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JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al
pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional nimero 44655
del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la
sociedad LABORATORIO FRANCO-COLOMBIANO, LAFRANCOL S.A., dentro
del tramite de la referencia, en ejercicio de lo dispuesto por el articulo 42 inciso 2°
de la Decision 486 de 2000, por medio del presente escrito, procedo a sustentar |la
oposicion presentada oportunamente ante ese Despacho, en los siguientes

términos:

. COMPLEMENTO DE INFORMACION

Comedidamente me permito presentar los argumentos que demuestran que Ila
solicitud de la referencia incumple los requisitos de patentabilidad establecidos por
los articulos 14, 16, 18 y 20 literal d) de la Decision 486 de 2000, y que por ello no
merece recibir el beneficio patentario.
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La solicitud colombiana 08-033-464 que reivindica un compuesto de formula

estructural I:
12
R R? R13 //R
A (XY O (= O~ @lp_ N
R! R3 N
. 5 ! \——Rg
|

El compuesto de la reivindicacion 1 que tiene la formula estructural la:
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El compuesto de la reivindicacién 1 que tiene la formula estructural Ib:
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El compuesto de la reivindicacion 1 seleccionado entre el grupo constituido por:

OH

OH
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Sales farmacéuticas y ésteres farmacéuticamente aceptables de los mismos; una
composicion farmacéutica que comprende dichos compuestos farmacéuticos, que
puede comprender adicionalmente un inhibidor de la biosintesis del colesterol,
utiles en un procedimiento para reducir los niveles de colesterol LDL en plasma;

carece de novedad y nivel inventivo como se argumenta a continuacion:

En primera instancia, las reivindicaciones 14 a 18 de dicha solicitud colombiana en
tramite incurren en una improcedencia directa de patentabilidad, en cuanto a que
explicitamente se refieren a un tratamiento terapéutico, que involucra reducir los
niveles de colesterol LDL, para asi tratar la hipercolesterolemia, reducir y/o
eliminar el riesgo de desarrollar aterosclerosis y/o una enfermedad aterosclerética;
lo cual va en contra de lo expuesto por la decisién 486 de 2000 que explicitamente
revela en su articulo 20 literal d) “No seran patentables (...) los métodos
terapéuticos o quirargicos para el tratamiento humano o animal, asi como los

metodos de diagnostico aplicados a los seres humanos o a animales.”



Por otro lado, existen documentos que revelan con anterioridad la obtencion de
compuestos del mismo tipo que los revelados por la solicitud colombiana en
tramite (derivados de azetidinona), lo que afecta directamente el nivel inventivo de

dicha invencion, veamos;

¢ La patente americana US 5846966 publicada el 08 de Diciembre de 1998 y
titulada “COMBINATIONS OF HYDROXY-SUSBSITUTED AZETIDINONE
COMPOUNDS AND HMG COA REDUCTASE INHIBITORS” revela:

The present invention also relates to a method of reducing
plasma cholesterol levels, and to a method of treating or
| preventing atherosclerosis, comprising administering to a
‘ mammal in need of such treatment an effective amount of a
combination of a hydroxy-substituted azetidinone choles-
terol absorption inhibitor of formula I and a cholesterol
biosynthesis inhibitor. That is, the present invention relates
to the use of a hydroxy-substituted azetidinone cholesterol
absorption inhibitor of formula I for combined use with a
cholesterol biosynthesis inhibitor (and, similarly, use of a
cholesterol biosynthesis inhibitor for combined use with a
hydroxy-substituted azetidinone cholesterol absorption
inhibitor of formula I) to treat or prevent atherosclerosis or

to reduce plasma cholesterol levels.

r

1. A pharmaceutical composition for the treatment or
prevention of atherosclerosis, or for the reduction of plasma
cholesterol levels, comprising an effective amount of a
compound represented by the formula I

e
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6. A method of treating or preventing atherosclerosis or
reducing plasma cholesterol levels comprising administer-
ing to a mammal in need thereof an effective amount of a
compound represented by the formula I
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Como se puede apreciar claramente, en esta anterioridad se exponen compuestos
derivados de azetidinona del mismo tipo que los reivindicados por la solicitud

colombiana, especificamente en su reivindicacion 1;
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asi como la inclusion de los mismos en formulaciones farmacéuticas Utiles en el
tratamiento de aterosclerosis a partir de la reduccién de los niveles de colesterol
en el plasma, solos o en combinacién con inhibidores de la biosintesis de
colesterol, lo que también afectaria directamente las reivindicaciones 14 a 20 de

dicha solicitud en tramite.

% La patente americana US 5767115 publicada el 16 de Junio de 1998 y titulada
“HYDROXY-SUBSTITUTED AZETIDINONE COMPOUNDS USEFUL AS
HYPOCHOLESTEROLEMIC AGENTS” revela:

In yet another aspect, the invention relates to a pharma-
ceutical composition comprising an effective amount of a
hydroxy-substituted azetidinone cholesterol absorption
inhibitor of formula I. a cholesterol biosynthesis inhibitor,
and a pharmaceutically acceptable carrier. In a final aspect.

(.)
1. A compound represented by the formula
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8. A pharmaceutical composition for the treatment pre-
vention of athersclerosis, or for the reduction of plasma
cholesterol levels, comprising an effective amount of a
compound of claim 1 in a pharmaceutically acceptable
carrier.

9. A method of treating or preventing atherosclerosis or
reducing plasma cholesterol levels comprising administer-
ing to a mammal in need of such treatment an effective
amount of a compound of claim 1.
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Como se puede apreciar claramente, en esta anterioridad se exponen de nuevo
compuestos derivados de azetidinona del mismo tipo que los reivindicados por la

solicitud colombiana, especificamente en su reivindicacion 1;
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asi como la inclusion de los mismos en formulaciones farmacéuticas utiles en el
tratamiento de aterosclerosis a partir de la reduccion de los niveles de colesterol
en el plasma, solos o en combinacion con inhibidores de la biosintesis de
colesterol, lo que también afectaria directamente las reivindicaciones 14 a 20 de

dicha solicitud en tramite.

% La patente americana US 2002/0128253 publicada el 12 de septiembre de
2002 vy titulada “DIPHENYLAZETIDINONE DERIVATIVCES, PROCESS FOR
THEIR PREPARATION, MEDICAMENTS COMPRISING THESE
COMPOUNDS AND THEIR USE” revela:

[0071] Preference is given to both racemic and enantio-
merically pure compounds of the formula I of the following
structure:

O




1. A compound of the formula I,
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5. A pharmaceutical composition comprising one or more
of the compounds as claimed in claim 1 and a pharmaceu-
tically acceptable carrier.

6. A pharmaceutical composition comprising one or more
compounds as claimed in claim 1 and at least one further
active compound.

(...)
8. A pharmaceutical composition as claimed 1n claim 6,

which comprises, as a further active compound, one or more
antidiabetics, hypoglycemically active compounds, HMG-

CoA reductase inhibitors, cholesterol absorption inhibitors,
PPAR gamma agonists, PPAR alpha agonists, PPAR alpha/
gamma agonists, fibrates, MTP inhibitors, bile acid absorp-
tion inhibitors, CETP inhibitors, polymeric bile acid adsorb-
ers, LDL receptor inducers, ACAT inhibitors, antioxidants,
lipoprotein lipase inhibitors, ATP citrate lyase inhibitors,
squalene synthetase inhibitors, lipoprotein(a) antagonists,

(..)
13. A method for controlling the serum cholesterol con-
“centration in a host, which comprises administering to the
host in need of the control of serum cholesterol concentra-
tion an effective amount of at least one compound as claimed
in claim 1.



15. A method as claimed 1n claim 14, wherein the host
suffers from an arteriosclerotic manifestation.

Como se puede apreciar claramente, en esta anterioridad se exponen compuestos
derivados de azetidinona del mismo tipo que los reivindicados por la solicitud

colombiana, especificamente en sus reivindicaciones 5;
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asi como la inclusion de los mismos en formulaciones farmacéuticas utiles en el
tratamiento de aterosclerosis a partir de la reduccidén de los niveles de colesterol
en el plasma, solos o en combinacion con inhibidores de la biosintesis de
colesterol (como lo son por ejemplo los inhibidores de la HMG-CoA reductasa y los
inhibidores de la escualeno sintasa), lo que también afectaria directamente las

reivindicaciones 14 a 20 de dicha solicitud en tramite.

Para finalizar, existen ademas otros documentos que exponen la obtenciéon de
derivados de azetidinona, que aunque estan menos relacionados con los
compuestos reivindicados por la solicitud colombiana en tramite, debido a sus
sustituyentes sobre el nicleo de azetidinona, son una prueba de la versatilidad y
cotidianidad con que se pueden encontrar procesos de obtencion de estos

compuestos derivados de azetidinona, asi como su anterioridad en el uso del

v W



tratamiento de diversos trastornos a traves de la reduccién de los niveles de
colesterol en plasma. Ejemplos de dichos documentos pueden ser la patente
americana US 5633246 publicada el 27 de mayo de 1997 y la patente americana
US 5744467 publicada el 28 de abril de 1998.

En conclusién la solicitud colombiana en tramite carece de los requisitos
fundamentales para otorgarsele el privilegio de patente de invencion,
principaimente porque incurre en una directa improcedencia en la patentabilidad al
reivindicar un método de tratamiento. Dicha solicitud carece ademas tanto de nivel
inventivo como de novedad, primero que todo porque el mismo estado de la
técnica se encuentran con anterioridad el mismo tipo de compuestos derivados de
azetidinona (cuyos sustituyentes pueden variar pero siempre conservan
caracteristicas quimicas similares) y finalmente porque dichos compuestos ya se
reconocian asi mismo con anterioridad, como farmacos utiles en tratamientos

donde fuera efectiva la deduccion de los niveles de colesterol en el plasma.

Por todo lo anterior reitero que la solicitud de la referencia, en todas sus
reivindicaciones, incumple los requisitos materiales de patentabilidad establecidos
por la Decision 486 de 2000, razén por la cual no puede ser objeto de privilegio de

patente de invencion.

VI. ANEXOS

¢ La patente americana US 5846966 publicada el 08 de Diciembre de 1998 y
titulada “COMBINATIONS OF HYDROXY-SUSBSITUTED AZETIDINONE
COMPOUNDS AND HMG COA REDUCTASE INHIBITORS” columna 3 y
capitulo reivindicatorio.

% La patente americana US 5767115 publicada el 16 de Junio de 1998 y titulada
“‘HYDROXY-SUBSTITUTED AZETIDINONE COMPOUNDS USEFUL AS
HYPOCHOLESTEROLEMIC AGENTS” columna3 y capitulo reivindicatorio.

% La patente americana US 2002/0128253 publicada el 12 de septiembre de
2002 y titulada “DIPHENYLAZETIDINONE DERIVATIVCES, PROCESS FOR
THEIR PREPARATION, MEDICAMENTS COMPRISING THESE
COMPOUNDS AND THEIR USE” pagina 4 y capitulo reivindicatorio.
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% Reivindicaciones de la patente americana US 5633246 publicada el 27 de
mayo de 1997 y la patente americana US 5744467 publicada el 28 de abril de
1998.

Sefor Superintendente,

JOSE LUIS REYES VILLAMIZAR
C.C. 79152 473 de Usaquén
T.P.A 44655 del C.S.J.
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[57] ABSTRACT

Ilydroxy-substituted azctidinone hypocholesterolemic
agents of the formula

or a pharmaceutically acceptable salt thereof, wherein:
Ar' and Ar? are aryl or R*-substituted aryl;
Ar? is aryl or R*-subslituted aryl;

X, Y and Z are —CII,—, — CH(lower alkyl)- - or
—Cdilower alkyl)—;

R and R™ are - ORY,
—(O(COINRR7;

SO(CORY,  —O(COORY or

R*! and R* are H or lawer alkyl;

qis Qor T;ris 0or I; m,nand p are 0—4; provided that at
least one of g and r is 1, and the sum of m, n, p, g and r is
1-0; and provided that when p is O and ris 1, the sum of m,
q and n 15 1-5;

R" s selected from lower alkyl, R, —CF,. —CN, — N0,
and halogen;

R is selected from —ORY, - O(CO)RY,
—O(CH,) _sOR?, —O(COINRR?,
—NRYCOIR7,  —NRY(COORY,
—NR"SO,R", —COOR®, —CONRR’, —COR",
—SO.NR°R7,  S(0),,R®, —O(CH,), ,(—COORY,
—O(CIL), ,(CONRRY, —(lower alkylenc)COOR® “and
—CIT=CII--COOR",

O(CONRY,
—NRR”,
—NRYCOINRTRY,

RY R7 and R arc H, lower alkyl, aryl or aryl-substituted
lower alkyl;

R? s tower alkyl, aryl or aryl-subslituted Tower alkyl,

are disclosed, as well as a method of lowering scrum
cholesterol by administering said compounds, alone or in
combination with a cholesterol biosynthesis inhibitor, phar-
maceutical compositions containing them, and a process for
preparing them.

10 Claims, No Drawings
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R, R” and R* are independently sclected from the group
consisting ol hydropen, lower alkyl, aryl and aryl-
substituted lower alkyl; and

R(J is Tower alkyl, aryl or aryl-substituted lower alkyl.

Ity 15 prctumhly 1-3 independently sclected substituents,

and R3 is preferably 1-3 independently sclected substitu-
ents. Preferred are compounds of formula T wherein Ar' is
phenyl or R —\uhsl]lu[ud phcnyl especially (4-R™)-
substituted phenyl. i% prefcrahly pheny! or
R“-sul)smulcd phenyl, cspnually (4-R"y-subslituted phcngfl
Ar* is preferably R*-substituted phenyl, especially (4-R”)
suhsnlul(,d phenyl, When Art s (4-R° ')-sllhqtltutul phcnyl
R* is preferably a halogen. When Ar? and Ar® are R'- and
RE-substitutcd phcnyl respectively, R* s pn,h,rlh]y hdlobun
or —ORY and R7 is preferably —OR®, wherein R¥ s lower

alkyl or hydrogen. l:%pu,mlly prdcrrcd arc wrnpound% L

wherein each of Ar' and Ar” is 4-fluorophenyl and Ar® is
4-hydroxyphenyl or 4-methoxyphenyl.

X,Y and Z are each prelerably —CIL,—. R* and R* arc
cach preferably hydrogen. R and R® are preferably —OR”

wherein R is hydrogen, or a group readily metabolizable to

a hydroxyl (such as —O(CO)R", and
—O(CONRR7, delined above).

