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| MPROVED! PROCESS FOR THE SYNTHESI S OF (5R)- 1, 1- DI METHYLETHYL BEEORNGORY
5- HYDRQXY -3- OXO- HEXANOATE & . BACKGROUND COF THE | NVENTI ON
(4R- C's)- 1¥'1- di et hyl et hyl "6- (2 am noet hyl) -2, 2-

di met hyl - 1, 3-di oxan-4-acetate is a key |nterned|ate in the preparation of
(2R—trans)-5-(4-f|uoropheny1)-2-(1-_

met hyl et hyl ) - N, 4-di phenyl ]-1-[ 2-(tefrahydro-4-hydroxy- 10

6- oxo- 2H pyran- 2-yl ) et hyl ] - 1H pyrrol e- 3- car boxam de or the salt of the
hydroxy acid, [R(R*,R*)]-2-(4-

fl uor ophenyl )-[err]-di hydr oxy-5-(1- et hyl et hyl ) - 3-

phenyl - 4-[ ( phenyl am no) car bonyl ] -1 H pyrrol e-1- heptanoic acid cal ciumsalt
(2:1), corresponding to 15 t he opened | actone ring of the

af orenenti oned conpound described in United States Patents 4,647,576 and
4,681, 893, which are herein incorporated by reference. The aforenenti oned
conpound is useful as an inhibitor of-Ihe enzyne

3- hydr oxy- 3-met hyl gl ut ar I-Cben reduct ase (HNG—COA reduct ase)
and is thus useful as a“R§Pot Fé?e?ﬁs F%c?“ﬁ yPOLHGP 85 (%%r ol emi ¢ agent .

(4R-Ci s) -1, 1-di net hyl et hy(S® -ezlal?ﬁwwmﬂyhzﬁ-zumo-

di met hyl - 1, 3-.di oxane- 4- acet B-aYDRYX3-OXO+HERANQATBr epared from
(4R-Cis)-1,1- dinethylethyl 6- 25

cyanonet hyl - 2, 2- di net hyl - ' ch may, in turn, be
r BoE BB

prepared ron1(5R) 1,1- dlne d¥ yano- g oxo hexanoate A
synt hetic procedure T‘Brc‘ﬁ‘r’eb |°Hd'e%/ tﬁyli 6- (2—-aminoethyl) -2,

dimethyl-1l,3~dioxan—-4-acetate is a key intermediate in
the preparation of (2R-transg)-5-(4—-fluorophenyl)-2-(1l-
methylethyl) ~N, 4~diphenyl]-1~[2- (tetrahydro—~4-hydroxy-

10 6-oxo-2H~pyran-2-~yl)ethyl]-1E-pyrrole-3—-carboxamide or
tﬂe salt of the hydroxy acid, [R—(R*,R%)]-2-(4-
fluorophenyl) -8, —dihydroxy-5-(1-methylethyl) -3-

'1; phenyl—4-[ (phenylamino) carbonyl]~1H-pyrrole—1-
: heptanoic acid calcium salt (2:1), correspending to

15 the opened lactone ring of the aforementioned compound

described in United States Paténts 4,647,576 and

4,681,893, which are herein incorporated by reference.
The aforementioned compound is useful as an inhibitor
of the enzyme 3-hydroxy-3-methylglutaryl-Coenzyme A

20 reductase (HMG—-CoA reductase) and is'thus useful as a

hypolipidemic and hypocholesterolemic agent. '

(4R-Cis) -1, 1-dimethylethyl 6—(2-aminoethyl)~-2,2~
dimethyl-1, 3-dioxane—4—acetate may be, in turn,
prepared from (4R-Cis)-1,l-dimethylethyl 6-—

25 cyanomethyl—-2, 2~dimethyl-1, 3-dioxane—-4~acetate which
may, in turn, be prepared from (5R)-1,l1-dimethylethyl
6—cyano—-5-hydroxy-3—-oxo-hexanoate.

A synthetic procedure for preparing (SR)—l 1~
dimethylethyl 6-cyano—-5-hydroxy—-3—-oxo—hexancate is

30 disclosed in United States Patent 5,003,080. The
aforementioned procedure involves a linear synthetic
route involving 5 steps, involving use of protected
intermediates. Although this procedure provides the
target compound it is difficult to conduct on large

35 scale, requires use of expensive starting materials,



di met hyl et hyl 6-cyano- 5- hydr oxy- 3- oxo- hexanoate is 30 . disclosed in
United States Patent 5,003,080. The aforenentioned procedure involves a
| i near ‘synfhetic route involving 5 steps, involving use of protected

i nternmedi ates. Al though this procedure provides : it is
difficult to conduct on large 35 scal e, requjfres™ gp<pensifve -
~starting materials, 2 and invol ves the use of ' gr oup

and deprotecting group reagents in the process. There are several
literature reports in which the.anion of tertiary butyl acetate is reacted
with a 3-hydroxy ester in the desired manner to afford a [err]-keto-[err]
ester, for exanple, Lynch, J. E., et al, Tetrahedron Letters, Volune 23, -
pages 1385-1388 (1987) and United States Patent 4,970, 313. However, none of
t he known exanples contain a nitrile group. Mdireover, United States Patent
4,983,759 discloses the reaction of a njtrile with the anion of tertiary
butyl acetate resulting in reaction at"the nitrile end of the nolecule.
Thus, we have suHa is+digky @Hylubddester privsttdnyhgdouphand eaction of the

anion of terti aryg?ggg%tﬁgge%@ohﬁ %%&l %%R)n @h%yg%gegs hydr oxybutyr| c acid

esters proceeds véry_e ord t

S|red eo (5R) -1,
1- di net hyl et hyl 6- cyHRFes2FY chH 2l §"5§’6att’r‘é"?aﬁ??a‘ir§ b%?ggf of the
present inventi APiog %"—Pﬁ'ﬁ*WeHutSSthF?ta*@f T’-Pc¥%ﬁ?ﬁ‘-edaﬁ(§he%onom cal process
for the pregparat3-tiydedxy eB}yed inltlk rehyédd imaghe-toyaffrrd- oiydr oxy- 3- 0xo-
hexanoat e. Thus,g-ida@cPs @sest, MRELhohmIe] Gyreastsy BS) &t alg material s,
protection and ge ahedron Letters, Volume 23, pages 1385-1388 (1987)
and United States Patent 4,970,313. However, none of
the known examples contain a nitrile group. Moreover,
10 United States Patent 4,983,759 discloses the reaction’
of a nitrile with the anion of tertiary butyl acetate
resulting in reaction at the nitrile end of the
molecule, '
Thus, we have surprisingly and unexpectedly found
15 that the reaction of the anion of tertiary butyl
acetate with (3R)-4-cyano-3-hydroxybutyric acid esters
proceeds very efficiently to afford the desired
compound, (5R)-1,i—dimethylethyl 6-cyan6-5—hydroxy—3-
oxo—hexanoate.
20 The object of the present invention is an
improved, short, efficient, and economical process for
the preparation of (5R)-1,l~dimethylethyl 6-cyano-5-
hydroxy~3—-oxo-hexanocate. Thus, the present method
avoids costly starting materials, protection and
25 deprotection of intermediates of the prior method and
is amenable to large scale synthesis.

SUMMARY OF THE INVENTION

30 Accordingly, a first aspect of the present
invention is an improved process for the preparation
of the compound of Formula I
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-deprotection of internediates of the prior nmethod and is anenable to |arge
scal e_synthesis. SUMMARY OF THE | NVENTI ON According to a .first aspect of
the ihvention thére is provided a process for the preparation of the
conmpound of Forrmula | [err] CH3 which conprises: treating a conmpound of
Formula 11 2a [err] wherein Ris alkyl of fromone to ten carbon atons,
allyl, or benzyl with a conpound of Forrmula Ill [err] wherein R2 is zinc,
magnesi umor |ithiumand a solvent at about -80[err]C to about room
tenperature to afford the conpound of Fornula I. According to a second
aspect of the invention there is provided a process for the preparation of
t he conpound of Fornul a | 4 - [err] wherein Ris as defined above
with a conpound of Formula IV in a solvent at about O[err]C

-3—
OH 0 0 CH,
v i i |
NC —CH, = CH =CH, —C —CHy —C — 0 — C — CHj
| i
CH,
5 I

which comprises:
(a) treating a compound of Formula V

10

OH (o]
v n
X=—CH; ~CH-CH; —C —OR
v
15 wherein R is alkyl of from one tc ten carbon atoms,
allyl, oxr benzyl and X is a leaving group with a
compound of Formula IV
R'-CN
20 v

wherein R! is tetraalkylammonium, silver, copper (I),
copper (II), an alkali metal, or an alkaline earth
metal in a solvent at about 0°C to about the reflux

25 temperature of the solvent to afford a compound of
Formula II

OH o
v H |
NC~CH,-CH~-CH, ~C —OR
30
' I

wherein R is as defined above or
optionally treating a compound of Formula VI



e

to about t he refl ux tenperature of the solvent to afford a conpound of
Formula Il; and (b) treating a conpound of Formula Il wi.th a conpound of
Formuta IIf [err] wherein R2 is zinc, nmagnesium or |i i
about -80[err]C to about roomtenperature to afford t éTm@SHQEﬁWMﬁségN
. Athird aspect of the present invention is an inprjpved pﬂnqgezﬁ(w t e
preparation of a conpound of Forrmula Il [err] wherei Fer—et—trof
one to ten carbon atons, allyl, or benzyl which conprises: treating a
conpound of Formula V -4- [err] 5 wherein Ris as defined above with a
conpound of Forrmula IV in a solvent at about O[err]C to about the refl ux
tenperature of the solvent to afford a conpound 10 of Fornmula Il; and
(b) treating a conpound of Forrmula Il with a conpound of Fornula Il [err]
15 wherein R2 is zinc, magnes iumor |ithiumand a solvent 20 at about
-80[err]C to about roomtenperature to afford the conpound of Fornula I.
-l

0
) /79 u
. CH,-CH~-CH, —~C ~OR

5 ’ VI

wherein R is as defined above with a compound of
Formula IV in a solvent at about 0°C to about the
reflux temperature of the solvent to afford a compound
10 of Formula II; and
(b) treating a compound of Formula II with a
compound of Formula III

' 0 CH;
i 1
15 ﬁ—mg—c—o—$—ag
CH;
IIT

wherein R? is zinc, magnesium or lithium and a solvent
20 at about -80°C to about room temperature to afford the
compound of Formula I.
A second aspect of the present invention is an
improved process for the preparation of a compound of
Formula II

25
OH 0
v [{]
NC ~CH, ~CH=~CH, —C ~0R
II
30

wherein R is alkyl bf from one to ten carbon atons,
allyl, or benzyl which comprises:
treating a compound of Formula V
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A second aspect of the-present invention is an inproved process for the

preparation of a conpound of Formula Il 25 [err] 30 wherein Ris alkyl of
fromdne t8 ten carbon atons, allyl, or benzyl which conprises: treating a
conpound of Formula V -5- [err] 5 wherein Xis a leaving group and Ris

as defined above with a conmpound of Formula IV 10
Rlerr]-CN IV wherein R err] is tetraal kyl ammoni um silver, copper (1),

copper (I1), an alkali nmetal or an alkaline earth 15 netal in a
sol-vent at about OC to about the reflux tenperature of the solvent to
afford a conpound of Formula Il. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20

In this invention the term"al kyl" neans a

OH o]
v 1
x—CHz—CH'cnz-‘C-°R

5 . v

wherein X is a leaving group and R is as defined above
with a compound of Formula IV

10 Rl-cN
v

wherein R! ié tetraalkylammonium, silver, copper (I),
copper (II), an alkali metal or an alkaline earth
15 metal in a solvent at about 0°C to about the reflux

temperature of the solvent to afford a compound of
Formula II. )

DETAILED DESCRIPTION OF THE INVENTION
20
In this invention the term "alkyl" means a
straight or branched hydrocarbon radical having from
cne to ten carbon atoms and includes, for example,
methyl, ethyl, n-propyl, isopropyi, n~butyl, '

25 secondary-butyl, - isobutyl, tertiary butyl, n-pentyl,
n-hexyl, n-heptyl, n-octyl, n-nonyl, n—decyl, and the
like.

