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Z-E photoisomerization of 3-methyl-3-penten-Zone. Evidence for non- 
radiative decay * 

H. MORRISON and 0. RODRIGUEZ 

Department of Chemistry, Purdue University West Lafayette, ind. 47907 (U.S.A.) 
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Although the photochemistry of conjugated ketones has been exten- 
sively studied, it is remarkable that, as yet, there has been no report on the 
quantum efficiencies of cis-tram isomerization in a simple, aliphatic, CX$- 
unsaturated ketone [I]. Since the subject of non-radiative decay in con- 
jugated carbonyl derivatives is of considerable current interest [ 1 - 31, both 
intrinsically as well as with respect to the photobiological properties of 
retinal [ 43, we report herein our results for direct irradiation in solution of 
3-methyl-3-penten-2-one (I). 

Both the E and Z isomers of I have been previously prepared stereo- 
chemically pure [ 51, and in contrast to 3-penten-2-one [ 3] , are thermally 
stable in solution at room temperature. The two isomers are readily distin- 
guished by i.r. spectroscopy [6], Z-I having three bands in the carbonyl/ 
olefin region (1690, 1670,1625 cm-‘), while E-I has only two (1670, 
1645 cm-‘). We have also found n.m.r. useful, E-I having its vinyl proton 
(6.80 S) downfield from that (5.84 6 ) observed for Z-I, as one would 
expect [ 7]. 

E-I was obtained commercially (Chemical Samples Co.) and purified 
by vapour phase chromatography (v.p.c.) followed by molecular distillation. 
Irradiation of a pentane solution, either at 254 or 313 run, gives rise to a 
single product detectable by v.p.c.; isolation and spectral analysis of this 
product verified that it was the Z-isomer. It was readily established that the 
photoisomerization is reversible (eqn. l), and v.p.c. analysis of an E/Z mixture 
after prolonged photolysis at 313 nm demonstrated that all of the starting 
material could be accounted for by these two isomers: 

(1) 

*Organic Photochemistry, XXIX. 
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TABLE 1 

Quantum efficiencies for photoisomerization of 3-methyl-3-penten-P-one 

Starting-isomer, M w 

E . 
0.014 0.39 
0.032 0.42 
0.040 0.42 
0.070 0.43 
0.070 0.44 
0.070 0.44 
0.333 0.42b 

Av. 0.42 * 0.02 
Z 

0.034 0.40 
0.034 0.41 

Av. 0.40, 

a In pentane solution, using, except where noted (footnote b), a medium pressure 
mercury lamp filtered to pass 313 nm irradiation. b This value was obtained using a 5 cm 
cylindrical cell with a flat quartz face; excitation was from a Hanovia high-pressure 
mercury-xenon arc passed through a Bausch and Lomb monochromator set at 313 nm. 

The quantum efficiencies for E-Z isomerizatidn were determined at 
313 nm and are presented in Table 1. 

All the data were obtained at low conversion (1 to 10%) and are cor- 
rected for back reaction. Uranyl. oxalate actinometry was used for the 
E + 2 determinations, and the E-+ Z reaction was then employed as a second- 
ary actinometer for the Z+E measurements. It should be noted that the 
E-, Z quantum efficiency remains effectively constant over a 23-fold change 
in concentration. 

The validity of these data is supported by photostationary state mea- 
surements presented in Table 2. The photostationary state is related to the 
quantum efficiencies by: 

TABLE 2 

Photostationary state composition for 3-methyl-3-penten-2-onea 

Initial composition (% Z) Photostationary state (X Z) 

59.7 46.0 
49.2 44.5 
44.6 44.6 
39.3 44.5 

Av. 44.9 f 0.07 

a Pentane solution, 313 nm excitation. 



iE~.ss = eZaZ-+E 

WIPSS eE+E-+Z 
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(2) 

With eZ = 36 and eE = 29 at 313 nm, and the quantum efficiencies of 
Table 1, a photostationary state of 1.21 is predicted. This value is within 
experimental error of that observed (1.23 + 0.04). 

