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Abstract: The reactions of [60]fullerene with bis-o-quinodimethane precursors 3, 4, and 5 containing a
dibenzo-18-crown-6, 24-crown-8 and 30-crown-10 moiety, respectively, were investigated. Both 3 and 4

provided trans-4 bisadducts 6a and 7a, respectively, as

major product, though the selectivity in the latter

was lower than that in the former. As minor product, 6b (cis-2) was produced from 3, while 7c (e) as well
as 7b (cis-2) were produced from 4. Precursor 5 exclusively afforded e bisadduct 8 without any other
regioisomers. These bisadducts showed different ionophoric properties from one another; for instance, 6a
and 7b exhibited a high complexing ability toward the K* ion, while 6b hardly showed complexation with
any alkali metal ions. The selectivity coefficients (Kya k") of 6a and 7b toward Kt over Na* ion, determined
with an ion-selective electrode, were much higher than that of dibenzo-18-crown-6.

Introduction

Multiple adducts toward [60]fullerene have become of
increasing interest from the viewpoints of spectroscépic,
electrochemical, and chiroptical properties.Even in the
bisaddition reactions occurring exclusively at [6,6]-junctions,
however, eight regioisomers are theoretically possible. Although

a series of bisadduct regioisomers were successfully isolated
J y |groups independently developed a synthetic methodology for

and characterized for some typical reactions, such as Binge
reaction? Prato reactiof, Diels—Alder reaction witho-quino-
dimethané, and [2+ 2] cycloaddition by benzynéthe second
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addition processes proceeded with insufficient regioselectivity.
In combination with theoretical calculations, these reactions were
found to be controlled kinetically rather than thermodynamically;
the regioisomer distribution of bisadducts was qualitatively
correlated with the coefficients of frontier orbitals in the
corresponding monoaddudts.

To overcome such low regioselectivity, several research

controlling multiple additions efficiently, using tethers as
covalent template%.This method enabled the formation of
bisadducts that would be difficult to obtain without suitable
tethers. Diederich et al. achieved possible bisaddition patterns
except forcis-1 by utilizing Bingel reactiod.We have succeeded

in the regioselective synthesis of [60]fullerer@quinodimethane
bisadducts modified within one hemisphere of [60]fullerene by
connecting the two precursors with a single oligomethylene
linkage;la(n = 2) andlb (n = 3) provide thecis-2 andcis-3
isomers, whilelc (n = 5) exclusively thee isomerl® This
regioselectivity is apparently derived from the constrained
distance between the two reactive species, governed by the
oligomethylene linkage. Precursdpossessing a more flexible
oligooxyethylene linkage than the pentamethylene linkage of
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1c affordede and cis-2 isomers'! The formation of thecis-2 %o/}\
isomer, which was not obtained frotdx, is ascribed to the o N PEA NaBr. HoSO 3 n=1
increased flexibility in bridging linkage a2 due to the G-O @( j@ ‘ACOHYr.t.Z 4 4:n=2 (1)
ether bond. 0 o ’ 5:n=3

For the improvement of regioselectivity, we have also n

designed the reaction of dibenzocrown ether derivatives such

as3—>5. These macrocyclic moieties, which can serve as double

bridging linkages connecting tweequinodimethane precursors,

are expected to control the relative arrangement as well as Ceo, KI,
distance between the reactive species, probably leading to the 3 _18-crown-6
preferential addition at two [6,6]-sites located almost in parallel. toluene, A
Furthermore, the resulting bisadducts appear to display iono-

phoric properties different from dibenzocrown ethers themselves.

In the preliminary communication, we reported the regioselec-

tivity resulting from 3 possessing an 18-crown-6 moiety and

the intriguing complexation behavior of the bisadducts ob-

tained* We have further examined the bisaddition reactions e K
using4 and5 with a larger macrocycle. In this paper, we disclose Toerown-6
the regioselectivity resulting from these tethers and various toluene, A
properties including complexation, electrochemical, and fluo-

rescence emissive behaviors of resulting bisadducts. These
investigations are expected to provide a guide for preparing

specific bisadducts. Mo &1

o 8
Br (CH2)n\ Br Br (<\O/>m Br Ceo, KI, CO O\//,OJ

0 0 5 18-crown-6 O ‘

23% 10% 2%

o Q ) )
toluene, A
OMe MeO 0] o) g&@
Br Br  Br ké/o\é) Br 8(¢)
1a: n=2 n 7%
1b: n=3 3:n=1 bisadduct8 in 7% yield, which was isolated by column
Te:n=5 4:n=2 chromatography. In all cases, insoluble oligomeric products were
5:n=3 obtained besides the desired bisadducts and unreacted [60]-
Br (\O/\ Br fullerene, but they were not subjected to further purification
o and characterization.
OMe Mol The gharacterization of these b_isadducts Was_established on
Br Br the basis of mass, NMR, and UWis spectroscopies. Each of
2 6—8 indicated the molecular ion peak corresponding to the
desired bisadduct in FAB- or APCI-mass spectra.
Results and Discussions TheH NMR spectra of botl6a and6b showed two aromatic
Preparation and Characterization of Bisadducts 6-8. proton peaks, apparently indicatig or Cs symmetry. Their

