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Stereochemistry of the Conversion of cis- and 
trans-2-Amino- 1,3-dihydro- 1,3-diphenylisoindoles into the 

Corresponding 1,2-Diphenylbenzocyclobwtenes 
By LOUIS A. CARPINO 

(Department of Chemistry, University of Massachusetts, Amherst, Mass.) 

OXIDATION of the isomeric 2-amino-1,3-dihydro-l,- 
3-diphenylisoindoles provides a convenient syn- 
thetic route to the cis- and trans-1,2-diphenyl- 
benzocyclobutenes.1 Since this method was first 
described data have become available which serve 
to establish the nature of the conversion. In the 
unsubsituted case ( I ;  R = H, R' = NH,) the 
major oxidation pathway appeared to involve 
fragmentation of the intermediate azamine (I1 ; 
R = H) into nitrogen and the o-quinodimethane 
(111) followed by dimerization and/or cyclization 
of the 1atter.l Studies by Huisgen2 and Quinkert3 
demonstrated that the two isomeric diphenyl-o- 
quinodimethanes, (IV) and (V), derived by ring 
opening of cis- and trans- 1,2-diphenylbenzocyclo- 
butenes (VI), respectively maintain their identity 
in solution under ordinary conditions. For example 
each yields a separate Diels-Alder adduct with 
tetracyanoethylene. These results, coupled with 
the theoretical studies of Woodward and Hoff- 
mann4p5 on electrocyclic reactions, have provided 
for a rational interpretation of the conversion of 
( I ;  R = Ph, R' = NH,) into (VI) and indeed have 
suggested that the earlier designations of the 
relative stereochemistry of the precursor N-amino- 
compounds (I; R = Ph, R' = NH,) should be 
reversed. This has now been verified by examina- 
tion of the n.m.r. spectra of the N-benzyl deriva- 
tives (I; R = Ph,R' = Ph-CH,) of the precursor 
secondary amines (I ; R = Ph, R' = H) . The N- 
benzyl derivative, m.p. 177-178", of the amine, 
m.p. 104-105", originally described by Boyd and 
Ladham@ shows an AB quartet for the benzylic 
methylene group centred at  3-5 p.p.m.7 (JAB = 14 
c./sec.) and must therefore be the trans-isomer." 
The N-benzyl derivative, m.p. 128-129", of the 
isomeric amine, m.p. 12&127.5", shows only a 
sharp singlet for the benzylic methylene group at  
3.78 p.p.m. and can therefore be assigned the cis- 
structure. 

I t  had been assumed earlier that the differences 
between the chemical shifts of the a-methinyl 
protons of the cis- and trans- 1,3-dihydro- 1,3- 
diphenylisoindoles, although smaller, would parallel 
those of the 1,2-diphenylbenzocyclobutenes. How- 
ever, examination of a more extensive series of N- 
substituted-l,3-dihydro-1,3-diphenylisoindoles (I ; 
R = Ph,R' = H,NH,,PhCH,,CO.Me,Ph.CH,.SO,, 

Ts,TsNH, PhCO) than previously available shows 
no consistency between the stereochemistry of the 
substituted amine and the relative positions of the 
a-methinyl protons. Thus the first four compounds 
show the a-methinyl protons at  higher fields in the 
cis-isomer whereas for the last four compounds the 
situation is reversed. The stereochemistry of the 
conversion of ( I ;  R = Ph, R' = NH,) into (VI) is 
also beclouded by the differing results reported by 
two groups of workers. Baker, McOmie, and 
Prestong reported that alkaline degradation of the 
toluene-9-sulphonyl derivative (not isolated) of the 
hydrazine (hydrochloride, m.p. 225-228" dec., 
free base not isolated) derived from the Boyd and 
Ladham's amine, m.p. 104-105", now definitely 
established as the trans-isomer, gave the trans- 
benzocyclobutene (VI) in 36% yield. On the 
other hand we found that manganese dioxide 

o_ipI' 
Ph 
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oxidation of the same hydrazine (m.p. 140-142.5O; 
hydrochloride, m .p. 2 2 54-22 7" ) in dichloro- 
methane at  room temperature gave the cis- 
hydrocarbon (VI) in 27% yield whereas under 
similar conditions the cis-hydrazine (m.p. 1 0 A  
106') was converted by mercuric oxide oxidation 
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into the trans-hydrocarbon in 81% yield. Since 
only the trans- into cis-[trans-(I) into cis-(VI) 
through the intermediacy of (IV)] and cis- into 
trans- [&-(I) into trans-(VI) through the inter- 
mediacy of (V)] conversions are consistent with the 
theoretical predictions based on the results of 
Woodward and Hoffmann4~l0 we suspected that the 
reaction conditions chosen by Baker, McOmie, and 
Preston might have caused isomerization of the 
initially-formed labile cis-hydrocarbon to the trans- 
isomer or alternatively isomerization of the labile 
intermediate (IV) to (V) prior to closure to (VI). 
This postulation is now supported by repetition of 
the alkaline degradation of cis- and trans-(I; R = 
Ph, R' = NHTs) by the method of Baker, McOmie, 
and Preston except that the intermediate toluene-p- 
sulphonylhydrazides were first isolated and then 
treated with ethanolic potassium hydroxide at  
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room temperature for 1-3 days. Under these 
conditions, in agreement with our earlier results on 
the direct oxidation of the hydrazines, the cis- 
toluene-p-sulphonyl derivative (I ; R = Ph,R' = 
NHTs, m.p. 138-140" dec.) gave the trans- 
hydrocarbon, m.p. 78-79.5', lit.1 m.p. 77-79', in 
80% yield. None of the cis-isomer could be 
detected in the initial crude product (m.p. 70-74", 
100(j(o) by n.m.r. analysis. Under the same 
conditions the trans-toluene-p-sulphonyl derivative 
(I;  R = Ph, R' = NHTs, 1n.p. 137-139' dec.) 
gave in 79% yield a mixture, m.p. 59-70", which 
was shown by n.m.r. analysis to consist of 
approximately 75% cis- and 25% trans-(VI). 
Repeated recrystallization gave pure cis-(VI), m.p. 
84.8-86-8" (1it.l m.p. 85-5-87.5"). 
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