
J. Chem. Soc., Perkin Trans. 1, 1998 179

Synthesis and metal-binding properties of [60]fullerene-linked
calix[4]arenes: an approach to ‘exohedral metallofullerenes’

Masaru Kawaguchi, Atsushi Ikeda and Seiji Shinkai*
Department of Chemical Science & Technology, Faculty of Engineering, Kyushu University,
Fukuoka 812, Japan

‘Fullerenocalixarenes’ in which [60]fullerene is covalently linked through two ionophoric chains to a
cone-calix[4]arene 1 or to a 1,3-alternate calix[4]arene 2 have been synthesized for the first time: although
the absorption spectrum of  2 is scarcely changed upon addition of  metal cations, that of  1 is affected
by added Li1, Na1 and Ag1, indicating the formation of  exohedral [60]fullerene–metal complexes.

Introduction
The ready availability of [60]fullerene has increasingly invited
exploration of its outstanding physical and chemical proper-
ties. Of these the superconductivity observed for certain
endohedral metallofullerenes has proved a most attractive
subject for research.1 This phenomenon first observed for
endohedral metallofullerenes may also be shared by exohedral
compounds: that is, the metal cation immobilized onto the
[60]fullerene surface should facilitate the electron injection
into the [60]fullerene shell and stabilize the C60

2?M1 com-
plexes. As the first step to test this intriguing hypothesis, the
synthesis of ionophoric [60]fullerene derivatives in which a
metal-binding site is closely situated near the [60]fullerene
surface, is necessary. Such [60]fullerene derivatives with
ionophoric functional groups have been reported by several
groups 2–8 but spectroscopic evidence for the direct [60]-
fullerene–metal interaction was obtained only in a few sys-
tems.4,7,8 We considered that this working hypothesis would be
realized most conveniently and most efficiently by using iono-
phoric calixarenes, since they not only provide strong and
well-characterized ionophoric cavities but also interact with
[60]fullerene in the solid state and in solutions. It is known
that the highly ion-selective and highly ionophoric cavities can
be created by the appropriate modification of the lower rim
OH groups while the upper rim π-basic cavities of certain
calixarenes can accept [60]fullerene even in solution.9–16 It thus
occurred to us that if  [60]fullerene is used as a ‘lid’ for the
ionophoric cavity, a metal cation bound therein would inevitably
interact with the [60]fullerene surface. With these objectives in
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mind we designed compounds 1 and 2 in which [60]fullerene
is included as a ring member of the ionophoric cavities. We
have found that, as expected, several metal cations bound to
the ionophoric cavities can change the absorption spectra of
the [60]fullerene moiety, supporting the presence of a signifi-
cant [60]fullerene–metal interaction.

Results and discussion
Compound 1 was synthesized from 25,27-dihydroxy-26,28-
bis(methoxyethoxy)-5,11,17,23-tetra-tert-butylcalix[4]arene 3 17

in three steps (Scheme 1). Compound 3 was treated with an

Scheme 1 Reagents: i, BrCH2CH2OCH2CH2Br, NaH, DMF; ii, NaN3,
DMF; iii, C60, chlorobenzene
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excess of bis(2-bromoethyl) ether in order to avoid the possible
intramolecular cyclization with the 25- and 27-OH groups.
NaH was chosen as base to keep the conformation in a cone.
The terminal Br groups in 4 were treated with NaN3 after which
the resultant azide 5 was allowed to react with [60]fullerene in
chlorobenzene under conditions of high dilution. The yield of
1 (from compound 4) was 21%.

