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SYNTHESIS, CRYSTAL STRUCTURES,  

AND UREASE INHIBITORY ACTIVITY OF SCHIFF  

BASE COPPER AND NICKEL COMPLEXES* 

Y. Wang** 

Urease inhibitors can inhibit the decomposition rate of urea, and decrease the air pollution caused by 

ammonia. In this paper, three new copper(II) and nickel(II) complexes [Cu2L2(μ1,1-N3)2] (1), [Cu(HL)2]Br2 

(2), and [Ni3L2(DMF)2(μ2–η
1:η1-CH3COO)2(μ1,1-N3)2] (3), where L = 5-bromo-2-(((2-isopropylamino) 

ethyl)imino)methyl)phenolate, HL = 5-bromo-2-(((2-isopropylammonio)ethyl)imino)methyl)phenolate are 

synthesized and characterized. The complexes are characterized by elemental analyses, IR, UV-Vis spectra, 

molar conductivity, and single crystal X-ray diffraction. The X-ray analysis indicates that Cu atoms in 

complexes 1 and 2 are in square pyramidal and square planar coordination, respectively. The Ni atoms in 

complex 3 are in octahedral coordination. The molecules of the complexes are linked through hydrogen 

bonds and π⋯π interactions. The inhibitory effects of the complexes on jack bean urease are studied, which 

show that the copper complexes have a strong inhibitory effect on urease. 

DOI: 10.1134/S0022476621110020 

Keywords: Schiff base, copper complex, nickel complex, X-ray diffraction, urease inhibitory activity. 

INTRODUCTION 

Urea is a major nitrogen-containing soil fertilizer, with an annual production projected to reach 226 million tons in 

2021 [1]. Once deposited in soil, urea quickly hydrolyzes by urease to yield NH3 [2]. This reaction causes a number of 

agronomic, environmental and economic problems and affects the global nitrogen cycle [3-5]. In particular, a too rapid 

increase in soil pH upon urea hydrolysis catalyzed by the urease activity causes the loss of urea nitrogen as gaseous ammonia 

which is toxic to plants and contributes to the production of fine inorganic particulate matter [6, 7]. This process causes the 

tropospheric pollution by NO, NO2, and N2O, which is a greenhouse gas with 300 times the heat trapping capacity of CO2 [8]. 

Urease occurs widely in most bacteria, plants, algae, fungi, and invertebrates [9, 10]. The urease enzyme catalyzes the highly 

efficient decomposition of urea into ammonia with a rate 1014 times faster than that of the non-catalyzed reaction [11]. This 

process is harmful for the health of human beings and environment [12]. The use of inhibitors proves to be a good way to 

solve this problem [13-17]. Recent research indicated that metal complexes had interesting activities on urease [18-20]. 

However, the study on this topic is limited, and no definite relationship between structures and properties is given. Schiff  
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bases are a kind of interesting ligands in the formation of metal complexes, which have received particular attention due to 

their facile synthesis, versatile structures, and good biological activities [21-24]. Schiff base complexes of copper and nickel 

are reported to have urease inhibitory activities [25-27]. In pursuit of exploring novel urease inhibitors, three new copper and 

nickel complexes [Cu2L2(μ1,1-N3)2] (1), [Cu(HL)2]Br2 (2), and [Ni3L2(DMF)2(μ2–η
1:η1-CH3COO)2(μ1,1-N3)2] (3), where 

L = 5-bromo-2-(((2-isopropylamino)ethyl)imino)methyl)phenolate, HL = 5-bromo-2-(((2-isopropylammonio)ethyl)imino) 

methyl)phenolate, are presented. 

EXPERIMENTAL 

General methods and materials. 4-Bromosalicylaldehyde and N-isopropylethane-1,2-diamine were purchased 

(Lancaster) and used as received. All other reagents were of analytical grade. The C, H, and N elemental analyses were 

carried out in a 2400 Series-II CHN analyzer. FTIR spectra were obtained on a Jasco FT/IR-4000 spectrometer with samples 

prepared as KBr pellets. Electronic spectra were obtained with a LAMBDA 35 spectrophotometer. Single crystal X-ray 

diffraction was carried out with a Bruker Apex II CCD diffractometer. Molar conductance was measured with a Shanghai 

DDS-11A conductometer. 

Caution! Although our samples never exploded during handling, azide compounds are potentially explosive. Only  

a small amount of an azide compound should be prepared and it should be handled with care. 

Synthesis of complex 1. 4-Bromosalicylaldehyde (0.20 g, 1.0 mmol) and N-isopropylethane-1,2-diamine (0.10 g, 

1.0 mmol) were dissolved and mixed in methanol (30 mL). The mixture was stirred at room temperature for 10 min to give  

a yellow solution. A methanol solution (20 mL) containing copper bromide (0.22 g, 1.0 mmol) and sodium azide (0.065 g, 

1.0 mmol) was added dropwise to the former solution The color immediately changed to blue. The mixture was further stirred 

at room temperature for 30 min and filtered. The filtrate was kept at ambient temperature. Single crystals of the complex, 

suitable for X-ray diffraction, were grown from the filtrate upon slow evaporation within a few days. The crystals were 

isolated by filtration, washed with methanol, and dried in air. Yield: 0.27 g (69%). Anal. calcd for C12H16BrCuN5O (%):  

C 36.98, H 4.14, N 17.97. Found (%): C 37.21, H 4.22, N 17.86. IR data (KBr, cm–1): 3237, 2046, 1638, 1583, 1515, 1468, 

1455, 1425, 1388, 1367, 1333, 1290, 1201, 1188, 1133, 1062, 988, 933, 917, 862, 783, 732, 621, 602, 536, 506, 463, 447. 

UV-Vis data in methanol (λmax (nm), ε (L ⋅mol–1 ⋅cm–1)): 230, 17230; 248, 16010; 272, 14633; 362, 7025. 

Synthesis of complex 2. 4-Bromosalicylaldehyde (0.20 g, 1.0 mmol) and N-isopropylethane-1,2-diamine (0.10 g, 

1.0 mmol) were dissolved and mixed in methanol (30 mL). The mixture was stirred at room temperature for 10 min to give  

a yellow solution. The solution was added dropwise with a methanol solution (20 mL) containing copper bromide (0.22 g, 

1.0 mmol). The color immediately changed to blue. The mixture was further stirred at room temperature for 30 min and 

filtered. The filtrate was kept at ambient temperature. Single crystals of the complex, suitable for X-ray diffraction, were 

grown from the filtrate upon slow evaporation within a few days. The crystals were isolated by filtration, washed with 

methanol, and dried in air. Yield: 0.16 g (52%). Anal. calcd for C24H34Br4CuN4O2 (%): C 36.32, H 4.32, N 7.06. Found (%): 

C 36.45, H 4.37, N 6.95. IR data (KBr, cm–1): 3215, 1625, 1583, 1519, 1467, 1425, 1410, 1393, 1333, 1299, 1278, 1254, 

1201, 1156, 1130, 1071, 1037, 999, 930, 915, 885, 854, 781, 740, 675, 621, 602, 542, 455, 412. UV-Vis data in methanol 

(λmax (nm), ε (L ⋅mol–1 ⋅cm–1)): 225, 18350; 250, 15670; 270, 13245; 364, 4710. 

