WO 03/ 064382 PCT/ EPO3/ 00804 PROCESS FOR THE MANUFACTURE OF ORGANI C
COVPOUNDS I n one enbodi nent, the invention provides an enanti osel ective

met hod f owqgomsepasseng conpounds having Fornula (Si), (S2),PCVEK0S8)s0as
follows: R RBRACHOORS I ORL1 (S1) R RNR OHO O R3 R4 OR
H3CG-"~ 0 (S2) H3C( NCH3 CH3 CH3 H3CCH3 OHO0 0O N ORlL H3CNNR4A (S3)
BI~OR R3 R CH3 wherein R, is independently an unsubstituted or
substituted al kyl, cycloal kyl or aral kyl; and WO 03/064382 PCT/ EPO3/ 00804

-2 R2, R3, R4,piSCEBRS FOR TRE MARUFACTRIRENOPORGANIY SOMBOUNDS| ogen,
hydr oxy, optionally

In one embodiment, the invention provides an enantioselective method for preparing
compounds having Formula (S4), (Sz), or (Ss) as follows:

(S2)

(S3)

wherein

R, is independently an unsubstituted or substituted alkyl, cycloalkyl or aralkyl; and



substituted al kyl, cycloal kyl, aryl, aral kyl, heterocyclyl, heteroaralkyl,
optionally substituted al koxy, aryloxy, aral koxy, heterocycl ooxy or

het er oar aiMooosys4dse st ed bel ow are definitions of various taUTEERISOROH O
descri be the conpounds of the instant invention. These definitions apply
to the terns as they are used t hrougifout the specification unless they are
otherwise limted in speC|f|c I nstances eit her individually or as part of
a larger group. The term "optionally substituted alkyl" refers to

unsubstig %tpnger5§|qp§ﬁd R%,@dmaéﬁeﬁicghﬂy, h9aro@émnmthIhydrmyhppMmaﬂy bon groups
havi ng 1-20 carbon atons, prefer
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n-butyl, 1t spufiMled dll&ﬁ?bﬁrylb)éy RedIksly, héterosyclodxgyatenidroaratkpky| |
4, 4-di net hyl pentyl, octyl and the like. Substituted al kyl groups |ncI ude

but are not_llmtedto roups .substit ne_or
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NONOCY4ld the NksIr ocar bon groups include, but are not limted to,

The term "lower alkyl" refers to those alkyl groups as described above having 1-7

carbon atoms, preferably 1-4 carbon atoms.
The term "halogen” or "halo" refers to fluorine, chlorine, bromine and iodine.

The term "alkenyl" refers to any of the above alkyl groups having at least two carbon
atoms and further containing at least one carbon to carbon double bond at the attachment

point. Groups having 2-4 carbon atoms are preferred.

The term "alkynyl" refers to any of the above alkyl groups having at least two carbon
atoms and further containing at least one carbon to carbon triple bond at the attachment

point. Groups having 2-4 carbon atoms are preferred.

The term "cycloalkyl” refers to optionally substituted monocyclic, bicyclic or tricyclic
hydrocarbon groups of 3-12 carbon atoms, each of which may be substituted by one or more
substituents, such as alkyl, halo, oxo, hydroxy, alkoxy, alkylthio, nitro, cyano, alkoxycarbonyl,

sulfonyl, heterocyclyl and the like.

Exemplary monocyclic hydrocarbon groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl and cyclohexenyl and the like.



cycl opropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl and

cycl ohexenyl and the Iike. WO 03/064382 PCI/ EP03/ 00804 -3 Exenplary

bi cycl i ¢ Wodiseweasbon groups i nclude bornyl, indyl, hexahydai/rrgioosos

t et rahydronapht hyl , decahydronapht hyl, bicyclo[2.1.1 ]hexyl, bicyclo[2.2.1
]heptyl, bicyclo[2.2.1 Jheptenyl, 63-dinmethylbicyclo[3.1.1 ]heptyl,
2,6,6-trimethyl bicyclo[3.1.1 Jheptyl, bicyclo[2.2.2]octyl and the |ike.
Exenplary tricyclic hydrocarbon groups include adamantyl and the like. The
term "al kogpgempRirgbieydiie hgltearbbh grotipe incide Barhfiyihdyhi iekahygdreindylf o al kyl - S- .

The term "al kyi t ht ono" refers to al kyl - - ..Ih rm trial kylsi lyl "
ref er éetfqh"ye'mnraplmmlsﬁeqah}ﬁ?ren%@}ﬂ?ﬁ?wl?'?x%[%iﬁi%xy'r BW&[?%‘EP%PW'O (al Kyl )3SiyO .
o er @ O Y oy ot o bar g1 sulTorgy v

ar al k;hicyglpt?g%éqctyhém %Saii‘%l kyl sul fonyl and the iike. The _Eer m"aryl" refers
atone 1 ¢ IRXSFIPIRSY HEYIoGHEISGaRN SEORRATG® ARG A #85 ey dr onapht nyl .

bi phenyl and di phenyl: groups, h of which may optionally be substituted
by 1-4 subs]ihettﬁ%tﬁlfg’%’ugeﬁersia%ﬁg@r, hal o, hydroxy, al koxy?/ acyl, thiol,

alkylthio, nitro, o, sulfonyl _.heterocyclyl and the like. The term
"monocycl i ¢ hgrtgm eﬁ%ﬁg}os "%6’35%?%%%11 y substituted phenyl as described

under aryl. The term'aral kyl" ref to an aryl group bonded directly
thrlmliglh gn Taﬂ??ﬁmgﬁ@%!onosﬁi%sé%alg\ggg)? The term "aral kyl thio" refers to
aral kyl - S-. e term"aral koxy" refers to an aryl group bonded directly
tErough an Tanql}85{9 tﬂ?‘k}ﬁlﬁ'm‘ r?%ésytf)e(?ﬁyﬁg}yl sul fonyl" refers to aryl-S(0)2 -'
The term “agyl LAl Qo kGLiRicky" 2S5 Y (afkylssio-.

The term "alkylsulfonyl” refers to alkyl-S(O),-.

The term "sulfony!" refers to alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl,

aralkylsulfonyl, heteroaralkylsulfonyl and the like.

The term "aryl" refers to monocyclic or bicyclic aromatic hydrocarbon groups having
6-12 carbon atoms in the ring portion, such as phenyl, naphthyl, tetrahydronaphthyl, biphenyl
and diphenyl groups, each of which may optionally be substituted by 1-4 substituents, such
as alkyl, halo, hydroxy, alkoxy, acyl, thiol, alkylthio, nitro, cyano, sulfonyl, heterocyclyl and
the like.

The term "monocyclic aryl” refers to optionally substituted phenyl as described under
aryl.

The term "aralkyl" refers to an aryl group bonded directly through an alkyl group,
such as benzyl.

The term "aralkylthio" refers to aralkyl-S-.

The term "aralkoxy" refers to an aryl group bonded directly through an alkoxy group.

The term "arylsulfonyl" refers to aryl-S(O),-.

The term "arylthio” refers to aryl-S-.

The term "heterocyclyl" or "heterocyclo” refers to an optionally substituted, fully
saturated or unsaturated, aromatic or nonaromatic cyclic group, for example, which is a 4- to
7-membered monocyclic, 7- to 12-membered bicyclic or 10- to 15-membered tricyclic ring



The term "heterocyclyl"” or "heterocyclo" refers to an optionally
substituted, fully saturated or unsaturated, aronmatic or nonaronatic
cyclic growmsbams2zexanple, which is a 4- to 7-nenbered npoIcEROBAOER047- tO
12-nmenbered bicyclic or 10- to 15-nenbered tricyclic ring WO 03/064382
PCT/ EPO3/ 00804 -4 system which has4at | east one heteroatomin at |east
one carbon atomcontaining ring. Each ring of the heterocyclic group
containing a heteroatom may have 1, 2 or 3 heteroatons selected from
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E Byl - gp nmet hyl”, a

prefer r R and R nmay be identical or dlfferent

gth an al dghyde, AAMLRRRIBAYIErefdR Jo hdi&Bhryl-8(0),B) as follows: R2 R3 Ra

The term "heteroaralkyl" refers to a heteroaryl group bonded through an alkyl group.

Accordingly, compounds having Formula (S,), (Sz), or (Ss) may be prepared by first
condensing a disilyloxydiene having Formula (1)
(R),SiO OSi(R"),

o
H,C OR,

2

(n

wherein

R, is independently an unsubstituted or substituted alkyl, cycloalkyl or aralkyl; and

R and R’ represent lower alkyl, preferably ethyl or methyl, and R and R' may be identical

or different,

with an aldehyde having Formula (Qu), (Qz), or (Qs) as follows:

Q)




Rs\'\ H(Q) Rs RN W 03/064382 PCT/EP03/00804 -5- R2 O R3/ R4 "3Q0
(@) HICNCH3 CH3 CH3 H3ICCH3 O NH RaH3Q i N(03) O-I~-ORR2 3 CH3
wherein R0 RB64384, R5, R6 and R7 have neani ngs as defi neddmorroBoosoul a
(Si), (S2), or (S3) in the presence of a titanium (1V) catal yst having
Formula (1V) R3 0" Ti (1V) R8 wherePn R8 is a lower alkyl, and the

bi naphthyl noiety is in the S-configuration, in an inert solvent to obtain
conmpounds having Formula (Si), (S2), or (S3) in high chem cal yield and
enantioneric purity. In the aldol Rondensati on above the nolar ratio of a
di silyl oxydiene of Formula (11) to

Q)

Q)

wherein Rz, Rs, R4, Rs, Rs and R; have meanings as defined for Formula (S4), (S2), or (Ss) in

the presence of a titanium (1V) catalyst having Formula (IV)

wherein Rg is a lower alkyl, and the binaphthyl moiety is in the S-configuration, in an inert
solvent to obtain compounds having Formula (S;), (S2), or (Ss) in high chemical yield and

enantiomeric purity.

In the aldol condensation above the molar ratio of a disilyloxydiene of Formula (Il) to
an aldehyde having Formula (Q), (Qz), or (Qs) initially present in the reaction mixture ranges
from 1:1 to 6:1, preferably from 1:1 to 4:1, and more preferably from 1.5:1 to 3:1.



an al dehyde having Formula (Ql), (@), or (@) initially present in the
reaction mxture ranges froml:1 to 6:1, preferably from1:1 to 4:1, and
nore prefwoaislogsdseom 1.5:1 to 3:1. WO 03/064382 PCT/ EP03/ r@AEP0340@0T he

di silyl oxydi ene of Formula (11 ) may be prepared by reacting an acetoacetate
of having Formula (M) OO (VI) H3ER wherein R is independently an
unsubstituted or substituted al kyl, cycloal kyl or aralkyl; with a
silylating agent, such as tri(Iomer al kyl)silyl chloride or tri(lower

al kyl)silylynd dus;fyid*?aleﬁ@bhs@ﬁﬂla (IpAdiybe prepired ahryading BRtRgloatdtrle afhl or i de
or triethylsil oride, in the presence of a base, such as

triet H'jﬂVmFrfémulﬁ é)opropyl et hyl ani ne or N-net hyl nor pholine, preferably
triethylamne, in an organic s@ vent, such as pentane, hexane, heptane,
tetrahydrofuran, diethyl ether |jor dijchl oronmet fgne, preferably hexane, at a
tenperature ranging from 188 %about 30C to forma silylenolether
of the Formul a (VI ) (R3SI'B70 H3C \ (V1) wherein R is independently

ovor g R bRber Rl ph thetbeRlfo or SipEhiBiahy SoBaRu it 0 T
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such as or tetr uran era t et r ahydr of ur an, at a
te npermtralnseirmfaragﬂ d@th‘yi etﬁreaomjchlorm@thameabr@mrabm b@@fteo at @ fampskaiure

O S| VARG PRt ESU- B Aol e b T A RRARY IR furIpe. gener at ed

in si tu I Sopro
(R)SSIO O
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H,C OR,

wherein
R, is independently an unsubstituted or substituted alkyl, cycloalkyl or aralkyl; and

R is a lower alkyl.

The silylenolether of Formula (VII) may then be treated with a base, such as lithium
diisopropylamide or lithium, sodium or potassium bis(trimethylsilyl)amide, preferably lithium
diisopropylamide, followed by addition of a silylating agent, such as tri(lower alkyl)silyl
chiloride or tri(lower alkyl)silyl trifluoromethanesulfonate, preferably trimethylsilyl chloride or
triethylsilyl chloride, in an inert solvent, such as diethylether or tetrahydrofuran, preferably
tetrahydrofuran, at a temperature ranging from about -40°C to about -100°C to form the

disilyloxydiene of Formula (11).

Lithium diisopropylamide may be generated in situ from diisopropylamine and
n-butyllithium under conditions well-known in the art or as illustrated in the examples herein.

