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General Introduction:

The chemistry of nitrogen containing heterocycle based ligands is of special
interest because they constitute an important class of natural and synthetic products,
many of which exhibit useful biological activities [1-3]. The coordination chemistry
of transition metals and nitrogen containing heterocyclic ligand 2,2'-bipyridine was
introduced by F. Blau [4]. Bidentate and tridentate nitrogen containing heterocyclic
ligands such as 1,10-phenanthroline and 2,2".6',2"-terpyridine have been extensively
used in the transition and non-transition metal complexes as they are excellent
n-acceptors. Hence, they provide soft sites for metal coordination [5-6]. The
development of coordination chemistry of nitrogenous ligands and their applications
in the variety of fields like chemical, structural, catalysis etc. have encouraged us to
design nitrogen containing multidentate ligand. Imidazole, pyrazole, and oxazole
derivatives are in general well-known m-excessive five-member nitrogen-containing
heterocyclic compounds and they are poorer m-acceptors, in fact, they are better
n-donor and hence act as hard donor sites [7]. Among these heterocycles, we are
currently interested in pyrazole and substituted pyrazole containing ligand due to their
variety of applications.

Pyrazole is five-membered heterocyclic aromatic ring which consist of three
carbon atoms and two nitrogen atoms at the positions 1 and 2 as shown in the Fig.1.1.
The N(1)-H is acidic in nature due to the proton, whereas the N(2) is basic due to lone
pair in the sp? orbital. Therefore, a basic character is present in the pyrazole molecule.
Tautomerism exists in the case of symmetrical substitution, or non-substitution on the
ring, unless the substituent is in position 1, because the rupture of the N-C bond is
more difficult than that of the N-H bond.

Fig.1.1. Structure of Pyrazole

The coordination chemistry of Pyrazole containing ligands started in 1889
with the report of a silver pyrazole complex, [Ag(pz)], [8]. Much later, pyrazole
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containing anionic tripodal poly(pyrazole)borate ligand was introduced by
Trofimenko in 1966 and it has been extensively employed to stabilize a variety of
organometallic and coordination compounds [9-12]. Transition metal complexes with
pyrazole based ligands have wide applications. At present, a number of review articles
on pyrazole containing ligands and their complexes are available in the literature
[7, 13-17]. A new method for the N-substituted pyrazole derivatives with different
amines and their coordination behaviour towards first-row transition metal ions was
reported by Driessen [18-24]. Many multidentate chelating ligands were synthesized
by following this method. The spacer groups play a very important role in a designing
of multidentate ligands. They are regulating the steric and electronic properties of the
metal complexes by connecting the different coordination moieties at a desired
distance from each other. When methylene group is incorporated between the rings,
the electronic communication between these two heterocyclic is prevented and the
complexes of such ligands give rise to significantly different electronic properties.
The coordination chemistry of pyrazole-based chelating ligands, which consist of
pyrazole heterocycles linked by NR (R = H or alkyl or benzyl or pyridine-CH,) with
incorporation of ‘insulating spacer(s)’ between the coordinating sites is also well-
developed and the complexes of such ligands give rise to significantly different
electronic properties. The design of such ligands will be the important factor

influencing the stability and molecular geometry of the complexes.
Pseudohalides:

Pseudohalides like azide, thiocyanate, isocyanate and selenocyanate are
ambidentate ligands. Transition metal complexes containing pseudohalides as co-
ligand are very interesting because of their various modes of coordination and
formation of mono, di- and polynuclear complexes [25-31]. Among these, azide and
thiocyanate anion are versatile ligands. The azide ion bridges the metal center either
by end-on (zc11) or end-to-end (x-13) coordination mode whereas the thiocyanate ion
preferably adopts end-to-end (u-13) coordination mode [32-36]. Pseudohalides can
also act as monodentate ligand and form mononuclear complex with transition
elements (Fig.1.2.) [37-38]. But it is not possible to know whether they will act as

monodentate or bridging ligand in the bi- and polynuclear complexes. The magnetic
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behaviour of Ni(Il) and Cu(ll) complexes with different modes of coordination of N3
and NCS" ions are reported [26].
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Fig.1.2. Different coordination mode of pseudohalides with metal ion.
Carboxylates and Nitrite ligands

Carboxylate ions are versatile ligands and can act as a monodentate ligand
[39-41] (a) or bidentate ligand [42-43] (b) or bridging ligand (c and d) [44-45] and
coordinate to metal centres and form mono, di- or polynuclear [46-47] complexes
(Fig.1.3.).
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Fig.1.3. Different coordination mode of acetate ion.
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Nitrito ion is also an ambidentate ligand and has different mode of
coordination with metal ions (Fig.1.4.). It can act as a monodentate ligand either
binding through nitrogen or through oxygen atom [48-49]. As a bidentate ligand, it
can coordinate or bridge through nitrogen and oxygen atom or through both oxygen
atoms or through single oxygen atom [48, 50-56]. There are few reports available in
which nitrite act as a tridentate ligand [57-59]. The nitrite-bridged polynuclear

complexes and their magnetic behaviour were also reported [60-66].
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Fig.1.4. Different coordination mode of nitrite ion.

1.1. Review of the present status of the chemistry of pyrazolyl containing

tetradentate ligands and their compounds.

