2 8 JUL 2006 -1 PROCESS FOR THE MANUFACTURE OF ORGANI C COVPOUNDS | n one
enbodi nent, the invention provides an enanti osel ective nmethod for preparing
~conpounds having Fornula (Si), (S2), or (S3) as follows: Rz R3 R4 @ QIAWH
"OR (SO RERNRZ H0OO R3 Ra OR H3C-"O(S2) H3ICCH3 N CH3 CH3 H3C

CHB OHOONORI HC3'-~i NR4 (S3) OBBOFt3 R CH3 wherein Rl is

i ndependently an unsubstituted or subsgtituted al kyl, cycloal kyl or aral kyl;
and 2 8 JUL 2006 -2 R2, R3, R4, Rs, N and R7 are, independently, hydrogen,
“hal ogen, hydroxy, optionally

PROCESS FOR THE MANUFACTURE OF ORGANIC COMPQUNDS

In one embodiment, the invention provides an enantioselective method for preparing
compounds having Formula (8,), (S,), or {Ss) as follows:

(S2)

(S2)

wheregin

R, is independently an unsubstituted or substituted alkyl, cycloalky! or aralkyl; aﬁd




substituted al kyl, cycloal kyl, aryl, aral kyl, heterocyclyl, heteroaralkyl,
optionally substituted al koxy, aryloxy, aral koxy, heterocycl ooxy or?8 JuL 2008
het er oar al koxy. Usted bel ow are definitions of various terns used to
descri be the conmpounds of the instant invention. These definitions apply to
the ternms as they are used throughout_ 4he specification unless they are
otherwise limted in speC|f|c I nst ances either individually or as part of a
| arger group. The-term "optionally substltuted al kyl" refers to

unsubstituted or substituted straig or branched chain hydrocarbon groups
havi ng 1-P® ReaRble '3@%ﬂ%F‘?%I?e'f‘é?%’lck?”ﬂ%W@ré’lgﬁﬁarf‘a'%&%nﬂdf%I‘PBP%H%"

UnSUbSt I tut e%uﬁbiﬁﬁied%@!iﬁ?clbélﬁﬁuﬁyl %Pélmlhet&b@éiyi Hé&éf@é(ﬂa;kyl %Pf?ér%w'

-butyl, I-butyl, isob K , I'sohexy
4 4- di et hy| pakeituted sdoyxy, QM@XI,I%BI Weheteaw@@@mré@t%rpmﬁwgy .oups i ncl ude,
but are not limted to, alkyl groups substituted by one or nore of the

fol I owi ng gwr@f?enﬁwh% dé}m §§6f v&msqeﬁﬂ&-yused% heécm eé%hésambewfﬂs%f A]

al kyl t hi o, I ono, ony , hitro, cyano, oxycar bonyl ;. ary
ar al koxr}stani mvgntnry clhgse m&rmtj@neh@ply tetbe Jermsiasi they aneyused throyghout feeny | |

thi azol éem&amsﬁ f.regy heg%ﬁé Pfﬂ%?&méa Mﬁec.ﬂb f(dﬁ@?éé eit B itk dangcn nd the

like. e term "l ower ers to those a groups as ed above
havi ng partdf adargeiogrosp.ons, preferably 1-4 carbon atoms. The term "hal ogen" or

"hal 0" refers to fluorine, chlorine, bromne and iodine. The term "al kenyl"
refers to afpedérm topliamally substityted gikyll pefersiei umgulatituted ot substituted simightat ons

and furg ncﬁ&j\&-l‘?éu’? rtﬂo@érbélr?gﬁhgg Qs\ﬂﬁgﬁb%ﬂ: &&B&%”pl%?& lg r‘l?féégb% et he

attachnen oups oms at'e term
" al/knykoms. eIEmmpla@ lmybsmrtutemefkvl@msamkly@e g}etfwbgtM\pruyl,asopremtn-bml car bon

m l e bond
he at CAONSEUGH cER0 ReM it REaby SFaRBIRERINE B RRTUIIG, 7 o e
term @wmaiekiﬂkyl geftips mcbdedpﬁlamabﬂ limitadids,t alkyd pesipesnbstipated by obeoycl i ¢ or
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al koxy ,alkglthigha, sutionyhiritra cyma&pxwdd{m]ytanbmylkoxy, tnatehmwlyl mblatlleg ocyclyl and
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and cy@ndiiexidayl and the like. 2 JUL 2096

The term "lower alkyl" refers to those alkyl -g-rbups as described above having 1-7
carbon atoms, preferably 1-4 carbon atoms. |

The term "halogen” or "halo” refers to fluorine, chiorine, bromine and iodine.

The term "alkenyl!" refers to any of the above alky! groups having at least two carbon
{ D 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 havihg 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, heterocyciyl and the like.

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



Exenpl ary bi cyclic hydrocarbon groups include bornyl, indyl, hexahydroindyl,
t et r ahydr onapht hyl , decahydr onapht hyl , bicycl o[ 2. 1. 1] hexyl , 2 8 JuL 2006
bicyclo[2.2.1.]heptyl, bloyclo[2.2.1]heptenyl,

6, 6- di met hyl bi cycl o[ 3. 1. 1] heptyl, 2,6, 6-trinmethyl bi cycl o[ 3. 1. 1] heptyl,
bicyclo[2.2.2]octyl and the |ike.- Exenplary tricyclic hydrocarbon groups

I ncl ude adamantyl and the like. The termual koWrefers to alkyl-O. The
termnal kylthlo" refers to alkyl-S-. The term "al kylthiono" refers to
alkyl-S(O-. The term"trialkylsifyi" refers to (alkyl)3Si-. The term
"trial kyl si Eyp@pigry bigyclie bydrecarapi groupsiinglude bayeyl; indyh hexakydreimdylony| * refers

to al kyls= ) o5 e . I ., aryl sul fonyl,
het eroéétryalﬁgﬁplbp %Fr’]'}tﬁ‘,b” d%ﬁﬁfﬁﬁiﬂlﬁ lﬂ}g#ﬁy’cf e'? g?‘oégﬂéﬁgwéé%g‘ {]g% h and the |ike.
The t ebigyclej2\a.tihepipayls6.66limethybigy¢ipl8. bilhepiyl 216, irmathdbicyciofdr doeptidon gr oups
havi ng;.8z in the rin ortion, such as phenyl, naphthyl,
tetragyg?g%éﬁgﬁgﬁﬁﬁtgﬁg}ﬁ%l and di ghgnyl gr oups, eachpof \>/lmi ch Ir?ny _y
optional |y 'Eﬁex%HBg% fglk |i§ﬁy@r}6c§rg§®%gﬁ&@ﬂ§dan§éh 1 anh 1i .- hal o,

hydr oxy, al KOXY, nitro, cyano, sultonyl,

het erocycly i d a.lie¢ m "nmonocyclic arylu refers to optionally
substi t ut edLrB%g%m agg) eé%r?%kﬁ%ér aryl. The term"aralkyl" refers to an

aryl group JoIs | A _@an al kyl group, such as benzyl. The term
"aral kyl thl gﬂ@?%r&egél{yﬁ@igaﬁréﬁr%ﬁ?@ﬁ_§The term "aral koxy" refers to an aryl

group bonde [ il . { group. The term "aryisul fonyl"
refers to aﬁ'&?ﬁéﬁ&aﬂ&ltﬁn%@%@%{%ﬁ@%ﬁfﬁ? 0" refers to aryi-S-. The term
"het er ocycl )H'l;'i tﬁﬁﬁﬁ%@f‘%ﬂar‘%t?ﬁ@f@fﬁrt o an optionally substituted, fully

satUhat ed or unsat urat’e ar ona nonaromati c cyclic group, for exanple,

D LT SRR TR g 1 1 erhered b e or 10

The term "alkylsulfonyl" refers to alkyl-S(0),-.
The term "sulfonyl" 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 ringpbrtion, 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, nifrc, cyano, sulfonyl, heterocyclyl and
the like.

j aryl.

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

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(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



system which has at | east one beteroatomin at |east one carbon
atomcontaining (Ing. Each ring of the heterocyclic group contai ni ng taluL 2006
het eroatom may have 1, 2 or. 3 heteroatons selected fromnitrogen atons,
oxygen atonms and sul fur atons, where the nitrogen and sul fur heteroatons
may al so optionally be oxidized. The_QR}erocyclic group may be attached at a
het eroatom or a carbon atom The term "heteroarylo refers to an aronmatic

het erocycl e, e.g., nonocyclic or bicyclic aryl, such-as pyrrolyl,

pyrazol yl, imdazolyl, oxazoiyl, isoxazoy, thiazolyl, isothiazolyi, furyl,

t hi enylsystein; whigh hagt leastgne helgroptentiinmag leaspone darkomalom-carntaining, ring.

b . | . . . ; : |
pensi miiGan oy ! MEIEHENS: Yloun BRBAGa RBkioa IR hAVE 1, JtiugRRLRe, o
| over aelegted frammeitrogék atoynso pxygeh@torms end eulfur atarns vdwrg theunitregen andrsailfer s t o
h 3yl - ~e " _ I

bonded LT aIoR Ty RS P E B bRERE St hetef EyBicrkh MR BB e °(5, )

(S2), detdr&3pmmaa deberatpaxed by first condensing a disilyioxydi ene having
Formula (11) (R)sSSO03i(R)3 ~__~ORl H2C wherein R, is independently an
unsubst i t ut ddhederns theddroamyt” eefeed tkydn, aropatiobétiesdeyde, agalkmonopydindr biegalid R

represent |ower alk L rabl t % et hyl n%.F\’ he
dont 2 GRS Ryt g ouf ool ST BRIV LRO BRI o (o)
as f ol ltiesyl, pyindyl, BaaivylOpyriRSdiRgd, pyfidazigylSindblll, Betiothigzbh), benzoxazolyl,
benzothienyl, quinolinyl, isoquinolinyl, benzimidazolyl, benzofuryl and the like, optionally |
substituted by, e.qg., lower alkyl, Tower alkoxy or halo.

The term "heteroarylsulfonyl” refers to heteroaryl-S(0),-.

