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a b s t r a c t 

In this study, the novel azo dye Fe II , Co II , Zn II , and Ru II complexes with an azo dye ligand (L: ( E )-4-((4- 

methoxyphenyl)diazenyl)-3-methyl-1 H -pyrazol-5-amine) were synthesized. The structures of the com- 

plexes were characterized by FT-IR, elemental analysis, UV-Vis, mass spectra (Fe II and Co II ), NMR spectra 

(only diamagnetic Zn II and Ru II ), thermogravimetric and differential thermal analysis (TGA-DTA). All of the 

newly synthesized compounds were tested for their biochemical properties, including enzyme inhibitory 

and antioxidant activities. According to the in vitro ABTS, DPPH, CUPRAC, and FRAP antioxidant meth- 

ods, the ligand and its metal complexes showed close antioxidant activities to the standards (BHA, BHT, 

ascorbic acid, and α-tocopherol). Enzyme inhibitions of the metal complexes were investigated against 

glutathione S-transferase (GST), acetylcholinesterase (AChE), and butyrylcholinesterase (BChE) enzymes. 

The best inhibition values ( K i ) were observed for Ru(II) complex against GST (14.36 ± 2.16 μM), AChE 

(16.86 ± 2.74 μM), and BChE (14.12 ± 2.04 μM). 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

The azo dyes that are used in lots of diverse areas have good 

astness and high dyeing strength properties. They have absorption 

haracteristics, antimicrobial activity, molecular structure, and non- 

inear optic. In the literature is encountered the investigation on 

rontier molecule optical properties of the azo dyes [1] . 

In previous years, the synthesis and characterization of 

ome transition metal complexes of azo dye ligands (4-( o / p- 

ubstitutedphenylazo)-1H-pyrazole-3,5-diamine) which containing 

wo amine groups on pyrazole ring were studied [ 2–4 ]. In addi- 

ion, the mixed ligand complexes were synthesized from aqua sac- 

harinate Mn(II), Co(II), Cu(II) and Cd(II) complexes and some azo 

ye ligands (5-methyl-4-( p -substituted phenylazo)-2H-pyrazole-3- 

lamine) that bearing an amine group on pyrazole ring. These 
∗ Corresponding author at: Department of Chemistry and Chemical Process Tech- 

ologies, Vocational School of Tunceli, Munzur University, Tunceli, Turkey. 
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ixed ligand complexes were found to have significantly antiox- 

dant and antimicrobial activity [ 5 , 6 ]. 

Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) 

nzymes catalyze the hydrolysis of the acetylcholine and butyryl- 

holine that are located at synaptic areas in the central and periph- 

ral nervous systems [7] . AChE inhibitors are used in the treatment 

f Alzheimer’s disease (AD) and some other neurodegenerative dis- 

ases [8] . Some former studies reported the reducing symptoms of 

D by keeping acetylcholine as a neurotransmitter [ 9 , 10 ]. 

Glutathione S-transferase (GST) enzyme family members have 

arious metabolic functions such as regulation of the synthesis of 

ertain molecules and the detoxification of xenobiotics, peroxides, 

nd heavy metals [11] . GST has a significant role in promoting the 

ormation of pulmonary fibrosis. A recent study demonstrated that 

he level of intracellular GST increased in the pulmonary fibro- 

is cells and the inhibitors of GST can reduce the severity of pul- 

onary fibrosis in mice models [12] . Therefore, GST inhibitors have 

rucial functions on the homeostatic regulations [13] . 

Numerous studies have been performed on the synthesis, and 

iological properties, of thiophene and pyrazole derivatives [14] . In 

https://doi.org/10.1016/j.molstruc.2021.130989
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130989&domain=pdf
mailto:adiguzelragip@gmail.com
https://doi.org/10.1016/j.molstruc.2021.130989
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Schema 1. . Coupling reaction in the obtaining of the ligand (L). 

Schema 2. Ring closure reaction in the obtaining of the ligand (L). 
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he present study, we synthesized a new series of pyrazole deriva- 

ives and evaluated their enzyme inhibitory and antioxidant activ- 

ties. 

