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The present invention relates to spirocycioalkyl-substituted
azetidinones useful as hypocholesterolemic agents in the treatment and
prevention of athergscigrosis, and to the combination of a spirocycloalkyi-
substituted azetidinone of this invention and a cholesterol biosynthesis
inhibitor for the tréatment and prevention of atherosclerosis.

Claim
1. A compound represented by the formula
R~ Ry (Bl
i Ra0
(Ha)u-———r
~
O/ Rz
or a pharmaceutically acceptable salt thereof, wherein:

Ry is
1 |
L, Ltower alkyl)-, -LF-, -EOH)-, -E(CeHe)- C(CeHeRrg)-
| ]
=N= or -’1;!0‘ :
R2 and R3 are independently selected from the group consisting

of «CHg-, -CH(lower alkyl)-, -C(di-lower alkyl)-, -CH=CH- and
o 2
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-C(lower alkyl)=CH-; or R together with an ad;acent Rz, or Ry together
with an adjacent Ra, form a - £ =CH-ora -C =C(lower alkyl)- group;
u and v are independently O, 1, 2 or 3, provided both are not
zero; provided that when Ry is -CH=CH- or -C(lower alkyl)=CH-, v is 1;
provided that when R3 is -CH=CH- or -C(lower alkyl)=CH-, u is 1;
provided that when v is 2 or 3, the R2's can be the same or different; and
provided that when u is 2 or 3, the Rzs's can be the same or different;
R4 is B-(CH2)mC(0)-, whereinm is 0, 1,2, 3, 4 or 5;

B-(CH2)q-, whereinqis 0, 1,2, 3, 4, 5 or 6;

B-(CHj)e-Z-(CHg)s, wherein Z is <O-, -C(O)-, phenylene,
-N(Rg)- or -S(O)o-2-, €150, 1,2,3,40r5andris 0, 1, 2, 3, 4 or 5, provided
thatthe sumofeandris0, 1,2, 3,4, 50r6;

B-(C2-Cg alkenylene)-; B'-(C4-Cg alkadienylene)-;

B-(CH2)-Z-(C2-Cg alkenylene)-, wherein Z is as defined
above, and wherein t is 0, 1, 2 or 3, provided that the sum of t and the
number of carbon atoms in the alkenylene chain is 2, 3, 4, 5 or 6;

B-(CH2)t-V-(CH2)g~, wherein V is C3-Cg cycloalkylene, f is 1,
2,3 40rS5andgis0, 1,2, 3, 4or5, provided that the sum offand gis 1,
2,3 4, 50r6;

B-(CH2)-V-(C2-Cg alkenylene)- or B'-(C2-Cg alkenylene)-V-
(CH2)-, wherein V and t are as defined above, provided that the sum of t
and the number of carbon atoms in the alkenylene chainis 2, 3, 4, § or 6;

B-(CHg2)a-Z-(CH2)p-V-(CHz)g-, wherein Z and V are as
detined above and a, b and d are independently 0, 1, 2, 3, 4, 5 or 6,
provided thiat the sumiofa,banddis 0, 1,2, 3,4, 5 or 6;

T-(CHg)s-, wherein T is cycloalky# of 3-6 carbon atoms and s

is0,1,2,3,4,50r6; or

R1 and Rg4 together form the group B-CH=,C':- :

B is indanyi, indenyl, naphthyl, tetrahydronaphthyl, hetercaryl or
W-substituted heteroaryl, wherein heteroaryl is selected from the group
consisting of pyrrolyl, pyridinyl, pyrimidinyl, pyrazinyl, triazinyl, imidazolyl,
thiazolyl, pyrazolyl, thienyl, oxazoiyl and furanyl, and for nitrogen-

containing heteroaryls, the N-oxides thereof, or
Rys

Rys

W is 1 to 3 substituents independently selected from the group
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consisting of lower alkyl, hydroxy lower alkyl, lower alkoxy, alkoxyalkyl,
alkoxyalkoxy, alkoxycarbonylalkoxy, (lower alkoxyimino)-lower alkyl,
lower alkanedioyl, lower alky! lower alkanedioyl, allyloxy, -CF3, -OCFs3,
benzyi, R7-benzyl, benzyloxy, Ry-benzyloxy, phenoxy, Rz-phenoxy,
dioxolanyl, NO2, -N(Rg)(Rg), N(Rg)(Rg)-lower alkylene-, N(Rg)(Rg)-lower
alkylenyloxy-, OH, halogeno, -CN, -N3, -NHC(O)OR1g, -NHC(O)R1o,
R1102SNH-, (R11028)2N-, -S{O)2NH3, -S(0)o-2Rs, tert-butyldimethyl-
silyloxymethyl, -C(O)Rq2, -COOR1g, -CON(Rg)(Rg), -CH=CHC(O)R12,
-lower alkylene-C(O)Rq2, R10C(O)(lower aikylenyloxy)-,
= CHy= Nmﬂxa .

N(Rg)(Rg)C(O)(lower alkylenyloxy)- and \— " for substitution
on ring carbon atoms, and the substituents on the substituted heteroaryl
ring nitrogen atoms, when present, are selected from the group consisting
of lower alkyl, lower alkoxy, -C(O)OR1q, -C(O)R10, OH, N(Rg)(Rg)-lower
alkylene-, N(Rg)(Rg)-lower alkylenyloxy-, -S(0)2NH2 and 2-(trimethylsilyl)-
ethoxymethyl;

~ - is 1-3 groups independently selected from the group
consistirig f lower alkyl, lower alkoxy, -COOH, NOg, -N(Rg)(Rg), OH or
halogeno,

Rg and Rg are independently H or iower alkyl;

R1o is lower alkyl, phenyl, R7-phenyl, benzyl or Rz-benzyi;

R14 is OH, lower alky!, phenyl, benzyl, Ry-phenyl or Rz-benzyl;

R12 is H, OH, alkoxy, phenoxy, benzyloxy, _ Ry

-N(Rg)(Rg), lower alkyl, phenyl or Ry-pheny!;

Ris is -O-, -CHaz-, -NH-, -N{lower alkyl)- or -NC({O)R+g;

R1s, R1e and Rq7 are independently selected from the group
consisting of H and the groups defined for W; or Rys is hydrogen and R1g
and Rq7, together with adjacent carbon atoms to which they are attached,
form a dioxolanyi ring;

Rig is H, lower alkyl, phenyl or phenyl lower alkyl; and

Rag and Ra1 are independently selected fron the group
consisting of phenyl, W-substituted phenyl, naphthyl, W-substituted
naphthyl, indanyl, indenyl, tetrahydronaphthyl, benzodioxolyl, heteroaryl,
W-substituted heteroaryl, benzofused heteroaryl, W-substituted
benzofused heteroaryl and cyclopropyl, wherein heteroaryl is as defined

above.
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LH-, -L(tower aticy)-, -BF-, -SOH)-, -E(CeHe), LCeHeR )

R“\ | t
R.- (Ry) - r
lf‘ 2)v - Rao N- or .*q)o‘ {A)
(Ra o
]
7N B-CH=C- (a)
o Ry
(57) Abstract .

Novel compounds of formula (1) or a pharmaceutically scceptable salt thereof, wherein Ry is (A): R; and R; are independently
selected from the group consisting of -CHz-, -CH(lower alkyl)-, -C(di-lower alkyl)-, -CHz=CH- and -C(lower alkyl)==CH-; or R, together
with an adjacent Rs, or Ry together with an adjacent R3, form a -CH==CH- or a -CHm=C(lower alkyl)- gZroup; & and v are independentdy O,
1, 2 or 3, provided/both are not zero; provided that whea Rz is <CH=CH- or -C(lower alky!)=sCH-, v is 1; pmvxdcd that when Ra is -CH=
CH- or -C(lower glkyl)==CH-, u is 1; provnded that when v is 2 or 3, the Rz s can:be the same or different; and proviided that wk" - u is 2 or
3, the R3's can be the same or different; R4 is B—(C}{z)mC(O)- wherein m is 0-5; B-(CH2)4-, wherein q is 0-6; B-(CH:);-Z—(Csza wherein
Z is -O-, -C(O), phenylene, -N(Rg) ar -S(Moz-, ¢ is 0-5 and r is 0-5, provided that the sum of ¢ and r is 0-6; B-(C-C¢ alkenylene)-;
B'-{C4-Cs mlkﬁdienylene)—; B-(CH2}-Z-(C2-Cs alkenylene)-, wherein t is 0-3, provided that the sum of t and the number of carbon atoms in
the alkenylene chain is 2-6; B-(CH2)r V-(CH2)y-, wherein V is C3-Cs cycloalkylene, f is 1-5 and g is 0-5, provided that the sum of f and g is
. 16; B-(CHa)-V-(C2-Cs alkenylene or B'-(C2-Cs alkenylene)-V-(CHa)e-, provided that the sum of t and the number of carbon atoms in the
alkenylene chain is 2, 3, 4, 5 or 6; B-(CH2)s-Z-(CHh- V-(CH2)g-, wherein a, b and d are independently 0-6, provided that the sum of a, b
and d is 0-6; T-(CHa)e-, wherein T is cycloalkyl of 3-6 carbon atoms and s is 6-6; or R; and Ry togetber form the group (A'); B is optionally-
substituted phenyl, indanyl, indenyl, naphthy), wtrabydronaphthyl or optionally substituted-heteroaryl; and. Ryo and Rz are independently
optionally-substituted phenyl, optionally-substituted naphthyl, indanyl, indenyl, teatydronaphithyl, benzodioxolyl, optionaily-substituted
heteroaryl optionally-substituted benzofused heteroaryl or cyclopropyl are disclosed, as well ay pharmaceutical compositions comprising
said compounds. the use of said compounds &s hypocholesterolemic agents, processes i gropring the compounds, and the use of said
¢ompounds in combination with cholesterol biosynthesis inhibitors to treat or prevent atherosclerosis.
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| LOALKYL- D ZETI N ISEFL
AS HYPOCHOLESTEROLEMIC AGENTS

| ND OF THE INVENTION

The present invention relates to spirocyeloalkyl-substituted
azetidinones useful as hypocholesterolemic agents in the treatment and
prevention of atherosclerosis, and to the combination of a spirocycloalkyi-
substituted azetidinone of this invention and a cholesterol biosynthesis
inhibitor for the treatment and prevention of atherosclerosis.

Atherosclerotic coronary heart disease represents the major
cause for death and cardiovascular morbidity in the western world. Risk
tactors for atherosclerotic coronary heart disease include hypertension,
diabetes mellitus, family history, male sex, cigarette smoke and serum
cholesterol. A total cholesterol level in excess of 225-250 mg/dl is
associated with significant elevation of risk.

Cholestery! esters are a major component of atherosclerotic
lesions and the major storage form of cholesterol in arterial wall cells.
Formation of cholesteryl esters is also a key step in the intestinal
absorption of dietary cholesterol. Thus, inhibition of cholesteryl ester
formation and reduction of serum cholesterol is likely to inhibit the
progression of atherosclerotic lesion formation, decrease the
accumulation of cholesteryl esters in the arterial wall, and block the
intestinal absorption of dietary cholesterol.

