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(54) Title: STITUTED AZETIDINONE COMPOUNDS USEFUL AS HYPOCHOLESTEROLEMIC AGEN'I"S/_
(57) Abstract

Substituted azetidinone hypocholesterolemic agents of formula
(D or a pharmaceutically acceptable salt thereof, wherein: Ar! is
aryl or R3-aryl; Ar2 is aryl or R‘-aryl R! is selected from the group P Rz
conslstmg of «(CHz)q-, wherein q is 2-6; -(CHz2)e-Z-(CHz)r-, wherein ' '
Z is -O-, -C(0)-, phenylene, -NR10- or -8(O)¢-2-, ¢ is 0-5 and r is

0-5, provided that the sum of e and r is 1-6; -(C2-Cs alkenylene)- AI’" R1 @
and -(CHz)f-v-(CHz)g', wherein V is C3-Cg cycloalkylene. fis 1-5

and g is 0-5, provided that the sum of f and g is 1-6; R2 is (lower N

alkylene)-C0R5 or -(CH=CH)-COR?; R3 and R* are independently . o) ‘A|2

1-3 substituents selected from lower -alkyl, -ORS, -O(CO)RS, -
O(CO)OR?, -O(CH2)1s0RS, -O(CO)NRSR?, -NRSR?, -NR‘(CO)R" _
-NRS(CQO)ORS?, -NRS(CO)NRRE, -NRSSO2R?, COOR6 -CONRSR?,
-CORS, -SO;NRSR7, S(0)o.2R5, -O(CH?)1-10-COORS, -O(CHa)y- mCONR5R7 ~(lower alkylene)-COORS, -CH=CH-COORS, -CF3, -CN, NOz
and halogen; R is -OR or -NRR'Z; R, RS, R7, RS and R12 are independently selected from hydrogen, lower alkyl, aryl and aryl-substituted
lower alkyl; R? is lower alkyl, aryl or aryl-substituted lower alkyl; and R is hydrogen, lower alkyl, aryl lower alkyl or -C(O)RS; are
disclosed, as well as a method of lowering serum cholesterol by administering said compounds, alone or in combination with a cholesterol
biosynthesis inhibitor, and pharmaceutical compositions containing them.
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| owering cholesterol and/or in inhibiting the formation of chol esterol - %
containing lesions in manmalian arterial walls. U S. 4,983,597 discloses 35
N-sul fonyl - 2-azeti di nones as antichol esterol emi c agents and Ram- et al .,
inIndianJ. Chem. Sect. B. 29B, 12 (1990), p. 1134-7, disclose ethyl

4-(2- . . —oxoazetidin-4-yl)phenoxy-al kanoates as hypollpldenlc agents.
Eur opean Pat ent Publication 264,231 discl oses .

1- subst i t ut ed- 4- phenyl -3- (2- oxo- ' al kyl i dene) - 2- azetldlnones as bl ood
pl at el et aggregation inhibitors. WO 95/ 35277

PCT/ US95/ 07117 : -2 - Eur opean
‘Patent 199, 630 and European Patent Appllcatlon 337,549 di scl ose

el astase inhibitory substituted azetidi nones said to be useful in
treating inflamatory conditions resulting in tissue destruction which are
associated with various disease states, e.g. atherosclerosis. 5

W93102048, published February 4, 1993, discl oses substituted
[err]-lactans useful as hypochol esterol em ¢ agents. - The
regul ati on of whol e-body chol esterol honeostasis in humans and ani mal s
invol ves the regulation of dietary chol esterol and ~ nodul ati on of

chol esterol biosynthesis, bile acid biosynthesis and the 10 catabolism of
t he chol esterol -containing plasma |ipoproteins. The liver is t he maj or
organ responsi ble for chol esterol biosynthesis and catabolism - and for

this reason, it is a pnnme determ nant of plasma chol esterol |evels.

The liver is the site of synthesis and secretion of very |ow density

| i poproteins (VLDL) which are subsequently netabolized to | ow density 15

| i poproteins (LDL) in the circulation. LDL are the predom nant chol esterol
carrying lipoproteins in the plasma and an increase in their concentration

is correlated with increased atherosclerosis. - When
intestinal chol esterol absorption is reduced, by what ever neans, |ess
chol esterol is delivered to the liver. The 20 consequence of this action
i s decreased hepatic |ipoprotein (VLDL) production and an increase in
the hepatic clearance of plasnma chol esterol, nostly as LDL Thus, the
net effect of inhibiting intestinal chol esterol absorption is a

decrease in plasma chol esterol |evels.
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The i"hhi bition of chol esterol bi osynt hesi s by 3-hydroxy-3- 25

met hyl gl ut ar oenzyne A (HMG CoA) reductase (ECl1.1.1.34) inhibitors

has been sﬁﬂéﬁﬂPﬁnﬁe an effective way to reduce plasma chol ePCIASOS07117
(Wtzum Crculation, 80, 5 (1989), p. 1101-1114) and reduce

at heroscl erosi s. Cbnbination t herapy of an HMG CoA reductase inhibitor
and a bile acid sequestrant has been denonstrated to be nore effective in
30 human hyperlipidem c patients than either agent in nonotherapy

(I''l'ingworth, Drugs, 36 (Suppl. 3) (1988), p. 63-71). SUMVARY OF
THE | NVENTI ON 35 - Novel hypochol esterol emi ¢ conpounds of the
pr esent I nvention are represented by the fornula | WO 95/ 35277
PCT/ US9/ 07117 . -3- [err]

or a pharnmaceutically accept abl e salt thereof, wherein: Arferr]
is aryl or ®err]-substituted aryl: Ar2 is aryl or
R4-substituted aryl; 5 R1 is sel ected fromthe group consisting of
-(CH2)[err]-, wherein gis 2, 3, 4,-5 or 6; _
-(CH2)[err]Z-(CH2)r, wherein Zis -0-, -C(O-, phenyl ene, -NR1O- or
-S(Oferr]-, eis 0-5and r is 0-5, prowdedthat the sumof e and r is
1-6; - (OO )

-(CH2)[err] - V-(O A fed et 5
and g is 018, provided thaH 1hf ' R2 is

-(lower alkylene)-COR[err] or -(C}EC}D CCR57"'
- BACKGROUND OF THE INVENTION
' The present invention relates to substituted azetidinones
useful as hypocholesterolemic agents in the treatment and prevention of
15 atherosclerosis, and to the combination of a substituted azetidinone of this
invention and a cholestero! biosynthesis inhibitor for the treatment and
prevention of atherosclerosis. '
. Atheroscierotic coronary heart disease (CHD) represents the
major cause for death and cardiovascular morbidity in the western world.
20 Risk factors for atherosclerotic coronary heart disease include
hypertension, diabetes mellitus, tamily history, male gender, cigarette
smoke and serum cholesterol. A total cholesterol level in excess of 225-
250 mg/dl is associated with significant elevation of risk of CHD.
 Cholestery! esters are a major component of atherosclerotic
25 lesions and the major storage form of cholesteroi in arterial wall cells.
 Formation of cholesteryl esters is also a key step in the intestinal
absorption of dietary cholesterol. Thus, inhibition of cholesteryl ester
formation and reduction of serum cholesterol is likely to inhibit the
progression of atherosclerotic lesion formation, decrease the -
30 accumulation of cholesteryl esters in the arterial wall, and block the
intestinal absorption of dietary cholesterol.
A few azetidinones have been reported as being useful in
lowering cholesterol and/or in inhibiting the formation of cholesterol- .
containing lesions in mammalian arterial walls. U.S. 4,983,597 discloses
35 N-sulfonyl-2-azetidinones as anticholesterolemic agents and Ram, et al.,
in Indian J. Chem., Sect, B. 298, 12 (1990), p. 1134-7, disclose ethyl 4-(2-
oxoazetidin-4-yl)phenoxy-alkanoates as hypolipidemic agents. European
Patent Publication 264,231 discloses ,1-substituted-4-phenyl—3—(2-oxo-
alkylidene)-2-azetidinones as blood platelet aggregation inhibitors.
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Rlerr] and R err] are independently selected fromthe group consisting of
1-3 substituents independently selected fromthe group consisting of |ower -
15 al kyl wWoeRS27- Q(CO R6, -QCCO ORI, -Q CH2)[err]ORerr], PEX/CSYSROM7,

-NR[err] (COR7, -NR6(CO ORI, -NRerr](CONR7Rerr], -NR6S( err]R9,

- NR6RY7,

- COOR6, - CONR6R7, -COR6, -SO2NR6R7, S(O[err]Ro, -Q(CH2) [err] - COORS,
O(CHZ)[err]CO\IR[err]R? - (1 oner aI kyl ene) - COORG, - CH=CH COOR6, - CF3,
-CN, -NO2 and hal ogen; 20 R5 i s 2R or -NRR12, wherein R and R12 are

i ndependent | y, e t he_grou nsi s h | ower
al kyl, aryl M&Pﬁ!‘%ﬁ nt F%%gﬁn E4rops C'Q%IPRSI;\ pleation 357, ggR[ err], R7
and R[ err] ardasclosbplastbsu inhibieine substitttedazdtidinpraspsaid te ibet usedul in of

hydr ogen,

i's |ower aI ky hﬁ*'amm&bﬁﬁbﬁﬁs @égﬁﬁgv\gtt%g"’é%rg%&){ WhidiPare .

Rlerr] is hyoﬁi?@@ﬁl mtérvaénonw lisegsg statege e ga|at9em§clerws;) R[ er r]
Preferredsare cormoundswm‘esmoud publighed Faan&r elr r1h938d or

RTLIE s e e T

substituted phenyl, espkm® Edgu)at(cm 6t iwhelecisody ahaidser}dmeostaSIs in-

?f’e f ‘g’pggl Sr ﬁ;&ﬁﬂgané and rﬁs@é@ \Ah%ﬁeg%gﬁéhl?t%h oV"er%ry choleé?éfo?% oF) 35077
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fl uor opheny

ulatlon of cholesterol biosynthesis, bile.acid blosynthesls-and the

hydr ogen 10Es ngeatsdlisyn Bf tHecthoigstarsi-contalAingdsiasmeriiy gmﬁbfﬁs‘ STHe liver is

- (CH2) e- Z-(
preferably -(n

CIJIEU'B?IP °"Q,@{'!3feeﬁpﬁnsmlﬂoerr(aoé¢$8§ﬂ fer

for ithis geasan. dbis\a primexieterminant oisplpsmaarmgteml levels.
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a yl ene or
ﬁﬁ%t‘%l eNS{tY hydr ogen.
lipoproteins (LDL) in the circulation. LDL are the predominant cholesterol-
carrying lipoproteins in the plasma and an increase in their concentration

is correlated with increased atherosclerosis. -

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

The inhibition of cholesterol biosynthesis by 3-hydroxy-3-
methylgiutaryl coenzyme A (HMG CoA) reductase (EC1.1.1.34) inhibitors
has been 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
(Llingworth, Drugs , 36 (Suppl. 3) (1988), p. 63-71).

MMARY OF TH ENTION o :
-~ Novel hypocholesterolemlc compounds of the present
invention are represented by the formuia I

g %b??ﬁﬁh?) Zis



Anot her group of preferred conpounds is that wherein Ar[err] is 10 phenyl
or R3-substy henyl, especially (4-R3)-substituted phen

ks phenyl é&bgéggyf-substituted phenyl, especially (4-R4)-su§%?ﬂ$%§gul7
phenyl, and Rlerr] is -(CH2)g- or -(CH2)e-Z-(CH2)r, wherein Zis -O.
This invention also relates to a nethod of |owering the serum

cholesterol level in a mammal in need of_guch treatnment conprising 15

adm nistering an effective amount of a conpound of formula |I. That is, the
use of a conmpound of the present invention ag_an hypochol esterol em c

agent is also clained. -7 I ' anot her aspect, the
present invention relates to a phar ma I cal conposition conprising
a serum chol esterol -1 owering 20 ArbR e amount of a compound of fornmula
| in a pharmaceutically acceptablje chrrier. The

present invention also relates to a of’-zreduci ng pl asma
chol esterol levels, and to a nethod o treath ng or pgreventing

at her oscl er osi or LpHarmadelticaf acdepiabie Ml thefediPWHBlein? Need of such 25
treatment an effectlv?.armgnt fsbﬁ -orrb%nay on of a substituted

azeti di none chol est &5 &, BFB?T sﬁm A of fornmula | and a chol esterol
bi osynt hesi s i nhi bi tAs® is dtyhor R4;substitutectansdt i nvention relates to the use
of a ubstitu s Sl t : rption inhibitor of
formila | 18r t@g&%ﬁ%ﬁ%?@”ﬁ}%@ﬂ@?}@ﬁ bi osynt hesi s i nhi bi t or
(and, sinmilarly, use 30-(CHglgaWwhereinsisd 3. % 89 hesi s i nhibitor for
QOEbLnfd uslg }M’.th a S:JbS(UHﬂé-Zd(CHg)r, whersih & 13008, > )E.S;Sﬁtalrr@ler@psmm-it on
Feduce o asm ShopiQlodop T QRN Pls 0-5, provii bt 1% Sty G alPE ISP as pec
t]t\](ca i tnyent i on r;al a]E es gd(‘Q-Cs atikenylmeiﬁcan#i cal conposition EOWBH Si tn_g an
effective unt of a (m#; e AOBE. a Btion

i nhi bitor g formul a E’(aCl-?é)PV C x(‘ii-:e'jsteréﬂln F%?irﬁgi‘?géﬁﬁ. Bi t%ﬁ Band a
phar maceut i cal I%Fdeﬂ:l,seéi§aﬁl'q5,"ded that the sup,ot faRdg Isi 18l aspect, the invention
relates to a kit comR®iss(lowet alkylene)-CORS ovR{CHACH)-DORS ective anount of a
substituted azetidi g, s Pl 53'ifidhendently WBiebted oA the group consisting of

PCT/ US95/ 07117 )
1-3 substituents independently selected from the group consisting of lower

15 alkyl, -ORS, -O(CO)RS, -O(CO)OR?, -O(CHz)1.5sOR8, -O(CO)NRSR?,
-NR6R7, -NR8(CO)R7, -NR8(CO)OR®, -NR6(CO)NR7RS8, -NR6SO2R?,
-COORS, -CONRSR?, -CORS, -SO2NRSR7, S(O)p.2R?,
-O(CH2)1.10-COORS, -O(CH2)1.1¢CONRSR?, -(lower alkylene)-COORS,
-CH=CH-COORS, -CF3, -CN, -NO2 and halogen; _ .

