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exciplex, is involved. If so, the apparent difference 
between the present result and other triplet arene [2 + 2] 
photocycloadditions for which exciplexes have been 
postulated, e.g., indene dimerization,4d in which exo 
orientation of the aryl moieties occurs,13 remains ob
scure and merits close scrutiny. 

Finally, both our observation of quenching of exci
plexes by solute molecules and that of others41 offer good 
prospects for the detection of nonemitting exciplexes 
(by the demonstration of quenching by a molecule 
which does not quench the initially excited chromo-
phore) plus an obvious caveat regarding the incautious 
interpretation of quenching experiments where long-
lived exciplexes may be involved. 
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Some Novel Aspects of the Diels-Alder Reaction 
with 1,4- and 1,2-Diphenylbutadienes under 
Thermal and Lewis Acid Catalyzed Conditions1 

Sir: 

A great deal of attention has been paid by theoretical 
chemists to explain the experimental facts of regio- and 
stereoselectivity of the Diels-Alder reaction ever since the 
propounding of the empirical rules by Alder and Stein,2 

and two of the recent and more successful such treat
ments are those of Herndon3 and Houk.4 It was re
ported earlier by us5 that in the addition of ^-nitro-
styrenes to 1,4-diphenylbutadiene electron withdrawing 
substituents in the 4'-position of the dienophile intro
duce striking stereoselectivity and lead to the formation 
of only the phenyl endo adducts (4). The work pre
sented now shows some novel aspects of the stereo
selectivity introduced by the Lewis acids and the steric 
control exerted by the 2-phenyl moiety in the addition 
of 1,2-diphenylbutadiene to /3-nitrostyrene and cinnamic 
acid. These effects have been explained on the basis of 
the preferred geometry of the transition state. Any 
unified theoretical treatment will have to encompass 
these facts. 

The addition reaction of 1 and 3 in benzene at 0° in 
presence of 1 molar equiv of SnCl4 or AlCl3 gave ex
clusively the nitro endo adduct 5, in contrast to the 
formation of equal proportions of both the phenyl endo 
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(4) and nitro endo (5) adducts under thermal condi
tions.6" Treatment of the adducts formed under 
thermal conditions with Lewis acids did not change 
their stereochemistry. 

.NO, 

Ph 

1. R1 = H; R2 = Ph 
2. R1 = Ph; R , = H 

10, R1 = CH3JR^ = H 

4, R1 = NO2; R2 = Ph 
5, R1 = Ph; R, = NO2 

15, R1 = CO2H; R2 = Ph 

-R3 

6, R1 = Ph; R2 = Ph; R3 = NO2 8, R 1 - R 3 - Ph; R, = NO2 

7, R1 = R3 = Ph; R, = NO2 9, R1 = R2 = Ph; R3 = NO2 

11, R1 = CH3; R, = Ph; R3 = NO2 12, R1 = CH3; R2 = Ph; R3 = NO2 

14, R1 = Ph; R2 = Ph; R3 = CO2H 13, R1 = CH3; R2 = NO2; R3 - Ph 

Reaction of 2 and 3 by heating in o-dichlorobenzene 
gave, of the four possible adducts 6-9, only 6 and 7, in a 
ratio of 72:25. 6 mp 159-160°; nmr (CCl4)

6 4.88 (m, 
5-H),5.45 (dd, 4-H), 5.8 (d, 3-H); •/,.,, = 6, 7„ iB = 10.5, 
/4,s = 12, y,l4 = 10.5Hz. 7mp 162-163°; nmr (CCl4) 
5.0 (dd, 4-H), 5.37 (d, 3-H), 6.38 (m, 5-H); JSA = 10.5, 
/4,5 = 12.5, /5,6a = 10.5, /5,6e = 5 Hz. These assign
ments were confirmed by introducing deuterium at 4 
and 5 positions of the adducts by using a- and /3-
deuterio-/3-nitrostyrenes as dienophiles in this condensa
tion. The formation of 6 and 7 having 3,4 trans 
geometry is unusual; according to the usually accepted 
mode of Diels-Alder reaction, an ortho-cis product 
should be formed.7 When the addition of 2 to 3 was 
carried out in the presence of 1 molar equiv of SnCl4 or 
AlCl3, isomer 8 was the exclusive adduct: mp 162— 
163°; nmr (CCl4) 4.55 (q, 4-H), 5.3 (d, 3-H), 6.5 (m, 
5-H); ,Z3,4 = 5.5, J4,5 = 12,/5,6a = l l , - / o , 6 e = 5 Hz. 