A few azetidinones have been reported as being useful in
lowering cholesterol and/or in inhibiting the formation of cholesterol-
containing lesions in mammalian arterial walls. U.S. 4,983,597 discloses
N-sulfonyl-2-azetidinones as anticholesterolemic agents and Ram, et al.,
in Indian J Chem., Sect, B, 298, 12 (1990), p. 1134-7, disclose ethyl 4-(2-
oxoazetidin-4-yl)phenoxy-alkanoatés as hypolipidemic agents.

European Patent Application 337,549 discloses elastase
inhibitory substituted azetidinones comprising a spirocyclo substituent at
the 3-position; elastase inhibitors are said to be useful in treating
inflammatory conditions resulting in tissue destruction which are
associated with various disease states, e.g. atherosclerosis.
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PCT/US92/05972, filed July 21, 1892, and published as

WQ83/02048 on February 4, 1993 discloses B-lactam (i.e., azetidinone)

cholesterol absorption inhibitors which lack a spirccycloalkyl group at the

3-position.
In addition to regulation of dietary cholesterol, the regulation

of whole-body cholesterol homeostasis in humans and animals involves
modulation of cholesterol biosynthesis, bile acid biosynthesis, and the
catabolism of the cholesterol-containing plasma lipoproteins. The liver is
the major organ responsible for cholesterol biosynthesis and catabolism
and, for this reason, it is a prime determinant of plasma cholesterol levels.
The liver is the site of synthesis and secretion of very low density
lipoproteins {VLDL) which are subsequently metabolized to low density
lipoproteins (LDL) in the circulation. LDL are the predeminant cholesterol-
carrying lipoproteins in the plasma and an increase in their concentration
is correlated with increased atherosclerosis.

When cholesterol absorption in the intestines is reduced, by
whatever means, less cholesterol is delivered to the liver. The
consequence of this action is a decreased hepatic lipoprotein (VLDL)
production and an increase in the hepatic: clearance of plasma
cholesterol, mostly as LDL. Thus, the net effect of an inhibition of intestinal
cholesterol absorption is & decrease in plasma cholesterol levels.

The inhibition of cholesterol biosynthesis by 3-hydroxy-3-
methylglutaryl coenzyme A (HMG GoA) reductase EC1.1.1.34) inhibitors
has been s’ own to be an effective way to reduce plasma cholesterol

(Witzum, ]
Circulation, 80, 5 (1989), p. 1101-1114) and reduce atherosclerosis.

Combination therapy of an HMG CoA reductase inhibitor and a bile acid
sequestrant has been demonstrated to be more effective in human
hypeilipidemic patients than either agent in monotherapy (lllingworth,

Drugs , 36 (Suppl. 3) (1988), p. 63-71).

SUMMARY OF THE INVENTION

Novel hypocholesterolemic compounds of the present
invention are represented by the formula I
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4~ R‘)‘ (RZ)V
R' Rao
<3>u—m—r .
4/ —N
o) R,
or a pharmaceutically acceptable salt thereof, wherein:

10

15

20

25

30

Ry is
L, -Ciower alkyl)-, -GF-, -C(OH)-, -C(CeHs)- -L(CeHa-Rys)-
-\ or J‘l:\l o
R> and R3 are independently selected from the group consisting
of -CHa-, -CH(lower alkyl)-, -C(di-lower alkyl)-, -CH=CH- and
-C(lower alkyl)=CH-; or Ry together with an aujacent Ry, or Ry together
with an adjacent R3, form a -CH=CH- or a -CH=C(lower alkyl)- group;
u and v are independently 0, 1, 2 or 3, provided both are not
zero; provided that when Rz is -CH=CH- or -C(lower alkyl)=CH-, v is 1;
provided that when R3 is -CH=CH- or -C(lower alkyl)=CH-, u is 1;
provided that when v is 2 or 3, the R2's can be the same or different; and
provided that when u is 2 or 3, the R3's can be the same or different;
R4 is B-(CH2)mC(O})-, whereinmis 0, 1, 2, 3, 4 or 5;
B-(CHg)q-, wherein qis 0, 1,2, 3, 4, 5 or 6;
B-(CHy)e-Z-(CH2)-, wherein Z is -O-, -C(O)-, phienylene,
-N(Rg)- or -S(O)o2-, €80, 1,2,3,40r5andris 0, 1, 2, 3, 4 or 5, provided
thatthe sumofeandris0, 1, 2, 3, 4, 5 or 6;
B-(C2-Cs alkenylene)-; B'-(C4-Ce alkadienylene)-;
B-(CHah-2-(C2-Ce alkenylene)-, wherein Z is ag defined
above, and wherein t is 0, 1, 2 or 3, provided that the sum of t and the
number of carbon atoms in the alkenylene chain is 2, 3, 4, 5 or 6;
B-(CH2)t-V-(CHz)g-, wherein V is C3-Cg cycloalkylene, fis 1,
2,3,4o0r5andgis0, 1, 2, 3, 4 or 5, provided that the sum offand gis 1,
2,3,4,50r6;
B-(CHa)-V-(C2-Cg alkenyleneg- or B'-(C2-Cg alkenylene)-V-
(CHz)t-, wherein V and t are as defined above, provided that the sum of t
and the number of carbon atoms in the alkenylene chain is 2, 3, 4, 5 or 6;
B-(CH2)5-Z-(CH2)p-V-(CH2)4-, wherein Z and V are as
defined above and &, b and d are independently 0, 1, 2, 3, 4, 5 or 6,
provided that the sum ofa,banddis 0, 1,2, 3, 4, 5 or 6;
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T-(CH2).-, wherein T is cycloalkyl of 3-6 carbon atoms and s
is0,1,2,3,4,50r6; or

R+ and R4 together form the group B-CH=é- :

B is indanyl, indenyl, naphthyl, tetrahydronaphthyl, heteroary! or
W-substituted heteroaryl, wherein heteroaryl is selected from the group
consisting of pyrrolyl, pyridinyl, pyrimidinyl, pyrazinyl, triazinyl, imic¢azolyl,
thiazolyl, pyrazolyl, thienyl, oxazolyl and furanyl, and for nitrogen-

containing heteroaryls, the N-oxides thereof, or
Ris

Rie

Rz

W is 1 to 3 substituents independently selected from the group
consisting of lower alkyl, hydroxy lower alkyl, lower alkoxy, alkoxyalkyl,
alkoxyalkoxy, alkoxycarbonylalkoxy, {lower alkoxyimino)-lower alkyl,
lower alkanedioyl, lower alky! lower alkanedioyl, allyloxy, -CFz, -OCFs3,
benzyl, Ry-benzyl, benzyioxy, R7-benzyloxy, phenoxy, Ry-phenoxy,
dioxolanyl, NO2, -N(Rg)(Rg), N(Rs)(Rg)-lower alkyiene-, N(Rg)(Rg)-lower
alkylenyloxy-, OH, halogeno, -CN, -Ng, -NHC(O)OR10, -NHC(O)R1o,
R1102SNH-, (R1102S)2N-, -5(0)2NH2, -S(O)o-2Rs, tert-butyldimethyl-
silyloxymethyl, -C(O)R12, -COOR1g, -CON(Rg)(Rg), -CH=CHC(O)R12,

-lower alkylene-C(O)R12, R10C(O)(lower alkylenyloxy)-,
I\
“CH~N  Rp

N(Rg)(Rg)C(O)(lower alkylenyloxy)- and N " for substitution
on ring carbon-atoms,.and the substituents on the substituted heteroaryl
ring nitrogen atoms, when present, are selected from the group consisting
of lower alkyl, lower alkoxy, -C(O)OR1g, -C(O)R10, OH, N(Rg)(Rg)-lower
alkylene-, N(Rg)(Rg)-lower alkylenyloxy-, -S(O)2NH2 and 2-(trimethyisilyl)-
ethoxymethyl;

Rz is 1-3 groups independently selected from the group
consisting of lower alkyl, lower alkoxy, -COOH, NO2, -N(Rg}(Rg), OH or
halogeno;

Rg and Rg are independently H or lower alkyl;

R1g is lower alkyl, phenyl, R7-phenyi, benzyl or Ry-benzyl;

R11 is OH, lower alkyl, pheny!, benzyl, R7-phenyl or R7-benzyl;

Rz is H, OH, alkoxy, phenoxy, benzyloxy, --N,—\R ,

¥ N 13

-N(Rg)(Rg), lower alkyl, phenyl or R7-phenyl;
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Ri3 is -0-, -CHz-, -NH-, -N(lower alkyl)- or -NC(O)R1g;

R1s, Ri6 and R47 are independently selected from the group
consisting of H and the groups defined for W; or Rys is hydrogen and R1e
and R17, together with adjacent carbon atoms to which they are attached,
form a dioxolanyl ring;

Ryg is H, lower alkyl, phenyl or phenyl lower alkyl; and

Roo and Ry are independently selected from the group
consisting of phenyl, W-substituted phenyl, naphthyl, W-substituted
naphthyl, indanyl, indenyl, tetrahydronaphthyl, benzodioxolyl, heteroaryl,
W-substituted heteroaryl, benzofused heteroaryl, W-substituted
benzofused heteroaryl and cyclopropyl, wherein heteroaryl is as defined

above.

One group of preferred compounds of formula 1 is that
wherein R21 is phenyl, W-substituted phenyl, indanyl, benzofuranyl,
benzodioxolyl, tetrahydronaphthyl, pyridyi, pyrazinyl, pyrimidinyl, quinolyl
or cyclopropyl, wherein W is lower alkyl, iower alkoxy, OH, halogeno,
-N(Rg)}(Rg), -NHC(O)QR1g, -NHC(O)R10, NO2, -CN, -Ng, -SH,
-S(0)o-2-(lower alkyl), -COOR1g, -CON(Rg)(Rg), -COR12, phenoxy,
benzyloxy, -OCF3, -CH=C{O)R12 or tert-butyldimethylsilyloxy, wherein Rg,
Rg, R10, R12 and R1g are as defined for formula I. When Wis 2 or 3.
substituents, the substituents can be the same or different.

Another group of preferred compounds of formula I is that
wherein Rz is phenyl or W-substituted phenyl, wherein preferred
meanings of W are as defined above for preferred definitions of Ray.

