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Reactions of the chloro-bridged dimeric complexes [{(η5-
C5Me5)M(µ-Cl)Cl}2] (M = Rh, Ir) with the polypyridyl ligands
2,3-di(2-pyridyl)pyrazine (dpp) and 2,4,6-tri(2-pyridyl)-1,3,5-
triazine (tptz) in the presence of ammonium tetrafluoroborate
gave the mononuclear complexes [(η5-C5Me5)MCl(κ2-
dpp)]BF4 [M = Rh (1), Ir (2)] and [(η5-C5Me5)MCl(κ2-tptz)]BF4

[M = Rh (3), Ir (4)]. The complexes have been characterised
by elemental analysis, FAB-MS, ESMS, IR, NMR, electronic

Introduction

The chemistry and photophysical properties of the RhIII

and IrIII complexes of polypyridyl ligands and substituted
cyclopentadienyl group are well documented.[1] Since their
discovery in 1968 the pentamethylcyclopentadienyl com-
plexes [{(η5-C5Me5)M(µ-Cl)Cl}2] (M = Rh, Ir) have at-
tracted the attention of many research groups because of
their potential as precursors and uses as hydride transfer
catalysts.[2] The complexes undergo a rich variety of chemi-
cal transformations via the intermediacy of chloro bridge
cleavage reactions leading to the formation of a series of
interesting neutral and cationic mononuclear complexes.[3]

Despite extensive studies on the complexes [{(η5-C5Me5)-
M(µ-Cl)Cl}2] (M = Rh, Ir), their reactivity with potential
bridging ligands, viz. 2,3-di(2-pyridyl)pyrazine (dpp) and
2,4,6-tri(2-pyridyl)-1,3,5-triazine, has yet to be explored.
Furthermore, the construction of self-assembled structures
has attracted increasing scientific attention.[4,5] A properly
designed building block with a metal ion defines the mor-
phology of coordination networks and huge supramolec-
ular architectures.[4] The use of forces such as hydrogen
bonding and weak interactions as a powerful tool for self-
assembling is widely accepted. The introduction of helices
into artificial systems (as in supramolecular chemistry) has
increased the number of intensive investigations by chemists
for many years.[4,5]

During past few years we have become interested in this
area and, in continuation of our studies in this direction,
we have examined the reactivity of the polypyridyl ligands
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and emission spectroscopic studies and the molecular struc-
tures of 1, 2 and 3 have been crystallographically deter-
mined. Structural studies on the complexes revealed the
presence of helical superstructures resulting from C–H···X (X
= N, F, Cl and π) interactions.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

2,3-di(2-pyridyl)pyrazine and 2,4,6-tri(2-pyridyl)-1,3,5-tri-
azine with the chloro-bridged complexes [{(η5-C5Me5)M(µ-
Cl)Cl}2] (M = Rh, Ir) under varying reaction condi-
tions.[6–7] We present herein, reproducible syntheses and
spectroscopic properties of the complexes [(η5-C5Me5)-
MCl(κ2-dpp)]BF4 [M = Rh (1), Ir (2)] and [(η5-C5Me5)-
MCl(κ2-tptz)]BF4 [M = Rh (3), Ir (4)]. We also describe the
crystal and molecular structures of the representative dpp
and tptz complexes [(η5-C5Me5)Rh(κ2-dpp)]BF4 1, [(η5-
C5Me5)Ir(κ2-dpp)]BF4 2 and [(η5-C5Me5)RhCl(κ2-tptz)]-
BF4 3 as well as our results from studies of weak interaction
in these complexes.

Results and Discussion

Synthesis and Characterisation

The reactions of the chloro-bridged dimeric complexes
[{(η5-C5Me5)M(µ-Cl)Cl}2] (M = Rh, Ir) with an excess of
the polypyridyl ligands 2,3-di(2-pyridyl)pyrazine and 2,4,6-
tri(2-pyridyl)-1,3,5-triazine in methanol afforded cationic
mononuclear complexes in reasonably good yields
(Scheme 1). The complexes were isolated as their tetrafluo-
roborate salts [(η5-C5Me5)RhCl(κ2-dpp)]BF4 (1), [(η5-
C5Me5)RhCl(κ2-tptz)]BF4 (2), [(η5-C5Me5)IrCl(κ2-dpp)]-
BF4 (3) and [(η5-C5Me5)IrCl(κ2-tptz)]BF4 (4).