The sum of m, n, p, q and r is preferably 2, 3 or 4, more
preferably 3 l’rdurred arc compounds wherein m, n and r
arc cach zero, qis 1 and p 15 2. Also prelerred are wmpounds
wherein p, g and n are cach zero, ris 1 and m 15 2 or 3. Morc
preferred are compounds wherein i, n and r are cach zero,
qis 1,pis2, Zis —Cl,— and R is —ORY, cspecially when
R* is hydrogen. Also more preferred are compounds wherein
p, q and n are each zero, ris 1, m is 2, X is —CH.,— and
R 1s -—OR®, especially when R® is hydrogen.

Another proup of prelerred compounds is that whercin
Ar' is phenyl or R*substituied phenyl, Ar® is phenyl or
R'-substituted phenyl and Ar® is R™-substituted phenyl. Also
preferred are compounds wherein Ar' is phenyl or
R'-substituted phenyl, Ar® is phenyl or R'-substituted
phenyl, Ar® is R*-substituted phenyl, and the sum of m, o, p,
g and 1 is 2, 3 or 4, more especially 3. More prelerred arce
compounds wherein Ar' is phenyl or R*-substituted phenyl,
Ar® is phenyl or R*-sybstituted phenyl, Ar® is R®-substiluted
phenyl, and wherein m, o and r are cach zero, g 1s 1 and p
is 2, or wherein p, q and n are cach zero, ris 1 and m is 2
or 3.

This invention also relates to a method ol lowering, the
serum  cholesterol Tevel in a mammal in need of such
treatment eomprising administering an cffective amount of a
compound ol formula I. That is, the use of a compound of
the present invention as an hypocholesterolemic agent is
also claimed.

—O(COYOR®

In still another aspect, the present invention relates to a S

pharmaccutical composition comprising a scrum
cholesterol-lowering effective amount of 4 compound of
formula I in a pharmaceutically acceptable carrier.

The present invention also relates to a method of reducing
plasma cholesterol levels, and to a method of treating or
preventing, atherosclerosis, comprising administering Lo a
mammal in need of such treatment an ctfective amount of a
combination of a hydroxy-substituted azetidinone choles-
terol absorption inhibitor of formula I and a cholesterol
biosynthesis inhibitor. That s, the present invention relales
to the use of a hydroxy-substituted azctidinone cholesterol
absorption inhibitor of formula 1 for combined use with a
cholesterol biosynthests inhibitor (and, similarly, usc of a
cholesterol biosynthesis inhibitor for combined use with a
hydroxy-substituted azctidinone cholesterol absorption
inhibitor of formula 1) to treat or prevent atherosclerosis or
1o reduce plasma cholesterol levels.
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Tn yet another aspect, the invention relates to a pharma-
ceutical composition comprising an cffcetive amount of a
hydroxy-substituted azetidinone cholesterol absorption
inhibitor of formula 1, a cholesterol biosynthesis inhibitor,
and a pharmaceutically acceptable carrier. In a linal aspect,
the invention relates o a kit comprising in one container an
clfective amount of a hydroxy-substituted azetidinone cho-
lesterol absorption inbibitor of formula in a pharmaceuti-
cally acceptable carnier, and in a separale container, ao
cllective amount ol a cholesterol biosynthesis inhibitor in a
pharmaccutically acceptable carrier.

I yet another aspect, the invention relates to a process for
preparing certain compounds of formula T comprising the
steps:

(a) treating with a strong, base o lactone of the formula

7, A
R
>L =0
X 0

/\r'”/
or
RJ'\ R# I
),
.
) 7-)7
Yo
)l
Ko
Ae "0 0

wherein R' and R* arc R and R®, respectively, or are sultably
prolected hydroxy groups; Ar'® is Ar', a suitably profected
hydroxy-substituted aryl or a svitably protected amino-
substituted aryl; and the remaining variables are as defined
above, provided that in lactone of formula B, when nand r
ar¢ cach zero, p is 1-4;

(h) reacting the product of step (a) with an imine of the
formula

Ar3n

\A("Y“

wherein Ar™ is Ar®, a suitably protected hydroxy-

substituted aryl or a suitably protected amino-substitufed
aryl; and AT s A%, a suitably protecied hydroxy-
substituted aryl or a suitably protected amino-substituted
aryl;

¢) quenching the reaction with an acid,;
d) optionally removing the protecting groups lrom R, R¥,
Ar'”, Ar™ and Ar*, when present; and
e} optionally functionalizing hvdroxy or amino substitu-
ents at R, R, Ar', Ar” and Ar”.
Using the lactoncs shown above, compounds of formula
IA and I3 arc obtained as follows:
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EXAMPLE 10 -comtinued
OH _Capsules
5 No. Ingredient mytablet g, tabler
- 4 Magnesium Stearale NIY 4 T
Total a0 i

Step 1t Pollow the procedure of Example 3, using 1-(4-
{luorophenyl-4-(4-t-butyidimethylsilyloxyphenyl)-2-
azetidinone to obtain 1-(4-luvorophenyl-3-(3-phenyl-1-
hydroxypropyl) 4-(4-t-butyldimethylsilyl-oxyphenyl)-2-
avetidinone.

Step 2: Treat a solution of the cis-azetidinone of Step 1
(0.25 g) in CII.CN (21 ml) with 48% aqueous IIT (2.5 ml).
After 18 h, dilute the reaction mixture with cold H.O and
extract with Et,0. Wash (2x 11,0, dilute NaHCO, and
brine), dry (Mg80,) and concentrate the E,0O layer. Crys-
tallive the residue from LiOActhexane (1:2) to obtain he
title compound as colorless needles (123 mg, y=64%), mp
168°-171° C. Elcmental analysis cale for €, Ha,O,IN: C
73.64; I1 5.66; N 358 found ¢ 73.32;, H 5.65; N 3.08.

The following formulations exemplify some of the dosage
of this jovention. In each the term “aclive compound”
designates a compound of formula I

EXAMPIE A
Tablets
No.  Ingredient mg/tablet mg/tablet
1 Active Compound 100 500
2 Lactose USP 122 13
3 Cor Starch, Food Grade, as a 10% 30 40
paste in Purified Water
4 Corn Starch, Food Grade 45 40
5 Magnesium Stearate 3 7
Total 300 700

Mecthod of Manufacture
Mix ltem Nos. | and 2 in suitable mixer tor 10-15
minutes, latc the mixture with Itern No. 3. Mill the damp

granules through a coarse sercen (e.g., %", 0.63 cm) if

neeessary. Dry the damyp granules. Screen the dricd granules
il neccssary and mix with Item No. 4 and mix for 10-15
minutes. Add Item No. 5 and mix for 1-3 minutes. Compress
the mixture to appropriale size and weight on a suitable
tablet machine.

EXAMPLLE B

Capsules

No. Tngredient mg/lablct mig/tablet
1 Active Compound 100 500

2 Lactose. USP 104 123

3 Corn Starch, Food Crade 40 70

It
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Mcthod of Maoufacture

Mix Item Nos. 1, 2 and 3 in a suitable blender for 10 15
minutes. Add Item No. 4 and mix for 1-3 mimutes, Fill the
mixture inlo suitable two-picee hard gelatin capsules on a
sullable encapsulating machine,

Representative formulations comprising a cholesterol bio-
synthesis inhibitor-are well known in the art. It is contem-
plated that where the two active ingredients are administered
as a single composition, the dosage forms disclosed above
for substituted azetidinone compounds may readily be modi-
fied using the knowledge of one skilled in the art.

Using the test procedures described above, the tolowing,
in vivo data were obtained for the excmplified compounds.
Data is reported as percent change (1.c., percent reduction in
cholesterol esters) versus control, therefore, negative num-
bers indicate a positive lipid-lowering effect.

% Reduction

Bx # Serum Cholest, Cholest, BEsters Dose mg/kg
1A =23 0 50
153 - 15 -39 s
¢ 14 i) 0
2 o] 4] A0
3A -3l -6 A
3 -0 -9 S0
3 17 —-61 10
3L 0 0 10
AF -29 =77 it
Sy 16 -34 1
311 -41 —&h 1t
A1 0 -2 1)
) 0 i 3
3K ) 0 Hi
Al -14 -21 i
M 0 =22 10y
44 0 -54 )
45 -37 -9 b
4¢ =125 4] 2
41 o i) 7
47 0 =44 3
4 29 -95 3
5 0 -t 1
0A =50 —H5 !

6A-1 -43 =03 |
(9K 40 S92 A
o 0 —48 A
[I] -4t B 1)
BA 0 —44 3
b ES =50 BN 2
e -14 -37 1
& -49 -0 1
hist -2 -6 A
&I -43 —44 1
10 =26 77 3

We claim:

1. A pharmaceutical composition for the treatment or
prevention ol atherosclerosis, or for the reduction of plasima
cholesterol levels, comprising an cffcctive amount of a
compound represented by the formula |
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R 122 i
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Arl—X,,,—((I_‘)q—‘{""((l_‘),—Z,, A
Rl R

or 4 pharmaceulically acceptable salt thercol, wherein:
Ar' and Ar’ are independently selected from the group
consisting of aryl and R*-substituted aryl,
Ar* is aryl or R*-substituted aryl;
X, Y and Z arc independently sclected from the group
consisting of --CHy,—, —Cll(lower alky)— and
—C(dilower alkyl)

R and R? arc independently sclected from the group
comsisting of —OR®, —O(COIR®, ——O(COYOR® and
—O(CO)NRRT;

R' and R* are independently sclected from the group 2

consisiing ol hydrogen, lower alkyl and aryl;
qisOor l;risor1; m,nand p are independently 0, 1,
2, 3 or 4; provided that at least onc of g and r is 1, and
the sum of m, n, p, g and ris 1, 2, 3, 4, 5 or 6; and
provided that when p is () and ris 1, the sum of m, g and
nis 1,2, 3 dor5;
R*is 1-5 substituents independently sclected from the
group consisting ol lower alkyl, —OR®, —O(COIRE,
O(CHOR", —O(ClLL),_ OR", —O(COINRR?,
NROR?, —NR°(CO)R’, —NRYCO)OR®, —~ NRY
(CO)NR'R®,  NR"SO,R?, —COOR", —CONRR’,
—COR?, —S0,NRR7, $(0), ,R", —(CIL),_ —
COOR®, —O(CH,),_nCONRR?, —(lower alkylene)
COOR", —CH=CH---COOR", —Cl’;, —CN, —NO.,
and halogen;

R” is 1-5 substituents independently sclected from the
group consisling of —OR®, —O(CO)R", -—O(CO)
OR?, —O(CHL) SOR®, —O(COIN R°R7, —NRR’,
—NR(COIR7, —NRY(COYOR?, —NR(CO)NR'R¥,
- NR"$O,RY, —COOR®, —CONRR?, —COR",
—SO,NRR7, 8(0),.:R", —O(CIL,), ;,—COOR",
—O(CH,), ,,CONRCR”, —(lower alkylenc)COOR®
and —CH=Ct1-COORS;

R% R7 and R arc independently selected from the group
consisting ol hydrogen, lower alkyl, ary] and aryl-
substituted lower alkyl; and

R? is lower alkyvl, aryl or aryl-substituled lower alkyl;
in combination with an HMG CoA reductase inhibitor in a
pharmaceutically acceptable carrier.

2. A pharmaceutical composition ol claim 1 whercin, in
the compound of [ormula I, Ar' is phenyl or R'-substituted
phenyl, wherein R*® is halogen; Ar? is phenyl or
R*-substituted pheayl, wherein R* is halogen or —OR®,
whercin RY is lower alkyl or hydrogen; Ar® is R*-substituted
phenyl, wherein R® js —OR®, wherein R® is lower alkyl or
hydrogen; X, Y, and Z arc cach —CH,—; R and R” are each
hydrogern; R and R are each —OR®, wherein R® is hydro-
gen; and the sum of m, o, p, g and r is 2, 3 or 4.

3. A composition of claim 1 wherein the IIMG CoA
reductase inhibitor is seleeted from the group consisting of
lovastatin, pravastatin, fluvastatin, simvastatin and atorvas-
tatin,

4. A composition of claim 1 wherein the compound of
formula T is scleered from the group consisting, of

rel 3(R)—(2(R)-hydroxy-2-phenylethyl)-4(R)-(4-
methoxyphenyl)-1-phenyl-2-azetidinone;
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rel 3(R)-(2(R)-hydroxy-2-phenylethyl)-4(8)-(4-
methoxyphenyl)-1-phenyl-2-azetidinonc;
3(S)-(1(8)-hydroxy-3-phenylpropy)-4(8)-(4-
methoxyphenyl)-1-phenyl-2-azctidinone;
3(8)-(1(R)-hydroxy-3-phenylpropyl)-4(8)-(4-
methoxyphenyl)-1-phenyl-2-azetidinone;
3(R)-(1(R)-hydroxy-3-phenylpropy)-4(8)-(4-
methoxyphenyl)-1-phenyl-2-azetidinone;
A(R)-(3(R)-hydroxy-3-phenylpropyl)-1,4(5)-bis-(4-
methoxyphenyl)-2-azetidinone,
3(R)-(3(8)-hydroxy-3-phenylpropv])-1,48)-bis-(4-
methoxyphenyl)-2-azetidinone;
4(8)-(4-hyvdroxypheny)-3(R)-(3(R)-hydroxy-3-
phenylpropyl)-1-(4-methoxyphenyl)-2-azctidinone;
4(8)-(4-hydroxyphenyl)-3(R)-(3(8)-hydroxy-3-
phenylpropyl)-1-(4-methoxyphenyl)-2-azetidinone:
rel 3(R)-[3(RS)-hydroxy-3-[4-(methoxymethoxy)-
phenyllpropyl]-1,4(8)-bis-(4-methoxyphenyl)-2-
azetidinone;

L-(4-Nuorophenyl)-3(R)-[3(8)-(4-tluorophenyl)-3-

hydroxypropyD)]-4(8)-(4-hyvdroxyphenyl)-2-
azetidinone;
1-(4-Nuorophenyl)-3(R)-[3(R)-(4-fluorophenyl)-3-
hydroxypropyD)J-4(8)-(4-hydroxyphenyl)-2-
azeldinone;
4(8)-[4-(acetyloxy)phenyl]-3(R)-(3(R)-hydroxy-3-
phenylpropyl)-1-(4-methoxyphenyl)-2-azctidinone;
4(8)-[4-(acetyloxy)phenyl]-3(R)-(3(8)-hydroxy-3-
phenylpropyl)-1-(4-methoxypheny!)-2-azctidinone;
1-(4-fluoropheny)-3(R)-[3(8)-(4-Nuorophenyl)-3-
hydroxypropyl)]-4(8)-[4-(phenylmethoxy)phenyl]-2-
azetidinone;
3(R)-[3(R)-acetyloxy)-3-phenyipropyl]-1,4(8)-bis-(4-
methoxy-phenyl)-2-azetidinonc;
3(R)-[3(8)-acctyloxy)-3-phenylpropyl]-1,4(8)-bis-(4-
methoxy-phenyl)-2-azetidinone;
3(R)-[3(R)-(acctyloxy)-3-(4-luoropheayl)propyl ]-HS)-
[4-(acetyloxy)-phenyl]-1-(4-Muorophenyl)-2-
avehidinone;
3(R)-[3(S)-(acetyloxy)-3-(4-MuorophenyDpropyl]-H$)-
[4-(acctyloxy)-phenyl]-1-(4-fluorophenyl)-2-
azetidinone;
3(R)-[3(R)-(acetyloxy)-3-(4-chlorophenyl)propyl]-4(S5)-
[4-(acctyloxy)phenyl]-11-(4-chlorophenyl)-2-
azetidinonge;
3(R)-[3(8)-(acetyloxy)-3-(4-chloropheny Dpropyl]-4(S)-
[4-(acctyloxy)phenyl]-1-(4-chlorophenyl)-2-
azehdinone; and
rel 1-(4-fluorophenyl)-4(8)-(4-hydroxyphenyl)-3(R)-(i
(R)-hydroxy-3-phenylpropyl)-2-azctidinone.

