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The present invention relates to hydroxy-substituted
azetidinones useful as hypocholesterolemic agents in the treatment and

15 prevention of atherosclerosis, and to the combination of a hydroxy-
substituted azetidinone of this invention and a cholesterol biosynthesis
inhibitor for the treatment and prevention of atherosclerosis. The invention
also relates to a process for preparing hydroxy-substituted azetidinones.

Atherosclerotic céronary heart disease {CHD) represents the

20 major cause for death and cardiovascular morbidity in the western world.
Risk factors for atherosclerotic coronary heart disease include
hypertension, diabetes mellitus, tamily history, male gender, cigarette
smoke and serum cholesterol. A total cholestero! level in excess of 225-
250 mg/dl is associated with significant elevation of risk of CHD.

25 Cholesteryl esters are a major component of atherosclerotic
lesions and the major storage form of cholesterol in arterial wall cells.
Formation of cholestery! 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

30 progression of atheroscierotic lesion formation, decrease the
accumulation of cholesteryl esters in the arterial wall, and block the
intestinal absorption of dietary cholesterol.

A few azetidinones have been reported as being useful in
. lowering cholesterol and/or in inhibiting the formation of cholesterol-

35 containing lesions in mammalian arterial walls. U.S. 4,983,597 discloses
N-sulfonyl-2-azetidinones as anticholesterolemic agents and Ram, et al.,
in Indian J. Chem., Sect. B, 29B, 12 (1990}, p.?? 34-7, distlose effiyl 4:(2- .
oxoazetidin-4-yl)phenoxy-alkanoates as hypolipidemic agents. European
Patent Publication 264,231 discloses 1-substituted-4-phenyl-3-(2-oxo-
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i s decreased HRING lippprateins dn the plasma and an increase in their concentration

is correlated with increased atherosclerosis.
When intestinal cholesterol absorption is reduced, by

20 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 levels.

25 The inhibition of cholesterol biosynthesis by 3-hydroxy-3-
methyiglutaryl 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

30 and a bile acid sequestrant has been demonstrated to be more effective in
human hypetlipidemic patients than either agent in monotherapy
(Iingworth, Drugs, 36 (Suppl. 3) (1988), p. 63-71).

MMARY OF THE INVENTION |
35 Novel hypocholesterolemic compounds of the present
invention are represented by the formula I .
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- 3- [err or a

ghc[ar rra]ceut Id czl d[»rYa g]haﬁﬂae&hﬁ:aa Iatccé?l[ub@fs?!t hereef, wherein:

r[err] and Ar[err] are n e

consisting of aryl and 'fcegd‘ﬁgﬁ %Sﬁgﬂnéé@ﬂ’ sélggt]etd}}?orﬂ thI%mml\r[err] S
aryl or R[err]emsisihgtafta'ylmd/R“ substituted aryl; X, Yand Z are

i ndependenkl y sel ected I sisting of -CHerr]-
_CH( | ower 5 kyl)- and - ci &ngﬁ’ stituted &, R and

Rlerr] are independent!l e‘élaé@tléw mgneﬁéegﬂbﬁe‘ected frombggreuPng of
-ORlerr], - O @risSigtingl of -GN?O)GRUGWE} afkyl)- aRdCO(aiRvesr AR ]

R and R2? are independently selected from the group
consisting of -ORS, -O{CO)RS, -O(CO)OR? and -O(CO)NRSRY;

10 R? and R3 are independently selected from the group
consisting of hydrogen, lower alkyl and aryl; '

qisOort; risOori;m nandpare mdependentlyo 1,2,3
or 4; provided that at leastoneofqandris 1, and the sumofm, n,p, q
andris 1, 2, 3, 4, 5 or 6; and provided that when p is 0 and r is 1, the sum

15 ofm,qandnis 1,2, 3, 40r5;

R4 is 1-5 substituents independently selected from the group
conS|stlng of lower alkyl, -ORS, -O{CO)RS, -O(CO)OR?, -O{(CHz)1.50RS8,
-O(CO)NRER7, -NRER7, -NRG(CO)FW -NRS(CO)OR?, -NRS(CO)NR7RS,
-NRESO,RS, -COORS, -CONRER7, -CORS, -SOoNRER7, S{O)g2R8,

20 -O{CH2)1.10-COORS, -O(CH2)1.10CONRSRY, -(lower alkylene)COORS,
-CH=CH-COORS, -CF3, -CN, -NO» and halogen;

RS is is 1-5 substituents independently selected from the
group consisting of -ORS, -O(CO)RS, -O(CO)OR?, -O(CHz)1.50RS,
-O(CO)NRBR7, -NRER7, -NRS(CO)R7, -NRE(CO)OR?, -NRS(CO)NR7RS,

25 . -NRSSO2R?, -COORS, -CONRER?, -CORS, -SOoNRER7, S(0)o-2R8,
-O(CH2)1-10-COORS, -O(CH2)1.10CONRSR7, -(lower alkylene)COORS® and
-CH=CH-COORS; :

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

30 and :

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

R4 is preferably 1-3 independently selécted substituents, and

RS is preferably 1-3 independently selected substituents. Preferred are
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1, 2, 3, 4, 5 or 6; and provided that when pis 0 and r is 1, the sum 15
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Another group of preferred compounds is that wherein Art is
phenyl or R4-substituted phenyl, Ar2 is phenyl or R4-substituted phenyl
and Ar3 is R5-substituted phenyl. Also preferred are compounds wherein
25 Arlis phenyl or R4-substituted phenyl, Ar2 is pheny! or R4-substituted

phenyl, Ar3 is RS-substituted phenyl, and the sumof m, n, p, gandris 2, 3

or 4, more especially 3. More preferred are compounds wherein Arl is

phenyt or R4-substituted phenyl, Ar2 is phenyl or R4-substituted phenyi,

A is RS-substituted phenyl, and wherein m, n and r are each zero, q is 1

30 andpis 2, or wherein p, g and n are each zero, ris 1 and m is 2 or 3.

This invention also relates to a method of lowering the serum
cholesterol level in a mammal in need of such treatment comprising
administering an effective amount of a compound of formula 1. That is, the

35 use of a compound of the present invention as an hypocholesterolemic
agent is also claimed. | .

In still another aspect, the present invention relates to a

pharmaceutical composition comprising a serum cholesterol-lowering



or -ORlerr] and Rerr] is preferably -OR[err], wherein Rerr] is |ower

al kyl - or hydrogen. Especially preferred are conpounds wherein each of
Ar[err] and Ar[err] is 4- fl uorophenyl and Alerr] is 4-hydroxyphenyl
or 4-net hoxyphenyl. 10 - X, Y and Z are each preferably

-CH err]-. Rerr] and Rlerr] are each =5- preferably hydrogen. R and

Rl err] are preferably -ORerr] wherein Rerr] is hydr ogen, or a group
readi |y net abeffeetad amouns ohrdompduncoiciormela I in a pha(roapéjtoailly,

-QCO R err] err]R[err], defined above).
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phenyl or R[&;]é»]e$ubstituted phenyl , Arferr] is Rerr]-substituted
phenyl, and r;'n m n and r are each zero, gqis 1 30 and p is 2, or

wherein pl8qg and n are &ayét arotber aspectitherdvention lates 30 a

This inventio ¢ ﬁ%&;,%i, | r .

chol esterol | ng’ﬁls%;?c%?rém Fﬁ'oneed ogé?é ?ﬁ@iégﬁ?%%%@%[ﬂl BY%’SXV

admi ni st er i ng Sepstiptec-azetidinops, sholgstesol.absasptien Bhikitarpfifarmulatha is, the
35 use of a cholestsrd! blosyhihieRiscinbibitor,"ared b gharfracaltiGaRosdsEprabler ol em ¢
agent is also anot her aspect,

resent i nvenEabfEry 56 2 final agoget,the inveption relefhsrtb 4 kit BRMBESRGR Watror i oi ng
a serum c2@| econtainier| avefiective amount of a hydroxy-substituted azetidinone

cholesterol absorption inhibitor of formula I'in a pharmaceutically

acceptable carrier, and in a separate container, an effective amount of a

cholesterol biosynthesis inhibitor in a pharmaceutically acceptable carrier.

In yet another aspect, the invention relates to a process for
25 preparing certain compounds of formufa I comprising the steps:
(a) treating with a strong base a lactone of the formula

RZ /Ra
Z,
L Yo
y, O

('3)7\2p
Ya
o or
(?RR1)q R\l\
¢Xm o - 0
Ar‘lf) B

m

Ar’°lxm .
wherein R’ and R2' are R and R2, respectively, or are suijtably protected
hydroxy groups; Ar10is Arl, a suitably protected hydroxy-substituted aryl
30 or a suitably protected amino-substituted aryl; and the remaining '



- 5- effective anmount of a conpound of forrmula | in a

phar maceutical |y acceptable carrier. The present
ixavention also relates to a nethod of reducing pl asma chol est er ol

| evel s, and to a nmethod of treating or preventing 5 atherosclerosis,
conprising adm nistering to a mammal in_geed of such treatment an

effective anount of a conbination of a hydroxy-substituted

azeti di none chg) I [ LA ; cgaH Rt hol est er ol
bi osynt hesi s P%ﬁﬁlé?g?é #%%lgé,%g gt@é‘ieérﬁ"%frkn‘/ﬂen |or€Pfef at e??g t he use
of a hywheRyn 80w & @re eaell zerx i § hdhe chol esterol absorption inhibitor

of formula 10 | f FLEN ' g?l inal #o@gihlg 1 nhi bi tor
(and, simlarly, ®) usgggﬁegﬁgﬂg?ggfgﬁg gﬁ%iﬁﬂ?h@?fgqrﬁh?ﬁﬁggr for
conbi ned use with a hydr oxy- subst i ed azeti di none chol esterol
absorption inhibitor of formula I to treat or prevent

at heroscl erosis or to reduce plasma ch@y est erol | evel s. 15

In yet anot her aspect, the invention rel to a phar maceut i cal
conposition conprising an effective anou of a hydroxy- substituted

azeti di norfe cwbeeaindre? imBrfapsuitably pratectedrhydroxwsubstituted aryl or a
chol esterol bé@ﬁﬂ*%?&b&éd‘&'tn &&Ebstﬁuﬁ.@daarg?aéﬁaaﬁ\wiswbjasaaasl table

carrier. In a ﬁ\sect, e .lnventjon telates to a kit conpfising in
one 20  cont Brotested hycrex-subatituted anyl of a sughiy prot aMiR®-ed azeti di none
chol esterol apgesthttednaryiihi bi tor of formula | in a pharmaceutically

acceptable carrier,, and i B a %epargfe cq t ai ner,, an effective anount of a

chol esterol bi osynpheqﬂeé‘c G WL reRcion Wi Btﬂﬂﬁggeut ically acceptable

carrier. 10 d) optionally remgeingahe pnetectisg guoupst fremi Yy B3 iAo 0, rAR8t es to

a process for g ' rt.ain conmpounds of formula | conprising the
ard Aﬁ?{a@ﬁ phcseln : LAk

st eps: ] wTh a strong base a | actone of the fornula
[err] ahamtionally funetiopglizing hydraxyroramaing] substituents b R?el y, or
are suitably ApntgRi@d AP,
Using the lactones shown above, compounds of formula 1A
16 and IB are obtained as follows:
% R OH
R —)=o Ar® .
. Ar'-X,(C)-Yu-C-Z A
7ko + '&J I=Rm (l)q i

" R! R I I
nt

Ar‘lolxm A
wherein the variables are as defined above; and
RZ /R3
N/ . H HZ
C}f\zp ArSO 1 ? i
Ya ﬁ" Ar'-Xn-C-Yn-(C)-Z, Ar®
+ — i 1.
Rj\l\ N\ R1 "
Ar20 N
Y.
Xo OO " 0" Mag
Art? B :

wherein the variables are as defined above.
20
i IPTION:
As used herein, the term "lower alkyl" means straight or
branched alkyl chains of 1 to 6 carbon atoms.



h‘y"droxy groups; Ar[err] is Ar[err], a suitably protected
hydr oxy-substituted aryl 30 or a suitably protected am no-substituted

ax-yl ; and the renaining - 6-
vari abl es are as defined above, provided that in |actone of fornula B,
when n and r are each zero, pis 1-4;, _7. (b) reacting the product
of step (a) with an imne of the fornula [err] 5 wherein Ar[err] is

Ar[err], a suitably prot é%(.grmgd, Lpfh? t ¥ te®anydronaphthyi 620! Y
pr ot ect ed am no-substituted aryl; an )ﬁi ’]wl lsiﬂigﬁ er? )iﬁrgu?? tf#yb

prot ect ed hydrlﬂﬁ?ﬂﬂubstltut ed aryl or a suitably prot ect ed am no-

substituted aryl; *Halogéno" ¢S 16 Motine, clienine,dromihe orodined; 10
d) optionally rem)wngthe protectlng groups fromR R[err] Arferr],
Arferr] MM [err], when present; and optional I'y

functi onal zi ng hydr oxy The aboveskatament, whersindis, 137 Ei[ldaﬂajare said to\bgerr],
Compounds of  1BpRERNdent selected from, a oroBp P stdLBRS RERIS RS RY.
wherei n the vandBPase independeatly aelectgdobut algadhat where an RS, R7 or R8
variable occurs more than once in a molecule, those occurrences are
independently selected (e.g., if R is -OR® wherein R is hydrogen, R4 can

10 be -OR®€ wherein RS is lower alkyl).

Compounds of the invention have at least one asymmetric
carbon atom and therefore all isomers, including enantiomers and
diastereomers are contemplated as being patt of this invention. The
invention includes d and | isomers in both pure form and in admixture,

15 including racemic mixtures. Isomers can be prepared using conventional
techniques, either by reacting chiral starting materials or by separating
isomers of a compound of formula I. [somers may also include geometric
isomers, e.g. when a double bond is present. All such geometric isomers
are contemplated for this invention.

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

Compounds of the invention with an amino group can form
pharmaceutically acceptable salts with organic and inorganic acids.

25 Examples of suitable acids for sait formation are hydrochloric, sulfuric,
phosphoric, acetic, citric, oxalic, malonic, salicylic, malic, fumaric, succinic,
ascorbic, maleic, methanesulfonic and other mineral and carboxylic acids
well known to those in the art. The salt is prepared by contacting the free
base form with a sufficient amount of the desired acid to produce a sait.

30 The free base form may be regenerated by treating the salt with a suitable
dilute aqueous base solution such as dilute aqueous sodium
bicarbonate. The free base form differs from its respective salt form
somewhat in certain physical properties, such as solubility in polar
solvents, but the salt is otherwise equivalent to its respective free base

35 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.
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at | east one agpmfﬁsém *"Veml%m%m&ﬁf"fm%ﬁ B‘hémm? syrR@s,
i ncl udi ng enanfovagkitin, pruirastann fidvasthtin, SshwasStain Casd® C1981L HMG EdAbei ng

B o NS L Rblaad nfors dor ekl {-BBelclel HESS.£1 19K RS S, 1
can be prepar emhetbylpg-oxor2Raxetarlyl]-3,5,7R-trimethyl-2,4-undecadienoic acid);

10 squalene synthesis inhibitors, for example squalestatin 1; and squalene
epoxidase inhibitors, for example, NB-598 {(E})-N-ethyl-N-(6,6-dimethyl-2-
hepten-4-ynyl)~3-[(3,3'-bithiophen-S-yl)methoxy]l_:enzene—methanamine
hydrochioride) and other cholesterol biosynthesis inhibitors such as DMP-
565. Preferred HMG CoA reductase inhibitors are lovastatin, pravastatin

- 16 and simvastatin.
Compounds of formula I can be prepared by known
methods, for example those described below and in W093/02048.

at ons.

*Hal ogeno” r ef er S

Method A:
- R B
AR Arlo Qg YirClrZy
N + R! R®
\
10
I Ar20 . © OR
R B l R R
Al X (C) -Yq (C), Z, AP Ar-Xp-(Clg Y- (C)y Ar
| |
R‘l RS Er + R‘! R3
N N
la 0" a2 Ib R

20 Compounds of formula la and Ib, wherein Arl, Ar2, Ar3, X, Y, Z, R, R1, R2,
R3, m, n, p, q and r are as defined above, can be prepared by treatment of
an ester of formula Hi, wherein R0 is lower atkyl such as ethyl or a chiral
moiety such as menthyl or 10-(diisopropylsuﬁonamido)isobomyl, and the
remaining variables are as defined above, with a strong base such as

25 lithium diisopropylamide (LDA) in a suitable solvent such as tetrahydro-
furan (THF) at -78°C. A solubilizing agent such as hexamethylphosphoric
triamide (HMPA) may optionally be added as a cosolvent. An imine of



t echni gues, either by reacting chiral starti ng materials or by separating

I'soner's of a conpound of fornmula I. Isoners may al so i nclude geonetric

i somers, e.g. when a double bond is present. Al such geonetric isomers
are contenplated for this invention. 20 Those skilled in
the art will appreciate that for sone -9- conmpounds of formula I, one

I sonmer will show greater phar col o activity than anot her

i soner . formula I, wherei %and%rg? arg asdefinad abava, israddedatheo group

can form ré&%ﬂbﬁ&ﬁi%ﬂré‘i@bkﬁeﬁﬁﬁﬂﬁéé% ?o@rﬁltbﬁxn&éthr@bgmunﬁaam atgproani c

acids. 25 Exarrp uitabl e aci rmati o ochl.oric,
sul furic Bitahle jovs Tembatatire Suchtps £ 89C 1r e PRI IR G OIOYRd
mal i c, funari bequenclmng with a suitablecadid suchralsel N, Hﬁlat'lihemdldc!risc and ot her

" or opar o by SOREd MR boteryional BitoaliBfdBch Fnhet Whéh & ltpfidtng, "o o0

of the desi redgmupoas definediinctablest(below)is present o onear moienofthe be
db b '
regenerated Dyqbt ﬁiﬁ!ﬁr ofé&'eé Qi'éusﬁgd @R é’dcﬁﬁﬁﬁé‘@lfé‘% cgmi?gltsgig' W\]firl ase

sol uti on such as ?e base

formdiffers fPutesting 9@5&5’6@ P%V@'ﬁloﬂaf tachniques is feRERAaHOEWe YR 1%,
physi cal _pr opesémpeunds ehicimulela!lb! b iy Bompoand of formuialTwimdrein b]yt the
salt is o ent 10 ifSal ESREG LAV rmfor
ot poses o0 ¢ HRRRGaVBHSR ofolip' Ao, ARB]Ako) R of B2 RUAKAINAE o1 't he

i nvention are benzyloxy grayp, sutlacprotectingagropp wedsl natibenrgmeweadsto eblain boxy |
Th | h
group) . These W 5f%m1ula L Wﬂgﬁg:&ﬁ?#tésf& 6f3fo Elﬁﬁf 130 USed atbﬁs W t

i norgani ¢ and 0 are
sodi um pot assfasit 'Wﬂwnfépﬁfﬂmﬂﬁ ta or Ib is nqgcsa@eram silver salts. Al so

i ncl uded are sal ts for rreﬁnmekrbfmmmaqeﬁmswﬂaw-mzo) can B prapareldrami nes

e o o g gPl of el AR LT of e s AP2ONH;
bi osynt hesi s | by prodeniuses welldswewmintthe arbmaidetydes of formuta ArBO-CHO @nes ent

oravastatin. 1H0TEA o Rl AR QR 8 Yt Bf JpL BvauBble epesrpg Yo ™

prepared via known procedures

Method A": -
z,
wo RSl Yo
ﬂf + Yn 0
N ! 191
N 20 (CRR'),
I g(m v
' Ar! o~
R OH j’ R OH

A X (C) Yo G2, AP AfX (c;)q-v c-z Ar
R’ Rs I l + R RS —r
20 ic 0 g id Nar2
Compounds of formula Ic and id, wherein the variables are as defined
above, can be prepared by a process comptising the following steps:
(a) Treat a lactone of formula IV, wherein the variables are as
defined above, with a strong base such as an alkyllithium (e.g., n-butyl-
25 lithium), a metal hydride (e.g., sodium hydride), a metal alkoxide (e.g.,
sodium methoxide), a metat halide (e.g., TiClg), metal exchange of the

=N



synt hetase inhibitors, for exanple L-659,699 ((EE)-11-[3" R (hydroxy-

net hyl ) -4' - oxo-2' R-oxetanyl ]-3,5, 7R-tri net hyl -2, 4-undecadi enoi ¢ aci d); 10
squal ene synthesis inhibitors, for exanple squalestatin 1; and squal ene
epoxi dase inhibitors, for exanple, NB-598 ((E)-N-ethyl-N-(6,6-dinmethyl-2- @
hept en-4-ynyl )-3-[(3, 3" -bithl ophen-5-yl}) F@t‘hoxyl benzene- et hanam ne

hydr ochl ori de), ..and ot her chol esterol biagsynthesis, inhibitors such as,K DVP-
5%5. Preferr eé‘tmm Q%&ﬁ%ﬂﬁﬁ%@@gﬁhgﬁt(% zine chlaride).anetal exchange of i n

15 and si nvaghelithium enolate with a metal alky! (¢:9)719bora@bicytidnonylirifiate)cen be

prepared b Ki9ufbrabiy, o mefHriadYe.d. L ORK Y Suldtis nfardisSigah O 2n¢ 1
20  Conpoundssobfent suaiilias drp Thif etiher ortmerzienepi &dry, ingtt ptmojphete] e#g_.,] , dx,

Y, Z, R " @ I ne
Shove, candbe WdsPritdden, The reactnt dhridd olt athbdit BE to MU BeeC, |

wher ei n R[ er r Preferabyaboyt k78°C qver asperiad of ahout Scig akgut 60 minutespi ety such

25 ment ! o Sy seeten sl b stk anbidts oy,
Ir|6trrﬁ: ulm gi i so;ﬂp%ﬁwwﬂé‘fdﬁgAPr&ﬁr@?% GEPH‘()%‘;/"}S]HWe‘f‘rt sgch as.tetrahydro-
furan (THF) at -78[(b) rAdd arimivieudhi formulad],ageereirs AA® arad Ac¥aaretdy | phosphori c
triamde ﬁb"vp@eﬁﬂgﬁ a%%?ﬁ%leyprgﬁu&doqes%ﬁfa)ab\fé?%%é/r?éy of g‘?o 80" rﬁ'l‘?tu?és,

preferably 30 minutes, maintaining the reaction mixture at about 0°C to

about -85°C, preferably about -78°C, for 1 to 12 hours, preferably about 3

hours, or warming the reaction mixture over that time period at a rate of

~ about 10°C per hour to about 70°C per hout, preferably about 30°C per

15 hour, to a temperature of about 20°C.

(c) Quench the reaction with a suitable acid such as HCI (1N).

(d) The protecting groups on R', R2, Ar10, Ar20 and Ar30, when
present, are removed, if desired, by methods well known in the art, for
example silyl protecting groups are removed by treatment with fluoride.

20 e} Compounds of formuila I wherein any of R and R2, when
present, are OR® wherein R€ is hydrogen. can be converted by well known
methods to other compounds of formula I wherein R and R2 are
functionalized, i.e., are independently selected from the group cdnsisting
of ORB%a, -O(CO)RS, -O{CO)OR? and -O{CO)NRER?, wherein R6, R7 and R?

