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REVERSE DI-nm-METHANE REARRANGEMENT.
MINOR PRODUCTS OF PHOTOLYSIS OF 3-METHYL-3-PHENYL-2 (3H)-OXEPINONE

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

The structures of two minor products from the sensitized photolysis of
3-methyl-3-phenyl-2(3H) -oxepinone have been confirmed to be 3-methyl-5-
phenyl-2 (5H) ~oxepinone and 4-methyl-l-phenyl-2-oxabicyclo[3.2.0]hept-6-
en-3-one, respectively. Both of them are shown to be produced, on
direct photolysis, from the major photoproduct, 4-methyl-7-phenyl-2-
oxabicyclo[4.1.0]hept-4-en-3-one, through the formal reverse di-m-

methane rearrangement.

We recently reported thet the B-acetonaphthone (B-AN) sensitized photolysis of
3-methyl-3-phenyl-2(3H)-oxepinone (}) gave, through a novel rearrangement involving
photoinduced 1,4-phenyl migration, 4-methyl-7-phenyl-2-oxabicyclo[4.1.0]lhept-4-en-3-
ones (2) and (,2).l We now wish to report the structures of two minor products in this
reaction, arising from the photochemical rearrangement of é, which are the first
examples of the formal reverse di-T-methane rearrangement.

In the scale-up sensitized photolysis of %,3 we found the presence of two minor
products, in addition to % and 3, in the crude photolysate, which were detected at the
slightly upper and lower positions of the B-AN spot (partially overlapped) on a silica
gel tlc plate. Repeated tlc and the removal of B-AN by recrystallization from a
mixture of benzene and hexane gave the pure products 4 and 5 in ca. 7 and 16% yields,
respectively.4 Spectral data of 4 were in accord with the assigned structure,
3-methyl-5-phenyl-2(5H) ~oxepinone: ir (CHC13) 1715 (br.) cm_l; uv (EtOH) Amax 202 nm
(e 19000); 1Hnmr (100 MHz, CDC13, T™S) 6 1.97 (3H, finely splitted s, >—Me), 4.31 (1H,
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m, H-5), 5.50 (1H, t, J; . = J,, = 6.4 Hz, H-6), 6.38 (1H, dd, J;; = 2 Hz, HI’;), 6.47
(1H, finely splitted 4, £45 = 5.5 Hz, H-4), and 7.08-7.46 (5H, m, phenyl); Cnmr
(CDC13, TMS) 6 20.74 (Me), 41.37 (C-5), 119.58 (C-6), 127.28 (aromatic C-2), 127.89
(aromatic C-4), 128.44 (C-3), 129.04 (aromatic C-3), 139.48 (C-4), 141.60 (aromatic
c-1), 146.64 (C-7), and 165.57 (C-2). On catalytic reduction (PtOZ—MeOH) the product £
underwent complete hydrogenolysis of the enol-lactone linkage giving rise to a
saturated carboxylic acid in 75% yield, which was found to be a mixture of the
diastereomers of 2-methyl-4-phenylcaproic acid (é) from the spectral properties of the
free acid and the methyl ester, and difinitely identified with the authentic sample.5
The structure of 5, 4-methyl-l-phenyl-2-oxabicyclo[3.2.0]hept-6-en-3-one, was assigned
on the basis of the following evidence: ir (CHC13) 1770 and 17690 cm—l; 1Hnmr (100 MHz,
CeDg s T™MS) & 0.99 (3H, 4, J = 7.5 Hz, -CHMe), 2.31 (1lH, dq, Iy = 9.5 Hz, H-4), 2.88
(1H, 4, H=-5), 5.93 and 6.10 (1H each, each 4, £67 = 2.9 Hz, H-6 and H-7), and 7.00-7.32
(SH, m, phenyl); Pcnmr (cpcl,, TMS) & 10.98 (Me), 38.70 (C-4), 54.36 (C-5), 87.97
(C-1), 125.22 (aromatic C-2), 128.25 (aromatic C-4), 128.50 (aromatic C-3), 137.48
(aromatic C-1), 141.30 (C-6 or C-7), 143.12 (C-7 or C-6), and 178.91 (C-3), and
finally confirmed by comparison with the authentic sample.6 Configuration of the
methyl group, being endo, was assigned from the coupling constant (9.5 Hz, cis
coupling) between H-4 and H—5.8 Thus, it is apparent that compound 4 would be produced
formally from ] through a 1,3-phenyl migration, while compound 5 through a 1,5-phenyl
migration, a subsequent 1,5-hydrogen shift, and photocyclization of the resulting
2(3H)-isomer (12).°

In order to clarify the pathways for the formation of these photoproducts 2-5,
we have examined the photolyses of R&—» under the identical conditions (ether, room
temperature, a 500-W high-pressure mercury lamp through a Pyrex filter) and observed

the following results:

Compound g=AN Time (min) Products
Run 1 2 1 equiv 300 _— 2 + 3 + 4
13% 7.4% 61%
Run 2 ) " " —_— R + 3 + 4
10% 37% 20%
Run 3 4 " " — 4 + complex mixture
>77% recovery
Run 4 3 " " — > 3
100% recovery
Run 5 R 0 100 — 4 + »
60% 7.7%
__________________ in MeOH
Run 6 i 1 equiv 95 — R + 3 + 4
—60° 65% 3.2% 243%
Run 7 1 " 300 imhexame, , . 5, 4 4+ 5
30% 3.5% 243 30%

From these results, the following conclusions can be drawn. It is apparent that
compound 4 was formed, on both sensitized and direct (more efficiently) photolyses,
from compound & (or 3), not directly from 4 via a 1,3-phenyl migration. Clearly, the

process from % to é is structurally the conversion of a vinylcyclopropane system into
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a 1,4-diene system, and thus, is most reasonably accounted for by the formal reverse
di-m-methane rearrangement through the diradical intermediate 7] leading to § or 9,
which has been proposed as the plausible intermediate leading to 2 and % from %,
leading to kg The latter process (%429%8%%), however, seems unlikely under the
sensitized condition (Run 1), since it would be also expected to produce compound R
(see below).

The precursor of compound 35 is probably 3-methyl-7-phenyl-2(3H)-oxepinone (1)
which would arise from the 1,5-hydrogen shift of the 2(7H)-isomer (l1) 12 as described
earlier. For the formation of 11, in contrast to no isolation of 3 in the sensitized
photolysis of % or % (Run 1 and 2), the actual formation of é from & suggests that the
direct 1,5-phenyl migration in 1 would be one of the possible reaction pathways.
However, the fact that 5 was produced from 2 by direct irradiation indicates that there
would be an alternative pathway to provide ll. The formation of 11 from 2 is explained
by assuming the diradical 9 and the subsequent phenyl bridging leading to 13 and
cleavage to give %&. This process is also the formal reverse di-m-methane
rearrangement.

On the photolysis of ], the reaction pathways of the common intermediate Q would
be greatly affected by the solvent used; methanol (protic solvent) may prevent markedly
the pathway leading to 13, whereas hexane (aprotic nonpolar solvent) does not (Run 6

and 7).14
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Such a stereoselective photocyclization as from 12 to 5 has been observed in the
photocyclization of substituted 1,3-dihydro-2H-azepin-2-ones.
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