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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO . eI
DMISION DE NUEVAS CREACIONES
E. S. D.

RESPUESTA A OFICIO 07051 DE AGOSTO 28, 2003

REF: Expediente No. 02 113275 - Solicihxd de Patente FASE NACIONAL
Corresp. a la Solicitud Intemacional PCT/US01/18864

a favor de BRISTOL — MYERS SQUIBB COMPANY

Titulada: INHIBIDORES DE HMG-CoA REDUCTASA Y METODO

RAMIRO CASTRO DUQUE, vecino de Bogoté, portador de la tarjeta profesional
No. 1003, cbrando como apoderado de la Socledad BRISTOL — MYERS SQUIBB
COMPANY, segun lo acredita el documento de Poder presentado en esa Divisidn
bajo el No. 18358, para dar cumplimiento al requerimiento notificado por fijacién
en lista el 28 de Agosto de 2003 y de acuerdo con los Articulos 38 y 39 de la
Decisién 488 de la Comisién de la Comunidad Andina, Articulo 27 del Tratado de
Cooperacién en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la SIC, me permito anexar al presents escrito los siguientes documentos:

1. Nos permitimos aclarar que de conformidad con los documentos allegados al
axpedionte la presents solicitud comrespondse al capitulo Il del PCT.

2. Copia del examen preliminar efecthuado por la IPEA, junto con su
comespondiente traduccion al castellano,

3. Documento donde consta la cesién del derecho a la Patente otorgado por los
inventores al solicitante, debidamente apostillado.

4. Copia certificada por la Oficina de Patentes de Estados Unidos, de la primera
solicitud presentada para la misma invencion, de la cual REIVINDICAMOS
PRIORIDAD.

5. Extracto para publicacién y Tarjeta de Archivo Temético.

6. Artas finales (2de 12ecm X 12cmy 1 de 8 cm X 8 cm).

r——=____ <>
RAMIRO CASTRO DUQUE

C.C. No. 170.322 de Bogotd
Cédigo 340
Cra 7a. No. 16-56 Piso 9

Bogoté, Septiembre 15, 2003
CHP/MEV/Msr
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

1.

‘ ﬁ: AGIK 317675 end US C1.. 314/50

BRISTOL-MYERS SQUTEE COMPANY i

[ ———

(PCT Article 36 and Rule 76)
Appliomn's o 2ty Zils refercnce . Sex Nodueation of Trauemivsl of oo
s FOR FURTRER ACTION ot ranviontion Repet (Porm rcmsmm
Ecrwlaal spplizanon No Tntwmational fling Gac (gymenth/yeor) Priceity S day/marahyaar)
PCT/USOL/18804 12 June 2001 iu.oo.:om) . 13 Juns 2000 {13,06.2000)
Toternaticnal Parens Classification (LPC) o proigasl wd IPC

This fnternational preliminary exmpnipaton repart bas been prapared by this Internarional Preliminary
Examirdos Awmbariy and i wansroitied to the applicant accending o Article 36,

This REPORT consists of a toral of theu Inchnding thin cover sheer,

[ Thts repont is aleo accompaniad by ANNEXES, Lo.. sliests of the déscription, claime and/or drewings
which have heen ammded and are tha basly for this report wad/or shaots contalning recrifications made
hefure this Awhority (see Rule 70.15 and Sacdon 607 of the Administraiive Instroctions under the PCT),

Theseumemmﬁuofaudof_o,sheeu.

t-.—-—--“#
Dae of submission of the deund ! Date of campletion of this repory
08 Jammry 2002 (09.0].2002) I 12 November 2002 (14.11,2000)

This report containg indications relating to the following itent-

1 Basis of the separt

1 ] eriony

1 [] Nosactablishemunt of rapest with sagand w novelty, Liventive step and industrial applicabllity
v (] Lak ofvaity of iavession

V X Reascnod statemens under Article 35@) with regard o novely. lnw:ﬁwnupntw
applieabrithy; citations and explanations supporting puli) Manment

V1 [ Cernin docomerss ciea
VIt [T] Carmin defcus in the inrernationa) spplication
Vit (X] Cartain obsrvations on the snmmaonsl pplicition

}
Name ma) matling address of te [PEA/US |Au:h:rh¢daﬂ‘-u- .
Commiwnansr nf Parewrs o Trademagi l a'"
Pos FOT
Waitlaga, D.C, 2@0
Facaimile No. (703)305-3230 Tﬂr.pl . 7m-m-nm

Form PCT/IPBA/A09 (cover shreci Jaly 1998)
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_ ) . F Al tpolication No.
INTERNATIONAL PRELIMINARY EXAMINATION REPORT { PCTUS0 13364

1. Basis of tbe repart

1. With repard o the elemonts of the internatinnn) spplication:
the international applicadon ax originally fled.

PagEs
pages NONE « filed with the Istter of
@ the claims;

papes 30100 25 originally filed
pagss XONE . i amended (together with any surmsnt) visdsr Atizla 19
pages NONE , Tled with the demand
pages NONE . filed with the letter of
E the drawings
pages NONE . 8 otiginally filed
pages NONE , filed with the demand
pages NONE . fili] with the Ietter of
[] ibe sequence listing part of the descripxion:
pages NONE ., a8 originally filed
pages NONE » filad wirh dw demand
pages NONE » filtd with the latter of -  am e ——— "
a2, mum:nmelwuluemmMﬂmeumamlﬁenrtu:mhndwmumﬁmwhh
Ianguage in vhich the international epplication was filed, unless otherwise Inctizaved umder this foom,
Thess elaments were availshle or fisrnished tn this Axthorlty in tha foflowing lapguags _ which ls:
the language of a trasalation Sornished for the purposes of nrernationg) szarch (under Rula23. 1(b).
the lgmmge of publication of the international spplication (uadsr Rule 23,3000,
the langnsge of the wranelarion furmished for the purposas of inceraational preliminary examinationfundar Rules
55.2 ant/ar 58.3).
3, With regand 10 any nuclootide and/or amino asld sequones disclosed in the internattonal applioation. the
Interngtionsl preliminary examination was carriad out an the basis of tha sequenos listing:
[ comsined in gis ummasionsl applicetion In prinsed form.
filed together with the inrernarianal applicatiom in computar readably feom,
fymished subsaquantly to this Autharity in wricen farm.
furnished subsequently ta this Anthority in compixer readable form.
(] The sament that the subsequanity furnished writien saquence Hssiup does not go beyond e disclnmre in the
inerrnationnl spplication sy filad has boen famiched.
D Tha soatement that the information recornded in computer readfable forra is w=nneal w he writtan sequencs
hat been fumished,

4. (X} Tbe amendments have resuleed in the cancelladon of

X the description, peges NONE
D<)  the claims, Nos, NONE

DX]  the drawings, shests/ig NONE

s, D This repert bas been established s if (some of) the amendments hed no; bees mads, simce they hnve been consddared wo go
beyond the disclosers a4 fiisd, as indicated in the Supplemental Box (Rule 70.27s),v*

* Replocement sheets which hava been firnishad 10 the receiving Office in weponse 19 an invitoslon under Article 14 are reforred 10 in

Thir repory as “origincily flled™ and are not armexed to shit reporT since they 85 not conlgin mendients (Reder 70,18 and 20.17).
*¥ Any raplocement theet comaining ruch ayandment mat be refarred 1o under ftevs 1 and armexid te il repor.

Form PCT/IFRA/40 (Box 1) (aly 1998)
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. . ITx:tmllﬂI epaplicatan No.
INTERNATIONAL PRELDAINARY EXAMINATION REPORT ~ j PCT/LSOL/18364

| V. Reasomed statemnent umder Rule 66.2(a)(H) with regard t novelty, inventive step or industrial applieability;
L ciintions and explanaiions supporting such statement

1. STATEMENT

Novelty V) Claims 118 __ —
Clalms NONE

Invenrive Step (IS) Clalms I-18
Claims NONE

Industrial Applicability (IA) (latms 118

&g 8§ 4§

2. CITATIONS AND EXPLANATIONS

Claims 1-18 meel the eritarla g8t nut in PCT Articdo 33{2)-(¥), basguse tha priar art of 1 #zorf duor oot jeach of fiidy suggest the
claled compounits, compasitions or methods of wsing th campoinds o7 ecmposition:

Clntms 1-18 mear the criioria 3ot out in PCT Ardele 33(4) for indosriul applicabiicy.
- NEW CITATIONE s

_—“:
Fotm PCT/IPEA/409 (Box V) gy 1998)
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INTERNATIONAL PRELIMINARY EXAMINATION RETORT !

W 10505 Ldnud

VI. Certain observations on the internationnl spplication

The following ohservations on the clarity of the claims, description, nmd Jewery o= on the quastions whether the claims
arn fully supporusd by the dexcriprion, are made:

Cladms 3-8, 15, 1t are hjcetad 10 a5 Jacking clarity \mdsr PCT Ruls 86, 2(a)(v} becmise e cialms ore not hilly supported by the
Joscriprion. mdenlpmumnmudmummmmnm “jear and eqmplers fior the claimed
Invention m be carrivd out by & pevson skilled In dhe art

Tne corpeir=e ¢f ziaimg (=7 are asgarted mo o¢ Innlibitave 33 Jeraihyd -zlutazyl-sasazyra A
redugzesa (E-CoA redicicoael. Mowavraz, o o7iosnged 13 wzcianzed That sacwz thiy o be
the caza. Strmucturzafacsivoly ralatianziips cf onZyma iakivitorrx ara vmrrodictadle, and =zo
~endus -xpl'.:'.mtut'.:r" weuld e sagilired =5 datserrine a:'-.ich 22 *:a slalzad cemmcunds wiil
iniipis DMG=C3A refustaro, ind utndes what condizloma.  on adSlziin, siaim § Lm drawn to o
“ghzrnaceutizal composaticn™: ehisz temm implips an ABSErTTiSN of thozopsutle efficacy.
2f it wara o turn ous thar the sla‘mad sormounds axhiloiz  rems oo iZoltier. of HMG=CEA,
sefiztoza In vitro, 1T weuld mat nocesracily follme ches fraa skt tha oonpeunds will be
CEfuctlive it vive To Zeduce sizur cholextorcl lovelr, inkiglzizr lx & questier of
degras, and It iz net establisncd what degres af irhlbition L6 cuffisian: te azhiave a
redusticn af rarun chalaarcrsl. ¥ordovar, iszzed o pro——adikinaszlcr and
bicavallakl ity rcxmin T4 be catazrisad, Aoeardingly, of 1< Suirns out that the claimed
compeungip axhiblz merie lntibitles of MG-Ceh zwiucteac r viz2a, 1T waol zamain
tThe cass thas "undie exporiosniation® would b3 regolired =c

zastlce the dnvomeian ¢f clalme 3, 25 and 15,

Form PCI/IPEA/AQS (Bex VIIL) (hdly 1995}
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PCT

INFORME DE EXAMEN PRELIMINAR INTERNACIONAL

(Articulo 36 y Regla 70 PCT)

No. de Expediente del
Solicitante 0 Apoderado

HX115

PROCEDIMIENTO Véase comunicacién sobre el envio del Informe de Examen
POSTERIOR Prefiminer Intemacional (Formulario PCTIPEA/418)

No. Solicitud Intemacional

PCT /US01/ 18864

Fecha Intemacional de Presentacion
(dla/mes/afio)
12 de Junio de 2001 (12.06.2001)

Fecha de Prioridad (dia/nes/afio)

15 de Junio de 2000 (15.06.2000)

Clastiicacion intemacional de Patents (IPC) o Clasificacion Nacional @ IPC
IPC(7): AB1K 31/875 y US Cl.: 514/80

Sofichante

BRISTOL-MYERS SQUIBB COMPANY

1. Ests Informe de axamean prefiminar intemacional fue slaborado por ia Oficing Encargada dal Examen Preliminar intsmacions! y se
anvia al soficitants sagin Articulo 38.

2 E!llNFORMEulmnduuanld._‘»__hqu.mmm

D Ademds se adjuntan ANEXOS al informe; en esie caso se trata deé hojes con descripciones, elvindicaciones y/o dibujos,
que s8 modificaron y que sirven de base a este informe, y/o hojas con comecciones ofectuadas por esia oficina (viase
Regle 70.18 y Seccidn 607 de las Instrucclonss administntivas of PCT).

Estos anexos comprenden en totelde __Q __ hojes.

3. Este infome contiene datos con respecto a los sigulentes puntos:

Box PCT

Comisionado de Patentes y Marcas
Washington D.C., 20231

| Fax No. (703) 305 — 3230

" [X] Basedelinforme
n D Prioridad
m D Sin elaboracidn da un diciamen scbre novedad, actividad inventiva y posibilided de aplicacién industrisi
v D Uniformidad deficlents de la Invenciin
Y X Daclarsciin mothveda bajo Regla 66.2(a)il) en cusnto a la novadad, la ectividad inventiva y ia postblided de
splicacién industriat; cites y enplicaciones que sustantan esta deciaracién
v |:| Ciartos documentos enumerados
¥i D Clertas deficiencias del registro intemacional
Vil E] Ciortas obssrvaciones relacionadas con la soficitud inlsmacional
[Fecha de presentacion de la peticion Fecha de la preparacidn de este nforme
09 de Enero de 2002 (09.01.2002) 12 de Noviembre de 2002 (12.11.2002)
Nombre y direccion postal de la Oficina Encargeda | Empleado Autorizado
del Examen Preliminar internacional (IPEA/US)
Lukton David

Teléfono No. 703-308-0196

Formulario PCTAPEA/409 (portada) (Jufio 1998)



_ INTERNACIONAL PCT/US01/18804 ,5
I. Base del informe N
1. Con respecto a los slementos de 1a soliclitud itemnacional;*

<] 1a solicitud intemnacional tal como se radicd originalmente

. INFORME DE EXAMEN PRELIMINAR Solicitud Intemacional No. {% <
2

[X] la descripcion:
paginas 1-89 como se radicaron originalmente
paginas NINGUNA __, radicadas con |a peticin

péginas NINGUNA | radicadas con la carta de
[X] las reivindicaciones:

Paginas _90-100 , como se redicaron originalments

paginas NINGUNA . como ss modificaron (junto con cualquier declaracién) bajo articulo 19

péginas - NINGUNA __, radicadas con ia peticion

paginas NINGUNA __, radicadas con e carta de
] los dibujos:

paginas NINGUNA ___, como se radicaron originaimente

paginas NINGUNA __, radicadas con ia peticidn

paginas ___NINGUNA  radicadas con la caria de
] ‘s parte del listado de secuencias de la descripcién;

paginas __ __ NINGLINA _, como se radicaron originaimente

paginas NINGUNA __, radicadas con la peticién

péginas NINGUNA __, radicadas con la caria de

2. En lo concemients al idioma, todos los elementos indicados mas arriba estuvieron a disposicion de
la administracion o le fusron enviadoa en el idioma en el cual se radics ia solicitud internacional, saivo
indicacidn en confrario consignada bajo este punto.

Estos elementos estuvieron a disposicion de la administracion o le fueron enviados en el idioma

sigulents que 8s:
[] el idioma de una traduccion enviada para efectos de !a busqueda internacional (segin la regla
23.1 (b)).

[ elidioma de publicacion de la solicitud intemacional (segun la regla 48.3 (b)).

[ el idioma de ia traduccion enviada para efectos del exnmen preliminar internacional (segun la
regla 55.2 y/o 55.3).

3. En lo que concieme a la secuencis de nucledtidos y/o aminoécidos divulgados en fa soliciud
internacional (en caso dado), el examen preliminar intemacional sa lievd a cabo sobre la base del
listado de secuencias:

contenido en la solicitud intemacional, por escrito.

radicado con la solkitud intemacional, en formato de lectura por computador,

remitido posteriormente a la administracién, por escrito.

remitido posteriorments a la administracion, en formato de lectura por computador.

se ha rendido la declaracion, segin [a cual el listado de secuencias por escrito y suministrado

posteriormente no va més alla de la divulgacién hecha en la soficitud tal como se radico.

se ha rendido la declaracidn, segun la cual las informaciones registradas en formato de lectura

por computador son idénticas a las de los listados de secuencias, presentados por escrito.

Las modificaciones han acameado la anulacion:

BXI  de la descripcion, paginas _NINGUNA

X de las reivindicaciones, Noa. NINGUNA

X  de los dibujos, hojas/g- NINGUNA
5. [J El presente informe se prepard sin tener en cuenta (sigunas de) las modlﬂcaclonu que se

consideraron que van mas alla de la exposicion de la invencion tal como se radicd segun se

indica a continuacién en el Cuadro Suplementario (regla 70.2 (c)).**

® 0O O0000d

* Hojas inlercambiables, guo se preseniaron a la Ohcina de Radicacion con base en une solicitud segin Articuio 14,
8e considersn en el marco de esie informe como ‘preseniadas iniclalmente” y no se le edjunten porque no contienen
ningein tipo de modificaciones {Reglas 70.18 y 70.17).

** Tods hoje infercambiable que inchkiya modificaciones de esfa indole debe indicarse en el punio 1 y anexsne o
presentes informe.

Formato PCTAPEA/408 (cuadro f) (Jutio 1996)




INFORME DE EXAMEN PRELIMINAR INTERNACIONAL

Solicitud Intemacional No.

