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ABSTRACT 

A series of cu-arylhydrazoneacetoacetylaminopyridine ligands and their copper(H) com- 
plexes have been isolated and characterized. Characterization involves elemental and thermal 
analyses together with UV, visible, proton magnetic resonance and IR spectral studies. Based 
on these physicochemical studies, the structural formulae for the obtained ligands and their 
complexes have been suggested. The suggested formulae of these complexes are CuL . X 
(L = ligands, X = H,O or acetate group). Thermal analysis of the ligands and of their isolated 
complexes have already indicated hydrogen bonding within the ligand molecule and different 
modes of interaction between the ligands and the central copper(I1) metal ions. UV, visible, 
IR and ‘H NMR spectral studies have also been used to investigate the nature of the 
hydrogen bonding within the ligands and have indicated that their coordination to the central 
metal ion is via oxygen- and nitrogen-containing groups. This work is relevant to the 
applications of these dyes and their complexes in different fields of industry. 

INTRODUCTION 

Studies of copper(I1) complexes have attracted, and will continue to 
attract, the attention of scientists in a wide field of chemistry; in particular, 
much interest has been directed towards the synthesis, spectral studies and 
stability of copper chelates with different ligands [l-7]. 

Cupric complexes usually assume the square planar form [8] and under 
favourable conditions tend towards octahedral structures. In addition to 
these square merging into tetragonally distorted octahedral complexes, there 
are some stereoforms [9-111. 

The present work aims to investigate the structure of the possible 
copper(I1) chelates formed during interaction with a-arylhydrazoacetoace- 
tylaminopyridines L, (i = l-5). 

CH&O-C-CONH-CC,H,N 

!I-NH-C H 6 4 R 

0040-6031/89/$03.50 0 1989 Elsevier Science Publishers B.V. 



2 

(L,, R =p-CH,; L,, R =p-Cl; L,, R = m-Cl; L,, R =p-OCH, and L,, 
R = o-NO,). 

3-Oxoanilides, such as acetoacetanilides, benzanilides and naphthoylace- 
tanilides, have been the subject of numerous investigations [12-151 but little 
is known about the acetoacetylaminopyridines or their preparation, or 
concerning the structural investigation of these compounds and their copper 
chelates using spectrophotometric methods (UV and visible), proton mag- 
netic resonance (‘H NMR), thermal analysis (TG and DTA) and microanal- 
ysis. 

The importance of the dyes and their copper complexes under investiga- 
tions stems from the fact that these complexes can be used as fungicides, 
have a great influence in the nitrification of soil, can be used in waterproof- 
ing, in tanning, in colouring or as parasiticides [16]. cY-Arylazoacetoacetani- 
lides have wide industrial applications [17]. 

EXPERIMENTAL 

a-Arylhydrazoneacetoacetylanilides (Li) were prepared by coupling of the 
anilide CH,COCH,CONHC,H,N with diazonium salts. Using a previously 
described technique, consistently high yields were obtained [18]. The deriva- 
tives were crystallized from different solvents to a constant melting point 
and dried in vacua. Preliminary studies on these ligands led to the following 
proposed structures 
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In order to prepare the copper(L, complexes (Ii, II) solutions of these 
ligands (0.2 g/20 ml 2,4-dioxane) and of copper acetate (0.2 g/20 ml water) 
were thoroughly mixed, stirred, diluted with water up to 100 ml and left 
overnight. The following products were formed: green I, (m.p. 139” C); 
brownish-green I, (m.p. > 250 o C); brownish-yellow I, (m.p. > 250 o C); yel- 
lowish-green I, (m.p. > 250°C) and a greenish-yellow II (m.p. 200 “C). 
These solid complexes were insoluble in water, slightly soluble in solvents, 
but soluble in dioxane-water mixture (1 : 1). They were recrystallized from 
absolute ethanol. 

Partial elemental analyses for C, H, N and halogen, and molecular weight 
(MW) determinations were performed by microanalysts at Cairo University 
(Table 1). 

The absorption spectra of ligands Lj (5 X 10d4 M) and their copper 
complexes I,_, (0.25-0.4 X lop4 M) and II (0.5 x 10e4 M) were measured 
in dioxane-water mixture (1 : l), using a PYE Unicam SP 1750 recording 
spectrophotometer. 

Thermal analysis for some ligands (L,,,,*) and their complexes (I,,, and II) 
was also done on a Heraeus Thermal Analyzer, in the Physics Department, 
University of Cairo. 

The IR spectra were recorded as KBr discs on a Beckmann infrared 
spectrophotometer (INC, Fullation, California, USA) over a wave number 
range 250-4000 cm-‘. 

