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Abstract
2-(2-imino-1-methylimi dazolidin-4-yli dene)hydrazi necarbothi camide react
with chlorides of Cr(111), Co(ll), Ni(l1) and Cu(ll) to yidd metal ion complexes of
definite compasition. These compounds were characterized by elemental analyses,
magnetic susceptibility measurements, UV-visible, *H-NMR and FT-IR spectral
investigations. The ligand was studied by using of theoretical method (Simi
empiricd AMI module in the CS ChemOffice molecular modeling package) by
caculation of heat of formation, bond length, bond angle and dihedral angle. The
stability for the prepared complexes was studied theoreticaly by the Density
Function Theory (DFT). The free ligand and their metal complexes have been
tested in vitro against a number of micro-organisms (Staphyl ococcus aureus, E.
coli, Proteus vulgaris, Pseudomonas, and Klebsiella pneumoniae), in order to
assess their antimicrobia activities. The ligand and its complexes showed
considerable activity against all bacteria

Keywords: bidentate ligand, carbothioamide, metal complexes, spectra
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(Staphylococcus aureus, E. coli, Proteus Vulgaris, Pseudomonas, and
Klebsiella pneumoniag).
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Introduction

The chemistry of
thiosemicarbazones has  received
considerable attention in view of their
variable bonding modes, promising
biologicad implications, sructura
diversity, and ion-sensing ability [1-
3]. They have been used as drugs and
are reported to possess a wide variety
of biologica 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 sdectivity
and sensitivity towards the central
metal atom, structural and similarities
with natural biological substances,
due to the presence of imine group
(-N=CH-) which impats the
biological activity [8-16]. This paper
presents the synthesis and
characterization of Cr(Ill), Co(ll),
Ni(ll) and Cu(ll) complexes with
Schiff«s base obtained by the reaction
of  2-imino-1-methylimidazolidin-4-
one with thi osemi carbazide.

Experiment

All chemicad used were of reagent
grade (supplied by either Merck or
Fluka) and used as supplied. The
FTIR spectra were recorded as Csl
disc on FTIR 8300 Shimadzu
Spectrophotometer. The UV-Visible
spectra  were  measured  using
Shimadzu UVv-Vis. 160 A
spectrophotometer.  Proton  NMR
spectra were recorded on Bruker -
DPX 300 MHz spectrometer with
TMS as internal standard in Jordan
University. Magnetic susceptibility
was measured by BM6 using Gouy’s

balance. Flame atomic absorption of
elemental analyzer, shimadzu AA-670
was used for metal determination.
Elemental micro analysis, was carried
out using C.H.N demental analyzer
model 5500-Carlo Erba instrument.

Synthesis of ligand

This mixture of hot ethanolic
solution of thiosemicarbazide (1.82 g,
0.02moal) and creatinine (2-imino-1-
methylimidazolidin-4-one) (2.26 g,
0.02 mol) were refluxed with stirring
for 3hours. The completion of the
reaction was confirmed by the TLC.
The reaction mass was degassed on a
rotatory evaporator, over a water bath.
Thiosemicarbazone (L) filtered,
washed with cold EtOH, and dried
under vacuum over P,0;. Proton
NMR (1.8(1H) for NH, S. 2.2(3H) for
CHs;, S. 2.7(2H) for CH, 8 for NH,
9.1 for NH, 10.9 for NH;). Element
chemical analysis data are shown in
Table (1) [17], and the reaction
equation was shown in scheme 1.

Synthesis of metal complexes
Bis(2-(2-imino-1-
methylimidazolidin-4-
yliden€)hydrazinecar bothioamide)
metal complexes were obtained by
refluxing the mixture of hydrated
metal chlorides of Cr(ll1), Co(ll),
Ni(ll), and Cu(ll) (1 mmol) and 2
mmol of the ligand in 50ml ethanol at
pH (89), till the complexes
precipitated out. The colored
complexes were filtered, washed with
water, ethanol and dried under
vacuum.

