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A compound of the type CGu(AcLeu), and its amine adducts of the type Cu(AcLeu),B, (AcLeu=

N-acetyl-

pL-leucinato ion; n=2 and B=pyridine, 3- and 4-methylpyridine, N-methylpiperazine, morpholine, and piper-
idine; n=1 and B=1,10-phenanthroline, 2,2"-bipyridyl, piperazine, and pyridazine) were prepared and inves-

tigated by means of electronic, infrared and EPR spectroscopy and magnetic moment measurements.

The

results suggest a tetragonal configuration for the Cu(AcLeu), complex and the amine adducts with CuO, and

CuO,N, chromophores, respectively.

For the green Cu(AcLeu),-pid complex a binuclear configuration similar

to that observed for the bis(acetato)copper(II) monohydrate complex is suggested. The amino acid in all the
complexes is found to coordinate toward the carboxylato group. In the assignment of the way in which the
carboxylato group coordinates, in addition to the difference between their antisymmetric and symmetric stretch-
ing frequencies, we also pay special attention to the position of the symmetric stretch, which is directly connected

with the oxygen atom linked to the metal ion.

The amino acids containing terminal N-acetyl
residues are of great interest not only because they
are present in protein, albumin, mosaic virus, oval-
bumin, cytochrome C, and other natural proteins and
peptides, but also because it is possible that an acetyl-
amino acid might be the starting unit in the biosynthesis
of some peptide chains which grow the stepwise ad-
dition of acylamino residues to the acetylated N-
terminal amino acid.?)

Being interested in the donor properties of amino
acids as models for metal-protein interaction, we have
paid particular attention to the interaction of some
transition metal ions with simple N-protected amino
acids containing a peptide group, as the N-acetyl and
N-benzoyl derivatives of the glycine, alanine and
valine.?

In this paper we have now investigated the coordina-
tion properties of the N-acetyl-pr-leucine (hereafter
abbreviated as AcLeuH) with the copper(II) ion and
the effect of additional ligands, such as saturated and
aromatic heterocyclic amines, on the amino acid co-
ordination.

Experimental

All the reagents used were of the best chemical grade.

Preparation of the Compounds. The Cu(AcLeu), complex,
which was used as starting material for the adduct prepara-
tions, was obtained by adding a copper(II) perchlorate
hexahydrate (2X102mol) solution in anhydrous ethanol
(10 ml) to a N-acetyl-pL-leucine (4X 10-2 mol) solution (50
ml) neutralized with a stoichiometric amount of potassium
hydroxide. From the cooled solution (4—5 °C) the potas-
sium perchlorate precipitated was filtered off and the green
solution was slowly concentrated (20 ml). A blue solid
compound separated by cooling after 24 h. Cu(AcLeu),By,
(n=1 and B=bpy, phen pid; 2=2 and B=py, Mepipz,
morph, pipd) complexes were prepared by adding an excess
of amine to a methanolic Cu(AcLeu), solution. Solid
compounds precipitated from the concentrated solutions on
adding diethyl ether and on cooling. Cu(AcLeu),B, (B=
3-pic and 4-pic) complexes were prepared in ethanol as
reported above. Cu(AcLeu),-pipz complex instantaneously
precipitated on mixing Cu(AcLeu), (1.5x10-2mol) and
piperazine (3 X 10~ mol) in ethanol.

Physical Measurements. The IR spectra of the com-

pounds in KBr or Nujol (4000—250 cm~!) were recorded
with a Perkin-Elmer 180 spectrophotometer. The room
temperature spectra of the solid compounds were recorded
as mull transmission spectra with a Shimadzu MPS
50L spectrophotometer. The room temperature magnetic
moments were measured with the Gouy method, using Ni-
(en);S,0; as calibrant and correcting for diamagnetism with
the appropriate Pascal constant. The EPR spectra were
recorded on a JEOL PE-3X spectrometer. Quartz sample
tubes were employed for polycrystalline samples. Spectra
were calibrated with 2,2’-diphenyl-1-picrylhydrazyl (DPPH,
£=2.0036) as a field marker.

