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Sandwich iridium complexes
with the monoanionic carborane ligand [9�SMe2�7,8�C2B9H10]–
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The reaction of the [(η�9�SMe2�7,8�C2B9H10)IrBr2]2 complex with Tl[Tl(η�7,8�C2B9H11)]
afforded the iridacarborane compound (η�9�SMe2�7,8�C2B9H10)Ir(η�7,8�C2B9H11). The cat�
ionic complex [Cp*Ir(η�9�SMe2�7,8�C2B9H10)]+PF6

– (5•PF6, Cp* is pentamethylcyclo�
pentadienyl) was synthesized by the reaction of [Cp*IrCl2]2 with Na[9�SMe2�7,8�C2B9H10].
The structures of (η�9�SMe2�7,8�C2B9H10)Ir(η�cod) (cod is 1,5�cyclooctadiene) and 5•PF6
were established by X�ray diffraction.
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The carborane ligand [9�SMe2�7,8�C2B9H10]– (1) is
isolobal with the cyclopentadienide anion and has
the same charge. Therefore, complexes with 1 are
close analogs of metallocenes. The sandwich com�
pounds (η�9�SMe2�7,8�C2B9H10)2Fe (see Ref. 1) and
(ring)M(η�9�SMe2�7,8�C2B9H10), where (ring)M =
(C5R5)Fe,2,3 (C4Me4)Co,3,4 CpNi,5 (C5R5)Ru,5,6 or
(arene)Ru,7,8 have been characterized earlier. The reac�
tion of the cyclooctadiene complexes (η�9�SMe2�7,8�
C2B9H10)M(η�cod) (M = Rh or Ir; cod is 1,5�cyclo�
octadiene) with hydrohalic acids afforded the dinuclear
halide metallacarborane complexes [(η�9�SMe2�7,8�
C2B9H10)MX2]2 (X = Cl, Br, or I)9—11 analogous to the
known [Cp*MCl2]2 compounds (Cp* is pentamethyl�
cyclopentadienyl). These rhodium complexes were used
for the synthesis of other derivatives containing the
(η�9�SMe2�7,8�C2B9H10)Rh fragment.10

In the present study, we synthesized sandwich iridium
complexes with ligand 1 and established the structures of
(η�9�SMe2�7,8�C2B9H10)Ir(η�cod) (2) and [Cp*Ir(η�9�
SMe2�7,8�C2B9H10)]PF6 by X�ray diffraction.

Results and Discussion

We found that the reaction of the [(η�9�SMe2�7,8�
C2B9H10)IrBr2]2 complex (3) with Tl[Tl(η�7,8�C2B9H11)]
yielded the iridium complex (η�9�SMe2�7,8�
C2B9H10)Ir(η�7,8�C2B9H11) (4) containing simulta�
neously the mono� and dianionic carborane ligands
(Scheme 1). Earlier, this approach has been used for
the synthesis of the rhodium complex (η�9�SMe2�7,8�
C2B9H10)Rh(η�7,8�C2B9H11).10

Scheme 1

Reagents: Tl[Tl(η�7,8�C2B9H11)], MeCN.

However, an analogous reaction of 3 with Cp*Li in
tetrahydrofuran did not produce the expected (cyclo�
pentadienyl)iridacarborane complex [Cp*Ir(η�9�SMe2�
7,8�C2B9H10)]+ (5). An attempt to synthesize cation 5 by
the reaction of the solvate complex [(η�9�SMe2�7,8�
C2B9H10)Ir(Me2CO)3]+ (which was generated from 3 by
elimination of the bromide ions under the action of a
silver salt in acetone) with C5Me5H also failed.� Never�
theless, we succeeded in preparing complex 5 by the reac�
tion of [Cp*IrCl2]2 with the sodium salt of carborane
anion 1 (Scheme 2).�� Earlier, we have used analogous

� Earlier, this method has been successfully used for the syn�
thesis of the rhodium complex [Cp*Rh(η�9�SMe2�7,8�
C2B9H10)]+.10

