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Abstract

Cyo derivatives bearing either terminal alkyne or azide functional groups have been prepared and used as building blocks under the
copper-mediated Huisgen 1,3-dipolar cycloaddition conditions leading to 1,2,3-triazole derivatives.

© 2008 Elsevier Ltd. All rights reserved.

The recent developments in the functionalization of ful-
lerenes allow the easy preparation of Cgq derivatives,' and
the electronic properties such as facile multiple reducibility,
optical non-linearity, or efficient photosensitization that
are characteristic of the parent fullerene are maintained
for most of the Cg derivatives.” As far as synthesis is con-
cerned, most of the fullerene derivatives reported to date
have been prepared by the direct functionalization of Cg
in the final step. In contrast, the use of fullerene building
blocks in multi-step synthesis has been much scarcely con-
sidered. This is mainly associated with the chemical reactiv-
ity of the fullerene moiety. Effectively, Cgo derivatives react
readily with nucleophiles and are reactive 2n component in
cycloadditions." Thus the range of reactions that can be
used for the further transformations of fullerene derivatives
appears to be quite limited. As a part of our research pro-
gram on fullerene derivatives, we have decided to evaluate
the potential of click reactions® to functionalize fullerene
derivatives. Such chemistry appears to be an attractive tool
for fullerene chemistry as click reactions are modular, tol-
erant to a wide range of functional groups, and high yield-
ing. In this Letter, we now report on the copper-mediated
Huisgen 1,3-dipolar cycloaddition of azides and alkynes®
starting from fullerene building blocks. To this end, we
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have prepared Cgo derivatives bearing either terminal
alkyne or azide functional groups allowing their further
transformation under the copper-mediated Huisgen 1,3-
dipolar cycloaddition conditions. Whereas this click reac-
tion has proven to be powerful for a large variety of build-
ing blocks,’ its compatibility with fullerene derivatives is
not obvious as organic azide undergoes [3+2] cycloaddi-
tions to the [6,6] double bonds of fullerenes.® However,
reaction of Cgo with azides requires in most cases elevated
temperature. The copper-mediated Huisgen 1,3-dipolar
cycloaddition of azides and alkynes being carried out at
room temperature, the reaction of Cgq with azides should
not significantly compete with the cycloaddition leading
to the desired 1,2,3-triazole derivatives.

The first series of click reactions have been performed
from fullerene derivatives functionalized with terminal
alkyne groups. The preparation of alkyne 4 is depicted in
Scheme 1. Reaction of malonyl dichloride (2) with 5-pen-
tyn-1-ol (1) in the presence of pyridine afforded malonate
3 in 71% yield. The reaction of Cg, with compound 3,
iodine and 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU)
under Bingel conditions’ then gave methanofullerene 4 in
44% yield. The 1,3-dipolar cycloaddition of compound 4
with benzyl azide was then attempted under different con-
ditions. The best results were obtained when a mixture of 4
(1 equiv), benzyl azide (3 equiv), CuSO4-5H,0 (0.1 equiv)
and sodium ascorbate (0.3 equiv) in CH,Cl,/H,O was
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Scheme 1. Reagents and conditions: (i) CH,Cl,, pyridine, rt (71%); (ii)
DCC, DMAP, HOBt, CH,Cl,, 0 °C to rt (59%); (iii) C¢9, DBU, I,, PhMe,
rt (4: 44%, 8: 31%); (iv) Benzyl azide, CuSO,4-5H,0, sodium ascorbate,
CH,CL/H,0, rt (5: 48%, 9: 80%).

vigorously stirred at room temperature for 96 h. Under
optimized conditions, compound 5 was obtained in a mod-
erate yield (48%). Actually, the solubility of compound 4 is
quite low and all the starting material did not dissolve
under the copper-mediated Huisgen reaction conditions.
Thus, the reaction was slow and side reactions, most prob-
ably cycloaddition of benzyl azides to the fullerene core,
were observed. This prompted us to prepare a methano-
fullerene-alkyne derivative bearing a 3,5-didodecyloxy-
benzyl group to prevent solubility problems. N,N'-
dicyclohexylcarbodiimide (DCC)-mediated esterification
of 1 with carboxylic acid 6° yielded malonate 7. Subsequent
treatment with Cgy, iodine and DBU afforded methano-
fullerene 8. Owing to the good solubility of alkyne 8, the
reaction of compound 8 with benzyl azide in the presence
of CuSO45H,0 and sodium ascorbate in CH,Cl,/H,O
could be achieved under optimized concentration condi-
tions. Compound 9 was thus obtained in a good yield
(80%),° thus showing that the reactivity of the fullerene
moiety with organic azides plays only a minor role under
copper-mediated Huisgen 1,3-dipolar cycloaddition
conditions.

