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Microbial transformation of betulonic acid by Nocardia sp. NRRL 5646 in preparative scale resulted in the
isolation of one unexpected asymmetric a-hydroxylation product, methyl 2a-acetoxy-3-oxo-lup-20(29)-
en-28-oate, and one known compound methyl 3-oxo-lup-20(29)-en-28-oate. The structures of metabo-
lites were elucidated unambiguously by ESI-MS, 2D-NMR spectroscopy. This is the first successful micro-
bial transformation of ketone a-hydroxylation of lupane-type pentacyclic triterpenes.

� 2009 Elsevier Ltd. All rights reserved.
Since the discovery of betulinic acid (1) as a selective inhibitor
of human melanoma,1 lupane-type pentacyclic triterpenes have
been found to involve more activities, such as anti-cancer,
anti-HIV, and anti-inflammatory activities.2–4 Due to its complex
skeleton and few chemical active sites, the organic structural
modifications were tethered on C-3, C-20, and C-28,5–7 hereby
enhancing the structural diversity is very essential for the research
and development of these compounds. In recent studies, we dem-
onstrated that microbial transformation could be a fruitful tool to
enhance the structural diversity of pentacyclic triterpenes, some
novel reactions such as the direct conversion of the ursane to the
oleanane triterpene skeleton, regio-selective methyl hydroxyl-
ation, and methyl migration were carried out by different microor-
ganisms.8–10 As a continuation of these efforts, lupane-type
triterpene betulonic acid (2) (Fig. 1) was chosen for biotransforma-
tion study. The microbe Nocardia sp. NRRL 5646 which has been
used to catalyze numerous valuable reactions, including carboxylic
acid and aldehyde reduction, phenol methylation, and flavone
hydroxylation11–13, was used for the biotransformation and the
substrate was incubated on preparative scale according to the
standard two-stage fermentation protocol.14

A 110 mg sample of 2 (C30H46O3, Mr = 454) was used and two
less polar metabolites labeled Met-1 (3) and Met-2 (4) were devel-
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oped after the biotransformation. Silica gel chromatographic sepa-
ration of the transformation residue resulted in the isolation of
compounds 3 and 4 in 49.8% and 6.42% yield, respectively, based
on weight relative to starting substrate.

Met-1 (3) was obtained as colorless needles in methanol. The
positive ion ESI-MS showed a quasimolecular ion at m/z [M+Na]+

491.4 and the formula was deduced as C31H48O3, indicating a
14 amu mass increase in substrate 1. Based on NMR data, a new
proton singlet appeared at dH 3.67 (s, 3H) and one additional oxy-
genated methyl signal was observed at d 51.3 in 13C NMR spec-
trum. Comparing that with compound 2, the 13C signal of
carboxyl group of C-28 was shifted up-field 5.6 ppm from 182.3
to 176.7 ppm, this implied that Met-1 (3) was a methyl ester of
betulonic acid. Therefore, Met-1 was identified as methyl 3-oxo-
lup-20(29)-en-28-oate.

Met-2 (4) was isolated as white powder. The molecular formula
of 4 was established as C33H50O5 by HR-ESI-TOF-MS in which a
quasimolecular ion was detected at m/z 549.3548 [M+Na]+ (calcd
for C33H50O5Na, 549.3550), suggesting a 72 amu mass increase in
substrate 1. Based on the NMR data, the same C-28 carboxylic acid
methyl ester structure was observed by comparing that with Met-
1. Additionally, in the 1H NMR spectrum, two new proton signals
displayed at dH 2.13 (s, 3H) and 5.59 (1H, dd, J = 13.25 Hz,
J = 6.15 Hz), and the signal at dH 2.98 (2H, m) of Met-1 was disap-
peared. In the 13C NMR spectrum, three new carbon signals,
respectively, displayed at dC 170.3, 20.7 and 71.8 (Table 1), and
the signal at dC 47.0 of Met-1 was disappeared. In the 2D NMR
spectra, the proton signal at dH 2.13 (s, 3H) should be directly