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

Accordingly, compounds having Formula (S,), (Sz}, or (S3) may be prepared by first
condensing a disilyloxydiene having Formula (11}
(R),SiO OSi(RY),

=
H,C ~ TOR,

()
2
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
D ~ or different, :

with an aldehyde having Formula (Qy), (Q2), or (Q3) as follows:




3RA|I HO (02) 1-13CCH3 tNCH3 CH3 1-13CCH3 0 NH 11 R4 HSCG" N N
(03) 0 0 R3 R2 wherein R2, R3, R4, R5, R6 and Fl 7 have neani ngs as defi ned
for Formula (Si), (S2), or (S3) in the presence of a titanium (1V) @&tHilyd
having Fornmula (1V) R O~ ~L 1 ) 00 (IV) | RB wherein'‘R8 is a | ower

al kyl, and the binaphthyl noiety is in the S-configuration, in an inert

sol vent to obtain conpounds having Fargula (81), (S2), or (S3) in high

chem cal yield and enantioneric purity. . In the aldol condensation above
the nmolar ratio of a disilyloxydiene of Fornula (11) to an al dehyde having
Formula (Q), (@), or (@) initially present in the reaction m xture ranges
from'11l to 6:1, preferably from1%¥zto 4:1, and nore preferably from1.51 to
3:1. 2 8 JUL 2006 The disilyloxydilene of Formula (11) nay be prepared by
reacting an acetoacetate of havi r mul & (VI) 0 0 (VO H3C ORI wherein R

i s independently an unsubstit tigef ituted al kyl, cycloal kyl or

aral kyl; with a _

Q)

o
AN )
i

(Q,)

wherein Rs, Ra, Ry, Rs, Rs and Ry have meanings as defined for Formula (S,), (Sz), or (S3) in
the presence of a titanium (1V) catalyst having Formula (1V)

T
o <'>

'

ST av)

0
C
DO

wherein Rg is a lower alkyl, and the binaphthyl moiety is in the S-configuration, in an inert
‘solvent to obtain compounds having Formula (S4), (Sz), or (S) 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 (Qy), (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.



silylating agent, such as turi(lower alkyl)silyl chloride or tri(lo UL 2008
alkyl)silyl trifluoronethanesul fonate, preferably trinmethylsilyl ch orlbg
or triethylsilyl chloride, in the presence of a base, such as
triethylam ne, diisopropylethylam ne or N nethyl norpholine, preferably
triethylamne, in an organic solvent, such as pentane, hexane, heptane,
tetrahydrofuran, diethyl ether or clichloronethane, preferably hexane, at a
tenperature ranging from about -250C to about 300C to forma silylenol ether
of the Fornmula (VIl1) (RsSiO0 H3 ClJZ~~0111 (VII1) wherein R is

I nde pe ndent The disilylpsygise; of ireeaula (ismBY be Prarssedhkipacting an @%ﬁtkﬁﬂetaiﬁ ohr al kyl ;

and hﬁ"?ﬁbm‘@éé@' kyI The silylenolether of Formula (VII) may then be

treat e such as lithium diisopropylarnicle or lithium sodium
or potassiumbis(trimethylsilylYam ¢&, preferably lithium diisopropylan de,
fol l oned by addition of a silyljating]agent, su as tri(lower alkyl)silyl
chloride or tri(lower alkylpgTy bpgoromet hanesul fonate, preferably

trimethylsilyl chloride or a‘trlethyIsHyI chloride, in an inert solvent,

such awhdidi Ry Isehdrwenaéntty%trr@hmsﬁmﬁtua@ﬁ summ‘t@cu alhiflyc diRikyRby sHalkik WaR a at a
t enpera e ran f to formthe

disilyP H‘ﬂé"@@g 8%?%K'8""F"13‘5‘VI)38Y‘tq? odﬁ?&f f’g'BW%‘B'W Bllcl e may be gener at ed
in si t%lffubﬂméihdxr%%[!ﬁmé mf@%bﬁndmethmywhldrrub loH fACtHALIYI sHidHde! inGRS

well -known in the art aor as il|ustrated in the exanples herein. The nol ar

rati o BfSSeHER ’t"fu 1 BateuAleh 43 ielyiamyas, disontepyiethyaming orsmethylmamhging. of
For mul @référ%blilltﬂéthyléﬂnirﬁé mraeﬁ&@amb@owsﬁt auapés Waeﬁa@ha&aﬁe ranges from

0. 01: referably fromo0, 04:1 , 8 JUL 2006 -7 The'
tita %W@V@Pﬂﬁﬁ‘ﬂ éi"%‘}@!' egyer Pbldﬁﬂpﬁ)r('?tb?“wfﬂ@bb'rr@&%%&t BiegPeAYe reacting
Tl (\b ﬁd“fr%'aﬁﬂute%“@to' AD0RE 3G90 forR hQiIRERNb el TARE FBMhula Wi |
(5) - |naphtho of the Formula (Mill) " %H (Vill) HO S -2,2'-Binaphthol
of Forrml a (vill) is conmrerBaid y ayail able, e.g., from Karl shams
. v
H,C OR, |

wherein
| R, is independently an unsubstituted or substituted alkyl, cycloalky! or aralkyl; and

R is a lower alkyl.

The silylenolether of Formula (Vi) may then be treated with a base, such as lithium
diisopropylamide or lithium, sodium or potassium bis(trimethyisilyl)amide, preferably lithium
diisopropylamide, followed by addition of a silylating agent, such as tri{lower alkyl)silyl

-~ Chloride or fri{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 (V) catalyst of Formula (IV) toan aldehyde of
Formula (11} initially present in the aldol condensation above ranges from 0.01:1 t0 0.15:1,
preferably from 0.04:1 to 0.1:1. r



) under the trademark BINOL, and titanium (1V) tetra-al koxi des, preferably
titanium (1V) tetraisopropoxide, nay optionally be generated in sith8fioril
titaniumtetrachl oride and sodium or |ithium al koxi de, preferably sodi um or
l'i thium i sopropoxide. The aldol condensati on above may be carried out in a
pol ar aprotic solvent, such as tetrahydrofuran, diethylether or
di net hoxyet hane, preferably tetrahydrdfuran. A conbination of solvents my -
al so be used. The reaction tenperature may range from about OOC t o about
700C, preferably fromabout I OOC to about 600C, and nore preferably from
?bout 150C tlraﬁ tigdpun (19 Bﬁalyérfztﬁ F[]oemarai(w) nh?; l@@g}épﬁﬁe@dnfsﬂ%bwmih@d of ti rrE
rom ahot Shour to about ours, .prefera rom, about urs to about
24 hou&gbhﬂi’em g "Yﬁ.{\ﬂr% pﬁﬁ?ﬁi’fydg‘(%?}ﬂl' "(@éé)'@r (bg?PHMOGS?i onal ly be
purifi edrfya (winysi cal or chenical means to enrich the enantioneric purity.
Exanpl es of such nmeans for enrichnment include, but are not limted to,
crystallization and chiral g attye chromat ography, such as high
pressure liquid chronatograi I n anot her enbodi nent, the invention
provi des a stereosel ective Rethod for\the preparation of -
syn-3(R), 5(S)-di hydroxyest er s~by rgduci®d coqgounds of Formula (SI), (SA or
(S3). The syn-3(R),5(S)-dihngoxyeuters have ()} nul a (Vi), NO or (V3) as
follows: 2 8 JUL 2006 R2 R3 RAN@ 5 (Vi) REBORL RTNR RZIRA MH
OHO Il ORL HSC N CH3 CH3 CH3 H3C C

ORI N

:) (S)-2,2'-Binaphthol of Formula {VIil} is commercially available, e.g., from Karlshamns -
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 dimethoxyethane, preferably tetrahydrofuran. A combination
of solvents may also be used. The reaction tempefature 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 (S3) may optionally be purified by
:) physical or chemical means to enrich the enantiomeric purity. Examples of such means for
enrichment include, but aré 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 {Sz). The syn-3(R),5(S)-dihydroxyesters have Formula (V,), (V>), or (V) as follows:



HSC~N)"" NRA M O0':~ 1'~~-OR- R CH3 wherein R is, independently,

an unsubstituted or substituted al kyl, cycloal kyl or aralkyl; and R2,8 R&, 7006
R4, Rs, R6 and R7 are, independently, hydrogen, hal ogen, hydroxy, optionally
substituted al kyl, cycloal kyl, aryl, aral kyl, heterocyclyl, heteroaralkyl,
optionally substituted al koxy, arylog% ar al koxy, heterocyclooxy or

het er oar al koxy. The stereosel ective reduction of conpounds having Fornul a
(Si), (S2), or (S3) may be achieved in the presence of a di (I ower

al kyl ) met hoxyborane, such as diethyl net hoxyborane or di butyl - nmet hoxybor ane,
preferably diethyl met hoxyborfane, in a polar solvent, such as
tetrahydrofuran or |ower alcjphol, e.g., nethanol or ethanol, or a m xture of
2 8 JUL 2006 -9 solvents tfegeof, preferably a mxture of tetrahydrofurdn
and met hanol . The redu@.ng agedt pused in the reduction step above may be
sel ected froma group of Qydr jide reagents, such as sodiumand |ithium

borohydri de. Preferably theeduci ng ageint iCH soddbum borohydri de. The
reaction may be condgucted at a tenperature rangl i from ﬂgg -200C to about
-1 000C, preferably®f L D0 O~NC. ot her enbodi nent,

t he invention provid
Formula (W), (Wl

aslfollows: R2. R3 R4 OHO O R6 R5 | 0~ Ca 2+
(W) R7 NR2 OH CH

<10 Ca2+ (W O

(Vo)

(V)

wherein
R, is, independently, an unsubstituted or substituted alkyl, cycloalkyl or aralkyl; and
R., Rs, Ra, Rs, Rs and Ry are, independently, hydrogen, halogen, hydroxy, optionally
substituted alkyl, cycloalkyl, aryl,'aralkyl, heterocyclyl, 'hefe-roa.ra]ky¥, optionally
substituted alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy.

