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Abstract: The reaction of Ni (Il) acetate, Co (Il) chloride and copper
(1) nitrate with 4-hydroxy-6-methyl-3-[(2E)-3-(4-(dimethylamino)
phenyl)prop-2-enoyl]-2H-pyran-2-one leads to the formation of a
series of new complexes. They have been characterized by
spectroscopic studies: infrared, electronic spectra and elemental
analysis. Electrochemical behavior of the complexes of (Cu, Ni) has
been investigated by cyclic voltametry on glassy carbon electrode in
DMF at 100 mV/s scan rate. This study indicate that the reduction
process corresponding to Cu'/Cu' is electrochemically quasi-
reversible in complex of copper, and irreversible reduction process for

Ni" /Ni'

l. Introduction

Chalcones (o, p-unsaturated ketones) are
promising candidates in the new era of medicines on
account of their wide spectrum of antitumor,
antibacterial and anti-inflammatory activities ™.
Chalcones are the immediate precursors in the
biosynthesis of flavonoids, and their structure differs
considerably from the others members of the
flavonoid family, since chalcones are open-chain
analogs in contrast to the other family’s members.
Chalcones are abundantly present in nature starting
from ferns to higher plants 1, and they are usually
synthesized via the Claisen-Schmidt condensation,
using base in a polar solvent (1,

Chalcones possess conjugated double bonds and a
completely delocalized m-electron system on both
benzene rings. Molecules possessing such system
have relatively low redox potentials and have a
greater probability of undergoing electron transfer
reactionstl. The electrochemical techniques are so

advanced in the field of analysis of drugs is due to
their simplicity, low cost and relatively short
analysis time when compared to the other
techniques. The use of carbon based electrodes,
especially glassy carbon electrode, for electro-
analytical measurements has increased in recent
years because of their applicability to the
determination of substances that undergo redox
reactions, a matter of great importance in the field of
clinical and pharmaceutical analysis. Redox
properties of drugs can give insights into its
metabolic fate or their in vivo redox processes or
pharmaceutical activity 5,

Il. Materials and methods
11.1.Physical measurements
All chemicals used were procured from the Sigma-

Aldrich and E-Merck chemical companies. The
solvents were dried before use with the appropriate
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drying reagents. The FT-IR spectra (4000-400 cm™)
of all products were recorded as KBr disks using FT-
IR-4000(Shimadzu) spectrophotometer. While the
electronic spectra of the ligand and its metal
complexes were measured on a UV PROB
SCHIMADZU 1700 spectrophotometer in the range
of 200-800 nm. Elemental analysis was carried out
by Std.meth.0803-CHNS method. Melting points of
synthesized product are determined by Manuel
instructions Fusion Point M-560 (BUCHI)
apparatus. The purity of the compounds was checked
by TLC on pre-coated SiO; gel (HF254, 200 mesh)
aluminum plates (E Merk) and visualized in UV
chamber.

11.2. Electrochemical measurements:

The  electrochemical  properties of the
monometallic complex were investigated. A solution
containing 0.1M  of  Tetrabutylammonium
hexafluorophosphate (TBAP) was used as a
supporting electrolyte on a glassy carbon (GC) and
platinum (Pt) working electrodes (WE) in DMF at
room temperature. A scan rate of 100 mV s was
fixed for all the voltammograms. All solutions were
deoxygenated by passing a stream of pre-purified N
into the solution for at least 10 min prior to recording
the voltammograms.

11.3. Synthesis of the metal complexes:

A series of divalent transition metal complexes of
chalcone derivatives were synthesized according to
the following general procedure. An methanolic
solution (15ml) of the metal salt C4HsOsNi.4H20
(0.0621g; 2.5 mmol), Cu(NOz)2. 2.5 H20 (0.0621g;

2.5 mmol) or CoCl2 6H20 (0.059469; 2.5 mmol) was
added gradually in small amounts to a chloroform
solution of ligand HL (5mmol). The pH of the
solution was maintained between 7 and 8 by adding
alcoholic ammonia solution. The reaction mixture
was refluxed for about 2-3 h and then cooled to room
temperature. The metal complex separated out was
filtered off washed successively with ethanol, ether.
The purity of synthesized compounds was confirmed
by TLC and elemental analysis. C, N and H analysis
were carried out micro analytically. The complexes
were obtained as solids in different yields. They are
insoluble in acetone, ethanol and chloroform, but
their considerable solubility has been noticed in
acetonitrile, DMF and DMSO. The structures of the
synthesized compounds were confirmed by
analytical and spectral data (IR, ESR UV-Vis).