"Aryl" means an aromatic radical which is a
phenyl group or a phenyl group substituted by one to

30 ‘three substituents selected from the'group consisting
of alkyl of from one to three carbon atoms, halogen,
and nitro.

"Halogen"” is iodine, bromine, chlorine, and
fluorine.



straight or branched hydrocarbon radical having fromone to ten carbon
atonms and includes, for exanple, nethyl, ethyl, n-propyl, isopropyl,
n-butyl, 25 secondary-butyl, isobutyl, tertiary butyl, n-pentyl,

n- hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, and the like. "Aryl" neans an
aromatic radical which is a phenyl group or a phenyl group substituted by

one to 30 “three substituents selected fromthe group consisting of

al kyl of fromone to three carbon atons, hal ogen, and nitro. "Hal ogen" is

i odi ne, brom ne, chlorine, and fluorine. -6- "Alkali netal” is a netal
in Goup |IA of the periodic table and includes, for exanple, lithium

sodi um potassium and the like. "Al kaline-earth netal” is a netal in Goup
1A of 5 the periodic table and includes, for exanple, calcium barium

strontium magnesium and the |like. "Leaving group" is hal ogen,
Rlerr]-SOerr]- wherein Rerr] is alkyl of fromone to four carbon atons or

aryl or [err] wherein R4 is alkyl of feemone to four carbon atons 10

or benzyl . ]
"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

5 the periodic table and includes, for example, calcium,
barium, strontium, magnesium and the like.

"Leaving group" is halogen, RP-so3— wherein R3 is
alkyl of from one to four carbon atoms or aryl or Rés~
wherein R? is alkyl of from one to four carbon atoms

10 or benzyl.

The process of the present invention is a new,
improved, economical, and commercially feasible method
for preparing (5R)-1,l-dimethylethyl 6-cyano-5-
hydroxy—-3—-oxo-hexanoate. The process of the present

15 invention is outlined in the following Scheme I:



The process of the present invention is a new, inproved, econonical, and
comercial |l ysfeasible method for preparing (5R)-1, 1-di nmet hyl et hyl
6- cyano- 5- hydr oxy-+3-oxo- hexanoate. The process of the present 15

invention is outlined in the follow ng Schene I: -7- SCHEME 1 [err] A
conmpound of Forrmula Il wherein Ris alkyl of fromone to ten carbon atons,
allyl, or benzyl is prepared by treating a conpound of Fornula V wherein X
is a |leaving group such as, for exanple, halogen such 5 as chlorine,

brom ne, iodine, fluorine, and the like, Rerr]-SJerr]- wherein Rerr] is
al kyl of fromone to four carbon atons or aryl such as, for exanple,

par a-tol uene- sul fonyl oxy, nethanesul fonyloxy, and the like or [err]
wherein R4 is al kyl of fromone to four carbon atons 10 or benzyl, and
the like, and Ris as defined above with a conpound of Formula IV wherein
Rl is tetraal kyl ammoni um silver, copper (1), copper (1), an alkali netal
or an alkaline earth netal, and a

e

SCHEME 1

(s} (o)
FA | n
CHZ-CH-Cﬂz—C—OR
R

T~

o) OH o
¢ 0 R'-cN v n
X—CHp—CH=CHy—C=0OR ———— NC—CH;~CH-CH;—C—OR
' v
v IT
o] CH;
n 1
R2~-CH,—C—0—C~—CH;
. I
CH,
III
Y
- 'OH o] 0 CH;
1l it 1

NC —CH,~-CH-CH,—C—CH, —C—0—C—CHj;
1
= CH3



sol vent such as, for exanple, ethanol, 15 di et hyl f or mam de,
tetrahydrofuran, water, m xtures thereof, for exanple, ethanol-water,

di et Ryl f or mami de-wat er, tetrahydrofuran-water, and the |1ike at about OC to
about the reflux tenperature of the solvent to afford a conpound of Fornmula
1. 20 Preferably, the reaction is carried out wherein Ris ethyl in a
conpound of Forrmula Il in ethanol-water at about 15[err]Cto 20[err]C
Optionally, a conpound of Fornula Il is prepared by treating a conpound of
Formula VI wherein Ris as 25 defined above with a conmpound of Fornula
IV in a solvent at about O[err]C to about the reflux tenperature of the
solvent to afford a conpound of Fornmula Il. Preferably, the reaction is
carried out wherein Ris ethyl in a conpound of Formula Il in ethanol-water
at 30 about 15[err]C to 20[err]C. The conpound of Fornmula I is
prepared by treating a conpound of Fornula Il with a conmpound of Formula
11 wherein Rerr] is zinc, magnesi uma-gd thium sodium or potassiumin an
aprotic solvent such as, 35 for exanple, tetrahydrofuran, hexanes,

di et hyl et her, - 0A qamppiag pipFexpulppihyheseife R ipjadkyleef t her eof , for

from one to ten carbon atoms, allyl, or benzyl is
prepared by treating a compound of Formula V wherein X
is a leaving group such as, for example, halogen such
5 as chlofine, bromine, iodine, fluorine, and the like,
R?—SO3— wherein R3 is alkyl of from one to four carbon
atoms or aryl such as, for example, para-toluene-~
sulfonyloxy, methanesulfonyloxy, and the like or Rgg-
wherein RY is alkyl of from one to four carbon atoms

10 or benzyl, and the like, and R is as defined above
with a compound of Formula IV wherein R! is
tetraalkylammonium, silver, copper (I), copper (II),
an alkali metal or an alkaline earth metal, and a
solvent such as, for example, ethanol,

i5 dimethylformamide, tetrahydrofuran, water, mixtures
thereof, for example, ethanol-water,
dimethylformamide-water, tetrahydrofuran-water, and
the like at about 0°C to about the reflux temperature
of the solvent to afford a compound of Formula II.

20 Preferably, the reaction is carried out wherein R is
ethyl in a compound of Formula II in ethanol-water at
about 15°C to 20°C.

Opticnally, a compound of Formula II is prepared
by treating a compound of Formula VI wherein R-is as

25 defined above with a compound of Formula IV in a
solvent at about 0°C to about the reflux temperature
of the solvent to afford a compound of Formula II.
Preferably, the reaction is carried out wherein R is
ethyl in a compound of Formula II in ethanol-water at

30 about 15°C to 20°C.

The compoﬁnd of Formula I is prepared by treating
a compound of Formula II with a compound of
Formula III wherein R? is zinc, magnesium, lithium,
sodium, or potassium in an aprotic solwvent such as,

35 for example, tetrahydrofuran, hexanes, diethyl ether,



exanpl e, tetrahydrofuran-hexanes, tetrahydrofuran- diethyl ether,
tetrahydrofuran-tertiary butyl nethyl ether, hexanes-diethyl ether, _
hexanes-tertiary butyl 5 met hyl ether, diethyl ether-tertiary butyl

met hyl ether, and the |ike at about.-80C to about 10[err]C for about 1

m nute to about- -4 hours, in the presence of additional conpound of Fornula
1l or a base such as, for exanple, lithiumdiisopropylamde and the |ike,
10 and optionally in the presence of added salt such as, for exanple,
zinc chloride, lithiumchlorjde, ceriumchloride and the_like to afford.the
conpound of Forrmula |I. Preferably, the reaction is carried out in
tetrahydrofuran at about -20[err]C to about -30[err]C for 15 about 5
to about 30 m nutes. A conmpound of Formula Ill is prepared by treating
tertiary butyl acetate with a strong base such as, for exanple, l|ithium

di i sopropyl am de. Alternatively, a conpound of Forrmula IIl is prepared
from for exanple, 20 2-chloro tert¥ary-butyl acetate or 2-brono

tertiary butyl acgLale Dy [eAGLim Wehl: 2eladalEllFel al, such as zinc,
magnesi um or |Ith|Uﬁ1u§ing ¥onvemi ona nefﬁod?iog >"R-tonpound of Fornmul a
V wherein X i s h&F8HRYe: §ebrphydrotiragshentngsi HPted PEHY  net hodol ogy

from known st art idigthet ethets tethahvdrafensmpbestiagy Fohwiupethylnwherein X i s
brono i s prepar ektasepmiixaged-@ibtieyimetharohegynadi-settisag bytyBock, K., et
al, Acta Chfm Camethyl ether, diethyl ether-tertiary butyl methyl
ether, and the like at about =80°C to about 10°C for
about 1 minute to about 4 hours, in the presence of
additional compound of Formula III or a base such as,
for example, lithium diisopropylamide and the like,
10 and optionally in the presence of added salt such as,
for example, zinc chloride, lithium chloride, cerium
chloride and the like to affoxrd the compound of
Formula I. Preferably, the reaction is carried out in
tetrahydrofuran at about -20°C to about -30°C for
15 about 5 to about 30 minutes.
A compound of Formula III is prepared by treating
tertiary butyl acetate with a strong base such as, for
example, lithium diisopropylamide. Alternatively, a
compound of Formula IIXI is prepared from, for example,
20 2-chloro tertiary-butyl acetate or 2-bromo tertiary
‘butyl acetate by reaction with a zero valent metal

such as zinc, magnesium or lithium using conventional
methodology.

A compound of Formula V wherein X is halogen is
25 prepared using conventional methodoclogy from known =
starting materials. -Thus, a compound of Formula V
wherein X is bromo is prepared according to the
methodology disclosed by Bock, K., et al, Acta Chemica
Scandinavica B37, pages 341-344 (1983). This compound
30 may be prepéred by other conventional means.
Additionally, a compound of Formula V wherein X is
chlorc may be prepared using the methodology disclosed
by Kitamura, M., et al, Tetrahedron Letters,
Volume 29, pages 1555-~1556 (1988). A compound of
35 Formula V wherein X is iodo is prepared from a



Scandi navi ca B37, pages 341-344 (1983). This conpound 30 . may be
prepared by other conventional neans. Additionally, a conmpound of Formula V
wherein X is chloro may be prepared using the nethodol ogy disclosed by
Kitanmura, M, et al, Tetrahedron Letters, Volune 29, pages 1555-1556
(1988). A conpound of 35 Formula V wherein X is iodo is prepared froma
-10- conpound of Fornula V wherein X is chloro using conventi onal
met hodol ogy. A conpound of Formula V wherein Xis Rerr]-SOerr]- is
prepared using conventional nethodol ogy from known 5 starting
materials. Thus, a conpound of Fornmula V wherein Xis" " = = =77
paf a-t ol uenesul f onyl oxy or nethane- sul fonyloxy is prepared by reacting (S)
3, 4-di hydroxy- butanoic acid, ethyl ester which is prepared by the nethod
of Saito, S., et al, Chemstry Letters, 10 pages 1389-1392 (1984) with
respectively para-tol uenesul fonyl chloride or nethanesul fonyl chloride. A
conpound of Fornula V wherein X is [ery],_is prepared froma conpound of
Formula V wherein X is 15 brono using the nethodol ogy di scl osed by
Bock, K., et al,cdoan@heirFoamBeaMdwirereisaX B37¢chlpagessidgl- 344

conventional methodology.

A compound of Formula V wherein X is R3-80;- is
prepared using conventional methodology from known
5 starting materials. Thus, a compound of Formula V

wherein X is para-toluenesulfonyloxy or methane-

sulfonyloxy is prepared by reacting (S) 3,4-dihydroxy-

butanoic acid, ethyl ester which is prepared by the

method of Saito, S., et al, Chemistry Letters,

0 pages 1389-1392 (1984) with respectively
para—toluenesulfonyl chloride or methanesulfonyl
chloride.

. A compound of Formula V wherein X is Rgg- is
prepared from a compound of Formula V wherein X is

15 bromo using the methodology disclosed by Bock, K., et
' al, Acta Chemica Scandinavica B37, pages 341-344
(1983) .

A compound of Formula VI is prepared from a
compound of Formula V using conventional methodology.

