-1- PROCESS FOR THE MANUFACTURE OF ORGANI C COVPOUNDS I n one enbodi nent, the
-1-nvention provides an enanti osel ective nethod for preparing conpounds
‘having Formula (Si), (S2), or (S3) as follows: 2 R3 R4 OHO ORs RS OR

(Sl) RNJ/ R OHRERAOI I R (S2 HSCNCH3y CH3 CH3 1 H3C CH3 OH
"0OO0ONOR HICRAN(S3) | S O~ -lORR 3 33 wherein

PROCESS FOR THE MANUFACTURE OF ORGANIC COMPOUNDS

In one embodiment, the invention provides an enantioselective method for preparing '
compounds having Formula (S4), (82), or (S5) as follows:

(S2)

(S,)

wherein

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



R, is independently an unsubstituted or substituted al kyl, cycl oal kyl or
aral kyl; and -2- R2, R3, R4, Rs, R6 and R7 are, independently, hydrogen,
hal ogen, hydroxy, optionally substituted alkyl, cycloal kyl, aryl, aralkyl,
het erocycl yl, heteroaral kyl, optionally substituted al koxy, aryl oxy,
~aral koxy, heterocycl ooxy or heteroaf@1«»qh Li sted bel ow are definitions of
various terns used to describe the conpounds of the instant invention.
These definitions apply to the terns as they are used throughout the
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and the like.

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
3 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 tol 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, alkoxycarbonyi,
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.



substituents, such as al kyl, hal o, oxo, hydroxy, al koxy, alkylthio, nitro,
- cyano, al koxycarbonyl, sulfonyl, heterocyclyl and the |ike. Exenplary
nonocycl i ¢ hydrocarbon groups include, but are not limted to,

cycl opropyl, cyclobutyl, cyclopentyl  cyclopentenyl, cyclohexyl and

- cycl ohexenyl and the like. -3- Exenﬁpéry bl oycl i ¢ hydrocarbon groups

I ncl ude bornyl, indyl, hexahydroindyl, tetrahydronaphthyl,

decahydr onapht hyl , bicycl o[ 2. 1. 1] hexyl, bicyclo[2.2.1.]heptyl,

bi cycl o[ 2. Bxdrhplapt eyelic hydréeatboregionpd inciucle diothyl, .iddyh detxthydroindy),

2, 6, 6 t hyl bi cyclop. 1.1 L | | 0[,2..2. t.yl d the like.
Exenpl® ﬁbﬂ? %@@’ch&eﬁ%‘%@ﬁ%ﬁ&} éf"é’ﬁ'ﬁ@ f%@?ﬁﬂé%ﬁ@%ﬁh d the like. The
term b.eydtqzye"uhqﬁaﬁw ledmhéQWIb@clo[ihﬂ]h@itm 2 8|8<tyiietyibicyold[8n Sl ]ieptyd Kyl - S-.

Thet rm" | t Q" fers to al kyl-S(O) - The term"trial kylsilyl"
refer YQ!)O[? t?I@B term"trial kyI5|Ionxy refers to (alkyl)3sio-.

The term "al kyl sul f.on efesto al k heterm sul fonyl" refers
to al kyl su%‘%’ﬁ@'?’y te g[]ycfr °" E'@”B?H}grl%eﬂ%‘ an Hedikey | sul fonyl

het er oar al kgl sul fopnyl and the | | e. The term' aryl " refers to rmnocycl ic or
bi cyclic a?' e aliiuy 6‘éf§F%t8n""§’l' ips having 6-12 carbon atons in the ring
portion, ch as p t et rahydr onapht hyl , bi phenyl and
di phenyl B%,F;gm @E%'W%f’e %ﬂ)s opt ionally be substituted by 1-4

substi tuen sugh hal o roxy, al koxy, acyl, thiol,

al kyl thi o, Irﬁ?f a@y@}ﬂw §%?’Fsot Alkyt- ﬁ@ Brocyclyl and the like. The term

"nmonocyclig a . [S, t opt| y substituted phenyl as described

. upter aryf':h ﬁ%’é‘ p@ﬁﬁ‘ﬁ‘"ﬂ @'@%&s to an aryl group bonded directly

-t Rbugh an aI kyl Syc The term "aral kylthio" refers to
aral kyl - S- Ther "‘tg'faﬁﬁy%ﬂYlmé‘Lx}ﬁr‘StPg?'gY%Si% an aryl group bonded directly

through anTﬁé Kol 8oyt refers to alkyl-S(0),-

The term "sulfonyl” r-e-.fers to alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
aralkylsulfonyl, heteroaralkylsulfonyl and the like.
The térm "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
j 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 "arylsulfonyi” refers to aryl-S(0),-. -

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 termnaryl sul fonyl" refers to ary' - S(O)2- The term"arylthio" refers
to aryl-S-. The term "heterocyclyl"™ or "heterocyclo" refers to an
optionally substituted, fully - saturated or unsaturated, aronatic or
~nonaromatic cyclic group, for exanple, which is a 4- to 7-nenbered
nmonocyclic, 7- to 12-nenbered bicycli® or 10- to 15-nenbered tricyclic ring
-4- system which has at | east one heteroatorn in at | east one carbon
atomcontaining ring. Each ring of the heterocyclic group containing a
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as' fol | ows:
_ The term "heteroaralkyl” refers to a heteroaryl group bonded through an alkyl group.

Accordingly, compounds having Formula (S,), (Sz2), or (S3) may be prepared by first
condensing a disilyloxydiene having Formula (i1}
(R),SiO OSi(R),

N
H,C OR

Iy
1
wherein

Ry 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 (Q), (Q2), or {Q3) as follows:

(Qy)




0 RBBI1 ZI~~11H FISI RT N-5- R0 RR 1-13C~, 0 (02) 1-13C N CH3
CH3 CH3 H3CCH3 0 NHNNI R4 (03) 00 RR23 wherein R2, R3, R4, R5,
R6 and R7 have neani ngs as defined for Fornmula (Si), (S2), or (S3) in the
presence of a titanium (1V) catalyst having Formula (IV) R8 01, 0 0 (1V)
| R8 wherein R8 is a |ower alkyl, a_t%d_the bi napht hyl nmoiety is in the
S-configuration, in an inert solvent” to obtain conpounds havi ng Fornmul a
(81), (S2),or (S3) in high chemcal yield and enantioneric purity. . In

t he al dol condensati on above the nolar ratio of a disilyloxydi ene of
Formula (11) to an al dehyde havifig Formula (Q), (@), or (@) initially
present in the reaction mxture rg -

Q)

f"j
St

Q)

wherein R, Rs, Rs, Rs, Rs and R; have meanings as defined for Formuia (S,), (S3), or (S3) in
the presence of a titanium (IV) catalyst having Formula (IV)

T
M 0O

e

O
O/T’\ )

O
>0
Ry

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 {Sj) in high chemical yield and

enantiomeric purity.

-In the aldol condensation above the molar ratio of a disilyloxydiene of Formula (ll) to
an aldehyde having Formula (Q,), (Qz), or (Q.) 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.



from1:1 to 6:1, preferably from1:1 to 4:1, and nore preferably from1.51
to 3:1. -6- The disilyloxydiene of Fornula (11) may be prepared by reacting
an acetoacetate of having Formula (VMI) 0 0 H3 CA~"K OR1 wherein R, is

I ndependent|ly an unsubstituted or substituted al kyl, cycloal kyll or

aralkyl; with a silylating agent, such as tr|(Iomer al kyl)silyl chloride
or tri(lower alkyl)silyl trifluoron®thanesul fonate, preferably
trimethylsilyl chloride or triethylsilyl chloride, in the presence of a
base, such as triethylam ne, diisopropylethylamne or |V-nethyl norpholine,
pr ef er abl yThe digiyigydiena ef Fommuia (Ibmgaynbe pesphiegiiy, regelirly amsagsioaceiate ohexane,

hept a ofuran di ethyl ether or dichloronethane, preferably
hexangg\"n Fﬁh{w ature ranging from about -250C to about 300C to forma

silylenol ether of the Fornula VIIP(R)BSOO H3 C'~~0111 wherein R is
i ndependently an unsubstitute bst i tutedV& kyl, cycloal kyl or aral kyl;
and Ris a lower alkyl. Fhe~si [t her of Forrrula (VI 1) may then be

treated with a base, such &s lithi um dl i sopropyl anide or Iithium sodium
or pomér%mm |B||t’$c{efpéhd@ltlﬁmh$1nbmb§tm@©r sublstfuescedikyl, dyicloaikynor aralkyl; with a

diis | am de, foll o onofa5|l l.ati agent, such as
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L|th|umd||so ropyl am de nay be generated in S|tufromd||sopropylamne and
n: th Sﬂtﬂahi'qlfpﬁ‘ﬁ@'h yl et Pt dighleromeatnang, piferahly hrxang @t atemBefUrest rated in
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Forrrula(l\/) to an al dehyde of Fornula ( initially present 'in the aldol
condensati on above ranges (R¥R 0. 0%: 1 to 0 15:1,
(Vi)
H,C X OR,
wherein

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

Ris a lower atkyl.

The silylenolether of Formula (V1) may then be treated with a base, such as lithium
diisopropylamide or lithium, sodium or potassium bis(irimethylsilylyamide, preferably lithium
diisopropylamide, followed by addition of a silylating agent, such as #ri(lower alkyl)siiyl

. Chloride or fri{lower alkyl)silyl trifluoromethanesulfonate, preferably trimethyisilyl 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 (Il}.