The cationic orange-red crystalline compounds with high
melting temperatures were isolated as air-stable, nonhygro-
scopic solids. The complexes are soluble in methanol, ace-
tone, dichloromethane, chloroform, acetonitrile, dimethyl-
formamide and dimethylsuphoxide but insoluble in petro-
leum ether and diethyl ether. They form air sensitive solu-
tions in acetonitrile, dimethyl sulfoxide and dimethylform-
amide and turn brownish-black after a couple of hours. The
structural identities and homogeneity of 1–4 were estab-
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Scheme 1.

lished by analytical techniques, the results of which are con-
sistent with their proposed formulations. Further infor-
mation regarding compositions was obtained from FAB-
mass spectrometry. FAB-mass spectrometric data (reported
in the Exp. Sect.) of 1–4 are consistent with their respective
formulations. 1H NMR spectroscopic data in CDCl3 for 1–
4 are reported in the experimental section and representa-
tive spectra for [(η5-C5Me5)RhCl(κ2-dpp)]BF4 (1) in CDCl3
are shown in Figure 1. The 1H NMR spectrum of 1 exhibits
distinct resonances at δ = 7.14 (d, J = 6.0 Hz, 1 H), 7.60
(dd, J = 4.5 Hz, 1 H), 7.78 (t, J = 2.9 Hz, 2 H), 8.08 (d, J
= 3.9 Hz, 2 H), 8.64 (d, J = 4.5 Hz, 1 H), 8.89 (t, J = 3.3 Hz,
1 H), 9.00 (d, J = 2.7 Hz, 1 H) and 9.07 (d, J = 2.7 Hz, 1
H) ppm corresponding to the pyrazyl and pyridyl protons
of 2,3-di(2-pyridyl)pyrazine (dpp). The η5-Cp* protons res-
onate as a singlet at δ = 1.80 ppm. The positions and inte-
grated intensities of the various resonances corroborate well
with the formulation of 1. The 1H NMR spectrum of the
complex [(η5-C5Me5)RhCl(κ2-tptz)]BF4 2 exhibits signals at
δ = 7.61 (t, J = 7.2 Hz, 2 H), 7.95 (t, J = 5.4 Hz, 2 H), 8.03
(m, 2 H), 8.22 (t, J = 7.8 Hz, 1 H), 8.95 (m, 4 H) and 9.19
(d, J = 7.8 Hz, 1 H) ppm assignable to the pyridyl protons
of the coordinated tptz ligand and a singlet at δ = 1.79 ppm
corresponding to η5-Cp* protons. A similar trend was ob-
served in the resonances of the analogous iridium com-
plexes 3 and 4.

Comparative absorption spectra of 1–4 recorded in
dichloromethane are shown in Figure 2a. Transitions in the
327–455 nm region can be assigned to Mdπ�Lπ

� metal to
ligand charge-transfer bands (MLCT) and higher energy

Figure 1. 1H NMR spectra of 1 in CDCl3.
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transitions at ca. 280 nm to the intra-ligand π–π� transition.
The absorption bands for the rhodium complexes 1 and 2
are blue shifted relative to those of the iridium(III) counter-
part. The complexes were found to be luminescent at room
temperature in dichloromethane. Emission spectra of 1 and
2 are shown in Figure 2b. Upon excitation at their respec-
tive excitation bands (in parentheses) the complexes exhibit
moderate green-yellow to yellow-orange luminescence
[449 nm (396 nm) for 1; 427 nm (351 nm) for 2; 475 nm
(415 nm) for 3 and 469 nm (347 nm) for 4]. The resultant
emissions correspond to [Mdπ�Lπ

�] 3MLCT transitions for
the polypyridyl ligand since the MCp*Cl moiety does not
emit. The Rh–dpp, 1 and Ir–dpp, 3 complexes exhibit anal-
ogous emission spectra suggesting Mdπ�dppπ

� as a com-
mon transition origin. This view is further strengthened by
a significantly red shifted emission band for the iridium
complexes compared with the analogous rhodium complex.
This is in keeping with the fact that the dπ orbitals of RhIII

are more stable than those of IrIII. Rigidity and the delocal-
isation factor of the acceptor ligand play an appreciable role
in the overall photophysical properties of the complexes be-
cause they decrease the extent of structural changes in the
excited state which in turn decreases the nonradiative decay
and stabilises the 3MLCT based excited state. The analo-
gous Rh–tppz, 2 and Ir–tppz, 4 complexes exhibit equally
intense emissions as the respective dpp complexes. These
emissions, however, are blue shifted, much broader and less
distinct. These results may be better viewed as a conse-
quence of more delocalisation and rigidity of the frame-
work in the coordinated dpp than in tptz.
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Figure 2. (a) Electronic spectra of 1, 2, 3 and 4; (b) emission spectra
of 1 (λex = 396 nm) and 2 (λex = 351 nm) in dichloromethane.

Solid-State Characterisation of 1, 2 and 3

Suitable crystals with distinct morphologies of 1,
2·CH2Cl2, and 3·0.5H2O were grown from dichloromethane
and petroleum ether (40–60°) by diffusion. ORTEP[8] depic-
tions, including atom-numbering schemes of the cations of
1, 2 and 3 are shown in Figure 3 with selected bond lengths
and bond angles listed in Table 1. Complexes 1 and 3 crys-
tallise in the monoclinic space groups P21 and P21/n,
respectively, while 2 crystallises in the orthorhombic
P212121 space group. Two crystallographically independent
molecules can be observed in the unit cell of 1, the only
major difference between them being the orientation and a
lengthening of the Rh–Cl and Ru–N bonds in one molecule.
The solid-state structures of 1 and 3 are analogous, each
metal centre is coordinated to a pyridyl nitrogen, a pyrazyl
nitrogen, a chlorine ligand and an η5-coordinated Cp*
group. In 2, the Rh metal centre is coordinated to N(1) and
N(2) from the tptz ligand, the chlorine ligand Cl(1) and the

www.eurjic.org © 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2006, 3954–39613956

