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Abstract—New complexes of nickel (II) have been synthesized in 

the reaction mixture of nickel (II) acetate and 4-hydroxy-2-oxo-2H-
chromene-3-carboxamide. Bis(4-hydroxy-2-oxo-2H-chromene-3-
carboxamidato-O,O)nickel (II) and diaquabis(4-hydroxy-2-oxo-2H-
chromene-3-carboxamidato-O,O)nickel (II) were characterized by 
elemental analysis, IR spectroscopy and ESI mass spectrometry. 
Elemental analysis and mass spectrometry data of the complexes 
suggests the stoichiometry of 1:2 (metal-ligand).  
 

Keywords—Nickel complexes, 4-hydroxy-2-oxo-2H-chromene-
3-carboxamide, IR spectroscopy, mass spectrometry.  

I. INTRODUCTION 
OUMARIN is a structural unit of many natural and 
synthetic compounds which endows them with a wide 

range of physiological and pharmacological activities as 
antibacterial [2], [3], antiviral [4], [5], bactericidal [6], 
fungicidal [7], anti-inflammatory [8], and anticoagulants [9]. 
The interest has grown up when remarkable anticancer [10]–
[13] and lately anti-HIV [14], [15] activities of some 
coumarins were confirmed. Especially the coumarin derivative 
4-hydroxy-2-oxo-2H-chromene-3-carboxamide (1) attracted 
our attention as potentially very active compound in live cells, 
because of the functional groups connected to each other in 
the six-member pyranon system. Furthermore, those are very 
polar groups, (keto, hydroxy and amido) which are able to 
create interactions (as hydrogen bond for example) with the 
large biomolecules as guest-host systems. Also, the geometric 
position of those groups is perfect to embrace metal cations. 
Theoretically, its deprotonated species especially should show 
pronounced ability for complexation. Namely, this compound 
can serve as a versatile polyfunctional ligand being included 
as: 
a) an ion 
b) a ligand coordinated through: 
- the nitrogen atom and deprotonated hydroxyl group 
- the carbonyl oxygen atom from the amido group and 

deprotonated hydroxyl group, 
- the nitrogen atom and the carbonyl oxygen atom from the 

pyranon ring 
- the carbonyl oxygen atom from the amido group and the 
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carbonyl oxygen atom from the pyranon ring 
c) a neutral molecule 

Many researchers synthesized the complexes of transition 
metals with coumarin derivatives because these complexes 
that contain coumarin as a ligand show anticoagulant 
properties [16], [17] and antitumor activity [18], [19]. Kostova 
et al. have shown the cytotoxic potential of coumarins 
complexed with cerium, lanthanum, zirconium and 
neodymium [20]–[22].  

In this work we have shown the synthesis of nickel 
complexes with 4-hydroxy-2-oxo-2H-chromene-3-
carboxamide as ligand using trietylamine for the deprotonation 
of hydroxyl group in C–4 position.  

II.  MATERIAL AND METHODS 
Melting points were determined on a Reichert heating plate 

and are uncorrected. C, H elemental analysis was carried out 
with Coleman Model 33. N elemental analysis was carried out 
by the Dümas method. NMR spectra were recorded on a 
Bruker 400 MHz instrument using DMSO-d6 as solvent and 
tetramethylsilane as internal standard. Infrared spectra (KBr 
pellets) were measured on a Perkin-Elmer System 2000 FT IR. 
ESI-tof mass spectra were measured using an LCT mass 
spectrometer (Waters) equipped with a lockspray dual-
electrospray ion source combined with Waters alliance 2695 
HPLC unit.  

All the reagents and solvents were obtained from 
commercial sources and were used without further 
purification.  

A. Preparation of Ligand 
10g (60mmol) of 4-hydroxycoumarin were poured in 

round-bottom flask and 5g (80mmol) of urea were added. The 
flask was stopped with glass stopper and the compounds were 
mixed well. Afterwards, the flask was mounted on the vertical 
condenser which was previously inducted in the domestic 
microwave oven through the manually madden hole. The 
power was set to 850W and the timer to 5min. After this time 
the mixture was left to cold and then it was dissolved in worm 
ethanol. After crystallization white needles of the pure product 
were formed. Anal. Calc. for C10H7NO4: C 58.54%; H 3.44%; 
N 6.83%, found: C 58.02%, H 3.12%, N 6.16%. IR (KBr, cm-