It is clear that pyrazolyl containing multidonour ligand have rich coordination
chemistry and form transition metal complexes with varying coordination number and
geometry. In the present time many papers are reported dealing with the chemistry of
pyrazolyl containing ligands and their metal complexes. Therefore we have restricted
our discussion only to the nitrogen containing pyrazole based tetradentate ligands and
their compounds as these are relevant to the chemistry are presented in the

dissertation.
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The tetradentate ligand tris(3,5-dimethyl-1-pyrazolylmethyl)amine (MeTPyA)
was synthesized by F. Mani et al and its coordination behaviour was investigated by
reaction with iron(l1), cobalt(I1), and nickel(I1) ion [67]. The complexes have general
formula [M(MeTPyA)X]BPhy, (M = Fe, X = Cl, Br; M = Co, X = Cl, Br, I, NCS;
M = Ni, X = ClI, Br), [Ni(MeTPyA)F]BPh,;-CH3COCHSs;, [Fe(MeTPyA)(NCS)I] and
[Co(MeTPyA)](NO3),. The iron(ll) complexes are penta- and hexa-coordinated
whereas the coordination geometry of cobalt complexes are intermediate between
trigonal bipyramidal and tetrahedral. The nickel complexes [Ni(MeTPyA)X]BPh, are
dimeric, bridged through halide ion and has hexa-coordination with a ferromagnetic
interaction between adjacent nickel ions. The zinc(ll) isothiocyanate complex of
ligand TPyA was synthesized and characterized by single crystal X-ray diffraction
studies [68]. The remarkable feature of complex [Zn(TPyA)(NCS),] is that one
pyrazole group of the ligand TPyA is not coordinated to the Zn(ll) center and it has

distorted tetrahedral geometry.
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Fig.1.5. Structure of ligand MeTPyA and TPyA.

A series of mono and binuclear metal complexes of the type [Cu(DMPzA)
(2,2"-bipy)] (Cl0Os)2, [(DMPzA)Cu(u-4,4"-bipy)Cu(DMPzA)](ClO4)4, [(MeTPyA) Cu
(u-H,DPC)Cu(DMPzA)](CIO,), and [(DMPzA) Co (u-H,DPC) Co (MeTPyA)]
(ClOy), [bipy = bipyridine; H,DPC = pyridyl-2,6-bicarboxylate; DMPzA = bis(3,5-
bimethyl-pyrazolmethyl)amine] with ligand MeTPyA were synthesized and
characterized [69]. The single crystal structure confirmed that when pyridyl
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derivatives were added as co-ligand to the reaction mixture, the tripodal ligand
MeTPyA loses a pendant arm and coordinates with the metal center to form the
complexes.

The effect of the pyridine ring on the cleavage of the pendant arm in the
tripodal ligand was studied on the complex [(MeTPyA)Co(u-HZPC) Co(MeTPyA)
(H20)2](ClO4)3. It was synthesized using pyrazole-carboxylate (HZPC) instead of
pyridyl derivatives. The results confirmed that the complexes with MeTPyA have a
strong ability to recognize pyridine compounds in methanol solvent.
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Fig.1.6. Crystal structures of [Cu(DMPzA)(2,2'-bipy)](CIO,), (a) and
[(MeTPyA)Co(u-HZPC)Co(MeTPyA)(H,0),](ClO4);3 (b) (adapted from Ref. 69).
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Penta coordinate cobalt(ll)-salicylate complex [(MeTPyA)Co(HSA)]CIO, of
ligand MeTPyA was synthesized by B. Chakraborty et.al [70] and the cobalt atom
adopted distorted trigonal bipyramidal geometry.
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Fig.1.7. Crystal structure of [(MeTPyA)Co(HSA)]CIO, (adapted from Ref. 70).

A novel complex [Co(MeTPyA)CI],[Cdl,] was prepared in situ from the redox
reaction of Co° CdCl,, NH,l, 1-hydroxymethyl-3,5-dimethylpyrazole and was
characterized by single crystal X-ray diffraction, IR, UV-VIS as well as magnetic and
thermal investigations [71]. Ligand MeTPyA is formed in situ during the redox
process of 1-hydroxymethyl-3,5-dimethylpyrazole and ammonia. There are two
symmetry-independent cations present in the unit cell with C3 point group symmetry.
The overall symmetry of the complex [Co(MeTPyA)CI],[Cdl4] was C3V.
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Fig.1.8. Crystal structure of [Co(MeTPyA)CI],[CdI,] (adapted from Ref. 71).

N,N'-dimethylethylenediamine based tetradentate ligand 2,5-bis(3,5-dimethyl
pyrazol-l-ylmethyl)-2,5-diazahexane (debd) was synthesized by Driessen et.al [22]. A
series of transition metal complexes of the type [M(debd)X] were synthesized from
ligand debd in the presence of different coordinating anions CI" / Br / N3 / NCS
(M = Mn, Fe, Co, Ni, Cu, Zn, Cd, X =NCS; M = Mn, Co, Ni, Co, Zn, Cd, X=Ng3;
M = Mn, Cd, X = CI, Br). Single crystal X-ray structure of the complex
[Ni(debd)(Ns).] confirmed octahedral geometry and two azide ions are in cis position
with respect to nickel atom. The structure of [Cd(debd)Cl,] are similar to
[Ni(debd)(N3),] and show that Cd octahedron are more distorted than the Ni
octahedron [72]. The structure determinations of [Cu(debd)(NCS),] were carried out
at 140 K and 298 K. It shows there is no change of the geometry of the complex
although Cu-N bond lengths changes with temperature [73].

