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CHAPTER-1

" INTRODUCTION

The last few decades havé seen an astonishingly large growth in

. research activity in the field of 'Inorganic Bioche"mistry". This has been

due to the realization of importance of the vital functions that scme of the
metal jons perform. in biochemical and biophysicél processes oceurring in

the cell's dyﬁamic environment. The role these metal ions play in combination
with the organic biomolecules of the cell, makes them so vital in the maintenance
of living systems that life would not have beeﬁ possible, at least in its present
form,'without the involvement of these essen‘tial components., The biological

' functiohé affec‘ted by these metal ions inclUde the charge bal;ance of proteins,
ionic gradient across membranes, nerve impulse transmission, osmotic and
buffering equilibria, biological oxygen transport, electron transport chains,
redox reactions, gene expressidn', gene regulation anq enzymatic catalysis.

The metal ions act as cofactors in the enzymatic cétalysis, serve as substrate
binders, bring the substrate in a particular configuration and conformation
suitable for catalytic activity and provide a suitable three dimensional
confdrmation to the protein molecule as 4 result of charge balanée kand_

interaction with different groups. Besides, these are also involved in the

catalytic processes in certain cases.

More than a dozen metal jons are now considered to be essential
that perform various structural and functional roles in biology. It is, therefore,

critical for the cell to acquire and maintain the levels of these metal jons

within a'concentration window' where enough is present to meet the requirements



of the cell but not enough to be toxic. The low lévels of the essenfial

concentration

metal ions will lead to deficiency symptoms whereas their exbes
as also even the low levels of non-essential metal ions iermed{:!ﬂléinous'

metal ions may ‘harm cells through inactivation of enzymes or by catalysing

the oxidative degradation of lipids, proteins and nucleic acids (Diana and
'I‘ho‘man, 1990). The ‘cell maintains ‘.a homeostatic control of metal ions via
séchstratidn, storage and exeretory mechanisms and specific metal chelators
u“re sjnttﬁsizcd by the cell machinery fori this purpose, Ilonophores, siderophores,
azurins, plastocynins, ferritins, transferrins and the recently identified and
studied_ 'Zinc binding fingeré‘ (Sout and Summers, 1990) are some of the

molecules synthesized by the living systems for this purpose.

The structural and funt.;tional aspects of biomolecules on cormplexation
wifh metal ions are a function of the resultant physico-chemical manifestations
arising’ from the interaction of these molecules wifh the metal ions. The
configuration, conformation, stability, kinetic lability and relative metal-ligand
bond distances are the key factors goverfning the properties of these complgxes.
To understand and manipulate the natural biochemical features, search is
always on to isolate and characterize the natural molecules, to ;ynthesize
their -analogs and to study their biochemical applications. Investigations in
the field of metal-ligand interactions have proved that coordinati.on of metal
ions with synthetic organic and biomolecules may activate the ligand and/or
fnetal ions, The metal-drug interaction studiés have shown an increased
efficacy ‘and site specificity in many cases "(S.orénsénv, 1976). The increased
activity may be due to the altered transport Eacross the iipid bilayer, chahge

in its mechanism of action or the activation of the ligand molecule.

(



Change of substituents on v'&;rious organié molecules in order to
achieve more potent biodynamic agents is one of the thrust areas in
synthetic chemistry. Various claésés of compounds with vapying substitu’ents
have been and are being synthesized and tried for their biological and industrial
applications. Baséd on the differences in the mode of action, physiological
deposition, metabol»ism and detoxification, it is possible to develop compounds
with desirable characteristics like higher potency towards target organism |
and less toxicity to non-target organisms. The organic ligands containing
‘nitrqg‘en, oxygen or sulphur atoms are reported‘to possess a wide range of
, biologiéal activities (Dey, 1974; Chaturvedi and Kansal, 1975 and Wilson

: e_té_]., 1977) possibly“due to the involvement of their donor sites for binding

with biological receptors.

The compounds derived from hydrazine viz., the hydrazines, hydrozones
and hydrazides having differentw éubstjtuents have been shown to eﬁchibit a wide
spectrum of biological activity in addition to industrial application;. Acid
hydrazides possess antifuﬁgal (Luo et al. 198554 Sangwan et al., 1986 and
J'd/hri and Sharma, 1988), antibacterial (Romanenkoet al., 1984; Bahadur -
et al,, 1975 and Sengupta et al., 1984), antiinflammatory (Kulik et al., 1974),
herbicidal (Crafts, 1964), antitumour (Haskar _e_t__gl_.,. 1971), antihypertensive.
(Arutyungyan et al., 1985) and nematicidal (Malik et al., 1989 ana Cruickshank
et al., 1982) activities. Maleic‘hjdrazide has been used as a her.b_icide for the
last three decades (Crafts, 1964)- and it is kno?~n rtob inhibit the formaticn of
RNA, decrease the protein level and c'nange;tl:]e auxin‘metaboklism in planté'

(Nayler and Davié, 1950). Isonicotinic acid hydrazide is used as an antitubercular

drug. Hydrazides of salicylic acid, phenoxyacetic aéid, naphthalene-1-acetic acid



and benzylic acid have been reported; to be potential antibacterial agents
~ (Sengupta et al., 1984 and Aggarwal et al.,, 1987). Some naphthaloyal
hydrazides have proved to b’e godd herbicides (Takematru et al., 19%5) '
Hydrazides of Mgldrum‘s acid were evaluated for their ‘antifunga]‘.ig/lffiicacy
by Luo et al,, 1985 and some of these were found to be good antifungal
agents. Arylsulfonylhydrazides of maleic and fumaric acids, their methyl
esters, somé substituted isobutyric acid hydrazides and hydrazides of
(arylsulfonyl) succinamic acids o?chibited antiinflammatory ncfi'vity

(Ramalingam and Sattur, 1989)..

| The presence of different substituents and varying side chain lengths
have a marked effect on the biological activity of the acid hydrazides.
The presence of pentadecyl side chain in the hydrazides of Qtr(3-pentadecylaryloxy)
isobutyric acid rendered the compounds less antiinflammatory as compared >to“ |
the compounds wit'h smaller sidé chains (Ram.alingamA and ‘Sattl’n',l 1989). The ’
nematicidal activity of substituted phenoxyacétic acid hydrazides Was also
found to be a function of functional groups on the 'a‘romatAic nucleus

(Malik et al., 1989).

The codrdination of a metal ion with the organic:ligands may alter.’
the activity of the ligands and the resulting compounds may be moré potential
biodynamic agents with desirable characteristics. Herbicidél and fungicidél Q
activities of benzoylhydrazide and salicylhydrazide were found to increése
én metal coordination (Lakshmi et al., 1984).‘ The herbicidal aétivity increased
by 100 per cent in case of iron (II), copper (II) aﬁd manganese (I) complexes

whereas, fungicidal activity improved by 80 per cent as a result of coordination.



The rﬁetal complexes of pyridine—2/4‘-carboxaldehyde thioisonicotinoylhydrazone
proved to be better antibacterials than the ligands (Singh _eiﬁél., 1984 and ,

| 1986). The copper (II), nickel (11) and cobalt (II) complexes of g-hydroxybenzal-
dehyde—N-salicyl/succinoyl hydrazone wére better antimicrobial agents than their

‘respective ligands (Sharma et al., 1991). Taking into consideration these and

“several other observations (Rainsford and Whitehouse, 1976; Pin and Xiaoping,
1989; Ghosh et al., 1984 and Parasher and Sharma, 1987), on the alteration

of activity pattern of biomolecules and synthetic. organic ligands on complexation

with metal ions, it waé considered of interest to dévelop some potential

bioactive compounds from substituted acid hydrazides and their complexes.

The objectives of the present investigation were:

1. To synthesize some novel substituted acid hydrazides.
2. To prepare and characterize the coordination compounds of the above

synthesized ligands with some first series transition metal ions,

3. To evaludte_the comparative antimicrobial activity of the ligands and

their complexes.
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CHAPTER - 1T

 REVIEW OF LITERATURE

Substituted acid hydrazides are promising biodynamic“agents besides
finding applications in industry and analytical chemistry. These compounds
héve potential donor sites and hence cah be used as ligands for coordination
with metal ions. The study of hydrazides and their coordination compounds
fbr their physicb‘-chemical, biochemical, biomediéal and énalytical_ applications
constitutes an important area of chemistry. | A brief review of litebature
on substxtuted acid hydrazndes covering their diverse blologlcal activities,
jeffect of substitutions in the basic nucleus on their activity pattern and

their coordination behaviour towards various metal ions has been presented

in the following pages.

Maleic hydrazide has been used as a herbicide for the past more
than three decades (Crafts 1964). At vmoleéular level, it has been found to
inhibit the formatxon of RNA, decrease the protem level and change the

auxin metabollsm in plants as reported by Nayler and Davis (1950).

Lue et al, (1985) synthesized nineteen substituted hydrazides and
observed that malonyl hydrazide was the most active hydrazide against .

Aspergillu's and Peniéil]ium species. In vitro antibacterial actnvnty of

several substituted phenoxyacetlc acid hydrazndes agalnst Staphy]ococcus

aureus was evaluated by Sengupta g_t_a_l. (1984). The_eompound with

substituent p-NO, was found to be more tloxic than compounds with



substituents‘like Q.-, m- or p-Me, p-Cl and p-Br. Antimicrobial aActivity of
hydrazides of salieylie. acidg, naph_’thalene acetic acid and benzylic a;id
wés studied by Aggarwal et al. (1987). 8—Aminoxanthin¢ propanoic

acid hydrazides ‘and their Schiff's bases with some aldehydes were sycfee_ned

for their antibacterial afficacy by Romanenko et al, (1984).

Nematicidal use of some substituted aryloxyacetic acid hydrazides.
was documented by Malik et al. (1989). A structure-activity relationship
was established according to which the unsubstitdte‘d phenoxyacetic a‘cid
hydrazides and the acid hydrazides with chloro groups at 2- and 4-positions
of the arfomatic nucleus were found to be more active than thosé with other

substituents against second stage juveniles of seed gall nematode (Anguina

tritici), root knot nematode (Maloidogyne javanica) and pigeonpea cyst

nematode (Heterodera cajani).

Cruickshank et al. (1982) observed a 95.80 per cent control of

_Tylenchorhynchus clayfoni, a nematode on corn seedling by the use of some

hydraz‘ine carboxalnideé. The substituted 'nephthoyl hydrazides were synthesized
and screened for their herbieidal activity by Takematru et al. (1986). 1,4~

dihydro-1-naphthoic acid phenyl hydrazide could conirol a wide vai'iety of weeds

in paddy fields.

Ramalingam and Séttur (1989) synthesized &~(3-pentadecylaryloxy)-
isobutyric acids, their hydrazides and cyeclic derivatives and evaluated these
for antiinflammatory activity. 1'.I‘he presence of pentadecyl side chain
rendered the compounds less active. Arylsulfonyl hydrazides of maleic and

fumaric acids were found to possess antiinflammatory, analgesic and



anticoagulant activities. 8-chlorodibenz [b,f] [1,41 oxazepine-10 (1.1kH) -
carboxylic acid hydrazides were- prépared and patented as analgesics and
prostaglandin antagoﬁists bj Mueller (1985). 'Kohév et al, (1986) synthesized
the hydrazide o‘f (arylsulphonyl) succinic acid and these compc;unds exhibited |
neuroleptic, diufetic, antiinflammatory and antihypoxic activities. Synthesis
and pharmacological studies of Y-hydroxycarboxylic acid hydrazides were
carried out by Arutyunyan et al. (1985) who found that these compounds
possessed spasmolytic and antihypertensive activity. Zhang and He (1984)
syhthesized some N-acyl-N-(2-indolylcarbonyl) hydrazides and evaluated these

for antitubercular activity and observed that these compounds inhibited the

growth of Mycobacterihm tuberculosis. “o~Ethyl-phenylmethanophosphonic
hydrazide derivatives were found to possess bette\r herbicidal and ‘growth
regulating properties as compared to diuron (Lachkova et al., 1985).

The ‘gvrowth retardant activity of mono- and dihydrazides of dialiphatic
dicarboxylic acids was correlated with fatty écid side chain by Aleksieva

and Karanov (1987),

-

Guptu- et al, (1983) synthesized some Schiff's base hydrazides derived
from 7-hydroxycitronellal and the compounds exhibited a mabéinal activity
as juvenile hormone for common Ir;dian red cotton bug. The phthalic
hydrazide salts were found to be plant gromh ;egulators by Panea et al.

(1984),

It is quite evident from the above studies that acid hydrazides
exhibit a wide profile of biological activity which is a function of the

substituents and the side chains associated with the main nucleus.



The coordination behaviour of variously substituted and biodynamical‘ly
- important acid hydrazides has been widely studied by several group_sko,f researchers.
Transition metal complexes of benzoyl hydrazide and sa_licyl hydrazide were
studied for their; herbicidal and fungicidal efficacy by Lakshmi et al. (1984).
The study revealed growth inﬁib’ition of Cyprus tubérs to the éXtent of 40-80
per cent: avt different concekntration levels‘ which may be due to the blocking

" of nucleic acid metabolism. The most significant observation in their study
was that the iﬁhibition was increased to around 100 per cent in case of mefal
complexes at 0.01' per cent concentration. ’I‘he inhibition was ‘rﬁaximum‘in
case of Fe (II), and Cu (1) complexes of salicyl hydrazide. The cowmplexes also
‘exhibite‘d fungicida’l actikvity.r Manganese (1) and cbkbalt (11) co.m'piexes of

A ‘benzoyl hydrazide and cobalt (1), nickel (II) and coppef (I1) complexes of
salieyl hydrazidé..« were more potent antifungal égents than other complexes
and their respecti\(e ligands. "I\‘h,e metal complexes of maleic hydrazide have '

also been found to inhibit the DNA, RNA and protein synthesis in Yashid

P

Sarcoma ascites cells-under in vitro conditions (Fritz et al., 1977).

Mostafa g_t__qi_. (1980,.1981 and 1985) synthesized :a‘nd characterized
the transition metal complexes of butyric acid hydrazide (BuH), isovelaric
acid hydrazide (IvH) and isobutyrié acid hydrazide (IBH). The proposed
stereochemistries were assngned on the basis of magnetic and spectral data
In some cases, the ligands were found to be coordinating via carbony] and
—NH2 groups while in others, the ligands coommated by deprotonatlon of
the nmldol form vna azomethine group and the deprotonated enolnc oxygen.
The electronic spectral assignments and the calculation of Dq, B, B, and

92-/91 were used to predict the stereochemistry of the metal complexes.

.
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The coordination number was found to decrease‘in the order Bul> IBH>1VH
"due to steric hinderance, while stability constants decreased in the opposite

order f.c., IVII> IBII> Buil,

Rao 9_"_2!;-' (1985) synthesized Mn (i), Co (1), Ni (II) and Cu (11)
complexes of benzoylglyeylhydrazide and assigned octahedrul geometry for
the non-ibnic'complexes on the basis of magnetic and spectral studies.
E‘SR studies of copper complex indicated a very weak metal-metal interaction.
Nickel (II) and cobalt (II) complexes of the hydrazide of 1~n'aphthylaceti,c
acid wex;e synthesized by Chundak et al. (1986). The physicofchemical
analysis. of the ligand and their complexes‘ showed that the ligand behaved
-as neutral bid_eniate and coordinated through amido-nitrogen and tihe carbonyi
oxygen. The compléxes' of general formula [M(acac)z L] [M=Co (I, Ni (1D
and Zn (II) and L=2-3, 4-pyridine -carboxylic a’cid'hydrazide] were prepared
and characterized by Aggarwal et al. (1984). They aiso célcu]ated the ligand
field parameters and assigned the high spin octahedral geometry to the complexes.
Synthesié and IR spectral analysis of coordi_nation compounds of lanthanoids
witfh éicoiinic acid hydrazide were carried out by Tsintradze and Bazgadze

(1986). A bidentate ligahd behaviour was speculated by them.

Synthesis and struétural séudies of complexés of some first row
transition metal ions with l-tyrosine hydrazide were'.undertake‘n by Rad
et al. (1984).- The complexes formed had the genéﬁal formula M(TH),ClL,,
M(TH), (OH), and (MTH-H) (OH). nH,0 [M=Mn (), Co (D), Ni (), Cu (D)
and Zn (II), and n=0 or 2]. The cdmplexes were characterized’ by molar

conductance, magnetic susceptibility, electronie, IR ‘and ESR spectral data.
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The llgand behaved as neutral bxdentate or unmegatxve tridentate in the
complexes. Various hgand field parameters hke Dq, B, P and llgand fleld
stabilization energy were calculated to elucidate and ’support the proposed
structures of the complexes. Copper (II)‘complexes were screened for

antifungal activity against Rhizoctonia solani. The complex Cu(’[‘H)2 (OI{)Z

was more active while Cu (’I‘H)ZCI2 and Cu (TH-H) (OH). 2H,0 were less

active than the ligand.

-—

Some other complcxes of -trivalent lanthanide ions with I-tyrosine
hydrakzide of the general formula [M(’I‘H)3C12] Ci, where M=La (1), Pr (ilI)
and Nd (111) were isolated and characterized by Rao and Khan (1987).

“The characterization of the complexes was done by e]ementalv analysis,
o molér‘conductaﬁce, magnetic susceptibility, IR,’electronicA and 'H NMR

: spe_ctr.a.'. The nephelauxetic ratio, covalency and bo:‘n'ding parameters of
[Nd ('l‘H)3'C12] Cl were also calculated. The ligand was found to behave
as neutral bidentate, Platinum (II) complexes of hydramdes of aspartnc
~and glutamic acids were prepared and characterized on the basis of IR and
electronic spectra, differential thermal analys;igs, elemental analysis and
titration curves which suggested that the ligand coordinated through thé
amino and hydrazide carbonyl groups, the carboxylic group re‘maining

deprotonated and uncoordinated (Bontchev et al., 1985).

The copper (II) complexes of cyclobutane-, cyclohexane- and
cycloheptane carboxylic acid hydra'zides, cyclopentane- and cyclohexane
acetic acid hydrazide and cyclohexanebutyric acid hydrazide with the

general formula CuLSO4.nH20(n=0—2) were prépared and characterized by
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Ikekwére et al. (1989). A Square pianer geometry with bidentate ligand
behaviour was proposed, There was no evidence to suggest the for‘matkioknk '
6f polymeric species, | Ali giil._.-(1989) inv‘estbigated the complexes of
phthalic hydrazide with chromium (IlI), manganese (II), .iron (11) and
copper (II). IR énd electronic spectra and the magnetic data suggested
an octahedral stru\_Cture for all the complexes. Cobalt (II) complexes of
thioacetic acid hydrazide were characterized by electronic and diffuse
reflectance\spectra, X-ray diffraction and thermogr-avimetric analysis by
Saveleva and Larionov (1985). Cobalt (”).’ nickel (II) and copper (I1),
complexes of diphenylphosphonylacetic acid vhydrazide were prepared and
characterized by Zelentsov‘ﬁg_l_. (1986). 'The authors also calculated the
crystal field pérameters for cobalt (I1) and nickel (1I) complexes. An
octahedral configuration was assigned to the complexes. Sallomi and
Dawood (1984) synthesized complexes of indium (lII) having general
formulae [In (LH)3] X3, [In,(LH)3X3], (In (LH)2 XB]X;[In (LH)Q XZ]X and

[InLgl. 2H,0, where LH=R (C H,C(0) NHNH,, R=0-OH, p-MeO or p-

2’

NO or 0.5 SO, and char_actérized by elemental analysis,

o+ X=Cl, Br, NO,

IR spectra and molar conductance measurements.