5. A composition of claim 1 comprising & combination of
1-(4-fluorophenyl)-3(R)-[3(R)-(4-fluorophenyl)-3-
hydroxypropyl) -HS)-(4-hydroxyphenyl)-2-azetidinone and
lovastatin, pravastalin, fluvastatin, simvastatin or atorvasla-
tin,

6. A method ol treating or preventing, atherosclerosis or
reducing plasma cholesterol levels comprising administer-
ing to a mammal in need thereol an effective amount of a
compound represented by the Tormnla |
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or 4 pharmaceulically acceptable salt thercol, wherein:

Ar' and Ar® are independently sclected from the group
consisting of aryl and R*-substituted aryl;

Ar® is aryl or R-substituted aryl;

X, Y and Z are independently sclected from the group
cousisting ol —CHy—, —CTl(lower alkyl)— and
—C(dilower alkyl)—;

R and R® arc independently selected from the group
consisting of —OR", —O(COR®, —O(COMOR® and
—-O(CONRER;

R' and R are independently selected from the group
consisting, of hydrogen, lower alkyl and aryl;

qisQor;ris0or1; m, nand p arc independently 0, 1,
2, 3 or 4; provided that at least onc of g and r is 1, and
the sum of m, n, p, g and ris 1, 2,3, 4, 5 or 6; and
provided that when p is O and 1 is 1, the sum of m, g and
nisl, 2,3 4o0r 5

R* is 1-5 substitucnts independently sclected from the
group consisting of lower alkyl, —OR®, —O(COIR?,
—O(CO)OR?, —O(CH,), sOR®, —O(COINR'R?,
—NRR7, —NR¥(0) R”, ——NRY(COYORY, —NR®
(CONRRY, —-NRS0O,R®, —COOR®, —CONRR’,
~—CORY, —SO,NROR”, $(0),-R°, —O(CH.), ,p—
COOR®, - —O(CH,) ., CONRR, — (lower alkylene)
COOR", — CH=C[I ~COOR", —T5, — CN, — NO,
and halogen;

R* is 1-5 substituents independently sclected from the
group consisting of —OR®, ~——Q(COR®, -——XCO)
OR®, —O(CI1,), sOR®, —O(COINRCR, —NRR,
——NRYCOR7, —NR(CO)OR?, —NR(COINRR?,
—NR*S0O,R”, —-COOR®, —CONR®R”, -—COR®,
—SO.NR'R7, S(0),..RY, ~—O(CH,);_,,—COOR",
—O(CHL), o CONRORY, —(lower alkylene)COOR?
and ~—CH=CH—CQORY;

R®, R7 and RY are independently setected from the group
consisting of hydrogen, lower alkyl, aryl and aryl-
substituted lower alkyl; and

R is lower alkyl, aryl or aryl-substituted lower alkyl; in
combination with an cflective amount of a cholesterol
biosynthesis mhihitor sclecled [rom the group consist-
ing of IIMG CoA reductase inhibitors.

7. A method of claim 6 whercin, in the compound of
formula I, Ar' is phenyl or R*-substituted phenyl, wherein
R* Is halogen; Ar® is phenyl or R*-substituted phenyl,
whercin R is halogen or —OR®, wherein R is lower alkyl
or hydrogea;, Ar® is R-substiluted phenyl, wherein R7 is
- -OR®, wherein R® is lower alkyl or hydrogen; X, Y, and Z
arc each — CH,— 5 R and R® are cach hydrogen; R and R?
are cach —OR®, wherein R is hydrogen; and the sum of m
o, p.qandris 2, 3or 4.

8 A methad of claim 6 wherein the HMG CoA reductase
inhibitor is selected from the group consisting of lovastatin,
pravastatin, fluvastatin, simvastatin and atorvastatin.

9. A method of claim 6 wherein the componnd of formula
1 is selected from the group consisting of

’

it

0

30

35

40

45

50

35

60

44

rel 3(R)-(2(R)-hydroxy-2-pheaylethy])-4(R)-(4-

methoxyphenyl)-1-pheayl-2-azetidinone;

rel 3(R)-(2(R)-hydroxy-2-phenylethyl)-4(5)-(4-

muethoxyphenyl)-1-phenyl-2-azetidinone;
3I(S)-(1(8)-hydroxy-3-phenylpropyl)-4(8)-(4-

methoxyphenyl)-1-phenyl-2-azetidinong;
3(S)-(1(R)-hydroxy-3-phenylpropy)-4(8)-(4-

methoxyphenyl)-1-phenyl-2-azetidinone;

I(R)-(1{R)-hydroxy-3-phenylpropyl)-4(8)-(4-

methoxyphenyl)- 1-pheayl-2-azetidinone;
3(R)-(3(R)-hydroxy-3-phenylpropyvl)-1,4(5)-bis- (4=
methoxyphenyl)-2-azetidinone;
3(R)-(3(S)-hydroxy-3-pheaylpropyl}-1,4(8)-bis-(4-
methoxyphenyl)-2-azetidinone;
4(8)-(4-hydroxyphenyD)-3(R)-(3(R)-hydroxy-3-
phenylpropyl)-1-(4-methoxyphenyl)-2-azetidinone;
AHS)-(4-hydroxyphenyl)-3(R)-(3(8)-hydroxy-3-
phenylpropyl)-1-(4-methoxyphenyl)-2-avetidinone;
rel 3(R)-[3(RS8)-hydroxy-3-[4-(mcthoxymethoxy)-
phenylipropyl]-1,4(8)-bis~(4-methoxypheny!)-2-
azetidinong;
1-(4-fluorophenyl)-3(R)-[3(S)-(4-fluorophenyl)-3-
bydroxypropyl)]-4(8)-(4-hydroxyphenyl)-2-
azetidinone;
1-(4-flyoropheny}-3(R)-[3(R)-(4-luorophenyl)-3-
hydroxypropyl)]-4(8)-(4-hydroxyphenyt)-2-
aretidinone;
4(%8)-[4-(acetyloxy)phenyl]-3(R)-(3(R)-hydroxy-3-
phenylpropyD-1-(4-methoxyphenyl)-2-azetidinone;
4(8)-[4-(acctyloxyiphenyl]-3(R)-(3(5)-hydroxy-3-
phenylpropyl)-1-(4-mcthoxyphenyl)-2-azetidinonc,
1-(4-fuorophenyl)-3(R){3(8)-(4-luvoropheny)-3-
hydroxypropyl)]-4(5)-{4-(phenylmethoxy)phenyl]-2-
azetidinone;
3(R)-[3(R)-acetyloxy)-3-phenylpropyl -1, 4(8)-bis-(4-
meihoxy-phenyl)-2-azctidinone;
3(RY{3(8)-acetyloxy)-3-phenylpropyl}-1,4(8)-bis-(4-
methoxy-phenyl)-2-azctidinone;

3(R)-[3(R)-(acetyloxy)-3-(4-fluorophenyl)propyl -4 S)-

[4-(acctyloxy)-pheuyl]-1 -(4-fluorophenyl)-2-
azetidinone;
3(R)-[3(8)-(acetyloxy)-3-(4-lTuoraphiecnylpropyl -4 8)-
[4-(aceryloxy)-phenyl]-1-(4-Duorophenyl)-2-
azetidinone;

3(R)-[3(R)-(accryloxy)-3-(4-chlorophenyl) propyl ]-4(5)-
[4-(acctyloxy)phenyl]-1-(4-chlorophenyl)-2-
azetidinonge;

3(R)-[3(S)-(acetyloxy)-3-(4-chloropheny Dpropyl -4(%)-

[4-(acetyloxy)phenyl]-1-(4-chlorophenyl)-2-
azetidinone; and

rel 1-(4-fluorophenyi)-4(S)-(4-hydroxypheny!)-3(R)-(1

(R)-hydroxy-3-phenylpropyl)-2-azetidinone.

10. A method of clam 6 comprising administering, a
combination of T-(4-lluorophenyl)-3(R)}-[3(R)-(4-
fluorophenyl)-3-hydroxypropy)]-4(S)-(4-hydroxyphenyl)-
2-azetidinone and lovastatin, pravastatin, fluvastatin, simv-
astatin or atorvastatin.
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[57} ABSTRACT

Hydroxy-substituted azetidinone hypocholesterolemic
agents of the formula

R R?
A:l—x,—(cl:),*v,—té‘),uz, A
R! r
N
o \ At

or a pharmaceutically acceptable salt thereof. wherein:
Ar! and Ar® are aryl or R*-substituted aryl;
Ar? is aryl or R*-substituted aryl;

X. Y and Z are —CH,—, -—CH(ower alkyl)— or
—C(dilower alkyl)—;

R and R? are —ORS. —O{CO)R®. —O{COYOR® or
—O(CO)NR®R’;

R! and R? are H or lower alkyl;

qisQor1;ris Qor 1, m. nand p are 04; provided that at
least one of ¢ and r is 1, and the sum of m. n. p. q and r is
1-6; and provided that when p is O and r is 1. the sum of m,
q and n is 1-5;

R* is selected from lower alkyl. R®, —CF,. —CN. —NO,
and halogen R® is selected from —ORS. —O(CO)R®.
—O(CO)OR®,  —O(CH,), ,OR®, —O(COINR°R’,
— 7 —NRYCO)R’. —NRYCOYOR®.
—NRCO)NRRE, —NRSSO,R?, —COORS,
—CONRR?. —COR®%. —SOQ,NR°R’.  S§(0),,R°
—((CH,),.,c—COORS, -O(CH2)1_MCONR%R’.
—{lower alkylene)COOR® and —CH—CH—COORS;

R®. R” and R® are H. lower alkyl. ary! or aryl-substituted Ic
R® is lower alkyl, aryl or aryl-substituted lower alkyl;

are disclosed. as well as a method of lowering serum
cholesterol by administering said compounds. alone or in
combination with a cholesterol biosynthesis inhibitor. phar-

maceutical compositions containing them; and a process for
preparing them.

9 Claims, No Drawings
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substituted phenyl. Ar? is preferably phenyl or
R*-substituted phenyl, especially (4-R*)-substituted phcngl.
Ar® is preferably R>-substituted phcnyl. especially (4-R%)-
substituted phenyl. When Ar' is (4-R*)-substituted phenyl.
R* is preferably a halogen. When Ar? and Ar® are R*- and
R3-substitated phenyl. respectively, R* is preferably halogen
or —OR® and R? is preferably —OR®, wherein R, is lower
alkkyl or hydrogen. Especially preferred are compounds
wherein each of Ar' and Ar® is 4-fluorophenyl and AP’ is
4-hydroxyphenyl or 4-methoxyphenyl.

X. Y and Z are each preferably —CH,—R' and R* are
each preferably hydrogen. R and R” are preferably —OR®
wherein RS is hydrogen. or a group readily metabolizable to
a hydroxyl (such as —O(CO)R®, —O(CO)OR® and
—O({COINRCR. defined above).

The sum of m. n, p. q and r is preferably 2. 3 or 4. more
preferably 3. Preferred are compounds wherein m. n and r
are cach zero. q is 1 and p is 2. Also preferred are compounds
wherein p. q and n are each zero. ris 1 and mis 2 or 3. More
preferred are compounds wherein m. n and r are each zero,
gis 1. pis 2,2 is —CH, and R is ——OR®0R;. especially
when RS is hydrogen. Also more preferred are compounds
wherein p. q and n are each zero.ris 1. mis 2. X is —CH,—
and R? is —ORS. especially when R® is hydrogen.

Another group of preferred compounds is that wherein
Ar' is phenyl or R*-substituted [S:henyl, Ar? is phenyl or
R*-substituted phenyl and Ar” is R*-substituted phenyl. Also
preferred are compounds wherein Ar' is phenyl or
R*-substituted phenyl, Ar® is phenyl or R*-substituted
phenyl. Ar® is R*-substituted phenyl, and the sum of m, n, p.
q and r is 2, 3 or 4. more especially 3. More preferred are
compounds wherein Ar' is phenyl or R*-substituted phenyl.
Ar? is phenyl or R*-substituted phenyl Ar® is R*-substituted
phenyl, and wherein m, n and r are each zero. q is 1 and p
is 2, or whercin p. q and n are each zero. ris 1 and m is 2
or 3.

This invention also relates to a method of lowerning the
serum cholesterol level in 2 mammal in need of such
treatment comywising administering an effective amount of a
compound of formula I That is, the use of a compound of
the present invention as an hypocholesterolemic agent is
also claimed.

In still another aspect. the present inventjon relates to a
pharmaceutical composition comprising a serum
cholesterol-lowering effective amount of a compound of
formula I in a pharmaceutically acceptable carrier.

The present invention also relates to a method of reducing
plasma cholesterol levels. and to a method of treating or
preventing atherosclerosis. comprising administering to a
mammal in need of such treatment an effective amount of a
combination of a hydroxy-substituted azetidinone choles-
terol absorption inhibitor of formula I and a cholesterol
biosynthesis inhibitor. That is, the present invention relates
to the use of a hydroxy-substituted azetidinone cholesterol
absorption inhibitor of formula I for combined use with a
cholesterol biosynthesis inhibitor (and. similarly, use of a
cholesterol biosynthesis inhibitor for combined use with a
hydroxy-substituted azetidinone cholesterol absorption
inhibitor of formula I) to treat or prevent atherosclerosis or
to reduce plasma cholesterol levels.