PCT/US01/18884

V. Declaracién motivada bajo Regla 86.2(a){il) en cuanto a la novedad, la actividad inventiva y la 353
posibilidad de aplicacién industrial; citzs y explicaciones que susterntan esta declaracion

1. DECLARACION

Novedad (N} Reivindicaciones _1-18 s
Relvindicacionas _NINGUNA NO
Actividad Inventiva (IS) Reivindicaciones _1-18 sl
Reivindicaciones _NINGUNA NO
Posibilidad de Aplicacion  Reivindicaciones _1-18 sl
Industrial (1A)
Reivindicaciones _NINGUNA NO

2. CITAS Y EXPLICACIONES

compuesios o composicionas.

apiicacion industrial

NUEVAS CITAS

Reivindicaciones 1-18 satisfacen los criterios expuestos en Articulo 33(2)-3 PCT porque &l arte pravio no
ensefia 0 medianamente sugiere ios compusesios relvindicados, composiciones 0 métodos de usar ios

Reivindicaciones 1-18 satiafacen ios criterios expuestos en Articulo 33(4) PCT para posibilidad de

Formato PCTAPEA/409 (cuadro V) (Julio 1988)



., Solicitud Intemacional No.
INFORME DE EXAMEN PRELIMINAR INTERNACIONAL

PCT/US01/18864

Vil. Clertaa cbaervaciones sobre la solicitud Internaclonal

Se hacen las siguientes observaciones sobre Is claridad de Ias reivindicaciones, desciipcion, y dibujos
o la cuestion de si las reivindicaciones estin completamente sustentadas por la descripcion:

Reivindicaciones 1-8, 15, 16 se objetan como carentes de claridad bajo Regla 68.2(a)(v) PCT porque
las reivindicaciones no estan completamente sustentadas por la descripcion. La deacripcién no divuiga la
invencion reivindicada en una forma suficientements clara y completa para que la invencidn reivindicada
sea lievada a cabo por una persona experta en el arte.

Se sostiene que los compuestos de reivindicaciones 1-7 son inhibidores de 3-metil-glutaril-coenzima A
reductasa (HMG-CoA reductasa). No obstante, no se presenta evidencia que muestre que éste sea el
caso. Las relaciones estructura/actividad de inhibidores de enzimas son impredecibies y, por lo tanto, se
requeriria una "experimentacion excesiva” para determinar cudl de los compuestos reivindicados inhibirdn
HMG CoA reductasa, y bajo qué condiciones. Adicionaimente, reivindicacidon 8 sa relaciona con una
"composicion farmacéutica ", este término implica una sfirmacion de eficacla. Si resultara que los
compuestos reivindicados exhiben alguna inhibicion de HMG-CoA reductasa In vitro, de ahi no se
seguirta necesariaments que los compuestos sean efectivos In vivo para reducir los niveles de colesteral
aen el suero. La inhibicibn 85 una cuestion de grado, y no se establece qué grado de inhibicion es
suficiente para lograr una reduccion del colesierol en el susro. Mas adn, quedan por determinar
problemas de farmacocinética y bio-disponibilidad. Por consigulente, sl resulta que los compuesios
reivindicados exhiben alguna inhibicion de HMG-CoA reductasa In vitro, subsistira el caso de que se
requeriria "experimentacion excesiva”" para poner en practica la invencién de reivindicaciones 8, 15y 18,

Formato PCT/IPEA/408 (cuadro ViIl) (Julio 1988)
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COUNTRY: UNITED STATES OF AMERICA

THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY
MARIA CASTALDO

ACTING IN THE CAPACITY OF:
NOTARY PUBLIC OF NEW JERSEY

BEARS THE SEAL/STAMP OF:
MARIA CASTALDO, NOTARY
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CERTIFIED
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i
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USSN#: 60/°211,595-HX11S

AFFIDAVIT

I, Stephen B. Davis, Patent Counsel, Patent Department,
BRISTOL-MYERS SQUIBB COMPANY, do hereby certify that this is a
notarized true copy of the original assignment signed by the inventors,
JEFFREY A. ROBL, BANG-CHI CHEN, CHONG-QUING SUN.

The original document is in the possession of BRISTOL-MYERS SQUIBB COMPANY.

Ewpﬁ B. Davis

Patent Counsel
STATE OF NEW JERSEY )
COUNTY OF MERCER ;
Subscribed and swom to before me this

18 H day of _ Ochober 2002

Public of New Jersey
ission expires October 6, 2003

A
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BRISTOL-MYERS SQUIRB COMPANY

IR 3. IATuIAS *700004456A"

PATENT DEPARTMENT 7O000A4ERA"
PRINCETON, NJ 08543-4000

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECCRDATION OF ASSIGMMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.5. PATENT AND TRADEMARK OFFICE. A COMPIETE MICROFIIM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM OGN THE REEL AND FRAME NUMBER
REFERENCED BELOW. -

PIEASE REVIEW ALL INFORMATION CONTAINED ON THISE NOTICE. THE

INFORMATION CONTAINED ON THIS RECCRDATION NOTICE REFLECTS THE DATA
PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD
FIND ANY ERRORE CR HAVE QUESTIONS. CONCERNING THIS NOTICE, YOU MAY
CONTACT TEE EMPLOYEE NEOSE NAME APPEARS ON THIS NOTICE AT 703-308-9723.
PIEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK CFFICE,
ABSIGNMENT DIVISION, BOX ASSIGNMENTS, CG-4, 1213 JEFFERSCON DAVIS HWY,
SUITE 320, WASHINGTON, D.C. 20231.

RECORDATION DATE: 03/20/2001 REEL/TRAME: 011414/0954
NUMBER OF PAGES: 3

BRIEF: ASSIGNMENT OF ASSIGNCR'S TNTEREST (SEE DOCUMENT FOR DETAILS) .

ASSIGNCR:
ROBL, JEFFREY A. DOC DATE: 07/17/2000

ASBIGNOR:
CHEN, BANG-CHI DOC DATE: 07/17/2000

ASSIGNOR:
SUN, CHONG—QUING DOC DATE: 07/17/2000

ASSIGNEE :
BRISTOL-MYERS BQUIBB COMPANY
LAWRENCEVILLE=-PRINCETCN ROAD
PRINCETON, NEW JERSEY 085434000

IAL NUMBER: 60211535 FILING DATE: 06/15/2000
'ATENT NUMBERI ISEUE DATE!
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MARCUS KIRK, EXAMINER
ASSIGNMENT DIVISION
OFFICE OF FUBLIC RECORDS
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AORM PTO-1605 REC TION FORM COVER SHEET U.8. DEPARTMENT OF COMMERCE
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Please return to: Burton Rodney
Patent Department

Bristol-Myers Squibb Company
Post Office Box 4000 )
Princeton, New Jersey 08543-4000

ASSIGNMENT
Pursuant to contractual obligations herstofore assumed by us

and/or for other good and valuable considarnt:lon, receipt of
which is hereby acknowledged, we,

Jeffrey A. Robl Bang-Chi Chen
7 Tulip Drive 28 Marion Drive
Newtown, PA 18840 Plainaboro, NJ 08536

Chong-Qing Bun
527 Dutch Neck Road
East Windsor, KJ 08520

having made a certain invention for which a United Btates
provisional patent application entitled HMG-CoA REDUCTASE
INHIBITORS AND METHOD has been prepared, do hereby assign to
Bristol-Myers Squibb Company, a Delaware corporation, having a
place of business at Lawrenceville-Princeton Road, Princeton, New
Jersey 08543-4000, ite successors and assigns, the entire right,
title, and interest in and to said invention, said provisional
application, any application claiming priority from eaid
provisional application, filed in any country, and any patents to
be granted thereon, and all divisions, continuations, reissues,
and extensions thereof in all countries; and we hereby authorize
and request the Commissioner of Patents and Trademarks to issue
any such United States patent to Bristol-Myers Squibb Company,
its successora and assigne, and we agree to communicate to
Bristol-Myers Squibb Company or its representatives any facts
known to us respecting said invention, to testify in any legal
proceedings, sign all lawful papers, exscute all divieiomal,
continuing, and reissue applications, make all rightful
declarations and oaths, and in general to do everything possible
to aid Bristol-Myers Squibb Company, its successors, assigns and
nominees to obtain and enforce- proper protection for eaid
invention in all countries.

IN WITNESS WHEREOF, we have hereto ‘set our hands and seals

o —=FLNNY o

Jeffrey A. Robl Bang-Chi Chen

g

Chong-Qing Sun

. Continued on page 2
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STATE OF NEW JERBEY )

} am.
COUNTY OF MERCER )
p—
on tha /72 day of J484 | 2000, before me came Jeffrey A.

Robl, to me known to be the parscn of that name mentioned in, and
who executed the foregoing Assigrment and acknowledged that he
executed it.

A
Notary Publi
[SEAL]
M FULLA
NOTARY F L : OF NEW JERSEY
My Gomusaion Expires June & 5008
BTATE OF NEW JERSEY : :
es.
COUNTY OF MERCER )
on the /7% day of j;-'!"j + 2000, before me cams Bang-Chi

Chen, to me known to ba the parson of that name npentioned in, and
who exscuted the foregolng Assignment and acknowledged that he
axacuted it.

[8BAL]

mmormmm;
as.
COUNRTY OF MERCER )

on the / 7L day of M : 2000, before ma cane Chong-Qing
Sun, to me known- to be the perason of that name wentionsd in, and

who executed the foregoing Assignment and acknowledged that he
axacuted it.

A
Rot Pub,

X
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

April 20, 2001

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111,

APPLICATION NUMBER: 66/211,595
FILING DATE: June 15, 2000

By Authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS

AT 1AMS "A)
Certifying Officer
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East Windsor, New Jersay
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HMG-COA REDUCTASE INHIBITORS AND METHOD
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HMG-CoA REDUCTASE INHIBITORS ANMD METHOD

Field of the Invention

The present invention relates to compounds and
pharmaceutical compositions useful as hypocholesterolemic
and hypolipidemic agents. More particularly, this
invention concerms (1) certain inhibitors of the anzyme
3-hydroxy-3-methylglutaryl-coanzyms A reductase (HMG-CoA
reductase) that include a pyridine containing nucleus
attached by means of a linker to an HMG-binding domain
sidachain, (2) pharmaceutical compositions containing
such compounds and (3) a method of laowering blood serum
choleaterol leveals and modulating blood serum lipid
levels employing such pharmaceutical compositions.

Background of the Invention

U.8. Patent No. 5,686,433 to Robl discloses the
structure

R a?
O
aé o,
I.'
wherein:
Am is a binding domain sidechain;
X is a linker;
R and R? are the same or different and are each
independently selected from
(1) hydrogen,
(1) alkyl,
(iil1) aryl,
(iv) cycloalkyl,
(v} aralkyl,
(vi) aralkoxy,
(vii) alkenyl,
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(viii)
(ix)

(1)
(11)
(111)
{iv)
{(wv)
(vi)
(vii)
(viii)
{1x)
{x)
(i)
(xdid)

cycloalkenyl, and
heterocyclo (e.g., thienyl, benzodioxolyl);

R’ is selected from

hydrogen,
lower alkyl,
aryl,
cycloalkyl,
alkoxy,
aralkyl,
aralkoxy,
alkenyl,
cycloalkenyl,
halo-substituted alkyl,

adamantyl, and

haterocyclo (e.qg., thienyl, benzodioxolyl);

R' ia selected from

(1}
{1i)
(114)
(iwv)
(v)
(vi)
(vii)
{viil)
{1x)
(x)
{xi)
(xii)

(xiii)

hydrogen,

lower alkyl,

aryl,

cycloalkyl,

alkoxy,

aralkyl,

aralkoxy,

alkenyl,

cycloalkenyl,

adamantyl,

halogen,

halo-substituted alkyl (e.g.,
trifluoromethyl), and
heterocyclo (e.g., thienyl, benzodioxolyl);
or R* and R* taken together can be

-(CR,) . -(CH,), ).~ or (CE=CH), )
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but when A, is

m—cm-ex,— e, moox’

or a § lactone thereof, R' and R' cannot be (CH=CH)j;

R® is hydrogen or lower alkyl;

R’ is hydrogen, lower ‘alkyl, alkali metal, or
alkaline earth metal;

nis 0 or 1;

P ls 3, 4 or 5;

qis 0, 1, 2, or 3; and

ris 0, 1, 2, or 3.

In preferred embodiments (Am} is an HMG-binding
domain sidechain having a dihydroxy or a phosphinic acid
function.

The phosphinic (or phosphonic when X is CH;-0-)
acid HM3~-binding domain sidechain (A,) is

n'o—‘j— T. n’
I

wherein R* and R’ are independently selected from
hydrogen, lower alkyl, alkali metal ion and alkaline

earth metal ion; and R®* 1s hydrogen or lower alkyl.
The dihydroxy aclid binding domain sidechain (A, is

] .
HO~=CH=CH,=~C—CH,~C0, R
L

wherein R* is hydrogen or lower alkyl, R’ is hydrogen or
lower alkyl in free acid form or in the form of a
physioclogically acceptable and hydrolyzable ester or &

lactons thereof (i.e., when Am is
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).

In addition, R® can be alkali metal ion or alkaline earth
satal ion. . .
A suitable linker (X) is —(CH;},-, -CH=CH-, -CmC-,
5 -CH,0-, wherein O is linked to the phosphorous atom or
the aronatic anchor when Am is A;, and wherein O is
linked to the aromatic anchor when Am ie A;, and wherein
“*a" 1s 1, 2, or 3.

10 Brief Description of the Invention

In accordance with the present invention, there are
provided certaln pyridine-containing compounds that are
potent inhibitors of cholestercl biosynthesis by virtue
of their ability to inhibit the enzyme 3-methyl-glutaryl-

15 coenzyme A reductase (HMG-CoA reductase).

In particular, in its broadeat chemical compound
aspect, the present invention provides compounds of the
formula

I

20




O005TSG° SLsTTanS

10

15

30

35

HX0115 (PSP) /\/

n is 0 or 1;

Ry and R; are the same or diffarent and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, hetercaryl or
cyclohetercalkyl;

R; is H, lower alkyl or a mstal ion such as an
alkali metal ion or an alkafine earth metal ion;

Ry is H, halogen, CF;, hydroxy, alkyl, alkoxy,
alkanoylamino, aroylamino, or cyano;

Ry is H, alkyl, aryl, alkanoyl, aroyl, or
alkoxycarbonyl;

Ry i8 H or lower alkyl;

Ry and R;s are the sames or different and are
independently sslected from H or alkyl, or whers at least
one of Ry and Ry i8 alkyl, Ry and R;q may be taken
togather with the carbon or carbona to which they are
attached to form a 3 to 7 membered carbocyclic ring,
which may include a spirocyclic ring;

and & represents a single bond or a double bond
{which may be cis or trans):

and including pharmaceutically acceptable salts
thereof, esters thereof, prodrug esters thareof, and all
sterecisomars thereof.

Prefarably, the Z group will be in form of a free
acid, a physiologically acceptable and hydrolyzable aster
or 8§ lactone thereof, or an alkali metal salt.

Preferred are compounds of foxrmula I of the
invention wherein

Ry and R; are independently selected from alkyl,
cycloalkyl and aryl;

R; is H, alkyl or halogem;

X is 0; and

n is o.

More presferred are compounds of formula I of the
invention wherein R, is aryl (especially substituted aryl
as defined hereinafter);

Ry is alkyl or cycloalkyl:

-5 -
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Ry 18 H;

Ry and R,e are H;
X is 0O;

n is o; and

',’ is a double bond. -

8till more preferred are compounda of formula I of
the invention wharein i '

R; is substituted aryl, preferably 4-fluorophenyl,
4-fluoro-3-methylphenyl or 3,5-dimsthylphenyl;

Rz is alkyl or cycloalkyl, preferably isopropyl, t-
butyl or cyclopropyl:

Ry 18 H;

X is 0O;

n ia o;

"’ is a double bond, preferably “trans”; and

o, woR

or an alkalli or alkaline earth metal salt thereof.
Moat preferred compounds of formula I of the
invention will have the atructure

or an alkali or mlkaline earth metal (such as Na, K or
Ca) @alt thereof, wherein Rs and Rg are the same or
different and independently selected from H, halogen
and/or alkyl (preferably 4-fluoro, 4-fluoro-3-methyl or
3,5-dimethyl) ; and

Ra is a)lkyl or cycloalkyl, prefarably isopropyl, t-

butyl or cyclopropyl.

(Ll
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In another aspect, the present invention provides 3 :
pharmaceutical compositions, useful as hypolipidemic or
hypocholesterolemic agents, or hypotriglyceridemic
agents, comprising a hypolipidemic or hypocholesterclemic
or hypotriglyceridemic amount of a compound of formula I
in accordance with this invention, in combination with a
pharmaceutically acceptable “carrier.

In another aapect, the present invention provides a
method of inhibiting cholestercl biosynthesis or lowering
blood serum cholesterol levels and/or modulating bleood
serum lipids such as lowering LDL cholesterol levels
and/or increasing HDL cholesterol levels or treating
hyperlipidemia, hypercholesterclemia, hyperlipopro-
telnemia or hypertriglyceridemia, or treating or
preventing athercsclerosis in a patient in need of such
treatment by administering a pharmaceutical composition
in accordance with the present invention as defined
above.

Detailed Description of the Invention
In accordance with the present invention, there is
provided compounds useful in inhibiting the enzyme 3-
hydroxy-3-methylglutaryl-conezyne A (HMG-CoA reductase),
which inhibitors are useful as hypocholescerclemic and
hypolipidemic agents, hypotriglyceridemic agents and
antiosteoporosia agents.

Definitions of Terms

The terms pharmaceutically acceptable “salt” and
“*salts” refer to basic salts formed with inorganic and
organic bases. S8uch salts includa smmonium salts; alkali
metal salts, such as lithium, sodium and potassium salts
(which are preferred); alkaline earth metal salts, such
as calcium and magnesium salts; salts with organic bases,
such ag amine like salts (e.g., dicyclohexylamine salt,
benzathine, N-methyl-D-glucamine, and hydrabamine salts);
and salts with amino acids like arginine, lysine and the
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like; and zwitterions, the so-called *inner salts”.
Nontoxic, pharmaceutically acceptable salts are
preferred, although other salts are aleo useful, e.g., in
imolating or purifying the product.

