
Monatshefte fiir Chemie 128, 1101-1108 (1997) 
Monatshefte fiir Chemie 
Chemical Monthly 
© Springer-Verlag 1997 
Printed in Austria 

Comparative EPR Study of Copper(II) 
Complexes with Threonine Derivatives 

V~ Noethig-Las lo  t,* and N. Paulid 2 

1 Rudjer Bo~kovid Institute, HR-10001 Zagreb, Croatia 
2 Institute of Medical and Occupational Health, HR-10001 Zagreb, Croatia 

Summary. In order to get better insight into the structural reasons for different properties of 
copper(II) complexes with L-threonine, L-allo-threonine, L-N,N-dimethyl-threonine, and L-N,N- 
dimethyl-allo-threonine, their EPR spectra were studied as a function of pH and temperature. At 
pD ~ 9.4, in all complexes a change in the copper(II) coordination sphere from the "glycine" to the 
"hydroxy" type was observed. In bis(L-threoninato)copper(II), the "hydroxy" type formed at 
pD ~ 9.4 was found to be stablized by increasing the temperature of the solution from 280 to 320 K. 
In all other copper(II) complexes, the conformational change is accompanied by the disruption of the 
Cu-N bond of one chelate ring. 
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Vergleichende EPR-Untersuchungen von Kupfer(II)-ThreoninlKomplexen 

Zuzammenfassung. Um einen besseren Einblick in die Beziehungen zwischen Struktur und Eigen- 
schaften von Kupfer(II)-Komplexen mit L-Threonin, L-allo-Threonin, L-N,N-Dimethyl-Threonin 
und L-N,N-Dimethyl-allo-Threonin zu gewinnen, wurden ihre EPR-Spektren in Abh~ngigkeit vom 
pH-Wert und von der Temperatur untersucht. Bei einem pH-Wert yon 9.4 (in deuterierter LSsung) 
wurde eine Ver/inderung in der Kupfer (II)-Koordinationssphfire festgestellt, die yon einer ,,Glycin"- 
~ihnlichen Konformation in eine vermutlich ,,Hydroxy"-fihnliche Konformation tibergeht. Der bis(L- 
Threoninato)-Kupfer (II)-,,Hydroxy"-Komplex wird dutch eine Temperaturerhthung von 280 auf 
320 K stabilisiert. Die Ver~inderung der Koordination vom ,,Glycin"-Typ wird von einem Bruch der 
Cu-N-Bindung eines Chelatrings begleitet. 

Introduct ion  

Copper(II)  complexes  with L-threonine,  L-allo-threonine, and L-serine have been 
extensively studied by m a n y  authors [1-8]. The side chains o f  these amino acids 
(CHzOH and CH(CH3)OH, respectively) were found to have only a weak  
coordinat ion tendency towards copper(II) ions [3]. In aqueous solutions, visible 
absorption measurements  lead to the conclusion that at neutral  p H  (6 < p H  < 8) 
the amino acids mainta in  a " g l y c i n e "  like configurat ion in the copper(II) 
complexes  [4, 5]. At  p H  > 9, copper(II) m a y  promote  ionizat ion of  the alcohol 
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hydrogens of the chelated threonines (pK1 = 10.3,pKa = 11.3) [5]. This may 
be followed by a change of the "glycine" like structure (N-amino, O-carboxy) to 
the "hydroxy" type (N-amino, O-hydroxy) of the copper(II) coordination sphere 
[4, 5]. 

Differences in stability between Cu(II)-complexes with natural L-threonines 
and L-allo-threonines have been determined [6-8]. It has been proposed that in the 
"glycine" like configuration the higher stability of the complexes with L-threonine 
is due to the weak outer sphere coordination between amino and hydroxy groups 
through the apical water molecule [6-8]. This should stabilize the trans coordi- 
nation of the 2N20 atoms of the copper(II) coordination sphere as determined for 
the copper(II) complex with L-threonine by X-ray crystallography. [9]. Trans 
coordination was also found in the crystalline copper(II) complex with N,N- 
dimethyl-L-threonine [10]. 

