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PCT/ US95/ 14134 5 SULFUR- SUBSTI TUTED AZETI DI NONE
i COVPOUNDS 1 USEFUL AS HYPOCHOLESTEROLEM C AGENTS _
BACKGROUND OquﬂélspﬁVENTl ON - The present i nV&HYBN 14134
relates to sul fur-substituted: azetidi nones useful as _
hypochol esterol em ¢ agents in the treatnent and 15 prevention of
at heroscl erosis, and to the conbination of a sul fur- substituted

azetidinone of this-invention and a chol esterol biosynthesis

inhibitor for the treatnent and prevention of atherosclerosis.

At her oscl erotic coronary heart disease (CHD) represents the maj or

- cause for death and cardi ovascul ar norbidity in the western world. 20 Risk
~factors for atlgerosclerotic coronary heart disease include

hypertensi on, diabetes nellitus, famly history, male gender, cigarette
snoke and serum chol esterol. A total cholesterol level in excess of 2g5-
250:ng/dl is associated with significant elevation of risk of CHD.

Chol esteryl esters are a major conponent of atherosclerotic 25 |[|esions and
the maj or storage formaof cholesterol in arterial wall cells.
Formati on of chol est e RESERVPD IAISH QL ALEIIE N o St

it a¥; . 1 = e . . i g Al-
formati on and reduction of ser ely-to inhibit the
progression of atherosclerotic |esion formation, decrease the 30

: . DACKGROU . TONeri al wall, and bl ock the
intestinal absorption of di Pres @i frvefifigh Jelates to sulfur-substituted A few
azeti di nones have been reported as being useful 1n . OMBFIH?

chol esterol and/ orazetidinonesiusefty asyp sterelamicagants inthe treatment and

contai ni ng | es50nPproventiomel atheroyclerdsis! an@td the sbmbinatidRofFullirscl oses 35

NSt nomT 52 2zet | ggtiion eBhbre S Hil dhjiriphn artEs Hroisér Bsvinells
4- (2- oxoaz dnhibiitor for the treatment and prevention of athygrosclprasisti c agent s.
L ORaT s ut - a”phony i > FahbRBcRRGC ShflanghagRsense (CHD) rpressrig e
pl atel et aggr egat MAMOr GAVER for-death and cardiovascular morbidity in the western world.
' 20 Risk factors for atherosclerotic coronary heart disease include
hypertension, diabetes mellitus, family history, male gender, cigarette
smoke and serum cholesterol. A total cholesterol level in excess of 225-
250 mg/d! is associated with significant elevation of risk of CHD.
Cholesteryl esters are a major component of atherosclerotic
25 lesions and the major storage form of cholesterol in arterial wall cells.

- Formation of cholesteryl esters is also a key step in the intestinal
absorption of dietary cholesterol. Thus, inhibition of cholesteryl ester
formation and reduction of serum cholesterol is likely to inhibit the

~ progression of atherosclerotic lesion formation, decrease the
30 aceumulation of cholesteryl esters in the arterial wall, and biock the
intestinal absorption of dietary cholesterol. _

A few azetidinones have been reported as being useful in
lowering cholesterol and/or in inhibiting the fdrmation 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, 29B, 12 (1990), p. 1134-7, disclose ethy! 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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di scl ose el astase inhibitory substituted azetidi nones said to be

useful in treating inflammatory conditions resulting in tissue destruction
whi ch are associated with various disease-&ates, e.g. atherosclerosis.

5 W93/ 02048, published February 4, 1993, discloses :
substituted [err]-I act ans Exropean Ratanh 129,680 ang Guropeanddatent Application -

W94/ 14433, publggyheeh , o ' ot :
substituted I[Ogr rs - ’alct éllr%lt.)as? #?@%Séﬁvﬁﬁs@g%éﬁ@%aw t_Ltﬂgwayg étgé? (t)? be

bi osynthesis in sﬁh d’t‘g'feat'"gd" ammatory conditions fesulting, 'Htt|5§H9(5fesWH61'@n body
chol Iest er ol hodrrm_ ichare ra]n'slsociated-witﬂwaﬁoas disbaseisiates ,é@@?ﬂ%selbﬁosis. |
regul ati on of dietary cho - o t tero

bi osynt hesi s‘f’ bile atid bi@?ﬁ?‘?%@;?’gRHS'ﬁdﬁBm@4¢2?’3§o#§?ﬁ#§? t he

chol est er ol - conSHPAtityiechPlastams yesfubas hypocholesteralemic egents.  the maj or -
Thie oo i ¢ WORAIA33, pabietiud Buly %, Y00A: disciibes o tembiRation 4P and T o!
The 11 ver 1's t nguBpltulés BiediEa 44 A8fibed in 392048 it chdlestatolci ¢

| i poprot ei ns ( Vbitisyntitasis inhibitersbsequent |y net abol.i zed to | ow density

3 Lol D) 0S¢ | . Lot erof -
carryi g |1 Ebr ot i ne i 0 aie fedlioR bt ibleidy, CRoBEEAI B 15 O]
20 is correl at BYMans-ang apials invalves the: regulation of dietary cholesterol and  \wen

i ntestinal chol erddul@fiorrbFelidlbsierol ioSARHESE, bl acid biosymhasie\did teans,
| ess chol est er ol

| eliy, e‘dt.t_hellvr..,il'h' .__caonsequence of, this
action is decr e&ggi’oﬂﬁ'ﬁ'a?fie@el gsoéqcnnfa\mlgg)ﬁasma-llpoprtﬁa@gt e liver isin
i ncrease in thetiemajorcorganzesponsible for cholestérdl biosyhthasis and catatidlismas
LDL. Thus, {de aga 16¢ 1€ Fed¥on! 1115 Q‘-ﬂlj]rﬂﬁ d rﬁﬁ{méﬁ%f_ plasma chol¥érol fdvals.
absorption 1's a_decrease In_%q%f%smac gl esterol |eVel's, )
The i nhi biti on dhediver issthe iySihasieand sgpretionof wery low density -
met hyl gl utaryl fipsproyeins AVLDIwHich are giutséeuontiy Fethbblized to [ow Bensity
has been shown ' CL : redeice. pl
(55, oeen Shonr offudlle TLOEFife SRdibr, SEHE r8' Boaiinghl ShSlesteft-
at her oscl er osi scamyingilippprateinshinrtheplasmarandvh ioreasal inctheircconcentration
and a bile %@i dgfmﬁmhhhﬁ& B884 atiereesibrgdied to be nore effective in
human hyperl 1 pi dem c pati ts'ﬂ?an_ el tgge a eP"‘ ‘i n nonot her ap
(I'l1lingworth, Drugs, 36 (%NSA intestinal Qge,stqgfp gbsorpiion issradt Y OF THE
| NVENTI ON . whatever means._lewméstbmtiedalimd tod@liverdsTid the present
i nventi on cofiddquUerich bithis4ktioh i6"fack8ddBY Repatic lipoprotein (VLDL)
production and an increase in the hepatic clea'ranee .o_f plasma
25 cholesterol, mostly as LDL. Thus, the net effect of inhibiting intestinal
cholesterol absorption is a decrease in plasma cholesterol levels.

The inhibition of cholesterol biosynthesis by 3-hydroxy-3-
methylglutaryl coenzyme A (HMG CoA) reductase (EC1.1.1.34) inhibitors -
has been shown to be an effective way to reduce plasmacholesterol

30 (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 monothe'r_apy
(Wingworth, Drugs , 36 (Suppl. 3) (1988). p. 63-71). '

35 SUMMARY OF THE INVENTION -~ o

- Hypocholesterolemic compounds of the present invention
are represented by the formula I
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-3- [err] wO096/16037 Of a pharmaceutically accept abl e salt tgereskngizq
wher ei n: Arl is aryl, R10-substituted aryl or

het er oaryl ; JAr2 s aryI or R4-substituted aryl; 5
Ar3 is aryl or R5- substltuted aryI : 7 Xand Y are |

I ndependently selected fromt he group ONsi sti ng of -CH2-, -CH(I ower
al kyl)- and -C(dil ower alkyl) - R:is -OR6, O(CO)R6
-Q(CO ORO or -Q(CO NR6R7; R1 is Rhydrogen | oner aI kyl or aryl; or R
and Rl together are =0; 10 q$ orl; r
1sO 1 or 2 Qar ntIyO 1 2, 3, 4 or
S; provided that “the sumof is]1,12, 3, 4 or 5

R4 is 1-5 substituents |ndependently Iect ed fr Nhe gr oup 15
consisting of lower alkyl, -OR6, -O(COR6, -O &) ORIAP O(CHZ)I

- NReShoR, - o, O &%@Wﬁ%&?& e o |
-Q(CH2) 1-, 10- COORG _o( aH2) 1. A doRnd"0-subsiitute M/prehe'ﬁmmls and

C:ﬂzcrt OICOOR6f t Ar2 i§@ryl or Rﬁslmdtmaawas Clo)nggpemé?gtol) éRg
selectea 1rom e group

-Q(CH2) 1- 5R6, - & CO) NR6R?, Aﬁqga%éggﬁs‘ﬂwq@ﬁﬂﬂ - NR6( CO) OR9,

- NR6( CO) NR7R8, - NR6SO2R9, X and mdepmseledm;omsnemow,

S(0) 0. 2R9, @riSidth 0@4 %g%%zg bwerGidyl)-; O\ - NO2,
hal 25 (I | ; - _
Rg OgR(;nand RS aE eom{jegengeﬁﬁ eC% LRS‘O(GO)NRgBﬁ'smt'Png

of hydrogen, |ower taidtogen, aaswéralhyl oriatyk; Sﬁmtambtbquﬁa@é@ﬂ ;

RO is | ower algpl, aryl or ar cP's tltutedlower al kyl ; and-

'R10 is 1-5 substlituents mdeﬁﬁ selected fromthe 30 . group

consi sting of |ower alkyl, -®®0, 1q2[))R6 - CO) OR9, - Q(CH2) 1- 50R6,

CO) NR6R7, - NR6R7, - NR6(CO
- S(R6S)02R9 CO\|R6( Wﬁnd% nc;ently 0,1 ﬂ?ﬁc@é\'séféﬁded that
- Q(CH2) 1. 10- COCR6, thesems 1, ~and hal ogen.

R4 is 1-5 su.bstltuents lnde_pendently_ selected from the group

15  consisting of lower alkyl, ~ORS, -O(CO)RS, -O(CO)OR?, -O(CH2)1.50RS,
-O(CO)NRSR7, -NRSR7, -NR6(CO)R7, -NRS(CO)OR?, -NRS(CO)NR7RS,
-NR€SO2R?, -COORS, -CONRSR?, -CORS, -SO2NRER7, S(0)o-2R9,
-O(CH2)1-10-COORS, -O(CH2)1-10CONRSR7, -(lower alkylene)COOR® and
-CH=CH-COORS;

20 | RS is 1-5 substituents independenﬂy selected from the group
consisting of -ORS, -O(CO)RS, -O(CO)ORS, -O(CHz)1.50RS, ~O(CO)NRSR?,
-NRSR7, -NRS(CO)R7?, -NRS(CO)ORS, -NRS{CO)NR7RS, -NR6SO2R?,
-COORS, -CONRER?, -CORS, -SO2NRSR7, S(0)p-2RS,
-O(CH2)1-10-COORS, -O(CH2)1-10CONRER?, -CF3, -CN, -NO2, halogen,

25 -(lower alkylene)COORS and -CH=CH-COORS; |

RS, R7 and RS8 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

R10is 1-5 substituents independently selected from the

30 group consisting of lower alkyl, -ORS, -O(CO)RS, -O(CO)OR?,
-O(CHz2)1-50RS, -O(CO)NRSR?, -NRER?, -NR6(CO)R?, -NR6(CO)OR®,
-NR8(CO)NR7RS, -NR8SO2R9, -COORS, -CONRER?, -CORS, -SO2NRSR?,
S(0)o-2R?, -O(CHz2)1-10-COORS, -O(CH2)1-10CONRSR?, -CF3, -CN, -NO2
and halogen.
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-4- WO 96/16037 Wthin the scope of fornmula 1, th -

preferred serte0 structures. In formula A q is zero and ?Egngéﬁn%ﬁ#)ng
vari abl es are as defined above, and in fornula IB, g is 1 and the
remai ni ng variables are . as defined above: [err] 5

A R4, R5 and RLO are edch preferably 1-3 independently

sel ected substituents. Preferred are conpounds of formula | wherein Arl
i s phenyl, R10-substitut eMViiiaithe seepa pof ula b dherei areitwo preferred
(4-R10) - subst i t gir@étures. In foPRBRVIA, Y istiHrG'&hh-thé\rré’m'ahi%?ﬁgéﬁﬁbkr? as, ..

Rasubst Lt o0 R SRSEAG o By i and e kg Vgt s |

(4- R5) - subst i t uasdefined\dbovehen Ar1l is R10-substituted phenyl, R10
I's preferably hal ogeno, especially fluoro. Wien Ag is R4-substituted '
phenyl, R4 is preferably -OR6, especi I'i_y whereinl I s hydrogen .05 | ower
al kyl . When Ar3 is tANBSt i ' A/I RY\J S er alg(@)hal o 0 15
especially fluoro. peci aFhy prgferjred are c odndsYgf for

wherein Arl is phenyl, 4-fluorop W or thi enyI,H&rZ I's 4- Xy or

hydr oxy) phenyl, and Ar3 is phen@ or "ArX| uor ophenyl . (o) ‘Ard X
and Y are e%lc)h preferabl yJACH2-. The sumof m n anBq is preferably
2, 3 or 4, :

re preferabl y,2..We is 1, ni referaply 1 to 5. 20
Preferences for X, Y, Ar 1%4',053 _aé‘ﬂg:‘fAbr_Qrea?ﬁcri H@S@% 19 ingependently of
fornul ae | A andsélécted substituents. Preferred areccompourits of forula!l whefeintAré sum

O o onneis. PTRRRE R0-substidieq ey or AP bSHsiAN) - Aro hipmishe, L€
I'n conpounds of Phenykar thiesyl. (Ar2 is preferably Rfdsubstituted gthenybiespecially (4 2 or
> mredp:lqurin*»ﬁdbiﬂmréa?er droge
210,700 1 oy HASLA B Salo] Mieahis MELSlng hory)
(such as - Q( CORY is-mrefapablychalogend,(espebiafiifluor: ! Wesh Arbisd}4-sobstifuted0 and
L Logether R OI€ bierably 0RO, cepapily who 4 Fl i e °
need of such t r%!'é!'rré'm‘e@@ﬁgﬂs Bﬁrﬁybﬁm’t@d pbanyli E§é$ preferably halogenge anount
of a conpould Gispeelally!fiucro. Especiafly préférred are compounds of formula |
wherein Ar! is phenyl, 4-fluoropheny! or thienyl, Ar2 is 4-(alkoxy or
hydroxy)phenyl, and Ar3 is phenyl or 4-fluorophenyl.
- XandY are each preferably -CHz-. The sum of m, n and qis
preferably 2, 3 or 4, more preferably_ 2. Whenqis1,nis 'preferably 1to 5.
20 '_ Preferences for X, Y, Ar', Ar2 and Ar3 are the same in each
of formulae 1A and IB. o - |
" In compounds of formula 1A, the sum of m and n is preferably
2, 3 or 4, more preferably 2. Also preferred are compounds wherein the
sumofmandnis2,andrisOor1. |
25 : in compounds of formula IB, the sum of mandnis preferably
1,2 or 3, more preferably 1, Esp‘a_ci’ally preferred are compounds wherein
miszeroand nis 1. R? is preferably hydrogen and R is preferably -ORS
wherein RS is hydrogen, or a group readily metabolizable to a hydroxyl
 (such as -O(CO)RS, -O(CO)OR? and -O(CO)NRER?, defined above), or R
30 and R together form a =O group. - _
o _ This invention also relates toa method of lowering the serum
cholesterol level in a mammal in need of such treatment comprising
administering an effective amount of a compound of formula I. That is, the

h@ngll’ Al;l@fsedrbfé?a% ﬁwyg.egggfsgyggftﬁé@ &l%gnyl, mis

N
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use of a conmpound of the present i nvention as an hypochol estero emc
agent is also clained. In still."another aspect, the
present invention relates to a phar maceuti cal conposition
conprising a serum chol esterol -1 owering 5<5effective anount of a
conmpound of forrmula | in a pharmaceutically acceptabl e carrier.