To further decrease the reactivity of the Cgo moiety
toward the azide reagents in the click reactions, we have
decided to prepare a fullerene bis-adduct bearing two ter-
minal alkyne groups. It is well known that the reactivity
of the fullerene unit is decreased by increasing the number
of substituents on the carbon cage.'” The synthesis of
building block 12 is depicted in Scheme 2. Treatment of
diacid 10 with alcohol 1 and DCC in the presence of 4-
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Scheme 2. Reagents and conditions: (i) 4-pentyn-1-ol, DCC, DMAP,
HOBt, CH,Cl,, 0 °C to rt (58%); (ii) Cg0, DBU, I,, PhMe, rt (44%); (iii)
Benzyl azide, CuSO4-5H,0, sodium ascorbate, CH,Cl,/H,0, rt (70%).

dimethylaminopyridine (DMAP) and 1-hydroxybenzotri-
azole (HOBt) gave bis-malonate 11 in 58% yield. Fullerene
derivative 12 was then prepared by taking advantage of the
versatile regioselective reaction developed in the group of
Diederich,!" which led to macrocyclic bis-adducts of Cg
by a cyclization reaction at the C sphere with bis-malonate
derivatives in a double Bingel’ cyclopropanation. Reaction
of 11 with Cg, I, and DBU in toluene at room tempera-
ture afforded the desired cyclization product 12 in 44%
yield. The relative position of the two cyclopropane rings
in 12 on the Cg, core has been determined based on the
molecular symmetry (Cs) deduced from the 'H and '*C
NMR spectra. It is also well established that the 1,3-phen-
ylenebis(methylene)-tethered bis-malonates produce regio-
selectively the Cs symmetrical cis-2 addition pattern at
Ceo.'? Reaction of 12 with benzyl azide under the condi-
tions optimized for the preparation of compound 9 gave
bis-1,2,3-triazole 13 in 70% yield.'*> When compared to
the preparation of compound 5 from methanofullerene 4,
the increased yield can be explained by both the higher sol-
ubility of the starting terminal alkyne and the decreased
reactivity of the bis-substituted fullerene group.

To complete our study, a second series of click reactions
have been attempted from fullerene derivatives functional-
ized with azide groups. In a first attempt, methanofullerene
derivatives substituted with one or two azide groups were
synthesized. In all cases, the desired compounds could be
detected by TLC and characterized by 'H NMR. However,
these compounds were found to be unstable in the solid
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state as well as in solution. Indeed, untractable materials
were always obtained, most probably as a result of cycload-
dition reactions between the Cgo and the azide groups lead-
ing to polymers. We have however been capable of
preparing a fullerene derivative bearing two azide groups
that was stable enough to be used in click reactions. Rather
than using mono-substituted fullerene building blocks, we
have used a disubstituted one. Compound 17 (Scheme 3)
was still quite unstable in the solid state but reasonably sta-
ble in solution. The latter observation clearly shows the
decreased reactivity of the fullerene moiety by increasing
the number of substituents on the carbon cage. The prepa-
ration of compound 17 is depicted in Scheme 3.

Reaction of bis-malonic acid 10 with alcohol 14 under
esterification conditions (DCC, DMAP, HOBt) yielded
bis-malonate 15. Subsequent treatment with sodium azide
in DMF at room temperature gave 16 in 76% yield. Bis-
adduct 17 was then obtained in 16% yield by the reaction
of 16 with Cg, I, and DBU in toluene at room tempera-
ture. Upon purification, the best is to use diazide 17 for
the click reactions within the next 4 h to obtain good yields.
Reaction of 17 with phenylacetylene under the conditions

Scheme 3. Reagents and conditions: (i) 10, DCC, DMAP, HOBt, CH,Cl,,
0 °C to rt (46%); (ii) NaN3, DMF, rt (76%); (iii) C¢p, DBU, I,, PhMe, rt
(16%); (iv) phenylacetylene, CuSO,4-5H,0, sodium ascorbate, CH,Cl,/
H,O0, rt (78%); (v) 8, CuSO4-5H,0, sodium ascorbate, CH,Cl,/H>O, rt
(50%).

optimized for the preparation of compound 9 afforded
bis-1,2,3-triazole 18 in 78% yield.'* The structure of com-
pound 18 was confirmed by its 'H and '*C NMR spectra
as well as by mass spectrometry. Inspection of the 'H
NMR spectra clearly indicates the disappearance of the
CH,-azide signal at & 3.41 ppm. Importantly, the 'H
NMR spectrum of 18 shows the typical singlet of the
1,2,3-triazole unit at & 7.75 ppm as well as the signal corres-
ponding to the CH,-triazole protons at & 4.42 ppm.
Finally, the click reaction conditions were used to produce
derivative 19 from terminal alkyne 8 and bis-azide 17.'> As
seen for compound 18, the '"H NMR spectrum of 19 is
characterized by the typical singlet of the 1,2,3-triazole unit
at 8 7.33 ppm as well as by the signal corresponding to the
CH,-triazole protons at & 4.30 ppm. The structure of 19
has also been confirmed by FAB mass spectrometry show-
ing the expected molecular ion peak at m/z 3889 (MH,
calcd for C278H145N60202 388924)

In conclusion, we have shown that the copper-mediated
Huisgen 1,3-dipolar cycloaddition of azides and alkynes is
an interesting tool for the functionalization of fullerene
derivatives. The reactivity of Cgy towards azides is not sig-
nificantly competing with the cycloaddition leading to the
desired 1,2,3-triazole derivatives and good yields can be
obtained when fullerene derivatives with reasonable solu-
bility are used as starting materials.
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