Analyses. Nitrogen, carbon, and hydrogen were
analyzed by Mr. Giuseppe Pistoni, using a Perkin-Elmer
240 Elemental Analyser.

Results and Discussion

The analytical results are reported in Table 1.
The room temperature EPR spectrum of the bis(N-
acetyl-pr-leucinato)copper(II) complex (Table 2 and
Fig. 1), which is of axial type, shows g values of a
typical isolated compound having a CuO, chromo-
phore.3d The broad EPR line excludes the pos-
sibility of exchange interaction between copper ions.?
Its room temperature electronic spectrum (Table 1
and Fig. 2) also strongly resembles those reported
for tetragonal copper(Il)-oxygen systems.* By cor-
relating the g values and the electronic spectrum,
which shows two d-d bands at 12990 and 16950 cm—1
tentatively assigned to the d,,—d,._j, and d,, ,,—
d,:_,s transitions,? respectlvely, values of the molec-
ular orbital coefficients (k1 =0.58, k1 =0.61) are obtain-
ed. Since k1 >k, this indicates the presence of more
n bonding of the d,, orbitals than of the d,,, d,
orbital. A tetragonal distortion in our complex greater
than that found for some copper(II)—oxygen systems?®
may be suggested from the comparlson of their g and
k values and d-d band positions.

All the amine adducts, which have ‘“normal” mag-
netic moments, show EPR spectra (Table 2) of axial
type, except the pipd adduct which presents a rhombic
spectrum. For these adducts the observed EPR line
shapes are quite similar to each other and indicate
a normal elongated tetragonal structure, while for
the pipd adduct they indicate a rhombically-distorted
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TaBLE 1. CONVENTIONAL CHEMICAL ANALYSIS
C, % H, % N, %
—— —— ——

calcd found calcd found calcd found
Cu(AcLeu), blue 47.55 47.75 5.99 6.02 6.94 6.47
Cu(AcLeu),(py), blue 55.13 54.82 6.77 7.08 9.91 9.95
Cu(AcLeu),(3pic), blue 56.57 57.24 7.13 6.80 9.43 10.03
Cu(AcLeu),(4pic), blue 56.57 57.20 7.13 7.02 9.43 9.62
Cu(AcLeu), -pid green 49.20 48.65 6.61 6.25 11.49 11.20
Cu(AcLeu),- bpy blue 55.33 55.19 6.43 6.52 9.93 10.04
Cu(AcLeu),-phen blue 57.16 56.83 6.17 6.23 9.53 9.65
Cu(AcLeu),-pipz lilac 48.59 47.97 7.76 7.86 11.35 11.24
Cu(AcLeu),(Mepipz), blue 50.77 51.31 9.04 8.62 13.75 13.82
Cu(AcLeu),(morph), lilac 49.49 50.04 7.97 8.53 9.63 9.95
Cu(AcLeu),(pipd), blue 53.98 54.28 8.72 8.93 9.69 9.88

Abbreviations: AcLeu= N-Acetyl-pDL-leucinato ion; py=pyridine; 3- or 4-pic=3- or 4-methylpyridine; pid=pyrida-
zine; bpy=2,2’-bipyridyl; phen=1,10-phenanthroline; pipz=piperazine; Mepipz= N-methylpiperazine; morph=
morpholine; pipd = piperidine.

TaBLE 2. ELECTRONIC SPECTRA, MAGNETIC MOMENTS, AND EPR SPECTRA OF THE SOLID COMPLEXES

d-d bands/cm—1 Hote/B.M. Z1 £ 2

Cu(AcLeu), 12990 16950 1.78 2.297 2.051 2.133

Cu(AcLeu),(py), 13330sh 16670 1.89 2.202 2.048 2.098

Cu(AcLeu),(3pic), 13330sh 16000 1.80 2.238 2.041 2.107

Cu(AcLeu),(4pic), 13330sh 16390 1.85 2.203 2.059 2.107

Cu(AcLeu),-bpy 14290sh 16670 23810sh 1.83 2.257 2.053 2.121

Cu(AcLeu), -phen 14290sh 17390 1.80 2.234 2.055 2.115

Cu(AcLeu), - pipz 15390sh. 19420 1.78 2.222 2.050 2.107

Cu(AcLeu),(Mepipz), 13160 sh 15630 1.86 2.223 2.051 2.108

Cu(AcLeu),(morph), 14820sh 17860 1.77 2.249 2.053 2.118
&s & & 8o

Cu(AcLeu),(pipd), 9520sh 14290 1.85 2.201 2.133 2.048 2.127
Monomer Dimer D
gl &L 4l gL cm~t

Cu(AcLeu),-pid 13510 24390 sh 1.38 2.234 2.066 2.40 2.09 0.39

a) A= —825 cm-1,

Fig. 1.