Precursors3—5 were prepared from commercially available **C NMR spectra afford about 30 peaks of fullerenégrbons,

corresponding dibenzocrown ethers by modifying the method supporting this symmetry. In the bisadducts obtainable from
in the literature (eq 132 3-5, cis-3, trans-3, andtrans2 haveC, symmetry, whilecis-

Equimolar amounts of [60]fullerene /@5 were refluxed 1 CiS-2, trans-4 haveCs symmetry:® In 6b, one of the aromatic
in toluene in the presence of KI and 18-crown-6 for 60 h under Proton peaks was resonated at much lower fiéld (58) than
high-dilution conditions (4 x 1074 M) (egs 2-4). The color any.aromatlc protons ifa. Slqce this beha_wor is characteristic _
of the solution gradually changed from purple to brown, as the ©Of Cis-2 isomers due to steric compression as reported previ-
addition reaction toward [60]fullerene proceeded. In case of the OUSly;® 6b is reasonably assigned as this-2 isomer. The
reaction with3, purification of the reaction mixture by GPC ~ addition sites oBa could not be clarified by the NMR spectra
(eluent; chloroform) gave an isomeric mixture of mainly two 2lone. The UV-vis spectrum oBa, however, exhibits two broad
bisadduct$aand6b in 51 and 13% yields, respectively, which ~Maxima at 643 and 708 nm, which are characteristic of the
were successfully separated by preparative TLC (silica gel, Frans{f bisadduct as reportéél.'l’h|§ addition pattern is compat-
chloroform/ethyl acetate). The reaction mixture obtained from i€ with the symmetry observed in the NMR spectra. The- UV
4was purified by column chromatography (silica gel, chloroform/ ViS Spectrum ofb, similar to that of thecis-2 bisadduct from
ethyl acetate), to give three bisaddu@s 7b, and 7c in 23, precursorla or 1b, supports thesis-2 bisaddition.
10, and 2% yields, respectively. Precursoafforded a single

(13) Although the total number of the [60]fullerene?sparbon peaks is
theoretically different in the case @; (28 signals) andCs (30 signals)

(11) Nakamura, Y.; Asami, A.; Inokuma, S.; Ogawa, T.; Kikuyama, M; symmetry, it was difficult to distinguish betwedfy and Cs due to the
Nishimura, JTetrahedron Lett200Q 41, 2193. overlapping of some peaks.

(12) Diederich, F.; Jonas, U.; Gramlich, V.; Herrmann, A.; Ringsdorf, H.; (14) (a) Ishi-i, T.; Nakashima, K.; Shinkai, S.; Ikeda, A.Org. Chem1999
Thilgen, C.Hely. Chim. Actal993 76, 2445. 64, 984. (b) Ishi-i, T.; Shinkai, STetrahedron1999 55, 12515.
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Table 1. Effect of Tethers on Regioselectivity
MeO]@[CH2Br
MeO CH,Br
12
tether
precursor length? flexibility® framework bisadduct regioisomers obtained® ref
la 4 less linear cis-2 andcis-3 10
1b 5 less linear cis-2 andcis-3 10
1c 7 less linear e 10
2 7 more linear eandcis-2 11
3 7x2 more cyclic (small) trans-4 andcis-2 11 and this work
4 10x 2 more cyclic (medium) trans4, cis-2, ande this work
5 13x 2 more cyclic (large) e this work
cf. 12 00 00 none trans 3, g, trans-2, trans4, cis-2, trans-1, andcis-3 6

aNumber of atoms constituting tether(s) between twguinodimethane moietie8 Flexibility of each tether is mentioneélIn the order of yields.

The regioisomer§a, 7b, and7c with a 24-crown-8 moiety
were identified in a manner similar to that mentioned above.
ThelH NMR spectral patterns afaand7b were different from
that of 7c. The spectra ofaand7b showed two aromatic proton
peaks that are resonated at fields similar to thoseséoand
6D, respectively, and that afc showed four aromatic protons,
indicating thatzaand7b haveC; or Cs and7c hasC; symmetry.
The symmetries iYa and 7b were also confirmed by th&C
NMR spectra, in which almost 30 peaks due to the fullerene
sp? carbons are observed, although a well-defid&d NMR
spectrum of7c was not obtained because of its poor yield and
low symmetry. It is reasonable to assigo as thee isomer
becauseC; symmetry is accomplished only in tledsomer. In

unexpected result. The steric energy of ti®3 isomer is as
low as that of thesis-2 isomer and the two addition sites@$-3

are situated almost parallel in contrast with #ig-2 isomer.
The selectivity for thecis-2 isomer is probably derived from
the higher reactivity at theis-2 site than thecis-3 site in the
second addition step; this reactivity is evidenced by the higher
LUMO coefficients in typical [60]fullerene monoadduct deter-
mined by the MO calculatiorts.