The present invent ius@ ofiaeomppundof the aresammvamloneamn dypocholestergiemiem
chol esterol |evel sagenflig alsd dlﬁh‘fétﬁ of treating or preventing

at heroscl erosi s, conprising ad | St to ed of .such
treatnent an effective am)uns g“n @??6 Q%QPFB?S"%P'%F%FWW%'QM?{%%EG
azeti di none chol esiphaahacesticglcoavpasitiorbcomprising’ arserim ¢halesteeoldowernger ol

by osynthest s 1! ey Bl of B3Rt IO LM bl ol o

i nhibi tor of for nuigceptable ca"'Q‘l'or conbi ned use with a chol esterol
bi osynt hesi s inhibitor (and, ThHep éht/mvenﬁé) ald&@létés@o%hﬁbﬂﬁid%ﬁeducmg

bi h hi b f d
azet 1 di none. chol es AN %be@siﬁ‘?pﬂﬁw Aoihto,® Bletios il iraating og préventng | oo
or prevent at her osatherosclerasis t(mmpmtlng administeririgoiocs neamimal érv abed of such
[n yet anot her 4GS Pgghumbiah BB mioBh?bFE coftination of a sHEF GG

conposi ti on corrprl S| ngd e aloun
azeti di none chol es@&@ mengcth!esseml ahserption iphibiter ef fermulad and a cholesterol

cholestorol B oy nbuapbda bhe. TR 15 89 AWt Yobbers o o o
one ' cont ai ﬁ@ﬁ Pﬁ“c@m@@? @ c’b‘ﬁ esteL |qq§orgmmﬁpoﬁf 1Bfmuld |
~azetidinone forcdombisedruse wils @ gholesterolibidbsynihesis inhibitor (anld simitarly,

- pharmaceut i cal § ]ugé of aaéﬁﬁaééﬁéleoﬁ%thﬁﬁg |ﬁﬁﬂlt§ﬁo?cﬁﬁiﬁﬁ€doﬁ§€9ﬁm Qhiffur-2N

effecti ve anopun hesi's 1| nh

phar maceutical | y a§E@§Htﬂtﬂdsa%%mm@9 cholesterol aMN'Q'EE‘WmfFfW@IPa I) to

As used herein, theehfoNpravant atifarestlerssi or &6 fetuteipl@sma &fblestéfoﬁim
al kyl chains of 1to 6 carbo nmeans

ato
phenyl , napht hyl, indenyl, ﬁﬁ%‘[}ﬁéﬁ?ﬁ?ﬁh thg,invention 'e"i“ﬁﬁéﬁ
Het er oaryl " neans p;aanﬂgd:eutmbnampbsitipnfonmprysmg anreftaciive amount oftansuifm
I m dazol yl, pys@&zo daé# |
35 Al'l posit |%°;lal Elﬁé%tg%l@ tﬂ‘noﬁﬁﬁ&lhgtdé?lo%ﬁ@% M'Eﬁ{t‘?}?@hﬂgﬁ Er ough
car bon at Shplgsterebbiosypthgsisginhibitgr, and wha;rmaceytwm asepiaky
4hloyr i dyl, band_ came? (1] laeﬁndl agpéct3thdlinvatition rdlateeaorokit Gompeisinguin rcmee
(I;CT;) Usgg /1 45321 € Bontainer an bﬁe&tw% gﬁoﬂﬁt ofa suﬁur—sl?bsti}t?tga azetidinone
cholesterol absorption inhibitor of formula I in a pharmaceutically
25_ acceptable carrier, and in a separate container, an effective amount of a

cholesterol biosynthesis inhibitor in a pharmaceutically acceptable carrier.

DETAILED DESCRIPTION:
As used herein, the term "lower alkyl" means straight or
30 branched alkyl chains of 1 to 6 carbon atoms.
*Aryl* means phenyl, naphthyi, indenyl, tetrahydronaphthyl or
indanyl.
"Heteroaryl" means pyridyl, isoxazolyl, furanyl, pyrrolyl,
thienyl, imidazolyl, pyrazolyl, thiazolyl, pyrazinyl, pyrimidiny} or pyridazinyl.
-85 Al positional isomers wherein the heteroaryl ring is attached through a
carbon atom are contemplated, e.g., 2-pyridyl, 3-pyridyl and 4-pyridyl, and
2-thienyl and 3-thienyl. *Halogeno” means fluorine, chiorine, bromine or
iodine atoms.



- 6- The above statenent, wherein R6, R7 and R8 are
said to | ndependently sel ected from a group of s ;M S,

0 16037
nmeans t hat lggl and R8 are independently sel ect edygﬁh% ?&3 t hat -

where an R6, R7 or R8 vari abl e occurs nore than once in a nol ecul e,
t hose occurrences are 5 independently selected (e.g., if Ris -OR6
wherein R6 is hydrogen, R4 can be ~®R6 wherein R6 is |ower alkyl).
Conmpounds of the invention have at | east one asymetric at om and

t he[ ef olr et aIdI i somers, i n'B’lleldbmga statementyavhereiniRE, BEhndERﬁmfeSsaldctio bedar io
contenpl ated as Y e

and | isoners | n w f}g\grﬁggh‘%fﬂg&@%% tbggbgi ?

ni xt ur es. - | sonednd BRargin dﬁ@ lested; but aleoi thatwhera aniRf. &7 oeR8her
ggmggm 'ng fcglr \fas?iiagté éééurBGnHﬁt man%mﬂm&m&%&a do%affggarghré

when a doubPe dﬁﬁﬁ@%@%ﬁeﬂg dﬁﬁ' '@% ef'k VQ?"@“&F‘ can’’
contenpl at ed f de +DIRS whereintR%is lower alkyl). L "Those skilled in the -
art will appreciate that ¢ r I somer
wi |l show greater phar maco Béﬂﬁ@softhe mvSR{ﬁWH? taﬁieés?oﬁ? r))"fmgﬂ'%
Conpounds of t ialomnanrg therg qxptal.l isemers, neclgdmoem'qmrm armbduastereomers

phar maceuti cal Iaremmfuphteu aglbbmgmpéﬂt oﬂmarWermaﬁ I'n% ehfioAtnclédes d

Exarrpleso swt | oric.sulfuric,
phosphori c 0,8 'ge'%iﬁ@% "Kgfoﬁﬁheg:%ﬁlgﬁi [neiu ‘ﬁ\!ﬂf%cém'ﬁrmrl c,
succi ni c, _ mixtures: llsamersatari prep ngconvemlahabtémmmeereatheand
E?EBQ?ZL' by o by renct '59 fﬁﬁ”S'K%W%EE%"MW%HW?'S"%P 3588 12 ol
the desired acic@mroyndRffeamulash ksomers may 2i$¢ ineludegeometie isormersy 8.9.
regener at ed bywnaﬁéldwbldlsomiépwsbht aAnlsubﬁ gdmetric isorflefsdre aqueous base

sol ution sygh L . i carbonate. The free base
form di fferé %%HF §'af%@ﬁ’iiﬁwe ?ﬁhﬂ form " somewhat in certain .
physi cal properti es, sucThaseskillediihithe artwilldppreciate that farssame but t he
salt is otherwigg r{ﬁﬁlﬁUé‘%ﬁBFm&ﬂl 'one' iSaM@F Wilf %hé@ﬂ?fgﬁ?e‘rg‘pharmacg for

pur poses of the _ I N conpounds t he
i nvention are éﬁﬁ R\Q@Qﬂoth@wggg\er conmpounds whi ch possess a car boxyl

gr oup) . These conpounds Compounds of thednvertion withldnyamircegiotipl carsfortns Wit h
ot asar um 20 Eiffieodtitafy acodptable 85l: Wi oraBfiadd giodh® 4dds.1C) !t
are salts for rrﬁxamnles phauitable acids:for galt formationcarehydsochioric.sulfusiceh as
f‘m”' a, al ky' c, tacatie xoiftick vkane, Malonic, salicylit; AANEYfushatc2 Subgink)d the
PCT/ US95/ 1 41 34 asco uc maleic, methanesulfonic and other mineral and carboxylic acids
well known to those in the art. The salt is prepared by contacting the free
25 Dbase form with a sufficient amount of the desired acid to produce a sait.
The free base form may be regeneérated by treating the sait 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 solubility in polar
30 solvents, but the salt is otherwise equwalent to lts respective free base
form 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.

35 Examples of such salts are the sodium, potassium, calcium, aluminum,
gold and silver salts. Also included are salts formed with pharmaceutically
- acceptable amines such as ammonia, alkyl amines, hydroxyalkylamines,
N-methyiglucamine and the like. '



-7- _ Chol est erol biosynthesis inhibitors for use in the
conbi nati on W 96/1605‘; t he present inventi-on include HVG CoA rﬁ%ﬁﬁs@@?«uu

i nhibitors such™as | ovastatin, pravastatin, fluvastati,
sinvastatin, and C-981; HVG CoA synt'het ase i-nhi bitors, for exanple
L-659,699 ((E E)-1 1 -[3" R (hydroxy- 5

met hyl ) -4' - oxo-2' R-oxetanyl]-3,5, 7R-tri met hyk72 4-undecadi enoi ¢ acid);
squal ene synthesis inhibitors, for exanple squalestatjin 1, and squal ene
epoxi dase inhibitors, for ex@hdlesterdbbicEyntiasis inhibitors-fok (e i thereompination

hept en- 4-ynyl ) - 3- b thi pohen: 5oyl !
yeir ochl or e andohle.présklt BV8Rfion ondE HMG!COR HeHlaBe inlilidhe Yich g5,
10 565. Pref err edlavestatinapravastatiss duvastatin: simyastatin, end G081, HMQ&EA at i n
ﬁ;dkﬁ | mastatin. s qﬁgtasteoipmpnoﬁgtaﬁgwE-G%Srg.égeg 3!-?)6% 1 qsw-WdaéN@?ig)gdA
[err] 15 5" methyl)-4*-Gxe: 33 sixetan: R dndepadiensig acidk; |
idsf a p& o}) elct ed  squalbnérsynthesisinhibitdrs; for example squalestatin 1 andssquatenss .
efined below in : 1 .a Figé e
above, i 6., epoxidadd ifibiors} it dX¥inbBTNEILE] (EYNIhAINIG S dipelfin 2
the above 20 reabeptan-4uymyle3-[(@2rhithiophen:brd)methoxyibienzeneraethanamine; s
b Lt bet hyl an pe aporochiBride) ehd ihaHCrolesterolbibsgriRbds ARils Gudthas DMP!
G et hyl phospil anbasuPraferac A EoA redudlasinniors 8 \vBstain pravastatin
treated wi th an acandsirovastatihydr of | uoric acid to obtain the thio

- conpound of formula la. Wencbﬁﬁ%%e&t@ﬂ“nﬁdfeﬁbeﬁapgf% Bﬁéwhs an

: al koxy or benzyl oxy group, suc rotecting gro n be
"renoved to obtain & derexample those de,sc%ned&eﬂw- prot ecting

groups can be reno Ang conventional techniques to obtain

conmpounds of fornula I erein R is hydroxy. 43 Conmpounds

wherein R is hydroxy can bﬁnconverted by well 30 known t_eﬁhni ques to
~other conpounds of formul agyl wherein Ris funﬁp%naléb?ﬂeq =8.E. ¢

i's - OR6a, -O(CO)RG,AH.CX(CCE%BQy“ns%@}NW: B eutt RB, hd RO
“are as defined above ang f IS lower alky ,aggmﬂ",g or [Bl’r WO Np037

PCT/ US95/ 14134 RT A o AP

4
2) N, ] a
15 Ar®

Compounds of formula I wherein r is zero, R11 is a protected
hydroxy group, wherein the protecting groups are as defined below in
Table 1, and the remaining variables are as defined above, i.e.,

_ compounds of formula la, can be prepared according to the above
20 reaction scheme, wherein a carboxylic acid of formula Il is reacted with an
imine of formula 11l in the presence of a base such as triethylamine and a
suitable dehydi'ating agent such as dimethylphosphoramidous dichloride.
The resultant compound is treated with an acid such as hydrofluoric acid
: to obtain the thio compound of formula la. When the protected hydroxy
25 group R11 is an alkoxy or benzyloxy group, such a protecting group need
not be removed to obtain a compound of formula I, but other protecting
groups can be removed using conventional techniques to obtain
“compounds of formula | wherein R is hydroxy.
_ _ Compounds wherein R is hydroxy can be converted by well
30 known techniques to other compounds of formula | wherein R is
functionalized, i.e., it is -OR6a, -O(CO)RS, -O(CO)OR?, or -O(CO)NRSR?,
wherein RS, R7 and R? are as defined above and RS2 is lower alkyl, aryl, or



aryl -1 ower al kyl. For exanple, treatment of the al cohol with an al kyl

hal ide  wopogigedrhe presence of a sui tabl e base such as Nalgei rd
al koxy- substituted conpounds (i.e., Ror R2 is ORG6, 4 V\hes%self‘frltsﬁe S

| ower al kyl); ~ treatnment of the al cohol with an acyl at| ng agent such
as acetylchloride wll 5 result in corrggunds wherein Ror R2 is
-O0C(O R6; treatnent of the aI cohol th phosgene followed by an

al cohol of the fornula ggy? npounds substituted with a

"0 0 0RO gt oupankIRNE kYindipr Xeple. treatmar Qe aIGahal it s k! hede e
by an anine of inhefpresence bNEGGRable basedich ds NaHWillalord/dRogy-n R or R2

R and i o re - sublttuted compoynds A7 ﬁaﬂﬁﬁ%ﬁ@awm?%@e@@w hoand
conpounds wher etraatment of |tt19 atcahpiim@esn acylating agent sych asacetyichloride vall )
reduct ng aoent sl i Bompounds Wiareh'TR oP s LOBIOJRE, weament of the'0 P ePare.

th di
erZ?Lr?SPZ”l'aéaa& kn Phinsgse fplipwecby a5 alehal 1 the formiua HieR® Aors
(conpounds of fcompbanddsubstitatet] witieaOU(Q)OR grop; ehd theatment of tieonpound

e g. " mchl or opPanl Rl pifisgEhe Fichibd iy ﬁ@&s@#cﬁaﬁéé&'ﬁﬁﬁﬁ@ﬁsﬁzo

To prepare.the aﬁnrdes:pmmumgswmrewﬂ ctrdiﬁmu-QQ(O) - conmpounds of
formia | weerein 1 is 2. cafibouiBs of Bimlid e Whieréh! B fldhe Qdmmned
above (compounds of_ fornu c); treat %t Xy- prot’ect e

conpound of for&HFR 9@%?@[‘ &?G"?EPQr‘?é %PXHHSB&" ﬁﬁtcogip rW@'"
[err] Conabtmuwdmgeﬁwatsmbwreamennwnn atepiuoingdgehtauchas as
necessary 25 é&lap\tgﬁ&h%;mgunds of for rrula : [err] WO 96/ 16037

PCT/ US95/ 14134
To prepare the correspondmg sulflnyl compounds, i.e.,

15 compounds of formula | wherein ris 1, and the remaining variables are as
~ defined above (compounds of formula 1b), treat the hydroxyéprotected thio
compound of formula la with 1 equivalent of an oxldant such as a peracid,

e.g., m-chloroperbenzoic acid, or sodium metapenodate

R" O

oxidation (1 eq.) Ar'-X -(C) o '-S b
M
1 .

