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PHOTOOXYGENATION OF TETRAMETHYLALLENE

COMPETING (2+2) CYCLOADDITION AND ENE-REACTIONS
WITH SINGLET OXYGEN

Klaus Gollnick* and Albert Schnatterer

Institut fiir Organische Chemie der Universitat,
KarTstrasse 23, D-8000 Miinchen 2, Germany

TPP-sensitized photooxygenation of tetramethylallene (4) in carbon
tetrachloride yields acetone (5), 2,4-dimethyl-4-hydroxy-1-penten-3-one
(8) and 2,4-dimethyl-1,4-pentadien-3-one (9) in a ratio of 35:20:45, be-
sides minor amounts of resinous products and carbon dioxide. Isomerization
of 4 to 2,4-dimethyl-1,3-pentadiene (6) does not occur under the reaction
conditions. DABCO quenches the photooxygenation, whereas 2,4,6-tri-t-bu-
tylphenol (10) enhances the oxygen consumption rate but leaves the ratio
of 5:8:9 unchanged. These results indicate that 4 is oxygenated by singlet
oxygen. A mechanism is proposed according to which acetone is generated
via a {2+2) cycloaddition whereas 8 and 9 are formed via an ene-reaction
between 4 and singlet oxygen. - N

We have recently shown that tetraphenylallene (1) does not react with singlet oxygen

(]02); it is, however, readily converted to benzophenone (2) and 1,3-dihydroperoxy-1,1,3,3-

tetraphenyl-2-propanone {3) if submitted to the 9,10-dicyanoanthracene (DCA)-sensitized elec-

tron-transfer photooxygenation in acetone].

Tetramethylallene (2,4-dimethyl-2,3-pentadiene) (4) was reported by Crandall and Mach-

1ede\r2 to be unreactive toward singlet oxygen generated from H202/ NaOC1, whereas Greibrokk3

reported that 4 gave small amounts of acetone (5) and the cyclic product 7 as the main product

on irradiation in C52 in the presence of oxygen and eosin. The latter product was believed to

be formed by a photo-induced isomerization of 4 to 2,4-dimethyl-1,3-pentadiene (6) followed

by a (4+2)-cycloaddition of singlet oxygen to §3.
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We now wish to report our results on the tetraphenylporphin (TPP)-sensitized photooxy-
genation of 4 in carbon tetrachloride.

Tetramethylallene (4; b.p. 86.5-87.5°C/760 Torr), prepared after Morton et a1.4 » Was
free of its isomer 6; it showed one peak in vpc and a singlet at 1.60 ppm in its 1H-NMR spec-
trum in CDC13. If 4 was irradiated in CC]4 in the presence of oxygen and TPP, 4 consumed 1.3
molecules of 025. The ]H NMR spectra taken immediately after the oxygen consumption ceased
showed that the reaction mixture contained, besides less than 1% of 4 and about 5% of
resinous products, only acetone (5), 2,4-dimethyl-4-hydroxy-1-penten-3-one (8) and 2,4-dime-
thy1-1,4-pentadien-3-one (9) in a ratio of 35:20:457. In addition, the reaction mixture con-
tained about 7% of C029. Samples taken during the photooxygenation reaction did not show ob-

servable amounts of 6 or 7 thus excluding any isomerization of 4 to Q]O.
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With TPP in CC14, photosensitization of an electron-transfer oxygenation is very un-
likely to occur; even with DCA, a typical photosensitizer for such processes in polar solvents,
only singlet oxygen reactions are observed in non-polar solvents such as CC14]]. On the other
hand, TPP is a very efficient photosensitizer for the formation of 102. However, compared to
the singlet oxygen reaction of our standard acceptor 2,5-dimethylfuran (DMF), the rate of
oxygen consumption by 4 is rather slow, with a quantum yield of about 10-2 at concentrations
of 4 of 5:1072 1 12,

Thus, in order to distinguish between a singlet oxygen reaction and an autoxidation
reaction via free radicals, the TPP-sensitized photooxygenation of 4 in CC1, was performed in
the presence of 1,4-diazabicyclooctane {DABCO) as a singlet oxygen quencher%4 on the one hand,
and in the presence of 2,4,6-tri-t-butylphenol (10) as a free radical scavenger on the other.
0.05 M of DABCO quenched the oxygen uptake to practically nills. If 0.10 M of 4 was submitted
to the photooxygenation in the presence of 0.05 M of 10, the oxygen consumption rate was en-
hanced]G. The total consumption of oxygen was raised from 0.13 M (without 10) to 0.18 M (with
10), indicating that 10 had taken up one molecule of oxygen17. According to the ]H NMR spectra
taken immediately after the Oz-consumption ceased, 2,4,6-tri-t-butyl-4-hydroperoxy-2,5-cyclo-
hexadienone (11)18 was generated from 10 in addition to products 5, 8 and 9 from 4, the ratio

of which remained unchanged.

AT1 these results indicate that 5, 8 and 9 are generated by 1Oz—reactions with 4.
Since these reactions proceed with low quantum yields, the HZOZ /Na0Cl1—method is rather in-
appropriate to generate singlet oxygen as was shown for a-pinene as another relatively unre-

active substratezo.
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Scheme 1 rationalizes the formation of 5 as occurring via the (2+2} cycloaddition

product 12 followed by cleavage into 5 and ketene 1}_21, that of 8 and 9 as occurring via the

ene-product 13

25

24 or

which, as an unstable vinyl hydroperoxide, immediately rearranges to 8

eliminates water to give 226. It thus appears that singlet oxygen is able to undergo (2+2)

cycloaddition and ene-reactions with alkyl-substituted allenes, i.e. that ]02 reacts in the

same manner as it does with alkyl-substituted olefins and acyclic 1,3-dienes,

though with

rather reduced quantum yields.
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Studies on photosensitized oxygenations of allenes are continued.
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