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Abstract

This study aims to prepare new compounds and investigate them spectroscopically and biologically against selected types of
positive and negative bacteria and fungi to demonstrate their biological effectiveness. The prepared ligand combining formaldehyde,
indole, sulfa benzamide, and 2-mercapto benzimidazole, a Mannich base ligand (L) was synthesized. The six metal ions including
Cobalt (I1), Nickel (1), Copper (1), Palladium (I1), Platinum (1V), and gold (1I1) have interacted with the ligand and formed new
complexes. Different spectroscopic methods, including C.H.N.S., FTIR, UV- Range visible, 'HNMR, *CNMR, mass spectra,
magnetic moment, and molar conductivity were used to suggest the new geometry of the complexes. The result from the infrared
spectrum showed that the ligand behaves as tridentate with all prepared complexes. Conductivity analysis revealed the electrolytic
nature of palladium, platinum, and gold ions complexes and non-electrolytes. The antibacterial activity of the compounds that were
produced was tested using an agar-well diffusion procedure towards two strains of gram-positive as well as two strains of gram-
negative bacteria and fungi (Staphylococcus, Streptococcus, Escherichia coli, Pseudomonas aeruginosa, and Candida albicans)
respectively at 0.02M. The standard (AE®) and (AHf°) of ligand and six complexes were calculated using the program Hyper chem
8.0.7. The research established that complexes are more stable than ligands. Calculated HOMO and LUMO and vibration frequencies
using (parametric method 3 (PM3)) to find out the active sites in the ligand showed that they can coordinate and note the extent to
which the results of theoretical vibrational frequencies are close to the process when calculating the vibrational frequency of the
active aggregates.
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1- Introduction

. . antibacterial, anticonvulsant [10], anti-inflammatory,
_Heterocycllc compounds are compounds that contain  5ntioxidant [11], and anti-Alzheimer effects [12].
different atoms other than the hydrogen atom. Due to their sensitivity and selectivity to metal ions,
Heterocyclic compounds are cyclic organic substances  nannich bases' metal complexes have recently received
that are composed of one or more of the elements  agention. There are numerous medical and biological uses

nitrogep, oxygen, and squU_r [1, 2]-_ To obFain for Mannich-based complexes, including antibacterial,
benzimidazole, a heterocyclic aromatic chemical antifungal, anti-tuberculosis, antiulcer [13], and

compound, a benzene ring is fused with an imidazole ring  anticancer [14]. This study aims to prepare new
at the (4,5) location. Throughout the resonance process  compounds (ligands and complexes with different metal
[3], the inclusion of a benzene ring in a benzimidazole  glements, After diagnosing them and deducing their
improves the resonance systems, which raises the  spape they were studied biologically against different
benzimidazole molecule's stability [4]. Mannich revealed types of negative and positive bacteria and fungi and
the very first "Mannich-base," which unified two separate compared with a standard drug to demonstrate the

chemical units over a CH2 methylene bridge [5, 6].  pjological importance of the prepared compounds.
Because of the many interactions of these molecules,

Mannich's base was crucial to the advancement of 2- Experimental work

synthetic organic chemistry [7]. They may easily be .
transformed into a range of novel chemicals and are AN Eager 300 elemental analyzer was utilized to
highly reactive and valuable intermediates in synthetic ~ determine (carbon, hydrogen, nitrogen, and sulfur).

chemistry [8, 9]. The medicinal properties of Mannich Shimadzu atomic abso_rption 670 Flam spectrophotometer
base derivatives have been reported to include Was used to determine the metal content. AL WTW

conduct meter at 25 °C was used to measure the
conductance values in 10 M in a solution of all prepared
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complexes. Shimadzu and Perkin Elmer FT-IR
spectrophotometers were used to measure the vibration
frequencies by using KBr and Csl particles. The
absorbance of all prepared compounds was detected in
ethanol solution in the UV-visible region using a
spectrophotometer (Shimadzu UV-Vis. 1800 PC). The H,
13C-NMR data was acquired with DMSO for a solvent
and TMS as an internal reference on a Fourier transform

Varian spectrometer operating at 500 MHZ. The magnetic
susceptibility of each compound was measured at 25 °C
by the balance of Johnson Mattey. All produced
compounds' melting temperatures were identified using
the Gallen Kamp M.F.B-60. The GC-Mass measurement
was carried out using the US-made 5973 network mass
selective detector. Several chemicals with high purity
were used in this research which are listed in Table 1.

