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Step (4):

i i :1 talline
(2R-trans)-5-(4-Fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahvdro-
4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide is converted to the title
compound using the methodology disclosed in U.S. Patent 5,969,156.



25 NC-CH err] -, PG O CH err]- wherein PGis a

protecting group, WD 99/ 32434 L,
Fg/r ]U S98/ 254 83244 ’ PCT/US98/25493
wherein R err] is (Herr]CJf[err] CH or 5 -

cycl opropyl , -I-[err]
- - PROCESS FOR'I'HE_SYNTHESIS OF 1,3-DIOLS

BACKGROUND OF THE INVENTION

The present invention relates to a process for preparing cis-1,3-diols. More
particularly, the present invention relates to the use and subsequent recovery and
5 reuse of a trialkylborane or dialkylalkoxyborane or a mixture of a trialkylborane
and a dialkylalkoxyborane in thé reduction of a beta-hydroxy ketone to obtain a
cis-1,3-diol. Additionally, the present invention relates to the use of a synergistic
combination of a trialkylborane and a dialkylalkoxyborane in the reduction of a
beta-hydroxy ketone to obtain a cis-1,3-diol. '

10 The use of trialkylboranes or dialkylalkoxyboranes in the stereoselective
reduction of 1,3-keto alcohols to the corresponding syn-1,3-diols has been widely
described in the literature. This method has given high stereoselectivity without
using extraordinarily difficult conditions (Brower P.L., Butler D.E., Deering C.F.,

LeT.V., Millar A., Nanninga T.N., and Roth B., Tetrahedron Lett., 1992;33:2279;

15 Narasaka K., and Pai F.C., Tetrahedron, 1984;40:2233; Chen K.M.,

Hardtmann G.E., Prasad K., Repic O., and Shapiro M.]., Tetrahedron Lett.,
1987;28:155; Chen X.M., Gunderson K.G., Hardtmann G.E., Prasad K., Repic O.,
and Shépiro M.J., Chem. Lett., 1987:1923). There seems to be general acceptance
of the formation of a borate ester from either the triaikyl or dialkylalkoxyboranes

20 which is said to form a cyclic chelate (Narasaka K. and Pai F.C., Tetrahedron,
1984;40:2233; Chen K.M., Hardtmann G.E., Prasad K., Repic O., and
Shapiro M.J., Tetrahedron Lett., 1987;28:155; Chen K.M., Gunderson K.G.,
Hardtmann G.E., Prasad K., Repic O., and Shapiro M.J., Chem. Lett., 1987:1923;
see for example Paterson L, Cumming J.G., and Smith J.D., Tetrahedron Lett.,

25 1994;35:3405). Axial delivery of a hydride to the complex then leads
predominately to the syn-product which can be hydrolyzed to the diol. The diols
are valued as intermediates for the preparation of, for example, HMG-CoA -
reductase inhibitors which are useful hypolipidemic and hypocholesterolemic
agents. This is a widely used method of preparation of such agents (U.S.

30 Patents 4,645,854, 5,354,772, 5,155,251, and 4,970,313).



wherein Rerr] is CJerr]Herr], (Herr]OQlerr]-N or .
(Herr]Qlerr]CH and '
R4 is hydrogen, 10

H err] G O Gyb9bsda4 PCT/US98/25493
Herr]GCHerr]-C(CHerr])[err]-CJerr]CH err]-, or
Herr]CGgerr]CGCHerr]-CHOH)-CHerr]-,.

CH( OH) - CH=CH-, WO 99/ 32434 ' :

PCT/ US98/ 25493 Many procedures in the literature, describe the work-up of the reaction4-

Lerr] with hydrogen peroxide (U.S. Patents 4,645,854 and 4,970,313). This results in
the destruction of active alkylborane species. Some procedures describe the
repeated distillation with methanol and an acid (U.S. Patents 5,354,772

5 and 5,155,251). This also dilutes and eventually destroys the active alkylborane

species. We have surprisingly and unexpectedly found that by performing the
reduction and workup with 2 minimal amount of acid, and keeping the distillate
streams separated, that the initial distillate can be recovered and reused to obtain
very good selectivity in subsequent reductions. :

10 Thus, the present process offers significant advantages over the prior art
processes. For example, the cost of additional alkylborane is eliminated for each
batch in which the distillate stream is recycled. Additionally, since alkylboranes
are hazardous, they must be destroyed prior to being disposed. The present
process minimizes this expensive and time-consuming procedure. Moreover, it is

15 especially surprising that very good selectivity in the reductions is obtained using
recovered alkylboranes.

Finally, we have also surprisingly and unexpectedly found that a
combination of a trialkylborane and a dialkylalkoxyborane is synergistic in
selectively reducing a beta-hydroxy ketone to obtain a cis-1,3-diol.

20 SUMMARY OF THE INVENTION

Accordingly, a first aspect of the present invention is a process for the
preparation of a compound of Formula I

OH OH
Y 1 | 1
R—CH-—CHZ—CH—R '
wherein R is alkyl,
25 NC-CH3-,

PG-0-CHp»- wherein PG isa protecting group,



R6 is hydrogen or CH3, 5
Rlerr] is hydrogen or CHerr],

R8 i s hydrogen, . OH,
CH err], or WO99/32434 PCT/US98/25493
Herr](err]-NHCO- O, and WD 99/ 32434 S
PCT/ US98/ 25493 . : -3- -5-

.].is hyd CH , err
Rlerct].is hy rogen or [ err] (CH,),— [ |

cC=0 ’
CeHs |
T
CeHs
(fH(CH3)2
N
A
N__-R?
N
QCC.
wherein R2 is (H3C)7 CH- or
5 ~ cyclopropyl,
R3
R N I (CHs3),
RN N\F
- PP—c, |
wherein R3 is CgHs, (H3C),-N- or
(H3C)2CH- and
‘ R4 is hydrogen,
10 H3C-O-CHj-,

' H3C°CH2'C(CH3)2-C02'CH2-,,or
H3C-0,C-CH3-CH(OH)-CHj,-
CH(OH)-CH=CH-,



-CHerr]-Cerr]R err] wherein
Step (a) :

PCT/US98/25493

5 Rlerr] is alkyl, or
Rlerr] is alkyl; whi ch conpri ses:
treating a conpound of Fornula I
[err] WO 99/32434
-4-
o)
=
/ 4
PF—CeH,
5

CH,

RS is hydrogen or CH3,

R7 is hydrogen or CHg,

R8 is hydrogen,
' OH,
CHj3, or

H5Cg-NHCO-O-, and



WD 99/ 32434 .

PCT/ US98/ 25493 ' -6- or a
conpound of F8rrrula 1] [err] . wherein Rand Rerr] are as
defi ned abov&O%3¥B4 tri al kyl bor ane or di al kyl al korgDUSTmRS4Br a

- mxture of a trial kylborane and a di al kyl al koxyborane in 5 a sol vent;
Step (b) adding an al kali netal hydride 8t about -110[err]C to about
-50Lerr] G Step (c) c_oncentrat'b[lg t he reaction by
distillation to afford a conpound of R mchydedgan br @Hg, a distillate
contai ni ng al kyl borane speg es; and Step (d) treating

addi tional conpound of Forrula Il or Il with the 10 distillate from’
Step (c) containi ngizecQuered al kyl borane speci es and repeating

Steps (b) and (c) as desi t o afford additional conpound of Fornula I.

A second aspect of the p invention is a process for the preparation

of . a conpound of Fgrnula |- . [err]
15 wherein R is alkyl "NC-CH err] -,
PG O CHerr]- wherein PG gcting group,
[err] WO 99/ 3% ’ '
PCT/ US98/ 25493 ' -7-
CH(CH3),
S
/N » Or

5 R1is alkyl, or
-CHp-CO2RS wherein RS is alkyl;
which comprises:
Step (a) treating a compound of Formmula II
OH 0O

! I
R—CH—CH,—C—R! I



[err]

wherein

Rerr] is (Herr]QJlerr] CH or

cycl opropyl,

[err]

wher ei n R epbbosssdl errlHerr], (Herr]Qlerr]-N or PCTIUS98/25493

(H3C) 2CH and

4 1S hydrogen

Herr]GOCHerr]-, 10
H[err]C—CH[err] C(CHerr])[err]- qurr]'éH[err]-, or
Herr] G q er r ]oEaa:i[;pwun]joﬂF&ﬁd)am—l[ err]-

CH( OH) -

10

15

0 OH
R—C—CH;—CH—R!

wherein R and R1 are as defined above €vith a trialkylborane or
dialkylalkoxyborane or a mixture of a trialkylborane and a dialkylalkoxyborane in
a solvent;

Step (b) adding an alkali metal hydride at about -110°C to about -50°C;

Step (c) concentrating the reaction by distillation to afford a compound of
Formula I and a distillate containing alkylborane species; and

Step (d) treating additional compound of Formula II or III thh the
distillate from Step (c) containing recovered alkylborane species and repeating
Steps (b) and (c) as desired to afford additional compound of Formula L

A second aspect of the present invention is a process for the preparation of

a compound of Formula I

OH OH
Y v, :
R—CH—CH,—CH—R
wherein R is alkyl,

NC‘CHZ's

PG-O-CHy- wherein PG is a protecting group,

(CHy
- N _
PF C6H4 ® CH (CH3)2

Cels |

IiIH
Cetls



[err] . WO 99/ 32434
PCT/ US98/ 25493

WO 99/32434

3
R /N H(CH3)2

10

[err]

PCT/US98/25493

wherein R is (H3C), CH- or
cyclopropyl,

wherein R3 is CgHs, (H3C),-N- or
(H3C)2CH- and

R4is hydrogen,

H3C-O-CHy-,

H3C-CHy-C(CH3)y-CO2CH>-, or

H3C-02C-CH,-CH(OH)-CHy-
CH(OH)-CH=CH-,



Rlerr] is hydrogen or CHerr],
Rl err] is hydrogen or CHerr], 5

Rl err] is hydrogen, OH,

CHerr], or 4 : PCT/US98/25493 |
H[er_r]C[err‘ivS)lgﬁlls(%gO, and Rlerr] is
hydrogen or CH err], VO 99/-3248"}_4 : }

