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(571 ABSTRACT

A novel process for intermediates in the synthesis
[and]) of hypercholesterolemic compounds of the
HMG-CoA reductase type of the following general
formula (1):

[§0]
HO O

AN

involving an enantioselective aldol condensation is dis-
closed.

6 Claims, No Drawings
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PROCESS FOR THE PREPARATION OF
HMG-COA REDUCTASE INHIBITORS
INTERMEDIATES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

Hypercholesterolemia is known to be one of the
prime etiological components of cardiovascular disease
such as atherosclerosis, and there is still no effective
antihypercholesterolemic agent available that has found
wide patient acceptance. The bile acid sequestrants
seem to be moderately effective but they must be con-
sumed in large quantities, i.e. several grams at a time
and they are not very palatable.

There are agents known, however, that are very
active antihypercholesterolemic agents that function by
limiting cholesterol biosynthesis by inhibiting the en-
zyme, HMG-CoA reductase. These agents include the
natural fermentation products compactin and mevinolin
and a variety of semi-synthetic and totally synthetic
analogs thereof. These compounds have the following
general structural formula:

HO o
4 7
R
wherein R is
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One group of totally synthetic analogs are disclosed

in U.S. Pat. No. 4,375,475 and have the same general
structural formuia:

HO P

E
RIQRZ
R3

In the usual course of synthesis of these lactones an
intermediate ester and dihydroxy acid are encountered:

ik

wherein R is

CO7(Cy-salkyl)

OH
OH
R

ester

COr—
OH
OH
R

dihydroxy acid

Each of these entities, as well as the lactone, demon-
strate antihypercholesterolemic activity in vivo, of
comparable magnitude. However, for these compounds
to manifest a useful degree of activity, it is essential that
the compounds have the particular [3R:58/3S:5R]
steric relationship shown in the structures[.] above.
One of the prior art synthesis of these compounds
comprises reduction of 8-hydroxyketones 2a or 2b

COxC)_salkyl) 2a

OH

or
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-continued

COy(C|-salkyl) 2b

OH 5

R 10

A stereoselective process for the reduction of S-
hydroxyketones 2a and 2b [have] #as been described
and disclosed in a copending U.S. patent application
Ser. No. 725,891, filed Apr. 25, 1985.

SUMMARY OF THE INVENTION

This invention relates to a novel two step process for
the preparation of the intermediate ester 2a in the syn-
thesis of antihypercholesterolemic agents which con-
tain a 4-hydroxy-3,4,5,6-tetrahydro-2H-pyran-2-one
moiety. The process involves the enantiomeric aldol
condensation of an appropriately substituted aldehyde
with the enolate of [(R)-2-acetoxy-1,2,2-triphenyle-
thanol] (S)-2-acetyloxy-1, 1,2-triphenylethanol and the
reaction of the resultant [enolate] compound with an
atkyl acetate.

DETAILED DESCRIPTION OF THE
INVENTION

A process for the preparation of a compound repre-
sented by the following general formula (I):

15
20
25

30

OH

[o]
I
CO(Cy-salkyl)
R

wherein R is:

D

(A)

50

wherein

Qis
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R5-4C or R>—CH;
=N i

CH,

R3is H or OH;

R®is hydrogen or methyl; and a,b,c, and d represent
optional double bonds, especially where b and d
represent double bonds or a,b,c and d are all single
bonds; or

65

E (B)

Rl R?

R

wherein
E is —CH=CH— or —CH;CH>—; and
R!, R2 and R3 are each selected from halo such as
chloro, bromo or fluoro,
Ciaalkyl,
Cj-shaloalkyl,
phenyl
phenyl with one or more substituents independently
selected from halo Cj.qalky], and C;.salkoxy, or
R40O in which R#is phenyl, halophenyl, or
substituted phenyl-Cj.3alkyl wherein the substitu-
ents are selected from halo and C.4 haloalkyl;
comprises:
(1) reacting a compound of the formula (II)

RCHO (II)
wherein R is defined above, with the enolate of [(R)-2-

acetoxy-1,2,2-triphenylethanol]  (S)-2-acetyloxy-1,1,2-
triphenylethanol of the formula (IIT)

& 0%
| eo pn

H;C=C s
2 \ e IM+
o Ph
Ph 1
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o

Ph (1D

Ph
2M+

Ph
o-

wherein M+ is a cation derived from sodium, potas-
sium, lithium, magnesium or zinc, to afford a compound
of the formula (IV)

e
S, u o /o) /Ph
\, ] M+
Ph
R o
Ph b |
o- o Ph
] Y
Ph
R o WM+
Ph
o

wherein R and M+ defined above; and
(2) reacting the compound of the formula (IV) with
the enolate of a Cj.salkylacetate, followed by miid acid
hydrolysis to obtain the compounds of the formula (I).
In a first preferred embodiment R is the radical (A).
[llustrative of this embodiment are the compounds of
the formula I wherein R3is H, Réis H or CH3 and b and

avy
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d represent double bonds or a, b, ¢ and d are all single
bonds.

