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Abstract:

A series of mixed ligand complexes of Co(ll), Ni(ll), Cu(ll), Zn (11),Cd(Il), Fe (I11') and
Au(lll) were prepared and characterized. A new azo ligand derived from 4-
methylimidazole with sulfadiazine and Schiff base derived from 4-(dimethylamino)-2-
hydroxobenzaldehyde and 4-amino-3-hydroxy benzene sulfonamide. Ligands structures
and their transitional metal mix-ligand complexes were characterized using various
analytical techniques, including molar conductance, elemental analysis (C.H.N),
electronic spectral, magnetic measurements, ‘HNMR, IR spectral studies and mass
spectra. The data shows that these complexes have composition of [ML;L,H,0] where M
= Co(Il), Ni(ll), Cu(l), Zn(ll) ,Cd(I1) and Hg(ll). [ML;L,CI] where M=Fe(lll).
[ML;L,]Cl, where M=Au(lll). The magnetic susceptibility and electronic spectral data of
the complexes indicate that the octahedral geometry of all complexes, except the
complex of Au(lll) indicates a square plane geometry. The IR results demonstrate that
the co-ordination sites are imidazole nitrogen atom and the farthest azo nitrogen atom of
L, as natural bidentate with nitrogen the azomethine and oxygen atoms of Schiff base L,.
Azo ligand and Schiff base behave as tridentate manner. All the compounds showed
DPPH radical scavenging activity. In general, the results indicated that the complexes
have potential and promising anti-oxidant activities.

Keywords: new mixed ligand complexes, azo and Schiff base ligands ,antioxidants,
anticancrer .

1. Introduction

Schiff bases, are more versatile compounds in coordination chemistry, as they have many
significant biological applications including antifungal, antibacterial, antiviral, anticancer
and antioxidant activities [1-8]. In addition, role of Schiff bases and their complexes in
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catalytic reactions such as oxidation, reduction, hydrolysis reactions, inhibition of
corrosion and memory storage devices in electronics are also reported [9-12]. Over the
years, mixed-ligand complexes have been attraction in worldwide due to their several
biological, enzymatic and analytical applications [13].

Azo - derivative Imidazole ligands have attracted the attention of many researches
working in the field of coordination chemistry. This type of ligands that contain the azo
imine group(-N=N-C=N-), that give feature high stability to metallic complexes due to
the back bonding.

Therefore, it has a wide range of applications in all fields, as it has shown its medical
efficiency in the treatment of prostate and breast cancer [14,15], as it had a
pharmacological effect in inhibiting cancer cells.

In the scientific filed, it has proven its great effectiveness in analytical chemistry in
separation, isolating and diagnosing metal ions by extracting them from different
environmental and biological samples [16,17]

2. Experimental and Materials

All chemicals were supplied by BHD and Sigma Aldrich, and A.K.Scie , Fluka and used
without further purification ., The electro-thermal melting point model 9300 was used to
measure the melting point of the ligand and its complexes. Elemental analyses were
carried out by means of micro analytical unit of 1180 C.H.N elemental analyzer.
Electronic spectra were recorded on Shimadzu spectrophotometer double beam model
1700 ultraviolet-visible (UV-Vis) spectrophotometer. . Fourier-transform infrared (FTIR)
spectra were recorded in KBr disc on FTIR Shimadzu spectrophotometer model 8400 in
wave number 4000- 400/cm. Proton nuclear magnetic resonance (1H-NMR) and carbon
nuclear magnetic resonance (13C-NMR) spectra in ppm unit were operating in dimethyl
sulfoxide-d6 (DMSO-d6) as solvent using (Bruker) Ultra Shield 3000 MHz,
Switzerland). And mass spectra were recorded on AB Sciex 3200 QTRAP LC/ MS/MS
(mass range m/z 5- 2000 quad mode and 50- 1700 linear ion trap mode). Magnetic
susceptibility measurements were carried out on a balance magnetic MSB-MKI using
faraday method. The diamagnetic corrections were made by Pascal’s constants.