Table 1. Chemical Formula, State, and Purity of All Compounds Used

NO. CHEMICAL COMPOUNDS CHEMICAL FORMULA  STATE PURITY % NAME OF COMPANY
Chloroplatinic acid hexahydrate H,PtClg .6H,0 SOLID 99 G; ENTHAM LIFE

1 SCIENCES

2 Cobalt chloride hexahydrate CoCl,.6H,0 SOLID 99 BDH

3 Copper chloride dehydrate CuCl,.2H,0 SOLID 99 BDH

4 Formaldehyde HCOH LIQUID 99 CD.H

5 Ethanol C,HsO LIQUID 99 C.D.H

6 hydrogen tetrachloride aurate (I1I) HAuCl4.3H,0 SOLID 98 G; ENTHAM LIFE
trihydrate SCIENCES

7 Palladium chloride PdCl, SOLID 99 C.D.H

8 2-Mercaptobenzimidazol C7HsN,S SOLID 98 Ratnam and Bio

9 Indole CgH/N SOLID 99 Merck.

10 Sulfa benzamide C13H12N,03S SOLID 99 TEMD CO.

11 Nickel chloride hexahydrate NiCls 6H,0 SOLID 99 BDH

12 Chromium (I11) chloride hexahydrate  Cr Cl3.6H,0 SOLID 99 C.D.H

2.1. Formation of the starting material (2-1H endol-1-yl)
methyl thio)-1H benzo[d]imidazole(S)

0.75 g of 0.005 mol 2-mercaptobenzimidazol was
dissolved in 5 ml of absolute ethanol. Then, 0.585 g of
0.005 mol indole and 2 drops of hydrochloric acid were
added. After complete dissolution, the mixture was placed
in an ice bath in a round flask. 0.5 ml of formaldehyde
was added after 5 min. The mixture was placed in a round
flask with stirring by refluxed method for 6 h. A mixture
of distilled water and ethanol was
used to wash the bright orange precipitate which was
dried, and the melting point was recorded at 229-231 °C
[15].

2.2. Synthesis of N-(4-((2-((1H-indol-1-yl) methylthio)-
1H-benzol[d] imidazole-1-yl) methylamino)
phenylsulfonyl) benzamide(L)

In a round bottom flask, 0.84 g of 0.003 mol of S was
dissolved in 5 ml absolute ethyl alcohol. After complete
dissolution, 0.5 ml of formaldehyde in an ice bath and
0.82 g of 0.003 mol sulfabenzamide were dissolved in
ethanol with 1 drop of HCI in the presence of heat and
stirring using the refluxed method for 6 h. Then, the
mixture was left to dry. The mixture was kept overnight
in the refrigerator. The ligand (L) was formed,
recrystallized using ethanol, and filtered to produce a
precipitate with a light purple color, see Fig. 1. The
melting point of the Mannich compound was 164-165 °C,
yield of 76%, and a molecular formula of
C3oH26N503S2(L). The main steps of the synthesis of
Mannich base (L) are shown in Fig. 1.