20 RS is -OR or -NRR12, wherein R and R12 are independently
selected from the group consisting of hydrogen, iower alkyl, aryl and aryl-
substituted lower alkyl; |
_ Ré, R7 and R8 are independently selected from the group consisting
of hydrogen, lower alkyl, aryl and aryi-substituted lower alkyl;

25 R9 is lower alkyl, aryl or aryi-substituted lower alkyl; and

R10 is hydrogen, lower alkyl, aryl lower alkyl or -C(O)RE.

Preferred are compounds of formula | wherein Ar! is phenyl
or R3-substituted phenyl, especially (4-R3)-substituted phenyl. Also
30 preferred are compounds of formula | Wherein Ar2 is pheny! or R4-
substituted phenyl, especially (4-R4)-substituted phenyi.
' R3, when present, is preferably a halogen. R4, when
present, is preferably halogen or -ORS, wherein RE is lower alkyl or
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absorption inhibitor of formula | in a pharmaceutical y'accept able carrier,
and in a separate container, an effective amount of a cholesterol
bi osynt h&¥095BTbi tor in a pharnmaceutical |y acceptabl e camorarssso71s7

DETAI LED DESCRI PTI ON[ err] As used herein, the term

"l ower al kyl" means straight or branched al kyl chains of 1 to 6 carbon
atons. Simlarly, "lower alkylene" nmeans a dival ent al kyl chai n,
straight or branched, of 1 to 6 car bon'ét’om;, and "cycl oal kyl ene"

means a dival ent cycl gal kyl groyp. 10 "Aryl" means phenyl,

gaphlt hy![, ihnﬁamg,h’l}-n;gﬁﬁ?éﬂn)'oﬂ@z&f?@Ia"%PO"E'p::l”ﬂﬁdﬂwn ein ?Faﬂérﬂ%rl ep:a" means a
i val ent pheiybragp i ogeno" refers to fluorine,
chlorine, brom ne or i g t : Conpounds of the

- invention have at Ieas?ﬁoﬁ}rgfseﬁmgt'%z)ﬁor6%#25(%'#?)&&"%{%'?‘& ore all

i soners, i nclréf@rmed valiues fosgeare 2:and 3; Z ispratarablycfer = ispreterablp Opl at ed as

bei ng parg Ofanami§£r§féf’£ﬁl'yg[‘- The invention includes d and | isoners
in both pure formand | .,a_m'?<t re. .. i ncl udi ng_racemj,c ni xtures.

| soners can be prepare d§|ﬂ'i§96%tﬂ_ y éhthe,pgfia-position. Whar, b 4s -(lawater Dby
reacti ng c]tn aiitylerie)* COQRIBhe lowérsalkylehy poriion i preferaBly methyisrre 6f 2

conpound o : i : r soners,

e.g. when a gg{t}{%ébgﬁéé ?ﬁ@%ﬂé ?‘"sﬁ%‘lr’]&g@ygn@? m'_+'§'2)f‘r’é?%°‘]'-. are

contenpl ated for this ARMEEriaraup of preferred compounds isitbatwherein &gl isn t he

art w1 1@ppphenhpter R3-subétititetOpienyl, espeeially (49R3 ' 2i soner

w |l show grgat ?t hartlcal Qgi cgl '915 esactivgh%qgﬁ%uéaﬂ%g?qeg ?’T%?

Conpounds of '} ﬂ@e'?ﬂ\%rﬁ]? %‘?P%ﬁgaﬂp%'ﬁépsp %( ah )ribstituted phenyl,

phar maceut i cah@i;ﬂ’aiso-é@Hg)d—@rs&lﬂgeﬂ-(@i@)rgmhereiarms' 4@+ gani ¢ aci ds. _ '

Phosphori o, acet o, i triinvehicaiso RIS 168 dbfhod GriBRgEG e sdfdm (' ©

succi ni ¢, 30chalestarel leveliniamammal in.hrad,ef sueh traatmenticomprsieg al  and

carboxyl 18 aatfinistering arebtfedtivevambant 6ies eompolng olférmuAad. JHat id, $her epar ed

dost red oot 088 & A giiound of HiBreBhilgYetiod o3, hipdhadiBIimE, scner at e
by treating Bgentig alsqiciaimgdsuitabl e “dilute aqueous base sol ution
such as dil ute aqueous st dAvther agbéﬁfwenﬂfmeﬁﬁtﬂ?@ﬁﬁ ‘5%{ mdiffers

Sl Cca

fromits resgﬁgh}‘ége@&laltm;omrmn. . sorrgg'\ahaatsén-c\%tfl?rg%ic o
properties, Ragition epypapsing o poREstergiiowaigsal ¢+ i s
ot her wi s20 eqeffeetivenamoant obacempoundvef formelabbinea pharmadeutivaflpr pur poses of
the inventiogesgntaple carrier. |
The present invention also relates to a method of reducing
plasma cholesterol levels, and to a method of treating or preventing
atheroscierosis, comprising administering to a mammal in need of such
25 treatment an effective amount of a combination of a substituted
azetidinone cholesterol absorption inhibitor of formula I and a cholesterol
biosynthesis inhibitor. That is, the present invention relates to the use of a
substituted azetidinone cholesterol absorption inhibitor of formula I for
combined use with a cholesterol biosynthesis inhibitor (and, similarly, use
30 of a cholesterol biosynthesis inhibitor for combined use with a substituted
azetidinone cholesterol absorption inhibitor of formula I) to treat or
prevent atherosclerosis or to reduce plasma cholesterol levels.
In yet another aspect, the invention relates to a
pharmaceutical composition comprising an effective amount of a
35 substituted azetidinone cholesterol absorption inhibitor of formula I, a
cholesterol biosynthesis inhibitor, and a pharmaceuticaily acceptable
carrier. In a final aspect, the invention relates to a kit comprising in one
container an effective amount of a substituted azetidinone cholesterol



WO 95/ 35277 PCT/ US95/ 07117
-6 - Certain conpounds of the invention are acidic (e.g.,
t.hose WOMHERTs whi ch possess a carboxyl group). These RGWBINIOZITor m
pharmaceutically acceptable salts with inorganic and organi c bases.

Exanpl es of such salts are the sodium potassium calcium alumnum 5

gold and silver salts. Also included are lts formed with pharmaceutically
acceptabl e am nes such as ammoni a, al kyl “a@m nes, hydroxyal kyl ami nes,
N- et hyl gl ucam ne and the || Chol est erol bi osynthesis

e | i ke. . . )

i nhi bitors for @RsorpHoniphibitenptfermula Lin a pharmaceyically Acceptable cafferncl ude

]Ij:vG CotA [educt aard imaisapardate contdingrs ahGifdctive ahfiunt of Br¢hoiesterol n,h. o
uvastatin, sig - " - ; i nhi bitors,

for exanple L- 6%22@%%{%@"@%&1 gﬁ’kﬁ'ﬁ%?‘g@%"y acce?ﬁ'ﬂ)tlg'%g?r?e?

met hyl ) - 4' - oxo-2' R-oxetanyl]-3,5, 7R-tri met hyl - 2, 4- undecadi enoi ¢ aci d);

squal ene sy hempmmﬂ exanpl e squal estatin 1; and squal ene

epoxi dase inhibrtors, tor _ exanple, NB-598 (. -N-ethyl -N-(6,6-dinmethyl-2- 1

5. hepten-4-ynyl)-3-[(3, 3A5Hsgaih§ﬁ?l@nﬂ_§¥‘9ﬂ§‘(ﬁa“¥ﬁ_f>§j'fﬂﬁmg-% @&ni ne

hydrochl ori de) brahchedaikyd ichaimstairiofo ®icarborn stemss Simiilarly| tlowes aikylene” DVP-

and si mvast at| niféans o GvERHE bikgFohdty cliaightortipChidie s cREBHIRLRS O, 1,

known 20 met ho@Rd "exsloaliviape’'emeans & divalont sydloplkyl@msipo2048 cited above.

he exampl o bal am or i o Tor e B T e R g or

abbrevi ati ons aﬂ"gaaﬂ %J%WVF?%£M$| ‘Qaq?fgl ,nyb BIRUP-t hat are not

i ncl ude Pd(QAc) 2 (pal | adi THaldgenet refaers to fudrné: chiptineybromise lor iadine Tf 20 25

(triflic anhydrigdeds. Met hod A:

Compounds of the invention have at least one asymmetric

15 carbon atom and therefore all isomers, inciuding enantiomers and
diastereomers are contemplated as being part of this invention. The
invention includes d and | isomers in both pure form and in admixture,
including racemic mixtures. Isomers can be prepared using conventional
techniques, either by reacting chiral starting materials or by separating -

20 isomers of a compound of formula I. Isomers may also inciude geometric
isomers, e.g. when a double bond is present. All such geometric isomers
are contemplated for this invention. : -

Those skilled in the art will appreciate that for some
compounds of formuia I, one isomer will show greater pharmacological

25 activity than another isomer.

Compounds of the invention with an amino group can form
pharmaceutically acceptable salts with organic and inorganic acids.
Examples of suitable acids for salt formation are hydrochloric, sulfuric,
phosphoric, acetic, citric, oxalic, malonic, salicylic, malic, fumaric, succinic,

30 ascorbic, maleic, methanesulfonic and other mineral and carboxylic acids
well known to those in the art. The salit is prepared by contacting the free
base form with a sufficient amount of the desired acid to produce a salit.
The free base form may be regenerated by treating the salit with a suitable
dilute aqueous base solution such as dilute aqueous sodium

35 Dbicarbonate. The free base form differs from its respective salit form
somewhat in certain physical propérties. such as solubility in polar
solvents, but the salt is otherwise equivaient to its respective free base
form for purposes of the invention. '
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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.
Examples of such salts are the sodium, potassium, caicium, aluminum, .
gold and silver salts. Also included are salts formed with pharmaceutically
acceptable amines such as ammonia, alkyl amines, hydroxyalkylammes
N-methyiglucamine and the like.: -

Cholesterol biosynthesis inhibitors for use in the combination
of the present invention include HMG CoA reductase inhibitors such as '
lovastatin, pravastatin, fluvastatin, simvastatin, and CI-981; HMG CoA
synthetase inhibitors, for example L-659,699 ((E,E)-11-[3'R-(hydroxy-

methyl)-4'-oxo-2'R-oxetanyl]-3,5,7R-trimethyi-2,4-undecadienoic acid);

squalene synthesis inhibitors, for example squalestatin 1; and squaiene
epoxidase inhibitors, for exampie, NB-598 ((E)-N-ethyl-N-(6,6-dimethyl-2-
hepten-4-ynyl)-3-[(3,3'"-bithiophen-5-yl)methoxyjbenzene-methanamine
hydrochloride) and other cholesterol biosynthesis inhibitors such as DMP-
565. Preterred HMG CoA reductase inhibitors are lovastatin, pravastatin

and simvastatin.

Compounds of formula I can be prepared by known
_methods, for example those described in W093/02048 cited above.
Following are general schematic representations of typical procedures;
the examples below provide more detailed descriptions. Most of the
abbreviations are defined in the examples below; those that are not
include Pd(OAc)2 (paliadium diacetate); PhaP (triphenyiphosphine), Tf20

(triflic anhydride).

Br

* DMF, NaOAc
X -CO-R°

x_CO»R5

Pd(OAc),, PhsP  Ar'=R'{
.

