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Andrographolactone (1), possessing an unprecedented diterpene skeleton, was isolated from the EtOAc
extract of the aerial parts of Andrographis paniculata. Its structure was established by NMR, IR, UV, and
HRESIMS data and subsequently confirmed by X-ray diffraction analysis. A possible biogenetic pathway
of 1 was also proposed. Bioassay showed that 1 exhibited cytotoxic activity.
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The plant Andrographis paniculata Nees (Acanthaceae) is widely
used as a traditional medicine in India, Southeast Asia, and China.1

The aerial part of this plant was recorded for the therapy of some
diseases such as wounds, ulcers, chronic fever, cough, and inflam-
mations. The labdan-type diterpenes of the plant were considered
as important bioactive components and had been extensively
investigated in the past decades. So far, phytochemical investiga-
tion on this plant has led to the isolation of more than 30 lab-
dan-type diterpenoids.2–5 As a part of our study on diterpene
constituents of medicinal plants, we had reported some new lab-
dan-type diterpenoids from A. paniculata.6 Recently, a novel diter-
pene, andrographolactone (1), with an unprecedented skeleton
was isolated from the aerial part of this plant. In this Letter, we
describe the isolation and structural elucidation of 1.

The dried and powdered aerial parts of Andrographis paniculata
(20 kg)7 were extracted with 95% EtOH (60 l � 3), and the solution
was evaporated in vacuo. The extract was subsequently suspended
in distilled water and was successively partitioned with cyclohex-
ane, ethyl acetate, and n-butanol to afford 115 g, 1520 g, and 245 g
residues, respectively, as well as the remaining-soluble residue
(620 g). The EtOAc extract was chromatographed over silica gel,
Sephadex LH-20, and ODS columns. Andrographolactone (1, 9 mg)
was finally obtained by preparative reverse phase HPLC (Lichrosorb
RP-18, 5 lm, 10 � 250 mm) using 65% aqueous methanol as eluent.

18 was obtained as colorless needles, mp 96–98 �C. The molec-
ular formula C20H24O2 was established by HRESIMS (m/z 319.1687
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[M+Na]+, calcd for C20H24O2Na m/z 319.1674). The positive reac-
tions with Legal and Kedde reagents indicated the presence of
a,b-unsaturated c-lactone ring. The absorption bands in its IR spec-
trum suggested the presence of a,b-unsaturated c-lactone ring
(1755, 1651 cm�1) and aromatic ring (1590, 1516 cm�1). The pres-
ence of a,b-unsaturated c-lactone and aromatic rings was also sup-
ported by the UV spectrum [kmax 225 nm (e 13,200), 259 nm (e
12,100)].

The 1H and 13C NMR spectra displayed signals for a pentasubsti-
tuted benzene ring [dC 138.1 (s, C-1), 136.5 (s, C-7), 129.9 (d, C-8),
133.2 (s, C-9), 135.9 (s, C-10), 133.3 (s, C-11); dH 6.81 (1H, br s, H-
8)] and an a,b-unsaturated c-lactone ring [dC 133.2 (s, C-14), 146.1
(d, C-15), 70.8 (t, C-16), 174.6 (s, C-17); dH 4.68 (2H, m, H-16), 7.15
(1H, t, J = 1.6 Hz, H-15)]. In addition, an olefinic bond [dC 139.7 (s,
C-5), 127.0 (d, C-6); dH 6.31 (1H, br s, H-6)], five methylenes [dC

25.7 (t), 28.7 (t), 29.5 (t), 29.9 (t), 34.6 (t); dH 1.87 (2H, m), 2.00
(2H, m), 2.37 (2H, m), 2.63 (2H, m), 2.82 (2H, t, J = 8.3 Hz)] and
three methyls [dC 15.7 (q), 20.0 (q), 26.3 (q); dH 1.82 (3H, br s),
2.23 (3H, br s), 2.24 (3H, br s)] were observed in the 1D NMR spec-
tra of 1. With the aid of 1D and 2D NMR experiments, all the 1H and
13C NMR signals of 1 were assigned and are shown in Table 1.

