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BIS(TRIMETHYLSILYL) SULPHATE CATALYZED y-LACTC’NIZATION 

OF CYCLOPROPANECARBOXYLATES HAVING A CARBONYL SUBSTITUENT 

AT CYCLOPROPANE (U-CARBON 

Yoshitomi Morizawa, Tamejiro Hiyama, * and Hitosi Nozaki 

Department of Industrial Chemistry, Kyoto University. Yoshida, Kyoto 606, Japan 

The oxa analogue of vinylcyclopropane rearrangement in the title system is carried out 
under mild conditions with the aid of the silicon Lewis acid catalyst. 

Bis(trhnethylsily1) 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 

I?,’ was produced in 98% yield after TLC purification. Other possible product such as ethyl 3-cyclo- 

psntene-1, 1-diiarboxylate or a seven-membered ring la&one was not detected at all. The BTS catalyst 

is markedly expedient for this transformation as following catalysts gave inferior yields of II: H2S04, 

61’X~;~~ Me3SiOS02CF3, 25%; 
8b 

Me3SiOC103 (prepared from AgC104 and Me3SiC1), 39% in benzene, 8c 

30% in dichloromet.hane;8d Me3SiI, O$J;~~ BF3+OEt2, complex mixture of products; Et2A1BF4 (prepared 

from Et2AlCl and AgBF4), 0S&;8f TiC14, no reaction. 

COOEt (Me3Si0)2S02 

COOEt C1CH2CH2Cl 

reflux, 98% 

Such cyclopropanecarboxylates as ethyl chrysanthemate, tt.-2-vinyl-1-(1-oxo-3-pbenylpropyl)- 

cyclopropane and ethyl tm-2-phenylcyclopropanecarboxylate failed to be transformed into the 

corresponding y-la&ones. Obviously the m-dlcarbonyl 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,lO 
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Table 1 Transformation of o-Carbonyl Substituted Cyclopropanecarboxylates into 

y-Butyrolactones with BTS Catalysta 

Substrate Temp r) Yield (%) Product(s) (ratio) 

0 

0 

w ‘COOEt 

COOEt 

4ob 

80 

80 

80 

80 

80 

3gd 

0 

63 (98)’ 

COOEt 

IV 

7ge 

71 

28f 

VIIIa 

Xa 

Xa 

(65:35) Xb 

(23:77) Xb 

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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Accordingly, we may assume an intermediate which prefers W form of an ally1 cation (cf. note 16). 
A recent communication refers to the stereochemistry of alumina-catalyzed oxa-vinylcyClOPrOPane 
rearrangement proceeding with retention of the configuration at the migrating terminus. However, 
the conclusion should be suspended until the specificity is observed with respect to all Stereo- 

isomers of the substrate. M. E. Alonso and A. Morales, J. Org. Chem., g, 4539 (1986) 
J =6.7Hz, Jbc= 6.7Hz,Jbd=3.1Hz, Jbe= 9.3Hz. Examination of molecular models has 
l$to the conclusion that the dihedral angle of Ha-C-C-Hb is almost the same as that of 
Hb-C-C-H, with respect to VI, whereas the endo-propenyl isomer of VI is incapable of giving 
such set of coupling constants. 
Bp 128-130” (bath temp)/O. 03 Torr; MS: _m/g 182 (M’); ‘H-NMR (CDC13): 6 3.45 and 3.48 (a pair 
of doublets, J = 8.1 Hz), 4.2-4.4 (m, 0.18 H), 4.5-4.8 (m, 0.82 H). Upon irradiation at 6 1.78 
the multiplet at higher field turned to doublet (J = 4.2 Hz) and the one at lower field to doublet of 
J = 5.0 Hz. The stereochemical assignment is based on the fact that the endo hydrogen in the 
bicyclic system appears at higher field than the exe one (see, F. A. Bovey, “NMR Data Tables for 
Organic Compounds ,‘I vol 1,John Wiley and Sons, New York, 1967, p 224, p 399-445; I. Tabushi, 
K. Fujita, and R. Oda, Tetrahedron Lett., 1967, 3755). 
G. D. Andrews and J. E. Baldwin, ., 98, 6705 (1976) 
Following two competing pathways account for the observations. When R2 is propenyl, path A will 
be the preferred one involving a zwitter ionic intermediate v which cyclizes to give the product vi 
exclusively. The substrate without 1-alkenyl group is not rewarded by such stabilization and, 
in turn, goes through path B to give an intermediate vii which then collapses to the product viii. 
The intermediacy of pentacoordinate silicon species such as iv, v and vii seems reasonable in view 
of such pentacoordinate silicon compounds isolated and well-documented: F. Klanberg and E. L. 
Muetterties, Inorg. Chem., ‘7, 155 (1968); F. P. Boer and J. W. Turley, J. Am. Chem. Sot., Sl, 
4134 (1969) and references cited therein. L. H. Sommer, “Stereochemistry, Mechanism and 
Silicon,” McGraw-Hill, New York, 1965; H. Kwart and K. King, “d-Orbitals in the Chemistry of 
Silicon, Phosphorus and Sulfur, VT Springer-Verlag, Heidelberg, 1977, p 149. 

0S020SiMe 

Me die 
3 

R.$& ) ;y;o :: I:.;$& 

OEt path A H 
H 

R1,R2 

iv 

=H,Me path B 

-&i/e 

V 

R 

. . . 
Vlll vii vi 

(Received in Japan 21 February 1981) 


