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Summary. Triplet diphenylcarbene adds to ring-substituted styrenes as an ambiphile, reacting 
more rapidly with electron-rich or electron-poor styrenes than with styrene itself. 

The selectivity of carbenes toward alkenes has been intensively studied.' The results 

operationally define a carbene's philicity; i.e., whether it reacts with olefinic substrates 

as an electrophile, ambiphile, or nucleophile.' Singlet carbene-alkene cycloaddition reac- 

tions are known that exemplify each kind of carbenic philicity, and the dependence of the 

expressed philicity on the carbenic substituents is reasonably well rationalized by frontier 

molecular orbital theory. 
2 

In marked contrast, however, very little is known about the philicity of triplet carbenes. 

Shechter et al 3 --* reported that 9-xanthylidene (1) added to a series of ring-substituted 

styrenes with what we would define' as ambiphilic selectivity. The carbene was suggested to 

be largely in its triplet state during the addition reactions.3 

9-Xanthvlidene can be reoarded as a oer- 

turbed diphenylcarbene. Diphenylcarbene (2) 

and methylene are the carbenic species whose 

triplet states have been most thoroughly 

characterized. It is therefore of consid- 
1 2 

erable interest to know whether the archtypal triplet diarylcarbene, 2, also adds ambiphili- 

tally to alkenes. Although additions of triplet 2 to alkylethylenes are frequently complicat- 

ed by concurrent hydrogen abstraction reactions, cyclopropanation of styrene is clean. 4 

Product studies4 and absolute kinetic measurements5 indicate that the addition of 2 to styrene 

proceeds via the triplet carbene. Moreover, Hammett studies of singlet carbene additions to 

styrenes have revealed the ambiphilic behavior of methoxychlorocarbene6 and phenoxychloro- 

carbene. 
7 

Taken together, these considerations led us to examine the philicity of diphenyl- 

carbene in additions to styrenes. 

Although conceptually simple, a Hammett study of 2 and styrenes is complicated by the 

thermal 1,3-dipolar cycloaddition of diphenyldiazomethane (DPDM), a choice precursor for 2, to 

the styrenes , affording pyrazolines (3) that spontaneously decompose in 70-80% yields to 
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triarylcyclopropanes (5);4'8 e., Scheme I. The reactivities of the various styrenes (Table 

I) toward DPDM in CH3CN at 50 'C were measured, and afford a satisfactory log (sel) vs. o 

correlation with p = t1.68 (r = 0.99), indicating nucleophilic addition of the diazoalkane. 9,lO - 

Ph2C=N2 

(DPDM) 

Ar 

[Ph2C:] - [Ph2C*vAr] 2 

2 
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4 
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Ph H 

Ph Ar 

hv 
Ph2C=NljTos ! 

Na+ -N2 
6 

Rate constants (k2) were determined 
11 

for thermal DPDM additions to several styrenes, at 

various temperatures, in order to determine a temperature low enough so that the thermal DPDM/ 

styrene reaction would be too slow to compete with a photolytic decomposition of DPDM to 2. 

The results (Table I) can be extrapolated to show that thermal reactions of DPDM will be insig- 

nificant (cl%), even in the presence of the most reactive styrene derivative, when the photo- 

lysis of DPDM is carried out at -78 "C within a 4 hr period. 

Thus, we photolyzed 
12 

DPDM in binary mixtures of excess styrenes at -78 "C, and obtained 

the latter's relative reactivities toward carbene 2 (Gel = 1.00 for styrene) from the cyclo- 

propane product ratios* determined by hplc. 
13 

The data appear in Table II. We also generated 

2 by irradiation of sodium benzophenone tosylhydrazonate (6)14 suspended in styrene/THF mix- 

tures at 0 "C. Under these conditions, thermal additions of DPDM appear to be minimized, and 

the relative reactivities thus obtained (Table II) are in good agreement with those derived 

from the DPDM photolyses at -78 "C. The absence of a temperature effect on the relative 

reactivities suggests that AAS+ Q 0 for the competitive Ph2C additions. 