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 (IV) to an aldehyde of
Formula (1) initially present in the aldol condensation above ranges from 0.01:1 10 0.15:1,
preferably from 0.04:1 to 0.1:1.



preferably from0.04:1 to 0.11. -7- The titanium (l1V) catalyst of Fornmula
(I'V) may. be prepared in situ by reacting Ti(ORB)4, in which R8 is | ower

al kyl, preferably Isopropyl, with (S)-2,2"-binaphthol of the Fornula (VI
11) OH (Vvill) HO (S)-2,2' -Binaphthol of Formula (VM1 1) is commercially
avail able, e.g., from Karl sharnns ufider the trademark BINOL, and titanium
(1'V) tetra-al koxides, preferably titanium (1V) tetraisopropoxide, may
optionally be generated in situ fromtitaniumtetrachl ori de and sodi um or
l'ithium almiiitdmunﬂl\e)fcmmijf Eomhulaﬂlw mialy thiei prepared iy sipchyi néactln'ghe al dol

ot r alarr RPART Reein alopredr=l lnsbfhe SR a2 2 PorEn BB e « anyar of

ur an. Fekmetan@yililat i on  of solvents nay al so be used. The reaction tenperature
may range from about OOC to about 70'C, preferably fromabout 1 OOC to
about 600C, and nore preferabiy about 15" C to about 550C. The
reaction is conducted for ‘JF pe pf time from about 1 hour to about 72
hours, preferably from abos J to about 24 hours. The conpounds
having Formula (Si), (SO or (S3) may &ﬁbly be purified by physical
or chem cal means to enrichyghe elant orrerl urity. Exampl es of such neans
for enrichnment include, but awe yted to, crystallization and chiral
preparative chromatography, s @ pressure liquid chronatography
(HPI-C) . In another enbodi nent, weéntion provides a stereosel ective
met hod for the preparation of syn 3(R), 5(S)-di hydroxyesters by reducing
conpounds of Formula (SI), (SO or (S3). The syn-3(R), 5(S)-di hydroxyesters
h@ For mu{S)-2( 24Binaphiid) of Borm{ul|VIdiss tomhevdallylRaildkBe, Rdg.CloHKilsRamay/1 )

under the trademark BINOL, and titanium (IV) tetra-alkoxides, preferably titanium (IV)

tetraisopropoxide, may optionally be generated in situ from titanium tetrachloride and sodium
or lithium alkoxide, preferably sodium or lithium isopropoxide.

The aldol condensation above may be carried out in a polar aprotic solvent, such as
tetrahydrofuran, diethylether or dimethoxysthane, 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 (S5), (Sz), or (S3) may optionally be purified by

3 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,), (Sz),
or (S3). The syn-3(R),5(S)-dihydroxyesters have Formula (V,), (V2), or (V3) as follows:



R ORL RT NRR OHOHO R3 R4 1-13C-" 0 ORI (V2) 1-13C N CH3 CH3 CH3 H3C
CHS OH OHOR11 NO HSC''" N1~ji~Il NRA M 0" L3 0 RB R2 wherein R, is,
i ndependently, an unsubstituted or substituted al kyl, cycl oal kyl or

aral kyl; and R2, R3, R4,- R5, R6 and_R-1 are, independently, hydrogen,

hal ogen, hydroxy, optlonally subst i €t ed al kyl, cycloal kyl, aryl, aralkyl,
heterocycl yl, heteroaral kyl, optionally substltuted al koxy, aryl oxy,

ar al koxy, heterocycfooxy or heteroarai koxy. | The stereosel ective
reduction of conpounds havBng Fornula (Si), (S2), or (S3) may be achieved
in the presence of a di(loywer alkyl)nmethoxyborane, such as

di et hyl met hoxybor ane or & o I-nethoxyborane preferably

di et hyl met hoxybor ane, g sol vent, such as tetrahydrofuran or | ower
al cohol, e.g., nethandi anél, or a nixture of solvents thereof,
preferably a mxture of teyfahydrofur@h angHnmet Banol. The reduci ng agent
used in the reduction step|above may pe selecteg fron1 roup of hydride
reagents, such as ¢ 2 0 5refe?ab|y t he reduci ng
agent is sodi um _bo he reactlon nay be @Bnducted at a

t enper at ure rangleng -200C to about -1.00 C, preferably from
about -500C to abo not,her enbodi ment, the invention provides
nmet hods for the pr paratlon of ‘!70|un1salts haV|ng Formula (W), (WA or
(W) as follows: o

Vo)

(V3)

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

The stereoselective reduction of compounds having Formula (S4), (Ss), or (Sg) 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 alcchol, e.g., methanol or ethanol, or a mixture of



R RBRAOHOORGE RS 10 Ca2+ (W) RINR OHOHO R3 R4 HSC'~ Ca 2+
(W O H3CNGCHS CH3 CH3 -10- 1'13C CH3 OH OH OH N 2+ Hti R4 Ca 3c--~ N

-k NAO~" | '~OR3 R2 CH3 wherein R2, R3, R4, R5, Rr, and R7 are,
i ndependent |y, hydrogen, hal ogen, hydroxy, optionally substituted al kyl,
cycl oal kyl, aryl, aral kyl, heterocyclPyl, heteroaral kyl, optionally

substituted al koxy, aryloxy, aralkoxy, heterocycl ooxy or heteroaral koxy.
Calciumsalts of Formula (W), (W), or (WB) may be prepared by first
hydr osglzentg thecanfpureiedablyh mibduradiae(rdmydrof(ida sod rh@th'anolt Abepedimingagent an

?():](:Jeou #%ﬁ%gedw(%nrgééﬁ %%? Ehh eg%eg%gﬁrr@'gmpoof ydn l ¥eséggn \él é\&hFor mul a
sodium and lithium borohydride. Preferably the reducing agent is sodium borohydride. The
reaction may be conducted at a temperature ranging from about -20°C to about -100°C,
preferably from about -50°C to about -80°C.

In ancther embodiment, the invention provides methods for the preparation of
calcium salts having Formula (W), (W), or (Ws) as follows:

(W)

(W)




RS (XI) REBOM RINR OHOHO 3 R4 OM- H3CG-, 01 (X2) 1-13C N CH3
"CH3 CH3 HSCCH3 OHOH OM+r N O Hsc~ NNR4 QQR2 0" R3 CH3 wherein R2,
R3, R4j R5, R6 and R7 are, independently, hydrogen, hal ogen, hydroxy,
~optionally substituted al kyl, cycloal kyl, aryl, aralkyl, heterocyclyl,

het er oaral kyl , optionally substituted®-al koxy, aryloxy, aral koxy,

het erocycl ooxy or heteroaral koxy; and Mis sodium |ithiumor potassium
preferably sodium The hydrolysis step above may be carded out in an
organi ¢ sol vent._such as a | ower alcohol, preferably ethanol, and the base
used in said hydrol yHiG\is pHeferably selected ffom aqueous potassium
hydr oxi de, aqugous |ithi bl angHaqu@dus} sodi um hydroxi de. Mre
preferably, the¢ base is sjodiu i de. The hyfrolysis is preferably
conducted at a| tenpergturs R 3 o= [L00C to about 300C,
preferably from about kali|@atal salts havi ng Formul a
(X1), (X2), or C corrpspondi ng @@*Ciun1salts of
Formula (W), (W), pr dct i ng an aquepus sol utiof of an al kal
metal salt of FKornul 1), (R 2y (X3) with aph aqueous solution of a
sui t abl e O’]“O R/ R,

' CH,

wherein Rg, Rs;, Ry, 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. '

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

corresponding alkali metal salts having Formula (X,), (X2}, or (X;) as follows:

(X




cal cium source at an anbient tenperature, preferably at room tenperature.

Sui table cal cium sources include, but are not limted to, cal cium

chloride, calcium oxide and cal cium hydroxide. Alternatively, calcium
salts of Fornmula (W), (WA or (WB) nmay be obtained by first cyclizing
conpounds of Formula (Vi), (V2), or‘E 3) in the presence of an acid and an.

aprotic water-mscible solvent to formthe correspondi ng | act one having

Formula (Yi), (Y2), or (Y3) as follows: -12- R2 0 O0HH R3 .R4 R5 11,
-A(YJ 00 R6 N R4 HRR OH cH? - (r)RR3
OH OH

N C CH3 CH3

)

wherein Rp, Rs, Ry, Bs, Rs and R; are, independently, hydrogen, halogen, hydroxy, optionally
substituted alkyl, cycloalkyl, aryl, aralky!, heterocyclyl, heteroaralkyl, optionally substituted
alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy; and M is sodiumn, lithium or
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, agueous 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 (X4), (Xz), or (X3) may then be converted to
corresponding calcium salts of Formula (W), (W2), or (W3), by reacting an aqueous solution
of an alkali metal salt of Formula (X3}, (Xz}, or (Xs) 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 calcitjm
hydroxide.

Alternatively, calcium salts of Formula (W), (Wz), or (W) may be obtained by first
cyclizing compounds of Formula (Vs), (V2), or (V3) in the presence of an acid and an aprotic
water-miscible solvent to form the corresponding lactone having Formula (Y,), (Y2), or (Y3)
as follows:

0

RO HsC--, (Y2) H3 CH3 "'0 'O
oM

5



0 1-13CCH3 0 .--OHCH3 0O N(Y3) 1-13C-" N~R4 1 RR R3 CH3 and acid
addition salts thereof; wherein R2, R3, R4, R 5, R6 and R7are,

i ndependent |y, hydrogen, hal ogen, hydroxy, optionally substituted alkyl,
cycl oal kyl, aryl, aral kyl, heterocyc)yl, heteroaral kyl, optionally
substituted al koxy, aryl oxy, aralK&?&, het er ocycl ooxy or heteroaral koxy.
-13- The cyclization above may be carded out in the presence.of an acid,
such as trifluoroacetic acid or a strong mneral acid, preferably
concentrated hydrochloric adid, in an aprotic water-m scible solvent such
tetrahydrofuran or acetonitrjle, preferably acetonitrile, at a tenperature
rangi ng from 0-250C. Lact gnessof Fornul a 4 1)y, (Y2), or (Y3), and acid
addition salts thereof, dl hydrocfiloric acid salts thereof, may
contain small anmounts nrefact ed arting material of Formula (VI),
(V2), or (V3); and the corregpondi ng agid Raving Fornmula (ZI), (Z2), or
(Z3) as follows: R2 (Zl) RTNRR HOHO 0 OCH CH

0 (Y,)
0 .
R
(Y2)
H,C .++1OH
o N (¥y)
3
HSC\N/”\
o
O&T&

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 heteroaratkoxy.



