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A compound of the type Ni(Bz-f-ala),-2H,0O (Bz-f-ala=benzoyl-f-alaninate anion) and its amine
adducts of the type Ni(Bz-f-ala),B,-sH,O (n=1; B=piperazine (pipz), 1,10-phenanthroline (o-phen) and
x=2; n=1, B=2,2"-bipyridine (2,2’-bpy) and 4,4’-bipyridine (4,4-bpy) and x=4; n=2, B=N-methylpiper-
azine (CH,;-pipz), morpholine (morph), pyridine (py), 3-methylpyridine (3-pic) and 4-methylpyridine (4-pic)
and x=2; n=3, B=en, and x=0) were prepared. Each complex was characterized by elemental analysis,

solid spectroscopy and magnetic moment.

All the complexes are six-coordinated and the presence of NiOg

and NiNg chromophores for Ni(Bz-f-ala),-2H,0 and Ni(en),(Bz-f-ala), complexes respectively and of NiO,N,

chromophores for the amine adducts is suggested.

In all the complexes the amino acid appears to act as a

bidentate ligand toward the carboxyl group. A ligand field strength in the aromatic heterocyclic amine
adducts was found greater than in the aliphatic heterocyclic amine adducts. The amine adducts complexes
appear to dissociate in solution with a change of the donor site, without changing in the stereochemistry,

around the nickel ion.

In the framework of a systematic investigation we
have examined the interaction of small peptides,
as N-acetyl-'-® and N-benzoylglycine?® with some
transition metal ions. A recent study deals with the
interaction of the copper ion with the benzoyl-g-ala-
nine and the effect of the amines on the coordination
properties of the amino acid and on the geometry
around the copper ion.®

This work treats the nickel complexes of the ben-
zoyl-f-alanine and their amine adducts. The nickel-
(IT) peptide complexes may be of great help in un-
derstanding the reactions and stereochemistries of
the peptide complexes of other metals, and thus the
coordination behavior of peptides in general. Further
interest may be derived by the fact that nickel may
also have a biological role in animals, as it is recently
suggested.”)

Experimental

Preparation of the Compounds. The Ni(Bz-g-ala),-2H,O
complex was prepared by mixing a potassium benzoyl-§-
alaninate (2 X 10~2 mmol) solution in methanol with a nickel-
(IT) perchlorate hexahydrate (1X10-2mmol) in ethanol at
room temperature. After cooling at 5°C for one hour and
filtering the potassium perchlorate precipitated, the solution
was slowly evaporated until an oil was obtained. The oil
was dissolved in acetone, treated with diethyl ether and
cooled at 5°C. After some days a microcrystalline pale-
green compound separated from the solution. This nickel-
(II) salt was used as starting materials for the adduct
preparation.

Ni(Bz-B-ala),By+-2H,0 (B=py and morph). The com-
pounds were obtained by dissolving the nickel salt (1 mmol)
in 3—4cm® of the amines, adding acetone (5cm?®) and
diethyl ether (5cm3) and cooling at 5 °C.

Ni(Bz-B-ala),B,-2H,0 (B=3-pic, 4-pic and CHy-pipz).

The salts were prepared by dissolving the nickel salt (1
mmol) in the amines (5cm?), adding diethyl ether until an
incipient precipitation was obtained and by cooling at 5 °C.

Ni(Bz-B-ala),B-xH,0(B=pipz and o-phen and x=2; B=
4,4'-bpy and x=4). The complexes were prepared by
treating an ethanolic solution (5cm3) of the nickel salt (1
mmol) with an ethanolic solution (5cm?®) of the amines

(1.5 mmol), adding diethyl ether and cooling at 5°C.

Ni(en)y(Bz-B-ala),. Complex was prepared by sus-
pending the nickel salt in ethanol (5cm3), adding en (1
cm3) and warming the solution at 50—60 °C until a clear
solution was obtained. By adding diethyl ether and cooling
at 5°C a crystalline compound precipitated.

Physical Measurments. Infrared spectra were recorded
with a Perkin-Elmer 521 spectrophotometer in KBr pellets
(4000—250 cm~1) and in Nujol mull (600—250 cm~!). The
electronic spectra of the compounds were recorded with a
Beckman DK 1A spectrophotometeter. Solid samples were
prepared by grinding the complexes on a filter paper as
support. The room-temperature magnetic moments were
measured with Gouy method by using Ni(en);S,0; as
calibrant and correcting for diamagnetism with the appro-
priate Pascal constants.

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

Results and Discussion

The prepared compounds and their colors, anal-
yses and magnetic moments are reported in Table
1. All the complexes are stable in air and soluble in
chloroform or methanol. From these solvents the
compounds cannot be recrystallized, as the ligand
precipitated by evaporation of the solutions.

Electronic and Magnetic Properties of the Complexes in
the Solid State. The coordination geometry of the
complexes reported in this paper is studied and dis-
cussed in the light of their electronic and magnetic
properties.

