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Abstract : The new mononuclear complexes of Ti'l, Cr!!l, Mn!!! and Fe!'! with tridentate hydrazone ligands viz. 2-
hydroxy-5-chloroacetophenonebenzoylhydrazone (Hle) and 2-hydroxy-3,5-dichloroacetophenone-4-nitrobenzoylhydrazone
(Hsz) have been synthesized and characterized by elemental analysis, FTIR, reflectance spectra, magnetic susceptibi-
lity and thermogravimetric analyses (TG). From the analytical data, the stoichiometry of the complexes has been found
to be 1 : 1 (metal : organic ligand). The physicochemical data suggested octahedral geometry for all the complexes.
Electrical conductivity measurements of the complexes have been made over a wide range of temperatures and it was
found that complexes showed semiconducting behavior. Various kinetic parameters have been evaluated from thermal
decomposition data by both Horowitz-Metzger and Coats-Redfern methods and comparable values are obtained. The
ligands and their metal complexes were screened for their antibacterial activity against E. coli, S. abony, P. aeruginosa,
S. aureus and B. subtilis and fungicidal activity against A. niger and C. albicans.
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Introduction

Schiff bases are most widely used as chelating ligands
in coordination chemistry. They are also useful in cataly-
sis, in medicine as antibiotics and to treat industrial
wastes!. Hydrazone Schiff bases are versatile ligands hav-
ing biological importance as, antitumer agents, plant
growth regulators, antibacterial, antineoplastic, antiviral,
antileukemic and enzymatic reaction inhibitors?9. The
complexes with such Schiff bases are very important due
to their applications in medicine, particularly in the che-
motherapy of cancer!®. In the view of the above impor-
tance, we thought of interest to design hydrazone Schiff
bases having ONO architecture to bind the metal ions. In
this communication, we report the synthesis, spectroscopic
characterization, thermal, electrical and biological acti-
vity of Tilll, Cr!l, Mn!!! and Fe!l! complexes with
aroylhydrazones Schiff bases; 2-hydroxy-5-
chloroacetophenonebenzoylthydrazone (H2L1) and 2-hy-
droxy-3,5-dichloroacetophenone-4-nitrobenzoylhydrazone
(H,L2).

Results and discussion

The elemental analyses data, colors, electrical con-

ductivity and activation energy of the ligands and their
metal complexes are summarized in Table 1. The com-
plexes are air stable and insoluble in common organic
solvents but soluble in DMF and DMSO. The elemental
analyses show 1 : 1 (metal : ligand) stoichiometry for all
the complexes.

Infrared spectra :

The IR spectra of the Schiff base ligands were com-
pared with that of metal complexes to obtain the informa-
tion about the binding mode of ligands to metal in the
complexes. The IR spectra of free ligands show a me-
dium broad band at 2925-2902 cm™! due to hydrogen
bonded phenolic hydroxyl group. This band is absent in
the complexes, indicating the deprotonation of the phe-
nolic proton to the metal ion. Moreover, the strong band
due to v(C-O) stretching in the ligands have been shifted
to the 1560-1526 cm™! region in the complexes. This
shift towards higher absorption also suggested the forma-
tion of the M-O bond!!. A strong band was observed at
1621-1608 cm™! in the spectra of free ligands, which is
the characteristic of the azomethine (C=N) group. It is
expected that coordination of the nitrogen to the metal
ion would reduce the electron density to the azomethine
group of the complexes, this band is shifted to 1599-
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Table 1. Analytical and physical data of the complexes

Electrical
Analysis (%) : conductivity Activation

Complex Color Found (Caled.) Qlem at energy

C H N M 313K V)

[Ti(HLHCl(H,0)).H,0 Troy 40.72 3.60 6.28 10.81 1.58 x 10719 0.247
(40.69) (3.64) (6.32) (10.82)

[Cr(HLY)Cl,(H,0)] Daffodil 41.99 3.21 6.48 12.18 6.30 x 107 0.417
(42.01) (3.29) (6.53) (12.12)

