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A series of fluorinated fullerene-fused 1,3-dioxolanes have been facilely and efficiently synthesized in the
presence of easily available LiClO4-3H,0. The influences of the number of fluoro-substituents and their
positions linked to the phenyl ring on the isolated yield of fullerene-fused 1,3-dioxolanes have been
studied in detail. Based on reaction facts, a possible reaction mechanism for the formation of fluorinated
fullerene-fused 1,3-dioxolanes has been proposed. Furthermore, detailed ultraviolet absorption spectra,
fluorescence emission spectra, and cyclic voltammogram further explain the optical properties and
electronic transmission capabilities of the products.
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1. Introduction

Since the discovery by Kratschmer et al. of a method to prepare
macroscopic quantities of Cgo in 1990s,' the functionalization of Ceg
has become one of the hottest areas in current research. Hetero-
cyclic derivatives of fullerene Cgp have aroused great interest due to
their structural and functional diversities. The well-known Prato
reaction has been widely used to functionalize fullerene Cgg via 1,3-
dipolar cycloaddition. Cgp-fused lactones prepared by man-
ganese(Ill) acetate mediated cycloaddition have been reported by
Wang et al. in 2006, and a novel reductive ring opening process was
disclosed.! The carbonyl ylides generated in situ from trans-epox-
ides were also used to prepare Cgp-fused tetrahydrofuran de-
rivatives by the same research group. The introduction of fluorine
atoms or fluorine-containing groups into the substrate would have
profound effect on reactivity and therefore reaction conditions and
mechanisms. Although fluoro or trifluoromethyl derivatives of Cgg
have been investigated for many years,”> there seems to be limited
reports on this system. Recently, vast efforts have been devoted to
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exploring and improving the protocols for the preparation of
fluorinated Cgp derivatives in our group. Two interesting types of
heterocycle-containing Cgp derivatives, fullerene-fused fluorine-
containing lactones and pentafluorinated phenyl-monohydro[60]
fullerenes have been obtained.*

Lewis acid catalyst has been widely used in organic trans-
formations.> A straightforward preparation of Cgp-fused 1,3-
dioxolane derivatives promoted by Fe(ClO4)3-6H,0 has been suc-
cessfully applied by Wang et al.® and LiClO4-3H,0 assisted 1,3-
dipolar cycloaddition of azomethine ylides to Cgg was reported by
loutsi et al.” In terms of activity-per-gram, fluorinated compounds
are frequently more effective and are required in smaller quantities
than non-fluorinated compounds. So far, for the introduction of
fluorine atom into fullerene derivatives, it is not very clear how the
fluorine atom influencing on the reaction protocols, i.e., the re-
action temperature,” the yield, or the quantities of reactants.
Moreover, while there are reports of fluorinated fullerene-fused
1,3-dioxolanes as heterocyclic fluorine-containing fullerene de-
rivatives, the number of these compounds is limited in the reports,
thus further studies are required.® All of the above considerations
inspired us to study the suitable conditions for the preparation of
Cgo-fused 1,3-dioxolane derivatives with Cgg and aldehydes in the
presence of LiClO4-3H,0.
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2. Results and discussion

Herein, the reaction of Cgy with various kinds of fluorinated
aldehydes could be promoted by LiClO4-3H,0 to yield fluorinated
fullerene-fused 1,3-dioxolanes. Furthermore, a possible reaction
mechanism has been proposed according to the experimental
results.

The synthetic route is depicted in Scheme 1, 24-
difluorobenzaldehyde(1e) was chosen to illustrate the optimiza-
tion of the reaction conditions, and the results were summarized in
Table 1. Optimizations were conducted by varying the catalyst,
molar ratio, and the reaction temperature. Only trace of product
was detected when FeCls or HClIO4 was used as the catalyst. Sur-
prisingly, the reaction promoted by LiClO4-3H,0 was carried out
smoothly. For comparison, compound 1e was also treated with Cgg
in the presence of Fe(ClO4)3-6H50, and the reaction was performed
under the conditions reported by Wang et al.® With a slightly
higher temperature, a yield of 36% was achieved, and this is rela-
tively lower than that of the reaction promoted by LiClO4-3H,0
(Table 1, entries 3 and 12). Then, we rechecked the reaction under
herewith optimized conditions by using Fe(ClO4)3-6H,0 instead of
LiCl04-3H;0, and the trace of a product was detected in prolonged
reaction time. The reaction of fluorinated benzaldehyde with Cgg
was found to occur at a higher temperature (130 °C) than that of
benzaldehyde, which occurs at 80 °C.° Furthermore, the reaction
temperatures above or below 130 °C would lead to decreasing of
the product yield (Table 1, entries 9 and 10). The best molar ratio of
Ceo/LiClO4-3H20/1e was 1:11:12, below this the product yield can
be improved (from 24% to 51%) by increasing the amount of
LiClO4-3H,0 and 1e, however, when the ratio of LiClO4-3H,0 was
increased to 12 and the ratio of 1e to 13 the yields decreased (Table
1, entries 4 and 6). Due to the high reaction temperature in our
system, we selected o-dichlorobenzene as the solvent, instead of
toluene, which has been widely used in the reactions involving the
modification of Cgp.
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Scheme 1. Synthesis of fluorinated fullerene-fused 1,3-dioxolanes 2.