Study of complexes formation in
solution
Complexes of ligand (L) with
metal ions were studied in solution
using ethanol (or DMF) as solvents,
in order to determine (M:L) ratio in
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the complex following molar ratio
method [18]. A series of solution
were prepared having a constant
concentration 10° M of metal ion and
different concentration of ligand (L).
The [M/L] ratio was determined from
relationship between absorption of the
absorbed light and mole ratio of
[M/L]. The results of complexes
formation in ethanol (or DMF) were
listed in table (2).

Study the biological activity for

ligand (L) and its complexes

The biological activity of the
prepared new ligand and its metal
complexes were studied against
sdected types of bacteria which
inc uded positive bacteria
(Saphylococcus aureus), and gram
negetive bacteria (Escherichia coli,
Klebsidla  pneumoniae,  Proteus
vulgaris, Pseudomonas aeruginosa),
in brain hart broth agar media, which
is used DMF as a solvent and as a
control for the disc sensitivity test[19-
21]. This mehod involves the
exposure of the zone of inhibition
toward the diffuson of micro-
organism on agar plate. The plates
were incubated for (24hr), at 37C°.
The antimicrobial activity was
recorded as any area of microbia
growth inhibition that occurred in
the diffusion area.
Results and Discussion
The complexes were synthesized by
reacting ligand with the metal ions in
1:2 molar ratio in ethanolic medium.
The ligand behaves as bidentate
coordinate  through  sulphur and
nitrogen donor atoms (Figure 1).
I: UVlvisible spectra: The U.V.-
Visible of the ligand (L) and its metal
complexes recorded in table(3). The
solution of the ligand (L) in DMF

exhibited two pesks a 255 and 322
nm (39215, 31055cm?) which are
atributedton a* orn  x* . Thered
shift in solution of complexes were
investigated depending upon

I» o o n a* for al the
complexes.

Cr-complex (C,): The Uv-visible
spectrum of the Cr(lll) complex

recorded in DMF showed three bands
with the absorbance maxima at 43478
cm?, 26595 cm® and 16339 cm’
which were considered as v, vy, and
vz absorption bands respectively.

v1 = “Ag(F)—> “T1g(P)
Vo = 4A29(F)—> 4T19(F)
V3 = A0(F)— To9(F)

Co-complex (Cy): The €ectronic
spectra of Co (1) complex showed
two spin alowed transitions at 15527,
and 28985 cm® assignable to
T19(F)—Az0(F) and T*9(A—T*g(P)
transitions respectivey are in a good
agreement with octahedral
arrangements for Co(ll) ion.

Ni-complex (Cs): The appearance of a
band at 19047 cm’ favors the
tetrahedral geometry for the Ni (1)
complex.

Cu-complex (C4): Only one broad
band is observed at 17699 cm™ in the
eectronic spectrum of the Cu(ll)
complex assigned to EP— T.g° [22]
transition which is in conformity with
octahedral geometry.

I1: FT.IR Spectroscopy

The FT.IR spectra provide
vauable information regarding the
nature of functional group attached to
the meta atom. The ligand and metal
complexes were characterized mainly
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using the azomethine and primary
amine (-NH,) bands. The main
infrared bands and their assignments
are listed in Table 4. The appearance
of a broad strong band in the IR
spectra of the ligand in 3421cm™ is
assigned to N-H stretching vibrations
of the primary amine group. The
spectrum of the ligand shows two
different —C=N bands at 1631 and
1618 cm*, which is shifted to lower
frequencies in the spectra of al the
complexes (1614-1575 cm)
indicating the involvement of —C=N
nitrogen in coordination to the metal
ion. The bonds attributed to (M-N)
and (M-O) were observed in the
region (468-521) and (395-440) cm*
respectively in all complexes.

