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ABSTRACT
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It was found that the C ¢ hexakis-adduct ( T,) bearing 12 electron-donating  N,N-dimethylaniline moieties could not be synthesized by the
Bingel —Hirsch method with either classical or deviated experimental parameters in a one-pot reaction. A different modification to the original
Bingel reaction without the use of any templating agent was necessary for high-yield synthesis of the compound. The generalization of this
alternatively modified Bingel method to the preparation of other C 0 hexakis-adducts is demonstrated.

Hexakis-adducts of fullereneggrepresent a unique class of defined chemical compositions. Their interesting properties
three-dimensionally symmetrid¥) macromolecular struc-  as materials and their biocompatibility and potential biologi-
tures!—> with nanoscale dimensions and stoichiometrically cal applications have received much recent atterftién.
Most of the available € hexakis-adducts bear the Bingel
(1) Suzuki, T.; Li, Q.; Khemani, K. C.; Wudl, F.; Almarsson, Science methano addition pattef:1°However, the original Bingel

1991,254, 1186—1188. ; 4 : ;
(2) Fagan, P. J.. Calabrese, J. C.. MaloneJ BAm. Chem. S0d991, reaction conditiorfswere found to be generally ineffective
113, 9408-9409.
(3) Krautler, B.; Maynollo, JAngew. Chem., Int. Ed. EnglL995, 34, (6) Fu, K.; Kitaygorodskiy, A. Y.-P. SChem. Mater2000,12, 2073—
87—89. 2075.
(4) Schick, G.; Levitus, M.; Kvetko, L.; Johnson, B. A.; Lampatrth, |.; (7) Helmreich, M.; Ermilov, E. A.; Meyer, M.; Jux, N.; Hirsch, A.; Réder,
Lunkwitz, M.; Ma, B.; Khan, S. I|.; Garcia-Garibay, M. A.; Rubin, ¥. B. J. Am. Chem. So2005,127, 8376—8385.
Am. Chem. Sod 999,121, 3246—3247. (8) Burghardt, S.; Hirsch, A.; Schade, B.; Ludwig, K.; Béttcher, C.
(5) Hirsch, A.; Vostrowsky, OEur. J. Org. Chem2001, 829—848 and Angew. Chem., Int. EQ005,44, 2976—2979.
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Scheme 1. Hexakis-Addition of Bis(4-(N,N-
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in the hexakis-addition, and the modification by Hirsch and
co-workers to include a templating agent such as 9,10-
dimethylanthracene in one-pot addition reactions has since
become classic&l.The modified Bingel (often called the
Bingel—Hirsch method) has generally been successful for
relatively simple hexakis-adducts, such as those from
the addition of dialkyl malonates, with yields up to
50—60%°>1°12For structurally more complicated hexakis-
adducts, the BingelHirsch reaction conditions suffer from
generally low product yields or even negligible yields in
some cased®1213For example, the yields in the hexakis-
addition of first- and second-generation trisubstituted benzene-
based dendra to g were 5.4% and 2%, respectivefy.
Recently, it was shown that a relatively simple deviation from
the classical BingetHirsch reaction parameters could
improve substantially the yields in the one-pot preparation
of Cgo hexakis-adducts bearing 12 tethered pyrene moigties,
suggesting that there is still great potential in further
developing the hexakis-addition method to efficiently pro-

Bingel reaction with the use of a larger excess of carbon
tetrabromide but without any templating agent (Scheme 1).
In a typical experiment, a solution 06(36 mg, 0.05 mmol)

in o-dichlorobenzene (10 mL) was prepared, and to the
solution were added bis(4-(N,N-dimethylamino)phenethyl)
malonate (200 mg, 0.5 mmol), CB{1.67 g, 5 mmol), and
1,8-diazabicyclo[5.4.0]lundec-7-ene (DBU, 150 mg, 0.1
mmol). The mixture was stirred for 24 h, followed by the
removal of the solvenb-dichlorobenzene. The resulting
sample was separated on a silica-gel column (chloroform
with 3 vol % of pyridine as eluent) in a relatively straight-
forward fashion to obtainl (105 mg, 68% yield). The
chemical structure of was confirmed in terms of NMR and
matrix-assisted laser desorption—time-of-flight (MALDI—
TOF) MS analyses. BottH and*3C NMR spectra (Figure

1) of the compound in CD@Glsolution are characteristic of

a hexakis-adduct of 514 For example, the simpféC NMR
signals of only three peaks for the fullerene cage (145, 141,

duce GcenteredT; symmetric macromolecuies of diverse - [

tethers and functionalities.

In the synthesis of the dg hexakis-adduct bearing 12
electron-donatindN,N-dimethylaniline units (1), we found
that the compound could not be made in a meaningful yield
by the Binget-Hirsch method with either the classical or
deviated experimental parameters. A different modification
to the original Bingel reaction without the use of any
templating agent was necessary for high-yield synthesis of
the compound. The generalization of this alternatively
modified Bingel method to the preparation of otheg C
hexakis-adducts is demonstrated.

For the addition, bis(4N,N-dimethylamino)phenethyl)
malonate was synthesized and fully characterized. Despite
repeated attempts, however, the classical Hirsch modification
to the Bingel reaction with 9,10-dimethylanthracene as the
templating agent (Scheme 1) resulted in no detectable yield
of the targeted compound. Instead, the compound was
readily synthesized in a different modification to the original
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Figure 1. 'H (top) and*3C NMR (bottom) spectra of.
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and 69 ppm) represent a classic indication for the high ments suggest that a lower concentration of either,@Br
molecular symmetryT). Shown in Figure 2 is a comparison DBU corresponds to a lower yield df.
This alternatively modified Bingel reaction is applicable
_ to the synthesis of othergghexakis-adducts that may or
may not be obtained by the classical Hirsch modification.
As shown in Table 1, the product yields are generally high.

Table 1. Cgo Hexakis-Addition with Different Malonates

compound —R yield (%)
—0
3020 3095 3100 3105 3110
Mass (m/z) /_COZtBu
0] 65

Figure 2. MALDI-TOF MS spectra ofl: top (observed), bottom 3 —O/ < >

(calculated from IsoPro 3.0).

of the MALDI-TOF MS pattern ofl with the prediction
on the basis of isotopic populations (IsoPro 3.0). It is an
excellent match, with the expected peak mass of 3097 Da (
(CiogH166024N12). 10 equiv malonate R
The successful synthesis dfin the absence of 9,10- 100 equiv CBry S
dimethylanthracene suggests that the use of a templating 10 equivDBU
agent to activate and regulate the hexakis-addition onto the
Cso core is hardly mandatory, as widely accepted in the
literature. In fact, its presence impairs the hexakis-addition
in the specific case shown in Scheme 1. This may be related
to the fact thatN,N-dimethylaniline moieties are strong
electron donors, with their known redox interactions with
the Gso cage in ambient solutiol:1® On the other hand, the

o-dichlorobenzene

In summary, the alternatively modified Bingel reaction
reported here is necessary for the synthesis of some structur-

large excess in CBrobviously promotes the hexakis- ally u.nique. Go he>.<akis-adducts. It atlltlaast complements_the
addition, as also observed in the synthesis of other hexakis-classical Binget-Hirsch method for efficient one-pot hexakis-

adducts? Even in the monoaddition experiment, the use of addition. With the demonstrated efficient synthesis of sev-
the same large excess in GBesulted inl in 15% yield eral G hexakis-adducts, the general applicability of the

instead of the intended monoadduct. Other control experi- '€POrted reaction to  hexakis-adducts that can otherwise
be prepared by the classical Bingélirsch method may be
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