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Abstract

The formation of a Schiff-Base ligand 2-((2- hydroxynaphthalen-1-
yl)methylene)hydrazine/1-carboxamide (L) with its complexes are set. This ligand has
obtained from the condensation of 2-hydroxy-1-naphthaldehyde by semicarbazide. A
series of metal complexes were produced by the ligand's interaction with the metal
chlorides of Mn(l1), Co(ll), Ni(Il), Cu(ll), Zn(Il) in addition to Cd(ll) . So the analyses
showed that the general formula of complexes gave [M(L)CI], where M= Mn(ll),
Co(ll), Ni(I1), Cu(ll), Zn(l1) and Cd(ll). According to these investigations, the
tetrahedral arrangement for Mn(ll), Co(ll), Ni(ll), Cu(ll), Zn(ll) and Cd(ll) was
disturbed. Then biological activity for the synthesised compounds was measured and
checked against Bacillus subtilis, Staphylococcus aurius, Escherichia coli and
Klebsiella Pneumoniae. The results were compared with Ampicillin that is used as a
main standard antibiotic. Consequently, set of these compounds gave an identical
antibacterial activity to the Ampicillin.

Keywords: Structural characterisation, Schiff base ligand Antibacterial activity
and Ampicillin

Introduction

In the past decades, Schiff-base metal complexes became the focus of attention
because of their role in coordination chemistry [1.2], ease of preparation and
structural diversity. Schiff base is considered as an important and essential substance
that is used as metal ion complexing agent [3] because of their ability to form
invariable compounds with any metal ion[4]. These compounds are used in
medicine[5,6], copyist of bioactive molecules[7], catalysis[8], analytical[9],
environmental chemistry[10] and as scavengers for the removal of heavy metal
ions[11]. Their bioavailability makes the materials excellent antiviral, anti-
inflammatory[12], anti-apoptotic[13] in addition to antibacterial agents[14]. Schiff
base compounds containing (N,O) chelating sites to complexation are known as
semicarbazones[15]. Their biological and pharmacological capabilities are among the
many uses for which they bind transition and non-transition ions [16]. Semicarbazone
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Schiff base compounds have been found to have a number of applications, including
DNA binding and antibacterial and antifungal properties [17, 18]. Antiviral,
analgesic, antispasmodic[19], anticancer[20], and antioxidant agents Capacity[21]
The aim of the study was to characterize and synthesize Schiff-bases with aldehyde
groups taken from (2-hydroxy-1-naphthaldehyde) and semicarbazide to test the
effective bioactivity of the ligands and their complexes against different kinds of
bacteria.

Experimental

Materials and Methods

The reagents utilized in this investigation were applied exactly as described. Csl discs
and KBr from 4000 to 250 cm™ were employed to set the spectra of compounds using
the Shimadzu Fourier Transform Infrared Spectrometer (FTIR-600). A Shimadzu 160
spectrophotometer was used to measure and evaluate the electronic spectra for 10 > M
solutions in DMSO at room temperature, covering the wavelength range of 200-1100
nm. Melting points were determined for the ligand and its metal complexes utilizing an
Eager 300 for EA1112 and a specific electrothermal Stuart apparatus/model SMP40
elements analysis (C.H.N.). Metal with chloride percentages of compounds were
measured using a potentiometric titration method using a 686-titro processor - 665
Dosimat - Metrom Swiss, and a Shimadzu (A.A) 680G atomic absorption
spectrophotometer. A Eutech Instruments Cyberscan con 51odigital conductivity meter
was used to record the molar conductance for complexes. Sherwood Scientific Devised
was used to achieve and complete the magnetic measurements at 298.6 K. The Central
Service Laboratory of the Iraqi Ministry of Science and Technology examined the
biological activity of several substances.

The  Synthesis of  2-((2-hydroxynaphthalen-1-yl)methylene)hydrazine-1-
carboxamide (L)

An equimolar mixture 2-hydroxy-1-naphthaldehyde(0.001 mol) in ethanol (15 mL) has
been added with stirring a solution of semicarbazide (0.07g) in 10ml of EtOH was
refluxed with a catalytic amount of glacial acetic acid (2 drops) for 8 h and_permitted
to restrict evaporation at RT.The pale -Brown crystals formed were accumulated
during filtration and washed with some cold ethanol (5ml)/ diethyl ether (10ml) and
then dried in the air and cold ethanol (5ml) .

