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Abstract

The synthesis and characterization of binuclear ruthenium complexes [{(g6-C6H6)Ru}2(l-bsh)2] (1), [{(g6-C10H14)Ru}2(l-bsh)2]
(2), [{(g6-C6Me6)Ru}2(l-bsh)2] (3), and rhodium complex [{(g5-C5Me5)RhCl}2(l-bsh)] (4) (bsh¼N ;N 0-bis(salicylidine)-hydrazine
dianion) are reported. The complexes have been fully characterized by analytical and spectral techniques and unusual coordination

mode of the ligand H2bsh has been confirmed by single crystal X-ray analysis of the complex 2. Structural data revealed extensive

inter- and intra-molecular C–H� � �O and C–H� � � p interactions and involvement of methyl and isopropyl hydrogen from the

p-cymene in hydrogen bonding.

� 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Considerable recent attention has been paid towards
synthesis and characterization of half-sandwich g6-

arene ruthenium(II) complexes owing to their potential

use in various fields [1]. Reaction of the dimers [{(g6-

arene)Ru(l-Cl)Cl}2] (g6-arene¼ benzene and its deriv-

atives) with Lewis bases, a variety of other ligands and

N ;N 0 and N,O Schiff’s base ligands derived from 2-for-

myl pyridine or salicylaldehyde have extensively been

studied in this regard [2]. Literature survey further re-
vealed that reactions of the arene ruthenium complexes

with closely related N2O2 donor Schiff’s base ligands,

N ;N 0-bis(salicylidine)-hydrazine (H2bsh), N ;N 0-bis(sali-
cylidine)-p-phenylenediamine (H2bsp) and N ;N 0-bis-
(salicylidine)-p-biphenylenediamine (H2bsb) possessing

two dissociable protons have yet to be explored. Among

these, H2bsh (Fig. 1) is expected to form some unusual

and rather interesting coordination compounds due to
flexibility of the ligand about N–N single bond. At the

same time, structurally characterized complexes of

H2bsh are rare and in the known complexes it adopts

trans configuration [3].
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During past few years we have been interested in the

synthesis of polynuclear complexes involving new type

of bridging ligands, which can mediate electronic cou-
pling through its p-type of orbital [4]. In this direction,

reactivity of the ruthenium complexes [{(g6-arene)Ru(l-
Cl)Cl}2] and analogous rhodium complex [{(g5-

C5Me5)Rh(l-Cl)Cl}2] was examined with H2bsh.

Surprisingly, it was observed that reactions of arene

ruthenium complexes with H2bsh led in the formation of

[{(g6-arene)Ru}2(l-bsh)2] involving the dianion bsh2�

in an unusual coordination mode. On the other hand,
rhodium complex gave the expected binuclear complex

[{(g5-C5Me5)RhCl}2(l-bsh)]. In this paper we report the

first structurally characterized complex [{(g6-C10H14)-

Ru}2(l-bsh)2] in which the bsh2� acts simultaneously as

a bidentate ligand to one metal centre and mono dentate

to the other one. Further, the role of hydrogen bonding

in crystal engineering and supramolecular structures is
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Fig. 1. Molecular presentation of complex 2, hydrogen atoms has been omitted for clarity.
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well documented [5]. Special attention is being paid to-
wards organometallic systems, which can provide new

type of hydrogen bonding donor and acceptor groups

[6]. Crystal structure of the p-cymene containing Ru(II)

complex [{(g6-C10H14)Ru}2(l-bsh)2] 2 further revealed

that inter and intra molecular C–H� � �O and C–H� � �p
interactions results in a resting chair motif. Although,

various groups have reported C–H� � �O and C–H� � � p
type of interactions in arene ruthenium complexes, in-
volvement of methyl and isopropyl hydrogen in such

interactions are rare [7]. We, also report herein the in-

volvement of methyl and isopropyl groups of p-cymene

ring in hydrogen bonding.
2. Results and discussion

Reaction of the dimers [{(g6-arene)Ru(l-Cl)Cl}2] or
[{(g5-C5Me5)Rh(l-Cl)Cl}2] with a potassium derivative

of bsh2� (obtained from H2bsh and KOH in MeOH) at

room temperature under stirring gives the complexes 1–

4 in good yields (Scheme 1).

