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Abstract: The regiochemistry of the reaction of 2-acylcyclohex-
anones [containing 2-acyl groups, C(O)R, where R = Me, Et,
CH2Ph, CF3, Ph and OMe] with trimethyl orthoformate to obtain the
corresponding acetal derivative is reported. Compounds with R =
alkyl groups showed to be convenient synthons for a one-pot meth-
od  to  obtain 7,7-dimethoxy alkanoate methyl esters under mild
conditions.  The  results of the reaction of 2-acetylcyclopentanone,
-heptanone and -octanone with trimethyl orthoformate are also re-
ported.
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b-Alkoxyvinyl halomethyl ketones or -diketone deriva-
tives are used by our research group as precursors for the
synthesis of 5-, 6- and 7-membered heterocycles.1,2 These
precursors have been synthesized by the haloacetylation
of enol ethers.3-5 As a part of our research program, we de-
veloped the synthesis of -alkoxyvinyl trihalomethyl ke-
tones or -diketone derivatives from the trihaloacetylation
of enol ethers generated in situ4,5 from the respective ace-
tals, as an alternative one-pot procedure with great advan-
tages over the direct acylation of enol ethers. However,
during the preparation of the 2-acetyl cyclohexanone di-
methyl acetal, cleavage of the cyclohexanone ring afford-
ing 7,7-dimethoxyoctanoate methyl ester was observed.
Although cleavage of the cyclohexanone ring (reverse
Claisen condensation) was observed by several authors6

(e.g., the synthesis of 7-oxoalkanoic acid derivatives from
the reaction of acylcyclohexanones with sodium hydrox-
ide), we have not found reported in the literature the re-
verse Claisen condensation under mild conditions and in
a one-pot procedure to obtain 7-oxoalkanoate ester acetal
derivatives. The aim of this work is to determine the effect
of the acyl group on the regiochemistry of the acetaliza-
tion and the optimization of the reaction conditions to ob-
tain 7,7-dimethoxy alkanoate methyl esters. The reaction
of 2-acetylcyclopentanone, -heptanone and -octanone
with trimethyl orthoformate was also studied (Scheme).

2-Acyl cycloalkanones 1a-f, 2a, 3a, 4a were synthesized
from the reaction of the cycloalkanone enamine derivative
with the respective acyl halide or anhydride as reported by
Stork et al. .7 The reaction of 1-4 with trimethyl orthofor-
mate and p-toluenesulfonic acid in methanol as solvent
was carried out in a molar ratio 1:1.5:0.01, respectively.
The reaction mixture was kept for 24 hours at room tem-

perature (25-30 °C), after which time it was neutralized
with dry sodium carbonate and the products 5-9 were pu-
rified by distillation (Table).

In the case of cyclohexanone derivatives 2a-f, the regio-
chemistry of the reaction was governed by the electronic
substituent effect of R. When R is Me, Et or CH2Ph, the
cleavage of the cyclohexanone ring (C1-C2 bond) was ob-
served and 7,7-dimethoxyalkanoate methyl esters 9a-c
were obtained. On the other hand, when R is Ph, CF3 or
OMe, 2-acyl cyclohexanone dimethyl acetals 6d-f were
obtained. These results suggest that RC(O) groups with a
large electron withdrawing effect led to the cleavage of
the cyclohexanone ring and the RC(O) groups with an at-
tenuated electron withdrawing effect led to the cyclohex-
anone dimethyl acetals.

The reaction of cyclopentanone 1a with trimethyl ortho-
formate leads to the isolation of acetal 5a, and the cyclo-
heptanone 3a led to the acetal 7a by cleavage of C2-
COMe bond. The reaction of cyclooctanone derivative 4a
leads to the isolation of acetal 8a, similar to products 6d-
f obtained from cyclohexanone derivatives 2d-f. Thus,
while 2-acetylcyclohexanone 2a and 2-acetylcyclohep-
tanone 3a react with trimethyl orthoformate to give the re-
verse Claisen products 9a (with cleavage of C1-C2 bond)
and 7a (with cleavage of C2-COMe bond), respectively;
the reaction of 2-acetylcyclopentanone 1a and 2-acetylcy-

Scheme

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f  

Ill
in

oi
s.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.



790 M. A. P. Martins et al. LETTER

Synlett 1999, No. 6, 789–791 ISSN 0936-5214 © Thieme Stuttgart · New York

clooctanone 4a react with trimethyl orthoformate to give
acetals 5a and 8a, respectively, with no C-C bond cleav-
age. 

Selected physical and spectral data of 5a, 6d-f, 7a, 8a, 9a-
c are presented in the Table.8

Synthesis of 7,7-Dimethoxyalkanoate Methyl Esters
9a-c and Cycloalkanone Derivatives 5a, 6d-f, 7a, 8a;
General Procedure: 

Trimethyl orthoformate (16.4 mL, 150 mmol) and p-tolu-
enesulfonic acid (0.15g, 0.78 mmol) in dry methanol (30
mL) were added to an Erlenmeyer flask (250 mL) with 2-
acyl cycloalkanone 1-4 (100 mmol) and the mixture was
kept for 24 hours at room temperature (25-30 oC). The
mixture was neutralized with sodium carbonate and fil-
tered. The solvent was removed in vacuo and products 5a,
6d-f, 7a, 8a, 9a-c were purified by distillation, (see Ta-
ble). 
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