Compound 2 was synthesized from 25,27-dihydroxy-26,28-
bis(ethoxyethoxy)calix[4]arene 18 in seven steps (Scheme 2). The

first essential step is 7→8 where the conformation is immobil-
ized in a 1,3-alternate fashion by using Cs2CO3 as base.
The yield is very high (95%). The second essential step is 12→2
where [60]fullerene is appended to 1,3-alternate-calix[4]arene
as a ring member. Although the reaction was carried out

Scheme 2 Reagents: i, Br2, CHCl3; ii, EtOCH2CH2Br, Cs2CO3, acet-
one; iii, BuLi, DMF, THF; iv, LiBH4, THF; v, SOCl2, pyridine, CH2Cl2;
vi, NaN3, DMF; vii, C60, chlorobenzene
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under conditions of high dilution, the yield was very low (3%
from 11).†

It is known that when [60]fullerene reacts with an azide
reagent,19 there are two theoretically possible modes of bond
formation, which can lead to 5,6-open and 6,6-closed isomers.
The 13C NMR spectra of 1 (100 MHz, CDCl3, 25 8C) gave 59
peaks. Of these, 32 peaks were assignable to the fullerene car-
bons, which consist of 28 pairs of two equivalent carbons and
four inequivalent carbons created by the adduct formation.
This splitting pattern is commensurate with the 5,6-open
bisaza-substituted homofullerene structure.8,19 This view is fur-
ther supported by the following findings: (i) no peak appeared
in the sp3-carbon region, (ii) a carbon which is covalently-linked
to two nitrogens (carbon b in Fig. 1A) appears at very low
magnetic field (164 ppm), which is a characteristic of the 5,6-
open structure,8,19 and (iii) there exist three peaks which are
assignable to the But group (30.98, 31.13 and 31.77 ppm); this
implies that two But groups in the methoxyethoxyphenyl units
are inequivalent because of asymmetry between the right hemi-
sphere and the left hemisphere (in Fig. 1A) of the 5,6-open
structure.

In the 1H NMR spectrum of 1 (400 MHz, CDCl3 :
CD3OD = 5 :1, v/v, 25 8C), the assignment was accomplished
with the aid of 1H-1H COSY and 1H-1H NOESY measure-
ments. The results are shown in Fig. 1B. Because of asym-
metry in the 5,6-open structure, all methylene protons in two
bridge chains appeared as a pair of doublets. On the other
hand, two But groups in the methoxyethoxyphenyl units, which
were inequivalent in 13C NMR spectroscopy, appeared very
closely (1.37 and 1.38 ppm). Interestingly, the chemical shifts
of But and ArH protons in the methoxyethoxyphenyl units
largely shift to lower magnetic field (1.37–1.38 ppm and 7.18
ppm, respectively) compared with those in the [60]fullerene-
bridged phenyl units (0.83 and 6.49–6.50 ppm, respectively).
The difference suggests that the two [60]fullerene-bridged
phenyl units are erect because of sterical regulation arising
from the [60]fullerene-containing ring system whereas the two
methoxyethoxyphenyl units are more flattened, resulting in a
C2ν-symmetrical calix[4]arene skeleton. The foregoing 1H and
13C NMR spectroscopic data support the structure of 1 in
which [60]fullerene is linked to a C2ν-symmetrical calix[4]arene
via two ethylene oxide chains.‡

Fig. 1 (A) Binding mode of the C60 moiety in 1. (B) 1H NMR chemical
shifts (in ppm) in 1.
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† As a solvent for the reaction of benzyl azide derivatives, ethanol is
more favourable than DMF. In the present system, however, compound
11 was almost insoluble in ethanol. Hence, we were obliged to use
DMF, which may be the main reason for the low yield.
‡ The structure of 2 was also determined according to a similar pro-
cedure (see Experimental section). However, detailed discussions of the
structure determination are omitted because of the limited change
in the absorption spectrum (vide post).
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The metal-binding properties were estimated using UV–VIS
absorption spectroscopy and 1H NMR spectroscopy. Addition
of metal cations (Li1, Na1, K1 and Ag1) to 2 in solution
(CHCl3–CH3OH = 5 :1, v/v) scarcely changed its absorption
spectrum. It is known that 1,3-alternate-calix[4]arenes have two
metal-binding sites composed of two phenolic oxygens and two
benzene π-systems where the cation-π interaction significantly
participates in the metal-binding event.18,20,21 The distribution
ratio between these two metal-binding sites is dependent upon
the relative strength of their ionophoricity.18,20,21 The 1H NMR
studies (CDCl3–CD3OD = 5 :1, v/v) showed that K1 and Ag1

are bound to 2 but localized in the upper (in the illustration of
2) binding site but not in the [60]fullerene-connected lower (in
the illustration of 2) binding site. Presumably, the [60]fullerene-
containing ring deforms the regular architecture of the lower
metal-binding site.

