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Summary: The complex mer-(MesP)slr(H)(2-furyl)(Cl),
formed by oxidative addition of a C-H bond of furan to
[Ir(COD)(PMegs)3] Cl, reacts with tert-butylacetylenevia
insertion of the alkyne into the Ir-C bond even in the
presence of the Ir-H bond. The product of this reaction
was characterized crystallographically and shown to be
a vinyliridium hydride complex with the furyl group
attached to the a-carbon of the vinyl ligand. Another
unusual feature of this complex is the presence of an
agostic interaction between the iridium and the tert-
butyl group on the vinyl ligand. A mechanism for the
formation of this product is proposed.

Oxidative-addition reactions of C-H bonds to electron-
rich, later transition metals is an area which has received
considerable attention following initial reports by Berg-
man, by Crabtree, and by Graham on their respective
systems.! Although numerous examples of C-H addition
have been reported, the number of reports of productive
chemistry beyond the C-H addition step is very low.2 In
the last several years, we have reported on the chemistry
of a system which has allowed us to examine the C-H
oxidative-addition reactions of arenes3 (eq 1). The pres-
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ence of the chloride ligand in the coordination sphere of
iridium provides us with the ability to open up a site for
an incoming reagent under mild conditions via chemical
chloride removal. In our previous two reports involving
the phenyliridium hydride complex,3*P reactions with
alkynes always involved initial insertion into the Ir-H
bond. In this communication, we report the surprising
finding that a furyliridium hydride complex reacts via the
Ir-C bond even in the presence of the more reactive Ir-H
bond.

Reaction between mer-(MegP)sIr(H) (2-furyl)(Cl), 3 tert-
butylacetylene, and T1[PFg] leads to the clean production
of a complex, 1 (eq 2), whose '1H NMR spectrum showed
that 1 equiv of tert-butylacetylene had been incorporated
but surprisingly still contained a resonance at § -29.4 ppm
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indicative of a hydride ligand.* A single-crystal X-ray
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diffraction study of 1 was undertaken to identify 1, and
the resulting molecular structure of the cation is shown
inFigure1.5 Complex 1is a vinyliridium hydride complex
formed via the formal insertion of tert-butylacetylene into
the Ir-furylbond. Interestingly, the furylgroupisattached
to the vinyl at the a-carbon and not at the 8-carbon, as
would be expected for a “normal” migratory insertion
reaction. Also of interest is that the sixth coordination
site of the iridium is occupied by a é-agostic interaction
with the tert-butyl group (Ir-C(6) distance of 2.70 A).8

Typically, cis-alkyl or cis-aryl hydride complexes are
unreactive with respect to alkyne or alkene insertion
reactions.” In arecent example involving indenyliridium
complexes, Bergman and Foo showed that alkene and
alkyne insertion can take place for the proper choice of
ligand environments for cis-alkyl hydride complexes, but
they always observe the insertion into the Ir-H bond.2
Brookhart has shown that, for alkene insertioninto Rh—-H
vs Rh—C bonds, the relative rate for H over ethyl migration

(4) mer-(MegP)sIr(H) (fury)(C)) (0.2 g, 0.38 mmol), TI[PFe] (0.13 g,
0.38 mmol), and tert-butylacetylene (0.47 mL, 4 mmol) were allowed to
react in 10 mL of CH,Cl; for 8h. Following removal of TICl by filtration,
diethy! ether was added to precipitate 0.16 g (0.22 mmol, 58% yield) of
1. Anal. Caled (found) for C,gH FelrOP,: C,31.50(31.74); H,5.70 (5.71).
1H NMR (CDClg): 5 —29.4 (q, Jp.y = 16.3 Hz, 1H, Ir-H), 0.64 (br s, 9H,
tert-butyl methyls), 1.56 (vt, sep 3.4 Hz, 18H, trans PMe;y), 1.73 (d, Jp.4
= 8.3 Hz, 9H, cis PMej), 6.11 (d, Jyy = 3.1 Hz, 1H, furyl), 6.28 (dd, Jy_»
=34and 1.8 HZ, ].H, furyl), 6.69 (dt, Jp(m)_ﬂ =12 HZ, Jp(d.)_}.[ =26
Hz, 1H, viny)), 7.29 ppm (br d, Jy = 1.8 Hz, 1H, furyl).

