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Two new Cu(II) complexes of stoichiometry [Cu(L-dipept)], containing as ligands the dipep
tides L-alanine-L-valine and L-alanine-L-phenylalanine were prepared. They were character
ized by single crystal X-ray diffractometry, and infrared and electronic spectroscopy. Both
crystallize in the orthorhombic space group P2i2i2i with Z = 4. The Cu(II) ion has essentially
the same elongated pyramidal coordination, being equatorially cis coordinated by a N 2O 2 ar
rangement of ligand atoms and axially by a carbonyl oxygen atom. The compounds show rather
similar polymeric structures that differ from each other basically in the dihedral angle between
adjacent N 2O 2 planes. The infrared and electronic spectra are briefly discussed on the basis of
the structural characteristics of the complexes. Superoxide dismutase-like activity was tested
for both compounds.

Introduction

Experimental

The investigation of simple Cu(II) complexes
containing small peptides as ligands is of great inter
est in relation to the bioinorganic chemistry of this
element. The compounds are often good model sys
tems to attain a better insight into the characteristics
of naturally occurring copper complexes [ 1 -5 ].
In recent papers we have investigated some gen
eral properties of a number of Cu(II) complexes
of different biologically important amino acids [6 8 ]. In order to extend these investigations we have
now initiated studies with some dipeptides de
rived from these amino acids. In this paper we
present the results of the crystallographic and spec
troscopic analysis of the copper(II) complexes of
L-alanyl-L-valine (ala-val) and L-alanyl-L-phenylalanine (ala-phe).

Synthesis o f the complexes
Both complexes, of stoichiometry [Cu(L-dipeptide)],
were obtained by reaction of the respective dipeptides
(SIGMA) with copper(II) carbonate (MERCK) in the fol
lowing way: 0,1 mmol of ala-phe was dissolved in a small
amount of hot distilled water. To this solution, CUCO3 was
added in a slight excess over the 1:1 stoichiometry, under
continuous stirring until the CO 2 evolution ceased. The
remaining excess of carbonate was filtered off and the
remaining solution was gently concentrated at 80 °C until
crystal formation began. The crystals were immediately
separated by filtration and washed with small portions of a
1:1 water:acetone mixture. C 12H 14N 2O 3CU (297.5) calcd.
C 48.35, H 4.70, N 9.40; found: C 48.15, H 4.81, N 9.30.
The ala-val complex was prepared in a similar way, but
the obtained powdered product was recrystallized from a
small volume of water, from which well-formed crystals
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Table 1. Crystal data and structure refinement for the two complexes.

Empirical formula
Crystal system / Space group
Crystal colour, habit
Crystal dimensions (mm)
a (A)
b (A)
c (A)
Z
Dc (g cm-3 )
Temperature (K)
Radiation
Scan type
Reflections collected
Independent reflections
Observed reflections [I > 2cr(I)]
Data / restraints / parameters
Goodness-of-fit on F 2
Final R indices [I > 2<t(I)]
R indices (all data)
Largest peak and hole (e-A-3)

Cu(ala-val)

Cu(ala-phe)

C8H14O3N2CU

C,2Hi403N2Cu

— orthorhombic / P2 12 12 1 —
blue fragment
blue plate
0.2 x 0.25 x 0.275
0.4 x 0.4 x 0.12
5.441(2)
9.371(2)
10.195(2)
9.0578(10)
10.688(2)
26.338(7)
4
4
1.524
1.625
292(2)
293(2)
C u-Kq, A = 1.54184 A
M o-Kq, A = 0.71073 A
u j- 2 0
uj- 2 9
1274
2145
1231 [/?(int) = 0.0326)]
2115 [Ä(int) = 0.0136)]
1216
1805
1 2 3 1 /0 /1 2 7
2 0 8 9 /0 / 168
1.122
1.082
R \ =0.0214, wR2 = 0.0595
R\ =0.0375, wR2 = 0.0973
R l =0.0217, wR2 = 0.0598
Rl =0.0529, wR2 = 0.1799
0.23 and -0.35
0.515 and -0.598

were collected. C 8H 14N 2O 3CU (249.5): calcd. C 38.44, H
5.60, N 11.21; found C 38.40, H 5.66, N 11.15.

Table 2. Bond distances (A) and angles (°) around copper
in Cu(ala-val) and Cu(ala-phe)2.

