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Abstract
Four new fluoro-containing hydrazones were synthesized from 4-fluorobenzaldehyde with chloro- and nitro-substituted 
benzohydrazides. They are 3-chloro-N’-(4-fluorobenzylidene)benzohydrazide (1), 2-chloro-N’-(4-fluorobenzylidene)
benzohydrazide (2), N’-(4-fluorobenzylidene)-4-nitrobenzohydrazide (3), and N’-(4-fluorobenzylidene)-3-nitrobenzo-
hydrazide (4). The compounds have been characterized by IR and 1H NMR spectroscopy, as well as X-ray single crystal 
determination. Xanthine oxidase (XO) inhibitory activity indicated that the nitro substituted compounds 3 and 4 have 
effective activity. Docking simulation was performed to insert the compounds into the crystal structure of xanthine oxi-
dase at the active site to investigate the probable binding modes.
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1. Introduction
Xanthine oxidase (XO; Enzyme Code 1.17.3.2) is a 

molybdenum hydroxylase, which catalyzes hypoxanthine 
and xanthine to form superoxide anions and uric acid. The 
superoxide anions are responsible for post ischaemic tissue 
injury and vascular permeability.1 Xanthine oxidase has 
many negative effects. It can oxidize the purine drug an-
tileukaemic 6-mercaptopurine to lose its pharmacological 
activity. Moreover, it can leads to hepatic and kidney dam-
age, atherosclerosis, chronic heart failure, hypertension and 
sickle-cell disease.2 Thus, it is necessary to control the activ-

ity of xanthine oxidase. Allopurinol is a well known XO 
inhibitor, which has been used as medicine to treat the 
gout.3 However, it has obvious side effects like toxicity, and 
inability to prevent the formation of free radicals by the en-
zyme.4 So, it is urgent to explore new xanthine oxidase in-
hibitors. To date, a large number of compounds like pyri-
midines and carboxylic acids,5 3-cyanoindoles and 
pyrimidinones,6 hydrozingerones,7 amides,8 pyrazoles,9 
thiobarbiturates,10 have been reported to have xanthine ox-
idase inhibitory activity. Schiff bases with C=N functional 
group have received much attention in the fields of biolog-
ical chemistry.11 Leigh has reported a few Schiff bases with 

Scheme 1. The hydrazone compounds.
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potential xanthine oxidase inhibitory activity.12 Hydra-
zones are a special kind of Schiff base which possess the 
functional group C=N-NH-C(O). These compounds have 
interesting biological activities.13 Moreover, the electronic 
withdrawing groups like F, Cl and NO2 can improve the 
biological activities.14 Recently, we have reported a series of 
hydrazones, and found that N’-(3-methoxyben-
zylidene)-4-nitrobenzohydrazide and 2-cyano-N’-(4-di-
ethylamino-2-hydroxybenzylidene)acetohydrazide have 
effective activity on xanthine oxidase.15 However, the xan-
thine oxidase inhibition of hydrazones has rarely been 
studied so far. Aiming at obtaining new xanthine oxidase 
inhibitors, we report herein four new hydrazones (Scheme 
1), 3-chloro-N’-(4-fluorobenzylidene)benzohydrazide (1), 
2-chloro-N’-(4-fluorobenzylidene)benzohydrazide (2), 
N’-(4-fluorobenzylidene)-4-nitrobenzohydrazide (3), and 
N’-(4-fluorobenzylidene)-3-nitrobenzohydrazide (4). were 
synthesized and characterized. Their xanthine oxidase in-
hibitory activity was studied. 

2. Experimental
2. 1. Materials and Methods

4-Fluorobenzaldehyde, 3-chlorobenzohydrazide, 
2-chlorobenzohydrazide, 4-nitrobenzohydrazide, 3-ni-
trobenzohydrazide and solvents were obtained from com-
mercial suppliers and used as received. Elemental analyses 
for C, H and N were performed on a Perkin-Elmer 240C 
elemental analyzer. IR spectra were recorded on a Jasco 
FT/IR-4000 spectrometer as KBr pellets in the 4000–400 
cm–1 region. 1H NMR data were performed on a Bruker 
300 MHz instrument. X-ray single crystal diffraction was 
determined on a Bruker SMART 1000 CCD diffractome-
ter.

