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" HYPOCHOLESTEROLEM C AGENTS BACKGROUND OF THE | NVENTI ON
The present invention relates to substituted azetidi nones useful as

hypochol esterol emi ¢ agents in the treatnment and prevention of 15

at heroscl erosis, to the conbination of-a substituted azetidinone of this

i nvention and. a chol esterol biosynthesis inhibitor for the treatnent and

prevention of atherosclerosis, to pharnmaceutical conpositions

conprising said azetidi nones and conbi nations, to a process for

preparing intermedi ates useful in the synthesis of said azetidi nones, and

20 to the novel internedi ates prepared by said process.

At heroscl erotic coronary heart disease represents the maj or cause

for death and cardiovascular norbidity in the western world. Risk-

factors f& atherosclerotic coronary heart disease include :

hypertensi on, diabetes nellitus, famly history, male sex, cigarette 25

snoke and serum chol esterol. A total cholesterol level in excess of 225-

250 ngy/dl is associated with significant elevation of risk.

Chol esteryl esters are a major conponent of | atherosclerotlc | esi ons

and the maj or cells.

Formation of c
10

The present invention relates to substituted azetidinones

useful as hypocholesterolemic agents in the treatment and prevention of
15 atherosclerosis, to the combination of a substituted azetidinone of this

-invention and a cholesterol biosynthesis inhibitor for the treatment and

prevention of atherosclerosis, to pharmaceutical compositions

comprising said azetidinones and combinations, to a process for

preparing intermediates useful in the synthesis of said azetidinones, and
20 to the novel intermediates prepared by said proceés.

Atherosclerotic coronary heart disease represents the
major cause for death and cardiovascular morbidity in the western
world. Risk factors for atherosclerotic coronary heart disease include
hypertension, diabetes mellitus, family history, male sex, cigarette

25 smoke and serum cholesterol. A total cholesterol level in excess of 225-
1250 mg/d| is associated with significant elevation of risk.

Cholesteryl 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
30 _the intestinal absorptlon of dietary cholesterol.

- A few azetidinone compounds have been reported as
bemg 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 -

35 agents and Ram, et al., in Indian J Chem.. Sect, B. 29B, 12 (1990), p.
- 1134-7, disclose ethyl 4-(2-oxoazetidin-4-yl)phenoxy-alkanoates as



30 the intestinal absorption of dietary cholesterol.
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. increased git hﬁéfé?ﬁ{iﬁélﬂ%f?lasma cholesterol levels. The Waerisahels@dtadr ol absorption
in the intestines I's reduced :

synthesis and secretion of very low density lipoproteins (VLDL) which
are subsequently metabolized to low density lipoproteins (LDL) in the
circulation. LDL are the predominant cholesterol-carrying lipoproteins in
the plasma and an increase in their concentration is correlated with

20 increased atherosclerosis. -

When cholestero! 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

25 cholesterol, mostly as LDL. Thus, the net effect of an inhibition of
intestinal cholesterol absorption is a decrease in plasma cholesterol
levels. ' ' '

" The inhibition of cholesterol biosynthesis by 3-hydroxy-3-
methylglutary! coenzyme A reductase (EC1.1.1.34) inhibitors has been
30 shown 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
hyperlipidemic: patients than either agent in monotherapy (lllingworth,
35 Drugs, 36 (Suppl. 3) (1988), p. 63-71). -



by what ever neans, |ess cholesterol is delivered to the liver. The
consequence of this action is a decreased hepatic |ipoprotein (VLDL)
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chol esterol, nostly as LDL. Thus, the net effect of an inhibition of
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- 3- SUMVARY OF TI-)E—’LIX\LEN'D% AR , Conpounds of.
the present invention are represen‘l b theyformula |

[err] 5 or a pharmaceuti cal IB' acceptpbl e salt thereof, wherein:
Ar[err] is R err]-substituted aryl; —N_ Arferr] is
Rlerr]-substituted aryl; O Ar2Ar[err] i's

Rl err]-supsti
sel ected rorért%
-C(dil ower al kyl) - Ar is R3-substituted aryl

Ar2 is R4-substituted aryl;
Ar3 is R5-substituted aryl:
Y and Z are independently selected from the group
10  consisting of -CHg-, -CH(lower alkyl)- and -C(dilower alkyl)-;
Ais -O-, -S-, -S(0)- or -S(0)2-;
- R1is selected from the group consisting of -ORS, -O(CO)RS,
-O(CO)OR?® and -O(CO)NR6R7 R2 s selected from the group consisting
‘of hydrogen, lower alkyl and aryl; or R and R? together are =O;
15 . qis1,20r3;
|  pis0,1,2,30r4;

. RSis 1-3 substltuents independently selected from the
group consnstmg of -ORS, -O(CO)RS, -O(CO)ORS, -O(CHz)1-50R9,
-O(CO)NRER7, -NRSR7, -NR6(CO)R7, -NRE(CO)ORS, -NRG(CO)NR7R3,

20  -NRSSOz-lower alkyl, -NR8SO-aryl, -CONRSR?, -CORS, -SO2NRER?,
S(O)o-2-alkyl, S(O)o-2-aryl, -O(CH2)1-19-COORS,-O(CHz)1.10CONRSR?,
o-halogeno, m-halogeno, o-lower alkyl, m-lower alkyl,

-(lower alkylene)-COORS, -CH=CH-COORS; .

_ "R3 and R4 are mdependently 1-3 substituents _

25 mdependently selected from the group consisting of RS, hydrogen p-
lower alkyl, aryl, -NO2, -CF3 and p-halogeno; .

: R6, R7 and R8 are independently selected from the group
consisting of hydrdgen, lower alkyl, aryl and aryl-substituted lower alkyl;
and | o
30 . .. . R%isloweralkyl, aryl or aryl-substituted lower alkyl.

Eﬂaﬁ'ﬁéléeutlcfgy acc%ptable salt tl}ere%(l_é%é?a .Z are independent|y

H( 1 ower al kyl)- and



Ais -0-, -S, -S(O- or -S(0)[err]-; : Rl is selected

fromthe group consisting of -OR6, -Q(CO RS, -QCOOR err] and -

A CO NRiwodsBkssar]; Rlerr] is selected fromthe group con®CINSAF03196 of
‘hydrogen, |ower alkyl and aryl; or Rferr] and Rl err] together are =0; 15
qis 1,2 or 3 pis 0, 1, 2, 3 or 4

Rlerr] is 1-3 substituents |ndependently'4§el ected fromthe group
consisting of -CRerr], O(CO)R[err] -QCO R err],

QCH[err])[err]OQ[err] CO)NR[err]R[err] -NR[err]Rerr],

-NRerr] (CO
N R N R shobuecd B MR AR 2
- &C]él[_I [ere r] X [ SelbsiitLitéd phehyl] espécially (4-R3)-sﬁb§fjt[.|ted phemy{ylAﬂﬁi 0) [ er r] aryl,
r err
o- hal ogeno, %ifle%[ ‘]"? tﬂ'ﬁ?\@q é'ﬁl %‘5&‘%}%‘@“& tftﬂrted phenyl | ower
al kyl ene) - COORréis prefera&%lscﬁ Sexubretituteq; phenyl especially (4- )substrtqi;eqrr] and
Rlerr] aregi “gﬁr enfohbsl:b% fohl ol et 6F Ar12i\r2 aﬁdw&ruipreférreael ected from

; Rla g; (r)ijp -C(():lr;[ err] and [YRL‘er r gr%agﬁ'gpréfela%ly lenz-. R2 is pretdidbly gl[ E)rllr} Ayt
Rlerr] and R d]'oge"re Rhde pesfdrably YORE| windreih R dsrhydrogenoopa group

and 500 rgé‘&*‘v‘%‘%@'ﬁ?ﬁ o s Ky s Bia OGO LI COFOR Cover o
al kyl .. WO OIBIRER7, defined above) Aiso preferred aré compounds wherein |

PCT/ US95/ §g196R1 and R2 d;ogetfher are =0 Calr
Preferred are conmpounds

i wh o
substituted phenyl, espé ea?‘l(’)'%' ﬂmépégbféfﬁff@?'ﬁ ?J]rr%r{pP' errérag'y1 !
R; [egrer?m y R[e;re}ergednatec ’gdunbewﬂe,rerﬂs;pw:zablandq+ﬁ4) -Matespieferred pheny! .

r] is prefera e
(4- R5) - substlt%?gada/qylﬂdgh‘& ?@W%%ggéougyght'%ilson : each % %r[err]
Ar[err] and Ardspecially wiereRrisdydrogen. - Y and Z are each
preferablys-CH2-. R2 is gisther F&ub of preferred'l&dﬁ%@ﬁdsﬁ%ﬁﬂ’iét]whéreﬂfAfErab'y

rekebol | 2a! 1t B bR i i G prenv and 887188
substituted phenyl. Also preferred are compounds wherein Art is RS-
substituted phenyl, Ar2 is R4-substituted phenyl, Ar3 is RS-substituted

. phenyl, and the sumofpandqis 1 or2, especi'ally 1. More preferred
20 are compounds wherein Ar! is R3-substituted phenyl, Ar2 is R4-
substituted phenyl, Ar3 is RS5-substituted phenyl, p is zero and q is 1.
A is preferably -O-. o
R3 is preferably -COORS, -CONRSR?, -CORS, -SO2NR6R?,
S(0)p-2-alkyl, S(O)o.2-aryl, NO or halogeno. A more preferred
25 definition for R3 is halogeno, especially fluore'_or chioro. '
| R4 is preferably hydrogen, lower alkyl, -ORS, -O(CO)RS,
-O(CO)OR?, -O(CO)NRBRY?, -NR6R7, CORS or halogeno, wherein Ré and
R7 are preferably independently hydrogen or lower alkyl, and R® is
preferably lower alkyl. A more preferred definition for R4 is hydrogen or
30 halogeno, especially fluoro or chloro. _
RS is preferably -ORS, -O(CO)F!6 -O(CO)OR®,
-O(CO)NR6R7 -NR6R?7, -(lower alkylene)-COORS or -CH=CH-COORS,
wherein R6 and R7 are preferably independently hydrogen or lower
alkyl, and R is preferably lower alkyl. A more preferred definition for RS-
35 is -ORS, -(lower alkylene)-COORS or -CH=CH-COORS, wherein RE is
preferably hydrogen or lower alkyl.



-QCONRerr]Rerr], defined above). Al so preferred are conpounds wherein

10 Rlerr] and R err] together are =0 The sum of (q
;and p i svoosdessgbly 1 or 2, nore preferably 1. Prrefrass9s/d3i1a6 e
conpounds wherein p is zero and q is 1. Mre prefefred are
conpounds wherein p is zero, qis 1, Yis -CHerr]- and Rerr].is -ORerr],
especially when R6 is hydrogen. 15 -5- Anot her group of- preferred
conpounds is that wherein Ar[err] i s R3-substituted phenyl, Ar[err]
is Rlerr]-substituted phenyl and Ar[err] is Rerr]- substituted

phenyl. Al so preferred are, conpounds erein Ar erH{ IS errj- .
substituted phenyl, Ar ['@?? ]""iegﬂﬁ[‘éﬁi?q \-'%a]ﬁ%ttpt% é\ﬁe' Qﬁ%sﬂo,&rpikpér'"g
R5- subst i t ut eghiral B-amingéstey inteamediates cfuiormblapiand g is 1 or 2, especially
1. More preferred 20 are conpounds V\hereAJ@oAr[err] IS R3-substituted

t

phenyl, Ar[err]-is Rerr]- subst | ed phenyl, Ar[err] is
Rl err]-substituted phenyl, pis zjro analq Is 1. . : A
is preferably -0-. NHR3 is preferably -COOR[ err],

-CONR[err]Rerr],.-CORerr], -SCPerQFNIQ[e}AJaR[er |
S(Of[err]-alkyl, S(Oferr]-aryl, NJerr] or haloll}-eno. A nore preferred 25
definition fowh&®in Aréhisod@na, suitablycpratécted hydraxyesubstituted aryl or a

R4 i f YR : - . ,
- ICSO) pOr?z[eesﬂ f“'@é@f‘ﬂnﬁ?@ﬂﬂ?@ﬁ‘f&ﬁ%ﬁfeﬁ r edr }S]A'@(C%Jé:irgrsif I)r ‘hal ogeno,
wherei n R6 anerotected hydroxyssubstituted @iyl 9F 2 sbtakid¥ratecied amieRren or | ower

al kyl, and R @ibistitited aryl, and -C{OIOR®Is/an apprradidal bf afhiral gicBhsf, er r ed
definition for I?4 i all uoro or

1s.hydrogen or 30, . hal espe

chl or o. usetul in'the prepgratloanfequr]al pyr&u@%ﬁ@?ﬁl 92@@[189? ’o; {l'a CORerr],
-Q( CO) OR] er r ] formula -QCONR[err]Rerr], -NRerr]Rerr], -(lower
al kyl ene) - COOR6 or - CH=CH COORG, , Aramerein Rlerr] and Rerr] are
preferably independently hydrogen ot r al kyl, and RO is
preferably lower alkyl. A nore preferred definition for R err] 35 is
-ORerr], -(lower alkylene)-COOR6 4 N{I:CH-COCR6 wherein R6 is '
pr ef erabl% hydrogen or |ower al kyl™ ARD 95{"26334

3
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wherein Ar20 and Ar30 are as defined above.