In a second preferred embodiment, R is the radical
(B). Nlustrative of this embodiment are the compounds
of the formula I wherein E is —CH=CH—, Rlis in the
6-position and represents phenyl with 1 or 2 substituents
independently selected from chloro, fluoro, methyl and
methoxy; and R2? and R3 are independently selected
from halo and Ci.3alkyl in the 2- and 4-positions.

In the most preferred embodiment, R is:

/

CHj
CH;

CH;3

The preparation of the compound of formula (IV) is
accomplished by an aldol condensation of the appropri-
ately substituted aldehyde with the enolate of [(R)-2-
acetoxy-1,2,2-triphenylethanol]  (S)-2-acetyloxy-1,1,2-
triphenylethanol under standard aldol conditions as de-
scribed in Braun et al., Tetrahedron Letters, Vol. 25,
No. 44, pp 5031-5034 (1984). Specifically the enolate of
[(R)-2-alkanoyloxy-1,2,2-triphenylethanol ] (S)-2-
alkanoyl-1,1,2-triphenylethanol is formed under anhy-
drous conditions in an aprotic solvent utilizing a non-
nucleophilic base. Then the appropriately substituted
aldehyde is added at low temperatures, between — 100°
C. and —30° C,, preferrably —78° C. and the reaction
allowed to go to completion.

The preparation of the compound of the formula (I) is
accomplished by a condensation of the compound of
the formula (IV), with or without isolation, and with an
enolate of a Cj.salkyl acetate. When the compound of
(IV) is isolated from the reaction mixture of the previ-
ous step, it is treated with between 2.0 and 3.0 equiva-
lents, preferrably 2.5 equivalents, of a non-nucleophilic
base, in an aprotic solvent, followed by the addition of
the enolate of Cj.salkyl acetate which is formed in an
aprotic solvent with a non-nucleophilic base. When the
compound of (IV) is not isolated the enclate of C.sal-
kyl acetate is added directly to the reaction mixture of
the previous step. This condensation is conducted at a
temperature between 0° C. and —50° C., preferably
—10° for a period of 30 minutes to 16 hours.

Tllustrative of the non-nucleophilic bases which may
be employed in both steps of this process are alkali
metal amides of the formula:

[M3N-R7R81 M+N—R7RE
wherein M+ is a cation derived from sodium, potas-
sium, lithium, magnesium or zinc and R7 and R? inde-
pendently are Cy.3alkyl or when taken together with the
nitrogen atom to which they are attached form a 5 or
6-membered heterocyclic ring and alkyl metais such as
butyllithium. The preferred non-nucleophilic base is
lithium diisopropylamide. Examples of the aprotic sol-
vents that may be employed in both steps of this process
are ethers, such as diethyl ether, tetrahydrofuran, 1,2-
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6
dimethoxyethane and the like. The preferred solvent is
tetrahydrofuran.

The reactions may conveniently be worked up by
quenching with saturated ammonium chloride solution,
and extracting into an organic solvent.

The starting materials wherein R is the radical (A)
may be prepared by using the synthetic methods de-
scribed by HSU et al., J. Am. Chem. Soc., 1983, 105, pp.
593-601. The starting materials wherein R is the radical
(B) are known in the art.

The following examples illustrate the present inven-
tion and as such are not to be considered as limiting the
invention set forth in the claims appended hereto.

