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Buckminsterfullerene (Cq) ! and its n-doped derivatives exhibit
a variety of outstanding electronic,’ conducting,* and magnetic’
properties. It is obvious that the combination of the advantages
of this molecule with the properties of other materials like polymers
is very challenging. In order to realize this interesting concept
two principal approaches can be envisaged: (a) macromolecules
with pendant fullerene (on-chain, “fulleroplastic™), or (b) polymer
materials with fullerene units incorporated into the main chain
(in-chain, “polyfullerene”). The “on-chain” (polymer-bound)
fullerenes have several intrinsic advantages over polyfullerenes
whichare mainly due to the defined, stereochemical arrangement
of the Cgo. In this paper we report for the first time a study of
polymer-bound Cg using soluble amino polymers capable of
adding to fullerene double bonds. Defined Cgp-on-chain polymers
were obtained by allowing these polymers to react with Cgo under
very mild conditions at room temperature.

So far, only two attempts to prepare polymeric fullerene
derivatives are known in the literature. A highly cross-linked
polymericderivative based on polystyrene was mentioned in 1991
briefly but not described in detail.® Very recently, a copolymeric
product, which was obtained by using flash thermolysis of
paracyclophane, wasreported.” Apart from the extreme reaction
conditions (650 °C, under vacuum, then —78 °C), this approach
suffers from the major disadvantage that no defined and cross-
linked products were obtained. Asstated in this paper, there are
no reports of polymers derived from Cqo.

Soluble polymers have been shown to be very useful supports
and reagents for a variety of applications.?® Among these,
poly(alkylene imine)s are known to be an interesting class of
macromolecular compounds.!® We prepared the Cgp-on-chain
polymers (Scheme I) by titrating toluene solutions of Cgo with
theaminopolymers 1and 2 (TableI). Thecoupling to the polymer
chain proceeded according to the well-known amine addition to
fullerene double bonds.!!:12 The consumption of fullerene can be
regarded as a “buckyball fishing” process.

In the case of the completely insoluble polymer 1a, the titration
with 1 can be followed quantitatively by the determination of the
consumption of fullerene-60 with UV /vis spectroscopy. Toward
this end, 20 mg (0.027 mmol) of fullerene-60 was dissolved in 20

(1) Kroto, H. W.; Heath, J. R,; O’Brien, S. C.; Curl, R. F; Smalley, R.
E. Nature 1985, 318, 162,

(2) Krdtschmer, W.; Lamb, L. D.; Fostiropoulos, K.; Huffman,D.R, Nature
1990, 347, 354.

(3) Xie, Q.; Perez-Cordero, E.; Echegoyen, L. J. Am. Chem. Soc. 1992,
114, 3978.

(4) Haddon, R. C. Acc. Chem. Res. 1992, 25, 127.

(5) Allemand, P.-M,; Khemani, K. C.; Koch, A.; Wudl. F,; Holczer, K.;
Donovan, S.; Griiner, G.; Thompson, J. D. Science 1991, 253, 301.

(6) Olah, G. A.; Bucsi, J.; Lambert, C.; Amiszfeld, R.; Trivedi, N.;
Sensharma, D. K.; Prakash, G. K. S. J. Am. Chem. Soc. 1991, 113, 9387.

(7) Loy, D. A; Assink, R. A. J. Am. Chem. Soc. 1992, 114, 3977.

(8) Geckeler, K.; Pillai, V. N, R.; Mutter, M. Adv. Polym. Sci. 1981, 39,
65.

(9) Geckeler, K. E.; Bayer, E.; Spivakov, B. Ya.; Shkinev, V. M.; Vorobeva,
G. A. Anal. Chim, Acta 1986, 189, 285.

(10) Rivas, B. L.; Geckeler, K. E. Adv. Polym. Sci. 1992, 102, 171.

(11) Wudl, F. Acc. Chem. Res. 1992, 25, 157.