PCT/ US98/ 25493 [err]

pCH,0CH, P\
30CgH4
| N.__-CeH,

RS is hydrogen or CHgz,

R7 is hydrogen or CHg,

5 R8s hydrogen,
OH,
CHg3, or
Hs5Cg-NHCO-O-, and

R? is hydrogen or CH3,



Rlerr] is alkyl, or 5 -CHerr]-Cerr]Rerr] wherein Rerr] is
al kyl ; “whi ch conpri ses: Step (a) treating a conpound of Fornmul a
1 [err] or a conmpound of Formula |11 [err] WO
09/ 32434 W0 99/32434 _ . PCT/US98/25493

PCT/ US98/ 25493 -10- .
wherein R and R err] are as defined abowe with a synergistic conbination of
a trial kyl borane and a dial kyl al koxyborane in a solvent; and

R1 is alkyl, or
5 -CH5-CO,R6 wherein R6 is alkyl;
which comprises:

Step (a) treating a compound of Formula II

OH 0 |
! | - I
R—CH—CH,—C—R | -

or a compound of Formula IIT

0 OH

10 R—C—CH;—CH—R!



Step (b) adding an alkali metal hydride at about -110[err]C to about
-50[err]Cto afford a conmpound of Formul a 1. 5 A
third aspect of the present invention is a synergistic conbination

conpri sing yl borane and a dlalkylalkoxyborane

DETAI LED Dé’g‘?:ééf'#?:{ﬁ\l OF THE | NVENTI ON m R e rvent i on
the term"al kyl" neans a strai ght or branched - hydrocarbon radi ca
having from1 to 10 carbon atons and i 01 udes, for exanpl e, 10

methyl, et hyl -0, ln1 1A ¥ta 1sobutyl,
tertiary Whé}elgt#a%l? Aﬁ?gsgéf?@ﬁabr??ﬁ%)ésyn&ﬁg ?‘{ r?hg%:t{/ n- nonyl ,
n-decyl, and lriatkylﬁokmeandadialkyla]koxyboranei@&olmmda protect i ng group used
for protecting 9”%&@35 m"e gt%leb(yflp%eat ot 2 nof:eg S5 Bose 1Penzy! and

the like. Additio ups o an al cohol

noi ety are dlﬁfdrgaedmgﬁun%ﬁpbﬁ{ulﬂ I n Greene T w, " Pr otective G oups 15
in Organi ¢ Synthesis”, John Wley & Sons, I.nc.

"Alkali dmetal" is é‘hi%’taéP“F?ft@B‘ﬁf?nHQVB‘?UOPH%aﬁ@FTgb‘&FE°’PQBF@“and i ncl udes,
for exanpl e, tdridHsipla A IBORandRIdASHA shybotaie, | ike.

"Al kal i ne-earth ITEtcl| "is"a mtal in oup 1 1A of the periodic table and
I ncl udes, for exanple, calcium barium strontium and the |like. 20

"Al kali netal hydride" includes, for exanple, sodium borohydride, zinc
bor ohydride, I|ithium bdETABEDIBESCRIPTION GHF THEANVEMIIONde, and the |ike.
"Al kyl borane speci es" neans a nono, di- or trialkylborane where the

nono or dial kyl borane is further substituted by hydrido or alkoxy as

def i ned harthis inyention thy tepm Galkyi’ means asplaight enhranched:i es.

orevi ousl y dentiy ALt i S8 0m 396 16 phBln BuckY e inciudes, forcx e"#
i nhi bi t¥rs of methyl, emym@mkaa-mlm@dwmlfxmmmm reduct ase
(HMS CoA redulgl%t?{? rpeRtS'l ﬁfh%xﬁsr?faéﬂtyl%-obtg; gﬂg #4681, 'a8a Ble§Rr ¢ HMG CoA

reduct ase i nh
PCT/ US98/ 25493 “PG” means a protecting group used for protecting an alcohol moiety such

as, for example, benzyl and the like. Additional examples of protecting groups for
an alcobol moiety are disclosed at Chapter 2 in Greene T.W., “Protective Groups
15 in Organic Synthesis™, John Wiley & Sons, Inc., 1981.
“Alkali metal” is a metal in Group IA of the pEriodic table and includes,
for example, lithium, sodium, potassium, and the like.
“Alkaline-earth metal” is a metal in Group IIA of the periodic table and
includes, for example, calcium, barium, strontium, and the like.
20 “Alkali metal hydride” includes, for example, sodium borohydride, zinc -
" borohydride, lithium borohydride, lithium aluminum hydride, and the like.
“Alkylborane species” means a mono, di- or trialkylborane where the
mono or dialkylborane is further substituted by hydrido or alkoxy as defined
hereinafter or a dimeric alkylborane species.
25 *Alkoxy” means O?alkyl as defined above for alkyl.
As previously described, the compounds of Formula I are either useful as
inhibitors of the enzyme 3-hydroxy-3-methylglutaryl-coenzyme A reductase
(HMG CoA reductase) or are useful as intermediates to prepare HMG CoA
reductase inhibitors.



Thus, the present process can be used to prepare various HMG CoA

reductase inhibitors containing a cis-1,3-diol noiety. For exanple,
atorvastatin di scl osed and described in U S. Patents 4,681, 893 and
5,.273, 995; W™OpIE434t i n di scl osed and descri bed i PG/ UR98/E549E Nt
5,354, 772; bervastatin disclosed and 5 described in U S. Patent_
5,082,859; cerivastatin disclosed and dqacrl bed in U S . Pat ent
5,177, 080; NK-LO4 dijsclosed and described in U S. Patent 011, 930;

dal.vast atin di scl osEES<hePREOEPIORRSE C3-Pe ysed torpIERaR: varions N@%@Agl envast at in

di scl osed and x@@&@isb Ii’tﬁﬁhto?s ddniainifPd 6801,3%di8RRoe§2 For example, atorvastatin
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i 5ol 0sed aa TR sTHfIG8EAEY 04 qiscosed R §r B, PabisTi 986 ©F
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;5 di hyd&lmié/§ ?éﬂ%dhe not’@ $Gie t439£§é53‘ Sryhno-q 3(& Q%mq r]d descri bed

In U S
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i ro 0i C er.r on ribed in U S.
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met hyl pheny| ) - Batéatel5,006,530, 5466,857 aed 54012462 |70 @ixgthylamiolat@gxenyl ] vi nyl | -

20 4- hydr oxyt et rahydr opyran-2-one di scl osed and described in U S.
Pat ent quommylj_ ngsopropylpyndmc-S S-diyl]bis [erythro-(E)-3,5-dihydroxy-6-

erythro-(E)-7- ﬁe%tén&rcfdcmﬁ&hﬁeeﬁi Q¥6reE i discibéd fh O:st pmgem

57;
1- cycl ohexen- 1- _&_ dr oxy- 6- heptenoi ¢ acid sodi um sal iﬁ J scl osed and

descri bed in cxwéemyl-4~(86@ogwhenye)ﬁé-ﬂ-maﬁgmhmdmn(nw»ﬁa&l—%s3 5-
di et hylgheny! mhﬂdrbﬂydﬁ@g%eﬁeﬁléjhdﬁ&% }a@aigx égd%éslaseax‘ghé 25
- escri U

hydr oxyt et rahydropyr-an-2- one di scl osed and Pat ent
4, 900, 754; Patent 5 ()é’.ﬁﬁp& (E)-7-[4-(4-fluorophenyl)-2-isopropylquinolin-3-yl}-3,5-

E- (3R 59)-7- 3, 5-di hyd 6-
heétenoa%e drs&%%fgifgﬁgﬁtﬁ%og%% &S&mﬁgmsgl% %gut“entg%hggwxggg 3( RI) 35/(rS;)xy

di hydr oxy- 7- [ 4P4tent$ $,0b1,831 6,102,888, and m&mrraaw(ﬂjeﬁqlﬁ-[-zﬂ(ﬁfmpmm -5-yl ] hept -
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PCT/ US98/ 254931-cyclohexen- -yl)-3,5-dihydroxy-6-heptenoic acid sodium salt discldséd and
described in U.S. Patent 4,863,957; (E)-trans-6-[2-[2-(4-fluoro-3,5-
dimethylphenyl)-4-hydroxy-6,6-dimethyl-1-cyclohexenyl}vinyl]-4-

25 hydroxytetrahydropyran-2-one disclosed and described in U.S. Patent 4,900,754,
ethyl E—(3R,SS)-7-[4’-ﬂuoro-3,3’,5-trimethyl(l,l')biphenyl-Z-yl]-3,5-dihydroxy—6—
heptenoate disclosed and described in U.S. Patent 4,567,289; 3(R),5(S)-
dihydroxy-7-[4-(4-fluorophenyl)- 1-isopropyl-3-phenyl-1H-pyrazol-5-ylJhept-
6(E)-enoic acid disclosed and described in U.S. Patent 4,613,610; and (3R,5S)-

30 BMY-21950 disclosed and described in U.S. Patent 4,897,490 can be obtained
using the present process. All of the aforementioned U.S. patents are herein
incorporated by reference.



The process of the present invention in its first aspect is an inproved,
econom cal, and commercially feasible nethod for preparing a conpound of

Formula |. The process of the present invention in its first aspect is
outlined inwoospalane 1. WD 99/ 32434

PCT/_US98/ 25493 13- [err] WO o/ TAUSIy25493

PCT/ US98/ 25493 -14- Thus,
a cqppound of Formula I wherei ml&R is al kyl , NC- CH2- ,

I[DG O] CH err] - wher &fhe pRiceissof telPrésemGhvenfionlinQtirst aspect is an improved,
err - . - .
economical, and commercially feasible method for preparing a compound of

Formula I. The process of the present invention in its first aspect is outlined in
Scheme 1.



