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manufacture of a medicament for the treatment or prevention of

atherosclerosis or for the reduction of cholesterol levels.

9. A kit comprising.in separate containers in a single package

15 phammaceutical compositions for use in combination to treat or prevent
athersclerosis or to reduce cholesterol levels which comprises in one
container an effective amount of a cholesterol biosynthesis inhibitor in a
pharmaceutically acceptable carrier, and in a second container, an
- effective amount of a compound of any of claims 1to 5in a

20 phammaceutically acceptable carrier. |
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al kyl ene pordwmsiu ynav?ss &@mpnemﬁ US95/ 03196, filed March 22,

1995, descr iBsdeley w‘ga Br VARCARPeWBNHOSi ti on substituent is an

aryl (oxo or RH%)%4f Vlké"ﬁe"‘ﬂﬂ"bffbl%ﬂtﬁgﬁ’l tuted in the al kyl ene portion by a
hydr ox @;wm mmlrhlﬁm ﬁeawfkcmmmgﬁ 619, filed June 5, 1995, 25
descri hemP 990F 2000 aiirping R ¢rein the 3-position

substi tuent Kenlbwgrf. ‘Xr%‘P%ﬂ’SWP@ne group subsfituted in the al kyl ene portion

by a hyldroxy group, and wherein the al kyl gne group is attached the the
azetidijnone ring by a -S(0)[err]- group. The cited patent applications are

I ncorporated herein by reference.

(54) Title: SUGAR-SUBSTITUTED 2-AZETIDINONES USEFUL AS HYPOCHOLESTEROLEMIC A GENTS
(57) Abstract
Hypocholesterolemic sugar-substituted 2-azetidinones are disleosed, as well as a method of lowering cholesterol by administering said

compounds, pharmaceutical compositions containing them, and the combination of a sugar-substituted 2-azetidinone cholesterol-lowering
agent and a cholesterol biosynthesis inhibitor for the treatment and prevention of atherosclerosis.




.30 2 Al so, European Patent 199,630 and European Patent
Application 337,549 disclose._elastase inhibifory substituted —
azetTdrnones said to be useful in treati ng i nfl anmmat ory conditions
res#iting in.tissue destruction which are associated with various di sease

states, e.g. atherosclerosis. 35 O her known

hypochol est ewn 9rms4ss i ncl ude pl ant extracts such as BCEAPMESAL | n
particul ar tigogenin and di osgenl n. dycoside .. W97/ 16455
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derivatives of tigogenin and/or diosgenin are disclosed in PCT

I nternational publications WD 94/ 00480 and WO 95/ 18143.

The inhibition of chol esterol biosynthesis by 3-hydroxy-3-

met hyl gl utaryl coenzyne A reductase (EC1.1.1.34) inhibitors has been 5
shown to be an effective way to reduce plasnma chol esterol (Wtzum
Circulation, 80, 5 (1989), p. 1101-1114) and reduce atherosclerosis.
Combi nation therapy of an HM5 CoA reductase inhibitor and a bile acid
sequestrant has been denonstrated to be nore effective in human

hyper|ipi dem g patients than either agent in nonotherapy (Illingworth, 10
Drugs, 36 (Suppl. 3) (1988). p. 63-71). SUWARY | F THE | NVENTI ON
The present invention relates to sugar-substituted 2- azet i di nones,
especially to glucose-derived conjugates of cholesterol- 15 |[owering

2-azetidinones having an aryl or substituted aryl group as a
substituent at the 1-posi - sul

group, especially a 4-hyd®e
Compounds of fighe preseys . : OLE EROLE
[err] or a pharnaceutlcally acceptable salt thereof mhereln

Rlerr] is H or O(ierrl .

The present invention relates to sugar-substituted 2-
azetidinones useful as hypocholesterolemic agents in the treatment and

15 prevention of atheroscierosis, and to the combination of a sugar-

' substituted 2-azetidinone of this invention and a cholesterol
biosynthesis inhibitor for the treatment and prevention of
atherosclerosis.

Atherosclerotic coronary heart disease represents the

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

25 Cholesteryl esters are a major component of
atherosclerotic lesions and the major storage form of cholesteroal in
arterial wall cells. Formation of cholesteryl esters is also a key step in
the intestinal absorption of dietary cholesterol. in addition to regulation
of dietary cholesterol, the regulation of whole-body cholesterol

30 homeostasis in humans and animals involves modulation of cholesterol
biosynthesis, biie acid biosynthesis, and the catabolism of the
cholesterol-containing plasma lipoproteins. The liver is the major organ
responsible for cholesterol biosynthesis and catabolism and, for this
reason, it is a prime determinant of plasma cholesterol levels. The liver

35 is the site of synthesis and secretion of very low density lipoproteins
(VLDL) which are subsequently metabolized to low density lipoproteins




G and Herr] are independently sel ected from the group consi sting of
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CH, =G is not H, R, R err] and R err] are independently

sel ected fromthe group consisting of H -OH halogeno, -NHerr],
lég-’?sj)al koxy(Cerr]-Cerr])- al koxy PET/USYY¥3, ] ;

azi do, (C[er WOy
5 Wis independently selected fromthe group consisting of
-NHC(O-, -O0C(O-, -0CO- N(R[err]) -NEB-C(O-N(R[err])- and
-OCS)-NRerr])-; and R6 are independently sel ected
fromthe group consistlng of H (derr]-Cerr])alkyl, aryl and

! - Ky Rl err Rl err]
2oyl (SLert]-CLert] Vil e SReintion. ik S e eSbmbians chploroarobia

H_(err]-( err])lipdpyoteinsrinithepiasma ﬁﬁd? an]n)@rbksd in their concentration is
~qO(derr]- C[err% J@dwﬁ@wcrsa&ﬁda f‘é@ls R30 1s
cte CONSI S

i ndependently sel e
R[erP] Subst | t ut ed T, Rerr] B%shobate&lnhse@@nrwﬂqmteqtmasuyreduced

Rl err]-substit & edey @hatev}sr mehhs, leSE cholbsierdiag dblivered to the liver. The
Rlerr]-substitut edcc‘ngeﬁ[:&]\ce%ﬂhﬂ adlonib a B&bided REsuiic iipoprbrin (VDL

C7) cycl oal kyl and
Rl err] - subst i t ut edProduetion ami aningregse instheyhgpatic cidarajce of plasmal :

Rlerr] is indepenogiylésterch rﬁeswchsfmm ‘l’hﬁs Qhahateﬁéh‘i'o?hh%moﬁ'oﬁnd |
(dJerr]- C[err])alk% selectedfromthe

group consisting o kﬁgﬁ&,?holeszsrol PB??’P"O'? i @ﬁm&ﬁ?r‘? a gholesterg!

i soxazol yl, tHiCazoleyels. i ost hi azol yl, benzot hi azol yI t hi adi azol yl,
pyrazol yl, inidazolyl and p)Sé\/éYél 2-azetidinone compourfdstdve beer RéoNeRGRNT | Y
sel ected from1-3 éeurqé tu'seHJ in Fbwerlng cholesterol and/or in inhibiting the formation of
cholesterol-containing lesions in mammalian arterial walls: WO
93/02048 describes 2-azetidinone compounds wherein the 3-position

16  substituent is arylalkylene, arylatkenylene or arylalkylene wherein the
alkylene, alkenylene or alkyleneportion is interrupted by a hetero atom,
phenylene or cycloalkylene; WO 94/17038 describes 2-azetidinone
compounds wherein the 3-position substituent is an arylalkylspirocyclic'
group; WO 95/08532 describes 2-azetidinone compounds wherein the

20 3-position substituent is an arylalkylene group substituted in the
alkylene portion by a hydroxy group; PCT/US95/03196, filed March 22,
1995, describes compounds wherein the 3-position substituent is an
aryl(oxo or thio)alkylene group substituted in the alkylene portion by a
hydroxy group; and U.S. Serial No. 08/463,619, filed June 5, 1995, .

25 describes the preparation of compounds wherein the 3-position
substituent is an arylalkylene group substituted in the alkylene portion
by a hydroxy group, and wherein the alkylene group is attached the the
azetidinone ring by a -S(O)o-2- group. The cited patent applucatlons are
incorporated herein by reference.

30 Also, European Patent 199,630 and European Patent
Application 337,549 disciose elastase inhibitory substituted
azetidinones said to be useful in treating inflammatory conditions
resulting in tissue destruction which are associated with various disease
states, e.g. atherosclerosis.

35 Other known hypocholesterolemics include plant extracts
such as sapogenins, in particular tigogenin and diosgenin. Glycoside
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Jerr])alkyl, -oH phenoxy, -CFlerr]l. -NJerr]l (Cerr]l-Clerrl)alkoxy,

met hyl enedi oxy, 25 oxo, (Cerr]-derr])alkyl sul fanyl,

(Cerr]-derr])al kylsulfinyl, (Cerr]-Cerr])alkylsulfonyl,

-N(CH err])[err], -C(O-NHerr] -Cerr])alkyl,

-0 -N((C ewolorgess r | ) al kyl )[err], -O-(Jerr] - POTIUSHE682] ky|

-C(O-(derr]-Cerr])al koxy and pyrrolidinylcarbonyl; or Rerr] is a

coval ent bond and R err], the nitrogen to wgich it is attached and R err]

form a pyrrolidinyl, piperidinyl, N nethyl-piperazinyl, indolinyl

or norpholinyl 30 group, or a (Cerr]-Cerr])al koxycarbonyl -substituted

pyrrolidinyl, piperidinyl, _ N-net hyl pi perazinyl, indolinyl or

mor phol i nyl gr oupderivatives of tigogenin andéridiosgsnin gre disclegad i PElibst i t ut ed

aryl; bond _Ir%tﬁmt’é!rt]ibﬁgf ﬁubliéaﬁﬁdé'WQW%ﬂ aﬁH]EW?' 95.‘18’13135"[ pryl;
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-(O -, phenyl e”esgﬂtrxgsglfan(ta hgg%ﬁrﬁﬁ ]denﬂnsfrﬁseg)ltbger thorePeffetive th AlMah 'S 0- 5

provi ded that the 0l -0 . .
“(Cerr]-d err])ahRerjipidemic patients than either agent in monotherapy (lllingworth,

-(CHerr]) [ertdV- Orsgsy 85 Suppl 080), ¥. 63-7@).err]-Cerr] cycloal kyl ene, f
Is 1- 10 5 and g is 0-5, pr%gli ed th’a?thengumof f and g is 1-6;

err] is suMMARY SETHE iNvestRig] 8l kyl) - -G, -0 -,

C(derr]Herr]- T N, OT-[BIT IO ; : R13 and R14 are
i ndependent |y sel ected fronTh® preseptipvention relates to sugarpubstituted @y r| -
Ccl('ig:[ q er.]r ] C[ Jd er ]r ] agétidihdnes, depdtiallyicegiubodd-asrived edrijirdates o_tfbﬁélhltsteit&- a]nd
- err]-Ce =LCH- - . r err] or
Rl err] i%gef‘#@rm\ﬂ ?ﬁig%&é%ﬁ%gé% n %HI%HS M’%ﬁ@a ﬁ'(ﬁgﬁ@ ras(;Ilg
- CH=C( d er r] -  er sybstituent at the 1-position and having a hydroxy-substituted phenyl

group, especially a 4-hydroxyphenyl group, at the 4-position.
Compounds of the present invention are represented by

N

the formula |
R26 o G.
720
Ar'-R%-Q_ C’i‘/
I
J—N
20 O AP
or a pharmaceutically acceptable sait thereof, wherein
R26 is H or OG1;
- G and G1 are independently selected from the group consisting of
OR® OR*  OR° omt* ol
H =10R3 . ymoR® , —CH, +OR®
002R2 CH20R6 0R3 OR
OR%
e
and OR® /S0~ YCHR® : 28 1
RYOm 0 provided that when R25 is H or

O CHaFl’



akkyd )+ group; a and b are independently O, 1, 2 or 3,

pravi ded both are not zero; provi ded that when Rl err] is -CH=CH or
-C(derr]-Cerr] alkyl)=CH, ais 1; 20 provi ded that when Rlerr] is
-€HECH or -C((err]-Cerr] alkyl)=CH, b is 1; provi ded that when a
Is 2 or 3, the gers% can be the sane or different; andpgrovi ded
that when b WO% , the Rlerr]s can be the same or PGTRUSA/1683.

and when Qis a bond, Rerr] also can be: [err] Mis -0,
-S-, -S(O- or -S(OfJerr]-; X,-4 and Z are independently
selected fromthe group consisting of -CHerr]-

-CH(derr]-err])alkyl- and -C(di-(Cerr]-Cerr])al ki/l);
Rlerr] and R err] @H d%ﬁ ndently selected fromthe group 30 consisting
of 1-3 substituent 1ﬁ ently sel ected fromthe group WO

97/ 16455 R, Ra and( R are independently selected fAai/ th&gedu5 523 - .
-6- CORdh e err
oo S SR S R
-NR[err]Rerr], '-Iﬁlﬁoé‘yrﬁ'(' rerr], -NR[err](CO)OQ[err]

-NR[err] (CO NR§er r] R eW s mdwndeﬂtlsqehctéd?[relrr the grélipCEHresisting

-CONR[err]R err], rlo- K 83 348r err] 5
-Q(CH err])[err]- Gj’lﬁm ftgrdrwquh )Ccmbofgﬁ\ 1? érlcﬁ[
-(derr]-derr] al éé' ) COOQ[err] CH:CH-COOQ[err] -CF[err],

-CN, -NJerr] and hal o@l?rand RS are independently sﬂléﬂté& frofcthBlgroup céﬁﬁstrn% '

| ndependent |y sel fr aw g% nsr sti ng of -ORlerr
L
RIS are mdepéﬂdentr mgpendem ejﬁctedfrormme

| lgroumoon . g
CEHRSIE gguzjo,:;rggzﬁe@:%r'%“w@r CoMI=OIONGY-Eoin S,

his O 1, 2, 3 0 isOor 1; t isOor 1; m nand p
are independently 0-4; H&’Pd&imﬂende_nﬂysa!emwﬁanmhasgroumeonﬁlsmgwfd t is 1,

and the sum of m RE2-gubsftulIT! R8Zsdbdiituted-T-(C1-ColaiQY, FERSSbRRutdAL P 15 0
and t is 1, the syhakehh, ﬁsisubs’lnutedgrcrca a&:yl, R32-substituted-(Ca-
C7)cycloalkyl and R32-substituted-(C3-C7)cycloalkyl(C1-Cg)alky!;

R31 is independently selected from the group consisting of H and
(C1-Ca)alkyl;

T is independently selected from the group consisting of phenyl,

20  furyl, thienyl, pyrrolyl, oxazolyl, isoxazolyl, thiazolyl, iosthiazolyl,
benzothiazolyl, thiadiazolyl, pyrazolyl, imidazolyl and pyridyl;

R32 is independently selected from 1-3 substituents
independently selected from the group consisting of halogeno, (C1-
Ca)alkyl, -OH, phenoxy, -CF3, -NO, {(C1-Cas)alkoxy, methylenedioxy,

25 oxo, (C1-Cg)alkylsulfanyl, (C1-Cg)alkyisulfinyi, (C1-C4)alkyisulfonyl,
-N(CHg)z, -C(0)-NH(C1-Ca)alkyl, -C(O)-N((C1-Ca)aliyl)2, -C(O)-(C1-
Cq)alkyl, -C(0)-(C1-C4)alkoxy and pyrrolidinylcarbonyl; or R32 is a
covalent bond and R31, the nitrogen to which it is attached and R32 form
a pyrrolidinyl, piperidinyl, N-methyl-piperaziny}, indolinyl or morpholinyl

30  group, or a (C1-Cas)alkoxycarbonyl-substituted pyrrolidinyl, piperidinyl,
N-methylpiperazinyi, indolinyl or morpholinyl group;

Arl is aryl or R10-substituted aryl;

Ar2 is aryl or R11-substituted aryt;

Q is a bond or, with the 3-position ring carbon of the azetidinone,



prowi ded that when pis Oand's is 1, the sumof m t and n is 1-5;

v s 0 or 1: | and k are independently 1-5, provi ded that
the sumof j, k and v 20 is 1-5; and when Qis a bond
and*R[err] is [err] , Ar[err] can al so be pyridyl,

| soxazol yl, furanyl, pyrrolyl, thienyl, imdazolyl, pyrazolyl,

t hi azol yl, pywe9t/1esss pyri m di nyl or pyridazinyl; PCT/US96/168%3¢er 1 |

and Rlerr] are independently selected fromthe group 25 consi sting of
H (derr]-Cerr])alkyl, aryl and aryl-subsistuted (Cerr]-Cerr])alkyl;
Rlerr] is (CJerr]-Clerr])alkyl, aryl or R err]-substituted aryl;

Rlerr] is H ((err]-Cerr])alkyl, aryl (Cerr]-Cerr])alkyl, -CCORerr]

or -COOR[err]; Rlerr] and Rlerr] are independently 1-3
groups i ndependently sel ect qg fromthe group consisting of H,
(derr]-derr])al kyl, (C[er_r]-C[errﬂ g;a

in-k(«B? 30 -COOH, NJerr],

e e e SR Bk ang T T
PCT/ US96/ 16823 R1 is selected from the group consisting of -7-
Ar2 is preferabl henyl or_ rle AV L ie 88 | - I -
subs!t i tgt ed phen%fzirgp:q%fg eé rcg(g Z‘?iﬂ?%ﬁ;ﬁ,?%ﬁ&ﬁééﬁh&é@%ﬁgQrﬂ‘&&/,
especi al |l y met hoxy* hal 4 ORI y f 1 uoro.
,(AL[ E[r ;]r ri )s Er g!site_r ?bl ydphenyl-(OHz)d?EG(Ong),S,LWﬁér'eMfi’éti7®h€ch)P)r, phrep?le_ng,speci ally

- -su [ . [ . i
hal ogeno, especi aljﬁhef'léu}}(}?gé}o'?%%&s éﬂ’aeﬂs%gé, &bv'd%ﬂmﬂg gu’gé‘\;(?r%ﬂd r
preferred definit i'%i’ﬁ;for the -Rerr] -Q conbi nati on of vari abl es:

Qis a bond and Rlerr] is | qOs:CahlikehgiBfie-; Pad er abl y propyl ene; 10

' ' def i f 3 .,and :
oS A s L Rern) ar AR TR pelor.ovatePry It Cr teloxchhakienay fig &) i s
-(CH err])[eri® and g is§r8; pravidedithatthe sum offandgis1-6; Q is a bond and
Rlerr] is [err] whergtajd he vari abl es

| I } 1 H | §
“CHe,-C(C-C alkyl)-,-CF-, C(OH)-, -C(CeH-RZ):, -\, or =*NO'

R13 and R14 are independently selected from the group
consisting of -CHg-, -CH(C1-Cg alkyl)-, -C(di~(C1-Cg) alkyl), -CH=CH-
15  and -C(C1-Cg alky!)=CH-; or R12 together with an adjacent R13, or R12
together with an adjacent R14, form a -CH=CH- or a -CH=C(C1-Cg
alkyi)- group;
a and b are independently 0, 1, 2 or 3, provided both are not zero;
provided that when R13 is -CH=CH- or -C(C1-Cg alkyl)=CH-, a is 1;
20 provided that when R4 is -CH=CH- or -C{C1-Cs alkyl)=CH-, b is 1;
provided that when a is 2 or 3, the R13's can be the same or different;
and provided that when b is 2 or 3, the R'4's can be the same or

different;
and when Q is a bond, R1 also can be:
R15 |R17- R15 R15
) ] 1
-M -Yd-q “Zy— , —Xm® (?)S'Yn— (Cl)t' zp_ or "xj" (?)v Y S(O)g.o—:
25 RT® R'® R R

M is -O-, -8-, -5(0)- or -S(0)2-;
X, Y and Z are independently selected from the group consisting
of -CHz-, -CH(C+-Cg)alkyl- and -C(di-{C1-Cg)alkyl);
R10 and R1? are independently selected from the group
30 consisting of 1-3 substituents independently selected from the group



are, chosen such that Rerr] is -OCHerr]-CHOH) -; Qis a

band and Rlerr] is [err] wherein the vari abl es are chosen
such that Rlerr] is -OHOH)-(CHerr])[err]-: and Qis a
bond and Rlerr] is [err] wherein the 15 variabl es are chosen such
that Rerr] is -CHOH)-CHerr]-S(Oferr]. A
preferred cOMPBUHASHf fornula 1, therefore, is one PITBIS88E and
Jerr] are as defined above and in which the remaining vari abl es
have the foll owi ng definitions: 20 -6- Ar[err] is phenyl or
Rlerr]-substituted phenyl, wherein Rerr] is hal ogeno;

Ar[err] is phenyl or Rierr] -phenyl, wherein R[err] is 1to 3
substituents i ndependent | eI ected f ﬁ;gthe consi sté1ng of
Clerr]-Clerr] consistify ambtée O-O(C -O(CO)O » Qis a bond

and Rlerr] is | O\Areo(@lﬂégyjsem , QO(CO)NR1BRE0, 3Npmmzq qm19(CO)R2OV\D 97/ 16455
PCT/ US96/ 16823 1 21 .NR19 2025, - 19 21 . 19
ring carbon of theNgze(Foc]orBon NF]I WTQWR A R gﬂr;f‘ Cereﬁn

\ he
pr eferably R13 andCRNR'3 .eQQF"@t 91#@ 8(QloeR5'ar e each 1 and

! 5 WheDE@H)18*COORI®[ (CH dconnbmﬂb a(@\
_OCH[err] O%(O—Dgc;%gﬁhs %ﬂ Z)E err])[err] or Q
rr CFF

is a 5 bond an %; ¥
Pr ef erred vari abl es foR1 aad&‘é{mnqdayeodpeﬂ;oselemdﬁrormtheagroup

consisting of -OR19, -O(CO)R19, -O(CO)OR2! and -O(CO)NR12R20; R16
and R18 are independently selected from the group consisting of H,
10 (C1-Cg)alkyl and aryl; or R15 and R16 together are =0, or R17 and R18
together are =O; '
dis1,20r3;
his0,1,2,30r4;
sisOor1; tis 0 or 1; m, n and p are independently 0-4; provided
15 thatatieastoneofsandtis 1, and the sumofm, n, p, s andtis 1-6;
provided that when pis 0 and tis 1, the sum of m, s and n is 1-5; and
provided that when p is 0 and s is 1, the sum of m, t and n is 1-5;

visOort;
j and k are independently 1-5, provided that the sumof j, k and v
20 is 1-5; |
R15
=X '(C)v Y- S(O)o.2—
and when Q is a bond and R1 is R"’ , Arl can

also be pyridyl, isoxazolyl, furanyl, pyrrolyl, thienyl, imidazolyl, pyrazolyl,
thiazolyl, pyrazinyl, pyrimidinyl or pyridazinyl;
R19 and R20 are independently selected from the group
25 consisting of H, (C1-Cg)alkyl, aryl and aryl-substituted (C1-Cg)alkyl;
R21 is {C1-Cg)alkyl, aryl or R24-substituted aryl;
R22 js H, (C1-Cg)alkyl, aryl (C1-Cg)alkyl, -C(O)R1® or -COOR19;
R23 and R24 are independently 1-3 groups independently
selected from the group consisting of H, (C1-Ce)alkyl, (C1-Cg)alkoxy,
30 -COOH, NO3p, -NR19R20, -OH and halogeno; and
R25 is H, -OH or {C1-Cg)alkoxy.