The formation of7a and 7b from 4 can be reasonably
explained in a manner similar to that f6éa and6b. However,
the regioselectivity towardrans-4 over cis-2 is significantly
low compared to that foB, thoughtrans4 still remains the
major product. More surprisingly, a slight amountessomer

7b, the downfield shifted aromatic protons were again observed 7c was also produced. The reduced selectivity towteads-4

(6 7.52), leading to the assignment@s-2. The addition sites
of 7a were determined by its UVvis spectrum; two charac-

is apparently attributed to the decrease in constraint between
two o-quinodimethane species due to the enhancement of the

teristic broad bands were observed in the longer wavelengthcrown ether ring; since theis-2 ande sites are inherently more

region similar td6a, resulting in the assignment ttlans-4. The
possibility oftrans-3, trans-2, ortrans-1 bisadducts was easily
excluded, since these bisadducts are known to afford-u¥
spectra entirely different from that @f, as reported from our
group recently’. The UV—vis spectra of7b and7c also support
the above assignments.

Bisadduct8 bearing a further large dibenzo-30-crown-10
moiety was readily assigned assince the!H NMR spectrum
revealsC; symmetry similar to/c. Its UV—vis spectrum is also
characteristic ob-bisadducts.

The preferential formation dffans-4 bisadducta from 3,
in remarkable contrast with the formation @bisadduct from

reactive thantrans4, the decreased constraint makes the
formation of7b and7crelatively favorable. The observed isomer
ratio seems to reflect the subtle balance between the reactivity
of each [6,6]-junction and the steric effects resulting from
bridging linkages.

Precursob containing a dibenzo-30-crown-10 moiety led to
the exclusive formation o€ isomer 8 without other regio-
isomers. This selectivity resembles that providedlbyith a
single linkage rather thaB or 4 bearing a smaller crown ether
moiety. Presumably, the crown ether ringspsufficiently large
and flexible, operates as a single linkage, allowing the second
addition to occur at the most reactiegosition. The increase

1cor2, is quite reasonable, since the dibenzo-18-crown-6 moiety Of size and flexibility in the crown ether moiety makes it difficult

of 3 is expected to force the two-quinodimethane precursors
to be almost parallel. The two addition sitest@ns-4 isomers
are located almost parallel, whereas thoseea$omers are
perpendicular to each other. Thus, thdisaddition would
significantly distort the crown ether moiety, becoming unfavor-
able relative tdrans-4. According to the molecular mechanics
calculations (MM2), thes isomer derived fron8 has a steric
energy higher than thieans-4 isomer6a by more than 20 kcal/
mol. Such a difference led to the selectivity toans4, though
the e sites are known to be generally more reactive than the
trans4 sites* Thus, the use of a crown ether unit as double
bridging linkages proved to be effective for the regulation of

to regulate the relative arrangement of two reactive species and
to control addition sites.

Table 1 summarizes the properties of tethers-itb and the
resulting regioselectivities. The result for the bisaddition without
any tether, namely the reaction of [60]fullerene with 4,5-
dimethoxye-quinodimethane generated frdi,° is also listed
for comparison. It is noteworthy th8tand4 afforded therans-4
isomer, whose population would be rather low without ap-

propriate tethers, as the major product.
Properties of Bisadducts 6 —8

1. Complexation behavior: ESI-MS and lon-Selective

relative arrangement of the two reactive species. The formation Electrode. The complexation o6a, 6b, 7a, or 7b with alkali

of cis-2 isomer 6b, not the cis-3 isomer, is a seemingly

metal ions was investigated by ESI-MS in a positive ion mode.

J. AM. CHEM. SOC. = VOL. 124, NO. 16, 2002 4331
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Figure 1. ESI-mass spectra of (&g and (b)6b in the presence of alkali
metal ions. Solvent: CH@MeOH (1:1 (v/v)). Concentration:6] = [Li*]
= [Na'] = [K*] = [Rb"] = [Cs"] = 0.1 mM.

The mixed solution containing equimolar amounts of these
fullerene bisadducts and MCIGM™ = Li*, Na", K*, Rb",
and Cg) in methanol/chloroform (1:1) was subjected to ESI-
MS.

