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Summary: Chlorophenylcarbene reacts with electrophilic olefins to form cyclopropane pro- 
ducts in high yield through proposed ylide intermediates. 

Diazirines, cyclic structural isomers of diazo compounds, are routinely employed as 

carbene precursors. 
1 

Although photolytic methods are most commonly used for dinitrogen 

extrusion,1'2 thermal decomposition of diazirines also provides entry to carbenes. ly3 The 

specific characteristics of carbenes generated from diazirines and other carbenic sources 

are subjects of intense current interest 
4 
and, recently, the spectrum of carbene philicity 

has been uncovered through investigations of relative olefin reactivities with generated 

carbenes. 
5 

According to this scheme, chlorophenylcarbene is a typically electrophilic 

carbene that should exhibit preferential reactivity with nucleophilic olefins. 526 To our 

surprise, we have found that vinyl ethers and a,B-unsaturated esters exhibit similar re- 

activity towards chlorophenylcarbene and that chlorophenyldiazirine is exceptionally effec- 

tive for cyclopropanation of the spectrum of olefins ranging from vinyl ethers to cr,8- 

unsaturated carbonyl compounds. 

3-Chloro-3-phenyldiazirine was prepared from benzamidine hydrochloride by Graham's 

procedure.' Thermal decomposition of this diazirine (Jl) at 8O'C in excess olefin (0) oc- 

curred with the expected evolution of dinitrogen. Following complete gas evolution, dis- 

tillation of excess olefin afforded a strikingly simple composite of cyclopropane products 

(&&) and, normally, a minimal amount of azine (eq. I). Product yields and cyclopropane 

“’ x y Cl N 
% X&t,, + X+&P; + N, (1) 
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are rpported in Table I. 

R 
\ c=c( + ’ Ph ; 

R 

isomer ratios from reactions of 2 with a spectrum%f olefins 

Reactions were performed in excess olefin without the use of a cosolvent, except with 

trans-stilbene where Ccl4 was employed. Various reactant ratios are effective for cyclo- 

propane formation, but azine formation8 becomes increasingly important as [O]/[D] approaches 
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Table I ,"-,"-,.,A Cyclopropane Yields and Stereoselectivities from Thermolysis of 3-Chloro-3- 

phenyldiazirine at 80°C in the Presence of Selected Olefinsa 

L&2 
R X Y [Ol/[Dl Yield,% Lb/&b B.p.,CO(Torr)C 

H H 

H 
CH3 

H 
CH3 

CH3 
H 

COOEt H 

-(CH2)4- 

H H 

H H 

Ph H 

COOEt 

COOMe 

CN 

COOEt 

COOEt 

H 

0-n-Bu - 

Ph 

Ph 

10 93 

10 70 

10 95 

5.0 77 

3.5 85 

5.0 65 

5.0 97 

10 96 

1.1 48 

2.2 

3.0 

4.0 

3.3 

d - 

0.67 

2.1 

1.6 

d - 

70-72 (0.5) 

78-82 (0.4) 

87-89 (0.4) 

90-91 (0.2) 

140-S (2.0) 

170-3 (33) 

80-82 (0.3) 

105-9 (0.4)s 

(m.p. 96-102'C) 

rif Reactions were generally performed with l-2 mm01 of diazirine. The combined diazirine/ 

olefin solution was heated at 80°C in an oil bath, and gas evolution was monitored. 
b 
- Pro- 

ducts were identified by spectroscopic methods. Isomer ratios were determined by GC and/or 

NMR analyses. c Microanalyses for new compounds were in satisfactory agreement with calcu- 

lated values. d Only one isomer was obtained. 5 Z-isomer: m.p. 78OC. _ 

1.0. The high cyclopropane yields, the ease of cyclopropane isolation and purification, 

and the general applicability to electrophilic and nucleophilic olefins suggest that di- 

azirine decomposition is the method of choice for many cyclopropane syntheses. 