Lerx] - are as foll ows: Rlerr], Rlerr], Rerr], Rerr],

Rlerr] and Rlerr] are independently selected fromthe 10 group
consisting of H ((err]-Cerr])al kyl, benzyl and acetyl.

Preferred variables for group G or G[err] of the fornula [err]

are as foll ows: Rlerr], Rerr], Rerr] and R err] are

sel ect ed frowoadraeggsoup consisting of H 15 ({err]-( er rBgENS¥i682henzy|
and acetyl; R, Rerr] and R err] are independently sel ected
fromthe group consisting of H, -OH -Aal ogeno, -NH2, azido,
(derr]-Jerr])al koxy(err]- ([err])al koxy and -WR{err], wherein W
Is -OC(O- or -OCCO-NRerr]-, Rerr] is Hand Rerr] is

| kyl, O - | k | k
gI'CE (e:[r re]r r ]C[ o r2]0) aC[ gr r]) aCI( kyIATzcﬁegfrB]Qf l%rr;f]@)pgwﬁ)éé-l(@%qe)& gspgpneah;nlé%%m% [ s

substituted by onesylstituted phenyl. ﬁ?éfeﬁ%ﬁrﬂéﬂﬁmoﬁé:bﬁﬂﬂ aﬁBWhﬂdoW' groups.
Preferred R30 subst | tue heny fl uoro- phenyl ,

2, 6-di chl or opheny!®8 I?E'Vﬂv&bﬁéhﬁ" r'8 ﬁspﬁ?'ﬁﬁy UOet hoxy-
car.bonyl et hyl , thi azol 2-yl -ATéiS*gﬂeferanylphphyIdr—ﬁﬂé’t-smsyhmd)phgmwutyl and 25

henyl Preferr d a hogws: 1
llg R%’e”] 5 ld?igre |n Qﬁbﬁgms&%bh&'ﬂpﬂf&’réddéﬁﬂn&%f FI espeC| al)ly

wher ei n V\g’ 0gan, R5pecia Yitioro,

PCT/ US96/ 16823 There are several preferred definitions for the-R1-Q-
Rlerr] is -OH and .0 C(O-N+Rerr] and Rierr] is selected
from the pre ng?r e&r?%]’?ﬁ%ba%sn | dentified above, or wherein R and
Rlerr] are - CH 4R ds aibong anddy Us-Inmerplkylene. prafarably mrapylens:s

2-f1 uorophenyl0 2, 4- di fQu©aEpiro group a@ﬂﬁﬁryéd aBove, Whekein (ppefecably R12 ani err |
I's -OH, hal ogeno, azido or ((Jerr]-Cerr]) 5

al koxy(d[err]-C erﬁiﬁgﬁégr g{,&ﬂ,ﬁ Hi2 ,QaJCHJ-Qi}QC(@IZI) d%,.gm;s -(CHz)q

(derr]-derr])al koéér err koxy,
-OCO-NHRerr] vcorrpounds whereln R[err] S
R
QisabondandRlis -—M -Yd-C Z,— wherein the variables
R‘IS .
are chosen such that R1 is -O-CH2-CH(OH)-;
R17 R15 _
QisabondandRlis —x, - (C)s Y- ((;)t Z- wherein the
R‘IB R1s
variables are chosen such that R1 is -CH(OH)-(CHz)2-; and
. R15
Qisabond and Rl is -X- (c)v ~Y, S(O)g.o— wherein the
R16

15 variables are chosen such that R1 is -CH{OH)-CH2-S(0)p-2-.

A preferred compound of formula 1, therefore, is one
wherein G and G1 are as defined above and in which the remaining
variables have the following definitions:

20 Arl is phenyi or R10-substituted phenyl, wherein R10 is
halogeno; . '

Ar2 is phenyl or R1t-phenyl, wherein R11is 1t0 3
substituents independently selected from the group consisting of C1-Cg
alkoxy and halogeno;

25 Q is a bond and R1 is lower alkylene; Q, with the 3-position



-OH:Ro is Hand R30 is 2-fluorophenyl; 3) R Rerr] and Rerr] are
I ndependently -OH or -OC(O-Rerr] and Rerr] is (Cerr] -Cerr])alkyl, T,

or T substituted by one or two hal ogeno or (Clerr]-(err])alkyl
groups, especially 10 conpounds wherein Ris -CH and R[err] and Rlerr]
are -0 C(O)- er wherein Rlerr] is 2-furyl; and 4) %{err and
Rerr] are i ntly -OH or hal ogeno. Thr ee addlf?ic'm sses
of preferred are corrpounds are those wherein the CJerr] anomeric oxy
is beta, wherein the CJerr]' anoneric oxy i$-beta, and wherein the R
group is alpha. 15 G and Jerr] are preferably selected
from [err] WO 97/ 16455 ,
PCT/ US96/ 16823 -10-
R2—(R"),
ring carbon of the azetidinone, forms the group (R*) wherein

preferably R13 and R4 are each ethylene and a and b are each 1, and

wherein R12js -6H- or 'é(OH)' : Qis abond and R1is
-O-CH2-CH(OH)-; Q is a bond and R is -CH(OH)~(CHg)2-; or Qis a
5 bond and R1 is -CH(OH)-CH2-S(O)p.2-.
Preferred variables for G and G? groups of the formula
RT

~aORS -»OR® and —CHg

COR2 CHg ons Gas TORS
are as follows:
R2, R3, R4, R5, RS and R7 are independently selected from the
10  group consisting of H, (C1-Cg)alkyl, benzyl and acety!.
Preferred variables for group G or G' of the formula

R&l
e
OR® /o~ ~CHRY
oy,
0~ “CH.R®
are as follows:

R3, R3a, R4 and R42 are selected from the group consisting of H,
156 (C1-Cg)alkyl, benzyl and acetyl;

R, Ra and RP are independently selected from the group
consisting of H, -OH, halogeno, -NHz, azido, (C1-Cg)alkoxy(C1-
Ce)alkoxy and -W-R30, wherein W is -O-C(O)- or -O-C(0)-NR31-, R31 is
H and R30 is (C4-Cg)alkyl, -C(0)-(C1-Ca)alkoxy-(C1-Cg)alkyl, T , T-(C1-

20 Cg)alkyl, or T or T-{(C1-Cg)alkyl wherein T is substituted by one or two
halogeno or (C1-Cg)alkyl groups.

Preferred R30 substituents are 2-fluorophenyl, 2,4-difluoro-
phenyl, 2,6-dichlorophenyl, 2-methylphenyl, 2-thienyimethyl, 2-methoxy-
carbonylethyl, thiazol-2-yl-methyl, 2-furyi, 2-methoxycarbonylbutyl and

25 phenyl. Preferred combinations of R, R2 and RP are as follows: 1) R, Ra
and RP are independently -OH or -O-C(0)-NH-R30, especially wherein



[err] wherein Ac is acetyl and Ph is phenyl. Preferably, Rierr]

Is.H or OH nore preferably H The - QG substituent—i-s—preferably in
the 4-position of the phenyl ring to which it is attached. 5

Thi ¢ invention also relates to the use of a sugar-substituted

2-azetidi none, especially one of formula I, as a hypochol esterol em ¢

agent in a mENO®/16485 need of such treatnent. TUS94/1$8%n ot her
aspect, the invention relates to a pharnmaceuti cal conposition
conprising a sugar-substituted 2-azetidi noneg- especially 10 one of
formula I, in a pharmaceutically acceptable carrier.

The present invention also relates to a nethod of reducing hepati c
chol esterol ester levels, a nethod of reducing pla chol est er ol
levels, and to a nBPn%cQUfandrFéandﬁPé’afe- ff?h"'tﬂj’oaﬂd R30 ig salecteddram osi s,

conpri sing adm ni Sﬂﬁr prefortetl Substitisnts rdanmbbﬂfesap\bhemﬁﬁn dnideRd BRIMORN

effective anmount of a.,s
azeti di none of thi E" ntt?g‘ﬁb B@'bg%oémeﬁ iffB'P %nxl 2,4;gifiyoro-
chol est er ol bi osynphesyls2,6rdichiotophenyth 2) R%;s-tOhh halegemol azidoen{CoCelel at es

h f .
chol ester ol b iiiﬂ?"“’é‘?‘?*?@ Fﬂ?f%:zwg ELRENS, feiio GICH DBRIGHIIONCR-0

t |
20  biosynthesis P 7 5‘ us%sﬂﬁp ?@Bgﬁ?é?ﬁﬁg’ﬁ"{ E?&(;r (2)-
azetidinone) to treQM, BquoIrIeandrﬂaoasBéImrdphanyI; 8) AR, Rdand B a@re pl asma

chol esterol ' eve! Sindependently -OH or -0-C(0)-H3 ¥Rl FR0% {-Cg)%ﬂgﬁtT &F

I nvention rel ates | cal conpas| I’ISIn

ef fective anmount oFu‘&s"g%QrbY 0'%2@' tW"s halagena er(1 Efor\’&ﬁees‘?fc'
chol esterol bi tByntompoandswhéreiroR,is SDH ahd R2 and Rble ROCGD)-RH \Myerem

acceptable carrierp 3b%§ﬂ§'¥paénda§pﬁcha atntlaehﬁ E&éﬁﬂ&éﬁéﬁdgnﬂ -OH o‘?'h%idpg%nﬁo a

kit conprising in One tontarner i've® anou
sugar - subst i tut ed Zheeecaddilional slasses op peafersed ate eampundscarp thesewherein

carrier, and in a $RPGVaironmEnt diy’iS bate Whokdin theé TF ariometic oy is bebm|amett er ol

\?;\% 97?&8%? hesi s WP\QP&M% de}oap@%ﬂgceut ically acceptable carrier.

PCT/ US96/ 1682315 G and G1 are preferably selected from
OH
‘QMOH ,—(‘zg-uou ' ‘Cﬂz-Cz-IIOH s Q-lIOAc
COzH CH-OH oy OH CO2CH3
PhCHZQ,  JOCHoPh  PhCH2O, ,OCH,Ph
_(z...ocazph _(-_g...ocﬂzp., , 9OCH;Ph .
COzCHoPh CH2OCH2Ph OCH Pn°°H2Ph
OA;: OH OH
Q'IIOAC s _(:g.qo}-[ ' -CHz -|IOH
CHzOAc CO,CHs OH
OH OAc
HO, Y _.OH AcO, Y DAc
OH CH,OH OAc CHoOAC
HO,, X ° o 20 , Ac0o, X ° o

07 YCHOH 0 * YCH20AC



=11 - - DETAI LED DESCRI PTI ON: As used herein,

the term"al kyl" or "lower alkyl" neans strai ght or branched al kyl
chains of 1 to 6 carbon atons and "al koxy" simlarly refers to

al koxy groups having 1 to 6 carbon atons. 5 "Al kenyl "
means straight or branched carbon chai ns having one or nore doubl e
bonds in t heWOW316#55 conj ugat ed or unconj ugat ed. Si mi PGHYSPNERY Ny |
means strai ght or branched carbon chai ns having one or nore triple
bonds in the chain. Were an al kyl, al kenyk1@®r al kynyl chain joins
two other variables and is therefore bivalent, the terns 10 al kyl ene,

al kenyl ene and al kynyl ene are used. - "Cycloal kyl"™ neans
a saturated carbon ring of 3 to 6 carbon atons, while
"cycl oal kyl ene” refers to a corr spd@di bi val ent ring, wherein

t he points of attachnent to%ﬁ-o clude all positional

| somers. 15 ' eno"r&fers to fluorine, chlorine,

broni ne or iodine and oiadé 2“9 CH,OH "Aryl" means
phenyl, napht hyl, indemg; & rahydr onapht hyl or indanyl.

"Phenyl ene"” means a bival 8 ngﬁil group, including ortho, met a
and para-substitution. R err]-b&nzyl and Rl err]-benzyloxy refer to 20

benzyl and benzyl osyereindAc is acetyliand Rh is pheinyl. i PreferablypRethis khloe OH, moreg.

The above st atene ,gmgr [ 8l ml, ; .
Rlerr] are said tgirgfee LI‘J gg]e?d?en?lc,;yese ec?éﬁ'?gérﬁhglyglﬁ[r, gfjépkg?’ggags?gﬁeuent S,
means that R[ err],Phenyling g whiehdt igjattacheqd.ngependent 'y sel ected, but al so
t hat wBer e an R er r [Thisheentionoalsérelatek to the ass of @ sagassubstitutédian

. | | ' ted
1% 1% 8 1 i o g ), B R ) .,
be -OR[err] wher eidgent it 8 mammabinneed ofyguph treatment. Those skilled in the
art will recognize that the |isanéthepdspedtthe ifveritio relates to a phidrdiddeutiedl( s)

ST EEL 1 M TS Al o s, e, o
atom and t her d0or cong of fogpularlsin a phameageytically acceptablesearriebner s and
rotat L Qnﬁl Iﬂs1 grrﬂ] \S; ar Ie Coint meilgwbeshtaﬁvd@ﬁﬁbﬁmwfdatieén to (a)tnrl]ethod bh;[%drugng
gz\éeinnl gdm’ xture, rﬁy&tigg’m@ Eéﬁlgr ﬁog'ﬁu%i%‘éi’fr@"é‘gﬁ‘gd"ggﬁgr epar ed 35
usi ng convent i onal chalesteroljlevels. and tea method of treating prt prexentingur e or
atherosclerosis, comprising administering to 2 mammal in need of such
15 treatment an effective amount of a combination of a sugar-substituted 2-
azetidinone of this invention, especially one of formula |, and a
cholesterol biosynthesis inhibitor. That is, the present invention relates
to the use of a sugar-substituted 2-azetidinone for combined use with a
cholestero] biosynthesis inhibitor (and, similarly, use of a cholesterol
20 biosynthesis inhibitor for combined use with a sugar-substituted 2-
azetidinone) to treat or prevent athersclerosis or to reduce plasma
cholestero! levels.
in yet another aspect, the invention relates to a
pharmaceutical composition comprising an effective amount of a sugar-
25 substituted 2-azetidinone, a cholestero! biosynthesis inhibitor, and a
phamaceutically acceptabie carrier. In a final aspect, the invention
relates to a kit comprising in one container an effective amount of a
sugar-substituted 2-azetidinone in a pharmaceutically acceptable
carrier, and in a separate container, an effective amount of a cholesterol
30 Dbiosynthesis inhibitor in a pharmaceutically acceptable carrier.
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optically enriched starting materials or by separating isoners of a
conmpound of fornula I. Those skilled in-the art wll
appreciate that for sone conpounds of fornula I, one isomer wll

show gr eat er WareInea4s8ol ogi cal 5 activity than other i sorrer%ﬁ—’m’sw'm-"
Conmpounds of the invention with an am no group can form

pharmaceutically acceptable salts with organi-c and i norgani c acids.

Exanpl es of suitable acids for salt formation are hydrochloric, sulfuric,
phosphoric, acetic, citric, oxalic, malonic, salicylic, malic, fumaric, 1
0 succinic, ascorbic, naleic, nmethanesul fonic and other mneral and

carboxylic acids RETARERWBESCRIRTION: n the art. The salt is prepared by
contacting the free base fowglugearhe?elﬁuﬁ,bltgmrmkﬂnap%weﬁa[ emyagsred acid
to produce a salt f.0r m ma en rat i

the salt with a SLﬂtﬁaﬁp &r?'lﬁ?'@% gh@' %gggtgégqﬁrﬁ %‘i %‘?‘? te
aqueous sodi um bi csnmﬂmi;ataiersTbcaIchyegrmmawngﬂdbﬁfmﬁ atomsi.t s

respective salg form Sorfewhamg%z dafs '3 ratamfs rihgd RafidhSchat Havifg

solubility in polar solvent erw se equi val ent t0|ts
respective free bd¥® PIINAEL aﬁ't'b §&$@r°h% W?iﬂr unconjugated.

Certai n conpounds Sifmilatlg, lallyapr’ imnamrslrmhtctr(bréml'@d carbars chaifi® havirgpounds
uhi ch DOSSess & CHY ol IR borkling 8RR Whers iy, alkeny! or oralkynyl

phar maceutical ly accept nor gani c

Exanpl es of such si‘&lainsl%se%@h§b¥#ﬂﬁh‘e§ﬂ!¢b§s‘hefﬂf°f@£“ﬁ|ﬁ% the temm
gold and silvag Sé&lkﬂend}lélkanymﬂwﬁﬂniakgyliﬂéhﬁe useded with

Dydr oxyal kyl am neo. N ot hy | TIBERY! Hiednd ® SRR °a’%‘l§¥"“9%r*3se carbon
Chol esterol bi osyralpmsi while igysiaalindenes refeesta a corresponding bivalest i@ on of

the present i nventyiareinthestintsdPatachmantustoltér groups mcldihl dll poxitioralich as
| ovastatin, pravastatin, fluvastatin, sinmvastatin and - 981; HMG

CoA synt het ase i nffPEMBBYs, for exarrpl e L-659, 699 ((E, E-l 1- 30
[ 3" R (hydr oxy-t&et hyl ) - 4' -odealoaeoq'eteémnq:ﬂsy@azmﬂoﬂneebrgmmg ar-odine
undecadi enoi ¢ aci Gthdicat/al ene synthesis inhibitors, for exanple

sausl estatin i and Squal ong g gae nadil e oGy SRR oo B
yl ') met hoxy] benzenesniadanyiatPhenyigns” qosdns a w)alerw:pbeeylrgmuwwml@dmg atho,
reductase inhibi t Ghg1atdrrd paradsibatitution P F24eh2yildhd h2aNarZyRixytefir do
simvastatin. 20 benzyl and benzyloxy radicals which are substituted on the phenyl ring.
The above statements, wherein, for example, R12, R20 and
R25 are said to be independently selected from a group of substituents,
means that R19, R20 and R25 are independently selected, but aiso that
where an R19, R20 or R25 variable occurs more than once in a molecule,

25 those occurrences are independently selected (e.g., if R10 is -OR1®
wherein R18 is hydrogen, R11 can be -OR1? wherein R12 is lower alkyl).
Those skilled in the art will recognize that the siZze and nature of the
substituent(s) will affect the number of substituents which can be
present. ' _

30 Compounds of the invention have at least one
asymmetrical carbon atom and therefore all isomers, including
diastereomers and rotational isomers are contempiated as being part of
this invention. The invention includes d and | isomers in both pure form
and in admixture, including racemic mixtures. Isomers can be prepared

35 using conventional techniques, either by reacting optically pure or
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-13- The chol esterol -1 owering 2-azeti di none portions of
t he conpounds of formula | can be prepared by known nethods, for
exanpl e WD 93/ 02048 descri bes the preparation of conpounds wherein

-Rlerr]-Q is alkylene, al kenylene or alkylene interrupted by a 5 hetero
at om pheny WO®/AE#55cyc| oal kyl ene; WD 94/ 17038 descri bes t hECT/USI6/16823
preparation of conmpounds wherein Qis a spirocyclic group; WO

95/ 08532 descri bes the preparation of conptmds wherein -Rlerr]-Q is a
hydr oxy- substi tuted al kyl ene group; PCT/ US95/ 03196 descri bes

conpounds wherein -Rerr]- I s a hydroxy-substituted al kyl ene attached 10

to the Ar[err] 8] n.O qr .S(Oferr]l-_qgroup: and S. Serial
o, 08/ 463 CpTiI B fﬁ?ﬁ%ﬂ'@p merals gk o deharslpGdSomBBiota Mon o
conpounds \mmmunddk[fefmqlad} i's a hydroxy-substituted al kyl ene group
attached the the aze %{DQ&, f

Conmpounds of the resent %g%??@ﬁe%?d;ﬁegéﬁeﬁal tba%grﬂgrge ,r(?acting
a 4- (hydroxy- or ﬁ %eaif ﬂ{ow greatsr,phama F@:ﬂa
derivative. FB8r acﬂvp}thanaﬂhaziebmdmone of forrmula II wherein R err]
Is Hor OH, isreactedvm't r eof
formula I'l1: [err] E re| noﬁ?b;%eﬁﬁmgﬂ amm&&g&%ﬁ&h“%

remai ni ng vari ab@@ﬂaﬁeeuﬂca"v assemebterﬁa&swﬂveraaalwchmrsa%ﬁﬁwﬁnd of
formula | A, wher eExanhjhies of suitablé acids forosattdomakiorpareiieydrochienta)zalftde, of

to R an avet i 35%‘?:*"# 5690 DB, e, malonic! SEiEE, e dylicr O, 35 ©
sui t abl e hydi8@xy mmta , Sojeic methanesulionic end otheramingsalrandkr i vat i ve

of formula Il1A cdie68i0 aB[d%rWdll krfowiPtoIRbsd fthelit EThe salt is prépafdrsy by
renoval of the R[ or Qctiﬂg%e T:%sgr Sra & with a sufﬁcuent]amount of the desired acid
to produce a salt. The free base form may be regenerated by treating
the salt with a suitable dilute aqueous base solution such as dilute
15 aqueous sodium bicarbonate. The free base form differs from its
respective salt form somewhat in certain physical properties, such as
solubility in polar salvents, but the salt is otherwise equivalent to its
respective free base forms for purposes of the invention.