The Synthetic procedure for complexes

The solution of (L) (0.1g 0.28mmol)has been added a hot ethanolic solution (15 mL)
of respective metal chlorides (0.001 mol). The reaction mixture was bounced on a
water bath for 4h. The pH of the reaction mixture was adjusted ca. 9 this was by
adding alcoholic solution of potassium hydroxide and refluxing continued for about an
hour more. The reaction mixture was cooled to room temperature and then poured into
distilled water. So the colored solids separated were collected by filtration, washed
with sufficient quantity of distilled water.

403



Journal of Kufa for Chemical Sciences VOI. (5) N0O. (1) ceeeeeeeeeeeeneencseeecessosocnnsaseas Dec. 2025

Antibacterial Activity

The ligand (L) in addition to its transition metal complexes were all screened for their
antibacterial  activity against  (Staphylococcus aurius, Bacillus subtilis,
Escherichia coli, and Klebsiella Pneumoniae ). This task was completed by employing
the agar well diffusion method, in which sterile metallic borers with a minimum center
diameter of 6 mm were used to drill wells in the media [15,16]. The antibiotic
standard, ampicillin, was used to compare this activity. These produced compounds
were placed in an incubator for 24 h at 37°C after dissolving in DMSO. It was done
what (DMSO) was supposed to do. This suggested that it has no primary impact. The
evaluated substances were centered on the antibiotic standard of 50 mg/ml. Obtained
information in Table 4

Results and Discussion

Chemistry

The formation of the Schiff-Base Ligand of condensation reaction of the 2-hydroxy-1-
naphthaldehyde and the semicarbazide in (1:1) mole ratio in (EtOH) medium
conductted in the formation of the title ligand2-((2-hydroxynaphthalen-1-
yl)methylene)hydrazine(1)carboxamide (L) Scheme (1).

The ligand-to-molecule (L:M) mole reaction was conducted with metal chlorides of
(Mn(11), Co(ll), Ni(ll), Cu(ll), Zn(I1) and Cd(Il) in a 1:1 ratio, employing EtOH as a
medium and KOH as a base. It investigated the separation of (complexes with four
coordinates) Scheme 2. The use of (KOH) was necessary to generate the monobasic
species and deprotonate the ligand, consequently, no reaction may be proceeded
without arranging the (pH) of the reaction to ca. 9. The prepared compounds (ligand
and complexes) were characterised by a range of physicochemical techniques. These
include metal and chloride ratio with micro-elemental analyses (Table 1). FT-IR
(Table 2). UV-Vis spectroscopy (Table 3). The conductance measurement of the
complexes in (DMSO) solutions showed the isolation of the nonelectrolyte complexes.
According to the given data, the complexes of the general fOrmula [M(L)CI,] (where;
M= Mn(ll), Co(ll), Ni(ll), Cu(ll), Zn(I1) and Cd(1I)) were isolated.
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2-hydroxy-1-naphthaldehyde semicarbazide
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(E)-2-((2-hydroxynaphthalen-1-yl)methylene)hydrazine-1-carboxamide

Scheme (1): Synthesis of Ligand.
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M= Cd(1I)/ Zn(I1)/ Cu(I) /Ni(II) Mn(II)
and Co(II).

Scheme 2: Synthesis of complexes.

FT-IR data
The FT-IR of ( L). Figurel showed some bands at 3437 and 3176 cm™ which is

attributed to v(NH;) and v(NH), respectively of the hydrazine group[15]. The
spectrum showed bands in (1685) and (1597) cm ™ which attached to v(C=0)amice
semicarbazone group and v(C=N)imine [18,19] in sequence.
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Figure 1: FT-IR spectrum of Ligand.