η5 Cp* group. Considering the Cp* as a single coordination
site, the overall coordination geometry about the metal
centres in the complexes 1, 2 and 3 is pseudo-octahedral or
typical piano stool geometry. Average M–CCp* distances in
1 (two asymmetric units), 2 and 3 are 2.141 Å [range
2.114(18)–2.19(2) Å; Rh–Cct 1.759 Å], 2.179 Å [range
2.135(19)–2.231(19) Å; Rh–Cct 1.817 Å], 2.154 Å [range
2.127(10)–2.184(12) Å; Rh–Cct 1.776 Å] and 2.169 Å [range
2.154(10)–2.190(10) Å; Ir–Cct 1.795 Å], respectively.[9,10a]

The C–C bond lengths within the Cp* ring and the C–CH3

bond lengths are normal. The M–Cl distances in 1, 2 and
3 are normal [Rh–Cl 2.378(5), 2.403(6) Å 1; 2.408(3) Å 2
and Ir–Cl 2.395(3) Å 3].[9a,10] The Rh–N bond lengths in 1
and 2 are all within reported values.[9a,10,13] The Ir–N dis-
tances are comparable with those in related Cp*Ir complex-
es.[3c,3d,9a] The angles N–M–N and N–M–Cl (M = Rh, Ir)
are as expected for all the complexes. The molecular struc-
tures of 1 and 3 show that the coordinated pyridyl ring and
pyrazine ring deviate slightly from planarity [9(2)°, 10(2)° 1
and 9(2)° 3] while the uncoordinated pyridyl ring is inclined
at an angle of ca. 44° with respect to the coordinated pyr-
azine ring plane [44(2)°, 42(3)° 1 and 44.6(15)° 3]. However,
in the free dpp ligand, the dihedral angles between the pyr-
azine and pyridyl rings are 42.2°.[11] The pyrazyl rings in
both the 1 and 3 are planer with a deviation of ca. 8°. In 2,
upon coordination with the metal centre rhodium in the κ2-
mode, the tptz ligand loses its planarity. The coordinated
pyridyl ring subtends an angle of 11.9(13)° with respect to
central triazine ring whereas the uncoordinated pyridyl
rings are inclined from the central triazine ring by 9.6(14)°
for the N(1)–C(5) ring and 34.6(14)° for the N(6)–C(14)
ring. The average C–C(C5Me5) bond lengths in the Cp*
group are 1.415 Å and 1.438 Å in 1, 1.432 Å in 2 and
1.443 Å in 3 and the exterior C(C5Me5)–C(C5Me5) average
bond lengths are 1.482 Å and 1.500 Å in 1, 1.479 Å in 2
and 1.493 Å in 3.[12]

Weak interaction studies on the isostructural complexes
1, 2 and 3 revealed the presence of supramolecular helical
self-assembled architectures with their individual peculiari-
ties (Figure 4). Various intra- and intermolecular C–H···X
(X = F, Cl, N, and π) weak interactions are involved in
stabilising the helical superstructures of the complexes 1–
3.[4,5,13] Determinant intermolecular interactions D–H···A–
X (d = H···A, D = D–H···A, θ = D–H···A, φ H···A–X and
ω = D–H···A–X) which stabilise the helical superstructures
are listed in Table 2. A distorted circular void space can be
visualised for the complexes when viewed parallel to the a
axis as depicted in Figure 5. A correlation between the pitch
length and void size has been established. The helical super-
structures for all the complexes involve two molecular resi-
dues in each coil though a steady contraction of the void
space may be observed upon moving from 1 to 3. The ob-
served pitches are 7.639, 11.354 and 15.186 Å for 1, 2 and
3, respectively. Furthermore, it was observed that as the
pitches of the helical superstructures show an increase of
almost 50% (ca. 7.5 Å) and the diameter of the void spaces
decrease by ca. 8.0 Å (80%) (diameters of the void space
are ca. 10.0 Å in 1, ca. 5.0 Å in 2 and ca. 2.0 Å in 3 as
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Figure 3. ORTEP view of 1, 2 and 3.

Table 1. Selected bond length [Å], bond angles [°] and torsion angles [°] in 1, 2 and 3.