In yet another aspect, the invention relates to a pharma-
ceutical composition comprising an effective amount of a
hydroxy-substituted azetidinone cholesterol absorption
inhibitor of formula L. a cholesterol biosynthesis inhibitor.
and a pharmaceutically acceptable carrier. In a final aspect.
the invention relates to a kit comprising in one container an
effective amount of a hydroxy-substituted azetidinone cho-
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4
Iesterol absorption inhibitor of formula 1 in a pharmaceuti-
cally acceptable camrier. and in a scparate container. an
effective amount of a cholesterol biosynthesis inhibitor in a
pharmaceutically acceptable carrier.

In yet another aspect. the invention relates to a process for
preparing certain compounds of formula T comprising the
steps:

(a) treating with a strong base a lactone of the formula

Z A
R3
> >zo
},n (8]
((‘m'kl)q
Arlo””

or

R? R} B
\/
©)

/g
Y.
Are”” * o o

wherein R' and R are R and R*. respectively. or are suitably
protected hydroxy groups; Ar' is Ar', a suitably protected
hydroxy substituted aryl or a suitably protected amino-
substited aryl; and the remaining variables are as defined
above. provided that in lactone of formula B when n and 1
are each zero, p is 1-4;

(b) reacting the product of step (a) with an imine of the
formula

Ar¥

[

“SAM

wherein Ar?® is Ar®, a suitably protected hydroxy-
substituted aryl or a suitably protected amino-substituted
aryl; and Ar*® is Ar’, a suitably protected hydroxy-
substituted aryl or a suitably protected amino-substituted
aryl;

¢) quenching the reaction with an acid;

d) optionally removing the protecting groups from R'. R?,
Ar'®. Ar®® and Ar*. when present; and

e) optionally functionalizing hydroxy or amino substitu-
ents at R. R®, Ar', Ar? and Ar.

Using the lactones shown above. compounds of formuila
IA and IB are obtained as follows:

z A
sl ool
S D=0 —>
lYn 6] \A!m
((",‘R’R‘).,

Ari0””
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EXAMPLE 10

Step 1:

Follow the procedure of Example 3. using 1-(4-
fluorophenyl-4-(4-t-butyldimethylsilyloxyphenyl)-2-
azetidinone to obtain 1-(4-fluorophenyl-3-(3-phenyl-1-
hydroxypropyl) 4-(4-t-butyldimethylsilyl-oxyphenyl)-2-
azetidinone.

Step 2:

Treat a solution of the cis-azetidinone of Step 1 (0.25 g)
in CH3CN (21 ml) with 48% aqueous HF (2.5 ml). After 18
h, dilute the reaction mixture with cold H,O and extract with
Et,0. Wash (2x H,0, dilute NaHCO, and brine). dry
(MgS0,) and concentrate the Et,0 layer. Crystallize the
residue from EtQAc:hexane (1:2) to obtain the title com-
pound as colorless needles (123 mg. y=064%). mp 168°-171°
C. Elemental analysis cale for C;,H,,0,FN: C 73.64; H
5.66; N 3.58. found C 73.32; H 5.65; N 3.68.

The following formulations exemplify some of the dosage
of this invention. In each the term “active compound”
designates a compound of formula I

EXAMPLE A
Tablets
No. Ingredient mg/tabler  mg/tablet
1 Active Compound 100 500
2 Lactose USP 122 113
3 Corn Starch, Food Grade, as 2 10% 30 40
paste in Purified Water

4 Corn Starch, Food Grade 45 40
5 Magnesium Stearate 3 7

Total 300 700

Method of Manufacture

Mix Item Nos. 1 and 2 in suitable mixer for 10-15
minutes. Granulate the mixture with Item No. 3. Mill the
damp granules through a coarse screen (e.g.. %', 0.63 cm) if
necessary. Dry the clamp granules. Screen the dried granules
if necessary and mix with Item No. 4 and mix for 10-15
minutes. Add Itern No. 5 and mix for 1-3 minutes. Compress
the mixture to appropriate size and weight on a suitable
tablet machine.
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EXAMPLE B
Capsules
No, Ingredient mg/tablet mg/tablet
1 Active Compound 100 500
2 Lactose USP 106 123
3 Com Starch, Food Grade 40 70
4 Magnesium Stcarate NF 4 7
Total 250 700

Method of Manufacture

Mix Item Nos, 1. 2 and 3 in a suitable blender for 10-15
minutes. Add Irem No. 4 and mix for 1-3 minutes. Fill the
mixture sujtable two-piece hard gelatin capsules on a suit-
able encapsulating machine.,

Represcntative formulations comprising a cholesterol bio-
synthesis inhibitor are well known in the art. It is contem-
plated that where the two active ingredients are administered
as a single composition. the dosage forms disclosed above
for substituted azetidinone compounds may readily be modi-
fied using the knowledge of one skilled in the ant.

Using the test procedures described above. the following
in vivo data were obtained for the exemplified compounds,
Data is reported as percent change (i.e.. percent reduction in
cholesterol esters) versus control. therefore. negative num-
bers indicate a positive lipid-lowering effect.

% Reduction % Reduction
Serumn  Cholest. Dosc Serum  Cholest.  Dose
Ex. # Cholest. Esters mgkg Ex # Cholest. Esters mghkg
1A -23 0 50 ac 12.5 0 3
iB -15 -39 50 4D 9 0 7
¢ 14 o} 50 4E 0 -46 3
2 [1} 0 50 4F -2 -95 3
3A -31 ~65 50 5 0 —64 0
ac -60 92 50 6A -5 -5 1
3D ~17 -6 10 6GA-l  —43 ~93 1
3E 0 0 0 6B —40 -92 3
IF -29 T 10 & 0 —48 3
G -16 =38 10 )] —46 95 10
IH —41 ~B6 10 BA 0 -44 3
31 0 =22 10 8B =50 -25 3
31 0 0 3 8C -14 -37 1
3K 0 0 10 8D —49 -98 1
3L -13 =21 10 8E -22 66 3
3M 0 =22 10 8F —43 ~-94 1
4A 0 54 5 10 -26 -77 3
4B -37 -89 8
We claim:
1. A compound represented by the formula
R R
| |
A:’—x..—((l:),—Y.—(ri‘.),—Z, Art
Rl R3
N
0 \ Ar

or a pharmaceutically acceptable salt thereof, wherein:
Ar' and Ar? are independently selected from the group
consisting of aryl and R*-substituted aryl;
Ar® is aryl or R®-substituted aryl;
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X.Y and Z are independently selected from the group
consisting of —CH,—. —CH(lower alkyl)- and
—C(dilower atkyl)-;

R and R? are independently selected from the group
consisting of —OR®, —O(CO)R®, —O(CO)YOR® and
—(COYNR®R”;

R' and R are independently selected from the group
consisting of hydrogen. lower alkyl and aryl;

qisOor I;1ris O or 1; m, n and p are independently 0. 1.
2. 3 or 4; provided that at least one of g and r is 1. and
the sumof m.n.p.qandris 2, 3.4, 5 or 6; and provided
that when pisQandris 1. the sumof m,q and n is 1.
2.3.4o0 5

R* is 1-5 substituents independently selected from con-
sisting of lower alkyl. —OR®, —Q(CO)R®, —O(CO)

OR®, —O(CH,), ;ORS. —O(CO)NR‘R’. —NR°R’.
—NR%(COR’. —NRY(CO)OR®. —NRY(CO)NR'R®,
—NRSSO,R®. mc00R5 —CONR®R”. -COR®,
—OQ(CH,),_,,—COOR®,

-SO,NR*R”. 5(0), R
—O(CHY) 10CONR62R -(Jower alkylene)COOR®,
—CH==CH—COOR®. —CF,. —CN. —NO, and
halogcn

* is 1-5 substituents mdependcntly selected from the
group consisting of —OR®, —O(COR®, —Q(CO)
OR®, —O(CH,), sOR®, —O(CO)NR6R7 NRER’,

—NRSCOR’. NR“(CO)ORQ NRﬁ(CO)NR’RB.

—NR®SO,R%, —COOR‘S ~-CONR®R’. —COR®,
—S80, NRR. 5(0) %R —(O{CH,),.,c—COOR®,
-—()(CH,)1 IOCONR‘%{ -(lower atkylene)COOR® and
~—CH=CH—COORS,

R R” and R® are independently selected from the group
consisting of hydrogen. lower alkyl. aryl and aryl-
substituted lower alkyl: and

R® is lower alkyl. aryl or aryl-substituted lower alkyl.

2. A compound of claim 1 wherein Ar' is phenyl or
R* :ubsututcd phcny] Ar? is phenyl or R*-substituted phe-
nyl and Ar® is R®-substituted phenyl.

3. A compound of claim 2 wherein Ar' is R*-substituted
phenyl wherein R* is halogen; Ar? is R*-substituted phenyl
wherein R* is halogen or —OQR?®, wherein R® is lower alkyl
or hydrogen; and Ar® R®-substituted phenyl. wherein R® is
—0RS. wherein R6 is lower alkyl or hydrogen.

4. A compound of claim 1 whercin X. Y. and Z are each
—CHy—; R* and R® are each hydrogen; R and R® are each
-—OR®, wherein R® is hydrogen; and the sum of m. 1. p. q
andris 2, 3 or 4.

5. A compound of claim 1 wherein m. n and r are each
zero. q is 1 and p is 2.

6. A compound of claim 1 wherein p. q and n are each
zero, ris | and m is 2 or 3.

7. A compound selected from the group consisting of

rel 3(R)-(2(R)-hydroxy-2-phenylethyl)-4(R)-(4-
methoxyphenyl)-1-phenyl- 2-azetidinone;

rel 3(R)-(2(R)-hydroxy-2-phenylethyl)-4(5)-(4-
methoxyphenyl)-1-phenyl-2-azetidinone;

3(5)-(1(8)-hydroxy-3-phenylpropyl)-4(8)-(4-
methoxyphenyl)- 1-phenyl-2-azetidinone;

3(S8)-(1(R)-hydroxy-3-phenylpropyl)-4(8)-(4-
methoxyphenyl)- 1-phenyl-2-azetidinone;
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3(R)-(1(R)-hydroxy-3-phenylpropyl)-4(5)-(4-
methoxyphenyl)-1-phenyl-2-azetidinone;

rel-3(R)-| (S)-hydroxy-(2-naphthalenylymethyl | -4(3S)-(4-

methoxyphenyl)-1-phenyl)-1 -phenyl-2-azetidinone;

rel-3(R)-[(R)-hydroxy-(2-naphthalenylymethyl -4(8)-(4-

methoxyphenyl)-1-phenyl-2-azetidinone;
3(R)-(3(R)-hydroxy-3-phenylpropyl)-1.4(S)-bis-(4-
methoxyphenyl)-2-azetidinone;
3(R)-(3(8)-hydroxy-3-phenylpropyl)-1.4(5)-bis-(4-
methoxyphenyl)-2-azetidinone;
4(8)-(4-hydroxyphenyl)-3(R)-(3(R)-hydroxy-3-
phenylpropyl-1-(4-methoxyphenyl)-2-azetidinone;
4(8)-(4-hydroxyphenyl)-3(R)-(3(S)-hydroxy-3-
phenylpropyl-1-(4-methoxyphenyl)-2-azetidinone;
rel 3(R)-13(RS)-hydroxy-3-[4-(methoxymethoxy)-
phenyl|-1.4(S)-bis-(4-methoxyphenyl)-2-azetidinone;
1-(4-fluorophenyl)-3(R)-13(8)-(4-fluorophenyl)-3-
hydroxypropyl){-4(8)-(*-hydroxyphenyl)-2-
azetidimone;
1-(4-fluorophenyl)-3(R)-[{3(R)-(4-fluorophenyl)-3-
hydroxypropyl)|-4(5)-(4-hydroxyphenyl)-2-
azetidinone;
4(S)-14-(acetyloxy)phenyl [-3(R)-(3(R)-hydroxy-3-
phenylpropyl)- 1-(4-methoxyphenyl)-2-azetidinone:
4(8$)-|4-(acetyloxy)phenyl]-3(R)-(3(S)-hydroxy-3-
phenylpropyl)- 1(4-methoxyphenyl)-2-azetidinone:
1-(*-fluorophenyl)-3(R)-]3(S)-(4-fluorophenyl)-3-
hydroxypropyl)]-4(S)-[4-(phenylmethoxy)phenyl]-2-
azetidinone;
3(R)-13(R)-acetyloxy)-3-phenylpropyli-1.4(S)-bis-(4-
tnethoxyphenyl)-2-azetidinone;
3(R)-[3(S)-acetyloxy)-3-phenylpropyli-1.4(S)-bis-(4-
methoxyphenyl)-2-azetidinone;
3(R)-[3(R)-(acetyloxy)-3-(4-fluorophenyl)propyl |-4(S)-
[4-(acetyloxy)phenyl]-1-(4-fluorophenyl)-2-
azetidinone;
3(R)-[3(8)-(acetyloxy)-3-(4-fluorophenyl)propyt1-4(S)-
[4-(acetyloxy)phenyl}-1-(4-flucrophenyl)-2-
azetidinone;
3(R)-[3(R)-(acetyloxy)-3-(4-chlorophenylypropyl)-4(S)-
[4-(acetyloxy)phenyl]-1-(4-chlorophenyl)-2-
azetidinone:
3(R)-[3(S)-(acetyloxy)-3-(4-chlorophenylypropyl)-4(S)-
[4-(acetyloxy)phenyl]-1-(4-chlorophenyl)-2-
azetidinone; and
rel 1-(4-fluorophenyl}-4(8)-(4-hydroxyphenyl)-3(1R)-(1
(R)-hydroxy-3-phenylpropyl)-2-azetidinone.

8. A pharmaceutical composition for the weatment pre-
vention of athersclerosis, or for the reduction of plasma
cholesterol levels. comprising ap effective amount of a
compound of claim 1 in a pharmaceutically acceptable
carrier.

9. A method of treating or preventing atherosclerosis or
reducing plasma cholesterol levels comprising administer-
ing to & mammal in need of such treatment an effective
amount of a compound of claim 1.