The solution of6a and each alkali metal ion afforded the
peak due to thedfa + M] " ion, implying the complexation with
the alkali metal ion in a ratio of 1:1. To compare the complexing
ability toward the respective alkali metal ions, the competition b
experiments with6a and all the alkali metal ions listed above Figure 2. One of the optimized structures 64, 6b, 7a, and7b by MM2
were carried out. The peak 064 + K]* was observed with calculations. White circles denote oxygen atoms.
the highest intensity as shown in Figure la, suggesting the

highest selectivity oba for K+ ion. The peaks offa + NaJ, Figure 3a showsaaffords all the peaks offa + M| without
[6a+ Rb]*, and pa + Cs]" are detected with a comparable gufﬂment selectivity, though the peak afd + Cs]J" is the most .
intensity, while that of thefa + Li]* ion is extremely weak. intense. These results are apparently due to the larger cavity
On the other handsb showed only quite weak peaks &H + size of the crown ether moiety irra than in 6a The

M]+ with any alkali metal ions under similar conditions (Figure €nhancement of cavity size permitted the complexation with
1b). The difference in complexing ability betweéa and 6b larger metal ions such as Gswhile the resultant increased

can be readily explained by the difference in the shape of flexibility of cavity brought about the lowering of selectivity.
dibenzo-18-crown-6 moiety. According to the MM2 calculations cis-2 Bisadducb also exhibits all the peaks, and the intensity
(Figure 2), the dibenzo-18-crown-6 moiety 6 suffers from of [7b + K]™* is the highest (Figure 3b). This observation is
considerable deformation, which is apparently caused by the considerably different from that f@b. The remarkable increase
short distance and relative arrangement between the two additiorin the complexation ability of7b relative to6b is caused by
sites is-2) that are not situated in parallel. Among the six ether the increased number of ether oxygen atoms. In the optimized
oxygen atoms, one nonphenolic oxygen atom is significantly structure of7b by MM2 calculations, two nonphenolic oxygen
deviated from the other five that are almost on the same plane. atoms are much apart from the cavity plane consisting of the
Such an arr{:mgement is unfavorable for c_:omplexation with any giner oxygen atoms, since the two phenolic oxygen atoms are
alkali metal |ons.'lr6a the two nonphenolic oxygen atoms are |,cated close to each other. Although this situation is similar to
only s_llghtly d_ewate_d from the other four, making the COM- " that in6b, 7b has six ether oxygen atoms that can contribute to
plexation feasible. Since these two oxygen atoms are mobile iNthe complexation with metal ions. The size and geometry of

contrast with the four phenolic oxygen atoms, the cavity size . .
o . . ; cavity formed by these oxygen atoms must be suitable for
of the 18-crown-6 moiety is probably induced to fit the size of . ;
capturing the K ion.

alkali metal ions. Although it is difficult to estimate the cavity - .
size of6a in solution,6ais apt to have the most suitable size ~ The selectivity of6aand7b toward the K over the Nd ion

for the K* ion. was further investigated with an ion-selective electrode. The
The competition experiments witida and 7b were also selectivity coefficientsKna k), which correspond to the ability
performed under conditions similar to thoseGa and 6b. As of the ion-selective electrode to distinguish betweert ldad

4332 J. AM. CHEM. SOC. = VOL. 124, NO. 16, 2002



Cgo-Bisadducts Containing a Dibenzocrown Ether Moiety

ARTICLES
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Figure 3. ESI-mass spectra of (&aand (b)7b in the presence of alkali
metal ions. Solvent: CH@MeOH (1:1 (v/v)). Concentration:6] = [Li*]
= [Na'] = [K*] = [Rb*] = [Cs'] = 0.1 mM.

K* ions, were determined for the electrodes contaiiagrb,
and dibenzo-18-crown-6 as a reference by the separate solutiorconditions for comparison. Thé&;, values are obviously

method!®

The Kna kPt values are calculated from eq 5,

pot __
KNa,K

(Ex — En)(ZyF)/2.30RT+ (1 — Z,/Z,) log ay,

®)

where E is the obtained electromotive force (emd,is the

charge on cationsk is the Faraday constanR is the gas
constant,T is the temperature, ana\, is the activity of the
Na' ion. SinceZy, andZ are 1, eq 5 is simplified into eq 6.

pot __
KNa,K -

(Ex—Ep)F/2.30RT

(6)

pot

Thus, ifEnaandEg are given at the sansevalues, theKy,
value can be obtained. By utilizing th&y, and Ex values for

the 0.1 M cation solutions (i.eana

a = 0.1), theK{Y

Table 2. Half-Wave Potentials of [60]Fullerene and Its

Derivatives?
compd El E2
Cs0 —0.93 —1.35
10 —1.06 —1.47
6aP —-1.22 —1.66
9a —1.22 —1.63
9b —1.20 —1.59

aV vs Fc/Fc. P Measured in the presence of 1 equiv of [2.2.2]cryptand.

