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A few complexes of Cr(Ill), Mn(II), Fe(IlI), Co(II), Ni(II), Cu(Il), Zn(II), Cd(II) and dioxourani-
um(VI) with 4(2-pyridyl}-1-(2,4-dihydroxybenzaldehyde)-3-thiosemicarbazone have been synthesised
and characterized on the basis of elemental analysis, IR, electronic NMR, and magnetic moment da-
ta. An octahedral structure is proposed for the Cr{IlI), Fe(IlI), Co(lI) and Ni(H,PBT ),Cl,.2H,0 com-
plexes; a tetrahedral structure for the Mn(II) and Ni,(PBT )OAc.H,0 complexes and a square planar
structure for the Cu(ll) complexes. The antimicrobial and antifungal activities of H;PBT and of its
metal(Il) complexes are investigated. The results reveal that H;PBT exhibits greater antimicrobial

activities than its complexes.

The sulphur compounds containing NS and NSO
donor atoms'™3 and their 3d-metal complexes
have been found to exhibit fungicidal, bactericid-
al, antiviral and antitubercular activities. Studies
on metal complexes of 2-hydroxybenzaldehyde-3-
thiosemicarbazone** or 2-hydroxybenzaldehyde-
4-substituted-3-thiosemicarbazone® have been re-
ported. In this paper we report the preparation
and characterization of some new metal com-
plexes derived from 4(2-pyridyl)-1-(2,4-dihydro-

xybenzaldehyde)-3-thiosemicarbazone  (H,PBT)

with some transition metal ions.

Materials and Methods
4(2-pyridyl)-3-thiosemicarbazide was synthe-

sized according to the literature method’. The li-
gand H,PBT was prepared by boiling an ethanolic
solution of 4(2-pyridyl)-3-thiosemicarbazide with
2,4-dihydroxybenzaldehyde (1:1) under reflux in
the presence of a few drops of glacial acetic acid.
The yellow crystals of H,PBT (m.p. 203°C)
formed were removed by filteration, washed with
ethanol and recrystallized from hot ethanol.

Preparation of the complexes

All the complexes were prepared by refluxing
equimolar amounts of H;PBT and the hydrated
metal salts, e.g. chloride and acetate, in ethanol or
water for 2 h. The resulting solid complexes were
filtered off hot, washed with ethanol followed by
diethyl ether and dried in vacuo over CaCl,.

All the measurements were carried out as re-
ported earlier®. The ligand solution for potentiom-
etric titrations was prepared in purified dioxane
while metal chlorides were prepared in doubly dis-
tilled water.

The following solutions were titrated poten-
tiometrically against carbonate-free KOH solution
(0.01 M)in 50% aqueous dioxane:

(a) 2.5 ml of (107> M) HCIO,+ 2.5 ml (2.0 M)
NaClO, solution, (b) (a)+5 ml of (10~2 M) ligand
solution, (c) (b)+ 0.5 ml of (10~% M) metal ion so-
lution.

The total volume was adjusted to 25 cm® and
the titrations were performed at 25°C and p=0.2
mol dm~*(NaClO,).

Results and Discussion

The analytical and physical data for the metal
complexes are listed in Table 1. The complexes
are stable in air and insoluble in common organic
solvents but soluble in DMF and dimethyl sul-
phoxide. The molar conductivities in DMSO solu-
tion (Table 1) indicate a nonelectrolytic nature for
all the complexes”. The high value of NiCl, and
FeCl, complexes suggest partial dissociation in
DMSO.

The NMR spectrum of H,PBT in 4,-DMSO
shows three signals at o=11.1, 10.6 and 10.2
ppm relative to TMS which disappear upon deu-
teration and may be assigned to the ortho OH
(phenolic) proton, the NH (4) and NH (2) pro-
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Table 1—Analytical and physical data of the complexes

Compound m.p.°C Found (Calcd.), % Ay Dq B B e (BM)
(colour) (ohm !