20 A compound of Formula IV is either known or
capable of being prepared by methods known in the art.

United States Patent 5,003,080 discloses the use
of (5R)-1,1l-dimethylethyl 6-cyano-5-hydroxy-3-oxo-
hexanoate in the preparatign of (4R-cis)-1,1~-

25 dimethylethyl 6-cyanométhy1—2,2—dimethyl-1,3-dioxane—
4-acetate, which in turn is used to prepare (4R-cis)-
1,1-dimethylethyl 6-(2-aminoethyl-2,2-dimethyl-1,3-
dioxaﬂe-4-acetate, which in turn is used to prepare
{2R-trans) -5~ (4-fluorophenyl) ~2-(l-methylethyl)-N, 4~

30 diphenyl-1~[2~(tetrahydro—-4-hydroxy-6-oxo-2E~pyran-2-

" yl)ethyl}-1B-pyrrole—-3—-carboxamide or the salt of the
hydroxy acid, [R-—(R*,R*)]-2-(4-fluorophenyl)-8, -
dihydroxy-5- (1-methylethyl) -3-phenyl-4-

[ (Phenylamino) carbonyl] -1H-pyrrole-l-heptanoic acid
35 calcium salt (2:1),'corresponding to the opened



(1983). A conpound of Formula VI is prepared froma conpound of Formula V
usi ng conventi onal nethodol ogy. 20 A conpound of Fornula IV is
ei thef knotwn or capabl e of being prepared by methods known in the art.
United States Patent 5,003,080 discloses the use of (5R)-1,1-dinethylethyl
6- cyano- 5- hydr oxy- 3- oxo- hexanoate in the preparation of (4R-cis)-1,1- 25
di net hyl et hyl 6-cyanonet hyl -2, 2-di nmet hyl - 1, 3-di oxane- 4-acetate, which in
turn is used to prepare (4R-cis)- 1, 1-dinethyl ethyl _ _ _
6--(2-am noet hyl - 2, 2-di met hyl - 1, 3- di oxane-4-acetate, which in turn is used
to prepare (2R-trans) -5- (4-fluorophenyl) -2- (1-nmethylethyl) -N, 4- 30
di phenyl -1- [ 2- (tetrahydro-4- hydroxy-6- oxo-2H pyran-2- yl) ethyl]

-1H pyrrol e- 3-carboxam de or the salt of the hydroxy acid, [R (R, R*) ]
-2- (4-fluorophenyl) -[err] dihydroxy-5-(1-nmethylethyl)-3-phenyl-4- [
(phenyl am no) carbonyl ] -1H—pyrro|e-lzgﬁgtan0|c acid 35 cal cium salt
(2:1), corresponding to the opened -11- lactone ring of the

af orementi oned cragenedridy 6h tie disfdneneibred &diipbash ShatessPat ents

4,647,576 and 4, §8d013934 3% BniiSR YLadbePpLidcdesT &-206 ygochol esterol enic

agent. 4,681,893 as a useful hypolipidemic and

hypocholesterolemic agent.

5 The following examples are illustrative to show
the present process, the preparation of starting
materials, and the use of (5R)~1,l-dimethylethyl
6-cyano—-5-hydroxy-3-oxo—~hexanocate obtained by the
present process to prepare (4R-cis)-1,1l-dimethylethyl

10 6—cyanomethyl-2, 2~dimethyl~1, 3-dioxane-4-acetate which
in turn is used to prepare the key intermediate, (4R~
cis)-1,1-dimethylethyl 6-(2-aminoethyl)~-2,2-dimethyl—
1,3~-dioxane—4~acetate, in the synthesis of (2R-trans)-
5-(4-fluorophenyl) —2- (1-methylethyl) -N, 4-diphenyl-1-

15 [2- (tetrahydro-4-hydroxy—-6-oxo~2H-pyran-2-yl)ethyl]-
1H~pyrrole-3-carboxamide or the salt of the hydroxy
acid, [R—(R*,R*)]-2—(4—fluoropheny1)—ﬁ,S—dihydroxy—s-
(1—methy1ethyl)-3-phenyl—4-[(phenylamino)carbonyl]—lH-
pyrrole-l-heptanocic acid calcium salt (2:1),

20 corresponding to the opened lactone ring of the
aforementioned compound useful as a hypolipidemic and
hypocholesterolemic agent.

EXAMPLE 1
25 5R) ~1,1-Dimethylethyl 6-cyano~5-hydroxy—3—oxo—
hexancate
Step A: Preparation of (R)-4-Cyvano—3-hydroxybutyric
acid, ethyl ester
Method A .
30 To a 50 gallon reactor containing a solution of

2.2 kg (44 mol) of sodium cyanide dissolved in 40 L of

demineralized water is added 7 kg (33 mol) of (S)

4-bromo-3-hydroxybutyric acid, ethyl ester dissolved

in 8 L of ethanol. The reaction mixture is stirred
35 for 16 hours at room temperature. Ethyl acetate,



5 _ The follow ng exanples are illustrative to show the present
process, the preparation of starting materials, and the use of

(5R) -1, 1-di fret hyl et hyl 6- cyano- 5- hydr oxy- 3- oxo- hexanoat e obt ai ned by the
present process to prepare (4R-cis)-1,1-dinethylethyl 10

6- cyanonet hyl - 2, 2- di net hyl - 1, 3- di oxane-4-acetate which in turn is used to
prepare the key internediate, (4R- cis)-1, 1-di net hyl ethyl

6- (2-ami noet hyl ) -2, 2-di get hyl- 1, 3-di oxane-4-acetate, in the synthesis of
(2R-trans)- 5-(4-fluorophenyl)-2-(1-nethylethyl)-N, 4-di phenyl -1- 15

[ 2- (tetrahydro-4-hydroxy- 6-0x0-2H-pyran-2-yl)ethyl]-

1H pyrrol e- 3-carboxam de or the salt of the hydroxy acid,

[R-(R*, R*)]-2-(4-fluorophenyl)-[err]-dihydroxy-5-

(1- net hyl et hyl ) - 3- phenyl - 4-[ (phenyl am no) car bonyl ] -1H pyrrol e-1-hept anoi c

acid calciumsalt (2:1), 20 corresponding to the opened | actone ring
of the aforenentioned conmpound useful aq2a hypolipidenic and
hypocholesterolen1c agent. EXAMPLE 1 25 -1, 1- Di et hyl et hyl

6- cyano- 5- hydr oxy$8-Tyxé® idesnand Fhemigtare Pigéb% off B Yy lavers

(R) - 4- Cyano- 3- hydrox\Hidbyed toasephrabe hyThe Stower Mequegds ALBBr is To a

50 gal l on react or tei¥rarfed1Godassl Gaildh 0ésskl2clifkdiddngd.p BF oF0di UM
cyani de di ssol ved gj8:.40 chi Qs sdeMdIRE ], iZCoMAT BLetatedR@dnd kg (33 nol) of
(S» 5 mixture agitated and the layers allowed to separate
and the lower aqueous layer is cut off. The organic
layers are combined and concentrated in wvacuo. The
residue is distilled to afford 3.1 kg of the title
compound; bp 110-125°C 0.5 mm Hg; optical rotation
10 [a]p2® = -33.1° (C = 1.08, chloroform); Vapor Phase
Chromatography (VPC): 30 meter DB-5 capillary column
100 (2) to 280 (15) at 15°C/minute, 7.28 minutes
retention time, 95.6% area; lH-NMR: {deuterated
chloroform (CDCls) 1.29 (3H, t), 2.64 (4H, m), 3.84
15 (1B, bs), 4.18 (2H, quartet), 4.36 (1H, quintet).

Method B
To a 100 mL round bottom flask containing 3.5 g
{24 mmol) of (S) 3,4-dihydroxybutyric acid, ethyl
20 ester (prepared by the method of Saito, S., et al,
Chemistry Letters, pages 1389-1392 (1984)) dissolved
in 40 mL of methylene chloride is added 7 mL of
triethylamine. The reaction mixture is cooled to
10°C, para-toluenesulfonyl chloride (3.7 g, 20 mmol)
25 is added, and the reaction stirred for 16 hours at
room temperature. Water, 50 L, is added followed by
5 mL of concentrated agueous hydrochloric acid
solution. After agitation, the lower layer is
separated and washed three times with 100 mL of water,
30 then concentrated in vacuo to an oil. The crude o0il
is slurried in 16 mL of ethanol and 20 mL of water and
1.2 g of sodium cyanide is added to the stirred
solution. After stirring at room temperature for
16 hours, the reaction mixture is diluted by the
35 addition of 50 mL of ethyl acetate and 2 g of sodium



4- br ono- 3- hydroxybutyric acid, ethyl ester dissolved in 8 L of ethanol. The
reactiqQn mxture is stirred 35 for 16 hours at roomtenperature.

Et hyl acetate, -12- 65 L, is added and the m xture agitated and the

| ayers are allowed to separate. The |ower aqueous |ayer is transferred to a
50 gallon vessel containing 2.5 kg of sodiumchloride and 65 L of ethyl
acetate and the 5 m xture agitated and the |ayers allowed to separate
and the | ower aqueous layer is cut off. The organic |ayers are conbi ned and
concentrated in vacuo. The residue is distilled to afford 3.1 kg of the
title conpound; bp 110-125[err]C 0.5 nmm Hg; optical rotation 10 [err]
'=-33.1 (C=1.08, chlorofornm; Vapor Phase Chromatography (VPC): 30 neter
DB-5 capillary colum 100 (2) to 280 (15) at 15[err]C/ m nute, 7.28 m nutes
retention tinme, 95.6%area; [err] HNVR (deuterated chloroform (CDCl [err])

0 1.29 (3H, t), 2.64 (4H m, 3.84 iS5 _35.(1H bs), 4.18 (2H, quartet), 4.36
(1ﬂ, quintet). Method B To a 100 nL round bottom flask containing 3.5 g (24
mol ) of (S) 3, 4ctlémicieoxyihet yistoracisd thetdughlP Cagitatedsindrtiegpr epared by
the nethod of SaikPersSalideddto deperat.l yTHLULRES aqRagas 14389- 1392 (1984))
di ssol ved is rewashed with 50 mL of ethyl acetate. The organic

layers are combined and concentrated in vacuo. The

5 crude product is dissolved in 60 mL of water and the
équeous layer washed with 10 mL of toluene. The
aqueous layer is then extracted by adding 10 g of
sodium chloride and 100 mI of ethyl acetate, agitating
vigorously and separating the top organic layer. The

10 organic layer is concentrated in vacuo and the product
is purified by column chromatography on flash silica
gel, eluting with 1:1 hexane:ethyl acetate followed by
vacuum distillation to afford 1.0 g of the title
compound; b.p. 110-125°C @ 0.5 mm Hg. Vapor phase

15 chromatography (VPC): 30 meter DB-5 capillary column
100(2) to 280(15) at 15°C/min. 7.28 minutes retention
time, 85.6% area. GC/MS m/e 157, 130, 112, 94, 71,
43.

20 Step B: Preparation of (S5R)-~1,1-Dimethylethyl
6—-cvano-5-hydroxy-3—oxo~hexanoate
Method A
To a stirred -50°C solution of lithium
diisopropylamide (100 kg of 2 M) in tetrahydrofuran-—
25 heptane is added tertiary-butyl acetate (30 kg,
255 mol) followed by a rinse of 3 kg of
tetrahydrofuran and the mixture is stirred at -45°C to
~5°C for 50 minutes. (R)=-4-cyano-3-hydroxybutyric
acid, ethyl ester (10 kg, 64 mol) as a solution in
30 30 kg of tetrahydrofuran is then added to the previous
" mixture. The reaction mixture is stirred for
30 minutes at -5°C to -30°C, and transferred to 240 L
of 0°C 2.8 N aqueous hydrochloric acid sclution. The
aqueous layer is extracted with 50 kg of ethyl
35 acetate, the aqueous layer is separated and




in 40 nL of nethylene chloride is added 7 nL of triethylamne. The reaction
m xture is cooled to 10[err]C, para-toluenesul fonyl chloride (3.7 g, 20
nmol ) 25 ' is added, and the reaction stirred for 16 -hours at room
tenperature. Water, 50 L, is added followed by 5 nL of concentrated agueous
hydrochl oric acid solution. After agitation, the lower |ayer is separated
and washed-three tines with 100 nL of water, 30 then concentrated in
vacuo to an oil. The crude oil is slurried in 16 nL of ethanol and 20 niL
of water and 1.2 g of sodiumcyanide is added to the stirred sol ution.