The molar ratio of the titanium (IV) catalyst of Formula (1V) to an aldehyde of
Formula (ll) initially present in the aldo! condensation above ranges from 0.01:1 to 0.15:1,
preferably from 0.04:1 to 0.1:1.



n-butyl i thi umunder conditions well-known in the art or as illustrated in
the exanples herein. The nolar ratio of the titanium (1V) catal yst of
Formul a (Wd)ostoe4zan al dehyde of Forrmula (I1) initially preseEroa/oetee al dol
condensati on above ranges fromO0.01:1 to 0.15:1, preferably fromO0.04:1 to
0.1:1. WD 03/064382 PCT/ EP03/ 00804 =77~ The titanium (1V) catal yst of
Formula (I'V) may be prepared in situ by reacting Ti(OR8)4, in which R8 is
| ower al kyl, preferably isopropyl, with (S)-2,2'-binaphthol of the Formla
(VI11) OH (el tkaniurhi@vl ShtaRisBof EarAmh@iViahapbe prsparddain(sitl by yedctingonmer ci al |y
available e, qg., fromKarl shyirms Lhnd.er thﬁ tra@gé,gi. Bl d titanium
(1V) f1éQRs)aini¥lichBsis loweralidgireferaaisPRIRPY Wih (et 7 2 "@%%?%8 Be, may

opt i onRkhyiaR@ngenerated in situ fromtitaniumtetrachl oride and sodium or
l'i thium al koxi de, preferably sodiumor |ithiumisopropoxide. The al dol
condensati on above may be cartged Syt in a polar aprotic solvent, such as

t et rahydr of uran, diethyl et Fr o] et hoxyet hane, preferably
tetrahydrofuran. A conbi nathopz~Qf g6l vents may al so be used. The reaction
tenperature may range from about (C t 0®Hbout ZOC, preferably from about
10C to about 60C, and nore mpferdbl rom &Mt 15C to about 55C. The
reaction is conducted for a pery®&d o E fromabout 1 hour to about 72
hours, preferably from about 2 hours Hbout 24 hours. The conpounds
having Formula (Si), (S2), or (S3A1 gptionally be purified by physical
or chem cal neans to enrich the enantioneric purity. Exanples of such neans
for enrichnent include, but are not limted to, crystallization and chiral
pr epar at i veS)-2/2-Bmapoihobgitiormslad11§ds targheyiady svaible, gd. drarh Kershaoysaphy

HPLC) . | th [ . i t 100 i : | ecti
ot noan EgoEpat NGl SRAer il (4 R BT M B (REREFINF, Couci
conpoustisisedropaxide, ey (optipnally B2)geneated B3yt frohetitanium tetrachloride and sodium
syn- 3( R0 LBy G QYR SSAADY Rl b RpbYbd, (VD). or (V3) as fol | ows:

—

The aldol condensation above may be carried out in a polar aprotic solvent, such as
tetrahydrofuran, diethylether or dimethoxyethane, preferably tetrahydrofuran. A combination
of solvents may also be used. The reaction temperature may range from about 0°C to about
70°C, preferably from about 10°C to about 60°C, and more preferably from about 15°C to
about 55°C. The reaction is conducted for a period of time from about 1 hour to about 72

hours, preferably from about 2 hours to about 24 hours.

The compounds having Formula (S;), (Sz), or (Ss) may optionally be purified by
physical or chemical means to enrich the enantiomeric purity. Examples of such means for
enrichment include, but are not limited to, crystallization and chiral preparative

chromatography, such as high pressure liquid chromatography (HPLC).

In another embodiment, the invention provides a stereoselective method for the
preparation of syn-3(R),5(S)-dihydroxyesters by reducing compounds of Formula (S), (S2),
or (Ss). The syn-3(R),5(S)-dihydroxyesters have Formula (V4), (V2), or (V3) as follows:



WD 03/ 064382 PCT/ EP03/00804 -8- RR RBRRa CHOHOR5 (V1) OR RS RN R2
OHOHOR3 Ra ORRk, H3C-ONO HIC NCH3 CH3 CH3 H3ICCH3 OHOH OR, NO
H3Cl ~11 Nweo BRa6Ms23 R2 OR CH3 wherein R is, independentAGI/ERB/00804
unsubstituted or substituted al kyl, cycloal kyl or aralkyl; and R2, R3, R4,
R5, R6 and R7 are, independently, hydPogen, hal ogen, hydroxy, optionally
substituted al kyl, cycloal kyl, aryl, aral kyl, heterocyclyl, heteroaralkyl,
optionally substituted al koxy, aryloxy, aral koxy, heterocycl ooxy or

het er oar al koxy. The stereosg| ective reduction of conmpounds having Formul a
(Si), (S2), or (S3) may

(V2)

(V3)

wherein
R is, independently, an unsubstituted or substituted alkyl, cycloalkyl or aralkyl; and
R., Rs, R4, Rs, Rs and Ry are, independently, hydrogen, halogen, hydroxy, optionally
substituted alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally
substituted alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy.

The stereoselective reduction of compounds having Formula (Ss1), (Sz), or (Ss) may
be achieved in the presence of a di(lower alkyl)methoxyborane, such as
diethylmethoxyborane or dibutyl-methoxyborane, preferably diethylmethoxyborane, in a polar
solvent, such as tetrahydrofuran or lower alcohol, e.g., methanol or ethanol, or a mixture of



be achieved in the presence of a di(lower alkyl)methoxyborane, such as

di et hyl met hoxybor ane or di butyl - net hoxyborane, preferably

di et hyl mremooosydeeasane, in a polar solvent, such as tetrahydrmafres@osoor | ower
al cohol, e.g., nethanol or ethanol, or a m xture of WO 03/064382

PCT/ EPO3/ 00804 -9 solvents thereof,-§referably a mxture of

t et rahydr of uran and net hanol. The reducing agent used in the reduction
step above may be selected froma group of hydride reagents, such as
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CH3  CHRefdiRon o Uudof-382c R-d¥ e Usy-80804 - 10- H3C CH3 OH OH OH

In another embodiment, the invention provides methods for the preparation of

calcium salts having Formula (W), (W), or (W) as follows:

- Ca2+ (W1)

2+

(W)




NOC2+ HBANNRa (W i I S O'bR R32 CH3 wherein R2, R3, R4, R5,
R6 and R7 are, independently, hydrogen, hal ogen, hydroxy, optionally
substi t ut @ @loeyds2 cycl oal kyl , aryl, aral kyl, heterocycl ylpCteroanaeanal kyl ,
optionally substituted - al koxy, aryloxy, aral koxy, heterocycl ooxy or
het er oar al koxy. Calciumsalts of FordflFa (W), (W), or (WB) nmay be
prepared by first hydrolyzing conpounds of Forrmula (V,), (V2), or (V3) in
t he presence of an aqueous base to formthe corresponding alkali netal
salts having Formula (X,), (X2), or (X3) as follows: R R3 R4 OH OH O RS
(X1) O M- R6 BR7 N Ry OHeR R3 R4 OMr HBQAOY[ (X2) H3CI / N CH3 CH3
CH3 WO 03/ 064342 PCT/ EPO 0804 -ODH OH OH

N o
X
HSC\T W)
P
o”| o
| Ry
CH,

wherein R, Rs, R4, Rs, Rs and R; are, independently, hydrogen, halogen, hydroxy, optionally
substituted alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally substituted

alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy.

Calcium salts of Formula (W), (W2), or (W3) may be prepared by first hydrolyzing
compounds of Formula (V4), (V2), or (V3) in the presence of an aqueous base to form the

corresponding alkali metal salts having Formula (X1), (Xz), or (Xs) as follows:

(X2)




HBCCHB OHOH O+ -M NO H3IC-NNPR4 (X3) OORR2 CH3 3 wherein R2, R3,
R4, R5, R6 and R7 are, independently, hydrogen, hal ogen, hydroxy,

opti onal | wo ®wesset ut ed al kyl, cycl oal kyl, aryl, aral kyl, Heaveroeogsohy|

het er oaral kyl , optionally substituted al koxy, aryl oxy, aral koxy,

het erocycl ooxy or heteroaral koxy; andIMis sodium lithiumor potassium
preferably sodium The hydrolysis step above may be carried out in an
organi ¢ solvent, such as a |ower alcohol, preferably ethanol, and the base
used in said hydrol ysi 34ics prefierably selected from aqueous potassium

hydr oxi de, aqueous 1ithi®um™ydr 8xi de @id @ueo@da’sodi um hydroxi de. More
preferably, the base is sodijum hydrox] de. |The hydrolysis is preferably
conducted at a tenperatyye % o

preferably from about 0C

nmet al sg%qt)s havi ng Formul a

(X1), (X2), or (X3, nb pverted to  correspo ng calciumsalts
of Formula (W), (W), Yor (W;), ] ghcti ng an aqueous solution of an
al kali nmetal salt of Eér\rml a (X1 , or (X3) with an aqueous sol ution

of a suitable calciom|soorce a pRent tenperature, preferably at room
tenperature. Suitable /ealciumsdurces include, but are not limted to,
cal cium chl oride, calciuf oxide and cal cium hydroxide. Alternatively,

cal IC! Uhérelnt =y, 8E, ng Ra‘;ﬂ%d&ﬂ% are( Mﬂéperﬁlégw{\ﬂydmg@nébﬂldgbhﬁ!hydmkybyptfdnaﬁ%
cyclizing.co unds o or a v (V. 0 V3).in of an
acid aﬁtpgsawt‘gﬁﬁﬁ\f"i ‘E'C'OﬁlﬁYle?g'ﬂiaé%é%ﬁ‘gt%rg?@hth#%&?@pﬂ’ P H@Oﬂ%&f%@%ﬁﬁﬁeﬁq ng
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potassium, preferably sodium.

The hydrolysis step above may be carried out in an organic solvent, such as a lower
alcohol, preferably ethanol, and the base used in said hydrolysis is preferably selected from
aqueous potassium hydroxide, aqueous lithium hydroxide and aqueous sodium hydroxide.

More preferably, the base is sodium hydroxide. The hydrolysis is preferably conducted at a
temperature ranging from about -10°C to about 30°C, preferably from about 0°C to about

25°C.

Alkali metal salts having Formula (X;), (Xz), or (Xs) may then be converted to
corresponding calcium salts of Formula (W,), (W>), or (Ws), by reacting an aqueous solution
of an alkali metal salt of Formula (X;), (X2), or (X3) with an aqueous solution of a suitable
calcium source at an ambient temperature, preferably at room temperature. Suitable

calcium sources include, but are not limited to, calcium chloride, calcium oxide and calcium

hydroxide.

Alternatively, calcium salts of Formula (W,), (W>), or (W3) may be obtained by first
cyclizing compounds of Formula (V4), (V2), or (V3) in the presence of an acid and an aprotic
water-miscible solvent to form the corresponding lactone having Formula (Y1), (Y2), or (Ys)

as follows:



OH RBRAR\\ ,00(Yi) i RERI R7NR OH RBR R4 HCQO(Y2) HICN/
CH3 CH3 CH3 0 H3CCH3 0 "SOH N(Y) H3C--1 NRAI S O"- 1 RR23
CH3 and awiod3adedisti on salts thereof; wherein R2, R3, R4, R T/E®3a08d4R7 are,
i ndependent|y, hydrogen, hal ogen, hydroxy, optionally substituted al kyl,
cycloal kyl, aryl, aralkyl, heterocycllgl, heteroaral kyl, optionally
substituted al koxy, aryloxy, aral koxy, heterocycl ooxy or heteroaral koxy.
WO 03/ 064382 PCT/ EP03/ 00804 -13 The cyclization above may be carried out
in the presence of an acid, sych as

(Y1)

(Y2)

winnQH

(Y3)

and acid addition salts thereof;
wherein R», Rs, R4, Rs, Rs and Ry are, independently, hydrogen, halogen, hydroxy, optionally
substituted alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally substituted

alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy.



trifluoroacetic acid or a strong mneral acid, preferably concentrated
hydrochloric acid, in an aprotic water-mscible solvent such

t et rahydrefousaa4se acetonitrile, preferably acetonitrile, PUT/ER3besoperat ure
rangi ng from 0-25C. Lactones of Formula (Y1), (Y2), or (Y3), and acid
addition salts thereof, preferably hy@rochloric acid salts thereof, may
contain small anounts of the unreacted starting nmaterial of Forrml a (Vvl),
(V2), or (V3); and the corresponding acid having Fornula (Z,), (22) or

(Z3) as fo"l}r%vtﬁlchzra’aon %o%%%@e&@ui m\thé)p*re(sgn&e oﬂarFﬁc:cRshbeQsO-l O R3
R& OH H3C . 0 (22) o3 H3C~N"

N R4 (tEjlucongetic ackios Astiang meeTa %Rﬂi|W@fSWbB/aqqf@e'B‘Fﬂé?%B¥dr°ﬁ?'%'f°e%Fgl fi,an
hydr ocll,9fd Watefinfsctd $Svdrit SLPietraMfRrbfardiock3edtdnitiie B RrQ0I3 Qdetonitife, at

a temperature ranging from 0-25°C. Lactones of Formula (Y4), (Y2), or (Ys), and acid
addition salts thereof, preferably hydrochloric acid salts thereof, may contain small amounts
of the unreacted starting material of Formula (V3), (V2), or (V3); and the corresponding acid
having Formula (Z;), (Zz), or (Z3) as follows:

R

2
T
R R

4

(Z,)

(Z;)

and acid addition salts thereof, preferably hydrochloric acid salts thereof;



wherein R2, R3, R4, R5, R6 and R7 are, independently, hydrogen, hal ogen,
hydr oxy, optionally substituted al kyl, cycloal kyl, aryl, aralkyl,

het er ocyctwd q3/0aexser oar al kyl , optionally substituted al koxdCT/EROBOGOY,

ar al koxy, heterocycl ooxy or heteroaral koxy. Lactones of Formula (Y,), (Y2),
or (Y3), contam nants thereof, and adiéd addition salts thereof, may then
be converted to the correspondlng calciumsalts of Fornula (VV), (W), or
(WB) anal ogously as described herein above for conpounds of Formula (V1),

