y de manera més preferida entre 50 y 90%.

Para los casos de una administracién local o reabsorcion sclectiva, la
concentracién local efectiva del finnaco no podré relacionarse con la concentracidn de
plasma y otros procedimientos conocidos en el arte pueden ser empleados para
determinar el monto de dosis correcta y el intervalo. )
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La cantidad de una composicién administrada por supuesto que serd dependiente
del paciente a tratar, la severided de la infecci6n, la manera de administracién, el juicio
del médico que receta, etc.

Empaques

Las composiciones pueden, si se desea, ser presentadas en un empaque {(pack) o
dispositivo dispensador, tal como un kit aprobado por 1a FDA, el cual puede contener
uno o més formas de dosificacién unitarias que contengan el ingrediente activo. El
empaque puede, por ejemplo, comprender ldmina metdlica o pldstica, como lo es un
blister pack. El empaque o dispositivo dispensador puede estar acompafiado por
instrucciones para su administracién. El empaque o dispensador también puede estar
acompafiado por una nota asociada con el recipients en una forma dada por un ente
gubernamental regulando la manufacture, uso o venta de farmacéuticos; la nota refleja
la aprobacién de la forma de las composiciones por parte de la agencia o para su
administracion human o veterinaria. Tal notificacidn, por ¢jemplo, puede ser del tipo de
rotulacidn aprobada por la FDA de los EEUU para fiirmacos de venta bajo receta
médica o de un inserto de producto aprobado. Las composiciones que comprenden un
compuesto del invento formulado cn un vehiculo farmacéutico compatible también
pueden prepararse, colocarse en un recipiente apropiado, y rotularse para un tratamiento
de una condicion indicada.

Ejemplos

Los siguientes ejemplos son proporcionados para ilustrar ciertas realizaciones de
este invento y no pretenden, ni deben considerarse como limite del alcance de ninguna
mancra.

Los matcriales iniciales fueron obtenidos de¢ proveedores comcrciales y usados
sin ninguna purificacién adicional a menos que se indique lo contrario. Los
proveedores quimicos incluyen Aldrich, Fluka y Lancaster. El Pd(PPhs)4 fue obtenido
de Lancaster o Strem e inmediatamente transferido a frascos lavados con Nj (entre 10 y
100 mg cada uno) en una bolsa tipo guante de Na. Los frascos fueron envueltos en
ldmina de aluminio y almacenados cn bolsas de cierre hermético lavados con Nz a
-20°C. El PdCly(dppf) fue obtenido de Aldrich y utilizado desde la botella. Los
solventes de grado reactivo estdndares, los cuales no necesariamente cran anhidros,
fueron usados. Los solventes anhidros fueron comprados de proveedores quimicos y
utilizados tal cual.

Los espectros 'H NMR fueron registrados en un espectrémetro Varian FT-NMR
de 300 MHz y se reportan en el formato “desplazamiento quimico (multiplicidad,
intcgracién, constante de acople).” Las constantes de acople estdn reportadas en Hz.
Los espectros de masa fueron obtenidos en un espectrémetro de masa de cuadrupolo
sencillo Micromass Platform Il equipado con ionizacién por electroespray. (ESI)

Los siguientes tres métodos de acoplamicnto cruzado Suzuki fueron usados:
Métado A: ¢l 4cido arilborénico (0.167 mmol) y el arilbromuro (0.334 mmol) fueron
combinados en una mezcla de Na;CO, atuoso (3 mL de una solucién (peso/peso) al
10%) y THF (5 mL). La mezcla fue purgada brevemente con Na. Se afladié Pd(PPhs)s
(10 mol%, 0.0167 mmol),la mezcla fue purgada con Ny, y luego sometida a reflujo por
16 horas. La mezcla de reaccion fue diluida con etilacetato (EtOAc), lavada con
solucién de salmucra saturada, secada sobre Na;SO4 anhidro y concentrada. El residuo
luego fue purificado mediante cromatografia.

Método B: el &cido arilborénico (0.301 mmol), el arilbromuro (0.602 mmol) y Cs;CO;
(0.903 mmol) fueron combinados en THF (2.0 mL), DMF (2.0 mL), y H;O (0.5 mL) a
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temperatura ambicnte. La mezcla fue purgada con N; por 5 minutos y se afadié
complejo de [1,1'-bis(difenilfosfinc)ferroceno]dicloropaladio(Il) y diclorometano
(0.0301 mmol). La mezcla fue purgada con Nz por cinco minutos y luego agitada a
55°C por 16 horas. La mezcla fue concentrada bajo vacio, diluida con EtOAc y lavada
con salmuera. El EtOAc fue secado sobre NaSO4 anhidro y concentrado. El residuo
fue purificado mediante cromatografia,

Método C: el 4cido arilbordnico (0.934 mmol), cl arilbromuro (2.34 mmol) y Cs2CO,
(2.80 mmol) fueron suspendidos en una mezcla de tolueno (4 mL), n-butanol (4 mL), y
H30 (2 mL). La mezcla fue purgada a temperatura ambiente con Nz y luego se afiadié
Pd(PPhs); (0.280 mmol). La mezcla fue purgada con Nz por otros cinco minutos
adicionales y luego calentada a 75°C. Después de 12 horas, la mezcia fue enfriada hasta
temperatura ambiente y concentrada bajo vacfo. El residuo fue dividido entre agua (75
mL) y EtOAc (75 mL). La capa de EtOAc fue lavada con salmuera (2 x 50mL), secada
sobre NaSQ, anhidro y concentrada al vacio. El residuo fue purificedo mediante
cromatografia.

Example 1: Compound 3
OH OH

OH
2
ON’ O HaN NHAC

1 2 3

In 80 mL of methanol was dissolved 8.13 g (32.0 mmol) of chloramphenicol
base as the N-acetate, prepared by literature methods (Rebstock, M. C., et al.,
supra, Crooks H. M. ef al., supra; Evans, D. D.; Morris, D. S. ef al., supra). After
purging with N2, Pd/C was added and the mixture was stirred under Hx(1 atm) for 16
hours. The Pd/C was then removed by filtration through Celite. The solution was
concentrated under vacuum and the residue purified by silica gel chromatography,
eluting with 15% MeOH In CH,Cl; to give 3 (7.13 g, 31.7 mmol). '"H NMR (300 MHz,
CD,OD): 5 1.92 (s, 3H), 3.40 (dd, 1H, J= 11.1, 6.0), 3.61 (dd, 1H, J= 11.1,5.7),
4,01 (m, 1H), 4.73(d, 1H, J=5.4), 6.69 (d, 2H, J = 84),7.11(d, 2H, J=184),

Example 2: Compound 4
CH OH
/@’J\K\OH e /©/k{\0H
HaN NHAc Br _NHAc
3 4

An aqueous solution of NaNO2 (1.27 g, 18.5 mmol, 50 mL Hz0) was added
dropwise to a solution of 3 (3.76 g, 16.8 mmol) in 35 mL of 48% aqueous HBr at 0
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°C. After addition was completed, the mixture was stirred for 30 min at 0 °C. The
mixture was then added dropwise to a solution of CuBr (2.65 g, 18.45 mmol) in 15
mL 48% aqueous HBr. The mixture was warmed to room temperalture and stirred for
an additional 16 hours. The reaction mixture was neutralized with 3 M aqueous
NaOH, fittered through a pad of Celite, and extracted with EtOAc (3 x 100 mL). The
comblined organic fractions were dried over anhydrous Na;SO, and concentrated
under vacuum to give 1.2 g (4.17 mmol) of crude product that was used without
further purification. *H NMR {300 MHz, CDyOD): 5 1.87 (s, 3H), 3.48 (dd, 1H, J=
11.0, 5.9), 3.69 {dd, 1H, J= 11.0, 6.5), 4.01 (m, 1H), 4.91 (d, 1H, J = 3.6), 7.30 (d,
2H, J=8.3),745(d, 2H, J = 8.3).

Example 3: Compound 6

- -
OH ©
0 H QH ©
O | O | 2 N
B~ KOH, E1OH " @ B oy N
is [}
L Bbr -

4-Bromobenzaldehyde (100 g, 0.540 mol) was dissolved In ethanol (EtOH) in
a 2 L round-bottom flask. With rapid stirring, glycine (0.5 molar equivalents, 20.3 g,
0.270 mol) and then, in one portion, KOH (30.3 g, 0.540 mol) were added. Itis
essential to add the KOH all at once. Thus, an ice bath should be used when
performing the reaction on a larger scale to control the exotherm. After addition of
the KOH, the turbid suspension became yellow and homogeneous. After about 15
minutes, a thick white precipitate began to form. The mixture was stirred for 12
hours at room temperature under N2. Enough 2 N aqueous HCl was added (~400
mL) to make the solution red to pH paper. The mixture was then stirred at
approximately 60 °C until it again become a homogeneous yellow solution. The
EtOH was removed under vacuum to glve an aqueous suspension of white
precipitate. The precipitate was filtered and the remaining aqueous solution washed
three times with EtOAc. The aqueous solution was then basified to about pH 9 with
concentrated aqueous NHj3 and excess ammonia was removed under vacuum. As
the NH3 was removed, the product, 6, began to precipitate. Evaporation continued to
one-quarter the volume of solution where precipitation was first observed. The
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product was then collected on a vacuum filter and dried under vacuum to a constant
weight (51.3 g). if NMR Indicates the presence of the undesired trans stereoisomer,
it can be removed by recrystallization from H>O/ EtOH). 'H NMR (300 MHz,
CngD): 53.64 (d, 1H, J = 3.6). 5.25 (d, 1H, J=3.6), 7.41 (d, 2H, /= 8.4),7.53 (d,
2H, J=8.4).

Example 4: Compound 7
OH O

OH O
OH 10% aq. Na,CO4 (viwt) OH
- By NHBoc

Br 1) NH, 1,4-dloxane, Boc,0 1)
6 T

Compound 6 (32.60 g, 12.53 mmol) was dissolved in 10% aqueous K2COs3
(10% wiv; 500 mL). Di-teri-buty! dicarbonate (34.2 g, 157 mmol) was dissolved in
1,4-dloxane (500 mL) and added to the aqueous solution, after which the mixture
was stirred at room temperature for 72 hours. The mixture was concentrated under
vacuum and taken up in 100 mL 1 N aqueous NaOH and washed with Et,0 (2 x 100
mlL). The aqueous layer was acidifled with 1 N aqueous HCI and the product
extracted into EtOAc (3 x 200 mL). The combined EtOAc extracts were dried over
anhydrous NazS0,, fliltered, and concentrated under vacuum. The product (26.7 g,
74.0 mmol) was isolated and used without further purification. 'H NMR (300 MHz,
CD30D): 6 1.32 (s, 9H), 4.37 (d, 1H, J=2.7),5.23 (d, 1H, J= 2.7), 7.32 (d, 2H, 8.4),
7.46 (d, 2H, J=84).

Example 5: Compound 8
OH O OH

OH OH

Br NHBoc Br NHBoc

(+) (+-)
7 8

Compound 7 (5.29 g, 14.7 mmol) and N-hydroxysuccinimide (1.69 g, 14.7
mol) were dissolved in EtOAc (200 mL) and the mixture cooled to 0 °C. N,N-
dicyclohexyl- carbodiimide (3.04 g, 14.7 mmol) was added and the mixture silrred for
30 minutes, warmed to room temperature and stirred for 30 additional minutes. It
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was then cooled to 0 °C and filtered to ramove the precipitated N,N'-dicyclohexylurea
byproduct. The filtrate was concentrated under vacuum and the residue dissolved in
THF (100 mL). The solution was cooled to 0 °C, NaBH, (5.6 g, 150 mmol) added,
and the mixture stired for two minutes. Water was then added to the mixture
dropwise until bubbling ceased, then a volume of water equal to the volume of THF
was added over 30 minutes, after which the mixture was warmed to room
temperature and stirred for 5 hours. _The dioxane was removed under vacuum and
EtOAc (200 mL) was added, followed by gradual acidification of the aqueous layer
with 1 N aqueous HCl. The EtOAc layer was washed with brine and dried over
anhydrous Na2S0y. Flitration followed by concentralion under vacuum gave 4.31 g
(12.4 mmol) of 8, which was used without further purification, 'H NMR (300 MHz,
CDsOD): § 1.32 (s, 9H), 3.46-3.51 {m, 1H), 3.63-3.73 (m, 2H), 4.88 (br s, 1H), 7.29
(d, 2H, J=8.3), 7.45 (d, 2H, J=8.3).

Example 6: Compound 8 (from 4)
OH ™
OH
ar NHAC — > g NH,
4 9

Compound 4 (1.0 g, 3.5 mmol) was dissolved in 10% aqueous HzS04 (10%
viv, 15 mL total) and the solution refluxed for 10 h. The reaction mixture was
basified with 3 M aqueous NaOH and extracted with EtOAc (3 x 50 mL). The
combined EtOAc fractions were dried over anhydrous Na;SQ, and concentrated
under vacuum to give 710 mg (2.9 mmol) of 4, which was used without further
purification. 'H NMR (300 MHz, CD;OD): 5 2.80-2.90 (br m, 1H), 3.30-3.39 (br m,
1H), 3.40-3.50 (br m, 1H), 4.52-4.58 (m, 1H), 7.30 (d, 2H, J=8.1), 7.49(d, 2H, J =
8.1).

Example 7: Compound 9 (from 8)
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OH '
OH ———— NH OH
NHBoc Br 2
Br . (+-)
(':") (free base or TFA salt)
9

Compound 8 (4.31 g, 12.4 mmol) was dissolved in trifluoroacetic acid (TFA,
40 mL). The mixture was stirred for 3 hours at room temperature and concentrated
under vacuum. The TFA salt was patrtitioned between 50 mL of 2 N aqueous NaOH
and an equal volume of EtOAc. The layers were separated and the aqueous layer
was washed with EtOAc (50 mL). The combined EtOAc fractlons were washed with
brine, dried over anhydrous Na>S0, and concentrated under vacuum to give a waxy
salid (2.72 g, 11.1 mmol), which was used without further purification. 'H NMR (300
MHz, CDsOD): 5 2.83-2.90 (m, 1H), 3.30-3.35 (m, 1H), 3.46 (dd, 1H, J = 10.8, 4.8),
4.56 (d, 1H, J=6.6), 7.29 (d, 2H, J= 8.6), 7.49 (d, 2H, J=8.6).

Example 8: Compound 10

Br
(enantiopure or (+-)) (enantiopure or (+/-})
{frae base ar TFA salt) 10

9

Compound 9 (710 mg, 2.89 mmol), ethyl benzimidate hydrochloride (533 mg,
2.89 mmol) and triethylamine (EtsN, 0.40 mL, 2.89 mmol) were combined in 25 mL
1,2-dichloroethane. The mixture was refluxed with stirring under Nz for 16 hours at
which time TLC indicated one major product. After cooling to room temperature, the
mixture was diluted with EtOAc, washed twice with saturated aqueous NH,Cl, twice
with saturated aqueous NaHCO, and then dried over anhydrous NazS0O,. The
solution was flltered and the EtOAc removed under vacuum to give 885 mg (2.66
mmol) of 10, which was used without further purlfication. 'H NMF." (300 MHz,
CD;0D): 5 3.74-3.89 (m, 2H), 4.134.18 (m, 1H), 5.59 (d, 1H, J=6.6), 7.30 (d, 2H, J
= 8.4), 7.46-7.57 (m, 5H), 7.99-8.02 (m, 2H).
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Example 9: Compound 11

{enantiopure or (+/-}) {enantiopure or (+/-))
10 1

Compound 10 (885 mg, 2.66 mmol) was suspended in CHzCl2 (15 mL) and
cooled to -78 °C. Diethylaminosulfur trifluoride (DAST, 0.53 mL., 4.00 mmol) was
added by syringe, the mixture warmed over 1 hour to room temperature and then
stirred for 16 hours under N2. Excess DAST was quenched by slow addition of H;0
after which the mixture was diluted with additional CH>Clz. The organic layer was
washed with H;O and saturated aqueous NaHCOj, dried over anhydrous Na2SQ04
and concentrated under vacuum. The resldue (950 mg) was chromatographed on
silica gel, eluting with 15:85 EtOAc/hexanes fo give 11 as an oil (420 mg, 1.25
mmol). 'H NMR (300 MHz, CDCl,): & 4.23-4.35 (m, 1H), 4.454.75 (m, 2H), 5.43 (d,
1H, J=6.9), 7.17(d, 2H, 8.3), 7.36-7.47 (m, 5H), 7.96 (d, 2H, J = 8.3).

Example 10: Compound 12

O- \: O \E
__.—.b-
Br F (HO),B F

{enantiopure or (+/-)) (enantiopure or (+/-))
LA | 12

Compound 11 (807 mg, 2.41 mmol, enantiopure from chloramphenicol or
racemic from (+/-)-threo-p-bromophenyiserine), was dissolved in anhydrous THF (10
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mL) in a flame-dried round bottom flask and cooled to =78 °C. n-BuLl (1.6 M in
hexanes, 3.02 mL, 4.83 mmol) was added with vigorous stitring. After 10 minutes,
trimethyl borate (0.55 mL, 4.83 mmol) was added, the mixture warmed to room
temperature over 1 hour and then stired for 6 hours. The mixture was quenched
with 1 N aqueous HC! and extracted three times with EtOAc. The combined EtOAc
fractions were washed three times with brine and dried over anhydrous Na;SO;.

The EtOAc was removed under vacuum to give 805 mg of material, which was
purified by flash column chromatography, efuting inifially with 1:1 hexanes/EtOAc to
remove impurities followed by elution with 1:9 MeOH/CH,Cl2 to obtain the product as
an oil (285 mg, 0.953 mmol). 'H NMR (300 MHz, CD3OD): 5 4.29-4.39 (m, 1H), 4.69
(dd, 2H, J= 47.1,4.2), 5.64 (d, 1H, J=6.6), 7.37 (d, 2H, J=8.1), 7.47-7.52 (m, 2H),
7.56-7.62 (m, 1H), 7.67 (d, 1H, J = 7.5) 7.74-7.82 (m, 1H), 8.01 (d, 2H, J=7.2). ).
LRMS (ESI") m/z: 298.0 (M-H' C4gH14BFNOQ;3 requires 298.1).

Example 14: Compound 13

OH O OH O
H 1) HCI, MeOH, A o’
NH 2) NaOH NH,
B e Br (+1)
6 13

Compound 6 (20.6 g, 0.079 mol) was suspended in 400 mL of anhydrous
MeOH. The mixture was stirmed rapidly and cocled in an ice bath to 0 °C.
Anhydrous HC| gas was slowly bubbled in. After 10 minutes, all solids had
dissolved. Acidification was continued for 10 minutes after the mixture became
homogeneous, at which point the MeOH turmed pH paper very red. The apparatus
was fitted with a drying tube and the reaction mixture was refluxed for 8 hours
followed by stiring at room temperature for 12 hours. The mixture was concentrated
under vacuum and then suspended in a mixture of 300 mL of EtOAC and 100 mL of
water. With rapid stirring, 3 N NaOH was added very slowly until the suspended
material dissolved. Addition of base was continued until a pH of 10 was attained.
The layers were separated and the EtOAc fraction was washed with brine (2x) and
dried over anhydrous Na,SQ,. Concentration under vacuum gave 13 as a white
powder (15.3 g), which was used without further purification. 'H NMR (300 MHz,
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CD5OD): 6 3.58 (d, 1H, J = 4.5), 3.66 (s, 3H), 4.92 (d, 1H, J=4.5), 7.29 (d, 2H, J =
8.3), 7.49 (d, 2H, J = 8.3).

