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PHOTOCHEMICAL HYDROGEN ATOM TRANSFER FROM ALDEHYDES
TO BINUCLEAR PLATINUM(I)
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The phosphorescence of the triplet excited state (*Pt%) of a binuclear platinum(II) complex,
Pt,(P,0sH,)4™, is quenched by acetaldehyde and propionaldehyde with second-order rate
constants of 5x10° and 2x10°> M™! s™! respectively, in methanol at room temperature.
Flash photolysis experiments establish that the reaction of *Pt* with RCHO occurs by
hydrogen atom transfer, *Pt¥ + RCHO — Pt,H +RCO. The experiments also indicate that
the Pt, H intermediate reduces aldehydes to alcohols.

Recent experiments have established that a binuclear platinum(II) complex,
Pt,(P,OsH,)4 (Pt,), is a versatile photoredox agent [2-16]. It is of particular
interest that the oxidation of an alcohol to an aldehyde or a ketone is photocata-
lyzed by Pt, [5,13]. The catalytic system is complicated when an aldehyde is
formed, because aldehydes also react photochemically with Pt, [13,17]. We show
here that the first step in the aldehyde reaction is hydrogen atom transfer to a
triplet excited state, *Pt¥, and that it is likely that the Pt,H intermediate reduces
the aldehyde to an alcohol.

In degassed methanol, the phosphorescence of *Pt¥ is quenched by RCHO
[18]. Amalysis of room-temperature quenching data (r,/7 =1+ k[RCHO];
[RCHO], 0.1 to 0.5 M) gives second-order rate constants for the CH,CHO
(5 X 10%) and CH,CH,CHO (2 X 10° M~! s71) reactions. These rate constants
are considerably higher than those obtained for methanol (k, <10* M™' s™h)
[6,10]. Both electron-transfer (1) [19] and atom-transfer (2) pathways could
contribute to the *Pt* quenching:

3Pt¥ + RCHO — Pt? + RCHO™ (1)
3Pt# + RCHO — Pt,H + RCO. )

Evidence for the Pt,H intermediate in (2) has been obtained in flash photolysis

*

Contribution from the Department of Chemistry, University of Hong Kong, Pokfulam Road,
Hong Kong, the Department of Physics, The Chinese University of Hong Kong, Shatin, New
Territories, Hong Kong, and No. 7775 from the Arthur Amos Noyes Laboratory, California
Institute of Technology, Pasadena, California 91125

© J.C. Baltzer A.G. Scientific Publishing Company



262 C.-M. Che et al. / Photochemical hydrogen atom transfer

A(OD) o

] ] ] ] ] ] 1 |
320 360 400 440

xinm)
Fig. 1. Transient difference absorption spectrum recorded 10 us after laser excitation (355 nm) of a
degassed methanol solution of propionaldehyde (v /v 1,/50) in the presence of Pt, ( ~ 5X 107 M).

experiments. The transient difference absorption spectrum (fig. 1) generated 5 to
10 ps after laser excitation (355 nm) of a degassed methanol solution of Pt, and
propionaldehyde (v/v, 1/50) is in qualitative agreement with the difference
spectrum of Pt,H and Pt, [3,6]. Thus a major pathway in the reaction of *Pt
with propionaldehyde is H atom transfer, however, an electron-transfer contribu-
tion (1) to the quenching process cannot be ruled out, since Pt; also absorbs in
the 300-340 nm region [15,20]. The prompt signal (fig. 1) rapidly decays by
complex kinetics. When monitored at 390-420 nm, an approximate first-order
decay that is independent of laser energy but proportional to the concentration of
propionaldehyde is found. The difference absorption spectrum recorded 10 ms
after the laser flash shows no new species that absorb in the 390—460 nm region.
The result is consistent with a mechanism in which the photogenerated Pt,H
intermediate reacts with propionaldehyde (3),

Pt,H + CH,CH,CHO — Pt, + CH,CH,CHOH (3)
Formation of the CH,CH,CHOH radical is consistent with the observation that
propan-1-ol is obtained by broad-band irradiation (A > 320 nm) of a degassed

methanol or acetonitrile solution of propionaldehyde in the presence of Pt, for 6
h [21].
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When the decay of the prompt transient absorption signal is monitored in the
300-400 nm region, a new species with a broad absorption band at 340-350 nm
is observed 10 ms after the laser flash. This species exhibits an absorption
spectrum that is typical of a Pt,(IIT) complex [17]. The kinetics for the formation
of this new complex is complicated (neither first-order nor second-order kinetics
was found); the complex could be produced from Pt; that is formed by
electron-transfer quenching (Pt rapidly disproportionates [20] into Pt, and Pt3*
in solution).
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