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S-Bridged polynuclear metal complexes with 2-aminoethane- 
thiolate (aet) or L-cysteinate (L-cys) have attracted much interest 
because of their diverse and specific stereochemical behavior. 
For example, a number of linear-type S-bridged trinuclear 
complexes, [M'{M(aet or L-c~s-N,S)~JZ]"+"'- (M = Co(II1) or 
Rh(II1); M' = Fe(III), Co(III), or Ni(II)), have been prepared 
by the reactions offa@)-[M(aet or L-CYS-N,S)J]~~~- with metal 
ions M' which prefer to take an octahedral coordination 
ge~met ry .~ ,~  On the other hand, we have recently found that the 
reactions ~ffac(S)-[M(aet)~] with Zn2+ in water give a new class 
of cage-type polynuclear complexes having a T symmetry (T- 
cage), [{M(aet)3)4Zn3,40]4+*6+, in which each Zn(I1) has a 
tetrahedral geometry coordinated by three thiolato sulfur atoms 
from three different fuc(S)-[M(aet)3] subunits and a central 
oxygen atom.4 These facts point out that the S-bridged poly- 
nuclear structure composed offuc(S)-[M(aet or L-CYS-N,S)J]O-~- 
subunits is highly dependent on the coordination geometry of 
metal ions incorporated in the polynuclear complexes. In the 
present communication, we wish to report that the facile reactions 
offuc(S)-[M(aet)3] (M = Rh(II1) or Ir(II1)) with Cu2+ in water 
give unprecedented cage-type S-bridged octanuclear complexes 
having a CZ symmetry (C2-cage), [Cur4{M(aet)3)2(Mz(aet)4- 
(cysta))I6+ (cysta = cystamine), one of which was characterized 
by X-ray diffraction (Scheme I). 

To a yellow suspension off~c(S)-[Rh(aet)~] (0.1 g) in water 
was added Cu(N03)~3HzO (0.1 g), and the mixture was stirred 
at room temperature. The suspension became a clear reddish 
yellow solution within a few minutes, from which fine red crystals 
(l(N03)6.6.5H20) were isolated in 45% yielda5 Single crystals 
suitable for X-ray analysis (1 ( N O ~ ) Z ( P F ~ ) . Y ~ H ~ O )  were prepared 
by adding NH4PF6 to the reddish yellow reaction solution (yield, 
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Rh, 19.90. Thls complex was obtained as a microcrystalline product in 
91% yield by the addition of a large amount of NaNO3 to the reddish 
yellow reaction solution. Anal. Found: C, 13.93; H, 3.96; N, 12.28. 

H,2N,801sS12C~iRh4.6.5H20: C,,13.94; H, 4.14; N, 12.19; CU, 12.29; 

51%).6 The same reaction offa~(S)-[Ir(aet)~] with Cu(N03)y 
3H20 in water gave reddish brown crystals (2(N03)6.4H20) in 
49% yield.' 

X-ray structural analysis of the red complex ( l (N03)~-  
(PF6)4.4H20) revealed the presence of a discrete hexavalent 
complex cation, two nitrate and four hexafluorophosphate anions, 
and water molecules.8 As shown in Figure 1, the complex cation 
1 consists of four approximately octahedral fac(S)-[Rh(CzHs- 
NS-N,S)3] subunits and four copper atoms. This is compatible 
with the plasma emission spectral analysis, which gave the value 
of Rh:Zn = 4:4. The four Rh subunits are linked by four copper 
atoms to form the cage-type S-bridged octanuclear structure. 
The three sulfur atoms in the Rhl and Rh2 subunits have a 
normal p2-thiolato structure, bridging one rhodium and onecopper 
atom. On the other hand, three different types of sulfur atoms, 
p2- and p3-thiolato and disulfide, are present in the Rh3 and Rh4 
subunits. That is, each of S33 and S44 bridges one rhodium and 
one copper atom, each of S32 and S42 bridges one rhodium and 
two copper atoms, and S3 1 and S41 bind to each other (S3 1 4 4 1  
= 2.142 ( 5 )  A) to bridge two rhodium atoms. As a result, the 
Rh3 and Rh4 subunits coordinate to three copper atoms as do 
the Rhl and Rh2 subunits. Here it should be noted that this 
S-bridged octanuclear structure containing p2- and p3-thiolato 
and coordinated disulfide is unprecedented; thecoordinated sulfur 
atoms in all other known S-bridged polynuclear complexes with 
aet or L-cys ligands have uniformly adopted a p2-thiolato 
structure.I4 Each copper atom is situated in an approximately 
trigonal-planar environment coordinated by three thiolato sulfur 
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atoms from threcdifferentfoc(S)-[Rh(C~H~NS-Ns),I subunits 
(average S-Cu-S = 118.7 (2)'). The Cu-S bond distances 
(averageZ.268 (4)A) arewithintherange(2.22-2.33 A) obse~ed 
for threc-mmrdinated (thiolato)copper(I) comple~es.~ Taking 
these facts and the net charge of the complex cation into 
consideration, it is suggested that each of four copper atoms in 
tC14{Rh(aet)3l~lRh~(aet)r(cysta))l]~ posscsscs the formal charge 
+ I .  The Cu-Cu distances fall in the range 2,9474404 A, 
indicating that there is no direct interaction between the four 
Cu(1) atoms. 