Spectroscopic measurements
The electronic absorption spectra were recorded on
aqueous solutions of the complexes on a Spectronic 3000
spectrophotometer, using 1cm quartz cells.
FTIR spectra, in the range between 4000 and 200 c it T 1,
were measured as KBr pellets on a BOMEM MB 102
instrument.
Determination ofSOD-like activity
The superoxide dismutase (SOD) like activity was in
vestigated by the method of Beauchamp and Fridovich
[9] as impoved by Imanari et al. [10, 11]. This method is
based on the inhibitory effect of SOD over the reduction
of nitrobluetetrazolium (NBT) by the superoxide anion
generated by the system xanthine/xanthine oxidase, at
pH = 10.2 (carbonate buffer), measuring the absorption
changes at 560 nm. All the reagents used in these assays
were purchased from SIGMA. For comparative purposes
the activity of native superoxide dismutase from bovine
erythrocytes (SIGMA), has also been measured under the
same experimental conditions.
Crystal structure determination
Measurements were performed with an Enraf-Nonius
CAD-4 diffractometer. Crystal data, collection proce
dures and refinement results are summarized in Table 1

Cu-N(2)
C u-0(2 )#1
Cu-O(l)
Cu-N(l)
Cu-0(3)
N(2)-Cu-0(2 )#1
N(2)-Cu-0(1)
0(2)#1-Cu-0(1)
N(2)-Cu-N(l)
0 (2 )#1-Cu-N(l)
0(1)-Cu-N (l)
N(2)-C u-0(3) e
0(2) -Cu-0(3)
o (i)-c u -o (3 r
N (l)-C u-0(3 )#2

Cu(ala-val)

Cu(ala-phe)

1.902(2)
1.985(2)
1.999(2)
2.016(2)
2.240(2)
158.85(10)
81.76(9)
92.29(8)
82.88(10)
100.55(9)
164.05(9)
112.35(9)
88.75(8)
103.33(8)
86.51(9)

1.899(4)
1.962(3)
1.992(3)
2.002(4)
2.322(4)
162.3(2)
83.2(2)
92.1(1)
83.0(2)
100 .6 (2 )
166.1(2)
113.9(1)
83.7(10)
100.5(1)
86 .6 (2 )

a Symmetry transformations used to generate equivalent
atoms: Cu(ala-val): m x - 1/2 -y + 1/2, -z + l \ n - x +
3/2, -y, z - 1/2; Cu(ala-phe): -.x, y + 1/2, - z + 3/2; n x
- 1, y, z.
and bond distances and angles around the metal center
are shown in Table 2. Structures were solved by Patterson
and Fourier methods and the final molecular model ob
tained by anisotropic full-matrix least-squares refinement
of non-hydrogen atoms. Programs used were SDP [12],
SHELX -86 [13] and SHELX-93 [14]. Intensity data were
corrected for Lorentz and polarization effects. Cu(ala-
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phe) was also corrected for absorption [15]. Cu(ala-val)
was corrected for extinction but not for absorption be
cause of the small crystal size. Sets of 25 high angle
reflections were used for the least-squares refinement of
the unit cell dimensions.
For Cu(ala-val) all H-atoms but one of a methyl group
were located among the first 20 peaks of a difference
Fourier map. However, they were positioned stereochemically and refined with the riding model. The methyl Hatoms were treated in the refinement as rigid bodies and
allowed to rotate around the corresponding C-C bonds
such as to maximize the sum of the observed electronic
density at the three calculated H-positions. As expected,
these refined positions converged to staggered methyl
configurations.
In the case of Cu(ala-phe) twelve H-atoms were lo
cated at approximate positions among the first 20 peaks
of a difference Fourier map. However, all hydrogen atoms
were included in the molecular model and refined as de
scribed for the Cu(ala-val) complex.
Tables containing complete information on atomic co
ordinates and equivalent isotropic displacement param
eters, bond distances, angles, and anisotropic displace
ment parameters are available from the authors upon re
quest and have been deposited at the Cambridge Crystal
lographic Data Centre, reference numbers CCDC-143279
([Cu(ala-val)]) and CCDC-143280 ([Cu(ala-phe)]).

