CHAPTER I

INTRODUCTION

Chemistry of metal complexes is no™ attaining importance
in diverse fields like catalysis, medicine, microsnalysis,
separation of ions, preconcentration technijues and electrolysis.,
It is therefore necessary to study in great details new metal
complexes with a view to study synthesis, characteristation,
reactions and structure, bonding andstercochemistiy. With the
advent of new analytica’ technisues, we 2re in 3 position to
throw light on various structural features of molacules. New
ligands with favourakle bonding and coordinating sites zre teing
investigated. Amongst them those featuring structures parallel
to kiolozically significsant molecules are guite interesting,
Thaizoles with nitrogen and sulphur atoms in the hetsrocycle
and the attached NH2 groups offering exocyclic coordirating
nitrogen sites in awinothiazoles and diamothiazoles form
interesting complexes with metal ions. The present thusis
deals with metal complexes of a dismine, 2,4 dianino-5-chloro

thiazole and its schiff rase.

1.1 A Brief Historical Account
1.1.1 Thiazonle Complexes

Erlenmeyer and Schmid 3yninesised (1) t° . first coordina ted

compound d—CoC19.2TH which shows 7 isome:r In chloroiorm which on



standing at room temperature r-ver$ back to ~-form. The

complexes have 1.2 and 1l4 stoichiometry.

Eilbeck et &l. (2) studied the thiaznle complexes
i (thi Co(thiz Y, 7 ¢ Cu(thia C
Nl(tmazole)4 Cl,, g_,o(thmzole,2 1, and Cu(thi zole)Q >l and

are shown to have essentially octahedral structure,

Goodgame (3) et al, studiad the complexes of 2 methyl

benzothiazole and suggest that li.and is N-bonded,

Duff et 2l. (4) grepared the complexes of kenzo-tniazole (BT)
with Co(IT), Ni{IT), Cu(II) and Zn(Il) halides, thiscyanates and

perchlorates. The complexes Zn(}’%T)2 X, (% = 1,

oy

Fr), Co(BT), X,

N

(X = Cl, Br, I, NCJ) aond Hi(ET)? 12 possess Ltetrehedral jeometry

3/

whereas Ni{(RT), Pr,, Ni(BT)2 X? (x = C1, ©vr), Nl\RT)Q Br2 have

4
octihedral or distorted octzhedral gecmetry. The Cu(ll) complexes
CU(BT)2 X (X = Cl, Pr) and Cu(PT}z Xy @t dimeric. The tenzo-
thiazole coordinates through the nltrojen 6. tercatom in these

complexes.

The octahedral thiazole complexes of the type M(TH)é X5

M(TH), X M(TH)2 X, @nd H(TH) X5 with Cp(zz), NL(ITD), Zu(II),

27 2
Zn{II) and Pd(IT) have been reported bty Hughes and Ruff (5).

Ford et al. (#) studied Zu{Il) and Zo(II) complexes of
Eenzothiazole {RT). The reflectance spectra.of tnese complexes
is similar to that of the complexes with analogous N-donor ligands.
This suggests that coordination takes place thrau th the ring

nitrogen and not throuyh the & atom., Thiaznle is also found to

coordinate through nitrogyen atom (6).



.
Lenarcik et al. (7) studied the starility constanﬁgof

Co(IT), Ni{ITI) and Zn{II) complexes of thiazole. The acid

dissociation constant and aksorption spectra suggested that

3ll complexes are pseudooctahedral.

The complexes of 4 and 2-4 dialkyl substituted thaizoles
with Cu(IT), Ni(IT), Co(IT), Zn{1IL) and Pt(ID) containing various
anions have synthesized ty Weaver et al. (&), The complexes are
generally of the form MX,L, (X =¢cl, Br, I or NO3). The Zn and
Co complexes sre tetrashedral, the 4-nethyl copper and nickel
complexes are octahedral while dialkyl complexes of Tu, Ni and

Pt are snuare planar.

Hughes and Ruff (9) reported the study of the complexes of
2-acetamidothiazole (acam) and 2-acetamidotenzothizzonle (acamk)
with Ni(IT) and Cul({IIl). A numker of different types of lijend

behaviour have been obkserved on the btasis of their IR spec

ot

rd.

