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Synthesis, Structures, and Helicobacter Pylori Urease Inhibition
of Oxovanadium(V) Complexes with Hydrazones
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Abstract: Two new structural similar oxovanadium(V) complexes with the formulae [VOL(OCH;)(CH;0H)] (L=L'=
2-chloro-N’-(5-chloro-2-hydroxybenzylidene)benzohydrazide  (1); L=12=2-chloro-N"-(2-hydroxy-3-methoxybenzyli-
dene)benzohydrazide (2)), have been synthesized and characterized by physico-chemical methods and single-crystal
X-ray diffraction. The V atom in each complex is in an octahedral coordination, with the three donor atoms of L
and one methanolato O atom defining the equatorial plane, and with one oxo O atom and one methanol O atom
occupying the axial positions. The complexes were evaluated for their urease inhibitory activities. The percent
inhibition of the complexes 1 and 2 at the concentration of 100 wmol -L™" on Helicobacter pylori urease are
82.0%+2.8% and 28.2%=+1.7%. The molecular docking study of the complexes with the urease was performed.
CCDC: 844338, 1; and 844339, 2.
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Urease has important negative effects in human, Among the versatile metal complexes, those derived
stockbreeding, and agriculture!™. Control of the activity from hydrazones have received particular attention in
of urease through the use of inhibitors could counteract biological and medicinal chemistry™. In recent years,
these negative effects. The metal complexes have been the vanadium complexes have been reported to have
proved to be a kind of versatile enzyme inhibitors . interesting biological activities such as normalizing
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the high blood glucose levels and acting as models of
haloperoxidases®™. Tt is notable that Ara and co-workers
reported that the binuclear vanadium (IV) complexes
possess interesting urease inhibitory activities!"". Aslam
and co-workers reported that the Schiff bases with
hydrazone type also possess urease inhibitory
activities!™. In order to evaluate the urease inhibitory
activities of the vanadium complexes with hydrazone
ligands, in the present paper, two new oxovanadium(V)
complexes with the formulae [VOL(OCH;)(CH;0H)]
(L= L' = 2-chloro-N"-(5-chloro-2-hydroxybenzylidene)
(1); L=L>=2-chloro-N" -(2-hydroxy-3-
(2); Scheme 1),

have been synthesized and structurally characterized.

benzohydrazide
methoxybenzylidene)benzohydrazide

The urease inhibitory activity and the molecular
docking analysis of the complexes with Helicobacter

pylori urease were investigated.

OH

Lt X=H, Y=CI
L% X=OCH,, Y=H

Scheme 1 The hydrazone ligands

1 Experimental

1.1 General methods and materials

Starting materials, reagents and solvents were
purchased from commercial suppliers and purified
before use. Protease inhibitor (Complete Mini EDTA-
free) was purchased from Roche Diagnostics GmbH
(Mannhein, Germany) and brucella broth was from
Becton-Dickinson  (Cockeysville, MD). Horse serum
was obtained from Hyclone (Utah, America). Elemental
analyses were performed on a Perkin-Elmer 240C
elemental analyzer. The IR spectra were recorded on
a Jasco FT/IR-4000 spectrometer as KBr pellets in
the 4 000~200 cm™ region. Molar conductance was
measured with a Shanghai DDS-11A conductometer.
X-ray diffraction was carried out on a Bruker SMART
1000 CCD diffractometer.

1.2 Synthesis of the complexes
[VOL(OCH;)(CH;0H)] (1): 5-Chlorosalicylalde-

hyde (0.156 g, 1 mmol) and 2-chlorobenzohydrazide

(30 mL).

