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ABSTRACT: This article presents the synthesis of two nanoparticles Ni(ll) complexes,
[Ni(FEB)(Bipy)(H,0),]CI.2H,O and [Ni(FEB)(Para)(H,0),]CI.5H,O (FEB = febuxostat, Bipy = 2,2'-
bipyridine, Para = paracetamol). Elemental analysis, magnetic moment (peff), molar conductivity, XRD,
mass spectrometry (MS), UV-visible, FT-IR and TG-DTG studies were utilized to determine the chemical
formulae and structures of synthesized complexes. Results from the FT-IR study suggest FEB, Bipy and
Para chelated with Ni(ll) ion through OS, NN, NO, respectively, as bidentate ligands. peff and electronic
spectra results indicate the complexes have an octahedral geometry. XRD pattern showed the
polycrystalline structure of complexes with crystalline sizes 83.42 and 38.84 nm, confirming nanostructure
of complexes. The thermal stability of complexes was investigated with TG-DTG analysis. Coats-Redfern
and Horowitz-Metzger equations were employed to determine the kinetic parameters of thermal
decomposition stages. Lastly, in vitro antioxidant activities of FEB and complexes were evaluated by
DPPH assay. The antioxidant activities test exposed that complex [Ni(FEB)(Para)(H,0),]CI.5H,O has
higher activities than complex [Ni(FEB)(Bipy)(H,0),]CI.2H,0.
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I. INTRODUCTION
Febuxostat, 2-(3-cyano-4-isobutyloxyphenyl)-4-methyl-5-thiazolecarboxylic acid (FEB) (Scheme 1a),

serves as a type of urate-lowering medication used for the treatment of gout hyperuricemia [1,2]. FEB works by
inhibiting xanthine oxidase, FEB impedes uric acid formation and disrupts the molybdenum pterin position on
oxidized compounds [3,4]. Derivatives of thiazole carboxylic acids have garnered interest and this is due to the
heterocyclic ring's association with the carboxyl group, which provides a number of coordination options [5,6].
Recent research suggests that Bipy (Scheme 1b) compounds can improve myocardial contractility and cause
slight arterial dilation at a systemic level [7]. In addition, Bipy complexes have been successfully used in areas
such as catalysis, analytical chemistry, biochemistry, energy transfer, supramolecular and material chemistries
[8]. Due to their steadiness during redox reactions and simplification of functionalization, Bipy-generated
ligands have been used quite extensively [8,9]. Para is 4-hydroxy acetanilide (Scheme 1c). The widespread
usage of Para as a self-mediated analgesic is attributed to its ability to inhibit the cyclooxygenase (COX)
pathway in the central nervous system, thereby hindering the production of prostaglandins, which are known to
be pain mediators. Over the years, Para has proven to be the most popular anesthetic when it comes to natural

pain relief. Additionally, its effects may extend to an improvement of endocannabinoid transmission and
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modulation of descending serotonergic inhibitory pathways [11,12]. In the current work, we characterize new
Ni(I1) complexes of FEB in the presence of Bipy and Para by Lleff, elemental analyses, FT-IR, molar

conductivity, UV-vis., XRD and thermal analyses. The aim of the present work, study the effect of Ni(ll) on the

antioxidant efficiency of febuxostat in the presence of 2,2'-bipyridine and paracetamol.

9@ (O~ ) L

(a) (b) (c)
Scheme 1: (a) FEB, (b) Bipy and (c) Para.

Il. MATERIALS AND METHODS

2.1. Materials and instruments
FEB and Para were gifts from Eva Pharma Pharmaceutical and Organo Pharma whereas ethanol,
DMF, Bipy, NiCl,.6H,0 and AgNOj3, were from Sigma Aldrich Chemical Company. The solvents and materials

were used without purification. All instrumentation used are discussed previously [5].

2.2. Synthesis of Ni(ll) complexes
2.2.1. Synthesis of [Ni(FEB)(Bipy)(H,0),]CIl.2H,O

Mint solid complex was synthesized by combining 1 mmol of FEB (0.316 g) in 20 mL of ethyl alcohol
and then adding 1 mmol of Bipy (0.156 g). Finally, 1 mmol of NiCl,.6H,O was added to a stirred mixture drop-
wise. The mixture was heated by reflux for 6 hrs. The precipitate was formed then isolated from the mixture and

washed several times with ethanol which was vacuum-dried using anhydrous calcium chloride.

