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Alkane CH bond oxidative addition to transition-metal complexes
{L'M} (eq 1a) is one of the important reactions utilized in
hydrocarbon functionalizatioh.

a  AkH b -

L'M(AIK)H

{L'™M} [L'M(AIK)] 1)

In the case wherdL'M} is a platinum(ll) precursor, alkyl
hydrido platinum(IV) complexes'M(Alk)H 2 may emerge as stable
products of reaction3¥ or as plausible intermediaté3.he stability
and reactivity of these species is primarily a function of their
structure?*67Exposed to a highly reactive solvent such as water,
L'PtV(Me)H may undergo proton reductive elimination (eq®th)
or methane reductive elimination (reversal of eq 1a).

Studies of the mechanism of methane activation in aqueous
solutions of platinum(ll) salsand search for evidence of inter-
mediacy of PY(AIk)H in these solutions were the subject of a
number of publication&® Recent resulfssuggest that methane CH

bond cleavage by aqueous platinum(ll) compounds involves alkane

oxidative addition to platinum(ll) (eq 1a) with consecutive proton
reductive elimination to form a platinum(ll) alkyl (eq 1b). Despite
a number of efforts, formation of LPtME in purely aqueous
solutionswas never observed direct!?

We report here the synthesis and the reactivity of a series of
new methyl hydrido platinum(lV) complexes LPth featuring
the ability to exchange their methyl groups witiCH, and
persistence in water, which is sufficient for observation of their
reactivity and even for their isolation from aqueous solutions of
corresponding anionic platinum(ll) precursors. This wet hydrido
platinum(lV) chemistry became possible by using the new hydro-
philic anionicfac-chelating ligand L, di(2-pyridyl)methanesulfonate,
(dpms)-, and its methyl analogue (Me-dpms)- (Chart 1). These

Chart 1 ‘ N 7 i
RN N R=H, K(dpms)
SOK R =Me, K(Me-dpms)

ligands were designed to allow the sulfonate group to plagcsine
solvent-dependenble in coordination to the metal (compare with
tris(pyrazolyl) methanesulfonat€s The donicity of the anionic
SO; tail toward the metal and therefore the ability of the ligands
L to stabilize octahedral methane addition products LBtAsere
expected to be a function of the solvent polarity. Strong interactions
of the polar S@ group with a polar solvent such as water could
ultimately help break S§-Pt bonds, switch L to an?-coordination
mode, and form the unsaturated highly reactive transight.)-
PtMeH. In weakly polar solvents such as dichloromethane not
capable of interacting strongly with the $Ogroup, more robust
SO;—Pt bonds are formed and the kinetically more ine@:-I()-
PtMeH could be expected.

Ligand exchange with B¥le,(SMey), 4 in methanol gave the
anionic platinum(ll) complexes K(L)PtMethat are stable in
methanolic solutions as a mixture exo andendeconformers;®
7:1, respectively, for I= dpms (established by NOE experiments):
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endo” exo

In contrast to theexaconformer, theendeconformer is preor-
ganized® for protonation. The sulfonate group in the latter is
proximal to the metal atom and poised to form a bond with Pt when
Pt changes the formal oxidation state fren2 to +4.

Methanold, and its mixtures with BO caused fasteversible
H/D exchange in the PtMe fragments of [LPtMg~ as opposed
to slow H/D exchange accompanied iose versible methanolysis
reported earlier for a number of dimethylplatinum(il) compleXes.
Theobsered pseudo-first-order rate constants (e.g., 2.16(403
s 1at 62.3 mol % RO at 296 K) increased linearly with a molar
concentration of water in solution leading to a second-order rate
constank = 8.5(3) x 10> M~1 s7! and effective Gibbs activation
energy of the H/D exchangkGe,’ ~ 22.8 kcal/mol. These results
imply both facile protonationof [LPtMe,]~ by D,O to produce
two isomeric LPtMegD (see below) andery fastD—C reductive
coupling to form an intermediate methane complex without
elimination of methane (eq AG,* < AG,¢", Figure 1) in contrast
to earlier observations:18