10% PA/C, E1OAC

- Hp
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CO,R®

<
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- 10- Starting conpounds for the above reactions .are all
ei t her WOQHBART cial |y available or well known in the artPemWseseviie
prepared via known net hods. Reactive groups not

i nvol ved in the above processes can be 5 protected during the reactions
wi th conventional protecting groups whic can be renoved by standard
procedures after the reaction. The fol I'ow hg Table 1 shovvs some

typi cal protecting grou able 1
Group to be gfgrpgg FeMBOYNgs farthe gpove reactions a'@?ﬁﬁ@ﬁ?’éd
Protecting G oommerCIalIy available ©@@®@v¢il known in theCait land, canb®lpeegared-vida Opheny |

_ NH W ICQbenzyl , NCOphenyI
, » NCH2OCH2CH2 S 3 02"1 J I N-benzyl ,
NSi (CH3) 3, NSi-C(CH)3 ive groups 'not invoived in the abquazprocesses can be -NH2

CH3 [5r] pﬂdlected during the reactlor\&whn\dénifém’tshdl rétethifg ghof this

t | | t |
ovel's Comporube spmvet By stBhfatcbioatuigl Arahe foditin-  tHe bm?rasg the
i ntestinal abgablpﬂ ghows some typiaal pratecting grtwnso signi ficant I y reduce the

formation of liver cholesteryl ‘15 est iqn ani mal nodel s. Thus, conpounds
of this invention hypochol y virtue of their
ability to inhi bita‘éj‘?é‘P i nal foup o eﬁmt&teé nd

ed Protecting Group

-COOH —COOalkyl, -COObenzyl~COOpheny

N -
SNH > NGOalkyl,, NCObenzyl, = NCOpheny|

\ _ AN
lNCHgOCHgCHgSi(CHs)g /NC(O)OC(CHa_)a'

\ \ N
/N-benzyl, /NSi(CHa)s. /NSI-C(CH):;
- . Q Cle
=NH2 - Q '
o d".'s

_ |

—-OH —OCHg3, =—OCH20CHg3, "OSi-C(CH)s
_ ¢H3

‘| —OSi(CHa)3, or — OCHzpheny!

10
' We have found that the compounds of this invention lower

serum lipid levels, in particular serum cholesterol levels. Compounds of
this invention have been found to inhibit the intestinal absorption of
cholesterol and to significantly reduce the formation of liver cholesteryl

15 esters in animai models. Thus, compotmdé of this invention are
hypocholesterolemic agents by virtue of their ability to inhibit the intestinal
absorption and/or esterification of cholesterol; they are, therefore, useful
in the treatment and prevention of atherosclerosis in mammais, in
particular in humans.

20 The in.vivo actlvnty of the compounds of formula I can be -
determined by the following procedure:
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na IS I.S Ccaon UC
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Physi ol ., 90A, sévéndays, the anidaisscae) anesthetizes bgslntmmnsamara(Wbm]mm

reduction of | ighidaifing'sho eitirfiBbd by decapiation. Blood is cHBCRARRI | Tvent ! on

also relates to maceut| ca risjng corrpound of

formula | and YapH@ingrdubes camaining EEEE% %‘BF@%‘!R“I’ gB?WS'Pn%"Q:HTPp Wefds of
fornula | can lxcisedifor i$stiecpid mnalysis. abipid-anaigsisiio eohddeted g parr m

Cachet . suspend bl tid BRRobEIdE SiRAg: ooker, R ocalfl dbondicl o
conposi ti ohd cdPhysiolp9hahddoat), g 666-678) mncrdata is repgstes ampetwent al | y
accept abl e excirgfgdtion é\‘r]g,,@qgfgds\@e‘n tdfd conventional 25 techniques. Such

phar maceutical |y accept abl e excipients and additives

The present invention also relates to a pharmaceutical
composition comprising a compound of formuia I and a pharmaceuticaily
20 acceptable carrier. The compounds of formula I can be administered in
any conventional dosage form, preferably an oral dosage form such as a
capsule, tablet, powder, cachet, suspension or solution. The formulations
and pharmaceutical compositions can be prepared using conventional
pharmaceutically acceptable excipients and additives and conventional
25 techniques. Such pharmaceutically acceptable excipients and additives
include non-toxic compatible fillers, binders, disintegrants, buffers,
preservatives, anti-oxidants, lubricants, flavorings, thickeners, coloring
agents, emulsifiers and the like.
The daily hypocholesteremic dose of a compound of formula
30 Iis 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 mg to about 1000 mg of drug per day, given
in a single dose or 2-4 divided doses . The exact dose, however, is
determined by the attending clinician and is dependent on the potency of
35 the compound administered, the age, weight, condition and response of
the patient.
For the combinations of this invention wherein the hydroxy
substituted azetidinone is administered in combination with a cholesterol



i ncl ude non-toxic conpatible fillers, binders, disintegrants, buffers,
preservatives, anti-oxidants, lubricants, flavorings, thickeners, coloring

agents, eWQ95B5372rs and the i ke. The d#®CTYUSISHTL17
hypochol est erem ¢ dose of a compound of fornmula 30 | is about 0.1 to about
30 ngy/ kg of body wei ght per day, preferably about 0.1 to about 15
ng/ kg. For an average body wei ght of 70kg, the dosage | evel is

t herefore from about 5 ny to about 10001% of drug per day, given in

a single dos -4.djyvided doses act se, however, is
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o1 ooyt hesi < sh8bPtRs gt SRt BonBitadsis Tiinfors. ABanl ISTOM M per day
admi ni st er edpendose is givendito mumas\admgtweggaotalmwdb;em&om1 nwce a
day for exahout| 2000 mg pe 'ﬂ{y %éﬁé&!‘&o@é%ﬂaﬁgé&ﬁ et 8Py 10 Lo about

40 per dose jven | VI aily dose
of about 10 SoMBINAHENID;beagministared i detepminadLb the.atlewing sisician
bi osynt hi®i sandlis Uapendentahvme potencyl ef)fhenmmpound ﬁdfnmiﬁt%@ed heiagen 1 to 2

tines a day 0 f t- to about 2000 ny
per day. The e &J%'@&&)?hg&%@?ﬁ% ﬁﬁ”? pﬁﬂﬁh conbi nati on to be
admini stered is det er rrWtwettpetcnmmneatajohg combunﬂamamoadrammeeeddependent ‘
ondi 1 o angepaRIAPANGHTHDER O ebcACborkbiheHd ven per ) AR,
conponents of'® é\ %‘Eﬁ?&laﬁ!i(tri’% ea?%“ﬁdﬂ'lgn“ﬂeé?é’ﬂe compon&r may BaYe at he nunber

of dosesi®f- gaeﬂiendmanoaruf agtivity; anerwilldhereigre need tobé ademiristered lgssbe t he

sane, e.g g corrponent may have a 15 greater duration of activity,

and wi | | there?ore neeg e adm nistered | ess frequently.
ince the present invention relates to the reduction of

plasma cholesterol levels by treatment with a combination of active
ingredients wherein said active ingredients may be administered

20 separately, the invention also relates to combining separate
pharmaceutical compositions in kit form. That is, a kit is contemplated
wherein two separate units are combined: a cholesterol biosynthesis
inhibitor pharmaceutical composition and a:substituted azetidinone
cholesterol absorption inhibitor pharmaceutical composition. The kit will

25 preferably inciude directions for the administration of the separate
components. The kit form is particularly advantageous when the separate -
components must be administered in different dosage forms (e.g. oral and
parenteral) or are administered at different dosage intervals.

30 Following are examples of preparing compounds of formula
l. The stereochemistry listed is relative stereochemistry uniess otherwise
noted. The terms cis and trans refer to the relative orientations at the
azetidinone 3- and 4-positions unless otherwise indicated.

Example 1

35

Reflux a solution of 4-formyl methylbenzoate (3.0 g, 18.3
mmol) and 4-fluoroaniiine (2.0 g, 18.3 mmol) in toluene (200 mL)



Since the present invention relates to the reduction of pl asma
chol esterol levels by treatnent with a conbination of active

j ngredi ent WOASBRAN said active ingredients nmay be adni ni st ePETVUSSE/07117
separately, the invention also relates to conbi ni ng separate

phar maceutical conpositions iin kit form That is, a kit is contenplated
wherein two separate units are conbi ned: 1g__cholesterol bi osynt hesi s

i nhi bi tor pharmaceutical conposition and substituted azeti di none
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Cgi“gﬁ{‘g{‘; |S) ”gfhlﬁﬁré‘dﬁemldiie@tht A 8Dédh- gtéfr][&fﬁmdiagg%em‘bgfygr\r}ﬁﬁ @s. cpfmI and
Dol Tow ng. ar o B4R oA AfiarBhnnonRbBRULCIRdE (38 dhl 274 Moy

st ereocheni&tr yM instolubnie) stowly andcrefiux overright, smonjtoring masombhomost the
noted. The ter ﬁﬁmg b} ﬂli‘ilmphaft?o&l e hxhﬁ{e}]{bercfo% ?éﬁléﬁra‘ﬁp’eeaﬁéﬁétpﬂrﬁh iy t he

azeti di none 3- I ons unl
Exanple 1 35 H Iathor ~30 min. Dllute the resulting solution with ethyl acetate

4- [ 1- (4-f1 uor ogxAE)) washwWith31 Ma-lcwéwpambﬁnaxuaywdmwarous Na2304

azetidinyl ] benzo

met hyl benzoat 3 t‘-‘gﬂfjem{%‘eé" an ambgr. ol %ﬁ&gﬂc? |“06?§93%$ Fﬁﬂ'&" 9@@585&18 3
mol) in t10 uemr.h$snma tig oil in SO%MQGkBEﬂ‘ahydrofuran (THF) (100 mL) and add

PCT/U895/07117 - er ni ght
with azeotropi Nl aBHy (1.22 g, 32 mmol), Aftergsg evojytion ceases( 18 mm?m%enEH #

conversion to !’?ﬁe"ﬂ?ﬁ'?@?ﬂ%ﬂ‘r@é Rilute with %@AFI—WRM’ZVM‘ MG water and
i xture. ReerVbnhéed@em;rS: dréusaNagB04 i coridentrate bato eroughbsificar

Min tol uene) Eqé‘&f%ﬁ%ﬁﬁe"%"@#\"?ﬁé%% gﬁ@c"tﬁa&%ﬁw&ﬁ%i sﬁ%m@ﬂﬁervt
i mi ne by 116 Nveoluan prapasked withr 20%EtQA0hexanes-and silica. qEéute Iwith 20%1 M
HCl and stir fexoagfheXaRes td bbiai DB ¢ qB444) 619hé BHie coRipotntiaseidgh acetate
trans/cis mixture. Purify by HPLC (silica gel, 15% EtOAC/hexanes) to
obtain pure cis and trans diasteromers.
In a similar manner, prepare the following compound:
20 1A: nanummmmm&&nnmﬂmn:m

Examplé 2

25

Add Pd(OAc)2 (0.036 g, 0.16 mo!) and triphenylphosphine
(PhaP) (0.097 g, 0.32 mmol) to anhydrous dimethylformamide (DMF) (3
mL) under N2. Stir the mixture at room temperature until homogenous (5
min) and then add to a mixture of the product of Example 1A (3.6 g, 8.8
30 mmol), sodium acetate (0.72 g, 8.8 mmol), methyl acrylate (0.79 mL, 8.8
mmol) and DMF (10 mi) under N2. Heat the resulting mixture to 130 °C
overnight. Cool the reaction mixture to room temperature, and partion
between ether and water. Wash the ether layer with water (5X) and brine,
dry over NagSO4 and concentrate to an oil. Chromatograph on silica ge!l
35 (25% EtOAc/hexanes) to obtain 1.27 g (35%) of the title compound as a
- colorless oil. MS (El): 455(M+, 17), 306(54), 215(45), 188(41), 149(100)
91(68).



