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A NOVEL 4Fe4S CLUSTER WITH A BULKY 2,4, 6-
TRIPHENYLBENZENETHIOLATE LIGAND AS A MODEL OF HIGH
POTENTIAL IRON-SULFUR PROTEINS
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(Coordintion Chemistry Institute , State Key Laboratory of Coordination Chemstry,
Nanjing Universily, Nanjing 210093)
Ueno Takafumi Ueyama Norikazu Nakamura Akira
( Department of Macromolecular Scence, Faculty of Science, Oszuka University, Toyonaka, Osaka 560, Japan)

A novel cluster, (r-BuyN),[FeS,(tpbt),](tpbt=2, 4, 6-triphenylbenzenethiolato), was synthe-
sized by ligand-exchange reaction of (n-BuN);([Fe.S,(S-t-Bu), lwith 2, 4-6-triphenylbenzenethiol
in DMF. The cluster shows [Fe,S,]**/2* and [Fe,S,]?*/'* redox potentials at -0. 14 and -1. 31 V vs.
SCE, respectively in acetonitrile. The result suggests that the 3+ state of [Fe,S, ] core is stabilized rela-
tively by the bulky tpbt ligand.
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0 Introduction

The native iron-sulfur proteins with 4Fe4S clusters are believed to function as an electron transfer
mediator in the biological system using [Fe,S,]**/?* and [Fe S, J**/'* two redox couples. In order to
understand the mechanism of electron transfer occurred in these native metalloproteins, many mod-
elling compound studies have been carried out for each of [Fe,S]**, [Fe,S,]** or [Fe,S,]'* oxida-
tion state(!~3). Up to date, the synthesis of complexes with [Fe S, ]** or [Fe,S,]'" core, such as
[Fe«S((SPh), 12~ , [FeiSi(SPh),]*" efc. , has been succeeded!’'*, however, none of the one with
[FeS,]** core has been isolated yet, although the native high potential iron-sulfur proteins (HiPIP)
with [Fe,S;]*" core are stable. Much attempt has been made to find a relatively stable model complex
with [ Fe, S; ]** corel**1 . As results of these studies , the 4Fe4S clusters with a bulky ligand , for
example, 2,4, 6-trimethyl- benzenethiolate}, 2, 4, 6- triisopropyl-
benzenethiolate*) and 1-adamantanethiolate!®], have been found to . lc:

have a relatively stable [Fe,S, ]** core confirmed by electrochemi-

cal studies. O
On the other hand, amino acid residues with aromatic ring as ‘ @ SH @
Tyr, Phe etc. have been found to be near the active site for native
iron-sulfur proteins as HiPIP and rubredoxin from the X-ray analy-Fig. 1  Schemiatic drawing for the
structure of 2, 4, 6- triph-

enylbenzenethio{ (tpbt- H)
in stabilizing the oxidized form of native metalloproteins'®! as well ligand.

sist®). Such aromatic groups are suggested to play an important role
as rubredoxin model complexest®. In this paper, we report a novel )

4FedS cluster with a bulky 2,4, 6-triphenylbenzenethiolate ligand as shown in Fig. 1.

1 Experimental

1.1 Synthesis of (n-Bu,N),[Fe S (tpbt),]

2,4,6-Triphenylbenzenethiol (tpbt-H) was synthesized from 2, 4, 6-triphenylaniline by modified
procedures as reported in the literature!®’, Analytical data of tpbt-H, Calcd for C,,H,sS; C, 85.17;
H, 5.36; S, 9.47. Found: C, 85.92; H, 5.30; S, 9.22. m.p. : 144. 0~144. 5C (literature,
145.5~146. 5°C*). Its 4Fe4S cluster, (n-Bu,N),[Fe,S;(tpbt),] was obtained by the ligand-ex-
change reaction between (n-Bu,N),[Fe,S,(S-t-Bu),](1. 0 eq) and 2, 4, 6-triphenylbenzenethiol
(tpbt-H) (4.2 eq) in N, N’-dimethylformamide (DMF) at room temperature. The cluster was puri-
fied by general procedures as reported for the cases of [ Fe,S,(2, 4, 6-trimethylbenzenethiolate, }*~ and
[Fe,S,(2,4,6-triisopropylbenzenethiolate), ]>~1*1. Yield, ca 80%. The puritv of the obtained cluster
was checked by 'H NMR spectroscopy. The integral ratio of the tpbt ligand protons vs the methyl pro-

