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Abstract

The ligand 4-formyl-2-methoxyphenyl dihydrogen borate (L) was synthesized
through a 1:1 molar reaction between vanillin and boric acid. Additionally, the
synthesis of metal complexes of L with Co(II), Ni(Il), and Cu(II) was also described.
All the synthesized compounds were described using spectroscopic methods like that
FT-IR, 'H NMR, UV-VIS. Also thermal analysis (TG),atomic absorption (AAS),
elemental microanalysis (C.H.N), melting point (m.p.), magnetic susceptibility,
molar conductivity and chloride measurements. The experiments determined that all
the complexes were non-ionic compounds that did not dissociate into ions in solution.
Additionally, the proposed molecular structures of these complexes were found to be
octahedral in geometry. For C; (Co), C; (Ni), and C; (Cu), the complexes' magnetic
moments were (3.54,2.73, and 2), indicating that each complex was paramagnetic.
The synthesized compounds have good anti-microbial properties against Escherichia
coli (G-), Staphylococcus aureus (G+), and Candida albicans. All synthesized
compounds were evaluated as an anti-cancer agent against human thyroid cancer
(FTCI33), the result showed that the copper complex was more effective compared
to vanillin, ligand and its other complexes. The synthesized compounds were
examined for anti-oxidant agents, the result showed that the ligand and nickel
complex have more antioxidant activity than the other synthesized compounds.

Keywords: Vanillin, Boric acid, Antimicrobial, Anticancer, Antioxidant.
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1. Introduction
Vanillin, a phenolic aldehyde with the chemical formula C8H80O3, is an organic compound
(Figure 1). Its molecular structure features a combination of functional groups, including an
ether group, a hydroxyl group, and an aldehyde group. As a flavoring for foods, drinks, and
medications, synthetic vanillin is currently more commonly utilized than real vanilla extract.
According to several studies, vanillin can affect the performance of antibiotics condition.
Additionally, vanillin serves as a chemical intermediary in the production of pharmaceuticals,
cosmetics, and other fine compounds. By 1970, over half of the global vanillin production was
dedicated to the synthesis of other compounds. As of 2016, the uses of vanillin have spread to
include flavoring and aromatic masking in medications, consumer and cleaning goods,
livestock feed, and perfumes [1].

Figure 1: Structure of Vanillin

Both vanillin and ethyl vanillin are employed in the food industry. The key distinction between
ethyl vanillin and vanillin is that ethyl vanillin contains an ethoxy group (—O—CH2CH3), while
vanillin has a methoxy group (—O—CHs3). Vanillin is discovered as a natural product,
glucovanillin, in vanilla beans. It can also be extracted from lignin in sulfite wastes treated
with alkali, and from guaiacol, where its impurities are odourless [2].

4-hydroxy-3-methoxybenzaldehyde, commonly known as vanillin, is a small organic molecule
which is safe to use and explored exponentially in many fields due to its exceptional properties
[3]. From vanillin, several new transition metal complexes, including Schiff base ligand (HL)
have been synthesized for Mn(II), Co(II),Cu(Il), Ni(Il), and Zn(I1[4].

Boric acid, also known as boracic acid or orthoboric acid, is a very weak inorganic acid [5]. It
is widely used in the pharmaceutical and chemical industries, serving as an antiseptic, as an
eye wash solution, as a buffering agent and as an insecticide [6]. Additionally, boric acid finds
extensive application in routine laboratory and research applications [7]. In pharmaceutical
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formulations, boric acid has been used as an active component, a buffer, and an adjuvant or
excipient. It additionally used in some foods, biocides, and cosmetics. Boric acid is frequently
used in combination with glycerol, mannitol, or polyols, or other 1,2-diols [8].

The study aims to synthesise of borate ligand (4-formyl-2-methoxyphenyl dihydrogen
borate) using the reaction of functional group (OH) of vanillin with boric acid in 1:1 mole ratio
(Figure 2), also The metal complexes of the ligand with Co (II), Ni (II), and Cu (II) metal ions
were synthesized by the reaction of the ligand with metal ions ( CoCl2.6H20, NiCl>.6H>O and
CuCl2.2H20) in 2:1 mole ratio L:M. All the prepared compounds were characterized using
physicochemical and spectral analyses. The antimicrobial against Escherischia coli (G-),
Staphylococcus aurus (G+), and Candida albicans, antioxidant by using the DPPH Radical
Scavenging Assay and anticancer against human thyroid cancer (FTCI33) activities were
evaluated.

