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A síntese, a caracterização físico-química, as propriedades anti-inflamatórias e a atividade 
mimética de catecolase do complexo de cobre(II) com a droga anti-inflamatória non-esteroidal 
Fenoprofeno [ácido 2-(3-fenóxifenil)propiônico] com fórmula [Cu2(fen)2(dmf)2] (fen = ânion 
do fenoprofenato, dmf = N,N-dimetilformamida) foram investigadas. Os resultados da análise 
espectroscópica (espectros de FTIR e EPR) e dados de análise termogravimétrica e térmica diferencial 
obtidos para o complexo sólido estão de acordo com a sua estrutura dinuclear. Os espectros 
eletrônicos do produto são igualmente apresentados e discutidos neste trabalho. O complexo foi 
testado para as suas propriedades anti-inflamatórias em comparação com a droga de referência, o 
sal de cálcio do Fenoprofeno. A administração oral do composto binuclear inibiu o desenvolvimento 
do edema induzido por carragenana em ratos; esta inibição foi mais significativa do que a obtida 
com a droga de referência. O estudo cinético da atividade mimética da catecolase foi realizado 
espectrofotometricamente, monitorando-se a transformação oxidativa do 3,5-di-terc-butilcatecol na 
o-quinona correspondente. Os parâmetros cinéticos foram determinados pelo emprego do modelo de 
Michaelis-Menten, que demonstrou que o novo complexo mimetiza a atividade da catecol oxidase. 

The synthesis, physicochemical characterization, anti-inflammatory properties and catecholase 
mimetic activity of the dinuclear complex of copper(II) with the non-steroidal anti-inflammatory 
drug Fenoprofen [2-(3-phenoxyphenyl)propionic acid] with formula [Cu2(fen)4(dmf)2] (fen 
= fenoprofenate anion, dmf = N,N-dimethylformamide) have been investigated. Results of 
spectroscopic analysis (FTIR and EPR) as well as thermogravimetric and differential thermal 
analysis data obtained for the solid complex are in good agreement with its dinuclear structure. 
Electronic spectra of the product are also reported and discussed. The complex was tested for 
anti-inflammatory properties in comparison to the parent drug, Fenoprofen calcium salt. Oral 
administration of the dinuclear compound inhibited development of carrageenan-induced oedema 
in mice; this inhibition was higher than that observed for the parent drug. The kinetic study of the 
catecholase mimetic activity was carried out spectrophotometrically by monitoring the oxidative 
transformation of 3,5-di-tert-butylcatechol into the corresponding light-absorbing o-quinone. 
Kinetic parameters were determined employing the Michaelis-Menten model, showing that the 
new complex presents catechol oxidase mimetic activity. 
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Introduction 

The proposed curative properties of copper(II) 
carboxylate-based non-steroidal anti-inflammatory drugs 

(NSAIDs) have led to the development of numerous 
mononuclear and dinuclear copper(II) complexes of 
NSAIDs with enhanced anti-inflammatory activity.1,2 The 
elevation of total blood copper levels during acute as well 
as chronic inflammatory states has been reported3 and is 
thought to proceed from the natural anti-inflammatory 
response of the host.4
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An adequate intake of copper during chronic 
inflammatory diseases, such as rheumatoid arthritis, may 
influence the efficiency of the organic serum response.5 
Sorenson6-8 attributed the anti-inflammatory activity to 
the action of the complexes in vivo due to their inherent 
physico-chemical properties, but Rainsford et al.9 have 
suggested that the activity may be due to a counter-irritant 
mechanism triggered by free copper ions. A number 
of researchers have found that some complexes show 
similar but not significantly greater anti-inflammatory  
activity.10,11