Example 12: Compound 14
0
OH O
) oK
0 NH
NH; »
Br
(+-) Br 0% 0~
13 (+-)
14

1,1"-Carbonyldlimidazole (23.6 g, 0.146 mol) was dissolved In 250 mL of
anhydrous 1,2-dichloroethane at room temperature followed by addition of
triathylamine (EtsN, 12.2 g, 18.8 mL). In a separate flask, 13 (33.26 g, 0.121 mo!)
was dissolved in 125 mL of anhydrous tetrahydrofuran (THF) and an equivalent of
triethylamine. The THF solution was diluted with 125 mL of 1,2-dichloroethane and
then added, under Nz, over 2 hours to the 1,1'-carbonylidlimidazole solution. After
addition was complete, the mixture was stirred for 2 hours under N3 at room
temperature. The reaction mixture was concentrated under vacuum and the residue
diluted with 300 mL of EtOAc, which was washed with 5 x 200 mL of 2 N HC!, 3 x
300 ml. of saturated NaHCO3, and 2 x 200 mL of brine. The EtOAc layer was dried
over anhydrous Naz:S0,, filtered, and concentrated under vacuum to give 34.27 g of
14, 80-80% pure by '"H NMR. Compound 14 was used without further purification,
TH NMR(300 MHz, CD1OD): & 3.83 (s, 3H), 4.34 (d, 1H, J=5.0), 5.65 (d, 1H, J =
5.0), 7.36 (d, 2H, J=8.7), 7.60 {d, 2H, J = 8.7).

Example 13: Compound 15

)

0O
o

Br o~ Br™ ™y OH

15

o
+/-
(“)
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Compound 14 (55.3 g, 0.184 mmol) was dissolved In 375 mL MeOH. The
solution was cooled to 0 “C and NaBHs (2 equivalents, 13.9 g, 0.369 mol) was added
in portions, care being taken to not let the temperature exceed 20 °C. After the last
portion was added, cooling was ceased and the mixture stirred for 2 hours. Glacial
acetlc acid was added slowly until a pH of 7 was achieved. The mixture was filtered
through Celite and concentrated under vacuum. The residue was partitioned
between EtOAc (375 mL) and 2 N HCI (500 mL). The organic layer was washed
with 2 N HCI (2 x 300 mL), saturated aqueous NaHCOj; (2 x 250 mL) and brine (250
mL.), dried over anhydrous Na;SOyq, filtered and concentrated under vacuum. The
product was crystallized from hexanes/EtOAc to give 26.3 g of 15. 'H NMR(300
MHz, CD30D}: & 3.64-3.72 (m, 3H), 5.38 (d, 1H, J =5.1), 7.32 (d, 2H, J = 8.6), 7.57
(d, 2H, J = 8.6).

Example 14: Compound 16
. O

0
oA
JNH

NH o

Br OH

(+-)

15 (+4-)

16

Compound 15 (7.57 g, 0.0278 mol) was suspended in 275 mL of CH2Cla.
Under Nz and with rapid stirring, the biphasic mixture was cooled to —78 °C in a dry
ice/acetone bath. DAST (5.51 mL, 6.72 g, 0.0417 mol) was added dropwise by
syringe over 2-3 minutes. After 30 minutes the mixture was transferred to an ice
water bath and stirred for 30 minutes, during which time the solids dissolved.
Another 1 mL of DAST was added to ensure completion of the reaction. The mixture
was stirred for 20 minutes at 0 °C and then warmed to room temperature. The
mixture was stirred at room temperalure for 20 minutes and then cooled to 0 °C.
Excess DAST was quenched by dropwise addition of saturated aqueous NaHCOs
over 30 minutes with very rapid stirring. After bubbling ceased, the aqueous layer
was slightly basic (7 < pH < 9). The CH;Cl2 was diluted with enough EtOAc (~600
mL) to bring the organic layer to the top during aqueous extraction. The organic
layer was washed with saturated aqueous NaHCO3 (1 x 300 mL), 1 N HCI (2 x 200
mL), saturated aqueous NaHCOs (3 x 200 mL ) and brine {1 x 150 mL) and dried

55




over anhydrous NazSO,. After filtration, the mixture was concentrated under vacuum
to give 8.13 g of brown oil. 'H NMR(300 MHz, CD;OD): & 3.87-3.98 (dm, 1H, J = 20
(F-CHy)), 4.54 (dd, 2H, J = 46.7 (CHx-F), 4.2), 542 (d, 1H, J=5.1), 7.34 (d, 2H, J =
8.4), 7.59 (d. 2H, J=8.4).

Example 15: Compound 17

o) o
O).SNH — > @j{g\(o
o
Br F Br K
18 7

¢ ) °F

Compound 16 (8.13 g or 0.0297) was dissolved in 200 mL of CHaCN. BoczO
(9.71 g, 1.5 equivalents, 0.0445 mol) and DMAP (362 mg, 0.00297 mol, 0.1
equivalent) were then added. The mixture was stirred for 2 hours at room
temperature under Nz. Concentration of the mixture under vacuum was followed by
partitioning between 200 mL of EtOAc and 200 mL. of 1 N HCI. The EtOAc layer was
washed with 2 N HCI (3 x 100 mL), saturated aqueous NaHCOs (2 x 100 mL) and
brine. The EtOAc layer was filtered, dried over anhydrous Na;SO4 and concentrated
under vacuum. The residue was recrystallized twice from hexanes/EtOAc. 'H NMR
(300 MHz, CDsOD); § 1.53 (s, SH), 4.29-4.40 (dm, 1H, J = 24.6), 4.63-4.98 (m, 2H}),
5.53 (d, 1H, J=4.2), 7.34 (d, 2H, /= 8.4), 7.61, (d. 2H, J= 8 .4).

Example 16: Compound 18
OH

o
o’(o F

/©/I\L\N\(z —_— Br HN \(O
O
Br (+ F K O\|<

(+1-)
17 18
Compound 17 (0.050 g, 06.134 mmol) was suspended in 5 mL of CHJOH.
Cs2C03 (8.7 mg, 20 mol%, 0.0267 mmol) was added with rapid stirring at room
temperature. The solids dissalved in about 10 minutes after which stirring was
continued for 10 minutes, at which time TLC (3:1 hexanes/EtOAc) indicated that the

56



reaction was complete. The reaction mixture was concentrated under vacuum and
the residue partitioned between 20 mL of EtOAc and 10 mL of HzO. The Hz20 layer
was acidified slightly with 1N aqueous HCI, the mixture vigorously shaken and the
layers separated. The EtOAc layer was washed with saturated aqueous NaHCO; (1
x 20 mL) and brine (1 x 20 mL). The EtOAc was drled over anhydrous Na:SO; and
concentrated under vacuum to give 43.4 mg (0,124 mmol) of 18 as a white foam. 'H
NMR (300 MHz, CD;0D): 6 1.33 (s, GH), 3.90-4.57 (m, 4H), 7.29 (d, 2H, J = 8.1),
7.46 (d. 2H, J=8.1)

Example 17: Compound 22

oH o
B HN 0 HN.__O
r o Y Br I
e
18 o\|< GO F

Compound 18 (0.740 g, 2.13 mmol) was stirred in 10 mL TFA/H20 (9/1, viv) at
room temperature for one hour. The mixture was concentrated under vacuum and
partitioned between 30 mL of EtOAc and 30 mL of 1N aqueous NaOH. The mixture
was shaken vigorously and the layers allowed to separate. The organic layer was
washed with brine (2 x), dried over anhydrous Na>SO, and concentrated under
vacuum to give 0.484 g (1.95 mmol, 92%) of product, which was dissolved in 20 mL
of CH2Clz. To this was added 1 mL of EtsN and 1 mL of difluoroacetyl chioride,
prepared according to literature procedure (Yu, K.-L., et al., J. Med. Chem., 1996,

39, 2411-2421.). After 1 hour, the mixture was concentrated under vacuum. The
residue was placed in 10 mL of a 1:8:1 (v/vlv) solution of EtN/MeOH/Hz0 and stirred
for one hour at room temperature to cleave any difluoroacetyl groups on the benzylic
oxygen. The mixture was then concentrated under vacuum, and partitioned between
EtOAc (50 mL) and 1 N HCI (50 ml). The EtOAc layer was washed twice with 20 mL
of 1 N HCl, twice with 20 mL. saturated aqueous NaHCOQ; and twice with 20 mL

brine. The EtOAc was then dried over anhydrous Na;SO,, filtered, and concentrated
under vacuum, Compound 22 (584 mg, 1.79 mmol) was used without further
purification. TH NMR (300 MH2, CD;0D): §4.25-4.67 (m, 3H), 4.90 (d, 1H, 4 = 3.9),
5.98 (t, 1H, J =53.9), 7.30 (d. 2H, J = 8.6), 7.48 (d, 2H, J = 8.8).
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Example 18: Compound 19

OH ’\(
o 0
Br ,m/\;; — D)\L‘N "g
+) O Br (+-) F
18 \]< 19
Compound 18 {1.03 g, 2.94 mmol) was dissolved In CH,Cl> (30 mL) in a 50
mL round-bottom flask. 2-Methoxypropene (339 pL, 3.54 mmol) was added by
syriﬁge. followed by a single crystal of p-toluenesutfonic acid (p-TsOH) hydrate.
After about 1 minute, the mixture tumed yellow. TLC (4:1 hexanes/EtOAc) showed
some 18 to still be present. An additlonal 5 drops of 2-methoxypropene were added
followed two minutes [ater by another 5 drops, a which time TLC indicated the
reaction was complete. The CH2Cl; was removed under vacuumn and the residue
partitioned between EtOAc (75 mL.) and saturated aqueous NaHCO3 (50 mL). The
EtOAc layer was washed twice with 50 mL NaHCO; and twice with brine. The
EtOAc layer was dried over anhydrous Na;S0;, filtered and evaporated to give a
yellow oil (1.08 g, 2.78 mmol) that solidified to a waxy solid, which was used without
further purification. 'H NMR (300 MHz, CD50D): 5 1.49 (s, 9H), 1.55 (s, 3H), 1.67 (s,
3H), 3.70-3.85 (m, 1H), 4.34-4.53 (m, 2H), 5.08, (d. 1H, J=7.5),7.37{(d, 2H, J=
8.6), 7.54 (d, 2H, J = 8.6).

Example 19: Compound 23

X . X
O 0.
Br (+/y F \é (HO),B (++) F \g

19 23
Compound 19 (309 mg, 0.796 mmol) was placed in an oven-dried 50 mL
round-bottom flask equipped with a magnetic stir bar. The flask was Immediately
capped with a rubber septum and flushed with dry N2. Anhydrous THF (15 mL) was
added by syringe and a long cannula was used to flush the solvent with N2 for 10
minutes. The mixture was then cooled to —78 °C.. With vigorous stirring, n-Bull (850
pulL, 0.895 mmol) was added dropwise by syringe over 3 n:inutes to give a clear
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orange solution. After 20 minutes, B(OMe)s (158 pL, 1.39 mmol), which had been
stored over 4A activated molecular sieves for at least 48 hours, was added dropwise
over one minute using an oven-dried, gas-tight syringe. The mixture was warmed to
room temperature and stimed under Nz for 16 hours. Approximately 20 mL of
saturated aqueous NH,Cl was added with vigorous stiring, which resulted in a white
precipitate dispersed in the two liquid phases. The mixture was stirred for an
additional 90 minutes and then diluted with EtOAc and H20 until all the precipitate
dissolved. The organic layer was separated, washed with brine and dried over
anhydrous Na;SQ,. After filtration, the EtOAc was removed under vacuum to give
328 mg of yellow oil. The product was purified by silica gel chromatography to give
23 (163 mg). 'H NMR (300 MHz, CD,0D): & 1.49 (s, 9H), 1.56 (s, 3H), 1.67 (s, 3H),
3.74-3.88 (m, 1H), 4.33-1.52 (m, 2H), 5.10 (d, 1H, J= 7.5}, 7.43 (d, 2H, J=8.1), 7.64
(d, 2H, J=8.1). LRMS (ESI') m/z: 352.2 (M-H" C47H2sBFNOs requires 352.7).

Example 20: Compound 28

This Is an example of Suzuki coupling method A. Compound 41 (47 mg, 0.14
mmol) and pyridine-3-boronic acid (21 mg, 0.17 mmol) were dissolved in 5.0 mL of
THF. Pd{PPhs)s (11 mg, 0.0098 mmol) and 3.0 mL of 10% (w/v) aqueous Na>COs
wera added. The reaction mixture was refluxed for 16 hours, cooled, diluted with
EtOAc and washed twice with 10% (w/v) aqueous NazCQOj and twice with brine. The
EtOAc layer was then dried over anhydrous Na,SO,, filtered, and concentrated
under vacuum. Sillca gel chromatography {eluting with 1:1 hexanes/EtOAc) gave 47
my (0.14 mmol) of 26. Intermediate 26 was heated to 105 °C In a sealed tube with
6M aqueous HCI and held at that temperature for 16'hours. The mixture was cooled
to room temperature and basified to pH 10 with 3 N NaOH. The product was
extracted into EtOAc, which was dried over Na>SO,, filtered, and concentrated under
vacuum to give 42 mg of the deprotected free amine, contaminated with the
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expeacted benzolc acid-related by-product arising from cleavage of the protecting
group. The crude residue was dichloroacetylated as in the synthesis of 29. Silica
gel chromatography, eluting with 7.5% MeOH in CH:Cl,, gave 10 mg of product. 'H
NMR (300 MHz, CD,OD): & 4.31-4.74 (m, 3H), 5.02 (d, 1H, J = 3.6), 6.27 (s, 1H),
7.49-7.58 (m, 3H), 7.64 (d, 2H, J = 8.4), 8.09 (ddd, 1H, J= 8.0, 2.3, 1.5), 8.50 (brd,
1H, J = 3.9), 8.78 (br s, 1H). LRMS (ESI') m/z 358.9 (calc. for M+H":
C1eH1sCLFN202 357.0).

Example 21: Compound 27

0\ 0™

(HOLB F 7N F
(:;-) M= (+-)
27

Boronic acid 12 (43 mg, 0.144 mmol), imldazole (15 mg, 0.215 mmol) and 4A
powdered molecular sleves (110 mg) were combined in CH.Cl> (4.0 mL) and
pyridine (23 pl). With rapid stiring, Cu{OAc)2 (26 mg, 0.144 mmol) was added and
the mixture stimed, exposed to air, for 40 hours at room temperature. The mixture
was quenched with 3 mL of 2 M NH3 in MeOH. The mixture was flltered through
Celite and concentrated under vacuum. The product was purified by flash column
chromatography (19:1 CH2Cl/MeOH). Although 'H NMR indicated that a significant
side-product had eluted with the desired product, the mixture was used without
further purification. LRMS (ESI") m/z: 321.9 (calc. for M+H" CigH17FN30 322.1).

Example 22: Compound 29

OH
o2\ m F
M=l I
~N F wy OO
==l ) 29
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Compound 27 (27 mg, 0.084 mmol) was heated with 6 N HCI (3.0 mL) to 100
°C in a sealed tube and held for 16 hours. The mixture was cooled to room
temperature, basified with 3 N aqueous NaOH and extracted three times with EtOAc.
The combined EtOAc fractions were dried over anhydrous Na;SOy, filtered, and
concentrated under vacuum to give 9 mg of residue. LRMS (ESI") m/z: 236.1 (Calc.
for M+H" Cy2H15FN3O 238.1).

The residue was refluxed in MeOH (5.0 mL) containing EtsN (26 pL 0.189 _
mmol) and methyl dichloroacetate (13 pL, 0.126 mmol) for 3 hours. The mixture was
concentrated under vacuum and purified by silica ge! chromatography (7.5% MeOH
in CH2Cl2) to give 29 (6.0 mg, 0.017 mmol). 'H NMR (300 MHz, CD3OD): 5 4.33-
4.75 (m, 3H), 5.03 {(d, 1H, J=3.3), 6.26 (s, 1H), 7.13 (s, 1H), 7.51-7.58 (m, 5H), 8.10
(s, 1H). LRMS (ESI") m/z: 345.8 (calc. for M+H" Cy4H1sCl2FN3O2 346.0).

Example 23: Compound 34
0 0
OH O o*( of(
o~ — NH — NH
NH, .
NC 4 NC OH
(+) NC™ 0 © (+)
a2 i3

Compound 32 was prepared by the procedure of Pines, et al., supra. Ina
250-mL round-bottom flagsk was placed 1,1’-carbonyldiimidazole {CDI, 5.06 g, 31.2
mmol) and EtsN {2.17 mL, 15.6 mmol) in 1,2-dichloroethane (50 mL). Compound 32
(4.00 g, 15.6 mmol) was added to a beaker containing 1,2-dichloroethane (50 mL.).
EtsN (4.34 mL, 31.2 mmol) was added to the beaker upon which a thick suspension
formed. Additional 1,2-dichloroethane (20 mL) and THF (50 ij were added to thin
the suspension. The mixture was added portion-wise to the CDI suspension over 30
min. The mixture, which became mostly homogenous and tumed yellow was stirmed
for 12 hours. The solvent was removed undsr vacuum and the residue was
partitioned between 2 N aqueous HC] and EtOAc. The EtOAc layer was washed
with 2 N HCI (2 x 45 mL), saturated aqueous NaHCO; (2 x 30 mL) and brine. it was
dried over anhydrous NazSQ,, filtered, and evaporated to give 3.27 g of 33 as a fluffy
yellow solid, which was used withaut further purification.
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Compound 33 (1.00 g, 4.06 mmol) was dissolved in MeOH (50 mL) and
cooled to 0 °C in an Ice bath. Over 5§ minutes, NaBH, (308 mg, 8.13 mmol) was
added portion-wise. After bubbling ceased, TLC (5% MeOH in CH2Cl.) Indicated
that starting material remained so 100 mg additional NaBH, was added. After
bubbling ceased, the mixture was quenched with glacial HOAc until a pH of
approximately 7 was achieved. The mixiure was concentrated under vacuum and
partitioned between EtOAc and 1 N HCI. The EtOAc layer was washed with
saturated aqueous NaHCO, (2 x 40 mL) and brine (40 mL) and dried over anhydrous '
Na»S04. The product was Isolated by silica gel chromatography (2% to 3% to 4%
to10% MeOH in CH2Cl2) to give 128 mg of 34 as an oll. Additional product was
obtained by evaporation of the aqueous layer followed by trituration with hot EtOAc
(153 mg, 281 mg total). 'H NMR (300 MHz, CD3OD): 5 3.69 (br s, 3H), 5.50 (br s,
1H), 7.58 (d, 2H, J =7.8), 7.78 (d, 2H, J = 7.8).

Example 24: Compound 35

o] 0
0‘( oJ(
NC ) OH NG () F
M- 35

Fluorination was performed using DAST as in the synthesis of compound 11.
H NMR (300 MHz, CD3OD): 5 3.89-3.97 (m, 1H), 4.49-4.66 (m, 2 H), 5.55 (d, 1H, J
= 4.8), 7.59 (d, 2H, J=8.1), 7.80 (d, 2H, J=8.4).

Example 25: Compound 38

OH OH O“‘\i
N
OH 1 OH w_, B
m 0 » NH, \H/@/ll
0 36 T OH

o) 37 o 38
Compound 36 (2.12 g), was prepared by the procedure of von Strandtmann,

supra. it was heated with 10% aqueous H2S0, to 100 °C in a sealed tube and held

for 4 hours. After cooling to room temperature, the mixture was basified with 1 M
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NaOH and extracted three times with n-butanol. The n-butanol fractions were
combined and dried over anhydrous Na2SO4. The solvent was evaporated to give
1.61 g of 37.