M Cl C H em? mol )
Mn(H,PBT)CI 14.5 9.5 41.2 28 4 - - - 6.2
yellow >300 (144)  (94) (413)  (29) - -~ - -
Mn(HPBT ).H,O . 154 — 433 3.0 4 = — - 6.1
yellowish brown >300 (15.2) — (43.5) (2.8) — - — -
Co(H,PBT),Cl,.4H,0 7.8 9.2 40.3 42 17 - - - 4.2
brown >300 (7.6) (9.1) (40.1) (4.1) - — — — =
Ni(H,PBT },CL.2H,0 8.0 9.3 423 3.7 37 1058 856 082 3.1
yellowish green 239 (7.9) (9.6) (42.1) (3.8) — —_ - - =t
Ni,(PBT)OAc.H,O 246 = 37.7 3.0 = - - - 3.3
pale brown >300 (24.5) — (37.5) {2.9) — — = = ==
Cu(H,PBT )C1.2H,0 15.1 8.5 37.2 3.7 12 — - — 1.66
green 253 (15.0) (8.4) (37.0) (3.6) — — — == —
Cu,(HPBT | OAc),.2H,0 22.7 — 36.1 34 2 — = - 1.4
dark green >300 (22.4) — (36.0) (3.5) = — = =+¢ =
Cr(H,PBT),CL.H,0 7.9 5.4 46.2 34 23 1656 714 0.78 3.6
red >300 (7.6) (5.2) (46.0) (3.5) = = = = =
Fe(H,PBT )Cl, 13.5 17.3 375 2.8 35 674 613 —_ 4.8
dark brown >300 (13.5) (17.1)  (31.7)  (27) —
Zn(H,PBT )CLH,O 16.3 9.0 38.1 33
yellow 245 (16.1)  (8.7)  (384)  (3.2)
Zn{H,PBT ).H,0 15.4 — 41.7 3.9 2
yellow >300 (15.2) - (41.9) (3.7)
Cd(H,PBT)Cl 25.9 8.3 35.7 25 9
yellow 234 (25.8) (8.2) (35.9) (2.6) -
Hg(HPBT ).H,O 39.7 — - - 11
pale yellow >300 (39.7) — = — =
UO,(HPBT).3H,0 39.2 = 25.8 2.6 2 Diam.
reddish brown >300 (39.0) - (25.6) (2.8)
tons. The strong downfield shift of these protons H H H
may be due to intra- or intermolecular hydrogen 3 | | |
bonding with the solvent'’. The signals at 8.66, LR ?“-c/g“ufc
8.40, 7.80 and 7.20 ppm may be assigned to H-6, | &
H-3, H-4 and H-5 respectively of pyridyl ring!'. NP o O

6

The signals at 7.28 and 6.4 ppm may be due to
para OH (phenolic) and the phenyl ring protons.
The presence of the —NH proton and the abs-
ence of SH proton indicate the thione nature of
the ligand (Structure I).

The most characteristic features of the IR spec-
trum of H,PBT have been determined by careful
comparison with 4-(2-pyridyl)-3-thiosemicarba-
zide. The ligand H,PBT spectrum (in KBr) shows
two bands at 3515 and 3445 cm™' assigned to
v(OH) in the position 4 and 2, respectively. The
bands in the region 3220-3040 cm™! are assigned
to v(NH) groups. The spectrum shows five bands

(n

at 1630, 1605, 1600 and 1540 cm™!' assigned to
v(CN) (azomethine), v(C=C) (phenyl), v(C=C)
and v(C=N) of pyridine ring and v(C—O) (phen-
olic) respectively. The bands located at 1460,
1180, 920 and 730 cm™' assigned to thioamide
I-IV vibrations'? have substantial contributions
from v(C—N), 8C—H), 8N =H) and v(C —S) vib-
rations.

The average number of proton attached per li-
gand, n, was calculated at different pH values us-
ing Irving and Rossotti equation'®. The values of
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log K! and log K correspond to 10.3 and 8.5,
respectively.

In Co(H,PBT),Cl,.4H,0 and Ni(H,PBT),Cl.
2H,0 complexes, the H,PBT behaves as a neutral
bidentate ligand, coordinating through the thione
sulphur atom and the nitrogen of the azomethine
group (Structure II). This behaviour is revealed by
the shift of v(CN) to higher wavenumber and
clear change in both the intensity and the position
of the thioamide IV bands. The position of the
bands assigned to v(OH), v(NH) and v(C —O) re-
main practically unchanged indicating that —NH
and —OH groups of the ligand are not involved
in bonding.

In Cr(H,PBT),CLH,0, Zn(H,PBT)CLH,0.
Zn(H,PBT )OAc.H,O complexes, the H,PBT acts
as a uninegative bidentate ligand, coordinating via
the deprotonated ortho OH and CN groups
(Structure II1). This mode of complexation is con-
firmed by (i) the presence of one band due to
v(OH), (ii) the shift of ¥(CN) to higher wavenum-
ber and (iii) the existence of ¥(NH), ¥(CS) and
v(CN) (pyridine) around the same position of the
ligand suggesting that they are out of coordination
sphere. The NMR spectrum of the dilute solu-
tion of zinc acetate complex shows new signals in
the region d=1.9-2.2 ppm assigned to the CH;-
protons of the acetate group. Also,
Mn(H,PBT )CI, Co(H,PBT JOAc.H,0 and
Cd(H,PBT )Cl complexes coordinate with the me-
tal through the same groups in addition to the thi-
one sulphur atom.