Me AG,

+ DZO
-0D"

50,0 soz—
“0gSHC

R /u o

(D,Me)

Indeed, an 11.6 mM aqueous AB) solution of K(dpms)PtMe
is alkaline (pH= 10.1, 1.1% of (dpms)PtM#l at equilibrium);
fast evaporation of this solution aQ allows recovery of K(dpms)-
PtMe, quantitatively. More convincing, LPtMEl (5% yield, L=
dpms; 50% yield, L= Me-dpms)was isolated from solutionsf
K(L)PtMe, in H,O by extracting them with dichloromethane, which
shifts the equilibrium (eq 2a) to neutral and more lipophilic
LPtMe,H. These observations suggest that platinum(lV) alkyl
hydrides can form in the Shilov-type systems as well as they can
undergo areversible proton loss in watefegs 1b, 2a) to give
platinum(ll) alkyls. On the basis of pD measured (eq 2a) we
estimated\G, ~ 10.5 kcal/mol and therefore the effective activation
barrier for the reductive couplingyG,:* ~ 12.3 kcal/mol.

In contrast to methanal;, D,O solutions of K(dpms)PtMe
(2.3:1ende/exa, respectively) slowly liberate methane (7.32)
107" M~1sL 7= 290 min, 296 K) to form cleanly the K(dpms)-
PtMe(OD) complex and imply an effective barrier for methane
reductive elimination of (dpms)PtMB, AG,f ~ 15.1 kcal/mol.

In the presence of air, clean oxidation of K(L)PtjMéut not
hydrolysis, occurred to produce (dpms)PHi@H) (Figure 2a).

Thus, the ligand-enhanced basicity of [LPt#}feallows for the
formation of LPtMeH at low concentrations waterand estimation
of the rate constants of very fast CH reductive coupling and
reductive elimination of these species at room temperature.

The complexes LPtMg#l were also obtained in 3555% yield
as whiteprecipitatesby protonation of aqueous solutions of K(L)-
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Figure 1. Energy of protonation of [LPtMg~, AGp, the observed effective
activation energy of H/D exchange in PtMe groupsGe,’, reductive
coupling, AG¢*, and reductive eliminationAGef, of LPtMe;D in D,O
solution (L= dpms), molarity scale.

Figure 2. ORTEP drawings (50% probability ellipsoids) of (a) (dpms)-
PtMey(OH) and (b) (dpms)PtMg#l-CH,Cl, (CH.CI; is not shown). H atoms
are omitted for clarity except for the PtH and Pt(OH) fragments.

PtMe, with triflic acid at 0°C. Thus, a transition to a solid or liquid
weakly polar phase stabilizes LPthbte complexes by helping
stronger coordination of SO group and PY as opposed to the
ability of water to cause dissociation of the $Qail due to strong
solvation. Such coordination disfavors formation of low-coordinate
platinum species prone to facile methane eliminatfon.

The LPtMeH complexes synthesized are not thermodynamically
stable in water. When isolated LPtM& was stirred with HO at
25°C in the absence of organic solvent, it dissolved slowly to form
methane and thendeLPtMe(OH,). The methane reductive elimi-

nation was preceded by very fast and reversible CH reductive cou-

pling. Thus, in HO—D,O mixtures isotopomeric LPt(GB3-,)(OH,)

(n=0, 1, 2, 3) was observed, but no methyl group exchange was

detected when this solution was exposed to 2 atfi@ifl; at room
temperature for one week.

Similarly, the protonation of K(L)PtMewith triflic acid in CH,-
Cl, at —80 °C yielded LPtMgH (40—55%). LPtMeH is stable in

to 2 atm of3CH, in CH,ClI, solution reacted to producéC-iso-
topomer (10% enrichment after 30 h). This is the first, to our
knowledge, published report of a reaction between methane and a
platinum complex leading to platinum(lV) methyl hydride.

In summary, we have shown that anionic hydrophilic ligands of
the di(2-pyridyl)methanesulfonate family open new opportunities
to control reactivity of LPtMegH in aqueous and organic media.
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