The stereoselective reduction of compounds having Formula (S,), (Sy), or (Sg) may
be achieved in the presence of a di(lbwer 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



1-13CCH3 N CH3 CH3 28 J UL 2006 -to 1-13CCH3 OHOH OH 3 0 H] Ca 2+
R4 HSC--, N4 (W) '0 015~11 Il R3 R2 CH3 wherein R2, R3, R4, R5,ZRajlanadk
R7 are, independently, hydrogen, hal ogen, hydroxy, optionally substituted
al kyl, cycloal kyl, aryl, aral kyl, heterocyclyl, heteroaral kyl, optionally
substituted al koxy, aryloxy, aral koxy, heterocyclooxy or heteroaral koxy.
Calciumsalts of Formula (W), (W2), of (WB) may be prepared by first

hydrol yzing conpounds of Formula (Vi), (V2), or (V3) in the presence of an
aqueous base to formthe corresponding alkali netal salts having Fornul a
(X)), - (sxBpentscheredB pradarablyld mixture BP tetidByéfutarOrhdiethaRbl. (9 redBEnd agemt~ O M+

R7N %%egi]ﬁln the rgduclﬁén_ g‘ép ab \cf:é ?ﬂayoﬁ;e solectsd #01933 group of hydride reagents, such as
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 another embodiment, the invention provides methods for the preparation of
calciumn salts having Formula (W,), (W), or (W) as follows:

ca® (W,)

(W)




CH3 CH3 2 8JU HCCBOHOKHOM 3O0HOKHOM NO HCG', I ",I R4 (X3
N~N'"" c¢cl~'"~~OR R32 1 Nwherein R2, R3, R4, R5, R6 and R7 areZ8 jul 2006
‘i ndependent |y, hydrogen, hal ogen, hydroxy, optionally substituted al kyl,
cycl oal kyl, aryl, aral kyl, heterocyclyl, heteroaral kyl, optionally
substituted al koxy, aryloxy, aralkox 0_heterocyclooxy or heteroaral koxy;
and Mis sodium |ithiumor potassiuﬁ] preferably sodium The hydrol ysis
step above may be carried out in an organic solvent, such as a | ower

al cohol, preferably ethanol, and the base used in said hydrolysis is
preferably sel eged from aqueous potaSS|un1hde9<|de, aqueous |ithium

hydr oxi de and aqueous Hg@dj up . _Mre_preferably, the base is sodi um
hydr oxi de. The Rydrol ysis Y POndUgited| at a t emper ature rangi ng
fromabout -10 ¢ to about B0 C_x fr-n1aoout 00C to about 250C.

Al kali netal sallts havi i ( -0'\% Jray then be converted to
correspondi ng thfé“”‘s (VQ) #r (MWB), by reacting an
aqueous sol uti on 4L’ salt of Fornjla (Xi), ¢%p.), or (X3)

wi th an aqueous |sol utfon o cal ci um spurce at an anbi ent
tenperature, pregfer at roonwgepperature. Suitpble calcium sources
include, but arg nd® [ited tg/ €al cifem chl ori de] cal ci um oxi de and cal ci um
hydroxide. Alternnativehy, calciumsalts of Fornulp (W), (W), or (WB) may
be obtained by flirst cyclizing conmpounds of Formula (Vi), (V2), or (V3) in
the presence of an acid and an aprotic water-m scible solvent to formthe

cor r espaRAking,! ASFONS;, B UhA®, 208, Tddbehdbntly, hytrdger? halodh, hydfox CbhidWaiy

;:) substituted alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally substituted

alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy.

Calciurn salts of Formula (W4), (W»), or (W3) may be prepared by first hydrolyzing
compounds of Formula (V,), (V2), or (V3) in the presence of an aqueous base to form the

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




2 8JUL 2006 -12 R24 OH OH "ORBRRAARS (YI) OORN 6 AR7 R (H

R3 R4 HBCO1(Y2) SCCH3 N CH3 CH3 0O H3CCH3 .... OH N (Y3) 1172R4jyL 2006 -
Hlc~ NNR 01 0 R3 2 HS and acid addition salts thereof; wherein R2, R3,

R4, R5, R6 and R7 are, independently, hydrogen, hal ogen, hydroxy, optionally

S

(%)

wherein R, Rs, Bs; Rs, Rs and R; are, independently, hydrogen, halogen, hydroxy, optionally
substituted alkyl, cycloatkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally substituted
__ alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy; and M is sodium, lithium or
3 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 (W3), 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 (V) 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: |



substituted al kyl, cycloal kyl, aryl, aral kyl, heterocyclyl, heteroaralkyl,
optionally substituted al koxy, aryloxy, aral koxy, heterocyclooxy or28§ Jyi 2006
het er oar al koxy. 2 8 JUL 2006 -13 The cyclization above may be carried out
in the presence of an acid, such as trifluoroacetic acid or a strong

mneral acid, preferably concentrated4gydrochloric acid, in an aprotic

wat er-m sci bl e sol vent such tetrahydrofuran or acetonitrile, preferably
acetonitrile, at a tenperature ranging from0-25"C. Lactones of Formula
(Yl), (Y2), or (Y3), and acid_addition salts thereof, preferably
hydrochloric acid salts thered&, may contain snall- anmounts of the unreacted
starting material of Formula (f(Vi), (V2), or (V3); and the correspondi ng acid
having Formula (zi), (Z2), )asfollqu:RZ RBRA HOHO R RS I OH

(Z2) R7 NR2 OHOH O R3RE 1o 3 G-, 0 1% 1 1 (Z2) 1-13C N CH3 CHS CH3
H3C CH3 OH OH OR11 N OH "HS NR4 VORR R2 L3 and acid addition salts
t hereof, preferably hydrochl offi c aC|d safts thereof; 2 8 JUL 2096 -14
(Y,
O .
R
(Y,)
H,C +11OH
9 WA

and acid addition salts thereof;

wherein R;, Ra, 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.



wherein R2, R3, R4, R5, R6 and R7 are, independently, hydrogen, hal ogen,
hydr oxy, optionally substituted alkyl, Gyd oal kyl, aryl, aralkyl, 28 JUL 2006
heteroGyd yl, heteroaral kyl, optionally substituted al koxy, aryl oxy;

ar al koxy, heterocycl ooxy or heteroaral koxy. La&Gones of Forrmula (Yi), (YO
or (Y3), contam nants thereof, and acid addition salts thereof, may then be
converted to the corresponding cal cium3salts of Formula (W), (W), or (W)
anal ogously as described herein above for compounds of Forrmula (Vl), (V2),
or (VS), or nodifications thereof. In one enbodi nent of the invention, the
cal ci um sal t+y M ' j 2L erein above
are conduct eTJI %cﬁ%%ﬁ?ﬁé?@da@ﬁgggﬁéﬂgy °”g¢']'g¥' gpfa%%)ﬁ/é"ﬁﬁf eréﬂ(?’téreiggg% at nosphere.
It is wrilenroagetie asidepa sifong ikingralacid,i pseferabhucancanirated bydrpehlorid acid, idani ng t he

repar a | he.d j Cj ' o St of
Condenai ol et ik ATBAR Suth 1Ry HE] oot FRART bl Arordfis, EE,
(@), iataniperatprecangiog from @-267G.akbactongsl ofFotraulal (st (Y )ér €Ys)rand agid i onal |y be
dded t . : ) s

ermbodi bR Fle it mtefafy o i ot el SR A 4oy S8 Selercr
about lofithe bbreactatd startirbbmaterigd of Forreular(¥f)eQahloy (V) pandatbe eorr@spnding%cid 0 about
bout 10 wt % b th tal ight of the titani I talyst. Th
?ygg of %‘M&%‘F‘”@z@' %)'ﬁfﬁgg?‘?"ﬁ\é’\%{:gmoands gf !thgn: ﬁ\r?eglti\%ncﬁngl ﬁge ©
batch, continuous, and sBji continuous reactors. It is wthin the scope of

the invention to prepare {the conpounds in an external recycle reactor which
~allows: (I) in-situ pretrrent or post- treatnment of the solid nol sieves
| h

(ii) elimnation of es, filtration at the end of the reaction and
(i |5)) easy re-use of Yhg si éves for possible multicycle operation. In
st at#/i ng conpounds and i h€r nedi at egpHwWhi©h are@ converted to the conpounds
of the inventiongin a magpner descrijped hprein
such as am no, thi cat-hoX) ) oxRy _gobps, are oggyonally protected
by conventional p |ng\g oups that = are commoRi n preparative organic
chemi stry. Protg i no, _fhiol, carboxyl and hydroxyl groups are those

t hat can be conver ted-undg N.d conditions into free amno thiol, carboxyl
and hydr oxyl grouﬁs wi t hout theI ecul ar franmework being destroyed or other
undesired side reactions taking place. The purpose of introducing
protecting groups i's to profect the functional groups from undesired
reactions with reaction conponents under the conditions used for carrying
out a desired chemcal t or mapHon.QH he (need and choi ce of protecting

groups for a particul ar;

functional groups present,

)

(Zy)

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



2 JUL 2006 -15 reaction is known to those skilled in the art and depends on
the nature of the functional group to be protected (hydroxyl group,?8&nfiubdils
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 these conditions andq4yheir introduction and renoval are
described, e.g., in McOme, "Protective Goups in Organic Chemstry", Plenum
Press, London, NY (1973); and Greene, "Protective Goups in Organi C

i Bl AR a5 e PR PGt e PR ¢ or

r esol utguBstituidd > @ydlesiryl rlaryhawfm{ﬁrb@jw inetdrbdralkyl, @ptiorRpBtbsHafbeCt i Vi ty
means at | east % Et | Cﬁ geurl tg a‘IPref erabl at | east 80% optical purity,
SPRYPPOAT

nost praé‘f%‘%’a?ﬂ"?xbta@ r]@ﬁﬁ’?@’?' Offre conmpounds of the invention
are espeC|aIIy usef ul for treatlng or preventing atherosclerosis. In one

enbodi nent t he | entlo ounds inhibit the enz 3-
hydr oxy- 3- WG@P ypmpla &jbr&s sk FRERTHIRNtS beRo A Mgﬁg‘t%aﬂﬁen

i dent i fthé\@oﬁfﬁna@ thé@b@cbw@r&eurv@tr@wmpd»m IGR 2fts ef Pérnﬂilé)ﬂnlnt )i 6r
pathway The fol lOWSrQ?F‘éH |l es, are intended to illustrate the |nvent|on and

are not(Wsapaloousiysa 'B%’PW@QOVﬂerQPF@HE"@%@r%EWU]aT@ﬁpéV?értQEr(Eé ar e

gi ven ifodiggHieeStherddir i grade. If not nmentioned otherw se, all evaporations
are perfornmed under reduced pressure, pref erably bet ween about 15 and 100
mMHg (= 20-133 nbar). The ﬁ_’ructure of fin Qduct s, internedi ates and

starting nat'@PP%PE’bPQ'"E%’HP ﬁé’ﬂ’eﬂyo%tt%ﬁ%l?'kim I'?Pﬁ%’&ﬁtaﬁﬁf’ﬂ'ﬁﬂg‘ e.g., | M,

IR and NIVIR.  mcroanalysis, nelting point (np) and spectroscopic

chargcteri strhmo@sgeébégoﬁme@hea@nﬁam@r@b@ad@mﬁa@ﬂmntatmag}ihelrél the art.