analyze the effect of bisaddition patterns on the electrochemical
properties, we have also determined the redox potentials of
bisadducts9a (e) and 9b (cis-2) obtained from2.11 Their
substituents, two dialkoxybenzene moieties, are regarded as
comparable to those ofa. Both 9a and 9b afforded two
reversible waves, whose potenti&g, are quite similar to each
other, as shown in Table 2. Table 2 also lists Eag values of
[60]fullerene and monoaddudtO measured under the same

negative-shifted in the order of [60]fullerene, monoaddi@t
and bisadductstg@, 9a, and9b) corresponding to the decrease
of electron affinity. However, there is only a slight difference
among the three bisadducts, suggesting that the electron affinity
is not appreciably influenced by addition sites, at leastcfer
2, e, andtrans4 isomers. Diederich et al. also reported that
trans-1, -2, and -3 biscyclopropanated adducts aftéydvalues
similar to one anothe¥

The CV of 6a was also carried out in the presence of 10
equiv of KPR, to examine the effect of the Kion. Addition
of KPFs made the voltammogram quite irreversible with the
potentials unchanged. The origin of this irreversibility is not
clear, but it is probable that the'kon interacts with the anion
radical species generated during the redox process. Addition of
excess [2.2.2]cryptand reproduced the original voltammogram
observed in the absence of K@Mhich indicates that the K

values for6aand7b were determined as 42 and 49, respectively. binding process witléa was reversible.
Intriguingly, these values are much higher than tkatg) of
dibenzo-18-crown-6 electrode, indicating the higher selectivity spectra of three bisadduct regioisomers-2, cis-3, ande,
of 6a and 7b toward K". Such high selectivity suggests that
the fullerene skeleton forces the ring size and/or geometry of distinct emission with a maximum at 745 nm, whereés2
crown ether moiety to be suited for the complexation with K

ion.

2. Electrochemical Properties.The electrochemical proper-
ties of 6a were investigated by cyclic voltammetry (CV) in
benzonitrile at room temperature. Singawas found to form
the K complex, CV was performed in the presence of 1 equiv
of [2.2.2]cryptand that is able to bind the*Kion. Two
quasireversible waves were observed, assignable to the reductioi©so moiety of6a can be exclusively excited, to give the locally
of the Go moiety, and theE;, values are listed in Table 2. To

(15) Guilbault, G. G.; Durst, R. A.; Frant, M. S.; Freiser, H.; Hansen, E. H,;
Light, T. S.; Pungor, E.; Rechnits, G.; Rice, N. M.; Rohm, T. J.; Simon,
W.; Thomas, J. D. RPure Appl. Chem1976 48, 129.

3. Fluorescence SpectralVe have reported the fluorescence
prepared froml; the cis-3 isomer (1) afforded a relatively

and e only gave quite weak and poorly resolved emissibn.
These features were found to be dependent on addition patterns,
almost independent of the substituents on the benzene rings.
Thus, among the bisadducts obtained in the present study, the
fluorescence spectrum tfans4 isomer6a was measured in
both cyclohexane and benzonitrile upon 400-nm excitation at
room temperature (Figure 4). At this excitation wavelength, the

excited singlet state of the¢& moiety. In cyclohexane6a

affords a relatively well-defined emission, which appears to be
the mirror image of the longest absorption band with an
extremely small Stokes shift. These behaviors are similar to
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Figure 4. Fluorescence spectra8éin cyclohexane and benzonitrile upon
400-nm excitation at room temperature.

those ofl1. The fluorescence intensity 6&is also comparable

to that of 11, although the precise quantum yield has not been
determined. However, the maximum position in the fluorescence
of 6a (711 nm) is blue-shifted (ca. 30 nm) relative to that of
11, corresponding to the shift in the;SS band of the
absorption spectrum.

To investigate the solvent effect, the fluorescence spectrum
of 6awas measured in benzonitrile. Although the shape of the
spectrum is rather broadened and slightly red-shifted, the
intensity is almost unchanged relative to that in cyclohexane.
It has been reported that the fluorescence of [60]fullerene
derivative with anN,N-dimethylaniline moiety was quenched
in a polar solvent by the intramolecular electron tranfer.
Apparently, such an electron transfer is not involve@ansince
the fluorescence is hardly quenched in benzonitrile. This result
is ascribed to the lack of electron-donating ability of the
dialkoxybenzene moieties iBa.

The fluorescence spectra 6& were also measured in the
presence of KP& since the complexation with K was
recognized in the ESI-MS. The addition of a large excess of
the K* ion, however, had no effect on the fluorescence intensity

with a relatively high regioselectivity. Frodwith a medium-
sized ring,trans4 bisadduct7a was obtained as the major
product, though the selectivity was lower than thaBiand a
small amount oéisomer7cwas also obtained. On the contrary,

5 with the largest ring exclusively gawebisadduct8, similar

to 1c with a single oligomethylene linkage. The relative
arrangement of twa-quinodimethane species was most ef-
fectively regulated in the case 8f The complexation behavior

of these bisadducts with alkali metal ions was different; the size
and geometry of the cavity formed by the crown ether ring
depended on the addition pattern and the number of ether oxygen
atoms. Intriguingly,6a and 7b displayed remarkably high
selectivity toward the K ion; their selectivity coefficients
(KRx ) toward K over Na ion, determined with an ion-
selective electrode, were higher than that of dibenzo-18-crown-6
itself. This high Kr-selectivity suggests the potential application
of these bisadducts in biological systems.