I11. Results and discussion

Analytical data indicated that the condensation of
dehydroacetic acid and p-N,N-dimethyl amino
benzaldehyde occurred in 1:1 ratio to form the 4-
hydroxy-6-methyl-3-[(2E)-3-(4-(dimethylamino)
phenyl)prop-2-enoyl]-2H-pyran-2-one.

The characterization of the ligand was published
1, All the complexes are analytically pure, stable in
air at room temperature for longer time and possess
good keeping qualities. They are non-hygroscopic
solids. The ligand and its complexes are soluble in
common organic solvents. The different properties
of synthesized complexes are summarized in the
(Table 1). The elemental analyses are good
agreement  with  expected stoichiometry of
complexes which indicate that the metal to ligand
ratio in all complexes is 1:2. (Figure 1)

Table 1. The synthesized complexes properties.

color Efrc:]rp;ri] rui:::I {E;e/(l);j R Elemental analysis ® nzopé ;a)

C H N 0
HL(H,0) bordeau  CiHyOuN 80 08 (gg:gg) (g:;g) é‘i:ig) (j:gg) 222
CLEH(Z%I)_)Z reg ~ CuHaNLuOs 66 046 (gi:;é) (igé) (?1;3) (11%;%;) 236
Ni.(HL),  Orange  CaHazNiNOs 50  0.35 (626_232) (j:;) (::9_07) &g:gg) 260
R owe RGN0 0 g (B M,

(a): decomposition,

(b): calculated

111.1. Spectroscopic and structural studies:

UV-Vis Spectrum (MeOH):

The UV-Vis spectra were registered in methanol
and the field between 200 and 800 nm. At a
concentration of 10° M of solution of synthesized
complexes present bands between (A=300 and A=
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320) nm assigned with the transitions n-n* of the
grouping (-CH=CH-), of another bands located
between A=320 nm and A=395 nm due to the
transitions n-n* of (>C=0) 8, The transitions which
appear with A>400 nm are probably assigned to the
transfer of charge ligand-metal (TCLM) . After
complexation, light modifications in of the curves
spectra of the complexes were noted.

We note changes in the pace of the spectrum of the
complexes of copper towards the big wavelengths
that involve a bathochromic effect allotted to an

A

interaction of transfer of intermolecular charge
Transitions %, LMCT might not be detected in the
most of the complexes probably for two reasons is
their weak coefficients of molar extinction or the
width of their bands. The table 2 summarizes the
found results.
Infrared spectroscopy (IR):

The absorption IR spectra of the ligand and their
complexes of Cu(ll), Co(ll) and Ni(ll) were
registered in the field 400- 4000 cm 1 (table 3).

Table 2. Absorption bands relating to the ligand HL and their complexes

Compounds Amax (NM) (10%, Mcm™)
Ligand HL 332 22.8
417 76.2
329 14.1
Cu (HL). 409 33.1
488 10.1
308 10
Co (HL)2 364 77
446 64.8
329 28.1
Ni (HL)2 415 124.7
510 1.2
[ o O _H; |
|
B \_f\“j;h;
NH3 (7MW O O
metallic salt \\l!; <
reflux . T c‘: ~o
! SR
= L msc o |
R= l g —

Figure 1. Reaction of synthesis complexes

Table 3. Values of the absorption bands in cm™ of the IR spectrum of the complexes of HL

v (cm?)
(C=0) (C=0-C=C) q, _ (C=0)
(OH) lactone (C-H) B unsaturated (€=C) coord. (M-0)
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HL 3400 1690 2986 1650 1570 - -
Cu (HL)2 3400 1695 2997 1635 1608 1278 ég?_
776
Co (HL)2 3296 1694 2931 1630 1604 1375 545
. 590
Ni (HL)2 3250 1695 2950 1620 1600 1255 550

The analysis by infrared spectroscopy of the ligand
and its complexes we allows to withdraw the various
significant absorption bands related to groups
implied in the formation of the complexes like the
alcohol function (OH), the aromatic (C = C) and
olefinic (C =C), lactone (C = O) and (C = O) of the
acetyl grouping. After a comparative study of the
results obtained between the ligand and its
complexes, it appears clearly that the absorption
bands which correspond to the vibration v(C=0)
underwent a displacement towards lowest number of
waves which implies the participation of the free
doublet of the oxygen of the acetyl grouping in
coordination in metal. This displacement was 20 cm-
Lfor the complexes of HL. The appearance of a new
band in the interval 1250-1275 c¢m* characteristic of
bond (C=0) coordination we affirm the preceding
estimate [*3, The coordination of the metal ions with
the donor sites of the ligands is confirmed by the
appearance of the absorption bands 545-785 cm'*
allotted to the frequency of the bond (M-O). The
appearance of the absorption bands of the hydroxyl
groupings in the all spectra of infrared.