A series of Co(II), Cu(II) and Zn(II) complexes of the
2—2'fé—phenylene Fis-kenzothaizole are reported by John Charles
et al. (1l0). The l:l complexes of Co and Zn have four coordinated
pseudotetrahedral structure, while for Cu distorted square geometriacs
are suggested. Six coordinated 1:1 derivatives are also obtained
for cokalt and copper. The 1:2 derivative of copper may be square

planar.

Co(II) and Ni(II) complexes of benzothiazole were studied
by Goocdgame and his co-workers (1l1). The complexes hav;méénerali§



formula ML and ML, X, (X = C1, Pr, I, NC3 or 8104). Co(II)

2%2 4%
complexes and Ni2L212 have tetrahedral structure and for remaining

complexes have octahedrel structure.

1.1.2 Aminothiazole Complexes

Camptell et al. (12) ctudied Co(IT) and Ni{IT) halide
complexes of 2-aminobenzothiazole (ATR). The complexes are of
the type M(ATE’-)X2 where X = Cl, Br or 1. Ni{II) complexes
(X = Cl or Br) have pseudon-tetrahedral structure Simijar to the
structure of complexes of benzimidazole 2-methyltenzimidazole or
2-methylkenzothiazole complexes (13, 14). The cotalt(II) complexes
show pseudo-tetrahedral structure and possess majnetic moment of
4,4 R.M. The complexes of the type [(CQHs)AJ][M(ATR)X3] where
M= Co(II) or Ni{(II) and X = Cl or Br have heen studied. The
Ni{IT) complexes possess tetrahedral structur- with magnetic
moment 3.3 - 3.7 B.M. Souare planar structure is suggested for
the complex with X = I. Co{(Il) complexes (X = Z1, Br) have Leen
shown to ha e pseudo-tetrahedral structure on the Fasic of electron’c
spectra and magnetic properties. Reflectance spectra of 211 the
complexes suggest thzt the coordination takes place through the

ring nitrogen rather than sulphur.

Manhas et al. (15) reported Co(II), Ni{II} and ~d(I1}
complexes with 2-aminothiazole. The magnetic study of Ni(II) and
Cu(Il) complexes suggested approximately octahciral and pseudo-
octahedral srereochemistry respectively (16). The magnetic moments
of Cu(II) complexes are in the range 1.6 to 1l.61 B.M. while that

of Ni(II) complexes are in the range 3.05 - 3.09 B.M.



.
Manhas (17) reported the Co(II), NI(II) and Cu(II)
complexes with 4-methyl-2-aminothiazole and 4-phenyl 2-amino-
thiazole. The distorted tetrahedral and distorted octahedral
structures have been suggested for Co(II) and Ni{II} complexes
respectively while Cu(IL) complexes have been assign+d either
syuare planar or an octahedral structure. In 2all complexes co-
ordination takes place through ring nitrogen atom. It is predicted
that the substitution a2t 4 position in 2-aminothiazole changes

the stoichiometry.

Molecular addition complexes of the type ML, X, (M= ColIl),
X = Cl, Br, I and L = 2-aminothiazole and 2-acetylaminothiazole)
are stu“ied by Singhx and Srivastava (18). The IR and ele~tronic
spectra of the omplexes suggest the coordination through exocyclic
nitrogen in 2-aminothiazole and througﬁ/carhoxyl oxygen in 2-acetvl
aminothiazole. The complexes were found to possess tetrahedral
structure. The ligand field parameters show more co-valancy in
2-aminothiazole complexes than 2-acetyl aminothiazolz. Complexes

and suggest a weak ligand field for koth the licands.

”~

Nickel complexes of the types NilL,X, (x = Cl1, BFr, I},

NiL,(Cl0,), and [Lz][NiLd(Clﬂ Y.] with 2-aminothiazole were

2 4214

studied to determine actual site of coordinstion by 3ingh and

Srivastava (12).

Magnetic data, electronic ectra and 11 and field parameter:

w
o

suggested that all complexes po¢sess octanedral structires anv

the probable site of ronding is nitrogen and not sulphur (203.



