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Abstract

Problem statement: In Iraq like most third world countries, attempts to discovered a new antibiotic
drugs derived from thiosemcarbazied and its metal complexes moreover develop the branch of
applied in organic chemistry.

Approach: New (2)-2-(pyrrolidin-2-ylidene) hydrazinecarbo thioamide (L) was synthesized in a
good yield by the reaction of pyrrolidone with thiosemicarbazide. Co(ll), Ni(ll), and Cu(ll)
complexes of (L) were prepared, and characterized by FT-IR, UV/visible spectra, *HNR, and CHN
analysis moreover charge, bond length, bond angle, twist angle, heat of formation and steric energy
were calculate by using of ChemOffice program. The free ligand and its metal complexes were
tested in vitro against a number of microorganisms (Staphylococcus aurous, E.coli, Proteus
vulgaris, Pseudomonas, and Klebsiella) in order to assess their antimicrobial properties.

Results: The study indicates that these complexes have octahedral geometry, in addition it have
high activity against tested bacteria.

Conclusion/Recommendations: Based on the reported results, it may be concluded that ligand act
as bidentate uninegative ligand, coordinating through one of the nitrogen atom and the sulfur atoms.

Keywords: Thiosemicarbazone, hydrazinecarbothioamide, antibacteria activity.

I ntroduction no report on the complexes of (2)-2-
The chemistry of thiosemicarbazones has (pyrrolidin-2-ylidene) hydrazinecarbothio-

received considerable attention in view of their
variable bonding modes, promising biological
implications, structura diversity, and ion-
sensing ability [1-3]. They have been used as
drugs and are reported to possess a wide
variety of biological activities against bacteria,
fungi, and certain type of tumors and they are
also a useful model for bioinorganic processes
[4-6]. The activity of these compounds is
strongly dependent upon the nature of the
heteroatomic ring and the position of
attachment to the ring as well as the form of
thiosemicarbazone moiety [7]. These are
studied extensively due to their flexibility,
their selectivity and sensitivity towards the
central metal atom, structural and similarities
with natural biological substances, due to the
presence of imine group (- N=CH-) which
imparts the biological activity [8-12]. There is

amide (L). We now present detals of the
complexes of (L) with cobalt (1), nickel (11),
and copper (I1) ion.

Materials and M ethods
General:

All chemical used were of reagent grade
(supplied by either Merck or Fluka) and used
as supplied. The FTIR spectra in the range
(4000-200) cm'* were recorded as cesium
iodide disc on FTIR 8300 Shimadzu
Spectrophotometer. Proton NMR spectra were
recorded on Bruker -DPX 300 MHz
spectrometer with TMS as internal standard in
Jordan University. The UV-Visible spectra
were measured in ethanol using Shimadzu
UV-Vis. 160 A spectrophotometer in the
range (200-1000) nm. Magnetic susceptibility
measurement for complexes were obtained at
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room temperature  using (Magnetic
susceptibility Balance Model MSB-MKI).
Flame atomic absorption of eemental
analyzer, shimadzu AA-670 was used for
metal determination. Elemental micro analysis,
was carried out using CH.N eemental
analyzer model 5500-Carlo Erba instrument.
Galen Kamp M.F.B.600.010 F melting point
apparatus was used to measure the melting
point of all the prepared compounds.

Synthesis of (Z)-2-(pyrrolidin-2-ylidene)
hydrazinecarbothioamide (L):

Pyrrolidone (0.01 mole) in hot ethanol
(20 mL) was mixed with hot ethanolic solution
of thiosemicarbazide (0.01 mole). The mixture
was refluxed for 6 hours on a water bath, on
cooling the contents the precipitate was
separated out, filtered, washed with 50% cold
ethanol and dried in vacuum over P4Osq.,
melting point 176 °C, yield 73% of yellow
crystal (2)-2-(pyrrolidin-2-ylidene) hydrazine-
carbothioamide. The proposed structure can bb
shown according to the following reaction:

Thiosemi carbazi de
NH NH
\ i

o

N\N

N TNH,

Proton NMR (1.4 t(2H) for CHy, m. 2.0(2H)
for CHs, t. 2.9(2H) for CH,, 2.4 for NH, 8.7
for NHz, 10.8 for NH). Elemental analysis
found % C 37.10(37.95), H 6.12(6.37), N
34.85(35.41) calculated for  CsHigN4S,
Molecular weight: 158.