25 are as defined above and RS2 is lower alkyl, aryl, or aryl-lower alkyl. For
example, treatment of the alcohol with an alkyl halide in the presence of a
suitable base such as NaH will afford alkoxy-substituted compounds {i.e.,
R or R2 is ORS, wherein RS is lower alkyl); treatment of the aicohol with an
acylating agent such as acetyichloride will result in compounds wherein R

30 or R2is -OC(O)RS; treatment of the aicohol with phosgene folfowed by an
alcohol of the formula HOR® affords compounds substituted with a
-OC(O)OR® group; and treatment of the alcohol with phosgene foliowed
by an amine of the formula HNRERY? affords compounds wherein R or R2 is
-OC(O)NRER7. Compounds of formula I wherein any of Arl, Ar2 or Ar3

35 has a hydroxy or amino group can be similarly functionalized to obtain
other compounds of formula I, i.e., wherein R4 and RS are independently
-OR63, -O(CO)RS, -O(CO)ORS®, -O{CH2)1.s0RE, -O(CO)NRER7, -NR6R7,
-NR6(CO)R?, -NRS(CO)OR?, -NRS(COINR7RS or -NR6SO,RS.




- 9- formula I'l, wherein Ar[err] and Ar[err] are as defined above, is
added, the reaction mxture is either warned to roomtenperature or
mai nt ai ned at a suitable.low tenperature such as -78[err]C for the
appropriate tinme, foll owed by quenching with a suitable acid such as 1
N HC . The product is 5 isolated using chventlonaI purification

techni ques. \Wen a protecting group as defined in Table 1 (below) is

Badi i onal Zt”ip‘)éon”gi.es?fngjer'éwavg% of ABict o0 o i GEing Bl

convent i onal twnmcqtm te mmmuchmmactlmbucrystalhzat&nmamteferab yf or mul a

| a, or any m roHHtayﬂ ‘Wﬁéﬁ 'dhmralﬁhm&s@!seﬁéédi thwégmxn roup
fi

Ar[err] Arferr I s an al koxy or benzyl okxy

group, such a ﬁﬂﬂﬁlﬁéﬁ ﬁ% olfaCemiBved to obtain a

conpound ofsformula 1. ng tiedp f@dﬁdgﬁé déscxfbédnihrméps a)-{g)slactarvbs dfhe
IS Nno [

[ mines of {or RIPATHR Q’m%?@ﬂﬁé Riqhers PPrpaURgS ¢ Yormuita do angiha s

al dehydes of t tprovidedithat whér nrgndoHareeachazenoep isfl-4:ne fornul a

Arferr]-NH err] by procedures well known in art. Al dehydes of
formula Ar[err]-CHO and am nes of fornula K grr]-NHerr] are
comercially avail abl e or can be prepared Vi pr ocedur es.

Met hod A : [err] ’kn
\ 4\ /2
|
OH R? l

2
P Py
Al K OVlOZp  A® RGN (O, AR
e TP mw [
g O a2 Ih 0" a2

Lactones of formulae 1V and IVa are known in the art or can
10 be prepared by methods well known in the art. See, for example, U.S.
Patent 4,375,475 and J, Agric. Food Chem., 30 (5) (1982) p. 920-4.
Method B:
A OH
Ar'-X -(C)q-v,.—c Ar®

0
A base 91 Rsl I
. le N,
N ' P > 0 Ar?
o “Ar20 ' o +
Ar °-x,,,-(0)q-v,,—f .
v no R oM
Vi Ar'-Xe-(ClgYi~Ca_ AP
' L R3
R |
—N_
i 0" A

Azetidinones of formula V, wherein Ar20 and Ar30 are as defined above,
16 can be reacted to form compounds of formula le and If (i.e., compounds of



Compounds of fornula Ic and 1d, wherein the variables are as defined
above, can be prepared by a process conprising the foll ow ng steps:

(&) Treat a lactone of formula IV, wherein the variables are as

defined above, with a strong base such as an alkyllithium (e.g., n-butyl-
25 lithium), a metal hydride (e.g., sodilm hydride), a nmetal al koxide
(e.g., sodi um net hoxide), a netal halide (e.g., Tic[err]), netal
exchange of t Hermula | wherein ris 1, R2 is hydroxy, and p is zero} by treatment of - 10-

l'ithium enol at ] . ' . | chl.0r i change
o:‘ - the ITTNI Lr%n%n I a{ﬂlea%wtohgg"%%Cha%%wh"?g.%sé'%gh%g@b?c Igronongl
triflate), or,amide in gsuitablaspivenhsueh asdiHifiin the presencipr absenrcesaf t abl e
anhydrous or gyPA at -789B2 foiRMNedE by the*addifi¥n brlan ﬂél%é)ér.i?@taﬁ%wu n-a

dry, inert _atnosphere,..e.d 2 er nitrogen. e . reaction |s,carried
out at aboBt TEITCAF'S. %o u R T8Y [ M. and § are e dalings| gbau S inifec 1] ¢
over a period qiseadiVéthodiA, promdting Groupe aBAr10, Ar20, APBE R ramldl B2 afpeut 30

m nutes. 1-50% | cosol vents may optionally be added,
preferably abfﬁﬁ%%%ésg%" (b) Add an imne of fornmula II,

wherein Ar[err] and Ar[ €Fhi$ proeesssprovidescfavecal of tbe possibla diasteredmers of
step (a) over nerd ] : . ; L nut es,

mai nt ai ni ng th‘ghlregadg?'iq?)én)gﬁéﬁaﬁﬁééegg g%g@agﬁgPﬁfﬁt@ili&@,%&@%ﬁl_ 85[err] C,
pr ef er abl JVabdivomatpgraphy anddiPLC: ysing tachnigues welldnemmyintheant.3 The

oo 10 o CORAR diseiaton ¢y e ety et Soghig © o
30[err] C per %Qgehﬂwo%reé RhReAde0re %'woyﬂ’@l@'ﬁ’i& partiél - (c)
Quench t he r eagtticturesidf foraniailf arelshowri:d such as HO (1 N).

(d) The protectingygroups on R, Rerr]"', Arferr], [err] and Arferr], -
when f pr esent rgef:)ved, I f desired, by ne qqls- Ib known in the
art, for ' r Clij f ~EF10 y treatnent
with fluoride. e) O@%‘QMI& In any of R and
Rlerr], when nt, ar rein Rlerr] i Xdr ogen, can be
converted by well own ‘A‘2 nmet hods to ot her co ndsMgf2 formul a |
wherein R and Rlerr]| are functionalized, i.e.; are 1ndependently

sel ect ed fi5ominlike @bove knowsi procegs, DEAD isf diRytazodicarb:giite] and PPhs

arc ab et | nods MRATVNGEhE, ) PR eacatlicind s oopiahberafll. ™ 111, *°

For overnight and the resultant formate ester is converted to the
corresponding hydroxy compound with the desired stereochemistry.
Method C: '

RO L
10 base
WX DO Y+ T Ay =
R'" R® o—4
Vi Vil o _ ACHO
TiCls, TMED
O OH _ QO OH
A{ZON M AI.’!O N/v A rao
I o~ %
(?Rz‘Ra)r . (QRZ' RS)
Y H2042/ ' r
" ANHz  base ‘lln
J g k-
((-ER Ri)q | ) (quR1)q
)l(m ‘)l(m

20



exanpl e, treatnent of the alcohol with an alkyl halide in the presence of a
sui tabl e base such as NaH wil|l afford al koxy-substituted conpounds (i.e.,
Rwor Rlerr] is ORerr], wherein Rerr] is lower alkyl); treatnent of the

al cohol with an acyl ating agent such as acetylchloride will result in
conpounds wherein R 30 or Rerr] is -Of@-R err]; treatnent of the al cohol
w th phosgene foll owed by an al cohol of the fornula HOR err] affords
conpounds substituted with a - ., and treatnent of

t he al cohol w th phosgexe fnlﬂ—?&\% %@@@g&g@é@@lﬁt hdaf or nul a

HNR err] Rl err] affords conpounds wherein Ror R2 is

-OC(ONRerr]R err]. Conpounds of fornmula | wherein any of Ar[err], Ar[err]
or Ar[err] 35 Compoaniy of tornula laas defined abovercancbe preparet \byf reactingaal i zed

to obtain _ . i éﬁngft & ' vV ej B[iu.}; and

o) e 1 IS B e i S

-NRferr] (CO R E% gkﬁs&@d Ahtydidd otk withBhehyl ;smmﬂsmgia&iaafe} or
(

-

-NR[err] SO err . _ e product of step c,
d or eis isol {GROBBh e mathyl-pyridinjum ester Jefraed E’@Bﬁﬂ?ﬁq[@t@ﬂch as
extraction, crofsdrhbidzwith Nnfethylf2-ehRiG®ridinium iodidd (1G2-gRy-N0
oh o 001 20 Bl WRTS. iy bL 6L i e ,, SO
descri bed 10n sneaptiorf af acedcid chioridesand 2-thiopyridinepwhereiithexemaininged to
gggﬁaggr g?”‘;oi‘\gﬂ%b%s 5 34 481ihEd 8BEve;" enolizing & Y fitnt Prdauefern and { eﬂ f

example with TiCly and tetramethylethylenediamine (TMEDA);

condensing with an aldehyde, Ar30CHO; hydrolyzing to the

corresponding acid, then reacting the compound of formula IX with an

15 amine, Ar20NH,; and cyclizing the resuitant compound of formula X, with,

for example a trialkyiphosphine and a dialkylazodicarboxylate. As in the

‘case of Method A, protecting groups at Art0, Ar20, Ar30, R' and R2' are

removed as necessary. This procedure is described in detail in-

WO093/02048.
20 Method D:
Ar
N + vl — la+lb
\
A2

il

Compounds of formula la as defined above can also be prepared by
treatment of an imine of formula i, wherein Ar20 and Ar30 are as defined
above, with an activated carboxylic acid derivative of formula Vil as

25 defined above in the presence of a tertiary amine base such as
triethylamine, tributylamine or diethylisopropylamine in an inert solvent
such as CHaClp. Again, as in the case of Method A, protecting groups at
Ar19, Ar20, Ar30, R' and R are removed as necessary. Use of other
bases, e.g., pyridine, favors formation of compounds of formula Ib.

30 '



Lact ones of formulae IV and IVa are known in the art or can 10 be pr epar ed

by met-hods well known in the art. See, for exanple, U S. Pat ent
4:+375,475 and J. Agric. Food Chem, 30 (5) (1982) p. 920-4. Met hod B:
[err] Azeti di nones of fornula V, wherein Ar[err] and

Ar[err] are as defined above, 15 can be-.ri@acted to form conpounds of
formula le and If (i.e., conpounds of

-12 - f o E; wherein r is 1, Rerr] is hydroxy, and p is zero) by
treat ment of azetidi none 'V w th a st ronzg base such as lithium
i sopr opyl cycl ohexyl - \fO F;'{ ft
| N Z Qe VG Xrhr™®.
© R® R Xt

I,
l TiCl,, TMEDA

R? R
'8) l ]
YO 2 Qe Yy Ol X

R ’;1

HN Xt
Ar?0
NaN(Si(CHy)3),

Xt » la

In the first step, compound Xll is dissolved in a suitable
5 solvent, e.g., anhydrous CHaClp, and treated with a Lewis acid, e.g., TiCls
at about -60°C to 0°C, preferably at about -25°C, under a dry, inert
atmosphere, e.g., argon. A tertiary amine base such as TMEDA is added
and the mixture stirred at about -60°C to 0°C, preferably at about -25°C to
-150C, for a period of about 1 h. An imine of formula Ar30CH=NAr20 is

10 added neat or optionally as a solution in a suitable solvent, e.g.
anhydrous CHClo, over a period of about 5 min, and the reaction is
stirred vigorously at about -60°C to 0°C, preferably at about -25°C to.
-150C, for about 3 to 6 h, preferably about 4 h or until the reaction is
compiete by TLC. An acid, e.g. acetic acid, is added to reaction at the

15  reaction temperature and the mixture is allowed to warm to room
temperture slowly with stirring for about 1-3 hours, preferably about 2
hours. The compound of formula Xill is isolated by extraction with a
suitable solvent, e.g. CH2Clp, then purified by crystailization or silica gel
chromatography.

20 ] In the second step, the product is treated with a strong non-
nucleophilic base, such as sodium or lithium bistrimethyisilylamide at
about -78°C to 10°C. After reaction, the mixture is poured into aqueous
tartaric acid and the product isolated from the organic layer. As in the
case of Method A, protecting groups at Ar10, Ar20, Ar30, R' and R2' are

25 removed as necessary. This process, including the preparation of the -



amde in a suitable solvent such as THF in the presence or absence of
'HWPA at -78[err]C, followed by the addition of an al dehyde or ketone of VI,
5+- wherein Arferr], X, Y, R, Rerr], Rerr], m n and g are as defined
above. As in the case of Method A, g)rot ecting groups at Ar[err],
Ar[err], Ar[err], R and Rerr]' are =15renpved as necessary.

Thi s process prOV|des several of the possible diastereoners whi ch can
be separated Isjarting onateriat oldermulacXisisalse dascrined isigrestergiatail in

chr omat ogr aphyyeyed;dFd4g. usi ng techniques well known in the art. The

remai ni ng di aizeEeagrs can be obt'ai ned by inversion reactions such as
the M tsunobu n sequence outlined bel ow, wherein parti al

structures of forrml,?a e shop: [err A% In t he above known
process, DEAD i s SI’(J hyl a y x¥l ate and '

tri phenyl phosphin The yea mie/afr stirrgd a Ym&(;ﬁrt ‘Nae

over ni ght and theN.esuItant r ngke %;er IS co ver;t}?I to

correspondi ng hydroxAtrz?:onpound wth b desi red st ereocheji

Met hod C. [err]
P(al kyl' )3 + dial kyl dzodi carbgpy! ate X

| a Conmpounds of fornula la as
defined above can be prepar gM&p rea@j ng aR chiral auxiliary such as
the conpound of formula VI kN an a%wa(c?'dz 5 capp8xylic acid
derivative of formula XVI, Ielan ¢/ de
| R RS N Vi
5 , O Nar20
' 2
Ar'°_MgBr or OH R

; 10y '_ (O - | 0
i Al AT Xar QYO AI:(AP
R" R N

ig' or In* O >
Compounds of formula Ig’ and Ih' (i.e., compounds of formula I wherein R
is _OH), wherein R2' is a protected hydroxy group as defined above, and
the remaining variables are as defined above, can be prepared by
10 reacting an imine of formula Il and a carboxylic acid derivative of formula
| XIV, wherein the variables are as defined above, according to Method D,
followed by oxidation of the resultant halide of formula XV by treatment
with an oxidizing agent such as trimethylamine oxide, CrOg or ozone in a
solvent such as DMSO. The resultant aldehyde or ketone of formula XVi
15  is then reacted with an aryl organometallic reagent (e.g., Ar10X,.MgBr,
ArtOXpLi, ArlOX;,MgCl or Ari0X,CeCly) to obtain a compound of formula
ig' or In'. As described above, the Ar10, Ar20, Ar30 and R2' substituents
can be converted to the desired Arl, Ar2, Ar3 and R2 substituents by
procedures well known in the art.

20 Method G:
o oo
Af"(C)q'Yn'(?)r’zp AP AMO) Y- (C)rZp Ar
Fli‘ R halogenating Ax és

N agemi _ N
xvii 07 N Xvill O e



(L=Cl), a m xed anhydride forned with phenyl phosphorodichloridate
(L=OP(O) (Cl)OPh), an N-nethyl-pyridiniumester formed fromthe reaction
of--an acid with N-methyl-2-chloropyridiniumiodide (L=2-oxy-N

met hyl pyri di niumiodide), and a 2-thiopyridyl ester forned fromthe 10
reaction of an acid chloride and 2-thi opyt6 di ne, wherein the remaining
vari abl es are as defined above; enolizing the resultant product, for
exanple with Tid[err] and tetranethyl et hyl di aﬁpne ( TMEDA) ;

condensing with an al dehydeh_ ,@&5 CHO hy | yzyng to the

correspondi ng acid, then reﬁ,:g com)q yﬁ;(c)f,.tz;,rrul a |)ArWIth an 15
amne, Ar[ferr]NH err];Xxend e requlitant_co of formula X
Wi th, for exanple a trial kyl phosphl ne &ld a BPal kgl azEdl car boxyl at e.

As in the case of Method A, protecting groups at r], Arferr],
Arferr], R and Rerr]' are renoved as nediessaryQ’ Thi s\RPocedure S
described in detail in W03/ 02048. 20 Met hod D

[err] Compindssofdermulanki having a:bydrexy substilventon dhe sidecirain

prepared by  adj atcbﬁaim Aﬂf p' (Fén%oa{ atma%l&ﬁodnhulavmﬁﬁ&*eih ¥ [segy | and

Ar[err] are as deflne box cl'd

derivative of F8RBS %"GPPfeddgy 93“%1@1 ‘F%Bp%‘mf\fle# ("rﬁ“\“ﬂ?ﬁe&% éé/f&'egf

tert Ih alr y an.': (r;e Msthed D) dbove, whereihthevayihbles e dsr ddfied above; for about s i

(e choo”ol TN R B on el B o BV, 77

R and Rerr]’ beorsosucainigida{N maaswtabtgeoluenbsm as CClslimthes, e.g.

_ P{;i dine, T avoppadehicBdf M inftlating B Sach as'Bundyipbfoxid®) The resultant

_ compound of formula XVill, wherein Hal is Cl, Br or I and the remaining

10 variables are as defined above, is then heated in a suitable solvent such
as CH2Cly with a tetraalkyl-ammonium salt such as tetra n-butyl-

‘ammonium hydroxide (n-BusNOH) to obtain the compound of formula i.
Alternatively, compound XVIli can be heated in a suitable solvent such as
CHgCl2 with tetra n-butylammonium trifluoroacetate (n-BugNOC(O)CF3)
16 followed by treatment with a mild base such as ethanol saturated with
NHs3 to obtain compound 1. '
Method H:
Q ¥ Q
CI-C-Yy- (@) 2y Ar a0y meypd®  Ar'®-Xpm:C-Y,: ©r2, Ar0
. R® )/__'15 I LR ;}5
XiX 0" “Ar® XX 0" Mpp0
QH F
xx ~_feducton _ Ar X G @2, Ar®
" H 3
b "o N‘AF"

20 Compounds of formula lj (i.e., compounds of formula |
wherein R is OH, R1is H and q is 1) are prepared from compound XiX in 2
steps. First, a compound of formula XIX, wherein the variables are as
defined above, is dissolved in a suitable anhydrous solvent, e.g. THF, at
about -20°C to about 22°C, preferably at about 0°C under a dry inert

25 atmosphere, e.g. argon and adding a transition metal source, e.g.
tetrakis(triphenylphosphine)-palladium or palladium acetate/ triphenyl



Met hod E: [err]

In the first step, conpound X | is dissolved in a suitable 5 solvent,
e:g., anhydrous CH err]C[err], and treated with a Lewis acid, e.g.,
Tid[err] at about -60[err]Cto O[err]C, preferably at about
-25[err]C, under a dry, inert atmspnere, e.g., argon. Atertiary
am ne base such as TMEDA is added and the m xture stirred at about

- 60 Cto O C f bl t .about -25 - 15[ C f
 peri ot of _abbieeHe” AR SleaReGTaIg ohira s AL Mensiiet whergin AMEK Sided
neﬁt dor OptC:_| F Nahd yn afe as definéd above andMet ispioe mg\&@,th@- o B(OH)g,is
an rous ernlClenr Qy.er N ion is
sti ¥r ed vigor oﬁg'%’% gﬂ {@o{ﬁﬁ"mo‘ééﬁéﬁﬁé é?g‘gggf %?ﬁﬁtdo M@égfﬁ '5}@%@

- 2t5[ Ier { ]hC to about G5 tbe rgatticnomixibrelis stirred for aboytr 8 mimbo 4 ha:o_out 4 h or
unt i e rgeac 0 225@ [ el d, is
added to r£ct¢’%é3€rgpﬁ{ %%mit51 ﬁ’r gﬁ%ﬁ g‘ﬁ%‘%da@l}#gﬁgg% at%ﬁgt_m X hr@@rﬂ

al | oved to war@f dilute @sid, e.g. INHGh foliowad By exirgction witha svitable organieout 1- 3

ool ot el by extraem g, ethyl aﬁe‘a‘aqgf‘iﬁ?f%"e"asao% SR Snd XXT 2 g [er ]
then purified by crysta%?zhe?%? of foanpla; kd%ld‘ss"?"edierﬁ mcﬁ%,sg L 20

In It he ﬁ _elcs)nd éIgemHsmﬁ. ahydrsdeniatiohrcatalgst isiadded, 8ig. ®ebomearbon, and
about 7618 r ] BRI et #?@Pz?%%%{lg%ﬁfﬁ Ble¥sh B AtoR 4 bR o
aqueous psir praferably aboutB0 psidopabdutct to 24 hapeefefabiyrabnut 36 fanlThe
layer. As in tRhgdrogenation catalyst is removed by filtration and the solvent is removed
in vacuo to produce a compound lj as a mixture of .alcohol diastereomers
which can be separated by conventional means. '
15 Alternatively, a ketone of formuta XX is dissolved in a
suitable solvent, e.g. THF, at about -40°C to about 22°C, preferably at
about 0°C, and a suitable reducing agent such as NaBHy, a substituted
borohydride (e.g., [cbz-proline]3BHNa) or a borane is added, optionally in
the presence of a suitable chiral promotor present either in catalytic or
20 stoichiometric amounts, e.g., chiral borane of structures:

_.g Ph

[ >- Ph .. _Ph s Ph
U, %, ot
o M e Y

7/ . Ve 7.

Addition of dilute acid, e.g., 1N HCI, followed by extraction with a suitable
solvent produces compounds of formuta lj. As above, protecting groups at

Ar10, Ar20, Ar30 and R2' are removed as necessary. When either a chiral

25 reagent or a chiral promotor is used, the resulting product is non-racemic.

Compounds of formula XiX can be prepared by a multi-step

procedure as represented below: ' '

R? 0 R?
|1 i {
RY%0-C-Yy©)rZ,  chial amx.(@)  R™0-C~Yy:(C);- Z,

3
XXI o cl XX Ro



caée of Method A, protecting groups at Ar[err], Ar[err], Ar[ferr], R and
Rlerr]' are 25 renpbved as necessary. This process, including the

preparation of the - 15-
starting material of fornmula Xil, is also described in greater detail in
W93/ 02048. Met hod F: [err]

. Compounds of fornula Ig' and Ih" (i.e., -«ctBpounds of formula I wherein R
is OH), wherein Rlerr]' is a protected hydroxy group as defined above, and
the renaining vari dbl es are as defined a?g ﬁgn be prepared by 10
reacting an imne of forpula Il and a oxyI c acid derivative of formula
X'V, wherein th)((aXl\I/ari dpwisAcid o as dqj‘;WQf.%.a,bQ(@) zé:coml?‘hg to Met hod D,

rAr:"’ R HN
f\i. Ar2° ! XXM 0 Q \Afzo
Strong base 0 R?