. Experimental section 

.1. Materials and measurements 

All used solvents were of analytical grade and no further purifi- 

ations were performed. The metal salts CoCl 2 •6H 2 O, FeCl 2 •4H 2 O, 

nCl 2, and [RuCl 2 ( p -cymene)] 2 and starting materials for the lig- 

nd were purchased from Merck, Aldrich, and Alfa Aesar. Elemen- 

al analyses were carried out with a Leco CHNS-O model 932 

lemental analyzer. FT-IR spectra were recorded with a Perkin 

lmer Precisely Spectrum One spectrometer using KBr discs in the 

avenumber range of 40 0 0–40 0 cm 

−1 . Electronic spectral stud- 

es were conducted with a Shimadzu model UV-1800 Spectropho- 

ometer in the wavelength 110 0–20 0 nm. Magnetic susceptibility 

easurements were carried out using the standart Gouy tube tech- 

ique to Hg[Co(SCN) 4 ] as a calibrator/calibration. 1 H NMR and 

13 C 

MR data were obtained in DMSO-d 6 solvent on a Bruker AVANCE 

00 spectrometer at room temperature. The high-resolution mass 

pectra (HRMS) were obtained on a Waters LCT Premier XE Mass 

pectrometer also coupled to an EQUITY Ultra Performance Liquid 

hromatography System. Thermogravimetric analysis (TGA) and 

ifferential thermal analysis (DTA) were carried out in a nitrogen 

tmosphere with a heating rate of 10 °C/min. using Shimadzu DTG- 

0 AH (Shimadzu DSC 60 A) thermal analyzers. A sample size of 5–

0 mg was used and sintered α-alumina was used as the reference 

aterial. 

.2. Synthesis and characterization of azo dye ligand (L) and its Fe II , 

o II , Zn II , and Ru II complexes 

The azo dye ligand was obtained according to the literature 

ethod given at Schema 1 and 2 [ 15 , 16 ]. In course of the syn-

hesis of an azo dye, the ligand has been occurred by azo coupling 

nd ring closure reactions. 

Characterization of ligand: FW: 231.25 g/mol. Anal. Calcd. for 

 11 H 13 N 5 O: C; 57.13, H; 5.66, N; 30.27. Found: C; 57.10, H; 5.60,

; 30.20. 1 H NMR (DMSO-d 6 , 400 MHz) δ 12.00 (s, 1H, N H ), 7.10–

.90 (m, 4H, Ar- H ), 6.51 (s, 2H, N H 2 ), 3.83 (s, 3H, OC H 3 ), 2.34 (s,

H, C H 3 ). 
13 C NMR (DMSO-d 6 , 100 MHz) δ 157.01–140.10 (pyra- 

ole ring), 130.80–114.10 (Ar- C ), 55.60 (O C H 3 ), 10.90 ( C H 3 ). IR (KBr,

m 

−1 ) ν: 3468 (NH), 3357 (NH 2 ) broad , 3180 (Ar-CH), 2967 (Alip.- 

H), 1599 (N = N), 1583 (pyrazole C = C) shoulder and overlapped 

ith N = N band, 1536 (C = N), 1498, 1454, 1428 (Ar-C = C), 1396,

236 (C-N), 1025 ( = N-NH-), 796 ( δ: NH). UV-Vis (in EtOH): λ max 
2 
 ε, L mol −1 cm 

−1 ) 220 (486), 236 (596), 364 (688) nm. Color: Yel-

ow. 

Azo dye ligand (L) (0.5 g 2.16 mmol) was dissolved in ethanol 

15 mL). FeCl 2 •4H 2 O, CoCl 2 •6H 2 O, ZnCl 2 and [RuCl 2 ( p -cymene)] 2 
0.43 g; 2.16 mmol, 0.514 g; 2.16 mmol, 0.29 g; 2.16 mmol, 0.66 g; 

.08 mmol, respectively) dissolved in ethanol (10 mL) were added. 

he reaction was refluxed for 4 h. The reaction was completed, fol- 

owing the formation of the reaction with TLC. The solvent was re- 

oved. The precipitate formed was filtered, washed with diethyl 

ther, and dried under vacuum. The product obtained was crystal- 

ized in a methanol-dichloromethane (1/2) mixture ( Fig. 4 ). 

[FeLCl 2 (H 2 O) 2 ]: Yield: 82%. FW: 393.75 g/mol. μeff (B.M.): 4.85. 

nal. Calc. for C 11 H 17 N 5 O 3 FeCl 2 : C; 33.53, H; 4,32, N; 17.76. Found:

; 33.91, H; 4.81, N; 17.81. Selected IR data (KBr, cm 

−1 ): ν: 3438

NH), 3321, 3207 (NH 2 ) broad , 3168 (Ar-CH), 2960 (Alip.-CH), 1643 

pyrazole C = C), 1596 (N = N), 1539 (C = N), 1502, 1469, 1429 (Ar-

 = C), 1402, 1245 (C-N), 1029 ( = N-NH-) and ( δ:NH) band is hid-

en due to broad bands between 815–684 cm 

−1 , 815 (M-OH 2 ), 

26 ν(M-N), 484 ν(M-O). UV-Vis. (in EtOH): λ max ( ε, L mol −1 

m 

−1 ) 209 (952), 213 (190), 227 (572), 236 (571), 243 (952), 255 

1496), 381 (976), 708 (44) nm. MS [ES]: m/z 393.75 (calc.), 393.30 

found) [M] + . Color: Brownish yellow. 