2.1 preparation of Azo Ligand

This heterocyclic azo ligand was prepared as described before [18] (Scheme.l). A
solution of 4-amino N-(Pyrimidin-2-yl)benzenesulfonamide) (2.47 ¢,0.01mol) in (100
mL) water and (3 mL) concentrated HCI (37%) was whiskered until a clear solution was
get. Where, this solution is cooled to (0-5 °C) and while maintaining the temperature
below (5 °C) a solution of sodium nitrite (0.72 g, 0.01mol) in 10 mL water was then
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added drop by drop. The resulting mixture was stirred for (30 min) in an ice bath and the
excess nitrite was removed with the addition of urea [19]. The solution of resulting
diazonium chloride was mixed with coupling component 4- methyl-1H-imidazole (0.82
g, 0.01 mol) dissolved in (150 mL) from cooled alkaline ethanol under (5 °C). After the
solution was left in the refrigerator for 24 hours, the mixture was acidified with
hydrochloric acid diluted to (pH = 6). The red precipitate was washed and filtered several
times by using distilled water, then dried in air and twice re-crystallized with hot ethanol,
then it was dried using the oven at (50 °C). Some analytical and physical data for this azo
dye was tabulated in Table (1) Scheme 1 shows the preparation steps of the azo ligand

N
| o
NaNO2 ~ [| + -
/ N NH S N=N-cCI
HCI1(0- 5)c° |
@)

Diazonium salt

N
( 7/CH3
HN / NaOH

10%

4-amino-N-(pyrimidin-2-yl)benzenesulfonamide

4-methylimidazole

Cor <

4-((4-methyl-1/H-imidazol-2-yl)diazenyl)-N-(pyrimidin-2-yl)benzenesulfonamide

Scheme 1: Preparation of azo Ligand (L, )

2.2 Preparation of the Schiff base (HL,):

(0.149.19 g ,0.01 mol) from (4-dimethylamino)benzaldehyde dissolved in ethanol (50
mL) and then mixed with (0.188 g ,0.01mol) of (4-amino3-hydroxobenzenesulfonamide)
dissolved in ethanol. Three drops from glacial acetic acid ware added and the mixture
was refluxed with stirring for 6 hrs. Schiff base ligand was isolated after the volume of
the mixture was reduced to half by evaporation and precipitated product was collected by
filtered off and dried over anhydrous CaCl,. Yield:96%, mp:(198-200)° C. Scheme 2
show the preparation steps of the Schiff base ligand
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H3C\
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4-(dimethylamino)benzaldehyde

4-amino-3-hydroxybenzenesulfonamide
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4-((4-(dimethylamino)benzylidene)amino)-3-hydroxybenzenesulfonamide

Scheme 2: preparation Ligand Schiff base (HL,)

2.3 Preparation complex of Mixed ligand L; and HL,:

General procedure for preparation chelate complexes, the alcohol solution of
respective salts [NiCl,.6H,O, CoCl,.6H,0, CuCl,.2H,0, ZnCl, ,Cdcl,, HgCl, and
Na[AuCl,] 2H,0] was slowly mixed with hot mixture ethanolic solution of (L;) and
(HL,) ligand, in (1:1:1) (L: M: L) molar ratio. After the addition was complete, the
reaction mixture was refluxed for (2 houres) then cooled. The solids that precipitate were
filtered off, washed with (5 mL) hot (50%) (ethanol:water) to take out any effects of the
unreacted starting materials, air dried, re-crystallized from ethanol and heated in the oven
at (60 °C). All data for these compounds tabulated in Table ().

