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Several mononuclear systems have been found in which single
metal centers undergo intermolecular insertion into carbon-hy-
drogen bonds.! Because of the small number of dinuclear ana-
logues, however,? little is yet known about the effect of a second,
adjacent metal center on the C—H oxidative addition process. The
reverse reaction, dinuclear C—H reductive elimination, has also
been identified in only a very few cases.* We wish to report here
a dinuclear complex (iridium complex 1 in Scheme I) which
undergoes thermal, reversible C—H oxidative addition/reductive
elimination. These reactions involve both sp?- and sp*-hybridized
C-H bonds (H, can also be used) and take place under surprisingly
mild conditions compared to those which occur in the analogous
mononuclear iridium systems,'s

Heating a 1 M solution of Cp*(#*-allyl)hydridoiridium (Cp*
= p’-pentamethylcyclopentadienyl; cf. Scheme I)* in benzene for
6 days at 45 °C gave an orange-brown solution. Concentration
of this reaction mixture followed by crystallization from hexane®
gave typically 60% yields of a pure material analyzing properly
for CysHyoIr,. In the solid-state infrared spectrum (KBr pellet)
no evidence for a terminal hydride appears (2200~1800 cm™) and
in the '"H NMR the hydride resonance appears at —20.5 ppm.5
This and other spectroscopic information suggested structure 1
for this material, having a hydride ligand bridging the two iridium
atoms. To confirm this, a single-crystal X-ray structure deter-
mination was performed. An ORTEP diagram of 1 is included in
Scheme I; details of the structure are provided as supplementary
material.” The hydride ligand was located and determined to
be in a position bridging the two iridium centers with Ir-H dis-
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tances of 1.74 (6) and 1.78 (6) A; the iridium—iridium distance
is 2.867 (1) A. Similar complexes with u-n',n-allyl moiety are
well-known in the literature and several structure determinations
have been carried out.? Bridging hydrides that also contain aryl
or alkyl ligands, however, are rare.’

Complex 1 loses benzene upon the addition of PMe,;, P(OCH3),,
CO, or ethylene, resulting in the formation of 2. The material
also exchanges benzene reversibly. Heating a C¢Dg solution of
1 to 45 °C for 2 h resulted in the 60% conversion to 1-dg as shown
by 'H NMR, ?H NMR, and mass spectroscopy. Complete
exchange occurred in quantitative yield (ferrocene internal
standard) after heating to 45 °C for 8.5 h. Analogous reductive
elimination of ethylene from dinuclear hydridovinylrhenium
complexes upon the addition of dative two-electron ligands has
been observed by Brown’s group.?*® It was hoped that the un-
saturated intermediate generated thermally from 1 would also
oxidatively add sp3-hybridized carbon-hydrogen bonds. Upon
heating 1 to 45 °C in pentane for 16 h no reaction occurred and
1 was recovered unchanged. However, heating 1 to 50 °Cin a
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1:10 mixture of acetonitrile/ THF resulted in the clean formation
of 4 in 64% isolated yield. Heating 1 to 50 °C under 600 torr
of dihydrogen in pentane for 16 h gave dinuclear dihydride § in
80% isolated yield.

The isolation of 2a—¢ enabled us to explore the possibility of
regenerating the C—H activating intermediate (presumably com-
plex X shown in Scheme I) by dissociation of a dative ligand from
a dinuclear complex. In hopes of converting 2a to X, the tri-
methylphosphine adduct was heated to 100 °C for 11.5 h in
benzene. However, conversion back to 1 was not observed. In-
stead, intramolecular C-H insertion occurred, giving a mixture
of two new organometallic complexes in a ratio of 10:1. The major
product obtained was isolated in 52% yield, analytically pure after
two crystallizations from toluene/hexane.’® On the basis of
spectral and analytical data® the new product is formulated as
the diiridium complex 3 having a terminal hydride and bridging
(CH,PMe,) ligand. Complex 3 arises from formal intramolecular
oxidative addition of the C—H bond of the bound trimethyl-
phosphine across the Ir-Ir bond; complexes having a u-CH,PMe,
ligand are rare.!!

