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SynthesiS and characterization of Mn(II), Co(I!),

Ni(I1)., ZnOI), Cd(II), Hg(II) and UO~+ comple~es of
isatin- hydrazone-S-benzyldithiocarbazate (H2IBO) are
reported. elemental analysis, molar conductance, mag
netic momtnt and spectral (IR, visible, NMR) dat~ have
b<eenused to characterize the complexes. IR spectral da
ta show tMt the ligand behaves in a bidentate, tri~entate
or tetradetltate manner in different complexes. An oc
tahedral stJructure is proposed for the Mn(II), CoW) and

Ni(II) complexes while a square-planar structure 1sproposed for Cu(II) complexes on the basb of magne~ic and
spectral m~asurements.

Studies Oil! metal complexes of thio-schiff bases con
taining S-benzyldithiocarbazate have been *por
ted 1-7. These ligands as well as their metal com
pllexes are frequently used as anticancer8, antibacte
rial9 and alntifungallO agents. In continuation 0f our
interest IIIthe ligational behaviour of nitrogen~ oxy
gen and S!Ulphur donor schiff bases, we de$cribe
here new.metal complexes of isatin hydraz~ne-S
benzyldithiocarbazate. The existing literature on the
coordinatibn chemistry of this ligand is obscure.

All the Chemicals used were of AR grade. The hy- .
drazine-S-benzyldithiocarbazate was synthesized
according to the general literature method II. The
schiff base was prepared by heating equimolar
amounts of the isatin (14.7 g, 0.1 mol) and the
S-benzyldilhiocarbazate (20 g, 0.1 mol) in 100 ml
ethanol under reflux for 1 hI. The yellow crystals
which separated were recrystallized from benzene;
m.p. 231°(; yield 28.6 g, 82% [Found; C, 58.5; H.
3.8. Reqd. for H2IBD: C, 58.7; H, 4.0%].

Preparation of the complexes
The com.plexes were prepared by refluxing ~qui

molar amounts ofH2IBD (3.27 g, 0.01 mol) in $0 ml
absolute ethanol and hydrated metal chloride or
uranyl ace11ate (0.01 mol) in 20 ml absolute eth~nol,
but the other acetate salts of Cu(II), Zn(IO and
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Cd(II) (0.01 mol) were dissolved in 30 ml doubly
distilled water for 1-2 hI. The product was filtered
off, washed with hot ethanol, then with diethyI ether
and dried in vacuo. The solid complexes were heat
ed in an electric oven for 3 hr at 120°C.

All the measurements were carried out as repor
ted earlierl2•

Results and discussion

The analytical and physical data for the metal
complexes are listed in Table 1. The complexes are
quite stable in air and insoluble in common organic
solvents but soluble in DMF and DMSO. The molar

conductivities in DMF solution (6-30 ohm-I cm2

mol-- I) indicate a nonelectrolytic nature for all of
the complexes IJ.

The IR spectrum of H2IBD in KBr shows two
bands at 1700 and 1580 em --I which can be as

signed to v( CO) and v( C = N), respectively. The
bands at 1480, 1255, 1020 and 680 em -I are due to

thioamide-I, -II, -III and -IV bandsl4, respectively.
The bands assigned to thioamide vibrations are not
pure and have substantial contributions from
v(C -- N), o(C - H), o(N - H) and v(C - S) vibr
ationsl). The doublets at 2900 and 2960 em - I are

attributed to the symmetric and asymmetric stretch

in~ vibrations of the - S - CH2 -- Ph grouping,
which are reduced to a weak doublet in the IR spec
tra of the complexes. In addition, two bands at 3180
and 3140 em -I arc assigned to the v(NH) of isatin \
and S-benzyl moiety, respectively. The broad but
weak bands in the regions 1960-1900 and 2360
2280 em - I, mainly due to O· .. H--N stretching
vibrations 16.17, indicate intramolecular hydrogen
bondling between oxygen of isatin moiety and the
NH group as shown in structure (I). No bands due to
SH and OH stretching modes are observed near
2570 and 3400, respectively. The absence of these
bands indicates the presence of H2IBD in the thione
and keto form.