More preferred are compounds of formula I wherein Rpg is
phenyl or W-substituted phenyl and Rz is phenyl, W-substituted phenyl,
indanyl, benzofuranyl, benzodioxolyl, tetrahydronaphthyl, pyridyi,
pyrazinyl, pyrimidinyl, quinolyl or cyclopropyl; W is lower alkyl, lower
alkoxy, OH, halogeno, -N(Rg)(Rg), -NHC(O)OR1g, -NHC(O)R10, NO2, -CN,
N3, ~8H, -5(0)¢-2-(lower atkyl), -COOR1g, -CON(Rg)(Rg), -COR12,
phenoxy, benzyloxy, -CH=CHC(O)R12, -OCF3 or tert-butyl-dimethyl-
silyloxy, wherein when W is 2 or 3 substituents, the substituents can be
the same or different, and wherein Rg, Rg, R1g, R12 and R1g are as

defined in formula I.
Also preferred are compounds of formula I wherein Ry is

'
-CH- ¢r 'é(OH)' . Another group of preferred compounds of formula 1 is
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that wherein R2 and R3 are each -CHg- and the sum of uand v is 2, 3 or 4,

with u=v=2 being more preferred. Ry is preferably B-(CH2)q- or B-(CH2)e-

Z-(CHa2)~, wherein B, Z, g, e and r are as defined above. B is preferably
Ris

Rz, wherein Ry and Ry7 are each hydrogen and wherein

R1s is preferably H, OH, lower alkoxy, especially methoxy, or halogeno,
especially chloro. A preferred definition of Z is -O-, e is preferably O, and r
is preferably 0. A preferred definition of q is 0-2. Rgp is preferably phenyl
or W-substituted phenyl. Preferred W substituents for Rag are lower
alkoxy, especially methoxy and ethoxy, OH, and -C(O)R2, wherein R1z is
preferably lower alkoxy. Preferred definitions for R2¢ are phenyl, lower

alkoxy-substituted phenyl and F-phenyl.
Especially preferred are compounds of formula I wherein R4

is -&H-, or ~b(O_H')- , Rz and Rg are each -CHy-, u=v=2, R4 is B-(CHp)q~,
wherein B is phenyl or phenyl substituted by lower alkoxy or chloro, q is O-
2, Rog is phenyl, OH-phenyl, lower alkoxy-substituted phenyl or lower
alkoxycarbonyl-substituted phenyl, and Rz1 is phenyl, lower alkoxy-
substituted phenyl or F-phenyi.

This invention also relates to a method of lowering the serum
cholesterol level in a mammal in need of such treatment comprising
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 invention relates to a
pharmaceutical composition comprising a serum cholesterol-fowering
effective amount of a compound of formula I in a pharmaceutically
acceptable carrier.

The present invention also relates to a method of raducing
plasma cholesterol levels, and to a method of treating or preventing
atherosclereosis, comprising administering to @ mammal in need of such
treatment an effective amount of & combination of a spirocycloalkyl-
substituted azetidinone cholesteroi absorption inhibitor of this invention

and a cholesterol biosynthesis inhibitor. That is, the present invention

relates to the use of a spirocycloalkyl-substituted azetidinone cholesterol
absorption inhibitor for combined use with a choiesterol biosynthesis
inhibitor (and, similarly, use of a cholesterol biosynthesis inhibitor for
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combined use with a spirocycloalkyl-substituted azetidinone cholestsrol
absorption inhibitor) to treat or prevent athersclerosis or to reduce plasma
cholesterol levels

In yet another aspect, the invention relates to a
pharmaceutical composition comprising an effective amount of a
spirocycloalkyl-substituted azetidinone cholesterol absorption inhibitor, a
chofesterol 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 spirocycloalkyl-substituted azetidinone
cholesterol absorption inhibitor in a pharmaceutically acceptable carrier,
and in a separate container, an effective amount ¢t a cholesterol
biosynthesis inhibitor in a pharmaceutically acceptable carrier.

DETAILED DESCRIPTION:

As used herein, the term "lower alkyl" means straight or
branched alky! chains of 1 to 6 carbon atoms and “lower alkyoxy" similarly

refers to alkoxy groups having 1 to 6 carbon atoms.
"Alkeny!® means straight or branched carbon chains having

one or more double bonds in the chain, conjugated or unconjugated, and
alkadienyl refers to chains having two double bonds in the chain.
Where an alkyl or alkenyl chain joins two other variables and
is therefore bivalent, the terms alkylene and alkenylene are used.
*Cycloalkyl" means a saturated carbon ring of 3 to 6 carbon
atoms, while "cycloalkylene” refers to a corresponding bivalent ring,
wherein the points of attachment to other groups include all positional

isomers.
"Halogeno" refers to flucrine, chlorine, bromine or iodine

radicals.

"Heteroary!® includes all positional isomers for a given
heteroaryl group as defined above, for example 2-pyridyi, 3-pyridyl and 4-
pyridyl. Benzofused heteroaryl refers to radicals formed by the bonding of
a benzene radical to adjacent carbon atoms on a heteroary! ring;
examples are indolyl, quinolyl, quinazolinyl, quinoxalinyl, benzotriazolyl,
indazolyl, benzoxazolyl, benzothienyl and benzofuranyl.

"Phenyiene” means a bivalent phenyl group, including ortho,
meta and para-substitution.

"(Lower alkoxyimino)lower alky!" reters to the group (C1-Cg
lower alkoxy)-N=CH-(C¢-Cs lower alkyl). "Lower alkanedioyl” mieans
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radicals of the formula -OC(O)(CH2)1-4C(O)OH, while *lower alky! lower
alkanedioyl" means radicals of the formula -OC(Q){(CHz2)1-4C(O)O-(lower
alkyl).

Ry-benzyl and R7-benzyloxy refer to benzyl and benzyloxy
radicals which are substituted on the phenyl ring.

Compounds of the invention have at least one asymmetrical
carbon atom and therefore all isomers, including diastereomers and
rotational isomers are contemplated as being part of this invention. The
invention includes d and | isomers in both pure form and in admixture,
including racemic mixtures. Isomers can be prepared using conventional
techniques, either by reacting enantiomeric starting materials or by
separating isomers of a compound of formula 1. Isomers may also include
geomefric isomers, e.g. when a double bond is present. All such
geometric isomers are contemplated for this invention.

For compounds of the invention wherein Ry is not N, at least
two diastereomeric forms are possible. The following formulae IA and IB
represent structures designated herein as "diastereomer A", wherein the
lactam earbonyl group and the R4 group are SYN, and “diastereomer B*,
wherein the lactam carbonyl group and the R4 group are ANTI,
respectively:

RI“ Rs
|
~Cu(Ry) —C1(Ry)
Rs™ 4 '2 Y o R4 ’=? ’ 0
(ﬂa)u-r——'r (Ra)ym= r
/NG ‘ N\,
Rao Ry, R0 Rz
1A IB

wherein Rz is hydrogen, lower alky!, fluoro, hydroxy, phenyl, or Rys-
substituted phenyl, and Rz, R3, R4. R4s5, R20, R21, u and v are as defined
above.

Those skilled in the art will appreciate that for some
compounds of formula I, one isomer will show greater pharmacological
activity than another isomer.

Compounds of the invention with an amino group can form
pharmaceutically acceptable salts with organic and inorganic acids.
Examples of suitable acids for salt formation are hydrochioric, sulfuric,
phosphoric, acetic, citric, oxalic, malonic, salicylic, malic, fumaric, succinic,
ascorbic, maleic, methanesulfonic and other mineral and carboxylic acids
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well known to those in the art. The salt is prepared by contacting the free
base form with a sufficient amouns of the desired acid to produce a salt.
The free base form muy be regenerated by treat.ng the salt with a suitable
dilute aqueous base solution such as dilute aqueous sodium
bicarbonate. The free base form differs from its respective salt form
somgwhat in certairi physical properties, such as solubility in polar
solvents, but the salt is otherwise equivalent to its respective free base

forms for purposes of the invention. ‘
Certain compounds of the invention are acidic (e.g., those

compounds which possess a carboxyl group). These compounds form
phamacaeuiically acceptable salts with inorganic and organic bases.
Examples of such salts are the sodium, potassium, calcium, aluminum,
gold and silver salts. Also included are salts formed with pharmaceutically.
acceptable amines such as ammonia, alkyl amines, hydroxyalkylamines,

N-methylglucamine and the like.
Cholesterol biosynthesis inhibitors for use in the combination

of the present invention include HMG CoA reductase inhibitors such as
lovastatin, pravastatin, fluvastatin, simvastatin and atorvastatin

also known as C1-981; HMG CoA -
synthetase inhibitors, for example L-659,699 ((E&,E-11-[3'R-(hydroxy-

methyl)-4'-oxo-2'R-oxetanyl]-3,5,7R-trimethyl-2,4-undecadienoic acid);
squalene synthesis inhibitors, for example squalestatin 1; and squalene
epoxidase inhibitors, for example, NB-598 ((E)-N-ethyl-N-(6,6-dimethyl-2-
he‘pteno4-ynyl)-3-[(3,3’-bithiophen-5-yl)methoxy]benzéne-methanamine
hydrochioride). Preferred HMG CoA reductase inhibitors are lovastatin,
pravastatin and simvastatin.

Compounds of formula I, wherein R4, R2, Rz, R4, R2o, R21, U
and v are as defined above, can be prepared by known mathods as
shown in the following processes A to F.

Process A:
A 1) oxalyl chioride
1=~ (Rz}yy —
! Rao
(Raly | o
COOH . (alkyl)sN
11 R

I1I
A carboxylic acid of formula II can be converted to the
corresponding acid chioride by refluxing with a reagent such as oxalyl
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chloride in an inert solvent such as CH2Cla. The acid chloride is then
refluxed with an imine of formuia III in an inert solvent such as CHaCla,
heptane or toluene, in the presence of a trialkylamine (i.e., (alkyl)aN} such
as triethylamine, tributylamine or diisopropylethylamine. Generally, all
possible diastereomers of formula I are produced by this process.
Process B:

OT RV RﬁcFiRz)v

‘ Rx  RMgX Rzo

(Rs)w——r - a)u—-—T

7—N,
O Ry
Vv Ia
A keto-azetidinone of formula IV can be converted to a

carbinol of formula Ia, i.e., 8 compound of formula I wherein Ry is

O\\
L4

l\,,f‘ .
-C{OH)- , by treatment with a Grignard reagent of formula R4MgX,
wherein Ry is as defined above and X is a halogen such as bromine,
chlorine or iodine.

Process C:
Re=Ry- (Rp)y

TsOriftoluene or
e (Rs)y

CH30,CNSO,NET,

Ia

Ib (wherein Ry+ R, = «CH=CH-})

A carbinol of formula Ia is converted to an olefin of formula
ib, wherein Ry and an adjacent R» form a double bond (other R2 groups
zan also be present) by dehydration with a mild acid such as p-
toluenesulfonic acid (p-TsOH) under anhydrous conditions, e.g., using
toluene as a solvent, or by treatment with a dehydrating agent such as
(methoxycarbonyisulfamoyl)-triethylammonium hydroxide inner sait.
Process D:

H, and
Ib —pgcor
Ir{(Cyclohex),;P][COD][Py]Pts

An olefin of formula Ib is reduced with hydrogen in the

presence of a suitable catalyst such as palladium or an iridinium salt to

S . I




WO 94/17038

10

15

20

PCT/US94/00421

<11«

obtain the desired azetidinone of formula I. When the iridinium salt is
used, the resulting products have primarily the ANTI stereochemistry, IB.