Results and Discussion
C rystal structures

ORTEP [16] drawings showing part of the unit
cell contents of the two complexes, and the number
ing schemes are presented in Figure 1. The config
uration around the cation is essentially the same in
both compounds. Cu(II) is at the square base center
of an elongated pyramidal environment, equatorially coordinated by a dipeptide molecule acting as a
tridentate ligand through the deprotonated N-atom
from the amide group, the N-atom of the terminal
NH 2 group, in c/s-positions, and one of the oxygen
atoms of the carboxylate group. The other carboxylate oxygen atom of a different dipeptide molecule
occupies the fourth equatorial position and is sym
metry related to the first one through a two-fold
screw rotation around an axis parallel to a in the
ala-val complex and to b in the ala-phe compound.
The axial ligand at the pyramidal apex is the amide
carbonyl 0 (3 ) atom of another dipeptide molecule,
obtained by a two-old screw rotation around an axis
parallel to c in the case of Cu(ala-val) and by a unit

cell translation along the short a-axis of Cu(alaphe).
In both compounds the equatorial copper coor
dination leads to a polymeric •••Cu(ala-val)-Cu(alaval)- • structure along a, as shown in Fig. 1a, whereas
in Cu(ala-phe) it occurs along b, as shown in
Fig. lb. Neighboring copper ions on a chain are
linked through a short dipeptide fragment involv
ing the terminal carboxylate oxygens: •• Cu- O-CuO - C u - . Adjacent copper complexes on the chain
are arranged with their equatorial plane ligands sub
tending a dihedral angle of 25° in Cu(ala-val) and
of 51° in Cu(ala-phe).
The polymeric chains are further stabilized by
intermonomeric and bent N l- H - O l' bonds (see
Fig. la). The increase in the dihedral angle between
adjacent N 2 O2 planes when passing from Cu(alaval) (25°) to Cu(ala-phe) (51°), reduces the strength
of the N l-H - Ol' interaction from the relatively
strong H-bond found in the former complex (d =
2.81 A) to the much weaker one of the latter (d =
3.07 A).
The short Cu-O bond distances and angular con
formation of ligands around copper in the lattice
tend to optimize the overlap of the ground state
magnetic dxi_ yi metal orbital with the oxygen lone
pair orbitals, this fact being expected to give rise
to appreciable superexchange coupling between the
metal ions. The electronic path mediating this mag
netic coupling resembles the one found in copper
acetate and in other carboxylate-bridged dimeric
complexes as well as in polymeric Cu(II) oxalate
[1 7 -1 9 ].
Electronic spectra

The electronic spectra of both complexes, mea
sured in aqueous solutions, are practically identical.
Cu(ala-val) presents an absorption band at 628 nm
(e = 98 L mol_ 1 cm_1) whereas in Cu(ala-phe) the
band is located at 625 nm (e = 60 L mol_ 1 cm_1).
These spectra are characteristic of Cu(II) in a square
pyramidal environment [2 0 , 2 1 ] and the main ab
sorption can be assigned to the dxy —>d x2_ yi transi
tion [20 - 23]. In a pure square pyramidal CuNs en
vironment this transition is usually found at around
660 nm [21]. The fact that the ala-val complex
presents a higher £-value suggests a slightly greater
local distortion around the metal center in this com
plex.
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Fig. 1. Plots of the Cu(Ldipeptide) complexes show
ing part of the polymeric
chain, the labeling of the nonFI atoms and their displace
ment ellipsoids at 30% prob
ability. Copper-ligand bonds
are full lines and the Hbonds are indicated in a
dashed line. The pair of linked
monomers are symmetry re
lated to each other through a
two-fold screw rotation along
a horizontal axis, (a) Cu(alaval); (b) Cu(ala-phe).