After stirring at roomtenperature for 16 hours, the reaction mxture is
diluted by the 35 addition of 50 nL of ethyl acetate and 2 g of sodium"
-13- chloride. The m xture is thoroughly agitated and the |ayers allowed to
separate. The | ower aqueous |layer is rewashed with 50 nL of ethyl acetate.
The organic | ayers are conbi ned and concentrated in vacuo. The 5 crude
product is dissolved in 60 nL of water and the aqueous | ayer washed with 10
m. of toluene. The aqueous | ayer is-Aen extracted by adding 10 g of sodium

chl ori de and 100 Y del.%@ﬁ 3§c1§é aatfeetrﬁ&' gg&tan__% vigorQusl v and separating

the top organlc aye
are combined and concentrated in vacuo to afford crude

(5R) -1, 1-dimethylethyl 6-cyano-5-hydroxy-~3—oxo—
hexanoate which is not isolated. A small sample is
5 purified by column chromatography on flash silica gel
' eluting with 1:1 hexane:ethyl acetate.
lg-NMR: (CDCl;) 1.48 (SH, s), 2.61 (2H, m), 2.88 (2H,
d), 3.43 (2H, s), 3.58 (1H, bs), 4.40 (1H, m).
MS: (EI) m/e, (%): 229 (3), 228(26),173(10), 172(100),
10 154(62), 112(30), 58(50), 57(77).

Method B
To a stirred -50°C solution of tertiary-butyl
acetate (60 mL, 0.44 mol), (R)-4-cyano-3-

15 hydroxybutyric acid, n-butyl ester (20 g, 0.11 mol)
and 150 mL tetrahydrofuran is added lithium
diisopropylamide (300 mL of 1.5 M) in tetrahydrofuran
over 15 minutes and the mixture is stirred at —-45°C to
-50°C for 90 minutes. To this solution is added

20 700 mL of 5% aqueous hydrochloric acid solution along
with 300 mL of ethyl acetate. The aqueous layer is
separated and the remaining top layer washed with
aqueous sodium chloride solution. The organic layer
is then concentrated in vacuo to afford crude -

25 {5R) -1,1-dimethylethyl 6-cyano-5-hydroxy—-3-oxo—
hexanoate which is not isolated, and is carried on to
(4R—cis)~-1,1-dimethylethyl 6-~cyanomethyl-2,2-dimethyl-
1,3-dioxane—~4-acetate as described in Example 2.

TLC: Rg = 0.15 (1:1 ethyl acetate: hexanes) on a

30 Kieselgel 60 F,g, 0.254 mm silica thin iayer plate.



10 organic |layer is concentrated in vacuo and the product is purified
by colum chromat ography on flash silica gel, eluting with 1.1 hexane: et hyl
acetate folfowed by vacuumdistillation to afford 1.0 g of the title
conmpound; b.p. 110-125[err]C @0.5 mm Hg. Vapor phase 15

chr omat ogr aphy (VPC) 30 neter DB-5 capillary colum 100(2) to 280(15) at
15Fferr]C/min. 7.28 minutes retention time, 85.6%area. GO/ MS me 157, 130,
112, 94, 71, 43. 20 Step B: Preparation of (5R)-1, 1-D nethyl et hyl

6- cyano- 5- hydr oxy- 3- oxo- hexanoate Method A To a stirred -50[err]C solution
of Iithiumdiisopropytamde (100 kg of 2 M- in tetrahydrofuran- 25

heptane is added tertiary-butyl acetate (30 kg, 255 nol) followed by a
rinse of 3 kg of tetrahydrofuran and the mxture is stirred at -45[err]C to
-5[err]C for 50 mnutes. (R)-4-cyano-3-hydroxybutyric acid, ethyl ester (10
kg, 64 nol) as a solution in 30 30 kg of tetrahydrofuran is then added
to the previous mxture. The reaction_gixture is stirred for 30 m nutes at
-5[err]Cto -30[err]C, and transferred to 240 L of OC 2.8 N aqueous

hydrochl oric acid solution. The aqueewsMdiEyer is extracted with 50 kg of

ethyl 35 acefaeis)-1¢1201HRAGHS1 dtANE! 6icyanonairR ofl, AdEmethyl-

1, 3~dioxane~4—acetate

Step A: Preparation of [R~(R*,R*)]-1,1-Dimethylethyl
5 6—cvano-3, 5~dihydroxvhexanoate '
Crude (5R)-1,l-dimethylethyl 6—cyano-5-hydroxy-3-
oxo~hexanoate (Example 1), approximately 52 mol, is
dissolved in 90 L of tetrahydrofuran and 19 L of
methanol under a nitrogen atmosphere. This solution
10 is cooled to -85°C and 24 L. of a 50% solution of
methoxydiethylborane in tetrahydrofuran is added. The
reaction is cooled to -97°C and 3.6 kg (126 mol) of
sodium borohydride is added in 0.2 kg portions over
3 hours. The reaction is maintained between -93°C and
15 -85°C for 5 hours and allowed to warm.to room
temperature and stand for 10 hours under a nitrogen
atmosphere. The reaction is gquenched by the addition
of 7.5 L (118.5 mol) of acetic acid and concentrated
by vacuum distillation to an o0il. The residue is
20 dissolved with 40 L of methanol, concentrated by
vacuum distillation, redissolved with 44 1. of methanol
and reconcentrated by vacuum distillation to give a
brown oil. This oil is taken up in 90 L of ethyl
acetate and washed with 30 L of deionized water. The
25 ethyl acetate solution is concentrated by vacuum
distillation to give the title compound, [R~(R*,R*)]~-
1,1~dimethylethyl 6-cyano-3,5-~dihydroxyhexanoate,
which is used without further purification.

30 Step B: Preparation of (4R-Cis)~1,l-dimethylethyl 6—
cvanomethyl-2, 2-dimethyl-1, 3-dioxane—~4-acetate
Crude [R~(R*,R*)]-1,1-dimethylethyl 6-cyano-3,5-
dihydroxyhexanoate (approximately 50 mol), is
dissolved in 67.5 L of 2,2-dimethoxypropane and 38.0 L
35 of acetone. Methanesulfonic acid (167 mL) is added,



-14- reextracted with 36 kg of ethyl acetate, the extracts are conbi ned and
concentrated in vacuo to afford crude (5R) -1, 1-dinethylethyl

6- cyano- 5 hydr oxy- 3- oxo- hexanoate which is not isolated. A small sanple is
5 purified by col um chromatography on flash silica gel eluting with
1:1 hexane:ethyl acetate. [err]HNVR (CDCl[err]) 1.48 (9H, s), 2.61 (2H,
m, 2.88 (2H, d), 3.43 (2H, s), 3.58 (1H, bs), 4.40 (1H m. MS:(El) nle,

(% : 229 (3), 228(26),173(10), 172(100), 10 154(62), 112(30), 59(50),
57(77). Method B To a stirred -50[err]C solution of tertiary-butyl acetate
(60 m., 0.44 nol), (R)-4-cyano-3- 15 hydr oxybutyric acid, n-butyl ester

(20 g, 0.11 nol) and 150 niL tetrahydrofuran is added lithium
di i sopropylam de (300 nL of 1.5 M in tetrahydrofuran over 15 m nutes and
the m xture is stirred at -45[err]Cto -50[err]C for 90 mnutes..To this
solution is added 20 700 nmL of 5% aqueous hydrochloric acid solution
along with 300 nL of ethyl acetate. The aqueous | ayer is separated and the
remai ning top | ayer washed with aqueoyg-sodi um chl oride sol ution. The
organic layer is then concentrated in vacuo to afford crude 25
(5R) - 1, 1- di met hgadkthy | sgugfem s shighesk foB 2oReuUrsh@kafrP® e which is not
i sol ated, and i Gengeiatwetk.ONAfter the addition of 50 L of aqueous
sodium bicarbonate and 80 L of ethyl acetate, the
reaction is agitated, the layers separated, and the
5 organic layer diluted with 80 L of hexane. The
organic layer is washed two times with 100 L of water.
After concentration by vacuum distillation, the
residue is dissolved in 80 L of warm hexane. Crystals
form upon cooling and provide 10.1 kg of product as an
10 off~white solid after collection by filtration and
drying. This material is recrystallized by dissolving
in 80 L of heptane by warming to 50°C, cooling slowly
td 10°C, and collecting the product by filtration.
After drying, 9.1 kg of (4R-~cis)-1,l-dimethylethyl
15 6-cyanomethyl—-2,2-dimethyl-1, 3-dioxane—~4—-acetate is
obtained as an off-white solid (mp 64.7-68°C) with
acceptable IR, NMR, C-NMR, and analysis.
200 MHz NMR (CDCli) & 1.36 (m, 1H), 1.42 (s, 3H), 1.49
(s, 98), 1.50 (s, 3H), 1.79 (dt, 1H, J = 2.5 Hz,
20 J = 12.1 Hz), 2.40 (dd, 1H, J = 6.2 Hz, J = 15.4 Hz),
2.5-2.7 (m, 1H), 2.55 (d, 2H, J = 6.1 Hz), 4.18 (m,
i1H), 4.32 (m, 1H).
13c-NMR (CDCl;, 50 MHz) & 19.74, 25.09, 28.24, 29.88,
= 35.58, 42.50, 65.20, 65.81, 80.87, 99.48, 116.68,
25 169.75. '
GC/MS m/e 254, 198, 154, 138, 120, 59, 57, 43, 4l.
Fourier Transform Infrared Spectroscopy (FTIR) (KBr)
Y 941.4, 1116.2, 1154.8, 1188.3, 1257.7, 1293.7, 1308.1,
1368.3, 1725.8, 2361.1, 2983.5, 2996.4 cm™t.
30
EXAMPLE 3
Preparation of (4R-Cis)-1,l-dimethvlethyl 6-—(2-
aminoethyl)—2, 2—-dimethyl-1, 3—dioxane—4—acetate
A solution of (4R-cis)-1,l~dimethylethyl
35 6~cyanomethyl-2, 2-dimethyl-1, 3~-dioxane—~4-acetate




(4R-cis)-1, 1-di et hyl ethyl 6- cyanomet hyl -2, 2- di met hyl -
1, 3-di oxane-4-acetate as described in Exanple 2. TLC. Rf = 0.15 (1:1 ethyl

acetate: hexanes) on a 30 Ki esel gel 60 F254 0.254 mmsilica thin l.ayer
pl at e. -15- EXAMPLE 2 (4R-Ci s)-1, 1-di net hyl et hyl 6-cyanonet hyl -2

2-di methyl - 1, 3-di oxane-4-acetate Step A: Preparation of

[R-(R*,R*)1-1, 1-Dinethyl ethyl 5 6- cyano- 3, 5- di hydr oxyhexanoat e Crude
(5R) -1, 1-di met hyl et hyl 6-cyano-5- hydroxy-3- oxo- hexanoate (Exanple 1),
approximately 52 nmol, is dissolved in 90 L of tetrahydrofuran and 19 L of
met hanol under a nitrogen atnosphere. This solution 10 is cooled to

-85[err]C and 24 L of a 50% sol uti on of nethoxydi et hyl borane in
tetrahydrofuran is added. The reaction is cooled to -97[err]C and 3.6 kg
(126 nmol) of sodium borohydride is added in 0.2 kg portions over 3 hours.
The reaction is maintained between -93[err]C and 15 -85[err]Cfor 5
hours and allowed to warmto roomtenpgrature and stand for 10 hours under
a nitrogen atnosphere. The reaction is quenched by the addition of 7.5 L
(118.5 nol) of &Rxampe dDi,dBadickacdRCetmpd) cich BP0 aeunettiagdl | | ation to an

oi | . The resi duéontaining 15 kg of anhydrous ammonia is reacted with
hydrogen gas under 50 pounds per square inch (psi) at
30°C in the presence of a slurry of 8 kg of Raney
5 nickel doped with 1% molybdenum. After 6 hours,