(EtCAc), wash with 1 MHO, water and brine, dry over anhydrous Na2SO4
and concentrate to an anber oil. To reduce unreacted starting al deh

redi ssol VAIESH| in 50% CH err] OH t et rahydrof uran ( THF) % éﬁd add
NaBH4 (1.22 g, 32 nmol). After gas evolution ceases (-15 mn), q_uench

the reaction with 1 MHCI, dilute with EtOAc, wash with 1 M HCl, water and
brine, dry over anhydrous Na2SO4 and comgentrate onto enough silica gel

to obtain a free flow ng powder. Load this powder onto a chromatography 15
col um prepacked with 20% Et OAc/ hexww gilica. Elute with 20%

Et OAc/ hexanes to oht gl A; 9 3L 2. 0f L G tl_th gnpound as an 8/1
trans/cis nixt USSPy py—HPEE s PO A Pref e s~ t 0
obtain pure cis andtrans dlaﬂﬂm&Bbﬂﬂlﬂ:mmﬂ In a simlar

manner, prepare the folg of éQamplez (0.35 g, 0.77 Himol})idns
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m xture t he product | H@‘ i um acet ate
(0.72 g, 9 8 mol), tﬂﬁ |'B?%"?®P§%P & 8.8 rrrml) and DVF (10
m ) under N2. Heat the Sﬁes .ru‘ Taethivk iR 2018 : R

Cool h . ' - ™y - [ '
et ﬁertaﬁdr\ig = ' T E@Pagagfmm tl'alagtweedr)/‘
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91( 68)
PCT/ u595/ 071](El) 457(M+, 100) 308(52), 252(59) 160(46). - 14-

20
Step 1: (SS) -1- (5-Phenyl- -0X0- pentanyl)-s-phenyloxaloz:d|none
Slowly add 5-phenyivaleryi chioride (15.4 g, 78.1 mmol) in CHzCl2
(40 mL) via cannula to a 0 °C solution of {5S)-5-phenyl-oxazolidinone
- {10.6 g, 65.1 mmol), triethylamine (Et3N) (21.8 mL, 156.2 mmol) and
25 dimethylaminopyfi_dine (DMAP) (0.56 g, 4.56 mmol) in CH2Cl2 (160 mL).
~ After addition, aliow the mixture to warm to room temperature overnight.
Add water and stir the mixture for 30 min.; wash with 1M HCI, water,
NaHCOj3 (sat'd), water and brine, dry over anhydrous NazSQO4 and
concentrate to obtain the title compound of Step 1 as an amber oil, 24.2g
30 (~100%). '
Step 2:
Add TiClg (38 mL, 38 mmol, 1M in CH2Cl2) dropwnse toa -40 °C
solution of (5S)-1-(5-phenyl-1-oxo-pentanyl)-5-phényl-oxalozidinone
_ (12.3'g, 38.0. mmol) in CH2Cl2 (125 mL) over 10 min. Stir for an additional
35 10 min., then add Hunig's base (13.2 mL, 76 mmol) over 8 min. while
' maintaining the temperature at -40 °C. Stir the resulting solution for 30
min. Add N-(4-benzyonybenzylidene)-4-methoxyaniIine (21.6 g, 68.2
mmol) in CH2Cl2 (450 mL) via cannula over 40 min., again maintaining



Exanpl e 3 Trans net hyl

3-[4-[1-(4-nmet hoxyphenyl) - 4- oxo- 3- ( 3- phenyl or opyl ) - 2-

azeti di nyl ] WMa8@S277pr opanoat e Di ssl ove t he pCTUSHSIO7II
Example 2 (0.35 g, 0.77 mmol) in 5 EtOAc (6 nmL) and purge with N2. Add 10%
Pd/ C (0.082 g), purge the ‘resuiting suspension with H2 and stir under
a balloon of H2 for 3 h. Filter the {gxture t hrough celite, wash the
filter cake with Et OAc and concentrate the filtrate to obtain 0.35 g

1009 f th | 4 M
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manner, prepar 40 warmto -20 °C. Quench Hre reaciiop byesiowly aidirg Reetic acid (20
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zl\a/lee)t i 8 ilnglz]cﬁha%h 2Fm§oﬂmmsu&m9ﬂ“meedxwmtdh?ﬁntga%wr;gggmfm?hzge? 12274
S aaie gi ({Qr%i si% hébrin - Nag803 and /- '

(EEQ@ 25471( W op,ngﬂgé‘;ygttﬁﬂ beige solid (20 g). ecrystalllze from EtOAc to obtain

2- [:1 Ejl (|4] Mﬁtm r(849’4))01‘kncnff)wvﬁ(tﬂ)so(ié phenyl propyl ) - 2(5)- 20

azetidin e

- 0XO0- pen%/anSI ) - bﬁ% ?f%%a{%&“ﬁ) ﬁk-@?etﬂibx}p%@nyb-a- %PE ‘axml) 4-(4-

5- phelnyl vanerylbaﬂxylﬂxyphe(lws-ztﬂa@tldmrﬂe mml) in CH2d [err] (40 nmL) via

cannula to a 0 C SO'A%N%‘B? th sﬂﬁ%zﬁi&@ﬁéﬂil” §mmol)t6]é)9§°@ 65.1

1), triethyl
ety oy PRHRRSIOARE S of S16 24BIE Gnid 5 mivolid dplsena €100
ﬁg Ej er ?ddl ti gn amd tirvot . Addttetrabiitylamoniuen floordd (OTP6 G 0L6Emenst) randht .
wat er an
NaHoOs (sat ) St e Pballe 5t §6 0 Wy & alonat Bk, edal ik ke Wfhctm
" concent r at 35t o temparatureand gueack K taactiopwitt GHsOH: &1 CmLArBikitesthe, 24, 2g

?él(2|20( : é??i’/% " mtxturgtvgitgi BtOAc, wash with 1M\1‘{CITN§[-@CD%$da?8) rﬁa(tgﬁﬁﬂg?ﬁhe i Min
- 0x0- pent any! )Qge’bﬁ@ﬂ‘ﬁm@@%%fl‘ﬁh%ﬁ@'ds unfy%]g sQlid furtner by mmlo) i % CH2Cl 2
(125 ni) over Xhromatogtaphy onsilica g&lc(BO%oEtQAGBmexaﬁemmobtatrhﬁﬂﬁagj(91}%)1| g's

2?5?4(()1?er2r e oét |£rrﬂ?é|e fﬁeb%hf‘?l ng soI u?g% wplte S fg)@“ ntain ng t he t STpet ature
N (4- benzyR xyb%tﬁE wi deans (R ASHhbrtyesth PWWD’%(%‘P“GBY'E’OPW 4‘(4rm)l ) in
CH2C1 2 (450 nl)nydrexygshonyl)2-agefidiABngt n. . agai n mai nt ai ni ng
Hydrogenate a suspension of the product of Step 3 in 50% _
CH3OH/EtOAc (100 mL) with 10% Pd/C (0.42 g) on a Parr aparatus at 60
. psi overnight. Filter the reaction mixture through celite and concentrate
25 the filtrate to provide 5 g of a foam. Purify the foam by silica gel
chromatography (40-100% EtOAc/hexane) to provide 4.05 g (92%) of the
title compound of Step 4 as a white solid.
Step 5: Trans (3R,4S)- 1- (-methoxyphenyl)-3-(3-phenylpropyl)-4-(4-
tnﬂuoromethanesuIfonyl)phenyl)-z-azetxdanone
30 Add trifilic anhydride (0.57 mL, 3. 4 mmol) to a 0 °C solution of the
product of Step 4 (1.2 g, 3.1 mmol), DMAP (0.1 g) and 2,4,6-collidine (0.44
mL., 3.4 mmol) in CH2Clz (15 mL). After 30 min., quench the reaction with
water and extract with EtOAc. Combine the extracts, wash with NH4Cl
(sat'd), NaHCOg3 (sat'd), water and brine, dry over Na2SO4 and
35 concentrate to obtain 1.7 g (100%) of the title compound of Step 5asan
oil.
~ Step 6: Trans (3R, 4S)-1 (4-Methoxyphenyl)- 3-(3-phenylpropyl)-4-(4-
vinyiphenyl)-2-azetidinone:




WO 95/ 35277
PCT/ US95/ 07117 -15 - t he
reacti on WOASBAHure at -50 to -40 [err]C. Stir the mi xtur cedrwssdniand

. allow to warmto -20 [err]C. Quench the reaction by slowy adding
acetic acid (20 m) in CHerr]dJ[err] (100 nL), stir the m xture for
30 mn. and then pour into a 0 [err‘ C solution of 2N H2SO4 (500 ni)

and Et OAc (500 nL) and stir rapidly 5 or 1 h. Filter the resulting

W th NaHODS (a1 df%sak‘*ttﬁék?‘ﬂ%'bf S99 5172, 28 mmon BN ARE (0 a”
bei ge solid (Pb)Add RLd(030:0.17.04 mm@ﬂmmdcwlachumueuahstnphenw-os g (34% of
an off white ;sn&spﬂune Pd(PG&PPgQO 2@;;@24%6 ) Addvmyltnbutyltm (0.83 m|,

é EI(’I X;,rF EQ %Kg rémgyeqqtﬁﬁ% r& to 964’0 Alagmtonng the reaction by TLC
NO- bi s( t r Srret (2ps EIQOAAexanes)d Cqol tite mixtutsstcSroom tdmp.o treab@ith @.5 MKF

sol ution of t rﬁLP tstuPiheShﬁﬂr:% 6\3&9@%& rﬁ%r%‘é'ﬁ%@tfg‘sél%&g@ utgt00 M)
d f d f I d

ST the m xWith EXPAG wash With Kaiad and brine. q"’a‘éb'ver NaeBOuialicheoncantiate,’ r oom

15 tenper at oea gekbw oin Ghromatagraphionsilicd §el2006 BIOAC/Hexand) fout e t he

{"hétn”23nl“etn[‘r&i@af%4’3*‘%2(%”‘**“*"%“8&%@@*@%@%%P)‘\ﬁ%fr oo brine

chr omat odPaph§tepr s TransMedhyl ©DoldMattmiyphanyl)-4-oxaB(R)- fB-bhemylg (91%

(();Rt 2(;) 'EI tll ? mg?gxg”( )@%nﬁamgghw|?e.ﬁ/§/}1%,sol id. 20 Step 4: Trans -
hydr oxyphenyl) 2- e&ﬁ Bﬁﬁ% tfah\(’gmﬁ"a" Jm%%ﬁ%ééﬂgt%%mp@rﬁspog of the @

g:}ogug;r ?f aStsqutiDn of theproduct of 86/ (Bt45°g, 1.120mmio)) w'l.'HéF {08/arity /and( Oxfﬁr g)

(hvoush, g 4 >ﬁ5§g§ @ﬁ:ﬁ H?;Orﬁ\ﬁﬁh;%ﬁg e &fmgfg; i ane)
urify ° X

to provide 4.QdemcH ﬂ@/ﬁumﬁretﬂi}eaddmg 0. 8MtN§2$©§B©m6nC(§ L) PEdrait tife Whi t e

sc()I |moalt hoxypheny %t?g,l %%} gaésggzﬂ aitr?gs with water and brine, dry over

tr |hf Liuo:‘jon‘(et('_) 0’3 % r%m%t:gmph)ne snl@; (3(1)% EtOAdﬂheKagGSN [ Cf
anhydri de té?:tiﬁm 1& Na54) dfehé tifle olind Wt Sep7'&s an oil, Product o
Step 4 (bp? %yeps: Fidhns Methyl 21411 ](4%e§:r§xypheﬁﬁ)-ﬁ-%x%'-éj(hri-(s- 0. 44 ‘
phenylpropyI)-2(S)-azet:dmyl]phenyl]-acetlc acid: _
Add Jones Reagent (0.4 ml, prepared by dlssolvmg 6.7 g chromic
acid in concentrated H2SO4 and diluting with distilled water to 50 mL) to a
solution of the product of Step 7 (0.15 g, 0.36 mmol) in acetone (4 mL),
25 monitoring the reaction by TLC (5% MeOH/CH2Cl2). Add CH30H (2 mL)
and stir the mixture for 30 min. Concentrate the mixture, partition the
residue between water and CH2Clz, and extract with CH2Clo. Combine
the extracts, wash with NaxSO3 (sat'd), water and brine, dry over NazSO4
and concentrate to obtain 0.144 g (93%) of the title compound of Step 8 as
30 . ayellow foam. :
Step 9: : :
Using a well known procedure add 1- (3-dumethylammopropyl)-s-
ethylcarbodiimide hydrochloride (EDCI) to a solution of the product of
Step 8, ethanol , hydroxybenzotriazole (HOBT) and N-methyimorpholine
35 (NMM) in CH2Cl2 and stir the mixture overnight. Dilute the resuiting
reaction mixture with CHaCl2, wash with 1M HCI, water and brine, dry over
anhydrous NazS0O4 and concentrate to an oil. Chromatograph the residue
on silica (3% CH3OH/CH2Cl2) to obtain 0.090 g (61%) of the title |

5



m., 3.4 mmol) in CH2CI 2 (15 nlL). After 30 mn., quench the reaction with
wat er and extract wth Et QAc. Conbi ne the extracts, wash with NH4C

(wsat'd), Naww@e®3gat'd), water and brine, dry over Na2SO4 ansicpusesnorii7
concentrate to obtain 1.7 g (100% of the title conpound of Step 5 as an
oil. Step 6: Trans (3R 4S5)-1 -(4-Methoxyphenyl) - :

