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Summary: The protonation of the iridapyrrole complex

TpMe2(H)Ir[C(Me)dC(Me)C(Me)dNH] allows the isola-
tion of the two possible stereoisomers of the chelating Ir-

(III) alkylidene [TpMe2(H)Ir(dC(Me)CH(Me)C(Me)dNH)]-
[BAr4′] (2; Ar′ ) 3,5-C6H3(CF3)2). They undergo easy
and reversible hydride migration onto the electrophilic
carbene atom.

Alkylidene complexes of the late transition metals in
high oxidation states have been postulated as reactive
intermediates in several catalytic processes.1 Recently,
we have obtained the first alkylidene complexes of Ir-
(III), [TpMe2Ir(dCHMe)(R)(PMe3)]+, by protonation at Câ
of the alkenyl derivatives TpMe2Ir(CHdCH2)(R)(PMe3)
(TpMe2 ) hydrotris(3,5-dimethyl-1-pyrazolyl)borate;2 R
) H, Et). These compounds are very reactive, albeit
observable, species3,4 that undergo R-migratory insertion
reactions at temperatures above -60 °C.

Iridapyrrole complexes with a structure of type A (R
) H, R′ ) Me; R ) Et, R′ ) H) have also been prepared
in our laboratory by the H2O-catalyzed intramolecular
coupling of alkenyl and acetonitrile ligands.5 Since they
seem to exhibit considerable alkenyl character (canonic
form B), protonation at Câ (see C) to generate new,
cationic alkylidene complexes appeared feasible.3,6,7 In
this contribution we wish to report preliminary results
on this chemistry, including the structural characteriza-
tion by X-ray methods of the first hydride-alkylidene

complex of a late transition metal in a high oxidation

state, [TpMe2(H)Ir(dC(Me)CH(Me)C(Me)dNH)]+ (2a),
isolated as its BAr′4

- salt (Ar′ ) 3,5-C6H3(CF3)2).8
Addition of 1 equiv of [H(OEt2)2][BAr4′] to a cold (-70

°C) CH2Cl2 solution of TpMe2(H)Ir(C(Me)dC(Me)C(Me)d

NH) (1),5b produces the cationic hydrido-alkylidene 2a
quantitatively (NMR, no intermediates observed) (eq 1).

Interestingly, compound 2a rearranges in solution in
the presence of small amounts of water to give the
thermodynamically favored stereoisomer 2b (eq 2),
through a still undisclosed mechanism. Treatment of
dichloromethane solutions of 2a or 2b with an excess
of K2CO3 (20 °C, 2 h) gives the hydrido-iridapyrrole

(1) (a) Herrmann, W. A. Angew. Chem., Int. Ed. Engl. 1982, 21, 117.
(b) Maitlis, P. M.; Long, H. C.; Quyoum, R.; Turner, M. L., Wang, Z. J.
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complex 1, clearly demonstrating the reversibility of the
protonation reaction.9

The formulation proposed for compounds 2 finds
support in the observation of their characteristic NMR
signals, notably a low-field 13C{1H} resonance at ca. 325
ppm due to the R-carbon of the carbene ligand and a
high-field 1H signal in the proximity of δ -15 attribut-
able to the hydride functionality.10 The stereochemistry
of the kinetic isomer 2a can be clearly inferred from 2D-
NOESY spectra, which indicate that the protonation is
stereospecific and occurs on the face of the ring adjacent
to the hydride ligand. Further structural confirmation
comes from the results of an X-ray study11 carried out
with 2a. This shows (Figure 1) the expected planar
geometry about CR. The Ir-CR bond distance of 1.80-
(3) Å is similar to the iridium-carbon bond length of
1.869(9) Å found in the Ir(I) methylidene complex
[N(SiMe2CH2PPh2)2]IrdCH2.4a Complex 2a is a very
unusual example of a structurally characterized elec-
trophilic hydrido-alkylidene complex with a cis distri-
bution of these two ligands.12 Somewhat related met-

allacyclic carbene units MdC-C-C-C have been studied
by Jones and co-workers.13

Additionally with regard to the chemical reactivity of
compounds 2, it is worth pointing out that despite the
correct position of the hydride ligand to migrate onto
the alkylidene carbon (the Ir-H bond lies parallel to the
pπ orbital of the carbene carbon), the effects of the R-mi-
gratory insertion reaction are not apparent. It should
be noted, however, that because of the severe steric con-

straints a â-H elimination from the resulting alkyl inter-
mediate is hindered: the ring â-H is too far from the
metal center to yield an accessible transition state for
the elimination reaction, and furthermore, the Me group
bonded to the R-C of the ring would point, after the
migration, to the side of the ring opposite with respect
to the vacant coordination site created by this process.
Therefore, R-H elimination (albeit nonproductive) should
be favored over â-H elimination in the alkyl intermedi-
ates of these R-migratory insertion reactions.12a,14

