
ABSTRACT
New Schiff base [3-(3-acetylthioureido)pyrazine-2-carboxylic acid][L] has been prepared through 2 stages, the chloro acetyl 
chloride has been reacting with the ammonium thiocyanate in the initial phase for producing precursor [A], after that [A] has 
been reacting with the 3-amino pyrazine-2-carboxilic acid to provide a novel bidentate ligand [L], such ligand [L] has been 
reacting with certain metal ions in the Mn(II), VO(II), Ni(II), Co(II), Zn(II), Cu(II), Hg(II), and Cd(II) for providing series of 
new metal complexes regarding general molecular formula [M(L)2XY], in which; VO(II); X=SO4,Y=0, Co(II), Mn(II), Cu(II), 
Ni(II), Cd(II), Zn(II), and Hg(II); Y=Cl, X=Cl. Also, all the compounds were characterized through spectroscopic techniques 
[ IR, UV-Vis, atomic absorption], conductivity measurements, chloride content, elemental micro analysis in addition to the 
1H,13C-NMR for ligand [L] only. Based on the results taken from the methods mentioned above, the proposed geometrical 
structures with regard to each prepared complex have been in the agreement with octahedral formula. 
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INTRODUCTION
The Schiff base compounds which are derivatived from the 
pyrazine, have been majorly identified classes regarding the 
organic reagents from practical and theoretical perspectives.1 
The Schiff base complexes have been characterized through 
the existence of azomethine group (-CH=N-) due to the 
condensation between ketones or aldehydes with the aromatic 
amines.2 The existence of azomethine linkage in the aromatic 
compounds makes such reagents act as chromogenic in 
specifying trace amounts of the transition metals, including Ni, 
in certain natural foods samples.3 Furthermore, the tendency 
as ligands towords coordinating with various ions of metals 
has been particularly indicated on such ligands with at least 2 
donor atoms concentrated in the coordination chemistry; also, 
the coordination compounds have been defined as certain metal 
ions which are surrounded with ligands. The ligands might 
be molecules or anions; they might be donating the electrons 
to d-orbitals related to metal ion as well as forming a bond 
in such coordination’s chemistry. The bio ligands are of high 
importance due to their possible activity in transition metal 
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complex.4 The Schiff bases are of high importance in various 
areas like in pharmacology as anti-cancer, anti-bacterial, and 
anti-fungal.5 In an industry with regard to the characteristics 
of the compounds as Thermal Initiation in the Radical 
Polymerization.6 In the presented study, a New Schiff base 
ligand in addition to its compounds for VO(II), Mn(II), Co(II), 
Ni(II), Cu(II), Zn(II), Cd(II), and Hg (II) have been made. 

EXPERIMENTAL 

Physical Measurements and Materials 
Every utilized chemical has been of the maximum purity 
(merck, Fluka, and BDH) and also utilized with no more 
purification. The elemental analysis has been implemented 
via the micro-analytical unit of (EURO EA-3000 Single) 
CHN element analyzer/Ibn sina company. The spectra of the 
absorption have been recorded using Shimadzu UV-Vis1700 
spectro-photometer, for a solution related to complexes in the 
DMSO at a temperature of 25 Celsius. With the use of quartz 
cell of (1cm), the IR spectra have been recorded with the use of 
FT-IR8000 Shimadzu, in range (400–4,000cm-1) utilizing KBr 
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disc. The electrical molar conductivity measurements regarding 
complexes have been recorded at the room temperature for 
(10-3) M solutions related to samples in the ethanol using 
PW-9526 digital conductivity meter. 1H, 13C nuclear magnetic 
resonance (NMR) spectra have been recorded with the use of 
DMSO-d-6 at Brucker 400 MHz spectrometer. Chloride content 
is specified with the use of potentiometric titration technique 
on 686-Titro Processor 665 Dosim A-Metrohm/Swiss. Also, 
melting points have been acquired by the use of electrothermal 
apparatus Stuart; the metals and melting point were specified 
with the use of Shimadzu (AA) 680 G atomic absorption  
spectrophotometer. 
Derivative Chloro acetyl Isothiocyanate[A] Preparation
A mixture of chloro acetyl chloride (2.05 mL, 26 mmol.) and 
NH4SCN (2.00 g., 26 mmol.) in 25 mL of (CH3)2CO and stirred 
under reflux for 3 hours, and then filtered,7 the preparation that 
is related to Schiff base can be seen in the Scheme 1.
New Schiff base ligand[L] preparation
3-amino pyrazine-2-carboxilic acid (3.61 g., 26 mmol.) in 
20 mL of acetone has been added to the precursor A, also 
keeping up the refluxing for a period of 6 hours, the resulting 

