Acta Chimica Slovaca, Vol.4, No.1, 2011, 38 - 46

Copper(ll) 2-Nitrobenzoatecomplexes with Nicotinamie,
Preparation and Properties

Jana Medvecka, Jan Monc#, Vladimir Jorik, Kristina Satkova, DuSan Valigura

Department of Inorganic Chemistry, FCHPT STU, Raského 9, 812 37 Bratislava
jana.medvecka@stuba.sk

Abstract

Two new complexes [Cu(2-NBz)(nia)] (1), [Cux(2-NObzu(nia)]-(AC) (2) were obtained
in addition to known ones [G(2-NO.bz),(nia)]-(ACN) (3) and [Cu(2-NQbz)(nia)(H20),]
(4) were obtained by the study of copper(ll) acetagetions with nicotinamide (nia) and
2-nitrobenzoic acid in different solvents and uditifferent molar ratios of copper(ll) : nia.
All complexes under study were characterized bgnelgal analysis and by IR, or UV/VIS
spectra and X-ray powder diffraction pattern westamed to characterize samples and to

compare obtained products with known ones.
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Introduction

Nicotinamide (nia) is one of the esential compotordyrowth cells (Lin 2001) and its excess
in human body causes increase of lipid peroxidadiw its shortage decreasing level of
atioxidants such as Vitamin E, or glutathione (M20®0). Moreover, nicotinamide is known
for as substance helping against cell apoptosisethby free radical presence (Lin 2001), it is
frequently used in treatment of different skin dises (Kang 2000, Hara 2002) or in
prevention against some neurodegenerative diseasklzheimer one (Green 2008). Presence
of copper in human body liquids and its functioninglifferent vital processes is connected
with copper atom ability to form complexes withfdient ligands. Copper complex formation
with different biologically active substances isaject of great interest. This could be well
documented by great and still growing number ofpew(ll) complexes with nicotinamide in
CCD (Cambridge Crystallographic Databasthat also shows the nicotinamide ability to act
as monodentate or bridging ligand. Moreover, mbaa ttwo thirds of all over fifty
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structurally studied complexes contain some carladyanions as ligands. Carboxylate
anions exhibit a versatile coordination behaviawards metal cations due to their ability to
act as monodentate, bidentate chelating, bidehtatging or polydentate bridging ligands.
Carboxylatocopper(ll) complexes are well knowntfwgir great variability of coordination
polyhedron they can possess for each of coordmatimnbers ranging mainly from four to
six. In this paper we report preparation, specnalracteristics and analysis of four copper(ll)
complexes containing nia ligand [Cu(2-Bi2)(nia)] (1), [Cw(2-NO:bz)(nia)]-(AC) (2),
[Cux(2-NOzbz)y(nia)]-(ACN) (3) and [Cu(2-NQbz)(nia)y(H20),] (4) that were obtained by

the similar reactions in different solvents.

Experimental

Preparation

[Cu(2-NO,Bz)(nia),] (1) Copper(ll) acetate (1 mmol, 200 mg) was solvedaetonitrile
(30 mL) at temperature about 30 — 40°C and thetin@mide (2 mmol) was added under
stirring. After few minutes of reaction mixturersing the stoichiometric amount of 2-
nitrobenzoic acid (2 mmol) and mixture was stirfedseveral minutes. Then purple solid
product was filtered off and dried under infra lamp

Found: C: 48.7 %; H: 3.2 %; N: 12.2 %

Calc.: C: 48.8 %; H: 3.2 %; N: 13.1 %; Cu: 9.9 %

[Cuz(2-NO:bz)(nia),] (AC) () Copper(ll) acetate (1 mmol, 200 mg) was for eagieament
solved in acetone (20 mL) and the nicotinamide, (0.6r 2 mmol) was added under stirring
to the each solution of copper(ll) acetate to kibepstoichiometric ratio of copper(ll) to
ligand 1:0.5,1:1, or 1: 2. After few minutafsstirring of reaction mixture the
stoichiometric amount of 2-nitrobenzoic acid (2 ntyweas added to each solution. Mixtures
were stirred with a magnetic stirrer for severahmtés. Then green solid product was filtered
off, washed with small amount of solvent and diiedir at ambient temperature.

