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Microwave chemistry is a green chemical method that improves reaction conditions and
product yields while reducing solvent amounts and reaction times. The main aim of this article
is to synthesize the tetradentate N,O, ligand [HO(Ar)CH=N—-(CH,),-N=CH(Ar)OH] and
manganese(Il), cobalt(Il), nickel(I), and zinc(I) complexes of the type ML by classical and
microwave techniques. The resulting Schiff base and its complexes are characterized by
"H NMR, infrared, elemental analysis, and electronic spectral data. The ligand and its Co(II)
and Mn(II) complexes were further identified by X-ray diffraction and mass spectra to confirm
the structure. The results suggest that the metal is bonded to the ligand through the phenolic
oxygen and the imino nitrogen.

Keywords: Microwave assisted synthesis; Synthesis of Schiff base; Metal ligand complex

1. Introduction

Schiff bases containing an azomethine group (CH=N-) are formed by condensation
of a primary amine with a carbonyl compound [1]. These bases are ligands which
are active, well designed, and stable under a variety of oxidative and reductive
conditions [2]. Symmetric and asymmetric transition metal complexes of Schiff bases
have been used as catalysts in reactions, such as epoxidation [3], asymmetric synthesis
[4], asymmetric sulfoxidation [5], asymmetric silylcyanation [6], and many other
applications [7]. Schiff bases and the relevant transition metal complexes are widely
studied because they have industrial, antifungal, antibacterial, anticancer, and
herbicidal applications [8]. These complexes play an important role in the develop-
ment of coordination chemistry [9] and possess important properties, such as
biological activity [10], catalytic activity [11], and photochromic properties [12].
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Schiff bases continue to occupy an important position as ligands in metal
coordination chemistry almost a century since their discovery.

Schiff bases derived from the reaction of salicylaldehyde with primary amines (salen
type Schiff base) represent a versatile series of ligands and much have been well known
in the field of organometallics [13]. Transition metal complexes of this ligand, as
catalysts, have attracted significant attention for their applications, particularly in
agrochemical and pharmaceutical industries. Recent use of these complexes as
catalytically active materials to develop surface-modified electrodes for sensor
applications has stimulated the use of cyclic voltammetry as a technique to study
structure—reactivity relationships for this class of compounds [14-16].

Ribeiro da Silva et al. [17] reported molecular thermochemical study of salen and
its Ni(II), Cu(Il), and Zn(II) complexes and the thermochemical properties of N,O,
Schiff-base ligands. Canpolat et al. [18] reported the synthesis and characterization of
a new 5-bromosalicylidene-p-aminoacetophenoneoxime and its complexes with Co(II),
Ni(II), Cu(I), and Zn(II). Nair and Lal er al. [19] reported synthesis and
spectroscopic studies of complexes of Cu, Ni, Fe, and Zn. Laskin et al. [20] reported
gas-phase fragmentation of ternary complexes of angiotensin analogues with trivalent
metal-salen peptide complexes. Kulkarni et al. [21] reported synthesis, DNA cleavage
and antimicrobial studies of La(III), Th(IV), and VO(IV) complexes with Schiff bases
derived from coumarin and o-phenylenediamine/ethylenediamine. Kaczmarek et al.
[22] have carried out the self-assembled synthesis, characterization, and antimicrobial
activity of zinc(II) N,N’-bis(salicylidene)-4-methyl-1,3-phenylenediamine (H,L) com-
plexes. Kwong et al. [23] reported reaction of a (salen) ruthenium(VI) nitrido
complex with isocyanide. Xu et al. [24] reported the X-ray crystal structures of cis-
B-bis(carbonyl) ruthenium-salen complexes and catalytic properties toward asymmet-
ric intramolecular cyclopropanation. Rao et al. [25] employed the ESI method in
combination with MS/MS to study the binding of 4-(N,N-dimethylamino)pyridine to
salen- and salanCr(III) complexes and characterized by collision-induced dissociation
(CID) and catalytic activity for CO,/epoxide copolymerization.