2.4. Antioxidant activity

The free radical scavenging activity of the synthesized compounds was studied in vitro
by 1, 1-diphenyl-2-picrylhydrazyl (DPPH) assay method.[20] Stock solution of the drug
was diluted to different concentrations in the range of 50-200 mg/ mL in methanol.
Methanolic solution of the synthesized compounds (2 mL) was added to 0.003% (w/v)
methanol solution of DPPH (1 mL). The mixture was shaken vigorously and allowed to
stand for 30 min. Absorbance at 517 nm was determined and the percentage of
scavenging activity was calculated. Ascorbic acid was used as the standard drug. The
inhibition ratio (I %) of the tested compounds was calculated according to the following
equation: 1 % = (Ac-As)/Ac X 100, where Ac is the absorbance of the control and As is
the absorbance of the sample.
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3. Results and Discussion

All mixed ligand complexes in this research were Freely dissolvable by DMF,
DMSO, Ethanol and Methanol. Also, they were stable in air. The complexes of metal
were characterized by molar conductivities, elemental analysis, magnetic susceptibility,
UV-Vis, IR, mass spectra and "H,MNR spectra. The results of analysis for the complexes
were a good agreement with the results of experiment. The value display that the (metal:
ligand) ratio is (1:1:1) and are shown in table 1. At room temperature, the magnetic
susceptibility of the chelate complexes were a good agreement with octahedral molecular
geometry, except the complex of Au(lll) indicates a Square planar molecular geometry
about the central ion of metal. Most of prepared chelate complexes in this research was
exhibited lower conductivity values of the complexes. This is evidence that complexes
have non-electrolytic nature. Except the complex of Au(lll) which exhibited higher
conduction values supporting the electrolytic nature of the metal complexes.
3.1.Micro-element analysis
In table (1), the results of micro-element analysis for ratio complexes 1:1:1 [L:M:L]
exhibited that the results of theoretical were a good agreement with the found results.
C,H,N elemental analysis and TLC technique were used to test the purity of mixed
ligand.

Table 1. Some Physical properties and -elemental micro analysis

Compound Chemical formula M.P(C°) Yield Color Cc H N
% Found Found Found

% % %
(cal.) (cal) (cal.)
Ligand:Ll C14H13N;0,S 177-180 82 Brown 48.93 3.76 28.63
(48.95) (3.78) (28.55)
Ligand=HL, Ci5H17N305S 198-200 96 Orange 53.62 5.02 12.49

(53.67) (5.06) (12.52)

[Co(L; L)H.0C] | CoCpoHzNyOeS,Cl | 175-177 | 80 | Brown | 46.14 | 373 | 1847
(46.22) | (3.98) | (18.59)

[Ni(L;L;)H,0CI] | NiCygH31N1gOgS,Cl | 310 Dec. 83 | Darkred | 46.11 3.68 18.36
(46.23) | (3.96) | (18.59)

[Cu(L,L,)H,0CI] | CuCpeH31N1g06S,Cl | 223-225 | 84 Dark | 4579 | 3.72 | 18.29
brown | (45.94) | (3.96) | (18.48)

[Zn(L;L,)H,0CI] | ZNCyH31N1qO6S,Cl | 248250 | 74 Red 45.59 3.69 18.25
(45.82) | (3.95) | (18.43)

[Cd(L,L,)H,0Cl] | CACyH3N1gOsS,Cl | 173175 | 79 | Darkred | 43.06 | 350 | 16.98
(43.17) | (3.72) | (17.36)

[Hg(L,L,)H,0CI] | HgCaH31N1¢06S,Cl | 250-253 | 82 Red 38.77 | 3.19 15.47
(38.90) | (3.35) | (15.65)

[Fe(L;L,)Cl] FeCyoHo9N100sS,Cl, | 310 Dec. 86 Dark 45.18 3.48 17.95
green | (45.35) | (3.64) | (18.24)

[Au(LiL,)]Cl, | AUC,HNOsS,Cl, | 222225 | 77 | Red | 3662 | 272 | 1468
(36.86) | (2.96) | (14.83)
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3.2. Mass spectra

At room temperature, the mass spectra of synthesis of Ligands were recorded. The
proposed formula of the synthesized compounds was confirmed using the obtained
molecular ion peaks. The mass spectra of Azo Ligand (L) showed the peak of molecular
ion at m/z" 343.2 (3.28%) compound (CsH13N;0,S) and this confirms the proposed
formula of the synthesized compounds. As well as, the mass spectra of the Schiff base
(HL,) showed the peak of molecular ion at m/z* 335 (5.42%) compound (Cy5H;7N30,S)
and this confirms the proposed formula of the synthesized compounds.