Certain compounds of the invention are acidic (e.g., those

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

25 hydroxyalkylamines, N-methylglucamine and the like.

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

30 [3'R-(hydroxy-methyl)-4'-oxo-2'R-oxetanyl}-3,5,7R-trimethyl-2,4-
undecadienoic acid); squalene synthesis inhibitors, for example
squalestatin 1; and squalene epoxidase inhibitors, for example, NB-598
({E)-N-ethyl-N-(6,6-dimethyl-2-hepten-4-ynyl)-3-[(3,3'-bithiophen-5-
yl)methoxylbenzene-methanamine hydrochloride). Preferred HMG CoA

35 reductase inhibitors are lovastatin, pravastatin, fluvastatin and
simvastatin.
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-14- To prepare a conpound of formila IC wherein both Jerr] and
G are the same, but are not H, a di hydroxy conpound of forrmula IIC
i S reacted with an excess of GORerr]: [err] 5 To prepare

conpounds of formula ID wherein Gand Gerr] are both not H -and are

not the sane vwoguredsseri vati ve, a conpound of formula I A PCT/USSA16823N R26A
is OH can be reacted with a sugar of the fornula Jerr]-ORerr].

Al ternatively, one of the hydroxy substitueqids on the 4-position phenyl of
a conmpound of forrmula IICis protected prior to reaction wth the sugar 10
derivative to be attached to the unprotected hydroxy group, and after
reaction with the first sugar derivative, the hydroxy-protecting group is
renoved and the second sugarTh@gholesteroklowering 2-azatidinane pdrtions oftheus| y-

protected hydroxy donpdunds®t fensiul®| ean
Sugars and the deri mv%ﬁ tﬁéﬁg&gs ggﬂr?}%%?%q{ﬁbhn m@&ﬁgﬂ ] and
Jerr]-OR[err] ar SXERIA WO Rcrigps NepiePalation 4 goapaypds known
met hods. wherein -R1-Qpisadlkylané yalkerylenecarcalkylese itenuptod byabove
invol ve a sugal hetero 4i8fi, ' ' 0 ' : roups
are protected by 20 sui.t abpgbﬁvg?%ﬁ&ﬁ%&'%ﬁgés} g’? e .I?f?‘gg d%g@%’é%’t
Rlerr], Rerr], R[;gpp?r,a 'ﬁ‘é’f PPMpRURAS; Wi ﬂ?ré qsasplrocycllc group; WO
' 95/08532 describes the preparation of compounds wherein -R1-Q- is a
hydroxy-substituted alkylene group; PCT/US95/03196 describes
compounds wherein -R!-Q- is a hydroxy-substituted alkylene attached
10  to the Ar! moiety through an -O- or S{O)o-2- group; and U.S. Serial No.
08/463,619, filed June 5, 1995, describes the preparation of compounds
wherein -R1-Q- is a hydroxy-substituted alkylene group attached the the
azetidinone ring by a -S(0)g-2- group.
Compounds of the present invention are generally
15  prepared by reacting a 4-(hydroxy- or dihydroxy)-phenyl-2-azstidinone
with a sugar derivative. For example, an azetidinone of formula II,
wherein R26A js H or OH, is reacted with one equivalent of a sugar

derivative of formula lii:
R26A R25A
7 »..0H 2. 0G
Ar‘-R’-Q\ﬁ Ar-R-Q__ V7
+ G-OR% —»
1A
7N 7——N
O Cap i 0" A

20 whersin R0 js hydrogen or -CNHCCl3 and the remaining variables are
as defined above to obtain a compound of formula |A, wherein R26A js H
or OH. To prepare a compound of formula IB, wherein R26 is OG1,
wherein G1 is not H, and G is H, an azetidinone of formula I1A, wherein
R26 is OH and R27 is a suitable hydroxy protecting group, is reacted with

25  a sugar derivative of formula llIA, wherein R30 is as defined above,
followed by removal of the R27 protecting group:

HO./~>_OR?¥ G-O /= OH
Arf-R-Q 3T Af-R-Q_ NP
+ G'-OR¥Y— B

—N

\

Ar?

i O ae A

o\\



and Rlerr] other than hydrogen, preferably |ower alkyl, acetyl or benzyl,
which groups can be renoved after the reaction to provide the sugar
conjugate. Wen the 1- and 3-position side chains of the 2-azetidinone
tngl ude substituent groups which are reactive under the conditions

WD 97/ 16455 PCT/ US96/ 16823
-15- WO H6455sai d reactive groups are protected by sPFTHSN6A6823
protecting groups _prior to reaction with the sugar or the derivative
t hereof, and the protecting groups at4 subsequently renoved.

Dependi ng on the nature of the protecting groups, the protecting
groups on the sugar portion and 5 on the 1- and 3-position side chains
of the azetidinone_ can be renoved ially or . sinultaneously.

For exanpl e, conpolmBEePgre aSompornd mﬁ q'@' botia &Y and Gjaye the

Arferr]-CH(OH) - (G{aﬁlé.]&itiwi\etmaﬁlhydmwmunﬂofwmalmaswzbwd) can be
pr epared accordi nq”mf)aﬁpga&%&%r eaction schene, wherein an 10

azetidi none of for d with a sugar derloé ive of the
formula G OCNHCCI [err]. Ok shown for a c -
R26 is Handaspeaﬂ‘-ﬁ GOCN err] groupisAeBTpQ i edispput a simlar

procedure can be used to piep re cogpquupieowhecei n Rlerf] s -Cxidarr] and
for other G OCNHCC [err] .

e © \A'I'z i O Ar2

5 To prepare compounds of formula ID wherein G and G1 are both not H
and are not the same sugar derivative, a compound of formula |IA
wherein R26A is OH can be reacted with a sugar of the formula G1-OR30,
Alternatively, one of the hydroxy substituents on the 4-position phenyl of
a compound of formula IIC is protected prior to reaction with the sugar

10  derivative to be attached to the unprotected hydroxy group, and after
reaction with the first sugar derivative, the hydroxy-protecting group is
removed and the second sugar derivative is reacted with the previously-
protected hydroxy group. For example:

HO/~_0OR¥ G'-0 /= _ORY
o 2
Ar-R-Q o Af-R-Q )l
J + G1’0R30_> 'B1

4’—'N "—N\
b O ag A o AR
G0 /> 06
1. RL \’:’
IB1 deprotection Ar Q\_p
G-OR* N D
I 07 Tar
15 Sugars and the derivatives thereof as defined by
G-ORS30 and G1-OR39 are known in the art or are readlly prepared by
known methods.

Prefarably, the reactions described above invoive a sugar
derivative wherein the non-reactive hydroxy groups are protected by
20 suitable protecting groups as defined above for R2, R3, R3a, R4, R4a, RS
and R7 other than hydrogen, preferably lower alkyl, acetyl or benzyt,
which groups can be removed after the reaction to provide the sugar
conjugate. When the 1- and 3-position side chains of the 2-azetidinone
include substituent groups which are reactive under the conditions
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the Tirst step, the azetidinone of formula Ila is reacted with the sugar
derisvative of forrmula Illa in the presence of a coupling agent such as BF3

etherate In an inert solvent such as CHerr]Cl[err]. The reaction is
carried out woo97i6ssat tenperatures of -20 to -25[err] C for BCT/USICHEB2Df
about two hours. In the 5 second step, either the sugar-substituted
azetidinone of fornula IVis treatedygi th a base such as
triethylamne in a solvent such as nethanol and water to renove the
acetyl and al kyl protecting groups to obtain a conpound of formul a
la, or the sugar-substituted azetidinone of formula - IVis treated
with a reagent sucsesk saidveantive gioups are projected bysuitable|protecting graupsove t he

acetyl protecting m&uaseémfonl\ﬁwmet,ugaﬁbkmb durivafid thefeot, and thed" OUP tO
obtain a conpound of ,farnmula | b. ng@ O@ﬁfnd of fordml a.lb can be
further reduced byP'ateclinggrpurs aie subspauentlyJepigved, Qepending on the RAtUE of
formula Ia. of the protecting groUpsythe pastecfing groupk @nithe/sagas portion and

Arferr]-Rlerr] 5Q 4t 4540 3-@%@& rsHJt g]{s{iﬂri]% of tgﬁ]a}\ﬁtigigﬁne CaARYRHovab

formula I c, can be reaction

e!ogryggar If accordin g
schene, wherein ar® faky,onsimultangeysly.a 1 1b is reacted with a
sugar derivative of the for fReore coimpoandsotiormaulalivieréinrArd-R1-Q- is
conmpound wherein ' 1 n. and_ L r but
a simlar pr ocedu%‘ﬁ(':%ﬁ((g%?L@’g@%@gb?%gﬁ&gﬁgéﬁlgg 'éjﬁgg‘ggn | i's
-0d err] and for dmpared. aggo5ding te the fellewing reaction scheme, wherein an
10 azetidinone of formula lla is reacted with a sugar derivative of the
formula G-OCNHCCI3. The scheme is shown for a compound wherein
R2e is H and a specific G-OCNHCCI3 group is exemplified, but a similar
procedure can be used to prepare compounds wherein R26 is -OG! and

for other G-OCNHCClI3 groups:

H
ﬁ CH3g02C, O~ OCNHCCl3
| Y A0 N MOAc

Ve OAc
lla

20.

AcO
Ar

lia 0 AR

BF3Etp0, CHClo

AcO Ac

.

«OAC

CO2CH3

Ar

Q? o

15

OH
Ar!

R _lgﬂgf;

o AR

H0

OH OH OH
4

Art

%
CHyOR o

(4 '—N\
o Ar2 I

v
OH OH
P
' 10OH
o)
COxCH3
b

N
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-17- [err] In the first step, the azetidinone of fornmula Ilb
is reacted with a sugar derivative of formula Illb in an inert
sokvent such a tetrahydrofuran in the presence of

n-tributyl phosphi ne and 1, 1' - (azodi car bonyl ) di pi peri di ne. 5 The

resul tant sOM@PUMMBSt it uted azetidinone is reduced with a FEAFERE/16823
such as Pd(OH)[err]/C in an al coholic solvent under Herr] gas to renove
t he benzyl protecting groups to obt#im a conpound of fornula I.
Starting materials of fornula Ilb are known. Conpounds of formul a
Ila can be prepared fromthe corresponding (3-hydroxy-3 Ar[err]- 10

1) -2- tidi t t with ti hydri d
Gl et byl am nopyr | 1) 1 TrEARPR. 1he aztidinane SEBpIaé redis Wifidns suger
obtain the corresderivitive afiferauia yila incthp qresancé af lacoupling agentsuchras BF3
wi th guani dine_t 0 ofiirglindiindn BYFHBAKICEY CHEERD oY reatiian Id Akiried out
a as defi ned, above for

materials of formu

i e
formula 15 | caﬁ"l?é“ﬁ!ﬁ’@ﬁb’géélﬂ{]@rt ?éﬁrlg 'Qréé fl(?i"’H?W@@%i i theown in

t he ﬁrt. 5 second step, eitlérahe Ts?gamlbstn"mwazéﬁclmm ffomhulha Ve knoYvn

In the art or mul a

I1l1a are pF@S&ﬂé‘gﬂﬁéﬁrs g&%ésttﬁgﬁ%rrﬂ@és ggggf”r‘{gﬂ %ﬁ%@%&%& mul a
I11b with and water oremayeithe iacetyl and alkyhprotecling @seupssiogbtais a

CR:H[ err]Ci[err] i ncbh@oﬂhld%ﬂtﬁ'_ﬁ\uliﬁ. op thé slgar-subsiiteted azetidinone of formula |
oo o sper 34 ANARESL A RArERAN o KEAFR o son s il 2.
be rermpved by18t aielreraoye thecanetyl prelecting groups duit isava theralkyl protectingol | owi ng
Table 1 shows somyréupPiccebitaiPEGrRpbAN f forAtfa Ib. The compound of formula Ib
can be further reduced by a reagent such as LiOH to obtain the
compound of formula la.
Compounds of formula | wherein Arl-R1-Q- is Arl-(CHo)3-,
15 i.e. compounds of formula ic, can be prepared according to the following
reaction scheme, wherein an azetidinone of formula lIb is reacted with a
sugar derivative of the formula G-OH. The scheme is shown for a
compound wherein R26 is hydrogen and with a specific G-OH group, but
a similar procedure can be used to prepare compounds wherein R26 is
20 -OG1 and for other G-OH groups:

H
Ar’—(GHz)s\ﬁ P"CH"’OCH"‘Q/GH
- Y PhChe0" Y “OCHoPh
A2

: V4 QOCH,Ph
b o 2 lib

n-;»sP. T}IiN
CALR®

PhCHpQ, pPCHePh

-#OCHoPh
(¢
AI'L- (CHJ) . CHzoCHzph
-
o/ a2 v
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- 18- : Table 1 Goup—to be
Goup to be Protected and Pr ot ect ed Protecting
Goap [err] W have found that the
conmpounds of this invention | ower plasma lipid |levels and hepatic
chol est erol wetssedsevel s. Conpounds of 5 this inventi orPOTAIS6/B682H f ound
to inhibit the intestinal absorption of chol esterol and to
significantly reduce the formati on of |iverizhol esteryl esters in

ani mal nodels. Thus, conpounds of this invention are
hypochol esterol em ¢ agents by virtue of their ability to inhibit the
esterification and/or intestinal absorption of cholesterol; they are

therefore useful in the treatnment and prevention of at hegos rosis in
mammal s, in particular In humans ed to t he

2- azetldlnone chol esterol Io c agents whjc
sugar - substituted, the co h| S invention
phar macol ogi cal and phwgi a Vi n SArT@f,)a~ 12

at a slower rate, give Iower pI asma | evel s an hi gher intestinal
| evel s. Previous testing indicated the intesti S the likely site
of activity of the 2-azetidi none conmpounds | acking A suglgr

In the first step, the azetidinone of formula lb is reacted with a sugar

derivative of formula lllb in an inert solvent such a tetrahydrofuran in the
presence of n-tributylphosphine and 1,1'-{azodicarbonyl)dipiperidine.

5 The resultant sugar-substituted azetidinone is reduced with a reagent
such as Pd(OH)2/C in an alcoholic solvent under Hz gas to remove the
benzyl protecting groups to obtain a compound of formula |.

Starting materials of formula IIb are known. Compounds of
formula lla can be prepared from the corresponding (3-hydroxy-3 Arl-
10 propyl)-2-azetidinone by treatment with acetic anhydride and
. dimethylaminopyridine (DMAP) in an inert solvent such as CH2Cls to
obtain the corresponding di-acetyl compound, followed by treatment
with guanidine to obtain the 4-hydroxyphenyl compound. Starting
materials of formula Il wherein Ar1-R1-Q- is as defined above for formula
15 | can be prepared by similar methods or others well known in the art.
Starting materials of formula 1lib are known in the art or
prepared by well known methods. Compounds of formula llia are
prepared by treating the corresponding compound of formula lilb with
trichloroacetonitrile in an inert solvent such as CH2Cl2 in the presence
20 of CspCO3.

ve several
ounds CH2QH absor bed

Reactive groups not involved in the above processes can
be protected during the reactions with conventional protecting groups
which can be removed by standard procedures after the reaction. The
following Table 1 shows some typical protecting groups:



substituent. See E. J. Sybertz et al, "SCH 48461, a Novel Inhibitor of
Chol est er ol Absorption," Athersclerosis X, ed. F.P. Wodward et al 20

(El sevier, 1995), pp. 311-315; and B.G Salisbury et al, WO
97/:16455 PCT/ US96/ 16823
-19- I-%perchol esterolemc Activity of a Novel Inhibitor of

Chol est erol WOST6458psorpti on, " At hersclerosis, 115 (1995), POHUSIA6RE  The

i nstantly cl ai med conpounds, which are excreted in the bile, provide
ef ficient delivery of the conpound #t8<t he desired site while

m nim zing systemc 5 exposure, thereby decreasing potential toxicity
pr obl ens. In addition to the conpound aspect, the
present invention also relates to rret hod of |owering plasm

chol esterol |evels, which met hod & i ses administeri ng to a
manmmal in need of sucl@roupdn bent Group tb\badRrlotaotad and| eni ¢ ef fective
amount of a conpound oPrdtected § | of 1(Protabt|ﬁg Gwa;ntlon The conpound is

pref erably adm ni st ered—1Tra 5 AR ceeptaptecarri er
suitable for oral adm rirSP@AH dgn. —COOalky ‘COObG“ZY"CoﬂPé'eﬁVbsent

invention also relates to a phgrmaceuti caly corrp05| tion conprising a

conpound of fornula I o?‘ﬂgl S ijnveEniNcDRI dNEObenzyl, ph@opmsmtlcal |y
acceptabl e carrier. The’conpou ds)of form can ’15 be adm nistered in

any conventional oral dosage f rmw Lets,
powder s, cachets, suspensions ?on?ﬁwbﬁkﬁy#aq(mﬁsae'ﬁ&

phar maceuti cal conpositions car} be prepar ed using co nt I onal
pharmaceutically acceptabl e exd p\ nd additiveg

conventional techniques. Such E i g¥BGHglgce ;NSim(elﬁg(m pients 20
and additives include non-toxi conpatlble fillers,”bijnders, disintegrants,
buffers, preservatives, anti-oxidant¥ |ubricants, flehl@rl ngs, thickeners,
coloring agents, emulsifiers and t nhke. The daily
hypochol est erol em ¢ dosé€'b12 a of- for mula | is about 0.001

to about 30 ng/ kg of body weig per Wday, 25 preferably about 0.001 to
about 1 ny/kg. For an average dy Wl i ght of 70kg, f'rha dosage | evel
is therefore fromabout 0O to 100 o dr, day, given
in a single dose or 2-4 dMN de a'ggé'éb "fﬂgﬁ@%yet OSi(CHa)s. 'gfé wever, is
determ ned by the attending clijpician and is dependant on the

potency of the compound adm nis ef?d-obﬁ?pr%ﬂﬁ 30 weight,” Condition and
response of the patient.