2. Experimental part
2.1. Materials

All chemicals used were supplied from (ReagentWorld.com, BDH (British Drug Houses),
May and Baker (M&B), without additional purification.

Table 1: Inorganic , organic chemicals and solvents.

Compound Formula Purity Supplier

Boric acid B(OH)3 99.9 % BDH
Vanillin CsHsgOs 99 % ReagentWorld.com

Methanol CH30H 99.9% Supelco
Acitic acid CH3;COOH 99.8 % BDH
Methylene chloride CH2Cl, 99.5 % BDH
Nickel(I)chloride Hexahydrate NiCl,.6H,O 97% M&B
Cobalt (IT)chloride Hexahydrate CoCl,.6H,O 97% BDH
Copper(Il)chloride Dehydrate CuCl.2H,0 98.5% BDH

2.2. Methods

2.2.1. Synthesis of 4-formyl-2-methoxyphenyl dihydrogen borate (L)

The ligand (L) was synthesized by the reacting vanillin (1.23 g, 1.61734 m.mol) in 70ml of
H20 with boric acid (0.5 g, 1.61734 m.mol) in (5ml) H20 (1:1 mole ratio). The mixture was
refluxed for 20 hours, and the reaction was monitored using thin-layer chromatography (TLC)
with an eluent [methylen chloride: acetic acid: methanol] [3.5:1.5:1ml] respectively. Part of the
solvent (H20) evaporated and the product was assembled by using both an icy bath and a crash,
dried in an oven at 80 °C.
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Figure 2: The structure of the ligand (L)

2.2.2. Synthesis of ligand complexes with Co (IT), Ni (II) and Cu (II)) (C1, C2 and C3)

A solution of CoCl2.6H20 (0.2g, 0.8405mmole) in 2 mL distilled water was added to a

solution of ligand (0.2859g, 1.2333mmole). The mixture was then heated to reflux for 5 hours.
Part of the solvent was evaporated, and the product was collected using an ice bath and
crashing, dried in an oven at 80 °C.
Using the same method as mentioned above, nickel and copper complexes were synthesized
using (0.2g, 0.8414mmole) from NiCl,.6H>O and (0.2g, 1.1727mmole) from CuCl,.2H>0 with
(0.3295g, 1.4214mmole) and (0.4592¢g, 1.9809mmole) of ligand respectively as 2:1 mol ratio
L: M.

2.2.3. The biological process
2.2.3.1. Antimicrobial activity

The antibacterial and antifungal properties of all synthesized compounds were evaluated
using the well diffusion method using 10 M in aqueous water solutions against Escherichia
coli (G-), Staphylococcus aureus (G+), and Candida albicans. The inhibition diameters were
measured in order to assess antimicrobial activity.

2.2.4. Anticancer and antioxidant activity

To assess the cytotoxic effect, a 96 flat well micro-titer plate was used for the MTT cell
viability assay. The cell-lines were seeded at a density of (1 x 10*-1 x 10° cells / ml). Cells
were treated with the studied compounds after 24 hours. The effectiveness of the anti-cancer
for all synthesized compounds was studied depending on the literature [9], and absorbance at
575 nm was evaluated.
Antioxidant activity of synthesized compounds (Ligand, C;, C2,and C3) was assessed using
of the DPPH Radical Scavenging Assay[10]. The DPPH radical was dissolved in a 1:9 (v/v)
mixture of DMSO and methanol to provide a stock solution (0.1 mg/ml) of the DPPH radical.

