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Synthesis, X-Ray Crystal Structure, and Magnetic and Spectroscopic 
Properties of a Novel Copper( I)-Copper( 11) Cluster 

By YVETTE AGNUS, REMY LOUIS, and RAYMOND WEISS* 
(Insti tut  L e  Bel,  Laboratoire de Cristallochirnie, E.R.A. No. 8 d u  C.N.R.S., Universitd Louis Pasteur, 

4 R u e  Blaise Pascal, 67070 Strasbourg Cedex, France) 

Summary  The cluster [CU~,C~~~(C~H,N~S),,(M~CN),] to those observed for the copper(I1) site in the blue copper 
[BPh,],(MeCN),, where C,H,N,S is the mercaptide anion 
of l-methyl-2-mercaptoimidazole, presents a novel poly- 
nuclear arrangement of copper(1) ; the copper(I1) centres MIXED valence copper(1)-copper(I1) clusters with thiol 
of this compound display spectroscopic features simiIar group-containing ligands such as penicillamine, mercapto- 

proteins. 
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isobutyric acid, and cysteamine have been described 
recently With l-methyl-2-mercaptoimidazole, C,H,N2S, 
we have now prepared the mixed valence complex [Cu,,- 
(C4H,N2S) 12(MeCN),] [BPh,],(MeCN), (1) by mixing [CuI- 
(MeCN),(ClO,)], [Cu~~(MeCO,),(H,O)],, and C,H,N2S in a 

S SH 

1 : 1 MeCN-MeOH solution, the dark blue precipitate was 
dissolved in MeCN and NaBPh, was then added Com- 
pound (1) was crystallized by slow evaporation after 
addition of acrylonitrile 

CMe 

\ cu 

Crystal data [Cui,(C,H,N,S),2(MeCN)4] - [BPh,],(MeCN),, 
M = 3065 70, triclinic, space group P I ,  a = 16 400, b = 

2 = 1 Anisotropic thermal parameters were used for all 
non-hydrogen atoms, and least-squares refinement yielded 
a standard residual R = 0 078 [Philips PWllOO diffracto- 
meter, Cu-K, radiation, 5736 independent reflections used 
with a(1) (0 311 t 

The stereochemistry of the cluster cation present in  (1) 
is shown in Figure 1 It is located on a crystallographic 

14 630, c == 14 680 A, a = 76 80, = 105 57, y = 95 23”, 

FIGURE 1 View of the cluster cation [Cul,(C,H,N2S)lz(MeCN)4]2+ 

centre of symmetry its actual symmetry is close to 2/m 
(C2k) Eight tetrahedrally co-ordinated copper atoms 
Cu (2) Cu (3), Cu (4), and Cu (6) and their centrosymmetric 
counterparts Cu(2’), Cu(3’), Cu(4’) and Cu(6’) form a ‘ring 
cluster’ For each of these copper atoms the donor atom 
sets are either S, [Cu(2) and Cu(3)] or NS, [Cu(4) and 
Cu (S)], with fourteen independent Cu-S bond distances 
ranging from 2 280(2) to 2 645(2) A and two independent 
Cu-N distances of 1977(4) and 1984(4) A These eight 
copper atoms are each tT;Co-by-two doubly brzdged by two 
sulphur atoms, the Cu,S, rings so formed are alternatively 
planar or bent about the Cu Cu axes The Cu Cu 
distances between these eight atoms, which range from 
2 547(1) to 2 724(1) A, together with the magnetic proper- 
ties of (l), indicate that all these atoms are in the CuI 
state 