Found: C: 45.9 %; H: 3.2 %; N: 10.1 %

Calc.: C: 47.2 %; H: 3.1 %; N: 10.2 %; Cu: 11.6 %

[Cuz(2-NO:Bz)(nia),] <(ACN) @) Copper(ll) acetate (1 mmol, 200 mg) was solved in

acetonitrile (30 mL) and the nicotinamide (0.5 mpiobr 2 mmol) was added under stirring.
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After few minutes of reaction mixture stirring thichiometric amount of 2-nitrobenzoic
acid (2 mmol) was added and mixture was stirredséweral minutes. Then green solid
products were filtered off, washed with small antoafnsolvent and dried in air at ambient
temperature.

Found: C: 46.2 %; H: 3.1 %; N: 10.9 %

Calc.: C: 46.8 %; H: 2.9 %; N: 11.7 %; Cu: 11.8 %

[Cu(2-NO,Bz)p(nia)2(H20),] (4) Copper(ll) acetate (1 mmol, 200 mg) was solveetiranol
(20 mL) or water (10 mL). Nicotinamide (0.5 mmolpd2 mmol) was added under stirring.
After few minutes of reaction mixture stirring te®ichiometric amount of 2-nitrobenzoic
acid (2 mmol) was added and mixture was stirrecséwmeral minutes. Blue microcrystal
powder was excluded from reaction mixture. Proaveas filtered off, washed with small
amount of solvent and dried in air at ambient terapee.

Found: C: 46.3 %; H: 3.7 %; N: 12.9 %

Calc.: C: 46.2 %; H: 3.6 %; N: 12.4 %; Cu: 9.4 %

Apparatus and equipment

Carbon, hydrogen and nitrogen analyses were castiedn a CHNSO FlashEX 1112
Automatic Elemental Analyzer.

Electronic spectra (190 — 1100 nm) of the complexeie measured in Nujol suspension with
a SPECORD 200 (Carl Zeiss Jena) spectrophotometer.

Infrared spectra (4000 — 400 Tinwere measured with a Nicolet 5700 FT-IR specttemfy
Nicolet using ATR techniques at room temperature.

To obtain X-ray powder patterns of the samples wegasured with Bragg-Brentano
diffractometer Philips PW 1730/1050, using B-fiteCd<a radiation, 40kV/35mA in the
range of 3° — 51°@, step 0.02°.

Results and Discussion
Properties of complexes

The light purple complex [Cu(2-NBz)(nia)] (1) composition was determined by elemental
analysis and IR spectra of obtained samples haxgeegrabsence of water molecules in its

content. The highekv(COQ) difference allows to suggest asymetric bondinglenof
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2-nitrobenzoate carboxylato group to the coppec@htral atom. The light purple colour is
consistent with our experience concerning the aotbanges due to less number of oxygen
atoms strongly bonded to copper atom and partlfirtos suggested asymetric carboxylate
bonding mode. Moreover, the CCBdmbridge Crystallographic Databasdata show
molecular complexes of both [Cu(RCQM)a),], and [Cu(RCOQ)nia)(H20),] composition
have been structurally studied and the stoichioyj€u(RCOO)(nia)] prevails (ten known
structures e.g. Fig. 1) over the [Cu(RCQ@@ig)(H20)] (six known examples, Fig. 2).

..... L e g
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Fig. 1. The molecular structure of the [Cu(RCQ@@in),]; left RCOO = salicylate
(Leban 1997), right RCOO = benzoate (Leban 1996).
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A

Fig. 2. The molecular structure of the [Cu(RC@@ip)(H20),]
RCOO = 2-nitrobenzoate (Stachova 2007)
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It is interesting that six of ten structurally died complexes are exhibiting some
shade of purple or violet colour. Moreover detaNelv of known structures has shown that
there is a great variation of the longer Cugdistances within the range 2.209-3.141 A
and all mentioned examples of some sort violetwoswe showing this distance around the

centre of this range.

Table 1. Infrared spectra data (&jn

Compound vadCOO) v{(COO) Av(COO) v(N-H) v(O-H)
[Cu(2-NO:bz)(nia)] (1) 1593 1377 216 3416, 3199 -
[Cux(2-NObz)(nia)]-(AC) (2) 1575 1392 183 3433, 3186 -
[Cux(2-NObz)(nia)y]-(ACN) (3) 1575 1391 184 3436, 3162 -
[Cu(2-NO:bz)(nia)(H.0),] (4) 1590 1372 218 3387,3198 3543

Table 2. Electron spectra data (nm).

