AZETIDINONE COMPOUNDS AND MEDICAL USE THEREOF Field of the Invention  The present
invention relates to new azetidinone compounds as a serum cholesterol reducing agent, and treatment
of diseases by administering the acetidinone compounds. The present invention also relates to
processes for preparation of the azetidinone compounds. Background of the Invention

Atherosclerotic coronary artery disease is a major cause of death and morbidity as well as a significant
drain on healthcare 5 pﬁ&&Eﬂ‘ﬁ%‘Fﬁﬁ‘gﬁﬁrﬁ AND ‘Kfﬂﬁi‘@"&ﬂ EE@@CP '*ﬁtEB%eSters are a major
risk factor for atherosclerotic lesions, and also a major storage form in tne arterial wall cells of the
cholesterol.  Regulations of cholesterol homeostasis of human and animal bodies involve regulations
of dietary chbiektarbtlanthregtiations of biosynthesis of cholesterol, biosynthesis of bile acid and
metabolism of plasma lipoprotein containing cholesterol. The cholesterol from food and bile origin is

absorbed from the intestine, and thers the ciriulation as %a?nm gngo% 0(1; c@/sloggicaorgg. '191 another
e liver, an% tlﬁerefore, it |srtll11e major

(] esent 1nvention, relates 10, ngw C
aspect, the choles erglrlseblosynesaed and me aboﬁzec%y
determinant Gfqieatsiod oRrBErEP by ANE. TRRtRGR O difsasies borasniihssiE gt eaeetdBivnt the very
low density lipeRsetaids (HLpraanet therithenviy- isimatabopzrdsiedheloyepensibnlippmetein (LDL)
in circulation. LP(IT IS a maAgPr forg1 of cholesterol with lipoprotein in plasma, and its increased
concentratiofl 88S0CIAtes WA the increase of atherosclerosis. No matter by what means, if the
intestinal cholesterol absorption is reduced, less cholesterol will be delivered to the liver, which results
in a reductioBankpeopratoftionlaibeegdaic lipoprotein (VLDL), as well as an increase in hepatic
clearance of plasma cholesterol. At present, many clinical studies have clearly demonstrated that
increase of the tg}ﬁ\jlle%esr m c;[hcol%%t)%racgl Ie}/terl IS %gesgfi tgemrg%iro(r: e{li;SléI) Ozfﬁlfa%{ 8coroorg§({. artery disease.
The higher the leve o1 the total Serunt cholestero IS, the greater the risk Is and the earlier the time is
for the occurfehcasot tHenafirepsstieitbsis. ieabhened sesercendfesierviogvaduesldblt 196welk risk of the
occurrence gherRIREY ety eipeasercanche kegoicagkbr % fhheraiossciktdiitiReiefdhentprmation of

cholesteryl e%ers and reductlo,{nr%tlhe[ ser Qiacpvgllq?teli?l &?%lg l?éts%gr%ldevelopment of formation of

i
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atherosclerotiC lesions, reduce the accumulation of choleésteryl"esters in aiterial walls and prevent the

intestinal absorption of dietary cholesterol.  Even with the current diverse range of therapeutic
agents, such as Begtivkiieng. efinehaksttirohigmgostesatirmbilerawnd asid derinfith drediepiaeveanalogues,
significant prepeHiRmef dhediypgrciRirsisralagmicRamtiaionds unabisHaeash drsagigbplesterol
levels, or dr;JPg interactionf f drug saélet %%e%ude Iong [erm use neeq[e.d 1o rgia?ih the target levels.
Therefore, oS AREHSCALES 85 A& 8?;6 aition é’e&aesﬁ‘% APPSR IR B0 S5 are better
tolerated. 'Twnepolestisqgddssesting sndihdhalogiersl albswhetiomomhibitonyeattivityridavaidreen
described, sgg fordnalancadiecepoRiIdst dasriRRibin WP A3{R&04A8, W Qa4 R8IV 95/08532,
WO 95/26334, WO 95/35277, W%§6/16037, 0 96/1 4\1(5% O 97/16455, WO 02/50'027f WO
02/50060, WS DAISTEEBIW'0AVHE0, W DINsE4 8% R P DIbEDE NS VafiStioaa
W004/0008Q83, m&ﬁzmmmus &K@Yﬂﬂ&}eahd_eU$ m&z@zﬂarmmgiﬂwm r@pmt@ai thethgetidinone
compounds {gryqgkiclion o} shiRlsieial Andianinbiliinek efdherlpmAtinR adesang imarisey walls of

e

mammals. The present invention is based on the above discovery of sugprlsmg inhibition of

2-azetidinonAN AR VA LHLRELBI HESYANEN e brasBI MvoRRoR TRtz Wit structurally
_mo_difies thelip@retidinonplaompandds, iﬁm:ieaﬂemcmﬁdﬁtimegsmmﬁhvim mmrea@éfmﬁcious
inhibitory eﬁﬁ&fe?&&'é%{?ﬁ%éeﬂ%-JQ&P‘\?&W%&L&?‘?flp&%sﬁﬂ&éﬂﬁ&f‘@ﬂ&&'@r@f’&ﬁéﬁﬁ&%ﬁén any of the

above applications. present invéntion further relates to the use of the azetidinone compounds of

the present FfdRREHN TS rehfledselom chldtsssiddodie Byphmdnsbrer thiehiis ctiehn® object of
the present itheeptiatuisitn dischepetiveVpsprotaichOlesiengl iowetlhgaganiscicasazatidipacie
compounds 91%9@%5@8??%8@%%&%?@ ple salts thereof ~ Another object of the present invention is
to disclose processes of preparation of the said azetidinone compounds. The compounds of the
present invention are compounds represented by formula Formula (1) or a pharmaceutically
acceptable salt thérdsreifharany: clinalistadies hpsgigleattyinigepantiatedythaideeserstort the group
consisting ofibyitragem, badogesolriflieromeiiylocanonbdrGiklkytidz2-06 abtenyty Gsr&ep cycloalkyl,
hydroxyl, C1;C6 alk enzylgxy.and -Q00117 ;. R2 is,1-3 substituents independently. selected
from the o st o P ot bt e ST RGO e,
C3-C6 cycloadythpyarbgyithe time BikexyhTecarrrgglekyh¢ercosclaiineliexipahdanon117 ;
iuoromethy, Syane, GGl s, oGO ke o C8 Mo C1-6 alkoty andt hepry
trifluoromethyl, cyano, C1- - enyl, C3- cloa -C6 alkoxy an nzyloxy ;
Rais setoctoll TS BHous colRSHTG SrRaanerT B S f B ATy
cycloalkyl ;  R5 is selected from the group consisting of hydrogen, C1-C6 alkyl, C2-C6 alkenyl and
C3-C6 cycloalkyl ; |



R6 is hydrogen or -00117 ; R7 is C1-C10 alkyl, phenyl or phenyl substituted by at least one

substituent selected from the group consisting of halogen, trifluoromethyl, cyano, hydroxyl, Ci-C6 alkyl,

C2-C6 alkenyl, C3-C6 cycloalkyl, C1-C6 alkoxy, phenoxy and benzyloxy; mis0,1,2o0r3;nis 1,2 or 3
; and the carbon-carbon double bond is Z configuration or E configuration.  In the above

embOd'me”trQ(ﬁ&'c‘f?ﬁBr%ﬁeﬁ} '%V?H&O'EF ﬁ‘@s‘t‘%&ﬂ”ﬁw Bill4pENEn G [BE{%;E YPTRIRG %%ﬂ igline; "C1-C6

alkyl" includes met | ethyl, n- propy |so ropyl, n-butyl, iIsobutyl, ter y n- penty |sopentyl
neopentyl, nAHSEPRCISEMSS BB SN @@Mﬁypqrﬂﬁﬁéeievﬁ{yﬂ ESpeiyRTiaRA! Bidhyl,

pentenyl, hexemptcved- €6 ﬁye@aMylbmqhm@a&ﬁyl@émm}dl&y@I@butyl cyclopentyl, cyclohexyl "C1-C6
alkoxy" includes methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, tert-butoxy, n-penoxy,

isopenoxy, neopﬁnoxxmrhh% ?h(F’V(Qr)% rré%oheéo&ra A other spec of th?a%ess%nt invention
relates to intermediate comp ounglr or preparing Fhe compoun orm acompdun

represented By TRALIR IN4): W@tﬂw m@ @@érbz)ﬁ?rgl_ﬁ y @mmamﬂ@@eﬁ, sigyafjgant3
substituents prelaraodently welerjperbiTedieddiompCpRBising 0f Ry diaaes, falegen. wlgaromethyl,

cyano, C1-C k 2+ C6 alken I C3- cIoaIk l, C1- C6 Ikox nz ony R4 |s selected
from the grom?ba(f:onsﬁm 16 h dr)é1 ‘gia(‘,% é]ﬁ’((f gﬁuééa 'I%Czilu &ﬁl&g %Itogﬁ}y]ll R5is
selected fromem@@twpaebﬁhestnﬁgebﬂwéﬁo@b@re@le%@w S@Q@@?aﬂ@ﬁ%%m@?bloalkyl;

R8 is a protegling hath Ohiye krrhSHeRa arebikdetbiuhddimethylsily (TBDMS), trimethylsily
(TMS), tert-butyldiphenylsily (TBDPS) or the like; mis 0, 1, 2 or 3; nis 1, 2 or 3; and the carboncarbon

double bond is Z confguraten of & conTauaton, & SoRRMIS SREREme Ui A s,

described, see for instance the compounds described in WO 93/02048, WO 94/17038,
WO 95/08532, WO 95/26334, WO 95/35277, WO 96/16037, WO 96/19450, WO
97/16455, WO 02/50027, WO 02/50060, WO 02/50068, WO 02/50090, WO
02/66464, WO 04/000803, WO 04/000804, WO04/000805, US 5756470, US 5767115,
and US RE37721. Most of them reported the azetidinone compounds for reduction of

cholesterol and/or inhibitory of the formation of lesions in artery walls of mammals.

The present invention is based on the above discovery of surprising inhibition of
2-azetidinone derivatives on cholesterol absorption. The present invention synthesizes
and structurally modifies these azetidinone compounds, to look for azetidinone
compounds with more efficacious inhibitory effect on cholesterol. The compounds of

the present invention are not disclosed in any of the above applications.

The present invention further relates to the use of the azetidinone compounds of

the present invention to reduce serum cholesterol levels.
Summary of the Invention

One object of the present invention is to disclose new serum cholesterol lowering

agents, i.e. azetidinone compounds or pharmaceutically acceptable salts thereof.

Another object of the present invention is to disclose processes of preparation of

the said azetidinone compounds.

The compounds of the present invention are compounds represented by formula

(:



V wherein, Rl, R2, R3, R4, R5, R8, m and n are as defined above. A compound represented by
formula IV: 00 HN 0).N Ph --- (cH2)-L-L.1_R3 R5 p R8 iv wherein, RI, R2, R3,R4, R5, R8, mand n
are as defined above. A compound represented by formulaL: , R8B A0, (CH2). L wherein, R3, R4,
R5, R8, m and n are as defined above. A compound represented by formula K: wherein, R3, R4, R5,
R8, m and n are as defined above, and R9 is methyl or ethyl A confgound represented by formula J:
0,R8 R %l.." R5 (CH2 )n, /

Formula (I)

or a pharmaceutically acceptable salt thereof, wherein:

R' is 1-3 substituents independently selected from the group consisting of
hydrogen, halogen, trifluoromethyl, cyano, C;-Cs alkyl, C,-C¢ alkenyl, Cs-Cq
cycloalkyl, hydroxyl, C;-Cs alkoxy, benzyloxy and -OCOR”;

R? is 1-3 substituents independently selected from the group consisting of
hydrogen, halogen, trifluoromethyl, cyano, C;-Cs alkyl, C,-C¢ alkenyl, Cs-Cq
cycloalkyl, hydroxyl, C;-Cs alkoxy, Ce¢-Cio aryloxy, (Ce-Cip aryl)methoxy and
-OCOR’;

R’ is 1-3 substituents independently selected from the group consisting of
hydrogen, halogen, trifluoromethyl, cyano, C;-Cs alkyl, C,-C¢ alkenyl, Cs-Cq
cycloalkyl, C;-C¢ alkoxy and benzyloxy ;

R*is selected from the group consisting of hydrogen, C;-C alkyl, C,-Cs alkenyl
and C;-Cg cycloalkyl ;

R’ is selected from the group consisting of hydrogen, C;-Cg alkyl, C,-Cg
alkenyl and Cs-C¢ cycloalkyl ;

R® is hydrogen or -COR’ ;

R’ is C;-Cyo alkyl, phenyl or phenyl substituted by at least one substituent
selected from the group consisting of halogen, trifluoromethyl, cyano, hydroxyl,
Ci-C¢ alkyl, C;-Cs alkenyl, Cs-Cs cycloalkyl, C;-Cs alkoxy, phenoxy and
benzyloxy;

mis0,1,20r3;

nis 1,2 or3;and

the carbon-carbon double bond is Z configuration or E configuration.



(CH2)n COOR9 wherein, R3, R4, R5, R8, R9, m and n are as defined above. A compound
represented by formula H: cr R8 wherein, R3, R4, R5, R8, R9, m and n are as defined above. A
compound represented by formula G: wherein, R3, R4, R5, R8, m and n are as defined above; X
is halogen, i.e., fluorine, chlorine, bromine or iodine. A compound represented by formula F: R8 0, r,t

(CH2m  wherejp, &3, R e Ri38iAL A W53 AL IR A0 VGralo LA RRUNELISRIGRRRE DY

formulaD:,it ' o ‘
chlorine, bromine and iodine; “C;-C¢ alkyl” includes methyl, ethyl, n-propyl,

isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl,
isohexyl, neohexyl; “C,-Cg alkenyl” includes vinyl, propenyl, allyl, butenyl, pentenyl,
hexenyl; “C;-Cs cycloalkyl” includes cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl; “C;-Cs alkoxy” includes methoxy, ethoxy, n-propoxy, isopropoxy,
n-butoxy, isobutoxy, tert-butoxy, n-penoxy, isopenoxy, neopenoxy, n-hexoxy,

isohexoxy, neohexoxy.

Another aspect of the present invention relates to intermediate compounds for

preparing the compound of formula (),

a compound represented by formula (I1I):

R8
|
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R4_}"‘ RS
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X
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=
Ph

I

wherein:

R’ is 1-3 substituents independently selected from the group consisting of
hydrogen, halogen, trifluoromethyl, cyano, C;-C¢ alkyl, C,-C¢ alkenyl, C;-Cg
cycloalkyl, C;-C¢ alkoxy and benzyloxy;

R*is selected from the group consisting of hydrogen, C;-Cs alkyl, C,-Cs alkenyl
and C;-Cg cycloalkyl,

R’ is selected from the group consisting of hydrogen, C;-Cs alkyl, C>-Cs alkenyl
and C;-Cg cycloalkyl,

R® is a protecting group of hydroxyl, such as acetyl, tert-butyldimethylsily
(TBDMS), trimethylsily (TMS), tert-butyldiphenylsily (TBDPS) or the like;

mis0,1,2or3;

nis 1,2 or 3; and

the carboncarbon double bond is Z configuration or E configuration.

A compound represented by formula V:



A 0 (CH2 (CH) wherein, R3, R4, R5, R8, m and n are as defined above. In addition, in the above
mentioned intermediate compounds with carbon-carbon double bond, the carbon-carbon double bond
is Z configuration or E configuration. In yet another aspect, the present invention relates to a
pharmaceutical composition comprising an effective amount of the compound represented by formula
(I) and the pharmaceutically acceptable salt thereof The pharmlgceutical composition of the present
invention further comprises pharmaceutically acceptakle carrierg_.compatible with the compound of
stered'in general dosage forms, preferably oral
dosage forms, such as, capsules, tablets, powders, ¥latgaps / suspensions or solutions. The
dosage form and the pharmaceutical compgsitiqn may be prepared by using traditional
pharmaceutically acceptable excipients aﬁ'tives and ating traditional techniques. The
pharmaceutically acceptable excipients and additif&€s iablude non-toxic compatible fillers, binders,
disintegrating agents, buffers, preservatives, antiéXigants, lubricants, flavoring agents, thickening
agents, colorants, emulsifiers and the like. In ano aspect, the present invention relates to use of
the compound of formula (I) in preparation of a me%iigament for the reduction of serum cholesterol
levels. The present invention further relates to a method of reduction of serum cholesterol, said
method comprises administration of an effective amount of compound of formula (1), that is, application
of the compound of the present invention ag a medicament to reduce serum cholesterol levels.  The
compound of the'pagBhR&nntbn RaRadkretistntbearerisideteiesd gpedeand low density lipoprotein
cholesterol (LDL-C) levels in plasma, and can be used as a medicament for reduction of blood
cholesterol. ThergfQfgptha ¢REPRAALPHIN@ REERENFINVention can be used for treatment or prevention
of diseases of atherosclerosis, vascular dysfunction, heart faillre, coronary artery disease,
cardiovascular disease, myocardial infarction, angina an o@ erlipidaemia, hypercholesterolaemia and

the like. As used herein, some of the terms are as defined ollows. "Halogen" refers to fluorine,

chlorine, bromine and iodine.  "Alkyl" whef use€d adid substituent or part of a substituent, refers to a

linear or branched aliphatic hydrocarbon | It\|I gent, Mestpreferable one is C1-C6 alkyl, unless

otherwise indicated. Examples of linear or\bragncheo kyf include but not limited to methyl,

ethyl, n-propyl, 2-propyl, n-butyl, isobutyl, tert-Bufyl. hexyl and the like.  "Alkenyl" when used as a

substituent or part of a substituent, refers to an ali arbon substituent with at least one
ciled )

carbon carbon double bond, and may be linear of C Mast preferable one is C2-C6 alkenyl.
The said substituent may contain multiple double b IS backbone which may independently be E
configuration or Z configuration. Examples of said 5i§enyl include but not limited to vinyl, propenyl, allyl
and the like.  "Cycloalkyl" refers to a saturated or partiaNly saturated single, condensed or spiro
carbon ring. Preferably, it is a ring with 3-6 carbon atoms. Examples include but not limited to
cyclopropyl, cyclebatyincRelRieRIYR cyRIoRExyl amichthie likelefintdlkbxye. refers to a substituent of
(alkyl-0-), in which the alkyl is as defined herein. Preferably, it is C1-C6 alkoxy. Examples include but

not limited to meghoxy. eth n-pro ropexy, n-butoxy, isobutoxy, tert-butoxy and the like.
The term "aryl", Whggn Bé%@?l%ﬁg (e)rt?ngﬁm %rggzgn,' refers to aromatic carbon-ring system with one or

two rings, in which said rings may be fused connqpt%gd. The term "aryl" includes aromatic groups such
as phenyl, naphthyl and tetrahydronaphthyl. PW&H aryl is C6-C10 aryl, more preferred aryl is
phenyl. Said "aryl" may have one or more substi ggrtns, such as C1-C6 alkyl, hydroxyl, halogen,
alkylhalide, nitro, cyano, C1-C6 alkoxy, C1-C6 alkyl a 'QB and the like.  The present invention
includes the compound of formula (1) angg_ Sp Ssibléiseriiéi¥thereof, which include
nonmirror-image isomers, mirror-image IS and geometric isomers such as the "Z" or "E"
configurational isomers. In addition, the term "phagmaceutically acceptable salt" refers to a salt of the
compound that has original biglogical activities and is suitable for the medical use. The
pharmaceutical)2EEdBtdbieisalf ofthe HHPRIAELIEIRFLRPPYSs a salt formed with alkali metal. The
alkali metal that can form a pharmaceutically acceptable salt with the compound of formula (1) includes
lithium, sodium, paiaspicimnd FpgaRaltb Ealeidia Auminum, zinc and the like. The compound of
formula (1) is preferably administered orally. ~ We have found that the compound of the present
invention can reduce serum cholesterol levels. Preparation of Azetidinone Compounds




Another aspect of the present invention further relates to preparation of the compound of formula (1),
which comprises deprotection of a compound represented by formula V under basic conditions,
wherein RI, R2, R3, R4, R5, R6, m and n are as defined above, R8 is a hydroxyl-protecting group,
such as acetyl, tert-butyldimethylsilyl (TBDMS), trimethylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS) or
the like; when R2 is hydroxyl, it is optionally protectgd, and after hydrolysis of the compound of formula
V, the protecting group on R2 is removed, altefn T\ﬁ@ly, if necessary, the hydroxyl is further converted
to other substituent as defined above for R2. e compound of formula V may be prepared by
following method, the method comprises the treatmgnt of a compound represented by formula IV with
N, O- bis(trimethylsilyl) acetamide and subsegueft.c dmti\oggé(yﬂe resultant silylated product:
wherein RI, R2, R3, R4, R5, R8, m and ¢
above may be prepared by following method?in which a compound represented by formula Il is
dissolved in a suitable anhydrous solvent (such as finhydrous methylene chloride), then condensed
with an imine reprgspited b formutd lunden the &remrhgwgyaquemﬁyh&m@qogen) with the
presence of Lewis acid TiCh, as a catalyst;  the compound of formula Il used above may be
prepared by following method, in which in a anhydrous inert solvent (such as CH2C12 or THF), an
acid representedSPTBPRIIA @@ﬁé?@é@@bylfm‘r%f&mate form mixed anhydride, and then condensed
with (S)-4-phenyl-2-oxazolidinone under the presenge of a suitable catalyst (such as sodium
bis(trimethylsily) amide or 4-dimethylaminopyridine §DMAP), preferably sodium bis(trimethylsilyeamide
at temperature of -60C to -25 C; R8 0 R4H-R5 0/0CH2)m .1..../(CH2), 1) (CH3)2CHCH20
COC1 (CH2b COOH y R3 -11pPh 2) 0 NH --(fp B2 the compound of formula L used above may be
prepared by following method, in which a ¢ eddsy formula K is hydrolysed under
basic conditions, and then is acidified tRo taip/the compoundgffpemula L; RBR8 R5R5 (CH2
)n,(CH2)n,

J

. D3 pd pd pd P
wherein, R’, R", R’, R", R”, m and n are as defined above.

A compound represented by formula H:

R R
(CH2)m
o X (CH _CcOOR’
R3_'
I
= COOR’
H

. D3 pd pS pd P
wherein, R”, R", R’, R", R”, m and n are as defined above.

A compound represented by formula G:

. 3 p4 s ps . . .
wherein, R”, R”, R”, R”, m and n are as defined above; X is halogen, i.e., fluorine,

chlorine, bromine or iodine.

A compound represented by formula F:



wherein, R9 is methyl or ethyl. The compound of formula K used above may be prepared by
following method, in which a compound represented by formula J is decarboxylated by heating to
obtain a single ester compound, i.e., the compound of formula K;  the compound of formula J used
above may be prepared by following method, in which a compound represented by formula H is
hydrolyzed on a single ester under a controlled swtab&g reaction conditions to obtain the compound of
formula J; the compound of formula H used eRgnay be prepared by following method, in which
a compound represented by formula G is reacte diester malonate to obtain the diester
compound of formula H; Rs 121..., R5 COOR9 ( Cid2.)m COOR( CH2 )n X COOR9 wherein, X is

halogen, that is fluorine, chlorine, bromine or iodingsx. gpmpound of formula G used above may
be prepared by following method, in whichgt roxyl of a coﬁﬁ)ound represented by formula F is
halogenated via treatment of halogenated agentto obtain the compound of formula G; (CH2)m R8
R4,14,:.c:RR2)58m (CH2)n pHX the compound of foFmula F used above may be prepared by the

following method, i whigtPthe gstergraumehakomrerndrersesented by formula D is reduced by a
suitable reducing agent (such as dnsobutylalumlnum hydride (DIBAH)) to obtain the

A compound represented by formula D:
R4 % RS

(CH2)m
Xy (CH2)n-1
N “COOEt
R
=

D
wherein, RS, R4, RS, Rg, m and n are as defined above.
In addition, in the above mentioned intermediate compounds with carbon-carbon

double bond, the carbon-carbon double bond is Z configuration or E configuration.

