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With an available open site at the metal centghydride
elimination is typically a very facile reactionfFor example, both
theoretical and experimental studies have found barriers for
pB-hydride elimination/olefin insertion in diphosphinePt(ll)alkyl
complexes to be less than 10 kJ/rdh. this contribution, we report
a system wherein intermolecular—E1 bond activation of arenes
is shown to be not only competitive but actually faster than
pB-hydride elimination. In contrast, intermolecular alkanetCbond
activation was observed to be slower than intramolegiHaydride
elimination.

Thermolysis of the five-coordinate platinum(lV) complex (nac-
nac)Pt(CH)z (1a) (hacnac= [{(0-'PrLCsH3)NC(CHa)},CH] )3 in
benzeneds was reported to lead to reductive elimination of ethane,
methane, and formation of the platinum(ll) olefin hydride complex
2a-dy7.4 Similar chemistry has now been observed with the related
five-coordinate complex (Anim)Pt(Céi (1b) (Anim = [0-CgH4-
{N(CgH3'Pr)} (CH=NCgH3Pr)]"). It had been proposed in the
study of 1la that reversible formation ofa was likely on the
pathway to H/D exchange and formation 2d-d,;.* Herein, we
provide definitive evidence that H/D exchange occurs prior to
pB-hydride elimination. The comparison of the reactivity of the two
ligands nacnac and Anim in this context is also important. Although
p-diketiminate (nacnac) ligands have become popular in recent
years one complication that has been observed is the sensitivity
of the central {) carbon to electrophilic attackTo protect the
ligand backbone from this type of reactivity, modified nacnac
ligands, such as the anilidamine ligand (AnimY where a phenyl

group has been incorporated into the ligand backbone, have been

developed. Despite the similar structural features and overall
reactivity shared byla and1b, remarkable differences in reaction
rates were observed. Modification of the bidentate nitrogen ligand
has a significant impact on both the rate of reductive elimination
from platinum(1V) and of olefin insertion at platinum(ll).

The new five-coordinate Pt(IV) complex (Anim)Pt(Ghl (1b)
was prepared in 70% yield by the reaction of [PtETf], with
4 equiv of the potassium salt of the anilidionine ligand in toluene.
Complex1b was characterized bYH NMR spectroscopy, X-ray
crystallography, and elemental analysighe 'H NMR spectrum
of complex 1b (benzeneds) displays a singlet with platinum
satellites at 1.14 ppml§—n = 73.8 Hz) integrating to 9H and cor-
responding to the three PC€H; groups, indicating that the complex
is fluxional in solution? The analogous PtCHj3 signal of the nacnac
derivativela, appears at 1.10 ppndg_n = 74.0 Hz)3

The solid-state structures d&® and 1b are also similar. The
X-ray structure oflb (Supporting Information Figure S1) reveals
that like 1a, complexlb is square pyramidal. The platinurmethyl
distances forlb (Pt—C1 (trans to anilido nitrogers 2.056(5) A,
Pt—C2 (trans to imine nitrogersr 2.047(5) A, and P+C3 (trans
to open site)= 2.016(5) A) are comparable to those fba (Pt—
C1 (trans to nitrogeny¥ 2.056(4) A, and PtC2 (trans to open
site) = 2.038(7) A).

Very similar chemical reactivity was observed upon thermolysis
of complexesla and1b at 60°C in benzenek (Scheme 1). The
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five-coordinate platinum(lV) alkyl complexes both undergo reduc-
tive elimination to form ethane, methane, and the platinum(ll) olefin
hydride complexe®a-d,7* and 2b-dy7.

Complex2b (prepared by thermolysis dfb in benzene) was
characterized b¥H NMR spectroscopy and X-ray crystallograghy;
the X-ray structure o2b is shown in Figure 1. In comple2b, the
hydride ligand is located trans to the imine nitrogen, while the
cyclometallated olefin group is located trans to the anilido nitrogen.
The solid-state structure @b resemble®a* in that both complexes
feature a cyclometallated olefin group that is tilted about°@5
relative to the square plane of the complex. The platiruitrogen
bond lengths ir2b of 2.009(4) A (trans to olefin) and 2.081(4) A
(trans to hydride) closely match thoseda (2.011(4) A (trans to
olefin), 2.089(4) A (trans to hydride). However, the distances
between platinum and the olefinic carbons2h (2.126(5) and
2.116(5)A) are slightly shorter than those2af(2.152(6) and 2.128-
(6) A). In theH NMR spectrum of2b, the hydride appears at
—16.93 as a doublet with platinum satellitelpi(y = 1254 Hz,
4Jy—n = 6 Hz), because of coupling with the iminekC-The Pt-H
coupling value of 1254 Hz is slightly higher than2a, where the
hydride signal appears at17.69 ppm withJpr—y = 1140 Hz.

A common mechanism for the formation 2 and2b from 1a
and 1b, respectively, is proposed (Scheme 2). Upon heating, the
five-coordinate platinum(lV) complex undergoes reductive elimina-
tion of ethane and subsequently activates one of the ligand isopropyl
groups at either the methyl or methine positfofReductive