\N/N\>N N</N\N/

Fig.1.9. Structure of debd ligand.
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Fig.1.10. Crystal structures of [Ni(debd)(N3),] (a) and [Cu(debd)(NCS);] (b) (adapted
from Ref. 72 and 74).

Two Ngy-coordinate tetradentate ligands 3,6-dimethyl-1,8-(3,5-dimethyl-1-
pyrazolyl)-3,6-diazaoctane (ddad) and 1,4-bis(2-ethyl-(3,5-dimethyl-1-pyrazolyl))-
pjperazine (bedp) were synthesized by Haanstra et.al [74]. A series of coordination
complexes of M(I1) ion and the ligand ddad are reported: [M(ddad)](BF4). (M = Cu,
Ni), Co(ddad)(H,0)(BF4),, [M2(ddad)C1,] (M = Co, Ni, Cu, Zn), [Cos(ddad),(NCS)s]
and [Cuy(ddad)(NCS)3]. The complexes [Cu(ddad)][BF4]., [Ni(ddad)][BF]. and
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[Ni(ddad)(NCS),] were characterized by single-crystal X-ray diffraction studies. The
ligand ddad is coordinated with metal ion in square planar geometry but when two
additional trans thiocyanate ions are coordinated to nickel centre, it forms octahedral
[Ni(ddad)(NCS),] complex.
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Fig.1.11. Structures of ligands ddad (a) and bedp (b).

For copper(l) complex there are two identical [Cu(ddad)]** species are
present in the asymmetric unit of [Cu(ddad)](BF,), and the geometry of the both
copper centre is intermediate between tetrahedral and square planar. The main
difference is in the conformation at chiral nitrogen atoms as expected from the
chirality of the complex cation: one molecule has (R,R) diastereocisomer of the ligand
and the other has (S,S) diastereoisomer. All the chloride complexes except nickel(ll)
are dinuclear with MN,Cl, chromophores. A square planar [Ni(ddad)]** and
tetrahedral NiCl,> made the asymmetric unit of nickel(ll) complex. The thiocyanate
compound of Ni(ll) and Zn(ll) are isomorphous with octahedral MN,;N’,N",
chromophores. The cobalt compound crystallizes as [Co(ddad)(NCS)],.Co(NCS)s.
The [Cu(ddad)]* and [Cu(NCS)s;]* ions form mixed valence compound
[Cuy(ddad)(NCS)s].
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Fig.1.12. Crystal structures of [Ni(ddad)(NCS)-] (a), [Cu(ddad)]** (b),
[Ni(ddad)]." (c) and [M(bedp)]** (adapted from Ref. 74).

A series of mononuclear complexes of the type [M(bedp)(H.0)](BF)2
(M = Ni, Cu), [M(bedp)(NCS).] (M = Ni, Co), [Zn,(bedp)(NCS),], [M2(bedp)Cl,] and
[Cuz(bedp)(NCS)3] were prepared from ligand bedp. All the chloride complexes are
dinuclear, similar to ddad, with MN,C1, chromophores. A purple isomer of
[Niy(dedp)Cls] with a tetrahedral NiN,C1, chromophore is also obtained with the
green form of [Ni(bedp)][NiCls]. [M(bedp)(NCS),] (M = Ni, Co) are isomorphous
with octahedral chromophores. The structure of mixed-valence compound

[Cuy(bedp)(NCS)3] is similar to the corresponding compound with ddad ligand.
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Pyrazole and piperazine containing tetradentate ligands N, N'-bis(pyrazol-1-yl-
methyl)piperazine (chbp) and N ,N'-bis(3,5-dimethylpyrazol-I-yl-methyl)piperazine
(chbd) were synthesized by Locher et al [75]. The transition metal complexes of the
type [M(chbp)X] (M = Cu, X = CI), [M(chbp)Xz] (M = Zn, X = ClI, Br) and
[Mz(chbp)X3] (M = Cu, Zn, X = Cl, Br) [M(chbd)X4] (M = Cu, Zn, Mn, Cd, X =ClI,
M = Cu, Zn, X = Br; and M = Cu, X = N3, SCN) were synthesized from ligand chbp
and chbd. The interesting point is that ligand chbd form only binuclear complexes
probably due to the steric hindrance caused by the pyrazole methyl groups whereas
ligand chbp formed both mono and binuclear complexes.
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Fig.1.13. Structures of ligand chbp (R=H) and chbd (R=CHj).