2.2.2. Synthesis of [Ni(FEB)(Para)(H,0),]CI.5H,0

Grey solid complex was synthesized by combining 1 mmol of FEB (0.316 g) in 20 mL of ethyl alcohol
and then adding 1 mmol of Para (0.151 g). Finally, 1 mmol of NiCl,.6H,0 was added to a stirred mixture drop-
wise. The mixture was heated by reflux for 6 hrs. The precipitate was formed then isolated from the mixture and

washed several times with ethanol which was vacuum-dried using anhydrous calcium chloride.

2.3. Antioxidant activity

Using ascorbic acid as the reference material by the DPPH assay, the antioxidant activity of FEB and
Ni(ll) complexes was determined [13]. The compounds were mixed with an equivalent amount of DPPH (0.135
mg/mL) and then, diluted with an equivalent amount of methanol. The samples were stored at ambient
temperature in the absence of light for a period of 30 minutes and absorbance was measured at 517 nm. The
radical scavenging activity (RSA) and inhibition percentage (PI) of DPPH were calculated using egs. 1 and 2
[1,14].

Pl = Acontrol—~ Acumplex x 100 % (1)

Acontrol
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where, at t = 30 min, Acompiex = absorbance (DPPH + complex)

at t =0 min, Ao = absorbance (DPPH + methyl alcohol)

RSA =100 - Pl % 2
RSA% values were charted in relation to the concentration (mg/mL) of compounds to calculate effective
concentration (1Csp) [15].

I1l. RESULTS AND DISCUSSION

The synthesized Ni(ll) complexes were non-hygroscopic, heat resistant at room temperature and slightly
soluble in water, yet soluble in DMSO or DMF. Molar conductance of complexes (1x10° M) in DMF was
found at 65.25 and 68.76 S cm? mol™, which revealed complexes were 1:1 electrolytes and complexes give
white precipitate using AgNO; solution [16,17]. Elemental analysis data agreed with the expected molecular
formulae of the examined Ni(ll) chelates (Table 1). The percentage of Ni(ll) ion: determined gravimetrically by
transforming the solid products into NiO and also by using atomic absorption method. The chloride content in
complexes were determined by using two method:1- Mohr's method: The complexes solution were estimated
volumetrically according to Mohr method which is based on titration of chloride with standard solution of
AgNO3 in the present of K2CrO4 as indicator and 2- Volhard's method: The complexes solution were
estimated volumetrically according to back titration which involves an additional excess of AgNO3 to complex

solution this excess is titrated against ammonium thiocyanate, with ferric ammonium sulphate as indicator.

Table 1: Elemental analysis and physico-analytical data for FEB, Bipy, Para and their metal
complexes.

Compounds Color M.P. °C Calc. (Found) (%)
- ‘M'F') vield ----- acrimor
Cl

White
316.00 (C16H16N2035)
156.00 (C1oHgN,)

Para White
151.00 (CgHgNOZ)
[Ni(FEB)(Bipy)(H:0),]CI.2H,O Mint 48.84 . . . . 65.25
637.19 (NiCysH2:N,0-SCl) 87.58 (48-96) 87) [ (8.79) [§ (9.21) [ (5. )
[Ni(FEB)(Para)(H,0),]CI.5H,0 [ Grey 190 (f41.84[f 5. . . . 68.76
686.19 (NiCpuHssN01SCl) 84.73 (41.97) (5.54) | (6.12) |f (8.55) f (5.17)

3.1. FT-IR spectra

FT-IR spectra of FEB, Bipy, Para and complexes were presented in Figure 1. The coordination sites

were identified by contrasting FT-IR data of complexes with free ligands (Table 2). In FEB, the presence of
v(C-S) at 1277, v(C=O)coon, at 1677, v(O-H)coon at 3470 and v(C=N) at 2231 cm™ [18]. From spectra of
complexes indicated the absence band of v(C=0)coon at 1677 cm™. The observed of vs(COQO") at 1683 and
1651 cm™ while, v{(COO") at 1474 and 1424 cm™, with a difference of 209 and 227 cm™ in complex

https://bfszu.journals.ekb.eg/journal Page 170




2024

Bulletin of Faculty of Science ,Zagazig University (BFSZU)

