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PHOTOCHROMISM BY THE WAY OF INTRAMOLECULAR 
HYDROGEN TRANSFER IN -N-H :N- BOND 

KATSUMI TOKUMARU, TATSUO ARAI, AND 
MASAYA MORIYAMA 
Department of Chemistry, University of Tsukuba, Tsukuba, Ibaraki 
305 Japan 

Abstract The intramolecular hydrogen bonding N-H-N between 
two heterocycles substituted on an ethylenyl linkage brought about 
photochromic behavior in a transient way exhibiting ground state 
transient absorption of the resulting tautomeric form. 

Photoinduced enolization is often accompanied by transient 
photochromic phenomena as observed on irradiation of 2-methyl- 
benzophenone, which was known to undergo intramolecular hydrogen 
transfer from 2-methyl group to triplet excited carbonyl oxygen giving 
an enol (hmax=405 nm) reverting to the starting molecule with a 
lifetime of nearly 10 s at ambient temperature.1 We now examine a 
possible photochromic reaction taking place between -N-H and N-bond 
between two nitrogen heterocycles substituted on an unsaturated bond. 

On direct excitation of olefin 1, presence of intramolecular 
hydrogen bonding between indole and pyridine rings led to solely trans 
to cis one-way isomerization, whereas mutual isomerization between 
cis- and trans-1 took place on triplet sensitization.2 The behavior of 1 is 
contrasted with the cis to trans one-way adiabatic isomerization of 
unsaturated bonds substituted with aryl groups of low triplet excitation 
energies.3 trans-1 showed fluorescence (hmax=450 nm) in benzene, 
however cis-1 did not fluoresce at all, which means that the 
intramolecular hydrogen bonding serves to acceleration of deactivation 
of the singlet excited state of cis-1 to the ground state. 
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Replacement of indole and pyridine in 1 by quinoline and pyrrole 
changed the behavior of the unsaturated molecule, 1 -(2-pyrrolyl)-2-(2- 
quinolyl)ethene, 2. Direct irradiation in benzene led to isomerization 
between cis- and trans-2 with a photostationary state much shifted to 
cis. Both trans- and cis-2 exhibited fluorescence with hmax=440 and 
600 nm, respectively. Accordingly, the intramolecular hydrogen 
bonding in the singlet excited state between quinoline and pyrrole rings 
are weaker than that between indole and pyridine rings to allow the 
fluorescence emission and isomerization of the double bond. Moreover, 
laser excitation gave rise to an absorption at hmax=580 nm, different 
from the triplet state but attributable to the enolic form (cis-2'), which 
decayed with a lifetime of a few hundreds nanoseconds.4 

The above results indicate that the intramolecular hydrogen 
bonding between -N-H-N- in cis-2 may lead the molecule to exhibiting 
photochromic behavior in a transient way. 

Generally, the -X-H--X- system may be photolabile, however, the 
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resulting system may facilely revert over an activation barrier. 
Therefore, to accomplish ordinary photochromic system it is necessary 
to do another approach to molecular design to increase the amount of 
the activation energy of the reversion, however, it may be worthwhile to 
search procedures to use the transient property of this system for applied 
purpose such as transient diffra~tion.5~6 

(cis-2)* -p (cis-2' )* 

600 nm h v f  400 nm 
=300 ns 

cis-2' 
hv T 

cis-2 - 
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