Stereochemistry of metal complexes
The two ligands are coordination
sphere  aound the meta s
significantly distorted from ideal
octahedra geometry. To  determine
the coordination mode of the
thi osemi carbazone ligands in
these complexes, The structure shows
that the thiosemicarbazone ligand is
again coordinated to the metal in the
same fashion as before. Formation of
four- membered chelate ring, to
determine the origin of such a four-
membered ring formation, the
stereochemistry of
thiosemicarbazone was first taken
into consideration. Owing to the
restricted rotation around the C=N
bond, the ligands may exist in two
different geometric isomeric forms.
The structure determination of one
representative ligand, shows
(Scheme 2) that the free ligand exists
in thione form and corresponds to
structure where the creatinine group is
trans to the hydrazinic nitrogen across

the C=N bond. Starting from the
free ligand, fivemembered chdate
ring formation can take place, in
principle, via rotation about the C-
N (hydrazinic) single  bond,
followed by tautomerization to the
thiol form and dissociation of
the thiolate proton upon
complexation compl exes.

Stereo suggested structures of

complexes

According to the above mentioned
data (spectra, molar ratio and
magnetic  properties), the proposed
structures of compl etes were shown in
figures 1, 2:

Computer calculations

The data obtained for the
minimized geometry, atomic charge,
bond length, bond angle, dihedrd
angle, and heat of formation of the
ligand were caculated using
simiempirical AMI module in the CS
chemoffice molecular  modding
package.

These data show that the atomic
charge ( for the ligand) have been
affected by the presence of substituent
of rings as shown in data (Table 3-8).
In figure 3, the data for minimized
geometry (Table 3-8) and the 3d-
geometrical structure is shown in. The
data obtained show that the heat of
formation is about 99.6Kcal, and the
highest atomic charge in ligand
molecule is a [(N-6) (-0.724)] the
next charge value is a [(S12) (-
0.617)] and [(N-9)( -0.291)]. These
data show dearly that these three
atoms are the most reactive toward
the bonding with the metal. The
determined bond angle, dihedral angle
and 3D-geometrical structure, indicate
that this molecule is planar.
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Stability study

The stability for the prepared
complexes was studied theoreticaly
by the Density Function Theory
(DFT). The tota energy for the
complexes was calculated and it was
shown that the copper complex is the
most stable and the chromium
complex is the least stable as follows:
Cu-complex > Ni-complex > Co-
complex > Cr-complex.

Biological activity

The antimicrobial screening data
show that the compounds exhibit
antimicrobial properties, and it is
important to note that the meta
chelates exhibit more inhibitory
effects than the parent ligands. The
increased activity of the metd
chelates can be explained on the basis
of chelation theory [22]. 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 theligand. It
is observed that, in a complex, the
positive charge of the metd is
partialy shared with the donor atoms
present in the ligands, and there may
be n-dectron delocdization over the
whole chelating [22]. 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 responsible
for their enhanced potent antibacterial
activity. It may be suggested that
these complexes deactivate various
cdlular enzymes, which play a vitd
role in various metabolic pathways of
these microorganisms. It has also
been proposed that the ultimate action
of the toxicant is the denaturation of

one or more proteins of the cel,
which as a result, impairs norma
celular processes. There are other
factors which aso increase the
activity, which are solubility,
conductivity, and bond length
between the metal and the ligand.

As a result from the study of
antimicrobial of prepared ligand and
it metal complexes, the following
point were concluded:

1. The results of antibacterid
activity study for 2-(2-imino-
1-methylimidazolidin-4-
ylidene)hydrazinecarbo
thioamide dicated that the
new ligand exhibited
antibacterial activity against
the studied bacteria at low
and high concentration.

