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Abstract 

Copper(H) complexes with aryloxyacetato ligands 
and antipyrine (Apy) of the general formula [CuZ- 
(RC00)4(Apy),] were prepared with RCOO- as 
phenoxyacetato, 3-methylphenoxyacetato, 4-methyl- 
phenoxyacetato, 4-chlorophenoxyacetato, 2-methyl- 
4-chlorophenoxyacetato, 3-methyl-4-chlorophenoxy- 
acetato and 2-naphthoxyacetato anions. The param- 
eters of the triplet spin state EPR spectra at X and Q 
band frequencies (D/he = 0.37 cm-‘, gl= 2.07, gLl = 
2.38, All/c = 0.007 cm-‘) provide evidence of a 
dimeric carboxylato-bridged structure with apically 
bound antipyrine. The almost constant EPR data 
as well as the energies of the ligand field transitions 
at 77 K [dWZ_,z +d,., d,, (14000 cm-‘), dxz_,,z +- 
d,, (11200 cm-‘) and dXz_,,z + d,z (9500 cm-‘)] 
indicate that the square-pyramidal geometry of the 
CuOs polyhedra is nearly unaffected by the sub- 
stituents on the aryloxyacetato group. The com- 
plexes show antimicrobial activity, being most effi- 
cient against Candida albicans and Bacillus subtilis. 

Introduction 

Aryloxyacetatocopper(I1) complexes form a wide 
variety of structures resulting from the presence of 
three donor oxygen atoms (two from the carboxyl 
group and one from the etheric phenoxy group) in 
aryloxyacetic acids. The aryloxyacetato anions are 
able to act as monodentate ligands bound via the 
oxygen atom of the carboxyl group, as in phenoxy- 
acetatocopper(I1) trihydrate [ 11, or as chelating 
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ligands bound through carboxyl and etheric oxygen 
atoms as in phenoxyacetatocopper(I1) dihydrate [2]. 
The 2-nitrophenoxyacetatocopper(I1) dihydrate [3] 
is a dimeric compound with a diaquatetrakis(p- 
acetate-O,O’)dicopper(II) complex structure with 
bridging carboxyl groups. The molecular neutral 
ligands bound in the complexes strongly influence 
the manner of the coordination of aryloxyacetato 
anions. Monomeric compounds of tetragonal sym- 
metry as well as dimeric carboxylato-bridged com- 
plexes have been prepared with N-donor ligands 
(pyridine, quinoline and their derivatives, and 
pyrazole) and O-donor ligands (water, pyridine N- 
oxide and its derivatives) [4-81. 

Antipyrine (1 -phenyl-2,3-dimethyl-S-pyrazolone) 
is well known for its antipyretic and analgesic 
activity. It can act as a neutral molecular ligand 
bound to the metal ion via the carboxyl oxygen 
atom [9]. Acetate- and arylcarboxylatocopper(I1) 
complexes with antipyrine have been studied [lo]. 
The results of spectral and magnetic measurements 
indicate that the complexes adopt a binuclear car- 
boxylato-bridged structure with exchange inter- 
actions between the Cu(I1) ions in pairs. With m- 
cresotinato anion a monomeric distorted-octahedral 
antipyrine adduct has also been prepared. Spectral 
and magnetic properties of dimeric carboxylato- 
bridged 2-halogenobenzoates with antipyrine have 
been reported [ 111. 

In order to study the influence of the coordination 
of antipyrine on the structure of the resulting com- 
pounds, some aryloxyacetatocopper(I1) complexes 
with antipyrine were synthesized. Their EPR and 
ligand field spectra were studied. Since it has been 
reported [12] that copper(I1) carboxylates show 
some antimicrobial and antifungal activity, the anti- 
microbial efficiency of the prepared compounds was 
evaluated. 
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TABLE I. Ligand Field Bands, EPR Data and Spin-Orbit Reduction Parameters of Aryloxyacetatocopper(I1) Complexes with 

Antipyrine 

Compound Electronic spectraa 

XlOV (cm-‘) 