The mixture was stirred at ambient temperature for 30

(0.171 g, 1 mmol) were mixed in methanol

min to give colorless solution. To the solution was
added with stirring a methanolic solution (15 mL) of VO
(acac), (0.27 g, 1 mmol). The final mixture was further
stirred for 30 min at ambient temperature to give a deep
brown solution. Upon standing at room temperature,
brown block-shaped crystals of 1, suitable for X-ray
crystal structural determination were formed. The
crystals were isolated, washed three times with cold
methanol and dried in air. Yield 63%. IR data (cm™):
3 214 (br, w), 1 606 (s), 1 542 (s), 1 507 (m), 1 474
(w), 1 463 (m), 1 474 (w), 1 379 (m), 1 348 (s), 1 278
(), 1 195 (m), 1 146 (w), 1 092 (w), 1 050 (s), 1 019
(W), 973 (s), 949 (w), 912 (w), 882 (w), 823 (w), 775
(w), 743 (m), 669 (w), 636 (m), 593 (w), 573 (w), 501
(w), 486 (w), 452 (w), 425 (w), 406 (w), 349 (w). Anal.
Caled. for C¢HsCIN,05V(%): C, 44.0; H, 3.5; N, 6.4.
Found(%): C, 43.7; H, 3.6; N, 6.5.

[VOL?(OCH3) (CH;0H)] (2): The complex 2 was
prepared and crystallized by the similar procedure as
that described for 1, with S-chlorosalicylaldehyde
replaced with 3-methoxysalicylaldehyde (0.152 g, 1
mmol). Yield 72%. IR data (cm™): 3 336 (br, w), 1 614
(s), 1 559 (s), 1 530 (m), 1 474 (m), 1 450 (m), 1 437 (m),
1352 (m), 1276 (m), 1 257 (s), 1 224 (w), 1 148 (w), 1 107
(w), 1 071 (m), 1 055 (m), 1 026 (w), 982 (m), 919 (w),
869 (w), 756 (w), 735 (m), 662 (w), 621 (m), 591 (w),
498 (w), 445 (w), 423 (w), 382 (w), 358 (w). Anal.
Caled. for C;H3CIN,OgV (%): C, 47.2; H, 4.2; N, 6.5.
Found(%): C, 47.1; H, 4.1; N, 6.5.

1.3 X-ray crystallography

Diffraction intensities for the complexes were
collected at 298(2) K using a Bruker SMART 1000 CCD
area-detector diffractometer with Mo Ka radiation (A=
0.071 073 nm). The collected data were reduced with
the SAINT program™, and multi-scan absorption corr-
ection was performed using the SADABS program ™.
The structures were solved by direct method and

refined against F'* by full-matrix least-squares method
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using the SHELXTL package!™. All of the non-hydrogen
atoms were refined anisotropically. The methanol H
atoms in the complexes were located from difference
Fourier maps and refined isotropically, with O-H
distances restrained to 0.085(1) nm. The remaining
hydrogen atoms were placed in calculated positions and
constrained to ride on their parent atoms. The
crystallographic data for the complexes are summarized
in Table 1. Selected bond lengths and angles are given
in Table 2. Crystallographic data for the complexes
have been deposited with the Cambridge Crystallogra-
phic Data Centre.
CCDC: 844338, 1; and 8443309, 2.

1.4 Urease inhibitory activity assay

(ATCC 43504; American
Type Culture Collection, Manassas, VA) was grown in
broth 10%
inactivated horse serum for 24 h at 37 °C under
microaerobic condition (5% O, 10% CO,, and 85%
N,). The method of preparation of Helicobacter pylori

Helicobacter pylori

brucella supplemented  with heat-

urease by Mao'"! was followed. Briefly, broth cultures
(50 mL, 2.0x10* CFU -mL™) were centrifuged (5 000 g,
4 °C) to collect the bacteria, and after washing twice

(pH 7.4), the
Helicobacter pylori precipitation was stored at —80 °C.

saline

with  phosphate-buffered

While the Helicobacter pylori was returned to room

Table 1 Crystal data for the complexes

Complex

Chemical Formula
Formula weight
Crystal shape / colour
Crystal size / mm
T/K

A (Mo Ka) / nm
Crystal system

Space group

a/ nm

b / nm

¢/ nm

B/ ()

V [/ nm®

A

©n (Mo Ket) / em™

T

T

D,/ (g-em™)
Reflections collected
Independent reflections
Observed reflections (I=201(1))
Parameters

