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A series of ternary complexes with the general 
formula Cu(ac-/Sala)2 B, l nHz 0 (ac+ala = N-acetyl- 
klaninate ion; n = 0 and B = ethylenediamine (en), 
4-methylpyridine (4pic); n = 2 and B = pyridine (py) 
and 4pic) and cU(ac-pala), B (B = piperazine (pipz), 
2,2’-bipyridine (bipy), py, 3-methylpyridine (3pic), 
4pic) were synthesized and investigated by means 
of infrared, electronic, e.p.r. spectroscopy and 
variable temperature magnetic measurements. The 
green monoamine adducts of py, 3- and 4pic (pK, < 
6) showed physical properties which indicated a 
binuclear geometv as in the parent complex [Cufac- 
~ala),.HZO],*2Hz0. The 12Jl values of these 
adducts increased with respect to the hydrate com- 
plex, and were comparable to those of carboxylic 
acids of similar complexity. For this rype of com- 
plexes the narrow spectral range of v(OCO), and 
v(OCO), indicates only slight dependence on N- 
protected amino acids. The blue or violet monomeric 
compounds display spectroscopic properties which 
indicate a tetragonal configuration whose distortion 
increases with the basic strength of the amine. For 
en den’vatives all the experimental results are in 
accord with a square geometry with cUNd chromo- 
phore, the amino acid acting only as a coun terion. 

Introduction 

The tendency of N-protected amino acids to form 
strongly coupled dimeric copper(H) complexes such 
as copper acetate monohydrate is well established 
on the basis of structural [l, 21, magnetic and 
spectroscopic data [3-81. For all the previous 
systems the experimental data indicate that they 
are discrete dimeric units magnetically isolated from 
the bulk of the sample, and the Bleaney-Bowers 
equation adequately described their magnetic proper- 
ties 191. 
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These compounds, paralleling the simple carbo- 
xylate dimers, easily react with amines [5,6, lo-141 
forming monomeric tetragonally distorted octahedral 
bis-amine adducts with normal magnetic moments. 

In particular, the reaction with unidentate 
aromatic amines of pk, < 6 seems to be more diffi- 
cult and often leads to monoamine adducts with 
subnormal magnetic moments; on the basis of 
spectroscopic and magnetic measurements it is sug- 
gested that these retain the caged-dimer structure 
[7, 12-141. Too few compounds have been inves- 
tigated at present, so that it is not feasible to suggest 
a binuclear structure for all monoamine adducts. 

The high stability of ternary copper(U) complexes 
with 0 and N donors makes them very abundant 
in natural systems [15] and their biological 
importance has prompted our investigation of the 
spectral and magnetic properties of mixed amine 
complexes of the Cu(II)-N-acetyl-/3-alaninate sys- 
tem by means of variable temperature magnetic 
susceptibility, e.p.r., electronic and infrared measure- 
ments. 

Experimental 

All chemicals were reagent grade and were used as 
received. 

Preparation of the Complexes Cu(ac-/%ala)2 B 

(B = py, 3- and 4pic) 
The complexes were prepared by mixing an excess 

of the amine to an ethanolic solution of the green 
[Cu(ac-/%ala)z*Hz0]2.2Hz0 and by adding diethyl 
ether until a green solution was obtained. By cooling 
to 4-5 “C overnight green compounds crystallized. 

Cu(ac-/Ma)p(py): Anal. Calcd. for ClsHzl CuN3- 
06: C, 44.69; H, 5.26; N, 10.43. Found: C, 44.56; 
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H, 5.21; N, 9.93. Cu(ac$ala)2(3pic): Anal. Calcd. 
for Cr6Ha3CuNs06: C, 46.07; H, 5.56; N, 10.08. 
Found: C, 45.92; H, 5.52; N, 9.74. Cu(ac-/3-ala),- 
(4pic): Anal. Calcd. for: Cr6Ha3CuNa06: C, 46.07; 
H, 5.56; N, 10.08. Found: C, 45.76; H, 5.67; N, 9.74. 

A violet compound separated by mixing a 
moderate excess of amine with a concentrated etha- 
nolic solution of the anhydrous Cu(ac-fl-ala)n and 
by adding diethyl ether. Anal Calcd. for: Ci4HY - 
CuN606: C, 37.85; H, 7.27; N, 18.94. Found: C, 
37.69; H, 7.31; N, 18.62. 

Cu(ac+ala), B (B = bipy and pipz) 
These complexes precipitated upon mixing a 

methanolic solution of the appropriate amine with an 
ethanolic concentrated solution of blue or green 
Cu(ac-/3-ala)Z*2Hz0 in a molar ratio of 1 :l, and by 
adding diethyl ether. 