The 1H NMR spectra of 1 were measured in the presence of
each and every alkali-metal cation and Ag1. Of these ions, only
Li1, Na1 and Ag1 affected the chemical shifts, although no
peak splitting assignable to free 1 and 1?M1 complex was
observed at 25 8C (Fig. 2). In the presence of Ag1, most OCH2

methylene protons shift to lower magnetic field. Although there
are a few precedents in which Ag1 is bound to the upper rim π-
basic cavity,22 the chemical-shift change indicates that the pres-
ent calix[4]arene accepts Ag1 into the lower rim oxygenic cavity.
The large downfield shift and the small upfield shift observed
for the NCH2 methylene protons suggest that two nitrogens
also contribute to the Ag1-binding. The chemical shift change

Fig. 2 1H NMR chemical shift changes in metal (Li1, Na1 and Ag1)
complexes of 1: [1] = 5.00 mmol dm23, [LiClO4] = 500 mmol dm23,
[NaClO4] = [AgCF3SO3] = 50.0 mmol dm23, CDCl3–CD3OD = 5 :1
(v/v), 400 MHz, 25 8C. The 1 sign denotes a downfield shift while the
2 sign denotes an upfield shift (in ppm).
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in this system is affected by two independent factors, i.e. the
downfield shift effect induced by Ag1 complexation and the
upfield shift effect induced by the deshielding of [60]fullerene
anisotropy. The NCH2 protons give two different chemical
shifts. We explain this as follows: upon binding of the Ag1,
one proton, the chemical shift of which moves to lower
magnetic field, becomes close to the [60]fullerene surface
whereas another proton, the chemical shift of which moves to
higher magnetic field, leaves it. Of further interest is the
chemical-shift change observed for the But groups: the But

groups in the erect [60]fullerene-bridged phenyl units shift to
lower magnetic field, whereas those in the flattened methoxy-
ethoxyphenyl units shift to higher magnetic field. This result
suggests that the erect [60]fullerene-bridged phenyl units are
flattened whereas the flattened methoxyethoxy phenyl units
become erect to give a nearly C4ν-symmetrical structure with
an ionophoric cavity suitable to bind the Ag1.

The chemical-shift change induced by addition of Na1

was basically similar to that induced by the addition of Ag1

(Fig. 2). We thus consider that Na1 is also bound to a lower rim
oxygenic cavity constructed on a C4ν symmetrical calix[4]arene.
In contrast, the chemical-shift change induced upon addition
of Li1 was relatively small and the signals were partially broad-
ened. Hence, the chemical-shift assignment was possible only
for several characteristic protons (Fig. 2). The chemical-shift
change in the But groups indicates that the C2ν symmetrical
calix[4]arene ring is converted into the C4ν symmetrical one
upon binding with Li1. Hence, Li1 is bound to 1 in a similar
manner to that of Ag1.

The [60]fullerene–metal interaction in 1 was investigated with
UV–VIS absorption spectroscopy in a CHCl3–CH3OH (5 :1, v/
v) solution at 25 8C. In accordance with the 1H NMR spectro-
scopic data, Li1, Na1 and Ag1 changed the absorption spectra.
Since the spectral pattern was similar for each, a typical spectral
change for Ag1 is shown in Fig. 3 and plots of A325 versus metal
concentrations are illustrated in Fig. 4. It is seen from Fig. 4 that

Fig. 3 Absorption spectral change of 1 in the absence and the pres-
ence of AgCF3SO3: [1] = 2.00 × 1025 mol dm23, [AgCF3SO3] = 0–4.00
mmol dm23, 25 8C, CHCl3–CH3OH = 5 :1 (v/v)