1 2 3

Rh(1)–N(1) 2141(14) Rh(2)–N(5) 2.049(13) Rh–N(1) 2.114(8) Ir–N(1) 2.090(8)
Rh(1)–N(2) 2.084(14) Rh(2)–N(6) 2.106(16) Rh–N(2) 2.191(7) Ir–N(2) 2.074(8)
Rh(1)–Cl(1) 2.403(6) Rh(2)–Cl(2) 2.378(5) Rh–Cl(1) 2.378(5) Ir–Cl 2.395(3)
Rh(1)–Ct 1.759 Rh(2)–Ct 1.817 Rh–Ct 1.776 Ir–Ct 1.795
Rh(1)–Cav 2.141 Rh(2)–Cav 2.179 Rh–Cav 2.154 Ir–Cav 2.1694
N(1)–Rh(1)–N(2) 74.9(5) N(5)–Rh(2)–N(6) 77.2(6) N(1)–Rh–N(2) 76.3(3) N(1)–Ir–N(2) 75.6(3)
N(1)–Rh(1)–Cl(1) 85.7(4) N(5)–Rh(2)–Cl(2) 86.9(5) N(1)–Rh–Cl 96.4(2) N(1)–Ir–Cl 84.9(2)
N(2)–Rh(1)–Cl(1) 86.6(5) N(6)–Rh(2)–Cl(2) 86.3(5) N(2)–Rh–Cl 85.8(3) N(2)–Ir–Cl 84.7(3)
N(1)–C(5)–C(6)–N(2) 10(2) N(5)–C(29)–C(30)–N(6) 9(2) N(1)–C(5)–C(6)–N(2) 11.9(13) N(1)–C(5)–C(6)–N(2) 9(12)
N(2)–C(7)–C(8)–N(3) 0(3) N(6)–C(31)–C(32)–N(7) 16(4) N(2)–C(7)–C(8)–N(5) 34.6(14) N(2)–C(7)–C(8)–N(3) 9(2)
N(3)–C(9)–C(10)–N(4) 44(2) N(7)–C(33)–C(34)–N(8) 140.5(16) N(4)–C(13)–C(14)–N(6) 9.6(14) N(3)–C(9)–C(10)–N(4) 136.3(11)

shown in Figure 5).[14] Thus it is noteworthy to mention
here that the pitch size is inversely proportional to the dia-
meter of the void space in the helical superstructure. Though

Figure 4. Helical arrangements of 1 (a) (P-type), 2 (b) (M-type) and 3 (c) (M-type).
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no guest molecules are included in the void spaces of the
helical frameworks in any of the complexes they are, how-
ever, prospective hosts for guest inclusion.
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Table 2. Hydrogen bond parameters for 1, 2 and 3.

D–H···A–X d H···A D D···A θ D–H···A φ H···A–X ω D–H···A–X
[Å] [Å] [°] [°] [°]

1

C1–H1···F7–B2[a] 2.53 3.26 135.5 149.0 161.7
C13–H13···F7–B2[b] 2.55 3.25 132.9 129.5 0.2
C8–H8···π 2.85 3.37 116.2 – –
C46–H46A···π 2.87 3.71 145.9 – –

2

C1–H1···Cl3–C29[c] 2.58 3.40 146.8 119.9 37.7
C11–H11···Cl3–C29[d] 2.34 3.04 132.4 125.5 41.5

3

C7–H7···F2–B[e] 2.43 3.20 140.1 119.4 88.9
C1–H1···F1–B[f] 2.39 3.13 137.1 149.3 164.1
C23–H23A···N4[g] 2.58 3.43 148.3 – –

[a] –x + 1/2, y + 1/2, –z + 1/2. [b] x + 1, y, z + 1. [c] x – 1/2, –y + 3/2, –z. [d] –x + 1, y + 1/2, –z + 1/2. [e] –x + 3/2, y – 1/2, –z + 1/2. [f] –x +
1, –y + 1, –z + 1. [g] x – 1/2, –y + 1/2, z – 1/2.

Figure 5. Helical superstructure with circular cavity for 1 (a), 2 (b) and 3 (c).
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Conclusions

In this work we have presented four new cationic mono-
nuclear rhodium(III) and iridium(III) complexes [(η5-
C5Me5)MCl(κ2-L)]BF4 (M = Rh, L = dpp 1, tptz 2 and M
= Ir, L = dpp 3, tptz 4) and have described spectroscopic
properties and molecular structures of three representative
complexes. Due to the presence of uncoordinated pendant
donor sites, these have the potential to behave as synthons
or metallo-ligands and could find applications in the synthe-
sis of [(η5-C5Me5)MCl] (M = Rh, Ir) containing homo- or
heterobimetallic complexes. We have also illustrated here an
approach towards the organisation of 3D helices, which are
stabilised by weak interactions in the crystalline state.
Furthermore, a noteworthy relationship between the pitches
and the diameters of the void space in the helical super-
structures has been observed.

Experimental Section
General: Analytical grade chemicals were used throughout. Sol-
vents were dried and distilled prior to use following standard litera-
ture procedures. 2,3-di(2-pyridyl)pyrazine, 2,4,6-tri(2-pyridyl)-
1,3,5-triazine, pentamethylcyclopentadiene, ammonium tetrafluo-
roborate, hydrated rhodium(III) chloride and iridium(III) chloride
(all from Aldrich) were used as received. The precursor complexes
[{(η5-C5Me5)M(µ-Cl)Cl}2] (M = Rh, Ir) were prepared by literature
procedures.[15] Elemental analyses on the complexes were per-
formed by the Microanalytical Laboratory, Sophisticated Analyti-
cal Instrument Facility, Central Drug Research Institute, Lucknow.
Electronic and emission spectra in dichloromethane were obtained
on a Shimadzu UV-1601 and a Perkin–Elmer-LS 55 luminescence
spectrometer, respectively. Infrared spectra were recorded on a Per-
kin–Elmer-577 spectrophotometer. 1H NMR spectra in CDCl3,
using tetramethylsilane as an internal reference, were recorded at
room temperature on a Bruker-DRX 300 NMR machine. FAB
mass spectra were obtained on a JEOL SX 102/DA-6000 mass
spectrometer system using xenon as the FAB gas (6 kV, 10 mA).
The accelerating voltage was 10 kV and spectra were recorded at
room temperature using m-nitrobenzyl alcohol as the matrix.