In yet another aspect, the present invention relates to a pharmaceutical
composition comprising an effective amount of the compound represented by formula

() and the pharmaceutically acceptable salt thereof.

The pharmaceutical composition of the present invention further comprises
pharmaceutically acceptable carriers compatible with the compound of formula (I).
The compound of formula (I) may be administered in general dosage forms,
preferably oral dosage forms, such as, capsules, tablets, powders, flat capsules,
suspensions or solutions. The dosage form and the pharmaceutical composition may
be prepared by using traditional pharmaceutically acceptable excipients and additives
and adopting traditional techniques. The pharmaceutically acceptable excipients and
additives include non-toxic compatible fillers, binders, disintegrating agents, buffers,
preservatives, antioxidants, lubricants, flavoring agents, thickening agents, colorants,

emulsifiers and the like.

In another aspect, the present invention relates to use of the compound of formula

(D) in preparation of a medicament for the reduction of serum cholesterol levels.

The present invention further relates to a method of reduction of serum



compound of formula F; the compound of formula D used above may be prepared by following
method, in which a compound represented by formula C is subjected to Wittig-Horner reaction to
produce the compound of formula D, which is further separated to obtain Z configuration and E
configuration ; the compound of formula C used above may be prepared by following method, in
whichin a S‘éﬁ%‘f’éﬁtéﬁ%l‘,’e%&h Qéf{%f:&’xé(&%f ?i&e%mﬁ’(ﬂﬂ{}ﬁs[&?{g?e QIpyek?)%EQH/@ %é%&ﬁ?t%‘%‘ed with the
presence of suitable catalysts (such as 4-&methy aminopyridine ( DMAP )) to produce the compound

of formula ceompaaed Affetmu B korikali BRRIER B OE P B pHEH Afdh R seRBiitG HHighod, in

which the esier grediRdmeancasmpauncseepiesesiteethyl fevanslla A is hydrolyzed under basic conditions to
produce the corresponding alcohol, i.e. the compound of formula B; A the compound of formula A

used above mayTt?le Rre ared bé/f [lowin ethod[ in which a halide is1 r%aqtepl wi't diuw acetate to
€ %n%%ofund F € pres%_F mvention can decrease tota ﬁ O E[F €ro anh .
produce the compoun ormula A; e present invention are further illustrat y the following

examples. ThaveseiitiieknorsoigintsboireiserhatioR oty prsl cohipatnasyuhrasdhratstsy dmnula (1) and
relevant dataneli Rt Aoid epdiicasionst tbRiefdh sleouidibernetewd thatibectopwing examples are
illustrative onlly, aqd are ng to be cotpstruse%ta Iim{tienaq tkelgtpresenrtei\pevf%ptrilonoi,[n %gsye way. o In the

t
. csSen 10 can. DE. C T m or .
following exé’mp?es, UhiE8sOthéiwise indicated all ]iemperaturespare elsius; and unless otherwise

specified, allagfestsaieigvaw rrsatals drsfraeiints Ware detwitercialiynavailaibleryT héissesmercially
available raw maéetalaiand dRREQNTS Mese sl dirgsibivvithomidighesRuriticatiamniuaiass, otherwise
specified. Glasswares were dried with qven and/or by heating. Reactions were traced on silica
glass-60 F2§leﬁ5ﬁi£6 Bs%olf?ﬁwm@)tf\%ﬁéﬁ was an analytical thin layer chromatography and was
developed with an appropriate ratio (VN) of solvents . The end a reaction was determined when
starting material&\onsti Gongene soxiraoithelterms are atduifinRdspdollawsere determined by using Bruker
instrument (400MHz). The chemical shift was represented by ppm. Tetramethylsilane was used as the

internal referencer{Q 0QRPRFAINMB WaS IERESERisR @S tha felipwing: s=singlet, d=doublet,
t=triplet, m=multiplet, br=broad, dd=doublet of doublet, dt=doublet of triplet. When coupling constant

was provided, it?\]%ﬂ%,}ggas Hz. ass spectra were determined by LC/MS instrument with ionization

of ESI or APCI. F ISR S0t SRSUNRURE P HR! B IR EXafirss Bré JRRMIR rative of
the synthesibprobedsioplspecificlitadnm gobstdsant.tiopr psefatableemtions. Helealky] thelesss no limit in

the synthesis BIOGESS i fREIRAUIES ARIAISISH REISINABEARARISE, he PIARATGELED the sRme

synthesis route and the same synthesis process by selecting aEproPrlate starting raw materials, and
making nece S8 4astdntdizh SanrPYEZchEPELARIGHS 150RRM At b ¥t 3R dBfmon

knowledge. Siathesis

“Alkenyl” when used as a substituent or part of a substituent, refers to an
aliphatic hydrocarbon substituent with at least one carbon carbon double bond, and
may be linear or branched. Most preferable one is C,-C¢ alkenyl. The said substituent
may contain multiple double bonds in its backbone which may independently be E
configuration or Z configuration. Examples of said alkenyl include but not limited to

vinyl, propenyl, allyl and the like.

“Cycloalkyl” refers to a saturated or partially saturated single, condensed or spiro
carbon ring. Preferably, it is a ring with 3-6 carbon atoms. Examples include but not

limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like.

“Alkoxy” refers to a substituent of (alkyl-O-), in which the alkyl is as defined
herein. Preferably, it is C;-Cs alkoxy. Examples include but not limited to methoxy,

ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, tert-butoxy and the like.

The term “aryl”, when used alone or in combination, refers to aromatic

carbon-ring system with one or two rings, in which said rings may be fused connected.



As for the compound of formula (1), when R1 = R3 = F, R2 = OH, R4 = R5 = R6 = H, R8 = TBDMS, R9
= Me, X =CI, m =0, n =1, the corresponding compound may be synthesized by using the process
shown in the following synthetic route. The compound of II-1 may be synthesized through the
following process: HO BzCl CHOBz0 FENF CHO1 Bz0O Detailed Embodiments Example 1
Preparation uorgphen 0- c 0 u flask were
added 400 g?;lr%sg?zr%z rg ¥ %g?r%% a- uc%lgph%%% %tga@ﬂ%n%q 1 3%%@ Nan';Ei’(Bh eth formamide
and 265 graﬁﬁg%@ég’ﬁ@@i}thﬁhfd%%@o%ﬁmSa@e@tea%e“#ﬁrﬁtlﬂfé firardstirbés AeMdaidifto 90C, and

the reaction fasjtd heyhoaws. dhﬁasrtlﬁa)remm@ﬁmmS;@ﬁmlatfdlltmg beatingydas glopgleded he reaction

solution was ﬁgcﬂle &ié)le{ﬂ to room tgmee ure y %ncbex tgrgl 1‘1’1V'th gthl)[e Agetate (600 ml x 6). The
organic phase were C’Oh’lBIhG wash ree fimes Wit rlne ried over anhydrous sodium sulfate

and concentrated until dry. The reS|due was crystallized from the mixed toluene/petroleum ether
solution and drieB®Rspan ByPeiniaquds theljusrgadd Rmumm(isriofarewuposHbNMR (400
MHz, CDC18)6Re?3 {igerdofl, @H&),lﬁe?p&iésnanh’hlr@fiznhg% 1brrk9, (MiredHintaRE- b omé83ndd97 (M, 2 H,
Cpr-H); MS m/ 2):.197 [MAI]. E e 2. BPrepgration of 1-(4-fluorophenyl)-2-hydroxy-ethanone
(compound thfb\c!f&?ﬁ I‘F—? ZP Ipacf)iracé”iL egruﬁegs vﬂé?g%‘aﬁed 321.3 grams (1.64 mol)
compound A-1, 1 litre of methanol, 18 grams (0.13 mol) potassium carbonate. The mixture was stirred

at room temperaltmr@déﬁ'ti)théh@éi@tmﬁ‘lﬂ@@@ﬁ@hﬁ%ﬂmmﬁméﬂbﬁs@f@f‘aémd safidsthdth ethyl

acetate (800 mirﬁ @ ArganigghasasNR AoNNe, -sﬁieii @Mﬁé&@%@&%mmw”me and
concentrated aéﬂ'ggobtal 11. Og ??T éf. th ol) com -1 wit leld éS% 1H NMR
(400 MHz, C s ATkl e pinpanst Wﬂ% BreY, 7.95-7.98
(m, 2 H, Cpr-W)tIEalémipm@apﬁm&mmtzltmtmwmmmMWm%ﬂ@omphbtwe@thanone
(compound Celijy thd Qo%lﬁdﬂﬁﬂ flaskvyeie agdded B¢ Bigramsédida "ﬁb%’tlaé%‘?ﬁ'ﬁp%ﬂgiq@sﬁml 2 liters of
acetonitrile, 1.8 liters of dichloromethane, 17.6 grams (0.14 mol) 4- dlmethylamlnopyrldlne (DMAP),
200 ml (1.44 ﬁ%‘f}‘gﬁﬁ et rég]%e ]é?ams (1.72 mol) tert-butyldimethylsilane chloride
(TBDMSC1). The mixture was stirred at room temperature and the reaction lasted 10 hours. Then, 136
ml (1 mol/L) of hythecbinpeuadidfivasmads gy drprfsss intalthakeaetiarablution. After the addition, the
reaction solution was further stirred for 20 minutes, and then extracted 3 times with dichloromethane
(400 ml X 3). Th anic phase e combine d washed 5 times Wlth brine, dried over
anhycrous Sodiudh SR RO SHR ol ST, e e AV R By B
chromatogragitejegpeawblevts.ether/dichloromethane = 1.5/1) to obtain 219.5 grams (0.82 mol)
compound C-1 with yield of 67.2%. 1H NMR (400 MHz, CDC13): 6 0.16 (s, 6 H, 2x-CH3), 0.93 (s, 9 H,

3 x-CH3), 4.86 (s, 2 H, -CH2-), 7.1%:7,18 (o bb SRGEN T ARMaR H: CPr-H); MS (m/2): 269

[MAI].

Another aspect of the present invention further relates to preparation of the
compound of formula (I), which comprises deprotection of a compound represented

by formula V under basic conditions,

Rl
RZ\/ / /\
N/ -
3 = A
R T | | o
Z (CHy), ©
(CHy)p,
R4
R® P
R

wherein Rl, Rz, R3, R4, RS, R6, m and n are as defined above, R%is a hydroxyl-
protecting group, such as acetyl, tert-butyldimethylsilyl (TBDMS), trimethylsilyl



Example 4: Preparation of ethyl 4- tert -butyldimethylsilyloxy-3-(4-fluorophenyl) but-2-enoate
(compound D-1) To a 5 liter flask were added 27.0 grams (1.19 mol) triethyl phosphonoacetate
and 1.3 liters of tetrahydrofuran. The mixture was stirred, and 0.82 liters (2 mol/L) sodium
bis(trimethylsilyllamide was added dropwise at about -30C . After the addition, the mixture was

warmed up aste r. 9 AnS go (2;mol)
compound é@r %ﬁn s%gl{\}cgﬁffi t(ﬁé,%&[}ﬁ ﬁ}gtrg’ﬁéﬁéjri)ﬁ%g %{Léd &c}ﬁd{r}o l%wise a ate Yrature of about
-60C C. AftePRHENaH iR tRE terprafifie Wukekidiedab Honme t@fe Britnie Pz»aéh%n lasted 1
hour. The reptdtamrvgag?r@)waﬁtﬁd i3 t‘éﬁﬁﬁ/mtm&hﬁtﬁ@j@te 12&sanly X Hyiethoyeis dahieirous sodium
sulfate, and congent %e(dt nt|I @ﬁt C? % giv p/urtn‘leﬂzby column chromatography (petroleum
ether) to obtan 1 grams ylef 5 AS compound D-1 (Z configuration) and 67.6 grams
(0.20 mol, yield 27.8%) compound D 1(E configuration). Compound D-1 (Z configuration): 1H NMR
(400 MHz, CDC13y sonwysdeffondp3) rogdespgnarahacfedpwing methqq, hemethgd _CH3),

4.11(q, 2 I(* 01T 12eHZheCtlrb%ﬁné196>fsa %binp@ﬁi%)re@&ge(%ea I'd( %ﬁﬂ?lﬁ 98-6w3Eh(m, 24, Czpr H),
7.35-7.38 H, Cpr S (m/z). 339 1 Compoun 1(E igura R (400
MHz, Coc1l Z(é“onfg‘(s [ﬁll azé ‘@gs(éb%"ﬁ‘ 35Cl al?i (fQ@ qu“g ﬁljzﬁaé‘?%l 3), 4.02 (q,

2H,J:72I~H20d®l¢IZ) 430(s 2H, CH2) 6.20 (s, 1 H, CH) 702706(m 2 H, Cpr-H), 7.13-7.16
(m, 2 H, Cpr-H); MS (m/z): 339 [M+11] ExampIeSPreparationof

(2)-4-tert-butyldimethylsilyloxy-3-(4- flklorophenyebut -2-en-1-01 (compound F-1, Z cqpfiguration)

To a5 liter flask were added 12¢7gfams (0.36 mol) compound D-1 (Z uratiogy/and 1.0 liter of
dichloromethane. ﬁen 0.81i 5 mol/L) of dusobutylalumlnlum lydrifle (q%l@ n-hexane

solution was added]drofwise at about -60C. The temperature was war terperature and the
reaction lasted 30 mu‘?e?ﬁﬁb@ q{chloromethane was ﬁd ed 1o the reattign solution. The
resultant was Wasqu%@ tial th saturated ammonium dg;@l&é@}) n brine for 3 times,
dried over anhydrous $bdium| quate and concentrated till dry to obt ggrams (0.35mol)
compound F-1 (Z configys jon ield of 97.2%. 1H NMR (400 MPRIHGDCB) 6 0.07 (s, 6 H,
2x-CH3), 0.86 (s, 9 H, 3 x- _@t 1H,J=5.8 Hz, -OH), 4.36 (tr2 M, J= 6.3 Hz, -CH2-), 454(s,
2 H, -CH2-),5.99 (t, 1 H, 41568Hz -CH-), 698702(m 2 H, Cpr-H), 7K%2736(m 2 H, Cpr-H).
Example6:Preparationof (E)Rﬂ teyt-butyldimethylsilyloxy-3-(4-fluorophenyebut-2-en-1-ol (compound
F-1, E configuration) OTBDMS DIBAH CO2Et (E) D-1 The said compound is prepared from ethyl
(E)-4-tert- butyldlmethylsn |oxy3-(4- fluorophenyl) -but-2-enoate (compound D-1, E configuration)
according to the EhFifR olesRaREBmBles apd AR A5 L0 BC13): 6 0.09 (s, 6 H, 2x-CH3),
0.94 (s, 9 H, 3 x-CH3), 4.12-4.14 (m, 2 H, -CH2-), 4.34 (s, 2 H, -CH2-), 6.01 (t, 1 H, J = 6.8 Hz, -CH-),

7.05-7.09 (m, 2 ﬁl@@h’ﬂpoﬁn'kﬁo? H9nfMa Z\Hu&@Brabgvgﬁmﬁlﬁﬁr&fﬁ@é@iﬂﬂﬁfwmg method,

tert-butyl- [(Z Qro- 2 4- quoro henye nox dﬂpeth I -Si aé: comp I’lld G- 1dZ conflguratlon)
To a5 liter flas}?'were a éjdni%]o ?gmlse% ég omposl.sl(r)l i(i con g%?a nf 1°6 liters of
d|chIorometnah@nldal@ia&ﬁs?(@@mI)rwihbﬁﬁ?@mﬁh}vﬁo@yldhﬁe actdegsadh| withiisopropydethylamine.
The mixture W ﬁﬂfﬂm%{hﬁ H@ﬁ%‘éﬂ%%@ﬂ&@ﬂﬁ%ﬂ'& hifeht (43 Grams (R LYith

4- tquenesuIE](a)ﬁi;I chloride TsCl) éﬁ‘i} % ed in 80? ml of dlchloromethane) was added dropwise at
about -20C 'SSROSI? gl & B \ésrjn’perature and the reaction lasted 12 hours. Then
the reaction solution was aC|d|f|ed to pH=4 with 2 mol/L of hydrochloric acid. The reaction solution was

stirred for 30 minutes, then layered. The aqueous pﬁase was extracted 2 times wﬂhi;hloromethane

(100 m1x2). The obtained organic phases were comblned washed 3 times with bripe, dlried over

anhydrous sodium sulfate and concentrated till dfy—’golﬁbtaln 77.5 gramg (025 pound G-1 (Z
E: 1

conﬁguraﬂorﬁ@ﬁd of 73.5%. 1FHNMR (400 Métz),CDC13) : 6 0. & | )@%88 (s, 9 H,
3 x-CH3), 4.34(t 8-6\Hz, c}&z g, 2 H CH2)591 H, 4.2,8.0HZ-€H-),
6.99-7.03 (m, 2 Cpr‘-hj‘K )u\liqcm H) aple8 BT ep?z?%mnofﬂ Z

(CHn Y s
| >TR4 _
R5 O
RS
v
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tert-butyl-[(E)-4-chloro-2-(4-fluorophenyebut-2-enoxy]-dimethyl-silane (compound G-1, E configuration)
Thetitlecompoundwaspreparedfrom (E)-4-tert-butyldimethylsilyloxy-3-(4-fluorophenyebut-2-en-1-ol
(compound F-1 E configuration) according to the similar process as Example 7. 1H NMR (400 MHz,
CDC13):6 0.07 (s, 6 H, 2x-CH3), 0.91 (s, 9 H, 3x-CH3), 3.97-3.99 (m, 2 H, -CH2-), 4.30 (s, 2 H,

112, 599 ( It dimpBdhiras ihiidia 19 b a0 by R irlodrdf 67 oy hallal

Example9: Preparatlonn%llme

2-[(2)-4-tert-Butyiiith gxwgmwsslmrﬂﬂdw&ﬁhwwﬁt HehlapyrdfHnethorid tearatsapthby-1, z
configuratiorﬂ)rsﬁ@m\/bel@@a)ﬁzﬂﬁ chlorbamdleoftaskinedeadgad e/ 2ngrames @ddmal) dimethyl
malonate and. %hh g; (iilg‘l )%%pr %lrpédlen d-el;_p mlxrtetéré% was stlrr %MQ%%[atlh rotecti ctlon of
nitrogen, in which grar¥1 8 ancesmm Carbonate was added at room t m erature. After

reacting 2 h6assuat rb@ﬁﬁrt@ﬁb&mx}eamsls @raﬁélmeﬁmml}lepx@m%dmﬁ)(szﬁf?é&)fauon)
(dissolved insg@Rmbaf Nhethimatiyierimamidmpsasiasddediierainziopwise. After reacting for 1 hour,
400 ml of ethyl acetate and 100 ml of water were added to the reaction solution. The solution was
layered. The aqueous layer was extracted 3 times with ethyl acetate (100 ml x3). The organic phases
were combined, washed 3 times with brine, dried over anhydrous sodium sulfate;gand concentrated till
dry to obtain 96.5 grams (0.285mo1) compound H-1 (Z configuration) with yield f98% 1H NMR (400
MHz, DM50-d6) : 6 0. 0@%76 H, 2x-CH3), 0.81 (s, 9 H, 3x-CH3), 2.84 (t, 2 H,}=IR6 Hz, -CH2- -), 3.50
(t, 1 H, J=7.6 Hz, -CH-), 3.73 (s, 6 H, 2x-CH3), 4.50 (s, 2 H, -CH®2-), a ] JS }5“‘76Hz -CH-),

6.93-6.97 (M, 2 H, Cpr-HiC%27-7.31 (m, 2 H,DQQH-BH(M@W%
:Preparationofdim s 4?@tm9mm ug%ohenyebut 2- ®panedioate

(compound H-1 Ré_o guration) G-1H-1 COO Mg((E)(E) Thetitlec8mpoundwaspreparedfrom
tert-butyl-[(E)-4-chIoro-2-(4-ﬂuorophenyebut-Z)e xyJHdimethyl-silane (compound G-1 E configuration)
according to the similar process as Example 9. 1H (400 MHz, CDC13) : 60.03 (s, 6 H, 2x-CH3),
0.90 (s, 9 H, 3x-CH3), 2.54 (t, 2 H, J=7.6 Hz, CH2-), 3.39 (t, 1 H, J=7.6 Hz, -CH-), 3.71 (s, 6 H,
2x-CH3), 4.24 (s, 2 H, -CH2-), 5.67 (t, 1 H, J= 7.6 Hz, -CH-), 7.02-7.07 (m, 2 H, Cpr-H), 7.10-7.14 (m,
2 H, Cpr-H); MSthﬁFﬂWQE |fo%b4é1§g_ Fa}ng(gr%ﬂﬁprepared by followmg method, in

(2)-6-tert- buw}dmaﬂwsibdm Eeﬁéeihmepheﬁxﬁ)ﬁameﬂsqm@npmwhh&eq-zbﬁﬁmbﬁaid({ﬁgmpound
J-1, Z config r%tth)eﬁl SléLC{% ﬁe ég i!he . 1-1I-10 az2 |t%rfflask were added 94.0 grams (with content
being 75% compoun con? L?raﬁlon &SaZ iter of ethanol. Then, 85 ml of 3mol/L
potassium hydroxide aqueous solution was added dropW|se at room temperature. After reacting for 1
hour, the reaction solution wasacidified to pH=4 with 2 mol/L of hydrochlogic acid. The mixture was
stirred for 30 minutes, anq%%r@cted 3 times with ethyl acetate (150 il X3%sThe organic phases were
combined, washed 3 times With brine, dried over anhydrous sodium sulfiate and concentrated till dry to
obtain 76.1 grams (0. 19moI9CHﬁ)@ompound J-1 (Z configuration) with yidfef83.8%. 1H NMR (400

MHz, CDC13) : 60.0 {E14B), 0.800(%, 9 H, 3x-CHI3), 2 ©Hap_coon
R34 il
=

wherein, R’ is methyl or ethyl.