2.3. Synthesis of ligand complexes

Mannich base L was formed by reacting equal moles of
the ligand and the metal ion in an ethyl alcohol solvent in

a 250 ml round flask. In another round flask, a combined
mole of CoCl,.6H,O salt was dissolved using a glass
stirrer. The total capacity was 100 ml, followed by a new
addition of the ligand. Different colors were shown
depending on the utilized metal ion. The mixture was
heated for 3 h at 50 °C under constant stirring, and then
the precipitate was allowed to dry. The crystallization was
completed with ethanol. This process was carried out with
a variety of metal ions including nickel (1), copper (1),
palladium (1), platinum (1V), and gold (I11).

2.4. Parameters were estimated as a part of a theoretical
treatment using the Hyperchem 8.0.7 program and
parametric method 3 (PM3)

1- Standard (AE°) and (AHf) for formed ligands and
complexes

2- Highest and lowest occupied molecular orbitals for
ligands

3- Vibration frequencies of the infrared spectrum for
ligands.

2.5. Activity against fungi and bacteria

The good diffusion method was utilized for evaluating
the efficiency of ligands and their metal complexes versus
pathogenic  microorganisms according to aerobic
circumstances. 40 g of culture medium for bacteria and
fungi were dissolved in a liter of distilled water. This
combination was used as a culture material for bacteria
(Escherichia coli, Streptococcus, Staphylococcus aureus,
Pseudomonas aeruginosa), (Agar Mueller Hinton), and
for fungi, Candida albicans (Sabouraud Dextrose Agar).
After melting by heating, the culture medium was placed
in the autoclave for 15 minutes, then it was poured into
sterile plastic dishes and left to solidify. A hole was made
using a cork drill with a diameter of 6 mm to add the
substance that inhibits the growth of bacteria and fungi.
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The prepared ligands and complexes were dissolved in
DMSO at a concentration of 0.02M and injected into the
culture medium pits. The plates were placed in the
incubator at 37 °C for 24 h for antibacterial activity and

(L (2

1H -ind ole

2-mercaptobenzimida zole

HoN,

H
2-((1 H-indol-1 ¥y methy it hioy-
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72 h for antifungal activity. The diameters of inhibition
were measured using a ruler in millimeters of the
prepared compounds.
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Fig. 1. Synthesis of Mannich Base (L)

3- Results and discussion

The prepared complexes were obtained in the form of
colored precipitates. The analysis of all data for ligand (L)
and metal complexes is summarized in Table 2. An
organic ethanol solvent was used in the preparation of all
metallic complexes. The analytical data suggested a ratio

of 1:1 for all complexes. The ligand and their metal
complexes were characterized depending on the results of
the element analysis, infrared spectra, UV-vis spectra,
mass spectra, *H and '*C nuclear magnetic resonance
spectra, magnetic susceptibility, and conductivity for
prepared complexes.

Table 2. Physical Properties of Compounds

Formula _ Elemental analysis Calc. Metal% Calc.
MWt m.p°’C Color Yield% (Found) (Found)
C H N S

CaoH2sNsOsS,(L)  164-165  Light Purple 76 63.46 458 12.33 1129
567.68 (64.04) (5.21) (11.73)  (12.11)

C30H29N5055200 152-155 Red-brown 67 49.08 3.95 9.54 8.74 10.38
733.49 (48.67)  (3.54)  (9.00) (9.02) (11.21)

C30H2905N552Ni Over300 Brown 69 49.09 3.95 9.54 8.74 8.00
733.25 (4949) (424  (10.11)  (9.33) (7.58)

Cs0H2905S,Cu 288-290 Dark brown 73 48.77 3.92 9.48 8.68 8.60

738.1 (47.89)  (4.81) (9.99) (9.22) (9.52)

CaoH2sNs03S, Pd  160-162 Dark black 71 48.32 3.35 9.39 8.60 14.28
745.1 (49.11)  (4.13)  (10.38)  (7.88) (15.03)

CaoH2503NsS,Pt - 198-200 Light pink 77 39.80 2.76 7.58 6.95 21.14
904.5 (38.88) (3.7) (8.44) (7.04)