*  * * L
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N N :
RS §] ’
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[0049] In onc embodiment of the invention, the com-
pounds of the formula I are administered in combination
with an ATP citrate lyase inhibifor, such as, for example,
S13-204990.

[0050] In one cmbodiment of the invention, the com-
pounds of the formula I are administcred in combination
with a squalene synthetase inhibitor, such as, for cxample,
BMS-188494,

[0051] In one embodiment of the invention, the com-
pounds of the formula I are administered in combination
wilh a lipoprotein(a) antagonist, such as, for cxample,
CI-1027 or nicolinic acid.

[0052] In one embodiment of the invention, the com-
pounds of the formula I are administered in combination
wilh a lipase inhibitor, such as, for example, Orlistat,

[0053] In ome cmbodiment of the invention, the com-
pounds of the formula | are adminisicred in combination
with msulin.

[0054] 1n one ¢mbodiment, the compounds of the formula
I'arc administered in combination with a sulfonyl urea, such
as, for example, tolbutamide, glibenclamide, glipizide or
gliclazide,

[0055]  In onc embodiment, the compounds of the formula
T arc adminisiered in combination with a biguanide, such as,
lor example, metformin.

[0056] In another embodiment, the compounds of the
formula T arc administered in combination with a megli-
tinide, such as, for cxample, repaglinide.

[0057] In one embadiment, the compounds of the formula
I are administered in combination with a thiazolidinedionc,
such as, for cxample, troglitazone, ciglitazone, pioglitazone,
rosiglitazone, or the compounds disclosed by Dr. Reddy’s
Rescarch Foundation in WO 97/41097, the disclosure of
which is incorporated by reference herein, in particular
5-[[4(3,4-dihydro-3-methyl-4-0x0-2-quinazolinyl-
methoxy Jphenyl]methyl]-2,4-thiazolidinedione,

[0058] In onc cmbodiment, the compounds of the formula
I are administered in combination with an a-glucosidase
inhibitor, such as, for example, miglitol or acarbose.

[0059]  Tu one cmbodiment, the compounds of the formula
1 are administered in combination with an active compound
which acts on the AT'P-dependent potassium channel of beta
cells, such as, for example, tolbutamide, glibenclamide,
glipizide, gliazide or repaglinide.

[0060] In one embodiment, the compounds of the formula
I'are administered in combination with more than one of the
abovementioned compounds, for example in combination
with a sulfonyl urca and metformin, a sulfonyl urca and
acarbose, repaglinide and metformin, insulin and a sulfonyl
urca, insulin and metformin, insulin and troglitazon, insulin
and lovastatin, ete,

[0061] In a further cmbodiment, the compouads of the
formula 1 are administered in combination with CART
agonists, NPY agonists, MC4 agonists, orexin agonists, 113
agonists, INF agonists, CRF agonists, CRT BP antagonists,
urocortin agonists, $3-agonists, MSH (mclanocyte-stimulat-
ing hormone) agonists, CCK agonists, serotonin reuptake
inhibitors, mixed serotonin and noradrencrgic compounds,

Sep. 12, 2002

SIIT agonists, bombesin agonists, galanin antagonists,
growth hormone, growth hormonc-releasing compounds,
TRH agonists, decoupling protein 2- or 3 modulators, leptin
agonists, DA agonists (bromocriptin, doprexin), lipasc/amy-
lasc inhibitors, PPAR modulators, RXR modulators or TR-(3
agonists.

[0062] In one cmbodiment of the invention, the [uriher
active compound is leptin,

[0063] inone embodiment, the further active compound is
dexamphctamine or amphetamine.

[0064] 1n one embadiment, the further active compound is
fenfluramine or dexfenfluramine.

[0065] In another crmbodiment, the further active com-
pound s sibutramine.

[0066] Inone cmbodiment, the further active compound is
Orlistat.

[0067] In onc embodiment, the further active compound is
mavzindol or phentcrmine.

[0068] In onc cmbodiment, the compounds of the formula
I are administered in combination with fiber, preferably
insoluble fiber, such as, for example, Caromax@, The com-
bination with Caromax® can be given in one preparalion or
by scparate administration of compounds of the formula [
and Caromax®. Here, Caromax® can also be administered
in the form of food, such as, for example, in bakery goods
or muesii bars, Compared 1o the individual active com-
pounds, the combination of compounds of the Tormula I with
Caromax® is, in addition to an enhanced action, in particular
with respect to the lowering of LDI. cholesterol, also char-
acterized by its improved lolerability.

[0069] It gocs without saying that each suitable combina-
tion o the compounds according to the invention with one
or more of the compounds mentioned above and optionally
one or more [urther pharmacologically active substances is
included in the scope of the present invention.

[0070] The invention furthermore provides both stercoi-
somer mixtures of the formula 1 and the pure stereoisomers
of the formula I, and diastcreomer mixtures of the formula
Land the pure diastereomers. The mixtures are separated by
chromatographic means.

[0071] Preference is given to both racemic and cnantio-
merically purc compounds of the formula I of the following
structure:

ol
Ro

AN
>
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[0106] LCffect on Cholesterol Absorplion+*II-taurocholic
Acid Excretion Using Fecal Exerement of Mice, Rats or
Hamsters

[0107] NMRI mice, Wistar rals, or Golden Syrian ham-
sters (in groups of n=4-6) are kept in metabolic cages, where
they are fed with a standard diet (Altromin, Lape (Lippe)).
The afternoon prior 1o the administration of the radioactive
tracers (Y'C-cholesterol), the feed is removed and the ani-
mals are adapted to grates.

[0108] Additionally, the animals are labeled s.c. with
"H-TCA (taurocholic acid) (for example 1 4Ci/mouse up to
5 uCifrat) 24 hours prior to the peroral administration of the
test meal (M'C-cholesterol in Intralipid® 20, Pharmacia-
Upjohn).

[0109] Cholesterol  absorption  test:  0.25  ml/mouse
Intralipid® 20 (Pharmacia-Upjohn) ((spiked with 0.25 uCi
of ""C-cholesterol in 0.1 mg of cholesterol) is administered
perorally by pavage.

[01107 Test substances are prepared separately in 0.5%
methyleellulose (Sigma)/3% Solutol (BASE, Tudwigshafen)
or a suitable vehicle.

[0111] The administration volume of the test substance is
0.5 ml/mouse. The test substance is administered immedi-
ately prior fo the test meal (Intralipid labeled with (-
cholesterol) (cholesterol absorption test).

[0112] The feecs are collected over a period of 24 h: fecal
climination of ''C-cholesterol and *H-taurocholic  acid
(TCA) is determined aller 24 hours,

[0813] ‘The livers are removed and homogenized, and
aliquols are incinerated in an oximate (Maodel 307, Packard)
1o delermine the amount of ' C-cholesterol which had been
laken up/absorbed.

[0114] Evaluation:
[0815] Teces Samples:

[0116] 'T'he total weight is determined, the sample is made
up with water to a defined volume and then homogenized,
and an aliquot is evaporated to dryness and incinerated in an
oximate (Model 307 from Packard for the incineration of
radivactively Tubeled samples): the amount of radioactive
*H—ILO and YC—0, is cxtrapolated to the amount of
i-taurocholic acid and *4C-cholesterol, respectively, that is
exercted (dual isotope technigue). The ED,,, values as dose
from a dosc¢-cffect curve are interpolated as those doses at
which the excretion of TCA or cholesterol is doubled, based
on a control group treated at the same lime.

[0117] Viver Samplos:

[0118] The amount of *C-cholesterol taken up by the liver
is based on the administered dose. The ED, values are
interpolated from a dosc-cflect curve as the dose at which
the uptake of C-cholesterol by the liver is halved (50%),
bascd on a confrol group.

{0119] The LDy, values below demonstraie the activity of
the compounds ol the Tormula T according 1o the invention

Lixample No. BL., (iver) [mgimouse

AVI 0.3
XV 0.3
XIX 0.l

[0120] As cav be scen from the table, the compounds of

the formula [ have very good cholesterol-lowering action,
The compounds can thus be used o control cholesterol
concentration. Such control can be by loweriag, the choles-
terol concemalion, or maintaining a desired level of choles-
terol concentation.

[0121] Bioabsorption:

[0122] The bioabsorption of the compounds of the formula
I can be examined using the Caco cell model (AL R 1ilgers
¢l al, Caco-2 cell monolayers as a model for drug transport
across the intestinal mucosa, Phamm. Res. 1990, 7, 902).

[0123] Below is a bioabsorption measurement for a refer-
cnee compound

Reference structure Fxample

Apparent partition coefficient 488 % 10 ™
Paglemisl

{(nccording Lo Lit. Hilgers)

Estimated human bioabsorption 100%

Of

Reference structure:
Fretimibe

We ¢laim:
1. A compound of the formula I,

A
R& | "--u.\\\B
[\\ e
Rﬁ// . \/ S F
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or a pharmaccutically acceptable salt or cster thereof, in where n=0-6, where the pheayl ring may be mono-
which 1o trisubstituted by F, C1, Br, 1, O, CF;, NO-, ON,
. OCE,, O0—C,-Cyalkyl, (C,-Cy)-alkyl, NIH.,
R1, _1_{2,__‘1{3, R4, RS, R6 independently of one another are NH "—‘((_TX-C,J)—alkyl‘, NCA(C,-C )-alkyl),,  SO.—
((_“-(_ 30)—alkylt:nc-L3 where one or more carbon atoms CIL,, COOH, COO—(C,-C,)-alky) or CONIIL;
of the alkylene radical may be replaced by —0-- ; " -
—(C—0)—, —CH—CH—, —C=(—, —N(C-Cy)- wherein at least one of the radicals RT to R6 has the

alkyl)- or —NH-, or meaning (Cy-Cso)-alkylene-1., where one or more car-
bon atoms of the alkylene radical may be replaced by

H, ¥, C1, Br, I, CF,, NO,, CN, COOH, COO(C,-C,)- o =0y, —CH=Cl—, —C=C -,
alkyl, CONIL,, (‘.()NH(_C‘,—(‘G)—alkyl, CON[(C-Ce)- - N((C,-Cy)-alkyD)-, or — NI—.
alkyl],, (C,-Cp)-alkyl, (Cx-Cy)-alkenyl, (Cz-Cp)- 2. A compound as claimed in claim 1, whercin
alkynyl or O--+{C,-C)-alkyl, where one, more or all P ’
hydrogens in the alk;l radicals may be replaced by R1, RZ, R3, R4, RS, R6 independently of one another arc
[uorine; or (Co-Cap)-atkylene-1., where one or more carbon atoms
o - ) of the alkylene radical may be replaced by —O—,
§0,—NIL, SO,NH(C;-C/)-alkyl, SO,N[(C,-Cy)- —(C=0)— or —NII—, or
alkyll,, S—(C,-Cy-alkyl, S—(CIL,),-phenyl, . . o . L
SO—(C,-C)-alkyl, SO—(CH,) -phenyl, $O,— H, F, (1, _]3!‘, [, C l‘z, NQ., ‘( N‘, COOT, (‘ ()()((‘,-(‘,‘)~
(C4-Co)-alkyl or SO (CH,),-phenyl, where n=0-6 alkyl, CONH,, CONIKC',-C',)-alkyl, CON[(C',-C',)-
and the phenyl radical may be substituted up Lo (wo alkyll, (€, (_,)_:ellliyl, (Co-C)alkenyl, (Co-C)-
times by E, CL Br, OH, CLy, NO,, CN, OCJ;, atkynyl or (')--—(( ,-C h)—alky_'l, where one. more or all
O—(C,-C)-alkyl, (C-Co)-alkyl or NH; ar hydrogens in the alky! radicals may be replaced by

_ fluorine; or
NH, NIL—(C,-Co)-alkyl, N(C,-Co)-alkyl)o, NH(C,- S0,-NH., SO.NH(C =C)-alkyl, SON[(C,-C,)-alkyl]

C)-acyl, phenyl or O—(CH.), -phenyl, where n=0-

. 6, where the phenyl ring may be mono- to trisubsti- 2 S'_((‘l'g?@)_a“‘?l’ S—(("II:)H_‘—}?hcnyl: S(,)_((.:l_
tuted by F, Cl, Br, L, OH, CF,, NO,, CN, OCT Coy-alkyl, SO—CIL), -phenyl, SO,—(C,-Co)-alkyl
O—(C, - ’)-alkyl ’((j’_(-_, ),-alky;i NH.:, NII(C,-C )1_’ or $0,—{CIL,),-phenyl, where n=0-6 and the phe-
alkyl ! N‘('((‘ ¢ ') '1111{y1)c SO.—CT1 COON nyl radical may be substiluted up to two times by F,
a . b)) 5, UL, E »

Cl, Br, O, CFy, NO., CN, OCF;, O-HC-C)-
alkyl, (C,-C)-alkyl or NH,,; or

NI, NH—C,-C,)-alkyl, N((C,-C,)-alkyl)., NH(C-
. )-acyl, phenyl or O—(CH,),-phenyl, where n=0-6
and the phenyl ring may be mono- to trisubstituted

COO—(C,-C)-alkyl or CONH_;

T.1s shown connceted 1o (C-Cao)-alkylene as Tollows:

R -
X\4\ by I, CL Br, I, OH, CF,, NO., CN, OCL5, O—(C)-
=N Co)alkyl, (C-Cy)-alkyl, N1, NI(C-C)-alkyl,
S | N((C,-Co-alkyl), 8O, —Cll;, COOH, COO - (O~
NI OH . )-alkyl or CONH;
I. is shown connected to (C,-Cy))-alkylene as [ollows:
I oy Sy
1(_(‘r,—(.‘3r,)-;\lkyle1\e-j—| | ——Ry
F Z Rx
N
J g
oy
.
S “

NH OH

Rx, Ry, Rz independently of one another are H, F, Cl, Br,
I, CE,, NO, CN, COOH, COO—C,-C)-alkyl,
CONH,, CONH—C,-Cp)-alkyl, CON—(C,-Cy)-
alkyllss (C,-C-alkyl, (C,-Cp)-alkenyl, (C,-Cp)-alky-
nyl or O—(C,-C,)-alkyl, where one, more or all hydro-
gens in the alkyl radicals may be replaced by fluorine;

or

SO,—NH,, SO,NH—C;-Co)-alkyl, SON—{(C;- Rx, Ry, Rz independently of one another are H, ¥, €1, Br,
Ce)alkyll,, $—(Cy-Cy)-alkyl, S—(ClL,) -phenyl, I, Oy NO., ON, COOH, COO-(C,-C,)-alkyl,
SO—(C,-Co)alkyl, SO—(CH,),-phenyl, $0,— CONH,, CONH—(C,-C,)-alkyl, CON-~{(C-(2)-
(C,-Co)-alkyl or 8O, ~(CHL),-phenyl, where n=0-0 alkyl s, (C,-Co)-alkyl, (Co-C)-alkenyl, (C-C,)-alky-
and the phenyl radical may be substituted up to two nyl or O—(C,-C)-alkyl, where one, more arall hydro-
times by I, Cl, Br, OH, CF,, NO,, CN, OCT, grens in the alkyl radicals may be replaced by fluorine;
O—(C,-Cy)-alkyl, (¢7,-C)-alkyl or NH; or or ’ '