‘‘‘‘‘‘‘‘‘‘
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(@)
mllllhhﬂha‘ |,||..5|J,| b \Jl.u I !J.,ld“,ty, mtl\ﬂdlm‘:m ultnm“ln}lln e e S s
(b)

Figure (1) : (a) Mass spectra of the azo-ligand (L) ,(b) Mass spectra of the Schiff
base ligand (HL,)
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—N _ﬁ : B Iy
QN)-NH j N_N%\Nj‘\cm

Chemical Formula: C4H3N;0,S™
Exact Mass: 343.08 (3.28%)

+

—N ]
<\ />——NH— NH, + H2N—<\ jl\

N N
Chemical Formula: C,H,N3™"

Chemical Formula: [C;oH,(N,4O0,S] * Molecular Weight: 97.12
Molecular Weight: 250.28

O0=wnw=0

CHj3

T S <

Chemical Formula: C;HgN,

: . +
Chemical Formula: C;oHoNy Molecular Weight: 82.11 (3.28%)

Molecular Weight: 185.21 (100%)

]
D[ NHONHz

Chemical Formula:[ C;gHoN3" ]
Molecular Weight: 157.20 (3.28%)

NH NH,,

Chemical Formula: C;HgN,™"
Molecular Weight: 118.14 (1.97%)

D @
NH,
Chemical Formula: CqHgN™ Chemical Formula: [CsHs" ]
Exact Mass: 92.05 (29.6%) Molecular Weight: 65.09 (22.36%)

Scheme 2 : Fragment of Azo ligand (L)
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Chemical Formula: C;sH;,N3;O5S™"
Molecular Weight: 319.38(10.07%%0)
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Molecular Weight: 301.32 (7.75%0)

~-CHgN
M.wt=32

/</ _\ RN \: s

o

Chemical Formula: C;3HsN,O5S™
Molecular Weight: 269.15 (15.5%)

-C6H8N203S _CcTh7
M.wt—=188 M.wt—91

v

Chemical Formula: [C,H-," ]
Exact Mass: 91.05 (31%6)

HZNOSOZNHZ
OH

Chemical Formula: CqHgN,O3S
Exact Mass: 188.1 (56.5%)

-NH4OH4
M. wt=38

|
<]

Chemical Formula:[ CgHg ]+
Molecular Weight: 80.13 (24.8%06)

ﬁiﬂiz7 NOo2
) M.wt= 46

D Y -
(<>

SH
Chemical Formula: [C,Hs]"

Molecular Weight: 53.1 (14.72%0)

|C)

-

o

Chemical Formula: [C{NO,S™]
Molecular Weight: 150.13 (100%0)

Chemical Formula: [CqH4S ]
Molecular Weight: 108.16 (35.6%)

Scheme 3 : Fragment of Schiff base ligand (HL,)

3.3.1'HNMR Spectrum of azo- ligand L,

'HNMR spectrum of this compound was recorded by DMSO-d6. The singlet signal at
0 2.5 ppm was due to the methoxy protons. The aromatic protons were seen in the range
of 0 6.5 8.5 ppm as multiple signals. CHz imidazole ring at 1.2 ppm, another signal at ¢
13.0 ppm attributed to imidazole (-NH-) proton and singlet at ¢ 4.3 ppm due to (NH-)
sulfadiazine [21-23]
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3.3.2.'HNMR Spectrum of Schiff base- ligand HL,

The assignment of the main signal in the "HNMR spectra of Schiff-base ligand
showed a signal at 6 4.9 ppm was due to group (-NH;) of sulfonamide ring. The aromatic
protons were seen in the range of ¢ 6.04 —7.69 ppm as multiple signals. the singlet single
at 0 8.6 ppm belong to proton (CH=N) of Schiff group, also signals at 6 10.4 ppm
attributed to group (OH) and at ¢ 13.7 ppm belong to proton group (NH) related to
sulfonamide ring which forming hydrogen bonding with nitrogen of (CH=N-), while a
signal at ¢ 2.5 ppm returned to the solvent.

the complex (Cd) of mixed ligand show nearly the same signals which belong to L,HL,
except disappear signal attributed to proton of (OH) since it contributed to coordination
as the complex new signal at (6 3.3) ppm refers to protons of water molecule inside

coordination sphere.