Coordination behaviour of isonicolinié acid hydrazides has been
reported by several worker‘s. Rao et al. '(19786) prepared the lanthanide
complexes of general formula [M(INH)SXS], where INH=isonicotinic hydrazide,
X=Cl, SCN and M=La (1lI), Pr (1II), Nd (Ill),'Sm(lll) énd Gd (l1). Characterization
of the comp]eXeé was made on the basis of elemental analysis, molar conductance,
magnetic susceptibility, IR and electronic séectral studies. The neph’elauxet‘ic

ratio, covalency and bonding parameters were calculated from the electronic
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spectra. IR spectral studies revealedﬁ that INH acted as a neutral bidentate
chelating agent in all the complexes and thiocyanate was nitrogen coordinated.
Thermochemical analysis of solid isonicotinic acid hydrazide transition metal .
~ complexes waskx"eported by Sekkina g_t_a_l.‘(1984). Ryak'hbvskikh‘gg_]_. (1986_)
studied indium (I11) complexes of nicotinic and isonicotinic écid hydrazides.

The hydrazides behaved as.bidentate ligands.

Azizov et al. (1986) studied the coordination compounds of manganese
(I1), cobalt (II) and nickel (1) formates and acetates with isonicétinic acid
hydrazide and some of its derivatives. Bychkova et al. (1986) conducted a g
spectrophbtometric study of coordination of copper (II) with hydrazides of
benzoic 'écid and isonicotinic acid in aqueous DMF at pH 3-3.5. Thé
B inyestigation established: the formation of deprotonated and protonated
(for benzoic acid hydrazide) complexes. Stability constants of cc;ppen iII)\ N
complexes with aspartic, glutarﬁié and isonicotinic acid hydrazides were
determined by Tsvetanova et al. (1987) by pH ‘metric titratioﬁ at 25°C
and ionic strength 0.1M (KNOS). Both 1:1 and 1:2 ;'c.opper (1n)- ligand
' compléxes were ‘found to be formed. Préparation and IR absorption studies.
of lan"thanide_ coordination compounds based on thiocynates and bromides with
nicotinic acid hydrazides was f‘epobted by Tsintradze et al. (1985). The
ligands behaved as bidentate in bromide complexes coordinatiﬁg tﬁrough the |
hydrazine nitrogen".and carbonyl oxygen atomg and as monodentate in case
of ;hiocynaté complexes coordinating through the hydrazine nitrogen only.
The presence of coordinated and uncoordinated water was also established. %

Tsintradze et al. (1986) studied the coordination compounds of iron (II)

t
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and iron (IlI) with pyridine éarboxylic acid hydrazides and derivatives of

- isonicotinic acid hydrazide.

Machkhoshvili et al. (1987) studied the cerium (III) bromide complexes

of the general formula CeL Br3. nHzO, where L=acetic-, capronic-, salicylic-

4
and anisic acid hydrézides. The ligands were found to behave as bidentate
coordinating through the primary amine nitrogen and carbonyl oxygen atoms.
Coordination complexes of capric acid hydrazide vwith cobali (I1), nickel (1)
and copper (II) were prepared by Chundak et al, (1987). The paramagnetic

high spin bis-and tris- (ligand) chelates were assigned octahedral configuration

based upon the bidentate coordination of three neutral hydrazine molecules,

Compléxes of dihydrazides of various, acids have also been extensively
explored. Sr‘ivasta‘va‘gia_l. (1987) studied the aliphatic acid dihydrazide derivatives
of dieyclopentadienylzirconium (IV) dichloride and their reaction with B-diketones.
The complexes had a general formula [CpZZr (L)] and [CpZZr (LH)Z]CIZ.

The aliphatic acid dihydrazides used in the study were oxalic ‘acid-, succinic -
acid~ and adipic acid dihydrazides.‘ The acid ﬁydfaiides beha\'/e"d as bidentate
chélat,ing agents, All the complexés contained terminal amino or hydrazino ”
nitrogen atoms with an unshared electron pair, enabiing nucleophilic condensations.
These complexes cyclised with B-diketones in the presence of glacial acetic.

acid to yield macrocyclic ligand complexes. Vardosanidze et al. (1985) studied
the crystal and molecular structure of a ‘manganese (lI) sulphate compleﬁ( with
dihydraiide of malonic acid. The compound was found to be satisfying the
orthorhbmbic space gl‘.Ol:lp conditions. Thc manganese atoms were in Archimedian

antiprism coordinating with malonic acid dihydrazide acting as bis bidentate
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bridges through their -NH and O-groups at each end to foym five membered

2

rings. The sulphate ion and water molecules were uncoordinated. Bontchev

et al. (1985) studied the palladium(Il) complexes of dihydrazides of aspzi"i'"tié_

272772

contained bridging Cl groups. The ligand coordinated through the ammo
. -
nitrogen atom adjacent to the carbonyl group and the oxygen of the carbonyl

acid in 1:1 and'1:2 metal-ligand ratios. The cationic [Pd,L,Cl 12 comp

4o

3
)",)
S

group for.min.g a five mekmbere_d ring.

X-ray structural analysis ofO&-and‘}} modifications of crystals of the
manganese(Il) malonic acid dinydrazide compounds was undertaken by
Vardosanjdze 9_}_5_1;. (1985). 'The compounds satisfied the conditions for
| orthorhombic space groups. The manganese atom was dodecahedral with
.m m m m symmetry. Vardosanidze et al. (1985) synthesized the cobalt (II),
manganese (II), iron (II), and nic_ke;i (I) complexes of malonic acid dihyd‘razide
and characterized th‘ése by X-ray structural analysis. The compounds were
found to be monoclinic. Coordination compounds of some 3d transition
metal ions with a product of condénsation of malonic dihydrazide with
acetone were synthesized by Parpiev g_t_gl_.A (1985). The ligand behaved as
te‘tradéntate, bridging in the dimer with coordinétion through thebtw.o

azomethine nitrogen atoms and two oxygen atoms.

Kumbhar (1986) prepared the polynuclear c;)mp]exes of fumaric
acid dihydrazide with copper (II), nickel (I) and cobalt (I). The 6ctahedral
com»plexes were obtained in which the ligan'd coordinated through carbonyl
oxygen and amino nitrogen atoms. A pol‘ymeric octahedral structure for

chloro complexes and a briaged quadricoordinate structure for sulphate



16

~

Lo

complexes were proposed. Thermogravimetric and differential thermal analysis
re.sults' were also reported. Synthesis and X-ray structure analysis of the

" manganese (II) coordination compound of succinic acid dihyd%azidg was
uhdertaken by Zhorzholiani et al. (1987). Narang and Singh (1987)§ synthesized
some mel'cufy (II)' chloride, nitrate and thiocyanate complexes of benzoic

‘acid hydrazide, acetonebenzoylhydrazone, oxalic acid hydrazide and oxalic

acid bis (2~propy1id.ine hydrazide), malonic acid dihydrazide and malonic acid
v'bis (2-propylidine hydrazide). The comblexes were characterized by IR spéctral
data, X-ray powder differaction and polarographic studies. Some of the »
complexes were screened for their antifungal and antibacterial activity and

these were found to be more active than the ligands.

The - Schiff's bases derived from acid hydrazides have good donor |
sites and act as potential ligands. Symal and Maurya (19864) synthesized
nickel (1I), cobalt (II), copper (iI), manganese (1), zine (II), zirconium (II),
oxomolybdenum (IV)‘ and dioxouranium (VI)‘complexes of the Schiff's base
derived from saligylaldehyde and thiophene-2-carboxylic acid hydrazide.

The Schiff's base behaved as a di‘bas;ic tvlriden;ate ligand coordinating through
an O; N, O donor system. The nickel (II), cobalt (I) and manganese (II)
complexes exhibited normal magnetic momgnts at room temperature wheréag, ‘
copper (1) and oxomolybdenum (IV) coniplexés exhibited interaction. The
zine (1), dioxouranfum (VD) and zirconium (II) compléxes were diamagnetic.
'I‘hé shifts of the ¥(C=N), 9(C=O) and 7(C-0) pheholibc and V(N-N) strechings
were followed to determine the donor sites of thé? ligand. Symal and

Maurya (1986b) studied the dioxomolybdenum (VI) complexes of Schiff's bases

prepared by the condensation of salicylaldehyde, 2-hydroxy-1-naphthaldehyde,
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o-hydroxy acetophenone with -o-cresoti\c. acid hydrazide, ‘tlliopllene—Z—car_'boxy1ic'
acid hydrazide and 2-furoic acid hydrazide. The ligands were tridentate and

dibasic and the complexes possessed a cis—MoO2 structure,

Rao et al. (1986) carried out the synthesis and structural studies of
some trivallent lanthanide complexes of o-hydroxy acetophenone .isonicotinoylhydrazone.
The complexeis obtained had the general formula [MLX (HZO)Z]’ where M=Lé (111),
Pr (1), Nd (III), Sm (1), Gd (III) and Dy (IlI) and X=OH SCN. The nephé]auxetic
ratio P, covalency d and boﬁding‘ parameters. of complexes were ca]cu]ated.\i
A coordination number six around the metal ion was proposed for ail the
complexes in which the ligands coordinated through azomethine nitrogen,
" phenolate oxygen. and imidol oxygen. Thiocyanz'ate was bonded through the
~nitrogen atom. Rao et al. (1985a and 1985b) studied the Mn (I1), Co (ID),
Ni. (ll) and Zn (II)\cc‘)mplexes of o-hydroxyacetophenone (N-benzoyl) glyeylhydrazone
and the Schiff's base derived from 1-tyrosine hydrazide and o—hydroxyacetoph'enoné

and characterized these with the l%elp of various physico-chemical techniques.

sakamoto (1987) synthesized and characterized some lanthanoid (1)
complexes with a pentadentate ligand deri\)ed from 2,6-diacetylpyridine and
behzoylhydrazide. The complexes were claSsified in two grioups based on IR
spectral patterns of the nitrate ions. In one group all the three nitrate io}qs
were bidentate while in the other nitrate ions were bidentate and unidentate,.
13C NMR studies revealed that the ligand formed more stable complexes
with the heavier metal ions as con;pared to the lighter metal ions. Arora.
et al. (1985) studied the homobinuclear compigxes of chromium (I1), iron (I:II)

and cobalt (II) with heptadentate (NSOZ) donor Schiff's base derived from

2,6-dipicolinoyl dihydrazone. The structural elucidation of the complexes done
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on the basis of molar conductance, magnetic moment, IR and electronic
spectral data revealed that the two metal ions were present in different
" environments; one in octahedral field and the other in the five coordinated

‘environment.

The antibacterial organosilicon and organotin complexes of phenyl
glyeylhydrazones were prepared and characterized by Aminabhavi et al. (1987).
The ligands coordinate through the azomethine nitrogen and the Kketonic Qxygen
atoms. The activity of the hydrazones was improved againstk the test organ‘isms
on coordination with the metal ion. Chauhan and Mishra (1985) studied the
pénta coordinated triorganotin (IV) complevg(es of isonicotinoyl hydraione (LH) . of
var‘ious> éldehydes and ketones with the general formula R'BSn L (where R=B:u,‘
Ph or Bz and L= anion of the hydrazone). The complexes were found to be
~monomerie and novn-electrolytes‘vand were assigned trigonal bipyramidal geometry.
Srivastava g_t__g;l_. (1981) studied t/he molecular adducts (1:2) of tin (IV) chloride,
mono- and diorganotin (IV) halides}with sa]icylé‘ldehyde hydrazone.v The ligand
was found to behave as néutral and monodentate. The triorganotin (V)
chlorides in the presence of sodium hethokide gave rise to pentacoordinated

complexes in which ligand behaved as anionic bidentate chelating agent.

The complexes‘ of general formula M'LX2, where M=Mn (:II), Fe (1),
Co(1), Ni(II), Cu(ll) and Pt(1V), X=C];r M=Zn(Il) and X=OAc and L=2-pyridine-
carboxaldehyde-2'-quinolylhydrazone and 2';pyridylhydrazoné were prepared
and characterized by Mohan et al. (1988). The 'matgnetic .s~usceptibi1ity daté'
of the compounds were recorded down to liquid nitrogen temperature. “

The compounds were characterized by electronie, IR, ESR and Mossbatier s-pectra.' )
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All MI‘JX2 cémplexes were monomeric;: high spin and penta coordinated

square pyramidal except for N’i(PCPH)Clz,‘ which was polymeric, high .spin
and hexa coordinated. Each ligand behaved as a tridentate N,N,N donor

via the pyridyl nitrogen, azomethine nitrogen and pyridine or quinoline
ﬁiirogen. One of the most active agent of this series [Cu(PCPH)ClZJ exhibited
antitumour activity against a variety of tumours. This compound caused thje
inhibition ‘of 3-H thymidine and 3-H uridine incorporation into DNA and RNA
respectively of' Sarcoma 180 ascites cells. Protein biosynthesis was 're]atively
insensitive to the action of this compound. Mohan et al. (1987) prepared the
- complexes of Mn(II), Fe(ll), Co(ID), Ni(ll), Cu(ll), Zn(I) and Pt(IV) with 3-and
9-substituted salicylaldehyde-Z-pyridi_ny]hydrazohes and screened thése for
their antitumo_ur'activity against P 338 lylnpﬁocytic leukemia cells in mice,

- The compounds were inactive at the dosages used.

‘Juneja et al, (1987) synih/esized coordination polymers of Mn“ﬁ
Co(Il), Ni(il), Cu(Il) and Zn(Il) with azelaic acid bis (phenylhydrazide) and
azelaic acid 2,4-dinitrophehy]hydraiide. Thermal study of each polymer was
coniducted by thermogravimetric analysi§. 'Coor’dinating sites ‘in the ligands’f 1
were identi‘fied as carbonyl oxygen and a_mino nitrogen atoms. I—leterocyc]i¢
1:1 hydrazone-metal complex pigments of organic pblymers were prepared égnd
used Sy Cseh et al. (1990). The 2-hydroxypropiophenone was condensed .wi"th’
nicotinic acid hydrazide forming hydrazone which wés complexed with nickel (II)
acetate to form a yellow 1:1 metal-ligand complex. Starikova et al. (1987)
prepared mono- and dinuclear copper (II) and nickel (II) complexes of aroylhydrazones i
based on acid dihydrazides and B-dicarbonyl compounds. Ant'iferromagnetic
exchange interaction was observed in [Cu,L,] complexes. Kogan et al. (1987)

272

prepared and characterized trinuclear copper (II) complexes of aroylhydraiones
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based on acid dihydrazide and nitroms]onaldehyde. The struct‘urc of the
compbunds was such that the two copper atoms were out of the p]a‘ne of
NZOZ node by 0.2 A and the third éopper atom was out-pf the plane of
(')4 node by 0.4A". In this structure exchange was possib]e bctween_ the

first and the third copper atoms as a result of folding over of the ligand.

Coordination polymers of Mn(l’l), Co(11), Ni(II), Cu(Il) and Zn(1Y)
with glutarié acid bis (2,4-dinitrophenyl hydrazide) were prepared and
characterized by elemental analysis, IR spectroscopy, magnetic susceptibility
and thermal data by Munshi and Juneja (1987). Sharma (1987) studied the
chemical behaviour of the complexes of the type I\/IL?'(HZO)2 (M=Co(1D),
Ni(1D); L¥2-(acetylamin6benzoic and 2—(benzoy-1“a’mino)benzoic acids), NiLé
- [HL =2-benzoylpyridine benzoylhydrazone] and Co(HL')Clz. Characterizution
of the complexes suggested a pseudoctahedral structure. iapadia and
Mehta (1986) studied some metal cﬁmp]exes of B-ar:y]aminocinnamophenyl
hydrazides and suggested a tetrahedral structure for Cd(1l) and Hg(IIl)

complexes of the general formula MLXZ.

Synthesis, characterization and amibscterial studies of iron (II),.
cobalt (1), nickel(Il), copper (1) and zinc (II) completxes of pyridine-4-
carboxaldehyde isonicotinoylﬁydr'azone were carried out by Singh et al. (1984).
An octahedral geometry was proposed for the complexes except for copper (II)
complex which hsd a square planar geometry. 1H NMR and IR spectral
o NH, O
and a neutral bidentate behaviour in other complexes of the type 1\/1(I'IL)SO4.

data suggested a uninegative bidentate behaviour of ine ligand in ML

21—1’20; M(HL)X and M(HL) (NCS). The donor sites identified were carbonyl/

enolic oxygen and azomethine nitrogen atoms. The ligand and its cobalt (il),
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nickel (II) and zinc (II) complexes exhibited good antibacterial activity against

Klebsiella pneumoniae, Escherichia coli and Staphylococcus aureus. Singh

é_ta_]. (1986) reported synthetic, stfuctura] and antibacterial studies of

cobalt (1), zine (II), nickel (II) and copper (II) complexes ‘of pyridine-2-
carboxaldehyde thioisonicotinoylhydrazone. Magnetic susceptibility and
electronic and ESR spectral studies suggested high spin octahedral geometry

for all the nickel (1) and cobalt (II) chloride and bromide adduets, tetréhedra}
geometry for cobalt (II) iodide anG thiocyanate complexes and distorted
octahedral geometry for copper (II) halide and th‘iocynate. complexes. IR =
spectral analysis suggested a bidentate ligand behaviour except in Cui.{NCS),
where it acted as uninegative bidentate. The bonding sites were thione/

thiol sulphur and azomethine nitrogen atoms. ESR spectral studies suggested

a monomeric nature for C’u(HL)2CI2 and dimeric nature for CuL(NCS) ana the
presence of one unpaired electron’in dxz—y2 orbital of copper (II). Antibacterial

activities of HL and its complexes were tested against Klebsiella pneuomoniae,

Escherichia coli and Vibrio-cholerae and revealed that the metal complexes

were better antibacterial agents than the ligand.