The latter that appear in the interval 3200-3400
cmt in the spectra of the complexes are due to the

Co(HL)

presence of the hydrogen bonds of water and
ammonia related to the structure of complexes 12131
ESR Spectroscopy:

In the figure 2, we give typical spectra of the ESR
signal of the complexes of the ligand irradiated fto
25 KGy.{ They correspond to derive from resonant
absorption for the magnetic field. The figure 2 shows
the ESR spectrum of the both complexes of Cu (1)
and Co (Il) of the HL. {

The spectrum show the presence of paramagnetic
species, which differ appreciably according to the
cation, implemented. 1The complex of Cu(ll) of the
ligand HL is paramagnetic with three peaks as
appears in figure 2 which present broad lines ([ THPP
= 1.900 105, 2.3200 105 and 2.0300 105 G) and
asymmetric which the values of g (g = 2.2403,
2.0280 and 1.926) are relatively close to that of the
free electron (g = 2,0023). The complex of CoHL is
paramagnetic too (figure 2) having three centers
which peak g1 = 1.9970 and (L/HPP = 15.1560 103
G). The electronic paramagnetic resonance spectrum
reveal that the complexes that have peaks whose
values g close with that to the free electron are
paramagnetic compounds.

Cu(HL)

Figure 2. ESR spectrum of copper and cobalt complexes at 110K.

111.2 Study of the electrochemical behavior of
the complexes

The cyclic voltammetry is the most largely
technique used to acquire qualitative information on
the electrochemical reactions. It profits from a fast
site of the potentials redox of the active species. In
this work, we studied the electrochemical properties
of two o,B-unsaturated ligand and their complexes of
nickel, coppers by calling upon the cyclic
voltamperometry.

This study was carried out in an organic medium
DMF, in the presence of the electrolyte support
(TBAP) 0.1M on an work electrode of vitreous
carbon (CV, ¢= 3 mm), the reference electrode are
with calomel saturated (ECS) and electrode counters
it's a platinum wire (Pt).

Electrochemical behavior of ligand HL

The voltammograms of ligand HL figure 3 are
registered on a tension field going of -2000 and
+1600 mV/ECE for HL at a scanning rate v=100
mV/s.
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The ligand HL presents also two waves of
oxidations at 562 mV/ECS probably allotted to the
oxidation of the chalcone group and the second wave
to +1077 mV/ECS, which is allotted to the oxidation
of the hydroxyl function. The cathodic wave that
might be allotted to the reduction of the chalcone
function ' locates towards -864 mV/ECS.
Electrochemical behavior of the complexes

After the study of the electrochemical behavior of
both ligands in a completely organic medium (DMF-
TBAP) 0.1M, we proceeded to the study of the
electrochemical behavior of our complexes
Ni(HL)2, Cu(HL)2 and this under the same
conditions.

-Electrochemical behavior of the nickel
complexes Ni(HL)2 : The figure 4 given hereafter
represents the voltamperogram of the nickel
complexe registered between -2000 and +1600
mV/ECS for Ni(HL). at a scanning rate V=100
mV/s.

In the case of Ni(HL)2, we observe during going
scan two localized nonreversible peaks of oxidation
in Epa; = +740 mV and Epa; = +980 mV. These
waves irreversible are allotted respectively to the
oxidation of Ni(111)/Ni(11) 51 and the oxidation of the
ligand. On the other hand with return scan, we note
only one wave of irreversible cathodic reduction also
that it we observe in Epci= -1190 mV which
probably allotted to the reduction of the species
Ni(I1) in Ni(l). The figure 5 presents the evolution of
the currents of the system peaks Ni(11)/Ni(l) for the

& HL

i)
(2]
=}

=2 — — - - -
=] = B =14 = ala] 2 ] = frlla)

Efml ECS)

