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There has been rapid progress in understanding the factors that
influence selectivity and reactivity in C-H bond activation in arenes
or alkanes by organoplatinum(II) compounds.1-4 The reactions with
arenes are often reversible and proceed through “arene platinum-
(II)” and “aryl(hydrido)platinum(IV)” complex intermediates. In
arene activation reactions, the rate-determining step can be arene
coordination or C-H oxidative addition, and the C-H oxidative
addition/reductive coupling steps can be reversible and either faster
or slower than methane displacement. Since the design of catalysts
for reactions involving C-H activation requires knowledge of the
factors affecting reactivity and selectivity in C-H activation
reactions, we are prompted to report an arene C-H bond activation
reaction in which the chelate ring size of the bidentate ligand, NN,
and its effect on the ligand geometry (Chart 1), is a critical factor.
In addition, it is shown that methyl and methoxy substituents on
the arene give opposite selectivity.

Reactions of [PtMe2(NN)], 1a, NN ) di-2-pyridyl ketone (DPK);
1b, NN ) di-2-pyridylamine (DPA);1c, NN ) di-2-pyridylmethane
(DPM); 1d, NN ) 4,4′-di-tert-butyl-2,2′-bipyridyl (bu2bpy) (Chart
1), with B(C6F5)3/H2O in CF3CH2OH occurred rapidly at room
temperature with loss of methane to give the corresponding
complexes [PtMe{HOB(C6F5)3}(NN)], 2a-2d.5 The anion [HOB-
(C6F5)3]- acts as a good leaving group; replacement by CO gives
the complexes [PtMe(CO)(NN)][HOB(C6F5)3], 3a-3d, whose
carbonyl stretching frequencies are 2119, 2105, 2109, and 2109
cm-1 when NN ) DPK, DPA, DPM, and bu2bpy, respectively,
indicating that DPK is the weakest donor, while the other ligands
have similar electronic effects. The structures of2a (Figure 1) and
3b were confirmed crystallographically.5

Reactions of2a-2c (or, more conveniently, a mixture of1a-
1c and B(C6F5)3/H2O) with benzene or with several methyl- or
methoxy-substituted arenes Ar-H in CF3CH2OH gave the corre-
sponding complexes [PtArX(NN)], with X) HOB(C6F5)3 and
NN ) DPK, DPA, or DPM. However, complex2d, NN ) bu2-
bpy, failed to react with arenes under these conditions. Because it
is established that the ligands DPA, DPM, and bu2bpy have similar
electronic effects, the enhanced reactivity of2a-2c compared to
that of 2d must arise from the presence of bowed six-membered
Pt(NN) chelate rings in2a-2c compared to the more planar five-
membered chelate ring in2d (see Chart 1, which shows the different
orientations of theortho-hydrogen atoms of the chelate ligands).6

The complexes2a-2c, with NN ) (2-C5H4N)2X and X ) CO,
NH, and CH2 respectively, show similar reactivity to arenes,
although the carbonyl group is more electron-withdrawing than
either the NH or CH2 group, further suggesting that structural rather
than electronic effects are responsible for the difference in reactivity
of 2d compared to that of2a-2c.

Benzene reacted with complexes2a-2c to give the correspond-
ing phenyl complexes [PtPhX(NN)],4a-4c,5 while toluene reacted
with 2a or 2b to give the corresponding complex [Pt(C6H4Me)X-

(NN)], 5a, NN ) DPK; 5b, NN ) DPA (Scheme 1). NMR analysis
showed that the tolyl complexes exist as a mixture of isomers with
meta:para:ortho ) 70:27:3 for5a and 75:22:3 for5b, consistent
with results for related diimine complexes.2-4 Reactions of2a or
2c with o-xylene and of2a or 2b with m-xylene gave only the
isomers shown in Scheme 1,5 with no products ofortho C-H or
benzylic C-H bond activation detected. Mesitylene, which has only
ortho and benzylic C-H bonds, failed to react with complex2a
under similar conditions. The structures of6a, 6c, and 7a were
confirmed crystallographically.5

Anisole reacted with2a to give [Pt(C6H4OMe)X(DPK)], 8a, as
a mixture ofo-, m-, andp-isomers in a ratio 90:8:2, from which
the pureortho isomer was crystallized, andm-dimethoxybenzene
reacted to give [Pt{2,4-C6H3(OMe)2}X(DPK)], 9a, respectively

Figure 1. The structures of the methyl and phenylplatinum complexes
[PtRX(DPK)]: (a) R) Me, 2a; and (b) R) Ph,4a.

Chart 1. Planar and Bowed Bipyridine Groups in 1d and 1a-1c,
Respectively (note the orientation of the o-hydrogen atoms in the
plane in 1d and out of the plane in 1a-1c)

Scheme 1. X ) HOB(C6F5)3
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(Scheme 2).5 The prominence ofortho-metalation is obvious, but
there is no associated acceleration of reaction. Thus, reaction of
2awith an equimolar mixture ofm-xylene andm-dimethoxybenzene
gave7a and 9a in a 3:2 ratio, and the reaction was slower than
with m-xylene alone. Reaction of 3-methylanisole with2a gave
[PtArX(DPK)], 10a, with Ar ) 2-MeO-4-Me-C6H3 (Scheme 2),5

showing that, in the reagent that contains both methyl and methoxy
substituents, the methoxy group controls the site of metalation.7

The reaction of1a and B(C6F5)3/H2O in CF3CH2OH with
o-xylene or anisole gave a kinetic isotope effectkH/kD ) 2.8 or
3.6, respectively,8 and the similar reactions witho-xylene-d10 or
anisole-d8 gave CH4 and CH3D, with only traces of CH2D2,
indicating that the reductive coupling step to give methane is largely
irreversible and that the C-H oxidative addition step is rate-
determining.2-4 In agreement, the arylplatinum product from
reaction of1 with o-xylene-d10 in CF3CH2OH was very largely
10-d9, with <2% H incorporation at the aromatic sites and no H
incorporation at the methyl sites.8

In conclusion, it is shown that the chelate ring size of supporting
bipyridyl ligands is an important factor in C-H activation of arenes
and should be considered in the design of more active catalysts.9

In addition, methyl and methoxy substituents on the arene are shown
to give very different regioselectivities. It is interesting that the
selectivity in toluene activation is similar in this case, in which
C-H oxidative addition is product-determining, and with the ligand
ArNdC(Me)C(Me)dNAr, in which the methane displacement step
is most important.1-4 The methoxy group is shown for the first
time to giveo-platination but without an associated rate accelera-
tion.10
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Scheme 2. X ) HOB(C6F5)3 (the inset shows the structure of
10a)
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