The term pharmaceutically acceptable “salt” and
“salts” also includes acid addition salts. These are
formad, for example, with strong inorganic acids, such'as
mineral acids, for example sulfuric acid, phosphoric acid
or a hydrohalic acid such as HCl or HBr, with strong
organic carboxylic acidas, such as alkanecearboxylic acids
of 1 to 4 carbon atoms which ars unsubsatituted or
substituted, for example, by halogen, for example, acetic
aclid, such ae saturated or unsaturated dicarboxylic
aclds, for example oxalic, malomic, succinic, malele,
fumaric, phthalic or terephthalic acid, such as
hydroxycarboxylic acids, for example ascorbic, glycolic,
lactic, walic, tartaric or citric acid, such as amino
acida, (for example aspartic or glutamic acid or lysine
or arginine}, or benzoic acid, or with organic sulfeonic
acids, such as (Cl-C4) alkyl or arylsulfonic acida which
are unsubstituted or substituted, for example by halogen,
for example methanesulfonic acid or p-toluenesulfonic '
acid.

Unless otherwise indicated, the term “"lower
alkyl®", "alkyl* or "alk® as employad herein alone or as
part of another group includes both straight and branched
chain hydrocarbons, containing 1 to 20 carbons,
prefarably 1 to 10 carbons, more preferably 1 to B
carbons, in the normal cbain, such as methyl, ethyl,
propyl, isopropyl., butyl, t-butyl, iscbutyl, pentyl,
hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl,
32,2,4-trimethyl-pentyl, nonyl, decyl, undecyl, dodecyl,
the various branched chain isomers thereof, and the like
as well as such groups including 1 to 4 substituents such
as halo, for example F, Br, Cl or I or CFy, alkyl,
alkoxy, aryl, aryloxy, aryl(aryl) or diaryl, arylalkyl,
arylaikyloxy, alkenmyl, cycloalkyl, cycloalkylalkyl,

3’:.!-
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cycloalkylalkyloxy, amino, hydroxy, hydroxyalkyl, acyl,
cycloheteroalkyl, hetercaryl, hetercaryloxy,
heterocarylalkyl, heteroarylalkoxy, aryloxyalkyl,
alkylthio, arylalkylthio, aryloxyaryl, alkylamido,
alkanoylamino, arylcarbonylamino, nitxo, cyano, thiol,
haloalkyl, txihalcalkyl and/or alkylthio. a

Unless otherwise indicated, the term "cycloalkyl®
as employed herein alone or as part of another group
includes saturated or partially unsaturated (containing 1
Oor 2 double bonds) cyclic hydrocarbon groups containing 1
to 3 rings, including monocyclic alkyl, bicyclic alkyl
{or bicycloalkyl) and tricyclic alkyl, containing a total
of 3 to 20 carbons forming the ring, preferably 3 to 10
carbons, forming the ring and which may be fused to 1 or
2 aromatic rings as described for aryl, which includes
cyclopropyl, cyclocbutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclodecyl and cyclododecyl,
cyclohexenyl, -

EE-QA;@A ool
DO @

any of which groups may be opticonally substituted with 1
to 4 substituents such as halogen, alkyl, alkoxy,
hydroxy, aryl, aryloxy, arylalkyl, cycloalkyl,
alkylamido, alkanoylamino, oxeo, acyl, arylcarbonylamino,
heteroaryl, cycloheterocalkyl, amino, alkylamino, nitro,
cyano, thiol and/or alkylthic and/or any of the
substituenta for alkyl.

The term “cycloalkenyl” as employed herein alone
or as part of another group refers to cyclic hydrocarbons
containing 3 to 12 carbons, preferably 5 to 10 carbons
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and 1 or 2 double bonds. Exemplary cycloalkenyl groups
include cyclopentenyl, cyclohexemyl, cycloheptenyl,
cyclooctenyl, cyclohexadienyl, and cycloheptadienyl,
which may be optionally substituted as defined for
cycloalkyl. .

The term "alkanoyl" as used herein alone or as
part of anothex group rafers to alkyl linked to a
carbonyl group.

Unleas otherwise indicated, the term "lower
alkenyl®* or "alkenyl" as usad herein by itself or as part
of another group refers to straight or branched chain
radicals of 2 to 20 carbons, preferably 2 to 12 carbons,
and more preferably 1 to 8 carbons in the normal chain,
which includes one to six double bonds in the normal
chain, such as vinyl, 2-propenyl, 3-butenyl, 2-butenyl,
4-pentenyl, 3-pentenyl, 2-hexsnyl, 3-hexenyl, 2-heptenyl,
3-heptenyl, 4-heptenyl, 3-octenyl, 3-nonenyl, 4-decenyl,
3-undecenyl, 4-dodecenyl, 4.,8,l2-tetradecatrienyl, and
the like, and which may be optionally substituted with 1
to 4 gubstituents, namely, halogen, haloalkyl, alkyl,
alkoxy, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl,
amino, hydroxy, heterocaryl, cycloheteroalkyl,
alkanoylamino, alkylamido, arylcarbonyl-amino, nitro,
cyano, thiol, alkylthio and/or any of the alkyl
subsgtituents set out herein.

Unless otherwise indicated, the term "lower
alkynyl® or "alkynyl" as used herein by itself or as part
of another group refers to straight or branched chain
radicals of 2 to 20 carbons, prefexably 2 to 12 carbons
and more preferably 2 to 8 carbons in the normal chain,
which include one triple bond in the normal chain, such
as 2-propynyl, 3-butynyl, 2-butynyl, 4-pentynyl, 3-
pentynyl, 2-hexynyl, 3-hexynyl, 2-heptynyl, 3-heptynyl,
4-heptynyl, 3-octynyl, 3-nonynyl, 4-decynyl,3-undecynyl,
4-dodecynyl and the like, and which may be opticnally

- 10 -
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substituted with 1 to 4 substituents, namely, halogen,
haloalkyl, alkyl, alkoxy, alkenyl, alkynyl, aryl,
arylalkyl, cycloalkyl, amino, hetervaryl,
cyclohetercalkyl, hydroxy, alkanoylamino, alkylamido,
arylcarbonylamino, nitro, cyano, thiol, and/or alkylthio,
and/or any of the alkyl subs‘tituents set out herain.

The terms "arylalkenyl® and "arylalkynyl® as used
alone or as part of another group refer to alkenyl and
alkynyl groups as described above having an aryl
pubstituent.

Where alkyl groups as defined above have single
bonds for attachment to other groups at two different
carbon atoms, they are termed “alkylene" groups and may
optionally be substituted with 1 oxr 2 substituents as
defined above for "alkyl®", such as, for example, alkyl,
halo, hydroxy, alkoxy and/or cycloalkyl.

" Where alkenyl groups as defined above and alkynyl
groups as defined above, respectively, have single bonds
for attachment at two different carbon atoms, they are
termed "alkenylene groups" and "alkynylene groups",
respectively, and may optionally be substituted with 1 or
2 subatituents as defined above for "alkenyl®” and
"alkynyl".

The term "halogen" or "halo" as used herein alone
or as part of another group refers to chlorine, bromine,
fluorine, and iodine as well as CFi3, with chlorine or
fluorine bheing preferred.

The term "metal ion" refers to alkali metal ions
such as sodium, potassium or lithium and alkaline earth
metal ioms such as magnesium and calcium, as well as zinc
and aluminum.

Unless otherwise indicated, the texrm "aryl® as
employed harein alone or as part of another group refers
to monacyclic and bicyclic aromatic groups contailning 6
to 10 carbons in the ring portion (such as phenyl ox

- 11 -
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naphthyl including l-naphthyl and 2-naphthyl) and may
optionally include one to three additional rings fueed to
a carbocyclic ring or a heterocyclic ring (such as aryl,
cycloalkyl, heteroaryl or cycloheteroalkyl rings for
example

e e e YK C N
oG- G . OO OO,

and may be optionally substituted through avallable
carbon atoms with 1, 2, or 3 groups selected from
hydrogen, halo, haloalkyl, alkyl, haloalkyl, alkoxy,
halophenyl, benzoyloxy, haloalkoxy, alkenyl,
trifluoromethyl, trifluoromethoxy, alkynyl, cycloalkyl-
alkyl, cycloheteroalkyl, cyclohetercalkylalkyl, aryl,
heterocaryl, arylalkyl, aryloxy, aryloxyalkyl, arylalkoxy,
arylthio, arylazo, hetervarylalkyl, hetercarylalkenyl,
heterocarylhetercaryl, heterocaryloxy., hydroxy, nitro,
cyano, aminoc, substituted amino wherein the amino
includes 1 or 2 subatituents (which are alkyl, alkanoyl,
aryl or any of the other aryl compounds mentioned in the
definitions), thiol, alkylthio, arylthio, heteroarylthio,
arylthiocalkyl, alkoxyarylthio, alkylcarbonyl,
arylcarbonyl, alkyl-aminocarbonyl, arylaminocarbonyl,
alkoxycarbonyl, aminocarbonyl, alkylcarbonyloxy,
arylcarbonyloxy, alkylcarbonylamino, arylcarbonylamino,
arylsulfinyl, arylsulfinylalkyl, arylsulfonylamino or
arylsulfon-aminocarbonyl and/or any of the alkyl
subatituents set out herein.

Unleas otherwlse indicated, the term "lower

alkoxy®, "alkoxy®, "aryloxy"™ or "aralkoxy" as employed

- 12 -
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herein alone or as part of another group includes any of .
the above alkyl, aralkyl or aryl groups linked to an
oxygen atom.
Unless otherwise indicated, the term "substituted
5 amino®™ as employed herein alone or as part of another
group refers to amino subastituted with one or two
substituents, which may be the same or different, such as
alkyl, aryl, arylalkyl, heterocaryl, hetercarylalkyl,
cyclohateroalkyl, cyclohetercalkylalkyl, cycloalkyl,
10 cycloalkylalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl or
thicalkyl. These substituents may be further substituted
with a carboxylic acid and/or any of the substituents for
alkyl as set out above. In addition, the amino
substituents may be taken together with the nitrogen atom

Eg _ 1S to which they are attached to form 1-pyrrolidinyl,

1] l-piperidinyl, 1-azepinyl, 4-morpholinyl,

lI: 4-thiamorpholinyl, l-piperazinyl, 4-alkyl-l-piperazinyl,
tn 4-arylalkyl-l-piperazinyl, 4-diarylalkyl-l-piperazinyl,
;'I?I 1-pyrrolidinyl, -1-piperidinyl, or 1-azepinyl, optionally
. 20 substituted with alkyl, alkoxy, alkylthio, halo,

te trifluoromethyl or hydroxy.

fr: Unless otherwise indicated, the term "“lower

| ) alkylthio", alkylthio", "arylthio" or "aralkylthio® ae
E employed herein alone or as part of another group

25 1includes any of the mbove alkyl, aralkyl or aryl groups
linked to a sulfur atom.
Unless otherwlse indicated, the term "lower -
alkylamino®, "alkylamine", *arylamino®, or
"arylalkylamino®” as employed herein alona or as part of
30 another group includes any of the above alkyl, aryl or
arylalkyl groups linked to a nitrogen atom.
Unless otherwise indicated, the term "acyl" as
employed herein by itself or part of another group, as
defined herein, refers to an organic radical linked to a

f
35 carbonyl ( c ) group; examples of acyl groups include
any of the R! groups attached to a carbonyl, such as

- 13 -
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alkanoyl, alkenoyl, aroyl, aralkanoyl, hetercaroyl,
¢ycloalkanoyl, cyclohaterocalkanoyl and the like.

Unless otherwise indicated, the term
®cyclohetercalkyl” as used herein alone or as part of
another group refers to a 5-, 6- or 7-membered saturated
or partially unsaturated ring which includes 1 to 2
hetero atoms such as nitrogen, oxygen and/or sulfur,
linked through a carbon atom or a heteroatom, where
possible, optionally via the linker (CHi), (where r is 1,
2 or 3), such as

CHCHEY
soieeey

> £
RS AcRe

and the like. Ths above groups may include 1 to 4
substituents such as alkyl, halo, oxo and/or any of of
the alkyl substituents set out herein. In addition, any
of the cycloheterocalkyl rings can be fused to a
cycloalkyl, aryl, heterocaryl or cycloheteroalkyl ring.
Unless otherwise indicated, the term "hetercaryl®
as used herein alone or as part of another group refers
to a 5- or 6- membered aromatic ring which includes 1, 2,
3 or 4 hatexro atoms such as nitrogan, oxygen or
sulfur,and such rings fused to an aryl, cycloalkyl,
heteroaryl or cyclohetercalkyl ring (e.g.
benzothiophenyl, indolyl), and includes possible N-
oxides. The heteroaryl group may optionally include 1 to

- 14 -
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4 substituents such as any of the substituents set out
above for alkyl. Examples of heterocaryl groups include
the following:

s @_G {.4)_ ° <

.G Q% GO0
M i}ﬂ '(:rci{/j\:/f(-ﬁ

[
{ M N—N —N N—N N N=N
(¥ . ia —
‘l / \ ’ / ) . / \ ' / N *&
in oy .o e L 7 ’ . ’
. i) | 9 N
1 10
B and the like,
Eg The term "cyclohetercalkylalkyl® aes used herein
b alone or as part of another gorup refers to
n cyclohaterocalkyl groups as defined above linked through a
g 1S5 C atom or haterocatom toc a (CHa)y chain.

The term "heterocarylalkyl* or "heaterocarylalkeanyl®
as used herein alone or as part of another group refers
to a heterocaryl group as defined above linked through a C -
atom or hetercatom to a -(CHj) - chain, alkylene or

20 alkenylene as defined above.

The term "polyhaloalkyl" as used herein refers to
an "alkyl® group as defined above which includes from 2
to 9, preferably from 2 to 5, halo subatituents, such as
F or Cl, preferably F, such as CFiCHz, CF3; or CF;CFaCH;.

25 The term "polyhaloalkoxy" as used herein refers to
an "alkoxy" or "alkyloxy®" group as defined above which
includes from 2 to 9, preferably from 2 to 5, halo

- 15 =-
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substituents, such as F or Cl, preferably F, such as
CF3CH20, CF30 or CF;CFaCH20.

All stereoisomers of the compounds of the inastant
invention are contemplated, either in admixture or in
pure or substantially pure form. The compounds of the
present invention can have asymmetric centers at any of
the carbon atoms including amy one or the R substituents.
Consequently, compounds of formila I can exist in
enantiomeric or dlastereomeric forms or in mixtures
thereof. The processes for preparation can utilize
racemates, enantiomers or diastereomere as starting
materials. When diastereomeric or enantiomeric products
are prepared, they can be separated by conventional
mathods for example, chromatographic or fractional
crystallization.

The term "prodrug esters®" as employed herein
includes esters and carbonates formed by reacting one or
more hydroxyls of compounds of formula I with alkyl, _
alkoxy, or aryl substituted acylating agents employing
procedures known to those skilled in the art to generate
acetates, pivalates, methylcarbonates, benzoates and the
like. 1In addition, prodrug esters which are kmnown in the
art for carboxylic and phosphorus acid esters such as
methyl, ethyl, benzyl and the like.

Examples of such prodrug esters include

CH,CO,CH,— , OmOo,em— , t—CE,00,CR,— , or
ca
(),

o
n
C,E,0COCH,— _
Other examples of sultable prodrug esters include
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wherein R®* can be H, alkyl (such as methyl or t-butyl),
arylalkyl (such as benzyl) or aryl (such as phenyl); Rd
is H, alkyl, halogen or alkoxy, R® is alkyl, aryl,
arylalkyl or alkoxyl, and n; is 0, 1 or 3.

Where the compounda of structure I are in acid™
form they may form a pharmaceutically acceptable salt:
such as alkali metal salts such as lithium, sodium ox
potassium, alkaline earth metal salts such as calcium or
magnesium as well as zinc or aluminum and other cations
such as ammonium, choline, diethanolamine, lysine (D or
L), ethylenediamine, t-butylamine, t-octylamine, tris-
(hydroxymethyl)} aminomethane (TRIS), N-methyl glucosamine
{NMG), triethanolamine and dehydroabietylamine.

Compounds of the invention may be prepared by the
following method.

Referring to Reaction Schemes 1, Knovenagel

‘condensation of readily available beta-keto ester 1,

where R ig lower alkyl, with aldehyde 2 under standard
conditions (e.g. HOAc, piperidine, toluene, reflux)
affords the corresponding adduct 3. Base induced 1,4-
addition of ketone 4 (e.g. LiIN(TM8); in THF or EtONa in
EtOH) provides the adduct S, usually as a mixture of
diastereomers.

Conversion of the 1,5-diketone 5 to the pyridyl
ester § may be effected by treatment with an ammonia
source (such as NH,OAc) in the presence of an oxidant
{such as Cu{OAc)2 or oxygen) in a suitable solvent (such
as refluxing HOAc), or by reaction of 5 with
hydroxylamine hydrochloride in HOAc with heat. The ester
functionality of 6 can be reduced by standard methods
(LiAlH,, DIBAL, LiBH,) to give alcohol 7 which can
subsequently be converted to the corresponding halide 8
(e.g. PBr; in CH,Cl;, CBr,/PPh; in CH,,CN or POCl,).
Conversion of halide 8 to the phoaphorus compound 9 where
W is Ph or alkyl is effected by treatment of 8 with
WPOEt in toluens. Conversion of halide 8 to compound 9

- 17 -
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where W is OR (R is lower alkyl) may be effected by the
reaction of 8 with HOP(OR) 2/base/THF or by Arbuzov
reaction with P(OR);. Witting reaction between 9 and
aldehyde 10 (aldehyde 10 has been previously described in
US patent 5,686,433) may be effected under standard
conditions with base {(n-BulLl, LiIN(TMS);, LDA) in an
appropriate solvent (THF, Etj0, toluene, DMPU) to afford
the adduct 11. Treatment of 11 under acidic conditions
{e.g. TFA, HCl) effects the conversion of 11 to lactone
Ia. Saponification of Ia to Ib (where R; is alkali
matal, or alkaline earth metal) can be effected by
treatment of Ia with aquecus base or subsequently
acidified to give Ib where R; 1s H. Additionally, Ia can
be treated with an alcohol of the type R;OH under basic
conditions to form the corresponding esters of Ib.

As seen in Reaction Scheme 2, the saturated

derivatives of cal'upémnd I (where "’ is CH;-CH,;) are
obtained by catalytic (Pd/C, Pt/C, Pd(OH)a2) hydrogehation
of 11, Ia, or Ib to afford 12, Ic, or Id, respectively.
Compound 12 may be converted to Ic and Id following the
earlier described methods for the conversion of compound
11 to Ia and Ib.