tons of counter cation was 17 : 6 which is consistent with the composition of (#-Bu,N),[FeS,
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(tpbt),], and no signal due to impurity was observed.

All operations including cluster synthesis and spectral measurements were carried out under argon
atmosphere.
1.2 Physical measurements

Absorption spectra measurements were performed on a JASCO Ubest-30 spectrophotometer using
a 1-mm quartz cell. The 400 MHz 'H NMR spectra were measured on a JEOL GSX 400 NMR spec-
trometer. Cyclic voltammograms were recorded on a YANACO P-1100 instrument with a three-
eletrode system; a glassy carbon working eletrode, a Pt-wire auxiliary eletrode and a saturated calon;el
eletrode (SCE). [(»-Bu),N][ClO,](100 mM) was used as a supporting eletrolyte. Potenticals were

determined at room temperature vs a SCE as a reference.

2 Results and Discussion

The absorption spectrum of the synthesized cluster , (n-Bu,N);[Fe,S,(tpbt),], in DMF is shown
in Fig. 2. An absorption maximum at 395 nm (e: 37900) was observed. The reported 4Fe4S clusters
with sterically hindered thiolate ligands exhibit absorptions at about 410 nm, e. g. [Fe,S,(2, 4, 6-
trimethylbenzenethiolate), ]*~; 412 nm (e, 22500), [ Fe,S, (2, 4, 6- triisopropylbenzene-
thiolate), J>~; 413 nm (e; 26900)01, while the parasubstituted thiophenolate cluster such as [ Fe,S,
(S-CsH,- p-CH3), J*~ shows an absorption maximum at 461 nm (e; 18600) in DMFU). Thus the
[Fe,S,(tpbt),]?~ shows a quite blue-shifted absorption maximum. This is considered to be caused by
the bulkiness of two phenyl groups A and B (see Fig. 1) at the ortho and ortho’-positions of the central
phenyl group, and by the electron-withdrawing phenyl group C (see Fig. 1) at the paraposition.

The existence of 4Fe4S core in the cluster
was confirmed by core extrusion method as shown
in Fig. 2 (the dashed line)(1. The formation of
4Fe4S/tpbt cluster is also supported by 'H NMR
spectral measurements. No signal at about 2. 6
ppm was observed in the 'H NMR spectrum of the
synthesized 4Fe4S/tpbt cluster in acetonitrile-d; at

eX10 ~‘mol—! « Lem—!

30°C which is due to the - Bu protons of
(r-Bu,N),[ Fe,S, (S-¢-Bu), J'*1. The result indi-

0 x -

cates the completed ligand- exchange reaction be- 400 600 800
wavelength/nm

tween S-¢-Bu and tpbt.

The redox potential of the cluster was investi- Fig. 2  Absorption spectra of [Fe,S, (tpbt);]*~ in
DMF (solid line) and after additon of excess

gated by measurement of the cyclic voltammogram
thiophenol (dashed line).

in acetonitrile. As shown in Fig. 3, the synthe-
sized cluster gives a quasi-reversible redox couple of [Fe,S,(tpbt),]*/* at -0. 14 V vs. SCE ( B,.=-

0.10vV, E,.=-0.18V, e 1. 07), while the redox potential of [ Fe,S,(tpbt),]*/? is observed at

lP-B
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-1.31 Vvs. SCE (E,,=-1.24 V, E,.=-1. 38 . 38

V) with poor reversibility, [ Fe;S; (2, 4, 6- ]:50;1/\ !

trimethylbenzenethiolate ), J* has been reported to " ﬁ———j
+

show 2-/1- and 3-/2- redox potentials at 0. 00 V

and -1. 20 V vs. SCE in acetonitrile, respective-
lyl1%. In this case, both the 2-/1- and 3-/2- re- IZOuA

dox couplex are quasi-reversible, but the reversibil- +

ity of 2-/1- redox couple is poorer than that of the 4—0.10 ) . .