�� Cation 5 was isolated as a salt with the PF6
– anion.
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reactions of [Cp*RhCl2]2 and [(arene)RuCl2]2 with 1 for
the synthesis of [Cp*Rh(η�9�SMe2�7,8�C2B9H10)]+ (see
Ref. 10) and [(arene)Ru(η�9�SMe2�7,8�C2B9H10)]+, re�
spectively.7

Scheme 2

Compounds 4 and 5•PF6 are colorless crystalline com�
pounds, which are stable in air both in the solid state and
as solutions in CH2Cl2 and Me2CO. Their structures were
confirmed by elemental analysis and 1H and 11B NMR
spectroscopy (Table 1). The 1H NMR spectrum of com�
plex 4 shows four signals for the CH protons of two
carborane ligands. The nonequivalence of the CH pro�
tons in the unsubstituted carborane ligand is, appar�
ently, associated with slow rotation of this ligand on the
NMR time scale. An analogous situation has been ob�
served earlier for the rhodium analog (η�9�SMe2�7,8�
C2B9H10)Rh(η�7,8�C2B9H11).10

Compounds 2 and 5•PF6 were studied by X�ray dif�
fraction. The structures of complex 2 and cation 5 are

shown in Figs 1 and 2, respectively. Selected bond
lengths for these complexes and the related compound
Cp*Ir(7,8�C2B9H11)12 are given in Table 2. In complex 2,
the distance between the iridium atom and the C2B3 plane
(∆1) is 1.655(2) Å. The pentagonal C2B3 face adopts an
envelope conformation with the C(7) atom deviating from
the C(8)—B(9)—B(10)—B(11) plane by 0.062(6) Å. In
cation 5, the distance ∆1 (1.598(4) Å) is substantially
shorter than that in 2, and the C2B3 face is planar. The
observed differences are, apparently, associated with

Table 1. 1H and 11B{1H} NMR spectroscopic data for com�
plexes 4 and 5 in (CD3)2CO

Com� δ
pound 1H 11B{1H}

4 2.76 (s, 6 H, SMe2); –24.3 (1 B); –23.4 (1 B);
4.40 (br.s, 1 H, carb.  –20.4 (2 B); –18.5 (1 B);
 CH); 4.46 (br.s, 1 H,  –17.7 (1 B); –12.0 (1 B);
 carb. CH); 4.62 (br.s,  –8.7 (4 B); –7.7 (2 B);
 1 H, carb. CH); 5.23  –4.6 (1 B, B(9)); –1.9
 (br.s, 1 H, carb. CH)  (1 B); 0.2 (1 B); 1.4 (1 B);

 4.5 (1 B)
5 2.29 (s, 15 H, Cp*); 2.74 –25.2 (1 B); –21.9 (1 B);

 (s, 6 H, SMe2); 4.30  –21.0 (1 B); –13.3 (1 B);
 (br.s, 1 H, carb. CH);  –10.1 (1 B); –6.8 (1 B);
 5.15 (br.s, 1 H, carb.  –6.0 (1 B, B(9));
 CH)  –2.1 (1 B); –1.3 (1 B)

Fig. 1. Structure of complex 2.
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Fig. 2. Structure of cation 5.
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higher symmetry and stronger π�donating ability of the
Cp* ligand compared to cyclooctadiene.

The most distinguishing structural feature of complex 2
is that the Ir(1)—C(7) and Ir(1)—C(8) bond lengths are
substantially different (by 0.109(3) Å). A shortening of
the Ir(1)—C(8) bond is, apparently, attributed to the
trans�effect of the C(19)—C(20) double bond of the
cyclooctadiene ligand. The Ir(1)—C(19) and Ir(1)—C(20)
bonds (aver. 2.118 Å) are substantially shorter than the
Ir(1)—C(15) and Ir(1)—C(16) bonds (aver. 2.160 Å).
In addition, the C(19)—C(20) bond (1.439(5) Å) in
the cyclooctadiene ligand is 0.01 Å longer than the
C(15)—C(16) bond (1.429(5) Å). An analogous situa�
tion was observed in the related rhodium and palla�
dium complexes.13 Coordination of the metal atom by the
Cр* ligand, unlike coordination by the cyclooctadiene
ligand, does not lead to such a large difference in the
length of the M—C(7) and M—C(8) bonds. In cation 5,
as well as in the related rhodium,10 ruthenium,6 and
iron2 complexes, these bond lengths differ by no more
than 0.03 Å.