Synthesis of complex 3. 4-Bromosalicylaldehyde (0.20 g, 1.0 mmol) and N-isopropylethane-1,2-diamine (0.10 g, 

1.0 mmol) were dissolved and mixed in methanol (30 mL). The mixture was stirred at room temperature for 10 min to give  

a yellow solution. The solution was added dropwise with a methanol solution (20 mL) containing nickel acetate tetrahydrate 

(0.25 g, 1.0 mmol). The color immediately changed to green. Then a few drops of DMF were added, and the mixture was 

further stirred at room temperature for 30 min and filtered. The filtrate was kept at ambient temperature. Single crystals of the 

complex, suitable for X-ray diffraction, were grown from the filtrate upon slow evaporation within a few days. The crystals 

were isolated by filtration, washed with methanol, and dried in air. Yield: 0.15 g (41%). Anal. calcd for C34H52Br2N12Ni3O8 

(%): C 37.37, H 4.80, N 15.38. Found (%): C 37.23, H 4.87, N 15.26. IR data (KBr, cm–1): 3271, 2068, 1656, 1585, 1572, 
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1525, 1427, 1395, 1342, 1290, 1254, 1205, 1190, 1133, 1105, 1073, 996, 979, 968, 925, 911, 864, 804, 785, 730, 672, 615, 

600, 575, 467, 431. UV-Vis data in methanol (λmax (nm), ε (L ⋅mol–1 ⋅cm–1)): 228, 16380; 246, 16870; 307, 5127; 358, 2623; 

408, 1712. 

X-ray structure determination. Single crystal X-ray diffraction data for the complexes were collected on a Bruker 

Apex II CCD diffractometer at 298(2) K with MoKα radiation (λ = 0.71073 Å) by the ω scan mode. The SAINT program was 

used for the integration of the diffraction profiles [28]. The structures were solved by direct methods using the SHELXS 

program of the SHELXTL package and refined by full-matrix least-squares methods with SHELXL (semi-empirical 

absorption corrections were applied using the SADABS program) [29, 30]. The positions of the non-hydrogen atoms were 

located in difference Fourier maps and least-squares refinement cycles, and finally refined anisotropically. All hydrogen 

atoms of the complexes were placed theoretically onto the specific atoms and refined isotropically as riding atoms. 

Crystallographic data and experimental details for structural analyses are summarized in Table 1. Selected bond lengths and 

angles for the complex are listed in Table 2. 

Measurement of the urease inhibitory activity. The assay mixture, containing 25 μL (10U) of jack bean urease 

which was replaced by 25 μL of a cell suspension (4.0×107 CFU/mL) for the urease assay of intact cells and 25 μL of the test 

compound, was pre-incubated for 1.5 h at room temperature in a 96-well assay plate. The urease activity was determined by 

measuring the ammonia production using the indophenol method as described by Weatherburn [31]. 

 

TABLE 1. Crystallographic Data and Refinement Details for the Complexes 

Parameter 1 2 3 

Formula C12H16BrCuN5O C24H34Br4CuN4O2 C34H52Br2N12Ni3O8 

Formula weight 389.75 793.73 1092.83 

Crystal color,  shape Blue,  block Blue,  block Green,  block 

Crystal system Monoclinic Monoclinic Triclinic 

Space group P21/n C2/c 1P

a, b, c, Å 9.6582(12),  14.9942(12), 
10.7013(11) 

22.6497(13),  21.8313(10),
15.2635(12) 

9.8456(13),  11.4288(11), 
11.4800(13) 

α, β, γ, deg 90,  109.207(1),  90 90,  129.232(1),  90 109.496(2),  98.384(2), 
95.295(2) 

V, Å3 1463.5(3) 5846.1(6) 1190.9(2) 

Z 4 8 1 

Dcalcd, g/cm
3 1.769 1.804 1.524 

Μ, MoKα, mm–1 4.225 6.243 2.908 

θ range collection, deg 2.43–25.50 1.49–25.50 1.91–25.50 

Min. / max. transmission 0.5007 / 0.5168 0.2937 / 0.3277 0.5671 / 0.6377 

Reflections collected 7632 15472 6213 

Unique 2723 5437 4372 

Observed reflections  
      (I ≥ 2σ(I)) 

2230 3544 3007 

Data/restraints/parameters 2723/0/183 5437/0/323 4372/0/273 

Goodness of fit on F2 1.025 1.084 1.028 

R1, wR2 (I ≥ 2σ(I)) / (all  
      data)a 

0.0364, 0.0893 /  
0.0485, 0.0951 

0.0495, 0.1309 /  
0.0913, 0.1499 

0.0641, 0.1690 /  
0.0957, 0.1953 

 

 

 

a R1 = F0 – Fc/F0, 
2 2 2 2 2 1/2

2 0 c 0
{ ( ) / ( ) } .wR w F F w F= −∑ ∑  
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TABLE 2. Selected Bond Distances (Å) and Angles (deg) of  the Complexes 

1 

Cu1–O1 1.918(3) Cu1–N1 1.942(3) 

Cu1–N2 2.071(3) Cu1–N3 1.985(3) 

Cu1–N3A 2.459(3)   

O1–Cu1–N1 93.08(12) O1–Cu1–N3 89.63(12) 

N1–Cu1–N3 173.79(14) O1–Cu1–N2 176.10(12) 

N1–Cu1–N2 84.35(13) N3–Cu1–N2 92.64(12) 

O1–Cu1–N3#1 95.04(11) N1–Cu1–N3#1 97.19(13) 

N3–Cu1–N3#1 88.13(12) N2–Cu1–N3#1 88.21(12) 
 

 

 

Symmetry code:  #1 1–x, 1–y, 1–z.  

2 

Cu1–O1 1.927(5) Cu1–N1 2.020(6) 

O1–Cu1–O1#1 180 O1–Cu1–N1 91.3(2) 

O1–Cu1–N1#1 88.7(2) N1–Cu1–N1#1 180 

Cu2–O2 1.912(5) Cu2–N3 2.021(6) 

O2–Cu2–O2#2 180 O2–Cu2–N3#2 89.0(2) 

O2–Cu2–N3 91.0(2) N3–Cu2–N3#2 180 
 

 

 

Symmetry codes:  #11–x, 1–y, 1–z;  #2 3/2–x, 3/–y, 1–z.  

