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Abstract. Cls-1,2-Dihydrophthalic thloanhydnde (2) and some substituted 
derivativeswere prepared and found to undergo lrr?idiatlon induced, high 
quantum-yield COtCOS extrusion from a singlet and a (high) triplet excited 
state. 

We have previously reported that irradiation of cis-1,2-dihydrophthallc anhydnde (la)2 and - - 

imlde (lb)3 causes mainly a-cleavage with subsequent fragmentation and rearrangement pro- 

cesses (Scheme 1). Total fragmentation of the anhydrlde or lmlde moieties gave benzene 

whereas partial fragmentation viz. loss of CO2 or CO led to such products as tropone 

(from l_a)2 or benzamlde (from lb).3 Isomerization processes were also found to occur 

(Scheme 1) 

Scheme I 

b) X=NR 

Since the photochemical behavior of thloanhydndes was unknown and we were interested to 

broaden the scope of the study of dlhydrophthalic derivatives , we set out to examine the photo- 

chemistry of s-1,2-dlhydrophthallc thloanhydrlde (2). The latter was prepared (Scheme 2) in 

a reaction sequence starting with cycloaddition of maleic thioanhydnde4 with cyclopentadlenone- 

diethylketa15 followed by deketallzation to norbomen-7-one-1,2-dicarboxylic thloanhydnde, 

this was SubJected to thermal decarbonylation to give 1,2-dihydrophthallc thloanhydnde (2) 

in nearly quantitative yield, as a yellow 011, vmax 1710, 1690 (CO), m/e 166 (M+ - C8H602S), 

$iN (E) 255(3,000), 219(8,500), G(CDC13/TMS) 5 95(m,4H), 4.05(m,2H). 
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Scheme 2 

Direct irradiation 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 in the range 230-285 nm, namely fi = 0.3 with 60% 

chemical yield at 280 nm. 

Sensitization with xanthen-g-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/mol) 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, albeit inefficient photosensitized benzene formation. 

All this leads us to the conclusion that photofragmentatlon IS the only unimolecular process 

of Loccurring via both a singlet and (a higher) triplet excited state, its fast rate making the 

fragmentation highly competitive to the point of exclusivity The lowest triplet, on the other 

hand, leads to dimenzation. This awaits confirmation from photophyslcal measurements now in 

course. 

Scheme 3 
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In continuation of the mechanlstlc study, we looked carefully for other products or lnter- 

mediates (like tropone*, etc.) and none could be found. This striking exclusiveness and efh- 

clency of benzene formation by lrradlatlon Induced CO + COS fragmentation (as shown by mass- 

spectrometnc analysis of the gaseous photoproducts), appears to indicate a concerted extrusion 

process. A possible rationale could be found in the rather close heats of formation8 of 

CO(-26.4 kcal/mol) and COS(-33.8 kcal/mol) as compared to C02(-94 1 kcal/mol), this could 

explain the concerted fragmentation ln 2 ln contrast to the stepwlse CO2 and CO expulsion 

from la, via an incipient biradlcal.* 
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a) R=H 

b) R= Me 4 

To be able to generalize, we prepared the substituted 1,2-dihydrophthalic thioanhydndes 

(?a & b), in analogy with the corresponding anhydrides.6'7 Direct irradiation (254 nm) of ?a 

and Lb provided the o-terphenyls 4a and ib in 50% and 70% yield, respectively, and no other 

product was isolated (besides photopolymeric material). 

Finally, since this 1s to our knowledge the first photochemlcal study of thioanhydrides, a 

control experiment was carried out, in that 1,2,3,6-tetrahydt-ophthalic thloanhydnde (5_)' was 

subJected to direct irradiation in solution and found to be completely inert. Hence we can 

conclude by firmly asserting that the efficient photofragmentation is due to: 1) kinetic 

preference of a-cleavage because of the rigid five-membered thloanhydnde ring which prevents 

electrocyclic opening 10 , 2) thermodynamic favoring of concerted CO + COS elimination and 

3) triggering by the excitation of the homo-conJuqated thlo-carbonyl chromophore 
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