Proton magnetic resonance (lH NMR) spectra were measured using a 
Varian EM 360/390 NMR spectrometer (60 MHz) at El-Azhar University. 

RESULTS AND DISCUSSION 

From the microanalysis data of the separated solid complexes presented 
in Table 1, the suggested formulae are I, Cu(C,,H,,N,O,); I,, 

TABLE 1 

Elemental analysis of copper( cY-aryIhydrazoacetoacetylaminopyridine complexes I and II 

Complex a Found (X) Calculated (%) 

C H N Mw c H N Mw 

CuL,Ac I1 55.20 4.50 14.20 380.9 55.47 4.88 14.38 389.35 
CuL,Ac *z 49.4 4.10 14.00 400.5 49.78 3.9 13.66 409.81 
CuL,.H,O.Ac I, 47.2 4.4 13.6 423.6 47.68 4.2 13.1 427.85 
CuL,Ac I, 51.40 4.50 14.10 404.0 50.32 4.68 13.81 403.63 
CUL, II1 46.10 3.32 14.5 390.0 46.06 3.32 14.33 390.81 
CuL, . AC, II2 51.0 4.8 14.9 440.83 50.68 4.22 15.56 449.83 

a The suggested formulae of the above complexes from elemental analysis are: I,, 

CW&&Nd; I,, CUG,%Q,N.&~); I,, CNCUHK@P,CO; I,, WC,gH,,O~N,); 
II,, CW151-Wt,N5); and II,, GW19H,@&). 
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Cu(C,,HI,O,N&l); I,, Cu (C,,H,sO,N,Cl); II,, Cu(C,,H,,O,N,) and the 
proposed structures are 

I;I=N-C,H,R 

CH, 

i 
(b) 

3 

X X 

(cl (d) 

(X = Hz0 or AC) 

4V / 

(b) 

64 
? ’ ‘y-0, ,x 
6\ ,c,C=N~c"“X 

I ’ 
CH3 

NH.C,H,NO, 

(cl 

II 

The nature of the bonding in these proposed structures can be understood 
from the following spectra and thermal analyses. 

The absorption spectra of ligands L,_, (Fig. l(a)-(c)) and their possible 
complexes I,_, in dioxane (Fig. l(A)-(C)) show, in the case of the ligands, 
mainly broad bands at 368-376 nm (E = 1.11-3.33 X 104) which is assigned 
as T--~T* transition of the delocalized q-electrons of the hydrazone group of 
these ligands. This band shifted to a longer wavelength, 380-388 nm, on 
formation of 1; complexes (6 = 2.9-3.81 X 104). This red shift and hy- 
pthochromic effects may be attributed to the perturbation of the electron 
system during formation of the Ii complexes [7]. The absorption spectra of 
these ligands also show sharp bands at 256-280 nm (E = 1.04-8.55 X 104) 



5 

240 300 LOO 

Wavelengtn “In. 

Fig. 1. Absorption spectra of chelating agents Lj (a)-(d) and their copper(U) chelates 

(A)-(C) and (E). 

which may be attributed to the n-e* transition within the heterogeneous 
groups (C=O and C=N). The shift of these. bands (260-308 nm), the 
decrease in their intensities (6 = 0.1-2 X 104) and the change of some of 
them into shoulders, during the formation of the Ii complexes, may be 
attributed to a sharing of the C=O and C=N groups in formation of the 
chelate rings (cf. forms Li). 

The spectrum of the ligand L, (Fig. l(d)) shows three sharp bands at 260, 
340 and 408 nm with molar absorptivity 1.41 X 104, 1.88 X lo4 and 2.77 x 

104, respectively. This may be assigned as n-a* transitions in the heteroge- 
nous groups (C=O and C=N) together with r--r* transitions in cyclic rings, 
which are the results of hydrogen bonding in this ligand (cf. form L,). The 
spectrum of complex II (Fig. l(D)) shows sharp broad bands at 400 nm 
(e = 1.2 x 104) and at 340 nm (e = 8.4 X 103) which are attributed to r-r* 
transitions in the r-electron system of complex II. The first is related to the 
hydrazone group of the tetradentate ligand L,. The spectrum of complex II 
also shows a shoulder starting at 272 nm (e = 7.4 X 103) and a small sharp 
band at 260 nm (e = 7.8 X 103). These bands may be attributed to n-a* 
and/or T-V* transitions in the heterocyclic chelate rings of complex II. The 
slight blue shift of the bands of ligand L, and the decrease in their intensity 
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is mainly attributed to stabilization of the electron system of this ligand 
during formation of complex II. 