Figure 1. ORTEP drawing ob. (Thermal ellipsoids at 50% probability.
Non-hydridic H atoms and a molecule of cocrystallized toluene omitted
for clarity). Select bond distances (A): PtN1 = 2.009(4), Pt:N2 =
2.081(4), Pt+C26 = 2.126(5), Pt+-C27 = 2.116(5).
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Scheme 2 The reactivity of (nacnac)Pt(Ght and (Anim)Pt(CH); was also
CHs H compared in alkane solvents. When the thermolysid ofwas
(VoS R Nepecns L (Vo conducted in cycloh t 60 °C for 90 h, the observed
N en, N v yclohexand, a or , the observe
\) product was the protio olefin hydride compl&k-h,;. When1la
1a,b $ CH, was heated in cyclohexank; at 60°C for 430 h, the protio olefin
hydride produc®a-h,; had incorporated less than 5% deuterium.
. R N D R RD No-py Since the olefin hydride produc®s-h,; and2b-h,7 exhibited little
(N[;Pt" . — (NI;F’t" —_— <NU A or no deuterium incorporation from the alkane solvent, for both
nacnac and Anim ligands, the rate of product formiigydride
¢ 4} elimination must be fast relative to alkane activation at’60
Ne.p,..D Nep,.-H Although no isotopic exchange was observed in the°G60
(P, 2a,b-dy; (* 2a,b-hy;

thermolysis oflb in cyclohexaned;,, the Anim olefin hydride
complex2b was capable of alkane activation at higher temperatures.
When am-pentane solution aZb-d,7 was heated at 13CC for 48

h, deuterium incorporated into the terminal positiomefentane
with approximately 87% selectivity (as measured?byNMR).8

A similar selectivity was previously reported f@a.*

In conclusion, new Anlm complexdd and2b display structural
characteristics andH NMR features similar to their nacnac
analoguedla and2a. Yet, modification of the bidentate nitrogen
ligand backbone from nacnac to Anlm dramatically increases the
rate of ethane reductive elimination from the five-coordinate
platinum(lV) complex and decreases the rate of olefin insertion at
the platinum(ll) olefin hydride complex. Remarkably, although
previous studies indicajghydride elimination and olefin insertion
reactions at Pt(ll) should be facile, for these complexes @G0
intermolecular benzene-€H bond activation is clearly fast relative
to intramoleculap-hydride elimination. Intermolecular alkane-€l
bond activation, however, is slow relativefiehydride elimination.

As unsaturated Pt(Il) complexes have been shown in recent years
to be key intermediates in selective hydrocarbon oxidation reac-
tions ! recognition of such reactivity preferences will be important
for catalyst design.
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elimination of methane (CHis the only isotopomer observed)
follows, producing the three-coordinate cyclometallated intermediate
A. IntermediateA can undergo g-hydride elimination to form

the producRaor 2b. IntermediateA is also capable of €H bond
activation. Oxidative addition of a solventf bond followed by
reductive elimination of the ligand isopropyl group leads to
deuterium exchange between the solvent and the isopropyl ligand
groups. SpecieA may also be generated by olefin insertion at the
platinum(ll) olefin hydride product (vide infra).

The disappearances of both five-coordinate complexes &€60
were monitored byH NMR. First-order kinetics were observed
but dramatically different rates were documented. Ethane reductive
elimination from nacnac five-coordinate compleawas found to
be nearly an order of magnitude slow&g,¢ = 3.0(2) x 10°6s71)
than ethane reductive elimination from Anim five-coordinate
complex1b (ks = 2.1(2) x 1075 s71),

As the thermolyses dfaand1b were monitored, it was observed
that even at early reaction times the produ2#sd,; and 2b-d,;
contained deuterium in all of the isopropyl and olefinic resonattes.
To determine whether this deuterium incorporation was occurring
through fast, reversible insertion at the platinum(ll) olefin hydride
complex and subsequent solvent activation (as previously pro-
posed), samples of olefin hydride complex@s-h,; and 2b-hy7
were independently prepared, heated in benzkra-60°C, and
monitored for deuterium incorporation. When heated af®0n
benzeneds for 24 h, 2b-h,7 showed no detectible deuterium
incorporation. Even after continued heating in benzeéyat 60°C
for 60 h, less than 5% deuterium was incorporated. In contrast
when 2a-h,; was heated at 60C in benzeneds for 24 h, _ ) B
approximately 25% deuterium incorporation was observed. The @ ﬁ;at;‘g?‘jbﬁh *\,'Ji{‘e‘;?{%"’g“n"s'f‘ﬁ}'g‘_'!'CH%ﬁiTgﬂnyﬂf t;‘gogaﬁ;g‘{f‘ Metals,
greater degree of deuterium incorporation in olefin hydride complex  (2) See: (a) Spencer, J. L.; Mhinzi, G.B.Chem. Soc., Dalton Trans995
2a (25%, as compared to less than 5% i) is indicative of a fglsfggb} grzg"%fgr';egfgﬂwgget'ﬁf Coussens, BORjanometallics1 999
lower barrier to olefin insertion for the nacnac complthan (3) Fekl, U.; Kaminsky, W.; Goldberg, K. 0. Am. Chem. SoQ001, 123
for the Anim comple2b. However, for both complexes, since only liizkﬁ'u.; Goldberg, K. 13. Am. Cher. So2002 124 6804.
the fully deuterated olefin hydride complex is produced by the  (5) Bourget-Merle, L.; Lappert, M. F.; Severn, J. ®iem. Re. 2002 102,
thermolysis of the five-coordinate platinum(IV) complex under these 3031.
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At higher temperatures, the Anlm platinum(ll) olefin hydride  (10) In the thermolysis ofib, the Pt(ll) olefin hydride complex having cis

: : ot imine and hydride groupscis-2b) was observed as a kinetic product
complex2b does undergo insertion and solvent activation. When (maximum of 40% of the observed products at 60% conversion).

complex2b-h,; was heated at 130C in benzeneads, deuterium Deuterium was present in all of the isopropyl and olefinic resonances,
; ; andcis-2b reacted further to fully convert to the thermodynamic product
incorporation was gradu_glly observeq over the course of about 8 2b by the end of the thermolysis. See supporting information.
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