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Abstract. Pentamethylcyclopentadienyl iridium(III) and rhodium(III) complexes of formulation [(η5 C5 Me5 )M{(C5 H4 N)2 C=NR)}Cl]PF6 were prepared by the reaction of [MCl2 (η5 -C5 Me5 )]2 (M = Ir or Rh)
with dipyridyl-N-alkylimine ligands, (C5 H4 N)2 C=NR (R = Me or Et) in the presence of NH4 PF6 at room
temperature. The reaction also produced an unexpected dipyridyl-NH-ketimine organometallic compound
[(η5 -C5 Me5 )M {(C5 H4 N)2 C=NH}Cl]PF6 as minor product when the reaction was performed under reﬂuxing
acetonitrile. The NH-ketimine compounds were formed via N-C single bond cleavage of imine ligand resulting
in coordination of the transformed ligand, (C5 H4 N)2 C=NH to the metal centre. Complexes were obtained as
their hexaﬂuorophosphate salts and characterized based on IR, NMR and ESI-MS spectroscopic data. Authenticity of NH-ketimine organometallic compound was established by single crystal X-ray analysis of a representative compound, which crystallized in orthorhombic space group Pbcn and has a pseudo-octahedral geometry
around the metal ion.
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1. Introduction
Current interest on the synthesis of iridium(III) and
rhodium(III) complexes bearing η5 -C5 Me5 fragment is
due to their application in biology1 3 and catalysis.4,5
Indeed, several iridium(III) and rhodium(III) complexes
have been used as catalysts for a wide range of reactions
such as in hydrogenation,6 hydrosilytion,7 amination,8 C-C
coupling9,10 and Diels-Alder reactions.11 Furthermore,
compounds of this classes exhibited anticancer12 14 and
DNA intercalative properties.15,16 Owing to their wide
applications, synthesis of iridium(III) and rhodium(III)
complexes bearing η5 -C5 Me5 fragment have been a subject of interest over the past years.16 19 Numerous studies have been reported for their synthesis of which
complexes with N,N-donor imine ligands were the
most prominent. Speciﬁcally, imine ligands containing
pyridyl groups have been extensively studied,20 because
of the possibility to construct diverse ligands and easy
accessibility through a simple step by condensation of
amine with aldehydes or ketones.
It is noteworthy that transition metals can mediate cleavage of either C=N21,22 or N-C bond.23 26
∗ For
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Recently, Prasad et al., reported hydrolysis of C=N
bond of an imine ligand derived from acetylthiazole
in Rh(III) complex.22 Whereas, Geng et al.,21 reported
C=N bond cleavage and partial hydrolysis of Schiff’s
base for a ruthenium(II) complex.21 A less common
bond cleavage involving N-C single bond were reported
with Pd23 and Ru.24 26 Albert et al., have reported N-C
bond cleavage for amino acid fragment of a coordinated imine from a palladium complex resulting in
the formation of NH-aldimine compound.23 Previously,
ruthenium mediated selective cleavage of N-C bond of
a diimine functional ligand was reported by Lahiri’s
group.24 They also described cleavage of N-N or N-C
bond of dinuclear bridging imine ligand by the reaction of imine ligand with [Ru(bpy)2 (EtOH)2 ]2+ .25,26
However, as far as our knowledge goes, such N-C
bond cleavage in iridium(III) and rhodium(III) complexes were previously not known. As a part of our
study on dipyridyl-N-alkyimine complexes,27 herein we
report the synthesis of iridium(III) and rhodium(III)
complexes containing dipyridyl-N-alkyl imine ligands
[1]PF6 -[4]PF6 . In addition, we report an unexpected
formation of iridium(III) and rhodium(III)-NH-ketimine
organometallic compounds ([5]PF6 and [6]PF6 ). Spectroscopic characterization of [1]PF6-[6]PF6 and molecular
365
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structure of one NH-ketimine compound ([6]PF6 )
is described.
2. Experimental
2.1 General experimental procedures
All solvents were analytical grade and used as received.
IrCl3 .3H2 O and RhCl3 .3H2 O were purchased from Arora
Matthey Ltd., India. Methyl amine, ethyl amine (2.0 M
solution) and dipyridylketone were obtained from Sigma
Aldrich Pvt. Ltd. Infrared spectra were obtained in a diffuse
reﬂection spectroscopy (DRS) assembly on a Shimzadzu
PC-1380 spectrometer with sample prepared in KBr disk.
NMR spectra were recorded on a Bruker Avance 300 MHz
spectrometer at 300.13 (1 H), 75.47 (13 C) MHz with SiMe4
as internal reference and coupling constants are given in
Hertz. Mass spectral data were obtained on a QSTAR-TOF
MS/MS of Applied Biosystems or Waters UPLC-MSMS
(Xevo TQD) mass spectrometers. The precursor compounds
[{(η5-C5Me5)MCl2 }2], (M=Ir, Rh)28 and the ligand dipyridylN-methylimine (dpNmei) and dipyridyl-N-ethylimine
(dpNeti)27,29 were prepared according to published procedures.
The ligand used in this study is shown in Figure 1.