(5) Complex 1: monoclinic, space group P2;/c, with a = 8.974(2) A, b
= 17.610(5) A, ¢ = 19.888(5) A, 8 = 19.56(2)°, and V = 3141(1) A3 for Z
= 4. A total of 3230 significant, independent reflections were refined to
R = 0.0499 and R, = 0.0501.

(6) Confirmation of the agosticinteraction comes from low-temperature
1H NMR studies. When the temperature is lowered, the resonance at &
0.64 for the tert-butyl group in the tH NMR spectrum broadens and then
resolves into two broad singlets at § 1.03 and —0.26 ppm at—90 °C, indicating
that we are freezing out the rotation of the tert-butyl group but that
rotation of the methyl group bound to iridium is still fast. The Ir-C
distance of 2.70(1) A is identical with that found by Crabtree for another
Ir 5-agostic interaction!s and similar to those found for some other third-
row-metal agostic interactions.1¢

(7) Graham found that irradiation of LRh(CO)(»2-C;Hy) (L = hydri-
dotris(3,5-dimethylpyrazol-1-yl)borate) in C¢Hg gave LRh(CO)EtPh, but
this is not formed by insertion of ethylene into an ary! hydride complex:
Ghosh, C. K.; Graham, W. A. G. J. Am. Chem. Soc. 1989, 111, 375.
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Figure 1. Molecular structure of complex 1 showing the atom-
labelling scheme. Important bond distances (A): Ir(1)-P(1)
= 2.341(4); Ir(1)-P(2) = 2.352(4); Ir(1)-P(3) = 2.346(4); Ir-
(1)-C(1) = 2.096(11); Ir(1)-C(6) = 2.698(10).

isover 100.% Thefact thatinsertion of alkyne in our system
occurs into the Ir-C bond and the fact that the stereo-
chemistry of the product is not that of a simple 8-migration
process speak for an unusual effect of furyl vs phenyl. We
propose the mechanism shown in Scheme I for the
formation of 1. The first step in the sequence, removal
of chloride, results in the formation of a cationic, five-
coordinate iridium complex. In the case of our previous
work with the phenyliridium hydride complex, since Cl is
originally trans to H, rearrangement of the five-coordinate
intermediate must take place, allowing the alkyne to bind
to iridium cis to the hydride, thereby permitting the
migratory insertion reaction to take place. In the case of
the furyliridium hydride, it may be that this rearrangement
isblocked and we postulate that participation of the oxygen
lone pairs on furan can lead to a resonance structure with
a formal iridium-carbon double bond, locking the five-
coordinate intermediate in the indicated geometry. In
step 2, coordination of tert-butylacetylene occurs,inducing
the furyl group to revert to a form with a single bond to
iridium. Instep 3, tert-butylacetylene then rearranges to
vinylidene® and then migration of furyl from iridium to
the a-carbon of the vinylidene group yields the final
product (step 4). This last step has precedent in the vinyl
to vinylidene migration that we observed in the chemistry
of the phenylhydridoiridium complex.3®> When the same

(8) Brookhart, M.; Lincoln, D. M. J. Am. Chem. Soc. 1988, 110, 8719,
(9) Bruce, M. L; Swincer, A. G. Adv. Organomet. Chem. 1988, 22, §9.
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reaction is carried out with tert-butylacetylene-d;, the
deuterium is incorporated solely at the 8-position of the
vinyl group, consistent with the proposed scheme.!0

The influence of the furyl group in directing the insertion
into the Ir~C bond yields a bonus in terms of furthering
the chemistry toward a closed catalytic loop. Reductive
elimination involving H-C bond formation has a lower
barrier and is generally more easily accomplished than
that involving C—C bond formation.!! Preliminary evi-
dence suggests that this may be the case for 1. Heating
1 to 80 °C in toluene accomplishes the reductive elimi-
nation of trans-1-(2-furyl)-3,3-dimethyl-1-butenel? (eq 3).
The fate of the iridium in this reaction is unknown, but
we are continuing our investigations into this system to
determine how this could be developed into a catalytic
system.
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