solid has been collected recrystallized from ethanol,8 yield 
(82%), mp (248-250)C. (Scheme 2).
Metal complexes preparation
The (1:2) chelate compounds that are related to ligand and metal 
have been prepared via dissolving (0.002 mol, 0.423 g) Schiff 
base [L] in 25 mL  of the absolute ethanol. Also, the related 
hydrated metal chloride salts of (VOSO4.H2O, MnCl2.4H2O, 
CoCl2.6H2O, CuCl2.2H2O, NiCl2.6H2O, CdCl2.H2O, ZnCl2, 
and HgCl2) of (0.001 mol) is subjected to dissolving in 
absolute ethanol (25mL) and mixed with a solution of the hot 
ethanol which is related to ligand, also refluxed for a period of 
3 hours on water bath, on cooling contents. Furthermore, the 
compounds have been separated out in every one of the cases. 
The product has been filtered, then washed by the ethanol, 
then left to dry under vacuum. Table 1 shows the collection 
of physical characteristics as well as analytical data for the 
compounds.

RESULTS AND DISCUSSIONS
Metal complexes have been insoluble in the water, also soluble 
in ethanol, acetone, DMSO, CHCL3, DMF, and methanol.
Infra-red Spectra of Complexes and Ligand
Infra-red spectral data related to the Schiff base ligand 
(Figure 1) and their complexes have been provided in Table 2. 
Complexes’ IR spectra compare with the ones of free ligand to 
determine the sites of the coordination that might be involved 
in the chelation.

The band in IR spectrum that is related to the free ligand 
at 1604 cm-1, which is considered to be assignable to the 
stretching vibration υ (C=O) group of L that has been shifted 
to high frequency in complexes’ Infra-Red spectra, indicating 
involvements of carbonyl oxygen atom in the coordination.9 
Also, the appearance regarding the new non-ligand band 

Scheme 1: Precursor’s preparation [A]

Scheme 2: Ligand [L] Preparation

Table 1: Physical characteristics and the analytical data of ligand in addition to its complexes.

No. Compound Color M wt.
MP
C°

Found (Calc.)%
C H N O S M Cl content

1 C8H8N4O3S yellow 240.24 240–242 38.00
(39.96)

2.95
(3.33)

22.51
(23.31)

19.00
(19.98)

12.52
(13.35) __ __

2 [VO( C8H8N4O3S)2SO4] Deep 
green

627 290 dec. 29.50
(30.62)

2.00
(2.55)

17.11
(17.86)

27.00
(28.07)

25.00
(25.51)

7.33
(8.13) ---

3 [Mn( C8H8N4O3S)2Cl2] Deep 
yellow

605 248 dec. 31.00
(31.73)

2.11
(2.64)

17.30
(18.51)

15.00
(15.86)

9.21
(10.57)

9.00
(9.09)

11.05
(11.57)

4 [Co( C8H8N4O3S)2 Cl2] blue 609 270–272 30.42
(31.52)

2.11
(2.62)

17.11
(18.39)

14.30
(15.76)

9.66
(10.50)

9.11
(9.68)

10.50
(11.49)

5 [Ni( C8H8N4O3S)2 Cl2] Deep 
brown

609 278 dec. 30.40
(31.52)

2.13
(2.62)

17.13
(18.39)

14.33
(15.76)

9.69
(10.50)

9.15
(9.68)

10.55
(11.49)

6 [Cu( C8H8N4O3S)2 Cl2] green 614 288–290 30.62
(31.27)

2.11
(2.60)

18.00
(18.24)

15.11
(15.63)

9.89
(10.42)

10.22
(10.42)

10.96
(11.40)

7 [Zn( C8H8N4O3S)2 Cl2] yellow 615 300 dec. 30.55
(31.21)

2.00
(2.60)

18..14
(18.21)

15.20
(15.60)

10.01
(10.40)

10.00
(10.56)

10.50
(11.38(

8 [Cd( C8H8N4O3S)2 Cl2] yellow 662 230 dec. 28.63
(29.00)

2.10
(2.41)

16.00
(16.91)

14.01
(14.50)

9.11
(9.66)

16.00
(16.91)

10.01
(10.57)

9 [Hg( C8H8N4O3S)2 Cl2] yellow 751 210 dec. 25.32
(25.56)

2.11
(2.13)

14.21
(14.91)

12.55
(12.78)

8.11
(8.52)

14.54
(14.91)