Ten isomers are p i h l e  for 1,10 considering the chiral con- 
figuration (A or A) around eachfocQ-[Rb(C~HsNS-NS),1 
subunit. However, crystal 1 consists of a pair of enantiomers, 
AA(Rhl ,RhZ) M(Rh3.Rh4) and AA(Rhl ,Rh2) M(Rh3,Rh4); 
the former isomer is illustrated in Figure 1. Molecular model 
constructions reveal that a significant nonhonding interaction 
among the chelate rings of adjacentfocQ-[Rh(CzHsNS-NS)II 
subunits and/or a significant strain on the coordinated sulfur 
atoms exist in the remaining eight &nuclear isomers. Fur- 
thermore, the "C NMR spectrum of l exhibits nine sharp signals 
due to 24 methylene carbon atoms in the complex? Accordingly, 
the A and A isomers offac(S)-[Rh(aet)~] areequally incorporated 
in the present cage-type structure, forming the quasi-meso 
compound with a Cz symmetry." This is in contrast to the fact 
that either A- or A-/~c(S)-[M(aet)~] is discriminatingly incor- 
porated in the T-cage-type [{M(aet)3J4M",0I6+ structure,giving 
the AAAA or AAAA isomer.' 

The electronic absorption spectrum of 1 in water, which is 
dominated by intense near-UV absorption shoulders at ca. 295 
nm (log f = 4.36) and ca. 235 nm (log - 4.80). changes little 
for several hours, indicating that the CZ-cagbtype structure of 
1 is fairly stable in solution. The absorption spectral behavior 
of 2 is quite similar to that of 1. showing intense absorption 
shoulders at ca. 295 nm (log c = 4.25) and ca. 235 nm (log e = 
4.69). In addition, 2 exhibits 11 methylenecarbon signals in the 
I C  NMRspectrum.' From these facts and elemental and plasma 
cmissionspectralanalyses(1r:Cu =44),72isconfidentlyassigned 
as the Cz-cage-type complex having a C, symmetry, [Cu14(Ir- 

In the present work, it was found that the reactions offa@)- 
[M(aet)3] (M = Rh(II1) or Ir(II1)) with Cu2+ under moderate 

faet)31211r2(aet)4(cystl))16+. 
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and (ob,ob,ob) conformations, respcctivcly. 

-1. Pcmpctinvinuof lwiththeatomiclsbclingschnnc(a)and 
polyhedral rcp"tation of 1 (b). 

conditions mdt in the formation of unprecedented Cpxgetypc 
S-bridged &nuclear complexes [Cu14(M(aa)&(Mz(aet)r 
(cysta))I6+. This result obviously implies that four Cu(I1) a t o m  
are readily converted to four trigonal-planar Cu(1) atoms, 
accompanied by the formation of a sulfur-sulfur bond between 
the two/oc(S)-[M(aet)3] subunits. Severalmctalmmplcxeswith 
[C~~(thiolato-S)~]Z- units have bccn prepared from Cu(I1) and 
thiols?-' In those cam, however, the reduction of Cu(I1) to 
Cu(1) is ascribcd to excess free thiols, which are oxidized to form 
free disulfides. No reducing agents such as free thiols exist in 
the present reactions. Thus, it is probable that the reduction of 
Cu(I1) toCu(1) occursspontaneouslyowing mainlyto thevalence 
specificity of the trigonal-planar copper geometry, which is 
constrained in the present Cz-cagbtype octanuclear structure. 
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andanglcs,andanisovopicthmnalpramctcFJfor l ( 8  pgcs). Ordering 
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