XXl e N .R‘°o-<':'-v,,-(c:),-zp Ar*®
“\\LLSiating agers /" R® J;:E

2F | XXIV 07 N p 20
e ¥
1) Hydrolysi 0
XXV 3} Efiornster—> - CI-C=Y- @7, AP
R? N

Compounds of formula XXI, wherein R10 is lower alkyl and the remaining
5§ variables are as defined above, are commercially available or can be
prepared by treating the corresponding carboxylic acid (i.e., compounds
wherein the Cl is replaced by a hydroxy group)-with a chlorinating agent,
e.g. SOCI, or oxalyl chloride, under a dry atmosphere, neat or in a
suitable inert organic solvent, e.g. toluene at about 40°C to 110°C,

10 preferably about 70°C; aiternétively, a catalyst made be added, e.g.
dimethylformamide (DMF), the reaction is conducted at about 22°C and
the solvent and excess reagents are removed in vacuo. The compound
XXl is reacted with a chiral auxillary such as {S)-4-phenyl-2-oxazolidinone
according to the following procedure: a chiral auxiliary is treated with a

15 strong base such as an alkyllithium, a metal hydride or a tertiary amine
base such as triethylamine, in a suitable anhydrous organic solvent, e.g.,
dry THF, under a dry, inert atmosphere, e.g. argon, at about -85°C to
220C, preferably about 0°C, for about 10 min to 60 min, preferably about
30 minutes. The resulting anion is reacted, without isolation, with

20 compound XXl in a suitable anhydrous organic solvent, e.g. dry THF,
under a dry, inert atmosphere, e.g. argon, at about -85°C to about 220C,
preferably 0°C, for about 30 min to 60 min, preferably 30 min. The
reaction is warmed to about 220C and continued for 1 to 12 h, preferably
6 h. Water is added and compound XX is isolated by extraction and

25 purified by crystallization. . )

The compound of formula XXit is treated in the same manner
as descnbed in step 1 of Method E to obtain a compound XXiil.



followed by oxidation of the resultant halide of fornula XV by treatnent
with an oxidizing agent such as trinethylamne oxide, O Jerr] or ozone.in
a- sol vent such as DVMBO. The resultant al dehyde or ketone of formula
XVl 15 is then reacted with an aryl organonetallic reagent (e.g.,

Ar[err] XmWwBr, Arferr] XmLi, Arferr] C or Arferr]XnCeCl [err]) to
obtain a conpound of fornula, Jg' .,or Ih'. descri.bed bove the
Arierr], Arferr], Ar[err&ﬁmnﬁ‘%ﬂ'g C*QW&Q%Q%%COW'S leshatie ed to
the desired Ar bwoeburékr [ By ohe nmethed] & wmbdﬂ:ﬁrdﬂfoﬂublatxxmetsmabed with a

Prlgcedur es wel Lstrgt%’ W3 e[ﬂlrﬁtlggpﬂc bage s% ﬂ@gmopr ytgllquﬂéSI 'm-.wéy}l ng
hydr oxy subst i sﬂwmtdm in laesuilatdée ined organic solveﬂtaeeg:ltClﬂgClthat @b¢mr-7ﬂ°@r oup

.e., f
ﬁ\iaat i ngcg corrpoung&Jt Wﬁ?fer%ﬁaﬁbﬂtr ga’%fe ixtyre 'ﬁ/%pﬁgg f@rag%{)ve
wherei n the vabpuis @bfl%gea@@ﬂuemamuﬂg é@@b@lﬂ 2a¥caegmpound XXW. is isolated at
about 60[ er r ] Chy @ohveRlichal keseratfidh mh&tngs@atlh HhotER N two-gtdp Mmethed, a

br onosucci ni mde NBS rr] in_the
presence of an®Ph .%80@@%55@&&*@3 rﬁépf’zqﬂ’#ﬁﬂé'ﬁi?@hwmegﬁt ant
conmpound of f oNnﬂ)\thsQWhéthylsﬂyBaeetanhHé at abobut 0%C toabbutm00e@ecpreterably ng 10
vari abl es e I,S: t t such
ne Giperr] 0 [ oRBOEEAOTforhU 10,70 4 AT pietardd S i thén 1R 011
anmoni um hydr owithe {luoritig emppmu)'ce,@ gbwabuwﬂmnmwpm fronitle (OB .aal i .
Al ternatively, h as
CHerr]d[err] aé\nemt rgm)hdb‘l %/ rr? '?"rqu:l ?g;a (nganetg S 167 abSH"
(n- Bu[ er r ] NOC( @f\da[%p ytyd hours, p eferably about 2 hours. Compound XXIV is

isolated by conventional extraction methods.

16 - The compound of formula XXIV is hydrolysed by a suitable

base, e.g. LiOH, in a suitable solvent, e.g. 66% CH3zOH/ water at about

0°C to about 50°C, preferably 220C, for about 1 to 4 hours, preferably 2

hours, then extracted with a suitable solvent, e.g. EtOAc. The resulting

acid is converted to the acid chloride as described above by treatment

20 with a chlorination agent, e.g. oxalyl chloride, to afford compound XiX.

Method I:
H 'OH
s i :
Ar'-x-C—Yt AP Oxidation Ar'=x-C—Y: A
1 . —_—— 1
R j_‘,( R’ 1§
wv © AF_ XXVI 0 AR
(')H
" Ari_ CJ SR Y|
XXV Reduction X (i‘o Y A3
R! ] N‘
1k O A

Compounds of formuta Ik, wherein Arl, Ar2, Ar3 and R1 are
25 as defined above, one of X" and Y" is -CH2CHo- and the other is selected
- from the group consisting of -CH2CHp-, -CHa-, -CH(lower alkyl)-,
-CHydilower alkyl) and a bond, are prepared by oxidation of an alkene of
formula XXV, wherein one of X' and Y' is -CH=CH- and the other is
-CH=CH-, -CHy-, -CH2CHy-, -CH(lower alkyl)-, -CH(dilower alkyl) or a
30 bond, and the remaining variables are as defined above, can be prepared
by the following two step procedure.



15 followed by treatnent with a m|d base such as ethanol saturated with
NH[err] to obtain conpound Ii. Met hod H: [err] 20
Commpounds of fornmula Ij (i.e., conpounds of fornmula I wherein Ris OH,
Rlerr] is Hand q is 1) are prepared fromconpound XIX in 2 st eps.
First, a conpound of formula Xl X, V\,herei_rhdhe vari abl es are as defi ned
above, is dissolved in a suitable anhydrous solvent, e.g. THF, at

about -20[err]C to.about Azgg,ﬁg&,% opfo(;@gﬂaakw wmape ‘%th% er a dry

inert 25 at rmsi:here on and a ransi rce,

tetrakis(triph &mhme) 'sldmatadmm an mzmmﬁnh&&maﬁﬁa%phenw
-17- phoaaahylgeleﬁib RRPRIIEES aqg iPh élﬁtamd Solfehtesud asndixane\dter ei n

B(OY[err]. | sabout 28R T0d%: i’ef' Cuh O Briahotite: cAtierthg terhgaTRierat o
gaioﬂ e§2][ g;& Lbccopswﬁeddsl detetmined bya'ﬁlotD,t of12holifs, thé\eeaamntlgcr?goilagﬁ; ﬁ i s
all owed to war ﬁy{’ﬁﬂg%%?“ég?éﬁ?‘&‘éw lﬁ%g%&&le& &P&{hq}@é acid, e.g. 1N

HO, followed by extract Imthemeaonai step am aliylicrajoohal of formulaI XXVt is e g.
et hyl acetate E%@%H {éﬁﬁ’é ket one
of formula XX |ﬁs | ssoneﬁgl n a sul té% éiﬁ)Ac'n? hydrogenation catal%ﬁs

added, e.g., Pd on carbon and the mixture is exposed to Hp gas under a
10 pressure of about 14 psito 60 psi for about 1 to 12 hours. The
hydrogenation catalyst is removed in vacuo to obtain a compound of

formula lk.
Method J:
. : ﬁl' O Br pp0
R‘ Ar't-Xp,- (?)q-Yﬂ 1
l'3° R1
Ar'0- X, (C)q"Y 3. NeH/NBS 0" Ca
1 N XXVilla
R o) Ar2° +
XXV R OBr pp0
A X (C) Y, .
1 N
R 0" e
XXVillb
15 |
i) Mg(TFA) B OH  pp0
XXVilia ify t-Bu~NH2-BH3 x (C)q'-Y
. R1 Bri-N
07 A
XXi{Xa
OH
A H oA
1O-Xm- (C)q"y N Im )
n1 \ (major,
(TMS)3SiH O “a
XXIXa ———> .
R
i l._-_l Ar®0



e.g. CHerr]OH, a hydrogenation catalyst is added, e.g. Pd on carbon, "and
10 the mxture is exposed to H2 gas under a pressure of about 14 psi to
100 psi, preferably about 60 psi for about 1 to 24 h, preferably about
16 h. The hydrogenation catalyst is renoved by.filtration and the
solvent is renoved in vacuo to produgge.a conpound Ij as a mxture of
al cohol di astereoners whi ch can be separated by conventional neans. 15
Alternatively, a ketone of formula XX is disgolved in a sui tabl e
solvent, e.g. THF, at dymgEFA)4O[err]C to abdpt 22 r]CaP?eferably at
about O[err]C, ’i‘fﬂ &suﬂt—&bNHz-BH;dum 10g ug Herr], a
substi t ut ed ! ohyurtde—te=—g—> [ cbhz- ?qne]‘[ FI]pHNa) or a borane is

added, optionally in t he preser;g)g f aRUui tabb r pr onot or
present either in catalytic or 20 ionetric amount’¥, e.g., chiral
borane of structures: [err] Addition of dilute acid, e.g., 1IN HO,
fol | owed by ext ract | Ofr Mg §a suitable sol vent produces conpounds of
formula Ij. -pugées&»

ng grnqvﬁot}u Im (mifokerr], Arferr], Ar[err]
and R err] are rem)ved as necessar en either a chiral 25 reagent or a
chiral pronot och‘Iolseﬂtormw Imsamldtlnr(ge.ptoommmds ol dormuladnwherein ris 1,

Compounds ? Ff I-NI?Q s HydGgeH SH&EJ‘%Q o) ¢af BE-SdibstVehP obtainedfrBfrEdur €
represent ed be -
- [err] ketones of formula XXVIi in three steps comprising bromination, reduction
and debromination. Since the stereochemistry of the major isomers of
alcohols XXIXa and XXiXb are different, one can selectively prepare either
diastereomeric alcohol. _
10 " In the above process, a ketone of formula XXVIi, which can
be prepared by oxidation of the corresponding hydroxy compound by well
known methods, is halogenated, for example by treatment in an inert
solvent, e.g., THF, with NaH followed by N-bromosuccinimide, to obtain a
mixture of 3-bromo-ketone compounds XXVIit {a and b). Compounds

16  XXViila and XXVlilb are then separately reduced to the corresponding
alcohols, for example by treatment with magnesium trifluoroacetate
(Mg(TFA)2) and t-butylamine borane (t-Bu-NHpz-BH3z) in an inert solvent
such as THF at a temperature of about -78°C to 0°C. The resultant
alcohols XXIX are dehalogenated by treatment with tris(trimethylsilyl)

20 silane ({TMS)3SiH) in a solvent such as toluene in the presence of a
radical initiator such as 2,2'-azobisisobutyronitrile (AIBN) to obtain a
mixture of isomers Im and In which can be separated into individual
enantiomers by conventional means, e.g., HPLC. Again, protecting
groups at Ar10, Ar20, Ar30 and R’ are removed as necessary.

25 Starting compounds I#, V, VI, VIT, VIil, XIV, XViI, XXl and XXV
are all either commercially available or well known in the art and can be
prepared via known methods. |

Reactive groups not involved in the above processes can be
protected during the reactions with conventional protecting groups which

30 can be removed by standard procedures after the reaction. The following
Table 1 shows some typical protecting groups:

18



Conpounds of fornmula XXI, wherein Rlerr] is |ower alkyl and the renaining
5 variables are as defined above, are commercially avail able or can be
prepared by treating the correspondi ng carboxylic acid (i.e., conpounds
wherein the O is replaced by a hydroxy group) with a chlorinating agent,
e.g. SOCl [err] or oxalyl chloride, under_fzglry at nosphere, neat or in a
suitable inert organic solvent, e.g. toluénhe at about 40[err]Cto
110[err]C, 10 preferably about 70[err] G rnatively, a catalyst nade be
added, e.g. di net hyl f or mam de ( DMF), reaction i s conducted at
about 22[err]C and Grouptrebeql vent aBPupdolePrategtediandire renoved in
vacuo. The conpound Protected ijs react ed Rvotécting@&roupl auxiliary such as

- 4- -2- na_procedaur e:
i ral a1 iary e FRHRBI wlt h=CTERKI i DREB A s OBBARYE byt 11 hi um

a netal hydride or a tertiaryj}am ne Qase such as triethylanmne, in a

sui t abl e anhydr ous orgﬁ-q(m soljvet NGO4lkyl,, NCObehizyl, TEPNCOptieny)a dry, inert
at nosphere, e.g. argoff, at abdut [85[err €to 2[err]C, preferably

about O[err]C, for about 10 mjn t LD, ~B' &f I 30

m nutes. The resulting anion ifs rm%@bﬂﬁ?ﬁﬁgﬁﬁﬁggo}ﬁ%b%)go
conmpound XXI in a suitable anijydrous organi c sol vent .g. dry THF,

under a dry, inert atnosphere, é\g. argoy, at about - S[err] C to about
22[err]C, preferably Of erfr | &-benzylahNGi(CBR)ayi n cieHyyn, preferably
30 min. The reaction is armed to out -22[errlrgaand continued for 1
to 12 h, preferably 6 h. jWaterQi s added and comngg’ud XXI'l is isolated

by extraction and 25 purifiedby cr, al lization. The
conpound of formula XXNHLS trjeat i p the same manner as described in
step 1 of Method E to obtain g co nd XXII1. CHs

|
—0OH —OCHj3, —OCH,0CH;, — OSi-C(CH)s

CHs
—O8Si(CHgz}s, or — OCHzphenyl

We have found that the compounds of this invention lower
5 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
esters in animal models. Thus, compounds of this invention are
hypocholesterolemic agents by virtue of their ability to inhibit the intestinal
10 absorption and/or esterification of cholesterol; they are, therefore, useful
in the treatment and prevention of atherosclerosis in mammals, in
particular in humans.
The jn_vivo activity of the compounds of formula I can be
determined by the following procedure: _
15 Vivi f lipidemic A ing the | rlipidemi m
Hamsters are separated into groups of six and given a
controlied cholesterol diet (Purina Chow #5001 containing 0.5%
cholesterol) for seven days. Diet consumption is monitored to determine
dietary cholesterol exposure in the face of test compounds. The animals
20 are dosed with the test compound once daily beginning with the initiation
of diet. Dosing is by oral gavage of 0.2mLi. of corn oif alone {control group)
or solution {or suspension) of test compound in corn oil. All animals



i9- Azeti di none ring closure can be acconpl i shed by

alternative procedures. By one nethod, a conpound of formula XXIII is
treated with a strong non-nucl eophilic base, such as sodium or
l'ithiumbistrinethyl- silylamde, in a suitable inert organic

solvent, e.g. CHerr]CJ[err], at about --/28err]C 5 to about 10[err]C,
preferably about O[err]C. The mixture is stirred for about 1 to 2

hours whil e gr mirbund orinmpow physiRiabodndiBos aré Guthamiaea)nARGKISéven daie] at ed
o CorvntoNalng il 8 b8 byl IR 1 BLGTE
8 i1yl atC i ng agem,d sacgificed by degagpitation.t Bionst isyaallecied) iatce;rawtameaﬁumug .

t f [ H mn
fo 60 m . proforBiRhBIITA (BF Galiah iy Higlyaweiha Y fiéd dxiSda Rirtiskue, ™ "
source, o, g8 t IBKLBRAYSEMLAIKARAYSI®IS Genductedt s par Published psoeedires | C t o
about 100 er r ] (Scimider-Fuiboft H.ea1 AICComs! BibkmmdPhpsial, 99A,0f (F88Y! p,

Vsol ated by cofbSiHAt AN ¢Aia S cépdtEthas nsrcant 180 ctcR of foid Vetsys"compbund of
formula XXI'Vis hydrolysed by a suitable base, e.g. LIOH, in a bout
S0[err] G, prefor abl y 22 afeyieSen it ElspTelfdgH o pharmatelffyl”," ©
hours, t heh0excomposition eomprigingtanoompeound @i forreulg I andoapharmaceatioally ng
acid is conver pggepabidigartieh.d THB! Qi SPRBRURFE A BLCadMintBRIITRN! 20
with a chlorination agent, .e.g. oxal chlorjde, to aftrord conpound Xl X.
Net hod | - any gogyventional do%ageéor , preferab{y an oral dosgggdofmasush as mul a
I k, wherein Arcapsileftablet; powdet, dachet lispeasionh or'selution. The formulations
and pharmaceutical compositions can be prepared using conventional
16 pharmaceutically acceptable excipients and additives and conventional
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.
20 The daily hypocholesteremic dose of a compound of formula
I is about 0.1 to about 30 mg/kg of body weight per day, preferably about
0.1 to about 15 mg/kg. For an average body weight of 70 kg, 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
25 determined by the attending clinician and is dependent on the potency of
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
30 biosynthesis inhibitor, the typical daiiy dose of the cholesterol biosynthesis
inhibitor is 0.1 to 80 mg/kg of mammalian weight per day administered in
single or divided dosages, usually once or twice a day: for example, for
HMG CoA reductase inhibitors, about 10 to about 40 mg per dose is given
110 2 times a day, giving a total daily dose of about 10 to 80 mg per day,
35 and for the other cholesterol biosynthesis inhibitors, about 1 to 1000 mg
per dose is given 1 to 2 times a day, giving a total daily dose of about 1 mg
to about 2000 mg per day. The exact dose of any component of the
combination to be administered is determined by the attending clinician



25 as defined above, one of X' and Y" is -CH err]CH err]- and the other is

sel ected fromthe group consisting of -CHerr]CHerr]-, -CHerr]-,
-CH( I ower al kyl) -, -CH(di | ower al kyl) and a bond, are prepared by
oxi dation of an al kene of formula XXV, wherein one of X and Y' is
-CH=CH and the other is -CH=CH, -CHerr]-, -CHerr]CHerr]-,
-CH(tower al kyl)-, -CH(dilower alkyl) or-2430 bond, and the remaining
vari abl es are as defi ned above, can be prepared by the followi ng two

step procedure.and is dependent on the potency of the com@tound administered, the age, -

S T eated w t 1Vt oROHon A ForedtstorthE BREH, Y ooyl sel enic

, phenyl sel eni c
anhydride or O Jerr] in Wher thebtempoheststota.combination araadministered about

22 100 : dd\ pre| i al
[ s[ er5r] cggsunegfgg?}%gyé??néﬁgﬂ{hbeg Oilf%,ge%r%f %geﬁggp@ht‘éhteb?ggﬁe?gn i sa oz)le:alda
to ab8ut VMF@OPF@‘&M@Q"H@ SRR E. WRETe pRe companent WYé)@Nea%t i on.

In the second sgreateraiuralion bf SctigoBAl vafl terefort aesd\b besadministetid kkved

in a suitable §1QI veeén‘; e.g., EtOAC, a hydrogenation catalyst is
added, e.g., P e IB’bon, and the mxture is, exposed to H2 gas under a 10

pressure of about 14 psi Sincé@hepresent imention relates® thewesiuctivre of
hydr ogenat i on- Gk i bTIARM by 16afHBnf Wit 3l ArfibiRafiGARY 4BHe

formula IKk.
[err] 10 ingredients wherein said active ingredients may be 20ministered

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 hydroxy substituted
16 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 components must be administered in different dosage forms (e.g.
oral and parenteral) or are administered at different dosage intervals.
20
Following are examples of preparing compounds of formula
I. The stereochemistry listed is relative stereochemistry unless otherwise
noted. The terms cis and trans refer.to the relative orientations at the
azetidinone 3- and 4-positions unless otherwise indicated. The term "J"
25 refers to the proton NMR coupling constant in hertz (Hz) between the 3-
- and 4-substituted protons of the azetidinone. All NMR data is of CDCl3
solution unless otherwise indicated.

EXAMPLE 1
i QO\ (] 2%
o, & | 4, ; ==
HO —! and '

[/
HO
—N
S \‘ oé-—N
A B O
Freshly prepare a solution of lithium d}isopropylamide (LDA)
by dissolving diisopropylamine (1.19 g, 11.8 mmol) in anhydrous THF (20

30
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[err] Al cohols of formula Imand In (i.e., conpounds of fornula
| whereinr is 1, 5 Rlerr] is -CH Rerr] is hydrogen and p is 0) can be

sel ectively obtained from ket ones of fornmula XXVI1 in three steps
conpri sing brom nation, reduction and debrom nation. Since the
stereochem stry of the major isoners of al cohol s XXl Xa and XXI Xb are
different, one can selectively prepare 2fPner di astereoneri c al cohol .
10 Ln the above process, a ketone of formula 11, which
can be priafiated8¥y updetataasn Add nthutyllithium (.8dnhd 1§ MBRY 24Midund by
- wel | KnovKexapespdad stif ford.9 aaRaygor. e thixédia soiltiontddh 4phényth an

Cobtain a - biiladoRs (675, 04 avank i SHEGATN Sreups Hiasrng e ¢ 1
Conpounds | _1Er3] redxtion temperxituts\bdlow -65eC} Psgin at emﬁcatmlt(y.zsfﬂuwdadd 4the

Cr1 1§ uor oager drgthoxgbéiidiiie adbidARRSE o 11d GHITER) THE'® hif SUEP Y

(t- Bu- NH er r ] -a8H78P€] )Warm dhe reactionssiowlyrio -50°C ovat h hasQuemchthes
tenperature Ofreigﬁtm af oW férﬁ&&ahﬂ?ﬁ&iﬂ{ ﬁﬂl@?ClT Qt'ﬂgtigmn the _rea%'tiBﬁhO' S XXX

are dehal ogenate reatnent w tris(tri slI | ane
((TVB) [ err] Si Hpdyrezbalweea ftherand AN HGI-:M wiBvaler.o
radi cal i niti ajomibiftthe athet eXiradls) Rirg ovePMgBard cofcdrfdtdlin vacedt ai n a

m xture of, i rs.tlmand I n which can,be t ed-j 0t o jndi.vi dual
Chant onof@ bCustaAR fcride fGadion esidle, @08 i HOARshikntS dptdin

groups at Ar[ et.54 g ofrgompdund\Al dRedormedtrite thediltraterareticlromatographron 25
Starti | . RYP) | R

al ?re: ? ﬁercogg%mjr'er C9%1|¢0X “’Z‘&‘é’?\g g’gﬂed'gré{%qh%gﬁhél}{ﬁ '?%é@a?wg%@gan be e
prepared via lKesmpounst AdBs385 g ) as well as compoungdaffd. 42@ ghr oups not i nvol ved

in the above processes q@gmpBeund A: MpB RELSEOCIRAT3DEN122CT [ Wi th
conventloggl p:%ot‘e‘ﬁt |£€§&;oups whi ch" 30 can be renoved by standard
procedur es¥af t A vhs ion. The follow.ng Table 1 shows sone

typi cal -protecting groumSempound B: mp 74-760C; IR 1730 cm-1; CI (M+H) 374;
' J=23Hz .
Using a similar procedure and appropriate starting materials,
prepare compound 1C:

g o
e, ',\\@ .
® _ CI (M*H) 464, J = 2.3 Hz
on |
D
20 ' EXAMPLE 2
3
OTOI 7N

&

To a solution of compound A from Example 1 (0.5 g, 1.3
mmot) in anhydrous pyridine (2.7 mi), add acetic 'anhydride.(o.ss mi, 6.7
mmol). Stir for 16 h, dilute with CH2Clo and wash 3x with 1N HCI, 1x with
25 NaCl (sat'd) and 1x with water. Concentrate the organic tayef to dryness
and crystaliize the residue from EtOAc to obtain the title compound
{0.46 g), mp 167-1699C; IR 1745 cm-1; EI (M+) 415; J=5.9 Hz.
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«22- Table 1 G oup to be G oup to be
Protected and’ Prot ect ed Protecting G oup
-“COCH - COQal kyl , -COObenzyl - COOphenyl [ err] NH
[err] NCOaIkyI[err]NCCbenzyI[err]NCCphen
[err]NCH[err]CCH[err]CH[err]Sl(C}{err]){gsr]IVC(C»CIXC}{err])[err]

