-1- PROCESS FOR THE MANUFACTURE OF ORGANI C COVPOUNDS I n one enbodi nent, the
i nvention provides an enanti osel ective nethod for preparing conpounds

““'having Forrmula (Si), (S2), or (S3) as follows: RZ R3 R4 OHO ORS ORI (9)

R6 IORNRZOHOO R3/ RA ORlL H3CGO\ (S2) H3C NCH3 CH3 CH3 H3C CH3
- OHOONORL H3CI NR4 (S3) SI Ol'- O3 RR CH3 wherein Rl is

i ndependently an unsubstituted or substituted al kyl, cycloal kyl or aral kyl;
and -2- R2, R3, R4, R5, R6 and R7 are, independently, hydrogen, hal ogen,

hydr oxy, optionally substituted al kyl, cycloal kyl, aryl, aral kyl,
hgt er ozym 5| P E M OF ORGA ICCOI\X_@UNDS Y

In one embodiment, the invention provides an enantioselective method for preparing

compounds having Formula (S,), (Sz), or {S5) as follows:

(S)
»

(S)
.

wherein

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



substituted al koxy, aryloxy, aral koxy, heterocycl ooxy or heteroaral koxy.
Li sted bel ow are definitions of various terns used to describe the
compounds of the instant invention. These definitions apply to the terns
as they are used throughout the specification unless they are otherw se
limted in speC|f|c I nstances either |nd|V|duaIIy or as part of a larger
group. The term"optionally substltu? d alkyl" refers to unsubstituted or
substituted straight or branched chain hydrocarbon groups having 1-20
carbon atons, preferably 1-7 carbon atonms. Exenplary unsubstituted al kyl
- groups ifecRudts, RetAnand Rxarg.) indepesgontly, hydipaespyrloganJundjexy, optignatly | |

I sobutyl, p &@H@ 6&{& n tyI and
the like. %ﬂ%s?ﬁ?ﬂﬁegﬂayi 4%ﬂ aﬁ@ﬁiﬁb Hfhggﬁﬁﬁgﬁﬁ BMﬁma to, alky
groups subssubsiitdad agkozqn@nd@xy, mll@xw heter@cmbmm\mr hgtegma;ahngy haI o, hydroxy,
cycl oal kyl, al koxy, al kenyl, al kynyl, alkylthio, alkylthiono, sulfonyl,
nitro, cya
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fIuorpm@pfahﬁgﬂngmmploronlne and iodine. The term"alkenyl" refers to any of
t he above al kyl groups having at |east two carbon atons and further
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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
[’:} atoms and further containing at least one carbon to carbon double bond at the attachment
point. Groups having 2-4 carbon atomns are preferred.

The term "alkynyl” refers to any of the above alkyl groups having at least two carbon
atoms and further containing at least one carbon to carbon triple bond at the attachment
point. Groups having 2-4 carbon atoms are preferred.

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

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



Exenpl ary bicyclic hydrocarbon groups include bornyl, indyl,

hexahydr oi ndyl, tetrahydronapht hyl, decahydronaphthyl, bicyclo[2.1.1]hexyl,
bicyclo[2.2.1.]heptyl, bicyclo[2.2.1] heptanyl,

6, 6- di met hyl bi cycl o[ 3. 1. 1] heptyl, 2,6, 6-t(inmethyl bicyclo[3.1.1]heptyl,
bicyclo[2.2.2]octyl and the like. Exgmplary tricyclic hydrocarbon groups

I ncl ude adamantyl and the like. The tern1"a|koxy"_refers_to al kyl -O. The
term"al kylthio" refers to alkyl-S-. The term "al kylthiono" refers.to

alkyl-S(O-. The term"trialkylsilyi® refers to (alkyl)3Si- The term -
“trial kyl sﬁ%@ﬁ?‘b"iyéh%hlédf???r?% RPHPS mciyde bomyd in I'Fhex WP'%Y'# onyl" refers
to al i@!ﬂahﬁr@ﬂeﬁsmh T%c&lﬂfdﬂ& a?:H{ﬁyP'E:)dyclo[aef FIhexjl id) 2 2 aryl sul tonyl,
het er oar onyl ar heter oar al kyl sul fonyl | "and the Iike.

The tblﬁvﬁlc![aﬁy‘nIhenlemrﬁsﬁ-dtsnmla@m[éd Uhemyics.619 E'mmw%omydﬂhﬁw,bon
groupﬁlc 2@@0 i dqﬁé atons in the ring portion, such as phenyl,

napht tet onap thyl , bi phenyl and di phenyl groups, each of which

may opt|on glgﬁét@?féﬁéh% Bfé#ba?’%ﬂouﬁﬁmédéﬁ'@% afd'te k@S al kyl, halo,

hydr oxy, nitro, cyano, suffonyl,

heterocycl " al rm " nonocyclic aryl"™ refers to optionally
Yhe f]é(gﬁ’l By lrbfehs tog\gll R

substituted p as descri under aryl. The term"aralkyl" refers to

an aryl gr tﬁ%ﬁ?ltlﬂb"rrﬁ%ﬂbél j@igh an al kyl group, such as benzyl. The

term "aral ky ers to aral kyl-S-. The term "aral koxy" refers to an

aryI groupr Pﬂwrﬁ&{d Yefb%rt%%%&l gfbiil_l koxy group. The term

arylsulfony s to ar he term"arylthlon refers to

aryl -S-. |© ¥ tandmy.ginet erocycl o refers to an optionally
-, subsytitut ed J@i rgétf%ré o) al&rn)satur ated, aromatic or nonaromatic
ic gro n " to 7-nmenbered nonocyclic, 7- to
12- rrenberegp%lé::@(r: | C or%% %Ybfsﬂg (élkﬂ%g’;%d tricyclic ring -4-

The term "alkylsulfonyl” refers to alkyl-S(0),-.

The term "sulfonyl” refers to alkylsulfonyl, arylsulionyl, heteroarylsulfonyl,
aralkylsulfonyl, heteroaralkylsulfonyl and the like.

The term "aryl” refers to monocyclic or bicyclic aromatic hydrocarbon groups having
8-12 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.

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-5(0),-. |

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

The term "heterocyclyl” or "heterocycio” 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 heteroatorn in at | east one carbon

atomcontaining ring. Each ring of the heterocyclic group containing a

het eroatom may have 1, 2 or 3 heteroatons selected fromnitrogen atons,

oxygen atons and sul fur atons, where the nitrogen and sul fur heteroatons

- may al so optionally be oxidized. Thqdheterocyclic group may be attached at
a heteroatomor a carbon atom The term "heteroaryl" refers to an aromatic

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

pyrazol yl, imdazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,

f uryl systemi whigh hap gt leash onedigterpaten in ghjaashore earbon pipm-gentaining ringndol yi ,

benzothi az I . _ ; . . : vl
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| ower selekigd fromnirogen &iomg, oxygenlatoma Aed sdfunatdres, avhese thesirégamand sulfier s t o

het er s ) . iy _ aigd roup
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(S2), heter¢8Gn araycammatemar ed by first condensing a disilyl oxydi ene having
Formula (11) (R)3sio OSi(R)3 (11) wherein R is independently an
unsubst i t ufTkd tenm Swheroanyll refdrsablapl aromgtid betblogiclere.gr aidoptycliantbiBydind R
repr esent r.al f er. e of ey L. R y be
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(@B) disienyd) gyods, pyrényl R8riRddityl, PbidekiByl inddlylRBerzotHReEzdR4, benzoxazolyl,

benzothienyl, quinolinyl, isoquinolinyi, benzimidazolyl, benzofuryl and the like, optionally

substituted by, e.g., lower alkyl, lower alkoxy or halo.

The term "heteroaryisulfonyl" refers to heteroaryl-5(0),-.

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

Accordingly, compounds having Formula (S;), (S2), or (S3) may be prepared by first
condensing a disilyloxydiene having Formula (1)
(R);Si0 OSi{R’), _
L)
H,C = OR,
wherein o
Ry is independentiy 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 (Q1), (Qw), or (Q;) as follows:

Q)




1-13C~, 01 H 1-13CN14 CH3 CH3 CH3 HBCCH3 0 NOH R4A-N'"J" "N (03) O

" 0ORR2 L3 ~ 3 wherein R2, R3, R4, R5, Rr and R7 have neani ngs as defined
for Formula (SI), (SO, or (S3) in the presence of a titanium (1V) catalyst

having Formula (IV) R8 01, O ~Ti O (IV) | Ra wherein R3 is a |ower

. alkyl, and the binaphthyl nmoiety is gL the S-configuration, in an inert
sol vent to obtain conpounds having Fornmula (Si), (SO or (S3) in high
chemi 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), A, or (@) initial F‘y present in the reaction m xture ranges
froml: 1to 6: 1, preferably frolgl: 1 to 4: 1, and nore preferably from
1.5:1to 3: 1. -6- The disilylogydtgne of) Forrmula (11) nay be prepared by
reacting an acetoacetate of Rj il a (VI) 0 0 H3 CA"A ORL wherein
R, is independently an unsubsti Sthstituted al kyl, cycloal kyl or
aral kyl; with a silylating agent, _ ri(lower alkyl)silyl chloride
or tri(lower alkyl)silyb~_ tH QY C hanesulfon%;, preferably
trimethylsilyl chloride orOtrie |yl chloride, Tn the

H,C

(Q,)

wherein Rp, Rs, R4, Bs, Rs and R; have meanings as defined for Formula (S,), (Sg), or (S3) in
the presence of a titanium (IV) catalyst having Formula (IV)

Iy
0 C
0O

~—

AN av)

O
S0
Ry

wherein Ry is a lower alkyl, and the binaphthyl moiety is in the S-configuration, in an inert
solvent to obtain compounds having Formula (Sy), (Sz), or (S3) in high chemical yield and

enantiomeric purity.