Recently, stability constants have been determined for the complexes of N,N- 
dimethyl-threonine with Cu 2+, Ni a+, and Co 2+ by potentiometric titrations [11], 
The results suggest that dimethyl-threonine acts as a bidentate ligand toward 
copper(II) by engaging either amino and carboxyl groups, or upon dehydronation 
at high pH, the amino and hydroxy groups. 

In order to get better insight into the structural reasons for the differences in the 
properties of the copper(II) complexes with L-threonine, L-allo-threonine, and their 
N,N-dimethylated counterparts, we studied EPR spectra of these copper(II) 
complexes as a function of the pD value in D20 solutions. 

EPR spectroscopy can provide detailed information on the nature of the 
copper(II) coordination sphere and the number of species in solution and in the 
frozen state [12, 13]. For a number of bis(aminoacidato)copper(II) complexes in 
aqueous solutions, the 14N-superhyperfine (SHF) structure of the EPR spectra has 
confirmed the presence of cis and trans isomers (with respect to the 2N20 atoms of 
the amino and carboxy groups of the amino acids) in the copper(II) coordination 
sphere [14]. Thus, we believe that the possible coordination of the OH groups of 
the amino acid side chains in the complexes will be reflected in the equilibrium 
between the cis and trans isomers in solution. 

Results and Discussion 

In the interval 6 < pD < 9, EPR spectra of the copper(II) complexes with L- 
threonine, L-allo-threonine, and L-serine were determined (Table 1). The spectra 
showed a resolved 14N-superhyperfine (SHF) structure at the resonance transition 
mcu = + 3 / 2  as displayed in Fig. 1 for the bis(L-threoninato)copper(II) complex in 
D20 at pD = 7.2. The SHF lines (Fig. lb) are due to the two overlapping quintets 
with an intensity ratio of 1:2:3:2:1 each, reflecting the two sets of the 2N donor 
atoms to the copper(II) coordination sphere, i.e. the cis and trans isomers in 
equilibrium as determined by Goodman and McPhail for the "glycine" type of 
copper(II) complexes with many other L-c~-amino acids [14, 20]. Taking into 
account the reasons presented by Goodman and McPhail [20], we assigned the 
SHF lines at higher magnetic field to the trans isomer. 

In the copper(II) complexes with L-threonine and L-allo-threonine examined 
here, the ratio between cis and trans isomers was found to vary with the pD of the 
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Table 1. EPR parameters of copper(II) complexes with amino acids 
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Ligand pH go gi g[ ao (mT) aii (mT) ai (mT) aoN (mT) 

L-a-serine 8.0 2.127 2.262 2.060 6.9 17.0 1.9 cis-trans 
L-a-serine 12.0 2.114 2.238 2.057 8.4 19.0 3.1 1.0 
L-a-threonine 8.0 2 .128  2.257 2.063 7.0 17.7 1.6 cis-trans 
L-c~-threonine 12.0 2.113 2.235 2.051 8.5 19.5 3.0 1.0 
L-c~-allo-threonine 8.0 2 .127  2.260 2.060 7.0 16.9 2.05 cis-trans 
L-a-allo-threonine 12.0 2.113 2.241 2.054 8.4 18.9 3.5 / 
L- a-N,N-dimethyl-threonine 
(ethanol) 8.0 2 .117  2.254 2.044 8.4 18.2 3.5 / 

5 DPPH 
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Fig. 1. EPR spectra of bis(L-threoninato)cop- 
per(II) dissolved in D20 + DC1 atpD = 7.2 at 
290 K; a: first, b: second derivative representa- 
tion 

D20 solution. The SHF lines at higher magnetic field were more pronounced at 
lower pD of the solution and broadened above pD > 8. 

The 14N SHF structures of the EPR spectra of bis(L-allo-threoninato)copper(II) 
and bis(L-threoninato)copper(II) complexes compared at one particular pD value 
indicated that in bis(L-threoninato)copper(II) the equilibrium of the cis-trans 
isomers was shifted towards the trans isomer. This may be due to a copper(II) outer 
sphere coordination with two OH groups of  the amino acid side chains through 
hydrogen bonds with the apical water. Such an arrangement is not favorable in the 
copper(II) complex with L-allo-threonine. 