Synthesis of the complexes:

Metal salt (0.005 mole) in hot ethanol
(20 mL) was mixed with hot ethanolic solution
of the ligand (0.01 mole) and refluxed for 4 h

on a water bath, on cooling the contents, the
colored complexes separated out in each case.
The product was filtered, washed with cold
50% ethanol and dried in vacuum over P4Ojo.
Purity of the complexes was checked by Thin
Layer Chromatography (TLC).
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Study of complex formation in solution:

The complexes of the ligand with metal
ions were studied in DMF, in order to
determined M:L ratio in the complex
following the molar ratio method. A series of
solutions were prepared having a constant
concentration (10°° M) of the metal ion and
(L). The M:L ratio was determined from the
relationship between the absorption of light
and the mole ratio of M:L. The results of
complexes formation in solution were listed in
Table (1).

The biological activity for the ligand and it
complexes:

All tests with the microorganisms were
obtained from the biotechnology divison,
department of applied science, Universty of
Technology which were follows: Escherichia
coli, Klebsiella pneumoniae, Proteus vulgaris,
Pseudomonas aeruginosa, and Saphylococcus
aureus. Antibacterial activities of the ligand
and the soluble complexes were evaluated by
the disc diffusion technique [13]. Filter paper
(Whatman No. 4) discs (6 mm diameter) were
soaked in a solution of the test compounds of
0x5 mg cm® concentration in DMF and
placed on nutrient agar-plates after drying to
remove the solvent. The inhibition zones were
measured after 24 h. DMF was used as control.
The results are shown in Fig.(2).

Results
General:

The complexes were synthesized by
reacting ligand with the metal ions in 1:2
molar ratio in ethanolic medium.
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Table (1)
Analytical conductivity, colors, elemental analysis and magnetic moment data of the complexes.
3 Analysis: Found (cal.) %
Complex Y'(Sd '\{','P' M:L | Color | Wmohm *cm? mol?
0 C | Meal C H N
Over | 1321 | 2691 | 452 | 2511 _ Dark
CO(CsH1NaSCla | 75 | 300 | (127) | (264) | (422) | (2487)| L2 | brown 70
. Over | 1316 | 2693 | 452 | 2512 _ light
Ni(CotoNaS:Cla | 60 | 305 | (1265) | (2512) | (412) | (2216)| 2 | green 65
1409 | 2664 | 447 | 2485 _
| nfrared spectroscopy: neutral bidentate and its metals are coordinated
A study and Comparison of infrared through N and S of the thio-keto group

spectra of free ligand and it metal complexes
(Table (2)) imply that the ligand behaves as

(SeeFig.(2)).

Table (2)
| nfrared absorption frequencies (cm™*) of Co (I1), Ni (1) and Cu (I1) complexes.
Compounds VIN-H) | wC=N) | WC-N) | VN-N) | v(C=9) v(Ml/g;A/_\%-cn
. 3395 s 1330s 855 s
Ligand 32755 1600s | 1onom | 1085m 770s
525 m
3330 m 1380's 850 s
535 m
Ni(CsH1oN4S).Cl, 235238 m 1565 s 11233?? ; 1070 m fgg ; 420 m
355,
520 m
3385m 1365's 840's
m

Strong bands in the 3394, and 3275 cm’!
region in the ligand was observed due to
(N- H) vibrations. The negligible effect on
these frequencies after complexation precludes
the possibility of complexation at this group.
The absorption at 1600 cm™* in free ligand can
be attributed to (C=N) stretching vibration of
imine nitrogen, which is in a good agreement
with previous observations. On complexation
this frequency was observed to be shifted to a
lower wave number (Table (2)). These
observations suggest the involvement of
unsaturated nitrogen atoms of the azomethine
groups in bonding with the metal ions.
Coordination of sulfur with the metal ion
would result in the displacement of electrons
towards the latter, thus resulting in the
weakening of the (C=S) bond. Hence, on
complexation (C=S) stretching vibrations
should decrease and those of (C- N) should

increase. The IR spectral bands in the ligand is
practically unchanged in the complexes, but
show some new bands with medium to weak
intensity in the 520-440 cm'' region
tentatively assigned to (M-N) and (M-S).
(M- Cl) is tentatively assigned in the 360-350
cm' ! region [14-15].

M agnetic susceptibility:

At room temperature al the complexes
under study show the magnetic moment in the
range 2.1-4.7 B.M. corresponding to the
unpaired electrons. The magnetic moment of
Co(ll) complex is 4.1 BM indicating that the
Co(ll) complex is typically high spin complex
and having octahedra structure [16]. For
Ni(I1) complex the observed magnetic moment
value is 3.0 BM which is well within the
expected range for Ni (II) complex with
octahedral stereochemistry (2.83-4.0BM). The



magnetic moment for Cu (I1) complex is 2.0
BM. The reported values for the Cu (Il)
complex having no maor spin orbital
interactions (1.75-2.20 BM) [16-17]. Thus the
present Cu (I1) complex is devoid of any spin
orbital interaction with octahedral geometry.
In octahedral Cu (I1) complex the ground state
is “T1g and large spin orbital contribution to
the magnetic moment is expected.