- Sharma et al. (1991) synthesized copper (1), nicke]‘ (II) and cobalt (II)
complexes of o-hydroxybenzaldehyde-N-saliecylhydrazone and o-hydroxybenzaldehyde-~N-
suceinoylhydrazone -and characterized the same on the basi‘s of elemental analysis,
molar conductance, molecular weight determinétion, magnetic measurements and
IR and electronic spectral data.. f)ifferent ligand field parameters, viz., Dq,

B, P, 92/91 and ligand field stabilization energy were also calculated to ascertain

the geometry of the resulting éomp]exes. Both the ligands and their metal |
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complexes were sereened in vitro against two bacteria viz., Staphylococcus

aureus and Escherichia coli and two fungi, viz., Aspergillus niger and

Aspergillus flavus. The antimicrobial activity of the synthesized hydrazones

against the test organisms under identical experimental ‘conditions increased

on coordination. ‘Complexes of ~methyl-(2-thiophenomethylene)-acyloxyacetic -
acid hydrazides wiAt>h copper (1) and zinc (1) were synthesized by Malhotra

et al. (1991). The complexes were characterized on the basis of elemental
analysis, molecular weight determination, molar conductance, magnetic

moment and spectroscopic techniques. In the complexes, the ligands fdrmed

a conjugate O,N,$S t:ridentate system coordinating through oxygen of the

. carbonyl. group, nitrogen of the azomethine and sulphur of the thiophene

. moiety, Octahedral geometry was proposed for the ‘comp]exes. The complekxes

were evaluated for their antimicrobial activity against the plant pathogenic

fungi viz. Alternaria alternata, ‘Rhizoctonia solani, Colletotrichum capsicum

and Glomurella cingulata and two bacteria, viz,, gram positive Bacillus

subtilis and gram negative Escherichia coli . In some cases an increase in

biocidal activity of the ligands was observed on coordination with the metal

ion.

Ligational behaviour of aryloxyacetic acid hyarazides towards
transition metals and their microbicidal activity was studied by Malhotra
et al. (1992). From the physico-chemicai data it was concluded that the
ligands behéved as anjonic bid.entaﬂto, coordinating through oxygen of the
carbonyl group and the hydrazinic‘nitrogen. In vitro growth inhibitory -

activity of the ligands and the metal complexes against Alternaria alternata,

Colletotrichum capsicum, Fusarium oxysporum, Rhizoctonia solani, Bacillus
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subtilis and Escherichia coli revealed that coordination of metal ions had

pronounced effect on the microbicidal activity of the ligands. The general: I
trend of growth inhibition in the complexes was found to be in the order "

NiPCuPCo>Zn.

D'Muhala et al. (1985) synthesized hydrazides of amino polyacetic '
acids like nitrilotriacetic acid (NTA), ';2thylenediamingtetraacetic acid (EDTA) .
and diethylénetriaminepentaacetic acid.v (DTPA). These hydrazides were fotilyn’di
useful as che]ati;u‘g agents and were used for the extraction of iron and

calcium from the deposits.

It is evident from the review of literature that variously substituted
acid hydrazides and their Schiff's bases with 'aldehydés and ketones behave

as. potential ligands for a variety of metal ions and form complexes of diverse:.’f’ﬁ'*

stereochemistries and stoichiometries. The most common ligational behavioxjfg-1_».-;::‘1
of these ligands are neutral bidentate and anionie bidentate although sometime’sl_'f'
they also behave as monodentate and tridentéte ligands. Studies regarding- |

effect of metal coor“dina~tion on the biological activity of the ligands have _.j",_‘:‘",f

firmly established that quite often it has a pronounced effect on activity.
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EXPERIMENTAL

This sec

A,

tion is divided into the following subtopics:

Chemicals and solvents
Physical methods
Preparation of the ligands and the complexcs

Evaluation of the antimicrobial activity



A, Chemicals and the solvents

Thiophene-2-carboxaldehyde, 2-acetylthiophene and 5-chloro-2-acetyl
'thiophene were procured from the Aldrich Chemical Company, U.S.A. and
used as such without further purification. DBenzene (AR, Merck), toluene
(AR, Merck) and p-xylene (rectified, Sarabhai M. Cﬁemicals) were dried
before use by dipping sodium wire in thé organic liquids and then distilling
at constant témpera;ures. Succinie anhydride prepared from suceinic acid
(LR, BDH), maleic anhydride (AR, CDH), anhydrgus aluminium chloride
(AR, Ranbaxy) manganese (1) chloride (AR, Merck), nickel (I) chloride
tetrahydrate (AR, Ranbaxy), copper (II) chloride hexahydrate (AR, Merck),
cobalt (II) chloride hexahydrate (AR, Merck), zinc (II) chloride (AR, Merck),
sodium hydroxide. pellets (BDH), hydrazine hydrate (LR, SD fine), acetic
anﬁydride (AR, Merck) and thionyl chloride( for synthesis, Merck) were used

_as such without further purification.

The solvents. viz., chloroform (AR, :Merck), ethyl acetate (AR,
Ranbaxy), hexane (AR, Ranbaxy), methylene chloride (AR, Ranbaxy), diethyl
ether (LR, Merck), ethanol (Bengal Chemicals), dimethyl sulphoxide (LR,

SD fine) and nitrobenzene (LR, SD fine) were used as such without further

purification.

Sucrose (Qualigens), agar-agar (Qualigens), sodium nitrate: (AR, Merck),.
. potassium dihydrogen phosphate (AR, Merck), magnesium sulphate (AR, Merck),
potaésium chloride (AR, Merck), ferrous sulphate (AR, Ranbaxy), yeast extract
(Polypharm), dextrose (SD fine) and peptone (bacteriological, Polypharm) were -

~used for the preparation of growth medium for the evaluation of antimicrobial

activity.
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- Double distilled water was used throughoutthe study for washings and

for the preparation of grow{h medium for the antimicrobial studies.

B. Physical methods

The following physical techniques were employed for the characterization

of the synthesized ligands and the complexes:
1. Infra-red spectra F

The vibrational spectra of the ligands and the complexes are used to
identify the ligating sites of the ligands aé t\he IR spectral characteristics
of the complexes differ significantly in p&sition, magnitude or intensity idue
to the chénge in_bond orders and electronic environment of the ligands on
formation of metal-ligand coordination bonds. Some new absorptions appear‘
in the spectra of complexes, whgreas some peaks diminish. A careful :
comparativ_e analysis of the spec'tr/a of the ligands and the complexes helps

in the identification of the donor sites of the ligva‘nd molecules.

In the presentvstudy, the IR spectra pf' the compounds were recorded
on a Perkin Elmer (Model 621, range 4000-200 cmq) Ipfra-red spectrophotometer
and Beckmann Infra-red spectrophotometer (Acculab TM 2, range 4000-600 cm—1).
The spectra were either obtained as nujol mull on cesium iodide opfics or by

preparing potassium bromide pellets,

2. 'H NMR spectra

1H NMR spectra of the ligands were recorded on Varian EM 390-Su

MHz spectrometer using TMS as an internal reference.
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3. Magnetic studies

The magnetic susceptibility studies of the complexes were carried out
on Magnetiyc‘ Susceptibi]ity Balan>ce (Sherwoiodk Scientific, Ehg]and) at 25x1°C
using tetratﬁioéyana'tocobaltéte (fI) as a standard corﬁpound. The gram
susceptibility of the samples was calculated using the formula:

C al i (R-Ro)

B
%gz g

10" m
where 1 = Sample length (cm)
m = Sample mass (g)
R = Reading for tube plus sample
Rd = Empty tube reading
CBal = Balance calibration‘ consant

The gram susceptibility (%g) of the sample was converted into the molar

susceptibility (%m) by multiplying with its molecular weight,

%m = %g x Molecular weight of th'e_corﬁpound._

The molar susceptibility was then corrected for diamagnetism of the atoms

other than the metal jons.

Finally, the effective magnetic moment was éalculated from ihe‘ equation.

ueff = 2.828 / %m corr. x T

where %m corr. is the corrected molar susceptibility and T is

the absolute temperuture dat which measurements were made. .



28

4. Elemental analysis

'.C;arbon, hydrogen and sulphur were estimated on "CARLO ERBA
S’l‘RUMENTTHAZIONE (ITALY) Elemental Analyser-Model 1106" at ltegionél

Sophisticateyd Instrumentation Centre, Chandigarh.

- The metal content of the complexes was estimated by Atomic
Absorption Spectrophotometer (Varian Techtran, Model AA 120) using the

appropriate hollow cathode lamp.

5. Conductance Measurements

The molar conductance of 0.001 molar solution of each complex was
 measured at 2520.5°C using Digital Conductivity Meter (Model NDC-732) with

a cell having cell constant equal to one.

6. Electronic spectra

The study of electronic absorp}ion spéétra of transition metal comp]exes_
helps to characterize and \jnderstand the natur(; of the electronic structure
and bonding in these compounds. Electrorﬁc transitions occur when electrons
within the molecule or ion move from one energy level to another. The
eleétfonic transitions may take place between split d levels of thé central
atom, giving rise ;o d-d or the ligand field spectra. Secondly, the transitions
may occur from molecular orbitals located primarily on the' liganids or the |
metai—ligand bonding o~ or TI' molecular orbitals to non-bonding or antibonding
molecular orbitals'located primarily on the metal atom. Such transitions are
termed as ligand-to-metal charge transfer transitions. Other type of transitions

arise from metal-to-ligand charge transfer and intraligand transitions.
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The d1 electron system -gives rise to a single absorption maxima
and can be assigned to the transition of the lone d electron from the de
“to the dy level. A similar but inverted situation holds good for d9 system.

But when we deal with ion systems having more than one but less than nine

d electrons, the number of terms which arise in the free jon from inter-

electronic repulsions complicate the picture. Some of the free ion terms

which arise are : for dz or d8 - 3F, 1D, 3P, 1S and 1G; for d3 or d7 -
iF, 2G, 4p, ?p, %H ..... ; for a* and d® - ®p, %u, 3q, 3p, 3p ..... and for
d5 - 63, 4G, 4P, 4D, 4F ..... In addition, each of these terms is split further

by various ligand fields.

.’l‘he. spectra of transition metal complexes may be found.in certain
.energy level diagrams. In the extreme of wéak 'ligand fields we employ

Orgel diagrams and in the ext'rewme'of strohg fields;We employ Tanabe-Sugano |
diagrams. But for the more corﬁmonly found ligand fields of intermediate

strength, we may employ either of the two,

Various ligand field parameters like ligand field splitting energy (Dq),
Racah interelectronic parameter (B), néphe]auxetic ratio (B), energy ratio
())2/))1) and ligand field stabilization energy (LFSE) are quite useful in
unaerstanding the effeet of ligand environment on the splitting of various

electronic states and magnitude of splitting, -

In the present investigation, the electronic spectra of the complexes
were recorded on Beckmann (DU) Spectrophotometer using DMSO as

solvent.
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Preparation of ligands and the complexes

Preparation of 4-substituted phehyl-4’oxo—1 [2-N-(substituted-2-
thlenylmethylene/methy]methylene)] propanoic acid hydrazides
(HL, - HLy).

The ligands (HL[—HLIX) were prepared by following a three step

procedures. The methods of preparation of ligands are described as follows:

1.

Preparatlon of 4-pheny]—4—ox0o1—[2-N-(2—th1enylmethylene)]
propanoic acid hydraznde (HL)

a) Preparation of 4—phenyl~4—6xo-1-proparioic acid (1—9)»

To a vigorously stirred sb]u'tion of dry benzene (50 ml, excess)
and succinic anhydride (10g, 0.1 mo‘l) at 5-10°C was added anhydrous
aluminium chloride (15g, 0.12 mol) slowly, in parts with continuous
stirring. The reaction mixture was further stirred for 3,0 minutes,
refluxed on a wafer bath‘ for 2h, cooled to room temperature and
hydrolysed with ice-cold 6N HCI. ’I‘hé so]idy thus'ob{aineid was, filtred
and dissolved in 5 per cent sodium cérblonate solution, filtred and the
filtrate)was acidified with cold dil, HCL 'Tlhe precipitate formed was ,
filtred, washed with distilled water to remove the chloride ions present,

dried and crystallized from benzene to yield 1a (14.4g, 81%).

b) Preparation: of 4-phenyl-4-oxév1—pi'opanoic acid hydrazide (1b) -

A mixture of 4-phenyl-4-oxo-1-propanoic acid (1a, 7.12g, 0.04
mol) and thionyl chloride (9.52 g, 0.08 mol) in benzene (100 ml)
was refluxed on a steambath for 2 h. Benzene and excess thionyl-

chloride were distilled off at reduced pressure. The viscous mass so
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-obtained was dissolved in ethanol Hydrazine hydrate (2.50g, 0.044 mol)
was added to it and the reaction mixture was refluxed for 1 h, cooled to

room temperature and poured over crushed ice. The soljd' thus separated

was filtred, washed with water and crystallized from ethanol to furnish

1b (5.68g,74%) .

c¢) . Preparation of lILI¢

4;phenyl-4—oxo-1-propanoic acid hydrazide (1b, 3.84g, 0.02 mol)
was refluxed on a steambath with thio'phene—z-carboxaldehydq (2.24g,
0.02 mol) in ethanol-for 2 h, concentrated and cooled. The solid‘ »
‘thus obtained was filtered and crystallized from ethanol {o yield

HL; (4.57g, 80%). -

Preparation of 4-(4-methylphenyl)—4—oxo—1-[2-N-(2-thienylmethylene)]—"
propanoic acid hydrazide (HLH)

a) Preparation of 4-(4-methylphenyl)-4-oxo-1-propanoic acid

Toluene (9;2 g, 0.1 mol) was dissolved in dichloromethane (50 ml).
Succinic anhydride (10g, 0.1 mol) was added to it and the reaction
mixture was cooled to 5-10°C. Anhydrous aluminium chloride (15g,

0.12 moi) was add.ed fo if in parts with vigorous 'stirring. The stir}'ing.
was further continued for' 30 minﬁtes and the rea:ction mixture was.f;
refluxed on a stembath for 1 h; cooled and hydrcnjlysed with i_ce-céié
6N HCl. The solid thus separated was filtred, wéshed with water
and dissolved in 5 per cent sodium carb_onaté solution, filtred and thg_

t

filtrate was acidified with cold dil. HCl. The precipitate obtained
was filtred, washed with distilled water, dried and crystallized ‘fror_n_

benzene to give 2a (16.1g, 84%).
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b) Preparation of 4—(4—methylphenyl)—-4—oxo—1-propanonc acxd
hydrazide (2b) -

A mixture of 2a (7.68g, 0.04 mol), benzene (100 ml) and
thxonyl chloride (9.52g, 0.08 mol) was refluxed on a steambatn
for 2 h, The solvent and the excess of thionyl cplomde were
distilled off at reduced pressure. The viscous mass obtained was
dissolved m ethanol and hydrazine hydrate (2.50g, 0.044 mol) was
adg}ed to it. The mixture was refluxed for 1 h, cooled io room

temperature and poured over crushed ice. The solid separated

was filtred, washed repeatedly with water and crysta.]lized from

‘ethanol to yicld 2b (6.24g, 76%).

c) Preparation of HLII

Thiophene-2-carboxaldehyde (2.24g, 0.02 mol) and 2b (4.12g,
0.02 mol) were refluxed in ethanol for 2 h on a steambath. The
reaction mixture was conc!entrated énd éooled. The solid thus
obtained was*filtx;ed and crystallised from ethanol to give HLII

(4.11g, 72%).

f s

Preparation of 4-(2,5-dimethylphenyl)-4-oxo-1-[2-N-(thienyl~
methylene)] propanoic acid hydrazide (HL ~)

a) Preparation of 4-(2 5—d1methylphenyl)—4-oxo—1-propan01c
acid (3a)

p-Xylene (10.6g, 0.1 mol) was dissolved in dichloromethane
(50 ml). Succinic anhydride (10g, 0.1 mol) was added to it and the,

reaction mixture was cooled to 5-10°C. Anhydrous aluminium chloride

1
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(15g, 0.12 md]) was édded to it in lots with_y.ixgo;:o’us stirring and
the stirring fdrther continued for 30 A'minute's;“ Itwasthen refluxed
for 1 h, vcooled and hydrolysed with ice-cold 6N‘ HCI., Tlfe product
was filtred, washed well with water and dissolved in 5 per cent
sodium carbonate solution, filtred and the filtrate was acidiflicd
with cold dil. HCl. The solid sépamted was filtred, washed with
watex;, dried and crystallized from benzene to yield 3a (16.5g, 80%).

b) Preparation of 4-(2,5-dimethylphenyl)-4-oxo-1-propanoic acid
hydrazide (3b)

To a solution of 3a (8.24g, 0.04 mol) in benzene was added
thionylchl‘oride (9.52g, 0.08 mol) and the reaction mixture was refluxed
on a steambath for 2 h. The solvent and excess of thionylenhloride
were removed at reduced pressure. The viscous mass thus obtained
was dissolved in ethanol e;nd hydrazine hydrate (2.50g, 0.044 mol) was
added to it. The reaction mixture was relfuxed on a steambath
for 1 n, cooled toiroom temperature and poured over crushed ice.
The precipitate obtained was fi]tréd and crystallized from ethanol

to furnish 3b (7.92g, 72%).

c) Preparation of H Ly

An ethanolic solution of 3b (4.4g, 0.02 mol) was refluxed
with thiophene~2-carboxuldehyde (2.24g, 0.02 mol) for 2 h, concentrated
and cooled. The solid thus obtained was filtred and crystallized from

ethanol to give HL (5.02g, 80%).
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4. Preparation of 4-pheny1-—4—oxo—-1—[2—N—(2—th1enylmethylmethylene)]
propanouc acid hydrazide (HL )

4-Phenyl-4—oxo—1-prkopanoic acid hydrazide (1b, 3.84g, 0.02 mol)
was refluxed with 2~acetylthiophene (2.52g, 0.02 mol)) in ethanol for 2 h,
The solution was concentrated and cooled. The precipitaté obtained was
filtred and crystallized from ethanol to yield' HLiV (4.2g, 70%).

5. Preparation of 4-(4-methylphenyl)-4-oxo~1-{2~N-(2-thienyl
methylmethylene)] propanoic acid hydrazide (L)

To a solution of 2b (4.12g, 0.02 mol) in ethanol was added 2-
acetylthiophene (Z.Bég, 0.01 mol). The reaction mixture wés refluxed on a
steambath for 2 h, concentrated and cooled. The solid obtained was filtred -
and crysiallized from cthanol to furnish HLy, (4.01g, 64%).

6. Preparation of 4-(2,5-dimethylphenyl}-4-oxo-1-[2-N=(2-thienylmethyl
methylene)] propanoic acid hydrazide (HLVI)

An ethanolic solution of 3b (4.4g, 0.02 mol) prepa}'ed as above -
was treated with 2-acetylthiophene (2.52g, 0.02 vmo]); refluxed on a steambath
for 2 h, concentrated énd cooled. The product thus obtained was filtred
and crystallized from ethanol to yield HL‘VI' (5.11g, 78%).

