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Since the discovery of a method in 1990 for the 

efficient production of macroscopic quantities of 
fullerenes, potential applications for these materials have 
been explored intensively. One of the most promising 
areas of this research now appears  to be in the field of 
medicine.[1] The continued development of such 
applications will, in general, require functionalization of 
fullerenes with tissue-targeting moieties to help insure the 
delivery of any drug to a specific site in the body. 

The long-term goal of this work has been to 
synthesize water-soluble, tissue-vectored derivatives of 
C60 which might be considered as model systems for the 
design and study of tissue-selective fullerenes, in general. 
Hydrophilic diphosphonate groups are known to possess 
high affinity for the bone mineral hydroxyapatite 
(HAP).[2] Thus, functionalization of C60 with 
diphosphonate groups should lead to bone-vectored, 
water-soluble fullerene derivatives. 

A Bingel-type reaction (Scheme 1) which 
involves cyclopropanation of a 6,6 double bond in C60 
with a methylenediphosphonate group was used.[3,4] 
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The monoadduct, five bisadducts (e, trans-4, 
trans-3, trans-2, trans-1) and one trisadduct (e,e,e) were 
isolated using HPLC and flash chromatography. The 
structures of the different isomers were established using  
their 31P{1H} and 13C NMR spectra. In some cases, 
comparison of the relative polarities of the isomers with 
the order of elution was also considered. 

The monoadduct, the three major isomers of the 
bisadduct, trans-2-, trans-3-, and  e- C60[C(PO3Et2)2]2, and 
the trisadduct  were hydrolyzed to obtain the 
corresponding diphosphonic acids, as shown in Scheme 2. 
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  Scheme 2. 
 

The polydiphosphonic acids show moderate 
solubility in polar organic solvents (DMF, DMSO) and 
also in water.  Converting to the sodium or potassium 
salts leads to a  slight increase in water solubility. 
Biological testing of this compounds are presently 
underway and available results will be reported . 
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