2. 2. Synthesis of the Compounds
The four compounds were synthesized with the same 

method as described. 4-Fluorobenzaldehyde (0.12 g, 1.0 
mmol) and 1.0 mmol benzohydrazide were respectively 
dissolved in 20 mL methanol. Then, the two precursors 
were mixed and stirred at room temperature for 30 min to 
give clear solution. The solution was stand still in air, and 
slow evaporate for a few days to obtain X-ray quality single 
crystals.

3-Chloro-N’-(4-fluorobenzylidene)benzohydrazide (1)
The benzohydrazide is 3-chlorobenzohydrazide 

(0.17 g). Block colorless single crystals. Yield: 0.26 g (93%). 
Anal. Calc. for C14H12ClFN2O2 (%): C, 57.06; H, 4.10; N, 
9.51. Found (%): C, 57.23; H, 3.97; N, 9.40. IR data (cm–1): 
3217w (NH), 1665s (C=O), 1600m (C=N). 1H NMR (300 
MHz, d6-DMSO): δ 11.96 (s, 1H, NH), 8.46 (s, 1H, CH=N), 
7.97 (s, 1H, ArH), 7.88 (d, 1H, ArH), 7.82 (d, 2H, ArH), 
7.70 (d, 1H, ArH), 7.60 (t, 1H, ArH), 7.32 (t, 2H, ArH).

2-chloro-N’-(4-fluorobenzylidene)benzohydrazide (2)
The benzohydrazide is 2-chlorobenzohydrazide 

(0.17 g). Block colorless single crystals. Yield: 2.4 g (87%). 
Anal. Calc. for C14H10ClFN2O (%): C, 60.77; H, 3.64;  
N, 10.12. Found (%): C, 60.61; H, 3.72; N, 10.21. IR data 
(cm–1): 3235w (NH), 1666s (C=O), 1602m (C=N). 1H 
NMR (300 MHz, d6-DMSO): δ 11.90 (s, 1H, NH), 8.28 (s, 
1H, CH=N), 7.82 (d, 2H, ArH), 7.55-7.60 (m, 2H, ArH), 
7.50 (m, 2H, ArH), 7.30 (d, 1H, ArH), 7.17 (t, 1H, ArH).

N’-(4-fluorobenzylidene)-4-nitrobenzohydrazide (3)
The benzohydrazide is 4-nitrobenzohydrazide (0.18 

g). Prism yellow single crystals. Yield: 2.6 g (91%). Anal. 
Calc. for C14H10FN3O3 (%): C, 58.54; H, 3.51; N, 14.63. 
Found (%): C, 58.37; H, 3.62; N, 14.47. IR data (cm–1): 
3226w (NH), 1653s (C=O), 1604m (C=N), 1522s and 
1345s (NO2). 1H NMR (300 MHz, d6-DMSO): δ 12.17 (s, 
1H, NH), 8.49 (s, 1H, CH=N), 8.40 (d, 2H, ArH), 8.18 (d, 
2H, ArH), 7.85 (d, 2H, ArH), 7.35 (d, 2H, ArH).

N’-(4-fluorobenzylidene)-3-nitrobenzohydrazide (4)
The benzohydrazide is 4-nitrobenzohydrazide (0.18 

g). Block yellow single crystals. Yield: 2.5 g (87%). Anal. 
Calc. for C14H10FN3O3 (%): C, 58.54; H, 3.51; N, 14.63. 
Found (%): C, 58.41; H, 3.45; N, 14.50. IR data (cm–1): 
3227w (NH), 1649s (C=O), 1608m (C=N), 1532s and 
1350s (NO2). 1H NMR (300 MHz, d6-DMSO): δ 12.20 (s, 
1H, NH), 8.78 (s, 1H, ArH), 8.51 (s, 1H, CH=N), 8.48 (d, 
1H, ArH), 8.38 (d, 1H, ArH), 7.89–7.82 (m, 3H, ArH), 7.35 
(d, 2H, ArH).