[err] wherein Rerr] is
C[err]H[err] (Herr]OQferr]-N or 10 '

(H3C) 2CH R4 is hydrogen,
H[er ]GO cﬂ@’e’t’ﬁ“‘ . \AD 99/ 32434 PCT/ US98/PEIAISe8/25493
H[err]C-CH[err] C(CH err])[err]-CJerr]=18H err]-, or

H G C CH CH CH
et ]C Qerr]-C O err)-CH O - G K

OH - OH OH

| |I J ]
R—CH—CH,—C—R! — R—CH—CH,—CH—R!

I I

or /
OH

. f v

R—C—CH;—CH—R!

m



[err] :
Rlerr] is hydrogen or CHerr],

WO 99/32434 | PCT/US98/25493

-14-
Thus, a compound of Formula II
wherein R is alkyl,
NC-CHj-,
PG-O-CHy- wherein PG is a protecting group,

(‘sz)z_

—C:H N
654
V
5
C=
Cells |
IFH
CeHs

CH—(CH3),
0 ’

N _R?
~N
. % wherein R2 is (H3C)2 CH or cyclopropyl,

PF—CeH,

R N (CHy),
. PP—cgH,
wherein.R3 is C5H5, (H3C)2-N- or

10 (H3C)oCH- and

R4 is hydrogen,
H3C-O-CH»-,



Rlerr] is hydrogen or CHerr],
hydr ogen, WO 99/ 32434
PCT/ US98/ 25493

OH, wO
CH err], or
Herr](err]-NHCO O, and
RO i.s hydrogen or CH3, 5

99/32434

R err]

-16-
PCT/US98/25493

-15-
&5
H;3C- Hy-C(CH3)2-COy CHy-, or
H3C-0p C-CHy-CH(OH)-CH>-

CH(OH)-CH=CH-,

'CHj
R6is hydrogen or CHs,

R7 is hydrogen or CHs,
R8 is hydrogen,



Rlerr] is alkyl, or -CHerr]-CJerr]R err] wherein Rerr]
is alkyl; 10 or a conpound of Fornmula Il wherein Rand R err] are
as defined above is treated with about 0.1 to about 2.0 nolecul ar -

equi val ent ri al kyl borane such as, for exX g 3
triethyl boﬁ’&ﬁéﬁlﬁé‘l propyl borane, tri n-butyl borane, tri sec-"gsa?g'/sf‘%or ane
and the like or a dialkylal koxyborane such as, for exanple, )

di met hyl net hoxybor ane, dinethylethoxyboF%ne, di met hyl i sopr opoxybor ane,

WD 99/ 32434 OH, i

PCT/ US98/ 25493 ' _ : -17-

di et hyl met hoxybor ane, di et hyl et hoxybor ane, diethyliégﬁkaoxyborane,

di i sopropyl met hoxybor ane, dii sopropyl et hoxyborane, K Y

di i sopropyl i sopropoxyborane, and the |ike or a m xt t}{r5ec6o]?mgotcr)i’§ﬁ<yl bor ane
and a di al kyl al koxyborane as descri bed,¢r. ey ol | owed by the
stereosel ective 5 reduction wi th about %{%ﬁé{i:@g%&e%ﬁtﬁ’val ent of an
al kali metal hydride suchs, for exanpl e, sodi um borohydri de,

zi nc bor®hydride, lithiumlborohydride, [ithium al um num hydri de,
and the like; in a such as a hydrocarbon, for exanple -
hexane, toluene, cycloh and the |ike;.an al kanol, for exanple

met hanol , et hany sopropanol and the like; or an ether, for
exanpl e diethyl ether, 10 tetrahydrofuran, 1,.2-dinmethoxyethane,
triglyme (triethylene gl et byl et her) and the |ike, or.

yelql
m xtures thereof at a tgfperpture” of about -110[err]C to about -50[err]C
to afford after concentrkti by distillation a conpound of Formula I.

Addi ti onal HeompoHTd Of~formula [1 or 111 is subsequently treated
with the distillate bbtained 3 by vacuumdistillation fromthe first
run foll owed by stereosel ective reduction 15 carried out as described

above to afford a second batch of a conpound of

R1 is alkyl, or
. -CH,-CO4RS wherein RS is alkyl;

10 or a compound of Formula ITI wherein R and R! are as defined above is treated
with about 0.1 to about 2.0 molecular equivalents of a trialkylborane such as, for
example, triethylborane, tripropylborane, tri n-butylborane, tri sec-butylborane
and the like or a dialkylalkoxyborane such as, for example,
dimethylmethoxyborane, dimethylethoxyborane, dimethylisopropoxyborane,



Forrmula |I. Thus, recovered quantities of the al kyl bor-ane species can be
used to - ° convert additional quantities of a conpound of Fornula I
or 111 to a conpound of Forrmula |I. This procedure using recovered
al kyl bor aneW@p3®8343& can be repeated as desired t BCHYSAW/A3493

addi tional quantities of a conpound of Formula I. 20 -
Preferably, the reaction is carried out-lmmth about 1.2 to 0.8 nol ecul a

equi val ents of,, triethyl borane, or .dj et hyl net hoxyborane or a m xture of a
o By T bor andiarBe R R h s P By Rira®h sl ' 1 1

sol vent, diisqprﬂfyﬁﬁ&hﬁ@buraﬁe,ﬂiisdwl?ldﬁioxfyﬁérbﬂlydrofuran and net hanol, at
a ratio of about 8 vol unes, of tetrahydrofuran.to one vol une of

U .
met hanol . Thi SUFCPTORYlSQRRRRPXYRPraNGcansithe like or amgixfure ofp Halkyibarane apba np| ecul ar

equi val ent  of JaMEIAIRAYBbAARY s destPibed prliMEly, followed by, the teieBielecfivd O about
-50[err]C, preferably at -80[err]C, followed by stirring for about .

30 ni nut®s t o redystien with ghaut 1 mojegular equisalensp kadicetd hyfrideosash agferat er t han

90% QIBR baridy BAHGESb : i red
st e(; eochem ca?’hﬁple’ H{(}%ﬁéﬁggﬁ% ?%h?m}?%&&l&[- 1Mpy(ﬁF"rhgfl glr%glt?l y, the

present procegbmisum dxdridecandithelikes iff sqlvent sechias 4 hydrocarbon, for examplet hyl et hyl

g Rt ; e 1] 8 : _
S\ch‘g? 32 2 32 WO P8 MiBR BPGHeRantfin the! ket BEATI DL, 36} cxAhSIE HRtHaALE

PCT/ US98/ 2549 #thanol, isopropanol and the like; or an ether, for example diethyl ether, - 18-
to prepge at 1N, 1 0C nds,.of For.mul a . r LI ate ei.t her, known or -
bopabt o7 b o basRRdhl 1 RERONOHRRhe b fripthyBhe pihbol Ayt el KON DL

process of thangthedike;orinixmres itlerect at 4 empsranneof dome10°CIo about R§8°Aved,
econom cal, and go rcially feasiple nmethod for prepar] compound of 5
Formula | as f @@‘?’ggg‘fV%Eﬁ“ﬁP_ Yl‘ﬁs@éﬁﬁ‘?'@cﬁpwnd °¥ﬁpﬂmﬂar}9‘_ﬁd‘“_°¥ﬂ this
aspect of the compitid of Fornd@1Tiof WD issubbytertytrahed Rith i digtilatetdidima Of _
a trialkyl bor%}e and al kyl al koxyborane surprisingly and unexpectedly is

n
synergistic i RYJYaQRum agion ’Brthﬁ%t‘fuﬂ@%’éqdrbéfdwﬁq“ég&%@emdwﬁ%er t he

undesi r gsl carried ofsf BHSschibett 4Ho0é 1o TRA S SEkoh@bdiélforhtBmpburd d1er a
trial kyl borang or a_10 di al kyl al koxybor ane al one. The synergistic

combi nati on cORPRMaLThup eroversd geantities of the alkyjborage spesiefran e uged to
trial kyl bor angomvest 2abitidhal JBies 4 dOpdBhdSE Fornufa 1T or II to acomgo

d of
di al kyl al koxybor ane;, preferably, a conbination of about 90% yunwei ght of a
trial kyl bor an&osmgla $Rrocdnrgsing recpvered plkylbarane sppeies eande rapeated ay ner gi st i ¢

conbi nati on i YedfedR§bbthinWhditioR %Bﬁgﬁoﬁi&&ﬁohﬁd fmdley, require a stir
time of _the 15 ~al kyl borane species wth'the hydroxyket one at anbi ent

t enper afir e bef or e Preferably, the yeagtiontis eamiedrons withraliputilito Ofmoleenlatent s f or
f ?Ir ;ly Ik n Ig bO ut Te&ﬁv%l@:ﬁ? gf %Qﬁxmgn@or diethglmethﬁyﬁﬁ&ﬁi ot binfixafdpnat i on of a
yl borane’and a di a orane are as previously
trialkylborane and a dialkylalkoxyborane as described previously in a solvent,
preferably a mixture of tetrahydrofuran and methanol, at a ratio of about
8 volumes of tetrahydrofuran to one volume of methanol. This is followed by the
25 addition of about one molecular equivalent of sodium borohydride at about
-110°C to about -50°C, preferably at -80°C, followed by stirring for about
30 minutes to about 3 hours. Under these preferred conditions, greater than 90%
of a compound of Formula I is produced in the desired stereochemical
conformation.
30 Preferably, the present process is used to prepare [R-.(R*.R*)]-l,l-
dimethylethyl 6-cyano-3,5-dihydroxyhexanoate which is used as an intermediate



descri bed above. Thus, for exanple, in the preparation of
[R-(R*, R*)] 1, 1-di net hyl et hyl 20 6- cyano- 3, 5- di hydr oxyhexanoat e when
no pre-stir is used, triethylborane affords a 5to 10:1 :
(cis:trans) When di et hyl met hoxyborane is used in_pla