NH,, NH—(C,-Cp-alkyl, N—((C,-Cy)-alkyl),, SO.—NHs, SONH- (C,-Co)alkyl, SON (¢

NII—(C,-C,)-acyl, phenyl or O—(CH;),-phenyl, Co)-alkylls, S—(C-Cp)-alkyl, S—(CH.) -pheayl,
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SO (C,-Co)-alkyl, SO-{CIL), -phenyl, SO,—
(C-C)-alkyl or SO, —(CIL,),-phenyl, where n=0-6
and the phenyl radical may be substituted up to two
times by F, Cl, Br, OH, CF,, NO., CN, OCE,,
O—(C,-Cy)-alkyl, (C-Cy)-alkyl or NIL,; or

NI,  NI—(C,-C)-alkyl, N—(C4-C,)-alkyl),,

NH--(C,-C)-acyl, phenyl or O (CH,), -phenyl,
where n=0-6, where the phenyl ring may be mono-
Loy trisubstituted by I, CI, Br, 1, O, €Ty, NO,, CN,
OCF,,  O-d Cy-Co)-alkyl,  (C,-C,)-alkyl, NH,,
NH—(C,-C,)-aTkyl, N—((C,-C )-alkyl),, SO,—
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Rx, Ry, Rz indepeadently of onc another are 11, |, C1, Br,
I CH, NO, CN, COOI, COO—C -C )-alkyl,
CONH., CONH-(C,-C-alkyl, CON  [(C,-C,)-
alkyl]s, (C,-C )-alkyl, (C,-C)-alkenyl, (€,-C )-alky-
ayl or O—C-C,)-alkyl, where one, wore or all hydro-
gens in the alkyl radicals may be replaced by fluorine;

or

$0.—NI,,  SONI—C,-C)-alkyl,  SON—(C,-
Cy)-alkylls, S—(C-C-alkyl, S—(CH.), -phenyl,

CH,, COOH, COO-~{C,-C,)-alkyl or CONH,;

wherein at least onc of the radicals Rl to R6 has the
meaning (C,-Cy,)-alkylene-L, where one or more car-
bon atoms ol the alkylene radical may be replaced by
—O—, (C=0)— or —NH-—.

3. A compound as claimed in elaim 1, whercin

R1, R2, R3, R4, RS, RO independently of one another arc
(Cy-Cag)-alkylene-L, where one or more carbon atoms
of the alkylene radical may be replaced by —QO—,
—(C=0)— or —NH—, or

H, F, CL, Br, 1, CFKs, NO,, CN, COOH, COO(C,-C,)-
alkyl, CONH,, CONII(C,-C,)-aTkyl, CON[(C,-C,)-
ﬂlkyl_l:a ((11'(}.)'3”\'}’1, ((12'(‘:-.)'“1](0‘73'1, ((?:'(‘r_'a)'

S0—C-Cp)-alkyl, SO—CH.),-phenyl,  SO,—
(C,-C)-alkyl or SO.—(CI1,), -phenyl, where n=0-6
and the phenyl radical may be substituted up 1o lwo
times by F, Cl, Br, OH, CF,, NO., CN, OCF,,
OO -C)-alkyl, (C-C)-alkyl or NIL; or

NIL, NI—C,-C)-alkyl,  N—((C,-C)-alkyl)-,

NH——(C7,-C)-acyl, phenyl or O-- (CHL),-phenyl,
where n=0-6, where the phenyl ring may be mono-
to risubstituted by F, (71, Br, 1, OH, CF,, NOS, ON,
OCE,,  O0—C,-C-alkyl, (C,-C)-alkyl, NH.,
NH—(C,-C,)-alkyl, N—{((C -C)-alkyl)., SO,—
C1L,, COOIL, COO—C,-C,)-alkyl or CONIL,;

S0,

alkynyl or O—C,-C,)-alkyl, where one, more or all
hydrogens in the alkyl radicals may be replaced by
fuorine; or

NH,, SO,NH(C,-C.-alkyl, SO.N[(C,-C,)-
alkyll,, 8 (C,-Co-alkyl, S—(CH.),-phenyl,
SO (Cy-Cy)-alkyl, SO --(CH.),-phenyl, SO,-—
(Cy-Cp)-alkyl or SO,—(CI1,),-phenyl, where n=0-6
and the phenyl radical may be substituted up to two

where one of the radicals R1 or R3 has the meaning
(C,-Cy)-alkylene-1., where une or more carbon atons
of the alkylene radical may be replaced by —O-
—{ (=0} or -—-NI1—.

4. A compound as claimed in claim |, whercin
R1, R2, R3, R4, R5, R6 independently of one another are

— (CHL),.,—NI—(C=0), ,—(C-C,)-alkylene-

umes by I, Cl, Br, OH, CF,, NO,, N, OCF,,
O—(C,-C)-alkyl, (C,-C)-alkyl or NIL,; or

NH,, NH—(C,-C)-alkyl, N((C,-C,)-alkyl),, NII(C,-
C)-acyl, pheny! or O—(CH,)_-phenyl, where n=0-0
and the phenyl ring may be mono- Lo trisubstituted
by F,TL Br, I, OH, Cl'y, NO,, CN, OCls, O—(C-
Co-alkyl, (C,-Cy)-alkyl, NIIL,, NIKC,-C,)-alkyl,
N((C,-C)-alkyl),, SO, CH,, COOH, COO (-
Cp)-alkyl or CONIL,;

L is shown connected to (C,-C, )-alkylene as follows:

Rx

,\4\|N

\ NH OH

: B S

| ((_'\-,—-(.‘_zo)-alkylencv}-"l- | —==Ry
P s IN s
\Q)
Wa

(C=0).,—Nl—I., where one or more carbon
atoms of the alkylene radical may be replaced by
0xygen aloms, or

1, K, C1, B, 1, CF,, NO., ON, COOH, COO(C,-C,)-

alkyl, CONIL,, CONII(C,-C,)-alkyl, CON[(C-())-
alkyl],, (C,-Cp)-alkyl, (C,-C )-alkenyl, (C.-C)-
atkynyl or O—(C2,-C)-alkyl, where one, more or all
hydrogens in the alkyl radicals may be replaced by
{luorine; or

SO, —NH,,  SONH(C,-C )-alkyl,  SOLN[(C,-C,)-

alkvll,,  S—C-C-alkyl,  S—CTL),-phenyl,
SO—C,-C)alkyl, SO—CHL),-phenyl,  S0.,—-
(C-Cmalkyl or SO.—-(CH.),-phenyl, where n=0-6
and the phenyl radical may be substituted up 1o two
times by F, Cl, Br, OH, CF; NO. CN, OCI,,
O—(C,-C)-alkyl, (C,-C)-alkyl or NH.; or

NH,, NH-—(('-C)-alkyl, N((C,-C,)-alkyl)., NH(C',-

(2;)-acyl, phenyl or O—(CH.),-phenyl, where n=0-6
and the phenyl ring may be mono- 1o trisubstituted
by I, C1, Br, I, OH, CF,, NQ., CN, OCE,, O—(C -
C-alkyl, (C-C)-alkyl, NH., NH{C,-C )-alkyl,
N((C,-Cp)-alkyl)., SO.—CIL,, COOIL COO (-
C)-alkyl or CONH;

\(f;
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eae as follows:

L is shown counected 10 (Co-C ao)-atkyl

S NH QM

Rx, Ry, Rz independently of one another are i, 1, (1, Br,
L CF, NO,, ON, COOM, COO-{C,-C,)-alkyl,
CONH,,  CONB—{C-Cg)-alkyl, CON-{(C,-C)-
alkylh, (€-C)-alkyl, (C-C-alkenyl, (C,-C)-alky-
nyl or O-—(C,-C,)-alkyl, where one, more or all hydro-
peas in the alkyl radicals may be replaced by fluorine:
or

SO~NH,, SONH—C,-Cp)-alkyl, SO,N-—(C,-
Coalkyll,, S—(C,-C-atkyl, S—CH,) -phenyl,
80—(C,-C)alkyl, SO—(CIL), -phenyl, SO.—
(C-C)ralkyl or SO,~(CIL,),-phenyl, where o=0-6
and the phenyl radical may be substitmted up to two
times by ¥, Cl, Br, O, Cl;, NO,, CN, OCL,,
O—(C,-Cy)-alkyl, (C,-C )alkyl or NH,; or

NH,,  NI—HC-C-alkyl, N—(C,-C)-alkyl),,
NH—AC -C)acyl, phenyl or O-—(CH,), -phenyl,
where n=0-6, where the phenyl ring may be mono-
to nisubstituted by F, C1, Br, I, OH, CF,, NO,, CN,
OCE,, O—C-C)-atkyl, (C-C)-alkyl, NIl
NH——(C,-C)-alkyl, N-—((C,-C)-alkyl)., S0,—
CH,, COOH, COO—(C,-C,)-alkyl or CONR,,;

where one of the radicals R1 or R3 has the meaning
——(CH,),, ,~~NH—~(C=0),, ,—{(C;-C,,)-alkylene-
((==0),,_,—NH—1., where one or more carbon atoms
of the alkylene radical may be roplaced by oxygen
BHOMS,

5, A pharmaceutical composition comprising one of more
of the compounds as claimed in claim 1 and a pharmaceu-
tically acceptable carrier.

6. A pharmaceutical composition comprising one or more
compouads as claimed in claim 1 and at least one further
aclive compound.

7. A pharmaccutical composition as claimed in claim 6,
comprising, a5 4 further active compound, one or more
compounds that normalize hipid metabolism.

K. A pharmaceutical composition as claimed in claim 0,
which comprises, as a further active compound, one or more
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cally active cnmpoun@s. }IM(?-
CoA reductase mhibitors, cholesterol al"sr_?rptim)\ ,mhﬂ’nllohrs?
PPAR gamma agonists, PPAR a_lphf{ fl_‘.‘,'('\nl.“sl.?-;, i }{\R. la .p a/
gamma agonists, fibrates, MTP mhxb]tnrsi,, thIc acx.d ti »Tur{)-
tion inhibitors, CETP inhibitors, ;7}{15_/11@'{0 bile acx_d ald.;‘nr >
ots, LDI. receptor inducers, ACAI u}hxhﬂors, amlmx_nlc ants,
lipoprotein lipase inhibitors, ATE citrate lyase mhxjﬂf‘_rm
squalcne synthetase inhibitors, hp('»promn.(a) antagostists,
lipase inhibitors, insulins, sulfonylurcas, l_ng\fm_udcs;, meg-
litinides, thiazolidindiones, a-glucosidase inhibitors, active
compounds which act on the ATP-dependent pt;)tas'é;%um
channel of the beta cells, CART agonists, NPY agonists,
M4 agonists, orexin agonists, 113 agonists, TN agonists,
CRF agonists, CRI BP antagonists, urocortin agonists, {33
agonists, MSH (melanoeyt-stimulating hommone) agonists,
CCK agonists, serotonin-reuptake inhibitors, mixed scroto-
ain and noradrenetgic compousds, 51T agomsts, bombesin
agonists, galanin antagonists, growih hormones, growth
hormone-releasing compounds, TRIT agonists, decoupling,
protein 2- or 3-modulators, keptin agonists, DA agonists,
lipase/amylase mhibitors, PPAR modulators, RXR modula-
tors or TR-f-agonists or amphetamines.

antidiabetics, hypoglycemi

9. A method for the treatment of impaired fipid metabo-
lism, which comprises administering 10 a host in need of the
treatment an effective amount of at least one compound as
clarmed in claim 1.

10. A method as clumed in claim 9, wherein the host
suffers from impaired hpid metabolism.

1L A method for the treatment of hypetlipidemia, which
comprises administering to a host in need of the treatment an
cffective amount of at least onc compound as claimed in
claim 1.

12, A method as claimed in claim 11, wherein the bost
suflers from bypedipidemis.

13. A method for controfling the serum cholesterol con-
centration in a host, which comprises admiaistering to the
host in need of the control of scrum cholesierol coneentra-
tion an effective amount of at least one compouad as claimed
in claim 1.

14. A method for the treatment of an arteriosclerotic
manifestation, which comprises admigistering 10 a host in
peed of the treatment an effective amount of at least vne
compaund as clatmed in claim 1,

15. A mwthod as claimed jn claim 14, wherein the host
sulfers from an arteriosclerotic manilestation,

16, A method for the treatment of josulin resistance,
which comprises admimstering to a host in neced of the
treatmeat an effective amount ol at least one compound as
claimed o claim 1.

17. A method as claimed o claim 16, whercin the host
suffers from insulin resistance,
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1571 ABSTRACT

Sulfur-substituted azetidinone hypocholesterolemic agents
of the formula

Il( 1
S(0), Ard

1 (€l
Ny Ny
R]
N

(9]

Ar!

