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Abstract :

In the present work, metal complexes of Ni(Il), Mn(II), Cu(II), Co(II), Zn(II), Cd(II) and
Hg(IT) had been synthesized with the use of new Ligands N1,N4-bis((1,5-dimethyl-30xo0-
2phenyl-2,3dihydro-1H-pyrazol-4yl) carbamothioyl) succinamide (La) and NI1,N4-bis
((4-(N-(5-methyl isoxazol- 3yl) sulfamoyl) phenyl) carbamothioyl) succinamide (Lb) de-
rived from succinyl chloride with 4-aminoantipyrine and Sulfamethoxazole respectively. In
comparison to standard antioxidants (ascorbic acid), their antioxidant activity against DPPH
(1.1-Di-phenyl-2-picrylhydrazyl) will be assessed. According to the findings, when com-
pared to the ascorbic acid standard reference, the zinc complex is more potent as an antiox-
idant compared to the nickel complex. With the use of the Autodock 4.2 tool, the hit com-
pounds (La, Lb) were submitted to a docking study on glucosamine-6-phosphate synthase
(GIcN-6P), molecular target enzyme for antimicrobial drugs. The most select compounds
have been docked into GIcN-6-P. Orthosteric (active) site of the enzyme was found to bind
to every hit, suggesting that a competitive inhibition mechanism may be at work. FT-IR,
UV-visible, lHNMR 13CNMR, CHNS, TG, conductivity, and magnetic susceptibility have
all been used to exanimate and confirm compounds. Tetrahedral geometry was proposed for
all compounds of [M2(LaorLb)Cl4]. Additionally, anti-bacterial activity of ligands (La &
Lb) and their complexes against two gram-positive and gram-negative bacteria types, includ-
ing S. aureas and E. coli, was tested for the DMSO solution.

Key Words: Metal complexes, Sulfamethoxazole, 4-aminoantipyrine.
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Introduction

A certain anti-microbial  sub-
stance class working against the bac-
teria 1s antibiotic. The antibiotic drugs
are often utilized in prevention and
treatment of bacterial infections since
they’re the most effective anti-bacteri-
al agent type for doing so. They could
stop bacterial growth (1,2). Bacterio-
static antibiotic sulfamethoxazole 1is
frequently used to treat a number of
infections. Both veterinary and human
medicine frequently prescribe and use
the antibiotic sulfamethoxazole (SMX).
Numerous SMX derivatives have been
produced, described, evaluated, and
utilized to treat a variety of infections
recently. Many SMX derivatives are
presently being developed depending
on heterocyclic moieties. They’re uti-
lized extensively in the clinical med-
icine and play the role of pharmaco-
logical agents with various biological
procedures, including antiviral agents,
cancer treatment, herbicidal activities,
antifungal, antimycobacterial and anti-
tubercular uses G4,

One of heterocyclic compounds
having 2N atoms in their ring, connect-

ed with highly reactive amine, and car-

bonyl functional groups is 4-Aminoan-
tipyrine. The presence of hetero atoms
influences how electrons are distribut-
ed, resulting in the aromatic character
that 1s known as the heteroatom effect,
which also adds reactivity, chelating
action, etc. As a result, it is helpful in-
dividually in the research fields like an-
alytical, contemporary organic, bio-or-
ganic, and medicine chemistry. One of
the pyrazole derivatives is 4-aminoan-
tipyrine, an antipyretic drug. (5,6). The
antibacterial, antioxidant, antifungal,
tuberculostatic, insecticidal, and acar-
icidal properties of ligands containing
sulphur are well recognized. Metals
hold a prestigious position in medical
chemistry. Their d-shells are filling
up right now. Coordination complex-
es were established as a result of this
feature of transition metals. A metal
complex, also known as a coordination
compound, is a structure that is made
up of a central metal atom that is bound
to a variety of molecules or anions (li-
gands) around it ¥,

Generally, ligand antioxidants and
their complexes operate as electron or
hydrogen donors in an interaction site
for neutralizing free radicals. The ef-
fectiveness of different organic com-
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pounds at scavenging free radicals
could be assessed using the DPPH
and ABTS+ tests. It has already been
discovered that various organic com-
pounds have excellent antioxidant
properties, thus it is critical to compre-
hend how such antioxidants work and
how effective they are (9). The enzyme
(GIcN-6P synthase) catalyzes 10syn-
thesis of (GIcN-6P) from (Fru-6P) and
glutamine as ammonia source, resulting
in the production of (UDP-GIcNAc),
which is necessary for molecular dock-
ing. The development of amino sugar
macro-molecule units, essential for the

synthesis of the cell wall of a micro-or-

ganism, depends on such biosynthetic
reaction cascades. Fig. (10) depicts the
target enzyme’s binding pocket, which
contains the amino acid residues Gly
301, Ser 303, Thr 302, Ser 347, Cys
300, Thr352, Ser 349, Val 399, GIn
348, Ser401, Ala 602, and Lys603.

In the presented work, seven com-
plexes of each ligand—L® and L*—are
synthesized and characterized. They
are produced via reactions of succi-
nyl chloride with 4-aminoantipyrine
and sulfamethoxazole, respectively,
and transition metal ions like Ni(II),
Mn(II), Cu(Il), Co(II), Cd(II),
Zn(IT) and Hg(II).
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Figl. 2-D diagram of molecular target enzyme; (GlcN-6P)
with its physiological ligand glucosamine-6-phosphate binding in active site.
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2. Materials and Methods

2.1. General

The (L* & L") as well as their com-
plexes were synthesized using only
pure grade reagents and chemicals,
which were obtained from Fluka, BDH,
and Merck chemical companies. The
device (Shimadzu 8400s FT-IR) and
Csl disc were used for measuring in-
frared spectroscopy within the range
(200-4000 cm™). The melting point
of compounds that have been synthe-
sized in open tube has been measured
by using electro-thermal melting point
device (SMP-10 Stuart).
spectra of produced compounds have