Fig. 4 Plots of A325 versus metal concentrations
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Ag1 shows the largest spectral change which is visually detect-
able as a solution colour change from brownish orange to red-
dish orange. The large influence of Ag1 on the [60]fullerene
absorption spectrum is rationalized by the following two major
factors: (i) in contrast to ‘hard’ alkali-metal cations which
feature high affinity with ‘hard’ oxygenic bases, ‘soft’ Ag1 tends
to be bound to the ‘soft’ nitrogen site (i.e. near the [60]fullerene
surface) 7,8 and (ii) participation of cation-π interactions is
expected between Ag1 and the π-basic [60]fullerene surface.23,25

In order to determine the association constants (Kass) from
Fig. 4 one has to estimate the stoichiometry of these complexes.
Although it seems reasonable to consider that only a 1 :1 com-
plex results from a closed ionophoric cavity like 1, the concomi-
tant formation of a 1 :2 calixarene–metal complex is reported
for a few systems.26,27 Although we tried Job’s plots for A325

versus [metal]/([1] 1 [metal]), the absorbance change was too
small to determine the maximum points. Hence, we obtained
evidence for the 1 :1 stoichiometry by indirect methods. Firstly,
mass spectrometry (positive SIMS) of 1 was measured in the
absence and the presence of 1.5 equiv. of metal salt (LiClO4,
NaClO4 or AgCF3SO3) using o-nitrophenyl octyl ether as a
matrix. In the absence of metal salt the parent peak appeared at
m/z 1656 ([M 1 H]1). In the presence of metal salts the parent
peak appeared at m/z 1662 for [M 1 Li]1, 1678 for [M 1 Na]1

and 1763 for [M 1 Ag]1, whereas the peak [M 1 2 metal 1
anion]1 which is assignable to a 1 :2 calixarene–metal com-
plex 26,27 was not detected. Secondly, the plots in Fig. 4 were
analysed according to Hill’s equation;28 y (degree of satur-
ation) = Kass[metal]n/(1 1 Kass[metal]n). The Hill coefficients
(n) were 0.99 for Li1, 0.84 for Na1 and 0.89 for Ag1. These
results consistently support the view that 1 forms only 1 :1
complexes with these metal cations. Thus, the Kass values were
determined according to Benesi–Hildebrand’s equation 29

assuming the formation of 1 :1 complexes: Kass = 2.2 × 103 dm3

mol21 for Li1, 2.0 × 103 dm3 mol21 for Na1 and 3.0 × 103 dm3

mol21 for Ag1. Although the spectral change in the presence of
Ag1 is much greater than those in the presence of Li1 or Na1,
the Kass for Ag1 is only slightly larger than those for Li1 or Na1.
This again supports the idea that Ag1 is bound mainly to nitro-
gen atoms and favourably interacts with the π-basic [60]fuller-
ene surface.

In conclusion, the present paper reports the first synthesis of
‘fullerenocalixarenes’ in which calix[4]arene and [60]fullerene
are included in the same ionophoric ring system. As expected,
several metal cations added from the outside of [60]fullerene
can influence the electronic spectra of the [60]fullerene moiety.
It is not yet clear whether this influence is due to the direct
metal–[60]fullerene surface interaction or due to the indirect
inductive effect through the metal–N interaction, but this effect
is undoubtedly a new method to change the electronic state of
[60]fullerene by added metal cations. The preparation of endo-
hedral metallofullerenes is complicated and a large-quantity
synthesis has yet to be accomplished. We believe that exohedral
metallofullerenes in which an ionophoric site to trap metal cat-
ions is located near the [60]fullerene surface can be a poten-
tial alternate approach to the control of fullerene functions.
Further studies (including electrochemical investigations) are
now being continued in this laboratory.

Experimental
1H NMR measurements (250 MHz) were carried out with a
Bruker AC-250P instrument. For the structural characteriz-
ation a JEOL GX-400 spectrometer was used (400 MHz for 1H
and 100 MHz for 13C). Mass spectra were recorded on a Hitachi
M-2500 spectrometer.