3. Results and discussion

The physical and analytical data align with the proposed structures of all synthesized
compounds (Table 1).
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Table 2: Data of chemical and physical characteristics and formula of (L) and its metal

complexes
Chlori
Yiel Melti Molecul Iz/(lf::l; de
Compou Colo '\ ng ar Calculated content
Formula d ; ; nt o
nd r (%) point  Wight (Found) (%) (%)
" (°C)  (g/mol) °
N
C% H% %
. 63.15 5.26
Wl CsHyOs Whit — g1e3 12 (627 (52 -
e
3) 3)
. 4141 5.60
L CsHi:07B Whit oo 152 o381 @07 (52 - -
e 156 -
3) 7)
28.08 5.26
[Ci6H18010B2CoC12]9 Purpl 126- 7.38 9.65
Ci(Co) H,0 . 85 130 683.533 (217).8 (491.)7 T (8.62) (1039)
. 30.50 4.76
° [C]6H]80]0B2N1C12]6H Pale 10.68 10.50
C2 (NY 20 green 86 160 d 629.313 (32)'8 (‘7")9 - (9.32) (11.28)
24.40 4.60 15.74
[C]sH]gO]oBzCUzCh.z Brow _ 17.31
G; (Cuw) H,0] SH,0 n 64 200d 786.692 (24;’:).8 (?.)8 (16).15 (18.05)

d. decomposed

The chloride concentration of the complexes under investigation was ascertained using the

Mohr method.

3.1. FT-IR spectroscopy of the ligand and its complexes

The FTIR analysis was conducted for the qualitative identification of synthesized
compounds using KBr pellet for the ligands at the range [4000- 400 cm™] and CsI for
complexes at the wave number range [4000-200 cm']. [Table 3] and (Figures 3, 4, 5, 6, 7)
present the data. The vanillin FT-IR spectral analysis(Figure 3) showed broad band of v (OH)
broad band appeared at (3178cm™) [11]. The stretching vibration of the carbonyl group showed
up at (1666cm™)[12]. The band that appeared at (1027cm™) was assigned to vibration
stretching of the methoxy group [13, 14].

No. of Scans;

Resolution;
Apodization;

Date & Time; 01/01/2000 12:24:21 PM
User Name; ashraf

Figure 3: FT-IR spectrum of vanillin
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The FTIR spectrum of L (Figure 4) displayed a shift in the stretching vibration of OH group,
corresponding with the v(OH) of vanillin, along with the emergence of new band appeared at
(1454cm™), this band refer to v B-O as a result of reaction with boric acid[15]. No change
appeared in bands of v C=0O and stretching vibration of OCH3 groups comparison with
spectrum of vanillin [Table 3]. The hydrogen bond (between H>O and B-OH) appeared at
(3460cm™) [16].

ments; No. of Scans; Date & Time; 01/01/2000 01:29:35 PM
Resolution; User Name;  ashraf
Apodization;

Figure 4: FT-IR spectrum of the ligand (L)

The spectra of the complexes exhibited bands in the range 3455-3474cm™!, which are attributed
to lattice H2O [17]. In all complexes, the bands corresponding to v OCH3 change in frequency
and appeared at (1049 — 1091cm™') (Table 3). This shift is related to the coordination of OCH3
with metal ions via the oxygen atom. Another coordination with metal ions carried out through
oxygen atom of B-O group, this coordination led to change in v B-O (Table 3) as shown in
Figure (5.a, and 7.a), Figure (5.b, 6 and 7.b). There was no change in stretching vibration of
C=0 groups for complexes this is because not coordination with metal ions. Low frequency
bands appeared at range (491-503cm™) due to v M-O (Table 3) [18, 19]. The spectra of
complexes exhibited two types of v M-Cl which have difference in frequency, one is bridge
chloride in copper complex Cs, the second type is terminal chloride and this type existing in all
complexes [20].

o H
O\\C/H S
CHy THﬁ
(‘L ci o
\ 1 / nHz0
M
o/ f|3l \o\ __on
\B/OH B|
L L

n=9 for C, (Co).
n=6 for C, (Ni)

Figure 5:.a The suggested structure of cobalt (II) and nickel (IT) complexes (Ci, Cs)
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Figure 7: a The suggested structure of copper complex (C3)
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Figure 7: b FT-IR spectrum of the copper (II) complex Cs