' uptake of hydrogen has ceased, the mixture is cooled
to 20°C, the atmosphere is vented and exchanged for
nitrogen, and the slurry is filtered, concentrated by
distillation and distilled under vacuum to give 7.8 kg

10 of 96% pure (4R-cis)-—1,l=-dimethylethyl
6—(2-aminoethyl) -2, 2-dimethyl~1, 3~dioxane-4—-acetate as
a clear oil; bp 125-135°C @ 0.5 mm Hg.
200 MHz H-NMR (CDCl;) 1.0-1.2 (m, 1H), 1.22 (s, 3H),
1.31 (s, 12H), 1.35-1.45 (m, 3H), 2.15 (dd, 1H,

15 J = 15.1 Hz, J = 6.2 Hz), 2.29 (dd, 1H, J = 15.1 Hz,
Jd=7.0 Hz), 2.66 (t, 2H, J = 6.6 Hz), 3.82 (m, 1H),
4.12 (m, 1H). '
13c-NMR (CDC1l;, 50 MHz), § 18.60, 27.96, 30.00, 36.50,
38.25, 39.79, 42.61, 66.08, 67.18, 80.21, 98.35,

20 169.82.
GC/MS m/e 202, 200, 173, 158, 142, 140, 114, 113, 100,
99, 97, 72, 57.
FTIR (neat) 951.6, 1159.9, 1201.1, 1260.3, 1314'.3,

. 1368.3, 1381.2, 1731.0, 2870.3, 2939.8, 2980.9,
25 3382.2 cm™l,

EXAMPLE 4

(£) 4-Fluoro—0-[2-methyl—1—oxopropyl]-y—oxo-N,B—

diphenvlbenzenebutaneamide mixture of [R-(R*,R*)]. [R~
30 (R*, S*)], {S—(R*,R*)] and [S—(R*,S*)] isomers

Step A: Preparation of 4-Methyl-3-oxo-N-phenyl-—-2-

{(phenylmethylene)pentanamide

A suspension of 100 kg of 4-methyl-3-oxo-N-

phenylpentanamide (Example A) in 660 kg of hexanes is

35 treated with agitation under nitrogen with 8 kg of B~-




20 di ssolved with 40 L of nethanol, concentrated by vacuum
distillation, redissolved with 44 L of nethanol and reconcentrated by
vacuum di stillation to give a brown oil. This oil is taken up in 90 L of
ethyl acetate and washed with 30 L of deionized water. The 25 et hyl
acetate solution is concentrated by vacuumdistillation to give the title
conpound, [R-(R*, R*)]- ZX, 1-dinethylethyl 6-cyano-3, 5-di hydroxyhexanoate,
which is used without further purification. 30 Step B: Preparation of
(4R- G s)-1, 1-di net hyl et hyl 6-

cyanonet hyl - 2, 2-di net hyl - 1, 3- di oxane- 4- acetate Crude

[R-(R*, R*)] -1, 1-di net hyl et hyl 6-cyano-3,5- di hydroxyhexanoate
(approximately 50 nol), is dissolved in 67.5 L of 2,2-di net hoxypropane and
38.0 L 35 of acetone. Methanesulfonic acid (167 m.) is added, and
the solution is stirred for 2 hours at roomtenperature. After the addition
of 50 L of aqueous sodi um bi carbonate and 80 L of ethyl acetate, the
reaction is agitated, the |ayers separstéed, and the 5 organic | ayer

diluted with 80 L_of, hex qu %rl %_ times with
100 L of water. /Rf'?’é’f‘“eéogigg‘ﬁtf’ %’ﬁag?q‘\@% é 9 f’gt? Sf, “the residue is
di ssol ved in 80 E%‘F“W&Fhﬁihe%’&ﬂe’-’es&’-'%‘tgals‘gsl?etﬁsﬁ?ﬁp‘d’n hesfrd f9 and provi de
10. 1 kg of produckfhs: amth removal of water for 20 hours. Aan
additional 396 kg of hexanes and 3 kg of glacial
5 acetic acid is added and reflux continued with water
removal for 1 hour. The reaction mixture is cooled to
20°C to 25°C, and the product is isolated by
filtration. The product is purified by slurring in
hexanes at 50°C-60°C, cooling, and filtration. The
10 - product is slurred twice with water at 20°C to 25°C,
filtered, and dried in wvacuo to yield 110 kg of 4-
methyl-3-oxo-N-phenyl-2-(phenylmethylene)pentanamide,
mp 143.7 - 154.4°C.
‘Vapor Phase Chromatography (VPC): 30 meter DB-5
15 capillary column 50°C to 270°C at 15°C/min.
19.33 min., 99.7% (area).
Gas Chromatography/Mass Spectrometry (GC/MS): M/Z 293

[M]*.
Nuclear Magnetic Resonance ('H-NMR): (CDCl;) & 1.16
20 (68, d), 3.30 (1H, cuin.), 7.09 (1H, m), 7.28 (5H, m),

7.49 (5H, m), 8.01 (1H, brs).

Step B: Preparation of (%) 4-Fluoro—o-[2-methyl-1-
oxopropyl]—-y—-oxo-N-f~diphenylbenzenebutaneamide
25 mixture of [R—{(R*,R* R—(R*, S* S—(R* R* and
[S—(R*,S8*) ]isomers
A solution of 17.5 kg of 3-ethyl-5-(2-hydroxy-—
ethyl) -4-methylthiazolium bromide in 300 L of
anhydrous ethancl is concentrated by distillation of
30 275 L of the ethanol. Under an argon atmosphere,
100 kg (340 mol) of 4-methyl-3-oxo-N-phenyl-2-
(phenylmethylene)pentamide, 47.5 L (340 mol) of
triethylamine, and 40 L (375 mol) of 4-fluorcbenz-
aldehyde are addéd. The resulting solution is stirred
35 and heated at 75°C to 80°C for 23 hours. The slurry




SRR

10 off-white solid after collection by filtration and drying. This
material is recrystallized by dissolving in 80 L of heptane by warmng to
50[err]C, cooling slowy to 10[err]C, and collecting the product by
filtration. After - drying, 9.1 kg of (4R-cis)-1,1-dinethylethyl 15
6- cyanonet hyl - 2, 2-di net hyl - 1, 3- di oxane-4-acetate i s obtained as an
off-white solid (np 64.7-68[err]C) with acceptable IR, NVR, C NMWR, and
anal ysis. 200 Mz NWR (CDCl[err]) [err] 1.36 (m 1H), 1.42 (s, 3H), 1.49
(s, 9H, 1.50 (s, 3H), 1.79 (dt, 1H, J = 2.5 Hz, 20 J =12.1 Hz), 2.40
(dd, ‘1H, J = 6.2 Hz, 'J = 15.4 Hz), 2.5-2.7 (m 1H), 2.55.(d, 2H, J =6.1
Hz), 4.18 (m 1H), 4.32 (m 1H). [err]CGNWR (CDCl [err], 50 MHz) [err]
19.74, 25.09, 28.24, 29.88, 35.58, 42.50, 65.20, 65.81, 80.87, 99.48,
116. 68, 25 169.75. GC/Ms mle 254, 198, 154, 138, 120, 59, 57, 43, 41.
Fourier TransformlInfrared Spectroscopy (FTIR) (KBr) 941.4, 1116.2, 1154.8,
1188.3, 1257.7, 1293.7, 1309.1, 1368.3,,1725.8, 2361.1, 2983.5, 2996.4
cnferr]. 30 EXAMPLE 3 Preparation of (&I?Q-O' s)-1, 1-di met hyl et hyl 6-( 2-
am noet hyl ) - 2, 2- ds niitshylvel 3ndé0DXBNEE AsaEripahel Atsebut omhef
(4R-cis)-1, 1-di mptdyilc@hyVdo13Bion is slowly cooled and the product is
6-cyanonet hyl - 2, 2. di eh yl -f}.léfacyigé?‘n%-aéﬁ&%eg:gé Srecipitate with

isopropancl and drying in wvacuo affords 99 kg of (&)

5 4~fluoro-o~[2-methyl~l~oxopropyl]~y-oxo~N-£-

diphenylbenzenebutaneamide mixture of [R~(R*,R*)], (R~

(R*,8*)], [S~(R*,R*)] and [S—(R*,S*)] isomers;

mp 206.8°C ~ 207.6°C.

1p-NMR (CDCls) 8 1.03 (3H, d), 1.22 (3H, &), 2.98 (1H,

10 quin.), 4.91 (1H, 4, J = 11 Hz). 5.51 (1H, d, J =
11 Hz), 6.98 - 7.43 (12H, m), 8.17 (2H, d4dd4), 9.41 (1H,
brs).

High Pressure Liquid Chromatography (HPLC):
(Acetonitrile:tetrahydrofuran:water) (40:25:55)
15 Econosil Cig5; 25 cm 1.0 mL/min 254 nm 16.77 min 99.2%
(area).
EXAMPLE 5 .
(2R~Transg) =5- (4-fluorophenyl) —2—(1-methvlethyl) -N, 4~
diphenyl—1-[2- (tetrahydro-4-hydroxy~6—oxo-2H-pyran—2—~

20 vl)ethyl]l~-1H-pvrrole—3—-carboxamide
Method A

Step A: Preparation of (4R-cig)-1,l-dimethvlethyl 6-
[2[2—-(4~Ffluorophenvyl) ~5—(l1-methylethyl)-3-phenyl—4~
[ (phenylamino) carbonyl]~1H-pyrrol—i-yllethyl]=2,2—
25 dimethyl-1, 3-dioxane—4—acetate

A solution of (4R-cis)~-1l,l-dimethylethyl 6-(2-
aminoethyl~2,2-dimethyl-1, 3~dioxane-4-acetate,
(Example 3) 1.36 g (4.97 mmol), and (%) 4-fluoro-o~[2-
methyl-l—-oxopropyl]}-Y—oxo-N-H~diphenyl-

30 benzenebutaneamide mixture of {R-(R*,R*}], [R—
(R*,8*)}, [{S—(R*,R*)] and [S—(R*,S*)] isomers,
(Example 4) 1.60 g (3.83 mmol), in 50 mL of
heptane:toluene (9:1) is heated at reflux for
24 hours. The solution is cooled slightly and 15 wL

35 of 2-propanol added. The mixture is allowed to cool




(Exampl e 2),

8.2 kg (30.5 nol)

in 100 L of nethanol

containing 15 kg of

anhydrous ammonia is reacted with hydrogen gas under 50 pounds per square
inch (psi) ‘at 30[err]Cin the presence of a slurry of 8 kg of Raney 5

ni ckel
ceased,
exchanged for

doped

wi th 1% nol ybdenum

ni trogen,

Af ter
the mxture is cooled to 20[err]C,

6 hours,

concentr at

distillation and distilled under vacuumto give 7 8 kg 10

(4R-C|s) 1, 1-

6- (2- an1noethy|) 2,

dlnethylethyl
2- di net hyl

-1, 3-di oxane-4-acetate as a cl ear

upt ake of hydrogen has
t he atnosphere is vented and
and the slurry is filtered,

ed by -
of 96@6pure

oil; bp

125-135[err] C @0.5 mm Hg. 200 MHz [err]H-NMR (CDCl [err]) 1.0-1.2 (m 1H),

1.22 (s, 3H),
15.1 Hz, J
= 6.6 Hz), 3.
[err] 19.60,
98.35, 20
100, 99, 97,
1368. 3, 1381.

10

15

20

25

30

35

= 6.2 Hz),

1.31 (s, 12H),
2.29 (dd,

82 (m 1H),

1H,

1.35-1.45 (m 3H),

J

4.12 (m 1H).