3- ( 3- phenyl propyl) - 4- (4- vi nyl phenyH 2-azetidi none WO 95/ 35277

PCT/ US95/ 07117
i Uy 150" Bkl SRS Rakly 87 ool e bih h&wﬂe‘t@?oss ™

phosphi ne (Pd(FMSI@l)) 444 (M814100), 24 mmol ). Add vinyltributyltin (0.83 ni,
2.82 mmol) and heat the mxture to goéﬂ'ﬁbﬁ gonitoring the reaction by
TLC 5 (25% Et OA hexanes)'. oI the m Xt ur e to roomterrp _ treat wth 2.5
M KF (30 ang- neie M-8~ o1 OO 1) > : in
solution, dglute W t h groGViE-2-a%e ....“,,(g.,z I ne, dry overg
Na2SO4 and con ilica gel
(209 Et Onc/ hox SIS trans-1- %Wn“%ﬁ?@t%@ﬁrﬁm ?Bth-ﬁgeénpoundgof
Step 6 as an oibenxyloxyshenyl)y2-azetidisonet(@,65 g, 1.0 mmol) (prepared according
grgtlnyl(;l g?éyoéz‘gm. tdcaﬂn uf&@féﬁﬂh @Pﬂﬁibﬂﬂamme (0.28 m A{O mmoﬁ methyl

t et r ahydr of ur aRCHHALS Ji@‘iﬂxérﬁ 'Eana(ﬁq("ha"&@%ﬁsq 5 mmo dT‘utlon of

t het pr Odt{JC‘IOOf (B;gl\l@(ﬂ)‘@cuheét tbamlo)le%ﬁgﬁﬁg\(oﬁﬁg’% madt'& gl.on zéj'l?.ldmm)/v t he
m xture to war 2 6)at%ﬁc?frﬁgﬁ\{l% _ y ahd:

fol | owed by 303é O%W}? g@ﬁ an ¢ >?t ench t he
m xture by addiPs§PbaBM (Q:0683. 6 85ummeh and heat thexmixture feran additionak2r e
ether, wash the, at Berd. eesétrtaétréamdmmtsmwtoaradnbfelmraﬁrrd dilRé with  Na2SO4

d trat i Et OAc/ h to obt
oot SOl HRBRYHE 10 i, Well R RS AP R g e ° SPLL"
Met hyl 2-[ 835] 1cpncemratexﬁmn}atpgnaph>¢be3esiﬂue$n silica (20% EtOAc/hexane) to
phenyl propyl ) - ZbRlind787 | Mg%ﬂﬁ'?ﬁ@?h& cﬁﬁgﬁdjiﬁd%iﬂgeuow solid. Add Jones

Reagent (0.4 m, prepar ssQl vin
concentrated H2SO4 and di "rﬁ‘)s'\m'kﬁ ‘!ﬂquP L@Mﬂﬂﬂ—ﬁf-‘tﬂﬁ&&&a
-4-0%0-3-(3- 0.
"Example 6

20

~ Dissolve the product of Example 5 (0.266 g, 0.48 mmol) in
EtOAc (16 mL), dilute with CH3OH (20 mL) and purge with No. Add 20%
Pd/C (0.05 g), purge the mixture with Hz and then stir under a batioon of
25 Hz overnight. Filter the reaction mixture through celite. Wash the filter
cake with EtOAc and concentrate the filtrate to give 0.156 g of the title
compound as a colorless oil. HRMS caic'd for CogHagNO4: M+H
462.2081; found 462.2070. MS (Cl) 462 (M+1, 37) 351(17), 293(41),
h! 38(1 00).
30 Exampie 7

Dissolve the product of E:_(amp'le 6 (0.066g, 0.14 mmol) in
THF (3 mL), add LiOH (0.04 g, 0.86 mmol) and stir the mixture at room
35 temperature overight. Acidify the solution to pH 3 with 1M HCl, dilute
with EtOAc, wash with water and brine, dry over Na2SO4 and concentrate
to give 0.061 g, (91%) of the title compound as an oil. HRMS caic'd for
Co7H26NO4F: M+H 448.1924; found 448.1911. (FAB): 444 (M+1,100).



solution of the product of Step 7 ('0. 15 g, 0.36 nmmol) in acetone (4 nL), 25

nmonitoring the reaction by TLC (5% MeOH CH2d 2). Add CH30H (2 nlL) and
stir theWoR888287for 30 min. Concentrate the m xture, part PCTEI$950M17
resi due between water and CH2Cl 2, and extract with CH2Cl 2. Combi ne t he

extracts,

add 1-(3-di met hyl am nopropyl) - 3- . ’ﬁdﬁ'
(EDCI) to a solution of the ¢ B aw
hydr oxybenzot ri azol &iqUscEs)l
stir the m xture overnight.

wash with Na2SO3 (satd), water and brine, dry over Na2SO4
and concentrate to obtain O. 144 g (93%4gf the title conpound of Step 8 as
30 a yellow foam Step 9 Using a well known procedure,

CH2Cl 2, wash
and concent r
CH3OH CHX& szymeiml)az-razeﬂdgeng in @LRNDer similarito that describedins/ 35277
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cgar bodi i m de hydrochl ori de
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reaction mxture with

sl 5, ool vl ha?a@-%ga-%agw@«s -

PCT/ USQSlO?lE}amp -17-

(C(c)jrrg)ouzg 4 I(_IR 8.) re S?o%ebﬁ?é u\gamélﬁ'eg’il tep 4 ftlgeuart] ?he4 é%géq:g Pt 5 _NS
Trans net hyl Steciﬂ ﬂoeobtalmtrans1Enh4wlﬂ-®pmwmy*)%cﬂehyw99wyﬁ- 5
propyl ) - 2- azs&b aﬁ% Fhenyl ] propenoat e nbi ne

trans-1-(-fluoro ny ) 3 (3- phenylgropyl? 4 4- br ono- 2-

benxyl ox heﬁjﬂl).gz he Reacedure obExamplepd )S, (‘fﬁaéé%ﬁ E@%Qfdl ng -

to the proce@gs %@tanﬂrané)lrpﬁ

acrylate (0.
CH3CN (2 nl)
(25% Et OAC/ hStemd) ;Usiog theprogedute of Exampi 33ireat the prodiuasiof Sdep!3 to
Pd(Ph3P)4 (04

.oat
Et OAc,

80

20

25

30

- 35

éﬁﬁ%ﬁ“‘“&“"“’?& (B ittt 15
g, o In
HH&”B@PQF%%QWT ver- ni ght. Monitor the reaction by TLC‘

I 1 £-okBI3-pd1 additional 20
rr nQ:o ﬁ;zrﬁf%@;aﬂginmg ?Jﬁ[g‘qt{)ﬁhéhgfn toeﬁpaeres;t ure, dilute with
\faﬁ yprapyy-Radstigiiihamlia PPNl over  Nazoos and -
Step 5: Using the procedure of Example 3, treat the- product of Step 4 to
obtain the title compound (8-2). HRMS calc'd for C2gH2gNO3: M+H
428.2226; found 428.2235. -MS (Cl): 428 (M+1,100).

Example 9

Heat the product of Example 4 Step 5 (0.51 g, 0.98 mmol),
sodium acetate {0.1 g, 1.1 mmol), DMF (6 mL) and methyi acrylate (0.1
mL, 1.1 mmol) to 130 °C. Add Pd(Ph3P)4 (0.1 g, 0.11. mmol) and stir the
mixture at 130 °C overnight. Cool the mixture to room temperature,
partition between water and ether, and extract with ether. Combine the
etheral extracts, wash with water and brine, dry over NazSO4 and
concentrate. Chromatograph the residue on silica (25% EtOAc/hexanes)
to provide 0.18 g (40%) of the title compound as a clear oil. HRMS caic'd
for C2gH2gNO4: 455.2097; found 455.2080. MS (El): 455 (M+,72),
371(40), 306(56), 252(100).

Example 10

Add 4-(4-fluorophenoxy)butyry! chioride (0.72 g. 3.34 mmol)
dropwise to a solution of 4-formyl methylpropenoate 4-chloroaniline imine

2l



15 concentrate. Chromatograph the residue on silica (20% Et OAc/ hexane) to
obtain 0.27 g (48% of the title conpound as a yell ow solid.

5A: In a si WO83N¥hner, prepare trans nmethyl 3-[4-[1-(4- PCT/US95/07117

f | uor ophenyl ) - 4- oxo- 3- ( 3- phenyl propyl ) - 2-azeti di nyl ] phenyl ] pr openoat e.
Example 6 20 trans nethyl

3-[3-hydroxy-4-[1-(4-fluorophenyl) -4-oxo- 319(3 phenyl propyl ) -

2-azetidinyl] phenyl ] propi onate Di ssol ve the product of

o ond pus ge- v 9 ApGh nk Hunigis EEE0 7 sl i Ebeler

H2 and then sti ethanedA6anklat 8bTC.oRefipx the mixture byemight; caadto réemr eact i on
m xture thr OUth%*érhﬂJrevﬁéé'hMtﬁ M RICI an sti??é‘fel ﬁ‘ Wt ixture

concentrate the fo e 156 nd as a
col orl ess oil. Wﬂbéaé'a@sﬁ&)v 8?'1‘ °V9|Fr a2804 @6;‘29”8%“ ’ﬂ‘%ﬁnd
4&32. 2P70.7 VS ( CChromﬁtbgtMﬁthb?Desndifemi EﬂlcaZ(WAEWAclhexaﬁé)S(wmmo@4a

anpl e
3-[§Phydroxy-4-;a ﬂﬁmﬁggﬁa& Cprimipa, Gssolye.ing pedkss . 50%
azeti di nyl ] phenfH ith NaBH4 (1.5 g). After3 mls\oquemthlwltbroduct of

Exanple 6 (0. 06fmH di(slak-dmvhsh wiith NHgCI (sdt'd),Iwatel andBtine, Gy 60e'as56,486
mol ) and stir tgﬂanmxt atroom.3 re ovrn| y AC|d|fythe

solution to pH C'UPr'lﬁ“égfa etﬂgvﬂaﬁﬁ'u °wi th wat er and
brine, dry tﬁ/erEt@ASboxams)dorprewda&Wg (33%) obtrgns/mem)ﬂa}[1g(4-(91 % of the

i, To5a. s ouno IR PEAB S Abfipnongyy it o £ g 2.
pCT/ US95/ 07117 Propenoate. R soive the diasteromers by chiral HPLC (Chigacel AS
= gpl i‘ 8h | column, 304 isvmoMﬁdlﬂ'iexanesz 70 mL/min) to give 0.128 g compound_
az[et [ EZII n5| fBKenépﬁﬁ% 9;1 gg%%wﬁ@&ébél Pr epare trans
1- phenyl - 3-18- pheny! bwaM&‘»anc'ddazszbszﬂvo&ypﬁawsyszmm #80.1848. i n a
manner siml ar YGI)IM(M*ESIGO) lgq(g(gg,
10B: HRMS calc'd for Ca7Ha3NO4Cl: -480.1378; found 480. 1369.
(Cl): 480(M+, 88), 215(100). ' :
_ Example 11 :
20 4-[1-(4-\ -4-0%0-3-(3- -2-
tiginvliphenyl] icadd
Step 1: Hydrolyze the product of Example 2 according to the procedure
described in Example 7 to obtain trans 3-[4-[1-(4-methoxyphenyl)-4-0x0-3-
(3-phenylipropyl)-2-azetidinyi]phenyl]-2-propencic acid (compound 11-1).
25 Step 2: Hydrogenate the product of Step 1 according to the procedure
described in Example 3 to obtain the title compound (11-2). HRMS cailc'd
for CogHz1NO4: M+H 444.2175; found 444.2165. (FAB): 444(M+1, 100).
' Example 12

30 azetidinyllbenzenepropanoate
Step 1: Trans (3R, 4S)-1-(4-flucrophenyl)-4-(4-((trimethyisilyl)acetylenyl)-
phenyl)-3-(3-phenyipropyl)-2-azetidinone:
Heat a mixture of trans (3R, 4S)-1-(4-fluorophenyi)-4-(4-bromo-
phenyl)-3-(3-phenyipropyl)-2-azetidinone (0.69 g, 1.57 mmol) (prepared
35 from N-(4-bromobenzylidene)-4-flucroaniline and (5S)-1-(5-phenyl-1-oxo-
pentanyl)-5-phenyloxazolidinone using the procedure described in steps
2 and 3 of Example 4), (trimethyisilyl)acetylene (0.33 mL, 2.36 mmol),
bis(triphenyiphosphine)palladium (If) chioride ((Ph3P)2PdClz) (0.055g,
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Step 2: Using the procedure of Exanple 4, Step 4,
Step 1 to obtain trans

ng the procedure of Exanple 4, Step 5, treat the produc
btain trans 1-phenyl - 3-(3-pheny|propyl)-4-((3-trif|uoro
henyl ) - 2- azet i di none. ep 4. Using the procedure
treat the product of Step 3 obtai n compound 8-1,
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foyEkEE iy thﬁ!& m#thﬂs&d)acet)dene (0 33mlkai n

N6 mma AftEiNEn aahmodatso nith Séadl Ittb@ friikthd £ fdom M+H

839\%34%%5%3&?5 %@Q@pﬁﬁ%&w ]ﬁlte 0c:gke with CHoClo.

treat the

aZRaey/usasona? 10

t of

met hyl -

of
trans

g the
the

- (4- met hbxy (henegntrate m&wateoMUgh snllca so that a free flowing powder is

propyl)-2-a
product of
g, 1.1 mol

t he

@éﬂb&ylﬂm| r]as 1 émtdhéo a chromatography cx ﬁoum agtet hte (0.1

\prepRpKackWith il ar cfhexane oElute with 10

1.1 nmo

1) to

1300C. Add FEtOlﬂﬁéxhr(eaoJomamm 595 lgl”(BB%)&ﬂdho title dbh‘po?ﬁd W&bpﬂ@sﬁh 130

[err] C over
bet ween wat

S brov? Rojd."BSTFARY 454 Byt 0700 ATBET, Refem), . P

ition
et her al

extract 30 w3BP3:t Hrans @R»aﬂﬁl) {1 %fluafqplvml)-m:@@aaamanylpmpyb@acent rate.