Table 3: FT-IR spectral data of the ligand and it complexes

H
Symbol v O_I;I vC=_? v B-_? vOC_Il-Is Latzt(i)ce vM-_? vM-El
cm cm cm cm (Coord.) cm cm
Hydrogen bond cm™!
Vanillin 1666 - 1027 - - -
L; 3460 1666 1454 1027 3460 - -
Ci(Co) 3419 1670 1465 1051 3455 491 302,
Ca(Ni) 3429 1668 1467 1049 3470 491 316,
C3(Cu) 3415 1670 1463 1091 3474 503 gggz
a. Terminal
b. Bridging

3.2. 'HNMR spectroscopy of ligand (L)

The IHNMR spectrum of L displayed a signal at d 2.5 ppm, corresponding to the chemical
shift of the solvent d® -DMSO and the peak at (8 3.42 ppm)4H,s attributed to H>O protons as
impurity [21, 22]. The positions of all the peaks' chemical shifts and their assignments are
shown in (Table 4) depending on (Figures 8, and 9). The chemical shift for OCH3 is displayed
at( 0 3.89 ppm)3H,m [23-25]. The proton of aromatic CH appeared at (6 6.97-7.45 ppm) 3H,
m [26-28]. The (L) spectrum showed a new peak at (810.27 ppm)2H, and this peak was
attributed to the B-OH proton [29]. The peak appeared at (69.79 ppm)1H, referring to the
aldehyde C-H proton [30, 31]. The results agree with the suggested structure of the ligand.
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Presaturation
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Acqustion Time  4.0894
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Modfication Date  2023-06-06T23:34:46
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Spectrometer 400.22
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Lowest Frequency -404.4
Nudeus 1M
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Figure 8: 'H NMR spectrum of ligand
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Figure 9: structure of the ligand (L)

3.3. Thermo gravimetric analysis (TGA)

Thermogravimetric (TG) analysis was performed under argon gas at a 10 C/min heating
rate. And a 25-1200 oC temperature range. TG technique is used to prove the suggested
structures as well as to study the thermal stabilities of the synthesized compounds.

The ligand was divided into three phases with percentages of 19.50, 43.01and 11.25%, which
corresponds to the theoretical values of 20.11, 42.28and 10.82 for the partitioning. The curve
also shows at what temperature the fracture occurred. Finally, the remaining part appeared

without breakage (26.22%),

and this residue indicates the stability of the studied compound.

The thermogram of the ligand is presented in Figure 10.
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Figure 10: Thermogram of the Ligand (L)

The thermal decomposition of complexes (Figure 11, 12, 13) in three stages: (22.38, 44.59
and 19.86) % for Ci, (31.39, 52.31 and 6.92) for C; and (25.04, 43.80 and 21.89) for C;
respectively. This division was carried out according to the temperatures listed in the [Table
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Figure 11: Thermogram of the cobalt complex (C)
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Figure 12: Thermogram of the nickel complex (Cz)
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Figure 13: Thermogram of the copper complex (C3)

The thermal stability of the ligand and its complexes was ranked as follows: (L > C; > Cy >
C3). Thermal decomposition analysis was employed to confirm the structures where the
information of degradation exhibits high agreed for found and calculated mass loss, which
confirms the proposed structures of synthesized compounds.

4065



Al- Jabbar and Khaleel Iraqi Journal of Science, 2025, Vol. 66, No. 10, pp: 4055-4077
Table 4: TGA data of the ligand and its complexes

Temperatu Mass loss (%)
. re rang of
Compoun  molecular weight Step the Suggested loss formula Calculate
ds or formula g/mole . Found
decomposit d
ion (°C)
1 25-350 2H,0+0.30CH; 19.50 20.11
CsHi50/B
. 2 350820 OTOCHTOTICHCH g3 00 428
1
23181 3 820-1050 0.25 CsH3CHO 11.25 10.82
Residue 1050 H,BO3 26.22 26.79
1 25-250 8.5H,0 22.38 22.3
0.5H,0+Cl+
[C1eH15010B2CoCl, 2 250-800  CeHs2CHO+OCH:+H 4459  43.86
C ]9H,0
2BO;
683.533 3 800-1040 Ce¢Hs+ HoBOs 19.86 19.79
’ Residue 1040 Co+ OCH3 13.15 14.08
1 25-310 6H,0+Cl1,+0.6 OCH3 31.39 32.48
. 0.4 OCH3+2
. [C‘6H‘8£H‘032N‘C12] 2 310890  CeHs2CHO+ OCHy+ 5231 52.42
2 2 H,BO;+OH
3 890-1060 HBO; 6.92 6.27
629.313 Residue 1060 Ni 9.32 8.83
1 25-290 7H,O0+Cl, 25.04 25.78
[C]sH]gO]oBzCUzCl 2Ce¢H3+2CHO+ OCHj3+
E 4+2H,0] 5H,0 2 290-840 H,BOs+ H,BO, 4380 4442
3 840-1070 0.70CH;3+CuO+ Cl, 21.89 21.46
786.692 Residue 1070 0.30CH3+Cu 9.25 8.34