2.15 (dd, 1H,
15.1 Hz, J= 7.0 Hz),
[err]CG-NMR (CDO [err],

2.66 (t,

15 J =
2H, J

50 M),

27.96, 30.00, 36.50, 38.250-39.79, 42.61, 66.08, 67.18, 80. 21,
169.82. GO Ms me 202, 200, 173, 158, 142, 140, 114, 113,

72, €S R5°EPRR fiisarsd d5196ve 1186 B of | Mfreis) 1vdg. 3, 1314. 3,

2, di@thPletBBV(B-I2 [293FE£Bror2pBEnYY) -35(1-methBBB2. 2 cnferr].
ethyl)-3-phenyl-4-{ (phenylamino) carbonyl] -1H-pyrrol-1-
yllethyl]~2,2-dimethyl-1, 3—dioxane—~4-acetate as a

yellow solid.

lg-NMR (CDCl,, 200 MHz) § 1 - 1.7 (m, 5H), 1.30 (s,

3H), 1.36 (s, 3H), 1.43
Hz), 2.23 (dd, 1R,
1H, J = 15.3 Bz, J

4.2 (m, 2H), 6.8 - 7.3 (m,

(s,

9H), 1.53 (d, 6H, J = 7.1

J=15.3 Rz, J = 6.3 Hz), 2.39 (dd,
6.3 Hz), 3.5 - 3.9 (m,
.14RH) .

3H)' 4.0 -

13c-vMR (CDCl;, 50 MHz) & 19.69, 21.60, 21.74, 26.12,

27.04,
65.92,
119.52,
128.52,
138.38,

28.12, 29.95,
66.46, 80.59,
121.78,
128,75,
141.47,

123.36,
130.43,
159.72,

Step B:
2= (l-methvlethyl
hydroxy—6~oxo-2H

carboxamide

36.
98.

05,
61,

126.
133.
164.

Preparation of (2R-Transg)-—-5-

38.10, 40.89,
115.00,
44,
01,
64,

42.54,
115.34, 115.42,
128.21, 128.31,
133.17, 134.69,
169.96.

4-fluorophenyl) -

=N, 4~diphenyl~1-[2- (tetrahvdro—4-
ran—-2~yl)ethyl]-~1H-

rrole-3—

(4R-Cisg) ~1, 1-dimethylethyl. 6~[2[2~(4-fluoro-

' phenyl) -5~ (1-methylethyl) -3-phenyl~4-[ (phenylamino) -
cargonyl]-lgrpyrrol-l-yl]ethyl]Z,2-dimethy1-1,3-
dioxane~4~-acetate, 4.37 g (6.68 mmol), is dissolved in
200 mL of tetrahydrofuran and 15 mL of 10%
hydrochloric acid solution is added, and the solution

is stirred for 15 hours.

for 30 hours.

To this solution is added
sodium hydroxide (3.6 g) and the mixture is stirred

The reaction is stopped by adding

150 mL, of water, 90 mlL of hexane, and separating the

layers.

The aqueous layer ig acidified with dilute

hydrochloric acid solution, stirred for 3 hours and

extracted with 150 mL of ethyl acetate.

A drop of

concentrated hydrochloric acid is added to the ethyl



_EXAIVPLE 4 () 4-Fl uoro-a- [2-methyl-1- oxopropyl] -[err]-oxo-N,[err]-

- di phenyl benzenebut aneam de m xture of [R(R*,R*)], rR- 30 (R, S%)],
{S-(R*,R*)]" and [S-(R*, S*)] isoners Step A Preparation of

4- Met hyl - 3- oxo- N- phenvl - 2- (phenvl net hyl ene) pent anam de A suspensi on of
100 kg of 4-nethyl -3-o0xo0-N- phenyl pent anam de (Exanple A) in 660 kg of
hexanes is 35 treated with agitation under nitrogen with 8 kg of
[err]- -18- al anine, 47 kg of benzal dehyde, and 13 kg of gl acial acetic
acid. The resulting suspension is heated to reflux with renoval of water
for 20 hours. An additional 396 kg of hexanes and 3 kg of glacial 5
acetic acid is added and reflux continued wth water renoval for 1 hour.
The reaction mxture is cooled to 20[err]C to 25[err]C, and the product is
i solated by filtration. The product is purified by slurring in hexanes at
50[err]C-60[err]C, cooling, and filtration. The 10 ~product is slurred
twce with water at 20[err]Cto 25[err]C, filtered, and dried in vacuo to
yield 110 kg of 4- rret hyl - 3- oxo- N-pheny+232—-(phenyl met hyl ene) pent anami de, np
143.7 - 154.4[err]C. Vapoiu Phase dctggorrato arpk_% ngg)e'd go matgr DB-5

aCetate 'solution an e solu o stan
18 hours. The solution is concentrated in vacuo and
the concentrate is redissolved in 50 mlL of ethyl
acetate and treated with one drop of concentrated

5 hydrochloric acid. The solution is stirred 2 hours,
concentrated in vacuo, and dissolved in 3.0 mL of
toluene. (2R~Trang) -5- (4-fluorophenyl) -2- (1-methyl-~
ethyl)-N,4-diphenyl-1-[2-(tetrahydro—-4-hydroxy—-6~oxo-
2H-pyran—2-yl)ethyl]l-1H-pyrrole-3—carboxamide (3.01 g)

10 ig isolated in two cropé}

Method B
A golution of (4R-gisg)-1,l-dimethylethyl 6-(2-
aminoethyl-2,2-dimethyl-1, 3-dioxane~4—acetate,
15 {(Example 3) 2.56 g (9.36 mmol), and (%) 4-Fluoro~a—[2~
. methyl-l-oxopropyl]—~Yy-oxo-N-B—-diphenylbenzenebutane-
amide mixture of [R~(R*,R*)], [R~(R*,S*)], [S—(R*,R¥%)]}
and [S—(R*,S8*)] isomers (Example 4), 3.00 g
(7.20 mmol), in 60 mL of heptane:toluene (9:1) is
20 heated at reflux for 24 hours. The solution is cooled
and poured into 300 mL of tetrahydrofuran and 150 mL
of saturated ammonium chloride in water. The layers
are separated and the organic layer is added to 15 mL
of 10% hydrochloric acid solution and the solution is
25 stirred for 15 hours. To this solution is added
sodium hydroxide (3.6 g) and the mixture is stirred
- for 30 hours. The reaction is stopped by adding
150 mL of water, 90 mL of hexane, and separating the
layers. The aqueocus layer is acidified with dilute
30 hydrochloric acid solution, stirred for 3 hours and
' extracted with 150 mL of ethyl acetate. 2 drop of
concentrated hydrochloric acid is added to the ethyl
acetate solution and the solution is allowed to stand
18 hours. The solution is concentfated in vacuo and
35 the concentrate is redissolved in 50 mL of ethyl



15 capillary colum 50[err]Cto 270[err]C at 15[err]C mn. 19.33 mn.,
99. 7% (area). Gas Chromat ography/ Mass. Spectronetry (GO MS): M Z 293 Nucl ear
Magnetic Resonance ([err]HNVR): (CDCl[err]) [err] 1.16 20 (6H, d),
3.30 (1H, quin.), 7.09 (1H, m, 7.28 (5H, m, 7.49 (5H, m, 8.01 (1H, brs).
Step B: Preparation of ([err]) 4-Fluoro-[err]-[2-nmethyl-1-
oxopropyl]-[err]-oxo-N-[err]-di phenyl benzenebut aneam de 25 m xt ure of
[RR(R*,R)], [R(R,S*)], [S(R,R)] and [S-(R*, S*)]isonmers A solution of
17.5 kg of 3-ethyl-5-(2-hydroxy- ethyl)-4-nethylthiazoliumbromde in 300 L
of anhydrous ethanol is concentrated by distillation of 30 275 L of.
the ethanol. Under an argon atnosphere, 100 kg (340 nol) of

4- net hyl - 3- oxo- N- phenyl - 2- (phenyl net hyl ene) pent ani de, 47.5 L (340 nol) of
triethylamne, and 40 L (375 nol) of 4-fluorobenz- al dehyde are added. The
resulting solution is stirred 35 and heated at 75[err]Cto 80[err]C
for 23 hours. The slurry I's dissolved in 600 L of isopropanol at
80[err]C. The resulting solution is sl o@®% cool ed and the product is

isolated by filtralipLe }Qﬁémfaq;w%@se&ieoid&%eofﬂn'cwcén%gpéwanol and drying

[ fford 9 . . . .
11 ot o- Ler 1 [ 2 WEERTLST RS Fop PP FRRISEOB, i g5fgpeg 2 moves

concentrated in wvacuo, and dissolved in 3.0 mL of
toluene. (2R-Trans) -5~ (4—-fluorophenyl)-2-(1-
5 methylethyl) -N, 4-diphenyl-1-[2- (tetrahydro—4-hydroxy-

6—oxo-2H-pyran—2-yl)ethyl]-1H-pyrrole-3-carboxamide
(2.92 g) is isolated in two crops. '

PREPARATION OF STARTING MATERIALS
10
EXAMPLE A
4-Methyl-3—-oxo-N-phenylpentamide
! A three-necked, 12-L round-bottom flask equipped

with a mechanical stirrer, a thermometer, and set up

15 for distillation is charged with 2.6 L of toluene,
1.73 kg (12 mol) of methyl 4-methyl-3-oxopentanoate
and 72 g (1.18 mol) of ethylenediamine. The mixture
is heated to 80°C and charged with 0.49 kg of aniline,
The mixture is brought to reflux and distillation

20 started. After 40 minutes a further 0.245 kg of
aniline is charged and at 40-minute intervals a
further two portions of aniline (0.245 and 0.25 kg)
are charged. Digtillation. is continued for a further
one to five hours until a total of 985 mL of solvent

25 is removed. The solution is stirred at room

’ temperature for 16 hours and a further 550 mL of
solvent is removed by vacuum distillation (using
approximately 85 mm Hg). The mixture is cooled and
2 L, of water is charged to provide an oil. The

30 mixture is warmed to 40°C and a further 1.0 L of water
is charged. Seven hundred milliliters of
toluene-water mixture is removed by vacuum
distillation {approximately 20 mm Hg). Two liters of
water is charged and the mixture is allowed to stand

35 for 10 days. The product is isolated by filtration



di phenyl benzenebut aneam de m xture of [R-(R*,R*)], [R (R*, S*)],
[S-(R5R)],and [S-(R*,S*)] isoners; np 206.8[err]C - 207.6[err]C
[err]HNVR (CDCl [err]) [err] 1.03 (3H, d), 1.22 (3H, d),-2.98 (1H, 10
quin.), 4.91 (1H, d, J =11 Hz). 5.51 (1H, d, J = 11 Hz), 6.98 - 7.43 (12H,
m, 8.17 (2H, dd), 9.41 (1H, brs). H gh Pressure Liquid Chromatography
(HPLC): (Acetonitrile:tetrahydrofuran:water) (40:25:55) 15 Econosi |
C185 25 cm 1.0 nL/mn 254 nm 16.77 mn 99.2% (area). EXAVPLE 5
(2R-Trans) - 5- (4-fl uorophenyl)-2-(1-nethylethyl)-N, 4-

di phenyl - 1-[ 2- (t et r ahydr 0- 4- hydr oxy- 6- oxo- 2H pyran- 2- 20

vl )ethyl ]-1H pyrrol e-3-carboxam de Method A Step A: Preparation of
(4R-cis)-1, 1-di met hyl et hyl 6-

[ 2] 2- (4-f 1l uor ophenyl ) -5-(1- et hyl et hyl ) - 3- phenyl -

[ (phenyl am no) carbonyl ] - 1H-pyrrol -1-yl]ethyl]-2,2- 25

di met hyl -1, 3- di oxane-4-acetate A solution of (4R-cis)-1,1-dinethyl et hyl
6- (2- am noet hyl -2, 2-di net hyl - 1, 3- di oxa®#8=4- acetate, (Exanple 3) 1.36 g

(4.97 mml), and ekl o
met hy! - 1- oxopr opy,. [)er retf_‘g%%l?% eL% rglL?ls | hexpRe . Drydmg imebut aneani de
m xture of [R (R, qg e ¥¥?3‘R“?]N‘§ﬁﬂn3[1$le€lﬁ§n-s*)] i soners,
(Exanpl e 4) 1.60 Y 3 8-"3%% satev nmr5016n§ ©f- 58.8°C.
HPLC: 98.8% - retention time 3.56 minutes. 65/35
5 acetonitrile/water on a dry basis.

VPC: 87.6% - rgtention time 12.43 minutes, also 10.8%
aniline (decomposition).