The magnetic moments (Table 1) of all the com-
plexes, which do not show significant change, passing
from the (benzoyl-f-alaninato) nickel(II) dihydrate
to its adducts with bases, indicate a high spin con-
figuration, corresponding to a possible cubic or te-
tragonal symmetry.®)

The electronic spectra of all the nickel complexes
(Table 2) are typical of hexacoordinated nickel(II).
The three absorption peaks in each spectrum indicate
a rather symmetric octahedral field.®» The low energy
band is broad, but all the others are quite symmetrical.
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TaBLE 1. ANALYTICAL AND MAGNETIC DATA
C% "H% H%
T T > Hote
Calcd Found  Calcd Found  Caled Found
Ni(Bz-f-ala), - 2H,O pale green 50.11 49.44 5.05 5.04 5.86 5.86 3.47
Ni(Bz-f-ala),(pipz) - 2H,O pale green 50.97 50.47 6.07 6.50 9.92 10.11 3.43
Ni(Bz-p-ala)y(CH,-pipz), - 2H,0 pale green 53.01 53.40  7.12  7.62  12.38 12.27  3.19
Ni(Bz-f-ala),(morph), - 2H,O pale green 51.44 51.80 6.48 6.82 8.58 8.37 3.22
Ni(Bz-f-ala),(py), - 2H,O light blue 56.51 56.23 5.38 5.46 8.80 9.09 3.31
Ni(Bz-$-ala),(3-pic), - 2H,O light blue 57.74 56.98 5.76 5.93 8.43 8.36 3.28
Ni(Bz-B-ala),(4-pic),- 2H,O light blue 57.74 57.69  5.76 5.80  8.43  8.62  3.22
Ni(Bz-p-ala),y(2,2’-bpy) - 4H,0 pale green 53.65 52.96  5.41 5.45  8.35 9.10  3.28
Ni(Bz--ala),(4,4'-bpy) - 4H,0 light blue 53.65 54.27  5.41 5.39  8.35 8.24  3.47
Ni(Bz-f-ala),(o-phen) - 2H,O pale green 58.27 57.82 4.89 4.87 8.50 8.73 3.25
Ni(Bz-B-ala),(en), lilac 50.07 50.01 7.11 7.64 17.98 16.99  3.06
A the oxygen and nitrogen atoms, confirming the amine
A coordination. Spectra exemplifying this situation are
K reported in Fig. 1.
\$ As the energy of the first band represents the average
o : | ligand field strength,” we found a greater ligand field
32 t effect in the aromatic heterocyclic amine adducts than
I in the aliphatic heterocyclic amine adducts.
Q. AN Table 3 gives the wave numbers of the first band
o o maximum of a series of nickel(II) and copper(II)
I t complexes. The ratio between the observed wave
“} numbers v, [vy; gives a relative measure for the te-
i \ tragonality of the copper complex and it was found
) that vy, /vy, varies from 1.1, in cases where the copper
1 complexes approximate to cubic symmetry, to 1.7
500 1000 1500 in the cases of strong tetragonality.!® The g, /vy
nm values found for our adducts confirm that the copper
Fig. 1. Electronic spectra of the solid Ni(Bz-f-ala),- adducts possess a strongly tetragonal distorted or

2H,0 ( ); Ni(Bz-f-ala),(morph),-2H,O (cooo);
Ni(Bz-f-ala),(py),- 2H,O (----- ) and Ni(en),(Bz-
p-ala), (- --) complexes.

The band maxima of the absorption spectra in Table
2 are listed in order of increasing energy. The energy
represents the eletronic transition from the 3A,
ground state to the successively higher excited
states, 3Ty, (vy), 2E (v2), *T14(F)(vs), and 3T, (P)(v,).

The dihydrate bis(benzoyl-p-alaninato)nickel(II)
complex shows an electronic spectrum similar to that
of the hexaaqua nickel(II) cation!?:!V) indicating no
difference in ligand field strength between the oxygens
of the water and of the benzoyl-8-alanine.

On the other hand the tris(ethylenediamine)nickel-
(IT) dibenzoyl-p-alaninato complex shows the typical
spectrum of the tris(ethylenediamine)nickel(II) cat-
ion!+1?) suggesting the presence of the amino acids
in the ionic form.

When the effect of additional binding of amine
ligands on the electronic spectrum of the bis(benzoyl-
p-alaninato)nickel(II) dihydrate (NiOg chromophore)
was investigated, it was found that the d-d bands shift
linearly to a shorter wavelength toward the position
of the d-d bands found for the tris(ethylenediamine)-
nickel(IT) di-benzoyl-f-alaninato complex  (NiNg
chromophore). This may indicate that the adduct
complexes have chromophore groups containing both

square planar coordination as previously suggested.®

Infrared Spectra of the Complexes in the Solid State (Table
). The assignment of the antisymmetric and
symmetric carboxy stretching frequencies and of the
CO ketonic and NH stretching frequencies of the ben-
zoyl-B-alanine, which are considered very important
in the assignment of the coordination sites on the amino
acid, are made, as previously described,® by com-
paring the amino acid, its potassium salt and their
deuterated analogues.