[CoLCl 2 (H 2 O) 2 ] •1.5H 2 O: Yield: 80%. FW: 424.14 g/mol. μeff

B.M.): 3.93. Anal. Calc. for C 11 H 20 N 5 O 4.5 CoCl 2 : C; 31.15, H; 4.75,

; 16.51. Found: C; 31.28, H; 4.49, N; 16.63. Selected IR data (KBr, 

m 

−1 ) ν: 3433 (NH), 3320, 3231 (NH 2 ) broad , 3134, 3096 (Ar-CH), 

963 (Alip.-CH), 1597 (N = N), 1587 (pyrazole C = C), 1539 (C = N),

500, 1456, 1434 (Ar-C = C), 1403, 1247 (C-N), 1027 ( = N-NH-), 815 

M-OH 2 ), 781 ( δ: NH), 573, 527 (M-N), 455 (M-O). UV-Vis. (in 

tOH): λ max, nm ( ε, L mol −1 cm 

−1 ) 220 (100), 243 (190), 262, 

89, 296 (40 0 0), 305, 321, 351, 361, 382, 399 (40 0 0), 412 (40 0 0),

29 (3818), 434 (3762), 452 (3761), 615 (76), 678 (117) nm. MS 

ES]: m/z 427.14 (calc.), 427.37 ( 37 Cl isotopic peak) (found) [M + 2] + .
olor: Brownish yellow. 

[ZnLCl (H 2 O)] •Cl •H 2 O: Yield: 76%. FW: 403.29 g/mol. μeff

B.M.): Dia. Anal. Calc. for C 11 H 17 N 5 O 3 ZnCl 2 : C; 32.75, H; 4.25

; 17.35. Found: C; 32.55, H; 4.45, N; 17.05. 1 H NMR (DMSO- 

 6 , 400 MHz) δ: 11.81 (s, 2H, N H ), 7.69–6.96 (m, 4H, Ar- H ), 3.81,

.39 (s, 3H, OC H 3 ), 2.52, 2.38 (s, 3H, C H 3 ). 
13 C NMR (DMSO-d 6 ,

00 MHz) δ 160.08–147.74 pyrazole ring ( C-C = C ), 122.81–114.67 

Ar- C) , 55.84, 56.48 (O C H 3 ), 11.01 ( C H 3 ). Selected IR data (KBr,

m 

−1 ) ν: 3446 (N-N), 3338, 3214 (NH 2 ) broad , 3132, 3067 (Ar-CH), 

998 (Alip.-CH), 1602 (N = N), 1586 (pyrazole C = C), 1500, 1432 (Ar- 

 = C), 1551 (C = N), 1406, 1249 (C-N), 1029 ( = N-NH-), 817 (M-OH 2 ),

85 ( δ:NH), 567, 529 (M-N), 472 (M-O). UV-Vis. (in EtOH): λ max 

 ε, L mol −1 cm 

−1 ) 209 (952), 227 (572), 243 (952), 255 (1496), 275

269), 381 (676), 686 (42), 708 (77) nm. Color: Orange. 

[RuL( η6 - p -cymene)Cl] •Cl •0.5H 2 O: Yield: 75%. FW: 

45.97 g/mol. μeff (B.M.): Dia. Anal. Calc. for C 21 H 28 N 5 O 1.5 RuCl 2 : 

; 46.15, H; 5.17, N; 12.82. Found: C; 46.35, H; 5.29, N; 12.90. 1 H

MR (DMSO-d 6 , 400 MHz) δ (ppm): 11.85 (s, 1H, N H ), 7.74–7.01 

m, 4H, Ar- H ), 5.83–5.69 (m, 4H, p-cymene ring ), 3.81 (s, 3H, 

C H 3 ), 2.86–2.81 (h, 1H, C H (CH 3 ) 2 ), 2.38 (s, 3H, C H 3 ), 1.21–1.18 (d,

H, HC(C H 3 ) 2 ), 2.52 (s, 3H, C H 3 ). 
13 C NMR (100 MHz, DMSO-d 6 )

(ppm): 159.82, 147.68, 129.38–122.56, 114.33, 106.55, 100.55, 

6.74–85.99, 65.36 ( pyrazole ring, benzene ring, p-cymene moiety ), 

5.85 (O C H 3 ), 40.43 ( p -cymene C H 3 ), 30.52 (H C (CH 3 ) 2 ), 24.37,

1.87, 18.34 (HC( C H 3 ) 2 ), 10.80 ( C H 3 ). Selected IR data (KBr, cm 

−1 )

: 3412 (NH), 3280 (NH 2 ) broad , 3059 (Ar-CH), 2961 (Alip.-CH), 1602 

N = N), 1529 (C = N), 1500, 1466, 1428 (Ar-C = C), 1401, 1248 (C-N),

030 ( = N-NH), 788 ( δ:NH), 487, 465 (Ru-NH 2 and backdonation). 

V-Vis (in EtOH): λ max ( ε, L mol −1 cm 

−1 ) 207 (2476), 226 (48),

39 (2095), 259 (40 0 0), 276 (2836), 297 (40 0 0), 304, 322, 345,

63, 383, 392 (40 0 0), 408 (40 0 0), 421 (3775), 427 (3844) nm.

olor: Orange. 