.heptane:toluene (9:1) is heated at reflux for 24 hours. The solution is
cooled slightly and 15 nlL 35 of 2-propanol added. The m xture is

al l oned to ‘cool -20- to 25[err]C and filtered to give 1.86 g of
(4R-cis)-1,1- dinethylethyl 6-[2[2-(4-fluorophenyl)-5-(1-nethyl- ethyl)

- 3- phenyl -4-[ (phenyl am no) carbonyl] -1H pyrrol-

yl Jethyl]-2,2-di nmethyl -1, 3-di oxane-4-acetate as a 5 yel | ow sol i d.
[err]HNWR (CDCl [err], 200 MHz) 81 - 1.7 (m 5H), 1.30 (s, 3H), 1.36 (s,
3H) 1.43 (s, 9H), 1.53 (d, 6H, J = 7.1 Hz), 2.23 (dd, 1H, J = 15.3 Hz, J
.3 Hz), 2.39 (dd, 1H, J = 15.3 Hz, J = 6.3 Hz), 3.5- 3.9 (m 3H, 4.0 -
10 4.2 (m 2H), 6.8 - 7.3 (m 14H). [err]CNWR (CDCl [err], 50 MHz)
[err] 19.69, 21.60, 21.74, 26.12, 27.04, 28.12, 29—95——36—65——38—I0_“40 89
42.54, 65.92, 66.46, 80.59, 98.61, 115.00, 115. 34 115. 42

123.36, 126.44, 128.21, 128.31, 15 128. 52, gmﬂm m@“ﬁ |1
133.17, 134.69, 138.38, 141.47, 159.72,~2884.64, 16

Preparation of (2R—Trans) 5-(4-fl uorop,gﬁr}&g) 2- (1-'het hyI et yI)

- N, 4-di phenyl -1- [2- (tetrahydro-4- 20 hydroxy 6- oxo- 2H pyr an- 2-yl )
ethyl]- 1H—pyrro| e13 car boxam de

A process for the preparation of the compound of
Formula I

OH (o] (o] CH3
v 1] ]
NC~CH;~CH~ CHz"‘C“CHz—C—O C CHs
CH3
I

. which comprises:
5 treating a compound of Formula II

OH (o]
! A n
NC—-CH,~CH-CH, —~C —OR

I1I
wherein R is alkyl of from one to ten carbon

atoms, allyl, or benzyl with a compound of
Formula IIIX

3 CH;

I
2-cH,—~C —o-(':-cn3
s . CHa

10 : - IIX

wherein R? is zinc, magnesium or lithium and a
solvent at about -80°C to about room temperature
to ‘afford the compound of Formula I.

2. A process for the preparation according to
Claim 1 of the compound of Formula I.



(4R—C|s) -1, 1-dinethylethyl 6-[2[2- (4-f luoro- phenyl) -5-

(1-met hyl et hyl) -3-phenyl-4- [ (phenylam no) - ,

carbonyl ] -I'H pyrrol -1-yl]ethyl]2, 2-di nethyl -1, 3- 25 " di oxane- 4- acet at e,
4.37 g (6.68 mol ), is dissolved in 200 nL of tetrahydrofuran and 15 niL of
10% hydrochloric acid solution is added, and the solution is stirred for 15
hours. To this solution is added sodi um hydroxide (3.6 g) and the m xture
is stirred 30 for 30 hours. The reaction is stopped by adding 150 niL
of water, 90 nL of hexane, and separating the |layers. The aqueoqus |ayer is
acidified with dilute hydrochloric acid solution, stirred for 3 hours and
extracted with 150 nL of ethyl acetate. A drop of 35 concentrated -
hydrochloric acid is added to the ethyl -21- aEEFére\sgLuLLgQ\gggrthe
solution is allowed to stand 18 hours. The solutio concentrate

vacuo and the concentrate is redissolved in 50 nL ﬂw and
treated with one drop of concentrated 52s- hydr oc Jﬂﬂ
solution is stirred 2 hours, concentrated in vacuo, and s§o|ve n 3.0 nm
of tol uene. (2R-Trans) -5-(4- flggrophegyl) 2- él nethyl ethyl) -N,

4-di phenyl -1- [2- (tetrahydro-4-hwdroxy-@-0xo- ,
2H pyr an- 2- yI Yethyl]-1H pyPFm(@23C§aFEnx§mQ¥e—(@—©l-?)-cna
_ CHj
I
which comprises:
5 . (a) treating a compound of Formula V

OH 0
1]
X =CHp=CH~CHp~C —OR

v

wherein R is alkyl of from one to ten carbon
atoms, allyl, or benzyl and X is a leaving group
with a compound of Formula IV

10 Rl-CcN
: SV

wherein R! is tetraalkylammonium, silwver, copper
(I), copper (II), an alkali metal or an alkaline
earth metal in a solvent at about 0°C to about

15 the ré}lux temperature of the solvent to afford a
compound of Formula II

OH o}
v n
NC—~CH,-CH-CH,—~C-—0OR

II

wherein R is as defined above; or
optionally treating a compound of Formula VI



10 is isolated in two crops. Method B A sol ution of
(4R-cis)-1,1-dinethylethyl 6-(2- = _ _

am neet hyk- 2, 2-di et hyl -1, 3-di oxane- 4- acetate, 15 ‘(Exanmple 3) 2.56 ¢
(9.36 mol ), and ([err]) 4-Fluoro-a-[2- nethyl-I-oxopropyl]
-[err]-oxo-N-[err]-di phenyl benzenebut ane- am de m xture of [R(R*, R*)],
[R-(R*,S*)], [S(R*,R*)] and [S-(R*,S*)] isoners (Exanple 4), 3.00 g (7.20
mol ), in 60 nL of heptane:toluene (9:1) is 20 heated at reflux for 24
hours. The solution is cooled and poured into 300 nL of tetrahydrofuran
and 150 nlL of saturated ammoniumchloride in water. Thetayers are

separated and the organic |layer is added to 15 nL of 10% i-d
solution and the solution is 25 stirred for 15 hoqiu “ mj I]\i‘!ﬂlﬂ[’
solution is added sodi um hydroxide (3.6 g) and the m xt d S L e or

30 hours. The reaction is stopped by adding 150 nL of water, 90 nlL of
hexane, and separating the |ayers. The aqueous layer is acidified with
dilute 30 hydrochl oric acid sol B8%on, stirred for 3 hours and
extracted with 150 nL of ethyl acetate. A drop of concentrated hydrochloric
acid is added to the ethyl acetate solutign and the solution is allowed to
stand 18 hours. The solution is (;anentr_a(ﬂ)ed in vacuo and 35 t he
concentrate is redissolved in Sf,RtHeCHL+AYIOR

20 VI

wherein R is as defined above with a compound of
Formula IV in a solvent at about 0°C to about the
reflux temperature of the solvent to afford a
compound of Formula II; and

25 . (b) treating a compound of Formﬁla II with a
compound of Formula III

ﬁ CH;
1
RZ_CHZ_C_Q..(I:_CHS
CH;

I1I

wherein R? is zinc, magnesium or lithium and a
solvent at about —-80°C to about room temperature
30 to afford the compound of Formula I.

3. A process according to Claim 2 wherein the
solvent in Step (a) is selected from the group
consisting of a mixture of ethanol-water, a
mixture of dimethylformamide-water, and a mixture
5 of tetrahydrofuran-water. .

4. A process according to Claim 2 wherein a compound
of Formula IV in Step (a) is selected from the
group consisting of tetraalkylammonium cyanide,
silver cyanide, cuprous cyanide, cupric cyanide,

5 ' sodium cyanide, and potassium cyanide.



-22- acetate and treated with one drop of concentrated hydrochloric acid.
The solution is stirred 2 hours, concentrated in vacuo, and dissolved in
3.0 n of t-oluene. (2R-Trans) -5-(4-fluorophenyl)-2-(1-'5

met hyl et hyl ) - N, 4-di phenyl - 1-[ 2- (t et r ahydr o- 4- hydr oxy-

6- oxo- 2H pyran-2-yl )ethyl]-1H pyrrol e-3-carboxam de (2.92 g) is isolated in
two crops. PREPARATI ON OF STARTI NG MATERI ALS 10 EXAMPLE A

4- Met hyl - 3- oxo- N- phenyl pent am de A three-necked, 12-L round-bottom fl ask
equi pped with a nechanical stirrer, a thernoneter,

and set up 15 for
distillation is charged with 2.6 L of tol uene, l.Wthyl
4- met hyl - 3- oxopent anoate and 72 g (1.18 nol) of ethyl enedi agg _ “mh}
m xture is heated to 80[err]C and charged with 0.49 \\%M““I e
mxture is brought to reflux and distillation 20 \ ew - After 40
mnutes a further 0.245 kg of aniline is _charged and at 40-minute intervals
a further two portions of aniline (0.245Q§ﬁd 0.25 kg) are charged.
Distillation is costinaegrésdssaaddrhibiey toncrdia &iwR-Bonrtheunti|l a total of
985 nL of solvent 25 comp&gldrag oFiﬂula -SEk}eisS%Ie%%étcH?i lf§on$tt'hgr<§gu§t room

_ tenperature for 16 hourc%ng':nst:.ng clilg tsognr.um ggann:i?ae and potassium

cyanide.

6. A process according to Claim 2 wherein the
compound of Formula V in Step (a) is selected
from the group consisting of (8) 4-bromo-3-
hydroxybutyric acid, ethyl ester, (S) 4-bromo-3-

5 hydroxybutyric acid, methyl ester, (S) 4-bromo-3-
hydroxybutyric acid, n-butyl ester,
(S) 4-methanesulfonyloxy-3~hydroxybutyric acid,
" ethyl ester, (8) 4-methanesulfonyloxy-3-
hydroxybutyric acid, methyl ester,

10 (S) 4~methanesulfonyloxy-3-hydroxybutyric acid,
n-butyl ester, (8) 4-para-toluenesulfonyloxy-3-
hydroxybutyric acid, ethyl ester, (S) 4-para-
toluenesulfonyloxy-3-hydroxybutyric acid, methyl
ester, and (S) 4-para-toluenesulfonyloxy-3-

15 hydroxybutyric acid, n-butyl ester.

7. A process according to Claim 6 wherein the
compound of Formula V is selected from the group
consisting of (S) 4-bromo-3-hydroxybutyric acid,
ethyl ester, and (S)-4-para—-toluenesulfonyloxy-3-

5 hydroxybutyric acid, ethyl ester.

8. A process according to Claim 2 wherein the
compound of Formula III is lithium tertiary butyl
acetate. '

9. A process according to Claim 2 whexein the

solvent in Step (b) is selected from the group
conaisting of tetrahydrofuran, hexanes, diethyl
ether, tertiary butyl methyl ether,



solvent is rempved by vacuumdistillation (using approximately 85 nm Hg).
The mxture is cooled and 2 L of water is charged to provide an oil. The 30
mxturé is warmed to 40[err]C and a further 1.0 L of water is charged.

Seven hundred mlliliters of toluene-water mxture is renmoved by vacuum

distillation (approximately 20 mmHg). Two liters of water is charged and
the mxture is allowed to stand 35 for 10 days. The product is

isolated by filtration -23- and washed with three portions of hexane.
Drying in vacuo gives 1.7 kg of 4-nethyl-3-o0xo-N phenyl pentan- am de as a

hydrate; np 46.5[err]C - 58.8[err]C. HPLC: 98.8% - rW

m nutes. 65/35 5 acetonitrile/water on a dry basi 6% -

retention tinme 12.43 mnutes, also 10.8% aniline (deconpos|

CLAIMS 1.© A process for the preparation of the corrpo “ \ﬁ‘ ‘M‘\l“
-28~

5 tetrahydrofuran~hexanes, tetrahydrofuran~diethyl
ether, tetrahydrofuran-tertiary butyl methyl
ether, hexanes-diethyl ether, hexanes-tertiary
butyl methyl ether, and diethyl ether—-tertiary
butyl methyl ether.

