Solid-state photolysis of sterically congested cis-1,2-dibenzoylalkenes: isolation

and characterization of vinylketenes
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Hitherto non-isolable vinylketenes from the solid state
photolysis of cis-1,2-dibenzoylalkene compounds have been
isolated and characterized and their stabilities were found to
be enhanced with the extent of steric congestion in the
molecules.

Formation of vinylketenes from the photoreactions of cis-
1,2-dibenzoylethylenes was first speculated in 19621 (Scheme
1). Itsintermediacy was confirmed later from a strong peak for
Ve—c—o @ 2103 cm—1 in the IR spectrum of the photolyzed
reaction mixture.2 Such photoinduced intramolecular phenyl
migration from carbon to the proximate oxygen is a general
reaction routefor cis-1,2-dibenzoylakene chromophore and has
been observed in tetrabenzoylethylene3 as well asin other cis-
1,2-dibenzoylalkene derivatives.45 In unsymmetrical deriva-
tives, such migrations have been found to take place from the
benzoy! group attached to the more crowded olefinic carbon
atom.14ab.5 However, in our work with 5,6-dibenzoyl-4-me-
thoxybicyclo[2.2.2] oct-5-en-2-one (1) such migration was ob-
served to occur from both the benzoyl groups in solution,
whereas in solid state, only the expected vinylketene (1K) was
identified.6 In al of these cases the intermediate vinylketenes
have so far been neither isolated nor characterized fully because
of their instability. The vinylketene 1K was found to be fairly
stable in cyclohexane solution at 20 °C. It took almost 48 h for
the total disappearance of the ketene band at 2100 cm—1. Such
an observation encouraged us to take up the present project to
enhance the steric congestion in such molecules and try to
isolate the intermediate vinylketenes and characterize them.

In this attempt, the residue from the solid-state photoreaction
of 1 was carefully chromatographed on a silica gel column.”
Ketene 1K as a pale-ydlow solid (25%) and the starting
compound 1 (70%) were separated from this reaction mixture.
The spectral dataof 1K agreed well with the proposed structure.
Since all attempts for recrystallization led to its decomposition,
elemental analysisfor 1K could not be performed. However, its
structure was finally confirmed by trapping it with MeOH
which gave 4-methoxy-6-(phenoxyphenylmethylene)-5-exo-
carbomethoxybicyclo[2.2.2]octan-2-one (1E).

To increase the persistency of such vinylketenes, we decided
to enhance steric congestion in the molecul e and hence prepared
compound 2 with amethyl group at the bridgehead. Solid-state
photolysis of 2 and chromatography of the photolyzed residue
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gave white crystals of the corresponding vinylketene 2K (27%)
whose analytical and spectral data were in agreement with the
proposed structure. Further elution gave back unreacted starting
material 2 (68%). The ketene 2K was stable at rt and could be
trapped with MeOH only at elevated temperature (~40 °C) to
give 4-methyl-6-(phenoxyphenyl methylene)-5-exo-carbo-
methoxybicyclo[2.2.2]octan-2-one (2E) as the major product
aong with its 5-endo epimer (2E’) in minor yield.

The preference of photo-phenyl migration in cis-1,2-di-
benzoylalkene chromophore from the more crowded olefinic
carbon atom in the solid state, was further confirmed from the
solid state photoreaction of compound 3. Chromatography of
the reaction mixture yielded the vinylketene 3K (35%),
unreacted starting materia 3 (37%) and an unidentified gummy
material (25%). The ketene 3K was found to be | ess stable than
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Where,

1,1K,1E : X = CO; Y = CH,; R = OMe;
R =R"=H

2, 2K, 2E : X =CO; Y = CH,, R = Me;
R =R"=H

3,3K,3E:X=CH, Y =CO; R= Me;
R =R"=H

4,4K,4E: X =CO; Y=CHy R=R'=
R” = Me

1E-4E Ph

its isomer 2K and on stirring with MeOH at rt it yielded
1-methyl-5-(phenoxyphenyl methyl ene)-6-exo-carbomethoxy-
bicyclo[2.2.2]octan-2-one (3E).

Addition of nucleophilesto ketenesis thought to occur in the
plane of the ketene and the approach occurs from the least
sterically hindered site of the ketene.8° Increasing the steric
congestion in a molecule thus could remarkably enhance
persistency of vinylketenes and retard the nucleophilic addition
toit. Thiswas further confirmed from the solid state photolysis
of 5,6-dibenzoyl-4,7,7-trimethylbicyclo[2.2.2] oct-5-en-2-one
(4), which gave white crystals of the vinylketene 4K (28%)
aong with the unreacted starting material (65%). Even under
atmospheric conditions, solid 4K could be stored without
decomposition for along time and its cyclohexane solution was
stable at rt for more than 5 days. Addition of MeOH to 4K took
place only under refluxing conditions to yield 4,7,7-trimethyl-
6-(phenoxyphenylmethylene)-5-exo-carbomethoxybicyclo-
[2.2.2] octan-2-one (4E).

The ketene bands of 1K—4K appeared near 2100 cm—1in the
IR spectrum. The IH-NMR spectra of these compounds were
very similar to their parent molecules but their 13C-NMR data
were found to be much more useful (Table 1). In tH-NMR, the
endo-protons around 6 3 ppm appeared as doublets for 1E, 2E
and 4E and as a singlet for 3E (Table 1).
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Table 1 Characteristic data for 1IK—4K and 1E-4E

1H-NMR/ppm 13C-NMR/ppm

Starting Products® IR/cm—1
compounda (mp/°C) Yied (%)  Veeco OBridgehead Oeridgenead dc+o dicro dctcto  Orc-0ph
1 1K« (157) 85d 2103 3.6 (m) 207.0 199.4 34.9 155.7
2 2K (187) 84d 2100 3.65 (t, J3H2) 210.5 202.3 34.2 155.7
3 3K (122) 55d 2092 3.38 (t, J 2.4Hz) 210.0 200.2 40.8 155.8
4 4K (125) 82d 2100 3.21(9) 210.3 208.9 34.4 155.7
1K 1E (41) 93¢ 3.45 (m) 3.95 (d, J 2 H)
2K 2E (125) 5Qe 3.46 (t, J 3 Hz) 346 (t, J 1.5 Hz)

2E/(132) 28° 344 (t, I3 Hz) 352 (d, J 1.5 Hz)
3K 3E (158) 89e 3.3 (m) 3.6 (9
4K 4E (156) 90e 3.06 (s) 3.26 (d, J 1.5 Hz)

a Compounds 14, for the first time were prepared following reported procedures.>10 b Elemental analyses have been performed for all compounds excepting
1K. ¢ Unstable to prepare analytical sample. d Based on recovered starting materials. e |solated yields.

In summary, we report here the first isolation and character- 4
ization of the intermediate vinylketene formed by photo-phenyl
migration in cis-dibenzoylakenes. In the solid state, the
migration always occurred from the more crowded center to the
less crowded one. By controlling the degree of steric congestion
in the molecule, the stability of these vinylketenes can
remarkably be enhanced. 5
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