- 18 -
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Scheme 1

halide
formation

——————

Yw=ClorBr
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Scheme 2
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The synthesis of compounds I wherein o is CH=CH y “0
and n is 1, is described in Scheme 3. Bis-silylation of
compound Ib* with a bulky silylchloride {e.g., Clsi(t-
butyl) Ph;, ClSi(t-butyl)}Me,;, C18iPh;) in the presence of a
suitable base (e.g., TEA, imidazole, pyridine) and .
solvent (e.g., CHiCl,, THF) provides compound Ib’.
Treatment of Ib® with oxidants sich as m-CPBA or CF;COsH
in an appropriate solvent such as CH;Cl; or HOAc affords
N-oxide Ib*. Desilylation of Ib' (TRAF/HOAc/THF or
HF/CH,CN) gives Ib* which may be saponified to Ib® using
aqueous solutions of a metal hydroxide in an appropriate
solvent (e.g., MeOH, dioxane).

- 22 ~
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Additionally, compound Id* wmay be oxidized and
saponified, as described above, to provide compounds I

wherein g is CH,CH; and n is 1 (e.g., compounds Id?® and
ID’) as shown in Scheme 4.

It will be appreciated that in Schemes 1 to 4, with
respect to compounds 4, 5, 6, 7, 8, 9, 11, Ia, Ib, 12,
Ic, I4, Ib*, Ib?, Ib®, Ib*, Ib®, 1d*, Id*® and Id*, although
substituents Ry and R, as defined hereinbefore are not
included in these compounds, Schemes 1 to 4 may be
carriad out where such compounds include R, and Ry,
substituents.

- 24 -
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In addition, in accordance with the present
invention, intermediates 6, 7, 8, 9, 11 and 12 are novel
compounds and form part of the present invention. These
compounds have the general structure

b
¥
h |
(T |
L

.
i
[
3]
£d
0

10

II

wherain X is O, 8 or NRy, Ra, Ra, Rs; Ry, Ry and Ry a8 are

as defined above, G is

;—co,l. (bere 2 is aliyl).  $—cmyam, fm“ .

/—-'\(' {vhere W is aryl such as phenyl, alkyl, ox alkoxy).
(o]

1

¥4

Coyalkyl

Thue, the intermediates of the invention can hava the

following structures:
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Halide {pref, Br) gé:

R=alkyl) OoH
& Re Ry Ry
Ry Ry Ry Re
q ]
7 ]
. (]
Re .

(Wearyl or alkoxy)

COpalyl (prot. toutyl)
-4’° COrallyl (prot. thuty)

"

Compounds 6, 7, 8, 9, 11 and/or 12 may include R,
and Rio substituents.

Compounde containing dihydroxy acid HMG-CoA binding
domain side chains may be prepared in homochiral form,
which is preferred, or may be prepared as racemic
mixtures (38+%, 5R*) and may later be resolved to obtain
the 38, SR isomer.

The compounds of the invention are inhibitors of 3-
hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) reductase
and thus are useful in inhibiting cholesterol
biosynthesis and/or in lowering triglycerides, in a
manner similar to atorvastatin, pravastatin, simvastatin,
lovastatin, cerivastatin, visastatin (Astra Zeneca
ZD4522), fluvastatin, itavastatin and the like.

A further aspact of the present invention is a
Pharmaceutical composition containing at least one of the
compounds of formula I of the present invention in
association with a pharmaceutical vehicle or diluent.

The pharmaceutical composition can be formulated
employing conventional solid or liquid vehicles of

- 26 -
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diluents and pharmaceutical additives of a type
appropriate to the mode of desired administration. The
compoundes can be administered by an oral route, for
exanple, in the form of tablets, capsules, granules or
powders, or they can be administered by a parenteral
route in the form of injectable preparations. Such
dosage forms contain from 0’1 to 1500 mg of active
compound per dosage, for use in the treatment. The dose
to be administered depends on the unitary dose, the
symptoms, and the age and the body weight of the patient.

The compounds of the present invention can be
administered in a similar manner as known compounds
suggested for use in inhibiting cholestercl hiosy:nthesis,
such as pravastatin, lovastatin, simvastatin, visastatin,
atorvastatin, cerivastatin, fluvastatin, itavastain, and
the like, in mammalian species such aa humans, dogs, cats
and the like. Thue, the compounds of the invention may
be administered in ‘an amount from about 0.1 to 500 mg in
a single dose or in the form of individual doses from 1
to 4 times per day, preferably 0.2 to 100 mg dally or in
sustained release form.

Where desired, the compounds of structure I may be
used in combination with one or more hypolipidemic agents
ox lipid-lowering agents and/oxr one or more other types
of therapeutic agents including antidiabetic agents,
anti-obesity agents, antihypertensive agents, platelet
aggregation inhibitors, and/or anti-osteoporosis agents, -
which may be administered orally in the same dosage form,
in a separate oral dosage form or by injection.

The hypolipidemic agent or lipid-lowering agent
which may be optionally employed in combination with the
compounds of formaula I of the invention may include 1,2,3
or more MTP inhibitors, HMG CoA reductase inhibitors,
squalene synthetase inhibitors, fibric acid derivatives,
ACAT inhibitors, lipoxygenase inhibitors, cholesterol
absorption inhibitors, ileal Na'/blle acid cotransporter
inhibjitors, upregulators of LDL receptor activity, bile
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acid sequestrants, and/or nicotinic acid and derivatives
thereof.

MTP inhibitoras employed herein include MTP
inhibitors disclosed in U.8. Patent No. 5,595,872, U.8.
Patent No. 5,739,135, U.5. Patent No. 5,712,279, U.S.
Patent No. 5,760,246, U.5. Patent No. 5,827,875, U.8. ~
Patent No. 5,885,983 and U.S: Application Serial Ko.
09/175,180 filed Octocber 20, 1998, now U.S. Patent No.
5,962,440. Preferred are each of the preferred MTP
inhibitors disclosed in each of the above patenta and
applications. .

All of the above U.S. Patents and applications are
incorporated herein by reference.

Most preferred MTP inhibitors to be ewployed ia
accordance with the present invention include preferred
MTP inhibitors as set cut in U.8: Patent Nos. 5,739,135
and 5,712,279, and U.S. Patent No. 5,760,246.

The most preferred ‘MTP inhibitor is 9-[4-[a-[[2-
(2,2,2-Trifluoroethoxy)benzoyl) amino] -1-piperidinyl]
butyl] -N- (2,2, 2-trifluorocethyl) -9H-fluorene-9-carboxamide

- &

QL

The hypolipidemic agent may be an HMG CoA
reductase inhibitor which includes, but is not limited
to, mevastatin and related compounds as disclosed in U.S.
Patent No. 3,983,140, lovastatin (mevinolin) and related
compounds as disclosed in U.S. Patent No. 4,231,938,
pravastatin and related compounds such as disclosed in
U.S. Patent No. 4,346,227, siwnvastatin and related
compounds as disclosed in U.S. Patent Nos. 4,448,784 and
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4,450,171. Other BMG CoA reductase inhibitors which may
be employed herein include, but are not limited to,
fluvastatin, disclosed in U.5. Patent No. 5,354,772,
cerivastatin discloeed in U.8. Patent Nos. 5,006,530 and
5,177,080, atorvastatin disclosed in U.S. Patent Nos.
4,681,893, 5,273,995, 5,385,929 and 5,686,104,
itavastatin (Nissan/Sankyo’s$ niasvastatin (NK-104))
disclosed in U.S8. Patent No. 5,011,930, Shionogi-
Astra/Zeneca visastatin (2D-4522) disclosed in U.S.
Patent No. 5,260,440, and related statin compounds
disclosed in U.8. Patent No. 5,753,675, pyrazole analogs
of mevalonoclactone derivatives as disclosed in U.S.
Patent No. 4,613,610, indene analogs of mevalonolactone
derivatives as disclosed in PCT application WO 86/03488,
6-[2- (substituted-pyrrol-1-yl) -alkyl)pyran-2-cnes and
derivatives thereof as disclosed in U.S. Patent No.
4,647,576, Searle’s SC~45355 (a 3-subsatituted
pentanediolc acid derivative) dichloroacetate, imidazole
analogs of mevalonolactone as disclosed in PCT
application WO 86/07054, 3-carboxy-2-hydroxy-propane-
phosphonic acid derivatives as disclosed in French Patent
No. 2,596,393, 2,3-disubstituted pyrrole, furan and
thiophene derivatives as disclosed in Eurcpean Patent
Application No. 0221025, naphthyl analogs of
mavalonolactone as disclosed in U.S8. Patent No.
4,606,237, coctahydronaphthalenes such as diasclosed in
U.8. Patent No. 4,499,289, keto analogs of mevinolin
(lovastatin) as disclosed in European Patent Application
No.0,142,146 A2, and quinoline and pyridine derivatives
disclosed in U.S. Patent No. 5,506,219 and 5,691,322.

In addition, phosphinic acid compounds useful in
inhibiting BMG CoA reductase suitable for use herein are
disclosed in GB 2205837.

The squalene synthetase inhibitors suitable for
use herein include, but are not limited to, a-phoasphono-
sulfonates disclosed in U.S. Patent No. 5,712,396, those
disclosed by Biller et al, J. Med. Chem., 1988, Vol. 31,
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No. 10, pp 1869-1871, including isoprencid (phosphinyl-
mathyl)phosphonates as well as other known squalene
synthetase inhibitors, for example, as disclosed in U.8.
Patent No. 4,871,721 and 4,924,024 and in Biller, B.A.,
Neuenschwander, K., Ponpipom, M.M., and Poulter, C.D.,
Current Pharmaceutical Design, 2, 1-40 (1996).

In addition, other sgualene synthetase inhibitors
suitable for use herein include the terpenoid
Pyrophosphates disclosed by P. Ortiz de Montellano et al,
J. Med. Chem., 1577, 20, 243-249, the farnesyl
diphosphate analog A and presqualene pyrophosphate (PSQ-
PP) analogs as disclosed by Corey and Volante, J. Am.
Chem. Socc., 1976, 98, 1291-1293, phosphinylphosphonates
reported by McClard, R.W. et al, J.A.C.8., 1987, 109,
5544 and cyclopropanes reported by Capson, T.L., PhD
dissertation, June, 1987, Dept. Med. Chem. U of Utah,
Abstract, Table of Contents, pp 16, 17, 40-43, 48-51,
Summary. T

Other hypolipidemic agents suitable for use herein
include, but are not limited to, fibric acid derivatives,
such as fenofibrate, gemfibrozil, clofibrate,
bezafibrate, ciprofibrate, clinofibrate and the like,
probucol, and related compounds as disclosed in U.S.
Patent No. 3,674,836, probucol and gemfibrozil being
preferred, bile acid saquestrants such as cholestyramine,
colestipol and DEAE-Sephadex (Secholex®, Policexide®) and
choleatagel (Sankyo/Geltex), as well as lipostabil
(Rhone-Poulenc), Eisai E-5050 (an N-substituted
ethanolamine derivative), imanixil (HOE-402),
tetrahydrolipstatin (THL), istigmastanylphos-
phorylcholine (SPC, Roche), aminocyclodextrin (Tanabe
Seiyoku) , Ajinomoto AJ-814 (azulene derivative),
melinamide (Sumitomo), Sandoz 58-035, American Cyanamid
CL-277,082 and CL-283,546 (disubstituted urea
derivatives), nicotinic acid (nlacin), acipimox, acifran,
neomycin, p-aminosalicylic acid, aspirin,
poly(diallylmethylamine) derivatives such as disclosed in
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U.S. Patent No. 4,759,923, quaternary amine
poly{diallyldimethylammonium chloride) and ionenes such
as disclosed in U.8. Patent No. 4,027,009, and other
known serum cholesterol lowering agents.

The other hypolipidemic agent may be an ACAT
inhibitor such as disclosed in, Drugs of the Future 24,
9-15 (1999), (Avasimibe); “The ACAT inhibitor, Cl-1011 is
effective in the prevention and regression of aortic
fatty streak area in hamsters”, Nicolosi et al,
Atherosclerosis (Shannon, Irel). (1998), 137(1), 77-85;
*The pharmacological profile of FCE 27677: a novel ACAT
inhibitor with potent hypolipidemic activity mediated by
selective suppression of the hepatic secretion of
ApoBl00-containing lipoprotein”, Ghiselli, Giancarlo,
Cardiovasc. Drug Rev. (1998), 16(1), 16-30; “RP 73163: a
bicavailable alkylsulfinyl-diphenylimidazole ACAT
inhibitor”, Smith, C., et al, Bloorg. Med. Chem. Lett.
(1996}, 6(1), 47-50; “ACAT inhibitors: physiologic
mechanisms for hypolipldemic and anti-atherosclerotic
activities in experimental animals®, Krause et al,
Editor(s) : Ruffolo, Robert R., Jr.; Hollinger, Mannfred
A., Inflammation: Mediators Pathways (1995), 173-98,
Publisher: CRC, Boca Raton, Fla.; “ACAT inhibitoxs:
potential anti-atherosclerotic agents”, Sliaskovic et al,
Curr. Med. Chem. (19%4), 1(3), 204-25; “Inhibitors of
acyl-CoA:cholesterol O-acyl transferase (ACAT) as
hypocholesterolemic agents. 6. The first water-soluble
ACAT inhibitor with lipid-regulating activity. Inhibitors
of acyl-CoA:cholestercl acyltransferase (ACAT). 7.
Davelopment of a series of substituted N-phenyl-N’-[{1-
phanylcyélopentyl)methyl]ureas with enhanced
hypocholesterolemic activity”, Stout et al, Chemtracts:
Org. Chem. {(1995), 8(6), 3159-62, or TS-962 (Taisho
Pharmaceutical Co. Ltd}.

The hypolipidemic agent may be an upregulator of
LD2 receptor activity such as MD-700 (Taisho -
Pharmaceutical Co. Ltd} and LY295427 (Eli Lilly).
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The hypolipidemic agent way be a cholesterol
absorption inhibitor preferably Schering-Plough’s
8CH40461 as well as those disclosed in Atherosclerosia
115, 45-63 (1995) and J. Med. Chem. 41, 973 (1998).

The hypolipidemic agent may be an ileal Na‘/bile
acid cotransporter inhibitor such as disclosed in Drugs
of the Future, 24, 425-430 (1999).

Preferred hypolipidemic agents are pravastatin,
lovastatin, simvastatin, atorvastatin, fluvastatin,
cerivastatin, itavastatin and visastatin.

The above-mentioned U.S. patents are incorporated
herein by reference. The amounts and dosages employed
will be as indicated in the Physician’s Desk Reference
and/or in the patents set out above.

The compounds of formula I of the invention will
be ewmployed in a weight ratio to the hypolipidemic agent
(were present}, within the range from about 500:1 to
about 1:500, preferably from about 100:1 to about 1:100.

The dose administered must be carefully adjusted
according to age, weight and condition of the patient, as
well as the route of administration, dosage form and
regimen and the desired result.

The dosages and formulations for the hypolipidemic
agent will be as dieclosed in the various patents and
applications discussed above.

The dosages and formulations for the other
hypolipidemic agent to be employed, where applicable,
will be as set out in the latest edition of the
Physiclans’ Desk Reference.

For oral administration, a satisfactory result may
be obtained employing the MTP inhibitor in an amount
within the range of from about 0.01 mg to about 500 mg
and preferably from about 0.1 mg to about 100 mg, one to
four times daily.

A preferred oral dosages form, such as tablets or
capsules, will contain the MTP inhibitor in an amount of
from about 1 to about 500 mg, preferably from about 2 to
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about 400 mg, and wore preferably from about 5 to about
250 mg, one to four times daily.

For oral administration, a satisfactory result may
be obtained employing an HMG CoA reductase inhibitor, for
example, pravastatin, lovastatin, simvastatin,
atorvastatin, fluvastatin or cerivastatin in dosages
employed as indicated in thé Physician’s Desk Reference,
such as in an amount within the range of from about 1 to
2000 mg, and preferably from about 4 to about 200 mg.

The squalene synthetase inhibitor may be employed
in dosages in an amount within the range of from about 10
mg to about 2000 mg and preferably from about 25 mg to
about 200 mg.

A preferred oral dosage form, such as tablets or
capsules, will contain the HMG CoA reductase inhibitor in
an amount from about 0.1 to about 100 mg, preferably from
about 0.5 to about 80 mg, and more preferably from about
1 to about 40 mg. .

A preferred oral dosage form, such as tablets or
capsules will contain the squalene synthetase inhibitor
in an amount of from about 10 to about 500 mg, preferably
from about 25 to about 200 mg.

The other hypolipidemic agent may alsc be a
lipoxygenase inhibitor including a 15-lipoxygenase (15-
L0) inhibhitor such as benzimidazole derivatives as
diseclosed in WO 97/12615, 15-LO inhibitors as disclosed
in WO 97/12613, ilsothiazolones as disclosed in
WO 96/38144, and 15-10 inhibitors as disclosed by
Sendobry et al “Attenuation of diet-induced
atherosclercals in rabbits with a highly selective 15-
lipoxygenase inhibitor lacking significant antioxidant
properties, Brit. J. Pharmacology (1957) 120, 1199-1206,
and Cornicelli et al, “15-Lipoxygenase and its
Inhibition: A Novel Therapeutic Target for Vascular
Disease”, Current Pharmaceutical Design, 1999, 5, 11-20.

The compounds of formula I and the hypolipidemic
agent may be employed together in the same oral dosage
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form or in separate oral dosage forms taken at the same
time.

The compositions described above may be
administered in the dosage forms as described above in
single or divided doses of one to four times dally. It
may be advisable to start a patient on a low dosa o
combination and work up gradually to a high dose
combination.

The preferred hypolipidemic agent is pravastatin,
simvastatin, lovastatin, atorvastatin, fluvastatin or
cerivastatin as well as niacin and/or cholestagel.

