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Summary. Binding of azide to a series of copper(1l)
complexes has been investigated by absorption, CD
and EPR spectroscopy. Axial binding of azide to Cu(II)
can be differentiated from equatorial binding through
the lower intensity and lack of optical activity of the
LMCT band. The affinity of azide for Cu(Il) increases
with the overall positive charge of the complex. The
preliminary data on thiocyanate binding to Cu(II) seem
to agree with the trends observed for the corresponding
azide adducts.
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Introduction

Binding of small ligand molecules to copper proteins
has been widely employed as a method to obtain struc-
tural or mechanistic information on the metal sites
(Dooley 1987). Binding of anions such as azide, cyan-
ide, thiocyanate and bromide to copper(Il) is generally
accompanied by the appearance of LMCT transitions
in the visible or near-ultraviolet region and produces
changes in the EPR spectra that can be used for empir-
ical correlations between spectra and structure.

The azide ion has been used, for instance, in bind-
ing studies to amine oxidases (Dooley and Coté 1985),
superoxide dismutase (Dooley and McGuirl 1986), gal-
actose oxidase (Bereman et al. 1977), hemocyanins
(Himmelwright et al. 1980a), tyrosinase (Himmelwright
et al. 1980b) laccase (Spira-Solomon and Solomon
1987) and ascorbate oxidase (Casella et al. 1988). How-
ever, the spectral features exhibited by the azide com-
plexes of these proteins are so diverse that it is often
difficult to infer the mode of coordination of the ligand
to the metal centres. This difficulty is due to some ex-
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tent to the structural arrangement that may be assumed
by the copper sites in the proteins, but depends also on
the lack of firm correlations based on the coordination
behaviour of the ligand to suitable model complexes.
We have therefore initiated a systematic investigation
of the binding of azide and thiocyanate ions to a series
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of copper(Il) complexes with ligands of possible bio-
logical relevance. The structures of the complexes are
reported in Fig. 1.

Materials and methods

The copper(1l)-pyruvate complexes derived from L-alanine (I), §-
alanine (II), L-histidine (III) and L-histidine methyl ester (IV)
were prepared as reported before (Casella et al. 1982). The corre-
sponding imidazoleimine complexes derived from L-alanine (V)
and L-histidine methyl ester (VI) were prepared similarly. The
synthesis of the dinuclear complexes VII and VIII will be re-
ported elsewhere (Casella et al., unpublished).

The optical spectra were recorded on an HP 8452 A diode
array spectrophotometer. Circular dichroic spectra were obtained
on a Jasco J-500 C dichrograph. EPR spectra were measured in
frozen solutions at —150° C using a Varian E-109 spectrometer at
X-band frquencies.

Results and discussion

The complexes I-VIII were selected because they pos-
sess several useful characteristics for the development

Table 1. Spectral data on the LMCT bands and binding constants
for the azide adducts of the copper(Il) complexes

of this study. (a) The ligands contain donor groups
which mimic the potential ligands of type 2 and type 3
copper centres in the proteins. (b) The ligands provide
only three donor atoms to each copper(ll), leaving a
fourth coordination position readily accessible to the
exogenous anion. (c) The electronic spectra of the com-
plexes do not contain intense absorptions in the range
of interest for investigating the LMCT transitions from
N3 to Cu(II) (300-500 nm). (d) Many of the complexes
are chiral, thus allowing the dichroic behaviour of the
LMCT transitions to be examined. (¢) The stereochemi-
cal properties of the complexes have been studied in
detail (Casella et al. 1982).

When azide is added to aqueous or methanolic so-
lutions of the copper(II) complexes new absorption
bands occur in the range between 300-400 nm. From
spectral titrations it is possible to obtain the equili-
brium constants (K) for the binding of the anion; dou-
ble-reciprocal plots of absorbance against azide con-
centration or Hill plots can be used to determine K
(Sono et al. 1982). A summary of the data of the
(N3)~—Cu(II) LMCT bands and the binding constants
are given in Table 1. For the mononuclear complexes
the number of azide ions bound to Cu(li), obtained
from the slopes of the Hill plots, were generally close to
unity. A representative example of the spectral titration

