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SYNTH. REACT. INORG. MET.-ORG. CHEM., 29(9), 1593-1609 (1999) 

LIGATIONAL BEHAVIOUR OF ELECTROCHEMICALLY 
SYNTHESIZED COPPEROI) COMPLEXES OF DIETHYL 23- 
DIOXOPENTANEDIOATE-2-ARYLHYDRAZONE DERIVATIVES 

Y. M. h a * ,  N. T. Abdel-Ghani and M. F. Abo El-Ghar 

Chemistry Department, Faculty of Science, Cairo University, Giza, Egypt 

ABSTRACT 

Cu(II) complexes of diethyl 2,3-dioxopentanedioate-2-arylhydrmne 

derivatives have been prepared electrochemically. Their ligational behaviour has 

been studied using elemental analyses, TR and electronic spectra, magnetic 

moments and thermogravimetric studies. This work revealed that the structure of 

the synthesized complexes and their spectral behavior depend, to some extent, on 

the type and nature of substituents on each ligand. Thearylhydmzonesunder 

investigation act as a-arylhydrazone ester as well as P-keto ester. Electronic 

spectra suggest a square-planar structure of the complexes. 

INTRODUCTION 

Dinuclear copper complexes have found increasing interest in many 

fields of chemistqr'. Copper ions play important roles in a number of enzyme 

systems', and coupled copper active sites are present in awidevarietyof 

them3. Many studies are being carried out to develop dinuclear copper 
complex models. On the other hand, arylhydrazones and their metal complexes 

are characterized by considerable significance and importance due to their 

Copyright Q 1999 by Marcel Dekker. Inc. 
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1594 ISSA, ABDEL-GHANI, AND ABO EL-GHAR 

numerous applications as chemotherapeutic agents4, insecticides', chromogenic 

reagents6, photoreceptors in electrophotography and also in analytical 

chemistry7. Many studies are concerned with dinucleating ligands, particularly 

on the spin-spin exchange interaction between metal ions'. The purpose of 
this study is the preparation of dinuclear copper(I1) complexes with 
ligands containing two separate chelating centers. Thus, 
2,3-dioxopentanedioate-2-arylhydrazone derivatives, as a new class of ligands, 

may act as a-arylhydrazone ester and 0-keto ester. A literature survey revealed 

that no work has been done on the ligational properties of the ligands 

represented in Fig. 1. 

A variety of synthetic pathways have been reported for the preparation 

of metal arylhydrazone complexes involving reaction of arylhydrazones with 

metal salt solutions in a suitable solvent. But the preparation of the ester 

complexes is difficult using the usual chemical methods9. The direct 

electrochemical synthesis using a sacrificial anode has been the subject of 

some recent The method is simple, may be canied out at room 

temperature by using unsophisticated apparatus and gives highly pure products 

in good yield. 

EXPERlhlENTA I, 

PreDaration of the Linands 

Diethyl 2,3-dioxopentanedioate-2-arylhydrazones (H2La-') have been prepared 

by coupling of an ice-cooled solution of diethyl3-oxopentanedioate (10. I g 

50 mmol) in ethanol (200 mL) containing sodium acetate trihydrate (35 g) and 

adding an equimolar amount of the appropriate diazotized aromaticamine 

gradually with continuos stirring. The reaction mixture was kept for 1 h at 

0-5" C, diluted with water and the obtained solid was collected. The resulting 

solids were crystallized from the appropriate solvents: HIL', m.p. 60" (pet. 
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COPPER(I1) COMPLEXES 1595 

X -0 
X =p-OCH3 (H2La), p-CH3 (H2Lb), p-Br (HzLc), p-C1 (H2Ld), o-COOH 

(H3L3, o-COOCH3 (HzL'), o-NOz (HzL*), p-NO2 (H2Lh), o-OH (H3L'); 
" 3,  1 = ester group 1, "2" = ester group 2. 