3.4. UV-Vis spectroscopic studies

The electronic spectra of synthesized compounds were recorded at room temperature in
distilled water at a concentration of 10M. All the details of the spectra are listed in [Table 6].
The spectrum of L (Figure 14.a) exhibited high-intensity bands in the region of 277 nm (36101
cm™) and 308 nm (32467 cm™), which were assigned to the m -n* transition [32, 33]. The
spectrum of the ligand did not exhibit a band of n -n* because this band is forbidden[34].

Z.000 T T T T

1.000 -

Abs.

0.000 L L L L
250.00 400.00 800,00 800.00 1000.00 1100.00

nm.

Figure 14: a UV-Vis spectrum of Ligand
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Due to coordination with the metal ion, the position of the & -n* transition (intra ligand) shifted
in the spectrum of Co (II) complex (Figure 14.b). Two bands were appeared at 483nm
(20744cm™), 903nm (11013 cm™), which refer to *“T1g—*T1g(p) (v3) and *T1g—*A2g(v2)
transitions, respectively [35]. The magnetic moment of the cobalt complex (C1) was 3.54 BM,
and this value of Meff agreed with octahedral geometry [36].

2 500 - T - T

2,000 - . b

Abs.

1.000 ' | 4

0.000
25000 400.00 B00.00 200.00 1000.00 1100.00

nm.

Figure 14: b UV-Vis spectrum of Cobalt complex (C)

The nickel Complex Spectral Analysis (Figure 14.c) exhibited a shift in the location of the
7 -m* transition(intra ligand). The band of C; at 689 nm (14535) cm™! refer to A1g—>Tig(v2)
transition [37]. The nickel complex (Cz) had a magnetic moment of 2.73 BM, and the value of
Me.fr demonstrated octahedral geometry[38].

1.500 . . . .

1.000 ﬁ -

Abs.,

0.000
250.00 400.00 800.00 200.00 1000.00 1100.00

nm.

Figure 14: ¢ UV-Vis spectrum of Nickel complex (C2)
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The spectrum of Cu (II) complex is presented in (Figure 14.d), displayed a shift in the & -
m* transition. The electronic spectrum of C3 showed a band at 804nm (12437cm™) that also
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due to the 2Big—2A1g(H) (v1) transition [26]. The magnetic moment of the copper complex

(C3) was 2 BM, and the value of Mcfr demonstrated octahedral geometry[39]. The molar
conductivity measurements of Ci, C,, and C3 complexes in distilled water showed that all

complexes were non-electrolyte [40].

The magnetic properties of all complexes are paramagnetic. Cobalt and nickel complexes
did not show an orbital coupling. The M.t experimental value of the copper complex was

2.000 T T T T

1.500 - -

1.000 - - -

Abs.

0.500 |- =

0.000 - . . :
250.00 400.00 600.00 £00.00 100000 1100.00

nm.

Figure 14: d UV-Vis spectrum of Copper complex (C3)

greater than the theoretical one and this indicate existence orbital coupling.