2.2 Preparation of complexes
2.2a Synthesis of [(η5 -C5 Me5 )Ir{(C5 H4 N)2 C=NMe}Cl]
PF6 ([1]PF6 ): The complex (0.05 g, 0.062 mmol), NH4 PF6
(0.021 g, 0.125 mmol) and dpNmei (0.024 g, 0.125 mmol)
were stirred in MeOH (30 mL) for 15 h. During the course
of reaction, the solution turned into a dark red. The solvent
was rotary evaporated and the residue was extracted with
dichloromethane, and then ﬁltered. The ﬁltrate was concentrated to ca. 3 mL, then excess diethyl ether was added inducing a yellow orange solid. The solid was collected, washed
with diethyl ether and dried under vacuum. Yield: 0.072 g
(%). FTIR (KBr, cm−1 ):1680, 1581, 1433, 1346, 840; 1 HNMR (DMSO-d6 , δ): 9.23 (d, 1H, J = 5.7), 8.92 (d, 1H,
J = 4.8), 8.15 (t, 2H, J = 8.1), 7.99 (t, 1H, J = 6.6), 7.71
(t, 2H, J = 7.8), 7.69 (d, 1H, J = 7.8), 4.02 (s, 3H), 1.87
(s, 15H, C5 Me5 ); 13 C-NMR (DMSO-d6 , δ): 173.65 (C=N),
155.72, 152.73, 151.19, 149.02, 140.59, 138.47, 130.44,
130.19, 126.56, 125.98, 90.53 (ring carbons, C5 Me5 ), 47.95

Figure 1. Dipyridyl-N-alkylimine ligand.

