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Summary: Reactivities for intermolecular C-H/Si-H/Sri--H insertion reactions of chlorophenyl- 
carbene follow the order tri-n-butyltin hydride>>diphenyIsilane>triethyIsilane>> 
cumene>ethylbenzene>>toluene, and these reactions are competitive with addition 
to the double bond of a$-unsaturated esters. 

Although a considerable amount of information about the reactivities and selectivities of car- 
benes is now available,’ the vast majority of our knowledge about these highly reactive intermedi- 

ates has been obtained from olefin addition reactions. Meager attention has been given to inter- 

molecular insertion reactions by carbenes into carbon-hydrogen and related group 4A-hydrogen 

bonds. Originating in early investigations of methylene insertion into hydrocarbons2 a general 

impression has existed that carbenes are relatively unselective in these transformations. Recently, 
however, Steinbeck and Klein have communicated that halophenylcarbenes, generated under 
phase-transfer conditions from the corresponding benzal halides in the presence of 18-Crown-6, 

undergo selective carbon-hydrogen insertion with cumene, adamantane, and 2_methyltetrahydro- 

furan, although in low yields.3 Padwa and Eastman,4 in an earlier investigation, showed that 

3-chloro-3-phenyldiairine underwent decomposition in the presence of tri-n-butyltin hydride to 

yield the Sn-H insertion product. Similar transformations with dihalocarbenes from phenyl(trihalo- 
methyl)mercury compounds5 or haloform solvents6 and with unsaturated carbenes7 have been 

documented, but reactivities of carbenes for insertion have not been determined. 

Diazirines are effective precursors of carbenes in photochemical and thermal reactions, and 
3-aryl-3-halodiazirines, which are conveniently prepared by Graham’s procedure,6 are optimum 
starting materials for the generation of atylhalocarbenes. Since the major competing process in 

carbene reactions initiated by decomposition of diazirines is azine formation (eq. l),s insertion 
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reactions should be limited only by the relative reactivity of the carbene towards the S-H substrate. 

We have undertaken investigations of these transformations and now wish to report the high selec- 

tivity that can be achieved in reactions of arylchlorocarbenes with compounds containing C-H, Si-H, 

and Sn-H bonds. 

Treatment of a series of representative substrates with 3-chloro-3-phenyldiairine (CPD) in 

refluxing benzene provided the results that are reported in Table I. Both Si-H and Sn-H insertion 

Table 1. Insertion Reactions of Chlorophenylcarbenea 

Substrate (S-H) [S-H]/[CPD] Product (P)b Yield, % PlAzi ne 

n-BusSnH 5.0 
EtsSi H 8.0 (4.0) 

Ph$SiHs 3.4 

PhCHs 10 

PhCHsCH, 10 

PhCH(CHs)s 10 

Ph$H, 5.0 

Adamantane (AdH) 2.8 

n-BusSnCH(CI)Ph 

EtsSiCH(Cl)Ph 

PhpSiHCH(CI)Ph 

PhCH,CH(CI)Ph 

PhCH(CHs)CH(CI)Phc 

PhC(CHs)2CH(CI)Ph 

Ph2CHCH(CI)Ph 

AdCH(CI)Ph 

85 >I00 

91 (74) >I00 

8o I >lOO 

21 0.31 

61 2.2 

62 3.2 

40 1.0 

46 3.0 

aReactions were performed in refluxing benzene at reaction times of 3 h. bOnly insertion product 

observed. Other reaction products included azine and benzal chloride. cTwo diasterioisomers in a 
1 .l :1 .O ratio. 

reactions are extremely facile, providing excellent yields of the S-H insertion product even when the 

substrate is employed in only a 3- to 5fold excess over the reactant diazirine. With hydrocarbons, 

however, the relative reactivities for insertion into a benzylic and/or tertiary C-H bond, relative to 

azine formation, are much lower, although selectivity is surprisingly high. In all cases where com- 

parative data is available, yields of insertion products formed with the use of chlorophenyldiazirine 

are 2- to 4-times those obtained under phase-transfer conditions from benzal chloride.3 