20 To prepare the corresponding 's'u'lfonyl compounds, i.e.,
compounds of formula | wherein ris 2, and the remammg variables are as
defined above (compounds of formula lc) treat the hydroxy-protected thio

" compound of formula la wuth 2 equuvalents of an oxndant as described:
above: | . R"

 oxidation (263)  Ar' -x,,,-(C) -y -s Ar?
L . . o n‘ ' o l NI :
| e ‘AP
Compounds of tomulae Ib and lc can be deprotected at R1 as necessary

25 to obtain compounds of formula l

Ar?

| Q—s"cozﬂ R de_hvdratmg ot QSN
v oad oy N,
v Q)N{ = .. o° .Ar3

a0V



[err] Compounds of fornula la, wherein the variables are

as dewosdemdbove, can be prepared by reacting a protecpSflusosi4134

mer capt oacetic acid of formula 1V, wherein Qis a sulfur-protecting
group such as benzyl or S_substituted-benzyl, with an imne as described
in Method A The prot’ ecti ng group Qis then refmoved, and the
mercapto group is al kyl ated wth ac ound of theforrrula[err]
wherein L is a | eavi ng group such as brono or iodo.

Usi ng the nmethods described in Method A, conpoundgief formula | a

prepared by Method B can be conypighgiged 0 sul fi nyI land sul fonyl rﬂ.o
conpounds, conmpounds wher eiVh R-ahd—Rl2ipe ;M"j@an c\ah {\

conpounds wherein Ris H and Rl w and corﬂi r'|ds erel n

hydr oxy can be converted to fUI’IC)tI nal i zed hydr oxﬁ groups N, I\/Et hod C.
Conpounds of formula | whereinr is zero and the remainifg 15Arari abl es
are as defined above can be prepared in an enanti dael ective manner as

fol | ows: .' [ erCbmpound¥Vef $6¥mifie 34, wherein the variables are as
PCT/ US95/ 14134 \ : : . .
defined above, can be prepared by reacting a protected mercaptoacetic
acid of formula IV, wherein Q is a sulfur-protecting group such as benzy! or
5 substituted-benzyl, with an imine as described in Method A. The
protecting group Q is then removed, and the mercapto group is alkylated

with a compound of the formula Al (C. wherein L is a

leaving group such as bromo or iodo.
Using the methods described in Method A, compounds of
formula la prepared by Method B can be converted to sulfinyl and sulfonyl
10 compounds, compounds wherein R and R! are =0 can be converted to
compounds wherein R is H and R? is OH, and compounds wherein R is
hydroxy can be converted to functionalized hydroxy groups.

Method C: .
Compounds of formula I wherein r is zero and the remaining
15 variables are as defined above can be prepared in an enantioselective

manner as follows:

_ R‘l‘l
R _ Cl. R 1 | S
R A X €Yo R
Ar'-Xp-(C)-Y,~SH + NOQ —» 9
r-Xm (?3“ Y,~SH OJ— s Fl; ; c))—N\__,o
R P : <
Vil Ph
Vi vii _
| A
i) TiCl QO O HN
vy ) Hunigsbase OJLN)'\(\AF R
i) Imine It - Sy (é) X =Ar"
iv) acetic acid Ph n- r'q R



-10- [err] The chl oroacyl ated oxi zol | di nohe auxiliary of

formul a Viwoggnggacted with the nmercaptan of fornula . g\&ﬁr jn the
vari abl es are as defined above, in the presence of a gg's’g suéﬁ‘as

triethylamne in an inert solvent such as 5 CH2d 2. The resultant
conpound of formula Vill is treated with TiC4 in the presence of a
base such as diisopropyl ethyl am ne (Huni g'-st®ase), reacted wth an
imne of formula Il1, and then the reaction is quenched with an acid :
such as acetic acid. The resultingticonpound of fornula.lX i$ then cyclized
by reaction with a silylating agent such as bigsgtri rrethyl$|y|)acetam’ de

10 (BSA) and a flugrpgg cAf aXws(Clyrdli8s Leps¥ butap-yamye)i Myt uor |
(TBAF) . The cycl ijya&er—p+oduct ié1separa edlintqg cis an tRand i
formul ae 1d and |'e #sTBAF convent i'Onal % rNat jon techni @les, e.
chr omat ogr aphy. Conpounds of for ae |drand | e can be co

the corresponding 15 sulfinyl and $dl fonyl conpounds by reggction with a

peraci d as described | _ .%bave_or mth a reagent such as ( or .(_S'z‘
formia’ld can ﬁ”ﬂ%ﬁi’éﬁﬁ*ﬁ”@. o a6 oot S000CS.
or mul a e muia Vi, 1 habieda e s
| f d |g, fql R -1 coo2Qe L L. oo . Befare. aqr, af
PeREIES o iondp Ll it e
formul ae 1d and GH2een antecorppoun hal VI is tre: wirethe n R
Starting conpoulie s of b8 sUhas Gibardoyiethylartie Hlrly's base), reacteq | |
avai | abl e, wel | WHLAR imine ofJoryla W, and dhen tha raastionds Henphed with ar-asidds . €

Reactive groups such asnacsticatid.n Theaesiiting confpoumaest foamuladX is then Byelizedt ed
o ng e T eacyaaotibA With W Giyikling AgeRt ShaH bb s irRER1sedtamice 1% - ,
10 (BSA) and a fluoride catalyst such as tetra butyl ammonium fluoride
(TBAF). The cyclization product is separated i_hto cis and trans isomers of
formulae Id and le using conventional purification techniques, e.g., flash
chromatography. | - | |
Compounds of formulae Id and le can be_-c_qhvert_ed to the corresponding
15  sulfinyl and sulfonyl compounds by reaction with a peracid as described
above or with a reagent such as (R) or (S) (10-camphor-sulfonyi)-
oxaziridine. For example, a compound of formula Id can be converted to
the corresponding sulfinyl compounds, if and Ig, as follows: - |

R ? o g"
mCPBA or

] ! !

i OPBA Y A X () YamSa___pA” Ar‘-xm-(clz);Y,,-S:.. Ar?
TR O G S |
oxaziridine if ig

20 ' Before or after separation into cis and trans isomers, as
suitable, compounds of formulae id and le can be deprotected at R11, and
compounds wherein R is OH can be functionalized as described in

Method A.

Starting compounds Hi, Ifl, IV, VI and Vi are all either
25 commercially available, well known in the art,'-'or are prepared via known
methods. ' -
_ Reactive groups not invoived in the above processes can be
protected during the reactions with conventional protecting groups which



- 11 - can be renoved by standard procedures after the reaction.
The fol | ow nwo96/16037 Tabl e 1 shows sone typical protecting gor Q¢Rfises/14134

Table 1 G oup to be Goup to be Protected and

Prot ect ed ' Protecting: G oup -COO H - CQQal kyl
- COCbenzyl , - COOphenyl ' NH NCCal kyl = NCOoenzyl ,
NCOpheny!| . NCH2BErR CH2 S| (CH3) 3 NC( O OC(CH3) 3,
5 W have. found that the conpounds of this invention

| ower ser unCANR&re by standarq P&Qﬂqgurgﬁ & theoreastieno| Thedplipwing
Conpounds  of Table $ showssome typiosl grofsttihgyrdupg i nhibit the

I ntestinal absorption of chol est er ol o significantly reduce the
formation of liver cholesteryl 10 esters t t-mal nmodel s. Thus,
conpounds of this invent@eaumtobe hy@eauioha Brateeted@andyent s by virtue

of their ability to inhidProtected i §t estinal Protectingi@roupt i on and/ or
esterification of chol eSTE L ney ar gl usear Tt e
treatment and prevention Eﬁ?ﬂter LJ@?FWW%@H&PEY ,—TﬁOOphenyl

particular in humans. 15 The {n vivo activity of the
conpounds of fornula I can\lm.l. gmypequwbédzgl,@mombne\yyrocedure:
In Vivo Assay of Hypoli pi dem ¢ Ag¢nt € Usi ng the Hygerli [\idem' c Hanster

seven days. Diet consunption is nitored to determ ne dietary

| ot U .
chot ost or ol “di et (Purina Chow Eéé\gl‘)egﬁ%‘?‘ﬂg@%ﬁ%ﬁ@s uesiGRICRe)s T o,
{

chol esterol exposure in the face §f N est conygounds. Thg NP mal s are
dosed with the test compound once d}N‘?eﬂ?Ubi)aNSiﬂgHukt h NBRC(OH){ ation
/1
O CHs
~NH2 - : l
. 0 _ CHs

—0OH | —OCHg, —OCH,OCH;, — OSi-C(CH)s -

CH3
=—0Si(CH3)a, or — OCHpphenyl

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

10  esters in animal models. Thus, compounds 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 mammals, in

~ particular in humans.

15 The jn vivo activity of the compounds of formula I can be

determined by the following procedure:
n Vivo Assa of Hypolipidemic Agents ing the Hyperlipidemic Ha
Hamsters are separated into groups of six and given a
controlled cholesterol diet (Purina Chow #5001 containing 0.5%

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




WD 96/ 16037

PCT/ US95/ '
diet. Dosing 1I's %y or al gavage of 0.2mL of corn oil alone (&%ﬁﬁ’%“ﬁ‘r oup)
or solution (or suspension) of test conpound in corn oil. ani mal s

nmori bund or in poor physical condition are euthanized. After seven days,
the animals are anesthetized by intramuscud2¥ (1M injection of ketanine
5 and sacrificed by decapitation. Blood is collected into vacutai ner tubes

Icont gl ni n? EDT Aof diet.p Dasing isiby orahgavage ?f o2l bt comveil alone (eedtrbb%rdup;sue
I PI anal ysi s ur es
(Sehni ¢ zer por R fuliofi 6 $bgiensforhy 1 e cimiurkffn iR oiE O£ aBinidigo’) =
665-670) and dameribyndgsdnpeer pbysicateonditioniate euthapized. piAdter seven days: r ol .
;gar ceut the animals Eﬁaﬁéﬁggﬂ%%d BySframisabiar (IM)! iffelfioh g:rf ?ncﬁfammean o
phar maceut i gl | gnd sacmcceggﬁﬂtﬁﬁ EI‘E) é@P&qﬁ‘ I?Qﬁe%gadﬁﬁ?d‘@%amef can -
3e admi ][n st er edcontaining ED‘lehtorcmasmathpudlahalvelsagw the liver @xeisadfor yissue oral -
osage 10orm sucg n or
sol Utgl on. The f@b'%'ﬁ"(‘]éns Lm%%ﬁ’g'%%g@dwgﬁi’@?nﬁ%? ?’W@%ﬁ be
prepared usi ng (Rehndzer-Bolakoff, R., et alnGomp: Binahem.| Rhysiols 994 4(1998), B. ent s
and addi tives aggs5.670y aAdidutd s reported é@ﬁ&faeﬁmducﬁaﬁfbfnm V854 dopfrol.Y

accept abl e gﬁClplentS and additives I ncl ude non-toxic conpatible
fillers, ers, disintegrants, buffers, 20 preservatives,
ant i - oxi dant s, lubricantsThé bvesentmntrohl alse relates 1ood phanpaceutical agent S

Gose of & ioﬁggﬁé{ﬂﬁ°#'“§ﬁ cpmppsing a compound ot k& bt < aRHBbaRansT © €

body wei ght peracreptablesasiern| Jhesompounds of fermulad casce agminiglergd iFor an
gver agg ggdy wea éoﬁen?ﬁnl;hgdoéé‘ge fRfe Prefersbly laf\éral déséée?fcﬁﬁpéﬁ’cﬁ asmofbguz -
i Vi des dod%. cARsulE sRblefsitidar, cadHet, Ssehsion or galullof; Thig lofmiRon

att endi ng cl i ni andhpharrdaceutitap cothpositionstdan be peeparedfusing convemtmnabrrpound

dm ni d, .
Sa{ni glntSt ered t farftieu Eﬁée‘ﬁlaﬂl'et ?’?ﬁ?’?@%séﬁ‘? Bﬁﬁﬁﬁe@fand gonverft fal

. erein the
sul fur- teghaiques: %ebamwcaﬂy aamma@teemptant&an@ BdRitives wi t h
a chol esterol include AuretNds empatiblaltillers, cu‘mdén’eedtsmegﬁntsiabdﬂerslose of the

werght per 2oy EréRpARTYES. ant- ﬂx'da“&' idrfiants. Bvochds. SikBneth, Soes | "
once or twi ce aagams, erulsHiessrand thedike. 35 HMG CoA reductase i nhibitors,

about 10 to about 40 ny I vi ng
a total dail y se of abgme ?8“? y%%&dlgﬁemngi'c dosh 6t éofn dof l(J)'taher

chol est er ol ?‘hﬂli’%'tt:%? @w‘&eﬁsrqu%'gmmfPQV- prefe'abbb?b%se i s
given 1 to 2 tlmmaoabdawswgn(gg Rortamtaverdgebndyl«vmgmfofamm thenipsage WO -

96/16037 55 evelis therefore from about 5 mg to about 1000 mg of drugggr 956%9134
in a single dose or 2-4 divided doses . The exact dose, however, is
determined by the attending clinician and is dependent on the potency of

' 'the compound admlmstered the age, welght condmon and response of
" the patient.