Uv-visible spectroscopy
Cobalt (I1) complexes:
The electronic spectra of  Co(ll)
complex recorded in DMF solution display
three absorption bands at 8100, 16500 and
22000 cm corresponding to the following
transitions respectively. *Tig(F) ® “Tag(F),
Tig (F) ® “Aqg(F), “Tig(F) ® *Tag (P) This
indicates that these complexes have octahedral
geometry.
Nickel (I1) complexes:

The electronic spectra of the Ni (1)
complex show absorptions bands at 9000,
13000 and 24000 cm™* and may be assigned to
the transitions *Axg ® °T.g, *Ag ® *Tig (F),
3A2g (F) ® °Tig (P) corresponding to an
octahedral geometry.

Copper (I1) complex:

The Cu (II) complex under study display
absorption band 13400 and 16000 cm't.
These bands were assigned to the
following transitions

form a distorted
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octahedral geometry [18]. Big ® 2Aig,
2Blg@> 2Bzg

Cl
NH
HzN%S\\\\\ \
) N

HN\l\ll_____:I\A:::-—- ~NH
\\\\ —
S NH,
HN
Cl
M =Co, Ni , Cu

Fig. (1) Structures of the complexes.

Biological activity:

It is known that chelation tends to make
the ligand act as more powerful and potent
bactericidal agents, thus killing more of the
bacteria than the ligand. It is observed that, in
a complex, the positive charge of the meta is
partially shared with the donor atoms present
in the ligands, and there may be p-electron
delocalization over the whole chelate [19].
This increases the lipophilic character of the
metal chelate and favours its permeation
through the lipoid layer of the bacterial
membranes. The increased lipophilic character
of these complexes seems to be the reason of
their enhanced potent antibacterial activity.
There are other factors which also increase the
activity, which are solubility, conductivity, and
bond length between the metal and the ligand.

oL
15 4
Oc1
10 4 - Teracycline
c3 B C2
51 Bc3
0 . . ' B Tetracycline
S. P E | p. | K Y
BL 12 14 12 12 17
ocCl 23 18 20 23 24
B C2 21 19 20 20 23
BC3 21 19 21 21 26
B Tetracycline| 31 27 30 30 30

S.= Staphylococcus aurous, E.= E.cali, Pv.= Proteus vulgaris, P.= Pseudomonas, and K.= Klebsiella.
Fig.(2) : Antibacterial activity of theligand and it metal complexes.
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Stability study:
These data show that the atomic charge A o
was affected by the presence of substituent of W .{I o

rings as shown in Tables (3-5). As a reference
compound the unsubstituted Ligand (Fig.(3))

the data for minimized geometry (Tables

(3-5) and the 3d-geometrical structure "
(Fig.(3)) isshown in.

Fig.(3) The 3d-geometrical structure
for theligand.

Table (3)
Bond lengths of the ligand.
Bond Actual Optimal Bond Actual Optimal Bond Actual Optimal

N@2)-H11) | 10117 | 10120 | c@®)-H(15) | 11188 | 1.1130 | N(5)-H(13) | 0.9906 | 1.0120
H(20)-C(10) | 1.1242 | 1.1130 | C(9)-C(8) | 15256 | 15230 | H(12)-NG) | 09929 | 1.0120
C(10)-H19) | 1.1246 | 11130 | c(7)-N@) | 13204 | 12600 | C(3)-N(5) | 1.3652 | 1.3690
H(18)-C(9) | 1.1167 | 11130 | C(7)-C(8) | 15251 | 1.4970 | C(3)-S@) | 1.6285 | 1.5760
C(9)-H(17) | 11160 | 11130 | H(14)-N@6) | 09976 | 1.0500 | N@2)-C(3) | 14145 | 1.3690
C(10)-C(9) | 15399 | 15230 | c10)}-N@) | 14571 | 14700 | N()-N@2) | 1.3414
C(8)-H(16) | 1.1188 | 1.1130 | C(7)-N(6) | 1.4224 | 1.4620

Table (4)
Bond Anglesof theligand.

