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ABSTRACT

The synthesis, structure and spectral studies of Cu(ll), Mn(l1), and Zn(Il)
complexes of two kind of hydrazides ligand are described. The ligands was
derived by the condensation of oxalagtic acid with hydrazine hydrate later
substituted with two kind of benzaldehyde. These metal complexes were
characterized by elemental analysis, ESR, molar conductance, magnetic
moment measurements, IR, and spectral data. An octahedral geometry was
proposed for all the metal complexes. It is evident from the IR data that in
all the complexes, only two part of the ligands is coordinated to the metal
ion resulting in binuclear kind of complexes. Theligand coordinatesthrough
the nitrogen atoms (C=N) of the azomethine and oxygen atom of the car-
bonyl compound (C=0) of the hydrazide moiety. The formulations,-
[Cu(HLY)], [Mn(HLY)], [Zn(HLY], and [Cu(HL?)], [Mn(HL?)], [Zn(HL2)],
are in accordance with elemental analyses, physical and spectroscopic
measurements. The complexes are soluble in organic solvents
dimethylsulphoxide (DM SO). Molar conductance values in DM SO indi-
cate the non éectrolytic nature of the complexes.
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The coordination chemistry of transition metals
with ligands from the hydrazide family has been of
interest due to different bonding modes shown by
these ligands with both electron rich and electron
poor metals. Hydrazide play an important role in
inorganic chemistry asthey easily form stable com-
plexes with most transition metal ions. Hydrazides
possessing an azometine-NHN=CH- Proton consti-
tute an important class of compounds for new drug

development. Therefore, many researchers have syn-
thesized these compounds as target structures and
evaluated their biological activities. Acid hydrazides
have frequently been investigated for testing their
potentiality astubercul ostats". Hydrazides and their
condensation products have displayed diverserange
of biological properties such as bactericidal, anti-
fungal, anti-convulsant, anti-helmintic, anti-tumor,
anti-leprotic, anti-malarial, anti-cancer, anti-depres-
sant, anti-HIV, analgesic-anti-inflammatory,
leishmanicidal, vasodilator activities.
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The development of the field of bioinorganic
chemistry hasincreased interest in hydrazide com-
plexes, since it has been recognized that many of
these complexes may serve as models for biologi-
cally important species*?. Structural studies have
shown that hydrazides exhibit different types of
bonding depending on the nature of the metal ion
and thereaction condition. Theinterest in such com-
plexes continuesincreasing dueto the possibility of
their use as models to explain some intricate reac-
tionin biological systems.

EXPERIMENTAL

Melting points were taken in open glass capil-
laries and are uncorrected. All the used chemicals
and solventswere of Anal R grade. All the reagents
and metal saltsused for the preparation of theligands
wereobtained from SigmaAldrich. Elemental analy-
ses were performed using EDTA titration. FT-IR
spectrawere recorded in KBr medium on a Perkin
Elmer RX1 spectrophotometer in wave number
4000-400cm*. Electronic spectra (in DM SO) were
recorded using perkin Elmer Lambda-2B-spectro-
photometer. Molar conductance measurementswere
conducted using 10° M solutions of the complexes
in DMSO on Elico-CM 82 Conductivity Bridge at
room temperature. The magnetic susceptibilities
measurement weretaken on aGouy balance at room
temperature using mercuric
tetrathi ocyanatocobaltate(ll) asthe calibrant.

PREPARATION OFTHE LIGANDS

The ligands were prepared according to litera-
ture.

The ligands (HL! and HL?) were prepared by
mixtures of oxalacetic acid (16.8g, 0.14 moles) and
hydrazine hydrate (16.8g, 0.14 moles) in 100 ml
ethanol for 6 hours. The isolated compounds were
filtered off as white crystals, washed with ether,
recrystallised from absol ute ethanol and finally dried.
(yield % = 76).

Equimolar mixture of (oxalacetohydrazide)
(0.27g, 0.001 mol) was refluxed with the derivative
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aldehyde i.e (2-chloro-6-fluorobenzal dehyde)
(0.27g, 0.001 mol) and (2-chloro-5-
nitrobenza dehyde) (0.27g, 0.001 mol) in 50 ml etha-
nol for 4 hours. The precipitate wasfiltered, washed
with cold EtOH several timesand crystallised from
acetone-water and dried. (yield% = 86). (scheme-
1).