Electron

been examined with the use of a (Shi-
madzu UV1800) visible ultra-violet
spectrophotometer with 10°M samples
concentration in DMSO solvent at the
temperature of the room and quartz
cell of 1ecm length. Chemical displace-
ments in the (NMR spectra 'H & °C) in
(DMSO-d6 with TMS) were acquired
with the use of (Bruker 300 MHz
NMR spectrometer). %M in complex-
es 1s calculated using a Shimadzu (AA
680) device. Molar conductivity of
synthesized compounds was measured
at room temperature with the use of a

device (Philips pw-Digital conductiv-
ity meter) at concentration of (10°M)
in (DMSO). (peff B.M) of complexes
have been measured at room tempera-
ture with the use of a device (magnetic
sensitivity balance (Sherwood Scientif-
ic)). The prepared compounds’ (%M,
%C, %H, %N, %S) were calculated by
using a device called the Euro EA 300.
TGA has been carried out with the use
of an STA PT1000 Linseis and argon
gas, at temperatures between 0 and
1000 °C.

2.2. Chemistry

2.2.1. Synthesis of ligands (L* or
Lb) (11,12)

-The step A

Potassium  thiocyanate  (0.25g,
2.57mmol) was dissolved in dry ace-
tone (20.0ml). The first solution was
given a gradual addition of succinyl
chloride (0.14ml, 0.2g, 1.3mmol) while
being stirred at room temperature for
an hour. Potassium chloride was re-
moved from the white precipitate.

-The step B

4-Aminoantipyrine or SMX (0.51
g, 2.5mmol) or (0.63g, 2.5 mmol) are
dissolved in dry acetone (15ml), add-
ed, and stirred into the solution ob-
tained in step A. This solution is after
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that refluxed at a 50°-55°C tempera-
ture for three—five hrs. After this solu-
tion had been at room temperature for
lhr, ice powder has been added, and

the bottle was left with mixture un-
til precipitate had been formed. Good
production (72% or 63%, according on
Schemel).

o o
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Schemel: Preparation course of the Ligands (L* & L")

2.2.2. Synthesis of complexes

- Synthesis of [Cu(L* or L")Cl ]
complex:

Complexes have been made in the
following molar ratios: (M: L* or L)
(2: 1). Ethanol solution (10 ml) of the
ligand (L* or L) (0.1gm, 0.16mmol)
or (0.1gm, 0.16mmol) was combined
with the metal chloride (CuCl.2H O)
(0.06gm, 0.32mmol). This mixture has
been kept at 70 °C for 3—4 hrs while
being constantly stirred and reflexed.
Each ligand’s color (olive) generated a
precipitate. The precipitate has been fil-
tered, washed with distilled water and

diethyl ether numerous times, and then
crystallized again with 100% ethanol.

- Synthesis of [M_(L*orL")CL]
complexes

The procedure utilized to make
such complexes was comparable to
that used to make compound [Cu2(L*
or L*)Cl,] in the paragraph above. The
precipitate of Ni (II), Co (II), Cd (11),
Mn (II), and Hg (II) complexes had
been obtained and washed numerous
times with the distilled water and di-
ethyl ether before being re-crystallized
with the absolute ethanol, can be seen
from scheme (2).
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Scheme2: Preparation route of complexes [M,(L*or L")Cl ]

colored solid. Soluble in DMF and

3. Results and Discussion DMSO as solvents. All prepared com-

The prepared metal complexes’
most crucial properties include their
thermal stability and the makeup of

plexes’ theoretical and practical (A.A)
measurements were estimated; see Ta-
bles (1-A) and (1-B).

Table (1-A): Different physical properties of (L?) as well as its complexes

Microanalysis found

Com. Mwt | m.p°C colour (calc.) %
g/mol | or M C H N S cl
L] 60672 172074 | e 3343) | @o%) | (847 (1037
Y s o L B 830 32 0%
[Co,(L9CL] | 86639 | 168-170 | i (igﬁgi) (ggﬁgg) (gﬁgg) (1322471) (;:Z%) (18§561)
[NL(LCL] | 86591 | 184-186 | Green | 136 | Gg'ga) | (39) | (1394) | (740) | (16.38)
[Cu, (LYCLIT 875.61 168-170 | Olive di:??) (ggﬁﬁ) (gﬁfé) (323(7)) (;Igg) (%gﬁg)
[Zn,(LYCL]| 879.28 | 176-178 ol;i%};te (1487 | 383%) | Gad) | (1274 | (729 | (1613)
[Cd,(LICLI| 973.34 | >300 OI;;%I;E: (ggﬁ%g) (gjﬁgg) (giﬁ) (Hﬁ) (g:gg) (1312(7))
[H(%if]L ) 114970 | 184-186 o%;%}; éi;gé) égég) é:gg) (3232) (gﬁgg) (gég)
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Table (1-B): Different physical properties of (L")
as well as its complexes

