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Stsmnzary The products of the thermal rearrangement 
of 3-hydroxy-4- (3,3-dimethyl-trans-b~ t- 1 -enyl) -2,4-di-t- 
butylcyclobut-2-enone are 2,4,6-tri-t-butylresorcinol and 
its diketo-tautomer. 

IT has been found' that  a vinylcyclobutenone photoproduct 
(Ia) can be obtained from the U.V. irradiation of 4-hydroxy- 
2,4,6-tri-t-butyl-cyclohexa-2,5-dienone (11). While the proof 
of the structure of (Ia) was being carried out, the thermal 
instability of this compound was noted. For example, i t  was 
found that upon heating a mixture of (Ia) in tetrachlorothio- 
phen to a temperature sufficient to give a homogeneous 
solution (ca. lSO"), the n.m.r. spectrum no longer corre- 
sponded to that of (Ia). Instead, the solution showed absorp- 
tions a t  8 6.92 (s, lH, Ar-H), 5.05 (s, 2H, exchangeable with 
acid, OH), 1.52 (s, 9H, But), and 1.30 p.p.m. (s, 18H, But) 
plus absorptions corresponding to approximately loo/, of the 
known diketone (III).2 On the basis of the n.m.r. spectrum 
and an absorption in the i.r. characteristic of hindered 
phenols (2.76 pm, sharp), the major component was assigned 

the structure of 2,4,6-tri-t-butylresorcinol (IVa). To our 
knowledge, this is the first reported synthesis of this highly 
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hindered resorcinol itself, although both the monomethyl 
ether derivative3 (IVb) and the diketo-tautome9 (111) of 
(IVa) have been reported previously. Confirmation of the 
structure assigned to (IVa) was obtained by analogy when i t  
was found that heating the methyl ether (1b)l in tetrachloro- 
thiophen a t  160" gave a compound with an n.m.r. spectrum 
identical with that reported for the monomethyl ether 

Although several studies of thermolyses of cyclobutenones 
(1vb) .3 

Royal
dramatic lowering of the activation free energy in com-
pounds with hetero-atoms bound to the imino-carbon atom
provides compelling evidence for the torsion model.
Further evidence on this point may be obtained by
comparing the barrier and coalescence temperature in (I)
(T, = 51”, AG,S = 16.3 kcal./mole) with that in the N-
pheriylimine, N-isopropylideneaniline, ( T , = 126*, AG,$
= 20.3 kcal./mole) .3 Apparently the benzenesulphonyl
group is considerably more effective than phenyl at lowering
the barrier by delocalization of electrons on nitrogen. By
contrast, in the corresponding N-substituted aziridines, the
free energies of activation, which must correspond to
barriers to inversion of the nitrogen pyramid, exhibit a
different order in their relative magnitudes. Thus, the
coalescence temperature for N-phenylaziridine (T, - 4Oo)l3
is actually somewhat lower than that for N-benzene-
sulphonylaziridine ( T , - 30”) .14
Discussions of the relative merits of the two mechanisms
have implied that they are distinguishable and mutually
exclusive. However, the two corresponding transition
states (11) and (111) differ only in the magnitude of 6, the
C-N-R angle, and associated differences in the hybridiza-
tion of the nitrogen atom and its formal charge. This
angle is GU. 109” in the torsion model4 (11) and 180” in the
linear inversion model (111). However, 6 need not be
restricted to one of these two values, but might well adopt
values between these two extremes. Thus, we might well
imagine that a continuum of mechanisms with intermediate
values of 6 is possible. Substituents such as methoxy,
methanethio, and dimethylamino which can stabilize a
positive charge on carbon would effect a diminution of 6
while substituents which lower barriers to nitrogen inversion
would result in transition states with larger values of 6.
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have been made,d the thermal reorganization of the vinyl- 
cyclobutenone (I) to give an aromatic product (IV) represents 
a type of ring-expansion reaction which, to our knowledge, is 
without precedent. 

(IV) a; R=H, b; R=Me 

Varying ratios of (111) and (IVa) could be obtained when 
the thermolysis of (Ia) was carried out under other conditions 
[e.g., heating (Ia) to its melting point or heating a solution of 
(Ia) in t-butyl alcohol in a sealed tube to 130-140"], thus 
suggesting that it might be possible for (111) and (IVa) to 
exist in equilibrium together.7 We found that a solution of 
(111) in tetrachlorothiophen containing a drop of pyridine 
gave a 60:40 mixture of (111) and (IVa) upon heating for 

20 min. a t  133'. Moreover, under identical heating 
conditions, a 15:85 mixture of (111) and (IVa) in tetra- 
chlorothiophen containing a drop of pyridine afforded a 
40 : 60 mixture of (111) and (IVa). Further heating of either 
sample in an attempt to approach the equilibrium more 
closely caused considerable degradation. 

Models indicate that the diketo compound (111) has 
considerably less steric hindrance between adjacent t-butyl 
and carbonyl groups than exists between adjacent t-butyl 
and hydroxy-groups in the resorcinol (IVa) . The aromatic 
resonance stability of (IVa) is thus apparently offset by 
destabilization of (IVa) relative to (111) due to steric 
hindrance, thereby causing (111) and (IVa) to be of approxi- 
mately equal stability. There have been reported a limited 
number of examples in which both a monocyclic phenol or 
resorcinolS and its keto-tautomer have been prepared.S y 6  

However, in no other system that we are aware of involving 
a monocyclic phenol or resorcinol are there major amounts of 
both the keto- and enol tautoiners a t  equilibrium. 
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