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ABSTRACT

A new set of metal complexes by the general formula [M(P),(H,0),]Cl, has been prepared through the interaction of the new
Ligand [N1, N4-bis(4-methoxyphenyl)succinamide] (P) derived from succinyl chloride with p-anisidine with the transition
metal ions [Cu(IT), Mn(II), Cd(II), Co(II) and Ni(II)]. Compounds diagnosed by TGA, 'H, *CNMR and Mass spectra (for (P)),
Fourier-transform infrared and Electronic spectrum, Magnetic measurement, molar conduct, (%M, %C, %H, %N). These
measurements indicate that (P) is associated with the metal ion in a bi-dentate fashion by nitrogen atoms (the amide group),
and the octahedral composition of these complexes is suggested. Staphylococcus Aureus (+) and Escherichia Coli (—) were
studied for the antibacterial action of the compounds towards two types of bacteria. Using SKOV3-type ovarian cancer cell
lines and comparing them to the normal cell line, the cell viability and cytotoxicity assay were performed on the Cu (II)

complex by anticancer activity.
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INTRODUCTION

Aniline is one of the most organic compounds (toxic). Aniline
is involved in the synthesis of many organic compounds via
azo dyes, corrosion inhibitors, pesticides, antioxidants, rubber,
antiseptics, pharmaceuticals, and fuel additives, due to the
wastewater structure for pharmaceutical production dyestuffs,
and its high toxicity due to their aniline content harm aquatic
ecosystems."? Aniline derivatives contribute to the manufacture
of paints, pharmaceuticals, rubber, dyes, herbicides, pigments,
and precursors to polyurethane. Although aniline compounds
produced in some pharmaceutical factories are organic in nature,
they are very complex in composition, causing high resistance to
biological degradation.® The p-Anisidine is a well-known ligand
containing a methoxy group that gives an electron, and this
makes the donor nitrogen atom rich in electrons.** Substitution
of the methoxy group on the ring (2, 3, or 4 methoxyaniline)
determines the ability of the ligand to donate an electron and a
potential steric obstruction. It is also used to detect unsaturated
aldehydes in food quality testing and prepare 1-methoxy-4-trans-
Styryl-benzene by reaction with phenylbenzene and biochemical
research organic synthesis.®® The aim of the current study to
define the structure and geometry of (P) and its complexes to
ions Mn(ii), Co(ii), Ni(ii), Cu(ii), and Cd(ii).

EXPERIMENTAL SECTION
Materials and Methods

From commercial sources, we obtained all chemical
and analytical reagents and were used without further
purification. From (the United States of America, Sigma -
Aldrich, Merck, and India), various chemicals, metal salts,
and solvents used in this research were purchased. Infrared
spectroscopy was measured using the device (Shimadzu FTIR
affinity-1s) and Potassium bromide (KBr) disc within the
range 400-4000 cm ). Through the use of an electrothermal
melting point device (SMP10 Stuart), the melting point of the
compounds prepared in an open tube was determined. Using
(Shimadzu UV-1800) visible, ultraviolet spectrophotometer
with a concentration of 31° M samples in dimethyl sulfoxide
(DMSO) solvent at room temperature and a quartz cell length
of 1.0 c¢m, the electron spectra of the prepared compounds
were measured. Using the device (Bruker 300 MHz NMR
spectrometer), the chemical displacements were recorded
in (NMR spectra 'H and '3C) in (DMSO-d6 with TMS).
Using a device (Shimadzu (AA 680)), %M in complexes is
determined. Using a device (Philips pw-Digital conductivity
meter), the molar conductivity of the prepared compounds was
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measured with a concentration of (10°M) in (DMSO) and at
room temperature. Using a device (magnetic sensitivity balance
(Sherwood Scientific)), (neff BM) of complexes were measured
at room temperature. Using a device (Euro EA 300), (%C, %H,
%N) was determined for the prepared compounds. A STA
PT-1000 Linseis at the temperature range of 0-700°C and used
argon gas, thermal gravity analysis (TGA) was performed.

