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Saturated hydrocarbons represent abundant and inexpensive
chemical feedstocks, and the selective synthesis of valuable
functionalized products directly from alkanes remains a prominent
research goal. Significant progress has been made in this area during
the last several years, particularly with late transition metal
homogeneous catalysts.1,2 Two very promising types of function-
alization reactions are functionalizations which introduce hetero-
atoms, for example, conversions of alkanes to alcohols, and
dehydrogenation reactions which produce olefins from alkanes.
Generally, dehydrogenation reactions have been carried out with
the metals rhodium3 and iridium,4 and heteroatom functionalizations
mostly with the metal platinum.2 This is perhaps somewhat
accidental, because the difference in reactivity could be due to the
ligands employed rather than to intrinsic properties of the metals.5

Stoichiometric6 and catalytic7 alkane dehydrogenation reactions
involving platinum in homogeneous solution are known but rare.
In this contribution, the first significant steps toward using platinum
complexes ofâ-diiminate ligands for alkane dehydrogenations are
presented.

Five-coordinate alkyl Pt(IV) species have been proposed as short-
lived intermediates in platinum-catalyzed alkane functionalization
cycles for many years. Aâ-diiminate ligand was recently used to
prepare the first example of a stable five-coordinate Pt(IV) alkyl
complex (Scheme 1,1a).8,9 Upon thermolysis,1aundergoes ethane
reductive elimination, followed by C-H activation of the ligand,
methane elimination, andâ-hydrogen elimination (1 f 2 f 3 f
4 f 5) to form an olefin(hydrido) Pt(II) complex, where the olefin
is part of the chelating ligand (5a).10 Deuterium from deuterated
alkane solvent is incorporated into5a selectively into the Pt-H,
isopropyl, and isopropenyl positions, at elevated temperatures. It
was proposed that this alkane activation occurs via the reversible
sequence5 a 4 a 6 a 7 (Scheme 1).11 In this previous study
using1aas a precursor, no alkane functionalization products, apart
from deuterium/hydrogen exchange into the alkane, were observed.
Although an olefin hydride8a might be formed reversibly, such a
species was not detected. The intramolecular dehydrogenation
product5 is apparently the thermodynamic sink when alkyls which
can undergoâ-hydrogen elimination are present inortho-positions
on the arenes. Herein, we report on the generality of our synthetic
approach to five-coordinate Pt(IV) alkyls of type1 and on
investigations of the chemistry of a five-coordinate Pt(IV) complex
where the ligand cannot be dehydrogenated byâ-hydrogen elimina-
tion.

In a series of NMR experiments, the potassium salts of various
diiminate ligands were allowed to react with the Pt(IV) precursor
[Me3PtOTf]4 (OTf ) F3CSO3) in alkane solvent. In addition to1a,
related five-coordinate complexes [{(o-R1

2-p-R2C6H2)NC(R3)}2CH]-
PtMe3 (1) were prepared:1b (R1 ) Me, R2 ) tBu, R3 ) Me), 1c
(R1 ) Me, R2 ) H, R3 ) Me), and1d (R1 ) Et, R2 ) H, R3 )
tBu). The room temperature1H NMR spectra for all compounds1

exhibited a characteristic singlet (with2JPtH ) 74 Hz) integrating
to three methyls, showing that all Pt-bonded methyls are equivalent
on the NMR time scale, as was previously observed for1a.8 The
Pt(IV) complex 1b having a new chelate ligand (prepared by
standard methods)12 which bears methyl groups in theortho-
positions of the arenes is of particular interest.13 If similar to the
thermolysis of1a, a species4 is generated upon thermolysis of
1b, dehydrogenation of the ligand will not be possible. In this case,
stoichiometric alkane activation and dehydrogenation (4 f 6 f
7 f 8) may be feasible.