It is also known that dinuclear copper active centres 
play an important role in biological metalloproteins12-14 
as tyrosinase, hemocyanin or catechol oxidase. Catechol 
oxidase (EC 1.10.3.1) is a type III copper enzyme 
containing a dinuclear copper centre and belongs to the 
polyphenol oxidases group,15 which catalyses exclusively 
the oxidation of catechols to the corresponding o-quinones 
in the presence of oxygen.16,17 This reaction is of great 
importance in the oxidation of biological catechols such as 
dopamine and in medical diagnosis for the determination 
of the hormonally active catecholamines: adrenaline, 
noradrenaline and dopamine.15 The catecholase activity 
has been determined in vitro for many mononuclear and 
dinuclear copper(II) complexes. Specialized research 
groups have developed μ-hidroxo, μ-carboxylato or 
μ-imidazole dinuclear copper(II) compounds with the 
aim of mimicking the active site of the catechol oxidase 
enzyme,12-15,18-29 and the mechanism of the catalytic cycle 
has been proposed for some complexes. Catecholase 
activity has been also determined for a few mononuclear 
and dinuclear copper(II)-NSAIDs complexes,30-32 but the 
mechanism of the catalytic oxidation remains unclear. 

Fenoprofen, 2-(3-phenoxyphenyl)propionic acid or 
α-methyl-3-phenoxybenzeneacetic acid (Scheme 1) is an 
antipyretic, analgesic and non steroidal anti-inflammatory 
drug (NSAID). It belongs to the group of compounds 
commonly referred as the 2-arylpropionic acids.33

Little is known about chemical structures of Fenoprofen 
salts and complexes. Only three crystal structures related to 
this compound have been reported: sodium fenoprofenate 
dihydrate,34 calcium fenoprofenate monohydrate35 and the 
dinuclear complex bis(dimethylformamide-κO)tetrakis{μ-

fenoprofenate(κ2O,O’)}dicopper(II), [Cu2(fen)4(dmf)2], 
recently reported by our research group (Scheme 2).36

Because of the biological importance of dinuclear 
copper(II) complexes with NSAIDs and taking into 
account that no reports on the pharmacological properties 
of copper(II)-fenoprofenate complexes have been described 
in the literature, here we report the physical and chemical 
characterization of [Cu2(fen)4(dmf)2] together with its anti-
inflammatory properties and catecholase mimetic activity.

Experimental

Reagents and materials

Fenoprofen calcium salt and 3,5-di-tert-butylcatechol 
were purchased from Sigma-Aldrich. All other reagents and 
solvents were of analytical grade and used without further 
purification. The experiments carried out with animals 
were approved by the Facultad de Ciencias Veterinarias, 
Universidad Nacional de La Pampa, Argentina.

Synthesis of the complex

The complex [Cu2(fen)4(dmf)2]·2H2O was prepared 
according to the following procedure: a 2.0 mL dmf 
solution containing 0.0811 g (0.150 mmol) of racemic 
Fenoprofen calcium salt hydrate (Ca(fen)2·H2O) was added 
to 3.0 mL of an ethanolic solution of CuCl2·2H2O (0.0170 g, 
0.100 mmol). The resulting green solution was stirred at 
room temperature for about one hour and then kept at the 
same temperature overnight. The addition of an excess of 
water led to the immediate precipitation of a green complex 
with a glassy appearence, which gradually recrystallized 
at room temperature after three weeks. The bright green 
microcrystals obtained were filtered, washed with water 
and air dried. Yield: 64% (0.0387g) Elemental analysis, 
found: C, 62.5; H, 4.9; N, 1.7%. Calc. for C66H70Cu2N2O16: 

O
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Scheme 1. Structure of Fenoprofen (Hfen).

Scheme 2. Structure of the dinuclear copper complex [Cu2(fen)4(dmf)2]. 
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C, 62.2; H, 5.4; N, 2.1%). A slow recrystallization of 
the complex in dmf/water yielded green single crystals 
without crystallization water which were studied by X-ray 
diffractometry. These results were published elsewhere.36

Physical measurements 

Infrared spectra (400-4000 cm-1) were recorded on 
a Nicolet Nexus FTIR spectrophotometer with samples 
prepared as KBr pellets or Nujol mulls. UV-Vis spectra 
(190-900 nm) were registered on GBC-Cintra 20 
equipment. Thermogravimetric (TGA) and differential 
thermal analysis (DTA) were carried out on a Shimadzu 
TGA-50H/DTA-50 thermal analyzer, under a nitrogen flow 
of 20 cm3 min-1 up to a final temperature of 850 °C. The 
heating rate was 5 °C min-1, and sample masses employed 
were about 6.0 mg. Al2O3 was used as the DTA reference 
standard. The EPR spectra of polycrystalline samples 
were obtained, at room temperature, with a Bruker ER200 
spectrometer operating at X band (ca. 9.8 GHz), with a 
Bruker cavity and a modulation field of 100 kHz.

