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Iridium ACHTUNGTRENNUNG(III) Silyl Alkyl and Iridacyclic Compounds Supported by 4,4’-Di-tert-
butyl-2,2’-bipyridyl
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Introduction

Iridium compounds containing diimine ligands, notably 2,2’-
bipyridyl (bpy), have attracted much attention due to their
interesting luminescent properties[1,2] and their applications
in organic synthesis and homogeneous catalysis.[3–6] Our in-
terest in bpy-supported organoiridium complexes has been

stimulated by recent reports that IrACHTUNGTRENNUNG(bpy) compounds can
catalyze selective borylation[5] and silylation[6] of arenes and
heterocyclic compounds. It is believed that the active species
involved in Ir-catalyzed borylation with B2ACHTUNGTRENNUNG(pin)2 (pin=pina-
colato) are five-coordinate [Ir ACHTUNGTRENNUNG(Bpin)3L2] species that activate
arene C�H bonds.[6–8] Indeed, [Ir ACHTUNGTRENNUNG(Bpin)3ACHTUNGTRENNUNG(coe) ACHTUNGTRENNUNG(dtbpy)] (coe=
cyclooctene, dtbpy=4,4’-di-tert-butyl-2,2’-bipyridyl), which
has been isolated and structurally characterized, can facili-
tate the stoichiometric borylation of arenes.[4a] It seems that
the electron-rich, chelating bpy ligand plays a special role in
stabilizing the reactive IrIII tris-boryl species and facilitates
its oxidative addition to C�H bonds.[4a,5j, 6a] This prompted us
to explore the organometallic chemistry of IrACHTUNGTRENNUNG(bpy) alkyl
complexes.

The most extensively investigated organoiridium bpy
compounds are half-sandwich [Ir ACHTUNGTRENNUNG(bpy)Cp*L]2+ (Cp*=
h5-C5Me5)

[3] and cyclometalated [Ir ACHTUNGTRENNUNG(bpy) ACHTUNGTRENNUNG(N
_
C)2]

+ species.[9,10]

Abstract: Treatment of IrCl3·xH2O
with one equivalent of 4,4’-di-tert-
butyl-2,2’-bipyridyl (dtbpy) in N,N-di-
methylformamide (dmf) afforded [Ir-
ACHTUNGTRENNUNGCl3ACHTUNGTRENNUNG(dmf) ACHTUNGTRENNUNG(dtbpy)] (1). Alkylation of 1
with Me3SiCH2MgCl resulted in C�Si
cleavage of the Me3SiCH2 group and
formation of the IrIII silyl dialkyl com-
pound [Ir ACHTUNGTRENNUNG(CH2SiMe3)ACHTUNGTRENNUNG(dtbpy)(Me) ACHTUNGTRENNUNG(Si-
ACHTUNGTRENNUNGMe3)] (2), which reacted with tBuNC
to afford [IrACHTUNGTRENNUNG(tBuNC)(CH2SiACHTUNGTRENNUNGMe3)-
ACHTUNGTRENNUNG(dtbpy) ACHTUNGTRENNUNG(Me) ACHTUNGTRENNUNG(SiMe3)] ([2 ACHTUNGTRENNUNG(tBuNC)]).
Re ACHTUNGTRENNUNGac ACHTUNGTRENNUNGtion of 2 with phenylacetylene af-
forded dimeric [{Ir ACHTUNGTRENNUNG(C�CPh) ACHTUNGTRENNUNG(dtbpy) ACHTUNGTRENNUNG(Si-
ACHTUNGTRENNUNGMe3)}2ACHTUNGTRENNUNG(m-C�CPh)2] (3), in which the
bridging PhC�C� ligands are bound to
Ir in a m-s :p fashion. Alkylation of 1
with PhMe2CCH2MgCl afforded the
cyclometalated compound [Ir ACHTUNGTRENNUNG(dtbpy)-
ACHTUNGTRENNUNG(CH2CMe2C6H4)(2-C6H4C ACHTUNGTRENNUNGMe3)] (4),
which features an agostic interaction
between the Ir center and the 2-tert-bu-

tylphenyl ligand. The cyclic voltammo-
gram of 4 in CH2Cl2 shows a reversible
IrIV–IrIII couple at about 0.02 V versus
ferrocenium/ferrocene. Oxidation of 4
in CH2Cl2 with silver triflate afforded
an IrIV species that exhibits an aniso-
tropic electron paramagnetic resonance
(EPR) signal in CH2Cl2 glass at 4 K
with gk =2.430 and g? =2.110. Proto-
nation of 4 with HCl and p-toluenesul-
fonic acid (HOTs) afforded [{Ir ACHTUNGTRENNUNG(dtbpy)-
ACHTUNGTRENNUNG(CH2CMe2Ph)Cl}2ACHTUNGTRENNUNG(m-Cl)2] (5) and [Ir-
ACHTUNGTRENNUNG(dtbpy)(CH2CMe2Ph) ACHTUNGTRENNUNG(OTs)2] (6), re-
spectively. Reaction of 5 with Li-
ACHTUNGTRENNUNG[BEt3H] gave the cyclometalated
complex [{Ir ACHTUNGTRENNUNG(dtbpy) ACHTUNGTRENNUNG(CH2C ACHTUNGTRENNUNGMe2ACHTUNGTRENNUNGC6H4)}2-
ACHTUNGTRENNUNG(m-Cl)2] (7). Reaction of 4 with tetra-

cyanoethylene in refluxing toluene re-
sulted in electrophilic substitution of
the iridacycle by C2(CN)3 with forma-
tion of [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H3 ACHTUNGTRENNUNG{4-C2-
ACHTUNGTRENNUNG(CN)3}) ACHTUNGTRENNUNG(2-C6H4CMe3)] (8). Reaction
of 4 with diethyl maleate in refluxing
toluene gave the iridafuran compound
[IrACHTUNGTRENNUNG(dtbpy) ACHTUNGTRENNUNG(CH2C ACHTUNGTRENNUNGMe2C6H4){k

2
ACHTUNGTRENNUNG(C,O)-C-

ACHTUNGTRENNUNG(CO2ACHTUNGTRENNUNGEt)CH ACHTUNGTRENNUNG(CO2Et)}] (9). Treatment
of 9 with 2,6-dimethylphenyl isocyanide
(xylNC) led to cleavage of the iridafur-
an ring and formation of [Ir ACHTUNGTRENNUNG(dtbpy)-
ACHTUNGTRENNUNG(CH2C ACHTUNGTRENNUNGMe2C6H4){C ACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2-
ACHTUNGTRENNUNGEt)} ACHTUNGTRENNUNG(xylNC)] (10). Protonation of 9
with HBF4 afforded the dinuclear neo-
phyl complex [(Ir ACHTUNGTRENNUNG(dtbpy) ACHTUNGTRENNUNG(CH2C ACHTUNGTRENNUNGMe2-
ACHTUNGTRENNUNGPh) ACHTUNGTRENNUNG{k2

ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CO2 ACHTUNGTRENNUNGEt)CH ACHTUNGTRENNUNG(CO2 ACHTUNGTRENNUNGEt)})2]-
ACHTUNGTRENNUNG[BF4]2 (11). The solid-state structures
of complexes 2–5 and 8–11 have been
determined.

Keywords: alkylation · bipyridyl
ligands · cyclometalation ·
iridium · metallacycles

[a] Dr. Y.-K. Sau, Prof. Dr. I. D. Williams, Prof. Dr. W.-H. Leung
Department of Chemistry and Open Laboratory of Chirotechnology
of the Institute of Molecular Technology for Drug Discovery and
Synthesis, The Hong Kong University of Science and Technology
Clear Water Bay, Kowloon, Hong Kong (China)
Fax: (+852)2358-1594
E-mail : chleung@ust.hk

[b] Prof. Dr. H.-K. Lee
Department of Chemistry, The Chinese University of Hong Kong
Shatin, New Territories, Hong Kong (China)

Chem. Eur. J. 2006, 12, 9323 – 9335 G 2006 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim 9323

FULL PAPER



Relatively few IrIII ACHTUNGTRENNUNG(bpy) compounds containing s-alkyl li-
gands have been reported. This is in contrast to isoelectronic
group 10 MIV

ACHTUNGTRENNUNG(bpy) alkyl complexes (M=Pd, Pt), which
have been studied extensively due to their roles in metal-
catalyzed organic reactions.[11] Of note are cationic [PtIV-
ACHTUNGTRENNUNG(N
_
N)Me]+ complexes, which are believed to be reactive inter-

mediates in the Pt-catalyzed activation of alkanes.[12] We are
also interested in higher valent IrACHTUNGTRENNUNG(bpy) alkyl compounds be-
cause IrV alkyl intermediates are involved in the oxidative
addition of IrIII to C�H bonds.[6–8,13] Additionally, it has been
reported that the reactivity of [IrIIICp*Me2ACHTUNGTRENNUNG(PR3)] towards
arenes is greatly enhanced by oxidation of the metal
center.[14] IrIV and IrV alkyls are less common than their IrIII

and IrI congeners. Examples of isolated IrV alkyl and aryl
compounds include [IrCp*Me4],

[15] [IrCp*(H) ACHTUNGTRENNUNG(PMe3)ACHTUNGTRENNUNG{h
2-

SiPh2ACHTUNGTRENNUNG(C6H4)}][B ACHTUNGTRENNUNG(C6F5)4],
[13d] and the mesityl compounds [Ir-

ACHTUNGTRENNUNG(mes)4]
+ [16] and [IrACHTUNGTRENNUNG(mes)3(O)] (mes=2,4,6-Me3C6H2).

[17]

Stable IrIV s-alkyl compounds are rare.[14b,16]

In this paper, the synthesis and reactivity of bpy-support-
ed IrIII alkyl compounds is reported. We have found that al-
kylation of [IrCl3 ACHTUNGTRENNUNG(dmf) ACHTUNGTRENNUNG(dtbpy)] (dmf=N,N-dimethylform-
ACHTUNGTRENNUNGamide) with Me3SiCH2MgCl and PhMe2CCH2MgCl leads to
C�Si bond cleavage of the CH2SiMe3 group and cyclometa-
lation of the neophyl group, respectively, demonstrating
some intriguing organometallic chemistry exhibited by the
IrIII ACHTUNGTRENNUNG(bpy) core. Herein, we describe the synthesis and crystal
structures of IrIII silyl dialkyl and iridacyclic compounds sup-
ported by dtbpy. Reactions of the dtbpy-supported iridacy-
clic compound with tetracyanoethylene and diethyl maleate
are also reported.