[Ni(FEB)(Bipy)(H,0),]CIl.2H,O and [Ni(FEB)(Para)(H,0),]CI.5H,0, respectively, confirming that a
monodentate type of carboxylate group [1,19,20]. The change v(C-S) from 1277 to higher values (1292 and
1284 cm™) in complex [Ni(FEB)(Bipy)(H,0),]Cl.2H,0 and [Ni(FEB)(Para)(H,0),]CI.5H,0, respectively.
confirming chelation through sulfur of thiazole ring (Scheme 2) [21]. The increase in the C-S bond's strength
after coordination. Possible reduction in the electron repulsion between the sulphur lone pair and bound pair
electrons, lead to a stronger C-S bond, which would subsequently lead to a higher bond frequency as a result
coordination of C-S with metal ions

After complexation, Bipy v(C=N) at 1578 shifted to a lower value (1514 cm™), showing that chelating
via two nitrogen atoms of Bipy in the complexes [20,22,23]. For Para, the v(C=0) and (N-H) bands, which
were at 1645 and 3159 cm™, were moved to higher values, suggesting that C=0 and N-H groups were engaged
process [24]. The
[Ni(FEB)(Bipy)(H,0),]CI.2H,0 were observed at 657 cm™ for v(M-0) and 420 cm™ for (M-N). for complex
[Ni(FEB)(Para)(H,0),]CI.5H,0, at 614, 517 and 446 cm™ for v(M-O), v(M-N) and v(M-S), respectively
[1,20].

in the chelation new bands with different strengths for complex

|+

Scheme 2: Chelation mode of Ni(ll) with mixed ligand
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Table 2: Selected infrared spectra frequencies (cm™) of FEB, Bipy, Para and their metal complexes

m
COOH, H | coor Bi py (Vas - X)
pher|1_|o(|)| c, Para v,)
FEB W| !1677vs | | | | |
I —— T - ——-——
7 T

I 34401 I:
| Par a | 3321ms [J315 9a| | 1645s || | | | | |

[ Ni (FEB) (Bi py) (H,O ,] Cl . 2Hff 3528ns 1683m [f 1514ns 1474m 1292vs|f 657w
,0 3439m 420w

3329m
[ Ni ( FEB) ( Par a) (H,0,]C .5H T 3349m | 3202b 1680ns || 1651m 1424s || OCT 1284s (| SNQw
3336m 517w
446w

Keys: s=strong, m=medium, v=very, w=weak, br=broad, v=stretching.
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Figure 1: Infrared spectra of FEB, Para, complex (1) [Ni(FEB)(Bipy)(H.0),]CI.2H,0 and (2)
[Ni(FEB)(Para)(H,0),]CI.5H,0.

Transmittance, %

3.2. UV-vis. spectra

To obtain information on complex structure, the electronic spectra of FEB, Para and complexes were
studied in the range of 200 to 800 nm using DMF (Figure 2). The bands at 293, 284 and 295 nm attributed to
n—n* while, (330, 370), (347) and (310, 385) to n—n* transition in FEB, Bipy and Para, respectively (Table
3) [1]. For complex [Ni(FEB)(Bipy)(H.0).]CI.2H,0 and [Ni(FEB)(Para)(H,0),]CI.5H,0, three bands at
(24390, 19608 and 14925) cm™ and (19607, 14925 and 14084) cm™ assignable to *A,g(F) — *T1g(P), *Axg(F)
— 3T,9(F) and A,g(F) — *T,g transitions in an octahedral structure with ¢ values 2.92 and 2.96 B.M [1,25].
The values of 10Dq for complex [Ni(FEB)(Bipy)(H.0),]CI.2H,0 and [Ni(FEB)(Para)(H,0),]CI.5H,0 were
179 and 168 kJ/mol and crystal field stabilization energy (CFSE) -215+3p and -202+3P, respectively (Table 3).
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Table 3: UV-vis. spectra for FEB, Bipy, Para and Ni(ll) complexes