(1) Preparati on of tI’II’TEth | si | anyl oxy- byt enoi ¢ aci d ethyl
S er  TORGTaDy EBR e Sty et | Bikbriie SOOREP DS PAIRIONSR 2.0 £t A

sol ut i afoleéuldrsidrenBuring t#Sprphetion bf BlelvmpaardPSiaRs alveniich, Stpddialy in thehexane
(350 n1_s)tep of condensing a disilyloxydiene with an aldehyde of Formula (Q3), {Qz), or (Qs), in the
preéence of a titanium (V) catalyst. Water may optionally be added to the molecular sieve
prior to using the molecular sieve. In one embodiment, the water content of the mo‘lecmar
sieve is preferably from about 1 wt % to about 15 wt %, more preférab.ly from about 2.6 wt %
to about about 10 wt %, based on the total weight of the titanium (IV) catalyst.
| The type of reactor used to prepare the compounds of the invention include batch,
continuous, and semicontinuous reactors. 1t is within the scopé of the invention 1o 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 muliticycle 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, carboxyt
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



at roomtenperature. Triethylamne (42 nL, 0.30 nole) is added, followed by
dropwise addition of trinethylsilyl chloride (35 nL, 0.276 nole) kekpijug 2006
the internal tenperature bel ow 250C using a water bath (about 180C , The
thick white slurry is stirred overnight at room2 6 JUL HO6 -16
tenperature. 200 nL of hexane is then dded and the mixture stirred in an
ice bath for 1 hour. The mxture is flltered and the solids are washed with
50 nL of cold hexane. Evaporation of the conbined filtrate and washi ngs

gi ves 46 trlne | si.l anyl oxy- but-2- enoic acid eth ester as a

Qo or 1 dsadtois K aherr SIS 1 Al rands ondng, Setrs P4 e Heiohal her

puri fi cabiphd bdprohtRtddoth SUL RmirkeX eotd.), thée BilicMiteQihdtability of th
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(1 SPr. Mot ik e syBsian{len passancahg raision copijoss i kb canes, - 75

'C OEtprMaem{ @bhﬁ@%ﬂn@bmeaeémm&%nmmemtraaﬁareﬁ aHa rérﬁb\Fa‘#Eb@” of uran and
38 nl - d||sopro | am ne .271 nole) is cool ed m. of 2.5 M

n- but quqsﬁm‘iﬂrﬁ(g 1N ie) "PTP‘@C@(%@@% in QTQ@@@&W'{"% Plﬁ’ﬂé’f"rﬂ?sﬁ,e nper at ur e

t -3t t h e t
. dRsbn, WP RTof diarent heRuEARbestodss inCTRATy WhiholsdWidstRyacet one

3-tri mit"ﬂ?ﬂm I anyl oxy-but-2-enoic acid ethyl ester is added, keeping the
internal tenperature below -70'C. After stirring 25 mnutes, 44 m - of

trimethylsilyg &Jﬂ.l,,:;auha@o{ ﬁ%emnﬂa% Bayibe fésiesd mvmgﬁ 6né?ﬁi%ﬁie'ﬁ€ phh@ by er nal

tenperature bel ow - 700 he mxture is then allowed to warmup” to room
terrperathaﬁe@r elm'eateé%p@ﬁchftor mobmogoﬂe@ﬁe%heﬂerﬁehtgbsanenaom%rr%ww@rd in 250

erlARNGR ectifi n@ﬂh@%% A&@F}%C@pt@?«tﬁhr@ﬂﬂreﬁﬂaﬁg%@ a8t 8 A,Q)Bg%al gbmly' owed by

.fl|t tlonto re rat'e’ 1's evaporate 64.7 g of
" 1- et hoxypost peefpiably atileast AYYe-apticalppribiy - but a- 1, 3- diene as a yell ow oil, V\:hl ch
I's used wi thout further purlflcatlonmthefollovmng step. The materlal S

protected frep MPhIHAS ofihe iNeRfiSlaldespelinREdRiul fordrsatihg oF@YBhihgS

Preparation of
( E) - ( 5Sytherodleropiel dperpymbadiment ofitbe dvenkiany the epmpesints indibil the snaor 3xy - 3- oxo
- hept - Rl LmdtyAgi6laPi Co&hRfe A [HIIG-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 (= 20-1 33 mbar). The structure of final products,
intermediates and starting materials is confirmed by standard analytical methods e.g.,

mlcroanaIySJS melting point (mp) and spectroscopic characteristics, e. g MS, IR and NMR.

Abbreviations used are those conventlonal in the art.

A ()] Example 1

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

L e ™F ]

| 2) (CH,)SICH M
e \

Ot Hexanes OEt

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



1) MO01-12r), + (S)-BINOL THF, nol sieves (4A) 0 (CH),SIOCSi(CH), OHO0O O
2) H;J-1-OR OBt 3) HOr NN-2 8 JUL 2006 -17 Method 1: To a dry 2500y |mi)gs
“flask under nitrogen. atnosphere are charged 25.4 g of

(E)-3-[2-cycl opropyl -4-(4-fl uoro-phenyl)-quinolin-3-yl]-propenal, prepared
‘according to a process described in [ Synthesis and Biol ogi cal Eval uations
~of Quinoline-based HVMG CoA Reduct ase!fhhibitors", Bi oorgani ¢ Med. Chem,
Vol . 9, pp. 2727-2743 (2001), 0.080 nole, 0.91 g (5)-BINOL (4 nol e% and 5
g of mol ecul ar sieves (4A activated powder). 200 nL of anhydrous

t et r ahtesinpefratosen 200 rat debesxemd is ﬂmnradntedaad tree mbdure stirrédin afdicabathifes1 0. 95 nlL

4 ol i de | h The m
becone 6ot e PP HTbleRar A8 BRE ol R0 Tl i Ben, o ™ e
t enper Bvapceatiod®f 2hgcgrabinad firatednd \ﬂasmagsrgﬂr@)zteo@ of :mmm@tmasuwmgﬂoaj‘; bExzmpl e 2,

T0" i PGS SR PRIEKar & CRoRess, Aoty SRedle s ST s WUt B or nal

tenperpgmrcgtmehqmewoﬂng'@n@ m xture is stirred at roomtenperature and the
di sappear ance of

(E)-3-[L2-cycl opropyl -4-(4-fl uoro-phenyl )-quinolin-3-yi]-propenal is

noni to[éé@ﬂél-ﬁ— LC (33% et hyl acetate/ hexane, Rf al dehyde = 0.65). Reaction
time varies from1 hour to 72 hours depending on the amount of catal yst
used. RfEtP@rafth@fﬁﬁhQWo1n3ib§-Triﬂ‘@ﬂT)'I9@ﬁ@W0Wum-1ﬁdiam-er i s added and the

mxture is co th i ce bathy,fnan, 10 f o i fl uoroacetic
aci d/ wat er C&&ﬁg# 1m xt ulr)g(@s?) akl ov'ved ?150@&11 to %%Q% {ﬂerrperat ure
over about 30 m nutes, t hi s—x—l—n@—de&—l—ya-tlon I A0 te as judged by TLC
(diSgppear ance ofsi |'yT oxyO&t dolHFakienes, -7RFC= 0. 7 appear a@€e of desityl ated

~prodfict Rf = 0.22). The mixture is added to a rapidly stirred flask : :
cont ai ni ng Wagemitrogeredtmpisplearef éGemb ofl antiy@ibous letdhyslatfuraataed 8mkolis sodi um

ol ccuP PRGNS W bRkt - L8 FL L A b F bR @

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 -Examplé 1,
3-trimethylsilanyloxy-but-2-enoic acid ethyl ester is added, keeping the internal temperamre
below -70°C. After stirring 25 minutes, 44 mL of trimethylsilyl chioride (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 ,S-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)-(5S)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-5-hydroxy-3-oxo-
hept-6-enoic acid ethyl ester.

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

.
£

) (CHISIO OSI(CHy),

OFEt
3) HO+




m Xt

dried over anhydrous sodiumsulfate and filtered. After solvent renoval by
evaporation, about 150 nL of hexane is added to the resulting oil over 45
mnutes to induce precipitation. The mixture is stirred in an ice ad JUf @806
additional 45 mnutes. The precipitated solids are collected by vacuum
filtration, washed with cold hexane and dri ed overni ght under vacuum at

35'C to form33 8 g (94% of

(E)-(5S)-7-[2-cycl opropyl - 4-(4- f1 uor o- phenyl) qui nolin-3-yl]-5-

hydr oxy- 3- oxo- hept - 6-enoic acid ethyl ester in 97.4% opti cal purity (HPLC:
Chi r al pgk AD el uent, hexane/i-PrOH - 94/6; flowrate 1 mdmn.; U @54

nM . wGa i' Under mtrogen a dry 1,000 niL flask is charged vmth 1.44 g of
(S)-BINOQL, Ifb 8dgy 500 mmbgcmhdtrrnﬁto@éﬁ%nﬂasm@were&ﬁf@dmbxbfstored for at

| east 24 hours in an ordinar nv ction iven and 210 nlL of

anhydro@ t[%ICV%{WBF’HT‘h(Aanq‘gBeW MW@W?’;V' PTOPPB%F P@Pa@é acoprdingdP aabout 15
m nut esproééseraeécn'b%drm '-Qintﬁééisaéhwbrob}éhl Emtm%t dﬁmbﬁn@%m HMB-S4A 2006

dropw se and rk red mxture i s warnmed t OC and stirred for 30
ni nut esﬂecilﬁtase éramlpltaas b@&@rwmz@ed Lhgm.g¥ol ggplbf2727“2743 (2001) 0.080 mole,

(2E) - 3- 4%5?} BW@PQ/HJ‘ mére@éﬂdnwaahﬁanéhmaﬂssbﬂé& @\ a%uvétba Bow@éy??péw}n{_ 034added

as a so nd t he xturée stirred for m nu Five portions o

(about anhyemous tetrahpdrofrpn israfidet apd él',\ﬁ)n@mge lqstlrred for 40 m:nutes 0.95 mL
- et hoxy('ﬂm@ie‘?z)ﬁf $thhi (tli‘y)g§6rﬁrnut iR Wﬁd&d%ro lisgeT %la{guh%rbeagﬂ‘ég dglg(dd' ng

each portion over a exothermc wal t
m nut esred énoediatedy i Afgertstm'mem mmutsrslaénoonﬂt@nmermrenaag 2 @ (ghoubddmd, i s

t C (21
Gy ek folepefne gpinocih3 BPEEAAAREE 1 dtnd e B R A S b e e “F e
Uyr ediéne is adtedidwipwiseanver é@ nireutes. afik flask isdsepifl_n 209 Ciwajerdadietousaintain
friF ; b e _ .