30 For the combinations of this invention wherein the sulfur-
substituted azetidinone is admlnlstered in combination with a cholesterol
biosynthesis inhibitor, the typlcal daily dose of the cholesterol biosynthesis

inhibitor is 0.1 to 80 mg/kg of mammalnan weught per day administered in
single or divided dosages, usually once or twnce a day: for example, for

35 HMG CoA reductase mhlbltors, about 10 to about 40 mg per dose is given
1to2timésa day, giving a total daily dose of about 10 to 80 mg per day,
and for the other cholesterol biosynthesis lnhlbl_t_ors, a_bout 1101000 mg -
per dose is given 1 to 2 times a day, giving a total daily dose of about 1 mg



-13- to about 2000 ng per day. The exact dose of any conponent of

t he WO0%E1e637 on to be admnistered is determ ned by t reTRdsosgisag
clinician and is dependent on the potency of the conpound

adm ni stered, the age, % \iei-ght, condition and t:esponse of the
patient. 5 V\here t he conponent s of a conbination are

adm ni stered separately, the nunber "o doses of each conponent given

per day may ot ssarily be _the. sane where one.c onent
may have a togﬁrl&l‘ltm geg dayy Jﬁ?ﬁ‘itﬁosﬁrigqmlmni‘m&?rﬁ%eed to
be admi ni stered | eombination tofbecadmiristered ilstetermmed by the aftendingtdliniciaresent

reatment w th o S8 AGparEieH n e Kotency of Y diBaGnd B fsferen 8 dpe:”

active ingredi entwelﬁt}' gondition and respanse of the paépat ately, the invention
al so relates tg conbining syréiife corn neﬁfsaé %Hiﬂlﬁélioﬁﬂfpﬂém}mﬁafed n

kit form That is cont.enp |ntvvo separ a units
are conbi ned: a c$ﬁﬂ {ei\‘dﬁ t‘ﬂeiqs?so eac qqﬁ'l‘i??ﬂq GivarLperday,may,
cgr1rposntltlo(r)]nI ﬁﬂdblmattﬂéoessa shethetsaine,ze | dhereone compondml have a

Sr 219 (ralroabl y incl uoé’%atmrg@ﬁ% éﬁﬁ\{%%&@ﬁ@"&é@&yéﬁe&é {q%agggglﬁgﬁrgd less

conponents. The Kirequentiy.i s partlcul arly advantageous when the separate 20

conponents mygy be admi n| st Sined the pré ,ﬁr“wgm e§‘?6ﬂ’?‘e fdtﬂ:tloﬁro?l and
parenteral ) or are adm tere at d erent ﬁge I N
Fol | owi ng are exaﬁ’l’ﬁ?@? I'?‘fﬁﬁs ¥ iiaatment B‘F fHPem !{'at'on “of active T

terms cis and trangrediémts wmrblresaldl adtivecingredientstrmay beaddministeiid
fefers to the prolBarRE: é‘aﬁ%ﬁvéégfoﬁiaﬁz?*%?‘é@ ﬁ?%%?‘n?féﬁ o T
and 4- subst i t ut ecPliargiasevtical campesitionsdinddtiormcThatde.ta kit isceentemplatadd
?Z r ff' uti 0“\5/\11)'58 o) "RhERIPtwo seplrate units are combined: a cholesterol biosyritigie 1
PCT/ US95/ 14134 mﬁ%?ior pharmaceutical composition and a sulfur-substituted azetidinone
cholesterol absorption inhibitor pharmaceutical composition. The kit will
preferably include directions for the administration of the separate
components. The kit form is particularly advantageous when the separate
20 components must be administered in different dosage forms (e.g. oral and

parenteral) or are administered at different dosage intervals.

Following are examples of preparing compounds of formula
I.. The terms cis and trans refer to the relative orientations at the
25 azetidinone 3- and 4-positions unless otherwise indicated. The term “J"
refers to the proton NMR coupling constant in hertz (Hz) between the 3-
and 4-substituted protons of the azetidinone. CD spectra were obtained
- as solutions in methanol.

30 Example 1
OH

Ph/\/SI,_

N
e
- YF 1



- 14- Step 1: Heat a mxture of 4-fluoroaniline (128 m ) and

4-t - but yl diwgidehges? sil oxy benzal dehyde (290 g) in tol-i; 1%855}14%11) to
reflux under a Dean- Stark trap. After 24 h, concentrate I n vacuo and
di ssolve the residue in war m hexane (0.2L). Cool to -20[err]C and
collect the resultant imne (378 g, 5 94%y|eld) by filtration; np
51.4-52.2[err] C St ep2 To a m xtureléf phenet hyl mercapto acetic acid

(0.55 g) [prepared reaction of phenet hyl nercaptan -

and et hyl bronoadeRdé eHeat a m'&%e pfﬁfummmmeﬂ%ml)mﬂ 4ct-butyllimethirueous
NaCH, the ini ngiloxybenzaidehyde (290 9; ARtoluend(1L. 2L)e|bhbi|ammeef aéan-1- 2 M)

CH2Cl 2 (20 t Rh h chl d . C.
Stir overni ght | arkafh, Afler. gk B boeaiABINRARIR ahg disfave 16 pigde
t enper at ur e ( rt yvarwdnexaneoﬁﬂ 2lje Goolitar-20°C and. dnilemeﬂle restitantimine (378 §; QAc).
and 10 % Na %?ﬁk{ Wﬁ'gaﬁéﬁ mp 51.4 ) and concentrate the _organl c

| ayer, then purlf chromat ogr.aphy on silica :
usi ng hexane/ Et mgﬂlﬁ m‘&t%ﬁloipﬁeﬁetf'y'm?@ap&\ﬂ@?ﬂ'c @0"48 % ghlprgparedsol ve-
; |h:;3 hg: I (gxé T)F’Lia two steps By i) réactiondt henethﬂcrhumapt&n and bﬁmwm%aggt?qlhe
product of st epgggeﬁ%&bﬁﬁ{f@ﬁ&tﬁ@&r@fgﬁmfﬁ qﬁ?gmqw the "R'ngéa Hﬁ’?"z 5
m). Stir over ningstepvhand tristhylamine (TEA) é‘b.ﬂtmt)m CHaClp (20 ml),tadd20 Partiti on
th t t [
ayers w i ni9o DRESGlNhohRbsoryi Gy ‘ﬁ?q‘é%?zca) Sitfight Wnle ahowligiC! ©
organi ¢ | ayer amP W'PQWH@WQJBQE‘ Raratiye (). Pagition the Mxtusey on
sil'ica using hebetwddn 6yl dcetdde (EI0AR) A0 %eNaHOGs. Wash ( (1) as

ey ok e il A
found C 69.42, flash cbromateg!abhv[%sﬂxpmsmghmnqlstoqtc (20:1) tq obtadn ay/ ni
?qusz 1H SWF%&W@ (6. 4% @i%)“*hz véth %n ?lzgiwu Chi &l 5?004 67 (7 d3
(9H). 30 %lymﬂjugng h xa[\gﬁet?pr pyl a 6 the second
PCT/ US95/ 14134 peak. R L
Step 3. Treat the product of step 2 (215 mg) in CH3CN (21 ml) at 0°C with
48% HF (2.5 ml). Stir overnight while allowing the reaction to warm to .
20 Partition the mixture between ether (Et20) and cold water and wash the
organic layers with 10 % NaHCO3 and water. Dry (MgSOg4) and
concentrate the organic layer and purify the residue by flash
chromatography on silica using hexane/EtOAc (5:1) to coliect the title
compound (1) as a colorless solid (0.16 g, 96%). SIMS 394 (M+H), 256
25 (100%); Eilemental analysis calculated for Co3H20NO2SF+0.25H20:
C 69.41, H 5.19, N 3.52; found C 69.42, H 5.26, N 3.45; [a]p?5= + 44.8°
(1.25 mg/ml CH3OH); 1H NMR CDCL3: 2.95 (m, 4H), 3.93 (d, J=2.4Hz,
" 1H), 4.67 (d, J=2.4Hz, 1H), 5.06 (s, 1H), 6.85 (d, 1H), 6.92 (dd, 2H), 7.15-
7.3 (9H).

OH OH



Sept 1: Add dropwi se a solution of chl oroacetyl chloride (9.76 m) in

CH2Cl 2 (110 wiggeigos» O[err] C solution of (S)-4-phenyl oxazoli gwmggs,{&g, 0
g), TEA (35 ml) and di nmet hyl am nopyri dine (DVAP) (0.5 g) 1 n CH2C

(150 m). Gadually warm-the reaction to rt, .then add silica gel (
approx. 50 g) 5 and concentrate in vacuo. Purify the residue by flash
chromat ogr aphy on SI lica using Et OAcFii8xane (1:4) to give a

colorless solid (11.3 Q Step 2: Add phenethyl nercaptan to a
sol ution of the pr Semi repwise a solutionefchigroapetyireilotide 19,76 mi)incoa 2

(0.1L). Stir at rtleiEC 1b ml)'l@'& @@solutlon ofS(S)J43 éﬁ}}l oaR8ldiioRd wjo nd
concentrate in va I, due na h n
silica using EtOA Ciﬁ@)‘ } Oewgﬁylwu}gp&ndme @'\93@5' I(@Bsgc}s'ﬁ 5'32@02 éf%

92 % which can bamis ﬁadualywarmnbmria@im to rt, then ddebsilica ¢é! (Aapprox 50 g)

%t (ép43 Add t| am O%Wg)fﬁa& éPW%%"?’}W&é ko ﬁgwhs']qg

After 15 min. 1sslhqad¢smg§tphsdmanef(1wép giveg szcoior@ss solid
add the imine frogmp_z bﬁéth?lnfér an(t6% Solutiorpet tﬁdﬁoﬁaaﬁéf ét;go

ELTLC, Y 2 Bad A main PR P! S BRE 5

After 15 h at -40[
i sopropyl al cohol sleﬂgeﬂ(appl@xaﬁﬂlgM)wndacandentmte iveacud. fPurlfy the residae bydd

0.1 N HA (50 t 0 Wash
(i20) and dry g S8R orpaat ‘?59?"9 P sifcloing ERDAcfidkatle! ﬁ*"’?’ea Che
resi due by crystaqu@'!ﬁﬁscﬁi) id 3@1M4)dﬂﬁlpb@a& Qewwstaély@dgfm

469) . . Step sol ution of the product of step 3 (10 g) |n

| 0.5 1 d add hyl d
coltene 0.5 1) G e et B ) ekl
t et [ a?gt KI amgonl 3&75 ||'||ll(D‘f|1(N§T(Q'$AFpH2C|2) in CH2Ck (200 mbratMCcAIftby 16wmin. t hg
nex r adgsa an
continue sti I‘?I ng(yc{d tﬁé?m&%&}ﬁ 5%4‘]09)2@9 8 min, %ﬁaﬁ@%éﬁukr@‘ﬁéﬂ‘n

the reaction wi thN$\Bo# P(:PSQP ﬂd(ﬁseﬂ)d Gao! rthafeaqhondp -407C, wajh 20:minaapd add
the mixture in vaeisoprpyethyiamins (857 sitep TBIPA! 0N, B0ofhbirsacs o 30

h | Et OA 10: the t t |
hoxanel Bt ong 5.1 (R0%F 8B eedt ispBranyb figohaP B50 i tata i Safinods 9"%';@5»
sol utions of the themadd®lNiHCI(E60mml andpartitiopthe reacﬂon mmtunamm
HF d
i ot — o
Cl MB394( M+H) 100% tne eogidue by caystaliization from EMBQH to give a eploripsssplich(3Q:9 g,
70.21, H5.13, N 3g%). S 8.15; found C 70.33, H 5.43, N 3.71, S

? ?,ﬂz Lo N'\’Ef gZDCIMl ﬂ,_ﬁétrg sélm%%g?elé@gyct %mpja H)O g)%n%gluene (0.5 IWO

PCT/ US95/ 14134  90°C and add N,O-bis(trimethyisilyl)acetamide (BSAp{7.4 ml). After 1 h,
Using the prosgduisBofifiayeabfich t6'45%C Bid%add tetRitifdafimonium fluoride (TBAF)
(0.47 g). Periodically over the next 18 hr add additional BSA (a total of 3
molar equivalents) and continue stirring at 45°C. After a total time of 24 h,
dilute the reaction with CHaOH (150 mi) and stir at 1t for 1 h. Concentrate
the mixture in vacuo and purify by flash chromatography on silica using
30 hexane/EtOAc (10:1) to elute the trans isomer. Continue to elute with
hexane/EtOAC 5:1 to give the cis isomer.
Step 5: Separately treat solutions of the trans and cis isomers from step 4
in CH3CN with aqueous HF according to the procedure of Method A, step
3, to give the trans and cis azetidinones 1 and 1a, respectively.
35 1a: ‘CIMS 394(M+H) 100%; Elemental analysis calculated for
C23H20NO2SF: C 70.21, H5.13, N 3.56, S 8.15; found C 70.33, H 5.43,
N 3.71, $8.20. 1TH NMR CDCls: 2.78 (m, 4H), 4.52 (d, J=5Hz, 1H), 5.23
(d, J=5Hz, 1H), 6.82-7.3 (13H).



steps 3 and 4, use 4-nethoxybenzylidene anisidine to prepare the

fol | owi ng [err] 5 1b: taI

anal ysi s (?9 P“?gd for C24H23NCRS: C 74.01, H 5.95, N 1’%@’ N43g 5.
found C 74. 19 H6.0, N3.73, S8.03; [[err]] 232nM = +3.4x10[err], -
[[err]] 248 nM = -3.07 x104; 1H NMR CDO 3: 2.95 (m 4H), 3.82 (s, 3H), 3.95
(d, J=2.2Hz, 1 H), 4.72 (d, J=2.2Hz, 1H),-869-7.3 (14H): SI M5 390( MrH),

252 (1009 . [err] 10 Exampl e 2

[err] - Using the procedurendescribedyin ExaniplerimeéthodBe 1 (2. 3
d

?Zat ?ghydr of ur an Pma aﬁ&Q ﬁ%mﬁﬁw&?@ﬁ@ é\?@ dﬁi%ﬁé&%ﬁéhﬁt rate the

reaction mi xt urtolig $ GPMpP UD 8: resi due by flash chromatography on

OMe elute first

silica using CH2Q 2/i sopropyl al cohol 20 (108
di ast ereoner 2a (0.6g, 25%: El enental anal S cal cul ated for
C23H2ONGBSF: C 67.47, H 4.92, 342,-8QungFs .12, H - 5.02, N 3.43;
[[err]] 219nM =.-5.49 x10[err], [[err]] 25" nM— +5.2 x10[err]; [[err]] D25=
+214. 4[err} (1.25 rrg/m ChBO—i) 1H N 315(m 3H), 3.92 (m
2H), 5.25 (d, J=2.5Hz, 6.0 (bs, : 69(4KJD715735(8K) 25

Cl M5 410( M+ig) . xaembmeadaggtseé@aﬂafeiﬁr ofﬁa, aROLS: a¢! 7429 H 5.95, N

diast er coner 263 57 8B bECRARRE 74,76 'e.) N'373 5 Bl0H @28 50,804
-17- [8) 248 nM = -3.07 x104 1H NMR CDCla; 2.95 (m, 4H), 3.82 (s 3H) 3. 95
- (d, J=2.2Hz, 1H), 4.72 (d, J=2.2Hz, 1H), 6.9-7.3 (14H); SIMS 390(M+H), ‘
252 (100%).