3 

Ni1–N1 2.031(5) Ni1–O1 2.033(4) 

Ni1–O2 2.067(4) Ni1–N3 2.107(5) 

Ni1–O4 2.124(5) Ni1–N2 2.152(5) 

Ni2–O3 2.061(4) Ni2–O1 2.067(4) 

Ni2–N3 2.120(5)   

N1–Ni1–O1 88.00(17) N1–Ni1–O2 92.84(18) 

O1–Ni1–O2 93.60(16) N1–Ni1–N3 170.07(19) 

O1–Ni1–N3 82.28(17) O2–Ni1–N3 89.83(18) 

N1–Ni1–O4 86.73(19) O1–Ni1–O4 92.23(18) 

O2–Ni1–O4 174.14(17) N3–Ni1–O4 91.59(19) 

N1–Ni1–N2 82.39(19) O1–Ni1–N2 169.90(17) 

O2–Ni1–N2 83.80(18) N3–Ni1–N2 107.42(19) 

O4–Ni1–N2 90.35(19) O3–Ni2–O3#1 180 

O3–Ni2–O1#1 90.77(16) O3–Ni2–O1 89.23(16) 

O3–Ni2–O1#1 90.77(16) O1–Ni2–O1#1 180 

O3–Ni2–N3#1 89.38(18) O1–Ni2–N3#1 98.85(17) 

O3–Ni2–N3 90.62(18) O1–Ni2–N3 81.15(17) 

N3–Ni2–N3#1 180   
 

 

 

Symmetry code:  #1 1–x, 1–y, 1–z.  

 

 



G

N

w

b

m

s

s

a

in

a

io

b

1

[

c

b

th

a

b

a

b

le

Gen

N-iso

with

by th

meas

solut

solut

assig

nten

and 

onic

band

1190

39].

comp

bridg

he b

azide

by 0

and 

bond

engt

era

opro

h cop

he X

sure

tion

tion

gned

nse s

142

c ac

ds a

0 cm

. Th

plex

ged 

basa

e N 

.074

tran

d an

ths a

l c

opyl

pper

X-ra

ed in

n [32

n [32

IR

d to 

sign

27 cm

etat

at 20

m–1 [

In 

he ba

Str

x is 

by t

al pl

ato

4(2)

ns an

ngles

are 

 

 

chem

letha

r an

ay a

n m

2]. H

2]. 

R an

the 

nals 

m–1,

te, in

046

[38]

the 

ands

ruct

sho

two

ane 

om, w

) Å. 

ngle

s am

com

mist

ane-

nd ni

naly

metha

How

nd U

N–H

[33

, res

ndic

-206

. 

UV

s at 

tura

own 

o azi

bei

with

The

es in

mong

mpar

 

try. 

-1,2

icke

ysis.

anol

weve

UV-v

H v

]. T

spec

catin

68 c

V-V

358

al d

in 

ide l

ng d

h th

e squ

n th

g th

rable

T

2-dia

el sa

. Th

l at 

er, t

vis 

ibra

The ν

ctive

ng th

cm–1

is sp

8-40

desc

Fig

ligan

defin

e ap

uare

e ba

he ap

e to 

F

e
re

he 

amin

alts. 

he c

con

the 

spe

ation

νasym

ely. 

he b
1 ch

pect

08 nm

cript

. 1. 

nd, w

ned 

pica

e py

asal 

pica

tho

Fig. 

ellip
elate

Sc

ne in

Ele

omp

ncen

mo

ctra

ns o

m(CO

Th

biden

hara

tra, 

m ca

tion

The

with

by 

l po

yram

pla

al an

ose o

1. A
soid
ed t

hiff

n m

emen

plex

ntrat

lar 

a. In

f the

OO)

e di

ntate

cter

the 

an b

n of

e mo

h a d

phe

ositio

mida

ane a

nd b

obse

A pe
ds a
to th

f b

meth

ntal 

xes a

tion

con

n th

e Sc

) and

iffer

e br

ristic

 ban

be as

f co

olec

dista

enol

on b

al co

are 

basa

erve

rspe
are d
he sy

ase 

ano

ana

are 

n of 

nduc

he IR

chiff

d νsy

renc

ridgi

c of

nds 

ssig

omp

cule 

ance

ate 

bein

oord

in th

al do

d in

ectiv
draw
ymm

RE

lig

l. T

alys

stab

10–

tivit

R sp

f ba

ym(C

ce b

ing 

f th

at 2

ned

plex 

pos

e of 

oxy

ng o

inat

he r

onor

n Sch

ve v
wn 
metr

ESU

gand

The l

es o

ble i
–3 m

ty o

pect

se li

COO

betw

coo

he az

225-

d to t

1. 

sses

f 3.2

ygen

ccup

tion 

rang

r ato

hiff 

view
at t
ry op

ULT

d w

liga

of th

in a

mol/L

of co

tra, w

igan

O) v

ween

ordin

zide

-250

the l

The

sses 

210(

n ato

pied

is d

ges o

oms 

f bas

w of 
the 
pera

TS 

was

and w

he co

ir at

L is 

omp

wea

nds. 

vibra

n the

natio

e lig

0 nm

ligan

e m

the

1) Å

oms,

d by

disto

of 8

are

se co

the 
30%
ation

AN

 p

was

omp

t ro

15-

plex

ak a

The

ation

e tw

on m

gand

m an

nd-t

molec

e cry

Å. T

, im

y ano

orted

4.35

e in 

oppe

mol
% p
n 1–

ND D

repa

s no

plex

om 

-37

x 2 i

and 

e ch

ns o

wo b

mod

ds [

nd 2

to-m

cula

ystal

he C

mino 

othe

d fro

5(13

the 

er co

lecu
prob
–x, 1

DIS

ared

t iso

xes a

tem

Ω
–1

is 2

shar

harac

of th

band

de [3

[36,

270-

meta

ar s

llog

Cu a

and

er az

om t

3)-9

ran

omp

ular 
abil
–y, 

SCU

d b

olat

are i

mper

⋅cm

205 Ω

rp a

cteri

he ac

ds (Δ

34, 3

37]

-307

al ch

truc

graph

atom

d am

zide

the i

3.08

nge o

plex

stru
lity 
1–z

USS

by 

ed a

in a

ratur

m2/m

Ω
–1
⋅

abso

istic

cetat

Δν =

35]. 

]. T

7 nm

harg

cture

hic 

m is 

mino

e N 

idea

8(12

of 8

xes w

uctur
leve

z. 

SIO

the 

and 

ccor

re. T

mol, 

⋅cm2

orpti

c C=

te li

= 14

The

he 

m ar

e tra

e of

inve

coo

o nitr

atom

al m

2)° a

88.13

with

re o
el. U

N 

re

pur

rdan

The 

indi
2/mo

ion b

=N s

igan

45 cm

e IR

Ar–

re at

ansi

f th

ersio

ordin

roge

m. T

mode

and 

3(12

h azi

f co
Unl

eacti

rifie

nce 

mo

icati

ol, i

ban

stret

nds i

m–1)

R spe

–O s

ttrib

ition

he e

on c

nate

en a

The 

el, as

173

2) -9

ide l

ompl
labe

ion 

ed, a

with

olar 

ing 

indi

ds i

tchin

in co

) is 

ectra

stret

buted

n (LM

nd-o

cent

ed in

atom

Cu 

s ev

3.79

97.1

ligan

lex 
led 

of

and 

h th

con

the

cati

in th

ng i

omp

sma

a of

tchi

d to

MC

on 

ter o

n a s

ms of

ato

viden

9(14

19(1

nds 

1. T
ato

f 4

was

he m

nduc

ir n

ing 

he r

s ob

plex

aller

f com

ing 

o the

CT) [

azid

of sy

squa

f the

m d

nced

)-17

3)°.