A ter 30T RE S SBRGR-e. Phe IS shited BTG okt diBTRE 0 Cce
of si | ydisappealadod oh{Rjtif2- d?blopro@yl?d.im ﬁqzmeﬂ:thanxdbquiﬁolﬁe&s!]-lp;d[mnelds product Rf =

)5 PR 5 9 b, SR o
t enper aftam @ Hoet W25 (s d@bmdmg@mﬁhe ansousit ot a:aialystfmedBAﬂewme reddtien ig he | ayers
are separa Th 0 I etr ed t 210 nl .pf I
ety e, SainE ol VAT i padtiing e BHURTH ESREH WinaM et wbe BN 50
01;] 10%1: ﬁq"u,gatrmaomadettmddMamr iﬂ;gaddﬁd]l \Tgemxta;ealsreﬁo?y@ub \hga-rrrjmtroemapor aé | ondand
the resultin sal ve of n-hutano] .an va under
' oqucedenpallfiover bt i BEndES, AltnisIind bedbafinlt sARRleT oY BAMFTEL AL
n- but ar(ﬂlsappea‘rm’id@ df 5)ly160Sd0l -adduct\R; =T 5 @ppedratide bl desiigated product Ry =

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
filkered to remove molecular sieves. The organic layer is éeparated and washed with brine,

A) 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)—(ES)-7-[2-cyclopropyl-4—(4—fluoro—bhenyl)—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 (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 anhydroué tetrahydrofuran. The mixture is stirred

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



phenyl ) -qui nol i n-3-yi]-5-hydroxy-3-o0xo-hept-6-enoic acid ethyl ester

99.3% optical purity (HPLC. Chiral pak AD; el uent, hexane/l-PrCH - hb@JUL 2006
flowrate | mUrmin.; W @254 nM. The product may be used in the next step
wi thout further purification. It is possible to prepare nol ecul ar sieves 4A
powder at other tenperatures and al se 1g-0 add the appropriate anount of .
water to the THF solution of (S)-BfNOL and nol ecul ar sieves (MS) in order -
to adjust the vvater content to the desired range. The effect on optical
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Di Sappet&ﬂ?lmﬁﬁhyl ether and the organic layers are combined and washed with 4 x 150 mL of 10%
aqueous sodium ¢hloride. Solvents are removed by rotoevaporation and the resulting oil is
dissolved in 150 mL of n-butanol and evaporated under reduced pressure. This process is
" repeated with an additional 150 mL of n-butanol 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/lI-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 opticai

| purity of these factors as well as the ratio of MS to (S5)-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 42 98.4
Stored in 65°C oven >24 hours _ 4.2 98.4
Stored in 110°C oven >24 hours 43 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 . 985




of aldehyde is nonitored by TLC (2:1 (v/v) hexane / Et OAc, Rfal dehyde =
0.65). Wien the reaction is conplete, the mixture is cooled with an 2 &dUL 2005
bath and 150 g of 25% aqueous phosphoric acid is added (exothermc) wthin
10 mn while nmaintaining the internal tenperature bel ow 250C. - The m xture
is stirred for 1 hour at 20 - 25" C. Fh@-desilylation is judged conplete by
TLC (di sappearance of silyloxy aldol adduct Rt = 0.75, appearance:of. -
desilylated product Rf = 0.22). Afterwards the |ayers are separated. The
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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 chioride. Solvents are evaporated under

., reduced pressure, the resulting oil is dissolved in 100 mL of n-butanol and the solution is

J 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)-(58)-7-[2-cyclopropyl44-(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; détection
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).



N kN To adry, I L flask in a dry |lee acetone bath under nitrogen

at nosphere are added 4.16 g of sodi um borohydride (0.11 nole) and 30@ Sndilot036
tetrahydrofuran. The m xture is stirred for about 30 m nutes after internal
‘tenperature is below -700C. 10.8 nL of diethyl- methoxyborane (0.082 nole)

I s added dropwi | se over about 10 m nut®®- The m xture is stirred for 15

m nutes, then a solution of 30 g of the conpound of Exanple 3,

(B)-(55)-7-12- |
cycl opr =A-( 44| uor o- phenyl ) - qui nol i n- 3-yi ] - 5- hydr oxy- 3- oxo- hept - 6- enoi c
acid et%%%bgéf%r (Method 1, 0.067 nole) in 60 nL of tetrahydrofuran and 100
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t enper aheptes-amaic acidethyl estar.rapi dly stirred flask containing 200 niL of
saturated aqueous sodi um bi carbonate and 400 nL of ethyl acetate. After

m xi ng, the | 4yers are separated. The organic solutidn is concentrated, and
t he residue #Sxdi ssolved in 400 nL of ethyl acetate, o which is slowy
added 70 nL 80% aqueous hydrogen peroxi de, using dool i ng bath to keep

t he i nternal ~€nperatew e o belew 250C. stirring 1 hour at room
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flowyate 1 in 254 . The qil, is,dissol in 330 ni, of 90:10
(v;) gygl ohig?r{%y ’n’eW@g 'P-%?f?’%e %?#%B%Iﬂh Q@%{nﬁ%\ﬁf o?lpg‘ef%%rr%angﬁper ature
and fs_t : ?nialrg)ofmoﬂum lgdsrbhyclmagl(o.ta r1] imlé)‘@d{ilmmat p{amtm?ycagmmtlzm?umreﬁ sol i ds.
B | erl 0) e SOl | J 0 | Ca ur | 6] U e nin N
Phe ot Rred Be g0 iaies dhet e e ier=Red bt 10°6: TDRIRE bt i no:
gi ves apidﬁidi(kibdrhhe W?@n’b?())tﬂé&ddeﬂ?ﬂoﬂse ow.vsriéagaulgﬂi ?Einfeg[lﬂ_ thegtiawbyis( et hyl
acet at el hex e to or . 0 - . - (- u -
yel opr SHTATIRY (AT BRSPS P TTY pl DS pPbalad & Firimiis 9. s o o
gci d et bydb;ﬁ@;?ﬁ—ﬂ—(ﬂ&lu@ro—p%rﬁ(ﬁ-cﬁﬁidiﬂ-SLyﬂ-EQchﬁ%w%k@-abpﬂ%léhéi& aciedipbsied

repar at.l.o : . .
(B ¢ 3rM&od 1 G0BY Eoi)in 9 Mot tabahdyapRary 09 kPt BRYRN 529988 5_ i hydr ox

y- dropwise over about 30 minutes keeping the internal temperature below -70°C. After
30 minutes, the mixture is warmed up to room térnperature and added to a rapidly stirred
flask containing 200 mL of saturated aqueous sodium bicarbonate and 400 mL of ethyl
acetate. 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%
' ‘:) (":w) aqueous hydrogen peroxi'de, 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 aqueous sodium bicarbonate is
added. After evaporation of solvents from the organic layer, the resulting oil is distilled with
toluene foliowed by heptane to obtain a crude oil in 97.2% optical purity (HPLC: Chiralpak
AD; eluent, hexanefi-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 liquor is
enriched to 99.3%. Evaporation of the mother liquor gives a th'ick oil which is purified by
silica gel chromatography (ethyl acetate/hexanes) to form 20.8 g of (E)-(3R,55)-7-[2-



hept - 6-enoic acid calciumsalt, pitavastatin calcium Mthod 1 F F Og/H 0 H
O OHOH O act. NaOH OB UNa:' BOH KN N cacl2 H0 Q-H O-Ho Ca+ O 158 JUhd¥6
a nitrogen atnosphere, to a 250 nL flask are added 5.75 g (0.0128 nole) of

t he conpound of Exanple 4, :

(BE)-(3R 5S5)-7-[2-cycl opropyl -4-(4-fl ueioe- phenyl ) - qui nol i n-3-yi] -

3, 5-di hydr oxy- hept -6-enoic acid ethyl ester and 40 nL of ethyl alcohol. The
m xture is stirred until a clear yellow solution is formed. The solution is
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hexane = 3:7) shows that the starting material has disappeared and the

reactig}uil gorrpl ete. The solvent is renoved on a rotary evaporator at a
t emper ss than 450C 75 nL of water and 50 nlL of nethyl-t-butyl ether

are added to.the resj d the mxtur | S, stiwred f lL,hut es, the
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solution is cpncentrated to 20 nL with a rotary e[yaporator (wat er bath
<45'C), 50 nLjof water is added to the residue, pnd the solution is . _
re-distilledAQ 20 m- volunme, and again 50 nlL ok water is added, then
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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)—(3H,58)-7—[2—cyclopropyi-4—(4—fluoro¥pheny!)-quinolin-3-y|]—
:) 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 (ethyi
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-buty! 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



Stirring is continued for 3 hours further. The solid is collected by
filtration, washed 3 tinmes wth 50 nL of water and dried at 35 C in2d JUL 200
vacuum oven to obtain pitavastatin calciumin 99.4%optical purity (HPLC
Chiral pak AD; eluent, hexane/i-PrOH - 94/6; flowrate 1 nUmn.; U/ @254
nM . Exanple 6 Preparation of -2 _
(BE)-(3R,5S)-7-[2-cycl opropyl - 4- (44l uor o- phenyl ) - qui nol i n-3-vyi ] -3, 5-di hydr oxy
- hept-6-enoic acid calciumsalt, Pitavastatin calci um Method 2. F F C]—I C]—I
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formed and t reaction is cooled to 20C over 1 hour. The mxture is
stirred Vo@2§ WMirs further at 0 20C, and the solids are collected by
vacuum filtration, 2 8 JUL 2006

Example 6
Preparation of {E)-(3R,55)-7-[2-cyclopropyl-4-(4-flucro-phenyl)-quinolin-3-yl}-3,5-dihydroxy-
J hept-6-enoic acid calcium salt, Pitavastatin calcium, Method 2.

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,58)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-
quinolin-3-y(}-3,5-dihydroxy-hept-6-enoic acid ethyl ester (45.4 g, 0.101 moie) 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 filiration,



-23 washed with 100 nL of MeCN, and dried under vacuumto form 37.7 9 (%?ﬁo/?
of 6-[2-f2-cyc:|opropyl-4-(4-f ‘ 6 i
| uor ophenyl ) - qui noli n-3-yl)-E-ethyl enyl]-tetrahyhydro-4-hydroxy-4R-

trans) - 2H pyranone hydrochloric acid salt. B.