EPR spectra of the Cu(AcLeu), (
Cu(AcLeu),:pipz (+-+--+ ) complexes.

) and

tetragonal configuration. Their g values are lower
than those found for the bis(N-acetyl-prL-leucinato)-
copper(II) complex, suggesting a chromophore change
from CuO, to CuO,N, as a consequence of the amine
coordination.® From the shape and positions of the
d-d bands (Table 2) a tetragonal distortion in the
aliphatic heterocyclic amine adducts greater than in

the aromatic heterocyclic amine adducts may be gener-
ally proposed, in agreement with the pK, values of
the former amines greater than those of the latter.

A correlation between EPR and electronic spectra?
gives an approximate measure (k,2=0.45—0.58) of
the degree of covalency for the copper(II)-ligand bond-
ings, which are strictly similar to those reported for
copper(1I) complexes of other amino acids with an
essentially CuO,N, chromophore.”

The narrow EPR line in the pipz adduct (Fig. 1)
(AHy=20G; AH.=5G) is suggestive of a fairly
strong spin exchange interaction through the piperazine
molecules “bridging” two copper(II) ions.5:®

The ‘‘anomalous” room temperature magnetic
moment and the EPR spectrum (Fig. 3) of the green
Cu(AcLeu),-pid complex are indicative of a binuclear
structure.®19 In particular the EPR spectrum shows
zero field splitting of 0.39 cm~! and the presence of
magnetically dilute copper(II) impurities. Its room
temperature electronic spectrum (Fig. 2) are also strict-
ly similar to those of the dimeric carboxylates.?11.12)
It also presents a band at 24390 cm—', which is consid-
ered characteristic of dimeric carboxylate and similar
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TasLE 3. RerLEvanT IR BANDS (cm~!) OF THE SOLID COMPLEXES

v(NH) v(0CO) 4 »(OCO), Av
AcLeuH 3380 vs 1694 vs 1238 vs 456
AcLeuNa 3285 1590 vs 1403 s 187
AcLeukK 3278s 1590 vs 1390 s 200
Cu(AcLeu), 3250 m 1580 vs 1390 vs 190
Cu(AcLeu),(py), 3282s 3250m 1600 vs 1390 vs 210
Cu(AcLeu),(3pic), 3328m 3293m 3245m 1615 vs 1368 vs 247
Cu(AcLeu),(4pic), 3300m 3245 m 1590 vs 1373 vs 217
Cu(AcLeu), -bpy 3242 m 1600 vs 1400 vs 200
Cu(AcLeu), -phen 3250 1590 vs 1393 vs 197
Cu(AcLeu), - pipz 3240s (3195 mb)® 1586 vs 1396 vs 190
Cu(AcLeu),(Mepipz), 3275s (3135 mb)®» 1580 vs 1382 vs 198
Cu(AcLeu),(morph), 3240s (3188s)™ 1582 vs 1390 vs 192
Cu(AcLeu),(pipd), 3275s (3230 m)® 1588 vs 1390 vs 198
Cu(AcLeu),-pid 3252s 1614 vs 1410 vs 204
a) »(NH) of the saturated heterocyclic amines.
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{
1
\
\
1
1
\
\
1]
[}
1
H !
)
-\
1
\
\
)
|
1
|
{
\
\
{

\‘_/l o~

- I l ! | ! ! ! |
300 400 500 600 700 800 900 1000 nm
| 1 | | _
33333 20000 12500 10000 cm1