Results and Discussion

Ir silyl dialkyl compound : The trichloride compound [IrCl3-
ACHTUNGTRENNUNG(dmf) ACHTUNGTRENNUNG(dtbpy)] (1), prepared by reaction of IrCl3·xH2O with
one equivalent of dtbpy in dmf, was used as the starting ma-
terial for IrIII ACHTUNGTRENNUNG(bpy) alkyl compounds. Transmetalation of 1
with a variety of alkylating agents, including lithium alkyls,
aluminum alkyls, and Grignard reagents, has been attempt-
ed. However, in most cases, oily materials that were found
to be insoluble in hexane were isolated. Only the alkylation
of 1 with Me3SiCH2MgCl and PhMe2CCH2MgCl led to the
isolation of crystalline products that could be characterized
by using X-ray crystallography (Table 1).

Treatment of 1 with three equivalents of Me3SiCH2MgCl
in THF afforded the IrIII silyl dialkyl compound [Ir-
ACHTUNGTRENNUNG(CH2SiMe3)ACHTUNGTRENNUNG(dtbpy)(Me) ACHTUNGTRENNUNG(SiMe3)] (2) in 63% yield
(Scheme 1). In contrast, alkylation of 1 with Me3CCH2MgCl
resulted in an intractable material that did not crystallize.
The 1H NMR spectrum of 2 in C6D6 shows three singlets at
d=0.12, 0.33, and 2.34 ppm, attributable to the methyl pro-
tons of the CH2SiMe3, SiMe3, and Me ligands, respectively.
The methylene protons of the CH2SiMe3 ligand are diaste-
ACHTUNGTRENNUNGreotopic and appear as two doublets at d=2.13 and
2.47 ppm (J=11.7 Hz). We were unable to observe the 29Si
resonance signal of the SiMe3 ligand. C�Si cleavage of coor-
dinated CH2SiR3 ligands to give metal silyl complexes is
well precedented.[18–21] Previously, Girolami and co-workers
reported that alkylation of [{RuCl2Cp*}2] with Me3SiACHTUNGTRENNUNGCH2-
ACHTUNGTRENNUNGMgCl afforded [Ru2ACHTUNGTRENNUNG(m-CH2) ACHTUNGTRENNUNG(m-Cl) ACHTUNGTRENNUNG(Cp*)2ACHTUNGTRENNUNG(SiMe3)], which un-
derwent a reversible C�Si bond cleavage/re-formation proc-
ess.[21b,c] Therefore, it seems reasonable to propose that the
formation of 2 involves C�Si cleavage of an IrACHTUNGTRENNUNG(CH2SiMe3)

Table 1. Crystallographic data and experimental details for 2–5 and 8–11.

2 3 4 5 8·CH2Cl2 9 10 11

formula C52H94N4Si4Ir2 C74H86N4Si2Ir2 C38H49N2Ir C56H74N4Cl4Ir2 C44H50N5Cl2Ir C36H47N2O4Ir C45H56IrN3O4 C80H105N4B2F8O8Cl4Ir2
Mr 1272.07 1472.05 725.99 1329.39 911.99 763.96 895.13 1950.5
a [M] 13.512(1) 10.774(2) 10.804(7) 11.169(2) 11.818(2) 11.057(5) 12.0144(9) 112.586(8)
b [M] 13.981(1) 21.004(4) 12.109(8) 11.864(2) 14.043(2) 18.955(8) 19.6339(14) 20.249(1)
c [M] 18.023(1) 14.766(3) 14.661(9) 21.381(4) 15.617(3) 16.398(7) 19.9607(14) 16.896(1)
a [8] 70.083(1) 90 108.094(1) 90 114.780(3) 90 66.741(1) 90
b [8] 85.155(1) 97.687(3) 93.043(1) 95.95(3) 90.569(3) 99.344(1) 89.789(1) 95.328(1)
g [8] 65.396(1) 90 111.881(1) 90 111.983(3) 90 82.784(1) 90
V [M3] 2904(4) 3312(1) 1661(2) 2818(1) 2139(6) 3391(3) 4286.1(5) 4288(5)
Z 2 2 2 2 2 4 4 2
crystal system triclinic monoclinic triclinic monoclinic triclinic monoclinic triclinic monoclinic
space group P1̄ P21/c P1̄ P21/c P1̄ P21/c P1̄ P21/n
1calcd [gcm

�3] 1.455 1.476 1.452 1.567 1.416 1.496 1.387 1.511
T [K] 100(2) 100(2) 100(2) 100(2) 100(2) 100(2) 298(2) 100(2)
m [mm�1] 4.695 4.095 4.048 4.950 3.281 3.977 3.158 3.300
F ACHTUNGTRENNUNG(000) 1288 1480 736 1320 920 1544 1824 1962
no. of reflns 17365 18020 10240 20870 11976 16459 34521 39635
no. of inde ACHTUNGTRENNUNGpendent
reflns

10049 5800 7453 5473 8237 5861 14366 7465

Rint 0.0255 0.0936 0.0213 0.0491 0.0255 0.0229 0.0333 0.0431
R1, wR2 (I>2s(I)) 0.0333,

0.0722
0.0435,
0.0636

0.0333,
0.0741

0.0322,
0.0660

0.0421,
0.0880

0.0235,
0.0560

0.0291,
0.0519

0.0370,
0.0927

R1, wR2 (all data) 0.0487,
0.0765

0.0900,
0.0704

0.0401,
0.0772

0.0542,
0.0699

0.0595,
0.0929

0.0282,
0.0576

0.0507,
0.0550

0.0549,
0.0990

GoF 0.995 0.908 1.037 1.005 0.998 1.041 0.975 1.062
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intermediate, although it is not clear how the resulting
methylene species Ir ACHTUNGTRENNUNG(CH2) ACHTUNGTRENNUNG(SiMe3) undergoes hydride trans-
fer to give the product. Alternatively, Ir(Me) ACHTUNGTRENNUNG(SiMe3) may be
derived from 1,2-silyl group migration of an Ir alkyl hydride
intermediate, Ir ACHTUNGTRENNUNG(CH2SiMe3)(H). It should be noted that silyl
group migration in [Pt ACHTUNGTRENNUNG(CH2SiMe3) ACHTUNGTRENNUNG(dtbpm)(H)] (dtbpm=

bis(di-tert-butylphenylphosphino)methane) to give [Pt-
ACHTUNGTRENNUNG(dtbpm)(Me) ACHTUNGTRENNUNG(SiMe3)] has been reported by Hofmann and
co-workers.[19a] Additional mechanistic studies are needed to
establish the exact mechanism of the formation of 2 from 1.

Coordinatively unsaturated 2 was found to react with
two-electron ligands to give six-coordinate adducts. For ex-
ample, treatment of 2 with CO afforded an oily material
that exhibited a C�O band in its IR spectrum at ñ=

2020 cm�1, suggestive of the formation of the adduct
[2(CO)]. No acyl C=O band in the region ñ=1600–
1700 cm�1 was observed, indicating that the CO did not un-
dergo insertion into an Ir�C bond. Similarly, treatment of 2
with tBuNC afforded [Ir ACHTUNGTRENNUNG(tBuNC) ACHTUNGTRENNUNG(CH2SiMe3)ACHTUNGTRENNUNG(dtbpy)(Me)-
ACHTUNGTRENNUNG(SiMe3)] ([2 ACHTUNGTRENNUNG(tBuNC)]). As in the case of [2(CO)], the iso-
cyanide binds to Ir without undergoing insertion into an Ir�
C bond. No reactions were observed between 2 and alkenes
or benzene (80 8C for 12 h). However, 2 was found to react
readily with terminal alkynes such as phenylacetylene.
Treatment of 2 with phenylacetylene in benzene afforded a
red precipitate, which was identified as the alkynyl-bridged
dimer [{Ir ACHTUNGTRENNUNG(C�CPh) ACHTUNGTRENNUNG(dtbpy)ACHTUNGTRENNUNG(SiMe3)}2 ACHTUNGTRENNUNG(m-C�CPh)2] (3) by using
X-ray crystallography. Both the methyl and trimethylsilyl-
methyl ligands in 2 were displaced by phenylacetylene,
whereas the SiMe3 group remained intact, reflecting the
strong IrIII–Si interaction. The conversion of 2 into the di-
ACHTUNGTRENNUNGalkynyl compound 3 involves either an oxidative addition-
reductive elimination or a sigma-bond metathesis pathway.
Additional mechanistic studies are required to differentiate
between the two pathways. The IR spectrum of 3 shows two
ñ ACHTUNGTRENNUNG(C�C) bands at 2050 and 2096 cm�1 attributable to the ter-
minal and bridging alkynyl ligands, respectively. We have

not further explored the reactivity of 3 due to its low solu-
bility in common organic solvents.

Complex 2 has been characterized by means of an X-ray
diffraction study. The asymmetric unit contains two inde-
pendent molecules. The structure of one of these molecules
is shown in Figure 1; selected bond lengths and angles are
listed in Table 2. The geometry around the Ir is pseudo-

square-pyramidal, with the SiMe3 group occupying the
apical position, reflecting its strong trans influence. The Ir is
displaced by about 0.127 M above the N2C2 plane. No agos-
tic interaction was found for 2, despite its 16-electron config-
uration. The Ir–N distances (av. 2.091(4) M) are similar to
those in [Ir ACHTUNGTRENNUNG(Br-ppy)2ACHTUNGTRENNUNG(dtbpy)]

+ (Br-ppy=4-bromo-2-(2-pyrid-
ACHTUNGTRENNUNGyl)phenyl; 2.129(9) M).[22] The Ir–CH3 and Ir–CH2SiMe3 dis-
tances (av. 2.068(5) and av. 2.079(5) M, respectively) are typ-
ical for IrIII alkyl complexes. The average Ir–Si distance of
2.276(2) M is within the range for reported IrIII silyl com-
plexes (2.235–2.454 M).[23]

A perspective view of 3 is shown in Figure 2; selected
bond lengths and angles are listed in Table 3. The structure

Scheme 1. Synthesis of the IrIII silyl alkyl compound 2 and its reaction
with phenylacetylene.

Figure 1. Molecular structure of one of the two independent molecules in
the asymmetric unit of [IrACHTUNGTRENNUNG(CH2SiMe3) ACHTUNGTRENNUNG(dtbpy)(Me) ACHTUNGTRENNUNG(SiMe3)] (2). Hydrogen
atoms are omitted for clarity. The ellipsoids are drawn at a 40% proba-
bility level.

Table 2. Selected bond lengths [M] and angles [8] for [Ir ACHTUNGTRENNUNG(CH2SiMe3)-
ACHTUNGTRENNUNG(dtbpy)(Me) ACHTUNGTRENNUNG(SiMe3)] (2).