Fig. 1. Structure of the Ligands 

ether); H2Lb, 80" (EtOH); HJ;, 90" (pet. ether); H2Ld; 79" (pet. ether); I13Le, 

144" (MeOH); H2L', 89" (EtOH); H2Lg, 125" (EtOH); H2Lh, 108" (EtOH); 

HsL', 139" (EtOH). The p-tolyl, p-nitro and o-carboxy derivatives have been 

previously prepared by B u l ~ w ' ~ .  All used materials are of high purity from 

Aldrich chemical company. 

Preoaration of the Cu(II) Comdexes 

The electrochemical cell consisted of a beaker (100 mL) fitted with a rubber 

cover through which the electrochemical leads are passed. The cathode was a 

Pt wire. The copper anode was immersed in the solution by a Pt wire. 

1 m o l e  of ligand was dissolved in 50 mL pure dry acetone. The current 

ranged from 8- 16 mA depending on the number of equivalents required for 

each complex, which in turn depended on the number of replaceable protons. 

In the case of an insufficient current flow, cetyltrimethylammonium bromide 

was added to the solution phase as supporting electrolyte. The current was 
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1596 ISSA, ABDEL-GHANI, AND ABO EL-GHAR 

controlled throughout the electrolysis. The required time of electrolysis was 

calculated from Faraday's equation. It should be mentioned that H2 gas was 

evolved at the cathode during the reaction. After the calculated time the 

solution was concentrated by evaporation on a water bath, then diluted with 

distilled water. The precipitated product was collected, washed with 
ethanoVwater (50% v/v) till the filtrate was colourless. The yields ranged from 

60-70%. 

Measurements 

Elemental analyses were performed at the Microanalytical Center of 

Cairo University. Copper ions were analyzed complexometrically using 

murexide as indicator according to the standard pr~cedure '~.  IR spectra of the 

ligands and their Cu(I1) complexes (KBr discs) were recorded on a Pye 

Unicam SP 3-300 spectrophotometer. Electronic spectra of the complexes 

were obtained in dimethylformamide with the aid of a Perkin Elmer Lambda 

4B spectrophotometer. Magnetic moments were recorded using a 

Sherwood Scientific Magnetic Susceptibility Balance at room temperature 

(25" C) and Hg[Co(SCN).,] as calibrant. Thermal analyses were carried out 

using TG-50 and DTA-50 Shimadzu instruments in N2 from ambient 

temperature up to 800" C at a heating rate of 10" C/min. 

RESULTS AND DISCUSSION 

The electrochemical reactions may be represented by the following 

equations: 

XU -+ 4e- + ~ C U "  

H2L + X + L2- + H2T 
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COPPER(I1) COMPLEXES 1597 

2H20 + 2e- + 2 0 H  + H2l' 

2Cu2' + Lz- + 2 0 K  + nHzO + Cu2L(OH)2.nH20 

2Cu + H2L + (n+2) H2O + CUZL(OH)Z.I&O + 2H2? 

All prepared complexes have high melting points, are quite stable at 

room temperature and can be stored for a long period without changes in their 

composition. The electrochemical oxidation of copper in acetone solutions of 

the ligands gives complexes with the stoichiometric ratios represented in Table 

1 which are in good agreement with the results of elemental analyses. 

IR Soectral Studies of Lipands and Metal Chelates 

For elucidating the structure of the Cu(I1) complexes the IR spectra of 

the solid complexes, Table 11, were compared with those of the corresponding 

free ligands. 

The IR spectra of the ligands H2L"' show a broad v P H )  bandat 

3 196-3 1 12 cm", v(C=O) bands appearing as two or three sharp bands at 1730, 

1690 andor 1670 mi-', the first is attributed to v(C-0) of the unconjugated 

ester group (ester group 2) while the latter two bands correspond to both 

ketonic and conjugated ester (ester group 1) carbonyls. The lowering in 

frequency of the latter bands may be attributed to intramolecular hydrogen 

bonding between the ketonic C=O and NH groups and the conjugation of the 

carbonyl ester with the C=N linkage. The characteristic CH bending vibration 

band of the -CH2CO- moiety for the ligands appears at 1400-1440 cm-'. 