The significant aspect of these data is that @ Z+E and @‘E+Z do not sum 
to unity! A sum of unity would be the consequence of a mechanism for 
photoisomerization which involved rapid, compkte formation of a common, 
twisted intermediate [8], the simplest mechanism usually associated with 
olefins [ 8 - lo] . Thus, no matter which of the variety [S] of alternate 
mechanisms is operative, non-radiative decay (the molecule is non-fluorescent) 
at least partly competitive with twisting about the double bond, would seem 
to be a requisite. Similar conclusions have been reached for 3,5-heptadienone 
[l] , and 2-carbomethoxy-2-butene [3]. For these molecules, the excited 
singlet state has been implicated in the non-sensitized irradiations. Though 
we cannot, at this time, assign with certainty the multiplicity of the reacting 
pentenone excited state, we have observed that piperylene (0.53 M) cannot 
quench the reaction. Quenching of the triplet portion of 2-carbomethoxy- 
2-butene photoisomerization has been shown to be feasible [3] and prelim- 
inary sensitization data place the per&none triplet 10 - 15 kcal higher than 
that of piperylene. The ability of radiationless decay to compete with rapid 
twisting about the double bond in these conjugated carbonyl derivatives 
may be a consequence of enhanced internal conversion caused by the mixing 
of close-lying n,r * and 7~ ,7r * singlets [3, 111, or of the finite barrier to rota- 
tion calculated for the (acrolein) n,r* and 11,7r* singlet and n,n* triplet states 
[12]. The former proposal has been invoked recently to explain rapid in- 
ternal conversion in coumarin [ 133 _ 

We thank the Purdue Research Foundation for a David Ross Fellowship 
(O.R.) and the National Science Foundation for partial support of this 
research. 

1 For a detailed study of the extended conjugated ketone, 3,5-heptadienone, see: 
A. F. Kluge and C. P. Lillya, J. Org. Chem., 36 (1971) 1988; R. A. Gaudiana and 
C. P. Lillya, 3. Am. Chem. Sot., 95 (1973) 3035. 

2 L. E. Friedrich and G. B. Schuster, J. Am. Chem. Sot., 94 (1972) 1193. 
3 P. Bon-e11 and J. D. Holmes, J. Photochem., 1 (1972/7 3) 433. 
4 For leading references, see T. Rosenfeld, A. Alchalel and M. Ottolenghi, J. Phys. 

Chem., 78 (1974) 336. 
5 H. 0. House and R. S. Ro, J. Am. Chem. Sot., 80 (1958) 2428. 
6 R. Luft, S. Delattre and J. F. Arnando, Bull. Sot. Chim. France, (1971) 1317. 
7 L. M. Jackman and S. Sternhell, Applications of Nuclear Magnetic Resonance Spec- 

troscopy in Organic Chemistry, 2nd Edn, Pergamon Press, Oxford and New York, 1969. 
8 Z. R. Grabowski and Z. Bylina, Trans. Faraday Sot., 60 (1964) 1131. 
9 A. J. Merer and R. S. Mullikan, Chem. Rev., 63 (1969) 639. 



474 

10 For a recent, comprehensive review see: J. Saitiel, J. D’Agostino, E. D. Megarity, 
L. Metts, K. R. Neuberger, M. Wrighton and 0, C. Zafiriou in 0. Chapman (ed.), 
Organic Photochemistry, Vol. 3, Marcel Dekker, New York, 1973, p. 1. 

11 R. M. Hochstrasser and C. Marzzacco, J. Chem. Phys., 49 (1968) 971. 
12 J. J. McCullough, H. Ohorodynk and D. P. Santry, Chem. Commun., (1969) 570; 

R. S. Becker, K. Inuzika and J. King, J. Chem. Phys., 52 (1970) 5164; A. Dwaquet 
and L. Salem, Can. J. Chem., 49 (1971) 977; N. C. Baird and R. M. West, Mol. 
Photochem., 5 (1973) 209. 

13 W. W. Mantulin and P. S. Song, J. Am. Chem. Sot., 95 (1973) 5122. 