N. Turan, K. Buldurun, R. Adiguzel et al. Journal of Molecular Structure 1244 (2021) 130989 

2

e

3

2

s

i

p

t

2

2  

t

c

a

s

2

3

w

w

D

2

B

m

7

o

2

3

(

t

a

2

t

(

2

f

t

d

b

(

b

2

b

(

r

p

b

5  

t

o

s

3

3

 

d

i

ν
p

v

t

[  

1

δ
7

r  

t

s

a  

d

z  

o  

a

r

c

t

i

1

t

t

-  

s

o

g

1

p

v  

a  

a  

a

m

s

r

M  

b  

t

t  

t

3

i

R

a

b

s

o

t

a

t

N

s

a  

t

5

.3. Antioxidant methods 

In the present study, the ligand and its metal complexes were 

xamined by four in vitro antioxidant methods. ABTS (2,2-azino-bis 

-ethylbenzothiazloine-6-sulphonic acid) and DPPH (1,1-diphenyl- 

-picrylhydrazyl) methods were used for measuring the radical 

cavenging capacity. On the other hand, CUPRAC (cupric ion reduc- 

ng antioxidant capacity) and FRAP (ferric ion reducing antioxidant 

ower) methods were used for measuring the reducing power an- 

ioxidant activity. 

.3.1. ABTS assay 

Firstly, ABTS radical solution was obtained by the reaction of 

 mM ABTS in pure water with 2.45 mM K 2 S 2 O 8 solution for

welve hours. To get absorbance at 734 nm phosphate buffer con- 

entration (0.1 M, pH 7.4) was diluted. ABTS •+ radical scavenging 

ctivity was determined by calculating the reduction in sample ab- 

orption [17] . 

.3.2. DPPH assay 

The ethanolic DPPH radical solution (1 mL, 1 mM) was added to 

 mL of the compounds and standard solutions (10–30 mg/mL) and 

as incubated for 30 min at room temperature. The absorbance 

as measured at 517 nm. Decreasing absorbance demonstrated 

PPH free radical scavenging capacity [18] . 

.3.3. CUPRAC assay 

The CUPRAC method was applied as detailed previously [19] . 

riefly, the different concentrations (10–30 μg/mL) of samples were 

ixed with 0.25 mL, 10 mM copper(II) chloride solution, 0.25 mL, 

.5 mM neocuproine solution, and 0.25 mL, 1.0 M buffer solution 

f CH 3 COONH 4 . Absorbance was measured at 450 nm. 

.3.4. FRAP assay 

Briefly , the compounds at different concentrations (10–

0 μg/mL), phosphate buffer (2.5 mL, 0.2 M), and [K 3 Fe(CN) 6 ] 

2.5 mL, 1%) were prepared. After 20 min incubation at 50 °C, 

richloroacetic acid (2.5 mL, 10%), and FeCl 3 (0.5 mL, 0.1%) were 

dded to each mixture. Absorbance was recorded at 700 nm [20] . 

.4. Enzyme inhibitory activity 

Enzyme inhibitory activities of the metal complexes were inves- 

igated against glutathione S-transferase (GST), acetylcholinesterase 

AChE), and butyrylcholinesterase (BChE) enzymes. 

.4.1. GST inhibition 

CDNB (1-chloro 2,4-dinitrobenzene) was used as the substrate 

or measuring the GST enzyme activity. In vitro GST enzyme inhibi- 

ion effects of the compounds were determined by the reaction of 

ifferent concentrations (20–100 μM) of the samples in phosphate 

uffer (pH 6.5), GST enzyme solution (20 mM), and CDNB solution 

25 mM). GST enzyme inhibitions of the compounds were analyzed 

y measuring the absorbance alterations for 3 min at 340 nm [13] . 

.4.2. AChE/BChE inhibitions 

AChE and BChE inhibitions of the compounds were determined 

y using acetylthiocholineiodide (AChI) and butyrylcholineiodide 

BChI) substrates. Also, 5,5 ′ -dithiobis 2-nitrobenzoic acid (DTNB) 

eactive was used to measure the AChE/BChE activities of the sam- 

le compounds. Briefly, the sample solutions (50–200 μL), Tris-HCl 

uffer (100 μ L, 1.0 M), and AChE/BChE enzyme solutions (50 μL 

.3 mEU) were mixed and incubated for 10 min at 25 °C to initiate

he enzymatic reaction. Then, 50 μL DTNB (0.5 mM) and 50 μL 

f AChI/BChI were added to the incubated samples. Finally, the ab- 

orbance measurements were performed at 412 nm [21] . 
3 
. Results and discussion 