We have found that the compounds of this invention lower
plasma lipid levels and hepatic cholesterol ester levels. Compounds of
5 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
esterification and/or intestinal absorption of cholesterol; they are
10 therefore useful in the treatment and prevention of atherosclerosis in
mammals, in particular in humans.
Compared to the 2-azetidinone cholasterol lowering
“agents which are not sugar-substituted, the compounds of this invention
have severa)l pharmacological and physical advantages. The
15 compounds are absorbed at a slower rate, give lower plasma levels and
higher intestinal levels. Previous testing indicated the intestine as the
likely site of activity of the 2-azetidinone compounds lacking a sugar
substituent. See E. J. Sybertz et al, "SCH 48461, a Novel Inhibitor of
Cholesterol Absorption," Athersclerosis X, ed. F.P. Woodward et al
20 (Eisevier, 1985), pp. 311-315; and B.G. Salisbury et al,



Eor. the conbinations of this invention wherein the substi t uted

azetidinone is admnistered in conbination with a cholesterol
birosynthesis 1 nhibitor, the typical daily dose of the chol est er ol

bi osynthesis inhibitor is 0.1 to 80 ng/kg of mammalian 35 weight per day
adm nistered in single or divided dosages, usually once or twice a
day: for exawplsenedssr HMG CoA reductase inhibitors, about JCTAS6/16823 \\D

97/ 16455 ' PCT/ US96/ 16823
- 20- to about 40 ng per dose is g¥®n 1 to 2 tinmes a day, giving a
total daily dose of about 10 to 80 ngy per day, and for the other
chol est erol bi osynthesis inhibitors, about 1 to 1000 ng per dose is
given 1 to 2 times a day, giving a total daily dose of about 1 ng to
about 2 g per day."Hypgrchpjgster) Cdébﬁgmf%wv@dﬁb@ﬁ@fn@f Gholesterl onbi nat i on

to be admi ni st er edAbsorption,! AtHéréclérobissd18Y(1998), pp145:83.nThelinstatiyan and i s
wel ght . condi ti on Siired Edlie hicharp SIS PR e biRSS ofcienf O
Were the conponerdelivery of the sompeund to thecdesived siterwhileqminimizingseysieraice | v
necessarily be t ho Eanare ey e REng peRener oy prodlens. | MO cater
duration of activity, and w'l P%ﬁ%%‘?@\ﬂe" ‘H"rldnoés&%%gm ﬁ@@ﬂé‘&e"“m‘q

| ess frequently. also relates to a method of igivering plasmarcholesterohiewels; whichel at es
to the reduction Ghethba compitises aﬁhﬁhi@i“eﬁﬁﬁ%a'rﬁé(ﬁhfﬁl M néddaf SR tredtirient
conbi nation of active | ngr.edj.ent s erein sald act, I N r?dtents
may be admi ni st or difyPocholesternleric effectiveamouny ol & cgmpgtiny of formilda To

conbi ni ng sepdlat dhistiavention. The compaurid-is| preferably administered kia form That

Is, a kit is cont ' . : eonbi ned:  a
chol esterol bi osy?ﬁ]ﬁ;‘g‘}a ?ﬁéﬁ?ﬁk‘g‘r’p‘aﬁﬁ car%%\"smﬁﬁ%%}%rél@d}ﬁn@{rgﬂm

.pha mir(éfput | cal pflofr;ROSI t) OQ and a
sugar - substituted 2-azetidi dpresent invention tes 19 8iPnarmaseiticabeut i cal
conposi tion. The kidmpusitionocarhiprisivl 8 compound iofi tdrmida Hot thix inverstidncand ae

adm ni stration of réﬁ%%gaﬁvﬁlgﬁ aﬁg@g@gr&%eg The cor;[@&;.lrlastofff 14 % can

particul arly advarlt ageous ara nmponent's nust be
admi ni stered 18 dike administgeskipanysopventiong! ol dosageform suehas eapsaien.) or
ar IeI ad _m'nni Z ﬁ gr ggaahblété, powaietrs, d:a?me, $UBpehsiohs or solutions. The formulations .
E '? er g\(/)\nc hgm' stry | %ﬁéh%n#éﬁg |’\?f§gﬁ%§@gg R:gﬁ#sq ?rfpﬁﬁde"éési% %h@erﬁiongp
~ pharmaceutically acceptable excipients and additives and
conventional techniques. Such pharmaceutically acceptable excipients

20 and additives inciude non-toxic compatible fillers, binders, disintegrants,
buffers, preservatives, anti-oxidants, lubricants, flavorings, thickeners,
coloring agents, emulsifiers and the like.

The daily hypocholesterolemic dose of a compound of
formula | is about 0.001 to about 30 mg/kg of body weight per day,

25 preferably about 0.001 to about 1 mg/kg. For an average body weight of
70kg, the dosage level is therefore from about 0.1 to about 100 mg of
drug per day, given in a single dose or 2-4 divided doses. The exact
dose, however, is determined by the attending clinician and is
dependent on the potency of the compound administered, the age,

30 weight, condition and response of the patient.

For the combinations of this invention wherein the
substituted azetidinone is administered in combination with a
cholesterol biosynthesis inhibitor, the typical daily dose of the
cholesterol biosynthesis inhibitor is 0.1 to 80 mg/kg of mammalian

35 weight per day administered in single or divided dosages, usually once
or twice a day: for example, for HMG CoA reductase inhibitors, about 10



Qtherwi se noted. The terms cis and trans refer to the relative
orientations at the [err]-lactam 3- and 4-positions. 30

Preparation A 1

=( 4= Fl uorophenyl )-3(R)-[ 3(S)-acetyl oxy-3-(4-fl uor ophenyl )-propyl)]-
4(S) - (4- hydr oxyoxyphenyl ) - 2- azet i di none Step 1

1- (4-Fl uoropW@r?Wl‘ng) [3(S)-acetyl oxy-3-(4-fl uorophenyl) PCT/US96/16823
propyl)]-4(S)-(4-acetyl oxyphenyl)-2-azetidi none 35 Add acetic
anhydride (1.03 nL, 10.96 mvl) to a room-20- t enperature sol ution of
1- (4-f 1l uorophenyl -3(R)-[3(S)-hydroxy-3-(4- WD 97/ 16455

PCT/ US96/ 16823 -21-

fl h I h d

0 05 ooy ana o Je-ehortian s ot e 18 S Zimes § dayoigo s okl dly
tetrahy?rofur?n gagﬂammm mom;'gp'ﬁrﬁay@t?dgﬁ?bwbb;hm@ %dl tcﬁt es
consunption of stg n?ﬁg% rs 1 T\ 3'9 & 1%1‘?1& et her

5 Et O d

congenE re;[]e %o a tmesa day, giving a tetal dajly osmfa!rgef gto abaut 2. per day.
purification. NNRThé@iaMﬂoseCEQr{ye&ddnboneht wﬂwtombmdm © b admihistéfed, N,

385ty 5. 70(1 petpfnina Ip b Epend gﬁﬁ%ﬁ ol e

J=7.9, 10 2.4 prtensyyﬂlmmrgpowzde ered trpegwrelgm condition and 1) .
HRMS (FAB) ;egpynggoﬂﬁg afient. Cl Srr] H err] qu er(r)] gggrr] 493. 1701)

f d 493. 1695. t e so LU e to
2 F oom tenper at ure. JWiford Bh8 HTALRR B adrig 1Tt o

5.22 mol) 10 separmetglythe Oumbes orfrtipsesr\bt actmbmonem pivehypesdidyirhay
resul ting soluti OﬂoPMece’ls'éanQ'Bb%basaIn%% h@rb%e%rﬁﬁbheﬁf RftyHavefa Step 1

(2.45 g, 4.97 mol I\/bnr or th ctipn by
TLC (15% Et OAc/top%ﬁﬂgs durafign o Fabiviy, uﬁB‘H ﬁ'&?ﬁ o hg g ﬂ"H%eFﬁﬂoeri al
(-1h), concentrat éassrieequemm.re at room t enper ature in vacuo

Redi ssol ve the resulting regjfddgnh é?r@%ﬁdﬁl’hnvaptmn ,.e'%gqitm
concentrate on ou hsrlrca é %50 er |s
obt ai ned. Loal th@qség%FF‘Pﬂﬂam! S By trealment w haEﬂ 'BB @RW& ol umn

packed with 15% EﬁnmedbntmwhmrrEsaldeaowarhgrbdients may becadministeredt to obtain
1.31 g (95% ) of 5% a.cal cd.
for MtH ([err]H er e"f&i err ﬁg%@?ﬂﬂb ing & Aé

ceu ical ositions in kit at is, a kit is contemplated wherein

two separate units are combined: a cholesterol biosynthesis inhibitor
20 pharmmaceutical composition and a sugar-substituted 2-azetidinone
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
25 and parenteral) or are administered at different dosage intervals.
Following are examples of preparing compounds of
formula |. The stereachemistry listed is relative stereochemistry unless
otherwise noted. The terms cis and trans refer to the relative
orientations at the B-lactam 3- and 4-positions. '
30 Preparation A
-{4-h -D.
Step 1: 1-(4-Fluorophenyi-3(R)-[3(S)-acetyloxy-3-(4-fluorophenyt)-
propyl)]-4(S)-(4-acetyloxyphenyl)-2-azetidinone
35 Add acetic anhydride (1.03 mL, 10.96 mmol) to a room
temperature solutiorr of 1-(4-fluorophenyl-3(R)-[3(S)-hydroxy-3-(4-



25 ¢« Preparation A2
Tr.ans- (3R 4S)-1 - (4-(benzoyl )phenyl)-3-(3-phenyllnropyl].

4- (4- hydr oxy) phenyl - 2-azeti di none Step : Reflux a m xture of

4- nt t r obenzophenone (20.94 g, 92.2 mol), et hyl ene glycol (25.6 ni,
461 mol ), p-toluenesulfonic acid (0.87 g, 30 4.61 mml) and toluene (125
mL) overni ghwowriéassizeot ropi ¢ renoval of wat er vi a RCDBSIH/EBTr k
trap. Cool the m xture to roomtenperature, dilute with Et[err]Q
wash with 1 N NaOH, water and brine, dry osgr anhydr ous

Na[err] SO err] and concentrate to obtain 24.81 g (99°/c) of a white

solid. NWR (400 MHz, CDCl[err]): 8.18(2H, d, J=9.0 Hz), 7.12(2H, d, J= 9.0
35 Hz), 7.50(2H, d, J=8.0 Hz), 7.34(3H, m, 4.09(4H, m.

W97/ 16455 fluorophenyl)propyl)]-4(8) (4-hydroxyphenyl)-z-azetldmone (2.04 g,

PCT/ US96/ 16823 49 mmo anddlme

N ingpyriding (DM 14d6 mmol)in  Step
2 Dissolve e e S Mo R 0 Ao s itenes

(-40 g) three ti neonsomiptiontdf startingamatdriad (10 min); diluta¢he amdmeomtri bmak.
Hydr ogenate t [ TLC 5
(30% Et OAc/ heg’:negéb*\(ﬂ%at e'gﬁ !gﬁggﬁ@ E’ﬁﬁ 355{ g mat er | <2h)

Filter the m xtur ’lcﬁf‘gﬁ@rp@e‘l’lﬁﬁrefoéﬂ'tgﬂzﬂ GPQ h the

filt er21 6 c akpurificatiora OMMR W MHIZPODC(IQTM.SG(ZI‘R@TUEBJGQ'I!WE 27(2H, (r)mlza t 8
ive 21.

b0t 0 72EHRLTAGL 4d-al . RO I fpdiar & 10 Step

3: Dissol ve the pleiidz)d.70f1 ot J=FH2)04.60(1%5 dZJﬂ%ﬂIHZ)a%QgWH dt, J=7.9
(benzyl oxy) bergzal 2aie2.87(3H, sg.zaé(aﬂ Oa(m w1 1.86(28, mammswo

ol v ot 55" A, bl Rl L g B b g o0 ont

hexanes (200 ni) Step 2il Add/sodium MXUOdaﬁﬁgfﬁ' 4.90mmal) toamE0Bsul tant 15
crystals, wash wi &hﬁ&éﬁfﬁmﬁﬂ&a of Yu Mﬁ&f’dh‘ﬁlbhae w 499 yséwmhﬂﬁ &

f whit t al H,
7 37(|8He ‘rsr;ys7ao§'('% qg"ll\@‘zfr—ffe" %’[""ﬂ %@ MP‘?‘S&“ @‘ 325‘3 , r77183
358(39), 149(1800)pipette toasstwpm»fthwoawm&ewaltaﬁlg.wbmm) 10. 7 ni,

53.1 ) t 4 q,
35,4 Mol ) and n- oo (8 mER MBARHG fegdiigh R ERORSAerie) E%e (350

10 I n
nm.) and reflux ov¥F9 SUFI'&I&P of starting 'Tﬂ' m)ec?'zFePﬂJBT% '}‘8 5*"3
quench with 1 M Hoom ténperatune irhvacuo. Redissolve the resulting resulue in ethyl

acetate (EtOAc) and concentrate onto enough silica such that a free

20 flowing powder is obtained. Load the resulting powder onto a
chromatography column packed with 15% EtOAc/toluene. Elute with the
same solvent to obtain 1.31 g (95%) of the title compound as a glass.
HRMS (FABY): calcd. for M+H: CogHo4NO4F2, 452.1673; found
452.1661. |

25 Preparation A2

~1=(4- -3-{3- T -

Step 1: Reflux a mixture of 4-nitrobenzophenone (20.94 g, 92.2 mmol),
ethylene glycol (25.6 mL, 461 mmol), p-toluenesutfonic acid (0.87 g,

30 4.61 mmol) and toluene (125 mL) ovemight with azeotropic removal of
water via a Dean-Stark trap. Cool the mixture to room temperature,
ditute with Et20, wash with 1N NaOH, water and brine, dry over
anhydrous Na2S0O4 and concentrate to obtain 24.81 g (99%) of a white
solid. NMR (400 MHz, CDCl3): 8.18(2H, d, J=8.0 Hz), 7.12(2H, d, J=9.0

35 Hz), 7.50(2H, d, J=8.0 Hz), 7.34(3H, m), 4.09(4H, m).



EtQAc, wash with 1 MHCO, NaHCOerr] (sat), water and brine, dry over
anhydr ous Na2SO4 and concentrate onto enough silica gel such that a 25
free flowi ng powder results. Load the powder onto a chronat ography

col.um prepacked with 20% Et OAc/ hexanes and elute with the sane

solvent to obtain 14 g of a solid. Recrystallize from Et CAc/ hexanes to
obtai n 8. 54 WOPNASS of white crystals. NVR (400 MHz, CDC1[ diGT{YsS96/16823
7.30(21 H m, 6.94(2H, d, J=8.6 Hz), 5.03(2H, s), 4.54(1H, d, J=2.4 Hz),
30 4.01(4H, s), 3.07(1 H, s), 2.63(2H, t,-22=7.0 Hz), 1.92(1H, nm), 1.81(3H,
n. Step 5: Add 6N HCO (30 nL) to a solution of the product of step
4 (4.4 g, 7.4 mol) in THF (120 m.). After 7h, dilute with EtQAc,

h with t

m[ser\rlvi S err] anmg’@(ésap)mf %egﬁd@g@y a’over %ﬁt&cd"ﬁhl te
?r; as? Z;I?/?H( 4(r)r;) MhiL), diluéd imithrethanol $25 mL) aAd purgenwith No53Wash Raney gt(ugﬂ( 8H)

, . s
4.65(1 H d. J=2. gﬁ@}%ﬁ'ﬂ'@ § with ett aribl %ﬁéw"s%bt‘%#fg g@" flabid
PCT/ US96/ 16823  Hydrogenate the resultlng mixture on a Parr shaker at 6@ psi until TLC
ﬁma5( é[H tj H[7 B ] HEP0% EtQAcHexands &dtSEKeBldonﬁi)mpﬁm stARinganatedial (H?hAdd

err err

boron trichlori de%ﬂ'ﬁnmf’g‘aﬁf‘ﬁ% Wd}géﬁ% of E‘ﬁ’l Wgér?fne%lter
CH efr]d[er r] ) teake ﬁpt‘/eEst oband consentrate the quraSea@gwermsﬁsp 5
(1.56 g, 5 2.83 Mﬁaeolﬂ'i[mﬁ @obavinz, ¢§C|g50(ﬁheﬂ , JR80(HH o

Et CAc/ hexane) n ng material, quench the
reaction by the 730( ftqegﬁgglf ah&%’r 0 ‘ Dilute the resulting
m xture with H OAStepd:s Pissolve theiprodudh dEsBp(2(8.49 g;ﬁﬁalmmel.) andy-over

PP AGS Eazﬁm% oxy ’%"E‘Q?’?S"toa 47% Syt 'ﬁ”d‘% phépariph 50 Nt
ok &g Allow e IeRRZPRET 19, SBeAPEITL

col um prepacked
sol vent to obt ai nallo(lnne of 75 mlL {s/aSthined. Dilute the rgsuiting solmmm MHz,

?D%E ngr ] 21 Z 53( fi 6997(2 ??ﬁ;aﬂ allow to st%gd gmﬁ&* C@é?\( reé%lt aht /- 6 HZ)
Hz), 6.85(2H, 1%, 999 bexangs and dey un QVacqlE‘) to giv 51(41449
2. ﬁS((er:-ldet ( OJ 4:7% Goﬂvhlte i:ry&ﬂa(lé.l-NMB (400 MBZ3COCIE). 8.36(1H, sﬁtkﬂ@H Al acfet |t ﬁe
Spoéuct of step 2‘7 sﬂ%ﬁlmwbé(gwm’w‘@r ?qg?c!" s) 4 0&%@&%& aﬁwn opy l di ne
(0.69 g, 5.64 moPpS{3P) 190)( 20 ). Wien TLC (30% Et OAc/ hexanes)
i ndi cat es consunpStem4ofAdd S-phemgvaleryl chioride (10.7 mL, 53.1 mmol) to a refluxing
20 solution of the product of step 3 (15.4 g, 35.4 mmol) and n-tributylamine
(25.3 mL, 106.3 mmol) in toluene (350 mL) and reflux overnight. Cool
the mixture to room temperature, quench with 1 M HCI, dilute with
EtOAc, wash with 1M HCI, NaHCOs (sat), water and brine, dry over
anhydrous NaxSO4 and concentrate onto enough silica gel such that a
25 free flowing powder results. Load the powder onto a chromatography
column prepacked with 20% EtOAc/hexanes and elute with the same
solvent to obtain 14 g of a solid. Recrystallize from EtOAc/hexanes to
obtain 8.54 g (40%) of white crystals. NMR (400 MHz, CDClg):
*7.30{21H, m), 6.94(2H, d, J=8.6 Hz), 5.03(2H, ), 4.54(1H, d, J=2.4 Hz),
30 4.01(4H, s), 3.07(1H, s), 2.63(2H, t, J=7.0 Hz), 1.92(1H, m), 1.81(3H, m).
Step §: Add 6N HCI (30 mL) to a solution of the product of step 4 (4.4 g,
7.4 mmol) in THF (120 mL). After 7h, dilute with EtOAc, wash with
NaHCOg (sat) and brine, dry over anhydrous NapSO4 and concentrate
to give 4.11 g (100%) of a white glass. NMR (400 MHz, CDClj):
35 7.72(4H, m), 7.55(1H, m), 7.40(8H, m), 7.27(3H, m), 7.18(3H, m),
6.98(2H, d, J=8.8 H2), 5.05{2H, s}, 4.65(1H, d, J=2.44 Hz2), 3.16(1H, m),



20 c material, dilute with EtQAc, wash with 1 MHCI, water and brine, dry

over anhydrous Na2SO4 and _concentrate onto enough silica gel such
that a free fl ow ng powder results. Load the powder onto a

¢hromat ogr aphy col um prepacked with 30% Et OAc/ hexanes and elute with
t he sane solvent to obtain 1.64 g (78% of a white glass. Chiral
preparati ve wiPeTB68% (Chiracel OD col utm, 20% Et OH hexanes PCHUSH16823N)
provided 0.55 g of enantioner A and 0.93 g of enantionmer B. NVR (400
MHz, CDCl 3): 7.73(4H, nm), 7.56(1 H-28, J=7.2 Hz), 7.46(2H t, J=7.7
Hz), 7.32(6H, m), 7.19(3H, m, 7. 12(2H d, J=8.4 Hz), 4.70(1 H, d,
J=2.44 Hz), 3.17(1 H m, 267(2H t, J=7.6 Hz), 2.31(3H, s),

1.97(1H, , 1.86 30 504(MH, 100 224(100 Anal vyt |
TPLe (Chi 1 hsel CRBHAILT GY), 1.98{1than  BB(aH, ). HRMS(FAB) Shie sor A Rt =1

66889? n, Enggtlm CagHaaNO3: 56228348 Jouhd 552.2541. Step 8: Dissolve LIhOH
g)roduct gof st ep%gﬁdﬁi% E&P@r@?d&ﬂ%}@%ﬁ?& (14, ’H‘-%W‘ ?R'gm?ﬂ;a
Stir overni ght uGHeClgytwasoomremperatuse-solution ofthe artwct of stepéo(ﬂmt i on of

starting mategi a n | WO 97/ 16455
Start |99 LY | 2283 hhRl)IR OHYCI; GFmLR"WHeh'TLC (0% EtOAchexane)

dilute with et oADdiGRIRS.consumPtioyofstarting, material, augnch the 5?%7’%89@9' the
anhydr ous Na2SO4addition oﬁNaHQQn(eaﬁ.nDﬂMegasmilng mixturel withi EtOAS) awash

free flown o] raph

colum pr epackec i e ﬁ?ag&ﬂ?‘ﬂbﬁ“ Wwﬁ“’“ﬁ?@“@ﬁ? PoRafd 2P

sol vent to obt ai ?P'U’eﬁfa ?'38%"%9“ SB‘F’!&!{@‘ aArpg flowing ponder
(Chiracel A30 ZOmEltﬂ-lLbad Mpowﬁeﬁontb/nmbma&t )Bdolmnn prépactked (400

oy, 7 sa(on  u Wih 38 EIORYYe %%?9%3‘“ n?sg' yanePiaedin 167 °
Hz) . 6.85(2H, d,9§Z8%)otp white glass; NMR{400 MHz Gi)GIs): 7.73(¢hl, m), ?rﬁéﬁi" ,65( 2H,
10 t, J=7.4 Hz)t, 7Jsaﬁxr45(2H)t.J=“-.785(z3W3ﬂzH d, J=8.6 Hz), 7.28(3H, m),

(25,111 acd SRLTN AT A5, fiopa i aes(ik 4

(2.3.4-tri-0Oac 0%5
trichl or oacetd méﬁﬁé 3 15(1H AEH, tsf=%-6 L98(1H, m)4b85(3H, m). mol ) to

g g 02 m t err;g}er at u&pgpl Add aitetid anHﬁindGT\‘D aglmL, 4.51 mmol) to a room
trichl E); Bace?gﬁf%h%%%%ﬁggﬁg?ﬁ'ﬁﬂﬁf?#béw %‘ggr'rﬁ Oi)ﬂn‘g stir
N,N-dimethylaminiopyridine {0.69 g, 5.64 mmol} in HzCIz (20 mL).
When TLC (30% EtOAc/hexanes) indicates consumption of starting

20 material, dilute with EtOAc, wash with 1M HCI, water and brine, dry over
anhydrous Naz2S0O4 and concentrate onto enough silica gel such that a
free fiowing powder results. Load the powder onto a chromatography
column prepacked with 30% EtOAc/hexanes and elute with the same
solvent to obtain 1.64 g (78%) of a white glass. Chiral preparative HPLC

25 (Chiracel OD column, 20% EtOH/hexanes, 65 mL/min) provided 0.55 g
of enantiomer A and 0.93 g of enantiomer B. NMR (400 MHz, CDClg):
7.73(4H, m), 7.56(1H, t, J=7.2 H2), 7.46(2H, t, J=7.7 Hz), 7.32(6H, m),
7.19(3H, m), 7.12(2H, d, J=8.4 Hz), 4.70(1H, d, J=2.44 Hz), 3.17(1H, m)},
2.67(2H, t, J=7.6 Hz), 2.31(3H, s), 1.87(1H, m), 1.86(3H, m). MS(CI)

30 504(M+H, 100), 224(100). Analytical HPLC (Chiracel OD, 20% EtOH/
hexanes, 1.0 mL/min) Enantiomer A, Rt=16.83 min, Enantiomer B,
Rt=23.83 min.

