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Abstract Experimental 

Metal complexes of cinnamic (CA), o-hydroxycin- 
namic acid (o-CA), o-nitro (o-NCA) and m-nitrocin- 
namic acid (m-NCA) were prepared and characterized 
by means of magnetic measurements, ESR, electronic 
spectroscopy and thermal analysis. 

Introduction 

Cinnamic acids are widely distributed in biological 
tissues in higher plants and have been detected in 
culture solutions from lignin decomposed by white- 
rot fungi [l-4]; furthermore they have been de- 
monstrated to be active in tests for auxin activity [S]. 
For organic acids it is possible that they may increase 
the availability of insoluble forms of plants nutrients 
and can be involved in the downward movements of 
metals [ 61. 

Due to our interest in the metal complexes of 
growth factors and metabolic inhibitors [7-lo], to 
understand better the coordination behaviour and to 
substantiate the feasibility of metal chelation in soil 
and plants, we have examined the copper(H) 
cinnamic, ortho-hydroxycinnamic, ortho-nitro and 
meta-nitro cinnamic acids complexes for which 
relatively limited information is available [ 11-l 31. 

*Author to whom correspondence should be addressed. 

TABLE I. Analytical Dataa for the Compounds 

Elemental analyses (C, H, N) were obtained with a 
Perkin-Elmer 240 B instrument. 

Thermal analyses were carried out on a Perkin- 
Elmer TGS-2 apparatus under nitrogen or air flow. 

Diffuse reflectance electronic spectra were re- 
corded on a Beckman Acta M-IV spectrophotometer. 

Magnetic susceptibilities were measured at room 
temperature by using a Bruker B-MB4 Faraday 
system equipped with a Cahn 1000 electrobalance, 
with [HgCo(SCN)4] as calibrant and corrected for 
diamagnetism with the appropriate Pascal constants. 

X-band ESR spectra of polycrystalline samples 
at 298 and 123 K, were obtained using a Bruker 
ER 2200-SRC spectrometer. The magnetic parameters 
were derived by standardization with diphenylpicryl- 
hydrazyl. 

Synthesis 

Reagent acids (Sigma) and pure metal salts (Fluka) 
were used without further purification. 

The metal complexes were prepared by mixing 
stoichiometric amounts of acids or their potassium 
salts, and metal salt (copper(H) acetate, chloride or 
sulphate) in water, aqueous methanol or aqueous 
THF (tetrahydrofuran). The products, which were 
either precipitated out immediately or after standing 
at room temperature, were filtered. The metal com- 
plexes are listed in Table I. 

Compound %C %H %N Thermogravimetric 

determination 

[Cu(CA)(OH)l (1) 47.60(47.47) 3.57(3.51) 

[Cu(CA)z 1 (11) 60.22(60.41) 4.00(3.91) 

[CU(OCA)~].ZCH~OH (III) 52.5(52.92) 4.71(4.85) 15.0(14.5)b 
[CU(O-NCA)~].H~O (IV) 46.4(46.4) 3.10(3.00) 5.81(6.01) 3.80(3.86)c 

[Cu(m-NCA)2] - 2Hz0 (V) 44.7(44.6) 3.00(3.10) 5.75(5.79) 8.00(7.72)’ 

aCalculated values in parentheses. b%CH~OH. ‘%H20. 
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TABLE II. Magnetic, Electronic and ESR Data for the Complexes in the Solid State 

M. A. Cabras and M. A. Zoroddu 

Compound Absorption maxima 
(lo3 cm-‘) 

Ireff (BW ESR parameters at 123 K 

0 gl D (cm-‘) 

I 

I1 
III 
IV 

V 

14.7 
15.0 
14.5 
14.4 

14.6 

2.17 
1.5 
1.5 
1.65 

1.6 

1.9b 
2.36 2.03 0.34 
2.39 2.01 0.34 
2.37 2.09 0.34 
(Parameters for the mononuclear species 
gll = 2.27;gl= 2.06; All = 150 C) 
2.34 2.08 0.34 

aAt room temperature. b Isotropic resonance. 

Results and Discussion 

Magnetic, electronic and ESR data for the com- 
plexes in the solid state are summarized in Table II, 
and ESR spectra of polycristalline samples of com- 
plexes II, III, IV and V at 123 K are shown in Fig.1. 

Complex I has a magnetic moment at 293 K of 
2.17 BM, above that expected for a magnetically dilute 
copper compound. Other hydroxo-carboxylates 
copper(H) complexes show quite similar magnetic 
features [14-171 also suggesting the existence of 
Cu(II)-Cu(I1) interactions in a polymeric structure. 
In addition the complete insolubility of I in common 
organic solvents is consistent with the presence of a 
polymeric structure. 

The ESR spectra of complex I only showed 
resonance at a position typical of mononuclear 
copper(H) (cu. 300 mT), but exhibited a considerably 
broader line shape than that of the mononuclear 
complex [ 181 and showed the apparent g value 
unusually low (1.9), not showing features helpful in 
supporting the suggestion of a spin triplet ground 
state. 

Complexes II, III, IV and V show the subnormal 
magnetic moments, characteristic of exchange inter- 
actions between metal ions, and these findings are 
clearly supported by the ESR spectra which all 
display resonances typical of binuclear copper(I1) 
carboxylates like copper(I1) acetate monohydrate 
[ 19, 201 in the triplet state. 

These spectra consist of a moderately strong 
absorption at cu. 30-40 mT, an absorption of 
varying intensity at g -2, a strong absorption at ca. 

460 mT and a weak absorption at cu. 560-600 mT. 
Using these measured positions and the available 
literature methods [21-271, we find the values for 
g/l, gl, and D in agreement with those found for 
binuclear copper(I1) carboxylate complexes. 

The resonance at g -2 is due to non-dimeric 
(doublet species) copper(H); the proof that this line 
is not a part of the triplet spectrum is based on the 
fact that the intensity of the line increases with 
decreasing temperature. 

%h 
I 

56 ml 
H 

Fig. 1. X-Band ESR spectra of (a) 11, (b) III, (c) IV, and (d) 

V complexes at 123 K. 

The absorptions at the highest and lowest 
magnetic fields are associated with the parallel direc- 
tion. The ESR spectrum of complex II shows splitting 
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of the Hl resonance, even though only one g value 
was calculated. Also the diffuse reflectance spectra 
are characteristic of Cu(I1) carboxylates with d-d 
maximum in 14 400 + 15 000 cm-’ (Table II). The 
‘blueshift’ of the absorption maximum in complex II 
indicates diminished axial interaction at the copper ion 
to give a more strictly planar environment than in the 
other compounds. 
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