SUSSRENESANN SESNESESSSRNSHEEE

RRRRRRE

T
88 38 8585 E b b

EETETL
 EEEEEEEEEREE

R ) ,,,,,7.-{_L“LL{J[;];{;7 [ _J -k..__g,, i

" L wran L L WH, L [--1o00
5 ] 833 EY- s EEH =
: 2 mas -+ g FEE =

(a)

258



Journal of Kufa for Chemical Sciences VOI. (3)NO0.(1) veeeeeeeeeeneeeeeareesseescesssssasaans Dec. 2023

12000
g 2 gaEsRzEnAsssageaAnsgs 8 533883
TR T T SRR Ls1000
10000
SO00
8000
7000
(6000
5000
| (4000
3000
!
j-2000
1000
'I‘ A | 1 | t
i LN N R 1[0 L1 O S | S S L U PURR—
¥ H H LR N Hy T
3 g i EEREE g3 = 1000
4 3 2 11 a 2 a 7 & 5 4 3 2 1 ]
1 (ppen)
& ZEEF § EREEEFEEAASAHEEEISINNEUYSHITYIYEERIT gEAmgssaas
235 e ErLEL] Bk
| |
| |
|
| |
700
| .
[ ‘ [
| A o N BN _ﬁ-,,LLuml»L-‘_u j ..______ el (R
T LR ' L T o T
= R oE e & = H E = 5
T m - - N . N i
1 M

(©
Figure (2 ) The '"HNMR spectrum of ligand (a) (L) and (b) (HL,(c) Cd complex of
Mixed ligand

4. Infrared spectra
The IR spectra of the complexes are compared with that of the free ligands to determine

the changes that might have taken place during the complexion, all data are listed in table

).
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The bands assigned to the azomethine group (C=N) in the Schiff base ligands (HL,) were
observed at (1602) cm™ and shifted to lower frequency in all metal complexes. This
indicates the participation of the nitrogen atom of the azomethine group in coordination
[24]. Abroad vibration bands at (3419) cm™ in the ligand (HL,) were assigned to the
phenolic OH group. The dis appearance of this peak in the spectra of all the complexes
indicates the de protonation of phenol proton prior to coordination, the bands which
appear in refers to water molecule inside coordination sphere. Also, the azo ligand L,
exhibits a band at (1446) cm™ assignable to (N=N) group and shifted to lower frequency
in metal complexes this indicates the participation of the nitrogen atom of the azo group
in coordination [25,26].The presence of coordinated water molecules in complexes ware
observed by broad bonds around (3361-3415) cm™ except the complex of Au(lll) and
Fe(111).The spectrum of free ligand (L,) show two absorption bands at (1346) cm™ and
(1143) cm™ due to symmetrical and asymmetrical vibration of (0=S=0) group[27-28],
these bands are stable in position and intensity in free ligand and its metal complexes.
The IR spectra of all complexes showed new bands at about (576-590) and (445-462)cm™
assigned to v (M-N), v (M-O)respectively. Representative example for their spectra is
given in Fig(3).
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Figure (3): IR- spectrum of (a) azo ligand L,, (b) Schiff base ligand HL,, (C)
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Table 2: Characteristic IR frequencies of the ligand (L) and (HL,) and Mixed