The compound of formula K used above may be prepared by following method,
in which a compound represented by formula J is decarboxylated by heating to obtain

a single ester compound, i.e., the compound of formula K ;

/R8 R8
O ~
R ] R’ R* ? R?
(CHZ)m (CH2)m
N \/(CHz)n COOH >~ N X (CH2h __COOR’
Rt R3¢

= COOR’ Pz
J
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CH2-), 3.53 (t, 1 H, J= 7.2 Hz, -CH-), 3.74 (s, 3 H, -CH3), 4.49 (s, 2 H, -CH2-), 5.62 (t, 1 H, J= 7.2 Hz,
-CH-), 6.92-6.96 (m, 2 H, Cpr-H), 7.23-7.30 (m, 2 H, Cpr-H); MS (m/z): 397 [MAI].
Examplel2Preparationof
(E)-6-tert-butyldimethylsilyloxy-5-(4-fluoropheny1)-2-methoxycarbonyl-hex-4-enoic acid (compound
J1,E CO”f'guratﬂ%é‘);JlﬁeﬁHH 8%%%@%"’?%%&8%%Bev%f(ﬁgg‘/dd@g}g%i\%a BSE%&%%@U&#%@@ Isilyloxy-3
-(4- fluorophenyebut-2-enyl[propanedioate (compound H-1, nfiguration) according to the similar
process as EXifipfecompprngvicpiasso Ry gy @@W%&@ﬁ?@mn@y 86 Y8dg A, 3x-CH3),
2.56-2.60 (mpoatrblKdHdithb3e3BddtidntodditioRsH obtdit thd déh{sowht ofCtul4 .20 (s, 2 H, -CH2-),
5.66 (t, 1L H, J=7.2 Hz, -CH-), 6.99-7.03 (m, 2 H, Cpr-H), 7.06-7.24 (m, 2 H, Cpr-H); MS (m/z):419
[M+Na]. Example13:Preparationofmethyl
(2)-6-tert-butyldimethylsil jcrxy13§-(4-fluorophenyehex-4-enoate (compound®-1, Z configuration) (z)(z)
K-1 Toa?2 liter flask w dded 73.66 grams (0.186 mol) compouRt J-1°(Z configuration), 0.6 liter
of toluene and 3.8 ml of trigthylamine. The mixture was heated to reflux Clgd the reaction lasted 5
hours. The resultant was extractedsyith ethylacetate, washed with briné; d?’reg over anhydrous sodium
sulfate and concenr. :ea\ ill dry to obtalfi 57.02 grams(0-P62mo1y0 mpoundek-1.¢2hfiguration)
with yield of 87.1%. 1 R (400 MHzCGBEL3) : 6 0.03 (s, 6 M ©x-8H3), 0.84 (s, ddr8x-CH3),
2.45-2.47 (m, 2 H, -CH2-), 2.56-2.61 (m, 2 H, -CH2-), 3.69 (s, 3 H, -CH3), 4.52 (s, 2 H, -CH2-), 5.70 (t,
1H,J=7.2Hz, -CH-), 6.95-7.00 (m, 2 H, Cpr-H), 7.33-7.36 (m, 2 H, Cpr-H) ; MS (m/z): 353 [M+11].
Examplel4:Preparationofmethyl (E)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyehex-4-enoate
(compound K-1, E configuration) The title compound was prepared from
6-tert-butyldimetthg sityipopng-¢4 finord p ik nydd -abavethayylapbepay ¢ dA(E fellxengimadiodcompound
J-1, E configyration) %E?EQJHQ tRRe SINasPIRees: a8 Bxamile d 3 il NVR: (AR Mz (£DC13) :S
0.02(s,6 H, 2 -CH&), .88 (s, 9 H, 3x-CH3), 2.27-2.33 (m, 4 H,2x-CH2-), 3.64 (s, 3 H, -CH3), 4.24 (s,
2 H, -CH2-), B qiester ?‘.’E“P&‘,Hléilﬁf% W25 (m, 2 H, Cpr-H), 7.10-7.12 (m, 2 H, Cpr-H): MS
(m/z): 353 [M+11]. Examplel5:Preparationof
(2)-6-tert-butyldimethylsilyloxy-5-(4sfluorophenyehex-4-enoic acid éc@?npound L-1, Z configuration)
To a 1 liter flask were added R6:0 % grams (0.159mol) compound“lﬂ;;wz configuration) and 180 ml of
ethanol. Then, 54.28 ml (3mol/L} of potassium B%ide aqueousciplution was added therein
dropwise at room temperature. (Bfer reacting fortduar, the reaction’olution was acidified to pH=4
ﬁ iﬁn@‘f’

with 2 mol/L of hydrochloriesacid~Ihe®blution was coftinygr St 0o 30 mipHeeR The residue was
extracted 3 times with Bthyl agetate (60 m1X3). The orgaRiciphases were combipged, washed 3 times
with brine, dried over anhytdrous sodium sulfate and concentrated unfil dry to obtain 39.88 grams
(0.118mol) compound L-1 (Z conffguration) with yield of 74.1%. 1H NMR (400 MHz, CDC13) :S 0.03
(s, 6 H, 2x-CH3), 0.84 (s, 9 H, 3x-CH3), 2.50-2.54 (m, 2 H, -CH2-), 2.60 (t, 2 H, -CH2-), 4.52 (s, 2 H,
-CH2-), 5.74 (t, 1vthedsin{ B HalCddn), 60361088, chibria@rbrtminddr7idéiden, 2 H, Cpr-H); MS (m/z):
361 [M+Na]. Examplel6:Preparationof (E)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyehex-4-enoic
acid (compound {1, & configrrariont, QTERME TRRMS, nIhsiiecampounshasPreRRsgdrommethy!
in which the hydroxyl of a compound represented by formula F is halogenated via

treatment of halogenated agent to obtain the compound of formula G ;

_R® _R®
R4 0 RS R4 0 RS
(CHz)m (CHZ)m
E——
SO (CH2)n\OH N X (CHo)n
| |
Ry R¥7
Pz 7z
F G

the compound of formula F used above may be prepared by the following method,
in which the ester group of a compound represented by formula D is reduced by a

suitable reducing agent (such as diisobutylaluminum hydride (DIBAH)) to obtain the
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(E)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyehex-4-enoate (compound K-1, E configuration)
according to the similar process as Example 15.1H NMR (400 MHz, CDC13) : 6 0.02 (s, 6 H, 2x-CH3),
0.88 (s, 9 H, 3x-CH3), 2.27-2.30 (m, 2 H, -CH27), 2.35-2.39 (m, 2 H, -CH2-), 4.24 (s, 2 H, -CH2-), 5.71
(t, 1 H,J=7.2 Hz, -CH-), 6.95-6.99 (m, 2 H, Cpr-H), 7.32-7.36 (m, 2 H, Cpr-H); MS (m/z): 361 [M+Na].
Examplel7: R Al

(45)-3-[(2)-6- tstftﬁ%utﬁc?merﬁlﬂsnyloxy 5-(4-fluorophenyehex-4-enoy1]-4-phenyl-ox azolidin-2-one
(compound IlI-1, Z configuration) Step 1: To a 1 liter flask were added 39.21 grams (0.116 mol)
compound L-1 (Z configuration), 39(1} ml of tetrahydrofuran and 19.0 ml (®14mol) of isobutyl
chloroformate. Then, 19.3 ml (@ I) of triethylamine was added Pwise therein at a temperature
of about -60C. After the addition, the mixture was warmed up to room temperature and the reaction

lasted 30 minutes. The residue w. f'Ttg{,@gl to obtain-themmed anhydr(l in tetrahydrofuran solution
for further use.  Step 2R3mlasﬁ Wece@dded 22.69

2)n\
(S)-4-phenyl-2-oxazolidon 0.6 liter of tetrahydrofuran . T‘he , 6 mi (2moI/L) of sodium
bis(trimethylsilyeamide was added gyopwise therein at about -25C. The reaction lasted 30 minutes.
Then, the tetrahydrofuran solution of mixed anhydride obtained from step 1 was added dropwise
therein. After the addition, the mixture was warmed up to room temperature and the reaction lasted 1
hour. The residU@W&dteﬁfm@sﬂvm@ﬂhﬂmwwé%195@&11@6(9)’. fotle wiegiweshades were

combined, waﬁnﬁch%ammt&g Bénteliied M@@hyﬁr &%ﬂttm ankcrRAeab ased till dry to
obtain 47.62 grams (0.10 mog &r@’_%p(%md I (Z c ?%fé with the i(gld of(@B% le; NMR (400
MHz, wcﬁ?"% 1Ps f )%”‘E i%’fﬁﬁé, 19, €Y 43.13-3.18
(m, 2 H, Ckm)ﬁguzztmsm QOhﬁgEIfﬁIQO)IA 52 (s 2 H CH2 -), 4.74 (t, 1 H, J = 8.8 Hz, -CH2-),
547549(m 1H, CH-),5.74 (t, 1 H, J= 7.5 Hz, -CH-), 6.99-7.03 (m, 2 H, Cpr-H), 7.31-7.41 (m, 7 H,
Cpr-H); MS (m/z): 506 [M+Na]. Examplel18:Preparationof (45)-3 - [(E)@6 -tert-butyldimethylsilyloxy-5
-(4-fluorophenyl)hex-4-enoyl] -4-phenyl-ox azolidin-2-one (compg q{ul -1, E configuration)
Thetitlecompoundwaspreparedfrom (E) ﬁo«tert butyldimethylsilyloxyt5-(4- fluorophenyl)hex -4-enoic acid
(compound L-1, E configuration) a; cor%‘% the similar process asﬁxample 17. 1H NMR (400 MHz,
CDC13):60.01 (s, 6 H, 2x '§H,_3,X_C.l:l3)22 2.284, @#)-CH27), 2.94-2.99 (m, 2
H, -CH2-), 4.22 (s, 2 H, -@ ) 25 4. 28 (m, 1 H, -CH2-}34 t, 1 H, J = 8.8 ¥¥£HCH2-), 5.36-5.39
(m, 1 H, -CH-),5.69 (t, 1 H, J=7.2 Hz, -CH-), 6.99-7.01 (m, 2-H, Cpr-H), 7.06-7.08 (m, 2 H, Cpr-H),
7.27-7.37 (m, 5 H, Cpr-H); MS (m/z): 506 [M+Na]. Example 19: Preparation of
[4-[(4-fluorophenyeiminomethyl]phenyl] benzoate (compound [1-1) To a 500 ml flask were added

45.6 grams (0. 3?1‘1‘@?:%?1%%%1%3'5@% Z3dely %o%%en AS @ﬁ% 1([}‘8 ?gz‘}é{%ﬁégﬁgﬁkgtlﬁqmo“

potassium carbonate. Then, 52.1 ml (0.449mol herein
dropwise slowchtia ferrsabktsrdvsnanBehoeoA s tRe opariH tHer freRiGREtN A8 B dsup to room
temperatureoedteel readtiche Ipﬁé&h&eh@fusaltﬂsle esalieswascaxidtathizdiylemintpyeittieacetate
(150 ml x3). T combine r anhydrous sodium sulfate and
concentrate I[!?I (%1/9 ?j {%Ealn 1.;;%68 (t\)% gra 01%883?6%?1“‘% 4¥§enzoyloxybenzaldehyde. Next, 35.7 ml
(0.37 mol) of 4-fluoroaniline was added dropwise to a solution of the obtained
4-benzoyloxybenzaldehyde in 300 ml of etlnzj’/l acetate. The reaction lastedrt hoyrs The reaction

mixture was filtered. The obtam(jﬁ?u%wak@%rystamzed from anhy rousJé nol to obtain 60.3

grams (0.189mol) white solics iia Ghtpound [1-1. 1H NMR ( ) DC13) : 67.09-7.14 (m, 2
H, Cpr-H), 7.23-7.28 (m, 2 H ), 7.37-7.39 (m, 2 H, Cpr- 54-7.59 (m, 2 H, Cpr-H), 7.67-7.71
(m, 1 H, Cpr-H), 7.99-8.02 (m, 2 H, CpriH), 8.24-8.26 (m, 2 H, Cer) 8.49 (s, 1 H, -CH-).
Example20:Preparationof

the compound of formula B used above may be prepared by following method, in
which the ester group in a compound represented by formula A is hydrolyzed under
basic conditions to produce the corresponding alcohol, i.e. the compound of formula
B;
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[4- [(Z,1 S,2R)-6-tert-butyldimethylsi lyloxy-1 -(4-fluoroanilino)-5-(4-fluoropheny1)-24
(4S)-2-oxo0-4-phenyl-oxazolidine-3-carbonyl]hex-4-enyl]phenyl] benzoate (compound Z configuration)
(2) Toalliter flask were added 350 ml of dichloromethane and 20 grams powder molecular sieve
under the protection of nitrogen, and further added 10.6 ml (95.7 mmol) of titanium tetrachloride and
9.6 ml (0.032mo1) of titanium tetra-isopr%goxide at a temperature of abopt 0C. After reacting for 15
minutes, 47.62 grams (98 6 mmol) Gomp [1I-1 (Z configuration) (disgawed in 60 ml of
dichloromethane) was added. iglgt%r%—m'ﬁufées, 3L ) of diisopropylethyl amine
(DIPEA) was added at aboff fter refa?:ting for 1 hourRtite raction $6lution was cooled to about
-20C, in which 34.97 grams (98.:6mmgq|) compound II-1 (dissolved in0.87 liter of dichloromethane) was
added. After reacting for 4 hours, 29 ml of acetic acid and 58 ml (2mol/L) of sulfuric acid were added
dropwise. The mixture was stirred at room temperature for 30 minutes, and then extracted 3 times with
dichloromethaneal{d 20mploxa}l dinemiganic pledste wara g bmpiaededbeddieriaghydiows sodium
e PSRy TRIRGO LA, o esile Hen AUTISA AN CAl T EATRIORAANY fo.0eln 133
mmol compound V-1 (Z configuration) with yield of 43.9% 1H NMR (400 MHz, CDC13) : 6 0.05 (s, 6
H, 2x-CH3), 0.86 (s, 9 H, 3x-CH3), 2.60-2.62 (m, 2 H, CH2-), 3.15-3.16 (m, 1 H, -CH-), 4.35-4.40 (m,
2 H, -CH2-), 4.46-4.52 (m, 2 H, CH2-), 4.53:4.60 (m, 1 H, -CH-), 4.7@-4.;@@;3&1 H, -NH-), 5.74 (t, 1 H,
J=7.2Hz, CH-),6.80-6.85(m,1H, " H-))g%99-7.38 (m, 6 H, Cpr-H), 7.33:41 (m, 8 H, Cpr-H),
7.59-7.55 (m, 2 H, Cpr-H), 7.69;7" (b RCpr-H), 8.23-§&26 (M, 2 KC'Bhr-H); MS (m/z): 803
[M+11]. Example21 :Preparafiomof 4- [(E,1 S,2R)-6-tert-butyl hylsilyloxy-1
-(4-fluoroanilino)-5-(4-fluoropheny1)-24 A .
(45)-2-ox0-4-phenyl-oxazolidine-3-carbonylThex-4-enyl]phenyl] benzoate (compound E configuration)

Thetitlecompoundwaspreparedfrom.(45)-3 - [(E)-6-tert-butyldimethy]silyloxy-5
e uorophenyehdbEATRSgH AGHENDNSE SUBTER DAy BE o SR AP aBraing to the
similar processaagpkexamplel20hd iHrbRUEAD0 MiHucC DALBYuUBlH BprEscoted B-OHBY D@ (s, 9 H, 3

x-CH3), 2.2438 L0ciBaft Hatr 192 Jir@ePOed - Wchitfi datibnC e 294 RAAT b€ HotldHpak thd7-4-43 (M,
2 H, -CH2-), 4.51-4.58 (m, 1 H, -CH-L,{\4.66-4.70 (m, 1 H, NH-), 5.68 (t, 1 H, J= 7.2 Hz, -CH-),

), ( J=7.2 H )
6.78-6.83 (m Ol PIVIRE EXapRlss AR ISRy LYy el 368k thbegepnstiped s yimstings e o 1,
Cpr-H), 7.58t6G0nmetio@pn-ky 8:4%-8.17 (m, 2 H, Cpr-H): MS (m/z): 803 [M+11].
Example22:Preparationof

(3R,45)-4-(4-benzbylthey phkeny ingl adafipdes phieleyd Jod i M)ie- (hdivaiesh e hydnpetettivetyidimethylsilylo

XY'bUt'Z'e”YQZ@l%ﬁI'Lqi'ﬁﬁ%‘%ﬂf‘e&%ﬁ{%‘f’\m& \fpéei%&ﬁrﬁi@‘H@Hﬁ?ﬁJgoﬁwitﬁfaf@%sV‘é@f@ ﬁz‘%@@&éz 5 mmol
compound V-1 (Z conﬁg{tgﬁion), 35g ml_of toluene and 22.93 grams (%qLZ.? m

o))
N,0-bis(trimeth§fiS fPEHEEtE T FHRYEabhE FITERSECI Y b AL HB Gt S O S ﬁ?&%a@%{mg (4 3mmol)
tetrabutylammwersmsedl doxdey(WB ARt Wathadpedf{iJdieneactism atixseoetipgediédr 3 hours at the same
temperature. After the reaction was completed, the heating was stopped. When the reaction system
was cooled down falassorarasrmseeadtins, Wichptt waandejubtedaeiaboBezcoanithweinskEedyelochloric

acid. The resyiantaas-8stietadynith APOMbafetyl@ceiatrnwasher JmarYitharingearied over
anhydrous so%ium sulfate}iyanddcon(:ﬁntr?i.ted ill d@/ The residue was &&Se%b cquerJl/:h
chromatograﬁ V?&%%Pl FmriibFEd 06)3 nd' -in(ip%?ﬁféﬁ%ﬁ%% t y? [ B’fe?t7s9 6.1H NMR
(400 MHz, CB@1B)cadinnvis, & tdimndid)en 8o t{s g IndteBirICH1BY [ 92e ke 88 {ausRH, -CH2-),
3.31-3.32 (M, 1 H, -CH-), 4.59 (d, 1 H, J= 12.0 Hz, -CH2-), 4.71 (d, 1 H, J= 12.0 Hz, -CH2-), 4.92 (s, 1
H, -CH-), 5.78 (t, 114 NMR ©eeira @rrg, deoominsd i usipg Bprer) ITs2Bores(¢9) ¥ HE)CHhH),
2-44;_'7)-4'8' éﬂcﬂéﬂai%‘dzgshm Zﬁ@%&@sémeasl%& Qﬁh!'fie%a?&ﬁﬁl%ifﬁﬂe Inkds GaIdHs thedndahil(m, 2 H,
pr-H); m/z): : reparatio L B
(o 4550 BB Ry DR b 2 SNBSS SR ety ity o
xy-but-2-enylFEptidinmzonbipdemripotnery-dd Eleobliy wiadiow) o0 TIrgouNeT I SripishudWbes0 C OBz2)
TBAF (solid) ¢c8@pfing constant was provided, its unit was Hz.

Mass spectra were determined by LC/MS instrument with ionization of ESI or
APCL

None of melting points was corrected.
The following examples are only illustrative of the synthesis process of specific
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OTBDMS OTBDMS (E)V-1 Thetitlecompoundwaspreparedfrom [4- [(E,1
S,2R)-6-tert-butyldimethylsilyloxy-1 -(4-fluoroanilino)-5-(4-fluoropheny1)-24
(45)-2-ox0-4-phenyl-oxazolidine-3-carbonyllhex-4-enyl]phenyl] benzoate (compound V-1, E
configuration) according to the similar process as Example 22. 1H NMR (400 MHz CDC13):60.12
(5,6 H 2 CHIL QAR GaE BUCHInA0RT S HEERIN BN B Lot ). 4420
1H,J=12.0Hz,-CH2-),4.5 é-? 1H,J=12.0 Hz, CH2 448(2 1H, -CH- 571 1H J=12.0 Hz,
-CH-), 6.73-6"P556h, §<P1inl@b‘fl Te0Jigeds iprcisatier saylsoober sRIED Y Idpha) s#82.-7 25 (m, 5
H, Cpr-H); MSrizix ﬁﬁ@e[Mltﬂ.ﬂﬂe same synthesw process by selectmg appropriate starting raw

(3R,4S)-1-(4-fluorophenyl )-3-(4- quor droxy-but-2-en 3% h
droxyphenylg‘a;eugﬁ] cé){ne pSEnéaFi Ir\¥gusrefl)t1|1c3én ) atcerl)of %{Je{t L %%k were added
32 5 mmol ¢ EEIEBHHQ]EFPQW&‘?Q%?SO ml of methanol and 4.89 grams (35 8 mmol)

potassium carbonate. The mixture was stirred at room temperature, and the reaction lasted 30
minutes. After tiigdgaction was completed, the residue was extracted 3 times with ethyl acetate (300
ml x3). The organic phases were combined, washed with brine, dried over anhydrous sodium sulfate

and concentrated Nl gy fies SarhRuHER T f&ltﬁﬂaz(l Ta@l@{qﬁwt{@fstpmi wasgrligselved4r200 ml of
tetrahydrofuran. T dg gsted t t 1 with 6maql/ hydrochlorl acid. The mixture was
stirred at roomqt{érlr};%ferjfia\?g-%‘\i é?] thg\srlea an% 3 ’mlnu Ifhe‘r‘he AFERINE Wwal'e eI}?ran%eIHasy times with
ethyl acetateb@50mtssdyed heyomgardc @haség:ﬂsérélmmmedhwé@ﬂie@/mgh Prietigricdudver
anhydrous sodium sulfate, concentrated till dry and purified by column chromatography to obtain 8.14
grams (19 3 mmol) compound I-1 (Z configuration) with yield of 59.4%. [a]24D

1.67(c= 3 mg/ml MeOH), 1H NMR (400 MHz, DM50-d6) : 6 2.72-2.84 (m, 2 H, -CH2-), 3.20-3.25 (m, 1
H, -CH-), 4.39 (s, 2 H, -CH2-), 4.85 (t, 1 H, J=5.2Hz, -CH-), 4.93 (s, 1 H, -OH), 5.80 (t, 1 H, J= 7.6 Hz,
-CH-), 6.73-6.76 (m, 2H, Cpr-H), 7.10-7.20 (m, 4 H, Cpr-H), 7.21-7.39 (m, 4 H, Cpr-H), 8.40-7.42 (m, 2
H, Cpr-H), 9.48 (s, 1 H, -OH); MS (m/z): 422 [M+11]. Example25 :Preparationof
(3R,45)-1-(4-fluorophenyl)-3-RE)-3-(4-fluoropheny1)-4-hydroxy-but-2-enyl]-4-(4-hy
droxyphenyl)azetidin-2-one (compound I-1, E configuration) Thetitlecompoundwasprepared
from(3R,4S)-4-(4-benzoyloxyphenyl)-1-(4-fluoropheny1)-3-[(E)-3-(4-fluorophenyl)-4
-tert-butyldimethylsilyloxy-but-2-enyl] azetidin-2-one (compound V-1 E configuration) according to the
similar process as Example 24. 1H NMR (400 MHz, CDC13) :6 2.45-2.57 (m, 2 H, -CH2-), 2.98-3.02
(m, 1 H, -CH-), 4.22 (s, 2 H, -CH2-), 4.41 (d, 1 H, J = 2.3Hz, -CH-), 5.73 (t, 1 H, J = 7.2Hz, -CH-),
6.75-6.77 (m, 2H, Cpr-H), 6.82-6.86 (m, 2H, Cpr-H), 6.98-7.00 (m, 2H, Cpr-H), 7.04-7.07(m, 2 H,
Cpr-H), 7.09-7.19 (m, 4 H, Cpr-H) ; MS (m/z): 422 [MAI]. The following compound is prepared by
using the similar method and proper starting materials. Examples Compounds 1H NMR (400 MHz)
(m/zMS): 26 . di
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(CDC13): 62.83-2.88 (m, 2 H, -CH2-), 3.24-3.28 (m, 1 H, -CH-), 3.81 (s, 3 H, -CH3), 4.55 (q, 2 H,
-CH2-),4.75 (s, 1 H, -CH-), 5.84 (t, 1 H, J= 8.0 Hz, -CH-), 6.89-6.95 (m, 4H, Cpr-H), 6.97-7.02 (m, 2 H,
Cpr-H), 7.23-7.28 (m, 6 H, Cpr-H). 436 [M+H] 40, OH (2)1-2 27 * di (CDC13): 6 2.52-2.62 (m, 2 H,
-CH2-), 3.07-3.11 (m, 1 H, -CH-), 3.78 (s, 3 H, -CH3), 4.27 (s, 2 H, -CH2-), 4.51 (s, 1 H, -CH-), 5.81 (t,
1H,J=7.2Hz, -CH-),£.87-6.92 (m, 4H, Cpr-H), 7,05-7.07 (m, 2 H, Cpr-H), 718721(m 6 H, Cpr-H).

