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The thermal decomposition of the complexes [Cu(ac)z - (Et2na)]s - Etana- 2H20 (I), Cu(Clac)s-
(Etona)s (II), and Cu(Clzac)z - (Et2na)z - 2H2O (III) (where ac = CH3COO~, Clac = CICH,COO™,
Clzac = Cl2,CHCOO™, and Etena = N,N-diethylnicotinamide) had been investigated in static air
in the temperature range 20—1000°C by means of thermogravimetry (TG) and differential thermal
analysis (DTA). The composition of the complexes and the solid state intermediate and resultant
products of thermolysis had been identified by means of elemental analysis and compleximetric
titration. The possible scheme of destruction of the complexes is suggested. Heating the compounds
first results in a release of water molecules. The loss of the volatile ligand (Etzna) occurs in one
step. The thermal stability of the complexes increases in the sequence: II, I1I, I. The final products
of the thermal decomposition were CuO. The IR, EPR, and electronic spectral analyses were used.
Etzna was found to be coordinated to Cu(II) through the nitrogen atom of its heterocyclic ring and
EPR data suggest a dimeric structure of compound I and monomeric structure of compounds IT

and IIL

Carboxylatocopper(II) complexes are of interest
from both the chemical and biological point of view.
Copper(II) carboxylates with nitrogen donor ligands
have attracted increasing interest in recent years. This
interest largely derives from the discovery that the
carboxylate groups possess a pronounced tendency to
serve as a bridge between copper(II) atoms with a ni-
trogen donor ligand in terminal position [1—3]. From
our point of view it was challenging to study the in-
teraction between metal ions and heterocyclic nitrogen
compounds that occur in living systems and are used
as medicaments [4]. It is also well known that hetero-
cyclic compounds play a significant role in many bio-
logical systems, especially six-membered ring system
being a component of several vitamins and drugs [5,
6]. It is known that some drugs act via chelation or via
the inhibition of metalloenzymes, but little is known
about the modification of activity of most drugs when
their ligating potential is utilized. The interaction of
copper(II) atom, which plays a vital role in a number
of quite different biological processes, with therapeu-
tically administered drugs is a subject of considerable
interest [7].

The Ni(II), Fe(III), and Cu(II) complexes with
nicotinamide have been reviewed earlier [8]. In our
previous papers we described the thermoanalytical
properties of Mg(II) carboxylates with pyridine and
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its derivatives [9—12]. The molecular structure and
spectral analysis of Cu(Il) flufenamates with N,N-
diethylnicotinamide known as an important respira-
tion stimulant is described in [13]. In this paper we
deal with the results of synthesis, thermal and IR,
EPR and electronic spectral analyses of the above-
mentioned new copper(II) complexes I—III.
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Electronic spectrum in the T-region 10—28 kK was
measured with a Perkin—Elmer 450 spectrophotome-
ter and IR spectrum in the & region of 200—4000 cm™*
with the Philips analytical PU9800 FTIA spectrome-
ter. In both cases the Nujol suspension technique was
used. EPR spectrum of powdered sample was run on a
Varian model E 4 spectrometer at room temperature.

Thermal decomposition of the complexes was car-
ried out on Paulik—Paulik—Erdey Derivatograph
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Cu(il) COMPLEXES WITH N,N-DIETHYLNICOTINAMIDE

Table 1. Analytical Data of the Complexes I—III

w;(cale.)/%
w;(found) /%
Complexes

C H N Cu
I 48.86 6.21 9.00 13.11
48.39 6.19 8.75 13.14
n 52.00 5.86 10.71 8.10
51.13 6.02 11.09 8.13
17 40.48 4.78 7.87 8.93
40.47 4.71 7.89 8.95

(Type OD 102, MOM Budapest) in air atmosphere by
using a platinum crucible with a sample mass of 100
mg in the temperature range 20—1000°C. The rate
of temperature increase of 10°C min~! was chosen for
the measurement.