The process for preparing the compounds of formula II
- comprises: - | |
' reacting a bromoacetate of a chiral alcohol of the formula
15  R0OC(O)CH2Br, wherein R100H is an optically pure chiral alcohol, an

imine of the formula Ar20-N=CH-Ar30, wherein Ar20 and Ar30 are as
defined above, and zinc to obtain a B-amino ester of formula Il.
The intermediate of formula Il can be converted to the
chiral 3-unsubstituted azetidinone of formula Ill by cyclizing the 8-amino
20 ester of formula Il with a Grignard reagent.
; This invention also relates to novel intermediates of -
formula Il, that is, compounds of formula Il

: Ar?nO

i——(ﬂ

: 10

wherein Ar20 is R4-substituted aryl, a suitably prcitected hydroxy- :
25 substituted aryl or a suitably-protected amino-substituted aryi;
Ar30 js RS-substituted aryl, a suitably protected hydroxy-
substituted aryl or a suitably-protected amino-substituted aryl;
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The process f
reacting a br

also relates to a novel process for preparing’ chiral
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rmula Ar[err]-N=CHAr[err],; wherein Ar[err] and
@ﬁeﬂy'ﬁmﬁggl ned above, and zinc to obt ain a B-am no ester of

RSis 1-3 substltuenmmdepeademw selected fromrtheagroupcan be

¢ és| tln gf Gﬁsr@j( )WBSL@@GW Pxﬁﬁghﬁoﬁge of formula Il

th d
T N T e e W et
-NRSSOZ-Iowe'i' l-NRE504-a41, -ICONR5R¢01('5©R50fS(D meRa, 11

SO S b, Y ho PR T apoReR

othalogend,; m-halogeno, o-lowerfalkyl; nj-lowerRalkyl; | - substituted aryl,
&idvech AKGHERYY-COORE, -CH=CH-COORS; |

R4 is 1-3 substituents independently selected from the group
consisting of RS, H, p-lower alkyl, aryl, -NOg, -CF3 and p-halogeno;

R6, R7 and R8 are independently selected from the group
consisting of H, lower alkyl, aryl and aryl-substituted lower alkyl; and

R9 is lower alkyl, -aryl or aryl-substituted lower alkyl. _

This invention also relates to the use of a compound of
formula l-as a hypocholesterolemic agent for reducing plasma
cholesterol levels and treating or preventing atherosclerosis in a
mammal in need of such treatment. : :
~In another aspect, the mventlon relates to a pharmaceutical

composmon comprising a substituted azetidinone of formula | in a
pharmaceutically acceptable carrier.. The invention also relates to the .
use of said pharmaceutical composition as a hypocholesterolemic agent
for reducing plasma cholesterol levels and treating or preventing
atherosclerosis, and to a method of preparing said compositions by
admixing a compound of formula | and a pharmaceutically acceptable
carrier. | o '
The present invention also relates to a method of reducing
plasma cholesterol levels, and to a method of treating or preventing
atherosclerosis,. comprising dministerin'g to a mammal in need of such
treatment an effective amo:.:: of a combination of a substituted
azetidinone cholesterol absorptlon inhibitor of this invention and a
cholesterol biosynthesis _i__nhibitor. That is, the present invention relates
to the use of a substituted azetidinone cholesterol absorption inhibiter
for combined use with a cholesterol biosynthesis inhibitor (and, similarly,

S

a
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-C(OOR[err] 1s an acyl radical of an optically pure chiral al cohol

sel ected fromthe group consisting of 1-nenthyl, isopino-canpheyl,

(1 S)-endo-bornyl, isonenthyl, trans-2-phenyl cycl,o- hexyl or

_phenyl ment hyl ; 5 R5 is 1-3 substituents independently sel ected

fromthe group consi sting of -OR[err], O(CO)R[err] -QCO R err],
O(CH[err])[erﬁA(Rg ;N Rl err] err -NRlerr]Rerr],

-NR[ err] (CO Ry CJN%Q%?H' P@VMQ,S(' ]"h'h"NFQ[f FOmpL %QWF &rr],

-NR[err] SO er sﬂrbétmeﬁ #detidinond\EXsieBrerdl dbsorsiidvndidifdreto freat 6©OR[ err],

(o et 1] [ oPlveRkakespripross Bt Fetce fprha givatp &l levgls '

o- hal ogeno, m hal ogeno Inoyétcanather aspect rthleomntmmyeuates to a (I ower
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sCOBh &M ué%%h?%ﬁbﬁ domprising an effectrv?I B Orft cﬁ[ et

I ndependent |y select nsi S

p- | ower al kyl Substijyted aggtidingne cl@dF ol %bﬁpreu%prgg@m, a cholesterol’
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and treating or preven €rosi s i n need of
such treat mangbsorptlon Inhibilor, a cholesterpi pigayithesisdahibiter, andeai nvent i on

“relates to a fhammuk:aﬂ?hcceptable camiees i adinat aspécts thwinvehti®st i t ut ed

The i nventi onrelr@8 Biat coRpRsingdn ond SSHEREF b Shap RGN RA ol

The invention
conposi tion asubsthywcmtmmmbhmst%gbabsorpﬁoniMTIbrtm'dnca ng pl asma

chol est erﬁg O?HSrrﬁaé’élﬂrchﬂg%géﬁtane %ﬁr’ré‘?”éﬁcg% a separat@t éiﬁﬁr E‘e{rPS' s, and

to a netho gre arin Xing'a corrpound of

formula | ande gﬁfzﬁrﬂ'ﬁ‘@é‘m PE&IQW'%@’@!)PE’@VB“‘GS'S inhibitor in a
pharmaceutically acceptable carrier. - '

- DETAILED DESCRIPTION:

20 . As used herein, the term "lower alkyl" means straight or
branched alkyl chains of 1 to 6 carbon atoms. Srmrlarly, "lower alkylene"
means a divalent alkyl chain, strarght or branched, of 1to 6 carbon
atoms. . : -

: "Aryl"'means. phenyl, naphthyl. inde‘nyl, tetrahydronaphthy!

25 orindanyl. : SR ' :

“"Halogeno" refers to fluoro, chloro, bromo or iodo radicals.

- The above statement, wherein R€, R7 and R8 are said to be .
rndependently selected from a group of substituents, means that R6, R7
and R8 are independently selected, but also that where an R6, R7 or R8

30 variable occurs more than once in'a molecule, those occurrences are
independently selected {e.g., if R is -OR® wherein R8 is hydrogen, R4

‘can be -OR® wherein R is lower alky!). Similarly, R3, R4 and RS are
independently selected from a group of substituents, and where more
than one R3, R4 and/or RS is present, the substitutents are independently

35 selected; those skilled in the art will recognize that the size and nature



carrier. - The present invention also relates to a
nmet hod of reducing 30 pl asma chol esterol |levels, and to a nethod of

treat i nowernspéldyent i ng at heroscl erosi s, conprisi ngeetisys/gsi® i ng to
a mamual in need of such treatment -an effective amount ~ of a .
conmbi nation of a substituted azeti di none. chol esterol absorption

I nhibitor of this invention and a -&hol est erol bi osynt hesi s

inhibitor. That is, the present invention relates 35 to the use of a
substituted azetidi none chol esterol absorption inhibitor for

conbi ned use wi.th a chol esterol., bjiosynthesis inhibitor (and, simlarly,
WO 95/ 26334  Of tlt?e sug_st%uent(s) w!ll affect the number of subst%tuent(s which can be Y

PCT/ US95/ 0319@resent. - =T use

Qlbat Ftut ed areti o none GRRPRUbY SPMEybRliof ERRIEJed A 1" 2.
prevent at her @sygmeiricabecarbonratont angditheneforerall issmars| including . '

In yet anog herdigﬁ_afgdmefsl”'&]# ?de‘lﬁﬂéﬁﬂrlséﬁb?é[ S_ﬁ} Ein@mma@dS%%Et@If%b'\‘ cal

conposition copprising an_e ctive ,anmpun

. 0 . .
azeti di none cHBISSEYRA "-a'l')-%r"}b‘fqrﬁ‘ﬁni'HﬂPQP?@r?ncg' isRaIess iR bath pure form
bi osy]pt hesijs izl i aqmixtlfregiirmluﬂmgmmd mﬂdtnhr%esaqg@me?@l b,anwpl';e@hrecg he
- use of said cqpuposi Q. treat.or preyen ersclerosi s or to reduce
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absor pti ofgin 'oWlﬁdUnd & LesSt erol biosynthesis inhibitor, and a
pharmaceut i cal l'y "acceptable carrier. In a final aspect, the invention (

relates to a kit conpri sinRes sKilackintheiart will appresigte thatfer spmént of a
substituted azmpburdscofciopmbid kiove isbaer pill howndrieditdrashadratolddical

B fective. amodveY AL ARE BRI o2Vni hesis thii bi tor ina
phar maceuti cal | y accept dbompounds ef the invention with an amino group can form

15 pharmaceutically acceptable salts with organic and inorganic acids.
Exampies of suitable acids for salt formation are hydrochloric, sulfuric,
phosphoric, acetic, citric, oxalic, malonic, éalicylic, malic, fumaric,
succinic, ascorbic, maleic, methanesulfonic and other mineral and

- carboxylic acids well known to those in the art. The salt is prepared by
20  contacting the free base form with a sufficient amount of the desired acid
~ to produce a salt. The free base form may be regenerated by treating
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 somewhat in certain physical properties, such as

25 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
pharmaceutically acceptable salts with inorganic and organic bases.

30 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, alky! amines,
hydroxyalkylamines, N-methyiglucamine and the like.

_ Cholesterol biosynthesis inhibitors for use in the _

35 combination of the present invention include HMG CoA reductase

inhibitors such as lova:-atin, pravastatin, fluvastatin, simvastatin and Cl-



* DETAI LED DESCRI PTION: 20 As used herein, the term"I| ower

~al kyl" neans stralght or branched al kyl chains of 1 to 6 carbon
.atons. SiovgRsiay,. " ower al kyl ene" means a_di val ectr/usbigd1oehai n,
stral ght or branched, of 1 to 6 carbon at:ons.
"Aryl" means phenyl, naphthyl, indenyl, tetrahydronaphthyl 25 . or
I ndanyl . ' " Hal ogeno“g-r efers to fluoro, chloro, bronmo or
1odo radical s. ' The above statenent, wherein R6, R7 and
R8 are said to be i ndependently selected froma group of
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PCT/ US95/ 0319feductase inhibitors are lovastatin, pravastatin and simvastatif- of
the substituent(s) will affect the nunber of substituents which can be

present. npounds of the invention have at |east one
asymmetrical carbon at o&oamoundsrqifformual I cansbepreparedddyisnown 5
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An epoxide-substituted azetidinone of formula 1 can be
treated with a compound of formula Ari-A'-M, wherein A" is -O- or -S-,
and wherein M is a metal such as sodium, potassium, lithium or
magnesium, in an inert solvent such as tetrahydrofuran (THF) at room
20 temperature and under an inert atmosphere such as N3 to obtain a
compound of formula la. Compounds of formula 1 are prepared
immediately before the reaction by treating a solution of Ar1-OH or
Ar1-SH in an inert solvent such as THF with a suspension of alkali metal
hydride, or, when M is magnesium, a solution of an alkyl Grignard
25 reagent such as isopropylmagnesium bromide, in the same solvent.
Alternatlvely, a compound of formula 1 can be treated with
Ar1-OH or Ar1-SH in the presence of a reagent such as ZnCIg to obtam a
compound of formula la.
Preparation of the starting materials of formula 1 is shown
30 by the followmg processes (exemplifying compounds wherein p is 0, i.e.,
Z is not present), wherein Process A prepares compounds of formula 1a,
having relative "trans" orientation at the B-lactam 3- and 4-positions, and



conmpounds of formula I, one isonmer will show greater pharmacol ogi cal

activity than other isoners. : Conpounds of the

i nventi og,g\d3sHN am no group can form 15 phar maceut i aaitiysosnniept abl e
.salts with organic and inorgani c acids. Exanpl es of suitable acids
for salt formation are hydrochloric, sulfuric, phosphoric, acetic,
citric, oxalic, malonic, salicylic, mali-dP-fumaric, succi ni c,
ascorbic, nmaleic, methanesul fonic and other mneral and car boxylic

acids well known to those in the art. The salt is prepared by 20
contacting the free base formw th a sufficient anmount of the desjred acid
to produce a swhereimffrocessBipreparas ¢OMAQURMS pé&xn&ﬂ%ﬂbdhaymgrr@%fiveg

the salt with eiguidsphtorlal tHeeBAaeanHS- B¢ a-sodiindrison such as dilute
aqueous sodi um bi carbonate. The free base formdiffers fromits -
respective sal BIe88&Aonmewhat i certain physical properties, such as 25
solubility in polar solvepts, but t salt is otherw se qequivalent to its
respective free base forng for _F.ur_poses of the inverfei o

Certai n conpounds of the ijpventTorNare acrdrc—(® Q. , se conpounds
whi ch possess a carboxyl 8ip). Th\eﬁsrg conpounds fo \d(h.'z.

phar maceutical ly accepta alts wt'h inorganic and orgdni c bases. 30
Exanpl es of such salts arepthe sodi3im potassium calcdum alum num

gold and silver salts. Also included are 36It formed with

pharmaceutically acceptabl e am nes such air%a)nép,. al kyl' am nes,

hydr oxyal kyl am nes, N-net hyl gl uwg& and Ke.

Chol est erol biosynthesis i nhi4bi ST Qr use | n%.t he 3% conbi nati on of (

the present_invention include HVMG CoA reducgases 2 i nhi bitors such as
| ovasratindpravastatin, fluvastatin, sinvastat i and C - .. WO 95/ 26334
PCT/ US95/ 03196 In the first step, crotonyl chloride (2) is refluxgd with an 981;

oy TR B o, r2 s oS it an o
undecadi enoi ¢ &eivaNt Suehas &ridGla @?5}/ ?4%?"&595%,0 Pgﬁas@iﬂ#‘é\ s tn-n-
butyl amine, triethylamine or diisopropylethylamine to obtain a trans-
10 substituted 3-vinyl-2-azetidihone of formula 4. The compound of formula
4 is then treated with an oxidizing agent such as MCPB_A in an inert
solvent such as CH2Clz, the reaction is quenched with a reagent such -
as aqueous NazSO3 and conventional extr_actidn and separation
techniques are used to obtain a mixture of 3-oxiranyl-2-azetidinone
15  epimers which can be separated by HPLC.

Process B:

: ' 1. LDA, -78°C AP
. 2. Bulky Acid ' 42

0 AP

O H 3
MCPBA A _
4_@_ B N 1b

O Cag

The 3-vi nyl¥2-azetidinohe of formula 4 can be treated with
20 astrong basé such as lithium diisbpropylamide_ (LDA) in a suitable
solvent such as THF at low temperatures, e.g., -78°C, followed by
treatment with a bulky acid such as 2,6-di_-'t_ert-butyl-4-methylphenol
(BHT), glacial acetic acid or isovaleric acid, to obtain the corresponding
cis-3-vinyl-2-azetidinone (4a). The cbmpound_ of formula 43 can be .



*squal estatin 1; and squal ene epoxi dase inhibitors, for exanple, NB-598 5
((B)-N-ethyl -N-(6, 6-di net hyl - 2- hepten-4-ynyl)-3-[(3, 3" -bithi ophen-5-

_yl') met hwowkhessaene- met hanani ne hydrochl oride). PreferredpeiMBs®BNa196
reductase inhibitors are lovastatin, pravastatin and sinvastatin.