7. Preparation of 4-phenyl—4-—oxo—1—[2—N-(5—chloro—2—th1enylmethyl
methylene)] propanoic acid hydrazide (HLVH)

4—Pheny1-4—oxo—1—proparioi¢ acid hydrazide (1b, 3.84g, 0.02 mol)
was dissolved in ethanol (100 mi). 5-chloro-2—&cetyithiophene (3.20g, 0.02 mol)
was added to it and the reaction mixture was refluxed on a steambath for-
2 h. The solution was concentrated and cooled and the product obtained was

filtred and crystallized from ethanol to yield HL,,,, (4.54g, 68%).

VII

b



. 8. Preparation of 4-(4-methylphenyl)-4-oxo-1-[2-N-(5-chloro-2-
thienylmethylmethylene)] propanoic acid hydrazide (HLVIII)

To an ethanolic solution of 2b (4.12g, 0.02 mol) was added 5-
chloro-2-acetylthiophene (3.20g, 0.01 mol) and the reaction mixture was
refluxed for 2 h, concentrated and cooled, ‘The salid separated was

filtred and crystallized from ethanol to give HL (5.71g, 82%).

VIII

9. Preparation of 4-(2,5-dimethylphenyl)-4-oxo-1-{2-N-(5-chloro-
2-thienylmethylmethylene)] propanocic acid hydrazide (IILIX)

An ethanolic solution of 3b (4.4g, 0.02 mol) was refluxed with
5-chloro-2-acetylthiophene (3.20g, 0.02 mol) for 2h, concentrated and cooled.
The product obtained was filtred and crystallized from ethanol to furnish

(5.51g, 76%) of HLx.

IL Complexes of 4-substitutcd phenyl-4-oxo-1-[2-N-(substituted-2-
- thienylmethylene/methylmethylene)] propanocic acid hydrazide

1. Manganese (1I) cowplexes [Mn(LI)Q- [Mn(L;x),]

The respectivé ligand (10 mmol) was dissolved in ethanol and to
it was added an agqueous solution of mangaﬁese (11) chloride (5 mmol)
in min‘imum amount of water, slowly with continuous stirring. The pH -
of the system was raised slowly to=9.0 and the solution was further
stirred for- 30 minutes. The precipitate formed was filtred, washéd well
with water, ethanol and diethylether and finally dried in vacuo dver

‘

anhydrous calcium chloride.



2. ‘- Cobalt (II) complexes [CO(LI)Z] - [CO(LIX)Z]

- To an ethanolic ligand solution (10 mmol) was added an ethanolic
solution of cobalt (1I) chloride heiahydrate (5 rﬁmol) with stirring and thé
pH of the solution was raised gradually to=9.0 by the éddition of sodium
hydroxide solution. The stirring was further continued for 30 minutes and

the resulting solid was filtred, washed well with water, ethanol and diet’hylether

and dried in vacuo over anhydrous calcium; chloride.

3. Nickel (II) complexes [Ni(LI)Z] - [Ni(LIX)2]

Nickel (1I) chioride tetrahydrate (5 mmol) was dissolved in minimum
amo‘untpf water and added slowly with vigorous stirring to an alkaline ethanolic
“ligand (10 mmol) solution (pl1=210). Stirring was further continued for 30

minutes and the precipitated complex was filtred. Washed well with water,

ethanol and diethylether and finally dried over anhydrous calcium chloride

-~

in vacuo.

4. Copper (I) complexes [Cu(L x)9]

ol - [Culli
To an etﬁanolic solution of the fe'spe;ctive ligand (10 mmol) was

added an aqueous solution of copper (II) chloride hexahydrate (5 mmol)

in minimum amount of water with continuous stirring. The pH of the

- solution was gradually raised to 7.5 with stirring and the stirring was further

continued for 30 mi;lutes. The precipitate obtained was filtred, washed

with water, ethanol and diethylether and dried in vacuo over anhydrous

caleium chloride.



5. Zine (1) complexes[(Zn(L )2] - (Zn(LIx)Z]

To an ethanolic solution of the ligand (10 mmol) was added an

ethanolic solution of zinec (II) chloride (5 mmol) slowly with stirrin"g.

The pH of the syétem was slowly raised to 8.0 and the stirring continued ‘:{?;

further fér 30 minutes. The solid thus separated was filtred washed well

with water, ethanol and diethylether and dried over anhydrous calcium

chloride in vacuo.

1L Preparation of 4-substituted phenyl-1-oxo-1-[{2-N-(substituted-2-

thienylmethylene/methylmethylene)l-prop-2-en-1-oic acid
s -
‘hydraz1des\HLX HLy vy
T Preparation of 4-phenyl-4-oxo-1-[2-N-(thienylmethylene)}-prop-

2-en-1-oic acid hydrazide (HLX)
a) Preparation of 4-phenyl-4-oxo-2-propen-1-oic acid (11a)

Maleic anhydride (9.8 g, 0.1 mol) was.‘addéd to dry benzene
(50 ml, excess). It was cooled to 5-10°C and anhydrous aluminium
éhloride (15g,~ 0.12 mol) was added to-it in parts with vigorous
stirring, Stirring was further confinued for 30 minutes and the
reaction mixture was refluxed on a steambath for; 2 h. It was
cooled to room temperature and hydrolysed with ice-cold 6N HCI.
The solid obtained was filtred and washed with distilled water.
It was then dissolved in 5 per cent sodium carbonate solution,
filtred and the filtrate was acidified with cold dil. HC].;‘ The
precip'itate thus formed was filtred, washed, dried and crystallized

from benzene to yield 14.78 g (84%) of 11a.

I;é':3 7 N

».
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~b) Preparation of 4-phenyl-4- oxo—2—propen-l oic acid hydrazide
(11b)

A solution of 11a (7.04, 0.04‘ mol) in benzene (20 ml): ;
refluxed with thionyl chloride (9.52g, 0.08 mol) for 2 h. ’Ben.&éné 1““"
and the excess thionylchloride were distilled off at reduced pressure,
The viscous mass obtained was dissolved in ethanol and hydrazine
hydrate (2.50g, 0.044 mol) was added rto it. The reaction mixture
was refluxed on a .steambath for 1 h, cooled to room temperature
and poured over'c‘rushed ice. The solid thus obtained was filtred,

washed and crystallized from cthanol to furnish11b (5.76g, 76%).

c) Preparation of HL

To an ethanolic solution of 11b (3.8g, 0.02 mol) was added
thiophene-2-carboxaldehyde (2.24g, 0.02 mol). The reaction mixture
was refluxed on a steambath for 2 h, concentrated and cooled.
The produ.ct obtained was filtred and crystallized from ethanol to
yield HLy (3.97g, 70%).

: Preparatxon of 4- (4—methylphenyl)—4-oxo-.1 [2 N-(Z-thlenylmethylcne)]—
prop-2-en-1 -01c acid hydrazide (HL )

a) Preparation of 4-(4- methy]phenyl)—4-oxo—2—propen—l—01c
acid (12a)

Toluene (9.2g, 0.1 mbl) was dissolved in dichloromethane
(50 ml) and maleic anhydride (9.8 g, 0.1‘vmol) was added to it.
The rbea’ction mixture was cooled to ‘5'-16°C and anhydrous aluminjum
chloride (15g, 0.12 mol) was added to it slowly, in parts with vigorous

stirring. The stirring was further continued for 30 minutes and the
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feaction mixtﬁre was refluxed onl a steambath for 2 h, cooled and g
hydrolysed with ice-cold 6N HCl. The solid éep.arated was filtre:d';
washed with water and onssolved in 5 per cent sodxum carbonate ‘ ’J,,.
solution and filtred. The filtrate was acidified with cold dil. HCl

and the precipitate obtained was filtred, washed well with distilled

water, dried and crystallized from benzene to give (15.3g, 80.5%)

of 12a. |

b) Preparation of 4-—(4-methylphenyl)—4-oxo—2—propen— -oic acid
‘hydrazide (12b)

4-(4-Methylphenyl)-4—oxq—2—propen-1-oic acid (12a, 7.6g, 0.04 mol)
was dissolved in benzene (100 ml) and thionyl chloride (9.52, 0.08 mol)‘
was added to it and the reaction mixture was refluxed on a steambath
‘for 2 h. Benzene and excves"s of thionylchloride were removed at
reduced pressure. The viscéus mass obtained was dissolved in ethanol
and hydrazine‘hydrate (2.50g, 0.044 mo‘l) Was added to it. .The reaction
mixturle was reflu.xod\ for 1 h on a stéarppath, cooled to room temperature
and poured over crushed ice. The isolid so obtained was filtred, washed

and crystallized from ethanol to yield 12b (6.04g, 74%).

c) Preparation of | HLy,

An ethanolic solution of 12b (4.12g, 0.02 mol) was tefluxed
with thiophene-2-carboxaldehyde (2.24g, 0.02 mol), concentrated and
cooled, The precipitate obtained was filtred and crystallized from .

ethanol to give HLy| (4.47g, 75%). '
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Preparation of 4-(2,5-dimethylphenyl)-4-oxo-1-[2-N-(2-thienyl
methylene)}-prop2-entoicacid hydrazide (HLXII)

a)  Preparation of 4-(2,5-dimethylphenyl)-4-oxo-2-propen-i-
oic acid hydrazide (13a)

 Xylene (10.6g, 0.1 mol) and maleic anhydride (9.8g, 0.1 mol) ;-
were taken in dichloromethane (50 ml) and the contents were cooled/ ‘+ ;'
to 5-10°C. Anhydrous aluminium chloride (15g, 0.12 mol) was added
to it in lots with continuous stn'rlng." It was further stirred for
30 minutes and then refluxed on a steambath for 2 h. [t was then
hydrolysed-with ice-cold 6N HCl. The product obtained was filtred,
‘washed well with distilled water and dissolved in 5 per cent
sddium carbonate solution and filtred. The filtrate was acidified
with cold“ dil. HCIl and the precipitate fordled was filtred, washed,
dried and crystallized frofn benzene to yield 13a (16.5g, 81%).

b) Preparation of 4-(2, S‘dlmethylphenyl)—4—oxo—2-propen—l—onc
acid hydraznde (13b)

Thionyl chloride (9:52g, 0.08 mol) was added to a solution of
13a (8.16g, 0.04 mol) in benzene (20 ml). It was refluxed on a
stsambéth for 2 h. éenzene and excess thionylchloride were rerﬁovedj
at reduced pressure. The viscous mass so dbtained was dissolved in
ethadol, and hydrazine hydrate (2.50"g, 0.044 mol) was added to it.
The reaction mixture was refluxed on a steambath for 1 h, cooled:
to room temperature and poured over crushed ice. The product
obtained was filtred, washed with water and crystallized from ethanol

to yield 13b (6.24g, 74%).
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c) Preparation of HLy

A solution of 13b (4.36g, 0.02 mol) in. 'ethanol was refluxed
with thiophene-2-carboxaldehyde (2.24g, 0.02 mol)- for 2 h, g’oh'ceh'trated ‘
. - e adl : ’
and cooled. The solid separated was filtred and crystallized from ethanol

to yield HL, . (4.24g, 68%).

XII

4, Preparatlon of 4-phenyl~4-oxo—-1 [2-N—(2—th1enylmethylmethylene)]-
prop-2-en-1-oic acid hydraznde (HLxm) IR

An ethanolic solution of 11b (3.8g, 0.02 mol) was refluxed with
2-acetylthiophene (2.52g, 0.02 mol)on asteambath for 2 h, concentrated and
cooled, The product obtained was filtred and crystallized from ethanol to

gi\?/e\ HLXIII (3.81g, 64%).

5. Preparation of 4-(4-methylphenyl)-4-oxo-1-[2-N-(2-thienylmethyl-
methylene)l-prop-2-en-1-oie acid hydrazide (HLXIV)

A solution of 12b (4.08g, 0.02 ml) in ethanol was treated with
2-acetylthiophene (2.52g, 0.02 mol). The reaction mixture was refluxed on

a waterbath for 2 h, concentrated and cooled. The solid separated was

filtred and crystallized from ethanol to yield( 4.43g, 71%) of HLXIV'

6. Preparation of 4-(2,5-dimethylph_'enyl)-4-oxo—T—[Z-N-(thienylmethyl~
methylene)l-prop-2-en-1-oic acid hydrazide (HLXV)

To an ethanolic solution of 13b (4.36g, 0.02 ‘mol) was added
2-acetylthiophene (2.52g, 0.02 mol) and the reaction mixture was refluxed
on a steambath for 2 h. It was then concentrated and cooled. The solid
thus obtained was filtred and crystallized from etﬁanol tokgive HL

| XV
(4.17g, 64%).
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7. Preparation of 4-phenyl-4-oxo-1-[2-N~(5-chloro-2-thienylmethyl-
SRS methylene)l-prop-2-en-1-oic acid hydrazide (HLXVI)

4~Phenyl-4-oxo-2-propen-1-0ic acid hydrazide (11b, 3.8g, 0.02 mol) .-~

was refluxed with 5-chloro-2-acetylthiophene (3.20g, 0.02 mol) in ethanol '

for 1 h. The contents were concentrated and cooled. The product oBtained

was filtred and crystallized from ethanol to give HLyy (4.09¢g, 60%).

8. Preparation of 4—(4-me{ﬁ&1phenyl)—4—-oxo—1-—[2—-N-—(5—chloro—2-» =
thienylmethylmethylene)}ip}f’op-z—cn—l-oic acid hydrazide %>
(HLy ) L

An ethanolic solution of 12b (4.08g, 0.02 mol) was refluxed with
~ 5-chloro-2-acetylthiophene (3.20g, 0.02 mol) for 1h, concentrated and cooled.’
The produect obtained was filtred and crystallized from ethanol to yield

HLyyy (4-508, 65%). ’

9, Preparation of 4~(2,5-dimethylphenyl)-4-oxo-1-[2-N(5-chloro-2-
Thienylmethylmethylene)}-prop-2-en-1-oic acid hydrazide (HLXVIII)
A solution of- 13b (4.36g, 0.02 mol) and 5-ch1c'>ro-2-aéetylthiophene
(3;20g, 0.01 mol) in ethanol was refluxed for 1 h on a steambath. It was ¢

then concentrated and cooled. The solid separated wés fiitred and crystallized

from ethanol to yield HLXVIII (4.47g, 62%).

Iv. . Complexes of 4-substituted phenyl-—4-ox6-1-(2-N(sul;stituted—2-
thienylmethylene/methylmethylene)-prop-2-en-1-oic acid
hydrazides. : '

1. Manganese (II) complexes [Mn (Ly),] ~ [Mn (Ly.0)o]

The respective ligand (10 mmol) in ethanol was mixed with an
aqueous solution of manganese (II) chloride (5 mmol) and the plf of the

solution was gradually raised to =9.0 with continuous stirring. Stirring
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-was further continued for 30 minutes and the precipitated solid was filtred,
washed repeatedly with water, alcohol and diethylether and dried in vacuo

over anhydrous caleium chloride.

2.  Cobalt(ll) . complexes [CO(LX)Z] - [Co (L

xvira! t;
Cobalt (II) chloride hexahydrate (5 mmol) was dissolved in‘ ethanol

and was added slowl.y to an ethanolic solution of the respective ligand

(10 mmol). pH of thé system was slowly raised to == 9.0 by the addition

of dil. sodium hydroxide solution with stirring and stirring continued for

30 minutes. -The solid separated was filtred, washed with water, ethanol

and diethyl ether and finally dried in vacuo over anhydrous calcium chloride,

3. Nickel (.II) complexes [Ni (LX)Z] - [Ni .(L ]

XVIII)Z

Nickel (II) chloride (5 mmol) was dissolved in minimum amount of
water and added slowly with sti;'ring to an alkaline ethanolic solution of the
ligand (10 mmol) (pH=10). Stirring was further continued for half an hour
and the resulting complex ‘was filtred, washed with water, ethanol and

diethylether and dried over anhydrous calcium chloride in vacuo.

),]

4. Copper (II) complexes. [Cu(Ly),] - [Cu (Lyy )y

To an ethanolic ligand solution (10 mmb‘l) was added an ethané]ic
solution of copper (II) chloride hexahydrate (5 mmol) and the pH of the
medium was raised gradually to 7.5 by the addition of sodium hydroXide'
solu‘tion. It was then stirred for 30 minutes and th; precipitated complex . !
was filtred, washed with water, ethanol and diethylether and dried over )

anhydrous calcium chloride.
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5. Zine (1) complexes [Zn (Ly),] - [Zn (L 1

XVIII)Z
An ethanolic ligand solution (10 mmol) was mixed with an ethanolic
zinc chloride (5 mmol) solution with stirring and the pH of the solution was
very'slowly raised to=8.0. Stirring was further continued for about 30 minutes
and the precipitate obtained was filtred, washed repeatedly with water, ethanol

and diethylether and dried over anhydrous calcium chloride in vacuo.

D. Evaluation of Antimicrobial Activity

The antimicrobial activity of the compounds was evaluated against

the following phytopathogenic fungi and bacteria:

FUNGI 1. Alternaria alternata

Fusarium oxysporum

Colletotrichum capsicum and

W N

Rhizoctonia solani

BACTERIA 1. Escherichia coli and
2. Bacillus subtilis

Czapek's Dox agar medium (Tuite, 1969) was used for growing
culture of fungi and dextrose agar medium for bacteria. The following

steps were involved in the evaluation of antimicrobial activity:

1. Sterlization of the apparatus

All theAglaés apparatus was cleaned with chromic acid followed by
double distilled water and then sterlized at 180°C in an hot airv oven for

about four hours,



2. Preparation of the medium :

- Constituents of Czapek's Dox agar medium

1, Suerose ’ ’30g
2 Aéar-agar 20g
3. Sodium nitrite ‘ 3g

4. Potassium dihdyrogen 1g

phosphate ,

S, Magnesium sulphate 0.6g
6. Poiassium chloride 0.5g
7. Ferrous sulphate 10mg
| 8. Streptopenicillin 50mg

All the constituents were dissolved i‘n double distilled water and

the total volume‘ made to 1000- ml. The medium was autoclaved ét 15 l1bs.

pressure for 15 minutes,

Constituents of the dextrose agar medium

e

e n

1. Yeas£ ‘extract A 5g
2. Glucose 5g
3. Peptone _ ' 5g
4. Agar-agar ' 18g

All the constituents were dissolved in double distilled water and
the final volume~ made to 1000 ml. The medium was autoclaved for 15

minutes at 15 lbs. pressure. !

Stock solutions of the compounds were prepared in dimethyl

sulphoxide.
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3. Testing of antimicrobial activity

Two fold serial dilution technique was used to determine the

minimum in'hibitbry concentration (MIC) values.

