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Amido complexes of low-valent platinum group metals
bearingg-hydrogens are rare, particularly for simple terminal
alkylamidest™ It is commonly believed thap3-hydrogen

elimination reactions are rapid, precluding the isolation of such

compounds:” However, the direct observation gfhydrogen
elimination from a monomeric amido complex has not been
observed directly#19 and its microscopic reversehe insertion

of imine into a metal hydride-is rare despite its importance
in imine hydrogenation&: We report here the synthesis and
full characterization of amido compounds wifhhydrogens
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and clearly defined their structures, except for the relative
orientation of thesecBu groups in dimeri¢t. These spectro-
scopic data are included, along with analytical data, as sup-
porting information. As one might expect, threo values for
the alkylamides were lower than those for the monomeric

based on the classic Vaska's complex that undergo slow, arylamides, reflecting the more electron rich character of

directly-observableS-hydrogen elimination chemistry. The

alkylamido complexes. The syn ligand geometry fofvas

mechanism for this apparently fundamental, but rarely observed,deduced from the presence of a single phosphine resonance in

reaction draws parallels to those féthydrogen eliminations
of late metal alkylg?

The chemistry we report is summarized in Scheme 1.
Reaction of lithium amides with Vaska’s complex provided a
general route to monomeric terminal alkyl- or arylamido
complexesl—3 with 8-hydrogend? For example, reaction of
Vaska's complex [Ir(PP(CO)CI] with an excess of LINPhMe,
LiIN(Ph)CH;Ph, or 1 equiv of LINHCHCHMe, gave the trans
terminal amido complexeb—3 in isolated yields of 70%, 55%,
and 65%, respectively. In the case of tRalkylarylamides,
exclusively monomeric materials were obtained. All three
complexes were obtained in analytically pure form by removal
of solvent, extraction of the solid into toluene, and cooling of
the resulting solution te-35 °C after addition of pentane. In
contrast to the formation of monomeric-3, reaction of an
excess of LINHCHCHMe, with Vaska’s complex gave the
dimeric, bridging amido complesyn{Ir(PPh)(CO)(NHCH-
CHMe)]2 (4) as the only phosphine-containing metal product
observed by'P NMR spectroscopy, along with PPhComplex
4 was isolated in 85% yield after crystallization from pentane.
The NMR and IR data for all complexes were straightforward
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the 31P{1H} NMR spectrum, but inequivalentBu groups in
the 'H NMR spectrum.

Thermal reaction of thl-benzylanilide comples occurred
cleanly in toluene solvent at 11T and was complete after
1-3 h depending on added phosphine concentratiiole (nfra)
to form the stabléN-phenyltoluenimine along with the iridium
hydride5, both in yields exceeding 95% by NMR spectroscopy
employing an internal standard. This reaction is a clear example
of B-hydrogen elimination and constitutes the first direct
observation of this transformation with a monomeric late metal
amido complex.

The N-methylanilide complexX was remarkably stable, and
the organic product marked an unusual outcome for the
pB-hydrogen elimination chemistry. Compl&remained un-
changed fo2 h at 110°C, but reacted over 1.5 d at 136 to
form the hydrides in 90% yield. The monomeric imine formed
from S-hydrogen elimination in this case would be highly
reactive and was not observed. Instead, the amidine=R2N
(H)NMePh#15 was formed in 85% vyield. This surprising
product was clearly identified by comparison & NMR
spectra, GC retention times, and MS data to an authentic sample
prepared by addition of Mel to LIPhNCHNPh]. The remainder
of the organic products weié-methylaniline, presumably from
hydrolysis of 2. Thermolysis of2-d; containing the amide
N(CDs3)Ph led to formation of Phi#C(D)NCDsPh and to the
formation of5 containing 66-70% deuterium in the hydride
position1® with the remaining deuterium incorporated into the
phosphine ligand, by reversible orthometalation of the phos-
phine. These labeling results confirmed that the metal hydride
was generated from the amigiehydrogen. Methoxide com-
plexes can be dehydrogenated to form €&he formation of
amidine can be envisioned as a combinatioN-ghethylaniline
and phenyl isocyanide that result from formal disproportionation
of unstable methylideneaniline.

(14) Bredereck, H.; Gompper, R.; Klemm, K.; Rempfer,Ghem. Ber.
1959 92, 837.

(15) Oszczapowicz, J.; Kuminska, Nl. Chem. Soc., Dalton Trank994
103

(16) These data were determinediiyand?H NMR spectrometry. The
amount of deterium in the hydride position was time-dependent, as it
eventually washed completely into the phosphine ligand.

(17) Bryndza, H. E.; Kretchmar, S. A.; Tulip, T. B. Chem. Soc., Chem.
Commun.1985 977.