Compounds of fornula | can be prepared ?X known 10 met hods. For exanpl e,

t he preparation of conpounds of fornula wherein Arferr], Arferr],

Arferr], Rerr] and Zp are as descri bed above, Y is -CH2-, gis 1,

Rl err] isO—I andArs-O- or -S- (i.e., a compound of formula la), is
described in : it e

An epoxi de- su‘%{&?&? r&%@??rd?'%‘%g&g Hat!geﬁufl%eq' can(mr‘)agL A EA Obtﬁ'? eﬁed wth
a conmpound ofCGfBFPWChOquEHQ '-M wherein Ais -0- or -S-, and :

PRONGST UM 1 nan | ner . aay (aIoHy MBBa 2eescbos the BIUEARON of 1 oom 20
iu i | Vv

t enper at ure N %%f’ﬁ@&“ﬁ#ﬂ'@é’baéﬁi ugédbs H? 99(3(5'5[%1 freas
conpound &f fdgsuribed|abovepapd Wwids-Osforf-8r (iL8. pa tompoundegiformula ic):

i medi ately ﬁém%he reaction by treating a solution of Ar[err]-OH or

Arferr]-SH i Tt solvent such as THF with a suspensr on of al kali

net al hydride, or, when Mis magnesium a sol ®Yion of an al kyl
Gignard 25 reagerw such as i sopropyl rragnesr u _dg in t g sane

sol vent . ernati er, g%p P la 1 can be
treated with ?\T[Z@rcﬁﬁetﬂ(Q)QAﬂ'[eﬁ [=SFP'n the |esenkce bf a reagent

such as Znd [err] t btain a corrpound of formul ad?a.
Preparation of the startigg materials of forrmula 1 i g% shown _3'8 by the
foll owi ng processes (exenplifying conpounds wherein %-is 0, i.e., Z
is not present), wherein Prgcess A prepares Gﬁrrpounds of formula I|a,
having relative "trans” omrbprpMion aty the, Bl tam 3- and 4-positions, and
5 Ri-%y, d A 2
Rz lc

g |
An activated carboxylic acid derivative of formula 5, for
10 example an acid chloride, wherein Q is chloro, and wherein L is a
leaving group such as a halide, can be reacted with an imine of formula
- 3in the presence of a base such as a trialkylaniine (e.g., triethylamine or
tri-n-butylamine) at room temperathre or elevated temperature in an inert
solvent such as CH2Cl or toluene. The intermediate of formula 6 is
15 - then reacted with a compound of formula Ar1-A'-M as described in
Method 1 to obtain a compound of formula Ic. |
Method 3 describes the preparation of compounds of
formula Id wherein Ar1; Ar2, Ar3 and Yq are as described above, R1is
OH, R2is H, pis zero and A’ is -O- or -S-:

20 Method 3: o
: 1 ' 9 S 1/A'~ )l,' AP
N + Ar'- A'=Yg-C-H —> Ar” Yq. J’—_-f
[o SA : 3 N
. _ . <
7 -8 . g O AP

. A 3-unsubstituted azetidinone of formula 7 is treated with a
strong base such as LDA or lithiumdicyclohexylamide at low
o temperatures (e.g. -70 to -78°C) in an inert solvent such as THF,
25 followed by reaction with an aldehyde of formula 8. When the 3-
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- 10- wherein Process B prepares conpounds of forrmula | b, having

rel ati vewoosme3s4 ' Cis" orientation at the [err]-lactam 3- 20WU$95%03394 i ons:
Process A [err] 5

In the first step, crotonyl chloride (2) is refluxed wth an i m ne

of formula 3, wherein Ar2 and Ar3 are asl1defined above, .in an inert

sol vent such as CHer]Ci[err] or THF in the presence of a base such as
tri-n- butyl ami ne, triethylam ne or diisopropylethylamne to obtain
a trans- 10 subst.jtuted 3-vinyl-2:-azetidinope, of,fornula 4. .The conpound
of formul a unsu%gh{uéetﬁ ﬁéﬁfa"?'Peagé%wa?ht‘%%PEBd]”&tiPhg‘ea@é‘f&E as MCPBA

in an inert aldehydeBvametnonsedcemsicCH err]Cl[err], the reaction is quenched

with a reagent such ' n ' tion
and separation 't-e% anl ggfgﬁéguse toagg’jgﬁ%gedrﬁdxg%?éek@?%a&
3-oxi ranyl - 2- etRrepamekby m_gho@@knewg inthe @ean be separated by HPLC.
Process B:5 Chiral starting materiafs 6 formula Hil, of which 7 is an

example, can be prepared by cyclizing chiral B-amino ester
intermediates of formula I, which intermediates are prepared by the
novel process described above. The procedure for preparing
compounds of formula Il is shown in the foll_bWing reaction scheme:

| | | ARO
R1°OC(O)CH2B|P + Arzo'N=CH’A|’3° Zn, |2 ) I—hm*

| | o) 10

2 o 2 | : OR Nar20
o | I
: ' - ArO

y EtMgBr/THF . J;-r
| - —N_
10 e \Ar2° |

wherein Ar20, Ar30 and R10 are as defined above. Suitable protecting
‘groups for the hyd__ro_xy- or amino-s_bbétitut_ed aryl groups in Ar20 and
Ar30 are exemplified in the table below. Typical R190H optically pure
chiral alcohols are 'selectéd from the group consisting of 1-menthyl,

15 isopino_-_camphe"yl. (1S)-endo-bornyl, isomenthyl, trans-2-phenylcyclo-
hexyl and phenylmenthyl. For preparing the_ preferred compounds of
formula Ill, the preferred optically pure__alcohols are 1-menthyl, (-
)isbpino-campheyl, (1S)-endo-(-)bornyl, (+)isomenthyl, (-)-trans-2-
phenylcyclo-hexyl and (-)phenyimenthyl. _

20 - In the first step, equimolar amounts of a bromoacetate of
formula 9 and an imine of formula 3 are reacted with zinc dust in an inert
solvent such as anhydrous dioxane, THF or diethyl ether, preferably in
the presence of a zinc activating agent such as iodine, at a temperature
of 10 to 30, preferably 23 to 250C for about 24 to 48 hours. The reaction

25 s also preferably carried out with ultrasonification. The resultant 8-
amino ester is purified by conventional methods, for example the zinc
dust is filtered off, the excess imine is crystallized out, and the B-amino °
ester is then crystallized out; additional B-amino ester can be recovered
by flash chromatography. ' '



"The 3-vinyl-2-azetidinone of fornula 4 can be treated with 20 a strong
base such as |lithiumdiisopropylamde (LDA) in a suitable sol vent
.such aswio#/2834 ow tenperatures, e.g., -78[err]C, foll owPgTHISISN03196
treatment with a bulky acid such as 2,6-di-tert-butyl -4-net hyl phenol

(BHT), glacial acetic acid or isovaleric_acid, to obtain the correspondi ng

ci s-3-vinyl-2-azetidinone (4a). The con"ﬂgnnd of formul a 4a can be WO
95/ 26334 PCT/ US95/ 03196
-11- oxidized in a manner simlar to that described in Process A

to obtain th Th
fgl Ioovmalng I\/E'?hod 2 descgﬂg‘é%‘%bd S?é‘gﬁbgtr* gﬁ"%‘? ester is cy¢ '5 nds of eforrml a
| wherein Ar[treaimemrwith a]Gngmgrdrne]agem sucl) asisepropyimg umbrontide r] are

?2) 5 desclr\/gpﬁﬁ\gﬁﬁﬁdﬁesn@ﬁ%rﬁrﬂlée thereal §bivent sdciF Q§MHIEL %o {oor m“ a

activat ed car 8% Preferably #09G 19 r 6? Bl 5 for 10 exanple an aC| d
chloride, Bwherein Q is aAlepeyclization wotsdtinglgrotpe can be removed as

necessary by procedures well known to those skilled in the art.

Starting materials of formula 2 are prepared by reacting the
sodium alkoxide of the corresponding chiral alcohol with bromo acetyl
chloride at -400C to room temperature, preferably -20°C to room

10 temperature in an inert solvent such as THF or diéthyl ether.

For various chiral alcohol starting materials, the following

enantiomeric ratios were observed in the corresponding 3-unsubstituted

azetidinones:
15 | Menthol 60:40
Borneol 60:40
Isomenthol 75:25
Isopinocampheol 75:25
Phenyl cyclohexanol : 99:1
20 o Phenyl menthol 99:1

Compounds of formula | wherein A is -S(O)- or -S{O)2- can
be prepared by treating the corresponding compound wherein A is -S-
with an oxidizing agent such as m-chloroperoxybenzoic acid (MCPBA).
25 . 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 1 shows some typical protecting groups:

30

35



| eaving group such as a halide, can be reacted with an imne of formla
'3 in the presence of a base such as a trialkylanmne (e.g., triethylamne or
tri-n-bydbadgsse) at roomtenperature or elevated tenperenan'/esssmsm i nert
solvent such as CH2CI 2 or toluene. The internmediate of formula 6 is 15
then reacted with a conpound of fornula Arferr]-A -Mas described in
Method 1 to obtain a conpound of fornulal4-c. Met hod 3
descri bes the preparation of ‘compounds of formula Id wherein
Ar[err]; Ar[err], Ar[err] and Y[err] are as described above, Rerr] is

OH, Rerr] is H, p S zero and A JJE S or -S-: 20 Met hod 3:

[err] . tituted azetidinone of fornula 7 is
treated with a Group to_be.r ng basereuphom Pidteated landhi undi cycl ohexyl am de
at | ow t ePRABEEdr (e.g. -7PrétectingGroup. an i nert. sol vent such as

THF, 25  fol +ewee—by—repettor—wth—amr—at-tehyde—of ~formotra—8—Wen the 3-
WO 95/ 26334 -COOH —COOalkyl, —COObenzyl ~COOphenyl

PCT/.US95/ 03196 -12-

 unsubstituted azeéwi dinond i Nl{] h [eaction with
' " al dehyde 8 are nortNHcenif bbalkyl Néd%ﬁfw SNéér?éﬂnygl mat eri al s of

-

formulae 2, 3, 5 7 and 8 are\kno ared by met hods known
inthe art. 5 _ Q'&C"kﬁépﬁsfag )%Pé Haforrmlalll,
of “which 7 is an _ exanple can be prepare y cyclizing chiral
B-am nodegt er - intefngdiates gf fornula %\,hl ch internediates are
pr epare y the _ noyel Nmemglss NS ed ,qéo Jyhe procedure for
preparing FRYS! Ciers™e P (
Q Hj
- @) : : (l:Hs

—0OH | =OCH;, —0OCH,0CH;,~ OSl(CHa)s. _—OSl|-C(CH)3

CH,

or — OCH,phenyl

We have found that the compounds of this invention lower

serum lipid levels, in particular serum cholesterol levels. Compounds of
5 this invention have been found to inhibit the intestinal absorbtion of

cholesterol and to significantly reduce the formation of liver cholesteryl
esters in animal models. Thus, compounds of this invention are
hypocholesterolemic agents by virtue of their-ability to inhibit the
esterification and/or intestinal absorption of cholesterol; they are

10 therefore useful in the treatment and prevention of atherosclerosns in
mammals, in particular in humans. '

In addition to the compound aspect, the present invention
therefore also relates to a method of lowering serum cholesterol levels,
which method comprises administering to a mammal in need of such

15. treatment a hypocholesterolemic effective amount of a compound of
formula | of this invention. The compound is preferably administered in-
a pharmaceutically acceptable carrier suitable for oral administration.

The present invention also relates to a pharmaceutical

composition comprising a compound of formula I of this invention and a
20 pharmaceutically acceptable carrier. The compounds of formula | can



* conpounds of formula Il is shown in the follow ng reaction schene:

[err] 10 wherein Ar[err], Ar[err] and R err] are as

~def i nedygbgyess Sui-t abl e protecting groups for therdwodsasnyiosor

“am no-substituted aryl groups in Ar[err] and -~ I Ar[err] are exenplified
in the table below. Typical R err]OH optically pure ~chiral al cohols
are selected fromthe group consisting-1& 1 -nenthyl, 15 '

i sopi no- canpheyl, (1S)-endo-bornyl, isonmenthyl, trans-2-phenyl cycl o-
hexyl and phenyl menthyl. For preparing the preferred corrpounds of
formula I'Il, the preferred tically pure alcohols are 1-nenthyl. (-

)i sopi no- can‘Bﬁ m'"(sigje-de‘ﬁcﬁif) M?Pal ora) dosages ferm SU?U )ast‘-'r%leéc
phenyl cycl o- kapigis, powders, achetsysubpansions 8P solutions. The formulatione first .

tep, I f im
o <0, 201 1oLy ke AHAG A ol o BT WAl L1
anhydr ous di pharpacaiiically aceaptablecexaipientsr eingradditivesand t he presence
f f 10 t
30, “pref & apPor B d5iniblies] SuchahdifhaceluigalyaRSptatiecexcipients BT 17,10
is also pref é‘ﬂgtﬁ itvas inglude ronstaxic gempatible fillers: bipdersyidisintegiamtsnt [err] -
am no ester iuffers, fﬁrewwaﬂvmmmx:mb bricants, ﬂé%m?@mtmbneﬁére zi nc

ou

dust is filtered. crystallize and the
%oﬁ)(ilm% é%@tg’re'?@%ﬁéﬁ aﬂ%ﬁ“ fzed out; additional B-amino

[err]-am no
ester can be recover ed The daily hmodhbmerIOMSngfamanound of\D 95/ 26334

PCT/ US954{ §3196rmula | is about 0.1 to about 30 mg/kg of body weight per day,
preferably about 0.1 to about 15 mg/kg. For an average body weight of
70kg, the dosage level is therefore from about 5 to about 2000 mg of
drug per day, preferably about 5 to about 1000 mg, given in a single
dose or 2-4 divided doses. The exact dose, however, is determined by

15 the attending clinician and is dependent on the potency of the '
compound admlmstered the age, weight, condmon and response of the
patient.

For the combinations of this invention wherein the
substituted azetidinone is administered in combination with a

20 cholesterol biosynthesis inhibito'r, the typical daily dose of the
cholesterol biosynthesis inhibitor is 0.1 to 80 mg/kg of mammalian
weight per day administered in single or divided dosages, usually once
or twice a day: for example, for HMG CoA reductase inhibitors, about 10
to about 40 mg per dose is given 1 to 2 times a day, giving a total daily

- 25 dose of about 10 to 80 mg per day, and for the other cholesterol
biosynthesis inhibitors, about 1 to 1000 mg per dose is given 1 to 2
times a day, giving a total daily dose of about 1 mg to about 2 g per day.
The exact dose of any component of the combination to be administered
_ is determined by the attending clinician and is dependent on the
30 potency of the compound administered, the age weight, condition and
- response of the patient. -
Where the components of a combination are 'administered
separately, the number of doses of each component given per day may
not necessarily be the same, e.g. where one component may have a

35 greater duration of activity, and will therefore need to be administered

less frequently.



In the second step, the [err]-amno ester is cyclized by treat ment .

wth a Gignard reagent such as isopropyl magnesi um brom de or

et hyl maoR@sisg3sqr om de in an ethereal solvent such as THFpatrusdsiodies
40[err] C, preferably at O[err]C to roomtenperature. 5

After cyclization, protecting groups can be renoved as necessary by
‘procedures wel | known to those skilled irhBthe art. ‘

Starting materials of fornula 9 are prepared by reacting the sodi um

alhlkoxi ge of the corresponding chiral alcohol with bronmo acetyl
chloride at -40[err]C to,room tenperature 2 Ct

| 10 tenperature in an. i meipee &g 95%9@ "A'QP‘ Iﬁﬁ lﬁ?#'?ﬁ FSAU%&‘E’ o room
| For various clplasrhaadhotestéres levels by tnwtmenawuh a bembiridtioni ofgactuve

. enant]omeri ¢ rfi‘éﬂe‘&?eﬁ%n rﬁ&Bﬁ\eééﬁﬂdadtNeéﬂﬁreﬁ%ﬁtgSrﬁﬁ%%”é’drﬁln‘r’ﬁ@%t ituted

azeti di nones: Ratio
15 _ separatelyythe invention.also relates to combining separgte 40
~ Borneol ' g pharmaceutical comqosutlonsﬁiﬂ K?toform That is, a kit is' contemplatbéloment hol
. 75:25 | nocanﬁ,‘tb 79:. 25
| Phenyl cycl oh¥hgyejn two separateglg § are ggmbined: a cholesterol b'@he’ﬁ??s'ﬁent hol
L 99:1 mhlbltor pharmaéautizal cdmpoisitionr and a subsitutedrazétiomor®( O) - or

i 11 soronon il R4 BRI T Ao

m chl or oper oxyielndeidirestipns fenthpAgdministetion of the separate qasapeneMsgr oups not
involved kg thﬂweai?i?‘l’&nﬁ)Fé’ﬁfﬁl%ﬁfargaéhvantageod%%ﬁéﬂftﬁ’éEagal%lﬂé' ng the

reacti ons with convention an be .renopved (

by st andar d proTERRRIYS MRustta ALTTistetadin dfiREent dosagedaims i@ dy Sralo o 1
shows sone typintPpargneéet) omaresidministered 80different dosage intervals.