1c 1HNMR CDCls 2.78 (m, 4H), 3.8 (s, 3H) 4.53 (d J=5 5Hz, 1H), 5.27
(d, J=5.5Hz, 1H), 6.9-7.3 (14H).

10

| ~ Example 2
? OH | ?
Ph/\/S"' ' Ph/\(sh.
0 O | o} O
5 F _2a | F _2b
- " Heat a solution of compound 1 from Example 1 (2.3 g) and
(18)-(+)- (10-camphorsulfonyl)oxazindme (1.48 g) in tetrahydrofuran (THF)
{40 ml) to reflux. After 14 h, concentrate the react:on mixture and purify the
residue by flash chromatography on silica usmg CHzClz/isopropyl aicohol
20 (100:1) to elute first diastereomer 2a (0. Sg, 25%) Elemental analysis
calculated for CzaHzoNO;;SF C 67.47, H 4.92, N 3.42; found C 67.12, H
- 5.02, N 3.43; [0]219nM = -5.49 x104, [6] 254 nM = +5.2 x10%: [0)p25=
+214.4° (1.25 mg/ml Ch3OH); 1H NMR CDClg: 3.15 (m, 3H), 3.92 (m,
~ 2H), 5.25 (d, J=2.5Hz, 1H), 6.0 (bs, 1H), 68-69(4H) 7.15-7.35 (8H);
25 CIMS 41 O(M+H) Next, slute dlastereomer 2b then crystalllze
diastereomer 2b from isopropy! alcohol (IPA) to give a colorless solid




(1.48 g, 62%6). Elenental analysis calculated for C23H20NO3SF: C 67. 47,
H 4.92, N 3.woefieosnd C 67.28, H 4.89, N 3.45; [[err]] 233nM petisiPiaiss

x1l0[err], [[err]] 251 nM= - 2.79 x104; [[err]]D25= -.16[err] (1.25
mg/ M CH3OH); 1H NWR CDCI'3: 3.1-3.4 (m 4H), 4.2 (d, J=2Hz, 1 H),
5.39 (d, J=2.Hz, 1 H), 6.7 (d, 5 2H), 6. 9? (m 2H), 7.15-7.35 (8H); CI M
410( MtH) . © Use the procedure® from Exanple 2 with conpound

la f Exanpl g 1 btai n the fol | ow ds:

22 et ol anal P40 AR Eibobf sthod hlBuserto Esonons 7 43

3i 42, S I7 83. | fO“J%z'ﬁzzé fguﬁdc: 6R28, H,4.897N®45; [0] 233nM k= +5.56 x101;

El enrental ana ysiie ﬂ_’ Le g @3%@@§f°§§g 4@ |E‘:|-‘|‘8ﬁ Il\h

3.42, S 7.83; f oIV = < £-£9 X107 1505 ™= 216° (1,25 mg/mi CHOR); 1H NMR

Exanple 3 [err] OuCDCI:;: 3.1-3.4 (m, 4H), 4.2/(dal=2Hid)n8.3D(d, Js2Hz i), 6.71(d 0. 36
in CH2Cl 2 (45 t ' ' id (nCPBA) (0.16

gg :a'? - 78C. Aﬁrer 2H)'6'@?@%@gmq-{z{%@)é@%g?m#ﬂz'ﬁgm'§<ture %o(rt.

Partition with EtOAc 20 andsethedrocedure ferarExarapier2)with.camgeund.ia fromos

NaHCO3 and bri ne, Examplé et obtain féSoflow ofpeandg:ate in vacuo. Purify
t he residue by HPLC on silica using EtOAc/hexgyg (1:2) to elute :

conpounds 3a (0.185 g) and 3b (0. 10Q3). a. Elenental analysis
cal cul ated for C24H23NG3S: C 71.09 ﬁ% N 3.45: found C 70.87, H
5.55, N 3.52: [[err]] 220 nM = -5 B xI0[ e} VO 96/ 16037

: N

PCT/ US95/ 14134 .
e
. : F 2c

2¢: Elemental analysis calculated for CosH2oNO3SF: C 67.47, H 4.92, N

10 3.42,87.83,; found C67.21,H5.0,N3.5, S 7.48.
OH

Ph S
0 @
F s
2d: Elemental analysis calculated for C23H20NO3SF: C 67.47, H 4.92, N
3.42, S 7.83; found C 67.5, H_5.1 1,N3.6, S 7.71.

15 - Example 3

2 ~OMe
N,

O Ph 3 o) Ph B
Treat compound 1b from Example 1 (0.36 g) in CH2Cl2 (15
ml) at 0°C with m-chloroperbenzoic acid (nCPBA) (0.16 g) at -78°C. After
2 h, add dilute NaHSO3 and warm the mixture to rt. Partition with EtOAc
20 and sequentially wash the organic layer with 10% NaHCO3; and brine,
then dry (MgSO4) and concentrate in vacuo. Purify the residue by HPLC
on silica using EtOAc[hexane (1:2) to elute compounds 3a (0.185 g) and
3b (0.10 g).
3a: Elemental analysis calculated for C24H23NO3S: € 71.09, H5.72, N
25 3.45: found C 70.87, H 5.55, N 3.52; [6] 220 nM = -5.36 x104,

112
>
?tb
(@)
<
®



- 18 - [[err]] 257 nM =+5.46 x10[err]; 1H NNRCDCIS 3 15 (m 3H),

3.8 (s, 3Hvo¥eAeds™h 1H), 3.94 (d, J=2.5Hz, 5.33 95?1.4§sz,

1H), 6.9-7.35 (14H). 3b: El enmental analysis caI cul at ed

C24H23NG3S: C 71.09, H 5.72, N 3. 45 S 7.83; found C 70. 90 H5.72, N
3.55; [[err]] 220 nM = -4.8x10[err], gerr]] 233nM = +7.4 x10[err],
[[err]] 250nM = -4.0 x10[err]; 1H NI\/RCDC}?o =3.18 (m 4H), 3.8 (s,
3H), 4.12 (d, J=2Hz, 1H); 55(d J=2Hz, 6.9-7.35 (14H).

Use t he procedu{@Zﬁ’?ﬂMaﬂﬂésmﬂﬂ:t hwnmmacm ) 3H), 38(§ 'BH) @bl (@i ng

p&ziﬂ%éhées 0. 2 N 3%“9‘8 iszsﬁz?q?ﬂtg‘gaa%a%%ﬁh%ﬁoéﬁj 35184'2!29 H5 78 N
3.52: 1 H NVR C@by Elemessalianalysis calcuidted 109624Hiz3NORS: T 72.09yH 55[2 Ns 62
(m 1H), 3.8 (s3.48;0s 7483% fotind &70902

TR CH M e o b i AN

3.46; 1H NW\R CD@H; 33(&736)114 12 (d, J=3Hz, TH)45(57d, J=bHz, $H§3% 9. 3§H4H)4 69

(d, J=5.2Hz, , 5.55 ( 1 err]] D25
= 136[err] ( CHS Usetha p%'é%ed&re'_gf example Pwith Mr@r&c %:é;

Treat conpound the cslovmgprodmo 2 (5 M) with TEA (0.025 m) and
acetic anhydride (0.017 m). After 2 congaQtOMé the reaction

m xture and purify the residue by fla ography on silica
usi ng Et CAc/ hexane (1:1). to giV . . Elenental analysis 25
cal cul ated for C25H22NO4SF: _C 66.5, HA4J% N3.1, S7.1;, found C -
66.28, H5.10, N 3.29, S 6.99. W96/ % _
PCT/ US95/ 14134 X

© 10 3 Elemental analysls calculated for Cz4H23N03300 2 H20: C70.46, H

577 N 3.42; found C 70.49, H 5.78, N 3.52; 1H NMR CDCl3: 2.85 (m,
1H), 2.95 (m, 1H),312 (m, 1H), 3.62 (m, 1H), 3.8 (s, 3H), 4.4 (d, J-56HZ.
1H), 5.35 (d, J=5. 6Hz, 1H), 6.9-7.35 (14H)

9 OMe

T

15 3:L Elemental analysas calculated for 024H23N038-0 2 Hzo C 70.46, H
5.77, N 3.42; found C 70.32, H 5.78, N 3.46; 1H NMR CDCl3: 3.17 (m,
3H), 3.4 (m, 1H), 3.83 (s, 3H), 4.69 (d, J=5.2Hz, 1H), 5.55 {d, J=5.2Hz, 1H),
6.95-7.4 (14H); [a]p?5 = -136° (CHaOH).

Example 4

}

Ph/\/Sl,,

20 . . : . _\QF 4
o Treat compound 2b (60 mg) in CH2Clz (5 ml) with TEA
(0.025 mi) and acetic anhydride (0.017 mi). After 2 h, concentrate the
reaction mixture and purify the residue by flash chromatography on silica
using EtOAc/hexane (1:1). to give a white solid. 'E_l_em_ental analysis

25 calculated for 025H22N04S_F: C 66.5, H 4.91 . N3.1,S7.1; foundC
66.28, H5.10, N 3.29, S 6.99.

OAc




-19- Use the above procedure for preparing conpound 4
W th CONO96Héd37 2C and 2d to obt al n the foll ow ng productfcﬁgsﬁnglﬁb,
respectively: - [err 5
4a: Elenental analysis calculated for C25H22NO4ASF: C 66.5, H 4.91, N

3.1, S7.1; found C 66.36, H5.13, N 3.23, S 7.02; 1 H NWR CDd 3: 232
(s 3H), 2.92 (m 2H), 314(m1|—|) 37(m&|—|) 4.42 (d, J=5.7Hz,

. 38 (d, J=5.8Hz, H) 2H), 7.12-7.35.(9H), 7.44 (d, 2
[err] 10 ‘4b: 1 H NMVR conge t'ze:a@oo/e propgpdure fos preparing COFBPQBHQIﬁWEP’H)
4.72 (d, J=5 ubith 2024 to obtefin 8 following Brédifcts 48Hind 4p15- 7. 35
(9H), 7.40 (d, Eﬁ Exanple 5
[err] 15 Step"q_sPe HBWEA (14 rﬂ) to a mxture Qf
4- met hoxybenzyl chl oride (13 nl) angget hy| 2ACapt oacetate (10 m)
in CH2A 2 (0.2L) under N2. After - 48h, d e the reaction with Et20
(0.5 L) and sequentially wash the pPh aHfCphase with 0. 3N HC (3x)
and-10 % NaHCO3. Dry and concentrate y organic |layer to give an oil-
(22 g). Dissolve a portion of 20 the oiln(5 0 THF (75 m) and water
(75 mM) and add LiOH (1 g). After stirri r 72 h, dilute the
reaction with water (0.15 L) and extract with F hexade (0.2 L). Acidify

the aqueous phage IfEémunmnag@.seganéoncedj&fnguzzno%%@%cé@ﬁ 8'H %fm

d d Son)° ¢ haB
oo 14 B2 4608181 ound C 66,36, H 5,15, N 423, S 7.02; 1H 3 NMR cHOlS 2
(s, 3H), 292 (m, 2H), 3.14 (m, 1H), 3.7 (m, 1H), 4.42 (d, J<5.7Hz, 1H), 5.38

(d, J=5. BHz, 1H), 7.0 (m, 2H), 7.12-7.35 (9H), 7.44 (d, 2H).
OAc

10 4b: 1H NMR CDClg: 2.32 (s, 3H), 3.15 (m, 3H), 3.38 (m, 1H), 4.72 (d,
J=5.3Hz, 1H), 5.58 (d, J=5.2Hz, 1H), 7.0 (m, 2H), 7.15-7.35 (8H), 7.40 (d,
2H). -

Example 5

]
15 Stepi: Add TEA (14 mi) to a mixture of 4-methoxybenzyichioride (13 mi)

and ethyl-2-mercaptoacetate (10 mi) in CH2Cl2 (0.2L) under Na. After
48 h, dilute the reaction with Et20 (0.5 L) and sequentially wash the
organic phase with 0.3N HCI (3x) and 10 % NaHCOga. Dry and
concentrate the organic layer to give an oil (22 g). Dissolve a portion of

20  the oil (5 g) in THF (75 ml) and water (75 ml) and add LIOH (1 g). After
stirring for 72 h, dilute the reaction with water (0.15 L) and extract with
hexane (0.2 L). Acidify the aqueous phase with 1N HCI and extract with
EtOAc. Wash (H20), and dry (MgSO4) the organic layer and concentrate
to give a yellow solid (4.25 g, 96%).



WD 96/ 16037

PCT/ US95/ Wid 86416037 2@”"]595/14134 Step
2: Treat a mixture of the product of step 1 (1 g) and the imne from
Example 1, Method A, step 1 (1.55 g) in CH2AA 2 (40 m) wth

di et hyl arri no phosphoryl dichloride (0.56 at OferrJ]C. Warmto rt and
stir for 16 h. D|Iute the reactionSMth Et20(100 m ) and wash

‘sequenti al | 0, NaH and
concentrate th Pt $@P he! gL3 imingdrame by

; ”  nelthnz: “Treg} 5 shiurs of e ReRsiush of g (1 aLad b imine
1;: ?s?oc%orraggnghpIe1 » MethoahAsstepci( 155 g irh CHRG BG)(‘M )@RA: 1) to yield an
sol ution gf t he/a metlaﬂapmq%ﬁ@g@cr@%ﬂi@é&é‘@ ge@ﬁ%ﬁbﬁﬁ ﬁégﬁﬂég@?ﬂ@sgrc, d (5
m) at O[err]C. OAflﬁé'r Rijute the repetion withEtoQ(100aml) angcwash sequentiallybstiveen,
H20 and Et2@ vmmldﬁmw@mmganar&m . DRy (MgSO4PaAd Eohcpdtfale ! Purify

exane: Et OAc

E 28 rls S't S“S, \% é{baﬁﬁ C"E" 0”8@’%&.% the” rgsgkaqt regjgye by flash %hromatography

2- brono- 4' - f | ucorositicd using lexaneEtOAG (2011 ptoryield am oilf(0125g, 30%). pr oduct of
A Cor s b ai [ uRBR:cA0d Serctn® sbelle kT2 o) v alsohuin bf e piBbuet o1 tok
HO, 10% NaHCOR (2 g)in trifluorpgeeticacid (f o) al-0°C. : ABen 15 minc pasiition thed
purify the 10esirduetion niktard!befwedipH Mﬁtﬂj‘ wéshcwaha@oheémeﬁh@c

9:1 l .. R

CRICERE vk W oo o teite o i
(?[Zr?;(]li)[grzg]n using hexang: EtQAdrﬂ%‘#}b@N@(ﬂmbél(@h Pghnd then enanti oner 5(2)‘
Step 5: Treat o‘rArgg ﬂﬁ%}_ﬁgagé{o?hgh Lﬁé?géﬂtm@ 'ér%ﬁl'e'gtw%})f *he

Exanmpl e 1, Met H§@ Wtojtséﬁp t1(5 G CHpGla=(5tml) at maunders

g le g gl a}_le 2 1 ggr NE?»MZWBﬂutthG%a&hth@zol\én% wésh §e&u§3ﬂaliquml 1N 25

ot P HCE 10% NAHGGS ang bing.,Ops and spnegntzate dhe qraanigaysr AT ono,
5(2) from st ep purify the residusxbyflash shtamatagraphy anmllea(xmmmh)axawé EtOA2 h,

Poncent rate ¢ it (o gve’sh ol ReSohe gy HELC s é&*‘byﬁg
chr omat ogr aphy ﬁ ?ﬁi!@e@ﬁ'"& engntlom%/r \“{9?;]2 M 23, ?‘i%%( 1)
and 6(2). 20 [6] 244nM =+3.34 x103) and then enantiomer 5(2) ([6] 228nM

+3.65x103, [0] 244nM = -3.24 x103).