[Mn(L')(OAc)(H,0)].H,0  Black 46.80 4.11 6.40 12.60 2.51 x 10710 0.522
(46.15) 4.16) (6.43) (12.58)

[Fe(HL)Cl,(H,0)] Light olive 41.60 3.23 6.42 12.88 7.01 x 10°° 0.393
(41.64) (3.26) (6.47) (12.90)

[Ti(HLY)Cl,(H,0)].H,0 Burnt sienna 34.26 2.11 1.37 8.87 2.90 x 10710 0.203
(34.52) (2.70) (8.05) ©.17)

[Cr(HLA)Cly(H,0)] Safari 34.87 223 7.88 9.81 2,01 x 1078 0.299
(35.46) (2.38) (8.27) (10.23)

[Mn(L%)(OAc)(H,0)].H,0  Black cherry 39.17 2.96 8.01 10.37 2.17 x 107 0.501
(39.56) (3.12) (8.14) (10.64)

[Fe(HL3)Cl,(H,0)] Deep umber 34.37 2.01 1.79 10.01 3.09 x 108 0.303
(35.19) (2.36) 8.21) (10.91)

1585 cm™! region, indicating the coordination of ligands
through azomethine nitrogen atom to the metal ion!2. The
IR spectra of free ligands also display absorption at 3329-
3186 and 1686-1680 cm™! due to v(N-H) and v(C=0)
stretches, respectively. Both these bands are absent in
case of Mnl!! complexes involving deprotonated ligands
indicating ligand enolization followed by hydroxyl pro-
ton loss during complexation. In other complexes, the
v(N-H) is almost unaffected by chelation, whereas the
v(C=0) absorption band is shifted by 27-12 cm! to
lower wave numbers indicating the bonding of the ligands
to the metal ion through the carbonyl oxygen. The IR
spectrum of Mn!l! complexes display two bands around
~1617 and ~ 1421 cm! due 0 v, (OCO) and v, (OCO)
modes respectively. The separation of these bands by
~196 cm™! indicate the monodentate coordination of the
acetate group to Mn!lf jon!3. A band observed in the
spectra of all complexes in the range 510-480 cm™! may
be attributed to v(M-O) stretch. The band at medium
intensity observed at 420-405 cm™! is assigned to the
v(M-N) stretch!4. Thus the IR spectral data reveal that,
ligands behave as monobasic tridentate towards Tilll, Cr'lt
and Fe!ll complexes whereas dibasic tridentate in case of
Mn!!! complexes.
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Electronic spectra and magnetic properties :

The information regarding the geometry of the metal
complexes is obtained from their electronic spectral data
and magnetic moments. The electronic spectra of the com-
plexes were recorded in the solid state. Ti'll complexes
exhibit only one broad band around 542 nm corresponds
to the 2T2 - 2Eg, transition, for an octahedral geometry
around Tigm jon. The broad band and double-hump na-
ture of the spectra indicates the presence of Jahn-Teller
distortion in the complexes!. The magnetic moments of
Ti'l complexes are 1.72 and 1.63 B.M. suggest the pres-
ence of the one unpaired electron. The electronic spectra
of Cr!!! complexes show bands at 543-553, 397-401 and
249-252 nm assignable to *4,,(F) — Ty (F), pq(F) >
4T1g(F) and 4Azg(F) - 4Tlg(P), transitions, respectively,
in an octahedral environment around Cr'!l ion!6. The
observed magnetic moment values for the Crll complexes
are 3.92 and 3.89 B.M. corresponds to three unpaired
electrons. The interelectronic repulsion parameter B
(Table 2) is found to be 723 and 641 cm™! and which is
lower than the free ion value (920 cm™!) suggesting delo-
calization of electron on metal into molecular orbitals
which cover both the metal and ligand!”. The electronic
spectra of Felll complexes display three bands at 705-
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Table 2. Electronic parameters of the Cr

Observed bands (nm)

