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The mechanism of the thermal, homopolar, 2a + 2a reaction is central to the 

theory of cycloaddition chemistry. Unfortunately, a lack of reactivity towards 

such processes among the appropriate olefinic systems 

analysis of the controlling factors. 

Results from our laboratory, as well as the work 

classification of o-benzyne as a highly reactive, but 

has precluded a thorough 

of others, support the 

otherwise quite typical 

homopolar, 2a reaction partner. 1,2 Hence, a study of the addition of o-benzyne to 

other nonpolar 2~ components could lead to a clearer understanding of the intri- 

cate details of these cycloaddition reactions. Indeed, several reports on the 

stereochemistry of a-benzyne - olefin cycloadditions have appeared and retention 

of configuration in the benzocyclobutenyl fragment derived from the olefin is 

generally observed. 2,s While such results are in accord with a rotationally-non 

equilibrated biradical intermediate, they suffer from the traditional drawback of 

also being consistent with a blend of mechanisms. For example, a mixture of con- 

certed 2vS + 2sS and 2~~s + VITA pathways could serve equally well to produce the 

observed results. 4a 

As all of the previous studies have involved 1,2-disubstituted olefins, the 

reaction of o-benzyne with an appropriately deuterated, but otherwise monsubsti- 

tuted olefin would be of considerable interest. As Table I reveals, cycloaddition 

of o-benzyne to a $&and-disubstituted olefin results in stereoretention, gener- 

ally to the extent of ca. 71%80%. 5 - If the biradical explanation is correct, then 
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Table I: The Stereochemistry -- of o-Benzyne-Olefin Cycloadditions 

Olefin 

fhanb-dichloroethylene 

t&an&-ethyl propenyl ether 

X&and-cyclooctene 

thand-acetoxy propene 

tfians-methyl propenyl ether 

% thans-benzocyclo- $ cid-benzocyclo- 
butene butene 
(Stereoretention) (Stereoinversion) Ref. 

80 20 3a 

79 21 3b 

78 22 3e 

69 31 3c 

53 47 3c 

predominant stereoretention would again be expected from a similar deutero-ole- 

fin. On the other hand, if the dual-pathway mechanism is operative, a consider- 

ably different stereochemical outcome should result. This expectation is based on 

the premise that the sterically demanding 2nS + 2aA inversion mode should play an 

increased role with the less encumbered olefin, resulting in enhanced stereoin- 

version. 
4 

In order to explore these considerations, the reaction of o-benzyne with 

(E)-deuterio-teXL-butylethylene was investigated. This olefin was selected as it 

has been shown to react with a-benzyne only by 2+2 cycloaddition. 2a The labelled 

olefin was prepared according to the method of Brown and Gupta. 
6 

The 100 MHz pmr 

spectrum of .teU-butylbenzocyclobutene was readily decomposed to yield the data 

contained in the figure below. It was then a straightforward matter to cycloadd 

o-benzyne to the labelled teht-butylethylene and determine the relative amounts 

of protium residing at Ha and Hb in the adduct. 

‘Ha 

ha. = 2.87 

'b = 3.06 

6, = 3.33 

J 
ab = 13.5 Hz 

J ac = 3.0 Hz 

Jbc = 5.0 Hz 

An excess (2.5 equiv.) of the (E)-deuterio-teht-butylethylene sample (88.5% 

dl; 11.5% do)' was reacted with o-benzyne9 (1 equiv.) and the resultant l-deu- 

terio-2-teat-butylbenzocyclobutene was isolated in 9% yield after distillation 
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(bp 29°C at 0.05 mm). Expansion and repeated integration of the cyclobutenyl pro- 

tons gave rise to an Ha:Hb:Hc ratio of (0.74;0.32:1.05) * 0.05. After correction 

for tha 11.5% te&-butylethylene-do contaminant, an H,:Hb ratio of (0.75:0.25) * 

0.07 resulted. 
11 

7% 2% 

The net stereochemical result of predominant retention of configuration 

argues convincingly for the biradical mechanism and finally lays to rest the 

possibility of dual concerted pathways in the thermal 2n + 2a cycloaddition of 

simple olefins. Furthermore, the striking similarity between our stereochemical 

ratio and the data contained in Table I is consistent with initial bonding be- 

tween the arynic carbon atom and the sterically less hindered olefinic carbon 

atom. This would transform the remaining olefinic center into a secondary radi- 

cal. If the relative rate of bond rotation to ring closure in the biradical, and 

hence the stereochemical outcome, is controlled by radical stability and rota- 

tional barrier heights,i;l then all of the reported studies should, indeed, lead 

to similar stereochemical outcomes. 

In a parallel study, we have found that o-benzyne reacts with ethylene to 

yield benzocyclobutene. 13 In ordes to probe what may well be the simplest, ther- 

mally accessible, homopolar 2sr + 271 cycloaddition, and to test the above radical 

stability-rotational barrier interpretation, we are investigating the cycloaddi- 

tion of a-benzyne to a stereospecifically labelled dideuterioethylene. 

Acknowledgement is made to the E. - I. duPont de Nemours Company for a Young 

Faculty Grant to R. B. L. The Harvard University Chemistry Department also as- 

sisted this investigation through its undergraduate research program (T. A. C.). 
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