Compounds n-t*and n-* v (cm™) Ligand-metal [f v (cm™) d-d v Weft
transitions, charge transfer transition (cm™) (B.M.)
Amax (nm) Amax (nm) Amax (nm)
FEB 293 34130
330, 370 30303, 27027

Bipy 284 35211 - - - -
347 28818
Para 295 33898
310, 385 32258, 25974

[Ni(FEB)(Bipy)(H:0).]CI.2H,0 335 29851 390 25641 2.02
370 27027
[Ni(FEB)(Para)(H,0),]CI.5H,0 295 33898 470 21276 2.06
330,390 || 30303, 25641
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Figure 2: Electronic spectra for FEB, Para, complex (1) [Ni(FEB)(Bipy)(H,0),]CI.2H,0 and (2)
[Ni(FEB)(Para)(H,0),]CI.5H,0
3.3. Mass spectrometry (MS)

The molecular weights of complexes [Ni(FEB)(Bipy)(H.0),]CI.2H,0 and
[Ni(FEB)(Para)(H,0),]CI.5H,O were compared to their respective m/z values, confirming the predicted
molecular  formulas (Figure 3). The molecular ion peak measurements for complexes
[Ni(FEB)(Bipy)(H,0),]CI.2H,0 and [Ni(FEB)(Para)(H,0),]CI.5H,0 were 637 and 686 amu.
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Figure 3: Mass spectrometry diagrams complex (1) [Ni(FEB)(Bipy)(H,0),]CI.2H,0 and (2)
[Ni(FEB)(Para)(H,0),]CI.5H,0.

3.4. Thermal analysis

The formulas of synthesized complexes may be strongly supported by TG, which is also employed to
establish the found of H,O molecules in inner or outer coordination sphere. Thermal analysis testing was used to
study weight loss % and thermal stability of FEB, Bipy, Para and complexes (Table 4 and Figure 4). TG
showed FEB, Bipy and Para decompose in one step at Tmax 292, 164 and 310 °C with loss weight 99.79,
99.64 and 99.18 % (calc. 100 %) related to loss 6C,H,+2CO+H,0+C,N,+H,S, 4C,H,+C,N, and
4C,H,+0.5H,+NO,. Complex [Ni(FEB)(Bipy)(H,0),]CI.2H,O and [Ni(FEB)(Para)(H,0),]CI.5H,0
decomposed in three steps and the liberation of hydrated water present at 113 and 50 °C with weight loss 5.93
and 12.97 % (calc. 5.65 and 13.12 %), respectively. The second stage of decomposition is present at 269 °C for
complex [Ni(FEB)(Bipy)(H,0),]CI.2H,O and 167, 259 for complex [Ni(FEB)(Para)(H,0),]CI.5H,0, this
step is associated with loss 2H,0+11C,H,+0.5Cl, and 3H,0+0.5Cl,+6C,H,+2CO+C,N,+H,S, respectively. The
third step was found at (387, 447, 492) and (484) °C for complexes [Ni(FEB)(Bipy)(H,0),]CI.2H,O and
[Ni(FEB)(Para)(H,0),]CI.5H,0 and leaving NiO+C and NiO as residue, respectively (Table 4).
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Table 4: The maximum temperature T (°C) and weight loss values of the decomposition stages for
FEB, Bipy, Para and Ni(ll) complexes.

Compounds Decomposition Trax(°C) Weight loss (%) Lost species

100 99 79 6C,H,+2C0O+H,0+C,N,+H,S
Total Ioss 100 99.79
Blpy 100 99.64 4C,H,+C5N,
Total Ioss 100 99.64
Para 100 99.18 4C,H,+0.5H,+NO,
Total loss 100 99.18

[Ni(FEB)(Bipy)(H;0),]CI.2H,0 1™ 113 ) . 2H,0
2" 269 . . 2H,0+11C,H,+0.5Cl,
3M 387, 447, 492 . . HSCN+2CO+1.5N,
Total loss

NiO+C

[Ni(FEB)(Para)(H,0),]CI.5H,O 5H,0
3H,0+0.5Cl,+6C,H,+2CO+C,N,+H,S
4C,H,+NO+0.5H,

Total loss
Residue

NiO
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Figure 4: TG and DTG diagrams for FEB, Para, complex (1) [Ni(FEB)(Bipy)(H,0),]CI.2H,0 and (2)
[Ni(FEB)(Para)(H,0),]CI.5H,0.
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3.5. Thermodynamic and kinetic parameters