Two new low symmetry pyrazole containing tripodal ligands 2-(1H-pyrazol-1-
yl)-N,N-bis(1H-pyrazol-1-yl-methyl)ethanamine (bmpz) and 2-(1H-pyrazol-1-yl)-N-
[2-(1H-pyrazol-1-yl)ethyl]-N-(1Hpyrazol-1-ylmethyl)ethanamine (bepz) were
reported by Cubenski et al [76].
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Fig.1.14. Structures of ligands bmpz (a) and bepz (b).
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A series of metal complexes [Co(bmpz)Cl]2[CoCl4]-H20, [Co(bmpz) MeCN]
(Cl0O4),-0.13H,0, [Zn(bmpz)MeCN](CIO,),-0.15H,0, [Zn(bepz) OH,](CIO04),-0.5
H,O and [(Co(bepz)Cl).]Cl,-6H,0, [Cu(L)Cl;]-0.2H,O0 and [Cu(L"Cl;] were
prepared and characterized by single crystal X-ray diffraction studies and showed that
there is no change of ligand structure in the cobalt(ll) and zinc(ll) complexes.
However, in the case of copper(ll) complexes, one pyrazole arm of ligand is removed
and ligand transformed into tridentate ligand in protic solvent. The results suggest that

aminal functionality was responsible for unstability of tripodal ligands.

(a) (b)

Fig.1.15. Structures of ligands L (a) and L'(b).
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Fig.1.17. Crystal structures of [(Co(bepz)ClI),]" (a) and [Cu(b)Cl,] (b) (adapted from

Ref. 76).
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Fig.1.16. Crystal structures of [Cu(L')Cl,] (a), [Zn(bepz)OH,]** (b), [Co(bmpz)CI]*
(c) and [Zn(bmpz)MeCN]** (d)

Biphenyl based pyrazole-containing tetradentate ligand 2,2'-bis[[(3,5-
dimethylpyrazol-1-yl)methyl]amino]-1,10-biphenyl  (Ns-mpz) and three Cu(ll)
complexes of the type [Cu(N4s-mpz)(Pz)]X, where X = BF; or CIO, and
[Cu(N4-mpz)(CH]CI were synthesized and characterized [77]. The X-ray structure of
[Cu(N4-mpz)(P2)](ClO4),.CH3OH confirmed that Cu(ll) coordinated by four nitrogen
donors from ligand and fifth coordination site is filled up with an exogenous pyrazole
donor that is extracted from another molecule of the ligand. The cyclic voltametry
studies show that the complexes undergo quasi-reversible one-electron reductions in

acetonitrile at potentials between 396 and 422 mV versus Ag/AgCI.
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N4-mpz @

Fig.1.18. Structure of ligand N4-mpz and crystal structure of [Cu(Ns-mpz)(P2)]" (a)
(adapted from Ref. 77).

A new series of tetradentate ligands [N',N'-bis(pyrazol-1-ylmethyl)]-N,N-
dimethylethylenediamine (L;) and [N',N'-bis(3,5-dimethylpyrazol-1-ylmethyl)]-N,N-
dimethylethylenediamine (L) and their cobalt(Il) complexes with tetraphenylborate
were reported by Lee et al [78]. The X-ray diffraction study of the complex
[CoCI(L,)]BPh, confirms the trigonal bipyramidal geometry of the complex.

Fig.1.19. Crystal structure of [CoCI(L;)]" (adapted from Ref. 78).

Pyridylpyrazole base tetradentate ligand N,N-bis(3,5-dimethylpyrazol-1-

ylmethyl)aminomethylpyridine (L3) and a series of halides or pseudohalide containing

15



Chapter-1

transition metal complexes were reported by Zala et al [79]. The ligand L3 shows a
wide range of structural variety with different metal ions in the presence of
pseudohalides. In the case of [Niz(L3)2(N3)2](ClO4)2.2EtOH (1) and
[Cuz(L3)2(N3)2](ClO4), (2), two azide ions are coordinated to metal centres in
end-to-end coordination mode and geometry of the metal centres are distorted
octahedral. The variable temperature magnetic susceptibility results show
antiferromagnatic behaviour for complex 1 whereas no magnetic interactions was
observed in the complex 2 as the distance between copper centres and end-to-end
bridged azide ion is very high.
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(b)
Fig.1.20. Structure of ligand Lz and crystal structures of [Niz(Ls)2(N3)2]*" (a),
[Cua(L3)2(N3)2] ** (b) (adapted from Ref. 79).

Mononuclear NCS™ containing complexes of the type [M(NCS),L3],
[Cu(NCS),L3T and NCSe containing complexes [ML(NCSe)(H.0)]CIO4 [M = Ni(ll)
and Co(ll)] also reported with ligand L3[80]. Single crystal X-ray structure of
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[Cu(NCS),L3"] confirmed that copper is five coordinate with distorted trigonal
bipyramidal geometry and two NCS™ ion are in cis position. The tetradentate ligand L3
is converted into tridentate ligand  N-(3,5-dimethylpyrazol-1-ylmethyl)
aminomethylpyridine (L3") during the reaction. The geometry of complexes
[M(NCS),L3] and [ML3(NCSe)(H,0)]CIO4 [M = Ni(ll) and Co(Il)] are expected to be

octahedral.

Fig.1.21. Structure of ligand L3’ and crystal structure of [Cu(NCS),L3'] (adapted from
Ref. 80).