Ir1–C21 2.069(5) Ir1–C25 2.086(5)
Ir1–N1 2.085(4) Ir1–N2 2.096(4)
Ir1–Si1 2.279(2) Ir2–C51 2.066(5)
Ir2–C55 2.071(5) Ir2–N4 2.080(4)
Ir2–N3 2.103(4) Ir2–Si3 2.272(2)

C21-Ir1-N1 96.8(2) C21-Ir1-C25 86.9(2)
N1-Ir1-C25 170.9(2) C21-Ir1-N2 172.8(2)
N1-Ir1-N2 76.9(2) C25-Ir1-N2 98.84(2)
C21-Ir1-Si1 88.9(2) N1-Ir1-Si1 93.3(1)
C25-Ir1-Si1 95.0(2) N2-Ir1-Si1 94.8(1)
C51-Ir2-C55 88.3(2) C51-Ir2-N4 95.7(2)
C55-Ir2-N4 170.9(2) C51-Ir2-N3 172.0(2)
C55-Ir2-N3 98.5(2) N4-Ir2-N3 77.0(2)
C51-Ir2-Si3 88.9(2) C55-Ir2-Si3 92.1(1)
N4-Ir2-Si3 96.1(1) N3-Ir2-Si3 95.0(1)

Chem. Eur. J. 2006, 12, 9323 – 9335 G 2006 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 9325

FULL PAPERIridium ACHTUNGTRENNUNG(III) Silyl Alkyl and Iridacyclic Compounds

www.chemeurj.org


of 3 consists of two symmetry-related [Ir ACHTUNGTRENNUNG(C�CPh) ACHTUNGTRENNUNG(dtbpy)-
ACHTUNGTRENNUNG(SiMe3)]

+ fragments bridged by two PhC�C� ligands that
bind to the two Ir centers in a m-s :p fashion. In each of the
fragments, the geometry about the Ir is roughly octahedral,
with the SiMe3 group opposite to the m-s :p-alkynyl ligand.
The Ir–Si (2.331(2) M) and Ir–N distances (av. 2.077(5) M)
are similar to those in 2. The Ir–C s-bond length in the ter-
minal alkynyl ligand (1.945(6) M) is slightly shorter than
that in the bridging one (1.986(7) M). In the bridging alkynyl
ligands, the two Ir–C p-bond lengths (2.605(7) and
2.618(7) M) are similar. The C�C distance in the bridging al-
kynyl ligands (1.240(8) M) is longer than that in the terminal
ones (1.208(8) M), consistent with the IR spectral data.

Iridacyclic compound 4 : Treatment of 1 with three equiva-
lents of PhMe2CCH2MgCl led to isolation of the iridacyclic
compound [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H4)(2-C6H4CMe3)] (4).
While group 10 metallacycles derived from bis-neophyl com-
plexes are well known,[24] to the best of our knowledge 4 is
the first example of such a metallacycle containing a group

9 metal to be characterized by X-ray crystallography. It
seems reasonable to assume that the alkylation initially gave
a tris-neophyl complex that underwent cyclometalation and
elimination of tert-butylbenzene to give a mononeophyl in-
termediate.[25] Subsequent isomerization of the neophyl
ligand, presumably by way of cyclometalation and reductive
elimination, afforded the 2-tert-butylphenyl complex 4
(Scheme 2). It may be noted that thermal isomerization of
PdII–CH2CMe2Ph to give PdII–C6H4-o-tBu species has been
reported previously by CPmpora et al.[26]

The 1H NMR spectrum of 4 was found to be solvent de-
pendent. In C6D6, the diastereotopic methylene and methyl
protons of the iridacycle appear as two doublets at d=3.32
and 3.66 ppm (J=10.8 Hz) and two singlets at d=1.53 and
1.98 ppm, respectively. In CDCl3, these resonances are shift-
ed to more upfield positions (d=2.74 (d; CH2) and 2.94 (d;
CH2) and 0.91 ppm (Me)). Although the solid-state structure
of 4 shows that there is an agostic interaction between the Ir
and the 2-tert-butylphenyl ligand (see below), a single reso-
nance is observed for the tert-butyl protons (d=0.81 ppm)
down to �50 8C in CDCl3, which indicates that the three
methyl groups of the 2-tert-butylphenyl ligand are in rapid
motion about the Ir on the NMR timescale.

The molecular structure of 4 is shown in Figure 3; selected
bond lengths and angles are listed in Table 4. The geometry
about the Ir is pseudo-square-pyramidal, with the phenyl
ring of the iridacycle occupying the apical position. A d-
agostic interaction was found between the Ir and one
methyl C�H unit of the tert-butylphenyl ligand. The Ir···H-
ACHTUNGTRENNUNG(agostic) and Ir–C ACHTUNGTRENNUNG(agostic) distances (1.91(1) and
2.649(4) M, respectively) are similar to those in [Ir(H)2(L)-
ACHTUNGTRENNUNG(PPh3)2]

+ (L=8-methylquinoline; 2.08(10) and 2.69(1) M,
respectively).[26] In the iridacycle, the Ir–C ACHTUNGTRENNUNG(aryl) distance
(1.990(4) M) is shorter than the Ir–C ACHTUNGTRENNUNG(alkyl) distance

Figure 2. Molecular structure of [{IrACHTUNGTRENNUNG(C�CPh) ACHTUNGTRENNUNG(dtbpy)ACHTUNGTRENNUNG(SiMe3)}2ACHTUNGTRENNUNG(m-C�
CPh)2] (3). Hydrogen atoms are omitted for clarity. The ellipsoids are
drawn at a 40% probability level.

Table 3. Selected bond lengths [M] and angles [8] for [{Ir ACHTUNGTRENNUNG(C�CPh)-
ACHTUNGTRENNUNG(dtbpy) ACHTUNGTRENNUNG(SiMe3)}2ACHTUNGTRENNUNG(m-C�CPh)2] (3).
Ir1–C30 1.945(6) Ir1–C40A 1.986(7)
Ir1–N2 2.072(4) Ir1–N1 2.082(5)
Ir1–Si1 2.331(2) Ir1–C40 2.605(7)
Ir1–C41 2.618(7) C40–Ir1A 1.986(7)

C30-Ir1-C40A 93.2(2) C30-Ir1-N2 92.7(2)
C40A-Ir1-N2 173.5(2) C30-Ir1-N1 170.6(2)
C40A-Ir1-N1 96.1(2) N2-Ir1-N1 78.0(2)
C30-Ir1-Si1 88.4(2) C40A-Ir1-Si1 86.7(2)
N2-Ir1-Si1 90.7(2) C30-Ir1-C40 92.0(2)
C40A-Ir1-C40 72.7(3) N2-Ir1-C40 109.9(2)
N1-Ir1-C40 91.3(2) Si1-Ir1-C40 159.4(2)
C30-Ir1-C41 89.2(2) C40A-Ir1-C41 99.4(3)
N2-Ir1-C41 83.4(2) N1-Ir1-C41 89.7(2)
Si1-Ir1-C41 173.5(2) C40-Ir1-C41 26.8(2)

Scheme 2. Proposed mechanism for the formation of 4.
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(2.073(4) M) and is comparable to that in the 2-tert-butyl-
phenyl ligand (2.022(4) M). The C-Ir-C’ angle in the iridacy-
cle of 82.4(2)8 is comparable to that in the octahedral palla-
da(IV)cycle [TpPd(CH2CMe2C6H4)(NO)] (Tp=hydrido-
tris(pyrazolyl)borate) (81.3(2)8).[27] The Ir–N distances
(2.142(3) and 2.125(3) M) are similar to those in 2.

Protonation of 4 : Complex 4 is remarkably stable in both
the solid state and solutions and can be purified by means
of column chromatography. It is inert towards CO, SO2, and
isocyanides, presumably because of the steric effect of the
bulky 2-tert-butylphenyl ligand. No reactions were observed
between 4 and alkenes or alkynes. Prolonged heating of 4 in
benzene for 12 h yielded an uncharacterized brown material
along with unreacted 4. Previously, CPmpora et al. have re-
ported that protonation of palladacycles affords Pd–
CH2CMe2Ph, in which the Pd is stabilized by a p,h1-interac-
tion with the ipso-carbon atom of the phenyl ring.[25,28] This
prompted us to study the reactions of 4 with acids. Treat-
ment of 4 with triflic acid resulted in an intractable material
that has yet to be characterized. Protonation of 4 with HCl
in Et2O resulted in the precipitation of a red solid character-
ized as the chloro-bridged dimer [{Ir ACHTUNGTRENNUNG(dtbpy) ACHTUNGTRENNUNG(CH2CMe2ACHTUNGTRENNUNGPh)-
ACHTUNGTRENNUNGCl}2 ACHTUNGTRENNUNG(m-Cl)2] (5) (Scheme 3). An attempt to prepare a mono-
chloride compound by protonation of 4 with a sub-stoichio-

metric amount of HCl failed. Similarly, protonation of 4
with p-toluenesulfonic acid (HOTs) afforded the ditosylate
compound [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2Ph) ACHTUNGTRENNUNG(OTs)2] (6). In the 1H
NMR spectrum of 5, the methylene protons of the neophyl
ligands appear as two doublets at d=2.24 and 2.58 ppm (J=
11.1 Hz), which are similar to those seen for 4. The corre-
sponding resonances for 6 are observed at more downfield
positions (d=3.36 and 3.50 ppm). As in the case of Pd–
CH2CMe2Ph complexes,[29] treatment of 5 with bases result-
ed in orthometalation of the neophyl ligand. The cyclometa-
lated compound [{IrACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H4)}2ACHTUNGTRENNUNG(m-Cl)2] (7)
was most conveniently prepared by treatment of 5 with Li-
ACHTUNGTRENNUNG[BEt3H]. The FAB mass spectrum of 7 shows the molecular
ion at m/z=1256, attributable to [M++1], confirming the di-
nuclear nature of the compound.

The structure of 5 is shown in Figure 4; selected bond
lengths and angles are listed in Table 5. The geometry about
each Ir is pseudooctahedral with the neophyl ligand oppo-
site to the m-chloro ligand. The Ir–N distances (av.
2.018(4) M) are similar to those in 4. The Ir–C distance

Figure 3. Molecular structure of [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H4)(2-C6H4C-
ACHTUNGTRENNUNGMe3)] (4). Hydrogen atoms other than the agostic hydrogen H31B are
omitted for clarity. The ellipsoids are drawn at a 40% probability level.

Table 4. Selected bond lengths [M] and angles [8] for [IrACHTUNGTRENNUNG(dtbpy) ACHTUNGTRENNUNG(CH2C-
ACHTUNGTRENNUNGMe2C6H4)(2-C6H4CMe3)] (4).