[41

Ther
oms 

4-bro

s us

molec

ctivi

non-e

it is

rang

bserv

x 3 a

r th

mple

ban

e π–

[40]

do-b

ymm

are p

e Sc

devia

d by

76.1

. Th

, 42

 

rmal
are

omo

sed t

cula

ity o

elec

s a 

ge of

ved 

are o

han 

exes

nds 

–π* 

. 

bridg

metr

pyra

chiff

ates

y the

0(12

he C

2]. 

l 
e 

osali

to p

ar st

of co

ctrol

1:2 

f 32

at 1

obse

164 

s 1 a

are 

and

ged 

ry. T

amid

f ba

s fro

e bo

2)°,

Cu–O

icyla

prep

truct

omp

lytic

ele

215-

1625

erved

cm

and 

loc

d n–

din

The 

dal g

se li

om t

nd a

 res

O an

alde

are 

ture

plex

c na

ctro

-327

5-16

d at

m–1 o

3 sh

cated

–π*

nucl

Cu

geom

igan

the b

angl

spec

nd C

ehyd

com

es pr

xes 1

ature

olyte

71 cm

656

t 157

obse

how

d at

tran

ear 

u ato

metr

nd, a

basa

les. 

tive

Cu–N

1

de 

mple

ropo

1 an

e in 

e in 

m–1

cm–

72 c

erved

w str

t 11

nsiti

cop

oms 

ry, w

and 

al pl

The

ely. 

N b

671

and

exes

osed

nd 3

the

the

are
–1 as

cm–1

d in

rong

156-

ions

pper

are

with

one

lane

e cis

The

bond

1

d  

s 

d 

3 

e 

e 

e 

s 
1 

n 

g 

- 

s 

r 

e 

h 

e 

e 

s 

e 

d 



1

4

N

u

in

n

d

c

a

C

C

s

3

p

a

li

m

1

th

d

a

e

a

le

1672

4.48

N1 a

unit 

nver

nitro

does

copp

and C

Cg4

C5–C

show

3.06

phen

azide

igan

mod

107.

he r

defin

are o

evid

angl

engt

2 

4(5)

and 

of 

rsio

ogen

s no

per c

C–H

⋯C

C6 a

wn i

9(1)

nolat

e lig

nd. T

del, a

42(

rang

ned 

occu

ence

es a

ths a

In 

) Å,

C1–

Str

the 

on ce

n ato

ot pa

com

As

H⋯B

Cg4#

and 

Str

in F

) Å.

te o

gand

The 

as e

19)°

ges 

by t

upie

ed b

amo

are 

 

the 

 Cg

–C2–

ruct

com

ente

oms 

artic

mplex

s sho

Br h
#4 4.

C13

ruct

Fig.

 Th

oxyg

d. T

Ni 

evid

° an

of 8

two

ed b

by t

ong 

com

cry

g2⋯

–C3

tura

mple

ers o

from

cipat

xes 

own

hydr

403

3–C

tura

 5. 

he o

gen 

The 

atom

denc

nd 1

83.8

 phe

by t

the b

the 

mpar

 

stal 

Cg2

3–C4

al d

ex c

of sy

m tw

te in

[38,

n in 

roge

(5) 

C14–

al d

The

uter

atom

axia

m d

ed b

69.9

80(1

enol

two 

bon

axi

rable

F

d

stru

2#1 3

4–C

descr

cont

ymm

wo 

n co

, 39

Fig

en b

Å, s

–C1

escr

e m

r Ni

m, i

al po

evia

by t

90(1

8)-9

late 

O 

nd an

ial a

e to 

Fig. 

dash

uctu

3.82

C5–C

ript

tain

metr

Sch

oord

]. 

g. 4, 

bond

sym

5–C

ript

molec

i ato

min

osit

ates 

the 

17)-

93.6

oxy

atom

ngle

and 

tho

2. M
hed l

ure o

20(5

C6, r

tion

s tw

ry. T

hiff b

dinat

the 

ds (T

mmet

C16–

tion 

cule

om 

no a

ions

from

bon

170

60(16

ygen

ms 

es. T

equ

ose o

Mol
lines

of th

) Å,

resp

 of 

wo [

The 

base

tion

com

Tabl

try c

–C1

of c

e po

is c

nd a

s are

m th

nd an

.07(

6)°. 

n fro

from

The 

uator

obse

ecul
s. 

he co

, sym

pect

com

[Cu(

Cu

e lig

n. Th

mple

le 3)

code

7–C

com

osse

coor

amin

e oc

he e

ngle

(19)

 Th

om t

m tw

cis

rial 

erve

lar p

omp

mm

ivel

mple

(HL

u ato

gand

he C

ex c

), to

es: #

C18,

mple

esses

rdina

no n

ccup

equa

es. T

)°, r

he in

two 

wo 

 ang

don

d in

pack

plex,

metry

ly) (

ex 2

L)2]
2

om i

ds, fo

Cu–

catio

 for
#3 –x

, res

ex 3.

s th

ated

nitro

pied

atori

The 

espe

nner

Sch

acet

gles

nor 

n Sch

king

, the

y cod

(Fig

2. T
2+ ca

in e

form

–O a

ons 

rm a

x, y,

spec

. Th

he c

d in 

ogen

d by 

al p

cis

ectiv

r Ni

hiff 

tate

s in 

atom

hiff 

g str

e mo

de: 

. 2).

The m

ation

each

ming 

and 

and 

a net

, 1/2

tive

he m

cryst

the

n at

one

plane

s and

vely

i ato

bas

 lig

the

ms 

f bas

ructu

olec
#1 1–

. 

mol

ns a

h cat

a sq

Cu–

 the

twor

2–z; 

ely) 

molec

tallo

 oct

oms

e O 

e by

d tr

y. Th

om i

e lig

gand

e equ

are 

se ni

ure 

cules

–x, 

lecu

and 

tion 

quar

–N 

e bro

rk. I
#4 1

amo

cula

ogra

tahe

s of 

ato

y 0.0

rans

he b

is c

gand

ds. T

uato

in 

icke

of c

s are

1–y

ular 

fou

is c

re p

bon

omid

In ad

1–x, 

ong 

ar st

aphic

edra

f the

om o

011(

 ang

bond

oord

ds, a

The 

orial

the 

el co

com

e sta

y, –z

stru

ur b

coor

plana

nd le

de a

ddit

y, 3

the 

truct

c in

al ge

e Sch

of th

(2) Å

gles

d an

dina

and 

oct

l pla

ran

omp

mple

acke

; Cg

uctur

brom

rdin

ar g

engt

anio

tion,

3/2–

mo

ture 

nver

eom

hiff 

he μ

Å. T

s in 

ngle

ated 

two

tahe

ane 

nge 

lexe

x 1

ed al

g1 a

re o

mide

nated

geom

ths 

ons a

, the

–z; C

lecu

of p

rsion

metry

f bas

μ2–η

The 

the

es am

in 

o N 

edral

are

of 8

es w

. Hy

long

and C

of co

e an

d by

metry

are 

are l

ere a

Cg3 

ules

phen

n ce

y, w

se li

η
1:η

octa

 equ

mon

the 

atom

l co

 in 

89.3

with 

ydro

g the

Cg2

omp

ions

y tw

y. T

com

link

are π

and

. 