S0002-7863(96)01439-4 CCC: $12.00 © 1996 American Chemical Society



Communications to the Editor J. Am. Chem. Soc., Vol. 118, No. 29, 1961

Scheme 2 displacement of the imine with 2 equiv of PPhThe most
0. ® PP, OCu. PPy NP ppp common pathway fgf-hydrogen elimination of late metal alkyl
PrP” " ONBzPh . PhPT YH g Cepy complexes involves a similar formation of an unsaturated
intermediate that provides a binding site for the resulting
Path Al PhN=CHPh alkene'21® The lack of solvent effect suggests that the presence
/Pa—‘hi OCI/:,,I'ri\\PPha PPy 5 PP of the nitrogen heteroatom does not lead to a transition state
OCn PP TQS::, oty H " Ph with significant charge buildup.
PhsP” VN(Bz)Ph ' The -hydrogen elimination chemistry @was inhibited by
\QPJ‘ PhBz PhN=CHPh e_ldd_ed phosphine, although the effec_t was not measured quan-
path D A\ 31/20%”{%.__»1 120C, \r--“‘H”’" g NP titatively as forl, and may not be a simple inverse .flrst-order
—PPhaH Path C PhsP™ 7% Php” >~ PPhyCipp dependence. In contrast, the rate of thermal reactidhveds
2 independent of the concentration of added phosphine. Conver-
O, ocs, "™scHPh NPh sions of 3 to 1 at various reaction times were identical for
PRaP™ TNEAPY T e N PR * e Cepn reactions conducted in the presence of a 5-fold difference of
(side-, or N-bound) added [PP4. It is not necessary to invoke a mechanism for

the initial stages of the reaction 8fthat is different from the
The isobutyl comples also formed unusual organic products one deduced foll. Rate-determining dissociation of PPbr
for -hydrogen elimination processes. Compouhdas less reversibles-hydrogen elimination followed by associative imine
stable than the arylamido complexes, and thermal chemistry displacement is consistent with the reaction orders.

occurred cleanly at 76C. In this case, 0.5 equiv of isobuty- It was surprising that such high temperatures were necessary
lamine and 0.5 equiv of isobutyronitrile were formed in a for the 5-hydrogen elimination processes to occur, particularly
combined yield that was 90%, along with hydri@ein 85% the slow reaction ofl that forms an unusually stable imine.

yield, again determined byH NMR spectroscopy with an  The analogous alkyl complex [Ir(PRKCO)(octyl)] generated
internal standard. The organic reaction pI’OdUCtS were identified in situfrom Vaska’'s Comp'ex and octy|||th|um produces octene

by comparison oftH NMR spectra to those of commercial  at room temperatur®:2t Thus,s-hydrogen elimination of late
materials and reflect a formal disproportionation of the unstable metal amides can be much slower than elimination of the

isobutanimine into amine and nitrile. This transformation corresponding alkyl complexes.
resembles a Cannizarro reaction in which aldehydes undergo
hydroxide-induced formation of carboxylic acid and alco¥ol.
Complex3 must not form dimeriét during thisg-elimination
chemistry. Complex showed less than 5% conversion during
the time that led to complete conversion3fwhile complete
conversion of4 after 4 h at 90°C gave only 50% vyield 056,
35% yield of amine, and less than 5% nitrile.

The mechanism of the simpf&hydrogen elimination from
N-benzylanilidel to form N-phenyltoluenimine and hydride
was probed by kinetic methods. Reaction rates were measure
at 110°C by monitoring the decay of the benzylic resonance in
the 'H NMR spectra. Four possible mechanisms for the

We have shown previously thai-hydrogen elimination
reactions of palladium(ll) amides can be more facile than those
directly observed with these Ir(I) compounds and are important
in the catalytic selectivity of late transition metal amides.
B-Hydrogen elimination can be minimized by the use of bulky
phosphine ligands, as in catalytic amination of aryl halfde%.
Alternatively, chelating ligands would minimize-hydrogen
elimination of late metal amides by reducing the equilibrium
or phosphine dissociation. In addition to amination chemistry,
hese results are relevant to imine hydrogenation, as noted in
the introduction. Since thg-hydrogen elimination chemistry

pB-hydrogen elimination are shown in Scheme 2. Reaction by .Of _the_se Vgska—type systems is more rapid from Monomers,
imine insertion clearly can involve a single metal center, despite

pathway A would be first order ith and zero order in phosphine o
concentration. This mechanism would also be expected to showthe fact tha_t Some Of. the best catalysts for_ asymmetric imine
a pronounced solvent effect. Pathway B would, again, provide .hy.drogenatl.on are dimerfé, anql the on.Iy directly obsgrved
reactions that would be first order in iridium amide and zero 'MiN€ Insertion involves a bridging hydride to form a bridging
order in phosphine concentration, but would be unlikely to @mido product

provide a significant solvent effect. Reaction by pathway C
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