Two new cyanato bridged binuclear complexes of the type [Ni(L3)(NCO)].
(PFe)2 and [Cu(L3)(NCO)]2(PFg). with ligand L3 were synthesized and characterized
by physicochemical methods [81]. The single crystal X-ray diffraction analysis
confirmed that cyanate ligand is coordinated to the nickel(ll) centre in double end-to-
end (p-1,3) mode and in double end-on (u -1,1) mode for copper(ll) complex. The
geometry of both the complexes is distorted octahedral. The variable temperature
magnetic susceptibility data show that nickel(11) complex has weak antiferromagnetic

interaction whereas copper(ll) complex has very weak ferromagnetic interaction.
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Fig.1.22. Crystal structures of [Ni(Ls)(NCO)],** (a), [Cu(L3)(NCO)],** (b) (adapted
from Ref. 81).

A new chloride bridged binuclear copper(ll) complex [Ls'(Cl)Cu-(u-Cl)-
Cu(pz)L3](PFg). (where pz = 3,5-dimethyl-pyrazole) and two mononuclear cobalt(11)
complexes [Co(Cl)L3]BF4.%2CH3;0H and [Co(Cl)L3]PFs were synthesized and
characterized by single crystal X-ray diffraction studies [82]. In the complex
[L3'(Cl)Cu-(u-Cl)-Cu(pz)L3"l(PFe)2, two square planner copper(ll) centres are
connected through a single chloride (u-Cl) bridge and coordination environment
around both copper are different. The ligand L; is transformed into tridentate ligand
L3’ during the reaction. The geometry of [Co(Cl)L3]BF4.%2CH30OH is trigonal
bipyramidal which is confirmed by X-ray diffraction studies. The ligand and

complexes show cytotoxic activity against human lymphocyte HL-60 cell line.
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Fig.1.23. Crystal structures of [L3'(Cl)Cu-(u-Cl)-Cu(pz)Ls]** (a) and [Co(Cl)Ls]* (b)
(adapted from Ref. 82).
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A series of zinc(Il) and cadmium(ll) complexes of the type [M(L3)(NCS),],
[M(L3)(N3)]PFs, [M2(L3)2(NCO),](PFs), of ligand L3 were also reported [83]. X-ray
diffraction studies confirmed that two NCO" ions are coordinated to the cadmium
centres through end-on coordination mode in [Cdy(L3)2(NCO).](PFs), and geometry
of the complex is distorted octahedral. The structure of [Zn(L3)(N3)]" showed that
zinc(Il) is penta coordinated with distorted square pyramidal geometry.

(b)

Fig.1.24. Crystal structures of [Cd(Ls)2(NCO),]** (a) and [Zn(L3)(N3)]" (b) (adapted
from Ref. 83).

Iron(I1) chloride complexes of ligand L3 was reported by Xeu et al and used in
the cross-coupling of aryl Grignard with alkyl halides [84].

Fig.1.25. Crystal structure of [FeL3Cl,] (adapted from Ref. 84).

Mononuclear copper(ll) complexes with acetate and thiocyanate ions and

nickel(ll) chloride complex of ligand L3 were reported recently [85]. The molecular
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structure of the complexes [Cu(Ls3)(CH3COO)]PFs.H,O and [Cu(L3)(NCS)]PFs
confirmed by single crystal X-ray diffraction studies and showed that copper atom in

both the complexes have distorted square pyramidal geometry. The proposed structure

of nickel complex is octahedral.

(a) (b)

Fig.1.26. Crystal structures of [Cu(L3)(CH3COO)]" (a) and [Cu(L3)(NCS)]* (b)
(adapted from Ref. 85).

1.2. Present Work

The coordination chemistry of pyrazole based tetradentate ligands are very
interesting as they can produce complexes with different coordination numbers (four
to six) in the presence of co-ligand and different geometry ranging from tetrahedral to
square planar (for four coordination complexes), square pyramidal to trigonal
bipyramidal (for five coordination) and octahedral for six coordination complex. The
variety of structures found in biological systems inspired us to prepare these
complexes with different metal ions. We have observed that pyridylpyrazole
containing tetradentate ligand forms mono and binuclear complexes in the presence of
halide and pseudohalides with various geometry. So we are interested to study the
coordination behaviour of two new tetradentate ligands where pyridine group is

replaced by alkyl amine group and reactivity of the metal complexes synthesized from
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these two ligands. A number of new tetradentate ligands and their transition metal

complexes are reported in the literature but synthesis, structure and bioactivity of

transition metal complexes of tetradentate ligand in present of different co-ligands

such as halides, pseudohalides, alkyl or aryl carboxylate, nitrite and pyrazole are

limited.

Objectives of Present work

>

To synthesis new pyrazole based tetradentate ligands which can provide N4

coordination.

To study the coordination behaviour of synthesized ligands with different
metal ions such as Cu(ll), Ni(ll), Co(ll), Zn(1l) and Cd(ll) in presence of
halides / pseudohalides / and alkyl or aryl carboxylate / nitrite / 3,5-
dimethylpyrazole.

To characterize the synthesized complexes by spectroscopic methods such
as IR, NMR, microanalysis, UV-Vis etc., magnetism, cyclic voltammetry

and EPR spectroscopy.

To determine the structure of the synthesized complexes by single crystal

X-ray diffraction studies.

To study the magneto structural correlation of binuclear pseudohalide

bridge complexes.

To study the biological activities of synthesized complexes like

antimicrobial activity, DNA and BSA binding and cyctotoxic activity.

The work has been carried out to complete the objectives and divided into

following chapters.