Step 5: Treat enantiomer 5(2) ‘with HF according to the procedure of

Example 1, Method A, step 3, to obtain compound 5. Elemental analysis

calculated for C23H17NO3SF2: C 64.93, H 4.03, N 3.29, § 7.52; found C

25 64.87, H4.39,N 3.31,S57.25.
Example 6

OH | |
S.., . 6a (diastereomer a)
_ 6b (diastereomer b)
FY N |

Step 1: Add NaBH4 (28 mg) to a solution of ehantiomer 5(2) from step 4 of
-Example 5 (0.4 g) in CH30H (20 ml). After 2 h, partition the reaction

30 mixture between Et20 and H20. Dry and concentrate the organic layers
‘and purify the residue by flash chromatography using EtOAc:hexane (1:6)
to give diastereomers 6(1) and 6(2).



WD 96/ 16037 : . L

PCT/ US95/ 141 W0 96/16037 R ' -21 - PCI"US95/]41§‘ ep
2: Individually treat di ast er eomer s 6(1) and 6(2) fromstep 1 with HF
according to the procedure of:i:fxanple 1, Method A step 3, to obtain 6a
and 6b. 6a: 1H NMR in CDd 3: 285(dd J=6, 12Hz, 1 H), 3.04 ( dd,
J=3, 12 Hz, 5 1 H), 4.06 (d, J=2.4Hz, 1 HR1=4. 7 (d, J24Hz 1H, 4.9
(d, J=3, 9Hz, 1 H) .6..85~7. 35 é.lzl—l). 6br 1 NVR in CDO 3:
3.01 (m 2H). 3.978%ep 2:individually treat diastereemers-6(1) and 6(2)mzn stepr)) with HP
(d, J-4, 8hz, 1 H) acdoréin ioiﬁebic?cd&:re of EXample 1, Method A step 3, to obtain 6a
Exanple 7 [err Step 1: Treat di ast ef eoner 6(1 from Exanpl e 6,
step 1, with nCPBA €b. described in Exanple 3. Purify the products by

SPLC on silica ge,lﬁaeﬂHtNMﬁ in CDCIamZBSEdd)M#-G}@QHElN-{D 304t (cddh k=3, 12 Hz,
t 1
(D and 7(2) Fromal é‘ild i R REACY Ry P LI ?ﬁ*‘ﬁfﬁig‘éri
step 3, to obt ai n €85 1H NVR CDCl 3 with 10%CD3CD a:
3.35 (d, 1 H, 3. 7@(119 NmFHthc&g %Hélgh bll-l) 59?’Qd§ﬂ¥22ﬁzr_|;lﬁ)807((d;J2FD
4,

3 02 (dd, 1I(—|)m 2”&255104%%5% é?')(dd 1H), 5.41 20

(d, J=2.1 Hz, 1H), 6.78 (d, 2H), 6.9 (m 2H), 698(m2|—|) 7.18 (m 4H),

7.28 (mye2H) - Mel ting points: EX8m glg7721 1C, 7b: 1 10C (dec.).
Using the procedures of steps 1 angy 2, trea stereoner 6(2) from
Exanple 6, step 1, to obtain 7(0Hn% HNI\/RCDCI3 with 10% CD30b:

7c: 3.12 (dd, 1H), 3.30 (m_1 %5 ( . 2Hz, 1H)7&. Sidstedcomérh. 5. 39
d, J=2.2Hz, 1 , 6.78 , 6. , 6.94

(7d: 3.10 (dd, lH)H), 3. 72( H, 4Jay (d F%:2.5Hz,(na'*H)‘|’i3"3*°6%f"t"8éig]J =2. 3,
11.0Hz, 1H), 5.17 (d, J=b. 5fg, 1H) ,06. 7 2H), 6. 857¢:ndiasteyeorfen (m
30 2H), 7.18 (m 4H), 7.30 (m 2H). lting pmmsd'ag@re&.ﬁ&par]c

(dec.); 7d: 106.5[err]C (dec.). WO 96Y16B37
PCT/ US95/ 14134 Step 1: Treat diastereomer 6(1) from Example 6, step 1, with mCPBA as

described in Example 3. Purify the products by HPLC on silica gel, eluting
with EtOAc:hexane (1:2) to obtain diastereomers 7(1) and7(2).
Step 2: Individually treat diastereomers 7(1) and 7(2) from step 1 with HF

15 as described in Example 1, Method A, step 3, to obtain 7a and 7b.
1H NMR CDCls with 10% CD30D:
Za: 3.35 (d, 1H), 3.75 (dd, 1H), 4.22 (s, 1H), 5.20 (m, 2H), 6.80 (d, 2H), 6.9
(m, 2H), 7.04 (m, 2H), 7.24 (m, 4H), 7.38 (m, 2H).
Zb: 3.02 (dd, 1H), 3.26 (m, 1H), 4.21 (d, J=2.1Hz, 1H) 5.14 (dd, 1H), 5.41

20 (d, J=2.1Hz, 1H), 6.78 (d, 2H), 6.9 (m, 2H), 6.98 (m, 2H), 7.18 (m, 4H), 7.28
(m, 2H).
Melting points: 7a: 207-211°C; 7b: 110°C (dec.). _

| - Using the procedures of steps 1 and 2, treat diastereomer

6(2) from Example 6, step 1, to obtain 7c and 7d.

25 1H NMR CDClIs with 10% CD30D:
Z¢: 3.12 (dd, 1H), 3.30 (m, 1H), 4.45 (d, J=2.2Hz, 1H) 5.04 (dd, 1H), 5.39
(d, J=2.2Hz, 1H), 6.78 (d, 2H),_6_.88 (m, 2H), 6.94 (m, 2H), 7.20 (m, 6H).
Zd: 3.10(dd, 1H), 3.72 (m, 1H), 4.07 (d, J=2.5Hz, 1H), 5.09 (dd, J=2.3,
11.0Hz, 1H), 5.17 (d, J=2.5Hz, 1H), 6.78 (d, 2H), 6.85 (m, 2H), 6.98 (m,

30 2H),7.18 (m, 4H), 7.30 (m, 2H). |
Melting points: 7c: 98°C (dec.); 7d: 106.5°C (dec.).



-22- _ Exanpl e 8 [err]

Treat a s f the racem c product from Exanple 1,

step 2 (o(“{ 5 é?’ﬂ CH2CI 2 (20 nmi) with nCPBA. After 3 h, m"%é'?%mm
and NaHCO3 and stir for 10 minutes, then extract w th EtOAc. Purlfy
the organic fraction by flash chr omat ography on silica using '
hexane: Et OAc (4:1) to give conpound 8 as -22ite solid (0.15g, 76%.

El emental anal ysis cal cul ated for C24H23NOAS: C 68.39, H 5.5, N 3.32;

found C 68.12;, H 5.49, N 3.37. EINMS 42Exakhpie 81 NVR 3.2 (m 2H), 10 ‘
3.55 (m 2H), 3.80 (s, 3H), 4.23 (d, _J=2.4Hza. DMe 5.53 (d, J=2.4Hz, 1 H),

6.9 (d, 2H), 7.1 (m 1H), 7. 289(11H)

Exanple 9 [err] ﬁ‘n s;e product from Exanple 5, step
4, enantioner 5(2) 15 -accor €lprocedure of Exanple 3. Purify the
product by flash - chr omat ography Ny Et OAc: hexane (1 3) toyield

di astereonmer 9(1) and di ast er eofer o(Bh. S8¢w-R: | ndividually

b ocedur e of Exanpie 1. NEHLE SRl g@“ﬁgﬁrgﬁ‘t WEM ERSBIL Y 1© oo
1 HNWR in CDCIMethodaA stap 2(22185g) itCHpClzi(20am{)dvitty mCRBA, After)3 h,5adtb

(7 d1837lg'6'2 ( r?]l %Hgd‘%%ﬁdmm&ﬁﬂr%1@@%@%@%?}("&1 %Q@t@?ﬁ(m 4"')

CDCl 3 with 5% hﬂ ofganig, f'(ﬂ%gn flas sh ghromategraghy on silica ysing 1H), 4. 62,
- (d, J=15Hz, 1HhexanéEYOAc (4:%) tbHgive Bompdunds &g .a White solid (0.458, T6%). 2H) ,

7. 08-7.20 (M Offamemnta’ardlysié hiculdt8d 10°854H35MN04S: C 68397 B 5301 3.32; P

PCT/ US95/ 14134 L
found C 68.12, H 5.49, N 3.37. EIMS 421 (M*). 1H NMR: 3.2 (m, 2H),
10  3.55 (m, 2H), 3.80 (s, 3H), 4.23 (d, J=2.4Hz, 1H), 5.53 (d, J=2.4Hz, 1H) 6.9

(d, 2H), 7.1 (m, 1H) 7.28 (11H)

Example 9
OH

9a: diastereomer a

F 7 NO -Ob: diastereomer b

Step 1: Treat the product from Example 5, step 4, enantiomer 5(2)

15 according to the procedure of Example 3. Purify the product by flash
chromatography using EtOAc: hexane (1:8) to yield diastereomer 9(1) and
diastereomer 9(2).

Step 2: Indwndually treat diastereomers 9(1) and 9(2) from step 1 with HF
according to the procedure of E_xample 1, Method A, step 3, to obtain 9a

20 and 9b. | | |
9a: 1H NMR in CDCl3: 4.39 (d, J=2. 4Hz, 1H), 4.93 (d, J-16Hz 1H), 5.25
(d, J=16Hz, 1H), 5.32 (d, J=2. 4Hz, 1H), 5.55 (bs, 1H), 6.85-6.95 (m, 4H)
7.18-7.30 (m, 6H), 8. 05-8. 09 (m, 2H); m.p. 112.5-117°C.
9b: 1H NMR in CDCl3 with. 5% CD30D: 4.39 (d, J=2. 1Hz 1H), 4.46 (d,

25 J=15Hz, 1H), 4.62, (d, J=15Hz, 1H), 5.42 (d, J=2.1Hz, 1H), 6. 75 (d, 2H),
6.9 (dd, 2H), 7.08-7.20 (m, 6H), 7.90 (m, 2H); m.p. 188-195°C.




-23 - . Exanple 10 [err] Step 1:
Use the proceworegnéds7Exanple 1, Method B, Steps.1 to 4, PeBSdshYiasNg
p- met hoxybenzyl nercaptan in Step 2 for phenethyl 5 nercapt an.

Step 2: Treat the trans isoner of Step 1 with mercuric acetate to obtain

t he product of Example 5, Step 3, in optical Ié pure form Step 3:
React the product of Step 2 with 1'-brono-2-%a gt'ylthi ophene according
to the procedure of Exanple 5,:.Steps 4 and 5, to obtain the title 10
conpound as a solid, mp 148-150[err]C. Example 10

Exanpl e 11 Carry out the proRed@HK of Exanple 10,

Step 3, using 1'- br onp- 3- acet yl t hiphene toai nthe title
conpound as a solid, mp. 176- 15 IS;enjlienal ysi s cal cul at ed
for .C2I H 6NC3S2F: C 61. 01, H 9s N 3.3, 1S 15.48; found C 61.33, H

4.12, N 3.51, q 15.37.

N Exanpl e 12 [err]
Carry out the procedure of Exanple 10, Step O usi @1 20
brono- 3-acetyl pyridine to obtain the title conpoun® o9 E solid, mp. 74-

90[err] C. FAB M5 409 (M+H). WO 96/ 16037 |
PCT/ US95/ 14134 Step 1: Use the procedure of Example 1, Method B, Steps 1 to 4,

substituting p-methoxybenzyl mercaptan in Step 2 for phenethyl
5 mercaptan. : ' -
Step 2: Treat the trans isomer of Step 1 with mercuric acetate to obtain
the product of Example 5, Step 3, in optically pure form.
Step 3: React the product of Step 2 with 1'-bromo-2-acetylthiophene
according to the procedure of Example 5, Steps 4 and 5, to obtain the title
10 compound as a solid, m.p 148-150°C.
Example 11

Carry out the procedure of Example 10, Step 3, using 1'-
bromo-3-acetyithiophene to obtain the title compound as a solid, m.p. 176-
15 178°C. Elemental analysis calculated for C21H1eNO3S2F: C 61.01,
H 3.90, N 3.39, § 15.48; found C 61.33, H 4.12, N 3.51, S 15.37.
Example 12

_ ~ Carry out the procedure of Example 10, Step 3, using 1'-
20 bromo-3-acetylpyridine to obtain.the titie compound as a solid, m.p. 74-
90°C. FAB MS 409 (M+H). :



- 24- Exanple 13 [err] Carry-
out the pwarsweosy of Exanple 10, Step 3, using 1'-

brono-4-acetyl pyridine to obtain the title compound, m p. ggrggfsnur 5
El emental anal ysis calculated for C22HL7N2G3SF: C 64.69, H 4. 20, '
6.86, S 7.85; found C 65.00, H 4.43, N 6.77, S 7.65.