(V2), \&?ﬁerél}'{‘?ﬁg, RQrR,;, AD AR, dn%laﬁi) &BSint&sinaehtly, h?dr@?&\ Q*ml@dh nmy@ﬁro)@f optiodaily

I nvention, calciumsalt is pitavastatin ca
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under é]l’(é)(yoglgfbxﬁtd]‘ﬁlﬁ&aﬁ h8terddycloxy\brt RtitérobRkosg.ope of the invention to use a
u

mol ecul ar 51 éve during the preparation of the compounds of the invention,
especially in the step of condensing a disilyloxydiene with an al dehyde of

5\2: mul a ( Qluatct&m@al)olf F@lgnt(l@%) vtgy bitﬂﬁ/ I@bﬁl&ﬁﬂlﬁé@nteﬁmeﬁao‘f im@mddm«sh alth alt KSt
er may Optl ona (6] e nol ecul agr Si n e
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si eve (g, l&hslbgééw ¥s 8éééﬁbé’d)ﬁéh‘e|rﬂabﬁve%ﬁdbnﬁiwu@s SEF kUi (MR8, orgl/gr ebl y
from about % to about about 10 wt % based on the total weight of

the timadficatiopsthereedt al yst. The type of reactor used to prepare the
conpounds of the invention include batch, continuous, and sem conti nuous

reactors. |ihong emibodinmeri bethedmamtion, thé ealciovesHitiio pitdvasiatiagakiam.t he conpounds
i n an external recycle reactor which allows: (i) in-situ pre-treat ment or
post- treatpent of t

solid, mol. sieves (il i m [ si eves
PPV trati on e brmecssha grorbRd nerinBvavs ara iyl MRE peRbu ke, he o
Si eVeSprberaW&ﬁdé}lrﬁirdgehtatmysﬁrer@pl&ersathmthelscope aIrﬂwemyeotmptmsta and
I nt er medj at es e _conv rte to the ¢ |on|na
mannermB(? YR Heye ﬂlé”n@% ° pfeﬂi’ﬁfﬁ '°8 r?g he&opwgngggﬂﬁmnveg{lo% éemérw?m ®t hi ol ,
car boxstep anebritiedsing v o@;ﬂwun&tuemmtmm aldalaydeyof Foohela (@), (F-).cm1i@enini tbaal
protectin rqQu that  ,are c I n_prepar |ve
br ot ccbieaenm A8 et i) EaRHER WAk BRgD beisBi M PREIA R can be
conver prast tolnsiag the indlecaadsieveoria anatemtotizeerathaeiatdticohtentafrtbe mplecutand
hydr oxyl grou out mol, ecul ar, fr wor k i n Qt her
undesi %%%eg'sgr%gr%aj&qm SR%uqte'a ' {?30 8#’%‘&@.5 V’%% rBarreppggfgr%flfﬁ%%r %ﬁ%ﬁgﬂ k
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The type of reactor used to prepare the compounds of the invention include batch,
continuous, and semicontinuous reactors. It is within the scope of the invention to prepare
the compounds in an external recycle reactor which allows: (i) in-situ pre-treatment or post-
treatment of the solid mol sieves (ii) elimination of mole sieves filtration at the end of the
reaction and (iii) easy re-use of the mol sieves for possible multicycle operation.

In starting compounds and intermediates, which are converted to the compounds of
the invention in a manner described herein, functional groups present, such as amino, thiol,
carboxyl and hydroxy groups, are optionally protected by conventional protecting groups that
are common in preparative organic chemistry. Protected amino, thiol, carboxyl and hydroxyl
groups are those that can be converted under mild conditions into free amino thiol, carboxyl
and hydroxyl groups without the molecular framework being destroyed or other undesired

side reactions taking place.

The purpose of introducing protecting groups is to protect the functional groups from
undesired reactions with reaction components under the conditions used for carrying out a
desired chemical transformation. The need and choice of protecting groups for a particular



undesired reactions with reaction conponents under the conditions used for
carrying out a desired chem cal transformation. The need and choice of
prot ecti ngyogromags2f or a particul ar WO 03/ 064382 PCT/ EPO3/ (\€A0eP03/00d804
reaction is known to those skilled in the art and depends on the nature of
the functional group to be protected5Fhydroxyl group, amno group, etc.),
the structure and stability of the nolecule of which the substituent is a
part and the reaction conditions. Well-known protecting groups that neet

i”r}ese 8&8h5$%%4h6§@él€ﬂléd%f d&géh&&@éﬁ@sbﬁwa&tu@ & théiRmetidred, e. g.,

rotective Gou anic Chemstry", Plenum Press London,

NY (195760 toabmpr@%@b(hydrpmtge@m e@lr@rgmm qie:), theyalFiturepRd istabilisy of the | ey, NY
( 1991)molg£|.ge SfﬂRBH?%SSLﬁ;S ifudht |§'a Rtdrdmth cﬁ@n B&RRINSd Wéll-KHowh enanti omeric

purity, an | m nat t he need resolution. As used herein,
hi gh emetetiingngroiips that mept these Mtqnégéﬂé@'f 'th@@ucﬁ'ﬁ'&ﬁﬁd grmovahate 70% opt i cal

purity eSBIrI £ %%bllx Nﬂ:.?ﬁn%aﬁirot%&% PEQL n OiYahlcChenBR), PERIMFESy at | east

97%0 compounds e Invention are especi aIIy usef ul
for trlﬂmuomg\nomqmsemdtcan@gne aPraseative ICapuers ig Orpanie Synidagied Vitelt N¥f t he
|nventl18§lY t he conpounds inhibit the enzyne 3- hydroxy-3-nethyl-glutaryl
coenzy( A (HMZ CoA) reductase which has been identified as a
rate-limting enzyne in the chol esterol biosynthetic pathway. The foll ow ng
exanpl es arkhe earepaiads pbthielinyestiemmay tbﬁ@renﬁr@%qtﬁ high aprntigmeri Bwﬁvoaft%

const rtHSr% dp?SelP@hé‘tg thé Abddfor %&%n&.ﬁﬁr R0 Dsed RERAY, AlghePanidrieri pifily b degr ees

Centrig nment 1 oned otherwi se, all evaporations are perforned
under erm@t:@@dsqtjwésmaares atde%&tép%mgilcalwmleérﬁf%wtat lesst8ye pple (= 20-133

mbar) . %[ Sretbldd ﬁ}é{rlgasgbgylgﬁkalg;u cts, internediates and starting
f ar

materials’'is confirme y stan analytical nmet hods, e.g.,

m croanal ysis, nelting point (np) and spectrosc (ﬁ_l C char acteri st ics, e.g.,
M5, | R and Nreompaspeeef Hieiipyebtion i@ especiphpdsed Sontising RapPreventi e art. (1)

Exfﬁp' ahérogél%érsatm Bhe anb%mHe'nff@ftthy brivehifdhy kxooriptunds ARditah@ehgngs By |
ester hydroxy-:?—methyl gl(utaryl coenzyme A (HMG-CoA) reductase which has been identified as a

rate-limiting enzyme in the cholesterol biosynthetic pathway.

The following examples are intended to illustrate the invention and are not to be
construed as being limitations thereon. Temperatures are given in degrees Centrigrade. If
not mentioned otherwise, all evaporations are performed under reduced pressure, preferably
between about 15 and 100 mmHg (= 20-133 mbar). The structure of final products,
intermediates and starting materials is confirmed by standard analytical methods, e.g.,
microanalysis, melting point (mp) and spectroscopic characteristics, e.g., MS, IR and NMR.

Abbreviations used are those conventional in the art.

(i) Example 1

Preparation of 3-trimethylsilanyloxy-but-2-enoic acid ethyl ester.

M 1) Et;N (CHs)sslo 0O
2) (CH,)5SiCl /I\)J\
OBt T~ X OEt
Hexanes

A solution of 31.9 mL (0.25 mole) of ethyl acetoacetate is stirred in hexane (350 mL)
at room temperature. Triethylamine (42 mL, 0.30 mole) is added, followed by dropwise
addition of trimethylsilyl chloride (35 mL, 0.276 mole) keeping the internal temperature below
25°C using a water bath (about 18°C). The thick white slurry is stirred overnight at room



2) // \CH3)3S' A OCEt Hexanes ! OEt A solution of 31.9 nL (0.25 nole) of
ethyl acetoacetate is stirred in hexane (350 nL) at roomtenperature.
Tri et hyl awionss/o64882nL, 0. 30 nole) is added, followed by dr qowEm3/oesddi ti on
of trinmethylsilyl chloride (35 nmL, 0.276 nole) keeping the internal
tenperature below 25C using a wateriBath (about 18C). The thick white
slurry is stirred overnight at room WO 03/ 064382 PCT/ EP03/ 00804 -16
tenperature. 200 nL of hexane is then added and the m xture stirred in an

i Ce b fandties Riki@adtiBe irsanh icdbad for yashed
%’Rﬁ%@w‘;c WH{LeOQEEgaﬁE lé?/r;grg?%oﬁdc?r? c§f t he cortrlbrl E?I—Rdﬁi EI I traaterand

vvas h| hgsir. gTK}%mWﬂlﬁegS Wtered and m%@%?ﬂed’}‘ﬁﬂhéﬂwtﬁép Lo CXH®d et hyl ester
as a GRlBhl8SH oftﬁ 'cg%ln%inltPéiQXn@Washﬂﬁﬁ éw@@iﬂ@g'oﬁb-th@leﬂh?%ﬂawdxbwt-zf urt her

purificatron in OW ng ste aration, of

- et hoxepoic, egudaetbyltastermﬁ wroéqueaﬁﬁh@ﬁ&y %feudé( ofl. Fhif reaterialieusgdwitgubiufther

(|-Pr) GEHIN GSi (CH3) 3 2) (CHS)SSIO CEt THF/ Hexanes, -78 C
r@“meﬁﬁw%g]eeg atnrt?)gss%;) ere, 600 nL of anhydrous tetrahydrofuran and 38

n1_ of diisopropylamne (0.271 nole) is cooled to -5C. 121 nL of 2.5 M

n- but;&ﬁamgi&_gm (in hexane) is added while keeping the internal tenperature

at -3 3C. The mixture is then cooled to -78C with a dry ice acetone bath.

45. 2 gPrepaiafiomrof pthoky-1 jSebis timethylsilanfloBkbutptle3-diene.

3-trinmethylsilanyloxy-but-2-engi gpagiih,et hyl eL. |s keepi ng the
i nternal terrp { Pe” bl ow -7 q{i T stlrr‘%z'}g)3 gﬁﬂﬂl3)344 mL of
7—@#@3—4—3—&&1

trimethylsilyl chlagideld(0.34 i ng the internal
tenperature bel ow -7 tm Xitfldexanes, -187€n aI I o d t© waGRlup to room

tenperature. After evaporatlon of solvents, the residue is stirred in 250
m. of hexarlendemmbﬂogdnmmdmp@are 690 bt ¢f amhydrous tetrelydreturan arsi8 Mgl owed by

R R e R TE o B L T A
whi ch is aiddedathild keeping the rrttebreal tpmpelfaturatal St BIC t e Motturevs ignsoeled tThe
-78°C with a dry ice acetone bath. 45.2 g (0.22 mole) of the compound of Example 1,
3-trimethylsilanyloxy-but-2-enoic acid ethyl ester is added, keeping the internal temperature
below -70°C. After stirring 25 minutes, 44 mL of trimethyisilyl chloride (0.347 mole) is added

while keeping the internal temperature below -70°C. The mixture is then allowed to warm up
to room temperature. After evaporation of solvents, the residue is stirred in 250 mL of
hexane, cooled with an ice bath and stirred for 1 hour, followed by filtration to remove solids.
The filtrate is evaporated to obtain 64.7 g of 1-ethoxy-1,3-bis-trimethyl-silanyloxy-buta-1,3-
diene as a yellow oil, which is used without further purification in the following step. The

material is protected from moisture and stored in a freezer (-35°C).

Example 3

Preparation of (E)-(55)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl}-5-hydroxy-3-oxo-
hept-6-enoic acid ethyl ester.

1) Ti(Oi-Pr), + (S)-BINOL
THF, mol sieves (4A)

.