m.p°C Microanalysis found
M.wt
Com. ol or colour % (.calc)
EIMO T ec, M C H N S Cl
180- Or- 4421 3.73 15.87 | 18.16
L® 70678 | | | e | e
182 ange (44.18) | (3.71) | (15.85) | (18.14)
[Mn,(L")Cl,] Off 11.45 | 32.52 2.75 11.72 | 13.41 | 14.84
958.46 | 300> .
white | (11.46) | (32.58) | (2.73) | (11.69) | (13.38) | (14.79)
128- | Dark | 12.23 | 32.37 2.73 11.63 | 13.23 | 14.65
[Co,(L*)CL] | 966.45
130 blue | (12.20) | (32.31) | (2.71) | (11.59) | (13.27) | (14.67)
162- 12.17 | 32.38 2.79 11.63 | 13.29 | 14.64
[Ni(L")CL] | 965.97 Green
164 (12.15) | (32.33) | (2.71) | (11.60) | (13.28) | (14.68)
_ 13.13 | 32.07 2.65 11.44 | 13.11 14.55
[Cu(L")CL] | 975.67 | 300> | Olive
(13.03) | (32.01) | (2.69) | (11.48) | (13.14) | (14.53)
172- | Light | 13.38 | 31.83 2.62 11.46 | 13.11 | 14.51
[Zn, (L)CL,] | 979.34
174 | orange | (13.35) | (31.89) | (2.68) | (11.44) | (13.09) | (14.48)
Light | 20.91 | 29.03 2.47 1043 | 11.91 | 13.26
[Cd,(L"CL] | 1073 300>
orange | (20.94) | (29.09) | (2.44) | (10.44) | (11.95) | (13.21)
178- | Light | 32.13 | 24.96 2.13 8.93 10.29 | 11.38
[Hg,(L")CL,] | 1249.76
180 | orange | (32.10) | (24.99) | (2.10) | (8.97) | (10.26) | (11.35)

3.1. Mass spectra

Themass spectral data fragmentation
of (L%, Fig.(2) showed ((M'=606.7)
(20%) and chemical formula [C,H-
WNO,S )] . While data fragmen-

tation of the mass spectra of L, Fig.
(3) showed (M"=706.7) (36.76%) and
chemical formula [C, H N.O.S,] ¥.
Additional fragmentation are displayed
in Table (2),Scheme (3.4).
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Fig. (2): Mass spectrum regarding L*.

Abundance

340000

320000

300000

280000

260000

240000

220000

200000

130000

160000

140000

120000

100000

30000

60000

40000

20000

791

miz—=

T2

891

1411

132

0
40 60 80 100 120 140

4555

270.3

1891 706.7
3534

200.2

161.1

3091

21502391 | o0 3400 |3701392.0413 94359 | 4711 4982 5263 5774 5071 6273 €522 6789

160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 520 640 660 GBD 700

Fig. (3): Mass spectrum regarding L".




aublyoll doolall - duy il duls - dolellg dugy Ul Slwlyl ddao
303 J{ 02024 iU (sl - eleoyddl pgle - @il Ji sdaodl - gg e g gl saell

Table (2): Fragmentation of mass spectrum regarding (L* and L")

Fragment Mass/charge Fragment Relative Mass/charge Relative
ligand (L?) (m/z) ligand (L") Abundance (%) (m/z) Abundance (%)
[C,.H,)N,O,S.]* 606.72 [C,H,(N,OS,]* 20 706.78 36.76
[C,H,N.O,S]* 360.41 [C,H, ,NOS.]* 40 546.64 45.59
[C,H N,O,]" 247.32 [C,H, ,N,OS.]* 25.56 455.52 64.71
[C,,H N.,O]" 202.25 [C,H,N,OS.]" 14.45 358.43 5.88
[C,HN,O,S]” 193.17 [C,,H,,N,O,S,]* 50 270.32 55.88
[C,,H N O] 188.23 [CHNO,S, |* 91 200.25 25
[C,HN,O]" 125.13 [C,HN,O,S]" 36.67 161.16 19.12
[C,HN,O,]* 114.10 [CH,O,S]* 25.56 141.16 29.41
[CH,]" 78.11 [C,HNO,]* 41.12 89.11 33.82
[CHNO]" 72.09 [C,HNOJ* 18.89 72.09 27.94
[CH,NS]* 60.09 [CH,NS]* 22.23 60.09 32.35
[C,H,N,OS,]* 16.67 706.78 36.76
[CH,NO]* 44.03 [C,,H,,N,OS.]" 546.64 45.59
[C,H NOS,]* 455.52 64.71

o '\<q -
Qam N %@

MWt=360.41
MWt=247.32 m\z+=40 %
m\z+=25.56 %

)xj/\ MWt=173.19 \Eg \©
m\z+: 25.56 %
MWl 202.25 MWi=188.23

m\z+=14. 45 %

HN
NH -
H
N MWt=114.10 NH
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m\z+= 36.67 % NH
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@‘N\]}\}j\ T NH H MWt= 606.72
Y

m\z+=91 %

Scheme (3): Expected fragmentation in the ligand (L?) spectrum
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Scheme (4): Expected fragmentation in the ligand (L") spectrum

3.2. NMR Spectra (L* and L") has been consistent with the

3.2.1. '"H-NMR Spectra of (L* and L*) number of various groups of protons

An integrated intensity of each sig- present U5'® as listed in the Table3.
nal in the 'THNMR spectra of ligands
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Table (3): 'H-NMR data for (L* and L") measured

in DMSO-d® as well as chemical shift in ppm

C »
og Protons kind o (ppm) og Protons kind o (ppm)
2 a
2 H (singlate), proton 2 H (singlate), proton CSNH
12.11 11.40
CSNH group group
2 H (singlate), proton 2 H (singlate), proton CONH
8.59 11.17
CONH group group
10H (multiplate), pro- .
ton aromatic (six ring) | 7.23-7.53 2H (singlate), proton SO,NH from 7.99
L Sulfamethoxazole
from antipyrine
6H (singlate), proton .
CH.-N in (five ring) 3.99 4H (doublet), proton aromatic (six 7.60-7.64
3 . ring) from Sulfamethoxazole
from antipyrine
L* | 4 H (triplate), proton S
CH, group from methy- | 2.68 4H '(doublet), proton aromatic (six 6.92-6.94
2 . b ring) from Sulfamethoxazole
lene succinyl L
2H (singlate), proton CH in (five
. 6.10
6 H (singlate) ) ring) from Sulfamethoxazole
singlate), proton ;
CH.- Cin (fivering) | 2.42 4 H (triplate), proton CH, group | g
3 . from methylene succinyl
from antipyrine - -
6H (singlate), proton CH,-C in 528
(five ring) from Sulfamethoxazole '
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3.2.2. BC-NMR Spectra of (L* and
L)