CaoHsNs O3S,Au 143-145 Pink 81 41.33 257 8.03 7.36 22.61
870.99 (42.21)  (3.00)  (8.67) (7.89) (23.18)

3.1. Fourier transform infrared spectroscopy

The number of functional groups that are important in
diagnosis appeared in the ligand spectrum. Some
important bands at [, nH sucs U ¢ sc VL ,cHen] Which were
due to (3286,3352,1199,754, 2897 and 2966) cm?
sequentially [16, 14 ], see Fig. 2. When coordination to
the nitrogen atom of NH group, methylene group of
Mannich base and sulfur atoms of CS group a red or blue
shift occurs in the peaks of these complexes with change

in the shape of the bands and it coordinated as tridentate
ligand with all the six selected ions cobalt, nickel, copper,
palladium, platinum and gold complexes. The imine, SO,
and CO bands which appeared at frequencies
1597,1037,1153 and 1681 cm™ did shift in all the
prepared complexes, which indicates that it was not
involved in coordination [17]. Further appearance of
medium bands at 563-559, 478-447, and 345-310 cm*
were related to vM-N, vM-S, and vM-CI in all
complexes which confirms the occurrence of coordination
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through it [18, 19]. Table 3 shows additional bands were  bands in the outer and inner sphere coordination can be
performed. It is also observed that the water absorption  observed in Table 3, Fig. 2, Fig. 3, and Fig. 4.
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Fig. 2. Infrared Spectrum of Ligand (L)
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Fig. 4. Infrared Spectrum of CuL
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Table 3. Fourier Transforms Spectroscopy (FT-IR) Of Functional Group of Mannich igand (L), And Their Metal

Complexes
Comp. vC=0 vC=N vVvNH vSO, vCSC vCS vCH,-N  vM-N vM-S vM-ClI H,O
ring bands
L 1681 1597 3286 1037 1199 754 2897 - e e —
3352 1153 2966
[Co(L)CI,H,0]. H20 1681 1593 3182 1036 1192 740 2881 563 478 337 3394
1157 2974 1512
783
[Ni(L)CI;H,0].H,O 1685 1597 3155 1038 1190 740 2877 563 493 321 3502
3357 1153 2978 1512
786
[Cu(L)CI,H,0]. H20 1685 1593 3136 1032 1215 732 2858 563 443 345 3447
1161 2974 1508
783
Pd(L)CI] CI 1681 1593 3250 1034 1238 740 2839 563 478 310 —eeee-
1157 2958
Pt (L) Cls] CI 1685 1597 3271 1032 1189 744 2854 563 420 345 -
3352 1153 2924
Au(L)CI] Cl, 1685 1593 3147 1032 1189 744 2823 559 447 320 —eeee-

3.2. Ultra-violet transitions, magnetic and conductivity
properties

The Uv-vis spectra of the ligand and metal ion
complexes were examined in ethyl alcohol around 25 °C.
Table 4 shows the electronic spectra information for all
produced compounds. In the Mannich ligand, the band in
the region 25510-27247 cm is attributed to the n — n*
transition which reflects the ligand's nonbonding
electrons. Another band at 44843 cm! is attributed to n—
w* transition.

(@) In cobalt complex, bands appeared at 10893, 19607,
and 23041 cm?® are assigned to “Tig —*Tqg,
Tig—*Asgr, and *Tig—*Tigp transitions due to
octahedral geometry of Co (Il) [20]. An additional band
that appeared at 30769 cm is related to the intra-Ligand
—CoCT. Magnetic-moment 3.93 B.M. In the DMF, the
conductivity recorded of 12 puS.cm™ showed the complex
was non-ionic [21]. According to this outcome, the
complex was high in the electronic spectrum of the
complex as shown in Table 4. Fig. 5 shows the geometry
of the cobalt complex.