PREPARATION OF THE CU(11), MN(I1) AND
ZN(I1) COMPLEXES

A sampleof ligands (HL* and HL?) (0.27g, 0.001
mol) each was dissolved in absolute ethanol (50 ml).
A solution of nitratesalts of metal [Cu(NO,), (0.05g,
0.002 mol), Mn(NQ,), (0.06g, 0.002 moal), Zn(NO,),
(0.04g, 0.002 mol)] in 50 ml of absolute ethanol was
added drop wise to the ligands solution with con-
tinuous stirring. The complex started toform imme-
diately upon addition of the metal salt solution. The
precipitated complex was filtered off, washed with
H.,O, cold EtOH several times and dried. (scheme-
1)

RESULTSAND DISCUSSION

The analytical data along with some physical
properties of the complexes are summarized in
TABLE 1. The ligands (HL! and HL?2), on interac-
tion with Cu(Il), Mn(11) and Zn(ll) nitrates, yields
compl exes corresponding to the general formula[M
(HLY), (NO,),]. H,O and [M (HL?), (NO,),].H,O.
The analytical data show that the metal to ligand
ratiois 1:2. They are solublein dimethylsulfuroxide
(DM S0) and insoluble in H,O, n-hexane, benzene
etc. Thelow molar conductance val ues of the com-
plexes reveal their non-electrolytic nature of the
metal (I1) salts. The preparation of ligands (HL* and
HL?), and themeta (1) complexeswere represented
by the foll owing equations bel ow:

M(NOg, + [HLY CHsOH :%H [M(HLY, (NOg)slH,0  + Hz0
2

M(NOz)2 + 1?2 LHsOH o [M(HLY), (NOy),] H,0
H,O

Where M = Cu(ll), Mn(ll) and Zn(ll) and HL! =
C,H.N.OFClandHL?2=C_H.N.O.Cl

11" '8 274 11" '8 377

+ HO
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Scheme 1 : preparation of ligands and complexes

TABLE 1 : Elemental analysis of the Ligands and metal complexes

Conpounds Anal. Found (Cal.) %
(Empirical Colour Formulaweight % yield mol-1
Formula) C H N M
[HL1] Off white 287 76 4609 281 9.78
(46.05) (391) (9.78) - -
C11H8N4O10FCICu Dark green 474 81 2784 170 1182 1340
(27.83) (165 (11.79) (13.42) 1413
C11H8N4O10FCIMn Brown 465 56 2837 173 1203  11.80
(2840) (1.71) (12.03) (11.79) 1214
C11H8N4O10FCIZn Black 476 66 2775 169 11.77 1373
(27.70) (1.70) (11.70) (13.75) 10.11
[HL2] Off white 329 86 40.08 245 12.75
(40.10) (2.35) (12.80) - -
C11H8N5013CICu Green 517 77 2554 156 1354 1229
(25.05) (1.55) (12.78) (12.29) 11.00
C11H8N5013CIMn Dark brown 508 55 2597 159 1377  10.80
(25.95) (1.67) (12.99) (10.85) 11.00
C11H8N5013CIZn Brown 519 82 2545 155 1349 1259
(25.61) (1.60) (13.47) (12.65) 10.00
TABLE-2. An exhaustive comparison of the IR spec-
IRSPECTRA tra of the ligands and complexes gave information

The infrared spectra of the complexes taken in
the region 400-4000 cnr* were compared with those
of thefreeligands. Thereare some significant changes
between the metal (I1) complexes and their free
ligandsfor chelation asexpected . Themain stretch-
ing frequencies of the IR spectraof theligands (HL?)
and (HL?) and their complexes are tabulated in

about the mode of bonding of the ligands in metal
complexes.

The ligands showed aweak broad band around
2890 and 3068 cm't, but the IR spectraof metal (I1)
complexes exhibited intense broad band near 3300-
3400 cnmr? due to 3(OH) of coordinated water mol-
ecule ’. In the IR spectra of the ligands an intense
band appearing around 1628 and 1647 cm? is at-
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TABLE 2 : IR spectral Bands oof ligands and its metal complexes

Compound v(C=0) v(C=N) v(N-N) v(M-N) v(M-O) v(OH)
C11H8N204FCl 1628 1533 1080 - -
C11H8N4010FCICU 1620 1525 1085 400 530 3300
C11H8N40O10FCIMn 1625 1520 1084 450 508 3320
C11H8N40O10FCIZn 1622 1522 1081 461 525 3400
C11H8N3O07CI 1647 1567 10883 - - -
C11HBN5013CICu 1640 1555 1088 408 520 3335
C11H8N5013CIMn 1645 1550 1086 425 555 3310
C11H8N5013ClZn 1630 1550 1085 455 510 3325

