COMMUNICATION

www.rsc.org/chemcomm | ChemComm

Supramolecular complexes of La@Cg, with unsaturated thiacrown

ethers

Takahiro Tsuchiya,” Hiroki Kurihara,” Kumiko Sato,” Takatsugu Wakahara,” Takeshi Akasaka,**
Toshio Shimizu,” Nobumasa Kamigata,” Naomi Mizorogi¢ and Shigeru Nagase®

Received (in Cambridge, UK) 1st May 2006, Accepted 26th June 2006

First published as an Advance Article on the web 17th July 2006
DOI: 10.1039/b606183d

The paramagnetic La@Cg-A(C,,) with unsaturated thiacrown
ethers forms 1 1 host-guest complexes of [La@Cgy-
A(G,)]'[DJ" in solution as a result of electron transfer.

Endohedral metallofullerenes have attracted special interest as new
spherical molecules with unique properties that are not found in
empty fullerenes." The redox potentials of endohedral metalloful-
lerenes are well known to be lower than those of empty fullerenes.'
The electrical conductivity of a sulfur-doped Cgo film® and the
atomic charge distribution for eutectic crystals consisting of Cgg
and Sg® have been reported, in which the weak charge-transfer
from sulfur to Cg takes place. Several host-guest complexes of
empty fullerenes with macrocyclic compounds have also been
reported.* In this context, supramolecular systems constructed
from endohedral metallofullerenes and donor molecules might be
valuable as new hybrid materials. Recently, we have reported the
complexation behavior of the paramagnetic lanthanum metallo-
fullerene La@Cgr-A(C5,) (1) with the 18-membered azacrown
compound, 1,4,7,10,13,16-hexaazacyclooctadecane, as a donor in
an electron-transfer process.5 Meanwhile, unsaturated thiacrown
ethers (D) are known to have sulfur atoms forced to orient toward
the inside of the ring and include metal atom(s) inside the ring
selectively.® In this context, we have investigated the inclusion
behavior of 15-, 18-, 21- and 24-membered unsaturated thiacrown
ethers (2-5) with 1 in solution and the ring-size effect toward the
inclusion of 1.
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The inclusion behavior of 1 with 18-membered unsaturated
thiacrown ether 3 was firstly examined in nitrobenzene using
visible-near infrared (vis—NIR) spectroscopy, as shown in Fig. 1(a).
Upon addition of a stock solution of 3 to a solution of 1 (2.0 x
10~ M), a new absorption maximum appeared at 940 nm with the
disappearance of the characteristic absorption maximum of 1 at
1010 nm. The resulting spectrum was identical with that of the
anion [1]~.7 Fig. 2 shows that the EPR signal of 1 in nitrobenzene
decreases upon the addition of 3. These results reveal that 1 forms
a complex with 3, in which 1 is reduced to its anion form. The
stoichiometry of the complexation of 1 with 3 in solution was
determined by means of a Job plot based on the absorption
change, as shown in Fig. 1(b). A continuous variation plot of
absorption vs. [1)/([1] + [3]) in nitrobenzene gave a maximum value
at 0.5, indicating the formation of a 1 : 1 complex. The formation
constant of the complex of 1 with 3 was estimated by the standard
titration technique using vis-NIR spectroscopy, as shown in the
inset of Fig. 1(a). The formation constant K was obtained as
112 M™! by nonlinear least-square curve fitting of the titration
plots. Titration experiments for Cg with 3 using the vis-NIR
spectroscopic data showed an increase of the absorption intensity
in the 430-500 nm region with the addition of 3 to Cg, (Fig. 3),
which is a characteristic absorption of a host-guest complex
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Fig. 1 (a) Vis-NIR spectra in the titration experiment of 1 with 3
(0-180 equiv.) in nitrobenzene. Initial concentration of 1is 2 x 1074 M.
Inset: titration plots at 940 nm. (b) A continuous variation plot in
nitrobenzene. The total concentration of 1 + 3 was maintained constant at
1.0 x 107 M.
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Fig. 2 EPR spectra of 1 (a) before and (b) after addition of 3: [1] = 2.0 x
1074 M, 3] =86 x 107> M.
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Fig. 3 Vis-NIR spectra in the titration experiment of Cgy with 3
(0-150 equiv.) in nitrobenzene. Initial concentration of Cgois 2 x 10™# M.
Inset: titration plots at 450 nm.

