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Keto-enol tautomerism in the polyacene series
presents an interesting theroretical problem, since
in the higher polyacene phenols the keto form is
more stable, in contrast to the lower polyacene
phenols where the enol form is more stable.?
Although this displacement of equilibrium in the
keto-enol tautomerism of phenols has been known
for some time,» there are only a few theoretical
studies, within the framework of the HMO theory,
reported for these systems.?

Here we wish to report calculations of keto-enol
tautomerism of the phenols based on Dewar’s
variant of the SCF n-MO method, which has been
described in detail elsewhere.?

Theoretical Method

The location of a chemical equilibrium is deter-
mined by the variation of free energy (4F). Since
free energy depends upon enthalpy and entropy,
the equilibrium constant (K) can be expressed as
a function of the variations of enthalpy (4H) and
entropy (4S) of the compounds in the equilibrium:

—RTInK =AF = A4H — TAS (1)

The entropy variation for a given reaction occurring
in a series of related compounds under the same
experimental conditions remains essentially constant
and thus can be neglected.®) Making the usual
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assumption®? that the difference in the keto and
enol forms is due to changes in the heats of atomi-
zation rather than the enthalpy of reaction, the
equilibrium can be expressed as follows:

—RTInK = AHA — AH? @)

where AH2 and AHE are the heats of atomization
of the keto and enol form, respectively. Therefore,
the position of equilibrium is determined essentially
by the difference in the heats of atomization between
the two tautomeric forms of phenols. The heats of
stomization for the tautomeric forms in question
can be calculated by Dewar’s SCF z-MO (variable
B)* procedure.?

Results and Discussion

The systems studied are presented below.
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Table 1 lists the heats of atomization of tautomeric
forms of phenols (A being phenol forms, B being
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TaBLE 1. HEATS OF ATOMIZATION OF TAUTOMERIC FORMS OF PHENOLS

Tautomer A AHY (eV) Tautomer B AHB (eV) iﬁiﬁé({_{)‘l’;
Phenol (Ia) — 61.6675 Keto form (Ib) — 60.6913 —22.5
a-Naphthol (IIa) — 95.1193 Keto form (IIb) — 94.5830 —12.4
Anthranol (IIIa) —128.4071 Anthranone (IIIb) —128.4679 +1.4
Hydroxytetracene (IVa) —161.6223 Tetracenone (IVb) —161.9402 +7.3
Hydroxypentacene (Va) —194.8007 Pentacenone (Vb) —195.4114 +14.5

keto forms) and the differences in the heats of
atomization between these forms. The obtained
results appear to be in a good agreement with
present experimental evidence.

The experimental evidence can be summarized
as follows; there is no indication in literature that
phenol (Ia) exists to any appreciable extent in the
keto form (Ib), the equilibrium being heavily located
on the phenol form. However, the keto form (Ib)
is apparently quite stable when substituents are
attached to the ring;® the substituents may stabilize
this form considerably. Naphthol (IIa) shows some
reactions which point to existence of keto form (IIb),
but here again as in the case of phenol only the
substituted keto form (IIb) is stable enough to be
isolated.” In anthracene series the keto form (IIIb)
is in a slightly more stable form in the equilibrium.
The equilibrium anthranol (IIIa) = anthranone
(IIIb) has been fairly thoroughly investigated
recently by Lober'® and Baba and Takemurall)
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