The complexes were isolated as dark red to orange

red solids and were fully characterized by elemental

analyses, FAB MS, 1H NMR, electronic spectral. In the
1H NMR spectra of the complexes 1–3, resonances

corresponding to –C(H)@N– protons were observed at

two different positions (recorded in Section 3). It is only

possible if, there are two chemically inequivalent

–C(H)@N– moieties about the ruthenium centre. While

the complex 4 exhibited only one resonance corre-

sponding to –C(H)@N– protons. Nature of the com-
plexes 1–3 were not immediately obvious as the
analyses and mass spectral and 1H NMR data did not

accord with the expected mono or binuclear formulation

[(g6-arene)RuCl(bsh)] and [{(g6-arene)RuCl}2(l-bsh)].
Rather it accorded well to the formulation [{(g6-are-

ne)Ru}2(l-bsh)2]. On the other hand, the analytical and

spectral data of the complex 4 corroborated well to the

expected binuclear formulation [{(g5-C5Me5)RhCl}2(l-
bsh)] in which, two [(g5-C5Me5)RhCl]þ moieties are
trans disposed and are bridged by bsh2�.

Provided with four donor sites, two oxygen and ni-

trogen donor atoms, the ligand H2bsh is fundamentally

able to act as mono, bi, tri or tetradentately. Usually, it

interacts with the metal centre through both the bis-

chelating O, N donor sites leading to the formation of

binuclear complexes. The analytical and spectral data

of the complexes 1–3 suggested unusual coordination of
the bsh2�. Its authentication was further achieved by

single crystal X-ray diffraction analysis on the repre-

sentative p-cymene complex [{(g6-C10H14)Ru}2(l-bsh)2]
2. Molecular structure of the complex 2 is shown in

Fig. 1 and selected bond lengths and angles are recorded

in Table 2. Crystal structure of the complex 2 shows that

two equivalent but independent molecules are present in

the asymmetric unit and in each of them the [(g6-
C10H14)Ru]2þ moieties are bridged by two bsh2� anions,

which simultaneously binds both the metal centres

through two of its phenolate-O and one immine-N do-

nor atoms. It occupies special position and therefore,

only half of its atoms are numbered (Fig. 1).

The metal centre Ru(1) is coordinated with phenolato

oxygen O(1), immine nitrogen N(1) from bsh2�, phe-
nolato oxygen O(2) from the other bsh2� and p-cymene
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Scheme 1. Showing two different coordination modes of the ligand H2bsh.

Table 1

Crystallographic data for the complex 2

Empirical Formula C48H48N4O4Ru2

Molecular weight 947.04

Color and habit Dark red, needles

Crystal size (mm) 0.2� 0.5� 0.5

Space group P-1

System Triclinic

Unit cell dimensions

a (�A) 12.282(5)

b (�A) 13.124(2)

c (�A) 14.189(8)

a (�) 103.42(4)

b (�) 110.19(5)

c (�) 91.26(3)

V (�A3) 2074.9(15)

Z 2

dcalc (g cm�3) 1.516

l (mm�1) 6.290

Temperature (K) 293 (2)

No. of reflections 7870

No. of refined parameters 530

R1 factor all 0.0383

R1 factor ½I > 2rðIÞ� 0.0360

wR2 0.1425

wR2½I > 2rðIÞ� 0.1399

Goodness-of-fit 1.273
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ring. Considering the coordination of the p-cymene ring

as a single coordination site bonded in g6-manner

through its centroid, coordination geometry about the

metal centre Ru(1) might be regarded as typical ‘‘piano-

stool’’ geometry. Analogous arrangement of different

atoms is observed about the other metal centre too. The
p-cymene ring is planar and the Ru–C distances are al-

most equal with an average bond distance of 2.182 �A
[range 2.14(4)–2.20(4) �A]. The metal centre Ru(1) and

Ru(2) is displaced by 1.674 �A and 1.672 �A respectively
from centroid of the p-cymene ring and is consistent

with those reported for other ruthenium complexes [8].