.

z¥hmn the IR spectra of complexes were compaved with IR spectre
of the licand, a negative shift in P(N-H) and a positive shift
in S(NHQ) were observed. These shifts iniicate coordination
through nitrocen of the amino group (21-22). The spectra of
complexes were recorded in acetone solution vwhicn is similsr to
the solution spectra of typical nickel(II) tetranedral complexes.
This suggests that the complexes reguive tetrahedral structure
in 'solution. Hughes a~d Ruff {(24) have not.d a similar change in

nickel complex. -

Co(II), Cu(II), Cd(II), Hu(IL) complexes of 2-amnino,
2-amino-4-chloro, 2-amino~4-methylbenzothizzoles were studied
by Malik et al, (2%). The IR studies of the complexes show the
coordination through the ring nitrcgen of the thiazele group.
Distorted tetrahedral znd octahedral structures are proposed for
Co(IX) and Cu{lII) complexes respectively. The magne-ic moment
of cobalt complexss lie in the range 3.91 to 4.35 F.M. and copper

complexes in the range 1.53 - 1,83 B.M.

Fe(IIl) complexes of 2-aminckenzothiazole (ART) of the
type Fe(ART)OH X, (X = Cl, Br), Fe(ART) X, (X = Cl, Br).
Fe(ABT)(NO4) 5 2H,0, Fey(ABT),(80,)5 5H,0 have Leen studied by

Campbell et al. (26).

Hg(II) complexes of 2-amino-6-methvl kenzothiazole and
2-amino-b-chlorokenzothiazole were studied by Misnra et al. (27).
These complexes have molecular formula HgL, X, (X = cCi, Pr, I, NO5,

SCN, OAC ) and possess tetrahedral structures.



H

Complexes of the type MXAL2 (X o1, BRr, IV of 2-amino-
thiazole, acetylaminothiszole with Sn{IV) and Ti(IV) have been
studied by Singh et &l. (28}, IR studies of these complexes
indicate exocyclic nitrogen of 2-aminctnia-ole and carhbonyl
oxyaen of acetylaminothiazole as the donor sitég Far-infrared

spectra suggest that 2-acetylaminothiazole comolexes are trans

and 2-aminothiazole complexes are cis octahedral.

Rerdon (29) studied the thalium(III) complexes of the
type TIX,L, (X = Cl, Rr) with the heterocyclic ligands.

L = Benzothiazole, 2-aminokenzothiazole.

Antimony(IIL) and Bismuth(IIL) complexes of 2-methyl-
benzothiazole has been synth:sized and studied by 3iusti et al.
(30). The ligand is N-tonded when monodentate and S,N-kbonded

as a bridging ligand.

Nickel(II) complexes of bidentate suhstituted benzo-
thiazoles have studied by Thompson et al. (31). The 1,2 bis-
(2-benzothiazelyl) henzene which has an o-pherylene Fridge,
forms square planar derivative with NiX, (X =1, Cln,Y, octa-
hedral derivative with NiX2 (X = NCS, NOé} and five <co-ordinated
derivative with NiX2 (X = Cl, Br)., 1-2 bis (2-benzothiazolyl)
ethane which has an ethylene bridge forms tetrahedral derivative

with NiX, (X = Cl, Br, I) and an octahedral complex with Ni(NO3)2.

2

Dimeric copper(IIl) acetate complexes of thiazoles of the

type CU(OAC}QL (L = Thiazole, tenzothiazole, 2 methyl kenzo-
thiazole, 2-4 dimethvl thiazole, 2,4,5 trimethyl(thiazole) were

prepared by Tokii et al. (32). All show antiferromaynetism.



Singh et al. (33) prepared the thiocyenato and cyvanato
complexes of Zn(II}, Cd(II), Hg(IL), Fe(IL), P3{1II), Co(1lI},
Ni{(II) and Cu(II) with 2-amninotniazole, 2(N-acetvl) aminothiazole
and characterised from molar conductance, maugnetic moment, IR

and electronic spectira.

Giustic et al. (34) studied the copper{I) and Silver(I)
couplexes of 2-aminokenzotniazcle. The linand ig co-ordinated
through the ring N atom. The Cr(TIl) complexes of 2-aminokenzo-
thizzole (3%) were prepared and characterised by IR and UV
spectroscopy. In all complexes ligend co-orcinated through

amine N atam.

