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Controlled air oxidation of [ Mn(edt),]2- (edt = ethane-I ,2-dithiolate) in ethanolic solution yields deep green 
[Mn2(edt)J2- which has been structurally characterised as its NEt; salt; the anion consists of a bis-thiolate- 
bridged manganese( iii) dimer, establishes the existence of a stable manganese( ill)-thiolate bond, and 
supports the possible occurrence of this linkage in manganese(iii) -containing biological systems. 

The presence of tightly bound manganese atoms in various 
metallo-biomolecules is now firmly estab1ished.l Of particular 

interest is the apparent occurrence of high oxidation states of 
this metal 0 1 1 )  in several systems such as the water-oxidation 
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site of photosystem II,, and the mangano-superoxide dis- 
mutases39, and acid pho~phatases.~",~ The identity of theligands 
binding the metal atom(s) in these molecules is unknown, 
however, but recent studies on the acid phosphatase from the 
sweet potato have led the authors to propose the presence of 
an MnIII-thiolate (cysteinate RS-) bond.5b This linkage has, 
hitherto, been unknown in manganese chemistry, a fact 
rationalised as being due to a combination of the strong 
oxidising power of MnIJ1 and the susceptibility to oxidation 
of the thiolate function. However, its possible occurrence in 
Nature has prompted us to investigate the oxidation of various 
MnII-thiolate solutions using, as a first approach, molecular 
dioxygen, and we herein report the isolation and structure of 
[NEt,],[Mn,(edt),] (l), (edt = ethane-l,2-dithiolate) the first 
MnIII-thiolate complex. 

When an ethanolic solution of [NEt,],[Mn(edt),] (prepared 
in situ from stoicheiometric amounts of MnCl2.4H2O, Na,edt, 
and NEt,Br under nitrogen) is exposed to the atmosphere in a 
controlled fashion, an immediate deep green colour is gener- 
ated, followed by the rapid appearance of small green-black 
crystals. Isolation of the product (under nitrogen) and recry- 
stallisation from MeCN-tetrahydrofuran (THF), initially at 
ca. 60 "C, yields analytically pure, well formed black prisms in 
50% overall yield which are suitable for X-ray studies. 

Crystal data : C24H56N2S8Mn2, Mr 739.08, monoclinic, space 
group P2,/c, Z = 2, a = 12.139(2), b = 10.447(2), c = 
15.182(3)8,, p = 115.05(1)", U = 1744.29A3, t = -165 "C, 
crystal dimensions 0.32 x 0.35 x 0.35 mm; 1966 unique 
reflections with F > 2.33o(F) were refined to conventional 
values of R = 4.48 and R, = 4.88x.t 

The structure of the anion of (1) is depicted in Figure 1. The 
molecule is centrosymmetric with Ci symmetry, the asym- 
metric unit containing half the molecule and one cation. The 
metal atoms [Mn(l)-Mn(1') = 3.543(2) A] are in a distorted 
trigonal bipyramidal co-ordination environment with each Mn 

Q 

0 

Figure 1. Structure of centrosymmetric [Mn,(edt),12- showing the 
heavy atom labelling scheme; atoms are depicted as 50% prob- 
ability ellipsoids. 

t The atomic co-ordinates for this work are available on request 
from the Director of the Cambridge Crystallographic Data 
Centre, University Chemical Laboratory, Lensfield Road, Cam- 
bridge CB2 IEW. Any request should be accompanied by the 
full literature citation for this communication. 

terminally ligated by sulphur atoms S(3) and S(4) of one biden- 
tate dithiolate, and one of the sulphur atoms, S(2), of a second 
dithiolate group. These Mn-S contacts are in the range 2.319- 
2.327 A [mean 2.322(3) A]. The other sulphur atom, S(1), of 
the second dithiolate group bridges the Mn atoms in an asym- 
metric fashion, the Mn-S lengths being Mn(1)-S( 1) = 2.341(2) 
8, and Mn(1)-S(1') = 2.606(2) A. The similarity between the 
Mn(1)-S(l) and Mn(1)-S(2,3,4) distances suggests that the 
molecule could be considered as two monomeric [Mn(edt),]- 
units dimerising via two weaker Mn-S interactions, Mn(1)- 
S(1') and Mn(1')-S(1). The Mn(1)-Mn(1') distance [3.543(2) 
A] precludes direct metal-metal bonding. The same bonding 
pattern is observed in the structurally analogous iron(n1) 
complex, "Bun,], [Fe,(edt),],6,7 which has an Fe(1)-Fe(1') 
distance of 3.410(3) A and Fe-S contacts in the range 2.220- 
2.247 8, [mean 2.234(11) A] for the terminal ligands and 
2.265(3) and 2.503(3) 8, for the bridging ligands. The Mn,S, 
bridging unit of (1) is planar and almost a square, with S(1)- 
Mn(1)-S(1') = 88.7(1)" and Mn(1)-S(1)-Mn(1') = 91.3(1)", 
essentially identical to the corresponding angles [88.8(1)" and 
91.2(1)", respectively] of the iron complex.6 

Cyclic voltammetric studies on (1) at a glassy carbon elec- 
trode in dimethylformamide solution containing NBun4C10, 
as supporting electrolyte display a well formed but slightly 
broad reduction peak at Ep,c = ca. - 1.234 V (vs. S.C.E.) with 
negligible reverse current and the appearance on the reverse 
scan of an oxidation peak at Ep,a 7 ca. -0.570 V with no 
reduction partner. Consecutive multiple scans between -0.1 V 
and - 1.4 V repeatedly show the same two-peak pattern, with 
approximately constant peak ratios, and the absence of other 
peaks which might indicate chemical decomposition. In addi- 
tion, the -0.570 V peak is absent in scans between -0.1 V 
and -0.8 V. The possible break-up and reformation of the 
dimeric unit via redox sequence (1) is, therefore, suggested. 

- 1.234 V - 0.570 V 
[Mn,(edt)4]2- 2[Mn11(edt),12- ---+ (1) (1) 

(1) 

Structurally-identified homoleptic Mn-thiolates have hither- 
to been limited to tetrahedral [MnI1(SPh),I2- which8 has Mn-S 
lengths in the range 2.421-2.454 8, [mean 2.442(13) A], 
significantly longer than the terminal Mn-S distances of (1) in 
accord with the lower oxidation state of the former. Some 
Mnl*I complexes with sulphur ligands are known, e.g., the 
octahedral monomers Mn(dtc), (dtc = N,N-diethyldithio- 
  arb am ate)^ and Mn(mtb), (mtb = N-methylthiobenzohydr- 
oxamate),1° but such ligands cannot be considered electronic 
analogues of the thiolate (RS-) function as found in the cysteine 
amino acid. Complex (l), therefore, represents the first 
example of a true MnIII-thiolate. Its stability to the usual 
redox reaction (2) is remarkable, especially since a recrystallis- 
ation temperature of ca. 60 "C was employed. That this 
stability is in part a function of the bidentate nature of the 
ethane-l,2-dithiolate ligand, and its formation of a five- 

(2) MnI". + RS- --+ MnI' + 1 /2 RSSR 

membered chelate ring on complexation, is supported by 
parallel aerial oxidation experiments employing monodentate 
thiolates which have yielded only intractable light brown 
solids, presumably MnII-oxide species. Nevertheless, the 
isolation of (1) firmly establishes the existence of the MnIII- 
thiolate bond and suggests that the possibility of its occurrence 
in MnIT1-containing biomolecules such as acid phosphatase 
should continue to be actively entertained. 
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