- In the aldol condensation above the molar ratio of a disilyloxydiene of Formula (l1) to
an aldehyde having Formula (Q,), (Qz), or (Qy) 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.



presence of a base, such as triethylam ne, diisopropylethylam ne or

N- et hyl nor phol i ne, preferably triethylamne, in an organic sol vent, such
as pentane, hexane, heptane, tetrahydrofuran, diethyl ether or

di chl oronet hane, preferably hexane, at a tenperature ranging from about
-250C to about 300C to forma silylenolether of the Formula (VI 1) (R3S O
0 HS AIt~ACRL (VIl) wherein R is_igndependently an unsubstituted or
substituted al kyl, cycloal kyl or aralkyl; and R is a |ower alkyl. The
silylenol ether of Fornmula (VI1) may then be treated with a base, such as
l'ithium di amd I um r potassi um

bi s(t 11 et PO SRIPERRR 6T FRimita TihsTa) bS PrprAc ty BRGRRR) ke8P 81 | owed by
addi t hgfn@Fommsa [l ati ng agent, such as tri(lower alkyl)silyl chloride or
tri(lower alkyl)silyl trifluor nesul fonate, preferably trinethylsilyl
chloride or triethylsilyl chl in an ingrt solvent, such as

di ethyl ether or tetrahydrofurah, pg&ferably & rahydrofuran, at a
tenperature ranging from aigit -#00C ©8, about -1 OOOC to form t he

di silyl oxydi ene of Formula (11). Lithiumdiisopropyl am de nay be generated
i n si wheffeirolf igiindapendently amiunsubsituted obsubstitutechalkyh exeitaikyt onatalkylowith a

rat oSy eh Suc s Biofir AR EAlPlle b kBSeRRIRIGE 1oL P T 0o ™

For nutrfluprot)ethaniesulidriate, pr@embty tiimethytsilylichipride ontiiethyisilylahicideyie thanges from
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whi chpmerhblyltmmylarainkeylh anrmga’amc abivgnt] sibraspenfana, héxe(n@) héptahe,bi nap ht hol of.
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t et rai sopropoxi de, nay opt(hf)gﬁ)l |y Be generated in situ fromtitani um
tetrachl ori de and sodium 7 v

\ X )

HC OR,

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

Ris a lower alkyl.

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

- Chloride or tri(lower alkyl)silyl trifluoromethanesulfonate, preferably trimethylsilyl chloride or
) triethylsilyl chloride, in an inert solvent, such as diethylether or tetrahydrofuran, preferably
tetrahydrofuran, at a temperature ranging from about -40°C to about -100°C to form the
disilyloxydiene of Formula (II).

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 (11} initially present in the aldol condensation above ranges from 0.01:1 to 0.15:1,
preferably from 0.04:1 to 0.1:1.



or lithium al koxi de, preferably sodiumor lithiumisopropoxide. The al dol
condensati on above nay be carried out in a polar aprotic solvent, such as

"~ tetrahydrofuran, diethylether or dinethoxyethane, preferably
tetrahydrofuran. A conbination of solvents may al so be used. The reaction
tenperature nmay range from about 000.to about 70'C, preferably from about
100C to about 600C, and nore preferagly fromabout 150C to about 550C. The
reaction is conducted for a period of tinme fromabout 1 hour to about 72
hours, preferably fromabout 2 hours to about 24 hours. .The conpounds

havi ng For i ttapBm) (V) Stelystrof Fesyuladly) opayi kenpiepgretdn sitty bY reggting  physi cal
heni | . i 1: ] iy C.os i : h
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pr epaFattuw@(VIbhr omat ogr aphy, such as high pressure liquid chromatography
(HPI-C) . In another enbodi ment, the invention provides a stereoselective
nmet hod for the preparati op R (R), 5(S)-di hydroxyesters by reduci ng
conpounds of Formula (§), (S3). The

syn-3(R), 5(S)-di hydr oxyest ek 3 la (VI), (V2), or (V3) as follows:
RBRA OHOHO RS (VI) R6 ORL R7|N q-l\ﬂ@cRSR4l-l3C~'01CRIM H3C
N 1~1 CH3 CH3 CH3 H3C CH3 CHoOH 01311 ~N O '~ N)kI NRA O '~~-OR3 R2

* 99
,:) (8)-2,2'-Binaphthol of Formula {VIII} is commercially available, e.g., from Karishamns
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 temperature may range from about 0°C to about
70°G, 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 o about 72
hours, preferably from about 2 hours to about 24 hours.

) The compounds having Formula (S,), (S2), or (Sz) may optionally be purified by

:,) physical or chemical means to enrich the enantiomeric purity. Examples of such means for
enrichment include, but are not limited to, crystallization and chiral preparative
chromatography, such as high pressure liquid chromatography (HPI.C).

In another embodiment, the invention provides a stereoselective method for the
preparation of syn-3(F),5(S)-dihydroxyesters by reducing compounds of Formula (S,), (Sz2),
or (S3). The syn-3(R),5(S)-dihydroxyesters have Formula (V,), (V2), or (V) as follows:



wherein R, is, independently, an unsubstituted or substituted al kyl,

cycl oal kyl or aralkyl; and R2, R3, R4, R6, R6 and R7 are, independently,
hydr ogen, hal ogen, hydroxy, optionally substituted al kyl, cycloal kyl, aryl,
aral kyl, heterocyclyl, heteroaral kyl, optionally substituted al koxy,

aryl oxy, aral koxy, heterocycl ooxy otrgheteroaral koxy. The stereosel ective
reduction of conpounds having Fornula (SI), (S2), or (S3) may be achieved
in the presence of a di(lower alkyl)nethoxyborane, such as

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

di et hyl met hoxyborane, in aB@oIar sol vent, such as tetrahydrofuran or | ower
al cohol, e.g., nethanol or)lethanol, or a m xture of solvents thereof,
preferably a m xture of ahydr of uran and net hanol. The reduci ng agent
used in the reductiom +8, ey be selected froma group of hydride
reagents, such as sodi I|th|un1borohydr|de Preferably the reducing
agent is sodi um borohydri dg de conducted at a

t enperature ranglngsfron1a:out - 1 OOOC:(VBreferany from
about -50*C to abo : P Ent he ‘i nventi on provides
met hods for thegpreér i f calciumsalts haV|ng Formula (W), (WO, or
(WB) as foll ows: ®RRNR OOReR 10- C2a2+ (WD RRNF R HM™HO
R3 R4 H3C-', 1 0 g4 ZHS 1-13C N CH3 CH3

(Vo)

(V3)

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

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



-10- 1-13C CHS OH OH OH 1-13c"" N ki RA Ca 2+ NN (w3) O0;'" 0 Ra R2 CH3
wherein R2, R3, R4, R5, Rr, and R7 are, independently, hydrogen, hal ogen,
hydroxy, aptionally substituted al kyl, cycloal kyl, aryl, aral kyl,

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

aral koxy, heterocycl ooxy or heteroarglkoxy. Calciumsalts of Formula (W),
(WA or (WB) may be prepared by first "hydrolyzing conpounds of Formula '
(Mi), (V2), or (V3) in the presence of an aqueous base to formthe
corresponding al kali metal salts having Formula (Xi), , or (X3) as

f ol | o$Evente thereof ereferabty-g mixtare of tptramysireiungn andmethpool oribereducing ggent. v

|H3$3j - %35& e retiudiitin tbiBbve TRy b&Relddled Hdt £grddd PriftiriadVehgdis sucRbs( X3) |
" 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 -560°C to about -80°C.

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

Wy

(W2)




0. 1 ~~o RBR2 : CH3 wherein R2, R3, R4, R5, R6 and R/ are,
i ndependent |y, hydrogen, hal ogen, hydroxy, optionally substituted alkyl,
cycl oal kyl, aryl, aral kyl, heterocyclyl, heteroaral kyl, optionally
substituted al koxy, aryloxy, aral koxy, heterocycl ooxy or heteroaral koxy;
and Mis sodium lithiumor potassium preferably sodium The hydrolysis
step above may be carried out in an_g%ganic sol vent, such as a | ower
al cohol, preferably ethanol, and the base used in said hydrolysis is
preferably selected from aqueous potassium hydroxi de, aqueous |ithium
hydr oxi de and aqueous sodi um hydroxide. More preferably, the base is
sodi um hydr oxi Th@ hydrol ysis is preferabl ytonducted at a tenperature
-T3

rangi ng froma out _ aaboutoﬁooqb precji__f:r bly from about OOC to about
250C. Alkali mtal salts [having Fojmul aftxi X (X2). or (X3) may then be
converted to orrespondig cahbgi um salts g orfrula (W), (WA or (W), by

reacti ng an aqgyieous soWuti met @l (gaLt of Formula (Xi),
(X2), or (X3) Y ; i atf e cal ci um source at an
anbi ent t enper at ar eNPr & roomtenperatjure. Suitd®he calcium
sources includ¢, but] are not | ed to, calciumchloride, calciumoxide
and cal cium hydr o Al t er ned calciumsjalts of Formula (W), (W),
O (WB) may be|obtai ne8 by fiR&st cycCPkizing conpounds of Formula (Vi),
(V2), or (V3) in the&Hresence of an acid and an japrotic water-mscible
solvent to for he correspondi ng | actone haviag Fornmula (Yi), (Y2-), or
(Y3) as follows: -12- R,2 0 OHH R3I R4 AR (YlI) 00O

wherein Rz, Rs, R4, Rs, Bs and Ry are, independently, hydrogen, halogen, hydroxy, optionally

substituted atkyl, cycloalkyl, aryi, aralkyl, heterocyclyl, heteroaralkyl, optionally substituted

alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroara_lkoxy.