Appreciable twisting about the N–N bond takes place

in both the bsh2� to accommodate two metal ions,

which is evident from the dihedral angle between the
planes formed by salicylidine moieties of the same ligand

[torsion angle: C(24#)–N(2)–N(1)–C(17)¼ 141.7(3)�
and C(41)–N(3)–N(4)–C(42)¼ 129.9(3)�]. The ring

formed by azo methine group, phenolic oxygen and

ruthenium is planar. The Ru–O bond distances Ru(1)–

O(1), Ru(1)–O(2), Ru(2)–O(3) and Ru(2)–O(4) are

2.05(3), 2.10(2), 2.05(2) and 2.09(2) �A respectively and

are comparable with those in other Ru(II) complexes [9].
The Ru–N bond distances for Ru(1)–N(1) and Ru(2)–

N(3) are 2.09(3) and 2.079(3) �A respectively and is

comparable with Ru–N distances in other Ru(II) poly-

pyridyl complexes [10]. The N–N and C@N distances

are slightly higher than that in the ligand itself [11].

Resting chair like structure, results from the intra and

intermolecular C–H� � �O and C–H� � � p bonds (Fig. 2).

The interaction distances, angles along with their sym-
metry are summarized in Table 3. Intra molecular hy-

drogen bonds result by the interaction between the

hydrogen present on phenyl carbons C(19), C(48) and

phenolato oxygen O(1), O(3), salicylidine carbon atoms

C(24), C(42) and phenolato oxygen O(2) and O(4). The

isopropyl carbon C(32) is also involved in intramolecular

hydrogen bonding through phenolato oxygen O(3). The

hydrogen bond distances involving salicylidine carbon
are slightly longer as compared to those involving phenyl

carbon, suggesting that the latter interactions are strong

and phenyl carbons are stronger donor in comparison to

salicylidine carbons. Further, hydrogen bond distances

involving isopropyl C(32) and methyl C(31) carbons of



Table 2

Selected bond length (�A), bond angles (�) and torsion angles (�) in the

complex 2

Ru(1)–O(1) 2.050(3)

Ru(1)–N(1) 2.090(3)

Ru(1)–O(2) 2.101(2)

Ru(2)–O(3) 2.051(2)

Ru(2)–N(3) 2.079(3)

Ru(2)–O(4) 2.093(2)

N(1)–N(2) 1.424(4)

N(2)–C(24)#1 1.263(4)

N(3)–C(41) 1.296(4)

N(3)–N(4) 1.429(4)

N(4)–C(42) 1.278(4)

O(1)–C(11) 1.298(4)

O(2)–C(18) 1.318(4)

O(3)–C(35) 1.299(5)

O(1)–Ru(1)–N(1) 86.89(12)

O(1)–Ru(1)–O(2) 86.19(11)

N(1)–Ru(1)–O(2) 84.07(10)

O(3)–Ru(2)–N(3) 87.85(11)

O(3)–Ru(2)–O(4) 86.57(10)

N(3)–Ru(2)–O(4) 82.33(11)

C(24#)–N(2)–N(1)–C(17) 141.7(3)

C(41)–N(3)–N(4)–C(42) 129.9(3)

Fig. 2. A resting chair network assembled through inter and intra C–H� � �O
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the arene ring are slightly longer than those involving

phenyl or salicylidine carbons, it may be due to sp3 hy-

bridization of C(31) and C(32) [12].

