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electron transfer is at least 20 kcal/mol endothermic, the toluene
radical anion being unbound in the gas phase. For most of the
benzylic systems we have examined, the ET step is endothermic,
although the energy released in forming the collision complex may
still allow it to occur. It is possible that the direct proton transfer
and the ET/HAT paths would have different isotope effects,?!
but low-pressure gas-phase ion-molecule experiments have usually
been unable to reveal such details because of the chemical acti-
vation aspects of the dynamics.??
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Since Holm and co-workers first reported the synthetic Fe,S,
type cluster mimicking the active site core of ferredoxin, the
chemical and physical properties of these synthetic clusters have
been extensively investigated.! These synthetic clusters, however,
are usually unstable in an agueous solution because of their facile
hydrolytic degradations,? quite contrary to the natural ferredoxins.?
Therefore, their redox reactivities in aqueous solution have been
investigated only under the limited conditions where micelles,?*
bilayer membranes,® or high concentration of mercaptans®® were
used as the stabilizing cofactor. In the present paper, we wish
to report the synthesis and redox reactivities of a new type of the
synthetic clusters, 2 and 3, which are stable in an aqueous solution
without any additional stabilizing reagents and have the hydro-
phobic recognition site of cyclodextrin.”

6A,6D-Biphenyl-4,4’-disulfonyl-capped B-cyclodextrin was
converted to the target cluster 2 via dimercaptan 1 by the ligand
exchange reaction® under the conditions listed in Chart 1.° The
product (114 mg, 83% yield) was analyzed as a tetrahydrate.'°
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Figure 1. Electronic spectra of 2 (—), 3 (——-), 4 (---) in DMF solution,

2 (—+~—) in the 10 mM phosphate buffer (pH 7.0) (cell length = 1 cm),

and 2 () electrolyzed at —1.15 V versus Ag/AgCl electrode in the DMF

solution containing 0.1 M n-Bu,NBr supporting electrolyte at 25 °C

under Ar (cell length = 0.05 cm, see ref 11).
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The reference compounds 3 and 4 were also prepared by the
similar ligand exchange reaction.

Physical properties of 2, 3, and 4 are summarized in Table I
and Figure 1. As shown in Figure 1, the electronic spectra of
2, 3, and 4 exhibit the typical absorption bands of the Fe,S, cluster
(Amax (nm) (¢) (DMF) 2: 369 (sh, 20700), 441 (17 500); 3: 374
(sh, 20300), 458 (17000); 4: 364 (sh, 19600), 463 (17 300)).
The reduction potentials of 2, 3, and 4 in DMF measured by a
cyclic voltammetry were —0.94, ~0.93, and -0.92 V versus Ag/
AgCl at 25 °C, respectively. The reduced form of 2, which was
easily generated by using the thin-layer spectroelectrochemical
cell reported by Saveant et al.,!! reproduced the oxidized form
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Table I. Physical Properties of Fe,S, Clusters at 25 °C under Ar
(Amex (), half-life, and E'/? (versus Ag/AgCl))

Fe,S,((SPh-m- Fe,S,(SPh-m- Fe,Sy(SPh-m-

S),CD), (2) SCD), (3) SMe), (4)
in H,0 (10 mM 428 nm 468 nm 468 nm?
phosphate buffer, (17000) (17 000)
pH 7.0) 120 h 70 h 5.6 ht
-0.58V -0.55V -0.54 V?*
in DMF 441 nm 458 nm 463 nm
(17 500) (17000) (17 300)
¢ ¢ ¢
-0.94 V4 -0.93 v4 -0.92 V¢

2By monitoring the decreases of the characteristic absorptions of
clusters at 420-470 nm. ®5% DMF-95% 10 mM phosphate buffer, pH
7.0. °No appreciable spectral changes were observed for several days.
4100 mM n-Bu,NBr.

by applying —0.50 V versus Ag/AgCl of the anodic potential in
over 95% yield based on the spectral absorbance (see Figure 1).

The present synthetic clusters 2 and 3 are soluble in water!?
without any solubilizing reagents, and a small amount of 4 (ca.
0.1 mM) is also able to be solubilized in 5% DMF-H,0. The
reduction potentials of 2, 3, and 4 in aqueous solution at pH 7.0
were observed to be —0.58, —0.55, and —0.54 V versus Ag/AgCl,
respectively. Observed yositive shifts of reduction potentials by
the solvent change (El% ~ EN&e = 0.36-0.38 V) lie within the
range of those reportetf for other synthetic clusters.®

The most remarkable characteristics of 2 and 3 are their sta-
bilities in aqueous solution. The half-lives at pH 7.0 (25 °C) of
2 and 3 in the aqueous phosphate buffer, without any additional
thiols, are greater than 120 and 70 h, respectively, based on
absorbance changes of the electronic spectra of 2 and 3, while
that of the reference cluster 4 is only 5.6 h in 5% DMF-H,0.
Thus, 2 and 3 are 21- and 13-fold more stable than 4 in aqueous
solution, respectively, though the stability of 4 is higher than that
expected from the data reported for other clusters having al-
kylthiolate ligands.!* Since consideration of CPK space filling
molecular models of 2 and 3 shows that the primary OH groups
of cyclodextrin can attack iron atoms of the cluster core intra-
molecularly, present enhanced stabilities of 2 and 3 may be at-
tributed to the favorable shift of ligand exchange equilibrium
toward the cluster formation by the competition of water with
these primary OH groups of cyclodextrin.?

Finally, it should be noted that the \,,,’s of the electronic
spectra of 3 and 4 show a small red shift when the solvent is
changed from DMF to H,O rather than the blue shift usually
reported for alkylthiolate clusters, while 2 shows the normal blue
shift.5 Although at the present stage it is not clear whether the
observed red shift is the general trend for arenethiolate clusters
or not, there is a possibility that a mechanism other than the
solvation on sulfur atoms,’ such as steric effects,!* is operating
for the absorption shift by solvent change in the present case.

The present new iron—sulfur clusters have great advantage in
that the hydrophobic pockets of cyclodextrins may be available
as recognition sites for substrates such as an electron donors and /or
acceptors. Applications of these water soluble clusters, especially
focusing on 2, are now in progress in our laboratory.
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3,4-Dimethylenefuran (1) and 3,4-dimethylenethiophene (2)
can be generated in fluid solutions from the corresponding
diazenes, 3 and 4,°-* and from the corresponding bis-allenes, 5
and 6.® The capture of the singlet>>* biradicals 1 and 2 by
alkenes to give cycloadducts (7) is believed to involve the same
intensely colored species (1, Ay, = 560 nm; 2, A,. = 572 nm)
observed spectroscopically from 3 and 4 immobilized in low-
temperature glasses or flash photolyzed in solution, although
heretofore no direct evidence on this point has been available.

We now report direct time-resolved spectroscopic observations
of the kinetic behavior of these transients generated from diazenes
3 and 4 by nanosecond flash photolysis.!® Deoxygenated samples
of 3 or 4 in either CH;CN or toluene solution in a 3 X 7 mm static
cell (initial optical densities about 0.4 at 337 nm) were kept at
260-263 K to minimize thermal decomposition and subjected to
337-nm laser pulses. Transient spectra with maxima at about 560
(1) and 572 (2) nm were observed with an optical multichannel
analyzer. Typically, the pulses produced initial transient con-
centrations of (1-2) X 10~* M, The decay of the transient ab-
sorption with time was monitored by a photomultiplier-transient
digitizer system.
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