ligand Complexes

O-H) [ v(C=N) | v(N=N -
Compound OO-H) | _) PR u(C=N) | v(S0,) oM-0) | v(M-N)
H,0 Schiff imidazole
1143
HL, 3419 | 1602 | -coomr | coeem-
1346
1143
[ColLls L)H0CH | 5400 | 1589 | 1413 | 1520 445 582
1315
. 1141
[Ni(L1 L2)H,0Cl] 3361 | 1589 | 1417 | 1520 445 | 584
1334
1151
[Culla LJHOCH | ais | 1589 | 1419 | 1520 445 | 580
1327
1143
[2n(L L)HOCT | 5000 | 1580 | 1429 | 1520 459 | 576
1338
1141
[CAlba LH0C 1 5415 | 1602 | 1410 | 1514 462 | 590
1346
1147
[He(Li L)H0CH | 50 | 1614 | 1417 | 1523 400 582
1340
1143
[Fe(liLo)Cl] | 1585 | 1417 | 1510 449 | 574
1336
1151
[Au(t L)IC, 1616 | 1406 | 1510 134 462 | 511
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5. Electronic Spectra

At room temperature, the spectra of electronic absorption of all the compounds were
recorded by using solution of ethanol in the range 200-1100 nm. The spectral data of azo
L, Schiff base HL, ligands and their metal complexes are summarized in Table (3). The
spectral data of organic ligand (L) showed three charge transfer (C.T) bands at (208nm)
(48076) cm™ | (248 nm)( 40322) cm™ and (380nm)(26315) cm™ attributed to n—n* , ©
—n*and n—7* transition within the azo-ligand. The first band appeared at (208nm) can
be ascribed to the (m—n*) transition of the phenyl rings while, the second band appeared
at (248 nm) can be assigned to ( m —n*) electronic transition due to electronic transition
of the (-N=N-) group [29,30] The third band appeared in the visible region (380nm) can
be assigned to n—n* transition that including the whole electronic system of the azo
dyes. The electronic spectrum of free Schiff base HL, ligand is characterized by two
absorption bands in U.V-Visible. These bands are appearing at the positions of 290 nm
(34482 cm™) and 358 nm (27932 cm™). The first band can be ascribed to the (n—n*)
transition and second band can be attributed to a n—=* transition [31], in addition to the
presence of hetero atom carrying a lone pair of electrons in addition to intermolecular
charge- transfer, this band showed at a red shift on coordination with a metal ions. The
electronic spectrum of Co(ll) complex displays three bands at 858nm (11655cm™) , 562
nm (17793 cm™), 477 nm (20964 cm™). These bands are assignable to 4T.g
(F)—>'T,g(F)= vl *T.g(F)—"Ag (F)=v2, ‘T.g(F)— *T1g(p) = v3 transitions respectively
[32] .

The electronic spectrum of Ni(Il) complex exhibited three absorption bands , at 802 nm
(12468cm™), 700 nm (14285 cm™) and 574 nm (17421 cm™) and 467nm(21413cm™).
These bands may be assigned to *A,g —°T,g (F) (v1) , *Ag —°T:ig(F) (v2) and *A.g
—*T1g(p)(v3) and M— L,CT transitions, respectively. The spectrum resembles those
reported for octahedral complexes [33].

The electronic spectrum of the Cu(ll) complex exhibited one absorption band at 476nm
(21008cm™), this band is assignable to “Eg— °T,g transitions. The broadness of the band
may be due to Jahn-Teller distortion. All of these data suggested a distorted octahedral
geometry around the Cu(ll) ion.

The electronic spectrum of Au(lll) complex displays one band at 554 nm (18050cm™)
belong to *A;g—'B.g

The electronic spectrum of Fe (l11) complex exhibited five absorption bands, at 500 nm
20000 cm-1), 781nm (12804 cm-1) , 826 nm (12106 cm-1) ,1043nm (9587 cm-1) and
1065 nm (9389 cm-1) and 1096 (9124cm-1). These bands may be assigned to °A.g
—'Tg (v1), °Aig - To9(v2),°Alg —'Eg,*A.g (v3) ,and’A.g —*T,g(v4), *Arg - Eg(v5)
and °A,g —*T,g (v6) transitions, respectively. The spectrum resemble those reported for
octahedral complexes.

