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Potent antimalarial compound artemisinin, 1 was bio-transformed to C-9 acetoxy artemisinin, 2 using
soil microbe Penicillium simplissimum along with C-9 hydroxy derivative 3. The products were character-
ized using high field NMR and MS–MS data. The absolute stereochemistry of the newly generated chiral
centers has been ascertained by COSY and 1D NOESY experiments. This is the first Letter of direct C-acet-
oxylation of artemisinin using microbial strains.

� 2009 Elsevier Ltd. All rights reserved.
Artemisinin, 1 is a sesquiterpene lactone endoperoxide iso-
lated1 in 1971 from the Chinese medicinal plant Artemisia annua
L. Due to their potent antimalarial activity, low toxicity, and fast
action, artemisinin and a few of its analogue viz. artemether,
artether, artesunate have gained importance over the years as a
new generation antimalarial drugs, especially in the treatment of
multi-drug-resistant malaria strains.2 However, sensitive nature
of the artemisinin molecule has restricted extensive chemical
transformation on this naturally occurring endoperoxide for devel-
oping more potent antimalarial derivatives. In this context, several
authors have reported findings on bio-transformation of artemisi-
nin which include introduction of a keto function in the C-9 posi-
tion of artemisinin by Streptomyces griseus ATCC 13273,3

conversion to 3a-hydroxy-deoxyartemisinin and deoxyartemisinin
by Mucor polymorphosporus and Aspergillus niger,4,5 conversion to
9b-hydroxy artemisinin and 3a-hydroxy artemisinin,5–7 conver-
sion to 10-hydroxy artemisinin and 9b-hydroxy-11a-artemisinin,7

and conversion to 5b-hydroxy artemisinin.8 However, direct C-
acetoxylation with microorganism has not been previously known.

In connection with our ongoing program on bio-transformation
of phytochemicals for value addition using microbial strains9 we
screened several strains isolated from untapped mega biodiversity
hot zone of Indo-Burma belt for biocatalytic activity using potent
ll rights reserved.

: +91 376 2370011.
arua).
antimalarial compound artemisinin 1, with an aim to synthesize
novel analogues for using as scaffold for synthetic manipulation.
During this study, it has been observed that fungal strain Penicil-
lium simplissimum10 converted artemisinin into C-9 acetoxylated
compound 2 (20.6% yield), mp 113 �C, [a]D �75 (c 0.5, CHCl3) and
C-9 hydroxylated compound 3 (31.3% yield),11 mp 175 �C, [a]D

+55 (c 0.25, CHCl3) (Scheme 1).
Fungus strains were isolated from forest soil samples collected

from Tripura and Kaziranga National park, Assam, India. The
strains were isolated in selective isolation medium using Roseben-
gal chloramphenicol agar12 and maintained as pure culture after
repeated sub-culturing in Potato Dextrose Agar (PDA) which is
composed of (g/L): potato infusion (200.0), dextrose (20.0), agar
(15.0). PDA was also used for routine maintenance of the fungus
strains. All the strains were preserved in mineral oil as stock
cultures at �4 �C with a periodic check for viability.

A panel of 40 freshly isolated fungus strains was selected to
screen for bio-transformation of artemisinin using environmen-
tally benign technique.13 Out of the fungus strains tested, only
two were able to produce metabolites polar than artemisinin in
the screening. However, P. simplissimum produced two major
metabolites and preparative TLC (1:2 EA/hexane) enabled us to
obtain 2 and 3 in 20.6% and 31.3%, respectively.

The stereo chemical assignments for both the bio-transformed
products have been determined using high field NMR. The COSY
spectrum recorded at 300 MHz for compounds 2 and 3, revealed
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the complete coupling network of both the molecules. In the 1H
NMR spectrum of 2, the signal at d 4.21 was assigned to the proton
under acetoxy group. This signal was found to be coupled with
multiplets at d 3.94, d 1.71, and long-range x-coupling with signal
at d 2.03. One of the protons at C-10 of compound 1 has shifted to d
3.94 due to anisotropy of the neighboring acetoxy group and lone
pair–lone pair interaction of oxygen atoms of the molecule. This
long-range coupling between signal at d 4.21 and d 2.03 revealed
that the proton under acetoxy group has same configuration as
that of the H-1 (d 2.03). Similar long-range coupling was not ob-
served in the case of compound 3. 1H NMR recorded at 300 MHz
further revealed that the acetate of compound 2 is stereochemi-
cally different from compound 4. The 1H NMR spectra of 2, 3,
and 4 with assignment by COSY are given in Table 1. The stereo-
chemistry of compound 2 at C-9 was further confirmed by 1D
NOESY experiments (Fig. 1).