Using a recently reported spectrum / struc
ture correlation for Cu(II) complexes [24] one
may calculate for the equatorial ligand arrange
ment a value of 605 nm for the main absorp

tion band. Then, the addition of the fifth Odonor on the apex of the pyramid produces only
a slight energy lowering to 625 / 628 nm, as obser
ved.
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ala-val

[Cu(ala-val)]

ala-phe

[Cu(ala-phe)]
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Assignment

------------KNH)
3210 m
3255 s
3065 s 3358vs/3295s 3067 m 3336m/3305w
z/(NH2)
1669 vs
1584 vs
1677 s
1581 vs
^(C=0) amide I
1626 m
1627 m
1618 sh
1631 sh
<5(NH2)
1547 vs
1547 vs
1585 vs
1559 vs
J'as(COC)- )
—
—
1514 vs
1520 s
6(NH) amide II
1463 m
1461 m
1453 m
1439 m
^s(COO- )
437 m
u(C u-N)
359m/312s
348 vw (?)
u(C u-O)

Infrared spectra

The infrared spectra are, as expected, relatively
complex and band rich. But, interestingly, they are
rather similar in the spectral ranges in which the
vibrational bands corresponding to the coordinating
groups are located. The positions of these vibrations
are compared in Table 3. The proposed assignment
is based on some general references [25 - 28] as well
as on previous studies of the copper(II) complexes
of the related amino acids [6 - 8 ]. Some comments
on these assignments are made as follows:
• The position of the NH 2 stretching vibration
in the free ligands suggests that these groups are
present in the protonated form, a fact which is also
supported by the energies o f the carboxylate stretch
ing vibrations and by the absence of the typical
i/(OH) stretching of the acidic group.
• After coordination, the N-H stretching vibration
of the NH 2 groups is clearly displaced to higher
energies and a doublet structure, corresponding to
the symmetric and antisymmetric modes, can be
clearly identified.
• The N-H stretching vibration of the amido NH
moiety disappears after coordination in agreement
with the deprotonation of this unit. The same be
haviour is observed for the <5(NH) mode, the socalled amide II band, which is also absent after
coordination.
• The two carboxylate stretchings suffer only
small changes after coordination, in agreement
with the usual behaviour of bridging carboxylato
groups [29]. Also the differences between the uas
(COO- ) and us (COO- ) frequencies (8 6 cm - 1 in
Cu(ala-val) and 108 cm - 1 in Cu(ala-phe)) support
this coordination mode [29].
• The amide I mode, which is essentially re
lated to the C = 0 stretching of the carbonyl group,
is clearly displaced to lower energies after coordi-

Table 3. Characteristic IR bands (cm-1) of
the spectra of ala-val, ala-phe and its Cu(II)
complexes.
vs: very strong; s: strong; m: medium;
w: weak; sh: shoulder.

Table 4. Cu(II) concentrations required to yield 50% in
hibition in the SOD-assays.
Complex

Concentration (M)

[Cu]COmpl/[Cu]sOD

[Cu(ala-val)]
[Cu(ala-phe)]
Cu/SOD

2.37 x 10-4
1.49 x 10-5
1.02 x 10-8

23235
1461
—

nation in agreement with the participation of this
group in bonding.
• A number of characteristic bands related to
motions of the CH3 , CH and phenyl groups remain
practically unaffected after coordination.
• The assignment of metal-to-ligand vibrations
is not easy, due to the fact that the spectra of the
free ligands present numerous bands in the low fre
quency range. In the case of the Cu(ala-val) complex
three bands related to these vibrations could be iden
tified, but in the case of the Cu(ala-phe) compound
only one band could tentatively be assigned to one
of the Cu-0 modes. The identified bands are found
in similar regions as in the Cu(II) complexes with
simple amino acids, of general composition Cu(aa)2
[6 - 8 ,3 0 ],
Superoxide dism utase-like activity o f the com plexes

The Cu(II) concentrations of both complexes,
necessary to produce 50% inhibition (I50 ) of the
reaction, are presented in Table 4 together with the
value obtained with native SOD. In the table we
have also compared the relation of concentrations
([Cu]compi/[Cu]soD) which yield 50% inhibition. A
comparison of these results with those previously
reported for Cu(II) complexes of simple amino
acids, which present I50 values in the 3.0x 10- 5 3.7 x 10- 5 M range [31], shows that the Cu(ala-phe)
complex presents an important activity which lies
close to the range that becomes clinically interesting
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[32], whereas it is much lower for the Cu(ala-val)
complex. This behaviour is very remarkable from
the biological point of view because it shows that,
despite the great structural similarity, the activities
of both complexes are markedly different, suggest
ing an overall effect of the involved ligands. A possi
ble origin of this effect may be the slightly different
spatial arrangement around the metal centers, due
to the different dihedral angles subtended between
the equatorial CUN2 O 2 planes. A similar behaviour
is found in numerous bioinorganic systems in
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