461 AlI Al 

EPR data 

glb gllc 

Spin-orbit 

g D/h@ 
reduction parameters 

AllIce ~ 
(cm-‘) (cm-t) /cl kll 

Cu(PhOAc)z(Apy) 9.5sh 11 .Osh 14.0 2.076 2.386 2.184 0.384 0.0069 0.79 0.80 

Cu(3-Me-PhOAc)2(Apy) 9.5sh 11.2sh 14.0 2.072 2.384 2.181 0.371 0.0070 0.77 0.80 

Cu(4-Me-PhOAc)2(Apy) 9.5sh 11.3sh 14.0 2.072 2.381 2.180 0.373 0.007 1 0.77 0.80 

Cu(4-C1-PhOAc)2(Apy) 9.5sh 11.3sh 14.0 2.071 2.382 2.180 0.374 0.0070 0.76 0.80 

Cu(2-Me-4C1-PhOAc)2(Apy) 9.5sh 11.2sh 14.0 2.073 2.380 2.180 0.377 0.0069 0.77 0.80 

Cu(3-Me-4C1-PhOAc)2(Apy) 9.5 sh 11.3sh 14.0 2.071 2.384 2.180 0.373 0.0070 0.76 0.81 

Cu(2-NphOAc)2(Apy) 9.5sh 11.2sh 14.0 2.072 2.381 2.180 0.372 0.0068 0.77 0.80 

a50.2. b*0.004. e+o.o07. d*0.005. e+0.0005. 

Experimental 

The compounds Cu(PhOAc)2(H20)s (I), Cu(3-Me- 
PhOAc)2(H20)2 (II), Cu(4-Me-PhOAc)2(H20), (III), 
Cu(4-C1-PhOAc)2(H20)2 (TV), Cu(2-Me-4-Cl-PhOAc)2- 
(H20)2 (V), Cu(3-Me-4-C1-PhOAc)2(H20)a (VI) and 
Cu(2-NphOAc)2(H20)4 (VII)* were synthesized 
under conditions generally used for the preparation 
of carboxylatocopper(I1) aqua-complexes [ 131. Com- 
pounds of general formula CU(RCOO)~(A~~) were 
obtained by the reaction of the parent aqua- 
complexes with antipyrine (Fluka AC, Buchs). 
Methanol (reaction with complexes II, III, V, VI) or 
a 1: 1 mixture of acetone:dioxan (reaction with com- 
plexes I, IV, VII) were used as solvents. The mole 
ratios in the reaction media were ~[CU(RCOO)~- 
(H20),]:n(Apy) = 1:4, except for the reaction with 
complex IV, where a ratio of 1:6 was used. The 
resulting green crystalline products were dried in air 
at room temperature and characterized by Cu, C, H 
and N analyses. 

The ligand field reflectance spectra of finely 
powdered samples were recorded in the range 4000- 
28000 cm-’ with a Zeiss DMR-21 spectrometer at 
room temperature and at 77 K. Sr2ZnTe06 and MgO 
were used as standards in the 4000-l 3 000 cm-’ and 
13 000-28 000 cm-’ ranges, respectively. 

The EPR spectra of polycrystalline samples were 
recorded at 9.2 GHz (X-band) with a Varian E-12 
spectrometer in the magnetic field range of lOO- 
7000 G at room temperature, 130 K and 4 K, respec- 
tively. Also the EPR spectra at 34.8 GHz (Q band) 
were scanned with a Varian E-l 5 spectrometer in the 
magnetic field range of 4.500-14500 G at room 
temperature and at 130 K. DPPH was used as an 
internal standard. 

The antimicrobial efficiency of the complexes was 
tested by their ability to inhibit the growth of micro- 

*PhOAc = phenoxyacetato anion, Me = methyl, 2-NphOAc 
= 2-naphthoxyacetato anion, Apy = antipyrine. 

organisms in the cultivation medium Mueller-Hinton 
agar (Imuna). The tests were performed according to 
ref. 15 with the following microorganisms: Escheri- 
chia coli 32617 1, staphylococcus Qureus Mau 7818 1, 
Pseudomoruzs Qeruginosa X 13317 1, Bacillus subtilis 
S/58 and ChndidQ Qlbicans. The concentration of 
microorganisms in the cultivation medium was lo’- 
lo6 cfu/ml. Concentrations of 400, 200, 100 and 50 
pg/ml of the complexes in dimethylsulfoxide solu- 
tions were tested and the minimum inhibitory con- 
centrations (MIC) were determined. 