Keto-azetidinone starting materials of formula IV can be
prepared, for example, by the following processes:

Process E:

'e)
LDA, THF, -78° o—]L (Ra)y
r ot

O
g‘\'f‘ (Rz)v R R REO
(R ) __L ( "20 ( S)U___‘r Vi

3/u
CORzz |l
v N1 7N
/ O Ra
R34

p-TsOH, toluene, H,O
VI - - - IV

A carboxylic acid ester of formula V, wherein Rz is lower
alkyl, such as ethyl, or a chiral moiety such as menthyl or 10-(diisopropyl-
sulfonamido)-isobornyl, is treated with a strong base such as lithium
diisopropylamide (LDA) in a suitable solvent such as tetrahydrofuran
(THF) at -78°C. An imine of formula IIl is added and the reaction mixture
is stirred at -78°C for a suitable period, e.g., one hour, then allowed to
warm to room temiperature. Tne product of formula V1 is isolated using
conventional purification techriques. When the ester group Ra2 is chiral,
the product is non-racemic. The ketal protecting group is removed by
treatment with a mild acid such as p-TsOH to obtain the keto-azetidinone

of formula IV.

Process F:
O\‘r (j[o_)v 1) CICOCOC!
SIS . 1V
R R
VII /N. . {alkylsN
Rat 117

A ketoacid of formuia VII can be treated with NICQCOC!
and reacted with an imine of formula HI as described in Process A to
obtain a keto-azetidinone of formula IV.
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The carboxylic acids and imines of formulas II, III, V and
VII used as starting materials in the above process are known in the art
or can be prepared by one skilled in the art using weli known procedures.
Typical p. ocedures for preparing a variety of carboxylic acids are

5 described below in Preparations 1 to 6.
Reactive groups not involved in the above processes can be

protected during the reactions with conventional protecting groups which
can be removed by standard procedures after the reaction. The following
Table 3 shows some typical protecting groups:

10 Table 3
Group to be Group to be Protected and
Protected ~ Protecting Group
—COOH —COGalkyl, —COObenzyl, —COOphenyl
| \
PIvy “SNCOalkyl, NCObenzy ENCOphenyl ,
NCHOCH,CHSi(CHgly , _/NC(O)OC(CHals
CHa
AN \ <Te
G
~NH, - N

—OH —OCH;, —OSi(CHg)s, — OSil-C(CH)s , — OC(O)alkyl
CH'3
We have found that the compounds of this invention lower
serum lipid levels, in particular serum cholesterol levels. Compounds of
this invention have been found to inhibit the intestinal absorption of
15 cholesterol and to significantly reduce the formation of liver cholesteryl
esters in animal models. Thus, compounds of this invention are
hypocholesterclemic agents by virtue of their ability to inhib# the
esterification and/or intestinal absorption of cholesterol; they are,
therefore, useful in the treatment and prevention of athérosclerosis in
20 mammals, in particular in humaris.
The in vivo activity of the compounds of fermula I can be
determined by the following procedure:
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Vi lipi ' in rlipidemi

Hamsters are separated into groups of six and given a
controlled cholesterol diet (Purina Chow #5001 containing 0.5%
cholesterol) for seven days. Diet consumption is monitored to determine
dietary cholesterol exposure in the face of test compounds. The animals
are dosed with the test compound once daily beginning with tkie initiation
of diet. Dosing is by oral gavage of 0.2mL of corn oil alone (control group)
or solution (or suspension) of test compound in corn oil. All animals
moribund or in poor physical condition are guthanized. After seven days,
the animals are anesthetized by IM injection of ketamine and sacrificed by
decapitation. Blood is collected into vacutainer tubes containing EDTA for
plasma lipid analysis and the liver excised for tissue lipid analysis. Data is
reported as percent raduction of lipid versus control.

The present invention also relates to a pharmaceutical
composition comprising a compound of formuia I and a pharmaceutically
accepiable carrier. The compounds of formula I can be administered in
any conventional dosage form, preferably an oral dosage form such as a
capsule, tablet, powder, cachet, suspension or solution. The formulations
and pharmaceutical compositions can be prepared using conventional
pharmaceutically acceptabie excipients and additives and conventional
techniques. Such pharmaceutically acceptabie excipients and additives
include non-toxic compatible fillers, binders, disintegrants, buffers,
preservatives, anti-oxidants, lubricants, flavorings, thickeners, coloring
agents, emulsifiers and the like. '

The daily hypocholesteremic dose of a compound of formula
1is a5out 7 to about 30 mg/kg of body weight per day. For an average
body weight of 70kg, the dosage level is therefore from about 500 to about
2000 mg of drug per day, given in a single dose or 2-4 divided doses .
The exact dose, however, is determined by the attending clinician and is
dependent on the potency of the compound administered, the age, weight,
condition and response of the patient.

Following are examples of preparing carboxylic acid starting
materials and novel compounds of formula 1. The stereochemistry listed
is relative stereochemistry unless otherwise noted.
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Preparation 1
4-Phenyl-cyclohexanecarboxylic acid

STEP 1. Cool a mixture of 4-phenyl-cyclchexanone {30 g) and
tosylmethyl isocyanide (36.9 g) in dimethoxyethane (800 mL) in an
ice/acetone bath. Add a solution of potassium t-butoxide (38.7 g) in
dimethoxyethane (300 mL) and t-butanol (300 mL). Stir the reaction
mixture for 4h, pour into water and extract the product with ethyl acetate
(EtOAc). Separate the organic layer, concentrate and use in STEP 2
without purification.
STEP 2: Dissolve the product from STEP 1 (32.8 g) in CH3OH (240 mL)
and add water (800 mL), Ba(OH)2 (95 g) and NaOH (7.8 g). Heat the
reaction mixture at reflux for 24h. Remove most of the CH3OH under
vacuum and extract the aqueous solution with ether (Et20). Separate the
aqueous layer, acidify with conc. HC! and extract the product with Et20.
Concentrate the ether solution to obtain the title compound (17.6 g).

4-Phenyl-4-methyl-cyclohexanecarboxylic acid is similarly
prepared from 4-phenyl-4-methyl-cyclohexanone.
Preparation 2

id

STEP 1. Slowly add 4-chiorophenylmagnesium chloride (5.9 mL of 1M
solution) to a solution of ethyl 4-oxo-cyclohexanecarboxylate (1.0 g) in
EtoO at 0°C. After 1h, pour the reaction mixture into 1N HCI and extract
with Et2O. Separate the organic layer, wash with water, brine and
concentrate to give ethyi 4-(4-chiorophenyl)-4-hydroxy-cyclohexane-
carboxylate (1.75 g) which is used without purification in the next step.
STEP 2: Dissolve the product (1.75 g) from STEP 1 in THF (100 mL), treat
with 40% H2SO4 (25 mL) and heat the reaction mixture at reflux for 5.5h.
Remove most of the solvent in vacuo, dilute the reaction mixture with
water and extract with Et;O. Separate the organic layer and concentrate
to give 4-{4-chlorophenyl)-cyclohex-3-enecarboxylic acid (1.36 g).
STEP 3: Reduce a solution of the product of STEP 2 (1.36 g) in EtOAc
(50 mL) over 10% Pd/C under Hz (50 psi) for 14 h. Filter the catalyst and
concentrate the solution to give the title compound (1.36 g).
4-(4-Methoxyphenyl)-cyclohexanecarboxylic acid is similarly

prepared.
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Preparation 3
4- -cycl necar 1 i
Reduce a solution of 4-biphenylcarboxylic acid (10 g) in

ethanol (EtOH) (175 mL) and EtOAc (30 mL) over 5% rhodium/alumina
(7 g) under Hz (60 psi) for 8 days. Filter the catalyst and concentrate the
solution to obtain the title compound (9.92 g).

Preparation 4

4-Benzyl-cyclohexanecarboxylic_acid

STEP 1: Reduce a solution of terphthalic acic mono-methyl ester (12.6 g)
using a procedure similar to that of Preparation 3 to obtain 1,4-cyclo-
hexanedicarboxylic acid mono-methy ester (12.64 g). The crude product
is used without purification in the next step.
STEP 2: Add CICOCOQCI (4.1 g) to a solution of the product of STEP 1
(3.0 g) in CHzCl2 (15 mL) and heat the mixture at reflux for 1.5h. Remove
excess CICOCOCI in vacwo and dissolve the product in benzene. Cool
the reaction mixture in an ice/water bath and slowly add AICl3 (4.74 g).
Stir the reaction mixture overnight as it warms to ambient temperature and
pour into a conc. HCl/ice mixture. Extract the product with Et20, separate
the organic layer, wash with water and brine, then concentrate to obtain
methyl 4-(4-benzoyl)-cyclohexane-carboxylate (3.9 g).
STEP 3: Reduce a solution of the product of STEP 2 (2.5 g) in EtOAc (15
mL) and acetic acid (HOAc) (50 mL) over 10%Pd/C (0.3 g} under Hz (60
psi) for 22h. Filter the catalyst, dilute the reaction mixture with water and
extract the product with Et20. Separate the organic layér and concentrate
to obtain a mixture of methyl 4-(a-hydroxybenzyl)-cyclohexanecarboxylate
and methyl (4-benzylcyclohexane-carboxylate (2.46 g).
STEP 4: Dissolve the product from STEP 3 (2.46 g) in THF (100 mL), treat
with 40% H2804 (25 mL) and heat the reaction mixture at reflux for § h.
Pour the reaction mixture into excess water and extract with EtOAc.
Separate the organic layer, concentrate, and reduce the crude mixture
over 10%Pd/C {0.25 @) under Hz (60 psi) overnight. Filter the catalyst and
concentrate the solution to obtain the title compound (2.42 g).

Preparation 5

STEP 1: Slowly add 2-phenylethyl bromide (2.6 g) to a sturry of Mg

(0.37 @) in THF (50 mL) and heat at refiux for 4h. Cool the solution to
ambient temperature and add to a solution of ethyl 4-oxo-cyclo-hexane-
carboxylate (2.4 g) in THF (50 mL). After 2h, pour the reaction mixture into



WO 94/17038

10

15

20

25

30

35

PCT/US94/00421

-16 -

a haif-saturated solution of NH4Cl and extract with EtOAc. Partially purify
the product on a silica gel cofumn, eluting with EtOAc. Dissolve the
product in toluene (100 mL), treat with p-TsOH and heat at reflux
overnight with azeotropic removal of water. Cool the reaction mixture,
wash with saturated NaHCO3 solution and concentrate. Purify the crude
product on a silica gel column, eluting with CH2Cl2 to obtain ethyl 4-(2-
phenylethyl)-cyclohex-3-enecarboxylate (0.45 g) and 1-(2-phenyi-ethyl)-
2-oxabicyclo[2.2.2]octan-3-one (0.71 g). Dissolve 1-(2-phenyl-ethyl)-2-
oxabicyclo[2.2.2]octan-3-one in EtOH, treat with conc.HCI (catalytic) and
heat at reflux overnight. Dilute the reaction mixture with water and extract
with EtOAc. Concentrate the organic layer to obtain additional ethyl 4-(2-
phenylethyl)-cyclohex-3-enecarboxylate (0.88 g).
STEP 2. To a solution of the product of STEP 1 (1.33 g) in EtOAc (40 mL),
add 10% Pd/C (0.2 g) and hydrogenate overnight at 58 psi. Filter the
catalyst and concentrate the reaction mixture to give ethyl 4-(2-
phenylethyl)-cyciohexanecarboxylate (1.26 g).
STEP 3: To a solution of the product of STEP 2 (1.26 g) in MeOH (20 mL),
add water (5 mL) and LiOH (0.61 g) and stir overnight at ambient
temperature. Dilute the reaction mixture with water and extract with Et20.
Acidify the aqueous layer with conc.HCI and extract with EtOAc. Separate
the organic layer, wash with water and brine, and concentrate to obtain
the title compound (1.06 g).
Preparation 6

