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A CONVENIENT METHOD FOR THE PREPARATION OF ENOL ACETATES OF
a-KETO ESTERS BY THE ALKYLATION OF CYANOHYDRIN SILYL ETHERS DERIVED
FROM GLYOXYLIC ESTERS WITH BENZYL AND ALLYL HALIDES

Teruaki MUKAIYAMAT Takeshi ORIYAMA, and Masahiro MURAKAMI
Department of Chemistry, Faculty of Science,
The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113

Cyanohydrin silyl ethers, prepared by trimethylsilylcyanation
of glyoxylic esters, smoothly react with LDA (lithium diisopropyl-
amide) to yield the lithium salts, which in turn react with alkyl
halides such as allyl bromide to give, after acetylation, the
corresponding enol acetates of a-keto esters in good yields.

Glyoxylic acid (1) is the simplest a-keto acid and exists in plants and some
microorganisms as an important metabolic intermediate of the glyoxylate cycle.
However, this acid is unstable except in water and has not often been used in
organic synthesis. From the standpoint of synthetic chemistry, glyoxylic acid
could be a stable and useful intermediate by transforming formyl group of 1 into
cyanohydrin silyl ether,l’z) since cyanohydrin silyl ethers are distinguished from
free cyanohydrins both in their ease of preparation and isolation, and in their
reluctance to undergo cleavage and reversion to the parent carbonyl compounds under
basic or nucleophilic conditions.

In this communication, we wish to report a convenient method for the prepa-
ration of enol acetates of a-keto esters from cyanohydrin silyl ethers derived

from glyoxylic esters (2) and alkylating reagents such as benzyl bromide and allyl
bromide.
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In the first place, methyl (ethyl) glyoxylate,s) prepared by oxidative cleav-
age of dimethyl (diethyl) tartrate with periodic acid, was successively converted
to the corresponding cyanohydrin silyl ether (2)4) by treatment with trimethyl-
silylcyanide in the presence of zinc iodidelc»1d) as a catalyst (Scheme I).
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Next, cyanohydrin silyl ether (2b) was treated with LDA in THF solution and
so formed anion (3b) was allowed to react with benzyl bromide. Then, acetic an-
hydride was added to the resulting solution and after usual work-up, ethyl 2-
acetoxycinnamate (6b) was isolated in 32% yield (Scheme II). The reaction is
considered to proceed with the acetylation of silyl enol ether (5b) formed by
the a,B-elimination of hydrogen cyanide from (4b).

Scheme III

-}SiOYCOQR LDA —:—SiOYCOzR PhCH,Br
© >

e

CN CN
2 3

R=Me
Et

N
(o)
(@]

a~

~

o))
O

N

Iho
(o)

|03C) /7 I

\/
Si

pr N SO ZHEN, iy COR| ACO, pp”
CN 0Si<
JA 5

L = = /

COzR
Ac

A screening of the reaction conditions using benzyl bromide as an alkylating
reagent revealed that THF-HMPA (hexamethylphosphoric triamide) mixed solvent
raised the yield of the enol acetate (6b) to 66%. In addition, it was found that
the use of 1.2 equivalents of LDA to silyl ether (2) and a small excess of
diisopropylamine gave the best result as shown in Table 1.

Table 1. The Effect of Reaction Conditions

R fglgARg;?& Solv. Temp  Time (h) Yield of 6 (3)P»¢)
Et 1.2 THF refulx 2 32
" " THF -HMPA -78°C 3 23
" " (5:1) 0°C 3 66
" w @) " " 1.5 79
Me 1.0%) " " " 66
" 1.2%) " " " 82

" 1. Sa) " " " 73
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a) Molar ratio of Buli : diisopropylamine = 1:1.672.0
b) Molar ratio of cyanohydrin silyl ether (2) : benzyl bromide = 1:0.7
c) Isolated yield. Yields are based on benzyl bromide.

The anion (3a), prepared from cyanohydrin silyl ether, was treated with
various alkyl halides such as allyl bromide, and after the acetylation, the
corresponding enol acetates (7) were obtained in good yields as summarized in
Table 2.

Scheme 1V
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Table 2. Synthesis of Enol Acetatesa)
RCH,XP) Product Yield of 7 (%)
PhCH,Br Ph,r’\(COZMe 74
OAc
AN\ Br \:"\(COzMe 71
OAc
BrX\ CO;Me Meozc/\;"\(COZMe 72
OAc
NG~ Br NC/ SN COMe 6
OAc
Ph\/\/Cl Ph/\r",\(COQMe 619
OAc
p-NO,CgH,CH,Br p-NOZCGHz.’/\(COZMe 70
OAc
PhCH,C1 /\(gEOZMe 459
c

a) All the products gave satisfactory NMR and IR spectra.

b) Molar ratio of cyanohydrin 511y1 ether (2a) : Buli : diisopropylamine :
alkyl halide = 1:1.2:2:1.101.4

c) isolated yield. Yields are based on cyanohydrin silyl ether (2a).

d) Reactions were carried out at 0°C for 1 h and at room temperature for
0.5 h.
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A typical procedure is described for the synthesis of methyl 2-acetoxy-
cinnamate; under an argon atmosphere, to a THF (1.5 ml) solution of diisopropyl-
amine (106 mg, 1.1 mmol) was added dropwise a hexane (0.37 ml) solution of
butyllithiuﬁ (0.55 mmol) at -78°C. Then a THF (1.5 ml) solution of methyl 2-cyano-
2-trimethylsilyloxyacetate (86 mg, 0.46 mmol) was added dropwise at -78°C and the
pale yellow solution was stirred for 0.5 h at this temperature. After hexamethyl-
phosphoric triamide (1 ml) was added, the temperature was allowed to warm up to
0°C, and a THF (1.5 ml) solution of benzyl bromide (89 mg, 0.52 mmol) was added and
stirred for 1.5 h at this temperature. The reaction was quenched by the addition
of a THF (1.5 ml) solution of excess acetic anhydride (150 mg, 1.5 mmol) at 0°C
and was allowed to warm up to room temperature. The organic materials were
extracted with ether, and combined extracts were washed with water and dried over
MgS0,. Methyl 2-acetoxycinnamate (74 mg, 74%) was isolated by thin layer chromato-
graphy on silica gel. 1y NMR (CC14) § 2.19 (3H, s), 3.73 (3H, s), 7.1-7.6 (6H, m);
IR (neat) 1765, 1725, 1650 cm-1.

The present procedure provides a convenient one-pot synthesis of enol acetates
of a-keto esters, starting from the cyanohydrin silyl ether of glyoxylic ester and
alkylating reagents such as benzyl and allyl halides. The adduct (7), which has
an a,B-unsaturated carbonyl function and an enol acetate moiety, is a useful
synthetic intermediate. Further synthetic investigations using this intermediate

(7) are now in progress.
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