Chr omat ogr a

RizetiGmyl|Bahéifeatatiei ddiga ( 25% Et OAc/ hexanes) ~ top

0.18 g (40(%%'\'001;l t@%l@&comﬁwﬂsigﬁ ear 'ﬂ_ﬂ o B% l{‘i})ﬂ Pg)SO

371(40), 30&(&81)9 (9.32(\&,0513 mmol, 1M in THF). Stlrat0°c for 1 h. Dropwise Bddnpl e 10

Cerr]Herr

(3S. 2R) trg
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trans néﬁhy
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Add 4-(4-fl
to a soluti
95/ 35277
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35

ot $1dp'1 (G285 I RN (AT drk. sﬁdfggaﬂftﬁ’e (3R 25)

y azetl 2 pro
im t{re %A e{a&sr@ . Sbauenialy add EFabHH(0.43 mL), 3
WaOR- (3208 inll) anh]aﬂm&egmmnepm d ﬂ@@lxture Allow the

rovi de
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g ik g@%é&?fst@ SfF 613, Eu i, gpre S P

brine and acldsfy with 1M
wash with water and brine, dry over anhydrous NaxSQ4 and concentrate .
onto enough silica that a free flowing powder is obtained. Load the
resulting powder onto a chromatography column prepacked with silica
and 5% CHzOH/CH2Cl. Elute with 5% CH3OH/CH2Cl2 to obtain the title
compound of Step 2, 0.227 g (52%). HRMS calc'd for C2H25NO3F:
(M+H) 418. 1818; found 418.1820. MS(CI): 418 (M+H, 18), 235(29),

- 145(55), 83(100).

Step 3. Using a procedure similar to that ot Example 4, step 9, treat the
‘product of step 3 to obtain the title compound, 0.023 g (25%). HRMS
calc'd for CogH2gNO3F: (M+H) 446.2131; found 446.2150. MS(CI): 446
(M+H, 100) 277(1 3), 138(44).

Ethple- _1_-3 o

Step 1: Trans (3R, 4S)-1 -(4-fluorophenyl)-4?(4-_(34hydroxy-1 -propynyi)-
phenyl)-3-(3-phenyipropyl)-2-azetidinone:

Use a procedure similar to that of Example 12, Step 1, substltutmg _

propargyi alcohol (0.20 mL, 3.49 mmol) for,(tnmethyls,nlyl)acetyl_ene and
refluxing overnight. Filter and chromatograph as in Example 12, Step 1,
using a column prepacked with silica and 30% EtOAc/hexane. Elute with

ct with EtOAc, combine the extracts, Usos/ 07117



-19 - (0.5 g, 1.67 nmol) and Hunig's base (0.87 nL, 5.0 mwol) in

di chl or o- et hane (46 nm.) at 80 [err]C -Reflux the m xture overnight,
cool to roorwo9sss@nperature, quench with 1 MHO and stir f@®CTASS07117
Wash the m xture with NaHCO3 (sat'd), water and brine, dry over Na2SO4
and concentrate. 5 Chromatograph the residue on silica (40% '
Et CAc/ hexane). To renove 4- for nyl rcrieié{l%l benzoat e cont am nant,

di ssol ve.the product in 50% .  CHerr] F and treat with NaBH4 (1.5

Dt ) warer e EIORGda 15 ol colbypdley 1881, iidh (7244

Chr omat ogr aph t l&s aygllqmanlo BMS caiccl?.GP/Ciﬂszsl‘@Whﬁ‘ét)Bﬁa found de

0.57g (33% of t41ares®t ME(CH: hia (Heh, 72) 25 3 100).
hi henyl ) - 4- gL dinyl Lphepy! -
br openoat e, Eesﬁééahim%@i‘&ﬁgﬁﬂﬁé S byarone blaay?

col um, 30% Bsomneﬂ{MnymIQEﬁ)-mdm|U)nm give 0.128 g conpound
10A and 0.139 g conp

480. 1378; found 480. wégp’&?ﬂ‘ﬁem&{é’ﬂ@ 5%%‘9%3%&%7ﬂ§§040

10B: HRMS cal ¢ d:htam Q;ézlmmérqf}utnlqsomued mmawswmwwo)
480( M+, 88), 215 Exanpl e 11 20

azet di nyrl ][éh(e tp‘JP ??éﬁae%é - uagBaRenig b % (Fhbepvipmeyt -

Exanpl e 2 a&Oor(azagdmyllbaazmeprenammc acid: descri bed in Exanple 7 to obtain

trans 3-[4-[1-(4-net

(3- phenyl[prE)pyI() 2-a I N # g%‘?c%g 8Tegasdgs?nbed 0 E"(?"l‘i'eﬁ
Step 2: Hydrogerf@R7 ”%aﬁrcfﬁ 'P“G’P%"@pp"?dﬂ%ﬁfr QPga fba(fﬂ@n?)% ure
descri bed in Exavighitorihé seadtion by The (59 Y. 1UpoR)con

T L @%ﬁﬁg%@gg@e Al e e Bl T 00

- 2S) - 4- [ 1- (4151 usongaBate)inaaguo- Qissnlmmrqa«d;win) water3and adjust to pH 13
afzt :c FI:J g%{)ﬁggiﬁﬂﬂgﬂg atE?? ract the rél @égggﬁlépmfgh#%&w the aqueous
phenyl ) - 3- (3- phé%Xﬂ (ﬂ%é nébé{ rét wi tOAGGPMbINA theur e of
t L ansI ( BPI? ( gS) hbaotvacfd ms)bphmy 0¥ NaH&SO4, water and bnne,7dry over anhydrous -
Prom N (4. br oo esf AR sons Séﬁﬁfgd%@%oﬁe@h@ﬁa%é& 3 fr Foling R IE
pent anyl ) - 52Pherpptaingedo | Lioad-basesulting powsias ante g ghromeategrapby| cOlMn eps
2 and 3 of Exanpjrgpddked with Sica)arid 5% tbﬁsawbﬂ}tl;_( Ogfite With 8-886 ol ),
CH30H/CH2Cl2 to obtain 0.243g (53%) of the title compound of Step 3 as
a white foam. HRMS caic'd for C27H27NO3F:( M+H) 432.1975; tound
432,1972. MS(Cl): 432 (M+H, 100).
25 Step 4: Using a procedure similar to that of Example 4, step 9, but using
THF, treat the product of step 3 to obtain the title compound, 0.54 g (57%).
HRMS caic'd for CogH2gNO3F: (M+H) 446.2131; found 446.2150.
MS(CI): 446 (M+H, 100), 277(13), 138(44).
Example 14
30 dfd4-{4- -a%X0-3- «D..
zetidiny(t tat
Dry ZnBrz (0.335 g, 1.49 mmol) at 130 °C under vacuum
overnight, then cool to room temperature under nitrogen. Add a solution
of trans (3R, 4S)-1-(4-fluorophenyl)-4-(4-bromophenyi)-3-(3-phenyl-
35 prdpyl)-z-azetidinOne (0.0.50 g, 1.14 mmol) and ethyi 2-tributyltin acetate
(0.56 g, 1.49 mmol) in DMF (3 mL) via cannula under nitrogen. Heat the
mixture to 80 °C. Monitor consumption of starting material by TLC (15%
EtOAc/hexane) and upon completion, cool to room temperature, filter



bi s(trphenyl phosphi ne)pal l adium (11) chloride ((Ph3P)2PdCl 2) (0 055g,
WD 95/ 35277

PCT/ US95/W0Q 9335277 - 2pcrrusesiori0. 079
mmol ) and diisopropylanine (6 rrL) to 80 [err]C. Monitor the reaction

by TLC. After 80 mn, add additional (trinmethylsilyl)acetylene (0.33 ni,

2.36 nmmol ). After an additional 50 mn, 2pool the m xture to room

temperature, filter through celite and vvash the filter cake with

CH2d t f
{1 owi LSrLLm‘%“@'%m 8 Srlsinb ik Ba ARh O Ao 5 R fig'lE) 2 1 e
chr omat ogr aphy thevfittrate. stir for 3he gilltr with FtQAG, Wﬁ%wﬂgdvde%llﬂﬂ brivedryane.
Elute with 1QVer anhydib@NdWﬁnﬂ @oﬁbémritefbrﬁeinﬁ A &ificachat 4rde' L1 ©

336037), 20010 niiafs omained LodEle 8Lkihg powcer s loaca onto'a "

2S)-4-[1-%4- thmmaipaanhwoalummprgpgd(qmmmlqﬂmmq 15% EtOAc/hexane. .
azeti dinyl | DENAGIVARE PS%CEDAGexane o obtain t gﬁhﬁ@@@@ﬁ& 49@@% 10. 64

mmol) to a O[e ut| n THF) .
Stir at 0 [eb {@9&@91) mﬁ&%ﬁﬁpg«a‘%g}%ﬁ e“}ﬂf"b‘@ld&ﬁ PB1sfundl (0. 485 g,
1.07 mvol ) i 448iF1267. MS(EAB)&MSI(M&HHUD);LSOS“%Q&&QA) 0 [err] C overni ght
(22h). Sequentially add CH err] CH é@,m 15 NaOH (1.06 nlL) and 30
% H2Jerr] (1.2 n) totheO[err AIIowthe mxtureto
warmto t@om t ckrgps 48 A<l (4-Flyorophenybe4r0x048:

brine and acidify with 1 nblnthe extracts,

h with b d trate 20
onto enough SR 35 TAAE rr‘riétwg{eéﬁvﬁa %ﬁ-‘ﬁ%—s&évw fY e Srlgphams
resul ti ng poptapylp2azetidinyijphenylzEa@ipyopanaata: pr epacked with silica

d 5% CH oH t bt
The iire | TR PR, AN (*8"'%99‘% WS ERoRRME3 g 0 O T
d er r ] H &3 r | Rbpaylprapyl)-2-azetidingng meth vlm @ uadnannerigimiar isthat) : 418
(MH, 18), 2dbéétibed inTExakipieBla otainl{he) titie compomice bf Steg 5] IMRRSPT ocedur e

oblain the E%ﬁe&%sﬁﬁaﬁo‘l 7o IS o 78 sl aaa. 197 Sﬂ%@'brwtep e

Cerr]H err] NdaH; 100kH) 446. 2131; found 446.21-50. M5(Cl): 446 ( MiH,

100), 277(135tep’B( 4téat the product of step 1 as described in Example 7, purifying by
20 chromatography on a column prepacked with silica and 0.5% HOAc¢/2.5%
' EtOH/97% CH2Clz, eluting with the same eluant to obtain the title
compound. HRMS calc'd for Ca7H25NO3F: (M+H) 430.1818; found
430.1810. MS(CI): 430 (M+H, 100), 293(26), 177(74). 138(52).
Example 16 .

25

Add EDCI (0.058 g, 0.303 mmol) to a mixture of the product
of Step 3 of Example 13 (0.092 g, 0.213 mmol), HOBT hydrate (.035 g,
0.256 mmol), NMM (0.029 mL, 0.277 mmol) and EtoN (0.044 mL, 0.427
30 mmol) in CH2Cl2 (2.5 mL). Stir the resulting mixture ovemight untii TLC
' (50% EtOAc/hexane) indicates consumption of starting material. Dilute
the mixture with CH2Clz, wash with 0.2N HC, water and brine, dry over
- anhydrous Na2S04 and concentrate onto enough silica such that a free
flowing powder is obtained. Load the resulting '_ powder is loaded onto a
35 chromatography column prepacked with silica and 35% EtOAc/hexane.
- Elute with 35-50% EtOAc/hexane to obtain an il which is further purified
by silica chromatography, eiuting with 35-50% EtOAc/hexanes to obtain
the title compound, 0.68g (73%), as an oil. MS(CI): 487 (M+, 100),



30 Exanmpl e 13 Trans Met hyl (3R
2S)-4-[1-(4-f1 uorophenyl) - 4- oxo- 3-( 3- phenyl propyl ) - 2-

azetidinyl] %ropanoat e Step 1: Trans (3R PCT/USISN07117

4S) - 1- (4-fl uorophenyl) - 4- (4-(3- hydroxy- 1- propynyl ) -

phenyl ) - 3-(3- phenyl propyl ) - 2-azeti di none: 35 ' Use a procedure simlar
to that of Exanpl-e 12, Step 1, substitutipg- propar gyl al cohol (0.20
m., 3.49 nmol) for (tr| met hyl sil yl )acetyl ene and ref |l uxi ng over ni ght.
Filter and chrog&d(9gy,a i FABI: ddled JoP3lH N2OoF (WH1)0487 2
‘prepacked with FI |(I czanEé:?O% Etﬁ(%c/ hexane. El uts} 3% %1 2 Mr}\%\o ?§5277
PCT/ US95/ 07117 -21- 30%

Et OAc/ hexane to obtain the t|tIe corrpound of Step 1, 0.73g (759,

N |. HRMB calc'd f gﬁé@
Zi4 2\3,3\/5?1' Ms(d C?llz (MR, éﬁi é&fhel%?@ gans (3R
48)-1 - (4-fBuor §r%}ﬁ')'54n‘(9m'98~ quas qterm cﬁcyvycomound" desngnates a

phenyl ) - 3- ( 3- pheompsunP vt Jorutg Bt | di none: Usi ng the procedure

of Exanple 6, treat the product of Stmﬁ obtain 0.42 g (100% of
the title conpound of Step 2. M5(d) 100), 138(55).