The IR spectra of the complexes confirmed the presence of H2O 

molecules in some complexes by the appearance of v(0H) as a broad, strong 

band at 3434-3364 cm-' assigned to both OH of coordinated water molecules 

and OH ions that complete the coordination sphere of the complexes. A strong 

sharp band at 1270-1248 cm-' is due to 6(OH) and the band at 615-701 cm-' 
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1600 ISSA, ABDEL-GHANI, AND ABO EL-GHAR 

may be assigned to p,(OH)'', providmg additional evidence for coordinated 

water molecules. It is worth to mention that the 6(OH) and p,.(OH) bands have 

not been observed in the spectra of the complexes where only acetone 

molecules have completed their coordination spheres. 

The ligands H2Lad behave as dmuclear dibasic tetradentate ligands 

towards Cu(I1) ions, coordinating via NH and CO (ester group 1) on one side 

and the enolic OH and CO (ester group 2) on the other side. The appearance of 

only one medium v(C=O) band at lower frequency, 1700-1691 cm-', 

emphasizes the participation of the carbonyl groups in complexation. The 

6(CH) band at 1400-1440 cm-l of the free ligands disappeared whereas a new 

band in the complexes was observed at 1052-1028 cm" assigned to v(C-0) 

formed as a result of enolization and subsequent coordination. The broad OH 

band masked the v(NH) band of the free ligands. From the above results the 

proposed formula of the Cu(1I)-H2Lad complexes can be represented by the 

structure in Fig. 2. 

IR spectra of the o-carboxy derivative (I13L') revealed that this ligand 

behaves as a dinuclear, tribasic, pentadentate ligand towards the two Cu(l1) 

ions coordinatmg via the NII,  OH (carboxylic) and CO (ester group 1) on one 

side and enolic OH, CO (ester group 2) on the other side. The proposed 

structure of the [CU~L'(OH)(H~O)~] complex is conf i i ed  by 1) the 

appearance of a broad band at 3550-3050 cm-] which is assigned to v(0H) of 

H 2 0  and the OH group that complete the coordination sphere of the complex; 

2) the stretching carbonyl band at 1700 cm-' is shlfied to lower wave numbers 

relative to that of the free ligand indicating the participation of the carbonyl 

group in chelation; 3) the CH bending vibration band of the -CH2CO- moiety 

had disappeared, while a new band at 1028 cm-' is seen which is assigned to 

the enolic v(C-0) as a result of enolization followed by complexation. 

Therefore, the structure in Fig. 3 may be assigned to [CU~L'(OH)(H~O)~]. 
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COPPER(I1) COMPLEXES 1601 

X -0 

Fig. 3. Suggested Structure of [Cu~Lc(OH)(H~O)~l 

On the other hand, the o-methyl ester (H2Lf) and o-nitro (H2L8) ligand 

derivatives behave as dinuclear, dibasic, pentadentate ligands coordinating via 

the enolic OH and C=N groups of the hydrazone moiety on one side and NH, 

CO (ester group 1) and CO (ester attached to the aromatic ring) or NO (of the 

nitro group), respectively, on the other side. Th~s behavior is revealed by 1) the 
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1602 ISSA, ABDEL-GHANI, AND ABO EL-GHAR 

appearance of a broad medium band at 3000-3600 cm-' which may be assigned 

to v(0H) of OH ions and H2O molecules that complete thecoordination 

sphere of the complexes; 2) the appearance of v(C=O) bands at 1729 and 1720 

cm-' for [CU~L'(OH)~(H~O)] and [Cu2LB(0H)2(CH3)2CO], respectively, which 

are almost at the same positions as those of their corresponding ligands, 

confirming the exclusion of the ester group 2 fiom the complexation process, 

in contrast to that reported for the Cu(1l) complexes of H2L"" and, 

consequently, they coordinated with Cu(II) ions through the C=N moiety; 3) 

the disappearance of the 6(CH) band of the -CH2CO- moiety from the spectra 

of the complexes and a new band at 1035 cm-' which may be assigned to 

enolic v(C-0), thus confirming the chelation through the enolic OH. The 

structures of the [CU~L~(OH)~(H~O)]  and [CU~L~(OH)~(CH&CO] complexes 

may be represented as shown in Fig. 4. 