triethyl bor‘g{?é’%(’s’g;“s to 10:1 (cis: trans) mxture is obtai ng%r %ﬁ@gjﬁ

conbi nati on of 10% by wei ght of diethyl net hoxyborane and 90% by
wei ght of triethylborane is uskdd, typically a greater than 30:1
(cis:trans) a&}% ténﬂﬁﬁtﬁi @6fipodtids 87 FRENEM Bt {IFarg Sither knowPéd ©Ct Of
conbining a di a?%? koxybor ane %und tri al f)oranel ceéuxll%w not have

been predi ct eeaﬂadséﬁb@ngpwm&’@ﬁtheﬁlstmwnm&gém alone or literature - -
. precedent. ?ﬁre ?ﬂggat I iiSiobai i ve to show
the present pr ocesse proceasOfJ gegun%ﬂtﬁgl& e u‘?é?sg% nlessagnlﬂﬁ _tﬂ&e’

prepar at i on otcopdRical, aid dommercialiyfehsible mfeplioddor preparing a compound of

cyanonethyl th e tate which is an internedi ate 30
prepare fronfé“ﬁqﬂgie %{m%\*sg'%gméﬁgms%%?mﬁ bcess that can be converted to

atorvastatin In this aspect of the invention, apphcants have found that a combination of
([R(R,R*)]- - £l uoro e%ﬁ err] - rreth et hyl ) - 3-
phenyl - 4- [(phé lﬁ’ﬂr‘?%"c@?ﬂ ’lui‘ﬁy '{@b %ﬁhﬁfs cal ci um sal t
WO 99/ 32434  synergistic in selectively affording thc de51rcd cis-1,3-diol over the undesired

PCT/ US98/ 25493 -19-

(2:1)) (crystHW%%%WE?%WFQfﬂQ’QfﬁF‘%l@%Pl pi dem ¢ and

Eg’(g\('\)/g E (él(lji-St er gialiylakox§Bothne alone. The synergistic combination comprises about 1% to

(4R-Gi s) 1, 1- DPA%rtyYeight of 2 tsialkythomane apd rbopt 9%tk fPorhy|weigbb off oxane- 4- acet at e
) Ste p ﬁihlkylalkox%&ﬂfhr prefepiblpfa cambibatod b MbENY0%S by veight of a

6- cyano- 5- hydr oxy- oxohexanoate
To a vessel Hfﬁléﬁ“?ﬂrﬂ& apd 10% by sreighs obadialkylalkpxyharane, Fhis synseeistig a ni xt ur e

of 80 kg of diémBiRARMYS afeaa&ulaﬁa&f&ndaﬁ éxnéﬁt SR Rt siF BB bRIRI N the
tenperature at.|less than 20[err]C e solution is'cooled to -55C, and 85

kg of tEYt- 1elkylborage sgecies with shedyrroxykrions atawhien) tempgsatredefosper at ure at
-50 [err] 5[e Eé&&oﬁﬁ@édﬁﬁltﬁ& Qicd solvents for c?r}?ng guﬂfxe ?cnon with a

4- cyano- 3- hydr oxybut anoi ¢ aci d }é este n-55 tetrahydrof uran

i s then addedsyx&FﬂSW@m%@T%ftﬂk ylbommmdeajdxalMMammasmpech for at

| east deséHbdl d¥év€s. The solution is then quenched by transferring to
aqueous hydrochloric acid. The organic layer is separated and the -
aqueous | ayer re- el"c‘#saf%éwkbw@ma@@ndmam OH, 1-gimethy ned organic

L1 2 ¢SRS YA 1 b om0 5%
5to 10:1 (cis: trans) rmxture When diethylmethoxyborane is used in place of
triethylborane, a 5 to 10:1 (cis:trans) mixture is obtained. When a combination of
10% by weight of diethylmethoxyborane and 90% by weight of triethylborane is
used, typically a greater than 30:1 (cis:trans) mixture is obtained. This synergistic

25 effect of combining a dialkylalkoxyborane and a trialkylborane could not have
been predicted based on the use of either reagent alone or literature precedent.

The following examples are illustrative to show the present processes and

to show the usefulness in the preparation of (4R-Cis) 1,1-dimethylethyl-6-
cyanomethyl-2,2-dimethyl-1,3-dioxane-4-acetate which is an intermediate

30 prepared from a 1,3-diol of the present process that can be converted to
atorvastatin ([R-(R*,R*)}-2-(4-fluorophenyl)-B,3-dihydroxy-5-(1-methylethyl)-3-
phenyl-4-[(phenylamino)carbonyl]-1H-pyrrole-1-heptanoic acid, calcium salt



Step (2): Preparation of [R-(R*, R*)] 1, 1- D net hyhyl et hyl - cyano- 3, 5- _
di hydr oxyhexanoat e Met hod A: Using Triethyl borane 20 Step
(a):- Crude 5R 1, 1-di et hyl et hyl

6- cyano- 5- hY@m9®R3438- oxohexanoat e (about ' 150 nol @EX/USPERMBt ep (1)
I's dissolved in 325 L of tetrahydrofuran containing about 20 kg
of triethylborane, stirred for about 2_fgurs at roomtenperature,
cooled to -75[err]C o[ and |Iu ed vv_lth 25 L of nethanol and 8
kg of acetic SEiQery ‘“lFmgg ihHue 1(’ wewigands 5 sol ution in

met hanol and ggmyﬁsts@mmgem hydrOX| de is added slowy. After the.
addition, the reaction mxture is warned to 0C 25C. The reaction
m xture is optionally quenched by the addition of 3 kg of acetic
acid and 10 L of met hanol and concermmpmsby vacuum di stillation,

saving the di ; . and acetic
acid, 30 A LA SRt S (ORI S TS Eeeglale, vacuum

distill agion, sl(?&( p@mugn 6%'?51151 ﬂ%éﬂdﬂé_&ﬂ 6@6&%&6%% .the first one.’
The residue is ssolve I n met hanol an 434

PCT/ US98/ 25493 oxohexanoate - 20-
concentrat ed by Va%‘é%@bﬁ&hizﬁﬁﬂgm ﬂf%%%ﬁ-ﬁb@lhﬂﬁuﬂ'@ﬁde&ﬁ%kﬁx@ m xture

of wat er and et hyl acetate, and t he aqueous | ayer separated. The
organi c | ayer of 80 kg of diisopropy}aeinnin 80 b of tejralyudeofuren maintaipingtheon. The resi due

i s dissolved gy, é'ggm ° i f£d by
vacuum di sti | I at’l on %ﬂ%ssftgg}%oug ’II‘lée }@@@Hé&gﬁﬁﬂéﬁ &8%?%%? acet at e and
concent t@t ed bytyy azetasenis cliddedithdigthining the iempeliatuge at-50fek 5°C. A solunon of

[RR(R*,R*)]-1,1-dinethyl e anos 3, b- ydr ox xghoat e
The cis:t rans#é‘??%%%ﬁyd‘%‘:l{ &%ﬁ&“ﬁ’f‘?ﬁg?‘c‘gﬁ@%ﬁ‘% (4R ci s
and trans) 1, ligihe®adiédinl Ye temperature is allowed to warm to -20°C for at least
6- cyanonet hyl - 2, 2-di net hyl - 1, 3- di oxane- 4- acet at e according to the

procedure descPimgagtehdbe F‘ﬂutiqil‘ issthep quenchesl by transfeging tp pqueous Iydreghlegicr ecover ed
triethyl borangcigq, The orgamc layer is sephtaidd %n@ﬁejaq&eoqé H?érr}é!-'cﬁﬂuéd with ethyl

6- cyano- 5- hydr oxy- 3- 0Xo exanoate iaz; les) fromStep (1)
i s di ssbtved ipetatpcTheicombingd exganic emfarwﬁnsmpte(i&y vwwngdlsullanon to with 50 L

of tetrahydrof. &qﬂ opti onal |
diluted with 2ot M’?emﬁéh ’% ny%&g ‘ég‘c?’é’?ﬁag a0i d. Sodi um

borohydri de (&'pdP):as aPrepa : RHR*) 1. InPimbethilethvl éicvaner8dns sodi um
hydroxi de is added sl ovv& “&Sﬁgﬁﬁ_ﬁ"% addition, the react i on
mxture is warmed to O[err r]C. The reaction mxture is

guenched by t ethylb f acetic acid and 20 L of nethanol and

concent @t ed @(epv(gj:uum distillation. The residue is dissolved in nethanol
and )
Crude SR 1,1-dimethylethyl 6-cyano-5-hydroxy-3-oxohexanoate (about

150 moles) from Step (1) is dissolved in 325 L of tetrahydrofuran containing
about 20 kg of triethylborane, stirred for about 2 hours at room temperature,
cooled to -75°C + 20°C and diluted with 25 L of methanol and 8 kg of acetic acid.

25 Sodium borohydride (8 kg) as a solution in methanol and aqueous sodium
hydroxide is added slowly. After the addition, the reaction mixture is warmed to
0°C 1 25°C. The reaction mixture is optionally quenched by the addition of 3 kg
of acetic acid and 10 L of methanol and concentrated by vacuum distillation,
saving the distillate. The residue is dissolved in methanol and acetic acid,

30 optionally diluted with water, and concentrated by vacoum distillation, keeping
this distillate separate from the first one. The residue is dissolved in methano} and



acetic acid, optionally diluted with water, and concentrated by vacuum

distillation. 20 The residue is di ssol ved in nmethanol and
concentrated by vacuumdistillation. The residue is dissolved irn a
m xt ure of d ethyl acetate, and the aqueous |ayer,

98/25493
separ at ed. %tg%rgam c layer is concentrated by vacuum di S?T/F ation. The
residue is di ssol ved in methanol and acetic acid and concentT at ed
by vacuum distillation. The re®-due is dissolved in et hyl acetate

and"concent r akgfhefiyati W nhh aistifldtioh! PR résidue is didfolvddh B ehiktiné G water
[R-(R*, R*)]-1, 1-di met hyl et 6- cyano- 3, 5- di hydr oxyhexanoat e.