C R3 R& OH H3GC-, 01 (Z2) 113CCH3 XN CH3 CH3 H3C CHS 3 OH OH OR
"~1-12'0 NH )1' 11';~ R4 (73) 0 NO.5~1 - ) R RB2 (;H3 and acid
addition salts thereof preferably hydrochloric acid salts thereof; -14-
wherein R2, R3, R4, R5, R6 and R7 are, independently, hydrogen, hal ogen,
" hydr oxy, optlonally substituted alkﬂp cycl oal kyl, aryl, aral kyl,

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

ar al koxy, heterocycl ooxy or heteroaral koxy. Lactones of Fornula (Yi), (Y2),
or (Y3), cameaytizatbdrsalidvermay be eatiedoutinaidslpicsoncesafl dnsacid, lsacieas, rray then

be co rted e _co res ondi ng.cal gi um sal ts of
(v *iifisati sid or 6 boRd BRnFaltid. Bralbiably b nthted Bieite o Rsdanit & v o
(Vv2), aplrot(c\ﬁ@ﬁer-mrslclbmxm\fenc aidhotrathyiesfacin orlaaem;nanlenﬂn@tbramwhcétbnutrh@ at
i nvention, the calgiums J.s pitavastatin c i rocesses
doscr i etRE e aagd Roditbalc a3 RormATY Y. Wehos e e
addition salts thereof, preferably hydrochlonc acid salts thereof, may cpntain small amounts
of the unreacted starting materiat of Formula (V3), (V2), or (Vs); and the corresponding acid
having Formula {Z,), (Z2), or (Za) as follows:

(Z)

(Zy)

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



preferably under nitrogen atnosphere. It is within the scope of the

i nvention to use a nolecular sieve during the preparation of the conpounds
of the invention, especially in the step of condensing a disilyloxydiene
wi th an ai dehyde of Formula (Q), A,,or (@), in the presence of a
~titanium (1V) catal yst. Water may ob??bnally be added to the nol ecul ar
sieve prior to using the nolecular sieve. In one enbodi nent, the water
content of the nol * ecular sieve is preferably fromabout | w %to about

15 wth whieraimoRg Ry B, &:aBk and Re area rsigpeddahtiyt hytdrogem, balogen, hydiaiy, kiptiaballt, bas e(cji
' ' ' The. .
2o pr SpbePltee ARUORIcIBG Wa el HeReldeyon Aoty diichaiBfsubul 8. ©F T8

sem calkbky) aopexyr addoay,shetérocyciooxy ioh hetetdegalkaxype of the invention to prepare
t he conpounds in an external recycle reactor which allows: (i) in-situ

pre-treatnent or post- treatment of the solid nol sieves (ii) elimnation
of nol e si badends dftFoamular(Yalt (heor €Yig, aintarhipantsdbereofy andadid @dditipn eally r e- use

of the npl. sieyes fo el | ' : ' onpounds
and i vt LY ED B<ferBiel & i ik tting AREE Bt relmBR RN AR L o
in a (Werealaesslyiabeadsdriedihereih abetd fonedmpoundsof Foasaaty,)sWe)) cadvsidrno,

t hi ol dﬁa_r*)oxy[h and hydroxy groups, are optionally protected by

conveRiS 'r?ﬁ'o'}?r P& ing groups that are common in preparative organic
chem stry. Protected am no, thiol, carboxyl and hydroxyl groups are those
t hat can bé& cenerabddinieninafdhe mvetionothei dalaiurs sl ispifavastalimeailciumhi ol , car boxyl
and hydroxyl groups w thout the nol ecul ar framework being destroyed or

ot'higr undesgj ide,r ' .t aki he . . .t roduci ng
R L e i
r eact ipeeisrablytundeesitogeamatomsploerentids witbiarthe seopemidhd ingerdiondedsé ar carryi ng

out a esired c L cal. t i ' T o] rptecting
or oupF&Te: Sop OFhg e AroBRSHGLIHH SonecdlfishR e AUt bikRr Ry o e ot
and defeprd sonderising andisilylexydiené with fan raidehgde bf Fomulep(Q,d, (B); pr (RL0h disk
(hydroxyl group,. amn [ . the.structur stability.of the
ol ecararenre G taRPhEMotsdean, B way SFuiin Rl Bpfie g rliedAs i on.
Vel | - lpriomie uspiydhe atolarglag sizues Irt drédt embatimbhie e watededritentof drdmbleeilar
i ntroduction and renoval €., descri g in MQOue "Protectjyve
& oup St < gletimy R ARorF | S R B e & s RikarYEoRYem bR M cene,
" Pr ot ¢z hbout aboutul@swvt %, xsgdrinahSyortivastgis 'of theftitaniumI¥) catalyst. _
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 (i) 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 purpdse 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 particu-lai



(1991). The conpounds of the invention nmay be prepared in high enantioneric
" purity, and therefor, elimnate the need for resolution. As used herein,

hi gh enantioneric purity or enantloselectivity neans at | east 70% opti cal
purity, preferably at |east 80@6optiqgl purity, nost preferably at |east
97% optical purity. The conpounds of ''he invention are especially useful
for treating or preventing atherosclerosis. In one enbodi nent of the

i nvention, the conmpounds inhibit the enzyme 3- hydroxy- 3-nethyl-glutaryl
coenzyeastion {sviewadAthesediidied dethetrrtanddapebde an tiemtire of dhaiingtional

rat el il bRa SOLUIR thilnbAF ol S5l Bhub Y W GhIckrB 3 WipaingapL of | oW g

exarrpl LS Pare i e t "VERL T on ana
const mmecutssofbetichythel substittientris a pharaadnihe feehar conditions.aléelginomm i n degr ees

under FRaEE s B BB ERECrRiRS Bhd e thadeiB0aR IRIBRR P (2 561 13
nmbar) deid:rbedteg(;timMeOnﬁef"Prcaéctiye@uopssm Ongteic Ghemastas, RlaguratPaeds, ng

- cr oy N (et ARG oftorkt PBebut iRt Phadh pBnaffien Wi cs, e.q.

MS, IIRmm(j NMR.  Abbr evi atlons used are those conventional in the art. 0)
Exanple 1 Preparation of 3-t(inethylsilanyloxy-but-2-enoic acid ethyl

ter. 00 Et SN SO A L]k ~~ACB | uti
of 31,0 i 00 GusHE Ve MRpicmay BaBiarred G o HARER: R 350 m) "
_gt roomremmrr&ﬁale mefn‘létfeldefbhl;elsacljmnm Agfﬂséd_herésnSﬁigmhe:)t}dmer&dﬂmdj orf oIkI owed by

ropwi se i.on of trine Si l. ori eepin
he e ooy s A ] e Spes B el Bt Bhse o BB PG P e
“thi kmdsmpmfa’ablyrayieastgl%ropﬁchlwmynl ght at room tenperature. 200 mL of

hexane is then added and the m xture stirred in an ice bath for | hour .
The m xture,is filtere h 50 rrLr8f col d

nd the solids ar vva)sh d vmé
hane | s oeolficor SRR e Pe e ABRLRS bty SeBirtig 26y of
3-tri mtéwéc:serbamylmyeémbecﬁmemtﬁime moestiont thel coapoandsinhibittied endyersss-
st gh%\y roxy-%u dgth glutaryli]lc:genr{?}n%r,& a-llMéSCoLﬁ dl.\lMtEESgOWLHICI"]: Haré t?eern 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. I
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 ethy! ester.

Q O 1) ELN (CH,),Si0 0
2) (CH,),SiCl :

/”\/U\oa — MOB
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 chioride (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



purification in the follow ng step. Exanple 2 Preparation of

1- et hoxy-1, 3-bistrinethyl silanyl oxy-buta-1,3-diene. (CHAS OO0 1) (W), NH,
But-1 (CH3SiO @I (CHA :11L~A 2) (CHAS C Okt THF/ Hexanes, -78 OC7, CEt
Under nitrogen atnosphere, 600 niL of anhydrous tetrahydrofuran and 38 nL of
di i sopropyl amine (0.271 nole) is codfed to -50C. 121 nL of 2.5 M
n-butyllithium (in hexane) is added while keeping the internal tenperature
at -3.t 3*C. The mxture is then cooled to -780C with a dry ice acetone

bat h.tehperatifte( 208 Eneréﬂ Hekané istthén Q@cﬂéﬂhﬂlﬂth@fmlﬁnﬁrﬂlrfédlm an |ce bath for 1

it croar O UREeF BleroH o iereties S Pathec iy ShgLaS SHRRveRe. a4 of
tri ”@prbﬁnbﬁ bf fHel c@muﬂfedfﬂtf&éanwa%hmgg gw@d g g Minmdnmb.ﬁgoiy:mizﬂt er nal

t enperature_ bel ow - 70*C. mxture IS al

t enpenRiaAcd efﬂvk%ﬁteréﬁaap@&‘l@rﬂqsgnsﬂshﬂssgpv%?'h anaFeé@i @d@eﬂ gvﬂ%lpmrfpehpr. h 250
mL Ofpunhédﬁéﬂf?ntrf‘eofahﬁﬂnﬂ\’sfeﬁ an ice bath and stirred for 1 hour, followed by
filtration to renove solids. The filtrate is evaporated to obtain 64.7 g
of 1 -ethoxg-l 3-bis-trimethyl-silanyl oxy-buta-1,3- diene as a yellow oil,
whi ¢ d without further purification in the foll owi ng step. The
material is protected fromnoisture and stored in a freezer (-35 Q).
ExanpPrep8raiore pht-athosyr1 - btsutrrmethylsnanyloxy-buta-1 3-diene.