Intermolecular hydrogen bonding is resulting by in-

teraction of methyl hydrogen C(31)–H(31) of the arene
ring with the phenolato oxygen O(2) of another unit at

the same time the methyl carbon C(7), from another

molecule is involved in weak C–H � � � p intramolecular

interaction (2.49A, 140�) with C(18)@C(23) of the phe-

nyl ring [C(18)–C(23)] [13,14]. In the C–H � � � p bond, the

distance of C(7)–H(7b) with the centroid of phenyl ring

[C(18)–C(23)] is 2.99 �A is less than the vander wall radii

[RvdW radii (1.2 + 1.7¼ 3.0 �A)] [14]. The anomalous
behavior of methyl carbons C(7) and C(31) may be at-

tributed to the greater distortion of ring represented by

C(43)–C(48) than C(18)–C(23) as the phenyl ring

[C(18)–C(23)] located below C(7) is stabilized by the C–

H� � � p interaction. All the phenolato oxygen atoms

O(1), O(2), O(3) and O(4) are engaged in intra molecular

hydrogen bonding except O(2) which is engaged in both

the inter and intra molecular hydrogen bonding. It is
also supported by related bond order calculations [15].
and C–H� � �p interactions. Inset shows a single unit of chair form.



Table 3

Significant hydrogen bonds (�A and �) for complex 2

D–H� � �A d(D–H) d(H� � �A) d(D� � �A) \(DHA)

C–sp3(31)–H(31A)� � �O(2)a 0.96 2.58 3.434(6) 148.4

C–sp2(19)–H(19)� � �O(1)b 0.93 2.35 3.098(4) 136.7

C–sp2(24)–H(24)� � �O(2)c 0.93 2.45 3.238(4) 142.2

C–sp2(42)–H(42)� � �O(4)b 0.93 2.50 3.282(4) 142.1

C–sp2(48)–H(48)� � �O(3)b 0.93 2.37 3.095(5) 134.6

C– sp3(32)–H(32)� � �O(3)b 0.98 2.58 3.388(8) 139.4

C–sp3(7)–H(7b)� � � p [C(18)¼C(23)] 0.96 2.49 3.293 140.5

a x; y � 1; z� 1.
b�x;�y;�z� 1.
c�x;�y þ 2;�z.
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3. Experimental

3.1. Materials

All the synthetic manipulations were performed un-

der oxygen free nitrogen atmosphere. The solvents were

dried and distilled before use following the standard

procedures. a-phellandrene (Fluka), hydrated ruthe-
nium(III) chloride, cyclohexa-1,3-diene, hexamethyl-

benzene (all Aldrich), salicylaldehyde and hydrazine

(s.d.fine chem.) were used as received. The ligand N ;N 0-
bis(salicylidine)-hydrazine (H2bsh) and the precursor

complexes [{(g6-C6H6)Ru(l-Cl)Cl}2], [{(g6-C10H14)-

Ru(l-Cl)Cl}2] and [{(g6-C6Me6)Ru(l-Cl)Cl}2] and

[{(g5-C5Me5)Rh(l-Cl)Cl}2] were prepared and purified

following the literature procedures [3,16].

3.2. Instrumentation

Elemental analyses of the complexes were performed

at Sophisticated Analytical Instrument Facility, Central

Drug Research Institute, Lucknow. Infrared spectra

were recorded on a Perkin–Elmer-577 spectrophotome-

ter. NMR spectra were taken on Bruker-DRX300 MHz
spectrometers with tetramethylsilane as an internal

standard. Electronic spectra of the complexes were ob-

tained on a Shimadzu UV-1601. The FAB mass spectra

were recorded on a JEOL SX 102/DA 6000 mass spec-

trometer using Xenon (6 kV, 10 mA) as the FAB gas.

The accelerating voltage was 10 kV and the spectra were

recorded at room temperature with m-nitrobenzyl alco-
hol as the matrix.