436 [M+H] N iﬁﬁv@_hl Gg&%/@ ]@1.8 o /©)J\/OAC K,CO; / MeOH /©/N\/OH
F F

A-1 F B-1

(0}

(CH;)5CSi(CH;),Cl /©)‘\/0TBDMS (Et0),POCH,CO,FEt
o
DMAP. CH,Cl, F (Me;3Si),NNa, THF, -78 °C to rt
OTBDMS OTBDMS OTBDMS
DIBAH
o CO,Et , _ooma

OTBDMS

COOMe OTBDMS
COOMe COOMe 1) 3N KOH cooH
OOMe 2) = COOMe
OTBDMS OTBDMS 1) (CH;),CHCH,0COCl
COOMe 1) 3NKOH § COOH o >
_> — >
PHCL /“\
- 2) o~ "N—H
Ph
o o OTBDMS
TiCly, TifOCH(CH
/U\ _ 4, Ti[ (CH3),]4 DIPEA
o N - .
/‘ CH,Cl,, 0 °C
oh F 212
TMI-1
OTMS
BzO‘@'—‘\\ 1
N < > F ) NTMS | toluene, 50 °C
II-1

20°C 2) TBAF (solid), 50 °C

sy 10)

z
Y
\g
z
o

OTBDMS

V-1 I-1

The compound of II-1 may be synthesized through the following process:

BzCl HzN@F
HO@CHO — = BzO—@CHO » B20 \NOF
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OH (2)1-3 (CDC13): 62.85-2.89 (m, 2 H, -CH2-), 3.26-3.30 (m, 1 H, -CH-), 4.55 (g, 2 H, -CH2-), 4.78
(s, 1 H, -CH-), 5.85 (t, 1 H, J= 8.0 Hz, -CH-), 6.93-7.04 (m, 8 H, Cpr-H), 7.12-7.16 (m, 1 H, Cpr-H),
7.24-7.31 (m, 4 H, Cpr-H), 7.33-7.42 (m, 4 H, Cpr-H). 498 [M+11] 29 * diit (CDC13): 6 2.54-2.66 (m, 2
H, -CH2-), 3.10-3.14 (m, 1 H, -CH-), 4.31 (s, 2 H, -CH2-), 4.52 (s, 1 H, -CH-), 5.83 (t, 1 H, J = 7.2 Hz,
-CH-), 6.91-})%% ?%bgﬂﬁ%%tgm-?.lo (m, 2 H, Cpr-H), 7.12-7.16 (m, 1 H, Cpr-H), 7.18-7.24 (m, 6
H, Cpr-H), 7.33-7.38 (m, 2 pr-H). 498 [M+11] N OH (E)1-3 30 * F A SN OH (z) 1-4 (CDC13):
62.83-2.87 (m, 2 H, -CH2-), 3.24-3.28 (m, 1 H, -CH-), 4.55 (q, 2 H, -CH2-), 4.74 (s, 1 H, -CH-), 5.83 (t,
1 H, J = 8.0 Bxangie )| :@gpa il BH4-Opetdphzd)-2- 28 ¢rathyiHacmi{ pomasundid(h, 7 H,
Cpr-H); 512 [M+11]

0 o)
/©/U\/C| NaOAc, DMF /@/LK/OAC
F
F A-1

To a 3 liter flask were added 400 grams (2.32 mol) 2-chloro-1-(4-fluorophenyl)
ethanone, 1 liter of N,N-dimethylformamide and 265 grams (3.23 mol) anhydrous
sodium acetate. The mixture was stirred and heated to 90°C, and the reaction lasted 10
hours. After the reaction was completed, the heating was stopped. The reaction
solution was cooled down to room temperature, and extracted with ethyl acetate (600
ml X 6). The organic phases were combined, washed three times with brine, dried
over anhydrous sodium sulfate and concentrated until dry. The residue was
crystallized from the mixed toluene/petroleum ether solution and dried to obtain 357
grams (1.82 mol) compound A-1 with yield of 78.5%. '"H NMR (400 MHz, CDCls): &
2.23 (s, 3 H, CH3), 5.30 (s, 2 H, -CH-), 7.14-7.19 (m, 2 H, Cpr-H ), 7.93-7.97 (m, 2
H, Cpr-H); MS (m/ z): 197 [M+H].

Example 2: Preparation of 1-(4-fluorophenyl)-2-hydroxy-ethanone (compound B-1)

0 o)
/©)]\/OAC K,CO; / MeOH /@)]\/OH
F A-1 F B-1

To a 2 liter flask were added 321.3 grams (1.64 mol) compound A-1, 1 litre of
methanol, 18 grams (0.13 mol) potassium carbonate. The mixture was stirred at room
temperature and the reaction lasted 2 hours. The mixture was extracted 5 times with
ethyl acetate (800 ml x 5). The organic phases were combined, dried over anhydrous
sodium sulfate, and concentrated until dry to obtain 211.0 grams (1.37 mol)
compound B-1 with yield of 83.5%. 'H NMR (400 MHz, CDCls): & 3.46 (brs, 1 H,
-OH), 4.85 (s, 2 H, -CH>-), 7.17-7.21 (m, 2 H, Cpr-H), 7.95-7.98 (m, 2 H, Cpr-H).

Example 3: Preparation of 2-tert-butyldimethylsilyloxy-1-(4-fluorophenyl)ethanone
(compound C-1)
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31**41 (CDC13): 62.51-2.64 (m, 2 H, -CH2-), 3.07-3.11 (m, 1 H, -CH-), 4.29 (s, 2 H, -CH2-), 4.49 (s,
1 H, -CH-), 5.04 (s, 2 H, -CH2-), 5.81 (t, 1 H, J= 7.2 Hz, -CH-), 6.88-7.00 (m, 4H, Cpr-H), 7.03-7.09 (m,
2 H, Cpr-H), 7.17-7.23 (m, 6 H, Cpr-H), 7.31-7.43 (m, 5 H, Cpr-H); 512 [M+11] * OH (E)1-4
Example32:Preparationof

(3R,4S)-4-(4-benzoyloxyphenyl -1-(4-f|uorophenyl)-3-[(Z)-3-(4-fIuorophoenyl)-4-hydr
oxy-but-2-enyllazetidin-2-one (c p%Lr!pd 1-(§H53@Q%'ﬁzggtion): 211 Tooq, SmI flask were
added 19 0 mmol compou (Z<€onfig on); dichl metharie, 4.72 grams (20.9 mmol)
benzoic anhydride and 3 ftBrj thylamin@MHeikture was ed at room temperature, and the
reaction lasted 2 hours. After the reaction was completed, the residueavias extracted 3 times with ethyl
acetate (100 ml x3). The organic phases were combined, washed with brine, dried over anhydrous
sodium sulfate aifid £6ridentilaskdseitccliddd eeSidremyas. piriftddl doynpolundBehy d P dirgsayphy to obtain
8.04 grams (. 8meY) cqmPoyed-> ¢F capfionrainmlayih Yipidof 8o LR (409 MHz.
CDC13): 62.87-2.91 (m, 2 H, -CH2-), 3.29-3.34 (m, 1 H, -CH-), 4.57 (q; 2 H, -CH2-), 4.85 (s, 1 H,
_CH-), 5.86 ¢-dipethxlgmnapyriding ONAPHA2E0, ki (Cht-pioly oh iehykiming aeh288.47 307 43
(m, 4 H, Cpreimg . 072 Sed 2 +huBdkinhktiydsttan6 Schitritidd (THRDM B @)L 8F8e2 thikiyi? FyaCpr-H); MS
(m/z): 526 [M+11]. e33:P rati -

(3R A5 (4t BRI NTIRL ronciop sted 1 hours, Ther, 196 ml g1 molL)
-but-2-enyl|aXtrRobiE @l ¥ sordrisr iy ise interHisoisaetion s2lvdamighfisidhg srditiosed as
starting matehiakeasdoeosonalsadvlad (- eenfiguratits) MampiepRsred e dirgdada prarsss of

carme % RIS, S0 R AR AR i) 22029

times with brine, dried over anhydrous sodium sulfate and concentrated until dry. The

residue was purified by column chromatography (petroleum ether/dichloromethane =
1.5/1) to obtain 219.5 grams (0.82 mol) compound C-1 with yield of 67.2%. 'H NMR
(400 MHz, CDCls): 8 0.16 (s, 6 H, 2x-CHj3), 0.93 (s, 9 H, 3x-CHs3), 4.86 (s, 2 H,
-CH,-), 7.11-7.15 (m, 2 H, Cpr-H), 7.96-8.00 (m, 2 H, Cpr-H); MS (m/z): 269 [M+H].

Example 4: Preparation of ethyl 4- tert -butyldimethylsilyloxy-3-(4-fluorophenyl)
but-2-enoate (compound D-1)

o) OTBDMS OTBDMS
(Et0),POCH,CO,Et
OTBDMS SCOE Q
. (Me;Si);NNa, THE, -78 °C to 1t . CO,Et
C-1 F @) D-1 (E) D-1

To a 5 liter flask were added 27.0 grams (1.19 mol) triethyl phosphonoacetate
and 1.3 liters of tetrahydrofuran. The mixture was stirred, and 0.82 liters (2 mol/L)
sodium bis(trimethylsilyl)amide was added dropwise at about -30C. After the
addition, the mixture was warmed up to room temperature and the reaction lasted 1
hour. Then, 192.1 grams (0.72 mol) compound C-1 (dissolved in 450 ml of
tetrahydrofuran) was added dropwise at a temperature of about -60°C. After the
addition, the temperature was raised to room temperature and the reaction lasted 1
hour. The resultant was extracted 3 times with ethyl acetate (250 ml x3), dried over
anhydrous sodium sulfate, and concentrated until dry. The product was purified by
column chromatography (petroleum ether) to obtain 125 grams (0.37 mol, yield
51.4%) compound D-1 (Z configuration) and 67.6 grams (0.20 mol, yield 27.8%)
compound D-1(E configuration). Compound D-1 (Z configuration): '"H NMR (400
MHz, CDCls): 8 0.10 (s, 6 H, 2x-CHs), 0.65 (s, 9 H, 3x-CHj3), 1.21 (t, 3 H, J=7.2 Hz,
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6.91-7.01 (m, 4H, Cpr-H), 7.09-7.12 (m, 2 H, Cpr-H), 7.22-7.26 (m, 2 H, Cpr-H), 7.34-7.38 (m, 2 H,
Cpr-H), 7.38-7.41 (m, 2 H, Cpr-H); MS (m/z): 464 [M+11]. Example34Preparationof
(3R,45)-4-(4-benzoyloxypheny1)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydr
oxy-pent-2-enyllazetidin-2-one (compound 1-7, Z configuration):  Step 1: To a 100 ml flask were

added 150 Q@pg}_,comqo % JHS j;cpﬂfgzr@@%))’zgdgl@f gigﬂlg)&@_ ttga@@ @nqdﬁG;’tq{%ms (18.0

mmol) Dess-Martin periodinane. The mixtufe was Stirred at room température and the reaction lasted
2 hours. AftettRedr@actiBn vdk dorfipleteti3hé 38stiart WalwishedWvithether33hd MitiHte was
concentrated tithgouahddirgctonsgdrinidag NEMt SIRRWtouMErher patfjcaion.o (Stepr; To a 100

ml flask wer a ' hlori d | of, d trghydrofuran .
The mixture%%@fﬁé@%o@’lgg?ﬁ%@’ t?ig%tzﬁg]hl)%d‘r}?ﬁj%r?%bl'utlo ’ofﬁ?%%ﬁt?)ﬁs‘i_pa}l%vas added
dropwise slofdy.-&HertHe XthitidnHihd - Hixtufe2lds wakmet dp 1d 0& &AE e rdbtiohtdbted 2 hours.
After the reagtignwas eompletad. HeNVEs @ve)\WssD eutia]ized with saturated NH4C1 solution and
extracted 3 times with dichloromethane (80 ml x3). The organic phases were combined, washed with
brine, dried gver anhydrous sodium_sulfate and concentrated till dry. The residue was purified by
column chrof 2B %phy to obtain 229 grams (4.25 mmol) compduRA PRz configuratiod) with yield
of 52.6%. 1HZAWNHRAADOMHDORISI1B)1xG-B-26- (bhoBopheGHIB) 280208 (ifvotphu@HR), 2.32-3.35 (m,
1H, CH-), 4, 1 3CH-), 5.03-5.08 (M, 2 H, 2x-CH-), 5.56 (t, 1 H, J = 7.2 Hz, CH-), 6.93-7.00
(m, 4H, Cpr-H), 7.23-7.32 (m, 6 H, Cpr-H), 7.38-7.47 (m, 2 H, Cpr-H), 7.50-7.54 (m, 2 H, Cpr-H),
7.64-7.67 (m, 1 H, Cpr-H), 8.15-8.20 (m,2.H,,Cpr-H); MS (m/z): 584 [Molrifg001-1].

Example35:Preparationof DIBAH
(3R,45)-1-(4-fluoropheny1)-3-[( - SpHenyd)-4-hydrox - bid-(4-h
ydroxyphenyl)azetidin-2-one (c und 1-8, Z configurationr_)' 1-8 The compound 1-7 (Z

configuration) was used as starting magdebidl, and according to step & df-Example 24, the benzoyl
protecting group was removed to obtain compound 1-8 (Z configuration). 1H NMR (400 MHz,

DM50-d6): 6 1.11(d, 3 H,- 76-2.8 2 Hn-CH2-), 3 -CH+), #.93-4.93 (m, 2
H, 2x-CH-), 4.931&?, T_é,ﬂ -15%2%31‘2(5_ ﬁeﬁeﬁ%@%.?ﬂz%%&éf@4f§@1§?@§'ﬂ?@?ﬁ ,3207-7.19 (m,
4 H, Cpr-H),cpfigyrooih andy 18phitay, of slchigomstinng. dhem) 08 56ies, (112X ampl Mfm/z): 434
[M-H]. ExamgiigdbuRnananati@nothydride (DIBAH) n-hexane solution was added dropwise at
(3R,45)-1-(4-flugro y1)-3-RE)-3-(4-fluoropheny1)-4-hydroxy-pent-2-enyl]-4-(4-h
a5 e S Sno A S el At T L A
configuratioPwainusd a@%mﬂtiﬁg fhghtkramethancomigo added-go theorgtiratisnluiier: pfepared

T, DL B L B e e e 184,50
. 1§y R A R i T
7.02-7.07 (nob2am, BRryrams 20738800, 1rp@pd iy 1 A4 ganfiguiatianHy Cpryiald WISRAZY: 434 [M-H].
(Esxsﬁsp)lem%ﬁagﬁlmw%m, CDC13)I:U 8 Ir0.07 ésn 6 §{ 2[>(<—CH3)210.|86 r(s,,p 9 H, y3><—gH3J, 225 (t,
oxy-4-methy}-b§er’? Q-egéﬁﬁz’%h%é%r{% 2c]g[pml)pﬁ r%d@%%oﬁﬂf!g%%a(%’o%ﬁ gy&%éjb%ﬁt@z %ompound
1-7 (Z configdrdtion)Swis tsHe) a6 BlartiRg(matdiial; rard) cddddur (2 (|, doprfijuration) was prepared
according to the processes of step 1 and step 2 in Example 34. 1H NMR (400 MHz, CDC13): 6 1.35
(s, 3 H, -CH3), 1,38 (s, 3 H, -CH3),3.01-3.09 (m, 1 H, -CH-), 3.26;3 34, (, 2 H, -CH2-), 4,86 (d, 1 H,
-CH-), 5.34 (t, 1 H, J = 7.6 Hz, -CH-), 6.89-7.04 (m, 6H, Cpr-H), 7.58°7°30 (m, 4 H, Cpr-H), 7.39-7.41
(m, 2 H, CprifdAriee-busdimethysibienyy 3 4%. lwwleﬁﬂYi)wépﬁonOé.i@@w%,l%H, Epr-H); MS
(m/z): 598 [MekfrElcoh]. Example38:Preparationof

OTBDMS OTBDMS
DIBAH
X R — X
F CO,Et E OH
(E) D-1 (E) F-1

The said compound is prepared from ethyl (E)-4-tert-butyldimethylsilyloxy-
3-(4- fluorophenyl) -but-2-enoate (compound D-1, E configuration) according to the
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(3R,45)-1-(4-fluoropheny1)-3-[(2)-3-(4-fluorophenyl)-4-hydroxy-4-methyl-pent-2-en
y1]-4-(4-hydroxyphenyeazetidin-2-one (compound 1-10, Z configuration): (Z) 1-10 The compound
1-9 (Z configuration) was used as starting material, and according to the process of step 1 in Example
24, the benzoyl protecting group was removed to obtain compound 1-10 (Z configuration). 1H NMR

(400 MHz, D 8§}o9e§s?a]s Bt SNV (B0 @MHzCﬁ@c 98-8.08 lﬁ“a%ﬂ*ixcdﬁ , 3.16-3.20

(m, 1 H, -CH- d, 1T H, -CH-), 4.96 (s &514 HS)J 7.6 6.74°6.76 (m, 2H,
Cpr-H), 7. 060?)6f5(rﬂ Hy, &bkt 1214 174131(%& IEpk- A4 a 0 Ha (B4 0Er-HiLo/51 (s, 1 H,
-OH); MS (m#z);8448, [\dtH), Example3a repa@ionpf7.16-7.19 (m, 2 H, Cpr-H).
(3R,45)-3-[(Z2)-4-acetoxy-3-(4-fluorophenyl)-but-2-eny1]-4-(4-acetoxyphenyl)-1-(4-fl
uorophenyl)azetidin-2-one (compound I-11, Z configuration) To a 250 ml flask were.added 19 O
mmol compitsz?dq[q (Z configuration), 100 ml of dlchlorometﬁlé'l(3 8 48h grams (47.5 mmal} acetic
anhydride anel 77tatyl-dZriedhiznmihéd- e onbauyd hva< stiwed] atinoshy tengerat(senpoanthe reaction
lasted 2 hougg. Y\EeoHigtRAGHRN Was completed, the residue was extracted 3 times with ethyl acetate
(100 ml x3). The organic phases were combined, washed with brine, dried over anhydrous sodium
sulfate and concentrated till dry. TheTEdi§ue was purified by column chiggsi@graphy to obtain 8.16
grams (16 2 mmol) compound I-11 (Z configuratiﬁgg with yield of 85.00%. 1H NMR (400 MHz, CDC13):
6 2.00 (s, 3 H, -CH3), 2.30 H,=CHS8})! 2 - =327 (m, 1 H, -CH-), 4.76 (s,
1 H, -CH-), 5.04 (q, 2 H, 5.95 (t, 1 H, J= 7.6 Hz, -CH- 698(m 2H, Cpr-H), 6.98-7.03 (m,
2 H, Cpr-H), 7.09-7.11 (m, 2 H i;rfr]H) 7.23-7.29 (m, 4 H, Cng) ZZ 6-¥.34 (m, 2 H, Cpr-H); MS
(m/z): 506 [M+11]. Example40:Preparationof

(3R, 45)-3-[(2)-4-3Ge10%y 1L AIGr QQQ%“X&&J&%&’O%“@L&S(AUJ '9&’&9&15?%}3/&316 %PA’C’F 1

roxyphenyeazetidin-2-one (compound 1-12, Z configuration he compound

configuratiorfPIWAS R hs stla?nng}lFﬁIEa?ten%ﬁL aﬁ&g&SFﬂﬁQ&?&thelﬁréce%aé?ssteﬁoloﬁ@%}npIe 24, the
acetyl protectidingthymwapir@dioyeshtronsphahalic hydfpbqﬂ}tmhblmmmnwmdﬂﬂa (Has

Configufa“o'}}n%ﬁ i {r“qga”'gtzot%&@g a%: %&@%SZ CH%“E’) 785 %r%%ém((?%'dm&ﬁ

3.23-3.27 (m 6.01(t,1H,J=7 -C-
6.74-6.76 (nfi-tolcessplionyi. fiﬂ‘?fﬁ (ﬁTS@lm (@}é‘foﬁ’)ed7 m 8709511(41105 %ltqsﬂmythﬁrgfé 7448 (m, 2 H,
Cpr-H), 9.5kl Idrqﬁl)me MSgeiz) 2464 [Mﬁﬂelaolutmheufsfélwmgegqrpn@utltdﬁqvv@f@,@mpl@red by using
proper startl teria roce e 39 Example S
Compounds” R %b‘&lﬁﬁﬁ%ﬁﬁg 19 Be%%[fo% 2852798 (m édﬁoegE%’ pIe

with 2 mol/L of hydrochloric a01d The reaction solution was stirred for 30 minutes,

then layered. The aqueous phase was extracted 2 times with dichloromethane (100
mlx2). The obtained organic phases were combined, washed 3 times with brine, dried
over anhydrous sodium sulfate and concentrated till dry to obtain 77.5 grams
(0.25mol) compound G-1 (Z configuration) with yield of 73.5%. '"H NMR (400 MHz,
CDClIs) : 6 0.06 (s, 6 H, 2x-CHj3), 0.88 (s, 9 H, 3x-CHj3), 4.34 (t, 2 H, J = 8.0 Hz,
-CH,-), 4.57 (s, 2 H, -CH»-), 591 (t, 1 H, J = 8.0 Hz, -CH-), 6.99-7.03 (m, 2 H,
Cpr-H), 7.35-7.39 (m, 2 H, Cpr-H).

Example 8: Preparation of
tert-butyl-[(E)-4-chloro-2-(4-fluorophenyl)but-2-enoxy]-dimethyl-silane  (compound
G-1, E configuration)

OTBDMS
OTBDMS

TsCl X

F Cl
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OH /Apo -CH2-), 3.26-3.33 (m, 1 H, -CH-), 4.91 (d, 1 H, -CH-), 5.34 (q, 2 H, -CH2-), 6.09 (t, 1 H, J=8.0
Hz, -CH-), 6.72-6.74 (m, 2 H, Cpr-H), 7.11-7.21 (m, 8 H, Cpr-H), 7.44-7.49 (m, 4 H, Cpr-H), 7.60-7.64
(m, 1 H, Cpr-H), 7.79-7.82 (m, 2 H, Cpr-H), 9.52 (s, 1 H, -OH). [m+H] 11 OBz (z)1-13 42 (DMSO-d6):
6 2.83-2.96 (m, 2 H, 544 OHF /0,00 10 (z)1-14 -CH2-), 3.26-3.35 (m, 1 H, -CH-), 4.91 (s, 1 H,

-CH-), 5.34 (9, 2 H,;CH2-), §;4Q (t, 1 H, ] = %0% ,-CH-), 8,(2-6.74 (%}él—%der H), 144;7-22 (m, 8
HCer)728733m2HCrH 744748m2HCrH)784 m2HCrH 9.54 (s, 1
H, -OH). [m ﬁ] #ert-butyldimet y1s1 yloxy 3-(4- ﬂuoropheny but-2-en-1-ol (compound -1

configuration) according to the similar process as Example 7. "H NMR (400 MHz,
CDCl3) : 6 0.07 (s, 6 H, 2x-CH3), 0.91 (s, 9 H, 3x-CHs), 3.97-3.99 (m, 2 H, -CH;-),
4.30 (s, 2 H, -CHy-), 5.99 (t, 1 H, J = 8.0 Hz, -CH-), 7.04-7.09 (m, 2 H, Cpr-H),
7.17-7.21 (m, 2 H, Cpr-H).

Example 9: Preparation of dimethyl
2-[(Z£)-4-tert-butyldimethylsilyloxy-3-(4-fluorophenyl)but-2-enyl |propanedioate
(compound H-1, Z configuration)

TBDM
OTEDMS <iCOOMe 0 S
COOMe A COOMe
X" >
COOMe
F
F G-1 H-1

To a 3 liter flask were added 57.2 grams (0.43mol) dimethyl malonate and 1 liter
of N,N-dimethylformamide. The mixture was stirred under the protection of nitrogen,
in which 73.0 grams (0.55mol) cesium carbonate was added at room temperature.
After reacting 2 hours at room temperature, 75.5 grams (0.24mol) of compound G-1
(Z configuration) (dissolved in 300 ml of N,N-dimethylformamide) was added therein
dropwise. After reacting for 1 hour, 400 ml of ethyl acetate and 100 ml of water were
added to the reaction solution. The solution was layered. The aqueous layer was
extracted 3 times with ethyl acetate (100 ml x3). The organic phases were combined,
washed 3 times with brine, dried over anhydrous sodium sulfate and concentrated till
dry to obtain 96.5 grams (0.235mol) compound H-1 (Z configuration) with yield of
98%. 'H NMR (400 MHz, DMSO-d) : 8 0.01 (s, 6 H, 2x-CH3), 0.81 (s, 9 H, 3x-CH3),
2.84 (t,2 H,J=17.6 Hz, -CH»-), 3.50 (t, 1 H, J=7.6 Hz, -CH-), 3.73 (s, 6 H, 2x-CH3),
4.50 (s, 2 H, -CH»-), 5.62 (t, 1 H, J = 7.6 Hz, -CH-), 6.93-6.97 (m, 2 H, Cpr-H),
7.27-7.31 (m, 2 H, Cpr-H); MS (m/z): 411 [M+H].

