Pure & Appl. Chem., Vo). 66, No. 7, pp. 1551-1556, 1994.
Printed in Great Britain.
© 1994 IUPAC

A practical asymmetric synthesis of LTD,
antagonist

I. Shinkai, A.O. King and R.D. Larsen

Merck Research Laboratories
Process Research & Development
Rahway, New Jersey, 07065, U.S.A.

The asymmetric synthesis of 1.-699,392, a leukotriene
antagonist, is reported. The main framework of the molecule is
formed via a Heck reaction. The introduction of the asymmetric
center was accomplished by the chiral reduction of prochiral ketone
using B-chlorodiisopinocampheylborane. A very high asymmetric
amplification was observed in which 95% ee product can be
obtained from 70% optically pure o-pinene. A new reagent, which
is prepared in situ from methylmagnesium chloride and lithium-
hexamethyldisilazide, is used to convert the methy! ester to the
methyl ketone in one step with essentially no impurities formed
under the reaction conditions.

Introduction

As part of on ongoing program for the development of specific leukotriene
antagonists! for the treatment of asthma and other associated diseases, L-699,392 [3-[(1S)-
[3(E)[2-(7-chloroquinolinyl)ethenyl]phenyl}-3-(acetylphenyl)propylthio]-2(S)-methylpro-
pionic acid was identified as a potent, orally active agent. This new class of compounds is
an extension of the dithioacetal series, MK-0571/MK-0679. The 3-thiapropionamide side
chain has been replaced with a 2-arylethyl group. In order to carry out further studies, an
efficient synthesis of this drug candidate was developed. The key diarylpropanone
building block was prepared using the Heck coupling of the allylic alcohol. The ketone
was then converted to the chiral hydroxy group by a B-chlorodiisopinocampheylborane. A
novel reagent prepared from lithiumhexamethyldisilazide and methylmagnesium chloride
was utilized for the one step conversion of the ester to methyl ketone derivative. The
introduction of the chiral mercapto side chain with inversion of the benzyl center was
achieved via the mesylate activation of the chiral alcohol.

1.-699,392

Results and Discussion

A number of new applications of the Heck coupling have appeared in literature?.
The addition of vinylmagnesium bromide to the aldehyde gave the desired allylic alcohol in
92% yield. Under the reaction conditions in THF 30-40% of the benzyl alcohol was
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produced. The use of toluene as the solvent minimized the amount of reduction product to

less than 3%2 . The quality of vinylmagnesium bromide also affected the yield and purity
of the product.

Reduction product

THF 30-40% vs toluene <3%

Although allylic alcohol was obtained in 92% yield, its isolation was not necessary. The
product mixture was used directly in the next reaction. The Heck coupling of the allylic
alcohol and methyl iodobenzoate was carried out in refluxing CH3CN in the presence of
tricthylamine and 1 mol % of palladium acetate. On cooling to 22°C, the keto ester
crystallized cleanly from the reaction mixture in 83% yield.

Synthesis of ketone intermediate
COOCH,

CH,CN 83%

O A o} COOCH,
TIEOC

Pd(OAc); 1 mole % 0.5 mole %

NEt, 1.5 equiv The minor byproduct :
. C-2 addition

time 1.0 hr 12 hr

Two reagents for the chiral reduction3 of the ketone to the desired (R)-hydroxy ester
were used: the oxazaborolidine-boran complex and B-chlorodiisopinocampheylborane.
Although the former reagent provided exceptional enantioselectivity in the reduction
(98.5% ee), the overreduction to the ethane-bridged by-product was a problem. The latter
borane reducing reagent?, although used stoichiometrically, can be prepared cheaply and
easily from a-pinene and borane. The reagent showed no propensity for reduction of the
C=C bond (< 1%) and gave only a slightly lower enantiomeric excess (98%).
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Chiral reduction

N
O 2
Ci N

COOCH,

PG

Red *
O = QH COOCH, OH
H
c ND NF O O . )C/\@/’f
Overreduction
H e
H 3-10 % of overreduction product Bel 1< ; o/: Sverreduction
N<g’ Requires 20-55 mole % catalyst ") 2 quiv.
1
BH; b, >98.5 % ee 98 % o

During the development of this reduction we have further improved on the use of this
reagent. The reducing reagent can be prepared from 98% optically pure (-) o-pinene and

Catalyst preparation

\‘)‘.BH E.Bm
— )2 ——— E
BH3+ S(CHy), HCI

Brown, H. C., etal ., J. Org. Chem., 1987, 52, 5406.
Merck process research, Syn. Commun., 1991, 1705.