Figure 3. Voltamperograms of the ligand HL registered
between -2000 and 1600 mV/ECS in DMF-TBAP 0.1M,

v=100mV/s

A

both nickel complexes according to the scanning
rate. It also shows an increase in the intensity of the
peaks as the scanning rate increases. The values of
the electrochemical parameters characteristic of the
voltamogram corresponding to oxidation and
reduction of the couple Ni(I1)/Ni(l) 181 which were
registered according to the scanning rate in the field
of going potential between -200 to -1500 mV/ECS
for Ni(HL)z are gathered in table 4.
-Electrochemical behavior of the copper complex
Cu(HL)2

The voltampérogrammes of the copper complex
given below were registered between -1600 and
+1200 mV/ECS for Cu(HL)2 at a scanning rate of
100 mV/s.g

The voltamogram of Cu(HL)2 represented in the
figure 6 shows three waves of oxidation.] First is
located at Epal= -810 mV/ECS which characterizes
the reoxydation of Cu(l) in Cu(ll), Epa2= 485
mV/ECS shows the oxidation of the Cu(ll) ions in
Cu(lll) and Epa3= 890 mV/ECS was allotted to
oxidation ligand. {With regard to return scan, we
note the presence of peak of reduction located at
Epc=-1060 mV/ECS.{ It may be allotted then to the
reduction of the species Cu (I1) in Cu(l) [17].

The figure 7 and the table 4 represents the
voltamograms corresponding to oxidation and the
reduction of the couple Cu(ll)/Cu(l) which was
registered between -400 and -1500mV/ECS for the
complex Cu(HL)2 (B) at various scanning rates.

NilHL),

ifdliem’)

EfmIZECSE)

Figure 4. Voltamperograms of the complex Ni(HL), registered in

DMF-TBAP 0.1M, v=100mV/s

Copyright © 2017, Algerian Journal of Environmental Science and Technology, All rights reserved

548



S. Tabti et al.

8 NiQIYNiT) B CulHo),
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Figure 5. Evolution of the currents of the complex peaks Ni Figure 6. Voltamograms cyclic of the both copper complexes
(HL)2 (B) according to the scanning rate for the system (10 M) registered on a vitreous carbon electrode (¢=3mm) in
Ni(H1)/Ni(l). DMF solution containing 0,1 M TBAP at a scanning rate of 100
mV/s.
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Figure 7. Evolution of the currents of the complex peaks of Cu(HL). (B) according to the scanning rate for the
system Cu(I1)/Cu(l).

Table 4. Electrochemical parameters characteristic of the voltamogram corresponding to oxidation and
reduction of the couple Ni(I1)/Ni(l)

v(mV/s) v¥2(mv/s)Y? log(v) -lpc(mA) -Epc (V/ECS)
50 7.07 1.69 7.55 1008
75 8.66 1.87 8.57 1006
100 10 2 9.73 1004
200 14.14 2.30 11.64 1008
300 17.32 247 13.72 1015
400 20 2.60 16.32 1020
500 22.36 2.69 19.28 1026

Table 5. Principal sizes controlled by the system Cu(ll)/Cu(l).

v(mV/s) v¥2(mv/s)Y2 log(v) -Ipc(mA) -Epc (V/ECS)
100 10 2 14.22 1017
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200 14.14 2.30 18.51 1051
300 17.32 2.47 20.90 1068
400 20 2.60 25.38 1080
500 22.36 2.69 27.21 1086

1V. Conclusion

In summary, we have successfully synthesized
and characterized a new series of metallic complexes
(copper, cobalt and Nickel). The results from FT-IR,
UV-Vis and elemental analysis are in good
agreement with the molecular structure. HL and their
metal complexes have also been characterized by an
electrochemical  technique  which is cyclic
voltammetry in an organic medium (DMF).The
graphical representation of the different cyclic
Voltamograms of the different redox couples of the

V. References

1. Sasayama T, Tanaka K, Mizukawa K, Kawamura A,
Kondoh T, Hosoda K, Kohmura E. J Neu-Onc 2007
85:123-132.

2. Mark, C.; Nagarathnam, D. Cytotoxicities Of Some
Flavonoid Analogues. J. Nat. Prod. 1991, 54, 1656-
1660.

3. Schmidt, J. G., Ueber Die Einwirkung Von Aceton
Auf Furfurol Und Auf Bittermandeldl Bei Gegenwart
Von Alkalilauge. Chem. Ber., 1881, 14, 1459-1461.

