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We' and others? have recently confirmed the original reports
by Shilov? that aqueous solutions of a mixture of [PtCl,}?- and
[PtCl¢)>- are capable of functionalizing the C-H bonds of
substrates including methane, initially producing a mixture of
alcohols and alkyl chlorides. The working mechanistic scheme
invokes the following general features: (1) electrophilic C-H
activation to generate a platinum(II) alkyl, (2) oxidation to a
platinum(IV) alkyl, and (3) nucleophilic attack by water or
chloride, displacing platinum(II) and generating the product
alcoholoralkyl chloride. Inthisarticle we report the preparation,
isolation, and characterization of methyl and §8-hydroxyethyl
derivatives of chloroplatinum(IV) along with the results of our
investigations of the mechanism for nucleophilic attack by water
or chloride. The rates and stereochemistry provide some of the
first firm support for the latter stages of this working mechanistic
scheme.

Water-soluble platinum(IV) alkyls have been prepared using
a modification of the method described by Zamashchikov et al.*
Oxidative addition of ICH; or ICH,CH,OH to K,[PtCL] in water
yields a complex mixture of insoluble [PtI;],, KCI, and platinum-
(1V) alkyls, from which orange [NMe,},[PtCIsR]} (R = CHj;
CH,CH,0H) may be isolated. These platinum alkyls are the
postulated intermediates in the oxidation of methane (to CH;-
OH and CH;Cl) and ethanol (to HOCH,CH,OH and CICH,-
CH,OH), respectively.!

'H and 9Pt NMR data and electrospray ionization mass
spectrometry’ indicate an equilibrium (X, = 0.9 M at 25 °C)*
mixture of [PtCl;R]?-and [PtCl,(H,O)R}-foraqueous solutions
containing excess chloride (eq 1). Asshown, it is most likely that
the ligand trans to the alkyl substituents of these low-spin d¢
complexes undergoes rapid dissociative exchange via five-
coordinate intermediate A.
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Over a period of several hours at 25 °C in water, [PtCI;R]?-
decomposes to [PtCl, ,(H,0),}>*- and a mixture of either
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methanol and methyl chloride or ethylene glycol and 2-chloro-
ethanol. Addition of sodium chloride increases the rate of
decomposition as well as the relative amount of alkyl chloride
product, suggesting competitive (H,O vs CI-) nucleophilic attack
at carbon of the platinum(IV) alkyl. At [Cl-] > 0.5 M, >95%
methyl chloride formation from [PtCls(CH3)]}%- is observed.
Reaction kinetics for nucleophilic displacement of Pt(II) by water
and chloride, followed by both 'H NMR spectrometry and UV-
visible spectroscopy (Amax = 364 nm for [PtCls(CH;)}?, 366 nm
for [PtCl;(CH,CH,OH)1%), are well behaved, and a rate law of
the form shown in eq 3 has been established.’
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The value of X for the methyl complex 1a determined from the
kinetics at 45 °C is 1.0 M, in good agreement with the
spectroscopic value. The kinetics do not distinguish between
nucleophilic attack at intermediate A or aquo complex 2. Since
the first possibility corresponds to the microscopic reverse of the
accepted mechanism for oxidative addition of methyl halides to
square planar d® complexes, it is therefore perhaps more
reasonable. Theratioof thesecond-order rate constants forattack
at methyl for chloride and water at 45 °C, [k, /k1]1a = 4.5 X 103,
may be compared to that for S52 displacement on methyl bromide
(600).% The corresponding ratio for attack at 8-hydroxyethyl is
[k]/k2]||, =90 X 102

The most definitive supporting evidence for an Sy2 mechanism
is inversion of stereochemistry at carbon. Oxidation of Zeise’s
salt, [PtCl;(CH>~=CH,)]-, with [PtCls]?-in water cleanly affords
a mixture of 1b and 2b.° Similar oxidation of [PtCl;(trans- and
cis-CHD=CHD)}- give primarily!® erythro- and threo-[Pt-
CI;CHDCHDOH]?, respectively. This stereochemistry is as
expected for external attack by water at ethylene subsequent to
oxidation of Zeise's salt, as observed with olefin complexes of
palladium.!! Treatment of the erythro isomer with chloride
affords primarily threo-CICHDCHDOH (3Jyu = 6 Hz), which
on conversion to 2,3-dideuterioethylene oxide gives 85 £ 5% cis-
isomer!2 (Scheme I); again the opposite results are obtained from
threo. The stereochemistry for the overall oxidation of trans-
1,2-dideuterioethylene to cis-2,3-dideuterioethylene oxide has also
been demonstrated under Wacker conditions using CuCl/PdCl,
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Both kinetics and stereochemistry thus support an Sp2
mechanism for the last step in the sequence leading to func-
tionalization (hydroxylation or chlorination) of alkanes by aqueous
platinum systems. Studies aimed at extending these reactions to
other types of functionalization and to making these reactions
catalytic in platinum are in progress.
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