3.3. Preparation of the complexes

3.3.1. [{(g6-arene)Ru}2(l-bsh)2] (1–3)
In a typical reaction, to a solution of potassium de-

rivative of bsh [prepared from H2bsh (1.0 mmol) and

KOH (2.0 mmol) in methanol (25 cm3)], dimers [{(g6-

arene)Ru(l-Cl)Cl}2](1–3) or [{(g5-C5Me5)Rh(l-Cl)Cl}2]
(4) (1.0 mmol) were added and the resulting suspension

was stirred for 4 hrs at room temperature. Slowly, the
dimeric complexes dissolved and gave dark red to orange

red complexes, which, were separated by filtration and

recrystallized from CH2Cl2-diethylether. Selected data of

the complexes are recorded below.

3.3.2. [{(g6-C6H6)Ru}2(l-bsh)2] (1)
Yield: (701 mg, 84%). (Found: C, 57.57; H, 4.17; N,

6.39. M 834 requires C40H32N4O4Ru2: C, 57.55; H, 3.83;
N, 6.71%. M 834). kmax=nm, dmso; (e/dm3 mol�1 cm�1)

404 (38003), 298 (56600), 256 (89033). 1H NMR (300

MHz; CDCl3; SiMe4; J Hz): d 10.28 (s), 8.44 (s), 7.99 (d,

6.9 Hz), 7.70 (d, 8.4 Hz), 7.30 (m), 7.14 (d, 8.4 Hz), 6.75

(t, 7.35 Hz), 6.56 (t, 7.5 Hz), 5.29 (s). m=z; 418 (417)

(Mþ ) [(g6-C6H6)Ru(bsh)]).

3.3.3. [{(g6-C10H14)RuCl}2(l-bsh)2] (2)
Yield: (804 mg, 85%). (Found: C, 60.84; H, 5.12; N,

5.96. M 946 requires C48H48N4O4Ru2: C, 60.88; H, 5.07;

N, 5.91%. M 946). kmax/nm, dmso; (e/dm3 mol�1 cm�1)

410 (36900), 303 (49100), 268 (80300). 1H NMR (300

MHz; CDCl3; SiMe4; J Hz): d 10.12 (s), 8.31 (s), 7.91 (d,

7.8 Hz), 7.72 (d, 8.7 Hz), 7.25 (m), 7.06 (d, 8.4 Hz), 6.63

(t, 7.35 Hz), 6.49 (t, 7.36 Hz), 5.20–5.12 (dd, 6.0 Hz),

2.58 (sep., 6.9 Hz), 1.80 (s), 1.12–0.99 (dd, 6.9 Hz). m=z;
475 (473) (Mþ ) [(g6-C10H14)Ru(bsh)]).

3.3.4. [{(g6-C6Me6)Ru}2(l-bsh)2] (3)
Yield: (822 mg, 82%). (Found: C, 62.14; H, 5.69; N,

5.19, M 1002 requires C52H56N4O4Ru2: C, 62.27; H,

5.58; N, 5.58%. M 1002). kmax/nm, dmso; (e/dm3 mol�1

cm�1) 429 (37128), 304 (52130), 269 (81540). 1H NMR

(300 MHz; CDCl3; SiMe4; J Hz): d 8.38 (s), 7.90 (d, 7.8
Hz), 7.72 (d, 8.7 Hz), 7.26 (m), 7.08 (d, 7.4 Hz), 6.59 (t,

7.2 Hz), 6.55 (t, 7.2 Hz), 2.29 (s). m=z; 503 (501)

(Mþ ) [(g6-C6Me6)Ru(bsh)]).

