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Summary The Seyferth reagent PhHgCBrS generates singlet CBr2 that adds non- 

stereospeclfically to styrene and fumaronitrile via a carbene complex. 

Nonstereospecificity has been the hallmark for identifying triplet spin 

character of carbenes in their cycloadditlon reactions with alkenes.1 We wish 

to report two parallel examples of nonstereospecific addition of dibromomethy- 

lene ( CBrz), generated by the Seyferth procedure. These examples appear not to 

involve triplet carbenes, but instead take place via reversibly formed carbene 

complexes. 

Phenyl(tribromomethyl)mercury, the Seyferth reagent,2 reacts with either 

fumaronitrile (trans-dlcyanoethene) or styrene-cis-2-G to give a high yield of --- 

the cyclopropane adduct, eq. 1. In both cases the reaction is stereoselective 

R X 

PhHgCBr, + 

H 
x 

Y 

M A S N 

R = CN, X=H, Y=CN 
R = Ph, X=D, Y=H 

but not stereospeclfic, and the reagents and products are all stable under reac- 

tion conditions. TYpicallY, [Nl/[Sl by lH NMR integration is 0.1-0.6, depending 
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on reactant concentrations. At first glance, the loss of stereochemistry might 

be attributed to intervention of triplet dibromomethylene. The nonstereospecl- 

flc reaction of diphenylmethylene with styrene, for example, has been lnterpre- 

ted in terms of the triplet ground state of this carbene.3 Dlbromomethylene, 

however, has a singlet ground state, the triplet being several kcal/mol higher 

in energy.4 

We applied a standard kinetic test for the presence of two (or more) con- 

secutively formed IntermedIates that give distinct products5-8 and obtained 

positive results for both styrene and fumaronitrile. These results are what 

would be expected for any two intermediates, such as in a singlet-triplet 

equilibrium, as observed for example for carboxynitrene.9 However, we further 

observed that the ratio of products from the second IntermedIate to those from 

the first for styrene7,lD or fumaronltrlle8,lD is directly proportional to the 

concentration of the Seyferth reagent. This kinetic dependence requires an 

additional molecule of PhHgCBrS as a homogeneous catalyst for the conversion of 

the first intermedlate to the second and is not reasonable for a singlet to 

triplet process. In other words, loss of stereospeclflcity 1s directly propor- -- - 

tional to the concentration of PhHgCBrg, --- - an unprecedented observation. We pro- 

pose that the second intermedlate 1s a complex between singlet dibromomethylene 

and the Seyferth reagent. This complex reacts with alkene to give a diradlcal, 

or its equivalent, that undergoes Internal rotation to produce the cyclopropane 

nonstereospecifically (N + S). Complexes (ylides) have been observed between 

carbenes and a wide variety of Lewis bases, Including aldehydes, ketones,11 ni- 

triles,lS ethers, sulfides, amines. and lodldes.13 

Our results can be explained by the mechanism given In Scheme I. The flrst- 

formed singlet carbene reacts stereospecifically with alkene to give the cyclo- 

propane S. The carbene also reacts with a molecule of PhHgCBrS to form a com- 

plex, shown in brackets. If the carbene acts as an electrophlle (2 = 0.65 for 

CBr2, wlthin the electrophilic rangeld), the basic site on the Seyferth reagent 

may be either the phenyl-mercury bond or the aromatic TI electrons. The com- 

plexed carbene then adds to the alkene to give the linear IntermedIate, also 

shown In brackets, in which free rotation can occur. Charge type or diradical 

character (plus, minus, or dot) is not defined and 1s represented by asterisks. 

The linear intermediate then loses the catalytic molecule of PhHgCBrS, probably 

to form the simple diradlcal .CHRCXYCHr2*, which can ring-close to give both N 

and S. The mechanism in Scheme I correctly requires that the ratio of products 

from the two pathways 1s directly proportional to the concentration of Seyferth 

reagent and is inversely proportional to the concentration of alkene. 
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In summary, we have observed that dlbromomethylene undergoes nonstereospe- 

cific cycloaddltlon to the alkenes styrene and fumaronitrile without the inter- 

ventlon of the triplet state. An lntermedlate resembling the diradlcal normally 

expected from the triplet, *CBr$XYCHR*, 1s generated through a catalyzed path- 

way that 1s signlfled by the observed direct proportlonallty between the con- 

centratlon of PhHgCBrS and the ratlo of products from the nonstereospeclflc and 

stereospeclflc pathways. The nonstereospeclflc pathway is observed when Sey- 

ferth reagent can compete successfully with alkene for reactlon with the singlet 

carbene and 1s favored when R, X, or Y is electron withdrawlng. 
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