Restraints
Goodness-of-fit on F
R,

R, (I=20(1))

wR, (I=20(1))

R, (all data)

wR, (all data)

1 2
C1eH1sCLN0sV CpHisCIN,OgV
437.1 432.7

Block / brown

Block / brown

0.27x0.23x0.22 0.17x0.13x0.13
298(2) 298(2)
0.071 073 0.071 073
Monoclinic Monoclinic
C2/e P2/c
2.749 7(3) 0.975 0(3)
0.796 6(2) 1.955 3(7)
2.018 5(2) 1.088 9(4)
122.925(2) 112.896(3)
3.711 2(11) 1.912 3(11)
8 4

0.852 0.694
0.803 0.891
0.835 0915
1.565 1.503

10 223 11 881
3991 4126
2379 2 871

240 250

1 1

1.023 1.017
0.056 2 0.039 6
0.051 5 0.047 5
0.107 7 0.100 7
0.098 8 0.075 8
0.125 7 0.112 4
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Table 2 Selected bond lengths (nm) and angles (°) for the complexes

V1-01 0.185 2(2) V1-02 0.194 7(2) V1-03 0.239 4(3)
V1-04 0.175 7(2) V1-05 0.157 8(3) VI-N1 0212 8(3)
05-V1-04 103.3(1) 05-V1-01 100.1(1) 04-V1-01 101.8(1)
05-V1-02 97.1(1) 04-V1-02 93.8(1) 01-V1-02 153.3(1)
05-V1-N1 96.4(1) 04-V1-N1 158.1(1) 01-V1-N1 84.0(1)
02-V1-N1 74.0(1) 05-V1-03 174.8(1) 04-V1-03 81.5(1)
01-V1-03 80.8(1) 02-V1-03 80.2(1) N1-V1-03 78.6(1)
V1-01 0.184 3(2) V1-03 0.196 4(2) V1-04 0.158 4(2)
V1-05 0.232 1(2) V1-06 0.178 2(2) VI-NI 0211 5(2)
04-V1-06 101.5(1) 04-V1-01 100.8(1) 06-V1-01 102.0(1)
04-V1-03 96.0(1) 06-V1-03 94.0(1) 01-V1-03 153.8(1)
04-VI-N1 96.4(1) 06-VI-N1 159.8(1) 01-VI-N1 83.6(1)
03-VI-N1 74.7(1) 04-V1-05 175.8(1) 06-V1-05 82.3(1)
01-V1-05 80.0(1) 03-V1-05 81.9(1) N1-V1-05 79.6(1)

temperature, and mixed with 3 mL of distilled water
and protease inhibitors, sonication was performed for
60 s. Following centrifugation (15 000 g, 4 °C), the
desalted through SephadexG-25

Amersham-Pharmacia

supernatant was
(PD-10

Biotech, Uppsala, Sweden). The resultant crude urease

column columns,
solution was added to an equal volume of glycerol and
stored at 4 °C until use in the experiment. The
mixture, containing 25 pL (4U) of Helicobacter pylori
urease and 25 pl of the test compound, was pre-
incubated for 3 h at room temperature in a 96-well
assay plate. Urease activity was determined by
measuring ammonia production using the indophenol
method as described by Weatherburn!"”.
1.5 Molecular docking study

Molecular docking of the complexes into the 3D
X-ray structures of Helicobacter pylori urease
structure (entry 1E9Y in the Protein Data Bank) was
carried out by using the AutoDock 4.2 software as
implemented through the graphical user interface
AutoDockTools (ADT 1.5.4).