To understand the nature of the bonding in these ligands and their 
complexes, assignment of IR bands [19] is necessary (Table 2). In the spectra 
of the ligands L1_4, the broad band at 3350-3500 cm-’ is assigned as Y(OH) 
of the possible enol form and/or hydrogen bonded carbonyl groups of these 
ligands (cf. form Li). On formation of complexes I,_, (cf. form I), this band 
becomes a sharp broad one centred at 3400 cm-’ (lower energy) indicating 
bonding between Li and the external ligand molecules (H,O and/or acetate 
groups) to the central copper(I1) ions via oxygen-containing groups eg. CO 
and CONH, by ionic and coordinate bonds (I(a)-(d)). The sharing of these 
groups in bond formation of complex I is confirmed by the shift of the weak 
broad band at 1740-1760 cm-‘, assigned as v(CO), into three weak sharp 
bands at 1710, 1740 and 1760 cm-‘; by the shift of the strong sharp bands 
at 1350 and 1470 cm-‘, assigned as v(COCH,) , into weak sharp bands at 
1360 and 1430 cm-’ and, finally, by the decrease in intensity of the strong 
sharp band at 1650 cm-l, assigned as v(CONH). The sharing of nitrogen- 
containing groups in complex formation is also indicated by the shift of the 
sharp bands of Li at 1950 cm-‘of v(N=N), at 1550 cm-‘of Y(C=N), and of 
the broad band at 2900-3200 cm-‘, of v(NH), into weak bands at 1580, 
1560 and 2900-2980 cm-‘, respectively. This shift to lower energies and the 
weakness of their intensities indicates a stabilization of the electron system 
of the ligands L, by chelation of these groups to Cu(I1) ions via formation of 
Me* . N bonds in heterogenous six-membered chelate rings (cf. form I). 

In the case of the o-NO, derivative L,, the weak broad band at 3331-3500 
cm-‘, which was assigned as v(OH) of its hydrogen bonded form, of enol or 
of any possible hydrogen bonded carbonyl groups, was changed into a very 
sharp broad band at 3300-3500 cm-’ as a result of the coordination of this 
ligand or other external ligands (e.g. H,O or acetate) to Cu(II) ions via 
oxygen-containing centres. The changes, of the sharp broad band at 
3020-3120 cm-‘, assigned as v(NH), into a weak broad band at 2900-2980 
cm-‘; the shift of the weak broad band at 1520 cm-’ of v(C=N) to 1510 
cm-‘; the change in the strong sharp band at 1590 cm-‘, assigned as 
v(C=N), into a weak band at 1610 cm-’ and finally, the change in the 
strong sharp bands at 1340 and 1440 cm-‘, assigned as z$COCH,), into a 
weak sharp band at 1330 cm-‘, are all attributed to a lowering of the energy 
of the electron system of the ligand L, as a result of its chelation to Cu(I1) 
ions via these groups containing heterogenous atoms, by the formation of 
M... 0 and M . . . N bonds. The strong sharp bands at 1310 and 1550 and 
the sharp broad band at 1280-1300 cm-‘, assigned as Y(NO~) vibrations, 
completely disappeared in formation of complex II, which indicates the 
sharing of the o-NO, group in the formation of this complex (cf. form II). 

Generally, in all ligands, the broad band at 3020-3050 cm-’ and the 
weak band at 3670 cm-‘, assigned as pyridine ring vibrations, either 
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completely disappear or are shifted to lower frequencies in the IR spectra of 
the complexes; this suggests a possible sharing of the ring system in 
chelation via the nitrogen atom of the pyridine ring, which stabilized the 
electron system of the pyridine ring. 

The proton magnetic resonance spectra of Li show signals at 2.4 and 2.8, 
attributed to the three protons of p-methyl (of L,) and of CH,CO (of L,_,), 
respectively; this was confirmed by the integration curves which corresponds 
to six protons, three in each group [19]. The signals corresponding to 
protons of pyridine phenyl rings appear in the range 7.2-9.6 ppm, con- 
firmed by the integration curve representing seven protons. The 8th proton 
which appears separately at 10 ppm is that of C-H at the 3-position of the 
aminopyridine part of L;. The signal at 9.8-12 ppm refers to protons of 
hydrazone and amide groups, because it completely disappears in deuterated 
water. 

The ‘H NMR spectra of 1; and II complexes indicate the complete change 
in multiplicity of the ligand signals at 7.6-9.6 and at 9.8-12 ppm and their 
shift lower energies at 7.4-11.6 ppm. These changes and shifts are attributed 
to the sharing of the pyridine ring system, and of the amide and hydrazone 
groups in the formation of these complexes. 