2. Gengdly, the result of
prepared complexes exhibited
antibacterial activity toward

E. coli was more than the
complexes inhibition on the
other bacteria.
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Table (1) Element chemical analysis data of the ligand

. . Elemental analysis Elemental analysis
No. ViEk NJ,CP Cador IEZ?;IU(I:E&‘\] calculated found
C% H% N% C% | H% | N%
L 70 153 tIJ_r 'g\;; CsHi1oNeS | 32.25 | 541 | 45.12 | 3191 | 511 | 44.74
Table (2) Analytical data for the metal complexes
MP | Yield | Elementa anaysis cal culated Elemental analysis found
] 0
No. Compound Caor | (°C) | (%) C% H% N% M% C% H% N% M%
C; | CrLy(H,0),JCl | green | 267 | 55 26.08 | 5.25 | 36.50 | 11.29 | 25.19 | 4.87 | 35.21 | 10.08
C, | [CoLy(H,0),] green | 135 | 40 25.69 | 5.18 | 35.96 | 12.61 | 25.10 | 4.70 | 35.09 | 11.80
C3 brown | 243 | 65 27.86 | 468 | 38.98 | 13.61 | 26.98 | 4.13 | 38.00 | 13.03
C4 | [Cu(H0),L,] green | 210 | 70 2544 | 512 | 35.61 | 1346 | 24.76 | 4.85 | 35.01 | 12.40
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Table(3) Electronic spectra for ligand and complexesin ethanol solvent

No. Compound Amaxcm-1 (€max) Magnetic moment p (B.M) | Suggested Structure
L CsHioNgS 39215, 31055 - -

C; | CrLy(H,0),]Cl | 43478, 26595, 16339 4.15 Octahedra

G [CoLy(H,0),] | 41666, 28985, 15527 4.25 Octahedra

C3 Ni(Ly),. Cl, 45045, 25974, 19047 2.46 Tetrahedra

C, [Cu(H0),L,] 40816, 28169, 17699 1.97 Octahedra

Table (4) Characteristic FT.IR bands (cm-1) of the compounds studied.

No. NH, C=N M-N M-O
L 3421 1631 - -
C. 3409 1615 473 397
G 3412 1614 500 395
Cs 3385 1630 468 408
Cy 3398 1624 521 440

Table(5) The bond length of the ligand

Bond L ength Actual Optima Bond Length Actual Optima
N(1)-C(2) 1.4620 1.4620 N(9)-C(5) 1.2600 1.2600
N(1)-C(5) 1.4620 1.4620 N(6)-H(7) 1.0220 1.0220
N(1)-H(16 1.0500 1.0500 C(8)-H(18) 1.1130 1.1130
C(2)-N(3) 1.4620 1.4620 C(8)-H(19) 1.1130 1.1130
C(2)-N(6) 1.2600 1.2600 C(8)-H(20) 1.1130 1.1130
C(4)-N(@3) 1.4700 1.4700 N(9)-N(10) 1.3520 -
C(8)-N(3) 1.4700 1.4700 N(10)-C(11) 1.3690 1.3690
C(4)-C(5) 1.6510 1.6510 H(17)-N(10) 1.0120 1.0120

C(4)-H(21) 1.1129 1.1129 S(12)-C(11) 1.5760 1.5760
C(4)-H(22) 1.1130 1.1130 N(13)-C(11) 1.3690 1.3690

PDF created with pdfFactory Pro trial version www.pdffactory.com




Eng.& Tech. Journal ,Vol.28, No.1,2010 Synthesis And Biological Activity Studies Of
Some Novel Metal Complexes Derivate From
2-(2-Imino-1-M ethylimidazolidin-4-Y lidene)
Hydr azinecar bothioamide

Table(6) The bond angle of the ligand

Bond Angle Actual Optima Bond Angle Actual Optima
H(14)-N(13)-H(15) | 120.9334 | 118.8000 | C(4)-C(5)-N(9) | 121.0561 115.1000
H(14)-N(13)-C(11) | 119.5344 C(4)-C(5)-N(1) | 103.0780 125.3000
H(15)-N(13)-C(11) | 119.5297 H (Zﬁgé(i:)(4)' 115.7207 109.4000