Sonar et al. (36) studied the Co(il) and Zu(Il) comgclexes

)
~

o
|—_-In

witr substituted 2-amino and 2-acetyl amino 3

™~

nles. The spectral

o

results suggest coordination through the amiro nitrogen and carkony’

oxygen in the Co(II) and N bonding for all Tu{Il' complexecs.

~

Chauresia et al. (37, 38) reported the transition metal
complexes of 6-methyl 2-amino tenzothiazole and 2-methylhenzimi-
dazole of the type MLX,, ML,X,, ML X, (M = Cu, Ni, Zo, Fe, 7n,

Cd, and Hg, X = I, CNS and OAC).

Sinha et al. (39) reported metal complexes of f-ethexy-2-

—_—

aminokenzotniazole of the type ML X, (M = pd, Pt, X = Cl, Er).

Ligand co-ordinated throuih the ring nitroven in all complexes.

Metal complexes of 2-amino-% nitrothiazole witt Co(IL), Ni(I!

Cu(IIl), Cd{I1), Zu{I) and Ag(I) reported Yy Dichelsjian et 2l. (40).

1

The licand is coordineted throuan ring N.

) The complexes of 2,4-diaminothiazole are reported for the
first time in this Work .



1.2 Schiff's Pase derived from Heterocyclic amines

and their Metal Templexes

Schiff's bases derived from heterncyclis amines are hiolo-

gically active. The ccmplexes of rhe dochifl FTases derived from

heterocyclic amnines also possess bioloalcel activity,

Dash and Mahepatra have synthesiscs Co{ll)

-
-
e
—~
—
i
—
—
-
O
p
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—
i
s

and Zn(II) complexes of scniff{ kases derived from 4-sryl-2-amino-
thiszole and salicylaldehyde. Sguare planer and tetrahedrsl
structures are preoposed for Co{TI) and Zn(II} complexes respectivel
whereas octahedral structure is proposed for both Ni(II) and Tu(ID)
complexes on the kasis of electronic spectra and magnetic

(

susceptibility measurement (41).

A

Co(IIY, Co(III), Ni(II), Cu(II) and Pd(II) complexes of

Schiff beases obtained from salicylaldehyde derivatives and

nD
~

. Eleztronic

@

2-amino ethyl pyridine studied by Yamada et al. (4
spectra of Co(IT) and Ni{IT) complexes in soclid state agree with
the six coordinated octahedral structure. In To(IT) and Ni(II)
complexes the ligand X-521-2EPy [where Epy = ethyl pyridins) acts
as a tetradentste liuvsnd while in Co(IIS complexes it function &s

bidentate licand.

Mishra et al. (43) studie~ Ni(II) complexes of Schiff bases
derived from salicylaldehyde and 2- and 3-smino pyridine. The

allL' = Schiff's rase derived

i

1
complexes Ni[Sal L ], E,O [where
from salicylaldehyde and 2-3mino pyridinc] and Ni(3alL"), (where
Sall" = 3chiff rase derived from salicylaldehyde and 3-amino pyridi:

are supposed to have pclymeric oc tMAB-JRALASAHER KHARDEXAR LIBRARY

EMUIVAN ITIERSITY ¥ OLHAPSL



Cu(II), PA(II) and Pt(II}! complexes of trident:zte Schiff
hases derived from 2-(2-amino ethyl) pyridine and salicylaldehyde,
o-hydroxy acetophenone, o-hydroxypropicphenone or o-hydroxy butyro
phenonéwgdeied by Rastogi et al. (44) Structure of above complex: =
are square-planar. @ IR studies show that the metal atom is

co-ordinated throush the nitroyen atom of imine 4roup and hetero-

cyclic ring and oxygen atom of the phnenclic arnup.

Ramaswamy et al. (45) studied PAa(IT) and Zn{II) complexes
of Schiff bases derived from meinyl subFstitu*ed 2-aminopvridine
and salicylaldehyde. The proposed structure {or P4(II) and Zn{IT)

complexes are sqyuare planar and tetrahedral respectively.

