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A new crown ether styryl dye containing [6O]Fuller- 
ene moiety has been synthesized, and characterized 
by FT-IR, NMR and Mass spectra. Fluorescence spec- 
tra of the compound have also been studied. The 
results indicate a strong hypsochromic shift from 548 
nm to 526 nm is observed on cation complexation, and 
the intensity of peaks at 504 nm, 548 nm and 590 nm 
decrease as the metal cation concentration is increased 
at 77K. 

Keywords: fulleropyrrolidine, cycloaddition, supramolecular, 
dye 

Fullerenes possess a wide range of physical and 
chemical properties, which make them interest- 
ing buliding blocks for supramolecular systems 
and new materials. Modification of fullerene 
through a wide variety of addition reactions is of 
considerable interest to chemist. Among them, 
1,3-dipolar cycloaddition of azomethine ylides 
has been frequently used to functionalize C ~ O .  A 
munber of fuIleropyrrolidine derivatives have 
been The electronic absorption 
and fluorescence properties of these derivatives 
draw much attention to chemists and spectro- 
scopists. From previous studies we know that 
linking a crown ether moiety to a [60]hlleropyr- 
rolidine results in a crown ether-bearing [6O]full- 

eropyrrolidine possessing interesting 
photo-physical properties.' In addition, a benzo- 
thiazolium styryl azacrown ether dye have been 
synthesized by Moore and Alfimov et al, which 
shows significant hypsochromic shifts upon 
complexation with alkaline earth cations in ace- 
tonitrile?-'' These significant results prompt us 
to continue our investigation on new supramo- 
lecular systems, which are composed of a C60 
unit, a crown ether moiety and a benzothiazo- 
lium styryl moiety. The supramolecular systems 
are first obtained by 1,3-dipolar cycloaddition of 
an azomethine ylide and show a strong optical 
response upon complexation with alkaline earth 
cations due to interaction between the metal cat- 
ion with a crown ether moiety. 

Compounds 2 and 4 were prepared according 
to Scheme 1. A general procedure for the prepa- 
ration and isolation of compound 2 is shown as 
follows. A mixture of C60 (36mg, 0.05 mmol), 
compound 112 (21 mg, 0.05 mmol) and glycine 
(7.5mg, 0.1 mmol) in toluene was heated at 
reflux for 24h under nitrogen. The reaction mix- 
ture was concentrated under vacuum and sepa- 
rated by chromatography on silica gel (C.P. 

* Corresponding Author. 
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200-300) using benzene-methanol (7:2, v /v )  to 
give product. The purified product was obtained 
by extraction with hot methyl alcohol in a yield 

of 25.4% (based on converted C60). Product 2 
was characterized by *H NMR, I3C NMR, FT-IR 
and mass spectro~copyl~. 

4 

SCHEME 1 
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A general procedure for the preparation and 
isolation of compound 4 is shown as follows. A 
mixture of compound 39 (10.6mg, 0.04 mmol), 
compound 2 (23.0 mg, 0.02 mmol) and pyridine 
(0.3 cm3) was suspended in absolute ethanol (6 
cm3) and heated for 8h at 90°C. After cooling, the 
solid was filtered and dried. The product was 
further purified by extraction with hot ethanol in 
the yield of 67%. Compound 4 was characterized 
by 'H NMR, FT-1R and mass spectro~copyl~. 

Compound 5 was obtained as described 
previously15. Compound 6 was prepared 
according to Scheme 1. A mixture of 5 23.0 mg 
(0.02 mmol), 2 10.8 mg (0.04 mmol) and pyridine 
(0.3 cm3) was suspended in absolute ethanol (6 
cm3) and refluxed for 8h. After cooling, the sol- 
ids were filtered and dried. The product was 
purified by chromatography on silica gel (C.P. 
200-300) using chloroform-methanol (20:1, v / v) 
to give the product (R~0.35) in a yield of 53%. 
Compound 6 was characterized by 'H NMR, FT 
-1R and mass spectroscopy.16 

The fluorescence emission spectra of 4 at room 
temperature in the absence and presence of 
Ba(C104)* are shown in Figure 1. A Peak at 540 
nm is observed in the absence of Ba(ClO&. The 
peak is blue-shifted to 510 nm and the fluores- 
cence intensity of 4is found a large decrease on 
the complexation with the barium ions. This 
large shift and intensity decrease is ascribed to 
interaction between the metal cation with the 
crown moieties. This interaction distorts the con- 
jugation of the II-system of the dye moieties and 
results in a strong hypsochromic shift and a 
large decrease of fluorescence intensity. Simi- 
larly, the fluorescence peak at 532 nm of 6 is 
blue-shifted to 522 nm and the fluorescence 
intensity is decreased with complexation of the 
barium ions. 

Figure 1 also shows the blue shift of 6 is 
beyond that of 4 on the same condition, which 
suggests that cation association with the sul- 
fonate plays an important role and the cis-isomer 
of 6 is stabilized by the presence of Ba2+. The 
cis-isomer form is likely that a "tail-biting" 

540nm 

480 500 520 540 560 580 600 620 640 
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FIGURE 1 Luminescence spectrum of 4 and 6 dissolved in 
chloroform /acetonitrile (v/v, 1:l) at room temperature on 
450nm excitation. 4: (a) absence of barium salt, 
(b)Ba(ClO&(ca. 0.01 M). 6 (c) absence of barium salt, 
(d) Ba(ClO& (ca. 0.01 M) 

intramolecular Barium cation bridge connects 
the alkysulfonate and crown ether moieties of 6 
(scheme 2), which draws close between benzo- 
thiazolium styryl dye and c60. The short dis- 
tance lead to interaction between 
benzothiazolium styryl dye moieties and c60 
moieties. This interaction causes the fluorescence 
of benzothiazolium styryl dye of 6 to red shift, 
which is opposite to results in the reduced inter- 
action between benzothiazolium styryl dye moi- 
eties and crown ether moieties in presence of 
Ba2+. So the reduced blue shift of 6 is observed in 
compared with 4. 

Figure 2 show the fluorescence emission spec- 
tra of 6 at 77K at different concentration of the 
barium salt. At the low temperature, there are 
four peaks at 504 nm, 548 nm, 590 nm and 725 
nm respectively in the absence of Ba(C104)2. A 
strong hypsochromic shift from 548 nm to 526 
nm was observed at low cation concentrations, 
and intensity of peaks at 504 nm, 548 nm and 590 
nm was decreased as the metal cation concentra- 
tion was increased. When the cation concentra- 
tion is beyond 10-3M, the peak at 548 nm 
disappears. The insert shows changes of fluores- 
cence intensity of 725 nm at different cation con- 
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centrations. Similarly it can be seen, the 
fluorescence intensity decrease with the cation 
concentration increasing. These large changes in 
the spectrum on cation complexation indicate 
that intramolecular coordination of the metal 
cation to the crown cavity alters the electronic 
structure of 6 and results in charge redistribution 
with the extended chromophore. 

The authors thank NSFC and The Major State 
Basic Research Development Program for the 
financial support of the research. 
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FIGURE 2 Luminescence spectrum of 6 dissolved in chloroform /acetonitrile (v /v ,  1:l) at 77K on 450nm excitation, in the pres- 
ence of Ba(C10& at (a) 0, (b) 2 x (c) 2 x (d) 2 x lo-? and (e )  2 x M 
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