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Abstract

This paper reports the first example of intermolecular oxidaéive
addition of a transition metal compléx in homogeneous solution to single C-H
bonds in saturated hydrocarbons, leading to hydridometal alkyl compiexes at
room temperature. ( N 5-pentamethylcyclopentadienyl)(trimethyiphosphine)—
dihydridoiridium (2), prepared in a straightforward way from the known dimer
[(MeSCS)IrC12]2 (1), 1loses H, on irradition. This presumably leads to the
coordinatively unsaturated transient intermediate (115-Me5C5)(PMe3)Ir. In
benzene,’the metal center in this species inserts into a benzene C-H bond,
which is a precedented process. However, in cyclohexane the unsaturated
, intermediate also reacts directly with solvent, leading to ( n 5
pentamethylcyclopentadienyl)(trimethylphosphine)(cyclohexyl)hyridoiridium (7)
in 907 yield at 74% conversion. In neopentane, C-H oxidative addition also
occurs, leading to the corresfonding hydridoalkyl complex 8 in 98% yield at
83% conversion. These products were isolated by chromatography under air-
free conditions, and characterized by .spectroscopic tecﬁniques. Treatment
with mild oxidizing or electrophilic reagents causes reductive elimination of
the hydrocarbon, and reaction with bromoform converts 7 and 8 to the

corresponding bromoalkyl complexes 9 and 10.
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One of the most intriguing goals of ﬁomogeneous organotransition metal
chemistry is the possibility of carrying out selective chemical
tfansformations on, or functionalizing, very unreactive materials such as
saturated hydrocarbons} The longest-known exampies of inéermolecular C-H
activation in saturated hydrocarbons are those involving the use of soluble

2, and more recently cytochrome

platinum salts at relatively high temperatures
P-450 models.> However, in none of these cases has it been possible to
detect intermediate hydridoalkyl metal complexes fo;med by direct oxidative
addition to a C-H bond, and in some there is evidence for free radical

mechanisms.‘?f’4

There are a number of cases now known invqlving intramolecular oxidative
addition to unactivated C-H bonds.’ However, most of these systems
steadfastly resist reaction with .C-H bonds not present in the same molecule
as the metal center. In important recent work, it was observed that reactive
species generated from certain Ir and Re precursors react with completely
saturated hydrocarbonsﬁ However, both of these systems involve multiple
hydrogen-atom loss in the hydrocarbon, andrrequire an added alkene as
hydrogen acceptor. Direct, one-stage oxidative addition (eq. (1)) has been

observed so far only at C-H bonds which can be considered at least weakly



activated,7 either because they are aryl or vinyl C-H, or because they are
adjacent to activating groups or atoms (e.g., aryl, carbonyl, cyano, R3Si, or

the metals themselves, as in ¢ - or B-elimination). We now wish to report

M + R-H —~—> M(R)(H) , (D)

the discovery of an organotransition metal system capable of intermolecular

oxidative addition to single C-H bonds in saturated hydrocarbons, leading to
hydridometalalkyl complexes in quantitative field at room tempergéure in
homogeneous solution. |

Qur investigations began with the prepération of the dihydrido-
iridium(III) complex 2 shown in Scheme 1, which can be oﬁtained ip 42% yield
by treatment of dimerS 1 with triphenylphosphine followed by lithium
triethylborohydride. Irradiation (Amax > 275 nm; high pressure Hg lamp,
pyrex filter) of this material in benzene resulted in extrusion of |
dihydrogen,7a’b;9 leading to the hydridophenyl complex 3 and the ortho-
metallated complex 4 (47:53 ratio), presumably via the coordinatively
unsaturated complex (MeSCS)(Ph3P)Ir. Irradiation in other solvents (e.g.,
acetonitrile, cyclohexane) gave either all or mostly (see below) ortho-
metallation. As indicated abové, irradiative loss of H, and formation of 3
and 4 in these reactions has considerable precedent in related systems.,

In an effort to make ortho-metallation less favorable, we decided to
prepare the complex apalogous to 2, containing a trimethylphosphine 1igand in
place of the PPhg group (5). As in the synthesis of 2, treatment of 1 with

the appropriate phosphine, followed by LiEt3BH, gave 5 in 437 yield.