[err] N-benzyl, [err]NS|(CH[err])[err] [err] -NH[err]
[err] -OH - - [err]OCH err], [err]
-OS|(CH[err])[err] or - OCH err] pheny W have found

t hat the compounds of this invention |lower 5 wlipid levels, in
this invention have

particul ar serum chol esterol |evels. Campound~

been found to inhibit the intestina chol esterol and to

significantly reduce the for cholesteryl ' esters in
}fon are

ani mal nodel s. Thus, conpound
hypochol est erol emi ¢ agents by virtue of & i ty to inhibit the
intestinal 10 absorption and/or esterificati c@ chol esterol; they are,
therefore, useful in the treatnent and p ention of ath$LgsFLecfigs
e o e et s ot ot
5 a solution of isopropylicyciohexylamine (0.75 mL) in THF (100 mL) at

-78°C. Dissolve N-phenyl-4-(4-methoxyphenyl)-2-azetidinone (1.0 g} in

THF (8 mL) and slowly add to the LICA solution at -78°C. After stirring for

20 min, add hydrocinnamaldehyde (0.54 g) and stir the reaction mixture at

-78°C for 4 h. Quench the reaction with 10% KHSO4 and extract the

10  product with EtOAc. Separate the organic layer, wash with water and

NaCl (sat'd). Concentrate the extract and purify the resultant residue on a
silica gel 60 column, eluting with EtOAc:hexane (15:85) to obtain 1.15 g of
product as a mixture of diastereomers. Separate the diastereomers by
HPLC on a silica gel column to give three diastereomers 3A, 3B and 3C:
' 1H in CDClg: 7.32-7.18 (m, 11H);
7.08-6.99 (m, 1H); 6.89 (d, J=9 Hz, 2H);
4.80 (d, J=2.4 Hz, 1H); 4.10-4.00 (m,
1H); 3.79 {s, 3H); 3.20-3.16 {m, 1H);
° O 2.90-2.67 (m, 2H); 2.15-1.85 (m, 3H)

OMe | 1H in CDClz: 7.35-7.10 (m, 11H);

OH 7.08-6.99 (m, 1H); 6.89 (d, J=8 Hz, 2H);
©/\/" 5.09 (d, J=2.4 Hz, 1H); 4.26-4.14 (m,
1H); 3.79 (s, 3H); 3.21-3.14 (m, 1H);

2.89-2.57 (m, 2H); 2.10-1.85 (m, 3H)
38 '

D
OMe | 1H in CDCls: 7.30-7.00 {m, 10H); 6.99

_OH Q (d, J=8 Hz, 2H); 6.83 (d, J=9 Hz, 2H];
‘ 5.12 (d, J=5.5 Hz, 1H); 3.82 (s, 3H);
3.75-3.63 (m, 1H); 3.52 (dd, J=9.5 Hz,

b 1H); 2.71-2,57 (m; 1H); 2.49-2.33 (m,
1H); 1.68-1.50 {m, 1H); 1.47-1.31 (m,
1H) '

3C
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determ ned by the foll ow ng procedure: 15 1In Vivo Assay of Hypoli pidemc

Agents Using the Hyperlipi dem c Hanster Hansters are
séparated into groups of six and given a controll ed chol esterol diet
(Purina Chow #5001 containing 0.5% chol esterol) for seven days. Di et

consunption is nonitored to determine -27-dietary ohol esterol exposure in
the face of test conpounds. The aninmals 20 are dosed with the test conpound
once daily begiThe 34, 3Btand 3@ diasteieomers were furthér separatetbat¢eayding toyther al

gavage of 0. ZW?ﬁwiﬁgg ng@fién Qél?élﬁe(ﬁﬂgfefiﬁlpﬂQ%%rgs ar8'shd@nution (or

suspensi on) of test ound™Tn cofrn o
-23- mori bund or in poor physical conditiorHre %i zed. After
seven days, the animals are anesthetized byjid scular (IM

tion. BdPod is
ai ni ng for plasma lipid
5 Iipiﬁ’ané‘l’ysis. Li pid anal ysis

i njection of ketamne ciivaibeFODHPIC ed
col l ected into vacut aigaer t8&B2siPA:Hex cQ
analysis and the liver excised for tiss

i s conducted as per published procedures ( SeMni t ‘ okoff, R, et
al, Conp. Biochem Physiol., 99A, 4 (1991), “p. ig 670) and data is
reported as percent reduction of lipid versus c # 3E

The present invention also relates to a pharnaceut | 10 conposition
conprising a conmpound of fornula | and a pharnmace®icadfly accept abl e
carrier. The conmpounds of fornula I can be adm nigtered idgsy any
conventional dosage form preferably an oral dosa such as a

capsul e, tablet, powder, cachet, suspension or The formul ations
and pharmaceuti cal conposi téhiraizep@D HRL(pr egar ed Wsifng convent Bbnal 15

phar maceutical | y acceggabl e8:82 cIRA: leks addi ti d conventi onal
techni ques. Such pharnaceutically accefabl e exci Qi en®s addi tives
include non-toxic conpatible fillers, Mrs, di t nts, buffers,
preservatives, anti-oxidants, lubricants, M avq&i‘ ,i@ckeners, col oring
TRedaily 3G

agents, emulsifiers and the |ike. 20
hypochol esterem ¢ dose of a conpound of fornula o l‘bfi s about 0.1 to
about 30 ng/ kg of body wei ght per day, preferably abo

OH OCHs :

. N
3C chiralcel OD HPLC / ).r

0
10:90 IPA: Hex \ OH @0"“3
b =alt
N
(The following CD spectra data [6] are all obtained in CH3OH.)
3D) [Blo27nM = +2.0x104 cm2/dM; [B]241nM = -4.6x104 cm2/dM.

Elemental analysis calc for CosHasNO3-0.26 H20: C 76.6; H 6.56; N 3.57.
found: C 76.66; H 6.49; N 3.64. '

10 3E) [6)227nM = -1.95x104 cm2/dM; [6]241nM = +4.45x104 cm2/dM.
Elemental analysis calc for CasHosNO3:0.5 H20: C 75.73; H 6.61: N 3.53.
found: C 75.66; H6.41; N 3.60.

3F) [Bl2zenM = +1.97x10% cm2/dM; [6]240nm = -5.22x104 cm2/dM.
Elemental analysis caic for C25HasNO3: C 77.48; H 6.51; N 3.62.

15 found: C 77.44; H 6.53; N 3.70.
| 3G) [Bla26nM = -1.78x104 cm2/dM; [B]241nM = +4.78x104 cm2/dM
(CIMS 388 M*H).




01 to about 15 ng/kg. For an average body wei ght of 70 kg, the dosage

| evel is therefore fromabout -5 ng to about 1000 ng of drug per day, given
i hi-a single dose or 2-4 divided doses . The exact dose, however, is 25
determ ned by the attending clinician and is dependent on the potency of

t he conpound adm ni stered, the age, wei glgg-condition and response of

the patient. For the conbinations of this invention

wherei n the hydroxy subst i t gt |20 L0 i s admen r '

conmbi nation with a%ﬁ(?ﬁ‘ I@Q%P@I“ %%bg'g?@gghﬁ%@r ngﬁm@r%%ﬂpﬁe&ﬁf/éﬁ%al

dai |y dose of tHe}€chal ggter | ' inhibitor is 0.1 to 80

my/ kg of'nannalPatheigﬁprg%sggg agﬁﬂﬁ?#tered in single or divided
ot Bt T B e o Cher - doce 1+ Given 1 to 2
times a day, g.‘?}ﬁ'}i’[ﬁ%ﬁgﬁahé’gﬂ&@mﬁ of  about- 10 to 80 ng4oer day, 35
and for theSother cRE) {Blpzend = 1R-05yHIhoriMn Pkt 5, +526104 em2MO000 ny

per dose is gi hmes a day, giving a total daily dose of about 1
ny to abo&?(@%oﬂ‘ﬁéﬁ@"—m? day. The exac ﬂose of any component of the

conbination to be a@dnistered is @bt er By the attending cl.inician

-24 - and i s dependent on the& Hot y of the conpound adm ni stered,

t he age, wei ght, condition onse of the patient.

Where the conponents of a conbinati re adm ni stered separately, the
nunber of doses of each conmponent Pvendper day may 5 not necessarily be

the sane, e.g. wher I i of
activity, and wll &@?@?‘gm@gﬁ{q ﬁgﬂ@&%nﬁqupg&ogfqﬁgésﬁ (192'57?#)[‘ gg&‘@nt ly.
Since the preséiBighane HERAH (3 @Y indHM S milyuStin @troom temperghitens
chol esterol | eygbmidtt, HePAbAMINbN thé PedbtoAHixiRE! t¥iwBbn F250'4hd AL0.
I ngr edi entf wherein, said acti vepigr@‘sdhent s nay be adm nistered
separ at el y10t hdVash, (htined ang dry { the praanisilayer, pancgnirate to
- dryness. Flash chromatograph the residue using EtOAc:Hex (1:4) to
obtain the formate ester. Dissolve this in CHzOH and add 4 drops of conc.
_HCL. After 4 h, concentrate in vacuo and flash chromatograph the residue

using EtOAc:Hex (1:3) to obtain 3J. [0]224nM = +2.54x103 cm2/dM;

20
15 [6l2sonM = +5.70x104 cm2/aM. [*lp = -157.6° (2.5 mg/m| CHOH)

3K) OH OCH,
H
‘k&]’
0" MNys
Using the procedure described for 3J, treat compound 3I to obtain
3K. [6]222nM = -3.4x103 cm2/dM; [O)240nM = ~5.6x104 cm2/dM.

[a]§° = +167.2° (2.6 mg/ml CH3OH) _

‘ Using the procedure described aboye for preparing compounds 3A
20 and 3B, treat N-phenyl-4-(4-methoxyphenyl}-2-azetidinone with LICA
followed by 2-naphthaldehyde to obtain the diastereomers 3L and 3M:

- O
OH OL {[mp 187-138°C.
o.
D
3L : :




phar maceutical conpositions in kit form That is, a kit is contenpl ated

wherein two separate units are conbi ned: a chol esterol biosynthesis

i Ahi bit or pharmaceutical conposition and a hydroxy substitutéd 15

azetidinone chol esterol absorption inhibitor pharmaceutical comnposition.

The kit will preferably include directiarggfor the admnistration of the

separate conponents. The kit form S partlcul ar | y advant ageous when the

separ at e conponent § peadn ) [ Togms (e.g.

oral and parenteral]) or are adgyi st g X ervals. 20

Fol | om ng are exampl es géaprepadring

stereochenistry |igted - , & i i

noted. The terns ci§s and IS 1 to thejrelative orientati ofs at the
i di - it e M se indicated. The ferm"J" 25

n hertz (Hz) betweep the 3-
and 4-substituted j ¢

All NVR data is of CDO[err]
solution unless otherw se 1 ndrcat ed. )
EXAVPLE 1 [err] EXAMBLES4 Freshl y
prepare a solution of lithiumdili sopropyl am de ALOA) by di ssol ving
diisopropylamne (1.19 g. 11.8 nmol) @ d
-25 - m) at -78[err] C undg putyl lithium (4.9 m, 11.
mol, 2.4Min

refers to the prot{

°

Method 1: _
Step 1) To a refluxing solution of of 4-methoxybenzylidene
5 anisidine (10.0 g, 41.5 mmol) and tributylamine (20.8 mi, 87 mmol) in
- toluene (100 mi), add 5-bromovaleroyl chloride {8.5 g, 43 mmol) in
toluene (20 ml) dropwise over 2 h. Stir the reaction mixture at 80°C for
12 h, cool to room temperature, wash 3x with 1N HCI, 1x with water and
dry the organic layer over MgSQOy4. Purifiy by silica gel chromatography,
10 eluting with ethyl acetate:hexane (4:1) to obtain 5.1 g of (3R, 4S)-1,4-bis-
(4-methoxyphenyl)-3-(3-bromopropyl)-2-azetidinone (relative
stereochemistry), mp 70-73°C; Ei (M+) 404; J=2.3 Hz.
Step 2) To a solution of the product of step 1 (5.1 g, 12.6 mmol) in
{CH3)2S0 (20 mi), add (CH3)3N{O) (2.39 g, 31.9 mmol). Heat the mixture
15 at 60°C for 3 h, cool to room temperature, dilute with EtOAc, and wash 3x
with water. Combine the aqueous fractions and extract with EtOAc.
Combine the organic fractions and concentrate. Purify the crude product
by silica gel chromatography, eluting with EtOAc:hexane (1:1) to obtain
1.4 g (3R, 4S)-1,4-bis-{4-methoxyphenyl)-2-0xo-3-azetidine-propanal
20 (relative stereochemistry), an oil; EI (M+) 339; J=2.3 Hz
Step 3) To a solution of the product of step 2 (0.734 g, 2.2 mmol) in
THF (4 ml) at 0°C, add phenylmagnesium bromide (2.4 ml, 2.4 mmol, 1.0
M in THF) over 0.25 h. After 1 h at 0°C, add water (5 ml), separate the
layers, wash the organic layer 1x with 1N HC}, dry with MgSO4 and
25 concentrate to an oil. Purify by silica gel chromatography, eluting with
EtOAc:hexane (2:1) to obtain 0.372 g of the title compound (mix of
diastereomers) as an oil. CI (M+H) 418.



hexanes) and stir for 0.5 h at -78[err]C. To this cold solution add,

4- phenyl butyrol actone (1.75 g, 10.8 nmol) in THF (4 m) over 0.25
h-- keepi ng t he reaction tenperature below -65[err]C Stir at
-78[err]C for 0.25 h, then add 4- 5 netggpxybenzylidine anisidine (2.33 g,
11.0 mmol ) in THF (8 m) over 1 h at -78[err]C. Warm the reaction

slowy to -50[err] C over g Hrat@ﬁ%fcdlaét'é?eomers ABpIy the idsterddmbhemer at ur e

P (1Bl 2R Bl A g 08 lonia Tomh e APHER) ot ract o,

dry over MySq ehrdm@togr umal elutingwaithi bexafe: éthandia(g: 1)21053wtanm ][ ude
go

Lgﬁgg'uﬁg Nt déﬁaﬁtfmﬁeﬂ&a!)f PeCoR% A SlerbamBR 25 follows; ..

olJ 1 ca
gel elutifg with 4:1 Et OAc- hexag®a. an jOnlstz@atﬂBPamm-smglmi
corrpound A (0 385 g) aQHveII as ound
Conmpound A: 218-220[ ¢ r E0 cm L % 374; J=5.9 Hr.
Conpound B: 74- ' mmo cm 1; @I(f(/l 1§741 2.1Hzy=2 3.
Using a siml qr pr odire an propriatelstarting material s, pf epare
conpound 1C [err] Cl (NH—l) 464, Ji=2.3
Hz 20 Q EXAMPLE 2
[err] To ti bN of conmpound A from Exanpl g 1
(0.5 g, 1.3 i ydri de

(0.63 m, 6.7
wash 3x with

| 4& Ly b g
mmol ). Stir fopdleW,

L ne—(2 7 ) add acetic—anh
HOilL {ee]pRP =n+8341 8y eGrd. £3 mg/mh hid

IN HCl, 1xOW th 25 \

1 x with water.

m%eg}g cry stal lize the res

CI (M+H) 418 =2.1 HZ.

Concentrate the org |c | a gr togdssness due
fromEtQAc to obta I t € tonpound

4B

Oil; [a)p22 =-8.0°, conc.=3 mg/mi
in MeOH;
CI (M*H) 418. J=2.1 Hz

4C

Oil; {a]p22 =-29.5°, conc.=3 mg/ml
in MeOH;
CI (M+H) 418. J=2.1 Hz.

4D O’
5 Method 2:

Step 1). To a solution of 1,4-(S)-bis{4-methoxyphenyi)-3-(3(R)-
phenyipropyl)-2-azetidinone (5.04 g, 0.013 mole) in CCls (20 mi} at 80°C,
add NBS (2.76 g, 0.0155 mole) and benzoyl peroxide (0.24 g, 1.0 mmole)
in three equal portions over 1 h. Follow the reaction by TLC (4:1 hexane:

10 EtOAc). Cool the reaction to 22°C, add NaHSO4, separate the layers and
wash the organic layer 3x with water. Concentrate the organic layer to
obtain the crude product.

CI (M*H) 480; 1H in CDCl3 § PhCH(OH) = 5.05 ppm.




(9.46 g), np 167-169[err]C IR 1745 cm1; EI (M) 415; J = 5.9 Hz.
-26 -

EXAMPLE 3 [err] Freshly prepare a
sétution of |ithiumisopropylcyclo- hexyl am de (LI CA) by adding
n-butyllithium(2.84 nL of a 1.6M solutipgy.to 5 a solution of
I sopropyl cycl ohexyl am.ne (0.75 nL) in THF (100 ni) at -78C. Dissol ve

N-pheny! - 4- (4- et hoxstab ) Bissalve 98 criderpddut 8f Step § in CHABIE (6 gil}-ing"d
|1 owl dd to th I t -78C. " After stirring for —, .mn, add
ﬁygr o>CIi ﬁnam?dé@d@% 2‘“@&:&&@%& inrwates (3Q A} i Baflux Q!%p'é‘éﬁ’c reactigngC f or
4 h.h (Emgg ch tS hdor 248 cool, separatd theldyersand wadth thetarganictiayeriek wanggduct
W t t OAc. Se e , f, .
(sat'd). Conce%tgf'echggegﬁ’?@gbﬁ é{ﬁéﬁ.‘rﬁd#&?gtwg%{%‘wé'nﬁ[%%é%tpyue on a
silica gel 80 detissolvedhetresidueiin ettanohsaturatedawvith SiH35(10trat)o After %,15 g of
duct ' ' i RS Q) : |b§s§i rs by
ﬂerECugn ZSS?I Tcegjgéﬁr%tﬂ%nq%gﬁ&f)ve tf'uer ggayazﬁs@yﬁé}gﬂr fi’f.aEQ%Eand 3C
err] chromamgram)@diqrg\qrpunw by HPL{stq abtaim a)1:1 mixture of
7.08-6.99 (M ‘odhipdundd aﬁanézﬁ.g'?he fhikture can be further purified on a Chiracel
4. 80 (d, ?“2'4 'cO hto'o%?a'in'ﬁ\arw]dfese ly,as character - (s,
3H); 3.20-3.16 1 to ol PRralely,ag gharaeteiiged gbave., g5 (m
3H) 3A10 [ erdding the procedure desdribedin(EXample 3, Méthsd 2, with (m
11H); 4(S)-(4-acetoxyphenyl)-3(R)-(3-phenylpropyl)- 1-(4-methoxy-phenyl)-2-
azetidinone as the starting material, prepare the following compounds: _

OH |mp 87-90°C;

OH HRMS calc'd for CosHasNO4 =
@/\/ “ 403.1797, found 403.1785;
N 1H in CDCl3 8 PhCH(OH) = 4.82 ppm.
4E : 0~
OH | HRMS calc'd for CogHogNO4 =

OH 403.1797, found 403.1787:

@)\/« 1H in CDCl3 § PhCH(OH) = 4.78.ppm.
N

EXAMPLE 5
o\
mh‘
N
S o
o _
| ()

15  To a solution of the product of step 2 of Example 4 (0.230 g, 0.68 mmol) in
THF (2 ml), add the reagent derived from treatment of 4-methoxymethoxy-
pheny! bromide (0.159 g, 0.736 mmol) in THF (4 ml) at -78°C with sec-
butyllithium (0.6 ml, 0.78 mol, 1.3 M in hexanes), followed by CeClg (0.186
g, 0.75 mmol). After 4 h, extract the product and purify by chromatography

20 in a manner similar to that described in step 3 of Example 4 to obtain 0.05

~ g of the title compound {mix of diastereomers) as an oil. CI (M+H) 478.




7.08-6.99 (m 1H): 6.89 (d, J=9 Hz, 2H):
5.00 (d, J=2.4 Hz, 1 H); 4. 26-4.14 (m

1+ ; 3.79 (s, 3H); 3.21-3.14 (m 1H); 2.89-2.57 (m
2H); 2.10-1.85 (m 3H) 3B [err] 1H in
CDCl[err]: 7.30-7.00 (m 10H); 6.99 (d, J=8 Hz, 2H);

(d, J=9 Hz, 2H): -32- 5.12 (d, J=5.5 Hz, 1H);
3.82 (s, 3H); - . 3. :?VI 3 (m 1H); 3.52 (dd, J=9.5 Hz,
1H): 2.71-2.57 (m 1H); 2.49-2.33 (mEXA 1H) ;
1.68-1.50 (m 1H); 1.47-1.31 (m OH OHLH)

-27- The 3A, 3B angypC dias oners were fur?her sepat d according
to the

shown:

foll owing regction sc , Wherein partfal strugsyes are
F N

10

15

20

25

e > Q
6A F | 6B F
Step 1): To a solution of (S)-4-phenyl-2-oxazolidinone (41 g, 0.25
mol) in CHzClz (200 ml), add 4-dimethylaminopyridine (2.5 g, 0.02 mol)

and triethylamine {84.7 mi, 0.61 mol) and cool the reaction to 0°C. Add

" methyl-4-(chloroformyl)butyrate (50 g, 0.3 mol) as a solution in CHaClp

(375 mi) dropwise over 1 h, and allow the reaction to warm to 22°C. After
17 h, add water and HaSO4 {2N, 100 mi), separate the layers, and wash
the organic layér sequentially with NaOH (10%), NaCl (sat'd) and water.
Dry the organic layer over MgSQO4 and concentrate to obtain a
semicrystalline product.

Step 2): To a solution of TiCls (18.2 ml, 0.165 mol) in CH2Cl2 (600
mi) at 0°C, add titanium isopropoxide (16.5 mi, 0.055 mol). After 15 min,
add the product of Step 1 (49.0 g, 0.17 mol} as a solution in CH2Cl2 (100
ml). After 5 min., add dii_sopropylethyiamine (DIPEA) (65.2 ml, 0.37 mol)
and stir at 0°C for 1 h, cool the reaction mixture to -20°C, and add 4-
benzyloxybenzylidine(4-fluoro)aniline (114.3 g, 0.37 mol) as a solid. Stir
the reaction vigorously for 4 h at -20°C, add acetic acid as a solution in
CH2Clp dropwise over 15 min, aliow the reaction to warm to 0°C, and add
H2SO04 (2N). Stir the reaction an additional 1 h, separate the layers, wash
with water, separate and dry the organic layer. Crystallize the crude
product from ethanol/water to obtain the pure intermediate.

Step 3): To a solution of the product of Step 2 (8.9 g, 14.9 mmol) in
toluene (100 mi) at 50°C, add N,O-bis(trimethylsilyl}acetamide (BSA)
(7.50 mi, 30.3 mmol). After 0.5 h, add solid TBAF (0.39 g, 1.5 mmol) and
stir the reaction at 50°C for an additional 3 h. Cool the reaction mixture to
220C, add CH3OH (10 mi), wash the reaction mixture with HCI (1N),
NaHCOg3 (1N) and NaCl (sat'd.}, and dry the organic layer over MgSOg.