Microwave assisted reactions in solvent or solvent-free conditions have gained
popularity because of rapid reaction rate, cleaner reactions, ease of manipulation,
higher yields, and often, improved selectivity, with respect to conventional reaction
conditions [26]. A major advantage is given by the usual reaction time which is a few
minutes even on a few hundred grams scale. The reduction of solvents and formation of
lowered amounts of by-products decrease pollution at the source and ensure high levels
of “atom economy”. Another advantage of microwave-induced organic reaction
enhancement (MORE) chemistry techniques is lowered energy consumption compared
to conventional reactions performed under reflux which also require the latent heat of
vaporization. The present study investigates reaction of tetradentate Schiff base
synthesized by classical and microwave technology, by condensation of ortho-
hydroxybenzaldehyde and 1,2-diaminoethane for synthesis of N,N’-bis(salicylaldehy-
do)ethylenediimine and its complexes with manganese, cobalt, nickel, copper, and zinc
ions. The prepared ligand and metal complexes were characterized by 'H NMR,
infrared, elemental analysis, and electronic spectral data. The ligand and its Co(II) and
Mn(II) complexes were further identified using X-ray diffraction (XRD) and mass
spectra.
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2. Experimental

2.1. General

All chemicals and solvents used for synthesis were of analytical reagent grade.
Manganese(II), cobalt(IT), nickel(IT), and zinc(II) acetates from Merck were used
without purification.

2.2. Physical measurements

Microwave assisted condensation of Schiff base and complexes were carried out in a
domestic oven, 2450 MHz frequency, 800W. IR spectra were recorded on a Shimadzu
Dr-8031 instrument. Electronic spectra from 200 to 800 nm were determined in DMSO
on a Cintra 10e spectrometer. The '"H NMR spectra of the Schiff base and metal
complexes were recorded on a Bruker-Avance (300 MHz), Varian-Gemini (200 MHz)
spectrophotometer using DMSO and TMS as the internal standard. ESI-MS spectra
were determined on a LCQ ion trap mass spectrometer (Thermo Fisher, San Jose, CA,
USA), equipped with an ESI source. Elemental analyses were carried out using a
Perkin-Elmer CHNS/O elemental analyzer model 2400. The XRD patterns for all the
samples are obtained on a Rigaku miniflex X-ray diffractometer using Ni filtered
Cu-Ko radiation (A = 1.5406) from 26 =2-80°, at a scan rate of 2°min~", with the beam
voltage and a beam current of 30kV and 15mA, respectively.

2.3. Synthesis of Schiff base (H,L)

2.3.1. Microwave method. A mixture of (0.0081mol) ortho-hydroxybenzaldehyde,
(0.004 mol) 1,2-diaminoethane and ethanol were placed in a flask and irradiated in a
microwave oven for 20s. Completion of the reaction was monitored by TLC. The
reaction mixture was allowed to attain room temperature, the solid washed with aq.
ethanol and recrystallized from methanol. Yellow crystals; UV-Vis (Apax In nm): 322,
268; XRD, d values: 15.02, 7.55, 5.04, 4.68, 4.43, 4.16, 3.78, 3.09, 3.03, 2.16, and 2.10;
IR (KBr, cm™"): 1636 (-C=N-); '"H NMR (300 MHz, DMSO) § (ppm)=3.9 (s, 4H,
CH,—CH,); 8.4 (s, 2H, -CH=N-); 6.8-7.3 (m, 8H, Arom-H); 12.9 (s, 2H, —OH); mass
spectra, m/z =268 (100%).

2.3.2. Classical method. Ortho-hydroxybenzaldehyde (0.016 mol), 0.0081 mol of
1,2-diaminoethane, and 20 mL of ethanol were refluxed for 20min. The reaction
was monitored by TLC. After completion of the reaction, the reaction mixture was
cooled and crystallization was induced by rubbing with a glass rod. The solid
was collected by filtration and washed well with aq. ethanol. The crude product was
recrystallized from methanol. Spectral data were similar to those reported by
the microwave method.
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2.4. Synthesis of metal complexes

2.4.1. Microwave method. Schiff base (0.003 mol) was added to a ethanolic solution of
M(CH5COO),-4H,O (M =Mn, Co, Ni, Cu, and Zn). The resulting mixture was
irradiated in a microwave oven for 1 min. The solid complex precipitated was filtered,
washed thoroughly with hot ethanol, and dried in an oven.

2.4.2. Classical method. A solution of metal(II) acetate in ethanol (0.003 mol) was
refluxed with an ethanolic solution of the Schiff base (0.003 mol) for ~5h. The solution
was then reduced to one-third on a water bath. The solid complex precipitated was
filtered, washed thoroughly with hot ethanol, and dried in an oven. Spectral data were
similar to those reported in section 2.4.1.