-Benzyl- ne: li i
STEP 1: Slowly add a solution of diethyl 2-benzylmalonate (20 g) in Et2O
(300 mL) to a slurry of LiAlH4 (6 g) in Et2O (300 mL), then heat the
reaction mixture at reflux for 14h. Carefully add 4N NaOH to the reaction
mixture until there is no precipitate, then extract with EtOAc. Concentrate
the organic layer and purify the crude product on a silica gel column,
eluting with EtOAc to obtain 2-benzyl-1,3-propanediol (8.45 g).
STEP 2: Slowly add (CeHs)3P (17.4 g) to a solution of the product of
STEP 1 (5 g) in CH2Cl2 (200 mL) containing CBrg {21 @) at 0°C. Stir the
reaction mixture overnight and allow to warm to ambient temperature.
Evaporate the solvent in vacuo, triturate the crude product with pentane,
filter, concentrate the filtrate and purify the residue on a silica gel column,
eluting with hexane to give 2-benzyl-1,3-propariedibromide (5.47 g).
STEP 3. Add diethyl malonate (3 g) to a slurry of NaH (0.514 g) in
dimethylformamide (DMF) (75 mL) at ambient temperature. After 1 h, heat
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the reaction mixture to 100°C for 1h, cool to ambient temperature, add a
solution of the product of STEP 2 (5 g) in DMF (25 mL) and stir at ambient
temperature for 2.5h, followed by 2h at 150°C. Cool the mixture to
ambient temperature, add NaH (0.514 g) and after 30 min., heat at 150°C
overnight. Cool the reaction mixture, pour into excess water and extract
with EtOAc. Separate the organic layer, wash with water and concentrate.
Purify the crude product on a silica gel column, eluting with EtOAc:hexane
(1:9) to obtain diethyl (3-benzyl)-cyclobutyl-1,1-dicarboxylate (3 g).
STEP 4: To a solution of the product of STEP 3 (3 g) in EtOH (20 mL),
add water (5 mL) and KOH (2.9 g) and heat at reflux overnight. Dilute the
reaction mixture with water and extract with Et2O. Acidify the aqueous
layer with conc.HCI and extract with CH>Clo. Separate the organic layer
and concentrat to give 3-benzyl-cyclobutyl-1,1-dicarboxylic acid (2.31 g).
STEP 5: Heat the product of STEP 4 (2.31 g) at 170-180°C under
vacuum (60-70 mm) for 1.5h to obtain the title compound (1.85 g).

In a similar manner, 2-(2-phenylethyl)malonate is converted
to 2-(2-phenylethyl)cyclobutanecarboxylic acid.

Preparation 7

o OCH;

(R) or (S)

7N

)

STEP 1: Heat a mixture of 4-carbomethoxycyclohexanone (4.4 g, 0.028
moles), HOCH2CH20H (3.2 mL, 0.056 moles), and a catalytic amount of
p-TsOH in toluene at reflux for 4 hr with continuous removal of water. Cool
to room temperature, wash the organic layer with water, dry over MgSOQOs,
and evaporate to give the crude ketal. Dissolve ketal in MeOH (80 mL)
containing KOH (5.6 g) and stir at room temperature overnight.
Concentrate to dryness and dissolve in EtzO (100 mL). Adjust to pH 2 with
1N HCI. Extract with Et20 (3 x 100 mL.), dry over MgSQO4 and evaporate to
obtain 4.0 grams of the ethylene ketal of 4-cyclohexanonecarboxylic acid.
STEP 2: Add the product from Step 1 (0.344 g, 1.8 mmol) and 10-
diisopropylsulfonamido)-isoborneol (0.570 g, 1.8 mmol) to a mixture of
DCC (0.556 g, 2.7 mmol), dimethylaminopyridine (DMAP) (0.330 g, 2.7
mmol), and DMAP HCI (0.003 g) in CH2Cla (6 mL). Stir at roorm temp.
overnight, dilute with Et20 (150 mL) and filter. Concentrate the filtrate
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under vacuum and purify the crude ester by chromatography on silica gel,
eluting with 30% EtOAc/hexane to obtain 0.508 grams of the ester.
STEP 3: Prepare a solution of LDA (from [(CHz3)2CH]2NH (0.23 mL) and
1.6M CH3(CH2)3Li (1.08 mL) in hexane) in THF (5 mL), cool to -78° C and
add a solution of the product of Step 2 in THF (5 mL.). Stirat-78° C for 1.5
hr, then add a solution of (N-(4-methoxy-benzylidine)aniline (0.278 g, 1.32
mmol) in THF (5 mL). Stir this mixture at -78° C for 1 hr and at room
temperature for 1 hr. Quench the reaction with a solution of 10 % aqueous
KHSO4 (20 mL), extract with EtOAc (3x20 mL), dry the organic layers over
MgSO4 and evaporate. Purify the crude product by chromatography over
silica gel, eluting with 40% EtOAc/hexane to obtain 0.266 g of product.
STEP 4: Stir the product of Step 3 overnight in §:1 acetone: 3N HCl to
obtain 0.21 grams of the title compound. If 10-diisolpropylsulfonamido)-
isoborneol derived from (+)-10-camphorsuifonyl chloride is used in Step
1, the product has the (S)-configuration.

Preparation 8

~OCHj 0 OCH;,

and

o) N

STEP 1. To a solution of ethyl 3-oxocyclopentanecarboxylate (2.63 g,
0.0169 moles) in benzene (50 mL), add HOCH>CH»OH (2.10 g, 0.0338
moles) and pyridinium tosylate (0.85 g, 0.0034 moles). Heat at reflux with
removal of water for 2.5 hr. Remove the solvent under vacuum and take
up the residue in Et20 {100 mL). Wash with saturated NapCO3 and
concentrate to a yellow oil. Purify by chromatography on silica gel, eiuting
with 10 % EtOAc/hexane to obtain 2.92 grims of the ketal ester.

STEP 2: React the product of Step 1 {5.30 g, 0.0015 moles) with LDA (1.2
equivalents) in THF followed by N-(4-methoxybenzylidine)aniline as
described for Preparation 7, Step 3, to obtain 0.52 grams of the resulting
azetidinone as a mixture of diastereomers. Separate these diastereomers
by chromatography on silica gel, eluting with 20% EtOAc/hexane to obtain
0.16 grams of component A and 0.22 grams of component B.

STEP 3: Treat component A of Step 2 (1.38 g) with aqueous HCl as
described for Preparation 7, Step 4, to obtain 1.15 grams of rel (3R,4R)-3-
(4-methoxyphenyl)-2-phenyl-2-azaspiro[3.4]octane-1,6-dione. Similar
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treatment of component B yields rel (3R,4S)-3-(4-methoxyphenyl)-2-
phenyl-2-azaspiro[3.4]octane-1,6-dione.
Preparation 9

o OCHj

dRe

5 Treat a solution of 4-cyclohexanonecarboxylic acid (4.6 g,
0.0323 moles)in CH2Clz {50 mL) with CICOCOCI (5.7 mL, 0.0648 moles)
as described in Example 1, below. React the resulting acid chloride with
N-(4-methoxybenzylidene)aniline using the procedure described in
Example 1 to obtain the title compound (10.03 g).

10 In a similar manner, using N-(4-methoxybenzylidine)-4(t-
butyl-dimethyisilyloxy)aniline, prepare:

15

- Dirols anan-1-on:
Add CICOCOCI (1.43 g) to a solution of the product of
Preparation 2 (1.34 g) in CH2Cla (15 mL) and heat at refiux for 2h.
Remove the solvent and excess CICOCOCI under vacuum. Dissolve the
20 resultant acid chioride in CH2Cl2 (5 mL), add this solution to N-(4-
methoxybenzylidene)anisidine (1.35 g) and triethylamine (EtaN) (1.25 g)
in CH2Cl> (25 ml.) and heat at reflux overnight. Pour the reaction mixture
into 1N HCI and extract the product with CH2Clz. Separate the organic
layer, wash with saturated NaHCO3 and concentrate. Purify the crude
25 material on a silica gel column, eluting with CHaCla:hexane (95:5) to give:
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(1) Diastereomer A of the title compound: 0.52 g; m.p. 166-167;
Mass spectrum: Calculated 461 and observed 462;
Elemental analysis: Calculated: C=72.8, H=6.11, N=3.03
Found: C=72.72, H=6.11, N=3.15
5 (1A) Diastereomer B of the title compound: 0.475 g; m.p. 87-89
Mass spectrum: Calculated 461 and observed 462;
Eiemental analysis: Calculated: C=72.8, H=6.11, N=3.03
Found: C=72.79, H=6.17, N=3.12.

10 Other 2-azaspiro[3.5]nonan-1-ones and 2-azaspiro[3.3)-
heptan-1-ones similarly prepared are shown in the following table:



4.
Ry= (Ray
| Rzo
(Ra)y
=N,
O Rz
| Ex| D[ Rt [ -Roh- | -(Raly | R4 | R2o ~ Rt mp, [ MS Elem. Anal.
‘ ster. , , Cco
H | -(CH ~-(CH ‘ , ' 68- | Calcd: 427
Ol R B Rk §)ooms | —()ooma | 57 | Coer 427
- 3 1 B cH |-Gz | Claz |/ ‘ ", "75- | Calcd: 427 | Caled:
Rk @— OCHg OCH3 | 77 | Obs: 427 | C: 78.66, H: 6.84, N: 3.28
! i Found:
“ | ) - C: 78.26, H: 6.77, N: 3.36
4 A CH |-(C -(CHo)o- Ve , ‘ - | Calcd: 397 | Calcd:
' (Cralz | -(Cha) @— @ OCH,3 '@ Obs: 398 | C: 81.58, H: 6.85, N: 3.52
' Found:
_ C:81.06, H: 6.76, N: 3.65
5 | B CcH | -CH CH2)2- | \ ' - | Caled: 397 | Calcd:
‘ (CHalz | < @" —@OCHs —O Obs: 398 | C: 8158, H: 6.85, N: 3.52
f Found:
X , 1C: 80.87, H: 6.75, N: 3.68
Al cH |-(CHys 1 -(CH ‘ - | Calcd: 411 | Caked:
5 | (Cria)z- 2)2‘ @— —@-mHZCHa @ Obs: 412 | C: 81.72, H: 7.10, N: 3.40
Found:
o | ‘ C: 8159, H: 7.05 N: 3.60
7 | B | CH |-(CHaz | -{CHa) | _@ OCH.CH - Cgécsdi 441111
3 ) 3 .
8 1 -1 N [-CH)z [ -(CHa)z \ ’ ~ | Calcd: 428 [ Caled: _
(CHa)z | ) @— Q OCH, OCHj3 Obs: 429 | C: 75.68, H: 6.59, N: 6.54
Found:
, 7 C: 75.40, H: 6.66, N: 6.52
a9 | A ] cH |-CH) | -(CH ' T'191-] Calcd: 396 | Caled:
A (Cralz <( Dz @— ‘ OCHs | 1g3 | Obs: 397 | C: 81.58, H: 6.85, N: 3.52
Found:
C: 8157, H:6.84 N:355