(BE)- (3R 59)-7-[2-Cycl opropyl - 4- (4-fl uggg- phenyl) - qui nol i n- 3-yi ] - 3, 5-di hydr ox
y-hept-6- enoic acid calciumsalt, Pitavastatin cal cium Under a ni-trogen '
at nosphere, 10.0 g (0.0227 nole) of 6-[2-{2-cycl opropyl-4-(4-f |uorophenyl)-
qui nolin-3-yl }-E-ethyl enyl]-tetrahyhydro-4-hydroxy-4R-trans)-2H pyranone

hydr oc H¥asheg v 190 retapt Mﬁgksagéeﬁa%axq'% vasgmyo oMt 29 (8%%RkPfo. 1 nL (0. 0455
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cel i t e.rangi2Hpwranane hydroghlofeacitiiale tines Wth 100 nL of nethyl -t - butyl
ether and the organic washings are discarded. To conpletely renove

met hyl -g - byleyk 3R BRRY-[2- &og%&'ﬂ&@%ﬂé@?ﬁ%@ﬁﬂ)-h@n@lﬁﬂ@-?l]'—@[@éliﬁ?lrgb?dgé}ﬂni@ 40 ni

under reduced pressure (water  bath, C)” and readj usted A
sol ut i gehoist acid galciymptaltc Bitavagtalin gelslindle di hydrate (0.0125 nole) in 20 nL of
water is added to the sodiumsalt solution while vi&orousl y stirring. The

sol ut i ddndanagdiregan aimesRhties! 4@ 940 AR T molg) ¢f Fyl2-{Beydierrapyiidsi4dbieranhedd)t o f or
at | east, ie-rR0HS = Je LA i i shed
ot ToRIRIRSEE YA eHORy R 4 AT 0 an SRRy Rfoht hdrBLaR: o 1a 320
mL of isaltde spsnedHed MRS0MK ofivater.cangehil &l @0458mele) ofagupeussd Nawedtheous
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t hi § ) diiflesachihipughfostite3 Thrdilivate isTiashed|thrge times vwitbl 1080k of Bethyhtbuivhether

vacuum Seahe B uacife e BREallol” 76 oty Mindle meBOL e B° L el
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Y7 hepnol@) avfl mLat iwdter & addechte dha sodiim sathsolationwiolke dgaroysipvetirtiogl. Bhé F OH 0
01 Nas%mion%%ﬁ\%téycl%ﬂggs 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 lﬁ-L of water and 320 mL of iéopropanol. 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.c‘i 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: Chiralcetl OD; eluent, hexane/EtOH/TFA - 900/100/0.5; flow rate 1
mb/min.; UV @ 254 nM).
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6-[ 2-{2-cycl opropyl - 4- (4-fl uorophonyl)-qui noli n-3-yl)-E-ethyl enyl]-tetrahyhy
dr o-4- hydroxy-4R-trans)-2H pyran-one-ddrochloric acid salt In a 20 L
reactor under nitrogen atnosphere dry tetrahydrofuran (2.6 L) is cooled to
680C and sodi um borohyride (106.3 g, 2.78 nole) is added. Wen the internal
t enper aé*é%eached -750C, diethyl methoxyborane (430 g, 2.14 nole, 50%

sol uti om trahydrofuran) is -added over 20 minutes followed by 140 ni -

of tetr then a
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1.07 rrdi@)-GremOﬁm]:!dwalcmmae&hyltavesiatlanalamlm Sbwod_S met hanol is added dr OpWI se
mer 3 hours keeping the internal tenperature below -700C. The m xture is
stirred for 1 hour 2 8 JUL 2006 -25 at this tenperature and then warged up
to 0 C. A soflium hydrogen carbonate solution 5% (5.3FQ is added, followed
by 2 L of i ropyl acetate. After vigorous stirfing 10 m nutes at
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A 6-[2 {2-cyclopropyl-4-(4-fluorophenyl)- qumolm-S—yI}-E ethyienyl]-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 (1086.3 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
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200C, stirring is discontinued and the |ayers are separated. The aqugg '
phase is re-extracted with 800 ml - of isopropylacetate. After evapor ik 286
solvents fromthe conbined organic |ayer at 30-400C, the resulting oil is
dissolved in 2 L of isopropylacetate. Hydrogenperoxide 30% (263 m-, 2.5
nole) is added over 20 m nutes, keepi-g-the internal tenperature at 200C
and the mxture is stirred for 2 hours. After addition of brine (I Qthe

| ayers are separated and the aqueous |layer is re-extracted with 250 nL of
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Fosun ¢ 8L st sPReni R 4R S o Bre i Beaafle, Tt st o e ynass.

r eI di sselexﬁdctgﬂwgh 1800 L efdsdppopyadetatandfter da\Iapraﬁoh lmgeolgéntg eme te This .

SO utlon i, S ed .over roc aci

(35 o ey lerR ot i efuind W b diSoReing L lhrom sretae
stirredHydes dge31 pbwids 385 @@G@ﬂams mods) ivagihid caifer 06 biiuted, h@epmb itie inSeriﬁétI' tered

? ];f af }Aﬁgrggg@glra a( 2%86 argjf tﬁglr%n%?ee}s%%}rte& IfArPZ hours dHter ad%itlon of %rlne (1aL) tﬁcuum oven
6- [ 2-{ Fapye hmagawte&ar(&thblaq@é@m@w i$ r@l@ktfkﬁitédwiﬂ‘l 750 rrE. cﬂﬁéﬁbhﬁﬂl&cbta‘t@t rahyhy
g{)\a/dgr hryd?. %mbm_edtorrgarhrg Iayzré_:!- gé{tﬁe%rbgns%dru% su?ﬂtQ2 ?_r 8% SO?UthFI) is addgg and gt?rlreed orange
(E) - (3RoP3D) mimitet mmch garoszmltegt-ué Aeddtiver AHBNSSHaratioRLHf i la&er@ #klorgank: di hydr ox

y- hept - 6- en0| ¢ acid cal cium sal t, pi1 t avast atin calcium Under a nit rogen
at mféo Hayes is waghed Wit 18 Sf Wﬁﬁeé?n@)ﬁ\'@%ated fodpess Rl WVt G punder yacuum. The
~-quihol rbazuﬁq%félhs Ers@élbé’d AL L-df akbemhiiy vapdrasits et B ﬁa&ﬁﬁ%)ve@*ﬁ pyrgnone

fl uor ophenyl drochloric acid_ salt is suspended in 9.6 L of water, and
349 m acepnm@nﬁ'dqﬂegeddhroaqh56'11@ Fhisigolign Eﬁﬁcﬁwroa%%%ml@ﬂ%@&m'Weoﬁ xture

is sti rsﬁzgh{,&bc@o&%‘@(mb i) 4f4l rhé!%5 mdaLBe&aﬁhn&eAﬁéreseeam% iHeahageyd th 2 L of
wat er. The trate 1s was hree tinmes w Q

et hy| acifra éorghhpursat %ﬂ"geﬁﬂdcovﬁéﬁlﬁhh@tso ae B’%%Cd'ﬂd%ﬁﬁeréﬁoﬁo‘ﬁfﬁﬁr@ﬁé'ﬂw renove
et hyl a@%«%@ cold fa@@toﬁﬂﬂ@ﬁH& dﬁ&i HE 3P0 ih 3 vaBGA rawémoeéhare s@@@t{ka%} t under

reduce ressure at - sol uti on of calcium chl ori de

di hydr &tk {@ovynlggrqwlr%w ﬂuprmnyﬁ qyfn%@eal}-E@tmmyﬂr%t@hyhmoédwﬁmwgéﬁt
sol uti thu‘refbh%gdrﬁﬂéﬂg&bé{hiéﬁé 5&id eglt ad H%fageférah fﬁow&ared' ately changes to a

white s Irring i s conti nued east 2 hours further. The
solids are collected by filtration, washed with 2 L of water and dried at

4000/ 2B-mbdEH BT 5@4?—%%@1:1@%&(éﬁworqmeewb\gumlrirrScyéir?ethyémhsmge 93%
purity e?r%.caa{cé’@c%@n'éﬁh@navs’étaﬁ SAGaRETiC purity 98.9%

Under a nitrogen atmosphere, 388 g (0.873 mole) of the 6-[2-{2-cyclopropyl-4-(4-
’) ﬂuorophenyl)-quinolin-3-yl}-E-ethylenyl]-tetrahyhydr0-4-hydroxy~4H—trans)-2H-pyranone

hydrochiloric acid salt is suspended in 9.6 L of water, and 349 mL (1.746 mole) of aqueous 5
N sodidm 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 sturry. 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 chioride solution, acetic acid,



(HPLC: YMC-Pack Pro Cl1 8; eluent 0.01 M aqueous sodium chloride solution,
acetic acid, 2 8 JUL 2006 -26 pH 3.4/nethanol; flow rate 0.6 nnin. ;2 8TJB 2006
40' C, detection UV at 245 nM; optical purity: . 99.7% (HPLC. Chiral cel OD

el uent, hexane/ Et OH TFA - 900/ 100/0.5; flowrate 1 nmdmn.; W @54 nM.

This product can be re-crystallized apgi-n Exanple 6B to obtain a

dl astereoneric purity of 99.8% and an optical purity of >99.9% Exanple
Seven disilyloxydi ene reagents with different R, groups have been eval uat ed

et 1 onhophbER et v B piams"S < SRS FRRG Oy 3P %5 e henbayelfil s "o ©

f ol | ows98. F%RHPLE: Thitdlze! BD); 4lueht)hehdNOEICH/T FAHF00MEI0/ G 5 efloMsrated AjmLOmin);

Cumrar 1 Q4P A B g bo Sl iea P SrampI SRRSO for 1 pur ity 1

achi evedlastledmBric paritq of 09.62¢ arsd &y bpiipabpurity sts¥0.8%. net hyl , et hyl or n-propyl,
as conpared to a branched al kyl group, such as isopropyl or isobutyl: R
Yield (99 . Optical purity2 (%9 nmp (OC) M 62 98 47-51 Et 913 97' 81-84
n-Pr 9% ~i-Pr 743 83 3 82-83 MeQ(CH2)2- 90 90 G| i-Bu 71 80 oil
Sigéﬂ mlelzt S?’Se?\}eln d53|;|§58,|(y%t,§1% r&ageénqss WEtE dlrﬁaetreer{t rﬁ1 ré?gupbsyhalx_flg %'en e\?fa \daehreg %ar of two
enantioselectivity in the aldol condensation according to the procedure set forth in Method 1

of Example 3 to form 5(S)-hydroxy-3-ketoesters as follows:

1) Ti{Gi-Pr}, + (S)-BINOL
THF, mol sieves (4A)

—

p RSO OSICH),

8) H,0, FaCCO0H

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:

R Yield' (%) Optical purity® (%) mp (°C)
O Me 62 98 47-51
Et : g1® o7° 81-84
n-Pr 91 98 QOil
i-Pr : 74° ' 83° 82-83
MeO{CHy).- 90 20 Oil
i-Bu 71 80 il
Benzyl 47 88 | oil
'1solated yields.
Determined by HPLC.