2.4.3. Metal complex (Mn). Dark green crystals; UV-Vis (L. in nm): 365, 260;
XRD, dvalues: 8.33, 7.96, 7.14, 6.31, 6.02, 5.72, 5.05, 4.90, 4.77, 4.51, 4.40, and 4.21; IR
(KBr, cm™"): 1600 (-C=N), 510 (Mn-N), 414 (Mn-0O); 'H NMR (300 MHz, DMSO)
8 (ppm)=3.9 (s, 4H, CH,—CH,); 8.2 (s, 2H, -CH=N-); 6.5-7.3 (m, 8H, Arom-H).

2.4.4. Metal complex (Co). Dark brown crystals; UV-Vis (Anax in nm): 402, 264;
XRD, d values: 13.33, 12.48, 9.06, 8.47, 7.56, 6.31, 6.13, 4.58, 4.38, 4.20, and 3.57; IR
(KBr, cm™"): 1603 (-C=N-), 540 (Co-N), 443 (Co-0); '"H NMR (300 MHz, DMSO)
8 (ppm) =3.8 (s, 4H, CH,—CH>); 8.0 (s, 2H, -CH=N-); 6.8-7.2 (m, 8H, Arom-H); mass
spectra, m/z =325 (100%).

2.4.5. Metal complex (Ni). Red solid; UV-Vis (Amayx in nm): 410, 262; IR (KBr, cm™"):
1624 (-C=N-), 520 (Ni-N), 430 (Ni-O); '"H NMR (300 MHz, DMSO) § (ppm) = 3.8
(s, 4H, CH,—CH,); 8.2 (s, 2H, -CH=N-); 6.6-7.2 (m, 8H, Arom-H).

2.4.6. Metal complex (Zn). Yellow solid; UV-Vis (L., in nm): 366, 261; IR (KBr,
em™'): 1633 (-C=N-), 532 (Zn-N), 415 (Zn-O); 'H NMR (300 MHz, DMSO)
8 (ppm)=3.7 (s, 4H, CH,—CH,); 8.3 (s, 2H, -CH=N-); 6.4-7.1 (m, 8H, Arom-H).

3. Results and discussion

The Schiff base forms complexes with metal ions via N and O donors; phenolate oxygen
is a hard donor which stabilizes higher oxidation states while imine nitrogen is a softer
donor, stabilizes lower oxidation states of metals [27]. Preparation of the ligand is
represented in scheme 1. Reaction of Mn-, Co-, Ni-, and Zn acetate with tetradentate
Schift-base ligand (H,L) in 1:1 molar ratio in ethanol is represented in scheme 2. The
microwave assisted (MWI) synthesis of Mn-, Co-, Ni-, and Zn acetate with tetradentate
Schiff base (H,L) in 1:1 molar ratio in ethanol is represented in scheme 3. It is clear
from the yield comparison plot (figure 1) of classical and MWI synthesis of the Schiff
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Scheme 1. Preparation of H,L: classical method =20 min, 76%; microwave method =20s, 88%.

EtOH, heat

M(CH3COO), + H,L ML + 2CH;COOH

5h

Scheme 2. Reaction of M=Mn-, Co-, Ni-, and Zn acetate with tetradentate Schiff base.

EtOH, MW
M(CH5;COO0), + H,L 01—_» ML + 2CH,COOH
min

Scheme 3. Microwave irradiation of metal acetates with tetradentate ligand.

100 4
m Classical (Y%)

50 = MW (Y%)
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H2L. MnL CoL NiL ZnL

Figure 1. Graphical representation of yield comparison between classical and microwave irradiations.

base and its metal complexes that MWI is easier, convenient, and the yield of all
products are better than the classical method.

The complexes are air-stable, non-hygroscopic, colored solids, insoluble in water,
partly soluble in ethanol and methanol, and soluble in DMSO and DMF. The Schiff
base and its Mn(II) and Co(II) complexes were identified by X-ray powder diffraction
pattern. X-ray powder diffraction peaks of Schiff base (H,L) (Supplementary material)
and its CoL and MnL complexes have been indexed by the crystal system. The observed
interplanar spacing values (‘d’ in A) have been measured from the diffractograms.
Elemental analysis data of the Schiff base and metal complexes (table 1) are consistent
with the calculated results from the empirical formula of each compound.

In the microwave method, the yield of Schiff base and its transition metal complexes
are better than the classical method. Microwave irradiation facilitates polarization of
the reacting molecule causing fast reaction to occur. A comparative study of yield and
reaction time is shown in table 2. Compared to thermal heating, microwave heating has
many benefits, such as rapid volumetric heating, higher reaction rates, higher reaction
selectivity, higher product yield, and energy saving [28]. In microwave heating, energy
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Table 1. Elemental analysis and electronic spectral data of the complexes.