When H-1 at d 2.03 was irradiated, NOE was observed at d 4.21
(H-9), 3.94 (H-10a), and 0.90 (H-14). However, when H-9 at d 4.21
was irradiated, no NOE was observed at d 1.59 (H-15) of artemisi-
nin. Since, the absolute stereochemistry of H-1 and methyl at C-2
of natural artemisinin is a oriented,14 therefore, stereochemistry
of the acetoxy group at C-9 is assigned as b.

Antimalarial activities of the metabolites were evaluated at
Regional Medical Research Centre (ICMR), Dibrugarh, Assam, India
against chloroquine sensitive P. falcipurum 3D-7. However, none of
the metabolites were found superior in antimalarial activity to that
of artemisinin.

As artemisinin derivatives and dimers continue to exhibit
excellent anticancer activities15 against different cell lines, we
Table 1
1H NMR assignments of 2, 3, and 4 by COSY

Compound 1H NMR assignments

2 6.64 (1H, s, H-7), 4.21 (1H, ddd, J = 8.5, 7.8 & 2 Hz, H-9), 3.94 (1H, ddd
2.03 (1H, m, H-1), 1.90 (1H, m, H-5), 1.71 (1H, m, H-3a), 1.51 (1H, m, H
H-3b), 0.90 (3H, d, J = 6 Hz, H-14)

3 5.63 (1H, s, H-7), 3.63 (1H, m, H-9), 3.18 (1H, dq, J = 7 & 12 Hz, H-11), 2.07
(1H, m, H-10b), 1.57 (3H, s, H-15), 1.26 (1H, m, H-2), 1.20 (3H, d, J = 7

4 5.67 (1H, s, H-7), 4.79 (1H, dd, J = 2 & 1.5 Hz, H-9), 3.21 (1H, dq, J = 7 & 5 H
1.97 (1H, m, H-4a), 1.85 (1H, m, H-3a), 1.53 (1H, m, H-10a), 1.50 (3H, s

Table 2
In vitro cytotoxicity of the metabolites

Compound Concn (M)

Colon HCT-15 Colon SW-620

2 5 � 10�5 32 0
3 5 � 10�5 28 0
5-FU 2 � 10�5 49 54
Adriamycin 1 � 10�6 — —
Paclitaxel 1 � 10�5 — —
Artemisinin 5 � 10�5 31 35
were also tempted to evaluate the in vitro cytotoxicity16of the
metabolites 2 and 3. The study was carried out against five Hu-
man Cancer Cell lines procured from National Cancer Institute,
Frederick, USA. Growth inhibitory activities indicate that both
metabolite 2 and 3 are particularly inhibitory to Colon HCT-15 cell
lines although active in a few other (e.g., neuroblastoma) cancer
cell lines (Table 2).

In conclusion, we have reported formation of a hitherto
unknown C-9b-acetoxy artemisinin along with 9a-hydroxy
artemisinin from the bio-transformation of artemisinin using P.
simplissimum which opens up further prospect of synthetic manip-
ulation at otherwise inaccessible carbon centers. This is also the
first Letter of direct C-acetoxylation using a microbial strain.
, J = 15, 8.5 & 7.5 Hz, H-10a), 3.16 (1H, dq, J = 4.6 & 7 Hz, H-11), 2.15 (3H, s, OAc),
-2), 1.59 (3H, s, H-15), 1.20 (3H, d, J = 7 Hz, H-12), 1.15 (1H, m, H-4a), 1.12 (1H, m,

(1H, m, H-5), 1.97 (2H, m, H-10a & H-1), 1.81 (1H, m, H-3b), 1.54 (1H, m, H-4a), 1.51
Hz, H-12), 1.08 (1H, m, H-3a), 1.04 (1H, m, H-4b), 0.92 (3H, d, J = 6 Hz, H-14)

z, H-11), 2.13 (3H, s, OAc), 2.09 (1H, m, H-5), 1.99 (1H, m, H-10b), 1.98 (1H, m, H-1),
, H-15), 1.21 (3H, d, J = 7, H-12), 1.14 (1H, m, H-2), 0.93 (3H, d, J = 6 Hz, H-14)

Cell line type

Lung A-549 Ovary IGR-OV-1 Neuroblastoma IMR-32

28 10 31
18 3 20
— — —
— — 72
52 56 —
29 26 23
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