On trying to prepare 1:l (M:L) complexes by adjusting the time of 

current flow, the separated products did not give the expected stoichiometric 

ratio, except H2Lh, which formed the complex [CuLh(H20)(CH,)2CO] as 

revealed by the elemental analyses (Table I). The ligand behaves as bidentate 

dibasic acid via NH and OH (enolic). The structure of the 

[ C U L ~ ( H ~ O > ( C H ~ ) ~ C O ]  complex was confirmed by its 1R specbum by the 

following observations: 1)  the appearance of bands at 3432, 1270 and 695 

cm-' which may be assigned to v(OH), &(OH) and pXOH) of the coordmated 

water molecule; 2) the shift of v(C=O) to lower wave number as a single band 

at 1700 cm-' which may be assigned to the two conjugated ester groups 

indicating the participation of the carbonyl group in chelation throughits 

enolized form. The proposed structure of the [CuLh(H20)(CH&C0] 

complex may be as shown in Fig. 5 .  

A h e r  complex (mole ratio 2:2)16, [Cu2Li2], was formed upon 

chelation of the o-hydroxy derivative H3Li by adjusting the time of anodic 
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COPPER(I1) COMPLEXES 1603 

[Cu2Lf(0H)2OI2O)1 [C~2L8(OH)2(CH~)2CO1 

Fig. 4. Suggested Structures of the Complexes of the Ligands H2Lf and HzLg 

COOEt 

EtOOC+ 

CH, 

Fig. 5 .  Suggested Structure of [CuLh(H20)(CH3)2CO] 

dissolution trymg to prepare a 1 : 1 complex. Thls assumption was revealed from 

the IR specbum of the [CuzLi2] which displayed: 1) no band for the OH group 

indicating the participation of phenolic OH in the chelation and the exclusion 

of water molecules !?om the coordmation sphere; 2) the v(NH) band was not 

observed indicating its participation in complexation; 3) bands at 1732 and 

1693 cm-' are assigned to v(C=O), the first band attributed to the ester group 1 

has remained unaltered, while the second band is shifted to lower wave 

number due to the participation of the ester group 2 in the coordmation 

process. These results indicate that H3Li behaves as a dmuclear, dibasic, 

tetradentate ligand coordinating via OH @henolic) and NH on one side and the 
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I604 ISSA, ABDEL-GHANI, AND ABO 

EtOOC 
I 

EL-GHAR 

OEt 

Fig. 6. Suggested Structure of [CU~L'~]  

coordination sphere is completed by the ketonic and ester carbonyls as shown 

in Fig. 6 .  

By controlling the time of current flow, the p-chloro ligand derivative 

H2Ld formed a complex of the formula [Cu(HLd),]. The ligand behaves as a 

bidentate, monobasic acid coordinating via the P-keto ester moiety in a well- 

established form of complexation. The structure of b s  complex is proposed 

based on the IR spectrum which showed a weak v(NH) band at 3210 cm" 

indicating its exclusion from the chelation and a shift to lower wave number of 

the v(C=O) band to 1706 cm-', assigned to the fiee conjugated ester moiety 

(ester group 1) that is hydrogen-bonded to the NH proton. The other carbonyl 

bands (ketonic, ester group 2) are not observed due to their participation in 

complexation (Fig. 7). 

All compounds show Cu-N" and Cu-0l8 stretching vibrational bands at 

469-509 cm-' and 434 cm-', respectively, except C U ( H L ~ ) ~  which shows only a 

CU-0 band. 
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COPPER(I1) COMPLEXES 1605 

cc 

Q N' 
I 

H 
\O 

OEt 

g o \  / H 

.SEt Q N-N 
9 
Ah-0 

OEt 
CI 

Fig. 7. Suggested Structure of [Cu(HLd)z] 

Thermopravimetric Analysis 

TG curves of the Cu(T1) complexes show no mass loss below 150" C 

reflecting the absence of hydrated water molecules in these complexesas 

indicated from the elemental analyses results. The TG data are collected in 

Table 111. 