At pD ~ 9.4, a shift of  go to 2.116 was detected in the copper(II) complexes 
with L-threonine and L-allo-threonine. At that pD, SHF lines of the EPR spectra of  
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Fig. 2. Second harmonic display of 
the mcu = +3 /2  resonance transition 
in the EPR spectra of bis(L-threoni- 
nato)copper(II) in D20 + NaOD at 
pD = 9.4; a, 280K; b, 290K; c, 
300K; d, 320K; the change in the 
spectra was irreversible, the five 14N 
SHF lines remained unchanged upon 
cooling 

bis(L-threoninato)copper(II) showed a complicated structure, indicating the 
presence of more than two species in solution (Fig. 2). The structure of the SHF 
lines changed with increasing temperature (Fig. 2a-d). At 320 K ,  the five sharp 
lines with an intensity ratio of 1:2:3:2:1 (Figure 2d) prevailed, and this structure 
remained unchanged upon recooling the sample. This suggested that-after a 
conformational change favored at higher temperature-, only one 2N20 isomer 
remained in solution, presumably in the "hydroxy" like copper(II) coordination. 

Different results were obtained with bis(L-allo-threoninato)copper(II) at a pD 
of about 9.4 (Fig. 3a, b). Three SHF lines in an intensity ratio of 1:1:1 (Fig. 3b) 
suggested only one nitrogen donor to the copper(II) coordination sphere of the 
predominant complex in solution over the whole temperature range (280-320 K). 
In the complex with L-allo-threonine, the conformational change at pD about 9.4 
causes the breakage of one Cu-N bond of the copper(II) coordination sphere. 
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Fig. 3. EPR spectra of bis(L-allo- 
threoninato)copper(II) in D20 at 
pD = 9.4 at 290 K; a, first harmonic; 
b, second harmonic 

Fig. 4. EPR spectra of bis(L-threo- 
ninato)copper(II) (a) and bis(L-allo- 
threoninato)copper(II) (b) in D20 at 
pD = t2.5 and 290K 

In Fig. 4, the EPR spectra of  bis(L-threoninato)copper(II) (a) and bis(L-allo- 
threoninato)copper(II) (b) measured at pD = 12.5 and 2 9 0 K  are compared. In 
bis(L-threoninato)copper(II), the SHF structure of  the resonance transition at 
mcu = + 3 / 2 ,  i.e. the appearance of  five well resolved lines in an intensity ratio of  
1:2:3:2:1 (Fig. 4a) suggested the presence of  only one 2 N 2 0  isomer in the 
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copper(II) coordination sphere of the complex in solution. In the spectra of bis(L- 
allo-threoninato)copper(II) (Fig. 4b), six SHF lines could be recorded in the second 
derivative, suggesting more than one isomer in solution. 

The observed differences in the EPR spectra between bis(L-threoninato)cop- 
per(II) and bis(L-allo-threoninatio)copper(II) at pD = 12 are probably due to steric 
hindrance between the CH3 groups at the C~ atoms and the COO- groups at the C~ 
atoms in the chelate rings of the copper(II) complex. The hindrance is greater in the 
case of the complex with L-allo-threonine because COO- and CH3 are located at 
the same side of the chelate plane, destabilizing both cis and trans isomers. In the 
case of trans-bis(L-threoninato)copper(II), the two CH3 groups of the two amino 
acid side chains in the axial position may form van der Waals contacts. This will 
stabilize the complex. 

Methylation of the NH2 groups in L-threonine and L-allo-threonine leads to a 
destabilization of the parent copper(II) complexes in D20. Only in ethanol at 77 K, 
bis(N,N-dimethyl-L-threoninato)copper(II) gave an EPR spectrum with the 
resolved 14N SHF structure in the ga region (Fig. 5), suggesting 2N donor atoms 
to the copper(II) coordination sphere. The SHF structure was not resolved at room 
temperature. At pH > 9.4, the second derivative representation of the EPR 
spectrum of bis(N,N-dimethylthreoninato)copper(II) (Fig, 6a, b) showed three 
sharp SHF lines in an intensity ratio of 1:1:1 at the resonance transition 
mcu --- +3 /2  suggesting only one nitrogen donor to the copper(II) coordination 
sphere. A similar result was obtained with bis(N,N-dimethyl-allo-threoninato)- 
copper(II) (Figure 6c, d), although three SHF lines were broader. This suggests that 
in ethanol at pH > 9.4 a disruption of the Cu-N bond of the chelate ring occurred. 