-Lz-

8€0L1/P6 OM

127r00/96S11/ LOd



Ex.

ol

| % -(Ro)- Ra A2o Ra1 rgg MS Elem. Anal.
ster. . R -
10| B CH }-(CHy)2 | {CH)> | ' ‘ ‘ 178-| Calcd: 396 | Caled:
@'— \ OCH; | 1go | Obs: 397 | C: 8158, H: 6.85, N: 3.52
) Found:
1 i g ‘ C: 8156, H: 6.82, N: 3.56
11 | A |C(CH3)] -(CH2)2- | -(CH2)2- —-@OC H __@ - %ltl)cd:441‘1 21
/ ; 3 St
12 | B | C(CHa)| -(CH)z | -CH)z ' ) oo _@ - | Caled A
i / 3 :
B A | oH | Chaz | -Chaz ’ ' — 1 1784- | Calcd. 455 | Caicd:
kG ? @- Q COOCH, OCHa | 1g5 | Obs: 455 | C: 76.46, H: 6.42, N; 3.07
' ; Found:
s ) C: 76.20, H: 6.38, N: 3.07
B CH | -«(CH2)2- | -(CHo): ‘ 125-| Calcd: 455 | Calcd:
B ' (Cridz | < Z)ZA @— —Ocoocm @ OCH3 | 127 | Obs: 455 | C: 76.46, H: 6.42, N: 3.07
- i Found:
_ , C:76.36, H: 6.72, N: 3.19
| ' H [-(CHx)z- | -(CHo)2- | 149- | Calcd: 427 | Caled: ’
1A ¢ Ozl -( 2z _© 150 { Obs: 428 | C: 78.65, H: 6.84, N: 3.28
Found
_ o « . , C.78.74, H:. 6.89, N: 3.48
6 CH | -(CHo)o< | -(CH -/ o ‘ | 161-] Calcd: 427 | Caled:
e (Gl | ez 5”30‘@' OCHs —@ 162 | Obs: 428 | C: 78.66, H: 6.84, N: 3.28
Found:
,_ - _]C: 7853, H: 6.80, N: 3.47
171 A CH | -(CH)z> | -(CH2)2- = - | Caled: 413 -
A el N -{j}-scu3 \ Obs: 414
17| B | CA |-CHdz | -CHa)z | @_ —~ _@ T CakEats |-
B | —@-SCH; h Obs: 413
8 | 1 [ -CH)> | -CH: ‘ " = B | 65- | Calcd: 411 | HRMS Calcd: 412.2277
18 A} CH | -(Cralar p CHRz CHy— —QOCHa —© 69 | Obs: 412 | Found: 412.2272

-aa-

SLOLI/PE OM
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Ex. s!l?iau- ) Rl | -(Ra)y | Ra " Rzo R21 rgg MS Elem. Anal.
[el. !
19 ] B ] CH ]-CHoz| -(CHo)x =\ 126-| Calcd: 411 | HRMS Calcd: 412.2277
| - CHz™— -OOCHa W/ 130 | Obs: 412 | Found: 412.2269
20] & | CH |-CH2z | -Chdz | ' ' ' | 167-| Calcd: 431 | Calkca:
a Q OCH, ' 168 | Obs: 432 | C: 75.08, H: 6.07, N: 3.24
Found: o
| C: 75.07, H: 6.07, N: 3.31
21{ B CH | ~(CHa)2~ | «(CH2)o- ' = ' " 76- | Calcd: 431 | Caled:
Cl—<\ }‘ OCH3 78 | Obs: 432 | C: 75.08, H: 6.07, N: 3.24
' Found:
) 7 ) C:75.28, H: 6.04, N: 3.33
2| B CH | -(CHa)2 | -(CH2)2- @_ OCH "‘@'OCH:; ";;67- Cgécsd :2287
T8 cn [Tz [ Tl | 7= N , {76 | Calod 427 | Calea:
23 | 2 @- @ OCHj3 OCH; | 77 | Obs: 428 | C: 78.85, H: 6.62, N: 3.28
Found:
, , _1C:78.84 H: 6,65 N:3.30
24 | A CH | -(CHo)z | -(CHo)2 | ' \ 57- | Calcd: 425 | Calcd:
S (EHaz @(CHz)z— @ OCH, 59 | Obs: 426 | C: 81.85, H: 7.34, N: 3.29
. o Found:
, ‘ , N ! C.81.97, H: 7.34 N: 3.21
25 | B | CH |-(CHJz [ -(CH2)> | 53. | Calod: 425 | Calcd:
o)z | -éCHz)a“‘ @ OCH, 55 | Obs: 426 | C: 81.85, H: 7.34, N: 3.29
C Found:
. o C:81.77,H: 7.24 N:3.29
1B cH |-(CH2 -({CHo) - 174- | Calcd: 414 | Calcd:
% (el | (ke CI-‘@— - OCHs 175.| Obs: 415 | C: 78.16, H: 6.07, N: 3.38
' Found - C: 78.20, H: 6.10,
_ _ N: 3.39
T8 i -(CH -(CH ' ' \ _ ‘ 174-| Calcd: 414 | Caled:
27 CH | (Gl | 2)2-‘ C' : OCHa _Q | 175 | Obs: 415 | C: 78.16, H: 6.07, N: 3.38
Found:
, . C: 78.17, H: 6.09, N: 3.38
- 1 -{CH- o 163-] Calcd: 429 | Calced:
2 - C=CH- Cree Ci"@" "@OCHa "@ 164 | Obs: 430 | C: 75.43, H: 5,63, N: 3.26
Found:
C: 75.35, H: 5.67, N: 3.35

8E0LI/¥6 OM
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Ex. s?:' Ri [ -®ay- | (Radu- Aa Fz0 Ra1 E ~Elem, Anal.
20 | A | OH | -CHy | -CHy- N ‘ 56- | Calod: 383 | Cakd:
A @" r OCHs 58 | Obs: 384 | C: 81.43, H: 6.57, N: 3.65
Found:
. ) , _ i C: 81.54, H: 6.49, N: 3.6
201 B ] CH | €Ha- | -CHp- ' o, J 97- | Caled: 383 | Calcd:
B @— | ) OCH, < 98 | Obs: 384 |C: 81.43,H: 6,57, N: 3.65
Feund:

, G: 81.09, H: 6.36, N: 3.42
30| A | CH | -CHa- | -CHp- @_ (CHam OCH _@ | TH NMR (400 MHz, COC1g) 8 6.90-7.30(m,
A \ 2 3 " £14H), 4.71(s, 1H), 3.82(s, 3H), 2.66(ddd, 1H,

J=3,00, 7.73, 11.60), 2.29(ddd, 1H, J=4.20,
7.94, 11.91), 1.94(dd, 1H, J=9.56, 11.60),
1.23(dd, 1H, J=8.54, 11.91), 2.46(m, 3H),
‘ \ V / . o ' 1.59(m, 2H)
30 | B | CH | CHp- | -CHp- ._ L = _@ TH NMR (400 MHz, €DCla) § 6.90-7.32(m,
B Q) e \ /) OCHs / 14H), 4.87(s, 1H), 3.82(s, 3H), 2.42-2 56(m,
- 3H), 2.95(dd, 1H, J=7.39, 11.9), 2.05(m 1H),
1.92(dd, 1H, J=7.63, 12.2), 1.64(ddd,
, . A , _ J=8.24, 3.36, 11.9), 1.83(q, 2H, J=7.63)
31| A CH | -(CHp)> | -(CHp)a ' =\ B 180-| Calcd: 403 | Caled:
iz i O— \ // OCHa 181 | Obs: 404 | C: 80.36, H: 8.24, N: 3.47
: ‘ ‘ ] Found;
) ' ) C: 80.41, H: 8.19, N: 3.57
32| B | CH |-(CH)z | -(CHa)= | 141-| Calcd: 403 [ Caled:
(CHalz O— , « OCHj —O 143 | Obs: 404 | C: 8036, H: 8.24, N: 3.47
‘ / Found:
. . ‘ . ’ , C: 80.35, H: 8.15, N: 3.74
33| A | CH |-(CHoz | -(CHa @_ O OCH;, -—<| ) ) 8?23274 H: 7.53, N: 3.87
‘ . ' Found: - .
[ , o i . 7 C:79.36, H: 7.57, N: 3.98
34| B | CH |-CH)z | -CHaz — | Calcd: 361 | -
: T h . OCH,3 —q Obs: 361

* = Single Enantiomers

-va.

8€OL1/P6 OM
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Enantiomeric compounds of Examples 22 and 23 were
prepared by chromatographic resolution of the racemate in a CHIRACEL
OD HPLC column eluting with 83:7 hexane:isopropanol at a fiow rate of 5

mL/min.
Enantiomeric compounds of Examples 26 and 27 were

prepared by ctiromatographic resolution of the racemate in a CHIRACEL
OD HPLC column eluting with 95:5 hexane:isopropanol at a tiow rate of 5

mL/min.
Example 26: [a]2 = +60.7° (CH3OH)

Example 27: [a]> = -58.1° (CHyOH)

Examples 35A. 35B, 35C, 35D and 35E

F
OCH,8 oH OCH,8
7/,

and

SRR o B

To a solution of the product of Preparation 7 (1.1 g, 3.28
mmol) in Et20 (20 mL) at 0°C, add a solution of 4-fluorophenylmagnesium
bromide (4.9 mL, 4.92 mmol) in THF over 5 min. Stir at 0°C for 1.5 hr, then
stir at room temperature for 3 hr. Quench the reaction with sat'd NaHSQg4
and extract with EtOAc (3 x 30 mL). Dry the organic layers over NapSQO4
and evaporate the solvent to obtain 1.57 grams of crude product. Purify by
chromatography over silica gel, eluting with 95:5 Ch2Clz:EtOAc to obtain
0.9 g of the ANTI iscmer, mp=168-163° C, and 0.27 g of the SYN isomer.