The Organic Compound

Synthesis of Ligand (P)°

A solution of 0.999 g (6.45 mmol) of Succinyl chloride in
acetone (10 mL) was slowly added to a solution of p-Anisidine
(1.588 g, 12.9 mmol) in acetone (10 mL) over l-hour. The
mixture was stirred for 12 hours at "5°C and then for 2 hours at
laboratory temperature. The precipitate formed was filtered and
then washed with solvent (diethyl ether) and then recrystallized

o HoN
cl
o

succinyl chloride

Stirred for 12-14 hrs

p-anisidine at -5C / acetone

o (j/o\
H\ﬂ/\)‘\
N
N
H
\O/[ j

NENY -bis(4-methoxyphenyl)succinamide
Scheme 1: Preparation course of the (P)

Figure 1: 3D —Structure of the (P)

in ethanol and left to dry at laboratory temperature. m.p. 168-
170°C (yield 86%) (Scheme 1), (Figure 1).

The Inorganic Compounds

Synthesis of [M(P),(H,0),]Cl,: To (P) solution (0.66 gm,
2 mmol) in (10 mL) EtOH, the metal chloride solution (MnCl,.
4H,0, CoCl,. 6H,0, NiCl,. 6H,0, CuCl,. 6H,0 and CdCl,.
H,0) (0.24-0.17 gm, 1 mmol) in (10 mL) EtOH was added.
Under reflux, the reaction mixture was heated for 4 hours. The
precipitate formed was filtered and then washed with solvents
(H,O and diethyl ether) and in a laboratory atmosphere, leave
dry (Figure 2).

RESULTS AND DISCUSSION

Thermal stability and the nature of the colored solid are
the most important characteristics of the prepared metal
complexes—insolvents (DMSO) and (DMF), soluble. The
theoretical and practical data of (AA) measurements for all
prepared complexes were approximated in Table 1.

Mass Spectral

The mass spectral data fragmentation of (P) [N1,N4-bis(4-
methoxyphenyl) succin amide], Figure (3) showed (M+) at

Cl,

Figure 2: Suggested structure for (P) complexes

Table 1: Different physical properties of the prepared compounds

Metal% Conducts
m.p(°C) Calculated Ohm™ em’mol”’!
Com. (Formula wt.) ord Color (Actual) in solvent (DMSO)
Ligand (P) CsHy)N,O4 168-170 grey - 1.67
328 C3,H,,C1,MnN,O,,
Mn - P 818.60 125-127 Brown 6.71 74.1
C5¢H,44CL,CoN,LO, (6.70)
Co-P 822.60 121-124 Green 7.16 75.2
C5¢H,,CLNIN,O (7.17)
Ni-P 822.36 115-117 Green 7.14 72
C5¢H,44CLCuN,O, (7.12)
Cu-P 827.21 111-114 Brown 7.68 70.1
C5¢H,4,CLCAN,LO, (7.66)
Cd-P 876.08 118-120 grey 12.83 83
(12.84)
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(m/z+=328) Due to (the original molecular weight of P) (328)
, [C1sH,oN,0,4]. Additional peaks are displayed in Table 2100

NMR Spectra

"H-NMR Spectra of (P)

In order to confirm the structure of the ligand (P), 'HNMR
of the synthesized ligand was recorded. Figure (4) display the
'THNMR of the ligand, the peak at (5 2.66 ppm) corresponds
to four aliphatic protons of succinyl group, and peaks at
(6 6.90-567.57 ppm) correspond to the all aromatic protons of
the ligand. the peak at (5 10.13 ppm) represents the proton of (-
CO-NH-) moiety, whereas the peak at (5 9.93 ppm) reverts to the
proton of (NH) group specifically .the peak at (5 2.78—33.83ppm)
correspond to the protons of (CH;) and (OCHj;) group finally
the peaks at (6 2.39 — 8 2.57 ppm) correspond to residual protons
in DMSO-d°® and moisture present in DMSO-d®.!"!3 The results
are summarized in Table 3.