nola

ente

with 

igan

η
1-ac

ahed

uato

ng th

oct

ms f

oord

the 

38(1

acet

ogen

e a a

2 are

plex 

s. T

wo p

The a

mpa

ked t

π⋯π

d Cg

ate, 

er o

the 

nd, a

cetat

dral 

orial

he a

tahe

from

dinat

ran

8)-9

tate 

n bo

axis

e the

2 i

The 

phen

ami

arabl

thro

π in

g4 a

azid

of sy

equ

and 

te li

coo

l pla

axial

dral

m tw

tion

nge 

90.7

and

onds

s via

e cen

is sh

mol

nolat

ino n

le to

ough

ntera

are t

de, a

ymm

uato

one

igan

ordin

ane 

l an

l ge

wo az

n is 

of 8

77(1

d azi

s are

a π⋯

ntro

how

lecu

te o

nitro

o th

h N–

actio

the c

and 

metr

orial

e ter

nd a

natio

are 

nd eq

ome

zide

dist

81.1

6)°.

ide 

e dr

⋯π i

oids 

wn in

ules 

oxyg

ogen

hose 

–H⋯

ons (

cent

acet

ry. 

 pla

rmin

and 

on i

in 

quat

etry

e lig

torte

15(1

. Th

liga

rawn

inter

of C

n Fi

pos

gen 

n ato

obs

⋯O,

(Cg

troid

tate 

The

ane 

nal N

one 

is di

the 

toria

. Th

gand

ed f

7)-9

he N

ands

 

n as

ract

Cu1

g. 3

sses

atom

om 

serv

 N–

g3⋯

ds o

brid

e N

bein

N at

O 

istor

ran

al d

he e

ds. T

from

98.8

Ni–O

 [40

s 

tions

–O1

3. Th

s cr

ms a

is p

ved 

–H⋯

Cg3

f C1

dged

i⋯N

ng d

tom

atom

rted 

nges

dono

equa

The 

m id

85(1

O an

0, 41

s (C

1–C

he a

rysta

and 

proto

in S

⋯Br

3#3 3

1–C

d co

Ni d

defin

m of 

m o

from

 of 

or at

atori

axia

deal 

7)°.

nd N

1]. 

Cg1⋯

C2–C

asym

allo

two

onat

Schi

r, C–

3.84

C2–C

omp

dista

ned 

the 

f th

m th

82.

toms

ial p

al po

mo

. Th

Ni–N

⋯Cg

C1–C

mme

grap

o im

ted, 

iff b

–H⋯

40(5

C3–C

plex 

ance

by 

end

he D

he id

28(

s ar

plan

ositi

odel

he b

N b

g2#1

C7–

etric

phic

mino

and

base

⋯O,

) Å,

C4–

3 is

e is

the

d-on

DMF

deal

17)-

re in

ne is

ions

l, as

bond

bond

1 

–

c 

c 

o 

d 

e 

, 

, 

–

s 

s 

e 

n 

F 

l 

-

n 

s 

s 

s 

d 

d 



 

c

c

p

 

chain

code

poten

ns a

e: #5 

nt c

 

As

alon

–x, 

Ur

com

 

s sho

ng th

1–y

reas

mpou

own

he b

y, 1–

se in

unds

 

Fig

are
ope

n in 

b ax

–z; C

nhib

s in 

g. 3.

e dra
erat

Fig

as 

Fig

is. I

Cg5 

bitor

com

. A p
awn
ions

g. 4.

dash

g. 6,

In a

is th

ry a

mpa

pers
n at 
s 1–

. Mo
hed 

, the

addit

he c

activ

ariso

spec
the 
–x, 1

olec
line

e co

tion

centr

vity

on w

ctive
30%
–y, 

cular
es. 

ompl

n, th

roid

y. W

with

e vie
% pr
1–z

r pa

lex 

ere 

d of 

We in

h th

ew o
roba

z and

ackin

mo

are 

C1–

nves

e pr

of th
abili
d 3/2

ng s

lecu

π⋯

–C2

stiga

revi

he m
ity l
2–x,

struc

ules 

⋯π i

2–C3

ated

ious

mole
leve
, 3/–

ctur

of 

inter

3–C

d the

sly r

ecula
el. U
–y, 1

re of

com

ract

4–C

e ure

repo

ar st
Unla
1–z.

f co

mple

tions

C5–C

ease

orted

truct
abele

ompl

ex 3

s am

C6).

e inh

d co

ture
ed a

lex 

3 are

mon

. 

hibit

omp

e of 
atom

2. H

e lin

ng th

tion

poun

com
ms a

Hydr

nked

he m

n of 

nds. 

mple
re r

roge

d th

mole

the 

Th

ex 2
relat

en b

roug

ecul

thr

he IC

. Th
ted t

bond

gh N

es (

ee c

C50

herm
to th

ds a

N–H

(Cg5

com

val

mal e
he s

are d

H⋯B

5⋯C

mplex

lues 

ellip
symm

draw

Br h

Cg5

xes 

of 

psoid
metr

 

wn 

hydr

5#5 4

in a

com

 

ds 
ry 

roge

4.69

an e

mpl

en b

0(5)

effor

exes

bond

) Å,

rt to

s 1

ds, t

, sym

o fin

and

1

to fo

mm

nd m

d 2

673

form

metry

more

are

3

m 

y 

e 

e  



1

#

1

3

tr
 

 

 

1674

 

 

6 1–

1.23

31.3

rend

4 

N

C

C

–x, 1

±0.1

±1.8

d is 

N2–

N2–

N2

N2–

N4

N4–

N4–

N4–

C3

C8–

C9

C1

C20–

C23–

N2

C11

C15
 

Sy
1–y, 
 

12 μ

85 μ

in a

D–

–H2

–H2

2–H2

–H2

4–H4

–H4

–H4

–H4

3–H3

–H8

9–H

5–H

–H2

–H2

2–H2

1–H

5–H

ymm
1–z

μmo

μmo

acco

–H⋯

2A⋯

2A⋯

2B⋯

2B⋯

4A⋯

4A⋯

4B⋯

4B⋯

3⋯

8A⋯

H9B⋯

H15⋯

20A

23B⋯

2⋯

H11C

H15⋯

metry
z. 

ol/L 

ol/L.

orda

 

T

⋯A 

⋯O1

⋯Br3

⋯Br

⋯O1

⋯Br

⋯O2

⋯Br3

⋯O2

Br4

⋯O1

⋯O

⋯B

⋯O

⋯B

Br1

C⋯O

⋯O3

y co

and

. Th

ance

Fig

are
ope

TAB

1#1 

3#2 

r4 

1#1 

r4 

2#3 

3#3 

2#3 

4#1 

1#1 

O2 

Br3 

O2#3

Br2#4

#5 

O4 

3#6 

odes

d 0.

hus, 

e wi

g. 5.

e dra
erat

BLE

 
4 

s:  #

87±

it is

th th

. A p
awn
ion 

 3. H

#1 –x

±0.0

s obv

hose

pers
n at 
1–x

Hyd

x, –

9 μm

viou

e re

spec
the 

x, 1–

drog

d

–y, –

mol

us th

eport

ctive
30%
–y, 1

gen B

d(D–

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

–z; 

/L, 

hat c

ted 

e vie
% pr
1–z. 