The structure of cation 5 is, as a whole, similar to the
structure of the neutral Cp*Ir(7,8�C2B9H11) complex.12

In both compounds, the bonds are similar in length (see
Table 2). However, the bond lengths in the neutral com�
plex were determined with low accuracy (0.011—0.030 Å),
which did not allow us to perform an in�depth compari�
son. The distance ∆1 in Cp*Ir(7,8�C2B9H11) (1.579 Å)

is 0.02 Å shorter than that in 5, which can be consid�
ered as evidence for stronger binding of the dicarbollide
dianion compared to anion 1. The distance between
the metal atom and the C2B3 plane in the rhodium com�
plex [Cp*Rh(η�9�SMe2�7,8�C2B9H10)]+ (1.625 Å)10

is also longer than that in Cp*Rh(7,8�C2B9H11)
(1.596 Å).12

The distance between the iridium atom and the plane
of the Cp* ligand (∆2) in cation 5 (1.833(3) Å) is some�
what longer than that in [Cp*IrCp]+ (1.80 Å),14 which
can be attributed to a weaker back donation due to the
stronger accepting character of ligand 1 compared to Cp–.
The angle between the Cp* ring and the C2B3 plane is 5.5°.
In the unsubstituted Cp*Ir(η�7,8�C2B9H11) complex, the
corresponding angle is 7.6°.12 The SMe2 group in 5 is
twisted by 49.1(3)° out of the C2B3 plane so that both
Me groups are oriented in the direction opposite to
the iridium atom. The Ir(1)—B(9)—S(1)—C(9) and
Ir(1)—B(9)—S(1)—C(10) torsion angles are 97.9(4)° and
–158.4(4)°, respectively. The same orientation of the
SMe2 group was observed in [Cp*Rh(η�9�SMe2�7,8�
C2B9H10)]+ (see Ref. 10) and Cp*M(η�9�SMe2�7,8�
C2B9H10) (M = Fe (see Ref. 2) or Ru (see Ref. 6)).
However, the orientation of this group in molecule 2 is
substantially different. This group is twisted out of the
C2B3 plane by 57.0(2)°. The Ir(1)—B(9)—S(1)—C(13)
and Ir(1)—B(9)—S(1)—C(14) torsion angles are
–179.2(2) and –74.3(2)°, respectively. In analogous
rhodium and palladium complexes,13 the orientation of
the SMe2 group is similar to that in complex 2. The differ�
ence in the orientation of this group in complex 2 and
cation 5 is, apparently, attributed to the steric effect of
five methyl groups of the Cp* ligand.

Experimental

The reactions were carried out under argon with the use of
anhydrous solvents, which were prepared according to standard
procedures. All operations associated with isolation of the reac�
tion products were performed in air. The starting compounds
Na[1],1 2, 3,11 Tl[Tl(η�7,8�C2B9H11)],15 and [Cp*IrCl2]2 (see
Ref. 16) were synthesized according to known procedures. The
1H NMR spectra were recorded on a Bruker AMX�400 instru�
ment (400.13 MHz for 1H and 128.38 MHz for 11B).

(9�Dimethylsulfonio�7,8�dicarbollyl)(7,8�dicarbollyl)iridium,
(ηηηηη�9�SMe2�7,8�C2B9H10)Ir(ηηηηη�7,8�C2B9H11) (4). Acetonitrile
(5 mL) was added to a mixture of complex 3 (70 mg, 0.064 mmol)
and Tl[Tl(η�7,8�C2B9H11)] (87 mg, 0.161 mmol). The reaction
mixture was stirred for 48 h and filtered through a layer of SiO2
(5 cm). The solvent was removed in vacuo and the residue was
dissolved in acetone (2 mL). Then petroleum ether (6 mL) was
added, the resulting dark oily precipitate was separated by cen�
trifugation, and petroleum ether (10 mL) was added. The
white precipitate that formed was filtered off and dried in vacuo.
Complex 4 was obtained as a white solid compound in a yield
of 40 mg (60%). Found (%): C, 17.25; H, 5.68; B, 34.86.

