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PHOTOCHEMISTRY OF THIOANHYDRIDES. PHOTOFRAGMENTATION
OF CIS-1,2-DIHYDROPHTHALIC THIOANHYDRIDES

Timor Baasov and Benzion Fuchs®

Department of Chemistry, Tel-Aviv University, Ramat-Aviv, Tel-Aviv, Israel

Abstract. C(Cis-1,2-Dihydrophthalic thioanhydride (2) and some substituted
derivatives were prepared and found to undergo 1rradiation i1nduced, high

quantum-y1eld CO+COS extrusion from a singlet and a (high) triplet excited
state.

We have previously reported that irradiation of cis-1,2-dihydrophthalic anhydride (19)2 and -
mmde (1b)” causes mainly a-cleavage with subsequent fragmentation and rearrangement pro-
cesses (Scheme 1). Total fragmentation of the anhydride or imide moileties gave benzene
whereas part1a1 fragmentation viz. 1oss of C02 or CO led to such products as tropone

{from ]a) or benzamide (from lb) Isomerization processes were also found to occur
(Scheme 1)
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Since the photochemical behavior of thioanhydrides was unknown and we were interested to
broaden the scope of the study of dihydrophthalic derivatives, we set out to examine the photo-
chemistry of ci1s-1,2-dihydrophthalic thicanhydride (2). The latter was prepared (Scheme 2) 1n
a reaction sequence starting with cycloaddition of maleic th1oanhydr1de4 with cyclopentadienone-
d1ethy1keta1 followed by deketalization to norbornen-7-one-1,2-dicarboxylic thioanhydride,
this was subjected to thermal decarbonylation to give 1,2-dihydrophthalic thioanhydride (2)

n nearly quantitative yteld, as a yellow o1l, Yina 1710, 1690 (CO), m/e 166 (M+ - CSHGOZS)’

,T,Z)C(N (e) 255(3,000), 219(8,500), 6(CDC1,/TMS) & 95(m 4H), 4.05(m,2H).
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Direct 1rradiation of 2 at all absorbing wavelengths (230-350 nm) provided, surprisingly,
only one product benzene (Scheme 3). Quantum yields of benzene formation were measured at
several wavelengths and found to be constant 1n the range 230-285 nm, namely g$ = 0.3 with 60%
chemical yield at 280 nm.

Sensitization with xanthen-9-one or acetophenone (ET = 74 kcal/mol) failed to cause any
fragmentation but yielded only photo-dimers of (2). Quenching attempts, however, using cis-
piperylene (ET = 58 kcal/mo1) at 300 nm actually succeeded and a non-linear Stern-Volmer plot
could be obtained. We tried therefore acetone as sensitizer (ET = 78 kcal/mol) and could indeed
observe definite, albei1t 1nefficient photosensitized benzene formation.

A1l this Teads us to the conclusion that photofragmentation 1s the only unimolecular process
of 2 occurring via both a singlet and (a higher) triplet excited state, 1ts fast rate making the
fragmentation highly competitive to the point of exclusivity The lowest triplet, on the other
hand, leads to dimerization. This awaits confirmation from photophysical measurements now 1n
course.
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In continuation of the mechanistic study, we looked carefully for other products or inter-
mediates (11ke troponez, etc.) and none could be found. This striking exclusiveness and effi-
clency of benzene formation by 1rradiation induced CO + COS fragmentation (as shown by mass-
spectrometric analysis of the gaseous photoproducts), appears to indicate a concerted extrusion
process. A possible rationale could be found 1n the rather close heats of format1on of
C0(-26.4 kcal/mo1) and COS(-33.8 kcal/mol) as compared to co, (-94 1 kcal/mol), this could
explain the concerted fragmentation 1n 2 1n contrast to the stepw1se CO and CO expulsion
from la, via an incipient b1rad1ca1

R 0 R
Ph hy Ph
S —_— +CO+ COS
Ph Ph
R 0 R
a) R=H
3 b) R= Me 4
0
S
0
S

To be able to generalize, we prepared the substituted 1,2-dvhydrophthalic thioanhydrides
(3a & b), 1n analogy with the corresponding anhydr1des.6’7 Direct 1rradiation (254 nm) of 3a
and 3b provided the o-terphenyls 4a and 4b 1n 50% and 70% yield, respectively, and no other
product was 1solated {besides photopolymeric material).

Finally, since this 1s to our knowledge the first photochemical study of thioanhydrides, a
control experiment was carried out, 1n that 1,2,3,6-tetrahydrophthalic thioanhydride (§_)9 was
subjected to direct 1rradiation 1n solution and found to be compietely 1nert. Hence we can
conclude by firmly asserting that the efficient photofragmentation 1s due to: 1) kinetic
preference of o-cleavage because of the rigid five-membered thioanhydride ring which prevents
electrocyclic open1ng]0 2) thermodynamic favoring of concerted CO + COS elimination and
3) triggering by the excitation of the homo-conjugated thio-carbonyl chromophore
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