Using Coats-Redfern and Horowitz-Metzger equations, the thermodynamic parameters were calculated
(Table 5 and Figure 5). Free energy changes (AG*), entropy (AS*), activation energy (E,) and Enthalpy (AH*)
of our compounds [26,27]. Positive AH* values show that processes are endothermic and higher E, values show
the more thermally stable complexes [28]. Negative AS* values of complexes indicate that they are more
activated [25]. The positive values of AG* indicated that metal ions work autocatalytically to accelerate both

non-spontaneous processes and the thermal breakdown of synthesized complexes [25,26].

Table 5: Kinetic and thermal behavior parameters for FEB, Bipy, Para, complex (1)
[Ni(FEB)(Bipy)(H.0),]CI.2H,0 and (2) [Ni(FEB)(Para)(H,0),]CI.5H,0

Decomposition Method Parameter
Compounds range (K) (K) AH AG*

kJ/moI (s (kJ/moI K) kJ/moI kJ/moI
477-606 565 174.15 1. 78x1014 0.023 169.46 156.70 0 981 0 522
177.53 2 88><1o14 0.027 172.83 157.55 o 950 o 809
Bipy 315-554 75.70 6.53x10° -0.1176 72.06 123.46 0.998 0.094
HM 95.74 2.79x10° -0.0672 92.11 121.49 0.998 0.106
Para 475-640 583 CR 102.84 8.18><106 -0.118 98.10 165.46 0.997 0.085
HM 108.29 5.35x10’ -0.102 103.55 161.99 0 991 0.139
(1) 198-315 542 CR 173.15 3 06><1O11 O 029 168 64 184 89 0 989 0 315
HM 183.34 1. 02><1012 O 038 178 64 157. 40 0 983 0 420
(2 473-626 532 CR 43.18 0.57><10 -0.216 38.76 153.76 0.992 0.095
HM 36.31 0.09><102 -0.231 31.88 154.82 0.995 0.032

a= Arrhenius correlation coefficients and b=standard deviation

ar Para. (CR). at S7I1KK Para, (HM] at 57‘1'(
lr -l alm = o so Ao a'o
1 00T 1 0 0rT

(1). (TR), at Sa42 K

AT 1.8 1.2 =.0 =.1 ==
1 O00ST

It

{2). {CR] at SI2K [2). (HRMM), at S3I2KC

.- = == eo 3o a 3o
Tom o 10000 T

Figure 5: The Kkinetic parameters diagrams of FEB, Para, complex (1) [Ni(FEB)(Bipy)(H,0),]CIl.2H,0 and
(2) [Ni(FEB)(Para)(H,0),]CI.5H,0.

3.5. X-ray diffraction
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Using Debye-Scherer egs. 3-5, X-ray diffraction was used to identify the crystallite size (Cs),
dislocation density (D), and micro strain (¢) of FEB, Bipy, Para, and complexes Table 6 and Figure 6.

KA 3
5= BcosB ®
1
D=7 (4)
N
__8B
€= 4tan6 (5)

Where k = 0.94, L = 1.5406 A, diffraction angle (0) and full width at half maximum (FWHM) of diffracted peak
(B) [29]. Table 6 summarizes the results of the calculations, which showed nanostructures for compounds, with
Cs values 83.51, 71.10, 66.32, 83.42 and 38.84, for FEB, Bipy, Para and complexes respectively. The D values
were found at (1.43, 1.98, 2.27, 1.44 and 6.63) x 10™ nm™ for FEB, Bipy, Para and complexes, respectively
[30]. € values were (38.15, 34.47, 25.81, 41.97 and 83.50) x 10 rad, respectively, for FEB, Bipy, Para and

complexes.

Table 6: From XRD pattern, (Cs, D and ) of FEB, Bipy, Para and Ni(ll) complexes determined

Compounds 20 ) I dvalue [| FWHM C, D@®)x 10 [f ex10*
(A°) (hm) || 4 (m?)