TABLE 3 : Electronic spectral Bands and magnetic moment values of complexes

Magnetic .
Compounds I\/cl’.pt moment Ab_sor ptlon_l Transition Assignment
C B.M Maxima (cm™)
2 2
ng —> Eg
C11HgN,OoFCICu 220 1.80 1537722,726 Charge transfer
16970-19540 22280-24390  °Ayq A1 (4G) °Asy —*Ay (4G),
C11HgN4O1oFCIMN 210 5.25 26109-27624 ®A1y —>"E4(4G)
CiiHsN,OoFCIZn 179 Diamagnetic 29,145 Charge transfer
2 2
ng e Eg
CuHeNOLCICU 220 1.85 15,37722,726 Charge transfer
6 6 4
Asg—> “T14(4G), °A sy *Toy(4G)
CiHeN:OpCIMn 201 5.52 16,471, 17,688 23,160 *Arg? “Asg(4G)
C11HgN5045ClIZNn 199 Diamagnetic 28,225 Charge transfer

tributed to 6(C=0) (carbonyl groups). This band is
shifted to lower wave number in the spectra of al
the complexesindicating coordination through oxy-
gen of «(C=0) group. The medium intensity band
appearing around 1533 and 1567 cmt in theligands
are assigned to 6 (C=N) (zomethine). This is also
shifted to lower frequency in al metal complexes,
suggesting that thisgroup takes part in coordination.
Thecoordination of nitrogen to the metal atomwould
be expected to reduce electron density on the
azomethine link and thus cause a shift in the C=N
band. Thesmall shift to higher frequency of the band
due to «(N-N) can be taken as additional evidence
of the participation of the azomethine group in bond-
ing. This result is confirmed by the presence of a
new band at 508-555 cm™ and 400-461 cn? ; these
bands can be assigned to 6(M-0O) and 6(M-N) vi-
brations, respectively .

ELECTRONIC SPECTRA

Theabsorption bandsfor the complexeswill help

to give an idea of their structure 57. The electronic
spectrum of Cu(Il) complexes showstwo broad bands
around 15,377 cm™* and 22,726 cm'®. Thefirst bands
may be due to szg —>2Eg transition, while the sec-
ond may be due to charge transfer®. The electronic
spectra of Mn(ll) complexes show the absorption
bandsintherange 16970-19540, 22280-24390 and
26109-27624 cm ™. These absorption bands may be
assigned to the 6Alg—>4A1g (4G), 6A1g - 4Azg (4G),
and 6Alg — “Eg, 4Alg (4G) transitions, respectively.
These bands suggest that the complexes possess an
octahedral geometry*®. The Zn(I1) complex has not
shown any d-d absorptions the complexes exhibit
two kind of electronic spectrum at 29,145 and 28,225
cm’?, assigned to the charge transfer transition®,

MAGNETICMEASUREMENTS

The magnetic moment values are useful in the
evaluation of resultsprovided by the other techniques
of the structural investigation*), The magnetic mo-
ment dataare presented in TABLE-3. The magnetic
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Figure 1

moment of the Cu(ll) complex is (1.80 and 1.85
B.M.) which is very close to the spin-only value
(1.73B.M.)*, TheMn(Il) complex show magnetic
momentsof (5.25 and 5.52 B.M). at room tempera-
ture corresponding to five unpaired el ectronswhich
suggest octahedral geometry™2, SinceZn(ll) isdia-
magneticin nature.

Thermal analysis: The thermogram of the com-
plexes shows that the complexes were not coordi-
nated to hydrated water molecules. Hence from
TGA, itisclear that the complexes under study did
not contains any water mol ecul e around the coordi-
nation sphere!®l,

Electron spin resonance: The ESR spectraof Cu
(1) complexesin the polycrystalline state showstwo
peaks, one of intense absorption at high field and
the other of less intensity at low field. From these
spectra the values of gQ% and g4% have been cal-
culated by Kneubehls method*3. The observed g-
values point to the presence of the unpaired electron
in the dx2-y? orbital with gQ% > g4% characteristic
of octahedral geometry. The gQ% obtained for the
Cu (1) complexesisless than 2.3 indicating cova-
lent character of the metal-ligand bond*. The axial
symmetry parameter (G) for the complexesisfound
to be greater than 4. This shows absence of interac-

tion between copper centres in the solid state> %
14]

CONCLUSION

From the elemental analysis, molar conductiv-

ity, UV-Visible, magnetic, and electronic spectra data
it was possible to determine the type of coordina
tion of the ligands in their metal complexes. In all
the complexes, only one part of theligand is coordi-
nated to the metal ion resulting as bidentate com-
plex. The ligand coordinates through the nitrogen
atoms (C=N) of the azomethine moiety and oxygen
atom of the carbonyl group (C=0). Figure 1.
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