Recently, the crystal structure of bis(N,N-dimethyl-L-threoninato)copper(II) 
dihydrate has been determined [10]. The shape of the copper(II) coordination 
polyhedron was reproduced with molecular mechanics calculations, and the 

~ - -  ~ ~ J ~ _ _ ~  Fig. 5. EPR spectra of  bis(N,N- 
260 280 300 320 340 dimethyl-L-threoninato)copper(II) 

B (roT) dissolved in ethanol at 77 K 

DPPH 
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Fig. 6. EPR spectra of bis(L-N,N-dimethyl-threoninato)copper(II) (a, first harmonic; b, second 
harmonic) and bis(L-N,N-dimethyl-allo-threoninato)copper(II) (c, first harmonic; d, second 
harmonic) at 290 K in ethanol + NaOH CoH= 10) 

calculated strain energy of the crystal conformation was found to be 21 ld.mo1-1 
higher than the energy of the most stable conformer. This was tentatively attributed 
to the additional stabilization of the molecular conformation by intermolecular 
hydrogen bonds in the solid state. This is in accordance with our finding that the 
copper(II) complexes with both N,N-dimethylated threonines are stable only in 
ethanol solution and in the pH interval 7 < pH < 9. In this pH interval, the 
complexes retain the "glycine"  like copper(II) coordination. On the other hand, in 
the copper(II) complexes with N,N-dimethylated valine and N,N-dimethylated 
isoleucine the complexes were stable in both D20 and in organic solutions and it 
was shown that water dissolved in organic solvents influenced the copper(II) 
electronic states and may perhaps induce the changes in conformation of the whole 
compex [21, 22]. This was not observed in the copper(II) complexes with N,N- 
dimethylated threonines. 

Experimental 
The EPR spectra of the bis(anfinoacidato)copper(II) complexes consist of four (21 + 1) resonance 
transitions arising from the hyperfine coupling of an unpaired electron with a copper nuclear spin of 
I = 3/2. The two isotopes 63Cu (69%) and 6SCu (31%) have slightly different magnetic moments. 
The go values corresponding to the two isotopes were found to be similar, whereas there were slight 
differences between the copper(II) hyperfine splitting constants [14]. In the present investigation, we 
used complexes with natural abundance of copper isotopes in DC1/DaO solutions. 
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The g factor was measured relative to diphenyl-picrylhydrazyl (DPPI1) as an external standard 
(g = 2.0036 4- 0.0003) [151. 

The isotropic go factor and the is0tropic hyperfine splitting constant ao, shown in Table 1, are 
average values calculated from the EPR spectra recorded in the temperature interval of 300-330 K 
where the ~fiisotropic parts of the g factor and of the copper hyperfine splitting constant are fully 
averaged out. 

Anisotropic parameters (gll and a, ) of the glassy state were measured at 77 K. g± and a± were 
calculated according to Ref. [12]. In order to get a good glassy state, a drop of glycerol was added to 
the D20 solution of the complex. EPR spectra were recorded on a Varian E-9 spectrometer equipped 
with a data acquisition program [16] and a Bruker variable temperature control unit. 

All copper(II) complexes with amino acids (p.a., Fluka, Germany) were prepared by two diff- 
erent methods: from CuSO4 neutralized with Ba(OH)2 [17] or from the sodium salt of the amino acid 
and freshly prepared Cu(OH)2 [18]. The complexes were recrystallized from water-acetone solutions 
at controlled pH. N,NoDimethyl-threonine and N,N-dimethyl-allo-threonine were synthesized by 
Bowman's method [19], 

pD values were measured with pH meter (Radiometer, Copenhagen) standardized wi~ pD 
buffers; pD was adjusted with NaOD and/or DCt tO the desired value. 
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