25,27-Bis(methoxyethoxy)-26,28-bis(5-bromo-3-oxapentoxy)-
5,11,17,23-tetra-tert-butylcalix[4]arene 4
25,27-Dihydroxy-26,28-bis(methoxyethoxy)-5,11,17,23-tetra-

tert-butylcalix[4]arene 3 (1.00 g, 1.30 mmol) dissolved in DMF
(30 ml) was treated with oil-dispersed NaH (0.50 g, net NaH
13.1 mol) under a nitrogen atmosphere for 30 min. After this,
bis(2-bromoethyl) ether (1.30 ml, 11.2 mmol) was added to the
mixture which was then stirred at room temperature for 48 h.
The reaction was stopped by adding aqueous 1 mol dm23 HCl
to the mixture which was then extracted with chloroform. The
organic layer was washed twice with water, dried (MgSO4) and
evaporated to dryness. The oily residue was then subjected to
preparative TLC separation (silica gel, eluent: hexane–ethyl
acetate = 2 :1, v/v) to give 4 (0.21 g, 15%) as an oil; δH(250 MHz;
CDCl3) 1.01 and 1.38 [each 9 H, each s, C(CH3)3], 3.12 (2 H, d,
J 12.6, ArCH2Ar), 3.46 (3 H, s, OCH3), 3.50 (2 H, t, J 6.4,
CH2CH2Br), 3.83–3.85 (4 H, m, ArOCH2CH2), 4.07 (4 H, t, J
6.6, ArOCH2CH2), 4.16 (2 H, t, J 5.7, OCH2CH2Br), 4.41 (2 H,
d, J 12.6, ArCH2Ar) and 6.70 and 6.86 (each 2 H, each s, ArH)
(Found: C, 65.86; H, 8.02. C58H82O8Br2?0.4C6H12 requires C,
66.05; H, 7.84%).

Compound 1
A solution of compound 4 (0.20 g, 0.18 mmol) in DMF (30 ml)
under a nitrogen atmosphere was treated with NaN3 (26.8 mg,
0.40 mmol) and the resultant solution was heated at 100 8C for
6.5 h. The solution was then diluted with water and the product
5 was extracted with diethyl ether. The ether layer was washed
twice with water, dried (MgSO4) and after filtration was mixed
with chlorobenzene (100 ml). After diethyl ether had been
removed by evaporation from the mixed solvent, the remaining
chlorobenzene solution was treated with C60 (0.13 g, 0.18
mmol). The mixture was then refluxed for 12 h after which it
was evaporated. The products were subjected to flash column
chromatography (silica gel, toluene) to remove unchanged
C60. The residual products were isolated by preparative TLC
(silica gel, eluent: dichloromethane–ethyl acetate = 15 :1, v/v)
to give 1 (67 mg, 21%) as a brown solid, mp (decomp.) >300 8C;
δH(250 MHz; CDCl3) 0.83 and 1.37 [each 18 H, each s, C(CH3)3],
3.18–3.20 (4 H, m, ArCH2Ar), 3.56 and 3.59 (each 3 H, each s,
OCH3), 3.82–3.88 (4 H, m, ArOCH2CH2OCH3), 3.94–4.07 (4
H, m, ArOCH2CH2OCH3), 4.19 (2 H, t, J 5.4, ArOCH2CH2O-
CH2CH2N), 4.33–4.53 (18 H, m, ArCH2Ar, OCH2CH2N,
OCH2CH2N, ArOCH2CH2OCH2CH2N), 6.49 (each 2 H, each
s, ArH) and 7.17 (4 H, s, ArH) (Found: C, 84.02; H, 5.20; N,
1.62. C118H82O8N2?CH3CO2C2H5 requires C, 83.74; H, 5.40;
N, 1.57%); m/z 1656 (M 1 H1).