Example 10: Preparation of dimethyl

2-[(E)-4-tert-butyldimethylsilyloxy-3-(4-fluorophenyl)but-2-enyl|propanedioate
(compound H-1, E configuration)
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Z: (DMSO0-d6): 6 2.29 (s, 3 H, 540 OHF tikIP eIN -CH3), 2.33-2.46 (m, 2 H, -CH27), 3.79-3.85 (m, 1 H,
-CH-), 4.82 (q, 2 H, -CH2-), 5.34 (d, 1 H, -CH-), 5.77 (t, 1 H, J= 7.2 Hz, -CH-), 6.74-6.77 [M+H] 0O 0O
(2)2-15 (m, 2 H, Cpr-H), 7.11-7.19 (m, 6 H, Cpr-H), 7.23-7.28 (m, 4 H, Cpr-H), 7.36-7.39 (m, 2 H,
Cpr-H), 6.65-7.67 (m, 2 H, Cpr-H), 9.54 (s, 1 H, -OH). Example44

(3R,45)-3-[(Z)-4-acetoxy-3-(4-fluor 1)-but-2-eny1]-4-(4-benzqu henyl1)-1-(
4-fluorophenyeazetidin-2-one (co %qééugrpd% 1- ,Cf%'gﬁfiguration) ( Qﬁéﬁs To a 250 ml flask were
added 16 0 mmol compou configurati¢i9PMe0 ml of dighlexgmethane, 1.96 grams (19.2
mmol) acetic anhydride an ml pf triethylamine. THE mix

the reaction lasted 2 hotr's. SWas extracted 3 times with
ethyl acetate (100 ml x3). The.ofghnic phases were combined, ywaBHed with brine, dried over
anhydrous sodium sulfate and concentrated until dry. The residué was purified by column
chromatography to obtain 7.94 grams (14 0 mmol) compound 1-16 (Z configuration) with yield of
87.5%. 1H NMR 460 MHz, EBT13): 6 26001090 m, 2 H, W82, 3.2P58P8edn, 1 H, -ERD), 4.80 (s, 1
H, -CH-), 5.06rfehuyii [ @) H2eh] 582 (Y -Eltrbrdph8d iy t-Clenh x 10Hm By (rsil dikd, Qpodipound3-7.32 (m, 6

. CpreH), 7t 7E4§°bn?§€f%fg§£5%§§¥%%§§% (M RS T SHRAT S KR 8-16-8.20

(m, 2 H, Cpr-H); M M e
(3R,45)-3-[(DHzaEdtsks 30 4-Hadbo %r%mf’ﬁ;w@am91&4%@%%@@1(};@@%@7.6 Hz,
hoxyphenyl)azgtidin3 Zong (cBimpeund B4, Z.CHepr¥iguratiord), (2)-CHY), 4 Compaound-TH L (Z

configuratio r e rding to racess of m [ paund,1-2 (Z
configuratio%’%ﬁ’tgrﬁﬁgrﬁz{%ecrﬁ;i 1@&!\?&%4%@9&329&%?%%%%%86)@%3?%% %p rii.ing-Z.m (m, 2
H, -CH2-), 3MP-8 ) (thl 1[MHEH-), 3.80 (s, 3 H, -CH3), 4.47 (s, 1 H, -CH-), 4.74 (g, 2 H, -CH2-), 5.80
(t, 1 H,J=7.6 Hz, -CH-), 6.87-6.94 (m, 4H, Cpr-H), 7.05-7.09 (m, 2 H, Cpr-H), 7.16-7.23 (m,

Example 11 : Preparation of
(£)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyl)-2-methoxycarbonyl-hex-4-enoic

acid (compound J-1, Z configuration)

OTBDMS OTBDMS
COOME
M
z) H-1 2 ¥1

To a 2 liter flask were added 94.0 grams (with content being 75%, 0.23mol)
compound H-1 (Z configuration) and 0.62 liter of ethanol. Then, 85 ml of 3mol/L
potassium hydroxide aqueous solution was added dropwise at room temperature.
After reacting for 1 hour, the reaction solution was acidified to pH=4 with 2 mol/L of
hydrochloric acid. The mixture was stirred for 30 minutes, and extracted 3 times with
ethyl acetate (150 ml x3). The organic phases were combined, washed 3 times with
brine, dried over anhydrous sodium sulfate and concentrated till dry to obtain 76.1
grams (0.19mol) of compound J-1 (Z configuration) with yield of 83.8%. 'H NMR
(400 MHz, CDCl3) : 8 0.01 (s, 6 H, 2x-CH3), 0.80 (s, 9 H, 3x-CH3), 2.84-2.87 (m, 2 H,
-CH;-), 3.53 (t, 1 H, J= 7.2 Hz, -CH-), 3.74 (s, 3 H, -CH3), 4.49 (s, 2 H, -CH;-), 5.62
(t, 1 H, J=17.2 Hz, -CH-), 6.92-6.96 (m, 2 H, Cpr-H), 7.23-7.30 (m, 2 H, Cpr-H); MS
(m/z): 397 [M+H].

Example 12 : Preparation of

(E)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyl)-2-methoxycarbonyl-hex-4-enoic
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6 H, Cpr-H); MS (m/z): 500 [M+Na]. Example46
(3R,45)-3-[(E)-4-acetoxy-3-(4-fluorophenyl)-but-2-enyl]-1-(4-fluoropheny1)-4-(4-met
hoxyphenyl)azetidin-2-one (compound 1-17, E configuration) = Compound 1-17 (E configuration) was
prepared according to the process of Example 44 by using compound 1-2 (E configuration) as starting
material. 1H H S, 3H, -CH3), 2.87-2.91 (m, 2 H, -CH2-), 3.21-3.25 (m,
1 H, -CH-), 3%@@5%%&48&3{:%%% r%t%% H-), 5.04 (s, 2 H, -CH2-), 5.96 (t, 1 H, J = 7.6 Hz, -CH-),
688696(m 4H, Cpr-H), 698702 2H Cpr-H), 7.23-7.31 (m, 6 H, CBr Hg MS (m/z): 500
[M+Na]. In Vivo Pharmacodyng %enlng The in vivo pharmacgdynamic screening of the
compound of the present 'on was perforqggg]p(yche following. pragesses. 1. Establishment of
hypercholesterolemia m of golderlaamster——Haemnimals P subjeatedito acclimation feeding
for 1 week with free fe€ding and driking undePdfighting corfdition of 10 hil4 4, On Day 8, the animals
were raised with high fat fegd #dnsisting of 0.5% cholesterol, 20%;palmt oil, 79.5% basal feed) for 1
week. Then, each animal was anesthetized by ether. After weighing, 0.5 ml blood was obtained from
orbital vein, antlco gulated ith heparin and, centrifuged at 5000 rpm for;El;r min. The pl a was
collected and the'l&%els of \(Vsma FEROHIEholestéol) an@EPE (low JERity lipSih ?@YT
cholesterol) Wé(é)d%temhneddmylahmﬂalwcwodhemmmnawm 2eimyHisropithqolamiaa TC of

o-15mmoll Wst6,Sfieied % MRl ARG SdCEIanio e PlaingRlerangarer i methd of animal

modeling: Burner, R Smith Davis, H The effect

of acyl Con NG AAIOM A2 HRBIaE or OIS ot RS ctetbn of
cholesterol hynthe Hantdier)sthal intdstihel 3. Phdin).-Exp),Theo, (995H272H1 h6+263)s,2 Bompound
screening: @'ﬁe)aglg@@ were Jggop@%a@ﬁr?lgggg)ﬁ@ %ﬁdi-ﬁl-(ﬁ‘n] s ghg Q’f@tﬂti"ﬁh 6 animals
per group. Ezetimibe was used as positive control. The animals were mtragastrlcally administered at a
volume of 5 ﬁﬂlkBIW§ (e 84N ENMal was anesthetized by ether. After weighing, 0.5 ml blood
was taken from orbital vein, anticoagulated with heparin, and centrifuged at 5000 rpm for 10 min. The

plasma was geligfed and plasmqg;l' C (total cholpgggpj)lg@d LDL-C (loyrdensity lipoppeigin

cholesterol) és were d erm aut b|o aI ana zer to evaluate t eff acy of the
compounds. %Y C eeﬁ}hﬁﬁ Sﬂ @8(8?(? R‘lfﬂuﬂwrgp zfrr%acao ML etgkr?lrfg est, in which

Ezetimibe Wa@lﬁ@maagrﬁosmve control the results show that compound I-1 (2), 1-2 (2), 1-3 (2), 1-4
(2), 1-5 (2), 1-6 (2), I-11 (2), 1-12 (2), 1-13 (2), 1-14 (2), 1-15 (Z), 1-16 (Z) and 1-17 (Z) have the effect
of lowering cholesterol. Particularly,the gfficacies of compounds |-0TBYMS-2 (2), 1-3 (2), 1-4 (2), 1-6
(2), 1-15 (Z2) and 1-17 (Z) are mdre similar to the poatlve control,land |-1 gehalso has certain effect on
cholesterol-lowering. The ' {9@re showngin T 1- I2. AS I-1 (Z) has a significant
efficacy, further experime ere perfor@tgdto determipetts€holesterol lowering effect (see Table
13). (1) The effect of thé compounds on the blood lipid level of hypercholesterolemia golden hamster
model Table 1. Effect of comp@und 1 onblood lipid level of hypercholesterolemia golden hamster
model (xs) Groups Numbers of animals dose (mg/kg) Biochemical indexes (mmol/L)

To a 2 liter flask were added 73.66 grams (0.186 mol) compound J-1 (Z

configuration), 0.6 liter of toluene and 3.8 ml of triethylamine. The mixture was

heated to reflux and the reaction lasted 5 hours. The resultant was extracted with ethyl
acetate, washed with brine, dried over anhydrous sodium sulfate and concentrated till
dry to obtain 57.02 grams (0.162mol) of compound K-1 (Z configuration) with yield
of 87.1%. '"H NMR (400 MHz, CDCl;) : & 0.03 (s, 6 H, 2x-CHs), 0.84 (s, 9 H,
3x-CH3), 2.45-2.47 (m, 2 H, -CH»-), 2.56-2.61 (m, 2 H, -CH,-), 3.69 (s, 3 H, -CH3),
4.52 (s, 2 H, -CHy-), 5.70 (t, 1 H, J = 7.2 Hz, -CH-), 6.95-7.00 (m, 2 H, Cpr-H),
7.33-7.36 (m, 2 H, Cpr-H) ; MS (m/z): 353 [M+H].

Example 14: Preparation of methyl

(E)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyl)hex-4-enoate (compound K-1, E

configuration)
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Before administration (mmol/L) After administration (mmol/L) TC LDL-C TC LDL-C Model 6
9.931.33 2.430.67 12.862.49* 3.181.64 Ezetimibe 6 2 9.91.24 2.550.96

OTBDMS OTBDMS
X ZX X
COOH >
F F
COOMe COOMe
(E) J-1 ®) K-1

The title compound was prepared from 6-tert-butyldimethylsilyloxy
-5-(4-fluorophenyl)-2-methoxycarbonyl-4(E)-hexenoic acid (compound J-1, E
configuration) according to the similar process as Example 13. "H NMR (400 MHz,
CDCl3) : 6 0.02(s, 6 H, 2x-CH3), 0.88 (s, 9 H, 3x-CHj3), 2.27-2.33 (m, 4 H,2x-CH,-),
3.64 (s, 3 H, -CHj3), 4.24 (s, 2 H, -CH»-), 5.70 (t, 1 H, J=17.2 Hz, -CH-), 7.02-7.05 (m,
2 H, Cpr-H), 7.10-7.12 (m, 2 H, Cpr-H); MS (m/z): 353 [M+H].

Example 15 : Preparation of
(£)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyl)hex-4-enoic acid (compound L-1,

Z configuration)

OTBDMS OTBDMS
NS COOMe 1) 3N KOH NS COOH
R —
. 2) HCI .
L-1
(z) K1 )

To a 1 liter flask were added 56.07 grams (0.159mol) compound K-1 (Z
configuration) and 180 ml of ethanol. Then, 54.28 ml (3mol/L) of potassium
hydroxide aqueous solution was added therein dropwise at room temperature. After
reacting for 1 hour, the reaction solution was acidified to pH=4 with 2 mol/L of
hydrochloric acid. The solution was continued stirring for 30 minutes. The residue
was extracted 3 times with ethyl acetate (60 mlx3). The organic phases were
combined, washed 3 times with brine, dried over anhydrous sodium sulfate and
concentrated until dry to obtain 39.88 grams (0.118mol) compound L-1 (Z
configuration) with yield of 74.1%. 'H NMR (400 MHz, CDCl3) : & 0.03 (s, 6 H,
2x-CH3), 0.84 (s, 9 H, 3%-CH3), 2.50-2.54 (m, 2 H, -CH;-), 2.60 (t, 2 H, -CH;-), 4.52
(s, 2 H, -CH»-), 5.74 (t, 1 H, J = 7.6 Hz, -CH-), 6.95-6.99 (m, 2 H, Cpr-H), 7.32-7.36
(m, 2 H, Cpr-H); MS (m/z): 361 [M+Na].

Example 16 : Preparation of
(E)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyl)hex-4-enoic acid (compound L-1,

E configuration)
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4.210.68*** 0.570.34*** 1-1(E) 6 10 9.851.2 2.510.91 8.70.93* 1.740.62 1-1(E) 6 2 9.841.14 2.210.47
11.190.69 2.210.37 1-1(E) 6 0.4 9.851.1 2.440.46 12.421.4 2.840.59 1-1(Z) 6 10 9.761

OTBDMS OTBDMS
N 1) 3N KOH N
. 2) HCI .
COOMe L-1 COOH
K-1
(E) E)
The title compound was prepared from methyl

(E)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyl)hex-4-enoate (compound K-1, E
configuration) according to the similar process as Example 15. '"H NMR (400 MHz,
CDClIs) : 6 0.02 (s, 6 H, 2x-CH3), 0.88 (s, 9 H, 3x-CH3), 2.27-2.30 (m, 2 H, -CHy-),
2.35-2.39 (m, 2 H, -CHy-), 4.24 (s, 2 H, -CHy-), 5.71 (t, 1 H, J = 7.2 Hz, -CH-),
6.95-6.99 (m, 2 H, Cpr-H), 7.32-7.36 (m, 2 H, Cpr-H); MS (m/z): 361 [M+Na].

Example 17: Preparation of
(4S)-3-[(Z)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyl )hex-4-enoyl]-4-phenyl-ox

azolidin-2-one (compound III-1, Z configuration)

OTBDMS
OTBDMS 1) (CH3),CHCH,0COCI /lOL 0
» ¥
X COOH o o) \_2
J\ Ph F
F L1 2)0” "N—H -1
@ \—< @)
Ph

Step 1 : To a1 liter flask were added 39.21 grams (0.116 mol) compound L-1 (Z
configuration), 300 ml of tetrahydrofuran and 19.0 ml (0.14mol) of isobutyl
chloroformate. Then, 19.3 ml (0.14mol) of triethylamine was added dropwise therein
at a temperature of about -60°C. After the addition, the mixture was warmed up to
room temperature and the reaction lasted 30 minutes. The residue was filtered to
obtain the mixed anhydride in tetrahydrofuran solution for further use.

Step 2: To a 3 liter flask were added 22.69 grams (0.14mol)
(S)-4-phenyl-2-oxazolidone and 0.6 liter of tetrahydrofuran . Then, 69.6 ml (2mol/L)
of sodium bis(trimethylsilyl)amide was added dropwise therein at about -25°C. The
reaction lasted 30 minutes. Then, the tetrahydrofuran solution of mixed anhydride
obtained from step 1 was added dropwise therein. After the addition, the mixture was
warmed up to room temperature and the reaction lasted 1 hour. The residue was
extracted 3 times with ethyl acetate (150 mlx3). The oragic phases were combined,
washed 3 times with brine, dried over anhydrous sodium sulfate and concentrated till
dry to obtain 47.62 grams (0.10 mol) of compound III-1 (Z configuration), with the
yield of 85%. "H NMR (400 MHz, CDCl;) : 0 0.05 (s, 6 H, 2x-CH3), 0.86 (s, 9 H,
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2.480.67 4.30.85*** 0.420.2*** 1-1(Z) 6 2 9.740.98 2.570.47 4.90.62*** 0.710.49*** 1-1(Z) 6 0.4
9.740.99 2.260.65 6.460.58*** 1.520.31* Note: comparing the data before administration with the data
after administration, *P <0.05, P<0.01, P<0.001. (*P<0.05 indicates there are significant statistical
difference between the treatment groups and the control group; **P<0.01, there are very significant

statistical diffgre betwesp the tregime oyps;angghe contyol grpup; %55 R<9.0(fl indicates there
are highly signi?clgﬁf st'atisti'calkgﬂferen’cgﬁ&%\?\ieén the trgatment’grouf) "and the coeltr’orgi’oup. The

same meanir%ga}e"ré?elﬁse@rﬁreﬁ%ﬂﬁérff adie 3 Eﬁe’cfo&éoﬁ?pd%ﬂi%ﬁré#@riﬁ&tﬁ evels of TC
and LDL-C Ggaupsshuniharsiof anmsalszPode-), 6.99-7.03 (m, 2 H, Cpr-H), 7.31-7.41 (m, 7 H,

Cpr-H); MS (m/z): 506 [M+Na].

Example 18: Preparation of
(4S)-3-[(E)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyl)hex-4-enoyl]-4-phenyl-ox

azolidin-2-one (compound III-1 , E configuration)

OTBDMS
OTBDMS
(CH5),CHCH,0COCl o o =
N . PR
o O N F
i PN .
COOH o “NeH Ph
L1 II-1
(E) ‘—< (E)
Ph
The title compound was prepared from

(E)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyl)hex-4-enoic acid (compound L-1,
E configuration) according to the similar process as Example 17. "H NMR (400 MHz,
CDClIs) : 6 0.01 (s, 6 H, 2x-CH3), 0.87 (s, 9 H, 3x-CH3), 2.23-2.28 (m, 2 H, -CH;-),
2.94-2.99 (m, 2 H, -CHy-), 4.22 (s, 2 H, -CH;-), 4.25-4.28 (m, 1 H, -CH;-), 4.66 (t, 1
H, J = 8.8 Hz, -CH;-), 5.36-5.39 (m, 1 H, -CH-), 5.69 (t, 1 H, J = 7.2 Hz, -CH-),
6.99-7.01 (m, 2 H, Cpr-H), 7.06-7.08 (m, 2 H, Cpr-H), 7.27-7.37 (m, 5 H, Cpr-H); MS
(m/z): 506 [M+Na].

Example 19: Preparation of [4-[(4-fluorophenyl)iminomethyl]phenyl] benzoate
(compound I1-1)

BzCl HzNOF
HO@CHO — > BzO@—CHo » B2 \NOF

To a 500 ml flask were added 45.6 grams (0.374mol) 4-hydroxylbenzaldehyde,

150 ml of acetone and 25.8 grams (0.187mol) potassium carbonate. Then, 52.1 ml

(0.449mol) of benzoyl chloride (BzCl) was added therein dropwise slowly at a
temperature of about 0°C. After the addition, the mixture was warmed up to room
temperature and the reaction lasted 2 hours. The residue was extracted 3 times with
ethyl acetate (150 ml x3). The organic phases were combined, dried over anhydrous

sodium sulfate and concentrated till dry to obtain 76.08 grams (0.336mol)
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(mg/kg) Reducing TC% Reducing LDL-C% Ezetimibe 6 2 57.4 77.6 I-1(E) 6 10 11.7 30.7 I-1(E) 6 2
-20.901-1(E) 6 0.4 -26.1 -16.4 1-1(Z) 6 10 55.9

4-benzoyloxybenzaldehyde. Next, 35.7 ml (0.37 mol) of 4-fluoroaniline was added
dropwise to a solution of the obtained 4-benzoyloxybenzaldehyde in 300 ml of ethyl
acetate. The reaction lasted 1 hours. The reaction mixture was filtered. The obtained
solid was recrystallized from anhydrous ethanol to obtain 60.3 grams (0.189mol)
white solid, namely compound II-1. '"H NMR (400 MHz, CDCls) : § 7.09-7.14 (m, 2
H, Cpr-H), 7.23-7.28 (m, 2 H, Cpr-H), 7.37-7.39 (m, 2 H, Cpr-H), 7.54-7.59 (m, 2 H,
Cpr-H), 7.67-7.71 (m, 1 H, Cpr-H), 7.99-8.02 (m, 2 H, Cpr-H), 8.24-8.26 (m, 2 H,
Cpr-H), 8.49 (s, 1 H, -CH-).

Example 20: Preparation of
[4-[(Z,1S,2R)-6-tert-butyldimethylsilyloxy-1-(4-fluoroanilino)-5-(4-fluorophenyl)-2-[
(4S)-2-0x0-4-phenyl-oxazolidine-3-carbonyl |hex-4-enyl]phenyl] benzoate (compound
IV-1, Z configuration)

OTBDMS

(0] (0]
Bzo—©—\\ PN _ TiCly, TI{OCH(CH3),]4
N—OF + Q@ N 0
-1 \ < . DIPEA, -20°C

Ph
-1

2)

To a 1 liter flask were added 350 ml of dichloromethane and 20 grams powder
molecular sieve under the protection of nitrogen, and further added 10.6 ml (95.7
mmol) of titanium tetrachloride and 9.6 ml (0.032mol) of titanium tetra-isopropoxide
at a temperature of about 0°C. After reacting for 15 minutes, 47.62 grams (98.6 mmol)
compound III-1 (Z configuration) (dissolved in 60 ml of dichloromethane) was added.
After reacting for 5 minutes, 37.8 ml (0.21mol) of diisopropylethyl amine (DIPEA)
was added at about 0°C. After reacting for 1 hour, the reaction solution was cooled to
about -20°C, in which 34.97 grams (98.6mmol) compound II-1 (dissolved in 0.87
liter of dichloromethane) was added. After reacting for 4 hours, 29 ml of acetic acid
and 58 ml (2mol/L) of sulfuric acid were added dropwise. The mixture was stirred at
room temperature for 30 minutes, and then extracted 3 times with dichloromethane
(120 ml x3). The organic phases were combined, dried over anhydrous sodium sulfate
and concentrated until dry. The residue was purified by column chromatography to
obtain 43.3 mmol compound IV-1 (Z configuration) with yield of 43.9% . 'H NMR
(400 MHz, CDCls) : 6 0.05 (s, 6 H, 2x-CH3), 0.86 (s, 9 H, 3x-CH3), 2.60-2.62 (m, 2 H,
-CHy-), 3.15-3.16 (m, 1 H, -CH-), 4.35-4.40 (m, 2 H, -CH;-), 4.46-4.52 (m, 2 H,
-CHy-), 4.53-4.60 (m, 1 H, -CH-), 4.72-4.76 (m, 1 H, -NH-), 5.74 (t, 1 H, J= 7.2 Hz,
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83.11-1(Z) 6 249.7 72.4 1-1(Z) 6 0.4 33.7 32.7 Table 3 Effect of compound I-1 (Z) onblood lipid level
of hypercholesterolemia golden hamster model (xs) Groups Numbers of animals Dose (mg/kg)
Biochemical indexes (mmol/L) Before administration (mmol/L) After administration (mmol/L)

-CH-), 6.80-6.85 (m, 1 H, -CH-), 6.99-7.38 (m, 6 H, Cpr-H), 7.39-7.41 (m, 8 H,
Cpr-H), 7.59-7.55 (m, 2 H, Cpr-H), 7.69-7.72 (m, 1 H, Cpr-H), 8.23-8.25 (m, 2 H,
Cpr-H); MS (m/z): 803 [M+H].