In integrated intensity of each signal
in the "CNMR spectra of ligands (L2,

L°) was found to be consistent with the
number of different groups of carbons
presents (122 as listed in the Table (4)

Fig. (7): ®C-NMR spectrum regarding L"
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Table (4): *C-NMR data for (L* and L") measured
in the DMSO-d® as well as chemical shift in ppm

/ Lo

I T
L H\ﬂ/ﬁ\n/\)f\n)l\n}@i S \E>"
’_&)\N(}\b§©/ - b
= o
cg Carbons kind 0 (ppm) °§ Carbons kind O (ppm)
2 a.
C, for C=0, amide group 174.04 C, for C=S, thioamide group | 174.04
C, for C=S, thioamide group 169.87 C, for C=0, amide group 169.87
C, for (3.=O.(1n five ring), 163.69 C, for CO (five ring), Sulfa- 163.69
antipyrine group methoxazole group
C, for phenyl (six ring), 136.76 C, for C=N (five ring), Sulfa- 136.76
antipyrine group methoxazole group
C, for C—N in (five ring), 134.54 C, for phenyl (six ring), Sulfa- 134.54
antipyrine group methoxazole group
C.C, for. phe‘:nyl (six ring), 127.97-129 43 C, for phenyl (six ring), Sulfa- | 127.97-
antipyrine group methoxazole group 129.43
C, for CH -N in (five ring), C. for phenyl (six ring), Sulfa- | 127.97-
9 L3 39.90 7
antipyrine group methoxazole group 129.43
e | € fqr (CHz‘-CHz) aliphatic 2997 L C, for phenyl (six ring), Sulfa- | 127.97-
in succinyl group ' methoxazole group 129.43
C, for C=C (five ring), Sulfa- 39.90
methoxazole group
C,, for CH3-(; in (five ring), 14.88 C,, for (CHZ‘-CHZ) aliphatic in 2997
antipyrine group succinyl group
C,, for CH,-C, (five ring), 14.88
Sulfamethoxazole group )

3.3. The Fourier-transform infra-
red spectra

3.3.1. Ligand (L* and L")

In addition to absorption bands at
(1347 & 1168) cm-1 that had been de-
termined to be (C=S), a different ab-

sorption band had shown at (1230cm-
1) could be expressed as (C-N) (23),
fig. (8). The two bands at (3413 and
3312cm-1) in La spectrum had been
determined to (NH), whereas anoth-
er absorption band had appeared at
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(1721cm-1) could be expressed as
v(C=0)amide. Thetwoband at (3456 &
3317) cm-1 in Lb spectrum determined
to v(NH), whereas another absorption
band had emerged at (1739) cm-1 can
be expressed as v(C=0) amide, be-
sides absorption bands at (1379 and
1165) cm-1 that had been determined
to v(C=S), and a different absorption
band had emerged at (1267cm-1) can
be expressed as v(C-N) (24), Fig.(9).

3.3.2. Ligand (L* and L") Com-
plexes

Those spectra revealed a distinct
variety of bands that belonged to the
v(CO, amide group) stretching vibra-
tion in region of (1697-1693) cm™ that
were shifted to different values of the
frequency, suggesting likelihood of co-
ordination of (L?) by oxygen atom at
amide group. Indicating that the sul-
fur atom was engaged in coordination,
stretching vibration band v(C=S) has
been discovered in the region of (1342-
1311) and (1177-1165) cm™ moved to
a new frequency. No variations in the
group’s set frequencies of (3483-3390)
and (3394-3318) cm™ in the complexes
proved that the v(N-H) in (La) has not
been associated with the central ion.
New bands v(M-S, thioamide group),

v(M-0O,amide group), and v(M-Cl) in
(489-459) cm!, (551-520 cm’, and
(383-372) cm ranges in ligand (La)
were detected in the spectrum of the
ligand complexes. Appearance of the
new bands showing the formation of
metal complexes was caused by coor-
dination through sulfur atom in (NH-
S=0) group, oxygen atom in (NH-
C=0) group, and 1on chloride (Cl-)
(252D Data from the FT-IR are shown
in Table (5-A). The (La) and its com-
plexes’ spectra were shown in Fig. (8).

Those spectra revealed a distinct
range of bands which belonged to
stretching vibration of the v(CO, amide
group) in a range of (1720-1689) cm!
that were shifted to different frequency
values, suggesting a likelihood of (L)
coordination by oxygen atom at amide
group. Indicating that the sulfur atom
has been involved in coordination,
stretching vibration band v(C=S) has
been discovered in a range of (1396-
1327) and (1176-1172) cm™ moved to
a new frequency. There were no vari-
ations in frequencies of this group,
which have been set at (3491-3414) and
(3402-3314) cm™ in the complexes, in-
dicating that the v(N-H) in (L°) has not
been correlated with the central ion.
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New bands v(M-S, thioamide group),
v(M-0O, amide group), and v(M-Cl) in
a (493-442), (574-559), and (384-322)
cm! range in ligand (L") were detected
in the spectrum of the ligand complex-
es. The appearance of new bands show-
ing the creation of metal complexes

was caused by coordination through
sulfur atom in (NH-S=0O) group, ox-
ygen atom in (NH-C=0O) group, and
ion chloride (Cl-) (28,30). Table (5-B)
presents the FT-IR data. The spectra of
(L) and its complexes were shown in
Fig. 9.