% Calcd (Found)

Wavelength (nm)

C H N M in DMSO

H,L 71.62 (71.41) 5.01 (5.08) 10.44 (10.35) 322, 268
MnL 59.80 (59.32) 4.36 (3.28) 8.72 (8.60) 17.13 (17.21) 365, 260
CoL 59.07 (59.01) 430 (4.21) 8.61 (8.52) 18.15 (18.38) 402, 264
NiL 59.13 (59.26) 431 (4.35) 8.62 (8.56) 18.07 (18.16) 455, 410, 262
ZnL 57.94 (57.98) 4.22 (4.49) 8.45 (8.40) 19.73 (19.75) 366, 261

Table 2. Physical properties of the Schiff base and its metal complexes.

Classical
Microwave method method
Formula  Reaction Yield Reaction Yield
Compound Ligand/Complex Color weight time (s) (%) time (h)  (%)*
H,L Ci6H16N,O, Yellow (crystals) 268 20 88 0.33 76
MnL Ci6H14N,O,Mn  Dark green (crystals) 321 60 83 5 74
CoL Ci6H4N,O,Co  Dark brown (crystals) 325 60 85 5 72
NiL CigH4N,O,Ni  Red 324 60 88 5 79
ZnL Ci6H14N,O5Zn  Yellow 330 60 93 5 84

“Isolated yields.

source of the microwaves is not in direct contact with the reaction solution, so the heat
produced is via diclectric heating, which leads to completely different temperature
profiles [29].

3.1. UV-Vis spectral studies

Electronic spectral data of the Schiff base and its complexes are summarized in table 1.
The spectra of H>L display two main peaks at 262 and 322 nm, the first peak attributed
to benzene 7—n* and the second to n—n* transition. The n—7* transition was shifted to
shorter wavelength with an increase in intensity. This shift is attributed to donation of
the lone pairs of nitrogen of the Schiff-base ligand (H»L) to the metal ion (N — M) [30].
The Mn(II) complex is dark green in solution and shows an intense absorption in the
visible region at 365nm assigned to °A, — *T, transition, suggesting a tetrahedral
geometry for the Mn(II) complex. The electronic spectrum of the dark brown Co(II)
complex exhibits a band at 402 nm assigned to 'A, e 'B; ¢ for square-planar geometry.
Square-planar Ni(I) complexes are commonly orange or red; Ni(II) complex shows
absorption in the visible region at 455 nm with a second band at 410 nm. These bands
are commonly assigned to 'Ajz— 'Ay, (bae—> b)) and 'Aj,— "B, (ajo— by,
respectively. The electronic spectra of Zn(Il) complex exhibits intensity at 366 nm due
to ligand—metal charge transfer. These values are comparable to those of other reported
complexes [31-36].
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Cpon

|
HC=N

Figure 2. Structural representation of the hydrogen bonding.

3.2. '"H NMR spectral studies

The '"H NMR spectrum of the Schiff base shows the following signals: CH,~CH,
at 3.9ppm (s, 4H), -CH=N- at 8.4ppm (s, 2H), Arom-H at 6.8-7.3ppm (m, 8H),
and ~OH at 12.9 ppm (s, 2H). The '"H NMR spectrum of the metal complexes shows
absence of phenolic -OH, confirming involvement of the -OH proton in complexation.
The azomethine proton in the spectrum of the metal complexes shows less intensity and
shifts downfield compared to the free ligand, suggesting deshielding of the azomethine
group due to coordination with metal. There is no appreciable change in other signals
of these metal complexes.

3.3. IR spectra

IR spectra provide valuable information regarding the functional group attached to the
metal. A strong band for H,L at about 1280 cm™" has no corresponding bands in the
metal chelates and is assigned to hydrogen-bonded O-H in-plane bending (figure 2).
This assignment is supported by the disappearance of the band when the hydroxy
hydrogen is replaced by a metal. The spectra of the ligand exhibit broad medium
intensity bands in the 2800-2900cm ™' range assigned to intramolecular hydrogen
bonding vibration (O—H---N). In spectra of complexes these bands disappear. The
phenolic C-O stretching vibrations appeared at 1286.cm™" in the Schiff base [37], but in
the complexes shifted to lower frequency. Vibrations of the azomethine of the free
ligands are observed at 1600-1640 cm™'. In the complexes, these bands are shifted to
lower frequencies, indicating that the nitrogen of azomethine is coordinated to the
metal. New bands in the region 410550 cm ™', which were absent in the free ligand, can
be attributed to metal-oxygen and metal-nitrogen bonds, respectively.

