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Early studies on the photochemistry of simple lac- 
tones and cyclic anhydrides illustrate the complexity 
of these reactions. The phot~hemistry of acid deriv- 
atives in general involves both a-cleavage (a to the 
carbonyl group) and /?-cleavage (cleavage of the C-X 
bond) resulting in the loss of carbon monoxide and 
carbon dioxide and rearrangement.’ Although a fair 
amount of understanding has been reached in the last 
several years regarding the photochemistry of car- 
boxylic acid derivatives,* very little is known about 
thiocarboxylic acid derivatives. Photochemistry of 
dithioesters is virtually unknown. It is in this con- 
nection that we have investigated the photochemicai 
behaviour of 8dithiolactones.3 Interest in such sys- 
tems also derives from our continued interest in 
the photofragmentation reactions of 1,3- 
cyclobutanedithiones.4 Our hopes for observing the 
z-cleavage process in dithiolactones were prompted 
by scattered reports wherein related systems are 
reported to do so. For example, trithiocarbonates,’ 
O-ethyl S-benzyl xanthate6 and the thi~rboxylic-O- 
esters’ have been reported to undergo acleavage 
(X-C=S). In the case of trithiocarbonates, elimination 
of carbon monosulfide and carbon disulfide has been 
observed whereas in the other two systems only 

PHOTOFRAGMENTATION REACTIONS OF DITHIOLACTONES 

KAYAMBU MUTHURAMU, BHAGAVATHI SIJNDARI and VAUWYANATHAN RAMAMVRTH~* 
Department of Organic Chemistry, Indian Institute of Science, Bangalore-560012. India 

(Received in the UK 3 September 1982) 

Abatrac-The occurrence of Norrish type-1 u-cleavage has been established in pdithiofactones, involving 
the n--R* singlet state (diradical and carbene reactive intermediates). Concerted ring expansion to a 
thiacarbene from the excited state is suggested to be responsible for the formation, at least in part, of 
one of the cyclic thioacetals. Although this a-cleavage process is similar to that of corresponding 
B-Iactones, the hehaviour of the resulting intermediates is different. 

4 6 12 -,-, - 

rearrangement is triggered by the a-cleavage process. 
Neither in these systems nor during the photolysis of 
lactones and esters has the involvement of any car- 
bene intermediate been reported. Results presented 
here on the photochemistry of dithiolactones illus- 
trate that these undergo z-cleavage similar to lac- 
tones but the behaviour of the resulting diradicals is 
unique. 

RESULTS 

3-Mercapto-2,2,4-trimethyldithio-3pentenoic acid 
p-thiolactone (1) and two related dithiolactones 2 and 
3 were taken up for investigation. Dithiolactone 1 
shows n-n l (442 nm L : 16.0, methanol; 460 nm, c : 12, 
cyclohexane) and n-n l (344 nm, 6: 5700, methanol; 
340 nm, t : 4500, cyclohexane) absorptions. Energy of 
S, state is estimated to be * 55 kcal mol - ’ from its 
absorption spectra. The triplet state is expected to 
have energy below 55 kcal mol - ’ but no mea- 
surements could be made. Selective excitation of the 
n-n * band of 1-3 using Coming glass fibers (CS-3.73; 
> 420 nm) in hydroxylic (alcohols and acetic acid) and 
hydrocarbon solvents (benzene and cyclohexane) gave 
the products shown in Table 1 and Scheme 1. Irra- 
diation of 1 and 2 was carried out in a variety of 
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Table I. Photolysis of the dithiolactones: yields of the products formed 

Dithio- Solvent 
lactone (RH or ROH) 

Product yields’ 

1 Cyclohexane 4 (60%) 5 (10%) 
Methanol 4(<5%) - 6 R = Me (80%) 7 R=Me(5%) 
Ethanol 4(<5%) - 6 R=Et(60%) 7 R=Et (5%) 
i-Propanol 4(<5%) - 6 R=Pr’(50%) - 
t-Butanol 4(<5%) - 6 R = Bu’ (45%) - 
Acetic acid 4(<5%) - 6 R=Ac(60%,) 

2 Benzene 8 (UK; 9 (10%) 
Methanol 

8 (ISi) 
9 (7%) 10 R = Me (24%) 11 

Ethanol 
R = Me (5%) 

9 (7%) 10 R=Et (15%) - 
i-Propanol 8 (IV/,) 9 (8%) 10 R=Pr’(l5%) 
t-Butanol 8 (15%) 9 (10%) 10 R= Bu’(200/,) - 
Acetic acid 8 (IOYJ 9 (lO%J 10 R= AC (15%) 

3 Benzene 12 (30%) 13 (wd) 
Methanol 12 (15%) - 14 R=Me(60%) - 

‘Product yields were estimated by ‘H-NMR integration 

alcohols (methanol, ethanol, isopropanol, t-butanol), 
acetic acid, cyclohexane and benzene whereas 3 was 
excited only in methanol and benzene. 