5,17-Dibromo-25,27-dihydroxy-26,28-bis(ethoxyethoxy)-
calix[4]arene 7
A solution of compound 6 (2.81 g, 4.94 mmol) in chloroform
was treated with a chloroform solution (60 ml) containing
bromine (1.90 g, 11.9 mmol), added from a dropping funnel
over 1 h. The mixture was stirred at room temperature for 3 h
after which it was concentrated to dryness. The residue was
washed with methanol to give 7 (3.57 g, 98%) as a solid, mp
249.3–250.6 8C; δH(250 MHz; CDCl3) 1.27 (6 H, t, J 7.0, CH3),
3.30 and 4.39 (each 4 H, each d, each J 13.1, ArCH2Ar), 3.69 (4
H, q, J 7.0, CH2CH3), 3.91 (4 H, t, J 4.7, ArOCH2CH2), 4.15
(4 H, t, J 4.7, ArOCH2CH2), 6.78, 6.90 and 7.91 (2 H, 4 H and
2 H, respectively, t, d and s, respectively, each J 7.5, ArH) and
7.26 (2 H, s, OH) (Found: C, 58.62; H, 5.16. C36H38O6Br2?
0.11CHCl3 requires C, 58.64; H, 5.19%).

5,17-Dibromo-25,26,27,28-tetrakis(ethoxyethoxy)calix[4]arene
8
A suspension of compound 7 (3.00 g, 4.13 mmol) in acetone
(300 ml) was treated with Cs2CO3 (29.1 g, 82.6 mmol). Bis(2-
bromoethyl) ether (6.32 g, 41.3 mmol) was then added to the
reaction mixture after which it was heated at reflux temperature
for 24 h. After cooling, the mixture was diluted with ice–water
and extracted with chloroform. The extract was washed twice
with water, dried (MgSO4), filtered and concentrated to dryness.
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The residue was recrystallized from chloroform–methanol to
give 8 (3.40 g, 95%) as a solid, mp 168.0–170.2 8C; δH(250 MHz;
CDCl3) 1.30 and 1.48 (each 3 H, each t, each J 7.0, CH2CH3),
3.45–3.96 (16 H, m, CH2CH3, ArOCH2CH2, ArOCH2CH2,
ArCH2Ar) and 6.63, 7.06 and 7.33 (1 H, 2 H and 2 H, respect-
ively, t, d and s, respectively, each J 7.5, ArH) (Found: C, 60.13;
H, 6.15. C44H54O8Br2?0.08CHCl3 requires C, 60.15; H, 6.19%).

5,17-Diformyl-25,26,27,28-tetrakis(ethoxyethoxy)calix[4]arene
9
A suspension of compound 8 (2.00 g, 2.30 mmol) in THF (50
ml) was stirred at 278 8C whilst a hexane solution of butyl-
lithium (1.45 mol dm23; 7.92 ml) was added to it from a drop-
ping funnel over 1 h. After 1 h, DMF (3.53 ml, 45.9 mmol) was
added to the reaction mixture which was then stirred at room
temperature for 24 h. The reaction was stopped by addition of
aqueous 1 mol dm23 HCl to the mixture which was then
extracted with THF. The extract was concentrated to dryness
and the residue was dissolved in chloroform. The solution was
washed twice with water, dried (MgSO4), filtered and concen-
trated to dryness. The residue was recrystallized from
chloroform–methanol to give 9 (0.32 g, 18%) as a solid, mp
69.1–72.5 8C; νmax(Nujol)/cm21 1690 (C]]O stretch); δH(250
MHz; CDCl3) 1.32 and 1.35 (each 3 H, each t, each J 7.1,
CH2CH3), 3.44–4.12 (16 H, m, CH2CH3, ArOCH2CH3, ArO-
CH2CH2, ArCH2Ar), 6.63, 7.07 and 7.69 (1 H, 2 H and 2 H,
respectively, t, d and s, respectively, each J 7.6, ArH) and 9.68
(1 H, s, CHO) (Found: C, 71.23; H, 7.43. C46H56O10?0.06CHCl3

requires C, 71.28; H, 7.28%).