Complex Absorption CD Ama, [nm] K is reported in Fig. 2. The changes produced by coordi-
Amax [nm] (A, M~ 'em ™Y [M~'em™1] nation of azide to copper(Il) were also followed by
(6. M~'em ™) EPR, recording spectra in frozen solutions of the com-
1 .T i
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Table 2. EPR parameters for the copper(II) complexes and azide
adducts
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Table 3. Spectral data on the LMCT bands and binding constants
for the thiocyanate adducts of the copper(Il) complexes

Comlex Labile g g. Ayx 104
ligand (ecm™7)

I MeOH 2.295 2.065 161
N3 2.278 2.058 144

11 H,O 2.290 2.068 176
N3 2.273 2.060 165

I1I H,C 2.270 2.059 178
N7 2.246 2.053 182

v MeOH 2.279 2.061 170
Ny 2.245 2.052 184

\% HO -8
N3 2.255 2.056 150

VI MeOH —
N3 2.235 2.046 177

VII H,0 2.246 2.06 183
N3 2.240 2.06 188

VIII MeOH —2
N3 —a

@ Mixture of species

pyruvate and L-histidine (III) illustrates these points.
The LMCT band occurs at the same energy in the two
cases, but for complex I its is about half as intense as
for complex III, and only in the latter case does the
band display significant optical activity. These differ-
ences can be related to the mode of binding of the an-
ion to I and III by examining the EPR spectra of the
complexes and their azide adducts. In both cases sol-
vent replacement by azide produces a decrease in the
gu values, indicative of increased covalency in the ad-
ducts, but while 4, decreases for I it increases for III.
This shows that azide binds to Cu(II) axially in I and
equatorially in Il (Peisach and Blumberg 1974).

The tendency of azide to bind in an axial position
seems to be related to the oxygen-rich ligand donor set,
rather than to the size of the chelate rings. The azide
binding behaviour to complex II, with the same chelate
ring type as 111, is in fact similar to the binding to com-
plex I, whereas complex V, with the same chelate ring
type as I, behaves like IIT or IV. Axial binding of azide
is thus characterized by an LMCT band of low intensi-
ty, as expected from the poor overlap between the li-
gand () donor orbital and the metal (d) acceptor orbi-
tal, and negligible optical activity. On the other hand,
the affinity of azide for the various compliexes depends
primarily on their overall charge. Based on the data in
Table 1, we can conclude that azide binds with low af-
finity to neutral Cu(1I) complexes (K <125 M), with
moderate affinity to complexes carrying a positive
charge (K ~350 M~"), and with high affinity to com-
plexes carrying a dipositive charge (K>5000 M ").

The azide binding behaviour to the binuciear cop-
per(II) complexes is qualitatively in line with the expec-
tation when independent metal centres are considered.
However, the Hill plots did not give integer numbers of
bound azide molecules so that a more detailed analysis

Complex Absorption CD Aax [nm] K
Amax [nM) (Ae, M~ tem ™) M~ fem™h)
(&, M~ 'em ™)

I 332 (350) — 195

IT 332 (190) - 77

111 328 (280) 330 (+0.1) 16

v 348 (100) 355 (+0.2) 722

Table 4. EPR spectral parameters for the thiocyanate adducts of
the complexes

Complex gl g, Ayx10~*
(em™")

I 2.282 2.062 165

I1 2.285 2.062 149

11T 2.240 2.049 183

v 2.254 2.052 187

of the data and, perhaps, the structural characterization
of the adducts is required in order to draw firm conclu-
sions.

Since studies on thiocyanate binding to copper pro-
teins often flank the studies on azide binding (Dooley
1987), we thought it of interest to extend our initial in-
vestigation to some representative mononuclear cop-
per(I) complexes. The ultraviolet and CD spectral fea-
tures of the LMCT bands associated with thiocyanate
binding to Cu(II) are reported in Table 3, together with
the binding constants obtained from spectral titrations.
The EPR spectral parameters for the thiocyanate ad-
ducts are collected in Table 4. In general, the trends ob-
served are the same as for the binding of azide, though
the intensity of the thiocyanate to Cu(Il) LMCT bands
is invariably much lower, A detailed comparison of the
spectroscopic effects caused by azide and thiocyanate
binding to Cu(II) must however await the investigation
on the complete series of complexes.
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