The graphical user interface AutoDockTools was
employed to setup the enzymes: all hydrogens were
added, Gasteiger charges were calculated and non-

polar hydrogens were merged to carbon atoms. The Ni

initial parameters are set as r=0.117 nm, ¢=+2.0, and
van der Waals well depth of 0.418 kJ-mol™"™. The
AutoDockTools was used to generate the docking
input files. In the docking grid box size of 7.0 nmx7.0
nmx6.0 nm for both complexes points in x, v, and z
directions was built, the maps were centered on the
original ligand molecule in the catalytic site of the
protein. A grid spacing of 0.0375 nm and a distances-
dependent function of the dielectric constant were
used for the calculation of the energetic map. 100
runs were generated by using Lamarckian genetic
algorithm searches. Default settings were used with an
initial population of 50 randomly placed individuals, a
maximum number of 2.5x10° energy evaluations, and
a maximum number of 2.7 x10* generations. A
mutation rate of 0.02 and a crossover rate of 0.8 were
chosen. The results of the most favorable free energy
of binding were selected as the resultant complex

structures.
2 Results and discussion

2.1 Chemistry
The hydrazone ligands were readily prepared by
the condensation of 2-chlorobenzohydrazide with 5-

chlorosalicylaldehyde and 3-methoxysalicylaldehyde,
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X MCO OMe

H

X=H, Y=CI for 1; X=OCH,, Y=H for 2

Scheme 2 The preparation of the complexes

respectively, in methanol at ambient condition. The
hydrazones were not isolated and purified, which were
further used to prepare the oxovanadium complexes
with VO(acac), (Scheme 2). The single crystals were
obtained by slow evaporation of the methanolic
solution of the complexes. All of the ligands and the
complexes are stable in air at room temperature. The
molar conductivity of the complexes measured in
methanol at concentration of 10 mol-L™" are 18 -
cem?+mol™ for 1 and 15 Q7'-em?-mol™ for 2, indicating
the non-electrolytic nature of the complexes in
solution".
2.2 Structure description of the complexes

The molecular structures of the complexes 1 and
2 are shown in Fig.l and 2,

respectively. X-ray

crystallography reveals that the complexes are
structural similar oxovanadium (V) compounds, with
slight difference between the hydrazone ligands. Each
V atom in the complexes is in an octahedral
coordination, with the three donor atoms of L. and one
methanolato O atom defining the equatorial plane, and
with one oxo O atom and one methanol O atom
occupying the axial positions. The distances between
atoms V1 and O5 in 1, and atoms V1 and O4 in 2 are
in the range 0.157 8(3)~0.158 4(2) nm, indicating they
are typical V=0 bonds. The coordinate bond lengths
in the complexes are comparable to each other, and

also comparable to those observed in oxovanadium

complexes with octahedral coordination™?. The disto-
rtion of the octahedral coordination can be observed from
the coordinate bond angles, ranging from 74.0(1)°

103.3(1)° for 1, and from 74.7(1)° to 102.0(1)° for 2,
for the perpendicular angles, and from 153.3 (1)° to
174.8(1)° for 1, and from 153.8(1)° to 175.8(1)° for 2,
for the diagonal angles. The displacement of the V

Fig.1 Molecular structure of 1 with displacement

ellipsoids are drawn at 30% probability level

Fig.2  Molecular structure of 2 with displacement

ellipsoids are drawn at 30% probability level
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atoms from the equatorial planes toward the axial oxo
O atoms are 0.031 5(1) nm for 1, and 0.029 8(1) nm
for 2. The formation of the coordinate bonds with the
V atoms, together with the delocalization, lead to the
planarity of the hydrazone ligands. The dihedral
angles between the two substituted benzene rings are
65.1(2)° for 1, and 13.2(2)° for 2. In the crystal
structures of the complexes, molecules are linked
through intermolecular O —H --- N hydrogen bonds,

forming 1D chains, as shown in Fig.3 and 4.

