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We have recently reported on the reactions of benzyne with electron-rich olefine leading 

to the formation of benzocyclobutene derivatives. 
3 

We now describe further studies on these 

systems which provide information regarding the stereochemical aspects of the cycloaddition. 

Our findings are in general accord with recent related results of Tabushi and co-workers4 ex- 

cept for the observation that our substrates, the pure cis and trans forms of ethyl propenyl -- 

ether, undergo a significant amount of competing ene reaction. 

The reaction of benzyne (generated from the decomposition of benzenediazonium-2-carbox- 

ylate in methylene chloride at reflux temperature') with 100% *-ethyl propenyl ether' af- 

forded &-l-l-methyl-2-ethoxybenzocyclobutene (II, 51X), m-1-methyl-2-ethoxybenzocyclo- 

butene (IV, 3.2X), and ethyl a-phenylallyl ether (V, 0.9%). With 100% a-ethyl propenyl 

ether, the corresponding reaction with benzyne afforded the & cycloadduct II (8.2%), the 

trans cycloadduct IV (31%), and ethyl a-phenylallyl ether (14%). 

&-l-Methyl-2-ethoxybenzocyclobutene 

raphy (1OOo)7 of the reaction mixture from 

7 = 2.91 (singlet, 4H), 5.12 (doublet, J = 

and triplet, 6H); ultraviolet spectrum: A 

mass spectrum: parent peak m/e 162. Aa. 

was isolated by preparative vapor phase chromatog- 

benzyne and *ethyl propenyl ether; nmr spectrum:8 

4.5 cps, lH), 6.38 (quartet, 3H), 8.77 (doublet 

EtoH 26m (log 6 3.11), 267~ (3.29), 273~ (3.28); max 

Calcd. for CllH140: C, 81.44; H, 8.70. Found: 

C, 80.91; H, 8.72. M-1-Methyl-2-ethoxybenzocyclobutene was isolated by preparative vpc 

(105') of the corresponding reaction mixture from a-ethyl propenyl ether; nmr spectrum:8 

7 = 2.92 (singlet, 4H), 5.58 (doublet, J = 1.8 cps, lH), 6.44 (multiplet, 3H), 8.61 overlap 
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with 8.79 (doublet and triplet, 6H); ultraviolet 

(3.22), 272mn (3.21). A&. Calcd. for CllHl40: 

The ratios of & to a cycloadducts were 

No.53 

spectrum: A &tF 26omc( (log s 3.03), 266~ 

C, 81.44; H, 8.70. Found: C, 81.60; H, 8.93. 

determined by integration of the nmr spectra 

of solutions from which V had been removed. 9 The amount of V formed in each reaction was de- 

termined by integration of the vapor phase chromatograph of the product mixtures. 
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The yields of cis and trans cycloadducts were in the ratio of 94 (II):6 (IV) in the reac- -- 

tion of e-ethyl propenyl ether and 21 (II):79 (IV) in the reaction of the trans-ethyl pro- 

penyl ether. Examination of recovered starting material indicated that no isomerization of 

the pure ethyl propenyl ethers had occurred. These results lead to the view that the cyclo- 

addition is non-concerted. A similar conclusion has been reached by Jones and Levin in re- 

lated work on cis _- and a-1,2-dichlorethylene. 10 

We have pictured the reaction as a stepwise process involving dipolar species I and III, 

although our experimental results do not, of course, exclude diradical intermediates. While 

the cyclizations are not stereospecific, they are quite obviously stereoselective, indicating 

that bond rotation in these intermediates is relativelyslow compared to ring closure. The 

fact that there is considerably more ene product in the trans case (14%) relative to cis - 

(0.9%) is in accord with the earlier suggestion by Simmons 11 that this ene reaction is con- 

certed, and sterically inhibited by the interaction of bulky groups with the bensyne ring. 



Here, _ the trans orientation of the olefin permits a more favorable geometry of the transition 

state compared to to the & isomer, as shown: 

H H 
+ EtO-qH-CH= CH, c- 

trans V 

In the case of cis- and m-propenyl - acetates, both cycloaddition and ene formation 

were also observed in the bensyne reactions. The overall yields were lower (10-20x) than 

those obtained with the corresponding ethers , and we again found a predominance of eoe reaction 

with the trana isomer. The cis-acetate gave a cis-trans cycloadduct ratio of- 3 to 1 while - -- 

the trans isomer gave a cis-trans ratio of&l to 2. -- cfs-l-Methyl-2-acetoxybensocyclobutene - 

has peaks in the nmr at T = 2.84 (multiplet, 4H), 4.09 (doublet, J = 7.0 cps, lH), 6.12 

(multiplet, lH), 7.79 (singlet, 3H), 8.74 (doublet, J = 7.0 cps, 3H); ultraviolet spectrum: 
h cyclohexane 
max 261~ (log s 3.00), 267mu (3.23), 273mp (3.21); w. Calcd. for CllH1202: 

C, 74.98; H, 6.86. Found: C, 74.93; H, 6.95. M-1-Methyl-2-acetoxybenxocyclobutene was 

not isolated in a pure state but was i.dontified by the nmr spectrum of the a-m mixture: 

peaks at T = 2.81, 4.68, 6.54, 7.99, and 8.57. The ene product, cr-phenylallyl acetate, was 

characterized by independent synthesis from acrolein and phenylmagnesium bromide followed by 

acetylation; AA. Calcd. for CllH1202: C, 74.98; H, 6.96. Found: C, 75.24; H, 6.70. The 

c&-propenyl acetate reaction mixture yielded chloromethyl benzoate (2.1%) and about 5% of an 

uncharacterized aromatic solid. 

We are exploring further stereochemical aspects of the benzyne-ene reaction with other 

cis-trans olefinic systems. -- 
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