BC_NMR Spectra of (P)

The '*C-NMR spectrum, for ligand (P) portrays is shown
in Figure 5; the spectrum exhibits signals at chemical shift
(6=174.06 ppm), which assign to (C,,,") for (CO-NH) amide
group. The chemical shifts at (5 =155.41-159.05 ppm ), assigning
to (C,,,") for the aromatic ring. The chemical shift at (6 =133.05,
124.76, 124.83 and 114.25 — 114.53ppm) attributed to the
aromatic ring (Cs, ), (C4,4) and (Cs ,5") respectively. Chemical
shift-related carbons (Cg,4) for (OCH;) in p-anisidine and
(C4,7) for (CH,) in succinyl group appeared at (8 = 55.61 -55.93)
and (31.71ppm ) respectively. Finally chemical shift at
(8 =139.17-40.84 ppm) which assign to DMSO.!*!> The results
are summarized in Table 4.

Apungance Average 0258 0 2.182 min - ND2 ddatams.
3

00000

7500000}

FTIR Spectra

Ligand (P)

The band at 3309 cm™ the spectrum of the (P) determined
to the v(NH), while another absorption band showed at
1647 cm™ could be interpreted as v(C=0 amide), in addition
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Figure 4: 'H-NMR spectra of (P)
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Figure 5: '3C-NMR spectra of (P)

Table 3: Chemical shifts in ("H-NMR) spectra of (P)

- i Com. Functional groups o (ppm)
- Aliphatic proton (4H) 2.66
- 2-aromaticprotons(8H) 6.90-7.57
- 2-CO-NH-moiety(2H) 10.13
- T ‘ | i l | 1 Ligand (P) 2NH group (2H) 9.93
,,,,, A o m,,mz R B R B 2CH; group (6H) 2.78

Figure 3: EI mass spectrum of P. 20CHj; group (6H) 3.83

Table 2: The fragmentation pattern of (P) DMS0-d6 solvent 2.39-2.57
Fragment Mass/charge (m/z) Relative abundance Table 4: Chemical shifts in (**C-NMR) spectra of (P)
[C1gH,N,0,] 328 13.65 % Com. Functional groups o (ppm)
[Cy1H sN,O5 1" 223 7.5% C,,” for (CO-NH) amide group 174.06
[C) H| NO,T™ 205 62.5% C,, for aromatic ring 155.41-159.05
[CyoH,NO,]™ 177 12.5% C, 5 for aromatic ring 133.05
[CgH,NO,T™ 149 13.75 % ) C, 4 for aromatic ring 124.76-124.83
Ligand (P) ’
[C,H,NOT™ 123 100 % Cs s for aromatic ring 114.25-114.53
[C;H(OT" 106 90 % Cg for (OCH,) in p-anisidine 55.61-55.93
[CeHgT™ 80 62.5% C, 7 for (CH,) in succinyl group 31.71
[C,HT" 55 47.5% DMSO 39.17-40.84
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Table 5: FTIR data of (P) (cm™) and their complexes.

o(C-H) v(C-H) v(C=0) o(M-0)

Comp. Arom. Aliph. o(N—H) amide OCH;))o v(M-N) of water
Ligand-p 3008 2935 3309 1647 2835 - -

Mn-p 3103 2962 3407 1647 2837 466 925
Co-p 3089 2933 3427 1650 2837 470 925
Ni-p 3072 2939 3425 1649 2835 472 923
Cu-p 3010 2935 3417 1650 2837 472 925
Cd-p 3014 2912 3425 1650 2838 472 925

