Synthesis, reactivity and
applications of fullerenes




e fundamental
constituents of proteins, carbohydrates,
fatty acids, nucleic acids (DNA e RNA)
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Allotropic forms of carbon
(different cristalline structure)

Before 1985

In the solid state only two fundamental
structures were known: graphite and
diamond
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Tridimensional structure of diamond




many molecoles observed in the space
are based on carbon
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Vaporization laser

Integration cup
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LETTERSTONATURE

C: Buckminsterfullerene Fg 1 A footbell (in the
United States, a soccerball)
H. W. Kroto', J. R. Heath, S. C. O’Brien, R. F. Curl on Toras grass The Ce
is
& R. E. Smalley letter is suggested to have
. . . i the truncated icosahedral
Rice Quantum Institute and Departments of Chemistry and Electrical structure formed by
Engineering, Rice University, Houston, Texas 77251, USA replacing each vertex on the

seams of such a ball by a
carbon atom.
During experiments aimed at understanding the mechanisms by

which long-chain carbon molecules are formed in interstellar space
and circumstellar chells!. oranhite has heen vanorized hv laser

NATURE VOL. 318 14 NOVEMBER 1985




Mass spectra of the black powder obtained from
carbon vapors
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Angew. Chem. Int Ed Engl 1997. 36. 1578-1593






Figure 11. The two card models that played key roles in the positing of the truncated icosahedral structure of C ;. a) Stardome map of the sky (Buckminsier Fuller patented
t-icosahedral, and other polyhedral world-map projections); b) prototype C,, made by Smalley. Both models are truncated icosahedra with 60 vertices, 12 pentagonal and
20 hexagonal laces

Angew. Chem. Int Ed Engl 1997. 36. 1578-1593



Expo '67 American Pavilion (now the Biosphére), by R. Buckminster Fuller, on fle Sainte-Héléne, Montreal




1985: FULLERENES are discovered

C60

C70

C80 isomer




ARTICLES

Solid C,,: a new form of carbon

W. Kratschmer’, Lowell D. Lamb’, K. Fostiropoulos
& Donald R. Huffman’

* Max-Planck-Institut fir Kernphysik, 6900 Heidelberg, PO Box 103980, Germany
+ Department of Physics, University of Arizona, Tucson, Arizona 85721, USA

NATURE - VOL 347 - 27 SEPTEMBER 1990
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Fullerene timeline

1970
E. Osawa suggested the existence of a stable spherical molecule composed of 60

carbon atoms
(Kagaku 25, 854)

1985
H. Kroto, R. Smalley, R. Curl (and the students J. Heath e S. O’Brien) discovered C,,

fullerene
(Nature 318, 162)

1990
W. Kratschmer, L. Lamb, K. Fostiropoulos, D. Huffman produce macroscopic
quantities of C,, e C,, using vaporization of graphite

(Nature 347, 354)

1996
The Nobel Prize for Chemistry is assigned to H. Kroto, R. Smalley e R. Curl



Buckminsterfullerene - Cg,
The 1996 Nobel Prize for Chemistry
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layer of solventon ——a
top of column

column packed with
~4—— silica gel or alumina
completely saurated
with solvent

~4— [jass wool o prevent
stationary phase being
washed out of olumn
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Figure |. Schematic representation of the modified Soxhlet
chromatography apparatus.


https://pubs.acs.org/action/showCitFormats?doi=10.1021%2Fjo00037a057

Purification of Gram Quantities of C¢,. A New
Inexpensive and Facile Method

Walter A. Scrivens, Peter V. Bedworth, and James M. Tour*

Department of Chemistry and Biochemistry
University of South Carolina
Columbia, South Carolina 29208

Received June 17, 1992

J. Am. Chem. Soc. 1992, 114, 7917-7919
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L. T. Scott et al. Science, Vol. 295, Issue 5559, pp. 1500-1503



Flash Vacuum
Pyrolysis of 2

'

1100 °C
0.01mm

_ 0
Buckminsterfullerene
1 X=H 2 X=Cl

L. T. Scott et al. Science, Vol. 295, Issue 5559, pp. 1500-1503
Angew. Chem. Int. Ed. 2004, 43, Issue 38, pp. 4994-5007



Fullerenes: Some Potential
Applications

-- High temperature superconductors



Materials Based on C,,, obtained through
Doping with Alkali Metals (K, Li, Na, ...)