Example 21: Preparation of
[4-[(E,1S,2R)-6-tert-butyldimethylsilyloxy-1-(4-fluoroanilino)-5-(4-fluorophenyl)-2-[
(4S)-2-ox0-4-phenyl-oxazolidine-3-carbonyl |hex-4-enyl]phenyl] benzoate (compound

F
OTBDMS /©/
O 0 HN
Bzo—©—\\ 0 UKQ\ TiCly, TiOCH(CHy), 4 O)]\ :
. NOF + O/U\N F DIPEA, -20°C \—‘

1II-1
(E) F

IV-1, E configuration)

OTBDMS

(E) Iv-1

The title compound was prepared from
(4S)-3-[(E)-6-tert-butyldimethylsilyloxy-5-(4-fluorophenyl)hex-4-enoyl]-4-phenyl-ox
azolidin-2-one (compound III-1, E configuration) according to the similar process as
Example 20. '"H NMR (400 MHz, CDCl;) : & 0.01 (s, 6 H, 2x-CH3), 0.87 (s, 9 H,
3x-CHs), 2.24-2.26 (m, 2 H, -CH;-), 2.96-2.97 (m, 1 H, -CH-), 4.28-4.33 (m, 2 H,
-CHy-), 4.37-4.43 (m, 2 H, -CH;-), 4.51-4.58 (m, 1 H, -CH-), 4.66-4.70 (m, 1 H,
-NH-), 5.68 (t, 1 H, J= 7.2 Hz, -CH-), 6.78-6.83 (m, 1 H, -CH-), 6.88-7.25 (m, 6 H,
Cpr-H), 7.29-7.31 (m, 8 H, Cpr-H), 7.52-7.54 (m, 2 H, Cpr-H), 7.58-7.60 (m, 1 H,
Cpr-H), 8.15-8.17 (m, 2 H, Cpr-H); MS (m/z): 803 [M+H].

Example 22: Preparation of
(3R,45)-4-(4-benzoyloxyphenyl)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-tert-
butyldimethylsilyloxy-but-2-enyl] azetidin-2-one (compound V-1, Z configuration)

BzO F
OTMS Q
D /gNTMS , toluene, 50°C
N
2) TBAF (solid), 50 °C Z
OTBDMS
-1
2) Iv-1 @) v

To a1 liter flask were added 42.5 mmol compound IV-1 (Z configuration), 350 ml

28



TC LDL TC LDL Model 6 9.490.86 1.920.74 13.632.57** 2.770.81* Ezetimibe 6 1 9.491.14 1.810.44
5.620.48*** 1.160.44** 1-1(Z) 6 4 9.511.04 1.840.18 4.370.59***

of toluene and 22.93 grams (112.7 mmol) N,O-bis(trimethylsilyl)acetamide. The
reaction lasted 1 hour at about 50°C. Then, 1.36 grams (4.3mmol)
tetrabutylammonium fluoride (TBAF) was added. The reaction was continued for 3
hours at the same temperature. After the reaction was completed, the heating was
stopped. When the reaction system was cooled down to room temperature, the pH was
adjusted to about 7.0 with 2 mol/L hydrochloric acid. The resultant was extracted with
300 ml of ethyl acetate, washed 3 times with brine, dried over anhydrous sodium
sulfate, and concentrated till dry. The residue was purified by column chromatography
to obtain 33.1 mmol compound V-1 (Z configuration) with yield of 77.9%. '"H NMR
(400 MHz, CDCls) : 6 0.10 (s, 6 H, 2x-CH3), 0.90 (s, 9 H, 3x-CH3), 2.92-2.96 (m, 2 H,
-CH,-), 3.31-3.32 (m, 1 H, -CH-), 4.59 (d, 1 H, J=12.0 Hz, -CH,-), 4.71 (d, 1 H, J =
12.0 Hz, -CH»-), 4.92 (s, 1 H, -CH-), 5.78 (t, 1 H, J = 8.0 Hz, -CH-), 7.00-7.07 (m, 5
H, Cpr-H), 7.26-7.38 (m, 5 H, Cpr-H), 7.44-7.46 (m, 2H, Cpr-H), 7.56-7.60 (m, 2 H,
Cpr-H), 7.69-7.71 (m, 1 H, Cpr-H), 8.24-8.26 (m, 2 H, Cpr-H); MS (m/z): 640
[M+H].

Example 23 : Preparation of

(3R,45)-4-(4-benzoyloxyphenyl)-1-(4-fluorophenyl)-3-[ (E)-3-(4-fluorophenyl)-4-tert-
butyldimethylsilyloxy-but-2-enyl] azetidin-2-one (compound V-1, E configuration)

F BzO F
0 o0 HN/©/ QTMS Q
SR e

o NTMS | toluene, 50 °C N
{ F .
. N 0
OBz  2) TBAF (solid), 50 °C P
P OTBDMS OTBDMS
® M EV-1
The title compound was prepared from

[4-[(E,1S,2R)-6-tert-butyldimethylsilyloxy-1-(4-fluoroanilino)-5-(4-fluorophenyl)-2-[
(4S)-2-ox0-4-phenyl-oxazolidine-3-carbonyl |hex-4-enyl]phenyl] benzoate (compound
IV-1, E configuration) according to the similar process as Example 22. '"H NMR (400
MHz, CDCls) : 8 0.12 (s, 6 H, 2x-CH3), 0.93 (s, 9 H, 3x-CHs), 2.65-2.69 (m, 2 H,
-CHy-), 3.09-3.10 (m, 1 H, -CH-), 442 (d, 1 H, J=12.0 Hz, -CH;-), 4.54 (d, 1 H, J =
12.0 Hz, -CH;-), 4.48 (s, 1 H, -CH-), 5.71(t, 1 H, J=12.0 Hz, -CH-), 6.73-6.75 (m, 5
H, Cpr-H), 6.92-6.98 (m, 5 H, Cpr-H), 7.02-7.08 (m, 2H, Cpr-H), 7.22-7.25 (m, 5 H,
Cpr-H); MS (m/z): 640 [M+H].
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0.990.28 1-1(Z) 6 1 9.491.12 1.850.5 5.790.99 1.190.16 Note: comparing the data before
administration with the data after administration, *P <0.05, **P<0.01, **P<0.001. Table 4 Effect of
compound I-1(Z) on reduction of the levels of TC and LDL-C Groups Numbers of animals Dose
(mg/kg) Reducing TC% Reducing LDL% Ezetimibe 6 1 58.8 36.0 1-1(Z) 6 4

Example 24 : Preparation of
(3R,45)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydroxy-but-2-enyl]-4-(4-hy

droxyphenyl)azetidin-2-one (compound I-1, Z configuration)

BzO F HO F
F N: E N
/ \\\\‘ O / \\\\. O
OTBDMS OH
(z)V-1 2 I

Step 1: To a 500 ml flask were added 32.5 mmol compound V-1 (Z
configuration), 250 ml of methanol and 4.89 grams (35.8 mmol) potassium carbonate.
The mixture was stirred at room temperature, and the reaction lasted 30 minutes. After
the reaction was completed, the residue was extracted 3 times with ethyl acetate (300
ml x3). The organic phases were combined, washed with brine, dried over anhydrous
sodium sulfate and concentrated till dry for further use.

Step 2 : The product of step 1 was dissolved in 200 ml of tetrahydrofuran. The
pH was adjusted to  about 1 with 6mol/L hydrochloric acid. The mixture was stirred
at room temperature, and the reaction last 30 minutes. The residue was extracted 3
times with ethyl acetate (250 ml x3). The organic phases were combined, washed
with brine, dried over anhydrous sodium sulfate, concentrated till dry and purified by
column chromatography to obtain 8.14 grams (19.3 mmol) compound I-1 (Z
configuration) with yield of 59.4%. [a]**p= -1.67°(c= 3 mg/ml MeOH), 'H NMR
(400 MHz, DMSO-d) : 6 2.72-2.84 (m, 2 H, -CH>-), 3.20-3.25 (m, 1 H, -CH-), 4.39
(s, 2 H, -CH,-), 4.85 (t, 1 H, J=5.2Hz, -CH-), 4.93 (s, 1 H, -OH), 5.80 (t, 1 H, J =
7.6 Hz, -CH-), 6.73-6.76 (m, 2H, Cpr-H), 7.10-7.20 (m, 4 H, Cpr-H), 7.21-7.39 (m, 4
H, Cpr-H), 8.40-7.42 (m, 2 H, Cpr-H), 9.48 (s, 1 H, -OH); MS (m/z): 422 [M+H].

Example 25: Preparation of

(3R,45)-1-(4-fluorophenyl)-3-[ (E)-3-(4-fluorophenyl)-4-hydroxy-but-2-enyl]-4-(4-hy

droxyphenyl)azetidin-2-one (compound I-1, E configuration)
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67.9 46.2 1-1(Z) 6 1 57.5 35.7 Table 5 Effect of compound | onblood lipid level of
hypercholesterolemia golden hamster model (xs) Groups n D ose (mg/kg) Biochemical indexes
(mmol/L) Before administration After administration TC LDL TC LDL

BzO. F HO. F

N N
. > .
3 & o F. & o
Z =
OTBDMS OH
BV-1 ®
The title compound was prepared

from(3R,4S)-4-(4-benzoyloxyphenyl)-1-(4-fluorophenyl)-3-[ (£)-3-(4-fluorophenyl)-4
-tert-butyldimethylsilyloxy-but-2-enyl]  azetidin-2-one ~ (compound V-1 E
configuration) according to the similar process as Example 24. "H NMR (400 MHz,
CDCls) : 8 2.45-2.57 (m, 2 H, -CHy-), 2.98-3.02 (m, 1 H, -CH-), 4.22 (s, 2 H, -CH>-),
441 (d, 1 H, J = 2.3Hz, -CH-), 5.73 (t, 1 H, J = 7.2Hz, -CH-), 6.75-6.77 (m, 2H,
Cpr-H), 6.82-6.86 (m, 2H, Cpr-H), 6.98-7.00 (m, 2H, Cpr-H), 7.04-7.07(m, 2 H,
Cpr-H), 7.09-7.19 (m, 4 H, Cpr-H) ; MS (m/z): 422 [M+H].

The following compound is prepared by using the similar method and proper

starting materials.

) MS
Examples Compounds H NMR (400 MHz) (m/z)
26 / (CDCl3): 6 2.83-2.88 (m, 2 H, 436

o)

F | -CH»), 3.24-3.28 (m, 1 H, -CH-), | [M+H]
Q 3.81 (s, 3 H, -CHs), 4.55 (g, 2 H,
F N _CHx-), 475 (s, 1 H, -CH-), 5.84
Q\?\\« 5 (t, 1 H,J = 8.0 Hz, -CH-),
6.89-6.95 (m, 4H, Cpr-H),
OH 6.97-7.02 (m, 2 H, Cpr-H),

@ 12 7.23-7.28 (m, 6 H, Cpr-H).
27 / (CDCLy): 6 2.52-2.62 (m, 2 H, 436
(@)

F -CH;-), 3.07-3.11 (m, 1 H, -CH-), | [M+H]
QRQ 3.78 (s, 3 H, -CH3),4.27 (s, 2 H,
N -CH;-), 4.51 (s, 1 H, -CH-), 5.81
NS
=
OH
(E) I-2

6.87-6.92 (m, 4H, Cpr-H),
7.05-7.07 (m, 2 H, Cpr-H),
7.18-7.21 (m, 6 H, Cpr-H).

F\Q\H (t, 1 H,J=17.2 Hz, -CH-),
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model 6 10.881.21 4.781.25 10.531.84 3.551.23 Ezetimibe 6 1 10.881.15 5.411.45 4.510.61***
1.30.3*** 1-12(Z) 6 10 10.831.11 4.821.27 4.860.5*** 1.340.37*** 1-12(Z) 6 1 10.851.02 4.330.83

5.290.88

28

F
\G\K\\‘" 0
OH

@) 13

(CDCls): 6 2.85-2.89 (m, 2 H,
-CH;-), 3.26-3.30 (m, 1 H, -CH-),
4.55(q,2 H, -CH;-),4.78 (s, | H,
-CH-), 5.85 (t, 1 H,J=8.0 Hz,
-CH-), 6.93-7.04 (m, 8 H, Cpr-H),
7.12-7.16 (m, 1 H, Cpr-H),
7.24-7.31 (m, 4 H, Cpr-H),
7.33-7.42 (m, 4 H, Cpr-H).

498
[M+H]

29

%
=

B I3

(CDCls): 6 2.54-2.66 (m, 2 H,
-CH;-), 3.10-3.14 (m, 1 H, -CH-),
4.31 (s, 2 H, -CH;,-), 4.52 (s, 1 H,
-CH-), 5.83 (t, 1 H, J=17.2 Hz,
-CH-), 6.91-7.03 (m, 6H, Cpr-H),
7.04-7.10 (m, 2 H, Cpr-H),
7.12-7.16 (m, 1 H, Cpr-H),
7.18-7.24 (m, 6 H, Cpr-H),
7.33-7.38 (m, 2 H, Cpr-H).

498
[M+H]

30

o! F
RV
\©\(\\\c o)
OH

2) 1-4

(CDCls): 6 2.83-2.87 (m, 2 H,
-CH;-), 3.24-3.28 (m, 1 H, -CH-),
4.55(q, 2 H, -CH;-), 4.74 (s, 1 H,
-CH-), 5.83 (t, 1 H, J=8.0 Hz,
-CH-), 6.90-7.01 (m, 6 H, Cpr-H),
7.23-7.28 (m, 4 H, Cpr-H),
7.33-7.43 (m, 7 H, Cpr-H);

512
[M+H]
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F

A0

)

7y
QQ
N o
=
OH

(E) 14

(CDCl3): 6 2.51-2.64 (m, 2 H,
-CHy-), 3.07-3.11 (m, 1 H, -CH-),
4.29 (s,2 H, -CH;-), 4.49 (s, 1 H,
-CH-), 5.04 (s, 2 H, -CH;-), 5.81
(t, 1 H,J="7.2 Hz, -CH-),
6.88-7.00 (m, 4H, Cpr-H),
7.03-7.09 (m, 2 H, Cpr-H),
7.17-7.23 (m, 6 H, Cpr-H),
7.31-7.43 (m, 5 H, Cpr-H);

512
[M+H]

Example

32:

Preparation

of

(3R,4S)-4-(4-benzoyloxyphenyl)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydr

oxy-but-2-enyl]azetidin-2-one (compound I-5, Z configuration):
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1.580.3*** 1-13(Z) 6 10 10.850.97 4.191.07 4.810.37*** 1.270.24*** 1-13(Z) 6 1 10.910.99 4.821.35
6.921.65*** 1.980.86*** Note: comparing the data before administration with the data after
administration, ***P <0.001. Table 6 Effect of compound | on lowering the levels of TC and LDL-C
Groups n Dose (mg/kg) Reducing TC% Reducing LDL-C % Ezetimibe 6 1

HO F BzO F

N (Bz0),0 F j :

N

N -
N (0] 72N\ o)

OH OH
(Z) 11 (z) 15

To a 250 ml flask were added 19.0 mmol compound I-1 (Z configuration), 100
ml of dichloromethane, 4.72 grams (20.9 mmol) benzoic anhydride and 3.3 ml of
triethylamine. The mixture was stirred at room temperature, and the reaction lasted 2
hours. After the reaction was completed, the residue was extracted 3 times with ethyl
acetate (100 ml x3). The organic phases were combined, washed with brine, dried
over anhydrous sodium sulfate and concentrated till dry. The residue was purified by
column chromatography to obtain 8.04 grams (15.3 mmol) compound I-5 (Z
configuration) with yield of 80.6%. 'H NMR (400 MHz, CDCl3): § 2.87-2.91 (m, 2 H,
-CH;-), 3.29-3.34 (m, 1 H, -CH-), 4.57 (q, 2 H, -CH»-), 4.85 (s, 1 H, -CH-), 5.86 (t, 1
H, J=8.0 Hz, -CH-), 6.94-7.04 (m, 4H, Cpr-H), 7.24-7.29 (m, 4 H, Cpr-H), 7.39-7.43
(m, 4 H, Cpr-H), 7.50-7.54 (m, 2 H, Cpr-H), 7.64-7.68 (m, 1 H, Cpr-H), 8.18-8.20 (m,
2 H, Cpr-H); MS (m/z): 526 [M+H].

Example 33 : Preparation of
(3R,45)-4-(4-acetoxyphenyl)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydroxy
-but-2-enyl]azetidin-2-one (I-6 Z configuration)

O \fo

OH
@ 1-6

Compound I-1 (Z configuration) was used as starting material, and compound
I-6 (Z configuration) was prepared according to the process of Example 32. "H NMR
(400 MHz, CDCIl3): 6 2.30 (s, 3 H, -CH3), 2.83-2.88 (m, 2 H, -CH,-), 3.24-3.29 (m, 1
H, -CH-), 4.54 (q, 2 H, -CH;-), 4.81 (s, 1 H, -CH-), 5.82 (t, 1 H, J = 8.0 Hz, -CH-),
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58.3761-12(Z) 6 1054.8 71.51-12(Z) 6 1 50.9 62.8 I-13(Z) 6 10 55.4 68.8 I-13(Z) 6 1 36.8 58.1 Table
7 Effect of compound | onblood lipid level of hypercholesterolemia golden hamster model (xs) Groups
n

6.91-7.01 (m, 4H, Cpr-H), 7.09-7.12 (m, 2 H, Cpr-H), 7.22-7.26 (m, 2 H, Cpr-H),
7.34-7.38 (m, 2 H, Cpr-H), 7.38-7.41 (m, 2 H, Cpr-H); MS (m/z): 464 [M+H].

Example 34 : Preparation of
(3R,45)-4-(4-benzoyloxyphenyl)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydr
oxy-pent-2-enyl]azetidin-2-one (compound I-7, Z configuration):

BzO F BzO F

8/

AN Yo Z2 e

F N F N

OH OH

2) 15 @ 17

Step 1: To a 100 ml flask were added 15.0 mmol compound I-5 (Z configuration),
20 ml of dichloromethane and 7.63 grams (18.0 mmol) Dess-Martin periodinane. The
mixture was stirred at room temperature and the reaction lasted 2 hours. After the
reaction was completed, the resultant was washed with ether. The filtrate was
concentrated till dry and directly used in the next step without further purification.

Step 2: To a 100 ml flask were added 18.0 mmol methyl magnesium chloride and
30 ml of anhydrous tetrahydrofuran . The mixture was cooled to -10°C, in which the
tetrahydrofuran solution of product of step 1 was added dropwise slowly. After the
addition, the mixture was warmed up to 0°C and the reaction lasted 2 hours. After the
reaction was completed, the residue was neutralized with saturated NH4Cl solution
and extracted 3 times with dichloromethane (80 ml x3). The organic phases were
combined, washed with brine, dried over anhydrous sodium sulfate and concentrated
till dry. The residue was purified by column chromatography to obtain 2.29 grams
(4.25 mmol) compound I-7 (Z configuration) with yield of 52.6%. 'H NMR (400
MHz, CDCl;): 6 1.26 (d, 3 H, -CHj3), 2.80-2.98 (m, 2 H, -CH>-), 3.32-3.35 (m, 1 H,
-CH-), 4.80 (d, 1 H, -CH-), 5.03-5.08 (m, 2 H, 2x-CH-), 5.56 (t, 1 H, J = 7.2 Hz,
-CH-), 6.93-7.00 (m, 4H, Cpr-H), 7.23-7.32 (m, 6 H, Cpr-H), 7.38-7.47 (m, 2 H,
Cpr-H), 7.50-7.54 (m, 2 H, Cpr-H), 7.64-7.67 (m, 1 H, Cpr-H), 8.15-8.20 (m, 2 H,
Cpr-H); MS (m/z): 584 [M-H+HCOOH].

Example 35 : Preparation of

(3R,45)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydroxy-pent-2-enyl]-4-(4-h
ydroxyphenyl)azetidin-2-one (compound I-8, Z configuration):
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D ose (mg/kg) Biochemical indexes (mmol/L) Before administration After administration TC LDL
TC LDL Model 6 10.971.31 4.250.8 11.662.46 2.870.67 Ezetimibe 6 1 10.921.25 4.540.6

HO F
F N
N 0
OH
Z) 18

The compound I-7 (Z configuration) was used as starting material, and according
to step 1 of Example 24, the benzoyl protecting group was removed to obtain
compound I-8 (Z configuration). '"H NMR (400 MHz, DMSO-dy): & 1.11 (d, 3 H,
-CH3), 2.76-2.83 (m, 2 H, -CH;-), 3.20-3.24 (m, 1 H, -CH-), 4.91-4.93 (m, 2 H,
2x-CH-), 493 (s, 1 H, -OH), 545 (t, 1 H, J = 7.2 Hz, -CH-), 6.74-6.78 (m, 2H,
Cpr-H), 7.07-7.19 (m, 4 H, Cpr-H), 7.21-7.26 (m, 4 H, Cpr-H), 7.33-7.39 (m, 2 H,
Cpr-H), 9.56 (s, 1 H, -OH); MS (m/z): 434 [M-H].

Example 36: Preparation of
(3R,45)-1-(4-fluorophenyl)-3-[ (E)-3-(4-fluorophenyl)-4-hydroxy-pent-2-enyl]-4-(4-h
ydroxyphenyl)azetidin-2-one (compound I-8, E configuration):

HO F
N
F ¢ Y,
=
OH
(E) I-8

The compound I-1 (E configuration) was used as starting material, and
compound I-8 (E configuration) was prepared according to the processes of Example
32, Example 34 and Example 35 sequentially. '"H NMR (400 MHz, CDCls):  1.18 (d,
3 H, -CHs), 2.43-2.50 (m, 2 H, -CH;-), 3.04-3.06 (m, 1 H, -CH-), 4.48-4.50 (m, 2 H,
2x-CH-), 5.78 (t, 1 H, J=17.2 Hz, -CH-), 6.82-6.85 (m, 2H, Cpr-H), 6.89-6.94 (m, 2 H,
Cpr-H), 7.02-7.07 (m, 2 H, Cpr-H), 7.12-7.15 (m, 4 H, Cpr-H), 7.18-7.22 (m, 2 H,
Cpr-H); MS (m/z): 434 [M-H].

Example 37: Preparation of

(3R,45)-4-(4-benzoyloxyphenyl)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydr
oxy-4-methyl-pent-2-enyl]azetidin-2-one (compound I-9, Z configuration):
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5.580.42*** 1.620.41*** 1-14(Z) 6 3 10.91.21 2.740.6 6.062.02*** 2.010.96* 1-14(Z) 6 1 10.911.17
4.071.72 9.342.58 2.560.59 1-15(Z) 6 3 10.911.13 4.862.26 5.371.15 1.440.56*** |-15(Z) 6 1 10.931.1

BzO F

7 )

OH
z) 19

The compound I-7 (Z configuration) was used as starting material, and
compound I-9 (Z configuration) was prepared according to the processes of step 1 and
step 2 in Example 34. 'H NMR (400 MHz, CDCls): 6 1.35 (s, 3 H, -CH3), 1.38 (s, 3 H,
-CH3), 3.01-3.09 (m, 1 H, -CH-), 3.26-3.34 (m, 2 H, -CH,-), 4.86 (d, 1 H, -CH-), 5.34
(t, 1 H, J = 7.6 Hz, -CH-), 6.89-7.04 (m, 6H, Cpr-H), 7.23-7.30 (m, 4 H, Cpr-H),
7.39-7.41 (m, 2 H, Cpr-H), 7.50-7.54 (m, 2 H, Cpr-H), 7.64-7.65 (m, 1 H, Cpr-H),
8.18-8.20 (m, 2 H, Cpr-H); MS (m/z): 598 [M-H+HCOOH].