Step 4): To a solution of the product of Step 3 (0.94 g, 2.2 mmol) in
CH3OH (3 mi), add water (1 ml) and LIOH-H20 (102 mg, 2.4 mmole). Stir
the reaction at 22°C for 1 h and add additional LIOH-H20 (64 mg, 1.3
mmole). After a total of 2 h, add HC! (1N) and EtOAc, separate the layers,
dry the organic layer and concentrate in vacuo. To a solution of the



3C [err] 5 (The following CD spectra data [[err]] are all
obtained in CHerr] OH.) : 3D) [[err]]227nM = +2. 0x10[err]
caferr]/dM [[err ]]241nM— -4.6x10[err] cnferr]/dM El emental analysis -
calc for Jerr]JHerr]NOJerr].0.25 Herr]O C 76.6; H 6.56; N 3.57.

found: C 76.66; H 6.49; N 3.64. 10 E) [[err]]227nM = -1.95x10[err]
cnferr]/dM [[err]]241nM = +4. 45x10[err] % err]/d M El enent al

anal ysis calc for err]H err] NJ e ‘-]:O C 75.73; H6.61; N 3.53.
found: C 75. 66Fesulin progycs (891 9.22mm0l) mQa‘rta lp[a8:22PC2 a8HWICOCOCI

+1.97x10[ err] qoRerri, /:m/hu{ab ahH]stif M 6h - Retfovediny sdivantlie vatisM
SLeroniel anslie) s G 07 AF bl Mk g of Ebbrgpuidh”
-1.78x10[ er r] ch{orrdq (Wmmbﬁrprbbawfvbm Mub&)ﬂfﬁrqlmiagneé,lum bl'atkMUe
é% Crerm] ASt 15 A400 14 Mool and Al HT‘?}? 8t42C,09d ",
cnierr]/dM tetrakis (triphgnylphasphine}paladioms(0; [mq:la]apd the product,
El emental anal ypistesdl (0.d40g, Sahmbol 44 4 sbidtishiih Trﬁ @'t Stit theTbacthdr’- 62.
for 1 h at 0°C and then for 0.5 h at 220C. Add HCI (1N, § ml) and extract
with EtOAc. Concentrate the organic layer to an oil and purify by silica gel
10 chromatography to obtain 1-(4-fluorophenyl)-4(S)- (4-hydroxyphenyl)-3(R)
(3-oxo-3-phenylpropyl)-2-azetidinone:
HRMS calc'd for Co4H19F2NO3 = 408.1429, found 408.1411.
Step 6): To the product of Step'5 {0.95 g, 1.91 mmol) in THF (3 ml),
add (R)-tetrahydro-1-methyl-3,3-diphenyl-1H,3H-pyrrolo-[1,2-c]{1,3,2]
15 oxazaborole (120 mg, 0.43 mmol) and cool the mixture to -20°C. After 5
min, add borohydride-dimethylsulfide complex {(2M in THF, 0.85 ml, 1.7
mmol) dropwise over 0.5 h. After a total of 1.5 h, add CHzOH followed by
HCI (1 N) and extract the reaction mixture with EtOAc to abtain 1-(4-
ﬂuorophenyl)-3(R)—IS(S)-(4-_fluorophenyl)-3-hydroxypropyl)]—4(S)—[4-
20 (phenyimethoxy)phenyl]-2-azetidinone (compound 6A-1) as an oil. TH in
CDCI3 8 H3 = 4.68. J=2.3 Hz. CI (M+H) 500.
Use of (S)-tetra-hydro-1-methyl-3,3-diphenyl-1H,3H-pyrrolo-
{1,2-c][1,3,2] oxazaborole gives the corresponding 3(R)-hydroxypropyl
azetidinone (compound 6B-1). Hin CDCI3 3H3=4.69. J=23Hz. CI
25 (M+H) 500.
To a solution of compound 6A-1 (0.4 g, 0.8 mmol) in ethanol
(2 ml), add 10% Pd/C {0.03 g) and stir the reaction under a pressure (60
psi) of H gas for 16 h. Filter the reaction mixture and concentrate the
solvent to obtain compound 6A. Mp 164-166°C; CI (M+H) 410.

30 [0} =-28.1° (¢ 3, CHsOH) . Eemental analysis calc'd for CoqHo1 FoNO3:
C 70.41; H5.17; N 3.42; found C 70.25; H 5.19; N 3.54.
Similarly treat compound 6B-1 to obtain compound 6B.
Mp 129.5-132.5°C; CI (M*H) 410. Elemental analysis calc'd for
CoqH21FaNOz: C70.41; H5.17; N 3.42; found C 70.30; H 5.14; N 3.52.
35 Step 6') (Alternative): To a solution of the product of Step 5 (0.14 g,
0.3 mmol) in ethanol {2 ml), add 10% Pd/C (0.03 g) and stir the reaction



fiound: C 77.11; H 6.50; N 3.72. 5 31)
[[err]]226nM=-2.05x10[err]cnferr]/dMm [[err]]241n|\/|: +5. 2x10[err]cnferr]/dM

(¢l M5 388 MtH) . 3J) [err] Add
DEAD (0.11 ml) to a solution of corrpoundéﬂ% (132 ng), PPhlerr] (0.18
g) and HCOerr]H (39 m) in THF (5 m) r at roomterrperature

oo 1o Rohe %P‘%ﬁ%ﬁ%ﬁ(ﬁ"&?@%&eﬁg 1 A3 reaofin i aﬁ and
_concentrate toconcentratehe solvent tosafferdra vt mixtaieof:campeun
Et OAc: Hex (1:4) to Uﬁﬁ@hﬂgﬁdﬁia@&iﬂﬁa ﬁﬁ&?ﬁals Qn’iﬁ@llb@nﬁd‘ﬂﬁa ' ”

CH err]OH and add 4 drops concentrate in
vacuo and f| asRrOGaawe Ob§ien R$h1+6s 9:0__‘“:, owin ‘Hex (1-3) to

obtain 3J. [[¢rr]]224nM = +2. 54x10ierj@® cite 46:15 [[err]]239nM =

g OxLoLert] C”f[:wj’%;“f] B e B L, |
o~0
nM =15

3J, treat com{found 3K. | 44810DU2 found 445.3808010[ err]
[

cnerr]/dM err]] x10[err] cpferr]/dM [err] =
+167.2[err] (3.5 ny/nm CH@rr Usi ng the procedure
descri bed aboye for preparing ounds 3A 20 and 3B, treat
N- phenyl - 4- ( 41 nEﬁ(onypheryl ) - 2- aze€ di nong with LI CA foll owed b
2- napht hal dehyde to obtain the di ager@go M '
[err] rrp} 137- 138C0H %5 ¢ mb:i(%)-ﬁ”&é

HRMS calc'd for CasHa5NO4 =

445.1904, found 445.1911

6D O

Step 1):
OBenzyl oH OBenzyl
HoH{ ) HoH ()
S — O
o 0 Q .
7a @OCH;, [ OCHj3
To a solution of 7a (1.0 g, 2.1 mmol) in dioxane {10 ml), add SeO3 (1.33 g,
10  11.98 mmol) and water (0.25 mi, 14 mmol), and heat the reaction to
100°C. After 1 h, cool the reaction to room temperature and isolate by
extraction the crude product as a diastereomeric mixture (1:2) of alcohols
7b-A and 7b-B. Purify by HPLC on a Dynamax silica column to separate
diastereomers 7b-A and 7b-B.
16 Diastereomer 7b-A (R): oil; J34=2.3 Hz, 8 CH(OH) = 4.86 (1),
HRMS Ca3sHogNO4 calc.: 491.2097; found: 491.2074.
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- RO- [err] np 150-151[err] C. .

3M EXAMPLE 4 [err] Met hod 1:
Step 1) To a refI uxi ng solution of of 4-nethoxybenzylidene 5 anisidine
(10.0 g, 41.5 mmol) and tributylamne (20.8 m, 87 - mmol) in t ol uene
(100 m), add 5-bronoval eroyl chloride (8.5 g, 43 mmol) in tol uene (20
m) dropw se over 2 h. Stir the reaction~ ﬁﬁxture at 80[err]Cfor 12 h,
cool to roomtenperature, washe3x with 1IN HO, 1x with water and dry

the organi c | ayer ovbiaster&arer PorB (S il &H@H@ﬁﬁaﬂtmﬁm 5dafthy, 10

| uti ith ethyl
391 abise o (G ret IRV B0k cal SRR T PBRT Jodhdl 407 311%,,
(relative st er eBtep)i sta a)solutionaf -dissterecr@r AEfto(ﬂWt‘ppzlb(faB mgr0323 Hz.
Step 2) To a sohld i?a Aé‘gz )gg ;B‘ ﬁ(%ogvég)lénéim'é

CH d He
AEGHER o mn o gl s g we e
Et OAc, and washcéipound agial sermisbid, m §090L929C, hm&fwaussnmamaea Ba(m);

buri 1y the or uddr IS GastizshOs g Fﬁ?@égéefwﬁ of33880hy, ol ut ing wi th
Et CAc: hexane (1:1) to obtain
stereochem st 1y) . an orl: LRy g?ﬁafyéh%%a%?#m@% (©8 ms! Gethintd .,
sol ution oflQ hem&ldaﬁlz; add acelyh ¢ lorige7(84 mg, b.Ommeli gnd pyridine (&g, (on m) at
over 0,25 . E\P?‘;“c}‘{so"ﬁ%g* %f"@ (Eritioriled 161 g_'n 3’%* oryseraia ey D
e cofres ondmg acetoxy co d, 8A. In a Siml ar
manner, treat the products of Examples 4B, 6B and 6A to obtain the
following compounds 8B, 8C and 8D, respectively:
15 8A: 1,4(S)-bis(4-methoxyphenyl)-3(R)-(3(R)-acetoxy-3-phenyi-
propyl}-2-azetidinone. CI (M+H) 460; HRMS ngHagNos calc.:
459.2044; found: 459.2045.
8B: 1,4(S)-bis(4-methoxypheny!)-3(R)-(3(S)-acetoxy-3-phenyl-
propyl)-2-azetidinone. CI (M+H) 460; HRMS C2gH29gNOs5 calc.:
20 459.2044; found: 459.2048.
8C: 4(S)-(4-acetyloxyphenyl)-3(R)-(3(R)-acetyloxy-3-(4-fluoro-
phenyl)propyl)- 1-(4-fluorophenyl)-2-azetidinone. FAB MS 493.4; HRMS
C2gH25F2NOs calc.: 493.1695; found: 493.1701.
8D: 4(S)- (4-acetyloxyphenyl)-S(R)-(a(S)-acetyloxy-a-(4-ﬂuoro-
25 phenyl)propyl)-1-(4-fluorophenyl)-2-azetidinone. FAB MS 493.4; HRMS
C28Has5F2NOs5 calc.: 493.1695; found: 493.1694.
Using appropriate starting materials in the procedure of
Example 6, prepare 1-(4-chiorophenyl)-3(R}-(hydroxy-3-(4-chioro-
phenyl)propyl)-4(S)-(4-hydroxyphenyl)-2-azetidinone. Using the
30 rocedure of Example 8, prepare the following diacetates 8E and 8F:
o |CI (M*H) 527,
Y |'HCDCIs 6 H3' = 4.65




Layers,

concentrate to an oil.

wash the organic layer 1x with 1N HO,

dry with MgSJ err] and 25

Purify by silica gel chromatography, eIutlng wth

Et-OAc: hexane (2:1) to obtain 0.372 g of the title conmpound (m x of

di astereoners) as an oil.

- 30-
m xture from
chr omat ogr aph|
enanti oneri ca
[err] al;
c (MH) 418.
Ql; [err]
(MrH) 418. J
[err] -8.0[

Cl (M+H) 418.
Separ ation of diast

el &ing mnth
g?gte di
3[err]

3 ng/m

QPEOITEI'S.

o1 @thEp&R27(9: 1) to obt ai n
rpt I-f%ﬂ@lk'&oﬂﬁ" = 4.67

Apply the diastereoneric

y col ymm,
ly pure (
[err]
J
+33

- 20_

Prr], conc =3 rrg/

in {MeOH
[err]
c

O | ;

in MeOH;
: [err]
in MeOH

Cl (MH) 418.

8F= 2.1 Hz. [err] al;

[err] =-29.5,

10

15

20

25

conc. =3 ngr m

Step 1: Add pyridinium chiorochromate (2.4 g, 11 mmoles) and
CH3CO2Na (approx. 20 mg) to a solution of 1-phenyi-3-(3-phenyl-1-
hydroxypropyl)-4-(4-methoxyphenyl)-2-azetidinone (2.35 g, 6.1 mmoles)
in CHaClp. Stir at room temperatue for 18 h, then add silica gel (40 g) and
conceritrate to dryness. Flash chromatograph the residue using
EtOAc:Hex (1:4) to obtain an oil. (1.98 g, yield =85%). TH NMR 2.85-2.95
(m, 3H), 3.15 (m, 1H), 3.80 (s, 3H), 4.10 (d, 1H, J 2.6), 5.42 (1H, d, J 2.6},
6.85 (dd, 2H, J 2, 8), 7.05 {(m, 1H), 7.2-7.35 (m, 11H).

Step 2: To a solution of the product of Step 1 (1.78 g, 4.62 mmoles) in
THF at -10°C, add NaH (115 mg ,4.8 mmoles). After 15 min., add NBS
(865 mg, 4.85 mmoles) and stir for 20 min., then add 1N HCl and patrtition
between EtOAc and brine. Separate the organic layer, dry (MgSO4) and
concentrate to give an oil. Flash chromatograph the oil using EtOAc:Hex
(1:10) to collect first 9a as a foamy solid (830' mg, y=39%, FAB MS
466/464, M+H), and then 9b as a colorless solid (1.1 g, y=51%, FAB MS
466/464, M+H).

Step 3a: Add Mg(OCOCF3)2-CF3CO2H (7.3 ml of 1M solution in Et20, ) to
a solution of 9a (0.68 g, 1.46 mmoles) in THF (5 mi) at -50°C. Stir the
reaction § min., then add t-Bu-NH2-BHgz (254 mg, 2.92 mmole). After 15
min., allow the reaction to warm to 0°C over 20 min., add 1N HCl and
concentrate in vacuo. Partition the residue between EtOAc and brine.
Concentrate the organic layers and dissolve the resultant oil in
CH2Cl2:CH30H (1:1) and add ethanolamine (approx 2 mmoles). After 15
min., concentrate the reaction mixture and partition the residue with
EtOAc:1N HCI. Wash (brine) and dry (MgSQOj4) the organic layer to obtain



. i MeOH; Cl (M+H) 418. J = 2.1 Hz.

4D 5 Method 2: Step 1) To a solution of .

1,°4-(S) - bi s(4-met hoxyphenyl)-3-(3(R)- phenyl propyl ) - 2- azeti di none (5.04
g, 0.013 nole) in Cl[err] (20 m) at 80[g5r]C add NBS (2.76 g, 0.0155
nol e) and benzoyl peroxide (0.24 g, 1.0 mol e) in three equal portions

1 h. Foll . ' : : RO%) l, th
(r)\e/ZE:t i on toOZZ?\eA(rérfFE ﬁgﬁghﬁa%gﬁﬁmpg@s huesq'fb@gg?s .'aned( @0@) t\?vasﬁ t he
organi c |ayer 9Rtaincempound 9acdnsseloriass salid, as gl Inixsfdiastgreomerspt ai n
the crude prodecsa g, y = 7% B 489466 auah in CDO [err] [err] PhOH(OH) =
5.05 . . - 31- St
2) Di Ssol ve t hSleRER: Using somnaung 9 as the, starfing matefiah use aoprogesiutg,
?dd 4212 %h n- B Nlogmaeﬁbesueb Eﬁmmzma%g&ot\%mgé the prlw_ata't'lldm ;%—n dact |h on

or coo It t [ W t

ter. Concont POR YGRS 4 151 AkGYE diediBibma’ (SIMS AGRaBE )
\rNgd?;sol vgcfﬂe&mﬁﬂf ud\dmrag@m huti I?&-Mr(@ﬂé’cg,\ﬂ.ﬁhmmpias)]anIQdeN618mQter 1h,
concentrate t h@.f@ﬁﬁgbﬁwmat‘iéﬂf(@@@%gwg S 4O iy, 1Y & Sbilfidn OF

hr omat hy. Furt h HPU'C t i "1 xi
Conpounds. 4A akTMEsSIHL 0] i toluane BBGo6:-t Aller i ADAROBAIBNAS Mmgde
SSD_ col ;JLm 10 ohhaiobngiﬁueraibaaacsred : m.rah.e:OboZ%nafwmh éﬁﬁaﬁezt_hté Hréh@:m‘ mikure,

In e r oc I Cll | e (0] WM
S acnt ox?f‘i#sm%@ﬁ@@p'ﬁﬁﬁéﬁﬁmmﬁ« Wi Bewdhs.” Sancenirate
azeti di none asthe€ fayey torgive the! titlecampound as af racemie mixtuer (b 26g) :

[err] " np 87- 9@{‘@&{@ gg by ﬂPLC using a%l&@léb%ﬁﬁn%%ﬁéiﬁ%@g‘! H’%ﬂ(ﬁr "=

403. 1797, found 89;
cDCl [err] [err RAddHraApn)= 4. 82 ppm -
156 Step 4b: Use the procedure of Step 4a, starting with compound 9b-1 to

obtain an oil. Purify this by flash chfomatography using EtOAc:Hex (1:3) to
collect the racemic title compound (y=70%). Purify this oil by HPLC using
a Chiralcel OD column to obtain 3J (major) and 3H {minor).

20 :
Step 1: Follow the procedure of Example 3, using 1-(4-fluorophenyi-4-(4-

t-butyldimethyisityloxyphenyl)-2-azetidinone to obtain 1-(4-fluorophenyl-3-
-~ {3-phenyl-1-hydroxypropyl) 4-(4-t-butyldimethylsilyl-oxyphenyl)-2-
_ azetidinone. _ '

25 Step 2: Treat a solution of the cis-azetidinone of Step 1 (0.25 g) in
CH3CN (21 ml) with 48% aqueous HF (2.5 ml). After 18 h, dilute the
reaction mixture with cold H2O and extract with Et20. Wash (2x H20,
dilute NaHCO3 and brine), dry (MgSQO4) and concentrate the Et20 layer.
Crystallize the residue from EtOAc:hexane (1:2) to obtain the title

30 compound as colorless needles (123 mg, y=64%), mp 168-171°C.
Elemental analysis calc for Co4H2203FN: C 73.64; H 5.66; N 3.58. found
C 73.32; H 5.65; N 3.68.



w T
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4E . [err] HRMB calc'd for Jerr]Herr]NJerr] =
403. 1797, found 403. 1787, [errJHin CDCl[err] [err] PhCH(OH) =
4>-78 ppm 4F EXAMPLE 5 [err]

15 To a solution of the product of stepdgof Exanple 4 (0.230 g, 0.68
mol ) in THF (2 m ), add the reagent derived fromtreatnent of

4{ met7 gfxynftc ho?% pTFﬁé)f%lk{WiP jftdﬁnmatiégggﬂemaﬁ%eﬁ?gimﬂhé Elgé’ 2 (4 m)
at - err utyl it hium (0. . MO Ly, 4. 1. in
nexanosy | 1o | s Shihisdevenidhy Ingachuhe teim Jadlye confRafir dgsighdtas i
extract the prodmpounddffomidla oy chromatography 20 in a manner sinmilar to
that described in step 3 of Exanple 4%&8&@@ 0. 05 g of the title
conmpound (m x of diastereoners) as an . M-H) 478.

- 32- 5 TabletgXAVPLE 6
[err] 'No. Ingredient mg/tablet mg/ftabtet
1  Active Compound 100 500
2 Lactose USP ' 122 113
3 Com Starch, Food Grade, as a 10% 30 40
paste in Purified Water
4  Corn Starch, Food Grade 45 40
5 Magnesium Stearate 3 z
' Total 300 700
Method of Manufacture

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

EXAMPLE B
Capsules
No, redient mg/tablet mgftablet
1  Active Compound 100 500
2 Lactose USP 106 123
3 Comn Starch, Food Grade 40 70
4  Magnesium Stearate NF 4 Y4
| Total 250 ° 700
15  Method of Manufacture

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

20 Representative formulations comprising a cholesterol
biosynthesis inhibitor are well known in the art. It is cbntemplated that
where the two active ingredients are administered as a single



Step 1): To a solution of (S)-4-phenyl-2-oxazolidinone (41 g, 0.25

mol) in CH err]C[err] (200 m ), add 4-di nmethyl am nopyridine (2.5 g, 0.02
ned) 5 and triethylamne (84.7 m, 0.61 nol) and cool the reaction to
O[err]C. Add met hyl - 4- (chl orof ornmyl ) butyrate (50 g, 0.3 nol) as a
solution in CHerr]d[err] (375 M)sgl_ropwi se over 1 h, and allow the
reaction to warmto 22[err]C After 17 h, add water and H2SO4 (2N,

100 m), separ . |.a ; &aé]i d r sequentially
wi th NaCH (10‘V§£,) ﬁﬁ%%ﬁ'#si@é?;%@i@@@‘g%ed B?SVQEe pr%é‘#n“?céal ayer over
MySO err] and ézetidinonecompoussisanay seadily be mﬁal&eq/ ysiagi thednaviadge of

Step 2): To a : iAfthéla® 4 (18.2 m, 0.165 nol) in CHerr]d[err] (600
m) at O[err] C?ﬁgﬂd'ﬁatlggpgﬁﬁql sopropoxide (16.5 m, 0.055 nol). After 15

. mn, add the product of Step 1 (49.0 g, 0.17 nol) as a solution in

CHerr]C[egr] (100 15 wJsing #e Rist proveturesddscetbetioatbovey itk followihgén

(DI PEA) (65. 2 %&t@ag%}g@@e& 1Pl BharmpfledéShpbinds) Dhid'is feipdnel®

reaction mxtu
benzyl oxybenzy asgereént-dHanged).anipercant (reduct®rgin chalsstersl estershvarsusd. Stir

the reaction vj : ; AN eTy=Tol | @ SOl ution
I n CH er Fggr%?ﬂr‘%(regé}%bémeg%@%evgg&%ggninng}c&ag %o@/aﬁ%é F@gcltg ?A%r?]m?o warmto
O[err]C, and af Herr]SOerr] (2N). Stir the reaction an additional

1h, separate fhe |3yere, Regshion withjwht er, { separpéduation dry the
organi c | ayer %;‘Lai??iw iﬁc CT U e frometanmotfwater]t o

[ U
obtain the puf&X fifeSesemad Lholest. | Dose Exeib 3yerurg L Ghalest, §Pese { he

pzigdllil(:tO gf ?E p 2 'Q&t@.i-4$mllhg/%) t pioHoNest( 1 0Estdrs {im \][{]C
a , S SL YT faceram ¢e : 7. M 30,3 : er
0.5 h, add soli AF‘E@ 39 g 01 5 ) a:ﬁ?C ‘?gﬁr t heOr o2 t
50[err]C for 4nipddi tiegal |3 hggCodl ggelr ¢agbi pn ngxtufe tg 7
22[err] C, add Ty é WS T h Eﬁé‘[ o grxeyre wWLrnircL (4N,
NaHCJ err ] (l,1 d Nalt (gt ' ® ) y 5rgaqn~ ayErOovdr 3

MgSO err] . ) o St éfp 4p: T¢ seofuligp pf tde pfodugs of Sgep|3
(0.94 g, 2.2 gmpt T30 T agygwarer (1 a

LiOH Herr]O 314 l"ﬁg 5t 90 She re@ctibn 58422 for

1h and add addi 8o al -800HIH egp] Ol (b My, | 1eA .59 Myl elosAf fer 1a fot al

lC);y(ZaP, aﬁgdcgs Le- AVA ILLI;TG Tola ¥ P ﬁlﬁ?‘i; ’rfiﬂﬁ gég ' ne

3E 0 0 10 6B | -40 -92 3
3F | -29 77 10 6C 0 -48 3
3c | -16 -38 10 6D | -46 -95 10
3H| -41 -86 10 s8Al o -44 3
3l 0 22 10 8B | -50 -95 3
3J 0 0 3 8C{ -14 -37 1
3K 0 0 10 8D |  -49 -98 1
sL| -15 -21 10 8E | -22 -66 3
3M 0 22 10 gF | -43 | -94 1
4A 0 -54 5 | {10] -26 -77 3
4B | -37 -89 8 -
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+33- resultant product (0.91 g, 2.2 mol) in CHerr]CJ[err] at
22[ert] C, add C COCCd (0.29 m, 3.3 mol) and stir far 16. h. Renove
the sol vent in vacuo. - Step 5): To an efficiently stirred
suspensi on of 4-fl uorophenyl zi nc gﬁho_ri de (4.4 mmbkys @i R
4-f | uorophenyl magnesi um bromide 5 (1IM1n THF, 4.4 ),

ZnC [err] (O. % l4i 4 mol) at 4[err]C, add ﬂ" IP ﬁnﬁ!
tetrakis(triph yqﬁmjsphi ne) pal I adi um (0.25 g, 0.21 mmol) and the product
of Step 4 (0.94 g, 2.2 nmol) as a solution in THF (2 mM). Stir the reaction
for 1h at O[erqy]C Add HCI (1 N, 5 m) and
extract %th@%&‘&@‘&%@gﬁ%ﬁﬁxgﬁ%ﬁé@%ﬁ% | ayer to an oil and
purify by silica gel 10 chromatogrBphy tB2obt ain .