1): 3353 (νasNH), 3201 (νsNH), 3500-3100 (νOH – 
overwrite), 1702 (νC=O, pyr), 1643 (νC=O, amide). 1H-NMR 
(δ, ppm, Fig. 3): 7.90 (s, 1H, NH2), 7.63 (s, 1H, NH2), 6.73 
(dd, 1H, Ar), 6.57 (td, 1H, Ar) and 6.21 (m, 2H, Ar). ESI-MS 

New Complexes of Nickel (II) Using  
4-Hydroxy-2-Oxo-2H-Chromene-3-Carboxamide as 

Ligand 
Dije Dehari, Ahmed Jashari, Shefket Dehari, Agim Shabani 

C 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:6, No:7, 2012

636

 

m

di
1m
di
ad
ad
re
pr

Fo
16
(M

di
A
di
ad
ad
re
pr

Fo
16
H

fo
sy
di
ac
pr
ob
ha
irr
do
re

ca
in

m/z 206.0 (M+H

B. Preparatio
124mg (0.5m

issolved in 15
mmol (205m
issolved in 15
dded in room
dded in the n
efluxed for 25
recipitated, fil

Anal. calc. f
ound: C, 50.92
622, 1505, 1
M+H+); Mp: 2

C. Preparatio
124mg (0.5m

issolved in 15
Also, 1mmol (
issolved in 1
dded in room
dded in the n
efluxed for 2
recipitated, fil

Anal.calc. fo
ound: C, 46.92
620, 1559, 14

H+); Mp: 215°C

In the pre-s
ound for the
ynthesized by
irect method 
ccording to th
rocedure was 
btained but in
and, we atte
radiation. In 
omestic micro
esult was sligh

O

OH

Fig. 1 Synt

A. Elemental 
The element

alculated and t
n 1:2 ratio.  

H+).  

on of Ni Comp
mmol) of Ni(O
5ml dried met

mg) of the l
ml dried meth

m temperature
nickel solutio
5min at 50°C
ltered and was
for C20H12N2N
2; H, 2.24; N,

1199, 1039, 
220°C (decom

on of Ni Comp
mmol) of Ni(O
5ml methanol 
(205mg) of th
15ml methano

m temperature
nickel solutio
0min at 40°C
ltered and was
or C20H16N2N
2; H, 3.14; N,
490, 1476, 76
C (decomp).  

III. RESULTS

search of the 
e compound 
y Scarborough

of melting
he reaction g
repeated over

n very modera
mpt to melt
this case, w

owave oven, 
htly better obta

O

H2N

O

-NH3

thesis of the 4-H
3Carb

l Analysis 
tal analysis d
they show tha

plex (1a) 
OAc)2 x 4H2O
thanol in room
ligand (1) w
hanol and 0.2m
. The solution

on and the re
. The light gr
shed with etha
NiO8: C, 51.4
, 5.67. IR (KB
762, 674. E

mp).  

plex (1b) 
OAc)2 x 4H2O

+ 5ml H2O i
he ligand (1) 
ol and 0.2m
. The solution

on and the re
C. The green
shed with etha

NiO10: C, 47.7
, 5.47. IR (KB
67, 679. ESI-M

S AND DISCUS

literature po
1. It was 

h and Gould 
 4-hydroxyc
ave in the Fi
r and over and
ate yields (ca.
t this mixtur

when the mix
on 850 W f

aining 30-35%
 

NH2

3

Hydroxy-2-Oxo
boxamide (1) 

data match v
at nickel is coo

O were measur
m temperature
were measure
ml trietylamin
n of the ligan
eaction mixtu
reen nickel c
anol and dieth
44; H, 2.59; N
Br, cm-1): 3298
ESI-MS (m/z)

O were measur
in room temp

were measur
ml trietylamin

n of the ligan
eaction mixtu
nish nickel c
anol and dieth
5; H, 3.21; N

Br, cm-1): 3417
MS m/z 502.

SIONS 
oor informatio
found that 
[1] in 1961

oumarin wit
ig. 1. Howev
d the compou
. 25%). On th
re using mic
xture was me
for 3-5 minut
% yield.  

