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Abstract—The synthesis of a cucurbit[7]uril-[60]fullerene supramolecular complex using a simple, green, and efficient pathway is
reported for the first time. In the complex, which was found to be of the 1:2 type, the compounds interact weekly with each other.
Since the complexation can be achieved by a solid—solid reaction without solvent both the waste and contact with harmful solvents
can be reduced to a minimum. A significant increase of reaction rate and yield compared to the heterogeneous complexation was

observed.
© 2004 Published by Elsevier Ltd.

Cucurbituril (CB,), a synthetic macrocycle, can interact
with easily polarizable molecules, polar compounds, or
ions through ion—dipole interactions and hydrogen
bonding.!* Its hydrophobic hollow core, which is
accessible through two identical carbonyl-fringed por-
tals, makes this compound very attractive as a synthetic
receptor and building block for supramolecular chem-
istry.? Since CB, is only poorly soluble in common
organic solvents, the complexation usually takes place in
strongly acidic, aqueous solutions containing alkaline
metal salts, or as two-phase reactions between the solid
cucurbituril and the dissolved or gaseous guest mole-
cules.!?

Fullerenes have been the focus of interest in many
research groups as they have many unique properties
and can be used in a wide range of applications.*?

Since fullerenes show a poor solubility in most common
solvents, many efforts have been made to modify these
molecules in green pathways under solvent-free con-
ditions.® One access to modified fullerenes through
covalent and noncovalent binding describes a mechano-
chemical technique, in which the solid reactants are
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ball-milled under high speed.®’ Also studies for the
v-cyclodextrin (CD)-C¢, complex by mechanochemical
synthesis have been reported.’

Here, we report the synthesis of the first supramolecular
complex 3 between cucurbit[7]uril (CB;) 1 and [60]ful-
lerene (Cg) 2 through noncovalent binding.® Since
another goal was to find a synthetic pathway, which
should be as efficient as possible, we performed the
synthesis as solid-liquid reaction between the solid guest
molecule Cyy and an alkaline aqueous solution of CB; as
well as under high-speed vibration (HSVM) conditions
of the solid compounds (Scheme 1).!° The stoichiom-
etry of the complex was found to be 1:2 according to
thermogravimetric analysis. The reaction conditions and
yields are shown in Table 1.

It can be seen that the rate increased significantly by
synthesizing 3 under HSVM conditions compared to the
solid-liquid synthesis (Table 1, entry 24 vs 1). After 4h
of milling the yields were similar to those, which could
be obtained after 4days when the complexation was
performed as solid-liquid reaction. Yields close to 80%
could be achieved. Furthermore, contact with harmful
solvents and waste was reduced to a minimum.

In all cases (entries 1-4) and independent of the molar
ratio of CB; to Cy (entries 1-4) a dark-brown solid
was formed, which was not soluble in common organic
solvents, lyes, and acid solutions. The product was
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heterogeneous reaction

HSVM, solid state

Scheme 1. Synthesis of the cucurbit[7]uril-[60]fullerene complex performed as heterogeneous as well as solid state reaction (tube models). Color code:

oxygen: red, nitrogen: dark blue, carbon: grey, hydrogen: light blue.

Table 1. Synthesis of the cucurbit[7]uril-[60]fullerene (CB;-Cy) complex performed as heterogeneous as well as solid state reaction'®

Entry Preparation method  pH Molar ratio CB;/Csy ~ Temperature (°C) Time (h) Yield (%)
1 Heterogeneous 12 2/1 23 96 55
2 Solid state Neutral 2/1 >30¢ 4 55
3 Solid state Neutral 1/1 >30* 4 77
4 Solid state Neutral 12 >302 4 29

#Measurements of the temperature were performed inside the cups after 2h of grinding.

analyzed by XRD, FT-IR spectroscopy, and thermo-
gravimetric analysis (TGA).!!

The X-ray diffractogram pattern (Fig. 1) shows that the
synthesized product exhibits neither the typical 26 values
of CB5 nor those of C¢ at 20 = 11.0°, 17.5°, and 21.7°.12
In accordance with previous observations for Cg
inclusion complexes a total suppression of the crystalline
structure of the initial compounds takes place.'>*
Consequently, a single-crystal X-ray diffraction struc-
ture could not be recorded.

The FT-IR spectra of 3 showed the typical band for Cg
at 527cm™! in addition to the bands for CB;. While the
characteristic carbonyl band of CB; at 1728 cm™! was
slightly shifted to 1732c¢cm™! due to complexation, the
typical C¢ band remained constant. The slight shift of
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Figure 1. X-ray diffractograms of (a) the cucurbit[7]uril-[60]fullerene
complex, (b) cucurbit[7]uril, and (c) [60]fullerene.

the carbonyl band of CB; indicates weak interactions,
probably van der Waals forces, between the host and the
guests. !

In order to specify the stoichiometry of 3, we performed
thermogravimetric analysis of the product as well as
from the initial compounds, CB;, and Cg. The complex
showed two decomposition temperatures: one at 390 °C
and the other one at 550 °C, assigned to the decompo-
sition of CB; and the decomposition of Cg, respectively.

The total mass loss at 410°C was 40.1%. Up to this
temperature only CB; decomposes, whereas Cqy remains
stable. The theoretical calculated mass content of CB;
fora 1:2, 1:1, or 2:1 complex would be 44.7%, 61.8%, and
76.4%, respectively. Thus, the observed mass loss of
40.1% clearly indicates that the ratio of CB; to Cg in the
complex is 1:2. From the elemental analysis of the vac-
uum-dried sample we have calculated that on the average
26 molecules of water are attached to one monomeric
unit of the complex so that the composition of the
complex was found to be [C4HyN30142Cq0] -26H,0.16

As deduced from model images (not shown), each
fullerene sphere is intercalated partially into the cavity
of the host through the opposite portals.

In conclusion, we report the first synthesis of a supra-
molecular complex between CB; and Cy, by an efficient
procedure. The analytical data show that the complex is
of the 1:2 type in which the compounds interact weakly
with each other. It is reported that the formation of a vy-
CD-Cy complex is completed after 20h of milling.
Interestingly, we obtained compound 3 in high yields
after 4h of ball milling. Since only the purification step
of the complex requires the use of solvents, the complex
could be obtained in high yield and the reaction time
was shortened considerably compared to the solid-
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liquid synthesis this pathway becomes attractive for
both environmental and economical points of view.
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