Anti-inflammatory activity 

To evaluate the anti-inflammatory activity of the test 
compound, carrageenan-induced paw oedema assays were 
carried out as described by Winter et al.37 Female mice of 
about 30 g were randomly divided into three groups. Each 
group contained ten mice fasted for 18 h. Test animals 
were administered orally an aqueous suspension of the 
copper(II) complex under study (26 mg kg-1) or the calcium 
salt of Fenoprofen (22 mg kg-1). Each quantity of drug 
administered is equivalent to 20 mg kg-1 of Fenoprofen. The 
vehicle alone was used as excipient for the control group. 
The drugs were suspended in carboxymethylcellulose at 
0.1% and Tween 80 at 0.05% (1:1, v/v) just before use. To 
facilitate dissolution, the copper(II) complex was dissolved 
previously in dmf and the calcium salt of Fenoprofen in a 
2% solution of bicarbonate, which were also given to the 
control group. Drug and excipient were orally administered 
(0.5 mL of the corresponding suspension to each animal) 
one hour before inducing oedema in the left hind paw by 
sub-plantar injection of 0.05 mL of a 2% suspension of 
carrageenan.

The length of the paw was measured with a digital 
electronic caliber “Caliper” (0.1 mm resolution) 
immediately before the injection of carrageenan and 3, 5, 
7 and 9 h after the injection. The anti-inflammatory effect 
of the test was expressed in terms of the percentage of 
inhibition of the oedema produced in each drug-treated 
group and was calculated as [(ΔC-ΔT)/ΔC]×100, being ΔC 

the mean of the control group and ΔT the mean of the test 
group. The data were expressed as mean ± SEM (standard 
error of the mean).

In order to determine the significant differences between 
the mean response of each treated group and the control 
group, Student’s t test has been applied. The difference in 
the average response of the group treated with the complex 
and the one treated with the Fenoprofen calcium salt was 
also determined. Statistical significance was set as P < 0.01.

Kinetic assays

Kinetic experiments concerning the oxidation of 
3,5-di-tert-butylcatechol (3,5-dtbc) were monitored 
spectrophotometrically by following the increase of the 
3,5-di-tert-butyl-o-benzoquinone (3,5-dtbq) characteristic 
absorption band at 400 nm. Data of thermostated solutions 
(25.0 ± 0.5ºC) were collected over 10 min. The experiment 
was carried out by the addition of 1.50 mL of a freshly 
prepared (3,5-dtbc) solution in methanol (0.25, 0.50, 1.0, 
2.0, 4.0, 6.0, 8.0, 10.0×10-3 mol L-1) to a 1-cm-path-lengh 
cell containing 1.50 mL of a methanol solution of the 
copper complex (5.00×10-5 mol L-1). During the kinetic 
run, the reaction cell was not covered to allow the solution 
to be continually equilibrated to atmospheric oxygen. The 
mean value of three experiments was determined using a 
methanolic solution of the substrate without the complex 
as a blank. Reaction rates were calculated from ε = 1900 L 
mol-1 cm-1 for 3,5-dtbq in methanol.20 The initial reaction 
rates were obtained from the slope of the 3,5-dtbq molar 
concentration versus time plots performed with a potential 
function regression. The same treatment was applied to a 
methanolic solution of CuCl2 in order to obtain the same 
final copper(II) concentration of the complex solution, 
and to evaluate the catecholase activity of free cupric ions.

A kinetic treatment of the experimental data revealed a 
saturation Michaelis-type mechanism for the reaction and 
then the Michaelis-Menten approach was applied using 
commercially available software.

