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Abstract

A new dinuclear copper(II) complex [Cu,(p-Br),L,] - 0.5MeOH with the benzohydrazone ligand 4-bromo-N-(1-(pyri-
din-2-yl)ethylidene)benzohydrazide (HL) has been synthesized and characterized by elemental analysis, IR and UV-Vis
spectroscopic studies. Single crystal structures of the complex and the benzohydrazone compound were studied. The
Cu atoms in the complex are coordinated by two benzohydrazone ligands and two Br bridging groups, forming square
pyramidal coordination. The complex has good inhibitory activity on Jack bean urease, with ICs, value of 1.38 ymol - L.
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1. Introduction

Urease (urea amidohydrolase; E.C.3.5.1.5) is a nick-
el-containing enzyme that catalyzes the rapid hydrolysis of
urea to form ammonia.! It is harmful for environment, ag-
riculture and human health. In the last few years, urease
inhibitors have attracted much attention and numerous
urease inhibitors have been reported.? Among the known
urease inhibitors, hydroxamic acids, phosphoramides and
thiols are the best recognized species. Because the low effi-
ciency and negative side effect of the present urease inhib-
itors, the discovery of new and more efficient urease inhib-
itors is of high urgency.

Hydrazones constitute a class of famous ligands that
have attracted much attention for their versatile coordina-
tion behavior toward various metal ions,® and wide appli-
cations especially in biological fields such as antibacterial,*
antitumor,” anti-inflammatory® and cytotoxic,” etc. Inter-
estingly, hydrazone compounds have been reported to have
urease inhibitory activities.® Some vanadium complexes
with hydrazone ligands also show effective biological activ-
ities, like antibacterial and urease inhibitory aspects.® In
the last few years, a number of Schiff bases and their com-

plexes have shown effective urease inhibitory activities.'”
Among the complexes, those with copper atoms are of par-
ticularly attention due to their high activities on urease.!!
In continuation of our work,!? and aiming at obtaining new
copper based urease inhibitors, in this work, a new benzo-
hydraone = compound  4-bromo-N’-(1-(pyridin-2-yl)
ethylidene)benzohydrazide (HL, Scheme 1), and its cop-
per(II) complex, [Cu,(pu-Br),L,] - 0.5MeOH, are presented.
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Scheme 1. The hydrazone HL

2. Experimental

2. 1. Materials and Methods

2-Acetylpyridine and 4-bromobenzohydrazide with
analytical grade were purchased from TCI. All other
chemicals were obtained from Xiya Chemical Co. Ltd. All
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the starting materials were used as received. Elemental
analyses (CHN) were performed on a Perkin-Elmer 240 C
elemental analyzer. Infrared spectra were recorded on a
Jasco FT/IR-4000 spectrophotometer in the region
4000-400 cm! using KBr pellets. Electronic absorption
spectra were recorded with a Lambda 35 spectrophotome-
ter. 'H NMR and '3C NMR spectra for the benzohydra-
zone compound were recorded on a Bruker 500 MHz
spectrometer. Single crystal X-ray diffraction was carried
out with a Bruker SMART 1000 CCD diffractometer.

2. 2. Synthesis of 4-Bromo-N’-(1-(pyridin-2-
yl)ethylidene)benzohydrazide (HL)

2-Acetylpyridine (1.21 g, 0.01 mol) was dissolved in
50 mL methanol, to which was added 50 mL methanol
solution of 4-bromobenzohydrazide (0.21 g, 0.01 mol).
The mixture was stirred and refluxed for 1 h. Then, the sol-
vent was removed by distillation under reduced pressure.
The white solid residue was re-crystallized from methanol
to obtain colorless single crystals. Yield 2.9 g (76%).