- 2

CIBH, *S(CHY: | o ,n, + 8a),

Merck process research, J. Org. Chem., 1993, 58, 3731.

hexanes/-5-30°C s‘BCI

commercially available chloroborane-methylsulfide complex or, alternatively, a 2:1 mixture
of borane and boron trichloride-methyl sulfide. Although dihaloboranes or
alkylhaloboranes have been used before to prepare dialkylhaloboranes,S this is the first
application of this method to this reducing reagent. The reduction of the ketone with this
reducing reagent gave the hydroxy ester in 97% ee. A tremendous asymmetric
amplification resulting from this reagent was evidenced by its generation of 95% ee
product from 70% optically pure a-pinene. The isolated yield of hydroxy ester was 80%
with > 99.5% ee. The nature of the selectivity of this reagent can be understood. The
reactivity of racemic B-chlorodiisopinocampheylborane derived from the racemic pinene
was informative. By using 1.0 equivalent of racemic reducing reagent, only 52%
conversion of the ketone to hydroxy ester was observed. The racemic reducing reagent is
composed of a statistical mixture of the (+,+),(-,-) and (+,-) species. The first two
reagents are relatively active toward reduction, whereas, the last species, formally a mixture
of two diastereomers, are relatively inactive or very slow reacting. According to this
scenario and assuming a statistical mixture of the reagents was formed, the maximum
asymmetric induction that one can obtain with 70% optically pure a-pinene is 94 %. The
results match this predicted value closely.
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Asymmetric amplification

(o] ?H

e S >
r

(-} o-pinene (98 %es) - 97 % ee

-20°C ;4 hr

(-) o-pinene {racemic) AT = 52% conversion

-) a-pinene (70%ee - 959

() ocpinene (70%se)  —— % oo
\. »

“(+,+) (--) are reactive but (+,-} are very slow reacting”

Asymmetric amplification

0 O 0

Reactive Sluggish Reactive
Pinene (racemic) 1 2 1
Pinene (70% ee) 72 26 2

The key ratio=72:2 (97 : 3)
"Predicted % ee = 94 % : Observed % ee = 95%"

The final stage of the synthesis of the main framework involved the selective conversion of
the ester to the methyl ketone. Methods for the clean transformation of esters to ketones
usually require the preparation of some intermediate esters or amides observed in
Weinrab's procedure®. Isolation of the intermediate N,O-dimethylhydroxamide was not
necessary; the methyl ketone was obtained in 71% overall yield from the ester by addition
of methylmagnesium bromide.

Ketone formation

COOCH, ?H COCHa
cl 2. SM@

l Woeinreb's
CI)H CONCH; (OCH;} ?H COCHs

—

MeMgBr

(71 %)

Ho_ P

OH CON(CH3);

&<\/\© s
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A one step method for a similar transformation has been recently developed.” Thus, the
reagent was prepared from lithiumhexamethyldisilazide and methylmagnesium chloride
(2:1) in THF. Treatment of the ester with this reagent gave a 88% yield of the methyl
ketone in one step. The suppression of the formation of tertiary alcohol was complete.
This occurs by enolization of the methy! ketone with the lithium amide. Not unexpectedly,
no racemization was observed at the hydroxy carbon.

LI CHs-Mg [N(TMS) 32" COCH,4
1 -10°C
THF:0°C sa%..

CHMQCH+ 2 Li [N(TMS)2)

13

cH o toluene
aﬁ\ OH 0°C
CHs
S COCH, s \/Lc oM COCH,
‘-————————
S{\/\@ —

The activation of the hydroxyl group for displacement by the mercaptan was best
accomplished with methansulfonyl chloride and triethylamine in toluene. The mercaptan
can be obtained by saponification of the commercially available S-acetyl ester. The dilithio
salt is then reacted with mesylate in toluene gave desired L-699,329 in 88% yield with the
inversion of configuration at the reaction center and no racemization was observed.

‘ CH;SO"CI
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Ketone formation

COOCH
3 COCH A

0N [Li* RCHz-Mg[N(TMS)Jz']

T THE:0°C
RCHzMgX + 2 Li [N(TMS},]

COOCH, MO, R






