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Abstract

The reaction of [60]fullerene with bis-quinodimethane precurs@rcontaining a dibenzo-18-crown-6 moiety
provided preferentiallyrans-4 bisadducta along with a small amount afis-2 bisadductb. These bisadducts
showed different ionophoric properties from each otlerexhibited a high complexing ability toward*Kon,
while 5b hardly showed complexation with any alkali metal ions. © 2000 Elsevier Science Ltd. All rights reserved.
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Although multiple addition toward [60]fullerene becomes of increasing interest from the view-
points of electronié, electrochemicad, photophysicaf and chiroptical properties;t usually affords
regioisomeric mixtures. Even in the bisaddition reactions occurring exclusively at [6,6]-junctions, eight
regioisomers are theoretically possible. Several research groups regioselectively prepared a variety of
bisfunctionalized [60]fullerene derivatives by the tether-directed remote functionalizatm have
succeeded in the regioselective synthesis of [60]fullegainodimethane bisadducts modified within
one hemisphere of [60]fullerene by connecting the two precursors with an oligomethylene lihkage;
(n=2) and1b (n=3) provide thecis-2 andcis-3 isomers, whilelc (n=5) exclusively thee-isomer® This
regioselectivity is apparently derived from the constrained distance between the two reactive species,
governed by the oligomethylene linkage. For the improvement of regioselectivity, we have designed the
reaction of dibenzo-18-crown-6 derivati® The macrocyclic moiety i3, which can serve as double
bridging linkages connecting twaquinodimethane precursors, should control the relative arrangement
as well as the distance between the reactive species, probably leading to the preferential addition at
two sites located almost in parallel. Furthermore, the resulting bisadducts seem to display ionophoric
properties different from dibenzo-18-crown-6 itself. Here we report the regioselectivity producd by
and the intriguing complexation behavior of the resulting bisadducts. The comparison with the reaction of
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2 possessing a single oxyethylene linkage is also discussed. These investigations are expected to provide
a guide for preparing specific bisadducts.
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We have first examined the reaction usBygvhich can be regarded as a reference compound of both
1cand3. The preparation o2 is depicted in Scheme 1. Equimolar amounts of [60]fullereneZandre
refluxed in toluene in the presence of Kl (10 equiv.) and 18-crown-6 (40 equiv.) for 24 h under high-
dilution conditions (1-4 10 # M). After insoluble oligomeric materials were removed, the reaction
mixture was purified by column chromatography (silica gel) and GPC, to give mainly two bisadduct
regioisomergtaand4bin 26 and 10% yields, respectively (Scheme 2). TH&NMR spectral patterns of
4aand4bwere different from each other; the former shows four aromatic and two methoxy proton peaks,
while the latter only two aromatic and one methoxy proton pedicating that4a hasC; symmetry
and4b C, or Cs. These symmetries were also confirmed by#@ NMR spectra. It is most reasonable
to assigria ase-isomer, because the other regioisomers should usually adopt higher syrftmedty,
one of the aromatic proton peaks was resonated at much lower figldbQ) than any protons iha (
6.85-7.25). Since this behavior is characteristicief2 isomers due to steric compression as reported
previously? 4b is reasonably assigned as this-2 isomer. These assignments are also supported by their
UV-vis spectra, which are similar to those of the bisadducts obtained from preclirsiorse the UV-vis
spectra of bisadducts are known to depend mainly on addition pafteffise formation otis-2 isomer,
which was not obtained frorc, is ascribed to the increase in flexibility in bridging linkage2adue to
the C-O ether bond. The presence of a single oxygen at@nemarkably altered the regioselectivity.
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a) o’ d I, dioxane, Nal, KOH, reflux. b) AcOH, paraformaldehyde, NaBr, HoSO,, CHoCly, . t.

Scheme 1.

CBQ 18-crown-6, Kl
2 + O’Q‘O toluene,
Q‘Q reflux, 24 h

4b (cis-2)
y. 10%

Scheme 2.
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PrecursoB was prepared from commercially available dibenzo-18-crown-6 in a manner similar to that
in 2. The reaction oB with [60]fullerene was carried out under conditions similar to thosa, iexcept
for heating for 60 h (Scheme 3). Purification of the reaction mixture by GPC gave mainly two bisadducts
5a(major) andbb (minor) (total 64% yield), which were successfully separated by preparative TLC. The
1H and3C NMR spectra of bottba and5b apparently indicate@, or Cs symmetry? In 5b, downfield-
shifted aromatic protons were again observed 68), leading to the assignmenta@s-2. The addition
sites of5a could not be clarified by the NMR spectra alone. The UV-vis spectrufbaphowever,
exhibits two broad maxima at 643 and 708 nm, which are characteristic dfahe4 bisadduct as
reported in the literatur& This addition pattern is compatible with the symmetry observed in the NMR
spectra. The UV—vis spectrum &b, similar to that of thecis-2 bisadduct from precursofisa or 1b,
supports theis-2 bisaddition. The preferential formation whns-4 bisadducba from 3, in remarkable
contrast with the formation af-bisadduct fromlc or 2, seems quite reasonable, since the dibenzo-18-
crown-6 moiety of3 is expected to force the two-quinodimethane precursors to be almost parallel,
making favorable fotrans-4 rather thare-bisaddition. Thus, the double bridging linkages proved to be
effective for the regulation of relative arrangement of the two reactive species.

“8
3 + . .O 18-crown-6, Kl
QLY ioeres,,

5a (trans-4) 5b (cis-2)
y. 51% y. 13%

Scheme 3.

The complexation oba and5b with alkali metal ions was investigated by electrospray ionization MS
(ESI-MS). The mixed solution containing equimolar amountSator 5b) and MCIQ, (M*=Li*, Na",
K*, Rb*, and C8) in methanol:chloroform (1:1) was subjected to ESI-MS. Each solutid@aaffforded
the peak due to thesp+M]™* ion, implying the complexation with the alkali metal ions in a ratio of 1:1.
On the other handsb hardly showed the peaks dltj+M]* with any alkali metal ions. In the competition
experiments usingaand all the alkali metal ions listed above, the pealbafK]* was observed with the
highest intensity. The difference in complexing ability betwBamand5b can be readily explained by the
difference in the shape of dibenzo-18-crown-6 moiety. According to the molecular dynamics calculations,
the dibenzo-18-crown-6 moiety Bb suffers from considerable deformation, which is apparently caused
by the reduced distance and relative arrangement between the two addition sites that are not situated in
parallel.

The selectivity obatoward K" over N& ion was further investigated with an ion-selective electrtde.
The selectivity coefficientsKa kP for the electrode consisting &a and dibenzo-18-crown-6 as a
reference were determined by the separate solution mé#t®diprisingly, theKna kP°! value (=42) for
5awas much higher than that (=13) of dibenzo-18-crown-6 electrode, indicating high selectivity toward
K*.

In summary, in contrast witlhc or 2 having a single bridging linkage, the reaction of [60]fullerene with
3 containing a dibenzo-18-crown-6 moiety that can be regarded as double bridging linkages connecting
two o-quinodimethane precursors provided preferentiaiins-4 bisadducba, which exhibits intriguing
complexation behavior. This method using double bridging linkages enables the control of relative
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arrangement as well as distance between the reactive species and appears to be versatile for the re-
gioselective synthesis of specific bisadducts. The reactioasjafnodimethane precursors incorporated
into other macrocyclic systems are now under investigation.
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