Compound 37 (1.61 g, 7.70 mmol) was dissolved in 1,2-dichloroethane (100
mL), along with ethyl benzimidate hydrochloride (1.42 g, 7.70 mmol), and EtaN (1.06
mL, 7.70 mmol). The mixture was refluxed for 12 hours, cooled to room temperature
and diluted with EtOAc. The solution was washed with saturated aqueous NH4CI (3
x) and saturated NaHCO; (1 x) and dried over anhydrous Na;SO,. The product
precipitated from the EtOAc on cooling and addition of several drops of hexanes to
glve 0.62 g of 38 (2.1 mmol). 'H NMR (300 MHz, CDsOD): 5 2.60 (s, 3H), 3.79 (dd,
1H, J=11.3, 5.9), 3.89 (dd, 1H, J= 11.3, 4.1), 4.14-4.20 (m, 1H), 5.70 (d, 1H, 6.3),
7.47-7.61 (m, 5H), 8.01-8.05 (m, 4H).

Example 26: Compound 39

Compound 38 (0.62 g, 2.1 mmol) was suspended in CH>Cl> (15 mL) and
cooled to -78 °C. DAST (0.42 mL, 3.1 mmol) was added by syringe and the solution
slirred overnight, during which time it was allowed to come to room temperature as
the cold bath warmed. The solvent was removed under vacuum and the product
isolated by silica gel chromatography (1:4 EtOAc/hexanes) to give 0.17 g of 39. 'H
NMR (300 MHz, CD>ODY): 5 2.80 (s, 3H), 4.30-4.40 (m, 1H), 4.63-4.67 (m, 1H), 4.79-
4.81 (m, 1H), 5.74 (d, 1H, 6.9), 7.48-7.63 (m, 5H), 8.01-8.07 (m, 4H).

Example 27: Compound 40
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OH
N F .
NH,
0 40

Compound 39 (0.17 g, 0.58 mmol) was suspended in 6 N aqueous HCI (5 mL)
in a sealed tube. The mixture was heated to 100 °C and held for 12 hours. After
cooling to room temperature, the mixture was basified with 3 N NaOH and the
product extracted into CH2Clz (3 x). The combined CHzCl fractions were dried over
anhydrous Na;SO,, filtered and concentrated to give 40 (0.113 g, 0.541 mmol). 'H
NMR (300 MHz, CD,0D): § 2.60 (s, 3H), 3.04-3.15 (m, 1H), 4.09-4.48 (m, 3H), 4.71
(d, 1H, J=6.0), 7.52 (d, 2H, /= 8.1), 7.90 (d, 2H, J = 8.1).

Example 28: Compound 41

OH
F
HN IO
° cl” a

Compound 40 was dichloroacetylated to give 41 in the same manner that 27
was converted to 29. 'H NMR (300 MHz, CDsOD): § 2.57 (s, 3H), 4.314.78 (m,
3H,), 5.03 (d, 1H, /= 3.3), 6.23 (s, 1H), 7.53 (d, 2H, J = 8.6), 7.95 (d, 2H, J = 8.6).

Example 29: Compound 43
o} O . o]
O’( 0‘( O%NH

o — m H m
HN N
NGy F O e F KU Ten

as Ro-N 42 o- 43
Compound 35 (100 mg, 0.454 mmol) was dissolved in 3 mL of EtOH and
transferred to a 25 mL round-bottom flask. Hydroxylamine hydrochloride (38 mg,
0.545 mmol) was added followed by EtsN (127 uL, 0.909 mmol). The mixture was
stirred at reflux for 3 hours, at which point TLC indicated complete consumption of
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starting material. The mixture was concentrated under vacuum to 232 mg of yellow
oil, which was used without further purification. A portion of the oil (115 mg) was
dissolved in 10 mL of triethylorthoformate. The mixture was stimed at 120 °C under
N2 for 2 hours and then at room temperature for 48 hours. TLC (10% MeOH in
CHCl2) a major new spot. The triethyl orthoformate was removed under vacuum
and the residue partitioned between EtOAc and 1 N aquaous NaOH. The organic
layer was washed with 1 N aqueous NaOH (2 x) and brine (2 x). The EtOAc layer
was dried over anhydrous Na;S0,, filtered, and evaporated, to give 84 mg of oil.
The product was purified by chromatotron (1 mm silica plats, 60:40 to 50:50 to 40:60
hexanes/EtOAc). Another purification by chromatotron (2% MeOH in CH2Cla) gave
43 (20 mg) as a white solid. 'H NMR (300 MHz, CDsODY: & 3.93-4.04 (m, 1H), 4.49-
4.67 (m, 2 H), 5.53 (d, 1H, J=5.1), 7.59 (d, 2H, J = 8.3), 8.17 {d, 2H, J = 8.3), 9.28
(s, 1H).

Example 30: Compound 45

L L F
AR A

Compound 43 (20 mg, 0.076 mmol) was dissolved In CH;CN (2 mL). Boc,0O
(25 mg, 0.114 mmol) was added followed by a single crystal of DMAP
(approximately 1 mg, 0.008 mmol). After 2 hours, TLC (1:1 hexanes/EtOAc)
indicated that the reaction was complete. The CH3CN was removed under vacuum
and the resulting white solid dissolved In EtOAc, which was washed with 1 N
aqueous HCI (2 x), followed by NaHCOs (2 x) then brine. The organic layer was
dried over anhydrous Na.SQy, filtered, and concentrated under vacuum to give 44 as
a white solid (28 mg).

Compound 44 {0.026 mg, 0.072 mmol) was dissolved in MeOH (2 mL) and
Cs2CO;5 (5 mg, 0.014 mmol) was added in a single portion. After 1 hour, TLC (1:1
hexanes/EtOAc) showed a single product. The solvent was removed under vacuum,
EtOAc added and the mixture stirred rapidly at room temperature. Then, H20 was
added, followed by 0.5 M HCI dropwise unitil all solids dissolved. The organic pﬁase
was washed with 0.5 N HCI, followed by saturated aqueous NaHCO; (2 x) and brine.
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The organic layer was then dried over anhydrous Na;SQq, filtered and concentrated
to give a ysllow oil, which was purified by chromatotron (1 mm silica plate, 4:1
hexanes/EtOAc to 1:1 hexanes/EtOAC) to glve 45 (13 mg, 0.039 mmol). 'H NMR
(300 MHz, CD;0D): 5 1.31 (s, 9H), 4.01-4.63 (m, 3 H), 4.94 (d, 1H, J=2.7), 7.55 (d,
2H, J=8.4), 8.05 (d, 2H, J=8.4), .24 (s, 1H).

Example 31: Compound 47
oM OH

OH
F — F —— F
<N W/Q};r\(o <N NH; N m\ o]

5 T o-N () I on I
45 40 ° a7 d

Cl

Compound 45 was dissolved in 2.5 mL of 9:1 TFA/H20 in a 10 mL flask. The
mixture was stimed at room temperature for 30 minutes, at which time TLC indicated
completion of the reaction. The mixture was concentrated under vacuum and
partitionad with rapld stirring between 1 N aqueous NaOH and EtOAc. The EtOAc
layer was washed with brine (1 x), dried over anhydrous NazSO,, filtered and
evaporated to give 11 mg of 46 as an oil .

To 6 mg (0.025 mmol) of 46 in a 10 mL round bottom flask was added MeOH
(2 mL), followed by EtaN (3.5 uL, 0.025 mmol) and methyl dichloroacetate (13.1 ulL,
0.025 mmol). The mixture was refluxed for 4 hours at which ime TLC indicated no
reaclion had occurred. An additional 26.2 pL of mathyl dichloroacetate was added
followed by 7 pl of EtsN. The mixture was refluxed for 20 hours after which TLC
indicated that the reaction was complete. The product was purified via chromatotron
(1mm silica gel plate, 99:1 CH;Cl2/MeOH) to give 5 mg 47. 'H NMR (300 MHz,
CD;0D): 54.32-4.72 (m, 3H), 5.03 (d, 1H, J=2.7), 6.25 (s, 1H), 7.56 (d, 2H, J =
8.3), 8.05 (d, 2H, J = 8.3), 9.24 (s, 1H). LRMS (ESI) m/z: 346.0 (M-H"
C1aH11Cl2FN30O3 requires 346.0).

Example 32: Compound 24

«Srar

N—N
24
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In & 200 mL round-bottom flask, 2-amino-1,3,4-thiadiazole {(1.00 g, 9.89
mmol) was added to 10 mL of 48% aqueous HBr. Water (10 mL) was added to give
a yellow solution In which most solids dissolved. The mixture was cooled fo 0 °C and
CuBr (142 mg, 0.989 mmol) was added to give an opaque brown salution with some
precipitata. NaNO, (682 mg, 9.89 mmol) was dissalved in 25 mL H20 and added
dropwisa over 45 minutes to the thladiazole mixture. The mixture became dark
green and opaque with the first drops of NaNO- solution. Slowly, the solution
became brownish yellow and brown gas evolved. The mixture was stimed for an
additional 10 minutes at 0 °C from the time gas evolution began. The mixture was
wamed to room temperature over 30 minutes. Saturated aqueous NaHCO; was
added dropwise until bubbling ceased and the pH was 8.5. To this was added 50-
mL of EtOAc and the biphasic mixture stirred rapidly. The mixture was filtered
through a pad of Celite to remove solids and then the layers were separated. The
organics ware washed with brine (2 x). The aqueous layer was extracted with EtOAc
and washed with brine (1 x). The combined organic layers were dried over Na;SO4.
The remaining aqueous material was extracted once more by vigorous stirring with
EtOAc (50 mL) for 12 hours. This EtOAc layer was washed with brine and combined
with the EtOAc that was already drying over Na>S0,. The solution was filtered and
evaporated under vacuum to glve 24 as a tan solid (1.22 g, 7.36 mmol), which was
used without further purification.

Example 33: Compound 25

o o
N . «srnr .‘\N_‘:-o
(HO);B’G/'\L o—é N;" T s O_é

() F £ F
23 \ . {+)-)
N-N 25

This Is an example of Suzuki coupling method B. Compound 23 (19 mg, '
0.0538 mmol) was dissolved In THF {1 mL), DMF (1 mL), and HzO (0.5 mL). The
mixture was stimed at room temperature unfil all material dissolved and then 2-
bromo-1,3,4-thladiazole {24, 5.0 mg, 0.027 mmol) was added. The solution was
purged with N2 for 5 minutes by means of a long needls. PdClx(dppf) was added
and then the solution was again purged with N for 5 minutes. The mixture was then
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stirred at 55 °C for 18 hours under N2 and then at room tempaerature for an additional
30 hours. The resuiting clear brown solution was concsntrated under vacuum.
Compound 25 (5.4 mg, 0.0137 mmol} was obtalned as a yellow cil by chromatotron
purification (silica gel, 1 mm plate, 1:9 EtOAc/hexanes to 1:4 EtOAc/hexanes).

It was found that the yield could be substantially improved by switching to
coupling method C. Compounds 23 (0.330 g, 0.934 mmol) and 24 (0.385 g, 2.34
mmol) were dissolved in a mixture of toluena, n-butanol, and H20 (8 mL:8 mL:2 mL)
and Cs2CO;3 (0.912 g, 2.80 mmol) was added. The mixture was purged with Nz and
Pd(PPhs)4 was added. The mixture was again purged with N3 for 5 minutes and then
stired rapidly at 70 °C under N2 for 12 hours. The mixture was concentrated under
vacuum and the residue partitioned between H2O (75 mL) and EtQAc (75 mL. The
layers were separated and the EtOAc was washed with brine {2 x 50 mL). The
EtOAc was drled over anhydrous Na>SO,, filtered, and concentrated under vacuum
to give 0.720 g of yellow oil. Compound 25 (0.220 g) was obtained by silica gel
chromatography, eluting with 5:1 to 2:1 to 1:1 hexanes/EtOAc. 'H NMR (300 MHz,
CD,OD): 5 1.50 (s, 9H), 1.58 (s, 3H), 1.70 (s, 3H), 3.80-3.94 (m, 1H), 4.42-4.61 {m,
2H), 5.20, (d. 1H, J=7.5), 7.64 (d, 2H, J = 8.3), 8.05 (d, 2H, J = 8.3), 9.45 (s, 1H).

Example 34: Compound 48

48
Compound 25 (5.4 mg, 0.014 mmol) was transferred to a 25 mL round-bottom

flask and 2.5 mL. of 9:1 TFA/H;O (v/v) were added. The resulting bright yellow
mixture was stirred at room temperature for 18 hours. The solvent was removed
under vacuum and the residue dissolved three times in a mixture of MeOH and
toluene, which was evaporated to near dryness each time. The product was
recovered as an ofl (4.9 mg, 0.013 mmol), which was used without further
purification. 'H NMR (300 MHz, CDsOD): § 3.59-3.70 (m, 1H), 4.30-4.71 (m, 2H),
4.92 (d, 1H, J=8.1), 7.84 (d, 2H, J = 8.3), 8.08 (d, 2H, J = 8.3), 9.47 (s, 1H).
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In a 10 mL round-bottom flask, the above product was dissolved In 2 mL of
MeOH. To this was added EtsN (9.7 pt., 0.070 mmo!) followed by methyl
difluoroacetate (3.0 uL, 0.035 mmol). The mixture was refluxed for 18 hours, at
which point TLC indicated that some starting material still remained. An additional 3
drops of EtsN was added followed by 2 drops of methw difluaroacetate. After 3
hours, all starting material had been consumed. The mixture was cooled to room
temperature and evaporated to dryness under vacuum. Compound 48 (4.1mg, 012
mmol) was obtalned by chromatotron purification (sliica gel, 1 mm plate). 'H NMR
(300 MHz, CDsODY): § 4.31-4.72 (m, 3H), 5.03 (d, 1H, J=3.9), 5.98 (t, 1H, /= 53.9),
7.58 (d, 2H, J=8.3), 7.99 (d, 2H, J=8.3), 9.43 (s, 1H). LRMS (ESI") m/z: 330.1 (M-
H* C43H11FaN3028 requires 330.1).

Example 35: Compound 49
OH

(J W s
SHMDE
) o’ ~a

The biaryl intermediate was prapared from 18 and the appropriate horonic
acid using Suzuki coupling method A. Removal of the Boc group was accomplished

NC

" by brief treatment with 90/10 (v/iv) TFA/H20. Dichloroacetylation was performed as

in the synthesis of 29. 'H NMR (300 MHz, CD,0D): § 4.31-4.80 {m, 3H), 5.01 (d,
1H, J=3.8), 8.26 (s, 1H), 7.52 (d, 2H, 8.3), 7.65 (d, 2H, J = 8.3), 7.79 (s. 4H).’
LRMS (ESI") miz: 379.0 (M-H® CygH14CI2FN20; 378.0).

Example 36: COr-npound 50
OH

@ F
HN._.O
NC O A FIF
The biaryt intermediate was prepared from 22 and the appropriate boronic
acid using Suzuki coupling method A. H NMR (300 MHz, CD3OD): § 4.27-4.68 (m,
3H), 4.99 (d, tH, J = 4.5), 6.00 (t, 1H, /= 53.9), 7.52 (d, 2H, /= 8.1), 7.67 (d, 2H, J =
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8.1), 7.76-7.82 (m, 2H). LRMS (ESI) m/z: 347.1 (M-H* C4aH14FaN20; requires
347.1).

Example 37: Compound 51
OH

(J o
::S @ {+) FI

0*"%o F

The biaryl intermediate was prepared from 22 and the appropriate boronic
acld using Suzuki coupling method A. 'H NMR (300 MHz, CDsOD): 8 3.14 (s, 3H),
4.30-4.68 (m, 3H), 5.00 (d, 1H, J=4.5), 6.00 (t, 1H, J= 54), 7.53 (d, 2H, J= 8.3),
7.70 (d, 2H, J=8.3), 7.88 (d, 2H, J = 8.8), 8.00 (d, 2H, J = 8.8). LRMS (ESI'} m/z:
400.1 (M-H* C1gH17FsNO4S requires 400.1).
Example 38: Compound 52

OH

F
a HNIO
8 (+-) F F
The biaryi intermediate was prepared from 22 and the appropriate boronic
acid using Suzuki coupling method B. 'H NMR (300 MHz, CD30D): § 4.26-4.64 (m,
3H), 4.93 (d, 1H, J = 4.8), 8.01 (1, 1H, J= 53.9), 7.40-7.45 (m, 4H), 7.60-7.66 (m,
3H). LRMS (ESI') m/z: 328.1 (M-H"* C1gH1aF3NO2S requires 328.1).

Example 39: Compound 53

OH
F
S HN._.O
s @ FIF

The biaryl intermediate was prepared from 22 and the appropriate boronic
acld-using Suzukl coupling method B. 'H NMR (300 MHz, CDsOD): 5 4.25-4.65 (m,
3H), 4.92 (d, 1H, J=4.5), .01 (t. 1H, J=53.9), 7.06-7.08 (m, 1H), 7.36-7.42 (m,
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4H), 7.61 (d, 2H, J=8.4). LRMS (ESI") m/z; 352.0 (calc. for M+Na*
C15H14F3NN8023 352.1 )

Exampie 40: Compound 54

OH
E
N KN._O
NF () CIIGI

The blaryl intermediate was prepared from 418 and the boronic acid using
Suzuki coupling method B. Removal of the Boc group was accomplished by brief
treatment with 9/1 (v/v) TFAMH,0. Dichloroacetylation was performed as in the
synthesls of 29. 'H NMR {300 MHz, CD30D): & 4.33-4.79 (m, 3H), 5.03 (d, 1H, J =
3.3), 6.26 (s, 1H), 7.55 (d, 2H, J = 8.4), 7.69-7.75 (m, 4H), 8.56 (d, 2H, J=5.7).
LRMS (ESI*) m/z: 357.1 (calc. for M+H" CygH1aCl2FN2O; 357.1).

Example 41: Compound 55
OH

Seogs:

NN @) oo
The blaryl intermediate was prepared from boronic acid 23 and compound 24
using Suzuki coupling method B. Removal of the protecting groups was
accomplished by brief treatment with 9/1 (viv) TFA/H20. Dichloroacetylation was
performed as in the synthesis of 29. 'H NMR (300 MHz, CD3OD): 6 4.34-4.76 (m,
3H), 5.04 (d, 1H, J=13.0), 6.24 (s, 1H), 7.58 (d, 2H, J= 8.3}, 7.97 (d, 2H, J= 8.3),
9.42 (s, 1H). LRMS (ESI) m/z: 362.0 (calc, for M-H' C43H;CIaFN30.S 362.0).

Example 42: Compound 56

OH
F

N HNIO
oNNF 1) g
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Compound 54 (29.4 mg, 0.0824 mmol) was dissolved in 5 mL of CH2Cl.. The
mixture was cooled to 0 °C and m-chloroperbenzoic acid (m-CPBA, 38 mg, 0.16
mmol} was added with stirring. After 5§ minutes, the mixture was warmed to room
temperature and stirred for 12 hours. The mixture was concentrated under vacuum
and the product purifled by silica gel chromatography eluting successively with 2%,
3%, 4%, 6%, and10% MeOH in CH:Cl;. Compound 56 was obtained as a white
solid (22.5 mg, 0.060 mmol). *H NMR (300 MHz, CD3OD): & 4.32-4.75 (m, 3H), 5.03
(d, 1H, J=3.3), 6.25 (s, 1H), 7.56 (d, 2H, J=8.4), 7.74 (d, 2H, /= 8.4), 7.84 (d, 2H,
J=7.2), 8.34 (d, 2H, J=7.2). LRMS (ESI") m/z: 371.0 (calc. for M-H*
C1gH14Cl2FN20O35 371.0).

Example 43: Compound 57

OH

F
N HN._O
NS ) FIF

The biaryl intermediate was prepared from 18 and the appropriate boronic
acid using Suzuki coupling method B. Removal of the protecting group was
accomplished by brief treatment with 9/1 (v/v) TFA/H20. Difluoroacetylation was
performed as in the synthesis of 48. 'H NMR (300 MHz, CD;OD): 5 4.28-4.68 (m,
3H), 5.00(d, 1H, J=4.2), 5.99 (t, 1H, J=53.9), 7.56 (d, 2H, J = 8.1), 7.70-7.77 (m,
4H), 7.84 (d, 2H, J=7.2), 8.56 (d, 2H, J = 6.3). LRMS (ESI") m/z. 325.2 (calc. for
M+H* CygH1aF3sN202 325.1).