Caicium salts of Formula (W), (Wz), or (Ws) may be prepared by first hydrolyzing
compounds of Formula (Vy), (V2), or (Vs) in the presence of an aqueous base to form the
corresponding alkall metal salts having Formula (X;), (Xz), or {X5) as follows:

X




R RT NRR OH RB R4 1.11, 0 0 H3CG-, (YOCH HON"" 03 2 3CCH3ICH3 O
FI3C CH3 --CHN (Y3) H3C~, N)I' NRA R (Dr:~-0R-2 CH3 and acid
addition salts thereof; wherein R2, R3, R4, Rr,, R6 and R7 are,

i ndependent |y, hydrogen, hal ogen, hydroxy, optionally substituted al kyl,
cycloal kyl, aryl, aralkyl, heterocyc}yl, heteroaral kyl, optionally
substituted al koxy, aryloxy, aral koxy, heteroCyd OOXY or heteroaral koxy.
The cyclization above may be carried out in the presence of an acid, such
as trifluoroacetic acid or a_strong n1nera| acid, preferably concentrated
hydrochl oric acid, in Hsf .£,s0l vent such
tetrahydrofuran or acetonitfile, ac onitrile, at a tenperature
[ Y2), or (Y3), and acid
addition salts thereof, {e icT@cid salts thereof, may
contain small anngp% Cﬁ;ihe unreacped starting materpg) of Formula (VI),
(V2), or (V3); TNN ‘aci d havi ng Formul'a (Zi), (Zq), or
(Z3) as follows: R2

wherein Rz, Rs, Rs, Bs, Rs 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

x:) 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 (X,), (Xz), or (Xs) may then be converied to
corresponding calcium saits of Formula (W,), (W2), 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

ﬁ) calcium source at an ambient temperature, preferably at room temperature. Suitable
s calcium sources include, but are not limited to, calcium chloride, calcium oxide and calcium
hydroxide. '

Altematively, calcium salts of Formula (W,), (W»), or (W3) may be obtained by first
cyclizing compounds of Formula (V,), (Vz), 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:



RBRA OHOHORE RS OH(Zl) RT NR OHOHO0O R3I R4 OH O (Z2) H3 CCH3 N
CH3 CHS HSO CHS OH OH OR1 N )11~~-CH N NPR4 (Z3) 0 H3 0 R3 R2 and acid
addition salts thereof, preferably hydrochloric acid salts thereof; -14-
wherein R2, R3, R4, R5, RG and R7 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 heteroaral koxy. La&Gones of Formula (Yi), (Y2),
or (Y3), contami nants thereof, and acid addition salts thereof, may then
be converted to the correspopdi ng calciumsalts of Fornula (W), (W), or
(WB) anal ogously as descri befd herein above for conpounds of Formula (VI),
(V2), or (V3), or nodifi s thereof.glyn one enbodi ment of the

i nvention, the caIC|un1»- R vastat n calcium The processes

descri bed herein above aré i nert atnosphere, preferably
under nitrogen atnDsphere i

e conpou of the invention,
R, gﬁi’mﬁth an al dehyde of

of a titanium (I1V) catalyst.
sieve prior to using the
content of the nol ecul ar

0
(Y2)
H,C +mOH
H3C_\ T /I\
. 043 ~

and acid addition salts thereof;,

wherein R, Rs, Rs, Rs, Rs and R; are, independently, hydrogen, halogen, hydroxy, optionally
substituted alkyl, cycloalkyl, aryl, aralkyl, heterocyciyl, heteroaralkyl, optionally substituted
‘alkoxy, aryloxy, aralkoxy, heterocyclooxy or heteroaralkoxy.



sieve is preferably fromabout | Wt %to about 15 wt % nore preferably

~ fromabout 2.6 Wt % to about about 10 wt % based on the total weight of
the titanium (1V) catalyst. The type of reactor used to prepare the
conpounds of the invention include batch, continuous, and sem conti nuous
reactors. It is within the scope of_ jhe invention to prepare the conpounds
in an external recycle reactor which allows: (1) in-situ pre-treatnent or
post- treatnment of the solid nol sieves (ii) elimnation of nole sieves
filtration at the end of the reaction and (iii) easy re-use of the nol

si eves for Thesydliipationahove gay ke ensdedeytdmthe presensetdf ag asidhpetivals and
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rou
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prote [ SRl stry.
Prote%:té EgﬁﬁﬁgﬂﬁFﬁﬁﬁrxn% oxy Egﬁgﬁroxl?khé oapgﬁ@?gaﬁﬁggﬁ that can be
conv etiditiorusaltsrtherebl ptﬁienabm hydeochlcpno afidesalta iHeneoft may bontehrslmau;amomtsj
hydr o i ot her
umdies o/ g PRt el gt SEFGEAIE v, (OFTUPVS) R e GHAREDONTRG ity
proteb&wnganmMaﬁLnSZQQO@@@&&&&N@ME functional groups from undesired
reactions with reactiongonponents under the conditions used for carrying
out a desired chem cal ransformati on. The need and choice of protecting
groups for a particular _kX15- reaction is known to those skilled in the art
and depends on the nat 9f the functional group to be protected
(hydroxyl group, afi Ip H4etc.), the structure and stability of the
gcul e of which the S and the reaction conditions.
1-known protecting g esgijconditions and their
i ntroducti on andi in McOm Protective
G oups in O gani agpn, ?%4973), and G eene,
! VVIey, NY (1991). The conpounds
of the |nvent|on ey -Be prepared in hlgh enantionmeric purity, and

R resolution. As used herein, high
enanti oneri ¢ purity or enanti®Selectivity neans at |east 70% opti cal
purity, preferably at Iea$¢ 80% optical purity, nost preferably at |east
97% optical purity. The c npounds of the invention are especially useful
for treating or preventi

(Z)

(Z,)

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



at heroscl erosis. In one enbodi mrent of the invention, the conpounds inhibit

the enzyne 3- hydroxy-3-nethyl-glutaryl coenzynme A (HMG CoA) reductase

whi ch has been identified as a rate-limting enzyne in the chol esterol

bi osynt heti c pathway. The follow ng exanples are intended to illustrate the

. invention and are not to be construegl_as being limtations thereon.
Tenperatures are given in degrees Centrigrade. If not nentioned otherw se,

all evaporations are perforned under reduced pressure, preferably between

about 15 and 100 The structure of final products,

i nt er WPgTeR By F&nﬁ*ﬁf*aﬁﬁ Pﬂ%g‘ﬁﬁfeeFW@PEM%"“EM’?%H@?Q%‘T MO Ryangit cal
et hodghstifutéd alkylnwalcswwlaml Sralkye hé’deﬂﬂ:y&gl ﬁéteédﬂ?étkﬁnébt@ﬁsw SuBSHMORIAC
characteristics, e. VIS, IR and N V| Abbr evi ati ons ‘used are those

conveRkPSH ANYIPR, Pf?@‘oéythet?’ﬁ??y(@%ﬁwetfrqﬂr’@b%at i on of

3 trlrrethyIsHanyI oxy but -2-enoic acid ethyl ester. 00 1) Ef3N (CH 3)3S o
LSICI ;ﬁ) E‘t %Zg % CRAsqutlon of Hé)o 25 nol e)

of et hyI aFtaRRSAIoEMUR Yok FYaPr .ﬁﬁ anesmgaIngRisdherert, apd F"B‘Srﬁdfj@ &S ure.

Tri et pydraon Ay tbh Bl corleRd t&h@botré.gﬁﬂﬁﬁ@ ,cafciirh ¥RfofFBbrAGRRAW, ?E(Wﬁcﬁ' tion

of trlrrethyIsHyI chl ori de I_%keepln t he i nternal

t enpefWelanalogoushyas %wh?glh?@ela apgyestor sampoyndss Fotmwa CYs), tiak of (Y korhi t e
sl ur r yndaicatidds'tBgredi €r Ni ght at room -16- tenperature. 200 nL of hexane is
then added and the mixture stirred in an ice bath for 1 hour. The m xture
is filtered and the solids are washed with 50 nL of cold hexane.

Evapor at i of? e ¢RECHHRBY ofdbe invertion: thefairiuia salt ifgditayasiatin calcigmef

3-trinethylsilanyloxy-but-2- enoic acid ethyl ester as a col orl ess,

siightly Cfrﬁégyoc@sées aaébﬁbémﬁ&émaibovéamdwbb%aemé& B@Rosphbfd, fication in
thefollovmn step | e Preparation

o o PlefaraB ndet Miragamgisepasre his Witindba Seors: ol dee inveniondevee 8 1) (W H
But - | rididdRat St it iHR) preparatioridf th&EBRSbEAds Srthe it itRnadgeciaty B the

step of condensing a disilyloxydiene with an aldehyde of Formula (Q,), (Qz), or (Qs), in the
presence of a titanium (IV) 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‘l_e-dular
sieve is preferably from about 1 wt % to about 15 wt %, more preferably 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 baich,
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 (jii) easy re-use of the mol sieves for possible multicycle operation.

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

side reactions taking place.