)

1- (4-f 1 uor ophenyl ) - 4(S) - (4- hygrn ny J3(
( 3- oxo- 3- phenyl propyl ) - 2-azet Iﬂél ﬁ%‘@q‘v“ (,(ﬁ' %ﬁsd for '
Clerr]Herr]Flerr]NO err] = 408. 14281 fougd 404. 14§1. Step 6):

To the product of Step 5 (0.95 g, 1.91 nmol) ig THE (3 m), add
. (R -tetrahydro-1-net hyl -3, 3-di phenyl - 1H, 3H py, -{1?2- c][1,3,2] 15
oxazaborole (120 'ng, 0.43 mmol) and cool the i xt ur eA -20[err]C. After 5

in, add b W =Pa ' ' F, 0.85 m, 1.7
mnr;l )adr op\‘;a"vir g%gﬂs@g@t%@g&&gﬂ@g@g&%ﬁbﬁ%ﬂ%ﬁ@ CH err] OH fol | owed
by HCO (1 N) and ei'ranst Achererindepeisentlyealeatedifiam thexgroun obt ai n
1-(4- consisting of aryl and R4-substituted aryl;

fl h 1)-3(R)- S):k4-fl enyl.)-3-h 1)]-4(S)-[4- 20

(pﬁgwﬁmea%oiy) éh)engll ]( )ZAaiﬁ rﬂ%&%ﬁ%ﬁ%ﬁﬁeﬂﬁg?{fr ggyaﬁ] oi I( ) [[err] Hin

CDCl [err] [err] H3 = 4.08.Yand 2ate ivtdepShdénty-Belbbied from the group Use

f (9)-t - L= at byt - 3, 3l 1 .

Fl, (2 2:] [ (131'1 9?2%%‘5@90@6%@ 'ﬁ@@ﬁ%ﬁ‘&’P@%@%ﬁ@%’%‘kﬂbdr oxypr opyl

a;et icfli ggn(eM(Jrfaoonpound 6ER and Rearg indepeaden )esalpc{e_drfrqmmegmungd éA:_lz.(g .
: - y 6 . 93akU oun - .

g, 0.8 nmol) i nngg’ﬁgﬁcﬂf 01R6' é%o)rﬁi)’og%@?g%%ggl Q‘g@@?ﬁ@md stir the |

reaction under a pressurR' apd R are indgpendantiysejectedfromdN@ oroup t er t he

reaction m xt w@smﬁgcanw%ﬁ,%ﬁ,bealkw and @@ylyent to obtain conpound 6A
4

El eront al nal ysi s cal o GSQPF & 438 Prdy e end Pidép dfdpendently' 0 g 3. 1
5.17; N 3.42; dreynprovided that aHeastishe df Gabd.ris 1, and thesumofm, n, p, g
- andris 1,2, 3, 4, 5 or 6; and provided that when pis O and ris 1, the sum
ofm,qandnis 1,2, 3,40r5;
R4 is 1-5 substituents independently selected from the group
20 - consisting of lower alky!, -ORS, -O{CO)RS, -O(CO)OR?, -O(CHz)1.50RS,
-O(CO)NRSR7, -NR6R7, -NRS(CO)R7?, -NRE(CO)JORS?, -NRS{CO)NR7RS,
-NRESO.R?, -COORS, -CONRSR?, -CORS, -SO2NRER7, S(0)o.2R8,
-O(CH2)1.10-COORS, -O(CH2)1.10CONRERY, -{lower alkylene)COORS,
-CH=CH-COORS, -CF3, -CN, -NO3y and halogen; _
25 RS is is 1-5 substituents independently selected from the
| group consisting of -ORS, -O(CO)RS, -O(CO)OR?, -O(CH2)1-50RS,
-O{CO)NRSR7, -NR6R?, -NR6(CO)R?, -NR6(CO)ORS, -NR6(CO)NR7RS,
-NRE6SO2R9, -COORS, -CONRSR?, -CORS, -SO2NRER7, S(0)o-2RS,
-O(CH3)1-10-COORS, -O(CH2)1.10CONRSR7, -{lower alkylene)COOR® and
30 -CH=CH-COORS;
R6, R7 and R8 are independently selected from the group
consisting of hydrogen, lower alkyl, aryl and aryl-substituted lower alkyl;
and

N



SLm larly treat conpound 6B-1 to obtain conpound 6B.

129.5-132.5[err]C, CI (MtH) 410. Elenental anal ysis cal BeenR
Clerr]H err]Flerr]NdJ err]: C 70.41; H5.17; N'3.42; fou

N 3.52. 35 Step 6') (Alternative): Toasolutlon

Step 5 (0.14 g, 0.3 nmol) in et hanoft (2 m), add 10%Pd/C (0 03 g)
and stir the reaction

under a pressure (60 psi)Rbis 'QPV@Fra]kYbéjylf%'rafYBsWStWt?géPW?ﬁéi%act|on
m xture and concentrate the solvent to afford a 1:1 m xture of

ds 6A 6B. , i.ng . Late stagting.npterial
and 1ol | ovi ng- the A cpmpouReof clgims] 3HeraRa it phénd G- sUPRueE  ©
conpounds: phenyl, Ar2 is phenyl or R4-substitufed phengl and/Ary isiB8:substituted

HRMVS cal ¢! d5fo h%@‘r]H[err]NQerr] =
445. 1904, f dund 1890 [err] c
(M+H) 446; HRMS calc'd for (JQerr]JHerr]NJerr] =

445.1904, foung 445 .4 8dthpouRi® of claim 2 wherein Ar! is Ré4-substitute&pidRyE 7
Lerr] wherein R4 is halogen; Ar2 is R4-substituted phenyl wherein R4 is
halogen or -ORS, wherein RS is lower alkyl or hydrogen; and Ar3 is RS-
10  substituted phenyl, wherein R5 is -ORS, wherein RS is lower alkyl or
hydrogen.

4. A compound of any of claims 1, 2 or 3 wherein X, Y, and Z are each
-CH2-; R? and R® are each hydrogen; R and R2 are each -ORS6, wherein
15 R6is hydrogen; and the sumofm, n, p, gandris 2, 3 or 4.

5. A compound of any of claims 1, 2, 3 or 4 whereinm, nand r are
each zero, qis 1 and pis 2.

20 6. A compound of any of claims 1,2, 30r 4 wheréin p. qand n are
each zero,ristandmis 2 or 3.

7. A compound of claim 1 selected from the group consisting of
rel 3(R)-(2(H)—hydroxy—2-phenylethyl)-4(H)-(4-methoxyphenyl)-1 -
25 phenyl-2-azetidinone;
rel 3(R)-(2(R)-hydroxy-2-phenylethy!)—4(S)-(4-methoxyphenyl)-1-
phenyl-2-azet:dmone,
3(S)-(1(S)-hydroxy-3-phenylpropyl}-4(8)-(4-methoxyphenyl)-1-
phenyl-2-azetidinone;
30 3(S)-{1(R)-hydroxy-3-phenyipropyl}-4(S)-(4-methoxyphenyl)-1-
phenyl-2-azetidinone;
3(R)-(1(R)-hydroxy-3-phenyipropyl)-4{S)-(4-methoxyphenyl)-1-
phenyl-2-azetidinone;
rel-S(R)-[(S)-hydroxy-(2-naphtha!enyl)methyl}-4(8) (4-methoxy-
35 phenyl)-1-phenyl-2-azetidinone;
. rel-3(R)-[(R}-hydroxy-{2-naphthalenyl)methyl}-4(S)-(4-methoxy-
phenyl)-1-phenyl-2-azetidinone;

DN 0 N
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Step 1): To a solution of 7a (1.0 g, 2. lpypa (10
nm), add Se(ferr] (1.33 g, 10 11.98 nmol) and water
and heat the reaction to 100C. After 1 h, cool th "1'1 oom
tenperature and isol ate by extraction bhe crude p

di astereomeric mixture (1:2) of alcohols” 7b- A and 7b B Purify by HPLC

D ast ot comer b A (VGSEH-ByARPEbBenyiordryiE) HSPBR; Aoy
HRVE d er r] H er2-pmetidinohes al Cmégl ggg fi)und 491. Z%Oé; . r% gl)‘(

3> D S(H) B8 RyirGRyE-pRény Bropy AS]-bis-(1-ifethdBidhen
fSOSEd(t)491 211 72-azetidinone; St ep § ”Tz E S(rj’hlgll on gf 'di ast ereomer A from

5P 1ol 2, 5, O, L2 STy Syt OB (20

ng) and stir at_2 err] gas 4 pSi) for lter and
concentrate to rasffigwpkﬁgy 2(’?@ dinoh @onpound as a semisolid, mp. 90-92C.

j %gr ' ]7§§ 3f Hz, [ err]4(Sk(@hydrodyphenyl)-3(R)- (3(Sﬂvﬁdﬁxv¢3-bﬂbaylp}¢ﬁl)9ﬂ*a4 Calgc
To a sol utlgﬁngq' ﬂﬂ&yé’ %ﬁ!‘é‘i %?etfggﬁ?r?)?e 4A (90 nm, mol ) 10 |n
CHerr]C[err], add ratﬁ@)—(ﬂﬁ&ﬂsﬂmﬁ&mmeihmmﬁhyxw)mhwmm (8 ny,
'([)hé IayerrsTW) ﬁa?SﬁbisL(@héimﬂhﬁﬂpﬂfﬁhﬂéﬁﬂlﬁﬁﬁe*l . Add water, separate
1-(4-fluorophenyl)-3(R)-[3(S)-(4-fluorophenyl)-3-hydroxypropyi)}-
4(S)-(4-hydroxyphenyl)-2-azetidinone;
1-(4-fluorophenyl)-3(R)-[3(R)-(4-fluorophenyl)-3-hydroxypropyl)}-
4(S)-(4-hydroxyphenyl)-2-azetidinone; -
15 4(S)-[4-(acetyloxy)phenyl]-3(R)-(3(R)-hydroxy-3-phenylpropyl)- 1-(4-
methoxyphenyl)-2-azetidinone;
4(S)-[4-(acetyloxy)phenyl]-3(R)- (3(S)-hydroxy-&phenylpropyl) -1-
(4-methoxyphenyl)-2-azetidinone;
1-(4-fluorophenyl)-3(R})-[3(S)-{4-fluorophenyl)-3-hydroxypropyl})]-
20 4(S)-[4-(phenylmethoxy)phenyl]-2-azetidinone;
3(R)-[3(R)-acetyloxy)-3-phenylpropyl}-1,4(S)-bis-(4-methoxy-
phenyl)-2-azetidinone;
3(R)-[3(S)-acetyloxy)-3-phenylpropyl]- 1,4(S)-bis-(4-methoxy-
phenyl)-2-azetidinone;
25 3(R)-[3(R)-(acetyloxy)-3-{4-fluorophenyl)propyi}-4(S)-[4-(acetyloxy)-
phenyl]-1-(4-fluorophenyl)-2-azetidinone;
3(R)-[3(8)-({acetyloxy)-3-(4-fluorophenyl)propyl]-4(S)-[4-{acetyloxy)-
phenyl]-1-(4-fluorophenyl)-2-azetidinone;
3(R)-[3(R)-{acetyloxy)-3-(4-chlorophenyl)propyl}-4(S)-[4-
30 (acetyloxy)phenyl]-1-(4-chlorophenyl)-2-azetidinone;
3(R)-[3(S)-(acetyloxy)-3-{4-chlorophenyl)propyi]-4(S)-[4-
(acetyloxy)phenyl]-1-(4-chlorophenyl)-2-azetidinone; and
rel 1-(4-fluorophenyl}-4(S)-(4-hydroxyphenyl}-3(R)-(1{R}-hydroxy-3-
phenylpropyl)-2-azetidinone.

35
' 8. A pharmaceutical composition for the treatment or prevention of
athersclerosis, or for the reduction of plasma cholesterol levels,
comprising an effective amount of a compound as claimed in any one of

LA A A




- -
aﬂd I sol ate the correspondi ng acet oxy conpound, 8A. gghe@tlﬁgm laced
manner, treat the products of Exanples 4B, 6B and 6
fol | ow ng conpounds 8B, 8C and 8D, respectively: 15 m‘"
1, 4(S)-bi s(4-nmet hoxyphenyl)-3(R)-(3(R) - acgg oxy- 3-phe
propyl) 2-azetidinone. CI (MtH) 460; HRVS Clerr]H err]NJerr] calc.
459( é?‘lg 12 2 Un@{ hﬁ‘l@‘i’ tﬁ(ﬂ%llone or in combinatibh with a gholesterol biosynthesis

S e eny -ace - phenyl -
propyl ) - 2- azet i"lnﬁiﬁ?vfo ngp *%%%féﬂéﬁé' p&ﬁ(}égrﬁaﬁﬁ%ﬁr] NOerr] calc.: 20

459. 2044; found: 459.2048.

oy promyl) WWL%SFO%&%%%@ KL 4l g8} Baims 14 for
Jerr]H err§F| the maquéactpra:ai @mewmewgr thertreatmerdr prevention of 8D
4(S)-(4-acetyl g Wgagrdéis %r%rﬁ%@d\ﬁﬁsﬁldfﬁ%n% ﬁ %E‘\;éébﬂev&é

phenyl ) propyl) - uorophen 2-azetidinone 493. 4
C[err]H[err]F[err]qurr] calc.: 493.1695; found: 493.1694.

Usi ng apgr ?grl ﬁbe staapidcess T 6 ;srbgaramoh alolpﬁﬁlmbtfean@él compoéitiemaise 6,
repare C en I 0X C 0
'Bhelr[])yl ) pr opyl ) L?("@%B 4@16} é%f‘éﬁé"}p"ﬁ 'ﬁ'i"ﬁcﬁqgg"'ﬂgf‘ﬁa qsngefguad n

procedure % Eaaygne Gf claimspate 7t with fa@harmamguﬁcwlbmcnea&atﬂ& camiersF:

[err] : Cl (M+H) 527; [err]H CDCl[err] [err] H3' = 4.65
C . _ - 36 - °
[err] 11. A process/ie) preparing a pharmaceutical composition as claimed

[err]H CDA [er i cldm & éofmprising admixing a cholesterof biosynthesis inhibitor and a
compound as defined in any one of claims 1 to 7 with a pharmaceutically
15 acceptable carrier.

12. The use of a compound as claimed in any one of claims 1 to 7 for

the manufacture of a medicament for the combined use with a cholesterol

biosynthesis inhibitor in the treatment or prevention of athersclerosis, or
20 for the reduction of plasma cholesterol levels.

13. The use of a cholesterol biosynthesis inhibitor for the manufacture

of a medicament for the combined use with a compound as claimed in any

one of claims 1 to 7 in the treatment or prevention of athersclerosis, or for
25 the reduction of plasma cholesterol levels.

14. A kit comprising in separate containers in a single package
pharmaceutical compositions for use in combination to treat or prevent
athersclerosis or to reduce plasma cholesterol levels which comprises in
30 one container a pharmaceutical composition comprising an effective
amount of a cholesterol biosynthesis inhibitor in a pharmaceutically
acceptable carrier, and in a second container, a pharmaceutical
composition comprising an effective amount of a compound as defined in
any one of claims 1 to 7 in a pharmaceutically acceptable carrier.
35 '
15. 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 as defined in any

llIIlIIl |Illll III|| N
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&F EXAMPLE 9
[err] and [err] . Step 1: Add pyridinium c{nmpsmlnra@mnﬂe

11* mol es) and CH[err]CCIerr]Na (approx. 20 ny) t
1- phenyl - 3- ( 3- phenyl - 5 mmlmllm

hydr oxypropyl ) - 4- (4- rret hoxyphenyl ) - 2- azet44it none (2. 35
in CHerr]C[err]. Stir at roomtenperatue for 18 h, then add S|I|ca gel

(40 g) and one@énlaemsrhtcehaioaem@ssomrzaéiencmlbaataif@camamﬂsmtﬁadue

usi ng Et 9‘\36!95@?0(5104 nﬂw@s%bihﬁiﬁ?to?” oil. (1.98 g, yield =85%. [err]H
NMVR 2.85-2.95 1H), 3.80 (s, 3H) 4.10 (d, 1H, J

2.6), 5.42(1H d, J26) 10 685(dd 2H, J 2, 8), 7.05 (m 1 H),
7.2-7.35 (m 1161") A pharmageafical: cohapasition of anvlobblairhe gyriddorct4 ehetgiap 1

ol 65y, A or TECCIRsteRo) biogyndh s's%'Pé%éﬁrﬁgé'e%reégé’%%b%ﬁ%ﬁ% or 20

mn., then addoleM(Bi@ol&meldmniase inhdbitors, squalenasynthesidiphibivre ande.

Separ ate the o err]) and 15 concentrate to give an
oil. Flash chr% %@?agﬁ %?1 ou’\h usi ng Et OAc: Hex (1:10) to collect
first 9a as a foany solid (830 ng, y=39% FAB M5 466/ 464, MtH), and

then 9b as a cqyor! assh&fldcdutidal lodinpdaﬁéﬁ f CREWM® wherein466/chofestéfol) -

2t Tor i, 118 M BioSyiRest inhiitos e scleripd:aog the drauiyconeeling ot Jovssgagit "ot "

E50[ err] C. Sti pravastatin, fﬂuvaaaﬁmsxm\/éstatm CltﬁalaQMﬁ -86531.-659,698) - BH[ err]
254 ny, - 2.92 allow the reaction to warmto
SaRgdan)  8hd NS08, | ™ . !

O[err]C over 2 concentrate in vacuo. Partition
t he resi due between Et QAc and bri ne. Concentrate the organic | ayers

and di ssol ve thg re?Hbtt%'étaé’biameSi %X*a%[ﬁig} %[ﬁhéielﬂﬂébﬁlzl@é'tér& 1) and

add et hanol am pe ( @, r oX oncentrate the
reaction m&t ubiosyniresis inhibiten is a8 defised dr claimn16 or clamdie: 1N HO . V\ash
(brine) and dry (MgS err]) the organic layer to obtain

19. A method as claimed in claim 15, wherein the cholesterol
biosynthesis inhibitor is as defined in claim 16 or claim 17,

20 20. A process for preparing a compound of the formula

R

A Xp-(ClgYuCZp. A
AR l I
N

0" a2 ja
wherein Arl, Ar2, A3, X, Y, Z, R, R1, R3, m, n, p and q are as defined in
claim 1, provided that the sum of m, n, p and q is 1 to 6, comprising:
(a) treating with a strong base a lactone of the formula

25 Ar"o
wherein X, Y, Z, RY, R3, m, n, p and q are as defined above, R'is a
protected hydroxy group, and Ar'0 is Ar! as defined above, a suitably
protected hydroxy-substituted aryl or a suitably protected amino-

| A




®
+37- an oil. Purify this oil by flash chromatography using Et OAC: Hex
1:4) to obt ai n conpound 9a-1, a col orl ess sol i dThisSheda Hds BeelRoplacdd
i-ast er eoners. 0.52 g, y = 76% SIMS 468/ 466 (Mt :
Usi ng conmpound 9b as the starting material, use a proc ar to
Step 3a with CHerr]C[err] as solvent fog4s5the preparation 0O -
80%yield as a 13:1 mxture of diastereoners (SIM5 468/466 MtH). Step
4a: Add a sol ution_gb) 98adting’theé produét SfSteptd)onith aRdmine3dt thbSfoffiula 0.12
mmole) in toluene (40 m) dropw se over 40 n. to a solution of
(TMS)[err]SiH (1.0 m) in toluene at 80 AT'C. After 1 h, add nore AIBN (5
nmg) 10 and continue at 80[err]C for 1.5fh. Cool and concentrate the
reaction m xture, di ssolve the resiiue in CH err]CN and wash .3x with
hexane. Concentrate t he CH3CN | ayer T‘ergi ve the title conpound as a
racem c m xture (0.25 ) Purjfy this ol] by HPLC using a Chiralcel QD
colum to obt aiW%ﬂ”(&é?d?ﬂ’zn a su Y@W@Hﬁ%ﬁo’iﬂsm’@%@g@%ﬁ’.‘ 058 the
gr O'Cfedu'[ﬁ' of bsrsfﬂ?amg:ﬁrﬁtwa{ amim-ﬁhbmuw@w e |, AndlAF® ii Aéa,?bnmatﬁlyan ﬂ | .
urify I Sp by a romat Q Si 60@ X : o col | ec
the racemc2t| lp(%teé ‘&fﬁ&"k"ﬁﬂfi’gﬁa’{eﬁﬁg&aﬂ' b&e ?’%‘?@I?@'UQT ng a
Chiral cel OD cesubstituted ahyl;ain 3J (maj or) and 3H (m nor).
EﬁngE_ (1(3”l[ﬁ{)”)phec%ﬁ\_?e?{\_opmgth%tf‘e%cﬁbn'ﬁﬁiﬂ Q'ablge Procedure of Exanple 3,
t - but yl di met hyl si | yiddxopiienally yemoxing thei protesting gseups from R4 Ant8oABSheny - 3-
(3- phenyl - 1- hy gheA0 ORlbh p<}egéhtg akygt y!l di net hyl si | yl - oxyphenyl ) - 2-
azetidi non 25 Step 2:,.Treat a solytion of the cis-azetidinone gf Step 1
(6 25 gy TH0 %° - 68, Gitisaliy tustionalteing hysiroy utstiistits ot 8 49 5t e o “5g
h, dilute the carbon to which the RS substituent is attached, and hydroxy or amino
substituents at any of Ar, Ar2 and Ar3,

21. A process for preparing a compound of the formula

IOH HZ
Ar1"xm'lC'Yn'(lC)r'Zp Ar
R' R?
N
15 O M2 8

wherein Arl, Ar2, A8, X, Y, Z,'R1, R2, R3, m, n, p and r are as defined in
claim 1, provided that the sum of m, n, pand r is 1 to 6, and further
provided that when r and n are each zero, p is 1 to 4, comprising:
{a) treating with a strong base a lactone of the formuia
RZ’ Rs
/

\
C),\zp
| #Xm © 0
A'JO
wherein X, Y, Z, R1, R3, m, n, r and p are as defined above; Ar10is Arl as
defined above, a suitably protected hydroxy-substituted aryl or a suitably

protected amino-substituted aryl; and R2' is a protected hydroxy group;
{b) reacting the product of step (a) with an imine of the formula

R

20




. a -

reaction mxture with ¢old Herr]O and extract with Et[err] O Wash (2x

HerrlO dilute NaHCJ err] and brine), dry (I\/gSCIerr]) —and concentrate
tthe Et[err] O | ayer. Crystallize the residuefrom xane (1 2) to
obtain the title 30 conmpound as col orl ess needl es (12

168-171[err] C. El emental analysis cajg-for (err] H

73.64; H5.66; N 3.58. found C 73.32; H5.65; N 3.

- 38- - The followi ng fornul gtions exerrpl [ fy some of the
dosage forms of this invention. In the term"active conpound”
designates a corrpound of forrmula I. .