Example 44: Compound 58

OH
F
O+ HNIO
Z ) a”

Compound 58 was prepared from 68 as 56 was from 54. 'H NMR (300 MHz,
CD1OD): § 4.30-4.75 (m, 3H), 5.02 (d, 1H, J = 3.3), 6.25 (s, 1H), 7.55-7.67 (m, 5H),
7.87 (d, 1H, J=8.1), 8.30 (d, 1H, J=7.2), 8.58 (br s, 1H). LRMS (ESI') m/z: 371.0
(calc. for M-H* CygH1sCl2FN20Os 371.0).
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Example 45: Compound 59
OH
F
A~ HNIO
N& c” el

The biaryt intermediate was prepared from 11 and the appropriate boronic
acid using Suzukl coupling method A. The phenyloxazoline protecting group was
removed and the dichloroacetate group introduced as in the synthesis of 29. 'H
NMR (300 MHz, CD3OD): & 4.304.75 (m, 3H), 5.02 (d, 1H, J= 3.6), 6.26 (s. 1H),
7.54-8.70 (m, 8H). LRMS (ESI") m/z 354.8 (calc. for M-H' CygH14Cl2FN20; 355.0).

Example 46: Compound 60
OH

F

DI ¢
o ~F a”

Compound 60 was prepared from compound 59 in the same manner that
other pyridine N-oxides in these examples were formed from the corresponding
pyridine. 'H NMR (300 MHz, CD30D): 5 4.33-4.78 (m, 3H), 5.03 (d, 1H, J= 3.3),
6.25 (s, 1H), 7.57 (d, 2H, J=8.4), 7.75 (d. 2H, J = 8.4), 7.87 (d, 2H, J = 7.5}, 8.38 (d,
2H, J=17.5). LRMS (ESI) m/z: 370.8 (calc. for M-H" C1gH14Cl2FN203 371.0),

Example 47: Compound 61
OH

‘.:s‘ O HNI:)

0*°%0 cl” a
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The biaryl intermediate was prepared from 11 and the appropriate boranic
acid using Suzuki coupling method A. The phenyl oxazaline protecting group was
cleaved and dichloroacstate introduced as in the synthesis of 29. 'H NMR (300
MHz, CD;OD): 5 3.14 (s, 3H), 4.36-4.75 (m, 3H), 5.02 (d, 1H, J = 3.8), 6.27 (s, 1H),
7.54 (d, 2H, J=8.3), 7.68 (d, 2H, J=8.3), 7.87 (d, 2H, J= 8.7), 8.01 (d, 2H, J= 8.7).
LRMS (ESI) m/z: 431.8 (calc. for M-H' C1sH17CIzFNOLS 432.0).

Example 48: Compound 62

OH

F

N ano
|

# ci

The free amine intermediale was prepared as in the synthesis of 28. The
nitrogen was monochloroacetylated using chloroacetyl chloride. TH NMR (300 MHz,
CD30D): 5 4.00-4.03 (m, 2H), 4.27-4.70 (m, 3H), 5.00 (d, 1H, J = 3.9), 7.49-7.55 (m,
3H), 7.66 (d, 2H, J=8.4), 8.09 (d app t, 1H, J=T7.8, 2.4), 8.50 (dd, 1H, J= 4.8, 1.5),
8.78 (br d, 1H, J = 2.4). LRMS (ESI') m/z: 321.0 (calc. for M+H"* C1gH1sCIFNZO2
357.1).

Example 49: Compound 63
OH

F
N HN._O
< cl IF .
Prepared in the same manner as 28 using ethyl chloroflucroacetate. 'H NMR
(300 MHz, CD;0DY: 5 4.31-4.70 {m, 3H), 5.01 (d, 1H, J = 3.9), major diastereomer
6.49 (d, 1H, J = 49.8), minor diastereomer 6.51 (d, 1H, J = 49.8), 7.49-7.56 (m, 3H),

7.63-7.67 (m, 2H), 8.07-8.11 (m, 1H), 8.49-8.51 (m, 1H), 8.78 (brd, 1H, J=1.5).
LRMS (ESI) m/z: 338.9 (C&IG. for M-H+ C1aH14CIFzNzoz 339.1 )

Example 50: Compound 64
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I Ny HNIO
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The biaryl intermediate was prepared from 12 and 2-bromopyridine using
Suzuki coupling method A. 'H NMR (300 MHz, CD30D): 5 4.28-4.74 (m, 3H), 5.02
(d, 1H, J = 3.6), 6.27 (s, 1H), 7.33-7.37 {m, 1H), 7.53 (d, 2H, J= 8.1), 7.18-7.93 (m,
4H), 8.58-8.60 {m, 1H). LRMS (ESI") m/z: 354.8 (calc. for M-H" C4gH14CILFN20O,
355.0)

Example 51: Compound 65

OH

F
N HNIO
N~ N -

Compound 65 was prapared in the same manner as 59 using ethyl
chlorofluoroacetate. 'H NMR (300 MHz, CD3OD): 5 4.32-4.70 (m, 3H), 5.02 (d, 1H, J
= 3.6), major diastereomer 6.48 (d, 1H, J = 49.8), minor diastereomer 6.50 (d, 1H, J
= 50.1), 7.55-7.58 (m, 2H), 7.73-7.78 (m, 4H) 8.57 (br d, 2H, J = 5.7). LRMS (ESI’)
m/z: 338.8 (cal¢. for M-H* C1gH+CIF2N20 339.1).

Example 52: Compound 66

OH
F
C HN. O
\ X
N cl~

The biaryl intermediate was prepared from 12 and the appropriate bromide
using Suzuki coupling method A. Remaval of the protecting group and
dichloroacetylation was accomplished as in the synthesls of 29. 'H NMR (300 MHz,
CD;0D): § 4.34-4.72 (m, 3H), 5.01 (d, 1H, /= 2.4),8.25 (s, 1H), 7.52 (d, 2H, J =
6.3), 7.57 (d, 1H, /= 2.6) 7.84 (d, 1H, J = 2.6), 7.90 (d, 2H, J = 6.3). LRMS (ESI")
m/z: 360.7 (calc. for M-H* C14H12C1FN20,S 361.0).
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Example 53: Compound 67
OH

F
NS HN._.O
|LN (.‘.lI Cl

The blaryl Intermediate was prepared from 12 and the appropriate bromide
using Suzuki coupling method A. Removal of the protecting group and
dichloroacetylation was accomplished as in the synthesis of 29, TH NMR (300 MHzZ,
CDsODY): 5 4.32-4.75 (m, 3H), 5.04 (d, 1H, J = 3.6), 6.28 (s, 1H), 7.59 (d, 2H, J =

8.3), 7.70 (d, 2H, J = 8.3) 0.06 (s, 2H,), 9.13 (s, 1H). LRMS (ESI*) m/z: 357.8 (calc.
for M+H+ 015H15CI2FN302 358.0).

Example 54: Compound 68
OH

F
N7 HN Io
I
# wy
The biaryl intermediate was prepared from bromide 11 and the apprdpriate

boronlc acid using Suzuki coupiing method A. Removal of the protecting group and
dichloroacetylation was accomplished as in the synthesis of 29. 'H NMR (300 MHz,
CD3;0D): § 4.31-4.74 (m, 3H), 5.02 (d, 1H, J = 3.6), 6.27 (s, 1H), 7.48-7.51 (m, 1H),
7.54 (d, 2H, J = 8.3), 7.64 (d, 2H, J = 8.3) 8.08 (ddd,1H, J = 8.0, 2.4, 1.8), 8.50 (dd,
1H, 4.8, 1.5), 8.77 (dd, 1H, J= 2.4, 0.9). LRMS (ESI) m/z: 354.8 {calc. for M-H*
C1gH14Cl2FN202 355.0).

Example 55: Compound 69
OH

(J s
O cl Im
o} (+F)

The biaryl intermediate was prepared from bromide 11 and the appropriate
boronic acid using Suzuki coupling method A. Removal of the protecting group and
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dichloroacetylation was performed as in the synthesis of 29. H NMR (300 MHz,
CD;0D): 5 2.63 (s, 3H), 4.31-4.74 (m, 3H), 5.01 (d, 1H, /= 3.9), 8.27 (s, 1H), 7.51
(d, 2H, J=8.3), 7.67 (d, 2H, J = 8.3), 7.75 (d, 2H, J = 8.6) 8.06 (d, 2H, J = 8.6).

Example 56: Compound 71
OH

This compound was prepared In analogous fashion to 41 using ethyl
chiorofluoroacetate in place of methyi dichloroacetate. 'H NMR (300 MHz, CD;OD}):
§ 2.58 (s, 3H), 4.31-4.71 (m, 3H), 5.03 (br d, 1H, J = 3.9), major diastereomer 6.46
(d, 1H, J = 49.8), minor diastereomer (d, 1H, J = 50.1), major diastereomer 7.53 (d,
2H, J = 8.1), minor diastereomer 7.51 (d, 2H, J = 8.1), 7.94-7.96 (m, 2H). LRMS
(EST) mvz: 304.1 (calc. for M-H" Cy3H13CIF2NO; 304.1).

Example 57: Compound 72

OH
F

_o HNI:
° c a

Initially, the p-cyano analog of compound 11 had been prepared by methods
analogous to those used to prepare 11 itself. Attempts to remove the
phenyloxazoline protecting group (as described in the synthesis of 29) led to some of
the desired deprotected nitrile intermediate. However, much of the mass recovered
was the deprotected p-carboxylic acid coresponding to acidlc hydrolysis of the nitrile
functional group. This materlal was dichloroacetylated using the same procedure as
that employed in the synthesis of 29 and the product was converted ta its methyl
ester with CHaN2. 'H NMR (300 MHz, CDy0D): § 3.83 (s, 3H), 4.25-4.66 (m, 3H),
4.98 (d, 1H, J=3), 6.17 (s, 1H), 7.46 (d, 2H, J=8.3), 7.91 (d, 2H, J=8.3).

Example 58: Compound 73
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* OH
F
HN._.O
© c.Ic:

Compound 87 (36.5 mg, 0.0873 mmol) was dissolved in THF (5 mL
anhydrous) under N2. After addition of anhydrous powdered K2COs ( 24 mg, 0.175
mmol), the mixture was purged with N2. EtsN (31 mL, 0.218 mmol) and
cyclobutanecarbonyl chloride (13 mL, 0.113 mmol) were added and the mixture
purged gently with N for another 5 min. Pdadbas was added and the mixture purged
again with N2. The mixture was then stirred under N2 for 3 hours after which it was
dliuted with EtOAc and H20 and filtered through a cotton plug. The EtOAc layer was
washed with 1N aqueous HCI (x 2), brine (x 2), and dried over anhydrous Na;SOs.
The mixture was filtered and the solvent removed to give 16.9 mg, 0.0501 mmol of
material that was purified by chromatotron {1 mm plate, eluting with 4:1
hexanes/EtOAc). The protected intermediate obtained was subjected to
phenyloxazoline cleavage and dichloroacetylation as in the synthesis of 29 to give
73. 'H NMR (300 MHz, CD3OD): § 1.73-1.85 (m, 1H), 1.88-2.11 (m, 1H), 2.20-2.27
{m, 4H), 3.97-4.09 {m, 1H), 4.23-4.67 (m, 3H), 4.95 (d, 1H, J=3.3), 6.16 (s, 1H),
7.45 (d, 2H, J = 8.4), 7.81 (d, 2H, J = 8.4). LRMS (ESI') m/z: 360.0 (calc. for M-H*
C1sH17ClbFNO3 360.0).

Example 59: Compound 74
OH

F
c'Nom:Eo
° c” el

The carboxylic acld intermediate from the synthesis of 72 was
dichloroacetylated as In the synthesis of 29. The resulting intermediate (5.8 mg,
0.287 mmol) was dissoived in 2 mL of MeOH, several drops of H2O were added and
then a 20% (w/v) aqueous Cs2COs solution was added dropwise until the solution
reached pH 7. The mixture.was concentrated under vacuum. One drop of EtsN and
10 'mL of 2-chloroethano! were added and the mixture stimed at 135 °C for 2 hours.
Residual chloroathanol was removed under vacuum and the residue
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chromatographed. Compound 74 (13.3 mg) was the major product and 75 (9.2 mg)
the minor product. 'TH NMR (300 MHz, CDsOD): § 3.78-3.82 (m, 2H), 4.23-4.68 {m,
5H), 4.97 (d, 1H, J = 3.0), 6.17 (s, 1H), 7.46 (d, 2H, J = 8.3), 7.93 {d, 2H, J = 8.3).
LRMS (ESI*) m/z: 407.9 (calc. for M+Na® C14H15ClsFNNaO, 408;.0).

Example 60: Compound 75

OH
F
Howomlio
° Cl Gl

H NMR (300 MHz, CD;OD): 5 3.83-3.39 (m, 2H), 4.31-4.74 (m, 5H), 5.02 (d,
1H, J = 3.3), 6.23 (s, 1H), 7.52 (d, 2H, J = 8.4), 8.02 (d, 2H, J = 8.4). LRMS (ESI)
m/z: 366.0 (calc. for M-H+ C14H15C|2FN05 366.0).

Example 61: Compound 76

OH
S ene:
cl N IO
° ci” Cl

(+F)

The cyclopropyl analog of intermediate 89 was prepared by a Stille coupling
analogous o that used to synthesize 89. Acidic cleavage of the phenyloxazoline
group resulted in the HCl-mediated opening of the cyclopropyl ring. This material
was deprotected and dichloroacetylated to give 76. 'H NMR (300 MHz, CDsOD): §
2.10-2.19 (m, 2H), 3.19 (t, 2H, J=7.1), 3.66 (t, 2H, J = 6.6), 4.31-4.74 (m, 3H), 5.03
(d, 1H, J=3.3), 6.23 (s, 1H), 7.53 (d, 2H, J=8.3), 7.96 (d, J = 8.3). LRMS (ESI")
m/z: 381.9 (cale. for M-H" Cs5HgClaFNO; 382.0).

Example 62: Compound 77
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The thiazole ring of this analog was formed by converslon of the protected
nitrile intermadiate to the comresponding thloamide by reaction with HaS in pyridine.
The thioamide was then reacted with the appropriate protected a-halocarbonyl
compound to form the substituted thiazole shown. Deprotection and
dichloroacetylation was performed as for other compounds of this invention. 'H
NMR (300 MHz, CD30D): 5 4.32-4.75 (m, 5H), 5.01 (d, 1H, J = 3.3), 6.27 (s, 1H),
7.38 (s, 1H), 7.51 (d, 2H, J= 8.3), 7.91 (d, 2H, J = 8.3). LRMS (ESI') m/z: 390.9
(calc. for M-H* C1sH4CLFN203S 391 .0).

Example 63: Compound 79
OH

o O HN gH
<0 O CIICI

This compound was formed by Suzuki coupling method A from an
intermediate in which the primary hydroxyl group was not converted to a fluoride.
Deprotection and dichlioroacetylation were performed as with other compounds of
this invention. 'H NMR (300 MHz, CDsOD): 5 3.55 (dd, 1H, J = 11.0, 5.9), 3.77 (dd,
1H, J = 11.0, 6.5), 4.07-4.11 (m, 1H), 5.02 (d, 1H, J = 3.6), 5.96 (s, 2H), 6.29 (s, 1H),
6.86 (d, 1H, J = 8.4), 7.05-7.07 (m, 2H), 7.40-7.50 (m, 4H). LRMS (ESI") m/z: 385.9
. (calc. for M-H* C4gH1sC12NOs 396.0).

Example 64: Compound 80

OH
F
HN IO
HO'N c” <

Compound 41 (11.5 mg, 0.0346 mmol} and hydroxylamine hydrochloride (2.8
mg, 0.0415 mmol) were stirred in EtOH (3 mL) for 12 hours and then refluxed for an
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additional 12 hours. The solvent was removed under vacuum and the product
isolated as a single isomer (It was not determined whether the isomer was the ¢/s or
trans oxime). 'H NMR (300 MHz, CD3OD): § 2.21 (s, 3H), 4.26-4.68 (m, 3H,), 4.95
(d. 1H, J=3.9), 6.27 (s, 1H), 7.39 (d, 2H, J‘= 8.3), 7.61 (d, 2H, J = 8.3).

Example 65: Compound 81
OH

vepe:

o Cl

Free amine 37 (4.7 mg, 0.0224 mmol) was dissolved in MeOH (1 mL) and the
mixture cooled to 0 °C. Chioroacetic anhydride (5 drops) and triethylamine (5 drops)
were added and the mixture warmed to room temperature and stirred for 2 hours.
The solvent was removed under vacuum and the product purified by silica gel
chromatography (2:3 EtOAc/hexanes) to give 3.3 mg (0.011 mﬁol) of product. 'H
NMR (300 MHz, CDsOD): 5 2.59 (s, 3H), 3.92-4.03 (m, 2H,), 4.29-4.68 {m, 3H), 5.02
(d,1H,J=3.3),7.53(d, 2H, J=8.4), 7.96 (d, 2H, J = 8.4).

Example 66: Compound 82

OH
F
N HNIO
|
Z @) FOF

The biaryl intermediate was formed by Suzuki coupling method A using 22
and the appropriate boronic acid. 'H NMR (300 MHz, CD3;OD): § 4.28-4.68 (m, 3H),
5.00 (d, 1H, J=4.2), 6.01 (t, 1H, J = 54), 7.49-7.60 (m, 3H), 7.66 (d, 2H, J=8.4),
8.07-8.11 (m, 1H), 8.50 {(dd, 1H, J = 4.8, 1.5), 8.79-8.79 (m, 1H). LRMS (ESI') m/z:
322.9 (M-H* C1gH14F3N202 requires 323.1).

Example 67: Compound 84

Bl

X3



OH

F
e ’N
N~ CIICl

(+-)

This compound was prepared by procedures analogous to those described in
Schemes 2 and 3. The 4-(1,2,4-triazol-1-yl)phenylserine analog of 6 was
syntheoslzed by the same methods used to make 6. The requlred 4-(1,2,4-triazol-1-
yi)benzaldehyde was prepared as described In the literature (Tanaka, A, etal., J.
Med. Chem. 1998, 41, 2390-2410). 'H NMR (300 MHz, CD30D): & 4.33-4.76 (m,
3H),' 5.04 (d, 1H, J=3.3), 6.26 (s, 1H), 7.59 (d, 2H, J=8.8), 7.78 (d, 2H, J = 8.6),
8.14 (s, 1H), 9.05 (s, 1H). LRMS (ESI") m/z: 345.0 (calc. for M-H" C13H1aClaFN4O2
345.0).

Example 68: Compound 85
OH

F
[N: HNIO
NT @) o’

The biaryl intermediate was prepared from boronic acid 12 and 2-
iodopyrazine. Deprotection and dichloroacetylation were accomplished as in the
synthesis of 29. 'H NMR (300 MHz, CD;0D): 5 4.324.75 (m, 3H), 5.04 (d, 1H, J =
3.3), 6.27 (s, 1H), 7.57 (d, 2H, J=8.4),8.05 (d, 2H, J=8.4),8.51 (d, 1H, J=2.7),
8.65-8.66 (m, 1H), 9.08 (d, 1H, J = 1.8). LRMS (ESI’) m/z: 355.8 (calc. for M-H"*
C15H13Cl2FN30; 356.0).