Step 8: Dissolve LiOH (0.098 g, 2.35 mmol) in water (2.5 mL) and add
to a solution the product of step 7, enantiomer B (0.91 g, 1.8 mmol) in

35 THF (7.5 ml). Stir overnight until TLC(30% EtOAc/hexanes) indicates
consumption of starting materials. Quench the reaction with 1 M HCI,



overnight. Filter the resulting brown solution through a cotton plug,
washed the filtrate with water, dry over anhydrous Na2SO4 and

concentrate. Dissolve the residue in Et OAc and concentrate onto 20 enough
silica such that a free flowi ng powler is obtained. Load the

resul ting powder onto a chromat ography col um packed with 30%

Et OAc/ hexaneWOR/I6#% with t he sane sol vent and take only t hECTUSARER3
fractions to obtain 4.35 g (61% ) of the title conpound as a glass. NWR
(400 MHz, CDCl[err]): 8. 74(1H, s), 6.65(1H24d, J=3.7 Hz), 5.64(1H t, J=9.8
25 Hz), 5.27(1 H, t, J=9.5 Hz), 5.15(1 H, dd, J=3.6, 10 Hz), 4.50(1 H, d,

J=10.1 Hz), 3.76(3H, s), 2.06(6H, s), 2.02(3H, s). I n
gos' mlar manner B8 lﬁ\EtOAc, wash with 1 M HCI, water and brine, dry ove Prepar ation B2
2.3.6-Tri-0O acet yanhydm(ls Na2805- and cona@nirata gitoBrdugh silica\geh susty thata- D-

gl ucopyranosyl 1-¢ge bﬁ&ér%@ﬁﬁé‘t L&&G‘ der onto %’%r&&g%d%hy
CDCl[err]): 8.66(1 J=10
. oo e ot ok 0 oAtk i o e

J=4.2, 12.6 st, solv8hi2 ko obfain aaasgm%wamghsszAaamgcal BPBG(1 H 't
oalan o)) i a0k R i asl,%%@;.eeq%w NOR
97/ 16455 (400 MHz, UC|3) 7.77(4H, m),753(1H t, J=7.6 Hz), )745(2H t,J-76

PCT/ US96/ 16823  Hz), 7.34(2H, d, J=8.6 Hz), 7.28%5; m), 7.21(3H, m), 7.16{2H, d, J=7

Preparation B3 uz). 6.85(2H, d, J=8.4 H) 4. B5(1H, (0 A3 Y518 1B, %ﬁ%ﬁéﬁ”os

1-(2.2. 2. -
(400 Mz, cDCIPer t)J=7.-8Hz, 108(1Hs), 68SBHIMY d, J=3.8 Hz), 5.57(1 H, t,
5 J=9.8 Hz), 5.19(1H, t, J=9.8 Hz) @,wmoﬁdg J=3.7, 10.2 Hz), 4.29(1H,
dd, J=4, 12.2 Hz), 4.2 ) ., 3 3 2 s),
2.04(3H, s), 2.03(3H, SH :
Exanple 1 1 O[4[Trans ( 3trichiorogcetimidate)
fl(4 fl ugr oplh)enyl ) - 2- OXAdaﬂ 4‘9’ rPBBhéﬁ‘lPl 16’Da room temperature solution of o
uor opneny el a- acl ep

1. 2,3, 4-Tri- i‘?‘%ﬂ‘ 8¢ 'd"[" §3§lg % ”% Flﬂ‘%'gﬁnﬁ (4-
f1 uor ophenyl ) pr opWCMOroemtonm]e Mérml)3&4molllm€kb0& ﬁﬁl mbheand $tiBet a-
D- gl ucopyr anur oni gvafiight "Filtd!thé Péstilting brown solution through a cotton plug,

washed the filtrate with water, dry over anhydrous NaSO4 and

concentrate. Dissolve the residue in EtOAc and concentrate onto

20 enough silica such that a free flowing powder is obtained. Load the

resulting powder onto a chromatography column packed with 30%

EtOAc/hexanes. Elute with the same solvent and take only the cleanest

fractions to obtain 4.35 g {(61%) of the title compound as a glass. NMR

(400 MHz, CDClg): 8.74(1H, s), 6.65(1H, d, J=3.7 Hz), 5.64(1H, t, J=9.8

25 Hz), 5.27(1H, t, J=9.5 H2), 5.15(1H, dd, J=3.6, 10 Hz), 4.50(1H, d, J=10.1
H2), 3.76(3H, s), 2.06(6H, s), 2.02(3H, s).

In a similar manner prepare:
Preparation B2

30

NMR (400 MHz, CDClg): 8.66(1H, s), 6.49(1H, d, J=3.7 Hz), 5.53(1H, 1,
J=10 Hz), 5.12(3H, m), 4.94(1H, t, J=8.2 Hz), 4.53(2H, m), 4.40(1H, dd,
J=4.2, 12.6 Hz), 4.12(2H, m), 4.05(1H, dd, J=2.1, 12.5 Hz), 3.85(1H. 1,

35 J=0.4 Hz), 3.67(1H, m), 2.12(3H, s), 2.10(3H, s), 2.05(3H, s), 2.04(3H, s},
2.02(3H, s), 2.01(3H, s), 2.00(3H, s).



Add «boron trifluoride etherate (0.091 nL, 0.74 mmol) to a -25 C 15
solution of the product of Preparation A (3.33 g, 7 38 mmol) and
Preparation B (4.24 g, 8.86 mml) in CHerr]C[err] (74 nL) and maintain

the- reaction at -20 C for 2h. Allow the reaction to warmto 10 C over
2h. Quench the m xture with saturated NH4Cl, dilute wth Et QAc, wash
W th sWQe7a6es8 NHACI, water and brine, dry over anhydecrmusssagEg®! and

20 concentrate onto enough silica such that a free flow ng powder is

obt ai ned. Load the resulting powder onto asghr omat ography col um

packed with 40% Et OAc/ hexanes. Elute with the same solvent to obtain

5.39 g (95% as a foam NMR (400 MHz, CDCl[err]): 7.26(4H m, 7.21 (2H,

m, 7.01 (4H, m, 6.93(2H t, J=8.4 Hz) 5.69(1 H, t, J=6.7 Hz), 5.34(2H,

25 m, 5.29(1H m, 5.15(1 H, d, J= Wrapupgion ml H d, J=2.1 Hz), 4.17(1
H, . M, 3.73(3H s),2.848Tdtrsl0-5 " 614H, m, 1
.85(2H, m. HRVS ( FAB): F ol i derr]Flerr],
768. 2468; found 768. 2460. 2l IMe$d| ve the product of Step

1 (5.08 g, 6.98 nMB (400 MHan 870(1H, msvumu 038 Hi) 5 87IH,

t t hyl Et dd
42 LD 7€ 1 g o G101
maintain a hom)ge ia.J'E'F)oﬂ 22( Hdm) 4. Ta(ﬂHem)-e%Q%afhg)-206(3Hc$kar yel | ow
sol ution over ni gBi04(3M,es)cD.03(3Hy)) MB(Elscviosprayy: tmggﬂam-hpn m xture

in avial containing 1 MHC and Et OA\CW consunption of the
starting material b TLC 5% acetlc aci c)/20% CH[err]O—V?S%
CHerr]C[err]) of th&ldstiqa X G rTiIOF ) NYEIoX)

WO 97/ 16455 10  - rophen ropvill-4-azetidi

MEC, dilute 31&%‘3‘?%‘% Effatptia; Gk

extracts, wash wi ﬂleTQPMNYI)PVOPY'HEI“"ﬂmPhemﬁzmpf*@ﬂd@nﬂWnﬂﬂﬂmﬂUS
Na2SO4 and concennrgm@ﬁyea,ﬁ,mmc acldiﬂéll’i esferi d 3 82 ¢ (93% Di ssol ve the

2t ree 11 ow ng powder A4 BRER R ryecéhem(o oot oTAMANG 4 ERIZ ont o a
chr omat ogr apHp c osalutiorpaitie groduch of PreéparationdA (3.33 g, 7.385%mol) and

CH| er r] OH CH[ er r ] Sieparation EL(#‘EQ IQ"”Btéb rﬁl{‘idflﬁﬁ‘c(é #%%ﬁ'[ g}aﬂ{ﬁg ﬁ]aé" e o

CHerr]C[err]. C%BPcn ethe
conpound, azeot r JFACHON &t~ V\Alﬂwt ?M°('39()"agﬂd°t1ﬁe% Qvarehy | OH
(5X). Heat the rcQuencmthesuixture withGsitaratddNH4CI) dilutedsith EtOAR) wash wigiove any

residual sol vent guigratéd NHACI,Watbl bhé brine, dry over anhydrous NapSO4 and

20 concentrate onto enough silica such that a free flowing powder is
obtained. Load the resulting powder onto a chromatography column
packed with 40% EtOAc/hexanes. Elute with the same solvent to obtain
5.39 g (95%) as a foam. NMR (400 MHz, CDClg): 7.26(4H, m), 7.21(2H,
mj), 7.01 (4H, m), 6.93(2H, t, J=8.4 Hz), 5.69(1H, t, J= 6.7 Hz), 5.34(2H,

25 m), 5.29(1H, m), 5.15(1H, d, J=7.2 Hz), 4.56(1H, d, J=2.1 Hz), 4.17(1H,
m), 3.73(3H, s), 3.02(1H, dt, J=7.6, 2.3 Hz), 2.07(14H, m), 1.85(2H, m).
HRMS (FAB): calcd. for M+H: C3gH4gNO13F2, 768.2468; found
768.2460. . .
Step 2: Dissolve the product of Step 1 (5.08 g, 6.98 mmol) in a mixture

30 of CH3OH (127 mL) and triethylamine {Et3N) (127 mL) at room
temperature. Slowly add water (445 mL) via an addition funnel over 10
min in order to maintain a homogeneous solution, then stir the resulting
clear yellow solution over night. Quench a small aliquot of the reaction
mixture in a vial containing 1 M HCI and EtOAc and monitor

35  consumption of the starting material by TLC (5% acetic acid (HOAc)/20%
CH30H/75% CH2Clz) of the EtOAC layer. Remove the CH3OH and EtaN




conpound as a white solid 2.6 ¢ ( 649 . NVR (400 MHz, CD[err] OD):

7. 29(6H m, 7.09(1 H d, J=8.6 Hz), 6.70(4H, m, 4.96(1 H m, 4.80(1H, d,
J=2.0 Hz), 4.59(1 H, ), 3.97(1 H, d, J=9.6 Hz), 3.59(1 H, n), 3.49(2H,
.,n),; 3.09(1 H m, 1 .86(4H m. HRVS (FAB): calcd. for MtH:
Cerr]Herr]NgJerr]Flerr] 15 586.1889; found 586. 1883.

Exanpl e 1A WO 97/16455 PCT/US96/16823

1-O[4-[Trans- (3R 4S) - 1- (4-1 odophenyl ) - 2-ox0-3-[ 3-[ (S) - hydr oxy- 4-

fl uorophenyl propyl ]]-4-azetidi nyl ] phenyl ] -&6ta- D- gl ucuronic acid
Treat 1-(4-iodophenyl)-3(R)-[3(S)-acetyloxy-3-(4-fluorophenyl)- 20
propyl)]-4(S)- (4-hydroxyoxyphenyl)-2-azetidi none and the product of
Preparation B according to the procedure described in Exanple 1 to
obtain the title 88 .evapgratar gcidify the remgining S@M@ndﬂlﬂbm HCI, dilute

CEC[X err } Hl gr r]Fl NO[ ith]EtDAG andl éxtract with EYOAE 0 Coehbifie the e¥drhcts, wash with 1M
anpl e

H wate gng bngF o) ran?ygg?gsé\l § RONREHY; te toa
10T o (1 ane-(orlEhviet SR AV i NSty

Bet a- D- gl ucopys aneﬁﬁ enough silical ﬁR:h]%hat a free flowin powder is obtained. Load the
2,3,6-Tri - Oacetyl tetra- O

pyranosyl) 1- 0[4 mép?"é‘ﬂ?f tog ?‘?ﬁéﬁx 5939"@ R%%deﬂvbﬂh%w? 30
propyl - 1- (4-fl uor dbﬂieﬁylapl'lleleIzl Em with 1546 }@MAW%-%@HBQ}L GHafilz.an
Using a procedur ec%hﬂ?ﬁﬁ‘étettﬁe maﬁoﬁkeéé‘r&g;hﬁ-g th8 1ilig 2o/ &kifirobe first

[ e conpound of Wadpiuens (RS aixhthen EHQHABKE, Flf's:"ﬁ‘wBr%g%l%q?bhﬁ& lo b

6.97(6H m, 15069(1ihdbf vacuuth to removebariitfesidual solventdant obtain the 1itlé( 4H m,
35 4.95(1H, t,.J= H,

4. 06( 2H( "o "Hﬁ?'%?? @&31!392 %) %ﬁ (#@0% {P

3 02(1H dt, J=2. 7:29(6H;m 79&(‘9‘7#16%1%9 Hz), $70(4H ), 4.98(1H, m).480(1H. ;
PCT/ US96/ 16823 J=2.0 Hz), 4.59(1H, m), 3.97(1H, d, J=0.6 Hz), 3.59(1H, n)73.49(2H, m), 7.6

cler Ter 1 g or AR A Bl R AR oA s M oot

Using a proced ri'lqaﬁr tound B86.1883¢r i bed i n Exanple 1, Step 2
treat the product of Step 1, above, toEBximple tie title corrpound of 5

?8&“(”4& 2'”) NNE (9:’51(()(])_ J:l;‘ l:l?:ul-*,;;‘-i:g.& i‘-\r;.;'.'.. )= Z {o' - '11 is! o)\ -4-%
rr), 4. 43(1 H d, J=7igompnenyiipropyi-4-agetignyipheny!i-bpta-2-giu NG agld J-=
Treat 1-(4-iodophenyl)-3(H)-[3(S)-acetyloxy-3-(4-fluorophenyl)-
20 propyl)}-4(S)-(4-hydroxyoxyphenyl)-2-azetidinone and the product of
Preparation B according to the procedure described in Example 1 to
obtain the title compound. M.p. 135-137 °C; FAB MS caic'd for
CapHagFINOg NaCl m/z = 7561.05, found m/z = 751.2.
Example 2
25 -0-[4- - -1- -2-0X0Q- = -

H1
.9

Step 1: 2,3,6-Tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-B-D-gluco-
pyranosyl)-1-O-[4-{trans-(3R,4S)-3-[3(S)-acetyloxy-3-(4-fluorophenyl)-

30 propyl-1-(4-fluorophenyl)-2-oxo-4-azetidinyljphenyl]-Beta-D-glucopyran

Using a procedure similar to that described in Example 1, Step 1,

combine the product of Preparation A and Preparation B2 to obtain the
title compound of Step 1. NMR (400 MHz, CDClg): 7.23(6H, m),
6.97(6H, m), 5.69(1H, t, 6.6 Hz), 5.26(1H, t, J=9.1 Hz), 5.11(4H, m},

35 4.95(1H, t, J=8.2 Hz), 4.54(3H, m), 4.39(1H, dd, J=4.3, 12.5 Hz), 4.06(2H,
m), 3.87(1H, t, J=0.5 Hz), 3.75(1H, m), 3.68(1H, m), 3.02(1H, dt, J=2.1,



Hz) . 3:34(2H, n), 3.24(1H, t, J=8.8 Hz), 3.08(1H, n), 1.88(7H, n).
V5. (FAB): 756 (MtNa, 70), 734(Mr,_ 100). 716(716. 20), 1 0O

Exanmpl e 3 1-0-[4-[Trans- (3R, 4S)-3-[ 3(S) - hyr oxy-3
-t 4-*f | uor ophenyl ) pr opyl - 1- ( 4-
f I uor ophenyl - 2- oxo- 4- azeti di nyl ] phenyl ] - Bet a- D- gl ucopyr anose + Step

1.0 2,3,4,6-wosmdsncetyl -1-0-[4-[trans- (3R 4S) - 3-[ 3( S) - ac eCYUISK/16823
3-(4-fluorophenyl)propyl-1 -(4-fluorophenyl)-2-o0xo-4-azetidinyl]phenyl]-

15 Beta-D-gl ucopyran Usi ng a_gfocedure sinmlar to that

described in Exanple 1, Step 1, conbi ne the product of Preparation A
and Preparation B3 to obtain the title conpound of Step 1. NWVR (400
MHz, CDCl[err]): 7.26(4H, m, 7.20 (2H, m, 7.01(4H, m, 6.93(2H t,

J=8.5 HZ)’dS' 69( 1H.6HHz),12:05{26H; ), ﬁssgzl-zcm) (HRMSH(FAB): dalttdlfMMt-Na.c]id .7 Hz),
5.09(1 H d, J=7. 29(1 H J=5. 2,
12. 2(Hz) 4. 17(1H%%57Nb$ﬁ%§w° 3 ﬁ_q.qugd 13925%13 (1 ( 03(1 H,
dt, J=2.1, 7.5 Hz 6¥8ing;a prpcedurg simian to that daserbed in Exar(lnﬂﬁg) SteRil cd.

for . MrNa: Jerr] H[aaltla]al\meeprOhEi:t&JﬂStéﬁﬂ Mﬁ%ﬁff’ﬂhédﬂﬁ%ﬂ%&ﬁd of

Step 2: Usin gw I 25

2, !toreat thegproduc 6gfst‘"{xﬁ‘(%%ove Iq'ﬁdadtg‘t a?%@ﬁﬁ)tlﬁpg@%'ﬁ#ﬁ

Exanpl e 3. NVR (4060N4H, @ﬁﬂ*@u})ﬂdev%gm 4.81(1H, d, U212 Ha), 460411,

(Hﬁ_l %98&4?8(“_' %Mgggd% :msis% %s@@;t/;g 361 ﬂl-fzﬂ §=8@ g 2(1)
3 ’

3H m. 3.08(1 H gl Eé{’ 1 00). 30

(Exarrpl e 4 ( q(;%(wm . 7 g&(m, 100), 716(716, 20). ( )