The NMR spectrum of H2IBD in DMSO-d6
shows four signals at 0 = 4.6,6.9-7.14, 7.3-7.6 and
11.4 ppm relative to TMS which may be assigned to
the methylene protons of the S-benzyl moiety
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Table 1- Analytical and physical data of H)IBD and its metal complexes

Compound

Colour.Found (Calc.), %Jleff
(Yield, %)

(mp.,°C) (BM)
C

HMCl

[Mn(HIBD)CI(H)Oh]

Deep violet41.23.3410.87.65.76

(56)

(> 300)(40.8)(3.85)(11.7)(7.5)

[Co(HIBDh]

Brown54.23.88.0-4.73

(64)
(200d)(54.0)(3.4)(8.3)

[Ni(HIBDhl

Brown53.73.68.1-3.20

(82)

(198d)(54.0)(3.4)(8.3)

[Cu(HIBD)CI]

Brown44.93.114.38.81.85

(78)
(>300)(45.2)(2.8)(14.9)(8.3)

[Cu(IBD)]

Brown50.63.115.8 1.50

(86)

(215d)(49.4)(2.9)(16.3)

[Cd(HIBDh]

Orange50.43.613.9

(60)

(>300)(50.2)(3.2)(14.6)

[Cd(HIBD )Ac]

Orange43.13.622.4

(68)

(43.4)(3.0)(21.6)

[Zn(HIBDh]

Orange53.72.38.8

(48)

(234)(53.5)'(1.96)(9.1)

[Zn(HIBD)Ac]

Orange48.23.714.8

(66)

(>300)(48.0)(3.4)(14.5)

[Hg(HIBDh]

Reddish-orange
-24.3

(54)

(289)(45.0)(2.8)(23.5)

[UO)(H)IBD )Ac)]

Red33.93.136.9

(73)

(>300)(33.6)(2.7)(37.8)

( - S - CHz - Ph), the aromatic protons of both isat
in and phenyl rings overlapped with the imino pro
ton ( - NH - C - ) and the NH proton of isatin resi-

II

S

due, respectively.
The IR spectrum of Cu(IBD) complex, which was

prepared from the acetate salt, shows that HzlBD
behaves as binegative tetradentate ligand, coordi"
nating through the enolic oxygen and the nitrogen of
the NH group from one end, and the thiol sulphur
atom and the nitrogen atom of the C = N group on
the other, with loss of two protons. Steric factors
prevent the coordination of all the donors in a li
gand molecule to a single metal ion; therefore, the li
gand must act as a bridging unit between two metal
centres, giving a polymeric structure as shown in
structure (II). This mode of complexation is con
firmed by the following evidences: (i) the disappear
ance of the v(C = 0), the v(NH) and the clear
change in thioamide bands; and (ii) the appearance
of new bands at 1625, 1590, 1320 and 655 .cm- J

due to viS - C = N), v(O - C = N) cyclic, v(C - 0)
and·v(C - S) modes.

(Jl )

In the [Cu(HIBD)CI], [Ni(HIBD}z] and
Co(HIBDlz complexes, the ligand (HzIBD) behaves
as a mononegative tridentate ligand coordinating via
the CO, the C = N and the CS in the thiol form after
its deprotonation as shown in structure (III). This
mode of complexation is suggested by the shift of
both v( CO) and v( C = N) to lower wavenumbers
( - 20 em -I), the disappearance of v(CS) and the
appearance of new bands at 1620 and 660 cm-1

due to v(S - C :;:;N) and v(C - S).
In addition, HziBD behaves as a mononegative

bidentate ligand coordinating via the C = N and the
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CS in the t~iol form. This behaviour, which is fpund
in the [Mn(HIBD)CI.(H20)3]' [Zn(HI~Dh],
[Zn(HIBD)Ac], [Cd(HIBDh] and [Hg(HIBD)2] ~om
plexes, is r¢vealed by (i) the disappearance of v(CS)

and appearnace of new bands at 1620 and 665
cm -1 due to v(S - C = N) and v(C - Sj, and (il) the
shift of v(CN) to lower wavenumber (10 cm-I~; the
shift of v:CO) to higher wavenumber shows tha~ CO
group does not participate in the complexation~ The
bands obsqrved at 3440, 1610, 890 and 770 ¢m - I
in the IR spectrum of the connplex
[Mn(HIBD)CI.(H20),] complex are assigned to
v(OH), v(H20), Pr(H20) and Pw(H20) vibratibnslK
respectively of the coordinated water molecules. On
drying this complex by heating in an oven up to
120°C no water molecule is removed which indi

cates the presence of water molecules in the coordi
nation sphere.