The 1H–1H COSY experiment of 1 indicated the presence of
three structural fragments [a (C-2 to C-4), b (C-19 to C-6), and c
(C-12 to C-16)] (Fig. 1). The linkages of these fragments could be
established by a HMBC experiment. Thus, in the HMBC spectrum,
the correlations between H2-2 (dH 2.63) and C-7 (dC 136.5), C-11
(dC 133.3), and C-1 (dC 138.1), as well as between H-6 (dH 6.31)
and C-1 (dC 138.1) and C-8 (dC 129.9) could be observed, suggesting
that fragments a and b were connected to the benzene ring via



Table 1
NMR data of 1 (pyridine-d5, J in Hz)

dH dC
1H–1H COSY HMBC

1 — 138.1 (s)
2 2.63 (2H, m)a 29.5 (t) H2-3 C-1, -3, -4, -7, -11
3 1.87 (2H, m)a 29.9 (t) H2-2, H2-4 C-1, -2, -4, -5
4 2.00 (2H, m)a 34.6 (t) H2-3 C-2, -5, -6, -19
5 — 139.7 (s)
6 6.31 (1H, br s) 127.0 (d) H3-19 C-1, -4, -8, -19
7 — 136.5 (s)
8 6.81 (1H, br s) 129.9 (d) H3-18 C-1, -6, -10, -18
9 — 133.2 (s)

10 — 135.9 (s)
11 — 133.3 (s)
12 2.82 (2H, t, 8.3) 28.7 (t) H2-13 C-9, -10, -13, -14
13 2.37 (2H, m) 25.7 (t) H2-12, H-15, H2-16 C-12, -14, -15, -17
14 — 133.2 (s)
15 7.15 (1H, t, 1.6) 146.1 (d) H2-13, H2-16 C-13, -14, -16, -17
16 4.68 (2H, m) 70.8 (t) H2-13, H-15 C-14, -15
17 — 174.6 (s)
18 2.24 (3H, br s) 20.0 (q) H-8 C-8, -9, -10
19 1.82 (3H, br s) 26.3 (q) H-6 C-4, -5, -6
20 2.23 (3H, br s) 15.7 (q) C-1, -10, -11

a The geminal protons attached to C-2, -3, and -4 positions showed the same
chemical shift, respectively, which could be attributed to the chemical shift
equivalence environment due to the thermal motion of the single bond fragment
from C-2 to C-4 in the seven-membered ring.
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Figure 1. Key 1H–1H COSY and HMBC correlations of 1.

Figure 2. Perspective drawing of X-ray structure of 1.
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Scheme 1. Proposed biogenesis of 1.
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C-2–C-1 and C-6–C-7 bonds, respectively. In addition, the linkage
of a and b (via C-4–C-5 bond) was supported by the correlations
between H2-4 (dH 2.00) and C-6 (dC 127.0) and C-19 (dC 26.3).
The above HMBC correlations led to the assignment of a seven-
membered ring and a benzene ring in 1. Moreover, the HMBC cor-
relations between H2-12 (dH 2.82) and C-9 (dC 133.2), C-10 (dC

135.9), and C-11 (dC 133.3) indicated that c (including an a,b-
unsaturated c-lactone ring) was connected to the benzene ring
via C-12–C-10 bond. The positions of the two methyl groups were
also confirmed by the HMBC experiment. The cross-peaks between
H3-18 (dH 2.24) and C-8 (dC 129.9), C-9 (dC 133.2), and C-10 (dC

135.9), as well as between H3-20 (dH 2.23) and C-1 (dC 138.1), C-
10 (dC 135.9), and C-11 (dC 133.3) suggested that the two methyl
groups were located at C-9 and C-11 positions of the benzene ring,
respectively.

Finally, the structure of 1 was confirmed by the single crystal X-
ray diffraction analysis (Fig. 2),9 which revealed a novel diterpene
with an unprecedented carbon skeleton constructed by an unsatu-
rated seven-membered ring, fused benzene ring moiety, and an
a,b-unsaturated c-lactone ring connected via two methylenes. 1
was designated with the trivial name andrographolactone. In the
solid state, the average displacement parameter of the fragment
from C-2 to C-4 is 47.8% larger than that of the remaining four
atoms of the seven-membered ring. In addition, the a,b-unsatu-
rated c-lactone ring was extended on the opposite side of the se-
ven-membered ring and offered no electronic influence on the
fragment from C-2 to C-4. Accordingly, the geminal protons on this
fragment existed in a chemical shift equivalence environment and
showed the same chemical shift as shown in Table 1.

Biogenetically, andrographolactone (1) was also derived from
geranylgeranyl diphosphate (GGPP) as other diterpenes. A plausi-
ble biogenetic pathway of 1 was proposed (Scheme 1). 1 was ob-
tained by the cyclization of GGPP, methyl migration,
aromatization, oxidation, and lactonization processes.
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The cytotoxicity of 1 was measured by MTT assay.10 1 exhibited
cytotoxic effects on two human cancer cell lines, with IC50 values of
0.05 mM (LoVo, colon cancer) and 0.06 mM (NCI-H460, non-small
cell lung cancer).
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10. MTT assay: Cells (2 � 104 cells/well) were treated with various concentrations
of compound 1 in 96-well culture plates (Costar, USA) for 48 h. After that, cells
were cultured with MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl
tetrazolium bromide) for 4 h at 37 �C. The formazan crystal formed was
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