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Study on the Synthesis and Bioactivities of
Cantharidinimides from Cantharidin
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Cantharidin(exo,exo-2,3-Dimethyl-7-oxabicyclo[2,2,1]heptane-2,3-dicar- boxylic
anhydride ) is an active principle of Lytta caragarae, Mylabris Phalerata and Epicauta
gorhami, and exists in various other insect species. We used cantharidin as a
starting material by reaction with primary amine ex: diaminobenzene,
diaminopyridine, ethanolamine and their derivatives and heating ca. 200°C to give
various cantharidinimide derivatives.

The two amino groups attaching to a benzene ring had three kinds of position



isomers ortho, meta, and para. After dehydration and cyclization, cantharidin was
converted to cantharidinimides. The inductive effect, resonance effect and steric
hindrance effect might reflect the yields. The formation of imide group had
electron-withdrawing character influence on benzene ring and displayed a meta
activating effect.

Furthermore we used some diaminobenzene with some functional groups, for
example, the electron-withdrawing group, NO2 , the electron-donating group, OH,
and the methyl group. These functional groups might exert the
electron-withdrawing and electron-donating capability with resonance and
displayed the different basicity to influence the reaction. Because the results
obtained with diaminobenzene derivatives, strongly confirmed the influence of
amine nucleophilicity and basicity compared the imide group with other functional
groups on the benzene ring. We described that the nitro group is a stronger electron
withdrawing and meta activating characters than the imide group, the amino and
hydroxy are both electron donating groups and had ortho, para activating
characters. The methyl group might have a steric hindrance effect in this reaction.
Our results indicated that methyl group at the ortho position of the amino group on
the benzene ring, the steric hindrance effect became stronger. Pyridine was a
heterocycle compound with one nitrogen atom, and nitrogen atom was more
electronegative than the carbon atom, the yields were low. In contrast, the long pair
of the nitrogen might increase the electron density at the second and fourth position
on pyridine ring via the resonance effect. Ethanolamine derivatives were aliphatic
compounds, so the yields of cantharidinimide derivatives were only influenced by
steric hindrance effect. The more steric hindrance resulted in the less yields.

All of the cantharidinimide and their derivatives were measured by 1H-NMR, IR,
mass spectrometry. Besides, the series of synthetic compounds were tested for
their capability to suppress growth of human hepatocellular carcinoma cell line Hep
3B and Hep G2, and myeloid leukemia cell line HL-60. The results showed compound
20, N-(2-amino- 3-nitrophenyl)cantharidinimide, exhibited more potent than others,
but it was still less effective than cantharidin.
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