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Thermal elimination of dimethyl ketene from‘i, a reverse Diels-Alder reaction, proceeds
quantitatively, but requires temperatures which might be considered unusually high (450-550°) ,2

particularly when the aromaticity of the product (2) is taken into account.3s17 Accordingly,
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2

we investigated this type of reaction photochemically. Whereas the photochemistry of a number
of bicyclo-B8,y-enotes has been extensively studied,"*5 only recently has there been a report of
a related system where the pi-electrons of more than one double bond can interact equally with
the carbonyl group.6

Hexamethyl-2,4-cyclohexadienone’ readily gave bicyclo{2.2.2])octadienones 3 and 4 with
dimethyl acetylenedicarboxylate and diphenylacetylene.®>? Irradiation of a 1Z ether solution of

3 through a Corex filter with a Hanovia L 450-w lamp for two hours provided an 80% yield of

3, R=CO,CHj R

3
R hv > -
4, R=Cglig ether 6, R=CgH;

dimethyl 3,4,5,6-tetramethylphthalate, 3. Irradiation of 4 under identical conditions gave an
83% yield of 3,4,5,6-tetramethyl-1,2-diphenylbenzene, §. Dimethylketene formed during the
reaction was trapped as the anilide.

Two alternative mechanisms can be suggested for these conversions: (a) direct photo-

elimination of dimethylketene, either concerted or stepwise; or (b) photorearrangement to the
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cyclobutanone 7 or 7'10 which then eliminates dimethyl ketene to give 2 and 6. Many other

M—ﬂi% 2?[ e

B,y-unsaturated ketones uwndergu pnotorearrangements formally anzlogous to pata v.* ‘Wnen a
solution of 3} in methyltetrahydrofuran was irradiated for short intervals at -100° in a sodium
chloride cavity cell, the ketene was detected!! by its intense ir absorption at 2135 cm—l.
Thus for path b to be plausible, elimination of ketene from 7 or 7' must be efficient at -100°.
Irradiation (6 hr) of a 1% ether solution of §“12 through a Corex filter with a Hanovia

L 450-w lamp proceeded with 86% conversion to provide 82% of 1,2,3,4-tetramethylnaphthalene and

13% of 1,4,4,5,6,7-hexamethyl-2,3-benzobicyclo[3.2.0]hepta-2,6~diene, Q.” The elemental

analysis and mass spectrum (parent peak at m/e 226} of 10 indicated that it was formed by the
loss of carbon monoxide from 8. The ultraviolet spectrum of 10 in 95% ethanol had maxima at
274 (e 1910), 267 (c 1980), and 211 mp (e 8580) with shoulders at 262 (¢ 1470) and 330 my
(e 4860).1% The nmr spectrum showed singlets at t 8.95 (3H, methyl at €~1), 8.83 (3H, wmethyl
at C-£}> znd> % 75> (88 gem-methylo- 26 543, Juertoto-ob T $2f2-208 S E2: (28 saehy aethylce b
C-7 and C-6, J = 1.2 Bz), and & singlet at 1 3.05 (4H, sromatic protomns)}.l®

The formation of ]J-Q from 8 can be accounted for by the initial production of the benzo-

norcaradiene l,]; which then photochemically rearranges to provide Z‘LAO An analogous photo-

8 ——> _ —> 10
<] )
u

rearrangement of the type 1l —>10 has been observed.!* Either the photochemical elimination of
carbon monoxide Tiom @D AnteErmedlste cyrthdvotianone }‘}16 vi The tiimination ©f tarfpon monoxide Trom

the @iradical “.ﬁ\;} ot ‘&i » iollowed by appropriste rehonding, woold account for Yhe formation of k@
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The ease with which ketenes are formed by this photochemical reverse Diels-Alder reaction
is in marked contrast to the high temperature required for the thermal reaction. If the reaction
is a concerted reverse 2 + 4 cycloaddition these results would be contrary to expectation.17
Since the photochemical excitation involves the carbonyl group, it may be necessary to include
the carbon-oxygen double bond in the electron count for cycloadditions involving ketenes.

Further studies to determine the nature of the excited state and the scope of this photo-

reaction are in progress.
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