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



| ID Under nitrogen atnosphere, 600 nL of anhydrous tetrahydrofuran and 38
m. of diisopropylamne (0.271 nole) is cooled to -50C. 121 nL of 2.5 M
n-butyllithium (in hexane) is added while keeping the internal tenperature
at -3.t 30C. The mixture is then cooled to -780Cwith a dry ice acetone
bath. 45.2 g (0.22 nole) of the conpound of Exanple 1,

3-trinethylsilanyl oxy-but-2-enoic acisl-ethyl ester is added, keeping the

i nternal tenperature below -700C. After stirring 25 mnutes, 44 nL of
trimethylsilyl chloride (0.347 nole) is added while keeping the internal

t t . hel - LhRe: i i h I t t
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- hepié-%—enoic acid ethyl ester. FF 1) Ti(Q-Pr), + (S)-BINO T, HF, nol
silevE®9ihA) OH0 0 0 2) (CH),SIOOSI(CH, H-~-~0B OR 3) H O+ N kN
-17- Method 1: To a dry 500 nmL flask under nitrogen atnosphere are charged

(2% 439 gf The com'pour?dsé-lof the ifnlvention marl]y be Frepare_d in Ihi_gh e?:\antliomeric purity,land q
-3-[2-cyclopr -4-(.4-f1 ugro- n -qui.ngl.i.n-3-yl ] -propenal , prepare
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erably at least

The compounds of the invention are especially useful for treating or preventing
atherosclerosis. In one embodiment of the invention, the compounds inhibit the enzyme 3-
hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) reductase which has been identified as a
rate-limiting enzyme in the cholesterol biosynthetic pathway.

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

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

Abbreviations used are those conventional in the art.

(i) Example 1

Preparation of 3-trimethyisilanyloxy-but-2-encic acid ethy! ester.

M 1) Et,N (CH,),SIO 0
2) (CHy),SiC! /I\/U\
- N

Ft

© 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 chloride (35 mL, 0.276 mole) keeping the internal temperature below
25°C using a water bath {(about 18°C). The thick white slurry is stirred overnight at room



0.91 g (S)-BINOL (4 nmole?y and 5 g of nol ecul ar sieves (4A activated
powder). 200 nL of anhydrous tetrahydrofuran is added and the m xture is
stirred for 40 minutes 0.95 nmL (4 nole% of titanium (IV) isopropoxide is
then added dropw se. The mi xture becomes dark red imrediately. After
stirring 30 m nutes at roomterrperat1lére 39.2 g (about 44 ni, 0.143 nole)
of the conpound of Exanple 2,

1- et hoxy-1, 3-bis-trinethyl si I anyl oxy-buta-1, 3- diene is added dropw se over

10 minutes. The flask is kept in a 180C water bath to maintain an internal
tenpée@pane&reeeawn%ofcbexmmﬂh&m added andsihpmiglyresstiriegdnandegeataferie and t he

di sa r PR
oL g T (1))%1#%' is litg{e? gnd Ithueosfodld;s) re Wﬁhegu\?ntnh 50 mL. of col]d he?(%nee nal s

nmoni tEvapdration ﬁttbe(csﬁﬁ%radfyﬂrata@eﬂ awtaéhimea gives 4Rg dli’d@nﬁﬂwlsﬂacyl@w)-but{?e action

tinme I 2 | yst
used. SRR PRl Y ootbst A AoHRPRT S rRIbEIR ﬁgﬁé‘é‘h o i

m xt yugificatioodo thedollwing atepi ce bath, then 10 nL of 1:1 C, .

trifluoroacetic acid/water is added. The m xture is all ovved to warmto room
terrpg%éﬁ}yﬁ%over about 30 mnutes. At this tinme desilyati on is conplete as
j udg C (di sappearance of si I yI oxy aI dol adduct Rf = 0.75,

appear ance of desw@&at ed produ %, The m xture is added to a
r api dT'$PREfieH a4l e} 1.%9%"%?%8%&'% bafa-b tineacet ate and 100 m - of

saturated aquqeyis §io>0di g bi canporaing, Bl ter gy § BiN9 SoFBHLes, the mixture

is filtered td?dnoveljnol ecukprcHgisees. The ordaric | dyer 15 separated and
washed w th brinesxdrted ov odi um nd filtered. After

. er—anhydrous—s
)l yent renoval “by evaporcéﬁ‘l ofHFHeigeast-78%0 nl of hexane i%Ftadded to the
resul ti ng oil over 45 minutes to induce precipitation. The mxture is

stirred i riMegderindeoosaaimesherr) 0P ingngl amdﬁﬁuamt@@ydrpﬂga@aa@F3§|rfﬁ!a9fed solids

are &@bbﬁsﬁsﬁnr@«om H'HcSTé)f is lcbélaa 'thfS"CWa@'T'@H_ ¥ah mmbdtyhm@ﬂqmmaﬁlé)l ed
over ni ght under vacuum at form3

(E) - ('55¥lded vaﬂetls&ﬁpmtaﬁwemakf&tnpﬂ?éwa qérféﬁ@r’s? E[S]P Haadpf?«'siigﬁr] copled to
hydrwmecgmm [&ba@eﬁﬂ@'b‘étrﬂ%ﬂz §lilek mgers th@c&%p&ﬁuqntexsm}aldwrl ty (HPLC
Chi r al ent, hexane/i-PrOH - 94/6; flow rate UV @54
nM . diRshidsilanyimgebutrd-encigasid #thw oster is@oldad, Kaepisr theintaraalgerpeiatie 1. 44 g
of (Pei&k Ndec, :M‘l‘egsﬂ'nﬁ% hes!| & m E'o?ﬁﬁﬁet%ugpam@rl’de((ﬁrﬁ‘?'rﬁéléi O{X afli@yed for
at |east 24 hours In |nar convectl on oven at 1100% and 210 nL of
an hyo\ﬂhﬂl@d(epemgaln@/mﬁemdrtamp?mm? bowin7@°G.s The mixterg is tilenzadiowgd © waim Wpout 15
M Ut ESporh Aeiodraftfe ThnG evabbRAbi B §diVed, AP IARRY KIS A98BderPW Se and

t he dar xturelsvva st |rre m nut es, then
hexane, cooled with an ice bath and stirred for 1 hour, followed by f:ttratron to remove solids.

The filtrate is evaporated to obtain 64.7 g of 1-ethoxy-1 ,3-bls-tnmethyl-s;lanyloxy-buta—1 3
diene as a yellow oil, which is used without further purification in the following step. The
j material is protected from moisture and stored in a freezer (-35°C).

Example 3
Preparation of (E)-(58)-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, mol sieves (4A)

—

g (CHSIO OSICH),

OEt
8) H;0+




cool ed back to 20 20C. 32.0 g of

(2E) - 3-12-cycl opropyl - 4- (4-fl uorophenyl)-qui nolin-3-yi)-2- propenal is
added as a solid and the mi xture stirred for 10 m nutes. Five portions of
64.6 g (about 71 nQ of the conpound of Exanple 2, 1

-ethoxy-1, 3-bis-trinethylsilanyl oxy:b#ta-1, 3- diene are then added, adding
each portion over about 5 mnutes (mldly exothermc) and waiting 30

m nut es before adding the next portion. The internal tenperature is

mai ntai ned at 20 20C. D sappearance of aldehyde is nonitored by TLC (2:1
C/,) WMeiekl'et 0Ac, Rt al dehyde = 0.65). Wien the reaction is conplete, the

mixture is TB%@@OWnﬁIDﬂé’éR drfaSr ﬁ%&erﬂéﬂmo%ﬂem—er@fchg@éd@!‘:&@ ofiqueous

trifluoroacetic acid is ad he m-xture is warned to room t enper at ur e.
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of si 'deF%é’déslcﬁBéd W@gﬁihe% and%.cﬁég.cé\ma@maaaﬁ@opémﬁam%tdasé mg\gt/;@o%duct Rf =

0. 22) he m xture cool ed an 1 ce bath 2%91}’ aqueous
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| ayers a epar at'ed I's extracte
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"ot oo g Asley 8 RAHER YY) RADINENHE 1l SoaaR ey, N MR Bedties okt ano
and ewbmraechatehmd!éter stirdog 80 nmpinwes at wonMieimpepaturse 8.2 s(aboeipblméd with an
?(é;j' E ?gb%_fn{ﬂg)o cyc g{:)rpgolg-}& c%q%&n#pfu 2 OQhoxy -1,3- b;s-tnmethyl&Ianyloxy—buta-1 3-
.. phenyldengus addadtrépwisg oSetiiominules3-Tiedidsk it kept énail 8°Gawaitr bathytb nesittain i n
7 o 2 et e 5Pl AP it BB B 2 O
wi t houisappedraere qﬂt{E]-B+[2-ay¢lomopyl{4-(melqmshérbse) quingiineppl- peropeﬂ\aflaml ar sieves 4A
Do SR P 3 R0 A LB BB A, O e
t o adjfrest 1 hibner m/a'tzefoucmuiﬁp@ntlmg@ntth@adleamrﬁd:ateﬁysgasedl' hiefter ftivee pdactien igpt | cal
Phe. t SPPBIEhDTEbPEvaREs et s e B &t wites By bl Bt e don
(71.) 1N ( $ﬁtﬂﬂ@:ﬁ‘oao"etlﬂ: holdxtenvie ladéém hmmmmeﬁs 8fbwed tCovammane irédrhy Pur chas ed
Act V&gﬁpe;g@r%gwél gtsjwcg%\%il?es Aq thlsg1 c?es(?n IB% éi]’s Qoorhjigigte%% Jnged bysh?é ed in 11
(disappearance of silyloxy aldol adduct R; = 0.75, appearance of desilylated product R; =
0.22). The mixture is added to a rapidly stirred flask containing 400 mL of ethyl acetate and
100 mL of saturated aqueous sodium bicarbonate. After stirring 5 minutes, the mixture is
filtered to remove molecular sieves. The organic layer is separated and washed with brine,
) dried over anhydrous sodium sulfate and filtered. After solvent removal by evaporation,
about 150 mL of hexane is added to the resulting oil over 45 minutes to induce precipitation,.
The mixture is stirred in an ice bath for additional 45 minutes. The precipitated solids are
collected by vacuum filtration, washed with cold hexane and dried ovemighf 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 87.4% 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 anhydrous tetrahydrofuran. The mixture is stirred