Thus, IR spectra give clear evidence that bonding of the ligand to the metal occurs
through nitrogen and oxygen and that the ligands are tetradentate.

4. Conclusions

Microwave irradiation is becoming an increasingly popular method of heating, which
replaces classical heating because it proves to be a clean, cheap, and convenient method.
Often, it affords higher yields and results in shorter reaction times. In this article we
reported the characterization of classical as well as microwave assisted synthesis of a
tetradentate Schiff base and its complexation with Mn(II), Co(II), Ni(Il), and Zn(II).
In microwave synthesis the yield of all the products are more than 80%. The reaction
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Croue=O
Ve \N

HC=N =CH

Figure 3. Structural representation of the Schiff-base complexes M = Mn, Co, Ni, and Zn.

time is drastically reduced to 1 min instead of 5h in the classical preparation. Spectra
reveal that transition metal is bonded to Schiff base through phenolic oxygen and imino
nitrogen (figure 3).

Acknowledgment

We gratefully thank the Head, Department of Chemistry, RTMNU, for providing
laboratory facilities.

References

[1] S.C. Bell, G.L. Conklin, S.J. Childress. J. Am. Chem. Soc., 85, 2868 (1963).

[2] A.K. Singh, V.K. Gupta, B. Gupta. Anal. Chem. Acta, 585, 171 (2007).

[3] W. Zhang, E.N. Jacobsen. J. Org. Chem., 56, 2296 (1991).

[4] D.M. Spero, S.R. Kapadia. J. Org. Chem., 62, 5537 (1997).

[5] A.H. Vetter, A. Berkessel. Tetrahedron Lett., 39, 1741 (1998).

[6] (a) Z. Guo-Fu, Y. Cheng-Lie. J. Mol. Catal. A: Chem., 132, L1-L4 (1998); (b) M. Hayashi,
Y. Miyamoto, T. Inoue, N. Oguni. J. Chem. Soc., Chem. Commun., 1752 (1991); (c) M. Hayashi,
Y. Miyamoto, T. Inoue, N. Oguni. J. Org. Chem., 58, 1515 (1993).

[7] (@) M. Shi, CJ. Wang. Tetrahedron: Asymmetry, 13, 2161 (2002); (b) R.I. Kureshy, N.H. Khan,
S.H.R. Abdi, S.T. Patel, P. Iyer, E. Suresh, P.I. Dastidar. J. Mol. Catal. A: Chem., 160, 217 (2000);
(c) Z.-H. Yang, L. Wang, Z. Zhou, Q. Zhou, C. Tang. Tetrahedron: Asymmetry, 12, 1579 (2001).

[8] (a) P.G. Cozzi. Chem. Soc. Rev., 33, 410 (2004); (b) S. Chandra, J. Sangeetika. J. Indian Chem. Soc., 81,
203 (2004).

[9] (a) M.R. Bermejo, A.M. Gonzalez-Noya, V. Abad. Eur. J. Inorg. Chem., 3696 (2004); (b) H.-Z. Kou,
Z.-H. Ni, B.C. Zhou, R. Wang. J. Inorg. Chem. Commun., 1150 (2004).

[10] (a) S. Ren, R. Wang, H. Komatsu. J. Med. Chem., 45, 410 (2002); (b) N. Raman, A. Kulandaisamy,
C. Thangaraja. Transition Met. Chem., 28, 29 (2003).

[11] E.N. Jacobsen, W. Zhang, A.R. Muci, J.R. Ecker, L. Deng. J. Am. Chem. Soc., 113, 7063 (1991).

[12] M.Z. Zgierski, A. Grabowska. J. Chem. Phys., 113, 7845 (2000).

[13] (a) A. Curini, F. Epifano, F. Maltese, M.C. Marcotullio. Tetrahedron Lett., 43, 3821 (2002);
(b) P. Mukherjee, C. Biswas, M.G.B. Drew, A. Ghosh. Polyhedron, 26, 3121 (2007); (c) M. Asadi,
K.A. Jamshid, A.H. Kyanfar. Inorg. Chim. Acta, 360, 1725 (2007); (d) K. Ambroziak, M. Szypa.
Tetrahedron Lett., 48, 3331 (2007); (e) E.J. Campbell, S.T. Nguyen. Tetrahedron Lett., 42, 1221 (2001);
(f) A. Vogt, S. Wolowiec, R.L. Prasad, A. Gupta, J. Skarlewski. Polyhedron, 17, 1231 (1998).