FEB 13.05 6.78 0.100 || 83.51 38.15

Bipy 16.99 5.22 0.118 || 71.10 34.47

Para [2a2 [ 36 632 | 221 ]| 2561 ]

[Ni(FEB)(Bipy)(H,0),]CI.2H,0 || 11.87 || 7.450 0.100 3.42 1.44 41.97
[Ni(FEB)(Para)(H,0),]CI.5H,0 [§ 12.822[] 6.90 [ 0.215 [f 38.84 83.50

1.0 4
o 107 FEB
208
2 06
804
C 4
= 02
b A MA A
0.0
T T T T T T T T T T T T
10 20 30 40 50 60 70
26
1.0
> V7] Para
= 08
c 0.6 -_
38 04
£ 02 AP orptn
0.0
T T T T T T T T T T T T
10 20 30 40 50 60 70
20
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Figure 6 XRD pattern for FEB, Para, complex (1) [Ni(FEB)(Bipy)(H,0),]CI.2H,0 and (2)
[Ni(FEB)(Para)(H,0),]CI.5H,0.
3.6. DPPH antioxidant activity

The results from comparing DPPH free radical scavenging activity of complex
[Ni(FEB)(Bipy)(H,0),]CIL.2H,O and [Ni(FEB)(Para)(H,0),]CI.5H,O to ascorbic acid are represented in
Table 7 and Figure 7. The results demonstrated that complex [Ni(FEB)(Para)(H,0),]CIl.5H,0 was the stronger
radical scavenger than complex [Ni(FEB)(Bipy)(H,0),]CI.2H,0, exhibiting 1Csy 0.436 and 2.234 mg/mL,
respectively. Additionally, as ICs, values decreased, the complexes' ability to scavenge DPPH free radical was
observed to increase. Compared to ascorbic acid, FEB and complex [Ni(FEB)(Para)(H,0),]CI.5H,0 had the
most effective scavenging ability, indicated by their lowest I1Cs, values of 0.124 and 0.436 mg/mL.

Table 7: The antioxidant results of FEB and complexes

Compounds Concentrations Pl RSA ICs0, mg/mL
(mg/mL)

FEB 0.260 39.26 60.74 0.124
0.130 43.12 56.88
0.065 56.88 43.12
0.033 65.76 34.24

[Ni(FEB)(Bipy)(H,0),]CI.2H,0 2.083 52.87 47.13 2.234
1.042 60.03 39.97
0.521 68.34 31.66
0.260 77.65 22.35

[Ni(FEB)(Para)(H,0),]CI.5H,0 2.088 26.64 73.36 0.436
1.044 325 67.5
0.522 48.85 51.15
0.261 58.79 41.21

Ascorbic acid 0.062 15.267 85.19 0.022
0.031 39.084 62.07
0.016 61.069 40.74
0.008 74.809 27.41
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Figure 7: RSA % of FEB and complex (1) [Ni(FEB)(Bipy)(H,0),]CI.2H,0 and (2)
[Ni(FEB)(Para)(H,0),]CI.5H,0. using DPPH method.

V —-CONCLUION

The isolated nanoparticles Ni(Il) complexes of mixed ligand were synthesized and examined using a variety
of techniques. complexes are colored and stable to air and temperature. Ni(ll) complexes were found to have an
octahedral structure according to UV-visible and peff data. The FT-IR data revealed that FEB, Bipy and Para
behave as bidentate ligands, in FEB through oxygen of carboxylate group and sulfur of thiazole ring, in Bipy
through two nitrogens of pyridyl ring while, nitrogen and oxygen of amide group in Para. TG showed FEB,
Bipy and Para decompose in one step and complex [Ni(FEB)(Bipy)(H20)2]Cl.2H20 and
[Ni(FEB)(Para)(H20)2]CL.5H20 decompose in three steps. Positive AH* values show that processes are
endothermic and higher Ea values show the more thermally stable complexes. The positive values of
AG*indicated that metal ions work autocatalytically to accelerate both non-Spontaneous processes and the
thermal breakdown of synthesized complexes The antioxidant activities test exposed that complex
[Ni(FEB)(Para)(H20)2]CI.5H20 has higher activities than complex [Ni(FEB)(Bipy)(H20)2]CI.2H20.
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