2. 3. Xanthine Oxidase Inhibition Assay
The xanthine oxidase activity with xanthine as sub-

strate was measured according to the method reported by 
Kong and co-workers with modification.16 The activity  
of xanthine oxidase was measured by uric acid forma- 
tion monitored at 295 nm. The assay was performed in 
K2HPO4 (1.0 mL, 50 mmol L–1) in a quartz cuvette. The 
reaction mixture contains xanthine (200 mL, 84.8 mg mL–1) 
in the solution of K2HPO4, and various concentrations of 
tested compounds (50 mL). The reaction was started by ad-
dition of xanthine oxidase (66 mL, 37.7 mU mL–1), and 
monitored for 6 min at 295 nm and the product was ex-
pressed as mmol uric acid per minute. The reactions kinet-
ic were linear during these 6 min of monitoring.

2. 4. Docking Simulations
Molecular docking study of the molecules of the hy-

drazones into the three-dimensional structure of xanthine 
oxidase (1FIQ in the Protein Data Bank) was carried out 
by using AutoDock 4.2. AutoGrid component of the pro-
gram calculates a three-dimensional grid of interaction 
energies based on the macromolecular target using AM-
BER force field. The cubic grid box of 60 × 60 × 60 Å3 
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points in x, y, and z direction with a spacing of 0.375 Å and 
grid maps were created representing the catalytic active 
target site region where the native ligand was embedded. 
Then automated docking studies were carried out to eval-
uate the biding free energy of the inhibitor within the mac-
romolecules. The GALS search algorithm (genetic algo-
rithm with local search) was chosen to search for the best 
conformers. The parameters were set using ADT (Auto-
DockTools 1.5.4) on PC which is associated with Auto-
Dock 4.2. Default settings were used with an initial popu-
lation of 100 randomly placed individuals, a maximum 
number of 2.5 × 106 energy evaluations, and a maximum 
number of 2.7 × 104 generations. A mutation rate of 0.02 
and a crossover rate of 0.8 were chosen. Give overall con-
sideration of the most favorable free energy of biding and 
the majority cluster, the results were selected as the most 
probable complex structures.

2. 5. �Data Collection, Structural 
Determination and Refinement
The collected data were reduced with SAINT,17 and 

multi-scan absorption correction was performed with 
SADABS.18 The structures of the compounds were solved 
by direct method and refined against F2 by full-matrix 
least-squares method using SHELXTL.19 All non-hydro-
gen atoms were refined anisotropically. The water H atoms 

in 1, and all amino H atoms in the four compounds were 
located from difference Fourier maps and refined isotrop-
ically, with O–H, N–H and H···H distances restrained to 
0.85(1), 0.90(1) and 1.37(2) Å, respectively. The remaining 
H atoms were placed in calculated positions and con-
strained to ride on their parent atoms. The crystallograph-
ic data for the compounds are summarized in Table 1.

3. Results and Discussion
3. 1. Chemistry

The hydrazones were facile prepared by reaction of 
4-fluorobenzaldehyde with 3-chlorobenzohydrazide, 
2-chlorobenzohydrazide, 4-nitrobenzohydrazide, and 
3-nitrobenzohydrazide, respectively in 1:1 molar ratio in 
MeOH. X-ray diffraction quality single crystals were ob-
tained by slow evaporation method. All the compounds 
are soluble in MeOH, EtOH, MeCN, DMF and DMSO.

3. 2. Structure Description of the Compounds
The molecular structures of the hydrazones 1–4 are 

shown in Figs. 1–4, respectively. Selected bond lengths and 
angles are listed in Table 2. Compound 1 contains one hy-
drazone molecule and a water molecule of crystallization. 

Table 1. Crystallographic and experimental data for the compounds. 