Thermal analysis: DTA and TG 

In this laboratory, thermal analysis techniques are widely applied in 
studying the structure of various substances e.g. redox products [20,21] and 
complexes [7,22], especially those of copper(I1) with ligands containing 
nitrogen and oxygen as centres of chelation. Very interesting structural 
changes occur during thermal treatment of copper complexes; this suggested 
that we study more chelates in this work (Table 3). 

In the present investigation, some ligands (L,_,,,) and some complexes 

(IQ and II) were subjected to thermal analysis (DTA and TG) as shown in 
Figs. 2 and 3, in order to elucidate the proposed structures of these ligands 
and their complexes. DTA curves for the ligands are shown in Fig. 2(a)-(d) 
whereas those for the complexes are shown in Fig. 2(A)-(D). Curves (a)-(c) 
show a very sharp endotherm at 125O C (a), a broad endotherm in the 
temperature range 150-155 o C (b) and a sharp one at 130 o C (c), followed 
by a very large endothermic shift from the base line beginning at 170 ’ C (a), 
185 O C (b) and at 160 O C (c), and finally a small exotherm at 270 O C in the 
case of (a) only. The first endotherms of these ligands may be attributed to 
the decomposition of hydrogen bonding in the general structural form Li. 
The shift in the base line is essentially due to the change in heat capacity 
following the above decomposition, as a result of the increase in entropy of 
these systems. In the case of ligand L, (Fig. 2(a)), the small exotherm at 
270 O C may be attributed to some internal chemical changes in the structure 
of this ligand without chemical decomposition. In the case of ligand L, (Fig. 



TABLE 3 

Mass loss of arylhydrazone acetoacetylaminopyridine 
copper (II) 

9 

(L,) complexes (II, I, and II) with 

Complex 

11 

I, 

II 

Temp. range 

(“C) 

96-186 
194-270 

68-100 
106-130 
130-158 
168-250 

106-250 
Of 

106-150 
150-250 

Decomposition 
products lost 

CH,.COO 

CO, 

H,O of hydration 
coord. H,O 
CH,COO 

Sl, 

ZCH,COO 

CH,-CH, 
2c0, 

wt. loss (W) 

Estm. CaIcd. 

16.0 15.50 
12.0 11.60 

4.0 4.26 
4.0 4.26 

14.0 13.95 
8.0 8.30 

26.0 26.76 

6.0 6.76 
20.0 20.00 

2(d)), there is a sharp endotherm at 195 o C and another broad one centred 
at 218 o C. The first may be attributed to the dissociation of hydrogen bonds 
in the L, forms but the latter may be related to dissociation of the strong 
hydrogen bond of the NO, group in the o-position of the phenylhydrazone 
skeleton (cf. form L,,). 

Generally, it is noticeable that the decomposition temperature of hydro- 
gen bonds in these ligands is related to the strength of these bonds as a 
result of the electron withdrawing ability of the substituent in the phenyl 
hydrazone derivatives e.g. p-Me at 125 o C, p-Cl at 185 ’ C, o-NO, at 195 O C 
and 218” C, and m-Cl at 130 O C. This means that the electron-withdrawing 
groups in the o- or p-position of the phenylhydrazone ring increase the 
strength of the hydrogen bonds, while electron-repelling groups, such as the 
p-methyl group, decrease the possibility of formation of these bonds; the 
m-substituent e.g. m-Cl has an intermediate effect. 

Fig. 2(a) shows the DTA curve of complex I, of the p-methyl derivative. 
This curve shows endotherms at 50-100 O C and several small exotherms at 
125-150 O C, 180-200 o C, 225-237 O C, 262-275 o C and 300-325 O C which 
are attributed to several non-vigorous chemical reactions and to the crystalli- 
zation or ordering of this metastable complex. These chemical reactions 
which occur with temperature changes can only be explained by the change 
of the square planar complex (green colour) into the tetrahedral or distorted 
octahedral form (brown) by formation of additive bonds or by the 
strengthening of the original bonds between copper ions and the chelation 
centres of L,. The exotherms at 180-275°C may also be attributed to 
decomposition of the lost acetate group into CO, and CH; active free 
radicals, as confirmed by TG (Fig. 3(a)). 
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Fig. 2. DTA curve for ligands L, (a)-(d) and their chelates (A), (C) and (D). 