Fig. (9) L® spectrum’s FTIR as well as [Cu,(L*)Cl,]
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Table5-A: FT-IR data of (L?) (cm™) as well as its complexes

Com. (N-Hyo | (D) Eﬁgigﬁ o(C-N) | o(M-0) | v(M-S) | v(M-CI)

Lo b 1721 es | 1230
[MnLCL] | 33¢0 1693 o) 257 | 524 | 4s9 | 320
[Co(LICL] | Saos 1697 DIL 199 s o459 | 283
INLLICL] | 1o | 1693 e 1253 | 524 | 489 | 34l
[Cu(LYCL] g;‘;‘é 1697 ﬁgg 1253 | 536 | 482 | 361
[Zn(9CL] | 330 1693 Db 1257 | 524 | 478 351
[CALICL] | 3 1693 DI 1253 | 520 | 489 | 326
[Hg,LICL] | 2340 1693 5l nass | sl | 489 372

Table5-B: FT-IR data of (L") (cm™) as well as its complexes

Com. (N-H)v (Ziqzi(?e) Eggzgg o(C-N) | 0(M-0) | v(M-S) | v(M-CI)

Lb ;gfg 1739 ﬁ’gz 1267 | — | — | —
[Mn,(L")CL] ;‘;?i 1708 ﬁ’gz 1269 | 563 489 384
[Co,(L")CI,] g;‘}j 1708 ﬁ% 1269 | 567 470 365
[Ni,(LY)Cl,] 33(9); 1720 ﬁgg 1273 | 574 442 331
[Cu,(L")CI,] g;‘;g 1708 ﬁ;i 1269 | 563 493 322
[Zn,(LY)CI,] g;‘gg 1708 ﬁ;é 1261 | 559 462 367
[Cd,(LY)CI,] ;‘3‘32 1689 ﬁ?g 1285 | 563 493 372
[Hg,(L")CL,] g;‘;g 1708 ﬁ;é 1269 | 563 482 341
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3.4. Electronic spectra

3.4.1. Ligands (L* and L")

In the electronic spectrum of (La)
(31), the largest absorption intensity
has been discovered at (33670) cm-1,
due to the transitions (m—m*), and at
(28985) cm-1, which is due to transi-
tions (n—n*). Fig.(10) data are pro-
vided in Table (6-A). In electronic
spectrum of (Lb) (32), the maximum
absorption intensities were reported at
(37037) cm-1, which is attributable to
transitions (m—m*), and at (32786) cm-
1, due to the transitions (n—mn*). The
data from Fig. (11) are listed in Table
(6-B).

3.4.2. Ligands (L* and L") Com-
plexes

Ligand (L*) Complexes / elec-
tronic spectrum of Mn complex had
shown bands at the values of (33557,
23529 and 12953) cm™! because of
LF, CT and ‘A — * T, transitions re-
spectively, which suggests that it had
tetra-hedral geometry. On a basis of
bands in Cobalt complex at the values
of (33670, 22222, 14684 and 10905)
cm', which is back to the LF, LF, CT

‘o 4 4 4 4 4
mix AZ(F)—> TI(F), Az(F)_’ TI(P) and

Ay 4T2(F) transitions respectively,
tetra-hedral geometry of the complex
had been suggested. Concerning Nick-
el complex, electron spectra appear ab-
sorption bands can be assigned to LF,
CT with 3T1 - 3T1(P)’ ’ Tl - 3A2(F) and’
T, — °T,, transition which exhibit in

2(F

(33783, 2(7)777, 12836 and 10989cm™)
respectively. those bands characteriza-
tion is an indication that this complex
has tetra-hedral geometry. Which con-
firms that the tetrahedral geometry of
Co complex 1s the appearance of bands
at (33,444 and 11,111) cm™' return to LF
and °T, —?E transitions. Tetra-hedral
geometry of Zinc complex had been
suggested on a basis of band which had
appeared at (33,783 & 29,411) cm’!
which returns to LF and CT. Based on
bands in Mercury complex at (33,783
& 24,390) cm”!, returning to LF and
CT transitions respectively, tetra-he-
dral geometry of complex has been
suggested. Tetra-hedral geometry of
Cd complex had been suggested based
on band which had appeared at (33,670
& 26,666) cm! that returns to LF and
CT @33, In Table6-A, U.V. data has
been shown. In Figl0, spectra of (L*?)
and its complexes have been shown.
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Ligand (L") Complexes/ electronic
spectrum of Mn complex had shown
bands at (36,764 and 12,706) cm™' be-
cause of LF, and ‘A — 4T2(G) transitions
respectively, which suggests the fact
that it had tetra-hedral geometry. Based
on bands in Co complex at (36630,
16286, 14727 & 11627) cm™!, which is
back to LF, *A — T, ®y 4A2(F)—> T, ®
and 4A2(F)—> 4T2(F) transition respective-
ly, tetra-hedral geometry of complex
has been suggested Y. Concerning Ni
complex, electron spectra appear ab-
sorption bands can be assigned to the
LF, CT mix °T, — 3T1(p)93T1 — 3A2(F)
and°T, — 3T2(F) transition that exhibit
in (36630, 24691, 13698 and 10893)
cm! respectively. those bands’ charac-
terization is an indication that the com-
plex has tetra-hedral geometry. Which
confirms that tetra-hedral geometry of
Co complex 1s appearance of bands at
(36231, 32258 and 11820) cm™ return
to LF, LF and °T, ® —2E transitions.
Tetra-hedral geometry of Zinc com-
plex has been suggested on a basis of
band which had appeared at (36,101
and 26,041) cm! that returns to L.F
and CT. based on bands in Mercury
complex at (37,735 and 26,881) cm™,
that return to LF and CT transitions re-

spectively, tetra-hedral geometry of the
complex has been proposed. Cd com-
plex’s tetra-hedral geometry has been
proposed on a basis of the band which
had appeared at (37,174 and 25,706)
cm! which is back to LF and CT ©¢
%) In Table6-B, UV data has been dis-
played. In Fig.(11) (L) spectra and its
complexes have been shown.
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Table6-A: UV-Vis data of (L*) and its complexes.