Compound	 1	 2	 3	 4

Formula	 C14H12ClFN2O2	 C14H10ClFN2O	 C14H10FN3O3	 C14H10FN3O3
Mr	 294.71	 276.69	 287.25	 287.25
T (K)	 298(2)	 298(2)	 298(2)	 298(2)
Crystal system	 Monoclinic	 Triclinic	 Monoclinic	 Orthorhombic
Space group	 P21/n	 P-1	 P21/c	 Pbca
a (Å)	 4.7433(8)	 5.0121(11)	 13.8257(15)	 14.9204(13)
b (Å)	 12.7365(12)	 10.8580(13)	 12.6853(13)	 15.1431(13)
c (Å)	 23.1503(15)	 12.3750(13)	 7.6638(11)	 23.7602(15)
α (°)	 90	 97.413(1)	 90	 90
β (°)	 94.576(1)	 93.367(1)	 101.447(1)	 90
γ (°)	 90	 96.951(1)	 90	 90
V (Å3)	 1394.1(3)	 661.03(18)	 1317.4(3)	 5368.4(7)
Z	 4	 2	 4	 16
Dc (g cm–3)	 1.404	 1.390	 1.448	 1.422
µ(Mo-Ka) (mm–1)	 0.288	 0.293	 0.114	 0.112
F(000)	 608	 284	 592	 2368
Reflections collected	 5057	 3475	 5358	 49187
Unique reflections	 1658	 2427	 1790	 4816
Observed reflections [I ≥ 2σ(I)]	 1291	 1979	 1411	 2517
Parameters	 190	 175	 193	 385
Restraints	 4	 1	 1	 2
GooF on F2	 1.031	 1.048	 1.039	 1.050
R1, wR2 [I ≥ 2σ(I)]a	 0.0360, 0.0803	 0.0421, 0.1097	 0.0339, 0.0813	 0.0508, 0.0863
R1, wR2 (all data)a	 0.0515, 0.0878	 0.0519, 0.1179	 0.0476, 0.0892	 0.1397, 0.1122
∆ρmax/∆ρmin, (eÅ–3)	 0.214, –0.227	 0.246, –0.286	 0.133, –0.150	 0.150, –0.190

aR1 = Fo – Fc/Fo, wR2 = [∑ w(Fo
2 – Fc2)/∑ w(Fo

2)2]1/2
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Compound 4 contains two independent hydrazone mole-
cules. All the hydrazone molecules of the compounds 
adopt E configuration with respect to the methylidene 
units. The distances of the methylidene bonds, ranging 
from 1.26 to 1.28 Å, confirm them as typical double bonds. 
The shorter distances of the C–N bonds and the longer dis-
tances of the C=O bonds for the –C(O)–NH– units than 
usual, suggest the presence of conjugation effects in the 
molecules. All bond lengths in the compounds are compa-
rable to each other, and within normal values.20 The dihe-
dral angles formed by the two benzene rings of the hydra-
zone molecules are 9.9(4)° for 1, 8.1(5)° for 2, 75.0(5)° for 
3, and 26.8(4)° and 19.3(4)° for 4.

The hydrogen bonds information is summarized in 
Table 3. In the crystal structure of compound 1, the hydra-
zone and water molecules are linked through O‒H···O, 
N‒H···O and C‒H···O hydrogen bonds, to form two-di-
mensional sheets parallel to the ab plane. The sheets are 
further linked through C‒H···F hydrogen bonds along the 
c axis, to form three-dimensional network (Fig. 5). In the 
crystal structure of compound 2, the hydrazone molecules 
are linked through N‒H···O and C‒H···O hydrogen bonds, 
to form one-dimensional chains running along the a axis 
(Fig. 6). In the crystal structure of compound 3, the hydra-
zone molecules are linked through N‒H···O hydrogen 
bonds, to form one-dimensional chains along the c axis. 
The chains are further linked by C‒H···F hydrogen bonds, 
to form two-dimensional sheets parallel to the ac plane 
(Fig. 7). In the crystal structure of compound 4, the hydra-
zone molecules are linked through N‒H···O, C‒H···O and 
C‒H···F hydrogen bonds, to form two-dimensional sheets 
parallel to the ac plane (Fig. 8). In addition, the weak π···π 
interactions among the benzene rings with centroid to 
centroid distances of 3.6‒4.0 Å are observed in 3 and 4 (Ta-
ble 4).

Table 2. Selected bond lengths (Å) and angles (º) for the com-
pounds.