Results and Discussion

Spectroscopic characterizations of [Cu2(fen)4(dmf)2]

The FTIR spectra of the solid Ca(fen)2·H2O and the 
microcrystalline copper complex show bands assignable to 
the asymmetric and symmetric stretching vibrations of the 
fenoprofenate anion, nasym(COO) and nsym(COO), moving 
from 1560 and 1420 cm-1 on the calcium salt to 1614 
and 1408 cm-1, respectively, on the copper(II) complex. 
These shifts, notwithstanding the observed wavenumber 
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difference for the copper complex (Δ = 206 cm-1), 
correspond to the bridging coordination form of the anions 
observed in the crystal structure of the dinuclear copper(II) 
complex.36 These results are comparable to those observed 
for other dinuclear copper(II) carboxylate complexes with 
NSAIDs.30,38,39 A band located at 1668 cm-1 in the copper 
complex spectrum corresponds to the n(C=O) vibration 
of the dmf molecules, red-shifted against the free solvent 
(1684 cm-1),40 assuring its coordination to the copper atoms. 
The vibrational spectra of the compounds are included into 
the Supplementary Information, SI (Figure S1). The broad 
and medium intensity band located at ca. 3460 cm-1 in the 
Nujol mull spectrum of the microcrystalline copper(II) 
complex was assigned to the stretching vibrations of the 
solvating (water) molecules in the crystal. 

The  EPR spec t ra  o f  the  mic rocrys ta l l ine 
[Cu2(fen)4(dmf)2]·2H2O complex resemble the spectra of 
many other ligand-bridged dinuclear copper(II) complexes 
with paddle wheel “{copper(II)}2(carboxylate)4” cages 
wherein the zero field splitting (D) is significantly greater 
than hn and E @ 0 (axial symmetry).41-43 A representative 
EPR spectrum of the fenoprofenate-copper complex 
recorded at room temperature is shown in Figure 1. If 
the two copper(II) ions are in a moderate interaction, the 
ground state of the dicupric center is a singlet (S = 0) and 
the triplet state (S = 1) can be thermally populated. Thus 
we expect to observe a spectrum with a half-field transition 
(ΔMs = ± 2) at ca. 1600 G at room temperature and three 
lines, corresponding to resonance fields Hz1, H^, and Hz2, 
of the six ΔM = ± 1 resonance fields.41 The peaks observed 
at 502, 4590 and 6080 G are attributed to Hz1, H^ and Hz2, 
respectively, according to early reports in similar copper(II) 
dinuclear complexes.41,42 A small signal corresponding to 
mononuclear impurity is also observed. The quality of the 
spectrum precludes a precise determination of the magnetic 
parameters of the complex. Using a zero field splitting from 
literature data44 (D= -150 cm-1) and with the equipment 
set at a frequency of 9.76 GHz, the calculated magnetic 
parameters obtained are: g^= 2.14 and gz = 2.49, similar to 
the values reported for other dicopper(II)-tatracarboxylate 
complexes.45,46 

Regarding the thermal behavior of selected samples 
(single crystals) of the [Cu2(fen)4(dmf)2] complex, the 
first mass loss step in the thermogravimetric analysis was 
observed between 59 and 196 ºC, accompanied by a weak 
endothermic DTA signal at 100 ºC (Table 1 and Figure S2). 
The observed value of 11.6% is in agreement with 
the theoretical mass loss of 11.80% calculated for the 
elimination of both dmf molecules. A second event (step II) 
of 52.4% mass loss may correspond to the decomposition 
of the diphenyleter radical, calculated as 52.72% of the 

total molar mass. In the last step (step III) an exothermic 
process occurs, which involves the final decomposition of 
the substance with concomitant CuO formation. The total 
mass loss observed (85.0%) is in good agreement with the 
theoretical mass loss calculated as 87.17%. 

The electronic spectra recorded in a Nujol mull for 
the microcrystalline Fenoprofen-copper(II) complex 
exhibit one broad asymmetric band centred at 699 nm 
(Table 2). This band, observed in the UV-vis spectra 
of binuclear copper(II) carboxylate complexes (usually 
named Band I), is assignable to the d-d transitions of 
tetragonally distorted copper(II) centres.47 It changes 
slightly to 705 nm in dmf solutions. In methanol solutions 
this d-d band moves to 694 nm, without changes in the 
absorptivity. A second absorption band (currently named 
Band II) is observed at 370 nm in dmf solutions and is 
characteristic of the bridging rather than the copper-
copper linkage in dinuclear copper complexes.46,47 In the 
spectrum of the complex in methanol solutions this band 
is absent, indicating an important degree of dissociation 
of the dinuclear structure.48 For dinuclear copper 
tetracarboxylates a third band assignable to a carboxyl-
copper(II) charge transfer absorption is expected around 
290 nm.47 In the complex under study it is masked by the 
strong intraligand fenoprofenate absorptions.

