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New synthesis of 3-cyclopentenecarboxylic acid esters 
by olefin metathesis 
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Olefin metathesis of  diallylacetic acid esters is proposed for the synthesis of 
3-cyclopentenecarboxylic acid esters. WCl6--organosilicon compounds are used as homoge- 
neous catalysts. 
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The olefin metathesis reaction, which was discovered 
more than thirty years ago, is widely used in organic 
synthesis. A large number  of  homogeneous catalysts of  
metathesis are known, but only a few of  them are active 
in the metathesis of  functional derivatives of  olefins. As 
a rule, these are heterogeneous and homogeneous cata- 
lytic systems which contain alkyl derivatives of  tin and 
lead. l,z The  WCI 6 - 1 , 1 , 3 , 3 - t e t r a m e t h y l -  1,3-disila- 
cyclobutane (DSCB) homogeneous system is a highly 
efficient catalyst for metathesis of  functional derivatives 
of  olefins. 3 Moreover,  unlike the majority of  known 
catalysts, this system activates the metathesis of  sub- 
strates in which the multiple bond and functional group 
are close as, for example, in allylcyanide. 4 It should be 
noted that organosilicon co-catalysts are less toxic than 
organotin and organolead compounds.  

The goal of  the present study is the use of  the olefin 
meta thes is  react ion for the synthesis o f  3 -cyc lo -  
pentenecarboxylic acid esters. 

The synthesis of  3-cyclopentenecarboxylic acid es- 
ters was carried out by the intramolecular metathesis of  
diallylacetic acid esters. Homogeneous  sil icon-contain- 
ing systems were used as catalysts: tungsten hexachlo- 
r ide--organosi lanes (DSCB or dihydrodiphenylsilane 

A characteristic feature of  this reaction is its unusu- 
ally high selectivity: linear and cyclic products of  the 
intermolecular metathesis are entirely absent. Table 1 
presents data that demonstrate the influence of  the 
substrate/catalyst ratio on the yield of  the reaction for 
two silicon-containing catalytic systems using the met- 
athesis of  the ethyl diallylacetate as an example. The 
optimal yield of  the desired product is achieved with the 
ratio substrate/WCl 6 = 50. The WC16--DSCB catalytic 
system is the more efficient one and allows one to obtain 
the cyclic ester in 98% yield. 

The reaction under  consideration is the first example 
of  the use of  olefin metathesis for the synthesis of  
3-cyclopentenecarboxylic acid esters and can be used for 
preparative purposes. 

Table 1. Metathesis of 1 in the presence of WC16 -- DSCB and 
WCI 6 -- DPS 
(benzene, 10 h, 80 ~ WC16 : co-catalyst = t:2) 

Catalyst lfWC16 Yield of 2 (%) 

(DPS)).  WC16 - DSCB 25 81 
50 98 

catalyst 1 O0 7 l 
OH2:CHC-~H2 -CH2=CH2 ~ 150 10 

/ CHCOOR [ ~ f ) - -  COOR WCI 6 -- DPS 25 65 
CH2=CHCH2 50 83 

la,b 2a,b 100 52 
R = Me (a), R = Et (b) 150 5 

Translated from Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 8, pp. 1503--t504, August, 1994. 
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Experimental 

1H NMR spectra were recorded with a Bruker MSL 300 
instrument, with TMS as the internal standard. Mass spectra 
were recorded on a Kratos MS-80 instrument at 70 eV. GLC 
analysis of the reaction mixtures and target products was 
performed on a Chrom-5 chromatograph equipped with a 
flame-ionization detector and a glass capillary column (70 m), 
packed with 8% SE-30 on DMCS on Carbowax W (80/100 
mesh) with helium as the carrier gas (60 mL/min), 10 K/min 
from 60 to 100 ~ 

All solvents and starting compounds were freed from mois- 
ture and oxygen according to known procedures accepted for 
work with organometallic compounds and homogeneous cata- 
lysts. Organosilicon co-catalysts were produced using reported 
procedures. 5,6 Methyl and ethyl diallylacetates were obtained 
from acetoacetic esters and allyl chloride and were dried over 
P205. The components of the catalytic systems were used as 
solutions in benzene and kept in Shlenk vessels under dry 
argon. 

Ethyl 3-cyelopentenecarhoxylate (2b). Two g (12 mmol) of 
1 were placed into an ampule, which had been evacuated and 
filled with dry Ar beforehand, then 1 mL (0.24 retool) of WC16 
solution in benzene and 2 mL (0.48 mmol) of DSCB solution 
in benzene were added under a flow of Ar. The contents of 
ampule were frozen (-196 ~ then the Ar was removed by 
evacuation at 1-10 -3 Tom The ampule was sealed and allowed 

to stand for 10 h at 80 ~ then it was opened, and lmL of 
ethanol was added. The liquid was separated and the desired 
product was isolated by distillation to give 1.6 g (96%) of 2, 
b.p. 60--61 ~ (10 Torr), nD20 1.4497, cf. ref 7. Found (%): C, 
71.40; H, 9.49. CloH1602. Calculated (%): C, 71.43; H, 9.52. 
MS, m/z (Ire j (%)): 140 [MI + (35), 95 [M-OC2HsI + (25), 67 
[M-COOC2H5] + (100), 41[C3H51 + (35). 

Methyl 3-eyelopenteneearboxylate (2a) was analogously 
obtained, b.p. 52--53 ~ (12 Torr). MS, m/z (Iret (%)): t26 
[M] + (25), I l l  [M-CH3] + (13), 95 [M-OCH3]+ (15), 67 
[M-COOCH3]+ (100), 41 [C3H5] + (38). IH NMR spectrum 
(C6D 6, ppm): 5.53 (s, 2 H, CH=CH), 3.57 (s, 3 H, OMe), 
2.98 (m, 1 H, CH), 2.53 (d, 4 H, CH2). 
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