3Average of two experiments.

Example 9



Exanple 9 2 8 JUL 2006 -27 F -3 CH3 OHC / JHCCL%1l) MBinol, (WOM

OH0 0 4A Ml ~lw slevez~ THF H+ C N' HCU DO E1I0 O N

28 JuL 2006

5(S) - hydroxy-3-ketoester (S,') was prepared using an external recycle
reactor. The reactor contained a 0.5-L jacketed vessel equipped with a
retreat-curve inpeller and tenperatu®ysensor to determ ne the batch
tenperature; a recycle punp; a 1'~- 0D tube packed with solids; two

t hree-way val ves pl aced, respectively, at the inlet and exit of the tube;

connecting twubing to forman external recycle |oop; and a dosing
adding liqud to the recycle |loop The 1"-0D tube was pad
4A mol sie pel l ets (Al driegh, /j)at. No. 334304, Batch N

di amet er The @AYol gieyes were confined to

1"-tube meshrec | ezs\.cﬂ, he R @fnehtPahqLt om of

packed P¥rex; gl as ads. The sieves were hag
fl ow of \N2ZNFOQ_cnB/ min) &Sd kepfP at —t+his—tenperattr §
was acconpl i she®/ using an electrical heating tape w
The tenperature of the bed of solids was determ ned using a

pl aced inside a 1/8!'tube nmounted co-axially inside the dy tube.

three-way valves were than swtched to allow flow into the tube

2.5 B,
f ~=round
Mrovabl e RTD

punp for.

ed wth 5.06 g of
07701 LS) having a

He8Fi ng
t he tube,

the two
fromthe

vessel, and #-hysroxyre-kelpsstas 42« Was paepakpdising amgderpalyeeycleyeacton: §ed of air

with ni Fe{%lgﬁv?ﬂontﬁﬂgd ﬁ%-ﬂ?ﬁbk&é&\ie@sé@%@ip@feé’gvitﬁ@mﬁé&t@urve ikfpelét ghgof al dehyde,

and 222

250 r pmemasRtiesapsarte|delsmingihe batchdempegdect rogy

g of tetrahydrofuran, and seal ed. The agiltator was turned
¢e ppmgina floODhiebe ecy c
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and the agitation
tube; connecting tubing to form an external recycle loop; and a dosing pump for adding

fiquid to the recycle loop :

The 17-OD 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 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 17 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 turmed
on at 250 rpm, and the vessel heAadspace was purged of air. Flow 1o 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 baich temperature was controlled at 19°C.

After about 30 min, 45.44 g of a solution (comprised of 1.00 g of titanium (IV)

on at
| e
825

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 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).



rate was reduced to 225 rpm The batch tenperature was controlled at 190C.
After about 30 nin, 45.44 g of a solution (conprised of 1.00 g of ti &njUind00s
(I'V) isopropoxide in 88.95 g of THF) was added using the dosing punp over 6
mn. About 20-min after this addition, 4.31 g of disilyloxydi ene were added
over 6 mn. After 1 h, a second portiogn of disilyloxydiene (8.9 g over 2
mn) was added. After 1 h, a third portion of disilyloxydiene (8-8 g over 2
mn) was added.. After 2 days, the al dehyde disappearance mas conplete
based TLC anal The vessel .and r cle Joo e. nd the
enct | oinarmgEF Bey e narRied 350 Eherpi it pidefoh b TRy AR5 v o

20% ( v/oohversign@bti®: ih :t:arfthmrrqwugtadduaao SRee cumpléte. 1300 enitneﬂ t-Budieaagur e
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and 200 of saturated NaHCO3 were added an ti rred

t hor ough® QTQa)&Ft'%Ye’ was| relopvaRprated o PRipian ?'b"?"i"é"r‘rﬁ% dé?"@‘?FE‘IV'F E’rsﬁ

i nsol ubjedsmL 1450 Batk tsmpRiRus 20 Abak)as rafidve éth?l fedabbiatd (mfﬂfedws ,
rotoevaporatedto obtain. an oi] which was distilled with n-BuOH 2x 160

m -, 45vdelsiR o theppesasiRlyionslisnsying yorkiply Bagehyn NM?’E@AF& @ittBe (f or ned by

hydr ol ysHide aiodaéieareeea%e;dibﬁ Bl ﬁmagbaaaea%ﬁMewdwa urfRsieel on NWR
anal ysi s of ru roduct, an (S,') yield of 81.6%was obtained, and

t he antﬁmm'@?ermﬁ%ﬁe@‘?‘%ﬂ‘e IBRibAt desedionwas bel ow the limt of detection.

Exanpl e 10 The vessel recycle | oop used in Exanple 9 was rinsed three tines,
each time with at |east 250 nL of .tetrahydrofuran, and subsequently dried
_by fpviexegpoie 19 ogen at room tenperature. The dry vessel was charged with:

g of (Sﬁhe%eeéhre%}%te%o@ugéd RIEABRALS waBfinsdPthrdh fihed, RaER NG Yan - The
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por t i orbateh Bmpetanere cenhidlled atd9°Gdded
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

o ”') as in Example 9. The yield of {S¢’), 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:



after 1 hour. After 2 days, the reaction was stopped and the reaction
m xture was worked up as in Exanple 9. The yield of (S,'), based on @Nﬁ%a 0
anal ysis of the crude, was 90% and the anmount of undesired enantio%er @
below the limt of detection. Wile the invention has been described with
particular reference to certain enbodinents thereof, it will be understood
t hat changes and nodifications may be-2fde by those of ordinary skil
within the scope and spirit of the following clainms: 2 8 JUL 2006 -29 WHAT
IS CLAIMED IS: 1. A nethod for preparing a conpound having Formula (SI) as

followsW lgif@ﬂgﬁlg,o RS ORL (SO R31' _ R7 Nsaid nethod conprising
condensing a |'IVI oXydi ene of Fornmula (11) (R)3SIOGCSI(R)3 H2 CG—~-~ORI
with an al dehyde having Formula (Ql) as follows R2. RB R4 0 RS A) R6 | R7

N i n t hé hpmethedder mépaging iatcampommd hajingfadraulag 6 ) mevollogrsFornula (I1V) R Ti
(IV) 00 1

said method comprising condensing a disilyloxydiene of Formula (i)
(R),SIO OSi(RY),

P )
H,C OR,

with an aldehyde having Formula (Q4) as follows

Q)

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

wherein

R, is optionally substituted alkyl, cycloalkyl or aralkyl;



R8 in an inert solvent to obtain a 5(S)-hydroxy-3-ketoester having Formla
(Si), wherein R, is optionally substituted al kyl, cycl oal kyl or arah@yym_%%
8 JUL 2006 -30 R2, R3, R4, R5, R6 and R7 are, independently, hydrogen,

hal ogen, hydroxy, optionally substituted al kyl, cycloal kyl, aryl, aral kyl,
het erocycl yl, heteroaral kyl, optionally substituted al koxy, aryl oxy,

ar al koxy, heterocycl ooxy or heteroaratRoxy; R8 is a lower alkyl; the

bi napht hyl nmoiety is in the S-configuration; and R and R are,

i ndependeng | ¥, OWer, kyl .. 2. A nmethod accordin o,Caim.1l, wherein the
nol ar rat :]%2 }éf‘ F§ %?’gglaﬁl&ércﬁ’ @ﬁgp%}deﬁti)'r ﬁ%ﬂfag?“l&%%%%&‘?{%f’d’s IFLY of Formul a
(Q;[ %] idni tial ljyulpntiamalkgl,myblhelkyleaml!; ia:kyhhmbwcgclylamng_esgtfam«ynbﬂztidhaﬂp 6:1. 3. A
met hod accor , r e} - conprises using
nol ecul ar  si l@%s“@%%@’&b%ﬂ%’ ’gaéag%ér}(&i %ge@‘%%g’( ﬁ?@tér\%%ﬁ!@% wat er i s added
to the nolmayhdwes iaRyieheMingphtHyPmbiglyngin thés-ddRliReatiorl asd eves. 5. A net hod
according to Caim4, wherein the water content of t he ol ecul ar sieves is

from1 w RegdR1mevindsgendently, adowevalkdccording to Claim5, wherein the water
content of the nolecular sieves is from2.6 W %to 10 wt % 7. A nethod

accor di Boa hfdaictdmingW elihn, %H&emqh@%laﬂat%io?%%ilﬂ&ﬁyd?énﬁe%?&%dlé‘g@tcf I xed
d the passed

bed external to a reaction vessel, an reaction mxture is
t hr ough 2 Blepydeced Feepula &) Nitiplly peagentde Kedpariion gixturgi ranges figei diteSilhe
nol ecul ar sieves are reused. 9. A nethod according to Claim1l1, wherein the

di si tyl exx eietitRl RtortigT Canirh 1WvhéreinRhe RtHRE daitionaly cophddsn@inaimaisaipacet at e
of Formua (VI) 00 H3 C9"~~ ORI wth a silylating agent in the presence

of a baS&V&hd an organic solvent to forma silylenolether having Formula
(Vil) (R3S 00
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 water content of the molecular sieves is from 2.6
wt % to 10 wt %.

7. 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.