In the chapter 1, brief introduction about the coordination chemistry of

tetradentate ligand is presented.
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In the chapter 2, synthesis and characterization of two new tetradentate Ng-
coordinated pyrazole based ligands namely N,N-diethyl-N',N'-bis((3,5-dimethyl-1H-
pyrazol-1-yl)methyl)ethane-1,2-diamine  (dbdmp) and N',N'-bis((1H-pyrazol-1-
yl)methyl)-N,N-diethylethane-1,2-diamine (dbp) have been described. Syntheses,
structures and magnetic properties of mononuclear thiocyanate containing nickel(ll)
and binuclear azido bridged nickel(Il) complexes of both the ligands were discussed

in detail.

<N—N
N R

N g

P

/
R2
N
/ \ For dbdmp R, R, = CH;

Et Et Fordbp R, R, =H

Fig.27. Structure of ligands N,N-diethyl-N',N'-bis((3,5-dimethyl-1H-pyrazol-1-
yl)methyl)ethane-1,2- diamine (dbdmp) and N',N'-bis((1H-pyrazol-1-yl)methyl)-N,N-
diethylethane-1,2-diamine (dbp).

Chapter 3 describes the syntheses, structure, DNA binding study and
antimicrobial activity of mononuclear copper(ll) complexes with ligand dbdmp and
pseudohalides. A series of mononuclear copper(ll) complexes were characterized
using different spectroscopic techniques. The crystal structure determination of four
complexes was carried out by single crystal X-ray crystallography. Electochemical
properties of the complexes also studied in detail. DNA binding study of synthesized
complexes was carried out by electronic absorption titration and ethidium bromide
displacement by fluorescence spectroscopically. The synthesized compounds were
screened for their antimicrobial activity against Gram positive and Gram negative

bacteria.
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Chapter 4 consists of the syntheses, structures and DNA and BSA binding
activity of mononuclear cobalt(ll) complexes with pseudohalides. The synthesized
complexes were well characterized using microanalysis, IR, electronic spectra studies,
magnetic studies including single crystal X-ray diffraction studies. DNA and BSA
binding study were performed using electronic absorption titration and fluorescence

spectroscopy.
Chapter 5 is divided into two parts: Chapter 5(A) and Chapter 5(B).

Chapter 5(A) describes the syntheses, characterization and structures of
cobalt(I1), nickel(Il), zinc(ll) and cadmium(ll) selenocyanide complexes of
tetradentate ligand dbdmp. The ligand dbdmp has two different isomeric form in the
complexes [Ni(dbdmp)(NCSe),] and [Cd(dbdmp)(SeCN),]. The binding mode of
SeCN" ion with metal ions was described in details.

Chapter 5(B) consists of the syntheses, characterization and structures of
mono- and dinuclear zinc(Il) and cadmium(ll) complexes of ligand dbdmp in the
presence of pseudohalides and different counter anions. Four complexes were
characterized by single crystal structure X-ray diffraction studies.

Chapter 6 consists of ternary complexes of copper(ll) and cobalt(I1) ions with
tetradentate ligand dbdmp in the presence of carboxylate / nitrite / 3,5-
dimethylpyrazole / chloride as a co-ligand. The coordination behaviour of above
synthesized complexes was determined by single crystal X-ray diffraction studies.
The electrochemical behaviour of copper(ll) complexes were carried out by cyclic
voltammetry. The cytotoxic activity of two copper(ll) complexes with this ligand in
the presence of benzoic acid / salicylic acid were screened against A549 lung
carcinoma cell line. The antimicrobial activity against Gram positive and Gram

negative bacteria was studied using diffusion method.

23



Chapter-1

1.3.

1.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.

20.
21.

22.
23.

References:

E. Gondek, I. V. Kityk, A. Danel, A. Wisla, Sanetra, J. Synth Met, 156
(2006) 1348.
F. Bellina, S. Cauteruccio, R. Rossi, Tetrahedron 63 (2007) 4571.

S. Park, O. H. Kwon, S. Kim, S. Park, M. G. Choi, M. Cha, S. Y. Park, D. J.
Jang, J. Am. Chem. Soc. 127 (2005) 10070.

F. Blau, Ber. Dtsch. Chem. Ges. 27 (1888) 1077.

W. R. McWhinnie, J. D. Miller, Adv. Inorg. Chem. Radiochem. 12 (1969)
135.

L. A. Summers, Adv. Heterocycl. Chem. 35 (1984) 281.

R. Mukherjee, Coord. Chem. Rev. 203 (2000) 151.

R. Fusco, in Chemistry of Heterocyclic Compounds: A Series of
Monographs, Wiley, R. H. B., L. C.; Fusco, R., Jarboe, C.H., Ed. John Wiley
& Sons, Ltd.: New York, 22 (1967) 1.

S. Trofimenko, J. Am. Chem. Soc. 88 (1966) 1842.

S. Trofimenko, Chem. Rev. 72 (1972) 497.

S. Trofimenko, Adv. Chem. (1976) 289.

S. Trofimenko, Progr. Inorg. Chem. 34 (1986) 115.

S. Trofimenko, Chem. Rev. 93 (1993) 943.

N. Kitajima, W. B. Tolman, Prog. Inorg. Chem. 43 (1995) 419.
S. Trofimenko, J. Am. Chem. Soc. 92 (1970) 5118.

K. Niedenzu, S. Trofimenko, Top. Curr. Chem. 131 (1986) 1.
E. C. Constable, P. J. Steel, Coord. Chem. Rev. 93 (1989) 205.
W. L. Driessen, Recl. Trav. Chim. Pays-Bas 101 (1982) 441.

