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While electron spin resonance (ESR) spectroscopy
has been used extensively for the characterization of
nitrogen and oxygen donor ligand complexes of
copper(II) [1--3] studies involving the interaction
of thiol ligands with copper(II) are not well docu-
mented. These latter systems have relevance not only
for the insight that they may give to the nature of
the Cu-S bond in blue copper proteins [4], but also
for the growing awareness of the importance of the
effects that millimolar cellular thiol concentrations
have on the viability of new copper(Il) containing
drugs [5].

The synthesis and characterization by single
crystal X-ray crystallography of copper(Il)—thiolate
complexes is limited because of the reduction of
copper(Il) by the thiolate ligand [6]:

[Cu''RS]* — Cu' + 1RSSR

However it is possible to detect unstable transient
copper(Il)—thiolate species in frozen solutions by
ESR spectroscopy. In this study we have surveyed the
interaction of a range of thiols (see Table I) with
copper(Il) using ESR. By concentrating on the
gy—1A,l parameter relationship [2,3] and the
distinctive spectral profiles arising from the different
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coordination spheres we find it is possible to dis-
tinguish between °‘CuS,;’, ‘CuS,0;’ and ‘CuSOj’
donor sets.

Experimental

Electronic and ESR spectra were recorded as
previously described [7]. Copper(II)—thiol solutions
were prepared using the reactant molar ratios in-
dicated in Table I and immediately frozen in ESR
tubes to —160°C before recording the spec-
tra. The copper salts were either CuCl,-2H,0 or
Cu(CH;C00);-1H,0.

Results and Discussion

The ESR parameters for the thiol-copper(I)
solutions are presented in Table I. The spectra (see
Fig. 1) are typical of an approximately axial environ-
ment about the copper(II) [1] in that they show a
four line g region and a strong g, region at higher
field in the first derivative presentation. The typically
low gy values which can arise when several S donor
ligands bind to copper(II) [3] causes an overlapping
of the fourth, and often the third, lines (derived from
the M;=-—3/2 and M;=—1/2 states respectively)
with the more intense perpendicular line. In solution
therefore, it can be assumed that the complexes
formed adopt an approximately tetragonal coordina-
tion geometry in which solvent molecules complete
the ligand sextet. The discussion that follows will
concentrate on the equatorial or in-plane ligands.
Blumberg—Peisach plots [2] of gy versus |4 | for the
thiol—copper(II) solutions listed in Table I indicate
a clustering into three distinct regions (Fig. 2).

The assignment of the ligand donor sets (viz.
‘S4’, ‘S;0,° and ‘SO4”) which give rise to the diagonal

TABLE I. ESR Spectral Parameters for the Copper(1I)—Thiol Complexes

Thiol Thiok: Cu(Il) Solvent & 10% x 14 it £) Proposed
ratio on mixing (cm™) donor set
2,3-Dimercaptopropane sulphonic acid 2:1 H,O 2.093 143 2.024 Sa
2,3-Dimercaptosuccinic acid 2:1 MeOH 2.097 151 2.031 Sa
1,2-Dimercaptoethane (disodium salt) 20:1 EtOH 2.094 165 2.015 Sa
4-Mercaptopyridine 4:1 H, O 2.092 158 2.015 Sa
2-Mercapto-3-pyridinol 2:1 EtOH 2.175 195 2.035 $20,
Thiomalic acid 2:1 H,0 2.177 169 2.047 $,0,
N<2-Mercaptopropionyl)glycine 2:1 H,0 2.194 161 2.049 $20,
2,3-Dimercaptopropane suiphonic acid® 1:1 H,0 2.357 155 2.075 SO,
Cysteamine hydrochloride 1:1 H;0 2.360 156 2.073 SO,
Cysteine hydrochloride 1.43:1 H,0 2.333 149 2.084 S0;
Penicillamine i:1 0.1 M HCI 2.335 161 2.095 SO,

aSpectrum shows some 2:1 complex also present.
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Fig. 1. ESR spectra of thiol—Cu(ll) frozen solutions. (a)
1,2-dimercaptoethane/Cu(I) 20:1 (disodium salt). (b)
4-mercaptopyridine/Cu(Il) 4:1. (¢) 2-mercapto-3-pyridinol/
Cu(Il) 2:1. (d) N<{2-mercaptopropionyDglycine/Cu(Il} 2:1.
(e) cysteamine hydrochloride/Cu(Il) 1:1.
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Tig. 2. Plots of 14} vs. g for Cu(ll) centres with ‘Sq,
‘SaN3’%, §202°, ‘Ng’, 'SO3” and ‘O4’° donor sets. Data from
this work and refs. 8—11 and 13.

regions in Fig. 2 was made by comparison of the
spectra with the few well characterized examples
available from the literature coupled with the rationa-
lization of the value of g on the basis of the number
of equatorial oxygen or sulphur donor atoms. The
diagonal line for the ‘S;’ donor set is taken from
Sakaguchi and Addison [3] as are the ‘N,S,’, ‘N,’
and ‘O4’ lines which are included for comparison.
The ‘S,0;” and ‘SO;’ lines are derived from the
present study and in the former case the plot in-
cludes examples from other types of Cu(I)—‘S,0;’
complexes [8—11]. In all cases lines only approxi-
mate the centres of the g;— |4, | regions as a function
of ligand donor type.