Step 3: Trans (3R 2S)-4-[1-(4-fluorophelgblptsd- oxo- 3- (3- phenyl propyl )-2- 10

azetidinyl]benz propanoi ¢ aci : Add Jo ag 0 i,
prepared as deséﬂﬁ‘bed i n Exanpl gn%mgm step 7) to Wr] i on of

the product of Step 2 in acetone (8 nL). Monitor the reaction by TLC
(5% CH3OH CH2CI 2)1. Umve(ﬂmupmmd)n of starting rmgioerial, §pench the
reaction by the tl.hgfb OH and 15 concentrate i 2vacuo ][Rfsssol ve
the residue in éa ust to pH 13 vvlthNa Extral t he
resul ting sol uti & wqum&a@h, Faodcﬁlﬁylet as aatfibous - 30ayer tABH 3 with
HCO (conc.) and extrgggtev\mtpbmﬁ;e@wat&onbl ne the extracts, wash with
10% NaHSC3, water, an r| nhydr ous o4 and ncentrate
onto enough siliéa t g?@e%ﬁ’@vﬁ?ﬁé’a Sowder is 20 ob% |ned LYAd the
resul ti ng powder Sont MagnesiumeStegratehy col um : Z

Total 300 _ 700

10 Method of Manufacture
Mix ltem Nos. 1 and 2 in suitable mixer for 10-15 minutes.
Granulate the mixture with item No. 3. Mill the damp granules through a
coarse screen (e.g., 1/4", 0.63 cm) if necessary. Dry the damp granules.
Screen the dried granules if necessary and mix with item No. 4 and mix for
15 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.

- EXAMPLEB
. Capsules -
1 Active Compound | 100 500
2 Lactose USP 106 123
3 Corn Starch, Food Grade 40 70
4 Magnesium Stearate NF 4 Z
~ Total 250 700

20 Method of Manufacture
Mix item Nos. 1, 2 and 3 in a suitable blender for 10-15
minutes. Add item No. 4 and mix for 1-3 minutes. Fill the mixture into



prepacked with si Iica and 5% CH3OH/ CH err]Cl[err]. Elute with 5-8%

CH3OH CH2d err to obtain 0.243g (53% of the title conpound of Step 3 as
a white W3 calc'd for C27H err] NOBF: ( M+H) 432. 197BCTAUSMI117
432.1972. I\/S(C1):. 432 (MtH, 100). 25 Step 4: Using a procedure simlar to
that of Exanple 4, step 9, but using THF, ;t-r..eat the product of step 3
to obtain the title conpound, 0.54 g (%4% . HRI\/IS calc'd for
Clerr]H err] NGBF: (MH) 446.2131, found 446. 2150 M5(Cl): 446 (MHH,

100), 277( 133yitat§ tdIpiece hard gelatin capsules on a suntable encaps | e 14 30
Trans Et hyl é'}?? 2S)-4-[1-(4-fluorophenl) - 4- oxo- (;-3 phenyl pr opyl
azetidinyl]b é‘m@ ‘acet ate Dry ZnBr2 (0.335 g 1 49
mml) at 130 [err] C unBepremmwe formulationsiopmprisimga choséster!r oom

t t
(ezpslrﬁolrjz)ghg‘r?sf uﬂgfpg%éywap%ﬁé@g ﬁ@“ea W&é& 8‘%&95-&& I di none
©(0.0.50 @ 1wher %ﬁﬂ“‘@t %'15 mﬁvtawaﬁasmge (0.56 g, 1.49
nol ) i n DMFcémpokition] th nndensonserd)ewve fdrasubstitited = mixture to

£ onc) nbxancl28inofg REHERLAEE f@%y el mERAH ipline Kfahisdda of

WO 95/ 35277 oneskilled in the art.

PCT/ US95/ 07117 -22 - t hr ough
celite, dvvashthef ter ke with Et to
the filtttte, stir for U§ @P%GF'BPWFHU c%grﬁmvﬁh%@lpwﬁ?aj%rl ne,
dry ovemruatdrwa:e ms&u fwﬂpmsmﬁaﬁveacwnpotmdsobmutal ica that a

onte a 5 cREnRE rapﬁy forfied @ 67 the LORsAdHUIRG BitalmplnBABEE! dlfa | 02ced g
Et QAc/ hexaneis "9P°"t9 [3S,Percant ehangs, EeaReraentreduction it eholesteroliasters)

conpound aS Qetstis| cAtitrol, | therefore, neégédtive n(1Adidrs irfdibdte cRpesitive lipid- -
Jerr]H !goeF +&|) 446.2131; found 446. 2123. I\/B(FAB) 446 ( M+H,

100), 30 Exanmpl e 15 10

Trans (3R 28) 3-[4- 1- (4- Fl uorophenyl) - 4- 0xo- 3- ( 3- phenypropyl ) - 2-
azetidi nyl] phenyl ] FLZ propeﬂoi C asj fheduction '
Ex. No. Serum | Cholesterol Dose
Cholesterol | Esters _mg/kg
1 28 | -76 | 50
5A 21 -48 10
16 0 -1 |- 10

For racemic compounds of formula | or active diastereomers
~ or enantiomers of compounds of formula |, compounds administered at
20 dosages of 1-50 mg/kg show a range of -97 to -12% reduction in
cholesterol esters, and a -49 to 0% reduction in serum cholesterol. The
reduction in cholesterol esters is the more important measure of activity,
and active compounds preferably show a range of -30 to -97% reduction
in cholesterol esters. ' '
25

O



Step 1: Trans nethyl (3R 2S)-3-[4-[1 -(4-fluorophenyl)-4-oxo-3-(3-phenyl -
propyl)-2-azetidi nyl Jphenyqg- E- 2- pr openoat e: Treat trans (3R

4S) -1 - (4- f Iwonspspany! ) - 4- (4- br onophenyl ) - 3- (3- 15 PCT/US95/07117
phenyl propyl ) - 2-azeti di none methyl acrylate in a manner simlar to that

descri bed i n Exanpl title conpound of Step 1.
calc'd for C[err]rrla[ Hlllﬁmtllgll‘mmm . t[rgund 44429 p
( MtH, 100) . Step 2:° Tteal the produc of step 1 #st i

Exanpl e 7, purifyi y 20 chromat ography on a colu | BEE i
silica and 0.5% cl2.5% Et OH 97% CH2Ql 2, eIutlngvmththe sane

eluant to obtain the title compound. HRVB calc¢'d forl dNB8placed
(MrH)  430. 1818:1.  ouicompourd eprééanteltyahe: foa.aaua( MeH 13@ m”m
177(74). 138(52).

Trans N, N-Diethyl-(3R 2S5)-4-[1 -(4-fluoroph€n -oxo- -(3-
phenyl propyl ) - 2-azeti di nyl ] benzenepmanam Add EDCI.
(0.058 g, 0.303 mMol) to a mxtur® oduct of Step 3 of Exanple

13 (0.092 g, 0.213 mmol ), HOBT hydrate (.03 g, 0.256 mml ), NwWM
(0.029 nm, 0.277 mmol) and Et 2N (0. 044 , '37 30 mol) in CH2A 2 (2.5
m). Stir the resulting mxture overnight un TLC (50% Et OAc/ hexane)
i ndi cat es c5nsmptpharmacesmaaﬂy| a@amtllelsalt thé]'dai,twherein: the m xture with

CH2A 2, wash with 0agN; of'R dry over anhydr ous Na2SO4
and concentrate ontQ nou ft |I|ca suc t at a free - fl owi ng powder is

obt ai ned. Load the &R a1 Brﬁéﬂéﬁt‘#‘?qwged onto a 35 - chronat ogr aphy

col um prepacked wi tR? |s|§dmemﬁdn8ﬁt&>@bﬁtﬁ@bhsmngof Elute with 35-50%

Et OAc/ hexane to obtain an t P fied by silica
chr omat ogrgghy, el uting V&%)S%ﬁlbtﬁg t#ej‘ ée#ré ‘o obtain the title
conpound, ®068g (73% , as(Ghiz)eid-(CiNg-CwheraisZ (svQ-, 10(0)-, phenylen®, 95/ 35277

PCT/ US95/ 07117-NR10-or-SO 2, e is 0-5 and ided that3h f ¢1) .
318(37) . HRVE( FAB) O Aoz 2 18,0-2 and ris 0.8, provided that 4t ?s”m° o 2ndti)

found 487. 2783
-(C2-Cg alkenylene)-; and

~(CH2)t-V-(CH2)g-, wherein V is C3-Cg cycloalkylene, fis 1-5

15 and g is 0-5, provided that the sum of f and g is 1-6;

R2 is -(lower alkylene)-CORS or -(CH=CH)-CORS;

R3 and R4 are independently selected from the group consisting of
1-3 substituents independently selected from the group consisting of lower
alkyl, -ORS, -O(CO)RS, -O(CO)ORS?, -O(CHz2)1-50RS, -O(CO)NRER?,

20 -NRGR7, -NR6(CO)R7, -NR6(CO)ORS?, -NR6(CO)NR7RS, -NRESO2R®,
-COORS, -CONRSR?, -CORS, -SO2NR6R7, S(0)p-2R9,
-O(CHz2)1-10-COORS, -O{CHo)1-10CONRSR?, -(lower alkylene)-COORS,
-CH=CH-COORS, -CF3, -CN, -NO2 and halogen;

RS is -OR or -NRR12, wherein R and R12 are independently

25 selected from the group consisting of hydrogen, lower alkyl, aryl and aryi-

substituted lower alkyl;
R6, R7 and R8 are independently selected from the group consisting
of hydrogen lower alkyl, aryl and aryl-substituted lower alkyl;
R? is lower alky!, aryl or aryl-substituted lower alkyl; and
30 R10 is hydrogen, lower alkyl, aryl lower alkyl or -C(O)R€.

2. A compound of claim 1 wherein Ar! is phenyi and Ar2 is phenyl or
R4-substituted phenyl, wherein R4 is halogeno or -ORS, and wherein RE is
hydrogen or lower alkyl.



The follow ng fornul ati ons exerrpllfy sone of the dosage 5 fornms of this

I nvention. In each the term "act ive conmpound"” designates a conpound of
f or mul aWiD.95/35277 EXAMPLE A PCTIUS95m7ll7 3
Tabl ets Thi o I ngr edi ent \mgl_ta.bj_

ng/ t abl et ; NS BeS ﬁ’ﬂﬁ

500 2 Lac ’ 113

3 Corn St arch Fﬂ e ‘h | a 100 30 I‘ll’l'um"l'l"]iﬂﬂ ""', paSt e | n -
Purified Water - 4 Corn Starch, Food G ade

40 Magnesi um St 7
Total 3 " REompgpd of caim terc? whersinR sa( Gzl ftr CHaleZ

M x |t em N¢GHo)-whvatein q is 2 or BpBlie-Qi;ecis O @andx(s 25 - nut es. - Ganulate

t he mxture with ItemNo. 3. MII the danp granules througha coar se
screené 1/4", 0.63 cm) if necessary. Drge ranul es.