The peptide group is uncoordinated in all the com-
plexes reported in this work, as in the case of the cop-
per complexes,® as the shift to higher energies of the
NH and CO ketonic stretching bands with respect to
the free ligands suggests. These groups are however
differently involved in some inter or intramolecular
hydrogen bondings varying their position from 1640
—1642 cm~! »(CO),,, and 3400 cm~! »(NH) in the py,
3-pic and 4-pic adducts to 1618—1632 cm~! »(CO),,,
and 3400 cm™! »(NH) in the other complexes. This
indicates lower hydrogen bonding interactions in the
former complexes than in the latter.

IR-active »(OCO) vibrations, associated with car-
boxylate ligands, RCO,~, give rise to bands in the
region 1300—1700 cm~t.  Values of »(OCO),,;,, and
»(OCO),;,, for uni- or bi-dentate carboxylate ligands,
RCO,-, are dependent upon the eletronic nature of the
group R, the properties of the central metal ion, and
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possibly the identity of the frans-ligands present.14)

The values of »(OCO),,;,, and the A separation
(»(0CO),gym—»(OCO),,,,) afford the most sensitive
indication of the mode of carboxylate coordination.
Bidentate carboxylate has values of »(OCO),.;,, and
v(OCO)sym close to those found in the corresponding
free ion whereas unidentate carboxylate has »(OCO) asym
at substantially higher frequencies and thus give
larger values of A4».141® Our assignment of uni- or
bi-dentate carboxylate group is based on these criteria.

The reported values of Av for the Ni(en)4(Bz-g-ala),
complex of 168 cm~! are assumed to typify ionic ben-
zoyl-B-alaninate spectra, for which the values of Av,
found in all the complexes lower than 168 cm~!, may
indicate the presence of bidentate carboxyl groups.
In the py, 3-pic and 4-pic and CH;-pipz adducts
in which the A4»(119—125 cm~?) is strongly reduced
compared with the ionic values, it may suggest that both
benzoyl-$-alaninato ions act as symmetrical chelates.'®

The highest values of Av are found for the pipz
(160 cm™1) and 4,4’-bpy (186 cm~!) adducts. These
ligands which cannot be bidentate, but have two donor
sites, must therefore bind with different nickel ions
giving rise to polymeric complexes. This is supported
by their insolubility, by the similar behavior exhibited
in other amino acid adducts.®’ The coordination of
the amines is confirmed by the shift to lower frequencies
of the »(NH)® (Table 2) in the aliphatic heterocyclic
amine adducts and by the shift of the bands in the
800—500 cm-! region in the aromatic heterocyclic
amine adducts by respect to the free amines.®) In the
en complex the position of the »(NH)® bands is con-
sistent with a bidentate coordination of the ethylene-
diamine.?)

Since the amino acid acts as chelating agent and
the amines turn out to be clearly coordinated to the
metal ion, we may exclude the presence of coordinated
water in all the amine adducts.

These results and the position of the d-d bands in all
the amine adducts are consistent with the presence of
N,O, donor sets.

Electronic and Infrared Specira of the Complexes in Solu-
tion (Table 4). The electronic spectra of all
the complexes in solution moreover suggest the pres-
ence of hexacoordinated nickel(II). While the solu-
tion eletronic spectra of the Ni(Bz-f-ala),-2H,0O and
Ni(en)4(Bz-g-ala), complexes in methanol resemble
those of the solid complexes, those of the other adducts
show a red shift of the d-d bands compared with those
of the corresponding solid compounds greater in chlor-
oform in presence of an amine excess. The band at
3310 and 3300 cm-! in the Ni(Bz-f-ala),-B,-2H,0O
(B=CH,;-pipz and morph), respectively, which is
enhanced in intensity in presence of amine excess,
may indicate the presence of uncoordinated amine.
The »(OCO),,;,, position (1630—38 cm™) and the
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Av separation (220—228 cm™!) in these complexes are
similar to those found for the benzoyl-f-alaninato
copper complexes and other copper complexes having
dimeric carboxylate structure.® This may suggest
that the carboxylate group acts as dimeric bidentate
or bridging unidentate ligand. The hypothesis of a
copper acetate monohydrate type coordination cannot
be supported by magnetic measurements in solution,
these complexes being insufficiently soluble.

Instead, an essentially unidentate coordination of
the amino acid may be proposed for the aromatic
heterocyclic amine adducts in chloroform solution
from the »(OCO),, ., position (1588—1600 cm™?)
and from the Av separation (177—191 cm™!). Their
electronic spectra are still consistent with a NiO,N,
chromophore, suggesting that the two coordination
positions lost from the carboxylate groups may be
replaced by water molecules.

The authors are grateful to Prof. Giorgio Peyronel
of the Istituto di Chimica Generale ed Inorganica of
the University of Modena for making the instruments
available to us.
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