The electronic spectra of Zn (II), Cd (II) and Hg (II) complexes did not show any d—d
transition because of saturation with electrons (d'°). The absorption bands at 485 nm
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(20618cm™), 466 nm (21459cm™) and 558 nm (17921 cm™) may be assigned to a charge
transfer transitions to Zn (1), Cd(I1) and Hg (I1) complexes respectively[ 35]. In Figure
(4) the electronic spectra of the ligands and the complex of Cu (Il) are shown. In Table

3)

Table (3): Magnetic moment, and electronic spectra of complexes

Compounds A (nm) | ¥ (cm™) Transitions Geometry | Hybridi Mef
zation
(BM)

L, 208 48076 n—oT* - | -
248 40322 n—o*
380 26315 n—m*
290 34482 T —n*

HL, 358 27932 I A R T Il IR

562 17793 | *Tig(F)— ‘“T.9(F)= v

477 | 20964 | ‘Tig(F)— ‘Tig(p) = v, | Octanedral

[Co(L,L,) H,OCI] Sp°d? 4.11

802 12468 *Asg — TogE-= Vs 3.42

700 14285 *Asg —°T19m- V2 Sp’d?
[Ni(L,L,) H,OCI]
574 17421 *A,g —°Tigp- Vs | Octahedral

467 21413 M—L,CT
Octahedral | Sp°d®
[Cu(L,L,) H,OCI] | 476 21008 2Eg—2T2g 1.73
485 20618 M—L,CT Octahedral | Sp°d® Dia
[Zn(Lle) HzOCI]
[Cd(L;L,) H,OCl] | 466 21459 M—L,CT Octahedral | Sp°d” Dia
558 17921 M—L,CT Octahedral | Sp°d® Dia

[Ho(L.L;) H.OCI]
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500 20000 ®A;g »'Tlg=v, | Octahedral

781 12804 *Aig —>*T29= v,

826 12106 | °A;g —>*Eg,’Aig=v; Spd? para
[FeL1L2C|2]

1043 9587 *Ag —>*T2g = v,

1065 9389 *Aig > Eg= Vs

1096 9124 *Ag —*T1lg = vq

554 18050 'Aig— 'Big square dsp® Dia
[Au L, L;]ClI, planer
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1
800 00

(a)

265



Journal of Kufa for Chemical Sciences VOI. (3)NO0.(1) veeeeeeeeeeneeeeeareesseescesssssasaans Dec. 2023

(b)

o
3

0o 600.00 ers, 80000 1

'\’/,.’/\
/‘\/_\,/_’.\ .
©00.00 1100 0o
——

()

Figure (4) The spectra of electronic : (a) azo ligand & (b) Schiff base (c) mixed ligand complex of
[NiL;L,(H,O)CI]

6. Measurement of conductivity

Molar conductance (Am) measurements of the metal complexes were performed using
ethanol as solvent at the concentration of 10° M in room temperature. In this work, all
prepared chelate complexes exhibited the range values of conductivity between (0.75-
18.9) s.mol™*.cm? that non-electrolyte and non-conductive types ,While the molar
conductance of Au(l11) complex with mixed ligand is (80) s.mol™*.cm? indicating the
electrolytic nature (1:2) electrolyte of this complexes furthermore the chloride ions are
located outside the coordination sphere [35-37]. It is possible to conclude structures of
the complexes.
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o //«1

Q I
SO S

when M= Co(ll) ,Ni(ll) , Cu(ll) ,Zn(l1) ,Cd(ll) ,Hg(ll) , x=H20
M=Fe , x=CI

m:O

¢}

o

C%—W@\é\l

H3C\ / \O
/N (H:=N
H3C [ ]
SO,NH, |

Scheme (4): the proposed structural formula of the complexes

Cl,

7. Antioxidant screening (DPPH radical scavenging activity)

The scavenging activity results of some of synthetic compounds showed in table (4 ):
From the results in table (4 ) and figure (5), the conc. (200) ug/mL is the most scavenging
activity compared with other concentrations of synthesized compounds.

The DPPH is used in the laboratory and is widely used to evaluate the effectiveness of
antioxidants. DPPH has absorption at 517 nm and disappears when DPPH is reduced to
an antioxidant or becomes radical. The diamagnetic molecule is stable. As a result, the
color changes from purple to yellow. This change in color is taken as an indicator of the
ability y of hydrogen to donate to tested compounds.