(b) In nickel complex, bands appeared at 10728, and
18115 cm™ are assigned to 3Axg —  3T,g, and 3Ag
—3T,g transitions according to the order and forbidden
band at 13661 cm? due to *A,g —!Eg. This transition
indicates the octahedral geometry of Ni [19, 20].
Additional bands that appeared at 32258, 3101, and 40816
cm? are related to the intra ligand —NiCT. Magnetic
moment 3.18 B.M. In the DMF, the conductivity recorded
of 14 pS.cm™ showed the complex was non-ionic [21].
The electronic spectrum of this complex can be seen in
Table 4. Fig. 5 shows the geometry of the nickel complex.
(c) In the copper complex, a band that appeared at 12135
cm?t is assigned to 2Eg —?T,g, and 31446, 35971, and

46728 cm? are related to the intra Ligand —CuCT.
Magnetic moment 1.85 B.M. This transition indicates an
octahedral geometry of Copper (I1) [22]. The complex
was nonionic (uS.cm™) [23]. According to this outcome,
the complex was dark-brown paramagnetic and high-spin
oct. The electronic spectrum of the complex can be seen
in Table 4. Fig. 5 shows the geometry of a copper
complex.

(d) Inpalladium (1I)complex, bands appeared at 22522,
25839 cm? is assigned to 'Aig — !Big, 'Aig —'Eg
transitions according to the order. A band that appeared at
25839 cm? is related to the intra Ligand — PdCT.
Magnetic-moment (0) B.M. which indicates the square-
planer geometry of this complex [24]. This value shows
that the complex was low spin 77 uS.cm™ confirming the
complex was ionic [25]. The square planer complex has
diamagnetic properties. The electronic spectrum of this
complex can be seen in Table 4. Fig. 5 shows the
geometry of the palladium complex.

(f) In platinum (V) complex, bands appeared at 20703
and 28703 cm'* are assigned to 'Aig — Tig andA;g —
T,g, transitions according to the order which indicates
octahedral geometry of Pt (IV) [24]. The forbidden band
at 12091 cm? is assigned to 'Ajg— °T.g. Magnetic
moment 0 B.M. This value indicates that the complex was
low spin. In the DMF, the recorded conductivity of 82
uS.cm? indicates that the complex was ionic [26].

(9) In pink gold (11I) complex, bands appeared at 28571
and 23041 cm™ are assigned to *A;g — B1g, and 'A;g —
'Eg transitions according to the order which indicate
square planer geometry Au (Ill) Magnetic-moment 0
B.M. [27]. The recorded conductivity of 142 pS.cm?
indicates the complex was ionic [28]. Fig. 5 shows the
geometry of the gold complex.
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Table 4. The Conductivity in DMF, Electronic Spectra, Magnetic of Complexes, and Suggested Geometrical Structures
for Ligand and Their Metal Complexes

Comp.  Absorption nm.  Absorption peff B.M. Conductivity ~ Suggested
cm- Assignment found (calculated) (us.cnm) Geometry
392 25510 n—»n* .
L 367 27247 n—7* e
223 44843 n— ¥
918 10893 Tig —>'Tog
CoL 510 19607 “Tig—"Asgn) 3.93 Octahedral
434 23041 T1g—*T19() (3.87) 12
325 30769 IntraLigand—NiCT
932 10728 SAe—°T,g
730 13661 $Agg— 1Eg 3.18
NiL 552 18115 3Ae— °Tyg (2.82) Octahedral
310 32258 IL —NiCT
277 36101 IL-NiCT
245 40816 IL-NiCT 14
824 12135 2Eg—2T,g Octahedral
318 31446 IL—-CuCT 1.80
CuL 278 35971 IL—-CuCT (1.73)
214 46728 IL—-CuCT 18
444 22522 TAg— Byg
PdL 387 25839 'Alg— 'Eg 0.00 77 Square planar
305 32786 IL—PdCT
827 12091 1A g— 3Ty
483 20703 1A1g—1T,g Octahedral
PtL 348 28735 IL—-PtCT 82
315 31746 IL—-PtCT 0.00
299 33444 IL—PtCT
AuL 350 28571 1Ag—'Big
434 23041 Ag— 'Eg 145 Square planar
222 45045 IL—>AuCT 0.00
H2C — H 2C % n HzC 2
CE 3_5\ ?HECIJ CL<, ] (e e
c Nl 25
HO e H/ H.O i:djr/c{ \01—],_ HaO
o 502 o 50, O 502
£y-2 {2 e N
N H2F7 %j @: > \}% @E ‘}HZ’C?/%)
@EN}— E\t% Ha2C H'_’ M sxéu;_h__
HzC:NH/'_ T c 8" o a Hzc’nﬂ/ !
- ) )
o fo -2 O
O-2i - - -