4. Chetana And B, Patil, Chalcone: A Versatile
Molecule. J. Pharm. Sci. & Res., 2009; 1: 11.

5. S. A. Kumar, C. F. Tang And S. M. Chen. Poly(4-
Amino-1-1-Azobenzene-3, 4’-Disulfonic Detection
Of Dopamine From Its Interferences Talanta 2008 74
860 866 18

6. V. C. Diculescu, S. Kumbhat And A. M. O. Brett.
“Electrochemical  Behaviour Of Isatin At
Electrode,” Analytica Chimica Acta, Vol. 575, Nos.
2, 2006, Pp. 190-197

7.  Salima Thabti, Amel Djedouani, Samra Rahmouni,
Rachid Touzani, Abderrahmen Bendaas, Henia
Mousser, Abdelhamid Mousser. Synthesis, X-Ray
Crystal Structures And Catecholase Activity
Investigation Of New Chalcone Ligands, Journal Of
Molecular Structure 1102 (2015) 295-301.

8. B.T. Thaker, R.S. Barvalia, Spectrochimica Acta
Part A: Molecular And Biomolecular Spectroscopy,
112 (2013) 101-109.

9. Benabid Sonia, Synthése Et Etude Electrochimique
De Matériaux Moléculaires A Base De Composés
Aromatiques Aminés, These Doctorat, Setif(2014).

10. R.M.Issa, A.M. Khedr, H.F. Rizk, Uv-Vis, Ir And (1)
H Nmr Spectroscopic Studies Of Some Schiff Bases

different systems mentioned in this study represents
oxidation peaks and reduction for each pair.

Acknowledgments

We are grateful to the Algerien Ministere de
I’Enseignement  Superieur de 1la Recherche
Scientifiqgue (MESRS) and the Algerian Direction
Generale de la Recherche Scientifique et du
Developpement Technologique (DGRSDT) for
financial support and to Dr. Jean-Luc Parrain, Dr.
Michel Giorgi, Dr Valérie Monnier and Christophe
Chendo, from Aix-Marseille Universite Campus
Saint-Jerdme, France for analyses.

Derivatives Of 4-Aminoantipyrine Spectrochim.
Acta A 62 (2005) 621.

11. V.N. Patang. Synthesis And Structural Studies Of
Transition Metal Complexes With Bidentate Schiff
Base Derived From 3-Acetyl-6-Methyl-(2h)-Pyran-
2,4(3h)-Dione Transition Metal Chemistry, 32
(2007) 944-949

12. Lp.Nitha Et Al Synthesis, Spectroscopic
Characterisation, Dna Cleavage, Superoxidase
Dismutase Activity And Antibacterial Properties Of
Some Transition Metal Complexes Of A Novel
Bidentate Schiff Base Derived From Isatin And 2-
Aminopyrimidine.  Spectrochemica Acta Part
A:Molecular And Biomolecular  Spectroscopy
118(2014)154-161.

13. Djedouani, Synthese Caractérisation Structurale Et
Analytique Des Ligands Et Complexes Dérives De
Dha, These Doctorat, (2008).

14. M. Keerti, T. N. Sharanappa, American Journal Of
Analytical Chemistry, 3 (2012) 656-663.

15. ARSilva, C.Freire, B.De Castro, M.M.A.Freitas Et
J.L.Figuiredo  Microporous And  Mesoporous
Materials, 46 (2001) 211-221.

16. E. Christopher, D. Dennis, G. Peters. Catalytic
Reduction Of lodoethane And 2-lodopropane At
Carbon Electrodes Coated With Anodically
Polymerized Films Of Nickel(li) Salen Anal. Chem,
66 (1994) 3117-3123.

17. N. Deligonul, Mehmet Tumer. Synthesis,
Characterization, Catalytic, Electrochemical And
Thermal Properties Of Tetradentate Schiff Base
Complexes Transition Metal Chemistry, 31(2006)
920-929.

Please cite this Article as:

(2017) 544-550

Tabti S., Benmahmoud M., Djedouani A., Semmari L., Hamimi A., Synthesis, characterization and
electrochemical behavior of new metallic complexes derivatives of -hydroxy-6-methyl-3-[(2E)-3-(4-
(dimethyl-amino) phenyl) prop-2-enoyl]-2H-pyran-2-one, Algerian J. Env. Sc. Technology, 3:3-B

Copyright © 2017, Algerian Journal of Environmental Science and Technology, All rights reserved

550