Figure 1. X-band EPR spectrum of microcrystalline [Cu2(fen)4(dmf)2]·2H2O 
at 298K. The asterisk (*) indicates the signal due to a monomeric impurity.

Table 1. Thermal stability analysis (TGA and DTA) of single crystals 
of [Cu2(fen)4(dmf)2]

Step Temperature 
range (ºC)

TGA (mass loss, %) DTA (ºC, heat 
flux, intensity)Obs. Calc.

I 59-196 11.6 11.80 100, endo, weak

II 196-330 52.4 52.72 217 / 270, endo, weak

III 330-552 21.0 22.65 539, exo, strong
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Anti-inflammatory activity 

Figure 2 summarizes the anti-inflammatory activity of 
microcrystalline [Cu2(fen)4(dmf)2]·2H2O and Fenoprofen 
calcium salt in mice paw carrageenan-induced oedema. The 
results are presented as means ± standard error (SEM) for 
the inflammation grade approached in each group.

The study of the acute anti-inflammatory test showed 
that the Fenoprofen-copper(II) complex produces a very 
significant reduction in carrageenan-induced paw oedema 
when compared to the control group (P < 0.01) at 3, 5 
and 7 h, as well as a significant reduction at 9 h after the 
injection of carrageenan. It also presented enhanced anti-
inflammatory activity with respect to the uncomplexed 
parent drug. It is remarkable the fact that the complex 
presented a great significant difference (P < 0.01) in the 
anti-inflammatory properties at the seventh hour of the 
experiment when compared to the Fenoprofen calcium 
salt; this fact indicates that the complex presents a more 
sustained anti-inflammatory action in time. 

Figure 3 shows the inflammation inhibition percentage 
attained in the experiments. Analyzing the results over 

time, it can be seen that at the third hour there were 
no differences between the action of the Fenoprofen 
calcium salt and the copper(II)-Fenoprofen complex (29 
and 28% respectively). However, in the following hours 
until the end of the experiment, the complex inhibited 
the inflammation caused by the carrageenan-induced paw 
oedema with more efficiency than the uncomplexed parent 
drug. After 5 h of carrageenan injection, the percentage 
inhibition of inflammation by calcium fenoprofenate was 
42%, whereas with the copper(II) complex was 60%. 
When the calcium salt approached 20% of inhibition at the 
seventh hour, the complex approached 50%. Finally, 9 h 
after the injection of carrageenan, the Fenoprofen calcium 
salt inhibited the inflammation of the left hind paw on 
10% meanwhile the percent inhibition for the complex 
was 31%. These results show clearly that between the fifth 
and the seventh hour after the injection of carrageenan 
the decay of the anti-inflammatory action of the complex 
was very low and that along all the experiment this action 
was more efficient than that from the uncomplexed 
fenoprofenate anions. 

All these data indicate that the copper complex presents 
enhanced anti-inflammatory properties and are in accordance 
to the behavior of other copper(II)-NSAIDs complexes.1,11

Table 2. Assignments of characteristic electronic absorption bands of Ca(fen)2·H2O and [Cu2(fen)4(dmf)2]·2H2O

Media UV-Vis bands (nm) / ε (L mol-1 cm-1) Assignment

[Cu2(fen)4(dmf)2]·2H2O Ca(fen)2·H2O

Nujol 699 ------ d → d (Band I)#

dmf 705 / 424
370 / sh

------
------

d → d (Band I)#

(Band II)#

MeOH 694 / 410
205 / 12480

------
218 / 11200

d → d
π → π* (phenoxy rings)

# See text for assignment.

Figure 2. Inflammation grade approached in carrageenan-induced paw 
oedema in mice. * P < 0.05 for complex vs. control; ** P < 0.01 for 
complex vs. control; # P < 0.01 for complex vs. Fenoprofen calcium salt. 
Student’s t test was applied for the statistical analysis.

