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A fluorescent host molecule bearing a bicyclic triarylphos-
phate framework was synthesized. Its inclusion behavior to C60

was revealed by fluorescent titration. Cocrystallization of the
host and C60 resulted in the formation of an inclusion complex in
the crystalline state.

Inclusion behavior of calix[n]arenes to fullerenes was first
reported by Atwood et al. and Shinkai et al., independently in
1994.1,2 Since these findings, various calix[n]arene-based host
molecules have been designed.3 These host molecules interact
with fullerenes by utilizing concave/convex complementality
principle. Recently, some other bowl-shaped host molecules for
C60 have been reported, for example, “fly trap” corranulene,4

double corranulene containing molecular tweezers,5 and extend-
ed tribenzotriquinacenes.6 We have recently reported the triaryl-
methane-based host molecule 1.7 In host 1, three anthryl groups
construct the cavity, and 1 can work as a fluorescent host mole-
cule. Because host 1 has a flexible framework, however, the
shape and size of the cavity could not be fixed suitable for inclu-
sion of a C60 molecule. Cocrystallization of 1 with C60 revealed
that interaction between 1 and C60 occurred by side-on mode. To
improve the inclusion ability of host 1, the flexibility of the host
molecule should be restricted. Thus, a novel host molecule 2, in
which three methoxy groups are replaced by a phosphoryl group,
was designed (Scheme 1). Here we report the synthesis of the
novel host molecule 2 based on a bicyclic triarylphosphate
framework and the investigation of inclusion ability to C60.

The host molecule 2 was prepared from the previously
reported trianthryltriarylmethane 1 according to Scheme 2.12

Three methoxy groups of 1 were demethylated by BBr3 giving
triarylmethane 3 (92%). The reaction of 3 with phosphoryl
chloride in the presence of triethylamine afforded the host
molecule 2 in 53% yield. The 1H and 13CNMR spectra of 2 in
solution indicated the C3 symmetric structure. UV­vis spectra
of 2 showed its absorption maxima at 388 nm. The absorption
maximum of 2 is not much different from those of host 1
(­max = 385 nm) and 9-anisylanthracene (­max = 384 nm), indi-
cating that the electronic communication between anthracene
moieties in 2 does not exist at the ground state.

Single crystals of 2 were obtained by the slow evaporation
of a saturated CH2Cl2/CH3CN solution and the molecular

structure was determined by X-ray crystallographic analysis
(Figure 1).8,9 A solvent molecule was contained in the unit
cell. Although the solvent molecules could not be determined
due to the severe disorder, the molecular structure of 2 was
determined. Three anthryl groups constructed the shallow cavity,
and its depth was estimated to be 4.0¡. The distances between
the centroids of the anthracenes are 10.4, 10.3, and 9.6¡,
respectively (avg. 10.1¡). The size of the cavity is suitable for
the inclusion of C60 fullerene.

Since the cavity of 2 was constructed from the fluorescent
anthracene moiety, its inclusion behavior to C60 was investigated
by fluorescent titration. Fluorescent quenching of aromatic com-
pounds upon complexation with fullerene can be a useful tool for
the detection of interaction due to high sensitivity of fluorescent
spectra. Indeed, several studies of estimation of interaction
between fullerene and organic hosts using fluorescent quenching
have been reported.10 In these reports, the Stern­Volmer plot11

was used for analysis of the interaction. If the fluorescent
quenching occurs by static quenching, the Stern­Volmer constant
is nearly equal to the association constant, and can be used as an
index for the complexation ability of organic hosts.

The titration was carried out by addition of various
concentration solutions of C60 to a constant concentration
solution of host molecule 2. Fluorescent intensity was dimin-
ished by increasing the concentration of C60. The change of
fluorescent spectra is shown in Figure 2a. Stern­Volmer plots
were prepared for these spectral changes according to eq 1 and
the results are shown in Figure 2b. The Stern­Volmer plot
showed the linearity in the region of the molar ratio of C60
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Scheme 1. Triarylmethane host 1 and bicyclic phosphate host 2.
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Scheme 2. Synthesis of bicyclic host 2. (a) BBr3, CH2Cl2 (92%);
(b) NEt3, then Cl3PO, toluene (53%).
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Figure 1. ORTEP drawing of host 2 (50% probability). Solvent
molecules and H atoms except for the methine hydrogen are omitted
for the clarity.
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against 2 as 0­6 equiv. The linearity of the Stern­Volmer plot
means the formation of 1:1 complex between 2 and C60. The
Stern­Volmer constant was estimated to be (3.5 « 0.2) © 104

M¹1. It is almost the same or smaller than those of fluorescent
macrocyclic hosts (104­105M¹1).10

I0=I ¼ 1þKSV½Q� ð1Þ
I: fluorescent intensity of host

KSV: Stern­Volmer constant

½Q�: concentration of quencher ðguestÞ
Cocrystallization of the host molecule 2 and C60 was

carried out by the slow evaporation of toluene/CH3CN solution
of the 1:1 mixture of 2 and C60. Dark brown single crystals
suitable for X-ray crystallographic analysis were obtained. The
molecular structure is shown in Figure 3.8,9 C60 was highly
disordered and it could not be completely modeled, but C60 was
found to be included in the inside of the cavity. This result
makes a sharp contrast to the side-on interaction between the
flexible triarylmethane host 1 with C60.7 The solid-state structure
of 2 in the presence of C60 was not much different from that in
the absence of C60, while they were quite different for 1. Such
differences indicated that 2 is preorganized for inclusion of C60.
However, its Stern­Volmer constant [(3.5 « 0.2) © 104M¹1] is
smaller than that of 1 [(4.6 « 0.2) © 104M¹1]. The molecular
structure of 1 is adjusted to the suitable structure for interac-
tion with C60. It can be therefore concluded that 1 is an induced-
fit host and the interaction of 1 with C60 is controlled by
enthalpy.

In summary, the bicyclic triarylphosphate C3 symmetric host
2 was prepared and inclusion behavior toward C60 was
investigated and compared with more flexible triarylmethane
host 1, indicating that 2 worked as a preorganized host for
inclusion of C60.
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Figure 2. (a) Change of the fluorescent intensity of 2 upon
addition of C60 ([2] = 5.01 © 10¹6M¹1; diamond, ­F = 402 nm;
square, ­F = 422 nm). (b) Stern­Volmer plot for the fluorescent
spectral change (diamond, ­F = 402 nm; square, ­F = 422 nm).
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Figure 3. Crystal structure of the cocrystallite of 2 and C60 (50%
probability for 2; sphere diagram for C60). Solvent molecules and H
atoms except for the methine hydrogen are omitted for clarity.
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