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PHOTOINDUCED REACTIONS OF 3B-ACETOXYCHOLESTA-5,7-DIENE, 3B8-ACETOXYCHOLEST-5-ENE,
TETRAPHENYLCYCLOPENTADIENE AND 1,1~DIPHENYLETHYLENE WITH OXYGEN IN THE PRESENCE

OF PHENYLSELENENYL BROMIDE
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Summary: Whereas PhSeBr under irradiation with O2 in CH2C12 at --78O acts as a photoxygenation
catalyst to convert 3 B-acetoxycholesta-5,7-diene and tetraphenylcyclopentadiene into the
corresponding endoperoxides, and 3f-acetoxycholest-5-ene into 3B-acetoxycholest-5-en-7-cne and
the corresponding alcohols, it reacts with 1,1-diphenylethylene to give mainly a bromohydrin;

bromine radicals arising by photodissociation of the PhSeBr are implicated as the active

intermediates.

The Lewis acid-catalysed conversion of conjugated dienes into endoperoxides in the

presence of O_ is subject to autoinhibition arising from deactivation of the catalyst by its

2
complexation with the product; the extent of inhibition is dependent upon the strength of the
Lewis acid.l_3 Metal halide Lewis acids are also unsuitable as catalysts for the oxygenation
of substrates containing Lewis basic sites other than the diene systems; thus Ph3C+BF4_ or I2
may be used for oxygenation of tetraphenylcyclopentadiene, whereas AlClB, FeCl3 etc. are
largely ineffective.2 Consequently, in seeking to extend the range of catalysts where such
complexation is unlikely to be a problem, we considered that electrophilic divalent selenium
compounds, like iodine, could act as selective oxygenation catalysts, providing that electro-
philic addition of such compounds to the substrate did not intervene. We describe here pre-
liminary results of the oxygenation of 3B-acetoxycholesta-5,7-diene 2, 1,2,3,4-tetraphenyl-
cyclopentadiene 4, 1,l-diphenylethylene 6, and 3B-acetoxycholest-5-ene (cholesteryl acetate) 9
in the presence of PhSeBr 1. Whereas 9 has been reported to be inert towards O, in the pres-
ence of Ph3C+BF4—,3 the first three substrates yield the corresponding endoperoxides 3~ and
5, and 3,3,6,6—tetraphenyl—1,2—dioxane4 in the presence of Lewis acids and O_ at —780.
Irradiation (Tungsten lamp, 600 W) of 2 in CH2C12 (50 ml) (0.25 mmol) and l (0.28 eq,

added as 0.07 eq lots in CH_Cl. each 60 min) during 3 h under dry O_ at —78o in a Pyrex flask
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gave, after aqueous bicarbonate gquench, 3 (50 %) and unchanged 2 only. The catalyst was
recovered as PhSeSePh (59%); products arising from addition of 1 to 2 were not found.
Similarly, 4 with 1 (0.4 eq, added portionwise as above) during 4 h under irradiation at -78o
gave 5 (41%), unchanged 4 (23%) and PhSeSePh (62%). Irradiation of mixtures of 2 and PhSeCl or
PhSeSePh under 02 did not result in oxygenation of 2. When, in order to enhance the
electrophilic nature of the catalyst,5 a reaction involving 2 and )l was run in the presence of
excess AgPF6 or AgOSOZCF3, oxygenation was considerably slower; after 3 h, 3 (19%) and
unchanged 2 (68%) were obtained. Remarkably, a control experiment involving irradiation of 2
{0.25 mmol) with a suspension of AgBr (2.0 eqg) under the above conditions during 3 h also gave
3 (14%) and unchanged 2. Furthermore, 3 was obtained in 44% yield when 2 (0.3 mmol) in CH2C12
containing N-bromosuccinimide (0.2 eq) at -78o was irradiated under 02 during 80 min.

The ethylene 6 (1.0 mmol) with 1 (0.43 eq, added portionwise) under the usual conditions
during 4 h gave benzophenone (3 %), the bromohydrin 7 (30 %), the hydroxyselenide 8 (5 %),
unchanged 6 (30 %) and PhSeSePh (10 %).6'7 The products were not formed from 6 and 1 under O2
in the dark, or under N2 with irradiation in CH2C12 at —780, when 6 was recovered unchanged.
The presence of excess AgPF6 (with respect to 1) in irradiated solutions of & and 1 under OZ
at -78o almost entirely suppressed formation of 7 and 8. By contrast, cholesteryl acetate 9
(0.4 mmol) in CH2C12 (50 mL) containing 1 (0.28 eq, added as 0.04 eq lots each 40 min) during
4 h under the above conditions gave the enone 10 (10 %), the a and B-epimers of the alcohol 11
(a: B= 66:34, 12 %), unchanged 9 (72 %) and PhSeSePh (92 %). In the presence of AgPF6 or
AgOSOZCF3, oxygenation of 9 was again inhibited. No oxygenated or other products were obtained
from 9 under irradiation in the presence of O2 and PhSeCl or PhSeSePh.7 Use of Ph3C+BF4_ (0.5
eq, added portionwise as above) in place of 1 during 4 h under irradiation at -78o gave 10
(21%), 11 {(a:B = 54:46, 12 %) and unchanged 9 (49 %). Also recovered was benzophenone (78 %)
and triphenylcarbinol. Irradiation of Ph3C+BF4_ alone under 02 in CHZClz.at -78° also gave
benzophenone (70 %).8

Thus, whereas 1 does induce endoperoxide formation from 2 and 4, it is much less effec-
tive than is I2 or other Lewis acids.l'2 Indeed, the general inhibition of the reactions by

AgPF6 or AgOSO CF3, the nature of the products formed from 6, and the fact that irradiated NBS

2
also induces endoperoxide formation from 2, together suggest that the active oxygenating agent

is not 1, but rather are bromine radicals which presumably arise by photodissociation of 1.
The bromine radicals then initiate the oxygenation of 2 and 4 by oxidizing these dienes to

cation radicals, which react with O_ as has been discussed elsewhere. Bromohydrin formation

2
is accounted for through addition of Br ™ to 6, and reaction of the derived radical with 02 and
the other product of the photodissociation process, PhSe’ . The hypothetical peroxide 12 so
9-11 .
formed upon agqueous treatment delivers 7 (Scheme 1). The small amount of 8 may arise by

.12 . .
reversible addition of the feebly electrophilic PhSe to 6, with subseguent reactions pro-
ceeding analogously to those of Scheme 1. The products from 9 correspond to those normally

formed from autoxidation of cholesterol, and arise by decomposition of the 7a¢- and 7 B-hydro-
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peroxides, the primary products of the autoxidation.l3 In the present instance, an allylic
radical from 9 may be generated by initial formation of an alkene cation radical, followed by
proton loss from C7.14 Reaction of the radical with oxygen, back-electron-transfer, and repro-
tonation will generate the hydroperoxide precursors of 10 and 11.
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