) (CHISIO OSICH),

OEt
3) HO0+




material is protected fromnoisture and stored in a freezer (-35C). Exanple
3 Preparation of

(E) - (5S) - W B/0c6y3sk opr opyl - 4- (4-f 1 uor o- phenyl ) - qui nol i n- 3- WWATYERIBPEROOX Y - 3- OX
0- hept-6-enoic acid ethyl ester. FF kN 1) Ti(G - Pr)4 + (S)-BI NOL THF,

nmol sieves (4A) 2) (CH3)3SiO ~~CSI(GHY3 OH OO H : % 'Ot CEt 3) H30+ N VO
03/ 064382 PCT/ EP03/00804 -17- Method 1: To a dry 500 nL flask under
nitrogen atnosphere are charged 25.4 g of

(E)- 3dl{43thBMql opr opyl - 4- (3 fl uo[)odphenyl) qui nol i n 3-yl]-pr openal, pr epar ed
according to a process described in "Synthesis Eval uati ons
of Qui nol i nE2 %é&é@%'%ﬁun%HEW%@W hgrq Bes %%@%’I"ggr?fc Med. Chem ,

VO' %DEP@FIQ -c9E18Propyias( 4—%bher@4)0cﬁﬁndmt\cﬁyl] fbpaﬂalgpré&realab&rdm@ wal €% and 5

ecul ar si eves A activat ed
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(4 1ol ged,d a?s{(setlhﬁlﬁiiﬁrb’m&do}%n:lcsmgﬁ ADRerh I9ol. 8, pheroaddad (Zb’(ﬂPVM G80 mdlee m xture

becones i medi a . After stlrrln 30 nn room
t enper@PligdS)-BINOL 4 '(nﬁﬁdv)tandé erof mplegular sigyes)( 48‘fa°f'1‘?ée‘5: dZQ)q mEdnpl e 2,
1 -et dﬂou§1&+a31¥afdftﬁrsﬁ RS @HM o idureds tirded o @@mmﬁe@dds@nmr OIOWI se

over 1 nut es Is kept in a 18C water bath to maintai

i nt er N melet of daniue ¢ I@wrmldevﬁéh% sddgrdrorwiss-j Hhegixiire PSEMER rér ature
?E;i gh%g |@9~%@%§§%‘Lﬂﬁ&§stﬂ{lg 30 nalrnutes at room tempera’iure 3?? 2 g (about 44 ml_I _

- -f1 uor o- y ui nol i n al is
noni t of-348 ppley IQtﬂ(%@VGRé’PW pf ‘5@5{‘@?@# F.@Jé)sm@ 1 W’séf‘@éﬁ‘i/lﬁha’gﬂﬁggw TRaction
time V&%?h@% addb@ drdbwiedbvet 90 Frzndi@w $hé‘ﬂ§§ﬂ§lk8§k I8 18PE waltdrwath ©f maintait yst
used. After the reaction is | ete, 50 of water is addedda}r‘ld t he

i xt ur @ interag) derBEeTAIL® balﬁW|2éeré( f MiXtHg,is fﬁ"ﬁiabrpomfempewure an
trifl U&&ﬁﬁﬁﬁl?drﬁe%?? Eyd@tﬁklob% ﬂﬂ@dﬂquBq)Héhyly Hﬂlﬂolirﬁ&?ﬂipﬂ)ﬁ!édaltl@ warmto room

tenperature over out m nu At this tine d atjon is conplete as
Juggedmgpltorg@by TLC (33% ethyl acetate/hexane R; aldehyde = 0.65). ' RéSctlon time vatias'

from 1 hour to 72 hours depending on the amount of catalyst used. After the reaction is
complete, 50 mL of water is added and the mixture is cooled with an ice bath, then 10 mL of
1:1 (*:y) trifluoroacetic acid/water is added. The mixture is allowed to warm to room
temperature over about 30 minutes. At this time desilyation is complete as judged by TLC
(disappearance of silyloxy aldo! adduct R; = 0.75, appearance of desilylated product R; =
0.22). The mixture is added to a rapidly stirred flask containing 400 mL of ethyl acetate and
100 mL of saturated aqueous sodium bicarbonate. After stirring 5 minutes, the mixture is
filtered to remove molecular sieves. The organic layer is separated and washed with brine,
dried over anhydrous sodium sulfate and filtered. After solvent removal by evaporation,
about 150 mL of hexane is added to the resulting oil over 45 minutes to induce precipitation.
The mixture is stirred in an ice bath for additional 45 minutes. The precipitated solids are
collected by vacuum filtration, washed with cold hexane and dried overnight under vacuum at
35°C to form 33.8 g (94%) of (E)-(5S)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-5-
hydroxy-3-oxo-hept-6-enoic acid ethyl ester in 97.4% optical purity (HPLC: Chiralpak AD;
eluent, hexane/i-PrOH - 94/6; flow rate 1 mL/min.; UV @254 nM).

Method 2:

Under nitrogen a dry 1,000 mL flask is charged with 1.44 g of (5)-BINOL, 14.8 g of
molecular sieves 4A powder (previously stored for at least 24 hours in an ordinary
convection oven at 110°C), and 210 mL. of anhydrous tetrahydrofuran. The mixture is stirred

at 20 + 2°C for about 15 minutes, then 1.49 mL of titanium (IV) isopropoxide is added



(di sappearance of silyloxy aldol adduct Rf = 0.75, appearance of
desilylated product Rf = 0.22). The mxture is added to a rapidly stirred
fl ask conwa 03ioagesd00 nli of ethyl acetate and 100 ni of satQwErcedosagueous
sodi um bi carbonate. After stirring 5 mnutes, the mxture is filtered to
renove nol ecul ar sieves. The organi c1Bayer is separated and washed with
brine, dried over anhydrous sodiumsulfate and filtered. After solvent
renoval by evaporation, about 150 nL of hexane is added to the resulting

oil o ; . : M o S \ viged in an
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t oC f Y 3 . . .
(B Feghoper’s 3B af it ff g ks Shmorfor 10 e e porione gt 6409
hydr oxgbQut g1 anliep tthée@npiundand iExampleyd, testhexy-1,8-bisririmmatiayisiinodexypenta-tys-( HPLC:

Chi ral pak AD, el t | - : : ; @54
) BeTsosher ot pplf B8 orEntBler sBil s mir A i cholfelih®) ang ¥, 0%
oI I( S) w?lirl@@()hrrﬁmtz&_ lpfore aduiriggbe hext poirtiene STheANtsowal tamigsates @Ml%‘iﬁ?ig la%d fo ][
a eas £ urs in an qrdinary. vec - 0
an hydr%ﬂE%tA@et ﬁﬁﬁ%‘?ac;??ﬁea(ﬁ.aqﬁgd%{sﬁ%tg??c}sﬂ)gﬂ(%%g (‘9"2{' é%%qglfthbﬁf about 15
g]C'rI]';JtE ?%?Hygg&401,6599§lméemfheftrbacaimhgm?%rhplztei, thepmixfuoe isdmolasi_veiﬂtmrdica\@amiﬁrrgg43éizc
A rop e and .t he. dar .
and st Q'F‘g(ﬂ’?gg/° (Slé %”ﬁﬁ?%&au?rﬂg?\eﬂc@%gl %85%%2%@0%&(@]@2@ a@@é.rdgs3°%’?
( (215) a%ﬁ%eraymlbpwtep%d) :rﬂnqtég,ﬁl?mdesﬂm?myis)jumdrwmpipteb%/n]_Cz(dl_sppmmeme is f
adde S.8 soli e ure stirr . S. % ; S 0
4. 6 o) SmBRIe) PR a0 P PR B bt o G Bl UG 2 0.22)" ABShAARS
- et ontﬁc%gléd iith ahﬁd:egﬁthyz?d ispg?flﬁﬂyév@meusphoanéc )acid ig drigledadded, 38ddi ng
each portjion aver. abauf . nut.es 0 : b
m mut e BbPES s Ha ARG Tpd RS IR TR Bl e
Era} n; air?nsmhoaﬁs, {héﬁ the?gfye@i elszpﬁmaamdc Fhefaqaéoleisyhs is extrammtq\@itrea oyl PEE E 2:1
" exane C, al dehyde = 0. | ete,
the i BeUER g ssiead g o0 s e hingt 56 batfeh B {ISd pLEEIRAC
:[A\ ][ i fl ug%@agegdxﬂumcdhﬁ)ribg. Sdlbireldts aféeenmovet] oy gofosvaymrated dno the)mwltin_gwﬂ@r at ure.
ter 30 m nut t esi at.ion i . pear ance
of sil g'P%Bk‘g?%dﬁ‘ gg? "}uﬁﬁ?&ﬁf’&éns.esf%‘?or%S%g’grggﬁrgcg%c@ ‘%é-gssl}l?%('yﬂ:gg gé&é 8?% uct Rf =
0. 22) . repb&tediwith wiheadditional 150 mL of n-butanot to form (E)-(5S)-7-[2-cyclopropyl-4-(4-fluoro-
phenyl)-quinolin-3-yl]-5-hydroxy-3-oxo-hept-6-enoic acid ethyl ester in 99.3% optical purity
(HPLC: Chiralpak AD; eluent, hexane/l-PrOH - 94/6; flow rate 1 mL/min.; UV @ 254 nM).
The product may be used in the next step without further purification.

It is possible to prepare molecular sieves 4A powder at other temperatures and also
to add the appropriate amount of water to the THF solution of (S)-BINOL and molecular
sieves (MS) in order to adjust the water content to the desired range. The effect on optical
purity of these factors as well as the ratio of MS to (S)-BINOL is shown in the following table:

MS:(S)-Binol ratio  Optical Purity

MS preparation (") (%)
Stored in 110°C oven >24 hours 2.6 89.4
Commercially Purchased Activated MS 4.2 95.8
Stored in 140°C oven >24 hours 4.2 97.6
Stored in 110°C oven >24 hours 4.2 98.4
Stored in 65°C oven >24 hours 4.2 98.4
Stored in 110°C oven >24 hours 4.8 98.7
Stored in 110°C oven >24 hours 10 99.0-99.6
MS dried to 6.1% (w/w) water content at 125°C under dry N, 10 96.4

MS dried to 8.9% (w/w) water content at 125°C under dry N, 10 98.5
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The m xt unw® a3messerred for 3 hours, then the |ayers are SEparmBeeko4 The
aqueous layer is extracted with 210 nL of t- butyl nethyl ether and the
organic layers are conbi ned and washed9with 4 x 150 mL of 10% aqueous
sodium chl oride. Solvents are renoved by rotoevaporation and the resulting

oil is dissolved in 150 nL of n-butanol and evaporated under reduced
pr essur @s willieS D WARHED dogtemrae,g%at%aﬁzo/wdgd an additiongd 150 nL Ofggly but anol
to form(E-(5S)-7-[ 2-cyclopropyl-4-(4-ftuoro-

phenyl) - qﬁlnolln 3-yl]-5-hydroxy- 3-oxo-hept-6-enoic acid ethyl ester in
99. 3% Qg - purity (HPLC. Chiral pak AD; eluent, hexane/l-PrCOH - 94/6;

f1 ow r aliedargofiianry S6Mn® Adek i8 dharged With pm@@) Bfmmtzs iRy Qﬂ??@atﬂ/@}yt step
Wi t hout further Bu”fd;lcatlon repar.e nol ecu si eves 4A

powder Y MgteRuliar éﬁﬁ“é%tegﬁﬂwg‘?rs@atef 80'?}38" Qe )zﬂ5‘|5’r1§8rm'af3%a%‘r?8%t of

wat er tt@tramaronﬂEn %@hﬁmur@ueﬁpu &)wﬁéﬂ\lﬂmsaﬁs&u?@is%ﬁma@ét 26 L-@6e3 fdrNHour,n or der
to adjuyst the water §/§ desired range. The effect on opti cal

purity 1gn 9 Re &- ‘?f&E‘i'B‘i"E '%fa@rfrp%@et(ﬁm"/ai 'iS@dHFd Q@pt"’bse(aé)d 1B Aak rpg shown in

E he V\; 0|(H1|Qfﬁfegt§ whle@ to b1 dRngred 120 ri! theAbodld bhok 1odh Dpenanaféron
or I N r C| a ur cnase
O o Ly A P A uf 2 St o AT s b hase

110C oweid a%thaoﬁmrélst&r&&oﬂm Sh:orS%dem poﬁéﬁé @Nmse?g/éamlﬂeﬁ nfk, 8.298.rdol) St or ed
in 110C oven >24o)8 St or ed oven >24 hours 10 99.0-99.6
B dr | 68 MAPOGPOUDE GETFMbla Zer- by dhi eSS IR Brie RS Lo 0o dir | o

t 0 8. 9%dtud, WHdivateRich B RioA Ity aébolﬁé%u Rdly 8%th&¥id) AnB8vaingBd0RindfidAst8 2
PCT/ EPO3 00804w@ % ® I 'Gﬁ ﬁéo cont é(?\)t nand geg%HZO added 10

98. 9 ing dhegnext portlon '\I,"\fwe lnterna]ﬂ tem erat re is maintained at 20 + 2°
of aldehyde is monitored by TLC (2:1 (v/v) hexane / EtOAc, R;aldehyde = 0.65). When the

reaction is complete, the mixture is cooled with an ice bath and 150 g of 25% aqueous

sappearance

phosphoric acid is added (exothermic) within 10 min while maintaining the internal
temperature below 25°C. The mixture is stirred for 1 hour at 20 — 25°C. The desilylation is
judged complete by TLC (disappearance of silyloxy aldol adduct R; = 0.75, appearance of
desilylated product R = 0.22). Afterwards the layers are separated. The organic layer is
extracted with 87 g of 25% aqueous phosphoric acid. The combined aqueous layers are
extracted with 2 x 130 mL of t-butyl methyl ether and the organic layers are combined and
washed with 4 x 76 mL of 10% aqueous sodium chloride. Solvents are evaporated under
reduced pressure, the resulting oil is dissolved in 100 mL of n-butanol and the solution is
evaporated again under reduced pressure. This process is repeated with an additional 100
mL of n-butanol to yield 49.4 g of an oily residue. 247 g of heptane fraction are added to this
oil and the mixture is warmed to 45°C + 1°C and stirred for 1 hour. After cooling to 0 - 5°C
the mixture is stirred for another hour at that temperature. The precipitated solids are
collected by vacuum filtration, washed with 2 x 30 mL heptane fraction and dried overnight
under vacuum at 60°C to afford 26.3 g (89%) of (E)-(5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)-
quinolin-3-yl}-5-hydroxy-3-oxo-hept-6-enoic acid ethyl ester in 99.7% optical purity (HPLC:
Chiralpak AD-H; eluent n-hexane / ethanol 90/10; flow rate 1.0 mL/min; T = 30°C; detection
UV at 244 nm) and 95.7% chemical purity (HPLC: YMC-Pack ODS-AQ; eluent 0.01 M
aqueous ammonium acetate solution / acetonitrile 45/55; flow rate 0.7 mL/min; T = 60°C;
detection UV at 245 nm).
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acetate. After mixing, the layers are separated. The organic solution is concentrated, and

