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The formation and cleavage of~&1 and C-C bonds by metal Scheme 1
complexes is presently an area that stimulates great interest because NEL, AgoTf

these fundamental reaction types possess numerous current and N,Pi—C' ::'C, > @;’N—ng
potential applications, yet our understanding of them remains 2 HOTf NSE‘Z
limited. C—H bond activation, particularly of alkanes, is a chal- %Q%Mr?g CDL, 9‘1 : e

lenging reaction, yet €EC bond cleavage, especially of “unacti- NEL ‘ CHy .
vated” carbor-carbon bonds, is considered to be even more Pi—CH, MeOT? TNEa
difficult.2=4 One reason for this is thought to be the high energy of NEt; coch [ N':z_CHS}
the G-C o-complex that is a suspected intermediate irCGC 4

coupling. Herein we describe the isolation and characterization  Addition of an excess of methyl triflate td in methylene
of an agostig species that can be considered an analog to a true chlorided, at —40 °C resulted in the formation &, ethané® and
C—C o-complex. In addition, we report a surprising competition a new complex4 (Scheme 1). The NMR spectrum of the new
between two carboncarbon bond-forming processes that proceed complex, 4, exhibits a number of unusual features. The benzylic
at similar rates: a methyimethyl coupling and a methylaryl methylene protons appear as AB doublets, and two distinct triplets
coupling, with the latter analogous to those reported by Milstein in the alkyl region represent the methyl groups of the MNidieties.
and co-worker¥® and van Koten and co-workefdhis is of interest  These data demonstrate the reduction of molecular symmetry from
because there are very few cases whereasm sp§ reductive C,, to Cs. Finally, a P+-CHs group is observed in the product and
eliminations can be directly compared. It is believed that sp the2Jpy coupling constant of 92 Hz indicates that the methyl group
couplings are much fastét8 yet there is but one computatiofal s transto a very weak ligand.
and one experimentdl study in which relative rate constants Compound4 could be described as either an arenium complex
have been determined. The faster rate of reductive elimination (4", Chart 1), analogous to that reported by van Koten efar,
involving si¥ centers has been ascribed to the higher energy requiredas a G-C agostic complex4), as per the compounds reported by
to reorient the more directional $pybrid orbital§ and the fact Milstein et al320
that s coupling can proceed via a more facile 1,2-shift followed The spectral characteristics#fndicate an agostic compleA'].
by dissociatiori! an option unavailable to 3psp® coupling First, the increase of tHdpy coupling of the Pt-bound methyl group
reactions from 47 (1) to 92 Hz @) suggests that the ligartdans to methyl
Platinum complexes of tridentate “pincer” ligands of the form in 4 is exceptionally weak. Second, the increase infet—13-
[ECE], where E is a neutral, 2-electron donor and C is an aryl CHj; coupling from 636 {) to 982 Hz @) indicates a ligandrans
carbon, have a rich and long-established chemigthy particular, to methyl roughly as donating as a triflate group3i#’ Third, in
the Pt complexes of the form 2,6-bis (dialkyl-aminomethyl)- the complex reported by van Koten et al., the signal assigned to
phenylplatinum(halide) (INCN]PtX, Scheme 1) have been widely the aryl methyl group exhibits discernibf@Pt—1H satellites,
studied, and their derivatives are used in a wide range of catalytic whereas that of does not. Finally, thé®*Pt—13C coupling constants
reactions and as sensdfdHowever, despite nearly three decades to the aryl (14 Hz) and methyl (56 Hz) carbons of the agostic moiety
of research involving these complexes, no simple alkyl derivatives, indicate very little interaction.
[NCN]PtR, have been synthesized. We have prepared the first such  The reaction ofl and CHOTf at —40 °C in CD,CI, to form 3,
example, a [NCN]PtCH complex, 1, from the corresponding ethane, andl was monitored byH NMR spectroscopy and was
chloride, 2, and methyl magnesium bromide in toluene in good found to be first order in both and CHOTf, with a second-order
yield (74%, Scheme 1). Other alkylating reagents resulted either rate constant ok = 2.05(15) x 1074 M~ s7121 The reaction

in no reaction or decompositidi.The IH NMR spectrum ofl is produced3 and4 in an 88:12+ 2% ratio, which was consistent
similar to that of2, but the P+CHj singlet ¢ 0.50 ppm 2l = throughout the reaction. Similar product ratios were obtained with
47 Hz) indicates that the methyl group is bound to platirttans CHsl and [(CH)3O][BF4. In none of these cases could any
to a very strongly donating ligand (the aryl ring)L6The methylene intermediates be detected By NMR spectroscopy, even at low
protons of a given ethyl group are diastereotopic, indicating that temperature{90 to —40 °C).

both nitrogen “arms” remain bound to platinum. Ethane an@ presumably form via the nucleophilic attack by

Addition of trifluoromethanesulfonic acid (triflic acid, HOTf)  on CHOTTf to generate a five-coordinate intermediate [NCN]Pt-
to 1 at —95 °C in CD.Cl, resulted in instantaneous formation of  (CHz)," (1) from which reductive elimination of ethane occé#g3
methane and a new platinum compl&xScheme 1}7 This same Three possible mechanisms were considered to explain the forma-
complex can be generated by addition of silver triflate to the tion of 4 from 1 and CHOTf (Scheme 2). While nucleophilic attack
chloride complex2. by platinum on methyl triflate to form an intermediate,on the

9538 = J. AM. CHEM. SOC. 2007, 129, 9538—9539 10.1021/ja066195d CCC: $37.00 © 2007 American Chemical Society
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pathway to both sp-sp® and sp—sp* coupling seemed plausible
(mechanisnA), that would imply that methytmethyl and methyt

aryl coupling froml were competitive. Because both reactions are
irreversible at room temperature, the activation barriers and rate
constants must be very similar. Because of these surprising
implications, a second mechanism (mechan®mvas considered

in which direct nucleophilic attack by the aryl ligand at methyl
triflate leads directly tat without the intermediacy of.

A third possibility (mechanisn®) is that4 is formed as the sole
initial product from 1 and MeOTf and that3 is formed by
nucleophilic attack ofl upon the aryl-bound methyl group 4fto
generatd, which would lead td3 and ethane. Mechanis@® was
ruled out becausg and4 were shown not to react with one another
in an independent experiment. To distinguish betwaeandB, 1
was allowed to react with CIO T (—40°C, CD,Cl,). If mechanism
B was followed, all of the A+Me in the resultan#-d; would be
Ar—CDs. In mechanisnA, sincel-ds is five-coordinate, its flux-
ionality would be expected to scramble the deuterium label between
the Ar—Me and Pt+Me positions®324 When CRROTf was added
to 1, 80% of the deuterium id-d; appears in the ArMe position
and 20% of the deuterium appearsditls; in the Pt=Me position,
which is inconsistent with mechanisBy indicating that the five-
coordinate cation lies on the reaction coordinate to both prodiets.

A common intermediate to forrB and4 is consistent with the
fact that the ratio of these reactions is the same for thgGOHl
and CHi reactions. The ratio o#:3 is, therefore, the ratio of the
rates of aryt-methyl and methyt methyl reductive eliminatiofrom

the same compleXhe 7:1 ratio observed at40 °C is in keeping
with the 2.4:1 ratio observed by Ozerov et al. for the related Ar
Ar versus Ar-CHjz coupling from Pt at+40 °C.1° These results
support the oft-cited but poorly documented more facile reductive
elimination of sp versus spcarbons, but show that the preference
for sp? coupling is such that the reaction rates can be competitive.
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