.1. IR spectra 

IR absorptions of novel Fe II , Co II , Zn 

II , and Ru 

II complexes of azo

ye ligand that included pyrazole ring with assignments are given 

n the experimental section. In the IR spectrum of the ligand, the 

(NH 2 ) stretching vibration was observed at 3357 cm 

−1 as a broad 

eak. As for isolated Fe II , Co II , Zn 

II and Ru 

II complexes the same 

ibration bands shifted to lower frequency and were observed be- 

ween 3338 and 3207 cm 

−1 as asymmetric and symmetric bands 

 6 , 22 ]. The δ(NH 2 ) bending vibration that was expected around

500–1520 cm 

−1 was not observed. Otherwise, the out of plane 

(NH) and ν(C-N) stretching frequencies were found out between 

88–781 cm 

−1 (to blue shift) and 1152–1155 cm 

−1 (to redshift), 

espectively [ 5 , 23 ]. In addition, as sharp and intense two bands

he C-N stretching modes that shifted to the higher frequency ob- 

erved between 1401–1406 and 1245–1249 cm 

−1 in IR spectra of 

ll complexes [ 5 , 24 ]. These results can be indicated as strong evi-

ence regarding complexation over N atom of NH 2 group on pyra- 

ole ring. The (C = N) band in the pyrazole ring in the IR spectrum

f Fe II , Co II , Zn 

II , and Ru 

II complexes was observed as an intense

nd sharp peak at 1529–1551 cm 

−1 (for free ligand 1536 cm 

−1 ), 

espectively [22] . The shift that belongs to C = N vibration frequen- 

ies is shown as a reason for the change in the electron density of 

he C = N bond on the pyrazole ring. On the other hand, medium 

ntense and sharp peak belong = N-N-H group that observed at 

024 cm 

−1 shifted to higher frequency region and appeared be- 

ween 1027 and 1030 cm 

−1 . This phenomenon can be connected 

o the change of electron density in the pyrazole ring. While the 

N = N- peak of the diazo group observed at 1599 cm 

−1 , in the IR

pectra of Fe II and Co II complexes this medium intense peak that 

bserved between 1596–1597 cm 

−1 shifted to lower frequency re- 

ion [5] . The same peak for Zn 

II and Ru 

II complexes observed at 

602 cm 

−1 in higher wave number unlike iron and cobalt com- 

lexes [5] . All of these reasons show the coordination which pro- 

ided the by N atom of NH 2 group on the pyrazole ring and by N

tom of –N = N- moiety on the azo dye with the metal ion. Again,

 new peak which appeared at 815 and 817 cm 

−1 in the Fe II , Co II ,

nd Zn 

II complexes, respectively are indicated coordinated water 

olecule to the metal ion [25] . Similarly, weak intense a new ab- 

orption band which appeared at 526, 573, 527 and 567, 529 cm 

−1 , 

espectively for Fe II , Co II and Zn 

II complexes can be attributed to 

-N bond [ 5 , 25 ] (487 and 465 cm 

−1 exclusively Ru 

II complex can

e predicated Ru-NH 2 , and Ru- η6 - p -cymene) [26] . A new absorp-

ion band was observed at 484, 455, and 472 cm 

−1 , respectively in 

he Fe II , Co II , and Zn 

II complexes can be assigned to M-O bond in

he Fe II , Co II , and Zn 

II complexes [ 5 , 27 ]. 

.2. NMR spactra 

NMR spectra of Zn 

II and Ru 

II the complexes were analyzed 

n DMSO-d 6 . In the 1 H NMR spectra, N-H protons for Zn 

II and 

u 

II complexes were seen at 11.81, and 11.85 ppm, respectively, 

s a broad and singlet peak. Although the ν(NH 2 ) stretching vi- 

ration bands in IR spectra of all complexes were observed, the 

inglet peak corresponding to its NH 2 protons in NMR spectra 

f the zinc and ruthenium complexes wasn’t found. It is thought 

hat this peak disappeared due to coordinated or hydrate water 

nd the water in DMSO-d 6 . This issue is reported in the litera- 

ure [28] . These prove show that proton is not removed from the 

H and NH 2 groups on pyrazole ring. The multiple peaks corre- 

ponding to aromatic protons appeared in the range of 7.69–6.96 

nd 7.79–7.11 ppm in the 1 H NMR spectra of Zn 

II and Ru 

II , respec-

ively [29] . Again, multiple peaks in Ru 

II complex, that appeared at 

.83–5.69 ppm are attributable to the characteristic p -cymene ring 
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Fig. 1. 1H-NMR spectra of [RuL( η6 -p-cymene)Cl] •Cl •0.5H 2 O. 
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See Fig. 1 ) [ 26 , 29 ]. Different from Zn 

II complex, heptad peaks in

he Ru 

II complex that corresponding to C H (CH 3 ) 2 of the p -cymene

roup were observed between 2.86 and 2.81 ppm [ 26 , 29 ]. 

In the 13 C{ 1 H} NMR spectra of Zn 

II complex the carbon peaks 

elonging to pyrazole ring and aromatic carbons were observed in 

he range of δ 160.08–147.74 and 122.81–114.67 ppm, respectively 

30] . In addition to pyrazole and phenyl ring, including the specific 

 -cymene moiety all peaks related to carbons were seen between 

59.82 and 85.99 ppm in Ru 

II complex [29] (See Fig. 2 ). For more

etails of NMR and other spectral analysis data also review the ex- 

erimental section. 

