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Summary: Novel visible light induced reductive elimination of
a heterodinuclear triorganoplatinum-manganese complex,
(tBu2bpy)Me2PhPt-Mn(CO)5, gives a methylmanganese
complex, MnMe(CO)5, and a methylphenylplatinum com-
plex, PtMePh(tBu2bpy).

Use of light energy in controlling the selectivity and activity
of chemical reactions is a highly fascinatingmethod, but it is in
generally very difficult, since irradiation frequently causes
homolytic bond cleavage, dissociation of ligands, etc. or
sometimes even luminescence.1,2 On the other hand, reductive
elimination is one of the most important key steps in organo-
transition-metal chemistry in relation to transition-metal-
mediated organic reactions and catalyses.3 Among them,

C-C bond forming reductive elimination is the most well
studied both experimentally4 and theoretically.5 Other reduc-
tive elimination processes involving hetero elements are also
intrinsically of importance in various catalyses promoted by
transition-metal complexes.6 We previously reported the
reversible alkyl group transfer reaction of heterodinuclear
organotransition-metal complexes,7 which is regarded as
reductive elimination of an organotransition-metal complex
from the dinuclear complex. We wish to report here novel
visible light enhanced reductive elimination of a methylman-
ganese complex under ambient conditions from heterodinuc-
lear triorganoplatinum-manganese complexes.
A series of (2,20-bipyridine)- or (4,40-di-tert-butyl-2,20-bipyr-

idine)triorganoplatinum-manganese pentacarbonyl com-
plexes were prepared by the simple metathetical reactions of
the corresponding triorgano(nitrato)platinum(IV) species
with sodium pentacarbonylmanganate in THF (eq 1).

In these heterodinuclear complexes, a large R2 group is
always placed trans to Mn, probably due to steric hindrance
between the square-planar Pt coordination plane and the four
equatorial carbonyl ligands at Mn. 1a in THF shows two
absorption bands at 533 (ε = 2900 M-1 cm-1) and 325 nm
(ε = 15000 M-1 cm-1), which are ascribed to MLCT bands
from the HOMO orbital based on the Pt-Mn bond to the
LUMOassignable to twoemptyπ*orbitals of the bpy ligand.8
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X-ray structure analysis revealed the molecular structure
of 1a (Figure 1).9 The geometry at the Pt metal is essentially
octahedral, where the Mn(CO)5 moiety and bpy ligand are
placed cis to each other. TheMo moiety possesses a pseudo-
square-pyramidal structure, which is similar to that of the
known Mn(-I) anionic complex [Ph4P][Mn(CO)5].

10 The
Pt-Mn bond distance (3.0337(8) Å) in 1a is significantly
longer than those observed in other heterodi- or heterotri-
nuclear complexes containing platinum and manganese,11,12

suggesting effective steric repulsion between the Pt and Mn
moieties. In fact, four ligands at Pt and the carbonyl ligands
cis to Pt in Mn are placed in a staggered conformation in
order to minimize their steric congestion.
When the dimethylphenyl(4,40-di-tert-butyl-2,20-bipyri-

dine)platinum-manganese complex 2f was heated in ben-
zene at 20 �C, selective and smooth cis reductive elimination
of the methylmanganese(I) complex 3 took place, giving
PtMePh(tBu2bpy) (4) (eq 2).13

The reaction is first order in heterodinuclear complex
concentration, and the estimated first-order rate constant
kobsd was independent of both the tBu2bpy and [Mn(CO)5]

-

concentrations, suggesting that the reaction proceeds without
prerequisite prior tBu2bpy and heterolyticMn anion dissocia-
tions (Figure 2 and Figures S3 and S4 in the Supporting
Information). The first-order rate constant (kobsd = (1.60 (
0.00) � 10-4 s-1) at 20 �C in benzene is significantly larger
than those of reductive elimination of the corresponding
monomethylplatinum-manganese complex (dppe)MePt-
Mn(CO)5, which gives no methylmanganese complex.7c This
reflects that the electron deficiency at Pt due to high metal
valency favors reductive elimination.4a-4c Although interac-
tion of electron-deficient olefin is known to enhance reductive
elimination, and a significant acceleration effect of acryloni-
trile is observed in (dppe)MePt-Mn(CO)5, no effect of added
acrylonitrile on the rate was observed in the present case. This
may be due to coordinative saturation of the Pt atom, which
disfavors additional coordination of acrylonitrile.
Similarly, the p-anisyl analogue 2g also caused smooth