Fig. 2(C) shows the DTA curve for the I, complex. There are two 

endotherms at 68-100 and 130-155 o C which may be due to the loss of H,O 
and acetate ligands, respectively. It shows small exotherms at 80 and 125 o C 
which may refer to extra bonds formed in this complex, with heating and/or 
increasing of bond strength during its change from one form to another. It 
also shows an exothermic base line shift starting at 173°C which denotes a 
change in heat capacity of the system due to its stabilization by heating at 
this temperature. The abrupt broad exotherm occuring at 312-322” C refers 
to internal changes in the chemical bonds between L, and Cu(I1) ions as a 
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Fig. 3. TG curve for arylhydrazoneacetocetylaminopyridine-copper(I1) chelates. 
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consequence of rearrangement of the shape of this complex with tempera- 
ture increase. It may also relate to the possible decomposition of the lost 
acetate group into CH; free radical and CO, gas and Cl’ into :Cl, gas. 

The DTA curve of complex II of o-NO, derivative (L,) with copper ions 
are represented in Fig. 2(D). It shows a broad endotherm at 130-160 o C and 
a very broad exotherm at 180-225 o C, a sharp exotherm at 312” C, then 
immediately a very sharp endotherm at 320°C and a sharp exotherm at 
330°C and finally, an immediate sharp endotherm at 338” C. The endo- 
therm at 130-160 o C may be attributed to the loss of two acetate groups as 
indicated by TG. The first broad sharp exotherms may be attributed to the 
enhanced stability of this complex by formation of extra bonds and chelate 
rings in the temperature range 180-312°C or it may be attributed to the 
decomposition of the lost acetate groups. The formation of such extra bonds 
may be followed by decomposition of other bonds of the ligand during 
heating (e.g. hydrogen bonds), confirmed by the appearance of a sharp 
endotherm at 320” C. This may also be explained by the fragmentation of 
part of the ligand in the complex formation (cf. form II(b)). This fragmenta- 
tion process is followed by a rearrangement of the remaining part of the 
complex, as indicated by the appearance of sharp exotherm at 330 o C. This 
is followed by fusion of the remaining part of the complex and volatilization 
of the decomposed part, as indicated by the final endotherm at 338 o C. 

Fig. 2 illustrates TG curves for complexes I,,, and II,, respectively, within 
a temperature ranging from room temperature up to 480 o C. The estimated 
mass losses were computed based on the TG results and the calculated mass 
losses were computed using the results of microanalysis (Tables 1 and 3). 

For the TG of complex I, (Fig. 3(a)), the estimated mass loss is 16.0% 
which reasonably accounts for the loss of the acetate group (calculated mass 
loss 15.5%) which occurs at 96-186°C and its decomposition into CO, and 
free radicals CH; occurring at 194-290°C. The loss of the acetate group 
also correlates with the appearance of endotherms in the temperature range 
50-100” C in the DTA curves of this complex. The last decomposition 
explains the appearance of exotherms at 180-275 o C in the DTA curve (cf. 

Fig. 2(A)). 
The TG curve of the complex I, (Fig. 3(b)) gives the first estimated mass 

loss of 4.0% within the temperature range 68-100 o C which may be due to 
the liberation of water of hydration (calculated mass loss 4.26%). This is 
immediately followed by another mass loss of 4.0% at 106-130 o C which is 
due to the loss of coordinated water (calculated mass loss 4.26%). This 
explains the endothermic shift of the DTA base-line at 68-130 o C. The loss 
of acetate ligand molecule (estimated mass loss 14.0%) occurs at 168” C 
(calculated mass loss 13.95%). This is followed by an abrupt mass loss of 
8.0% at 168-250” C due to the loss of Cl’ free radicals which react to give 
Cl, gas (calculated mass loss 8.3%), which explains the appearance of an 
abrupt broad exotherm at 260 “-300 o C followed by the pronounced endo- 
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thermic base-line shift in the DTA curve after this temperature range. 
On the other hand, the TG curve of product II (Fig. 3(c)) exhibits a single 

estimated mass loss of 26% within the temperature range 106-250°C which 
might be attributed to the loss of two acetate ligand molecules from the 
moiety of this complex (calculated weight loss 26.26%). This may be subdi- 
vided into two mass losses. The first occurs at 106-150°C (estimated mass 
loss 6%) due to the decomposition of two acetate groups into CH; free 
radicals that react to form CH,-CH, gas (calculated mass loss 6.76%). The 
second mass loss at 150-120 o C (estimated 20%) is due to the decomposition 
of two carboxylic groups of the lost acetate groups to form two CO, gas 
molecules (calculated mass loss 20%). These losses explain the appearance of 
a broad endothermic shift of the DTA base-line at 130-160 o C followed by 
a very broad exotherm at X30-225°C. 
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