In Fe(H,PBT)Cl, complexes, H;PBT behaves as
a tetradentate ligand via deprotonated SH, CN of
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both azomethine and pyridine ring, and one of
the OH group without deprotonation. This mode
of complexation is confirmed by (i) the presence
of two strong bands at 3480 and 3300 cm™' as-
signed to the uncoordinated and coordinated OH
groups, respectively; (ii) the splitting of both v
and §(C—O) into two bands confirmed that one
of the OH groups participate in the coordination.
(iii) the shift of both v(CN) (azomethine) and
&(CN) (pyridine) to higher wavenumber'* suggest-
ing coordination with the metal and (iv) the
v(NH) and thioamide IV bands are found to be
absent and new bands appear due to V(N=C-S)
and v(C —S) groups.

The metal to ligand ratio (1:1) yielded Co(II)
(log K,=10.9) and Ni(Il) (log K,=11.3) com-
plexes. Iron chloride reacts with the ligand to give
1:1 (log K, =12.3) and 1:2 (log K,=8.8) metal to
ligand complexes. The stability constants of the
1:1 complexes decrease in the order of “ionic pot-
ential” (or polarizing power), which is defined as
formal charge/ionic radius. Thus, corresponding
stability constants decrease in the order,
Fe(IIT) > Ni(II) > Co(II).

In Cu(H,PBT)CL2H,0 complex, H,PBT be-
haves as a mononegative bidentate ligand in the
thiol form, coordinating via deprotonated SH and
CN (azomethine) groups. The absence of v(NH)
and thioamide I'V bands and the shift of v(CN) to
higher wavenumber confirmed this mode of com-
plexation.

In the Mn(HPBT )H,O, Hg(HPBT)H,O and
UO,(HPBT).3H,0 complexes, H,PBT behaves as
a binegative tridentate ligand via deprotonated
OH group, the CN (azomethine) and the deproto-
nated CS group in the thiol form. This behaviour
is revealed from (i) the disappearance of v(NH),
thioamide I-IV bands and one band of OH group,
(ii) the appearance of new bands assigned to
v(N=C-S) and v(C—S) groups, and (iii) the
splitting of v(C—O) into two bands and the shift
of v(CN) to lower wavenumber. Also, in
Cu,(HPBT )} OAc),.2H,0 complex, H;PBT acts as
a binegative but a tetradentate ligand via the dep-
rotonation of both OH and thiol C—S§ groups,
and the CN of both azomethine and pyridine ring.
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The shift of v(CO) (~ 15 cm™!) suggests the abs-
ence of a bridging phenolic C—O group. The
lowering in p. (1.4 B.M.), the insolubility in most
of the polar and non polar organic solvents and
the high melting point suggests its polymeric na-
ture. The absence of signals assigned to the acet-
ate protons in the NMR spectrum of uranyl com-
plex confirmed that H,PBT acts as a binegative li-
gand.

The reaction of H;PBT with nickel(II) acetate
produces a pale brown compound. The analytical
data support its formulation as
Ni,(PBT )JOAc.H,0. The insolubility of the com-
pound in most of the polar and non-polar organic
solvents suggests its polymeric nature. The IR
spectrum of the complex shows the phenolic
vC—0 at 1570 cm™! indicating the presence of a
bridging phenolic C-O group'. The bands as-
signed to v(OH) and thioamide I-IV vibrations
are absent and vCN (azomethine) is shifted to a
lower wavenumber. These complexes show new
bands assigned to v(S—C=N) and v(C—S) vibr-
ations. The bands assigned to v(C=C) and v(CN)
of pyridine ring remaining around the same posi-
tion suggests that they do not take part in com-
plexation.

The uranyl complex exhibits three bands at
910, 810 and 260 cm™!, assigned to v, v, and v,,
respectively, of the dioxouranium ion'é. The force
constant (F) for bonding sites of the U=0 vibra-
tion was calculated by the method of Mc Glynn ez
al'? as 6.84 mdynes A~ !,

New bands observed in the complexes at 580-
520, 480-450, 390-350 and 340-310 cm~! are
tentatively assigned to the v(M—O)'8, v(M —N)!*,
v(M —S)"® andv(M — C1)? vibrations.

The band positions, magnetic moments and the
calculated ligand field parameters are given in
Table 1.

The electronic  spectrum (DMSO) of
Cr(H,PBT ),CLH,0 shows three strong absorption
bands at 16560 (v,), 21000-23580 (v,), and
30860 (v;) cm™! (ref. 21). The three spin allowed
transitions for chromium (III) in octahedral field
are:

SAg(F )= Ty F ) (vy), *Ay(F )T, ( F ) (v,) and
A (F )= 4T, (P) (vs).

The magnetic moment value and the ligand field
parameters (ref. 22) confirmed the octahedral
configuration.