Following are examples of preparing: 3-unsubstituted
~ azetidinones starting materials and compounds of formula I. The
15  stereochemistry listed is relative stereochemistry unless otherwise
noted. The terms cis and trans refer to the relative orientations at the B-
| lactam 3- and 4-positions. :

Preparation 1-
. ,OCH>CgHs

20 Step 1: Preparation of (+)-trans-2-pheny! cyclohexylbromoacetate
Dissolve (+)-trans-2-phenyl cyclohexanol (0.0113 mole) in anhydrous
THF, cool to -15°C, add NaH (1.2 eq.) in portions and stir for 30 min.
Add bromoacety! chloride (1.5 eq.) dropwise and stir overnight at'room
" temperature. Cool the reaction mixture to 0°C and quench with t-
25 butanol (5 mL) and water, dropwise (10 mL). Warm the mixture to room
temperature, dllute with ethyl acetate (EtOAc) and wash in sequence
with water (2X50 mL) and brine (2X50 mL). Dry the organic layer over
MgSOy, filter and concentrate.. Purify the resultant residue by flash silica
gel chromatography, eluting with hexane — 5% EtOAc/hexane.
30 -



* WD 95/ 26334 PCT/ US95103196

- 14- Table 1 G oup to be
~Goup t tected and Pr ot ect ed pchiusdsmaideng G oup
" -COO H ‘Qoggnas?:OOal kyl ,. - CObenzyl ,.- COOphenyl ~ NH

NCQal kyl , NCObenzyl , NCOphenyI B '

NCH[err] OCH[err] CH[err] Si(CHerr])[err}7- NC(O)OC(CH[err])[er ]

CH[err] N-benzyl, NSi(CH err])[err] NS|-C(CH[err]
[err] -NHerr] CH3 - OH . .-CC
Herr], -OCCHerr]OCH err], OSi(CHerr])[err], OSi-C(CH)[err]

or - OCH[err]ﬁiﬁBr%/I Preparation of Vé have found that the conpounds of
this invention | ower serumlipid CHCgHs particul ar serum

chol esterol |evels. Conpounds of - 5 i nvention have been found to
inhibit the intestinal absorbtion_of chol esterol and to

significantly reduce the formatifon of I} ver chol esteryl : esters in
ani mal nodel s. Thus, conpounds '

t hi INnveQtion are
hypochol est-erol eni c agents by Qir@ue of ab| lity to |nh| bit the
& 2

esterification and/or intestinal RbseeRj i cholesterol; they are 10
therefore useful.in the treatne d prevention of at heroscl-erosis I n

Reflux a solution of Zn dust (2.88 g, 44 mmol) and iodine (0.3 g, 1.2
mmol) in anhydrous dioxane (50 mL) for 1 h, then cool to room
5 temperature. Immerse the flask in an ultrasonification bath, add a
mixture of the product of step 1 (7.4 mmol) and 4-benzyloxybenzylidine-
(4-fluoro)aniline (1.87 g, 6 mmol) and sonicate for 48 h at room
temperature. Filter off the zinc dust over celite and concentrate the
filtrate. Redissolve the resultant residue in a minimum amount of EtOAc;
10 after 1 h, filter out the crystallized unreacted imine. Concentrate the
filtrate under vacuum and redissolve the resulting residue in a minimum
amount of CH3OH to crystallize out the desired B-amino ester (1.2 g, 2.2
mmol). Concentrate the mother liquor and flash chromatograph it on
silica gel, eluting with 10% hexane/EtOAc to obtain additional B8-amino
15 ester (0.3 g). M.p. 129-131°C; elemental analysis calc'd for
Ca4H34FNO3 is C, 78.01; H, 6.50; N, 2.67; found C, 77.62; H, 6.65;
N, 2.74. |
‘Step 3. Treat a solution of the product of step 2 (0.18 mmole) in THF (5
mL) at 0°C with ethylmagnesium bromide (1.2 eq.), stir for 4 h and allow
20 the reaction to warm to room temperature. Quench the reaction with
aqueous NH4C! (10 mL) and extract with ether (50 mL). Dry the organic
layer over MgSO4 and concentrate. Isolate the product by preparative
chromatography on a silica gel plate, eluting with 20% EtOAc/hexane.
Analyze the product using a chiral analytical HPLC AS column, eluting
25 with i-propanol:hexane (20/80): the retention times for the two
enantiomers were 15.3 and"16.4 min at a flow rate of 0.5 mL/min.

30



mammal s, in particular in humans. In addition to the

conpound aspect, the present invention therefore also relates to a
met hod ofwhoykdssyig serum cholesterol levels, whi ch pet/ossbo3ospri ses
adm nistering to a manmal in need of such 15 treatnent a

hypochol esterol em c effective anount of a conpound of formula | of
this invention. The conpound is preferabty8-admi nistered in a
pharmaceutically acceptable carrier suitable for oral adm nistration.

The present invention also relates to a pharmaceuti cal conposition
conprising a conpound of formula | of__this inyention and a 20

phar maceuti cal |y acceptable carrier. EX@MRIBpdunds of formula | can VO
95126334 _ . ‘OH OCHgs PCT/ US95/ 03196
- 15- be admi nistered in ahé}qp oral dosage form such as
capsul es, tabl ets, powde oA “nsi‘ons or ‘solutions. The
formul ati ons and pharwaﬂ!ﬁlical coprpasi tions can be prepared using
conventi onal phar macelR T8l |y accgpts XCi pients and additives
and 5 conventional techniques. Such pharmagieut) cally accept abl e

exci pi ents and additives include non-tOoxg®Z conpatible fillers,

bi nders, disin rqnts, buffers, preservatives, anti-oxidants,

| ubricants, fl: tngs, thickeners, coloring agents, enmulsifiers and
the |ike. : The daily hypogHeflst ereni c dose of a
compound of 10 formula | is about 0.1 tﬂ!ﬂ]out 30 ng/ kg of body wei ght

per day, preferably about QA “e~AD0GL 15 ng/ kg. For an average body
wei ght of 70kg, the dosage levgl Jts t her efdre from about 5 to about (
2000 ny of drug per day, pref;/aﬂw out 5 to about 1000 ng, given :
in a single dose or 2-4 divided do The exact dose, however, is

of the 5" AdkesallanAnAaiOBYbENONHS (g4 MheP A MO GHACaAE" "
response of thenL) dropwigeaiovent.period of 1 h, to a refluxing sofationtdferiqebbiyhat i ons
of this ' nvent 'iaﬂﬁnwﬁrz‘%j'r“ﬂ 6?03 molés) and p—methoxybenzylidirie aniline (3.19 g,
0.015 moles) in CHoClo (100 mL). Reflux for 16 h after the éddition is
complete, then cool to room temiperature. Wash with water (2x100 mL)
10  and'saline (1x100 mL), then dry over NaxSQy, filter and concentrate.
é Stir the resultant oil with excess hexane and filter to obtain a yellow solid
(2.5 g). Purify the residue by silica gel chromatogra: - y, eluting with
EtOAc/hexane (1:5) to obtain a white solid (2.0 g, 4540 yield), m.p. 119-
120°C, EIMS: M+=279. - '

15 Step2:
' OCHg3

i ' : . B-1 (major) ' B-2 (minor)

| To a stirred solution of the product of Step 1 (compound A) (1.0 g,
0.0036 moles) in CH2Cl2 (40 mL) at room temperature, add MCPBA (1.9
g, 0.01 moles) portionwise. After_36 h, quench the reaction by dropwise

20 addition of aqueous 10% NazS03. Separate the aqueous layer and

wash the organic layer consecutively with 5% NaHCOg3 (2x50 mL), water
(1x50 mL) and saline (1x50 mL), dry over Na2SO4 and concentrate.
Purify the resultant residue by silica gel chromatography, eluting with



*substituted azetidinone is adm nistered in conbination with a 20
chol esterol biosynthesis inhibitor, the typical daily dose of the

_chol estgig¥sphigsynthesis inhibitor is 0.1 to 80 ng/ kg of popivRpd/i3ass
wei ght per 3ay adm nistered in single or divided dosages, usually once
or twice a day: for exanple, for HMs CoA reductase inhibitors, about 10
to about 40 ng per dose is given 1 to 218inmes a day, giving a total daily
25 dose of about 10 to 80 ny per day, and for the other chol esterol
bi osynthesis inhibitors, about 1 to 1000 ng per dose is given 1 to 2
tinmes a day,égiving a total daily dose of about 1 ng to about 2 g per day.
The exact dodQAic/AgxansRsbhémobtain aHaixtyemnfRRoXide epimeass agrAMPEL er ed

i s deterni nedyhite s6IR1 o.08177108% Jleld)l Pty Aivthe rsoy IPET itirRwiths% 30

pot ency of t nistered, the age, weight, condition and
response of [ﬁg%%gﬂ?% gbtam. Wher é the conponents of a

conbi nati on are adesspelatepdxide: 0.27 g eppr 8588pC, BIMS1uNME2850f doses of
each conpgnent giv, en Ok AR QGRS AEINIR. sanme, e.g.
B0, PO EOE o 154 5, m BOISBIASCIENAS: 205

wher e one~conponen c atiron of actrvity, and will
therefore negﬂﬂnﬁibgoaﬁjﬁﬂﬁﬁsﬁfbef NaH (0.53 gof $0f% gifpensipp in oil, 0.078p

95/ 26334 moles) in THF (35 mL) at room temperature, add 4-fluorophenol (2.26 g,
PCT/ US95/ 031 :

9 . . . L. .= 16- '

Since the pr SLBRMPIRSLARS SHr 3RImineuntiva clear soliiopis gbiained. Add e, ¢
_chol esterol |raajrprogudtrafBtep @ (compounddd1ii(2M g,dn0087 awdleskand stir at

I ngr edi egis | ' | alefcvsTel . L, [
eparately (RENTIdhactaly@ibt $asyROTIRG e roRliof TRl Wi} E10AG,

phar maceut i cavashwitbswates (tx3thmki): theorsaling{2x3 mL), ankever Naz®Qufiftarat ed

AR bi Cor | phocts oohartfité fo SRif eBiouRrell 8.8 B, Ty S oi oprflicacsels

absorption i n‘FanFPg?gr Ynﬁ'g'gﬂg |“6i’h E@R‘BBQ?‘?W%ﬁZbW%OgW" ﬁﬁ ey ef er abl y

i ncl ude di r ec¢ompeuricastehmcedic mixturat(l 23 gif48%eyialdp el {d'S,BHotBRLs.

15 phenyl-3-[1 hydroxy-2-(4-f|uorophenoxy)ethyl]-4-(4-meth_oxyphenyl)-z-
azetidinone). |
Resolve the racemate from Step 3 using a preparative C_hiracel®
AS HPLC column, eluting with hexane-isopropanol (80:20) to give:

N
S

0.085g; m.p. 168-169°C;

oI5 =4367° . s M 407.1:
High resolution MS: calc'd =
407.1533; obsv'd = 407.1539

OCH; | Enantiomer B: |

0.082 g; m.p. 171-172°C;

122.8
oy~ =-41.4°

High resolution MS: calc'd =
407.1533; obsv'd = 407.1547

20



10 The kit formis particularly advantageous when the separate
conponents nust be adm nistered in different dosage forns (e.g. oral
and par i 64/adss4 Or . are adninistered at different dosage iPCERUSEH3196

Fol l ow ng are exarrpl es of preparing 3-unsubstituted azeti di nones
‘starti ng materials and conpounds of fornula 1. The 15 stereochemstry

listed is relative stereochenistry unl e€9-ot herw se noted. The terns

cis and trans refer to the relative orientations at the [err]-

| actam 3- and 4-positions. _ ~Preparation 1

[err] 20 Step 1: Preparation g +) - t rgns-z-phenyl

cycl ohexyl bronpacet at e D ss rans-2- phenyl cycl ohexanol

(0.0113 nol e) in anhydrous THF_OIeooI
eq.) in portions and stir for 30 mnH:,,
eq.) dropw se and stir overnig O

QB[ err] C, add NaH (1.2
d bronmpacetyl chloride (1.5
t enperature. Cool the

reaction mxture to Jerr]C a nch wijt - 25 butanol (5 nlL) and
wat er, dropwi se (10 nmL). VWArm't he m xt ur# m - t enper at ur e,
dilute with ethyl acetate (EtQAc) and wash i jence W th water
(2X50 nL) and brine (2X50 nL). Dry the organic |l ayer over

MpSO err], fi 1:and concentrate. Purify the resultant residue by flash
silica ~ gel chromat ography, eluting with hexane [err] ~5%

Et OAc/ hexane. 30 . WD 95/ 26334 \{O

PCT/ US95/ 03196 ' NS

Step 2: Preparation of _

5 To a solution of compound C (5. Oig, 13.4 mmols) in CH2Cl2 (70 mL),
add MCPBA (7 g, 40 mmols) and NaHCO3 (3 g). Stir under N2 for 36 hr
(reaction about 95% complete) then add a small amount of (CH3)2S
(approx. 1 mL) and stir for 30 min. Extract acidic by- products into
aqueous NaHCOs solut:on and dlscard Wash the organic layer with

10 brine, dry over MgSOj4 and remove the solvent under vacuum. Purify
the crude residue by snllca g_el _chromatography, eluting with 20% ethyl
acetate (EtOAc)/hexane —30% EtOAc/hexane to obtain:

isomer 1 (compound D- -1), 1.7 g, EIMS: M+=389;
isomer 2 (compo:.«:d D-2) 2.3 g, EIMS: M*=389.