(Me, NMe), 8.81 (Me, C5 Me5 ); ESI-MS: m/z 560.1197
[M-PF6 ]+ calc. for C22 H26 N3 ClIr (560.1444), 524.1994
[M-PF6 -Cl]+ calc. for C22 H26 N3 Ir (525.1756).
2.2b Synthesis of [(η5 -C5 Me5 )Rh{(C5 H4 N)2 C=NMe}Cl]
PF6 ([2]PF6 ): The complex was prepared following a
similar method employed for complex ([1]PF6 ) using
[Cp*RhCl2 ]2 instead of [Cp*IrCl2 ]2 . FTIR (KBr, cm−1 ):
1479, 1028, 840; 1 H-NMR(DMSO-d6 , δ): 9.06 (d, 1H, J =
5.1), 8.84 (d, 1H, J = 4.2), 8.17 (m, 2H), 7.92 (t, 1H,
J = 6.3), 7.68 (m, 2H, J = 7.2), 7.42 (d, 1H, J = 8.1),
3.70 (s, 3H), 1.72 (s, 15H, C5 Me5 ); 13 C-NMR (DMSO-d6 ,
δ): 172.06 (C=N), 154.56, 153.15, 151.10, 149.28, 140.66,
140.59, 129.80, 129.70, 126.41, 125.52, 97.91 (ring carbons,
C5 Me5 ), 46.46 (Me, NMe), 9.07 (Me, C5 Me5 ); ESI-MS: m/z
470.0498 ([M-PF6 ]+ calc. for C22 H26 N3 ClRh (470.0870)),
434.1203 (M-PF6 -Cl)+ calc. for C22 H26 N3 Rh (435.1182).
2.2c Synthesis of [(η5 -C5 Me5 )Ir{(C5 H4 N)2 C=NEt}Cl]PF6
([3]PF6 ): The complex was prepared following a similar
method employed for complex ([1]PF6 ) using dpNeti instead
of dpNmei. FTIR (KBr, cm−1 ): 1596, 1465, 842; 1 H-NMR
(DMSO-d6 , δ):9.01 (d, 1H, J = 5.4), 8.93 (d, 1H, J =
5.4), 8.23–8.11 (m, 2H), 7.93 (m, 1H), 7.87 (m, 2H), 7.41
(d, 1H, J = 7.8), 4.08 (m, 2H), 1.71 (s, 15H, C5 Me5 ), 1.27
(m, 3H); 13 C-NMR (DMSO-d6 , δ): 173.91 (C=N), 156.25,
154.10, 152.63, 151.17, 149.47, 140.72, 138.54, 130.60,
129.99, 126.43, 90.65 (ring carbons, C5 Me5 ), 49.35 (CH2 ,
N-C2 H5 ), 15.00 (CH3 ,N-C2 H5 ), 8.59 (Me, C5 Me5 ); ESI-MS:
m/z 574.1595 [M-PF6 ]+ calc. for C23 H28 N3 ClIr (574.1601);
538.1134 [M-PF6 -Cl]+ calc. for C23 H28 N3 Ir (539.1912).
2.2d Synthesis of [(η5 -C5 Me5 )Rh{(C5 H4 N)2 C=NEt}Cl]
PF6 ([4]PF6 ): The complex was prepared following a
similar method employed for complex ([3]PF6 ) using
[Cp*RhCl2 ]2 instead of [(Cp*IrCl2 ]2 . FTIR (KBr, cm−1 ):
1630, 1583, 1475, 1026, 844; 1 H-NMR (DMSO-d6 , δ): 9.02
(d, 1H, J = 5.1), 8.82 (s, 1H), 8.14 (m, 2H), 7.93 (m, 1H),
7.69 (t, 2H, J = 7.2), 7.26 (d, 1H, J = 7.5), 4.06 (m, 1H),
3.84 (m, 1H), 1.71 (s, 15H, Cp*), 1.26 (m, 3H); 13 C-NMR
(DMSO-d6 , δ): 172.20 (C=N), 154.82, 153.12, 151.06,
149.57, 140.72, 138.46, 130.0, 129.57, 126.28, 124.83,
97.93 (ring carbon, C5 Me5 ), 53.34 (CH2 , N-C2 H5 ), 15.46
(CH3 ,N-C2 H5 ), 8.89 (Me, C5 Me5 ); ESI-MS: m/z 484.1694
[M-PF6]+ calc. for C23 H28 N3 ClRh (484.1024), 448.1222
[M-PF6-Cl]+ calc. for C23 H28 N3 Rh (449.1338).
2.2e Synthesis of [(η5 -C5 Me5 )M{(C5 H4 N)2 C=NH}Cl]PF6
(M = Ir: [5]PF6 and Rh: [6]PF6 ): Compounds were
obtained as an inseparable mixture along with [1]PF6 -[4]PF6
by reaction of [Cp*MCl2]2 (0.05 mmol), NH4PF6(0.12 mmol)
and dpNR (0.12 mmol) in acetonitrile under reﬂuxing
condition for 8 h. ESI-MS of [5]PF6 : m/z 546.9989 [(η5 C5 Me5 )Ir{(C5H4 N)2C=NH}Cl]+ (M-PF6 )+ calc. for C21 H24
N3 ClIr (546.1288); ESI-MS of [6]PF6 : m/z 421.1494,

Dipyridyl iridium(III) and rhodium(III) complexes
[(η5 -C5 Me5 )Rh{(C5 H4 N)2 C = NH}]+ (M-PF6 -Cl)+ calc. for
C21 H24 N3 Rh (421.1025).

2.3 Structure analysis and reﬁnement
The X-ray intensity data were measured at 293(2) K on a
Bruker Smart Apex CCD area detector employing graphite
monochromater using M0 -Kα radiation (λ = 0.71073 Å).
The structures were solved by direct methods (SHELXS
97)30 and reﬁned by full matrix least squares base on F2
using (SHELXL-97)31 software. The weighting scheme used
was W=1/[σ 2 (F20 )+ 0.0311P2 +3.5016 P] where P = (F20 +
2F2c )/3. Non-hydrogen atoms were reﬁned anisotropically
and hydrogen atoms were reﬁned using a “riding” model.
Reﬁnement converged at a ﬁnal R = 0.0386 for observed data
F 2 , and wR2 = 0.0399 for unique data F 2 . Details of crystallographic data collection parameters and reﬁnement are
summarized in Table 1. Selected bond lengths and angles are
tabulated in Table 2. Molecular structure of the compound
[6]PF6 is shown in Figure 2.