Exanmpl e 14 [err] - Carry- 34t the procedure of Exanple 10,
Step 3, using 1'- 10 brono-2-acetyl pErl dine to obtain the title conpound,
mp. 59-64[err]C. - xample bl e 15

Treat the conpound of Exanple 11 with NaBH4 in CB3OBH O obtain a

m xture of diastereoners as a solid, p. 65-7fTeffr]C. 15 El enental

anal ysis cal cul ated for C21H18 C8Q. 71 . 37, "N 3.37, S 15.4;
found C 60.67, H 4.48, N 3. 40, : Exanpl e 16
[err] WD 961/ 6037 .
PCT/ US95/ 14134 | O

25-
Treat the conpound of Exanple 12 with NaBH4 'QOF at

Carry out the procedure of Example 10, Step 3, using 1'-
btomo-4-acetylpyridine to obtain the title compound, m.p. 65-69°C.
5 Elemental analysis calculated for C22H17N203SF: C 64.69, H 4.20,
N 6.86, S 7.85; found C 65.00, H 4.43, N 6.77, S 7.65.
Exampie 14 ‘

Carry out the procedure of Example 10, Step 3, using 1"
10  bromo-2-acetylpyridine to obtain the title compound, m.p. §9-64°C.
Example 15

¢
_ _ F -
_Treat the compound of Example 11 with NaBH4 in CH30H to
obtain a mixture of diastereomers as a solid, m.p. 65-70°C.
15 Elemental analysis calculated for C21H1gNO3SoF: C 60.71, H 4.37,
N 3.37, S 15.4; found C 60.67, H 4.48, N 3.40, S 15.87.
Exampie 16




Oferr]C. After 30 min., pour into CH2d 2- wat er, separate the CH2A 2 | ayer
and purify tWnggnglct by flash chroemat-ography. on silica gel, P @gl;w'th
CH2d 2: CH3OH (95:5) to obtain the titie compound as a solid, mp. § 5
90[err] C Exanple 17 [err]

Using the procedure of Exanple 16, treat the conmpound of Exanple 13 to
obtain the title conpound, mp. 95- 98[err] (3251‘0 El errent aI anal ysi s

cal cul ated for C22H19N203SF. :C:64. 38, 7.81; found C
64.09, H4.95 N 6.67, S 8. E@at the compound Of Example 12 Wlth Na@;!gpﬂgpﬁs

([ig(r: (r) ]r g 1o StmlAﬂ&wmm,epmrsmoscha Ognwetazr deaﬂact)imgl-lr?d&lsao Ielo 1,
Srep o eac 1f’he SRiBC e brépli by s Bnfometeiaitly on 3UB8, gL effng Wity

Exanpl e 5, St eps Rdo:CH30H (85:5) to obtain the titia compodnd asa solid,dn.pn85- 180-

185C. El enent @ ¢sis calcutated for C23H17N028F2 C 64. 93, H 4. 03,
N 3. 29, S7.54 found C 65.13, H 4.16, 3.43, S, 7.70. 20

Exanple 19 [err] Tre%ﬁaml?!epﬁzduct of Exanple 18, Step
1, with NaBH4 according to the pr%ﬁdure of H 16, and treat.the
resul tant product WO 96/ 16037

PCT/ US95/ 14134 =~ S.., - 26-

Using the procedure of Example 16, treat the compound of
Example 13 to obtain the titie compound, m.p. 95-98°C.
10 Elemental analysis calculated for CooH1gN2O3SF: C 64.38, H 4.67,
‘N 6.82, S7.81; found C 64.09, H 4.95, N 6.67, S 8.06.

Example 18
OH

_ N |
G !
' F
Step 1: Treat the cis isomer prepared in Example 10, Step 1, according to
15 the procedure of Example 10, Step 2, to obtain a solid.
Step 2: React the product of Step 1 according to the procedure of
Example 5, Steps 4 and 5, to obtain the title comound as a solid, m.p. 180-
185°C. Elemental analysis calculated for Co3H17NO2SF2: C 64.93,

H 4.03, N 3.29, S 7.54; found C65.13, H 4.16, N 3.43, S770
20 Example 19

OH _p/o”
Fg‘i;_NOF

Treat the product of Example 18, Step 1, with NaBH,4
according to the procedure of Example 16, and treat the resultant product




with HF according to the procedure of Exanple 1, Method A Step 3, to

obt ai n t hewlgdghigesgonpound, mp. 95-105[err]C Pcrm 95]'
~following fornul ati ons exenplify sone of the dosage 5 forns o

i nvention. In each the term"active conpound” designates a corrpound-
of formula I. EXAMPLE A _

Tabl et s _ | ngredl g6~ ng/ t abI et

/tabl et

g%o 9 wﬁgg-iF ggcgéng toc?we procedure of Example 1, Methode,ZStep 3 t0113

3 Cor n St ar chobtairmthelitlelcompsund,1fp. 95905°C. 40 paste in
Purified Water 4 Corn St arch, Food Grade 45 40
5 Magnesi um St ear at e

Tot al . 300 The fOIIang formuhtmoﬂ euemuunysmnemféhe(dosage

M x item No 1 C] %&H ate
t he m xt ure%vm tfhai"li‘lgéhhis 'ﬁ%ﬁtm an%] tgkgégﬁaﬁ&@s t Pgﬁ"?] deSlg'%tagogarse
screen (e.g., 1 90@%9fé‘?ﬁ“‘1‘91necessary Dry the danp granul es.

Screen the dried granules if necessaryEXAMPLEAvVith Item No. 4 and nix for
10-15 minutes. Add Item No. 5 and m x fo;aé_[ei%m' nutes. Conpress the 15

m xture to appropriate size and weight o i tabl e tabl et machine.

EXAMPLES No. Ingredient Capsul es .

| ngr edi ent ng/tablet ng/tablet 1 Active Conpound
100 500 t ose USP 06

123 3 corn éca've?ffomaeun ade 40100 7o 500 4
Magnesi um St ear atzz NEtactose USP 122 113 '
Tot al %ﬁg Manuf a re

Mx Item Nos. 1, 32 an |n a Z:glgpe%ﬁagebwﬁghdiﬁ)%or 10-15720 m nﬁ es. Add
ltem No. 4 and mix foaste s Purfied-Water || the mixture into sui t abl e

t wo- pi ece hard ge at Obrﬁ%iérﬂheFo%B @rddd t abl e encapsul alisng 4pechi ne.
WO 96/ 16037

PCT/ US95/ 14134 9 Magneslum Stearate ' ' D7 zZ
Representative formul at i ons conpri si riptal chol est er ol 300 700
10 - Mixitem Nos. 1 and 2 in suitable mixer for 10-15 minutes.

CGranulate the mixture with item No. 3. Mill the damp granules through a
coarse screen (e.g., 1/4%, 0.63 cm) if necessary. Dry the damp granules.
Screen the dried granules if necessary and mix with item No. 4 and mix for
10-15 minutes. Add item No. 5 and mix for 1-3 minutes. Compress the

15 mixture to appropriate size and weight on a suutable tablet machlne '

1 Active Compound 100 500
2 Lactose USP ' 106 123
3 Corm Starch, Food Grade 40 70
4  Magnesium Stearate NF 4 z
~ Total 250 700
Method of Manufaci |

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



bi osynthesis inhibitor are well

COI’TpOSI tion

known in the art.

i's contenplated that
where the t%sﬁﬁkd&’fe i ngredi ents are-adninistéred as a si ng'?crms%lulu
t'he

osage forns disclosed above foor substituted

azetidi none conpounds may readily be m)dl fied using the know edge of
Usi ng the test procedures
vivR&7 dat a were obtai ned for

one skilled in the art.
descri bed above, the follow ng

I n

representatlve conpounds of :formula |. Data
change (i.e., percent r eduaépoesemamre)formtéaunn%mmps;m a cholestarals

control, -t her ef Opfosyhititaid MRIBYOFARS Welldiowi M theRite! It iy %ohtd?hﬂated that

| onering effect

10 i's reported as percent

t
Ex # Serum Chol eWheretha two active ingredients are admmlsterea as a-gi Qs @2 Est ers
ng/ kg composition, the dosagelforms digdlosed abBse for sutistltuted

3b -20
1

5 ~%2etidinond compaypds may seadily be modified uéfhg the Krfowledge of °

For racenic conponedkilled indhedrta | or active diastereoners
enanti omers of conpounds of formula I,

dosages of 0.1-25 ng/kg show ,a range o
chol esterol esters, and a EBWQ@'Q)‘%FFBERRQ&

or

conpounds adm nistered at 1

5
L Arsciiest 0645, dBe Klgwing n

Conpounds prefer &Ngydalh%ra obtained dor réb‘tesmtaﬂ\?é/comunds of formula I. Data

i T e e s, i o F b s

20 0.1 to 1 ny/ kgrsus control, therefore, negative numbers indicate a posngjlpld-
1. A conpound represented by

claim lowering effect.

[err]

the fornmul a

acceptabl e salt thereof, V\,hereiln'

—
% Reduction _»

or
1. i.g

R10-sutbstituted aryl or heter
R4-substituted aryl;

$ &y &

Serum

‘Cholest.

X and Y are independently sel efied

-CHL(l ower al kyl)- and -C(dilo

Dése |

Giglest: | “Eéterd’ LG/RYT
i alkyk27; -83 1
3b -20 -82 1
4a -22 -55 1
10 | -57 -87 3

pharmaceutical ly
ryl.
s aryl or
stituted aryl ;.
ng of -CH2-,

For racemic compounds of formula | or active diastereomers
or enantiomers of compounds of formula |, compounds administered at
15 dosages of 0.1-25 mg/kg show a range of -21 to -97% reduction in
cholesterol esters, and a -57 to 0% reduction in serum chqlesterol.
Compounds preferably show a range of -21 to -97% reduction in
cholesterol esters at a dosage range of 0.1 to 3 mg/kg, more preferably a
range of -21 to -97% reduction in cholesterol esters at a dosage range of

20 O0.1tot mglkg



Ris -OR6, -QCOR6, -(00 OR9 or -O(CO)NR6R7 Rl is hydrogen | ower

al kyl or arwowﬂﬂ and Rl ernerare—=o; msgg,gﬁul
ris 0,1 or 2; tyﬂ%%ﬁg AS BEEW |ndependently o, 1, 2, 3,
5: provided that the s 5ﬁd q ifs 2,3 or 4; R4

I's 1-5 substituents independently selected Lgromt hE”‘Q‘I“GiMMLSLLﬁQ of
lower alkyl, -OR6, -Q(COR6, -Q(COOR9, -O€H2)1-50R0: s

CO) NR6R?,
- NR6R?7, -N%(C@W%%gg(CO)CR& - NR6( CO) NR7R8, {18 ”m
1 1H i 1

- CONR6RY7, - R7, S(O) 0-2R9, hydrogen;”
- 10CONR6R7, - (| ower al kyl ene)COCR6 and - CH=CH CQOR6; R4
is 1-5 substltuents |mdmﬁpgg@ $W%mgroup consi sting of
-OR6, - CO R6, -Q(CO OR9 CH -NR6R7, -NR .
6(CO R7, -NR6(CO) OR9, -NR6(CO)NR7R8. -NR6SO2R9. . - COOR6, . - CONR6R7, - CORG,
- SO2NR6R7, S( O) 0- 2R9, O(Q—Q)l 16) g)O(CH NR)CO\IR6R7 CF3, -CN,
-N2, hal ogen, - (l.ower aLkyl'epe) COOR6; |

R6, R7 and R8 are independently J8 pdt ed" fromth group consi sting of
hydrogen, |ower alkyl, aryl and aryl-substitg¥ed™ ¥,er al kyl ;
RO is | ower alkyl, aryI or aryl-substituted over A k and
R10 is 1-5° Slﬁastﬂ amasmﬁnee eameptahieeaitetmnfeob,mhemmroup consi sti ng

?fzgl. over atkyl, -Q CHZ) 1- 5 ﬁ :‘ W&??/a%ﬁé['&?’ﬂ?'y" NRO( CO) OR9,

-NR6( CO) NR7, - NR6SO2R9, arstNRem S( 0) 0- 2R9,
O(CHZ)l 10- COORS, qu)Ameﬁm-suﬁﬁaut NC2 and hal ogen. (

phenyl or2"[h| eﬁylcong(r)gn?s%ﬁﬁ@#é“&@%&“&ﬂ‘g&iﬁé R10 SUbSE)IrtllétS-ed

subst i t ut ed 1ohergansistingoof CHz-, ACHOaWer alkyl) apdaOfdilower Qlkyl)rerel nqgis 0, X

and Y are each -CH2- . . = RaDRBEGEO)RE, Io(amdng &r O(COINRSR?: R1is
hydrogen, lower alkyl or aryl; or R and R1 together are =0;
gisOori;
| risO,1or2;
15 m and n are mdependently 0 1,2, 3, 4or 5; provuded that

the sum of m, nandqls 1,2,8,40r5;

‘R4 is 1-5 substituents mdepehde_n_tly selected from the group
consisting of lower alkyl, -ORS, -O(CO)RS, -O(CO)ORS9, -O(CHz)1.s0RS,
.-O(CO)NR5R7_-NR5R7 -NRS(CO)R?, -NRS(CO)ORS9, -NRS(CO)NR7RS,

20 -NR6SO2R?, -COORS, -CONRER?, -CORS, -Sole=I°R7 S(0)o-2R®,
-O(CH2)1-10-COORS, -O(CHz2)1.10CONRSR?, -(Iower alkyiene)COORS and
-CH=CH-COORS;

_ RSis 1-5 substituents mdependently selected from the group
consnstlng of -OR6 -O(CO)FI6 -O(CO)OR9 -O(CH2)1.5OR6 -0(CO)NH6R7

25 -NRSR7, -NRS(CO)R?, -NRS(CO)ORS, -NR6(CO)NR7RS8, -NR6SO.RS,
-COORS, -CONRSRY?, -CORS, -SO2NRER?, S(0)o-2R?,
-O(CHz)1-10-COORS, -O(CH2)1.16CONRSERY?, -CF3, -CN, -NO2, halogen,
-(lower alkylene)COORS and -CH=CH-COORS;

| RS, R7 and RS are independently selected from the group

30 consisting of hydrogen, lower alkyl, aryl and aryl-substituted lower alkyl;

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

R10is 1-5 substituents independently selected from the
group consisting of lower alkyl, -ORS, -O(CO)RS, -O(CO)ORS,

\
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4. A conpound of claim1 or 2 wher€| E‘ETLA%EEH' Y are each -CH2-,

the sum of woegmdosy is 1, -2 or--3; ' Tnméq?‘;(‘ pagEPand R i s '%Mﬂ?ﬁiﬁw R6
15 is hydrogen, or wherein R a a =0 group

A compound of cl ai kﬂ“ﬁ ‘m&mn ﬂ :!Tlihe group consi-sting-ef
trans-1 - (4-fl uor ophigkmssL Hali® phenygé 3-[(2- phenyl et hyI)
t hol 0] - 2-azeti di none . trans-4-(4° t‘hoxyphenyl )-1

- phenyl - 3-[(2- ph | et hyI tgl - 2- - ag ? 7 6 9

ci s- 4- (4- net hox th)s(PFL, RCQINRSR”2-NRER ,I'@!FIIRKCQ)R oiNBS(CO)OR?,
azetidinone;  -NRS COQNRVRMNRGSOéO -COORS, -CONRER?, -CORS, -SO2NRSR?,

