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We have proposed that certain aryl-substituted oxiranes and cyclopropanes2 photolyze to 

aryl- and diarylcarbenes. Direct spectroscopic evidence has been obtained for the production of a- 

phenylcarbene upon photolysis of geminal diaryloxiranes. In contrast the presumed phenylcarbene 

generated from vicinal diary1 systems has, to date, escaped spectroscopic detection. If, Ig 

In recent studies we have found that insertion in C-H bonds, a reaction characteristic of phenyl- 

carbene, occurs when certain vicinal diphenyloxiranes and cyclopropanes are irradiated in i-pentane, 

an observation which greatly strengthens our original proposal. 394 In light of these observations a 

rare opportunity now exists to compare quantitatively the insertion selectivity of a given carbene gen- 

erated from several diverse sources including cyclopropanes, oxiranes and aryldiazomethanes (accepted 

phenylcarbene precursors) under virtually identical conditions in the condensed phase. 

In order to measure the comparative reactivity of aliphatic CH3- and CH2- groups toward 

phenylcarbene, solutions of stilbene oxide (Ia, 0.13 in c-pentane (10 ml.) were photolyzed5 for per- 

iods varying from 24 to 48 hrs. The three insertion products II, III and IV were obtained in approxi- 

mate yields of 4’?&, 24.5% and 8.50/c, respectively. ‘397 The ratio of the combined amount of 2- and 3- 

benzylpentanes 8’ ’ (HI and IV, respectively; 2’ C-H attack) to 1-phenylhexane” (II; lo C-H attack) as 

established from several determinations was 8.3 + 0.5 (see Table 1). The selection factor for C2-H or 

C4-H over C3-H (all 2’) was 1.4 5 0.1, the ratio of 2-benzyl to 3-benzylpentanes being 2.8 + 0.2. 

This marked selectivity with respect to bond type is also characteristic of phenylcarbene pro- 

duced photolytically from D-1,2-diphenylcyclopropane (Va). In similar irradiations of m-1,2- 

diphenylcyclopropane in E-pentane low yields of the same insertion products II (0.7%), III (4.8 $&) and 

IV (1.5%) were obtained. Although the principal photoreaction occurring was rearrangement to l-phenyl- 

indane II &. 30%) the phenylcarbene generated behaved exactly like the phenylcarbene produced from 

stilbene oxide, so far as we could determine using the most sensitive methods available. 
7 

The selec- 

tivity factor for secondary vs. primary C-H insertion was about 8.3 and the ratio of 2-benzyl to 3+en- 

zylpentane near 2.8. As may be seen in the table, the results depend somewhat on the g. 1. c. used and 

oxygen has no significant effect. 
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There seems-to be no longer room for doubt that the same species is produced from both stil- 

bene oxide and dipbenylcyclopropane. The results obtained with triphenyloxirane (Ib), 1,2,3-triphenyl- 

cyclopropane (Vb) 
12 

and phenyldiazomethane complement these data. 

Our figures (8.3, 8.6) for the 2’/I” C-H insertion ratio for phenylcarbene from phenyldiazo- 

methane (VI) differ somewhat from the 6.3 + 0.3 reported in 1962 by Gutsche and co-workers, I3 We 

believe that the difference has an analytical, not a chemical, origin; the presence of numerous minor by- 

products makes the requisite analysis exceedingly exacting even with the great resolving power of the 

50 ft. “fuzzy-walled” ca.pillary columns which were available for the present study. It should be noted 

that a 0.4% yield of a by-product with the same retention time as l-phenylhexane would be enough to 

change the apparent 2’/l” ratio from 8.3 to 6.3. 

Certain carbenes have been found to be much less selective than phenylcarbene. Methylene for 

example shows almost no discrimination 
14a, 15 

or only slight discrimination 
16.17 

while the 2’/l” se- 

lectivity ratio for carbomethoxycarbene is 2. 3. 
14b 

The data we have accumulated (Table 1) clearly establish that a common intermediate is in- 

volved for those systems delineated. Considering the data of Table 1, and notwithstanding the known and 

expected increase in selectivity relative to methylene due to aryl stabilization, it is startling that the 

selectivity ratios are virtually identical despite the widely divergent results possible (vide sum-a). It is 

inconceivable to us that the nascent carbene fragments generated from oxiranes, cyclopropanes and a 

diazo compound are isoenergetic. In view of the marked dependence of selectivity on energetics we are 

forced to conclude that the reactive state in each case is identical and that rapid thermal equilibration to 

a common vibrational level of a common state must occur prior to insertion. 

Although evidence has been presented recently that triplet methylene may insert 
18. . 

it is the pop- 

ular belief 
I9 

that such reactions involve the singlet state. While no definitive choice can be made at this 

time (especially when dealing with the liquid phase) between the two possible multiplicities for the chem- 

ically significant state we are inclined to accept the usual picture of a direct single step mechanism for 

insertion. 2o Since the ground state multiplicity of phenylcarbene is triplet the excited singlet state then 

is implicated. Our observation that oxygen has no apparent effect on insertion selectivity lends credence 

to this interpretation. 
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