.3. Mass spectra 

The mass spectra of the Fe II and Co II complexes contain peaks 

ttributable to the given molecular ions, m/z 393.30 [M 

+ ] (See 

ig. 3 ) and m/z 427.37 ( 37 Cl isotopic peak) [M + 2] + , respectively

31] . The experimental and theoretical mass spectra data of either 

omplex were given in the experimental section. The values that 

ave high abundance in the mass spectra were used as a base. For 

tructural characterization of Zn 

II and Ru 

II complexes were used 

1 H 

MR, 13 C NMR, IR spectra, and elemental analysis data. 

.4. Electronic spectra and magnetic properties 

The electronic spectra of the ligand and its Fe II , Co II , Zn 

II , and

u 

II complexes were achieved using EtOH solvent in 20 0–110 0 nm. 

hile the ligand showed bands in the 226–236 nm and 364 nm 

hat are responsible for π→ π ∗ and n → π ∗ transitions, these bands 

n Fe II complex shifted to a higher wavelength and were observed 

t 227–255 nm and 381 nm. In addition, the appeared band at 

08 nm mainly ascribed to ligand field d → d transition in octahe- 

ral Fe II complex. For the Fe II complex μ value was found 4.85 
eff

4 
B.M.). This result has corresponded to a high-spin mononuclear 

e II complex with four unpaired electrons [32] 

For the Co II complex the d → d bands, unlike Fe II and Ru 

II were 

bserved at 615 nm and 678 nm which related to the transitions 
 T 1g (F) → 

4 T 2g (P), and 

4 T 1g (F) → 

4 A 2g (F), respectively [33] . At the

ame time, the found μeff value 3.93 B.M. that are related to three 

npaired electrons can be given as evidence to the above results 

33] . 

In the absorption spectra of Zn 

II belong to π→ π ∗ transition 

hifted to a higher wavelength and observed at 227–255 nm. On 

he other hand, the absorption band at 381 nm could be referred 

o as a charge-transfer transition because the zinc has a d 

10 con- 

guration. When considering the spectrum and the configuration 

f the Zn 

II ion, a tetrahedral structure could be supposed for its 

omplexity [34] . 

The λmax values in the UV spectra of Ru 

II complex were ob- 

erved in the region of 259–427 nm. Strong absorption peak that 

orresponding to π → π ∗ transition exhibited at 297 nm. Be- 

ides, a lower energy broad absorption band that is responsible for 

etal-to-ligand charge transfer (MLCT) was observed at 408 nm 

35] . 

.5. TGA-DTA studies 

While the weight losses for the complexes of cobalt and zinc 

ccurred in four steps, the losses belong to iron and ruthenium 

omplexes consist of three steps. Generally, in TGA-DTA analy- 

es of synthesized complexes, we discussed the losses of hydrate 

nd a coordinated water molecule, including chlorine losses (See 

able 1 ). 

When analyzed TGA curves of all complexes, losses of water 

olecules of hydration separate from the complexes have been ob- 

erved in the range of temperature 50–170 °C [ 25 , 36 ]. At the same



N. Turan, K. Buldurun, R. Adiguzel et al. Journal of Molecular Structure 1244 (2021) 130989 

Fig. 2. 13C-NMR spectra of [RuL( η6 -p-cymene)Cl] •Cl •0.5H 2 O. 

Fig. 3. High-resolution mass spectra (HRMS) for Fe II complex. 

5 
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Table 1 

Proposed decomposition steps and the respective mass losses of complex compounds. 

Compounds Molecular 

weight (g/mol) Mass loss %, Found (Calc.) Decomposition group 

First step ( °C) 

Second step 

( °C) Third step ( °C) Fourth step ( °C) 

[FeLCl 2 (H 2 O) 2 ] 

393.75 

- 100–253 

30.88 (30.96) 

2H 2 O (coord. 

water), 2Cl, 

CH 3 

253–450 

14.10 (15.23) 

CH 4 ON 2 

450–800 

39.79 (39.61) 

C 9 H 6 N 3 

Residue 

Fe metal 

14.20% 

[CoLCl 2 (H 2 O) 2 ] •1.5H 2 O 

424.14 

50.00–170 

6.44 (6.36) 

1.5 H 2 O (hydrate 

water) 

170–300 

32.38 (32.27) 

2H 2 O (coord. 

water), C 2 H 6 , 

Cl 2 . 

300–500 

15.42 (15.32) 

C 3 HN 2 

500–800 

28.32 (28.29) 

C 6 H 6 N 3 

Residue 

CoO 

17.76% 

[RuL( η6 - p - 

cymene)Cl] •Cl . 0.5H 2 O 

545.97 

50–180 

8.68 (8.14) 

0.5H 2 O (hydrate 

water), Cl. 