As anticipated from parallel competing reactions (eq. 1), the ratio of the insertion product to 

azine increases linearly with increasing [S-H] at constant diazirine concentration in thermal decom- 

position reactions. Thus increasing the molar reactant ratio of S-H to CPD effectively minimizes 

azine formation. Similar results are obtained in photochemical decompositions of CPD at room 

temperature. However, at -196°C photochemical decomposition of CPD in the glass matrix of either 

toluene or cumene results in only the corresponding insertion products, and the azine is not 

observed. Under these conditions chlorophenylcarbene is generated in close proximity to the 
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hydrocarbon substrate, and effective reaction with an intact diazirine is restricted. 

Relative reactivities were determined from product ratios obtained by decomposition of CPD 

in the presence of a minimum lo-fold molar excess of substrate pairs with suitable cross-checks 
using mixed pairs and varying S-H/S-H ratios. For example, product ratios from the thermal 

decomposition of CPD in refluxing benzene were 1.7 for cumene/ethylbenzene, 9.1 for ethylben- 
zene/toluene, and 15.4 for cumene/toluene. These results, which are given in Table II, clearly 
establish the reactivity scale for benzylic C-H insertion as methine>methylene>>methyl. Photolytic 

decomposition of CPD provides slightly greater selectivities for C-H/Si-H insertion than those 

observed for the thermal reactions. However, carbene insertion into the methylene C-H bonds of 

pentane, which is employed as the solvent, is competitive with benzylic C-H insertion into toluene, 

ethylbenzene, and cumene.10 

Laser flash photolysis (LFP) studies of the quenching of chlorophenylcarbene by representa- 

tive substrates11 established their absolute rate constants which, by extrapolation through the 
hydrocarbon relative reactivity series, provides the values for kcarcc that are reported in Table II. 

The carbene generated from CPD by LFP decays slowly in the absence of quenchers. However, 

addition of S-H or olefinic quenchers accelerates the carbene decay kinetics and produces a time 

course described by a single exponential rate process from which the reported values of &,bs are 

obtained through kinetic determinations at various concentrations of quencher. 

Table II. Relative and Absolute Reactivities of Chlorophenylcarbene in Intermolecular Insertion 
Reactions 

relative reactivity3 

Substrate thermalb photochemicalC &,bs, M-1 S-' 

Toluene 
Ethylbenzene 
Cumene 
Diethyl maleate 
Triethylsilane 
Diethyl fumarate 
Diphenylsilane 
Tri-n-butyltin hydride 

0.065 0.044 
0.61 0.48 
1 .oo 1 .oo 
0.48 f 

7.8 14 
15 f 

13 31 
1.9 x 102 9 

1.7 x 105 
1.5 x 105 
2.5 X 10s 
3.5 x 10s 
5.7 x 10s 
1.0 x 10s 

7.5 x 103 
8.2 X 104 
(1.8 x 105p 

2.4 X 10s 

aBased on molar amounts of substrates from competitive experiments; not calculated with adjust- 
ments for number of equivalent hydrogens. bReactions performed in refluxing benzene. CReac- 
tions performed in pentane with 350 nm excitation at room temperature. dCalculated from relative 
reactivities using &bs for cumene. eCalculated from &bs for triethylsilane. rOlefin isomerization 
prevented determination. gRadical reactions prevented determination: hexa-n-butyldistannane 
was a major product. 



5866 

As is evident from the data, C-H insertion by chlorophenylcarbene can be a facile process. 

The rate constant for insertion into the methine C-H bond of cumene is comparable to that observed 

for addition to the double bond of diethyl maleate, but methylene and, even more so, methyl inser- 
tion are substantially slower. Organosilanes are comparable to diethyl fumarate in their ability to 

quench chlorophenylcarbene. With tri-n-butyltin hydride, however, the rate constant for Sn-H 

insertion is even greater than those for addition to the carbon-carbon double bond of most alkenes, 
including 2,3-dimethyl-2-butene and 2-methyl-2-butene.12 
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