The final combustion residue of the [Cu2L"(OH)~H20(CH&CO], 

[ ~ ~ Z ~ ~ ( ~ ~ ) Z ( ~ ~ ~ ~ ) Z ~ ~ ) Z ~ ,  [Cu(HLd>,], [C~zL*(OH)z(CH~)zCOl (2: 1 1 and 

[CuLh(Hz0)(CH3),CO] (1: 1) complexes at 450-650" C indicate the 

formation of the oxide CuzO. 

The complexes [ C UZL (0 H)z( H2 0 ) 2 ] ,  [ CuzL"( 0 H) (H 2 0) 2 1  and 

[CUZL~(OH)Z(HZO)] start losing water around 165-190" C with a weight-loss 

corresponding to the loss of the water molecules associated with an 

endothermic peak in the DTA curves. The decomposition proceeds slowly and 

the final residue at about 340-355" C corresponds to the formation of CuzO3 

which is associated with an exothermic peak in the DTA curve in the same 

temperature range. 

The TGA data of the complexes [Cu(HLd)d and [CuzLiz] show an 

inflection point accompanied by about 50% weight loss in the temperature 
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1606 ISSA, ABDEL-GHANI, AND ABO EL-GHAR 

21.67 

23.23 

10.70 

6.83 

35.46 

3.33 

34.54 

25.18 

14.64 

Table 111. Thermogravimetric Analysis (TGA) of the Cu(I1) Complexes of 

Diethyl2,3-Dioxopentanedioate-2-arylhydrazone Derivatives. 

54.70 unstable 

intermediate 

19.99 cuzo 

49.12 unstable 

intermediate 

22.24 cuzo 

59.60 unstable 

intermediate 

10.30 CUO 

7.00 Hz0 

35.26 CU203 

3.00 H2O 

33.04 Cu203 

44.70 unstable 

intermediate 

26.67 cu20 

12.05 CU20 

Formula Temp. 

[CIJ~L”(OH>~((CH~)~CO)Z] 1 70-300 I 
[CU~L~(OH)~((CH~)~CO)~]  1 50-325 1/ 

[Cu2L‘21 240-350 

460 

unstable 

intermediate 

a Various copper oxides were identified from the percentage of the final combustion 
residue. 
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COPPER(I1) COMPLEXES 1607 

range 300-350" C due to formation of unstable intermediates. The complete 

combustion to the final r e d u e ,  20.03 and l0.30%, at about 460 and 590" C 

corresponds to the formation of CuO (theoretical values, 20.72 and 10.70%, 

respectively). 

It is worth mentioning that the thermal decomposition of the complexes, 

which contain an acetone molecule in their coordination spheres, led to the 

formation of CuzO. Complexes that containing water molecules led to the 

formation of Cu2O3 and the complexes that contain neither acetone nor water 

gave in their thermal decomposition CuO. The various copper oxides were 

identified from the percentage of the final combustion residue. 

Electronic SDectra and Magnetic Moments 

The electronic spectra of the Cu(I1) complexes showed bands at 19146- 

21978 cm-' and/or 24612-27203 cm-' which emphasize the square-planar 

structure of these cornplexe~'~. The appearance of a high-energy band at 

32123-34014 cm-' may be assigned to charge transfer through the new 

electronic structure of the formed complexes2'. 

Several studies show a very low magnetic moment for dinuclear 

complexes with bridging groups suggesting a partial spin-pairing between 

copper(I1) ions'. The relatively low magnetic moments, 1.27-1.61 B.M. per 

copper ion for the copper complexes of H2La-g (2: 1) and [ C U ~ L ' ~ ]  (2:2), may be 

interpreted by considering weak interactions between the two copper(I1) ions. 

The magnetic moment values of the [ C U L ~ ( H ~ O ) ( C H ~ ) ~ C O ]  (1:l) and 

[Cu(HLd)2] (1:2) complexes are 1.82 and 1.87 B.M., respectively, which are in 

good agreement with those reported for a spin-only unpaired electron2'. 

REFERENCES 

1. a) P. Chaudhuri, K. Oder, K. Wieghards, S. Gehring, W. Haase, 
B. Nuber and J. Weiss, J. h e r .  Chem. SOC., 110, 3657 (1988). 

