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Reactions of [Cp*M(p-Cl)Cl], (M = Ir, Rh; Cp* = n°-pentamethylcyclopentadienyl) with bi- or tri-dentate
organochalcogen ligands Mbit (L1), Mbpit (L2), Mbbit (L3) and [TmM¢]~ (L4) (Mbit = 1,1’-methylene-
bis(3-methyl-imidazole-2-thione); Mbpit = 1,1’-methylene bis (3-iso-propyl-imidazole-2-thione),
Mbbit = 1,1’-methylene bis (3-tert-butyl-imidazole-2-thione)) and [Tm™®¢]~ (Tm™® = tris (2-mercapto-1-
methylimidazolyl) borate) result in the formation of the 18-electron half-sandwich complexes
[Cp*M(MDbit)CI|Cl (M = Ir, 1a; M = Rh, 1b), [Cp*M(Mbpit)CI|Cl (M = Ir, 2a; M = Rh, 2b), [Cp*M(Mbbit)CI]CI

K‘?y‘.’vordS: (M =1r, 3a; M = Rh, 3b) and [Cp*"M(TmM¢)]Cl (M = Ir, 4a; M = Rh, 4b), respectively. All complexes have been
Iridium K .
Rhodium characterized by elemental analysis, NMR and IR spectra. The molecular structures of 1a, 2b and 4a have
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been determined by X-ray crystallography.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Multidentate ligand systems comprising bis(mercaptoimidazo-
lyDhydroborate (BmR) and tris(mercaptoimidazoly)hydroborate
(TmR) (Chart 1) have attracted considerable interest in the last dec-
ades. A wide variety of complexes with transition and main group
metals have been synthesized and characterized due to their po-
tential application in bioinorganic, coordination and organometal-
lic chemistry [1-12]. The remarkable character of these two kinds
of ligands are anionic and softer donor electrons ligands. It can be
used as a 4-electron donor if coordinated through two sulfur atoms
and a 6-electron donor if coordinated though three sulfur atoms.
Whereas the anionic [S;] and [Ss] ligands are ubiquitous, but the
analogous neutral [S;] ligands are uncommon [13-17].

We were interested in supramolecular complexes based on qua-
si-octahedral geometries that bear pentamethylcyclopentadienyl
group, which was proved to be efficient ancillary ligands in organo-
metallic complexes [18-23]. Although Cp” stabilize metal centers
by tri-dentate coordination in a facial fashion, it is rather difficult
to modify the electronic and steric properties of these ligands. If
other ligands such as soft [S;] compounds or N-heterocyclic car-
bene were introduced may change the complexes structures and
chemical properties [13,24-26]. Therefore, the synthesis and de-
sign of neutral organochalcogen compounds bearing imidazole
ring are very attractive from organometallic and application points
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of view, and complexes containing these functional group strongly
bound to late transition metal are of considerable interest.

Interested in further developing neutral organochalcogen coordi-
nation chemistry, in this paper we describe the preparation of two
new neutral organochalcogen ligands (L2 and L3) and their deriva-
tives with half-sandwich iridium and rhodium fragments. The molec-
ular structures of [Cp*Ir(Mbit)CI]CI (1a), [Cp"Rh(Mbpit)Cl]CI (2b), and
[CP*Ir(TmM®)]CI (4a) were determined by X-ray crystallography,
which also confirmed the ligands configuration (Mbit = 1,1’-methyl-
enebis(3-methyl-imidazole-2-thione); Mbpit = 1,1’-methylene bis
(3-iso-propyl-imidazole-2-thione), and TmM® = tris (2-mercapto-1-
methylimidazolyl) borate).

2. Results and discussion

The bi-dentate organochalcogen compounds Mbpit and Mbbit
analogs of Mbit can be prepared according to the previous litera-
ture [13,14]. The synthetic method in this paper is environmentally
benign and more economically than that using potassium tert-
butoxide as base [15]. Both compounds have similar characteristic
peaks on NMR spectra, so it is feasible to take Mbpit for an exam-
ple. The 'H NMR spectrum of Mbpit show signals at § 1.36, 5.05,
6.37, 6.67 and 7.68 ppm, which can be assigned to the i-Pr, CH,,
and two olefinic protons of Mbpit, respectively. And the >*C NMR
spectra show singlet at about ¢ 162.0 ppm for C=S group of Mbpit,
which also prove the formation of the compound.