Example 69: Compound 86
OH

F
N HN.__O
» X
N 1) Ci F
Same procedure as that for the synthesis of 68. "H NMR (300 MHz, CDyOD):
5 4.29-4.73 (m, 3H), 5.01 (br d, 1H, J = 3.9), major diastereomer 6.49 (d, 1H, J =
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49.8), minor diastereomer 6.51 {d, 1H, J = 49.8), 7.48-7.56 (m, 3H), 7.64-7.67 (m,
2H), 8.06-8.10 {m, 1H), 8.49-8.51 (m, 1H), 8.78-8.79 (m, 1H). LRMS (ESI') m/z:
338.9 (calc. for M-H* C1gH14CIF2N202 339.1),

Example 70: Compound 87

1 m‘"
N —_— \
/©/H\ ,Sn F
Br F \
anantic::lum or (+/) onanﬂop:;e or (+/-)

Compound 11 (0.496 g, 1.48 mmol) was dissclved in anhydrous benzene {15
mL) under N.. The flask was fitted with a reflux condenser and a long needle was
dropped through the condenser and the solution purged with a gentle stream of dry
N for 5 minutes. Hexamethylditin (0.58 g, 1.78 mmol) was added and the mixture
purged for another 5 minutes. Pd(PPha)s (0.171 g, 0.148 mmol) was added and
purging with Nz continued. After 5 minutes, the needle was removed and a N: inlet
was placed at the top of the reflux condenser. The mixture was refluxed for
approximately 2 hours under Nz. Over the course of the reaction, the mixture tumed
from orange to yellow to black. The solvent was removed under vacuum and the
product purified by chromatotron (silica gel, + mm plate) to give 440 mg of product as
a clear oil. 'H NMR (300 MHz, CD,0OD): § 0.27 (s, 9H - this resonance contains
significant satellite peaks, which are due to NMR-active isotopes of tin), 4.27-4.41
(m, 1H), 4.594.76 (m, 2H), 5.60 (d, 1H, J = 6.9), 7.33 (d, 2H, J= 8.1), 7.45-7.31 (m,
5H), 7.99-8.02 (m, 2H).

Example 71: Compound 88
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B,m\:{% o ,‘SHO/'\E{%

(+1) \

19 ()

88
This compound was prepared In the same manner as 87. 'H NMR (300 MHz,
CDs0OD): & 0.027 (s, 9H, with significant satellite peaks caused by NMR-active tin
isotopes), 1.49 (s, 9H), 1.55 (s, 3H), 1.67 (s, 3H), 3.73-3.83 (m, 1H), 4.304.48 (m,
2H), 5.08 (d, 2H, J = 7.5), 7.36-7.51 {m, 4H).

Example 72: Compound 89

o o)
_Sn F .
Ve (+/
a7

o &

Compound 87 {36.5 mg, 0.0873 mmol) was dissolved in anhydrous THF
under N2. With stirring, K2CO, (24mg, 0.16 mmol) was added. The mixture was
purged with a gentle stream of N for 5 minutes. EtsN (31 pL, 0.22 mmol) and
cyclobutanecarbonyl chloride (13 pL, 0.11 mmot) were added and the mixture
purged with Nz for 5 minutes. Pd2dbas was added, the mixture purged for 5 min and
then stirred under Nz for 3 hours. The mixture was diluted with EtOAc (25 mL) and
H20 (25 mL) and filtered through a cotton plug to remove solids. The EtOAc was
washed with 1 N HCI (2 x) and brine (2 x), dried over NaS0O, and concentrated
under vacuum. The product was purified by chromatotron (silica plate, 1 mm, 1:4
EtOAc/hexanes) to give 16:9 mg (0.050 mmol) of product. LRMS (ESI*) m/z: 338.2
(M+H" CayH2,FNO; requires 338.2).

Example 73: Compound 90



oJ( 0 ,k :
N v TNl
.}s\n mF o’é' LA “‘N_qo ,%

F "
/- (+/-)
(;a) o 90

Same procedure as in the synthesis of 89. 'H NMR (300 MHz, CDsOD): 5
0.027 (s, 9H, with gignificant satellite peaks caused by NMR-active tin isotopes),
1.49 (s, 8H), 1.55 (s, 3H), 1.67 (s, 3H), 3.73-3.83 (m, 1H), 4.30-4.49 (m, 2H), 5.06 (d,
2H, J = 7.5), 7.36-7.51 (m, 4H).

Example 74: Compound 91
OH
' F
HNIO
° w9y o el
"
Compound 91 was deprotected by brief treatment of 90 with 9/1 TFA/H20.

The dichloroacetyl group was introduced as in the synthesis of 29.. LRMS (ESI') m/z:
345.8 (calc. for M-H* C15H1sCL.FNO; 346.0).

Example 75: Compound 92

OH
F

S HNIO
oA ) g

92
The same procedurs as that used in the synthesis of 56 was employed. 'H
NMR (300 MHz, CD3OD): § 4.28-4.74 (m, 3H), 5.01 (d, 1H, J=3.9),5.98 {t, 1H, J=
53.8),7.55(d, 2H, J=8.4).7.76 (d, 2H, J=8.4), 7.86 (d, 2H, /= 7.1),8.35 (d, 2H, J
=7.1).

Example 76: Compound 93

85



PO
93

The biaryl intermediate was prepared by reaction of 23 and the appropriate
bromide using Suzuki coupling A. Deprotection and dichloroacetylation were carried
out as described above In the synthesls of 29. LRMS (ESI) m/z: 433.0 (M-H*
C17H1eClaFN20,4S requires 433.0).

Example 77: Compound 94
OH

F

S HN._-O
=Y I

N"T . ¢ o7 a

94

The biaryl intermediate was prepared by reaction of 23 with 2-amino-4-
cyclapropyl-1,3,4-thiadiazole {prepared as in the synthesis of 24} using Suzuki
coupling B. Deprotection was accomplished by brief treatment of the protected biaryl
intermediate with 90/10 TFA/H20 and dichloraacetylation was performed as in the
synthesis of 29. 'H NMR (300 MHz, CD;OD): § 1.12-1.31 (m, 4H), 2.46-2.52 (m,
1H), 4.30-4.75 (m, 3H), 5.02 (d. 1H, J = 3.3), 8.24 (s, 1H), 7.54 (d, 2H, J = 8.4), 7.87
(d, 2H, J=8.4).

Example 78: Campound 95

oH
> YQJ\‘A o
s HN._;0
N-N FIF

(+h)

95

Same procedure as in the synthesis of 94 using methyl difluoroacetate in
place of methyl dichloroacetate. 'H NMR (300 MHz, CDsOD): & 1.13-1.15 {m, 2H),
1.28-1.32 (m, 2H), 2.47-2.52 (m, 1H), 4.29-4.70 (m, 3H), 5.01 (d, 1H, J= 4.2), 5.08
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(t, 1H, J = 53.7), 7.54 (d, 2H, J=8.7), 7.88 (d, 2H, /= 8.7). LRMS (ESI') m/z: 370.0
(M-H" C18H15F3N1O2S requires 370.1).

Example 79: Compound 97

X §
o o

S~ B N~ —_— F
i == O
o HOHE F A d FI

(+)
23

Compound 96 was prepared In analogous fashion to 24. Compound 97 was
prepared In analogous fashion to 48. Suzuki coupling method B was used, followed
by deprotection and difluoroacetylation. LRMS (ESI) m/z: 376.0 (M-H'
C14H13F3N302S2 requires 376.0)

Example 80: Compound 98

OH OM
F F
. _<sl HN._.O _—"'o $s? —«sa HN._.O
NN B I 7N g I
N-N (w) ENE N-N (;.; I

Compound 97 (11.1 mg or 0.0294 mmol) was dissolved in 5 mL of CHzCl3,
with stirring at room temperature. To this was added m-CPBA (36 mg, 0.147 mmol).
The mixture was stired for 23 hours. Attempted Chromatotron (1 mm plate)
purification, eluting with 80:20 then 70:30 then 50:50 hexanes/EtOAc, falled to
remove m-CPBA-related materials. Thus, material from the Chromotron was
subjected to C-8 reversed-phase HPLC, which gave 8.8 mg (.021 mmol) of 98. 'H
NMR (300 MHz, CD50D): § 3.52 (s, 3H), 4.34-4.72 (m, 3H), 5.05 (d, 1H, J= 3.6},
5.97 (t, 1H, J = 53.9), 7.61 (d, 2H, J = 7.61), 8.05 (d, 2H, J = 8.1).

Example 81: Compound 100
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" ¢ N 100
23

Compound 99 was prepared in analogous fashion to 24 and 100 was
prepared In analagous fashion to 48. Suzuki coupling method B was used followed

by deprotection and difluoroacetylation. 'H NMR (300 MHz, CD30D): & 2.80 (s, 3H),

4.30-4.70 (m, 3H), 5.01 (d, 1H, J = 3.6), 5.98 (t, 1H, J = 53.9), 7.55 (d, 2H, J = 8.4),
7.91 (d, 2H, J= 8.3).

Example 82: Compound 101
OH

F
S HN._.O
e I
N w1 O CI
Compound 101 was prepared using the same procedure as in the synthesis
of 100 but with methyldichloroacstate in place of methyldifluoroacetate. 'H NMR
(300 MHz, CD3OD): 5 2.79 (s, 3H), 4.314.75 (m, 3H), 5.03 (d, 1H, J=3.0), 6.24 (s,

1H), 7.55 (d, 2H, J= 8.4), 7.89 (d, 2H, J = 8.4).

Example 83: Compound 102

17 102
Compound 17 (100 mg, 0.258 mmol) was placed in a dry round-bottom flask
equipped with a stir bar. The flask was charged with 5 mL of dry THF and the
contents cooled to —78 °C under Nz. With rapid stirring, n-BuLi (1.30 M in hexanes,
0.322 mmol, 0.248 mL) was added, which produced a clear brown/yellow solution.
The mixture was stimed for an additional 10 minutes. Excess CO,, generaled by
sublimation of dry ice, was passed though a dryiné tube charged with Drierite and
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bubbled directly into the —78 °C mixture, now equipped with a venting needle in the
septum to prevent buildup of CO; pressure. The mixture was warmed to room
temperature and stimed an additional 30 minutes by which time It was clear yellow
and TLC Indicated a product had formed. The mixture was quenched by addition of
10% (v/w) aqueous NH,CI (5 drops), producing a cloudy yellow suspension. The
mixture was concentrated under vacuum and re-suspended In EtOAc (50 mL) and
enough 10% aqueous citric acid to produce a biphasic mixture having a pH of 2.5.
The layers were separated and the EtOAc layer was washed with brine (1 x 10 mL).
The mixture was dried over Naz2S0,, filtered and evaporated to give 105 mg of yellow
oil. The product was isclated by chromatotron (1 mm plate eluting with 4:1
hexanes/EtOAc to 65:35 hexanes/EtOAc to 1:1 hexanes/EIOAc to 2% MeOH in
CHzCl2 to 5% MeOH In CH2Cl» and, finally, 10% MeOH in CH,Cl to which several
drops of acetlc acid had been added). The appropriate fractions were combined,
diluted with tolusne and evaporated to give 67.5 mg (0.191 mmol) of 102. 'H NMR
(300 MHz, CDsOD): 5 1.49 (s, 9H), 1.57 (S, 3H), 1.69 (s, 3H), 3.77-3.90 (m, 1H),
4.39-4.57 (m, 1H), 4.90-5.10 (br s, 1H), 5.18 (d, 1H, J=7.2), 7.56 (d, 2H, J = 8.1),
8.04 (d, 2H, J=8.1). LRMS (ESI" m/z: 352 (M-H" C4gH22FNOs requires 352).

Example 84: Compound 106

"‘\rOfé{JV o »}Ofé{’e — *"vaﬁé{ <
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Compound 102 (106 mg, 0.299 mmol) was dissolved in EtOAc and
diazomethane, generated using an Aldrich Chemical Company diazomethane Kit,
was added dropwise until a slight yellow color persisted. Excess of diazomethane
was allowed to evaporate ovemight in a well-ventilated fume hood, and the
remalning EtOAc solution was concentrated under vacuum. The residue was
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dissolved in Et20 and washed with aqueous NaHCOj3; and then brine. The layers
were separated and the organic layer was dried over anhydrous NazS0Oq, flltered and
concentrated to glve 0.087 g (0.24 mmol, 79%) of methyl ester 103, which was used
without further purification or characterization. .

Compound 103 (0.037g, 0.136 mmol) was dissolved In 1 mL of EtOH. To this
was added hydrazine hydrate (.007 g, 0.177 mmol). The mixture was refluxed for 12
hours. The solvent was removed under vacuum and the product purified by
chromatotron (1 mm plate, 10% MeOH in CH2Clz). Compound 104 was Isolated
(40.0 mg, 0.109 mmol) and was used without further characterization. LRMS
(ESF) m/z: 366 (M-H* C1gHzsFN3O; requires 366).

Compound 104 (0.050 g, 0.133 mmol} was dissolved in 5 mL of triethyl
orthoformate and stirred at 120 °C for 24 hours. The mixture was evaporated to give
26 mg of crude 105, which was used without further characterization or purification.

Compound 105 (0.0051 g, 0.014 mmol) was stirred at room temperature with
10 mL of 9:1 TFA/H20 for 10 minutes. The mixture was concentrated under vacuum,
dissolved three times in a MeOH/toluene mixture, the solvents belng evaporated
each time, and dried to a constant weight to give 0.5 mg of deprotected material.
The resldue was dissolved in 1 mL of MeCH in an open container and 5 drops of
. methyl difluoroacetate and 15 drops of EtsN were added. The mixture was stimed at
room temperature for 12 hours. After 12 hours, TLC indicated a single product. The
mixture was concentrated under vacuum and the product isolated by silica gel
chromatography eluting with 20:1 CH2Cl/CH3OH to give 2.3 mg of 106. 'H NMR
(300 MHz, CD3OD): 5 4.31-4.74 {m, 3H), 5.04 (d, 1H, J = 3.9), 5.96 (t, 1H, J = 53.9),
7.61 (d, 2H, J = 8.4), 8.05 (d, 2H, J = 8.4), 8.99 (d, 1H). LRMS (ESI) m/z: 314 (M-
H* Cy3H14F3NaO; requires 314).

Example 85: Compound 107

OH
“F
<o HNIO
- +i-
N-N 5,’,’ o

Compound 107 was prepared in analogous manner to 106 using methyl
dichloroacetate In place methyl difluoroacetate, 'H NMR (300 MHz, CD;OD): 5 4.32-
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4.80 (m, 3H), 5.06 (d, 1H, J = 3.0), 6.23 (S, 1H), 7.62 (d, 2H, J = 8.4), 8.03 (d, 2H, J
= 8,4), 8.98 (s. 1H). LRMS (ESI)m/z: 346 (M-H* C13H11C12FN3O5 requires 346).

Example 86:Compound 108
0 o_j<f

A4 L
Ho\”/@:)\l\r: O'Q — 10 \m\: O’Q

0 (+-)
102 108

Compound 102 (32.7 mg, 0.0925 mmol) was dissolved in EtOAc (8 mL) and
cooled with stiring to 0 °C. Pentefluorophenol {17 mg, 0.093 mmol) was added.
Once all solids had dissolved, DCC (19 mg, 0.093 mmol) was added and the mixture
stirred at 0 °C for 1.25 hours. The mixture was evaporated to one-quarter the
original volume at which time a DCU precipitate formed. The DCU was removed by
filtration and the pentafluorophenyl ester was isolated'by evaporation. The residue
was dissolved in 4 mL of MeOH and cooled to 0 °C with stiring. NaBH, {18 mg,
0.46 mmol) was added portionwise. When bubbling ceased, the mixture was
warmed to room temperature. After 2 hour, excess NaBH, was quenched by
addition of 4 drops of glacial HOAc. The mixture was evaporated to dryness and the
residue partitioned between 1N aqg. HCI and EtOAc. The EtOAc was separated and
washed with 1 N aqueous HCI (2 x 15 mL), saturated aqueous NaHCO, (2 x 10 mL)
and finally brine (1 x 256 mL). The EtOAc layer was dried over anhydrous NazSO,,
filtered, and evaporated to give 50 mg of yellow oil. Chromatotron purification (1
mm plate, eluting with 5% EtOAc in hexanes to 10% EtOAc in hexanes) gave 108
(10.3 mg, 0.030 mmol). 'H NMR (300 MHz, CD;OD): & 1.49 (s, 9H), 1.57 (s, 3H),
1.68 (s. 3H), 3.75-3.89 (m, 1H), 3.90 (s, 2H), 4.39-4.58 (m, 1H), 4.90-5.05 (br s, 1H),
5.19(d, 1H, J=T7.2), 7.57 (d, 2H, J = 8.3), 8.04 (d, 2H, J = 8.3).

Example 87: Compound 109
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Compound 108 (10 mg, 0.30 mmol) was dissolved in 5 mL of 9:1 TFA/H:0O
and stimed at room temperature for 1 hour. The mixture was then concentrated
under vacuum to give approximately 9 mg of deprotected material as the TFA salt.
TH NMR- (300 MHz, CD,OD): 5 3.54-3.68 {m, 1H), 3.91 (s, 2H), 4.24-4.67 (m, 2H),
4.90 (d, 1H, solvent obscured), 7.57 (d, 2H, J = 8.4), 8.07 (d, 2H, J = 8.4).

The 9 mg of material (0.03 mmol) were dissolved in 2 mL. of MeOH in an open
container. To this was added 15 drops of EtsN and 15 drops of methyl
dichloroacetate. The mixture was stirred for 56 hour at room temperature. By the
end of the reaction the solvent had completely evaporated. The residue was loaded
onto a chromatotron (1 mm plate, eluting with 2% MeOH in CHzCl2 to 4% MeOH in
CH3Clz, providing 7.5 mg of 109. 'H NMR (300 MHz, CDsOD): § 3.88 (s, 2H), 4.28-
4.73 (m, 3H), 5.02 (d, 1H, J = 3.3), 6.22 (s, 1H), 7.51 (d, 2H, J=8.4), 7.97 (d, 2H, J =
8.4),

Example 88: Compound 110
OH
F
x HN._.O
l N ) FIF
110
Prepared in analogous fashion to other pyridine-containing biaryl compounds
herein. ‘H NMR (300 MHz, CD;0D): § 2.54 (s, 3H), 4.30-4.68 {m, 3H), 4.99(d, J =
3.3),5.98 ({t, 1H, J=40.5), 7.35 (d, 1H, /=6.0),7.49(d, 2H, J=6.2), 7.61(d, 2H, J
=6.2), 7.95 (dd 1H, J=6.0, 1.7), 8.61 (d, 1H, J= 1.7). LRMS (ESI') m/z: 336.9 (M-
H* C17H1sFaN203 requires 337.1).

Example 89: Compound 111
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Prepared in analogous fashion to other pyridine-containing biaryl compounds
herein. "H NMR (300 MHz, CDsOD): 5 2.56 (s, 3H), 4.30-4.74 (m, 3H), 5.01 (d, 1H, J

=3.9), 6.27 (s, 1H), 7.36 {d, 1H, J = 8.1), 7.58 (d, 2H, J = 8.4), 7.61 (d, 2H, J=8.4),
7.96 (1H, dd, J = 8.1, 2.3), 8.62 (d, 1H, J = 2.31).

Example 90: Compound 112
OH
HNIO
) oo
o M2
Compound 111 (0.0185g, 0.0499 fnmol) was dissolved in 10 mL CHxCl; at 0

°C. To this was added m-CPBA (0.246 g, 0.0997 mmol). The mixture was stirred
until the Ice bath melted and the mixture came to room temperature, approximatety

12 hours. The mixture was concentrated under vacuum and 112 was isolated by
preparative plate silica gel chromatography (15% MeOH in CH2Clo) followed by a
silica gel plug (3% MeOH in CH;Cl;). LRMS (ESI) m/z; 385 (M-H* Cy7H1sCl2FN203
requires 385.1).

Example 94: Compound 113
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Compound 113 was synthesized from compound 110 in the same manner
112 was syntheslzed from 111. LRMS (ESI) m/z: 353 (M-H* C7H1sCLFN203
requires 353.1).