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

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

0 O

H,C OR

1

with a silylating agent in the presence of a base and an organic solvent to form a silylenolether
having Formula (VIil)
(R),Si0 0

. (Vi)
H,C OR,

3 ; and



H3 O ~~KOR1 (VI1) ; and 2 8 JUL 2006 -31 (b) treating the silylenolether
having Formula (VII) with a base and a silylating agent in an inert ﬁo‘{me?g[ﬁ
to forma disilyl oxydiene of Fornula (11), wherein R, 1is, i ndepende?n
unsubstituted or substituted al kyl, cycloal kyl or aralkyl; and R is a |ower
al kyl . 10. A nmethod according to Claim9, wherein the organic solvent in
step (a) is hexane, and the inert sot¥kent in step (b) is diethylether or
tetrahydrofuran. 11. A nethod according to Claim9, wherein the base in step
(a) isgrlet wherein the base in

| am ne. . A _met hod acgordi to Claim
Step (bf 1Eel BFebiEnelSierPalhe Paime WD EHER sr8e 605 p PNk AGPTLB 8P SN am e,
|1t hi umsdivest ta fome b llisilgokydienanf Bermuddl),um bi s(trinethyl siiyl)am de, and
pot assi um bi s(trinmethylsilyl)amde. 13. A nethod according to Claim9,
wher ei nwhéreinsi | yl ati ng agent in steps (a) and (b) is trinmethylsilyl
chloride. 14. A nethod according.to inthetltanlum(l\/)
catal yst d¥ @M?BF@G(‘W)M.L@SM@&?% S“Pﬁ“'é*?‘i’ ﬁ'kﬂycﬁc@é‘&’ﬁ HFrAamum (1V)
tetrai soprp ﬁéﬂ& h (S)-2,2" - napht hol of Formula (Vill) % OH HO
(Vill) 15. met ho accordlngto C1a|m14 wherein the nolar ratio of the

titanium (1V) catalyst of Formula (1V) to an al dehyde of Fornul a g )
i ni tial 1§ Apmetedaceqidingto ¢laiae B wierein theerganiase)eent irsewn (20 isgexane, @ndies: 1. 16.

A et ho i | ower al kyl, R2 is hal ogen; and
R3, R4, ﬁ\g@%@%ﬂ lﬂﬂebg))gagigm}{%hﬁgggﬁﬁé@g%f%hﬁet hod accor d| ng to Cl aim 16,

wher ei n R is ethyl; and R2 is fluorine. 2 8 JU 2006 -32 |IS. A nethod
accor di hy A @e@PQ?ﬁ?qdmngﬂ CRIME@whsieln e hase "bﬁﬁi‘) (@) delEefy@mineg a

5(S) - hydroxy-3- ketoester having Fornula (Si) in the presence of a di(lower
al kyl ) me2 hromgthet abeordiag teUidith Bovhergf tfie ez imstpp(Blis Sabstéfrorh eheddrbag d a

3(R). 5( Sgns(ljstqug gf'r I?ﬁ( n(‘atséltl|seorprc§)pylam|cri<mll lhlurrg }:{lsztrlmethylsuyl)amlde sodium

bis(trimethylsilyl)amide, and potassium bis(trimethylsilyl)amide.

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

14. A method according to Claim 1, wherein the titanium (I} catalyst of Formula (IV) is prepared
in situ by reacting titanium (1V) tetraisopropoxide with (S5)-2,2'-binaphthol of Formula (VIII}

15. A method according to Claim 14, wherein the molar ratio of the titanium (IV) catalyst of
Formula (IV) to an aldehyde of Formula (Q4) initially present in the reaction mixture ranges from
0.01:1to0 0.15:1.

16. A method according to Claim 1, wherein R is lower alkyl, R; is halogen; and R, R4, Rs, Re

and R, are hydrogen.

17. A method according to Claim 16, wherein R, is ethyl; and R; is fluorine.



R2 RBRA OHOHO RS (Vi) R6 ORL R7 N wherein R is optionally
substituted al kyl, cycloal kyl or aralkyl; and R2, R3, R4, R5, R6 and? R7juar}éls
i ndependent|y, hydrogen, hal ogen, hydroxy, optionally substituted al kyl,
cycl oal kyl, aryl, aral kyl, heterocyclyl, heteroaral kyl, optionally
substituted al koxy, aryloxy, aral koxy, heterocycl ooxy or heteroaral koxy.

19. A method according to Caim 18, whéZein the di (|l ower alkyl)methoxyborane
i s diethyl met hoxyborane or dibutylnethoxyborane 20 A met hod according to

Claim1l . sol
of "t ot 1 dfy/ el lBebd B i &l 9, YA mothod TSt Eetmb e g SR RO e
t her eof ketzestemhamgrf@dnda €9y i thg presettendim dl@:;wam&w&mathbm&mrmdwa ravyciagent i s

sodi um Qﬁérﬁgﬁﬁlaipgf%rg Iverit b ARy a%gﬁ)%;yj&lh oxyeSter 0@_—%@5%3§11)3000r ding to daim

1, which urther conprise ucr’ng oxy- 3- ket oest er
haV| ng Formula (Si) in the prigsence of a di(lower alkyl)nmethoxyborane, a
reduci ng agent and a polar sojvent to afford a 3(R), 5(S)-di hydroxyester of
Formula (V1) 2 8 JUL 2096 RBRA CHOHOIRS (Vi) R6 ORL R7 N (b)
hydrol yzing a 3(R), 5(S) -rli-#j+dr oxyegt er having Formula (Vi) in the presence
of an aqueous base to forman-al kali netal salt havi ng Formula (XI) as

fol | ows OH OH O

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

Rz, 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.

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

20. A method according to Claim 18, wherein the polar solvent is selected from the group
consisting of tetrahydrofuran, methanol, ethancl, isopropanol, butanol, and mixtures thereof.

21. A method according to Claim 18, wherein the reducing agent is sodium borohydride or lithium
borohydride.

22. A method according to Claim 1, which method further comprises

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

of Formula (V+)



R2 RBRAOHOHO 4j) RS OM (XI) R6 R7 Nand (c) converting an al kal
netal salt of Fornmula (Xi) to a calciumsalt of Fornmula (W) R2 R3 Ha JoH 16
O R RE10- Ca2+ (WO R7 N2 in the presence of a cal cium source, wherein
R, is optionally substituted al kyl, cycloal kyl or aralkyl; 2 8 JUL 2006 -34
R2, R3, R4, R5, R6and R7are, independently, hydrogen, hal ogen, hydroxy,
optionally substituted alkyl, cycloat&¥yt, aryl, aralkyl, heterocyclyl,

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

het er ocycl ooxy or heteroaral kpxy; and Mis sodium |ithiumor potassium 23.
wherein the calciumsource in step (c) is
calciumchloride. 24. A nmetbqQd according to Caim1, which nethod further
conprises (a) reducing a 5 ydr oxy- 3- ket oester having Fornmula (SI) in the
presence of a di (Il ower EUhexyborane, a reducing agent and a pol ar
solvent to afford a 3(R),5 alhydrox%ﬁ§ter0Hof formula (Vi) R2 R3 R4

(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

:and

(¢) converting an alkali metal sait of Formula (X;) to a calcium salt of Formula (W)

(W,)

in the presence of a calcium source,

wherein

R, is optionally substituted alky!, cycloalkyl or aralkyl;



OHOHO RS (VI) R6E ORL R7 N (b) cyclizing a 3(R), 5(S)-di hydroxyester
having Formula (Vi) in the presence of an acid and an aprotic 78 JU%DGB
wat er-m sci bl e solvent to forma | actone having Formula (Yj) as follows

OH R3RAR5 (YI) R7 Nand acid addition salts thereof; (c) hydrolyzing a

| act one having Forrmula (Yi), or acid addition salts thereof, in the presence
of an aqueous base to forman alkali-3etal salt having Formula (Xl) as
follows 2 8 JUL 2006 -35 R2 RBR4A OHOHO RS (XI) R6 OV R7 N and (d)

convertin I%_}Q metal salt of Formula Xi%ato a calciumsalt of Fornula

W 'R 2 4Rt RephRrers: inderaadonty Rifodeh Haisgep: nidioxhaismabence of a

cal ci um sour cgybstituted alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally :
substituted alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy; and

M is sodium, lithium or potassium.
23. A method according to Claim 22, wherein the calcium source in step (¢) is calcium chloride.

24. A method according to Claim 1, which method further comprises

(a) reducing a 5(S)-hydroxy-3-ketoester having Formula (S;) in the presence of a di(lower
alkyl)methoxyborane, a reducing agent and a polar solvent to afford a 3(R),5(S)-dihydroxyester
of Formula (V4)

('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 (Y,) as follows

(Yd

and acid addition salts thereof;

(c) hydrolyzing a lactone having Formula (Y), or acid addition salts thereof, in the presence of

an aqueous base to form an alkali metal salt having Formula (X¢) as follows



wherein R, is optionally substituted al kyl, cycloal kyl or aral kyl; R2, R3,
R4, R5, R6and R7are, independently, hydrogen, hal ogen, hydroxy, optionally
substituted al kyl, cycloal kyl, ary), aralkyl, heterocyclyl, heteroaralkyj 7005
optionally substituted al koxy, aryloxy, aralkoxy, heterocyclooxy or

het er oar al koxy; and Mis sodium I|ithiumor potassium 25. A nethod
according to Claim24, wherein the acigqin step (b) is concentrated
hydrochloric acid, the aprotic water=m Sci ble solvent is acetonitrile, and
the acid addition salt thereof is the hydrochloric acid salt. 26. A nethod
according to Caim1, whichgmethod further conprises 2 B JUL 2006 -36 (a)
reduci ng a 5(S)-hydroxy- 3- kel'oest er having Formula (SI) in the presence of a
di (I ower alkyl)nethoxyborr By a reducing agent, and a polar solvent to

ek having Formula (Vj) as follows R2 R3 R4
{b) qxdroly2|ng a 3(R), 5(S)-dihydroxyester

havi ng Formula (V)
nmetal salt having Fo'f* 0 R5 ()(()91) RG OV R7 N wherein

;and

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

_|ca”™ (W)

in the presence of a calcium source,

wherein
R is optionally substituted alkyil, cycloalkyl or aralkyl;
Rz Ri, R4, Rs, Re and Ry 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.

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

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



R, is optionally substituted al kyl, cycloal kyl or aralkyl; R2, R3, R4, R5,

R6 and R7 are, independently, hydrogen, hal ogen, hydroxy, optionally
substituted al kyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralgkyli 7006
optionally substituted al koxy, aryloxy, aral koxy, heterocycl ooxy or

het er oar al koxy; and Mis sodium I|ithiumor potassium 27. A nethod
according to Cl aim 26, wherein the aqueous base in step (b) is sodium
hydroxi de and Mrepresents sodium -36-

(a) reducing a 5(S)-hydroxy-3-ketoester having Formula (S,) in the presence of a di(lower
alkylymethoxyborane, a reducing agent, and a polar solvent to afford a 3(R),5(S)-dihydroxyester
having Formula (V) as follows

;and

(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,)

wherein
R, is optionally substituted alkyl, cycloalky! or aralkyt;

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

M is sodium, lithium or potassium.

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

and M represents sodium.