In accord with this line of argumentation, complexes
2a and 2b do not rearrange in dry, noncoordinating
solvents. Nevertheless, in methanol solution R-migra-
tion is facile (eq 3) and yields the expected methanol
adducts 3. The process is stereospecific and reversible;

removal of the solvent under vacuum cleanly regener-
ates the alkylidene complexes 2. Acetonitrile gives more
stable adducts; the reaction of compounds 2 with NCMe
results in the instantaneous, stereospecific formation of
the adducts 4, as shown in eq 4 for the 2a f 4a
transformation.15 These results represent an unusual
observation of a direct and reversible R-H migration onto

(9) (a) Hatton, W. G.; Gladysz, J. A. J. Am. Chem. Soc. 1983, 105,
6157. (b) Bodner, G. S.; Smith, D. E.; Hatton, W. G.; Georgiou, S.;
Rheingold, A. L.; Geib, S. J.; Hutchinson, J. P.; Gladysz, J. A. J. Am.
Chem. Soc. 1987, 109, 7688.

(10) A cold (-70 °C) solution of [H(OEt)2][BAr4′] (0.14 g, 0.136 mmol)
in CH2Cl2 (2 mL) was transferred onto a solution of complex 1 (0.08 g,
0.136 mmol) in CH2Cl2 (5 mL) cooled at the same temperature. After
the mixture was stirred for 10 min, the cooling bath was removed and
the solution reduced in volume to ca. 1 mL and cooled again to -70
°C. Light petroleum (10 mL) was then added and the resulting orange
precipitate filtered and redissolved in a mixture of light petroleum-
diethyl ether (3:1, 15 mL). The resulting solution was left overnight
at -30 °C to give analytically pure complex 2a as orange crystals in
60% yield. Anal. Calcd for C53H46B2N7F24Ir: C, 43.88; H, 3.17; N, 6.75.
Found: C, 43.52; H, 3.17; N, 6.40. Selected spectroscopic data are as
follows: 1H NMR (CDCl3, 25 °C) δ -15.68 (s, 1H, IrH), 0.21 (qd, 3JHH
) 7.4, 4JHH ) 2 Hz, 1H, CHMe), 1.72 (d, 3JHH ) 7.4 Hz, 3H, CHMe),
9.89 (br s, 1H, NH); 13C{1H} NMR (CDCl3, 25 °C) δ 48.2 (CHMe), 82.2
(CHMe), 192.3 (CdNH), 324.5 (IrdC). IR (Nujol) ν(IrH) 2152, ν(NH)
3320 cm-1.

(11) Crystal data for 2a‚1/4CH2Cl2: triclinic, P1h, a ) 13.539(2) Å, b
) 15.486(4) Å, c ) 16.487(5) Å, R ) 96.54(13)°, â ) 108.68(12)°, γ )
92.75(14)°, V ) 3239(14) Å3, Z ) 2, Dc ) 1.509 Mg/m3, R1 ) 0.1025 for
I > 2σ(I), wR2 ) 0.2700. R indices (all data): R1 ) 0.1709, wR2 )
0.3092.
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Laubender, M.; Lehmann, C.; Herbst-Irmer, R. Organometallics 1997,
16, 2236.
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Trimmer, M. S.; Van Asselt, A.; Bercaw, J. E. J. Mol. Catal. 1987, 41,
21. (c) Burk, M. J.; McGrath, M. P.; Crabtree, R. H. J. Am. Chem. Soc.
1988, 110, 620.

(2)

Figure 1. Molecular structure of complex 2a. Selected
bond lengths (Å) and angles (deg): Ir(1)-N(1), 2.01(2); Ir-
(1)-H(1), 2.03(14); Ir(1)-C(6), 1.80(3); C(4)-C(6)-Ir(1),
113(2); C(7)-C(6)-Ir(1), 128(3); C(4)-C(6)-C(7), 118(3).

(3)
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a well-defined electrophilic alkylidene carbon to give an
alkyl ligand.16

Treatment of the ethyl-iridapyrrole complex TpMe2-

(Et)Ir(CHdCHC(Me)dNH) (5)5a with 1 equiv of [H-
(OEt2)2][BAr4′] (CH2Cl2, 20 °C) quantitatively gives rise
(NMR) to the hydride-cis-olefin derivative 6a, which
slowly converts in solution, at 20 °C, into the thermody-
namically more stable trans stereoisomer 6b (Scheme
1). Complexes 6a,b have been fully characterized by
1D and 2D NMR techniques;17 the structure of 6b has
been confirmed by X-ray studies to be reported else-
where.