E 5872cc|oro 4- enl ol i n- 5- hydro 3-0
é_>h(ept)6 Ryl M L bgionnys i %?5% i o§g¥hl 5 hydr axy- 3- ox
sieves (4A) OH O

3 THF/Hexanes, -78 °C

Under nitrogen atmosphere, 600 mL of anhydrous tetrahydrofuran and 38 mL of
diisopropylamine (0.271 mole) is cooled to -5°C, 121 mL of 2.5 M n-butyllithium (in hexane)
is added while keeping the internal temperature at -3 + 3°C. The mixture is then cooled to
-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 trimethylsilyl 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-trirhethyl-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) THOI-Pr), + (S)-BINOL
| THF, mo! sieves (4A) ' I
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Method 1: To a dry 500 nL flask under nitrogen atnosphere are charged 25.4
g of (E)-3-[2-cycl opropyl -4-(4-fluoro-phenyl)-quinolin-3-yl]-propenal, -
prepared according to a process described in "Synthesis and Bi ol ogi cal
Eval uati ons of Qui noli ne-based HMG Reduct ase | nhi bitors", Bioorganic
Med Chem, Vol. 9, pp. 2727-2743 (20 0.080 nole, 0.91 g (S)-BINOL (4
nol ey and 5 g of nol ecul ar sieves (4A activat ed powder). 200 nL of
anhydrous tetrahydrofuran is added and the m xture is stirred for 40

m nut 8eti@d6 nL (4 nole¥ of titanium (1V) isopropoxide is then added

dr opw se. t tirring 30
ot e ar TBad B, RkUES: Afhen SifbspHORAE aeg 2b M b 1111 1D
g onpo YEeB-[- cMyM_i@—ﬂﬂ;omephme_m;n:ehmBsA]tmDMahyﬂreparaﬂhgt@rqlngm a- 1C3- t
iene_|s W I . wat er
bat h PICREY firstrRed B SR S apd Bidhata R plubiitns ofGtinbine b HYGco o
?tE |) r:r3 G}édaﬁasmmmutemﬁrabugamcm Ohem. 0ol a3 ppa PA2iG2a748 (2001), 0.080 mole,
in
o + 0.8 65 IR R saglatehand AL mRAEarsds IEA b dicH Ao SRR mb B 1 o
ti m; \aahydi'ws tbtrahsrdlofucamsbdd&cﬂaﬂimmesmldmp@mbmgdm 4Gmmamsuhg5 gﬁ_ cat aI yst
use reac nis e an
mi xt uf "\0 /&)0‘3%%"%‘% éﬁ?p 0@8’(’8%%1&9? ﬁgaquk)W'S&th mixire echrpqq oacet iC
aci d/ \r%d iimediatalyd edter :ﬂngngreﬂ mmms at mbhommbl etartumegretg)(abomz; meper a; UL e
over 0 ut es t,t n. 1S ete e
e Ddple TR 65Bpotld &1 oS vitegfigBngbreRial {a%c, oY
, f | L”Leg‘;‘;?ﬁ?ﬁ?‘*“@@w@ over ‘(br?ﬁ;ﬂesgggleglagk w{] lept th @dd‘ﬂfﬂwﬁi@; g?lli}ftglnﬁﬁéﬂtgzt Ie :) lrJ gd
Lod wAnOTeRR ST heetraasw 2510 Thetrhitio o, e df oo iormoprB e ang 1% or od & o
L?.”ﬁé@'Sﬁﬁ‘ﬁﬁ*"‘*‘ﬁ"e“f‘%ﬁ%¥iﬂ§°§‘2g?ﬁ#?‘§*@?“““"Sqn‘?@??f?*'fﬂaﬁéﬁ'?‘Z?“§S| vent
ermow OMTOR Doy s SH RSKg: HoOPRIER e0-PE)-iRRgion Bearpesu | ng
oi I o¥®m ﬁﬁthB?Q%uESlﬂéd@dumg oﬁﬁﬁ@h@bﬁﬁﬁdf%ta[ysi’h@edﬂ AftdiHie tdacBén iered in an
ice bath for additjonal 45 mnutes. The g&gg tated solids are collected

by vaCOmRiers: PPk phwatehigaddgd @n FP%'BP‘EP'ﬁé%( Y an icedagy dhen hLipfder
vacuu mﬁ(("7) afidroddetit %E:iaﬂv@a'ieﬁs ﬁd&l&ﬂ%‘hé)ﬂemxture is allowed to warm to room
(BE)-(5 2-cycl opropyl 4-f 1 uor o- phenyl ) - qui nol i -yl]-5-
hydr ox§/DR8%52 ﬂ\@g@bBU%" '&Wéﬁ,sr &té@'ﬁyme&qs&vat*pﬁ 'WWJ@‘S&\SN%HGWT@/ (HPLC:
Chi r ali@adppBkance ot SiAoxy BRIchAGct R £0.75, Bfp&iratded deaiyiutdd plddiust m, 2V @54
nM .
M 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 mi 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)-(55)-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; fiow rate 1 mL/min.; UV @254 nM).

Method 2:

Under nitrogen a dry 1,000 mL flask is charged with 1.44 g of (S)-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



Met hod 2. Under nitrogen a dry 1,000 nL flask is charged wwth 1.44 g of
(S)-BINOL, 14.8 g of nolecular sieves 4A powder (previously stored for at
| east 24 hours in an ordinary convection oven at 11 O C), and 210 nL of
anhydrous tetrahydrofuran. The m xtwg_ is stirred at 20 20C for about 15
m nutes, then 1.49 nL of titanium (I\%e | sopropoxi de is added dropw se and
the dark red mxture is vvarmed to 50 1 OC and stirred for 30 m nutes, then
cool ed back to 20 20C. 32.
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b nmet hyl et her and the or | ayers are conpi ned and washed with 4 x
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and evapor ated under reduced pressure. Process is repeated with an
a

addi t fop3diounss them thgfaygrsare gﬁgqtrate@l de}erﬁqueous yer is extracted watl? 210 mL of t-

(B)-( éﬁbrrﬁethgl &N&'é?lﬁrtﬁé’&fllgﬁﬂib(lé’yé}é H¥ @mbined and washed with 4 x 150 ml. of 10%
phenyl ) - qui nol I n- 3- dr oxy- 3- oxo- hept-6-enoi c acid ethyl ester in
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wi thout furt urification. I' s possible are nol ecul ar si eves 4A
powdefepgategivridran @dqﬂ@nak 1H0g8L aﬁ&bataml tOtfgrr%l(ﬂ (t‘5 yelppropyled-dnibipne- of

wat er - aS@ } L&NCho i n order
to adj)ltu%ty bhﬁ'e”%?é& %g*lc%?e to gébﬁgl deSIa?%ﬁndi@&h@%&bﬁﬁfﬁ%‘b@ﬁc& lrk@) tical
(HPLC: Chiralpak AD; eluent, hexanefl 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
) o 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 26 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 88.4
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




purity of these factors as well as the ratio of M5 to (S)-BINOL is shown .in
the followng table: Ms:(S)-Binol ratio Optical Purity. MS preparation C.)
N Stored in 11 OOC oven >24 hours 2.6 89.4 Comercially Purchased

. Activated M5 4.2 95.8 Stored in 1409 oven >24 hours 4.2 97.6 Stored in
11 OCC oven >24 hours 4.2 98.4 Stored in 65*C oven >24 hours 4.2 98.4

Stored in 11 OOC oven >24 hours 4.8 98.7 Stored in 11 OOC oven >24 hours
10 99.0-99. 6 Ms.dried to 6.1 % (ww water content at 1250C under dry N2

10 QGMMMME&QMW@@W%tPM at_1258C under dr 28 10 98.5
-19- IVISwith 6.1 % (wtvv) H20 content and 6. 1 % H20 added 10 98.9
Met ho@gethodtnder argon a dry 350 m- flask is charged with 0.92 g (S)- BINO_
(5 mol %9, 9.24 g relativel nol ecul ar sieves (4Aactivated powde
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addi ngolsiaand the mixtore sivred farblduming Seven portiors 9f S6&8 ¢ tabot §2 mid O\B@Btmcmg 30 min
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‘582 ot Aesthd el G0 FheAffombir frfb e AINERKE at B IR EODIpBE e 2dde
bel owobddehydsliemoniterad by iT$ CoRilr (v hexamel/ Et@ﬁc, B'talcmoyde 2506%). Winen the
desi | Yéa%[iér? i c'?nplete, the mixture is cooled with an ice bath and 150 g of 25% aqueous

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 Ry = 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
extracfe_d 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-butancl 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 ét 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)-(55)-7-[2-cyclopropy!-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).



j udged conplete by TLC (di sappearance of silyloxy aldol adduct Rf = 0.75,
appearance of desilylated product Rf = 0.22). Afterwards the |ayers are
separated. The organic |layer is extracted with 87 g of 25% aqueous
phosphoric acid. The conbi ned aqueousglayers are extracted with 2 x 130 nL
of t-butyl nethyl ether and the organic |ayers are conbined and. washed
wth 4 x 76 nL of 10% aqueous sodi um chl ori de. Sol vents are evapor at ed
under requced pressure, the resulting oil is dissolved in 100 nL of

n- but the solution is evaporated again under reduced pressure.

