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PHOTOCHEMISTRY OF 2-PHENYLATED CYCLOHEPTA-3,5-DIENONES

Hidehiko USHIYAMA, Hisahiro HAGIWARA, Kazuhiro SATO, and Hisashi UDA
Chemical Research Institute of Non-Aqueous Solutions
Tohoku University, Katahira-2, Sendai 980

Acetone sensitized photolysis of 2-phenyl- and 2-methyl-2-phenyl-
cyclohepta-3,5-dienones gives in about equal yield 2-substituted
bicyclo[3.2.0]hept-6-en-3-ones and 6-substituted cyclohepta-2,4-dienones
as the major products, while on direct irradiation both dienones undergo

mainly decarbonylation to produce unstable trienes.

Recently attention has been focused on the photochemistry of cyclohepta-3,5-
dienones. Sensitized irradiation of the parent compound % (R=H) led only to the
cyclopentanone 2 by cyclization,l while the tetramethyl derivative ] (R=Me) gave only
the bicyclo[4.1.0]heptenone 3 by [1,2]-sigmatropic acyl shift (oxa-di-m-methane
rearrangement).2 Recent work in this laboratory~ has demonstrated that the
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sensitized photolysis of the 3-phenylated 2(3H)-oxepinones 4, the oxygen-hetero
analogues of cyclohepta-3,5-dienones, led exclusively to 7-phenyl-2-oxabicyclo[4.1.0]-
hept-4-en-3-ones (é) by 1,4-phenyl migration (formally vinylogous di-m-methane
rearrangement). Hence, the photochemical behavior of the 2-phenylated cyclohepta-3,5-
dienones § seems to be of gquite interest, and we now report results in the sensitized
photolysis of § which indicate that cyclization and [1,2]-sigmatropic acyl shift are

the competitive main reaction pathways.

ph o ph |
R?:f:; hv R I OH R
\ / sens.
H
4:R=H or Me Ph %

5 =—Ph (exo) major
Vv --Ph (endo) minor

Irradiation of § (R=H)4 in acetone5 with a 500-W high-pressure mercury lamp through
Pyrex gave two cyclization products { and 8 (total 35%)6 and the rearrangement product,
6-phenylcyclohepta-2,4~dienone (3) (27%).7 Similarly, the methylated derivative & (R=
Me)8 afforded two cyclization products 19 (30%) and il (6.2%), and two rearrangement
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products, 6-methyl-6-phenylcyclohepta=-2,4-dienone (l2) (34%) and 2-methyl-6-phenyl-
cyclohepta-2,4-dienone (l3) (5.7%); there was no indication of the presence of the
1,4-phenyl shift products in both cases as observed in the 2(3H)-oxepinones é. The
structures of the cyclization products {r 8+ 10, and ]l were apparent from their
spectral properties with reference to the analogous compounds.l’3’lo The coupling
constants between C-1 and C-2 protons [Q(1/2W)=2.5 Hz in z and J=8.9 Hz in g] and the
observed NOE enhancement (18%) between the methyl protons and the C-1 proton in 11
confirm the assigned stereochemistries of the cyclization products. The structures of
the rearrangement products 3, 12, 13 were assigned on the basis of the spectroscopic
properties.11 Catalytic hydrogenation (Pd-C, EtOH) of the methyl-phenyl derivatives 12
and k% afforded the cycloheptanones 14 and 15, respectively, which were identified by
comparison with the authentic samples.12

It should be noted that the remarkably intense absorption band at 1690 cm-l, in
addition to the absorption bands at 1745 and 1660 (relatively weak) cm-l, was observed
in the infrared spectrum of the total crude product from both compounds 3 before
separation by preparative t.l.c. on silica gel, and that on treating with silica gel
this 1690—cm-l band gradually disappeared with increasing the intensity of the 1660—cm-1
band. Furthermore, no compound having the 1690—cm_l band was isolated from the whole
fraction of a t.l.c. plate. These results suggest that on the photolysis of £ the

1 band was initially produced together with the
1

compound having the 1690-cm
cyclopentanones and transformed into the compound having the 1660-cm — band during
isolation. The absorption bands at 1745 and 1660 cm_l

cyclopentanones (z and 8; 10 and 11) and the cyclohepta=-2,4-dienone (g or &%),
1

are clearly assignable to the
respectively, and the frequency value of 1690 cm - may be most reasonably assignable to
the six-membered ketone conjugated with a cyclopropane or double bond. Thus, the
rearrangement leading to Q or 12 would be accounted for by a reaction pathway, which
postulates the [1,2]-sigmatropic acyl shift of § to the bicyclo[4.1.0]lheptenone 1§

(1690 cm"l component), analogous to the tetramethyl derivative % (R=Me), the silica gel-

catalyzed ring opening to form %Z, and the subsequent ketonization.
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Compound 13 would be produced directly from [ (R=Me) through photoinduced [1,5]-
. . . 13
sigmatropic phenyl shift.
Direct irradiation (30-W low-pressure mercury lamp) of both cycloheptadienones [
gave the decarbonylation products, l-phenyl-1,3,5-hexatriene (}8) and 2-phenyl-2,4,6-
heptatriene (l9), as the major products, in addition to the cyclization products, and
in the case of the methylated derivative 3 (R=Me) a small amount of the rearrangement
product 12 was also obtained. The trienes l8 and 19 were quite unstable and, therefore,

characterized only by the spectral data taken immediately after separation by

chromatography.
6 hv Z and % + Ph —
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From these results, the immediate conclusion which can be drawn is that for the
2-phenylated cyclohepta-3,5-dienones a major singlet-derived reaction (direct) is
decarbonylation, and that on sensitized photolysis (triplet) cyclization and [1,2]-
sigmatropic acyl shift are competitive main processes, accompanied by [1l,5]-sigmatropic
phenyl shift as a minor reaction pathway in the case of the methylated derivative [
(R=Me). Thus, the main sensitized photochemical property of 2-phenylated cyclohepta-
3,5-dienones is intermediate between the parent and tetramethylated compounds i a
phenyl substituent a to the carbonyl group does not entirely affect the reaction course,
which indicates that the l,4—migration'of a phenyl group observed in the 2(3H)-
oxepinones 4 is not the essential photochemical process of a cyclic l-phenyl-2,4-diene

moiety.
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