In a similar manner, the following compounds are prepared:

35¢C 45D
W N
H,C o]
3 Oﬁ/:ﬂ“l% &;
OH OH
mp=94-96°C MS caled: 433; obs: 416 (M-H20)

MS caicd: 427; obs: 427
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Examples 36, 36A, 36B, 37 and 38
Using appropriate starting materials in a procedure similar to
that described in Example 35, the following compounds are prepared:

mp = 100.0-103.0°C
[a3’ = +55.9° (CH;0H)

single enantiomer

mp = 60.0-65.0°C

[0 = -52.0° (CHZOH)

single enantiomer
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@ OCH3 OCHS
-

LY )] HO
7—N

ONQ o

mp = 61.0-64.0°C

mp = 164.0-165.0°C

Examples 39, 40, 40A,

F .
@ OCH,
3

STEP 1: Add p-TsOH (0.08 g) to a solution of the product of Example 35
(0.5 g) and stir at 60° C over 4A sieves for 3.5 hr. Filter the mixture
through celite, wash with sat'd NaHCOg, dry over NapSOy4, and evaporate
to obtain 7-(4-fluorophenyl)-7-hydroxy-3-(4-methoxyphenyl)-2-phenyl-2-
azaspiro[3.5]non-6-en-1-one, which can be used in STEP 2 with or
without purification by chromatography over silica gel.
STEP 2: To a solution of the product of STEP 1, (0.415 g,1 mmol) in
CH,Cls (15 mL), add (tricyc!ohexyl’phosphine)'—w(1,5-cyclooactadi‘ene)-
(pyridine) Iridium(l) hexafluorophosphate (0.010 g, 0.05 mmol). Stir under
orie atm Hj at room temperature for 52 hr. Filter the mixture through a bed
of silica gel, eluting with CH2Cl» to give 0.161 g of the title compound,
mp=146-147° C. MS calcd: 415; obs: 415.

In a similar manner, except using 10% Pd/C as the
hydrogenation catalyst, use the compound of Example 38 as the starting
material to prepare the following compounds:
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mp = 102-103°C Cl Mass Spectrum, M/z(intensity):
398 (100, M+), 279 (13), 211 (18).
Examples 41, 42 and 42A
Use the product of Preparation 8 in the procedure of
Example 35, followed by the procedure of Example 39, STEP 1, to obtain
5 the compound of Example 41. Treat the compound of Example 41 using
the procedure of Example 39, STEP 2, to obtain compounds of Examples

42 and 42A:

mp = 98-101°C mp = 102.0-103.0°C

10
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Examples 43A and 43B
Use the product of Preparation 7 in the procedure of
Example 35, followed by the procedures of Example 39, STEP 1 and
STEP 2, to obtain compounds of Examples 43A and 43B:

O,
—ko —%

[a]go = +28.3° (MeOH) smgle enantiomer

single enantiomer

H3C

EXamp’les 44A and 44B

Q

Dissolve the compound of Example 36 (0.31 g, 0.693 moles)

in CH2ClIz (7 mL) at -78°C and add dropwise, over 2-3 min., diethylamino-

10 sulfur trifluoride (0.145 mL, 1.09 mmoles). Stir the mixture for 2 hr. at
-78°C. Quench the mixture with ice-cold saturated NaHCO3 and extract
with CH2Clz (2x10 mL). Dry the combined organic layers over NaaSO4
and concentrate to an oil. Purify by flash chromatography on silica gel to
obtain pure SYN diastereomer (0.146 mg) and impure ANTI diastereomer

15  (0.72 mg). Purify the ANTI diastereomer by preparative TLC on a 20x20
cm silica ge! plate, eluting with CH2Cl2 to obtain 0.026 g.

Cl

}

The following formulations exemplify some of the dosage
iorms of this invention. In each the term "active compound" designates a

20 compound of formule I.
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EXAMPLE A
Tablets
No. Ingredient mg/tablet mg/itablet
1 Active Compound 100 500
2 Lactose USP 122 113
3 Com 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
Meth f M I
5 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., 1/4", 0.63 cm) if necessary. Dry the damp granules.
Screen the dried granules if necessary and mix with item No. 4 and mix for
10-15 minutes. Add ltem No. 5 and mix for 1-3 minutes. Compress the

10  mixture to appropriate size and weight on a suitable tablet machine.

EXAMPLE B
Capsules
1 Active Compound 100 500
2 Lactose USP 106 123
3  Corn Starch, Food Grade 40 70
4  Magnesium Stearate NF 4 Z
Total 250 700

15 Method of Manufacture

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

20
Using the test procedures described above, the following in

yiva data were obtained for the exemplified compounds. Data is reported
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as percent change (i.e., percent reduction in cholesterol esters) versus
control, therefore, negative numbers indicate a positive lipid-lowering

eftect.

Ex. % Dose | Ex. % Dose {| Ex. %' Dose
No. | Change| mpk No. | Change| mpk [INo. | Change| mpk
1 | 25 | 50 18 | o | 50 [asA| o 10
1Al -89 | s0 1o | -43 | s0 [a3sB| -93 | 10
2 | 17 | s0 20 [ o | so fssc] -3t | 10
3 .87 | 50 J21 .92 | 50 {36 | -92 | 10
4 0 50 22 | - [asa] -85 3
5 .95 | 50 |23 - | -62 1
6 26 | 50 |24 0 50 [a3sB| -18 3
7 64 | 50 f25 | -43 | s0 [37z | -9 10
8 17 | 50 26 | -97 | 25 {as | -21 | 10
9 a6 | 50 f27 | -32 | 25 fas | - |
10 0 50 2 | -65 | 50 {40 | -90 | 50
11 | -25 | so0 leoal -9 50 " .89 | 10
12 | -38 | s0 f29B] o0 50 |l40A] -65 | 10
13 | -21 50 f30al -65 | 10 fa1 | -35 | 10
14 | -30 | s0 [aoB| -42 10 flaz | -84 | s0
15 | 31 50 {31 | .15 | s0 H42A 0 10
16 | o | 50 32| -30 | s0 fa3a] -75 | 10
ti7a] - | - |33 0 50 | 555 | 3
178] - - 34 0 50 f43B] -
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We claim:
1. A compound represented by the formula
R‘\ R1 (RE)V
Rzo
T
N
O/ N,
or a pharmaceutically acceptable salt thereof, wherein:
Rqis
1
LH-, -Cliower alkyl)-, -CF-, -E(OH)-, -E(CHg)- -E(CoHy-Ris)-
| 1
-N-or —"T'\lO' ;

Ro and R3 are independently selected from the group consisting
of -CHg-, -CH(lower alkyl)-, -C(di-lower alkyl)-, -CH=CH- and
-C(lower alkyl)=CH-; or Ry together with an adjacent Rg, or Rq together
with an adjacent R3, form a - £ =CH- or a -C =C(lower alkyl)- group;
u and v are independently 0, 1, 2 or 3, provided both are not
zero; provided that when R is -CH=CH- or -C{lower alky)=CH-, v is 1;
provided that when R3 is -CH=CH- or -C(lower alkyl)=CH-, u is 1;
provided that when v is 2 or 3, the R2's can be the same or different; and
provided that when u is 2 or 3, the Rga's can be the same or different;
Ry is B-(CH2)mC(O)-, whereinm is 0, 1,2,3,4 or 5;
B-(CHz)q-, whereinqis 0, 1,2, 3, 4, 5 or 6;
B-(CHz)e-2+(CHz)r-, wherein Z is -O-, -C(O)-, phenyiene,
-N(Rg)- or -S(0)o.2-, €is0,1,2,8,40r5andris 0, 1, 2, 3, 4 or 5, provided
thatthe sumofeandris0, 1,2, 3,4, 5 or 6;
B-(C2-Cg alkenylene)-; B'-(C4-Cg alkadienylene)-;
B-(CH2)-2-(C2-Cg alkenylene)-, wherein Z is as defined
above, arid wherein tis 0, 1, 2 or 3, provided that the sum of t and the
number of carbon atoms in the alkenylene chain is 2, 3, 4, 5 or 6;
B-(CHg)-V-(CHg)g-, wherein V is C3-Cg cycloalkylene, fis 1,
2,3,4or5andgis0, 1,2, 3, 4 or5, provided that the sum of fand g is 1,
2,3,4,50r6;
B-(CHa)-V-(C2-Cg alkenylene)- or B'-(C2-Cg alkenylene)-V-
(CHa)-, wherein V and t are as defined above, provided that the sum of t
and the number of carbon atoms. in the alkenylene chainis 2, 3, 4, 5 or 6;
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B-(CH2)a-Z-(CH2)p-V-(CHz)4-, wherein Z and V are as
defined above and a, b and d are independently 0, 1, 2, 3, 4, 5 or 6,
provided that the sum ofa, banddis 0, 1,2, 3, 4, § or 6;

T-(CHaz)s-, wherein T is cycloalkyl of 3-6 carbon atoms and s

is0,1,2,3,4,50r6; or

R1 and R4 together form the group B-CH=({)- »

B is indanyl, indenyl, naphthyl, tetrahydronaphthyl, heteroaryl or
W-substituted heteroaryl, wherein heteroaryl! is selected from the group
consisting of pyrrolyl, pyridinyl, pyrimidinyl, pyrazinyi, triazinyl, imidazolyl,
thiazolyl, pyrazolyl, thienyl, oxazolyl and furanyl, and for nitrogen-

containing heteroaryls, the N-oxides thereof, or
Ris

Ry

W is 1 to 3 substituents independently selected from the group
consisting of lower alkyl, hydroxy lower alkyi, lower alkoxy, alkoxyalkyl,
alkoxyalkoxy, alkoxycarbonylalkoxy, (lower alkoxyimino)-lower alkyl,
lower alkanedioyl, lower alkyl lower alkanedioyl, allyloxy, -CFs, -OCFs3,
benzyl, R7-benzyl, benzyloxy, R7-benzyloxy, phenoxy, Ry-phenoxy,
dioxolanyl, NO2, -N(Rg)(Rg), N(Rs)(Rg)-lower alkylene-, N(Rg)(Rg)-lower
alkylenyloxy-, OH, halogeno, -CN, -N3, -NHC(O)OR10, -NHC(O)R1o,
R1102SNH-, (R11028)2N-, -S(0)2NH3, -S(0)o-2Rs, tert-butyldimethyl-
silyloxymethyl, -C(O)R12, -COOR1g, -CON(Rg)(Rg), -CH=CHC(O)R12,
-lower alkylene-C(O)R12, R1oC(Oj(lower alkylenytoxy)-,

= CHy= N,_\Fhs
N(Rg)(Rq)C(O)(lower alkylenyloxy)- and \—# " for substitution
on ring carbon atoms, and the substituents on the substituted heteroaryl
ring nitrogen atoms, when present, are selected from the group consisting
of lower alkyl, lower alkoxy, -C(O)OR1g, -C(O)R10, OH, N(Rg)(Rg)-lower
alkylene-, N(Rg)(Rg)-lower alkylenyloxy-, -S{(O)2NH2 and 2-(trimethylsilyl)-
ethoxymethyl;

Ry is 1-3 groups independently selected from the group
consisting of lower alkyl, lower alkoxy, ~COOH, NO, -N(Rg)(Rg), OH or
halogeno;

Rg and Rg are independently H or lower alkyl;

R1o is lower alkyl, phenyl, R7-phenyl, benzyl or Ry-benzyl;

R11 is OH, lower alkyl, phenyl, benzyl, R7-phenyl or Ry-benzyl;
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R12 is H, OH, alkoxy, phenoxy, benzyloxy, __ N/ \R ,
\ , 13

-N(Rg)(Rg), lower alkyl, phenyl or R7-phenyl;

Rz is -O-, -CHp-, -NH-, -N(lower alky!)- or -NC(O)R1g;

R1s, Ris and Rq7 are independently selected from the group
consisting of H and the groups defined for W; or R1s is hydrogen and R1e
and R17, together with adjacent carbon atoms to which they are attached,

form a dioxolany! ring;

Rqg is H, lower alkyl, phenyi or pheny! iower alkyl; and

Rop and Rz1 are independently selected from the group
consisting of phenyl, W-substituted phenyl, naphthyl, W-substituted
naphthyl, indanyl, indenyl, tetrahydronaphthyl, benzodioxolyl, heteroaryl,
W-substituted heteroaryl, benzofused heteroaryl, W-substituted
benzofused heteroaryl and cyclopropyl, wherein heteroaryl is as defined

above.

| 1
2. A compound of claim 1 wherein Ry is -CH- or -C(OH)- |

3. A compound as claimed in claim 1 or claim 2 wherein Rz and
Ra are each -CHgz- and the sum of uand vis 2, 3 or 4.

4. A compound as claimed in any one of claims 1 to 3 wherein
Ris

N
R4 is B-(CHg)q or B-(CH2)e-Z-(CHp)-, wherein Bis Ry7 , qis 0-2,
Zis-0-,eis 0, ris 0, Rig is H, R17 is H and Rq5 is as defined in claim 1.