Ir1–C28 1.990(4) Ir1–C38 2.022(4)
Ir1–C21 2.073(4) Ir1–N1 2.125(3)
Ir1–N12 2.142(3)

C28-Ir1-C38 95.7(2) C28-Ir1-C21 82.4(2)
C38-Ir1-C21 93.3(2) C28-Ir1-N1 96.0(2)
C38-Ir1-N1 93.4(1) C21-Ir1-N1 173.2(1)
C28-Ir1-N12 85.3(1) C38-Ir1-N12 169.9(1)
C21-Ir1-N12 96.8(1) N1-Ir1-N12 76.5(1)

Scheme 3. Protonation of 4.

Figure 4. Molecular structure of [{IrACHTUNGTRENNUNG(dtbpy)(CH2CMe2Ph)Cl}2 ACHTUNGTRENNUNG(m-Cl)2] (5).
Hydrogen atoms are omitted for clarity. The ellipsoids are drawn at a
40% probability level.
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(2.132(5) M) of the neophyl ligand in 5 is longer than the Ir–
C ACHTUNGTRENNUNG(alkyl) distance in 4. The two Ir–Cl ACHTUNGTRENNUNG(bridging) distances are
not symmetric. The Ir–Cl(bridging, trans to C) distance
(2.607(1) M) is distinctly longer than the Ir–Cl(bridging,
trans to N) distance (2.385(1) M), which is similar to the Ir–
Cl ACHTUNGTRENNUNG(terminal) distance (2.383(1) M).

Oxidation of 4 : The cyclic voltammogram of 4 in CH2Cl2
shows a reversible couple at 0.02 V versus Cp2Fe

+ /0 (ferroce-
nium/ferrocene) attributable to the IrIV–IrIII couple, al-
though the contribution of ligand-centered oxidation cannot
be ignored. No oxidation couple was observed for the silyl
alkyl compound 2. By comparison, the IrIV–IrIII couples for
[Ir ACHTUNGTRENNUNG(mes)3]

[15b] and fac-[Ir ACHTUNGTRENNUNG(ppy)3] (ppy=2-(2-pyridyl)phen-
yl)[30] were found at 0.48 and 0.31 V versus Cp2Fe

+ /0, respec-
tively, whereas that for [IrCp*Me2 ACHTUNGTRENNUNG(PPh3)] appears at 0.41 V
versus the saturated calomel electrode.[14b] The IrIV–IrIII

couple for the tetrakis-mesityl compound [Ir ACHTUNGTRENNUNG(mes)4] was
found at a considerably lower potential (�0.44 V versus
Cp2Fe

+ /0).[16b]

The observation of a relatively low IrIV–IrIII potential for
4 suggests that the IrIV state should be easily accessible. The
oxidation of 4 with AgOTf (OTf�= triflate) in CH2Cl2 has
been monitored by using optical spectroscopy (Figure 5).

Upon addition of about one equivalent of AgOTf, the ab-
sorption at l=420 nm of 4 diminished and a broad absorp-
tion peak centered at l=559 nm appeared. The observation
of well-defined isosbestic points at around l=364 and
463 nm indicates that no intermediate(s) accumulated
during the oxidation of 4. Upon addition of excess hexane
to the reaction mixture, a purple-green solid, presumably [4-
ACHTUNGTRENNUNG(OTf)], was isolated. We have not been able to obtain an
analytically pure sample of [4 ACHTUNGTRENNUNG(OTf)]. In the absence of Ag+ ,
solutions containing [4 ACHTUNGTRENNUNG(OTf)] are unstable and gradually de-
compose to 4. The X-band electron paramagnetic resonance
(EPR) spectrum of 4+ in CH2Cl2 glass at 4 K displays an
anisotropic signal with gk=2.430 and g?=2.110, suggestive
of an IrIV complex. No superhyperfine coupling with the 14N
nuclei was observed. By comparison, the EPR signal for
[IrIVACHTUNGTRENNUNG(mes)4] was observed at gk =2.487 and g?=2.005,[16b]

whereas the g values for electrogenerated [IrCp*Me2-
ACHTUNGTRENNUNG(PPh3)]

+ are 2.387, 2.315, and 1.846.[14b]

Reaction of 4 with tetracyanoethylene : Although 4 is inert
towards alkenes such as C2H4 and styrene, it was found to
react with electron-deficient alkenes such as tetracyanoACHTUNGTRENNUNGethyl-
ene (TCNE) and diethyl maleate. Treatment of 4 with
TCNE in refluxing toluene gave a bluish-green mixture. Use
of column chromatography led to the isolation of a blue
complex 8 (18%), unreacted 4 (31%), and an uncharacter-
ized purple species that was retained on the silica column
(Scheme 4). Complex 8 was identified as the C2(CN)3-substit-

ACHTUNGTRENNUNGuted iridacycle [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H3 ACHTUNGTRENNUNG{4-C2(CN)3}) ACHTUNGTRENNUNG(2-
C6H4CMe3)] by means of X-ray crystallography. The pres-
ence of the C2(CN)3 substituent in 8 was evidenced by using
IR spectroscopy (ñ(CN)=2214 and 2262 cm�1 cf. 2235 and
2276 cm�1 for free TCNE). Apparently, the formation of 8
involves electrophilic substitution of the iridacycle with
TCNE and elimination of HCN. Activation of C�H bonds
of s-aryl ligands by electron-deficient alkenes such as
TCNE is well documented.[31,32] Previously, insertion of
TCNE into the C�H bonds of PtII-bound s-furyl and -thien-
yl ligands has been reported by Onitsuka et al.[30]

Complex 8 has been unambiguously characterized by
using X-ray crystallography (Figure 6); selected bond
lengths and angles are given in Table 6. The geometry of 8 is
similar to that of 4, except that the methylene group instead

Table 5. Selected bond lengths [M] and angles [8] for [{IrACHTUNGTRENNUNG(dtbpy)-
ACHTUNGTRENNUNG(CH2CMe2Ph)Cl}2ACHTUNGTRENNUNG(m-Cl)2] (5).

Ir1–N2 2.007(4) Ir1–N1 2.029(4)
Ir1–C21 2.132(5) Ir1–Cl2 2.383(1)
Ir1–Cl1 2.385(1) Ir1–Cl1A 2.607(1)

N2-Ir1-N1 80.1(2) N2-Ir1-C21 100.8(2)
N1-Ir1-C21 91.0(2) N2-Ir1-Cl2 95.1(1)
N1-Ir1-Cl2 175.2(1) C21-Ir1-Cl2 90.7(2)
N2-Ir1-Cl1 169.9(1) N1-Ir1-Cl1 94.5(1)
C21-Ir1-Cl1 87.8(1) Cl2-Ir1-Cl1 90.1(5)
N2-Ir1-Cl1A 87.0(1) N1-Ir1-Cl1A 89.2(1)
C21-Ir1-Cl1A 172.1(1) Cl2-Ir1-Cl1A 89.7(4)
Cl1-Ir1-Cl1A 84.3(4)

Figure 5. Optical spectral change for the oxidation of 4 with Ag ACHTUNGTRENNUNG(OTf) in
CH2Cl2 (time interval=2 min).

Scheme 4. Electrophilic substitution of 4 with TCNE.
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of the phenyl ring of the iridacycle is in the apical position.
The Ir–C ACHTUNGTRENNUNG(alkyl) and Ir–C ACHTUNGTRENNUNG(aryl) distances (2.106(8) and
1.979(5) M, respectively) in the iridacycle are comparable to
those in 4. As in the case of 4, a d agostic interaction was
found for the 2-tert-butyphenyl ligand in 8, with Ir···H-
ACHTUNGTRENNUNG(agostic) and Ir–C ACHTUNGTRENNUNG(agostic) distances of 1.785(10) and
2.556(8) M, respectively. The electrophilic substitution with
TCNE occurred at the phenyl ring of the iridacycle instead
of that of the 2-tert-butylphenyl ligand, possibly because the
former is more electron-rich. In accordance with previous
reports on electrophilic substitution of s-aryl ligands,[33] the
electrophilic attack on 4 occurred selectively para to the Ir�
C ACHTUNGTRENNUNG(aryl) bond.

Iridafuran compound: Treatment of 4 with diethyl maleate
in refluxing toluene resulted in elimination of tert-butyl-
benzene and the formation of the iridafuran compound
[IrACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H4){k

2
ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2Et)}]

(9) (Scheme 5). Iridafuran compounds supported by phos-
phine[34–36] and tris(pyrazolyl)borate[37] co-ligands are well
known. Recently, Dirnberger and Werner synthesized a re-
lated iridafuran compound [IrCl{k2

ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CO2Me)=CHC-
ACHTUNGTRENNUNG(COMe)=O}H ACHTUNGTRENNUNG(PiPr3)2] by photochemical rearrangement
and intramolecular C�H activation of the IrI dimethyl male-

ate complex trans-[IrCl ACHTUNGTRENNUNG{h2-(E)-CHCO2Me=CHCO2Me}-
ACHTUNGTRENNUNG(PiPr3)2]. Therefore, it seems that the iridafuran 9 was
formed by oxidative addition of diethyl maleate to 4 and re-
ductive elimination of tert-butylbenzene as shown in
Scheme 6. The 13C NMR spectrum of 9 displays resonances

at d=195.7, 179.9, and 183.3 ppm attributable to the irida-
furan ring carbons Ca, Cb, and Cg, respectively. The observed
13C chemical shift for Ca of d=195.7 ppm, which is similar
to that for [Ir{k2

ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CH3)CHC ACHTUNGTRENNUNG(CH3)(O)}H ACHTUNGTRENNUNG(PEt3)3]
+

(d=214.2 ppm)[34] but further downfield than that for
[IrCl{k2

ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CO2Me)=CHC ACHTUNGTRENNUNG(COMe)=O}H ACHTUNGTRENNUNG(PiPr3)2] (d=
178.9 ppm),[36] is indicative of carbenoid character.

Figure 7 shows a perspective view of 9 ; selected bond
lengths and angles are listed in Table 7. The geometry about
the Ir is pseudooctahedral, with the methylene group of the
iridacycle opposite to the oxygen atom of the iridafuran

Figure 6. Molecular structure of [IrACHTUNGTRENNUNG(dtbpy) ACHTUNGTRENNUNG(CH2CMe2C6H3ACHTUNGTRENNUNG{4-C2(CN)3})-
ACHTUNGTRENNUNG(2-C6H4CMe3)] (8). Hydrogen atoms other than the agostic hydrogen
H38C are omitted for clarity. The ellipsoids are drawn at a 40% proba-
bility level.

Table 6. Selected bond lengths [M] and angles [8] for [Ir-
ACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H3 ACHTUNGTRENNUNG{4-C2(CN)3})(2-C6H4CMe3)] (8).