O

OH

O

O

1

o-2H-Chromen

ery well with
ordinated with

 

red and 
e. Also, 
ed and 
ne were 
nd was 

ure was 
omplex 

hyleter. 
N, 6.00; 
8, 1695, 
) 467.0 

red and 
erature. 
red and 
e were 
nd was 

ure was 
omplex 

hyleter.  
N, 5.57; 
7, 1694, 
02 (M-

on was 
it was 
, using 

th urea 
ver, this 
und was 
he other 
crowave 
elted in 
tes, the 

O

O

NH2

 
e-

h those 
h ligand 

tha
an
gro
16
rin
gro

32
16
nic
gro
16

at 
Th
(II
app
co
dep
pir

2

4

6

8

10

B. IR Spectra
On the measu
at two bands 

ntisymmetric a
oups [23]. Al

643cm-1, one f
ng and the oth
oup shows at 
 

The complex
298cm-1. The 
622cm-1 which
ckel (II) throu
oups. The fre

695cm-1 (Fig. 4

Fi

The complex
3600-3300cm

hese bands sh
I) ion in the 
pear at the 1
ordinated wi
protonated fe
ranon ring app

4000 3500

0

20

40

60

80

00

D8

ured IR spect
are present o

and symmetric
lso two C=O

from the carbo
her from the 
3440cm-1 (Fig

Fig. 2 IR spec

x (1a) show
C=O bands 

h shows that 
ugh carbonyl 
ee carbonyl g
4). 

ig. 3 1H-NMR s

x (1b) shows a
m-1 with maxim
ow the coord
complex. Th
620cm-1 whic
th nickel (II

fenol groups. 
pear at 1694cm

0 3000 250

tra of ligand (
on 3353 and 
c stretching vi

O vibrational b
onyl group att
amide group 

g. 2). 

ctrum of ligand 
 

ws a band of
of amido gr
the ligand i

groups and d
groups of pira

 

spectrum of liga
 

a broad band 
mum absorpti

dinated water 
he C=O band
ch also show
I) through ca

The free c
m-1 (Fig. 5).  

 

00 2000 1

(1) it can be n
3201cm-1 fro

ibrations of th
bands on 170
tached on the 

[24]. The hy

(1) 

f amino grou
roups appear 
is coordinated
deprotonated f
anon ring app

and (1) 

of hydroxyl 
ion in the 341
molecules to 

ds of amido 
ws that the lig
arbonyl group
carbonyl grou

1500 1000

noticed 
om the 
he NH2 
02 and 
pyrane 

ydroxyl 

 

ups at 
at the 

d with 
fenolik 
pear at 

 

groups 
17cm-1. 
the Ni 
groups 

gand is 
ps and 
ups of 

500



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:6, No:7, 2012

637

 

in
w
va

4 0 0 0 3

0 ,4

0 ,3

0 ,2

0 ,1

0 ,0

tra
ns

m
ita

nc
e

 F

F

C. Mass Spec
The m/z valu

n Fig. 1. The m
were formed in
alues of ESI

5 0 0 3 0 0 0 2

Fig. 4 IR spectru

Fig. 5 IR spectru

ctra 
ue of ligand (1
m/z values of
n the above m
-MS are alm

5 0 0 2 0 0 0 1
V a v e  n um b e r

um of Ni comp
 

um of Ni compl

1) confirms th
f complexes p
mentioned rati
most the sam

5 0 0 1 0 0 0 5

lex (1a) 

lex (1b) 

he structure as
prove that com
io. The exper

me with theor

Fig. 7 Mas

 

5 0 0

 

 

s shown 
mplexes 
rimental 
retically 

cal
an

 

 

ss spectrum of N

lculated (Tab
nd (1b) are sho

MASS 

Compou
C10H7NO

C20H12N2NiO
C20H16N2NiO

Fig. 

Ni complex (1a

O

O

H

O

O

H

le I). The ma
own in Figs. 7

TA
SPECTERS OF LIG

und 
O4 (1) 
O8 (1a) 
O10 (1b) 

6 Suggested str

a) 

C

O

O
2N

C

O

O

H2N

ass spectrums
7 and 8. 

 
ABLE I 

GAND AND NI(II) C
m/z Calc. (M) 

205.04 
465.99 
502.02 

(1a) 
 

(1b) 

ructures of Ni c

O

O

Ni

O

O

Ni

OH2

OH2

s of complexe

COMPLEXES 
m/z Found

206.0(M + H
467.0(M + H
500.9(M - H

 

 

complexes 

O

OC

NH2

O

OC

NH2

es (1a) 

d 
H+) 
H+) 
H+) 

 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:6, No:7, 2012

638

 

 

 
Fig. 8 Mass spectrum of Ni complex (1b) 
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