reductive elimination. Attempted preparation of methyldi-
phenyl- and triphenylplatinum derivatives failed to give
reductive elimination products, suggesting that high steric
congestion around the Pt-Mn bond causes preferential cis
reductive elimination. The trialkylplatinum-manganese
complexes 2a-e are relatively stable, and further heating
of 2a to 70 �C gave a complex mixture of MnMe(CO)5
(37%), PtMe2(

tBu2bpy) (47%), PtMe2(CO)2 (29%), and
tBu2bpy (8%). Theoretical calculations8 revealed that reduc-
tive elimination of the dimenthylphenylplatinum complex is
exothermic (ΔE = -11.3 kJ mol-1 for 1b), whereas the
reaction of the trimethylplatinum complex is endothermic
(ΔE = 12.2 kJ mol-1 for 1a), supporting the above facts.
The most notable fact in this reductive elimination of the

M-C bond from the triorganoplatinum-manganese het-
erodinuclear complex is the unexpected acceleration effect of
visible light irradiation on the reductive elimination.When 2f
(0.300 mM) was irradiated by visible light (>500 nm) under
the same conditions, reductive elimination was significantly
enhanced (kobsd= (24.6( 0.4)� 10-4 s-1, ca. 15 times faster
than the reaction in the dark), causing selective formation of
the methylmanganese complex as shown in Figure 2. The
quantum yield for this photoinduced reductive elimination
of 2f estimated as ca. 0.50 using chemical actinometry.14

No significant effect of the added t-Bu2bpy ligand (kobsd =
(24.6 ( 0.4) � 10-4 s-1 for [t-Bu2bpy] = 0 mM, kobsd =
(22.8( 0.3)� 10-4 s-1 for [t-Bu2bpy]= 3.2 mM in benzene)

Figure 1. Molecular structure of (bpy)Me3Pt-Mn(CO)5 (1a).
All hydrogen atoms are omitted for clarity. Ellipsoids are given
at the 50% probability level.

Figure 2. First-order plots for reductive elimination of 2f in the
dark (O) and under visible light irradiation (b) in benzene at
20 �C ([ 2f ] = 0.300 mM).
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or added [Mn(CO)5]
- anion (kobsd= (19.4( 0.3)� 10-4 s-1

for [[PPN][Mn(CO)5]] = 0 mM, kobsd = (14.2 ( 0.2) �
10-4 s-1 for [[PPN][Mn(CO)5]] = 3.4 mM in THF) on the
rate was observed, excluding possible mechanisms involving
prior ligand dissociation and heterolytic Pt-Mn bond clea-
vage processes. Addition of a large excess amount of a
radical scavenger such as 2,6-di-tert-butylphenol (8.1 mM,
27 equiv/2f) or p-methxyphenol (3.00 mM, 10 equiv/2f)
showed no effect on the rate, excluding radical processes.
Substitution of the para position of the phenyl in 2g by an
OMe group also showed no significant effect.
We can speculate on a possible mechanism for this new

photoinduced reaction from the above experimental facts.
Since the irradiation causes electron promotion from the
HOMO (Pt-Mn bond) to the LUMO (bpy),15 the excited
state of the complex involves a triplet Mn(I) cation with a
bpy radical anion ligand (eq 3). Selective reductive elimina-
tion may take place from such an excited state. The origin of

this enhancement effect on reductive elimination by visible
light is not completely understood at present, but the strong
trans effect of the tBu2bpy anion radical ligand in the excited
state could be responsible for it.16

In conclusion, we found the unprecedented visible
light induced reductive elimination of a heterodinuclear
triorganoplatinum-manganese complex. Although many
light-induced reactions of organometallic compounds
are known to cause ligand dissociation, homolytic bond
cleavage, or luminescence, the present results illustrate
the importance of light energy in fundamental organome-
tallic elemental reaction processes, strongly related to
catalyses.
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