Bon

–H) 

90 

90 

90 

90 

90 

90 

90 

90 

93 

97 

97 

93 

97 

96 

91 

96 

93 

 #2 x

resp

copp

in t

ew o
roba

nd D

x, –

pect

per 

the l

of th
abili

Dista

–y, –

tivel

com

liter

he m
ity l

ance

–1/2

ly. H

mple

ratur

mole
leve

s (Å

d(H

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2+z;

How

exes

re [4

cula
el. U

Å) an

H⋯

2 

2.54

2.47

2.76

2.45

2.44

2.58

2.82

2.47

2.90

2.33

2.44

2.93

2.30

2.91

3 

2.86

2.57

2.53

  #3

wev

 hav

42-4

ar st
Unla

nd B

⋯A)

4 

7 

6 

5 

4 

8 

2 

7 

0 

3 

4 

3 

0 

1 

6 

7 

3 

3 1/2

er, 

ve m

46]. 

truct
abele

Bond

2–x,

com

more

Mo

ture
ed a

d An

 1/2

mple

e po

oreo

e of 
atom

ngle

2–y,

ex 3

otent

over

com
ms a

es (d

d(D

2.8

3.3

3.3

2.8

3.3

2.8

3.4

2.8

3.8

2.8

3.3

3.8

2.8

3.8

3.7

3.2

3.4

, 1–

3 ha

t ure

, the

mple
re r

deg)

D⋯

862(

352(

374(

862(

328(

888(

451(

888(

826(

854(

341(

850(

840(

819(

761(

214(

454(

–z;  

as a 

ease

e ni

ex 3
relat

) of 

A)

(5)

(5)

(5)

(5)

(5)

(5)

(5)

(5)

(5)

(5)

(5)

(5)

(5)

(5)

(4)

(4)

(4)

#4 1

we

e inh

icke

. Th
ted t

the 

1/2–

ak a

hibit

l co

herm
to th

Com

–x, 1

activ

tion 

omp

mal e
he s

mple

1/2+

vity

tha

lex 

ellip
symm

exes

An

+y, 

y, w

an ni

is l

psoid
metr

s 

ngle

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1/2–

with 

icke

arge

 

ds 
ry 

e (D–

102(

168(

126(

109(

168(

101(

128(

109(

176(

113(

155(

172(

114(

160(

171(

125(

171(

–z;  

the 

el co

er th

–H⋯

(6)

(6)

(6)

(6)

(6)

(6)

(6)

(6)

(6)

(6)

(6)

(6)

(6)

(6)

(5)

(5)

(5)

#5 x

IC5

omp

han 

⋯A)

x, –

50 v

plexe

the 

) 

–1+y

value

es. T

cop

y, z;

e of

This

pper

;  

f 

s 

r  



 

c

th

a

a

T

w

li

d

e

C

d

q

comp

he c

a bro

acid 

The 

wou

igan

diffr

expl

Crys

depo

quot

1. 

2. 

3. 

plex

com

omin

and

ure

ld b

nds 

racti

ore 

stall

osit@

ting 

L. 

Su

P. 

htt

B.

80

 

xes, 

mpari

ne a

d cop

ase 

be po

Ai

hav

ion 

nov

Su

ogra

@cc

the 

Th

Th

Ca

ustai

A. 

tps:/

 Ba

0, 12

illu

ison

atom

pper

inh

oten

min

ve b

and

vel a

uppl

aphi

cdc.c

dep

his p

he au

asali

inab

K

//do

ano, 

29-1

ustra

n of 

m wa

r pe

hibiti

ntial 

ng at

been

d des

and e

leme

ic 

cam

posit

proje

utho

, L.

ble C

Karp

oi.org

Kan

44. 

 

Fig

das

ating

thes

as in

erchl

ion 

ure

t ob

n sy

scrib

effic

enta

Dat

m.ac.

tion

ect w

or de

 Ma

Chem

plus,

g/10

nwa

http

g. 6.

shed

g tha

se co

ntro

lora

of c

ease 

btain

ynthe

bed.

cien

ary 

ta C

uk; 

n num

was 

ecla

azze

m. E

 M

0.10

al, K

ps://

. M
d lin

at th

opp

oduc

ate w

copp

inh

ning

esiz

. Th

nt ur

ma

Cen

http

mbe

sup

res t

ei, O

Eng.

M. A

021/

K. M

/doi

Molec
nes.

he h

er c

ced t

were

per 

hibito

g new

zed 

he c

rease

ateri

ntre 

p://w

ers C

ppor

that

O. S

., 20

A. 

ar96

M. K

.org

cula

hydr

comp

to th

e use

per

ors t

w a

and

copp

e inh

ials.

(T

www

CCD

rted 

t he 

Shem

019,

Pe

6002

Khan

g/10.

ar p

roph

plex

he S

ed a

chlo

that

and 

d ch

per c

hibi

. X-

The 

w.cc

DC 2

by t

has 

mchu

, 7, 2

ears

22j 

n, A

.101

acki

hobic

xes w

Schif

as re

orate

t des

effic

harac

com

itors

ray 

Di

cdc.c

2062

the H

no 

uk, 

2852

son, 

. Lo

16/j.

ing 

c ar

with

ff b

efere

e is 

serv

cien

cter

mplex

s. 

cry

irect

cam

291

Heil

C

con

L. 

2-28

a

odhi

.bio

stru

rea o

h Sc

ase 

ence

we

ve fu

nt ur

ized

xes 

ystal

tor, 

m.ac.

8-20

AC

long

CON

nflict

Sha

859.

and 

i, U.

org.

uctu

of th

chiff

liga

es, w

aker

urthe

C

reas

d. S

hav

logr

CC

.uk; 

0629

CKN

gjian

NFL

t of 

R

arma

. htt

R

. Sa

.201

ure 

he e

f bas

and,

with 

r th

er st

CON

se in

Singl

ve a

raph

CDC

fax

920

NO

ng P

LIC

f inte

REF

a, K

tps:/

R. P.

alar, 

18.0

of c

enzy

se co

 the

IC5

han t

tudy

NCL

nhib

le c

a str

hic d

C, 

x: +4

. 

WL

Prov

CT O

erest

FER

K. H

//doi

. 

F. B

6.00

com

yme 

opp

e res

50 va

that 

y. 

LUS

bitor

cryst

rong

data

12 

44-(

LED

vince

OF 

ts. 

