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Transition metatsulfur bonds are ubiquitous not only in
metalloenzymes but also in man-made functional materials and
catalysts. The majority of the sulfur atoms serve as terminal or
bridging ligands for transition metal ions to construct various types
of M:S, molecular architectures (M transition metal}: Thus,
regulation of the structure and reactivity of8, has long been an
important and attractive subject in both biochemical and industrial
researchesWith this view, electronic effects of the sulfur ligands
on the structures and redox properties of the metal centers havefigure 1. ORTEP drawing ofl showing 50% probability thermal-ellipsoid.
been studied extensivel-However, little attention has thus far been The counteranions and hydrogen atoms are omitted for clarity.
focused on the redox chemistry of the sulfur ligands themselves in 1.5
such systems.

We report herein an unprecedented clean interconversion between 351
a novel bis¢-thiolato)dicopper(ll) complex and a disulfide-bridged (a)
dicopper(l) complex mediated by chloride ion, providing a new
redox chemistry in the MS, systems (Scheme %)The bisf- 2
thiolato)dicopper(ll) core structure in compouhd relatively rare %
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among the MS, complexes and has recently attracted much

attention as a model compound of the,Q&ites of cytochrome

oxidase (@O) and nitrous oxide reductase ADR) 613 05
Treatment of ligand 2L with 2 equiv of [((CH3CN)4](CIOy,)

in acetone under anaerobic conditions (Ar) gave an air-sensitive %,
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dark brown-colored dicopper compléxn 81% yield!* The crystal (b)/:: A |

structure ofl is shown in Figure 1, which definitely confirms the o 200 o0 T 1000
bis(u-thiolato)dicopper(ll) structuré Thus, the disulfide bond of Wavekength / nm

ligand 2L is reductively cleaved by the reaction with two cuprous Figure 2. Spectral change for the titration of complx1.0 x 10-* M)

Scheme 1

ions to generate the bjsthiolato)dicopper(ll) core. Complek with MesN*CI~ in CH,Cl, at 25°C: (a) spectrum of, (b) Cu:Cl= 2:1,
has aC, symmetry, and the cupric ion exhibits four-coordinate (c) Cu:Cl= 2:2. (Inset) Absorbance change at 813 nm.
square planar geomettyThe CuyS, core is largely bent along the

2+
N(L)~N(2)—S(L)-S(L)* and Cu(L)=N(1)*~N(2)*—S(1)-S(L)* A /:\s P o AN /} A
is 115.5°), and the distances between the two sulfur atoms and <v\ >34\' > (} NN\
two cupric ions are 3.13 and 2.80 A, respectively. These structural }\“\_/\/R SR S\_/

S-S axis (angle of the two least-squares planes consisted of-€u(1)

features of the Gi%, core of1 is similar to those of the reported 1 3
bis(u-thiolato)dicopper(Il) complexes with Ncapping ligands, R +Q" +Cr )
although the copper(ll) center in those cases exhibits a distorted >4/_\se -or -a

five-coordinate square pyramidal geométtyCompoundl is EPR- L= .

silent” and exhibits characteristic absorption bands at 351 aim ( Py //\/S—ﬁ/\l’j\ =
= 12300 M cm1), 516 (1200), and 813 (2400) (Spectrum a in Rk /_\ va\ T Py=+_7
Figure 2). The low-energy absorption band at 813 nm can be N s)— g d w

attributed to a thiolate-to-copper(ll) charge-transfer transitfgf. 2= PC 2 2 R=

Addition of an external ligand such as chloride ion into a,€H Me

Cl; solution of1 resulted in color change from dark brown to pale

yellow. In Figure 2 is shown the spectral change for the titration CU:Cl= 2:1) was added. Addition of another 1 equiv of Qotally

of complex1 with Me,;N*CI-. Spectrum a due thwas converted 2 €quiv, thus Cu:Cl= 2:2) gave spectrum c, whereas further
to spectrum b, when 1 equiv of Crelative to complext (thus, addition of CI” did not affect spectrum ¢ as shown in the inset of
Figure 2. From the final reaction mixture of a preparative scale
experiment, the product exhibiting spectrum ¢ was successfully
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Figure 3. ORTEP drawing 0B showing 50% probability thermal-ellipsoid.
The hydrogen atoms and acetone molecules are omitted for clarity.

The product was a disulfide-bridged dicopper(l) complex [{Cu
Cl)2(2L)] (3) as shown in Figure 3, demonstrating that the disulfide
bond originally existed in the starting ligand 2L was regenerated
in 3 by oxidative coupling of the thiolate groups of while the
two cupric ions inl are reduced to the dicopper(l) state3inThis
is reflected on the disappearance of the characteristic LMCT bands
of 1 as shown in Figure 2 (spectrum c). The compBeadso has a
C, symmetry, and the copper(l) ions, separated by 4.11 A each
other, exhibit a distorted tetrahedral geometry with, @l donor
set. The SS and the CuS bond lengths are 2.07 and 2.36 A,
respectively, which are nearly the same to those of the reported
disulfide copper(l) complexgg:20.21

Although crystal structure of intermediat® has yet to be
obtained, the stoichiometry of Cu:& 2:1 for generation of as

well as the complete disappearance of the absorption bands in the

visible region (spectrum b in Figure 2) suggest that it is a disulfide-
bridged f:-chloro)dicopper(l) complex as illustrated in Schentd 1.

In fact, the ESI-MS analysis of intermediaf gave a set of
prominent peaks with a mass and isotope distribution pattern that
is consistent with the molecular formulation of [CI)(2L)] .14

Notably, the disulfide-dicopper(l) complex3 was converted
stepwise into the bigfthiolato)dicopper(ll) complext through
intermediate2, when3 was treated with AgBFin acetone? Thus,
spectrum ¢ due t8 was first converted to the spectrumafb in
Figure 2), which further changed to the spectruni ¢& in Figure
2) by the gradual addition of AgBfnto an acetone solution &

In this case, Ag withdraws Cf first from 3 giving 2 and then
from the resulting intermediatto give 1 as indicated in Scheme
1. Thus, the conversion betweénand 3 through?2 is reversible
(Scheme 1).

Although the mechanism of each process has yet to be
investigated in detail, the present result is the first example of a
clean interconversion between 2R&nd RSSR on a distinct
dicopper unit. Coordination of the external ligand such as @l
the cupric ion inl1 may induce a geometric change of the copper
from the square planar to tetrahedral by kicking out one of the
sulfur atoms of the thiolato ligands. This may induce electron
transfer from the thiolate group to Cu(ll), resulting in formation of
the disulfide-bridged (-chloro)dicopper(l) complex.?? Further
addition of CI to 2 gives the disulfide-dicopper(l) complex3.

The interconversion betweeh and 3 is reminiscent of the one
between the bigf-oxo)dicopper(lll) and the y-n%n>-peroxo)-
dicopper(ll) complexes, a key process in copper/dioxygen chem-
istry.2425 Thus, these results clearly demonstrate that a small
perturbation in the coordination environment of the dicopper units

can induce the drastic changes in the structure and redox state of
the bridging sulfur and oxygen ligands.
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