A loopful of ihe funga]/bacteria]écult‘ure from the slant was
incubated aseptically into “br'oth which was incubated for 48 h for fungi
and 24 h for bacteria at 30+1°C and was used for testing of compounds.}
’A stock solution of 1000 ug m]f1 concentration was prepared by dissolving
the test compound in DMSO. - 0.2 ml of it was ‘added to 1.8 ml of t_he
.seeded broth to form the first dilution (cone. ‘1.00 ng m1-1). Second dilution
was‘madg by further diluting 1 ml of the solution from fir:st dilution with
1 ml of the seeded broth. Same process was repeated until a set of six
d'ilutions_»wit’h test compound concentljations of 100, '50, 25, 12.5, 6.25 and ‘
3.12 ug ml”' was obtained. A set of ,tubes goﬁtaihing seeded broth only
was kept as control, The tubes were incubated at 30£1°C in case of fungi-
and 35x1°C in case of bacteria.. The last tubé without any gr'owth was taken

to représent minimum inhibitory concentration (MIC) expressed in ug mlq.

_Bavistin, 2-(methoxycarbamoyl) benzimidazole, was used as a standard
fungicide to compare the results and streptopenicillin was used as a reference

to compare the antibacterial activity. : . '
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- CHAPTER - IV

RESULTS AND DISCUSSION

This ‘chapter’ is ‘su'bdividedv into three sections. Section "A" deals
with synthesis and characterization of the Schiff's bases derived from 4-
substituted phenyl-4-oxo-1-propanoic acid hydrazides (substituted benzoyl-
propanoic acid hydrazid.és) and substituted-2-acetylthiophene or thiophene-2-
carboxaldehyde, and their complexes with some first row transition metal

ions viz., manganese(ll), cobalt(ll), nickel(ll), copper(ll) and zinc(I).

Synthe‘sis and characterization of tt{e ligands derived from 4-
sﬁbstituted phenyl-4-oxo-2-propen-1-oic acid hydrazides and substituted 2-
acetylthiophene/thiophene-2—carboxaldehydé’ and their com‘p]exes with
manganese(ll), vcobalkt(II), nickel(ll), copper(ll) and zine(Il) are discussed in

Section "B".

In Section "C" the comparative antimicrobial activity of the ligands
and their complexes against four phytopathogemc fungl, viz., Alternaria

_alternata, Fusarium oxysporum, Colletomchum capsncum and Rhizoctonia

solani and two bacteria viz., Escherichia coli (gram negative) and

Bacillus subtilis (gram positive) is described.




SECTION "A"

I Synthesis and characterization of 4~subst1tuted phenyl 4 oxo-1-
(Z-N-(substltuted—Z—-thxenyImethylene/methylmethylene)]—propanonc
acid hydrazides (HL -HL; )
Friedel Craft's acylation of substituted benzene with succinic anhydride
in presence of anhydrous aluminium chloride resulted in the formation of

substituted benzoylpropanoic acids (1. These acids on reaction with thionyl

chloride gave the corresponding acid chlorides (2). In situ reaction of (2)

with hydrazine hydrate in equimolar ratio yielded the ,corresponding 4~ substi- ,

tuted-prenyl-4-oxo-1-propanoic acid hydrazide (3). These acid hydrazides on
reaction with substituted-2-acetyl/carboxaldehyde thiophene gave the title

ligands (HLI—HLIX) in good yields. The scheme for the preparation of these

1igands is represented in Fig. 1.

The synthesized ligands were charact’erized by ;their ‘eylek‘mental analysis
and IR and 1H NMR spectra. The 1H NMR spectra of thse ‘l‘igands gave a '
multiplet in the re\gion‘ 2.0-2.5 ppm which'was assigned to the ethylene-
protons. A multiplet in the region 6.7-7.7 ppm cor;'responds tovaromatic
protons of phenyl and thienyl moieties. A singlet in the region 8.8-8.9 ppm

was assigned to -N=CIllI proton and the si‘nglets appearing around 2.6 ppm

and 2.9-3.1 ppm were assigned to Cf_l3 group attached to thienyl and phenyl

rings respectively. The integral proton ratios of various groups in the

spectrum of each ligand were well in agreement with the proposed structures.

Some prominent absorption frequencies in the IR spectra of these ligands in
the regions 3100-3170, 1670-1680, 1645-1650, 1610~1615 and 940-950 cniq '

were assigned to V(N-11), (NHC=0), 9((‘ 0), Y(C=N) and *7(N N) vibrations .

48
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respectively éonfirming the presence of these funectional groups in the propdsed
structure. The stretching vibrations for thienyl 'C-S appeared in the regions
570-590 and 490-500 cm-1 (Socratés, 1980_). The elemental analysis of the
compéunds also agreed well with the proposed molecular formulae, The
physical and analytical data of thg compounds (HLI-HLIX) -ére given in table 1
and the‘ IR and 1H NMR spectral data alongwith the proposea assignments are
given in tables 2 and 3 respectively.

IL. Complexes of 4-substituted pheny1—4—ox.o-1—[2—N—(substitute&2-

thienylmethylene/methylmethylene)}-propanoic acid hydrazides
(HL-HL ) | SR

The complexes of the ligands (HLI-HLIX) with mangdnese(ll), cobélt(II),
nickel(Il), copper(ll) and zinc(Il) were prepared by reacting the corresponding
metal chloride and the ligand in 1.:2 molar ratios in‘ ethanolic solution wi‘th'
pH maintained at 8-10. Thé isolated complexes. were charactérized on .the'
basis of their elemental analysis, conducténce meaSurements, magnetic
s'usceptibility and inffa—r'ed and electronic absor[;tion spectral data. Thé
complexes were assigned the general formula ML2 [M=Mn(11), Co(Il), Ni(Il), .
Cu(ll) and Zn(Il); HL=ligands HLI-HLIXJ.' The ‘complexes were insoluble
in water, ethanol, diethyl ether and acetone but were soluble in dimethyl-
sulphoxicie, dimethylformamide and nitrobenzene, The low molar conductance

values (0.5-15 ohm™ . em?.

mol™") indicated the non-electrolytic nature of
the complexes. The other physico-chemical characteristics of the complexes

are discussed in the following pages.

1. Manganese(ll) complexes

The microanalytical data (Table 4) and the conductance studies indicated

the formation of non-ionic. 1:2 manganese(ll)-ligand complexes. The spectral

49
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i

and magnetic data have been used to elucidate and explain the stereochemistry

of the complexes.

'a)  Infra-red spectra

The IR spectra of the free hgands (HLI HL ) exhlblted absorptxon bands
1n the reglon 3100 3160 cm - due to the N- H stretchmg v1bratlons whlch were
absent in the complexes suggestmg thereby, the enollzatlon of the keto group
‘followed by deprotonatlon durmg the formatlon of metal llgand bonds Since
all the complexes were non-ionic in nature and were prepared at higher pH :
'va]ues, the hgands p0551b1y existed in enohc form in whlch deprotonatlon can
”easuy take place (Saccom, 1952) Enolization and deprotonatlon of the |
| carbonyl group were further substantlated by the absence of 1) NHC 0)
absorptlon frequency Wthh was observed in the reglon 1670-—|b80 em -1 in
‘the spectra of the parent hgands and the appearance of V(C-O) band at
1110 1130 cm -1 m the spectra of complexes The free lxgands exnsted in the

v ketomc form (I) as there was no ev1dence of the presence of 9(0 H) frequency

in the reglon 3300-3600 em 1. However, in solutlon or in the presence of

metal ions the ligands may form an equlhbrlum mixture of tautomerlc formls‘

I and II (Fig. 2).

| R 12K
{/'KNH_N\\ e ‘SL).;\,N-—,N ~

I
i

FIG2 TAUTOMERIC FORMS I ANDII
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A sharp band diagnostic of the azine chromophore (~C=N-N=C-)
underwent a negative spectral s_hift of Y(C=N) vibration from 1610-1615 em” !
in the free ligands to 1590-1600 cm~1 in the complexes (Birader and
Kulkarni, 1971). The participation of nitrogen in coordination was further
confirmed by shifting of N-i stretchings from 1070-1090 em™! to 1040-1060
em™ (Mohan et al., 1985). Of the two azomethine nitrogen atoms (Fig. 2),
coordination through‘ the terminallnitrﬁogen 2 hés been suggested because the |
geometry of the Schiff's bases derived [rom substituted benzoylpropionic
acid hydrazide ‘and substituted-2-acetyl/carboxaldehyde thio‘phene does not
perrﬁit the involvement of both the nitrogen atoms in coordination with the
s:mno}notnl ion. On coordination through the nitrogen 2, a fivolmombored
ring (Fig. 3).is formed which has'}esser‘ring ,s'train as compared to that in a
four membered ring (Chauhan and. Mishra, 1985). Splitting and hypsochromic
shift of the ring frequenciesy 6!‘ thiophene observed at 570-590 cm-1 indicated
the coordination of 'suléhur of the thiophene ring tb the metal ion (Socrates,
1980). In the far ~infré—red region the ban(zs observed at 450-460 cmq,‘
' 390-410 em” ' and 2803300 cm” ! were’assigned to the Y(M-0), Q(M-N) and

Y(M-S) vibrations respectively (Ferraro, 1971).

These observations sugges't a tridentate conjﬁgated KONS donor systefn
of the ligand in which deprotonated enolic oxygen, terminal azomethine nit‘rogen
and sulphur of the thiophene ring are the donor atoms which bind the metal

ion to produce two five membered rings.
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FIG. 3

The detailed IR spectral characteristics of the complexes, [M(Ll)zl- .

[M(LIX)Z] are given in Table 4.

b) Magnetic moment and electronic spectra

'I‘he symbmetrical ¢ Mn(II)V idh forms quite stable co'mplexes due to the
exceptlonal stabxllty of the ion on account of the presence of half filled 3d
orbitals, However, the high spin confxguratxon provxdes no crystal fleld
stabxhzatlon energy. Consequently, the <tab|11ty constants of these complexes
are comparatlvely lower than -those of the correspondmg complexes of
neighbouring Mn(II) ic;ns and these complexes are quite labile (Cotton and
Wilkinson, 1988). In this configuration« the complexes of Mn(Il) exhibit
‘magnetic moment values corresbonding to the presence of five unpaired eléctrons
with little or no orbital contribution. The e]cctronic speqtra of these complexes
are quite complicatéd having many absorption bands and t'hat too of lower
intensities. The d-d electronie transitions in a d5 ‘configuration may involvé
the pairing of some electron spins:and these transitions are both spin forbidden .
and orb‘itally forbidden.. Theoretically possible bands near 19400, 22600, 25200,

28200 and 29900 e¢m” | can be attributed to 6A1§-—>4T °a, —'>4T

g’ g ’
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Pa e, Catal ana PN

1g g 18 g 2g
Apart from these bands, many charge transfer bands are also observed in the

(D) transitions respectively.

bV region which can be explained from the Tanabe-Sugano energy diagrém

(Fig. 4) (Greenwood and Earnshaw, 1990).

In-the pbesent investigation the observed magnetic moment vglues of the
complexes [Mn(LI)Z]-[Mn(LlX)ZI ranged from 5.94-6.15 B.M. which were consistent
with the theoretically calculated and experimentally obtained values for various
spin free Mn(II) complexes (Co'gton and Wilkinson, 1988; Rao et al., 1984 and
Sharma and Iarasher, 1988). The electronic spectra of the complexes exhibited
bands in the regions, 16900-17500, 22000-22200, 23800-24400 and 27500—28000'
| em™! (Table 6) which were assigned to 6A1§-»4’I‘1g (G), 6A@—--’rll’l‘zg(D) ‘
transitions respecfiyely confirming an octahedral gebmetry for the complexes.
Th‘e-assignments are in conformity with the observations niade by Heid‘t

et al, (1958) and Sharma and Parasher (1988).

Based on the elemental analysis . and physico-chemical data, a coordination
number six with octahedral geometry is proposed for the metal ion in all the

complexes in which each of the two uninegative tridentate ligands coordinated

through the oxygen of carbonyl group (enolic form after deprotonation), terminal

azomethine nitrogen and sulphur 'of the thiophene nucleus.

- 2. Cobalt(Il) complexes

The ligational behaviour of the Schiff's bases ‘and the stereochemistry.
of the non-ionic, 1:2 cobalt(Il)- ligand complekes has been elucidated on the

basis of IR spectral data, magnetic moments and electronic absorption’ |

studies.
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a) Infra-red spectra

The IR spectral characteristics (Table 8) of the ligands and the complexes

suggested a tri'dentate behaviour of the ligands (HLI—IILIX)

complexes. The ligand moiccules were found to coordinate through the terminal.

in the cobalt(Il)

azomethine nitrogen, deprotonated enolic oxygen and the sulphur of thiophene

¥ring.

The Q(N-H) absorption frequency obscr\)ed at 3100-3170 ‘cm"1 in the spectra |
ofk{{‘the ligands was absent in the spectra of the complexes éuggesfing the
involvment of azomethine nitrbgen in coordination. The ligands did not exhibit
any absorptidh frequency in the region 3300-3600 cm-1 whien suggested that the
ligands existed in tine ketonic form in the solid state, but during coordinati\on'
under alkaline conditions the énolisation of the kqto group, and !subsequenti
deprotonation led to tiie forinetion of a non-ionic compiex by neutralization
of the charge on :the metal ion. This hypotheses is further supported by the

. absence of Y(NHC=0) absbrption in the regibn 1:670-1680 é‘m-1 in the sﬁect_ra
of the complexes and appearance of new band at 1110-1130 cm'1 diagnostie-

of V(C-0) vibration in the spectra of the complexes,

A negative spectral shift of 10-15 em”]

in the absorption frequency of
the azine chromophore and hypsochromic stiiftin'g of N-N strétching frequef;'n;cyt: -
from 1070-90 to 1050-75 cm | clearly pointed to the participation of azomethine

nitrogen in coordination with the metal ion. "

The involvement of thiophene ring sulphur in coordination with. the

metal ion was evident from the splitting and shifting of the thiophene ring
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stretching vibrations at 570-590 em”! and 490-500 em—] to lower regions
(Socrates, 1980). The new bands at 460-470, 400-415 and 290-300 c:m~1
in the spectra of complexes were assigned to the M-0, M-N and M-S

stretching vibrations respectively (Ferraro, 1971).

b) Magnetic moment and electronic spectra

The magnetic moment values for spin free octahedral and tetragonally
distorted cobalt(Il) complexes are in excess of the spin only value for three
unpaired electrons (3.89 B.M.) by 0.8-1.3 B.M., the excess arising from the

unquenched orbital contribution of both the ground state t52g egr and the

C 4
first excited state Log €;  (Figgis, 1976). The exact excess magnitude,

however, depends upon the ligand field strength. The magnetic moments
of low spin cobalt(Il) complexes correspond to single unpaired electror‘y\ \
(1.73 B.M.) with slight orbital contribution and ‘these complexes are formed
with the ligands of higher field strength Vonly. The observed effective
magnetic moment vélues for cobalt(ll) complexes of thé ligands (HLI—HLIX)

ranged from 4.24-4.80 B.M. which correspond to the presence of three unpaired

electrons with significant orbital contribution.

Cobalt(Il) is the most important a’ species and in ‘an octahedral .f‘ielb(bi
three spin allowed d-d transitiohs are génerally antiéipated due to the spvli:tt‘in'g
of the free ion, ground 4F term and the accompanying 41’ term (Carlin, 1965).
The Tanabe-Sugano diagram for cobalt(ll) in an octahedral field ié showvn in

fig. 5. The three electronic transitions generally observed in such complexes
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4

originute‘ from the grouhd term ’I‘1g(F) :
4 - 4,. |
T g B) > ‘1, (®) )
‘4"1‘ ;(F) —_— 5%, (P : (¥),)
1g 2g _ 2
v, (F) —— Y1) ()
1g . 1g 3

In the complexes under present investigation, the absorption frequencies

observed in the region 8400-9100 em™ ', 16000-17980 em” ' and 21730-24100

! (Table 9) were assigned to ’1‘ (F) —> T (F) (V) 4T1g(F)——>4A2g(F)
(92) and 4T1g (F)~—> T1g(P) (93) transmonsb respectlvely (Lever, 1968). The

observed magnetic moment values and the electronic absorptions were characteristic

of the octahedral geometry.

Various ligand field parameters like energy ratio (92/91), ligand field
splitting energy (10 Dq), Racah interel.ectr"onic parameter (B), nephelauxetic

ratio (P) and ligand field stabilization energy (LFSE) were also calculated

~ from this data and are presented in table 9. The energy ratios (1.89-2.01)

were consistent with the proposed octahedral geometry (Ferguson _e_t;a_l., 1963
and Goodgame and Cotton, 1951). The 10 Dgq values (7600-8930 cm—1),
B (896.9-961. 3~cm-1), the values of nephelauxetlc ratio (0.918-0.981) and
2]
[CO(LIX)Z] agreed well with the those reported forjoctahedral complexes‘ ‘
(Eilbeck, 1'967 and Carlin, 1965). The']ess than'dne values for }3 and the

lower B values than the free ion value (971 cm-1) suggested a considerable
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orbital overlap and some“?’c'iqvalent character of the metal ligand

bonds.

Based on the above discussion, an octahedral geometry is assigned

to the non-ionic 1:2 metal-ligand complexes in which each ligand behaved as

uninegative tridentate.