Synthesis of [(η5-C5Me5)RhCl(κ2-dpp)]BF4 (1): A suspension of
[{(η5-C5Me5)Rh(µ-Cl)Cl}2] (0.618 g, 1.0 mmol) in methanol

Table 3. Crystallographic data and refinement parameters for 1, 2 and 3.

1 2·CH2Cl2 3·0.5H20

Formula C24H25BClF4N4Rh C29H29BCl3F4N6Rh C24H27BClF4IrN4O0.5
Formula weight 594.65 757.65 693.96
Crystal system monoclinic orthorhombic monoclinic
Space group P21 P212121 P21/n
a [Å] 11.354(3) 7.6390(10) 11.3600(8)
b [Å] 15.797(3) 19.6490(10) 15.8850(12)
c [Å] 15.019(5) 21.5380(10) 15.0970(15)
β [°] 111.88(2) 90.00 111.618(7)
V [Å3] 2499.9(11) 3232.8(5) 2532.7(4)
Z 4 4 4
Dcalcd. [mgm–3] 1.580 1.557 1.820
Radiation (λ [Å]) Mo-Kα (0.71073) Cu-Kα (1.54180) Mo-Kα (0.70930)
Reflections:
Collected/unique 4783/4557 3259/3259 4654/4417
R1, wR2 [I � σ(I)] 0.0487, 0.1525 0.0713, 0.1989 0.0550, 0.1366
GOF 1.335 1.245 1.010

Eur. J. Inorg. Chem. 2006, 3954–3961 © 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org 3959

(30 mL) was treated with 2,3-di(2-pyridyl)pyrazine (0.468 g,
2.0 mmol) and stirred at room temperature. The precursor complex
slowly dissolved resulting in an orange-red solution. The resultant
solution was further stirred at room temperature for about 4 h and
then filtered through celite to remove any solid residue. To the fil-
trate was added a saturated methanolic solution of NH4BF4

(10 mL) and the resultant solution was left for slow crystallization
in the refrigerator at ca. 4 °C. After a couple of days, a shiny crys-
talline product appeared which was separated by filtration, washed
with methanol (2×10 mL), diethyl ether (2×10 mL) and dried in
vacuo. Red-brown solid, yield 0.363 g (61%). C24H25BClF4N4Rh
(594.65): calcd. C 48.47, H 4.23, N 9.42; found C 48.21, H 4.35, N
9.24. IR (nujol): ν̃ = 1079 cm–1 (B–F). 1H NMR (CDCl3,
300 MHz): δ = 1.80 (s, 15 H, C5Me5), 7.14 (d, J = 6.0 Hz, 1 H),
7.60 (dd, J = 4.5 Hz, 1 H), 7.78 (t, J = 2.9 Hz, 2 H), 8.08 (d, J =
3.9 Hz, 2 H), 8.64 (d, J = 4.5 Hz, 1 H), 8.89 (t, J = 3.3 Hz, 1 H),
9.00 (d, J = 2.7 Hz, 1 H), 9.07 (d, J = 2.7 Hz, 1 H). FAB-MS:
m/z = 507 [M]+, 472 [M – Cl]2+, 237 [M – Cl – dpp]2+. UV/Vis:
λmax (ε, dm3 mol–1 cm–1) = 396 (2.4×103), 328 (1.2×104), 286
(1.7×104), 237 (3.3×104) nm.

Synthesis of [(η5-C5Me5)RhCl(κ2-tptz)]BF4 (2): This was prepared
from [{(η5-C5Me5)Rh(µ-Cl)Cl}2] (0.618 g, 1.0 mmol) in methanol
following the above procedure for 1 but using tptz (0.624 g,
2.0 mmol) in place of dpp. Bright yellow solid, yield 0.417 g (62%).
C28H27BClF4N6Rh (673.72): calcd. C 49.92, H 4.04, N 12.47;
found C 49.97, H 3.98, N 12.31. IR (nujol): ν̃ = 1083 cm–1 (B–F).
1H NMR (CDCl3, 300 MHz): δ = 1.79 (s, 15 H, C5Me5), 7.61 (t, J
= 7.2 Hz, 2 H), 7.95 (t, J = 5.4 Hz, 2 H), 8.03 (m, 2 H), 8.22 (t, J
= 7.8 Hz, 1 H), 8.95 (m, 4 H), 9.19 (d, J = 7.8 Hz, 1 H). FAB-MS:
m/z = 585 [M]+, 550 [M – Cl]2+, 238 [M – Cl – tptz]2+. UV/Vis:
λmax (ε, dm3 mol–1 cm–1) = 370 (5.4×103), 273 (1.5×104), 235
(2.7×104) nm.