O

the residue is dissolved in 400 mL of ethyl acetate, to which is slowly added 70 mL of 30%
(":w) agueous hydrogen peroxide, using a cooling bath to keep the internal temperature
below 25°C. After stirring for 1 hour at room temperature, stirring is discontinued and the
layers are separated. The organic layer is washed with 150 mL saturated sodium suliite
followed by 150 mL of brine to which 15 mL of saturated aqueous sodium bicarbonate is
added. After evaporation of solvents from the organic layer, the resulting oil is distilled with
toluene followed by heptane to obtain a crude oil in 97.2% optical purity (HPLC: Chiralpak
AD; eluent, hexane/i-PrOH - 94/6; flow rate 1 mL/min.; UV @ 254 nM). The oil is dissolved
in 330 mL of 90:10 ('A) cyclohexane/methyl-t-butyl ether at 45°C. Cooling to room
temperature and stirring overnight results in the formation of a small amount of solids. By
filtering off the solids the optical purity of the product remaining in the mother liquor is
enriched 1o 99.3%. Evaporation of the mother liquor gives a thick oil which is purified by
silica gel chromatography (ethyl acetate/hexanes) to form 20.8 g of (E)-(3R,55)-7-[2-



aqueous ammoni um acetate solution / acetonitrile 45/55; flowrate 0.7
mmin; T = 60C;, detection UV at 245 nn). WO 03/064382 PCT/ EP03/ 00804 - 20-
Exanpl e 4wer@spaszaei on of PCT/EP03/00804

(E)- (3R, 5S)-7-[2-cycl opropyl - 4- (4-fl uoro-phenyl)-quinolin-3-yl]-3,5-di hydro
Xy- hept-6-enoic acid ethyl ester. E2E-OH OH O OH O O 1) NaBH4, Et BOMB
KN~ OEt THF, -78 C 2) NaHCO3 / Et OAc, HZO2 OEt N To a dry, 1 L flask in a
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stirred for m nutes after internal tenperature is below -70C. 10.8
mL of W'@twm%@%M%MHﬁf (0.082 nole) is added dropwi se over about 10
m nutes. The mixture is stirred for 15 mnutes, then a solution of 30 g of
the cqp sof Exanple 3, (E)-(59)-7-[2-

cycl opropyT-4-(4-fl uoro-phenyl)-quinolin-3-yl]-5-hydroxy-3-oxo- hept - 6- enoi ¢
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of saturated]aqueous sodi um bi carbonate and 400 of ethyl acetate. After

m xi ng, the ™&yers are separated. The organic g0 ion is concentrated, and
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Under a nitrogen atmosphere, to a 250 mL flask are added 5.75 g (0.0128 mole) of
the compound of Example 4, (E)-(3R,5S)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-
3,5-dihydroxy-hept-6-enoic acid ethyl ester and 40 mL of ethyl alcohol. The mixture is stirred
until a clear yellow solution is formed. The solution is then cooled to an internal temperature
in a range of 0-3°C, and 2.6 mL of 5 N aqueous sodium hydroxide solution (0.0128 mole) is
added dropwise. The reaction is held at this temperature for 45 minutes. TLC (ethyl
acetate/ hexane = 3:7) shows that the starting material has disappeared and the reaction is
complete. The solvent is removed on a rotary evaporator at a temperature less than 45°C
75 mL of water and 50 mL of methyl-t-butyl ether are added to the residue, and the mixture
is stirred for 10 minutes, the layers are separated and the aqueous layer is washed twice
with 50 mL of methyl-t-butyl ether. To completely remove organic solvent, the aqueous
solution is concentrated to 20 mL with a rotary evaporator (water bath <45°C), 50 mL of
water is added to the residue, and the solution is re-distilled to 20 mL volume, and again 50
mL of water is added, then re-distilled to 20 mL under the same condition. 200 mL of water



tol uene foll owed by heptane to obtain a crude oil in 97.2% optical purity
(HPLC. Chiral pak AD;, eluent, hexane/i-PrOH - 94/6; flowrate 1 nL/mn.; W
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(E)- (3R, 5S)-7-[2-cycl opropyl - 4- (4-fl uoro-phenyl)-quinolin-3-yi]-
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A.  6-[2-{2-Cyclopropy!-4-(4-fluorophenyl)-quinolin-3-yl}- E-ethylenyl}-tetrahyhydro-4-
hydroxy-4R-trans)-2H-pyranone hydrochloric acid salt

A solution of the compound of Example 5, (E)-(3R,5S)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-
quinolin-3-yl]-3,5-dihydroxy-hept-6-enoic acid ethyl ester (45.4 g, 0.101 mole) in 400 mL of
MeCN is added to a mixture of 11.2 mL of concentrated HCI acid and 400 mL of MeCN while
maintaining the reaction temperature at 20 +2°C. After stirring for 3 hours further at 20 =
2°C, a precipitate is formed and the reaction is cooled to 0 +2°C over 1 hour. The mixture is
stirred for 2 hours further at 0 + 2°C, and the solids are collected by vacuum filtration,



added dropwi se. The reaction is held at this tenperature for 45 m nutes.
TLC (ethyl acetate! hexane = 3:7) shows that the starting material has

di sappeared @rd4I8he reaction is conplete. The sol vent i s rEvEroadosom a
rotary evaporator at a tenperature less than 45C 75 nL of water and 50 niL
of methyl-t-butyl ether are added to23e residue, and the mxture is
stirred for 10 mnutes, the |ayers are separated and the aqueous |ayer is
washed twice wth 50 nL of nethyl-t-butyl ether. To conpletely renove
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forma light-yell ow clear sodiumsalt solution. A solution of 1.035 g of
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sodi Unélﬁéémd\%ﬂbi&d% P JaStatih @alcAis! Y stirring. The solution inmediately
changes to Ite slurry. Stirring is continued for 3 hours further. The
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dried at I N a vacuum oven to obtain pitavastatin cal E éjrmln 99. 4%

opt i caqU'mhnrQ it (Ewbmeny@ﬂ?tr%nyﬁmoﬂy@%éﬁﬁ rapgikalmeyiangp ogloTis aGid oy rat e
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OH O HigeréfiihrdlgfelitNThehitkde Mofdéhe tee NntdelwithA 00imICaanéthyl-t-butyl ether
and the organic washings are discarded. To completely remove methyl-t-butyl ether, the
aqueous solution is concentrated to about 40 mL under reduced pressure (water bath
<45°C) and readjusted to 400 mL. A solution of 1.84 g of calcium chloride dihydrate (0.0125
mole) in 20 mL of water is added to the sodium salt solution while vigorously stirring. The

~ solution immediately changes to a white slurry. Stirring is continued to for at least 2 hours

further. The solids are collected by filtration, washed with 100 mL of water and the solids are
suspended in 75 mL of water and 320 mL of isopropanol. The mixture is heated at reflux
until a homogeneous solution is obtained. The solution is cooled to room temperature and
stirred for 18 hours. The resuiting slurry is cooled to 1-3°C and held at this temperature for 3
hours. The solids are collected by vacuum filtration, washed three times with 20 mL of water
and dried at 55°C in a vacuum oven to obtain 6.5 g (65%) of pitavastatin calcium in 99.9%
optical purity (HPLC: Chiralcel OD; eluent, hexane/EtOH/TFA - 900/100/0.5; flow rate 1

mL/min.; UV @ 254 nM).
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A.  6-[2-{2-cyclopropyl-4-(4-fluorophenyl)-quinolin-3-yl}- E-ethylenyl]-tetrahyhydro-4-
hydroxy-4R-trans)-2H-pyran-one hydrochloric acid salt

In a 20 L reactor under nitrogen atmosphere dry tetrahydrofuran (2.6 L) is cooled to
-68°C and sodium borohyride (106.3 g, 2.78 mole) is added. When the internal temperature
reached -75°C, diethyl methoxyborane (430 g, 2.14 mole, 50% solution in tetrahydrofuran) is
added over 20 minutes followed by 140 mL of tetrahydrofuran. The white suspension is
stirred for 30 minutes, then a solution of the compound produced like in Example 3, Method
3 (498.5 g, 1.07 mole) in 900 mL tetrahydrofuran and 900 mL methanol is added dropwise
over 3 hours keeping the internal temperature below -70°C. The mixture is stirred for 1 hour



solution i mediately changes to a white slurry. Stirring is continued to
for at least 2 hours further. The solids are collected by filtration,
washed w Wwo @@B43sk of water and the solids are suspended RaT/EEH30L800f wat er
and 320 nL of isopropanol. The mixture is heated at reflux wuntil a
homobgeneous sol ution is obtained. The28o0lution is cooled to room
tenperature and stirred for 18 hours. The resulting slurry is cooled to
1-3C and held at this tenperature for 3 hours. The solids are collected by
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temperature at 20°C and the mixture is stirred for 2 hours. After addition of brine (1 L) the
layers are separated and the aqueous layer is re-extracted with 250 mL of isopropylacetate.
To the combined organic layer, aqueous sodium sulfit (2 L, 8% solution) is added and stirred
for 30 minutes until a peroxide test is negative. After separation of the layers, the organic
layer is washed with 1 L of water and evaporated to dryness at 30-40°C under vacuum. The
resulting oil is dissolved in 3.2 L of acetonitrile, evaporated to dryness, re-dissolved in 2 L of
acetonitril and filtered through celite. This solution is added over 20 minutes to a mixture of
37% hydrochloric acid (142 g, 1.44 mole) in 3 L acetonitrile. After seeding the mixture is
stirred for 3 hours at 20°C and over night at 0-5°C. The solid is filtered off, washed with
840 mL cold acetonitrile and dried at 35°C in a vacuum oven to afford 389 g (82%) of
6-[2-{2-cyclopropyl-4-(4-fluorophenyl)-quinolin-3-yl}- E-ethylenyl]-tetrahyhydro-4-hydroxy-4R-
trans)-2H-pyranone hydrochloric acid salt as a pale orange powder.

B.  (E)-(3R,55)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl}-3,5-dihydroxy-hept-6-

enoic acid calcium salt, pitavastatin calcium

Under a nitrogen atmosphere, 388 g (0.873 mole) of the 6-[2-{2-cyclopropyl-4-(4-
fluorophenyl)-quinolin-3-yl}- E-ethylenyl]-tetrahyhydro-4-hydroxy-4R-trans)-2H-pyranone
hydrochloric acid salt is suspended in 9.6 L of water, and 349 mL (1.746 mole) of aqueous 5
N sodium hydroxide is added. The mixture is stirred for 2 hours, then filtered through celite
and washed with 2 L of water. The filtrate is washed three times with 3.8 L (= 11.4 L) of
ethylacetate and the organic washings are discarded. To completely remove ethylacetate,
the aqueous solution is concentrated to about 11 L under reduced pressure at 35-40°C. A
solution of 70.61 g of calcium chloride dihydrate (0.480 mole) in 786 mL of water is added to
the sodium salt solution while vigorously stirring. The solution immediately changes to a
white slurry. Stirring is continued to for at least 2 hours further. The solids are collected by
filtration, washed with 2 L of water and dried at 40°C/20 mbar for 24 hours to obtain
pitavastatin calcium (358.5 g, 93%, purity 99 area-% HPLC); diastereomeric purity 98.9%
(HPLC: YMC-Pack Pro C18; eluent 0.01 M aqueous sodium chloride solution, acetic acid,
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6-[2-{2-cycl opropyl -4-(4-fl uorophenyl)-quinolin-3-yl}-E-ethylenyl]-tetrahyh
ydr o- 4- hwdraxg438R- t r ans) - 2H pyran- one hydrochl ori ¢ aci d salT'ER0B/0€8020 L
react or under nitrogen atnosphere drg tetrahydrofuran (2.6 L) is cooled to
-68C and sodi um borohyride (106.3 g;<2°78 nole) is added. Wen the internal
tenperature reached -75C, diethyl net hoxyborane (430 g, 2.14 nole, 50%
solution in tetrahydrofuran) is added over 20 m nutes followed by 140 nL

of tetﬂl-ﬁ@)dﬂﬁé&ﬁéﬁo?rﬂow'rﬂa@e QMBI il ISP en®PO detsctiontUV a2t ravl); 8ptica puritgs, t hen a
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stirred for 1 hour V\D 03/064382 P PO§ &%gf%/ 25 at this tenperature and
t hen \Riasiegomsne BUGof 99-8fnthath ICB Yy fe solution 5% (5.3 L) is
added, followed by 2 L of isopropylacetate. After vigorous stirring for 10
m nut eSxaatple 80C, stirring is discontinued and the |ayers are separated. The
aqueous pﬁlase is re-extracted with 800 nL of isopropylacetate. After
evapor at i ore@fensﬂéuwemoﬁerferreagémewm differeme & graymeihavé hyer eluaded H0C, t he

resulting oil is. dissolved in 2 : Xi de
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re-extracted wth 250 nL of isopropylacetate. Tq the conbined organic
sodi um sul 4 fict@h, k(s)-BRoISOl Ut i on) _F§ _added and stirred for

30 m nutes a per oxi deTHresd siqves 4iegat i ve. 4 separation of the

| ayers, th @ nic layer is washad with 1 L

dryness at 36+40C under VacuuT loThebs,,(qz@gul ting o

acetonitrile, evapora‘ed y ess} re-dissolved in

| ayer, aqueo

and fil celjte. Z6bat i on ~ I M'esORp a
m xt ur ¢ hydrochloric acid (142 g, in 3 L acetonitrile.
Af ter e m xture ’ﬁz Stddged for 3 atN20C and over night at

d acetonitrile and

0-5C. Thé soldl'ltere OFF. \ashed with 840 nL cq|f
dried at 35C in a Yacuumoven to afford 389 g (82% of
6-[ 2- {2 cycl opropyl -4-(4-fl uorophenyl) - qui noI in-3-yl}-E-ethylenyl]-tetrahyh
ydr o- 4- hydr oxy- 4R-

The results are summarized in following table, and show that greater enantiomeric

purity is achieved when R; is a linear alkyl group, such as methyl, ethyl or n-propyl, as

compared to a branched alkyl group, such as isopropyl or isobutyl:

Ry Yield' (%) Optical purity® (%) mp (°C)
Me 62 98 47-51
Et 91° 97° 81-84
n-Pr 91 98 Oil
i-Pr 74° 83° 82-83
MeO(CH,)z- 20 90 Oil
i-Bu 71 80 oil
Benzyl 47 88 Qil

"Isolated yields.
2Determined by HPLC.
3Average of two experiments.