Example 38 : Preparation of
(3R,45)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydroxy-4-methyl-pent-2-en
yl]-4-(4-hydroxyphenyl)azetidin-2-one (compound I-10, Z configuration):

HO F

F 8/

N
ZaS 0

OH

) 110

The compound I-9 (Z configuration) was used as starting material, and according
to the process of step 1 in Example 24, the benzoyl protecting group was removed to
obtain compound I-10 (Z configuration). '"H NMR (400 MHz, DMSO-de): & 1.21 (s, 3
H, -CH3), 1.23 (s, 3 H, -CH3), 2.96-3.08 (m, 2 H, -CH,-), 3.16-3.20 (m, 1 H, -CH-),
4.88 (d, 1 H, -CH-), 4.96 (s, 1 H, -OH), 5.14 (t, 1 H, J= 7.6 Hz, -CH-), 6.74-6.76 (m,
2H, Cpr-H), 7.06-7.07 (m, 4 H, Cpr-H), 7.12-7.16 (m, 4 H, Cpr-H), 7.19-7.23 (m, 4 H,
Cpr-H), 9.51 (s, 1 H, -OH); MS (m/z): 448 [M-H].

Example 39 : Preparation of
(3R,45)-3-[(Z2)-4-acetoxy-3-(4-fluorophenyl)-but-2-enyl]-4-(4-acetoxyphenyl)-1-(4-11

uorophenyl)azetidin-2-one (compound I-11, Z configuration)
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3.80.75 6.761.68*** 1.990.23** Note: comparing the data before administration with the data after
administration, *P <0.05, **P<0.01, **P<0.001. Table 8 Effect of compound | on lowering the levels of
TC and LDL-C Groups n Dose (mg/kg) Reducing TC% Reducing LDL-C % Ezetimibe 6 1 48.1 64.2
I-14(Z) 6 344.452.31-14(Z) 6 1 13.5

O Q F
F N
2 e
OAc
@) I-11

To a 250 ml flask were added 19.0 mmol compound I-1 (Z configuration), 100
ml of dichloromethane, 4.84 grams (47.5 mmol) acetic anhydride and 7.5 ml of
triethylamine . The mixture was stirred at room temperature, and the reaction lasted 2
hours. After the reaction was completed, the residue was extracted 3 times with ethyl
acetate (100 ml x3). The organic phases were combined, washed with brine, dried
over anhydrous sodium sulfate and concentrated till dry. The residue was purified by
column chromatography to obtain 8.16 grams (16.2 mmol) compound I-11 (Z
configuration) with yield of 85.0%. '"H NMR (400 MHz, CDCL): & 2.00 (s, 3 H,
-CHs), 2.30 (s, 3 H, -CH3), 2.88-2.92 (m, 2 H, -CH,-), 3.23-3.27 (m, 1 H, -CH-), 4.76
(s, 1 H, -CH-), 5.04 (q, 2 H, -CH-), 5.95 (t, 1 H, J= 7.6 Hz, -CH-), 6.93-6.98 (m, 2H,
Cpr-H), 6.98-7.03 (m, 2 H, Cpr-H), 7.09-7.11 (m, 2 H, Cpr-H), 7.23-7.29 (m, 4 H,
Cpr-H), 7.30-7.34 (m, 2 H, Cpr-H); MS (m/z): 506 [M+H].

Example 40 : Preparation of
(3R,45)-3-[(Z)-4-acetoxy-3-(4-fluorophenyl)-but-2-enyl]-1-(4-fluorophenyl)-4-(4-hyd
roxyphenyl)azetidin-2-one (compound I-12, Z configuration)

OH F

F
\G\?\\\Q (0]

OAc
@) 1-12

The compound I-11 (Z configuration) was used as starting material, and
according to the process of step 1 in Example 24, the acetyl protection group was
removed from phenolic hydroxyl to obtain compound I-12 (Z configuration). 'H
NMR (400 MHz, DMSO-ds): 6 1.94 (s, 3 H, -CHs), 2.76-2.88 (m, 2 H, -CH,-),
3.23-3.27 (m, 1 H, -CH-), 4.90 (d, 1 H, -CH-), 5.05 (q, 2 H, -CHy-), 6.01 (t, 1 H, J =
7.6 Hz, -CH-), 6.74-6.76 (m, 2 H, Cpr-H), 7.12-7.21 (m, 6 H, Cpr-H), 7.21-7.25 (m, 2
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28.6 1-15(Z) 6 350.8 70.4 1-15(Z) 6 1 38.1 46.5 Table 9 Effect of compound | onblood lipid level of
hypercholesterolemia golden hamster model (xs) Groups n D ose (mg/ kg) Biochemical indexes
(mmol/L) Before administration After administration

H, Cpr-H), 7.36-7.40 (m, 2 H, Cpr-H), 9.52 (s, 1 H, -OH); MS (m/z): 464 [M+H].

The following compounds were prepared by using proper starting materials

according to processes of Example 39 and Example 40.

MS
Examples Compounds 'H NMR (400 MHz)
(m/z):
41 (DMSO-dp): 6 2.83-2.96 (m, 2 H, 526

-CHy), 3.26-3.33 (m, 1 H,-CH-), | (\ep
491 (d, 1 H, -CH-), 5.34 (q, 2 H,
-CH,-), 6.09 (t, 1 H, J=8.0 Hz,
-CH-), 6.72-6.74 (m, 2 H, Cpr-H),
7.11-7.21 (m, 8 H, Cpr-H),

OBz 7.44-7.49 (m, 4 H, Cpr-H),
@) 1-13 7.60-7.64 (m, 1 H, Cpr-H),
7.79-7.82 (m, 2 H, Cpr-H), 9.52 (s,
1 H, -OH).
42 (DMSO-dg): 62.83-2.96 (m, 2 H, 544

OH F | -CH;-), 3.26-3.35 (m, 1 H, -CH-), [M+H]
Q 491 (s, 1 H, -CH-), 5.34 (q, 2 H,
-CH;-), 6.10 (t, 1 H, J= 7.6 Hz,
-CH-), 6.72-6.74 (m, 2 H, Cpr-H),
7.12-7.22 (m, 8 H, Cpr-H),
7.28-7.33 (m, 2 H, Cpr-H),
7.44-7.48 (m, 2 H, Cpr-H),
7.84-7.88 (m, 2 H, Cpr-H), 9.54 (s,
1 H, -OH).
Z: (DMSO-dg): 62.29 (s, 3 H, 540
-CH3), 2.33-2.46 (m, 2 H, -CH,-), [M+H]
3.79-3.85 (m, 1 H, -CH-), 4.82 (q, 2
H, -CH;-), 5.34 (d, 1 H, -CH-), 5.77
(t, 1 H,J=7.2 Hz, -CH-), 6.74-6.77
(m, 2 H, Cpr-H), 7.11-7.19 (m, 6 H,
Cpr-H), 7.23-7.28 (m, 4 H, Cpr-H),
7.36-7.39 (m, 2 H, Cpr-H),
) 1-15 6.65-7.67 (m, 2 H, Cpr-H), 9.54 (s,
1 H, -OH).

43

Example 44 .
(3R,45)-3-[(Z)-4-acetoxy-3-(4-fluorophenyl)-but-2-enyl]-4-(4-benzoyloxyphenyl)-1-(

4-fluorophenyl)azetidin-2-one (compound I-16, Z configuration)
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TC LDL TC LDL Model 6 9.920.6 2.890.72 15.342.47 3.140.74 Ezetimibe 6 1 9.870.92 2.770.72
5.450.95 1.00.33 I-6(Z) 6 10 9.860.97 2.830.71 5.281.1*** 0.930.26*** |-6(Z) 6

(@] Q F
F N
2 NG
OAc
2) 1-16

To a 250 ml flask were added 16.0 mmol compound I-5 (Z configuration), 100
ml of dichloromethane, 1.96 grams (19.2 mmol) acetic anhydride and 2.8 ml of
triethylamine. The mixture was stirred at room temperature, and the reaction lasted 2
hours. After the reaction was completed, the residue was extracted 3 times with ethyl
acetate (100 ml x3). The organic phases were combined, washed with brine, dried
over anhydrous sodium sulfate and concentrated until dry. The residue was purified by
column chromatography to obtain 7.94 grams (14.0 mmol) compound I-16 (Z
configuration) with yield of 87.5%. "H NMR (400 MHz, CDCls): & 2.90-2.94 (m, 2 H,
-CH;-), 3.27-3.31 (m, 1 H, -CH-), 4.80 (s, 1 H, -CH-), 5.06 (q, 2 H, -CHz-), 5.97 (t, 1
H, J=8.0 Hz, -CH-), 6.95-7.03 (m, 4H, Cpr-H), 7.23-7.32 (m, 6 H, Cpr-H), 7.38-7.40
(m, 2 H, Cpr-H), 7.50-7.54 (m, 2 H, Cpr-H), 7.63-7.67 (m, 1 H, Cpr-H), 8.18-8.20 (m,
2 H, Cpr-H); MS (m/z): 568 [M+H].

Example 45 :
(3R,45)-3-[(Z)-4-acetoxy-3-(4-fluorophenyl)-but-2-enyl]-1-(4-fluorophenyl)-4-(4-met
hoxyphenyl)azetidin-2-one (compound I-17, Z configuration)

O Q F
F. N
NN Yo
OAc
@) 1-17

Compound I-17 (Z configuration) was prepared according to the process of
Example 44 by using compound I-2 (Z configuration) as starting material. 'H NMR
(400 MHz, CDCl3): 6 1.96 (s, 3 H, -CH3), 2.52-2.67 (m, 2 H, -CH;-), 3.07-3.11 (m, 1
H, -CH-), 3.80 (s, 3 H, -CHs), 4.47 (s, 1 H, -CH-), 4.74 (q, 2 H, -CH;-), 5.80 (t, l H, J
=7.6 Hz, -CH-), 6.87-6.94 (m, 4H, Cpr-H), 7.05-7.09 (m, 2 H, Cpr-H), 7.16-7.23 (m,
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1 9.780.82 2.760.63 7.451.04** 1.570.35** 1-5(Z) 6 10 9.880.93 2.730.7 5.730.76 1.00.23*** 1-5(Z) 6
1 9.860.68 2.840.49 10.551.62** 2.180.58** |-11(Z) 6 10 9.831.1 2.760.54 6.111.75*** 1.280.47+**
-11(2)

6 H, Cpr-H); MS (m/z): 500 [M+Na].

Example 46 :
(3R,45)-3-[(E)-4-acetoxy-3-(4-fluorophenyl)-but-2-enyl]-1-(4-fluorophenyl)-4-(4-met
hoxyphenyl)azetidin-2-one (compound I-17, E configuration)

/
0] Q F
N
=
OAc
I-17

(E)

Compound I-17 (E configuration) was prepared according to the process of
Example 44 by using compound I-2 (E configuration) as starting material. '"H NMR
(400 MHz, CDCl3): 6 1.99 (s, 3 H, -CHs), 2.87-2.91 (m, 2 H, -CH;-), 3.21-3.25 (m, 1
H, -CH-), 3.80 (s, 3 H, -CH3), 4.47 (s, 1 H, -CH-), 5.04 (s, 2 H, -CH,-), 5.96 (t, 1 H, J
= 7.6 Hz, -CH-), 6.88-6.96 (m, 4H, Cpr-H), 6.98-7.02 (m, 2 H, Cpr-H), 7.23-7.31 (m,
6 H, Cpr-H); MS (m/z): 500 [M+Na].

In Vivo Pharmacodynamic Screening

The in vivo pharmacodynamic screening of the compound of the present

invention was performed by the following processes.

1. Establishment of hypercholesterolemia model of golden hamster:

The animals were subjected to acclimation feeding for 1 week with free feeding
and drinking under a lighting condition of 10 h/14 h. On Day 8, the animals were
raised with high fat feed (consisting of 0.5% cholesterol, 20% palm oil, 79.5% basal
feed) for 1 week. Then, each animal was anesthetized by ether. After weighing, 0.5 ml
blood was obtained from orbital vein, anticoagulated with heparin and centrifuged at
5000 rpm for 10 min. The plasma was collected and the levels of plasma TC (total
cholesterol) and LDL-C (low density lipoprotein cholesterol) were determined by
automatic biochemical analyzer. Animals with plasma TC of 9-15mmol/L were
selected as model animals (refer to the following reference for the method of animal
modeling: Burrier, R. E., Smith, A. A., Mcgregor, D. G., Hoos, L. M., Zilli, D. L.,
Davis, H. R. The effect of acyl CoA: cholesterol acyltransferase inhibition on the
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6 19.941.06 2.750.55 7.980.81*** 1.650.57*** |-16(Z) 6 10 9.960.8 2.660.62 6.00.77*** 1,10.39***
[-16(Z) 6 1 9.90.47 2.670.39 9.610.54*** 2,150.39** Note : comparing the data before administration
with the data after administration, **P <0.01, ***P<0.001. Table 10 Effect of compound | on lowering
the levels of TC and LDL-C Groups n Dose (mg/kg) Reducing

uptake, esterification and secretion of cholesterol by the hamster small intestine. J.
Pharm. Exp. Ther., 1995, 272, 156-163).

2. Compound screening:

The animals were grouped according to TC and LDL-C levels and weight with 6
animals per group. Ezetimibe was used as positive control. The animals were
intragastrically administered at a volume of 5 ml/kg for 1 week. Each animal was
anesthetized by ether. After weighing, 0.5 ml blood was taken from orbital vein,
anticoagulated with heparin, and centrifuged at 5000 rpm for 10 min. The plasma was
collected and plasma TC (total cholesterol) and LDL-C (low density lipoprotein
cholesterol) levels were determined by automatic biochemical analyzer to evaluate the

efficacy of the compounds.

3. Screening results

According to the in vivo pharmacodynamic screening test, in which Ezetimibe
was used as positive control, the results show that compound I-1 (2), 1I-2 (2), I-3 (2),
1-4 (Z2), 15 (Z2), 1-6 (2), 1-11 (Z2), 1-12 (2), 1-13 (2), 1-14 (Z), 1-15 (Z), 1-16 (Z) and
I-17 (Z) have the effect of lowering cholesterol. Particularly, the efficacies of
compounds I-1 (Z), 1I-2 (2), I-3 (2), 1-4 (Z), 1-6 (Z), 1-15 (Z) and 1-17 (Z) are more
similar to the positive control, and I-1 (E) also has certain effect on
cholesterol-lowering. The screening results are shown in Table 1- 12. As I-1 (Z) has a
significant efficacy, further experiments were performed to determine its cholesterol

lowering effect (see Table 13).

(1) The effect of the compounds on the blood lipid level of hypercholesterolemia

golden hamster model

Table 1. Effect of compound I-1 onblood lipid level of hypercholesterolemia golden

hamster model (x+s)

Biochemical indexes (mmol/L)
Numbers Before After
dose .. ) .. .
Groups of (mg/kg) administration administration
animals (mmol/L) (mmol/L)
TC LDL-C TC LDL-C
Model 6 - 9.93+1.33 | 2.43+0.67 | 12.86+2.49" | 3.18+1.64
Ezetimibe 6 2 9.9+1.24 |2.55+0.96 | 4.21£0.68" | 0.57£0.34
I-1(E) 6 10 9.85+1.2 | 2.51+0.91 | 8.7+0.93" 1.74+0.62
I-1(E) 6 2 9.84+1.14 | 2.21+0.47 | 11.19+0.69 | 2.21+0.37
I-1(E) 6 0.4 0.85+1.1 |2.444+0.46 | 12.42+1.4 2.84+0.59
1-1(Z) 6 10 9.76+1 2.48+0.67 | 4.3+£0.85" | 0.42+0.2""
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TC% Reducing LDL-C% Ezetimibe 6 1 64.4 68.2 |-6(Z) 6 10 65.6 70.4 1-6(Z) 6 1 51.5 50.2 I-5(Z) 6 10
62.7 68.11-5(Z) 6 1 31.2 30.7

1-1(Z2) 6 2 9.74+0.98 | 2.57+0.47 | 4.9£0.62"" | 0.71£0.49""
1-1(2) 6 0.4 9.74+0.99 | 2.26£0.65 | 6.46+0.58"" | 1.52+0.31"

Note: comparing the data before administration with the data after administration, P
<0.05, "P<<0.01, P<<0.001. (P<<0.05 indicates there are significant statistical

difference between the treatment groups and the control group; =~ P<<0.01, there are

very significant statistical difference between the treatment groups and the control
group;  P<<0.001 indicates there are highly significant statistical difference between
the treatment groups and the control group. The same meanings are referred

hereinafter.)

Table 2  Effect of compound I-1 on lowering the levels of TC and LDL-C

Numbers | Dose
Groups of (mg/kg) | Reducing TC% | Reducing LDL-C%
animals
Ezetimibe 6 2 57.4 77.6
I-1(E) 6 10 11.7 30.7
I-1(E) 6 2 -20.9 0
I-1(E) 6 0.4 -26.1 -16.4
1-1(2) 6 10 55.9 83.1
1-1(Z2) 6 2 49.7 72.4
1-1(Z2) 6 0.4 33.7 32.7

Table 3 Effect of compound I-1 (Z) onblood lipid level of hypercholesterolemia

golden hamster model (x+£s)

Biochemical indexes (mmol/L)
Groups Nurr%bers Dose Before administration After administration
of animals | (mg/kg) (mmol/L) (mmol/L)
TC LDL TC LDL
Model 6 - 9.49+0.86 | 1.924+0.74 | 13.63+2.57" | 2.77+0.81"
Ezetimibe 6 1 9.49+1.14 | 1.81£0.44 | 5.62+0.48" | 1.16+0.44"
1-1(2) 6 4 9.51+1.04 | 1.8440.18 | 4.37£0.59"" | 0.99+0.28
I-1(Z) 6 1 9.49+1.12 | 1.85+0.5 | 5.79+0.99 1.194+0.16

Note: comparing the data before administration with the data after administration, P
<0.05, "P<<0.01, P<<0.001.

Table 4 Effect of compound I-1(Z) on reduction of the levels of TC and LDL-C

Numbers of Dose (mg/kg)
animals

Groups Reducing TC% | Reducing LDL%
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[-11(Z) 6 10 60.2 59.2 1-11(Z) 6 1 48.0 47.7 1-16(Z) 6 10 60.9 65.0 1-16(Z) 6 1 37.4 31.7 Table 11
Effect of compound | onblood lipid level of hypercholesterolemia golden hamster model (xs) Group n
Dose (mg/kg)

Ezetimibe 6 1 58.8 36.0
1-1(2) 6 4 67.9 46.2
1-1(Z) 6 1 57.5 35.7

Table 5 Effect of compound I onblood lipid level of hypercholesterolemia golden

hamster model (x+s)

Dose Biochemical indexes (mmol/L)
Groups n Before administration After administration

(mg/ke) TC LDL TC LDL
model 6 - 10.88+1.21 | 4.78+1.25 | 10.53+1.84 | 3.55+1.23
Ezetimibe | 6 1 10.88+1.15 | 5.41£1.45 | 4.51+0.617 | 1.3£0.3"
I-12(2) | 6 10 10.83+1.11 | 4.82+1.27 | 4.86+0.5 | 1.34+0.37
I-12(2) | 6 1 10.85+1.02 | 4.33+0.83 | 5.29+0.88" | 1.58+0.3
I-13(2) | 6 10 10.85+0.97 | 4.19£1.07 | 4.81+0.37 | 1.27+0.24"
1-13(Z) 6 1 10.91£0.99 | 4.82+1.35 | 6.92+1.65 | 1.98+0.86"

Note: comparing the data before administration with the data after administration, P

<<0.001.

Table 6 Effect of compound I on lowering the levels of TC and LDL-C

Groups n (nl?g/ieg) Reducing TC% Ee)(;i(élz/%
Ezetimibe 6 1 58.3 76
1-12(7) 6 10 54.8 71.5
1-12(7) 6 1 50.9 62.8
1-13(Z) 6 10 55.4 68.8
1-13(2) 6 1 36.8 58.1

Table 7 Effect of compound I onblood lipid level of hypercholesterolemia golden

hamster model (x=£s)

Dose Biochemical indexes (mmol/L)
Groups n Before administration After administration

(mg/kg) TC LDL TC LDL
Model 6 - 10.97+1.31 | 425+0.8 | 11.66+2.46 | 2.87+0.67
Ezetimibe | 6 1 10.92+1.25 | 4.54+0.6 | 5.58+0.42"" | 1.62£0.41""
1-14Z2) | 6 3 10.9+1.21 |2.74£0.6 | 6.06£2.02°" | 2.01£0.96"
I-14(2) | 6 1 10.91+1.17 | 4.07£1.72 | 9.34+£2.58 | 2.56+0.59
I-15(2) | 6 3 10.91£1.13 | 4.86£2.26 | 5.37+1.15 | 1.44+0.56
I-15(2) | 6 1 10.93+1.1 | 3.8+0.75 |6.76£1.68" | 1.99+0.23"

Note: comparing the data before administration with the data after administration, P

<0.05, "P<<0.01, ""P<<0.001.
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Before administration After administration

TC LDL-C TC LDL-C Model 6 12.721.46 2.940.86
15.334.45 3.212.28 Ezetimibe 6 1 12.741.44 2.880.79 5.290.89*** 1.130.5*** 1-2(Z) 6 10 12.741.32

Table 8 Effect of compound I on lowering the levels of TC and LDL-C

Groups n (nl?g/ieg) Reducing TC% Ee)(;i(élz/%
Ezetimibe 6 1 48.1 64.2
1-14(7) 6 3 44 .4 52.3
1-14(Z) 6 1 13.5 28.6
1-15(Z) 6 3 50.8 70.4
1-15(Z) 6 1 38.1 46.5

Table 9 Effect of compound I onblood lipid level of hypercholesterolemia golden

hamster model (x+£s)

Dose Biochemical indexes (mmol/L)
Groups n Before administration After administration

(mg/kg) TC LDL TC LDL
Model 6 - 9.9240.6 | 2.89+£0.72 | 15.34+2.47 | 3.14+0.74
Ezetimibe | 6 1 9.87+0.92 | 2.77£0.72 | 5.45+0.95 " | 1.0+£0.33"
1-6(2) 6 10 9.86+0.97 | 2.83+0.71 | 5.28+1.17 | 0.93£0.26
1-6(2) 6 1 9.78+0.82 | 2.76£0.63 | 7.45+1.04 | 1.57£0.35
1-5(2) 6 10 9.88+0.93 | 2.73£0.7 | 5.73+0.76 | 1.04£0.23"
1-5(2) 6 1 9.86+0.68 | 2.84+£0.49 | 10.55+1.62" | 2.18+0.58"
I-11(2) | 6 10 9.83x1.1 |2.76£0.54 | 6.11+1.75 | 1.28+0.47
I-11(Z) | 6 1 9.94+1.06 | 2.75£0.55 | 7.98+0.81"" | 1.65+0.57
I-16(Z) | 6 10 9.96+0.8 |2.66£0.62 | 6.0+0.77° | 1.1£0.39""
I-16(Z) | 6 1 9.9+0.47 |2.67£0.39 | 9.61+0.54"" | 2.15+0.39"

Note : comparing the data before administration with the data after administration, = P
<0.01, P<<0.001.