EXAMPLE 1

Preparation of
[(R)-2-{(E)-4-[4'-fluoro-3,3’,5-trimethyl[1,'|-bipehnyl]-
2-yl}-3-hydroxy-4-pentenoxy]1,2,2-triphenyl ethanol]

(S)-2-hydroxy-1,2, 2-triphenylethyl
(E)-5-(4 fluoro-3,3', 5-trimethyl] 1, I'-biphenyl}-2-yD-3-
hydroxy-4-pentenoate

[ To a suspension of (R)-2-acetoxy-1,2,2-triphenyle-
thanol (332 mg, 1 mmol), prepared according to Braun
et al,] To a suspemsion of (S)-2-acetyloxy-1,1,2-tri-
phenylethanol (332 mg, 1 mmol), prepared according to
the general procedure of Braun but substituting (S)-man-
delic acid in place of (R)-mandelic acid, in tetrahydrofu-
ran (2 ml) at —78° C. under nitrogen was added lithium
diisopropylamide (prepared from 2.2 mmol of butylli-
thium and 2.42 mmol of diisopropylamine) in tetrahy-
drofuran (1 mi) and the reaction mixture [was] al-
lowed to warm to 0° C. To the reaction mixture which
was recooled to —78° C. was added E-3-(4-fluoro-
3,3',5-trimethyl(1,1"-biphenyl]-2-yl)-propenal in tetrahy-
drofuran (1 ml) [was added]. After 30 minutes at —78°
C. the reaction was quenched with a saturated solution
of ammonium chloride. The desired product was ex-
tracted into ethyl acetate, dried over magnesium sulfate,
and flash chromatographed over silica gel with hex-
ane:ethylacetate(4:1) to give a yellow wax.

EXAMPLE 2

Preparation of tert-butyl
(E)-7-(4'-fluoro-3,3',5-trimethyl-[1,1-biphenyl]-2-y1)-3-
oxo-5-hydroxy-6-heptenoate

Lithium diisopropylamide (6.65 mmol) was prepared
by the addition of 4.75 ml of 1.4M n-butyilithium in
hexanes to a solution of diisopropylamine (665 mg, 6.65
mmol) in 10 ml of tetrahydrofuran at —25° C. to —35°
C. The mixture was stirred for 30 minutes at —25° C.
and cooled to —78° C. t-Butylacetate (771 mg, 6.65
mmol) was added dropwise and the solution was stirred
for 30 minutes at —78° C. and then warmed to —25° C.
over 1 hour. A solution of [(R)-2-[(E)-4-(4'-fluoro-
3,3',5-trimethyl]1,1"-biphenyl]-2-y1]-3-hydroxy-4-pen-
tenoxy)-1,2,2-triphenylethanol} (S)-2-hydroxy-1,2,2-tri-
phenylethyl(E)-5-(4'-fluoro-3,3', 5-trimethyl-{1,1'-
biphenyl{-2yl)-3-hydroxy-4-pentenoate (800 mg, 1.33
mmol) in 2 ml tetrahydrofuran was added and the mix-
ture was stirred for 1 hour at —25° C. and warmed to
22°-24° C. and stirred for 16 hours. The reaction mix-
ture was quenched with a saturated solution of ammo-
nium chloride and the product was extracted into meth-
ylene chloride, dried over sodium sulfate and concen-
trated in vacuo to give the titled product.
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EXAMPLE 3

Preparation of tert-butyl
(E)-7-(4'-fluoro-3,3",5-trimethyl-[1,1'-biphenyl]-2-yl)-3-
oxo-5-hydroxy-6-heptenoate (one-pot)

To a suspension of [(R)2-acetoxy-1,1,2-triphenyle-
thanol} (S)=2-acetoxy-1,1,2-triphenylethanol (166 mg,
0.5 mmol) in tetrahydrofuran (1 ml) at —78° C. under
nitrogen was added lithium diisopropylamide (prepared
from 1.2 mmol butyllithium and 1.2 mmol of diisopro-
pylamine) in tetrahydrofuran (0.5 ml) and the reaction
was allowed to warm to 0° C. To the reaction mixture
which was recooled to —78° C. was added E-3-(4'-
fluoro-3,3,5-trimethyl-[1,1’-biphenyl]-2-yl)-propenal
(132 mg, 0.5 mmol) in tetrahydrofuran (0.5 ml). After 30
minutes at —78° C., to the reaction mixture lithium tert
butylacetate (prepared from tert butyl acetate 3.0 mmol,
butyllithium 3.0 mmol and diisopropylamine 3.0 mmol)
in tetrahydrofuran (3.0 ml) was added and the reaction
mixture allowed to warm to —20° C. over 30 minutes.
The mixture was then warmed to 22° and stirred for 16
hours. The reaction was quenched with a saturated
solution of ammonium chloride and the product ex-
tracted into methylene chloride. The organic phase was
washed with saturated sodium chloride, dried over
sodium sulfate and concentrated in vacuo to afford the
above titled product.