The reaction is expected to take place with initial
formation of the cationic ethyl-alkylidene intermediate
D (Scheme 1), but this species cannot be detected even
when the protonation is effected at -100 °C (CD2Cl2).
Clearly, â-H elimination from the migration product E
is so facile in this case that the reaction proceeds to give
the hydride-olefin complex F. An additional stereoiso-
merization step of the bonded olefin18 would give the
observed product 6a;5a complex 6b could then be formed
from this stereoisomer, assuming the reversibility of the
above processes.19

In conclusion, we have demonstrated that iridapyrrole
complexes with a structure of type A (R ) H, Et) under-
go electrophilic attack by H+ at the â-carbon of the ring
in a stereospecific manner to give cationic, electrophilic
alkylidene derivatives of Ir(III). When R ) Et, R-Et

migration is followed by fast â-H elimination (E f F or
G in Scheme 1) but for R ) H the effects of the R-H
migration are not observable because of the lack of
accessible â-H elimination pathways in the purported
alkyl intermediate. This has made possible not only the
isolation of the first stable alkylidene complexes of a
group 9 element in oxidation state +3 and the structural
characterization by X-ray methods of one of these
complexes but, moreover, the observation of a direct and
reversible R-migration of a hydride ligand from the
metal onto the electrophilic carbon atom of the carbene
functionality.
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(15) Compound 1 (0.07 g, 0.12 mmol) was dissolved in a cold (-70
°C) mixture of CH2Cl2-MeCN (2:1, 15 mL) and treated with a solution
of [H(OEt)2][BAr4′] (0.12 g, 0.12 mmol) in CH2Cl2 (5 mL). The reaction
mixture was warmed slowly to room temperature and the solvent
removed under reduced pressure. Workup as described above for 2a
furnished complex 4a as a microcrystalline white solid. Yield: 0.08 g
(45%). Anal. Calcd for C55H49B2N8F24Ir: C, 44.29; H, 3.28; N, 7.51.
Found: C, 44.16; H, 3.13; N, 7.68. Selected spectroscopic data are as
follows: 1H NMR (CDCl3, 25 °C) δ 0.68, 1.34 (d, 3JHH ) 8 Hz, 3H each,
CHMe), 3.0 (m, 3JHH ) 10, 3JHMe ) 8, 4JHH ) 2 Hz, 1H, CHMe), 4.22
(dq, 3JHH ) 10, 3JHMe ) 8 Hz, 1H, IrCHMe), 8.63 (br s, 1H, NH); IR
(Nujol) ν(NH) 3346 cm-1.

(16) For H-migration studies in Fischer’s carbene complexes see:
Michelin, R. A.; Bertani, R.; Mozzon, M.; Bombieri, G.; Benetollo, F.;
Guedes da Silva, M. F. C.; Pombeiro, A. J. L. Organometallics 1993,
12, 2372 and references therein.

(17) Complex 5 (0.06 g, 0.1 mmol) and [H(OEt)2][BAr4′] (0.10 g, 0.1
mmol) were dissolved together in CH2Cl2 (10 mL) at room temperature.
The resulting colorless solution was stirred overnight and then
evaporated in vacuo. Extraction into a mixture of petroleum ether-
diethyl ether (1:1, 10 mL), concentration, and cooling at -30 °C
afforded complex 6b as a microcrystalline white solid. Yield: 0.09 g
(60%). Anal. Calcd for C53H46B2N7F24Ir‚Et2O: C, 44.90; H, 3.67; N, 6.43.
Found: C, 44.92; H, 3.64; N, 6.19. Selected spectroscopic data are as
follows: 1H NMR (CDCl3, 25 °C) δ -17.36 (s, 1H, IrH), 0.94 (d, 3JHH )
6 Hz, 3H, CHMe), 3.24, 3.30 (AB spin system, 2JAB ) 20, 3JAH ) 5.6,
4JAH ) 2 Hz, 1H each, CH2), 4.15 (dq, 3JHH ) 12, 3JHMe ) 6 Hz, 1H,
CHolef), 5.37 (dd, 3JHH ) 12, 3JHH ) 5.4 Hz, 1 H, CHolef), 8.65 (br s, 1H,
NH); IR (Nujol) ν(IrH) 2200, ν(NH) 3185 cm-1.

(18) (a) Penag, T.; Gladysz, J. A. J. Am. Chem. Soc. 1992, 114, 4174.
(b) Casey, C. P.; Underiner, T. L.; Vosejpka, P. C.; Slough, G. A.;
Cavney, J. A.; Hayashi, R. K. Organometallics 1997, 16, 2189.

(19) Variable-temperature NMR and deuteration experiments are
in good accord with the pathway showed in Scheme 1 and have also
allowed the characterization of the hydrido-olefin species F and G.

(4)

Scheme 1

5
D

6a

6b
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