REN

one

i.org

Hau

Beg

07 

mplex

can

er c

sulti

alue

of 

SIO

rs, th

tal 

g ure

a for

Un

(0)12

DGM

e Qi

INT

NC

r, F

g/10

usin

um,

x 3

nnot 

comp

ng c

es of

the 

ONS

hree

stru

ease

r the

nion

223

ME

iqih

TER

CES

. Gr

0.10

nger.

, M.

. H

com

plex

com

f 27

cop

S 

e ne

uctur

e inh

e com

n R

–33

ENT

har E

RE

 

repi

21/a

. A

. Ali

Hydro

mfor

xes f

mplex

.8±2

pper

ew c

res 

hibi

mpl

Road

3603

TS

Ecol

STS

oni,

acss

Acc

i, M

ogen

rtab

foun

xes 

2.12

r com

copp

of t

itory

lexe

d, 

33) a

logic

S 

, S. 

susc

c. 

M. Ta

n b

bly a

nd in

had

2 μm

mpl

per a

the 

y ac

es ha

Cam

and 

cal E

Ciu

hem

Ch

aha,

bond

acco

n th

d inc

mol/L

lexe

and 

com

ctivit

ave 

mbri

are 

Env

urli, 

meng

em. 

, an

ds a

omm

e lit

crea

L an

es. T

nic

mple

ty, w

bee

idge

ava

viron

D. 

g.8b

R

d S.

re d

moda

terat

ased 

nd 9

Thus

ckel 

exes

whi

n de

e, C

ailab

nme

Bra

b062

Res.

. Pe

draw

ate t

ture

act

9.1±

s, th

com

s w

ch d

epos

CB2

ble f

ent M

aga, 

293 

., 

ervee

wn a

the 

, it c

iviti

±1.5 

he tw

mple

were 

dese

sited

2 1

free 

Mon

 and

199

en. B

 

as 

larg

can 

ies. 

μm

wo c

exes

con

erve

d wi

1 E

of c

nitor

d J. 

97, 

Bioo

ge m

be s

Ace

mol/L

copp

s wi

nfirm

es fu

ith t

EZ, 

char

ring 

Ba

3

org.

mole

seen

etoh

L, re

per 

ith S

med

urthe

the 

UK

rge 

Cen

altru

30, 

. Ch

ecule

n tha

hydr

espe

com

Schi

d by

er s

Cam

K; 

on r

nter

saiti

33

hem.

1

e. Fr

at w

roxa

ctiv

mple

iff b

y X-

study

mbri

e-m

requ

. 

is. A

30-3

., 20

675

rom

when

amic

vely.

exes

base

-ray

y to

idge

mail:

uest,

ACS

337.

018,

5

m 

n 

c 

. 

s 

e 

y 

o 

e 

: 

, 

S 

. 

, 



 

1676 

4. P. Y. Oikawa, C. Ge, J. Wang, J. R. Eberwein, L. L. Liang, L. A. Allsman, D. A. Grantz, and G. D. Jenerette. Nat. 

Commun., 2015, 6, 8753. https://doi.org/10.1038/ncomms9753 

5. D. Coskun, D. T. Britto, W. Shi, and H. J. Kronzucker. Nat. Plants, 2017, 3, 17074. https://doi.org/10.1038/ 

nplants.2017.74 

6. S. V. Krupa. Environ. Pollut., 2003, 124, 179-221. https://doi.org/10.1016/S0269-7491(02)00434-7 

7. J. L. Hand, B. A. Schichtel, M. Pitchford, W. C. Malm, and N. H. Frank. J. Geophys. Res. Atmos., 2012, 117, D05209. 

https://doi.org/10.1029/2011JD017122 

8. J. N. Galloway, F. J. Dentener, D. G. Capone, E. W. Boyer, R. W. Howarth, S. P. Seitzinger, G. P. Asner,  

C. C. Cleveland, P. A. Green, E. A. Holland, D. M. Karl, A. F. Michaels, J. H. Porter, A. R. Townsend,  

and C. J. Vorosmarty. Biogeochemistry, 2004, 70, 153-226. https://doi.org/10.1007/s10533-004-0370-0 

9. Z.-P. Xiao, Z.-Y. Peng, J.-J. Dong, J. He, H. Ouyang, Y.-T. Peng, C.-L. Lu, W.-Q. Lin, J.-X. Wang, Y.-P. Xiang,  

and H.-L. Zhu. Eur. J. Med. Chem., 2013, 63, 685-695. https://doi.org/10.1016/j.ejmech.2013.03.016 

10. A. Hameed, K. M. Khan, S. T. Zehra, R. Ahmed, Z. Shafiq, S. M. Bakht, M. Yaqub, M. Hussain, A. de la Vega de Leon, 

N. Furtmann, J. Bajorath, H. A. Shad, M. N. Tahir, and J. Iqbal. Bioorg. Chem., 2015, 61, 51-57. 

https://doi.org/10.1016/j.bioorg.2015.06.004 

11. F. Iftikhar, Y. Ali, F. A. Kiani, S. F. Hassan, T. Fatima, A. Khan, B. Niaz, A. Hassan, F. L. Ansari, and U. Rashid. Bioorg. 

Chem., 2017, 74, 53-65. https://doi.org/10.1016/j.bioorg.2017.07.003 

12. W.-W. Ni, Q. Liu, S.-Z. Ren, W.-Y. Li, L.-L. Yi, H. Jing, L.-X. Sheng, Q. Wan, P.-F. Zhong, H.-L. Fang, H. Ouyang,  

Z.-P. Xiao, and H.-L. Zhu. Bioorg. Med. Chem., 2018, 26, 4145-4152. https://doi.org/10.1016/ 

j.bmc.2018.07.003 

13. Q. Liu, W.-K. Shi, S.-Z. Ren, W.-W. Ni, W.-Y. Li, H.-M. Chen, P. Liu, J. Yuan, X.-S. He, J.-J. Liu, P. Cao, P.-Z. Yang, 

Z.-P. Xiao, and H.-L. Zhu. Eur. J. Med. Chem., 2018, 156, 126-136. https://doi.org/10.1016/ 

j.ejmech.2018.06.065 

14. W.-W. Ni, H.-L. Fang, Y.-X. Ye, W.-Y. Li, C.-P. Yuan, D.-D. Li, S.-J. Mao, S.-E. Li, Q.-H. Zhu, H. Ouyang, Z.-P. Xiao, 

and H.-L. Zhu. Future Med. Chem., 2020, 12, 1633-1645. https://doi.org/10.4155/fmc-2020-0048 

15. W.-K. Shi, R.-C. Deng, P.-F. Wang, Q.-Q. Yue, Q. Liu, K.-L. Ding, M.-H. Yang, H.-Y. Zhang, S.-H. Gong, M. Deng, 

W.-R. Liu, Q.-J. Feng, Z.-P. Xiao, and H.-L. Zhu. Bioorg. Med. Chem., 2016, 24, 4519-4527. 

