
Tetrahedron Letters ~1.56, pp. 5895-5898, 1968. P-g-on Pres8* Printed in Great Britain. 
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We have investigated the effect of piperylene (1,3-pentadiene) on the 

irreversible photorearrangement of 2-phenylthiophene (I) to 3-phenylthiophene (II) 

(1,2). The experiments described below indicate that piperylene severely inhibits 

this rearrangement by means of efficient photochemical adduct formation between a 

singlet of I and ground state diene. 
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A. 2-Phenylthiophene (I) disappears at 5 times its normal rate when 

irradiated in ether solution in the presence of piperylene. Only l-2% of 

rearrangement product is formed (3). A plot 

quantum yield of disappearance of I against 

concentration yields a straight line (4). 
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B. Evaporation of the solution described above (1 M in piperylene, 

30% consumption of I) left an unstable oil. Iaunediate injection by means of a 

cold probe into the mass spectrometer (5) showed only one new product (formed 

qualitatively in good yield). This product corresponded to a I:1 adduct of I and 

piperylene with a parent peak at 228 (C,5H,6S). Major cracking patterns for this 

material were at M-15 (-CH3) and M-32 (-S) (6). 

C. In the presence of piperylene (0.975 M) fluorescence of I was 

reduced to 58% of its original value. 
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In the concentration range of O-l.3 M piperylene a plot of (Df /Qf for I (10 -4 M) 

SgaiIISt piperylene concentration is cleanly linear with a sloze of 0.77 M-l. 

1,3-Cyclohexadiene was 2.9 times more effective than piperylene as a fluorescence 

quencher. Examination of spectra failed to reveal any evidence of ground state 

complexing of reactants. 

D. A triplet of 2-phenylthiophene (I) was then generated by 

sensitization (7). That a triplet can be formed is indicated by the fact that the 

photoreduction of benzophenone (excitation at 350 mp, 0.1 M, ET = 69 Kcal/mole) 

(El) with benzhydrol (0.1 M) to form benspinacol in degassed benzene solution 

proceeds 22 times slower in the presence of I (5.3 x 10W3 1.1) than in its absence. 

Naphthalene, a known quencher of benzophenone triplets (9) at the same 

concentration produces a Il-fold rate retardation. Although promotion to the 

triplet appears to have been efficient, the 2-phenylthiophene was neither 

appreciably consumed nor was any detectable amount of rearrangement product II 

formed. Similarly acetophenone (ET = 74 Real/mole) (8) failed to sensitize 

rearrangement. 

We consider these data to be related to reported observations of 

singlet state quenching (10). The following general scheme, largely based on the 

pioneering work of Hammond (lOa) is consistent with the results. Eqs. 1-5 apply at 

piperylene concentration of > 0.2 M where rearrangement does not account for more 

than 1.5% of the amount of I consumed (11). 

(I) 

(2) Radiationless conversion; unknown but 

included for the sake of completeness 

1 + hv' (3) 

If - 1 (4) isc = inter system crossing 

products (5) P = piperylene 
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The behavior of 2-phenylthiophene described in these experiments suggests to us 

that its valence bona rearrangement (1) proceeds at an excited singlet state level. 

The reaction of 

precedence over 

providing a new 

diene quenching 

for thiophenes. 

this state with dienes is a much more efficient process and takes 

rearrangement at moderate diene concentrations. In addition to 

probe into the mechanism of the valence bond isomerization this 

suggests the possibility of photochemical Diels-Alder reactions 
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emission spectra (7b). Cont. piperylene = 1.03 M. No light is absorped by 

piperylene in these experiments. Spectral overlap prevents carrying out a 

similar experiment with II. 
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All attempts at isolation and purification of the photoproduct lea to 

resinification. Desulfurization with Raney nickel of a fresh sample of photo- 

product furnished several hydrocarbons (including I-phenylbutane). The 

molecular weights of the new hydrocarbons are grouped at 196, 198, 200 and 202. 
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This corresponds to loss of sulfur from the photoproduct and addition of 0, 2, 

4 and 6 molecules of hydrogen respectively. Neither singlet nor triplet 

products of piperylene are observable by glpc or mass spectrometry nor was 

piperylene appreciably consumed during photolysis. Structural investigations 

are obviously in progress. 
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