Co(IL), Ni(IT), Cu(II), Th(IV) anu U(YI' complexes of some
heterocyclic 3chiff hkases derived from 2-a&mino pvridine and sali-
cylaldehyde [L]. p-hydroxykenzaldehyde [L'] and venilline (L")
have been preparad by Mohmoud et al. (46). It is concluded that
the molecules and not the ilons of L are coordincted to the metal
ions as bidentzte licandg. The twn Fonding sites 2re the central
azométhine nitrogen and aldehydic-CH group on the other hand, the
neutral molecules of L' and L" are coordinated to the metal ions
as monodentate ligands where the nitrogen pvridine ring is the

bonding site.

Verkhovodova #t al. (47) reported Cu(II) complexes of 8chif’
bases derived from salicylaidehyde and 2-aminopyridine. Seﬁgupta
et al. (48) carried out the potenticmetric study of the proton-
ligand stability constents of 2-hydroxy-l-naphthalizne-2-imino~
pyridine and its 1:1 complexes with Pr(III), Nd(III), Sm(III)
and Cd(II1).



1i

Ni(II) complexes of Schiff tases derived freom salicylaldehvie
with 2- and 3-amino pyridine and 35 4-, 5- and £-methyl derivatives
of 2-amino pyridine studied by CSaszaz et al. (43). Characterised
by Ehemical analysis, IR electronic and NIMR spectra'and magnetic
moments. The li.and [HL] acts as bidentete to give octehedral

structure.

NiLQ(HZO)2 complexes except in case of the lijand derived
from 6-methyl-2-amino-pyridine which is tridentate and aive

octahedral [Nil,] structure.

Ch}b Ki Hy;ng (50) studied the complexcs of Mo(VI), Mo(V),
Mo(IV), Mo(III) with Schif® base ligands salicylidene amino-
pyridine [HL'] and salicylidene amino-o-tniobenzene {HQL]. Their
physical, chemical properties were studied bty visible, IR spectrs
and elemental analysis and DTA. Ligand ascts as tridentate and
form six coordinate complexes. [MoO,(H,0)L], {MOOQ(HQO)L'],>
[MoO(HQO)(SCN)L‘], [MOO(HQO)ZL'] which octahedral, wher=as
[Mo(H2O)2L]20, : [MoO(Hzo)LJQO, [MO(SCN)(HQO)L]QO and

[Mo(H,0),L], are binuclear octehedral with Mo-O-Mo [Mo-O-kridge kond .

Co(II), Ni(II) and Zn{II) ccmplexés of Schiff base reported
by Cho, Ki Hyung et al. (5l). The complexes with ligand [HZL =
salicylidene amino-o-thiobenzene). The complexes of Ni(II) and
Zn(II) are six-coordinated i.e. NiL(H20)3 and ZnL(H20)3 and

_copper(II) complex are N-coordinated,

Oxovanadium (IV) complexes of Schiff bkase rerived from

salicylaldehyde derivatives, o-hydroxyphenones and 2-2'-aminoethyl



pyridine were studied by Rastogl et al. {52). The complexes have
subnormal magnetic moment which may be du: ta the presence of
exchange coupled antiferromagnetism, The electronic and IR
spectral data sug_ est tnat binuclear o-bridged tetragonally
distorted octahedral structure in which the elon.atinn is along
the z axis [Oh -» D4h] owing to the presence of 1li ands of unequal
donor strength, Electronic spectra show A, F, P levels and Ds and

Dt ligand field parameter.

Rastogi et al. (52) siudied the complexes of Ni{II), Co(II)
and Cr(III) of tridentate Schiff rase derived-2-(2'-aminoethyl)
pyridine and salicylaldehyde substituted salicylaldehyde [X-sal,

X = 5-Cl, 5-NO, , 5,6-herc) (X = salaep), o-hydroxyscetaphenone
(Hapaep), o-nydroxy propiophenone [Happasp], o-hvdrexybutyrophenons

[Hbpaep] on conductance measurement, magnetic and electronic and

IR spectral data shows 2ll complexes have cctahddral gzometry.

Kuma et al. (54) studied Co(TIIl), Ni(II) comglexes with
Schiff{ base obtained from salicylaldehyde derivatives and N-(2-
aminoethyl) piperazine Bis(Schiff tase). The lijand acts as

tetratlentate. All complexes heave octahedral structure.

