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A -110°C
We wish to describe the first example of a transition metal 7j \\JL J\

methyl/hydride complex in which the hydrogen atoms of the alkyl
and hydride are exchanging at a rate sufficient to be dynamic on

the NMR time scale. The results suggest that an alkane complex —AJL -105°C A_
L«M(CHy,) is formed reversibly from the methyl/hydride complex
over 100 times per s at100°C.

Protonation of the osmium(ll) alkyl @™es)Os(dmpm)(CH)), -100 °C
where dmpm is bis(dimethylphosphino)methdmnéth ~1 equiv T T e T
of the carbon acid FC(SO.CFs), in CDFCL® at —120°C yields
the osmium(lV) methyl/hydride complex [(@les)Os(dmpm)- 06 04 125 -13.0 -135

(CH3)H™] (1).45 The'H NMR spectrum ofl at this temperature
features a resonance at—13.03 for the OsH group and a
resonance ai 0.54 for the Os-Me group; a HMQC experiment
showed that the latter peak is correlated with the—@ie
resonance ab —37.9 in the'3C{'H} NMR spectrum. Thé'P-
{*H} NMR spectrum ofl shows that the two ends of the dmpm
ligand are inequivalent, as expected for a structure in which the
methyl and hydride resonances are mutually “cisoid”. There is
no evidence of the formation of the “transoid” isomer under any
conditions.

Remarkably, when the temperature is raised, the- l@snd
Os—Me peaks broaden due to onset of coalescence (Figure 1);
this process also exchanges the two ends of the dmpm ligand.
Simulations of the line shapes are consistent with an exchange
process that permutes the four hydrogen atoms in theHOand
Os—Me sites. The exchange rates deduced from the simulations
are 10, 22, 45, 85, and 170'sat—120,—115,—110,—105, and
—100 °C, respectively.

Definitive evidence that the hydrogen atoms in the-Blsand
Os—Me sites are exchanging with one another has been obtained
from spin saturation transfer experimeht®resaturation of the
Os—H resonance leads to selective loss of intensity of the
Os—Me peak. No other peak in the spectrum (besides theHDs
resonance itself) changes in intensity; this includes the reso-
nance due to the HC(SOF;),~ anion. Rate constants for the
exchange process can be obtained by measuring the intensity of
the Os-Me resonance as a function of the presaturation time

(1) For a review of transition metal alkane comp|exes‘ see: Ha“‘ C.; Perutz, U\U\MMMMMMMMMWMMMMMMMUMWMMMMMWMMMNMW
R. N. Chem. Re. 1996 96, 3125-3146. (') 1(')0 200
(2) This osmium(ll) alkyl can be prepared from s{@es)Os(dmpm)Br, . .
which has been recently described. See: Gross, 5C. 5L.; Girolami, G. S. Presaturation time (ms)
Organometallics1996 15, 5359-5367. . . . .
(3) Siegel, J.; Anet, F. A. LJ. Org. Chem1988 53, 2629-2630. Figure 2. Spin saturation transfer results showing decay of the methyl
(4) NMR data forl in CDFChL at—120°C.*H NMR: 0 4.79 (4-line pattern, resonance upon irradiating the hydride resonandeain—110 and—105
X = 37.8 Hz, PCH), 4.06 (s, (SGCF3),CH"), 3.56 (4-line patternx = 40.3 °C for different lengths of time. The G3Vle peak intensity is plotted as

Hz, PCH), 1.94 (s, GMes), 1.89 (br s, PMg, 1.78 (m, 2 PMg), 1.35 (“d”, : ; ; [
2Jon = 8.7 Hz, PM@), 0.55 (“d”, 2Jpys = 7.2 Hz, Os-Me), —13.03 (dd,2Jps, a function of presaturation time, which increases from 0 to 200 ms (left