reported for a weak donor—acceptor interaction of Cyy and a host
molecule.® The complexation constant of Cg, with 3 was too small
to be determined by a linear least-square curve fitting with the
titration plots. The host-guest complexation of 1 should be
compared with that of a similar empty fullerene to highlight the
modified behaviour of 1. Since the amount of Cg,” existing in the
extracts from soot, however, is appreciably less than that of 1, it is
very difficult to compare the complexation behavior between 1 and
Cg, toward 3.'° Meanwhile, the complexation behavior of 1 with
an 18-membered saturated thiacrown ether (6) was also investi-
gated to compare with the complexation abilities of unsaturated
thiacrown ethers (2-5) (Fig. 4). Fig. 4 shows that the vis-NIR
spectrum of 1 is hardly changed with the addition of 6. This result
may suggest that the olefinic moiety of the unsaturated thiacrown
ethers plays an important role for the complexation with 1. The
ring-size effect of unsaturated thiacrown ethers toward the
complexation of 1 may also correlate with the binding strength
with 1. Fig. 5(a)(c) show the disappearance of the absorption
maximum at 1010 nm and the appearance of the characteristic
absorption maximum of the anion of 1 around 940 nm (2: 938 nm,
4: 942 nm, and 5: 946 nm) in a solution of 1 with 15-, 21- and
24-membered unsaturated thiacrown ethers (2, 4 and 5). By
utilizing the titration plots, the complexation constants K of 1 with
2, 4 and 5 were estimated to be 48, 123 and 96 M !, respectively.
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Fig. 4 (a) Vis-NIR spectra in the titration experiment of 1 with 6
(0-180 equiv.) in nitrobenzene. Initial concentration of 1 is 2 x 1074 M.
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Fig. 5 Vis-NIR spectra in the titration experiment of 1 with (a) 2, (b) 4
and (c) 5 (0-180 equiv.) in nitrobenzene. Initial concentration of 1is 2 x
10~* M. Inset: titration plots.

The reduction potentials of 1 and Cg and the oxidation
potentials of 2-6 vs. Fc¢/Fc™ by cyclic voltammetry measurements
are shown in Table 1. The free energies (AGy) for the electron

Table 1 Reduction potentials ™YE,* of Cg and 1, oxidation
potentials ®*E|“ of thiacrown ethers (2-6) and free energies for the
electron transfer AG,, to 1 and Cqg

AG./kcal mol™!

Compound redp by xEbIV Ceo 1
Ceo —0.96

1 -0.25

2 0.82 40 24
3 0.79 40 23
4 0.73 38 21
5 0.69 37 20
6 1.09 40 30

“ Obtained by CV. Conditions: 0.1 M n-BuyNPFg in nitrobenzene;
working electrode, Pt wire; counter electrode, Pt wire; scan rate,
20 mV s~ . ? Potentials vs. Fc/Fc*.
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transfer from 2-6 to 1 were calculated by the Rehm-Weller
equation (Table 1).!! The AG,, values of 2-6 with Cg, are much
higher than that with 1. The positive AG, values may reveal that
the host-guest complexation between 1 and 2-5 facilitates the
sequential electron transfer to afford the 1 : 1 complexes [1]"[D]'.

The AG,; values between 1 and 2-5 decrease with increase in the
ring size. Meanwhile, 4 has the largest K value as estimated from
the titration experiment. The highest affinity of 4 toward 1 among
2-5 would therefore seem to be caused by a size matching in 4 and
1. The optimized structure of 1 is known to have an elliptic shape
of ~8.5 A7!2 whilst the sizes of 2-5 were reported as 6.1, 7.6, 8.9
and 10.1 A, respectively.®!

In conclusion, 15-, 18-, 21- and 24-membered unsaturated
thiacrown ethers (2-5) form 1 : 1 complexes with La@Cg>-A(Csy)
(1) in solution by an electron transfer process. Among the above
unsaturated thiacrown ethers, the 21-membered one (4) has the
best ring-size for the complexation with 1. The conformationally
restricted unsaturated thiacrown ethers having sulfur atoms forced
to orient toward the inside of the ring are known to include metal
atom(s) inside the ring selectively.® By utilizing the thiacrown
ethers as the host molecule, it is demonstrated for the first time that
the complexation strength toward 1 depends on the size of the host
molecules, suggesting the formation of inclusion complexes.
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