D
ow

nl
oa

de
d 

by
 [

Fl
or

id
a 

A
tla

nt
ic

 U
ni

ve
rs

ity
] 

at
 0

9:
10

 0
7 

Ju
ne

 2
01

6 



1608 ISSA, ABDEL-GHANI, AND ABO EL-GHAR 

b) H. Yokoi, M. Satoh and M. Iwaizumi, J. Amer. Chem. SOC., 113, 1530 
(1991). 

2. a) T. G. Spiro, “Copper Proteins”, Wiley Interscience, New York (1986). 
b) J. H. Hauttermann and R. Kappl, Met. Ions Biol. Syst., 22, 1 (1987). 

3. E. C. Niederhoffer, J. H. Timmons and A. E. Martell, Chem. Rev., 84, 137 
(1984). 

4. P. L. Ferrarini, 0. Livi and V. M. Menichetti, Farmaco. Ed. Sci., 34, 165 
(1979), Chem. Abestr., 90, 152047s (1979). 

5 .  M. Hillerbrand, W. Lohmann, V. Penka and U. Ehling, Z. Naturforsch. 
Teil C, z, 33 ( 1  975). 

6. A. A. Schilt, J. F. Wu and F. H. Case, Talanta, 2, 915 (1975). 

7. M. Lever, Anal. Chem. Acta, 65, 3 11 (1973). 

8. P. J. Koningsbruggen, J. G. Haasnoot, R. A. G. de GraafTand J. Reedijk, 
Inorg. Chim. Acta, 234, 87 (1995). 

9. A. A. El-Asmy, M. A. Hafez, E. M. Saad and F. I .  Taha, Transition Met. 
Chem., 19,603 (1 994). 

10. G. Silvestri. S. Gambino and G. Filardo, Acta Chem. Scand., 45, 987 
(1991). 

11. A. A. El-Asmy, M. A. Al-Shehawi and E. M. Saad, Transition Met. Chem., 
- 19, 409 ( 1  994). 

12. ‘4. M. Vecchio-Sadus, Transition Met. Chem., 20,256 (1995). 

13. C. Biilow and W. Hopfner, Ber., 34, 71 (1901); C. Biilow and H. Goller, 
Ber., 44,2835 (191 1). 

14. F. J. Welcher, “The Analytical Uses of Ethylenediaminetetraacetic Acid”, 
Van Norstand, Princeton, London (1965). 

15. K. M. Purohit and D. V. Romana, Indian J. Chem., 22,520 (1993). 

16. G. M. Abu El-Reash, K. M. Ibrahim, F. I. Taha and N. A. Feteih, Synth. 
React. Inorg. Met.-Org. Chem., 22, 1211 (1992). 

D
ow

nl
oa

de
d 

by
 [

Fl
or

id
a 

A
tla

nt
ic

 U
ni

ve
rs

ity
] 

at
 0

9:
10

 0
7 

Ju
ne

 2
01

6 



COPPER(I1) COMPLEXES 1609 

17. E. P. Powell and N. Sheppard, Spectrochim. Acta, U,  68 (1961). 

18. C. Djordjevic, Spectrochim. Acta, 17,448 (1961). 

19. G. M. Abu El-Reash, F. Taha, A. M. Shallaby and 0. A. El-Gamal, Indian 
J. Chem., 3 , 2 8 6  (1991). 

20. A. K. Gregson, R. L. Martin and S. Mitra, Proc. Roy. SOC. London, a, 
473 (1971). 

21. F. A. Cotton and G. Willanson, “Advanced Inorganic Chemistry”, 3rd Ed., 
Jolm Wiley, New York (1972). 

Received 1 1  March 198 Referee I: F. A. Schultz 
Accepted 10 June 1999 Referee 11: I. F. Cheng 

D
ow

nl
oa

de
d 

by
 [

Fl
or

id
a 

A
tla

nt
ic

 U
ni

ve
rs

ity
] 

at
 0

9:
10

 0
7 

Ju
ne

 2
01

6 