Table 5: Electronic transitions of the ligand and its complexes, proposed geometry, molar

conductivity, and magnetic susceptibility

Molar conducti

Band locations The vity (S.em?  Experiment Theortical  Suggested
Comp. nm(cm-1) Assignment .mol'"))in H,0 al(B.M.) (B.M.) geometry
L1 277(36101) (m -m*)
308(32467) (m -m*) - - - -
282(35460) Intra ligand
Ci (Co) 310(32258) Intra ligand
! 483(20744)  *T1g—*Tig(P) (v3) 9.02 3.54 3.8 Octahedral
908(11013) ‘Tig—*Asg (v2)
309(32362) .
C(Ni)  210(35842) it Eiiﬂi
689(14535) 3A1g—3Th(v2) 7.27 2.73 2.8 Octahedral
306(32679) Intra ligand
Cs (Cu) 281(35587) Intra ligand 353 5 1.7 Octahedral

804(12437)  Big—*Aig(H) (v1)
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3.5. Anti-cancer activity

The cytotoxic effects of vanillin, the ligand, and the complexes on thyroid cancer cells
(FTCI33) were evaluated using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT). With an ICso of 119ug/ml, the percentage of cancer cells killed by vanillin
was (100-55.208=44.792) at 400 pg/ml and (100- 94.675=5.325) at 25 pg/ml. The percentage
of viable cancer cells was (55.208-94.675%) (Figure 15). Vanillin possesses less effect on
killing normal cells than cancer cells (FTCI33). For (400-25) g/ml, the percentage of viable
cells was (74.884-94.637) %, with an ICsp of 123.9ug/mL and a p-value < 0.0001 [Table 7].

Table 6 : Cytotoxicity effects of vanillin on FTCI33 and Hdfn cells after 24 hours of incubation
at 37 °C

Cell line Concentration (ug/ml) ICso
P value
400.00 200.00 100.00 50.00 25.00 (ng/ml)
55.208+ 63.117+  77.623+  86.561+  94.675+
SIS 1.862 2.552 2411 2.084 0.601 119.0 <0.0001
il 74.884+ 86.072+  90.084+  93.865+  94.637+ :
5.007 3.076 1.049 1.104 0.481 123.9
100
— —_*\_'- - Han
80 Foa T * FTC133
— . -
_ ¥ICs=1239
\° o
) [
60+ N
2 # 1C5,=119.0
5
8 404
>
204
0 T T T !
1.0 1.5 2.0 2.5 3.0
log Conc.(ug/ml)

Figure 15: The cytotoxicity of vanillin on FTCI33cells (Log for the original concentration),
after 24 hours of incubation at 37 °C.

For the ligand, the percentage of viable cancer cells was (39.390-82.484) pg/ml. This means
that the percentage of killing for cancer cells was (100-39.390=60.61) at 400 pg/ml and (100-
82.484=17.516) at 25ug/ml and the 1Csp =84.01 pg/ml (Figure 16). While the effect of ligands
on normal cells (Hdfn) was lower killing effect compared with cancer cells in which the
percentage of the viable cells ranging from 70.794 to 94.328). This was accompanied by a p-
value < 0.0001 and an ICso of 105.2 pg/ml [Table 8].
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Table 7 : Cytotoxicity effects of ligand on FTCI33and Hdfn cells after 24 hours incubation at
37°C

Concentration (pg/ml)

Cell line ICso pg/ml P value
400.00 200.00 100.00 50.00 25.00
39.390+ 47.569+ 58.564+ 73.148+ 82.484+
FTCI33 2.955 5.303 2.559 1.445 4.545 84.01 00001
Hdfn 70.794+ 82.870+ 86.921+ 93.094+ 94,328+ 1052 :
6.102 1.632 1.819 2.383 1.408 :
-
100
0—-—_;‘_-_' - HdFn
Y "--\\ » FTC133
. '
ICeq=105.
q C50=105.2
2 N
;. 50 N e
® # 1C5=84.01
S
0 | | | | |
1.0 1.5 2.0 2.5 3.0
log Conc.(pg/ml)

Figure 16: the cytotoxicity of ligands on FTCI33cells (Log for the original concentration),
after 24 hours of incubation at 37 °C.

