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The Reactions of Benzyne with Allenes 
By HARRY H. ~VASSERMAN* and LEONARD S. KELLER 

(Department of Chemistry, Yale University, New Haven, Connecticut 06520) 

S s t ~ ~ z m u ? ; ~ ~  The reactions of benzyiie with allenes may 
proceed by 2 + 2 cycloaddition, or by ene-like reactions 
with forniation of a 1,3-diene or an acetylene. 

WE have previously notedl that the formation of the benzo- 
cyclobiitene derivatives (11) and (111) in the reaction of 
benzyne with ethoxypropyne appears to result from a 2 + 2 
cycloaddition of benzyne with the transient allene (I). 
The intermediate (I) was not isolated. We now report 
studies on the reactions of benzyne with a variety of allenes 
which show that such cycloadclition reactions do take place 
as one of the possible reaction paths. As is outlined below, 
other products are formed by competitive ene-type re- 
actions in which addition of benzyne to the allene is followed 
by hydrogen abstraction \vith the formation of 1,S-dienes 
or acetylenes. 

The reactions were carried out by allowing benzenedi- 
azoniuiii 2-carboxylate2 to decompose in the presence of a 

The results are summarized in the Table. 10% molar excess of allene in niethylene chloride under 
reflux. Products were identified in the case of known 
materials by comparison with authentic compounds, 
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Reaction Allene Cycloadduct 1,3-Diene Acetylene 
1. (Me) 2C = C = CH, - 
2. MeCH = C= CHMe - 

3. CH,= C== CH2 - 

CH,= C(Ph-C(Me) = CH289b 

MeCH = CH-C(Ph) = CH,* $6 
(34%) 

(18%) 

4. (IV) (V) (5%) (VI)at8 (31%) 
5. ButCH=C=CHOMeg (VII) (25%) - 

8. CH,= C=CHCN I - 

a Identified by comparison with authentic materials synthesized through independent routes. 
b The cycloadduct involving addition to double bond (y) was also isolated in less than 1% yield. 

independently synthesized. Other substances were charac- 
terized by n.m.r., i.r., u.v., and mass spectra. Satisfactory 
elemental analyses were obtained for all new products. 
l-Ethoxymethylenebenzocyclobutene (IX) is unstable and 
was characterized as its dihydro-derivative, l-ethoxy- 
methylbenzocyclobutene. Compound (1);) could also be 
converted into benzocyclobutenone by ozonolysis. 

Our results indicate that the reactions of benzyne with 
alkyl-substituted allenes normally afford 1,3-dienes through 
addition-hydrogen-abstraction (ene) reactions (see Scheme). 
Acetylene formation by addition of benzyne to a terminal 
carbon atom and abstraction of a vinylic hydrogen is also 
observed (reactions 2,3,5,6,7,8 in the Table). The failure 
to obtain an acetylenic product from the reaction of benzyne 
with the unsymmetrically disubstituted allene (reaction 1) 
may be due to steric effects whereby the geminal methyl 
groups inhibit approach of the benzyne molecule to the 
disubstituted carbon atom. The absence of acetylenic 
material in the reaction with cyclonona- 1,2-diene (reaction 
4) is consistent with the observation that a triple bond 
incorporated into a nine-membered ring is more highly 

- 

PhCH(Me)-C =CMe 
(30%) 

(16%) 
PhCH2-C =CH&*’ 

- 

ButC =GCH (Ph)OMea 
HC=C-CH(Ph)Cla (26%) 

(1%) 

(26%) 
HC =C-CH(Ph) OEta 

PhCH2-C GGCN 
(15%) 

strained than the corresponding allenic system from which 
it may be derived.3 

In the systems studied above, 2 + 2 cycloaddition appears 
to be less favoured compared to the hydrogen abstraction 
reactions unless the allene is strained4 as is 1,2-cyclonona- 
diene (reaction 4). However, cycloaddition does compete 
favourably with acetylene formation in cases where the 
allenes are substituted with electron-rich groups12 (re- 
actions 5 and 7). No cycloadduct was observed in the 
reactions of benzyne with allene or cyanoallene (reactions 
3 and 8). In the latter case, it is interesting to note that 
substitution of the electron-withdrawing cyano-group 
reverses the mode of acetylene formation relative to that 
found with the allenyl ethers and chloride. This suggests 
that the electrophilic benzyne undergoes initial reaction 
with the more electron-rich double bond of the allenic 
system. 
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