Example 9



trans) - 2H pyranone hydrochloric acid salt as a pale orange powder. B.
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stirred forfF2 hours, then filtered through celite and washed with 2 L of
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5(S) - hydr ox ket oesters 'as %
THF, noB4804% Retch(Np§7701LS) havmg a dlameter of 1.6-mm. The 4A moI sieves were

confined to the middle part the 1”-tube using metal mesh screens. The top and bottom of the

S)- BI NOL \

tube were packed with 3-mm Pyrex glass beads. The sieves were heated to 115°C under a
flow of N, (100 cm¥min) and kept at this temperature for 12.5 h. Heating was accomplished
using an electrical heating tape wrapped around the tube. The temperature of the bed of
solids was determined using a movable RTD placed inside a 1/8” tube mounted co-axially
inside the 1” tube. The two three-way valves were than switched to allow flow into the tube
from the vessel, and out of the tube back to the vessel.

The vessel was purged of air with nitrogen, and charged with:0.4788 g of (S)-Binol,
10.70 g of aldehyde, and 222.03 g of tetrahydrofuran, and sealed. The agitator was turned
on at 250 rpm, and the vessel headspace was purged of air. Flow to the recycle loop was
started by turming on the recycle pump (recycle flow rate = 825 cm®/min) and the agitation
rate was reduced to 225 rpm. The batch temperature was controlled at 19°C.

After about 30 min, 45.44 g of a solution (comprised of 1.00 g of titanium (V)
isopropoxide in 88.95 g of THF) was added using the dosing pump over 6 min. About 20-min
after this addition, 4.31 g of disilyloxydiene were added over 6 min. After 1 h, a second
portion of disilyloxydiene (8.9 g over 2 min) was added. After 1 h, a third portion of
disilyloxydiene (8.8 g over 2 min) was added.. After 2 days, the aldehyde disappearance was
complete based on TLC analysis. The vessel and recycle loop were emptied and the
reaction mixture was worked up in a separate flask by adding slowly 25 mL of 20% (v/v)
aqueous trifluoroacetic acid keeping the internal temperature below 10 °C (ice bath cooling).



/ 02) (CH3SI0O CSI(CH3 OCHOO \ I N3) H2O F3CCOOH N The results are
summarized in follow ng table, and show that greater enantioneric purity

i s achi evew oshve#ss®R, is a |inear al kyl group, such as net hyGT/EROBMISOOr
n-propyl, as conpared to a branched al kyl group, such as isopropyl or
isobutyl: R Yield (% Optical purit¥-(% nmp (C M 62 98 47-51 Et 913
973 81-84 n-Pr 91 98 G| i-Pr 743 833 82-83 MQ(CH2)2- 90 90 QI i-Bu 71
80 G Benzyl 47 88 G| ' lIsolated yields. 2Determ ned by HPLC. ' Average

of tworgX Hﬂthféﬁﬁésﬁhen FaARB ® %omeﬁﬁfe%ﬂr%%%d%@?—rég?’&?&bqgﬁ%s TEE shéwddP SH,
OHCCH HNC CH1) ( 2 Bi nol Pro4) T1 A Ml ecul ar sl aves,
THE + epnversiorooigheinitial rimethylsilyl adduct to (S1)was complete 300 mL of +BuOMe and

200 mL of saturated NaHCQO; were added and the mixture was stirred thoroughly. After
filtering the mixture to remove a small amount of insolubles, the layers were separated and
the organic layer was rotoevaporated to obtain an oil which was distilled with n-BuOH (2 x
160 mL, 45 °C bath temp, about 20 mbar) to remove ethyl acetoacetate (formed by
hydrolysis of the excess disilyloxydiene during workup). Based on NMR analysis of the
crude product, an (Sy’) yield of 81.6% was obtained, and the amount of undesired
enantiomer was below the limit of detection.

Example 10
The vessel recycle loop used in Example 9 was rinsed three times, each time with at

least 250 mL of tetrahydrofuran, and subsequently dried by flowing nitrogen at room
temperature. The dry vessel was charged with: 0.48 g of (S)-binol, 10.67 g of aldehyde, and
222 g of tetrahydrofuran. The loop and vessel were purged of air with nitrogen. Thé agitator
was turned on, and recycle flow was started at the same flow rate as in Example 9, with the
batch temperature controlled at 19°C.

After 20 min, 44.96 g of a solution of titanium (IV) isopropoxide (prepared by adding 1
g of the latter to 89.10 g of THF) was added over 4 min. After 30 min, 4.4 g of
disilyloxydiene were added over 10 min. A second portion of disilyloxydiene was added (8.6
g over 2 min) one hour later. A third disilyloxydiene portion (8.8 g over 2 min) was added
after 1 hour. After 2 days, the reaction was stopped and the reaction mixture was worked up
as in Example 9. The yield of (Sy’), based on NMR analysis of the crude, was 90%, and the
amount of undesired enantiomer was below the limit of detection.

While the invention has been described with particular reference to certain
embodiments thereof, it will be understood that changes and modifications may be made by
those of ordinary skill within the scope and spirit of the following claims:



I N (SOS) 5(S)-hydroxy-3-ketoester (Si') was prepared using an external
recycle reactor. The reactor contained a 0.5-L jacketed vessel equi pped
with a rewoestoseaseve i npel l er and terrperature sensor to deTeEruBaesos he
batch tenperature; a recycle punp; a -OD tube packed with solids; two
t hree-way val ves pl aced, respectlvely29at the inlet and exit of the tube;
connecting tubing to form an external recycle |oop; and a dosing punp for
adding liquid to the recycle loop The 1"-0D tube was packed with 5.06 g of
4A nol VHAY4ES BAIMED I1I$Al drich, Cat. No. 334304, Batch No.07701 LS) having
a dianeter of 1.6-mm The 4A nol sieves were confined to the mddle part
thel"-tueu net al . mesh scree ott of the tube were
packed 'wi t%@eﬁﬁa%ifrpé‘??a&ngsc?wg&ags H"’Wlfég g‘?rg'\?%&s\?\)eggsh@'e{ St fgllomissc under a
flow of N2 (100 cnB/mn) ang,kept at this tenperature for 12.5 h. Heating
was acconplished wusing an I ectrical heating tape wapped around the tube.
The tenperature of the bed solids was determ ned using a novabl e RTD
: 4l co- axially inside the 1" tube. The two

t hree-way val ves were tha it ched to aIIowrow into the tube fromthe
vessel, and out of the tubeJback to t Gid ' O The vessel was purged of
air wnth ni trogen, X (S) - Bln% 10.70 g of
al dehyde, and 222.03 zhy 1 steked ‘3 agi tator was
turned on at 250 Rzpm 0 the vessel headspace was' purged of air. Flowto
the recycle | oop was &S by _turning on the recycle punp (recycle flow

: on rate was reduced to 225 rpm The
batch tenperature was controlled at 19C. After about 30 mn, 45.44 g of a
sol ution (conprised of 1.00 g of titanium (I1V) isopropoxide in 88.95 g of
THF) was added using the dosuqzq punp over 6 mn. About 20-mn after this
addition, 4.31 g of disilyloxydiene Were added over 6 mn. After 1 h, a
2 mn) was added. After 1 h,
2 mn) was added.. After 2
based on TLC anal ysi s. The
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said method comprising condensing a disilyloxydiene having Formula (I1)
(R);Si0 OSIi(R'),

=
H,C OR,

with an aldehyde having Formula (Qy), (Q.), or (Qs) as follows:

)



reaction m xture was worked up in a separate flask by adding slowy 25 ni
of 20% (v/v) aqueous trifluoroacetic acid keeping the internal tenperature
bel ow 10 ®Qi3me43sat h cooling). WO 03/ 064382 PCT/ EP03/ 0080 CT/RX®3/0b894 m Xt ur e
was then warmed to roomtenperature and stirred for 30 m nutes. TLC showed
conversion of the initial trinmethylsid0yl adduct to (S,') was conplete. 300
mL of t-BuOwe and 200 nL of saturated NaHCO3 were added and the m xture
was stirred thoroughly. After filtering the mxture to renove a small
amount of insolubles, the |ayerg were separated and the organic |ayer was
rot oevaporated to obtain an oil |#hich was distilled with n-BuOH (2 x 160
m., 45 C bath tenp, about 20 to renove ethyl acetoacetate (fornmed by
hydrol ysis of the excess digi p ene during workup). Based on NWR

anal ysis of the crude produt , ') yield of 81.6% was obtai ned, and

t he amount of undesired enanti?® @low the |imt of detection.
Exanpl e 10 The vessel regycle | dop us Exanpl SQ% was rinsed three
times, each time with at X [~ Def rahydr of uran, and subsequently

tenperature. The dry vessel was charged
with: 0.48 g of (S)-bindl'\S{10°67 4 ef al dehyde, and 222 g of

t etrahydrofuran. The | oop/and vdtsel W?’e purged of air with nitrogen. The
agitator was turned on, and recycle ffow was started at the sane flowrate
as in Exanple 9, with the batch tgnperature controlled at 19C. After 20
mn, 44.96 g of a solution of titaddium (IV) isopropoxide (prepared by
adding 1 g of the latter to 89. 1Oyg of THF) was added over 4 mn. After 30
mn, 4.4 g of disilyloxydiqu : over 10 mn. A second portion of
di silyl oxydi ene was added (8. in) one hour later. Athird

di silyl oxydi ene portion (8.8 g ove n) Was added after 1 hour. After 2
days, the reaction was §%opped and t helfjreaction m xture was worked up as
in Exanple 9. The yieIH3 A5, Based on NVR andF&kis of the crude, was
90% and the anmount of undesi rh engntiomer was below the limt of
detection. Wiile the invéhts as pHeen _descri bed with particul ar reference
to certain be understood that changes and

dried by flow ng nitrogeA
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in the presence of a titanium (V) catalyst of the Formula (IV)
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in an inert solvent to obtain a 5(S)-hydroxy-3-ketoester having Formula (S1), (S2), or (Ss),

wherein



those of ordinary skill within the scope and spirit of the follow ng

clainms: WO 03/064382 PCT/ EPO3/ 00804 -29- WHAT IS CLAIMED IS: 1. A nethod
for prepaniongg/os@spounds havi ng Fornmula (S1), (S2), or (S3)PGazEHGIISOMS: R2
RBRAOHOORS OR(S) 1 RERNR HOO RBRA I ORL H3IQO(S) HICN

CH3 CH3 CH3 H3C CH3 OHO O N OR1-3H3C, R4 N (S) OR3 R2 CH3

sai d net hod

conpri sing condensing a disilyloxydiene having Formula (Il1) (R)3SIO

oSl (R)3 H2C/ OR1
R, is, independently, an unsubstituted or substituted alkyl, cycloalkyl or aralkyl;

R, Rs, Rs, Rs, Rs and Ry are, independently, hydrogen, halogen, hydroxy, optionally

substituted alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally

substituted alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy;
Rg is a lower alkyl; the binaphthyl moiety is in the S-configuration;
R and R' are, independently, a lower alkyl; and

M is sodium, lithium or potassium.

2. The method according to Claim 1, wherein the molar ratio of a disilyloxydiene of

Formula (1) to an aldehyde of Formula (Q1), (Qz), or (Qs) initially present in the reaction

mixture ranges from 1:1 to 6:1.

3.  The method according to Claim 1, wherein the disilyloxydiene of Formula (II) is

prepared by

(a) reacting an acetoacetate of the Formula (VI)

o o0
(V1)

H,C OR,
with a silylating agent in the presence of a base and an organic solvent to form a

silylenolether having Formula (Vi)

(R,SI0 O

S (Vi)

H,C OR, - and

(b) treating the silylenolether having Formula (Vi) with a base and a silylating agent in

an inert solvent to form the disilyloxydiene of Formula (l1),

wherein

R, is, independently, an unsubstituted or substituted alkyl, cycloalkyl or aralkyl; and

R is a lower alkyl.

4.  The method according to Claim 3, wherein the organic solvent in step (a) is hexane,

and the inert solvent in step (b) is diethylether or tetrahydrofuran.