Fig. 5. The Proposed Geometry of the Formed Complexes

3.3. NMR spectra

Another way to identify ligands is proton nuclear
resonance spectroscopy. The chemical shifts indicated by
'H-NMR in the ligand spectrum are seen in Table 5. The
spectrum of the free Mannich-base (L) shows a singlet
absorption peak appeared at 6 peak at 68.03 and 12.27
ppm equivalent to one proton that assigned to (N-H) the
secondary amine beside methylene and carbonyl group
respectively [29]. Another multiple proton peaks between

87.23 and 7.90 that belong to Ar-H aromatic present in
the ligands 6 5.61, 5.73, and 65.83,5.91. These bands refer
to methylene groups of Mannich base [30]. Another peak
can be seen in Table 5. The spectrum of *CNMR of L
appeared at 168.4 ppm indicating the carbon of carbonyl
group. The signals observed between 110.38-133.44 ppm
are due to C-Ar aromatic phenyl ringand53.06,56.64 ppm
for (the methylene group), another signal which appeared
at 165.73 ppm was due to the C-NH group. There are
other peaks which can be seen in Table 5.
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Table 5. 'H and **C NMR of Mannich Base Ligand (L)

Functional groups 'HNMR Functional groups BCNMR
4 ppm 4 ppm
DMSO (solvent) 2.52 DMSO (solvent) 39.09-40.75
H.0 3.54 C-NH 165.73
Ar-H 7.23- C-Ar 110.38-133.44
(7.90,17, H, multiplet)
CH,-N  (Mannich) 2 (5.61,5.73,2H Duplet) CH,-N (Mannich) 2 groups  (53.06,56.64)
groups (5.83,5.91,2H Duplet)
N-H beside Mannich (8.03,1H, singlet) C=N of benzimidazole ring  150.96
group
NH  beside carbonyl (12.27,1H, Singlet) C=0 group 168.64
group

3.4. Mass spectra

The mass spectrum of N-(4-((2-((1H-indol-1-yI)
methylthio)-1H-benzo[d] imidazole-1-yl) methylamino)
phenylsulfonyl) benzamide (L) was detected. Fig. 2
shows an insignificant intensity peak at mz = 567.5,
which occurred by the molecular ion of the empirical
formula. (C3oH2sN503S;). The fragment peak at 162 m\z
[(CsHeN2S) *,100)] represents the base peak. Other
fragments peak at 437 m\z [(Cx2H17N4OsS;) *,55)],275
m\z[(C13H11N203S) +,15), 155 m\z [(CsHsNO-S) *,38)],
130 m\z[(CoHsN) *,42],120m\z [(C;HsNO) *,40], 78
m\z[(CeHs) *,42], 43 m\z[(CHNO)*,28] can be seen in
Fig. 5.