Excitation of 1 in benzene gave tetramethyl-1,3- 
cyclobutanedithione (4) and sulfur-containing prod- 
uct 5 (a secondary photoproduct formed only after 
accumulation of dithione 4). On the other hand, irra- 
diation of 1 in hydroxylic solvents resulted in the 
formation of a solvent adduct 6 as the major product, 
a small amount of dithione 4 was also formed as a 
minor product. Both in methanol and in ethanol mi- 
nor amounts of another adduct 7 accompanied the 
formation of 4 and 6. Products 4,6 and 7 must there- 
fore be formed directly from 1 as a study of products 
formed with time did not show the presence of any 
intermediates. Identification of all products was based 
on their spectral properties and comparison with au- 
thentic samples in some cases4 

The photochemistry of 2 and 3 were closely similar 
to that of 1. Excitation of 2 and 3 in benzene and 
cyclohexane gave the corresponding 1,3dithione (8 
and 12 respectively) and sulfur incorporated products 
9 and 13 respectively. Similarly excitation of 2 and 3 in 
hydroxylic solvents gave 1: I solvent adducts 10 and 
14 respectively as the major product. This was accom- 
panied by the formation of I ,3dithione (8 and 12) and 
sulfur incorporated products in minor amounts. Only 
during the excitation of 2 in methanol was yet another 
1: 1 methanol adduct formed, albeit, in small amounts. 

Sensitization and quenching studies were conducted 
with dithiolactone 1 in order to identify the reactive 
state. We assume that these results can be applied to 2 
and 3. As mentioned earlier, selective excitation of the 
n-n * band of l-3 resulted in the formation of products 
mentioned in Scheme 1 indicating the possible in- 
volvement of either a n-n * singlet state (S,) or a triplet 
state (T,). Triplet sensitizers such as benzophenone 
(& _ 69 kcal mol - ‘), 4,4’-dibromodiphenyl (Er _ 
66 kcal mol - ‘) and fluorenone (Er h 53 kcal mol - ‘) 
did not sensitize these reactions. In agreement with 
these results, allo-ocimene, a triplet quencher 
(& _ 47 kcal mol - ‘) failed to quench these reactions. 
Based on these results we suggest that the products 
described in Scheme I originate from the lowest ex- 
cited n-n * singlet state. 

DISCUSSION 

Photolysis of l-3 in hydrocarbon solvents generally 
results in the formation of the corresponding 
1,3cyclobutanedithiones as the primary photo- 
product. On the other hand, in protic solvents 1: I 
solvent adducts are formed as major products. Both 1 
and 2, in methanol, and 1 in ethanol give two I : 1 
solvent adducts upon excitation whereas in other sol- 
vents only one adduct is obtained. 3 gives only one 
adduct even in methanol (Scheme I and Table 1). 
Since we infer from a timedependant product study 
that sulfur-containing products (5, 9 and 13) are sec- 
ondary photoproducts, our mechanistic discussion is 
limited to formation of 1,3cyclobutanedithiones and 
solvent adducts (cyclic thioacetals). 

Through triplet sensitization and quenching studies 
of 1 it is inferred that the reactive state is the excited 
singlet (n-n+, S,) state. Formation of products shown 
in Scheme 1 can be accounted for by invoking 
a-cleavage (C-S bond) as the primary photoprocess in 
the S, state. Thiacarbene as an intermediate is sug- 
gested by the formation of cyclic thioacetals while 
irradiations of l-3 were conducted in alcoholic sol- 
vents. Formation of two types of cyclic thioacetals 
clearly calls for the involvement of two thiacarbenes 
18 and 19 shown in Scheme 2. Although, one could 
conceive of a totally concerted pathway for the for- 
mation of thiacarbene 18 from the excited state of 
fidithiolactone, involvement of thiacarbene 19 re- 
quires the presence of an intermediate possibly a di- 
radical. Presence of a diradical is further supported by 
the formation of 1,3cyclobutanedithiones. Assuming 
that diradicals are the precursors for the thiacarbenes 
18 and 19, formation of two cyclic thioacetals and 
1,3cyclobutanedithione indicate that the initially 
formed diradical 16 through a-cleavage process also 
exists in the other conformeric form 17. We believe 
that thiacarbenes 18 and 19 are in equilibrium with the 
diradicals 16 and 17. In the absence of suitable trap 
ping agents this would imply that thiacarbene would 
revert to the diradical. This postulate is necessitated by 
the fact that we have failed to isolate any carbene- 
derived products while irradiations were conducted in 
hydrocarbon solvents. Thus we conclude that di- 
radicals are formed as intermediates during the 
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a-cleavage process of /Idithiolactones and these un- 
dergo either ring expansion to thiacarbene or close to 
1,3cyclobutanedithione. It is interesting to note the 
same diradicals 16 and 17 generated from the corre- 
sponding 1,3cyclobutanedithiones behave similarly.’ 