The antidiabetic agent which may be optiocnally
employed in combination with the HMG-CoA reductase
inhibitor of formula I may be 1,2,3 or more antidiabetic
agenta or antihyperglycemic agents including insulin
secretagogues or insulin sensitizers, which may include
biguanides, sulfonyl ureas, glucosidase inhibitors, PPAR
y agonists, such as thiazolidinediones, aP2 inhibitors,
PPAR a/y dual agonists, dipeptidyl peptidase IV (DP4)
inhibitors, SGLT2 inhibitors, and/or meglitinides, as
well as insulin, and/or glucagon-like peptide-1 (GLP-1).

The antidiabetic agent may be an oral
antihyperglycemic agent preferably a biguanide such as
metformin or phenformin or salts thereof, preferably
metformin HCl.

¥Where the antidiabetic agent is a biguanide, the
compounds of structure I will be employed in a weight
ratio to biguanide within the range from about 0.001:1 to
about 10:1, preferably from about 0.01:1 to about S:1.

The antidiabetic agent may also preferably be a
sulfonyl urea such as glyburide (also known as
glibenclamide), glimepiride (disclosed in U.S. Pateant No.
4,379,765}, glipizide, gliclazide or chlorpropamide,
other knmown sulfonylureas or other antihyperglycemic
agents which act on the ATP-dependent channel of the B-
caella, with glyburide and glipizide being preferred,
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which may be administered in the same or in separate oral 06
dosage forms.

The compounds of structure I will be employed in a
welght ratio to the sulfonyl urea in the range from about
0.01:1 to about 100:1, preferably from about 0.02:1 to
about S:1. a

The oral antidiabetic"agent may also be a
glucosidase inhibitor such as acarbose (disclosed in U.8.
Patent No. 4,904,769) or miglitol (disclosed in U.S8.
Patent No. 4,639,436), which may be administered in the ’
same or in a separate oral dosage forms.

The compounds of structure I will be employed in a
weight ratio to the glucosidase inhibitor within the
range from about 0.01:1 to about 100:1, preferably from
about 0.05:1 to about 10:1.

The compounds of structure I may be employed in
combination with a PPAR y agonist such as a
thiazolidinedione oral anti-diabetic agent or other
insulin sensitizers (which has an insulin sensitivity
effect in NIDDM patients) such as troglitazone {(Warner-
Lambert's Rezulin®, disclosed in U.S. Patent No.
4,572,912), rosiglitazone (9KB), ploglitazone (Takeda),
Mitsubishi's MCC-555 (disclosed in U.S. Patent No.
5,594,016), Glaxo-Welcome's GL-262570, englitazone (CP-
68722, pPfizer) or darglitazone (CP-86325, Pfizer,
isaglitazone (MIT/J&J), JTT-501 (JPNT/P&U), L-B895645
(Merck), R-119702 (Sankyo/WL), NN-2344 (Dr. Reddy/NN), or
YM-440 (Yamanouchi), preferably rosiglitazone and
ploglitazone.

The compounds of structure I will be employed in a
weight ratio to the thiazolidinediocne in an amount within
the range from about 0.01:1 to about 100:1, preferably
from about 0.05 to about 10:1.

The sulfonyl urea and thiazolidinedicne in amounts
of less than about 150 mg oral antidiabetic agent may be
incorporated in a single tablet with the compounds of
structure I.
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The compounds of structure I may also ba employed
in combination with a antihyperglycemic agent such as
inoulin or with glucagon-like peptide-1 (GLP-1) such ap
GLP-1(1-36) amide, GLP-1(7-36) amide, GLP-1(7-37) (a8
disclosed in U.S. Patent Ro. 5,614,492 to Habener, the
disclogure of which is incorporated herein by reference),
as well ag AC2993 (Amylen) and LY-315902 (Lilly), which
may be administered via injection, intranasal, inhalation
or by transdermal or buccal devices.

Where present, metformin, the sulfonyl ureas, such
as glyburide, glimepiride, glipyride, glipizide,
chlorpropamide and gliclazide and the glucosidase
inhibitors acarbose or miglitel or ineulin (injectable,
pulmonary, buccal, or oral) may be employed in
formulations as described above and in amounts and dosing
as indicated in the Physician's Desk Reference (PDR).

Where present, metformin or salt thereof may be
employed in amounts within the range from about 500 to -
about 2000 mg per day which may be administered in single
or divided domes one to four times daily.

Where present, the thiazolidinedione anti-diabetic
agent may be employed in amounts within the range from
about 0.0l to about 2000 wmg/day which may be administered
in single or divided doses one to four times per day.

Where present insgulin may be employed in
formulations, amounts and dosing as indicated by the
Physiclan'es Desk Reference.

Where present GLP-) peptides may be administered in
oral buccal formulations, by nasal administration or
parenterally as described in U.S5. Patent Nos. 5,346,701
{TheraTech), 5,614,492 and 5,631,224 which are
incorporated herein by reference.

The antidiabetic agent may alsoc be a PPAR a/y dual
agonist such as AR-H039242 (Astra/Zeneca), GW-409544
(Glaxo-Wellcome) , KRP297 (Kyorin Merck) as well as those
disclosed by Murakami et al, “A Novel Insulin Sensitizer
Acts As a Collgand for Peroxisome Proliferation -
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Activated Receptor Alpha (PPAR alpha) and PPAR gamma,
Effect on PPAR alpha Activation on Abnormal Lipid
Metabolism in Liver of Zucker Fatty Rats®, Diabetes 47,
1841-1847 (1998), and in U.S. provisional application No.
60/155,400, filed September 22, 1999, (attornmey file
LA29) the disclosure of which is incorporated herein by
reference, employing dosages as set out therein, which
compounds designated as preferred are preferred for use
herein.

The antidlabetic agent may be an S8GLT2 inhibitor
such as disclosed in U.8. provisional application No.
60/158,773, filed October 12, 1999 (attorney file LA49),
employing dosagea as set out therein. Preferred are the
compounds designated as preferred in the above
application.

The antidiabetic agent may be an aP2 inhibitor
such as disclosed in U.S. application Serial No.
09/391,053, flled Beptember 7, 1999, and in U.S.
provisional application Wo. 6§0/127,745, filed April 5,
1999 {(attorney file LA27+), employing dosages as set out
herein. Preferred are the compounds designated as
preferred in the above application.

The antidiabetic agent may be a DP4 inhibitor such
as disclosed in Provisional Application 60/188,555 filed
March 10, 2000 (attorney £ile LAS0), WO099/38501,
W099/46272, WO095/67279 (PROBIODRUG), WO99/67278
(PROBIODRUG), W099/61431 (PROBIODRUG), NVP-DPP72BA (1-
{{[2-[(5-cyancpyridin-2-yl)aminc]ethyl] aminc] acetyll-2-
cyano- (8) -pyrrolidine) (Novartis) (preferred) as
dieclosed by Hughes et al, Biochemistxy, 38(36), 11597-
11603, 1999, TSL-225 (tryptophyl-1,2,3,4-tetrahydro-
isoquinoline-3-carboxylic acid (disclosed by Yamada et
al, Bloorg. & Med. Chem. Lett, 8 (1998) 1537-1540, 2-
cyanopyrrolidides and 4-cyanopyrrolidides as disclosed by
Ashworth et al, Bicorg. & Med. Chem. Lett., Vol. 6, No.
22, pp 1163-1166 and 2745-2748 (1996} employing dosages
ag set out in the above references.
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The wmeglitinide which wmay optionally be employed
in combination with the compound of formula I of the
invention may be repaglinide, nateglinide (Novartis) or
KAD1229 (PF/Kissei), with repaglinide being preferred.

The HMG CoA reductase inhibitor of formula I will
be employed in a weight ratio to the meglitinide, PPAR y
agonist, PPAR a/y dual agonist, aP2 inhibitor, DP4
inhibitor or SGLT2 inhibitor within the range from about
0.01:1 to about 100:1, preferably from about 0.05 to
about 10:1.

The other type of therapeutic agent which may be
optionally employed with the HMG CoA reductase inhibitox
of formula I may be 1, 2, 3 or more of an anti-obesity
agent including a beta 3 adrenergic agonist, a lipase
inhibitor, a serotonin (and dopamine) reuptake inhibitor,
an aP2 inhibitor, a thyroid receptor beta drug and/or an
anorectic agent.

The beta 3 adrenergic agonist which may be
optiocnally employed in combination with a compound of
formula I may be AJ9677 (Takeda/Dainippon), L750355
(Merck), or CP331648 (Pfizer) or other known beta 3
agonists as disclosed in U.8. Patent Nos. 5,541,204,
5,770,615, 5,491,134, 5,776,983 and 5,488,064, with
AJ9677, L750,355 and CP331648 being preferred.

The lipase inhibitor which may be optionally
employed in combination with a compound of formula I may
be orlistat or ATL-962 (Alizyme), with orlistat being
preferred.

The serotonin (and dopoamine) reuptake inhibitor
which may be optionally employed in cowbination with a
compound of formula I may be sibutramine, topiramate
{Johnson & Johnson) or axokine (Regeneron), with
sibutramine and topiramate being preferred.

The thyroid receptor beta compound which may be
opticonally employed in combination with a compound of
formula I may be a thyroid receptor ligand as disclosed
in W097/21993 (U. Cal SF), W099/00353 (KaroBio),
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GB98/284425 (KaroBio), and U.8., Provisional Application
60/183,223 filed February 17, 2000, with compounds of the
KaroBio applications and the above U.B. provisional
application being preferred.

The anorectic agent which may be optionally
employed in combination with a compound of formula I may
be dexamphetamine, phentermine, phenylpropanclamine or
mazindol, with dexamphetamine being preferred.

The various anti-cbesity agents described above may
be employed in the same dosage form with the compound of
formula I or in different dosage forma, in dosages and
regimens as generally known in the art or in the PDR.

The antihypertensive agants which may be employed
in combination with the HMG CoA reductase inhibitors of
the invention include ACE inhibitors, angiotensin II
receptor antagonists, NEP/ACE inhibitors, as well as
calcium channel blockers, P-adrenergic blockers and other
types of antihypertensive agents.

The angiotensin converting enzyme inhibitor which
may be employed herein includes those containing a
mercapto (-S-} molety such as substituted proline
derivatives, such ap any of those disclosed in U.8. Pat.
No. 4,046,889 to Ondetti et al wentioned above, with
captopril, that is, 1-[(28)-3-mercapto-2-
nethylpropionyl] -L-proline, being preferred, and
mercaptoacyl derivatives of substituted prolines such as
any of those disclosed in U.S8. Pat. No. 4,316,906 with
zofenopril being preferred.

Other examples of mercapto containing ACE
inhibitors that may be employed herein include rentiapril
(fentiapril, Santen) disclosed in Clin. Exp. Pharmacol.
Phyaiol. 10:132 (1983); as well as pivopril and YS5980.

Other examples of angiotensin converting enzyue
inhibitors which may be employed herein include any of
those disclosed in U.S. Pat. No. 4,374,829 mentioned
above, with N-(l-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-
L-proline, that is, enalapril, being preferred, any of
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the phosphonate gubstituted amino or imino acida or salts
disclosed in U.S. Pat. No. 4,452,790 with (8)-1-[6-amino-
2- [ (hydroxy- (4-phenylbutyl)phosphinyl] oxy] -1-oxchexyl] ~L-
proline or {(ceronapril) being preferred,
phosphinylalkanoyl prolines disclosed in U.S. Pat. No.
4,168,267 wentioned above with fosinopril being o
preferred, any of the phospHinylalkanoyl substituted -
prolines disclosed in U.8. Pat. No. 4,337,201, and the
phosphonamidates disclosed in U.S5. Pat. No. 4,432,971
discussed above.

Other examples of ACE inhibitors that may be
employed herein include Beecham’s BRL 36,378 as disclosed
in European Patent Application Nos. 80823 and 60668;
Chugai’s MC-838 disclosed in C.A. 102:72588v and Jap. J.
Pharmacol. 40:373 (1986); Ciba-Geigy’'s CGS 14824 (3-{([1-
ethoxycarbonyl-3-phenyl- (18) -propyl] amino) -2,3,4,5-
tetrahydro-2-oxo-1-(38) -benzazepine-1 acetic acid HCl)
disclosed in U.K. Patent No. 2103614 and CGS 16,617
{3(89)-{[(18) ~-5-amino-1-carboxypentyl] amino}) -2,3,4,5-
tetrahydro-2-oxo-1H-1-benzazepine-l-ethanoic acid)
disclosed in U.8. Pat. Ro. 4,473,575; cetapril
(alacepril, Dainippon) disclosed in Eur. Therap. Res.
39:671 (1986); 40:543 (1986); ramipril (Hoechast)
disclosed in Buro. Patent No. 79-022 and Curr. Ther. Res.
40:74 (1986); Ru 44570 {Hoechst) disclosed in
Arzneimittelforschung 34:1254 (1985), cilazapril
{Hoffman-LaRoche) disclosed in J. Cardiovasc. Pharmacol,
9:39 (1987); R 31-2201 (Hoffman-LaRoche) disclosed in
FEBS Lett, 165:201 (1984); lisinopril (Merck), indalapril
(delapril) disclosed in U.S. Pat. No. 4,385,051;
indolapril (Schering) disclosed in J. Cardiovasc.
Pharmacol. 5:643, 655 (1983), spirapril (Schering)
disclosed in Acta. Pharmacol. Toxicol. 59 (Supp. 5):173
{1986) ; perindopril (Servier) disclosed in Eur. J. clin.
Pharmacol. 31:519 (1987); quinapril (Warner-Lambert)
disclosed in U.8. Pat. No. 4,344,949 and CI925 (Warner-
Lambert) ([38-[2[R(*)R(*)]1]3R{*)}]-2-[2-({1-(ethoxy-
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yod
carbonyl) -3 -phenylpropyl] amine] -1-oxopropyl] -1,2,3,4- .
tetrahydro-6, 7-dimethoxy-3-isoquinolinecarboxylic acid
HCl)disclosed in Pharmacologist 26:243, 266 (1984), WY-
44221 (wyeth) disclosed in J. Med. Chem. 26:394 (1983).
5 Preferred ACE inhibitors are captopril, fosinopril,
enalapril, lisinopril, quinapril, benazepril, fentiapril,
ramipril and moexipril. )
NEP/ACE inhibitors may also be employed herein in
that they possess neutral endopeptidase (NEP) inhibitory
10 activity and angliotensin converting enzyme (ACE)
inhibitory activity. Examples of NEP/ACE inhibitors
suitable for use herein include those disclosed in U.S.
Pat. No.s. 5,362,727, 5,366,973, 5,225,401, 4,722,810,
5,223,516, 4,749,688, U.8. Patent, No. 5,552,387, U.S8.

g 15 Pat. No. 5,504,080, U.S. Patent No. 5,612,359,U.S. Pat.
n No. 5,525,723, Buropean Patent Application 0599, 444,

t: 0481,522, 0599,444, 0595,610, Eurcpean Patent Application
‘un 0534363A2, 534,396 and 534,492, and Buropean Patent

1) Application 0629627A2.

tﬂ 20 Preferred are those NEP/ACE inhibitors and dosages
3 thereof which are designated as preferred in the above

EE patents/applications which U.8. patents are incorporated
tn herein by reference; most preferred are omapatrilat, BMS
g 189,921 ([S- (R*,R*)] -hexahydro-6- [ (2-mercapto-1-oxo-3-

25 phenylpropyl) amino] -2,2-dimethyl-7-oxo-1H-azepine-1-
acetic acid) and CGS 30440.

The angiotensin 1I receptor antagonist {(also -
referred to herein as angiotensin II antagonist or AIIX
antagonist) suitable for use herein includes, but is not

30 1limited to, irbesartan, losartan, valsartan, candesartan,
tascsartan or eprosartan, with irbesartan, losartan or
valsartan being preferred.

A preferred oral dosage form, such as tablets or
capsulea, will contain the ACE inhibitor or AIl

35 antagonist in an amount within the range from abut 0.1 to
about 500 mg, preferably from about 5 to about 200 mg and
more preferably from about 10 to about 150 mg.
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For parenteral administration, the ACE inhibitor,
angiotensin 11 antagonist or NEP/ACE inhibitor will be
employed in an amount within the range from about 0.005
mg/kg to about 10 mg/kg and preferably from about 0.01
mg/kg to about 1 mg/kg.

Where a drug is to ba administered intravenously,
it will be formulated in conventional vehicles, such as
distilled water, saline, Ringer’s solution or other
conventiocnal carriers.

It will be appreciated that preferred dosages of
ACE inhibitor and AIX antagonist will be as set out in
the latest edition of the Physician’s Desk Reference
(PDR) .

Other examples of preferred antihyperxtensive agents
sultable for use herein include omapatrilat (Vanlev®)
amlodipine besylate (Norvasc®), prazosin HCl
(Minipress®), verapamil, nifedipine, nadolol,
propranolol, and clonidine HCl (Catapres®).

Antiplatelet agents which may be employed in
combination with HMG CoA reductase inhibitors of the
invention include aspirin, clopidogrel, ticlopidine,
dipy}ridnnole and ifetroban, with clopidogrel and aspirin
being preferred.

The antiplatelet drugs may be employed in amounts
as indicated in the PDR. Ifetroban may be employed in
amounts as pet out in U.S. Patent No. 5,100,889.

Antlostecoporosis agents suitable for use herein in
combination with the HMG CoA reductase inhibitors of the
invention include parathyroid hormone or bisphosphonates,
such as MK-217 (alendronate) (Fosamax®). Dosages
employed will be as set out in the PDR.