Experimental Section

General. NMR spectra were recorded on a JE@500 FT NMR
spectrometer with tetramethylsilane as an internal standard. FAB-mass
spectra were taken on a JEOL JMS-HX100A mass spectrometer. APCI-
mass spectra were taken on a Shimadzu QP8000 mass spectrometer.
ESI-mass spectra were taken on a Perkin-Elmer Sciex API-100 mass
spectrometer. Absorption spectra were recorded on a Hitachi U3210
spectrophotometer. Fluorescence spectra was measured on an Hitachi-
4010 spectrofluorimeter. The MM2 calculation was performed by CS
Chem 3D Pro Ver 5.0 (Cambridge Soft Corporation). Toluene was
distilled over sodium after prolonged heating. Other materials and
reagents were commercially available and used without further purifica-
tion.

Electrochemical measurementsCyclic voltammetry (CV) was
performed on a Hokuto HAB-151 potentiostat/galvanostat with a
function generator. The working electrode was a platinum disk and
the counter electrode a platinum wire. The reference electrode was an
Ag/0.01 M AgNG; electrode filled with 0.1 Mh-BusNPF; in benzoni-
trile (BN). Measurements were run at room temperature on a 0.2 mM
solution of the sample in BN containing 0.1 kBu,NPF as the
supporting electrolyte, after the solution was deaerated by bubbling
argon gas. Voltammograms were recorded on a Graphtec WX-1100
X—=Y recorder at a sweep rate of 200 mVAsAll the potentials were
referenced to the Fc/Foredox couple observed &t0.07 V vs Ag/
AgNOs.

General Procedure For Determination of Selectivity Coefficients
by the lon Selective Electrode.The ion sensitive membrane of the
poly(vinyl chloride) matrix was prepared as follow$&a (0.9 mg),
o-nitrophenyl octyl ether (63 mg), poly(vinyl chloride) (25 mg), and
potassium tetrakiptchlorophenyl)borate (0.6 mg) were dissolved in
THF (1 mL). The solution was injected to fill the final 4 mm of the tip
of a glass pipet (0.74 mm i.d.). A transparent membrane was obtained

or Wavelength- This observation suggests that the crown etheryy eyaporation of the solvent at room temperature. The electrode was
moiety is located not so close to the fullerene surface as to affectconditioned with soaking in 0.3 M KCI solution during 15 h before

the electronic properties of fullerene moiety in the excited state.

use. The reference electrode was ansgfC| electrode with agar bridge

Thus, it seems difficult to apply these bisadducts as fluorescentcontaining 50 mM NacCl. The electrode cell for emf measurement is as

sensors for the Kion.
Summary

In the reaction of [60]fullerene witlB—5 containing a
dibenzocrown ether moiety, the regioselectivity was remarkably
dependent on the ring size. Precur8awith the smallest 18-
crown-6 ring producettans-4 bisadducbaas the major product

(16) Nakamura, Y.; Minowa, T.; Hayashida, Y.; Tobita, S.; Shizuka, H.;
Nishimura, JJ. Chem. Soc., Faraday Tran996 92, 377.
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follows: Ag-AgCl/4 M KCI/PVC membrane/sample solution/0.05 M
NaCl agar bridge/4 M KCI/AgCAg. Emf was measured at 25 0.5
°C with a digital mV meter. Thda(i’?j"t (i, primary ion; j, interfering ion)
values were calculated from response potential in a 0.1 M cation
chloride solution by the separate solution method.

Preparation of Tetrakis(bromomethyl)dibenzo-18-crown-6 ether
(3). To a mixture of paraformaldehyde (0.41 g, 13.6 mmol) and dibenzo-
18-crown-6 ether (0.50 g, 1.38 mmol) dissolved in AcOH (250 mL)
were added sodium bromide (1.0 g, 9.7 mmol) and®; (4 mL).
After being stirred for a week at room temperature under a nitrogen
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atmosphere, the reaction mixture was poured into ice water and Preparation of Bisadducts 7a, 7b, and 7cTo [60]fullerene (79.8
extracted with benzene. The benzene extracts were washed with watermg, 0.11 mmol) dissolved in toluene (300 mL) by sonication were
dried over sodium sulfate, and concentrated under reduced pressure t@dded potassium iodide (0.405 g, 2.44 mmol), 18-crown-6 ether (1.29
give 0.80 g (79% yield) o8 as yellowish powder, which was subjected g 4.88 mmol), and precursdr(100 mg, 0.12 mmol). The mixture was

to the next reaction without further purification. refluxed under a nitrogen atmosphere for 60 h, cooled to room
H NMR (CDCl;, 500 MHz)6 6.81 (4H, s), 4.59 (8H, s), 4.17 (8H,  temperature, washed with 5% KCI aqueous solution (500 mL), 3%

t,J=4.4 Hz), 3.99 (8H, tJ = 4.4 Hz). HRMS (FAB) calcd for @&Has NaHSQ aqueous solution (500 mL), and water (500 mL), and dried