5,17-Bis(hydroxymethyl)-25,26,27,28-tetrakis(ethoxyethoxy)-
calix[4]arene 10
A solution of compound 1,3-alternate-9 (0.50 g, 0.65 mmol) in
THF (10 ml) was treated with LiBH4 (32.8 mg, 1.51 mmol) at
room temperature. After 3 h, the reaction was stopped by add-
ition of ice–water and aqueous 1 mol dm23 HCl to the mixture
which was then extracted with chloroform. The extract was
washed twice with water, dried (MgSO4), filtered and concen-
trated to dryness. The residue was recrystallized from
chloroform–hexane to give 10 (0.25 g, 50%), mp 88.4–89.2 8C;
νmax(Nujol)/cm21 3300 (OH stretch); δH(250 MHz; CDCl3) 1.30
and 1.33 (each 3 H, each t, each J 7.0, CH2CH3), 3.45–3.96 (17
H, m, CH2CH3, ArOCH2CH2, ArOCH2CH2, ArCH2Ar, OH),
4.44 (2 H, s, CH2OH), 6.70, 7.12 and 7.15 (1 H, 2 H and 2 H,
respectively, t, d and s, respectively, each J 7.5, ArH) (Found:
C, 71.27; H, 7.82. C46H60O10 requires C, 71.48; H, 7.82%).

5,17-Bis(chloromethyl)-25,26,27,28-tetrakis(ethoxyethoxy)-
calix[4]arene 11
A solution of compound 10 (0.15 g, 0.19 mmol) in dichloro-
methane (20 ml) containing pyridine (0.07 g, 0.85 mmol) was
stirred at room temperature whilst a dichloromethane solution
(5 ml) containing thionyl chloride solution (0.11 g, 0.85 mmol)
was added to it from a dropping funnel over 1 h. After 6 h, the
reaction was stopped by addition of water to the mixture which
was then extracted with chloroform. The extract was washed
twice with water, dried (MgSO4), filtered and concentrated to
dryness to give 11 (0.13 g, 83%), mp 53.3–56.1 8C; δH(250 MHz;
CDCl3) 1.31 and 1.36 (each 3 H, each t, CH2CH3), 3.42–3.93
(16 H, m, CH2CH3, ArOCH2CH2, ArOCH2CH2, ArCH2Ar),
4.46 (2 H, s, CH2Cl) and 6.62, 7.08 and 7.14 (1 H, 2 H and 2 H,
respectively, t, d and s, respectively, each J 7.5, ArH) (Found:
C, 67.90; H, 7.30. C46H58O8Cl2?0.04CHCl3 requires C, 67.88; H,
7.18%).

Compound 2
A solution of compound 11 (90 mg, 0.12 mmol) in DMF
(30 ml) under a nitrogen atmosphere was treated with NaN3

(20 mg, 0.26 mmol). The resultant mixture was heated at 100 8C
for 6.5 h after which it was diluted with water and extracted

with diethyl ether. The ether layer was washed twice with water,
dried (MgSO4) and filtered. The filtrate was mixed with chloro-
benzene (100 ml) after which diethyl ether was evaporated
from the mixed solvent. To the residual chlorobenzene solution
was added C60 (80 mg, 0.11 mmol) and the mixture was refluxed
for 36 h. After evaporation of the mixture, the products were
subjected to flash column chromatography (silica gel, toluene)
to remove unchanged C60. The residual products were isolated
by preparative TLC (silica gel, dichloromethane) to give 2 (4
mg, 3%) as a brown solid, mp (decomp.) >300 8C; δH(250
MHz; CDCl3) 1.09 (6 H, t, J 6.9, OCH2CH3), 1.43 (6 H, t, J 7.1,
OCH2CH3), 3.35–4.16 (32 H, m, ArCH2Ar, OCH2), 4.94 (2 H, t,
J 14.7, NCH2), 5.44 (2 H, t, J 14.8, NCH2), 6.59–6.70 [2 H,
m, ArH(para)], 7.11 [2 H, d, J 7.5, ArH(meta)], 7.17 [2 H, d,
J 7.5, ArH9(meta)], 7.38 [2 H, s, ArH(para)] and 7.47 [2 H, s,
ArH9(para)].
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