In carrying out the method of the invention for
treating hypercholesterolemia, hyperlipidemia,
hyperlipoproteinemia, hypertriglyceridemia,
atherosclerocsis, and related diseases, a pharmaceutical
composition will be employed containing the compounds of
structure I, with or without other cholesterol lowering
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agents, ostecporosis agents, antidiabetic agent(s) and/or
antihyperlipidemic agent(s) and/or other type therapeutic
agents in association with a pharmaceutical vehicle or
diluent. The pharmaceutical composition can be
formulated employing conventional solid or liquid
vehicles or diluents and pharmaceutical additives of a
type appropriate to the mode of desired administratiom,
such as pharmaceutically acceptable carriers, excipients,
binders and the like. The compounds can be administered
to mammalian species including humans, monkeys, dogs,
etc. by an oral route, for example, in the form of
tablets, capsules, beads, granules or powders, or they
can be administered by a parenteral route in the form of
injectable preparations, or they can be administered
intranasslly or in transdermal patches. Typical smolid
formulations will contein from about 0.1 to about 500 mg
of a compound of formula I. The dose for adults 1s
preferably between 0.5 and 1,000 mg per day, which cvan be
administered in a single dose or in the form of
individual doses from 1-4 times per day.

A typical injectable preparation ls produced by
aseptically placing 250 mg of compounds of structure I
into a vial, aseptically freeze-drying and sealing. PFor
usa, the contents of tha vial are mixed with 2 mlL of
physiological saline, to produce an injectable

preparation.

The following abbreviations are employed in the
Examples and elsewhere herein:

Ph = phenyl

Bn = benzyl

i-Bu = iso-butyl

Me = methyl

Bt ethyl

™S = trimethylsilyl

FMOC = fluorenylmethoxycarbonyl
Boc = tert-butoxycarbonyl
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Cbz = carbobenzyloxy or carbobenzoxy or benzyloxycarbonyl
HOAc or AcOH = acetic acid

TFA = trifluoroacetic acid

Bt;NH = diethylamine

DI = deionized

Bp = boiling point

NMM = N-methyl morpholine

n-Bulil = n-butyllithium

Pd/C = palladium on carbon

PtO; = platinum oxide

TEA = triethylamine

EDAC = 3-ethyl-3'-(dimethylamino)propyl-carbodiimide
hydrochloride (or 1-[{3-{(dimethyl)}amino)propyl]}-3-
ethylcarbodiimide hydrochloride)

HOBT or HOBT.H;O0 = l-hydroxybenzotriazole hydrate
HOAT = 1-hydroxy-7-azabenzotriazole

PyBOP reagent = benzotriazol-l-yloxy-tripyrrolidino
phosphonium hexafluorophospbate

LiN(TM8); = Libis(trimethylsilyl) amide

DIBAL « diisobutylaluminum hydride

LDA = lithium diisopropylamide

DMPU » 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
AcCR = acetonitrile

min = minute(s)

h or hr = hour(s)

L = liter

mL =« milliliter

L = microliter

g = gram(s)

ng = milligram(se)

mol = moles

mol « millimole(s)

meq = milliequivalent

RT, rt = room temperature

sat or sat’d = saturated

ag. = agueous

TLC » thin layer chromatography
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HPLC = high performance liquid chromatography
LC/MS = high performance ligquid chromatography/mass
spectrometry
M5 or Mass Spec = mass spectrometry
NMR = nuclear magnetic resonance
mp = melting point

The following Examples represent preferred
embodiments of the invention. Unless otherwise
indicated, all temperatures are in degrees Centigrade.

Example 1

A mixture of polyphosphoric acid (82.9 g) and dry
o-xylene (30 ml) was heated to 105-110"C in an oil bath,
treated with a solution of 4-phenoxybutyric acid (25 g,
0.137 mole) in dry o-xylene (110 ml) and stirred at 105-
110°C for 2 hours. The reaction mixture was cooled to
room temperature over a 2-hour period, poured into ice-
water (160 ml), then extracted with ether (3 x 150 ml).
The combined organic extracts (rust-colored) were washed
with water (2 x 80 ml) and brine (80 ml), dried
{anhydrous Na,SO,), filtered, evaporated to dryneas and
evaporated once from hexanes (500 ml). The residua was
dried in vacuo for 48 hours to give a reddish-brown syrup
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(27.19 g) which was divided into two portions,
chromatographing each portion on a silica gel column,
(EM, 2-1/4" x 10) to give a light amber syrup (10.792
g). Trituration of an impure fraction with ether (3 x 25
mL) gave an additional 1.98 g of product. Yield : 12.77
g, amber syrup; 58 %. Rf 0.38 (Silica gel; EtOAc:Hexane-
1:4; OV). - :

A(l1).

An oven-dried 3-neck 1-L flask equipped with
temperature sensor probe, 125-mL constant presaure
addition funnel and septum waas charged with dry CH)Cl,
{300 mL) and dry DMSO (20.9 mL, 0.2944 mol, 2.5 equiv)
under argon atmosphere; cooled to -75°C. Oxalyl chloride
{13.6 mL, 0.156 mol, 1.32 equiv) was added neat via
syringe dropwise over 15 min (temperature rose to -66°C),
and thean let stir additional 15 min. A solution of the
alcohol 2-[(4R,68)-6- (hydroxymethyl) -2,2~-dimethyl-1,3-
dioxan-4-yllacetic acid t-butyl ester (30.66 g, 0.1178
mol, 1 equiv) in dry CH.Cl; (80 mL) was added dropwise
from the additlon funnel over 30 min (temperature rose to
-68°C). The resulting white mixture was stirred for 70
min at -76°C, then triethylamine (82 wmL, 0.5889 mol, 5
equiv) was added dropwise from additlon funnal over 35
min (temperature rose to -65°C ), then the light yellow
mixture was stirred vigorously at -76°C. TLC (SiOQ;, 20¥%
EtOAc/CH;Cl;, Rf=0.52). After 30 min, the cooling bath
was removed and the reaction was quenched by slowly
adding cold 20% ag KH;PO, (35 mL), followad by cold HyO
(300 mL); and then let stir 15 min (temperature rose to
-7°C ). The reactlion was poured into a 2-L separatory
funnel and extracted with hexanes {500 mL). The organic
extract was washed with cold 10% ag KH;PO, (3x300 mL) and
saturated aqueous NaCl (300 mL). The organic was dried
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over anhydrous Na,S80,, filtered and concentrated in vacuo "“
to give ysllow oil. Purification by 8i0, flash

chromatoqraphy (10cm x 20 cm columm) with 35:65

EtOAc/Hexanes afforded the title compound as a white

solid (22.2 g, 0.0859 mol, 73%):

H NMR (CDC1l;) 8 1.267-1.465 (m, 16H), 1.802 (dd, J=132.7

Hz, 2.2 Hz, 1H), 2.290-2.464" (m, 2H), 4.314 (d, J=18.4

Hz, 2H), 9.555 (d, J=1.3 Hz, 1H).

v/"\/lLo/\

To a slurry of NaH (19.20 g, 480 mmol) and diethyl
carbonate (80 mL) in a 3-neck 1L round bottom flask at
room temperature was added a solution of cyclopropyl
methylketone (23.5 mL, 238 mmol) in Etz0 (30 ml).
Approximately 10% of the solution was added, and then -
0.25 mL of EtCH was added to the reaction slurxy.
Addition of the remaining ketone polution continued with
light gas evolution. After addition of all of the ketone
solution, the reaction became quite exothermic with
vigorous H; evolution. The reaction mixture was cooled
periodically with an ice-bath to keep the temperature
around 35°C to 50°C. After one hour, gas evolution bhad
ceaged and the reaction mixture was stirred at room
temperature for 2h. The reaction mixture was cooled in
an ice-bath, diluted with Et;0 (200 mL}), and treated with
1 N HCl with some ice to adjust to around pH 3. The
reaction mixture was extracted with Et;0 (3 x 150 mL).
The Et,0 extracts were combined, washed with saturated
agueous NaHCO; (200 mlL), Ha0 {200 mL) and brirne (200 ml),
and dried {Na,S0,), filtered and concentrated under
reduced pressure to give a yellow oil. The oll wae
distilled under vacuum to give the title compound as a
colorlese oil, 28.5 g, 77%. B.p. = 94-96°C/8 wmHgy.

Ala).
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A(3).

To a stirred solution. of part A(2) compound (28.24
g, 181 mmel) in benzene (128 ml) was added 4-fluoro-
benzaldehyde (19.4 mL, 181 mmol), HOAc (0.31 mL, 5.4
mmol) and piperidine (1.8 wh, 18.2 mL). The reaction
mixture was heated at reflux and azeotrope was collected
with a Dean-8Stark trap. After 16 h, the reaction waa
cooled to room temperature, diluted with Et,0 (250 mL),
washed with aqueocus 0.5 N HCl, saturated aquecus NaHCO;,
HyO and brine, and then dried (Na;S0¢), filtered and
concentrated under reduced pressure. Purification by
flash chromatography (1:10 EtOAc/hexana) gave the title
compound as a light yellow oll, 29 g, 61% yield.

A solution of compound of Part A (7.21 g, 40.9
mmol) in dry THF (5.0 ml) was added to a -78°C solution
of lithium bis{trimethylsilyl)amide (1.0 M in THF; 45
ml, 49 mmol) in dry THF (25 ml) and stirred at -78°C
under argon for 1 hour. The reaction mixture was treated
with a solution of Example 1 Part A(3) compound (7.1S g,
27.3 mmoles), in dry THF, stirred at -78"C for 30 minutes
then at 0°C for 30 minutes. The reaction mixture was
quenched at 0°C by the dropwise addition of glacial
acetic acid (5 ml) and the resulting sluxry was stirred
at room temperature for another 5 minutes then poured

- 48 -



15

20

25

HX0115 (PBP)

8lowly into an ammonium chloride solution (25%, 140 ml).
The bright yellow solution was extracted with ether (2 x
100 ml) and the combined organic extracts were washed
with water (2 x 25 ml) and brine (25 ml), dried
(anhydrous Na,80,), filtered, evaporated to dryness and
dried in vacuo to give the crude product mixture as a
vyellow oil (17.16 g).

C.

A wmixture of crude Part B compound (17.0 g, 27.3
mnol), ammonium acetate (9.34 g, 120 mmol) and copper
acetate monohydrate (20.54 g, 101 mmol) in glacial acetic
acid (100 ml) was refluxed under argon for 19 hours. The
mixture was pourad into an ice-cold solution of
concentrated ammonium hydroxide (85 ml) in water (170 ml)
and the bright blue solution was extracted with ether (3
x 200 ml). The combined organic extracts were washed
with water (2 x 80 ml) and brine (80 ml), dried
(anhydrous Na;80,), filtered, evaporated to dryness, and
dried in vacuo. The crude product (14 g, brown syrup)
was chromatographed in two batches, each on a silica gel
column (EM, 2-1/4" x 10") to give the desired product as
an off-white solid (4.161 g). An additional 931 mg of
product was obtained from chromatography of mixed
fractiona. Yield: 5.092 g, 46 & from compound A}.

Rf 0.53 (8ilica gel; EtOAc:Hexane-1l:4; UV)
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A golution of Part C compound (2.515 g, 6.23 mmol)
in dry THF (30 ml) was cooled to 0°C (ice-water bath),
treated dropwise with lithium aluminum hydride (1.0 M in
THF; 12.5 ml, 12.5 mmol), stirred at 0°C for 30 minutes
then at room temperature for 3 hours. The reaction
mixture was cooled to 0°C, treated successively with
water (0.5 ml), 15% NaOH (0.5 ml) and water (1.5 ml),
stirred at room temperature for 5 mimutes then diluted
with ethyl acetate (50 ml). The slurry was filtered
through a Celite® pad, washing the pad well with ethyl
acetate (3 x 25 ml). The clear filtrate was evaporated
to drynees and dried in vacuo to give the title product.
Yield: 2.386 g, white foam (100 %). REf 0.15 (8ilica gel;
EtOAc:Hexane-1:4; UV).

A solution of Part D compound (2.27 g, 6.23 mmol)
in dry dichloromethane (45 ml) was cooled to 0°C (ice-
water bath) and treated dropwise with phosphorus
tribromide (1.0 M in dichloromethane; 12.5 ml, 12.5
mmol). The ice bath was removed and the reaction mixture
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was stirred at room temperature for 30 minutes after
which it was re-cooled to 0°C and treated dropwise with
saturated sodium bicarbonate (70 ml). The mixture was
then warmed to room temperature and extracted with ethyl
acetate (2 x 100 ml). The combined organic extracts were
washed with water (2 x 50 ml) and brine (50 ml), re-
extracting each aqueous wash with dichloromethane (100
ml). The organic extracts were dried (anhydrous sodium
sulfate), filtered, evaporated to dryness and dried in
vacuo to give the title product as a white solid. Yield:
2.503 g, (94 %). m.p. = 169-171°C. Rf 0.58 (Silica gel;
EtOAc:Hexane- 1:4; OV).

F.

A solution of diethyl phosphite (0,88 ml, 6.B83
mmoles) in dry THF (10 ml) was cooled to -10°C
(acetonitrile-dry ice bath), treated with sodium
(bistrimethylsilyl) amide (1.0 M in THF; 6.7 ml, 6.7 mmol)
and stirred at -10°C for 30 minutes. The cooled solution
was treated with a solution of Part E compound {(2.41 g,
5.68 mmol) in dry THF (20 ml), stirred at -10°C for 1.0
hour then quenched at -10°C with water (14 ml). The
solution was extracted with ethyl acetate (2 x 75 ml) and
the combined organic extracts washed with 1.0 M
hydrochloric acid ( 8.0 ml) and brine (10 ml), dried
(anhydrous sodium sulfate), filtered, evaporated to
dryneas and dried in vacuo. The crude product (3.12 g,
syrup) was chromatographed on a silica gel column (EM,
5.5 om x 12.5 cm) to give the title compound as a syrup.
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Yield: 2.34 g (85.5%). Rf 0.33 (S5ilica gel; EtOAc-
Hexane-1:1; UV).

A solution of Part F compound (2.29 g, 4.756 mmol)
in dry THF (20 ml) was cooled to -78°C, treated with 2.37
M n-butyllitium (2.41 ml, 5.71 mmol) and stirred at -~-78°C
for 40 minutes. The solution was treated dropwise via
cannula with a -78°C solution of Part A(l) compound (2.36
g, 9.15 mmol) in dry THF (10 ml), keeping both solutions
at -78"C at all times. The reaction mixture was stirred
at ~78°C for 1.0 hr, -10°C for 1.0 hr and at room
temperature for 5 hr, quenched with 25% ammonium chloride
solution (12 ml) then extracted with ethyl acetate (2 x
100 ml). The combined organic extracta were washed with
25% ammonium chloride solution (12 ml} and brine (12 ml),
dried (anhydrous sodium sulfate), filtered, evaporated to
dryness and dried in vacuo. The crude product yellow
syrup was chromatographed on a silica gel column (EM, 2-
1/4" x 10*) to afford the title compound as a ayrup.
Yield: 878 mg (32 ¢%}). Rf 0.37 (S8ilica gel; EtOAc:Hexane-
1:4; UV).
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A solution of Part G compound (850 mg, 1.45 mmol)
in dry dichloromethane (20 ml) was cooled to 0°C, treated
with trifluoroacetic acid (1.85 ml, 24 mmol), stirred at
0°C for 5 minutes, then at room temperature for 4.5
hours. The reaction mixture was poured slowly into a 1 L
flask containing ethyl acetate (300 wl) and saturated
sodium bicarbonate (40 ml), rinsing the flask with ethyl
acetate (50 ml). The mixture was stirred well and the
phases separated, washing the organic phase with
saturated sodium bicarbonate (25 ml) and brine (25 ml).
The organic phase was dried over anhydrous sodium
sulfate, filtered, evaporated to dryness and dried in
vacuo. The crude product mixture was chromatographed on
a silica gel column (EM, 1.5° x 12) to give the desired
compound as a syrup. Yield: 570 mg (83 ¥%). Rf 0.23
(S8ilica gel; EtOAc:Hexane-1:1; UV)

I.

A solution of Part H compound (550 mg, 1.17 mmol)
in dry THF (10 ml) was treated with 1.0 N NaOH (1.46 ml;
1.46 mmol) and stirred at room tewmperature for 10
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minutes. The reaction mixture was evaporated to dryneas
and the residual solid was dissolved in a mixture of
water (8.7 ml) and 1.0 N sodium hydroxide (70 ul). The
solution was eluted on an SP207 column (Na+ form; 1.5 x
4”), eluting the column with water (200 ml), 10% CH,CN/H,;0
(200 ml), 20% CHCN/H,0 (100 ml) and 50% CH,CN/H,0 (204
ml). The desired fractions were combined and evaporated
to dryness. The semi-solid obtained was dissolved in
water (300 ml) and lyophilized to give the title
compounds as a white solid. Yield: 583 mg (95%) Rf
0.48 (8ilica gel; CH;Cl;:MaOH:HOAc-18:1:1; UV).

Analysis for CyH¢FNONa * 0.8 HiO (MW = 525.94):
Calc'd: C, 66.23; H, 5.29; N, 2.66; F, 3.6l

Found: C, 66.37; H, 5.30; N, 2.62; F, 3.91

Alternate Procedure for Example 1 Part @ Compound

G(1).

The Example 1 Part E bromide (13.03 g, 0.027 mol, 1
equiv) and Ph,POEt (6.5 mL, 0.0297 mol, 1.1 equiv}) were
heated at reflux in anhydrous toluene (200 mL) under an
argon atmosphesre. The reaction became a thick yet
stirrable white mixture after about 10 min. The reaction
was complete after 1 hr by tlc (5§10, 30% EtOAc/CH.Cl,,
product Rf=0.34). The mixture was cooled to 0°, and the
white precipitate was collected by vacuum filtratlon,
washed with hexanes (2x50 mL), and dried in vacuo (14.8
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g, 0.027 wol, 100%): HPLC (Shimadzu, YMC S-5 C18 4.6x50
mm column, 4min gradient @ 4mL/min, UV detection 220 nM;
start §BaS50, final ¥B=100; A=10:90 MeOH/H\O + 0.2% H,PO,,
B=90:10 MeOH/Hz;O + 0.2% H;PO,) R.T.=3.70 min (100%);

H BMR (CDCl,) §0.712-0.760 (m, 2 H), 1.10-1.14 (m, 2 H),
2.163-2.228 {m, 1 H), 2.3211 (t, J=6.2 Hz, 2 H), 3.850
{d, J=14 Hz, 2 H), 4.2568 (t, J=6.2 Hz, 2 H), €.779 (dd,
J=8.3 Hz, 5.3 Hz, 2 H), 6.9542 (t, J=B8.3 Hz, 2 H), 7.070
(d, J=7.9 Hz, 1 H), 7.357 (t, J=7.5 Hz, 1 H), 7.334-7.421
(m, 9 H}, 7.469-7.521 {(m, 2 H), 7.822 (4, J=7.5 Hz, 1 H);
M8 m/z 546 (M+H)}*.