Complex vy \2) V3
[Cr(HLYCIy(H,0)] 553 401 249
[Cr(HLA)CIy(H,0)] 543 397 252

“The ligand field splitting energy (Dq), interelectronic repulsion parameter (B) and covalency factor (nephelauxetic ratio) () for the C

complexes were calculated using the equations given by Konig20 :
10Dg = v,
158 = (v, + v3) - 3v,
B = BIB, [By (free ion) = 920]
Bo = (1 - B).100

U complexes®
vylvy B (cm™) ) Bo Dq (cm™)
1.37 723 0.787 22 1808
1.36 641 0.69 31 1841

i

729, 550-559 and 430-432 nm which may be assigned to
841, = *T14(G), 415 — *Ty,(G) and 4, — *Ey,
44 15(G), transitions, respectively indicating that complexes
possesses a high-spin, octahedral configuration. The mag-
netic moment (5.70 and 5.67 B.M.) is additional evi-
dence for octahedral geometry around Fe!l jon'8. The
Mn'! complexes, shows band at 347-354 nm attributed
to the LMCT transition. In second region complexes ex-
hibit several weak d-d bands at 710-715, 593-595 and
492-503 nm which may be due to 5B, — 2B,, 5B, — 4,
and 3B; - SE, transitions, respectively indicating square
pyramidal environment around Mn"! jon!®. The observed
values of magnetic moments for the complexes are 4.78
and 4.89 B.M. in accordance with the four unpaired elec-
trons.

Thermogravimetric analyses :

The thermogravimetric analysis of the ligands and their
metal complexes were carried out within a temperature
range 40-650 °C in a dynamic air atmosphere to estab-
lish their compositional differences as well as to ascertain
the nature of associated water molecules. The thermo-
grams of Crlll and Fe!l complexes indicate that com-
plexes decomposed in two steps while Ti''l and Mnl!
complexes decomposes in three steps. The Ti'!l and Mn'l!
complexes lose their weights up to 120 °C corresponding
to one lattice water molecules [% wt. loss obs./calcd. :
TilIL! : 4.34/4.06; TiML2 : 3.12/3.45; Mn"'L! : 3.98/
4.12; Mn!l'L2 : 3.94/3.48]. It has been observed that all
the complexes show a loss in weight corresponding to
one water molecule in the range 150-230 °C, indicating
this water molecule is coordinated to the metal ion [%
wt. loss obs./calcd. : TilllL! : 4.68/4.23; TillL? : 3.98/
3.57; CrllIL! : 4.52/4.19; CrllIL2 : 3.10/3.54; Mn!lIL! :

JICS-3

4.72/4.29; Mn'""L? : 3.12/3.61; FellL! : 4.78/4.16;
FelL2 : 3.26/3.51]. The presence of such water mole-
cules also appears in infrared spectra and elemental analy-
sis. The final stage of decomposition is fast and proceeds
up to 400-650 °C leading to the formation of metal oxide
which was stable above this temperature. The composi-
tions of the final products were determined by the ob-
served weights loss in the thermogravimetric analyses.

The various kinetic parameters for Crll! and Mn!!!

complexes as representative case have been determined

by both Horowitz-Metzger?! and Coats-Redfern?? meth-
ods. The results showed that the values obtained by two
methods are comparable (Table 3). The values of kinetic
parameters are nearly similar for each complex. This in-
dicates that the basic steps involved in the thermal de-
composition of the complexes are same. The AS values
are negative for both the complexes suggesting that acti-
vated complexes have more ordered or rigid structure
than reactants and the reactions are slower than normal?3,
The more ordered nature may be due to the polarization
of bonds in the activated state, which might occur through
charge transfer electronic transitions.