-(4-fluorophenpl) - 2 oxo 3 [ 3- r[(S) hydrg*g

f | uor ophenyl ) propyl A ‘ |

nmet hyl ester
t emrper at ure sol uti on HforaEne

0.43 mmol) in CH 48 4r§-i’etra-0 pi-ﬁ-[‘[t%@ (ﬁh S cBt f&y
'\P/DC.T.} tugg 6/b Y 623-'5?? (1% orop]':enyl)perylﬁﬁzomphenyl)-&oxo ?%afjédzgyél]phenyll

heat the m xt dbe tBetad-ghucopyranor 2.5 h. Cool the mixture to room

tenperature, concentr aﬁ% '@e?’rw@s'ﬁhu \,\fﬂtg?wagfértb%h 'ﬁ ﬁﬁ’lé Hogtdbg‘

powder is obtained. ogra
col uim packed wi t (¢85 '“% the.praduct, o G‘P 4 Prapagation B\"EF‘U?'@!&&JQ‘# 5%

title compound of Step 1. NMR (400 MHz, CDCl3): 7.26(4H, m), 7.20
(2H, m), 7.01(4H, m), 6.93(2H, t, J=8.5 Hz), 5.69(1H, t, J=6.5 Hz), 5.29
20 (2H, m), 5.18(1H, t, J=98.7 Hz), 5.09(1H, d, J=7.3 H2), 4.56(1H, d, J=2.2
Hz), 4.29(1H, dd, J=5.2, 12.2 Hz), 4.17(1H, dd, J=2.2 Hz, 12.2 Hz), 3,85
(1H, m), 3.03(1H, dt, J=2.1, 7.5 Hz2), 2.06(17H, m), 1.85 (2H, m). HRMS
(FAB): caled. for M+Na: C4oH41NO13F2Na, 804.2444, found 804.2432.
Step 2: Using a procedure similar to that described in Example 1, Step
25 2, treat the product of Step 1, above, to obtain the title compound of
Example 3. NMR (400 MHz, CD3OD): 7.29(6H, m), 7.11(2H, d, J=8.8
Hz), 6.98(4H, m), 4.89(1H, under CD3OD), 4.80(1H, d, J=2.2 Hz), 4.60
(1H, m), 3.88(1H, dd, J=2.0, 12.0 Hz), 3.68(1H, dd, J=5.4, 12.0 Hz), 3.41
(3H, m), 3.08(1H, m), 1.86(4H, m). MS (FAB): 572 (M+H, 40), 392(100).
30 Exampla 4

Add KCN (0.028 g, 0.43 mmol) to a room temperature solution of
35 the product of Example 1, Step 1, (0.312 g, 0.43 mmol) in CHzOH (5 mL)
and stir the mixture ovemight. Monitor by TLC (10% CHaOH/CH2Cly);



o2 CHerr]OH CHerr]Cl[err] and collect the purest fractions to obtain

0.116 g of the - title compound. NWMR (400 MHz, CDCl[err]/CD err]QD):
7.16(6H, m, 6.95(4H, m, 6.86(2H t, J=8.6 Hz), 4.83(1 H d, J=7.6
Hz);, 4.56(1H, t, J=6.3 Hz), 4.55(1 H, d, J=2.1 Hz), 3.90(1 H, d,
J=9.8 Hz), 3.73(3H, s), 3.67(1H t, J=9.1 Hz), 3. 51‘%" %i 3. 46(1
H t, J=9.2 WRPIN@SVO(1H, s), 2.98(1 H m, 10 1 .80(4H n Y FAB) :
calcd. for MtH. Cerr] Herr]NJerr]F[err], 600.2045; f ound

600. 2049. -28- Exanpl e 5 1 -

O-[4-[Trans- (3R 45)-1 - (4-nmet hoxypheny) -2-oxo-3-(3-phenyl)propyl]-
4-azetidi nyl ] phenyl ] Bet a Dgl ucuronic acid nethyl ester 15 Step 1:

2,3,4-T O tyl - T S) - 3- (S tyl 3-
(4-f1 uo: I()pheﬁ)(;le) d et ‘@Eﬁ@%h) égﬁb{b@ fﬁm&!eaceﬁgmwoxyl ] phenyl ] -
?reit gh <E,>n 3: g ﬁg E%L ?rmmpuramm; wﬂnur;ﬂ'qtb ontd enough silica such that Adre flowing
%0110( a_zodi cg&b(() % p| per é&n% tﬁe }ﬁygzgm;:&o#ﬁbb?@m%:p;k ter

mn, a x yEl -
ghgny ItOr Op}g ) 52t BGHhDﬂvcﬁgela(ﬁd?ctﬂecﬂhﬁ%m fdactidne toooitaink0, 1 wpfbﬂthe

ri ace

T xture o varm { ISR m&m&g@w@@@ Bl GH5H
onto enough sili c® sﬁ;@ﬂ2l'hhtJ=§eH§h4f83dW Js2\Gdz), #:56§ il d=6l3 Ha)ad t he
25 resulting powsigs m]td;).lazqm namwnmm-swmmsmm%)msmml ica and
30% Et CAc/ h 0.198
of mater Fal e\m.ngff’. S Hﬁ't%i Qé%ﬁ‘a?& %e%gpg%_%ﬁaﬁ g&ﬂ(
el uting with180% tﬂp&ﬂ,]nm/nﬂ@ (FAB); calcd. fooMsJ-bﬂadsaﬁleiﬂz gsootzmse title
conpound of Step fhundiddo(zhys Mz, CDCI [err]): 7.27(4H, m, 7.17(5H, 30

m, 6.98(2H, J=8.5 Hz), 6.77(2H, , 5. H g 5.13(1H, d, J=7.3 Hz),
4.56(1 H, d, J 1.9 Hz), 4. 17(1H r’r) gﬁﬂ('!! ¢ 3 73(3H s) 3. O4(1H n,
2.64(2H, t, 4-Trd , I i

(FAB) : cal cd.
Step 2. Usin
35 of Step 1

7.27(4H, m, 7. 17((45|H,|orophermmwﬂ-1 -Gh&eﬁrdatybhe@lﬂﬂ(o&w-éz@udmymhanyﬂ-
V2 gy SOt -ghucobprartinsfid ack ety Betgh =18 FO). 398(1H d,
- ’ Add triphenylphosphine (0.19 g, 0.72 mmol) to a 0 °C solution of
1,1'-(azodicarbonyl)dipiperdine (0.18 g, 0.72 mmol) in THF (3 mL). After
20 10 min, add (3R,4S)-4-(4-hydroxyphenyl)-1-(4-methoxyphenyl)-3-(3-
phenylpropyl)-2-azetidinone (0.2 g, 0.52 mmol), foliowed by methyl-
2,3,4-tri-O-acetyl-D-glucopyranuronate (0.21 g, 0.62 mmol). Allow the
mixture to warm to room temperature ovemight. Concentrate the mixture
onto enough silica such that a free flowing powder is obtained. Load the
25 resulting powder onto a chromatography column packed with silica and
30% EtOAc/hexanes. Elute with 30-60% EtOAc/hexanes to obtain
0.198 g of material which is further purified by silica chromatography
eluting with 20% CH3OH/CH2Cl2 to provide 0.074 g of the title
* compound of Step 1. NMR (400 MHz, CDClg): 7.27(4H, m), 7.17(5H,
30 m), 6.98(2H, J=8.5 Hz), 6.77(2H, m), 5.30(3H, m), 5.13(1H, d, J=7.3 H2),
4.56(1H, d, J=1.9 Hz), 4.17(1H, m}, 3.74(3H, s), 3.73(3H, s), 3.04(1H, m),
2.64(2H, t, J=7.6 Hz), 2.05(9H, m), 1.97(1H, m), 1.82(3H, m). HRMS
(FAB): calcd. for M+H: C3gH42NO12 704.2707; found 704.2696.
Step 2: Using a procedure similar to that of Example 4, treat the product
35 of Step 1 to obtain the title compound. NMR (400 MHz, CDClg):
7.27(4H, m), 7.17(5H, m), 7.04(2H, J=8.6 Hz), 6.75(2H, J=0.1 Hz),

(o]




3.88(r H t, J=8.6 Hz), 3.76(8H nm, 3.03(1 H m, 2.63(2H, t, J=6.7 Hz),
1.95(1 H m, 1.81 (3H m). HRVE (FAB): calcd for MH
derrTHerr|NJerr], 578.2390; found 578.2379. 5

Exanmpl e 6 1 -0O[4-[Trans-(3R 4S)-1

- (4- (benzoyl ) phenyl) - 2- oxo- 3- (3- phenyl ) propyl | -

4-azeti di nyl nthensiss- Bet a- D- gl ucuroni c acid nethyl ester PCT/UDGA682Y .
2,3,4-Tri-Oacetyl-1 -O[4-[Trans- (3R, 4S)-1 -(4- (benzoyl)phenyl) -

2- 0X0- 3- ( 3- phenyl ) propyl ] -4-azetidi nyl ] phepgd | - Bet a- D- gl ucuronic acid 10
met hyl ester: In a simlar manner to Exanple 5, Step 1, treat
(3R 4S)-1 -(4-

b | phenyl ) - 4- ( 4- hyd henyl ) henyl tid
and ot hyt -5, % 4 4 B0 e «ﬁé‘zy)gmeﬁwﬁdéﬁ‘éﬁ{)ige@?mtiﬁiswf.”ﬁ e
conpound of Stepé MR (SH6 réhs(m géldS(ZHt.Esé'? t, 15

o Oy gl ot ol g e Mot iy 7 3°

Hz), 4.67(1 H, d, 578:2390;HiQundB7B237%:, dd, J=2.7, 6.7 Hz), 3.73(3H, s),
3.14 (Lgh m, 2.66(2H t, J=7. 4#%%%6(9H m, 1. 98(1 H M,
. or ,

1. 85( 3H, .
778.2864: found 73k
Exampl e 4, treat the 's;ﬂ pidi

9'.N§6E‘1‘°ﬂ i %] é‘? S, .aze&?ﬁ?é'{4.?v.§9g3§ﬁ'4@_1g¢43®?§ q@hﬁ%m 1H,

7 1238 -Pbe'wl)@fq'w]°4-a2°"dlﬂw|] !U#B‘GAP -Dyglyouronis acid 93( 1H,
Hz) 104, Gy jesurleHz) 25 3.99(1H, d, J=9.8 Hz), 3.88(1H,
Hz

),
)
3. 81(3H, 4 460 2H, t,
, )1 98( 1 |(4 r&i’"@i@éﬁ Exgrpple 5. Stel fﬂk%at%ﬁ ash ol L
] N[ erbgnzay ema74'(+bmrexmprwz%(3-phenvlpropyl)-z-azetldmone
npl e 7 landmieftyl203)3-t6i-0Radély r-m-glucop%anuronaie to obtain the titie

(i i) bhanyl E@%@ o MRz Cod; 770, m). 75700,
-O [ 4-[Trans- 1(-'SR 0 Hz),(%: mbx’iﬂfbﬂﬂ .30(6omB 7(%'1("'l d, J=7.1 Hz), 7.16
Bhelnﬁlcgr ogg'ﬂésg a4, idr U8 Ol e70h {21, cBJéaﬁ HZ)e5.39(3H, ) s s mtdudgy -Pet ?) o
a g C sg%/ut i on 35 2)014 617(1H ? %c#]'é'%i' ﬂ%ﬁ'd&% .%grf(;l%néﬁ(§§4ﬁ(?-l ‘?) él%l )
in THE (30 nL). (1H, mpREB6(2H, t=7.4 HehR.06(9H, m), 1.98(1H, m), 1.85
é ?é_Fr%/ 6%6711% g hy dr QRIS (FAB): caicd Aof MR 04 PIEND. b, P78.2864; founa\@ﬁash§455
?2% Step 2: Using a procedure similar to that of Example 4, t?eat the product
of Step 1 to obtain the title compound. NMR (400 MHz, CDCly):
7.72(2H, overlapping d, J=8.6, 7.6 Hz), 7.56(1H, t, J=7.6 Hz), 7.45(2H, t,
J=7.7 Hz), 7.30(6H, m), 7.20(1H, d, J=7.0 Hz), 7.16(2H, d, J=7.6 H2),
7.08(2H, d, J=8.6 Hz), 4.93(1H, d, J=7.0 Hz), 4.67(1H, dd, J=2.1 Hz),
25 3.99(1H, d, J=9.8 Hz), 3.88(1H, t, J=8.6 Hz), 3.81(3H, s), 3.73(2H, m),
3.14(1H, m), 2.65(2H, t, J=7.6 Hz), 1.98(1H, m), 1.84(3H, m). HRMS
(FAB): calcd. for M+H: C3gHagNOg, 652.2547; found 652.2528.
Example 7

[ SR SR
:mnuu
L
—

©ONN
Emoo

(‘Dv

30

Step 1: 1-O-[4-[Trans-(3R,48)-1-(4-methoxyphenyl)-2-oxo-3-(3-
phenyipropyl)-4-azetidinyl)phenyl}-2,3,4,6,-tetra-O-(phenyimethyl)-Beta-
D-glucopyranose
Add n-tributylphosphine (1.45 mL, 5.81 mmol) to a 0 °C solution
35 of 1,1-(azodicarbonyl)dipiperdine (1.47 g, 5.81 mmol) in THF (30 mL).
After 5 min., add (3R,4S)-4-{4-hydroxyphenyl)-1-(4-methoxy-phenyl)-3-



( 3- phenyl propyl)-2-azetidinone (1.5 g, 3.87 mvl), followed by 2,3, 4, 6-
tetra- O benzyl - D-gl ucopyranose (2.72 g, 5.03 mml). The reaction

becones very thick, and additional THF (30 nL) is added to facilitate
stirring; the mxture is allowed to warmto roomtenperature overnight. 5
Filter the m xture through celite, wash the filter cake w th Et and
concentrat e WR87164f% rat e onto enough silica such that a fr £&THY %
powder is obtained. Load the resulting powder onto a chromat ography

col um packed with silica and 5% Et OAc/t e8@ene. Elute with the sane
solvent to obtain 3.57 g (~100% of the title corrpound of Step 1 as a 10
thick syrup. NWVR (400 MHz, CDCI[err]) 7. 16(19H , 7.19(10H, m,

7.04(2H, d, J=s. . 4.98 3

4. 5524H m 7@(@3"“&’9" éﬁ@ﬂ“’“ﬁf‘e (§5 &f}ﬁ’?u@%w%ég&l

m, 1.83(3H, m JtetratO-bBARJD-BILBOPYrantSs (2. mg( B@B, miot)( T readBor 55) .
T Z.Sf’htve i) F'h%“" i and giinosh THE (@0 "“r’ sy o tabifaCl o0
Pd(OH)[err] on 'ybmg? is pliowed towame “ﬁ@%mmydr ogen
(3X) and thes stmemdenixawbmrb celitemdsmrﬂneveakb with EtOAL] and t he

t th h db
GBO Concentr Adnepha@ifle) f%eio@fo 3*+Jee§rs-?°%§%e°8“&€aﬂr9§§@%¢ ude) . 20
Purify the foampawdards oblaingd.; bead thesiesulting ewdet puta & ghrgmatography

CH err] OH Et OAC dolumh gﬁeﬁe@wlt%n&a(mé%cﬁtmomﬁet Emte withnhesatheds a

Rl ﬂi)wdeL 88“@'\&4‘(2 Wbfaip 52738 {0k Jfprefide E}Z"GHF% Hh“ga J=1.2
Hz) 3.188( 1m;ckcﬁynm=1MMH(4ﬂpMBz.7opEla) 7)16(1oH, IO} . 19619H, ®).03( 1H, ),
2.60(2H, 25 t, 704(3M, '#h-:a#ﬁﬂgé'#s(zﬂ. .UBUQNEAB)QB(mlrﬁMéstW

E[x:[nr)} E[S”] N {%ﬁ )Tpg:()? fgg;é( H w2 &i?‘tl J=7.3 Hz), 1.96(1H,

- ( 4- et hoxyphenymy, usacabl, m)( Msmaaa) POTR(M+), 55), 568(40), 478(100), 386(55).
azeti di nyl ] pheny ggﬁd&: SFSﬂa{ §P0.35 mmol) in CHaOH

(2)x§ g Egl[( enzér%ml&zg"ﬂ‘% ﬁ%\ﬁf b it f%ﬂ%ﬁ%ﬁ‘hé@l%"@et a-

D- gl ucur oni ¢ aci Bd{@id)zyon earbon (0.35 g), purge the tmmng mixture with hydrogen
(3R, 4S) - 4-(4- hyd{iagg RRY¥A gﬁ,lu,g‘fqb

phenyl propyl)-2 tl on %Q%hgaw?% évﬁ g;\ Fllterthe 35
pyranuronate in '5‘ ébmﬂgg 'ﬁ ?’éé]")lﬁﬁh {'“% % ?‘ggy
Step 1, to obt ai GHE;@H t Cohaantrateptherfitrate tsiamadrfom {eng (%%crcﬁﬂ [err]):
20 Purify the foam further by silica chromatography eluting with 5%
CH3OH/EtOAc to obtain 0.127 g (66%) of the the title compound as a
white powder. NMR {400 MHz, CD3OD): 7.18(11H, m), 6.78(2H, d,
J=8.9 Hz), 4.88(1H, partially obscured by CD30D), 4.72(1H, d, J=1.2 H2)
3.88(1H, d, J=11.7 Hz), 3.70(4H, m), 3.41{4H, m), 3.03(1H, m), 2.60(2H,
25 t,J=7.0 Hz), 1.78(4H, m). HRMS (FAB): calcd. for M+H: C31HagNOg,
550.2441; found 500.2424.
Example 8

30 Step 1: 2,3,4-tri-O-Benzyl-1-O-[4-[trans-~(3R,4S)-1-(4-fluorophenyl)-2-
oxo-3-[3-[(S)-hydroxy-4-fluorophenyl)propyl]}-4-azetidinyljphenyl}-Beta-
D-glucuronic acid benzyl ester

Use (3R,4S)-4-(4-hydroxyphenyl)-1-(4-methoxy-phenyl)-3-(3-
phenyipropyl)-2-azetidinone and benzyl 2,3,4-tri-O-benzyl-D-gluco-

35 pyranuronate in a procedure simitar to that described in Example 7,
Step 1, to obtain the titte compound of Step 1. NMR (400 MHz, CDCl3):



WO 97/~16455 PCT/ US96/ 16823

-31- 7.22(29H, m, 7.01(2H d. J=8. 7 Hz) 6 77(2H d_J=0 1 Hz),
5. 15( 2H, app. d, J=3.8 Hz), 5 01(1H, d, J=72 Hz), 4.97(1H, d, J=11
Fiz)- 4.90(1H, - d, J=11 Hz), 4.80(2H, d, J=11 Hz), 4.74(1 H, d, J=1
0.7 Hz), 4.56(1 H, d, J=2.2 Hz) 4. 50(1 H d, J=1 0.7 Hz), 4.04(1 H,
d, J=9.6 Hz)wod7R&4s8 H, t, 5 J=8.6 Hz), 3.73(5H, m, 3. STUE168p3
2.65(2H, t, J=7.6 Hz), 1.96(1 H, m, 1 .83(3H, m. HRVS (FAB):
calcd. for MtH: Cerr]H err]NO[err] 924.413% found 924.4119.