G(2).

A flame-dried 250-ml. flask was charged with Part
G{1) compound (14.82 g, 27.2 mmol, 1 equiv}, chased with
anhydrous toluene (2x50 mL), dried over high-vacuum and
filled with argon. THF (150 mL) was added and the partial
alurry was cooled to 0°C. A 2.5 M solution of n-BuLi in
hexanes (11.4 mL, 0.0285 mol, 1.05 equiv) was added
dropwise to the vigorously stirred mixture over a perilod
of 40 min. The resulting green colored sclution was then
stirred for 1 hr at 0°C. The aldehyde Example A{l)
compound (8.42 g, 0.0326 mel, 1.2 equiv) in a flame-dried
500-mL: flask (material previously chased with anhydrous
toluene, 3x20 mL) under an argon atmosphere was dissolved
in dry THF (75 mL) and cooled to -78°C. The phoshine
anion solution was added dropwise to the aldehyde via
cannula over a period of 45 min, then the dark blue
colored solution was stirred at -78°C for 1.5 hr. The
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mixture was let warm to room temperature over a 2 hr
period; the initially blue solution became a dark brick-
red color and finally a light orange color. TLC (8iCa,
5% EtOAc/CH;Cl;, product Rfw0.37). The reaction was
quenched with half-saturated aqueous NaCl (200 mL) and
extracted with Et;O0 (300 wml); the organic was washed with
H0 (2x100 mL) and saturated aqueous NaCl (100 mL). The
organic layer was dried over anhydrous Na;SO4, filtexred
and concentrated in vacuo. Purification by 8i0; flash
chromatography (10 cm x 25 cm) with 2% EtOAc/CH,Cla (2 L),
3% EBtOAc/CHJCl, (2 L), 5% BtOAc/CH;Cl; (1 L), 7%
EtOAc/CH,;Cl, (1 L), and 10% EtOAc/CH,Cl; (1 L) afforded
Part G(2) compound (the same as Example 1 Part G
compound) as a white solid (11.13 g, 0.019 mol, 70%):
HPLC (Shimadzu, YMC §-5 C18 4.6x50 mm column, 4 min
gradient @ 4 mL/min, UV detection 220 nM; start %¥B=70,
final %B=100; A=10:950 MeOH/HO + 0.2% HPO,, B=950:10
MeOH/H20 + 0.2% HaPO,) R.T.=4.36 min (100%);

y NMR (CDCl;) & 0.928-1.039 (m, 3 H), 1.191-1.368 (m, 6
H), 1.4384 (s, 3 H), 1.4483 (s, 9 H), 2.225-2.431 (m, 23
H), 2.4782 (t, Jw6.2 Hz, 2 H), 4.188-4.334 (m, 2 H),
4.3667 (t, 2 H), 5.5846 (dd, J=16.2 Hz, 5.7 Hz, 1 H),
6.342 (@, J=16.2 Hz, 1 H), 7.0663-7.1356 (m, S H), 7.257
(t, J=7.5 Hz, 1 H), 7.3538 (t, J=7.5 Hz, 1 H), 7.828 (4,
J=7.5 Hz, 1 H); MS (FAB) m/z 586 (M+H)".

Example 2
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A mixture of p-fluorobenzaldehyde {(4.939 g, 0.039
mol, 1 equiv), ethyl isobutyrylacetate (6.495 g, 0.039
mol, 1 equiv), piperidine (0.395 mL, 3.91 mmol, 0.1
equiv), and glacial acetic acid (0.070 mL, 1.22 mmol,
0.03 equiv) in anhydrous benzene (30 mL) was heated at
reflux with a Dean-Stark trap to collect H;0. After 20
hrs, the reaction was cooled to rt. The yellow reaction
mixture was diluted with Bt,0 {(50mL) and washed with 0.5N
aq HCl, satd. agq NaHCO,, H;0, and satd. ag NaCl. The
organic extract was dried over anhydrous Na;S80,, vacuum

_filtered and the filtrate concentrated by rotary

evaporation in vacuo to yellow oil. Vacuum distillation
afforded the desired product as a light yellow oil (8.575
g, 0.0324 mol, 83%): bp 107-115°C (0.225 mm Hg);

H NMR (CDCly) 8 1.047 and 1.160 (d’s, J=6.6 Hz, 6H, 1.4:1
ratio), 1.260 and 1.296 (t’s, J=7.1 Hz, 3H, 1l:1.4 ratio),
2.674 and 3.140 (m’s, J=7 Hz, 1H, 1.4:1 ratio}, 4.245-
4.324 (m, 2H), 7.010-7.074 (m, 2H), 7.346-7.448 (m, 2H}),
7.701 (s, 1H). MS (FAB} m/z 265 (M+H)* , 287 (M+Na)".

An oven-dried 250-mL 3-neck flask purged with
argon was chargad with anhydrous THF (30 mL) and lithium
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bis(trimethylsilyl)amide (1M in THP, 57.9 mL, 0.058 mol,
1.8 equiv), then cocled to -78°C in a dry lce-acetone
bath. A solution of Example 1 Part A compound (7.824 g,
0.0482 mol, 1.5 equiv) in dry THF (6 mlL) was added via
cannula and thea enclate allowed to generate over 1 hr at
~78°C. Then a solution of Part A compound (8.50 g,
0.0322 mol, 1 equiv} in dry THF (6 wl) was added via -
cannula and the resulting amber solution stirred at -~78°C
for 30 min, then at 0°C for 30 min. The reaction was
quenched with glacial acetic acid (6 mL), then poured
into satd ag NH,Cl. The mixture was extracted with Et;0
(100 mL) and the ethereal extract was washed with H;0
(2x30 wL) and satd aq NaCl. The organic was dried over
anhydrous Na;SO,, vacuum filtered and concentrated by
rotary evaporation in vacup to a yellow oil (17.19 g}:
M8 (FAB) m/z 427 (M+H)*.

c.

The crude Part B compound (17.19 g), NHOAc (11.0g,
0.142 mol, 4.4 equiv), and Cu({OAc); monohydrate (24.2 g,
0.119 mol, 3.7 equiv) were dissolved in glacial HOAc {120
mL) under argon and heated at gentle reflux for 20 hrs.
The reaction was cocled to rt, then poured into an ice
cold solution of conc NH OH (100 mL) in H;0 (200 mL)}). The
mixture was extracted with Bt;0 (200 mL+2x100 mL), then
the combined ethereal extracte was washed with H 0 (2x100
mL) and satd ag NaCl. The extract was dried over
anhydrous Na;S0,, vacuum filtered and concentrated by
rotary evaporation in vacuo. The resulting brown oil was
chased with hexanes to remove HOAc, followed by drying in
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vacuo. Purlfication in two batches on two SiO; flash

columns (Scm x 22 cm) with 5% EtOAc/Hexanes afforded the u":‘
product as a yellow oil which crystallized upon sitting

(5.98 g, 0.0148 mol, 46% for two stepa):

H NMR (CDCly) & 0.959 (t, J=7 Hz, 3H), 1.164 and 1.359
(d’s, J=7 Hz, 6H, 1:4 ratio), 2.557 (t, J=6.2 Hz, 2H),
2.897 and 3.146 (m’s, J=7 Hz, 1H, 1l:4 ratio), 4.006 (q,
J=7 Hz, 2H), 4.418 (t, J=6.2 Hz, 2H), 6.710-7.578 (m,
TH), 7.898 {(d, J=7.5 Hz, 1H); MS (ESI +Q) m/z 406 (M+H)*,

&

Part C compound (5.78 g, 0.0143 mol, 1 equiv) was
dissolved in dry THF (70 mL) under argon and cooled to
0°C. A solution of LiAlH, in THF (1M, 28.5 mL, 0.0285
nol, 2 egquiv) was added slowly. The reaction was stirred
at rt for 2 hras, followed by 25 min at reflux. TIC
(8i10;, 5% EtOAc/CH;Cla, Rf=0.24). The reaction was cooled
to 0°C, then carefully quenched with H;0 (2.3 mL), 15% aq
NaOH (2.3 mL), and Hy0 (4.7 mL). The white mixture was
stirred at rt for 10 min, then vacuum filtered and the
solid washed with EtOAc. The filtrate was concentrated
by rotary evaporation in vacuo to a yellow oil.
Purification on a 8i0; flash columm (Scm x 20 cm) with a
gradient of 4% to 8% EtOAc/CH,Cl; afforded the product as
a white solid (4.082 g, 0.0112 mol, 79%):

14 NMR (CDCl,) 8 1.402 (d, J=€.6 Hz, 6H), 2.463 (t, J=6.2
Hz, 2H), 3.532 (m, J=6.6 Hz, 1H), 4.382 (t, J=6.2 Hz,
2H), 4.461 (d, JI=5.3 Hz, 2H), 7.097 (d, J=7.9 Hz, 1H),
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7.168 (t, J=8.8 Hz, 2H), 7.233-7.397 (m, 4H), 7.929 (d,
Ju7.5 Hz, 1H); MS (BSI +Q)m/z 364 (M+H)*.

The Part D alcohol (3.066g, 8.437 mmol, 1 equiv),
dissolved in dry CH;Cl; (60 mL} under argon at 0°C, was
treated by dropwise addition of a 1M aolution of PBr; in

10 CH,Cly (16.9 mL, 16.9 mmol, 2 equiv). The reactlon was
stirred at rt for 30 min, at which time the reaction was
recooled to 0°C and treated with satd ag NaHCO; (90 mL).
The mixture was diluted with CH;Cl; {50 mL), the layers
were separated, and the organic washed with H;O (2x50 wl)

15 and satd ag NaCl (50 mL). The organic was dried over
anhydrous Na,SO., filtered and concentrated ln vacuo. TLC
(810,, 5% BtOAc/ CH;Cl,, Rf=0.69). The residue was
purified by 810; flash chromatography (3.8cm x 1S5cm
column) with CHaCl, to obtain product as white solid (2.97

20 g, 6.97 mmol, B3%):

g NMR (CDCl;) 8 1.403 (d, J=6.6 Hz, 6H), 2.430 (t, T=6.2
Hz, 2H), 3.459 (m, J=6.6 Hz, 1H), 4.290 (s, 2H), 4.356
(t, OJ=w6.2 Hz, 2H), 7.087 (d, J=7.9 Hz, 1H), 7.183 (t,

25 J=7.5 Hz, 2H), 7.263-7.397 (m, 4H), 7.910 (4, J=7.5 Hz,
1H); M8 (BSI +Q) m/z 426/428 (M+H)*.
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The Part E bromide (2.97 g, 6.967 mmol, 1 equiv)
and ethyl diphenylphosphinite (1.7 mL, 7.663 mmol, 1.1
equiv) were heated at reflux under argon for 1.5 hrs.
TIC (81i0;, 30% BtOAc/CHyCli, product RE=0.47). The
reaction was cooled in an ice bath, then the solid
collected by vacuum filtration in Buchner funnel; the
solid was washed with small volumes of toluene, followed
by hexanes. This afforded product as white solid (3.48
g,-6.35 mmol, 91%):

‘H NMR {CDCl;) & 1.256 (d, J=6.6 Hz, 6H), 2.334 (t, Je6
Hz, 2H), 3.33 (m, 1H), 3.716 (d, J=13.6 Hz, 2H), 4.252
(t, J=6 Hz, 2H), 6.767 (br t, J=5.3 Hz, 2H), 6.895 (t,
J=8.5 Hz, 3H), 7.072 (4, J=7.9 Hz, 1H), 7.284 (t, In7.4
Hz, 1H), 7.320-7.420 (m, 9H), 7.460-7.529 {(m, 2H}, 7.929
(d, J=7.4 Hz, 1H); MS (ESI +Q) m/z548 (M+H)*.

G.

An oven-dried 50-ml flask charged with the Part F
diphenylphosphine oxide (1.00 g, 1.826 mmol, 1 equiv) was
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chased with anhydrous toluene (3x5 mbL), dried on hi-
vacuum, and filled with argon. The dry solid was
dissolved in dry THF (10 mL} and the resulting suspension
cooled to 0°C. nBuli solution (Aldrich, titrated with
diphenylacetic acid: 2.4 M in hexanes; 0.80 mL, 1.92
mmol, 1.05 equiv) was added slowly dropwise over 20 min.
The resulting dark amber-colored solution was allowed’ to
stir at 0°C for 1 hr. The Example 1 A{l) aldehyde (0.566
g, 2.192 mmol, 1.2 equiv) in an oven-dried 100-mL flask
(material previously chased with anhydrous toluene (3x5
mL) and dried in vacuo) under argon atmosphere was
dissolved in dry THF (5 mL)} and cooled to -78°C. The
anion solution was added via cannula to the aldehyde
solution over a& period of 25 min, then the dark green-
colored solution was stirred at -78°C for 1.5 hrs. The
acetone/dry ice bath was then removed and the reaction
allowed to slowly warm to room temperature; the initially
green solution’ became an orange mixture. After 2 hra,
the reaction was quenched with half-satd agq NaCl (60 mlL),
extracted with Et,0 (100 ml), then washed the organic
with H,0 and satd aq NaCl. Purification by Si0; flash
chromatography (3.8cm x 15cm column) afforded the product
as a white foam (556 mg, 0.946 mmol, 52 %). Also
recovered unreacted diphenylphosphine oxide (445 mg,
0.8127 mmol):

H NMR (CDCl,) 8 0.890 (g, 1H), 1.323-1.462 (m, 21H),
1.595 (d, 1H), 2.249 (dd, J=15.4 Hz, 6.2 Hz, 1H), 2.403
(dd, J=15.4 Hz, 7.0 Hz, 1H), 2.516 (t, J=6.2 Hz, 2H),
3.406 (m, 1H), 4.197-4.295 (m, 2H), 4.407 (m, 2H), 5.288
{ad, J=16.2 Hz, 5.7 Hz, 1H), 6.327 (dd, J=16.2 Hz, 1.3
He, 1H), 7.076-7.142 (m, SH), 7.277-7.399 (m, 2H), 7.943
(d, J=7.5 Hz, 1H); MS (ESI +Q) m/z 588 (M+H)".
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The Part G compound (0.230 g, 0.391 mmol) was
dissolved in dry CHCl: (5 ml) under an argon atmosphere
and cooled to 0°C. Trifluorcacetic acid (0.5 mL) was
added and the mixture was stirred at rt for 6 hrs. TLC
(8103, 20% EtOAc/CH;Cl,, Rf=0.31). The reaction solution
was transferred to a separatory funnel and treated with
satd aq NaHCO; (25 mL), extracted with EtOAc (100 mL),
and the organic washed with satd agq MaHCO, and satd ag
NaCl. The organic was dried over anhydrous Na;SO,,
filtered and concentrated by rotary evaporation in vacuo.
The residue was purified by 5i0; flash chromatography
(1.9cm x 15cm columm) to afford the product as a white
solid (160 mg, 0.338 mmol, 86%):

H NMR (CDC1,) § 1.304 (d, J=6.6 Hz, 6KH), 1.442-1.690 (m,
2H), 2.476-2.678 (m, 4H), 3.339 (m, 1H)}, 4.157 (m, 1H),
4.389 (t, Jw6.2 Hz, 2H}), 5.076 (m, 1H), 5.320 (dd, J=16.2
He, 10.1 Hz, 1H), 6.489 (d, Jel16.2 Hz, 1H), 7.06-7.16 (m,
SH), 7.281 (t, 1H), 7.368 (t, 1H), 7.914 (d, J=7.5 Hz,
1H); M8 (ESI +Q) m/z 474 (M+H)"*.
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The Part H lactone (148 mg, 0.3125 mmol, 1 equiv)
was dissolved in THF (3 mL), treated with 1N ag NaOH
(0.391 mlL, 0.3907 mmol, 1.25 equiv), and stirred at rt.
TLC (840,, 0.5:0.5:9 HOAc/MeOH/CH.Cl,, Rf=0.25). Aftar 30
min, the solvents were removed by rotary evaporation in
vacuo and the residue dried on hi-vacuum. A SP207 Na-
form resin columm (1.9cm x 10cm bed) was prepared as
follows: the resin was poured into a glass chromatography
column equipped with fritted disc support, the resin was
washed with satd aq NaHCO, (15 mL), satd ag NaCl (15 mL),
and DI H,0 (100 mL, Milli-Q). The residue was taken up
in Mil1i-Q DI H,0 (5 mL), applied to column, and eluted
with Milli-Q DI H;0 (100 mL)}, 10% AcCMN/H,0 (60 mL), and
25% AcCN/M,0 (125 mL). Product-containing fractions were
combined and concentrated by rotary evaporation in vacuo
to a small volume, then traneferred to a 40-mL
lyophilization jar, using additional H,0 to rinse out
flask. The contents of the jar were frozen in an
acetone-dry ice bath and lyophilized to afford the
product as a white lyophilate {148 mg, 0.288 mmol, 92%):

'H NMR (DMSO-dg) 8 0.90-1.00 (m, 1H), 1.20-1.35 (m, 7H),

1.727 {(dd, J=14.9 Hz, 7.9 Hz, 1H), 1.955 (dd, J=14.9 Hz,
4 Hz, 1H), 2.399 (t, J=6.2 Hz, 2H), 3.424-3.490 {m, 2H),
4.00-4.10 (m, 1H), 4.386 (t, J=w6.2 Hz, 2H), 4.954 (br s,
1H), 5.354 (dd, J=16.2 Hz, 5.3 Hz, 1H), 6.297 (d, J=16.2
Hz, 1H), 7.12 (4, J=7.9 Hz, 1H), 7.20-7.46 (m, 7H), 7.802
(dd, J=7.9 Hz, 1.8 Hz, 1H); MS (ESI +Q) m/z 492 (M+H)";
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Anal. Calcd for Ca,Ha,Fﬂosﬂa'H,O H
C, 65.53; H, 5.88; N, 2.64.
Found: C, 65.46; H, 5.70; N, 2.52.