10. A process for the preparation of a compound of
Formula II

o °
NC —~CH, ~cn- CH, —E—0R

II

« wherein R is alkyl of from one to ten carbon
5 atoms, allyl, or benzyl which comprises:
treating a compound of Formula V

OH 0
v "
X—CH,~CH=-CH,—C—OR

v

wherein X is a leaving group and R is as defined
above with a compound of Formula IV

10 Rl-CN
v

wherein R! is tetraalkylammonium, silver,

copper (I), copper (IX), an alkali metal or an
alkaline earth metal in a solvent at about 0°C to



[err] which conprises:. 5
[err] wherein Ris alkyl of fromone to ten carbon atons, allyl,

or

treating a conpound of Fornula II

benzyl

wi th*a corpound of Fornmula Il [err] 10 wherein R2 is zinc, magnesium or
lithiumand a solvent at about -80[err]C to about roomtenperature to

afford the conpound of Formula I. 2. A process for the preparation

according to Claim1 of the conpound of Formula I. -25- [err] which

conprises: 5
wherein R is al kyl
Is a leaving group with a conpound of .Formula V. 10

Rerr]-

CN 1V
15
11.
5
12.
5
13.
14.
5
10

(a) treating a conmpound of Formula V [err]

of fromone to ten carbon atoms, allyl, or benzyl

and x

) A I!II'-'

-29-~

about the reflux temperature of the solvent to
afford a compound of Formula II.

A process according to Claim 10 wherein the
solvent is selected from the group consisting of
a mixture of ethanol-water, a mixture of
dimethylformamide-water, and a mixture of
tetrahydrofuran-water.

A process according to Claim 10 wherein the
compound of Formula IV is selected from the group
consisting of tetraalkylammonium cyanide, silver
cyanide, cuprous cyanide, cupric cyanide, sodium
cyanide, and potassium cyanide.

A proceés according to Claim 12 wherein the
compound of Formula IV is selected from the group
consisting of sodium cyanide and potassium
cyanide.

A process according to Claim 10 wherein the
compound of Formula V is selected from the group
consisting of (8) 4-bromo-3-hydroxybutyric acid,
ethyl ester, (S) 4-bromo-3-hydroxybutyric acid,
methyl ester, (S) 4-bromo-3-hydroxybutyric acid,
n-butyl ester, (S) 4-methanesulfonyloxy-3-
hydroxybutyric acid, ethyl ester, (S) 4-methane-
sulfonyloxy—3-hydroxybutyric acid, methyl ester,
(S) 4-methanesulfonyloxy-3-hydroxybutyric acid,
n-butyl ester, (8) 4-para—toluenésu1fonyloxy-3—
hydroxybutyric acid, ethyl ester, (S) 4-para-
toluenesulfonyloxy—-3-hydroxybutyric acid, methyl
ester, and (S) 4-para-toluenesulfonyloxy—-3-—
hydroxybutyric acid, n-butyl ester.



wherein R err] is tetraal kyl ammoni um silver, copper (1), copper (I11), an
al kali, metal or an alkaline earth netal in a solvent at about O[err]Cto

about 15 * the reflux tenperature of the solvent-to afford a
conmpound of Forrmula Il [err] wherein Ris as defined above; or optionally
treating a conpound of Fornula Vi -26- [err] 20 wherein Ris as defined

above with a conpound of Formula IV in a solvent at about O[err]C to about
the reflux tenperature of the solvent to afford a conpound of Fornula I1;
and 25 (b) treating a conpound of Forrmula Il with a conpound

of Formula I'll [err] whérein R2 is zi'nc, nagnesi um ernt

at about -80[err]C to about roomtenperature 30 to affor

conmpound of Forrmula I. 3. A process according to CIH ' _

solvent in Step (a) is selected fromthe group consis mmlﬁm”mﬁ of

et hanol -water, a Lom s T
_30_

15. A process according to Claim 14 wherein the
compound of Formula V is selected from the group
consisting of (S) 4-bromo-—3—h9droxybutyric acid,
ethyl ester, and (S5)-4-para-toluenesulfonyloxy-3-

5 hydroxybutyric acid, ethyl ester.



m xture of dimethylformam de-water, . and a mxture 5 of
tetrahydrofuran-water. 4. A process:;actording to Claim2 wherein a
conpound of" Formula IV in Step (a) is selected fromthe group consisting of
t et raal kyl ammoni um cyani de, silver cyani de, cuprous cyanide, cupric
cyanide, 5 sodi um cyani de, and pot assi um cyani de. -27- 5. A
process according to Caim4 wherein the conpound of Fruoula LV is sel ected
fromthe group consisting of -sodi um cyani de and pot assilufeySntEeHA8 BEEN
process according to Claim?2 wherein the conpound of Fagrnul agr¢piackbep (a
is selected fromthe group consisting of (S) 4-brono-3 :

aci.d, ethyl ester, (S) 4-breonp-3- 5 hydr oxybut yri ¢ acid, nethyl
ester, (S) 4-bronp-3- hydroxybutyric acid, n-butyl ester, (S)

4- et hanesul f onyl oxy- 3+ hydr oxybutyric _@gi_d, et hyl ester, (9S) :
4- et hanesul f onyl oxy- 3- hydroxybutyric acid, methyl ester, 10 (S
4- et hanesul f onyl oxy- 3- hydr oxybut yr ixesaenct n-butyl ester, (S)

4- par a- t ol uenesul f onyl oxy-3- hydroxybutyric acid, ethyl ester, (S) 4-para-

An improved process for the preparation of (5R)-
1,1-dimethylethyl 6-cyano-5-hydroxy-3—oxo-hexanocate is
described where a halo hydroxyester or other activated

5 dihydroxyester is converted in two steps to the

desired product.



t ol uenesul f onyl oxy- 3--hydr oxybutyri c -aci d, net hyl and
4- par a- tf ol uenesul f onyl oxy-3- 15 hydr oxy
~ester. 7. A process according to Claim®6 wherein
Vis selected fromthe group consisting of (S) 4-Dbfopo-3-h dr%%b tyrlc
acid, ethyl ester, and (S)-4-para-tol uenesul fonyl okyf3-1%

hydr oxybutyric acid, ethyl ester. 8. A process agcprding to Caimp
wherein the conpound of Formula Il is ligghiumter ia’y butyl acetatp. 9.
A process according to Caim2 wherein the sol vent |in Step £tb}—+s—sel ected
fromthe group consisting of tetrahydrofuran, hexanes, di et hyl et her,
tertiary butyl nethyl ether, - 28- 5 tetrahydrofuran- hexanes,

t et rahydr of ur an- di et fﬁ?f 1.methyl ether,
hexanes-di et hyl et helriMIP xanes% lﬁﬂ i >q]l=b§5t rid di et hyl
ether-tertiary butyl rretlfQIMETHé(rLETJH)Y 6:C MSH*QR ngpr eparation of a

conpound of Formula Il [err] OXO-HEXANOATE

ester,

i 1y

ABSTRACT .

An improved process for the preparation of (5R)-1, 1-dimethylethyl 6-cyano-5-
hydroxy-3-oxo-hexanoate is described where a halo hydroxyester or other activated
dihydroxyester is converted in two steps to the desired product.



wherein Ris alkyl of fromone to ten carbon 5 WA ﬂ[‘ LE]'H;

benzyl which conprises: treating a conpound of Formul al®] }
a leaving group and R is as defined above with a conpound of Fornul a IV
Rlerr]-CN IV wherein Rlerr] is tetraal kyl ammoni um sil{el, t3ih199),

copper (I1), an alkali netal or an al kalime earth neta n a sol vent

S
10

about O[err]Cto -29- 15 about the reflux|tenperature of th
solvent to a f_or(il a conmpound of Formula I1. 11. A procgss accarding-te
Claim 10 Yoi¢ §gip89 tcosldy pEptetingqerppp #nd depiptestipg @ooup seagantsdn the

m xt ure of tkelgnol-water, a mxture of dinmethylformam de-water, and a
m xt ure of pgoc > tetrahydrofuran-water. 12. A process according to

Claim 10 wh ' F lV.i,s.sel ected fromihe group.
Clat m 10, vher el SOIBGH Ik AN 3o Wiled 1Bk 8 il bUSL SR
cupric cyapdsdd wiH 4'Blidroxy ester in WRHLHRd ARheP b AFFIrdY %Ylgé%-geester, for

example, Lynch, J. E., et al, Tetrahedron Letters, Volume 23, pages 1385-1388 (1987)

and United States Patent 4,970,313, However, none of the known examples contain a
ﬁitrile group. Moreover, United States Patent 4,983,759 discloses the reaction of a
nitrile with the anion of tertiary butyl acetate resulting in reaction at the nitrile end of the
molecule. .

Thus, we have surprisingly and unexpectedly found that the reaction of the anion
of tertiary butyl acetate with (3R)-4-cyano-3-hydroxybutyric acid esters proceeds very
-efficiently to afford the desired compound, (5R)-1, 1-dimethylethyl 6-cyano-5-hydroxy-
3-oxo-hexanoate. |

The object of the present invention is an improved, short, efficient, Iand economical
process for the preparation of (5R)-1, I1-dimethylethyl 6-cyano-5-hydroxy-3-oxo-
hexanoate. Thus, the present method avoids costly starting materials, protection and
deprotection of intermediates of the prior method and is amenable to large scale
synthesis.

SUMMARY OF THE INVENTION
According to a first aspect of the invention there is provided a process for the

preparation of the compound of Formula I

OH o) o CH,

| it ' H I
NC ~CHp~CH -CHy —C —CH, —C —0 — C — CHs
!

CH,

which comprises:

treating a compound of Formula II

€,



13. A process according to Caim12 wherein the conpound of Fornmula IV is

sel ected fromthe group consisting of sodium cyani de and potassi um cyani de.

14. A process according to Caim 10 wherein the conpound I T

selected fromthe group consisting of (S) 4-brono-3-hydrdxy TMEMS&EET

ethyl ester, (S) 4-brono-3-hydroxybutyris acid, 5 irret hyl ester
S

(S) 4-Dbrono-3-hydroxybutyric acid, n-butyl ester, (9S) 13 JUN 1997
4- et hanesul f onyl oxy-3- hydroxybutyric acid, ethyl ester, ) 4- et hane-
sul f onyl oxy- 3-hydroxybutyric acid, met@§l est@r, (9)
4- et hanesul f onyl oxy- 3- hydr oxy bt y¥ciig- @€t ¢k, -18 ~or =butyl ester, (9S)
4- par a-t ol uenesul f onyl oxy- 3- hydroxybutyric acid, ethyl ester, (S) 4-para-
t ol uenesul f onyl oxy- 3- hydroxybutyric aci dtx met hyl ester, and (S)

4- par a-t ol uenesul f onyl oxy- 3- hydroxybutyric acid, n-butyl ester. - 30-
15. A pr oglResindR WEYNGE romQri t51tdrfcvB6x elost BRyIC oFPensyd wifh F 66 BOMAbS S
sel ected fromthe group consisting of (S) 4-brono-3-hydroxybutyric acid,
et hyl est dformaaII{ S) - 4- par a-t ol uenesul f onyl oxy-3- 5 hydr oxybut yric
acid, ethyl ester. -

o) CH,
R? -cnz—g-—o -c' —CH;
ch,
III

wherein R2 is zinc, magnesium or lithium and a solvent at about -80°C to about room
temperature to afford the compound of Formula I.
According to a second aspect of the invention there is provided a process for the

preparation of the compound of Formula I
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0 o}
/4 n

CH,-CH-CH, —C ~—OR

VI

-

wherein R is as defined above with a compound of Formula IV in a solvent at about 0°C
to about the reflux temperature of the solvent to afford a compound of Formula II; and

(b) treating a compound of Formula IT with a compound of Formula III

o CH;
Rz-caz-g—o-t':—cn3 ‘
ca,
III

wherein R? is zinc, magnesium or lithium and a solvent at about -80°C to about room
temperature to afford the compound of Formula 1. |

A third aspect of the present invention is an imin'oved process for the preparation
of a compound of Formula II

CH o)
v u
NC~CH,-CH~CH,~C ~OR

II

wherein R is alkyl of from one to ten carbon atdms, allyl, or benzyl which comprises:

treating a compound of Formula V