Step 2: Using a procedure simlar to Exanple 7, Step 2, treat the

product of Step 1 to obtain the title corrpound of Exarrple 8. NMR (400 10
MHz, CDOerr]OD): 7.31(2H, d, J=8.9 Hz), 7.21(7H, m, 7.09(2H, d, J=8.7

Hz), 7.81(2H, d, 328(29'11@),740‘@’('.1¢1J=&7H3);§,U(2H.G.J%@l Hz), Bel5(2H, d, J=2.0

Hz), 3. 97(1 H da QiZI-B*FG)Hz)?’S'b?i(ﬂ-'ﬁd%J)z z@HﬁO J=31 44 2410 m-l
Nt G err] i or ??@e 128 SO, urd 1 b aby o 5‘“@95"‘?)4 MY,

Exanpl e 9 J=2. 2112-)MBGWH ¢; (qu?ﬂ-lz).amm((ledA&SQHz),s%UH t,
pggngﬁpggp;@waﬂem j gH 305 1H, m), 265(2H, t, J=7.6 Hz), 1.96(1H, Qfep .
1- Met hyl - 2, 3, 4- trf%gtﬁ iz H W"lﬁ# &ﬁé 8#141&@%‘5'@3%93244"2

met hoxyphenyl ) - 2-found 244 &yl propyl ) - 4- azeti di nyl ] phenyl ] - Al pha-D- 20
gl ucopyr anosi de

p dure similar to Exampl 7 tep 2, treat the
R s i oo MG bwe 5 Srarel . W40
pyranosi de i nIOa piibize ODROD) M.I3HEH; o, Jéw Hak c21 (e i) 17. Esmldedzs 7St ep
ootz oA gl B GRS HA ag *
J=10.7 Hz), 4.86(HzM3 %7(1U—Ml=@ ), 3472(8s)-3. Q@(ﬂ:!d'ﬂb 3@% 82(1H d,
3]:%231HZH)2) 445?(9(368(111 m); 25412HiA) J=7 24 11183@H, In I-ﬂRMG)(FABAFc(%c(HlI‘bJ ;
J=9.6 Hz). 3. 90(IM 333‘#31]‘862%#233’ f?é‘i\gg% 242, 66 1 H dd, J=3.6, 9.6
30 Hz), 3.388H s), 3 06(1 H r‘r) 2 @(mpletQJ 7.6 Hz). 1. 97(1 H m,
1.83(3H, n). - 6- 05140 raR s RER ATILY- B1-fiielH i
treat the ( St ep, 1 1 (
9. NI\/R(400 : X AR L Spuns il avan ma . 6Hz)
G Ion g v ot ﬁii""":i";“ os ?ﬁ"%ﬁiiﬁ%&‘ﬁﬁ“‘ & i,
o enyl)-2-oxo p p -a2atidinyl[phen a-b-
3. 44(3H s), 2% O%Iucopyrra%bsme
Use (3R,4S)-4-(4-hydroxyphenyl)-1-(4-methoxy-phenyl)-3-(3-
phenylpropyl)-2-azetidinone and methyl 2,3,4-tri-O-benzyl-D-gluco-
pyranoside in a procedure simitar to that described in Example 7, Step
1, to obtain the title compound of Step 1. NMR (400 MHz, CDCl3):
25 7.26(24H, m), 6.85(2H, d, J=8.6 Hz), 6.74(2H, d, J=9 Hz), 5.01(1H, d,
J=10.7 Hz), 4.86(1H, d, J=11.0 Hz), 4.85(1H, d, J=10.7 Hz), 4.82(1H, d,
=12.1 Hz), 4.69(1H, d, J=12.1 Hz), 4.63(1H, d, J=3.6 Hz), 4.54(1H, d,
J=2.3 Hz), 4.51(1H, d, J=11.0 Hz), 4.09(2H, d, J=2.8 Hz), 4.03(1H, ,
J=8.6 Hz), 3.90(1H, d, J=10.1 H2), 3.72(3H, s), 3.60(1H, dd, J=3.6, 9.6
30 Hz), 3.38(3H, s), 3.06(1H, m), 2.64(2H, 1, J=7.6 Hz), 1.97(1H, m),
1.83(3H, m).
Step 2: Using a procedure similar to Example 7, Step 2, treat the
product of Step 1 to obtain the title compound of Example 9. NMR (400
MHz, CDClg): 7.22(9H, m), 6.94(2H, d, J=8.6 Hz), 6.76(2H, d, J=8.9 Hz),
35 4.81(1H, d, J=3.9 Hz), 4.54(1H, d, J=2.2 Hz), 4.22(2H, m), 3.97(1H, m),
3.71(5H, m), 3.56(1H, dd, J=3.9, 9.1 Hz), 3.44(3H, s}, 3.06(1H, m),




WD 97/ 16455 PCT/ US96/ 16823

-32- 2.64(2H, d, J=7.4 Hz), 1.91(1H, n), 1.82(3H n). HRVS (FAB):
calcd. for MH Cferr]H err] N err] 564. 2597, found 564. 2578.
Exanpl e 10 1 -g4-[Trans- (3R 4S)-1

- (4- (benzoyl ) phenyl ) - 2- oxo- 3- ( 3- phenyl ) propyl ) - 5

4-azeti di nyIW?H'@!éf -Bet a- D-gl ucuronic acid REFUSHAEY 6 ni,
0.6 mol, 1M to a roomtenperature solution of the product of
Exanple 6 (0.064 g, 0.1 mmol) in THF (2 nk32- After 50 mn., dilute
the m xture with Et OAc, quench with HO (1M, wash with HJ (1 M

and brine, dry over anhydrous NaJerr]SJ err] and concentrate to a 10

et oy 09, SaBa@H, o ey n Miom, T, TR iy, i Y. saa oy,

7.23(2H, m, 7. 14(41?-1-! CaioHagNOB 564)2597, Iunall5642578-8. 7 Hz), 4.97(1 H, ),
4.87(1 H d, J=2.2 Hz), 3.97(1H d, J_g 'ﬁﬁé 60(1H m, 3.49(2H, m,
3. 17(1H M. 5% n}'

(FAB): cal cd. : .- AR, :

Exanpl e 11

4-f 1 henyl ) - 2- =he ‘ —
|f)dophgﬁ£/?|)[)p$2%yl)] 2 aze{"b(rji'l Ldﬂmﬁ ‘/lleto?room temgeraturg solution Step
1: Condense 1-(4-9fth xwﬂpeiﬁgggébém@&w'ﬁﬂfﬂmﬁn@ﬂe@@
e )T e B s v
procedﬁre descri b'gg‘ h@é‘ﬁ% rée,léryfgeaggwr?y%ﬂaggﬁﬁ%@ r%gﬁéw%a

t et r aacet at e {250white foans0.60r®(97%) NMREOD MiHZ, CRIODY: 0bBEMH.an[ err ] C, add
5?4(5[1ng?,(: 1(‘)or15 7RI, 3y 7$8(3Hah i 0 rﬂP@-‘-@é(‘I;fz? 7.9k 0, b8 1) [ ?E i oﬁS
bet ween wat er (20%‘%?‘%\%8“0&176222%‘96#1_ 570%% @3&@%%‘?’2 t)

wat er and brine, 48y(iHakgdeap Iﬂz)dS@Bﬁﬂé.rd.r-kaQﬁ iHz), 8604, mu§3349£2ﬂ;1m)

residue (230 ng) g%, Tgﬁj,éré Q‘?QQ‘@t rﬁ)Vqr8§3|(Hﬁ ri'l
| ut th % H i
SRR vyt Vancnisd e ot i e e TR

as a soI i d. St ep 2 ToEkhmmeoduct of step 1 (25 ng, 0.038

mol ) dissolved in (220
ng, 38 mmol) and . ol 7 ny.
0. 0038 mmpl ) and heat*¥Us : UAINYIPYe : agid . Sp

Cool the reacti onStepotc Glohdana 1- (&fluorophnnyaea(a) aiaﬂs)adeatyhxy-lse(illsmma-l ng
residue direggy BRoAYIFrERYIIULS)-(4-hydroxyphenyl)-2-azetidinone and the product
of Preparation B with boron trifluoride etherate according to the
procedure described in Example 1. To a solution of the resultant
tetraacetate (250 mg, 0.30 mmol) in CH3OH {2 mL) cooled to 0°C, add
KCN (10 mg, 0.15 mmol) and stir at room temperature for 2h, then heat
25 to 459C for 4.5h. Cool the mixture to room temperature and pattition
between water (20mL) and EtOAc (30 mL). Wash the EtOAc layer with
water and brine, dry (Na2S04) and concentrate in vacuo. Adsorb the
residue (230 mg) onto SiO2 and chromatograph over SiO2 (25 g),
eluting with 2% CH3OH in CH2Cl2 progressing to 10% CHsOH in
30 CH2Cls to give, after concentration, 84 mg (43%) of the aryl bromide as
a solid.
Step 2: To the product of step 1 (25 mg, 0.038 mmol) dissolved in
degassed DMF (0.4 mL}), add hexabutylditin (220 mg, 38 mmol) and
tetrakis triphenylphosphine palladium (4.4 mg. 0.0038 mmol) and heat
35 the mixture to 95°C under argon for 5h, Cool the reaction, concentrate
in vacuo and adsorb the resulting residue directly onto SiOa.
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Chromat ograph over Si(Jerr] (4g), eluting with CH2Cl 2 progressing to 10%
€Herr]OH in CHerr]Cl[err]. Rechromatograph the desired fraction as above
and after concentration obtain 7.4 ng (22% ) of the desired aryl

st annane as wo97166&swaxy solid. 5 Step 3: To the product ROTAEI9GWM6823 (11. 8
ng, 0.0135 nmol) dissolved in CHerr]OH (2 nmL) containing pH 5.8
phosphate buffer (0.3nm.), add a 1 M gl ution of Nal in water (14ni,
0.014 mml). To this m xture add 68 | odobeads[err] (-37 mmol) and
gently shake the resulting m xture for 1.5h. at room tenperature.
Filter the iodobeads and wash with EtOH and a 1 0 small anount of ether.
Concentrate the fChromatograph guer SiOp ¢4g)t bluting wiith @HoClo progressiagito BOSKc and

10% Na2S int [
vacuo. Adsorb t hec 2o non %ﬁi@fﬁmﬂ&" tne isid rdfont RO NG Bhe 11
Sigerr] (2g), el ¥enaongppimat | ;I?r'- &ﬁn/ﬁgf"t%e gegired aryi sianpans ag |
CH.err]C[err]. Comaaptsolile t he appropriate fractions to obtain 6.1 15 ng

649 f th | inCly: o S 4:
(549 O e 5 g0 i il oo 3Pt 18 Ao 5
m xture of water USQH_&,"‘L} centaiping.phl §.8 phosphate byffer (PPAIY; agd adM ) at
r ooEnBE cper atur e &ol0tiGiPofNat inGRNSTIAMA 0.018amAoh! Toahismitturs @t @i ve 5
% o e t, . . A I
rzrg calc'd for q'ébb?ﬁ%”%@?’r%ﬁé}h& sggkgihel?%%l&%ﬁlf{@ééérﬁ ?ﬁ .
The fol | owi ng f or@hogm tempessture| Filtgr theriedalieads and washawith EtOH@ed® of this

i ]pvfent i oln. Ilnoeacéman Bmouft of ethér. IConceRIMBURE tiltdes heid parlion the residie® mpound
or-t1ornula 1.

I ngr edi ent be‘weenrfdpﬁgtﬂ"gﬂ%/aﬂgg?‘ﬁ Nazgééw&%&iﬁgﬁl)’?éonpound -

100 500 {MgS02) and conasntratedn vacuo. Adsorb the residue onto SiQxpand 113

3 Corn Starch, efhatd ' i i i gpaste in
3 orn ol dttBfha Zg?ﬂﬁh or@ﬁr Sntci‘{) ), eldfihg with CH2EL progressing to 6%°

40 5 Na‘aﬁ@?ﬂfﬁ\ @flg@lga ncen réte'iﬁg appro%ngte fractions to obtajn B.1
Tot al 15 mgi64%) of thenpethybestatotthe title chtnpoiind as acsolid. M X

ST T RGO Sl o Y, s an 1
mxture with Itemm%ﬂre?’df waler (0. 7L B hﬁgr%%F(s.SZrtn @@gr@or& (0.1 mL) at

room temperature for 30 min. Concentrate the mixture in vacuo to give 5
mg (83%) of the title compound as a solid. M.p. 157 - 159 °C, FAB MS
20  calc'd for CagHzoFINOg m/z = 694.1, found m/z = 694.1.
The following formulations exemplify some of the dosage
forms of this invention. In each, the term "active compound" designates
a compound of formula |.

-

No. Ingredient mg/tablet mgAablet
1 Active Compound 100 500
2 Lactose USP 122 113
g3 Com Starch, Food Grade, as a 10% 30 40
paste in Purified Water

4 Com Starch, Food Grade 45 40
§ Magnesium Stearate ' 3 z

Total 300 700

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



coarse screen (e.g., 1/4", 0.63 cm if necessary. Dry the danp granul es.
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the. dried granules if necessary and mx with Item No. 4 and m X for
10-15 mnutes. Add Item No. 5 and mx for 1-3 minutes. Conpress

mxture to aPi¥VU64SAt e si ze and wei ght on a suitabl e tabl et PREESR6HESZS

EXAMPLE B - Capsul es No. | ngr edi ent

ng/ tabl et ng/tabl et 1 Active Cony8#dnd 100
500 2 Lact ose USP 106 123

3 Corn Starch, Food G ade 40 70 4 Magnesi um
Stearate NF . 4 7

Tot al Scpaah the dried-grgnules if noessary andaixwith: temdNo. 4 and mix

Mx Item Nos. 1, ZforefGd18 minutess Mdddten® Nol 8zt mikder 1-3-minutés) (Catfipress

P rem N & ool keSSt %st*gﬂﬁsffg b, *é%@k#ch@'bé )

Representative fornul ati ons conpri 10 biosynthesis
i nhi bitor are wel | Ngpown in the anpgredierits contenpl at qfighdlfiét mgtablether e

the two active ingrgdie pi stered as a single C osition,
t he dosage forns di o‘g‘%@"a@&'x‘@gg“a substituted 1<’;Pz°etidi ng

conpounds nay read|2y Heactosst SBY using the know edge 106 of 23 skilled
in the art. 15 3  Com Starch! FdodGade0 activity of tiag compoupgls of
formula | can be determ fol | owi ng procedure. I n
Vivo Assay of Hypol ffpi oMﬁQEeﬂB'@%@af%?hﬁ?t he Hyperli pi dem ZHanst er
Hansters are separat ed |nto groups of Siotaland gi ven a 2260 contr@00ed

chol esterol di NTathb el containing 0.5% chol esterol) for

seven days. Di et consu %EQFF gg%gt%uggﬁg%rfqh@ 15 mlnute§n| mal s

chol esterol exposure i
are dosed with thﬂdddﬂmdﬁmﬂmmﬁnbrm1dhninutéegﬁlllﬂnmmmtuﬁd1ntdmﬂable

(cont rol “group) ot™edies ﬂa"ds%r*%'ﬁééﬁsns. Lot @‘?Qﬁ%ﬁs@%‘ .'ﬁé%'g?e‘n"(?ﬁ
Al'l animals noribund or in sentalive Jormaidations camprising giche
10 biosynthesis mhtbltor are well known in the art. ltis contamplated that
where the two active ingredients are administered as a single
composition, the dosage forms disclosed above for substituted
azetidinone compounds may readily be modified using the knowledge
of one skilled in the art.
15 The jn vivo activity of the compounds of formula | can be
determmed by the followmg procedure

Hamsters are separated into groups of six and given a

20 controlled cholesterol diet (Purina Chow #5001 containing 0.5%
cholestero!) for seven days. Diet consumption is monitored to determine
dietary cholesterol exposure in the presence of test compounds. The
animals are dosed with the test compound once daily beginning with the

_ initiation of diet. Dosing is by oral gavage of 0.2mL of com oil alone

25 (control group) or solution (or suspension) of test compound in com oil.
All animals moribund or in poor physical condition are suthanized.
After seven days, the animals are anesthetized by IM injection of
ketamine and sacrificed by decapitation. Blood is collected into
Vacutainer™ tubes containing EDTA for plasma total cholesterol and

30 triglyceride analysis and the liver excised for free and esterified



After seven days, the animals are anesthetized by IMinjection of

ketam ne_and sacrificed by decapitation Blood is collected into

Vacut ai ner[err] tubes containing EDTA for plasma total cholesterol and 30
ttiglyceride analysis and the liver excised for free and esterified
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chol esterol and triglyceride tissue analysis. Data is reported as percent
reducti on of plasma chol esterol and hepati ¢gghol esterol esters versus

control |evels. Using the test procedures descri bed
above, the foll ow ng 5 in Vi Vo data wer e obtai ned for conpounds of
formula 1. Data is reporte percent change (i.e., percent

reduction in plas rﬁ&‘olﬁ‘#'@ﬁr@@'@q ngh&ﬁﬂda nssue analysisp flata Iscreppded @sqeresnter s)

versus control, tredaétioncof plasina chélesterdlair hepatic choltdterat @stérswé?s&s ve
chol esterol -1 oweri gn@l egﬁ% For racem c conpounds formula | or
ht

active di astereo i oners of conpounds of 10 forrrul al,
conpounds admi ni stered at dbisngebedéstprocedidesrgoseribeidabore, the followimgge of 0

to -98% reduct ds
to -9 Strereegcaf,ogoms%eé%m&amm%ﬁ ﬁlﬁ)«fﬁoﬂﬁhﬁﬁal Data us%%ﬂgg

f
-94% reduction i n &% F?'g chappe ke B?'%gg'f é’ct'% ﬂg?: cholesteroland i, abI y
show a range of - @patic cﬁdwmdtnstershversuﬁemolpﬂ'QMbwshegaﬂwe Admberst er s at

d f t 6
a Jdosage range o ifdiCate ' pdsififd &blesterol-lowerig ettdct O FaP ragemic compounds,

clai m of formula | or active diastereomers or enantiomers of compounds of
10 formula I, compounds administered at dosages of 3 to 10 mg/kg show a
range of 0 to -98% reduction in hepatic cholesterol esters, while
compounds administered at dosages of 0.01 to 1 mg/kg show a range of
=19 to -84% reduction in hepatic cholesterol esters. Compounds
preferably show a range of -50 to -88% reduction in hepatic cholesterol
15  esters at a dosage range of 0.01 to 1 mg/kg.



1. A compound represented by the structural fornula [err] 5 or a

‘phar maceutical |y acceptabl e salt thprpnf wher ei n Rlerr] is H
or Oderr]; Gand ({derr] ar e |ndependently selected fromthe
group conS|st| ng of lucj OH, Gis not H R,
Rlerr] and r] are mdepLIm“L Illu“uau fromthe group 10 consisting
of H -OH @)éfﬁ -NH érrT, Szi'do," err] Cerr])al koxy‘(@[’@’?’]‘“ﬁerr])-
al koxy or -WRSO Wis |ndependently sel ected fromthe group
consi sting of -NHC(O-, -O0CO-, -88C(O-NRerr])-
-NH-C(O-N(R[err])- and -OC(S)-N(R[err])-; 15 Rlerr] and
Rl err] are independently selected fromthe group consisting - of H,
(derr]-Cerr])alkyl, aryl and aryl (Cerr]-Clerr])al kyl; Rl err]
Rerr], Rerr], Fl{wérqlﬁ",mR[err] and Rlerr] are independently selected from
t he group consisting of H (Clerr]-Cferr])alkyl,

| | d -C(Q | ;
20" (T herr] 147 M ompad (eprabertadti ‘gj it g 207 S0
R32 substituted T, R32-substituted-T- (C[erR 2L OHCal kyl

Rlerr]- subst i t ut ed- (derr]- Ar-R-
PCT/ US96/ 16823

OJ'—N‘A(" |
5 or a pharmaceutically acceptable salt thereof, wherein

R26 is H or OG1;
G and G1 are independently selected from the group consisting of
OR® OR* ORS OR? o OR’

«OR3 —Q WwORS _CHz‘Q'"ORS

O Ry
CO,R2 CH,OR® oR® OR*
OR3
Rég, X R

OR® Ao~ YCH,RP ;

e
0 CH2R°

OH,Gisnot H; _
R, R2 and R are independently selected from the group
10 consisting of H, -OH, halogeno, -NHy, azido, (C1-Cg)alkoxy(C1-Ceg)-
alkoxy or -W-R30;

W is independently selected from the group consisting of
-NH-C(0)}-, -O-C(0)-, -O-C(0)-N(R31)-, -NH-C(0)-N(R31)- and
~0-C(S)-N(R31)-;

15 R2 and R6 are independently selected from the group consisting
of H, (C4-Cg)alkyl, aryl and aryl(C4-Cg)alkyl;

R3, R4, RS, R7, R3 and R42 are independently selected from the
group consisting of H, (C1-Cg)alkyl, aryl(C1-Cg)alkyl, -C(O)}{C1-Cg)alkyl
and -C(O)aryl;

20 R30 is independently selected from the group consisting of
R32-substituted T, R32-substituted-T-(C1-Cg)alkyl, R32-substituted-(C»-

provided that when R26 is H or



=37 Rlerr]-substituted-(Cerr]-Cferr])al kyI
err sunw % [ﬁ Clerr])cycloal kyl and
"R32- subst | -(Cmwers] -l err])cycloal kyl (CJerr]- C[err])al kyl ;

R31- i s independently selected fromthe group consisting of H and

(derr]-derr])al kyl; 5 T is independently selected fromthe group
consi sting OWQETAGMSE, furyl, thienyl, pyrrolyl, oxaZRORUS96/16823

i soxazol yl, thiazolyl, iosthiazolyl, benzot hi azol yl, thiadiazol yl,
pyrazolyl, imdazolyl and pyridyl; -37- R32 is independently
selected from1l -3 substituents I ndependently selected fromthe
group consisting of hal ogeno, (C err] 10 Cerr]al kyl, -OH, phenoxy,
-CF[err], -Nderr], ((err]-Cerr])al koxy, nethyl enedi oxy 0Xxo,

(err]-derr]) alGg)abenyla subﬁ[teled}(aiﬁes)aqkyhlﬂé‘?+wbsﬁmtqn (Ca-

I
(%%I”NH?CF;IIIG‘%??“I‘I:‘VA"G Ry g@f ‘“” SoAlYICY G SR
-(O-(Jerr] - ’3[ pong

pyrrolidinylcar bc(GjI-C4)elkyR32 |s a coval ent bond and R31, the

h |
enen o e L é@%ﬁ%ﬂrﬂmgﬁr o I
or a (Clerr]- C[er‘!‘ ém?m(lyPXFB'M )QP‘BZ%QMSIWHQM ly 'Sﬁtﬂlﬂz Wbhi peri di nyl ,

N-net hyl pi per azi rygnzothiakvlyl thiadizoly); pyrakoigly imidagolpl and pyridyt; Ar[er r]