For the complexes, the results of the C1, C; and Cs indicated that the percentage of viable cancer
cells was (51.427-94.560), (35.648-76.118) and (26.195-68.364) % respectively at (400-25)
pg/ml. This means that the percentage of killing for cancer cells was (100-51.427=48.573) at
400 pg/ml and (100-94.560=5.44) at 25ug/ml and the 1Csp =134.9 pg/ml (Figure 17) for cobalt
complex (Ci). The percentage of nickel complex (Cz) was (100-35.648=64.352) at 400 pg/ml
and (100-76.118=23.882) at 25 pg/ml, and the ICso = 121.7pg/ml (Figure 18). The percentage
of copper complex (C3) was (100-26.195=73.805) at 400 pg/ml and (100-68.364=31.636) at
25 pg/ml, and the ICsp = 32.5 ug/ml (Figure 19). While the effect of complexes on normal cells
(Hdfn) was a lower killing effect compared with cancer cells in which the percentage of the
viable cells were (68.943- 94.270), (68.480- 94.135) and (51.427- 88.233) % at (400 - 25) pg
/ml for C; and Cz and C;s respectively, with p-value < 0.0001 and ICso for the complexes were
(153.5, 155.2 and 97.3) pg/ml respectively (Table 9, 10 and 11).

Table 8 : Cytotoxicity effects of Co complex (Ci) on FTCI33and Hdfn cells after 24 hours
incubation at 37 °C

Concentration (pg/ml) ICso
Cell line P value
400.00 200.00 100.00 50.00 25.00 pg/ml
51.427+ 64.043+ 82.446+ 93.171+ 94.560+
FTCI33 3.588 7.351 3.653 1.116 0.578 134.9 <0.0001
Hdfn 68.943+ 76.273+ 84.529+ 94.444+ 94.270+ 153.5 '
1.686 1.894 4.155 1.288 0.852 )
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Figure 17: The cytotoxicity of Co complex (Ci) on FTCI33cells (Log for the original
concentration), after 24 hours of incubation at 37 °C.

Table 9 : Cytotoxicity effects of Ni complex (Cz) on FTCI33and Hdfn cells after 24 hours
incubation at 37 °C

Concentration (pg/ml) ICso
Cell line P value
400.00 200.00 100.00 50.00 25.00 ng/ml
35.648+ 48.187+ 57.060+ 68.711+ 76.118+
FTCI33 3.708 1.011 3.348 2.239 1.562 1217 <0.0001
Hdfn 68.480+ 74.460+ 83.063+ 87.924+ 94.135+ 155.2 '
2.257 4.078 1.718 2.960 1.447 )
1004
1 B -+ HdFn
E ‘}\‘\_
4 .- " » FTC133
e ] : 4 [C5=155.2
2 |
—5 50 i 2 3
C I ~
> ¥ICyy=121.7
0 1 1 1 1
1.0 1.5 2.0 2.5 3.0
log Conc.(pg/ml)

Figure 18: the cytotoxicity of Ni complex (Cz) on FTCI33cells (Log for the original
concentration), after 24 hours of incubation at 37 °C.
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Table 10 : Cytotoxicity effects of Cu complex(C3) on FTCI33and Hdfn cells after 24 hours
incubation at 37 °C

Concentration (png/ml) ICso
Cell line P value
400.00 200.00 100.00 50.00 25.00 pg/ml
26.195+ 36.034+ 44.560+ 53.279+ 68.364+
FICIES 1.958 2.905 1.273 1.951 4.637 323 <0.0001
Hdf 51.427+ 62.538+ 67.631+ 76.929+ 88.233+ 973 ’
n 4.193 1.686 1.226 1.717 2.604 )
b HGF
-+ f
Ly
80 . s FICI%
-2 [ | l
E ¥IC;,=97.3
ﬁ 40
-
E e |
b | IC5g=32.5
204
0 | I | I
1.0 1.5 2.0 2.5 3.0
log Conc.(pg/ml)

Figure 19: the cytotoxicity of Cu complex (C3) on FTCI33cells (Log for the original
concentration), after 24 hours of incubation at 37 °C.

Through the 1Cso, The anticancer abilities of both the ligand and its complexes were more
than the essential material (vanillin) and the order of activity was C3>C,>L>C>Vanillin, these
results also showed that the synthesized compounds have less effect on healthy cells (Hdfn)
and strong effect on FTCI33 cells.