Table 6: Electronic transfers in the spectra of the prepared compounds

gm ax

(moler™. Shape
Com. Ay 0 (em™)  em™) Transition geometry
Ligand 290 34482 3643 P -
®)
Mn-p 300 33333 3976 Intra Ligand Octahedral
888 11261 115 bA 1, >*Toyq)
994 10060 55.0 A= Ty
Co-p 310 32258 3859 Intra Ligand Octahedral
390 25641 3950 C.T
862 11600 14.0 4T1gm —>4T,g ®)
888 11261  16.0 T n = Ase p)
990 10101 60.0 4T1g(f)—’4T2g
Ni-p 284 35211 3479 Intra Ligand Octahedral
498 20080 894 Ay =’ Tig )
918 10893 9.0 2 = Tag ()
992 10080  12.0 2e - Tag ()
Cu-p 300 33333 3820 Intra Ligand Distorted
408 24598 3857 C.T Octahedral
862 11600 553 B,—E,
916 10917 524 *Bj,— "By,
962 10395 512 "By — A,
Cd-p 320 31250 3807 Intra Ligand C.T Octahedral
400 25000 475

EsHiMaDzU

Figure 6: FTIR spectrum of (P).

to absorption bands at (2935) due to v(C-H aliphatic),
(3008) cm™ due to v(C-H aromatic) and (2835) cm™ which
determined to §(OCH,),'® Figure 6.

Complexes of Ligand (P)
These spectra showed a marked various between bands

belonging to the stretching vibration of v(NH, amide group)
in the range between (3427-3407) cm™' shifted to higher

ElsHMADZU

mmmmmmm

Figure 7: FTIR spectrum of [Co-P] complex.

Figure 8: Electronic spectrum of the P.

frequencies by (118-98) cm™ proposing the probability of
the co-ordination of (P) by the nitrogen atom at the amide
group.!”®® The v(C=0, amide) in ligand was not correlated
with the central ion and was confirmed by no changes in the
frequencies of this group that were set at (1650—1647) cm’
in the complexes spectrum of the ligand complexes.!*** New
bands v(M-O, water group) and v(M-N, amide group) appeared
in the range of (923-925) cm™! and (466—472) cm™ respectively,
indicating the formation of the metal complexes.?** In Table 5,
FTIR data is displayed. In Figure 7, the spectra of the (P) and
its complexes were presented.

Electronic Spectra

Ligand (P)

The electronic spectrum of (P) in DMSO solution is including
in Figure 8. The spectrum display absorption peak at (290
nm =34482 cm™ ; &, = 3643 molar! cm™! which assigned to
(n—").2 In Table 6, data are recorded.

Complexes of Ligand (P)
The electronic spectrum of the Mn (ii) - complex display peaks
in the (d-d) region at 888 nm, which due to 6A1g—>4T2g(G)
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transition and 994 nm assigned to 6A1g—>4T]g(G). Another
peak in the 300 nm which assigned to intra ligand, these all
indicating octahedral geometry about Mn ion.**

The Co (ii)-complex shows peaks at 310 nm attributed to
intra ligand and 390 nm due to CT. Another peak at 862 nm due
to *T, o (F)—>4T1 o (p) transition, 888nm due to 4T, . (F)—>4A2g’ and
990 due to *T, o (F)—>4T2g. These electronic transitions revealed
by the cobalt complex refer to the octahedral geometry of the
aforementioned complex.?’

The electronic spectrum of the Ni'! - complex display in
the (d-d) region (peaks) at 498 nm assigned to 3A2g—> 3Tlg ®)
transition, 918 nm due to 3A2g—> 3T, o(F),and 992 due to 3A2g—>
3T2g (r) - Another peek at 284 nm due to intra ligand indicates

The electronic spectrum of the Cu (ii)- complex display
in the (d-d) region (peaks) at 862 nm attributed to (d-d) type
5Blg—> E,, and 916 nm due to 5B]g—> B,, and 962 nm due to
type 5B1g—> 5A]g. Another peek at 300 nm and 408 nm due to
intra ligand and CT these all confirming distorted octahedral
geometry about Cu ion.?’

The electronic spectra of the Cd-complexes exhibited
peaks at (320, 400) nm, which were due to (intra-ligand) and
CT, respectively, these all indicating octahedral geometry about
Cd ion.?® In Table 6, UV data of compounds was displayed.