The results summarized in Table II indicate that Ph2C behaves as an ambiphile, reacting 

more rapidly with electron-rich or electron-poor styrenes than with styrene itself. The 

ambiphilicity of 2 appears to be somewhat "compressed" relative to that reported3 for carbene 

1. The latter shows stronger kinetic discrimination in response to substituent Variation of 

the substrates (Table II). 

Haimiett analysis of the Ph2C relative reactivities(-78"C)for the e-CH30, e-CH3, and H 

substrates affords p c\r -0.48 (r = 0.99) vs. o and -0.17 (r = 0.99) vs. 0'. A linear correla- 

tion is not observed with the entire subset of electron-poor styrenes, but the data for the 

m-substituted substrates do correlate with o, p = to.34 (1 = 0.99). 

The expressed ambiphilicity of Ph2C is mechanistically distinct from that of CH30CC16 or 

PhOCC1.7 These (singlet) carbenes are ambiphilic because of the specific interactions of 

their HO and LU molecular orbitals with the LU and HO molecular orbitals of the substrates in 

concerted cycloaddition reactions. 2,637 In contrast, the ambiphilicity of 2 can be reasonably 

attributed to electron donating or electron withdrawing substituent stabilization of the 

benzylic radical center in (triplet) 1,3-diradical 4, an obligatory intermediate in this tri- 

plet carbene addition (Scheme I). This rationalization parallels that given by Shechter for 
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Table I. Rate Constants (&) at 50.0 "C and Arrhenius Parameters for Thermal Additions of 
Diphenyldiazomethane to Substituted Styrenes in Acetonitrile 

kJ x lo5 AH+ AS+ 

X in X-C6H4-CH=CH2 (set -l-M-1)a (kcal.mol-l)b (cal*deg-l*mol-l)b 

&-Me 1.84 f 0.02 13.9 -52.7 

H 2.52 + 0.03 17.3 -55.5 

m-Cl 4.73 ?: 0.04 13.5 - -52.8 

m-NO2 10.0 f 0.1 10.1 -50.6 

aReported average deviations are for 2 to 4 runs. bThese values are each based on 3 
runs at temper tures 
cal*deg-l*mol- . B 

between 50" and 60 'C. Estimated errors are *l kcal*mol-1 and *5 

Table II. Relative Reactivities of Substituted Styrenes toward Diphenylcarbene 

X in Lx/k+ for 2a Lx/k+ for 1 b 

X-C6H4-CH=CH2 (i) (ii) 

e-Me0 1.36kO.02 1.35kO.02 1.56 

P-Me 1.16+0.02 1.15kO.02 1.33 

H 1.00 1.00 1.00 

E-Cl 1.59to.03 1.25kO.09 1.52 

E-Cl 1.25kO.03 1.23iO.02 

e-Br 1.46kO.03 1.45kO.02 2.62 

m-Br 1.36iO.10 1.27+0.09 - 3.48 

"NO2 1.73kO.07 

aDeviations listed are for two to five runs. Diphenylcarbene was generated either (i) 
by photolysis of DPDM at -78 "C or (ii) by photolysis of 6 at 0 "C. Yields of cyclopropanes 
were 70 - 80% for all styrenes studied under either experimental condition. bData from 
reference 3, normalized to H = 1.00; -25 "C. 

reactions of 1,3 and is in accord with indications that benzylic radicals 15 

diradicals16 

and benzylic 1,3- 

can be stabilized by either electron donating or electron withdrawing substi- 

tuent. We caution, however, that substituent effects on radical reactions are still not 

completely understood 17 and that examples counter to our rationalization could be cited. 

Nevertheless, in an operational sense, triplet diphenylcarbene adds to styrenes as an 

ambiphile. Taken together with Shechter's results for 9-xanthylidene,3 our findings suggest 

that ambiphilicity in triplet carbene additions may be a relatively general phenomenon, at 

least with arylalkene substrates. 18 
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