3.6. Anti-oxidant activity
The antioxidant scavenging activity of certain synthesized compounds is presented in Table

Table 11: scavenging activity of some of the synthesized compounds (L, Ci, C,, and C3)
Scavenging %

(o, Conc. Conc. Conc. Conc. Conc.
(12.5 pg/ml) (25 pg/ml) (50 pg/ml) (100 pg/ml) (200 pg/ml)

L 24.46 40.54 52.19 63.85 77.93

Ci (Co) 15.77 24.61 25.42 42.66 56.48

C; (Ni) 28.97 40.81 54.47 65.74 79.05

C; (Cu) 17.63 30.55 44.09 52.43 65.20

The scavenging activity of L and C in concentrations of 25, 50 and 100 pg/ml was less
than that of ascorbic acid due to their statistically significant differences from ascorbic acid.
However, at a concentration 200 there was no significance difference between ( L,Cz) and
ascorbic acid, suggesting that ligand and nickel complex (C:) exhibit greater active than
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ascorbic acid in this concentration. This may indicate that as the concentration of a component
increases, its scavenging activity or antioxidant capacity. The other complexes Ci and Cs have
significance difference in all concentrations comparison with ascorbic acid, (Figure 20).

100_**** Rk kkkk kkkk kkkk
M Ascorbic acid | I Y N M Ascorbic acid
-l . 80+ mL G
; $
.g £ 604
> 2 40
3 3
7] ? i
20+
u_
200 100 50 25 12,5 200 100 50 25 125
Conc.(ug/ml) L Conc.(ug/ml) Cs
A o qop-TEEE HERE KRR RREE dohkk
T e I N B O O B Ascorbic acid UL L B B B Ascorbic acid
3 m 80 4
, G 2 ; =S
% ? 60
£ 604 '§> I
.g’ lg 40‘
2 40 0 L
: )
(] 20
204
0_.
0- 200 100 50 25 12.5
200 100 50 25 125 G Conc.(ug/ml) &

Figure 20: scavenging activity assay by DPPH of (L,C1,Cz, and C3)

3.7. Biological Activity (Antimicrobial Activity)

The antimicrobial activity was investigated for the ligand and its complexes using the 107
M by diffusion method along with water as a solvent. The antibacterial and antifungal activity
of the synthesized compounds was examined against Staphylococcus aureus (G+), E. coli (G-
), and candida albicans. From the results, the ligand was less active than its complexes (Table
12) and this is because of metal ions effect on microorganisms membrane. The order of activity
was Ci1> C3> Co>L on Staphylococcus aureus at inhibition zone (23 > 12> 11 >10) mm, C3>
C1> C2>L on E. coli depending on inhibition zone (31 > 20 > 18 >9) mm, and Cs> C;> C>L
on candida albicans at inhibition zone (32 > 29 > 17 >14) mm respectively. Figures 21 and 22
show the inhibition zone for tested compounds.

Table 12: The investigated chemicals' biological activities in (10~ M)
Staphylococcus aureus

Comp. (G+) (mm) E. coli (G-) (mm) candida albicans
L 10 9 14

Ci(Co) 23 20 29

Cy(Ni) 11 18 17

Cs3(Cu) 12 31 32
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Staphylococcus aureus Escherischia coli

Figure 21: The inhibition zone for the ligand and its complexes against Staphylococcus aurus
(G+)and E.coli (G-)

Caare!] Aa a/év'[.u/;

Figure 22: The inhibition zone for the ligand and its complexes against Candida albicans

Conclusion

A new ligand was synthesized through the reaction of vanillin with boric acid, and its metal
complexes with Co(II), Ni(II), and Cu (II), were also synthesized in a 2:1 mole ratio (L: M).
Every compound that was created was described, additionally, the proposed structure makes
use of spectral and physicochemical methods like FT-IR, IH NMR, and UV-VIS. Also thermal
analysis (TG), atomic absorption (AAS), elemental microanalysis (C.H.N), melting point
(m.p.), magnetic susceptibility, molar conductivity and chloride measurements. The results
indicated that all complexes exhibited non-electrolyte behavior and octahedral geometry.
Furthermore, all of the produced compounds exhibited high antimicrobial activity against
Escherichia coli (G-), Staphylococcus aureus (G+), and Candida albicans, as demonstrated by
the biological results. The synthesized compounds were tested as anticancer in vitro, the copper
complex has the strongest activity against human thyroid cancer (FTCI33) cells than vanillin,
ligand,and other complexes. Also, the results showed that the ligand and nickel complex have
more antioxidant activity than the other synthesized compounds.
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