Ir1–C21 1.979(5) Ir1–C31 2.051(5)
Ir1–C28 2.106(8) Ir1–N2 2.123(4)
Ir1–N1 2.133(4) Ir1–C38 2.556(8)

C21-Ir1-C31 90.8(2) C21-Ir1-C28 82.9(2)
C31-Ir1-C28 99.2(3) C21-Ir1-N2 99.3(2)
C31-Ir1-N2 168.7(2) C28-Ir1-N2 87.0(2)
C21-Ir1-N1 172.7(2) C31-Ir1-N1 94.4(2)
C28-Ir1-N1 76.0(2) C21-Ir1-C38 101.8(2)
C31-Ir1-C38 77.7(2) C28-Ir1-C38 174.3(3)
N2-Ir1-C38 95.2(2) N1-Ir1-C38 84.3(2)

Scheme 5. Synthesis and reactivity of 9.

Scheme 6. Possible mechanism for the formation of 9.
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ring. The Ir–C ACHTUNGTRENNUNG(alkyl) and Ir–C ACHTUNGTRENNUNG(aryl) distances (2.057(3) and
2.010(3) M, respectively) and the C-Ir-C’ angle (82.6(1)8) of
the iridacycle are similar to those in 4. In the iridafuran
ring, the Ir–Ca (1.993(3) M) and Ir–Od (2.250 M) distances
and the Ca-Ir-Od angle (77.3(1)8) are similar to those in
[Ir{k2

ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CH3)CHC ACHTUNGTRENNUNG(CH3)(O)}H ACHTUNGTRENNUNG(PEt3)3]
+ (2.029(6) and

2.206(4) M and 77.0(2)8, respectively).[34] The Cg–Od distance
of 1.237(4) M is intermediate between those for normal C�
O single and double bonds. As previously suggested by
Bleek and co-workers,[34] the overall bonding picture of the
iridafuran ring in 9 can be represented by two resonance
forms A and B (Scheme 7). Resonance structure A is sup-
ported by the short Ir–Ca distance (1.993(3) M) and the
downfield “carbenelike” chemical shift of Ca, whereas the

relatively short Cg–Od bond length is consistent with struc-
ture B.

The Ir !O dative bond in the iridafuran ring in 9 is rela-
tively weak and can be cleaved by strongly s-donating, p-ac-
ceptor ligands. For example, treatment of 9 with 2,6-dimeth-
ACHTUNGTRENNUNGylphenyl isocyanide (xylNC) afforded the vinyl compound
[IrACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H4){C ACHTUNGTRENNUNG(CO2Et)CHACHTUNGTRENNUNG(CO2Et)} ACHTUNGTRENNUNG(xylNC)]
(10). The IR spectrum of 9 shows the ñ ACHTUNGTRENNUNG(C�N) band at
2099 cm�1, indicating that the isocyanide binds to the Ir
without insertion into an Ir�C bond.

Compound 10 has been characterized by using X-ray crys-
tallography. The asymmetric unit consists of two indepen-
ACHTUNGTRENNUNGdent molecules. The structure of one of these molecules is
shown in Figure 8; selected bond lengths and angles are

listed in Table 8. The structure of 10 is similar to that of 9,
except that the oxygen atom in the iridafuran ring in 9 is re-
placed by the isocyanide ligand. The Ir–C ACHTUNGTRENNUNG(alkyl) distance in
the iridacycle (av. 2.108(4) M) is slightly longer than that in
9 (2.010(3) M), but the Ir–C ACHTUNGTRENNUNG(aryl) distance (av. 2.036(4) M) is
similar to that in 9 (2.057(3) M). The Ir–Ca distance in 10
(av. 2.048 M) is slightly longer than that in 9 (1.993(3) M),
whereas the C–O distance in 10 (av. 1.199 M) is slightly
shorter than that in 9 (1.237(4) M), suggesting that cleavage
of the iridafuran ring decreases the p-conjugation across the
Ir–Ca–Cb–Cg–Od unit.

Treatment of 9 with HBF4 led to cleavage of the
Ir(CH2CMe2C6H4) metallacycle and the formation of the di-
nuclear neophyl compound [(Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2Ph){k

2-
ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2Et)})2]ACHTUNGTRENNUNG[BF4]2 (11). It may be noted
that the protonation occurred selectively at the
Ir(CH2CMe2C6H4) metallacycle rather than at the iridafuran
ring. Upon cleavage of the Ir(CH2CMe2C6H4) metallacycle,
the resonances of the methylene protons shift downfield

Figure 7. Molecular structure of [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H4){k
2
ACHTUNGTRENNUNG(C,O)-C-

ACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2Et)}] (9). The ellipsoids are drawn at a 40% probability
level.

Table 7. Selected bond lengths [M] and angles [8] for [Ir ACHTUNGTRENNUNG(dtbpy)-
ACHTUNGTRENNUNG(CH2CMe2C6H4){k

2
ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2Et)}] (9).

Ir1–C40 1.993(3) Ir1–C20 2.010(3)
Ir1–C27 2.057(3) Ir1–N1 2.094(2)
Ir1–N2 2.110(2) Ir1–O31 2.250(2)
C40–C30 1.351(4) C30–C31 1.446(4)
C31–O31 1.237(4)

C40-Ir1-C20 91.1(1) C40-Ir1-C27 97.9(1)
C20-Ir1-C27 82.6(1) C40-Ir1-N1 172.2(1)
C20-Ir1-N1 92.6(1) C27-Ir1-N1 89.4(1)
C40-Ir1-N2 100.4(1) C20-Ir1-N2 166.6(1)
C27-Ir1-N2 89.0(1) N1-Ir1-N2 76.8(9)
C40-Ir1-O31 77.3(1) C20-Ir1-O31 96.9(1)
C27-Ir1-O31 175.1(1) N1-Ir1-O31 95.5(8)
N2-Ir1-O31 92.3(8)

Scheme 7. Resonance structures of the iridafuran ring in 9.

Figure 8. Molecular structure of one of the two independent molecules in
the asymmetric unit of [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H4){C ACHTUNGTRENNUNG(CO2Et)CH-
ACHTUNGTRENNUNG(CO2Et)} ACHTUNGTRENNUNG(xylNC)] (10). The ellipsoids are drawn at a 40% probability
level.
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from d=1.03 and 2.64 (d, J=10.5 Hz) for 9 to d=2.49 and
3.15 ppm (d, J=18 Hz) for 11, which are comparable to
those for the neophyl compound 5 (d=2.24 and 2.58 ppm).

Figure 9 shows a perspective view of the dication [Ir-
ACHTUNGTRENNUNG(dtbpy)(CH2CMe2Ph){k

2
ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2Et)}]2

2+ in
11; selected bond lengths and angles are listed in Table 9.
The structure of 11 consists of two [Ir ACHTUNGTRENNUNG(dtbpy)-

ACHTUNGTRENNUNG(CH2CMe2Ph){k
2
ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2Et)}]

+ frag ACHTUNGTRENNUNGments
that are linked together by the CO2Et side chains of the iri-
dafuran rings. In each [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2Ph){k

2
ACHTUNGTRENNUNG(C,O) ACHTUNGTRENNUNG-C-

ACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2Et)}]
+ fragment, the geometry about the Ir

is pseudooctahedral with the iridafuran ring opposite to the
dtbpy ligand. The whole molecule is related by an inversion
center located at the center of the eight-membered C4O2Ir2
ring, which has a pseudochair conformation (Figure 10). The

Ir–Ca distance (2.023(5) M) and Od-Ir-Ca angle (78.9(2)8) in
the iridafuran ring are similar to those in 9. The Ir�Od bond
trans to nitrogen (2.083(4) M) is distinctly shorter than the
Ir�O bond trans to the neophyl ligand (2.249(3) M). As in 9,
the observed downfield chemical shift for Ca (d=
195.7 ppm) and the relatively short Ir–Ca (2.023(5) M) and
Cg–Od distances (1.253(6) M) suggest that the overall bond-
ing picture of the iridafuran ring in 11 can be represented
by two resonance forms A and B (Scheme 7).

Conclusion

In summary, we have synthesized dtbpy-supported IrIII alkyl
compounds by transmetalation of [IrCl3ACHTUNGTRENNUNG(dmf) ACHTUNGTRENNUNG(dtbpy)] with
Me3SiCH2MgCl and PhMe2CCH2MgCl. The alkylation with
Me3SiCH2MgCl resulted in C�Si cleavage and formation of
the Ir silyl dialkyl complex 2, whereas that with
PhMe2CCH2MgCl afforded the iridacycle 4. Complex 2 was
found to react with phenylacetylene to give a dimeric silyl
dialkynyl compound. The iridacycle 4 is electron-rich and
can be reversibly oxidized with AgI to give an IrIV alkyl com-
plex, which has been characterized by means of EPR spec-
troscopy. Although 4 is inert towards alkanes and alkenes
under normal conditions, reactions of 4 with TCNE and di-
ethyl maleate led to electrophilic substitution of the iridacy-
cle and to formation of an iridafuran compound, respective-
ly. The above results illustrate some interesting organome-
tallic reactivity exhibited by the IrIII ACHTUNGTRENNUNG(dtbpy) core, which has
yet to be fully explored. In the future, efforts will be direct-

Table 8. Selected bond lengths [M] and angles [8] for [[Ir ACHTUNGTRENNUNG(dtbpy)-
ACHTUNGTRENNUNG(CH2CMe2C6H4){CACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2Et)} ACHTUNGTRENNUNG(xylNC)] (10).

Ir1A–C20A 1.962(4) Ir1A–C51A 2.046(4)
Ir1A–C31A 2.057(4) Ir1A–C38A 2.106(4)
Ir1A–N1A 2.112(3) Ir1A–N2A 2.141(3)
Ir1B–C20B 1.967(4) Ir1B–C31B 2.014(4)
Ir1B–C51B 2.050(4) Ir1B–C38B 2.110(4)
Ir1B–N2B 2.112(3) Ir1B–N1B 2.124(3)

C20A-Ir1A-C51A 88.21(15) C20A-Ir1A-C31A 94.51(16)
C51A-Ir1A-C31A 92.17(15) C20A-Ir1A-C38A 175.31(17)
C51A-Ir1A-C38A 93.95(15) C31A-Ir1A-C38A 81.27(17)
C20A-Ir1A-N1A 88.73(13) C51A-Ir1A-N1A 173.71(14)
C31A-Ir1A-N1A 93.55(13) C38A-Ir1A-N1A 89.51(13)
C20A-Ir1A-N2A 98.63(14) C51A-Ir1A-N2A 98.79(14)
C31A-Ir1A-N2A 163.11(14) C38A-Ir1A-N2A 85.16(14)
N1A-Ir1A-N2A 76.26(11) C20B-Ir1B-C31B 94.55(15)
C20B-Ir1B-C51B 91.24(15) C31B-Ir1B-C51B 89.52(14)
C20B-Ir1B-C38B 173.38(15) C31B-Ir1B-C38B 81.16(15)
C51B-Ir1B-C38B 93.75(15) C20B-Ir1B-N2B 87.14(12)
C51B-Ir1B-N2B 174.98(13) C38B-Ir1B–N2B 88.24(13)
C20B-Ir1B-N1B 96.02(13) C31B-Ir1B-N1B 166.07(13)

Figure 9. Structure of the dication [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2Ph){k
2
ACHTUNGTRENNUNG(C,O)-C-

ACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2Et)}]2
2+ in 11. The ellipsoids are drawn at a 40% proba-

bility level.