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



Stored in 650C 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 w)
wat er content at 1250C under dry N2 10 96.4 M5 dried to 8.9% (W w water
content at 1250C under dry N2 10 98.5 -19- IMISwith 6.1 % (wlw) H, 2

- content and 6.1 % H20 added 10 98. 9- 18kt hod 3. Under argon a dry 350-m -
flask is charged with 0.92 g (S)-BINOL (5 nol %), 9.24 g relatively dry

nol ecul ar si eves (4A activated powder; water content 1. 0% and 130 m - of
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aqueous phosphoti ¢ acl Ueo ayers are racted with 2
X 130 (exotreimic) vbily mairtdihing thet 1hmrnalminp¢'rettm geinwc25l’@ty @he naixterecissbirectd and

washe t h 4 7 - 0 9 di ol S ,ar
ev apo?oa ’H’”ﬂ%é’i‘?" t%? E%m&se%eés%é%%geﬁg?Hf%%q%reggghﬁl § egft?cte(i &ﬁ{ ?g élm\}e fet' In 100
mL of buwhmemlybétham‘hctthe ogganict layms e canlsiped avddastgal withud ol € 50 madoickdds
pressure. [ eat ed w addi ti onal 0] .0of n-butanol
PoCy: o SRRt HighR soerBci Sembiad o iy btpitEond el eMddea o
t hi s 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)-(55)-7-[2-cyclopropyl-4-(4-flucro-

phenyl)-quinolin-3-yl}-5-hydroxy-3-oxo-hept-6-enoic acid ethyl ester in 99.3% optical purity

(HPLC: Chiralpak AD; eluent, hexane/l-PrOH - 94/6; flow rate 1 mL/min.; UV @ 254 nM).

The product may be used in the next step Without_ further purification.

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

MS:(S)-Binol ratio  Optical Purity

MS preparation ' (") (%)
Stored in 110°C oven >24 hours 2.6 89.4
Commercially Purchased Activated MS 42 85.8
Stored in 140°C oven >24 hours 4.2 97.6
Stored in 110°C oven >24 hours 4.2 98.4
Stored in 65°C oven >24 hours 4.2 98.4
Stored in 110°C oven >24 hours 4.8 98.7
Stored in 110°C oven >24 hours 10 99.0-99.6
MS dried to 6.1% (w/w) water content at 125°C under dry N, 10 96.4

‘MS dried to 8.9% {w/w) water content at 125°C under dry N, 10 98.5




oil and the mxture is warned to 450C | OC and stirred for | hour. After
cooling to O - 50C the mxture is stirred for another hour at that
tenperature. The precipitated solids are collected by vacuumfiltration,
washed with 2 x 30 nL heptane fraction and dried overnight under vacuum at
600C to afford 26.3 g (89°/<) of (E)-{B5)-7-[2-cyclopropyl -4- (44l uorophenyl) -
~qui nolin-3-yl]-5-hydroxy-3-oxo-hept-6-enoic acid ethyl ester in 99.7%

opti cal pur| ty (HPLC Chi r al pak AD-H; eluent n-hexane / ethanol 90/10;
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puri t-y ack—bS—AQ—ettent—o 01— M—agueotus—amontum-acetat-e
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er at el ow, 30 o nut u s _war med
up-1 oBikssh B Endl Boten Frafabte rib (ol Py Bra WAtnE kAo, g 200
mL of addihgithatrest portienURheSoidinahtdpmaatonnis ntaidtaithed @020k 20C. Pishppearance
of aldehyde is monitored by TLC (2:1 (v/v) hexane / EtOAc, R;aldehyde = 0.65). When the

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

phosphoric acid is added (exothermic) within 10 min while maintaining the internal
temperature below 25°C. The mixture is stirred for 1 hour at 20 ~ 25°C. The desilylation is
judged complete by TLC (disappearance of silyloxy aldol adduct R; = 0.75, appearance of
desilylated product R; = 0.22). Afterwards the layers are separated. The organic layer is
extracted with 87 g of 25% aqueous phosphoric acid. The combined aqueous layers are
extracted with 2 x 130 mL of t-butyl methyl ether and the organic layers are combined and
washed with 4 x 76 mL of 10% aqueous sodium chloride. Solvents are evaporated under

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

E‘w} evaporated again under reduced pressure. This process is repeated with an additional 100
mL of n-butanoli 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)-(5S)-7-[2-cyclopropyl-4-(4-flucrophenyl)- -
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
agqueous ammonium acetate solution / acetonitrile 45/55; flow rate 0.7 mL/min; T = 60°C;
detection UV at 245 nmy).



acetate. After mxing, the layers are separated. The organic solution is
concentrated, and the residue is dissolved in 400 nL of ethyl acetate, to
which is slowy added 70 nL of 30% (w.,) aqueous hydrogen peroxi de, using
a cooling bath to keep the internal tenperature below 250C. After stirring
for 1 hour at roomtenperature, stifOng is discontinued and the |ayers
are separated. The organic layer is washed with 150 nlL saturated sodi um
sulfite followed by 150 nL of brine to which 15 nL of saturated aqueous
sodi u%@rz_ponate is added. After evaporation of solvents fromthe

or gani ayer, the resulting oil is distilled with toluene followed by
hept a t-alr By Metd 4 L e . 2 Afil)) pak AD,
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di ssohgeldb-engic 8gid eyl 8%teD0: 10 (/v) cycl ohexane/ net hyl -t-butyl ether at
450C. Coolipg to room tenperature and stirring overnight results in the
formation of a small amount of solids. By filterirdg off the solids the
optical pyity of the product remaining in the not liquor is enriched
to 99. 3% i ick oil which is

purified b si |l i caggel o chr@mat ograph t hyl ace / hexangs) .t,0 form 20.8
g of (E 5S)<7-12 -p1- 9%92%5%5&\% W) o g
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(E)- (3R 5S5)-7-[2¥cycl opropyl - 4- (4-f1 uoro- phenyl) - qui nol NA 3-yi]-3,5-di hydro
Xy- hept-6-enoic acid calciumsalt, pitavastatin calcium Mthod 1 F F OH
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4.16 g of sodium borohydride (0.11 mole) and 300 mL of tetrahydrofuran. The mixture is

stirred for about 30 minutes after internal temperature is below -70°C. 10.8 mL of diethyl-
methoxyborane (0.082 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 mi of saturated aqueous sodium bicarbonate and 400 mL of ethyl
acetaté. After mixing, the layers are separated. The organic solution is concentrated, and
... theresidue is dissolved in 400 mL of ethyl acetate, to which is slowly added 70 mL of 30%
| D ("-w) agueous hydrogen peroxide, using a cooling bath o 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 cil is distilled with
toluene followed by heptane 1o 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 mlL. of 90:10 (*/,) cyclohexane/methyl-+-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 thick oil which is purified by
silica gel chromatography (ethyl acetate/hexanes) to form 20.8 g of (E)-(3R,55)-7-[2-



-2 Under a nitrogen atnosphere, to a 250 nL flask are added 5.75 g (0.0128
nol e) of the conpound of Exanple 4,

(E)- (3R, 5S)-7-[2-cycl opropyl - 4- (4-fl uoro-phenyl)-quinolin-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 yetiew solution is fornmed. The solution
is then cooled to an internal tenperature in a range of 0-30C, rand 2.6 niL
of 5 N aqueous sodi um hydroxi de solution (0.0128 nole) is added dropw se.
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t he r white sdid in 9.3%6apticat puriti:he sol vent is re_m)ved on a rotary evaporator at
a tenperature | ess than 450C 75 nL of water and 50 nmi of nethyl-t-butyl

etherE%rﬁ Igq_.,ded to the residue, and the mxture is stirred for 10 m nutes,
t he e separated and the aqueous Iayer is washed twice wth 50 nL

of rre aqueous
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re-distilledto 20 nL volunme, and again 50 nL wat er i s added, then
re-distilled to 20 nL under the sane condition. |200 nL of water -22- is
added to t ax. sodiumsalt solution. A
solution o 035 g of calciumchloride dihyg (0.007 nole) in 20 nL of
water is ao to thg,sogjumysalt solution vi goroysly_ ¢ t|r|ng The
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Under a nitrogen atmosphere, to a 250 mL flask are added 5.75 g (0.0128 mole) of
~—~ the compound of Example 4, (E)-(3R,55)-7-[2-cyclopropyl-4-(4-fluoro-phenyl}-quinolin-3-yl}-
D 3,5-dihydroxy-hept-6-encic acid ethyl ester and 40 mL of ethyl alcohol. The mixture is stirred

until a clear yellow solution is formed. The solution is then cooled to an internal temperature
in a range of 0-3°C, and 2.6 mL. of 5 N aqueous sodium hydroxide solution (0.0128 mole) is
added dropwise. The reaction is held at this temperature for 45 minutes. TLC (ethyl
acetate/ hexane = 3:7) shows that the starting material has disappeared and the reaction is
complete. The solvent is removed on a rotary evaporator at a temperature less than 45°C
75 mL of water and 50 mL of methyl-+-butyl ether are added to the residue, and the mixture
is stirred for 10 minutes, the layers are separated and the aqueous layer is washed twice
with 50 mL of methyl-t-butyl ether. To completely remove organic solvent, the aqueous
solution is concentrated to 20 mL with a rotary evaporator (water bath <45°C}, 50 mL of
water is added to the residue, and the solution is re—distilted 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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6-[2-{2- Cyci opropyl -4-(4-fluorophenyl)-quinolin-3-ylj-E-ethylenyll-tetrahyh
ydr o- 4- hydroxy-4R-trans)-2H pyranone hydrochloric acid salt A solution of