(FT- IR )spectra for complexes

The complexes spectra in ( imine stretching band) revealed a shift, (C=N) by 4-28 cm™
contrasted with that at 1597 cm™ in ligand which found in1588, 1580, 1569, 1573,
1593 and 1580 cm™ in Mn(11), Co(I1), Ni(11), Cu(l1), Zn(l1) and Cd(l1) Frequently, The
distribution of the nitrogen atom for the -C=N group to the imine for the metal centre
causes the band shifting[22, 23]. In Mn(ll), Co(ll), Ni(ll), Cu(ll), Zn(1l) and Cd(ll)
complexes, the band at 1685 cm™ from v(C=0)amide in the free ligand is routinely
displaced by 15-21 cm™ into a lower frequency and detected at 1670, 1666, 1664,
1670, 1664, and 1665 cm™ Nevertheless, such shifting is assigned as a part of evidence
of the assortment of the oxygen atom for the semicarbazone to the metal centre [19].
So, the spectra of this free ligand showed peak at 3437 which is went with v(NH,)
stretching of the hydrazine set. So, the peak lacked a shift against spectrum of the
ligand then found in 3402, 3400, 3340, 3383, 3313and 3332 for Mn(ll), Co(ll), Ni(ll),
Cu(ll), Zn(I1) and Cd(I1) Complexes. The bands which attributed at 3170, 3109, 3159,
3175, 3199 and 3109 cm™ where set to v(NH) in Mn(11), Co(11), Ni(l1), Cu(l1), Zn(11)
and Cd(Il) complexes regularly. New bands were observed in the spectra at 562, 569,
546, 533, 549, and 549 cm™. These bands were indicative of regular v(M-O) of Mn(ll),
Co(I1), Ni(I1), Cu(I), Zn(11) and Cd(I1) complexes [19, 23]. For Mn(ll), Co(Il), Ni(ll),
Cu(Il), Zn(I1) and Cd(Il) regular bands associated with v(M-N) were observed at 452,
454, 433, 432, 443, and 445 cm™ [17, 18, 24]. Afterwards, the (FT-IR) spectra showed
bands at 241 cm™ for v (Mn-Cl), 240 cm™ for v (CO-ClI), 255 cm™ for v (Ni-Cl), 249
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cm™ for v (Cu-Cl), 236 cm™ for v (Zn-Cl), and 241 cm™ for v (Cd-Cl) [23, 24]. These
bands demonstrated that the metal center was responsible for the chlorido moiety

The Magnetic Moment Measurements and Electronic Spectra

The Uv-Vis known as the spectrum of (L) exhibits which peaks at (263) and (315) nm
that is resulted from ( =—n* and n—n*) [25-28], respectively. The spectrum of the
Mn(ll)-complex showed peaks in the visible region at 467 and 845 nm attributed
*A1—"T, (¢ and *A;—*A; ),"E(e), regularly. The data propose the attribution sphere
for the (Mn atom) is tetrahedral [29]. Co(ll) complex showed the peaks in a visible
area at 541-831 nm whih attached to “Tig—"Typ With *“Tye—"Aye transitions
regularly with showing tetrahedral structure over Co atom [25]. So spectrum of Ni(ll)-
complex contained absorption peaks at 751-845 nm related to *T;g— Ty and
3T1(F)—> A, ¢ rehearsing the tetrahedral arrangement of the Ni atom [29]. The peaks
has been recorded at 355- 867 nm withen the spectrum of the Cu(ll)/complex were
specified to “B;g— °B,g and “B,g— *A,g, regularly proposting some distorted square
planar geometry of the Cu(ll). The spectra of the Zn(l1) and Cd(Il) complexes showed
peaks at 281 nm that were specific to the ligand field. A specific peak about 358 nm is
associated with the charge-transfer transition type M—L. No prominent bands were
visible in the d-d region [24/25/28/30] of the spectrum. Furthermore, various
characterization tools served as the foundation for the tetrahedral geometry that was
proposed regarding the metal center of the d*° configuration. Table 3 displays the
values of the magnetic susceptibility data for the ligand complexes. The Mn(11),Co(ll)
and Ni(ll) complexes' magnetic moment measurements consistently yield values of
5.46, 3.70 and 2.28 B.M. The values showing the metal center's tetrahedral
geometry[31]. Using the complex of Cu(ll) 1.50 B.M., the magnetic data may show
the Cu atom's distorted square planer shape. [31].
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Table(1):Microanalysis and physical properties of Ligand and complexes

Microanalysis; calculated Am
Y. found (%) S.cm?
Comp. M.Wt Cor'ou mp (% ,
) C H N C| m0|e_
1
Light-  122- (62.87) (484) (18.33) _ ]
C12H11N5O, 229 pown 124 2% 6787 679  19.65
Deep  211- (40.71) (285 (11.87)  (20.02)
[Mn(L)CL] B4 pown 213 99 4156 282 1170 2011 1605
Red  225- (40.25)  (282) (1174)  (19.80)
[Co(L)CL] 39 pown 227 Y 4125 228 1184 10.92 9.36
. 236- (4028) (282 (11.74)  (19.81)
[Ni(L)CI] 358 brown 40 68 Tuo19 278 1170 1990 174
Dark | 222- (39.74)  (278) (1159)  (19.55)
[Cu(L)CL] 363 e 225 %2 4053 222 1168 1966 1342
Light = 231- (3954) (277) (1153)  (19.45)
[Zn(L)Cl] 365 pown 233 %% 4031 264 1158 1081 1402
Light = 241- (44.99) (330) (1312)  (11.06)
[Cd(L)CL] 641 pown 243 0 4436 360 @ 13.14 1111 1644