W. L. Driessen, W. G. R. Wiesmeijer, M. Schipper-Zablotskaja, R.A.G. de
Graaff, J. Reedijk, Inorg. Chim. Acta 162 (1989) 233.

E. Bouwman, W. L. Driessen, J. Reedijk, Inorg. Chem. 24 (1985) 4730.

F. B. Hulsbergen, W. L. Driessen, J. Reedijk, G. C. Verschoor, Inorg. Chem.
23 (1984) 3588.

F. Paap, W. L. Driessen, J. Reedijk, Inorg. Chim. Acta 104 (1985) 55.
F. Paap, W. L. Driessen, J. Reedijk, Polyhedron 5 (1986) 1815.

24



Chapter-1

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

W. G. Haanstra, W. L. Driessen, R. A. G. de Graaff, G. C. Sebregts,
J. Suriano, J. Reedijk, U. Turpeinen, R. Hamalainen, J. S. Wood, Inorg.
Chim. Acta 189 (1991) 243.

A. M. Golub, H. Kohler, Skopenko VV (eds) Chemistry of pseudohalides,
Elsevier Amsterdam (1986).

J. Ribas, A. Escuer, M. Monfort, R. Vicente, R. Cortes, L. Lezama, T. Rojo
Coord. Chem. Rev. 193 (1999) 1027.

T. K. Karmakar, S. K. Chandra, J. Ribas, G. Mostafa, T. H. Lu, B. K. Ghosh,
Chem. Commun. (2002) 2364.

F. A. Mautner, F. R. Louka, J. Hofer, M. Spell, A. Lefévre, A. E. Guilbeau,
S. S. Massoud, Cryst. Growth Des. 13 (2013) 4518.

F. A. Mautner, C. Berger, M. J. Dartez, Q. L. Nguyen, J. Favreau, S. S.
Massoud, Polyhedron 69 (2014) 48.

S. S. Massoud, F. R. Louka, Y. K. Obaid, R. Vicente, J. Ribas, R. C. Fischer,
F. A. Mautner, Dalton Trans. 42 (2013) 3968.

C. Adhikary, S. Koner, Coord. Chem. Rev. 254 (2010) 2933.

S. Roy, P. K. Bhaumik, K. Harms, S. Chattopadhyay, Polyhedron 75 (2014)
57.

D. Bose, S. H. Rahaman, G. Mostafa, R. D. B. Walsh, M. J. Zaworotko,
B. K. Ghosh, Polyhedron 23 (2004) 545.

H-F. Qian, Y. Dai, J. Geng, L. Wanga, C. Wang, W. Huang, Polyhedron 67
(2014) 314.

Z.-L. You, X.-L. Wang, J.-C. Zhang, C. Wang, X.-S. Zhou, Struct. Chem. 22
(2011) 1297.

H. Hosseini-Monfared, R. Bikas, R. Szymczak, P. Aleshkevych, A. M.
Owczarzak, M. Kubicki, Polyhedron 63 (2013) 74.

S. S. Massoud, L. Le Quan, K. Gatterer, J. H. Albering, R. C. Fischer, F. A.
Mautner, Polyhedron 31 (2012) 601.

A. S. Mohamed Goher, F. A. Mautner, A. K. Hafez, A. M. Morsy,
A. Youssef, C. Gspan, A. M. A. Badr, Polyhedron 22 (2003) 975.

O. Costisor, K. Mereiter, M. Julve, F. Lloret, Y. Journaux,W. Linert,
M. Andruh, Inorg. Chim. Acta 324 (2001) 352.

S. K. Chawla, M. Arora, K. Na'ttinen, K. Rissanen, J. V. Yakhmi,
Polyhedron 23 (2004) 3007.

25



Chapter-1

41.
42,

43.

44,

45.

46.

471.

48.
49.

50.

51.

52.

53.

54.
55.

56.

S7.
58.

59.

60

Y.-C. Shi, H.-J. Cheng, S.-H. Zhang, Polyhedron 27 (2008) 3331.

Y.-M. Lee, S.K.KKang, G. Chung, Y.-K. Kim, S.-Y.Won, S.-N. Choi,
J. Coord. Chem. 56 (2003) 635.

M. S. Viciu, E. D. Stevens, J. L. Petersen, S. P. Nolan, Organometallics 23
(2004) 3752.

B.-H.Ye, X.-M. Chen, F. Xue, L.-N. Ji, T. C.W. Mak, Inorg. Chim. Acta 299
(2000) 1.