Thi s process I e th an a l,onal 100, nL of _n- n to yield
10 o BarrainGt (B PEE Sl SR AR R PR R RPN en < o |
and th@ptrg 8idi¢ Bciti sthyhestedl to 450C t 1 OC and stirred for 1 hour. After
cooling to - 500 the nbdure is stirred for another hour at that

tenperature] The precipitated solids are collected by vacuumfiltration,

washed wi th x 30 nL heptane fraction and dried overnight under vacuum at
600C to a 26.3 g (899 of (E)-(5S5)-7-[2-cycl py| - 4- (441 uor ophenyl ) -
qui nol i n- 3~y#] - 5- hyggox(y 3-@xo- hept - 6-enoi c aci d & ester in 99. 7%

1) NeBH, EtB ' :
Chi rihl pak’%ﬁ_ﬁ%%‘f"’uent n- / 10;
300G a % ghem cal

ae'trlle 45/ 55; flowrate 0.7 k . detection W
at 245 nm. -20 anpl e 4 Preparation of
(BE)- (3R 55)-7-[2-cycl opropyl - 4- (44I uoro phenyl) qui nol i n-3-yl]-3,5-di hydrox
~"Rept - 6-enoi ¢ acid ethyl ester. 1) NaBH4, EtBOVR OH OH O
4 - 78 Eoardry)l Né!ﬁﬁb“qd@@%a‘?%bat@“d% nroges aé”"ﬂ?%}‘efﬁa'@ 39dgdk in a
dry i g @@%mnb%rﬁhymﬂﬂr(oﬂﬂtrhél@)eéhcﬁéﬁmmbﬂe@raﬂ?&oﬁﬁﬁeﬁ Ke bgre® SOdi um

borohydride (OA 1 of tetrahydrofuran he m xture is

st i r r 8tTedior ghel303ninkies @flesinigrpa temperaiuig js Q%e@a@u A8-8 L gkdisthyl-700C.
10.8 metmxygérﬁBQYd.O& mole) Is added dropwise over about 10 minutes. The mixture is

stirred for 15 minutes, then a solution of 30 g of the compound of Example 3, (E)-(55)-7-{2-

cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-5-hydroxy-3-oxo-hept-6-enoic acid ethyl ester
(Method 1, 0.067 mole) in 60 mL of tetrahydrofuran and 100 mL of methanol is added
dropwise over about 30 minutes keeping the internal temperature below -70°C. After
30 minutes, the mixture is warmed up to room temperature and added to a rapidly stirred
flask containing 200 mL of saturated aqueous sodium bicarbonate and 400 mL of ethyl
acetaté. After mixing, the layers are separated. The organic solution is concentrated, and
) the residue is dissolved in 400 mL of ethyl acetate, to which is slowly added 70 mL of 30%
' ‘.j (":w) aqueous 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 sulfite
followed by 150 mL of brine to which 15 mL of saturated agueous sodium bicérbonate is
added. After evaporation of solvents from the organic layer, the resuiting 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 (*/,) 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 liguor is
enriched o 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-



met hoxyborane (0.082 nole) is added dropw se over about 10 m nutes. The
mxture is stirred for 15 mnutes, then a solution of 30 g of the conpound
of Exanple 3, (E)-(55)-7-[2-

cycl opropyl - 4- (44l uor o- phenyl ) - qU|nobqo 3-yi]-5-hydroxy- 3- oxo- hept - 6- enoi c
acid ethyl ester (Method 1, 0.067 nole) in 60 nL of tetrahydrofuran and
100 mL of nethanol is added dropw se over about 30 n1 nut es keeping the
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L of whith 4biff iRDol eptital p@fty.um bi carbonate and 400 nmL of et hyl —acetate.
After mxing, the |ayers are separated. The organic solution is
concentrated, and the residue is dissolved in 400 nL of ethyl acetate, to
whi ch&@mﬂ-@&wy added 70 nL of 30% aqueous hydrogen peroxide, using a

| bath to k th t t 250C. Aft
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aqueous SOdI m b| car bonate is added. After evaporation of solvents from
ayer, the resulting oil is distillgd with toluene followed by

hept ane to hin a crude oil in 97.2% opti cal ity (HPLC. Chiral pak AD;
el uent e/ 1-PrOH - 94/6; flowrate 1 nUm W @254 nM. The oil is
di ssol ved 90: 1§ ¢/ ,) cycl ohexane/ Ny ; er at
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gk oil which is
purified by ili¥a gel chromatography (ethyl acetate¥hexanes) to form 20.8
g of (B)-(3R 5S)-7-[2 -21-

cycl opropyl -4- (4-fl uoro- phenyl) qFlnoI in-3-yi]-3,5- d| Hydr oxy- hopt - 6- enoi c

acid ethyl ester as a white soli n 99.3%optical pyrity. Exanple 5
Preparati on of .

(B)-(3R 55)-7-[2- chFﬁQropyl-4-( ! qlnclln 3-yl]-3,5-di hydro
xXy- hept-6-enoic acuqizocal cilum salt i yh cplci U Method 1 F F

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,55)-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 yeflow 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 (sthyl
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-#-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
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Under a nitrogen atnosphere, to a 250 nL flask are added 5.75 g (0.0128
nol e) of the conpound of Exanple 4,

(BE)-(3R 5S)-7-[2-cycl opropyl -4-(4-fl Qr_o-phenyl)-qui nolin-3-yi]-

3, 5-di hydr oxy- hept-6-enoic acid ethyl ester and 40 m - of ethyl alcohol.
The m xture is stirred until a clear yellow solution is fornmed. The
solution is then cooled to an internal tenperature in a range of 0-3'C,
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residue, and the solution is re-distilled to 20 m - volune, and again 50

m - of rnis added, then re-distilled to 20 nL under the sane condition.

200 m%}&v%ter -22- is added to the residue to forma light-yellow clear
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‘) hept-6-enoic acid caicium salt, Pitavastatin calcium, Method 2.

aq. NaOH

CaCl,

ONa"  H,0

A 6—[2—{2-Cyclopropyl-49(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,55)-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,



solution while vigorously stirring. The solution imedi ately changes to a
white slurry. Stirring is continued for 3 hours further. The solid is
collected by filtration, washed 3 tines wth 50 nL of water and dried at
350C in a vacuum oven to obtain pi taﬁistati n calciumin 99.4% opti cal

puri t‘y (HPLC: Chiral pak AD; el uent, xane/ 1-PrOH - 94/6; flowrate 1

nJm n. W @254 nM. Exanple 6 Preparation of

(E) - (3R 5S) - 7-[ 2-cycl opropyl - 4- (441 uor o- phenyl ) - qui nol i n-3-yl ] -3, 5-di hydr ox
y- hewasfﬂade\mth Gl of MRICHN, andshied ungért acagmae formc3d. ¢ guas%pet hod 2. F F OH

y OH 0
Cac' 2o Sroloprlig A PBe R RO, gf?—éé‘wg‘agﬂ%!{sﬁ%hﬁw- yifolty-TH-
| uor ofraae)y2H-pyranord iy &Ghidric-aicesdily | enyl ] - t et rahyhydr o-
hydr oxy- 4R-trans) - 2H pyranone hydrochloric acid salt A solution of the

qui nobt n- EPRR e slPlon Ra bt SRR S R8Ty 100
nol e) engic 464 calcivni salyP@avastatimdeddduno a m xture of 11.2 nlL of concentrated

HCl acid and 400 nL of MeCN while nmintaining the reaction tenperature at
20 2UaderA hikoget atrmaspherep10.6 ghGu227 moole ) i6-{2t{2 29 cibpropyl-4-(4-fluorophenyl)-

quinolin-3-yl}- E-ethylenyl]-tetrahyhydro-4-hydroxy-4R-trans)-2H-pyranone hydrochloric acid

salt is suspended in 256 mL of water, and 9.1 mL (0.0455 mole) of aqueous 5 N sodium

hydroxide is added. The mixture is stirred until dissolution is complete (about 2 hours), then
¢™ filtered through celite. The filtrate is washed three times with 100 mL of methyi-t-butyl ether

ot
&

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 contihued 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 isopropancl. 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 resulting slurry is cooled to 1-3°C and held at this temperature for 3
hours. The solids are collected by vacuum filtration, washé& 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%

J) optical purity (HPLC: Chiralcel OD; eluent, hexane/EEtOH/TFA - 900/100/0.5; flow rate 1
mbL/min.; UV @ 254 nM).



20C, a precipitate is forned and the reaction is cooled to O 20C over 1

hour .

The m xture is stirred for 2 hours further at 0 2'C, and the

are collected by vacuumfiltration, -23- washed with 100 nL of MeCN,

. dried under vacuumto form37.7 g (85%. of
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A.  6-2-{2-cyclopropyl-4-{4-flucrophenyl)-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

I hydr oX



hept - 6-enoic acid calciumsalt, pitavastatin calcium Mthod 3 FF OH40 0
1. NaBH4, EtBOVe OH OH O MOH/ THF, -70'C OD 2. NaHCO31 H. 0 / J-PrO-Ac OB
4N 3. H. 02, NaSO, HO4ANF F OHNaOHI A~O HCL OHOHO O ~L' - 0 0 H20
O Na+ CHCNVH20 '& 4ANNHCl1 FOHOHOCN+ HOO- 4N~ L- -J2 A

6-[ 2-{2-cycl opropyl - 4-(4-fl uorophenysg=qui nolin-3-yl}-E-ethylenyl]-tetrahyh
ydr o- 4- hydroxy-4R-trans) - 2H pyran-one hydrochloric acid salt In a 20 L
react or under nitrogen atnosphere dry tetrahydrofuran (2.6 Qis cooled to

-68' C d di b i dded., When. t
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nal. te
The nfRingd prgagis Iiayeé@t 85 ,4010,953 ,res ing oel it is Hrssolveci in2 rrp? isopropylacetate.
Hydrogenperoxide 30% (263 mL, 2.5 mole) is added over 20 minutes, keeping the internal

temperature at 20°C and the mixture is stirred for 2 hours. After addition of brine (1 L) the
liayers are separated and the aqueous layer is re-extracted with 250 mlL of isopropylacetate.
To the combined organic layer, aquecus 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-dissclved 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-cyciopropyl-4-(4-
”) fluorophenyl)-quinolin-3-yl}- E-ethylenyl}-tetrahyhydro-4-hydroxy-4A-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 io about 11 L under reduced pressure at 35-40°C. A
solution of 70.61 g of calcium chioride 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,