The facility of cyclopropane formation with or,8-unsaturated esters and nitriles was 

unexpected since, despite extensive investigations of the decomposition of 3-chloro-3- 

phenyldiazirine, 193 there has been no reported example of its reaction with such nucleo- 

philic olefins. We initially thought that these addition reactions might be the result of 

thermal isomerization of the diazirine to the corresponding diazo compound 
la with its 

subsequent dipolar addition to the o,8-unsaturated ester or nitrile and dinitrogen ex- 

trusion. 9 However, three separate experimental observations rendered this pathway un- 

likely: (1) The rate of dinitrogen evolution is not markedly dependent on whether 3-chloro- 

3-phenyldiazirine is treated with butyl vinyl ether, styrene, ethyl acrylate, or any other 

of the olefins that have been employed. (2) Cyclopropane formation is remarkably free from 

competing reactions and occurs without formation of formal vinyl CH insertion products that 

are commonly observed from 1-pyrazoline decomposition. ',l" (3) Despite numerous attempts 

to trap potential 1-pyrazoline intermediates by addition of bases, 
11 neither 2-pyrazoline 

nor pyrazole products were detected. 
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Relative reactivity studies were performed with butyl vinyl ether (BVE), styrene 

(STY), and ethyl acrylate (EAC). The order of relative reactivities for electrophilic 

addition to these three olefins was expected to be BVJ.XXY>EAC.12 However, with 3-chloro- 

3-phenyldiazirine at 80aC, styrene was more reactive than either ethyl acrylate or butyl 

vinyl ether towards cyclopropanation, and individual olefin pairs gave relative reactiv- 

ities of 5.18 (STY/BVE), 4.37 (STY/EAC), and 1.18 (EAC/BVE). 

Interpretation of PhCCl as an electrophilic or nucleophilic carbene in addition re- 

actions with a,p-unsaturated esters and nitriles was further complicated by results ob- 

tained from reactions with diethyl maleate. With diethyl fumarate (Table I) only one 

cyclopropane product is produced, and its structure retains the trans geometry of the 

carboethoxy groups (2). However, reaction with diethyl maleate under the same conditions 

produces three cyclopropane products: two that have retained the cis geometry of the carbo- 

ethoxy groups (3, 79% relative yield, 3a/3b = 1.9) and 2 (21% relative yield). Although - -,., 

product yields are low (16% of 2 + 2 when [O]/[D] = 3.0), the formation of 2 could not be 

H H 

A 

Cl EtOOC H Cl 

EtOOC 2 Ph 
A 

H 3a 
Ph 

EtOOC H Ph 

H 
A 

3b ” 
attributed toyhe amount of diethyl fumarge present in the maleate regtant (< 0.5%) or to 

isomerization of diethyl maleate, since diethyl fumarate was neither a product of this 

reaction nor was it formed in control experiments without diazirine. In addition, 2 did 

not isomer&e under the reaction conditions or during analysis. The production of 2 in 

reactions of diethyl maleate with PhCCl demands a reaction intermediate whose lifetime 

allows bond rotation to occur. 

Scheme I, which proposes the involvement of nucleophilic ylides for reactions with 

Scheme I (eg., W-M B: = cis-EtOOCCH=CHCOOEt): - 
Ph 

B: + Phk + i&-d- 
‘Cl 

Ph H 
~_._& + \ iH 

c=c 
‘Cl EtOOC’ ‘COOE t 

s 
-B:, 3+2 

dvJvL 

cr,p-unsaturated esters and nitriles, is consistent with results that we have reported. 

Ylide formation is a characteristic carbene reaction 13 whose role in cyclopropane-forming 

reactions14 has been overlooked. As expected from this interpretation, PhCCl addition to 

cis-stilbene is stereospecific although, like addition to diethyl maleate, the yield of 

Glopropane products is low (< 10% yield when [O]/[D] = 1.1). 
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