The ci s: t r ans 2ndiethyl mtea@éme aggeons Jayericparated dTherorganicdayss i si on to (4R cis
and trans) 1, H;%hm/ d in methanol and

6- cyanonet hyl - %ﬁ% |rret‘ﬁ;ﬁw‘llmglsalll%nfgnle‘hef%%uec%dlgsowe Hn me m%ggor ding to the
procedure des acaticadidtaod wmenmt@bé'pla@mm distillation. Thewesidng iglissolved dp

Tri et hyl bor an 5R

1, 1- di et hyl e?ﬁl%) ta(t:e %HEB%&%%%%V?OXO ng%unoga e @#&F 130
mol es) from ERefR{R¥)]-1d-dimethglethyli6-cyanded5-dibydrokyhexanontey | bor ane in THF and

WD 99/ 32434
PCT/ US98/ 25493 The cis:trans ratio was about 30:1 as measured after conversion to (4R c1s21_

65 nmL tet rahydﬁd)fraﬂsml-dhidﬂmahb]fsmyaﬂdMylz mdmre&xym 3rdiaxamé-dqapatatat ure, then
cool ed t -{Sﬁberr err bg[‘errn] 5 d diluted with 25 nL

met hanol . Sodiafﬁ?F'ﬁ{ﬁ BPRe l‘é{‘ﬁ%“ 5 in Step 3 solution in triglyme (75
m) is gelded Skepwb). Af Reisinghecoreled tdettivibdrite react i on m xture is
war med to 20[err]Cto e hereactl n m xt enched by the 5 .
addi tion of 20 nL Fé'fq‘?éizo\{g%’i‘&?dyﬁhﬂéé‘iyﬁp gél”'@%}‘l ‘°€‘8PFI’5@‘§P ¥ by~ vacuum
distillation -156&161639&&&1@@@;1&hisaalecdlilﬂfemlamatelfﬁmdskﬁta@dmgth 100 nL
wat er and ethyl acetate tated, and the phases

separ at ed. Th&vity 39 pitetraliydrofyran, cooled to 215 2% And ertioplindiluted with
di stillation 9skesndtnbl)bsi fhﬁééﬂ&éﬁ&cﬁﬁ@@&%%ofﬁx%ﬁ&eg@#@ ds%t

:T

one. The residue Is dissolved in L net hanol acetic acid and
10 Edncenselationiingpethanol and agrenus sodiumm dydroxide israddedcplevly SAfrdirol ved in 200
nL et hanol % m@:ﬁ%ﬁﬁﬁﬂﬂfeﬁé‘ %obaé!i!%‘é“ E&éak@:ghgﬂmr?ﬂe residue
is dissolved in 8% anol and concentrate vacuum
distillation. qimhcélsyﬁtaaddmo:mfswddg\nédcqm acid and 20Loétm9ﬂanql@ad ate and
concentrat ed [,at.i r

(R R ] o101 AR Rbln Bl B5c8hbis ehpdlelif melfangiana The -

cis:trans rat moeumutabpnunamﬁdmnﬂlswmw entl aintentrated by engmondistidlatid? ci s
and tra%)l 1, |rret

6- cyanoiiet hyl - e2c S%J‘P ‘?ﬁ#vfd §’.'8?t8§{}% %qdﬁogge&rﬁeg by vacuum dxsnélgg 3 ing to t he
procedur e desaesidueds dissobied in nmBitare oBwater and ethyl atittag agdihie aqueokelayemg
A AR T Cr LM ——— T S
dissolved in methanol and acetic acid and concentrated by vacuum distillation.
The residue is dissolved in ethyl acetate and concentrated by vacuum distillation
25 affording crude [R-(R*,R*)]-1,1-dimethylethyl 6-cyano-3,5-dihydroxyhexanoate.
' The cis:trans ratio was about 40:1 as measured after conversion to (4R cis
and trans)1,1-dimethylethyl 6-cyanomethyl-2,2-dimethyl-1,3-dioxane-4-acetate
according to the procedure described herein in Step 3.
Method B: Using Triethylborane
30 Step (a):
Crude 5R 1,1-dimethylethyl 6-cyano-5-hydroxy-3-oxohexanoate (about
130 mmoles) from Step (1) is dissolved in 100 mL 1 M triethylborane in THF and



20 130 mmol es) from Step (1) is dissolved in the first distillate from
t he above Step (a) mxture and cooled to -75[err]C 20[err]C

Sodi um borohydride (6 g) as a solution in 75 nmL triglyne is added
sl.ow y. Aftewodohessaddition, the reaction m Xt ur e RCI/USIB/RSN t O
25[err] C. The reaction mxture is quenched by the addition of 804
acetic acid (and optionally 20 nL nmethagel) and concentrated by vacuum 25
difstillation-saving the distillate. The residue is dissolved in a mxture

of water 65 mL getabydrpfurannstireed figr abgetcl kouss {tzomn femperatyre, thepcopled
ted, t ' i ¢l s
Séparat € a”‘icr LPRCA SRR find d@‘lﬁéﬁ with 25 L n%eﬁhaﬂglg§§ﬁﬁﬁﬁx hBfoRgdrité r% ?Z%

distillation. Thé résidué I's dissolve and 10
M. acetic aci dsohutidn Grotrigtynier (35 mil) isyadded slowlyd After the addition, thElveaction _

residue is dissolved with,k 2Q0, 5 ol and copcentrated vacuum 3
Grstil T aton, s Sevied bl 2] %@W?P%"HE" i gpepeT ‘%‘?‘a
concentr gt ed b¥dition of 20 mLMAGKING] &HdE g hdedit haaana’mcém'teggtbg viabuughh Ssol ved in

ethyl acetate and concentr at eqﬁtﬂy .. ..\ 99/ 32
PCT/ US98/ 2549 Histillation - saving the distillate. The residue is diluted with 100 mL water andy>_

vacuum di st i | | joird eth§Batbiate Ehitatdd CAnd e pHAsdsBepaRatdd. The brgdhiBdyayiset hy!
.6- cyano- 3, 5= di hydr oxyhexanoat'e. Lo The cis:trans
rati o was abowrongairated dy yacwymrdistillatiorer kegping ahis distillatescpaptedrom the first and

trans) 1, 1-di \ s GXEIRAE il ihethlinSE Rz otk 4-acetate 5
accordi ng'to%g'%ﬁggééﬁeﬁgaﬁeslcr i %g%dﬁ%rrél ni n&@ﬂ&%ﬁh%ﬁ%d Step (c):
Reusi ng 1Pecoveoneentrated by yadwomadissillation. The residue is dissplyed ind08gnk imethanelcedur e of

t he previous S [ [P ' I :
6- cyano- 5- hydrslgg 3% 9&%%%%%2%%%% d%sg'g%ttljotn’ ‘{%rc%%%tsd%%l?% 200 mL Step (1)
i s reacted wi tethawdamt ecentrated by vaxwendistillation. She pesidop istdissalvedird crude 10
The. o bt 1 ans Hil Aot S0 elteondis A b YR P IRIE RAUPREBORRs (0 (4r i
and trans) 1, (RNROJ-M)Hdimethylethyl 6-cyano-3,5-dihydroxyhexanoate. _

or ovoduns dusor| bed AR PO g gho 30 o Sl afcp ppersigBif et 10 11
Di et hyl net hox ydndrtang11Edimethylethid Gpyanamethyl-2,2-dimethyl-1,3-dioxars-4+aeetdidR

I, 1- di net hyl et hyl .6- no- 5- hydr oxy- 3-.oxghexanoat e (about 150
mmol es) is di s*f)é?%&(%g"*&&?ﬁ’%%eﬁ?“ °%J}°5?’i‘1§ﬂx§§?%oxyborane and 200 niL

t et r ahydr of ur aStep ) soIRehsimsretoveseditiieth@bb@ne about 2 hours at room

t-enper at ur e, ooled.to -70C to -75[err]C, and further
diluted with 25 nL FFFB?%%@H?“? }E"‘aﬁwgwyan°'5t'h3@6?’i¥[rfira¥°}ha’é“eﬁ‘°éﬁb°ag a

sol uti or20i n t ri39 nyMbles)APoniBiep (B iSaiskdtved i e firdt (dishlkidBOmMm the above - 65[err] C
to -75[err] C. Aft 5 t.he adgitio , ,9 e reaction mxture is warnmed to
15[err]C to tep (a) mixture and cooled to -75°C % 20°C. Sodium borohydride (6 g) as a

solution in 75 mL triglyme is added slowly. After the addition, the reaction

mixture is warmed to 25°C. The reaction mixture is quenched by the addition of

8 g acetic acid (and optionally 20 mL methanol) and concentrated by vacuum

25 distillation—saving the distillate. The residue is dissolved in a mixture of water
(100 mL}) and ethyl acetate (200 mL), the layers separated, and the organic layer is
concentrated by vacuum distillation. The residue is dissolved with 200 mL
methanol and 10 mL acetic acid and concentrated by vacuum distiliation. The
residue is dissolved with 200 mL. methanol and concentrated by vacuum

30 distillation. The residue is dissolved with 200 mL methanol and concentrated by

vacuum distillation. The residue is dissolved in ethyl acetate and concentrated by



25[err] C, quenched by the addition of acetic acid and concentrated by
vacuum distillation - keeping this distillate. The residue is
diluted with methanol and concentrated by vacuumdistillation -
keepi ng t hi sdd | ate and all subsequent 25 ones p@g@g romthe:
first one. ﬁ%e 2% due is dissolved in a mxture of water an siaSiod

et hyl acetate, the |ayers separated, and the organic layer is concentTated
by vacuum di stillation. The r#€tdue is dissolved in nmethanol and
acetic acid a%umdxsullanoncr%ﬁﬁ@tlﬁ&h@éj[l@XR‘*mpﬂdﬂuﬁ&hﬁ li@éyandhe residue
I's dissolved in ethyl acetate and concentrated by vacuum
distillation 3é&dsihydraxyhexqueatasde [R(R*, R*)]-1,1- 30 di met hyl et hyl