Figure 3. Percentage of inhibition vs. time in carrageenan-induced paw 
oedema in mice.
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Catecholase activity

Before going to the detailed kinetic study, it was 
necessary to get an estimation of the ability of the 
complex to oxidize catechols. Commonly 3,5-dtbc is 
used as a substrate due to its low redox potential and 
because the bulky tert-butyl groups prevent unwanted 
side reactions such as ring opening or polymerization of 
the resulting quinone.12,20 As a starting catalytic analysis 
a 2.50×10-5 mol L-1 solution of the copper complex was 
allowed to react with a 2.50×10-3 mol L-1 solution of 
3,5-dtbc under aerobic conditions and the course of the 
reaction was followed by UV-Vis spectroscopy. The UV-
Vis spectra were recorded immediately after the addition 
of the substrate and then after 5, 10, 20, 30 and 60 min 
and they were corrected with the blank solution composed 
by solvent (methanol) and 3,5-dtbc. The increase in the 
absorption at 400 nm showed moderate catecholase activity 
(turnover around 6.8 at 10 min) for the Fenoprofenate-
copper complex (Figure 4).

The 3,5-dtbq concentration vs. time plots (Figure S3) 
were fitted with potential functions in order to recover the 
initial reaction rates (V0). The dependence of V0 on the 3,5-
dtbc concentrations for the oxidation reaction catalyzed 
by the dicopper(II) complex (Figure 5) and the correlation 
between V0

-1 and [3,5-dtbq]-1 (Figure S4) both indicate 
the existence of a two step Michaelis type mechanism for 
the reaction.49 Then a complete kinetic study was carried 
out on the basis of the Michaelis-Menten (M-M) model 
originally developed for enzymatic reactions. The good 
accordance of data with the model indicates the existence 
of a complexation equilibrium between the dtbc substrate 
and the active copper(II) species in the methanol solution. 
The obtained M-M parameters were: KM = (0.133 ± 

0.023)×10-3 mol L-1 and Vmax = (5.70 ± 0.16)×10-5 mol L-1 

min-1. The dominant active copper(II) species present in 
the methanolic solution, possibly a mononuclear complex 
as demonstrated by the information provided by the 
UV-Vis spectra discussed above, presents a good affinity 
for the substrate 3,5-dtbc as evidenced by the KM value.

When methanolic solutions of CuCl2 were tested vs. 
the 3,5-dtbc substrate under the same conditions employed 
for the complex under study, there was no significant 
catecholase mimetic activity for the solvated copper(II) 
ions (Figure S5). Hence, although the active species was 
not identified, the coordination of fenoprofenate anion to 
cupric ions in methanolic solution has been demonstrated.

By comparison with other mononuclear or dinuclear 
copper catecholase model complexes13-15,50 the copper(II) 
fenoprofenate shows moderate catecholase activity. 
It is necessary to take into account that comparisons 
are not always straightforward because of the use of 
different solvents, temperatures and degrees of solvent 
oxygenation.

Conclusions

A dinuclear copper(II) complex of Fenoprofen 
has been synthesized and characterized. Its physical 
and chemical properties are in good agreement with 
its dinuclear crystalline structure. The comparative 
study of inhibition of paw oedema by the copper(II) 
complex and the parent drug (Fenoprofen calcium salt) 
shows that there was a significant increase in anti-
inflammatory activity when the drug was given orally as 
the copper complex as compared to the drug itself. The 
kinetic characterization as a catechol oxidase mimetic 
demonstrates that the copper(II) fenoprofenate presents 
moderate catecholase activity.

Figure 4. Increase of the 3,5-dtbq absorption band at 400 nm after 
addition of 3,5-dtbc (2.50×10-3 mmol L-1) to a solution of the copper(II) 
fenoprofenate complex (2.50×10-5 mmol L-1) in methanol. The spectra 
were recorded at the beginning of reaction and after 5, 10, 20, 30, 60 min.

Figure 5. Initial rate of the oxidation of 3,5-dtbc to 3,5-dtbq vs. substrate 
concentration in the presence of 2.50×10-5 mmol L-1 of the microcrystalline 
copper fenoprofenate complex in methanol at 25.0 ± 0.5 ºC.
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Supplementary Information

Supplementary information data (Figures S1-S5) are 
available free of charge at http://jbcs.sbq.org.br, as a PDF 
file.
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