-25- at this tenperature and then warnmed up to OOC. A sodi um hydrogen
carbonate solution 5% (5.3 L) is added, followed by 2 L of
i sopropyl acetate. After vigorous stirring for 10 mnutes at 200C, stirring
is discontinued and the |ayers are sgparated. The aqueous phase is
re-extracted with 800 mL of isopropyiacetate. After evaporation of solvents
fromthe conbined organic |layer at 30-40'C, the resulting oil is dissolved
in 2 L of isopropylacetate. Hydrogenperoxide 30% (263 nl, 2.5 nole) is
addedpldeQmanphﬁw\esate Reéepihaing He= A01C detection BYRL 246 1nM; eptical@hend t he
m Xt U{&—b,S r S i i | ayers

S 7YHPLC: ERfabaI0B: daMtltShexBhbRIOARTA | 6ty {08 5! fifh fate wimilifh.;

are separate e aqueous’ layer is re-extracted W

i sopr U¥y@at4e k. eThispmdunécardrﬁ)taa@ustalhg%dﬁszmlExperpie @B deobigingbdi um sul f it (2
L, 8% o nutes until a peroxide test
IS ne%%?de ﬁ%’tdgﬁnéogggﬁéaﬁlgg%%fob ﬁgpl'lﬁ@dgggtglﬁe organic layer is washed
wth L of water and evaporated to dryness at 30-40' C under vacuum The
resuIE@IgQ_g_@ is dissolved in 3.2 L of acetonitrile, evaporated to dryness,
re-dissolved in 2 L of acetonitril and filtered through celite. This

sol uti on i SewaddisilytoxydierdOreagants etht different Ri groepoiiaved®gntevdiuatddfor i ¢ aci d

142 . ' r f
gt i rr%&arﬂﬂg?ﬁg&ﬁrhﬁnst hQ? %Qt(&%%ghgél%’bedrCEﬁqdb t ?r'ie @%&gﬂ&ﬂgfﬁpﬁa}g g}"ﬁ(w{h%df iltered
of f, ovbEteeableVBitd fBAG(8)-hydrbxy-d&etoeniers ad bllemsi dried at 35'C in a vacuum
oven to afford 389 g (82% of E
6- [ 2- { 2- cycl ppropyl - 4- (4-f | uor ophenyl ) - qui nol i n-B

-yl') - E-ethyl enyl ] tetrahyh
- 4F?- tr ans) T@krpywiseeooe hydr ochl E c acid salt as a pale

ydry- 4- hydr o

orahge powd B. (E)- (3R 5%} misipves @8cl opr opyl

| uor o- phen flui nol i n- 3-yi ] - 3,.5=-dihydr oxy- hep

p| tavastatihytal ci urnou?de;(caa) 8ot r ogseHgt mospher &
4- (4

Iuoro ‘ ~ 35yl ) - wmy| | - tefTahyh : ' ' R, ans) - 2
H-pyrnonqz hyrochl oric acid salt is susg N and 349
m. (1.46-nplg~nof aqueo ﬁdl um hydkexirde added The mxture IS
stirred for ® ho , thelréfﬁ%l’ﬁze}!?ed t hr ough cellt'\é avvashed with 2 L of

water. The filtrate is washed three tinmes with 3.8 L 11.4 Q of

et hyl acetate and the organi c washings are di scarded. To conpletely renove
et hyl acetate, the aqueous solution is concentrated to about 11 L under
reduced pr €bs eseltaare3dmto@edin faiowingitable cindZho@iihgt greateaboaniiomehibor i de

d| hy dbah id QR 3a WMRER R, id'a 8% Ty PErotiBt &fon'a® rAA§i%eth or n-propyl, as

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

R, Yield' (%) Optical purity® (%) mp (°C)
9 Me 62 98 47-51
Et 91° o7° 81-84
n-Pr 91 98 Oil
i-Pr 74° 83° 82-83
MeO(CH,),- 90 90 Qil
i-Bu 71 80 Oil
Benzyl 47 88 Oil
"Isolated yields.
®Determined by HPLC.

®Average of two experiments.

Example 9



the sodiumsalt solution while vigorously stirring. The solution

I mredi ately changes to a white slurry. Stirring is continued to for at

| east 2 hours further. The solids are collected by filtration, washed with
. 2 L of water and dried at 400C 20 nbat for 24 hours to obtain pitavastatin
calcium (358.5 g, 93% purity 99 area-% HPLC); diastereoneric purity 98.9%
(HPLC. YMC-Pack Pro Cl 8; eluent 0.01 M aqueous sodi um chloride solution,
acetic aci -26- pH 3.4/ nethanol; flowrate 0.6 nrin.; T = 40CC;
detection at 245 nM; optical purity: 99.7% (HPLC. ghiral cel OD;

el uent, ne/ Et OH TFA -,90014,00/0.5; flow rate 1 nmp.; U @54 nM
This pro ~cag be re-cr staljjkl zed as in Exanple 6B t

di ast er eor urity 'ﬁﬁ 9. &0 sd ans bLiceadn, purity 99. 8 Exanpl e 8
Seven en rea%lgn;is W th d| Llaciind Rd groups haye Xbeken lleval uat ed
for igsel ectivity | d dTngtt e EO

procedure 8et Jforth in Method 1 of Exanple 3 to forg

5(S) - hydroxy- 3-ketoesters as follows: F F k 1) Tl(O Pr)4(S) Bl NOL THF,
rnol sieves (4A) 0 2) (CH3' ssOCSI(CH3 CHO O H:~ .,ORL N 3) F60,
F3CCOOH N The results are summari zed in follow ng table, and show t hat
greater en 5(15‘)Hwa!msx'yes~kmuesteny(s1 3 was Ipiqmeﬂutimmarﬁ%extbmaare‘cwe aeacdrk Vilhegr oup,
such as_neth et h ropyl, as are a branched al kyl group,
stoh Seed Pl s lopkied To8et oftibnrtURTY il fedvg RPIRESR T\ 6208
47- 51 terhperafure SetiBoBio &‘termﬁné’theﬂﬂat&ﬂte@nﬁerature?& récycle pﬂﬁlﬂ) &Z‘r 83D hsa( CH2) 2- 90

90§ Ipacked with solids; two three—way' valves placed, respectively, at the inlet and exit of the

e tube; connecting tubing to form an external recycle foop; and a dosing pump for adding
liquid to the recycle loop
The 1"-0OD tube was packed with 5.06 g of 4A mol sieve pellets (Aldrich, Cat. No.
334304, Batch No.07701LS) having a diameter of 1.6-mm. The 4A mol sieves were
confined to the middle part the 1"-tube using metal mesh screens. The top and bottom of the
tube were packed with 3-mm Pyrex glass beads. The sieves were heated to 115°C under a
flow of N, (100 em®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.
_ :1) The vessel was purged of air with nitrogen, and charged with:0.4788 g of (5)-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 heédspace was purged of air. Flow to the recycle loop was
started by turning 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 fitanium (IV)
isopfopoxide 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 vesse! and recycle loop were emptied and the
réaction 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).



I-Bu 71 80 G| Benzyl 47 88 G| Isolated yields. 2 Determ ned by HPLC
3Average of two experinents. Exanple 9 -27 F CH, ~Hs CH 1) (S)-BInW
(~-Pr7T4 &H0 0 H 4A Mol mulw slavM THF C Ncj"AMO MO 0 O N N

5(S)- hydroxy-3-ketoester (S,') was prepared using an external recycle
reactor. The reactor contained a QLggl jacketed vessel equipped with a
retreat-curve inpeller and tenperature sensor to determ ne the .batch
tenperature; a recycle punp; a-1'~-CD tube packed with solids; two

t hr ee-way . val ves aced espect.i vel et __and exi f the, tube;
e oTHS i b P vatmed BoaR e RatyE apt @i S0gRauES THS HePwn T or
a]gd |4 Rganv}arsﬂinlcﬁtﬁ@lnﬂlhﬁrrmNA}?%lm adywet {6h8,’ )Lwas %’3‘3’3‘5 msntpﬁf:kldog%d?dfsgm g

(0] no L eve ri C

o i aBEm ok SHEERE NEHTE e ee aiidkcst b TR Basaired BOUBREAARY ¢ ho ai ddl o
part fif®ing th emmhﬁewrdamm ShalBsbusei aRoRibleE thelldfraWdrdipapite@bnd he  t ube
were packed with 3- Pyr ex ?I ass beads. The sieves were heated to 1150C

under hgorngawwremaewe g 1R Pbiainian b which was distiledyith aBHQH(2X 12 5 h.

Heat i b MRS4S BER!1bHPEaboUl B0 Mbal )Btcﬁla%% b aditstceRie taiRfed®yapped around
the tube. The tenperature of the solids was determ ned using a

novabydrelysis i the egcessligivloxydiens dyringaverkum &ased op NIMR pyalysinef the t he 1"
t uge crlBE plotRict AR 88, WAsld BRI &% Wak @bldidy, anll i @od oflih@irkhow into the

t ube
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. The agitator
was turned on, and recycle flow was started at the same flow rate as in Example 9, with the
batch temperature controlied at 19°C.