15 Step 2:




Terr] Reflux a solution of zZn dust (2.88 g, 44 mml) and

lodine (0.3 g, 1.2 nmml ) in anhydrous di oxane (50 nmL.).for 1 h, then
cool toWO8s263345 tenperature. Imerse the flask in an WBaQWEssRBMscati on
bath, add a m xture of the product of step 1 (7.4 mmmol) and

4- benzyl oxybenzyl i di ne- . (4-11 uo?g) aniline (1.87 g, 6 nmml) and
sonicate for 48 h at room tenpefature. Filter off the zinc dust
over celite and concentrate the filtrate. Redissolve the resultant
residue in a mninmmanmunt of EtOAc; 10 after 1 h, filter out the

crystal |ized unreact eduTH‘ané‘olut%H‘g?Htfm‘rgpﬂé}%%715 g, ééé%iﬂh&)]wder vacuum

and redi ssolv_Eche resulting resi

CH err]OH to Es(?mth@dslﬁsumw pEB0%- Mat{d0840er3.6mmols, 2. 2
mol ) . Ooncen;brre&ta%hbhemtﬁ)hb%néllﬂqmF apftef tis BuShiry G @2 R tHig on

ST co 10 R 4 AR TBE o A PR e 0
C34H34FNOS® i s0.00178.malesHn BHEGNd\keed the refastion uGider N2t robim 6. 65;.
N ozey i eetepupStRiRotor ER5E, Tead b uBlietn iR SR SkuBhug o7, 2, 0; 12
eq.), stir foNazCRa{RA k), extractthe praductawith EtfaApodwmvartMgS%rand
Lenperature. fQmssvE tHehSolveRQUriceR Vﬁtcbbm Purify thaGe8tht Ns&-egg]e Iiﬁg feTH] and
S)r(\d concent ragé' rgléﬁgg?@ai)ﬂ%, ?J%B'&Ql t?‘bgé‘g?@ﬁ?’&ﬂagz _’X(?A’ chr omat ogr aphy
on a silil®a gElON:/@HaCIg.I uting with 20% Et OAc/ hexane. Anal yze t he
P propanoi he ?fg%'?%%ﬁ?t g plochiss 6 ot's (&dibodify ) 10.188'."
enant i oner s V\%PQO@ molgshimethanal W’tbﬂog{oﬂdiﬁ/(ﬁ 20 eng) Stisumdegraspirator 30
vacuum, then introduce N2 gas, repeating this procedure several times
to eliminate oxygen. Introduce hydrogen gas and maintain at 1 atm for
15 18 h. Remove hydrogen under vacuum and reintroduce Np. Filter the
reaction mixture through Celite® and concentrate to a glass. Purify by
preparative TLC, eluting with 15% EtOAc/CH2Cl> to obtain 0.102 g of
the title compound (rel (1'S, 3S, 4S)-1-(4-fluorophenyl)-3-[1-hydroxy-2-
. [4-fluorophenoxy]ethyI)-4-(4-hydroxyphenyl)-2-azetidinone). HRMS
20 FAB: C23H20NO4F2 (M+1) calc 412.1360; found 412.1368. Elemental
analysis: Calculated: C=67.15, H=4.64, N=3.41, F=9.25; Found:
C=67.00, H=4.87, N=3.26, F=9.09. '
Racemic 1-(4-fluorophenyl)-3-[1-hydroxy-2-[4-fluorophenoxy}- ‘
ethyl)-4-(4-hydroxyphenyl)-2-azetidinone is resoived using a
25 preparative Chiracel® AS HPLC column, eluting with hexane-
isopropanol (70'30) to give:

°H Enantiomer A (1'R, 3R. 4R):

r[j vj;.l [a]l";‘ = +33.2° (CHC)

OH OH 1 Enantiomer B (1'S, 38, 4S) e 3
OoJ.,J;p | [og]g‘ = -39.0° (chua') |
FON ' N | | |
<,




WD 95/ 26334 '
PCT/ US95/ 03196 - 18-

Exanpl e wo 9526334 : [err]

PCT/US95/03396 Add a

solution of crotonyl chloride (1.81 nL, 0.02-noles) in CHerr]Cl[err] (50

nm) dropw se,

over a period of 1 h, to a_refluxing solution of tri

- n- but yl

amine (7.23 nL, 0.03 noles) and p- net hox%8enzylidine aniline (3.19 g,

0. 015 nol es)

S

nt) 10 and saline (1 x1 00 n), g}( re;l over Na2SO4, filter and

concentr at e. h excess hexane and filter to

in CHerr]Cl[err] (100 nmL). Reflux for 16 h after the addition

conpl ete, then cool to roomterrperature. Wash with water (2x100

Stir the resulta

e (1:5) to obtain a white

15

obtain a yellow solid (2.5.9). oHify ©ed3 due by silica gel
chromatogratery, eluting wth Et tI/h

solid (2.0 g, 49% i el d) mp o Yerr]C, EIMs: M-=279.
Step 2: [err] .

10

15

20

Using the less polar isomer of Step 2 of Example 1 (compound B-2),

carry out the procedure of Step 3 of Example 1 to obtain the title
compound (Rel (1'R, 3S, 4S)-1-phenyl-3-{1 hydroxy-2-(4-
fluorophenoxy)ethyl]-4-(4-methoxyphenyi)-2-azetidinone) as a

racemate. M.p. 125-129°C, HRMS FAB: M+1 caic'd.=408.1611,.

0bs.=408.1600.
| | Example 4

OH
o H

P

Use a procedure similar to Example 1, Step 3, substututmg 4-

fluorothiophenol for 4-fluorophenol and diluting with ether instead of
EtOAc. After concenrating the extracted product, crystallize from ether-
hexane to obtain a white solid (0.3 g, 70%), m.p. 129-130°C, MS:

HRMS FAB: calc'd. 424.1383, found 424.1394.

Example 5

5B

To a solution of the product of Example 4 (0.27 g, 0.637 mmols) in
CH2Cl2 (20 mL) at 0°C, add MCBPA (0.12 g, 0.695 mmols) in portions

OCH3 OCH3

and stir for 2 h. Quench the reaction with (CH3)2S (0.5 mL), dilute with .
CH2Cl2, wash with 5% NaHCO3 (2x20 mL), water (1x20 mL) and saline
(1x20 mL), dry over NazSQy, filter and concentrate. Purify the resultant

-_



*To a stirred solution of the product of Step 1 (conpound A) (1.0 g,

0.0036 noles) in CHerr]C[err] (40 nL) at room tenperature, add MCPBA (1.9
g, 0.01vw@bgssaportionwise. After 36 h, quench the react iroTnigesgswpwi se 20
addi tion of aqueous 10% Na[err] S err] Separate the aqueous |ayer and

wash the organic |ayer consecutively with 5% NaHCO err] (2x50 ni), water

(1 x50 nL) and saline (1 x50 nL), dry o®8r Na2SO4 and concentrate.

Purify the resultant residue by silica gel chromatography, eluting with

WD 95/ 26334 '

PCT/ US95/ 03196 . - -19-

Et OAc/ hexane [(eBidie by §ilicgggl ghzrompatography;relding, with @9%&%"%&9 Bitbit-

white solid (an@@29) t®6btain twd)comporiehys:f urt her by HPLC, eluting with 5%

Et OAc/CH err] Cl [er I ess pol ar epoxide: 0.27 g,
mp. 85- 88[err]C E}\@%r%b@g%om%onent o22ﬂbre pol ar epoxi de: 0.54 g, mp.

138-141[err] C, EI M3B, lasggmlar componente0.02597g, HRMSFARcalc'df NaH (0.53 g
of 60% di g)ergsgﬁzg 8bs. 4 moles) in THF (35'nL) at room
t enperature, nd stir 30

or.o | e
mn. until a gP@H?" E‘é’i'%ﬁ‘gﬁylkﬁfltét%!m@&W'Wd%ﬁ%’ﬂkexa“e’g% S{ Bibduct of
Step 2 (conpoigosthdbs ) ag@ B3 g, 0. 0067 noles) and stir at room

w howat or (1 x30 [HOfTer AlgsE BolatcshSS m B 1A (4B, hﬁ’b%%fﬁ'?gr wash
and concent r a#é401838pobs440.8848n oi| (3.1 g). Purify the oil by silica gel
chromat ogrgaphy, el |onfish B idré-polRF! 5/£205%n.p11 78-1780€P RIS BRBL ' L] €
cailc'd. 440.1332, obs. 440.1352.
Example 6
OH OH

.\\\ H

O %,
19 --
i~ "@F

SRy ¢

Prepare a solution of lithiumdicyclohexylamide (5.7 mmols) in THF



conpound as a racemc mxture (1.23 g, 45%yield) (Rel (1'S, 3S, 49-1- 15 -
- phenyl -3-[1 hydroxy-2-(4-fluorophenoxy)ethyl]-4-(4-nmet hoxyphenyl)-2-

azeti di nwo®5/26334 Resol ve the racemate from St epc¥usssansgoea :
preparative Chiracel AS HPLC colum, eluting with hexane-isopropanol *
(80:20) to give: [err Enantioner A

oL.. JJ 0.095g; mp. 168-169[err]C 4-

[err] = +36.7; EIMS: M+ 407.1; _ - High
resolution Ms: calc'd = 407. 1533;

obsvd = 407. 1539 o - err].. . Enanti o ,
0. 0\8/2 g: m p?dﬁmi.) bﬁﬁ%m %cold-(OOé) soldtlon of cflqul?hexﬂgmgll%g}e {I’H%
H gh resol uti withMSeq.cofl m-bdtyHithium (5.7 mmols, 3.6 mL of 1.6M hexane solution).

407. 1533, Obsgogl ffmeA'leu?ic'?r‘\1 fo -70%¢ and add ¥Braodfirtt7o0c) spution of

PCT/ US95/ 0319
Exanpl e 2 compound F (1.74 g, 5 mmols) in THF via gaanuja. After 15 min., slowly,

§ and with stirring, add a solution of 4-fluorophenoxyacetaldehyde (1 g,

6.5 mmols) in THF. After 30 min. at -78°C, quench the reaction with
glacial acetic acid (0.6 mL). Extract the product into ether, wash the
ether layer with aqueous NaHCOg, dry over MgSQ4 and evaporate the
solvent under vacuum. Purify the resultant residue by chromatography

10  on silica gel, eluting with 3:1 hexane/EtOAc —1:1 EtOAc/hexane. |
Concentrate the desired fractions to obtain three compounds, G1, G2 (
and G3:

CH2CgHs

Step 2: Use a procedure similar to that described in Example 2, Step 3
15 to remove the benzvl grdup_from compounds G1, G2 and G3 to obtain
compounds 6a, 6b and 6c¢:
OH



5 To a solution of conpound C (5'. 'O g, 13. 4 mmol s) in CHerr]C[err] (70

m), add MCPBA (7 g, 40 mmols) and NaHCO3 (3 g). Stir under N2 for
36 hr wo 9s/desmact i-on about 95% conpl ete), then add a snmetirusssemnss of
({CH3) 2S (approx. 1 nL) and stir for 30 min. Extract acidic

by- products into agueous NaHCO3 sol ution and discard. Wash the
organic layer with 10 brine, dry ove'rzs!VgSO4 and renove the sol vent under
vacuum Purify the crude residue by silica gel chromatography,
eluting with 20% et hyl acetate (EtQAc)/ hexane [err] 30%

Et OAc/ hexane [ [ ¥ d 1%?? 1.7 El MS:
M-=389: | ggpgpéta 'lg‘s’%"r‘é‘? c‘imPSBﬂ%(?@n@P‘gﬁé)e?‘aéﬁg’%g?g By 195-' 0 M?P'%éssg.
15  Step 2: ona Chiracel® AS preparative HPLC column, eluting with hexane/isg-er r |
WO 95/ 26334  propyl alcohol (70:30). (Compound 6a is the same as the product of
"PCT/ US95/ 0319 _ : .
xample 2). o : :
5 6b: M.p. 130-131°C.
6c: HRMS FAB: calc'd. 412.1360, obs. 412.1364.
Example 7

OH 2~ OCH3

| J"'
o "
Q N
\)k 3 F : (@] O
Fo e

+

o @ LDA, -78°C o OH Ny OCHs
H | o\/- - |
o s

The azetidinone, compound H, (1.7 g, 7 mmol) is dissolved in anhydrous

10 THF (50 mL) and cooled to -780C. Add fresh LDA (1.2 eq.) as a THF
solution (10 mL) and stir for 45 min. at -78°C. Add, dropwise, fluoro-
phenoxacetaldehyde (1.3 g, 1.2 eq.) in THF (5 mL) and stir for 4 h.

Warm the reaction mixture to 0°C and quench with aqueous NH4ClI (50
mL). Extract with ether (200 mL), dry the organ'ic phase over MgSQy4,

15 filter and concentrate. Purify the resultant residue by silica gel flash
chromatography, eluting with hexane — 15% EtOAc/hexane. NMR and
chromatographic analysis show that 7A is the same as the product of
Example 1, and 7B is the same as the product of Example 3.

OCH3

20 | Example 8
I | CHy
(o) OCH3
.1\H

F@,OJ:.
I

Treat a solution of the product of Example 1, Step3 (0.15 g, 0.37 mmols)
in THF with a suspension of NaH (0.017 g of 60% in oil, 0.42 mmols) at



-21- To a solution of 4-fluorophenol (0.715 g, 6.38

nol s) in THF (20 nmL), add a suspension of 80% NaH (100 ng, 3.5

mmol s, wo9s263ewashed with hexane) in THF. After the bulbriusgseneses, to
this solution, add a solution of the product of Step 1 (conpound
D-1) (0.45 g, 5 0.00115 noles) in THFggnd keep the reaction under N2 at
room tenperature for 2 days. Tre&l® the reaction m xture with agqueous

Na2CO8 (20 nl), extract the product with Et OAc, dry over MySO4 and
renove the solvent under vacuum Purfy the resul tant residue by sili ca

ge!  chr omat ocjaniemblishie? AL REIHIDTG Aoz Al wifl L

Et OAc/ CH err] I"ut i oh t of
Step 2 (conpo‘irﬁﬂn&)anéd@mtgoom emper@tlggdgmﬁm eBijuterthetmixtioe with h 10%

Pd/ C (120 ny)EtCA¢ rexﬂméewmsrmﬁ@w the orgamo’ m%%\/eF Nasoar@duce N2 gas,

repeating thi 0 re nat € .oxygen. |
| nt r oduce hyaé\ﬁ%é’ﬁ qg' aﬁﬁ’i"‘ﬁﬁ W&fﬂaﬁ'ﬂuT aPl,ley(;ge rﬁ"ﬂm Qﬁ bYRenmove hydr ogen
‘under vacBum pneﬁarail\nethhmhﬂayeNEhrdﬁnatbgrapﬁyeon silica gel ealating'with xt ur e- t hr ough

ol uti ng Wi ﬁ%ﬁ“éb?ﬁ@}%ﬁ Qir"”i“f e st propBUBBSHANESTAB . 1)
)7$ (absr

conpound (rel (M41)s cals 4 nyI) 3 [1 -hydroxy- 2-

[ 4-f1 uor ophenoxy] et hyl ) - 4- (4- hydr oxX &3k -g- azetidinone). HRMS 20 FAB:
Clerr]Herr]No[err]Flerr] (Ml) calc 412, 1 found 412. 1368. El enent al

anal ysis: Cal cul ated: C=67.1 5, . 64, , F=9.25; Found:

C=67.00, H=4.87, N=3.26, F= ’, _ Racemi c

1- (4-fluorophenyl)-3-[1 -h Xy-2-14Jfl uorophe noxy] - _
et hyl ) - 4- (4- hydr oxyphenyl )- 2-azeti n s resol ved usi ng a 25 (
preparative Chi racel AS HPLC col umn, ng Wl(m1 I sopr opanol

(70: 3[err0 to 5/26334

PCT/ US95183 19‘5regt a solutlon of the product of Ex[ampl]e 1, Step 3 (0.3 g20.7 mmols) in
CH2Cla with pyridinium chiorochromate (0.55 g, 2.5 mmols) and basic
alumina (0.4 g). Stir at room temperature for 3 days, filter through a pad
of celite and wash with CHgaCla. Purify the product by silica ge!
chromatography, eluting with EtOAc/hexane (1:3) to obtain 0.23 g of the

15 title compound. HRMS FAB (M+1): calc. 406.1455; obs. 406.1422,
Example 10

Treat the epoxide of Example 1, Step 2 (compound B-1)in a manner
: similar to that described in Example 1, Step 3, substltutmg phenol for 4-
20 fluorophenol, to obtain the title compound m.p. 132-135°C, MS FAB:
(M+1) 390.
Example 11

Q5 o
O/\/'h.