Electrical conductivity :

The solid-state electrical conductivity of the complexes
in compressed pellet form was measured by two-probe
method over a wide range of temperature, i.e. from room
temperature to 403 K. The temperature dependence of
electrical conductivity and the activation energy values of
the complexes are given in Table 1. A plot of log 6 vs 1/
T of complexes obey the equation 6 = o exp (-Ea/kT),
the symbols having usual significance?. In all the com-
pounds conductivity increased with increasing tempera-
ture indicating that these complexes lie in the range of
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Table 3. Thermal data of the complexes

Half

Activation energy Frequency Entropy Frequency
Compd. decomposition (J mol™!) factor (s71) change (-AS) change (AG)
temperature (°C) Step CR¢ HM? CR? HM? (mol' K-Y) (kI mol'h)
[Cr(HLYCly(H,0)) 480 1 34.24 35.26 28.29 27.89 231.84 45.83
I 52.33 50.24 32.26 32.34 264.32 40.39
[Mn(LY)(OAC)(H,0)}. Hy0 472 I 2441 2336 28.33 28.79 252.02 43.66
11 39.52 38.48 21.46 22.12 269.94 40.38
m 50.53 51.08 32.41 33.32 271.03 38.95
[Cr(HL)Cl,(H,0)] 438 I 31.37 36.36 29.10 29.96 236.32 43.36
I 45.88 49.10 29.12 30.23 258.78 41.70
[Mn(L2)(OAc)(H,0)].H,0 502 1 22.83 24.72 27.81 30.74 243.69 39.98
Il 31.35 35.27 22.38 23.01 261.92 33.17
m 47.82 51.08 26.23 24.56 283.47 31.14

9CR = Coats-Redfern; "JHM = Horowitz-Metzger.

semiconductors?>. The electrical conductivity of the com-
plexes gives the positive temperature coefficient. Electri-
cal conductivity of the complexes at 373 K lies in the
range of 1.58 x 10719-3.09 x 108 Q-! cm™!. The
activation energy of electrical conduction of these com-
plexes was found to be in the range 0.203-0.522 eV.

Antimicrobial activity :

The results of the antibacterial and antifungal activi-
ties are presented in Table 4. The ligands and the com-
plexes showed varying degrees of inhibitory effect on the
growth of the bacterial/or fungal strain tested. From re-
sults, it reveals that some complexes are more active as

compared to free ligands. This enhancement of the acti-
vity can be rationalized on the basis of their structures
possessing an additional C=N bond. Furthermore, che-
lation reduces the polarity of the metal atom mainly be-
cause of the partial sharing of its positive charge with
donor group and possible mt-electron delocalization over
the whole ring25‘28. Thus, the chelation increases the
lipophilic nature of the central metal, which subsequently
favors permeation through the lipid layer of the cell mem-
brane. The Cr'!! complexes exhibits higher activity against
A. niger, while all other metal complexes showed mode-
rate activity against all the bacterial and tungal culture.

Table 4. Antimicrobial activity of the compounds

Antibacterial activity

Antifungal activity

(nm) (nm)

Compd. E. coli S. abony S. aureus P. aeruginosa B. subtilis A. niger C. albicans
H,L! 10 11 11 12 10 11 12
[Ti(HLYHCl,(H,0)).H,0 13 10.50 10 13 12 13 14.50
[Cr(HLYCl,(H,0)] 12 9 12 13 12 14 13
[Mn(L!)(QAc)(H,0)1.H,0 12 11 11 12 11 13 13.50
{Fe(HLNC1,(H,0)] 14 12 10.50 14 v 12 14 12
H,L2 9 9 8 10 9 12 10.50
[Ti(HL2)Cl,(H,0)1.H,0 13 12 13 12 13 14 13
[Cr(HL2)C1,(H,0)] 13.50 13 11.50 12.50 11 16.50 12.50
{Mn(L?)(OAc)H,0)].H,0 13 11 12 14 11.50 13 12
[Fe(HL?)Cl,(H,0)] 12 12 10 12.50 13 13.50 13
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Materials and instrumentation :