Magnetic Moments and Conductivity Measurements

In Table 5, the (peff) values of Mn(ii), Co(ii), Ni(ii), and Cu(ii)
complexes are display. These complexes exhibit peff (5.164,
4.277,3.259 and 1.893) B.M respectively, these normal values
are consistent with high spin octahedral complexes.?” The
electrolytes nature (1:2); M= Mn(ii), Co(ii), Ni(ii), and Cu(ii)
and Cd(ii) complexes of all metal complexes was confirmed by
molecular conductivity measurements,*® Table 1.

Cell Viability and Cytotoxicity Assays

Based on a tetrasolium salt - (4,5-dimethyl-thiazol-2-yl)-
2,5-diphenyltetrazo-lium bromide (MTT), cytotoxicity was
measured by colorimetric assay. On the protocol that Tim
Mossman first described in 1983, the MTT test was adopted
in anticancer activity.’! The SKOV3 tumor cell lines were
compared with the normal (WRL-68) cell line used in our
current study. At concentrations ranging from 400-6.25 ug/mL
of Cu (II), the SKOV3 cell line and the normal cell line
(WRL-68) have been shown.

The toxic effect was estimated by extracting the percentage
of inhibition compared to control (100% growth). The Fresney
method has been used to develop the ovarian cancer cell line
SKOV3. By way of analyzing a single method of variance
ANOVA (Duncan), the data are statistically analyzed, which
is performed to test whether or not the variance in the group
is significant. Using SPSS version 20 and flooding it with
Graph Pad Prism Version 6, data were expressed as mean,
standard error, and statistical significance implemented.
The relationship between the biological activity of linear
cancer cells in ovarian SKOV3 and normal cells (WRL-68)
is illustrated in Figures 10 and 11. By applying different
concentrations of the metal complex Cu (II) to cell lines, this
test was performed to measure the vitality of cells and the rate

of inhibition of them. Using log (inhibitor) against response
curve, data analysis performed in pg/mL, and log values for
pg/mL were plotted on the Prism 6 graph pad.

To clarify the effect of the copper complex on the types of
cancerous and normal cells, it was observed that the lowest
rate of inhibition of cell growth was at 6.25 ug/mL and the
highest rate of inhibition of (400 pg/mL) for the concentration
of ovarian cells SKOV3 and normal cells (WRL-68).

According to the type of cell line, the rates of Cu (II)
inhibition will vary. Between (84.57-35.58)% for the SKOV3
ovarian cancer cell line and (95.33—-69.28)% for the normal
(WRL-68) cell line, determined the number of live cells
remaining after interaction with the copper complex. The
highest percentage of inhibition of normal cells is the most
(WRL-68) 69.28%, while the highest percentage of inhibition

A

Figure 9: Electronic spectrum of [Ni-P] complex.
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Figure 10: Cytotoxicity effect of [Cu-P] on SKOV3 cells after (24
hours) incubation at 37°C.
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Figure 11: Cytotoxicity effect of [Cu-P] on (WRL68) cells after
(24 hours) incubation at (37°C).
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Table 7: For the same concentration using MTT assay at 37°C (24-hrs), the effect of [Cu-P] on ovarian cancer cell line (SKOV3) was demonstrated
and compared with normal cell line (WRL68)

Concentrations used mg/mL
Percentage of ovarian cell rate
Average + standard error))

Inhibition

concentration Ics, 25 50 100 200 400 Cellular lines

141.0 71.64+1.33 67.44 £ 1.80 5448 £2.41 47.21+3.73 35.58+2.77 Cytogenetic cell lines of ovarian
475.9 96.95+ 1.14 94.64 +1.51 90.97 +3.30 84.46 + 0.85 69.28+7.72  natural cells line (WRL68)

Table 8: Results obtained from the biological activity of the prepared
compounds.