Example 92: Compound 114

OH

F

N HNIO

“W o e
114

This compound was prepared In the same manner as other biaryls herein.
LRMS (ESI’) m/z. 324 (M—H+ C15H13F3N3032 requires 324.1 )

Example 93: Compound 115
OH

F
°=( NN wny oo
115

Prepared In same manner as compound 48. The required aryl bromide was
prepared in two steps from 2-amino-1,3,4-thiadiazole by bromination with Bra
followed by acetylation. LRMS (ESI') m/z: 419 (M-H* C15H14Cl2FN4OsS requires
419.0).

Example 94: Compound 116

F OH
F
NS HNIO
(s +H)  FF
116
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Compound 116 was synthesized as set forth in Schemes 2 and 3. The
phenyiserine analog was obtained by condensatlon of 4-bromo-2- '
fluorobenzaldehyde with glycine. Suzuki coupling method B was used to couple the
bromide intermediate with m-pyridineboronic acld. Deprotection and
difluoroacetylation were camied out as described praviously herein. LRMS (ESI*)
m/z: 343 (M+H* CygH1sF4N202 requires 343.1).

Example 85: Compound 117

F oH
E
NS HNIO
# a

Same procedure as that used for the synthesis of 116. LRMS (ESI") m/z:
375 (M+H" C1gH1sF4N203 requires 375.1).

Example 96: Compound 118

OH
0 o] (o] 0
F
Br F ‘s i F - \\N , I
(+4) ] E O F
19 T ¥ (+h)

118

Compound 19 (100 mg, 0.258 mmol), potassium acetate (38 mg, 0.386
mmol), and 2 mL of N,N'-dimethylacetamide (DMAC) were combined in a glass
pressure tube, Thiazole (112 mg, 1.31 mmal) was added by syrtinge, and the syringe
rinsed with an additional 1 mL of DMAC, which was added to the pressure tube. The
mixture was stired at room temperature while purging with Nz for 10 minutes,
Pd{PPhs) (15 mg, 0.013 mmol) was added, the mixture purged with N2 for 5
minutes, the tube sealed and heated to 150 °C behind a blast shield and held at that
temperature for 12 hours. The mixture bacame dark brown. After cooling to room
temperature, the contents of the tube were filtered throdgh a pad of Celite and the
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filtrate evaporated to dryness. The residue was dissolved in 40 mL of 3:1
EtOAc/hexanes and washed with Hz0 (2 x 15 mL) and brine (2 x 15 mL) and then
dried over anhydrous Na;S0,. The dried organic layer was filtered o remove the
drying agent and concentrated under vacuum to give 109 mg of brown oill.
Compound ‘i19 was purified by silica gel chromatography eluting with 80:20 to 50:50
hexanes/EtOAc (54 mg, 0.14 mmol). LRMS (ESI*) m/z:- 393.1 (M+H" CaoH26FN203S
requires 393.2).

All of compound 119 was dissolved in 9:1 (v/v) TFA/H20 (7.5 mL) and stirred
at room temperature for 30 minutes. The mixture was then concentrated under
vacuum and the residue dissolved twice in a mixture of toluene and methanol, the
solvents being evaporated each time. A portlon of the product (9.7 mg, 0.027 mmol)
was dissolved in 2 mL of MeOH and 10 drops of Et3N and 12 drops of methyl
difluoroacetate were added. The mixture was left open to the alr and stirred rapidly
for 16 hours. The mixture was evaporated to dryness and the residue purified by
chromatotron (1 mm plate) eluting with 3% MeOH in CH2Cl: to give 118 (6.0mg,
0.018 mmol. 'H NMR (300 MHz, CD3OD}): 5 4.27-4.69 (m, 3H), 4.97(d, 1H, J = 4.2),
5.99 (t, 1H, J = 53.9), 7.47 (d, 2H, J=8.3), 7.65 (d, 2H, J = 8.3), 8.16 (s, 1H), 8.94
(s, 1H). LRMS (ESI") m/z: 331.1 (M+H" C4H14F3N202S requires 331.1).

Example 97: Compound 120

OH
F
HN._.O
<\: ! (+-) I
120 o~ cl

Compound 120 was prepared fn a manner analogous to that used to prepare
118 using dichioroacetyiation Instead of difluoroacatylation. LRMS (ESI") m/z:
363.0 (M+H" C14H14CI2FN,02S requires 363.0).

Example 98: Compound 121

96
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The protected biaryl intermediate was synthesized by Suzuki coupling method
B from 23 and 3-chloro-6-methylpyridazine. Deprotection and dichloroacetylation
were performed as for other compounds of this invention. LRMS (ESI") miz: 372.0
(M+H" C4gH17ClaFNsO2 requires 372.1).

Example 99: Compound 122

12

Prepared in analogous fashion to 124. LRMS (ESI'Y m/z: 340.1 (M+H*
C1eH7FaN3O2 requires 340.1).

Example 100: Compound 123
OH

F
N HN._.O
NC“~F wy  Cl ICI
123
The protected biaryl iIntermediate was prepared by Suzuki coupling method B
from borenic acid 23 and the appropriate aryl bromide. This Intermediate was then

deprotected by brief treatment with 9:1 (viv) TFA/H20 and dichloroacetylated as
described for 29. LRMS (ESI") m/z: 380.0 (M-H* C17H1aCl2FN3O2 requires 380.0).
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Example 101: Compound 124

OH
F

N HNIO

No” ~F ) FTF
124

Prepared in analogous fashion to 123. Difluoroacetylation was performed as
with other compounds of this Invention. LRMS (ESI") m/z 348.0 (M+H"
C17H1aFaN3O2 requires 348.1).

Example 102: Compound 125

o i3 ,
R R = 5T

128
The blaryl Intermediate was prepared from boronic acid 23 using Suzuki

coupling. LRMS (ESI") m/z: 392.0 (M-H* C15H13ClaFN3O; requires 392.0).

Example 103;: Compound 126

ok

g L L ke
O~ O T a ¢~ (0T

-, .qg%i:
126

The starting nitrile was prepared from 35 by analogy to the preparation of
bromo intermediate 19. Treatment with PhaP(S)SH gave the thiobenzamide which
was converted to the thiobenzamidine intermediate by reaction with
dimethylformamide dimethylacetal. Cyclization with hydroxylamine-O-sulfonic acid in
methanol/pyridine gave the biaryl intermediate. LRMS (ESI*) m/z: 364.0 (M-H*
C13H12CIaFN3O;S requires 364.0)
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Example 104: Compound 127
OH
ok L
NBoc

Br F
(+-)

19 127
The phenyllithium intermediate was prepared by treatment of intermediate 19
with n-butyllithium in THF at -78 °C. The intermediate was reacted with pyridazine
and the mixture of the resulting 2- and 3-position adducts was oxidized with DDQ.
The desired 3-pyridazyl regioisomer was isolated by chromatography. LRMS (ESI")
m/z: 326.0 (M-H* CysH15FaN1O; requires 326.0)

Example 105: Compound 128
OH

NN HNIO
¢ oo
Compound 128 was synthesized using the procedure In Example 104.
LRMS (ESI") m/z: 358.0 (M-H* C4sH44Cl2FN1O; requires 358.0)

Example 106: Compound 129

oJ( oJ( 4

_..NBoc — JNBoc E

Br F N F Io
(+) : (+) 1 g o

19 127

The procedure discussed in Example 104 was used. LRMS (ESI") m/z:
358.0 (M-H* C15H14CI2FN30; requires 358.0)

Example 107: Compound 130
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The procedure of Example 104 was used. LRMS (ESI") m/z: 326.0 (M-H"
C1sH14FaNsOz requires 326.0)

Example 108: Compound 131

b ok ok ok
e v O A
- oI,

The phenyllithium intermediate was reacted with N-methoxy-N-
methylacetamide and the resuiting acetophenone was reacted with
dimethylformamide dimethylacetal and hydroxylamine-O-sulfonic acld in methanol in
presence of pyridine to give the Isoxazole. LRMS (ESI*) m/z; 347.0 (M-H'
C14H1aCl2N20s requires 347.0)

Example 109: Compound 132
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Compound 132 was synthesized using the procedure In Example 108.
LRMS (ESI"ym/z: 315.0 (M-H" C44H43F3sN203 requires 315.0.

Example 110: Compound 133

i
H.H:Jfg[(‘. —'—'-*"*'Tgsi

The phenyllithium intermediate was reacted with dimethylformamide to give the
formy! intermediate which was then reacted with the ylide generated from
methoxymethyitriphenyl phosphonium bromide. The resulfing enol ether was brominated
with bromine to give the bromoaldehyde. Cyclization with thiourea gave the
aminothiazole. LRMS (ESI") m/z: 378.0 (M-H' C14H14C2FN302S requires 378.0)

Example 111: Compound 134
OH
F
8 HN.__O
HN~ | .
N (+-)
F7 F

Compound 134 was synthesized using the procedure in Example 110. LRMS
(ESI") m/z: 346.0 (M-H+ Cq4H14FaN302S requires 346.0)

Example 112: Compound 135 (mixture of diastereocisomers)

OH
F

HN
N e f
F~ "C

Compound 135 was synthesized using the procedure in Example 108. LRMS
(ESI") miz: 331.0 (M-H* G14H:1aF2N20s requires 331.0)

101




Example 113: Compound 136

. L X o
“vﬁ%*”mfﬁwtdgﬁ

The starting material in Exampie 108 was reacted with Lawesson’s reagent
and the product was cyclized to the biaryl intermed!ate with hydroxylamine-O-
sulfonic acid in methanol In presence of pyridine. LRMS (ESI*) m/z: 363.0 (M-H*
G14H13CI2FN202S requires 363.0)

Example 114: Compound 137

OH
F
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Compound 137 was synthesized using the procedure in Example 113.
LRMS (ESI") m/z: 331.0 (M-H* C14H13F3N202S requires 331.0)

Example 115: Compound 138 {mixture of dlastereoléomers)

CH
F
S HN. O
J X
N\ -
(+) F~ °Cl

Compound 138 was synthesized using the procedure in Example 113. LRMS
(ESI') miz: 347.0 (M-H" C14H;3CIF2N202S requires 347.0)

Example 116: Compound 139
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Compound 139 was synthesized using the procedure in Example 96 starting
from the desired enantiomer of intermediate 19. LRMS (ESI") m/z: 331.0 (M-H'
C14H13F3N202S requires 331.0)

Example 117: Compound 140 {(mixture of diastereoisomers)
OH

F
S\m\ 0
({ -N (+F) I
N F el

Compound 140 was synthesized using the procedure in Example 41. LRMS
(ESI") m/z: 348.0 (M-H® C13H12CIFaN3O.S requires 348.0)

Example 118: Compound 141

_,Oj{_ ok ,OXF' ok ot

BN s

Intermediate 19 was reacted with trimethylsilylacetylene in presence of copper
iodide and PdCl2{PPha)z. The product was desilylated by treatment with potassium
carbonate In methanol. The cyanoacetylene intermediate was reacting acetylene
with n-butyllithium, which was then reacted with tosylcyanide. Cyclization to the 3-
aminoisoxazole was performed by treatment of the cyanoacetylene with
hydroxylamine in ethanol. LRMS (ESI") m/zz 330.0 (M-H" C14H14F3N303 requires
330.0)

Example 119: Compound 142
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Compound 142 was synthesized using the procedure in Example 118.

LRMS (ESI*) m/z: 362.0 (M-H" C14H14Cl2FN30; requires 362.0)

Example.120: Compound 143
OH

J( o—j( F

O =

Br F i‘g F NG FF
19 0 143

The desired enantiomer of intermediate 19 was reacted with
bis(pinacolato)diboron in presence of 1,1'-bis{diphenylphosphino)ferrocenepalladium
(1) dichloride dichloromethane. The pinacolboronate ester was coupled with 5-
bromo-2-cyanopyridine using the Suzuki reaction. LRMS (ESI') m/z: 350.0 (M-H'
C17H44FaN3O2 requires 350.0)

Example 121: Compound 144

OH
F
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|
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Compound 144 was synthesized using the procadure in Example 120.
LRMS (ESI") m/z: 382.0 (M-H" C17H15ClaFN102 requires 382.0)

Example 122: Compound 145 (mixture of diastereoisomers)
,OI{PM ot oA o
F
BN F _.-H\"/O){F —-—HOT/O){F —» mTO):NrI\:
- ) {+-}
1 ) e
145
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Intermediate 19 was reacted with n-butyllithium and then with
dimethylformamide. The formyl intermediate was reacted with methylmagnesium
bromide to give the benzylic alcohol as a mixture of dlastereisomers. LRMS (ESI")
m/z: 324.0 (M-H'* C1aH1sCl2FNO;3 requires 324.0)

Example 123: Compound 146

ok ok ok o
F
/w - e F oo HN
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148

The starling acetylene, praepared as described in Example 118, was reacted
with n-butyllithium followed by addition of carbon dloxide and the resulting acld was
esterified with diazomethane In ethyl acetate/dlethyt ether. The 3-hydroxyisoxazole
was obtained by reacting the ester with hydroxylamine and was then methylated with
dlazomethane in ethyl acetate/diethyl ether. LRMS (ESI*) m/z: 377.0 (M-H*
C1sH15Cl2FN204 requires 377.0)

Example 124: Compound 147
OH

«SYQ/":"‘?(‘F’

N-N c” e
Compound 147 was syntheslized by the method of Example 120 using 2-
bromo-1,3,4-thladiazole in a Suzuki coupling. LRMS (ESI*) m/z: 364.0 (M-H"
C13H12ClFN302S requires 364.0)

Example 125: Compound 148

L L "
A A A
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The starling acetylene was obtained as described in Example 118. The 3-
carboethoxy Isoxazole intermediate was obtained by cycloaddition of the nitrile oxide
generated in situ from ethyl nitroacetate, di-t-butyldicarbonate and 4-
dimethylaminopyridine. The amide was obtalned from the 3-carboethoxy Isoxazole
intermediate by hydrolysis to the acid, conversion to the acyl chloride and reaction
with ammonla. LRMS (ESI*) m/zz 358.0 (M-H"* C1sH14FsN3O, requires 358.0)

Example 126: Compound 149
CH

HN.__.O
~ X
cl© Cl
Compound 149 was syntheslzed using the procedure in Example 108 starting
from the desired enantiomer of Intermediate 19. LRMS (ESI*) m/z: 347.0 (M-H"

C14H13C12FN203 requires 347.0)

Example 127: Compound 150

O‘Ph O_PBM QH
N,O —- ";TO){F - ",o " A
ﬁ{ : Ho i HO ' t1;° GI:

The 3-carboxyisoxazole intermediate obtained as described in Example 125
was converted into the acid chloride using Vilsmeyer reagent in dimethylformamide.
The crude product was reduced to the 3-hydroxymethyl isoxazole intermediate with
tetrabutylammonium borohydride in THF. LRMS (ESI") m/zz 377.0 (M-H*
C15H15ClaFN20O4 requires 377.0)

Example 128: Compound 151
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Compound 151 was syntheslzed using the procedure In Example 127.
LRMS (ESI") m/iz: 345.0 (M-H'* C1sH4sF3N204 requires 345.0)

Example 129: Compound 152

Compound 152 was synthesized using the procedure In Example 125.
LRMS (ESI*) m/z: 390.0 (M-H' C1sH4ClFN3O;4 requires 390.0)

Example 130: compound 153

Compound 153 was synthesized using the procedure in Example 40.
EDC/HOBT was used to acylate the amino intermediate with cyanoacetic acid.
LRMS (ESI*) nvz: 314.0 (M-H* Cy7HysFNaO2 requires 314.0)

Example 131: Compound 154

OH
F
S Hn\to
N™  (+1) N3

Compound 154 was synthesized using the procedure in Example 130.
LRMS (ESI") m/z: 330.0 (M-H" C1gH1sFNsO2 requires 330.0)

Example 132: Compound 155
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The starting acetylene was obtained as described In Example 118. The 3-
methyl isoxazole intermediate was obtained by cycloaddition of the nitrile oxide
generated /n siu from nitroethane, di-t-butyldicarbonate and 4-
dimethylaminopyridine. LRMS (ESI*) m/z: 329.0 {(M-H" C1sH;sFsNz05 requires
329.0)

Example 133: Compound 158
OH

(+-)

Compound 156 was synthesized using the procedure in Example 132.
LRMS (ESI") m/z: 361.0 (M-H” C15H1sCI2FN2O3 requires 361.0)
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Exampie 134 : Compound 157
N
")d {+h) )J -y C7

0’0{;”“
—
F
Br +h)
18 157

Intermediate 19 was reacted with 4-methylimidazole in refluxing
dimethylformamide in the presence of copper powder. LRMS (ESI") m/z: 3460.0
{M-H* C14H14ClFN30O, requires 346.0)
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Example 135: Compound 158
OH

fogs:
N HN. ;O

");1 (+F) FI

F

Compound 158 was synthesized using the procedure in Example 134,
LRMS (ESI") m/z: 328.0 (M-H" C1sHgF3N302 requires 328.0)

Example 136: Compound 159

OH
F
4 HN._.O
VI ¢
F7F

Compound 159 was synthesized using the procedure in Example 126.
LRMS (ESI") m/z: 315.0 (M-H* Cy4H13F3N,04 requires 315.0)

Example 137: Compound 160

0-3( _(o O'S.g _{
oG N
Br F F
19 1

A mixture of the desired snantiomer of Intermediate 19 (1 g, 2.5 mmol),
potassium carbonate (712 mg, 5 mmol), and propiolamide (1.07 g, 15 mmol) In N,N-
dimethylacetamide (4 mL) was stimed at room temperature while purging with N for
10 minutes. Pd{PPha), catalyst (15 mg, 0.013 mmol) was added and the mixture
was purged with N2 for another 5 minutes. The rasulting mixture was stirred at 100
°C for 9 hrs. After cooling to room temperature, the crude was flash silica gel
chromatographed to give the coupling product (601 mg). 'H NMR (300 MHz,
CDCl3): § 1.49 (s, 9H), 1.59 (s, 3H), 1.70 (s, 3H), 3.75-3.90 (m, 1H), 4.35-4.60 (m,
2H), 5.15 (d, 1H, J = 7.5), 5.65 (s, 1H), 5.85 (s, 1H), 7.45 (d, 2H, J = 8.4), and 7.55
(d, 2H, J = 8.4).
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F F
NH,

To dimethylformamamide (2 mL) was slowly added thionyt chioride (2 mL) at
0 °C and the reaction mixture was stirred at that temperature for 30 min. The
solution was then cannulated to a solution of the propiolamide intermediate (600
mgq) In DMF (4 mL) at 0 °C. After stirring at room temperature for 30 min, the mixture
was poured into ice/water (50 mL). The pH was adjusted to 7 with saturated sodium
blcarbonate. The solution was extracted with ethyl acetate three times. The
combined organic layers were washed with water, dried over anhydrous sodium
sulfate, and purified by column chromatography to give propiolonitrile intermediate
(326 mg). 'H NMR (300 MHz, CDCla): & 1.49 (s, 9H), 1.59 (s, 3H), 1.70 (s, 3H),
3.75-3.90 (m, 1H), 4.35-4.60 (m, 2H), 5.15(d, 1H, J = 7.5), 7.49 (d, 2H, J = 8.4), and
7.63 (d, 2H, J = 8.4).