9.00
(9.32)
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about (415–450 cm-1) in Infra-Red spectra of all the complexes 
because of υ (M-O) substantiates.10 Furthermore, the band at 
(1234cm-1) in the IR spectrum regarding the free ligand might 
be due to the υ (C=S) stretching vibration, filled with low 
frequency in complexes’ IR spectra. Such shifting specified the 
coordination regarding ligand with the metal ion through sulfur 
atoms.11,12 This has been more substantiated with the existence 
of new band about (499–590cm-1) which is considered to be 
assignable to υ (M-S).13 It has been indicated that the ligand 
behaves as a bidentate ligand that is coordinated to the ions of 
the metal through the oxygen atom of the carbonyl group of L 
and sulfur atoms every complex.
Electronic Spectra
Ligand’s electronic spectra (Figure 3), as well as its Hg (II), 
Zn (II), Ni (II), Mn (II), VO(II), Co(II), Cu(II), and Cd(II) 
complexes, were examined; also the spectral data were 
provided in the Table 3. UV-vis spectrum that is related to 

Schiff base ligand was mainly characterized via 2 absorption 
peaks at (295 nm) allocated to (π π *), also at (563 nm) 
allocated to (n π*).14 Such electronic transition has been 
shifting toward high or low frequency in electronic spectra 
regarding every prepared complex, indicating the ligand’s 
coordination with metal ions. Also, electronic spectrum 
regarding VO (II) complex (Figure 4) showed 2 new peaks 
of absorption, the first one is at (275 nm) and allocated to 
intra – ligand, while the other is at (569 nm) and allocated to 
(d-d) electronic transition type (2B2g → 2B1g), specifying 
octahedral geometry around VO(II) ion.15 The electronic 
spectrum regarding the Mn (II) complex indicated 2 new peaks 
of absorption, the first peak is at (276 nm) might be allocated 
to intra–ligand, while the other peak is at (567 nm) has been 
allocated to (d-d) electronic transition type 6A1g4T2g(G). The 

Figure 2: Infra-Red spectrum of ion complex of VO(II) with ligand 

Figure 1: Ligand’s infrared spectrum 

Table 2: Characteristic Infra-Red absorption bands of ligand (L) as well as its complexes in cm-1 

v(M-S)v(M-O)v(C=S)v(C=O)Compounds
––1234(s)1604(s)L= C8H8N4O3S
459(w)524(m)1211(w)1620(s)[VO( C8H8N4O3S)2SO4]
420(m)528(m)1215(s)1627(s)[Mn( C8H8N4O3S)2Cl2]
443(m)536(m)1230(m)1612(m)[Co( C8H8N4O3S)2 Cl2]
435(w)547(w)1226(s)1612(s)[Ni( C8H8N4O3S)2 Cl2]
439(m)528(m)1226(m)1627(m)[Cu( C8H8N4O3S)2 Cl2]
424(m)528(m)1215(s)1616(s)[Zn( C8H8N4O3S)2 Cl2]
420(m)528(m)1211(s)1627(s)[Cd( C8H8N4O3S)2 Cl2]
420(w)543(w)1215(s)1616(s)[Hg( C8H8N4O3S)2 Cl2]

Figure 3: Ligand’s absorbance spectrum

Figure 4: The ligand’s absorbance spectrum with Ni (II) ion complex
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peaks have been in the excellent agreement of the octahedral 
geometry which is related to the complex of the Mn (II).16 
The electronic spectrum regarding the complex of Co (II) 
specified 3 new peaks of absorption, the first one is at (230 
nm) allocated to intra – ligand, the other ones are at 565 nm 
and 990 nm have been allocated to (d-d) electronic transition 
type (4 T1g → 4 T1g(P)and (4T1g→4T2g). The peaks have been 
in excellent agreement with the octahedral geometry related 
to Co (II).16 Also, the electronic spectrum regarding Ni (II) 
complex specified 4 new peaks of absorption; they have been 
at (303 nm and 324 nm) might be allocated to intra–ligand. The 
rest of the peaks have been at 720 nm and 822 nm and allocated 
to (d-d) electronic type of transition (3A2g→3T1g) as well as 
(3A2g→3T2g), such peaks have been in excellent agreement 
regarding the octahedral geometry for Ni (II) complex.16 The 
electronic spectrum related to the Cu (II) complex indicated 4 
new absorption peaks; the peaks at (307 and 325 nm) might be 
allocated to intra – ligand. The other peaks have been at 729 nm 
and 822 nm allocated to (d-d) electronic type of transition 
(2B1g→2Eg) as well as (2B1g→2A2g). Such peaks have been in 
excellent agreement regarding the octahedral geometry for the 
complex of Cu (II).16 The electronic spectrum of the complexes 
of Cd(II), Hg(II), and Zn(II) specified absorption peaks at (277, 
277 and 271 nm) referring to (π π *), whereas at (325, 321 and 
323 nm) might be allocated to (n π*),13 the metal ion regarding 
such complexes belong to d10 system, also such metals are not 
showing (d-d) electronic transition.16 
Molar Conductivity
Molar conductance regarding all the ethanol complexes lies 

in the range of (8.92-19.15) S.cm-1. mole-1, specifying their 
non-electrolytic behaviors.17,18