Antioxidants can interact with DPPH and produce (1.1 - diphenyl - 2 - picryl —
hydrazine). The limiting capabilities of the compounds examined were determined by
their interaction with stable free-standing 1.1-di- vinyl-2-picryl-hydrazine (DPPH) in five
different concentrations for 30 minutes

The highest scavenger activity observed in compound (HL.,), this is probably due to the
presence of hydroxyl group. Mostly electron withdrawing substituent's deactivate
aromatic ring and have no capability to bind the free radicals. The results of evaluating
the activity of antioxidants showed that all the prepared compounds have antioxidant

267



Journal of Kufa for Chemical Sciences VOI. (3)NO.(1) ceeeeeeeeeeeseeesoreecssosssseesssssenss Dec. 2023

properties when compared with standard antioxidants such as ascorbic acid as a reference
in search of their antioxidant activity by the stable free radical method. [39-40 ]

Table 4: Scavenging activity of some synthetic compound

DPPH scavenging activity%

Concentration | Ascorbic acid | L HL, [NiL;L,H20Cl] | [CuL;L,H,0Cl] | [AuL,;L,]Cl,
50 65 69.3 83.9 65.5 62.7 68.9
100 73 69.7 92.7 69.5 66 75.9
150 85.3 69.8 93.4 70.1 67.7 78
200 98.2 71.7 94.9 77.1 68.6 78.7

120
100
80
60
40
. AR ¥ L L ¥ ¥
_\J;,@ N N &Oo\ &Oo\ 0\&
& O N &
¥ N \cﬁV ¥
m° m) m)o Y

Figure (5): Scavenging activity of the compound using DPPH.

8. Anticancer activity of gold complexes

In vitro cytotoxic activity against breast cancer (MCF 7) cell line at different
concentrations was evaluated and compared with the healthy cells The anticancer
activities of the gold complexes were performed with different concentrations such
as 6.25p g/ ml ,1225pug /ml,25pg/ ml,50 pg / ml, 100 p g / ml. The
anticancer activity of gold complexes against breast cancer (MCF 7) cell line
increased while in the concentration of gold complexes (Fig. 6). Gold complexes
exhibit good results when compare with the healthy cells. Previously the cytotoxic
effect of gold nanoparticles is the result of active physicochemical interaction of
gold atoms with the functional groups of intracellular proteins, as well as with the
nitrogen bases and phosphate groups in DNA..
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It was observed that half of the inhibitory concentration of cancer cells, IC50, was
(145.27pg / ml), which is low compared to healthy cells, where it was (192.21ug /
ml), and this is a good result. That is, the gold nanocomplex Kills breast cancer cells
with high efficiency and has no effect on healthy cells. This is a very important result
in the use of a complex of gold as a highly selective treatment for the treatment of

breast cancer.

IC50=145,27/ug/mL y = -15.88In(x) + 129.06
R?=0.9391

96.01
100 £ 759059
90 }

80 | ’
70 }
60 |
50 |
a0 }
30 }
20 |
10 }
0 L L L L L 7
0 20 40 60 80 100 120

Concentration (pug/mL)

Viability (%)

(a)

y =-13.65In(x) + 121.78
1C50=192.21 ug/mL R? - 0,989

. 94.63
100 N 88.59

9 |
so |
70 }
60 |
50 |
a0 }
30 }
2 }
10 }

0 L L L L L >

0 20 40 60 80 100 120
Concentration (ug/mL)

Viability (%)

(b)
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Figure (6): Percentage of inhibition in cells of (a) MCF-7 breast cancer line cell against the
concentration of complex [Au L;L;]Cl, (b) normal line cell against the concentration of complex
[AU L1L2]C|2

(b)

Figure (7):(a) Cancer cells treated with compound [AuL;L,]Cl; at different concentration after
adding MTT (b)Normal cells treated with compound [AuL;L,]Cl, at different concentration after
adding MTT
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