EXAMPLE A 5 N Tabl ets No.

| ngr edi ent rrg/ tablet ng/t ab*&.]zo 1 Acti ve Conpound
100 500 Lact ose USP 122

113 3 vd)mms%r&P@Ar dosuitablyiprotected hydlexy-sulgstituted aryuor a

paste in PU“ f bﬁﬁamgtrﬁbtected amni’o-sul?élftﬂte@téw AndfAsd 1@\?31%1 sutably 45
Tot al brolactedisirony-subgiuted arylas & sultablyRtacted arinc-

Mx Item Nog. substituted arygui t abl e m xer for 10-15 mi nutes. G anul ate

the mxture.with It | | | es through a coarse
screen (e.g., 1/4" %ng%@ﬁ}’nd\q&\eﬁgggggrg%ﬂ %ggﬁhe danp granul es. 10
Screen the dried gr dblubm.onaﬂymemevmrmemldtentmggmwps frem BB, A%t x f or

10-15 m nutes. ﬁd%ﬁb g, .dalqax for 1-3 m nutes. Corrpress t he
te S|z

m xture to appropria I'ght. on a suitable tabl et nmachine.
EXAVPLE B. e) optionally functlona izing hydrogyssuhstituents at R3 and at the

I ngredi ent1g0  carbon toWhichthe RELibstflent is attached, and hydroxy or amino
substituents at any of Arl, Ar2 and Ar3.

22. A process for preparing a compound of claim 1 comprising

Process A:
R *R? R R? .
i A -(C)q-Y OZo  _p A'X -(C)Q-Y -(c)r Ar®
N R1 R3 . H“l RS —T
hY A '20 ] 1'_'N
o? “or o w

15, . . I 1

Treating an ester of formula 1il, wherein R1, R3, X Y,Z m,n, p, gand rare
as defined in claim 1; R’ and Ar10 are as defined in claim 20; RZ is as
defined in claim 21; and R19 is lower alkyl, menthy! or 10-
(diisopropylsulfonamido)isobornyl, with a strong base, and then with an

20 imine of formula 1I, wherein Ar20 and Ar30 are as defined in claim 20, to
obtain a compound of formula 1 as defined in claim 1; or

Process B:
R OH
A ' A
A -X ~(C)o-Yi— C
l I + AMOX -(C)“'Y-—r r ( )q 3\—{
- N, R‘ R ) Y
o Ar2° 0" AR
\" Vi - e

Treating an azetidinone of formuta V, wherein Ar20 and Ar30 are as
25 defined in claim 20, with a strong base, then with an aldehyde or ketone of
formula VI, wherein R1, R3, X, Y, m, n and q are as defined in claim 1 and

R




L4

12 Active Conpound sEeetOHasB

e

Lact ose USP 106

Starch, Food Grade - 40 70 wmu arate
NF 4 7 -47 Tot aI
250 700 15 WMethod of Manuf acture M x |tem Nos.

and 3 in a sui I f 4andmx
for 1-3 m nut ngf@ ‘ﬁhsﬁég >ﬂoq5'f‘88 'ﬂtc@‘m 20 Tgﬁ'é@gﬁ@&%}:ﬁﬁ@egﬂﬂ b%l atin
capsul es on a wiiichaisl @cempausdiofformula | wheneinttiisd, p190 and R2 is OH; or
Representati ve II ons conprising a chol esterol bi osynt hesi s

I nhibitor are inthe art. It is contenplated that where the
two active ingredients dre i nistered as a single :

- 39- conpositgﬁﬁb d%?oforns di scl osed above for substituted
azeti di none conpo g“nay readMy be nodified uging the know edge of one
skilled in the art. Usi ng the t'@€st procedures descri bed

above, the follow ng |n é:}qﬁs; dat a wereAObXa,r(ﬁé?—Yﬁ,dC)rZ,e exenpAfRf i ed
conpounds. Data is report@ &s QerCSFt changé reducti on
I n chol esterol esters) ve?laus contro t her et ore 'ﬂegatlve unbers

I ndi cate a positive lipi d@ﬁ]ﬁgql ng ef f ect ction
% Reducti on Ex. # Ser ol est. Dose Ex. tg Ser unﬁ) Chol\ﬂgt Dose
3

Cholest. Esters ng/kg Xm Chol est. Esters ng/kg

50 4C -12.5 10 1B - -15 - 39 4D
9 0 7 1 _)L(4 0 50 4E 0 -46
3 5 Cyclizing a compound of formula X, wherein the variables are as defined

in Processes A and B, above, with a trialkylphosphine and a
dialkylazodicarboxylate, to obtain a compound of formuia {a, which is a
relative 3,4-trans compound of formula l; or

Process D: |
Ar® R B
§ A XelO Yl zp’Y !
N R! R
Ar20 | vil

Treating an imine of formula II, wherein Ar20 and Ar30 are as defined in

Process A, with an activated carboxylic acid of formula VI, wherein L is Cl,

OP(O)(CI)OPh. 2-oxy-N-methylpyridinium iodide or a 2-thiopyridy! ester,

and the remaining variables are as defined in Processes A and B, in the
15 presence of a tertiary amine base; or

Process E:
}?2 Ru R Rz
7,o Zy (c)r Nor (c')q XA A KO rC)eZp, N
R — RURS
©J- X .
Ats o) N\ A
HN. 20 Xl la |

. Treating a compound of formula Xil, wherein the variables are as defined
above in Processes A and B, with a strong non-nucleophilic base to obtain
20 a compound of formula {a, which is a relative 3, 4-trans compound of
formula l; or

||II|II| I IIIlI |II|I I| lIII
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2 0 0 50 4F -29 -95 3 3A -31

69 - 50 5 0 - 64 10 - 60 - 92

6A -59 -95 1 3D -17 - 61 heaAfaiBem

-93 1 3E 0 0 10 -40

3F -29 =77 10 6C 0 -48- -48 mw

-38 10 6D -46 -95 10

8A (0 ME- 3 31 0 - 22 - 50
-95 3 0 3 8C - 14 - 37

3K 0 ge R 10 8D  -49 oRe R? 1 3L -15
-21 10 -Y - C Z 6 8 -22 10
8F  -43 g 2 AR° ardx '(C)qsl\qft- ) A10" o6
=77 3 - 89—"’8 ’

- 40 - THE CLAI \Y/S) DEFI NI NVENTI ON ARI?AS F&L : N\ A
conpound represent ed t he for : “}Terr]

or a pharmaceuti call cceptabl e salt thereof, Mer ei n:

é\]f [ err } ggg Ar E’??éﬁn@%@ﬁld@@&%@ﬂf@t R tbue%?'f&ﬁhﬂﬂ )dwommeéingﬁ@vanabe@;h?blst :)pg
Rlerr ]y subst ﬁ @s fﬁﬁaﬂ above in rooésses A and B, with an Ar1°-orgLnom]etalﬁc Y
5 reagent, wherein Ar10 is as defined above in Process A, to obtain a
compound of formula 1g, which is a compound of formula | wherein R is

OH, optionally followed by the removal of protecting groups; or

Process G:
Hal e"‘ OH R"‘
Ar‘-(t':) q’Yn'((;l)r’me AP Ar‘-(C) Yo (C) Zp Ar?
R1 RS — R’ R3
| N
xvin O M li o N\A,z

10  Treating a compound of formula XVIii, wherein Hal is Cl, Br or I and Ar,
Ar2, Ar3, R, R2, R3, Y, Z, q, n, rand p are as defined in claim 1, with a
tetraalkyl-ammonium salt or with tetra n-butylammonium trifluoroacetate
followed by a mild base, to obtain a compound of formula li, which is a
compound of formuia | whereinmis Oand Ris OH; or

15  Process H:
2
N N S gH &
'xm’C-Yn.( |)l’ Zp A Af1 xm_?-Yn (C)r
R® AN N I_'(
XX 0 \Ar2° i Marzo

Reducing a ketone of formula XX, wherein Ar1®, Ar20, Ar30, R2 R3S, X, Y, Z.
m, n, r and p are as defined in Process A, to obtain a compound of formula
1j, which is a compound of formula | wherein q is 1, R is OH, R1 is H, and

20 the remaining variabies are as defined for formula XX, optionally followed
by the removai of protecting groups; or

25 ' I
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Y and Z are independently selected fromthe group -eonst+st ng-of
g—|[err] -CH(l ower al kyl)- and -C(dil ower al kyl) -

and R[err] are independently selected fromthe group This Sheet Ha
. -ORlerr], -QCORerr], QCOORerr] and .2 CO)NR[err]FﬂM‘l
Rl err] and Rlerr] are independently sel ect'®d fromthe g trng
of hydrogen, | yl and aryl gis Oor 1; r is

or 1, m n andwndependently o, 1, 2, 3 or 4; provided that at

| east one of g and r t’ 1, and the sumof m Hp q and r is 1, 2; 3,
4, 5 or 6; and RFRQXhS hat V\ﬂg‘r pis %\ﬁeg' sum of m q and

nrsl 2, 3, 4 or m%rdedthat qis 1, the sum
ofmnandrrsl ZRS Rlerr] is 1-5
substituents independentl Eted fromthe gr ou% NA'zconsi sti ng of
| ower al kyl, CR[eN){Vl- CO rr -QCOaerr]s

-O(CH[err])[err r
-NR[err](CO)R[ ne%?? &EQ.' !Eﬂcﬁhpal kﬁ’w err @?r r3

-NR[ err] SO er r |a®kR ]are rin claimONRndrwheein ope of r\f’]rs-c =CH-

-S N - -
e ;:r@%q%«h@ ALl oot S o)
CH=CH- COOR[ er rCH(digwes alkyl pgq bonghyte ,qb}arg,adccpmpgg@ql,o ormula lk, which is
R[ err] is 1-5 sbeih) bUﬁﬂfoﬂarﬁdﬂmWé‘hyAﬁehﬁi;wﬂ ahdd® &fecas defined gr oup

“atert]) E’fer aﬁéﬁerﬁ? one of X" s TeRveHARd e otheeis selpejest from

- NR[ er r] ( CO R[ dhelgroupiepasislit@otRCHLCHo- - WGtz rCH(avERalpERCH (dlower
-NR[err]S%grr] 5+da glrr] -CONR[err]Rerr], -CORerr],
err],

-Sgerr]NRerr] err]R[err] -O(CI-l[err])[err]COOQ[err],
O(CH[err])[errE[QQ&Eﬁ_éirr]R[err] " (1 ower al kyl ene) COOR[err] and
-CH=CH COORj err]; Rlerr], Rerr] an@H{err] are
I ndependent |y sel ected fromthe group consr S ng o] ﬂydrﬂgen Iovver
al kyl, aryl and aryl-substituted | ower alkyl;a
- 41 - _ . Rl err] |s Iovver al kyI "é ?qor” aryI Isubstiti®ed
| ower al kyl R 8“ R N
yi- 10 C Y o \A'.ZO
_AI‘ (é{q"’ — +
0" “a R 9 0
XXIX a8
@ L
1 N
R 07 Ty

Dehalogenating an alcohot of formula XXIX, wherein the variables are as
defined in Process A, with tris(trimethylsilyl}silane in the presence of a

15 radical initiator to obtain a mixture of isomers of formulas im and in,
wherein the variables are as defined above, optionally followed by the
separation of isomers and the removal of protecting groups.

AR Y D
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Z, A conpound of claim1 wherein Ar[err] is phenyl or Rlerr]-substituted
henyl, Ar[err] is phenyl or R err]-substituted phenyl and Ar[err] is
%err] -substituted 5 phenyl. 3. A conpound of claim 2 wherein
Ar[err] is Rerr]-substituted phenyl wherein R err] is hal ogen;
Ar[err] is Rerr]-substituted phenyl"%ﬂérei n Rerr] is hal ogen or
-ORlerr], wherein Rlerr] is |lower alkyl or hydrogen; and Ar[err] is Rerr]-
10 substituted phenyl, wherein R[eﬁ'%ls' C-TCR[err], wherein R err] is |ower
al kyl - or hydr A _commoun f any of clainms 1, 2 or 3
wherein X, Y, and Zolgfgg%g UBSﬁqu—{“e;rP_ 1(13"'1 ﬁ%'é’r%nﬁserr] are each
hydr ogen; R and R err] ﬁ%m@({f 4‘[],5 Cl@%r] I s hydrogen;
and the sumof m n, p, nd r |s.2 or . 4. 5.. A compqund of any
of claims 1, 2, 3 or 4-MQM'S@SWUB%§3F6%’€°”9 hypoehQIgsterolemig s 1 and p
is 2. 20 6.agents obtheofonstutd any of clains 1, 2, 3 or 4 wherein p, q and
n are each zero, r is 1 and is 2. 9r 3. 7. A
conmpound of claim1l selected fromt groitp consisting of rel

3(R) - (2(R) - hydr oxy- 2- phenyl et ayl-X- Y| oxyph l)-1- 25

phenyl - 2- azet i di none; m‘{!oﬁé—l H’CW{ i

3(R) - (2(R) -hydroxy-2-phenyl et hyl ) - 4B§) - ( ARhet hexyghenyl ) - 1-

phenyl - 2- azeti di none; N
oxy

3(S)-(1(S)-hydroxy-3-phenyl propyl )-4(S) - (4- rr@% phlgrayl )-1-
phenyl - 2-azeti di none; 30

3(S) - (1(R) Shydr oxy- 3- phearyd phamyageulicslly adceptabloxsaltthereof; wherein:
phenyl - 2- azet i di nongy 2 4_ : . '
3(R) - (1(R) - hydr oxy- - Ahory] par“?%paﬂl)‘fr_ﬂ‘sf‘f?'if'-w‘ng?ﬁ&'ypheny| )-1-

rel -3(R)-[(S) - hydr gxVy aAdea-OMcNORIEWNAlkylf (or)-C(dildwéd@em-; 35
‘phenyl) - 1- phenyl - 2-azet;i

rel-3(R)-[(R) -hydr g'-‘%’ ﬁr&%ﬂﬁﬁﬁ UFQIRG ROIFOIORS of (RO

phenyl ) - 11pheny! - 2-Rizand ®3avedd or lower alkyl;
qisOor1; risOor 1; m, nand p are 0-4; provided that at least one
of qand ris 1, and the sum of m, n, p, qand ris 1-6; and provided that
whenpisOandris 1, the sumofm, qandnis 1-5;
R4 is selected from fower alkyl, RS, -CFg3, -CN, -NO2 and halogen;
15 RS is selected from -ORS, -O(CO)RS, -O{CO)ORS, -O(CH2)1-50RS,
-O(COINRSR?, -NRSR7, -NR6(CO)R?, -NRS(CO)ORS, -NRS(CO)NR7RS,
-NRBSO,RS, -COORS, -CONRBRY, -CORS, -S02NRBR7, S(O)o-2R?,
-O(CH2)1-1g-COORS, -O(CH2)1-10CONRERY?, -(lower alkylene)COORS and
-CH=CH-COORS;
20 RS, R7 and R8 are H, lower alkyl, aryl or aryl-substituted lower alky};
R? is lower alkyl, aryl or aryl-substituted lower alkyl;
are disclosed, as well as a method of lowering serum cholesterol by
administering said compounds, alone or in combination with a cholesterol |
biosynthesis inhibitor, pharmaceutical compositions containing them, and
25 a process for preparing them.
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- 42 - Desmpt“’“ (-3¢ Paged/dr.oy - 3- phenyl propyl ) -1, 4

(S) - bi Imﬁoxym& ¥).10 paged 42- @azeti di none;

3(R - ( P;rﬁwg yPagghenyd mpapad/l.).- 1, 4(S) - bi s- (4- met hoxyphenyl ) -
2- azetli & Adslact 5:paged .....to paged ...

4(S) - ({4- hydroxyphenyl) 3(R (3(R) h droxy83 phenyl propyl)-1 -(4-

I ;
1S - Ryt b PRGN cas are e sdim; Rotassimy saigium. alpginum,
met hoxyphenyl )gqldeamt sitMerisalls. Also included areeﬂalts formed wrth pharmaceutically
i’(z Sg 31(3:?3 4{‘%%5;%%&{1@ %%@WW& PR rhiRES P droxy&lkylamines,
1-(4-f1 uorophrerﬁ giyicaming) andithe N@ﬁophenyl ) - 3- hydr oxypropyl )] -

4(S) - (4-hys OXYIOhenyI ) - ZCﬁé%tstéibﬂﬁBQynthes:s inhibitors for use in the combination

L L1 uor ophepyl ) S8 R SRS B R VHBSRY b s
4( S) - [ 4- (acet ylovaglatinepravhstiR) figvisiitin) sim vastatin, Eneih ptanvapyatin IHGHCoA

met hoxyphenyl ) bk ) or plﬁ §% gg(%gl)] -11- h drfxy-
?El-s Zre'g ﬁoiiﬁﬁgﬁ?@( éégggfﬁé@;aw 3,56 7>I’Etrxmxghyl- 4-undep<§;: egngxc acid);

1- (4-fl uorgp hegd dle ﬁéx ﬁ%@@ﬁr\g?ét&é‘%f@?&ﬂ%@s@é@ﬁémxprm 'sé;i!laleﬁg
B L3 e ctnesase g?wmy ple, NBSHE (5} Nretut-Nol6-dimethyl-2-

phenyl ) - 2- azet heptenrpynyl)- 3~[(3 3‘-b:thtophen-5-yl metho??benzene-methanamme

3(R)-(3(9)-ace @rﬁéﬁ%}rﬁgg DRASRECAIsdhPiddyhtr eeid RHISHOMS such as DMP-

phenyl ) - 2- azet
3(R -[3(R) - (aceby. B(gt)en{ed(HMG mmwomdengds)spnbtp;tbl)s-ale%v{tsaa(mqm'ayasbaym-

phenyl | - 1-y& -f % {)@ -2-azetidi none;
3(R-[3(9) - (acety 0X 4 fl uorophenyl)prop |1-4(S)-[4-(acetyl oxy) -

phenyl ] - 1- (4- f | uor opheny©p |fmmialcan be prepared by known
5(R-[3(R) - (aCﬁertthd@')foﬁe)(af’mE@ Fb68 oy BB add A Wiko3RR04s.
(acetyl oxy) phe -(4-chl orophenyl)-2-azeti di none;
3(R-[3(9 - (ac ) - 3- (4-chl orophenyl ) propyl ] -4(S) - [ 4-
(acetyl oxy) phenyl ] - 1- (4-chl or ophenyl ) - 2- azeti di g@ne;, and rel
1-(4-fl uorophenyl) 4(S) - (4- hy%&xy%w*l ) 03(3) (&}(2 hydr0xy 3-
i RT R3
N,
0
. A¢ | w ©O OR™
R l R
Af1'xm-(lC) q'Yn'(lC) f"Zp " Ar® Al 'xm‘(c)q'Yn' (C) r"Zp AP
R' RS —"r + RUOR? \—]’
s—N +—N
la 0" a2 Ib 07 N\,2

20 Compounds of formula la and Ib, wherein Ar1, Ar2, A3, X, Y, Z, R, R1, R2,
R3, m, n, p, q and r are as defined above, can be prepared by treatment of
an ester of formula Hl, wherein R10 is fower afkyl such as ethyi or a chiral
moiety such as menthyl or 10-(diisopropylsulfonamido)isobornyl, and the
remaining variables are as defined above, with a strong base such as

25  lithium diisopropylamide (LDA) in a suitable solvent such as tetrahydro-
furan (THF) at -78°C. A solubilizing agent such as hexamethylphosphoric
triamide (HMPA) may optionally be added as a cosolvent. An imine of

This is the replacament sheat
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phenyl propyl ) - 2-azeti di none. 35 8. A pharmaceutical conposition for
the treatnent or prevention of at hersclerosis, or for the reduction
of plasma chol esterol |evels, conprising an effective anount of a
conpound as clainmed in any one of -40-

- 43 - clains 1 to 7, alone or in conbination with a chol esterol

bi osynthesis inhibitor, in a pharmaceutically acceptable carrier. 9. A
process TEE ¢EMSE OERININGOTHE INVENHONAFEUASFOLLOWPosi tion as clainmed in
cl aim 8 which conprises adm xi ng a conpound as defined in any one of clains
1to 7 with a pharmaceutically acceptable carrier. 10. A process for
preparing a pharneceutical conposition as claimed in claim8 conprising
adm xi ng & choh esmposinduiepeasanteddhsthierfomideor and a conpound as defined in
any one of clainms 1 to 7 with ? pharﬁmceutlcal |y acceptable carrier.

11. A kit conprising in sep a| ners in 5| ngl e package

phar maceuti cal conpositi &ﬁs nmbi n ﬁ on to treat or prevent

at hersclerosis or to reduce pl Ies | evel s which conprises in
one contai ner a pharmaceuti cal conpositio C rising an effective anount
of a chol esterol biosynthesis inhibitor i a 'poarnaceutically accept abl e
carrier, and I n a second container, a ph rnaceuﬁﬁcal conposition

conpri si ng, Hy ef! ned in any one of
clalmslto nap r mgce cetab rrler. 12. A use of an
effective anount. of AL W E’J%@F& Eﬁf@the group
consisting of ary! and R4-substituted aryl;
Ar3 is aryl or RS-substituted aryt;
X, Y and Z are independently selected from the group
consisting of -CHz-, -CH(lower alkyl)- and -C(dilower alkyl)-;
R and R2 are independently selected from the group
consisting of ~ORS, -O{CO)RS, -O{CO)OR? and -O(COJNRSRY;
R1 and RS are independently sclected from the group
consisting of hydrogen, lower alkyl and aryl; ]
qisOor1; ris 0or 1; m, n and p are independently 0 1,2,8
or 4; provided that atieastoneofqandris {,andthesumofm,n, p, g
andris 1, 2; 8, 4, 5 or §; and provided that when pis 0 and ris 1, the sum
of m,gand nis 1, 2, 3, 4 or 5; and provided that when pis O and qis 1,
thesumofm,nandris 1,2,3,4,0r 6

R4 is 1-5 substituents Independently selected from the group
consisting of lower alkyl, -ORS, -O(CO)RS, -O{CO)ORS, -O(CHz)1.50RS,
-O(CO)NRSR?, ~-NRSR?, -NRS(CO)R?, -NRS(CO)ORS, -NRS(CO)NRTRE,
-NRESO,RS, -COORS, -CONRSRY?, -CORS, -SO2NRER7, S(0)o2RE,
~O{CH2}1.10-COORS, -O(CHz)1.10CONRSERY, -(fower atkylene)COORS,
-CH=CH-COORS, -CFs. -CN, -NO2 and halogen;

RSis  1-5 substituents Independently selected from the
group consisting of -ORS, -O{CO)RS, -O(CO)ORS, -O{CH2)1.50RS,
-O(CO)NRSRY, -NRSR?, -NRS(CO)R?, -NRS(CO)OR?, -NRS(COINRRS,
-NRSSO,R®, ~COORS, -CONRSR?, -CORS, -SO2NRSR?, S{0)o2RS,
-O(CH2)1.10-COORS, -O(CH2)1.10CONRSRY, -(fower alkylene)COORS and

-CH=CH-COORS;

RS, R7 and R® are independently salected from the group
consisting of hydrogen, fower atkyl, aryl and aryl-substituted lower alkyl;

VAT o s e rolocamont shos
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‘of claims 1 to 7, alone or in conbination with an effective anount of a
chol esterol biosynthesis inhibitor in the manufacture of a nedi canent for
treating or preventing atherosclerosis or reducing plasma chol esterol

| evel s in a mammal in need thereof. 13. The pharnaceutical conposition
of claim8, wherein the chol esterol bi_ggxnt hesis inhibitor is selected

fromthe group consisting of HUs CoA reductase inhibitors, squal ene
synthesis inhibitors and@q

(o) 4! bl hitors, 14. A
phar maceuti cal conpoi sion og qé\ﬁgﬁei}%?ﬁBé\s(ﬂgfgﬁyksm%‘@ﬁ% 8‘?‘@%&%’*‘%
bi osynthesis inhibitor is selected fromthe group consisting of |ovastatin,
gg Svggg atin, }‘Imvasmaémpo&hmshm it rwheteR A@isis Phefiyi YR8 sthated
, , squa : - 3 . . )

P00 Saua! righbl A i Bhetof B supstitutgd,phenv gnd AL 15 Resubgtiviad e ol
bi osynt hesi g imhelor is as defined in claim13 or claim14. 16. A
process for preparing a conpound of the fornula [err]

3. A compound of claim 2 wherein Ar1 is R4-substituted phenyl
wherein R4 is halogen; Ar2 is R4-substituted phenyl wherein R4 is
halogen or -ORS, wherein RS is lower atkyl or hydrogen; and Ar3 is RS-

substituted phenyl, wherein RS is -ORS, wherein RS is lower alkyl or
hydrogen.