5. The method according to Claim 3, wherein the base in step (a) is triethylamine.



wi th an al dehyde having Formula (Ql), (@), or (@) as follows: WO

03/ 064382 PCT/ EP03/00804 -30- RR RBRA O RH(Q) RRRNR \ 0 R3/
R4 | H H3O@306@882 (Qz) H3C N CH3 CH3 CH3 H3C CH3 0 N \pAr/ipobis@oli, N N
RA (QB) OH3 0 RBR2 in the presence of a titanium (1V) catal yst of the
Formula (IV) OO0 (IV) | R8 in and$hert solvent to obtain a

5(S) - hydr oxy- 3- ket oester having Fornmula (Si), (S2), or (S3), wherein WO
03/ 064382 PCT/ EPO3/ 00804 -31

6. The method according to Claim 3, wherein the base in step (b) is selected from the
group consisting of lithium diisopropylamide, lithium bis(trimethylsilyl)amide, sodium
bis(trimethylsilyl)amide, and potassium bis(trimethylsilyl)amide.

7.  The method according to Claim 3, wherein the silylating agent is trimethylsilyl chloride
or triethylsilyl chloride.

8.  The method according to Claim 1 wherein the titanium (IV) catalyst of Formula (IV) is
prepared in situ by reacting titanium (1V) tetraisopropoxide with (S)-2,2'-binaphthol of the
Formula (VIII)

9. The method according to Claim 8, wherein the molar ratio of the titanium (IV) catalyst
of Formula (1V) to an aldehyde of Formula (11) initially present in the reaction mixture ranges
from 0.01:1 t0 0.15:1.

10. The method according to Claim 1, wherein R; is lower alkyl, R is halogen; and Rs, Ry,
Rs, Rs and Ry are hydrogen.

11. The method according to Claim 10, wherein R; is ethyl; and R; is fluorine.

12. A method for preparing syn-3(R),5(S)-dihydroxyesters having Formula (V4), (V>), or
(Va) as follows:




R, i1s, independently, an unsubstituted or substituted al kyl, cycl oal kyl or
aral kyl; R2, R3, R4, R5, R6 and R7 are, independently, hydrogen, hal ogen,
hydr oxy, wotdmaadsky substituted al kyl, cycloal kyl, aryl, raTatBoglogso4

het erocycl yl, heteroaral kyl, optionally substituted al koxy, aryl oxy,

ar al koxy, heterocycl ooxy or heteroarda&oxy; R8 is a |ower alkyl; the

bi naphthyl noiety is in the S-configuration; R and R are, independently,
a lower alkyl; and Mis sodium |ithiumor potassium 2. The nethod
according to Claim1, whereify the nolar ratio of a disilyloxydiene of
Formula (11) to an al dehyde |6f Formula (Q), (@), or (@) initially
present in the reaction ] 1:1 to 6:1. 3. The nethod
according to Caim1l, \;}A_SB i ene of Formula (1) is
prepared by (a) reacti 3 2 lhe Formul a (vi) OO (VI) H3C
ORL with a silylating agent senc€ of Qfbase and an organic

sol vent to formlg having Formula (VII) (R3SiO0 (VII) H3C
ORS ; and (b) tr e e enol ether having Fornula(V¥l' 1) with a base
and a silylating agent: i nert solvent to formthe disilyloxydi ene of
Formula (11), wher & dependent |y, an unsubstituted or
substituted al kyl, cycl pal k)}‘f or faralkyl; and R is a lower alkyl. 4. The
met hod according to O ag 3, vvhebﬂisn the organic solvent in step (a) is
hexane, and the inert solvent in Step (b) is diethylether or

t et r ahydr of ur an. H,C

(V3)

said method comprising reducing compounds of Formula (S), (S2), or (Ss) in the presence of
a di(lower alkyl)methoxyborane, a reducing agent, and a polar solvent, wherein compounds

of Formula (S3), (Sy), or (S3) as follows:




5. The method according to Claim3, wherein the base in step (a) is
triethylamne. WO 03/064382 PCT/ EP03/00804 -32 6. The nmethod according to
Claim 3, woer@esssthe base in step (b) is selected from t heeCTHERIBEP0S04
consisting of lithiumdiisopropylamde, lithiumbis(trinethylsilyl)am de,
sodi um bis(trimethylsilyl)am de, and3$otassi um bis(trinmethylsilyl)an de.

7. The nethod according to Caim3, wherein the silylating agent is
trimethylsilyl chloride or triethylsilyl chloride. 8 The nethod according
to Caim1l wherein the titanigm (lV) catalyst of Fornula (1V) is prepared
in situ by reacting titanium (TV) tetrai sopropoxide with

(S)-2,2" -binaphthol of the oL O—|HO(VIII) 9. The net hod
accor di ng to Claim8, where pf the titanium (1V) catalyst
of Fornmula (1V) to an al éh

reaction mxture ranges fro o

nitially present in the
1 t0°0. 157 1. O, The nethod according to
Claim1, wherein %CIS I
R7 are hydrogen.

R2 is halogen; and R3, R4, R5, R6 and
and R2 is fluorine.

according to Claim10, yggrein Rl is ethyl;
gt hod for preparing

w i ngChgrmul a (V1), (V2), or (V3) as
f ol I ows: R2 R3 R4 OH OHJO RSNNO PR, R6 R N WD 03/ 064382 PCT/ EPO3/ 00804

12A

(Sy)

wherein
R, is, independently, an unsubstituted or substituted alkyl, cycloalkyl or aralkyl; and
R2, Rs, Rs, Rs, Rs and Ry are, independently, hydrogen, halégen, hydroxy, optionally
substituted alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally
substituted alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy.

13. The method according to Claim 12, wherein the di(lower alkyl)ymethoxyborane is
diethylmethoxyborane or dibutyl-methoxyborane.

14. The method according to Claim 12, wherein the polar solvent is selected from the
group consisting of tetrahydrofuran, methanol, ethanol, isopropanol, butanol, and mixtures
thereof.

15. The method according to Claim 12, wherein the reducing agent is sodium borohydride
or lithium borohydride.



-33- R OHOHO0O R3 R4 H3CG,, 01 ORL NO

ORL O N 1-111 H3C"

reduci ng won@amdess of Forrmula (Si), (S2),

di (I ower al kyl ) nmet hoxybor ane,

wher ei n conpounds

of Formula (Si), -8%82),

H3C N CH3 CH3 CH3 H3C CH3 OH OH

NNRa (V3) OOR2 R3 CH3 said nethod conprising

or (S3) in the mpIgERIGEIDE a

a reducing agent, and a polar sol vent,

or (S3) as follows: R2 R3 R4 OH

OORS OR(SI) 1 R6 RN WO 03/064382 PCT/ EPO3/00804 -34- -2 OHOO

16. A method for preparing calcium salts having Formula (W), (W2), or (Ws) as follows:

said method comprising:

. ca® (W1)

(W)

2+

Ca
(W,)

(a) condensing a disilyloxydiene of the Formula (I1)

(R),SIO  OSi(R),

=

H,C OR,

(n



RBRA1T ORS H3CG', 0 (S2) H3ICNCH3 CH3 CH3 H3C CH3 OH O O N ORL H3G
)"" R4 N(S) R3 2 CH3 wherein R is, independently, an unsubstituted or
substi t ut @ @loeyds2 cycl oal kyl or aral kyl; and R2, R3, R4,pA@3PoR60samd R7
are, independently, hydrogen, hal ogen, hydroxy, optionally substituted
al kyl, cycloal kyl, aryl, aralkyl, het¥#ocyclyl, heteroaral kyl, optionally
substituted al koxy, aryl oxy, aral koxy, heterocycl ooxy or heteroaral koxy.
13. The method according to Claim 12, wherein the di(lower

al kyl) f ; } v agmliewsdi but yl - met hoxybor ane. 14.
The rre\tﬁﬁ%%'?ébgg@r' ing}ﬁrt%oF%hgiHr]rgﬂfg?b%grg%?\ t he pol ar solvent is selected
fromthe group consisting of tefxahydrofuran, nethanol, ethanol,

i sopropanol, butanol, and m xturk t hereof. 15. The nethod according to
Claim 12, wherein the reducing =t i s sodi um borohydride or lithium
bor ohydri de. WD 03/ 064382 PG 08804 -35 16. A nethod for preparing
cal cium salts having Fornula (W (W), g (WB) as follows: R2 R3 R4

(Q,)

()

Q)

in the presence of a titanium (1V) catalyst having Formula (IV)



OHOO RS Ca2+ (W) 1 0- R RT NRR OHOHO R3I R4 O Ca2+ (W H3C-0 H3C
NCH3 CHB CH3 HBCCHB OHOHOH NOCa 2+ B3 C', M NRA (W I S O1I \O
R 3 RR OW® wsaedssaet hod conprising: (a) condensing a di silpdmosspdioesoe of t he
Formula (I1) (R)3SIOCSIi(R)3 H2C ORL WO 03/064382 PCT/ EPO3/ 00804 - 36

with an al dehyde having Formula (Q)=31Q), or (@) as follows: R2 R3 R4

in an inert solvent to form a 5(S)-hydroxy-3-ketoester having Formula (S;), (Sz), of (S3) as
follows:

(S2)




O RH(Q) RRRRNR O R3RaHICO (@) HICNCH3 CH3 CH3 H3C T CH3
O N\V\ HH3C-NNRa (@B) S OI~-ORR2j 3 H3in the presence of a
titani um pov3easal yst having Forrmula (1V) WO 03/ 064382 PGUTAR®3NGH0804 - 37
\'Rs O,0 OOTIN(IV) R$in an inert solvent to forma

5(S) - hydr oxy- 3- ket oester having Formf8x (Si), (S2), or (S3) as follows:
RARS .

(Sy)

(b) reducing the 5(S)-hydroxy-3-ketoester having Formula (S1), (Sz), or (Ss) to a 3(R),5(S)-
dihydroxyester in the presence of a di(lower alkyl)methoxyborane, wherein the 3(R),5(S)-
dihydroxyester has Formula (V4), (V2), or (Va) as follows:

(V2)




OHOOOR( Si) 1RRROHOO R3RI OR H3C,, 0 (S2) H3C| N CH3 CH3
CH3 WD 03/ 064382 PCT/ EP03/ 00804 -38- H3C CH3 OH 0 0 N ORL H3C, ~, N

O~-0O R3 R2wWOHB/06438) reduci ng the 5(S)-hydroxy- 3- ket oest er

(S1),

R N

Ra (S

e/ ERY 3/6a80mU| A

(S2), or (S3) to a 3(R),5(S)- dihydroxyester in the presence of a
di (I ower al kyl) met hoxybor ane, wherei n3®he 3(R),5(S)- di hydroxyester has

Formula (V1), (V2), or (V3) as follows: R2 R R4 CHOHOR5 (V1)
R2

(c) hydrolyzing the 3(R),5(S)-dihydroxyester having Formula (V4), (V2), or (Vs) in the
presence of an aqueous base to form an alkali metal salt having Formula (X4), (X2), or (Xs)
as follows:

(X2)

OR R6



OHOHOR3 R4 ORL H3C,,, O(V2) H3C I N CH3 CH3 CH3 WO 03/064382

PCT/ EPO3/ 00804 -39- HBC CH3 OHOH ORL N O H3c\ i N/ R4 (V3) OBl \OR,
2 3 OW® 03(oei3sbydrol yzing the 3(R), 5(S)-di hydroxyest er Hcaviikeg/oésos mul a

), (V2)1 or (V3) in the presence of an aqueous base to forman al kal i
al salt having Fornmula (X1), (X2);4®¢f (X3) as follows: R R3 R4 OH OH
Rs (Xi) OMrRER NR OHOHO R3 R4

C3<d

X3)

(d) converting the alkali metal salt of Formula (X3), (Xz), or (Xs) to a calcium salt of Formula
(W4), (W), or (W3), in the presence of a calcium source,

wherein
R, is, independently, an unsubstituted or substituted alkyl, cycloalkyl or aralkyl;

R», Rs, R4, Rs, Rs and Ry are, independently, hydrogen, halogen, hydroxy, optionally
substituted alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally

substituted alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy;
Rs is a lower alkyl; the binaphthyl moiety is in the S-configuration,

R and R' are, independently, a lower alkyl; and M is sodium, lithium or potassium.