Table 1
13C NMR spectral data of compound Met-2 (125 MHz, CDCl3)

Carbon Met-2 Carbon Met-2 Carbon Met-2

1 46.1 12 25.3 23 24.7
2 71.8 13 38.2 24 21.0
3 209.5 14 42.5 25 16.5
4 48.6 15 29.7 26 16.1
5 57.3 16 32.1 27 14.6
6 19.0 17 56.5 28 176.6
7 34.1 18 49.4 29 109.8
8 40.8 19 47.0 30 19.3
9 50.3 20 150.3 OCH3 51.3
10 38.2 21 30.6 CH3CO 170.3
11 21.2 22 36.9 CH3CO 20.7
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Figure 1. The structures of compounds 1–4.
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Figure 2. Key H–C HMBC and H–H NOESY spectra of compound 4.
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attached to the carbon signal at dC 20.7 according to the correlation
analysis of HSQC spectrum, and which was also observed to corre-
late to the carbon signal at dC 170.3 from HMBC spectrum, indicat-
ing the presence of an acetoxyl group in the molecule. And the
proton signal at dH 5.59 should be assigned to the new methine sig-
nal at dC 71.8 on the basis of the HSQC and DEPT spectral data anal-
ysis. Comparing the 13C NMR and DEPT spectral of Met-2 with
those of Met-1, C-1,C-3 signals shifted down-field by 6.5 ppm
and up-field by 8.6 ppm, respectively, and the disappearance of a
methylene signal at 34.2 ppm (C-2) suggested that the acetoxyl
group should be substituted at C-2 and this was further confirmed
by the two-bond and three-bond correlation in HMBC spectrum
(Fig. 2). The relative stereochemistry of the acetoxyl group at C-2
was established as a (equatorial) based on NOESY spectrum. The
NOESY spectrum showed key correlations between every two of
H-2, H-1(equa), CH3-24 and CH3-25, suggesting that the H-2 should
be b configuration. In view of all these observations, Met-2 was
characterized as methyl 2a-acetoxy-3-oxo-lup-20(29)-en-28-
oate.

Optically active a-hydroxy carbonyl moieties are commonly
found in some important natural products. Extensive efforts have
been exerted to generate new methodologies to enantioselectively
synthesize these compounds15 and our research provided an alter-
native method to achieve this. In the microbial transformation of
betulonic acid, at least two activities were involved in ketone a-
hydroxylation, that is, the introducing of asymmetric hydroxyl
group at C-2 and the acetylation of the hydroxyl group. Hydroxyl-
ation and acetylation are two consecutive processes with the
assumption that the two catalytic active domains are proximate,
which prevent the intramolecular interconversion of active groups
and the formation of isomers which frequently occurred during the
ketone a-hydroxylation synthesis.16,17 To our knowledge, unlike
3-OH triterpenoids that were derived from oxidosqualene or
squalene, 2-OH was introduced after the formation of triterpenoid
skeleton18 and the ortho-hydroxyl groups are important functional
groups of triterpenes for anti-inflammatory and antitumor activi-
ties,19,20 so the research to explore whether the a-hydroxylation
catalyzed by Nocardia sp. occurs on other types of pentacyclic tri-
terpenes is ongoing. Finally the versatile catalytic capabilities of
Nocardia sp. to generate structural diversity in already complex
natural products are of pharmaceutical interest and await for
further exploration.

Acknowledgments

This work was supported by the National Nature Science Foun-
dation of China (NSF No-20602040) and grants for the Scientific
Research Foundation of China Pharmaceutical University
(Z11118). Thanks were also given to ‘111 Project’ from the Ministry
of Education of China and the State Administration of Foreign Ex-
pert Affairs of China (No. 111-2-07) for financial support.