Irradiation in benzene resulted in clean loss of H, and attack on solvent,
leading to hydridophenyliridium complex 6. However, when the irradiation was
carried out in cyclohexane, a new material was formed (90% yield at 74%
conversion of starting material after 5.5 hr irradiation) in which both the
MesP and pentamethylcyclopentadienyl ligands were clearly intact.l0 Although
thermally stable at room temperature, it was very sensitive both to air and
chromatography supports (eliminating cyclohexane in certain cases; see
below). Purification was finally effected, although with significant loss of
material, by rapid chromatography using 4% THF/cyclohexane eluent on alumina
III under air-free conditions,.foilowed by evaporation of solvent, The
structuré of this material was confirmed as that of (ns-pentaméthyl-
cyclopentadieny1)(trimethylphqsphine)(hydrido)cyclohexyliridium(III} (7,
Scheme 2) on the basis of spectral data and chemical conversion to the more
sparingly soluble bromocyclohexyl complex 9 (seé below). For 7: lH-
NMR(CgDg): 61.87 (dd, J = 19.07 Hz, Me5Cg), 1.25 (d, J = 9.5 Hz, PMej),
0.80, 1.50-2.30 (br, C4H;;), -18.67 (d, J = 36.7 Hz, Ir-H). 13c-NMR (cyDg):
§ 92.36 (d, J = 3.4 Hz, C5(CH3)5), 19.69 (d, J = 35.7 Hz, P(CH3)3)), 10.75
(s, C5(CHys), 44.58 (d, J = 4Hz, CgH)(B-C)), 43.96 (d, J = 2 Hz, CgHy;(8-C)),
32.92 (s, CgHyy (v-C)), 32.85 (s, CgHy; (y-C)), 28.33 (s, CgHy; (6-C)), 3.27
(d, J = 7.1 Hz, CgHy; (a-C)). MS (m/e) = 488, 486.

The intermediate formed on irradiation of 5, presumably (MeCg)(Me,P)Ir,
also reacts with neopentane. Irradiation of 5 in neopentane solvent
gives, after 5.3 hr irradiation time (98% NMR yield after 83% conversion), a
new complex once again seen by NMR to contain alkyl and hydride ligands, and
intact Me5C5; and MesP groups. Its stfucture is assigned as 8, the
hydridoalkyl complex analogous to 7, on the basis of spectral data and

conversion to the corresponding bromoneopentyl complex 10. Data for 8: ly-



NMR(CgDg): & 1.82 (dd, J = 1.7, 0.7 Hz, Mes5Cs), 1.21 (d, J = 9.6 Hz, PMej),
1.28 (s, CHy)3); 1.5 (complex mult., CH,), -17.67 (d, J = 36.5 Hz, Ir#). 13c-
NMR (CgD¢): 6 92.00 (d, J = 3.4 Hz, C5(CHg)g), 19.68 (d, J = 36.7 Hz,
P(CH3)3), 10.62 (s, C5(CH3)5), 33.83 (s, (CHg)3), 35.71 (s, C(CH3)3), 6.20
(d, J =7.1 Hz, CHZ)' Treatment of 7 and 8 with almost any oxidizing or
electrophilic reagent (e. g. ZnBr,y, Hy0,, Br2) results in reductive
elimination of the hydrocarbon. In a particularly mild reactiom, which
accounts for part of the difficulty encountered in purification by
chromatography, stirring 7 with Al,04 in benzene solution for one hr
generates cyclohexane (957 yield) and the hydridophenyl complex 6; neopentane
is similarly formed in 98% yield from 8.

Following the observations summarized immediately above, we re-examined
the irradiation of the triphenylphosphine complex 2 in cyclohexane. As
stated egrlier, the predominant product of this reaction is the ortho-
metallated complex 4. However, a significant amount (ca. 30%Z) of a second
hydride is also formed in this reaction. Preliminary NMR data suggest this
material is the intermolecular C-H activation product analogous to 7, having -
PPh, in place of the PMe, ligand. Thus even in the presence of a
proximate aromatic group, intermolecular reaction appears to be possible for
the iridium center.

We are now ;n the process of seeking reagents which will allow
conversion of the alkyl groups iﬁ 7 and 8 into functionalized organic
compounds. In addition, we are carrying out experiments aimed at probing the
mechanism of the oxidative addition more deeply. Perhaps most important,
however, is the issue of selectivity.1 Clearly the intermediate generated on
irradiation of 5 has already achieved the first, and perhaps most crucial

type of selectivity--it reacts more readily with C-H bonds in other



molecules, even hydrocarbons, than it does with those present in its own
ligands. It is now important to determine how effectively the unsaturated
intermediate discriminates in reactivity between different types of C-H bonds
in reactant molecules and, if this type of "external" selectivity is low,
whether analogs of 5 can be prepared in which it is increased. Experiments

directed at these goals are underway.
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