3.3.5. [{(g5-C5Me5)Rh}2(l-bsh)] (4)
Yield: (644 mg, 82%). (Found: C, 51.53; H, 5.25; N,

3.51. M 785 requires C32Cl2H40N2O2Rh2: C, 51.25; H,

5.43; N, 3.71%. M 785). 1H NMR (300 MHz;
CDCl3;SiMe4; J Hz): d 8.39 (s), 8.01 (d, 7.8 Hz), 7.77 (d,

8.7 Hz), 7.31 (m), 7.11 (d, 7.4 Hz), 6.69 (t, 7.2 Hz), 6.46
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(t, 7.2 Hz), 1.54 (s). m=z; 785 (785) (Mþ); 749 (749)

(Mþ )Cl); 712 (714) (Mþ ) 2Cl).

3.4. Crystal structure determination

Cell dimensions and intensity data for [{(g6-

C10H14)Ru}2(l-bsh)2] 2 was obtained on Enraf–Nonius

CAD-4 four-Circle automatic diffractometer employing

graphite monochromated Cu Ka radiation (k ¼ 1:54180
�A) at 293(2) K. Diffracted intensities were collected with

x=2h scanning technique (2h range 3.87–75.14�). All the

pertinent data for complex 2 are given in Table 1. The

structure was solved by direct methods (SHELXS 97SHELXS 97) and
refined by full-matrix least squares calculations on F 2

(SHELX 97SHELX 97) [17]. In the final cycles of refinement all the

non-H atoms were treated anisotropically. The H-atoms

attached to carbon atoms were included as fixed con-

tribution and were geometrically calculated and refined

using the SHELXSHELX riding model. The function minimized

was
P

wðF0 � FeÞ2, where w�1 ¼ r�2ðF Þ þ 0:0012F 2,

resulting in R ¼ 0:0383; xR2 ¼ 0:1425; GOF¼ 1.273.
Complex 2 occupies some special position and therefore

only half of it is labeled. The computer program PLA-PLA-

TONTON was used for analyzing the interaction [17].

Crystal data for complex 2 has been deposited to

CCDC and deposition code is CCDC 210341.
4. Conclusions

The results reported here are very promising with

regard to the synthesis of complexes involving different

coordination modes of the ligand H2bsh. At this stage, it

has not been possible for us to find a way to control,

which way the ligand reacts with each metal complex,

leading to the formation of entirely different products.

Further, inter and intra molecular C–H� � �O and C–
H� � � p interactions leads to resting chair like motif of the

complex [{(g6-C10H14)Ru}2(l-bsh)2]. It presents first

example wherein, methyl and isopropyl groups from p-
cymene are involved in the intermolecular hydrogen

bonding. Follow up is in progress to synthesize new

complexes, to optimize conditions and to look into the

reactivity of the complexes resulting from interaction of

N ;N 0-bis(salicylidine)-hydrazine and closely related li-
gands N ;N 0-bis(salicylidine)-p-phenylenediamine and

N ;N 0-bis(salicylidine)-p-biphenylenediamine with metal

complexes under varying conditions.
Acknowledgements

We thank Department of Science and Technology,
Ministry of Science and Technology, New Delhi for

providing financial assistance [SP/S1/F-04/2000]. We are

also grateful to The Head, Department of Chemistry,

A.P.S. University, Rewa for extending laboratory
facilities, Prof. T.P. Singh, In-charge, National Single

Crystal X-Laboratory, AIIMS, New Delhi for providing

single crystal X-ray data and Central Drug Research

Institute, Lucknow for analytical and spectral data. We

also thank Professor D. Braga, Dipartimento di Chi-
mica G. Ciamician, Universita di Bologna, Italy for his

helpful discussions and suggestions.

References

[1] (a) M.A. Bennett, M.I. Bruce, T.W. Matheson, in: G. Wilkinson

(Ed.), Comprehensive Organometallic Chemistry, Vol. 4, Perg-

amon, Oxford, 1982;

(b) R. Schmidt, E.A. Broger, M. Cereghetti, Y. Crameri, J.

Foricher, M. Lalonde, R.K. Mueller, M. Scalone, G. Schoettel, U.

Zutter, Pure Appl. Chem. 68 (1996) 131;

(c) D. Braga, P.J. Dyson, F. Grepioni, B.F.G. Johnson, Chem.