References and notes

1. Pisha, E.; Chai, H.; Lee, I. S.; Chagwedera, T. E.; Farnsworth, N. R.; Geoffrey, A. C.;
Beecher, Christopher W. W.; Fong, Harry H. S.; Douglas Kinghorn, A.; Brown,
Daniel M.; Wani, Mansukh C.; Monroe, E. W.; Tina, J. H.; Tapas, K. D. G.; John, M.
P. Nat. Med. 1995, 1, 1046–1051.

2. Kessler, J. H.; Mullauer, F. B.; Roo, G. M.; Medema, J. P. Cancer Lett. 2007, 251,
132–145.

3. Chatterjee, P.; Kouzi, S. A.; Pezzuto, J. M.; Hamann, M. T. Appl. Environ. Microbiol.
2000, 66, 3850–3855.

4. Mukherjee, P. K.; Saha, K.; Das, J.; Pal, M.; Saha, B. P. Planta Med. 1997, 63, 367–
369.

5. Qian, K.; Nakagawa-Goto, K.; Yu, D. L.; Morris-Natschke, S. L.; Nitz, T. J.; Kilgore,
N.; Allaway, G. P.; Lee, K. H. Bioorg. Med. Chem. Lett. 2007, 17, 6553–6557.



L.-W. Qian et al. / Tetrahedron Letters 50 (2009) 2193–2195 2195
6. Petrenko, N. I.; Elantseva, N. V.; Petukhova, V. Z.; Shakirov, M. M.; Shul’ts, E. E.;
Tolstikov, G. A. Chem. Nat. Comp. 2002, 38, 331–339.

7. Bi, Y.; Xu, J. y.; Wu, X. M.; Ye, W. C.; Yuan, S. T.; Zhang, L. Y. Bioorg. Med. Chem.
Lett. 2007, 17, 1475–1478.

8. Cheng, Z. H.; Yu, B. Y.; Cordell, G. A.; Qiu, S. X. Org. Lett. 2004, 6, 3163–3165.
9. Cheng, Z. H.; Yu, B. Y.; Guo, Y. L.; Qiu, S. X. Chin. J. Chem. 2006, 24, 95–98.

10. Zhang, J.; Cheng, Z. H.; Yu, B. Y.; Cordell, G. A.; Qiu, S. X. Tetrahedron Lett. 2005,
46, 2337–2340.

11. Li, T.; Rosazza, J. P. N. J. Indust. Mocrobiol. Biotech. 2000, 25, 328–332.
12. Hosny, M.; Johnson, H. A.; Ueltschy, A. K.; Rosazza, J. P. N. J. Nat. Prod. 2002, 65,

1266–1269.
13. Maatooq, G. T.; Rosazza, J. P. N. Phytochemistry 2005, 66, 1007–1011.
14. Betts, R. E.; Walters, D. E.; Rosazza, J. P. N. J. Med. Chem. 1974, 17, 599–602.
15. Enders, D.; Reinhold, U. Synlett 1994, 792–794.
16. Boul, A. D.; Fairweather, P. M.; Hall, J. M.; Mwakins, G. D. J. Chem. Soc. (C) 1971,

1199–1202.
17. Bannon, C. D.; Eade, R. A.; James, P.; Mckenzie, G. P.; Simes, J. J. H. Aust. J. Chem.

1973, 26, 629–639.
18. Xu, R.; Fazio, G. C.; Matsuda, S. P. T. Phytochemistry 2004, 65, 261–291.
19. Juan, M. E.; Planas, J. M.; Ruiz-Gutierrez, V.; Daniel, H.; Wenzel, U. Brit. J. Nutr.

2008, 100, 36–43.
20. Banno, N.; Akihisa, T.; Tokuda, H.; Yasukawa, K.; Higashihara, H.; Ukiya, M.;

Watanabe, K.; Kimura, Y.; Hasegwa, J.; Njishino, H. Biosci. Biotechnol. Biochem.
2004, 68, 85–90.