5. A compound as claimed in claim 4 wherein Rys is H, OH,
lower alkoxy or chioro.

6. A compound as claimed in any one of claims 1 to 5 wherein
Rog is phenyl or W-substituted phenyl, wherein W is as defined in claim 1.

7. A compound of claim 6 wherein Rpg is W-gubstituted phenyl
and W is iower alkoxy, OH or -C(O)R12, wherein R1z is lower alkoxy.

8. A compound as claimed in any one of claims 1 to 7 wherein
Rz1 is phenyl, W-substituted preérnyi, mdanyl, benzofuranyl, benzodioxolyl,
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tetrahydronaphthyl, pyridyl, pyrazinyl, pyrimidinyl, quinolyl or cyclopropyl, -
wherein W is lower alkyl, lower alkoxy, OH, halogeno, -N{Rg)(Ro),
~-NHC(O)OR10, “NHC(O)R10, NO2, -CN, N3, -SH, -§(0)o-2-(lower alkyl),
-COOR19g, ~CON(Rg)(Rg), -COR12, phenoxy, benzyloxy, -OCFs,

5§ -CH=CHC(O)Rj2 or tert-butyldimethylsilyloxy, and when ¥ is 2 or 3

substituents, the groups can be the same or different.

9. A compound of claim 1 represented by the ~formulat
Ras R (Ra)y
i Rzo -
(Ray

N
C \Hm -
10 wherein Ry, Ro, Ra, R4, R2o, R21, u and v are as follows: . _
Ri_ | AReh- | _-(Rals Ra Ro 1 Ra
i | o [{CH2)z-| -{CHal 0_@_ oq,,s
[ [ | ey I [ oo |
i T R Ee)
. V| o | | Oz | Ko [ _@
o T [ == -0 o
Vi | oA "-(cﬂz)? <CHzlz @_ @owa |
[ [ oo | oz | oz | @_ _6_
s OEERCEES @_ T=C)oms |
HE AT
DR e
[w] o [©r| Tor o |
C T T BT e
| OF | <Cralz | AOrdz [y CHal—
£ - Tz | gl )=
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Ri__ | -(Rgh- |_-(Ral- Ra “Rz20 R
T o [ [0
3
e | oF | 9% [Cpeue | <0 | <p |
xvii | CH «CHz)2- | -(CH2)2- O_ "@'OCHa _@
xviii | {CHz)z- | -(CHz)2- _@
-C(OH- a¥s - oo /
xix | «(CHg)z- | -(CH2)2- ' _@
-C{OH)- ‘Hsc'@— —@ OCHa
x| {CHg)z- | -(CH2)2- ' .
~C(OH) | AP | O "@
xxi | {CHz)2- | -{CH2)2-
C(OH) | Ho~)— ~oon '@
X6 | 1 {CHz)z- | -CHo)z- @ '
-C{OH)- - —@-OCH;; @
xxiii | g «(CHg)z- | ~(CH2)2- . '
dom ca -@OCHa r=
v |y {CHalz | CHy- | | _6
-C(OH)- Q CH, = _QOCH" @
0 _cH {CHalz- | ACHa)2- ) S &) ooe
CHy — \ T/ 3 ‘
ocvii| 5968 e | CHy | -CHzlz- | F1andRg ~ 1 7=\ |
) together are _@ OCHa
/
| Ore4 |
wowiii] CH | CHy | -(CHal2- @_%_ ‘ OCH; _@
xix| “CHzl- | ACH2)z- _ ‘ , | _6 ‘
te | a4 - | £ oHs g
10. A compound of claim 1 selected from the group consisting of:

7-(4-chlorophenyl)-3-(4-methoxyphenyl)-2-phenyl-2-azaspiro[3.5]nonan-
1-one; 7-(4-chlorophenyl)-7-hydroxy-3-(4-methoxyphenyl)-2-phenyi-2-
5 azaspiro[3.5]nonan-1-one; 7-(4-chlorophenyl)-2-(4-fluorophenyl)-7-
hydroxy-3-(4-methoxyphenyl)-2-azaspiro[3.5)nonan-1-one; and 7-(4-
chiorophenyl)-7-hydroxy-3-(4-hydroxyphenyl)-2-phenyl-2-
azaspiro[3.5]nonan-1-one.
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11. A pharmaceutical composition comprising an
effective amount of a compound as claimed in any one of
claims 1 to 10 in a pharmaceutically acceptable carrier.

12. A process for the preparation of a
pharmaceutical composition comprising admixing a compound
as defined in any one of <claims 1 to 10 with a
pharmaceutically acceptable carrier.

13. A method of Ilowering the serum cholesterol
level, or treating or preventing atherosclerosis in a
mammal in need of such treatment comprising administering
to the mammal an effective amount of a compound as
defined in any one of claims claim 1 to 10.

14. A pharmaceutical composition for che treatment
or prevention of atherosclerosis, or for the reduction of
plasma cholestercl levels, comprising a compound as
defined in any one of claims 1 to 10, a cholestercl
biosynthesis inhibitor and a pharmaceutically acceptable
carrier.

15. A pharmaceutical composition according to claim
14, wherein the cholesterol biosynthesis inhibitor is
selected from the group consisting of HMG CoA reductase
inhibitors.

16. A pharmaceutical composition as claimed in claim
14 or 15 wherein the cholesterol biosynthesis inhibitor
is an HMG CoA reductase inhibitor selected from the group
consisting of lovastatin, pravastatin, simvastatin,
fluvastatin and atorvastatin.

17. A method for ©preparing a pharmaceutical
composition comprising admixing a cholesterol
biosynthesisg inhibitor and a compound as defined in any
one of claims 1 to 10 with a pharmaceutically acceptable
carrier.

18. A method according to claim 17, wherein the
cholesterol biosynthesis inhibitor is selected from the
group consgisting of HMG CoA reductase inhibitors.

19. A method according to claim 17 or 18 wherein the
cholesterol biosynthesis inhibitor 1is an HMG CoA

reductase inhibitor selected from the group consisting of
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lovastatin, pravastatin, simvastatin, fluvastatin and
atorvastatin.

20. A kit comprising in separate containers in a
single package pharmaceutical compositions for use in
combination to treat or prevent atherosclerosis or to
reduce plasma cholesterol levels which comprises in one
container an effective amount of a cholesterol
biosynthesis inhibitor in a pharmaceutically acceptable
carrier, and in a second container, an effective amount
of a compound as defined in any one of claims 1 to 10 in
a pharmaceutically acceptable carrier.

21. A kit according to claim 19, wherein the
cholesterol biosynthesis inhibitor is selected from the
group congisting of HMG CoA reductase inhibitors.

22. A kit as claimed in claim 19 or 20, wherein the
cholesterol biosynthesis inhibitor 1s an HMG CoA

reductase inhibitor selected from the group consisting of

lovastatin, pravastatin, simvastatin, fluvastatin and
atorvastatin,.
23. A method of treating or preventing

atherosclercsis or reducing plasma cholesterol levels
comprising simultaneously or sequentially administering
to a mammal in need of such treatment an effective amount
of a cholesterol biosynthesis inhibitor and a compound as
defined in any one of claims 1 to 0.

24. A method according to c¢laim 23, wherein the
cholesterol biosynthesis inhibitor is gelected from the
group consisting of HMG CoA reductase inhibitors.

25. A method as claimed in claim 23 or 24, wherein
the cholesterol biosynthesis inhibitor is an HMG CoA
reductase inhibitor selected from the group consisting of
lovastatin, pravagtatin, simvastatin, flavastatin and
atorvastatin.

26. A process for preparing a compound of claim 1
comprising:

Process A: Converting a carboxylic acid of farmula II to
the corresponding acid chloride, f£ollowed by reacting
with an dmine of formula 1III in the presence of a

s e
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trialkylamine to obtain a compound of formula I

Re~ Ry (Raly

e le- (Rav

wherein Ry, Ry, Ry, Ry, Ryg, Rpp, u and v are as defined in

claim 1;

Process B: Reacting a keto-azetidinone of formula IV with
5 a Grignard reagent of the formula R4MgX, wherein R, is as

defined in claim 1 and X is halogen, to obtain a carbinol

of formula Ia

(Rz)v m\r(ﬂa)v

wu—t{ P FiMgX @y
:&:oro:’ o N‘ Ia

:o . . R21

wherein R,, Rz, Ry, Ry, Ry;, u and v are as defined in

. , |
: e claim 1 and Ry is -C(OH)-
ﬂ.:g 10 Process _C: Dehydratindg =& carbinel of formula Ia as
HT defined in Process B to obtain an olefin of formula Ib
sos ns‘ R‘- R1- (Rz)v
"% 2 R.
e T2 , (Ra)y- x
dehydration
> 7N
0 ‘R2
‘ 21
Ib

wherein Rl + R2 = ~CH=CH- and Rz, R3, R4, Rzo, RZI' u and v

are as defined in c¢laim 1; or




10

15

20

- 40 -

Process D: Reducing an olefin of formula Ib as defined

in Process C to obtain a compound of formula I

Re~R;- (Ro)y Re=Ry- (Ro)y
A LY . Ao — Fo0
reduction
T N~ N\
Y Rz o Ras

Ib (wherein R+ R, = -CH=CH-)

wherein Ry, Ry, R3, R4, Ry, Ryy, w and v are as defined in
claim 1.

27. A compound represented by a formula as defined
in e¢laim 1, substantially as hereinbefore described with
reference to any cne of Examples 1 to 44B.

28. A pharmaceutical composition comprising a
compound represented by a formula as defined in claim 1
together with a pharmaceutically acceptable carrier,
substantially as hereinbefore described with reference to
any one of Examples 1 to 44B, Example A or Example B.

29. A method of lowering serum cholesterol level, or
treating or preventing atherosclercsis in a mammal
comprising the step of administering to the mammal an
effective amount of a compound represented by a formula
ag defined in claim 1, sgubstantially as hereinbefore
described with reference to any one of Examples 1 to 44B.
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