Rev. 94 (1994) 1585;

(d) H. Brunner, Angew. Chem. Int. Ed. Engl. 38 (1999) 1194;

(e) J.W. Faller, J. Parr, Organometallics 19 (2000) 1829;

(f) C. Bruneau, P.H. Dixneuf, Chem. Commun. (1997) 507;

(g) A. Frodl, D. Herebian, W. Sheldrick, J. Chem. Soc., Dalton

Trans. (2002) 3664;

(h) H. Chen, J.A. Parkinson, R.E. Morris, P.J. Sadler, J. Am.

Chem. Soc. 125 (2003) 173, and references therein.

[2] (a) D. Carmona, C. Cartiviela, S. Elipe, F.J. Lahoz, M.P.

Lamata, M. Pilar, L. deViu, L.A. Oro, C. Vega, F. Viguri, Chem.

Commun. (1997) 2351;

(b) W. Ferstl, I.K. Sakodinskaya, N.B. Sutter, G. Le Borgne, M.

Pfeffer, A.D. Ryabov, Oranometallics 16 (1997) 411;

(c) K. Mikami, T. Korenaga, M. Teranda, T. Ohkuma, T. Pham,

R. Noyori, Angew. Chem., Int. Ed. Engl. 38 (1999) 495;

(d) D.G.I. Petra, P.C.J. Kamer, P.W.N.M.V. Leeuwen, K.

Goulbitz, A.M.V. Loon, J.G.D. Vries, H.E. Schoemaker, Eur. J.

Inorg. Chem. (1999) 2335;

(e) Y.R.S. Laxmi, J.E. Backvall, Chem. Commun. (2000) 611;

(f) P. Lahuerta, J. Lattore, M. Sanau, F.A. Cotton, W.

Schwotzer, Polyhedron 7 (1988) 1311;

(g) R.K. Rath, M. Nethaji, A.R. Chakravarty, J. Organomet.

Chem. 633 (2001) 79.

[3] (a) S. Gopinathan, S.A. Pardhy, C. Gopinathan, V.G. Puranik,

S.S. Tavale, T.N.G. Row, Inorg. Chim Acta 111 (1986) 133;

(b) M. Mikuriya, M. Fukuya, Chem. Lett. (1998) 421;

(c) S. Pal, S. Pal, Inorg. Chem. 40 (2001) 4807.

[4] (a) A. Singh, N. Singh, D.S. Pandey, J. Organomet. Chem. 642

(2002) 48;

(b) M. Chandra, A.N. Sahay, S.M. Mobin, D.S. Pandey, J.

Organomet. Chem. 658 (2002) 43;

(c) M. Trivedi, M. Chandra, D.S. Pandey, M.C. Puerta, P.

Valerga, J. Organomet. Chem. 689 (2004) 879.

[5] (a) J.M. Lehn, Supramolecular Chemistry: Concepts and

Perspectives, V: Weinheim, 1995;

(b) G.R. Desiraju (Ed.), The Crystal as a Supramolecular Entity,

Wiley, Chichester, NW, 1996;

(c) D. Braga, F. Grepioni, Chem. Commun. (1996) 571;

(d) T. Steiner, Angew. Chem. Int. Ed. Engl. 41 (2002) 48;

(e) G.R. Desiraju, T. Steiner, The weak hydrogen bond in

structural chemistry and biology, Oxford University Press,

Oxford, 1999.

[6] (a) D. Braga, F. Grepioni, G.R. Desiraju, J. Organomet. Chem.

548 (1997) 33;

(b) S. Aime, E. Diana, R. Gobetto, M. Milanesio, E. Valls, D.

Viterbo, Organometallics 21 (2002) 50.