3. Results and Discussion
3.1 Synthesis and spectral characterization
Reaction of [{(η5-C5Me5)MCl}2] with (C5 H4N)2 C=NR
in the presence of NH4 PF6 in methanol at room
Table 1.

temperature yielded water soluble complexes of formulation [(η5 -C5 Me5 )M{(C5 H4 N)2 C=NR)}Cl] (M =
Rh or Ir and R = Me or Et) (Scheme 1). The complexes were isolated as their hexaﬂuorophosphate salts
and characterized on the basis of spectroscopic data
(FTIR, 1 H-, 13 C-NMR and ESI-MS). Infrared spectra
of the compounds displayed absorption band in the
region 1638–1687 cm−1 assignable to C=N stretching
frequency.32 In all these compounds, a strong absorption band appeared in the region 840 cm−1 which is
assigned to PF−6 counter ion. The proton NMR spectrum of complex [2]PF6 showed a singlet at δ 1.79
and 3.71 assignable to the methyl proton of the coordinated η5 -C5 Me5 ligand and N-CH3 group of imine ligand, respectively. In addition, signals were observed in
the region of δ 7.48–9.08 due to aromatic protons of
the coordinated imine ligand (see SI: Figure S3). In the
case of complex [1]PF6 , the methyl proton of the η5 C5 Me5 ligand appeared at δ 1.87 whereas the methyl
group of imine ligand appeared at around δ 4.02 slightly
downﬁeld region compared to [2]PF6 . The proton NMR
spectra of complexes [3]PF6 and [4]PF6 displayed a
quartet at δ 4.05 due to methylene proton (-CH2 -) of
the imine ligand while the signal for η5 -C5 Me5 ligand
appeared at around δ 1.71.
The 13 C-NMR spectra of all these complexes showed
a signal in the region of δ 8.59–9.07 assignable to

Summary of structure determination and reﬁnement for complex [6]PF6 .

Empirical formula
CCDC
Formula Weight
Temperature (K)
Wavelength (Å)
Crystal system
Space group
Unit cell dimensions
a (Å)
b (Å)
c (Å)
α=β=γ
Z
Density (calculated) (Mg/m3 )
Absorption coefﬁcient (mm−1 )
F(000)
θ range for data collection (◦ )
index ranges
Reﬂection collected/unique
Completeness to theta
Reﬁnement method
Data/restraints/parameters
Goodness-of-ﬁt on F 2
Final R indices
[I >2sigma(I )]
R indices (all data)
Largest different peak and hole (eÅ−3 )
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C21 H24 Cl F6 N3 P Rh
971503
601.76
293(2)
0.71073
Orthorhombic
Pbcn
23.699(5)
13.951(3)
14.783(3)
90(◦ )
8
1.636 Mg/m3
0.933 mm−1
2416
1.69 to 24.47◦
−27≤h≤27, −16≤k≤15, −14≤l≤17
17495
24.47◦ to 98.7%
Full-matrix least squares on F 2
4000 /0 /270
0.532
R1 = 0.0386, wR2 = 0.0399
R1 = 0.1900, wR2 = 0.0658
0.327 and −0.292
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Table 2.

Selected bond lengths (Å) and angles (◦ ) for [6]PF6 .

Bond lengths (Å)
Rh(1)-N(1)
Rh(1)-C*
Rh(1)-C(12)
Rh(1)-C(11)
Rh(1)-C(15)
C(22)-N(21)
N(1)-H(1)
C(2)-C(31)
Bond angles (◦ )
N(21)-Rh(1)-N(1)
N(1)-Rh(1)-Cl(1)
C(22)-N(21)-Rh(1)
C(2)-C(31)-C(36)

2.064(6)
1.773
2.157(3)
2.158(5)
2.132(5)
1.3900
0.8600
1.429(8)

Rh(1)-N(21)
Rh(1)-Cl(1)
Rh(1)-C(14)
Rh(1)-C(13)
C(31)-N(32)
C(26)-N(21)
C(2)-C(22)
C(2)-N(1)

2.106(4)
2.397(2)
2.131(5)
2.115(6)
1.3900
1.3900
1.440(10)
1.261(10)

74.8(3)
87.28(19)
115.8(4)
121.0(7)

C(2)-N(1)-Rh(1)
N(21)-Rh(1)-Cl(1)
C(22)-C(2)-N(1)
C(26)-N(21)-Rh(1)

120.3(6)
90.95(15)
116.5(7)
124.0(3)

C* = Centroid of C(11), C(12), C(13), C(14), C(15).

