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Summary. A new method for the esterification of a-keto acids with alkyl
chloroformates is described, which is compatible with many functional groups.

In the course of our research on 4-substituted a-oximinophenylacetic
acids,1 it was often imperative to obtain the corresponding a-keto esters.
Although many methods are available for the preparation of certain a-keto
est:ers,2 none of them utilize, as we required, the a-keto acids themselves
as precursors, and most are limited in the number and complexity of the esters
derivable.

Furthefmore, the common esterification procedures (acid and alcohol or
diazomethane) were not compatible with our functional groups. When 4-
acetamido-a-oxophenylacetic acid (la) was treated in alcohol with acid cat-
alysis, the acetyl group was hydrolyzed with concomitant ketalization to give
2b (Scheme 1). Etheral diazomethane gave a complex mixture of products. Some
a-keto esters 3 were prepared from the sodium salts of the acids and the
appropriate alkyl halides, but long reaction times were required (> 100 h).
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We wish to report that the a-aryl-a-keto acids, 1, (R = Aryl) can be

easily converted to the a-keto esters 3 in very good yields by treatment with

alkyl chloroformates and triethylamine (Eq. 1).

0 00 O 00

" "non " LI ]
1+ cl1-C-OR'-———— R-C~-C-0C-OR'-~——— RC-C-OR'
EtgN 4 -C09g 3

Eq. 1

The reaction proceeds equally well in H3CClp, HCCly, DMF, and THF, at

~20°C in 5-20 min, for all chloroformates employed.

The following procedure is representative. To 2.07 g (10.0 mmol) of
in 50 ml of dichloromethane was added 1.39 ml (1.0 eq) of triethylamine.
this mixture, 0.77 ml (1.0 eq) of methyl chloroformate was added at 20°C.
loss of CO2 was complete in 10 min. Extraction at pH 7.0, drying (MgSO4),
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and concentration gave 2.11 g (95%) of methyl 4-acetamido-a-oxophenylacetate

(3a).

Tarbell3 has reported the preparation of esters from the thermal (150-
175°C) decomposition of mixed anhydrides 5 (Eq. 2). Apparently, thg presence

of the a-keto group in 4 facilitates the rapid loss of COz even at -30°C.

RC-OR4 + R<-0C-OR +————RC-0C~OR'—— R-C-OR' Eq. 2
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In theory, mixed anhydrides such as 5 can be converted to esters by
treatment with alcohols. 1In practice however, the desired esters are ofte
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contaminated with unreacted alcohol (a problem for nonvolatile alcohols) and

mixed carbonates, 6.

The reaction was less satisfactory for a-alkyl-a-keto acids, 1,

(R = RCH2-) where any enol is present. Although the mixed anhydrides form and

decompose as described (Eq. 1), the process is slower and some chloroformate

reacts with the enol (Eq. 3). Purification of these mixtures is therefore
required lowering the yields of ester to between 40-65%.
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Table 1. Preparation of a-Keto Esters 3 from a-Keto Acids 1.

Entry2 R R' Entry@ R R'
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a) All yields are between 93-99% unless otherwise noted.
isfactory elemental analysis.

ref.

All products had sat-
For the preparation of the keto acids see

4-7. b) 60% yield; c) 40% yield; d) 44% yield; e) 65% yield.
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