Table 9. Selected bond lengths [M] and angles [8] for [(Ir ACHTUNGTRENNUNG(dtbpy)-
ACHTUNGTRENNUNG(CH2CMe2Ph){k

2
ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2Et)})2] ACHTUNGTRENNUNG[BF4]2 (11).

Ir1–C40 2.075(4) Ir1–C20 2.023(5)
Ir1–N1 2.066(4) Ir1–N2 2.022(4)
Ir1–O30 2.083(4) Ir1–O20A 2.249(3)
C20–C30 1.360(7) C30–C31 1.446(8)
C31–O20 1.253(6)

C40-Ir1-C20 85.8(2) C40-Ir1-N1 102.3(2)
C20-Ir1-N1 170.4(2) C40-Ir1-N2 89.3(2)
C20-Ir1-N2 106.9(2) N1-Ir1-N2 78.8(2)
C40-Ir1-O30 91.1(2) C20-Ir1-O30 78.9(2)
N1-Ir1-O30 95.5(2) N2-Ir1-O30 174.2(2)
N2-Ir1-O20A 93.9(2) C20-Ir1-O20A 94.7(2)
N1-Ir1-O20A 76.9(2) C40-Ir1-O20A 176.5(2)
O30-Ir1-O20A 85.6(1)

Figure 10. View of the eight-membered C4O2Ir2 ring in 11 showing the
pseudochair conformation. The ellipsoids are drawn at a 40% probability
level.
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ed towards the synthesis of cationic, unsaturated Ir ACHTUNGTRENNUNG(dtpby)
alkyl complexes that may find application in the activation
of C�H bonds of hydrocarbons.

Experimental Section

General : All manipulations were carried out under nitrogen by using
standard Schlenk techniques. Solvents were purified, distilled, and de-
gassed prior to use. NMR spectra were recorded on a Varian Mercury
300 spectrometer operating at 300, 121.5, and 282.4 MHz for 1H, 31P, and
19F, respectively. Chemical shifts (d, ppm) are reported with reference to
SiMe4 (

1H and 13C), P ACHTUNGTRENNUNG(OCH3)3 (
31P), and C6H5CF3 (

19F). Infrared spectra
were recorded on a Perkin–Elmer 16 PC FTIR spectrophotometer, mass
spectra on a Finnigan TSQ 7000 spectrometer. Cyclic voltammetry was
performed with a Princeton Applied Research (PAR) model 273A po-
tentiostat. The working and reference electrodes consisted of glassy
carbon and Ag/AgNO3 (0.1m in acetonitrile), respectively. Reduction po-
tentials were determined in CH2Cl2 with 0.1m [nBu4N] ACHTUNGTRENNUNG[PF6] as supporting
electrolyte at a scan rate of 100 mVs�1, and are reported with reference
to the ferrocenium/ferrocene couple. X-band EPR spectra were recorded
on a Bruker EMX EPR spectrometer equipped with a variable-tempera-
ture helium flow cryostat system (Oxford Instruments). Elemental analy-
ses were performed by Medac Ltd., Surrey, UK. Hydrogen atom labeling
schemes for the dtbpy ligand and the iridacyclic compound are shown
below.

Preparation of [IrCl3 ACHTUNGTRENNUNG(dmf) ACHTUNGTRENNUNG(dtbpy)] (1): 4,4’-Di-tert-butyldipyridyl (dtbpy)
(120 mg, 0.448 mmol) was added to a solution of IrCl3·xH2O (150 mg,
0.445 mmol) in N,N-dimethylformamide (dmf) (2 mL) and the mixture

was heated under reflux for 3 h. Et2O (20 mL) was added to the cooled
solution and the orange precipitate formed was collected and washed
with Et2O. Yield: 210 mg (74%); 1H NMR (300 MHz, CDCl3): d=1.44
(s, 9H; tBu), 1.46 (s, 9H; tBu), 3.21 (s, 3H; CH3), 3.25 (s, 3H; CH3), 7.49
(dd, J=6.6, 1.8 Hz, 1H; H2), 7.60 (dd, J=6.6, 1.8 Hz, 1H; H2), 7.92 (d,
J=1.8 Hz, 1H; H3), 7.98 (d, J=1.8 Hz, 1H; H3), 8.30 (s, 1H; CHO), 8.87
(d, J=6 Hz, 1H; H1), 9.70 ppm (d, J=4.2 Hz, 1H; H1); MS (FAB): m/z :
567.9 [M++1�dmf]; elemental analysis calcd (%) for
C21H31N3OCl3Ir·2H2O (675.14): C 37.31, H 5.22, N 6.22; found: C 37.60,
H 4.99, N 6.22.

Preparation of [IrACHTUNGTRENNUNG(CH2SiMe3) ACHTUNGTRENNUNG(dtbpy)(Me)ACHTUNGTRENNUNG(SiMe3)] (2): Me3SiCH2MgCl
(0.78 mL of a 0.8m solution in THF, 0.625 mmol) was added to a suspen-
sion of 1 (100 mg, 0.156 mmol) in THF (25 mL) at �78 8C. The mixture
was allowed to warm to room temperature and stirred overnight. The
volatiles were then removed in vacuo and the residue was extracted with
hexane. The extracts were concentrated and cooled to �40 8C to give red-
dish-brown crystals suitable for X-ray diffraction analysis. Yield: 63 mg
(63%); 1H NMR (300 MHz, C6D6): d=0.12 (s, 9H; CH2SiMe3), 0.33 (s,
9H; SiMe3), 1.01 (s, 18H; tBu), 2.13 (d, J=11.7 Hz, 1H; CH2SiMe3), 2.34
(s, 3H; CH3), 2.47 (d, J=11.7 Hz, 1H; CH2SiMe3), 6.63 (s, 1H; H2), 6.80
(s, 1H; H2), 7.59 (s, 1H; H3), 7.63 (s, 1H; H3), 9.43 (d, J=6.0 Hz, 1H;
H1), 9.46 ppm (d, J=6.0 Hz, 1H; H1); 13C{1H} NMR (C6D6): d=125.3
(C1), 124.6 (C1), 124.3 (C2), 123.8 (Ca), 123.4 (Cb), 123.2 (C2), 120.8 (Ca),
120.2 (Cb), 119.3 (C3), 118.4 (C3), 30.9 (CMe3), 30.2 (CMe3), 23.2 (CMe3),
22.1 (Me), 16.2 (CH2SiMe3), 12.2 (CMe3), 0.89 (SiMe3), �5.11 ppm
(CH2SiMe3); MS (FAB): m/z : 563.0 [M+�SiMe3]; elemental analysis

calcd (%) for C26H47N2Si2Ir (636.29): C 49.10, H 7.45, N 4.40; found: C
49.21, H 7.64, N 4.26.

Preparation of [IrACHTUNGTRENNUNG(tBuNC) ACHTUNGTRENNUNG(CH2SiMe3) ACHTUNGTRENNUNG(dtbpy)(Me)ACHTUNGTRENNUNG(SiMe3)] ([2-
ACHTUNGTRENNUNG(tBuNC)]): tert-Butyl isocyanide (7 mg, 0.084 mmol) was added to a solu-
tion of 2 (50 mg, 0.079 mmol) in CH2Cl2 (25 mL) and the mixture was
stirred at room temperature overnight. The volatiles were then removed
in vacuo and the residue was extracted with Et2O/hexane. The extracts
were concentrated and cooled to 0 8C to give a brown powder. Yield:
47 mg (83%); 1H NMR (300 MHz, C6D6): d=�0.03 (s, 9H; CH2SiMe3),
0.41 (s, 2H; CH2SiMe3), 0.63 (s, 9H; SiMe3), 0.88 (s, 9H; tBu), 0.96 (s,
9H; tBu), 1.06 (s, 9H; tBuNC), 1.40 (s, 3H; CH3), 6.64 (dd, J=6.3,
2.1 Hz, 1H; H2), 6.72 (dd, J=6, 2.1 Hz, 1H; H2), 7.71 (d, J=1.8 Hz, 1H;
H3), 7.80 (d, J=1.8 Hz, 1H; H3), 9.16 (d, J=6 Hz, 1H; H1), 9.21 ppm (d,
J=6 Hz, 1H; H1); IR (KBr): ñ=2096 cm�1 (C�N); MS (FAB): m/z :
646.3 [M+�SiMe3]; elemental analysis calcd (%) for
C31H56N3Si2Ir·1.5CH2Cl2·Et2O (919.37): C 47.62, H 7.55, N 4.56; found: C
47.13, H 8.08, N 4.25.

Preparation of [{Ir ACHTUNGTRENNUNG(C�CPh) ACHTUNGTRENNUNG(dtbpy)ACHTUNGTRENNUNG(SiMe3)}2 ACHTUNGTRENNUNG(m-C�CPh)2] (3): Phenylace-
tylene (16 mg, 0.157 mmol) was added to a solution of 2 (50 mg,
0.079 mmol) in benzene (10 mL). The mixture was stirred at room tem-
perature for 10 min and then left to stand overnight. Red crystals were
deposited, which were collected and washed with hexane. Yield: 72 mg
(31%); satisfactory NMR data for 3 were not obtained; IR (KBr): ñ=
2050, 2097 cm�1 (C�C); MS (FAB): m/z : 664.2 [1/2M++1�SiMe3],
1401.5 [M++2�SiMe3]; elemental analysis calcd (%) for
C74H86N4Si2Ir2·H2O (1490.58): C 59.65, H 5.95, N 3.76; found: C 59.55, H
5.87, N 3.69.