6- cyano- 3, 5- di hy dr-feyien PitfoSvas about 30:1 as meastirtiites édh¥ersion to (4R cis

PCT/ US98/ 25493 s botit S asm fonto (AR €ts s

The ci s: t r ansanddrang)liadimethylethyb6-cyangmethylid drdimethyl bi-diosanect-agete t o (4R ci s

and trans) 1, 1;
6- cyano%et hyl ac%b@ﬁf(#)ﬁ%?ﬁegurg dascgg%dnhe glcsee%3 according to the

procedur e des&tlcpbced her thylborane Step (b): Reusi ng
recovered’ dlethyl 1-di et hyl et hyl
6- cyano- 5- hydroxy #lﬁquﬁﬁgg?dg“e((gﬁ%ﬁﬁnvm“sSmp&?%ge%%ﬁes) I s dissolved
in the first dmethyldth;ﬂé—dymm@hﬁoabbmmhexntaatee{abm I 30/venholes) from stir at
bor ohydr | de- (SeBfDErRAB M SRt waBHpORRr P ten 6 atlol efl o
bet weert0  ‘[R- ((lji*ﬁﬁ{)pl,ﬂ-]dﬁnétﬁyletﬁﬁ[@y@@3 %hﬂmi)hexaaddét i OR t hg react i ](c)n
m xture is warnmed o 15 e Cto\é que t he ition o

¢ ac QL 5 measuled gl Gonvetiondig |

acetic acid and coh®H¥ & residue
is diluted w hﬂﬂm&hﬂnﬁheﬂﬂﬁtl@@%%ﬁﬂ 2 RydimamyMIIB-dioxane-4-acethitet i | | ati on.
The residue is di ssol ved in xt.ure of, %er and ethyl acetate, the

| ayers separ af€8 rding fg th B&?F‘E?“ SPdent rat ed by vacuum
distillation. Meifdd C; Using Dieth@ifetliéRyborariéi ssol ved with nethanol and acetic

acid and concent rat ed by vacuum 15 distillation. The residue is

di ssol vid i n e%€R{# acetate and concentrated by vacuum distillation
resulting in cr udeciuRéBR 151 dibrethyfbtt m&&Lﬁthﬁsﬁx&aﬁmm (about ,
3, 5-di hydr oxyhexanoat e, cis:trans ratlo was about 25:1

as measured af?®mmelss)isdisseived by adding 22 sl dlethylmeﬂ‘%M'EPm" and 200 mL.
trans) 1, 1- di npidbiydesfih. 'ﬁ:ecsxs&ﬁeﬁrntshﬁéa for abélit mbmlauﬂeoﬁ’ns&hma@- 4-acetate 20

according to the procedure describ herein in Step Met hod D

Usi ng a M xt ukh€ngpoley '@t’ﬂ‘}/mt%gyﬁ@rfﬂﬁ@f éﬂWN@tzﬁﬂlbWWI Sodium gt ep
gaZ:yan0205 hydr(())r>(<’lf)’d§l >£%%§2rf§§?én %’ [Eglgﬁ{ewé ﬁxﬂ)"i’s adde q:f o] afb S’ I's di ssol ved
in 170 ni t et r68f§ to o650 adfter Teardditibntthorsadtiongmigtuesiis warmed to 15°C to
25°C, quenched by the addition of acetic acid and concentrated by vacuum
distillation — keeping this distillate. The residue is diluted with methanol and
concentrated by vacuum distillation — keeping this distillate and all subsequent
25 ones separate from the first one. The residue is dissolved in a mixture of water and
| ethyl acetate, the layers separated, and the organic layer is concentrated by
vacuum distillation. The residue is dissolved in methanol and acetic acid and
concentrated by vacoum distillation. The residue is dissolved in ethyl acetate and
concentrated by vacaum distillation resulting in crude [R(R*,R*)]-1,1-
30 dimethylethyl 6-cyano-3,5-dihydroxyhexanoate,



25 -70[err]Cto 75[err]C, and further diluted with 115 nmL of 14%

triethyl borane in tetrahydrofuran, 4 nL diethyl met hoxyborane, 45
mL nmet hanol, and 8 nlL acetic acid. Sodi um borohydr| de g ;H;; as a
sol ution i n"WRPRAREI (65 nl) containing 50% aquedRfst

hydroxide (3.2 g) is added slowmy at between -70[err] C to -75[err]C. .

. After the addition, the reaction mxtur€3is warned to 15[err]C to 25[err]C,
quenched by 30 he.addi ti.on of.a I,C _ac concentra y vacuum

di sti I'l at i on- keepi tﬁe“ms““°wm"%ﬁ(i§%11|“lsé‘leés °F SO t(‘ﬁ?flgt ed with

met hanol and cqiacaas)l AtdithetbylethyL6-dyanomethyl-2,2-dislethyl-1,3-didxane-4-aspiterg t hi s

R LTI T T T R T R

PCT/ US98/ 25493step (b): Reusmgm _r@ dlethylmethoxyborane - 24-
one. The re5|due is dissolved in m xture of water and acetate, the

eth
| ayers 3 - sefemde R L, aﬂ%@e'ﬂ"mﬂ’d} ersKane-3- W"ﬂ‘%‘%‘lﬂ%@ﬁ’ﬂ\ééﬂé’ﬁ by vacuum
di stillation. moles) i dissdl feifl HR ﬂr§t ﬂ@ﬁ@lfw%ﬂmhabmmm alidedaget i c acid
and concentrat vacuum distillation. The residue is dissolved

in ethyl acet astis ammmdempmeafpré@bosw heurs and gooled to abepts7Q°C: BedigR resul ti ng

in crude [R—(mda,@d,,ae&sg' %&&L@&M{he grl}'@{rlﬁraaﬁaedsowlyatbetwgcg 1 as

di hydr oxyhexa ns rati 0’ was
measur ed af t er-65%Q we{7§ @ Aften the4Bditios, themtaction mixture is warmgdito 15T et hyl et hyl

6- cyanongt hyl di net ] oxane- 4- acet according to the
procedu;@ descfﬁg guqqgl;e@ﬁ;{tﬁ%adg{%ogac% ac an%f:%\}sexttﬁa}edbyv B ng recovered
triethyl bor aneg;gdithiigh eﬁﬁé)fés"ﬂ%k@&im Wit methanol and cdlicéittied by vacuum

Fol lowi ng the procedure in Step (2)(b) as described in I\/Ethod A affords

[ R (R*, R*) - 1, 1digtiliptionyTheiresidueds digsofied in s mixtuseof wiaten andgtydmectate, the gt ep
(3): Pfepar gxan g&@&m&@é:&mwﬁ@eﬁm?ﬁ&mmm The?- 15

di et hyl - acetate

[R-(R*, R*)] 1 zpsldummyol@cwith gethaegl and acstid arig apdroprentatrd yaracuum
(about 150 nol gsnhind ni'létrgs?dt{egg dit wia éﬂ’%tﬁgl cf)é%\tﬂ%{é r?ﬂ.gg orltSntfited b vacuum

2, 2- di met hoxypr opane aC| out 1 L
met hanesul f oni éistiltatign réshblngmr@hﬂi(liﬁgkqﬂelnbﬂwﬂwﬂhyl 6-cyano- t he addi tion of

aqueous sodi um ki dp(g(g ution and concentrated by vacuum 20
distillation %’gdrﬂg;sl gé’él&s‘&gél'l uted with 150 L of hexane, and the |ayers
ts)gapar zgt ed'i Theqwis: mmgatilﬁoovasaa})eut 2551 a&am(;edemmcmmm%‘lﬁdam

i car bonat e sol 4 )

crystallize. e pr@dﬂc@ml {sh?'(?o Yan(?nbef/h’él 1 tJrla {h&ﬁl 3%‘9 s he dé‘&

wi th codiled hemn&i;ngtthdmpimeéukedhscubeﬂhgelﬂ&lswpg of (4R ci s)

1, 1-di net hyl et .
6- cyanonet hyl -

St’ep (a):

Crude 5R 1,1-Dimethylethyl 6-cyano-5-hydroxy-3-oxohexanoate (about

150 mmoles) is dissolved in 170 mL tetrahydrofuran. The solution is cooled to

25 -70°C to 75°C, and further diluted with 115 mL of 14% triethylborane in
tetrahydrofuran, 4 mL diethylmethoxyborane, 45 mL methanol, and 8 mL acetic
acid. Sodium borohydride (7 g) as a solution in methano! (65 mL) éontaining 50%
aqueous sodium hydroxide (3.2 g) is added siowly at between -70°C to -75°C.
After the addition, the reaction mixture is warmed to 15°C to 25°C, quenched by

30 the addition of acetic acid, and cdncenlrated by vacuum distillation—keeping the
distillate, The residue is diluted with methanol and concentrated by vacuum
distillation—keeping this distillate and all subsequent ones separate from the first



25 EXAMPLE 2 .
[R—(R* R*)]-2-(4-Fl uorophenyl) - [err] di hydr oxy- 5- (1- et hyl et hyI) 3- phenyl

[ (phenyl am no) car bonyl ] - 14 pyrrol e- 1- hept anoi ¢ acid, cal ciun
salt (2:1) woooemzase (Crystalline Forml) Step (1),Cr,usgsl,°zr5®garat|on
of (4R cis) L 1ot et hyl et hyl 6- (2-am noet hyl )-
2, 2-di et hyl - 1 3-di oxane- 4- acet ate

- 25- _ (4R-cis) 1, 1-Dinethyl et hyI24'