After 20 min, 44.96 g of a solution of titanium (1V) 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 (S;’}, based on NMR analysis of the crude, was 90%, and the

O

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:



fromthe 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 al dehyde, and 222.03 g of tetrahydrofuran, and seal ed. The agitator
was turned on at 250 rpm and the vessel headspace was purged of air. Flow
to the recycle loop was started by ta9rning on the recycle punp (recycle
flowrate = 825 cnB/mn) and the agitation rate was reduced to 225 rpm
The batch tenperature was controlled at 190C. After about 30 min, 45.44 ¢
of a solution (conprised of 1.00 g of titanium(IV) isopropoxide in 88.95
g of THF icng the dosing punp over 6 min. About 20-mn after
this addx,\mwﬁlsaéi Thetis di si |yl oxydi ene were added over 6 mn. After 1 h,
a second ortion of disilyloxydiene (8.9 over 2 mn) was added. After 1
h, a thi ﬁd’gyﬂlﬂ“i!qddcﬁr RIEPariios FOPIRORDE havieg 'f@'”@“%sg\/@fo@"‘fﬁ n) was added.. After
2 days, the al dehyde di sappeagance was conpl ete based on TLC anal y5| s. The
vessel and recycle | oop were rrptl ed and the reaction m xture was wor ked
up in a separate flask by ade y %; mL of 20% (v/v) aqueous
trifluoroacetic acid keepi_ng Prnaljjte erature bel ow 10 OC (ice bath
cooling). -28- The m xturé \ har Nes oom tenperature and stirred
for 30 mnutes. TLC showed i on of the i fffial trinmethylsilyl adduct
to (S,') was conpliepe. 300 nilof t-BuOve and 200 nL of saturated NaHCCB
were added and the *m xpUr e~ irred thoroughly. AfteS,) filtering the

m xture to renove a snall unt| of insolubles, the |ayers were separated
and the organic | ayw FHt ed to obtain an oil which was
distilled with TI-BuOH ( 45 OC bath tenp, about 20 nbar) to
renove ethyl acetoacetateHfornmed &y, hydrolysis of the excess

di si |yl oxydi ene during workup). Based on NVR anal ysis of the crude
product, said nisthod compeisthig@bndehshipardsiyiokydentest Foanglaiihe amount of undesired
enanti onmer was below the limt of detection. Exanple 10 The vessel recycle

| oop used in Exanple 9 was {R:Fed t RIS¥B)t i mes, each tine with at | east 250
mL of tetrahydrofuran, and sub quently dried 8y flowi ng nitrogen at room
tenperature. The dry vesselH rgggRw th: 0.48 g of (S)-binol, 10.67 g

of al dehyde, and 222 g of tetrahydrofuran The | oop and vessel were purged
of air wiith sRiidedgdNhavinder @@iutaqoy as follows

(Q,)

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

DO
O /O

LN (v

"
Ik

in an inert solvent to obtain a 5(S)-hydroxy-3-ketoester having Formula (S;),



was turned on, and recycle flow was started at the sane flowrate as in
Exanple 9, with the batch tenperature controlled at 190C. After 20 mn,
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 mn. After 30 mn, 4.4
g of disilyloxydiene were added over3gO mn. A second portion of

di silyl oxydi ene was added (8.6 g over 2 mn) one hour later. Athird

di silyl ox~di ene portion (8.8 g over 2 nmn) was added after 1 hour. After 2
days, the reaction was stopped and the reaction m xture was worked up as
in Exanp®@®®N The yield of (S,'), based on NMR anal ysis of the crude, was

0% and the isaprilly SlosMARPAIKE &y 8PARN bPGRIGIAS below the 11t of

det ecti on. I nvention ‘has be desc bed with particular reference
to certain Rgm@dﬂ Reats n'tdlaﬁermmhtly inydrobén, haegerm dgdokp agtibiely sabslinges and

Spitit of the ANl ST Ok A e REee e SRS prtnat) bl o "
preparing a corqﬂ@umcbrylaw a@IHéay metaoc(ySI@oasorﬂmtérmlkom OHO0O 0O R3 R4 H3C -,

al , 11 ORL (SO 1-13 CH3 sai d met hod corrpr|S| ng condensi ng a
di silyl oxydRe‘ﬁ@ 'B“I"e"F%‘thﬁ'l‘%b'('i&')thy' ("R)%H*‘-‘dﬁ U.‘}Sls('ﬁ“@"f'gurﬁﬁ"'tﬂﬂ OR wth an

al dehyde haﬁ'aﬂ@%Q(e{"rﬁh@pé@deﬁtﬁj,fa%&é?‘éﬁ(yl.Rz 0 R3 R4 1-13C~, 0 (02)

2. A method according to Claim 1, wherein the molar ratio of a disilyloxydiene of Formula
(1) to an aldehyde of Formula (Q,) initially present in the reaction mixture ranges from
1:1t0 6:1.

3. A method according to Claim 2, wherein the method additionally comprises using
molecular sigves.

4. A method according to Claim 3, wherein water is added to the molecular sieves prior
to using the molecular sieves.

5. A method according to Claim 4, wherein the water content of the molecular sieves is
from 1 wt % to 15 wt %.

6. A method according to Claim 5, wherein the molecular sieves are situated in a fixed
bed external to a reaction vessel, and the reaction mixture is passed through the fixed
bed.

7. A method according to Claim 6, wherein the molecular sieves are reused.

8. A method according to Claim 1, wherein the disilyloxydiene of Formula (l1) is prepared
by
(a) reacting an acetoacetate of Formula (VI)

o) 0

H,C OR

1



F13C, -~ NCH3 CH3 CH3 in the presence of a titanium (I1V) catal yst having
Formula (IV) R8 0, ~OO0 "Ti~, O (IV) | R8in an inert solvent to obtain
a 5(S)-hydroxy-3-ketoester having Formula (SA 30 wherein R is optionally
substituted al kyl, cycloal kyl or aralkyl; R2, R3 and R4 are, independently,
hydr ogen, hal ogen, hydroxy, optionall¥l substituted alkyl, cycloal kyl,
aryl, aral kyl, heterocyclyl, heteroaral kyl, optionally substituted al koxy,
aryl oxy, aral koxy, heterocycl ooxy or heteroaral koxy; R8 is a | ower alkyl;

| ndepenadiiy s AR Gagert f h pleB8ncs T 3and b B bioife SBPEM P S ™ ThSi ci n (e

nol ar ratsulyjemﬁletaermasmg)ﬂomvldl‘élhe of Formula (11) to an al dehyde of Formul a
A) initially present in tk@ggactld)n m xture ranges froml: 1 to 6: 1. 3. A
met hod according to Caim n the method additionally conprises
using nolecul ar sieves. t accordfiy to Claim3, wherein water is
added to the nol ecul ar si Hsﬁes prior 9%o using t hgngol ecul ar sieves. 5. A
met hod according to Claim4, wherein the water content of the nol ecul ar

si eves i gp) fréeﬂﬁg kthendilyfénbiethtbhaingdBorfutaAvIBRBOS bageCaidh §iIatifg Skt A 5,
wherei n the npl cuI r. sieves are situyated in a fixed bed external to a
react i on ande¥k§O "eé??"lg’ fP'Wéardgj\‘J?’fygf?"ﬁPg??fW'q @)'passed t hrough the fixed

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

R is a lower alkyl.

2. A method according to Claim 1, wherein the organic solvent in step (a) is hexane, and
the inert solvent in step (b) is diethylether or tetrahydrofuran.

10. A method according to Claim 9, wherein the base in step (a) is triethylamine.

11. A method according to Claim 1, 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.

12. A method according to Claim 9, wherein the silylating agent in steps (a) and (b) is
trimethylsilyl chloride.

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

(Vi



bed. 7. A nethod according to Claim6, wherein the nolecul ar sieves are
reused. 8. A nethod according to Claim1l, wherein the disilyloxydi ene of
Formula (11) is prepared by (a) reacting an acetoacetate of Fornula (VI)
00 HBCR'"~ OR 31 with asilylating agent in the presence of a base and
an organic solvent to forma silylengdether having Formula (VIl) (R3S 0 0
H3 O ~~"KORI and (b) treating the silylenolether having Formula (VI1) with
a base and a silylating agent in an inert solvent to forma

di silyl oxydiene of Formula.(11) erei i s, i.ndepende

insubst | < Aaeotkarbme R stad e, Mhereliue meley g ot HisTRRHTT i fera <

| ower al lof Fornfula @/ netancitichgds ofth angultadQo)l isitiaty bresshtindhereabitononighng ¢ sol vent
in step i.s. he : .4 the inert solvent in step (b) is diethylether
or tetra&%eaﬁrﬁmaﬁaﬂ%q a‘ﬁ\gﬁet hod according to Claim9, wherein the base in
step (a) is triethylamne. 11. A nethod according to Caim1, wherein the
base in slSep nfet)od accgrlingde Edthimrio whetein Rgs (wer elipls Rs isi hadpoeh; dridt R andh

dii soprowla@gfrhﬁ% %ni thiumbis(trinmethylsilyl)am de, sodium

bi s(trimet'hyls yq am de, and potassiumbis(trinethylsilyl)amde. 12. A

met hod according to Claim9, wherein the silylating agent in steps (a) and
(b) is t16i Aeneippa pesprdinmiodslpie 15, whersin Relsidayl #66 &d8 NS O ai m 1, wherein
the titanium (1V) catalyst of Forrmula (IV) is prepared in situ by reacting

(t)/i g:ni um1zl Y mébd atsPRR@ROLIAE1 Witidh hsthod fufthebédhaiiabs fddubihg afspsyrul a (VI T)

hydroxy-3-ketoester having Formula (S;) in the presence of a di(lower
alkyl)ymethoxyborane, a reducing agent and a polar solvent to afford a 3(R),5(S}-

dihydroxyester of Formula (V)

(V3)

wherein
R is optionally substituted alkyl, cycloalkyl or aralkyl; and

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

18. A method according to Claim 17, wherein the di(lower alkyl)methoxyborane is
diethylmethoxyborane or dibutylmethoxyborane.

19. A method according to Claim 17, wherein the polar solvent is selected from the
group consisting of tetrahydrofuran, methanol, ethanol, isopropanol, butanol, and

mixtures thereof.