S. Chattopadhyay, M. G. B. Drew, A. Ghosh Eur. J. Inorg. Chem. (2008)
1693.

V. T. Yilmaz, S.Hamamcia, O. Andaca, K. Guven, Z. Anorg. Allg. Chem.
629 (2003) 172.

C. Biswas, M. G. B. Drew, E. Ruiz, M. Estrader, C. Diazd, A.Ghosh, Dalton
Trans. 39 (2010) 7474,

M. A. Hitchman, G. L. Rowbottom, Coord. Chem. Rev. 42 (1982) 55.

M. Scarpellini, A. Neves, E. E. Castellano, E. F. D. A. Neves, D. W. Franco,
Polyhedron 23 (2004) 511.

W. B. Hitchman, Inorg. Chem. 30 (1991) 4080.

F. S. Stephens, J. Chem. Soc. A (1969) 2081.

J. A. Halfen, S. Mahapatra, M. M. Olinstead, W. B. Tolman, J. Am. Chem.
Soc. 116 (1994) 2173.

J. P. Costes, F. Dahan, J. Ruiz, J. P. Laurer, Inorg. Chim. Acta 239 (1995)
53.

J. C. Byun, W. H. Lee, C. H. Han, Inorg. Chem. Commun. 9 (2006) 563.

A. Camus, N. Marsich, A. M. M. Lanfredi, F. Ugozzoli, C. Massera, Inorg.
Chim. Acta 309 (2000) 1.

S. Naiya, H.-S. Wang, M. G. B. Drew, Y. Song, A. Ghosh, Dalton Trans.40
(2011) 2744,

M. Nardelli, G. Pelizzi, Inorg. Chim. Acta 38 (1980) 15.

A. Gleyzes, A. Meyer, M. A. Hitchman, O. Kahn, Inorg. Chem. 21 (1982)
2257,

A. Escuer, M. Font-Bardia, E. Pe™nalba, N. Sanz, X. Solans, R. Vicente,
J. Chem. Soc., Dalton Trans. 1999, 3115.

P. Mukherjee, M. G. B. Drew, C. J. G'omez—Garc'ia, A. Ghosh, Inorg.

26



Chapter-1

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Chem. 48 (2009) 5848.

T. Liu, Y.-H. Chen, Y.-J. Zhang, Z.-M. Wang, S. Gao, Inorg. Chem. 45
(2006) 9148.

A. Gleizes, A. Meyer, M. A. Hitchman, O. Kahnsl, Inorg. Chem. 21 (1982)
2257,

U. Florke, H.-J. Haupt, P. Chaudhuri, J. Chem. Soc., Dalton Trans. (1998)
3801.

L.-K. Chou, K. A. Abboud, D. R. Talham, Chem. Mater. 6 (1994) 2051.

V. Vo, Y. Kim, N. V. Minh, C. S. Hong, S.-J. Kim, Polyhedron 28 (2009)
1150.

J. C. Byun, W. H. Lee, C. H. Han, Inorg. Chem. Commun. 9 (2006) 563.

F. Mani, G. Scapacci, Inorg. Chim. Acta 38 (1980) 151.

A.L. Spek, W. L. Driessen, W. G. R. Wiesmeijer, Acta Crystallogr. C44
(1988) 1567.

H. Yang, Y. Tang, Z.-F.Shang, X.-L. Han, Z.-H. Zhang, Polyhedron 28
(2009) 3491.

B. Chakraborty, T. K. Paine, Inorg. Chim. Acta 378 (2011) 231.

A. Adach, M. Daszkiewicz, B. Barszcz, Struct Chem. 21 (2010) 331.

F. Paap, A. Erdonmez, W.L. Driessen, J. Reedijk, Acta Crystallogr. C42
(1986) 783.

F. Paap, W. L. Driessen, J. Reedijk, Inorg. Chim. Acta 121 (1986) 185.

W. G. Haanstra, W. L. Driessen, R. A. G. de Graaff, G. C. Sebregts,
J. Suriano, J. Reedijk, U. Turpeinen, R. Himallinen, J. S. Wood, Inorg.
Chim. Acta 189 (1991) 243.

K. Locher, W. L. Driessen, J. Reedijk, Inorg. Chim. Acta 127 (1987) 135.

J. R. Cubanski, S. A. Cameron, J. D. Crowley, A. G. Blackman, Dalton
Trans. 42 (2013) 2174.

M. R. Malachowski, A. S. Kasto, M. E. Adams, A. L. Rheingold, L. N.
Zakharov, L. D. Margerum, M. Greaney, Polyhedron 28 (2009) 393.

S. A. Lee, J. W. Lim, S.-G. Roh, H. J.Yeo, J. H.Jeong, Bull. Korean Chem.
Soc. 21 (2000) 1271.

M. Zala, S. B. Kumar, E. Suresh, J. Ribas, Transition Met Chem 35 (2010)
757.

27



Chapter-1

80.
81.

82.

83.

84.
85.

M. Zala, E. Suresh, S. B. Kumar, J. Coord. Chem. 64 (2011) 483.

M. Zala, A. Solanki, S. B. Kumar, A. Escuer, E. Suresh, Inorg. Chim. Acta
375 (2011) 333.

S. B. Kumar, M. Zala, A. Solanki, A. Rangrez, P. Parikh, Polyhedron 36
(2012) 15.

S. B. Kumar, M. Zala, J. Indian Chem. Soc. 90 (2013) 1.

F. Xue, J. Zhao, T. S. Andy Hor, Dalton Trans. 40 (2011) 8935.

S. B. Kumar, M. Zala, Int. J. Research and Scientific Innovation 1 (2014)
620.

28