10

4. A compound of any of claims 1, 2 or 3 wherein X, Y, and Z are each

-CHz-; R' and R3 are each hydrogen; R and R2 are each -ORS, wherein

15 RSis hydrogen; and the sum of m, n, p, gand ris 2, 3 or 4.

5. A compound of any of claims 1, 2, 3 or 4 wherein m, n and r are
eag:h zero, qis 1 andpis 2.

20 6. A compound of any of claims 1, 2, 3 or 4 wherein p, q and n are
each zero, ris tand mis 2 or 3.

7. A compound of claim 1 selected from the group consisting of

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

ret 3(R})-(2(R)-hydroxy-2-phenylethyl)-4(S)-{(4-methoxyphenyl)-1-
phenyl-2-azetidinone;

3(8)-(1 (S)-hydroxy-s-phenylpropyl)—4(S)-(4-methoxypheny()—1 -
phenyl-2-azetidinone;

30 3(S)-(1(R)-hydroxy-3-phenyipropyl)-4 (S)-(4-methoxyphenyt)-1-
phenyl-2-azetidinone;
3(R)-(1(R)-hydroxy-3-phenylpropyl)-4(S)-(4-methoxyphenyl)-1-
phenyl-2-azetidinone;
rel-3(R)-{(S)-hydroxy-(2-naphthalenyl)methyl}-4(S)-(4-methoxy-
35

phenyl)-1-phenyl-2-azetidinone:

ret-s(R)-[(R)-hydroxy-(2-naphthalenyl)methyl]-4(S)-(4-methoxy—
phenyl)-1-phenyl-2-azetidinone;

WA 0T O This s the rapiacement shoet
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wherein Ar[err], Ar[err], Ar[err], X, Y, Z, R Rerr], Rerr], m n, p and
g are as defined in claim1, provided that the sumof m n, p and qis 1
to 6, conprising: (a) treating with a strong base a | actone of the
formul a [err] wherein X, Y, Z
Rlerr], Rerr], m n, pand q are as defjsned above, R is a -protected
hydr oxy group, and Ar[err] is Ar[err] as defined above, a suitably

prot ect ed hydroxy- s@&%)tﬂa(m-esidﬁfxyl&@’ﬁe@lp%EWQ'.X@fb‘?g-g‘f-%ge?%%%ggm)t h an

substituted argldazetidinone: (b) reacting the’product
imne of the fornu ' [err]

I
wherein Ar[err] is gﬁ)é@ﬁsrh&thW%nmepphﬂ M-I ethGS o daryl
or a suitabl %’%ﬁe&iﬂm am no-substituted ar ;elﬁmandm;\r [err] ihrseng[ err],

suitably $rotect ed(g)mtwomhw%t(ﬁfi_(&ﬁgh or a suitably protected

sui t at ool iyl I ydroxy-s-phenylpropyl)-‘l-(4~ -
45 - Jé‘;‘*“ﬁé?(@%ﬁ(ﬁﬂ@‘%ﬁéeﬁm:on with an acid;
- 4—hydroxyphenyl)-3(R)-(3(S)-hydro
xy-3-phenyipropyi)-1-(4-
methoxyphenyl)—z-azetidinone; rerop I
rel 8(R)-[3(RS)-hydroxy-3-[4~(methoxymethoxy)
1 .4(S)-bis‘(4-methoxyphenyl)-z-azeﬁdinone;
1-(4-fluorophenyl)-3(R)-[3(S)-(4-ﬂuoro ’
phenyl)-3-hydroxypropyi)}-
4(S)-(4-hydroxyphenyl)-zoazetidinone; reropyil
1-(4~ﬂuorophenyl)-3(R)-[3(R)-(4-ﬂuorophenyl)
4(8)-(4-hydroxyphenyl)—z-azetidinone:
-4(S)~[4~(acetyloxy)phenyl]-S(R)-(s(R)-hydroxy-3
methoxyphenyl)-z-azetidinone:
4(S)-[4~(acetyioxy)phenyl]-a(R)-(S(S)
(4-methoxyphenyl)oz-azetidinone;
1-(4-flqorophenyl)-3(R)-[3(S)-(4-fluorophenyl)-S
4(S)~[4-(phenylmethoxy)phenyl]-a-azetidinone;

3(R)-[3(R)-acetyloxy)-s'-phenyl i
. propyl]-1,4(S)-bis-(4-methoxy-
phenyl)-2-azetidinone; Foetmetoxy

‘o -phenyl]propyl}-

-3-hydroxypropyl)]- |

15
-phenylpropyl)- 1-(4-

-hydroxy-3-phenylpropyl)-1-_

2 -hydroxypropyl)}-

. 3(R)-[3(S)-acetyloxy)-s-phenyl i
propyl}-1,4(S)-bis-(4-methoxy-
phenyl)-2-azetidinone: . metowy
3(R)-[3(R)-(acetyloxy)-s-(d-ﬂuoro
phenyl)propyl}-4(S)-{4-(acetyloxy)-
phenyl]-1-(4~fluoropheny!)-z-azetidinone; FHacetyion
S(R)-[S(S)-(acetyloxy)-s-(4-fluorophenyl)propyl]
phenyl]-1-(4-ﬂuorophenyl)-a-azetidinone;
3(R)-[3(R)-(acetyloxy)-3—(4-chloro
phenyl)propyl]~4(S)- 4-
30 (acetyloxy)phenyl]—1-(4-chloropheny{)-z-azetidinone; [
3(R)~[3(S)—(acetyloxy)-a-(4-chlorophenyl)propyl]-4(S)-[4—
(acetyioxy)phenyi]-1-(4-chIorophenyl)-2~azetidinone; and
rel 1 -(4-ﬂuorophenyl)-4(S)-(4-hydroxyphenyl)-3(R)-(1 (R)-hydroxy-3-

. phenylpropyl)-2-azetidinone.
5

8.

25

-4(8)_-[4~(aoetyloxy)-

A phamaceuticat composition for the treatment or prevention of
athers?ierosis. or for the reduction of plasma cholesterol levels
comprising an effective amount of a compound as claimed in any one of

AN ) T TS 8 fhe replacement
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d) optionally renoving the protecting groups fromR , Ar[err], Ar[err] and
Ar[err], when present; and e) optionally functionalizing hydroxy
substituents at R and at the carbon to which the R err] substituent is
attached, and hydroxy or am no substituents at any of Ar[err], Ar[err] and
Ar[err]. 17. A process for prepari g%a conpound of the forrrula

[err] wherein Arferr], Arferr]7™Ar[err], X Y, Z Rerr], Rerr],

Rlerr], nd, r,are as def | a rovi ded t hat the sum of
m n, p an(?&" ﬁgd"éﬁ%‘ € ahi ’F?ﬂibﬁ@ﬂo%lyﬁ %g@ﬂpﬁtﬁ olhiesythesid n are each
zero, p isint lbt§°r4!n emhafmaqegtzcally acceptabdy carigat i ng wWith a strong base a
| actone of the fornula [err]

wherein X, Y, Z Rerr], Rerr], m n, r and p are as defined above;
Ar[err] is A erA pracessdef thecprepacation of esphamizcputicalicompasition as

Q%gr%‘grffl&&h{é&ﬁ cg%tbeigﬁlﬁﬂdw‘?g RS YadnfiiRG I b6Mpd %s?dé*ﬁﬁéﬂtld‘t ed aryl;

rou eaptlng t he product
of step (a)&W ?‘FPS $d ‘Gf Bg é}eutlcaliy accepiabie carrier
[err]

10. A process for preparing a pharmaceutical composition as claimed
in claim 8 comprising admixing a cholestero! biosynthesis inhibitor and a
compound as defined in any one of claims 1 to 7 with a pharmaceutically
acceptable carrier.

11. AKit comprising in separate containers in a single package
pharmaceutical compositions for use in combination to treat or prevent
athersclerosis or to reduce plasma cholesterol levels which comprises in
one container a pharmaceutical composition comptising an effective
amount of a cholesterol biosynthesis inhibitor in a pharmaceutically
acceptablé carrier, and in a second container,  pharmaceutical
composition comprising an effective amount of a compound as defined in
anyone of claims 1to7in'a phannaceuttca!ly acceptable carrier. -

12. Ause of an effective amount of a'compotind as defined in any one
‘of claims 1 to 7, alone or in combination with an effective amount of a
‘cholesterol biosynthesis inhibitor in the manufacture of a medicament for
treating or preventing atherosclerosis or teducing plasma cholesterol
levels in a mammal in need thereof.

13. The pharmaceutical composition of claim 8, wherein the cholesterol
biosynthesis inhibitor is selected from the group consisting of HMG CoA
reductase inhibitors, squalene synthesis inhibitors and squalene epoxidase

inhtbitors. -

14. A pharmaceutical compoision of claim 13 wherein the chlotesterol

blosynthesis inhibitor is selected from the group consisting of lovastatin,
pravastatin, fluvastatin, simvastatin, atorvastatin DMP-565, L-
659,699, squalestatin 1 and NB-598.

. TeE e showt
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. - 46 - wherein Ar[err] is Ar[err], a suitably protected
hydr oxy-substituted aryl or a suitably protected am no-substituted aryl,
and Ar[err] is Ar[ferr], a suitably protected hydroxy-substituted aryl or a

suitably protected am no- substituted aryl; c) quenching the
reaction with an acid; d) optionally renoving the protecting groups
fromRerr]', Ar[err], Ar[err] and Ar[err] 44when present; and e)

optionally functional i zi ng hydroxy substltuents at Rerr] and at the carbon
to which the Rlerr] substituent is attached, and hydroxy or am no
substituents at any of Ar[err], Ar[err] and Ar[err]. 18. A process for
preparing a £50Wp0w\nd1s@° ChglclﬁlthedCiMIﬂaxmmmemmd\choiesterol [err]

Treating an of for |l e ;X Y, Z, m n, p,
g and r are H&%‘%E&&‘ l?é}djf&srﬂ%(a@%%@%ﬁ err are as defined in cI aim
16; Rlerr] is as defined in claim17; and Rlerr] is |ower alkyl, nenthyl

or 10- (dijsopr Orw%qg@ﬁémlhgqugmboummmeﬁm base, and t hen

with an | Mie o el n [err] and Ar[err] are as defined
inclaiml16, to obtalnacorrpoulfd of rmula | as defined in claim1; or

Process B: Ar1_xm.(c)q_yn.o_zp Ar [err]
CORORe
N

0" a2 ja
wherein Arl, Ar2, A, X, Y, Z, R, R1, R3, m, n, p and q are as defined in
claim 1, provided that the sum of m, n, p and g is 1 to 6, comprising:
(a) treating with a strong base a lactone of the formula

wherein X, Y, Z, R1, R3, m, n, p and q are as defined above, R'is a
protected hydroxy group, and Ar10 is Art as defined above, a suitably
protected hydroxy-substituted ary! or a suitably protected amino-
substituted aryl;

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

i

N
Sar0
wherein Ar20 {s Ar2, a suitably protected hydroxy-substituted aryl or a
suitably protected amino-substituted aryl, and Ar30 {s A3, a suitably
protected hydroxy-substituted aryl or a suitably protected amino-
substituted aryt;

R R I!Il— 1e 16 e ropiacemen shest
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- Treating an azetidinone of fornula V, wherein Ar[err] and Ar[err] are as
defined in claim1l6, with a strong base, then with an al dehyde or ketone of

formula VI, wherein Rerr], Rerr], X, Y, m n and q are as defined in
claim1l and - 47 - R and

Ar[err] are as defined in claim 16, obtain a corfpound of fornula le,
which is a conpound of fornula I V\her&l;p rris 1l pis 0 and Rerr] is OH

or Process C. [err] 5 Cycli zing a conpound of
formula X, wherein the variables are as defined in Processes A and B,
above, with a trial kyl phosphine and a di al kyl azodi car boxyl ate, to

obtai n a conpour) qobertchimgltie regctiohiwith as agid; rel ative 3, 4-trans conpound
of formula I org) optibidlyaeindving tif plotecting!@roups from R', Ar10, Ar20
and Ar30, when present; and
e) optionally functionalizing hydroxy substituents at R and at the
carbon to which the R3 substituent is attached, and hydroxy or amino
substituents at any of Ar1, Ar2 and ArS,

17. A process for preparing a compound of the formula

P e
Ar'-X-C-Y,+(C)y-
r ' n& ) me AP
R' R
7—N '
O Ma2

wherein Arl, A2, Ar3, X, Y, Z, R, R2, R3, m, n, p and r are as defined in
claim 1, provided that the sum of m, n, pand ris 1 to 6, and futther
provided that when r and n are each zero, p is 1104, comprising:
(a) treating with a strong base a lactone of the formula
) R2 /93

\C’\
s

n‘\‘\
0" Yo

Ar‘l 0' Xm

wherein X, Y, Z, R1, R3, m, n, r and p are as defined above; ArtCis Art as

defined above, a suitably protected hydroxy-substituted anyl or a suitably

protected amino-substituted aryl; and R?' is a.protected hydroxy group;
(b) reacting the product of step {a) with an imine of the formula

A
3

N
\At"’°

00 R——
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"Treating an imne of formula Il, wherein Ar[err] and Ar[err] are as defined
I n Process A, with an activated carboxylic acid of fornula VI,
wherein L is O, OP(O (d)OPh, 2-oxy-N-nethyl pyridiniumiodide or a
2-thi opyridyl ester, and the remaining variables are as defined in
Processes A and B, in the 15 presence of_a tertiary am ne base; or

Process E: [err] Treating a conpound of fornula

XI'l, wherein the variables are as defined above in Processes A and B,
wi th a strong non-nucl eophilic base to obtain 20 a compound of formula Ia,
which is a relative 3,4-trans conmpound of formula I; or

- 48 - Process F: [err] Treating an al dehyde or ketone of

formil a Wher%%ﬂows 3 d’éﬂﬁﬁh* Q?Otéét‘éd hydrogy-gebsmeteciBatorian Processes A
and B, wi hﬂaat;]y pr fectdd amino- s.adC aryl, and Ar30 {s ArS, a suitably

protected hydroxy-subststuted aryl or a sultably protected amino-
substituted aryi;

¢} quenching the reaction with an acld;
" d) optionally removing the protecting groups from R2, Ar10, Ar20
and ArS0, when present; and .
e) optionally functionalizing hydroxy substituents at R2 and at the
carbon to which the R substituent is attached, and hydroxy or amino
substituents at any of Arl, Ar2 and Ar3,

18. A process for preparing a compound' of claim 1 comprising

Process A:

A0 R R R R?

i A .(C)q-v -(0).Zp = A -x,,,-(c) Y -(c)r Ar®
AN ROR )\ AR I}
Ar? N O a2
0 il ' {

Treating an ester of formula Iff, wherein R, R3, X, Y, Z, m,n, p, gand r are
as defined in claim 1; R'and Ar10 are as defined in claim 16; R isas
defined in claim 17; and R0 Is lower alkyl, menthyl or 10-
(diisopropylisutfonamido)isobomyl, with & strong base, and then with an
imine of formula Il, whereln Ar20 and Ar30 are as defined in claim 16, to

* obtain a compound of formula | as defined in claim 1; or

Emess_a:

: R o 5
. Ar- {C)eYs=C A
_T + Ar°-x -(o) —f X'“(3 Y Ly

o “Ar20 R L—N.
0" Npp
\ vn - le

Treating an azetidinone of formula V, wherein Ar20 and Ar30 are as
defined in clalm 16, with a strong bass, then with an aldehyde or ketone of
formula VI, wherein R1, R3, X, Y, m, n and q are as defined in claim 1 and

e

T L LR LT T
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.5 reagent, wherein Arl0 is as defined above in Process A to obtain a
conpound of fornmula Ig, which is a conpound of formula I wherein R 1is

OH, optionally followed by the renoval of protecting groups; or Process
G [err] 10 Treating a conmpound of formula XVIII1, wherein
Hal is d, Br or I and Arferr], Argerr], Arferr], Rerr], R[err],

Rerr], Y, Z, g, n, r and p are as defined in claiml1l, with a
tetraal kyl - afﬁ"%l?idlmwadré 2 dfirddy iheddimn rlwsbutd&@m@@owmddnufdm@ﬂﬁaraeﬂeat e

fol | owed b to obt f
comound of MARDI%A PORIRSHEPHPIEUE BRI Ciscl B0 158 st &y - °

[err] ProcBesi@ei ng a ketone of formula XX, wherein Ar[err], Ar[err],
Arferr], Rerr], Rergy, Y, Z, m n, r and p are as defined in
Process A, to obtain conpound of fornmula l'i, which is a conpound of
formula | wherei AFANI"S AF°OH, R[err] is H and 20 the renmining
vari abl es are as defi nedyfor forrruIaXX optlcmallyﬁi%llowed by the
renoval of protecting gr X oACY Y (O
- 49 - (CR }'.1’3)r A Xem (C)qY (C):Z Ar

Yo — R‘ R3

v 7N

(GRR), Y

Xm

1

Arﬂ) X

5 Cyclizing a compound of formula X, wherein the variables are as defined
in Processes A and B, above, with a trialkylphosphine and a
diatkylazodicarboxylate, {o obtain a compound of formula ia, which is a
relative 3,4-trans compound of formula §; or

Process D:
A0 R' Rz )
i Ar1O-X -(C)q-Y -(C) zp/Y |
N R!
AN
A
10 V'“

Treating an imine of formula {l, wherein Ar20 and Ar30 are as defined in
Process A, with an activated carboxylic acid of formula Vi, wherein L is Cl,
OP(O)(CIOPh, 2-oxy-N-methylpyridinium iodide or a 2-thiopyridyl ester,
and the remaining variables are as defined in Processes A and B, in the

15  presence of a tertiary amine base; or

Process E:
*?2 R‘ R A2
C S 70 Zy (C)r 'Yn°(C‘)q Xm-Ar10 Ar‘-Xm—(C)q-Yn (C) rZp, Ar®
o R! —_— R‘ R3 -_-r
o) Al o”'-— N\ Ar2
HNao xm 2

Treating a compound of formula XllI, wherein the variables are as defined
above in Processes A and B, with a strong non-nucleophilic base to obtain

20 a compound of formula la, which is a relative 3,4-trans compound of
"~ formula f; or

—_—

”ﬂy l""" "IL' " l!l, This is theare?tacemem shest
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- Process |I: [err] Hydr ogenating an allylic al cohol of

formula XXVI, wherein Ar[err], Ar[err], Arf[err] and R err] are as
defined in claim1 and wherein one of X and Y is -CH=CH 5 and the
other is -CH=CH, -CHerr]-, -CHerr]CHerr]-, -CH(lIower alkyl)-,

-CH(dil ower alkyl) or a bond, to obtain a conmpound of formula Ik, which is
a conpound of fornmula | wherein Ar[err], Ar[err], Ar[err] and R err] are as

defi ned above, and one of X' and _Y'A Is -CHerr]CH err]- ‘and the ot her
is selected from t he group COI’lSiStI%g of -CHerr]CHerr]-, -CHerr]-,
-CH(Il ower al kyl ) - CH(di | ower 10 al kyl) and a bond; or Process J:
[err] &Q&Qﬁf Dehal ogenati ng an al cohol of formula XXI X, wherein
the variabl esyare asR? defined in Pr oces?HA, heh

tris(trinethy ?bl_\yl_z' | bane in ;abe presence of a 16 radi cal 'onitiator to
obtain a mxturg of'y éorﬂag(ﬁﬁ\ for mul A8 t%m4e-Yar(C) e erein the
variables are faa‘defn'-hed bgve, -ept+wenal |y fQhl owalgaby

separation of isoners ar&tﬁﬁﬁégmval of protecting gr &\Nm

XVi Ig

Treating an aldehyde or ketone of formula XVI, wherein the variables are
as defined above in Processes A and B, with an Ar1°-organometallic'

5 reagent, wherein Ar10 is as defined above in Process A, to obtain a
compound of formula Ig, which is a compound of formula | wherein R'is
OH, optionally followed by the removal of protecting groups; or
Process G: '

Hal R® OH Fl%z
i
Af"(?)q'Yn‘(?) rZp A A (C)q-Yn-(C) ¢ Zp Al
R1 R3 l . l‘fﬂ “qa “,
4"_N s
Xvil O Nag2 l o N\A@

10 Treating a compound of formula XVIll, wherein Halis Cl, Bror1 and Arl,
Ar2, A3, R1, R2, B3, Y, Z, q. n, r and p are as defined in claim 1, with a
tetraalkyl-ammonium salt or with tetra n-butylammonium trifiuoroacetate
followed by a mild base, to obtain a compound of formuta i, which is a
compound of formula | wherein mis 0 and Ris OH; or

15 ° Process H:

R'Z

OH R?
AKX -E-Y,e (C) -z, A 10_y ¢ ' 0
™ n lr Ar "Xm-?"Yn‘(?)r’ Zp Al’3
R® N H 3
N\ R
XX > Ar20 i o} N\Arzo

Reducing a ketone of formula XX, wherein Art0, Ar20, Ar30 B2 R3, X, Y, Z,
m, n, r and p are as defined in Process A, to obtain a compound of formula
1j, which is a compound of formula | wherein qis 1, Ris OH, R1is H, and

20 the rémaining variables are as defined for formula XX, optionally folliowed
by the removal of protecting groups; or

This is {he replacement shedt
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- 49 -

Process I:
?H (')H
' Ar‘-x«-q-—v' AP Ar‘-xt-(‘:- AP
1 e
Sy ST

xxvi O AP K O Af
Hydrogenating an allylic alcohol of formula XXVI, wherein Arl, Ar2, Ar3
and R1 are as defined in claim 1 and wherein one of X' and Y is -CH=CH-

5 and the other is -CH=CH-, -CHaz-, -CH2CH2-, -CH(lower alkyl)-,

-CH(dilower alkyl) or a bond, to obtain a compound of formula Ik, which,is
a compound of formula | wherein Arl, Ar2, A® and R1 are as defined
above, and one of X* and Y" is -CH2CH2- and the other is selected from
the group consisting of -CH2CHa-, -CHz-, -CH(lower alkyl)-, -CH(dilower

10  alkyl) and a bond; or '

Process J:
R OH
10 ! tj Ar
R ArteXm= (Cl;) q"‘Yn I N im
R \ OH
Arzo R' g H A l’go
XXIX 10 ! ~E
Ar -xm-(g:)q-v..’j;( In
. 1 N
R e i

Dehalogenating an alcohol of formula XXIX, wherein the variables are as
defined in Process A, with tris(trimethyisilyl)silane in the presence of a

15 radical initiator to obtain a mixture of isomers of formulas Im and In,
wherein the variables are as defined above, optionally followed by the
separation of isomers and the removal of protecting groups.
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