Compound A(d— d)
[Cu(2-NO:bz)(nia)] (1) 560, 666
[Cuz(2-NOsbz)(nia)]-(AC) (2) 747
[Cuz(2-NOsbz)(nia)]-(ACN) (3) 750
[Cu(2-NObz)(niak(H20)2] (4) 636

The another new product [gB-NObz)(nia)]-(AC) (2) obtained from different
reaction mixtures in acetone as solvent has itststometry confirmed by elemental analysis.
The IR spectra similarity of compleg)(in comparison to complex [G{2-
NO.bz)(nia)]-(ACN) (3) in all parts of spectra except the incorporatddent molecules
bands (1707, 1361, 1206 and 531 tattributed to acetone molecule B) br 2324, 1375,
1029 and 934 c for acetonitrile in 8). The known structure o8J is shown in Fig. 3.
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Fig. 3. The molecular structure of the p2+NObzu(nia)]-(ACN) (3) (Moncol 2010).

The comparison of diffraction pattern of bo#) &nd @) (Fig. 4) shows that

complexes are probably isostructural.

B
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Fig. 4. The diffraction pattern comparison for cdexes @) (upper line) and3) (lower line).

It worthy to stress that structure of complex J@QeNObz)(nia)]-(ACN) (3) contains
the acetonitrile molecules inserted into cavitiethe complex in two different positions and
this was the base for calculations using the PLAT(Spek 2003) program that allowed us to

visualize the size and shape of cavities (Fig. 5).
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Fig. 5. The cavities inside the crystal structurg¢Qu,(2-NObz)(nia)]-(ACN) (3) (Moncol
2010)

Preparation course

There are some interesting features concerning/éyeof (1) — (4) complexes preparation.

All preparations cover the same sequence of reectiadhe first step is copper(ll)-
nicotinamide complexes formation and the second®tiee formation of the final 2-
nitrobenzoatoanion containing product. The lastse®ms to be the most dependent on the
type of used solvent. The most common solvent uspdeparations — water — gives in some
experiments (some specific conditions, e.g. thaironcentration of copper salt,
temperature and the speed of dissolving of 2-némabic acid) light purple product, that was
more or less quickly transformed into more darleldiready known and published (Stachova
2007) product4). The attempts to obtain light purple complex bgrging the reaction
conditions usually failed because of proceedingdiarmation already formed purple product
into blue product4). The ethanolic medium behaves similarly and qgmbduct 4) was
obtainable. The formation of blue final produd} in both used solvent does not depend on
the copper(ll) : nicotinamide reactants stoichiayend it could be stressedthat1:2,1:1

and 2 : 1 stoichiometry was applied in all systemder study.
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The best results, from the point of view purpledurct preparation and isolation, were
obtained from acetonitrile as solvent used and waghper(ll) : nicotinamide 1 : 2
stoichiometry but very gentle preheating of reactivixture (up to 30—3%C) prior to the
addition of 2-nitrobezoic acid was needed and tirplp product was formed quickly and
after few minutes of stirring the reaction was ctetgd. Drying of the product after its
filtering off was another problem of the procedhexzause presence of mother liquid, or
presence of the solvent used for product washingezhslow and incomplete transformation
of purple product into complexX). The best way of keeping the purple proddgtupnchanged
was to remove the rest of mother/washing liquidnfieplid product as soon as possible by its
gentle heating as it is shown in preparation of giem [Cu(2-NQbz)(nia)] (1).

The reaction procedure in acetonitrile withouther@ting gives the green produ8}. (
The same green produ@) (vas obtained from acetonitrile solutions simpyydecreasing
nicotinamide content in reaction mixture and analysgether with spectral properties and X-
ray powder patterns proved that these obtainechgremucts were identical with complex
[Cux(2-NOsbz)y(nia)]-(ACN) published (Moncol 2010).

Changing the solvent used to acetone, known $quri¢ference to formation of
“acetate” type of dimmers, led in all synthesigi@pendently from the
copper(ll) : nicotinamide molar ratio) to formatiohgreen product [CAR2-

NO.bz)(nia)]-(AC) (2). Spectral properties and powder X-ray diffractpaitern have
proved structural similarities o) to the above mentioned comple} pbtained from
acetonitrile solutions.

A suspicion that water content in solvents usedyothesis and air humidity during
the drying of some solid samples are the main reémothe complex) formation was
partially proved by experiments in which a smalloamts of water (< 10%) were added to the
reaction mixtures containing already formed greedpcts @) or (3). In all cases the
primarily formed green complexes have been smoath&nged to the final blue product of
composition [Cu(2-N@bz)(nia)(H20),] (1).
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