Lewis acids are known to cause rate acceleration8 of 
Diels-Alder reactions and markedly alter the isomer 
ratio,9 forming in some cases a larger ratio of the isomer 
not expected on steric considerations.10 A striking 
reversal of usual orientation in Diels-Alder reaction by 
Lewis acids has recently been reported by Dickinson, 
et al.11 The formation of 8 under Lewis acid catalysis, 
having stereochemistry different from that of either of 
the adducts formed under thermal conditions, is thus 
novel and noteworthy. 
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Addition of l-phenyl-2-methylbutadiene (10) to 3 in 
the presence of SnCl4 also gave exclusively the nitro 
endo adduct 13, while under thermal conditions the 
adducts 11 and 12 were formed in almost equal propor
tion. 13 mp 121-122°; nmr (CDCl3); 4.62 (q, 4-H), 6 
(d, 3-H), 6.55 (sextet, 5-H); J3,4 = 5.5,J4,6 = 12,y5,ea = 
10.5, y6,6e = 4.5 Hz. 11 mp 146-147°; nmr (CDCl3) 
4.8 (m, 5-H), 6.5 (d, 3-H), 6.65 (t, 4-H); J4,5 = 12 Hz. 
12 mp 159°; nmr (CDCl3) 4.7 (m, 5-H), 6.15 (q, 4-H), 
6.55 (d, 3-H); J3,4 = 6,/4,5 = 12 Hz. 

The two common features of the above reactions are: 
(i) the formation of "ortho"-trans adducts in thermal 
reactions when 1,2-diphenylbutadiene is the diene; (ii) 
the exclusive formation of "ortho"-nitro-cis adducts in 
the presence of Lewis acids. These facts can be ex
plained as follows. In the condensation of 1,2-di
phenylbutadiene (2) with /3-nitrostyrene, the presence of 
two phenyl rings on adjacent carbons would not allow 
both the rings to conjugate with the diene and would 
very likely force the 2-phenyl ring to take a position 
orthogonal to the plane of the diene. In the transition 
complex formed for cycloaddition reaction (Figure 1), 
by 1,3 interaction the 2-phenyl ring would offer steric 
hindrance to the terminal group of the nitrostyrene as
suming an "ortho"-cis orientation, and the adducts 
formed would thus have an "ortho"-trans stereochem
istry (6 and 7). In the case of l-phenyl-2-methylbuta-
diene, when the steric effect at 2 position is less, both 
"ortho"-cis (12) and ortho-trans (11) adducts are 
formed. 

In the presence of Lewis acids the complexing12 of the 
nitro group would induce a strong dipole and favor its 
dipole-dipole or induced dipole10*'14 and C-T bonding 
with the diene and its two phenyl rings and form a 
transition state having an "ortho"-nitro-cis stereo
chemistry leading to the formation of the adducts 5, 8, 
and 13. 

When 1 and cinnamic acid were treated in o-dichloro-
benzene, 15 was exclusively obtained: mp 245°; 
methyl ester mp 150-151°; nmr (CDCl3) 6.05 (d, 3-H), 
6.22 (d, 6-H), 6.3 (q, 5-H), 7.0 (t, 4-H); J3,4 = 10.5, J4,6 

= 12, J3,6 = 6 Hz. Condensation of 2 with cinnamic 
acid gave the adduct 14: mp 235; methyl ester mp 
134-135°; nmr (CDCl3) 6.0 (d, 3-H), 6.8 (dd, 4-H), 6.95 
(sextet, 5-H); J3,4 = 10, J4,s = 12, J5,6a = 12, J5,ee = 
5, J6a,6e = 15 Hz. These assignments were confirmed 
by nmr of the adducts obtained from 1 and 2 with 
trans-a-d-cinnamic acid. The formation of "ortho"-
trans adduct 14 in the case of 2 again points to the im
portant role of the bulk of 2-substituent of the diene to 
stereoselectivity in the Diels-Alder reaction. 

Thus in the Diels-Alder reaction a number of compet
ing factors operate, and their relative dominance deter
mines the stereo- and regioselectivity of the reaction. 
Under thermal conditions, other factors being equal, 
steric factors15 seem to determine the nature of the 
products. However, when one of the substituents of 
the dienophile, a Lewis acid complexed nitro group in 

(12) With ethyl acrylate it has been shown that the CO group com
plexes 9a'b with AlCl3 and the complex has been isolated10 and studied 
by ir.13 
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Figure 1. 

the present case, can associate strongly with the diene 
by dipole and C-T bonding,5b this can outweigh the 
steric constraints and form the thermodynamically less 
favored18 products. By a proper choice of the various 
parameters related to these factors, one can preselect the 
stereochemistry of the adducts. 
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Subsrituent Effects in the Ring Enlargement of 
Ar-Arylidene-2,2-diphenylcyclopropylamines 

Sir: 

Frey, et ah, measured the rearrangement rate of 
vinylcyclopropane to give cyclopentene at 340-390° and 
suggested a concerted pathway.x Later the same group 
preferred a trimethylene diradical, stabilized by allyl 
resonance, as an intermediate.2 The problem has not 
been settled yet. Willcott and Cargle's finding, that 
cis,trans isomerization of cw-2-deuteriovinylcyclopro-
pane is at least five times faster than conversion to 
cyclopentene,3 is compatible with either mechanism. 
Neither of the two orbital symmetry allowed 1,3-sigma-
tropic processes4 accounts for the steric course observed 
in the thermal isomerization of a trisubstituted vinyl-
cyclopropane,5 but a combination of concerted and di
radical processes cannot be ruled out. We present 
kinetic evidence for the occurrence of a trimethylene 
intermediate in the ring expansion of a heteroanalog of 
the vinylcyclopropane system. 

The rearrangement of the iV-arylidene-2,2-diphenyl-
cyclopropylamines (1) of Table I produces at 150° 
virtually quantitatively the 1-pyrrolines (3) which were 
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