All the reagents and solvents were of analytical grade.
Titanium trichloride, chromium chloride pentahydfate and
ferric chloride were from S. D’s fine chemicals.
Mn(OAc);.2H,0 was synthesized by reported method??,
Microanalyses of carbon, hydrogen and nitrogen of the
compounds were carried on a Heraeus Carlo Erba 1108
elemental analyzer. IR spectra were recorded in KBr pel-
lets on a Perkin-Elmer-RX-I spectrophotometer. The 'H
NMR spectra of the ligands were recorded in CDCl, +
DMSO on a JEOL GSX-400 spectrophotometer using TMS
as an internal standard. Reflectance spectra of the com-
plexes were recorded in the range 1200-200 nm (as MgO)
on a Beckman DK-2A spectrophotometer. Magnetic sus-
ceptibility measurements were made at room temperature
on a Gouy balance using Hg[Co(NCS),] as a calibrant
and diamagnetic corrections were made by using Pascal’s
constant. Thermogravimetric analyses of the compounds
were studied in the temperature range 40-700 °C on a
Perkin-Elmer TG-2 thermobalance in an ambient air with
a heating rate of 10 °C min~!. Solid-state electrical con-
ductivity of compounds was measured in their compressed

-Cl

R
OH
0N
_/
NG
ci Z Y 5
NG
3 .
keto form
R
OH
OH
N =
~
ci ./ N
CH,
R
enol form
RI
-H
-NOZ

pellet form by the two-probe method using the Zentech
electrometer.

Synthesis of Schiff base ligands (HZL’ and HZLZ) :

Both the Schiff base ligands H,L' and H,L? were
prepared by reacting equimolar quantity of benzoyl hy-
drazide (0.68 g, 50 mmol) and 4-nitrobenzoyl hydrazide
(0.90 g, 50 mmol) in 40 mL alcohol with 2-hydroxy-5-
chloroacetophenone (0.85 g, 50 mmol) and 2-hydroxy-
3,5-dichloroacetophenone (1.02 g, 50 mmol) in 20 mL
alcohol respectively and the reaction mixture was then
refluxed on a water bath for S h. On partial removal
(50%) of solvent and cooling the reaction to room tem-
perature, the colored solid was obtained. The resulting
solid mass was filtered, washed several time with etha-
nol, diethyl ether and subsequently dried in vacuo over
CaCl,. The purity of ligands was checked by TLC using
silica gel as stationary phase (Fig. 1). Yield 67-70%, for
H2L', m.p. 201 °C (Found : C, 63.15; H, 4.36; N, 9.73.
C,5H3N,0,Cl Calcd. : C, 62.35; H, 4.54; N, 9.80%); &
13.00 (1H, s, phenolic OH), 11.30 (1H, s, imino),
7.95-7.00 (3H, m, phenyl), 2.90 ppm (3H, s, methyl).
For HZLZ, m.p. 192 °C (Found : C, 48.78; H, 2.42; N,
11.22. C;5H;N30,Cl Calcd. : C, 48.93; H, 3.01; N,
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11.41%); & 13.85 (1H, s, phenolic OH), 11.85 (1H, s,
imino), 7.40 and 6.82 (2H, m, phenyl), 3.01 ppm (3H, s,
methyl).

Synthesis of complexes :

An ethanolic solution (20 mL) of the metal salt and
alcoholic solution (20 mL) of Schiff base (H,L!/H,L?)
were mixed in 1 : 1 molar ratio. The resulting reaction
mixture was refluxed for about 4 h on water bath. The
solid product obtained was filtered, washed thoroughly
with ethanol and finally with petroleum ether. All these
complexes were dried in vacuum over CaCl,.

Antimicrobial activity :

Antibacterial and antifungal activities of the ligands
and their metal complexes were screened against the bac-
teria E. coli, S. abony, P. aeruginosa, S. aureus and B.
subtilis and fungi A. niger and C. albicans by disc diffu-
sion method30. The DMSO was used as a control and
gentamycine was used as standard for bacteriological com-
parison of the compounds. The test organisms were grown
on nutrient agar medium in petri plates. The compounds
were prepared in DMSO and soaked in Whatmann No. 1
paper disc of 10 mm diameter. The discs were placed on
the previously seeded plates and incubated at 37 °C and

the diameter of inhibition zone3! around each disc was
measured after 24 h.
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