The new copper(II) complexes reported in this pa-
per are soluble in water, ethanol, methanol, acetone,
and dimethyl sulfoxide. The content of carbon, ni-
trogen, and hydrogen was determined by elemental
analysis and the content of copper was established by
compleximetric titration. The analytical data of the
compounds J—III reported in Table 1 show a good
agreement between the experimental and calculated
data.

Complexes I—IIT

Compounds I—III were prepared by dissolving
0.05 mol of appropriate acetato- or halogenoacetato-
copper(II) complexes in 100 cm?® of ethanol and by
gradually adding (3.56 g, 0.2 mol) Etona. The solu-
tions were reduced in volume at room temperature
and left to crystallize. The complexes which formed
were filtered off, washed with ether, and dried at room
temperature.

RESULTS AND DISCUSSION

The TG and DTA curves of the complexes I—IIIT
are shown in Figs. 1—3. Thermal decomposition of
the compounds is the multi-stage process. The sub-
sequent detachment of the ligands was observed. The
final product was CuO.

The TG and DTA curves for [Cu(ac); - (Etgna)]s -
Etona-2H,0 (I) are shown in Fig. 1. The TG curve for
that complex indicates that it is stable at temperature
up to 230°C, when there begins the slow decomposi-
tion to CuO, as to the final product formed at 650°C.
The TG curve shows two bendings at 270°C and
360°C. They correspond to the presence of two inter-
mediate decomposition products: [Cu(ac), (Etzna)l,

Etena and Cu(ac)z. The most probable thermal de-
composition scheme is
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Fig. 1. TG and DTA curves of I.
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Fig. 2. TG and DTA curves of II.
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Fig. 3. TG and DTA curves of III.
[Cu(ac)s - (Etana)]s - Etona-2H, O 230;;72;0 sition reactions of N,N-diethylnicotinamide and ac-
[Cu(ac)s - (Etana)] - Etona 2 g:ags(,T:i)slzeg;wely, with simultaneous formation of
u A
Cnlac)s : (Btsnalls - Blote, ——n—000 0 . oy i) The TG and DTA curves for Cu(Clac)z(Etyna);
[Cuac); - (Btzna)lz - Btz —3Etzna (ac)z (II) are shown in Fig. 2. The TG curve for that com-
Cu(ac)s 360—650 °C CuO plex indicates that it is stable at temperature up to
—2ac

The DTA curve for the complex (Fig. 1) presents
an endothermic peak at 250°C corresponding to the
loss of 2H20 and two exothermic processes at 230—
450°C and 450—680°C corresponding to decompo-
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60°C, when there begins the slow decomposition to
CuO, as to the final product formed at 730°C. The TG
curve shows two bendings at 170°C and 420°C. They
correspond to the presence of two intermediate decom-
position products: Cu(Clac)2(Etzna)s and Cu(Clac),.
The most probable thermal decomposition scheme is
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Cu(ll) COMPLEXES WITH N,N-DIETHYLNICOTINAMIDE

Table 2. Thermal Decomposition Data of the Complexes I—IIT

Complexes DTA TG

Temp. Omax Process Am Released Residue

interval component

°C %
°C found (calc.)

[Cu(ac)z - (Et2na)]s - Etena - 2H20 (1) 230—270 250 endo 3.85 (3.86) 2H,0

270—450 300 exo 57.20 (57.23) 3Et2na

450—680 600 exo 25.30 (25.29) 2ac CuO
Cu(Clac)2(Etena)s (1) 50—180 120 endo 22.70 (22.69) Etana

180—450 320 exo 45.40 (45.38) 2Et2na

450—780 650 exo 23.80 (23.83) 2Clgac CuO
Cu(Clzac)z - (Etzna)s - 2H20 (1) 140—180 160 endo 5.00 (5.06) 2H,0

180—300 240 exo 18.00 (17.98) Claac

300—500 370 exo 50.10 (50.04) 2Et;na

500—830 770 exo 18.00 (17.98) Claac CuO

Cu(Clac)s(Etena)s LEZ"’L» Cu(Clac)s (Etzna)s
& 2na

Cu(Clac) (Etsna), %“f“% Cu(Clac),
— 2ona
Cu(Clac); —20=0C , w0
—2Clac

The DTA curve for the complex (Fig. 2) presents
an endothermic peak at 120°C corresponding to the
loss of one N,N-diethylnicotinamide molecule and two
exothermic processes corresponding to decomposition
reactions of remaining two N,N-diethylnicotinamide
molecules and acetates, respectively, with simultane-
ous formation of CuO.