Figure 2. Molecular structure of [(η5 -C5 Me5 )Rh{(C5 H4 N)2 C=NH}Cl]PF6 ,
[6]PF6 . Hydrogen atoms have been omitted for clarity.

Scheme 1. Reaction pathways for the preparation of the complexes.

the methyl carbon of η5 -C5 Me5 ligand. The signal
for the ring carbons of η5 -C5 Me5 ligand appeared at
around δ 90.5 for iridium(III) complexes [1]PF6 and
[3]PF6 in contrast at a much downﬁeld region at around
δ 97.6 for rhodium(III) complexes [2]PF6 and [4]PF6 .
Further, 13 C-NMR spectrum of the complexes showed
signals for aromatic carbons in the region of δ 126–
156 due to ring carbons of the coordinating ligand

while the signal for C=N group of the imine ligand
appeared in the region of δ172.06–173.65. The 13 CNMR spectrum of [1]PF6 , displayed a signal at δ 47.95
assignable to methyl group of the imine ligand (NMe) which is slightly downﬁeld to that of analogous
rhodium complex [2]PF6 where the signal appeared
at δ 46.46. 1 H and 13 C-NMR-spectroscopic data are
in accordance with the formula of these complexes.

Dipyridyl iridium(III) and rhodium(III) complexes

The structure of these complexes were further supported by ESI-MS spectral data analysis. Mass spectra of the complexes showed prominent molecular ion
peaks corresponding to [M-PF6 ]+ and [M-PF6 -Cl]+ .
For instance, ESI-MS spectrum of complex [1]PF6
showed peaks at m/z = 559 and 524 corresponding
to ([(η5 -C5 Me5 )Ir{(C5 H4 N)2 C=N-Me}Cl])+ [M-PF6 ]+
and ([(η5-C5Me5)Ir{(C5H4N)2C=N-Me}]+ [M-PF6-Cl]+.
Mass spectra of the complexes [2]PF6 -[4]PF6 also
showed a similar pattern of molecular ion peaks due to
[M-PF6 ]+ and [M-PF6 -Cl]+ (see Experimental section).
Spectroscopic data of the complexes [1]PF6 -[4]PF6
were well matched with the proposed structures of the
compounds.
Interestingly, when the reaction of [MCl2 (η5 -C5 Me5 )]2
and -(C5 H4 N)2 C = NMe was performed in acetonitrile
under reﬂuxing condition, complexes [(η5 -C5 Me5 )
M{(C5 H4 N)2 C = N-Me}Cl]PF6 (M = Ir [1]PF6 ; Rh =
[2]PF6 ) were obtained along with inseparable complexes, [(η5-C5Me5)M{(C5H4N)2C=NH}Cl]PF6 (M = Ir,
[5]PF6 ; Rh, [6]PF6 ; Scheme 2). Under similar reaction
condition [MCl2 (η5 -C5 Me5 )]2 reacts with -(C5 H4 N)2
C = N-Et to give [3] PF6 and [4] PF6 along with
minor quantity of the compound [5] PF6 and [6] PF6
(Scheme 2).
Attempt to isolate these NH-ketimine compounds
[(η5 -C5 Me5 )M{(C5 H4 N)2 C=NH}Cl]PF6 ([5]PF6 and
[6]PF6 ) was unsuccessful in our hands. However, formation of a mixture of the dipyridyl-N-alkylimine
and dipyridyl-NH-ketimine compounds was readily
evident from the proton NMR spectra of the compounds. The proton NMR spectra showed signals
