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Hydrogen Transfer Photo-catalysed by Corrole in Visible Light:
Reduction of Benzaldehyde with Benzenethiol

By Yukito MURAKAML* YASUHIRO AovaMa, and KoJI TOKUNAGA

(Department of Ovganic Synthesis, Faculty of Engineering, Kyushu University, Fukuoka 812, Japan)

Summayry Corrole effectively catalysed the photo-reduction
of benzaldehyde to benzyl alcohol with benzenethiol in
visible light; in a separate experiment without benzalde-
hyde, photo-bleaching of corrole took place with ben-
zenethiol, while under appropriate conditions, photo-
induced redox re-cycling of the catalyst was observed.

CHLOROPHYLLS and porphyrins are known to catalyse
certain photochemical redox reactions for which the
sensitizers mediate electron (hydrogen) transfer from an
appropriate electron (hydrogen) donor to an acceptor via a
redox process of the excited sensitizers. The reducible
substrates so far investigated include dyes,! quinones,?
riboflavin,® NAD,* azobenzene,! and nitrobenzene.®! In
general, the photo-catalysed reduction of a less readily
reducible substrate (having more negative redox potential)
is an important process for successful conversion of solar
energy into chemical energy. We report here the first
example, to the best of our knowledge, of the photo-
reduction of a simple carbonyl substrate in visible light
which is sensitized by metal-free corrole. Corrole is a
unique cyclic tetrapyrrole which is characterized by direct
linkage between the A and D rings.
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A solution of benzaldehyde (0-28 mol 1-1), benzenethiol
(0-045 mol 171), and a catalytic amount of 2,3,17,18-tetra-
methyl-7,8,12,13-tetraethylcorrole (1) (0-001 moll-1) in
methanol (10 ml) containing acetic acid (0-08 mol 1-1) was

degassed by freeze-pump-thaw cycles. Irradiation of this
solution for 8 h at 0—5°C was carried out with filtered
light for a 250-W tungsten lamp; water with a path length
of ca. 1 cm was used as a heat filter, and naphthalene in
iso-octane (0-1 mol1~1) with a path length of 1 cm as a u.v.
filter. The photo-reaction resulted in the reduction of
benzaldehyde to benzyl alcohol along with the concomitant
oxidation of benzenethiol to diphenyl disulphide. The
amount of diphenyl disulphide thus produced was nearly
equivalent to that of benzyl alcohol, consistent with the
redox stoicheiometry in equation (1). Benzyl alcohol

)
PhCHO + 2PhSH —— PhCH,0OH + PhSSPh (1)
hv

(ca. 50%, yield based on the limiting substrate, benzenethiol)
was isolated and identified by means of high performance
liquid chromatography, t.l.c., and i.r. spectroscopy. Hydro-
benzoin, another possible reduction product from benzalde-
hyde, was not detected by t.l.c. analysis. The redox
reaction did not occur either in the dark or in the absence of
(1), indicating that hydrogen transfer from the thiol to the
aldehyde was mediated by redox recycling of (1).

The following observations are relevant to the elucidation
of the mechanism. (i) A solution of (1) and the aldehyde
exhibited no spectral change upon irradiation, whereas a
solution of (1) and the thiol (0-27 mol 17') was readily
photo-bleached in 40 min at 0—35 °C. This suggests that
successive hydrogenation of the macrocycle takes place.®
Exposure of this solution to the air resulted in colour
changes (sequentially colourless, green, blue, and finally
purple) and regeneration of (1) (ca. 509, yield by =} ectro-
scopic analysis) at the end. (ii) A solution ot (*: and the
thiol (0-27 mol 171) was irradiated as above. After photo-
bleaching was completed, benzaldehyde (0-27 mol 1-1) was
added anaerobically. The resulting solution showed no
tendency to regenerate (1) in the dark or upon irradiation
for 8h. Chromatographic analysis of the irradiated
solution indicated that benzyl alcohol, if any, was present
only in a trace amount. (iii) The recovery of (1) after
irradiation of the system containing (1), benzaldehyde, and
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benzenethiol for 8 h was dependent on the relative amounts
of both reactants. Thus, for a solution rich in the thiol
(benzenethiol, 0-27 mol 17!; benzaldehyde, 0-046 mol 1-1)
the recovery of (1) was < 109%,, whereas for solutions rich in
the aldehyde (benzenethiol, 0-056 moll~!; benzaldehyde,
0-32, 0-46, and 0-93 mol 17) the recovery yields were much
improved (30, 70, and 809, respectively).
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From the above observations the mechanism in the
Scheme can be deduced. The electron (hydrogen) transfer
from the thiol to the excited (1) (C*) is the primary photo-
reaction. The resulting reduced intermediate of (1) (Cip¢)
may either reduce the aldehyde with concomitant regener-
ation of (1) or undergo further reduction with benzenethiol
giving rise to the bleached product of (1) (Cpieacn).® The
relative importance of these two processes is dependent on
the relative amounts of benzaldehyde and benzenethiol. It
must be noted here that the bleached reduction product of
(1) cannot reduce the aldehyde. A critical evaluation of the
mechanism and the general application of (1) as a photo-
catalyst in visible light to other redox reactions are in
progress. It would be of particular interest to discover a
possible correlation between the strain energy in (1) and
its photo-activity.
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