	 1	 2	 3	 4

C7–N1	 1.275(3)	 1.272(2)	 1.273(2)	 1.271(4)
N1–N2	 1.381(3)	 1.382(2)	 1.391(2)	 1.382(4)
N2–C8	 1.340(3)	 1.348(2)	 1.343(2)	 1.345(4)
C8–O1	 1.235(3)	 1.219(2)	 1.234(2)	 1.234(4)
C22–N4				    1.275(4)
N4–N5				    1.386(3)
N5–C23				    1.343(4)
C23–O4				    1.231(4)
C7–N1–N2	 115.6(2)	 115.5(2)	 114.1(2)	 115.8(2)
N1–N2–C8	 118.5(2)	 120.2(2)	 120.3(2)	 117.9(2)
N2–C8–C9	 117.4(2)	 114.1(2)	 113.5(2)	 117.1(2)
N2–C8–O1	 122.1(2)	 123.0(2)	 124.1(2)	 122.7(2)
C22–N4–N5				    114.6(3)
N4–N5–C23				    118.8(3)
N5–C23–C24				    116.6(3)
N5–C23–O4				    122.6(3)

Table 3. Hydrogen bond distances (Å) and bond angles (°) for the 
compounds. 

D–H∙∙∙A	 d(D–H)	 d(H∙∙A) 	 d(D∙∙∙A) 	 Angle
				    (D–H∙∙∙A)

1	 			 
O2–H2B∙∙∙O1#1	 0.85(1)	 1.95(1)	 2.800(3)	 174(3)
O2–H2A∙∙∙O1#2	 0.85(1)	 2.00(1)	 2.817(3)	 162(3)
N2–H2∙∙∙O2#3	 0.90(1)	 1.98(1)	 2.865(3)	 168(3)
C12–H12∙∙∙F1#4	 0.93	 2.51(2)	 3.441(3)	 176(3)

2	 			 
N2–H2A∙∙∙O1#5	 0.89(1)	 2.04(2)	 2.862(2)	 153(2)
C7–H7∙∙∙O1#5	 0.93	 2.52(2)	 3.194(3)	 130(3)

3	 			 
N2–H2∙∙∙O1#6	 0.90(1)	 1.99(1)	 2.871(2)	 165(2)
C11–H11∙∙∙F1#7	 0.93	 2.50(2)	 3.275(3)	 141(3)

4	 			 
N2–H2∙∙∙O4#8	 0.90(1)	 2.13(2)	 2.970(3)	 154(2)
N5–H5∙∙∙O1#9	 0.90(1)	 2.06(1)	 2.953(3)	 172(3)
C5–H5A∙∙∙F2#10	 0.93	 2.38(2)	 3.276(3)	 161(3)
C10–H10∙∙∙O4#8	 0.93	 2.49(2)	 3.400(3)	 165(3)

Symmetry codes: #1: 1 + x, –1 + y, z; #2: x, –1 + y, z; #3: – x, – y, 1 
– z; #4: 5/2 + x, ½ – y, ½ + z; #5: –1 + x, y, z; #6: x, ½ – y, ½ + z; #7: 
1 + x, ½ – y, ½ + z; #8: –½ + x, y, ½ – z; #9: x, ½ – y, ½ + z; #10: 1 – x, 
– y, 1 – z.

Fig. 1. A perspective view of the molecular structure of 1 with the 
atom labeling scheme. Thermal ellipsoids are drawn at the 30% 
probability level.

Fig. 2. A perspective view of the molecular structure of 2 with the 
atom labeling scheme. Thermal ellipsoids are drawn at the 30% 
probability level.

Fig. 3. A perspective view of the molecular structure of 3 with the 
atom labeling scheme. Thermal ellipsoids are drawn at the 30% 
probability level.
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Table 4. Parameters between the planes for compounds 3 and 4. 