for alkyl group (Me or Et) of the dipyridyl-Nalkylimine ligand as well a signal due to ketimine
group (=NH-) in the region δ 3.89–4.0327 and 11.37–
13.57,24 respectively, indicating presence of both
the species. Formation of a mixture of dipyridylN-alkylimine and dipyridyl-NH-ketimine compounds
was further supported by mass spectral data. For
instance, the mass spectra of rhodium(III) complexes
obtained by the reaction of [{η5 -C5 Me5 )RhCl2 ]2 and
the dipyridyl ligand, (C5 H4 N)2 C=N-Me in reﬂuxing
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acetonitrile showed fragmentation of molecular ion
peaks at m/z = 470 and 435 due to ([(η5 -C5 Me5 )Rh
{(C5 H4 N)2 C=N-Me}Cl])+ ([2]PF6 -PF6 )+ and ([(η5 C5 Me5 )Rh{(C5 H4 N)2 C=N-Me}])+ ([2]PF6 -PF6 -Cl)+
(see Supplementary Information). In addition, the spectrum also showed peak at m/z 421 due to ([(η5 -C5 Me5 )
Rh{(C5 H4 N)2 C=NH}])+ ([M]-PF6 -Cl)+ indicating the
reaction also produces rhodium(III) ketimine compound [6]PF6 along with the rhodium(III) dipyridylN-alkylimine compound [2]PF6 . When the ligand,
(C5 H4 N)2 C=N-Et was used, the molecular ion peaks
were observed at m/z 484 and 448 corresponding
to [(η5-C5Me5)Rh{(C5H4N)2C=N-Et}Cl]+([4]PF6-PF6)+
and [(η5 -C5 Me5 )Rh{(C5 H4 N)2 C=N-Et}]+ ([4]PF6 -PF6 Cl)+ , respectively, in addition to peak at m/z 421
due to ([6]PF6 -PF6 -Cl)+ . Notably, the molecular ion
peak at m/z 421 corresponding to [(η5 -C5 Me5 )Rh
{(C5 H4 N)2 C=NH}Cl]+ ([6]PF6 -PF6 -Cl)+ was observed
irrespective of the ligand, (C5 H4 N)2 C=N-Me or
(C5 H4 N)2 C=N-Et was used, suggesting a degradation
of methyl or ethyl group (=N-R) and formation of
[6]PF6 , where the transformed ligand, (C5 H4 N)2 C=NH
is coordinated to the rhodium atom.
Similarly, mass spectrum of iridium complexes
obtained by the reaction of [(η5 -C5 Me5 )IrCl2 ]2 and
–(C5 H4 N)2 C=N-R (R = Me or Et) in reﬂuxing acetonitrile showed similar pattern of fragmentations and
peaks were observed at m/z = 574, 560, 538, 524 corresponding to [(η5 -C5 Me5 )Ir{(C5 H4 N)2 C=NEt}Cl]+
(M-PF6 )+ , [(η5 -C5 Me5 )Ir{(C5 H4 N)2 C=NMe}Cl]+ (MPF6]+, [(η5-C5Me5)Ir{(C5H4N)2C=NEt}Cl]+(M-PF6-Cl)+
and [(η5 -C5 Me5 )Ir{(C5 H4 N)2 C=NMe}]+ (M-PF6 -Cl)+ ,
respectively. Additionally, spectra also showed a common
peak at around m/z 546 and 510 due to [(η5 -C5 Me5 )
Ir{(C5 H4 N)2 C=NH}Cl]+ (M-PF6 )+ and [(η5 -C5 Me5 )
Ir{(C5 H4 N)2 C=NR}]+ (M-PF6 -Cl)+ which suggest
coordination of rare fragment, (C5 H4 N)2 C=NH to the
iridium centre. Mass spectral data unambiguously conﬁrmed the formation of NH-ketimine compound [5]PF6
and [6]PF6 . The authenticity of the NH-ketimine complexes was established by single X-ray structure of
[6]PF6 . Structure showed that the rhodium atom is

