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We are currently investigating the chemistry of 
new bimetallic copper(I) and copper(B) complexes 
with a number of binucleating ligand systems. Such 
studies are relevant to the development of redox and 
oxygenation catalysis with copper. Biological 
binuclear centers are thought to occur in the oxygen 
carrier hemocyanin [l, 21, the monooxygenase 
tyrosinase [l, 31 and the other ‘type 3’ copper 
centers found in the multicopper blue oxidases. All 
of these copper proteins are important in biological 
reactions involving dioxygen. It is well established 
that it is the reduced state of copper which interacts 
with dioxygen in these systems [4], and so studies of 
the coordination chemistry and reactivity of new 
cuprous compounds are of interest. 

We recently reported a novel reaction of a new 
binucleating ligand, XYL-D (D = a nitrogen or sulfur 
donor group), where a dinuclear three-coordinate 
complex, Cu(I),XYLpy;*, I (py2 = bis(2-(2-pyridyl) 
ethyl)amine) [S], reacts with Os, resulting in oxy- 
genation of the xylyl ligand and concomitant forma- 
tion of a phenoxy-bridged binuclear Cu(II) complex 
[5, 61. This reactivity closely resembles the action of 
the copper monooxygenases such as tyrosinase and 
dopamine beta-monooxygenase [6b]. The hy- 
droxylation reaction does not occur when the pyl 
analog (pyl = bis(2-pyridylmethyl)amine) is utilized, 
nor if related para-substituted xylyl ligands are 
employed. 
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*Author to whom correspondence should be addressed. 

To better understand the coordination require- 
ments involved in Cu(I)-0s activation, it is impor- 
tant to characterize Cu(1) derivatives of men-XYL-D 
ligands in order to probe their coordination tenden- 
cies, metal-metal separations and interactions, and 
reactivity patterns. Thioether ligands are known to 
stabilize Cu(I) relative to their Cu(I1) analogs [7], 
and in this communication we report the results of a 
X-ray structural study of the cuprous derivative of 
me&-XYL-SEt (SEt = ethylthioether). 

The ligand m-XYLSET was synthesized by reac- 
tion of bis(2ethylthio)ethylamine with 2,2’-dibromo- 
m-xylene in ethyl acetate in the presence of diisopro- 
pylethylamine. Reaction with two equivalents of 
CU(CH~CN)~PF~ [8] in dichloromethane under argon 
results in dissolution of the cuprous starting material. 
Precipitation to give colorless crystals of the product 
2 was effected by slow diffusion of diethylether into 
the dichloromethane solution under argon.* 

2Cu(CHsCN)4PF6 + m-XYL-SEt - 

Cuz(m-XYL-SEt)(CHsCN)2(PF6)2 
3 

CU~C~~H~~N&(PF~)~, 2, crystallizes in the mono- 
clinic space group P2i/c with a = 15.153(3), b = 
20.459(5), c = 14.181(3) A, p = 97.87(2)“, V= 4355 
A3 and 2 = 4. A total of 1923 symmetry independent 
reflections with Fobs. a4 Fobs were refined to yield 
the current residuals of R = 0.0910 and Rw = 0.0816 
(MO I&x= 0.71069 A). 

In contrast to the structure of the analogous 
complex derived from para-XYLSEt which was 
previously reported [9], the structure of 2 (Fig. 1) is 
a discrete binuclear complex. Each cuprous ion is in 
an analogous chemical environment exhibiting tetra- 
coordination with ligation to two thioether sulfur 
atoms and an amino nitrogen atom from the NS2 
tridentate moiety as well as a fourth coordinated 
acetonitrile molecule. As has been found for other 
structures of metu- or puru-XYL ligand complexes 
which do not possess potentially bridging ligands [5, 
lo], the cuprous ion moieties are well separated in 2, 
cu.. .cu = 9.949(S) a. 

The coordination geometry for each crystallo- 
graphically independent cuprous ion is distorted 
tetrahedral as indicated by the dihedral angle of 
Nl Cul N2/Sl Cul S2 = 89”. Distortions come about 
because of the chelating nature of the NS2 tridentate 
ligand. In a variety of structures of both mono- and 
binuclear Cu(1) complexes containing this NSI 
tridentate [9, Ill, the Cu-N, Cu-S distances and 

*Analysis: Calcd for Cu&aHs.+N&(PF&: C, 33.91; H, 

5.45; N, 5.65. Found C, 34.13; H, 5.17; N, 5.03. 
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Fig. 1. ORTEP diagram of the Cuz(CzaHs4N&) cation, 2, 

showing the atom 1abeIIing scheme. Selected bond lengths 

(A) and angles (deg) are Cu.. .Cu, 9.949(S), Cul-Sl, 2.286- 

(6); Cul-S2, 2.273(7); Cul-Nl, 2.211(12); Cul-N2, 

1.878(15); Cu2-S3,2.287(7);Cu2-S4,2.239(10);Cu2-N3, 

2.206(13); Cu2-N4, 1.859(17); Sl-Cul-S2, 120.0(2); 

Sl-Cul-Nl, 89.0(4); Sl-Cul-N2,116.1(5);S2-Cul-Nl, 

91.1(4); S2-Cul-N2, 119.2(5); Nl-Cul-N2, 112.0(6); 

S3-Cu2-S4, 104.1(3); S3-Cu2-N3, 90.0(4); S3-Cu2-N4, 

114.9(6); S4-Cu2-N3, 89.2(4); S4-Cu2-N4, 134.8(6); 

N3-Cu2-N4,111.9(6). 

the N-Cu-S, S-Cu-S angles are seen to be essential- 
ly invariant. The present structure is consistent with 
these observations, where the S-Cu-S angles are 
close to 120” and the Nl-Cu-S (or N3-Cu-S)angles 
are CQ. 90” (See Figure Caption). The Cu(I)-SSR’ and 
&(I)-Namine bond lengths are in the range found 
for these bonds in related cuprous complexes [9,11]. 

The coordinated acetonitrile molecules are essen- 
tially linear, having Cu-N bond distances (1.88 and 
1.86 a) which are short by comparison with other 
CH3CN containing Cu(1) complexes [ 121. Two vCN 
bands in the infra-red at 2280 and 23 10 cm-’ are ob- 
served comparing closely with the tetracoordinate 
cationic complex Cu(CH,CN)G [ 131. 

Solutions of 2 are oxygen sensitive, and a green 
color develops in dichloromethane. The nature of this 
product is under investigation to determine if 
hydroxylation occurs as described above for the 
pyridine ligand system. Complex 2 is very poorly 
behaved electrochemically as determined by cyclic 
voltammetry.* Multiple peaks, including those due to 
adsorption are observed. Upon addition of l-methyl- 
imidazole (MeIm) or 2-picoline, the redox behavior is 
improved. Addition of 1.5 equivalents of MeIm per 
Cu(I) ion gives a quasireversible wave with El,* = 
+0.18 Volts vs. NHE suggesting coordination by 

*Dimethylformamide solvent; 0.11 M tetra-n-butyl am- 
monium hexafluorophosphate supporting electrolyte; glassy 
carbon electrode. Potentials are versus NHE where ferrocene 
is used as calibrant [ 141. 
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MeIm in place of acetonitrile. This would give 
binuclear cuprous ion centers with NzSz coordination 
environments which are expected to be redox active 
by analogy to other compounds [ 151. 

Further investigations of Cu(I) and Cu(I1) deriva- 
tives of -XYLSEt including their redox behavior and 
dioxygen chemistry in the presence of oxidizable 
substrates are in progress. 
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