*Exanpl e 3 S [err] Using the | ess
pol ar isomer of Step 2 of Exanple .1 :(conpound B-2), ' carry out the
rocedurgodfspeisgd 3 of Exanple 1 to obtain the title 5 peowpssaos Rel

1'R, 3S, 45)-1-phenyl-3-[1 hydroxy-2-(4-
f I uor ophenoxy) et hyl ] - 4- (4- nmet hoxyphenyl ) - 2- azeti di none) as a
racemate. Mp. 125-129[err]C, HRVS FAB:-2W1 cal ¢' d. =408. 1611,
obs. =408. 1600. ' Exanpl e 4

[err] 10 Use a'p'rocedure similar to Exanple 1, Step 3,
substituting 3, fl.uor ot t}i@&phenoj for 4-f] uorophenol and diluting
with ether indteaidhgzetidinonexifhigpargtiop, 1 @Sﬁwgmgaloi%& RTIRECEUES act ed
produoct, crystestritied ir Bramplee? ;- followed bW@m\mlbotr@bghiylfrwcﬁn solid (0.3
9,790, ™ P ol 420EEASs il Erampi2, HENR, Wi fe Sobtids, | oune
[err] Isomer A naps 4 d1I50ACOTHRMS FABdb1)ocalEddadBBd 547 0b&7 g, 0. 637
mols) ing 4261520

Isomer B: m.p. 146-148°C; HRMS FAB (M+1): calc'd. 426.1517, obs.

426.1508. ' : ' '

Example 12

10  Treat the product of Example 2, step 2, according to the procedure
described in Example 9, followed by removal of the benzy! protecting
group as described in Example 2, step 3, to obtain the title compound:
m.p. 129-130°C; HRMS FAB (M+1): calc'd. 410.1216, obs. 410.1204.

" Example 13 o
o

156
To a solution of enantiomer B from Example 2 (0.025 g, 0.06 mmole)

and pyridine (0.024 mL, 0.296 mmole) in CH2Cl2 (5 mL), add excess
acetyl chiloride (0.01 mL, 0.14 mmole) and stir for 2 h at room
temperature. Dilute the mixture with CH2Clz, wash with water and brine,

20 dry over NazS0O4 and evaporate the solvent. Purify the resultant oil by
preparative HPLC, eluting with EtOAc:hexane (1:3) to obtain the title
compound: HRMS calc'd: 496.1558; found: 496.1572.

The following formulations exemplify some of the dosage
25 forms of this invention. In each, the term "active compound” designates
a compound of formula 1. ' :



20

CH2Cl 2, wepgsipeydst h 5% NaHCO err ]
(1 x20 nL), dry over Na2SO4,
WD 95/ 26334
-23-
Et OAc/ hexane (1:1)
5A, nore polar corrpo_nent:

_ | 0.22 g;
0. 0259 g,

HRVS FAB: calc'd. 5

and B: | somer A (| ess polgbletsdA-1):
FAB: cal c' d. N 440. 1332, .1

pol ar, 5A—2):—9ﬂ1p. 176-179[e ,

440. 1352. '

[err] 1 AR4RR Eompound

2 Lactose USP

3 Corn Starch, Food Grade, as a 10%

CH2Cl 2 (20 nL) at OC, add MCBPA (0.12 g,
and stir for 2 h. Quench the reaction with (CH3)2S (0.5 nl),
(2x20 m),
filter and concentrate.

resi due by silica gel chrddfatography,

paste in Purified Water

4  Corn Starch, Food Grade -
5 Magnesium Stearate

Method of Manufacture

Total

' OAc to obtain

purify 5A by HPLC, eluting with 259

0.695 mmls) in portions
dilute with
water (1 x20 mgrnmsosionas i ne
Purify the resultant
PCT/ US95/ 03196

eluting with

and (2:1) to obtain two components:

5B, | ess polar conponent:
456. 1280 Furt her
| soners A

mp. 141-143[err] C, HRVS

3IA—:,%\B 10 m&@%‘sow obs.
Exanpl e 6
100 500
122 113
30 40
45 40
3 Z
300 700 {

Mix Item Nos. 1 and 2 in suitable mixer for 10-15 minutes.
5 Granulate the mlxture wnth 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 ltem No. 4 and mix
for 10-15 minutes. 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

10

No,

Active Compound
Lactose USP

AWN =

hfn..r

Ingredient

Corn Starch, Food Grade
Magnesium Stearate NF

Total

mgitablet mgAablet

500
106 123
40 70

- 4 4

- 250 700

100

- Mix item Nos. 1, 2 and 3 in a suitable blender for 10-15

15

minutes. Add Item No. 4 and mix for 1-3 minutes. Fill the mixture into

suitable two-piece hard geletin capsules on asuitable encapsulating

machine.

Representative formulations comprising a cholesterol

20

biosynthesis inhibitor are well known in the art. It is contemplated that
where the two active ingredients are administered as a single

-



Prepare a solution of |ithiundicyclohexylanide (5.7 mols) in THF VWO |

95/ 26334 ' PCT/ US95/ 03196

; 24- WO 952638 nlL) by treating a col d (O[err] C) sol uti orcwfus9s/in3196

di cycl ohexyl am ne in THF. with 1 eq. of n-butyllithium(5.7 nols, 3.6
mL of 1.6M hexane sol ution). Cool the solution to -70[err]C and add a
pre-cooled ( -70[err]C) solution of -29-conpound F (1.74 g, 5 mols) in
THF via cannula. After 15 mn., slowy, 5 and with stirring, add a
solution of 4-fluorophenoxyacetal dehyde (1 g, 6.5 mmls) in THF.

After 30 mn. -7 uen h the. react.i | acial acetic
acid (0.6 nL) C%b&"rsi‘iq th% dﬁg qrm§18[§c&5ﬁgra "\X/ﬁéﬂr ?HQSt't“te% et her | ayer
wi th aqueous I‘mﬂmonerqompwnds;w readile bepmodifiedtusing the knemedye under

vacuum  Puri f si due by chromatography 10 on silica gel,
eluting with )6 %%ei@?gléqggé rr] 1:1 Et QAc/ hexané.
The in vvvg activity of the compounds of formula | can be

5 determined by the following procedure.

In Vivo Assay of Hypolipidemic Agents Using the Hyperlipidemic

Hamster

Hamsters are separated into groups of six and given a
controlled cholesterol diet (Purina Chow #5001 containing 0.5%

10  cholesterol) for seven days. Diet consumption is monitored to determine
dietary cholesterol exposure in the presence of test compounds. The
animals are dosed with the test compound once daily beginning with the
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.

15  All animals moribund or in poor physical condition are euthanized.

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 reduction of
20  lipid versus control. :

Using the hamster in vivo test procedures substantially as
described above, the following data were obtained for representative
compounds of formula I. Compounds are referred to in the following

25 table by the corresponding example numbers; data is reported as
percent change versus control, therefore, negative numbers indicate a
positive lipid-lowering effect.

% Reduction
Ex. No. Serum | Cholesterol Dose
_ Cholesterol| Esters mg/kg
5A1 -12 71 10
12 -9 27 1
6b 0 -39 10

30 For racemic compounds of formula | or active diastereomers or
enantiomers of compounds of formula |, compounds administered at



Concentrate the desired fractions to obtain three conpounds, Gl, &

and G3: [err] Step 2 Use a procedure

si m | ar wigosydsad4 . descri bed in Exanple 2, .Step 3 15 to remoaraudokesoennzyl
group from conpounds Gl, & and G3 to obtain conpounds 6a, 6b and 6c:
[err] - WD 95/ 26334 S : ,
PCT/ US95/ 03196 . oo =30- - -25-  Separate
racem c conpound 6a into its enantioners by chromatography on a
Chiracel AS preparative HPLC columm, eluting w th hexane/iso- propyl

al cohol (70:3Q). (Co d 6a ig the sane as.ihe duct of . Exanpl e
2). 5 6b: %ﬁ%ﬁ'ﬁ@[@?ﬁ?&%wamnﬂﬁpiﬁ/@F /o TeGUEtion iny 15 1360, obs.
412.1364. . cholesterol esters, and a -51 to 0% reductiormirpserur cholesterol. The

[err] reduction in cholesterol esters is the more important measure of activity,

and active co_mpourids preferably show a range of -30_to -96%, and"
5 more preferably, a range of -50 to -96% reduction in cholesterol esters.



«The azeti di none, conpound H, (1.7 g, 7 mol) is dissolved in anhydrous 10
THF (50 nL) and cooled to -78[err]C. Add fresh LDA (1.2 eq.) as a THF

‘sol uti oRybb82685) &Hd——st—r—r__f_%,::ai::78 err] C. Add, PCT/pSss®a196f | uor o-
‘phenoxacet al dehyde , 1.2 eq.) wﬂT&HE €5 m_) anc{‘ ir for 4 h.
Warm t he reaction n{ ﬁumlﬂm and usen gueous NH[err]CI (50
m.). Extract with e }QQ@ﬁleB&uabpwgS err] 15
filter and concentrate. Purlfy t’he resultant Ire gel flash
chromat ography, eluting w th hexane [err] 5% EMM and

chr omat ogr aphi lysis show that 7A is the sa ro uct of

Exampl e 1, and%e@%

t he same as t he product of Exarrpl e 3.

Exanpl e 8 Terr] Treat a
sol ution of thg prou ?@)‘J mol s) ' in
THF with a suspensr %naémak%@ 8‘%53%@!?)?%()%&%5?10@%% mol s) at WO
95/ 26334 - PCT/ US95/ 03196

- 26- roomtenperature. Af‘L-qq ?5-@1.2 ~add g@[err]l (0.07 nm, 1.12
mmol s) with ' stlrrlng and keep at rbgm" ature for 16 h. Dilute
the m xture with ' ' '

o) A2

5 or a pharmaceutically acceptable salt thereof, wherein:
Arlis R3-substituted aryl;
'Ar2 is R4-substituted aryl;
Ar3 is R5-substituted aryl;
: Y and Z are independently selected from the group
10 consisting of -CHa2-, -CH(lower alkyl)- and -C(dilower alkyi)-;
Ais -O-, -8-, -§(0)- or -§(0)2-; '
R1is selected from the group consisting of -ORS, -O(CO)RS,
-O(CO)OR® and -O(CO)NRER7; R2is selected from the group consisting
~ of hydrogen, lower alky! and aryl; or R and R2 together are =0;
15 -~ qis1,20r3;
pis0,1,2,30r4; _
RS is 1-3 substituents independently selected from the
- group consisting of -ORS, -O(CO)RS, -O(CO)ORS?, -O(CHy)1.50R9,
-O(CO)NRBR?, -NRBR7, -NR8(CO)R?, -NR6(CO)OR?, -NRE(CO)NR7RS,
20 -NR6SO2-lower alkyl, -NR6SOz-aryl, -CONRSR7, -CORS, -SO2NRSR7,
- 8(0)p-2-alkyl, S(O)p-2-aryl, -O(CH2)1.10-COORE, -O(CH2)1.1gCONRER?,
o-halogeno, m-halogeno. o-lower alkyl, m-lower alkyl,
-(lower alkylene)-COORS and -CH=CH-COORS;
R3 and R4 are independently 1-3 substituents
25 independently selected from the group consisting of RS, hydrogen, p-
lower alkyl, aryl, -NO2, -CF3 and p-halogeno; -

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

30 | R9 is lower alkyl, aryl or aryl-substituted lower alkyl.



Et OAc, extract with brine, dry the organic |ayer over NaSO and
evaporate the solxent under vacuum Purify the resultant oil by 5

prepar ab¥saés3h ck L ayer chromat Oﬁ%aphy on silica gel, elptrogsmsids

Et OAc/ hexane ( 1: B)WEWﬁﬁ dof the title corrpound HRVS FAB
(Ml): cale. 422.17 mﬂﬁe
SE?)?LT: gngof t he ;broduct of "Exanple 1, Step 3 (0 l}l“lmmllmlllwllﬁll freat a

CH er]Cl[err] with pyridini'um chl orochronate : and basi c
I 0.4 S t f f I t th h d
of Gl t & andPas PNGORPRYTEEL ¢ l%%iﬁiwé’rrq%m‘r’ i Bﬁgu sl Phonk i ca gel
chr omat ogr aphwherdimH3rig -WOCDREt-O@NRGRan@OBGSJSCDéNHBBal s(@g@algypf t he 15
title comound ofRVENIARD, b Halogéis: AR A43ab E %6&’& hereip B .\
Ob@

Exanmpl e 10
epo>r<rP de of Exishydeogen, sower alkyk OPELAAQD)BE, FO( e-rO(CO)NR%‘R?n lar to

t hat descig begyRér Ge%rlhalc?? %héﬂéﬂ?h‘etéﬁd ng - 20

fl oohenol to obta ‘corpoun i MS FAB:
(Mlilg 890 hydrogen ‘orlower alkyl, and R Is IlowerM pg Air IS %- bstltutpgrr]

WD 95/ 26334 = phenyl, wherein RS is -ORS, -O(CO)RS, -O(CO)OR9 -O(CO)NRSER?,
PCT/ US95/ 0319%R5Fi7 -(lower alkylene)-COORS or -CH=CH-COORS, whéfein RS and
R7 are mdependently hydrogen or lower alkyl, and R9 is lower alkyl.

10
3. A compound of claim 1 or 2 wherem Y and Z are each -CH2- and (
wherein the sum of p and q istor2. '

, 4, A compound of any of claims 1, 2 or 3 wherein R1is -ORS,
15 wherein R6 is hydrogen and R2 is hydrogen or wherem R1and R2
‘together are =0.