t he conpound of Exanple 5,

(E)- (3R, 5S)-7-[2-cycl opropyl - 4- (4-fLggr.o- phenyl) -

qui nol i n-3-yi]-3,5-di hydroxy-hept-6-enoic acid ethyl ester (45.4 g, 0.101
nole) in 400 nL of MCN is added to a m xture of 11.2 nlL of concentrated
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atnnsﬁHé g (0.0227 nol e) of 6-[2-[2-cycl opropyl -4-(4-f
Iuorophenyl)

qui nolpxampieyé } - E- et hyl enyl ] -t et r ahyhydr o- 4- hydr oxy- 4R-t r ans) - 2H pyr anone
hydrochloric acid salt is suspended in 250 nL of water, and 9.1 nL (0.0455
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A.  6-[2-{2-Cyclopropyl-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,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 reacﬁon 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,



and the organi c washings are discarded. To conpletely renove nethyl-t-butyl
et her, the aqueous solution is concentrated to about 40 nL under reduced
pressure (water bath <45'C) and readjusted to 400 nL. A solution of 1.84 g
of calciumchloride dihydrate (0.0125 nole) in 20 nL of water is added to
the sodiumsalt solution while vigorggysly 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
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sti rregpgg’_éw hours. Tplﬁ resulting slurry is cooled to 1-3'C and held at
this Y& GRiRRenedarchiorGa6id Silfe “sol i ds” are col | ected by vacuum

filtration, washed three tinmes with 20 nL of water and dried at 550C in a
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0 0 HBatip sughendes pqrzgﬁcgnh-of water, and 9.1 mL ((I02155 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 methyl-t-butyl ether

and the organic washings are discarded. To completely remove methyl-+-butyl ether, the

agueous solution is concentrated to about 40 mL under reduced pressure (water bath

<45°C) and readjusted to 400 mL. A solution of 1.84 g of calcium chloride dihydrate (0.0125

mole) in 20 mL of water is added to the sodium salt solution while vigorously stirring. The

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

further. The solids are collected by filtration, washed with 100 mL of water and the solids are

suspended in 75 mL of water and 320 mL of isopropanol. The mixture is heated at reflux

until a homogeneous solution is obtained. The solution is cooled to room temperature and

stirred for 18 hours. The resulting slurry is cooled to 1-3°C and held at this temperature for 3

hours. The solids are collected by vacuum filtration, washéd 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: Chiraicel OD; eluent, hexane/EtOH/TFA - 900/100/0.5; flow rate 1

mbi/min.; UV @ 254 nM).
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6-[2-{2-cycl opropyl - 4-~4-fl uorophenyl) - qui nol i n-3-yl ) -E-ethyl enyl ] -tetrahyh
ydro- 4- hydroxy-4R-trans)-2H pyran-one hydrochloric acid salt In a 20 L
reactor under nitrogen atnosphere dry tetrahydrofuran (2.6 L) is cooled to
: -68' C and sodi um borohyride (106.3 g242. 78 nole) is added. \Wen the,
internal tenperature reached -750C, diethyl nethoxyborane (430 g, 2.14

nol e, 50% solution in tetrahydrofuran) -is added over 20 m nutes foll owed

by 14@,Hhmp@f7tetrahydrofuran. The white suspension is stirred for 30
m nut W—F%Tm a solution of the conmpound produced |ike in Exanple 3, NEt hod
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followed by 2 L of isopropylacetate. After vigerous stirring for 10._11 nut es
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A.  6-[2-{2-cyclopropyl-4-{4-fluorophenyl}-quinolin-3-yl}- E-ethylenyl]-tetrahyhydro-4-
hydroxy-4R-trans)-2H-pyran-one hydrochloric acid salt

In a 20 L reactor under nitrogen atmosphere dry tetrahydrofuran (2.6 1) is cooledto
-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



37% hydrochloric acid (142 g, 1.44 nole) in 3 L acetonitrile. After seeding
the mxture is stirred for 3 hours at 200C and over night at 0-50C. The
solidis filtered off, washed with 840 nL cold acetonitrile and dried at
350C in a vacuum oven to afford 389 g (82% of

6-[ 2- 12-cycl opropyl - 4- (4-fl uor ophery2y- qui nol i n-3-yl ) - E-et hyl enyl ] -tetrahyh
ydr o- 4- hydr oxy-4R- trans)-2H pyranone hydrochloric acid salt as -a pale
orange powder. B.
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f ol | oi&rs)-2H-pyranone hydrochloric acid salt as a pale orange powder.

B. (B)-(3R,55)-7-[2-cyclopropyl-4-(4-fluoro-phenyl)-quinolin-3-yl]-3,5-dihydroxy-hept-6-
enoic acid calcium salt, pitavastatin calcium

Under a nitrogen atmosphere, 388 g (0.873 mole) of the 6-[2-{2-cyclopropyl-4-(4-

) fluorophenylf}-quinolin-3-yl}- E-ethylenyi]-tetrahyhydro-4-hydroxy-4~-trans)-2H-pyranone
hydrochloric acid salt is suspended in 9.6 L of water, and 349 mi. (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 3.8L (= 11.4 L) of
ethylacetate and the organic washings are discarded. To completely remove ethylacetate,
the aqueous solution is concentrated to about 11 L under reduced pressure at 35-40°C. A
solution of 70.61 g of calcium chloride dihydrate (0.480 mole) in 786 mL of water is added to
the sodium salt solution while vigorously stirring. The solution immediately changes to a
white slurry. Stirring is continued to for at least 2 hours further. The solids are collected by
filtration, washed with 2 L of water and dried at 40°C/20 mbar for 24 hours to obtain
pitavastatin calcium (358.5 g, 93%, purity 99 area-% HPLC); diastereomeric purity 98.9%
{HPLC: YMC-Pack Pro C18; eluent 0.01 M aqueous sodium chloride solution, acetic acid,



FF 1) T(UPr)4 + (8)-BINOL THF, nol s*jevps (4A) ", "~~j 0 2) (CH)3SK)
oSI(CH3 OHO 0 5:-1 Nz~ H'~~OR1 5~;' ORI kN 3) H20, F3CCOCH 4N The
results are summari zed in follow ng table, and show that greater
enantionmeric purity is achieved when R, is a linear alkyl group, such as
met hyl, ethyl or n-propyl, as conpaggd to a branched al kyl group, such as
| sopropyl or isobutyl: R Yield Optical purity2 nmp (0CC M 62 98 47-51
Et 913 97 81 84 n-Pr 91 98 G| i-Pr 743 833 82-83 MeQ(CH2)2- 90 90 Q|
1-Bu 7 nzyl, 47.88,Q | . 1sQlat (e . erm ned by HPLC.
3avor B0 ArlanoL R0k Fain e BL/miay 7,500 G Rianps Uvoar 225 RN EOMGARAY Y S T sl
(WA TH9. TWHPLCDChIrﬂl@eICDB; dlidiit L hexan@/EIOHTHIA +o00)i 60/Q5 KDw tate 1 ml/min.;

UV @254 nM). This product can be re-crystallized as in Example 6B to obtain a

diastereomeric purity of 99.8% and an optical purity of >99.9%.

Example 8

Seven disilyloxydiene reagents with different Ry groups have been evaluated for
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)y-BINOL
THF, mot sieves (4A)

—

o) (CH)S0 OSI(CH),
/

OR,

3) H,0, F,CCOOH

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 atkyl group, such as isopropyl or isobutyi:

R, Yield' (%) Optical purity® (%) mp (°C)
) Me 62 98 47-51
Et 91° 97° 81-84
n-Pr 91 98 Oil
i-Pr 74 83° 82-83
MeO(CH,)z- 90 90 Qil
i-Bu 71 | 80 Oil
Benzyl 47 88 Qil
Tisolated yields.
®Determined by HPLC.

®Average of two experiments.