Wave num- Conducts
€
ber max N H, | Ohm'cm’mol’
Com. A | molar’! Transitions ¢ _
B B.M. in solvent
nm cm cm™!
(DMSO)
s 297 33670 | 1.218 | 1218 T—T" 46
345 | 28985 | 0.500 | 500 n—m’ '
[Mn,(L*) | 298 | 33557 | 1.993 | 1993 L.F
Cl,] 425 123529 | 0.686 | 686 C.T 6.46 3.5
772 | 12953 0.020 | 20 AT,
L.F
297 33670 | 1.544 | 1544 L.F
450 | 22222 0.780 780 C.T Mix
[Co,(LH)CL,] 5.04 14
681 | 14684 | 0.018 18 Ay T
917 [10905 | 0.015 | 15 VN
4A2(F) —)4T2(F)
296 | 33783 | 1.972 | 1972 L.F
, 360 |27777|0.765 | 765 | C.T Mix*T —'T,,
[Ni,(L9)CL,] ©14.12 22.7
779 | 12836 | 0.081 81 T, —%A,,
910 {10989 | 0.015 | 51 T, 3T,
299 | 33444 | 1.652 | 1652 L.F
[Cu,(LH)CL,] 2.46 12
900 | 11111 | 0.013 13 T, E
296 | 33783 | 1.638 | 1638 L.F
[Zn,(L¥)CL] 0 14.7
340 | 29411 | 0.097 97 C.T
298 | 33670 | 2.227 | 2227 L.F
[Cd,(LY)CL,] 0 18.9
375 26666 | 0.082 82 C.T
[Hg (L*) | 296 | 33783 | 2.188 | 2188 L.F 0 6
Cl,] 410 | 24390 | 0.097 97 C.T
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Table 6-B: UV-Vis data of (L") and its complexes

Wave num- Conducts
ber Ohm'cm-
Com. . A max Transitions Hor ’mol’!
nm | cm molar! cm™ B.M. )
in solvent
(DMSO)
Lo 270 | 37037 | 1.989 1989 T—1" 13
305 | 32786 | 0.490 490 n—rm" .
[Mn,(L) LF
272 | 36764 | 1.970 1970
Cl,] oA T, 6.31 7.4
787 | 12706 | 0.013 13 ©
273 | 36630 | 2.282 2282 L.F
614 | 16286 | 0.207 | 207 AT,
[Co,(L")CL,] ® | 478 6.6
679 | 14727| 0324 | 324 Ay =Ty,
860 | 11627 | 0.011 11 Ay =Ty,
L.F
273 | 36630 | 1.183 1183 )
C.T Mix
) 405 | 24691 | 0.029 29
[Ni(L")CL,] T—T,, | 3.70 113
730 | 13698 | 0.019 19 (P)
T 3A
918 | 10893 | 0.039 39 5 ! 5 2B
Tl_) T2(F)
276 | 36231 | 1.608 1608 L.F
[Cuz(Lb)Cl4] 310 | 32258 | 0.460 460 L.F 2.17 13.7
846 | 11820 | 0.010 10 2T2 " _)ZE
277 | 36101 | 2.529 2529 L.F
[Zn,(L")CL,] 0 253
384 | 26041 | 0.097 97 C.T
269 | 37174 | 1.331 1331 L.F
[Cd,(LY)CL] 0 19.6
389 | 25706 | 0.087 87 C.T
265 | 37735 | 1.734 1734 L.F
[Hg,(LY)CL] 0 15.9
372 | 26881 | 0.069 69 C.T
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DATa PROCESSIHGE WoH 7 GaTa PROCESSING Yol
sz EpA[ T r——————————— T T
ﬂ |
i |
2:315., ( ’ L8185
I
*0.008 [ td" Y HH 0, DDA HH
eo.0 10, B HH DI, 3 100 .0 00,0 Tl L L E LU 1000 .2
Fig. (10): Electronic spectrum of (L") and [Hg,(L*)Cl,]
DATA PROCESSING Yr/M 7 DATA PROCESSIHG YrH 7
vz.506 +2.50A -
B.588 P\ 8.500
casbiv.y CRADIV.D
\
LT . - +@.8050 ' ‘\_ -
206 .0 188 .9(HM DIV, ) 1@.'3 2@a.a 188 . BCHM-DIV,. ip@ae.a
3 . : b b
Fig. (11): Electronic spectrum of (L") and [Co,(L")Cl ].

3.5. Magnetic moments and Con-
ductivity measurements

The measured values of the magnet-
ic susceptibility and the effective mag-
netic moment (peff) for complexes of
Co(1II), Mn (IT), Ni(II), and Cu(II) have
been shown in Tables (6-A and 6-B).
These complexes have peff values that
are consistent with high spin tetrahe-
dral complexes: 6.46, 5.04, 4.12, and
2.46 B.M. for La and 6.31, 4.78, 3.70,
and 2.17 B.M. for Lb, respectively. All
metal complexes were shown to be
non-electrolytes based on molecular

conductivity tests (39,40), Table (6-A
and 6-B), and other sources.

3.6. Thermal analysis

With the use of a STAPT-1000 Lin-
seis companyl Germany, the ligands
(L* and L) were synthesized and sub-
jected to thermal analysis. This mea-
surement was carried out in an argon
gas atmosphere at a 10°C/min heating
rate with 0—1000°C temperature range
@142 Every result is taken from TG
curves for those compounds that have
been reviewed in Table7, Fig. (12)
where it was reported.
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Table7: Temperature degrees for the analyses
in addition to corresponding values of weight loss.

TGA DSC
% Estimated
3 (o]
ligands | Stage 12/11Ce Mass loss Assienment T/°C Peak
8 | Found (Calc.) g
20, 4N, 2
L 1| 50-280 | 1.813 (1.814) 029’/211\]{2’ 5 | 30534 | Exo
- 2
2| 281-600 | 2.285(2.289) 256,78, 312.78 | Endo
71.59 Endo
-N., O 82.38 Exo
1| 50-100 | 0.2388(0.2456) 2 2
L 2| 101255 | 1482(1.482) | N 3?§4S’4C’ i;‘j’; ;;‘(fo
+ - 2 )
3+4 | 256-600 | 1.1446(1.1620) 20, 0w, ra0es | Bode
282.16 | Exo.