Table 1
Optimization of reaction conditions for the reaction of Cg with 24-
difluorobenzaldehyde 1e

Entry  Catalyst Molar ratio®  Time (h) T (°C) Yield of 2e”
1 LiClO4-3H,0 1:10:5 2.5 130 31(38)
2 LiClO4-3H,0 1:10:12 25 130 32(40)
3 LiClO4-3H,0 1:11:12 2.5 130 51(71)
4 LiClO4-3H,0 1:12:12 2.5 130 48(68)
5 LiClO4-3H,0 1:11:11 25 130 39(65)
6 LiClO4-3H,0 1:11:13 2.5 130 29(37)
7 LiClO4-3H,0 1:11:12 2 130 40(61)
8 LiClO4-3H,0 1:11:12 3 130 48(59)
9 LiClO4-3H,0 1:11:12 2.5 120 29(48)
10 LiClO4-3H,0 1:11:12 2.5 140 41(61)
11 Fe(ClO4)3-6H,0 1:11:12 2.5 130 Trace
12 Fe(ClOy4)3-6H,0 1:2:5 1.5 100 36(50)
13 HClO4 1:11:12 25 130 Trace
14 FeCls 1:11:12 25 130 Trace

In the following investigations, we carried out parallel reactions
catalyzed by Fe(ClO4)3-6H0 and LiClO4-3H,0 under their own
optimized reaction conditions, respectively. In view of the reaction
temperature and the yield of these two systems (Table 2), it is clear
that our system catalyzed by LiClO4-3H,0 could be more attractive
considering the relatively higher yields.

Table 2
Comparisons of the reaction catalyzed by Fe(ClO4);-6H,0 and LiClO4-3H,0
Entry? Aldehyde 1 Fe(ClO4)3-6H,0 LiClO4-3H,0
T(°C) Yield® T(°C) Yield”
1 1a 80 34(85) 110 51(73)
2 1b 100 27(62) 130 40(60)
3 1c 100 25(37) 130 42(79)
4 1d 100 24(42) 130 48(76)
5 1e 100 36(50) 130 51(71)

@ Molar ratio of Cgo/LiCO4-3H,0/1=1:11:12; molar ratio of Cgo/Fe(ClO4)3-6H,0/
1=1:2:5.

b The number in parentheses is the isolated yield based on consumed Cgo. The
yield of product 1a was cited from the related literature.®

Various kinds of fluoro-substituted aromatic aldehydes were
selected as substrates as shown in Table 3. The feasibility of this
kind of reaction may refer to the successful preparation of fluorine-
containing fullerene-fused 1,3-dioxolanes. For all fluoro-
substituted aromatic aldehydes, the yields were moderate, rang-
ing from 28% to 51%. A relatively high yield was achieved when 2,4-
difluorobenzadehyde or 2,5-difluorobenzadehyde was used as the
substrate, while the relatively low one has been observed for the
multi-fluoro-substituted substrate. The isolated yields were largely
affected by the number of fluoro-substituents and their positions
on phenyl ring as well. We could obtain over 40% yield based on

Table 3
The reaction conditions and yields for the reactions of Cgo with fluorinated
aldehydes

Entry® Aldehyde 1 Structure Time (h) T(°C) Yield”
CHO
1 1a ©/ 25 110 51(73)
F CHO
2 1b \©/ 25 130 40(60)
CHO
3 1c /©/ 25 130 42(79)
F
F CHO
4 1d \(:[ 25 130 48(76)
F
CHO
5 1e /@[ 25 130 51(71)
F F
F
6 1f F;©/CHO 25 130 28(42)
F
F
F cHO
7 1g 25 140 30(41)
F
F

2 Molar ratio of Cgp/catalyst/1e.
b The number in parentheses is the isolated yield based on consumed Cgo.

2 Molar ratio of Cgo/LiCO4-3H,0/1=1:11:12.
b The number in parentheses is the isolated yield based on consumed Cgp.
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