Cu(ac-/3-ala)pbipy: Anal. Calcd. for CZ0H24 CuNQ- 
Oo: C, 50.02; H, 5.04; N, 11.68. Found: C, 50.03; 
H, 5.20; N, 10.63. Cu(ac-/3-ala)zpipz: Anal. Calcd. 
for Ci4HZ6CuN406: C, 41.00; H. 6.40; N, 13.67. 
Found: C, 40.96; H, 6.59; N, 13.58. 

Cu(ac-palajzBz *2H2 0 (B = py, 4pic) 
These compounds were synthesized by adding a 

large excess of py or 4pic to a concentrated etha- 
nolic solution of Cu(ac-/3-ala)z *2HaO. By adding a 
moderate amount of diethyl ether from the blue solu- 
tion light-blue compounds separated. 

Cu(ac-fi-ala)Z(py), *2Hz0: Anal. Calcd. for CZO- 
Ha0CuN40s: C, 46.34; H, 5.83; N, 10.82. Found: 
C, 45.95; H, 5.85; N, 10.74. Cu(ac-fl-ala)2(4pic)2* 
2Hz0: Anal. Calcd. for CZ2HMCuN40s: C, 48.37; 
H, 6.28; N, 10.27. Found: C, 48.46; H, 6.29; N, 
10.20. 

Cu(ac-/3-ala)z (4pich 
This compound was prepared by adding to an 

ethanolic solution of Cu(ac-/I-ala), a large excess of 
amine, and by adding diethyl ether. From the blue 
resultant solution a blue-violet compound separated 
upon standing for several days at 4-5 “C. Anal. 
Calcd. for CZ2H3,,CuN406: C, 51.78; H, 5.93; N, 
10.99: Found: C, 51.49, H, 5.99;N, 10.89. 

Physical Measurements 
Electronic and infrared spectra of the complexes 

were recorded as previously described [2]. The 
magnetic susceptibilities of powdered samples were 
determined at different temperatures on a Gouy 
balance (Newport Instruments Ltd.) standardized 
with HgCo(SCN), [7]. The molar susceptibilities 
were corrected for diamagnetism by using Pascal 
constants [7]. The effective magnetic moments were 
calculated by using the expression: peff = 2.83 

Fig. 1. Room temperature e.p.r. spectrum of Cu(ac-p-ala)*- 

(3pic). 

(XMXT) . 1/2 The e.p.r. spectra were recorded as prev- 
iously described [Z]. A list of observed and calcu- 
lated magnetic susceptibilities is available from the 
Editor on request. 

Results and Discussion 

All the complexes are stable in air, although they 
appear hygroscopic and soluble in commom polar 
organic solvents. 

Colors, magnetic and spectroscopic properties 
permit us to divide the complexes into two types. 

Type 1 
This group contains the three green Cu(ac-p-ala)zB 

(B = py, 3pic, 4pic) which show similar magnetic and 
spectroscopic properties (Table I). 

In the e.p.r. spectra (Fig. 1) an absorption near 
3000 G, whose intensity increases as the temperature 
decreases, assigned to mononuclear impurities of spin 
S = l//?. (16), is also observed for all the complexes 
and the corresponding g values are reported in 
Table I. 

The other three absorptions are assigned to transi- 
tions in the triplet state and can be adequately describ- 
ed by the axial spin Hamiltonian 

H = gpHS + D(S,’ ~ 2/3) 

where S = 1 and the other symbols have their usual 
meaning. 

It should be noticed (Fig. 1) that no splitting of 
the perpendicular components were observed, thus 
supporting our neglect of an E parameter. The spin 
Hamiltonian parameters calculated from the observed 
spectra [16] are reported in Table I. 

The magnetic susceptibilities are satisfactorily 
described by the Bleaney-Bowers equation modified 
for the presence of monomeric impurities [ 171. The 
mean g values obtained from e.p.r. spectra (Table I) 



Cu(II) Aminoacid Complexes 159 

TABLE I. Room Temperature Electronic, Infrared and 
Magnetic Results and Low Temperature E.p.r. Spectra for 
Green Cu(ac-@-ala)aB Complexesa 

B PY 3pic 4pic 

Dimer 

g II 
g1 
i? 
D (cm-‘) 

1251 (cm-‘) 

-A X lo6 (c.g.s.u.)’ 

pcrrd (at 295 K), (B.M.) 

band I (kK) 

band II (kK) 

V(oco),se (cm-’ ) 

v(OCO),~ (cm-‘) 

Avf (cm-’ ) 