Cg	 Distance	 Dihedral	 Perpendicular	 Beta	 Gamma	 Perpendicular
	 between	 angle	 distance of	 angle	 angle	 distance
	 ring centroids	 (º)	 Cg(I) on	 (º)	 (º)	 of Cg(J) on
	 (Å)		  Cg(J) (Å)			   Cg(I) (Å)

3						    
Cg1–Cg1#11	 3.6099	 0	 –3.3962	 19.81	 19.81	 –3.3962
Cg2–Cg2#12	 3.9006	 0	 –3.5234	 25.41	 25.41	 –3.5234

4						    
Cg3–Cg4#13	 3.9169	 19.287	 –3.4087	 10.85	 29.51	 –3.8469
Cg3–Cg5#14	 3.7954	 5.865	 –3.4527	 25.86	 24.54	 3.4155
Cg4–Cg3#15	 3.9169	 19.287	 –3.8469	 29.51	 10.85	 –3.4087
Cg4–Cg4#16	 3.9285	 0	 3.4687	 28.00	 28.00	 3.4687
Cg5–Cg3#14	 3.7954	 5.865	 3.4155	 24.54	 25.86	 3.4155

Cg1 and Cg2 are the centroids of C1-C2-C3-C4-C5-C6 and C9-C10-C11-C12-C13-C14 in 3, respectively. Cg3, 
Cg4 and Cg5 are the centroids of C1-C2-C3-C4-C5-C6, C9-C10-C11-C12-C13-C14 and C24-C25-C26-C27-
C28-C29 in 4, respectively. Symmetry codes: #11: – x, 1 – y, – z; #12: 1 – x, – y, 1 – z; #13: ½ + x, ½ – y, – z; #14: x, 
y, z; #15: –½ + x, ½ – y, – z; #16: – x, 1 – y, – z.

Fig. 5. The packing diagram of 1. Dashed lines represent O–H∙∙∙O, 
N–H∙∙∙O and C–H∙∙∙F interactions. C: silver; H: the smallest green; 
F: middle green; Cl: the largest green; N: blue; O: red.

Fig. 6. The packing diagram of 2. Dashed lines represent N–H∙∙∙O 
and C–H∙∙∙O interactions. C: silver; H: the smallest green; F: middle 
green; Cl: the largest green; N: blue; O: red.

Fig. 4. A perspective view of the molecular structure of 4 with the atom labeling scheme. Thermal ellipsoids are drawn at the 30% probability level.
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Fig. 7. The packing diagram of 3. Dashed lines represent N–H∙∙∙O 
and C–H∙∙∙F interactions. C: silver; H: the smallest green; F: the larg-
est green; N: blue; O: red.

3. 4. IR and 1H NMR Spectra
In the IR spectra of the compounds, the weak and 

sharp bands at 3217 cm–1 (1), 3235 cm–1 (2), 3226 cm–1 
(3) and 3227 cm–1 (4) are due to the N−H stretching vi-
brations. The compounds exhibit intense absorptions at 
1649−1666 cm–1, which can be attributed to the C=O vi-
brations. The strong absorptions at 1600−1608 cm–1 can 
be attributed to the C=N vibrations.21 The bands indica-
tive of the νas(NO2) and νs(NO2) vibrations are observed 
at 1522 and 1345 cm–1 for 1, and 1532 and 1350 cm–1 for 
2.21

In the 1H NMR spectra of the compounds, the ab-
sence of NH2 signals and the appearance of peaks for 
NH protons in the region δ = 11.96–12.20 ppm and im-
ine CH protons in the region δ = 8.30–8.51 ppm con-
firms the synthesis of the hydrazones. The aromatic pro-
ton signals were found in their respective regions with 
different multiplicities, confirming their relevant substi-
tution pattern.

3. 5. Pharmacology
The assay of xanthine oxidase inhibition was per-

formed for three parallel times. The results are given in 

Table 5. Allopurinol is a commercial xanthine oxidase 
inhibitor, which was used as a control drug. The per-
cent of inhibition for the drug is 81.3 ± 2.8% at the con-
centration of 100 μmol L–1, and the IC50 value is 8.5 ± 
2.1 μmol L–1. Compounds 1 and 2 have similar activi-
ties, with the percent of inhibition in the range of 67–
73% and with IC50 value of 14–16 μmol L–1. Com-
pounds 3 and 4 also have similar activities, with the 
percent of inhibition in the range of 85–90% and with 
IC50 value of 6–7 μmol L–1. Compounds 3 and 4 have 
better activities than allopurinol. The merely differ-
ence between compounds 1, 2 and 3, 4 are the Cl and 
NO2 substituent groups. Thus, it is not difficult to con-
clude that NO2 group contributes to the inhibition. 
This agrees well with our previously reported paper 
that NO2 is a preferred group for the inhibition pro-
cess.15b These findings are also coherent with the re-
sults reported in the literature that the existence of 
electron-withdrawing groups in the benzene rings can 
enhance the activities.22

