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DETERMINATION OF THE HEAT OF FORMATION OF ORTHO-BENZYNE 
BY ION CYCLOTRON RESONANCE SPECTROSCOPY. 

Steven K. Pollack' and Warren J. Hehre* 
Department of Chemistry, University of California, Irvine, CA 92717 

Summary: Ion Cyclotron Resonance Spectroscopy has been employed to obtain a 
value for the heat of formation of ortho-benzyne of 118 f 5 kcal mol-l. 

Ortho-benzyne (1,2_didehydrobenzene, I) 

I 0 \ II 
T 

has long been postulated as an intermediate in many organic reactisns.2 In 

1973, Chapman and his coworkers first observed the infrared spectra of what 

was presumed to be (I) in an argon matrix at 80R3: more recent work has reic- 

forced these findings4. Several groups 5,687 have made mass spectral deter- 

minations of the heat of formation of ortho-benzyne, their values ranging from 
-1 

100 to 120 kcal mol . The largest of these agrees quite well with a theore- 

tical value of 122 kcal mol 
-1 

obtained by Dewar and coworkers at the MIND0/3 

levelsa and the value of 120 kcal mol 
-1 obtained by Newton using ab initio -____ 

molecular orbital theory. 
8b Further work by the Newton group' using higher 

levels of theory (including limited configuration interaction) concluded that 

the meta and para benzyne isomers were less stable than the ortho form by 14 

and 22 kcal mol 
-1 

, respectively. 

Recently, we and others have employed Ion Cyclotron Resonance (ICR) spect- 

roscopy to determine the relative thermochemical stabilities of a number of 

highly reactive species 
10 by a method which involves the measurement of the 

proton affinity of the unstable neutral molecule using the double resonance 

bracketing technique11'12. The proton affinity of ortho-benzyne may be deter- 

mined by way of the following reaction sequence. 
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Here it is determined which of a series of bases of known proton affinity 14 

Will react with the labelled phenyl cation derived from chlorobenzene-d5 15 . 

The proton affinity of the neutral product, in this case ortho-benzyne-d4, is 

taken to lie midway between the proton affinity of the weakest base capable of 

deuteron abstraction (as confirmed by double resonance 11 , and that of the 

strongest base incapable of reaction. All measurements were made with varying 

amount of argon as a buffer 
12 

to ensure that the proton transfers were not a 

function of excess energy in the phony1 cation. We find that tert-butyl sul- 

fide (enthalpy of proton transfer 8.7 kcal moL -I. greater than our ammonia 

standard)14c 1s the strongest base considered which is not observed to abstract 

a deuteron from phenyl-d5 cation; N,N-dimethyl-O-ethyl carbamate (AHo of pro- 

tonation 9.5 kcal mol -1 above NH3) 
14c 

is the weakest base for which deuteren 

transfer is observed. These results place the proton affinity of ortho-ben- 

zyne at 9.1 kcal mol -1 higher than ammonia. Combining this value with the ab- 

solute enthalpy of protonation of ammonia (205 kcal mol 
ml)16 , and the heats of 

formation of phenyl cation (270 +_ 3 kcal mol 
_1)17 

and of H+ (367.3 kcal 

mol-1)18 , we obtain a value of 118 + 5 kcal mol 
-1 

for the heat of formation of 

ortho-benzyne. This is in accord with the highest of the mass spectral deter- 

minations, and with the theoretical calculations of Dewar 
8a 

and of Newton 
8b . 

The main sources of error are the finite resolution of the gas phase proton 

affinity scale, the uncertainty in the value of the heat of formation of phenyl 

cationI and the likelihood that slightly endothermic proton transfer reactions, 

as well as thermoneutral and sxothermic processes, will occur and will be de- 

tected. In addition, the requirement of an absolute basis for the proton af- 

finity scale adds uncertainty (the absolute proton affinity of ammonia is not 

completely certain, estimates ranging from a low of 203 kcal mol 
-1 to a high of 

209 kcal mol 
-1)16 . These considerations place a total uncertainty of the heat 

of formation of the ortho-benzyne of no more than 5 kcai mol 
-1 

- 

In an attempt to determine the heats of formation for the meta and para 

isomers of benzyne as well as the presumed more stable ortho form, compounds 

III-V were synthesized. 
19 

early mass spectral work 
20 

indicates that phenyl 

cations undergo scrambling of the carbon framework. These studies were per- 

formed _i.n conventional mass spectrometers with electron bo~~ar~ent energies 

between 20 and 70 ev. In the absence of scrambling, dedeuteration of the 



phenyl cations resulting from the labelled halobenzenes (III-VI should give 

C' Cl Cl 
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III ‘5 IV 
rise to ertho-, meta-, and para-benzyne, respectively 

V 
I each formed at a dif- 

ferent dedeuteration threshold. Even though the conditions under which the 

ICR experimsnts are performed are somewhat gentler than those normal to mass 

spectrometxy; i.e. higher total pressures (10v5 torr versus 1QB7 torr) and 

lower electron bombardment energies (la-15 eV), our results strongly imply 
that label scrambling has occurred. Thus, the thresholds for dedeuteration 
for phenyl cations formed from all three precursors are, within experimental 

error, the same as the value of 9.1 kcaf mol-' derived for the perdeuterated 

ortho-benzyne precursor. This assumes that phenyl cation is the most stable 

of the C H + 
65 

isomers involved in the scrambling process. It is possible that 

the three isomeric benzynes are of approximately equal stability and hence 

have nearly identical proton affinities. This seems highly unlikely to us in 

view of the conclusions reached in Newton's theoretical study'. 
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