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Thermal cis—trans-Isomerization of Substituted Azobenzenes: a
Correction of the Literature

By EracH R. Taraty* and James C. FArRGO

(Departments of Chemistry of Louisiana State University in New Ovleans, Lakefront, New Ovleans,
Louisiana, 70122; and University of South Dakota, Vermillion, South Dakota)

ReceNT interest in the mechanism of thermal
isomerization around double bonds! prompts us to
call attention to uncertainties in the literature with
regard to the rates and mechanism of the thermal,
uncatalyzed cis-trans-isomerization of substituted
azobenzenes.2 The results of Le Feévre and
Northcott?® with five monosubstituted azobenzenes
have been claimed by Jaffé* to follow the Hammett
‘cp’ equation,® whereas the work of Schulte-
Frohlinde® appears to militate against such a
smooth relationship. However, in almost all of
these kinetic studies, the starting materials were
merely mixtures of c¢is- and frans-forms obtained
photochemically? from the #ans-forms. Since
rates thus measured involve a limited conversion
and do not exclude the influence of adventitious
catalysts that may be formed during the irradia-
tion, we have re-examined this isomerization
reaction with a much larger number of substituents,
always starting with pure cis-isomers. Our work
leads us to question the validity of some of the
results of Le Févre and Northcott and their correla-
tion by Jaffé, both of which have attracted
attention,® and to reject all mechanisms hitherto
suggested for this reaction.

The cis-isomers were isolated by irradiation} of
solutions of frans-isomers] in chloroform, followed
by chromatography on silicic acid in a dark room.
The isomerizations were allowed to proceed in a
dark room to at least 909, completion and followed
spectrophotometrically by the decrease in absor-
bance in the visible region of the spectrum.
Although we have measured all rates in ethanol,
benzene, and n-heptane as solvents, we present
here only our data in benzene, since this is the
solvent used by previous investigators. Rate
constants (%, X 10* min.~1)§ obtained for the
various monosubstituted azobenzenes at 35° are
given below, alongside the substituent:® H, 3-58;1°
m-Me, 5-'13; m-Et, 4-:06; wm-Prl, 3-23: wm-But,
3:06; m-COMe, 2-68; m-Cl, 3-48; m-OMe, 3-81;
m-NO,, 3-16; p-Me, 5-59; p-Et, 5-54; p-Prl, 8-02;

p-But, 6:35; p-COMe, 11-75; p-Cl, 5:56; p-OMe,
10-3; p-NO,, 93-3. Values of Ej are in the range
21-1—23-8 kcal. /mole and log 4 (4 in sec.7) in the
range 12-0—13-5.

The most striking feature of the above data is
that all para-substituted azobenzenes isomerize
faster than the parent compound, regardless of the
nature of the substituent. Thus, contrary to the
conclusion of Jaffé, we find no linearity in a Ham-
mett plot using either g, o*, or o= In fact, the
isomerization of para-nitroazobenzene, which was
claimed by Le Févre and Northcott to be the slowest
of all the isomerizations studied by them, is
actually found to be the fastest in our study which
encompasses the same substituents. The overall
effect of substituents in this reaction is not very
large, and the effect of a change in solvent even
less, the maximum change in rate observed being
only threefold in going from n-heptane to absolute
ethanol (generally a decrease), a change in Z-value®2
of almost 20. Although a detailed discussion of
these observations will be deferred to the full Paper,
the following comments may be made with regard
to the mechanism of the reaction. Schulte-
Frohlinde® apparently considered his results to be in
accord with a twisting around the N=N bond,
involving a rupture of the 77-bond to yield a singlet
transition state. Although the observation of pre-
exponential factors as high as 1022—1014 sec.—1
precludes the intervention of triplet excited states
formed by intersystem crossover, the activation
energies are too low to be compatible with a
singlet transition state. The corresponding iso-
merization of the stilbenes® which are considered
to involve singlet states has a characteristic
activation energy of about 34—37 kcal. /mole in the
liquid phase. Since the barrier to rotation around
the N=N bond has been calculated to be higher
than that for rotation around the C=C bond by
about 24 kcal. in the gas phase,!8 one would expect
an activation energy of at least 55kcal. /molefor the
azobenzenes if the singlet mechanism were to

* To whom inquiries should be directed at Louisiana State University in New Orleans.
t A Hanovia 100 w “‘Inspectolite” lamp (catalogue No. 16180) was used, and the solutions irradiated in quartz

vessels at 0° for 3—5 hours.

1 Satisfactory analyses were obtained for all new compounds.
§ Computed by the method of least squares from excellent first-order plots and found to be reproducible within
+49%,. Activation parameters were then calculated from the least-squares slope of an Arrhenius plot.
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prevail.*  On this presumption, the observation of
activation energies as low as 21—24 kcal./mole
would require considerable destabilization of the
double bond by the substituents wia dipolar
resonance structures!® and/or a special role of
solvent!® in the azo-compounds not encountered in
the stilbenes. The absence of large solvent or
substituent effects effectively rules out all of these
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azobenzenes then involves a linear transition state
in which one or both nitrogen atoms undergo a
change in hybridization to the sp-state, the 7-
bond remains intact, and the nonbonded electron
pair occupies a p-orbital, a mechanism not available
to the stilbenes. Such a mechanism has been
postulated for the cis—trans-isomerization of
imines!® which have similar activation energies.
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