HO (Vill) 32 14. A nmethod according to Claim13, wherein the nolar ratio
of the titanium (IV) catalyst of Formula (1V) to an al dehyde of Fornul a
(@) initially present in the reaction mxture ranges from0.01:1 to
0.15:1. 15. A nmethod according to Caim1, wherein R is lower alkyl, R2is
hal ogen; and R3 and R4 are hydrogen.336. A nethod according to Caim 15,
wherein R, is ethyl; and R2 is fluorine. 17. A method according to aim1l,
whi ch nethod further conprises reducing a 5(S)- hydroxy- 3-ketoester having

F I I duci

ngent anddaAJorhPs aBefaRy Fbec'% f%‘*’h% e?%%ﬁ)re@fé}ﬁ 3t LGB IR For il 2
NO R2 OHoOHhim lRﬁoMndel3c~ , NO H3C N CH3 CH3 CH3 wherein R
is optionally substituted al kyI cycI oaI kyl or aralkyl; and R2, R3 and R4

are, i nd%ﬁeg\gﬁﬁm{:d’acé&‘ﬁﬁé)@%ia Ehf‘ tH¥AHF Fr’ coﬁﬂ{rfs@é‘al ly substi t ut ed

al kyl, cycl , ary ara eterocyc eroaral kyl, optionally
substit Ut(@)dredééiﬂf@éﬁ(s ﬂyﬁ?o&%ﬁ»ke&@ie‘ﬁﬁéﬂng h&ﬁ%faﬁ(@_{)gh WHreQéncB%? groar al koxy.

18. A nmethod accord aim17, wherein i(lo

al kyl ) met¥{9weh alkﬂmeth%ybara@f:rﬁ/!eﬁﬁ@%ﬁwéﬁ%epehar sRIvaRt {A #H%a%é(ﬁhe 19. A
et hod acRytfixpebidrdf Ebmhui &7y wherein the polar solvent is selected from
the group'consisting of tetrahydrofuran nmet hanol , et hanol, isopropanol,
butanol, and mixtures therdsf. 33

(V2)

(b) hydrolyzing a 3(R),5(S)-dihydroxyester having Formula (V) in the presence of an
aqueous base to form an alkali metal salt having Formula (X;) as follows

(Xz)

;and

{c) converting an alkali metal salt of Formula (X;) to a calcium salt of Formula (W,)



20. A nmethod according to Caim17, wherein the reducing agent is sodium
borohydride or |ithium borohydride. 21. A nethod according to Claiml,

whi ch net hod further conprises (a) reducing a 5(S)-hydroxy-3-ketoester
having Formula (SO in the presence of a di(lower alkyl)nethoxyborane, a
reduci ng agent and a polar solvent to afford a 3(R),5(S)- di hydroxyester of
Formula (V2) RR OHOHO R3 R4 FI3c~3D 1 1 OR1L NO F13C N CH3 CH3 CH3 (b)
hydrol yzing a 3(R), 5(S)-di hydroxyester having Formula NO in the presence of
an aqueous base to forman alkali netal salt having Fornula (X2) as
follows R2 OHOH O R3 R4 H3C~, 0 1 OV (x2) H3C N CH3 CH3 CH3 and (c)
converting an alkali netal sgt of Formula N) to ja calciumsalt of Fornula
(W) 34 R OHOHO R3 R4 H3C 0 1 0- Ca2+ A) | H3C N CH3 CH3 CH3 2

OH O

(W)

in the presence of a calcium source,

wherein
R, is optionally substituted alkyl, cycloalkyl or aralkyl;

Rz, R3 and R, are, independently, hydrogen, halogen, hydroxy, optionally substituted
alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally substituted
alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy; and

M is sodium, lithium or potassium.

22. A method according to Claim 21, wherein the calcium source in step (c) is calcium
chloride.

23. A method according te Claim 1, which method further comprises

(a) reducing a 5(S)-hydroxy-3-ketoester having Formula (S,) in the presence of a
dilower alkyl)methoxyborane, a reducing agent and a polar solvent to afford a 3(R),5(S)-

dihydroxyester of Formula (V;)



in the presence of a calciumsource, wherein R, is optionally substituted
al kyl, cycl oal kyl or aralkyl; R2, R3 and R4 are, independently, hydrogen,
hal ogen, hydroxy, optionally substituted alkyl, cycloal kyl, aryl, aral kyl,
het erocycl yl, heteroaral kyl, optionally substituted al koxy, aryl oxy,
ar al koxy, heterocycl ooxy or heteroarahkkoxy; and Mis sodium |ithium or
potassium 22. A nethod according to Claim21, wherein the cal cium source
in step (c) is calcium chloride. 23. A nethod according to Claim1, which
met hod further conprises (a)_reducing a 5(S)-hydroxy-3-ketoester having
Formula (SO in the presence ¢4 a di (|l ower al kyl)nmethoxyborane, a reducing
agent and a pol ar solvent tofafford a 3(R),5(S)- di hydroxyester of Formula
@ O | QERI
(]

NO35 R HOHO R3 K4 MO 1-13C N CH3 CH3 CH3 (b)

cyclizing a 3(R), 5(S)-df fformul a (V2) in the presence of

an acid and an aprotic watef<m se forma | actone having

Forrrula (Y2) as follows R2 O F(i R4 1-13C 0 (Y2) 3C NCH3 CH3 CH3 and
2Qf hydrol yzing a | actone hgwjng Formula (Y3),

or acid addition saltsS the eof in the

CH,

CH, CH,

(b) cyclizing a 3(R),5(S)-dihydroxyester having Formula (V,) in the presence of an acid
and an aprotic water-miscible solvent to form a lactone having Formula (Y5) as follows

(Y2)

and acid addition salts thereof;

(c) hydrolyzing a lactone having Formula {Y3), or acid addition salts thereof, in the
presence of an agueous base to form an alkali metal salt having Formula (X;) as follows

(X3)

;and

(d) converting an alkali metal salt of Formula (X;) to a calcium salt of Formula (W.)



presence of an aqueous base to forman al kali metal salt having Formul a
(X2) as follows RZ2 OHOHO R3 R4 1-13C~ 0 1 OV (X2) 1-13C N CH3 CH3 CH3
;and (d) converting an alkali nmetal salt of Fornula (X2) to a calciumsalt
of Formula (M) 36 RR OHOHO R3 R4 H3G-~ 01 11 1 0- Ca 2+ (W) F13C N
CH3 CH3 CH3 in the presence of a cal3s umsource, wherein R 1is optionally
substituted al kyl, cycloal kyl or aralkyl; R2, R3 and R4 are, independently,
hydr ogen, hal ogen, hydroxy, optionally substituted alkyl, cycloalkyl,

aryl, aral kyl, heterocyclyl, heteroaral kyl, optionally substituted al koxy,
aryl oxy, aralkoxy_'heterocyclooxy or heteroarark‘?y; and Mis sodium
lithiumor potassium 24. A =thod according to ¢l aim 23, wherein the acid
in step (b) is cpncentrated ~+hydrochloric acid, tlhe aprotic water-m scible
solvent is acetopitrile,_ [ galt thereof is the

hydrochloric acid salt. "2 Fiod accrdi g tq A aim1l, which nethod
further conpriseg 37 i ) - h dr‘yré-zket oester having
Formula (SO in the presence aof a | di(lower alkyl) & hoxytr(wzyne, a reduci ng

agent, and a pol afs ‘alo

CH, CH,

- 2

in the presence of a calcium source,

wherein
Ry is optionally substituted alkyl, cycloalkyl or aralkyl,

Rz, R; and R, are, independently, hydrogen, halogen, hydroxy, optionally substituted
alkyl, cycloalkyl, aryl, aralkyl, heterocyclyi, heteroaralkyl, optionally substituted
alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy; and

M is sodium, lithium or potassium.

24. A method according to Claim 23, wherein the acid in step (b) is concentrated
hydrochloric acid, the aprotic water-miscible solveni is acetonitrile, and the acid addition
salt thereof is the hydrochloric acid salt.

25. A method according fo Claim 1, which method further comprises



3(R), 5(S)-di hydroxyester having Fornmula NO as follows R CHOH 0 R3 R4
1-1313" 01 ORI M H3C NCH3 CH3 CH3 and (b) hydrolyzing a

3(R), 5(S)-di hydroxyester having Forrmula (V2) in the presence of an aqueous
base to forman alkali netal salt having Fornula (X2) R2 CHOH 0 R3 R4 OV
FI3c-~* Ol , I I (X2) H3C N CH3 CH37CH3 wherein R, is optionally
substituted al kyl, cycloal kyl or aralkyl; R2, R3 and R4 are, independently,
hydr ogen, hal ogen, hydroxy, optionally substituted alkyl, cycloalkyl,

aryl, aralkyl,  het | yl, heteroaral kyl, optionall substltuted aI koxy,
aryl oxy, ?%rfé?tl&w E@E‘f‘ﬁ%&?%1"878??;9'6'?3"“&%"8H'Pééﬂdﬂ(‘;he BRENRF PSA sodi um

l'i t hi um ailonet AeimeNoxiiforare, FRbMAThgRRAT dhdg pbiar Sbidérntaaiforyaer ei n the
aqueous 9&3%(&) dlﬁyd%)xygé)tzerhawng%jormn?a ({M as%fode and Mrepresents sodium

(V)

; and

(b) hydrolyzing a 3(R),5(S)-dihydroxyester having Formula (V,) in the presence of an
aqueous hase to form an alkali metal salt having Formula (X5)

(Xz)

wherein
R, is optionally substituted alkyl, cycloalkyl or aralkyl;

Rs, R; and R, are, independently, hydrogen, halegen, hydroxy, optionally substituted
alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally substituted
alkoxy, aryloxy, aratkoxy, heterocyclooxy or heteroaralkoxy; and

M is sodium, lithium or potassium.

26. A method according to Claim 25, wherein the aqueous base in step (b) is sodium
hydroxide and M represents sodium.



