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Dichlorocarbene as generated by the phase-transfer technique' is remarkably 

reactive and often provides an effective means of cyclopropanation. lb,c BY 

using cetyltrimethylammonium bromide (A) as a catalyst we have now obtained a 

tetracyclic product I 2,3 in a quantitative yield from 1,5,9-c,t,t-cyclododeca- 

triene (1,5,9-CDT). In contrast, catalysis by means of B-hydroxyethyltrialkyl- 

ammonium ion results in highly selective dichlorocarbene addition producing II4 

in 72% yield under the same standard condition. 5 A mixture of an olefin, 4 or 5 

equiv each (per ethylenic moiety) of chloroform and 50% NaOH aq, and a quaternary 

ammonium catalyst (0.025 equiv) was stirred at 55O for 3 hr under a nitrogen 

atmosphere. After usual workup the product was isolated by distillation, and 

the purity of the product was checked by gas chromatography. 

The same catalyst B was effective to yield a mono-carbene adduct II12f6 

(62% yield) from dl-limonene. - This is again in sharp contrast to the catalysis 

of A, in which only a bis-cyclopropanated product is produced. 2a The selective 

dichlorocarbene reaction has further been applied to I-vinylcyclohexene to 
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afford IV7 in 93% yield' and to 3-methyl-2,6-heptadien-l-01 whose trisubstituted 

ethylenic moiety only is subject to the cyclopropanation. 
5b,9 
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In order to clarify the role of B-hydroxyl group we examined asyrmnetric 

dichlorocarbene addition to styrene using the salt C. 
10 

The resulting adduct Va 

(70% yield) showed [al:* +3.18' (5 25.9, CHC13). The asymmetric induction was 

further observed in the reaction with trans-propenylbenzene giving Via (73% 

yield), [al, 28 +1.200 cc_ 17.1, CHC13) which was successively reduced to VIc, [al;* 

-1.040 (c 17.9, CHC13), with sodium in liquid ammonia. Although the degree of 

the asymmetric induction was calculated to be as low as 0.9%, 
11 the asymmetric 

dihalocarbene addition seems unprecedented. The B-hydroxyethyl unit 
13 of the 

catalyst is responsible to the asmetric dihalocyclopropanation. This was 

evidenced by the dichlorocarbene addition to styrene in the presence of (+)tri- 

methyl-cl-phenethylammonium bromide 
14 

resulting in a much lower induction (76% 

chemical yield, [ali -0.14' (2 14.1, CHC13)). 

Furthermore, the 8-hydroxyethyl moiety in the catalyst is 

for dibromocarbene addition to olefins. The catalyst B proved 
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in the reaction with styrene, cyclohexene, and ally1 bromide, giving the cor- 

responding gem-dibromocyclopropane in 77, 71, and 51% yield respectively. 

Under the present reaction condition neither long reaction time nor the presence 

of ethanol15 is required. The catalyst C again induced asymmetric induction in 

dibromocarbene addition to styrene (73% yield, [al, 24 +O.lOO (c 20.6, CHC13)) and 

trans-propenylbenzene (60% yield, [“ID *’ +0.48O , c 20.0, CHC13, 0.6% ee).16 

Although more experimental results are required for detailed understanding 

of the catalysis, we may explain the selective carbene addition and the asym- 

metric cyclopropanation in terms of the scheme below. The catalyst is first 

converted to a zwitter ion as described earlier. 10 Proton abstraction from 

haloform and successive liberation of chloride ion produce dihalocarbene which 

is loosely associated with the hydroxyl group of the catalyst in its close 

vicinity. Thus slightly modified, electrophilic carbene attacks the C=C bond 

with reduced vigour and enhanced selectivity under the influence of the 

neighbouring catalyst. 17 
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