Br,Os (MT) 727.8619, found 727.8604. over sodium sulfate. After insoluble materials were removed by
Preparation of Tetrakis(bromomethyl)dibenzo-24-crown-8 ether filtration, the solvent was removed under reduced pressure. Purification

(4). To a mixture of paraformaldehyde (0.65 g, 21.7 mmol) and dibenzo- of the residue by column chromatography (silica gel, chloroform/ethyl
24-crown-8 ether (0.45 g, 1.0 mmol) dissolved in AcOH (200 mL) acetate) gave three bisaddu@& 7b, and 7c (7a7b:7c = 23:10:2,
were added sodium bromide (2.3 g, 22.3 mmol) an8® (4 mL). total 47 mg, 35% vyield).

The mixture was stirred at room temperature under a nitrogen  Spectroscopic data dfa, 7b, and7c are as follows.

atmosphere for a week. The white precipitate formed during the period  7a: *H NMR (CDCls, 500 MHz) 6 7.07 (2H, s), 6.94 (2H, s), 4.52
was separated from the solution by filtration, washed with water, and (2H, d,J = 13.5 Hz), 4.42 (4H, m), 4.27 (4H, m), 4.11 (2H, m), 4.07
dried under vacuum to give 0.6 g (72% yield)és yellowish powder, (2H, d,J = 13.1 Hz), 3.83-3.91 (6H, m), 3.72 (2H, m), 3.583.65
which was subjected to the next reaction without further purification. (4H, m), 3.53 (2H, m), 3.17 (2H, m), 3.09 (2H, MJC NMR (CDCl,

'H NMR (CDCls, 500 MHz)6 6.83 (4H, s), 4.59 (8H, s), 4.15 (8H, 125 MHz) 6 155.96, 154.86, 153.06, 151.73, 151.47, 149.72, 149.54,
t,J = 4.3 Hz), 3.90 (8H, tJ = 4.3 Hz), 3.80 (8H, s). Anal. Calcd for 14950, 148.55, 148.23, 148.17, 146.74, 146.57, 146.44, 146.31, 146.23,
CagH36Brs0s: C, 41.00; H, 4.42. Found: C, 41.30; H, 4.37. 145.83, 144.82, 143.66, 142.76, 142.68, 142.20, 141.92, 141.42, 141.03,

Preparation of Tetrakis(bromomethyl)dibenzo-30-crown-10 ether 141.00, 138.82, 137.58, 135.97, 135.25, 132.94, 130.49, 129.93, 118.47,
(5). To a mixture of paraformaldehyde (0.38 g, 12.6 mmol) and dibenzo- 114.06, 70.46, 70.11, 69.99, 69.45, 69.10, 68.72, 65.38, 65.22, 29.69.
30-crown-10 ether (0.45 g, 0.84 mmol) dissolved in ACOH (150 mL) APCI MS mvz 1220 (M).
were added sodium bromide (1.3 g, 12.6 mmol) ap8®j (0.65 mL). 7b: *H NMR (CDCl;, 500 MHz)d 7.52 (2H, s), 7.05 (2H, s), 4.62
After being stirred for 20 days at room temperature under a nitrogen (24, m), 4.56 (2H, m), 4.55 (2H, d, = 14.0 Hz), 4.45 (2H, m), 4.22
atmosphere, the reaction mixture was poured into ice water and (24 m), 4.09 (4H, m), 3.98 (2H, dl = 14.6 Hz), 3.97 (2H, dJ =
extracted with benzene. The benzene extracts were washed with waterj 3 7 Hz), 3.91 (4H, m), 3.72 (2H, d,= 13.7 Hz), 3.68 (2H, m), 3.50
dried over sodium sulfate, and concentrated under reduced pressure tQoH m), 3.14 (2H, m), 2.93 (2H, m}3C NMR (CDCk, 125 MHz)d
give 0.56 g (73% yield) 08 as yellowish powder, which was subjected 161,58, 159.0, 151.11, 149.72, 149.06, 148.09, 147.71, 147.40, 147.31,
to the next reaction without further purification. 147.28, 146.92, 146.46, 145.73, 145.34, 145.14, 144.97, 144.61, 144,52,

'H NMR (CDCl;, 500 MHz)6 6.84 (4H, s), 4.59 (8H, 5), 4.15 (8H, 144,33, 143.75, 142.66, 141.77, 141.36, 137.92, 133.41, 132.82, 131.77,
t, J= 4.6 Hz), 3.87 (8H, tJ = 4.6 Hz), 3.75 (8H, tJ = 4.7 Hz), 3.67 130.75, 121.89, 120.99, 117.35, 71.00, 70.97, 70.95, 70.65, 70.34, 70.20,
(8H, t,J = 4.6 Hz). Anal. Calcd for H4Br,sOs. C, 42.31; H, 4.88. 63.49, 62.87, 44.16, 42.83. APCI M&z 1220 (M").