Preparation of [IrACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H4)(2-C6H4CMe3)] (4): PhMe2C-
ACHTUNGTRENNUNGCH2MgCl (0.78 mL of a 0.8m solution in THF, 0.625 mmol) was added to
a suspension of 1 (100 mg, 0.156 mmol) in THF (25 mL) at �78 8C. The
mixture was allowed to warm to room temperature and stirred overnight.
The volatiles were then removed in vacuo and the residue was recrystal-
lized from hexane at �10 8C to give dark yellowish-green crystals suitable
for X-ray diffraction analysis. Yield: 98 mg (87%); 1H NMR (300 MHz,
CDCl3): d=0.81 (s, 9H; C6H4CMe3), 0.91 (s, 6H; C6H4CMe2CH2), 1.41 (s,
9H; tBu), 1.47 (s, 9H; tBu), 2.74 (d, J=10.5 Hz, 1H; C6H4CMe2CH2),
2.94 (d, J=10.5 Hz, 1H; C6H4CMe2CH2), 5.54 (d, J=7.5 Hz, 1H; H8),
6.30 (dt, J=5.7, 3.3 Hz, 1H; H9), 6.59–6.61 (m, 2H; H4 and H5), 6.64–
6.66 (m, 2H; H10 and H11), 6.82 (dt, J=5.7, 3.3 Hz, 1H; H6), 7.01 (d, J=
7.5 Hz, 1H; H7), 7.37 (d, J=1.8 Hz, 1H; H2), 7.39 (d, J=1.8 Hz, 1H; H2),
8.03 (d, J=1 Hz, 1H; H3), 8.09 (d, J=1 Hz, 1H; H3), 8.40 (d, J=5.7 Hz,
1H; H1), 9.14 ppm (d, J=5.7 Hz, 1H; H1); 13C{1H} NMR (CDCl3): d=
165.9 (C6H4CMe2CH2), 160.2 (Ca), 160.1 (Cb), 157.6 (C6H4CMe3), 157.5
(Ca), 157.3 (Cb), 149.8 (C1), 148.1 (C1), 148.0 (C6H4CMe3), 139.5
(C6H4CMe2CH2), 138.2 (C5), 129.1 (C8), 124.9 (C7), 124.7 (C2), 124.0 (C4),
123.7 (C2), 123.5 (C10), 123.1 (C9), 120.6 (C11), 120.2 (C6), 119.3 (C3),
118.9 (C3), 45.8 (CMe3), 39.3 (CMe3), 36.6 (C6H4CMe2CH2), 35.9
(C6H4CMe2CH2), 35.6 (C6H4CMe2CH2), 31.0 (CMe3), 30.9 (CMe3), 30.0
(C6H4CMe3), 22.8 (C6H4CMe2CH2), 14.7 ppm (C6H4CMe3); MS (FAB):
m/z : 726.3 [M++1]; elemental analysis calcd (%) for C38H49N2Ir·0.5C6H14

(769.41): C 64.03, H 7.34, N 3.64; found: C 64.24, H 7.52, N 3.55.

Oxidation of 4 with Ag ACHTUNGTRENNUNG(OTf): Ag ACHTUNGTRENNUNG(OTf) (18 mg, 0.070 mmol, 1 equiv) was
added to a solution of 4 (50 mg, 0.069 mmol) in CH2Cl2 (15 mL) and the
mixture was stirred at room temperature for 1 h. The solvent was then re-
moved and the residue was extracted with CH2Cl2. Addition of hexane to
the extract afforded a purple solid, presumably having the composition
[4 ACHTUNGTRENNUNG(OTf)] (32 mg). We were unable to obtain an analytically pure sample
of [4 ACHTUNGTRENNUNG(OTf)]. An attempt to recrystallize [4 ACHTUNGTRENNUNG(OTf)] from CH2Cl2/hexane
led to recovery of 4. UV/Vis (CH2Cl2): lmax=559, 700 nm; EPR (4 K,
CH2Cl2): gk=2.430 and g? =2.110.

Preparation of [{Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2Ph)Cl}2 ACHTUNGTRENNUNG(m-Cl)2] (5): HCl (0.09 mL of
a 1.5m solution in Et2O, 0.065 mmol) was added to a solution of 4
(100 mg, 0.138 mmol) in hexane (10 mL) at 0 8C. The reaction mixture
was stirred at room temperature for 2 h. A red precipitate was deposited,
which was collected, washed with Et2O, and recrystallized from CH2Cl2/
hexane to give red crystals suitable for X-ray diffraction analysis. Yield:
75 mg (82%); 1H NMR (300 MHz, CDCl3): d=0.84 (s, 6H;
CH2CMe2Ph), 0.87 (s, 6H; CH2CMe2Ph), 1.42 (s, 18H; tBu), 1.45 (s, 18H;
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tBu), 2.24 (d, J=11.1 Hz, 2H; CH2CMe2Ph), 2.58 (d, J=11.1 Hz, 2H;
CH2CMe2Ph), 6.14 (d, J=8.4 Hz, 2H; CH2CMe2Ph), 6.21 (d, J=8.4 Hz,
4H; CH2CMe2Ph), 6.30 (t, J=7.5 Hz, 4H; CH2CMe2Ph), 6.73 (d, J=
5.6 Hz, 2H; H2), 6.83 (d, J=7.8 Hz, 2H; H2), 7.37 (dd, J=5.7, 1.8 Hz,
2H; H3), 7.49 (dd, J=6.3, 2.1 Hz, 2H; H3), 9.76 (d, J=6.3 Hz, 2H; H1),
10.27 ppm (d, J=6.6 Hz, 2H; H1); MS (FAB): m/z : 1294 [M++1�Cl]; el-
emental analysis calcd (%) for C56H74N4Cl4Ir2 (1328.40): C 51.07, H 5.84,
N 4.01; found: C 50.59, H 5.61, N 4.21.

Preparation of [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2Ph)ACHTUNGTRENNUNG(OTs)2] (6): HOTs (48 mg,
0.279 mmol) was added to a solution of 4 (100 mg, 0.138 mmol) in di-
chloromethane (10 mL) at 0 8C and the mixture was stirred at room tem-
perature for 2 h. The volatiles were then removed in vacuo and the resi-
due was washed with Et2O. Recrystallization from CH2Cl2/hexane gave a
yellow powder. Yield: 82 mg (63%); 1H NMR (300 MHz, CDCl3): d=
1.11 (s, 3H; CH2CMe2Ph), 1.18 (s, 3H; CH2CMe2Ph), 1.42 (s, 9H; tBu),
1.43 (s, 9H; tBu), 2.26 (s, 3H; OTs), 2.32 (s, 3H; OTs), 3.36 (d, J=
10.8 Hz, 1H; CH2CMe2Ph), 3.50 (d, J=10.8 Hz, 1H; CH2CMe2Ph), 6.41
(d, J=7.2 Hz, 2H; CH2CMe2Ph), 6.57 (t, J=7.5 Hz, 2H; CH2CMe2Ph),
6.77 (t, J=7.5 Hz, 1H; CH2CMe2Ph), 6.92 (d, J=8.1 Hz, 2H; OTs), 7.04
(d, J=7.8 Hz, 2H; OTs), 7.28–7.37 (m, 6H; OTs and H2), 7.86 (d, J=
8.1 Hz, 2H; H3), 8.50 (d, J=6.0 Hz, 1H; H1), 8.73 ppm (d, J=5.7 Hz,
1H; H1); MS (FAB): m/z : 936 [M++1]; elemental analysis calcd (%) for
C42H51N2O6S2Ir·CH2Cl2 (1020.24): C 50.58, H 5.23, N 2.74; found: C
50.50, H 5.43, N 2.65.

Preparation of [{Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H4)}2 ACHTUNGTRENNUNG(m-Cl)2] (7): Li ACHTUNGTRENNUNG[BEt3H]
(0.048 mL of a 1.5m solution in THF, 0.072 mmol) was added to a suspen-
sion of 5 (50 mg, 0.036 mmol) in THF (25 mL) at �78 8C and the mixture
was stirred at this temperature for 1 h. It was then allowed to warm to
room temperature and stirred overnight. The volatiles were subsequently
removed in vacuo and the residue was extracted with hexane. Concentra-
tion of the extracts and cooling to �10 8C gave a greenish-brown powder.
Yield: 38 mg (84%); 1H NMR (300 MHz, C6D6): d=0.74 (s, 9H; tBu),
1.18 (s, 9H; tBu), 1.34 (s, 3H; CH2CMe2Ph), 1.96 (s, 3H; CH2CMe2Ph),
1.98 (d, J=13.2 Hz, 1H; CH2CMe2Ph), 2.97 (d, J=13.2 Hz, 1H;
CH2CMe2Ph), 5.76 (dd, J=6.6, 2.1 Hz, 1H; H4), 7.01 (dt, J=7.0, 2.1 Hz,
1H; H5), 7.12 (dt, J=7.2, 1.8 Hz, 1H; H6), 7.35–7.38 (m, 3H; H7 and H2),
7.64 (d, J=7.2 Hz, 1H; H3), 8.57 (d, J=7.2 Hz, 1H; H3), 8.66 (d, J=
6.3 Hz, 1H; H1), 9.40 ppm (d, J=6.0 Hz, 1H; H1); MS (FAB): m/z : 1256
[M++1]; elemental analysis calcd (%) for C28H36N2ClIr·C6H14 (714.33): C
56.73, H 6.12, N 4.73; found: C 56.34, H 6.10, N 4.12.

Preparation of [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H3 ACHTUNGTRENNUNG{4-C2(CN)3})(2-C6H4CMe3)] (8):
Tetracyanoethylene (18 mg, 0.141 mmol) was added to a solution of 4
(100 mg, 0.138 mmol) in toluene (10 mL). The mixture was heated under
reflux overnight and then concentrated to dryness. The residue was redis-
solved in CH2Cl2 and loaded onto a column of silica gel for column chro-
matography. Unreacted 4 was eluted with Et2O. Yield: 31 mg (31%). The
product was eluted with CH2Cl2/acetone (9:1) as a blue band and was re-
crystallized from CH2Cl2/hexane to give blue crystals suitable for X-ray
diffraction analysis. Yield: 20 mg (18%); 1H NMR (300 MHz, CDCl3):
d=0.92 (s, 9H; C6H4CMe3), 1.42 (s, 9H; tBu), 1.44 (s, 3H;
C6H3CMe2CH2), 1.46 (s, 3H; C6H3CMe2CH2), 1.48 (s, 9H; tBu), 2.75 (d,
J=11.4 Hz, 1H; C6H3CMe2CH2), 2.93 (d, J=11.7 Hz, 1H;
C6H3CMe2CH2), 5.54 (d, J=7.5 Hz, 1H; H8), 6.27–6.35 (m, 1H; H9), 6.71
(d, J=7.5 Hz, 2H; H10 and H11), 6.98 (d, J=8.4 Hz, 1H; H6), 7.10–7.18
(m, 1H; H4), 7.47 (d, J=7.8 Hz, 1H; H7), 7.80 (d, J=2.4 Hz, 1H; H2),
8.05 (d, J=5.7 Hz, 1H; H1), 8.08 (d, J=1.8 Hz, 2H; H3), 8.15 (d, J=
1.8 Hz, 1H; H2), 9.02 ppm (d, J=5.7 Hz, 1H; H1); IR (KBr): ñ=2214,
2262 cm�1 (C�N); MS (FAB): m/z : 827.3 [M++1]; elemental analysis
calcd (%) for C43H48N5Ir·2CH2Cl2·C6H14 (1081.37): C 56.55, H 6.14, N
6.47; found: C 57.02, H 6.35, N 6.78.