Nuclear Magnetic Resonance Spectra for Ligand
The 1H, as well as 13C correlating to NMR analysis, have been 
utilized for characterizing ligand. Also, the spectra have been 
recorded in the solution of the DMSO–d6.
Spectrum of the 1H NMR for the Ligand
In the solution, like in solid-state, such phenomenon was 
verified via IR as well as the spectra of the NMR. 1H NMR 
spectrum for ligand, Figure 5 in the DMSO-d6 specified signal 
at chemical shift (δH = 3.67 ppm) have been allocated to (3H, 
CH3) protons,23 also at (8.26–8.60 ppm) with regard to aromatic 
protons. The appearances of such protons as multi are because 
of mutual coupling. The sharp singlet signal at (δH = 10.15ppm) 
has been allocated to protons of (1H, NH-CS), peak at (δH = 
12.30 ppm) for 1H, COOH.24

Figure 5: Spectrum of the 1H NMR for ligand in DMSO-d6

Table 3: The electronic spectra of ligand and its chelate complexes

Compound λ Max. nm Transition Suggested structure LmS.cm2.mole-1

C8H8N4O3S 295 
563 

π  π*
n  π*

– –

[VO( C8H8N4O3S)2SO4] 275
569

Intra - ligand
2B2g → 2B1g

Oh.
18.82

[Mn( C8H8N4O3S)2Cl2] 276
567

Intra - ligand
6A1g4T2g(G)

Oh.
13.41

[Co( C8H8N4O3S)2 Cl2] 230
565
990

Intra - ligand
 (4 T1g → 4 T1g(P)
 (4 T1g→4 T2g)

Oh. 9.32

[Ni( C8H8N4O3S)2 Cl2] 303
324
720
822

Intra - ligand
Intra - ligand
(3 A2g→3 T1g) 
(3 A2g→3 T2g)

Oh. 19.15

[Cu( C8H8N4O3S)2 Cl2] 307
325
729
822

Intra - ligand
Intra - ligand
(2B1g→2Eg) 
(2B1g→2A2g)

Oh.
9.87

[Zn( C8H8N4O3S)2 Cl2] 277
325

Intra - ligand
Intra - ligand

Oh.
8.92

[Cd( C8H8N4O3S)2 Cl2] 277
321

Intra - ligand
Intra - ligand

Oh.
15.91

[Hg( C8H8N4O3S)2 Cl2] 271
323

Intra - ligand
Intra - ligand

Oh.
17.10
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13C NMR Spectrum for Ligand.
13CNMR spectrum of  free ligand  in (DMSO-d6), Figure 6. 
has shown the following signals: signal at δ (38.68–40.67 ppm) 
for DMSO and CH2Cl, signal at δ (114.92–149.32 ppm) for the 
aromatic carbons, signals at δ (164.92 ppm) for COOH, signal 
at δ (171.84 ppm) (C=O sec. amid), signal at δ (180 ppm) for 
(C=S).24-26

Suggested Structure
Based on the elemental microanalysis as well as the 
spectroscopic studies related to ligand [L], and all the 
complexes, the present work suggesting that ligand behaving 
like bidentate on the complexation with the ions of the metal 
through oxygen atom of carbonyl group in addition to the sulfur 
atom, also it has been indicated that the M:L ratio has been 1:2. 
On the basis of such results, the complexes have octahedral 
geometry (Figure 7).
Biological Activity
We studied the effects of biological screening for the compounds 
by testing in vitro against the bacteria: Staphylococcus aureus, 

Escherichia coli, Pseudomonas aeruginosa, and (Bacillus 
subtilis)  by the well diffusion method at 25°C.27-30 The well is 
filled with the test solution 10–3 M is prepared by dissolving 
the compounds in DMSO using a micropipette, and the plate 
is incubated for 24 hours. Using agar nutrient as the medium 
inoculated with microorganisms. During this time, the test 
solution spreads and the evolution of inoculated bacteria are 
affected as in Figure 8.
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