The reactions of [Cp*Ir(p-Cl)Cl], with two equivalents of neutral
bi-dentate organochalcogen compounds Mbit, Mbpit, Mbbit and
tri-dentate anionic [TmM¢]K [27] in dichloromethane at ambient
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temperature afford the corresponding half-sandwich iridium com-
plexes formulated as [Cp*Ir(Mbit)CI|Cl (1a), [Cp*Ir(Mbpit)Cl]CI
(2a), [Cp*Ir(Mbbit)CI]Cl (3a) and [Cp*Ir(TmM®)]Cl (4a), respectively,
as red crystals in moderate yields. The analogous products of rho-
dium complexes 1b-4b were also obtained as dark-red crystals
through the same methods (Schemes 1 and 2). These complexes
were characterized by NMR, IR spectra as well as elemental
analysis.

The 'H NMR spectra of these complexes exhibited signals
around § 1.63-1.71 ppm due to Cp” ring. The '"H NMR spectra also
shows that the two bridging methylene backbone protons of the
complexes, H, and H,, are in magnetically distinct environments
for each of the complexes 1-3 (a, b). The '>*C NMR spectra shows
the singlet ranged from 153 to 156 ppm for complexes 1-4 due
to C=S group, which were downfield shifted compared with the
organochalcogen compounds. Detailed structures of the complexes
were conformed by X-ray analyses.
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Scheme 1. Synthesis of half-sandwich iridium and rhodium complexes 1-3 (a, b).
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Crystals of 1a, 2b and 4a suitable for X-ray crystallographic dif-
fraction were obtained by slow diffusion of diethyl ether into a
concentrated solution of the complexes in dichloromethane. The
crystallographic data for compounds 1b, 2b and 4a are summa-
rized in Table 1, and selected bond lengths and angles are given
in Table 2. The molecular structures of 1a, 2b and 4a are shown
in Figs. 1-4.

As shown in Fig. 1, the complex 1a has a three-legged piano-stool
geometry and coordinatively saturated metal centers with an eight-
membered macrocyclic ring. The iridium-sulfur bond distance
(Ir(1)-S(1))is 2.3862(14) A, which is compatible with a typical single
bond length between the iridium center and the sulfur atom
reported in the previous literature [28-31], but longer than that in
the complexes with five-membered metalladithiolene ring com-
plexes [32-35]. The structure of 1a is solved in the orthorhombic
space group pnma with high asymmetric, while the selenium analog
complexes [Cp*Ir(Mbis)Cl]CI [13] adopt triclinic crystal system and
P1 space group, but the structures of these two complexes are very
similar to each other.

As shown in Fig. 2, complex 2b have remarkably similar molec-
ular structure to 1a. Assuming that the Cp* ring serve as three-
coordinated ligand, the metal centers of 2b exist in the three-leg-
ged piano-stool conformation with an eight-membered metallocy-
cle formed by coordination of the bi-dentate organochalcogen to
the metal center in each case existing in the boat configuration.
The average distances Rh-S for 2b is 2.4031(13) A, which are long-
er than the corresponding complexes [Cp*Rh(Mbit)Cl]CI
(2.3967(11) A) [13] due to the repulsion of bigger substituent
group (i-Pr) on imidazole ring.

As shown in Fig. 3, there are two kinds of the hydrogen bonds
interaction in the unit cell, which are most probably stabilized
the molecular structure. The C-H- - -Cl hydrogen bonds of imidazole
with the distance of H- - -Cl is 2.6458(6) A and the angle of C-H. - -Cl
is 167.4°; C-H. - -Cl hydrogen bonds of methyl of Cp* with the dis-
tance of H---Cl is 2.7703(9) A, and the angle of C-H. - -Cl is 118.5°.
Although the force is not strong, which play a crucial role in halo-
genated molecules in the solid state.

Complex 4a adopt triclinic crystal system and P1 space group.
Each iridium is coordinated by three sulfur atoms from one ligand
and containing three eight-membered macrocyclic rings. The geom-
etry around every iridium center is described as a three-legged pia-
no-stool, which is common in Cp*Ir complexes. The distance
between the iridium and sulfur atom is in the range 2.369-
2.396 A, this bond length is compatible with a typical single bond
length between the iridium center and the sulfur atom. The distance
between B and Ir is 4.1414(17) A, which indicated there is inexis-
tence of any interaction in complex 4a.

3. Conclusion

In conclusion, we have reported a series of half-sandwich irid-
ium (III) and rhodium (III) complexes containing bi-dentate organ-
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Scheme 2. Synthesis of half-sandwich iridium and rhodium complexes 4 (a, b).
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