5. - A compound of claim 1 selected from the group consisting of:
) rel-3(S)-[2-(4-fluorophenoxy)-1(S)- hydroxyethyl] 4(S)-(4-
20 methoxy-phenyl)-1-phenyl-2-azetidinone;
3(S)- [2-(4-fluorophenoxy) 1(S)- hydroxyethyl]-4(S) (4-
methoxyphenyl) -1- phenyl-z-azetldmone.
rel-3(S)-[2-(4-fluorophenoxy)-1(S)- hydroxyethyl] 4(S)-(4-hydroxy-
phenyl) -1-(4-fluorophenyl)-2-azetidinone;
25 3(S)-[2-(4-fluorophenoxy)-1(S)- hydroxyethyl}- 4(S) (4-
hydroxyphenyl)-1-(4-fluorophenyl)-2-azetidir zne; :
rel-3(S)-[2-(4-fluorophenoxy)-1(R)- hyOroxyethyI]-4(S)-(4-
methoxy-phenyl)-1- phenyl-z-azetldmone
rel-3(S)-[2-[(4-fluorophenyl)thio]- 1(S) hydroxyethyl] 4(S) (4-
30 methoxy-phenyl)-1-phenyl-2-azetidinone;
rel-3(S)—[2-[(4-fluoropheny|)sulfmy!] 1(S) hydroxyethyl]-4(S) (4-
methoxy-phenyl)-1-phenyl-2-azetidinone;
rel-3(S)-[2-[(4-fluorophenyl)sulfinyl}-1(S)-hydroxyethyl}-4(S)-(4-
methoxy-phenyl)-1-phenyl-2-azetidinone; |
35 rel-3(S)-[2-(4-fluorophenyl)sulfonyl}-1(S)-hydroxyethyl]-4(S)-(4-
methoxyphenyl)-1-phenyl-2-azetidinone;



Treat the azetidin cordl ng to the procedure
described in Exanpl epf bi‘ remaval of the ﬁer‘rzy, protecting

I
group as wigsiehed - |n§)FﬁT?h i'ﬂﬁfﬂ , tmvr_ebt alhr;i ‘e g trica"/msmnwds

 somer A° mp. 147-15 FAB Wil rs—C 5

426. 1520. | sone 148[ err] G H' : '
426. 1517, obs.  426.1508. !ﬁﬁf m "‘Llrl &xarrple 12
10 Treat the product of Exarrpl e 2, step 2 accor dure
described in Exanple 9, followed by removal of the benzyl prot ecting

group as descri bed in ste Q the npound:

mp. 129-130[err]C i%%g%?ﬁﬁiuﬂopf%w&t& U‘ett >6Vet6$'%4(§irz4-1204 -
EX?”D' e 13f methoxy- phenyl) -1-phenyl- 2-azet|d|n%ne [err] I. ) go a
sol ution of enantio e : an
pyridine (0.024 n@' '@QE@QWW&’?] Cff’?) Eﬂ)'ﬂ %gr)nj? add excess
?cetyl ;:hl or i geﬁ?’i%mnyﬁilwhmgﬁﬁggd"ﬁ;;éfor]42 h a';h rogkn\;m}% ;
enper at ur e.g ut e %égﬁffhw RéM ﬁﬂ/ &s)N(B@. ath r&re) an
brine, 20 dry, over evaporate t Purify sul t ant
oi | by pi ANEYIH2,RZGHSIRONG) yt i ng with Et OAc: hexane (1:3) to obtain
the title conpa8(S)-[sRASuomBhaioxy 9 (REAIdrcgpraby li P4 ST2.

Tvention. 1n eQBroRRoY 4 G erataudiner > O™ O TS
rel-3(S)-[3-(4-fluorophenoxy)-1(S)-hydroxypropyl]-1-(4-
10  fluorophenyl)-4(S)-(4-hydroxyphenyl)-2-azetidinone;
(3S,4S)-3-[2-(4-fluorophenoxy)-1-oxoethyl]-4-(4-hydroxyphenyl)-
1-(4-fluorophenyl)-2-azetidinone;
rel-3(S)-[2-(4-fluorophenoxy)-1(R)-hydroxyethyl]-1-(4-
fluorophenyl)-4(S)-(4-hydroxyphenyl)-2-azetidinone; and
15 ' 3(S)-[1(s)-(acetyloxy)-2-(4-fluorophenoxy)ethyl]-4(S)- [4-
(acetyloxy)-phenyl]-1-(4-fluorophenyl)-2-azetidinone.

6. A method of treating or preventing atherosclerosis or reducing
plasma cholesterol levels in a mammal in need of such treatment

20 comprising administering an effective amount of a compound of any of
claims 1, 2, 3, 4, or 5, alone or in combination with a cholesterol
biosynthesis inhibitor.

7. A pharmaceutical composition comprising a cholesterol-lowering
25 eftective amount of a compound of any of claims 1, 2, 3, 4, or 5, alone or
' in combination with a cholesterol biosynthesis inhibitor, in a
pharmaceutically acceptable carrier.

8.  The use of a compound of any of claims 1, 2, 3, 4, or 5, for the
30 preparation of a medicament for the treatment or prevention of
atherosclerosis, or for the reduction of plasma cholesterol levels,
comprising a compound any of claims 1, 2, 3, 4, or 5, alone or in
~ combination with a cholestero! biosynthesis inhibitor, and a
pharmaceutically acceptable carrier.
35 '



a conmpound of fornmula 1. WO 95/ 26334

PCT/ US95/ 03196 ' - - 28-

EXAVPLE wo 95126334 Tablets - pCT/bvs/03196

|188r edi ent 500 Thﬂlslfjvﬁmsaﬁaérﬂ{eplaag/ t abl et mmﬁd
e 1 s AR, o2 o | RSO = |
45 40 Magnesi um St ear at e 3

4 .
Met hod of I\/anu?'act uf\é"t comprising in separatel\ﬁ%t?'[‘g'r'ﬁ MSI@?%RGC@Q% sui tabl e
m xer for 10- 1phainmaceasical cBmpasitions doruséin combinationitoirdat enprovert. M | |

hoceseary" bry2Ricle R ofto reduce iaLTE SHIIGHE fobls é"’;'ﬁ'é‘ cofplesh '
necessary and ema cmntannett %mneﬁGGtNB ameunt of a cholegtgrol bipsyn hﬁmﬁﬂ@ybﬂm’dd ltem

No. 5 and i X {04 phafmBteuticily éé@@BfaQﬁécamer ah8%n & 3ddonRl dohtaimek o | ate
si ze and wei ght,on. a sui tatbl

EXAVPLE B effective amoun fea compountqa P any o&g’lﬂrﬁlﬁeg 2,3,40rjjna
| ngr edi ent pharmaceutlcaﬂg/acebptabb ogfriexbl et .1 Active Conpound
100 500 2 Lact ose USP 106
123 3 Corn Starch, Food G ade 70
4  Magnesi um Hear Atprosgss for preparing chiral 8-amino 4;sters of formu,ia i
Tot al 250 700 Ar30
. | ‘
'L NH o
O "OR?® 0 B
10 | Y |

wherein Ar20 is Ar2 as defined in claim 1, a suitably protected hydroxy-
substituted aryl or a suitably-protected amino-substituted aryl, Ar30 is Ar3
as defined in claim 1, a suitably protected hydroxy-substituted aryl or a
suitably-protected amino-substituted aryl, and -C(OYOR10 is an acyl

15 radical of a chiral alcohol, comprising reacting a bromoacetate of a
chiral alcohol of the formula R100C(O)CH2Br, wherein R100H is an
optically pure chiral alcohol, an imine o' -1e formula Ar20-N=CH-Ar30,
wherein Ar20 and Ar30 are as defined avove, and zinc to obtain a B-
amino ester of formula Il.

20
11. A B-amino ester of formula i -

Ar?

L NH .
O OR'1° "N\ A |
wherein Ar20 js R4-subst|tuted aryl, a suitably protected hydroxy-
substituted aryl or a suntably protected amino-substituted aryl;
25 Ar30 is RS-substituted aryl, a suitably protected hydroxy-
substituted aryl or a suitably-protected amino-substituted aryl;
-C(O)OR10is an aéyl radical of an optically pure chiral aicohol
selected from the group consisting of 1-menthyl, isopino-campheyl,
(1S)-endo-bornyl, isomenthyl, trans-2-phenyicyclo-hexyl or
30 phenylmenthyl;



Y . | 1, 2 and 3in a
hod of Manufacture .. o Mx Item Nos. 1,

gﬁ?table bl ender fo . 15 ni nut es. AddltemNo 4 and mx for 1-3

n,a'rtut es. Wwiolds/2638@ i ure i nt.o. S0i t abl e tvvo pi ece hai’ElTHﬁbs%slﬂs

capsul es on a suitabl'&s BrentReplgted - mac _ _
Representative flolrmiilit r,’ Lnlgt aI gté)l)ﬁtstaerol _ \?ﬁzlrz e
nhibitor are well kn > rﬂ"mt _
two active ingredients are adm nrstered as a Si m’”"’]@'ﬂ# 3314 .
PCT/ US95/ 03196 “

t he dos f ornms d| scl osed above for substltut ed o
;gg}tjlqz: ;ng corrgoundggﬁﬁy 1-B Shigstituents m&pendehﬂﬁselgoﬂeuefrmqvtéfgia&? e of
one skilled in t:bnsratirﬂg of -ORS, -O(CO)R6 -O(CO) BJ@ (ﬁH\éf a@%\?\n\”n;yp(r)ocedure

f for

IC(r)tn{)/O\ljgdngay of%@ Bgﬁ?remsl:}femgg c%é)rgtg Nﬁg @@BPA'MBFE(GQ)NR RS, |
Hanst er Oz-lower allwlreuassog-amegamneq&m@%gr %Nﬁé RPI X an
iven a p b u
8. 5% 10 chol ester oi% ﬂﬁlor Ee@}ng@ o Btze 1%{0\’%@% 6&1 Tﬁgﬁg 5“%@?

det ermi ne aéemwo-&wsarkﬁ milower aikydsence of test

d once daily
nds. The -lowerai IEﬂb coonﬂosm-or-rtooomtest conpoun
ggg}oﬁﬁl ng with t(he 21 élzhb tion of i s-by oral gavage of

| al ofil #Sdf‘dﬁp%@f?ﬁ"ﬂxrsemtaﬂ feam e gsaupensi on)
gf 2&5?]( cg?r{)guglgongsﬁ’lngof BFJ H ;ggtdweﬁalkylalarymlwow Sgéer physi cal

|
condition are eut hannsepp and Rg apé ﬂepggﬁgm%ggigﬁwc&e alnt ga(laug;e

d by I M.ipjectjon 0
32§ZL.“? ;tlzgn ér%ﬂsr ek @c«etrcalkvlt aryl and arylesubsstituted [swérealkglondmd ni ng

EDTA for plasma |ipi R9asRiwer sik@ndny Bea}ypg%st,tuteq |°%I£fﬂ for tissue lipid
analysis. Data is reported as percent reduc

12. - A process for preparmg a compound of claim 1 comprising:

15 &o_ee.ss_A |
' OH Ar®
);( Arl-Aum Arl-A- CHz'C Zp)EN( -
.. "
1 f j - '

Treatlng an epoxude-substltuted azetidinone of formula 1, wherein Ar2
Ar3, R? and Z, are as described in claim 1, with a compound of formula
Arl-A'- M, wherein Ar1 is as described in claim 1, A' is -O- or -S-, and
20 wherein M is a metal such as sodium, potassium, lithium or magnesium
in an inert solvent at room temperature and under an inert atmosphere
to obtain a compound of formula 1, wherein Ar1, Ar2, Ar3, R2 and Zp are
as described in claim 1, A’ is -O- or -S-, Y is -CH2- qis 1 and R1is OH
(i.e., a compound of formula la);
25 Process B: |
Treating a compound of formula 1 as defined in Process A with Arl-OH
or Arl-SH, wherein Ar! is as defined in claim 1, in the presence of a

reagent such as ZnCl, to obtain a compound of formula la as defined
above in Process A;
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20 lipid versus control. Usi ng the hanster in vivo

test procedures substantially as '~ described above, the followng d
wer e ob{yy gapgdsf4Or representative conmpounds of for mAcasesaxspound
are referred to in the followwng 25 table by the correspondi ng exanpl
nunbers; -data is reported as percent change versus control,

therefore, negative nunbers indicate a -36- positive 1 pid-I ovverl ng

BN serum  cnorestero omse TN "

Chol est er ol Esters ng/ kg *  ¢5A1

-71 15-952552 12 27 1
6b eR -39 10 ForR1racemc conpounds o
formula | or actlv diastereongrs or of ¢ ounds of
formula 1; co n.@_q;d ni s /'\r!T'gedAal-A -M '%/'56@42 %@

PCT/ US95/ 03196 —_— . -

dosages of 1-10 rrg/IR%J sh range of -96 to -1 A)redu ' ,i

chol esterol estgrs, an®a - AR 0% reduction i serun¥chol e“d’?er ol . The

ind-acti ve compounds. pr E1AERRp EHmRPInY B furlpe b ARergTR RS, A e v
preferably, aRZaNgand Zpate as dedetibed daatlaiont |andclhlﬂ aéeamog gmpasuch
5 as a halide, with a compound of formula Ar1 -A- M as descnbed in
Process A to obtain a compound of formula I wherem Ar', Ar2, A3, R,
R2, Yq and Zp are as described above and A |s -0- or -S- (ie., a
compound of formula lc); or '

Process D:
AP _
. 0 )4
\ + A A'-Y c-|-| — Ar J;_—r
8 W B ¢ N\Arz
10 L " |

Treat a 3-unsubstituted azetidinone of formula Z, wherein Ar2 and A8
are as defined in claim 1, with a strong base at low temperatures in an
inert solvent, followed by reaction with an aldehyde of formula 8,
. wherein Art and Yq are as defined in claim 1 and A"is -O- or-8- 1o
15  obtain a compound of formula | wherein Ar1, Ar2, Ar3 and Yq are as
described above, R1 is OH, R2is H, p is zero and A' |s -0- or -S- (i.e.,a
compound of formula Id)

ata
S
e

f

ty,:
nore



31" CLAIMS: 1. A conpound represented by the struct ural formuta or a

: phar maceutical ly [err]: acceptable sal t
t her eof , wherein: Arferr] is Rerr]- substttuteﬁp Y hoo?

Arferr] is Rerr]-substituted phenyl; Ar[err] err]i'substituted
phenyl ; Y and Z are -CH er]; 1 Ais F0-7 -S, -S(0O-"or
-5(0) 2-; Rlerr] is selected fromthe group conS|3t|nng—CR[err],
- Q(CO R er 1] cLABARD OR er ] and - O(CO N rr] i s
hydrogen; or Rierr] and Rerr] together are = lﬁmm mm""ﬂegf! 2 or 3
pis O, 1, 2, 3 or 4 R err] slSsubst*lttgentsnn

sel ected fro t he .gro nsi st i dr oge err],
-COR[err], -gqer &P‘F‘? ‘Rgdgb[‘%“rﬁ‘f“%'ﬁ?@ff"m@%f& % ‘Plﬂlf[err]
and hal ogeno; Rl err] |s 1- 3 subst,ituents |ndependently sel ected
fromthe group consisting of hylj’rogen, | ower al kyl, -ORerr],
-OC(O Rerr], -OC(OOR[err], -MQNR[qepq errl, AR NR[err]Rerr],
-COR[ err] and hal ogeno; Rlerr]” ils, 1- Stituents independently
sel ected fromthe group consisting of R err], -QCORerr],

-QCORerr], -OCONRerr|Rerr], -NR[errb N, ;(lower alkylene)-
COOR[err] and -CH=CH COOR[ err];. | R[Aﬁ"] and Rlerr] are -

i ndependent|ly selected fromthe group consisting of hydr ogen and

| ower al kyl ; a&%ﬂtable salt thel%%ﬁr&rimjeﬁl:l ower al kyl .
Ar' is R3-substituted phenyl;
Ar? is R*-substituted phenyl;
Ar® is R*-substituted phenyl;
Y and Z are -CH,-;
A is -O-, -S-, -S(0)- or -S(0),-;
R is selected from the group consisting of -OR¢, -O(CO)RS, -O(CO)OR’?
and -O(CO)NR®R’; R? is hydrogen; or R! and R? together are =0;
qis1, 2or3;
pis0, 1, 2,3 0r 4;
R’ is 1-3 substituents independently selected from the group consisting of
hydrogen, -CONR®R’, -CORS, -SO,NR°R’, -SO,,-alkyl, -SO,,-aryl, -NH,
and halogeno;
R* is 1-3 substituents independently selected from the group consisting of
hydrogen, lower alkyl, -ORS, -OC(O)RS, -OC(O)OR®, -OC(O)NRR’, -
NR®R’, -CORS® and halogeno;
R® is 1-3 substituents independently selected from the group consisting of
-ORS, -O(CO)R5,.-O(C0)OR9, -O(CO)NRR’, -NR®R’, -(lower alkylene)-
COORS and -CH=CH-COORS®;
RS R’ and R® are independently selected from the group consisting of
hydrogen and lower alkyl; and
R’ is lower alkyl.

