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sy - anti Photoisomerization of 4-nitrophenylhydrazone of pyri=
dine-2-aldehyde by direct and benzophenone sensitized excitation
has been investigated.

For direct irradiation,the 4yn-isomer undergoes complete iso=
merization to anii{; for sensitized irradiation,a photoequilibrium
state between two isomers is obtained.

Two different mechanisms are proposed.

Previously we have extensively investigated the substituent effects on the
kinetics of direct and sensitized photoisomerization of phenylhydrazones1’4. The
interesting results obtained have led us to extend the investigations to analo=
gous systems,in which an heteroatom has been introduced in the aldehyde skeleton;
in this paper we report the results of a study of the photochemical behaviour of

the 4-nitrophenylhydrazone of pyridine-2-aldehyde.

sy n-Pyridine-2-aldehyde 4-nitrophenylhydrazone is prepared by classic me=
thods and recrystallized by ethanol (m.p.274-5°C).
During irradiation of solutions of this compound sy n-antl irreversible isome=

rization occurs
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At all wavelengths,the final state is the same and it is constituted by pure
anti{-isomer. This latter,therefore, is prepared by irradiating concentrated solu=
tion of 4 yn-isomer in benzene until complete isomerization. This anti{-isomer is
then precipitated by adding cyclohexane and then recrystallized by ethanol. The
purity of the product is tested by thin layer chromatography,elementary analysis
and constant melting point (183°C). The UV spectra of the two isomers are shown
in Table 1.

The 4-nitrophenylhydrazone of pyridine-2-aldehyde exhibits in the UV-visible

region the first w,n*

Table 1. Ultraviolet absorption maxima for the band,which is more inten=
pyridine-2-aldehyde 4-nitrophenylhydrazone. se than in the analogous
sy n anti phenylhydrazones,because
of the auxochrome effect
>‘max(nm) loge lmax(nm) loge of the nitro group. The
Benzene red shift of the 7w,n*
385 4.572 405 4.618 band of the anti-isomer,
(330) 3.740 compared to that of the
300 3.726 305 3.568 4y n-isomer,indicates the
Chloroform existence of an intramo=
390 4.578 410 4.627 lecular hydrogen bond
(330) 3.820 (325) 3.574 between the nitrogen at=
300 3.820 295 3.567 oms of the pyridine ring

and the anilino group. A
planar six membered ring is formed in conjugation with the aromatic systems.

Besides,in the IR spectra,the shift of the NH stretching vibration and the
alteration of the pyridine ring vibrations provide further evidence regarding re=
lative configurations of two isomers and the existence of the hydrogen bond.

For the kinetics of the direct isomerization,experiments were carried out by
irradiating benzene and chloroform solutions of hydrazone in concentration of a=
bout 10_5 M,deoxygenated by bubbling with pure nitrogen. The radiations used wiz.
405, 365, 333 and 313 nm were isolated from a Hg lamp (Hanau Q 400) by means of
interference filters (Schott and Co.). The reaction was followed spectrophotometri=
cally at 410 nm (fig.1). The guantum yields,calculated by Zimmerman's methods,are
shown in Table 2.

It is interesting to note that generally the quantum yields decrease with the
energy of the exciting radiation,indépendently of the nature of the corresponding
absorption band. This suggests that the reactions leading to the isomerization oc=
cur more rapidly than the vibrational relaxations,and rules out the possibility of

a common intermediate state in the mechanism. The low value found at 313 nm can
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be due to a side decomposition provoked by the photon energy.

Table 2. Quantum yields for syn->ant{ direct photoisomerization. Temp. 25° C.

A (nm)
c

ex

Solvent
313 333 365 405

Benzene 0.407 = 0.004 0.503 + 0.005 0.364 = 0.004 0.340 + 0.004
Chloroform 0.262 £ 0.003 0.308 £ 0.002 0.225 + 0.005 0.117 + 0.004

+
+

On comparison with the corresponding phenylhydrazone6,the introduction of the
nitro group in the N-aryl ring increases the 5yn-+antl{ isomerization quantum yields,
as observed in analogous systems4,but lessens the quantum yields of antisyn to ze=
ro. The lack of the photosensitivity in the ani{-isomer proves that the hydrogen
bond in the ground and in the excited state in reenforced by the nitro group,so

that the configuration variation,invol=
ving the breaking of this bond,is preven=
ted.

The usual solvent-solute interaction
is responsible for the observed effect on
the quantum yields.

Sensitized photoisomerization can be
induced by benzophenone (ET:69 Kcal

mole'l).Preliminary experiments,regarding
quenching of sensitizer phosphorescence
by 4yn-isomer,demonstrate that there is
efficient triplet transfer,controlled by

diffusion (Kq=0.9><10—9 mole | sec. My.

. The test cannot be carried out with the

anti -isomer,because of the fluorescence

Fig.1. Spectral changes of a cyclo= of the latter.
hexane solution of the pyridine-2- For the kinetics of sensitized pho=
aldehyde 4-nitrophenylhydrazone toisomerization,mixtures of substrate
under 405 nm irradiation. Numbers (10_5 M) and benzophenone (0.25 M) were
refer to time in minutes. The ar= irradiated at 333 nm; in these experimen=
rows refer the wavelengths of the tal conditions the light can be consid=
exciting radiation. ered entirely absorbed by the sensitizer.

Contrary to what was observed in
the direct reaction,the sensitization leads to a photostationary state,achieved by

both isomers,of constant composition: [antl| = 68%; syn| = 32%.
S ‘y"S
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The quantum yields q%+a ,calculated by the Lamola-Hammond formula7,increase
with the concentration of the acceptor. The plot of 1/q%+a Vb . 1/[5yn] is a good
straight line;from the extrapolation to 1/[syn]=0,the limiting value of the
qguantum yield Q%+a=0.342 is obtained. The ratio of the intercept to slope gives
the sensitization constant,from which ra value of Kq of the order 10_9 is obtained.

The rate of the anti#syn isomerization is too low; therefore these guantum
vields are calculated by the initial rate. This decrease with the substrate con=
centration and the extrapolation of plot 1/4%»3 Vs . 1/[antél leads to the limiting
value, dg+s=00004. This value is very much lower than that predicted (0.16) by
the photostationary state composition and this suggests that the anti{-isomer is
the poorer acceptor of the pair. The source of the inefficiency can be related to
the fact that,because of the hydrogen bond,the anil{-isomer has a rigid structure
and the energy transfer that would bring about a change in geometry would be
highly prejudiced. The composition of the stationary state is determined by the
decay ratio of the common triplet intermediate,attainable from either isomer.

By comparison of the results of the direct and sensitized reaction,it is
thought that the two processes occur by different paths; in the case of direct
photoisomerization,the reaction possibly occurs during or immediately after the
decay of the excited molecule in vibrationally excited levels of the ground state,
such as a thermal reaction,without crossing to the triplet state.

As a final comment,we wish to point out that the most important effect of the

introduction of the heteroatom arises from the formation of the hydrogen bond.
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