The major product of thermolysis of1b in the alkane solvent
neohexane is indeed the Pt(II) olefin hydride complex8b (Scheme
1, R) tBu). A hydride signal atδ -21.5 in the1H NMR spectrum
shows platinum coupling of1JPt-H ) 1185 Hz, suggestive of a Pt-
(II) hydride with a hard donor atom in the trans position.12,14 The
signals for the Pt-coordinated neohexene are also observed by NMR,
as well as all other expected signals.12 A single-crystal X-ray
structure determination15 of 8b confirmed the molecular structure,
shown in Figure 1 (selected parameters in the legend). In a similar
thermolysis reaction, the use of cyclohexane as the solvent leads
to the analogous cyclohexene hydride, unambiguously characterized
by NMR spectroscopy.12 These thermolysis reactions in alkane
solvent are accompanied by some decomposition, and the highest
yields of the olefin hydride products (40-50%) are obtained when
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the reactions are performed at only slightly elevated temperature
(35 °C, 110-200 h).

The above experiments show that intermolecular dehydrogenation
is possible using a five-coordinate Pt(IV) precursor complex with
a suitably designedâ-diiminate ligand. In addition, if the Pt(II)
olefin hydride product8b reacts in a fashion analogous to that of
the cyclometalated olefin hydride5a, this complex should be able
to undergo reversible olefin insertion into the Pt-H bond, creating
an open site for further alkane activation. Indeed, heating the
neohexene hydride complex8b (R ) tBu, Scheme 1) in cyclohexane
(78 °C, 1 h) leads to the corresponding cyclohexene hydride8b′.
The most reasonable mechanism for this stoichiometric transfer
dehydrogenation reaction is depicted in Scheme 2. Following olefin
insertion to generate an open coordination site (8b f 7b),
cyclometalation (7b f 6b) and successive reductive elimination
and oxidative addition reactions lead to a three-coordinate Pt(II)
cyclohexyl complex (7b′) which undergoesâ-hydrogen elimination
to form 8b′. The involvement of cyclometalation is supported by
deuterium labeling.16

Also shown in Scheme 2 is thatcatalytic transfer dehydroge-
nation should be possible if the olefin substitution reaction to
regenerate the neohexene hydride (8b′ f 8b) was facile. This is
interesting because in this proposed cycle, unlike in virtually all
currently known transfer dehydrogenation systems, neither dihy-
drogen complexes nor dihydrides would be involved. However, no

catalytic turnovers were observed with the8b (or 8b′) system and
cyclohexane with neohexene as a potential hydrogen acceptor.

To investigate the reason for the lack of catalysis, the cyclohexene
hydride8b′ was heated with an excess of neohexene in C6D6. No
reaction in the presence of 4 equiv of neohexene (0.05 M) was
observed over a period of 20 h at 50°C. Under more forcing
conditions, 440 equiv of neohexene (5 M) at 90°C for 1 h, starting
material was recovered along with unidentified decomposition
products, but no olefin substitution product8b (R ) tBu) was
detected. The reluctance of8b′ to undergo olefin substitution is
likely due to the sterically demanding groups on the olefin and on
the ligand. Olefin substitution at Pt(II) is normally associative in
nature and thus hindered by steric bulk.17

In conclusion, we have shown that novel five-coordinate plati-
num(IV) alkyl complexes can be made with a variety ofâ-diiminate
ligands and that they are useful precursors to unsaturated Pt(II)
species for alkane activation. Stoichiometric alkane dehydrogenation
was observed using either a five-coordinate Pt(IV) precursor or an
olefin hydride complex of Pt(II). Although alkane functionalization
with this system has not been made catalytic as yet, such catalysis
may be feasible if the olefin substitution rate at these Pt(II)
complexes can be substantially increased.
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Figure 1. Thermal ellipsoid representation (30% probability, except
hydrogens) for8b (R ) tBu). Selected distances and angles (Å, deg; centroid
X defined halfway between C1 and C2): Pt1-N1, 2.12(1); Pt1-N2, 1.99-
(1); Pt1-C1, 2.10(1); Pt1-C2, 2.17(2); Pt-X, 2.02(2); Pt1-H1, 1.6; C1-
C2, 1.40(2); N1-Pt1-N2, 90.3(4).
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