Example 9



N N (SO 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 tenperature sensor to determ ne the
batch tenperature; a recycle punp; a 17-0D tube |I'D packed with solids; two
t hree-way val ves pl aced, respectively, at the inlet and exit of the tube;
connecting tubing to forman externaR7recycle | oop; and a dosing punp for
adding liquid to the recycle loop The 1"-OD tube was packed with 5.06 g of
4A nol sieve pellets (Aldrich, Cat. No. 334304, Batch No.07701 LS) having
a dianetergof 1.6-mm The 4A nol sieves were confined to the mddle part

the 1' ~-tuke using netal rresh screens. The top and bottpm of the tube were
packed w 3-mm Pyrex gl ds. The sieves were heatgd to 1150C under a
fl ow of N2 100°crr8/mu;n)— nd efph, at_this Lenperature 12.5 h. Heating
was accQnphi shet usi ng"a elect i cal SAnad e, wape wraped afbhdft he t ube.
The t the be sol i ds was determ neery e RTD
pl aced , 1/ 8!' t ub® nounted co-axia y i g tube the two

t hree-way val vés were than switched to aIIowrowi \trube fromthe
vessel, and out of the tube back to the vessel. The vessel Wwas purged of
air wwth nitrogen, and charged with:0.4788 g of (S)-Bin&k, 10. 70 g of

oLy e, S5 T A B SRR B R
t he r esactdrechiaiedwals- Isyadfat@ﬂv@set equippeg voth 4 fetreakoayred nprllepand ecycl e flow
I o T L e ) B L e
S ol t lpacke(dwciﬂmdhdsdwofthrée@@ygrawbs placad, reape(dnwy, dt stapintap and deit vfith&8. 95 g of
Raa « He: Sapnggng bPRgnd For S e BLFRcRHIE ook s gRSRg buPR Shatiud 1 {4 S
secontiquip s theabcyele Idosi | yI oxydiene (8.9 g over 2 mn) was added. After | h,
Gays, the. dPRaRRL P s paRe T RDe el Syl RUA R Kt os <. The
vessel33apml, Beﬁmqwcﬁofmpsy\aamgmﬁtanmemd 6 hen. TE&LAine) sieveé wee was wor ked
up in cgnflsnee tot e mle% paﬂb%ea‘ld?ubeq.ls?ngoynme%él mes. scr%]:ensz. Olpé)e(tt\al;;[) \a/%d 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 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.
_ L/) The vessel was purged of air with nitrogen, and charged with:0.4788 g of (S)-Binol,

“10.70 g of aldehyde, and 222.03 g of tetrahydrofuran, and sealed. The agitator was turned

on at 250 rpm, and the vessel héadspace was purged of air. Flow to the recycle loop was

started by tuming on the recycle pump (recycle flow rate = 825 cm®/min) and the agitation

rate was reduced to 225 rpm. The batch temperature was controlled at 19°C.

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



aqueous trif luoroacetic acid keeping the internal tenperature below 10 *C
(ice bath cooling). -28- The m xture was then warned to room tenperature
and stirred for 30 mnutes. TLC showed conversion of the initial
trimethylsilyl adduct to (S,') was conplete. 300 nL of t-BuOve and 200 niL
- of saturated NaHCO3 were added and {#g- m xture was stirred thoroughly.
After filtering the mxture to renove a small anount of insolubles, the

| ayers were separated and the organic |ayer was rotoevaporated to obtain

an o J’I’h%"ﬂ‘ll)&tr}re% b fuhl’rb&ﬁi 1¥obhh @F@#gﬂ(r%c?ﬁ éﬁlrgg féFsco Jﬁiﬁfﬂgg e ?h{)\ﬁ A exab out
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Ferpel i apa e i et ARSIl M we B PR PRo B SIBHEE X0 67
0; al demme45 8&)@athaaﬁwpgﬁbéuttzetmtad‘f)'t&nefnmval@thyl'gtmtd:mmta(fdrmmllsyeI \l/ver e purged
of a rogen. agi.t at was  tur recy.c oW was.
starté)ﬁ‘wa Sip Hkaﬁ‘?zﬁ%ﬁeﬁsl ﬁﬁ}qﬁg@eﬁ%g?wwgm %SG%OPW% a@%gﬁtl} Fenper at ure
contr eiwe®a@iucﬂ RS, idldrof 28 $%Maslbbteﬂlﬁi?cg aﬁﬂ ﬂi‘t?e ?I?buﬁt![db nggésirtgut an :c u $1H§: ; V)
i sopropoxi de a of the Jafter to : 0 was
addgde %{Pr@r%ﬁggﬁﬂﬁ??% Ogn%ﬁ{égﬂo'h 8 of disilyloxydiene werg added over
10 mn. A second portion of disilyloxydiene was added (8.6 g over 2 nin)

one_ hqur Iat A third disilyl oxydiene portion (8.8 g over 2 mn) was
ad@d——%@&&u—l hour. After 2 days, the reaction was stopped and t he

reacti on nirKé Véssel\Re mmd@d;s!ea in Bgarhfile @Wmel thréB&imasebathafimd with ht based
anount of undesired

on N anal S{S.0 90% _and
enant {9676? E Of)@tré&)"frﬂé"?’? g SU?’S??é'FBT('M ?jrdﬁﬁ} bWW'%g PHRISHILIAPTON has been
descr té?ﬁﬁbrﬁmid1 TRadhy ¥asbar waLERIFGRPWIth: ©.485¢ bR{9)-biibDb g Bt &déﬁ}@fee@rfld it

wi Il be understood that changes and.nodi f1cations npy be mad t hose of

or di n&fy ISk istirhygrelyan. ¢ Hee oes 3ad Yrerel era rurged phair vt PTResy Ti]eaﬁ%""r 29-
WHAT lvas @hedvEk) dndirecycle flow was started at the same flow rate as in Example 9, with the

batch temperature controlled at 19°C.
After 20 min, 44.96 g of a solution of titanium (IV) isopropoxide (prepared by adding 1
g of the latter to 89.10 g of THF) was added over 4 min. After 30 min, 4.4 g of '
disilyloxydiene were added over 10 min. A second portion of disilyloxydiene was added (8.6
g over 2 min) one hour later. A third disilyloxydiene portion (8.8 g over 2 min) was added
after 1 hour. After 2 days, the reaction was stopped and the reaction mixture was worked up
) as in Example 9. The yield of (Sy), based on NMR analysis of the crude, was 90%, and the

amount of undesired enantiomer was below the limit of detection.

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



1. A nethod for preparing a conmpound having Forrmula (S3) as follows H3C
CH3 OHO O NOR1 1-13C "I N)11" NR4 (Sd 0 ~-OR- R CH3 said nethod
conpri sing condensing a disilyloxydiene of Formula (11) (R)3S'o GSi(R)3 H
')--~ORI  2C with an al dehyde having Fornula (@) as follows 1-13C CH3 O
NH1-13C-, R4 A , I i 1 01 ~~OR3 R2 CH3 in the presence of a titanium
(IV) catalyst having Formula (I1V) R2%* Ti (I1V) 001 1 91-~r R8in an
inert solvent to obtain a 5(S)-hydroxy-3-ketoester having Formula (S3),
wherein R, is optionally substituted~al kyl, cycloal kyl or aral kyl; -30- R2,
R3and R4are, independently, hydrogen, hal ogen, hydroxy, optionally

substi t utwdazlg LAy i®al kyl, aryl, aral kyl, heterocyclyl, heteroaralkyl,
optional I'y substituted al koxy, aryloxy, aral koxy, heterocyclooxy or

het er oar a lﬂ%é’thod for preparing a compound having Formula (S,) as follows

said method comprising condensing a disilyloxydiene of Formula (1}
(R),Si0 0Si(RY),

o

H,C OR,

(I

with an aldehyde having Formula (Q;) as follows

(Q,)

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

wherein

R, is optionally substituted alkyt, cycloalkyl or aralkyl,

\



R8 is a lower alkyl; the binaphthyl noiety is in the S-configuration; and
R and R are, independently, a |ower alkyl. 2. A nethod according to Claim
1, wherein the nolar ratio of a disilyloxydiene of Formula (11) to an

al dehyde of Forrmula A) initially present in the reaction m xture ranges
from1l: 1 to 6: 1. 3. A nethod according to Claim?2, wherein the nethod
additionally conprises using nolecular sieves. 4. A nethod according to
Caim3, wherein water is added to th2 nol ecul ar sieves prior to using the
nol ecul ar sieves. 5. A nethod according to Caim4, wherein the water.
content of the nolecular sieves is fromlw %to 15w % 6. A nethod

accor ding {0, @i aralfiRispbiicrit Hilogshlogsh ARG dprdhalyal ey 2 1 xed

bed external 'to a reactjon vesse m xturé i s passed

t hrough the fi g cyeealkyt ary, %H‘M'oﬂetﬁ@ém’!dlWFPEE@V'aPm%’aIIWF@PWdt he

nol ecul ar si eveaﬁk@(gearmgkkﬁggg]k&y HoteTBéyRRExPERiEbAgIKbL: Cl @i m 1, wherein the
di sil yl oxydi ene of Formil a is prepared by (a) reacting an

acet oacet at Bs' fa IFgemalkyd tha/binaptahy) moiddy i€ imthe' SKcapRgunatiom aadsi | yl at i ng agent
in the presence of a. base organjc solvent to forma silylenolether
havi ng For nﬁl ﬁ/f"'ie) '"@P&?%’ﬁeéﬂﬂb ﬂ@“’%{%’ﬂ‘yl—'Sl- (b) treating the silylenolether
having Formula (VII) with a base and a silylating agent in an inert

sol vent t2 Afroethodiackiosdihg/lodSigie € méheadin thremalaraalid df)a distykixediane & Fdraula

! ndepende(g):] %hﬁ?c{]eglylges #tg-svsg%héf(g&i_%{ialﬁlupl?gs}ein mttr?eg re%lctl lrhlewec rl'a%atlesk#clnmér

ar al kyl
1:1to 6:1.

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

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 8, wherein the molecular sieves are reused.