180–200 

24.40 (24.54) 

C 10 H 14 

200–450 

45.44 (45.32) 

C 11 H 10 N 5 Cl 

- Residue 

RuO 

22.00% 

[ZnLCl(H 2 O)] •Cl . H 2 O 

403.29 

50–120 

4.48 (4.46) 

H 2 O (hydrate water) 

120–210 

22.06 (22.04) 

H 2 O (Coord. 

water), Cl 2 

350–530 

11.00 (10.91) 

CH 4 N 2 

530–800 

42.60 (42.40) 

C 10 H 9 N 3 

Residue 

ZnO 15.73% 

Fig. 4. Proposed structures for Fe II , Co II , Zn II , and Ru II complexes (For interpretation of the references to color in this figure, the reader is referred to the web version of this 

article). (Both color options are suitable) 
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ime, losses of coordinated water molecules, and chlorine in the 

omplexes have been observed in the range of temperature 120–

00 °C [36] . As is expected, according to experimental results and 

heoretical calculations as a residue in analyses remained metal ox- 

des like CoO, ZnO, RuO except for Fe II complex [25] . In accordance 

ith the results obtained from spectral, elemental, and TGA-DTA 

nalyses, the proposed structures for complexes are given in Fig. 4 . 

.6. Antioxidant activity 

The antioxidant potentials of the Fe II , Co II , Zn 

II , and Ru 

II com-

lexes of the ligand were evaluated by using four well-known 

n vitro spectrophotometric methods, including radical scavenging 
6 
ethods (ABTS and DPPH) and reducing potential methods (FRAP 

nd CUPRAC). 

Regarding the ABTS and DPPH radical scavenging methods, de- 

reasing the absorbance of a sample after the reaction process in- 

icates its scavenging antioxidant potential. Absorbance measure- 

ents of samples and standards were graphed and presented in 

ig. 5 . 

According to the ABTS results, Co II complex demonstrated an ef- 

ective cation radical scavenging level like the standards (BHA, BHT, 

scorbic acid, and α-tocopherol). The DPPH free radical scavenging 

evel of the Ru 

II complex was close to the levels of the standards 

BHA, BHT, ascorbic acid, and α-tocopherol). However, the DPPH 

cavenging levels of Fe II , Zn 

II , and Co II complexes were quite lower 
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han the standards. The more effective antioxidant potential of a 

ample has a lower IC 50 value (the concentration of a sample for 

cavenging 50% of radicals). The IC 50 values of compounds for ABTS 

nd DPPH radical scavenging methods are shown in Table 2 . 

Regarding the FRAP and CUPRAC methods, increasing ab- 

orbance of a sample after the reaction process indicates its re- 

ucing potential which means antioxidant potential by single elec- 

ron transfer. Absorbance measurements of samples and standards 

ere graphed and presented in Fig. 6 . According to the CUPRAC 

esults, the Ru 

II complex demonstrated the highest Cu 

2 + reducing 

nd antioxidant potential among the samples and standards. Like- 

ise, Zn 

II complex demonstrated the highest Fe 3 + reducing and 

ntioxidant potential among the samples. 

So far, several Schiff bases and their metal complexes have been 

eported to possess antioxidant activities. The present study has 

imilar results with recent studies on antioxidant activities of dif- 

erent Schiff bases. A recent study reported high DPPH radical scav- 

nging activities of Mn(III), Zn(II), and Pt(II) complexes of a Schiff

ase [37] . Another study, likewise, reported two copper complexes 

f a Schiff base had higher DPPH scavenging activities than the 

tandard ascorbic acid [38] . 
7 
.7. Enzyme inhibition 

The possible disadvantages of multiple-medication in clinical 

pplications such as compliance difficulties and drug-drug interac- 

ions and complicated AD nature have prompted the researchers 

o design novel pharmaceutical ligands against AD [39] . Ligands 

nd their metal complexes have been identified to undergo ligand- 

ubstitution reactions with some of the biomolecular structures. 

any of them are stated to be used as enzyme inhibitors and have 

herapeutic potentials [40] . Recently, experiments in the treatment 

f AD have focused on cholinergic neurotransmission. This pro- 

ess, prompted the evaluation of cholinesterase enzyme inhibitors 

ChEIs) that enhance the central cholinergic neurotransmission by 

nhibiting the degradation of ACh in the brain cells [41] . 

In this study, the enzyme inhibitions of the Fe II , Zn 

II , Ru 

II , and

o II complexes of the ligand against AChE, BChE, and GST enzymes 

ere investigated. The inhibition graphs of compounds were given 

n supplementary files. The K i and IC 50 values were given and 

he compounds that had the best inhibitions were highlighted in 

able 2 . 
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Table 2 

IC 50 and K i values of the compounds for enzyme inhibitions and antioxidant activities. 