Fig. 8. The packing diagram of 4. Dashed lines represent N–H∙∙∙O, 
C–H∙∙∙O and C–H∙∙∙F interactions. C: silver; H: the smallest green; 
F: the largest green; N: blue; O: red.
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Table 5. Inhibition of xanthine oxidase by the assayed compounds. 

Tested	 Percent of	 IC50
materials	 Inhibitiona	 (μmol L–1)

1	 67.5 ± 2.6	 15.2 ± 1.3
2	 72.3 ± 2.5	 14.3 ± 1.7
3	 89.7 ± 2.3	 6.1 ± 1.5
4	 85.6 ± 3.0	 6.3 ± 1.6
Allopurinol	 81.3 ± 2.8	 8.5 ± 2.1

a The concentration of the tested material is 100 μmol L–1.

3. 6. Molecular Docking Study

Molecular docking technique was carried out to 
study the binding mode between the compounds and the 
active sites of xanthine oxidase (1FIQ in the Protein Data 
Bank). Allopurinol was used to verify the model of dock-
ing, with docking score of –6.27. Figs. 9-12 are the binding 
model for the four compounds, which show that the com-
pounds can enter into the active pocket of the enzyme. The 
docking scores are –8.04 (1), –8.09 (2), –9.02 (3), and 
–9.21 (4), which are lower than allopurinol. The molecules 
of 1 and 2 bind with the enzyme through N–H∙∙∙N hydro-
gen bonds with ALA1079. The molecules of 3 and 4 bind 
with the enzyme through N–H∙∙∙O hydrogen bonds with 
ARG880 and THR1010.

Fig. 9. 2D binding mode of 1 with the active site of xanthine oxi-
dase. Dashed lines represent N–H∙∙∙N interactions.

Fig. 10. 2D binding mode of 2 with the active site of xanthine oxi-
dase. Dashed lines represent N–H∙∙∙N interactions.

Fig. 11. 2D binding mode of 3 with the active site of xanthine oxi-
dase. Dashed lines represent N–H∙∙∙O interactions.



531Acta Chim. Slov. 2023, 70, 524–532

Zhao et al.:   Syntheses, Characterization, Crystal Structures and   ...

4. Conclusion
The present work reports the synthesis, X-ray crystal 

structures and xanthine oxidase inhibitory activity of four 
hydrazones. The compounds were characterized by CHN 
elemental analysis, infrared and 1H NMR spectra, and sin-
gle crystal X-ray determination. Among the compounds, 
those containing nitro groups have effective xanthine oxi-
dase inhibitory activities with IC50 values of 6‒7 μmol L–1, 
which may be used as potential xanthine oxidase inhibi-
tors. The molecules of the compounds filled well with the 
active pocket of the enzyme by hydrogen bonds.
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Povzetek
Štiri nove fluor vsebujoče hidrazone smo sintetizirali iz 4-fluorobenzaldehida s kloro- in nitro-substituiranimi benzohi-
drazidi. To so 3-kloro-N’-(4-fluorobenziliden)benzohidrazid (1), 2-kloro-N’-(4-fluorobenziliden)benzohidrazid (2), 
N’-(4-fluorobenziliden)-4-nitrobenzohidrazid (3) in N’-(4-fluorobenziliden)-3-nitrobenzohidrazid (4). Spojine smo 
okarakterizirali z IR in 1H NMR spektroskopijo ter z rentgenskih monokristalno strukturno analizo. Inhibitorna ak-
tivnost ksantin oksidaze (XO) je pokazala, da sta nitro-substituirani spojini 3 in 4 aktivni. Izvedli smo docking simulacijo 
z vstavitvijo molekul spojin v aktivno mesto v kristalni strukturi ksantin oksidaze, da bi raziskali možne načine vezave.
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