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Natural products are the most consistently successful source of biologically diverse compounds, and
especially, the plant provides a large bank of rich, complex, and highly varied structures. Many
higher plants contain the densely oxidized terpene metabolites, i.e., with carboxyl or hydroxyl groups,
of which structural variants exhibit the diverse range of the activities. Alternatively, the core terpene
structures could also be derivatized by the chemical oxidation in pursuit of enhancing the activity

and/or modulating the target
selectivity, i.e., against a
specific tumor cell. This
author  investigated  to
isolate the natural products
from the extracts of
Bangladeshi medicinal plant,
Saurauja  roxburghii, a
higher plant indigenous to
south East Asia and some
part of North America. By
using the conventional
extraction procedures, the
author isolated the

1 (ursolic acid) 2 (corosolic acid)
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ﬂ (+) and/or (-): cyctotoxicity
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ursene-type pentacyclic triterpenes, i.e., ursolic acid 1, corosolic acid 2, 24-hydroxyl corosolic acid 3,
maslinic acid 4, and a new ursene-type pentacyclic triterpene, 7,24-dihydroxyl ursolic acid 5, from
the chloroform fraction of the methanolic extract of the leaves of the plant (Figure 1). Structures of
these five compounds were unambiguously determined by the extensive NMR and MS analyses, and
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also by comparing with the literature data, if available.

They were then tested for the cytotoxicity against C6 rat glioma and A431 human skin
carcinoma cell lines. Very interestingly, despite these five compounds have the same ursene-type
pentacyclic triterpene core structures, only ursolic acid 1 and corosolic acid 2 showed the
cytotoxicity at 10 uM concentrations. Furthermore, while the corosolic acid 2 showed the
cytotoxicity against both the cell lines, the ursolic acid 1 exhibited the selective cytotoxicity against
the C6 glioma cell. These results clearly showed that the position and numbers of hydroxyls on the
terpene structure affect the activity and selectivity to the cancer cell lines.

Inspired by these results, the author challenged to diversify the hydrophobic ursene-type
triterpene, the ursolic acid 1, for further SAR studies, by applying the chemical oxidation using the
“Ru”-porphyrin (Figure 2). Although the late-stage oxidation of the non-functionalized hydrocarbons
is the recent trend in natural products synthesis, very few examples are reported to date, due to the
scarcity of the oxidation reagents that efficiently activate the non-activated C-H bond. On the other
hands, biomimetic oxidation using the porphyrin derivatives, i.e., the mimic of cytochrome P450, is
intriguing opportunity for diversifying the core-structure of the ursolic acid 1, although only one
literature describes the related steroid oxidation by “Ru”-porphyrin in the presence of
2,6-dichloropyridine N-oxide. This author therefore prepared the seven “Ru”-porphyrin derivatives
a-g from the commercially available tetraphenylporphyrin, which contain acid or different amines, in
anticipating the additional auxiliaries affect the oxidation selectivity (Figure 2). While these
“Ru”-porphyrins a-g gave 6-11 as the isolable products, their distributions were apparently affected
by the auxiliaries. For examples, the parent “Ru”-porphyrin a gave the lactone 6 (25%) and the
a-hydroxylated 7 (35%) as two major products, but the production of 7 was significantly decreased
by the acid derivative b (4%), instead equally producing the other derivatives 8-10 (each about 10%).
On the other hands, while the (R)-isomers d and e gave the a-hydroxylated 7 as the major product,
the reactivity of the corresponding (S)-oxidants f and g was significantly reduced. Meanwhile, the
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chemically oxidized
compounds 6-11,

cytotoxicity was observed
only for the lactone 6
against both A431 and C6
tumor cell lines; therefore
the oxidation at Cl1 and
C13 positions of ursolic

6: C6 (+), Ad31 (+) 7:C6 (-), A431 () 8:C6 (-), A43.1 &)

. COH
acid 1, gave the ursolic acid

an  additional cytotoxic
activity against A431 tumor
cell.

11: C6 (-), A431 ()

9: C6 (-), A431 (-) " 10: 06 (), A431 () Fig. 2.

Thus, the author found that the cytotoxic activity and the tumor selectivity of the natural and

the chemically oxidized ursolic acids are sensitively modulated by simply modulating the oxidation
states on the core terpene structure. In this research, the chemical oxidation of natural terpenoids by
“Ru”-porphyrins were also developed; the structural modification of the reagents significantly affects
the oxidation out come. It is noted that chemically oxidized products 6-11 were all naturally
occurring compounds, but were difficult to isolate from the Saurauja roxburghii as investigated
initially, thus the chemical protocol can be complementary to the natural products isolation.
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