The TG and DTA curves for Cu(Clyac)s - (Etena)s
-2H,0 (III) are shown in Fig. 3. The TG curve for
that complex indicates that it is stable at temper-
ature up to 150°C, when there begins the slow de-
composition to CuQ, as to the final product formed
at 820°C. The TG curve shows three bendings at
230°C, 280°C, and 430°C. They correspond to the
presence of three intermediate decomposition prod-
ucts: Cu(Clsac); - (Etana)a, Cu(Claac) - (Etzna)s, and
Cu(Clzac). The most probable thermal decomposition
scheme is

Cu(Clpac); - (Etyna), - 2H,0 150;21300 °c
Cu(Clzac); - (Etzna), >Ha
Cu(Cl2ac)2 . (Et2na)2 230—280 °C

—Clzac
Cu(Clzac) - (Etzna),
Cu(Claac) - (Etzna)s 2?2;3;:: Cu(Clyac)

430—820 °C

—Clgac

Cu(Clpac) CuO

The DTA curve for the complex (Fig. 3) presents
an endothermic peak at 160°C corresponding to the
loss of two molecules of water and three exothermic
reactions corresponding to decomposition reactions of

Chem. Papers 52 (5) 650—654 (1998)

one molecule of chloroacetate, two molecules of N,N-
diethylnicotinamide, and the remaining chloroacetate,
respectively, with simultaneous formation of CuO.

The solid state electronic spectra of complexes I—
11T exhibit ligand field bands with maximums at 14.2
kK, 14.7 kK, and 16.0 kK, respectively, which were
identified with d—d transitions of the Cu(II). Com-
plexes I and III also exhibit shoulders at 26.5 kK and
12.8 kK, respectively. The shoulder should be the char-
acteristic of the bridging system with the antiferro-
magnetic interaction [14].

The IR spectra of compounds I and III show
broad absorption bands at # ~ 3660 cm~! and 3332
cm™}, respectively. These frequencies correspond to
the vg ,s(OH) [15]. These bands clearly confirm the
presence of water of crystallization in the compounds.
The compounds showed the carboxylate stretching fre-
quencies, vs(COO™) in the ¥ range 1368—1489 cm™!
and v,5(COO™) in the ¥ range 1622—1652 cm™!. The
positions of the bands are characteristic of copper(II)
carboxylate compounds [16]. The absorption bands
which occur in the 7 range 200—250 cm~! (v(Cu—N))
confirm the coordination'of N,N-diethylnicotinamide
through the nitrogen atom of its heterocyclic ring to
Cu ion. The absorption bands which occur in the 7
range 602—609 cm™! and 407—426 cm™! are due to
in-plane ring deformation and out-of-plane ring de-
formation, respectively, of pyridine ring. The absorp-
tion bands which occur in the 7 range 289—426 cm™!
(v(Cu—O0)) confirm the coordination of oxygen to Cu
ion.

EPR spectrum of the polycrystalline [Cu(ac)s -
(Etzna)]s - Etena-2H,O at room temperature con-
tained the typical absorption bands of an axially sym-
metric dimeric species [17]. The spectrum can be in-
terpreted by using a spin Hamiltonian for axial sym-
metry: H= gn(8H;S:) + g1 (H2 S + Hy Sy) + D(S3
+ 2/3), where S = 1 for the thermally accessible triplet
state and D, the zero-field parameter, and the other
symbols have their usual meanings. The values ob-
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Table 3. Parameters of EPR Spectra of the Complexes I—III

Complexes g g1 gav |D|/cm™!