Anal. Calcd for C,H,,BrN;0: C, 52.8; H, 3.8; N,
13.2%. Found: C, 53.0; H, 3.9; N, 13.0%. FT-IR data (KBr,
cm): v(NH) 3283, v(C=0) 1659, v(C=N) 1587. UV data
[103 mol L' in methanol, A/nm (¢/L mol~! cm™)]: 245
(15,300), 298 (18,100), 365 (7,600). 'H NMR (500 MHz,

d®-DMSO, ppm) & 10.92 (s, 1H, NH), 8.61 (d, 1H, PyH),
8.11 (d, 1H, PyH), 7.84-7.71 (m, 6H, PyH + ArH), 2.46 s
(3H, CHs). *C NMR (126 MHz, d5-DMSO, ppm) 8 163.19,
154.98, 148.56, 147.71, 136.54, 132.04, 130.11, 129.58,
125.22,124.81, 120.36, 12.63.

2. 3. Synthesis of [Cu,(u-Br),L,] - 0.5MeOH

The benzohydrazone HL (0.32 g, 1.0 mmol) was dis-
solved in methanol (30 mL), to which was added solid
CuBr; (0.22 g, 1.0 mmol). The mixture was stirred at room
temperature for 30 min. The solution was filtered to re-
move minor unresolved residues. The filtrate was kept in
air for several days to give blue block-shaped single crys-
tals of the complex. Yield: 183 mg (40%).

Anal. Calcd for Cyg sH,,Br,Cu,N¢O,5: C, 36.5; H,
2.6; N, 9.0. Found: C, 36.3; H, 2.5; N, 9.2%. FT-IR data
(KBr, cm™): v(C=0) 1648; v(C=N) 1591; 1446, 1373, 1160,
1077, 947, 855, 543, 522. UV data [10~3 mol L! in metha-
nol, A/nm (&/L mol™ cm™)]: 272 (12,300), 380 (13,100).
Ay (1073 M in methanol): 25 Q! cm? mol-L.

2. 4. X-Ray Crystallography

The X-ray data of the benzohydrazone compound
and the copper complex were collected at 298(2) K on a

Table 1. Crystal data for the benzohydrazone compound (HL) and the copper complex
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HL [Cu,(p-Br),L,] - 0.5MeOH
Formula C4H,BrN;0 Cys.5H,4Br,Cu,NO, 5
FW 318.2 937.2
Crystal shape/colour block/colorless block/blue
Crystal size /mm 0.10 x 0.07 x 0.06 0.20 x 0.20 x 0.15
Crystal system Triclinic Triclinic
Space group P1 P1
a(h) 4.0153(15) 8.7406(11)
b (A) 11.0020(19) 9.3175(13)
c(A) 15.6170(15) 11.5701(15)
a(°) 85.102(2) 75.321(2)
B () 87.249(2) 80.994(2)
Y (°) 89.880(2) 64.845(2)
V (A% 686.6(3) 823.79(19)
Z 2 1
A (MoKa) (A) 0.71073 0.71073
T (K) 298(2) 298(2)
y (MoKa) (cm™) 2.989 6.176
Tovin 0.7543 0.3714
Trnax 0.8410 0.4199
Rine 0.0482 0.0184
Reflections/parameters 4028/176 4423/209
Unique reflections 2527 3057
Observed reflections [I = 20(1)] 1332 2227
Restraints 1 13
Goodness of fit on F? 0.974 1.053

R, wR, [1=20(I)]
R}, wR, (all data)

0.0660, 0.1656
0.1324,0.2132

0.0427,0.1014
0.0710, 0.1155
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Table 2. Selected bond lengths (A) and angles (°) for the copper complex

Cul-N2 1.928(4)
Cul-N1 2.001(4)
Cul-Brl 2.8263(10)
N2-Cul-Ol 79.9(2)
O1-Cul-N1 160.3(2)
O1-Cul-BrlA 98.6(1)
N2-Cul-Brl 107.1(1)
N1-Cul-Brl 90.1(1)

Cul-O1 1.950(4)
Cul-BrlA 2.3966(9)
N2-Cul-N1 80.4(2)
N2-Cul-BrlA 157.5(2)
N1-Cul-BrlA 100.0(1)
O1-Cul-Brl 94.7(1)
Brl-Cul-BrlA 95.4(1)