The p.; values for the manganese(Il) com-
pounds are as expected for high spin 34 systems.
The electronic spectra provide evidence for te-
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trahedral structures in two ways. Firstly, the fact
that the spectra in the 23400-24600 cm™! region
is clearly observed indicates tetrahedrally coordi-
nated manganese (ref. 15), and secondly tetrahe-
dral complexes where the Laporte restriction is
not so rigid generally exhibit spectra with molar
extinction coefficient in the 1-10 1 cm™' mol™!
range®’.

The electronic spectrum (DMSO) of
Fe(H,PBT )Cl, complex shows several bands at
14700, 20000, 25250 and 27600 cm~' assigned
to ‘T, =T (G) and *T;,~*F(G) transitions.
Although d-d transitions are forbidden in high
spin iron (III) complexes, the high intensity bands
at 25250-27600 cm™' may be ascribed to bor-
rowing of intensity from a low lying charge trans-
fer ligand band**. The magnetic moment and the
ligand field parameters indicate that it is of the
spin-free octahedral type.

The electronic spectrum (DMSO) of
Ni(H,PBT),Cl,.2H,0 is consistent with octahe-
dral geometry showing two d-d transition bands
at 16950, 24040 and 27600 cm™! assignable to
transitions A, (F ) =37, (F ) (v,) and *A,(P) (v,),
respectively. The Dq, B and § values have been
obtained?. The B value show a trend of covalent
bonding. The electronic spectrum (DMSO) of
Ni,(PBT)OAc.(H,0) is consistent with the te-
trahedral geometry showing one d-d transition
band, at 14080 assignable to 3T}(F )—=3A,(F )(v;)
and a band at 23900 cm™! corresponding to an
excited state derived from the 'G term®. The -v,
appears as two peaks and a shoulder. This splitt-
ing may be attributed either to a ground state
geometrical distribution?” or to Jahn-Teller splitt-
ing to the excited state?®.

The magnetic moment values for cobalt(Il) com-
plexes are near the spin only value for high spin
octahedral complexes®. The electronic spectrum
shows a strong peak in the 23260-24600 cm '
region which is due to the T(F )= 3T, (P) (v;)
transitions. The other charactenstic bands for d-d
transitions are difficult to recognize in these com-
plexes and the ligand field parameters could not
be calculated.

The magnetic moments of Cu(H,PBT)CL.2H,0
and Cu,(HPBT) (OAc),.2H,0 complexes are 1.66
and 1.4 BM at room temperature. The value ob-
served for copper chloride complex is in the
range for high spin copper(Il) complexes having
monomeric structures’. The lowering in p. of
copper acetate complex may be attributed to the
covalent nature of the metal sulphur bond or the
polymeric structure. The electronic spectra of
these complexes show bands ~ 15870-17250 and
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Table 2—Antimicrobial activity of H,PBT and its complexes

Compound Actual inhibition zone diameter (mm)
Esche-ishia Staphylococcus Althrobacter  Bacillus Alternarnia Aspergillus  Eusarium
coli—ve aureus simplex megaterium citri niger odum
H,PBT 15 24 15 13 18 20 21
Cu(H,PBT CL2H,O 15 20 18 12 14 16 20
Ni(H,PBT ),Cl, 23 25 25 17 18 19 18
Co{H,PBT ),Cl,.4H,0 10 18 16 17 19 23 22

25100-27000 cm~'. The position of the bands in-
dicates that these complexes have a square planar
stereochemistry?®. In the present complexes, the
bands appear to have its origin in d-d transitions,
which can be assigned to ’B;,—’A,, and
2B,,~*E, in increasing order of energy. The ap-
pearance of a high energy band at ~25000 cm™!
has been a subject of lively discussion in recent years.
Some authors have attributed the presence of
this band to polymeric structures of the copper
complexes®! ~ %3,

Finally, the UV spectrum of the uranyl complex
shows a band at 25316 cm™' assigned to
'E,—m}. This band is similar to the OUO sym-
metric stretching frequency for the first excited
state™.

The antimicrobial activity data for H,PBT and
its copper(Il), nickel(Il) and cobalt(IT) complexes
are presented in Table 2. The results clearly il-
lustrate that the compounds have both antibacte-
rial and antifungal potency against all the organ-
isms tested. The moiety [4(2-pyridyl)3-thiosemi-
carbazide] seemed to have no effect on the
growth of gram-negative bacteria and A. niger,
whereas the same moiety highly suppressed the
growth of Staph. aureus and to a lesser degree for
B. megaterium, Alternaria citri or Furarium
odum. The ligand (H,PBT ), did not affect the growth
of E. coli, but remarkably inhibited the
growth of Ar. simplex. The antimicrobial activity
against Staph. aureus of the metal complexes were
much lower as compared to the organic ligand
and to a higher degree as compared to [4(2-pyri-
dyl)3-thiosemicarbazide]. This was also the case
with the anti-E. coli activity of the metal com-
plexes, except with Ni(Il) complex in which the
phenomenon was reversed.
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