Preparation of [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H4){k
2
ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CO2Et)CH-

ACHTUNGTRENNUNG(CO2Et)}] (9): Diethyl maleate (24 mg, 0.139 mmol) was added to a solu-
tion of 4 (100 mg, 0.138 mmol) in toluene (10 mL). The mixture was
heated under reflux overnight, then concentrated to dryness, and the resi-
due was subjected to column chromatography on silica gel. The product
was eluted with hexane/CH2Cl2 (9:1) and recrystallized from CH2Cl2/
hexane to give reddish-brown crystals suitable for X-ray diffraction anal-
ysis. Yield: 78 mg (74%); 1H NMR (300 MHz, CDCl3): d=0.60 (s, 3H;

C6H4CMe2CH2), 0.90 (t, J=6.6 Hz, 3H; CO2CH2CH3), 1.03 (d, J=
10.5 Hz, 1H; C6H4CMe2CH2), 1.11 (s, 3H; C6H4CMe2CH2), 1.16 (t, J=
7.2 Hz, 3H; CO2CH2CH3), 1.40 (s, 9H; tBu), 1.43 (s, 9H; tBu), 2.64 (d,
J=10.5 Hz, 1H; C6H4CMe2CH2), 3.95–4.34 (m, 4H; CO2CH2CH3), 6.70
(dd, J=7.2, 1.8 Hz, 1H; H4), 6.75 (s, 1H; C=CHCO2Et), 6.79 (dd, J=7.2,
1.8 Hz, 1H; H7), 6.87 (dt, J=6.0, 1.2 Hz, 2H; H5 and H6), 7.17 (dd, J=
5.7, 1.8 Hz, 1H; H2), 7.38 (dd, J=5.7, 1.8 Hz, 1H; H2), 8.00 (d, J=1.8 Hz,
2H; H3), 8.15 (d, J=5.7 Hz, 1H; H1), 8.91 ppm (d, J=6.0 Hz, 1H; H1);
13C{1H} NMR (CDCl3): d=195.7 (Ca), 183.3 (Cg), 179.9 (Cb), 164.6
(C6H4CMe2CH2), 159.6 (Ca), 159.1 (Cb), 156.4 (Ca), 155.7 (Cb), 152.3
(C6H4CMe2CH2), 150.1 (C1), 147.5 (C1), 131.1 (C8), 124.1 (C2), 123.8
(C10), 123.2 (C2), 122.7 (C9), 121.3 (C11), 119.1 (C3), 118.5 (C3), 116.4
(CaCO2CH2CH3), 61.9 (CO2CH2CH3), 60.1 (CO2CH2CH3), 47.5 (CMe3),
35.8 (C6H4CMe2CH2), 35.5 (CMe3), 35.4 (C6H4CMe2CH2), 34.3 (CMe3),
31.1 (CMe3), 30.9 (CMe3), 16.0 (C6H4CMe2CH2), 15.2 (CO2CH2CH3),
15.1 ppm (CO2CH2CH3); MS (FAB): m/z : 765.3 [M++1]; elemental anal-
ysis calcd (%) for C36H47N2O4Ir·1.5C6H14 (893.48): C 58.04, H 6.74, N
3.47; found: C 57.84, H 6.74, N 3.45.

Preparation of [Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2C6H4){C ACHTUNGTRENNUNG(CO2Et)CH ACHTUNGTRENNUNG(CO2Et)}-
ACHTUNGTRENNUNG(xylNC)] (10): 2,6-Dimethylphenyl isocyanide (8.5 mg, 0.065 mmol) was
added to a solution of 9 (50 mg, 0.065 mmol) in CH2Cl2 (25 mL) and the
mixture was stirred at room temperature overnight. The volatiles were
then removed in vacuo and the residue was rinsed with hexane and fur-
ther recrystallized from CH2Cl2/hexane to give red crystals suitable for
X-ray diffraction analysis. Yield: 45 mg (77%); 1H NMR (300 MHz,
CDCl3): d=0.77 (s, 3H; C6H4CMe2CH2), 0.90 (t, J=7.2 Hz, 3H;
CO2CH2CH3), 1.14 (s, 3H; C6H4CMe2CH2), 1.25 (t, J=6.9 Hz, 3H;
CO2CH2CH3), 1.39 (s, 9H; tBu), 1.46 (s, 9H; tBu), 1.84 (d, J=11.1 Hz,
1H; C6H4CMe2CH2), 2.01 (d, J=9.3 Hz, 1H; C6H4CMe2CH2), 2.10 (s,
6H; xylNC), 3.78–4.15 (m, 4H; CO2CH2CH3), 6.09 (s, 1H; C=
CHCO2Et), 6.72 (dd, J=7.2, 1.5 Hz, 1H; H4), 6.81 (dt, J=7.2, 1.8 Hz,
1H; H5), 6.86 (t, J=8.4 Hz, 2H; xylNC), 6.92 (d, J=8.4 Hz, 2H; xylNC),
7.01 (dt, J=7.2, 1.8 Hz, 1H; H6), 7.17 (dd, J=6.0, 2.1 Hz, 1H; H7), 7.49
(dd, J=5.7, 2.1 Hz, 1H; H3), 7.79 (dd, J=7.2, 1.5 Hz, 1H; H3), 8.05 (d,
J=1.5 Hz, 2H; H2), 8.11 (d, J=6.0 Hz, 1H; H1), 9.35 ppm (d, J=6.0 Hz,
1H; H1); IR (KBr): ñ=2099 cm�1 (C�N); MS (FAB): m/z : 896.5 [M+

+1]; elemental analysis calcd (%) for C45H56N3O4Ir (895.39): C 60.38, H
6.31, N 4.69; found: C 60.48, H 6.34, N 4.73.

Preparation of [(Ir ACHTUNGTRENNUNG(dtbpy)(CH2CMe2Ph){k2
ACHTUNGTRENNUNG(C,O)-C ACHTUNGTRENNUNG(CO2Et)CH-

ACHTUNGTRENNUNG(CO2Et)})2]ACHTUNGTRENNUNG[BF4]2 (11): HBF4 (9 mL of a 54% solution in Et2O,
0.065 mmol) was added to a solution of 9 (50 mg, 0.065 mmol) in Et2O
(10 mL) at 0 8C. The mixture was stirred at room temperature for 30 min
and then concentrated to dryness. The residue was washed with hexane
and Et2O and recrystallized from CH2Cl2/hexane to give orange crystals
suitable for X-ray diffraction analysis. Yield: 38 mg (69%); 1H NMR
(300 MHz, CDCl3): d=1.24 (t, J=3.3 Hz, 6H; CO2CH2CH3), 1.29 (s,
18H; tBu), 1.34 (s, 18H; tBu), 1.45 (t, J=3.3 Hz, 6H; CO2CH2CH3), 1.50
(s, 12H; CH2CMe2Ph), 2.49 (d, J=18 Hz, 2H; CH2CMe2Ph), 3.15 (d, J=
17.7 Hz, 2H; CH2CMe2Ph), 4.17–4.89 (m, 8H; CO2CH2CH3), 6.75 (d, J=
6.3 Hz, 2H; CH2CMe2Ph), 7.02 (t, J=7.5 Hz, 2H; CH2CMe2Ph), 7.07–
7.17 (m, 8H; CH2CMe2Ph and C=CHCO2Et), 7.26 (d, J=7.2 Hz, 2H;
H3), 7.63 (d, J=5.4 Hz, 2H; H3), 7.76 (s, 2H; H2), 7.95 (s, 2H; H2), 8.25
(d, J=6.3 Hz, 2H; H1), 8.76 ppm (d, J=6.0 Hz, 2H; H1); 19F{1H} NMR
(CDCl3): d=�150.7 ppm (s); 13C{1H} NMR (CDCl3): d=195.7 (Ca),
181.9 (Cg), 162.9 (Cb), 161.7 (Ca), 160.3 (Cb), 155.8 (Ca), 155.5 (Cb), 149.5
(C1), 149.1 (C1), 142.1 (CH2CMe2Ph), 130.2 (CaCO2CH2CH3), 129.7
(CH2CMe2Ph), 126.2 (C2), 125.3 (C2), 124.7 (CH2CMe2Ph), 122.9
(CH2CMe2Ph), 119.4 (C3), 119.3 (C3), 67.1 (CMe3), 60.3 (CO2CH2CH3),
51.3 (CO2CH2CH3), 39.2 (CMe3), 36.5 (CH2CMe2Ph), 36.2 (CH2CMe2Ph),
35.7 (CH2CMe2Ph), 31.0 (CMe3), 30.9 (CMe3), 30.1 (CH2CMe2Ph), 15.0
(CO2CH2CH3), 14.6 ppm (CO2CH2CH3); MS (FAB): m/z : 1531.3 [M+

+1]; elemental analysis calcd (%) for C72H96N4B2F8O8Ir2·1.5CH2Cl2
(1830.59): C 48.21, H 5.45, N 3.06; found: C 48.09, H 5.76, N 3.04.

X-ray crystallography : Crystal data and experimental details for 2–5 and
8–11 are summarized in Table 1. Preliminary examinations and intensity
data collections were carried out on a Bruker SMART-APEX 1000 area-
detector diffractometer using graphite-monochromated MoKa radiation
(l=0.70173 M). The collected frames were processed with SAINT soft-
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ware.[38] The data were corrected for absorption using the SADABS pro-
gram.[39] Structures were solved by direct methods and refined by full-
matrix least-squares on F2 using the SHELXTL software package.[40]

Unless stated otherwise, non-hydrogen atoms were refined with aniso-
tropic displacement parameters. Carbon-bonded hydrogen atoms were in-
cluded in calculated positions and refined in the riding mode using the
SHELXL97 default parameters. CCDC-602732 (2), CCDC-602733 (3),
CCDC-602734 (4), CCDC-602735 (5), CCDC-602736 (8·CH2Cl2), CCDC-
602737 (9), CCDC-602738 (10), and CCDC-602379 (11) contain the sup-
plementary crystallographic data for this paper. These data can be ob-
tained free of charge from the Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.
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