Bruker SMART 1000 CCD diffractometer with graph-
ite-monochromated Mo Ka radiation (0.71073 A) from a
classical sealed tube. The intensity data were reduced with
SAINT." The multi-scan absorption correction was per-
formed with SADABS.!* Structures of the benzohydrazone
compound and the copper complex were solved with
SHELXTL by direct methods and refined against F? by
full-matrix least-squares method.!> All non-hydrogen at-
oms of the compounds were refined anisotropically. The
hydrogen atoms were placed in calculated positions and
constrained to ride on their parent atoms. Crystallograph-
ic data for the benzohydrazone compound and the copper
complex are summarized in Table 1. Selected bond lengths
and angles are given in Table 2.

3. Results and Discussion
3. 1. Synthesis

The benzohydazone compound was facile synthesized
by reaction of 2-acetylpyridine and 4-bromobenzohy-
drazide in methanol. The copper complex was readily
prepared by the self-assembly reaction of the benzohy-
drazone compound with copper bromide in methanol.
Single crystals of the ligand and the copper complex
were formed by typical slow evaporation method. Molar
conductivity of the copper complex in methanol with
a concentration of 1.0 x 10~ mol - L™! is 25 Q~l.cm?-
mol~}, indicating the non-electrolytic nature of the com-
plex.1®

Br
H
N \N/N + CuBrp ——
P

Scheme 2. The synthetic procedure for the copper complex

3. 2. Structure Description of the

Benzohydrazone Compound (HL)

The molecular structure of the benzohydrazone
compound is shown in Figure 1. The molecule shows E
configuration with respect for the ethylidene group (C=N).
The bond (C6-N2) with distance of 1.289(7) A, confirms a
typical double bond. In addition, the C8-N3 bond is short-
er than usual, while the C8=01 bond is longer than usual;
suggest there are conjugation effects in the molecule. All
the bond lengths are within normal values.*>!” The pyri-
dine and benzene rings form a dihedral angle of 57.5(5)°.
In the crystal structure of the complex, the adjacent two

Figure 1. Molecular structure of the benzohydrazone compound,
showing the atom-numbering scheme. Displacement ellipsoids are
drawn at the 30% probability level.
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Figure 2. Molecular packing structure of the benzohydrazone compound, viewed down the a axis. Hydrogen bonds are drawn as dotted lines.

molecules are linked through intermolecular N-H---O hy-
drogen bonds (Table 3), to generate a dimeric structure
(Figure 2).

3. 3. Structure Description of the Copper
Complex

Molecular structure of the dinuclear copper(II)
complex is shown in Figure 3. The compound contains a
copper complex molecule and half of a methanol mole-
cule. The Cu---Cu distance is 3.528(2) A. The complex pos-
sesses crystallographic inversion center symmetry. The
center is located at the central site of the two Cu atoms.
The ligand coordinates to the Cu atom through the imino
N, pyridine N, and enolate O atoms, generating five-mem-
bered chelate rings with bite angles of 79.9(2)° and
80.4(2)°. The Cu atom is in square pyramidal coordina-
tion, with the three donor atoms of the hydrazone ligand,

Figure 3. Molecular structure of the complex, showing the at-
om-numbering scheme. Displacement ellipsoids are drawn at the
30% probability level. Atoms labeled with the suffix A and unlabeled
atoms are related to the symmetry operation -x, -y, 1-z. The metha-
nol molecule is omitted for clarity.

Figure 4. Molecular packing structure of the complex, viewed down the a axis. Hydrogen bonds are drawn as dotted lines.

