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BIS(TRIMETHYLSILYL) SULPHATE CATALYZED y-LACTCNIZATION
OF CYCLOPROPANECARBOXYLATES HAVING A CARBONYL SUBSTITUENT
AT CYCLOPROPANE «a-CARBON
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The oxa analogue of vinylcyclopropane rearrangement in the title system is carried out
under mild conditions with the aid cf the silicon Lewis acid catalyst.

Bis(trimethylsilyl) sulphate (BTS)l-3 is characterized by high Lewis acidity and low nucleophilicity,
although the synthetic application of this reagent has been limited so far only to silylation of active
hydrogen compounds .4'5 We have found that the appropriately activated cyclopropanecarboxylates are
readily transformed into y-butyrolactones by the catalysis of this reagent.

When a 1,2-dichloroethane (2 ml) solution of diethyl 2-vinylcyclopropane-1,1-dicarboxylate (I) (82 mg,
0.4 mmol) was heated to reflux in the presence of BTS (0.20 g, 0.8 mmol) for 1 h, the y-butyrolactone
IIG’ 7 was produced in 98% yield after TLC purification. Other possible product such as ethyl 3-cyclo-
psntene-1, 1—dibarboxylate or a seven-membered ring lactone was not detected at all. The BTS catalyst

8a 8h 280‘31,
61%; MegSiOS0,CF 5, 25%; MesSiOClO3 (prepared from AgClO, and Me4SiCl), 39% in benzene, °C

is markedly expedient for this transformation as following catalysts gave inferior yields of II: H

30% in dichloromethane;Sd MegSil, 0%;Be BF3~OEtz, complex mixture of products; EtyAlBF 4 (prepared
from EtzAICI and AgBF 4 0%;8f TiCl 4> 1O reaction.

COOEL o
CICH,CH,CI / COOEL
I reflux, 98% I

Such cyclopropanecarboxylates as ethyl chrysanthemate, trans-2-vinyl-1-(1-oxo-3-phenylpropyl)-
cyclopropane and ethyl trans-2-phenylcyclopropanecarboxylate failed to be transformed into the
corresponding y-lactones. Obviously the gem-dicarbonyl substitution on a cyclopropane carbon is
required for the lactonization of this kind. It is worthy, however, to point out that the catalyzed oxa-
vinylcyclopropane rearrangement takes place under mild conditions (40-80°) compared with the purely

thermal reaction which generally is carried out at over 280°.9’ 10
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Table 1 Transformation of a-Carbonyl Substituted Cyclopropanecarboxylates into
y-Butyrolactones with BTS Catallystal

Substrate Temp (°) Yield (%) Product(s) (ratio)
COOEt
= b
40 63 (98)°
COOEt
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a) Typically 1 mol of the substrate was heated in the presence of 2 mol of BTS in

1, 2-dichloroethane. b) The reaction was carried out in dichloromethane. c) Based
on the consumed starting material. d) Other product was polymeric material (Rf~0
on TLC) only. e) BTS (1 mol) was employed. f) A by-product, 3-benzyl-2-ethoxy-
carbonyl-2-cyclopentenone (24%), was formed.
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Other cyclopropanecarboxylates reacting expectedly are summarized in Table 1. Diethyl trans-2-
methyl-3-(cis-1-propenyljcyclopropane-1, 1-dicarboxylate (III) was converted into the lactone IV7’ 1 of
the depicted stereochemistry. Although the trans arrangement of the methyl and 1-propenyl appendages
in TII is retained in the product IV, the isomerization of the ¢is C=C bond to trans is remarkable. 12
Retention of the stereochemistry at the cyclopropane carbon is observed again in the reaction of V to the
lactone VI7 which was proved to have the 1-propenyl substituent at the exo position. 13

In contrast, opposite stereochemistry prevails in the reaction of substrates having no cation-
stabilizing substituent like 1-propenyl group. The dihydro derivative VII was transformed into an 82:18

mixture of the endo-propyl lactone VIIIa and the exo-propyl one VIIIb. 7,14 Similarly, IX gave a 65:35

mixture of Xa and Xb.7 The somewhat sluggish reaction of the endo methyl isomer XI gave the exo methyl
lactone Xb7 predominantly. Thus, the y-lactonization of VII, IX and XI proceeds mostly with the inversion
of the configuration at the migrating cyclopropane carbon. These results are comparable with the

stereochemical data of thermal vinyleyclopropane—scyclopentene rearrangement (ca 300°) wherein
15,1
approximately 70% inversion at the migrating terminus is recorded.” ' 6

Study aiming at the application of the BTS catalysis to synthetic reactions is now in progress.
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Accordingly, we may assume an intermediate which prefers W form of an allyl cation (cf. note 16).
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led to the conclusion that the dihedral angle of H,~C-C-Hy, is almost the same as that of

Hy C-C-H with respect to VI, whereas the endo-propenyl isomer of VI is incapable of giving

such set of coupling constants.
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of such pentacoordinate silicon compounds isolated and well-documented: F. Klanberg and E. L.
Muetterties, norg. Chem., 7, 155 (1968); F. P. Boer and J. W. Turley, J. Am. Chem. Soc., 91,
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