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Abstract: The dianion complex [Fe4S4(SC6Hs)4] 2- caused deoxygenation reaction of oxiran 
compounds to olefins in the presence of NaBH4. The reduced form [Fe4S4(SR)4] 3- was 
suggested as an active reductant in this reaction. 

Comparison of physicochemical properties between the active sites of non heme iron-sulfur 
proteins 2) and the synthetic polynuclear complexes [Fe4S4(SR)4] n- has revealed n = 1,2 and 33) 
to be excellent analogs of the active sites of super-oxidized form, oxidized form 4) and reduced 
form5) of the proteins, respectively. Holm has reported 6) that anaerobic electrochemical 
reduction of dianions [Fe4S4(SR)4] 2- allows generation of the corresponding trianions 
[Fe4S4(SR)4] 3-. Also, the trianions have been prepared by Na/Hg or sodium acenaphthylenide 
employed as the reducing agent.6) We have already reported 7) the following reductions by the 
dianion complex and reductant systems; the formation reactions of cis-stilbene, 8) amines, 9) 
aromatic amines and hydroquinones, 10) from diphenylacetylene, imines, aromatic nitro 
compounds and quinones, respectively. Inoue et al. have also reported some organic reactions 
by the dianion complex and reductant system. 11) 

We found the formation of the trianion complex [Fe4S4(SR)4] 3- in the reaction of the dianion 
complex [Fe4S4(SR)4] 2- and NaBH4. This paper shows the deoxygenation of oxiran compounds 
to the corresponding olefins by the trianion complex generated from the dianion complex and 
NaBH4. In a typical experiment, the complex (nBu4N)2[Fe4S4(SC6H5)4] (0.1 mmol) was added 
under an Ar atmosphere to the CH3CN (10 ml)/C2H5OH (10 ml) solution of the trans-stilbene 
oxide (0.5 mmol) and NaBH4 (10.0 mmol) and the reaction mixture was stirred at 25"C. After 
stirring for 3 hr, trans-stilbene was obtained in a 75% yield, cis-Stilbene oxide was 
deoxygenated to trans-stilbene (65%) and cis-stilbene (28%). J3-Methylstyrene oxide, styrene 
oxide and 2-0ctene oxide were also deoxygenated to ~-methylstyrene, styrene and 2-0ctene, 
.respectively, as shown in Table I. The maximal yield was obtained after stirring for 3 hr. The 
complex was essential for the deoxygenation, because the yields were extremely low (0~8 %) 
even in the presence of NaBH4 when, instead of the complex, FeCI2, FeCI3, C6H5SH, Na2S, 
FeCI3 + C6H5SH or FeCI 3 + Na2S + C6HsSH was used. Using EPR spectroscopy, the complex 
[Fe4S4(SC6H5)4] 2- was shown to be reduced to [Fe4S4(SC6Hs)4] 3° by NaBH4. When the 
complex (nBu4N)2[Fe4S4(SC6H5)4] was allowed to react with excess amounts of NaBH4 in 
CH3CN/CH3OH, the axial EPR signal was observed in the reaction solution (Fig. 1), whereas the 
dianion complex was EPR-inactive in the absence of NaBH4. The formation of the reduced state 
was confirmed by comparison with the EPR spectral data reported by Holm. 12) As shown in Fig. 
1, the peak intensity increased with lowering temperature for the measurement of EPR spectra, 
which is in accord with the data reported by Holm. In addition, the signal of the EPR spectra 
depended on the solvent. Using CH3CN only as solvent, the dianion complex was EPR-inactive 
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Table I Deoxygenation of oxiran compounds 
by (nBu4N)2[Fe4S4(SCsH5)4] and NaBH4 

run substrate product(s) (%) 

1 trans-st i lbene oxide t rans-st i lbene (75) 
2 cis-st i lbene oxide cis-sti lbene (28) 

t rans-st i lbene (65) 
3 I~-methylstyrene oxide a) I}-methylstyrene (70) 
4 styrene oxide styrene (35) 
5 2-octene oxide a) 2-octene (30) 

The reaction conditions are shown in the text. 
a) mixture of ds- and trans-forms. 
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Fig. 1 Temperalure dependence of EPR 
spectra of CH3CN/CH3OH solution of 
(nBu4N)2[Fe4S4(SPh)4 ] and NaBH4. 
Spectrometer settings: microwave power, 5 
roW; frequency, 9.03 GHz; modulation 
amplitude, 5 G. (a) 39 K, (b) 49 K, (c) 61 K. 

even in the presence of NaBH4. We examined the effect of alcohol on the yield in the 
deoxygenat ion of c is-s t i lbene oxide to stilbene. When CH3OH, C2H5OH, n-C3H7OH or iso- 
C3H7OH was added to the CH3CN reaction solut ion, the yield was 73, 93, 90 or 68 %, 
respectively. However, in CH3CN only, the dianion complex-NaBH4 system carried out the 
deoxygenation of oxiran compounds in an extremely low yield. Protic solvents such as CH3OH, 
C2H5OH, n-C3H7OH and iso-C3H7OH were shown to be essential for the formation of the 
trianion complex and for the deoxygenation of oxiran compounds. Though the mechanism of this 
solvent effect is unclear yet, it is noteworthy that the dianion complex can not be reduced to the 
trianion complex in the absence of protic solvents. 

Since NaBH4 can be easily handled as a reductant even by a biochemist, the dianion 
complex-NaBH4 system should be useful not only for the development of novel reductants for 
use in organic reduction but also for the elucidation of the enzymatic mechanism of HP or Fd 
proteins. 
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