Monomer 

Ya 

gu 

RI 

2.398 2.384 2.396 

2.100 2.088 2.095 

2.203 2.191 2.199 

0.319 0.386 0.382 

353 f 5 342 zr 9 340 f 3 

188.75 200.58 200.58 

1.55 1.42 1.49 

14.3 14.0 14.0 

27.8sh 27.2sh 27.0sh 

1620~s 1622~s 1630~s 

1425s 1430vs 1432s 

195 190 198 

0.04 0.03 0.03 

2.316 2.218 2.296 

2.076 2.061 2.016 

aAbbreviations: ac-p-ala = N-acetyl-p-alaninate ic_n; py2 = 
pyridine. 3- or 4pic = 3- or 4-methylpyridine. 

2g5/31d2. 
g- ](su+ 

‘-A = diamagnetism of the complexes. dl 
B.M. = 9.2732 X lo-” A X m*. eCarboxylate str;tches 
given are as = asymmetric and s = symmetric. Au = 

[v@cO), - ~(OCO),l . ‘Mol fraction of monomer. 

and Na = 60 X low6 c.g.s.u./mol are used as cons- 
tants in the fitting process, allowing 12J 1 and the 
mole fraction of monomer Y to change. The best 
fits for calculated and experimental molar suscepti- 
bilities are achieved for Y and i2Jl values reported 
in Table I. The values compared with a 125 1 of 
324 cm-’ for the structurally known parent complex 
[Cu(ac-fl-ala)2-H20]2*2H20 [2] strongly support 
the hypothesis of isolated copper dimers with nega- 
tive intradimer exchange [2, 18, 191. On the other 
hand they also obey the general trend established 
for carboxylate complexes [18, 20, 211, namely 
that 12Jl increases with the basicity of the apical 
ligand as a further conjugated system reduces the 
positive charge on the copper(H) atom, thus enhanc- 
ing the exchange interaction [2 1 ] ; formerly we found 
a similar behavior also for the N-benzoyl-DL- 
valinate-Copper(pyridines systems [7]. 

In Table II comparing a series of I251 values for 
monoamine adducts of simple carboxylic and N- 
protected amino acids, we may note that when the 
compounds are formed by acids of similar com- 
plexity, the l2J I values are very close to one another. 

TABLE II. Magnetic Data for Selected Dimeric Monoamine 
Adducts of Copper(H) Complexes of Carboxylic Acids and 
N-Protected Ammo Acids. 

Complexa 1231 Ref. 
-1 

(cm ) 

CU(C~H~COG)Z(PY) 350 20 

Cu(CaHsCOO)a(3pic) 316 20 

Cu(CsHsCOO)s(4pic) 364 20 

C~(C~H~COO)Z(PY) 332 21 

Cu(CsH+OO)a(3pic) 331 21 

Cu(CsH$OO)a(4pic) 329 21 

Cubw-al42 by) 353b this work 

Cu(ac+ala)2(3pic) 342 this work 

Cu(ac+ala)r (4pic) 340 this work 

Cu(bzval)z(pv) 308b I 

Cu(bzval)s(3pic) 350 I 

Cu(bzvaD2(4pic) 335 I 

aAbbreviations: bzval = N-benzoyl-DL-valinate ion; for the 
other abbreviations see footnote a, Table I. bThe 1251 
value for these complexes may be less precise because the 
presence of a mol fraction of monomer estimated as 4% 
for Cu(ac-p-ala)r(py), and 5.8% for C’u@zval)a(py). 

I I I I I 

100 200 300 

Temptlo 

Fig. 2. Corrected molar susceptibility of Cu(ac-p-ala)a(3pic), 
the full line is the calculated best fit to the Bleaney-Bowers 
equation corrected for monomer [ 171. 
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TABLE III. Room Temperature Electronic and E.p.r. Spectra and Magnetic Moments of the Cu(ac-p-ala)zBa Complexes.’ 

d-d 

bands (kK) 
Peftb g II Rl WC mco),s 
(B.M.) -1 

(cm ) 

do?& Au 
(cm 1 (cm-‘) 