Found: C, 42.10; H, 4.96. 7¢, *H NMR (CDCls, 500 MHz) 6 7.48 (1H, s), 7.15 (1H, s), 7.04

Preparation of Bisadducts 6a and 6b.To [60]fullerene (89 mg, (1H, s), 6.91 (1H, ), 4.81 (1H, m), 4.54 (4H, m), 4.47 (1HJd=
0.124 mmol) dissolved in toluene (300 mL) by sonication were added 1, g Hz,) 4.40 (1|_i m’) 422 (1H, d=14.9 H2) 413 (1H, m) 3.09
pOtaSSium jodide (0512 g, 2.48 mmOl), 18-crown-6 ether (1314 g, 4.09 (4H, m), 3.823.90 (8H, m)’ 3.76 (1H, m)’ 3.65 (2H, m), 3.38
4.97 mmol), and precurs@& (100 mg, 0.137 mmol). The mixture was (2H, m), 3.29 (1H, dJ = 14.6 Hz), 3.21 (1H, m), 3.07 (2H, m), 2.88
refluxed under a nitrogen atmosphere for 60 h, cooled to room (1H, m), 2.53 (1H, m). APCI MSn/z 1220 (M).
temperature, washed With 5% KCI aqueous solution (500 mL), _3% Preparation of Bisadduct 8.To [60]fullerene (72.0 mg, 0.10 mmol)
NaHSQ aqueous solution (590 mL), and wat_er (500 mL), and dried dissolved in toluene (300 mL) by sonication were added potassium
over sodium sulfate. After insoluble materials were removed by ;oo (0.341 g, 2.05 mmol), 18-crown-6 ether (1.10 g 4.17 mmol)
filtration, the solvent was removed under reduced pressure. Purification | pI’ECl.Jl’SOB (,91.mg 0.10 ;nmol) The mixture wés reﬂu;<ed under,
of the residue by GPC gave mainly two bisaddagmajor) andéb a nitrogen atmosphere for 40 h, cooled to room temperature, washed
(minor) (total 90 mg, 64% yield), which were successfully separated with 5% KCI aqueous solution (500 mL), 3% NaH$@jueous solution

by PTLC (silica_ gzl, ch(lé)rofo:jm/t;athyl aceftallre 4/1). (500 mL), and water (500 mL), and dried over sodium sulfate. After
Sp'elctroscoplc ata &fa and6b are as follows. insoluble materials were removed by filtration, the solvent was removed
6a: *H NMR (CDCl, 500 MH2)0 7.01 (2H, s), 6.75 (2H, 5), 45 under reduced pressure. Purification of the residue by column chro-

4.6, (6H, m), 4.28 (4H, m), 4.15 (2H, m), 3.97 2H, =125 Hz), 1 5i00ranhy (silica gel, chloroform/ethyl acetate) gave bisadgiget
379 (2H, dJ = 132 Hz), 3.73 (2H, m), 354 (2H, m), 318 (4H, m). T Tl o

13C NMR (CDCh, 125 MHz)0 155.57, 155.24, 153.21, 151.06, 149.35,
148.83, 148.57, 146.30, 146.22, 145.98, 145.69, 145.56, 144.85, 144‘61’(1HHS')\I'\ggg(c(:féct’s)S(A)lOG&H:()) ‘2674'%1)(1?;1;?’13%52'4(12)’ 53)'9;'11
143.14, 142.87, 142.02, 141.93, 141.64, 141.12, 140.76, 138.86, 136.755 (. > " » 03), 4.09%. M), 2494, - m) .
3.92 (4H, m), 3.963.78 (15H, m), 3.523.49 (2H, m), 3.3:3.20
136.46, 135.38, 13144, 129.95, 129.23, 122.05, 115.29, 69.10, 68.83,2 1 5 1075 91 (3 ) 2.93.9.77 (911, 1), APCI Mtz 1508
68.59, 67.40, 66.15, 65.74, 44.35, 43.37. FAB WM& 1132 (M"). (M;m)" 01 (3H, m), 2.932.77 (2H, m). z
6b: "H NMR (CDCh, 500 MHz) 7.58 (2H, s), 6.98 (2H, s), 470 ()
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