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It has been observed that the treatment of tetrasubstituted gem-dibromocyclopropanes with 

methyllithium brought about the exclusive formation of bicyclobutanes rather than allenes. 
2-5 

In these reactions, the divalent carbon of the intermediate cyclopropylidene inserted 

selectively into a carbon- hydrogen bond of an alkyl group which geminated to the sterically 

bulkiest group among the four substituents 4y5 (Insertion type A). 
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This communication deals with an entirely different selectivity from hitherto known 

reactions and a facile synthesis of endo-2-arylbicyclobutanes 3a-d via aryltrialkyl- 

cyclopropylidenes 2a-d generated from corresponding gem-dibromocyclopropanes la-d. In the 

intermediates 2a-d, the divalent carbon did not insert into R group, but the methyl group 

which is cis to phenyl group (Insertion type B). 
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la-d 2a-d 3a-d 

R=CH3, (CH3)2CH X=H, p-OCH3,.m-CF3 

Treatment of 1,1-dibromo-2-phenyl-2,3,3-trimethylcyclopropane (la) with methyllithium in 

ether at -15 ' gave a single product, 1,2-dimethyl-m-2-phenylbicyclobutane (3a), in a 76 % 

yield. Satisfactory spectroscopic analyses were obtained for 3a [mass spectrum m/e 158 (M+); 

nmr (CC14) 6 ppm 0.65 (s., lH, endo-4-H), 1.32 (s., 3H, exo-2-CH3), 1.35 (broad s., ZH, 3-H and - 
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%-4-H), 1.69 (s., 3H, l-CH3), 7.10 (broad s., 

rearrangement of 3a gave vinylcyclopropane 4 in 

assigned structure of 3a. 295 

CH 
I3 

5H, phenyl)]. The acid-catalyzed 

an almost quantitative yield supporting the 

'gH5 3a 

Furthermore, the nmr analysis 

cyclopropane la-d2 clearly showed 

of the product6 from deuterium labeled gem-dibromo- 

that the deuterium content was 63 - 70 % in each of the 

hydrogens on the carbons of C (3) and C (4), while that was negligible in the methyl group on 

C (1). This analysis distinctly indicated the selective insertion of the divalent carbon of 

the intermediate 2a-d, into the methyl group which is cis to the phenyl group (Insertion type 

H+ 

H3C 

In a similar manner, bicyclobutanes 3b-d7 were also obtained regio- and stereoselectively 

from lb-d in good yields (Table I). Furthermore, the reaction of gem-dibromocyclopropanes 

Sa,b under similar conditions gave bicyclobutanes 6a,b7 as a single product. 

H 
CH3Li 

Br 
Br 

5a, R=CH3 

b, R=CH2CH3 

R 

6a, Y=90 % 

b, Y=77 % 
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Table I. The Reaction of la-d with Methyllithiuma 

X R Yield (%) of Productb nmr of 3a-d (6-ppm)" 

la H CH3 76 (3a) 0.65 (s., lH), 1.32 (s., 3H), 1.35 (br s., 

2H), 1.69 (s., 3H), 7.10 (br s., 5H) 

lb m-CF3 CH3 74 (3b) 0.63 (s., lH), 1.37 (s., 3H), 1.40 (br s., 

2H), 1.70 (s., 3H), 7.30-7.61 (m., 4H) 

0.62 (s., lH), 1.29 (br s., 2H), 1.32 (s., 

lc p-0CH3 
CH3 

a7 (3c) 3H), 1.68 (s., 3H), 3.73 (s., 3H), 

6.6-7.1 (m., 4H) 

0.43 (d., J=1.3 Hz, lH), 0.88 (d., 

Id H (CH3)2CH 71 (3d) J=3.1 Hz, 6H), 1.25 (d., J=1.3 Hz, lH), 

1.34 (d.; J=1.3 Hz, lH), 1.72 (s., 3H), 

1.58-1.85 (m., lH), 7.08 (br s., 5H) 

a; The reaction was carried out in ether at -15 '. 
b; Isolated yields. 
c; In carbon tetrachloride: s.; singlet, br s.; broad singlet, d.; doublet, m.; multiplet. 

On the contrary, when R group in 1 was ethyl, the selectivity of insertion differed 

remarkably and showed the insertion of type A. Thus, the bicyclobutane obtained from 

l,l-dibromo-2-phenyl-2-ethyl-3,3-dimethylcyclopropane (le) was 3e, in which the divalent carbon 

did not insert into cis-methyl group, but ethyl group. - A similar phenomenon was observed in 

the transformation of 7 to 8. 

CH3CH2 
CH3 

+ 

'sH5 

B CH3Li 

'gH5 
3 .-+ CH3 

Br 
Y=75% 

4 
H CH3 

le 3e 
H3 

CH3Li 

CH3 
Y=76% 

Although the selectivity of insertion of the divalent carbon 
: 

described in this communication is not necessarily explainable, it may I 
'gH5 CH3 

be one of the factors controlling the selectivity that the instability 

of the central carbon-carbon bond in the bicyclobutanes' bearing 9 
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a phenyl substituent on the bridgehead makes the transition state such as 9 unfavorable, 

though the transition state 9 is deeply related totheinsertion of type A. 

The strange behaviors of le and 7 might be resulted from the delicate balance among 

reactivity of the divalent carbon,' steric effect in the transition state, 5,lO and stability 

of the products. 
8 
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