I b t. I
R er ] - subst ut ed ar sl 18 idop8hdently sgiected frpm, 173 sibsfifupies 7 *0YL O
ring carbon of tnedmrdientlmﬂected from t Ggwmﬂﬂagﬁéhﬂ&@ﬂ@u(ﬁr[err]
and 10 Cq)&k§l, cOH| phémia@ctwh N Cq); aqmycm
e e it . i, (5T Tor
-(CH err])[err] - EN{CHp) r?@)eNHIQrWa)aiwl rCHO)-N((Cr-Ca)atiylp, -CENRt ene,
;wg[ rer r] or - S( O)d':gélkyr -E(05(C}-C4alkdxy and ;ﬁ;n%hdnnylexméﬁsilr Wﬁ” 8% sg nm of gnd
-(CH er r])[er r] \?%’HQPEP?W f@‘ri ﬁa’memw tF’é"%fe*éP % 'ﬁﬁ?‘y I ene
f is 1- 30 155 anpymolidiny; pipeyidinyl Methwplpamlsylnndblrriyl andncg'phehrwl 6;
Rlerr] is  [errlgmoup, or a (C1-C4)alkoxycarbonyl-substituted pyrrolidinyl, piperidinyl,
N-methylpiperazinyl, indolinyl or morphoiinyl group;
Arl is aryl or R10-substituted aryl;
Ar2 is aryl or R11-substituted aryl;

20 Q is a bond or, with the 3-position ring carbon of the azetidinone,
R12—(R13),
forms the spiro group (R™)%p ; and
R1 is selected from the group consisting of
-(CHg)q-, wherein q is 2-6, provided that when Q forms a
spiro ring, q can aiso be zero or 1;

25 -(CHo)e-E-(CH2)r-, wherein E is -O-, -C(O)-, phenylene,
-NR22- or -§(0O)o-2-, € is 0-5 and r is 0-5, provided that the sumof e and r
is 1-6; '

-(C2-Cg)alkenylene-; and
-(CH2)t-V-(CH2)g-, wherein V is C3-Cg cycloalkylene, f is 1-
30 5 and gis 0-5, provided that the sum of f and g is 1-6;
Ri2is

I | i ) ] i [
-CH-, -C(C4-Cj alkyl)-, ~CF-, -C(OH)-, -C(CgHs-R%3)-, -N-, or -+|:10' :
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~C(di-(C%rr] tC[&rr}) #alkyl), -CHCH and -C(Cerr]-Cerr]

al kyl)=CH; or Rerr] together wwth an adjacent Rerr], or err

t oget her wi tWO&M1&48§ acent Rerr], forma -CH=CH or a -CH= 1688 err]

5 alkyl)- group; a and b are independently 0, 1, 2 or 3,
provi ded both are not zero; provi de@8-t hat when Rlerr] is -CH=CH or
-C(derr] -Cerr] alkyl)=CH, ais 1; provi ded that when Rlerr] is
-CH=CH or -C((err]-(err] alkyl)=CH, b is 1; provi ded that when a

is 2 or 3, the R[err] §an be the sane or different; 10 and provided that
when b is 2 or 3, theRi?andRY ase independentlyselected fromthe grasi: ;

agd Wﬂg?O)Q i's a ongisting of 5¢Ii§ , SOH(C*CRalkyl)-, -ma::(]c1-cs) alkyl), -CH-Cl-M I SI - 0{ g

-S- - - or - el ecte

from the group c%‘@’gﬁfgs al )'0'31‘ or@ztgp?tﬂ &ﬁl(%[% gfzg?gr'r 'J)%ﬁiyl - and
- C(di - (d err] - O degaether with an adjacent R4

| ndependent | y5sel ?r&g pm t he group con5| Stl ng of 1-3 substituents
I ndependently sel ecte

th i Sti
| kvl én Fd% &1 20r 6& aregetzero.
G RIS L LA ooy
-NR{ err] (.CO) R er ridrovided that A14 is(-eR-Bn-Sar-b(Cc QWIHGF@ bfE ¢ r] Rlerr],

-NRlerr]SOerr errj, - err

- SCRI[ er r} Ng[ er r} E[[@'PY']’ed 8 k[%pytf,,the H&g}’la Fe?al"}% ?E pr o err],
-Q(CH err]) [ d0r ] Gadirovidp&itiatrwhen b & 2 or B; thedR14]s cdrikyé thecsame or

COOR[err], -CH-Chsfeddehl-err], -CF3, -CN, -NO2 and hal ogen; 26 R err]
and R err] are i ndependent ly sel ect ed fromthe roup consi sting of

-OR[err], -OCO R er r @nd-whenfirahand, Rl NR err]Rlerr]; Rerr]
and R[err] are |ndepend§§|{5ly sel ect g7 f rongtéhe group cofpgbsting of H,

Rer 1] and R er ] ~M-Ya e mihi:f@-?%%“f tﬁg?‘a T 8loa™:

his O 1,2,3 or 4; R16 a‘#so lslt|50qq161mnandpare
i ndependent |y 04; provided t hat east one of s andt is 1, and
the sumof m n, p, s MigrQ- 1S 18@)- 07'376)2"

15 X, Y and Z are independently selected from the group consisting

ot -CHz-, -CH(C1-Cg)alkyl- and -C(di-(C1-Ceg)alkyl);

R10 and R11 are independently selected from the group
consisting of 1-3 substituents independently selected from the group
consisting of {C1-Cg)alkyl, -OR19, -O(CO)R19, -O(CO)OR21,

20 -O(CHg)1.50R19, -O(CO)NR19R20, -NR18R20, -NR19(CO)R20,
-NR19(CO)OR?21, -NR19(CO)NR20R25, -NR19S0,R21, -COOR?S,
-CONR19R20, -COR?19, -SO2NR19R20, $(0)o-2R21,
-O(CHz2)1.10-COOR?1S, -O(CHz)1.10CONR19R20, -(C4-Cg alkylene)-
COOR18, -CH=CH-COOR1S, -CF3, -CN, -NO2 and halogen;

25 R15 and R17 are independently selected from the group

_ consisting of -OR19, -O(CO)R19, -O(CO)OR2! and -O(CO)NR19R20; R16
and R18 are independently selected from the group consisting of H,
{C1-Cg)alky! and aryl; or R1S and R16 together are =0, or R17 and R18
together are =0,

30 dis1,2or3;

his0,1,2,30r4;

sisOor1; tis 0or1; m, nand p are independently 0-4; provided
that at least one of s and tis 1, and the sum of m, n, p, s and tis 1-6;
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if’-gi—arullllllHllﬂlll]Hﬂfﬂe;ﬂ"?that““%eﬁ P TS0 aRd S TS T, the sumof m ¢ and n

Ps -1- ¥ is 1; j and k are independently
1-5, prowdedthat t he sumof J, k and v 5 is 1-5; and
when Qis awwomheassd Rlerr] is [err] , Ar[err] PCHHS96/16823 al so
be pyridyl, isoxazolyl, furanyl, pyrrolyl, thienyl, imdazolyl, pyrazolyl,

t hi azol yl, pyrazinyl, pyrimdi nyI or pyr |_§gz| nyl ; R19 and R20

are mdependently sel ected fromthe group 10 consisting of H ((err]
-Cerr])alkyl, aryl and aryl-substituted (Cferr]-Cerr])alkyl;

Rlerr] is (C[err]-C[err])aI kyl, aryl or R err]-substituted aryl;

Rlerr] is H (d provided/tbatwhen Rys 0 andyls {,Ghesuin dre,s andihlis/1-5; -apdD) R er r ]
or -COOR[err]; provndedthatwherF??éé]an '3ds } fiie’ dunibfm! Pgﬁé’ﬁ?éiﬁg;l y 1-3 groups

i ndependent |y se ect f rom t e group consisting o
(derr]- C[err])alkyl kb - err])al koxy, 15 -COOH, NJerr],
-NR[err]Rerr], -OH agruhdiahm;nadependamly 1-5, provided that #jecsurh of §; K-and ¥H or

(derr]- C[errg) kggy 2. A corrpound of claim1l wherein:
Ar[err] is phenyl or hal ogeo-substituted phenyl; 2% Ar2 is phenyl,
| ower al koxy-substituted phenyl or hal ogeno- substituted phenyl;

Qis a bond and R err] is | ower alkylene; -(C) Yks(® wth the
3-position ring carbon of the azetidinone, forn’s group [err]
wherein Rl err] and R[md%an&sa:h@ﬂyd&%&and aB 25 and b ar&rteam 1, and
wherein R err] i ] is
o o o aisb el pyrithyl, h@dx%]zolyl(gfurang Iyl, @Hé%l rrrﬁ?éﬂ»r WANSYrEE ST,
-CH(OH) - (CH[ err] %?qh]' Pyrgginyl, pyrimi inyi of py@q%nﬂ bond and Rlerr] is
-CH(OH) -CH err]-S(0O [B?? and R20 are independently selected from the group

10 consisting of H, (C1-Cg)alkyl, aryl and aryl-substituted (C1-Cg)alkyl;
R21 is (C1-Cg)alkyl, aryl or R24-substituted aryl;
R22 is H, (C4-Cg)alkyl, aryl {C1-Cg)alkyl, -C(O)R1® or -COOR?1S;
R23 and R24 are independently 1-3 groups independently
selected from the group conslsting of H, (C1-Cg)alkyl, (C1-Cg)alkoxy,
15 -COOH, NOg, -NR19R20, -OH and halogeno; and
R25 is H, -OH or (C1-Cg)alkoxy.

2. A compound of claim 1 wherein:
Arl is phenyl or halogeo-substituted phenyl;
20 Ar2 is phenyl, lower alkoxy-substituted phenyl or halogeno-
substituted phenyl;
Q is a bond and R1 is lower alkylene;
Q, with the 3-position ring carbon of the azetidinone, forms the

~
R2—(R13),
group (R™)h wherein R13 and R14 are each ethylene and a
) t
25 and b are each 1, and wherein R12is -CH- or -C(OH)-;
Q is a bond and R? is -O-CH2-CH{OH)-;

Q is a bond and R is -CH(OH)-(CH2)2-; or
Q is a bond and R1 is -CH{OH)-CH2-S(0)o-2-.

30 3. A compound of any of claims 1 or 2 wherein G and G’ are
independently selected from the group consisting of H,



ims 1 or 2 wherein Gand (Jerr] are

bg?egzg ﬂmlmrﬁ“'ﬂﬂllimn om t he group consi sting of H, et USQ\é\}DlGSZS

- 40- [err] wher ei n: Rlerr], Rerr],
Rlerr], Rer é ;! err] and R[err] are independently sel ected fromgzhe
5 group con¥ ?’ Sof * H. (Jerr]-derr])al kyl, benzyl and 16

R[err] Rlerr], Rerr] and R err] are sel ected from the group conS|st|ng of
(C[err]-C[err])aI kyl, benzyl-4@nd acetyl; and

R[err] Rlerr] and Rl err] are independently selected fromthe group

consisting of H -OH halogeno, -NHerr], azido,

(err]-Cerr])al koxy(Cerr] - 10 C[err])al koxy and -WR[err], wherein W
is -O-C(O- or -0-C(O) - HSersge , RR2ridrsi s ®RANd R[err] is
(derr]-Cerr])al kyl, - ( err err )alk -Cerr])al kyl, T,
T-(Clerr]- detr] or 'TOBr Tf(%f% &f; @al kyl wher ei n
T is substituted by one & ‘0 Iogenoo?‘g ﬁ:{err] C err])al kyl
gr oups. 15 4. A conp%%ﬁd of ar?y cl ai s to 3 wherein R26 is H
or CH and G IS selected fromthe ggeup consisting of [err]
o Yo
R® _/~o~ ~CH.R®
R‘Qﬁ -“p
0~ “CHpR®

wherein:
R2, RS, R4, RS, RS and R7 are independently selected from the
5 group consisting of H, (C4-Cg)alkyl, benzyl and acetyl;
R3S, R3a, R4 and R4a are selected from the group consisting of H,
{C1-Cg)alkyl, benzy! and acetyl; and
R, Ra and RP are independently selected from the group
consisting of H, -OH, halogeno, -NHy, azido, (C1-Cg)alkoxy(C1-

10 Cg)alkoxy and -W-R30, wherein W is -O-C{O)- or -O-C(O)-NR31-, R31 is
H and R30 js (C¢-Cg)alkyl, -C(0)-(C1-Cg)alkoxy-(C1-Cg)alkyl, T , T-(C4-
Ce)alkyl, or T or T-(C4-Cg)alkyl wherein T is substituted by one or two
halogeno or (C4-Cg)alkyl groups.

15 4. A compound of any of claims 1 to 3 wherein R26 is H or OH and G
is selected from the group consisting of

OR®
Qmon“ —(:gmon" “and —CHZQ'"ORS

CH,OR®

. wherein R2, R3,_R4, R5, R6é and R are independently selected from the
group consisting of H, {C4-Cg)alkyl, benzyl and acetyl.
20
5. A compound of claim 1 selected from the group consisting of
2,3,4-tri-O-acetyl-1-O-[4-[trans-(3R,48)-3-[3-{(S)-acetyloxy-3-(4-
fluorophenyl)propyl-1-(4-fluorophenyl)-2-oxo-4-azetidinyl}phenyl}-Beta-
D-glucopyranuronic acid methyl ester;



wherei'n Rlerr], Rerr], Rerr], Rerr], Rerr] and R err] are independently

sel ected f group con5| sting of H ((err]l-Clerr])alkyl .
benzyl an Hm, "I""I’IH‘"" 5. A compound of claim1 selected
he group censrstsng of.

2 3 4 tri-Oacetyl-1-0-[4-[trans- (3R 4S)-3-[3-[(S)-acetyl oxy-3- (4-

£ uor ophenylwoowpssss 1 - (4-f1 uor ophenyl) - 2- oxo- 4- azet i di nyl jpoirasyd/ieRest a-
D- gl ucopyranuroni c acid nethyl ester, WO 97/ 16455

PCT/ US96/ 16823 -41- -41-
1-O-[4-[trans- (3R 4S)-1-(4-fl uorophenyl)-2-oxo-3-[3-[(S)-hydroxy-

4-fl uorophenyl ) propyl] -4-azetidinyl]phenyl]-Beta-D glucuronic acid,
1-O[4-[trans- (3R, 4S) - 1- (4-1 odophenyl ) -2-0x0-3-[3-[(S)-hydroxy-4-

f1 uorophenyl) propyl ] 1~G-{i4l-Btanék(ﬁﬁ.w)hWlhemhaﬂﬂ)@m-{m[(s)wdﬂbxy-

2,3,6-t o t = -

pyra nos;:) 1aC8 ffu?{ip%r;s P ?%%?gﬁgzgﬂdtgh%&& nﬁ%raglp enyl ) -
pr opy -(4-fluoroph ran;
1-06 [ 4- [tr ans- ( fiibréphedyl)prépyij] syt heﬂylpsetaBB{gluét(rSmcw oxy-

e L e
1
(

o[ 4 [trans- (3FPM@)"OSYQ'G(@5[4'&35%"!957(35693)3'3'[3(S)'aceMD’FM'W'@pﬂ@P}'le)"W'opyI
4-f| uor ophenyl gR

(
e e B .

1-O[4-[trans- (8¥ﬂubﬁ)9fibnvoprdwllb4ﬂzbmvllplﬁwﬂfﬁ-@-Wﬂ-@eawbpmm?yl)-
freI Ih;|0r ophgnyd)pggwb],glﬁe@gﬁahégd:yl ] phenyl ] - Bet a- D- gl ucuronic acid
1- O [ 4- [ tr ans- ( 3R, 45) 284 1A T5a5RM L OHA-raps(3R 4833l pgetylowy-3-
propyl]-4-azeti d(44;1uqnplphapyl)perylal-(l-guumphenylp—ZauxmmethyMenyl]
1-0[4- [trans (BBt f iheopvtancenzoyl ) phenyl ) - 2- oxo 3- (3 phenyl)
propyl ] -4-azetidiny P)'% et a- D-gl ucuronic acid

1 -O[4-[trans- (3R 4s RASHSrE3(P) hydraxys3-(4- (Itgorg\éegwl)propyl-b
propyl)-4-aze§i d(mﬂhémhawlﬂw-azéimﬁ joHenyi}Bata-Dhglucopyranose;

oot L G AR i oSG ooy
uorophenyl)propyl]]-4-azet|dmyl]phenyl]-Beta-D-glucuromc acid
methy! ester;
1-O-[4-[trans-(3R,485)-1-(4-methoxyphenyl)-2-ox0-3-(3-phenyl)-
20 propyil-4-azetidinyl]phenyl]-Beta-D-glucuronic acid methy! ester;
1-O-[4-{trans-(3R,48)-1-(4-(benzoyl)phenyl)-2-0x0-3-(3-phenyl)-
propyl}-4-azetidinyl]phenyl]-Beta-D-glucuronic acid methyl ester;
1-O-[4-[trans-(3R,4S)-1-{4-methoxyphenyl)-2-oxo-3-{3-phenyl-
propyl)-4-azetidinyljphenyl]-Beta-D-glucopyranose;
25 1-O-[4-[trans-(3R,48)-1-(4-methoxyphenyl)-2-ox0-3-(3-phenyl-
propyl)-4-azetidinyllphenyi]-Beta-D-glucuronic acid;
1-methyl-6-O-[4-[trans-(3R,4S)-1-(4-methoxyphenyl)-2-0xo0-3-(3-
phenyipropyl)-4-azetidinyljphenyl}-Alpha-D-glucopyranoside;
1-O-[4-[trans-(3R,48)-1-(4-(benzoyl)phenyl)-2-0x0-3-(3-
30 phenyl)propyl}-4-azetidinyljphenyl]-Beta-D-glucuronic acid; and
1-O-[4-[trans-(3R,4S)-1-(4-fluorophenyl)-2-oxo-3-[3-[(S)-hydroxy-
4-iodophenyl)propyl]}-4-azetidinyl]phenyl}-Beta-D-glucuronic acid.

6. A pharmaceutical compaosition for the treatment or prevention of
35 athersclerosis, or for the reduction of cholesterol levels, comprising a
compound as defined in any of claims 1 to 5, alone or in combination



'__1 -met hyl -6-0-[4-trans- (3R 4S)-'1 - (4- et hoxyphenyl ) - 2- oxo- 3- ( 3-

‘phényl pr NENNi IR ! ] phenyl ] - Al ph ranosi de; 1
-0[4-[tﬂmmﬂmlﬁmﬂllm (benzoyl)phe?fb"%&gggg‘y BEN 30
phenyl ) prdpyd | -%4- dzefi df nyl | phenyl ] - Bet a- D- JFOCAS&Hi ¢ aci d: and
1 -Of[4-[trans-(3R 45)-1 -(4-fluorophen m [(S) drox
4-i odophenyWYQPUIHS - 4- azeti di nyl ] phenym mﬁ)ﬂﬂﬁl 0n| cP Se/teaa3 6.
A pharnmaceutical conposition for the treatnment or prevention of 35
athersclerosis, or for the reduction of e#® esterol |levels, conprising a
conpound as defined in any of clains 1 to 5, alone or in conbination
-42- with a chol esterol biosynthesis inhibitor, and a

cess for the

pharmaceutical ly cC ble carrier
preparation of M%SW@R'BL&P%@&'&'W’&@"B Phac!@lapﬁ@pfql)ﬁ claimé

conpri sing adm xactgptabl@oawiend as cl ai ned in any of claims 1 to 5,
al one or in conbination with a chol esterol biosynt hesi S I nhi bitor,
with a pharnmaceutically acceptable carrier. The use of a

conpound as cl aifred i A RIRGess fogthe preparation ofalma@r@pewal cOMPESItIOMAE| on
with a chol egt erdafinedds Ciiimed comprising ldcﬁ‘hxm @ cdrfgound as crifthied #ramy e of a

The reduction of9 %ﬁ%ef%”é'f’@égf’iﬂeg ingi %I*"'h aﬁ'tﬁ'%'%%ﬂ%ﬁ%ﬁ'hﬁg or tor
separ at e cont ai righibitpk withsa pharmmacautisgly agceptagite camiesut i cal conposi tions

for use in conblnatlon to treat or prevent at herscl erosi s or to
reduce cholester ch _conpri ses, i.n_gne copt ai.ne

i1 ooti vo amuntSor et & Pomalin 35 BinrBed Hapy of ¢iafit 1165 Slond br
phar maceut i 381 | ynmmnaﬂﬂrewnharclmlestmﬂbnaymheﬂsdnhbitmntomthear an
effective amountp, aﬁuﬁcmgwuwﬁa&éarﬁaeﬂ fof the thddtfent b°preveftich ot

har naceuti cal | cce
P y eroslg erosis or Le reduction of cholesterol lavels.

8. A kit comprising in separate containers in a single package

15 phamaceutical compositions for use in combination to treat or prevent
athersclerosis or to reduce cholesterol levels which comprises in one
container an effective amount of a cholesterol biosynthesis inhibitor in a
pharmaceutically acceptable carrier, and in a second container, an
effective amount of a compound of any of claims 1to5ina

20 pharmaceutically acceptable carrier.

10. A method of treating or preventing atherosclerosis or reducing
cholesterol levels comprising administering to a mammal in need of
such treatment an effective amount of a compound claimed in any of

25 claims 1 to 5, alone or in combination with a cholesterol biosynthesis
inhibitor, wherein the cholesterol biosynthesis inhibitor, when the
combination is administered, can be administered simultaneously or
sequentially with the compound of claims 1to 5. -
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