The arrangement of the l-methyl-2-mercaptoimidazole 
anions around the eight copper(1) atoms of the ring cluster 
is such that it creates two other types of metal sites (1) 
One type corresponds to Cu(5) and its centrosymmetric 
counterpart Cu(5’) Each of these two atoms is linearly 
a-bonded by two nitrogens with Cu-N bond distances of 
1 867(8) and 1 885(8) A and an S-Cu-N angle of I 7 9  2(5) 
An acetonitrile molecule interacts very weakly with these 
copper atoms Cu(5) N = 2 92(2) A These structural 
features together with the spectroscopic properties of (1) 
(vzde znfra) are again entirely consistent with Cu(5) and 
Cu(5’) being CuI species (11) The second type of metal site 
is occupied by Cu( 1) and its centrosymmetric counterpart 
Cu(1’) These metal atoms are co-ordinated to a trans- 
N,S, donor set with Cu-N bond distances of 1960(5) and 
1934(5) A and Cu-S bond distances of 2 464(3) and 
2 466(2) A The values of the N-&(I)-N and S-Cu(1)-S 
bond angles are 175 4(3) and 150 9( I)”, respectively This 
environment is completed by a nitrogen atom from an 
acetonitrile molecule with a large Cu( 1) N bond distance 
of 2 295(8) A Consequently, the co-ordination polyhedron 
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FIGURE 2 
of [Cu,,(C,H,N,S) ,,(MeCN),][BPh,],(MeCN), a t  150 K 

E s r spectrum (8 902 GHz) of a powdered sample 

j- The atomic co-ordinates for this work aie available on request from the Director of the Cambridge Crystallographic Data Centre 
Any request should be accompanied by the full literature University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW 

citation for this communication 
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around these atoms is best described as a distorted square 
pyramid with the N2S2 donor set in the slightly distorted 
equatorial plane. The stoicheiornetry of (l), the structural 
features already seen, and the magnetic properties indicated 
below show clearly that Cu(1) and Cu(1’) are the two CuII 
ions present in (1). 

The magnetic susceptibility of a powdered sample of (1) , 
determined by the Faraday method over the temperature 

7 0*3 Wavenum b er / c  rn-’ 
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FIGURE 3. Electronic spectra of: (1) in acetonitrile solution 
(curve A) ; Pseudomonas aeruginosa azurin (curve B). 

range 4.2-300 K, shows that (1) follows the Curie law with 
a Curie constant C = 0.990 cm3 mol-1 K and peff = 2.0 
B.M. per CuII. This behaviour is typical for a copper(I1) 
centre isolated from all magnetic interactions. The e.s.r. 
spectra of powdered samples obtained between 4.2 and 
300 K contain four hyperfine lines in thegll region and one 
strong signal in the g, region (Figure 2); the spin Hamil- 
tonian parameter values are gl = 2-04, gii = 2.24, 
A ,  = 0, and Ai l  = 62 G. The reflectance (Nujol) and 
transmittance (MeCN) electronic spectra of (1) show a 
large and intense band at  635 nm ( E  = 3-800 1 mol-l cm-l 
per CuII) and two less intense absorptions at  410 ( E  = 
1200) and 880nm ( E  = 1800) (Figure 3). 

The electrochemical reduction of (1) in acetonitrile 
solutions on a rotating platinum disk electrode indicates 
the transfer of two electrons a t  -205 f. 5 mV with regard 
to a saturated calomel electrode (p = 0.1 M, tetraethyl- 
ammonium perchlorate) ; the complete disappearance of the 
colour during this reduction is followed by regeneration of 
the same colour and of the identical electronic spectrum 
under air or oxygen. 

Thus (1) displays two of the spectroscopic properties 
which are usually associated with the ‘type 1’ copper site 
in blue copper proteins,* i.e. a large and intense band a t  
635 nm and an e.s.r. spectrum with a small All hyperfine 
coupling constant. However, the co-ordination geometry 
of copper(I1) and (1) is not a distorted tetrahedron as in 
the blue copper proteins, but a distorted square pyra~nid.~ 

We thank Michkle Schappacher for the crystallization of 
(I)  and its cobalt(I1)-substituted analogue, Dr. G. Heinrich 
and Dr. J. P. Kapler for the magnetic and e.s.r. measure- 
ments, and NATO for a travel grant. 
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