While the details of the spectral profiles can vary
somewhat depending on the solvent used some
general comments are worth noting. In particular if
the spectra are well resolved the /g, = 3/2 coupling,
due to **Cu and ®*Cu isotopes, is evident on the g
line. In principle this should allow ‘S,N,’ and ‘S,0,’
donor sets to be differentiated. Nitrogen donor
systems do not show this coupling as a result of
N-superhyperfine coupling interactions, which may
give rise to a distinctive pattern of lines, dependent
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on the number of N donor atoms, or simply cause a
broadening of the g; component [1]. The ESR
spectrum of the copper(I)/2-mercapto-3-pyridinol
solution in ethanol shows an unusual splitting in the
gy region of the My = 3/2 and 1/2 lines into three and
two parts respectively (Fig. 1). The same observation
has been noted by Murray et a4l [8] for another
‘S, 0, system, bis(N-methylformothiohydroxamato)-
copper(I), and was ascribed to the solvation of some
of the chelate molecules only thus giving rise to two
different species with slightly different ESR param-
eters. Credence to this explanation comes from an
earlier study by Brown and West [11] who made
similar observations for spectra of the ‘S;0,’ com-
plex, bis(2-thiopyridine N-oxide)copper(Il), recorded
in the presence of amine donors. Thiomalic acid and
NA2-mercaptopropionyl)glycine copper solutions also
show ESR spectra assignable to ‘S,0,’—copper
moieties. The latter spectrum is similar to that
obtained by Sugiura et al. [12] under acid conditions
(pH 2—4) and with a copper to N-2-mercaptopro-
pionyl)glycine molar ratio of 1:1.

To our knowledge there have been no previous
reports of ESR data for Cu(II)-‘SO;’ coordination
spheres. Nonetheless the positioning of the points on
the Blumberg—Peisach plot in relation to other more
established donor sites lends credence to such an
assignment for the compounds so listed in Table I.
Thiol—copper(Il) coordination in these compounds
is implicated by the appearance of intense electronic
spectral bands (e.g. Agayx = 642 nm for copper(Il)/
2,3-dimercaptopropane sulphonic acid and 517 nm
for copper(Il)/cysteamine hydrochloride) attributable
to sulphur to copper charge transfer transitions [6].
Potential nitrogen coordination by the thiols giving
rise to the ‘SOj’ systems has been prevented by using
hydrochloride salts or performing the reaction in
dilute HCI.

As previously mentioned, the ‘Sy’ line is taken
from the literature [3] and the points for copper(II)
complexes in this work with proposed ‘S’ donor
sets fall near this line. Also included on the graph,
to show the general usefulness of such plots to
characterize transient copper(Il) species, are points
from some thiourea—copper(Il) systems {tetra-
methylthiourea—Cu(Il) g, 2.117, [A] 131 X 107*
cm™ !, di-o-tolylthiourea—Cu(Il) g; 2.118, | 4| 143 X
107* cm™!, N,N-dimethyl-V -p-tolylthiourea—Cu(II)
g1 2.126, 1441 125 X 107* cm™ !} [13]. The transient
red species were said to be probably complexes
between copper(Il) and thioureas. The positioning of
these points close to the ‘S,’ delineator indicates that
indeed this is so and in fact ‘S,” donor sets are clearly
implicated. Furthermore the points for the thiourea—
Cu(II) complexes fall further down the ‘S,’ line than
the thiol complexes suggesting that the thiourea—
‘CuS,’ chromophores suffer some distortion towards
tetrahedral [3].
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The present study has shown that ESR spectros-
copy can be used to detect unstable copper(II)—thiol
complexes and from plots of the g versus 4|
parameters in-plane atom donor sets (e.g. ‘S4’, ‘S,0;’
and ‘SO;’) can be assigned with reasonable certainty.

Acknowledgement
We thank the New Zealand University Grants

Committee for support and for the award of a Post-
graduate Scholarship (to A.G.B.).

References

1 S. Siddi and R. E. Shepherd, Inorg. Chem., 25, 3869
(1986).

177

2 J. Peisach and W. L. Blumberg, Arch, Biochem. Biophys.,
165, 691 (1974).

3 U. Sakaguchi and A. W. Addison, J. Chem. Soc., Dalton
Trans., 600 (1979).

4 E. 1. Solomon, K. W. Penfield and D. E. Wilcox, Struct.
Bonding (Berlin), 53, 1 (1983).

5 W. E. Antholine, B. Kalyanaraman and D. H. Petering,
Environ, Health Perspect., 64, 19 (1985).

6 J. M. Downes, J. Whelan and B. Bosnich, Inorg. Chem.,
20, 1081 (1981).

7 E. W. Ainscough, A. M. Brodie, J. M. Husbands, G. J.
Gainsford, E. J. Gabe and N. F. Curtis, J. Chem. Soc.,
Dalton Trans., 151 (1985).

8 J. Becher, D. J. Brockway, K. S. Murray, P. J. Newman
and H. Toftland, Inorg. Chem., 21, 1791 (1982).

9 A. D. Toy, S. H. H. Chaston, J. R, Pilbrow and T. D.
Smith, Inorg. Chem., 10, 2219 (1971).

10 D. Chaigne, J. F. Hémidy, L. Legrand and D. Cornet,
J. Chem. Research (S}, 160 (1978).

11 D. R. Brown and D. X. West, J. Inorg. Nucl. Chem., 43,
1017 (1981).

12 Y. Sugiura, Y. Hirayama, H. Tanaka and K. Ishizu,J. Am.
Chem, Soc., 97, 5577 (1975).

13 D. A. Zatko and B. Kratochvil, Anal. Chem,, 40, 2120
(1968).