Cu(ac-p-ala)a(4pic)a 16.3 1.98 2.234 2.074 2.126 157ovs 1410vs 160 

Cu(ac-pala)a(4pic)a*2HaOd 15.4 1.94 2.257 2.132 2.174 1570vs 1405s 165 

Cu(ac-p-ala)a(py)a.2HaOd 15.5 1.87 2.250 2.072 2.126 1570s 1405vs 165 

Cu(ac-p-ala)2 (pipz) 18.3 1.85 2.246 2.053 2.117 1570vs 1398~s 172 

(ac-p-ala)2 [Cu(en)a] 17.9 1.79 2.175 2.050 2.092 1575vs 1400vs 175 

Cu(ac-p-ala)2 (bipy)’ 16.3 1.79 2.212 2.087 2.137 1580~s 1400s 180 

aAbbreviations: en = ethylenediamine, pipz = piperazine, bipy = 2,2’-bipyridine, for the other abbreviations see footnote (a) of 
Table I. bl B.M. = 9.2732 X lOma4 A X m*. 
3440 cm-’ 

Yg) = 1/3cptt + 2Sl). dThese complexes show also bands at 3.5 10 cm-’ and 
assignable to v(OH),, and v(OH), respectively of the water molecules [ 114 

This may be easily understood if we remember that 
the N-protected amino acids do not coordinate 
through their N peptide atoms and thus act as simple 
carboxylic acids [ 1,2,5, 10, 111. 

The electronic and infrared (Table I) data confirm 
all the above statements, being very close to the 
values found for the structurally known [Cu(ac-fl- 
ala)2*H20]2*2H20 [2, 16, 191. 

(15.9 kK) [2] and for diaquabis(N-acetyl-DL-trypto- 
phanato)bis(pyridine)copper(II) (15.9 kK) [5] , allow 
us to suggest also for the present complexes a 
strongly tetragonal geometry with a CuN204 chromo- 
phore [2,5]. 

In particular we observe that for a series of Cu(N- 
protected amino acidate)*L (L = H20, py, 3- and 
4pic, pyridazine) [2, 5, 6, 7, 12, 13, 14, 22, 231 
the asymmetric and symmetric stretching frequency 
of the syn-syn bridging carboxylate group v(OCO), 
and u(OCO), respectively, do not appear to be 
strongly sensitive to the variation of amino acids (the 
values ranging from 1630-1603 cm-’ and 1435- 
1403 cm-’ respectively), the carboxylate group 
being normally only involved in the copper coordina- 
tion [1,2]. 

The d-d bands for the lilac en and pipz adducts 
(Table III) are at considerably higher energy, suggest- 
ing a more planar environment around the copper 
atom [24]. This is supported by the results of prev- 
ious investigations on similar complexes, and is 
expected on the basis of the high electron donating 
power of en and pipz [5,6,14]. 

For these reasons we may assert that the mono- 
adducts of unidentate aromatic amines of low basi- 
city retain the dimeric structure of the parent com- 
plexes. This structure is only destroyed in the pre- 
sence of a large excess of amines, with the separation 
of the corresponding bis-adducts. 

The g values of the type 2 complexes, greater 
for py and 4pic than for en and pipz adducts, are 
consistent with the proposed geometries since it is 
well accepted that g increases when the axial field 
becomes stronger [25] In particular the g values for 
en adducts are very close to those of bisethylene- 
diamine complexes with CuN4 chromophore [24] 
and analogously [14, 231 we believe that the carbo- 
xylate ions are not directly involved in copper 
coordination and we therefore rewrite its formula 
as (ac-fl-ala)z [Cu(en),] 

This type of complex may then represent a 
suitable synthetic model for type 3 copper proteins 
where large antiferromagnetic exchange interactions 
are considered to be present [6]. 

Type 2 
All the other complexes show normal room 

temperature magnetic moments and e.p.r. spectra 
typical of spin S = % [24]. 

The i.r. spectra of type 2 complexes (Table III), 
when compared with that of the blue Cu(ac-/3-ala)2* 
2H20 [2], indicate that the peptide nitrogen atom is 
not involved in copper coordination, but (at most) 
in hydrogen bonding interactions only. A more useful 
comparison should concern the different type of 
carboxylate coordination, but it is hazardous to make 
this comparison on the basis of i.r. spectra without 
structural data, as the low symmetry of carboxylate 
ions [26] makes stretching frequencies very sensitive 
to even the smallest perturbations. 

The bis amine adducts of py and 4pic and the Nevertheless the fact that the stretching 
bipy derivative present room temperature electronic frequencies of the monomeric amine adducts are 
spectra (Table III) with a band envelope in the 15.4- close to those found in the Cu(ac-/3-ala)2*2H20 com- 
16.3 kK spectral region. These values, close to the 
values found for the parent blue Cu(ac-/3-ala)2*2H20 

plex [2] reasonably suggests that in our complexes, 
the carboxylate group acts as an essentially mono- 
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dentate or ‘asymmetric’ bidentate ligand with a dif- 
ferent network of hydrogen bonding which may shift 
the band position [2,5]. 
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