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fon binding often mediates ebectron transfer in biological systemns as a cofactor strategy, either as a
promaber or as an inhibitor. However, / has rarcly. i evex, been exploited for that purpose in smithetic
host-guest assemblies, We repont here that strong binding of specific antons (ehloride, bromide, and
mithylsulfate bt ned tetrafluoroborate or hexafucrophasphate) to a tetrathiatulvalens cativld]pyrrote
(TTF-CAF) donor enborces 3 host conformation that Tavers electron transber to a bisimidazolium quinane
{BIO™) guiest scceptor. bn contrast, the addition of a tetrsethylammonium cation, which binds mare
effectively than the BIQ™ guest in the TTF-CAP cavity, leads to back electron transfer, restoring the

finitial owidation states of the denor and acceplor pair, The products of these processes wene
characterized via spectroscopy and x-ray crystallography.
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Reversible Cation- and Anion-Controlled
Electron Transfer Using a Supramolecular
Donor-Acceptor Ensemble

FUKUZUMI Shunichi and OHKUBO Kei

(Graduate School of Engineering)

Electron transfer is one of the most fundamental chemical
reactions in biological systems. Reversible electron-transfer
processes play a key role in biological energy conversion. Often
these events are controlled by external cofactors, including
small ions, that either favor charge separation or recombina-
tion. For instance, in the O2 evolving complex of Photosystem-
II, Ca?* and CI- are known to be essential activators for the fast
turnover of water oxidation, while other ionic species can act as
activators, inhibitors, or simple bystanders [1,2]. Redox-inactive
metal ions such as Ca?* are known to control the redox reactiv-
ity of organic electron acceptors by binding to the one-electron
reduced species involved, i.e., radical anions of electron accept-
ors [3]. The key enzyme in respiration, cytochrome c oxidase, is
a heme-copper oxidase with a positively charged protein surface
that allows for the binding of a variety of anions with different
affinities and stoichiometry [4]. This recognition process has
been reported to induce a redox-dependent structural change
that affects the electron-transfer process [5]. However, in spite
of the pivotal role of ions as regulators of biological electron
transfer [1-5], we are unaware of any examples where anions
and cations have been exploited to effect reversible electron
transfer in a simple donor-acceptor (D/A) ensemble.

We developed a new supramolecular system, based on a
tetrathiafulvene calix[4]pyrrole (TTF-C4P: 1) donor and a di-
cationic bisimidazolium quinone (BIQ?**: 2) acceptor, where
the judicious addition of anions or cations is used to control
the direction of electron transfer. The ability to manipulate the
electron transfer process under simple thermal, as opposed to
light-induced, conditions has allowed for the isolation and full
characterization of both the stable radical products and the puta-
tive supramolecular intermediates. This report is the first experi-
mental study where external modulation of a strongly coupled
donor-acceptor complex is used to control a reversible electron
transfer process.

TTF-C4P (1) is an electron rich calix[4]pyrrole, a class of
fluxional tetrapyrrolic macrocycles that are known to bind se-
lected anions well in organic solvents. As a general rule, anion
binding to calix[4]pyrroles induces a change from the so-called
1,3-alternate to the cone conformation. In the particular case of
TTF-C4P, large electron deficient species, can be bound by the
anion-induced “bowl-like” cone conformation. As is true for
other calix[4]pyrroles, within-the-bowl binding of small cations
is also seen; this has been established explicitly in the case of
tetracthylammonium chloride (TEACI).

BIQ?* (2) was chosen as the redox partner for 1 for several
reasons. First, BIQ?* is relatively large; as such, it was expected
to be complexed by TTF-C4P but only when this latter receptor
is in its anion-bound cone conformation. Second, the dicationic
nature of 2 suggested to us that after putative electron transfer
to give the capsule product 3, two cationic species would be
produced that might diffuse apart to produce the individual rad-
ical species, i.e., [TTF-C4P]** and BIQ™* (4 and S in Scheme 1).
Finally, in combination with TTF-C4P, BIQ?** as the acceptor
was expected to provide a near isoergonic redox couple, al-
lowing us to observe readily the effects of anions, cations, and
conformational switching on a potentially reversible thermal
electron-transfer process.
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Scheme 1 Chemical structures of TTF-C4P 1 and BIQ2* salts 2, and their proposed ion-
mediated electron transfer reactions.

Five specific salts of BIQ**, 2a—2e, were selected for study.
These salts are identical except for the counter anion, X™. They
encompass two subgroups, namely anions that bind well to
TTF-C4P (X~ = MeSO+, Br, CI") and those that do not (X~ =
BF+, and PFs"). As expected, these species react very differ-
ently with TTF-C4P. For instance, adding increasing amounts of
BIQ*2X~ (X~ = MeSO+, Br-, CI") salts into a chloroform solu-
tion of 1 held at a constant concentration resulted in the gradual
emergence of absorption features centered at 751 nm and ca.
2000 nm, respectively, at the expense of the original TTF-C4P
absorption band (Amx = 329 nm) with a clear isosbestic point,
Aiso Of 340 nm. Similar spectral changes were seen when THACI
was added to a mixture of 1 and 2e (or 2d) (Fig. 1A), albeit not
when 1 was mixed with 2e or 2d in the absence of MeSO4~, Br-,
or Cl.
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