6- cyanonet hy| oge 2Fhdiregidue)s mim&edimmdoﬁmﬁmmamte tlie)layss convert ed
to the title corrpo‘_‘challaéJg'6 rrei hodol ogzd di scl os um 49, Lines
16-43 of U. S. SpRa/d STE8R5 3f’éﬁ°’t°2)’“ y"”“‘f-fF %f

(4R-cis) -1, 1- [fgiiely didoned 1r§m[et3aﬁo?m‘cf dcdBE &ﬂ@&f&’dohcentrated by vacuum
5- (1- et hvl et hvl ) - 3- phenyl - 4-[ (phenyl am no) car bonyl ] -1H;le3/rrol -

1-yl ] et hyl ] - 2 distifjptign. Fhe tesidue igidissolyed in ethybcstage and concentrated by vacuum

(4R cis)sl, 1- * R#)-1,1-dimethylethyl 6-cyano-3,5-

6- (2- am noet h%@Z 2- i;dr?r%dt ncm“?(gkoxa)ne 4- atcazt gttg |gyag?)nverted to the
title conpoundﬂudrqxghwmeo%t hodol ogy di scl osed at Col um 49, Lines 43-60 of
the U S Patent 5, | f :

(2R trans) - 5- (4- f|%go%%ﬂs%gg”@éolashmf”“ﬁ&@%ﬁ‘t’é’g&ﬁ“k“sm

N, 4- di pheny| - Trap9)l (tdimethilethybs-ayanomreibyly2,2-dimeshyl 1, hifoxane-4-acetate

2-yl)ethyl]-1 e ﬁmﬂ% cis)-1,1-D met hyl
6- ( 2- am noet hyi § %gkomggﬁé@% flggrgﬁlén téésth ate is converted to the

title cddpoundStesibig t hReusiigroa ] yriethvdodraneca ¢ i nes 4- 30 of
U S. Patent 5,003 080. Step (4). Preparat|on of
[R-(R*, R*)]-2-#FTtuorophenyl)-[err]-di hydroxy-5-(1-

met hyl et hyl ) - 3- phempnewmg@pmbp&mm&):pea’)(h)ng/ﬂe]seﬁbddm{Mediodﬂaffords

(2R trang) 5. (BB Uy Phy o S BN RF A, henyi - 1-[ 2 (et rahya

ro- 4-hydroxy-Siep@- 2H Ricisyl Il -Dihie S-c nofe ) Ei_e i's
(F:)gtn\éﬁ[ t ggggg tlgg title &Wt hodol ogy di scl osed in US.
PCT/ US98/ 25493 Crude [R-(R*,R*)}-1,1-dimethylethy} 6-cyano-3,5-dihydroxyhexanoate
(about 150 moles) from Step (2) is diluted with 100 kg of 2,2-dimethoxypropane
and acidified with about 1 L of methanesulfonic acid. The reaction is quenched by
the addition of aqueous sodium bicarbonate solution and concentrated by vacuum
20 distillation. The residue is diluted with 150 L of hexane, and the layers separated.
The organic layer is washed with aqueous sodium bicarbonate sojution and cooled
to 0°C £ 10°C to crystallize. The product is collected by filtration and washed
with cooled hexane, then dried affording 28.5 kg of (4R cis) 1,1-dimethylethyl
6-cyanomethyl-2,2-dimethyl-1,3-dioxane-4-acetate.

25 EXAMPLE 2
R-(R* R¥))-2-(4-Fluorophenyl)-B.5-dihydroxy-5-(1-methylethyl)-3-phenyl-4-
henylamino)carbonvll-1H-pyrrole-1-heptanoic acid, calcium salt (2:1
(crystalline Form I)
Step (1): Preparation of (4R-cis)-1.1-dimethylethyl 6-(2-aminoethyl)-
30 2.2-dimethyl-1,3-dioxane-4-acetate



- 26- CLAI M5 1. A process for the

preparation of a conpound of Formula | CH

OH ferr] wherein Ris alkyl, 5 NC-CH err] -
PG O CH err |YORM#®4 n PG is a protecting group, PCT/US98/25493
[err] WD 99/ 32434 o
PCT/ US98/ 25493 -25- - 27- [err] wherein

err].is err]H e LH eLr r.]- N-or . .
(R[H[ eE ]r] ol g[r ] C}—I- [ akﬁi-ﬁ;@ﬂ[l-bmlxe(a)[l&f)yl 6-;yanomethyl-2,2—dxmet}ml-é r3r"°]l‘°’F9§°hydr ogen,
4-acetate (Example 1) is converted to the title compound using the methodology
disclosed at Column 49, Lin__es 16-43 of U.S. Patent 5,003,080.

Step (2): Preparation of (4R-cis)-1,1-Dimethylethyl 6-[2[2-(fluorophenyl)-
5 - 3-(1-methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-1H-pyrrol- .
1-vllethyl]-2.2-dimethyl-1,3-dioxane-4-acetate
(4R—cis)-l,1-Dimethylethyl 6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-
acetate is converted to the title compound using the methodology disclosed at
Column 49, Lines 43-60 of the U.S. Patent 5,003,080.

10 Step (3): Preparation of (2R-trans)-5-(4-fluorophenyl)-2-(1-methylethyl)-
N.4-dipheny}-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-
2-yDethyl}-1H-pyrrole-3-carboxamide

(4R-cis)-1,1-Dimethyl 6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-
acetate is converted to the title compound using the methodology disclosed at

15 Column 50, Lines 4-30 of U.S. Patent 5,003,080.

Step (4): Preparation of [R-(R*R*)1-2-(4-fluoropheny!)-B.5-dihydroxy-5-(1-
methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]- 1H-pyrrole-1-
heptanoic acid, calcium salt (2:1) (crystalline Form I)
(2R-trans)-5-(4-Fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-
20 (tetrah}"dro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H—pyrrole-3—carboxamide is
converted to the title compound using the methodology disclosed in copending
U.S. Patent Application 08/945,812.
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S Herr]COCHerr]-,

Herr]GCHerr]-C(CHerr])[err]-CJerr]CHerr]-, or
Herr]GJerr]CGCHerr]-CHOH)-CH err] -
CH( OH) - CH= ' [err] - WO 99/ 32434 .
PCT/.Us98/ 255§%*R2434 Tog- PCT/USS8/25493
| 26-
CLAIMS
1. A process for the preparation of a compound of Formula I
OH OH
! 1 I
R—CH—CH,—CH—R
. wherein R is alkyl,
5 NC-CHj-,

PG-O-CH»- wherein PG is a protecting group,
(CHY)y ™
-
PF_ C6H4 N CH-(CH3)2
\N/
C=0
CeHs |
IiIH
. CeHls
([:H(CH3)2
N N
| B
PF—CeH,

10 wherein R2 is (H3C)y CH- or
cyclopropyl,

* c L M s *



F - Rlerr] is hydrogen or

CHerr], . Rlerr] is hydrogen or
CH err], " Rlerr] is hydrogen,
OH, WO 99/32434 CH[ er r ], pcavusssr2s493

H ecr] ([ err]-NHCO- O, and ' Rl err]
I s. hydrogen or CHerr], [err] 27- WO 99/ 32434

PCT/ US98/ 25493 _ -29- [err]

R>(_N._CH(CH;),

wherein R3 is CgHs, (H3C)p-N- or
(H3C)2CH- and
R4 is hydrogen,
5 | H3C-O-CHo-,
H3C-CHj-C(CH3);-CO9CHj-, or
H3C-07C-CHy-CH(OH)-CHy-
CH(OH)-CH=CH-,

10

* c L M s *



Rlerr] is alkyl, or -CHerr]-CJerr]Rerr] wherein R6 is

al kyl; 5 whi ch conpri ses: Step (a) treating a
conmpound of Forrmula Il [err] or a conmpound of Formula I1]
[err] 10 wo 9932434 Wherein R and Rl are as defined above with a

triakkyl borane or di al kyl al koxyborane or a nm xtRAT8IS88/25493

tri-al kyl borane and a ) di al kyl al koxyborane in a solvent; Step (b)
addi ng -an al kali netal hydride -28- at about -110C to about -50C,

Step (c) concentrating the_keaction by distillation to afford a 15
compound of Fornula | and di stillate containing al kyl borane speci es;

and RS
R’ wherein RS is'
R8 F . . 4
R 3
F » Or
CH,
H3C.
F

CH,

R6 is hydrogen or CHj3,

R7 is hydrogen or CH3,

.Rs is-hydrogen,

3 ' - | OH,
. CH3, or

Hs5Cg-NHCO-O-, and

RYis hydrogen or CH3,

H3GC l
L
H
3% CH,

* [ L M S *



WO 99/ 32434

PCT/ US98/ 25493 _ - 30-
Step'(d) treating additional conpound of Formula Il or Ill with the
dirstill ate Wa3s#3¢p (c) containing recovered al kyl bor ane MFa9%25498nd
repeating Steps (b) and (c) as desired to afford additional conpound af

Formula I. 5 2. The process-298ccording to Caim1 wherein the
trial kyl borane in Step (a) is triethyl borane.