https://doi.org/10.1016/j.bmc.2016.07.052 

16. Z.-P. Xiao, W.-K. Shi, P.-F. Wang, W. Wei, X.-T. Zeng, J.-R. Zhang, N. Zhu, M. Peng, B. Peng, X.-Y. Lin, H. Ouyang,  

X.-C. Peng, G.-C. Wang, and H.-L. Zhu. Bioorg. Med. Chem., 2015, 23, 4508-4513. https://doi.org/10.1016/ 

j.bmc.2015.06.014 

17. Z.-P. Xiao, Z.-Y. Peng, J.-J. Dong, R.-C. Deng, X.-D. Wang, H. Ouyang, P. Yang, J. He, Y.-F. Wang, M. Zhu,  

X.-C. Peng, W.-X. Peng, and H.-L. Zhu. Eur. J. Med. Chem., 2013, 68, 212-221. https://doi.org/10.1016/ 

j.ejmech.2013.07.047 

18. M. K. Rauf, S. Yaseen, A. Badshah, S. Zaib, R. Arshad, Imtiaz-ud-Din, M. N. Tahir, and J. Iqbal. J. Biol. Inorg. Chem., 

2015, 20, 541-554. https://doi.org/10.1007/s00775-015-1239-5 

19. X. Dong, Y. Li, Z. Li, Y. Cui, and H. Zhu. J. Inorg. Biochem., 2012, 108, 22-29. 

https://doi.org/10.1016/j.jinorgbio.2011.12.006 

20. Y. Gou, M. Yu, Y. Li, Y. Peng, and W. Chen. Inorg. Chim. Acta, 2013, 404, 224-229. https://doi.org/10.1016/ 

j.ica.2013.03.045 

21. S. Najm, H. Naureen, K. Sultana, F. Anwar, M. M. Khan, H. Nadeem, and M. Saeed. ACS Omega, 2021, 6, 7719-7730. 

https://doi.org/10.1021/acsomega.1c00027 

22. T. Chandrasekar, A. Arunadevi, and N. Raman. J. Coord. Chem., 2021, 74, 804-822. https://doi.org/10.1080/ 

00958972.2020.1870967 

 



 

1677

23. A. Arunadevi and N. Raman. J. Coord. Chem., 2020, 73, 2095-2116. https://doi.org/10.1080/00958972. 

2020.1824293 

24. C. J. Dhanaraj and S. S. S. Raj. Inorg. Chem. Commun., 2020, 119, 108087. 

https://doi.org/10.1016/j.inoche.2020.108087 

25. H. Zhu, Z.-Z. Wang, B. Qi, T. Huang, and H.-L. Zhu. J. Coord. Chem., 2013, 66, 2980-2991. https://doi.org/ 

10.1080/00958972.2013.821198 

26. L. Habala, A. Roller, M. Matuska, J. Valentova, A. Rompel, and F. Devinsky. Inorg. Chim. Acta, 2014, 421, 423-426. 

https://doi.org/10.1016/j.ica.2014.06.035 

27. Y.-G. Li, D.-H. Shi, H.-L. Zhu, H. Yan, and S. W. Ng. Inorg. Chim. Acta, 2007, 360, 2881-2889. 

https://doi.org/10.1016/j.ica.2007.02.019 

28. G. M. Sheldrick. SAINT (version 6.02), SADABS (version 2.03). Madison, WI, USA: Bruker AXS, 2002. 

29. G. M. Sheldrick. Acta Crystallogr., Sect. C, 2015, 71, 3-8. https://doi.org/10.1107/S2053229614024218 

30. G. M. Sheldrick. SADABS Program for Empirical Absorption Correction of Area Detector. Gottingen, Germany: 

University of Gottingen, 1996. 

31. M. W. Weatherburn. Anal. Chem., 1967, 39, 971-974. https://doi.org/10.1021/ac60252a045 

32. W. J. Geary. Coord. Chem. Rev., 1971, 7, 81-122. https://doi.org/10.1016/S0010-8545(00)80009-0 

33. K. R. Surati and B. T. Thaker. Spectrochim. Acta, Part A, 2010, 75, 235-242. https://doi.org/10.1016/j.saa.2009.10.018 

34. B. Sarkar, M. G. B. Drew, M. Estrader, C. Diaz, and A. Ghosh. Polyhedron, 2008, 27, 2625-2633. 

https://doi.org/10.1016/j.poly.2008.05.004 

35. U. Kumar, J. Thomas, and N. Thirupathi. Inorg. Chem., 2010, 49, 62-72. https://doi.org/10.1021/ic901100z 

36. S. S. Massoud and F. A. Mautner. Inorg. Chim. Acta, 2005, 358, 3334-3340. https://doi.org/10.1016/j.ica.2005.05.007 

37. A. Ray, S. Banerjee, R. J. Butcher, C. Desplanches, and S. Mitra. Polyhedron, 2008, 27, 2409-2415. 

https://doi.org/10.1016/j.poly.2008.04.018 

38. Y.-M. Zhou, X.-R. Ye, F.-B. Xin, and X.-Q. Xin. Transition Met. Chem., 1999, 24, 118-120. https://doi.org/ 

10.1023/A:1006989707001 

39. L. Pogany, J. Moncol, M. Gal, I. Salitros, and R. Boca. Inorg. Chim. Acta, 2017, 462, 23-29. https://doi.org/ 

10.1016/j.ica.2017.03.001 

40. A. Jayamani, M. Sethupathi, S. O. Ojwach, and N. Sengottuvelan. Inorg. Chem. Commun., 2017, 84, 144-149. 

https://doi.org/10.1016/j.inoche.2017.08.013 

41. P. K. Bhaumik, K. Harms, and S. Chattopadhyay. Polyhedron, 2014, 68, 346-356. https://doi.org/10.1016/ 

j.poly.2013.10.031 

42. J. Wang, Y. Luo, Y. Zhang, Y. Chen, F. Gao, Y. Ma, D. Xian, and Z. You. J. Coord. Chem., 2021, 74, 1028-1038. 

https://doi.org/10.1080/00958972.2020.1861603 

43. M. Duan, Y. Li, L. Xu, H. Yang, F. Luo, Y. Guan, B. Zhang, C. Jing, and Z. You. Inorg. Chem. Commun., 2019, 100, 27-

31. https://doi.org/10.1016/j.inoche.2018.12.009 

44. Z. You, H. Yu, Z. Li, W. Zhai, Y. Jiang, A. Li, S. Guo, K. Li, C. Lv, and C. Zhang. Inorg. Chim. Acta, 2018, 480, 120-

126. https://doi.org/10.1016/j.ica.2018.05.020 

45. L. Pan, C. Wang, K. Yan, K. Zhao, G. Sheng, H. Zhu, X. Zhao, D. Qu, F. Niu, and Z. You. J. Inorg. Biochem., 2016, 

159, 22-28. https://doi.org/10.1016/j.jinorgbio.2016.02.017 

46. Y. Luo, J. Wang, B. Zhang, Y. Guan, T. Yang, X. Li, L. Xu, J. Wang, and Z. You. J. Coord. Chem., 2020, 73, 1765-1777. 

https://doi.org/10.1080/00958972.2020.1795645 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 650
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