Table 2. Selected bond length (Å) in complexes 2, 5•PF6, and
Cp*Ir(7,8�C2B9H11)12

Bond 2 5•PF6 Cp*Ir(7,8�C2B9H11)

Ir(1)—C(7) 2.273(3) 2.169(7) 2.17
Ir(1)—C(8) 2.164(3) 2.154(7) 2.16
Ir(1)—B(9) 2.198(4) 2.178(8) 2.18
Ir(1)—B(10) 2.239(4) 2.211(8) 2.21
Ir(1)—B(11) 2.256(4) 2.200(8) 2.14
Ir(1)—C(L)� 2.163(3) 2.169(7) 2.16

 (C(15))  (С(11))
2.157(3) 2.204(7) 2.22
 (C(17))  (С(12))
2.120(3) 2.228(7) 2.23
 (C(19))  (С(13))
2.117(4) 2.217(7) 2.20
 (C(20))  (С(14))
— 2.193(7) 2.16

 (С(15))
C(7)—C(8) 1.655(5) 1.64(1) 1.62
C(7)—B(11) 1.701(5) 1.76(1) 1.76
C(8)—B(9) 1.752(5) 1.70(1) 1.72
B(9)—B(10) 1.799(5) 1.82(1) 1.78
B(10)—B(11) 1.834(6) 1.82(1) 1.88
B(9)—S(1) 1.887(4) 1.919(8) —

* L is a ligand.
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C6H27B18IrS•0.75(CH3)2CO. Calculated (%): C, 17.64; H, 5.65;
B, 34.64.

(9�Dimethylsulfonio�7,8�dicarbollyl)(pentamethylcyclopenta�
dienyl)iridium hexafluorophosphate, [Cp*Ir(ηηηηη�9�SMe2�7,8�
C2B9H10)]PF6 (5•PF6). A solution of Na[9�SMe2�7,8�C2B9H10]
in THF (1.3 mL of a 0.16 M solution, 0.208 mmol) was added to
a suspension of the [Cp*IrCl2]2 complex (72 mg, 0.090 mmol) in
THF (5 mL). The reaction mixture was stirred for 72 h. The
solvent was removed in vacuo and the solid residue was extracted
with warm water (50—70 °C, 2×5 mL). Then an excess of an
aqueous NH4PF6 solution was added. The white precipitate that
formed was filtered off, washed with water, and dried in vacuo.

After reprecipitation with diethyl ether from CH2Cl2, complex
5•PF6 was obtained as a solid white compound in a yield of 87 mg
(71%). Found (%): C, 25.27; H, 4.61; B, 14.71. C14H31B9F6IrPS.
Calculated (%): C, 25.25; H, 4.69; B, 14.61.

X�ray diffraction study of complexes 2 and 5•PF6. Colorless
platelet crystals of 2 and 5•PF6 were grown by slow diffusion
in a two�layer system, viz., a solution of the complex in a
CH2Cl2—petroleum ether (2) or CH2Cl2—Et2O (5•PF6) mix�
ture. The crystallographic data, characteristics of X�ray data
collection, and details of the structure solution and refinement
are given in Table 3. The structures were solved by direct meth�
ods. All nonhydrogen atoms were located from difference Fourier
maps and refined against F 2

hkl with anisotropic displacement
parameters. The hydrogen atoms in the carborane fragment were
located from difference Fourier maps and refined isotropically.
Other hydrogen atoms were placed in geometrically calculated
positions and refined using the riding model with U(H) = nU(C),
where U(C) is the equivalent thermal parameter of the corre�
sponding pivot carbon atom, n = 1.2 for CH and CH2 groups,
and n = 1.5 for Me groups. All calculations were carried out
using the SHELXTL PLUS 5 program package.17 The atomic
coordinates, displacement parameters, and complete data on
geometric parameters were deposited with the Cambridge Struc�
tural Database.

This study was financially supported by the Russian
Foundation for Basic Research (Project No. 03�03�32214)
and the Russian Academy of Sciences (Program of the
Division of Chemistry and Materials Science of the Rus�
sian Academy of Sciences).
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