Angle Actual Optimal Angle Actual Optimal
H(20)-C(10)-H(19) 108.0742 109.4000 C(7)-C(8)-H(15) 110.1767 109.4100
H(20)-C(10)-C(9) 110.8390 109.4100 C(7)-C(8)-C(9) 105.3224 109.5000
H(20)-C(10)-N(6) 107.3801 N(1)-C(7)-C(8) 128.1179 115.1000
H(19)-C(10)-C(9) 110.4255 109.4100 N(1)-C(7)-N(6) 121.7403 126.0000
H(19)-C(10)-N(6) 111.8302 C(8)-C(7)-N(6) 110.0955 125.3000

C(9)-C(10)-N(6) 108.2648 C(10)-N(6)-H(14) 115.3567
H(18)-C(9)-H(17) 108.0210 109.4000 C(7)-N(6)-H(14) 116.0931 118.0000

H(18)-C(9)-C(10) 110.5216 109.4100 C(7)-N(6)-C(10) 109.1525
H(18)-C(9)-C(8) 111.1762 109.4100 H(12)-N(5)-H(13) 119.3842 118.8000

C(10)-C(9)-H(17) 110.4261 109.4100 C(3)-N(5)-H(13) 123.4115

H(17)-C(9)-C(8) 110.9742 109.4100 H(12)-N(5)-C(3) 117.1111
C(10)-C(9)-C(8) 105.7415 109.5000 N(5)-C(3)-S(4) 122.0027 124.3000
H(15)-C(8)-H(16) 108.4617 109.4000 N(2)-C(3)-N(5) 120.9560 120.0000
C(9)-C(8)-H(16) 111.3872 109.4100 N(2)-C(3)-S(4) 116.9829 124.3000
C(7)-C(8)-H(16) 110.1951 109.4100 C(3)-N(2)-H(11) 112.0942 117.4000

C(9)-C(8)-H(15) 111.2857 109.4100 N(1)-N(2)-H(11) 120.3309

C(10)-C(9)-H(17) 110.4261 109.4100 N(1)-N(2)-C(3) 122.2156
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Table (5)
Atomic Charge of theligand.
Atoms Charges Atoms Charges Atoms Charges Atoms Charges
N -0.431 [N(1)] N 0.081 [N(6)] H 0.068 [H(11)] H 0.040 [H(16)]
N 0.263 [N(2)] C0.222 [C(7)] H0.101 [H(12)] H 0.031 [H(17)]
C0.233 [C()] C-0.122 [C(8)] H0.104 [H(13)] H 0.028 [H(18)]
S-0.696 [S(4D)] C-0.066 [C(9)] H 0.091 [H(14)] H0.011 [H(19)]
N -0.049 [N(5)] C0.036 [C(10)] H 0.038 [H(15)] H 0.018 [H(20)]
Discussion the other ring away from the coordination site.

All the solid complexes are stable in air.
The metal complexes are soluble in DMF and
DMSO. Table (1) shows the colors, elemental
analyses and molar conductivities of the cobalt
(11, nickel (1), and copper (II) complexes.
Thiosemicarbazones can coordinate with metal
ions as neutra ligand. The C, H, N data
indicate that the complexes of neutral ligand is
coordinated to the meta ion and the other
coordination positions were occupied by
chlorine, as confirmed by the IR spectra of the
complexes.

The antibacterial screening (Fig.(2)),
indicate that the the complexes, inhibit the
growth of Staphylococcus aurous, and
Klebsiella, whereas other complexes have less
activity against other tested bacteria.

The theoretical data obtained show that the
heat of formation is 52.61737 kcal/mole, and
the highest atomic charge in ligand molecule is
a [S4 -0.696] the next charge value is at [N-
0.431]. These data show clearly that these
atloms are the most reactive toward the
bonding with the metal. The determined bond
angle and 3D-geometrical (Fig.(3)) structure,
indicate that this molecule is planar.

The stability for the prepared complexes
were studied theoretically by the Density
Function Theory (DFT). The total energy for
the complexes was calculated and it was
shown that the copper complex is the most
stable and the cobalt complex is the least
stable as follows:

Cu-complex > Ni-complex > Co-complex

Conclsions

Based on the reported results, it may be
concluded that ligand act as bidentate
uninegative ligand, coordinating through one
of the nitrogen atom and the sulfure. In the
present work, which facilitates formation of
five member rings, shifts the nitrogen atom of

In the present investigations, all the complexes
are found to be mononuclear, based on the FT-
IR spectral data. The coordination number five
is attained by coordination with the two
bidentate ligand molecules and to two chloride
atoms. Based on the physicochemical and the
gpectral  studies the tentative structures
proposed for the complexes are shown in

Fig.(4).
Cl

HzN%S\\\ \

M = Co, Ni, Cu
Fig.(4) Structure of the complexes.
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