2. A compound of claim 1 wherein R® is halogeno; R* is halogeno or



2. A cWereln Rlerr] is hal of eno Rerr]. is hafibgeno
. 3 hydrogen and R[err]

oo BB " )~ T o

,f cIa| m 1 sel ect ed
fromthe group consistifg bf: 32 '
rel -3(S)-[2-(4-fluorophenoxy)-1(S)-hydroxyethyl]-4(S)-

(4- met hoxy- phaydgenl aRACRY lis 2ORE etﬂ&ivétoaﬂtylene) -COOR¢ or -CH=CH-COOR¢,
3(S)-[2-(4-11 uorophenoxy) 1( S) - hydr oxyet hyl ] - 4(S) - (4- met hoxyphenyl ) -
1- phenyl - 2- azwhereinRfnis hydrogen or lower alkyl.

rel -3(S)-[2-(4-fluorophenoxy)-1(S)- hydroxyethyl] 4(S) - (4- hydr ophenyl ) -

1- (4-fl uorophenyl)-2-azetidi none;
3(S)-[2-(4-fluorophenoxy)-1(S)-hydroxyethyl]-4(S)-(4-hydroxyphenyl)-1-(4-
fl uor ophenyl ) - 2-azeti di none;

rel -3(S)-[2- (- f| ubcompennd9f claimR)l selegted fyem e grompSpnsistingefioxy- phenyl ) -
1- phenyl - 2- azetldln

rel-3(S)-[2-[ (411 Sgsaﬂ%&T*}%‘?Pd‘f“‘l’tyéjl(wd&%ﬁlﬁ’ﬁf(sl( S) - (4~ met hoxy-

phenyl ) - 1- phenyl - BeR)-1- henl-2—azet1dmone,

rel-3(S)-[2-[(4- quor en sulfln hydr oxyet hyl ] - 4( S) - (4- et hoxy-
phenyl ) - 1- pheny! - Af{mﬁmhenox ¥S)-hydroxyethy11 (§)-(-metboxyphenyl)

|-3(S)-[2- (4-f1 171-1(S) - hyd thyl]-4(S) - (4- met hoxy-
Lﬁenyl())l[phfanw UP @%ﬁ?ﬁ%ﬁ%‘m&é‘y] (S) - hydroxyet hyl ] - 4(S) - (4- met hoxy

rel-3(S)-[2-(4-1| Ufbl@ #bLy)- XS PhydruyemglPa{S) (H-tdtfapheryl)-

nmet hoxyphenyl ) - 1- phenyl - 2 azetl I none;
1-(4-fluorophenyl)-2-azetidinone;
3(S)-[2-(4-fluorophenoxy)-1(S)-hydroxyethyl]-4(S)-(4-hydroxyphenyl)-1-(4-
fluorophenyl)-2-azetidinone;
rel-3(S)-[2-(4-fluorophenoxy)-1(R)-hydroxyethyl]-4(S)-(4-methoxy-phenyl)-
1-phenyl-2-azetidinone;
rel-3(S)-[2-[(4-fluorophenyl)thio]-1(S)-hydroxyethyl]-4(S)-(4-methoxy-
phenyl)-1-phenyl-2-azetidinone;
rel-3(S)-{2-[(4-fluorophenyl)sulfinyl]-1(S)-hydroxyethyl]-4(S)-(4-methoxy-
phenyl)-1-phenyl-2-azetidinone;
rel-3(S)-[2-(4-fluorophenyl)sulfinyl]-1(S)-hydroxyethyl]-4(S)-(4-methoxy-
phenyl)-1-phenyl-2-azetidinone;
rel-3(8S)-[2-(4-fluorophenyl)sulfonyl}-1(S)-hydroxyethyl]-4(S)-(4-
methoxyphenyl)-1-phenyl-2-azetidinone;
rel-3(S)[2-(4-fluorophenoxy)-1(S)-methoxyethyl]-4(S)~(4-methoxy-phenyl)-1-
phenyl-2-azetidinone;
rel-3(S)-[2-(4-fluorophenoxy)-1-oxo-ethyl]-4(S)-(4-methoxyphenyl)-1-
phenyl-2-azetidinone; |
rel-3(S)-(1(S)-hydroxy-2-phenoxyethyl)-4(S)-(4-methoxyphenyl)-1-phenyl-2-
azetidinone;
rel-3(8S)-[3-(4-fluorophenoxy)-1(R)-hydroxypropyl]-1-(4-fluorophenyl)-4(S)-
(4-hydroxyphenyl)-2-azetidinone;
rel-3(S)-[3-(4-fluorophenoxy)-1(S)-hydroxypropyl]-1-(4-fluorophenyl)-4(S)-




phenyl - 2- azetldl none; REP A

D LA mmn,mmnmw s 418-

rel-3(S)- (l(S) hydroxy 2- phenoxyet hyI) 44S) - (4- net xyﬁhe:nylﬁ)' '"'""'e‘ny5
azeti di none;

rel-3(S)-[3-(4- f|@pﬁﬁﬁ- Mgl)h(&uamgﬁ@xypropyl] 1- (4-fl uorophenyl)-4(S)-
(4- hydr oxyphenyl ) - 2-"azet’l d| none; el -3(S)-[3-(4-fluorophenoxy)- 1
(S) - hydr oxypr opy! 381- (43)-31I3f(6-rﬂwh)mwg)) -1-oxoethyl]-4-(4-hydroxyphenyl)-1-(4-

33 4- hyd 2. azet i di 35,
4S)-3-[2-(Sf-flﬁoi@ﬂ%@ﬁﬁ?@s{l?% Gk Ir]n?tm(a4 hydroxglphenyl)-l (4-

f I uor ophenyl ) - 2- amgﬁl[nf(ﬂfﬂuorophenoiﬁl-I(R?-S}'dfo?cyélﬁyﬂllu(ILMﬂWlﬁi(S}
(R) - hydr oxyet hyl ] fl uor ophenyl)
(4- hydr oxyphenyl| ) (®hydrexyphen: é&—azetldmone,

3(S)-[1-(s)-(acet t - 2}4- Qxy) -
phenyl]-1-(4-f uo%‘%@m s -WJ@QX*})eﬁﬁﬂﬁ@-@a@gé%@%ﬁhnd of
claim1l1 for the ppﬁ@gq]ap(mu@fopﬁeﬂgmwoﬁ@r the treatnent or prevention
of atherosclerosis, or for the Iowering of chol esterol |evels. 5. A
pharmaceutical conposition conprising a cholesterol-1owering effectlve
anount of a gonpo ' e i er.

o " A compiung. dhe a8 ofs foifbdud o BT 1B G préfaonl AR fufiofiTel
Rlerr] is - Offectrédtment or prevention of atherosclerosis, or for the lowering of cholesterol

iz‘eff‘.’?‘ﬁ.y..‘i.sw Vs

reI 3(9) [2- (4 fl uor nnhpnny\/\ -1('S) - met hoxyet hyl ] - 4( 7)._14_ fret hoxy phenyl )-1-

levels.

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

6. A compound of claim 1 wherein q is 1. p is 0. Y is -CH,- and R! is -ORS.

7. A compound of claim 1 wherein R! is -ORS, wherein RS is hydrogen and
R? is hydrogen, or wherein R! and R? together are =0.

8. A compound of claim 1 wherein the sum of p and q is 1 and 2.
9. A compound of claim 1 wherein p is zero and q is 1.

10. A process for preparing a chiral S-amino ester of the formula

Ar®

-t

O TOR™ "N\ 20

wherein Ar® is Ar%, a suitably protected hydroxy-substituted aryl or a suitably-
protected amino-substituted aryl;



7. V A corrpoun erein Rlerr] is -ORerr] " wherei gerr] S
-hydr ogen and rr] is hy rogen, or V\/nerelp R[erf ‘\a$EPIC&E3 rr]\
t oget her are —0 ”" B d of claiml vvheriéqn t he. sum-ef-= ﬁ—and q

is 1 and 2. clalmlwhereln rs‘zeroandqlsl

10. A process for prepar| nd a*chiral [£fr]-am no ester of the formula
[err] wherein Ar[err] is Arferr], a suitably protected

hydr oxy- substitute bI y- protected am no-substituted aryl;
34 Ar[err]ﬂrzqg errtﬁméﬁstliuted aryl ; Arferr] is Arferr], a
suitably protect edAﬁgldsM stsbxtably (pretected y\ydmyfsubmtutaﬂalayyl or otsuitably-

am no-substituted Arferr] is Rerr]-substituted aryl;

!
Rerr] is 1- ?Qf?ﬁ?ﬂ%@gﬂﬂbq% ently selected fromthe group consisting
of Ar® is RP-substituted aryl;

RS is 1-3 substituents independently selected from the group consisting of
RS, -O(CO)RS, -O(CO)OR?, -O(CH,),sO0R’, -O(CO)NR®R’, -NR°R’,

-NR(CO)R’, -NR¥CO)OR’, -NRS(CO)NR'R®, -NR®SO,-lower alkyl, -NR°SO,-
aryl, -CONR®R’, -COR®, -SO,NRR’, S(O)ys-alkyl, S(O)g,-aryl, -O(CH,),.1¢-
COOR?, -O(CH,), ;,,CONR®R’, o-halogeno, m-halogeno, o-lower alkyl, m-lower
alkyl, -(lower alkylene)-COOR® and -CH=CH-COORSG;

R* is 1-3 substituents independently selected from the group consisting of
R®, hydrogen, p-lower alkyl, aryl, -NO,, -CF,; and p-halogeno; RS, R” and R® are
independently selected from the group consisting of hydrogen, lower alkyl, aryl
and aryl-substituted lower alkyl;

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

-C(O)ORY is an acyl radical of a chiral alcohol of the formula R’OH
selected from the group consisting of 1-menthyl, isopino-campheyl, (1S)-endo-
bornyl, isomenthyl, trans-2-phenylcyclo-hexyl or phenylmenthyl;
comprising reacting a bromoacetate of the formula R'OC(O)CH,Br, wherein
R%OC(0)- is as defined above, an imine of the formula Ar**-N =CH-Ar® , wherein
Ar® and Ar® are as defined above, and zinc in an inert solvent at a temperature
of 10 to 30°C, optionally in the presence of a zinc activating agent and optionally
with ultrasonification.

11.  The process of claim 10 wherein the solvent is dioxane, tetrahydrofuran or
diethyl ether.

12.  The process of claim 10 wherein a zinc activating agent is present.
13.  The process of claim 12 wherein a zinc activating agent is iodine.

14.  The process of claim 10 wherein the reaction is carried out with



err}, -QCCOOR[err], O(Cl-l[err])[err]GQ[err]

refj, - lD‘lr. T
-O(CO)NL[e ?( R err -NR[err]Rerr], -NR[er 1 (CO R.-er£f; :
-NR[ err] (CO) OR][ e I“" g NR[ err]Rlerr], NP}il[err}‘SCIerr -
al kyl , R6 SO2 err], COQ[err] \ LT’]\' \éﬁ r],
S(O)[err] al kyl | S(OS[errr afyl* - O CH er , '

])[err]- err],,_,,",//
O(CH[err])[err] CO\IR[err]R[err] o- han&é m hal dgero, 0-10 r.\gg-lrkyl

m | ower al kyl yierdsbmifieitici. Ky! ene) - COOR[ er r ] and - CH=CH- CMér i

Rlerr] is 1-3 substituents independently selected fromthe group consisting
of Rerr], hydrogen p | ower al kyl, aryl, -NJerr], -CF[err] and

p- hal ogeno; ﬁrr] angj 5! rr;éa are i ndependent ly selected fromthe
group consi st it y of [Py Wﬁ%ﬁ Ryherein, the zengtiom yis- cammiedi outt awith ower
al kyl ; u]ﬂssmlﬁbaﬁ Iower al kyl, aryl or aryl-substituted | ower alkyl;
and err(i<ﬂ is an acyl radical of a chiral alcohol of the
formul a R[err]O—| seI ected fromthe group consisting of 1-nenthyl,

i sopi no-canpheyl, (IS)-endo- bornyl, isonenthyl, trans-2-phenylcycl o-hexyl
or phenyl ment hyl; conprising reacting a bronoacetate of the formula
Rlerr] OC(O CH err]Br, wherein Rerr]OC(O- is as defined above, an im ne of
the formula Ar[err]-N=CH Ar[err], wherein Ar[err] and Ar[err] are as
defined above, and zinc in an inert solvent at a tenperature of 10 to 30 C,
optionally in the presence of a zinc activating agent and optionally wth

ul trasonification. 11. The process of claim10 wherein the solvent is
di oxane, tetrahydrofuran or diethyl ether. 12. The process of claim 10
wherein a zinc activating agent is present. 13. The process of claim 12
wherein a zinc activating agent is iodine. 14. The process of claim10

wherein the reaction is carried out with
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(57) Abstract

Substituted azetidinone hypocholesterolemic agents of formula (I) or a pharmaceutically acceptable salt thereof, wherein: Ar! is
R3-substituted aryl; Ar2 is R4-substituted aryl; Ar3 is RS-substituted aryl; Y and Z are independently -CHa-, -CH(lower alkyl)- or -C(dilower
alkyl)-; A is -O-, -S-, -8(0)- or -S(O)z-; R! is -ORS, -O(CO)RS, -O(CO)OR?® or -O(CO)NRSR?; R? is hydrogen, lower alkyl or aryl; or
R! and R; together are =0; q is 1, 2 or 3; p is 0, 1, 2, 3 or 4 RS is 1-3 substituents independently selected from -ORS, -O(CO)RS, -

.| O(CO)OR?, -O(CHz2)150R?, -O(CO)NRSR’, -NR°R?, -NR§(CO)R?, -NRS(CO)OR?, -NRS(CO)NR'RS, -NR6SO;3-lower alkyl, -NR%SO;-aryl,

-CONRSR?, -CORS, -SO2NRR?, $(0)o-2-alkyl, S(0)o-2-aryl, -O(CHz);.10-COORS, -O(CH;)o-10CONRSR?, o-halogeno, m-halogeno, o-lower
alkyl, m-lower alkyl, -(lower- alkylene)-COOR® and -CH=CH-COORS; R® and R* are 1-3 substituents independently selected from RS,
hydrogen, p-lower alkyl, aryl, -NOz, CF; and p-halogeno; R, R? and R® are hydrogén, lower alkyl, aryl or aryl-substituted lower alkyl; and
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, pharmaceutical compositions containing them, the combination of a substituted azetidinone and a cholesterol biosynthesis
inhibitor for the treatment and prevention of atherosclerosis, novel intermediates and methods for preparing said intermediates.




foll owed by reaction wth an al dehyde of formula 8

wherein Ar[err] and Yq are as defined inclaiml1l and A is -O or -S- to

15 obtain a conpound of formula | wherein Ar[err], Ar[err], Ar[err] and Yq
are as descri bed above, Rlerrr] is OH, R[err] is H pi’s zero and
A is -O or -S (i.e., a conpound of formula Id).-

i nert solvent,
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