S S50 m DSC-TGA

od: Dual Ramp
Comment: 25-500@20-Ar

Heat Flow (Wig)

Weight (%)

Fig. (12): Thermal study of (L* and L")

abo
Temperature (°C) Universal V4 54 TA Instruments

SE e85 ma DSC-TGA

Comment: 25-600@20-Ar

Weight (%)
Heat Flow (Wig)

260 3bo 480 sdo &b
nnnnn Temperature (°C) Universai V4,54 TA Instruments

3.7. Anti-microbial Activity Stud-
ies

Through measuring the inhibition
zone in millimeters, newly synthe-
sized compounds have been tested for
the antibacterial activity with the use
of the cupplate agar diffusion method.
In a nutshell, Petri dishes were filled
with sterilized agar media, which were

then let to set. A sterilized triangular
loop was used to disseminate microbi-
al suspensions across the surface of the
media. To bore cavities, a presterilized,
8 mm diameter stainless steel cylinder
was employed. With the aid of a micro-
pipette, all compounds under test were
sequentially inserted into the cavities
and given a one-hour diffusion peri-
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od; pure DMSO served as the control. tion zone around cups has been mea-
To test for antibacterial activity, these sured, and the compounds’ percent in-
plates have been incubated at 37°C for hibition was determined (43, 44). The
24 hrs. and 28°C for 48 hrs. Following data that were acquired are reported in
the appropriate incubation, the inhibi- Table8 and Figl3, 14.

Table8: The inhibition diameter values of (L* & L")
and theirs complexes.

No. Com. E. coli Staphylococcus aureus
1 DMSO 0 0
2 L® 5 13
3 L® 15 8
4 D4/ [Ni(L*)Cl,] 12 25
5 C7/[Hg,(L)Cl,] 25 26

Fig13: diameters of inhibition of (L* & L")
and theirs complexes against certain bacteria
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Figl4: Statistical representation for the microbial activities
of the ligands and their complexes.
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“r 10

3.8. Antioxidant Test

DPPH free radical scavenging ex-
periment was used to calculate the an-
tioxidant potential. In a nutshell, 50 pl
of DPPH solution was mixed with 30
ul of various compounds at concentra-
tions ranging from 25 to 200 g, and the
mix has then been incubated at room
temperature for a duration of 30min in
the dark. After 30 minutes, absorbance
values are measured at 517nm by using

ascorbic acid as a positive reference an-
tioxidant activity. The % activity calcu-
lations are then performed, and it was
shown that the zinc and nickel com-
pounds were more active than the stan-
dard reference ascorbic acid. According
to the findings, the zinc complex is a
more potent antioxidant than the nick-
el complex when compared to ascorbic
acid, the standard reference, as shown
in Fig. (15), “>49 and Table (9).

Table (9): Antioxidant potential activity of compounds

Concentration pug mL! Scavenging % (Mean=5D)
[Ni(L)Cl,] Vit.c [Zn(L*)CL,]
200 42.05+4.05 86.03+4.027 80.40+4.35
100 29.28+5.1 74.06+1.0 62.8+2.32
50 20.949+1.4 57.6£2.20 52.734+3.14
25 7.40+4.70 39+1.73 39.62+4.1
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Fig. (15): antioxidant activity of nickel and zinc complexes compared
to ascorbic acid as reference
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2.4. Docking Study

The affinity of the two most pow-
erful compounds (La, Lb) to GIcN-6P
synthase binding site was examined
using Auto Dock 4.2 bundle software.
Protein Data Bank (PDB code 1-MOQ)
provided PDB file construction of en-
zyme as target, which has been em-
ployed as a static structure. The protein
residues were treated with hydrogen
atoms after water was recovered, the
natural ligand was eliminated, and the
protein. The 2D structures of tested
hits were created with the use of Chem
Draw Ultra 7.0 and converted into mol
for matted files with the use of open
Babel 2.3.1 software. The grid of 62°A

was formed on the enzyme’s catalyt-
ic site’s center during docking, with
points spaced apart by 0.358 A and
designated as 30.5, 17.5, and -2.2 in
X, Y, and Z, respectively. The docking
algorithm was Lamarckian Genetic,
with ten runs and 150 population sizes.
The greatest number of energy evalua-
tions—2.5 x 105, 27 x 103, and gener-
ations—were optimized by default.
One of the most well-liked methods
for examining the binding affinity of
small compounds in binding pocket
of a protein with a known 3-D struc-
ture is the docking approach. The most
powerful in vitro compounds (L?, LP)
were put through docking research to
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examine their binding affinity toward
GIcN-6P synthase, which is the current
compounds’ molecular target. The Aut-
odock 4.2 tool’s Lamarckian Genetic
Algorithm (LGA) was utilized in order
to execute the docking. Based on the
top four conformers that displayed best
percent inhibition constant (K1) in uM,
acquired docking parameters are pro-
vided in Table 10 under the best four
conformers.

Table (11-A) shows the triple struc-
ture of the enzyme, the structure of the
L* ligand, and the method of attach-
ment of the different positions of the L*
ligand within the active site of the en-
zyme, arranged from the highest bind-
ing energy to the lowest binding ener-
gy. The number and type of hydrogen
bonding appear in the figure with ami-
no acids for the active site. Where Table
(11-A) shows the first position with the
highest binding energy, the first gener-
ated conformer, and the binding of the
ligand with two hydrogen bonds. The
first bond 1s between hydrogen atom of
bond donor and oxygen atom of amino
acid Cysteine, which has a sequence of
300.