Because of the intramolecular reaction observed with 2a,
generation of X from carbonyl complex 2b was investigated.
Heating to 165 °C gave no reaction in C¢Dg, but irradiation of
2b in benzene-d, resulted in the generation of 1-dg in 53-60% yield
by 'H NMR (ferrocene internal standard). Surprisingly (espe-
cially in view of the behavior of Brown’s rhenium system®), 2¢
exhibits chemistry paralleling that of 2b, with no addition to the
C—H bonds of ethylene observed. Irradiation of 2¢ in benzene-dg
gave 1-d; in 40-53% yields (ferrocene internal standard) along
with several unidentified minor compounds.

Preliminary mechanistic information on the elimination of
benzene from 1 has been obtained from crossover isotope labeling
and kinetic studies. The crossover experiment was carried out
by heating a 1:1-mixture of 1 and 1-d,, (phenyl! and allyl groups
completely deuterated; prepared as described above using C4Dg
in place of C¢Hg)'? to 50 °C in pentane with added ethylene for
2.25 h. Only C¢Ds and C4H, were obtained from the volatile
materials as determined by GC/mass spectroscopy, demonstrating
that the benzene C-H reductive elimination reaction (and
therefore, by the principle of miroscopic reversibility, the corre-
sponding oxidative addition reaction) is cleanly intramolecular.
Kinetic studies were carried out by following reactions of 1 in the
presence of various ligands by '"H NMR and UV spectroscopy.
Clean pseudo-first-order kinetics were observed, providing the
following data at 45 °C: Kka(CeDg) = 1.50 X 107 7% kgpea
(PMe;, n-hexane) = 2.41 X 10~ s7!; no dependence on [PMe,];
koi(P(OCH3)5; C¢Dyy) = 1.65 X 107 571, The isotope data and
minimal influence of concentration or identity of entering ligand
on kg require intramolecular, rate-determining elimination of
benzene to form an intermediate (presumably X in Scheme I).
This is then followed by attack of ligand in a subsequent step.'?

Complex 1 can be related conceptually to the analogous mo-
nonuclear hydrido phenyl complex, Cp*(PMe,)Ir(Ph)(H), by
replacing the phosphine group with a second iridium moiety and
allowing the hydride to bridge both metal centers. Perhaps the
most striking feature of the binuclear system is the fact that the
temperature for reductive elimination of benzene from 1 is at least
150 °C lower than that required for the corresponding reductive
elimination from the mononuclear complex, which is stable to
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(11) (a) See, for example: Graimann, C. E.; Green, M. L. H. J. Orga-
nomet. Chem. 1984, 275, C12. (b) Klein, H.-F.; Wemninger, J.; Schubert,
J. Z. Naturforsch, B 1979, 34B, 1391. (c) Werner, H.; Zolk, R. Organo-
metallics 1985, 4, 601. As pointed out by a referee, the formation of 3
suggests that both iridium atoms may be independently capable of C-H
oxidative addition.

(12) 1-d, was characterized by 'H NMR, 2H NMR, and mass spectrom-
etry.

(13) Preliminary isotope effect data suggest that a second intermediate
(possibly an n*arene complex; cf.: Feher, F. J.; Jones, W. D. J. Am. Chem.
Soc. 1984, 106, 1650) may intervene between 1 and X. This possibility will
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nearly 200 °C.!* We do not yet know whether the primary
reaction step involves interaction of the C—H bond with one or
two metal centers. Whatever the precise reaction mechanism,
however, our results make it clear that a second metal attached
to a center capable of C-H activation can have a profound effect
on the energetics of the insertion process. On the basis of the
results described here it seems reasonable to expect that attach-
ment of other metals will retain this energetic effect but also return
the ability of the iridium center to react with alkanes. We hope
to be able to test this hypothesis in the near future.
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Beside '*’Os the S7Fe isotope is the most insensitive spin-!/,
nucleus in NMR spectroscopy,' and despite the extensive chemistry
involving iron,? ¥’Fe NMR studies of iron complexes are still rare.!
Among the approaches made to improve the NMR detection of
%’Fe NMR parameters are isotopic enrichment of *'Fe,* the ap-
plication of steady-state techniques,* and the use of high magnetic
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