17. The method according to Claim 16, wherein the calcium source in step (d) is calcium
chloride.

18. A method for preparing calcium salts having Formula (W,), (W>), or (W53) as follows:

_|ca® w,)




Ow H3CQ | (x2) H3C N CH3 CH3 CH3 WO 03/064382 PCT/ EPO3/00804 -40 H3C CH3
OHOHUW NO H3C'" NNRa (X3) O-I-OR, R3 2 CH3 3 (d) converting the
al kal i mewa o3ga¥s2of Forrmula (X1), (X2), or (X3) to a cal mamemalosoof
Formula (W), (W), or (WB), in the presence of a cal cium source, wherein
Rl is, independently, an unsubstitutedlior substituted al kyl, cycloal kyl or
aral kyl; R2, R3, R4, R5, R6 and R7 are, independently, hydrogen, hal ogen,
hydroxy, optionally substituted al kyl, cycloal kyl, aryl, aralkyl,

het erocycl yl, hetferoaral kyl, optionally substituted al koxy, aryl oxy,

ar al koxy, heterogycl ooxy or Mhgteroaral koxy, R8 isja lower alkyl; the

bi naphthyl noiety is in the §configuration, R ang R are, independently, a
| ower al kyl; and|Mis sodi j thi or gppt agsi um 17. The nethod
according to Calm16, w : cigymsolrcefin step (d) is calcium
chloride. 18. A frethod for ' sal t$ having Formula (W),

(V2), or (WB) as|follows: B A OT0 ORs C&l i) Rs
o W,)
HC
CH, CH,
(W)

said method comprising:
(a) condensing a disilyloxydiene of the Formula (Il)
(R);SIO OSi(R),

=
H,C OR

(m

1

with an aldehyde having Formula (Qy), (Qz), or (Qs) as follows:

R

2

Q)




WD 03/ 064382 PCT/ EP03/00804 -41- RR OHOHO0O R3 R4 OCa 2+ H3C | (W)
CNCH3 CH3 CH3 H3IC CH3 OH OH OH N O Ca2+ H3C-N N Ra (MB) ORR2 C
sai wonstdaexs2 conpri sing: (a) condensi ng a disilyl oxydcneroshosolne
a(lry 3 (R3SSOOCSI(R%H2C ~----CRmth an al dehyde havi ng Fornul a
(@), or (W) as follows: R R¥R4 O RS\ \ HA R6 RN

(Qy)

(Q,)

STie av)

in an inert solvent to form a 5(S)-hydroxy-3-ketoester having Formula (S,), (Sz), or (S3) as
follows:




WD 03/ 064382 PCT/ EP03/00804 -42- R O R3 R4 H3QA O\ (Qa) H3CI / N CH3
CH3 CH3 H3CCH3 0 NH HCR4 (@) s\i NI OBl RR2 CH3 s in the
presence WO @/0b#3sani um (1V) catal yst having Fornula (1V) HCIVERIRBIO~- ~O
TiIO(IV) R8in an inert solvent to forma 5(S)-hydroxy-3-ketoester having

Formula (Si), (S2), or (S3) as follo#:- R2 R3 RA OHO O R5 ORL (S1) Rs |
R N WD 03/ 064382 PCT/ EP0O3/ 00804

(S2)

(S3)

(b) reducing the 5(S)-hydroxy-3-ketoester having Formula (S;), (Sz), or (S3) to form a
3(R),5(S)-dihydroxyester having Formula (V4), (V2), or (V3) as follows:

(V1)




-43- -2 0HOO RB R4 OR H3CG,, O(S2) H3ICNCH3 CH3 CH3 H3ICCH3 OHO O
Nl ORL H3CNNR4 (S) ORB R CH3 (b) reducing the

5(S) - hydrwoye3Bskseoest er having Forrmula (Si), (S2), or (SPCTHEPIBOOSN A
3(R), 5(S)-di hydroxyester having Forrmula (V,), (V2), or (V3) as follows: R2

RBRAOHOHOR NO OR Rs RN W 044064382 PCT/ EP03/ 00804 -44- -2 OH OH
0 R3 R4 ORL

(Vo)

(V3)

in the presence of a di(lower alkyl)methoxyborane;

(c) cyclizing the 3(R),5(S)-dihydroxyester having Formula (V4), (V2), or (V3) to form a
lactone having Formula (Y1), (Y2), or (Y3) as follows:

(Y1)




H3CG,, p(V2) H3CI NCH3 CH3 CH3 H3CCH3 OHOHA OR11 N O H3C,,,, NN
R4 (V3) O- ISORR2 CH3 3 in the presence of a di(lower

al kyl) met Waxoswesmne; (c) cyclizing the 3(R), 5(S)-di hydr oxyearero3kesoit ng
Formula (V,), (V2), or (V3) to forma |I|actone having Fornmula (Y,), (Y2),
or (Y3) as follows: R2 OH R3 R4 R5 145;,p O(Y,) R6 R N WD 03/064382

PCT/ EPO3/00804 -45 R OH R R4 "OOH3C O\ (Y2) H3C/ CH3 N CH3 CH3 O
H3C CH3 0 .."' OH

(Y2)

-nllOH

(Y5)

and acid addition salts thereof,

in the presence of an acid and an aprotic water-miscible solvent;

(d) hydrolyzing the lactone having Formula (Y1), (Y2), or (Y3) or acid addition salts thereof,
in the presence of an aqueous base to form an alkali metal salt having Formula (X;), (Xz), or
(X3) as follows:

Ra




(Y)Y NHC-_'" NNR4 1 1 01SORR2 CH3 R 3 and acid addition salts
thereof, in the presence of an acid and an aprotic water-m scible sol vent;
(d) hydr oiwrisrgsdshe | act one having Fornula (VY,), (Y2), or KCidgposnosaei d
addition salts thereof, 1in the presence of an aqueous base to form an
al kali netal salt having Fornula (X Y46(X2), or (X3) as follows: R2 R3 R4
OHOHORs (X1) O0-M+ R6'R N WD 03/064382 PCT/ EP03/ 00804 -46- -2 OHCOH O
R3 R4 O M+ H3C'" O (x2) H3C N CH3 CH3 CH3 H3C CH3

R

2

(X2)

(X3

and

(e) converting the alkali metal salt of Formula (X;), (Xz), or (Xs) to a calcium salt of Formula
(Wy), (W), or (W3), in the presence of a calcium source,

wherein
Ry is, independently, an unsubstituted or substituted alkyl, cycloalky! or aralkyl;
Re, Rs, R4, Rs, Rs and Ry are, independently, hydrogen, halogen, hydroxy, optionally
substituted alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally
substituted alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy;

Rs is a lower alkyl; the binaphthy! moiety is in the S-configuration,
R and R’ are, independently, a lower alkyl; and

M is sodium, lithium or potassium.

19.  The method according to Claim 18, wherein the acid in step (c) is concentrated
hydrochloric acid, the aprotic water-miscible solvent is acetonitrile, and the acid addition salt
thereof is the hydrochloric acid salt.



OHOHOM N O H3QAN-NR4 (X3) Ol ORR2 CH3 s and (e) converting the
alkali metal salt of Formula (X1), (X2), or (X3) to a calciumsalt of
Fornmul a W003/064382), or (WB), in the presence of a cal ci uRCIOLRIGBISOWNEr €] N
R1 is, independently, an unsubstituted_or substituted al kyl, cycl oal kyl or
aralkyl; R2, R3, R4, R5, R6 and R7 ard7-independent|y, hydrogen, hal ogen,
hydr oxy, optionally substituted al kyl, cycloal kyl, aryl, aralkyl,

het erocycl yl, heteroaral kyl, optionally substituted al koxy, aryl oxy,

ar al ko»2p, hpemetmdyon prepgnngrarfmmrmeraalséqmmngqsommmame @& (Kylas t he
blnaphgay nnlety is in the S-configuration, R and are, independently,
a | owner yI and Mis sodium |ithiumor potaSS|un1 19. The net hod
accordlng to Clain118, whereRp the acid in step (c) is concentrated
hydrochl oric acid, the aprotijc water-m scible solvent is acetonitrile, and
the acid addition salt th is the hydrochloric acid salt. WO 03/064382
PCT/ EPO3/ 00804 -47 20. A gor preparing an alkali nmetal salt having
Formula (X1), (X2), HR3()R4 OHOHORS (X1) O -M
RG

(Xy)
om*
RS
(Xy)
H,C~_ (%)
0%

said method comprising:
(@) condensing a disilyloxydiene of the Formula (II)
(R);SIO OSi(R’),

(I
H,C = OR,

with an aldehyde having Formula (Q), (Q,), or (Qs) as follows:



RT NRR OHOHO R R4 OM H3QO (x2) H3CNCH3 CH3 CH3 H3C CH3 OH OH
OM N O HCR4A (X3) 3\i NOI ORR3 2 CH3 said nethod conpri sing:
(a) condewsi isgpossseli si |l yl oxydi ene of the Formula (11) (R PTEOS0R)3 H2C
OR, wth an al dehyde having Formula (Ql), (@), or (@) as follows: WO

03/ 064382 PCT/ EP03/ 00804 -48- -2 R3"R8-O R5 \ \ H(Ql) R6 | / R7 N

(Q)

(Q,)

Q)

in the presence of a titanium (IV) catalyst having Formula (1V)



RO RBRRMH HQOI (02) HBCNCH3 CH3 CH3 H3CCH3 ON\ \ HHC/ R4
(03) s \i N/ I OCORR3 2 CH3 in the presence of a titanium (1V) catal yst
havi ng Fowau3aefdsy) WO 03/ 064382 PCT/ EP03/ 00804 -49 \ RS PCW/EMS008(1V) R8
in an inert solvent to forma 5(S)-hydroxy-3-ketoester having Formula (S1),
(S2), or (S3) as follows: R R3 RA-@R-OOR5 | ORL (Si)

RB
O
0

7

N

Ti v
7

\cl) (v)
DO

in an inert solvent to form a 5(S)-hydroxy-3-ketoester having Formula (S;), (Sz), or (S;) as

O O

follows:

(S2)




RE RNR OGHOO RI R4 ORS H3CO(S2) 1-13C |1 N CH3 CH3 CH3 WO 03/064382
PCT/ EPO3/ 00804 -50- HBC CH3 OHO O N ORL H3C', NNR4 (S) OR R3 2 CH3
(b) reducwaopstoaessd( S) - hydr oxy- 3- ket oest er havi ng Fornmul a (P& TYEPOSSE04 oOr
(S3) to a 3(R),5(S)- dihydroxyester in the presence of a di(Ilower

al kyl ) met hoxybor ane, wherein the 3(Rr58(-S)- di hydroxyester has Fornul a
(V,), (V2), or (V3) as follows: R RBRA OHOHOR5 (V1) ORS R6 RN R2

(S3)

(b)  reducing the 5(S)-hydroxy-3-ketoester having Formula (S;), (Sy), or (Ss) to a 3(R),5(S)-
dihydroxyester in the presence of a di(lower alkyl)methoxyborane, wherein the 3(R),5(S)-
dihydroxyester has Formula (V,), (V2), or (V3) as follows:

(V2)




OHOHOR3I R4 1 ORS H3C-O (V2) H3C N CH3 CH3 CH3 WD 03/064382

PCT/ EPO3/ 00804 -51 H3ICCH3 OHOHORI1 NO HC/ R4 (V3) s \i N/ I OB
R3 R2 CH&Q@)oesgar ol yzi ng the 3(R), 5(S)-di hydroxyest er hadmiposoosoul a
(V,), (V2), or (V3) in the presence of an aqueous base to form an al kal
metal salt having Fornmula (X ), (X2)IEHF (X3); wherein R is,

I ndependently, an unsubstituted or substituted al kyl, cycl oal kyl or

aral kyl; R2, R3, R4, R5, R6 and R7 are, independently, hydrogen, hal ogen,
hydroxy, optionally subCi e, al kyl, cycl oal kyl, aryl, aralkyl,

het erocycl yl, heteroaral kyl ,Yoptional IGH s i®8t ed al koxy, aryl oxy,

ar al koxy, heterocycl ooxy or s a | oner al kyl; the

bi napht hyl nmoiety is in the * i o apd Rare, |ndependently, a
| ower al kyl; and Mis sodi Ilthlunhor potaSS|un1 21. (Mhe net hod
according to d ai m3&~ aguéous base in step (c) is sodium

hydr oxi de and M represefnts sodiu The nmet hod according to O aim 20
whi ch additionally congsh§es a nolke ar sieve in step (a).

m

CH,

(c) hydrolyzing the 3(R),5(S)-dihydroxyester having Formula (V;), (V2), or (Vs) in the
presence of an aqueous base to form an alkali metal salt having Formula (X;), (X2), or (Xs);
wherein
Ry is, independently, an unsubstituted or substituted alkyl, cycloalkyl or aralkyl;

Rz, Rs, Ra, Rs, Rs and Ry are, independently, hydrogen, halogen, hydroxy, optionally
substituted alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally
substituted alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy;

Rs is a lower alkyl; the binaphthyl moiety is in the S-configuration,
R and R' are, independently, a lower alkyl; and

M is sodium, lithium or potassium.

21.  The method according to Claim 20, wherein the aqueous base in step (c) is sodium
hydroxide and M represents sodium.

22. The method according to Claim 20 which additionally comprises a molecular sieve in

step (a).

23. The method according to Claim 22, wherein water is added to the molecular sieve prior
to using the molecular sieve in step (a).

24. The method according to Claim 23, wherein the water content of the molecular sieve is
from about 1 wt % to about 15 wt %, based on the total weight of the titanium (IV) catalyst.

25. The method according to Claim 24, wherein the water content of the molecular sieve is
from about 2.6 wt % to about 10 wt %.



23. The nethod according to Caim22, wherein water is added to the
nol ecul ar sieve prior to using the nolecular sieve in step (a). 24. The
met hod acearaioaggsto Cl ai m 23, wherein the water content ofpdinerosmbseaul ar
sieve is fromabout 1 wt %to about 15 W % based on the total weight of
the titanium (1V) catalyst. 25. The “®8thod accor di ng to C aim 24, wherein
the water content of the nolecular sieve is fromabout 2.6 wt %to about
10 vt % WO 03/064382 PCT/ EP03/ 00804 -52 26. The nmethod according to Claim
22 wherasi nTthlaenetbb@emcmdingit@Gmlrh 22 siHevein tb moledulhi sievk iskRGatedirta Ardd to a
Crap (TR 08 ARER RO Pl §ef 2T Bobliordd End I oBERH RRufo i U7 1"
step (a) is passed through the fixed bed.