Screen Bheddri ed W%Oﬁ any,etelgims §, 208 3w fﬁlftﬁ NwheesiaRd ni x for

~15 10- 15 i Rydregen/tdowbeaikh. 5 and mi X for-1-3 m nut es. Conpress the
m xture to appropriate size and weight on a suitable tablet machine.
EXAMPLE B Capsul es No.

| ngr edi ent 5. A compound agclaubl1eselaq5da‘tdmlthe group cdnsistigt éfve Conpound
159 500 Jrans é'né’tha{!]bilg(ﬁi(ﬁé‘i@@uoxyphenyl)-4foxo-3-(3-phenglpropyl)- - 106
Magnest@m sseﬁ#lavﬂpmnyll-z propenoate;
-II\;IOE(a: tem N%Z Ha‘traél sﬁ%%ﬁlgl ;b;%‘ (47'?2%";039@%2?5?’?:3%‘?&“9% m ﬁut es. A(i
Item No. 4 2ARHCTYUP P Q%s. Fill the m xture into
trans methyl 3-{(3S, 2R)-4-[1 (4-methoxyphenyl)-4-oxo-3-(3-
phenylpropyl)-2-azetidinyljphenyi]propanoate; o
15 trans methy! 2-[4-[1 -(4-methoxyphenyl)-4-oxo-3-(3-phenylpropyl)-2-
azetidinyl]phenyijethanoate;
trans methyl 3-[3-[1-phenyl-4-oxo-3-(3-phenylpropyl)-2-
azetidinyl]phenyi]propanoate;— :
_ trans (3R, 4S)-methy! 3-[4-[1- (4—methoxyphenyl)-4-oxo-3-(3-phenyl-
20 propyl)-2-azet|dmyl]phenyl]-2-propenoate, ' : :
(3S, 2R) trans methyl 4-[1- (4-chIorophenyl)-4-oxo-3-(2-(4-fluoro- -
phenoxy)ethyl)-z-azetldmyI]phenyl-z-propenoate, - '
(3R, 2S) trans methyl 41 -(4-chlorophenyl)-4-oxo-3-(2-(4-ﬂuoro-
phenoxy)ethyl)-z-azetldlnyl]phenyl-z-propenoate.
25 trans 3-[4-[1 (4-methoxyphenyl)-4-oxo-3-(3-pheny|propy|)-2-
azetidinyl]phenyl]propanoic acid; =
trans methyl 3-[4-[1 -(4-—quorophenyl)-4-oxo-3-(3-phenylpropyl)-z-
azetidinyljphenyljpropenoate;
trans (3R, 2S)-4-[1 -(4-ﬂuorophenyl)-4-oxo-3-(3-phenylpropyl)-2-
30 azetidinyi]benzeneacetic acid; _
| trans methy! (3R, 25)-4-{1-(4-fluorophenyi}-4-oxo-3-(3-phenyk-
propyl)-2-azetndmyl]benzenepropanoate. '
trans (3R, 28)-4-[1 (4-f|uorophenyl)-4-oxo-3-(3-phenylpropyl)-z-
azetldlnyl]benzenepropanonc acid; -
35 trans methyl (3R, 2S)-4-(1- (4-ﬂuorophenyl)-4-oxo-3-(3-phenyl-
o propyl)-2-azetidinyl]benzenepropanoate;
trans ethyl (3R, 28)-4-[1-(4-fluorophenyl)-4-oxo-3-(3-pheny|propyl)-
2-azetidinyl]benzene acetate



WO 95/ 35277 -
PCT/ US95/ 07117 -24 sui tabl e

Jwo-pi ece W9r9é/3§HP-atﬂ—rﬂ—cm7scrl—e§—on—a—SU| tabl e encapsul ati ngPCT’Us%'EFR ne.

Represent ative for ng a chol ester J_/_ =1l geapatihesi s

i nhi bitor are wellwglﬁm !m !Ilt S confer@;é-f\ﬁi tg 5 ,S ere the
two active ingredie red- 2% -a sr ble HEPL -=-'-‘ on, the
dosage fornms discl osed above for substituted - azet+dl none corrpounds may

readily be nodifi edtrans (B8R 28)-B+{d+A f(dgmméphenﬂ -doxo<3(3-phdnylprapyl)-2rt . 10

Usi t he test foll d
wer o obt i ned PEATTRERY ISR pHSBnI0 BEf, BB, 0 P19 T o e e
referred to by the tans sNddiethirh(33a29)-4-[indtilorophanyi)- 4'°X°T35(3'EBQF! ed as

percent. Change fopyH)-2-aRefidinplbérslHdprepandmiden! esterol esters) Ver sus
control, t ? ﬂ!ﬁ negat i vgﬂnunbers indicate a positive lipid- 15

| oneri ng ef ect % Reducti on

Ex. No. Serém A@harmaceutital compasition comprising a cholesterol-lowering

gg_ol esterol  ERi&ive am%%l/df% compaynd of any of glgims 1,2,3, 495, aldfe orin 76
16 ocombination with g cholesterol biggynthesis inhibitor, in a For racenic '
conpounds of fpﬁgﬂﬁhgﬁdm@gﬂpg&gmamea@méﬂoners or enantioners of
conpounds formula I, conpounds adm ni stered at 20 dosages of 1-50 ng/kg
show a ran of -97 to -12%reduction in chol esterol esters, and a -49

"to 0% reductiof.in The use(olhalmnmmd of Any of claimsel8; 13, droriShforthe est er ol
esters is the , ctive conpounds
preferably sho&/m :?Fa rétm%i[ é ;1 gﬁﬁ9p§l}ée‘gééf{ﬁém or preverﬁi&‘;lh%f est er ol
esters. 25 atheroscl rosis, or for the reduction of | plasma cholestérol evels, -

comprising a compound as defined in any of claims 1, 2, 3, 4 or 5, alone or
15 in combination with a cholesterol biosynthesis inhibitor, and a

pharmaceutically acceptable carrier.

8. A kit comprising in separate containers in a single package
pharmaceutical compositions for use in combination to treat or prevent
20 atherosclerosis or to reduce plasma cholesterol levels which comprises in
_one container an effective amount of a cholesterol biosynthesis inhibitor in
a pharmaceutically acceptable carrier, and in a second container, an
effective amount of a compound of any of claims 1,2, 3,4o0r5ina
pharmaceutically acceptable carrier.

25
9. A method of treating or preventing atherosclerosis or reducing
plasma cholesterol levels comprising administering to a mammal in need
of such treatment 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.
30
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- 25- e claim 1. A conpound represented by the formul a ' or

a pharnaceutically acceptable salt thereof, wherein: Arferr] is

phenyl or R[err]-substituted phenyl; Ar[err] is phenyl or ,

Rlerr]-substituted phenyl; R[err is select a 1'”r' ;}éﬁ""lgrﬂopp., §!

consi sting of " -(CHerr])[er12p: where g%‘ 'I

-(CH err])[err]-Z(CH2)r wherein Zis is -0-, eis

is -(lower alkylene)-COR5 or -(CH=CH)-COR5; )érr] angd: R['ék"rll'é&re

i ndependent |y sg¢ erfigd from the group consisting of “1-3 substituents

| ndependent|ly selected fromthe group consisting of -ORerr] and

hal ogen; R5 is -ORor -NRR[err], wherein R and R12 are independently

sel ected from drogen and | ower al kyl; and
~Rerr] are indépendé}]w@P@@}%u‘%P%gWWﬁ%%&‘% consi sting of hydrogen and

| ower al kyl . . A conpound of claim1 selected fromthe group

consi sting of trans met hyl 3-[4-[1 -
- (4- met hoxyphenyl ) - 4- oxo- 3- ( 3- phenyl ¢r ﬁ)-- 2-azetidi nyl ] phenyl - 2-
pr openoat e; ' R .

Ar'-R'-—

0" Npe

or a pharmaceutically acceptable salt thereof, wherein:
Ar! is phenyl or R-substituted phenyl;
Ar? is phenyl or R*-substituted phenyl;
R! is selected from the group consisting of
-(CHp),-, wherein q is 2 or 3;
 «CH,)<Z-(CHy), wherein Z'is is -O-, ¢ is 0 and r is 2;
R? is -(lower alkylene)-COR?® or -(CH=CH)-COR’>;
R® and R* are independently selected from the group consisting of 1-3
substituents independently selected from the group consisting of -OR® and
halogen;
R® is -OR or -NRR™, wherein R and R are independently selected from
the group consisting of hydrogen and lower alkyl; and
RS are independently selected from the group consisting of hydrogen and
lower alkyl. B '
2. A compound of claim 1 selected froxﬁ the group consisting of trans methyl
3-[4-[1-(4-methoxyphenyl)-4-0x0-3-(3-phenylpropyl)-2-azetidinyl]phenyl-2-
propenoate;
trans methyl 4-[1-(4-methoxyphenyl)-4-o0xo-3-(3-phenylpropyl)-2-
azetidinyl]benzenepropanoate;
trans methyl (3S, 2R)-4-[1-(4-methoxyphenyl)-4-oxo-3-(3-phenylpropyl)-2-
azetidinyl]benzenepropanoate;



trans nethyl 4-[1-(4-nmethoxyphenyl)-4-o0xo0-3-(3-phen /gr__gpg,g:):ﬁ————-j:ﬂ
azetidi'nyl ] benzenepr opanoat €; trans net hyl ( ,.PLAQU\AJT ghks=)

2R) - 4-[ 1- (4- met hoxyphenyl ) - 4- oxo- 3- ( 3- phenyl propyl ) {\2- X
azeti di nyl ] benzenepr opanoat e; \ Dam'l,@.BEG.Jggl;;%ﬁ

- - 26- trans nethyl -26- ==
4-[ 1- (4- met hoxyphenyl ) - 4- oxo- 3- ( 3- phenyl propyl ) - 2-
azetidi nyl ] benzeneacet at e; trans net hyl
3-[ 1- phenyl - 4- oxo- 3- (phe py ] e oat e;
trans(3R, 4S) - net hyl ggﬁﬁ '?‘XP %ﬁbiﬁ‘/&%‘ﬁ%’}p '4' é (BFjoﬁ nﬁ’?‘gﬁ;@?’?
2-azetidi nyl ] phenyl izeadﬁfy B&tyendRetate: 3S, 2R) trans met hyl

3-[4-[ 1- (4-chl or ophenyl) - 4- oxo- 3- ( 2- { 4-
f | uor ophenoxy) et hyl yransazangthnl | ]%{énﬂqﬁrwlpﬂﬁpéim@t-éphenylpro(pym 25)

{1 or ophenony) ot hyl =0y DbFHBRAFRANAST 1 2. o7 openont e: trans

4- [ 1- (4- met hoxyphenithos(IR A8 J&3mn14-ﬂieﬂimb'i>héixyl)-4—oxo—3 (3-phenylpropyl)-
azetidi nyl ] benzenepr opanoi c_ aci trans net hyl

3-[ 4- [ 1- ( 4- f | uor ophZnagetidinyllphenydl-2prepenagienr opy| ) - 2-

azetidi nyl ] phenyl]p en an v A AL
2S)-4-[1-(4-fluor op{1er’iyl ?Ril ot>1<.%ns3 (%ptﬁ%len?l’l % I(() ?lglggophenyl) 4-ox0-3-(2-(4

azetidinyl] benZeneaﬂﬁdirophcmoxy)ethyl)-Z—azetidhfymthif_’ﬂPZJpréﬁbﬁoate
2S)-4-[1-(4- quorophenyI) 4 oxo 3-(3 en\é @roe/
azeti di nyl ] benzene 6ot a2 qtgy\l ¢4l 4-ch10rophenyl)—4—oxo—3 -(2-(4-

2S)-4-[1-(4-fluoro VD 2-27et1d

az)et [ dl[ nyl(] benzeneB{rigér}%lS %elngxngéﬁlﬁ i %%%)tpﬁ@m?%
2S)-4-[1-(4-fluor opllmrsy4—[L—@-methoiyﬂibnpl)ehwmsﬂth&nﬂpmpyl)-z-
azetidi nyl ] benzenepro aﬂoﬂﬁe frans ethyl (3R,
2S)-4-[1-(4-fl uorop‘f"r’é’r IB?BQPBQRaQO’ﬁr?é’ )| propyl ) - 2-

S L B A, g Papllfony oso - phenprop) 2
azetidmyl]phenyl]propenoate
trans (3R, 28S)-4-[1-(4-fluorophenyl)-4-0x0-3-(3-phenylpropyl)-2-
azetidinyl]benzeneacetic acid;
trans methyl (3R, 2S)-4-[1-(4-fluorophenyl)-4-oxo0-3-(3-phenylpropyl)-2-
azetidinyljbenzene acetate;
trans (3R, 2S)-4-[1-(4-fluorophenyl)-4-0xo0-3-(3-phenylpropyl)-2-
azetidinyl]benzenepropanoic acid;
trans methyl (3R, 2S)-4-[1-(4-fluorophenyl)-4-oxo-3-(3-phenylpropyl)-2-
azetidinyl]benzenepropanoate;
trans ethyl (3R, 28S)-4-[1-(4-fluorophenyl)-4-oxo-3-(3-phenylpropyl)-2-
azetidinyl]benzene acetate;
trans (3R, 2S)-3-[4-[1-(4-fluorophenyl)-4-oxo-3-(3-phenylpropyl)-2-
azetidinyl]phenyl]-E-2-propenoic acid; and
transN, N-diethyl-(3R ,2S)-4-[ 1-(4-fluorophenyl)-4-oxo-3-(3-phenylpropyl)-
2-azetidinyljbenzenepropanamide.

3. The use of a compound of claim 1 in an effective amount for the

preparation of a medicament for the lowering of serum cholesterol levels.



azetidi nyl ] phenyl ] -E-2-propenoic acid; and transN

, N-di et'hyl - (3R, 2S) -4-[ 1- (4-f 1l uor ophenyl ) - 4- oxo- 3- ( 3- phenyl propyl ) - S
2-azetidi nyl ] benzenepr opanani de. 3. The use of B copetefsigEei m 1
in an effective anount for the preparation of a nediganment for the | owdfing
of serum chol esterol |evels. 4. A ph%«’f@‘ﬁul 'gg_a_tjggz ,,,,,,,
conposition conprising a cholesterol -1 owering effect|\ve—armubt—ot—a _
conmpound of claim1l in a pharmaceuticall yﬂ;rccept able carrier. 5. A
compound of claim1l wherein Ris |ower alkyl. 6. A compound of claiml1

wherein R2 is -(ethyl ene)-COOR

4, A pharmaceutical composition comprising a cholesterol-lowering effective

amount of a compound of claim 1 in a pharmaceutically acceptable carrier.
5. A compound of claim 1 wherein R is lower alkyl.

6. A compound of claim 1 wherein R? is -(ethylene)-COOR.