Synthesis of [(η5-C5Me5)IrCl(κ2-dpp)]BF4 (3): This was prepared by
following the same procedure as for 1 but using [{(η5-C5Me5)Ir(µ-
Cl)Cl}2] (0.796 g, 1.0 mmol) in methanol (30 mL) and 2,3-di(2-pyr-
idyl)pyrazine (0.468 g, 2.0 mmol). Yellow-orange solid, yield
0.451 g (66%). C24H25BClF4N4Ir (683.94): calcd. C 42.11, H 3.65,
N 8.19; found C 42.20, H 3.50, N 8.26. IR (nujol): ν̃ = 1081 cm–1

(B–F). 1H NMR (CDCl3, 300 MHz): δ = 1.75 (s, 15 H, C5Me5),
7.20 (d, J = 3.2 Hz, 1 H), 7.58 (t, J = 5.9 Hz, 1 H), 7.76 (t, J =
4.1 Hz, 2 H), 8.11 (m, 2 H), 8.66 (d, J = 4.3 Hz, 1 H), 8.79 (t, J =
3.3 Hz, 1 H), 8.93 (d, J = 3.2 Hz, 1 H), 9.08 (d, J = 3.1 Hz, 1 H).
FAB-MS: m/z = 596 [M]+, 560 [M – Cl]2+, 326 [M – Cl – dpp]2+.
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UV/Vis: λmax (ε, dm3 mol–1 cm–1) = 452 (6.3×102), 380 (4.0×103),
326 (1.2×104), 290 (1.8×104), 233 (1.9×104) nm.

Synthesis of [(η5-C5Me5)IrCl(κ2-tptz)]BF4 (4): This was prepared
following the above procedure for 3 but using tptz (0.624 g,
2.0 mmol) in place of dpp. Red-brown solid, yield 0.480 g (63%).
C28H27BClF4N6Ir (763.02): calcd. C 44.09, H 3.54, N 11.02; found
C 44.15, H 3.68, N 11.10. IR (nujol): ν̃ = 1084 cm–1 (B–F). 1H
NMR (CDCl3, 300 MHz): δ = 1.69 (s, 15 H, C5Me5), 7.68 (t, J =
7.1 Hz, 2 H), 7.91 (t, J = 5.5 Hz, 2 H), 8.10 (m, 2 H), 8.27 (t, J =
7.5 Hz, 1 H), 9.01 (m, 4 H), 9.23 (d, J = 7.6 Hz, 1 H). FAB-MS:
m/z = 675 [M]+, 639 {M – Cl]2+, 327 [M – Cl – tptz]2+. UV/Vis:
λmax (ε, dm3 mol–1 cm–1) = 455 (2.5×103), 366 (6.0×103), 265
(1.9×104), 233 (2.2×104) nm.

X-ray Crystallography: Suitable crystals of 1, 2 and 3 for X-ray
crystallographic studies were obtained from CH2Cl2/petroleum
ether by diffusion. X-ray data for 1 and 3 were collected on an
automatic Enraf–Nonius MACH 3 diffractometer using graphite-
monochromated Mo-Kα radiation at 293(2) K. For 2, X-ray data
were collected at 293(2) K on an Enraf–Nonius CAD-4 dif-
fractometer using monochromated Cu-Kα radiation, λ = 1.54180 Å.
The structures were solved by direct methods and refined by using
MAXUS-99 and SHELX-97.[16] The non-hydrogen atoms had an-
isotropically refined thermal parameters. All hydrogen atoms were
geometrically fixed and were refined using a riding model. The
computer program PLATON was used for analysing the interac-
tions and stacking distances.[16] All the pertinent crystallographic
data are listed in Table 3.

CCDC-604770 to -604772 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Acknowledgments

Financial support from Department of Science and Technology,
New Delhi, is gratefully acknowledged. We also thank The Head,
RSIC, Central Drug Research Institute, Lucknow, for providing
analytical and spectroscopic facilities. Special thanks are due to the
Head, A. P. S. University, Rewa (M.P.), the Head of the Depart-
ment of Chemistry, Faculty of Science, Banaras Hindu University,
Varanasi, for extending laboratory facilities and Prof. T. P. Singh,
Head, Department of Biophysics, AIIMS, New Delhi, for providing
single-crystal X-ray facilities.