Example 3 .

F

The Example 2 Part G compound {200 mg, 0.3403 mmol,
1 equiv) was hydrogenated at 45 pai H; in anhydrous MeOH
(30 wL) with 10% Pd-C (40 mg, 20 wt ¥) for 2 hrs. The
catalyst was washed with small portions of MeOH and the
filtrate was concentrated by rotary evaporation in vacuo.
The resldue was purified by 810, flash chromatography
(2.5cm x 13 cm) with 3% EtOAc/CH,Cl, to afford the product
as a white foam (193 mg, 0.3273 mmol, 96%): HPLC
(8himadzu YMC S8-5 C18 4.6x50 wn column, 4 min gradient @
4nL/min, UV detection 220 nM; start YB=60, final %B=100;
A=10:90 MeOH/H O + 0.2% H,PO,) R.T.=4.35 min (100%);

'K NMR {CDCl;)} 50.902 (g, J=12.3 Hz, 1H), 1.27-1.60 (m, 24
H), 2.212 (dd, d»15.4 Hz, 6.2 Hz, 1 H), 2.25-2.42 (m, &
H), 2.50-2.60 {(m, 1 H), 3.336 (m, 1 H), 3.599 (m, 1 H),
4.10-4.20 (m, 1 H), 4.328 (t, J=6.2 Hz, 2 K), 7.067 (4,
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J=7.9 Hz, 1 H), 7.1416 (d, J=6.6 Hz, 4 H), 7.265 (t,
J=7.5 Hz, 1 H), 7.340 (t, J=7.5 Hz, 1 H), 7.901 (d, J=7.5
Hz, 1 H); MS (ESI +Q) m/z 590 (M+H)*.

Part A compound (258 mg, 0.4375 mmol} was dissolved
in dry CH;Cl; (S wlL) under argon, cooled to 0°C and
treated with trifluoroacetic acid (0.5 mL). S8tirring was
continued at room temperature for 7 hrs, at which time
the reaction was complete by HPLC. BSaturated aqueous
NaHCO; (25 wulL) was added to the reaction, the reaction
was diluted with EtOAc (100 mL), and the layers
separated. The organic was washed with saturated agqueous
NaHCO; and saturated aqueocus NaCl, then dried over
anhydrous Na;S0,, filtered and concentrated in vacuo.
Purification by 810, flash chromatography (1.9 cm x 15
cm) with 20% EtOAc/CH,Cl; afforded a white foam (163 mg,
0.343 mmol, 78%): HPLC (Shimadzu, YMC S-5 C18 4.6x50 mm
column, 4 min gradient @ 4mL/min, UV detection 220 nM;
start ¥B=0, final %Bel00; A=10:90 MeOH/H0 + 0.2% H;PO,,
B=90:10 MeOH/H:0 + 0.2% HPO,) R.T.=3.81 min {94.6%);

M NMR (CDCl,) §1.37 (d, J=6.6 Hz, 6 H), 1.45-1.85 (m, 4
H), 2.40-2.75 {m, 6 H), 3.327 (m, 1 H), 4.285 (br s, 1
H), 4.350 (t, J=6.2 Hz, 2 H), 4.49 (m, 1 H), 7.093 (4,
J=7.9 Hz, 1 H), 7.181 (d, J=7.0 Hz, 4 H), 7.291 (t, J=7.5
Hz, 1 H), 7.3697 (t, J=7.5 Hz, 1 H), 7.912 (d, J=7.5 Hz,
1 H; MS (BSI +Q) m/z 476 (M+H)"'.

Y™
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Part B compound (149 mg, 0.3133 mmol, 1 equlv) was
dissolved in THF (3 mL) and 1N aqueous NaOH (0.392 mL,

5 0.3916 mmol, 1.25 equiv) and stirred at room temperature
for 30 min. The solvent was removed by rotary
evaporation in vacuo and the residue was dried under
high-vacuum. An SP207 reein column (1.9 cm x 10 cm ) was
prepared as follows: resin was poured into a glass

10 chromatography column equipped with fritted disc support
and the resin was washed sequentially with saturated
aqueous NaHCO; (15 mL), saturated aqueous NaCl (15 mL}, -
and Milli-Q H,0 (100 mL). The dried residue was taken up
in Milli-Q H,O0 (8 mL) and carefully applied to top of the

15 column. The column was eluted with Milli-Q H;O0 (100 mL),
10% AcCN/ HaO (60 mL), 20% AcCN/ H;O (60 mL), and 25%
AcCR/ H;O0 (100 mL). Product-containing fractions were
combined and concentrated by rotary evaporation to a
small volume, and transferred to a 40-mL lyophilization

20 jar. The contents were frozen in acetone-dry ice bath
and lyophilized. This afforded the product as a white
lyophilate (149 mg, 0.289 wmmol, 92%): HPLC (Shimadzu,
YMC S8-5 C1l8 4.6x50 mm column, 4 min gradient @ 4mL/min,
UV detection 220 nM: gtart ¥B=0, final ¥B=100; A=10:90

25 MeOH/HzQ + 0.2% H;PO,, B=10:90 MeOH/H,O + 0.2% H,PO,)
R.T.=3.58 min (92.9%);

‘H "R (DMBO-dg) & 1.048-1.105 (m, 1 H), 1.232-1.50 (m, 9
H), 1.750 (d4d, J=14.9 Hz, 8.3 Hz, 1 H), 1.966 (dd, J=14.9

30 Hz, 4.0 Hz, 1 H), 2.298-2.356 (m, 3 H), 3.335-3.424 (m, 2
H), 3.616-3.656 (m, 1 H), 4.3166 (t, J=6.2 Hz, 2 H),
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4.711 (br 8, 1 H), 7.098 (d, J=7.9 Hz, 1 H), 7.276-7.43
(m, 6 H), 7.773 (d, J=7.5 Hz, 1 H); MS (ESI +Q) m/z 494
(M+H)}* for acid form.

5 The following Examples may be prepared employing
procedures set out herein and in the working Examples.

Examples 4 to 26

10

15

20
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What is claimed is:
1. A compound having the structure

n is 0 or 1;

R; and R; are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cyclcalkenyl, aryl, heteroaryl or
cyclohetervalkyl;

R; is H, lower alkyl or a metal ion;

Ry is H, halogen, CF,, hydroxy, alkyl, alkoxy,
alkanoylamino, aroylamino, or cyano;

Ry is H, alkyl, aryl, alkanoyl, aroyl or
alkoxycarbonyl ;

Ry 18 H or lower alkyl;

Ry and R;q are the same or different and are
independently selected from H or alkyl, or Ry and R;o may
be taken together with the carbon or carbons to which
they are attached to form a 3 to 7 membered carbocyclic
ring;

and 4 represents a single bond or a double bond
{(which may be cis or trans);
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and including pharmaceutically acceptable salts
thereof, esters thereof, prodrug esters thereof, and all
sterecisomers thereof.

2. The compound ag defined in Claim 1 wherein f,,
is a double bond which is trans.

3. The compound as defined in Claim 1 wherein Z is
in the form of a pharmaceutically acceptable basic salt.

4. The compound as defined in Claim 1 in the form
of a pharmaceutically acceptable. acid addition salt.

5. The compound as defined in Claim 1 wherein R,
and R; are independently selected from alkyl., cycloalkyl
and aryl;

Ry is H or halogen;

n is o; )

and X is O.

6. The compound as defined in Claim 1 wherein R,
is aryl,

Ra 18 alkyl or cycloalkyl;

Ry is H;

n is o;

X is 0; and

”’ is a trans double bond, in the form of a free
acid or an alkali or alkaline earth metal salt.

7. The compound as defined in Claim € wherein R,
is phenyl which contains 1 or 2 substituents,

Rz 18 alkyl or cycloalkyl;

R, 18 H;

X is 0; and

”’ is a trans double bond, in the form of a free
acid or an alkali or alkaline earth metal salt.
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8. The compound as defined in Claim 7 wherein R,
is 4-fluorophenyl, 4-fluoro-3-mathylphenyl, or 3,5-
dimethylphenyl; and

Ra 18 isopropyl, t-butyl or cyclopropyl.

9. The compound as defined in Claim 1 wherein Z has
the structure

10. The compound as defined in Claim 1 having the
structure

or an alkali or alkaline earth metal salt thereof or an
acid addition salt via the pyridine of the corresponding
5 lactone,

wherein R; and R; are the same or different and are
independently gelected from H, halogen or alkyl and

Ra is alkyl or cycloalkyl.

11. The compound as defined in Clalm 10 wherein R,
and Rg are H and 4-fluoro;

H and 4-fluoro-3-methyl or

3,5-dimethyl; and

R; is iscopropyl, t-butyl or cyclopropyl.

12. The compound as defined in Claim 1 having the
structure
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wherein R; is H or an alkali or alkaline earth metal or
other pharmaceutically acceptable salt, or the internal
lactone thereof.

13. A compound of the structure

wherein R; is H or an alkali or alkaline earth metal ion

or the internal lactone thereof.

14. The compound as defined in Claim 13 wherein R,

isa sodium.
15. A pharmaceutical composition comprising a

compound as defined in Claim 1 and a pharmaceutically
acceptable carrier therefor.
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16. A pharmaceutical combination comprising an HMG
CoA reductase inhibitor compound as defined in Claim 1
and another lipid-lowering agent, an antidiabetic agent,
an anti-obesity agent, an antihypertensive agent, a
platelet aggregation inhibitor, and/or an
antiostecoporosis agent.

17. The pharmaceutical combination as defined in
Claim 16 comprising said HMG CoA reductase inhibiting
compound and an antidiabetic agent.

18. The cowmbination as defined in Claim 17 wherein
the antidiabetic agent is 1, 2, 3 or more of a biguanide,
a sulfonyl urea, a glucosidase inhibitor, a PPAR ¥
agonist, a PPAR @/y dual agonist, an SGLT2 inhibitor, a
DP4 inhibitor, an aP2 inhibitor, an insulin sensitizer, a
glucagon-like peptide-l {GLP-1), insulin and/or a
meglitinide. .

19. The combination as defined in Claim 18 wherein
the antidiabetic agent is 1, 2, 3 or more of metformin,
glyburide, glimepiride, glipyride, glipizide,
chlorpropamide, gliclazide, acarbose, miglitol,
ploglitazone, troglitazone, rosiglitazone, insulin, Gl-
262570, isaglitazone, JTT-501, NN-2344, L895645, YM-440,
R-119702, 'AJ9677, repaglinide, nateglinide, KAD1129, AR-
HO39242, GW-409544, XRP297, AC2993, LY315902, P32/98
and/or NVP-DPP-728A.

20. The combination as defined in Claim 17 wherein
the HMG CoA reductase inhibiting compound is present in a
weight ratio to the antidiabetic agent within the range
from sbout 0.001 to about 100:1.

21. The combination as defined in Claim 16 wherein
the antl-obesity agent is a beta 3 adrenergic agonist, a

lipase inhibitor, a serotonin (and dopamine) reuptake
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inhibitor, a thyroid receptor beta compound, an aP2
inhibitor and/or an anorectic agent.

22, The combination as defined in Claim 21 wherein
the anti-obesity agent ias orlistat, ATL-962, AJ9677,
L750355, CP331648, sibutramine, topiramate, axokine,
dexamphetamine, phentermine, phenylpropanolamine, and/or
mazindol.

23. The combination aa defined in Claim 16 wherein
the lipid lowering agent is an MTP inhibitor, an HMG CoA
reductase inhibitor, a squalene synthetase inhibitor, a
fibric acid derivative, an upregulator of LDL receptor
activity, a lipoxygenase inhibitor, or an ACAT inhibitor.

24. The combination as defined in Claim 23 wherein
the lipid lowering agent ia pravastatin, lovastatin,
simvagtatin, atorvastatin, cerivastatin, fluvastatin,
itavastatin, visastatin, fenofibrate, gemfibrozil,
clofibrate, avasimibe, TS-962, MD-700, cholestagel,
niacin and/or LY295427.

25. The combination as defined in Claim 23 whereln
the HMG CoA reductase inhibiting compound is present in a
welght ratio to the lipid-lowering agent within the range
from about 0.001:1 to about 100:1.

26. The combination as defined in Claim 16 wherein
the antihypertensive agent ia an ACE inhibitor,
angiotensin II receptor antagonist, NEP/ACE inhibitor,
calcium channel blocker and/or PB-adrenergic blocker.

27. The combination as defined in Claim 26 wherein
the antihypertensive agent is an ACE inhibitor which is
captopril, fosinopril, enalapril, lisinopril, quinapril,
benazepril, fentiapril, ramipril or moexipril;
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an NEP/ACE inhibitor which is omapatrilat,
[S[{R*,R*)] -hexahydro-6-[ (2-mercapto-1-oxo-3-
phenylpropyl)amino] -2, 2-dimethyl -7-oxo-1H-azepine-1-
acetic acid or CGS 30440;

an angiotensin II receptor antagonist which is
irbesartan, losartan or valsartan;

amlodipine besylate, prazosin HCl, verapamil,
nifedipine, nadolol, propranolol, or clonidine HCl.

28. The combination as defined in Claim 16 wherein
the platelet aggregation inhibhitor is aapirin,
clopidogrel, ticlopidine, dipyridamole oxr ifetroban.

29. A method for treating hypercholeaterolemia,
hyperlipidemia, hyperlipoproteinemia,
hypertriglyceridemia or athervoeclercsis, which comprises
administering to a mammalian species in need of treatment
a therapeutically effective amount of a compound as
defined in Claim 1.

30. A compound having the structure

wherein X is O, § or NR, where R, 18 H, alkyl, aryl,
alkanoyl, aroyl or alkoxycarbonyl; R; and R; are the same
or different and are independently selected from alkyl,
arylalkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl,
hetercaryl or cycloheteroalkyl;

Ry and Ry;p; are the same or different and are
independently selected from H or alkyl, or Ry, and R, may
be taken together with the carbon or carbons to which
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they are attached to form a 3 to 7 membered carbocyclic

ring; 'U“*L

Halide
»_co‘n {vhexe R is alkyl), ;—m,u. ? ,

'\ ;

Qis

AN

b

(Ihm W is axyl, alkyl, or alkoxy),

“ﬂf;=;>b:jr"\\aynuqa

31. The compound as defined in Claim 30 having the
following structures:

Y O
Ry
R‘.‘ﬁ\ | '10.__;\'
\ (
X
Ry
COp-aikyl
Ry | Ry
Ry
Ryo N
(; ”
~
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HMG-CoA REDUCTASE INHIBITORS AND METHOD

yu
Abstract of the Disclosure
Compounds of the following structure are HMG CoA
reductase inhibitors and thus are active in inhibiting
cholesterol biosynthesis, modulating bloocd serum lipitis
such as lowering LDL cholesterol and/or increasing HDl
cholesterol, and treating hyperlipidemia,
hypercholesterolemia, hypertriglyceridemia and
atherosclerosis

wherein X is O or S;

g is D\l/\r\ml‘l or )

AN OR

n is 0 or 1;

R, and R, are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, heteroaryl or
cycloheteroalkyl ;

R; is H, lower alkyl or a metal ion;

Ry is H, halogen, CF,, hydroxy, alkyl, alkoxy,
alkanoylamino, aroylamino or cyano;

Rs is H, alkyl, aryl, alkanoyl, aroyl or
alkoxycarbonyl ;

Ry is H or lower alkyl;

Ry and Ryp are independently H or alkyl, or Ry and
Ryy may be taken together with the carbon or carbons to
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which they are attached to form a 3 to 7 membered
carbocyclic ring;

and o represents a single bond or a double bond
{which may be cis or trans);

and including pharmaceutically acceptable salts_
thereof, esters thereof, prodrug esters thereof, and all
stereoisomers thereof.
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Concepto Técnico N° 283

Clasificacion Internacional de Patentes: AG1K 31/55

Practicado el examen de acuerdo a lo establecido en el Art. 38 de la Decision
486, se determind que esta solicitud de Patente:

SI[ 6( NOJ[ ] Contiene un resumen de la invencién (Art. 26-e)
Si ["r NOJ[ ] Contiene el tltulo o nombre de la invencién (Art. 27-d)
Si ["{ NOJ[ ] Contiene la descripcién de la invencion (Art. 26-b)

Si [Vr NO[ ] NO ES APLICABLE [ ] Contiene los dibujos necesarios para
comprender la invencién (Art. 26-d)

Si f/{ NOI[ 1] Contiene una o mas reivindicaciones (Art. 26-¢)

SI[f ] NO[ ] NO ES APLICABLE [v] Han sido desarrollados los productos
a partir de recursos genéticos o de sus productos derivados
de los que cualquiera de los Palses Miembros es pals de
origen (Art. 26-h)

SI[ ] NO[ ] NO ES APLICABLE ['{ Los productos y o procedimientos
han sido obtenidos o desarrollados a partir a partir de los
conocimientos tradicionales de las comunidades indigenas,
afro americanas, o locales de los Paises Miembros, de
acuerdo a lo establecido en la Decision 391 y sus
modificaciones y reglamentaciones vigentes (Art. 26-i)

SI[ ] NO[ V{ La invencién se refiere a un producto relativo a un material
biologico {(Art. 26-))

Si [V( NOJ[ ] NO ES APLICABLE [ ] La prioridad coincide con la materia
reivindicada.

| [V{ NO[ ] CUMPLE LOS REQUISITOS TECNICOS
OBSERVACIONES Y OTROS: SI[ ] NO[ ] Ver hoja(s) anexa(s)

EXAMINADOR TECNICO: 202051
Bogota D C, febrero 27 de 2004.
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