(i 11 or opheny ke b ans) BEHBSHEd0RE. (iEHSTONRSAT 2EFs, -ON, -NO

cl.s-1-(4- fI uor ogndnyalpgen( 4- hydr oxyphenyl) 3-[(2- phenyl et hyl ) -
sul finyl -2-agetidi none;

trans-4- (4- net hoxyphenyl 1- phenyl - 3- ((2- phenyl et hyl ) sul finyl]-2-
azeti | dn(()ne 302. P A?:Ior%poured of >c/:lalm 1( v(lvhel?em 1isp elzlyl R1°-s¥xb]st|tuted

ci s-4- (4- et hox phanyben thierl Ax?lis R4 substited (phiehyl and ArS i/pheriyl or RS-
azeti di none;

trans-4-[1-(4- fﬁHB?@H%W?"ﬂ 0x0- 3-[ (2- phenyl et hyl ) sul finyl]-2-
azetidinyl]-phenyl acetate;

Cis-4-11- (444! ugr OphW%’ér%vgéuﬁd‘Bf dlafrt POF2 XWiridrbin! d 0, X ARy are 8ach -CHo-

azetidinyl | -phenyl
(+/-)-trans-4- (ﬂﬁébﬁ&)@%ﬁ@ﬁyﬁﬁdﬂlﬂeﬁﬂ% [(2-phenyl ethyl) -
sul fonyl ] - 2- azeti di none:
trans- 1-(4- quorophe&y@mgﬂ@g ‘4' fI OI‘Oé) %e¥ R_‘ I 1 thi 0 N éﬁ
‘hydr oxyphenyl )2 aze of claim whete qls are eac :-,
Zr?zshl((f fl uarﬂ'ﬁsmyl -of-m an‘gm is| ;@ onB, dﬂl/lsmydrdgmand)ﬂ ]st-IORﬁ wherein R
y rox e gfy}ﬁ 1
1-(4-fuorop gnl ;hy - rég?\jet?ﬂ h rophe '?‘?R 3 %tgte %%gmm
sul finyl]4-(4-hydrvoxyphenyl) - 2- azetldlnone

1- (4-f luor ophengl - 3( R cdripddnd bﬂélhﬁﬁheébiéétea(ﬁmhudwwdélstmg of
sul finy]-4-(R)-(4-hy

1- (4-f1 uor ophenyl ) - 3%&%{‘2@“? %iﬂeg‘b'ﬁzﬂwﬁygwpﬁ%i’%%@?}Rﬂﬁ")"eﬂl’d)
sul i nyl - 4( R) - ( 4thigh2-@zetitinone; 2- azet i di none:

20 ~ trans-4-(4-methoxyphenyl)-1-phenyl-3-[(2-phenylethyl)thio}-2-
azetidinone; |
cis-4-(4-methoxyphenyl)-1-phenyl-3-[(2-phenyliethyl)thio}-2-
azetidinone;

trans-1-{4-fluorophenyt)-4-(4-hydroxyphenyl)-3-[(2-phenylethyl)-
25 sulfinyl]-2-azetidinone; |
cis-1- (4-f|uoropheny|)-4—(4-hydroxyphenyl)—3-[(2-phenylethyl)-
sulfinyl]-2-azetidinone;
trans-4-(4-methoxyphenyl)- -phenyl-3-[(2-phenylethyl)sulfmyl]-2-
azetidinone;
30 cls-4-(4-methoxyphenyl)- -phenyl-s-[(z-phenylethyl)sulfmyl]—2—
azetidinone;
trans-4-[1- (4-fluorophenyl)-4-oxo-3-[(2-phenylethyl)sulflnyl]-z-
azetidinyl}-phenyl acetate;
cis-4-[1- (4-ﬂuorophenyl)-4-oxo-3-[(2-phenylethy|)sulfmyl]-z-
35 azetidinyl]-phenyl acetate;
(+/-)-trans-4-(4-methoxyphenyl)- 1-phenyl-3-[(2-phenylethyl)
sulfonyl]-z-azetldmone TTTT—
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'-=y) 3- [[2 (2-thl eny) 2- oxoet hyl ] t hi o] - 4-

(3R 4R) trans-1-(4-fluorqgpk

(4- hydr oxyphewgiiges?-azel leivhane: - - (3R 4R) PCT/US95/14134
trans- 1- (4-f | ugrepheryL- =3[ 2- 3th|enyl) - 2- oxoet hyl t hi o] - 4-

(4- hydr oxyphn‘x,{ 2 | giTONe; 15 (3R 4R

trans-1-(4-f1l\ Neny -3-[[2-(3-pyridiny| - 2- oxoet hyl ] thi o] -

4- (4- hydr oxyphewyt) - 2-.azet i di none: ° (3R 4R

t4f ?2_8 ml, déﬁy};'hgﬂ;f)f hgr%@%q_ iﬁaﬂﬁ.fp(ggpﬁznylfj brh/é 4 %uoxo%& é-oxoLthyl]thio]-44(4-
Zr?zshl dggxfl Ece):llqln:;renypbemrll-géaz(eﬁdmne;h nyl)-2-oxoethy]thio]- 20

| - (4- fl>/uor o%ﬁeny?/) 3-2" - ﬁFoxy E"?%V' ﬁ‘[?'ﬁ'f'g?@?]eﬁ)-é WHPOxyethyl]tmo]-

t hi o] - 4- E4 P)édr Di2tazelidinone; (3R 4R) .
trans-1-(4-fguor ophercaﬁ 4R [12(4hm8regsuer¥yly-3 (mﬂuavaﬁrﬁh })lé-oxoethyll-
Cis 1 (a1 Eﬁ?é&%ﬁ@ﬁf*ﬁﬂ reSmemoseRydnons; o

oxoet hyl ] t hi o] - 4- (4- hv«-ﬂunmwwl)-S(FBiltﬁ-(ﬁﬂuwmhenyl)-2(ﬂ)-hydroxy(eﬂ@|]4R)
rC1|y3rgx§/gt Llyr]o'[ glo - % @Jﬁlééd kgé]“ Eagdz%étt%d]or?oene |

phar maceut i cal conpos1'( HOTQRhQ"NB z[[a‘rHTﬂUOI’OHMGBVbrﬁ(MyngXYSmYU'
at heroscl erqgi s, summfgm(n)h@ ﬁ%ﬁ?pmyﬂ.g{gﬁ%&{yal esterol |evels,

C o 10 OO B o6 LRS- Cpirbph e LB By 2 <

. I'n conmbination with
~ phar maceut i cal | 4chydrpxyphenylls2-azetidindne; 7. A prooess for the
preparation of a phar C - whi ch
Compri ses adni xing a Gor Eﬁtirgﬁéd @”ﬁ?&pbh%ylj’%-[[z (3-tHibAYI R oxdbthitHio-44
-31- cl aif yprozypr@ny»-%wazgtldmnsé or in .conbination Wth a

chol esterol 15 bi qsmn)eﬁaﬁsh#Mdrebhenyly-b-[fe-m@yﬂamgia-aabémruthm]-

acceptable carri a conpound of "any of clains

2, 3, 4or 5 fo£[ derqgtypog%l&rzaﬁQﬂgsgqn% medi canent for the t r eat ment br
prevention of 4{BR4R) trans-ds{dsfluarophenyt)-B[2-¢4Hpytidioyl)2-oxvethytithio]-

chol est er ol Ievq‘ &-hWrowpﬁQWﬁJZSWi&n&%‘pound of .any of clains 1, 2, 3, 4
or 5, alone or:
(3R,4R) trans-1-(4-fluoropheny|)-3-[[2-(2-pyndlnyl)-2-oxoethyl]throl
20 4-(4-hydroxyphenyl)-2-azetidinone; _
(3R,4R) trans-1 -(4-fluorophenyl)-3-[[2-hydroxy-2-(3-th|enyl)ethy|]-
thio]-4-(4-hydroxyphenyl)-2-azetidinone;
(3R,4R) trans-1 -(4-f|uorophenyl)-3-[[2-hydroxy-2-(4-pyr|d|nyl)ethyl]-
th|01-4-(4-hydroxyphenyl)-z-azetldmone.
25 (3S,4R) cis- -(4-f|uorophenyl)—S-[[2-(4-fluorophenyl)-2—
- oxoethyl]thio}-4-(4-hydroxyphenyl)-2-azetidinone; .
(3S,4R) cis-1-(4-fluorophenyl)-3-[[2-(4-fluorophenyl)-2-
hydroxyethyljthio]-4-(4-hydroxyphenyl)-2-azetidinone;

30 6. A pharmaceutical composition for the treatment or prevention of
atherosclerosis, or for the reduction of plasma cholesterol levels,
comprising a compound as defined in any of claims 1, 2, 3, 4 or §, alone or
in combination with a cholesterol biosynthesis mhnbutor and a
pharmaceutically acceptable carrier. -

35 : _

7. A process for the p'repara_,tion of a pharmaceutical composition as

claimed in claim 6 which comprises admixing a compound of any of

R R O Tt R D
]




conbination with a ch erol bi osynthe5| s | nh| b| tor and a

phar maceut iwal ceptabl e carrier— S—A KI[ COMpLL Sl |

separ at e coﬁtagmgrﬁg |n mﬂm T'ﬁﬁéf*ﬁﬁ PEEN %@%@ﬂ#ons

for use in conbination i% ﬁ& : HHRFDScl erbsis or to

reduce plasnma chol esterol [fevel s onprIS&s 1n one cont ai ner an

ef fecti ve anount of a chol esterol blosynthéﬁis inhibitor in 15 a

pharmaceutical |y acceptable.carrier, and in a seconds-cont ai ner, an

effective anountclaims 1c8nBodiod SOfalanq/oni\ combination with- apholesteral in a

phar maceuti cal | yp reparing a
GRiReslY i ﬁhﬁﬁbfz', O%th ? pfmarmr?:@utlcailg ﬁc@ﬁ% cd né?.

conpound of clalm conpri si ng I ng a
carboxylic acid of formula Il. wherein Arl, X, Y, m n. g and Rl are

as defined in clgjm 1ThedsBbt a compauirnd oFamy ofwidindkY, 2/ 3,Wor sﬂféhhén

o coence of ?bie@r’gﬁ%*@?%%ﬁé'ﬁgﬂs@éi?é“fﬁaffﬁsﬁg%f Agvatfotpf Mo "1

obt ai n a conpounatherosalenesisa or for thaseductiomof plasmenchalesteroldgvals; i ned

30 bove, -and
when Rl ot al ﬁom rlslngacom ound °£3ﬂ¥ orf clarllmsl_\]if 3, 40335 al%ye ?Ié)l)lz\;a/ or _
B) com matlon wuﬁ h%?esterol losynﬂwems mhlbltor and a

pharmaceutically acceptable carrier.
9. A kit comprising in separate containers in a single package
pharmaceutical compositions for use in combination to treat or prevent
atherosclerosis or to reduce plasma cholesterol levels which comprises in
one container an effective amount of a cholesterol biosynthesis inhibitor in
16 a pharmaceutically acceptable carrier, and in a second container, an
effective amount of a compound of any of claims 1,2,3,40or5ina
pharmaceutically acceptable carrier.

10. A method of lowering serum cholesterol levels in a mammal in

20 need of such treatment 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, wherein the compound of claim 1, 2, 3,
4 or 5 and the cholesterol biosynthesis inhibitor are administered
simultaneously or sequentially.

25 :
' 11.. A process for preparing a compound of claim 1 comprising
A)
’ R1 1
1 , )

| A AP X (c.)q-\(,,-s]’.:"“'2
AI’ -Xm (C)q'Y -S COaH + N E—— ﬁ‘l N

RU A o Tas

la

] :
" Reacting a carboxylic acid of formula Il, wherein Ar1, X, Y, m, n, g and R1
30 are as defined in claim 1 and R11 is a protected hydroxy group, with an
amine of formula Ill, wherein Ar2 and Ar3 are as defined in claim 1, in the
presence of a base and a dehydrating agent, followed by an acid, to
obtain-a compound of formula la, wherein the variables are as defined
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5 Al kylatng a mercapt o- substd ‘ ‘@tldlnonle of formula V, wherein Ar2
ans Ar[err|weoengiesy defi arnld Qis a sul fur- prOtffflbébglng
ar e

with a conpound of} f P02 wherleln Arl, X, Y, m n

as defined in cl ai bn-Z- 's a protected hydroxy group and L is a

| eavig group to - ‘obtain a conpound of formula |a as defined above in
process A, and, 10 Wnen R11 is not al koxyaﬂ- benzyl oxy, converting R11 to
hydr oxy; or O [err] Cyclizing a chiral conpound of

formula IX, Wher@bWQNaDd when Rlis nat alkcoxy or benzyloxy, gonverting R letoas
defined in clai np, to lors a protected hydroxy group 16 and Ph is phenyl,
with a silylati agent and a fluoride catalyst to obtain a m xture of
cds and trans is rs Id and le, wherein the variables are as defi ned
‘above for formula la in process. A, and, when R11 is not agftoxy or

benzyl oxy, converting Rl 20 hydrox;gﬂnd optionally separ ating said

I soners; or 20 ng a corrpound of fornmul aAEL (G)q t heAr?
correspondi ng syl f nyI-l- suI aylé C.O [FRO+HAINS oKm | . Ep Cojvelting
an R11 al koxy or Nox grouPK,d ri a o ound of fBimul a | d or
le to the correspording r@'éroxy gr ol F) Converting a @npoulxof -

formul a I wherein R hydroxy to ay25 corrpound of formulga | wherein Ris
- OR16, % Cig & OE . or.-wherein R and RLl
t oget her ar e Alky ting a mercapto-substnt ed azetldmone of formula V, wherein Ar2

ans Ar3 are as defined i inclaim1andQisa sulfur-protectlng group, with a
- compound of formula X, wherein Arl, X, Y, m, n, q and R1 are as defined in '
claim 1, R11 is a protected hydroxy group and L is a Ieavnng group to
o obtain a compound of formula la as defined above in process A, and,
10 when Fl" is not alkoxy or benzyloxy, convertlng R11 to hydroxy; or

C)
Al
R e s A
o N)'\s/\A rz,R" Ar -X,,,-(gq-y,,—s
: ’\ Y - -X_=Arl - _ J:N
Ph Yn ((l:zq Xp—Ar o AP
x R | Id, le

Cyclizing a chiral compound of formula lx wherem Ar1 Ar2 Ar3 X, Y, m,
n, q and R1 are as defined in claim 1, R11 is a protec;ted hydroxy group -

15 and Ph is phenyl, with a silylating agent and a fluoride catalyst to obtain a
mixture of cis and trans isomers Id and le, wherein the variables are as
defined above for formula la in process A, and, when R11 is not alkoxy or
benzyloxy, converting R11 to hydroxy, and optionally separating said
isomers; or : _

20 D) Oxidizing a compound of formula la, Id or le to the corresponding
sulfinyl and sulfonyl compounds; or
E) Converting an R11 alkoxy or benzyloxy group in a compound of
formula la, Id or le to the corresponding hydroxy: group; or
F) Converting a compound of formula | wherein R is hydroxy to a

25 compound of formula | wherein R is -ORS, -O(CO)RS, -O(CO)ORS, or
-O(CO)NRER?, or wherein R and R together are =0.
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