Table (2): FT-IR data (cm™) of Ligand and its complexes

_ _ _ ) ) v(M-

Comp. v(NHy) v(NH) v(C=0) | v(C=N) | ¥(C=C) | v(M-O) | v(M-N) cly
C1oHiN;O, 3437 | 3176 | 1685 | 1597 | 1454 - i -

[Mn( L)Cl] 3402 1 3170 1 4670 | 1988 | q4ma | 62 452 | 241

3400

[Co( L)CL,] 3109 | 1666 | 1580 | 1442 | 569 454 | 240

[Ni(L)CL] 3340 | 319 | 1664 | P9 | 412 | a6 433 | 255

[Cu( L)Cl,] 3383 | M0 | 1670 | P | 13 | 533 432 | 249

408




Journal of Kufa for Chemical Sciences VOI. (5) N0O. (1) ceeeeeeeeeeeeneencseeecessosocnnsaseas Dec. 2025

[Zn( L)Cl;] 3313 | 319 | 1664 | 1503 | 1412 | 533 443 | 236
[Cd(L)Cl] 3332 | 3109 | 1665 1580 1435 549 445 241
Table (3): UV-Vis data of Ligand and its complexes.
1 Emax Assignment Suggested Mg
comp. Ao | em) s Geometry | pu
263 | 38023 2029 n— ¥
C1oH1N:0, 315 | 21746 1234 R I ——— -
275 | 36364 677 L.F
303 32787 1465 CT Distorted
[Mn(L)CL] 467 | 21413 380 *Avcy— ‘T Tetrahedral | >°
845 | 11834 30 *Asc— ‘Ave) 'E)
295 | 33898 870 L.F
[Co( L)Cl,] 350 1 28571 1123 - Ol Distorted | 3.70
541 18484 38 Tl(F)_) T]_(p) Tetrahedral
831 | 12034 22 Tie—"Aup)
205 | 33898 270 LF
. 384 | 28736 160 . O .
[Nl(L)Clz] 40 Tl(F)_) T]_(p) Distorted 2.28
751 13316 58 Tup— A Tetrahedral
845 | 11834 HET T
280 | 35712 522 L.F
301 | 33223 225 CT Distorted
[Cu(L)C] 355 | 28169 145 ’B,g—?B,g square planar 1.50
867 | 11534 104 B,g—2Ag
281 | 35587 1823 L.F Distorted
[Zn(L)CL] 359 | 27855 972 C.T Tetrahedral |
282 | 35460 1558 L.F Distorted
[Cd(L)CL] 358 27932 757 C.T Tetrahedral i

*L . F=Ligand Field, C . T=Charge Transfer

Biological Activity
The microbiological activity of the metal complexes of the synthesized ligand was

evaluated against two types of bacteria:

G-positive (Bacillus subtilis and

Staphylococcus aurius) and G- negative (Klebsiella pneumoniae and Escherichia coli).
The selected bacteria are thought to be the most dangerous and lethal variety. Thus, a
thorough screening is conducted for these microorganisms in all of the hospital's
operating rooms. Additionally, the synthesized compounds demonstrated superior
action against bacterial strains when compared to Ampicilin's activity.
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Table 4: Antibacterial screening data ( The zone of existence in mm) for

Comp.N
0

C12HuNsO,

[Mn(L)Cl]
[Co(L)Cl]

[Ni(L)Cl]
[Cu(L)Cl]

[Zn(L)Cl]
[Cd(L)Cl]

Ampicillin

Compounds ( The Ligand and its Complexes).

14

18
16

18
19

23
22
22

Gram-negative
Klebsiella

Pneumoniae E. Coli

12

19
19

18
18

23
21
23

Staphylococcus
Aurius

16

18
17

16
16

20
23
22

Gram-positive
Bacillus subtilis

15

16
19

17
18

20
21
22
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Figure 2: The inhibition zones diameter; (mm) against the bacterial species for
the ligand with its complexes.
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