A o T

To a solution of sodium hydroxide (206 mg, 7 eq.) in water (2 mL), was added
hydroxylamine hydrochloride (256 mg, 5 eq.). The solution was added to the
proplolonitrile intermediate (263 mg) dissolved in ethanol (7 mL). The resulting
mixture was stirred at room temperature for 6 hrs. Ethyl acetate was added, the
organic layer was separated, washed with water, and dried with anhydrous sodium
sulfate. The crude material was purified by column chromatography to give the
protected 3-aminoisoxazola which was then dissolved in THF (6 mL) and 4 N HCI (6
mL.), and stirred at 80 °C for 2.5 hrs. The reaction mixture was evaporated to
dryness under reduced pressure. The residue was co-evaporated with methanol
twice and dried ovemight under vacuum. To the crude material dissolved in
methanol (2 mL) was added triethylamine {2 mL), followad by methyl
dichloroacetate {1 mL). The mixture was stirred at room temperature for 24 hrs. The
solvent was evaporated and the mixture was purified by flash column
chromatography to give compound 160 (167 mg). *H NMR (300 MHz, CDCls +
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CD,0OD): 5 4.354.70 (m, 3H), 5.05 (m, 1H), 5.85 (s, 1H), 6.16 (s, 1H), 7.44 (d, 2H, J
=8.1), and 7.65 (d, 2H, J = 8.1). LRMS (ESI") m/z: 382.0 (M-H" C14H14ClaFN3O3
requires 362.0)

Example 438: Compound 161
OH

cI~ ~cl

Compound 161 was syntheslzed using the prooaduré In Example 132 starting
from the desired enantiomer of intermediate 19. LRMS (ESI') m/z: 361.0 (M-H"
C15H1sClFN20; requires 381.0)

Example 139: Compound 162

OH
F
0 HN._O
N X
F > F

Compound 162 was synthesized using the procedure In Example 138.
LRMS (ESI") m/z: 329.0 (M-H" CysH4sFaN2z03 requires 329.0)

Example 140: Compound 163

OH
F
B HN \Eo
NC” N CN

Compound 163 was synthesized using the procedure in Example 120.
Dicyclohexylcarbodiimide was used to acylate the amino intermediate with
cyanoacetic acid. LRMS (ESI*) m/z: 339.0 (M-H' C1gH45FN4O3 requires 339.0)

Example 141: Compound 164
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OH
F
I N ano

NC” N N3

Compound 164 was syntheslzed using the procedure in Example 120.
Dicyclohexylcarbodiimide was used to acylate the amino intermediate with
-azidoacetic acid. LRMS (ESI') m/z: 355.0 (M-H* C47H1sFNsO2 requires 355.0)

Example 142: Compound 165
OH
F
(o]
®» g
NC” ™N
Compound 165 was synthesized using the procedure in Example 120. The

amino intermediate was acetylated with acetic anhydride. LRMS (ESI*) m/z 314.0
(M-H" Cy7H16FN3O2 requires 314.0)

Example 143: Compound 166
OH

1

Compound 166 was syntheslzed using the procedure in Example 120.
LRMS (ESI") m/z; 350.0 (M-H* Cq3H14FaNaO,S requires 350.0)

o

T

Example 144: Compound 167
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OH
F
I XN HNTO

NC” ~N” NH,

Compound 167 was synthesized using the procedure in Example 120.
Dicyclohexylcarbodiimide was used to acylate the amino intermediate with N-Boc-
glycine and the resulting glycinamide was deprotected with hydrochioric acid in
methanol. LRMS (ESI*) m/z: 329.0 (M-H" C47H17FN4O; requires 329.0)

Example 145: Compound 188

OH
F
x HN\ﬁO
NC IN " “NH,

Compound 168 was synthesized using the procedure In Example 14'4.
LRMS (ESI*) mvz: 343.0 (M-H* C1gH1sFN4O2 requires 343.0)

Example 446 : Compound 169

X X
O — o

The desired enantiomer of intermediate 19 {(1.16 g, 3 mmol), potassium
carbonate (1.659 g, 12 mmol), imidazole (1.225 g, 18 mmol), and copper powder
(191 mg, 3 mmol) in 20 mL of DMF were stirred vigorously at reflux for 4 hrs. The
reaction mixture was cooled to room temperature and poured Into water (100 mL).
After extraction with ethyl acetate and washing of the organic extract with water (3X),
the organic layer was passed through a sllica gel and anhydrous sodium sulfate
plug. Evaporation of solvent gave the imidazole (1.06 g). *H NMR (300 MHz,
CDCla): & 1.45 (s, 9H), 1.80 (s, 3H), 1.75 (s, 3H), 3.75-3.85 (m, 1H), 4.354.55 (m,
2H), 5.20 (d, 1H, J = 7.5), 7.22 (s, 1H), 7.28 (s, 1H), 7.41 (d, 2H, J = 8.4), 7.58 (d,
2H, J = 8.4), and 7.89 (s, 1H).
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X’ o _{ oH
ot — ot —~ o
s adi ¢ T X
169
The imidazole Intermediate (2.77 g) was dissolved In THF (20 mL) and 4 N
HCI (20 mL), and stirred at 80 °C for 2.5 hrs. The reaction mixture was evaporated
to dryness under reduced pressure. The residue was co-evaporated with methanol
twice and dried ovemight under vacuum. The crude material was dissolved in
methanol (20 mL) and triethylamine (5 mL) was added, followed by methyl
dichloroacetate (5 mL). The mixture was stied at room temperature for 20 hrs. The
solvent was evaporated and the mixture was purifled by flash column
chromatography to give compound 169 (1.1 g} as white solid. 1'H NMR (300 MHz,
CDCls): 5 4.30-4.75 (m, 3H), 5.21 (d, 1H, J=7.5), 5.86 (s, 1H), 7.05 (d, 1H, J=7.5),
7.10 (s, 1H), 7.28 (s, 1H), 7.39 (d, 2H, J =8.4), 7.52 (d, 2H, J=8.4 Hz), and 7.81 (s,
1H). LRMS (ESI') m/z: 360.0 {M-H" C15H15ClaFN3O2 requires 360.0)

Example 147: Compound 170

OH
E

NS HNIO

Il

N # o

Compound 170 was synthesized by the method of Example 106 using the
desired enantlomer of intermediate 19. LRMS (ESI*) m/z: 358.0 (M-H*
C15H14CLFN1O3 requiras 353.0)

Example 148: Compound 171

OH

F

NS HNIO
]

P EANE

Compound 171 was synthesized using the procedure in Example 147.
LRMS (ESI") m/z; 326.0 (M-H+ C1sH14F3N3O2 requires 326.0)
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Example 149: Compound 172

OH
F
S HN. O
HoN
L

Compound 172 was synthesized by the method-of Example 110 using the
desired enantiomer of Intemediate 19. LRMS (ESI*) m/z: 346.0 (M-H"
C14H14F3N302S requires 346.0)

Example 150: Compound 173

Compound 173 was synthesized using the procedure in Example 137.
LRMS (ESI*) m/z: 330.0 (M-H* C4H14FsNsOs requires 330.0)

Example 151: Compound 174

OH
ope:
N FN HNIO
= F"F

Compound 174 was synthesized using the procedure in Example 146.
LRMS (ESI") m/z: 314.0 (M-H* C14H14F3sN3O; requires 314.0)

Example 152: Compound 175

OH
F
HNIO
0 F7F

Compound 175 was synthesized using the procedure in Example 28. LRMS
(ESI") miz: 280.0 (M-H" C1aH14F3NO; requires 280.0)
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Example 153: Compound 176

OH
F
S 'HN._.O
HzN—‘« ‘ I
N oI el

Compound 176 was synthesized using the procedure in Example 149.
LRMS (ESI*_) m/z: 378.0 (M-H* C14H14ClFN3O:S requires 378.0)

Example 154: Compound 177

CH
F
N7 HNIO
HN" 7 oy OO
Corﬁpound 177 was synthesized by the method of Example 33 using the

bromopyridine derivative and boronic acid 23. LRMS (ESI*) m/z: 372.0 (M-H'
C1sH16Cl2FN1O2 requires 372.0)

Example 155: Compound 178
OH

NP HNIO
Ay oy &0

Compound 178 was synthesized by the method of Example 33 using a
bromopyrimidine derivative and boronic acid 23. LRMS (ESI") m/z: 373.0 (M-H*

C1sH1sCLFN4O2 requires 373.0)

HaN
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Example 158: Compound 179
OH

NH, F
N HN_ O
L2
N c” ta
(+l-)
Compound 179 was synthaesized by the method of Example 33 using the
bromopyrimidine derivative and boronic acid 23. Standard conditions were used for

the removal of protecting groups and the Introduction of dichloroacetamide
functionality. LRMS (ESI*) m/z: 373.0 (M-H" C45H15CI2FN4O; requires 373.0)

Example 157: Compound 180

OH
F
N HNIO
HoN” P a’ o

) |
Compound 180 was synthesized by the method of Example 33 using the
requislte chloropyridazine derivative and boronic acid 23. Standard conditions were
used for the removal of protecting groups and the Introduction of dichloroacetamide
functionality. LRMS (ESI") m/z: 373.0 (M-H" CysH1sC12FN,O; requires 373.0)

CONCLUSION

Thus, it will be appraciated that the present invention provides novel
fiorfenicol-llke compounds and methods for thelr use in the treatment or prevention
of bacterial infection In animals or humans.

Although certain embodiments and examples have been used to describe the
present invention, it will be apparent to those skilled in the art that changes In the
embodiments and examples shown may be made without departing from the scope
of this Invention.
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REIVINDICACIONES:
1. Un compuesto de la férmula quimica:
OH
- R
R* HN I0
R2 RaRa

en donde:
R' es seleccionado entre del grupo que consiste de —OH y -F;

R? y R? s0n cada uno seleccionados de manera independiente del grupo que consiste de
hidrégeno, alquilo (1C-4C), halo, -CF3, -NH3, -CN y Nj;

R* es seleccionado del grupo que consiste de:

-C(=R*RS,
en donde;
R? es seleccionado del grupo que consiste de oxigeno, N-CsN yNOR’,
en donde:
R’ es seleccionado del grupo que consiste de hidrégeno,
alquilo, arilo, heteroarilo, aliciclico y heteroaliciclico;

R es seleccionado del grupo que consiste de hidrégeno, alquilo Cl-4
cicloalquilo C3-6, alcoxilo C1-4, heteroarilo, aliclclico y heteroaliciclico;
,
A2——pl

)\

A A

A i

en donde: A

A! es carbono o nitrégeno;

A%, A3, A*y A’ son cada uno, de manera independiente, seleccionados del grupo
que conslste de cnrbono nitrégeno, oxigeno, y azufre, siempre y cuando por lo menos
uno entre A' y A’ no sea carbono, que el nimero total de dtomos de nitrégeno, oxigeno
y azufre en ¢l anillo no exceda 4 y que ¢l anillo sea aromético;

los dtomos de carbono en el anillo son sustituidos de manera independiente con
una entidad seleccionada del grupo que consiste de hidrégeno, alquilo C1-4,
cicloalquilo C3-6, C1-4 alquilo O-, -CF,, -OH, -CN, halo, C1-4slquilo ${0)-, C1-
4alquilo $(0)z, NH280;2-, Cl-4alquilo NHSO;-, ((1C-4C)alquilo),NH-, C1-4alquilo
C(O)-, C3-6cicloalquilo C(O)-, Cl-4alquilo OC(0)-, C1-4alquilo C(O)NH-, -C(O)NH,,
Cl-4alquilo NHC(O)- y ((1C-4C)alquilo);2NC(0)-, en donde cualquiera de los grupos
alquilo en cualquiera de los sustituyentes pueden ser no sustituidos o sustituidos con un
grupo seleccionado entre halo y —-OH;



AL

si A' es carbono y el anillo no contiene oxfgeno o azufre, uno de los tomos de
nitrdgeno puede estar opcionalmente sustituido con una entidad seleccionada a partir del
grupo que consiste de C1-4alquilo, C1-4alquilo S(0);- y—NHaj;

M
-

A10
SN
en donde:
A% A7, A%, A’ y A" son seleccionados, de manera independiente, del grupo que

consiste de carbono, nitrégeno y >N"’—0" , Siempre y cuando que solouno ala

vez entre A%y A'% sea >N"‘—O‘ ;

los tomos de carbono en el anillo son sustituidos de manera independiente con
una entidad seleccionada del grupo que consiste de hidrégeno, alquilo C1-4,
cicloalquile C3-6, C1-4 glquilo O-, -CF,, -OH, -CN, halo, C1-4alquilo S(O)-, C1-
4alquilo S(O)z, NH2SO2-, Cl-4alquilo NHSO,-, ((1C4C)alquilo);NH-, C1-4alquilo
C(0)-, C3-6cicloalquilo C(0)-, Cl-4alquilo OC(0)-, Ci-4alquilo C(O)NH-, -C(O)NH,,
Cl-4alquilo NHC(Q)-, ((1C4C)alquilo)aNC(0)-, y -OCH;0-, los 4tomos de oxlgeno
del grupo ~OCH,0- estén enlazados a dtomos de carbono adyacentes en el anillo, y en
donde cualquiera de los grupos alquilo en cualquier sustituyente pueden ser no
sustituidos o sustituidos con un grupo seleccionado entre-halo y —-OH;

Rbes hidrdFeno en todos los compuestos, excepto que cuando R? y R? son ambos F,
entonces R" es hidrégeno o F; y

el compuesto es tanto un racemato, mostrando la estereoquimica relativa, o es
sustancialmente enantioméricamente pura y tiene la estereoquimica absoluta mostrada.

2. El compuesto de la reivindicacién i, en donde R! es—F.
3. El compuesto de la reivindicacién 2, en donde:

R?y R? son cada uno seleccionados de manera independiente, del grupo que consiste de
ClyF,y

R? es hidrégeno.
4, El compuesto de la reivindicacién 3, en donde:
R* es—-C(=R"RS,

en donde:

R? es seleccionado del grupo que consiste de ox{geno, N-C=N, y NOR,
en donde:



R’ es seleccionado del grupo que consiste de hidrégeno, alquilo, arilo,
heteroarilo, aliciclico y heteroaliciclico; y,

R® es seleccionado del grupo que consiste de hidrégeno, alquilo C1-4,
cicloalquilo C3-6, alcoxilo C1-4, heteroarilo, aliciclico y heteroaliciclico.

5. El compuesto de la reivindicacién 4, en donde R* es CH;C(O)-.

6. El compuesto de la reivindicacién 2, en donde:

,/A'\' '1'1.
Lr
~a .
Rles
en donde:

A% A7, A%, A’ y A son tal como se definen en Ia reivindicacion 1; y,

cualquiera entre A% y A" que sea carbono es sustituido por una entidad
seleccionada del grupo que consiste de hidrégeno, -NH;, halo, -CN, alquilo C1-4, Cl-
4alquilo C(0O)-, Cl-4alquilo S(O)-, Cl-4alquilo S(0);, NH;80;-, C1-4alquilo SO;NH-,
Cl-4alquilo NHSOz-, ((1C-4C)alquilo)NSO;-, en donde cualquier grupo alquilo en
cualquier sustituyente puede ser no sustituido o sustituido con un grupo seleccionado
entre halo y-OH.

7. El compuesto de la reivindicacién 3, en donde:
n\A .//, 10 '
Res
en donde:

AS, A7, A%, A’ y A" son seleccionados, de manera independiente, del grupo que

cons.iste de carbono, nitrégeno y ?\;N*—O' , siempre y cuando que solouno a la

vezentre A' y A’ sea >N"’——O' :

cualquiera entre A® y A'® que sea carbono es sustituido por una entidad
seleccionada del prupo que consiste de hidrdgeno, -NH, halo, -CN, alquilo C1-4, C1-
4alquilo C(0)-, Cl-dalquilo S(0)-, C1-4alquilo S{O)2, NH,80;-, C1-4alquilo SO;NH-,
Cl-4alquilo NHSO,-, ((1C4C)alquilo);NSO;-, en donde cualquier grupo alquilo en



1
cualquier sustituyente puede ser no sustituido o sustituido con un grupo seleccionado
entre halo y —-OH.
g. El compuesto de la reivindicacién 2, en donde:

uno, dos o tres entre AS y A es/son nitrégena; v,

uno o dos de los 4tomos de carbono restantes en el anillo es/son opcionalmente
sustituidos por “NHj; todos los otros dtomos de carbono en el anillo son no sustituidos.

9. El compuesto de la reivindicacién 3, en donde:
uno, dos o tres entre A® y A'? es/son nitrdgeno; y,

uno o dos de los dtomos de carbono restantes en el anillo es/son opcionalmente
sustituidos por —_NHj; todos los otros 4tomos de carbono en el anillo son no sustituidos.

10.  El compuesto de la reivindicacién 2, en donde R* es seleccionado entre el grupo
que consiste de:

4 \..'f \"'\"O‘N"'\"f N\ll't
' N N'fN 'y N’N\ N'N\
cF OO O
N N N
H3C ' ru:;(' /O A #
3 H2N HzN N
o NH;
N
N
.Y
an HZNJL’ _

N

11.  El compuesto de la reivindicacién 3, en donde R* es seleccionado entre el grupo
que consiste de:

S e ¥ ol oulog



O I JOF. O - ol *g

NH;

.12, El oompuesto de la reivindicacién 2, en donde:

A’-—: A‘

en donde A'. A% A3, A'y A’ son tal como se definen en la reivindicacién 1.

13,  El compuesto de la reivindicacidn 3, en donde:

Rles S i
endonde A', A%, A%, A* y A? son tal como se definen en la reivindicacion 1.

14.  El compuesto de la reivindicacién 12, en donde todos los dtomos de carbono y
nitrégeno son no sustituidos.

15.  El compuesto de la reivindicacién 13, en donde todos los dtomos de carbono y
nitrégeno son no sustituidos.

16.  El compuesto de la reivindicacién 12, en donde uno entre A% y A® que sea
carbono es sustituido por un grupo —-NHj, todos los otros carbonos, y, si aplica, los
dtomos de nitrégeno en el anillo, son no sustituidos.

17.  El compuesto de la reivindicacién 13, en donde uno entre A? y A% que sea
carbono es sustituido por un grupo —NH;, todos los otros carbonos, y, si aplica, los
étomos de nitrégeno en el anillo, son no sustituidos.

18. El compuesto de la reivindicacién 2, en donde R* es seleccionado del grupo'que
consiste de:

ot <Of" j. .



19.  El compuesto de Ia reivindicacién 3, en donde R* es seleccionado del grupo que
consiste de:

. 20.  Un compuesto de la reivindicacién 1, seleccionado entre:
\]
OH OH CH
F F F
N| - HNIO . NI N HNf , '1 - Hﬂf ,
> F7F  HaN F7OF HzN*N’ FOOF

OH OH
OH
. F F
N HN ' ri‘N\ H"f © HNIO .
% CII HaC 2 T FOOF

OH OH . OH
% HN:E:: NS HNIO " HNI:
N a” ol \~ 7 ™cl  HaN \~ a1 i
OH oH OH -
Jj@)\r\F F KJ/ED)Y\F .
N HN . NN Hnro ' N Nsor HN
NC I clﬁl NC I F7NF o~ cnI:



'@

OH

HN. .0 HN__O |
N I ’& ~ I N o al
N A N, # o e NHz
OH OH OH

F F F

A HNIO NN HNIO NS HNIO
| |
NI~ a, H;NJ\prN I N el
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en donde el compuesto es un racemato, mostrando la estereoquimica relativa, o es
sustancialmente enantioméricamente puro y tiene la estereoquimica absoluta mostrada.

21.  Un compuesto de la reivindicacion 1 seleccionado del grupo que consiste de:

) OH -
F HN HN
SIS P :f .':1: I
NC F"F Cl Gl ,

N
N
OH
OH F
» p’?r pUors N el e
Im . NCTNF c|Ic| . HN - F

OH

F
HNIO NN"‘ HNI
5y
F" °F , A Cl

OH OH
jop oSN O£ 9:
(\N HNIO CH3S0; HNIO
cl” a

'_. N . ¢ , and

a,

en donde el compuesto es un racemato, mostrando la estereoquimica relativa, o es
sustancialmente enantioméricamente puro y tiene la estereoquimica absoluta mostrada.

22.  El compuesto de la reivindicacién 1, en donde el compuesto es sustancialmente
enantioméricamente puro y tienc una configuracién absoluta de 1-(R)-2<(S).