A
or a pharmaceutically acceptable salt thereof, wherein:

Ar' is aryl. R'"-substituted aryl or heteroaryl;

Ar? is aryl or R*-substituted aryl;

AD is aryl or R*-substituted aryl;

X and Y are —CH,—. —CH(lower alkyl)— or
—C(dilower alkyly—;

R is —ORS, —O(CORE. —O(COIOR? or —O(CO)
NR®R”; R* is hydrogen. lower alkyl or aryl; or R and
R! together are =0;

qisQor 1;ris 0. 1 or 2; m and n are 0~5; provided that
the sum of m., n and q is 1-5;

R* is selected from lower alkyl, —OR® —O(CO)R".
—O(CO)OR®. —O(CH,), ;ORS, —O(COINR R,
— NRR?, —NRYCO)R?, —NR%(CO)OR?. —NR°®
(COINR'R®, —NR®SO,R®, —COOR®, —CONR®R’,
—COR?, ~-SO;NR°R”. §(0)o..R®, —(CH), ,o—
COORS, —O(CH,), ;,;CONR®R’, —(lower alkylene)
—COOR? and —CH—CH--COORS;

R® is selected from —OR®. —O(CO)R®. —O(CO)YOR®,
—O(CH,), ;OR®, —O(CO)NR®R’, —NR°R”. —NR®
(CO)R7. —NRS(CO)OR®, —NR®(CO)NR7R?®,
—NR®SO,R®, —COORS, —CONR®R’, —CORS,
—SO,NRR?, §(0)y..R°, ——O(CH,), ,,—COOR®,
—O(CH,),.,,CONR®R”, —(F,. —CN. —NO..
halogen, —(Jower alkyleng)COOR® and —CH==CH—
COOR?;

R® R’ and R® are H. lower alkyl, aryl or aryl-substituted
lower alkyl;

R® is lower alkyl, aryl or aryl-substiuted lower alkyl; and

R*¥ is selected from lower alkyl, —ORS. —O(CO)RS.
—O(CO)OR®, —O(CH,), ;,OR®, —O(CO)NRR”.
—NR®R’, — NRSCO)R?. —NRS(CO)OR?. —NR®
(CONR'R®, —NR®SO,R?, —COOR®, —CONR®R’,
—CORS. —SO,NRR”. §(0),..R". —O(CH,), ,;—
COOR®, —O(CH.),.,(CONR®R”. —CF,. —CN.
—NO, and halogen;

are disclosed. as well as pharmaceutical compositions
containing them, and a method of lowering serum
cholesterol by administering said compounds, alone or
in combination with a cholesterol bjosynthesis inhibi-
tor.

15 Claims, No Drawings

#%1
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EXAMPLE 19
oH
OH
§
N
0
F

Treat the product of Fxample 18, Step 1, with NaBH,
according to the procedure of Example 16. aud treat the
resultant product with HF according to the procedure of
Hxample 1. Method A. Step 3. to obtain the fitle compound.
mp. 95°~105° C.

The following formulations exeroplify some of the dosage
forms of this invention. In cach the term “active compound”
designates a corpound of formula 1.

EXAMPLE A
Tablets
No. Ingredient my/tahlet mg/tablet

1 Active Compound 100 500
2 Lactose USP 122 113
3 Corn 8tarch, Food Grade, 30 40

as 2 109 paste in Purified Watet
4 Com Starch, Food Grade 45 40
5 Magnesium Stearate 3 7
Total 30 00

Method of Manufacture

Mix ltem Nos. 1 and 2 in snitable mixer for 10-15
mpinutes. Granulate the mixture with item No, 3. Mill the
damp granules through a coarse screen (e.g.. %", 0.63 cm)
if necessary. Dry the damp granules. Screen the dried
granules if necessary and mix with Item No. 4 and mix for
1015 miputes, Add Item No. 5 and mix for 1-3 minutes.
Compress the mixture to appropriate size and weight on a

suitable tablet machine.
EXAMPLE B
Capsules
No, Ingrediept mg/tablet myg/tablet
1 Actve Compound 100 500
2 Lactose VISP 106 123
3 Com Starch, Food Grade 40 70
4 Maguesiwn Stearate NF 4 7
Total 250 00

Method of Manufacture

Mix Item Nos. 1, 2 and 3 in a suitable blender for 10-15
minutes. Add Item No. 4 and mix for 1-3 minutes. Fill the
mixture into suitable two-piece hard gelatin capsoles on a
suitable encapsulating machine.

Representative formulations comprising a cholesterol bio-
synthesis inhibitor are well known in the art. It is contem-
plated that where the two active ingredients are administered

5
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as a single composition. the dosage forms disclosed above
for substituted azetidinone cornpounds may readily be modi-
fied using the knowledge of one skilled in the art.

Using the test procedures described above, the following
in vivo data were obtained for representative preferred
compounds of formula I. Data is reported as percent change
(i.e.. percent reduction in cholesterol esters) versus control,
therefore, negative numbers indicate a positive lipic-
lowering effect.

95 Reduction

Serum Cholest. Dose
Ex. # Cholest. Esters raglkg
1 -27 ~83 1
b -28 ~82 L
5 -42 ~97 t
63 —A42 05 1
6 —38 -95 1
Ta 0 —~48 Q1
7d a -42 a.1
9b ~24 -63 0.1
1 ~-35 -Q5 3
14 -20 ~64 3
15 =27 -88 1
18 =27 —68 3

For racemic compounds of formula T or active diastere-
omers or enantiomers of compounds of formuia I. com-
pounds administered at dosages of 0.1-25 mg/kg show a
range of 21 to ~97% reduction in cholesterol esters, and a
—57 to 0% reduction in serum cholesterol. Compounds
preferably show a range of -21 1o -97% reduction in
cholesterol esters at a dosage range of 0.1 to 3 mg/kg. more
preferably a range of ~21 to ~97% reduction in cholesterol
esters at a dosage range of 0.1 to 1 mg/kg.

We claim:

1. A compound represented by the formula

R 1

Ar 5(0), Ar?

t (Ca
'\Xm/ l \Yn/
Rl
o N

or a pharmaceutically acceptable salt thereof, wherein:

Ar' is heteroaryl;

Ar® is aryl or R*-substimuted aryl;

A is aryl or R*-substituted aryl;

X and Y are independently selected from the group
consisting of —CH,—. ~—CH(lower alkyl}— apd
—{(dilower alkyl)—;

R is —OR®. —O(COR®, —O(COYOR® or —O(CO)
NR®R"; R! is hydrogen. lower alkyl or aryl; or R and
R! together are =0;

gisOorl;

risG.lor2;

m and p are independently 0, 1. 2. 3. 4 or 5; provided that
the sum of . n and q is 1. 2. 3. 4 or 5;

R* is 1-5 substituents independently selected from the
group consisting of lower alkyl, —ORS, —O{CO)R®,
—~O{COYOR®, —D(CH,), sOR®. —O(COINRR’,
—NR°R’, —NR%COR’, —NRYCO)OR®, —NR®
(CONR'R®. ~—NR°SO,R®. ——COOR®, —CONRR’,
—COR?, —SONR°R’, S(O)O_%R". —O(CH,), 1o—
COOR®, —O(CH,)_;(CONR®R?, —(lower alkylenie)
COOR?® and -~CH=CH—COOR%,

Ars

2 ) (/!"’{
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R’ is 1-5 substituents independently selected from the
group consisting of —ORS, —O(COR®, —O(CO)
OR®, —O(CH,), s0R®, —O(CONRR”, —NR°R’,
—NRYCO)R”, —NRY(COYOR®, —NRYCONR'R®,
—NR®SO,R®, —COOR®, —CONRR”, —CORS®,
—SO,NRR’, $(0) R, —O(CH,), ;o~-COOR®,
—O(CH,),.;cCONR®R’, —CF,, —CN, —NO,,
halogen, —(lower alkylene) COOR® and —CH=CH—
COORS;

R® R” and R® are independently selected from the group
consisting of hydrogen, lower alkyl, aryl and aryl-
substimted lower alkyl;

R® is lower alkyl, aryl or aryl-substituted lower alkyl; and

R is 1-5 substituents independently selected from the
group consisting of lower alkyl, —OR®, —O(CO)R®,
—O(CO)OR®, ~O(CH27)1_50R6. —O(CO)NR°R’,
—NRR’, —NRY(CO)R’, —NR%(CO)OR®, —NR°
(CONR'R®, —NR®SO,R®, —COOR®, —CONR®R’,
—COR®, —SO,NRR’, 8(0)y.R%. —O(CH,) ;06—
COORS, —-O(CH2)1_10CONRgR7, —CF;, —CN,
—NQ, and halogen.

2. A compound of claim 1 wherein q is zero.

3. A compound of claim 1 wherein q is 1.

4. A compound of claim 2 wherein Ar' is thienyl. Ar” is
R*-substituted phenyl and Ar” is phenyl or R*-substituted
phenyl.

5. A compound of claim 2 wherein X and Y are each
—CH,— and the sump of m and nis 2, 3 or 4.

6. A compound of claim 4 wherein X and Y are each
—CH,—. and the sum of m and n is 2, 3 or 4.

7. A compound of claim 3 wherein Ar' is thienyl, Ar® is
R*substituted phenyl and Ar® is phenyl or R%-substituted
phenyl.

8. A compound of claim 3 wherein X and Y are each
—CH,— and the sum of mand n is 1,2 or 3.

9. A compound of claim 3 wherein R* is hydrogen and R
is —OR®, wherein R® is hydrogen, or wherein R and R*
together form a =0 group.

10. A compound of claimn 7 wherein X and Y are each
—CH,—; the sum of m and nis 1. 2 or 3; and R! is hydrogen

20
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and R is —OR®, wherein R® is hydrogen, or whercin R and
R' together form a =0 group.

11. A compound of claim 10 wherein m is zero and n is
L

12. A method of lowering serum cholesterol levels in a
mamymnal in need of such treatment comprising administering
an effective amount of a compound of claim 1.

13. A pharmaceutical composition comprising a
cholesterol-lowering effective amount of a compound of
claim 1 in a pharmaceutically acceptable carrier.

14. A compound of claim 3 selected from the group
consisting of

(3R.4R) trans-1-(4-fluorophenyl)-3-[[2-(2-thienyl)-2-
oxoethyl]thiol-4-(4-hydroxyphenyl)-2-azetidinone;

(3RA4R) trans-1-(4-fluorophenyl)-3-[{2-(3-thienyl)-2-
oxoethyljthio|-4-(4-hydroxyphenyl)-2-azetidinone;

(3R4R) trans-1-(4-fluorophenyl)-3-1{2-(3-pyridinyl)-2-
oxoethyl]thio}-4-(4-hydroxyphenyl)-2-azetidinone;

(3R4R) trans-1-(4-fluorophenyi)-3-{|2-(4-pyridinyl)-2-
oxoethyl]thio|-4-(4-hydroxyphenyl)-2-azetidinone;

(BRA4R) trans-1-(4-fluorophenyl)-3-{|2-(2-pyridinyl)-2-
oxoethyl|thio]-4-(4-hydroxyphenyl)-2-azetidinonc;

(3R4R) trans- I-(4-fluorophenyl)-3-{{2-hydroxy-2-(3-
thienyl)ethyl]-thiol-4-(4-hydroxyphenyl)-2-
azetidinone; and

(3R.4R) trans-1-(4-fluorophenyl)-3-1{2-hydroxy-2-(4-
pyridinyl)ethyli-thio]-4-(4-hydroxyphenyl)-2-
azetidinone.

15. A compound selected from the group consisting of

(3R.A4R) 1-(4-fluorophenyl)-3-[[2-(4-fluorophenyl)-2-
oxoethyl}-sulfinyl}-4-(4-hydroxyphenyl)-2-
azetidinone;

1 -(4-fluorophenyl)-3(R)-{12-(4-fluorophenyl)-2(R)-
hydroxyethyl]-sulfinyl}-4(R)-(4-hydroxyphenyl)-2-
azetidinone; and

1-(4-fluorophenyl)-3(R)-{[2-(4-fluorophenyl)-2(8)-
hydroxyethyl]-suifinyl}-4(R)-(4-hydroxyphenyl)-2-
azetidinone.
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[57) ABSTRACT

Sulfur-substituted azetidinone hypocholesterolemic agents
of the formula

R I

|
Ar! (C)q. S(O), Ar?

\X,./ | \Yn/ I_‘/
)-8
N
o .

or a pharmaceutically acceptable salt thereof are disclosed,
as well as pharmaceutical compositions containing them,
and a method of lowering serum cholesterol by administer-
ing said compounds, alone or in combination with a cho-
lesterol biosynthesis inhibitor.

AP

12 Claims, No Drawings
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~contipued
o Reductiop

Serum Cholest. Dose
Ex. # Cholest, Esters mg/kg
11 -55 -95 3
i4 20 64 3
15 -27 88 1
18 -27 ~68 3

For racemic compounds of formula I or active diastere-
omers of enantiomers of compounds of formula I, com-
pounds administered at dosages of 0.1-25 mg/kg show a
range of —21 to —97% reduction in cholesterol esters, and a
—57 to 0% reduction in serum cholesterol. Compounds
prefcrably show a range of -21 to -97% reduction in
cholesterol esters at a dosage range of 0.1 to 3 mg/kg, more
prefcrably a range of —21 to —97% reduction in cholesterol
esters at a dosage range of 0.1 to 1 mg/kg.

We claim:

1. A pharmaceutical composition for the treatment or
prevention of atherosclerosis, or for the reduction of plasma
cholesterol levels, comprising a compound represented by
the structural formula

R 1

©h SO, Ar

Arl
\Km/ | Y,
R!
N
A

of a pharmaceutically acceptable salt thereof, whercin:

Ar' is aryl, R*-substituted aryl of heteroaryl;

Af? is aryl or R*-substituted aryl;

AP is aryl or R®-substituted aryl;

X and Y are independently selected from the group
comsisting of —CH,—, —CH(lower alkyl)- and
—C(dilower alkyl)-;

R is —ORS, —((CO)R®, —O(COHOR® or —O(CO)
NR®R’; R! is hydrogen, lower alkyl or aryl; or R and
R' together are =0;

gqisOor1;

ris0,1or2;

m and 1 arc independently 0, 1, 2, 3or 4; provided that the
sum of m, n and q is 2, 3 or 4;

R* is 1-5 substituents independently selected from the
group consisting of lower alkyl, —OR®, —(XCO)RS,
—O(COYOR®, ~O(CH7’)1_,OR5, —(O(CONRCR?,
—NR®*R7, —NRYCOR’, —NRYCO)YOR?, —NR®
(CONR™R®, —NR°SO,R®, — COOR®, —CONRSR’,
—COR®, —SO,NRR’, S(O)gl_{RQ, —O(CHY), 10—
COOR®, —O(CH,),.,0CONRR’, -(lower alkylene)
COOR® and —CH=CH—COORS;

R* is 1-5 substituents independently selected from the
group consisting of —OR®, —O(COR®, —((CO)
OR®, —O(CH.,), ;OR®, —O(CO)NR®R’, —NR°R’,
—NRYCOR’, —NRYCOYOR®, —NR%(CO) NR'RF,
—NR®SO,R®, —COOR®, —CONRR’, —CORS,
—SO,NRR7, $((0),.R®, —(CH,), ,,~—COORS,
—O(CH,),. o,CONR®R?, —CF,, —CN, —NO,,
halogen, -(Jower alkylene)COOR®and —-CH=CH——
COOR®;

R® R7 and R® are independently selected from the group
consisting of hydrogen, lower alkyl, aryl and aryl-
substitted lower alkyl;
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R? is lower atkyl, aryl or aryl-substituted lower alkyl; and

R' is 1-5 substituents independently selected from the
group copsisting of lower alkyl, —OR®, —((CO)R®,
—O(COYOR®, —(XCH,), ;OR®, —((C0) NRR’,
—NR°R’, —NR%CO)R’, —NRY(COYOR®, —NR®
(CONR'R®, —NR®SO,R’, —COORS, —CONR®R’,
—COR®, —SO,NR°R, 5(0)03119. —O(CH,), ,o—
COOR®, —O(CH,),.;oCONR*R”, —CF,, —CN.
—NO, and halogen; a cholesterol biosynthesis inhibi-
tor and a pharmaceutically acceptable carrier.