[7] (a) D. Braga, F. Grepioni, E. Tedesco, Organometallics 17 (1998)

2670;



S.K. Singh et al. / Journal of Organometallic Chemistry 689 (2004) 2073–2079 2079
(b) L. Scaccianoce, D. Braga, M.J. Calhorda, F. Grepioni,

B.F.G. Johnson, Organometallics 19 (2000) 790.

[8] (a) F.B. McCormick, D.D. Cox, W.B. Gleason, Organometallics

12 (1993) 610;

(b) U. Beck, W. Hummel, H.-B. Burgi, A. Ludi, Organometallics

6 (1993) 20;

(c) W. Luginbuehl, P. Zbinden, P.A. Pittet, T. Armbruster, H.-B.

Buergi, A.E. Merbach, A. Ludi, Inorg. Chem. 30 (1991) 2350;

(d) D.K. Gupta, A.N. Sahay, N.K. Jha, P. Sharma, G. Espinosa,

A. Cabrera, P. Valerga, M.C. Puerta, D.S. Pandey, J. Organomet.

Chem. 560 (1998) 35.

[9] B.K. Panda, S. Chattopadhyaya, K.A. Ghosh, A. Chakravorty,

Organometallics 21 (2002) 2773.

[10] A.J. Davenport, D.L. Davies, J. Facett, S.A. Garrat, D.R.

Russell, J. Chem. Soc. Dalton Trans. (2000) 4432.

[11] X.-X. Xu, X.-Z. You, Z.-F. Sun, X. Wang, H.-X. Liu, Acta Cryst

C50 (1994) 1169.

[12] T. Steiner, Chem. Commun. (1996) 571.

[13] G.R. Desiraju, Acc. Chem. Res. 35 (2002) 565.

[14] R.K.R. Jetti, A. Nangia, F. Xue, T.C.W. Mak, Chem. Comm.

(2001) 919.
[15] The bond order has been calculated by L. Pauling The Nature of

the Chemical Bond, 3rd ed. Cornell University Press: Ithaca, New

York, 1960, p239: The relationship of bond order to bond distance

is given by dn ¼ d1 � 0:6 logðnÞ where n is the bond order and d1
and dn are the bond distance with the bond order 1 and n,

respectively. The value of n is 1.65 for C–O bond of phenalato

oxygen [C(11)–O(1) and C(35)–O(3)] which is interacting with the

phenyl hydrogen 1.53 for C–O bonds of phenalato oxygen [C(18)–

O(2)] which shows intermolecular interction with metyl hydrogen

of p-cymene C(31)–H(31A) and 1.61 for [C(43)–O(4)] which is

interacting with the salicylidine hydrogen. It means that [C(18)–

O(2)] has least tendency for double bond. A reverse pattern is

observed for the bond length of related C, H, O distance.

[16] (a) M.A. Bennett, A.K. Smith, J. Chem. Soc., Dalton Trans.

(1974) 233;

(b) M.A. Bennett, T.N. Huang, T.W. Matheson, A.K. Smith,

Inorg. Synth. 21 (1982) 74.

[17] (a) G.M. Sheldrick, SHELX-97SHELX-97: Programme for Refinement of

Crystal Structures, University of Gottingen, Gottingen, Germany,

1997;

(b) PLATONPLATON, A.L. Spek, Acta Crystallogr. A 46 (1990) C31.


	Ru(II) complexes imparting N2O2 donor bis chelating ligand N,Nprime-bis(salicylidine)-hydrazine in unusual coordination mode
	Introduction
	Results and discussion
	Experimental
	Materials
	Instrumentation
	Preparation of the complexes
	[{(eta6-arene)Ru}2(mu-bsh)2] (1-3)
	[{(eta6-C6H6)Ru}2(mu-bsh)2] (1)
	[{(eta6-C10H14)RuCl}2 (mu-bsh)2] (2)
	[{(eta6-C6Me6)Ru}2(mu-bsh)2] (3)
	[{(eta5-C5Me5)Rh}2(mu-bsh)] (4)

	Crystal structure determination

	Conclusions
	Acknowledgements
	References


