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Stability of superoxidized form of [FesS4(SAd)4]?- (AdS-: 1-
adamantanethiolate) in DMF, H;O/DMF, and aqueous poly[2-
(dimethylamino)hexanamide] (PDAH) solutions is discussed in
connection with the crystal structure of (PhgqAs)2[FesS4(SAd)al.

4Fe-type iron sulfur proteins operate using three oxidation states, [FeqS4]*,
[Fe4S4]2*, and [FeqS4]3+ (Eq. 1). Ferredoxins (Fd) and high potential iron-sulfur

[Fe4Sal* = [Fe4S4]12+ = [FeqS4]3+ (1)
Fdred Fdox, Hpred Hpox

proteins (Hp) exhibit their redox potentials of the [FeqS4]*/2+ and [Fes4S412+/3+ couples
around -0.7 and 0 V vs. SCE at pH 7.1)  Most of synthetic Fe4S4 clusters show a stable
[Fe4S41*/2* redox couple both in organic and aqueous solutions.?) On the other hand,
the [Fe4S4]2+/3+ couple of synthetic FeqS4 clusters is observed in less polar solvents
such as CH,Cly and CgHs5CN,3) and the [FesS4]3+ state of those clusters is unstable in
polar solvents. For example, [Fe4S4(SPh)4]2- displays a pseudo-reversible (2-/1-)
couple at Ey/p = -0.32 V in CH;Cl,, while it shows only an irreversible oxidation wave
in CH3CN and DMF.3)  X-Ray structural data suggest that the [FeqS4]3* core of Hpoy is
protected from water by hydrophobic protein environments around the Fe4S4 core.l)
In accordance with this, stabilization of the [Fe4S4]3+ core of synthetic FeqS4 clusters
has been achieved by introduction of sterically encumbered ligands such as ¢-
butylthiolate,4) 2,4,6-tri(i-propyl)benzenethiolate,5) polypeptide,5) 36-membered
ring,®) and 1-adamantanethiolate”?) in polar organic solvents. This letter reports the
crystal structure of (PhgAs)2[Fes4S4(SAd)4] and the first example of the [FeqS4]3+ core
stabilized in aqueous media.



920 Chemistry Letters, 1992

Reversible [FeqS4(SAd)4]2/3- and [FeqS4(SAd)4]2-/- redox couples are observed
at E1/p = -1.32 and -0.10 V in the cyclic voltammogram (CV) of (Et4N)2[Fe4S4(SAd)4]
in DMF (Fig. la). An irreversible oxidation, however, takes place at potentials of the
anodic wave of the [FesS4(SAd)4]?-/- couple in the presence of small amount of HyO
(3%) in DMF, while the [FeqS4(SAd)4]2-/3- couple still remains in the same medium
(Fig. 1b),3) suggesting that [Fe4S4(SAd)4]- is more subject to a hydrolysis reaction than
[Fe4S4(SAd)4]2- and [Fe4S4(SAd)4]3-. On the other hand, the CV of (Et4N)2[FeqS4(SAd)4]
solubilized in aqueous poly[2-(dimethylamino)hexanamide] (PDAH) using an ITO
(Inp03) disk electrode®) exhibits the redox couples of not only [FesS4(SAd)4]2-/3- but
also [FesS4(SAd)4]%2/- at E1j2 = -0.90 and -0.28 V10) (Fig. 1c). In addition, the redox
potentials of those [FesS4(SAd)4]2-/3- and [FesS4(SAd)4]2-/- couples in the aqueous
PDAH solutions were shifted by -0.06 V/pH between pH=6 to 11, suggesting that
those redox reactions are accompanied by reversible protonation of core and/or
terminal sulfur.ll)  Such a reversible protonation of the cluster suggests that HoO or
H3O+ can penetrate into [Fe4S4(SAd)4]- through PDAH.

The crystal structure of (PhgAs)2[FesS4(SAd)4]12) was conducted by X-ray
analysis in order to estimate hydrophobicity around the FesS4 core. The core
structure of (PhgAs)2[FeqS4(SAd)4] is approximated by Djg symmetry, as shown in Fig.
2. The Fe-S bonds in the FesS4 core are divided into two sets in bond length: four
short Fe-S bonds parallel to the S4 axis are in the range of 2.237 to 2.268 A, The
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Fig. 1. Cyclic voltammograms of (Et4N),[FesS4(SAd)4] obtained using
a) a glassy carbon electrode in DMF, b) added H,0 (3% v/v) to (a),
¢) an ITO electrode in aq. PDAH soln. at pH 7.3; scan rate 0.1 V st
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Selected bond distances (A)

Fe(1)-S(2) = 2.237(3),
Fe(2)-S(1) = 2.238(3),
Fe(3)-S(4) = 2.264(3),
Fe(4)-S(3) = 2.268(3)
mean = 2.252(16)

Fe(1)-S(3) = 2.320(3),
Fe(1)-S(4) = 2.318(3),
Fe(2)-S(3) = 2.320(3),
Fe(2)-S(4) = 2.331(3)

mean = 2.322(6)
Fe(3)-S(1) = 2.307(3),
Fe(3)-S(2) = 2.316(3),
Fe(4)-S(1) = 2.311(3),
Fe(4)-S(2) = 2.298(3)

mean = 2.308(7)

mean (of last 8)

= 2.315(10)

Fig. 2. Molecular structure of [Fe4S4(SAd)4]2' with selected bond distances.

remaining eight long Fe-Sbonds perpendicular to the S4 axis are in 2.298 to 2.331 A
range. It is worthy to note that the two faces perpendicular to S4 axis are different in
the size; a mean Fe-S bond distance (2.322 A) in the Fe(1,2)S(3,4) face (Fig. 2) is
longer than that in the Fe(3,4)S(1,2) face (2.308 A). Similar distortion is reported in
the crystal structure of (Et4N)2[FeqS4(SCH,CgHjs)], but the difference in the mean Fe-S
bond distance between two faces is 0.01 A.13) Thus, a relatively large conical
distortion of the Fe4S4 core is observed in the crystal structure of [Fe4S4(SAd)4]2-
compared with other Fes4S4 clusters reported so far. However, the structure of
[Fe4S4(SAd)4]2- clearly reveals that [FesS4(SAd)4]2- has an open space enough for
coordination of H>O to the FeqS4 core. Furthermore, based on the facts that
(Et4N)2[Fe4S4(SAd)4] was stable in both DMF and aqueous PDAH (pH 7.0) solutions,
while it decomposes with liberating a black precipitate in HpO/DMF (1:9 v/v) in 2 h,
PDAH apparently depresses hydrolysis of [Fe4S4(SAd)4]2- in aqueous media.  Such
stabilization of the cluster in aqueous media is not simply explained by a hydrophobic
sphere around the [FesS4]}2+ core by PDAH, since a proton participates in the redox
reactions of the cluster in the aqueous PDAH solutions. It has been reported that
excess of HOCH,CH,SH effectively depresses hydrolysis of [Fe4S4(SCH2CH20H)4]2- in
water.14)  We, therefore, propose that stabilization of [FesS4(SAd)4]- as the first model
of Hpox in aqueous media may be attributed to suppression of dissociation of AdS-
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ligand by PDAH surrounding the FeqS4 cluster rather than hydrophobic spheres
around the FeyqS4 core.
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