(12) Wudl, F.; Hirsch, A.; Khemani, K. C.; Suzuki, T.; Allemand, P.-M.;
Koch, A.; Eckert, H.; Srdanov, G.; Webb, H. M. In Fullerenes: Synthesis,
Properties and Chemistry of Large Carbon Clusters; Hammond, G. S., Kuck,
V. J., Eds.; American Chemical Society: Washington, DC, 1992; p 161.

Scheme I. Covalent Binding of C¢q to an Amino Polymer
H HNR
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mL of toluene in a centrifuge vial. To this solution was added
1, dissolved in toluene (28 g/L), in steps of 100 uL at room
temperature. Upon the addition of the precursor polymer,
polymer-bound Cq (1a) precipitated immediately. Todetermine
the consumption of fullerene-60, the suspension was centrifuged,
100 uL of the solution was removed, and then 2 mL of n-hexane
was added for the determination of the absorption at 598 nm. In
this way, a linear decrease of the fullerene-60 concentration upon
precursor polymer addition was detected (see supplementary
material). When the titration reached the point at which about
60% of the fullerene-60 was consumed, the addition of the
precursor polymer 1 was stopped. In summary, a total of 1500
pL of a toluene solution of 1 was added. After centrifugation
and decanting from the toluene solution, polymer 1a was washed
with toluene and chloroform (2 times) and dried at 80 °C under
vacuum for 24 h.

The yield of 1a (49.0 mg) in combination with the amount of
Cso consumed (11.3 mg) allows one to determine the capacity
(TableI). Thiscanalso be donein the case of polymer 2a, which
does not completely precipitate upon precursor polymer addition.
In this case, the titration itself (conditions: 7.4 mg (0.010 mmol)
of Ceo in 10 mL of toluene titrated with 2 in toluene (16 g/L)
insteps of 100 4L at room temperature) can be followed relatively
by UV /vis spectroscopy since only a part of 2a precipitates upon
precursor polymer addition. For the quantitative determination
of the capacity of the polymer-bound Ce, 2a was precipitated by
the addition of hexane subsequent to the titration. Thus, the
amount of remaining Ce (4.1 mg) as well as the yield of 2a (17.0
mg) could be obtained, which allows one to calculate the capacity
(Table I). The capacity values were also determined by
thermogravimetry.

The solid-state 3C MAS NMR spectra of the products
exhibited the only two expected distinct peaks at 47.2 ppm (CH,
groups) and 147.2 ppm (quarternary fullerene carbons). The
polymer 2a can be dissolved in toluene and carbon disulfide, thus
being the first soluble fullerene-containing polymer. The UV/
vis spectrum of its golden brown solution in toluene shows peaks
at 308 (sh), 326,and 435 nm, which are characteristic absorptions
for monofunctionalized organofullerenes.!*'4 The FT-IR spectra
confirmed the monofunctionalization of the Cq units by showing
the typical band pattern in the region between 580 and 514 cm!,
The splitting in this region is characteristic due to the lowering
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Table I. Experimental Data of Polymer-Bound Fullerenes

J. Am. Chem. Soc., Vol. 115, No. 9, 1993 3851

repetitive structural unit of molar mass? molar ratio capacity
no. name of precursor polymer the precursor polymer (g mol") (polymer:Cqp) (mgg™)
1a poly(ethylene imine)? (\/\N’\/NH\) 35000 18:1 230
n
NH,
2a poly[4-[{(2-aminoethyl)imino] methyl]styrene]e4 ( 20000 19:1 180

3 poly(propylene imine)

(/\/\ NH/)n

no reaction

@ Referred to the precursor polymer. # Reference 10. < K. E. Geckeler and R. Zhou, unpublished results. 4 Amino group containing comonomer unit

of a copolymer with styrene (1:1).

of thelocal symmetry in monoaddition products of fullerene.!3.15.16
Comparative spectra of analogous compounds confirmed this
observation.

In conclusion, we have discovered that it is possible to prepare
covalently polymer-bound Cg. It is the first time that a
characterized polymer derivative of fullerene has been described.
The concept presented here opens access to a new class of
interesting polymers.!” It also allows the design of soluble
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fullerene-containing polymers that are suitable for the processing
of advanced materials.
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