[1] a) H. Werner, M. Steinmetz, K. Peters, G. H. Schnering, Eur.
J. Inorg. Chem. 1998, 1605; b) M. C. DeRosa, P. J. Mosher,
G. P. A. Yap, K.-S. Focsaneanu, R. J. Crutchley, C. E. B. Evans,
Inorg. Chem. 2003, 42, 4864; c) K. K.-W. Lo, C.-K. Chung,
T. K.-M. Lee, L.-H. Lui, K. H.-K. Tsang, N. Zhu, Inorg. Chem.
2003, 42, 6886; d) S. Park, Y. Choi, H. Han, S. H. Yang, S.
Chang, Chem. Commun. 2003, 1936; e) K. K.-W. Lo, C.-K. Li,
K.-W. Lau, N. Zhu, Dalton Trans. 2003, 4682; f) D. Drommi,
F. Faraone, G. Francio, Organometallics 2002, 21, 761; g) R.
Zurawinski, B. Donnadieu, M. Mikolajczyk, R. Chauvin, Or-
ganometallics 2003, 22, 4810; h) P. Marcazzan, B. O. Patrick,
B. R. James, Organometallics 2003, 22, 1177; i) D. Noveski, T.
Braun, M. Schultz, B. Neumann, H.-G. Stammier, Dalton
Trans. 2003, 4075.

[2] a) J. W. Kang, K. Mosley, P. M. Maitlis, Chem. Commun. (Lon-
don) 1968, 1304; b) J. W. Kang, K. Mosley, P. M. Maitlis, J.
Am. Chem. Soc. 1969, 91, 5970; c) J. W. Kang, P. M. Maitlis, J.
Am. Chem. Soc. 1968, 90, 3259; d) P. M. Maitlis, J. Organomet.
Chem. 1995, 500, 239; e) P. M. Maitlis, Acc. Chem. Res. 1978,

www.eurjic.org © 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2006, 3954–39613960

11, 301; f) C. M. Hagen, J. A. Widegren, P. M. Maitlis, R. G.
Finke, J. Am. Chem. Soc. 2005, 127, 4423; g) G. D. Williams,
C. E. Wade, M. Wills, Chem. Commun. 2005, 4735.

[3] a) D. Herebian, W. S. Sheldrick, J. Chem. Soc., Dalton Trans.
2002, 966; b) M.-L. Lehaire, R. Scopelliti, L. Herdeis, K. Pol-
born, P. Mayer, K. Severin, Inorg. Chem. 2004, 43, 1609; c) A.
Buryak, K. Severin, J. Am. Chem. Soc. 2005, 127, 3700; d) C.
Pettinari, R. Pettinari, M. Fianchini, F. Marchetti, B. W. Skel-
eton, A. H. White, Inorg. Chem. 2005, 44, 7933; e) J.-Q. Wang,
C.-X. Ren, G.-X. Jin, Chem. Commun. 2005, 4738; f) W. Kaim,
S. Berger, S. Greulich, R. Reinhardt, J. Fiedler, J. Organomet.
Chem. 1999, 582, 153; g) R. P. Hughes, D. C. Lindner, L. M.
Liable-Sands, A. L. Rheingold, Organometallics 2001, 20, 363.

[4] a) J.-P. Zhang, Y.-Y. Lin, X.-C. Huang, X.-M. Chen, Inorg.
Chem. 2005, 44, 3146; b) G. R. Desiraju, J. Chem. Soc., Dalton
Trans. 2000, 3745; c) X.-Q. Lu, J. J. Jiang, C.-L. Chen, B.-S.
Kang, C.-Y. Su, Inorg. Chem. 2005, 44, 4515; d) H. Yin, G. I.
Lee, H. S. Park, G. A. Payne, J. M. Rodriguez, S. M. Sebti,
A. D. Hamilton, Angew. Chem. Int. Ed. 2005, 44, 2707; e) Y.
Wang, J. Yu, M. Guo, R. Xu, Angew. Chem. Int. Ed. 2003, 42,
4089; f) K. Biradha, C. Seward, M. J. Zaworotko, Angew.
Chem. Int. Ed. 1999, 38, 492; g) J. H. K. K. Hirschberg, L.
Brunsveld, A. Ramzi, J. A. J. M. Vekemans, R. P. Sijbesma,
E. W. Meijer, Nature 2000, 407, 167.

[5] a) C. Piguet, G. Bernardinelli, G. Hopfgartner, Chem. Rev.
1997, 97, 2005; b) C.-Y. Su, Y.-P. Lai, C.-L. Chem, F. Lissner,
B.-S. Kang, W. Kaim, Angew. Chem. Int. Ed. 2002, 41, 3371;
c) D. L. Reger, R. F. Semeniuc, V. Rassolov, M. D. Smith, In-
org. Chem. 2004, 43, 537; d) S. K. Singh, M. Chandra, D. S.
Pandey, M. C. Puerta, P. Valerga, J. Organomet. Chem. 2004,
689, 3612; e) S. K. Singh, S. Sharma, M. Chandra, D. S. Pan-
dey, J. Organomet. Chem. 2005, 690, 3105; f) X. Meng, Y. Song,
H. Hou, H. Han, B. Xiao, Y. Fan, Y. Zhu, Inorg. Chem. 2004,
43, 3528.

[6] a) A. Singh, N. Singh, D. S. Pandey, J. Organomet. Chem. 2002,
642, 48; b) S. K. Singh, M. Trivedi, M. Chandra, A. N. Sahay,
D. S. Pandey, Inorg. Chem. 2004, 43, 8600; c) S. K. Singh, M.
Chandra, D. S. Pandey, J. Organomet. Chem. 2004, 689, 2073;
d) A. Singh, S. K. Singh, M. Trivedi, D. S. Pandey, J. Or-
ganomet. Chem. 2005, 690, 4243; e) S. K. Singh, M. Trivedi,
M. Chandra, D. S. Pandey, J. Organomet. Chem. 2005, 690,
647.