3.  The process according to Caim1 where in the dialkyl al koxyborane in
Step (a) is diethyl met hoxyborane. . 4. The process according to
Claim1l wherein the solvent i (%(a)'i's 10 sel ected from
the group consisting of: tetrfahydrofuran; nethanol; and a .

m xture of tetrahydrofuran I 5. The process

H distillationin Step (c) is a
Tlee process according to Caim1l

according to Claim1 wherelln t
vacuum di still ation.

wherein PG is benzyl. d phi— 6Ha The process according to Caiml
wherein the alkali metal ®ydiride is sodi um bor ohydri de.
8. ‘The process according to Claim1l for the preparation of -
[R-(R*,R*)]-1,1- di net hyl et hyl
6- cyano- 3, 5-di hydroxyhexanoRE-e. H, 9. The process according to
Claim1 for the preparation of tﬁhé conpound of 20 Formula la

l:'F-""C ; and

R is alkyl, or
_ -CHj-CO9RS6 wherein RS is alkyl;
5 which comprises:

Step (a) treating a compound of Formula IT

OH o

Y I
R—CH—CH,—C—R! I

or a compound of Formula ITI

i
R—C—CH;—CH—R! o
10 wherein R and R1 are as defined above with a trialkylborane or

dialkylalkoxyborane or a mixture of a trialkylborane and a
dialkylalkoxyborane in a solvent; Step (b) adding an alkali metal hydride
at about -110°C to about -50°C; |
Step (c) concentrating the reaction by distillation to afford a
15 compound of Formula I and a distillate containing alkylborane species;

and

R R



WD 99/ 32434 PCT/ US98/ 25493

- 31- [err] wherein R err] is alkyl. - 10. A
process for the preparation of a conmpound of Formula IC 519
[err] 5 - erein Ris alkyl, N-(:I—li_jﬁ_r -
PG—Q.CI—l[err]"YO9 Bez?gginn PG is.a protecting group, 2 ”fsé‘?sr]

-30-

Step (d) treating additional compound of Formula II or ITI with the
distillate from Step (c) containing recovered alkylborane species, and
repeating Steps (b) and (c) as desired to afford additional compound of

Formula L.
5 2. The process according to Claim 1 wherein the'trialkylborane in Step (a) is
triethylborane.
3. The process acéording to Claim 1 where in the dialkylalkoxyborane in

Step (a) is diethylmethoxyborane.

4, The process according to Claim 1 wherein the solvent in Step (a) is
10  selected from the group consisting of: tetrahydrofuran; methanol; and a
mixture of tetrahydrofuran and methanol.

5. The process according to Claim 1 wherein the distillation in Step (c) is a

vacuum distillation.
6. The process according to Claim 1 wherein PG is benzyl.

15 7. The process according to Claim 1 wherein the alkali metal hydride is
sodium borohydride.

8. The process according to Claim 1 for the preparation of [R~(R*,R*)]-1,1-
dimethylethyl 6-cyano-3,5-dihydroxyhexanoate.

9. The process according to Claim 1 for the preparation of the compound of
20 Formula Ia

R



WD 99/ 32434

PCT/ US98/ 25493 - -32-

[err] 5 : .

wherein Rl ewqo¥4x@err|Herr],(Herr]CJlerr]-Nor PCT/US98/25493

(H3Q) 2CH and Rlerr]
I s hydrogen, -31- -

Herr]GOCHerr]- OH
Herr]GCHerr]- C(CH[err])[err] CQerr]%El[err] Jy or 10 p
H C C CH CH —_ -
[?rr] O[err] [.err] - CH( OH) - %ﬁg)fz}—cn CH;~ C[%r??ZC%R

PF—CgH, \N/ CH—(CHj),

Ia
CeHs T
IIIH
Cets
wherein R6 is alkyl.
10. A process for the preparation of a compound of Formula I
OH OH
R—CH—CH,—CH—R! !
5 wherein R is alkyl,
NC-CHa-,
PG-O-CH»y- wherein PG is a proteéﬁng group,
(?Hz)z—
F—
Pr—CgH, \N oy~ CB(CHy)
C=0 :
Cetls ] |
CeHs
?H(CH3)2
N
10 r = .
/ .
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WD 99/ 32434

PCT/ US98/ 25493
[err]

CHerr], WO 99/32434
R8 iLs hydrogen, 5
™

Hecr]derr]-NHCO- O, and

or CH3,

10

R3 N
/,

R4

-30.

R2

Z
(CHy),

-33- ' 5
Rlerr] is hydrogen or

Rierr] is hydrQqaiofdssasierr]l. -

CH3, or y
R9 i s hydrogen

wherein R2 is (H3C); CH-or
cyclopropyl,

wherein R3 is CgHs, (H3C)o-N- or
(H3C)2CH- and

R4 is hydrogen,

H3C-O-CHj-,

H3C-CH3-C(CH3)2-COCH>-, or

H3C-02C-CH,-CH(OH)-CHp-
CH(OH)-CH=CH-,

i * c L M N *



[err] WD 99/ 32434

PCT/ US98/ 25493 - 34- [err]
Rlerr] is alkyl, or -CH err]-CJerr]R err] wherein
Rlerr] is alv@”’/s_u.g ~ which conpri ses: | b Edon s St ep

(a) treating a conmpound of Fornula Il
[err] -33-

R6 is hydrogen or CH3,
R7 is hydrogen or CHj3,
_ R8 is hydrogen,
5 | | OH,
CHj3, or
Hs5Cg-NHCO-O-, and
R9 is hydrogen or CHj3,

* < L M 3 *



or a conmpound of Forrmula 111 ' [err]

10 wherein R and R err] are as defined above with a synergistic
conbi nati on of a trial kyl borane and a

di al kyl al koxybosaasy i n a sol vent; and Step (b) ddi ng
an al kali netal hydride at about-110[err]C to about -50[ er??@s}%’zs‘gﬁ

afford a conpound of Fornula I. . The process according to
Cl ai m 10 wherein the trialkyl borane in g‘t"ep (a) is 15

triethyl bor ane. WO 99/ 32434

PCT/ US98/ 25493 - 35-

12. The process according (Cngzm 10 wherein the dial kyl al koxyborane in
Step (a) is diethyl met hoxyborane. 13. The process according to
G aim 10 wherein the sol veni§t a)~is sel ected fromthe

group consisting of: tetraNydr fukn met hanol ; and a mxture of 5

tetrahydrofuran and met hann - or 14. The process according to
Claim10 wherein PGis befizyl ? 15. The process according to
Claim 10 wherein the aIlQ&Hs ngF_T 51y4jr|de|s sodi um
borohydride. - 16. The process according to Caim10 for the
preparatlon of [R(R*,R*)3-1,1- 10 di net hyl et hyl

6- cyano- 3, 5- di hydr oxyhexan CeHy

R1 is alkyl, or
-CH2-CO2R8 wherein RS is alkyl;
5 which comprises:

Step (a) treating a compound of Formula I

CH 0]
R—CH—CH,—~C—R §

or a compound of Formula IIT

0 OH
R—C—CH;—CH—R! o
10 : wherein R and R1 are as defined above with a synergistic combination of a

trialkylborane and a dialkylalkoxyborane in a solvent; and Step (b)
adding an alkali metal hydride at about -110°C to about -50°C to
afford a compound of Formula I.

1. The process according to Claim 10 wherein the trialkylborane in Step (a) is
15 triethylborane.

A



17. The process according to Claim10 for the preparation of the compound

of Formula la [err]
wherein R er‘rvb i s al kyl . 15 18. A synergistic conbi nation:
conprising a "3%4/1 bor ane and a di al kyl al REXAIS23403.

19. - A synergistic conbination conprising about 1%to 99% by wei ght of a
tri al kyl borane and about 99%to 1% by we5ght of a di al kyl al koxybor ane.

WD 99/ 32434 12
PCT/ US98/ 25493
20. A ‘syner gi st i cStep(d)indicthylmethoryhoraneng about 90% by wei ght of a
trial kyl borane and about 10% by wei ght of a dialkyl al koxyborane. '

21. A synergistic-conbination conprising triethyl borane and
di et hyl met hoxy bdr anEhe process according to Claim 10 wherein the solvent Step (a) is selected

The process acéérding to Claim 10 wherein the dlalkylalkoxyborap%)él_

from the group consisting of: tetrahydrofuran; methanol; and a mixture of
5 tetrahydrofuran and methanol.

14.  The process according to Claim 10 wherein PG is benzyl.

15.  The process according to .Claim 10 wherein the alkali metal hydride is
sodium borohydride.

_ ~16.  The process accordmg to Claim 10 for the preparation of [R-(R* R®}-1,1-
10 dimethylethyl 6-cyano-3,5-dihydroxyhexanoate.

17. The process according to Claim 10 for the preparation of the compound of
Formula Ia

oH oH
—CH— CH—CH— 6
(GHy) -CH— CH;—~CH~ CH,CO,R

PF—CgHy - CH—(CHy),

Cc=0
Cetls |

T
CeHs

wherein RS is alkyl.

15 18. A synergistic combination comprising a trialkylborane and a
dialkylalkoxyborane.

19. A synergistic combination comprising about 1% to 99% by weight of a
trialkylborane and about 99% to 1% by weight of a dialkylalkoxyborane.

| R0 O IR



5 22. A nethod of using a synergistic conbination conprising a
trial kyl borane and a di al kyl al koxyborane for sel ectively
reduci ng a bet a- hydroxy ketone : to a cis-1,3-diol. :

23. The cording to Claim 22 conprising about 19 Yoy
wei ght of ;‘Wﬁy?f’%ﬁl borane and about 99%to 1% by wei ght g%-f/gsg%éﬁb?

di al kyl al koxybor ane. 24, Tgu& nmet hod according to Caim 22
conpri sing about 90% by wei ght of a B - trial kyl borane and

about &10% by \ée.i ghis syhergistid ednibinatiol eus lngg%out 90% by weight #3.  The met hod
according to Caim? onpri Si trl rape. ani
di et hy! mgt hoxybor aH@fky?bome and a gout 56% %y%vmg%t otn a dlglﬂgc/ila]koxyborane.

21. A synergistic combination comprising triethylborane and

diethylmethoxyborane.

5 22. A method of using a synergistic combination comprising a trialkylborane
and a dialkylalkoxyborane for selectively reducing a beta-hydroxy ketone
to a cis-1,3-diol.

23.  The method according to Claim 22 coinprising about 1% to 99% by
weight of a trialkylborane and about 99% to 1% by weight of a
10 dialkylalkoxyborane.

24.  The method according to Claim 22 comprising about 90% by weight of a
trialkylborane and about 10% by weight of a dialkylalkoxyborane.

25.  The method according to Claim 22 comprising triethylborane and
diethylmethoxyborane.
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