Compounds IC 50 (μM) K i (μM) 

GST r 2 AChE r 2 BChE r 2 DPPH ABTS GST AChE BChE 

Fe II complex 69.02 0.943 77.39 0.9638 39.57 0.9442 ND 45.0 ± 16.3 43.63 ± 7.01 52.18 ± 8.24 35.87 ± 4.96 

Zn II complex 41.02 0.981 85.34 0.976 66.43 0.964 ND 45.3 ± 11.0 16.36 ± 3.26 22.08 ± 5.31 22.36 ± 5.98 

Ru II complex 32.45 0.974 38.19 0.9712 33.66 0.975 13.7 ± 8.0 155.1 ± 23.5 14.36 ± 2.16 16.86 ± 2.74 14.12 ± 2.04 

Co II complex 74.58 0.968 56.42 0.972 88.46 0.967 ND 32.2 ± 12.7 38.12 ± 10.14- 29.58 ± 9.38 44.34 ± 11.39 

Tacrine ∗ 7.80 0.9443 - - 8.77 ± 11.02 

BHA - - - - - - 11.2 ± 5.5 61.0 ± 17.8 - - - 

BHT - - - - - - 13.0 ± 5.6 25.9 ± 6.2 - - - 

Ascorbic acid - - - - - - 10.9 ± 5.5 20.6 ± 10.0 - - - 

α-Tocopherol - - - - - - 11.2 ± 5.6 28.0 ± 13.5 - - - 

∗ Tacrine was used as a positive control for BChEInhibition effects of newly synthesized complexes of the ligand on AChE, BChE, and GST enzymes were studied. 

Recently, some enzyme inhibitors such as tacrine, donepezil, huperzine A, galantamine, and rivastigmine compounds have been tested for clinical studies. However, 

new and more effective inhibitory drug studies are ongoing. The complexes effectively inhibited GST and AChE. Particularly, the GST inhibition value of these 

compounds was very good. According to the enzyme inhibition methods, a lower K i value indicates more effective enzyme inhibition of a sample. Considering the 

K i values, Ru II complex showed the most effective inhibitions against GST (14.36 ± 2.16 μM), AChE (16.86 ± 2.74 μM), and BChE (14.12 ± 2.04 μM), respectively. On 

the other hand, the Zn II complex showed the second effective inhibitions against the enzymes. In this research, the enzyme inhibition of the metal complexes was 

found to have effective inhibitory activities against AChE, BChE, and GST enzymes. 
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. Conclusion 

In this study, novel Fe II , Co II , Zn 

II , and Ru 

II complexes of azo dye

igand that including diazonium and pyrazole groups were synthe- 

ized for bringing to light their several biological activities. The 

tructures of the novel compounds were characterized using UV- 
8 
is spectra, FT-IR, 1 H and 

13 C NMR, magnetic moment, elemental 

nalysis, mass spectra, and TGA analyses. Enzyme inhibition data 

emonstrated that newly synthesized metal complexes were found 

o have effective inhibitory activity against the AChE, BChE, and 

ST enzymes. Surprisingly, for all three used enzymes, Ru 

II com- 

lex was determined as the most effective com pound. Also, Zn 

II 
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omplex had remarkable results against the GST enzyme. We sug- 

est performing more advanced pharmacological tests because re- 

ults show remarkable activities for Ru 

II complex against the AChE, 

ChE, and GST enzymes. 
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F. Turkan , F. Ş en , Antidiabetic and antiparasitic potentials: inhibition effects of 

some natural antioxidant compounds on α-glycosidase, α-amylase and human 
glutathione S-transferase enzymes, Int. J. Biol. Macromol. 119 (2018) 741–746 . 

[14] P. Lei , X. Zhang , Y. Xu , G. Xu , X. Liu , X. Yang , X. Zhang , Y. Ling , Synthesis and
fungicidal activity of pyrazole derivatives containing 1,2,3,4-tetrahydroquino- 

line, Chem. Cent. J. 10 (2016) 1–6 . 
[15] M.H. Elnagdi , M.M.M. Sallam , H.M. Fahmy , S.A.M. Ibrahim , M.A.M. Elias , Reac-

tions with the arylhydrazones of α-cyanoketones: the structure of 2-arylhy- 

drazono-3-ketimino-nitriles, Helv. Chim. Acta 59 (2) (1976) 551–557 . 
[16] P.C. Tsai , J. Wang , A facile synthesis of some new pyrazolo [1,5-a]pyrimidine

heterocyclic disazo dyes and an evaluation of their solvatochromic behaviour, 
Dye. Pigment. 74 (3) (2007) 578–584 . 

[17] N. Traverso , R. Ricciarelli , M. Nitti , B. Marengo , A.L. Furfaro , M.A. Pronzato ,
U.M. Marinari , C. Domenicotti , Role of glutathione in cancer progression and 

chemoresistance, Oxidative Med. Cell. Longev. 2013 (2013) 972913 . 

[18] E. Bursal , A. Aras , Ö. Kılıç, Evaluation of antioxidant capacity of endemic plant
marrubium astracanicum subsp. Macrodon: identification of its phenolic con- 

tents by using HPLC-MS/MS, Nat. Prod. Res. 33 (2019) 1975–1979 . 
[19] A. Aras , M. Silinsin , M.N. Bingol , E. Bursal , Identification of bioactive polyphe-

nolic compounds and assessment of antioxidant activity of origanum acuti- 
dens, Int. Lett. Nat. Sci. 66 (2017) 1–8 . 
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