No.  Compounds  Escherichia coli  Staphylococcus aureus

1 Ligand (P) 16 19
2 Mn-P 15 14
3 Co-P 11 15
4  Ni-P 20 17
5 Cu-P 15 15
6 Cd-P 16 22

Figure 12: Figures of the biological activity of the prepared compounds

T T 25
I
- T 20
— 1
|
N T 10
- T 5
A o
Escherichia coli "-\ P Co-p Mn-p Lluand P

cd-p

m Escherichia coli

W staphylococcus aureus

Figure 13: Graph of the results of the bioactivity of the prepared
compounds.

of Cu (II) compound for the line of ovarian cancer cells in
SKOV3 is 35.58%, this is what was observed. One of the
important results obtained through tests of SKOV3 cancer
cell lines is (IC50) (inhibitor Concentration Fifty). This
concentration, in turn, kills approximately half of the cells,
Table 7.

Table 9: Temperature values for analysis along with corresponding
weight loss values.

TGA
Found (calculate)
Thermo Total
Gravimetry Loss of Mass — mass lose Fragmenta-
Com.  Stage range (°C) (mg) (mg) tion
Ligand 1 170-295 1.06 (1.045) 3.767 2H, 2N ,20
P) 2 296-325 0.54 (0.56) (3.757) 3C
3 326-405 1.278 (1.266) 6C, 8H
4 406-597 0.887 (0.886) 4C, 8H
e e DSCTOA G Rmmsonoaczon
Memod Ramp Run Date: 12-Apr-2021 08:55
Comment: 25-600@20-Ar Instrument- SOT Q600 V20.9 Build 20
100 I
- (E;;S;ﬁm\g!gewghlchange
(1.195mg)
80
60
$
40|
8.601%
(0.3740mg)
204 ¥
! 100 200 200 400 500 00 700

Temperature (°C) Universal V4.68A TA Inst

Figure 14: Thermal study of (P)

The half inhibitor is equal to (141.0 pg/mL) in the case of
the interaction of Cu complex with the SKOV3 ovarian
cancer cell line, where we note that the concentration of
the inhibitor (IC50) falls within the concentrations from
which (IC50) is taken for the normal cell line (WRL-68) it is
(475.9 pg/mL).3233

Anti-bacterial Activity Studies

Staphylococcus aureus (GV) and Escherichia coli (G7) were
used as test micro-organisms. The medium surface was
inoculated and covered for the purpose of performing the
assay on test organisms. Before applying disks, allow the agar
surface to dry from 3 to 5 minutes. The tablets were dipped
in a chemical beaker using sterile forceps and placed in the
medium previously. To grow, the bacteria plates were incubated
at 37°C for 48 hours. The complexes show different activity
in limiting bacterial proliferation compared to ligand (P) in
concentrations prepared.** The results obtained are recorded
in Table 8, Figures 12, and 13.
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Thermal Analysis

The ligand (P) was prepared and subjected to thermal analysis
using a STAPT-1000 Linseis companyl Germany. In an
atmosphere of argon gas, this measurement was done within the
temperature range (0—700)°C and heating rate 10°C/min.*%’
Where it was recorded all results are derived from the TG
curves for the ligand (P) examined in Table 9, Figure 14.

CONCLUSION

This search showed the prepared and identification of (P) and
its Mn (ii), Co (ii), Ni (ii), Cu (ii), Cd (ii) compounds. The
octahedral geometry of the prepared complexes was suggested
depending on the results (HNMR, Mass spectra, and *CNMR
of (P) only), magnetic measurement, and molar conductivity of
the compounds. The (P) acts as bidentate and coordinates by
the N atoms in (NH-C=0) group. The thermal decomposition
steps of the different parts of the prepared ligand (P) were
determined by studying TGA. The (P) and its complexes were
examined for their antibacterial activities against two types of
bacteria. By using SKOV3-type ovarian cancer cell lines and
comparing them to the normal cell line, the cell viability and
cytotoxicity assay was performed on the Cu (II) complex by
anticancer activity as drugs to treat some cancerous diseases
that affect humans.
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