8. A method according to Claim 1, wherein the disilyloxydiene of Formula (I1} is prepared
by
(a) reacting an acetoacetate of Formula (VI)

0 @]
(vh

H,C OR,
with a silylating agent in the presence of a base and an organic solvent to form a
silylenolether having Formula (VII)
(R),SiO 0]
N (Vi)

H,C OR, - and



9. A nethod according to Caim1l, 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 Claim9, wherein the base in
step (a) is triethylam ne. 11. A nmethod according to Caim1l, wherein the
base in step (b) is selected fromthe group consisting of lithium

di i sopropyl anide, lithiumbis(trinmethlsilyl)an de, sodium

bi s(trinethylsilyl)am de, and potassiumbis(trinmethylsilyl)amde. 12. A
met hod according to daim9, wherein the silylating agent in steps (a) and

(b) is t(rrsrtreauh éllylbn&@th@tfhsﬂrﬁrg Fbanuré(mr)tmpb Baseindiddlylatind-bgdnfinl, Wherein

the titanium ( prepared in situ by reacting

titani uma'(‘l'\?ar“‘tO F‘Hrogﬁrﬁ{ H@Elf'?i‘é(d\ﬂ"? ﬂﬁf‘ﬁﬁn\% (ﬂ) napht hol of Fornul a
(M11) %mg—r HO (Vill) 14. A nethod according to Claim 13, wherein the nolar
ratio of WM itanium (1Vv) catalyst of Fornula (1V) to an al dehyde of

Formul a ( (&, .bnh&ép%hhyntgrﬁﬁ@rrgtubstnmwerr,mﬁtue%r V\ﬂéﬁkyi bPAART; Zzﬁch 0. 01

1to 0. 15: 1 according to d ai m erein R I ower
al kyl , R2 iRBidwmloageakyland R3 and R4 are hydr ogen 16. A et hod accordi ng
to daim15, wherein R is ethyl; and R2 is fluorine. -32- 17. A nethod

accordin Whi : f i Ci ) -
hydr oxy- % 'bet oe ﬁrc%Wé%th%g?e@ Ei%ﬁ{ap ﬁ%‘*@@@?ﬁ%‘%‘%@r g’\q/\‘rj:r

al kyI)rreMﬁﬂ?%é@lmfé,m step & icdielhylathener tatrhydrofighar sol vent to afford a
3(R),5(S)- dihydroxyester of Formula (V3) H3C CH3 OH OH 0 N ORI 1-13c'~ N

N R4 (V3)0. B niethddacdebiRing4h @idth ™, 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(trimethylsilyyamide, 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 (IV) catalyst of Formula (IV) is
prepared in situ by reacting titanium (V) tetraisopropoxide with (S)-2,2-binaphthot of
Formula (Vi)

14. A method according to Claim 13, wherein the molar ratio of the fitanium (IV) catalyst
of Formula (IV) to an aldehyde of Formula (Qs) initially present in the reaction mixture
ranges from 0.01:1 to 0.15:1.

15. A method according to Claim 1, wherein R, is lower alkyl, R, is halogen; and R; and
R, are hydrogen.

16. A method according to Claim 15, wherein R, is ethyl; and R; is fluorine.



R, is optionally substituted al kyl, -cycl oal kyl or aral kyl; and R2, R3 and
R4 are, independently, 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.
18. A nethod according to Claim17, wherein the diflower

al kyl ) met hoxyborane is diethyl met hexX¢borane or di butyl net hoxyborane. 19. A
met hod according to Caim17, wherein the polar solvent is selected from

the group consisting of tetrahydr ofuran, nethanol, ethanol, isopropanol,
but anol , 1ANEl ot 4463 (o 17, wherein
g ' AR ISRt ST, e

the reducing agent is s d| um boroh
met hod abBYdsexyr bﬁ?‘%ﬁt@l%VWﬂfOFWﬁ&%¥i?etﬁﬁ®fPSPm€t¢f@rdl@Mﬂ5r| ses (a) reducing a
5(S) hydémwnénds@b&eﬁéeerrehaéihgﬁggeFr%ﬁ%goléﬁs?ewénﬂtot%rdﬂé%&%zs of a di(lower
al kyl ) met hoxybor ane, _a reduci ng agent and a pol ar sol vent to afford a

3(R), 5(5§ilhydipwa‘i669§f et &) Fornula (V3) -33- 1-13CCHB OHOH O N " N ~I N
R4 ORI (V3) 0 R2 CH 3Hb) hydnol yzing a 3(R), 5(S)-di hydroxyester havi ng
Formula (V3) in the presencg of an Quec pase to forman al kali netal
salt having Forrmula (X3) as| follQws CH3jOHOH O NOM 1-13C'~ NN
R4 (x3) 0 0 R3 R2 CH3 and L 'ng~ah apkali netal salt of Fornula
(X3) to a calciumsalt of]For H3C CH3 OH OH 0 1-13C~' R4 Ca 2-

(W HSC‘\T (V)

o S =
o’{\

H3
wherein

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

R2, Rs 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
diethyimethoxyborane 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.

20. A method according to Claim 17, wherein the reducing agent is sodium borohydride
or lithium borohydride.

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

(a) reducing a 5(S)-hydroxy-3-ketoester having Formula (S3) in the presence of a
di(lower alkylymethoxyborane, a reducing agent and a polar solvent to afford a 3(R),5(S)-
dihydroxyester of Formula (V)



Il 1 OOR I R332 CH3in the presence of a calciumsource, wherein R is
optionally substituted al kyl, cycloal kyl or aralkyl; R2, R3 and R4 are,

i ndependent |y, hydrogen, hal ogen, hydroxy, optionally substituted alkyl,
cycl oal kyl, aryl, aral kyl, heterocyclyl, heteroaral kyl, optionally
substituted al koxy, aryloxy, aral koxy, heterocycl ooxy or heteroaral koxy;
and -34- Mis sodium |ithiumor pot ium 22, A nethod according to Caim
21, wherein the calciumsource in step (c) is calcium chloride. 23. A

met hod according to Caim1, which nethod further conprises (a) reducing a
5(S) - hydroxy- 3- ket oest er,chaviog, Formula (S3) in the presence of a di(lower
al kyl ) met hoxyborane, a redugi ng agerPHan@Ha | ar solvent to afford a

3(R), 5(S)- dihydroxyester aq CH3 OHOHO NORL H3C.' N

NR4 -Z 11 %Z~~ 1 0" 1 QR
3(R), 5(S)-di hydroxyest er havi in tﬂe presence of an acid
and an aprotic wat 7off to forma | act onqvpavi ng Formula (Y3)
as follows O HSCCHS Z~~ (y)
29%
0 | 0 R? R,
CH,

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

(X,)

pand

(c) converting an alkali metal salt of Formula (X,) to a calcium salt of Formula (W5)

Ca
{W,)

in the presence of a calcium source,

wherein
R is optionally substituted alkyl, cycloalkyl or aralky;

Rs, R; and R4 are, independently, hydrogen, halogen, hydroxy, optionally substituted
alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally substituted
alkoxy, aryloxy, aralkoxy, heterocyclooxy or heterocaralkoxy, and



RA H3G'" N'-:~ NVNOOR3ZR CH3 and acid addition salts thereof; (c)

hydrol yzing a | actone having Formul a( YA or acid addition salts thereof, in

the presence of an aqueous base to forman alkali netal salt having

Formul a(X3) as follows -35- HBCCH3 OHOH O N O M H3C N )11~ N R4 (x3)
11010RRCH3 and (d) converting an alkali nmetal salt of Fornula (X3)
to a calciumsalt of Formula (W3) +HC CH3 OHOH O HC N R4 C82+ 3 NN
(WB) 1100R R32 CH3 ~2 in the presence of a calciumsource, wherein
R, is optionally substituted al kyl, cycloal kyl or aralkyl; R2, R3 and

Rdare, i ndepedetemin Yithilhy OF pategsiurhal ogen, hydroxy, optionally substituted
al kyl, cycloal kyl, aryl, aral kyl, heterocyclyl, heteroaral kyl, optionally

SUbSTI Uty 5 ALK YecoRing & WaintS WIS 1 eSS QM beeh (oL &1 Xy
chloride.

23. 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 (V)

Vy)

(b) cyclizing a 3(R),5(S)-dihydroxyester having Formula (V3) in the presence of an acid

and an aprotic water-miscible solvent to form a lactone having Formula (Y;) as follows

(Y3)

and acid addition salts thereof;

(¢) 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



Mis sodium lithiumor potassium 24. A nethod according to C aim 23,
wherein the acid in step (b) is concentrated hydrochloric acid, the
aprotic water-mi scible solvent is acetonitrile, and the acid addition salt
thereof is the hydrochloric acid salt. 25, A nethod according to Caim 1,
whi ch nethod further conprises -36- (a) reducing a 5(S)-hydroxy- 3-ketoester
having Formula (S3) 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
having Formula M as follows HBC CH3 OHOH O NORL H 3c~" N jii~ NR4
M I 1 b 0R R CH3 8 d _ch) hydrolyzing a 3(R),5(S)-di hydroxyester
having Formula M in the presence obHan gHaqueous base to form an al kal

netal salt having Formul a ONOM HIC' N)-1" NR 4
(X3) 0 ~~ORR2 CHS3 f "o Hgubstituted al kyl,

cycl oal kyl or aral kyl ; : Rg¢are, independently, hydrogen, hal ogen,
hydr oxy, opti onal My>s. 'ﬁ‘ : yl, cycl oal kyl, qx¥l, ar al kyl ,
heterocycl yl, heteroaral kyl', op al ly substituted alkoxy, aryl oxy,

aral koxy, heterocycl g8xy or het'sgoaral koxy; and Mis sodium Iithium or

pot assium 26. A nephdd %ccordhag to ®&aim25, wherein the aqueous base in
step (b) is sodium CH,

; 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
Ry is optionally substituted alkyl, cycloalkyl or aralkyl;

Rz, R; and R, are, independently, hydregen, halogen, hydroxy, optionally substituted
alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaralkyl, optionally substituted
alkoxy, aryloxy, aralkoxy, heterocyclooxy or hetercaralkoxy; 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 solvent is acetonitrile, and the acid addition
salt thereof is the hydrochloric acid salt.

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



hydr oxi de and M represents sodi um

-36 -

(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 having Formula (V;) as follows

(V)

: and

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

(Xy)

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

Rz, Rs 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.

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