=18.2, 39.6 Hz, OsH). B¥C{*H} NMR: & 120.6 (q, Jor = 322.7 Hz, to right) in increments of 2 ms.
(SO,CF3),CH"), 96.1 (S,CsMes), 52.4 (s, (SGCF:).CH™), 51.0 (t, Jpc =
32.0 Hz, THy), 26.6 (‘d", 1Jpc = 44.4 Hz, PMe), 16.4 (‘d"Hoc = 3L1 Hz,
—_ 1 1 . .
,%”VFI’Q’!Q%’ _12996(?('1 %ﬁei)’ﬁﬁl(ﬂzf_’\@@%o (372-32’)(':"!1&%1'\"3-). P{*H} (Figure 2). We find thak equals 9.4, 20, 42, 81, and 160 sit
(5) For protonation of the similar osmium and ruthenium hydrides temperatures of-120, —115, —110, —105, and —100 °C,

Cp*ML.H and characterization of the resulting molecular dihydrogen respectivel\’. These rate constants agree very closely with those
complexes, see: Bullock, R. M.; Song. J.-S.; Szalda, @rganometaliics  deduced above from the simulations of the line shapes. From
}338 if‘zzg’fgﬁféf%lc“'””' M. S.; Heinekey, D. MI. Am. Chem. Soc these values, we calculate thaH* = 7.1 & 0.9 kcal/mol and

(6) The rates given are for hydrogen atoms leaving the methyl site. ASf = —6.5 % 5 eu for the hydrogen scrambling procés#t

Figure 1. Temperature dependence of the methyl (left) and hydride (right)
resonances seen in the 500 MHZNMR spectrum ofl. Simulations of
these line shapes are given in the Supporting Information.
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—100°C, this corresponds to a free energy of activation of 8.1 Scheme 1.Possible Methyl/Hydride Exchange Mechanisms

kcal/mol. H
Reductive elimination of methane occurs following first-order ‘OS/:CHZ

kinetics at measurable rates abov®5 °C, but this process \

involves a different transition state because the activation energy, H

AG* = 13.5 kcal/mol, is higher than that for hydrogen scrambling. i " '
Previous studies of IM(R)D complexes suggest that, in a few o’ H oS +H* /CHzH

cases, the deuterium label can scramble into hydrogen positions Nen N

on the alkyl ligand R at temperatures near that at which the ¢

compound decomposés!® When referenced to a common 1

temperature, however, the methyl/hydride scrambling rate we .

observe forl is millions of times faster than the scrambling rates Os™(CHaH)

seen in these other complexes. The exchange procdss the (>30 kcal/mol) as shown by studies of relatedsNes)Os-

only one that is detectable by changes in the line widths of the (dmpm)X compound%’ Exchange via reversible deprotonation

IH NMR resonances or by a spin saturation transfer experiment. of the Os-CHjz group by the HC(S@CFs),~ anion is also ruled
Although exchange of the @<CH; and Os-H hydrogen atoms ~ out by the NMR results.

could take place by means afhydrogen elimination to form an Instead, exchange of the ©€Hz and Os-H hydrogen atoms

osmium methylene dihydride intermediate (see Scheme 1), thisin 1 most likely takes place by formation of a coordinated meth-

mechanism is unlikely because a 20-electron intermediate wouldane ligand. If the methane complex responsible for hydrogen

be generated. Processes that might reduce the electron councrambling is a transition state, its energy is 8 kcal/mol higher

such as;® — #3 slippage of the @Mes ring and dissociation of ~ than that of the methyl/hydride tautomer. Alternatively, if the

one arm of the phosphine ligand, have very high activation barriers methane complex is a true intermediate (as has been proposed in

other systems that exhibit alkyl/hydride exchange), its energy is
(7) For a description of spin saturation transfer experiments, see: Faller, only 2—8 kcal/mol higher than that of the methyl/hydride tau-

L \Aé'."”zaﬁtk%rr”rg'gﬁf'%ﬂ‘ ‘jf”oé%‘:f‘;'cA%gggtm“irg b}’\lgvr\}yf('gﬁl""'leg?g?%g‘;&er ,. tomer?® By changing the ancillary ligands attached to the osmium

Although the diminution of the methyl resonance could be caused by a negative center, it may prove possible to reverse the relative energies of

nuclear Overhauser enhancement, this possibility can be ruled out becausethe two tautomers so that the methane complex is the ground

negative NOEs are not expected for small molecules sudh aisd because 9 ; ; ;
the diminution of the OsMe resonance at long saturation times becomes state’® We are directing our current efforts along these lines.

significantly more pronounced (not less pronounced) as the temperature is
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