Scheme 2. Reaction pathways for the preparation of the complexes.
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coordinated by a transformed ligand (C5 H4 N)2 C=NH
which is believed to be formed via N-C bond cleavage.
It is noteworthy that hydrolysis of coordinated imine
ligand in metal complexes usually occurred with a
cleavage of C=N bond.21,22 Although cleavage of single C-N single bond is rare, transition metal could
catalyse cleavage of C-N single bond for a various
functionalities.33 Further, cleavage of C-N single bond
is not restricted only to the coordinated imine ligands
but such a cleavage was also observed in alkylimine fragment in a ferrocene compound.34 Thus, it was
observed that one of the methyl group in FcCH2 NMe2
was degraded to form a sub product, FcCH2 NHMe during the catalytic reaction of FcCH2 NMe2 with diphenylacetylene (Fc = ferrocene).34 In this present study, we
demonstrated that iridium(III) and rhodium(III) could
also mediate cleavage of C-N single bond of a coordinated imine ligand and formed their corresponding
ketimine compounds. Characterization of dipyridyl-Nalkylimine complexes [1]PF6 -[4]PF6 was achieved by
1
H, 13 C-NMR and ESI-MS data whereas, dipyridyl-NHketimine compounds [5]PF6 and [6]PF6 were mainly
characterized by ESI-MS data. The molecular structure
of one NH-ketimine compound [6]PF6 was determined
by single crystal X-ray diffraction.

3.2 Crystal structure of [6]PF6
Complex [6]PF6 crystallizes in orthorhombic space
group Pbcn with an average Rh-C bond distance of
2.138 Å, while the distance between rhodium and
centroid of C5 Me5 ring is 1.773 Å. Crystal structure
consists of mononuclear cationic unit [(η5 -C5 Me5 )
Rh{(C5H4N)2C=NH}Cl]+ and the hexaﬂuorophosphate
anion (PF−6 ). The geometry around the rhodium atom
can be regarded as pseudo-octahedral with η5 -C5 Me5
ligand occupying three coordination sites, π-bonded
to the rhodium atom in η5 -fashion while the remaining coordination sites were occupied by one chlorine
atom and the two nitrogen atoms of the coordinated
dipyridyl ligand. There is signiﬁcant delocalization of
pi electron in the ﬁve membered ring as evident from
equal bond distances of C-C bond in the ring. The
Rh-N bond distances of Rh(1)-N(1) and Rh(1)-N(21)
are 2.064(6) and 2.106(4) Å, respectively, comparable with those reported Rh-N bond length (Table 2).35
The molecule adopts well-known piano stool structure
with the bite angle of N(1)-Rh(1)-N(21) as 74.8(3) Å,
which is very close to those observed in the related
rhodium(III) compounds.35,36 Further, the Rh-Cl bond
length 2.397(2) Å is comparable to the reported Rh-Cl
bond length 2.3984(1) Å.35 In the structure, the PF−6 ion

adopts octahedral geometry with an average P-F bond
distance of 1.534(7) Å.
4. Conclusions
This paper describes synthesis of iridium(III) and
rhodium(III) complexes containing dipyridyl-N-alkylimine
ligands of formula [(η5 -C5 Me5 )M{(C5 H4 N)2 C=NR}Cl]
PF6 and formation of dipyridyl-NH-ketimine compounds
of the type [(η5 -C5 Me5 )M{(C5 H4 N)2 C = NH}Cl]PF6 .
Iridium(III) and rhodium(III) dipyridyl-N-alkylimine
compounds [1]PF6 -[4]PF6 were formed as the only
product when the reaction of [(η5 -C5 Me5 )MCl2 ]2 and
dipyridyl ligands (dpNmei or dpNeti) was carried out
in methanol at room temperature. In contrast, a mixture
of [1]PF6 -[4]PF6 along with inseparable iridium(III)
and rhodium(III) NH-ketimine compounds [5]PF6 and
[6]PF6 were obtained when the reaction was performed at elevated temperature in reﬂuxing acetonitrile.
The dipyridyl-N-alkylimine compounds [1]PF6 -[4]PF6
were characterized on the basis of spectroscopic data
(FTIR, 1 H, 13 C-NMR and ESI-MS data). Whereas,
characterization of NH-ketimine compounds [5]PF6
and [6]PF6 were mainly achieved by ESI-MS mass
spectral data. Crystal structure of one rhodium NHketimine compound [6]PF6 has been determined by
X-ray crystallography.
Supplementary Information (SI)
CCDC No. 971503 contains the supplementary crystallography data for this paper. Copies of this information may be obtained free of charge from the Cambridge
Crystallography Data Centre via www.ccdc.cam.ac.uk/data_
request/cif. Additional information pertaining to characterization of compounds such as copies of 1 H, 13 C-NMR and
ESI-MS spectra of compounds, Table of bond lengths and
angles for the crystal structure of [6]PF6 are available as
supporting information at www.ias.ac.in/chemsci.
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