Table 10 Effect of compound I on lowering the levels of TC and LDL-C

Groups n Dose (mg/kg) Rei‘gol/?g E]e)(;i(élz/%
Ezetimibe 6 1 64.4 68.2
1-6(7) 6 10 65.6 70.4
1-6(7) 6 1 51.5 50.2
1-5(7) 6 10 62.7 68.1
1-5(7) 6 1 31.2 30.7
1-11(Z) 6 10 60.2 59.2
1-11(Z) 6 1 48.0 47.7
I-16(Z) 6 10 60.9 65.0
I-16(Z) 6 1 37.4 31.7
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2.760.43 4.820.67 1.010.23*** 1-3(Z) 6 10 12.671.35 3.380.84 6.231.18*** 1.140.33*** |-4(Z) 6 3
12.731.27 3.250.79 6.480.89*** 1.510.74*** 1-17(Z) 6 10 12.671.28 2.980.72 5.091.31 1.190.4 Note :
comparing the data before administration with the data after administration, P<0.001. Table 12 Effect
of compound | on lowering the levels of TC and LDL-C

Table 11 Effect of compound I onblood lipid level of hypercholesterolemia golden

hamster model (x=£s)

Group a Dose Before administration After administration
(mg/kg) TC LDL-C TC LDL-C
Model 6 - 12.7241.46 | 2.94+0.86 | 15.33+4.45 |3.21+2.28
Ezetimibe | 6 1 12.74+1.44 | 2.88+0.79 | 5.29+0.89"" | 1.13£0.5""
1-2(2) 6 10 12.74+1.32 | 2.76+0.43 | 4.82+0.67 | 1.01+0.23""
1-3(2) 6 10 12.67+1.35 | 3.38+0.84 | 6.23+1.18"" | 1.14+0.33""
1-4(Z) 6 3 12.73+1.27 | 3.25+0.79 | 6.48+0.89"" | 1.51£0.74""
1-17(Z) 6 10 12.67+1.28 | 2.98+0.72 |5.09+1.317" | 1.19+0.4™""

Note : comparing the data before administration with the data after administration,
"P<0.001.

Table 12 Effect of compound I on lowering the levels of TC and LDL-C

Group a Dose Reducing Reducing
(mg/kg) TC% LDL-C%
Ezetimibe 6 1 58.5 60.8
1-2(2) 6 5 62.2 63.4
1-3(Z) 6 10 50.8 66.3
1-4(Z2) 6 5 49.1 53.5
1-17(Z2) 6 10 59.8 60.1

(2) The effect of the compounds on the blood lipid level of normal guinea pigs

Table 13 Effect of compound I-1(Z) onblood lipid level of normal guinea pig (x+s)

Group Animals Dose After administration (mmol/L)

(n) mg/kg TG TC LDL HDL
model 5 - 0.4240.09 |1.74+0.23 | 1.69+0.29 | 0.43+0.06
Ezetimibe 6 2.5 0.41+0.12 | 1.14+0.24" | 0.99+0.28" | 0.41+0.05
I-1(2) 5 2.5 0.31+0.12 | 1.17+0.25" | 0.86+0.29" | 0.47+0.05
1-1(2) 6 0.5 0.44+0.06 | 1.9£0.2 1.75+0.29 | 0.4+0.07
1-1(2) 6 0.1 0.38+0.05 | 1.77+0.43 | 1.73+0.48 | 0.47+0.08

Note : comparing the data of the present compounds with the data of the model group,

"P<<0.05.

The pharmacodynamic tests show that, compound I-1 (Z), I-2 (Z), I-3 (Z2), 1-4
(2), I-5 (), 1-6 (Z2), 1-11 (2), 1-12 (Z), 1-13 (Z), 1-14 (2), 1-15 (Z), 1-16 (Z)and I-17
(Z) can significantly reduce the plasma TC and LDL-C levels of the golden hamster

hypercholesterolemic model, all of which have significant statistical difference. In
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Group n Dose (mg/kg) Reducing TC% Reducing LDL-C% Ezetimibe 6 1 58.5 60.8 1-2(Z) 6 5 62.2 63.4
I-3(Z) 6 10 50.8 66.3 1-4(Z) 6 5 49.1

particular, the effects of compound I-2 (Z2), I-3 (Z), 1-4 (Z), I-6 (2), 1-15 (2), 1-17 (Z)
are similar to that of the positive control, i.e. Ezetimibe, at the same dose, and the
effect of compound I-1 (Z) is the same as that of the positive control at the same dose.
Compound I-1 (E) can also lower plasma TC and LDL-C levels of the animals, but it
reduces less than 50% of the amount reduced by Ezetimibe and I-1 (Z). In addition,
compound I-1 (Z) can significantly reduce the plasma TC and LDL-C levels of
normal guinea pigs and the effect is the same as that of the positive control, i.e.

Ezetimibe, at the same dose.
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53.51-17(Z) 6 10 59.8 60.1 (2) The effect of the compounds on the blood lipid level of normal guinea
pigs Table 13 Effect of compound I-1(Z) onblood lipid level of normal guinea pig (xs) Group Animals
(n) Dose mg/kg After administration (mmol/L) TG TC LDL HDL model 5 0.420.09 1.740.23

Claims:

1. A compound represented by formula (I)

Formula (I)

or a pharmaceutically acceptable salt thereof, wherein :

R' is 1 to 3 substituents independently selected from the group consisting of
hydrogen, halogen, trifluoromethyl, cyano, C;-Cs alkyl, C,-C¢ alkenyl, C;-Cq
cycloalkyl, hydroxyl, C;-Cg alkoxy, benzyloxy and -OCOR;

R? is 1 to 3 substituents independently selected from the group consisting of
hydrogen, halogen, trifluoromethyl, cyano, C;-Cs alkyl, C,-C¢ alkenyl, C;-Cq
cycloalkyl, hydroxyl, C;-C¢ alkoxy, Cs-Cj¢ aryloxy, (Ce-Cjo aryl)methoxy and
-OCOR’;

R’ is 1-3 substituents independently selected from the group consisting of
hydrogen, halogen, trifluoromethyl, cyano, C;-Cs alkyl, C,-C¢ alkenyl, C;-Cq
cycloalkyl, C;-C¢ alkoxy and benzyloxy ;

R*is selected from the group consisting of hydrogen, C;-Cy alkyl, C,-Cs alkenyl
and C;-Cg cycloalkyl ;

R’ is selected from the group consisting of hydrogen, C;-Cq alkyl, C,-Cq
alkenyl and C3-Cg cycloalkyl ;

R® is hydrogen or -COR” ;

R’ is C,-Cyo alkyl, phenyl or phenyl substituted with at least one substituent
selected from the group consisting of halogen, trifluoromethyl, cyano, hydroxyl,
C,-Cg alkyl, C,-Cg alkenyl, C3-Cg cycloalkyl, C;-Cg alkoxy, phenoxy and benzyloxy;

mis0,1,2o0r3;

nisl,2or3;

wherein the carbon carbon double bond is Z configuration or E configuration.
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1.690.29 0.430.06 Ezetimibe 6 2.5 0.410.12 1.140.24* 0.990.28* 0.410.05 1-1(Z) 5 2.5 0.310.12
1.170.25* 0.860.29* 0.470.05 1-1(Z) 6 0.5 0.440.06 1.90.2 1.750.29 0.40.07 1-1(Z) 6 0.1 0.380.05

2. The compound according to claim 1, wherein R' is 1-3 substituents

independently selected from the group consisting of halogen.

3. The compound according to claim 2, wherein R' is 1-3 substituents
independently selected from the group consisting of fluorine and chlorine, preferably

fluorine.

4. The compound according to any of the preceding claims, wherein R? is 1-3
substituents independently selected from the group consisting of hydroxyl, C;-Cg
alkoxy and -OCOR’, wherein R is selected from the group consisting of C;-Cjgalkyl,
phenyl or phenyl substituted by at least one substituent selected from the group
consisting of halogen, trifluoromethyl, cyano, hydroxyl, C;-C¢ alkyl, C,-Cs alkenyl,
C3-Cg cycloalkyl, Ci-C¢ alkoxy and benzyloxy.

5. The compound according to claim 4, wherein R* is 1-3 substituents
independently selected from the group consisting of hydroxyl, methoxy, phenyloxy
and -OCOR’.

6. The compound according to any of the preceding claims, wherein R® is 1-3

substituents independently selected from the group consisting of halogen.

7. The compound according to claim 6, wherein R’ is 1-3 substituents
independently selected from the group consisting of fluorine and chlorine, preferably

fluorine.

8. The compound according to any of the preceding claims, wherein R* is

hydrogen or C;-Cg alky.
9. The compound according to claim 8, wherein R* is hydrogen or methyl.

10. The compound according to any of the preceding claims, wherein R’ is

hydrogen or C;-Cg alkyl.
11. The compound according to claim 10, wherein R” is hydrogen or methyl.

12. The compound according to any of the preceding claims, wherein R® is

hydrogen.

13. The compound according to any of the claims 1 to 11, wherein R® is -COR’,

wherein R’ is C,-Cyg alkyl, phenyl or phenyl substituted by at least one substituent
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1.770.43 1.730.48 0.470.08 Note : comparing the data of the present compounds with the data of the
model group, P<0.05. The pharmacodynamic tests show that, compound I-1 (2), 1-2 (Z), 1-3 (2), 1-4
(2), 1-5 (2), 1-6 (2), 1111 (2), 1-12 (2), 1-13 (2), 1-14 (2), 1-15 (2), 1-16 (Z)and 1-17 (Z) can
significantly reduce the plasma TC and LDL-C levels of the golden hamster hypercholesterolemic

del, all of which have signifi istical diff i d 1-2 (2),
13 (2}, 14 g@?ﬁ?g %ﬁ?ﬁé@gﬁ‘%ﬁ? e,
the same dosesGridire etfEerdfcdinpodnacraleatad the-Sastkoxy tRAsR AP LRGIGEIEBNtrol at the

same dose. Compound I-1 (E) can also lower plasma TC and LDL-C levels of the animals, but it

reduces less than 30%mef ébﬁlﬁmﬁar&cr&ﬂaﬁ%dteyaﬁfe&mm RReelh 21 dmadditienicagipund I-1 (Z)
can significantly reduce the pl a TE ind LDL-C levels of normal guinea pigs and the effect is the
same as tha d)TCEH)eaE(giiﬂ?\r/%f%gﬁ[;o $18YEzetimibe, at the same dose. Claims: 1. A compound
represented by formula (I) 1%, (CH2)m R4 50 Formula (l) or a pharmaceutically acceptable salt
thereof, wherein :15. Rit isoinf@ Gnsuhsividenis indspententty celegtethinnsnvhergiioup isansisting of
hydrogen, hglogen, trifluoromethyl, cyano, C1-C6 alkyl, C2-C6 alkenyl, C3-C6 cycloalkyl, hydroxyl,
C1-C6 alkoxy, benzyloxy and -000117;  R2is 1 to 3 substituents independently selected from the
group consisting of hydrogen, halogen, trifluoromethyl, cyano, C1-C6 alkyl, C2-C6 alkenyl, C3-C6
cycloalkyl, hydroxi#; Checerakory ccercimapdoxoi(begacedyngedaiosydivtgeiooosl7 ;  R3is 1-3
substituents independently selected from the group consisting of hydrogen, halogen, trifluoromethyl,

cyano, C1-C6 alkY'?._@ﬁ'eQ@;ﬂﬁ‘cﬁMa@&fﬁﬁ%ﬁ@ﬁ%ﬂl CGleGoatkayy and benzyloxy ;  R4is sele_cted
from the group consisting of hydrogen, C1-C6 alkyl, C2-C6 alkenyl and C3-C6 cycloalkyl; R5 s

selected frons M8 rouR rRRIHING A YIAUE Ghoi Rlkyh G allanud ARG fycloalkyl ; RS
is hydrogens%r -OOh%? . RT7.1s C1-C10 alkyl, en%l, or phenyl substituted with at least one
substituent SSRORIAEHFRR RISt I HERIM, triflioromethyl, cyano, hydroxyl, C1-C6
alkyl, C2-C6 I i -%6 cycloal c?E]E[Cf Ig‘PX Eﬁen nd benzyloxy;, mis.0, 1, 2or 3 ;nis
130r 3 whalG b Ca B IO e b 1 BT reor O E b ST
droxyphenyl)azetidin-2-one (I-1 E configuration)
(3R,4S)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydroxy-but-2-enyl]-4-(4-me
thoxyphenyl)azetidin-2-one (I-2 Z configuration)
(3R,45)-1-(4-fluorophenyl)-3-[ (E)-3-(4-fluorophenyl)-4-hydroxy-but-2-enyl]-4-(4-me
thoxyphenyl)azetidin-2-one (I-2 E configuration)
(3R,4S)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydroxy-but-2-enyl]-4-(4-ph
enoxyphenyl)azetidin-2-one (I-3 Z configuration)
(3R,45)-1-(4-fluorophenyl)-3-[ (E)-3-(4-fluorophenyl)-4-hydroxy-but-2-enyl]-4-(4-ph
enoxyphenyl)azetidin-2-one (I-3 E configuration)
(3R,45)-4-(4-benzyloxyphenyl)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydro
xy-but-2-enyl]azetidin-2-one (I-4 Z configuration)
(3R,45)-4-(4-benzyloxyphenyl)-1-(4-fluorophenyl)-3-[ (E)-3-(4-fluorophenyl)-4-hydr
oxy-but-2-enyl]azetidin-2-one (I-4 E configuration)
(3R,4S)-4-(4-benzoyloxyphenyl)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydr
oxy-but-2-enyl]azetidin-2-one (I-5 Z configuration)
(3R,45)-4-(4-acetoxyphenyl)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydroxy
-but-2-enyl]azetidin-2-one (I-6 Z configuration)

(3R,4S)-4-(4-benzoyloxyphenyl)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluorophenyl)-4-hydr
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2 . The compound according to claim 1, wherein R1 is 1-3 substituents independently selected from
the group consisting of halogen. 3. The compound according to claim 2, wherein R1 is 1-3
substituents independently selected from the group consisting of fluorine and chlorine, preferably
fluorine. 4. The compound according to any of the preceding claims, wherein R2 is 1-3 substituents

independentg%i%glggqegg@%%digﬁggg?%coq_s'ksgrl%@ %%%WL C1-C6 alkoxy and -000117, wherein R7

is selected from the group consisting o -C10a enyl or phenyl substituted by at least one

substituent safedisd flemlie i son '%i.m(@fmﬂﬁq&fangniﬂu3{9&3@&9&&@%@}&tm&l, C1-C6

alkyl, C2-C6 alkenyl, cycloalkyl, C1-C6 alkoxy and benzyloxy. = 5. The compound according
to claim 4, wrERHPRONDRZstidip iRl BASpRHEERIP Lk ected from the group consisting of

hydroxyl, me ph oxy and -00 ., 6. The compou ccording to any of the preceding
claims, wheéﬁ’%i%’?‘%ﬁl ﬁ%ﬁﬁ@&sgliéép%r‘éeﬂﬁ@f%@?%{é%ﬁgﬁrt?fgdﬁ%pgc%}@sﬁr%§ halogen.

7. The compoimayabeopd)agstolcladmg, (A8diaionRumtioB)substituents independently selected from the
group consisting of fluorine and chlorine, preferably fluorine. 8. The compound according to any of

the precedingRidimr<t-(dHegesavexiphgeirbgefrofl @rogieeamty 3-[(D: 3k eprphiendddcbyding to claim
8, wherein Rékis hyckogenai-meiilazetidth-Thp comppuodassaidng to any of the preceding claims,

wherein R5 is hydrogen or C1-C6 alkyl.  11. The compound according to claim 10, wherein R5 is
hydrogen or 3RUY)- 1-(412udrbpheampaid)a:cortingoishaimyl pi thedpse gedingttiaipa Wherein R6 is
hydrogen. lﬁk'l;lhﬁ o ind %gce {gtli}qu_tgn%r%%tﬁl%o% ims, 13@11' wherein R6 is -COR7, wherein
R7is C1-C10 4l )$I, p%enf/(l r p% )ﬁ substituted by at least 6ne substituent selected from the group

consisting of §alagen. (HuIAMSINA. CUag NI b L CRAIVCREA AR GHER cycloall

C1-C6 alkoxy, phenoxy and benzyloxy. 4. The’compound according to any ot the preceding
claims, wher@ifPRbeTy baretidinagrinedlsldraingiigtrfion) 15, The compound according to any of the

preceding clajms, whereinmis O or 1. _16. The compoynd according to any of the preceding claims,
wherein n |S@R4SY‘?#Q %ﬁ?ﬁWﬁé’%@éﬁ?@?8@%%%'seé]l‘é@fgbgllfrﬁfﬂmphenyl)""(a'ﬁyg
(3R,4S)-1-(4edkygrophdjay )idis{ 2 )e8e(d-fl2cfapnéigy i tibhy droxy-but-2-enyl]-4-(4-hy

droxyphenyl)azetidin-2-one (I-1 Z configuration)

(3R,4S)-1- (43R D brd ()1 3-BREYB(4-A cdrdwernenilhhdidxgnlylit-P(é rijifozophany1)-4-(4-
droxyphenyljgzetidiniZ:8nfuLbdda o0BHe WiatiPRconfiguration)
(3R,4S)-1-(4-tluoropheny1)-3-[(Z)-3-(4-fluoropheny1l)-4-hydroxy-but-2-enyl]-4-(4-me

thoxyphenygaretigljis-4 (ane (4-2 o EsBigu§adion) 3-(4-fluorophenyl)-but-2-enyl]-1-(4-fluorophe
(R 4S) 1oAY SRESA orapheny i IR enyi-4-(¢-me

thoxyphenyen:i/z t one onfiguration

(3R’45)'1'(4(§HM%?2: A olgdnaist ggﬁ%ﬁ%&aﬁ%@ﬂ?ﬂ@%&%&ﬁaﬁ&%-but-z-

enoxyphenyl)azet -one (1-3 Z configu '
(3R,4S)-1-(4RYidrophengreamendustidinobran L2 AgarbiguBtien)enyl]-4-(4-ph
enoxyphenyl)azetidin-2-one (1-3 E configuration)

(3R, 4S)-4-(AHRAANSY FHERFFRY 2 TSR TN E- Ry st tdpirargaioxmparyD-1-C
xy-but-2-enyldietidphéroner ¢lidinZ2condigis1atidrpnfiguration)
(3R,4S)-4-(4-benzyloxyphenyl)-1-(4-fluorophenyl)-3-[(E)-3-(4-fluorophenyl)-4-hydr
oxy-but-2-erypiRaz8lidintZ)shectlod E3cthflgaratibernyl)-but-2-enyl]-1-(4-fluorophenyl)-4-(4-met

hoxyphenyl)azetidin-2-one (I-17 Z configuration)
(3R,45)-3-[(E)-4-acetoxy-3-(4-fluorophenyl)-but-2-enyl]-1-(4-fluorophenyl)-4-(4-met
hoxyphenyl)azetidin-2-one (I-17 E configuration).

18. A process for preparing the compound represented by formula (I) of claim 1,
comprising deprotection of a compound represented by formula V under basic

conditions,
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(3R,4S)-4-(4-benzoyloxypheny1l)-1-(4-fluorophenyl)-3-[(Z)-3-(4-fluoropheny1)-4-hydr
oxy-but-2-enyllazetidin-2-one (1-5 Z configuration)
(3R,4S)-4-(4-acetoxyphenyl)-1-(4-fluorophenyl)-3-[(2)-3-(4-fluorophenyl)-4-hydroxy
-but-2-enyl]azetidin-2-one (1-6 Z configuration)
(3R,4S)-4-(4-benzoyloxypheny1)-1-(4-fluoropheny1)-3-[(Z)-3-(4-fluoropheny1)-4-hydr
oxy-pent-2-enyllazetidin-2-one (1-7 Z confi ﬁration) R
(3R,4S)-1-(4-fluoropheny1)-g- -(4-flyérophenyl)-4-hydroxy-¥
ydroxyphenyl)azetidin-2-one ( confi ion)
(3R,4S)-1-(4-fluorophe -3-RE)-3{(@Nluoropheny1)-4-hyd
ydroxyphenyl)azetidi=2-orl (1-8 E configurationy—> R’ S
(3R,4S)-4-(4-benzoyloxyphe )-@P(Aﬂflu%rophenyl)-B-[(Z)-S- -Mpﬂ?@mﬂ)%-hydr
oxy-4-methyl-pent-2-enyllazétidin-2-one (1-9 Z configuration)  (Cl )
(3R,4S)-1-(4-f|uorophenyl)-f%@g?,-m-fluorophenyl)-4-hydroxy-4-r?|§6?1yl-pent-2-en
y1]-4-(4-hydroxyphenyeazetiding2-one (1-10 Z configuration) R o
(3R,4S)-3-[(2)-4-acetoxy-3-(4-fluorophenyl)-but-2-eny1]-4-(4-acetoxyphenyl)-1-(4-fl
uorophenyl)azetidin-2-one (I-11 Z configuration)
(3R,4S)-3-[(2)-4-acetoxy-3-(4-fluorpphenyl)-but-2-eny1]-1-(4-fluorophenyl)-4-(4-hyd ,
roxyphenyl)azetithezeBh@I(alligz Z\goﬂ?ig ;at%%rja)m and b ate as defined i claim 7R is a
(3R,43)-3-[(Bydrbenzginsytidd 4-frivigpheok 1)abudeany Le-Ehiidiapietiyih)-4TBDMS),

hydroxyphenyeazgetidin-2- (1-13,Z configuration) .

R4S (A IS b SRR AR o 5 (4 vorophe
ny1)-4-(4-hydroxyphenyeazetidin-2-one (1-14 Z configuration)
(3R,4S)-1-(4-fludidphe mtiaaB4¢)t 34U -Homms Henmy Iempdisimethytb efieoyiioxydshot2- of the
enyl]'4’(4'hy&fﬁﬂﬁﬁﬁrf¥ﬁé§@ﬁlgm%%ﬁﬁ@%&?%'%ﬂ@ﬂﬁ@%utically acceptable salt thereof
(3R,4S)-3-[(2)-4-acetoxy-3-(4-fluorophenyl)-but-2-eny1]-4-(4-benzoyloxyphenyl)-1-(
4-f|uoropherﬁfﬁgﬁ@ﬂéifﬁflﬁ’n%f@@i%szléBr%?guration)
(3R,4S)-3-[(2)-4-acetoxy-3-(4-fluorophenyl)-but-2-eny1]-1-(4-fluorophenyl)-4-(4-met
hoxyphenyl)azetiiinsonef(1ht 7cdropafigdiratiamiing to any one of the claims 1 to 17 in
(3R'45)'3'[('E)é%é?&t%’iﬁ%ﬁ‘ﬁiéﬁf@ﬁiﬁéﬁ?ﬁﬁ%@éﬂﬁ%géﬁﬂﬁﬂ'Lﬂé(@s‘f&‘&rf’e‘l}%?snyl)‘4'(4'met
hoxyphenyl)azetidin-2-one (1-17 E configuratiorn). 18. A process for preparing the compound
represented by formula (IZ of claim 1, comprising deprotection of a compound represented by formula
V under basic corditoRsthea-fee peepering9)sonesnd. §7 kaymrla ¥sa9<dofeed-pealpim 18,

comprising treatment of a compound represented by formula IV with N, O-

bis(trimethylsilyl) acetamide and subsequent cyclization of the resultant silylated

product,
1 1
>R /R
“ | R 7
O o HN AN J ~
K5 ) .
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2 - (0]
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o (0 5
R5 O R
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v v

wherein, R', R%, R®, R*, R°, R®, m and n are as defined in claim 18.

22. A compound represented by formula V,
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wherein RI, R2, R3, R4, R5, R6, m and n are as defined in claim 1, R8 is a hydroxyl protection group,
such as acetyl, tert-butyldimethylsily (TBDMS), trimethylsily (TMS), tert-butyldiphenylsily (TBDPS) or
the like.  19. A pharmaceutical composition comprising an effective amount of the compound
represented by formula (I) or the pharmaceutically acceptable salt thereof according to any of claims 1
to 17.  20. Use of the compound according to any one of the clajms 1 to 17 in preparation of
medicament for lowering serum cholesterol levels. 1. A method for preparing a compound of
formula V as defined in claim 18, comprising tredti pf a cgmppund represented by formula IV with
refzatio he resultant silylated product,
wherein, RI, R2, R3, R4, R5, R8, mand n defined|inftlaim 18. 22. A compound represented by
formula V, V wherein, RI, R2, R3, R4, R‘S,‘Q8,|

wherein, Rl, Rz, R3, R4, RS, RS, m and n are as defined in claim 21.

23. A compound represented by formula IV,

wherein, Rl, Rz, R3, R4, RS, RS, m and n are as defined in claim 21.
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