In the U02(H)BD)Ac2 complex, H2IBD behaves
as a neutral bidentate ligand coordinating via the
CO and eN groups since both vCO andvCN
modes shift to lower wavenumbers. The NMR spec
trum show" new signals at 2.3-2.7 ppm due to CH3
protons of the acetate group and the signal dile to
NH proton of isatin residue is shifted to lOA ppm as
a result of the participation of CO in coordination.
The uranyl complex exhibits three bands at 930,
1{40and 265 cm - I assigned to v1, VI and V4 modes,
respectively, of the dioxouranium ion 19.The force
constant (F) for bonding sites of the U = 0 vibration
was calculated by the method of McGlynn et al.20,as
7.14 mdynes A-I.

New bands observed in the complexes at 580
520,485-450,315-310 and 310-270 cm-I are ten
tatively aS$igned to !he v(M-O)2l, v(M-N)22, v(M
S)21and v(M-Cl)23 modes.

The magnetic moments of the complexes ate lis
ted in Table 1. The electronic spectrum (DMF) of
[Mn(HIBD)CI.(H20)3] complex, shows two bands at
22220 and 27780 cm-1 assignable to I>AI,-+S

.j l2s( G) and I>A IS -+ 4 12g( D) transitions24, resp~ctiv-
ely. The f)q, Band f3 values are 1018.4, 925.8 and
0.96 crn - d, respectively suggesting the oqtahe
dral geomttry2',26. In addition the magnetic mo-
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ment (5.76 BM) can be taken as additional evidence
for the octahedral structure. On increasing delocali
zation, f3 decreases and becomes less than unity in
the complex.

The magnetic moment value (4.73 BM) for the
[Co(HIBD hJ complex is near the value expected for
high spin octahedral Co(II) complexes. The elec
tronic spectrum (DMF) shows strong band at
22220 cm-I (E = 30.9) and shoulder around 20000
cm -1 assigned to the 41;g (F) -+ 4TIg (P) (V3) trans
ition27.The lowest bands v2 and VI could not be ob
served in our instrument and thereby the ligand field
parameters could not be calculated. The broad band
at 26315 cm - I (E = 10] ) is assigned to charge-trans
fer probably of the type H2BID --+ Co.

The electronic spectrum (DMF) of [Ni(HIBD hJ
shows a broad band centered at 19880 cm -I due to

the' A2g (F) -+ 3TIg (F) ( v2) (E = 17) transition. Also,
a broad band at 263] 5 cm - I is observed which may

be due to v3 transition ['A2s, -+ 3TIg (Pl] (E = 850) or
a charge transfer transition-so The value of its mag
netic moment (3.2 BM) is an evidence for an octahe
dral structure.

The magnetic moments of [Cul:HIBD)CI] and
[Cu(IBD)] are 1.85 and 1.5 BM respectively at room
temperature. The value observed for Cu(HIBD)Cl
is in the range for high spin Cu(II) complexes having
monomeric structures29 The lowering of !lell value
in the case of Cu(IBD) may be attribulted to the po
lymeric structure. The electronic spectra of these
complexes show bands at 14490,23260 and 27027
cm-I for the former and at 15150, 16666, 17450,
22730 and 25970 cm -I for the latter. The positions
of the bands indicate that these complexes have a
square-planar stereochemistry2K. The appearance
of a high energy band at 22000-27000 cm - I may be
due to polymeric structure or charge transfer phe
nomenon.

Finally, the U.Y.- spectrurrL of the
U02(H2IBD)Ac2 shows a band at 21270, 22222
cm - 1 assigned to IEst -;. n}. This band is similar to
the ~UO symmetric stretching frequency for the
first excited state30.
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