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INTRA- AND INTER-MOLECULAR CARBON-CARBON BOND FORMATION BY

PHOTOSENSITIZED OXYGENATION OF VINYLFERROCENESl'2
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Faculty of Pharmaceutical Sciences, Science University of Tokyo
12 Ichigaya Funagawara-machi, Shinjuku-ku, Tokyo 162, Japan

In the series of the study on the reaction of ferrocene derivatives with

molecular oxygen, we have reportedB_5

that vinylferrocenes (I, V) were oxidized
with oxygen gas in the presence of mineral acids, Lewis acids or silica gel in
the dark to give six-membered cyclic peroxides (II) and/or their derivatives
(ITI, Iv, VII and others) through intra- and inter-molecular cyclizations.

The vinylferrocenes were autoxidized neither under the basic condition nor on
alumina. This communication describes that the same oxidative cyclization
as in the acid-catalyzed autoxidation resulted from photosensitized oxygenation
of the vinylferrocenes under the basic condition.

Irradiation of 1,1'-divinylferrocene derivatives (I) in the presence of
sodium copper-chlorophillin (sensitizer) while bubbling through dry O2 gas pro-
duced various [4]ferrocenophane derivatives; peroxide (IIa), diols (IIIa-c),
ketals (IVa, IVc) and others.6 The diols (III) and ketals (IV) are chemical
transformation products of the peroxides (II) in the reaction system or in the
work-up, as shown in the previous reports.4 Since all other [4]ferroceno-
phane derivatives are evidently those derived from the diols (III) or ketals
(IV),4 the yields of those derivatives are included into the ones of the diols
(III) and ketals (IV), respectively, in Table 1.

When sodium copper-chlorophillin was absent, irradiation of divinylferro-
cene (Ia) gave only trace amount of ketal (IVa). The oxidation was dramati-
cally inhibited by addition of 1,4-diazabicyclo[2.2.2loctane (DABCO), an effi-

cient quencher of singlet molecular oxygen (lA).7 Therefore, involvement of
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singlet oxygen in the oxygenation was secured. The reactivity in the photo-

sensitized oxidative cyclization of I in CH2C12 indicated the same tendency as
the acid-catalyzed autoxidation; decreasing in the total yields in the order of
Ia > Ic > Ib.

Irradiation of vinylferrocene (Va) in the absence of both alumina8 and
sensitizer gave no dimerization product (VII). Since the oxygenation in
hexane or other solvents afforded only a slight amount of dimerization products
even in the presence of alumina, the vinylferrocene (Va) and sensitizer absorbed
on alumina were directly irradiated under an O2 atmosphere. In the reaction
system without solvent, the total yield of the diol (VII) and its dehydrated

3.5 increased with prolong of reaction time.

compounds
Intramolecular carbon~carbon bond formation in photosensitized oxygenation

of quadricyclane and norbornadiene, conformationally rigid compounds, was de-

scribed by Itd et a1.9 as a new type reaction with singlet oxygen. However,

there has been no report that two independent olefin molecules and a singlet

molecular oxygen formed intermolecularly a carbon-carbon bond to give oxidative
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dimerization products.

oxygenation produced the same products as in the acid-catalyzed autoxidation.

No. 39

10 It is also interesting that the photosensitized

3-

These results seem to suggest activation of triplet molecular oxygen in ground

state (32) into singlet state (lA) in the autoxidation system.12
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