As for the L ligand, Table (11-B)
shows the composition of the triple

enzyme and the composition of the li-
gand, as well as the binding to the dif-
ferent positions within the active site
from the highest binding energy to the
lowest binding energy. It is noted from
the figure that the ligand (the highest
preferred position) binds to the active
site with three hydrogen bonds. The
first bond is between hydrogen atom of
amino acid Serine and oxygen atom of
the ligand, the second bond is between
nitrogen atom of the amino acid Glu-
tamine and the nitrogen atom of the li-
gand, and the third bond is between the
hydrogen atom of the amino acid Thre-
onine and oxygen atom of the ligand.

Table (10) shows the results of the
docking study for ligands L° and L¢,
where the table shows a number of val-
ues obtained from the program, includ-
ing the binding energy and the inhibi-
tion constant Intermolecular energy, as
well as the number and type of hydro-
gen bonding.

For ligand L?, the binding energy of
the most favored position was equal to
Kcal mol! -8.98, with an internal ener-
gy equal to Kcal/mol -12.26. Correla-
tion study showed that the inhibition
constant for the enzyme is 262.92 x
10~ micromolar. Correlation values for
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the rest of the modes can be seen in the
table. For ligand L% the best binding
position showed a binding energy of
-7.16 Kcal/mol with an internal energy
of Kcal mol! -11.64, while the inhibi-
tion constant was equal to 5.64 micro-

molar. It appears through the docking
study results, Table (10), that the L* li-
gand binds better with the active site
of the enzyme than the L° ligand, and
1s expected to show the highest effect
against microbes ¢4,

Table (10): Docking parameters of potent discovered hits (L?, L")

o T
Comp. Sho Binding Inhibiti Inter-molecular | L.
No. 5 Q Ener nhibition ener o Bondin
2% | (Kealmol-1) | constant ("M) | (ycainisl 2 s
1 -8.98 262.92 X 10° -12.26 2 G%%%i%@i‘}%%
2 -8.66 44539 X 10° -11.95 1 | THR 302:HN:LIG:O
3 7.56 2.88 -10.84 1 | SER303:HN:LIG:O
4 7.18 5.48 - 10.46 2 | LIGHLTHR 332061
5 -6.46 18.27 2975 1 | VAL605:HN:LIG:O
Lo s .
s | sm | sw; | ew | 2| Lotiasesssons
1 se | e | e 2| MOEINGS
8 -5.60 79.05 - 8.88 2 | HOFARRSZO
9 -4.81 297.46 -8.09 0 ]
10 -4.75 327.26 - 8.04 1 | ALAG602:HN:LIG:O
SER604:HN:LIG:O
1 7.16 5.64 -11.64 3 | GLN 348:NH:LIG:N
THR 352:HG1:LIG:O
LIG:H: ALA602:0
2 -6.97 7.83 -11.44 2| THR 352:HG1:LIG:0
SER401:HN:LIG:O
3 -6.80 10.30 -11.82 3 | SER303:HN-LIG-O
LIG:H: ALA602:0
SER401:HG:LIG:O
Lo 4 -6.78 10.74 -11.25 3 | LYS603:HZ3:LIG:N
SER349:HN-LIG-O
5 -5.96 42.72 - 10.44 2 | FERALHNLIGO
6 -5.18 160.31 -9.65 1 | SER401:HG:LIG:O
7 -5.14 172.01 -9.61 0 ]
8 -4.83 289.84 2930 1 | THR302:HN:LIG:N,0O
9 -4.43 570.16 -8.90 1 | GLY301:HN:LIG:O
10 -3.81 1.61 X 10° -8.28 1 | LIG:H: GLU488:0E2
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Table (11-A): The docking of best generated conformers
of potent discovered hits (L*)

3-D structure of glucoseamine-6-phosphate
(synthase (GIcN-6-p

Structure of compound ligand L?

THR302

The first generated conformer of ligand L?
inside binding pocket of enzyme

The second generated conformer ligand L*
inside the binding pocket of enzyme

ER303

Y301 THR352

The third generated conformer of ligand L*
inside binding pocket of enzyme

The forth generated conformer of ligand L*
inside binding pocket of the enzyme
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Table (11-B): The docking of best generated conformers
of potent discovered hits (L")

3-D structure of GlcN-6-p synthase

Structure of compound ligand ligand L°

LN348

sersba

HR352

The first generated conformer of ligand L°
inside binding pocket of the enzyme

The second generated conformer of ligand
L® inside binding pocket of the enzyme

/@Eﬁﬂm

L¥SE%@:%

ABD2

The third generated conformer of ligand L°
inside binding pocket of enzyme

The forth generated conformer of ligand L°
inside binding pocket of the enzyme
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4. Conclusions

In the current investigation, tran-
sition metal ions, such as Ni (II),
Mn (II), Cu (II), Co (II), Zn (1), Cd
(IT), and Hg (II) were used in the reac-
tions of succinyl chloride with 4-ami-
noantipyrine and SMXto produce
seven complexes of each ligand (L*
and L°). The (C=S) and (C=0) groups
were discovered to be the ligands (L*
and L") that were bidentate and potent
donors. The anti-microbal activity of
(L* and L") and their complexes against
two different species of bacteria were
investigated. Using DPPH screening,
the radical scavenging effectiveness of
[Zn2(La)Cl4] and [Ni2(La)Cl4] was
examined. The inclusion of -NH-C=S-
functional groups and electron donat-
ing compounds both have a consider-
able impact on the radical scavenging
efficacy of complexes, according to an-
ti-oxidant measurements from attend-
ed compounds.

All of the investigated microbial
species had GIcN-6-P synthase as their
molecular target. Thus, for examin-
ing their virtual affinities and modes of
binding with the enzyme, a number of
the most powerful compounds (L?,L")

have been docked in a GlcN-6-P syn-
thase model. The docked inhibitors
(L*, L") were discovered to bind to the
orthosteric active site of the enzyme,
suggesting that the investigated com-
pounds may have a competitive inhi-
bition binding mechanism. In conclu-
sion, the recently created ligands may
be effective leads for the creation of
new anti-microbial agents.
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