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I. Introduction 
In contrast with furan and its methyl derivatives [ 11, which are excel- 

lent substrates for excited carbonyl compounds, heterocycles such as thio- 
phene, pyrrole, selenophene, tellurophene and imidazole are either inert or 
poor substrates in oxetane-forming reactions. 

Selenophene [ 21 requires at least one methyl group substituted in 
either the CY or the p position to yield an oxetane in the presence of excited 
benzophenone and thiophene is capable of undergoing oxetane formation 
when at least two methyl groups are substituted in the ring [3]. However, 
for nitrogen heterocycles such as pyrrole [4] and imidazole [5 3 it is neces- 
sary to substitute an election-attracting group on the nitrogen atom bearing 
the proton to make the ring susceptible to attack by excited carbonyl com- 
pounds such that it undergoes photocycloaddition reactions leading to a 
stable cyclic compound. 

In this study we attempt to correlate inertness towards oxetane forma- 
tion with the quenching activity of these heteroaromatic rings on the photo- 
reduction reaction of benzophenone. As has been stated before [6] the 
reason for choosing the photoreduction of benzophenone to test for the 
quenching of oxetane formation is that it has been shown that the excited 
state of the aromatic ketones involved is the same for both types of reaction 
[ 71. Thus the results obtained from these experiments can safely be applied 
to the photocycloaddition reaction. 

In fact Stem-Volmer plots (@,/a, versus [Q]) for thiophene and its 
monomethyl derivatives reported elsewhere [S] indicate that thiophene is a 
good quencher and furthermore that its monomethyl derivatives are even 
more efficient than the parent heterocycle. 

The compounds studied in the present investigation were 2,5-dimethyl- 
thiophene, which was tested in order to complete the thiophene series, 
pyrrole, N-benzoylpyrrole, selenophene and imidazole. 
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2. Experimental details 
Pyrrole, imidazole and 2,5-dimethylthiophene (Aldrich) were purified 

before use. Selenophene [S] and Wbenzoylpyrrole [9] were prepared by 
methods reported in the literature. Heterocycle concentrations ranging from 
0 to 3.00 M were investigated. The concentrations required for complete 
inhibition [6] of the photoreduction reaction varied from one heterocycle to 
another (see the Stem-Volmer plots). 

The reaction mixtures were irradiated using a carousel apparatus in a 
Rayonet reactor equipped with a set of low pressure mercury lamps (X = 350 
nm) with Pyrex filters. The disappearance of the n,m* band of benzophenone 
at 335 nm was monitored using.a Perkin-Elmer model 124 UV spectrometer. 

3. Results and discussion 
2,&dimethylthiophene had a slight quenching effect and imidazole 

had no quenching effect whatsoever at concentrations ranging from 0 to 3 M. 
These results agree quite well with the fact that 2,5_dimethylthiophene 
undergoes a photocycloaddition reaction [ 31 and that imidazoles [lo] yield 
substitution products, namely alcohols, which are presumably formed in a 
reaction sequence involving an unstable oxetane intermediate that is the pre- 
cursor of the alcohol. However, when pyrrole was added to the benzo- 
phenone solution before irradiation the photoreduction was strongly 
quenched. This effect gradually increased as the concentration of pynole 
increased. The same effect was observed for selenophene. The form of the 
Stern-Volmer curve, which appears to be a segment of a parabola, is shown 
in Fig. 1. In contrast, N-benzoylpyrrole, which is a good substrate for 
excited carbonyl compounds, gives a curve of the same form but flattened at 
the bottom. For comparison the Stem-Volmer plots for the thiophene series 
are given in Fig. 2. Linear relations are obtained for these compounds. 

The following Stem-Volmer equation holds for the mechanism sug- 
gested previously [ 61: 

The mathematicaI equation for the curves shown in Figs. 1 and 3 for pyr- 
roles and selenophenes respectively should be quadratic in [Q] [ll] as was 
verified by testing the data with a quadratic polynomial regression program 
[ 121. This situation is commonly encountered when the quencher employed 
quenches two excited states [13]. However, for K, = 10” 1 mol-’ SK’, which 
is a characteristic value, it has been reported [14] that a quencher concentra- 
tion [Q] of 1 M is required to quench a species with r = lo-‘* s which may 
be the case for the S1 state of benzophenone at room temperature. Since the 
curve shown in Fig. 1 was obtained for [Q] = lo-’ M it is very unlikely that 
pyrrole is an efficient quencher for the singlet state of benzophenone [15]. 
It would be more reasonable to assume that the only excited species in addi- 
tion to the triplet state of benzophenone that can be quenched under these 
conditions is an exciplex formed between triplet excited benzophenone and 
a ground state molecule of pyrrole. Therefore the reaction scheme for the 
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Fig. 1. Stern-Volmer plots for the quenching of benzophenone photoreduction by pyr- 
role and N-benzoylpyrrole. 

Fig. 2. Stern-Volmer plots for the quenching of benzophenone photoreduction by thio- 
phene derivatives and imidazole. 

photoreduction of benzophenone that would fit the experimental results 
using quenchers such as pyrrole and selenophene would be fundamentally 
the same as that reported for thiophene and its methyl derivatives [6 3 with 
the additional step 
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Fig. 3. Stern-Volmer plot for the quenching of benzophenone photoreduction by seleno- 
phene. 

3B+Q+ (Q-B)* a B + Q* + Q 

which would be essential to change the Stern-Volmer plot from a linear to a 
quadratic expression. Thus the following Stem-Volmer equation would hold 
for the proposed mechanism [13] : 

%,/Q, = (1 + &d&l) (1 + K,‘+[Ql) (1) 

where a0 and G? are the quantum yields for the photoreduction of benzo- 
phenone in the absence and the presence of the quencher respectively. 
The mechanism for the quenching process of the exciplex discussed above 
should be subjected to further investigation before reaching any conclusion. 
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Other heterocycles such as Z- and 3-methylselenophene and telluro- 
phene are in the process of being synthesized for quencher studies. The 
results will be used to approach synthetic work from a more systematic 
standpoint. 
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