The behaviour of fldithiolactones 1-3 studied here 
is different from that of fi-lactones. Photochemical 
behaviour of the oxygen analogue of 1 
(2,2,4,4-tetramethyl-3-hydroxy-3-pentenoic acid 
/3-lactone) has been reported.’ Excitation of 1 (0 in 
place of S) to singlet n-n+ state results in the 
a-cleavage but the behaviour of the resulting diradical 
is totally different from that of 16 and 17. Diradicals 
from /I-lactone either lose carbon monoxide to yield 
cyclopropanone or fragment to ketene. Neither of 
these processes are observed with Bdithiolactones. 
Enhancement of ring expansion over de- 
thiocarbonylation and p-cleavage in l-3 can be under- 
stood on the basis of stabilization of the thiacarbene 
intermediate and/or inhibition of competing reactions 
from the biradical intermediate. The large size of the 
sulfur 3p orbital and the resonance stabilization of 
thiacarbenes by adjacent sulfur might be expected to 
favour the ring expansion over dethiocarbonylation 
and b-cleavage. 

At this stage, the presence of diradical and carbene 
as intermediates appears to be secure from our 
product study. Formation of such intermediates must 
arise from the a-cleavage process. One can visualize 
the formation of diradical and carbene intermediates 
through either of the following pathways: (a) 
a-cleavage of dithiolactones gives rise to the diradical 
16 and this in turn undergoes ring expansion to 
thiacarbene 18 and establishes an equilibrium with 
diradical 17 and carbene 19 (diradical 16 is the 
primary intermediate); (b) thiacarbene 18 is formed 
directly from the excited state of B-dithiolactones 
through a concerted process and this rearranges to 

the diradical 17 (thiacarbene 18 is the primary inter- 
mediate) and (c) excited /?dithiolactone undergoes 
z-cleavage to the diradical 16 and rearranges to 
thiacarbene 18 simultaneously (both diradical 16 and 
thiacarbene 18 are primary intermediates). Our re- 
sults support the occurrence of concerted rear- 
rangement of fldithiolactone to thiacarbene 18 at 
least partly. Excitation of 1 and 2 in protic solvents 
other than in methanol gives cyclic thioacetals corre- 
sponding to thiacarbene 18 as the only adduct, the 
other adduct being completely absent. Even in meth- 
anol, the adduct corresponding to 19 is formed only 
as a minor product. Further, /?dithiolactone 3 gives 
only one adduct, i.e. the one corresponding to thi- 
acarbene 18. These results imply that either thi- 
acarbene 19 is trapped inefficiently by protic solvents 
or that the equilibrium is not in its favour. Through 
independent study, by generating these diradicals and 
carbenes (16-19) from 1,3cyclobutanedithiones,’ we 
have shown that at least in the case of 1, the resulting 
thiacarbenes 18 and 19 can be trapped efficiently by 
protic solvents and that the diradicals 16 and 17 
undergo ring expansion to thiacarbene equally 
efficiently. Therefore, the poor yield of cyclic thio- 
acetals corresponding to 19 can be attributed neither 
to the inefficiency of ring expansion of diradical 17 
nor to the inefficiency of trapping of thiacarbene 19 
by protic solvents. Hence we speculate that thi- 
acarbene 18 is produced directly from excited 
/?dithiolactone and this is trapped by protic solvents 
very efficiently to give cyclic thioacetal before it can 
either rearrange to the diradical 16 or establish an 
equilibrium with thiacarbene 19. This speculation 
further rationalizes the poor yield (< 5% of 1) of 
1,3cyclobutanedithiones while irradiations are con- 
ducted in protic solvents, although this is the only 
primary photoproduct in hydrocarbon solvents; un- 
der conditions where thiacarbene 18 is not trapped it 