S(12)-C(11)-N(10) | 121.4300 | 121.4300 | C(5)-C(4)-H(21) | 109.4105 | 109.4100

N(13)-C(11)-N(10) | 117.1343 | 120.0000 | N(3)-C(4)-H(21) | 107.5008

S(12)-C(11)-N(13) | 121.4329 C(5)-C(4)-H(22) | 109.4078 | 109.4100
N(9)-N(10)-C(11) | 120.8668 N(3)-C(4)-H(22) | 107.4999
H(17)-N(10)-N(9) | 118.2650 | 117.4000 | N(3)-C(4)-C(5) | 106.9218
C(5)-N(9)-N(10) | 120.0002 C(4)-N(3)-C(8) | 131.9981
N(3)-C(8)-H(18) | 107.5008 C(8)-N(3)-C(2) | 119.9982 | 108.0000
N(3)-C(8)-H(19) | 107.5006 C(4)-N(3)-C(2) | 107.0998 | 108.0000
H(20)-C(8)-N(3) | 107.4989 N(3)-C(2)-N(6) | 122.9988 | 126.0000

H(18)-C(8)-H(19) | 109.0004 | 109.0000 | N(1)-C(2)-N(6) | 125.9981 | 126.0000

H(20)-C(8)-H(18) | 109.0003 | 109.0000 | N(3)-C(2)-N(1) | 110.9996

H(20)-C(8)-H(19 | 116.0166 | 109.0000 | C(5)-N(1)-H(16) | 124.4978 | 118.0000

C(2)-N(6)-H(7) | 110.0000 | 110.0000 | C(2)-N(1)-H(16) | 124.4981 | 118.0000

N(9)-C(5)-N(1) | 135.8615 | 126.0000 | C(5)-N(1)-C(2) | 111.0006 | 124.0000
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Table(7) The dihedra angle of theligand

Dihedral Angle Actual Optima Dihedral Angle Actual Optima
H(16)-N(1) 10500 | 1.0500 | H(19)-C(8)-N(3)-C(2) | 62.7837
C2)-NQ) 14620 | 14620 | H(18)}CO)NPCD | 170 5601
N(6)-C(2) 12600 | 12600 | H(20)-C(8)-N(3)-C(4) | 118.0229
C(4)-N@3) 14700 | 14700 | HA9)-CENEGCM@ | 1161106
CEOND) 14700 | 14700 | H(18)-C(8)N(3-C(4) | 0.8066
C(4-C(5) 16510 | 14970 | H(7)-N(6)-C()-N(1) | -0.0024
H(21)-C(4) 11129 | 11130 | H(?-NE-CANG | 170 5660
H(22)-C(d) 11130 | 11130 | C(2)-N(D)-C(5)-C(@) | 0.0578
N(9)-C(5) 12600 | 12600 | C(Q-NA}-CENO) | 1707470
H(7)-N(6) 10220 | 1.0220 | H(16)-N(1)-C(5)-C(4) | 179.4068
H(18)-C(8) 11130 | 1.1130 | H(16)-N(1)-C(5)-N(9) | 0.2019
C(8)-H(19) 11130 | 11130 | N(3)-C(4)-C(5)-N(1) | -0.0937
C(8)-H(20) 11130 | 11130 | N(3)-C(4)-C(5)-N(9) | 179.2600
N(9)-N(10) 1.3520 H(22)-C{4)CEND) | 11 oes