EXAMPLES 4 TO 13

Utilizing the general procedures of Examples 1 and 2
or 3, the following compounds of the Formula I are
prepared from the appropriate starting materials.

Compound
Number [RIR
4 (o]
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CH;—
CH; o /
. = CH;
5 O
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-continued
Compound
Number [R!1%r R
7 o]
I
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CH;3
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H CH;
N
CHY
9 o]
)
CH;—
CHj3
g CH:
CHj CH3 =

CH;j

CHy—
CH;

N
S
CHY
o
Il
/\/\ . y

CH;

CHj
CH;

CH;—
CH;,
CH;

%=O
HIHo
AN

CH;
CH,
12
F CH;—
CH,
CHj3
CHj



Re. 33,033

9 10
-continued Ci-shaloalkyl,
phenyl
Compound 1 phenyl with one or more substituents independently
Number R _R selected from halo,
13 CHy— § Ci4alkyl, and
cH 7 Ci.salkoxy, or
2 R40 in which R4 is phenyl, halophenyl, or
F CH,0 CHj substituted phenyl-Cj_jalkyl wherein the substitu-
ents are selected from halo and Cjshaloalkyl;
10 which comprises:
(1) reacting a compound of the formula (II)
RCHO (ID)
CHj

15
What is claimed is:
1. A process for the preparation of a compound repre-
sented by the following general formuia (I):

OH 0 I 20
I
}\/\/COz(Cl_salky])
R
wherein 25
R is:
s) A)
!
30
CH3 0 CH;—CH;—
35
wherein
Qis 40
|
RS-aC or RI—CH;
EAN
TH;y 45
R3is H or OH;

Réis hydrogen or methyl; and a, b, ¢, and d represent
optional double bonds, especially where b and d
represent double bonds or a, b, ¢ and d are all single
bonds; or

®) 55

R! R?

R3

wherein
E is —C=CH— or —CH;CH,—; and
R!, R2 and R3 are each selected from halo such as
chiloro, bromo or fluoro,
Cialkyl,
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wherein R is defined above, with the enolate of [(R)-2-
acetoxy-1,2,2-triphenylethanol]  (S)-2-acetyloxy-1,1,2-
triphenylethanol of the formula (IIT)

{1
0% o0 Ph

N
Y
i P4 M+ //ko Ph -
H2C=C\ Y
o-

L

Ph
Ph 1

wherein M+ is a cation derived from sodium, potas-
sium, lithium, magnesium, or zinc, to afford a com-
pound of the formula (IV)

[0, HO _ o- Ph {Iv)
(8] Ph [o]
™,
“ ,, 2M+ */"\ Ph +
o oh R o P M
o
Ph 3

wherein R and M+ are defined above; and
(2) reacting the compound of the formula (IV) with
the enolate of a C|.salkylacetate, followed by mild
acid hydrolysis to obtain the compounds of the
formula ().

2. A process according to claim 1 wherein the com-
pound of the formula (III) is prepared by treating [(R)-
2-acetoxy-1,2,2-triphenylethanol] (S)-i-acetyloxy-1,1,2-
triphenylethanol with a non-nucleophilic base [em-
ployed to form the enolate of the compound of the
formula (I1I) is an alkali metal amide of the formula:J of
Sormula:

M+N-RR3
wherein M+ is a cation derived from sodium, potassium
lithium, magnesium or zinc and R7 and R3 indepen-
dently are Cj.3alkyl or when taken together with the
nitrogen to which they are attached form a 5 or 6-mem-
bered heterocyclic ring.

3. A process according to claim 1 wherein the com-
pound of the Formula (IV) is not isolated and the reac-
tions are conducted in an aprotic solvent.

4. A process according to claim 1 wherein R is the
radical (B).

5. A process according to claim 4 wherein E is
—CH—=CH—, Rl is in the 6-position and represents a
phenyl with | or 2 substituents independently selected
from chloro, fluoro, methyl and methoxy and R? and
R3 are independently selected from halo and Ci.3alkyl
in the 2- and 4-position.

6. A process according to claim § for the preparation
of Cisalkyl (E)-7-(4'-fluoro-3,3',5-trimethyl-{1,1"-bi-
phenyl}-2-yl)-3-0x0-5-hydroxy-6-heptenoate.
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