23. Un método para tratar o prevenir una infeccién bacteriana, el cual comprende
administrar una cantidad farmacéuticamente efectiva de un compuesto de la
reivindicacién 1, a un paciente en necesidad del mismo.

24. El método de la reivindicacién 23, en donde la infeccidn bacteriana es causada
por una bacteria del género Pasteurella, Haemophilus, Fusobacierium, Bacterioides,
Aeromonas, Enterobacter, Escherichia, Klebsiella, Salmonella, Shigella,
Actinobacillus, Streptococcus, Mycoplasma, Edwardsiella, Staphylococcus,
Enterococcus, Bordetella, Proteus, o Mannheimia.

25. El método de la reivindicacién 31, en donde la infeccién bacteriana es causada
por Mannhemia haemolytica, Pasteurella multocida, Haemophilus somnus,
Fusobacterium necrophorum, Bacterioides melaninogenicus, Actinobacillus
pleuropneumoniae, Streptococcus suis, Salmonella cholerasuis, Mycoplasma bovis,
Mycoplasma hyopneumoniae, Mycoplasma hyorhinis, Mycoplasma gallisepticum,
Edwardsiella ictaluri, Escherichia coli, Enterobacter cloacae, Staphylococcus aureis,
Staphylococcus intermedius, Enterococcus faecalis, Enterococcus faecium, Klebsiella
pneumoniae, Klebsiella oxytoca, Enterobacter cloacae, Proteus mirabilis, o Aeromonas
salmonicida.
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Applicant’s ar agent’s file refcreace IMPORTANT NOTIFICATION
AHO6114
International applicstion No. International filing date (day/mandh year) Priority date (day,month/year)
PCT/IB03/03140 07/03/2003 08/03/2002
Applicant

SCHERING-PLOUGH, LID.

1.  The applicant is hereby notified that this [nternational Preliminary Examining Authority transmits herewith the intemational
preliminary examination report and its annexces, if any, established on the international application.

2. A copy of the report and its annexes, if any, is being Lransmited to the International Bureau for communication to alt the
elected Offices.

3. Where required by any of the elected Offices, the International Buresu will prepare an English translation of the report (but
not of any annexes) and will transmit such transalion to those Offices.

4. REMINDER

‘The applicant must enter the national phase before each clected Office by performing certain acts (filing translations and
paying nutional fees) within 30 months from the priority date (or iater in some CfTices){Article 39(1)}see alyo the reminder
semt by the Internationsl Bureau with Form PCT;18/301).

Where a translation of the international application must be furnished to an elected Office, that ransixzion must contsin &
transdation of any annexes to the international prdiminary ryamination report U is the 2pphicant's responsbibity to pripare
and furnish such translation directly 1o each clecied Office concerned.

Eﬁdf.wlher detaily on the applicable time limits and requirements of the elected Offices, see Valume [1 of the PCT Applicant’s

The applicant’s sitention is drawn to Article 33(5), which provides thal the criteria of novelty, inventive step and industrial
applicability described in Article 33(2) to (4) merely serve the purposes of international preliminary examination and that “any
Contracting State may apply additional or different criteria for the purposes of deciding whether, in that Stale, the claimed
inventions is patentable or not” (see also Article 27(5)). Such additional criteria may relate, for exampic, to exemplions from
patentability, requirements for enabling disclosure, clarity and support for the claims.

Name and mailing address of the [PEA; Authorized officer
D.40398 Munich 1o
un . IMALE
N Tel. (+49-89) 21399-0, Tx: 523656 cpmu d A MURI J
— " Fax: (+49-89) 2399-4465 Tel. { +49-89) 2399 2028

"Form PCT/IPEA,416 (August 2002) P20473
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PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Acticle 36 and Rule 70)
(Rationalised Report according to the Notice of the President of the EPO published in the OJ11/2001)

Applicant's ar agent’s file reference See Notificazion of Tr ittal of [ ional
ANO6114 FOR FURTHER ACTION P::Iinu?:llu'y ;mmﬁa"ﬂwn (F';l:tl“%?ﬂPEMulﬁ)
International application No. International filing date (day/monthiysar) | Prioity date (dayjmonfhiysar)
PCT/1B03/03140 07/03/2003 08/03/2002

C07C233/18

International Paient Classification (IPC) or natenal classification and IPC

Applicant
SCHERING-PLOUGH, LTD.

1. This international preliminary examination repart has been prepared by this [nternational Preliminary Examining
Authority and is transmitted to the applicant according to Article 36.

2. This REPORT consists of = total of 2 theets, including this cover shret.

[] This report is also accompanied by ANNEXES, i.r., sheets of the description, claims and/or drawinge which have
been amended and are the basis for this report and or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These amnexes congists of a total of sheets.

1 [X] Busic of the report
m[] Priority

v D Lack of unity of invention

Vi D Certain documents cited

3.  This report contains indications relaling to the lallowing items:

1 m Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

V [X] Reasoned statement under Article 15(2) with regard to noveity, inventive step or industrial applicability;
citations and explanations supporting such staterment

VIE ] Certain defects in the international application

Vil l:l Certain observations on the international application

Date of submission of the demand

06/10/2003

Date of completion of this report

28/01/2004

Nzme and mailing address of the [PEA/

— wN European Pazent Office
D-80298 Munich
Tel. (+49-89) 2399-0, Tx: 523656 epmu d
Fat: (+40-89) 2199-4465

Authorized officer

}

Tel. (+49-89) 2399 2828

Form PCT/IPEA/A09 (cover sheet) P20476 (October 2002)
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INTERNATIONAL PRELIMINARY International application No. PCT/ 1303/.031!;0
EXAMINATI N REPORT

I Basis of the report
The basis of this intemational preliminary examination is the application as originally filed.

ll. Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

The question of whether the claimed invention appears to be novel, to involve an

inventive step, or to be industrially applicable has not been the subject of the

intemational preliminary examination in respect of the claims which have not been

searched (Article 17(2)(a) or (3) and Rule 66.1(e) PCT); see also intemational search report).

V. Reasoned statement under Rule 66.2(a)(li) with regard to novelty, inventive step or
Industrial applicabllity

To the extent that the international preliminary examination has been carmied out (see item
Il above), the following is pointed out:

In light of the documents cited in the intemational search report. it is considered
that the invention as defined in at least some of the claims, which have been the
subject of an international search report, does not appear to meet the criteria
mentioned in Article 33(1) PCT, i.e. does not appear to be novel and/or to involve
an inventive step (see international search report, in particular the documents cited
X and/or Y and corresponding claim references).

Form PCT/408NE2 (EPO-03-2002) P20758
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A the yany .
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY ACTION SESPONDED Te PCTomputer mm:\(lf__

DAY .. .
To: A T Y] |p‘, - ' Uste: -
Richard A. Elder TTHRITALS L ea . ——~‘

Schering-Plough Corporation
Patent Department K-6-1 1950
2000 Galloping Hill Road

ll‘-'1

Ken:l.lworth, New Jersey 07033-%gP°N E DUE: /“{f‘:?-:‘!‘ - (PCT Rule 66)™,
ETATS-UNIS D'AMERIQUE .
OFFICE ACTION DUE:
Date of mailing
(day/month/year) 2771172003
Applicant’s or agent’s file reference REPLY DUE hin 1700 thald
AHO6114 m:m the above da:enﬂ n:illllg;

Priority date {day.month/year)
0870372002

International application Na. International filing date (day/month/year)

PCT/ IB 03/ 03140 07/03/2003
International Patent Classification (IPC) ar both national classification snd IPC

C07C233/18

Applicant .
SCHERING-PLOUGH, LID.

1. This wrilen opinion is the first drawn up by this International Preliminary Fxamining Authority.
2. This opinion contalns indicariens relating Lo the following itemns:

I [X] Busis of the opinion
1 [] Priority
il [X] Nen-establishment of opinion with regard to novelty, inventive siep and industrial applicability
v [] Lack of unity of invention
v IE] :e;::d .?:ln;l.-::. ':r:l:: :ﬁ::o:g:gm‘ﬁ ‘:Ee :E::d to novelty, inventive step or jndustrial applicability;
VI [[] Certain documents cited
VIt [] Certain defects in the internationat application
Vill [ | Certsin oheervazions on the international application

3. The applicant is herehy invited to reply 1o this opinian.
When? See the uime limit indicaled above. The applicant may, before the expiration of that time limit, request this Authority
Lo grant an extension, see Rule 66.2(d).

How? By submitling a written reply, soccompanied, where spproprime, by amendments, according to Rule 663,
For the form and the language of the amendments, sve Rules 66.8 and 66.9.
Also For an additional ortunity to submit amendments, sce Rule 66.4.

For the exzminer's obligation to consider amendments and,or arguments, scc Rule 66.4bir.
For m informal communication with the examiner, see Rule 66.6.

If no reply in filed, the international preliminary examination repart will be established on the basis of this opinion.

4. The final date by which the international preliminary
examination report must be establithed according to Rule 69.2 is: 08/m7/2004 .

Authorized officer

Nume and mailing sddress of the IPEA;

— wN_ European Paent Office

D-80298 Munich

Tel. [+ 49-89) 23990, Tx: 523656 epmu d
Fax: (+ 49-89) 11994465

Examiner

Formalitics officer
{ired. extension of time limics)
Tel. (+49-89) 2199 2828

Form PCT/IPEA 408 (caver gheet) (march 2002)
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WRITTEN OPINION International application NoPCT/ IB 03/ 03140

L Basis of the opinion

The basis of this written opinion is the application as originally filed.

lii. Non-establishment of opinion with regard to novelty, inventive step and industrial
applicabllity

The question of whether the claimed invention appears to be novel, to involve an

inventive step, or to be industrially applicable has not been and will not be the subject

of the international preliminary examination in respect of the claims which have not been
searched (Article 17(2)(a) or (3) and Rule 66.1(e) PCT; see also international search repoit).

V. Reasoned statement under Rule 66.2(a)(il) with regard to novelty, inventive step or
industrial applicabllity

1.  To the extent that the international preliminary examination has been carried out (see item
[l above), the following is pointed out:

2. Inlight of the documents cited in the international search report, it is considered that the
invention as defined in at least some of the claims, which have been the subject of an
international search report, does not appear to meet the criteria mentioned in Article 33(1)

PCT, i.e. does not appear to be novel and/or to involve an inventive step (see intemnational
search report, in particular the documents cited X and/or Y and corresponding claim references).

3. |f amendments are filed, the applicant should comply with the requirements of Rule 66.8
PCT and indicate the basis of the amendments in the documents of the application as
originally filed (Article 34 (2) (b) PCT) otherwise these amendments may not be taken
into consideration for the establishment of the international preliminary examination report.
The attention of the applicant is drawn to the fact that if the application contains
an ugecessary plurality of independent claims, no examination of any of the claims will be
carried out.

NB: Should the applicant decide to request detailed substantive examination, then an
international preliminary examination report will normally be established directly.
Exceptionally the examiner may draw up a second written opinion, should this be explicitly
requested.

Form PCT/40BAE2 (EPO-03-2002) P20725
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Munich, 1 September 2004
International Patent Application PCT/IB2003/003140
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—— " Dear Sir/Madam,
Expng Tradewrt

e We hereby inform you that there is a change of address for the

" pd CAMALONEA applicant SCHE'RING-PLOUGH LTD. in connection with the above-
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INTERNATIONAL SEARCH REPORT

Intemnatic pphication No

PCT/18 03/03140

39
e C0TeRais AB1K31/165

A61P31/04

Accarding to imemational Patent Classiicalon {(IPG) or 10 both nanonal classfcation awl PG

8. MELDS SEARCHED

IPC 7 CO7C A6IK

Mewmum documemiaion sAachad (classdicanon syslam tol owed By clasafcann symroosi

Documaniglion agarchad othar than mimmum Jocumeniation (o the axgnt that such dccumanis ane NCLICEC  Iha has searsned

Elscinonic das basa consuiec dunng the miemationgl search rara cf dala base ard, when Swachcal 38&rch lerms used)

EPO-Internal, WPI Data, PAJ, CHEM ABS Data

€. DOCUMENTS CONSIDERED TD BE RELEVANT

Category * | Citsbon of document, wah indcahon, whars apprapriaie, of (ha relinant passages

PHARMACEUTICAL COMPANY)
22 March 1966 (1966-03-22)
example 13

PHARMACEUTICAL COMPANY)
16 April 1964 (1964-04-16)
page 4, 1ine 13

COMPANY) 21 November 1966 (1966-11-21)
example 1
X BE 669 982 A (WARNER-LAMBERT

X BE 638 755 A (WARNER-LAMBERT

X FR 4 604 M (WARNER-LAMBERT PHARMACEUTICAL 1-25

1-25

1-25

-/—-

m Fuether documeis are Isied i he coninualion o box C
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"P* documant publishad pror 1o tha infernalional fibng data bul
ixtar than the :ruw':-m '

‘T" Wter gocument pubkshad afier the miamatona. iling cale
or prioréy dale and a0l i conflct with ha  applicaton bul
cied fo unasrsland 1ha pnnapia ar thady underyng the
manhon

"X" vocumunt of pamcular relevance. \ng Clamad mvanion
cannol be consioo-ad noval & CAANOL ba ~onsINered 10
mwolve AN svanive Slap when Ihe docurrant 5 laken abna

‘Y" uocumant of paricular relsvance: Ihe claened Invertion
cannot be conmadargd 10 involvwe an iInvenive siap whan e
Gotumen| B comiingda walh g4 0 More glher such dotu-
rl'.l'l'lli such combination being obvious l6 A parson sicfiad
nine an.

‘A" ducumen mamber of 1he same palent lamily

Dals of Ina aciual compision of I Inlerasinnal Baarcn 2t of maing o' M miamahonal search rapor
3 November 2003 11/11/2003
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INTERNATIONAL SEARCH REPORT

nternat pplication No

C.{Continuxtion) DOCUMENTE CONSIDERED TO BE RELEVANT

PCT/IB 03/03140

Category *

Caation of documant. with isication, wharg appropnaie, of the relsvan! paseages

Relsvart 1o clarm No

X

NIELSEN P.E. ET AL.: “"Light-Sensitive
Chloramphenicol Analogs”

ACTA CHEMICA SCANDINAVICA B,

vol. B29, no. 6, 1975, pages 662-666,
XP009012343

example V

HANSCH, C. ET AL.: "Structure-Activity
Relation of Chioramphenicols”

JOURNAL OF MEDICINAL CHEMISTRY,

vol. 16, no. B, 1973, pages 917-922,
XP001152917

examples 21,32,34; table I

MITSCHER, L.A. ET AL.: "Circular
Dichroism of Aryl Diastereoisomers. 3.
Cupra A Spectra of Chloramphenical
Derivatives”

JOURNAL OF MEDICINAL CHEMISTRY,

vol. 16, no. 2. 1973, pages 98-101,
XP001152918

examples XIII XVI XVII, XXV

VON STRANDTMANN M. ET AL.: "Synthesis of
p-Acyl Analogs of Chleramphenicol and
their Antimicrobfal Properties”

JOURNAL OF MEDICINAL CHEMISTRY,

vol. 10, no. 5, 1967, pages 888-890,
XP001152919

examplas

1,IA,IB,II,IA, IIT,IIIA,II1B,IIIC, IV, IVA;
table I

1-25

1-25

1-25

1-25

Fosr PCTASA 212 [oontnaahon of sacond snest} {uly 1962
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Inler:.....al appicaton No.

INTERNATIONAL SEARCH REPORT PCT/IB €3/0314)

Box | Observaiions where certain claims were found unsearchable (Continuation of item 1 of first sheet)

Tnis imernational Saarch Raport has not been establisned in respact of certain CAMS undar Arcle 17(2)(a) for the "1dwng reascns:

1. m Claims Noa.:
becausa tney relate W subject matier not requirec 1o be searched by this Autharity, namaly:

Although clatms 23-25 are directed to a method of treatment of the

human/animal body, the search has been carried out and based on the alleged
effects of the compound.

2. [[] craimanon:

bscauss they reiate to parta of the Intemational Appicat on that do not comply with e presribed requi'amans 1o such
an axtent that no mearunghul inemationat Search can be carned out, spacifically:

3. Claims Nos.:

becar:ce hay are dopandent claims and ang not drafted In accordance with the sacond and third santencas o' Rw'e 6.4(a)

Box H Obaervations where unity of invention Is lacking (Continuation of item 2 of first sheet)

This Imemational Saarching Authority found multple inventions in this ntemazional apphcation, as foliows:

1. As all reyuwad dddanal saamch lees wese tmely pald by the aoplicant. ¥us (nternavonal Search Reccrt covera ak
searchapie claims.,
2 As all searchable clgims could be searched without effornt justiying an acaiticnal fee, this Authonty did nol invite payment
of any agditional fes,
3 As only soma of the required additional search fees were t.maly pac by e apphsant, this internanonal Search Repart
covera criy haae clewns for which: 103 werg paud, specilica’ly cla.ms Nos.:

4. D Ne requrid acdiional saarch fees wa'e imely paict by the applicant. Consaquaently, his Intemational Saarch Reportis
rasticted 10 the invention first menbened an the cialms; it 18 covered by ciima Nea:

Remark on Protest D The additional search 18a4 were accompanied by the S3pICENTS ProMaL.

D No protast accomganied the payment of additional search less.

Form PCT/ISA/210 (continuation of first sheet (1)) {July 1598)
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internatid  .ppiication No
PCT/IB 03/0314D

— S

Patent document Pubhcation Patant mmly Publicalion

cited in search report dae member(s) das

FR 4604 M us 3294818 A 27-12-1966
6B 1033270 A 22-06-1966

BE 669982 A 22-03-1966 CH 465638 A 30-11-1968 '
CH 465644 A 30-11-1968
FR 1457622 A 24-01-1966
6B 1117617 A 19-06-1968
GB 1117616 A 19-06-1968
SE 322207 B 06-04-1970

BE 638755 A us 3183265 A 11-05-1965
CH 455838 A 15-05-1968
CH 460812 A 15-08-1968
CH 437354 A 15-06-1967
DE 1518439 Al 09-03-1972
DK 115265 B 22-09-1969
GB 1065125 A 12-04-1967
;) 1065124 A 12-04-1967
aB 1065123 A 12-04-1967
SE 315876 B 13-10-1969
SE 322237 B 06-04-1970
SE 301470 B 10-06-1968

Form PCTABAZS 1D fpmant tarmry srman} (Jusy 196)
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Comprobante de pago da las tasas establecidas. { ) ()
COMPLETA { ) INCOMPLETA () ()

Firma Responsable:

Fecha:
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Doctor(a) Oficio NG 8 39
CARLOS R. OLARTE
Apoderado(a)
SCHERING - PLLOUGH, LTD
ASUNTO:
Radicacién N° 04-88857
Solicitud intemacional PCT/1B03/03140
Fecha inicio fase nacional 08/10/2004
Tramite 011
Evento 379
Actuacion 430
Folios 001

Como resultado del examen de forma, realizado con fundamento en el articulo 38
de la Decision 486 de ia Comisiébn de la Comunidad Andina, arifculo 27 del
Tratado de Cooperacibn en Materia de Patentes (PCT), regla 51 bis del
Reglamento y Circular Unica de la Superintendencia de Industria y Comercio, se le
comunica que:

o El solicitante debe allegar la traduccién completa de la solicitud Intemacional,
dado que los folios 47 a 117 fueron presentados en idioma extranjero.

En cumplimiento de lo dispuesto por el articulo 39 de la Decision 486, se le
requiere para que dentro del tdérmino de dos meses siguientes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, ia solicitud se
considerara abandonada y perdera su prelacién.

. Jo dispuesto en el numeral 5.2, literal e),

Notifiquese el presente oficio conform 3
ircular Unica N* 10 de 2001.

del capitulo quinto del titulo prime

ALIX CARMENZA CHSPEDES DE VERGEL
Joefe de la Division @8 Nuevas Creaciones.

El anterior requerimiento fue notificado por fijacion en lista de fecha,
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