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C60 was found to become a superconductor in M3C60 species (M=alkali metal)

organic soft ferromagnet in TDAE+C60
- (TDAE=tetrakisdimethylaminoethylene)

at 16.1 Kelvin 

a relatively stable hexaanion in cyclic voltammetry

an interesting material with non-linear optical properties. 

The C60 surface contains 20 hexagons and 12 pentagons. All

the rings are fused, all the double bonds are conjugated.

X-Ray crystal structure determinations on C60 and on some of its derivatives have

proved the existence of two different types of bonds: ‘short bonds’ or 6,6 junctions

shared by two adjacent hexagons (ca. 1.38 A° long) and ‘long bonds’, 
or 5,6 junctions, fusing a pentagon and a hexagon (ca. 1.45 A° long). 
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The chemical transformations that are possible with C60 could be classified 
in five main groups (figure 1.3): 
a) Addition reactions. Formation of exohedral compounds by addition of nucleophiles or radicals, 

cycloadditions, complexations with transition metals and others. 
b) Electron transfer reactions. Chemical reduction of fullerenes can easily be achieved by reaction 

with electropositive alkali and alkaline earth metals or organic donor molecules. 
c) Heterofullerenes. Substitution of a carbon atom of the fullerene skeleton for a heteroatom, 

for example nitrogen or boron. 
d) Ring opening reactions. Producing a hole in the C60 skeleton while breaking a discrete number 

of bonds. 
e) Formation of endohedrals. Introducing and trapping of atoms inside the spherical carbon cage.











1,3-dipolar cycloaddition of azomethineylides to C60

41% yield

82% on the consumed C60

the reaction is site selective in that it affords exclusively the product of

cycloaddition across a 6,6 ring junction of the fullerene

the Prato’s reaction



In the presence of large excesses of reagents, up to nine pyrrolidine rings
can be introduced, as detected by MS analysis of the reaction crude.



C60 bis-adducts







◆ Fullerene is able to fit inside the hydrophobic cavity of HIV proteases, inhibiting
the access of substrates to the catalytic site of enzyme.

◆ C60 can be used as radical scavenger and antioxidant.

◆ If exposed to light, fullerene can produce singlet oxygen in high quantum yields. 
This action, together with direct electron transfer from excited state of fullerene and 
DNA bases, can be used to cleave DNA.

◆ Fullerenes have been used as a carrier for gene and drug delivery systems.

◆ Gd(III)@C82(OH)n for MRI

Some application of C60 in medicine
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DNA cleavage: C60-derivatives are cytotoxic, they cleaves DNA only in case of irradiation.
The cleavage cannot be attributed to the activity of singlet oxygen, an 
easily diffusing species whose action should be wider, but most probably
is to be ascribed to a direct electron- transfer between guanosine and 
excited fullerene. 

Photodynamic therapy: Upon irradiation, [60]fullerene is excited to a short-lived singlet state 
(lifetime ≈ 1.3 ns), which converts almost quantitatively into a longer-lived
triplet state (lifetime = 50–100 ms). The triplet state transfers energy very efficiently
to molecular oxygen, generating singlet oxygen with almost unitary yield. 

DNA cleavage and photodynamic therapy



Enzymatic inhibition and anti-HIV activity

The active site of the HIV-1 Protease (HIVP) is a quasi- spherical hydrophobic cavity, 
whose diameter is about 10 Å. On its surface, two amino acid residues, aspartate 25 and 
aspartate 125, catalyse the hydrolysis of the substrate. 
On the basis of molecular modeling, Friedman et al. were the first to recognise that the 
[60]fullerene spheroid can be almost perfectly accommodated inside the hydrophobic site 
If the interactions are sufficiently strong, inhibition of the catalytic activity of HIVP is to be 
expected. In vitro studies, performed using a ‘first generation’ water soluble fullerene 
derivative (2), confirmed that inhibition of acutely and cronically affected peripheral blood
mononuclear cells (PBMC) indeed occurred with an EC50 of 7 μM. 



Neuroprotective properties

Many neurodegenerative diseases originate from excess production of superoxide and 
nitric oxide radicals, whose origin may be due to overexcitation of glutamic acid receptors. 
It has been shown that compounds that act as radical sponges reduce, though not completely,
neuronal death. [60]Fullerene, owing to its antioxidant properties and high reactivity toward
free radicals, shows promising behavior in this field.
In vitro experiments using cultures of neocortical cells showed a dose-dependent decrease of 
neuronal death, with derivative 18 being more active than 19 .

Antiapoptotic activity

The same isomers 18 and 19 have been shown to possess antiapoptotic activity. Apoptosis due to 
amyloyl peptide Ab1-42 was also inhibited by the same fullerene derivatives. In a strictly connected
work, the effects of trisadducts 18 and 19 on apoptosis induced by ceramide were evaluated. 
In this case isomer 19 is more active. 
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inositol), glycerol, and positively charged ammonium salts (e.g., ethanolamine and 

dimethylethanolamine). These headgroups with different charges can further modulate the liposome 

interaction with biological molecules, cells and tissues to achieve desirable biodistribution properties. 

Figure 2. Three types of fullerene liposomes incorporating un-derivatized fullerenes, 

lipophilic fullerenes and amphiphilic fullerenes, respectively. 

 

4. Fullerene Interactions with Lipid Bilayers 

Lipid bilayers can solubilize C60 and C70 fullerenes, and the fullerene loading within the bilayer 

depends on both the structure of lipids and the lipophilicity of fullerene compounds. Fullerenes without 

modification are barely soluble in non-polar, non-aromatic solvents such as diethyl ether and 

chloroform, which are widely used in the preparation of liposomes. Both experiments and simulations 

confirm that fullerenes partition to the membrane interior, although experimental information on the 

location of fullerene molecules is only qualitative [24,25]. On the other hand, the fullerene dispersion 

state is difficult to assess experimentally, and appears to depend on the details of the methodology used 

for the preparation of fullerene-loaded liposomes. Large aggregates observed in the presence of lipid 

membranes are unlikely to be found within the membrane, as they are orders of magnitude larger than 

the membrane thickness. There are some molecular dynamic simulations but a paucity of experimental 

evidence of the effects of C60 fullerene on lipid bilayers. 

C60 suspension has previously been shown to provoke cell membrane destabilization in vivo. Phase 

contrast microscopy and computer aided image analysis results show that C60 causes shape 

transformations and rupture of unilamellar phospholipid vesicles, indicative of changes in their average 

mean curvature. Small-angle X-ray scattering reveals that C60 provokes disruptions of external 

membranes of multilamellar vesicles only after freeze and thaw cycles. The liposomes undergo 

breakage and annealing steps which increase the probability for fullerenes to insert into the MLVs. 

Structures and Compositions of Fullerene Liposome



Fullerene Liposome Antioxidants

ALM amphiphilic liposomal malonylfullerene



reduce aggregation
in aqueous solutions
in particular at basic pH

34 mg/ml at pH 7.4 and an 
outstanding 254 mg/ml at pH 10 

1.5 x 10-5 M in H2O–DMSO 9:1 

the radical quenching ability and the singlet
oxygen production of the multiple adducts may
depend on the number of addends: it decrease
increasing the number of saturated bonds. 

M. Prato, Chem. Commun. 1999, 663.



Fullerene Liposomes Inhibit Inflammation



Metallofullerene Liposome for Contrast-Enhanced Molecular MR Imaging

liposome formulated gadofullerene MRI contrast agent for targeted imaging of macrophage receptors for the 
diagnosis of unstable atherosclerotic plaque