[Cu(ac)g . (Etzna)]z -Etena-2H,0* 2.32 2.07 2.16
Cu(Clac)2(Etz2na)s
Cu(Clzac)s - (Etzna)z - 2H20

0.342
2.24 2.01 2.09 -
2.36 2.01 2.13

*Dimer.

tained for the spin Hamiltonian parameters are in Ta-
ble 3. The values are comparable to those found in
dimeric copper(II) carboxylates [2, 3]. EPR spectra of
Cu(Clac)2(Etona)s and Cu(Clpac), - (Etena)s - 2H,0
contained the typical absorption bands of monomeric
species with the g values (Table 3) which are typi-
cal for a pseudo-octahedral coordination about Cu(II)
atom.

Without X-ray analysis no definite structure can
be described for the different components. However,
spectroscopic and analytical data available enabled us
to remember problems of structures and we could also
use thermal decomposition studies to help us.

Acknowledgements. The authors wish to thank the Ministry
of Education of the Slovak Republic for the financial support.

REFERENCES

1. Melnik, M., Macaskova, L., and Mrozinski, J., Polyhe-
dron 7, 1745 (1988).

2. Melnik, M., Coord. Chem. Rev. 36, 1 (1981).

3. Melnik, M., Coord. Chem. Rev. 42, 259 (1982).

654

10.

11.

12.

13.
14.

15.

16.

17.

S. C. MOJUMDAR, M. VALKO, M. MELNIK

Melnik, M., Sirota, A., Ondrejkoviova, I., Jéna, E.,
and Hudecova, D., Progress in Coordination and
Organometallic Chemistry, Proc. Int. Conf., Smolenice,
Slovakia. P. 215. Slovak University of Technology
Press, Bratislava, 1997.

J6na, E., Kubranova, M., Simon, P., and Mrozinski, J.,
J. Thermal Anal. 46, 1325 (1996).

Jéna, E., Sirota, A., Simon, P., and Kubranova, M.,
Thermochim. Acta 258, 161 (1995).

Melnik, M., Poto¢hak, I., Maca3kova, L., Miklo3, D.,
and Holloway, C. E., Polyhedron 13, 2159 (1996).
Ondrejkovi¢ova, 1., Drobuliakové, D., and Melnik, M.,
Current Trends in Coordination Chemistry, Proc. Int.
Conf., Smolenice, Slovakia. P. 447. Slovak University
of Technology Press, Bratislava, 1995.

Mojumdar, S. C., J6na, E., and Melnik, M., TER-
MANAL 97, Proc. Int. Conf., Belusské Slatiny, Slo-
vakia. P. 58. CHTF-STU Press, Bratislava, 1997.
Mojumdar, S. C., Melnik, M., and Jéna, E., NOVTECH
'97, Proc. Int. Conf., Zilina, Slovakia. P. 67. Juraj
Matusik Press, Zilina, 1997.

Mojumdar, S. C., Melnik, M., Jéna, E., and Enamul-
lah, M., J. Bangladesh Acad. Sci., in press.
Mojumdar, S. C., Melnik, M., and Jéna, E., J. Anal
Appl. Pyrolysis 46, 147 (1998).

Hokelek, T., Acta Crystallogr. C51, 2020 (1995).
Dubicki, L. and Martin, R. L., Inorg. Chem. 5, 2203
(1966).

Nakamoto, K., Infrared Spectra of Inorganic and Co-
ordination Compounds. 2nd Edition, p. 80. Wiley—
Interscience, New York, 1970.

Nakamoto, K., Morimoto, Y., and Martell, A. E., J.
Am. Chem. Soc. 83, 4528 (1961).

Bleaney, B. and Bowers, K. D., Proc. R. Soc. London,
Ser. A 214, 451 (1952).

Translated by S. C. Mojumdar

Chem. Papers 52 (5)650—654 (1998)