C(1D)-N(10) 13690 | 13690 | H(22)-C(4)-C(5)-N(9) | 63.1284
N(10)-H(17) 10120 | 10120 | H(21)-C(4)-C(5)-N(1) | 116.0405
C1)-S(12) 15760 | 15760 | H(21)-C(4)-C(5)-N(9) | -64.6059
C(1D)-N(13) 13690 | 13690 | C(5)-C(4)-N(3-C(2) | 0.0944
N(13)-H(14) 10120 | 10120 | H(22)-C(4)-N(3-C(2) | 117.4886
H(15)-N(13) 10120 | 10120 | H(2)CANGB)ICD | 1177300
5(12)'%((1115))' N(3)- | 170.9768 C(5)-C(4)-N(3)-C(8) | 179.3607
5(12)'%((1125 N(3)- | 5903 H(22)-C(4)-N(3)-C(8) | -63.2451
N(lo)'cl_f(lll%"\'(l?’)' 0.5745 H(21)-C(4)-N(3)-C(8) | 61.9630
N(lo)'a((lli))"\'(l?’)' 179.9984 N(1)-C(2)-N(3)-C(4) | -0.0621
N(13)-a((1117))-|\|(10)- 11205568 N(D)-C@NE-CO) | 170 4305
5(12)'%((1117))' N(0)- | 40,0409 N(6)-C(2)-N(3)-C(4) | 179.2097
N(B)'CN(%gl))'N(lo)' 50.9984 N(6)-C(2)-N(3)-C(8) | -0.0707
5(12)-c|\(&$§-|\|(10)- -119.4039 C(5)-N(1)-C(2)-N@3) | -0.0026

C(5)";'|((91)%\'(10)' 60.5691 CEN)-CRNEO) | 1763011

C(5)"é((91)i;\'(10)' -120.0005 H(6)-N1)-CANG) | 17 3517

N(lo)'(';'((f))'C(S)' -179.0908 H(16)-N(1)-C(2)-N(6) | 1.3098

N(lo)'m((f))'c@' 0.0051 H(20)-C(8)-N(3)-C(2) | -62.7828
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Table(8) Atomic charge of the ligand.

Charges Charges Charges Charges Charges Charges

N 0.071 H 0.093 H 0.042 H 0.099

N0.035 [NWI | COI87ICON | [Naoy | [HEe)] [H(18)] [H(14)]

C 0.303 H 0.030 H 0.031 H 0.099

CO370 [C(A)] | N-0724INOT | oy | [He) [H(19)] [H(15)]
S-0.617 H 0.029 H 0.031
N 0083 [N@3) | C-0059[C@] | (g1 H(2)] HEO)
N 0.017 H0.123 H 0.097
C-0.049[C(4)] | N-0291INE)] | 13 HT HA7)

o s iR
H /
O + N — —N NH
/N\)= HN _<NH2 /N\>_ ’
Creatinine (L)

Scheme 1: Formation of the ligand

HNe N HN N
Y —N , Y =N S
/NJ' \/N MNH /NJ‘ \/N%

NH, NH,

Scheme 2: Probabl e steps involved in the formation of five-membered chelate rings

AN NH

Figure 1: Structures of the complexes.
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| I
N<__NH H,O N\]/NH
I}/NH I\}/NH
H,N HoN
D N N D2
HN NIl NH HN M NH
\N/ S)\NHZ \N/ S)\NHZ
HN / HN /
A A H,0
HN™ >N HN™ °N
| |
Structure (1): Square planer Structure (I1): Octahedral
geometry of Ni(Il) complex. geometry of C;, C,, C, complexs.

Figur e 2: The structurs of our complexes.

klw-:

"‘ \ Stereochemistry: C(5)-N(9): (2)
SQ' Bend: 11.9559
L «  Dipole/Dipole: -5.7927
@ ‘ Torsion: 1.7144
Stretch-Bend: -0.1293

Figure 3: The three dimentiona structure of the ligand
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Figure 4: The Effect of Test Organism Toward Ligand
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Figure 5: The Effect of Test Organism Toward C1-Complex
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Figure 6: The Effect of Test Organism Toward C2-Complex
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Figure 7: The Effect of Test Organism Toward C3-Complex
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Figure 8. The Effect of Test Organism Toward C4-Complex
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