3. Nickel(I) complexes

The structure elucidation of non-condueting 1:2 metal-ligand complexes

has been done ‘by IR and electronic spectra and magnetic moment data.

a) . Infra-red spectra

A perusal of the IR spectra of the ligands (HLI-I-ILIX) and their

nickel(Il) complexes (Table 11)revealed that the ¥ (N-H) absorption frequency ’

1

at 3100-3170 em ' in the spectra of ligands was absent in the spectra of

the complexes suggesting thereby, the enolisation— followed by deprotonation
of the carbonyl gr‘oupduring metal-ligand bond formation (Aggarwal and
Rao, 1973). This conclusion was further supported By the absence of
Y(NHC=0) stretching vibrational frequency and appearance of V(C-0) band

in the spectra of the complexes. The ligands existed in keto form in the
solid state as th,e Y(0-H) absorption was absent in the region 3300-3600 cm_1
in the spectra of the ligands. The complexes were formed by reacting the
metal salt and ligand in alkaline medium under which enolisation of ‘the keto
»group and subsequently its deprotonation can easily take place resulting ir'l

the formation of non-ionic complexes (Sacconi, 1952).
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The involvemeht of azomethine nitrogen in coordination with the
metal lon was confirmed by the hypsochromic shift (15-20 ent™!) of the
characteristic ebsorption frequency of azine chromophore, It was further
supported by the shifting‘ of ¥ (N-N) absorption frequenoy to lower regions
i.c. from 1070-90 em™' to 1050-1065 em™' (Mohan ct al, 1985). The other
donor atom of the ligands was sulphur of the thiophene'nucleus‘ as the
thiophene ring sti‘etching vibrat.ions observed io the liganq spectra at .
570-590 and 490-500 cm"1 underwent shiftihg to. lower regions by 10-15:
cm"1 in the spectra of the complexes (Socrates, 1980); Participaiion of .
N, O. and S in the coordinatfonwas further _confirp1ed by the ap‘pearance
‘of new abSorpiion bands in the far i’nfra—red region at 4210—460, 380—410,'
and 290-300 em”' which were assighed‘ té "the\.Mr-VO" M-N and M-S stretching

v1bratlons respectlvely (Ferraro, 1971 and Nakamoto, 1978).

b) Magnetic moment and electronic spectral data

The observed effective magnetie moment values (ﬂeff-) and the electronic
spectral absorption frequency values along ‘with the calculated ligand field
- parameters are listed in table1$0/ &Ngczkel(ll) the most common and comparatlvely
stable oxidation state of mckel forms a large number of complexes with
different stoichiometries and of stereochemical types such as octahedral,
square planar and tetrahedral beside some complicated eqoilibria of the
above stereochemical types. The octahedral compiexes invoive Sp3062d 2- y2
(outer orbital) hybridization and the tetrahedral complexes have sp° nyuumza;ion.
Both the iypes have magnetic moment values which correspond to the presence

-
,

of two unpaired electrons. The square'planar complexes invcive ¢ 2 2“:svp)g)y
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ﬁybridization and are invariably‘diama_gnetic. The spin orrly magnetic -

moment value for two unpaired electrons is 2.83 B.M. but in practice the
complexes usually exhibit higher values due to varying degrees ef orbital
contribution. In some polymeric forms the edjacent nickel atoms also
experi.ence«weak ferromagnet'ic interactions. - The orbital contribution to the
spin only values rs often determined by. the stereochemistry of the coinplex.

The T ground term’ of the tetrahedral ‘ion‘,is'expected to lead to a temperafure ,
indepehdent orbital contribution to the magnetic moment, whereas ithere is no
such contribution in the A ground term of the octdahedral ion. Fﬁrther, the

mixing of excited 3'1‘2 (F) term into 3A2g(F).ground term: may raise its

g
‘magnetic moment. These increments in magnetic moment result in the -
values 3.2-4.1 B.M. for tetrahedral complexes and 2.9-3.3 B.M. for octahedral
complexes (Greenwood and Earnshaw, 1990).

6 [y
t, e .
2gg

and Qg Zg respectively. ‘The relative ease of formation and abundance of

The octahedral and tetrahedral complexes have ‘the configuratior}

octahedral complexes can be explained by the crystal field stabilization energy

of the d8 configuration. The 3ohn~’1‘e11er effect leading to dlstortxon of the

6 2

symmetry is practlcally inoperative in-a t20‘ g geometry On the other hand

the square planar confrguratlon is favoured in strong ligand flelds leadmg to.

the palrmg of all the eight 3d electrons

The complexes under observation exhibited effective magnetic moment
values in the range 3.10-3.32 B.M. indicating the presence of two -unpaired
‘electrons ‘with relatively low orbital contribution to the spin only magryleti‘e v

moment - values, suggesting thereby, an octahedral configuration of the complexes.
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Magnetic moment of octahedral Ni(ll) having a 3A2g ground state is ..

given by the relation,

2 £

/u = —_—
veff. 2.83 (1 + 55 Dq)

and should be relatively insensitive to temperature and small departures
1

?

from octahedral symmetry. Using the free ion value of £=650 em”
Jesson et al. (1967) calculated 10 Dg = 9400 cm—1. In the present investigation,

‘the 10 Dq vva]uesranged from 10500-11310 cm-1 (Table iz) which is fairly

close to the theoretical value. The variation observed may be due to the
approximatidns involved in the formula for calculation of effective magnetic
moment and the ligand influences (Jesson et al.; 1967). The effective\magnetic
moment values of 3’.10 to 3.32 B.M for the complexes lNi(LI)zl - [Ni(LIX)z]

are consistent with the postulated octahedral geometry.

The.Tanabe—Sugano diagram representing the -splitting patterns for the A
~ground term SE and the excited state 3? in an octahedral field is shown"in
fig. 6. The electronic spectra of 'N_i(II)/ complexes usually exhibit three bands
,9'1, 92 and/\73, apart from some weak spin forbidden transitions which appear

as shoulders on these major absorptions. The 7)1 band represents the transition

3T2g (F)~>3A2g(F) and its energy is equal to the crystal field splitting energy,

4 or 10 Daq. Dz is a band for the transition 3'1‘1g (F) -——»BAZg (F) and 93

3

represents the 'I‘1g(P)—-§A2g (F) transition (Greenwood and Earnshaw, 1990).

The absorption spectra of the complexes, [Ni(L [Ni(L ] exhibited

. P2l - 1x'2
absorptions in the regions 10500-11310, 17135-18130 and 27700-30000 cm

3

1

. . 3 3 3
(Table 12) which were assigned to the AZg (F) -——>'I‘2g (F), Azg(l“)——‘r’l‘1g(1“)



E/8

10 |-
3F ‘ ’l : : 1 . 1
T 4 2 3
Da/B

_ FIG.%§ TANABE-SUGANO DIAGRAM FOR Ni(ll) IN AN
OCTAHEDRAL FIELD. o



70

and 3Azg-~~>3’1‘1g (P) transitions respectively (Jesson et al., 1967). Values of

772 transition calculated by Drago's method (Drago, 1971) were in good

agreement with the values obtained from the spectra.

The various }igand; field parameters like ligand field splitting er{ergy ,

~ energy ratio ( \72/ 915, Racah interelectronic parameter (B), nephelauxetic ratio
(f3) and ligand field stabilization énergy (LFSE) were calculated from the
electronic absorption spectral data (Drago; 1965). The calculated energy
ratios (1.58-1.67), 10 Dqg values (1050-1131 cm-1), the interelectronic Racah
parameters (829-946 cm-1) and the nephela;Jxeti‘c ratios (0.797-0.909) were

consistent with the values for octahedral complexes (Lever, 1984 and Goodgame

et al., 1961),

The vélues of B and B we‘re less ’than the free jon values becauseof
the decreased interelectronic repulsion from electrbn delocalisation resulting
in appreciable amount of covalent charaéter of —the metal-ligand bonds
(Rana and Shah, 1986 and Prabhakar et al., 1989). The ligand field
stabilization energies for the complexes ranged from 36.00—38.7§ K cal molb"1
and were in good agreement with the reported values for octahedral compléxes

[Lever et al. (1965), Ellis et al. (1975) and Sacconi (1968)].

The magnitude of 10 Dq.for a given metal ion determines the position
of a ligand in the spectrochemical series, which represents the variation’ of
the value of 10 Dq as a. functionof central atom and of the ligand. ‘ To the
first approximation, 10 Dq may be represented as a product éf two féé;ors, :

one for the ligand and the other for the central ion (Jorgensen, 1958).

10 Dq = f (ligand) x g(central ion)



7

’The funetion f has been fixed at 1.00 for the hexaaquo ions and the
ligands have been arbaﬁged accordingly as per‘their f values. The f values |
calculated from the spectroscopic data for tﬁe ligands in the complexes.
[Ni(LI)zl] - [Ni(LIX)i varied from 1.22-1.29 (Table 12) suggesting that the
ligands lie in vieinity of ethylenezdiamine '(HzNCﬁZCHzNH.Z')' (f=1.28)

in'.the spectrochemical series.

Based on the above discussion, the Ni(II) complexes of the Utle
ligands were assngned octahedral geometry wnh a 1:2 stoichiometric xatlo
-ln which each ligand acted as uninegative trnqentate, coordmatmg through
the deprontonated enolic oxygen, termmal azomethlne nitrogen and sulphur -
of the thlophene ‘moiety. The various llgand f:eld parameters coupled with _

magnetic data suppoxjted the assigned geometry.

4. Copper(ll) complexes

The .elemental analysis (Table 13) and the conductance studies indicated
the formation of non-ionic 1:2 Ni(ll)-ligand complexes. The structure elucidation

of the compounds was done on the basis of spectral énd magneticﬁst:udies.

" a) Infra-red ‘spectra

The spectra of‘ free ligands'(HLI—HLIX) exhibited strong absorptior} :
bands in the region 3100-3160 em™ ! and 1670-80 em™ ' which were assigned
jto the ¥ (N-H) and 9(NHC=0) modes of vibrationskrespectivély. These bands
~ were altogether absent in the spectra of the complexes suggesting thereby,
the pa_r;ticipation of the deprotonated enolised carbonyl oxygen in codrdiﬁ‘ation.

This was further' confirmed by the appecarance of V(C-0) band at 1110-1130 cm_1
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in the spectra of complexes. . Another sharp absorption diagnostic of the

azine chromophore (-CzN-N=C-) underwent a negative spectral shift from

1610-15 em™ \

~

in the"freéwl‘i“gands to 1590-1600 em” ' in the complexes
establishing, 'thet':é:by, the- involvement of azomethine nitrogen in coordination.
'The participation of nitrogen was further confirmed by the shifting of (N-N)

stretching frequency from 1070-90 to 1040-60 cm_1.

Of the two azomethine
nitrogens, coofdination with the proximal nitrogen was suggested as it would
result in the formation of a stable five membered ring with lesser ring
strain as compared to a four membered ring resulting through coordination
of NT(Chauhan and Mishra, 1985). Splitting and shifting of ihe thiophene
ring stretching vibrational frequencies observed at 570-80 and 490-505 cm_1
to lower regions indicated the involvement of fhiophene ring sulphur in
coordination with the metai ion. In the far infra-red region, the new bands

appearing in the spectra of complexes at 450—60, 390-410 and 280-300 cm—1

were assigned to the Y(M-0), 9(M-N) and V(M-S) vibrations respectively.

~

Some important absorptions in the infra-red spectra of the complexes

[Cu(LI)2] - [Cu(LIX)Z] are listed in table 14.

b) Magnetic moment and electronic spectra :

The magnetic moment values for copper(ll) compleXes normally range
from 1.7-2.2 B.M. which correspond to the presence of one unpairedelectron
with variable degrees of orbital contributions to the spin only value depen‘ding’

upon the electronic environment around the central metal ion. In the present

investigation, the observed effective magnetic moment leff.) values for



the complexes [CU(LI)Z] - Cu(LIX)Zl ranged from 1.72 B.M. to 1.86 B.M.

confirming the presence of a single unpaird electron.

Cogper(ll) has the configuration (Ar) 3¢° and is the equivalent of g

with inverted eh@i"éy ‘le\‘}e]s. Consequently, a simple spectrum is expected .
) e :

-

for the coppef‘(II)' complexes. But, due to considerable distortion from the
octahedral symmetry as a result of Jahn-Teller effect, the free ion ground
term 2D is expected to split in a crystal field in the same way as the °D

4

term of the "D ion and renders the spectra more complex. The energy

level diagram for the six fold coordinated copper (II) ion can be represented

o 2
as follows: — Eg
2 e ———————
D¢ . r
rd
D L ' ',2\
\\ B?g
AY .
A3
N
A} , —
\ PR ‘ ‘
\ T '\Iﬁ
E s
z_g ‘ ‘
e r————

e e

Fig.7. CRYSTAL FIELD SPLITTING DIAGRAM FOR
Cu(Il) ION
On the basis of the above diagram, three transitions are expected when
the symmetry is square planar or distorted octahedral. But a fairly large
number of distorted octahedral copper(ll) complexes display only a single

broad band in the region 11000-16000 em”) (Hathaway, 1971). This single"

absorption band is broadened due to distortion as well as by the spin

orbital coupling. In the present investigation, the copper(ll) complexes

76



. . -1
exhibited a single broad absorption band in the region 14100-16600 cm

(Table 15) which was_assigned to 2 ——->2’I‘.2{r electronic transition and is

% characteristic of the distorted octahedral geometry.

The Dq values (1418 1460 em” Y and the ligand field stabxlnzatlon

IX)Z]

were also consistent with the distorted octahedral geometry proposed for

energies (24.31 - 25.02 K cal mol ) for the: complexes [Cu(LI)2 '[Cu(L

them.

5. Zine(Il) complexes

The 1:2 stoichiometry of the complexes was confirmed 4by elemental
analysis (Table 33). The complexes were nurionic and diamagnetic as

evidenced by molar conductance and magnetic susceptibility studies.
Infra-red spectra

The absorption bands diagnostic of the I(N-H) and Y(NIIC=0) modes of
vibrations observed at 3300-3260 em” and 1640-30 em™ ! in the spectra of
free ligands were absent in the speétra of complexes suggesting‘thercby
the enolization of the carbonyl oxygen. The appe;af'ance of 7(C-0) absorptibn
band at 1125-10 cm-1 in 'the spectra of complexes and the absence of -
¥ (NH) andj(NHC=0) bands affirmed the participation of deprotonated enolic
oxygen in coordination with the metal ion. The involvement of azomethine

nitrogen in coordination was evidenced i)y the hypsochromic shifting of
- C=N stretching vibrational frequency from 1620-10 to 1610-1590 em”! as well
as by the shifting of Y(N-N) from 1070-60 to 1050-40 em™) Splitting and

shifting of ring stretching frequency of thiophene from 590-80 cm—1 in ’the
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spectra -of ligands to 580-560 cm-1 in the spectra of complexes sugges'ted
the é;gi'dinntion through thiophene sulphur. The new bands at 460-440,
425-410 and 300-290 em™! in the speetra of complexes were assigned Lo
the ¥(M-0),Y(M-N) and Y(M-S) vibrational modes respectively confirmi.ngj the

tridentate nature of the ligands.

On the basis of the elemcntal analysis and the tridentate ligand
behaviour as proved by the infra-red spectral characteristics, an octahedral

geometry was assigned to the non-ionic zinc(Il) complexes.
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SECTION "B"

L "';‘S‘yntheaxs and characterization of 4-substituted phenyl—4—oxo—1-(2—N—

(substituted-2-thienylmethylene/methylmethylene)}-prop-2-en-1-oie

acid hydrazides (HL HLXVIII)

Substi.tuted benzene on condensation with maleic anhydride resulted in
the formation of 4-substituted phenyl-4-oxo-prop-2-en-1-oic acids (benzoyl-
propenoic acid) (4) which on reaction with thionylehloride §ielded the corresponding
substituted acid chlorides (5). The acid chlorides on tréatrﬁent with hydrazine
hydrate in equimolar ratios gave the corresponding acid hy‘drazides (6). The.
rcaction of (6) with substituted 2-acetyl/carboxaldehyde thiophene in ethanol
resulted in the formation of title ligands m good ylelds (60-75%). The schematic

representatlon for the preparation of the ligands HLX HLXVIIi is given in

fig, 8.

”I‘he ligands (HLX-HLXVHI) Were chavracter'ized by spectroscopic techriiqueé,
viz., 1H NMR and IR spectroscopy( and elemental ahélysis. 'fhe I;gavnds were
assigned trans configuration on the basis of couphng constant (16 llz) between ‘Lwo
~ downfield olefinic protons, whxch appeared in the region 6.8-6.9 (H ) and 8.1-8.2
(HB) ppm as doublets. The aromatic protons of thlpphene,and phenyl moieties
éppeared as multiplets between 69 and 8.0 ppm. The me};hyl groups attach‘éd :
to thiophene or phenyl groups appeared as a singlet at- 2.7 and 2.3-2.4 ppm :
respectively. The integral proton ratios of various groups vin the spectrufn‘of
each Iiga.nd were also in agreemen)t with the proposed structure. The IR i
spectral absorptions for the ligands in the regions 3260-3300 cm"1 and .

1640-1630 cm” | were assigned to » (N-H) and Y(NHC=0) vibrations ‘respectively.
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The strong band at .1610-1620 cm-1 was assigned to the combination of

9(C=N) and ¥(C=C) mode. The physical and analytical data, .IR characteristics

1

and 'Il NMR data for the ligands ”I‘X-”LXVIII are given in tables 18, 19 and 20.

respectively,

IL Complexes of 4-substituted phenyl-4-oxo-1-[2-N-(substituted-2-
thienylmethylene/methylmethylene)}-prop-2-en-1-oic acid hydrazides
Manganese(ll), cobalt(Il), nickel(Il), copper(ll) and zinc(Il) complexes of

the title ligands (HLX-HLXVHI) were prepared by reacting the respective

metal chloride and liganionllgmglar ratios in ethanolic solution at pH 7.5-10.

The synthesized complexes were characterized on the basis of their elemental-

analysis, conductance measurements, magnetic susceptibility and infra-red and

electronic Spectral data. The complexes wlerre assigned the general formula

ML2, where HL=ligand (H,LX—HLXVIII)‘ The complexes weré non-ionic in nalure

(Molar conductance values 0.5-2- ohm™ ' em? m_ol_1) and were soluble in |

nitrobenzene, dimethylformamide and dimethylsulphoxide but insoluble in llval:czl', -

ethanol, diethylether and acetone,

1. Manganese (II) complexes

The non-ionie 1:2 metal-ligand complexes were characteri‘zgd by their

magnetic and spectral data.

a) Infra-red spectra

The ¥(N-H) and 9(NHC=0) absorption bands observed at 3300-3260 cm_'_1

1

~and 1640-30 em ' in the spectra of ligands were absent in the spectra of complexes

suggesting thereby the enolization of the carbonyl group followed by its deprotonation
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be.fore the metal-oxygen bond formation as evident from the appéarance of

1. The participa‘tion of azomethine nitrogen in

9(C-0) band at 1120-1110 em”
coordination was confirmed by the shifting of C=N étretching band from
1620-10 to 1600-1590 c:lx'1 as well as by the hypsochromic -shlﬂ of Q(N-N)A
from 1070-60 to 1040-30 em™ | (Mohan and Sharma, 1985). Splitting and
shifting of ring frequency of thiophene moiety observed at 590-80 cm"1 in

| the spectra of free ligands indicated the coordination of sulphur of thiophene
ring with the metal ion. The new bands at 456—430, 410-390 and 300-280 cm” !
in the spectra _of the complexes were assignea to M-0, M-N and M-S sfbetching

vibrations respectively (Ferraro, 1971).

b) ~ Magnetic moment and electronic spectra

The observed effective magnetic moment values for the complexes

[Mn(Ly),] - [Mn(Ly 19 rapged from 5.82 to 6.10 B.M. which suggested the

presence of five unpaired electrons' exp’ected for a symmet;rical d5 cénfigurétion
in which the orbital contribution is‘ quite low due to the ai)sence of spin-orﬁit
mixing of the excited étates. The electroﬁjc»spectra» of the complexes exhibited
'absqrption bands in the regions 16500-v17500, 22000-22500, 23800-24000 and
27000-28000 em™ ' (Table 23) which were assigned to the °A. g——>4j‘1 2 (@),

6 4 6

. 6 4 4 4,, . . .
A1g~—> ng(G), A1g"—> Eg, A1g and A1g~% ng (D) transitions res?eictzlvely

(Heidt et al., 1958) and are characteristic of an octahedral geometry arounq‘lghe

central metal ion,

On the basis of electronic spectra and magnetic moment values coupled . -
with IR spectral characteristics and elemental analysis an octahedral geometry |
was assigned to the complexes [Mn(LX)2]~FMn(LXVIII)2]; in w:hlch each lxgapd

showed uninegative tridentate behaviour.
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2. Cobalt(il) kcomplexcsk

A 12 stomhlometmc ratlo was confu'med by the elemental analysxs

xvm)z] - The

structure elucidation was done by spectral and magnetic moment data.