Results and Discussion 

The ligand field spectra of the prepared complexes 
at room temperature consist of broad asymmetric 
absorption bands with a maximum at about 14000 
cm-’ (Fig. 1). At 77 K two shoulders on the lower 
energy side are clearly resolved (Fig. 1). The bands at 
14000 cm-‘, 11200 cm-’ and 9500 cm-’ can be 
assigned to dXz_,z + d,,, d,, (Ad, dXZ_,,2 + d,, (AI,) 
and dXZ+,2 + df2 (46 r) transitions, respectively 
(Table I) [16, 171. The 3?j2 splitting of the octahedral 
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Fig. 1. Ligand field r:fIection spectra of Cu(3-Me-4- 

Cl-PhOAc)2(Apy) at 293 K (dashed line) and at 77 K (fulI 

line). 
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Tag term is then 2700-3000 cm-‘. From the above 
data, the hypothetical octahedral splitting of A0 = 
8300 cm-’ (A, = A, - 6a - 26 r) was calculated for 
all investigated complexes. It corresponds to values 
usually found for Cu(II) complexes with oxygen 
donor atoms [ 181. Ligand field transitions at 14000 
cm-’ and at rllOO0 cm-’ have been observed for 
dimeric copper(H) carboxylates [ 16, 171. The transi- 
tion at 9500 cm-‘, however, which corresponds to 
the 4a1 splitting of the octahedral E, term by ligand 
fields of lower symmetry, has not yet been reported 
for compounds of such structure. From the fact that 
the ligand field spectra of all the complexes are very 
similar it can be deduced that the geometry of the 
CuOs coordination polyhedra is hardly influenced by 
the substituents on the aryloxyacetato group. 

The EPR powder spectra measured at X and Q 
band frequencies show characteristic spin-triplet 
state patterns at room temperature and at 130 K. 
At 4 K the triplet spectra disappear and only a weak 
signal corresponding to a small amount of monomeric 
structural impurities can be observed. Such intensity 
dependence of the triplet state spectra indicates that 
in these complexes the ground state is a singlet and 
the excited thermally populated state is a triplet. 
The seven-line hyperfine structure from two 
equivalent copper(I1) nuclei, which is resolved on the 
HZ1 and Hz2 lines in the X band and on the Hz1 and 
H min peaks in the Q band at 130 K, proves unam- 
biguously the dimeric structure of the complexes. No 
splitting of the narrow Hxy lines into rhombic com- 
ponents (Hx and Hy) could be observed at 130 K 
at either the X or the Q band frequencies. For such 
axially symmetric dimeric copper(I1) complexes the 
spin-Hamiltonian may be written as [ 191: 

% = @Hz& + g&H,& +H$,) 

+ D [&” - $(S + l)] + A,,& 

whereS=S,tS2=1 andZ=Irt12=3.Whereasfor 
our complexes at 9 GHz D is greater than hv, at 
35 GHz D is smaller than hv. Therefore at the X 
band frequency in the perpendicular direction only 
the transition It) t---f 10) can be observed and in the 
parallel direction the transitions I-)+--+ 10) and 
10) - J-) are seen (Fig. 2) [20]. At the Q band 
frequency the transitions I+) - 10) and 10) - I-) 
occur in the parallel as well as in the perpendicular 
direction. For our complexes, however, the weak 
peak of the parallel transition IO>++ I--) is hidden 
under the strong line of the perpendicular it) ++ IO) 
transition at the Q band frequency (Fig. 3). Con- 
sequently, only the exact position of the perpendicu- 
lar line can be determined. From the three resolved 
resonance fields at both X and Q band frequencies at 
130 K, the parameters of the spin-Hamiltonian were 
evaluated according to ref. 14. The data obtained 
from the measurements at 9 GHz and 35 GHz are 
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Fig. 2. EPR powder spectrum of Cu(PhOAc)z(Apy) at 9.2 
GHz and 130 K. 
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Fig. 3. EPR powder spectrum of Cu(4Cl-PhOAc)z(Apy) at 
34.8 GHz and 130 K. 

essentially consistent. The averages of these param- 
eters are given in Table I. The data obtained cor- 
respond to the values reported for dimeric car- 
boxylato-bridged Cu(II) complexes with apically 
bound O-donor molecules [8, 10, 111. 

In addition to the ‘AM, = 1’ peaks, the half-field 
transition ‘AM,= 2’ is also observed at the Q band 
frequency. Besides the Hmin line, a weak peak at 
higher fields is seen (Fig. 3). It corresponds to the 
perpendicular component Hxy of the ‘aM, = 2’ transi- 
tion [2 11. At 130 K, the Hmin absorption is split into 
seven lines with a separation A = 58 G. At 34.8 GHz, 
the double quantum transition appears at Hdq = 
10 550 G. Whereas the intensity of this line is 
comparable with the Hxy peaks at room temperature, 
it is very weak at 130 K. The double quantum transi- 
tion, however, was not observed for Cu(PhOAc)2- 
(Apy). The positions of the half-field and double 
quantum transitions are in accordance with the spin- 
Hamiltonian parameters obtained from the ‘AM,= 1’ 
peaks [21,22]. 