[7] a) G. Albano, P. Belser, C. Dual, Inorg. Chem. 2001, 40, 1408;
b) R. Bhattacharya, R. S. Drago, K. A. Abboud, Inorg. Chem.
1997, 36, 2913; c) D. J. Chesnut, A. Kusnetzow, R. R. Birgeard,
J. Zubieta, Inorg. Chem. 1999, 38, 2663; d) A. Klein, V. Kasack,
R. Reinhardt, S. Torsten, T. Scheiring, S. Zalis, J. Fiedler, W.
Kaim, J. Chem. Soc., Dalton Trans. 1999, 575; e) J.-D. Lee,
L. M. Vrana, E. R. Bullock, K. J. Brewer, Inorg. Chem. 1998,
37, 3575; f) C. Ceroni, F. Paolucci, S. Roffia, S. Serroni, S.
Campagna, A. J. Bard, Inorg. Chem. 1998, 37, 2829.

[8] L. J. Farrugia, J. Appl. Crystallogr. 1997, 30, 565.
[9] a) D. L. Davies, O. Al-Duaij, J. Fawcett, M. Giardiello, S. T.

Hilton, D. R. Russell, Dalton Trans. 2003, 4132; b) H. Amouri,
C. Guyard-Duhayon, J. Vaissermann, Inorg. Chem. 2002, 41,
397.

[10] a) T. Scheiring, J. Fiedler, W. Kaim, Organometallics 2001, 20,
1437; b) H. Aneetha, P. S. Zacharias, B. Srinivas, G. H. Lee, Y.
Wong, Polyhedron 1999, 18, 299.

[11] a) N.-T. Huang, W. T. Pennington, J. D. Peterson, Acta Crys-
tallogr., Sect. C 1991, 47, 2011; b) A. Escuer, R. Vicente, T.
Comas, J. Ribas, M. Gomez, X. Solans, D. Gatteschi, C. Zan-
chini, Inorg. Chim. Acta 1991, 181, 51; c) E. Brauns, W. Sum-
ner, J. A. Clark, S. M. Molnar, Y. Kawanishi, K. J. Brewer, In-
org. Chem. 1997, 36, 2861.

[12] P. Paul, B. Tyagi, A. K. Bilakhia, D. Parthsarthi, M. M.
Bhadbhade, E. Suresh, G. Ramchandraiah, Inorg. Chem. 1998,
37, 5733.

[13] a) P. Gagngopadhyay, T. P. Radhakrishnan, Angew. Chem. Int.
Ed. 2001, 40, 2451; b) J.-M. Lehn, Supramolecular Chemistry,



Tuned Helical Array of RhIII/IrIII Cp* Complexes FULL PAPER
Concept and Prospectives: VCH: Weinheim, 1995; c) G. R. De-
siraju, Acc. Chem. Res. 2002, 35, 565; d) H. Suezawa, T. Yosh-
ida, S. Ishihara, Y. Umezawa, M. Nishio, Cryst. Eng. Comm
2003, 5, 514.

[14] a) X.-D. Chen, T. C. W. Mak, Dalton Trans. 2005, 3646; b) R.
Custelcean, M. D. Ward, Angew. Chem. Int. Ed. 2002, 41, 1724;
c) S. K. Ghosh, P. K. Bharadwaj, Inorg. Chem. 2004, 43, 2293;
d) M. J. Hannon, C. L. Pointing, N. W. Alcock, Chem. Com-
mun. 1999, 2023; e) S. R. Halper, S. M. Cohen, Angew. Chem.
Int. Ed. 2004, 43, 2385; f) O.-S. Jung, Y. J. Kim, Y.-A. Lee, J. K.
Park, H. K. Chae, J. Am. Chem. Soc. 2000, 122, 9921; g) L. Yi,
X. Yang, T. Lu, P. Cheng, Cryst. Growth Des. 2005, 5, 1215.

[15] a) D. D. Perrin, W. L. F. Armango, D. R. Perrin, Purification
of Laboratory Chemicals, Pergamon, Oxford, U. K., 1986; b)

Eur. J. Inorg. Chem. 2006, 3954–3961 © 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org 3961

B. L. Booth, R. N. Haszeldine, M. Hill, J. Chem. Soc. A 1969,
1299; c) C. White, A. Yates, P. M. Maitilis, Inorg. Synth. 1992,
29, 228.

[16] a) S. Mackay, W. Dong, C. Edwards, A. Henderson, C. Gilmox,
N. Stewart, K. Shankland, A. Donald, University of Glasgow,
Scotland, 1999; b) G. M. Sheldrick, SHELX-97: Programme
for the solution and refinement of crystal structures, University
of Göttingen: Germany, 1997; c) A. L. Spek, Acta Crystallogr.,
Sect. A 1990, 46, C31.

Received: April 20, 2006
Published Online: August 7, 2006