Drastic changes of the electronic e/o crystalline structure

Face centered cubic

Metallic

Superconductors at high temperature
(T.<40K)



Can atoms be inserted inside the cage???
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Hean MRI Contrast Agents
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Shinohara et al. have reported significant increases (20-40)
in the 'H MRI T, spin-lattice relaxivity rates for
Gd@Cg,(OH), when compared with commercial Gd-DTPA

J. AM. CHEM. SOC. VOL. 125, NO. 14, 2003 4391
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Mixture of C60/C705 h @ 600 °C @ 2500 atm 3He
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Molecular surgery of C60

toluene

H,@4

Science 2005, Vol. 307, Issue 5707, pp. 238-240
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'"H NMR
o= 26.36 ppm
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Potential Applications of Fullerenes

catalyst

lubricant

superconductor

organic magnet

production of: - batteries
- diamond
- hanotubes
- electro- and photoluminescent materials
- electronic and optical devices
- foner for fotocopier
- photochromic glasses

PHARMACO-BIOLOGICAL






[60]Fullerene is soluble curved graphite

N 0 (101.6°) E=

(R. C. Haddon) ﬁ

7 X 60 atoms of C j
20 hexagons

12 pentagons

Strain Energy = ca 8 Kcal/mol
per C atom (ca 80% Hy)




)
A

90 C-C bonds
30 "conjugated” double bonds

12,500 possible resonance structures
no delocalization === only 1 polyenic structure



different geometrical shapes can
be built on the fullerene surface
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nhucleophiles
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CARBENE ADDITION
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[4+2] CYCLOADDITION ). Mater. Chem., 2011, 21, 1305-1318



Cycloaddition reaction between diazo compounds and Cg,

R, ~r R,

Nz h\"

Ceo A
PhMe or

pyrazoline

methanofullerene

Wudl, F., et al, Science, 1991



Chemistry of Annulenes

Theoretical calculations estimate the resonance energy of 1 as 50-90% that of benzene,

17.2 kcal/mol has been calculated on the basis of heats of hydrogenation.

Vogel, Emanuel; Klug, W.; Breuer, A. "1,6-Methano[10]annulene". Organic Syntheses. 54, 11
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Cyclopropanation of Cg, by nucleophilic addition of a-

bromomalonate carbanions (Bingel reaction)
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COOEt C,-9

Multiple cyclopropanation reactions
R

Hirsch, A. et al



Tether-directed selective functionalization

78 RR
58 R = COOE!

79 R = COOCH,;COOEt

Diederich, F., et al.



Regio and stereoselective tether-directed remote
functionalization of C,, by Troger spacers (trans-1)
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Diederich, F., et al.



Angex.. Chem. In!. Ed. Engl. 1996, 35, No. 11, 1204



Selected synthesis of hexakis-adducts assisted
by the presence of dimethylanthracene (DMA)

Vg - e

e

DMA
Cec(DMA), === Cs(DMA);

DMA DMA i) orii)
= Cgy(DMA), ————  Cgy(DMA)s T

4 R=COOEt

Hirsch, A. et al



A. Hirsch, O. Vostrowsky. Eur. J. Org. Chem. 2001, 829



Hirsch, A. et al
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Tridecafullerenes decorated with 120 peripheral carbohydrate subunits

NATURE CHEMISTRY | VOL 8 | JANUARY 2016
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Infection assays show that these superballs are potent inhibitors of cell infection by an artificial Ebola virus with half-
maximum inhibitory concentrations in the subnanomolar range



RCH,N, —

1
8 R = OCH,CH,SiMe;
b, R = CsH;
¢, R = 4-C4H,-OMe
d, R = 4-CgH,-Br




total of 32
signals, of which
28 have a

relative intensity
of 2 and 4 of 1




1 eqUiV. NaH
1-chloronaphthalene
60°C

a, R=CH,COOMe
b, R= CH200H20H28|M33
¢, R =benzyl

R = 4-methaxybenzyl
62% d, Xy !
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J.Am. Chem. Soc., Vol. 117, No. 26, 1995
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