Some complexes under investigation show weak 
satellite lines on both sides of the perpendicular peaks 
(marked with asterisks in Fig. 3) in the X as well as in 
the Q band EPR spectra. Their intensity distinctly 
decreases with decreasing temperature. The origin of 
these lines is not understood. 
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TABLE II. Antimicrobial Activity (Minimum Inhibitory Concentrations (&ml)) of AryloxyacetatocopperW) Complexes with 

Antipyrine 

Comoound Microbial soeciesa 

ESCO PSAE STAU BASU CAN 

Cu(PhOAch(Aey) 400 200 200 200 100 

Cu(3-Me-PhOAc)2(Apy) 400 400 400 100 200 

Cu(4-Me-PhOAc)z(Apy) 400 400 400 200 400 

Cu(4C1-PhOAc)2(Apy) 400 400 400 400 400 

Cu(2-Me-4C1-PhOAc)2(Apy) 400 400 400 200 400 

Cu(3-Me-4C1-PhOAc)2(Apy) 400 400 400 200 200 

Cu(2-NphOAc)2(Apy) 400 400 200 200 200 

aESCO = Escherichia coli, PSAE = Pseudomonas aeruginosa, STAU = Staphylococcus aureus, BASU = Bacillus subtilis, CAN = 

Candida albicans. 

In order to test the consistency of the EPR and 
ligand field data, the spin-orbit reduction parameters 
kl and kll were evaluated from equations 

2h,,kL2 
gl = 2.0023 - - 

Al 

8Xok,,2 
gll = 2.0023 - 7 

where X0 = -830 cm-’ is the spin-orbit coupling 
constant for the free Cu2+ ion. The obtained kl and 
kll parameters (Table I) correspond to values usually 
found for Cu(II) complexes with oxygen ligands [ 181. 

Complexes of the general composition Cu- 
(RCOO),(Apy) were obtained by the reaction of 
aryloxyacetatocopper(I1) aqua-complexes with anti- 
pyrine. Although antipyrine was always in excess in 
the reaction media, no formation of complexes with 
higher content of bound antipyrine occurred. 
According to the results of the EPR spectra, the 
complexes adopt a binuclear structure with four 
oxygen atoms of the bridging carboxyl groups in the 
plane and an apically bound antipyrine molecule. 
The symmetry of the coordination polyhedra is 
square-pyramidal (C,,). This is in accordance with the 
data obtained from ligand field spectra. The appro- 
priate formula for these complexes may be then 
written as [Cu2(RCOO),(Apy),]. Although all parent 
aryloxyacetatocopper(I1) aqua-complexes are mono- 
meric, the adducts with antipyrine adopt a dimeric 
carboxylato-bridged structure. This is in accordance 
with ref. 10, where a preferential formation of 
dimeric antipyrine adducts of carboxylato-copper(I1) 
complexes was observed. This fact was explained 
[lo] by the bonding properties of the oxygen donor 
atom in antipyrine (stabilization of dimeric structures 
by dative 71 bonding d, -+ n*). 

All complexes under investigation show anti- 
microbial effects (Table II). Generally the most 
efficient compound is Cu(PhOAc),(Apy). It exhibits 

the best inhibition against Candida albicans (MIC= 
100 pg/ml). Generally the complexes are most ef- 
ficient against Bacillus subtilis and Chndida albicans. 
The best inhibition against Bacillus subtilis is given by 
Cu(3-Me-PhOAc),(Apy) (MIC= 100 gg/ml). Whereas 
the mononuclear aryloxyacetatocopper(I1) aqua- 
complexes and their adducts with pyrazole, which are 
also monomeric, exhibit only MIC = 1000 gg/ml [7, 
231, the efficiency of binuclear complexes with anti- 
pyrine is much higher. According to ref. 12, the sub- 
stitution of water by antipyrine without changing 
the dimeric structure of arylcarboxylatocopper(I1) 
complexes does not influence the antimicrobial activi- 
ty. Therefore it can be assumed that the structural 
change from mononuclear aryloxyacetato aqua- 
complexes to binuclear adducts with antipyrine 
results in increased antimicrobial activity. 

Supplementary Material 

The analytical data of the synthesized complexes 
are available from the authors on request. 
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