Fig. 2. Exemplifying electronic spectra of the Cu-
(AcLeu), ( ), CGu(AcLeu),-pid (----), and Cu-
(AcLeu),(pyridines)y (++--- ) complexes.

complexes.?11,12)

The electronic spectrum (14140 cm™1, ¢=188
I'mol—t-cm™1) of the green methanolic solution of the
Cu(AcLeu), complex is very different to that of the
solid state complex. The blue Cu(AcLeu),B, (B=
pys 3pic, 4pic, morph, Mepipz, pipd) adducts in
methanolic solution (1--3-10-2mol-dm=3) also give
rise to green solutions, which show electronic spectra
(14100—14600 cm—! and ¢=75--90 1-mol~!-cm~1) dif-
ferent to those of the solid state complexes. The
color of the solutions and the position of the d-d bands
suggest the presence of binuclear species due to a
dissociation equilibrium involving the solvent molecules
of this type:

2Cu(AcLeu),B,+4-2Solv—[Cu(AcLeu),- Solv],-+4B
This may be confirmed as an amine excess addition

10006
—
H

—_——

Fig. 3. EPR spectrum of the Cu(AcLeu),-pid com-
plexes,

in the methanolic adduct solutions results in a blue
shift of the d-d band (15350—15870 cm=1) and gener-
ally in a decrease of the molar extinction (57—80
I-mol-1-cm~'). The lower d-d band positions of the
blue solution complexes than those of the solid com-
plexes (1600017800 cm~1) indicate that they are dif-
ferent and a lower tetragonal distortion in the former
than in the latter complexes, being probably four
amines entered in the coordination sphere around the
metal ion.

The assignments of the more relevant infrared bands
(Table 3) for emphasizing the amino acid coordina-
tion are made by comparing the amino acid, its sodium
and potassium salts and their deuterated analogues.
The coordination sites of the amino acid may be securely
evidentiated, as the IR spectra of the complexes are
very similar in shape and position to those of the sodium
and potassium N-acetyl-pL-leucinato salts (Table 3).

This suggests that the carboxylato group is the
only group of the ligand involved in the coordination
of the metal ion, confirming the previous results
obtained from the electronic spectra.

Trends in positions of and separation (A») between
antisymmetric and symmetric carboxylate stretching
bands provide a useful observation for assigning its
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coordination type. In fact a large splitting of the
carboxylate stretching frequencies is often an indica-
tion of a monodentate coordination, as the CO bonds
become inequivalent, and a small splitting is indicative
of bidentate coordination or bidentate ‘‘bridging” co-
ordination.1%13) In bidentate coordination Aw values
consistent with the above considerations may be obtain-
ed only in the absence of any strong hydrogen bonding
effects.13:14)

For the assignment of bidentate or monodentate
coordination of our complexes we have also taken
into consideration the position of the symmetric stretch-
ing band of the carboxylato group, as this band is
directly connected with the oxygen atom certainly
linked to the metal ion. Values of »(OCO), at the
same or lower energies than those found for the alkali
metal salts are considered indicative of the presence
of “symmetric” or ‘“asymmetric” bidentate coordina-
tion of the carboxylato group, while values greater
than 1410 cm™! may be associated with a bridging
bidentate behaviour of the carboxylato group, as has
been experimentally found in some polynuclear com-
plexes.’®) This also agrees with a greater double bond
character of the symmetric CO bond when the car-
boxylato group links two metal ions, acting as “bridg-
ing” bidentate ligand, than when it links one metal
ion, acting as a simple bidentate ligand.

By considering the Ay values and the »(OCO),
position we may suggest the presence of “bridging”
bidentate carboxylato groups in the Cu(AcLeu),-pid
complex and ‘‘asymmetric”” bidentate groups in all
the other complexes. These conclusions are also in
agreement with the EPR and electronic results, and
confirm the presence of an essentially CuO,N, chro-
mophore in the amine adducts.

The coordination of the amines is confirmed by
the shift to lower frequencies of the »(NH)y (Table
3), with respect to the free amines,'516) in the saturated
heterocyclic amine adducts, and by the shifts of
the bands in the 800—500 cm—! region, with respect
to the free amines,17-19) in the aromatic amine adducts.
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