(Table 24) for the non-conducting complexes [Co(LX)Z] [Co(L

a) . Infra-red spectra

A perusal of the IR spcetra of the free'ligands and their cobalt(Il)

¥

compiexes revealed that the addends acted as tridentate and the metal-ligand

‘bonds were formed through the carbonyl oxygen (deprotonated enolic form),

_proximal azomethine nitrogen (N2) and the sulphur of the thiophene moicty.

The absorption frequencies characteristic of tne V(N-H) and V(NHC=01),kmodes
of vibrations observed at 3300-3260 cm—1 and 1640-30 cm—1 in the spectra
of ligands were. absent in the spectra of complexes. These’ observations along

with the appearance of Q(C-O) absorption band at 1120-1110 cm-1 aftirmed

- firmly the deprotonation ot the enolised carbonyl group during coordination

with the metal ion, Shifting of the sh/érp band at 1620-1595 crri‘_1 diégnostic
ot the azine chromophore (Bn‘adar and Kulkarm, 1971) to lower frequencxes '
by 15-20 em - and hypsochr‘omxc shifting ot‘V(N-N) band by 25- 30 cm -1 from
1070-60 cm-1 confirmed the coordmatlon through azometh;ne,mtrogen. The
stretching band at 590-70 cm"1 in the spectra ot free ligands were shifted to
lower regions on complexation which indicated the involvement of thiophene
sulphur in coordination . The participation of oxygen, mtrogen and sulphur

in coordination was further confirmed by the appearance of new bands in

the far infra-red region at 450-430, 410-400 and 300-270 cm-1 due. to

Y (M-U0), Y(M-N) and 7 (M-S) modes.
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b) Magnetic moment and cleetronic spectra

‘he” magnetic moment.‘va’lues ol cobalt{ll) complexes tor octahedral and
tetrahedral environments corr‘espond to the presence of three unpaired e]ectron;.
However, there is considerable orbital contribution to the magnetic moment
in -the octahedral configuration because of intrinsic orbital éngular moment’um
and thus the eftective magnetic moments for such complexes are around
4.2-5.2 B.M. In the present investigation the observed efféctive magnetic
moment of cobalt(II)‘ complexes at 25°C (leff) ranged from 4.10 to 4.72 B.M.

suggesting an octahedral geometry for the complexes.

The ground term 4r of cobalt(ll) ion splits into three spin allowed
“transitions in an octahedral environment giving rise to three major transitions
4 4 4 4 . 4 4 R .
. viz. T1g——-> ng (F), T1g——,> A2g (F) and T1é———> TTg (P). The e]ectron\lc
spectra of the cobalt(ll) complexes, [Co(LX)2] - [Co(ldxvm)zl, exhibited three
bands in the regions 7500-8300 (9,), 14400-16000 (3),) and 19400-21000 (373) em™!
. : 4 4y o b 4 4, _ 4,
which were gssxgned to T1§—> ng (¥), "[1g———_> A2g (F) and T1—g,—->- I‘1g(P)
~ transitions respectively (Table 26) confirming the octahedral geometry for the
complexes. The energy ratio ( 92/ 91) for the compie.xes ranged from 1.89‘to-
2.00 which were diagnostic of the octahedral complexes (Goodgame and

Cotton, 1961).

Various ligand field parameters like ligand field splitting energy, 10 Dq
(6850-8000 cm"]), Racah interelectronic repulsion parameter, B (736.6 - 840.0
cm-1), nephelauxetic ratio, }3 (0.758-0.865) and the LFSE (11.83 - 13.37 K cal
molq) were also consistent with the octahedral nature of these cobalt(ll)
complexés (Eilbeck, 1967). The less than one values for }3 and the lower

values of B than the free ion value suggested a considerable degree of orbital

overlap and partial covalent character of the metal ligand bonds (Maki, 1959).
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3. Nickel(Il) complexes

The stoichiometry of the complexes [Ni(Ly),) - INI(Ly 19 was
confirmed by their elemental analysis (Table27 ). The conductance measurements

suggested non-ionic nature of these 1:2 metal-ligand complexes. |

a) Infra-red spectra

The J(N-H) band at 3300-3260 cm™' and the J(NHC=0) band at 1640-30 cm’ '
observed in the IR spectra of ligands were absent in the spectra of the corresponding
complexes suggesting thereby the involvement of deprotonated enolic oxygen in

coordinat‘ion with the metal ion which was further evident from appearance of

VY (C-0) band at 1120-10 cm-1 in the spectra of complexes. A sharp band

diagnostic of the azine chromophore (-C=N-N=C-) observed at 1620-1610 .cm-1

in the spectra of the ligandé underwent a negative spectral shift indicating

~ the involvement of sulphur in coordination. "In the far infra-red region, the

1

new bands appearing at 450-420, 410-380 cm ' and 300-270 em™ ! in the speetra

-

“of the complexes were assigned to M-0, M-N and M-S stretching vibrations :

respectively.

b) Magnetic moment and electronic spectra

The magnetic moment values (‘l,‘,eff.)Vf‘or the éomplexe;s [Ni(LX)é] -
[Ni(LXVIIi)Z] ranged from 3.12 10'3.30 B.M. which correspond to the
pax‘amagnetism due to the presence' of tWo unpaired electrons. ’I‘hé electronfé
épectra of the nickel(Il) complexes exhibited three .intense banas in the'

regions 10500-11300 ( )71), 17300-19200 ( 92) and 26500-27700 (93) cm—1

which were assigned to the three spin allowed transitions namely,
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3 3 3 3 and 3 3. . . .
Azg——? ng , Azg————> t1g | Azg—~—> F1g respectively. The energy ratio
( 92/ 91)3f‘or the. complexes ranged from .1.56 to 1.77 which was characteristic

of the octahedral complexes. The 92 frequencies calculated by employing

Drago's ‘method (Drago, 1965) agreed fairly with the practically observed

values.

The ligand field parameters (Dg, B, B and LFSE) calculated for these
complexes by using standard equations (Huheey, 1983) are given in table 29.
The values of Racah interelectronic repulsion parametef (773.3-900.0 cm'1)
were lower than the free ion values indicating thereby the orbital overlap
and délocalization of d-orbitals (Lever, 1966). The B values (0.750-0.873)
.obtained were less than unity suggesting considerable amount of ;:ovalent ‘
character of the metal-ligand ponds (Rana and Shah, 1986). .The Dq values

(1050-1130 cm"1) and LESE (36.00-38.40 K cal mol™ ') also confirmed the

octahedral geometry of the complexes.

The position of the ligands in the spectrochemical series was determined

by calculating their f values using Jorgensen equation (Jorgensen, 1958).
10 Dq = { (ligands) X g (central ion)

The f values (1.20-1.30) for the ligands suggested that these océupy a position

near ethylene-diamine in the spectrochemical series.

4. Copper(ll) complexes
The 1:2 stoichiometry for the non-ionic copper(II) complexes was confirmed
by elemental analysis (Table 30). The structure elucidation of the compounds

was done on the basis of spectral and magnetic studies as described below,
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a) Infra-red spectra

The absorption bands at 3300-3260 em™ ! and 1640-30 em™ diagnostic
of the Y(N-H) and » (NHC=0) respectively in the free ligands were absent in
the spectra of the complexes indicating the involvement of‘de‘protonated
enolised carbényl oxygen in coordination. The shifting of \)(CéN) from
1610-1615 to 1590-1600 em” ! and the positional change of é(N—N) from
1070-60 to 1040-30 cm-1 in the spectra of cohplexes affirmedthe coordinat:i‘cl)ﬁiff
through the azomethine nitrogen. The third coordination site in the ligands j 
was the thiophene ring sulphur as evidenced by the splitting and shifting of
theb ring streteching band observed at 590-70 c:m"1 in the free ligands. |
The‘ﬁew‘absorptions appearing in the spectra of complexes at 450;440, 410-400:+"
~and 300-280 cm-1 were assigned to M-O, M-N and M-8 stretching vibrations

respectively (Ferraro, 1971).

b) Magnetic moment and electronic spectra:

The magnetic moment values Meff.) for these complexes [Cu(I.X)Z]-
'[Cu(vam)zl were in the range 1.74-1.86 B.M. indicating spin only value for

single electron. The electronic spectra of these complexes exhibited a . _‘.’

single broad absorption band in the region 13000 to 14000 cmf1 which was °

2’1~Zg transition suggesting the distorted octahedral geometry BRI

due to 2Eg——=r
(Lever, 1984). The Dg values (1300-1400 em™) and the LFSE values
(22.28-24.00 K cal mol™ 1) (Table 32) were also consistent with the proposed

octahedral geometry (Ravinder et al,, 1984).

5. Zinc(Il) complexes

The 1:2 stoichiometry of the complexes was confirmed by elemental
analysis (Table 16). The complexes were narionic and diamagnétic as evidenced

by molar conductance and magnetic susceptibility studies.



104

(L°8) (L°2) (L°p) (2°59)

6471 8", RY 8'¢ 6°HS 8s  CsPolN®funol?indty  TPIAXyng,
(v°8) G20 N VN s R (1) ,
L1t b'g . 0°1 L' 8¢S L9 Yol nBunp?in¥ts SAIAX 1yn5)
’ (L'8) (L°2) (9] (8°29)
L' 68 8°L 0°¢ L°eg g9 %sPofN"lunn?in?ts (°dAXmpyng)
(6°8) 82 @y (509 ” . .
981 L°g bl 9°p 5700 c9 25V 0PN Eynn 9, K e)
(g°) (2°8) (7°%) (¢°65) _ ,
pg°L 96 9'g 9% 666 19 o708 yno ey (A Xmyng
(2°6) | (5°8) (6°¢) (¥°89) :
bl 9°6 - ¢8 ¥ 8°8¢ 65 tsPo?n%uno®o (X qyny)
(€°6) (2°8) (¥'p) (5°69) .
b1l 0% 08 8% 368 59 %570 N8 unovEs (X qno)
(L°6) (s°8) (678) (5°86)
b1l 9°6 68 9°¢ 788 %9 sV ooty eSte)
(L°0L) (6°8) (5°8) (2°L9) b b 27 08 %
94°1 86 08 e 696 19 st oN%unp %y Xmnoj
('PO[BD) PAISSQO % BIED \Eoubmﬁw pIa1X | B[WJIOJ JB[NOS[ON punodwo)

(‘IWg) 338y

‘sapizeJpAy plow o..o#a:m-m&?&.ﬁmcm%ﬁmE:Eme\m:mmmmeRcm_fum»vow:u:mn:mv
-N-g]-L-0xo-p-1Auayd paninsqns-F Jo soxardwod ([1)saddod jo Biep dNsudew pue [ednA[eue ‘[BdISAUd g SIqBL

»

-



105

063 oLp 0¥ 028 001 oLLL zvol oLoL g651 (> A Xpng)
206 00¥ 0P g8 0g0L 0zLL o¥9L  slol st . (MM Xmngy
082 00F Shb 91 ge0L ozLL . zhoL oLeL  oo9t (" ¥mng)
062 oLy Svp 098 sg0l GLLL <pol oL9L 0091 M mno)
052 00F 0S¥ 095 0¥0L ZLLL 0S9L  cL91 0651 [¢(A¥%gyng)
008 00% 0%Y 0L8 0%0L 0311 0591 oot 0091 (e M Xmnoy)
00¢ oLb 0¥ oLs  o0¥0L oLl 091 ZLoL 0651 1 Xpno)
082 = OLF 0P 0LS 0go0L oLLL h9L oLl 0651 (“Xmno)
o0g  0F Obp 098 0soL oLt gpal oLal c6ol “Xmnoy
‘ydoiyy : _

(S-W)¢ _ (N-I) ¢ (0= ¢ (S-0)¢  (N-N) & (0-0)¢ (0=0)¢ _(0=0)¢ (N=D)¢

(,_wod) ¥l punodwo)

*Sap1zBJIDAY pIoB 20#a:wnmdohauzw:maﬁmiEﬁws\o:mREmEaszﬁ
-z-paImnsqns-N-z}-L-oxo-p-[Auayd painiisqns-p Jo soxaidwood (J1)Joddod jo sonslialowvdeyd [8110ads Y[ °LE dIqe], .

o
i

>~4



106

8z _ 3 .
29°22 0zl L= 4, 00z€L (e HAX yno)
3z 3
<
TR ocel L5 4, 005gL ¢UAX oy
3z 3 ’
T
¢9°g7 08el Ly 008¢L °dA X oy
3z - 8
00°52 00¢L 1 4 000%1 18 Mo
3z 3 ,
. <
87°77 00¢1 17~ 4, 000¢gL (4 MXmyng
52 B ) 2 111X
LUez 0gel il Ay 005eL X myng)
3z 3
o <«
69°¢7 08el L5 4, 008¢gL 2 X qyno
8z 3 .
by ¢— q
59°8Z 08¢l . Ly , 008¢1 ¢ Xno;
| 2,
0052 00¥L. Ly~ 4, 000¥L (¢Xmnoi
A—»BE eo31) ASd1 (,_wd) bg juswu3diIssy ATEovma punodwo)

L ove

*sop1zeJIpAy plov
210~ ~ua-z-doad-[(auaiAylowAylow/ausAyr1au[Auay)~-z-painiiisqns)-N-z1-L -oxo-p-[Ausyd paininsqns-y
jo soxaidwod (J1)Joddoo jo sardiaua uonwzI[Iqels p[dlj buedi] pue b(g ‘syusowiudisse [eJ109ds OI1UOIDA[ °ZE °IqelL



107

Infra-red spectra

The absorption bands diagnostic of the V(N-H) and Y(NHC=0) modes of

vibrations observed at 3300-3160 em” | 1

and 1640-30 cm ' in the spectra of
free ligands were absent in the spectra of complexes suggesting thereby
the enolization of the carbonyl oxygen. The appearance of Y(C-0) absorption

band at 1125-10 em™ |

in the spectra of complexes and the absence -of V(NH)
and Y(NHC=0) bands affirmed the participation of deprotonated enolic
oxygen in c.oo‘r'dination with the metal ion. The involvement of azomethine
nitrogen in coordination was evidenced by 'the hypsochromic shifting of C=N -
stfetching_ vibrational frequency fl'om 1620-10 tov 1610-1590 cm'1 as well as
by the shifting of J(N-N) from 1070-60 to. 1050-40 em™ . Splitting and
shifting of ring stretching frequency of thi§phene from 590-80 em™ ! in t;he
spectra of ligands to 580—5’60 cm"1 in the speectra of complexes suggested
the coordination through thiophene sulph\ir.» The new bands iat 460-440,
425-410 and 300-296 cm'1 in the spectra of complexes were assigned to :
the ¥(M-0), 9(M-N) and ©(M-S) vibrational modes respectivély confirm‘ing the

tridentate nature of the ligands.

3

On the basis of the elemental analysis and the tridentate ligand behaviour
as proved by the infra-red spectral characteristics, an octahedral geometry

was assigned to the non-ionic zine(II) éomplexes.



108

- %wv m_..% A_,..wv m.m% sy uzbs"o'N%tu%109%) (1A X pyugg
- Aw..ws A_ﬂs A%.me Mm..mmme 26 uz’s" o B0 " Xz,
- A%.%v A_ﬁns m..me m..mmme 6v uz’s"o"n"ou%10%ts My
- Ao_..me mw..hs Am.wv Aw.%%v “9¢ uz8sP 0N 1% (2" Xmuz)
- Mm..%v m..ws Aw..«s | Mw.%me ce  uzlsToPn"u"o ez
. - A%.%v A%.%V mw..me A%..wm% v gc  uz’sTo"n¥y%s (A o)
- mh...me m..wv W..vs AW,.%% sv  uz’s’o'n"u"ts (X myuz)
- A%..me m..%v mw..me m..wme s uzlsfoln¥tn%s Xz
- o A%.ws A%.me | mo.wms b uz%s70"N%n"% 2 muz]
18191 N H | 20) (%)
(‘Do1BD) DPOAISSQO % EBI1BD [@oNA[BUY NI BINWIO] JBNOS[OW punodwo)

- (W-g)-3jen

-N-Z]-L-0oxo-p-JAuayd painjiysans-p Jo saxardwod ([[)oulz jo

*SopizrJpAy pl1oB o_o#ncolm..ao.ao:m:mameREmE\m:wEEmE3:25&:@8:533

B1Bp onloudew pus [BOonA[eue ‘[BdISAUyd “°g£g 9IqBL



109

062 oLy 0¥ 08¢ 0501 oLLL 09l 0091 0091 (eHIAX qyuzy
: 008 0¥ Shb 08 %01 0LLL 0591 0191 g6cL eI Xy
00€ ozp Shb 095 chol 0zLL 091 0291 0091 (A Xmyuz;
062 0z¥ 097 048 0r0L 0z1LL 0591 0L9L oLal (2A Xz
062 aL¥ 0sh ae - 0oL ezLL 0¢9t 0791 cgel (e MXyuy
ang oLy 0¥b 08¢ ch0L cLLL 09l 0291 0091 e Xz
¢62 cLt 05y 518 0501 021t Spgl 0791 0091 16Xy
00¢ 0gb 0pp 08¢ 0p0L oLLL 0791 0191 0651 redXmuz;
062 oLy 09% 08¢ 0voL cLLL 0v9L 0091 0091 %Xmyuz
.ﬁo_E :
(S-Ie_ (N-IDE  (0-)e (s-0)¢  (N-N)¢& (0-0)¢ _ (0=D)¢ _ (D=D)¢ __ (N=D)¢ anoduton

(,_wod) ¥l

*SopIzBJpAY DIoB o._o:_u:m-mnaoauZm:uﬁhﬁmEEﬁwE\m:m_mcwwEﬁmcwEg ]
-7-D23N111Sqns)-N -z 11 -oxo-p-[Auayd paininsqns-p Jo saxa[dwod ([[)oUiz Jo SONISIISIOBIBYD [BIID3dS Yl “p¢ 92IqBL



SECTION "C"

Antimicrobial activity

The ligands and the complexes were screened for their antimicrobial
activity against some phytopathogenic fungi of economic significance viz,,

Alternaria alternata, Fusarium oxysporum,l Colletotrichum capsicum and

Rhizocteonia solani and two bacteria viz., gram positive Bacillus subtilis and

gram negative Escherichia coli. Two fold serial dilution technique (Spooner

and Sykes, 1972) was employed to evaluate the antivmicrobia] actiyvi‘ty and fhe
results obtained were expressed in terms of the minimum inhibitory concentration
(MIC) values., The minimum concentration at which a complete growyth inljibitioh
of the test organism was observed was' taken as the MIC value expressed in

pg mi”!