Hydrogen bonds are shown as thin dashed lines

Fig.3 Molecular packing of 1 viewed along the ¢ axis

Hydrogen bonds are shown as thin dashed lines

Fig.4 Molecular packing of 2 viewed along the ¢ axis

2.3 Infrared spectra

The weak and broad absorptions centered at
3 214 em™ for 1 and 3 336 cm™ for 2, are assigned to
the vibrations of the hydroxyl groups of the coordinate
methanol molecules. The typical strong v(C=0) absor-
ption bands and the sharp »(N-H) absorption bands of
the free hydrazones are absent in the complexes,

indicating the enolisation of the amide functionalities

and subsequent proton replacement by the V atoms.
The strong absorption bands at 1 348 ¢cm™ for 1 and
1352 em™ for 2 are assigned to the »(C-O)(enolic)
vibrations. The strong absorption bands at 1 606 ¢cm™
for 1 and 1 614 ¢cm™ for 2 are assigned to the azome-
thine groups, v(C=N). The bands indicative of the V=
O vibrations are at 912 cm™ for 1 and 919 em™ for 2.
The close resemblance of the shape and the positions
of the bands suggest similar coordination modes for
the complexes, in accordance with the structural
features.
2.4 Pharmacology

The results of the urease inhibition are
summarized in Table 3. When compared with the
reference inhibitor acetohydroxamic acid (AHA), the
free hydrazones and the complex 2 have very weak
interactions against the urease. It is interesting that
complex 1 has effective activity with the percent
inhibition of 82.0+2.7 (100 wmol -L™), and with ICs,
value of (53.9£1.9) pmol L™, which is comparable to
those of the AHA, and much better than the vanadyl
sulfate with an 1Cs, value of (207+3) pwmol - L™,

Table 3 Inhibition of urease by the tested materials

Tested materials Percent inhibition

ICs / (pumol - L)

1 82.0+2.7 53.9+1.9
2 28.1+1.8 —
H,L! 18.2+1.5 —
H,l? 11.0£1.3 —
Vanadyl sulfate 22.3+2.7 207+3
Acetohydroxamic acid 89.3£3.2 42.0+2.5

Concentration of the tested material is 100 pmol - L™

Considering that the difference of the structures
is only the substituted groups of the benzene rings of
the hydrazone ligands, viz. 5-Cl for 1 and 3-OCH; for
2, it may conclude that the substitute groups of the
hydrazone ligands can severely influence the urease
inhibitory activities of the oxovanadium(V) complexes.
2.5 Molecular docking study

The molecular docking study was performed to
investigate the binding effects between the complex 1
and the active sites of the Helicobacter pylori urease.
In the X-ray structure available for the native

Helicobacter pylori urease, the two nickel atoms were



ER

SR AR I S ALV £ 0 0 6 G A B EC A0 ) 1) SERCE T T R E TF 1965

NI3001

HIS248
ASP362

Left: The interactions among the residues and the complex; Right: The enzyme is shown as Surface, and the complex is shown as sticks

Fig.5 Binding mode of 1 with Helicobacter pylori urease

coordinated by HIS136, HOS138, KCX219, HIS248,
HIS274, ASP362 and water molecules, while in the
AHA-inhibited urease, these water molecules were
replaced by AHA™. In order to give an explanation and
understanding of the inhibitory activity of the complex
1, molecular docking of the complex molecule into the
AHA binding site of the urease was performed. The
binding model of the complex with the urease was
depicted in Fig.5. It can be seen that the molecule of
1 is well filled in the active pocket of the urease, and
forms several short contacts with the residues of the
active center. However, the molecule of 2 is located at
the entry of the pocket, which is relatively far away
from the active center. The docking energy of the
complexes with the urease are —27.55 kJ -mol™ for 1
and —13.67 kJ *mol ™' for 2. It is notable that the
docking energy of 1 is much lower than that of the
AHA  (-20.94 kJ-mol™). The results of the molecular
docking study could explain the effective inhibitory

activity of 1 against Helicobacter pylori urease.
3 Conclusions

The present paper reports the synthesis and
structures of two new oxovanadium(V) complexes with
ligands. The

evaluated in vitro for their inhibitory activities against

similar hydrazone complexes were
Helicobacter pylori urease. The chloro-substituted
complex 1 shows effective inhibitory activity against
the urease. Considering the vanadium complexes have

interesting biological activities and have been widely

used in medicine, the complex 1 in this paper

deserves further modify to improve the activity.
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