Table 3. Hydrogen bond distances (A) and bond angles (°) for HL and the complex

D-H--A d(D-H) d(H---A) d(D---A) Angle (D-H---A)
HL

N3-H3--01%! 0.90(1) 2.07(2) 2.963(6) 173(6)

The complex

C1-H1.-01%? 0.93 2.60(3) 3.400(5) 145(5)
C4-H4--Br1?? 0.93 2.89(3) 3.778(5) 160(5)

Symmetrycodes: #:2-x1-y,-z#2-x,-y,1-z#3:-x,1-y,1-z
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and one Br atom located at the basal plane, and with the
other Br atom at the apical site. The Cu atom deviates by
0.237(1) A from the basal plane. The bond lengths around
the Cu atom are within normal values with the reported
copper(Il) complexes derived from hydrazones.!® The
square pyramidal geometry is distorted, which are demon-
strated from the cis and trans bond angles of 79.9(2)-
107.1(2)° and 157.5(2)-160.3(2)°, respectively. The pyri-
dine and benzene rings form dihedral angle of 6.6(5)° in
the hydrazone ligand.

The neighboring molecules of the complex are con-
nected by hydrogen bonds (Table 3), to form dimeric struc-
ture (Figure 4). There exists C-H--7 interactions between
C1 atom and the Br1-Cul-Br1A-CulA ring, with the dis-
tance of 2.79(2) A.

3.4.IR and UV Spectra

The N-H and C=0 absorptions of the free hydrazone
HL are observed at 3283 cm™! and 1659 cm™!. The C=0
absorption is shifted to lower wave number, viz. 1648 cm™!
for the complex, indicates it participates in coordination.
The C=N absorptions of HL and the complex are located at
about 1590 cm™1.%%1°

The UV spectra of the free hydrazone and the com-
plex displayed strong bands in the region 270-300 nm,
which are assigned to the n-7* transition. The charge
transfer LMCT bands of the complexes are located in the
region 350-400 nm.*

3. 5. Pharmacology Study

The assay of the urease inhibitory activity was in ac-
cordance with the literature method.?! The free hydrazone
HL has weak activity, with inhibition rate of 13.5% at con-
centration of 100 ymol - L. However, the copper complex
has stronger activity than HL, with inhibition rate of 93.5%
at the same concentration, and with ICs, value of 1.38
pmol - L'L. The complex has even better activity than the
reference drug acetohydroxamic acid (IC5, = 28.1 ymol -
L!) and the copper perchlorate (ICs, = 8.8 gmol - L'!).

3. 6. Molecular Docking Study of the Complex

The molecular docking technique was used to study
the binding effects of the complex with the Jack bean ure-
ase. The binding models are shown in Figures 5 and 6. It is
clear that the complex molecule fits very well with the ure-
ase active pocket. Detailed interactions were established in
a variety of conformations of the complex molecule with
the amino acid residues of the urease. The docking score is
-7.13, which is lower than the reference drug acetohy-
droxamic acid (-5.01). There are hydrogen bonds between
the complex molecule and the amino acid residue His323.
Moreover, there are hydrophobic interactions between the
complex molecule and the amino acid residues of the ure-

ase. The results indicate that the copper complex may be
served as a potential urease inhibitor.

Figure 5. Binding mode of the complex with Jack bean urease. The
enzyme is shown as surface, and the complex is shown as filling model.

Figure 6. Binding mode of the complex with Jack bean urease. The
enzyme is shown as ribbons, and the complex is shown as sticks.

4. Conclusion

The present study reports the synthesis, characteri-
zation and crystal structures of a hydrazone compound
4-bromo-N’-(1-(pyridin-2-yl)ethylidene)benzohydrazide
and its dinuclear copper complex. The hydrazone com-
pound coordinates to the Cu atoms through the pyridine
nitrogen, imino nitrogen and enolate oxygen. The Cu atom
in the complex is in square pyramidal coordination. The
complex has interesting biological activity, with good ure-
ase inhibitory activity.

Supplementary Data

CCDC 1878329 (HL), 1874306 (the complex) contain the
supplementary crystallographic data for this paper. These
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data can be obtained free of charge via http://www.ccdc.
cam.ac.uk/conts/retrieving.html, or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge
CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: depos-
it@ccdc.cam.ac.uk.
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