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CONJUGATE NUCLEOPHILIC RING OPENING OF ACTIVATED VINYLCYCLOPROPANES 

FACILITATED BY HOMOGENOUS PALLADIUM CATALYSIS 
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University Chemical Laboratory, Lensfield Road, Cambridge CB2 lEW, UK. 

Swmnary: 1 ,l-Diactivated-2-vinylcyclopropanes (11 add car bon nucleophiles (2) 

regiospecifically in a conjugate sense in the presence of a catalytic amount of a 

zerovalent palladium complex. 

Nucleophilic ring opening of cyclopropanes activated by two electron withdrawing groups is an 

established proceedure in organic synthesis.’ Ring cleavage of vinylcyclopropanes has comparable 

potential if the regiochemistry of nucleophilic attack can be controlled. Activated 

vinylcyclopropanes add amines and thioalkoxides at C2, lithium dimethylcuprate adds in a 

conjugate sense, but stabilized carbanions, e.g. sodiodimethylmalonate, give a mixture of products 

resulting from both these modes of addition occuring at similar rates.’ 
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Reported here is a method for achieving regiospecific conjugate addition of active methylene 

compounds to activated vinylcyclopropanes under mild, neutral conditions. It was envisaged that a 

palladium (0) complex might cleave the 1,2 bond of a cyclopropane to form a zwitterionicTL-ally1 

intermediate (A); this could deprotonate an active methylene compound so producing a stabilised 

enolate which would be free to add to the TC-ally1 terminus (Scheme 1). Such a process is 

reminiscent of conjugate nucleophilic addition to vinylepoxides catalysed by zerovalent 

palladium compounds.2 

The dimethylmalonate derivative (la) can be synthesised by a known3 method or by a palladium - 

catalysed reaction (eq. 1) (32% yield, unoptimized) which does not require added base because the 

carbonate leaving groups collapse to alkoxide.ll Formation of cyclopropanes via stepwise 

palladium catalysed allylic substitution has been reported and used in syntheses of chrysanthmic 

acid derivatives. 5 The sulphone (lb) was accessible in 74% yield by a phase transfer reaction - 

(eq. 2) similar to that used for the preparation of cyclopropanes from 1,2-dibromides.6 
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Conditions: (i) 2 mol% Pd(PPh3)4, THF, 20°C, 12h; (ii) 2.1 NBu40H 40% aq., CH2C12, ZO’C, 4 days. 

Results for the palladium catalysed ring cleavage vinylcylopropanes, (eq. 3) are shown in the 

Table. The procedure for opening of the dimethylmalonate derivative (la) with 2,4-pentandione - 

(entry 1) is illustrative. 2,4-Pentandione (0.100 g, 1.0 mmol), (la) (0.184 g, l.Ommol), Pd(PPh3)4 - 

(0.023 g, 2 mol%), and then THF (2 cm3) were added under dinitrogen to a reaction vessel cooled to 

ca. -19O’C. The mixture was freeze-thaw degassed twice7 then stirred at 20°C for 8 h. The solvent - 

was removed in vacua and the residue flash chromatographed on silica using 25% ethyl 

acetate/hexane eluant increased to 40% ethyl acetate in stages. The first fraction was (s), rf 

0.3 in 25% ethyl acetate/hexane, 0.084 g, 30%; and the second fraction was (‘la), rf 0.1 in 25% ethyl - 

acetate/hexane, 0.139 g, 59%.8 
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Ring opening of vinylcyclopropanes by transition metal complexes is a well documented 

process.9 Most significantly it has been shown that activated vinylcyclopropanes add amines in a 

conjugate sense in the presence of palladium (0) complexes. lo It has also been reported that 

dienylcyclopropanes rearrange to vinylcyclopentenes, in the presence of palladium (0) catalysts, 

whereas vinylcyclopropanes do not isomerise under similar conditions ” presumably because such a 

reaction would involve a geometrically unfavourable ring closure. 

The potential of this methodology in reactions similar to the macrocyclization of 

vinylepoxides12 . 1s apparent but, as yet, unexplored. 

This work was made possible by Professor Sir J. Lewis who kindly supplied research facilities at 

Cambridge and by a Research Lectureship from Christ Church, Oxford. 
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