[14] S. Zolezzi, E. Spodine, A. Decinti. Polyhedron, 21, 55 (2002).

[15] H. Temel, B. Ziyadanogullari, I. Aydin, F. Aydin. J. Coord. Chem., 58, 1177 (2005).

[16] F. Azevedo, C. Freire, B. de Castro. Polyhedron, 21, 1695 (2002).

[17] (a) M.D.M.C. Ribeiro da Silva, N.R.M. Araujo, A.L.R. Silva, L.C.M. da Silva, N.P.S.M. Barros,
JM. Goncalves, M.A.V. Ribeiro da Silva. J. Therm. Anal. Calorim., 87, 291 (2007);
(b) M.D.M.C. Ribeiro da Silva, J.M. Goncalves, A.L.R. Silva, P.C.F.C. Oliveira, B. Schroder,
M.A.V. Ribeiro da Silva. J. Mol. Catal. A: Chem., 224, 207 (2004).

[18] E. Canpolat, M. Kaya. J. Coord. Chem., 57, 1217 (2004).

[19] (a) R. Nair, A. Shah, S. Baluja, S. Chanda. J. Serb. Chem. Soc., 71(7), 733 (2006); (b) R.A. Lal,
D. Baluswamy, A. Kumar. Indian J. Chem., 45A, 619 (2006).

[20] J. Laskin, Z. Yang, I.LK. Chu. J. Am. Chem. Soc., 130, 3218 (2008).



07:48 23 January 2011

Downl oaded At:

Microwave assisted synthesis 4017

[21] A. Kulkarni, S.A. Patil, P.S. Badami. Eur. J. Med. Chem., 44, 2904 (2009).

[22] M.T. Kaczmarek, R. Jastrzab, E. Holderna-Kedzia, W. Radecka-Paryzek. Inorg. Chim. Acta, 362, 3127
(2009).

[23] H.-K. Kwong, W.-L. Man, J. Xiang, W.-T. Wong, T.-C. Lau. Inorg. Chem., 48, 3080 (2009).

[24] Z.-J. Xu, R. Fang, C. Zhao, J.-S. Huang, G.-Y. Li, N. Zhu, C.-M. Che. J. Am. Chem. Soc., 131, 4405
(2009).

[25] D.-Y. Rao, B. Li, R. Zhang, H. Wang, X.-B. Lu. Inorg. Chem., 48, 2830 (2009).

[26] (a) S. Caddick. Tetrahedron, 51, 10403 (1995); (b) S. Deshayes, M. Liagre, A. Loupy, J. Luche, A. Petit.
Tetrahedron, 55, 10851 (1999); (c) P. Lidstrom, J. Tierney, B. Wathey, J. Westman. Tetrahedron, 57, 9225
(2001); (d) R.S. Varma. Pure Appl. Chem., 73, 193 (2001).

[27] V.K. Gupta, A.K. Singh, B. Gupta. Anal. Chem. Acta, 575, 198 (2006).

[28] X.-L. Hu, Y.-J. Zhu, S.-W. Wang. Mater. Chem. Phys., 88, 421 (2004).

[29] C. Gabriel, S. Gabriel, E.H. Grant, B.S.J. Halstead, D.M.P. Mingos. Chem. Soc. Rev., 27, 213 (1998).

[30] B.N. Ghose, K.M. Lasisi. Synth. Inorg. Met.-Org. Chem., 16, 1121 (1986).

[31] F.A. Cotton, D.M.L. Goodgame, M. Goodgame. J. Am. Chem. Soc., 84, 167 (1962).

[32] B.S. Manhas, S. Bala, R. Jaganathan, A.S. Dindsa. Indian J. Chem., 28A, 258 (1989).

[33] B. Bosnich. J. Am. Chem. Soc., 90, 627 (1968).

[34] A.B.P. Lever. Inorganic Electronic Spectroscopy, Elsevier, Amsterdam (1965).

[35] L.N. Sharada, M.C. Ganorkar. Indian J. Chem., 27A, 617 (1988).

[36] J.R. Zamian, E.R. Dockal, G. Castellano, G. Oliva. Polyhedron, 14, 2411 (1995).

[37] J.N.R. Ruddick, J.R. Sams. J. Organomet. Chem., 60, 233 (1973).