3-/2- one. Thus, the result of [Fe,S,(tpbt),]* in- 0 —0.5 —1.0 —15
E/Vvs « SCE

dicates that, when the substituents at 2,4, 6-posi-
tiens become larger (phenyl groups instead of Fig. 3 Cyclic voltammograris of [Fe,S,(tpbt),J*~ in
acetonitrile at glassy carbon electrode, support-

ing electrolyte N ( »- Bu ),ClO,. 100
dox couple is increased while that of the 3-/2- one mmol » L=! and scar rate; 100 mVs-L.

methyl groups), the reversibility of the 2-/1- re-

is decreased. This trend has also been observed for
the case of [Fe,S,(2,4,6-triisopropylbenzenethio-
late), ]*t13. In conclusion, our results also support that the bulkiness of the ligands is needed for the

stabilization of the oxidation state of 4Fe4S cluster.
References

(1] Christou, G.; Garner, C.D. J. Chem. Soc. , Dalton Trans. , 1979, 1093.

[2] (a)Cambray, J. ; Lane, R. W. ; Wedd, A.G. ; Johnson, R. W. ; Holm, R. H. Iwrg. Chem. , 1977, 18, 2565.
(b)Zhou, C.; Cai, L. ; Holm, R.H. lkorg. Chem., 1996, 35, 2767.

[3] Nakamoto, M. ; Tanaka, K. ; Tanaka, T. J. Chkem. Soc. , Chem. Commum. , 1988, 1122.

(4] (@)Ueyama, N; Terakawa, T.; Sugawara, T. ; Fuji, M. ; Nakamura, A. Chem. Leit. , 1984, 1287.
(b)Ueyama, N. ; Sugawara, T. ; Fuji, M. ; Nakamura, A.; Yasuoka, N. Ckem. Leit., 1985, 175.

(5] (a)Morgan, R.S. ; Tatsch, C. E. ; Gushard, &H. ; McAdon, J. M. ; Warme, P.K. . J. Peplide Prolein Res. ,
1978, 11, 209. \
(b)Sun, W.Y.; Ueyama, N. ; Nakamura, A. forg. Chem. , 1993, 32, 1095.

(6] (a)Dimroth, K. ; Oosterloo, G. Angew. Chem. , 1958, 70, 165.
(b)Ruhlandt-Senge, K. ; Power, PP. Bull. Soc. Ckim. Fr., 1992, 129, 594.

[7] Mayerle, J. J. ;5 Denmark, S. E. ; Depamphilis, B. V. ; Ibers, J. A. ; Holm, R. H. J. Am. Chem. Soc., 1975,
97, 1032,

[8] Gillum, W. O. ; Mortenson, L.E.; Chen, J.S.; Holm, R. H. J. Am. Ckem. Soc., 1977, 99, 584.

[9] (2)Holm, R. H. ; Phillips, W.D. ; Averill, B. A. ; Mayerle, J. J. ; Herskovitz, T. J. 4m. Chem. Soc. , 1974,
96, 2109.
(b)Bobrik, M. B. ; Que, Jr. L. ; Holm, R.H. , J. Am. Chem. Soc. , 1974, 96, 285.

[10]zhou, J.; Scott, M. J.; Hu, Z.; Peng, G.; Minck, E.; Holm, R. H. J. Am. Chem. Soc., 1992, 114,
10843.


http://www.cqvip.com