Ranganathan et &l. (55) reported Cu(IIl}, Ni(II) and Co(IT)
complexes of Schiff base derived from 2-emino-S-nethyl pyridine

and salicvlaldehyde. Sqguare planar structure for Cu(Il) complexes

and Co(II) and Ni(II) were tetrah&drafﬂkoordinated.

Mahamound M.R. et al. (56) reported Co(IIl), Ni{II) ard

Cu(II) complexes with heterocyclic Schiff base i.e. 2-(szlicylidene



.
amino)-4-phenylthiazole [L'] 2-(p-hydroxykenzylidene-amino)-4-
phenylthiazole [L2] and 2-{hydroxy-m-methoxybenzylidene amino-4-
phenylthiazole? fLBJ were prepared and charactzrised on the basis
of IR and electronic spectral data. The Schiff bases L2 and L3

are we2aker ligand compound to the correéponﬂing derivatives of
2-arylidene amino) pyridines. This is ascribed toc the low basicity
of the nitrogen in the th-iazole ring relative to the nitrogen

in the pyridine ring.

the
Co(II) complexes of Schiff bese . ' derived from

wenes
2-naphthaldehyde with 2-aminothiaznle studied ky Yerms ot al. (57).

The complexes are nonelectrolytic with high spin octahedral geometrv.

Mahapatra et al. (58) studied Cu(II), Ni(IT) and Zn(IT),

Cd(II) and Hg(TI) complexes of Schiff bases. Tr» complexes with

licand EL, 3-amino-l-phenylpyridine-5-one] with salicylaldehvde.

-

The complexes are either octahedral or disterted octahedral.

Co(II), Ni{II) and Cu(II) complexes of Schiff kase reported
by Saha et al. (59). The N-kenzylidene-3(3)-methylpyrozole-3(5)-
carbohydrezide Schiff kase were characterised by using technigue
[BMPCH], magnetic and e¢lectronic spectral.data indicates that
M(BMPCH)2X2 nH,0 (x = Cl, Br, I, NG5, EFH, Cl0,, 5CN, 0.5 son;

M= Co, Ni, Cu; n = 0, 2, 4) are grossly octahedral except the
halocomplexes of To(II) which z2re mixture of octahedral and
tetrahedral., The ligand exhibits neutral tridentete (NON) hehaviour
xayvyy coordinating througyh the tertiery nitrcgen of the pyrrazole

ring.
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Cu(IT), Ni{II) and Zn{II) complexes of *ridentete Schiff
bases derived from 4-Aryl-2-aminothiazole &nd its substituted
derivative with substituted o-hydroxyazldehyde wers studied by
More P.G. et al. (60). The tridentate lizands form ML, type of
complexes (where M = Ni, Cu or Zn). All complexes ¢re octahedral
in geometry. The Zn(II) complexes of ZnL, type exclude§>the

formetion of polymeric species.

In the earlier work from our laﬁoratoty Schiff bases
derived from substituted 2-aminobenzothiszoles and suostituted
vic-hydroxy aromatic aldehyde were used &s 1lizand (&él), ligyand
fieldy theory and interelectronic repulsion peramesters for several
complexes were reported. Mass spectral eanalysis and complete
fragmentation scheme have been reported. In addition to that
sixtyfour new complexes from sixteen new 11 :ards are reported (62)
%ﬁqwconventional structural approach a detailed spectrochemical
study and ligand fleid parameter &s well 25 x-ray asksorption and

x-ray photo electron spectral studies of comglexes.

Co(II) complexes of tridentate Zchiff tases derived from
4-{R-substituted)-2-aminothiazole (K=H, CHB’ CMe, C1) with
f-hydroxy-2-naphthaldehyde or 5-(R'-substitutod) sslicylaldehyde
(R'=CH3, Cl) where ¢. studied by More F.G. et =1. (63) structure

of akove complexes are octahedral znd complexes z2re non-conducting.

The complexes of the Schif{ base forasd bv the condensation
of 2,4-diamino 5-chlorc thiazole and vic-hviiroxy eldehyde salicyl-

aldehyde are reported in this thesis.
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