. The results were plotted (concentration Vs compounds) for comparing
the activity pattern of different 1igahds and their complexes and are given

in figures 9-20,

The substituted benzoylpropénoic acid hydrazides (HLI—HLIX) exhibited
promising activity against the test organisms. Out of the four fungi, the

ligands were most active against Alternaria alternata in which, the minimum

inhibitory concentration values were 12.5 pg ml-1 for the ligand ”LVIII’

25 ug mi™! for the ligands HL and HL ., 50 yg mi™ "

p Hlyp Hbpy, Hlgm

for the ligands HL,, and HL, and 100 ug ml"' for HL

r The MIC values

against Fusarium oxysporum were 50 Mg mi” for almost all the ligandé.

The ligands HL;; and HL, exhibited complete growth inhibition of Colletotrichim

capsicum at a concentration of 25 ug m]—1 whereas others had MIC value of



1

50 ng ml—1. Rhizoctonia solani was the least affected test fungi (MIC

values 50-100 pg m1_1). The ligands exhibited more activity against the
fungi than the bacteria with MIC values varying from 50 to 100 ug ml‘1

for the latter. Among the bacteria, Bacillus subtilis was more affected on

treatment with the compounds. Investigating the mode of action of some .
acid hydrazides Nyler and Dé&is (1950) established that the acid hydrazides,
at molecular level, inhibit the formationjof RNA, decrease the protein level
and also result in fragmentation of the chromosomal DNA and dissipatign
of‘vthe nuclei affecting thereby the normal cellular processes of growth and |

division resulting in growth inhibition of various organisms.

~ The side chain length and the presence of various subétituents on
the main nucleus and on the side chaih(s) have pronounced impact on the
nature and the magnitude of the biologic‘al activities, CSnsequent]y,
substituting various nuclei of biolégicnl importance} has eanerged as onc é)f
the important aspects in the develbpmer/lt of novel compounds wx:th potential‘
‘antimicrobial activity. In the present investigation: the benzdyliﬁbopanoic :
acid hydrazides was substituted at two sites, the phenyl and hydrazide moieties,
with various groups. The phenyl ring was sub;tituted with methyl at position
4- in one case and with two methyl groups at :2- and 5- bositions in the 6ther.
The proximal riitrogen atom of the hydrazide was also su_bstitutedkwith thienyl ,
moiety, thus creating a conjugate ONS donor system and simultaneously altering
the molequles.with lipophilic «CIAIS groups. As an outcome, the ligands provgh

to be quite promising antimicrobials. On a comparative account; ‘the substitutions

in these nuclei did not exhibit any significant alteration in the biological -
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activity of the series of lig'ands (HLI-HLI'X) and no definit’e‘ structure-activity

relationship could be established for these compounds.

The metal coordination, in general, alters the activity of the 1igan{is

due to the activation of the ligand and/or metal ion as the ligand molccule

- may pro'\*?\e,‘;_‘ to be a vehicle for the activation of the metal ion or vice-versa.

The effect on thé activity may be due to the changed mechanism of actidh,
change in the transport across the lipid bilayer of the ligand molecule and/or
the metél ion and their combined effect on the cellular metabolism. The
polarity Qf the metal jon is considerably reduced on chelation mainly due to
sharing of its positive charge with the donor atoms and possibly T-electron -
delocalization over the whole chelate ring (Srivastava, 1981). Such chelation
increase :the lipophilic cha‘récter of the metal complex which probably i\eads
to the breakdown of permeability barrier of the cells affecti'n‘g thereby t‘hé \
normal cell processeé. Furtherrﬁoré, 'the /activity of the coordination compiounds -
is a function o_f the stereochemical .manifestat‘ions ahd the stability ‘and laéility

of the molecule so formed.

In the present investigation, the activity of the ligands, 4-substitu£éd
phenyl—4—oxo-1-[2jN—(substituted—2—thienylmethylene/methy]methylene)]-prop‘ano‘ic'
acid hydrazides (HLI-HLIX), was found to be altered on coordination with
some biologically significant first series transition metal ions. The present
investigation aimed at preparing and screening the anti'mi"croybial activity of the
ligands and their complexes with manganese(ll),'cobalt(ll), ‘nickel(II), copper(II)

and zinc(il) followed by their screening for antimicrobial activity., In all the :
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©cases, in general, the activity was found to be enhanced significantly on

‘y"‘_'cd_'h:rdination of the ligands with Co(ll), Ni(il) and Cu(ll), but no significant .

Aalteiﬁation was observed in case of Mn(ll) and Zn(Il) .(not in ploited figures)
complexes against all the test organisms. Thus while the ligands had the
minimum inhibitory concentration values in the range 25-100 ug mi™? against

Alternaria alternata, The copper(ll) complexes exhibited the MIC values

ranging from 6.25-25 ng mi"! and the plotted curve (Fig. 9) is continuously

above the curve for the ligands. The activity curves of cobalt(Il) and |

nickel(Il) are either above the curve obtained for the ligand or are contigu;);s

with these. The ligands showed MIC values 50-100 ug 'ml-1 _against Fusari\;m

oxysporum. The copper(Il) complexes had the MIC values in the range ‘
1

12.5-25 ug ml ', whereas the cobalt(Ill) and nickel(Il) complexes showed

lower activity than the corresponding copper(ll) complexes (Fig. 10). A similar
activity relationship was obtained for the ligands and their complexes against

Colletotrichum capsicum and Rhizoctonia solani (Fig. 11 and 12). The:ligénds

'HLI-HLIX exhibited the MIC values equal to 100 or more than 100 Mg m1_1"

against the bacteria Escherichia coli and 50 ug ml-1 against Bacillus subtilis.
Coordination with the metal ions had a pronounced effect on the activity Sf
the ligands as was evident from figs. 13 and 14 in which the curve for

copper(Il) complexes either runs above the curve for ligands or is conti:guéus

that for cobalt(ll) and nickel(I) complexes. The Co(Il) and Ni(ll) complexes,

b [
i

in general, exhibited more activity than the ligands. The structure-activity

relationship established for the complexes [M(LI)Z]- [M(LIX)Z] suggested théf i

order of activity =

Cu>Ni »>Co > Mn>~ Zn

for the test organisms under identical in vitro growth inhibitory studies. .
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The ligands, 4-substituted phenyl-4-oxo-1-[2-N-(substituted-2-thienyl-
methylene/methylmethylene)l-prop-2-en-1-oic acid hydrazides (HLX-HLXVIH)’
and their complexes with Mn(Il), Co(ll), Ni(1l), Cu(ll) and Zn(II) alsovexhibited
good antimicrobial activity against all the test organisms. No significant

structure-activity relationship existed for this series of the ligands. Among -

the fungi, Colletotrichum capsicum was the least affected organism by the

ligands but the activity increased on coordination with Cu(Il), Ni(I1) and Co(II).
No significant ’a‘lterétion was observed on coordination of the ligands with
Mn(II) and Zn(ll). Among the complexes, Cu(ll) compounds exhibited the

highest activity in which MIC values were as low as 3.12 ng mi™] compared -, ;

to 12.5 pg ml”]

or more for the ligands. Fusarium oxysporsum was moderately
affected organism by. the ligands but their complexes were quite active.
Not muech variation was observed in the activity of the ligands and their

Ni(ll) and Co(Il) complexes against Alternaria alternata but the corresponding

Cu(ll) complexes were more toxic.

Most of the ligands showed complete growth inhibition at concentrations

higher than 100 ug mi”) against L coli and 25-50 ug ml"1 for Bacillus subtilis

but their corresponding metal complexes were more toxic. Among the complexes

Cu(ll) compounds were the more potential antibacterials than other metal

complexes,

All the ligands and complexes were less effective fungicides than
Bavistin, [2-(methoxyecarbonyl) benzimidazolel, (MIC value <1.5 ug m]-1), .
B

used as a reference compound for comparing thé_ig_ vitro growth inhibition

of the test fungi. Streptopenicillin, (MIC value <1.5 ug m]-1). used as &

¢
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standard antibacterial agent was also more effective than the ligands and

the complexes studied in the present investigation.

It was clear from the fungicidal and bactericidal data that some
of the complexes were more toxic in comparison to the parent ligands.

The general trend of growth inhibition for the complexes against both fuhgi

and bacteria was found to be in the order

Cu)’_’:Ni; Co>Mn>7n.
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CHAPTER V

SUMMARY

Substituted acid hydrazides are known to exhibit a wiae spectrum of
biological -activity in addition to their applications in industry and analytical
chemistry; Tailoring these oréanic molecules in ter'mls of substiiuents and
side chai.ns has a great relevance due to the altered biological activity of the
resulting compounds. Further, the coordination of such substituted acid -
hydrazide with metal ion changes its activity pattern as a consequence of the
physico-chemical mgnifestations acquired thereby. In view of the above

facts, the present study was undertaken with the following objectives:-

- to synthesize some novel substituted acid hydrazides

- to prepare and characterize the coordination compounds o6f

these ligands with some first series transition metal ions.

- to evaluate the comparative antimicrobial activity of the ligands

and their complexes.

To achieve these objectiQeé, two series of acid hydrazides namely,

- 4-substituted phenyl-4-oxo—1-[2-N-(substituted—Z—thienylmethylene/methy]mett}ylene)]-
propanoic acid hydrazides and 4-substituted pheny‘l~4—oxo—1-[2—N—(substituted—-2-
thienylmethylene/methylmethylene)l-prop2-en-1-oic acid h.ydrazioes were synthesized
followed by the preparation of their complexes with manganese(ﬁ), cobalt(I),
nickel(ll), copper(ll) and zinc(Il). Substituted benzene on condensation with suceinie/
maleic anhydride under Friedel-Crafts reaction conditions resulted in the forma{idn
of 4-substituted Apheny1—4—oxo-1—propan/en oic acids. These acids on reaction with

thionyl chloride yielded the corresponding acid chlorides which on condensation
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~ with substituted-z-acetyl/carboxaldehyde thiophene resulted in the formation of
required Schiff's bases. The complexes of the. Schiff's bases with manganese(ll),
cobalt(II)‘, nickel(ll), copper(Il) and zinc(Il) were prepared by reacting ethanolic
solutions Qf metal salts and ligands in 1:2 molar ratios at pH 8-10. The
synthesized ligands were characterized by elemental analysis, IR and 1H NMR
spectra and the complexes were characterized on the basis of elemental B
analysis, conductance measurements, magnetic sgsceptibility studies and IR and

electronic spectral data.

. The microanalytical data of the complexes of Schiff‘s bases prepared
by reacting 4-susbtituted phenyl-4-oxo-1-propanoic acid hydrazides with substituted
2-acetyl/carboxa]dehyd§ thibphene (I-ILI-IIL‘IX) with manganese(ll), cobalt(il),

" nickel(Il), copper(Il) and ’zinc(II) suggested the formation of complexes 6f the
general formula ML2. These complexes were non-conducting and soluble :Jin
dimethylsulphoxidé, nitrpgerlzene and dimethylformamide. A comparative: study

of the infra-red spectra of»;':the;_‘?f‘reé ligands with those of their complexes shggestéd

<+ a uninegative tridentate behavioﬁé;:of the ligands wherein each ligand molecule

coordinated through the deprotonated enolic ox&gen, proximal azomethine niifog'en

(Nz) and the sulphur of the thiophene moiety. The magnetic moment values and '

electronic spectra of the manganese(ll), cobalt(Il) and nickel(II) cc?mplexes sugges;ted

an octahedral geometry for these‘compounds,'whereas for copper(Il) complexes

these structur;al studies suggested a distorted octahedral geometry. The diamagnetic

zine(ll) complexes were assigned an octahedral geometry based on the (ridentate

ligand behaviour.and’ the elemental analysis. Various ligand field parameters .lvike
ligand field splitting energy (10 Dg), Racah interelectronic repulsioﬁ parameter ('B),

nephelauxetic ratio (}3) and ligand field stabilization energies (LFSE) and energy
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ratios (92/1)1') calculated for various complexes were consistent with the ass.igned‘
stereochemistry. The 10 Dq and LFSE values for copper(ll) complexes also agreed
well with those for distorted octahedral geom:et‘ry.' The f values calculated by
using Jorgensen's equation for nickel(II) compléxes placed the ligands near

ethylenediamine (en) in the spectrochemical series.

The complexes of 4-substituted phenyl-4-oxo-1-[2-N-(substituted-2-thienyl-
methylene/methylmethylene)l-prop-2-en-1-oic acid hydrazides (HLX—HLXVIH) with
manganese(Il), cobalt(ll), nickel(Il), copper(I) and zinc(I) were assigned 1:2
stoichiometry based on e]emen_tai analysis. The molar conductance values
(0.5-20 -ohm_1 cm2 mol-1) suggested a non-conducting behaviour of the complexes.
The infra-red spectra of the ligands and their respective complexes rovealed‘ that

each ligand coordinated through three donor atoms viz., carbonyl o_xygén (enolic

;. fgr:m) after deprotonation, azomethine nitrogen atom and sulphur of the thio{)’hene

T

riné. The magne;ic moment values (eff.) and the electronic spectral chararc'terkistics
of the complexes suggested an ovcténedraly stereochefnistry for manganese((ll),"‘cobalt
(II) and nickel(Il) complexes. Various ligand field parameters (Dg, B, p and LFSE)
were also calculated and these values provided supporting evidence for the:proposed
octahedral geometry. The energy ratios (92/ 91) for these complexes were glso |
calculated and the values were consistent with“octahedral environment arou,n:c:i, the
central metal ion. The electronic spectral absorptions and the various ligahd

field parameters for copper(ll) complexes were characteristic: of a distorted
octahedral geometry. An octahedral configuration was proposed for the zine(Il)

complexes on the basis of tridentate ligand behaviour established from infra-red

spectra, elemental analysis and conductance measurements. The f values as
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calculated by using Jorgenseh's equation placed the ligands near ethylene~ -

diamine(en) in the spectrochemical series.

The ligands and the complexes were sereened for their in vitro

growth. inhibitory studies against four phytopathogenic fungi of economic

significance viz., Alternaria alternata, Fusarium oxysporum, Colletotrichum

capsicum and Rhizoctonia solani and two bacteria namely, gram positive

Bacillus subtilis and gram negative Escherichia coli. The ligands and the

complexes exhibited promising actfvity against all the test organisms. The
ligands, 4-substituted phenyl-4-oxo-1-[2-N-(substituted-2-thienylmethylene/

methylmethylene)l-propanoic acid hydrazide (HLI-HLIX) were most active against

Alternaria alternata, moderately active against Fusarium oxysporum and:

Collectotrichum capsicum and least active against Rhizoctonia solani. The ligands

were more active against fungi than the bacteria. Bacillus subtilis was more

affected than Escherichia coli on treatment with these compounds. However,

no definite structure-activity relatfonship existed for the compounds (HLI-HI;IX)
‘under study. The activity of ligands was found to be enhanced on coordination
with copper(ll), nickel(Il) and cobalt(Il) but no significant a]ieration was observed
on compléxation with manganese(Il) and zinc(ll). The copper(ll) complexes

proved to be most effective antimicrobials. The activity of cobalt(ll) and nickel(Il)
complexes was also more than that of the ligands but the manganese(II)land |
zine(ll) complexes possessed the antimicrobial activity almost equal to that for

the ligands. The structure-activity relationship established from the antimicrobial

data suggested the order . '

Cu > Ni > Co> NMn =~ Zn = Ligand
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The Schiff's bases derived from 4—sub’§tituted phenyl-4-oxo-2-propenoic
acid hydrazide and substituted-2-acetyl/carboxaldehyde thiophene and their

complexes also exhibited good antimicrobial activity against all the test organisms.

Among -the fungi, Colletotrichum capsicum was the least affected organism by
the ligands but their complexes with Cu(ll), Co(Il) and Ni(Il) were quite active.
No definite structure-activity relationship existed for the series of ligands evaluated.

' s
The ligands and the complexes exhibited more activity against Bacillus subtilis

as compared to Escherichia coli. Among the complexes Cu(ll) compounds were

more potential antibacterials than other metal complexes. The general trend,
of growth inhibition for the complexes against both fungi and bacteria was found

to be in the order,

Cu> Ni »Co» Mn=~ Zn

It is concluded from the investigation that the Schiff's bases synthesized
in the present study were moderately active against the test organisms and acted
as uninegative tridentate ligands, coordinating with the metal ions through the
deprotonated enolic oxygen, azométhine nitrogen and thiophene sulphur atoms,
The synthesized complexes were octahedral and potentially active against the
test organisms. The antimicrobial activity of the ligands was found to be

and cobalt(B)
- enhanced significantly on cooraination with copper(ll), nickel(il){and the copper(l)

.
x . “"‘:‘: . .
complexes were the most effective antimicrobials.

P
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In view of the wide spectrum of bnologxcal activity exhibited by acid
hydrazndes, variously substituted hydrazxdes_ viz., 4-substituted phenyl-4-oxo-1-
[2-N—(substituted-zaihienylmethylene/methylmethylene)]-propanoxc acid hydrazides
- (HL -HLIX) and 4-substituted phenyl-4-oxo-1-[2-N-(substituted-2—thienylmethylene/
methylmethylene)l-prop-2-en-1-oic acid hydrazides (HLX XVIII) and their
- complexes with manganese(Il), cobalt(ll), nickel(I), copper(ll) and zine(ll) were *
synthesized and evaluated for their in vitro antimicrobial activity. The
complexes were characterized on the basis:of clemental analysis, molar
conductance, magnetic moment data and IR and electronic speetral studies.

All the ligands behaved as uninegative 'tridentate‘and coordinated through

the deprotonated enolised oxygen,  proximal azomethine nitrogen and sulphur

of the thiophene moiety. The 1:2 metal-ligand complekes were assigned
octahedral stereochemistry based on the magnetic and spectral studies. The
ligand field parameters for nickel(Il) and cobalt(ll) complexes were also calculated.
The synthesized ligands and their metal complexes were sereened for their
antimicrobial activity against four phytopathogenic fungl viz., Alternaria |
alternata, Colletotrichum capsicum, Fusarium oxysporum ctonia s_oj_agi_
and two bacteria viz., Bacillus subtilis and Escherich \c_bﬁ_h-cﬁnﬁl tion i?f
metal ions, in general, enhanced the activity of the/

E‘«',gtffngs ang\)ﬁl \ the
~ test organisms. (‘ﬂ( 9:5%.;_156)