2. A pharmaceutical composition of claim 1 wherein the
cholesterol biosynthesis inhibitor is selected from the group
consisting of HMG CoA reductase inhibitors.

3. A pharmaceutical composition of claim 2 wherein the
cholesterol biosynthesis inhibitor is selected from the group
consisting of lovastatin, pravastatin, fluvastatin, simvastatin
and atorvastastin.

4. A method of treating or preventing atherosclerosis or
reducing plasma cholesterol levels comprising simulta-
neously or sequentially administering to a mammal in need
of such treatment an effective amount of a cholesterol
biosynthesis inhibitor and a2 compound represented by the
structural formula

-3 I

|
Art ((l3)q 5(Q), Ar?

\X../ \Y,./
R!
I N
o “as

of a pharmaceutically acceptable salt thereof. wherein:

Art is aryl, R*®-substituted aryl or heteroaryl;

AF is aryl or R*-substituted aryl:

Ar is aryl or R®-substituted aryl;

X and Y are independently selected from the group
consisting of —CH,—, —CH(lower alkyl)- and
—(dilower alkyl)-;

R is —OQR®, —O(COR®, —O(COYOR® or —XCO)
NR°R’; R is hydrogen, lower alkyl or aryl; or R and
R} together are =0;

qisOor L;

ris 0, 1 or2;

m and n are independently 0, 1, 2, 3 or 4; provided that
the sum of m. n and q is 2,3 or 4,

R* is 1-5 substituents independently sclected from the
group consisting of lower alkyl, —OR®, —O(CO)R,
—O(CO)OR®, -——O(CHZI),_SOR‘S, —O(CO)NR°R’,
—NR*R’, —NR¥CO)R’, —NR%(CO)OR®, —NR®
(COINR'R?, -—NR“SO}RD, —COOR®, —-CONR®E’,
—CORS, —SO.NRR’, $(0), R®, —O(CH,), ,;—
COOR®, —-O(Cﬂz)l_mCONRgR7, ~(lower alkylene)
COOR® and —CH=CH—COORS;

R? is 1-5 substituents independently selected from the
group consisting of —OR®, —Q(COIR®, —O(CO)
OR®, —O(CH,), ,ORS, —((CO)NR°R’, —NR°R’,
—NR¥CO)R’, -——NR¥COYOR®, —-NR*(CONR'R®,
—NR®SO,R®, —COOR®, —CONR®R’, —COR®,
—_SO,NR*R". §(0),,R°. —O(CH,),_o—COOR®.
—O(CH,),_,,CONRR’, ——CF,, —CN, —NO,.
halogen, -(lower alkylene)COQR®and —CH=CH—
COORS,

R®. R7 and R® are independently selected from the group
consisting of hydrogen, lower alkyl, aryl and aryt-
substituted lower alkyl;

R® is lower alkyl, aryl or aryl-substituted lower alkyl; and
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R!° is 1-5 substituents independently sclected from the
group consisting of lower alkyl, —OR®, —(CO)RS,
—O(COYOR®, —(CH,),.sOR®, —0(C0O) NR°R’,
—NRR’, —NR¥CO)R’, —NR%CO)OR’, —NR®
(CONRR®, —NR“so’zkf’. —COOR®, —CONRR,
—COR®, —SO,NR'R", §(0)o ,R®, —O(CH,), 1o~
COOR®, —O(CH,),_,,CONR®R?, —CF,, —CN,
—NO, and halogen.

5. Amethod as claimed in claim 4, wherein the cholesterol
biosynthesis inhibitor is selected from the group consisting
of HMG CoA reductase inhibitors.

6. A method as claimed in claim 5, wherein the cholesterol
biosynthesis inhibitor is selected from the group consisting
of lovastatin, pravastatin, fluvastatin, simvastatin and ator-
vastatin.

7. A composition of claim 3 comprising a compound of
formula I wherein q is 0; Ar' is phenyl, R'-substituted
phenylor thienyl; Ar? is R*-substitted phenyl; Ar is phenyl
or R”-substituted phenyl; X and Y are each —CH.—; and
the sum of m and nis 2, 3 or 4.

8. A composition of claim 3 comprising a compound of
formula 1 wherein q is 1; Ar' is phenyl, R'*-substituted
phenyl or thienyl; Ar is R*-substituted phenyl; Ar” is phenyl
or R>-substituted phenyl; X and Y are each —CH,—; the
sum of m and n is 1, 2 or 3; and R' is hydrogen and R is
—~—OR®, wherein R® is hydrogen, or wherein R and R!
together form a =O group.

9. A composition of claim 3 whercin the compound of
formula 1 is selected from the group consisting of

trans-1-(4-fluorophenyl)-4-(4-hydroxyphenyl)-3-1(2-
phenylethyl)-thic]-2-azetidinone;

wans-4-(4-methoxyphenyl)-1-phenyl-3-1(2-phenylethyl)
thio}-2-azetidinone;

cis-4-(4-methoxyphenyl)- 1-phenyl-3-[(2-phenylethyl)
thio]-2-azetidinone;

trans-1-(4-flucrophenyl)-4-(4-hydroxyphenyl)-3-[(2-
phenylethyl)-sulfinyl}-2-azetidinone;

cis-1-(4-fluorophenyl)-4-(4-hydroxyphenyl)-3-1(2-
phenylethyl)-sulfinyl}-2-azetidinone;
trans-4-(4-methoxyphenyl)-1-phenyl-3-[(2-phenylethyl)
sulfinyl}-2-azetidinone;
cis-4-(4-methoxyphenyl)-1-phenyl-3-[(2-phenylethyl)
sulfinyl]-2-azetidinone;
trans-4-[1-(4-fluorophenyl)-4-ox0-3-[(2-phenylethyl)
sulfinyl]-2-azetidinyl]-phenyl acetate;

cis-4-[ 1-(4-fluorophenyl)-4-ox0-3-[ (2-phenylethyl)
sulfinyl]-2.azetidinylj-phenyl acetate; and

(+/—)-trans-4-(4-methoxyphenyl)- 1-phenyl-3-[{(2-
phenylethyl)-suifonyl}-2-azetidinone;

trans-1-(4-fluorophenyl)-3-[[2-(4-fluorophenyl)-2-
oxoethyl]thio]-4-( 4-hydroxyphenyl)-2-azetidinone;

trans- 1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-
hydroxyethyl|thio]-4-( 4-hydroxyphenyl)-2-
azetidinone;

(3R.4R) 1-(4-finorophenyl)-3-[[2-(4-fluorophenyl)-2-
oxoethyl]-sulfinyl]-4-(4-hydroxyphenyl)-2-
azetidinone;

1-(4-fluorophenyl)-3(R)-[[2-(4-fluorophenyl)-2(R)-
hydroxyethyl }-sulfinyl}-4(R)-(4-hydroxyphenyl)-2-
azetidinone;

1-(4-fluorophenyl)-3(R)-{[2-(4-Ruocrophenyl)-2(S)-
hydroxyethyll-sulfinyl}-4(R)-(4-hydroxyphenyl)-2-
azZetidinone;

(3R 4R) trans-1-(4-fluorophenyl)-3-|[2-(2-thienyl)-2-
oxoethyl]thio}-4-(4-hydroxyphenyl)-2-azetidinone;
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(3R.A4R) trans-1-(4-fluorophenyl)-3-[{2-(3-thienyl)-2-
oxoethyl|thio]-4-(4-hydroxyphenyl)-2-azetidinone;

(3R,4R) trans-1-(4-fluorophenyl)-3-[[2-(3-pyridinyl)-2-
oxoethyllthio]-4-(4-hydroxyphenyl)-2-azetidinone;

(3R4R) trans-1-(4-fluorophenyl)-3-| [2-(4-pyridinyl)-2-
oxoethylithioj-4-(4-hydroxyphenyl)-2-azetidinone;

(3R.AR) trans- 1 -(4-fluorophenyl)-3-|{2-(2-pyridinyl)-2-
oxoethylithio}-4-(4-hydroxyphenyl)-2-azetidinone;

(3R.4R) trans-1-(4-fluorophenyl)-3-[[2-hydroxy-2-(3-
thienyl)ethyl]-thiol-4-(4-hydroxyphenyl)-2-
azetidinone;

(3R4R) trans-1-(4-fluorophenyl)-3-112-hy droxy-2-(4-
pyridinyl)ethyl]-thiol-4-(4-hydroxyphenyl)-2-
azetidinone:

(35,4R) cis-1-(4-fluorophenyl)-3-[[2-(4-fluorophenyl)-2-
oxoethyljthio]-4-(4-hydroxyphenyl)-2-azetidinone;
and

(38,4R) cis-1-(4-fluorophenyl)-3-1{2-(4-fluorophenyl)-2-
hydroxyethyljthio]l-4-(4-hydroxyphenyl)-2-
azetidinone.

10. A method of claim 6 comprising a compound of
formnla T wherein q is 0; Ar' is phenyl, R'*-substituted
pheny! or thienyl; Ar® is R*-substituted phenyl; Ar” is phenyl
or R*substitited phenyl; X and Y are each —CH,—; and
the sum of mand nis 2, 3 or 4.

11. A method of claim 6 comprising a compound of
formula I wherein g is 1; Ar' is phenyl, R'°-substituted
phcnll or thienyl; Ar* is R*-substituted phenyl; Ar” is phenyl
or R°-substituted phenyl; X and Y are each —CH,—; the
sum of m and 1 is 1, 2 or 3; and R is hydrogen and R is
—OR®, wherein R® is hydrogen, or wherein R and R!
together form a =0 group.

12. A method of claim 6 whercin the compound of
formula I is selected from the group consisting of

trans-1-(4-fluorophenyl)-4-(4-hydroxyphenyl)-3-{(2-
phenylethyl)-thio]-2-azetidinone;

trans-4-(4-methoxyphenyl)- 1-phenyl-3-[(2-phenylethyl)
thio}-2-azetidinone;

cis-4-(4-methoxyphenyl)- 1-phenyl-3-[(2-phenylethyl)
thio]-2-azetidinone;

trans- 1-(4-fluorophenyl)-4-(4-hydroxyphenyl)-3-[(2-
phenylethyl)-sulfinyll-2-azetidinone;

cis-1-(4-fluorophenyly-4-(4-hydroxyphenyl)-3-}(2-
phenylethyl)-sulfinyl]-2-azetidinone;

trans-4-{4-methoxyphenyl)- 1-phenyl-3-{ (2-phenylethyl)
sulfinyl}-2-azetidinone;
cis-4-(4-methoxyphenyl)-1-phenyl-3-[(2-phenylethyl)
sulfinyl]-2-azetidinone:;
trans-4-[1-(4-fluorophenyl)-4-oxo-3-[(2-phenylethyl)
sulfinyl]-2-azetidinyl]-phenyl acetate;
cis-4-[1-(4-fluorophenyl)-4-oxo-3-[(2-phenylethyl)
sulfinyi}-2-azetidiny!]-phenyl acetate; and

(+/-)-trans-4-(4-methoxyphenyl)- 1-phenyl-3-{(2-
pheaylethyl)-sulfonyl]-2-azetidinone;

trans-1-(4-flaorophenyl)-3-[12-(4-flnorophenyl)-2-
oxoethyl)thio]-4-(4-hydroxyphenyl)-2-azetidinone;

trans- 1-(4-fluorophenyl)-3-[[2-(4-luorophenyl)-2-
hydroxyethylithiol}-4-(4-hydroxyphenyl)-2-
azetidinone;

(3R.4R) 1-(4-flncrophenyl)-3-[[2-(4-fluorophenyl)-2-
oxoethyl]-sulfinyil-4-(4-hydroxyphenyl)-2-
azetidinone;

1-(4-fluorophenyl)-3(R)-1[2-(4-fluorophenyl)-2(R)-
hydroxyethyl |-sulfinyl}-4(R)-(4-hydroxyphenyl)-2-
azetidinone;

Y
o
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1-(4-flucrophenyl)-3(R)-[[2-(4-fluorophenyl)-2(8)-
hydroxyethyl]-sulfinyl]-4(R)-(4-hydroxyphenyl)-2-
azetidinone;
(3R.4R) trans-1-(4-flnorophenyl)-3-|[2-(2-thienyl)-2-
oxoethyl]thio|-4-(4-hydroxyphenyl)-2-azetidinone;
(3R4R) trans-1-(4-Aucrophenyl)-3-[[2-(3-thienyl)-2-
oxoethyl]thio]-4-(4-hydroxyphenyl)-2-azetidinone;
(3R 4R) trans-1-4-fluorophenyl)-3-[[20(3-pyridiny})-2-
oxoethyllthio]-4-(4-hydroxyphenyl)-2-azetidinone;
(3RA4R) trans-1-(4-fluorophenyl)-3-[|2-(4-pyridinyl)-2-
oxoethyl|thio]-4-(4-hydroxyphenyl)-2-azetidinone;
(3R4R) trans-1-(4-fluorophenyl)-3-{[2-(2-pyridinyl)-2-
oxoethyl|thio]-4-(4-hydroxyphenyl)-2-azetidinone;

5
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(3R,4R) trans-1-(4-fluorophenyl)-3-[[2-hydroxy-2-(3-
thienyl)ethyl]-thio]-4-(4-hydroxyphenyl)-2-
azcetidinone;

(3R.4R) trans-1-(4-flucrophenyl)-3-{[2-hydroxy-2-(4-
pyridinyl)ethyl]l-thio|-4-(4-hydroxyphenyl)-2-
azetidinone;

(354R) cis-1-(4-fluorophenyl)-3-{[2-(4-fluorophenyl)-2-
oxocthyl]thio]-4-(4-hydroxyphenyl)-2-azetidinone;
and

(384R) cis-1-(4-fluorophenyl)-3-112-(4-fluorophenyl)-2-
hydroxyethyl]thio]-4-(4-hydroxyphenyl)-2-
azetidinone.