3.5. Theoretical Computation Vibration Frequencies of
Ligand

Using the PM3 method provides greater compatibility
with experimental information than other methods. The
vibration spectrum of the ligand L was estimated using
this method and the results can be seen in Fig. 6.
HOMOand LUMO was calculated for the ligand molecule
to show the active groups in it and the binding sites as
shown in Fig. 7, where the electron density locations and
the probability of binding occurred through it. In the PM3
method, the heat of formation and binding energy were
calculated for cobalt, nickel, and copper complexes and
complexes of palladium, platinum, and gold using the
AMBER method. Complexes were more stable than
ligands, based on the results obtained as shown in Table
6.

Table 6. Heat of Formation and Binding Energy
(AHfand, AE®) By Two Methods PM3 and amber

PM3 AMBER
Comp.  AHf° AE° AE°=AHf°
L 85.7908 -7536.3761994 -
CoL -206123.4230661 -6273.7999339 -
NiL -23132.8899974 -6345.0830026 -—-
CuL -49802.950321 -7877.98604 -
PdL e e 94.4444
PtL s s 251.7626
AuL 69.5861

o5,

u 3344 of NH

Vw2883 of CH: Alp.

ules3 of C=0

v 765 of CS

Fig. 6. Vibration Spectrum of Mannich Base Ligand (L)
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Fig. 7. HOMO and LUMO of Ligand (L)
3.6. Antibacterial and antifungal activity

The results obtained regarding Mannich ligand base L
and accompanying novel complexes' antibacterial and
antifungal properties are shown in Table 7. All dishes'
inhibitory diameters were acquired in millimeters. The
antibacterial and antifungal action of all complexes
prepared were estimated in contrast to certain gram-
positive and gram-negative microorganisms,
(Staphylococcus,  streptococcus,  Escherichia  coli,
pseudomonasaeruginosa), and candidaalbicans fungi at
concentration 0.02 M using the standard drug
(amoxicillin) with bacteria and fluconazole standard
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antifungal drug as shown in Fig. 8. The results showed
that the ligand is more effective than the standard drug
and complexes with all types of selected bacteria except
for the copper complex. Where the copper complex
showed high effectiveness against selected bacteria except

E-Coli and with fungi higher than the other prepared
complexes. Regarding the fungi, the findings revealed
that the ligand and all prepared compounds had greater
activity than the standard medication except for the
platinum complex which had a low inhibition zone [27].

Fig. 8. Bacteria and fungi dishes and inhibition zone when (a): pseudo monasaeruginosa, (b): Escherichiacoli, (c):
streptococcus, (d): candida albicans, (f): candidaalbicans

Table 7. Anti-bacterial and Antifungal Effects of All Prepared Compounds at 0.02 M

Types of bacteria and

Types of bacteria Fungi
Compounds Staphylococcus  Streptococcus Escherichia coli  Pseudomonas aeruginosa  Candida albicans
1 CoL 14 15 14 15 14
2 NiL 26 15 28 25 34
3 CuL 32 33 30 35 32
4 PdL 24 24 25 25 29
5 PtL 10 10 12 10 11
6 AuL 28 19 27 27 18
7 DMSO () () () () ()
8 L 30 32 33 29 26
9 Amoxicillin_ 10 9 10 9
10 Fluconazole  -------- 12

(-) means there is no inhibition zone with the DMSO solvent
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4- Conclusions

This research work includes the synthesis of a new
ligand derived from 2-mercaptobenzamidizole and six
coordination complexes with light and heavy metal ions
of different oxidation states. Most of the spectroscopic
methods were used in the diagnosis, including mass
spectra,'HNMR,3CNMR, UV-Vis, FT-IR, conductivity
and magnetic moment, CHNS, and atomic absorption.
The evaluation of the indication demonstrated that the six
complexes have two geometry structures: octahedral with
cobalt(l1), nickel(ll), copper(ll) and platinum(lV), and
square planar with palladium(I1) and gold(I11). The results
of biological activity in general revealed that the ligand
has an antibacterial activity that is higher than the
standard drug and the complexes prepared with the
exception of the complex with fungi. All compounds were
more effective than the standard drug with the exception
of the platinum complex.
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