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a b s t r a c t

Two novel alkaloids, trigonoine A containing a 2,8-diazabicyclo[3.3.1]nonane ring system and trigonoine
B formed by a combination of a 2,3-dihydroquinolin-4-one and 3H-pyrrolo[2,3-c]quinoline rearranged
from b-carboline skeleton were isolated from the leaves of Trigonostemon lii. Their structures were eluci-
dated by 1D and 2D NMR spectroscopic methods.

� 2011 Elsevier Ltd. All rights reserved.
The genus Trigonostemon (Euphorbiaceae) comprises about 50
species, and is mainly distributed in tropical and subtropical re-
gions of Asia.1 There are about 10 species growing in China, of
which four (Trigonostemon thyrsoideus, Trigonostemon huangmosu,
Trigonostemon lii, and Trigonostemon filipes) are found in Yunnan
Province. Plants of the genus are usually used by natives in Yunnan
as herbal medicine to treat some diseases, such as asthma and diar-
rhea.2 As part of our ongoing investigations on searching for struc-
turally novel and biologically active alkaloids from the traditional
medicine of Yunnan Minority Group,3 two novel alkaloids (1–2)
were isolated from the leaves of T. lii. Compound 1 contained a
2,8-diazabicyclo [3.3.1] nonane ring system and 2 was formed by
a combination of a 2,3-dihydroquinolin-4-one and a 3H-pyrrol-
o[2,3-c]quinoline unit.
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The air-dried powder (12.0 kg) of the leaves of T. lii was
extracted three times with 95% EtOH at room temperature to give
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a crude extract, which was partitioned between EtOAc and H2O.
The EtOAc-soluble part (100 g) was subjected to CC on silica gel
using petroleum ether/acetone (9:1 to 3:7) to yield 10 fractions.
Fraction 4 (10.0 g) was repeatedly purified by MCI gel (MeOH–
H2O), MPLC (MeOH–H2O), and Sephadex LH-20 (CHCl3–MeOH),
to afford trigonoines A (5.0 mg) and B (4.0 mg).

Trigonoine A (1),4 was obtained as a yellow solid. The ESIMS
spectrum of 1 showed a pseudomolecular ion peak at m/z 328.2
[M+H]+. The molecular formula of 1 was revealed to be C21H17N3O
by positive HRESIMS data at m/z 328.1452 [M+H]+ (calcd
328.1449), with 15 degrees of unsaturation. UV absorptions at
340.8 nm (3.63) and 354.0 nm (3.66) implied the presence of a
b-carboline chromophore.5 The IR absorption at 3422 cm�1 indi-
cated the existence of a NH or an OH functionality. The 1H NMR
spectrum (Table 1) showed two methine proton signals at dH 4.31
(1H, t, J = 4.8 Hz, H-10) and 6.0 (1H, br d, J = 2.9 Hz, H-30), one meth-
ylene group signal at 2.51(1H, m, H-20a) and 2.43 (1H, m, H-20b),
and one methoxyl signal at dH 3.85 (3H, s) in the up-field region.
In the low-field region, a set of AMX system of signals at dH 8.03
(1H, d, J = 8.8 Hz, H-5), 7.13 (1H, dd, J = 8.8, 2.6 Hz, H-6) and 7.45
(1H, d, J = 2.6 Hz, H-8), two interactively coupled pyridine protons
signals at dH 7.63 (1H, d, J = 2.9 Hz, H-3) and 6.89 (1H, d,
J = 2.9 Hz, H-4), and four proton signals of 1,2-disubstituted aro-
matic ring of signals at dH 7.24 (1H, d, J = 7.7 Hz, H-50), 6.87 (1H, t,
J = 7.7 Hz, H-70), 6.52 (1H, t, J = 7.7 Hz, H-60), and 6.50 (1H, d,
J = 7.7 Hz, H-80) were observed in the 1H NMR spectrum. Moreover,
a doublet signal at dH 7.19 (1H, d, J = 3.7 Hz) showing no correlation
with any carbons in the HSQC spectrum, was assigned to an
exchangeable proton of NH or OH. The 13C NMR spectrum
accounted for all 21 carbon resonances comprising one methoxyl,
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Figure 1. Selected 2D NMR data of 1 and 2.

Table 1
NMR data of 1 and 2 in DMSO-d6 (1H: 500 MHz; 13C: 125 MHz)

Position 1 Position 2

dC dH dC dH

1 151.3 2 144.5
3 127.4 7.63 d (2.9) 3 122.8
4 100.0 6.89 d (2.9) 5 128.1 7.52 br s
4a 125.1 6 101.1 7.07 br s
4b 117.3 7 130.6
5 124.1 8.03 d (8.8) 8 117.2
6 116.0 7.13 dd (8.8, 2.6) 9 124.1 8.18 d (9.0)
7 157.3 10 116.4 7.18 dd (9.0, 2.5)
8 109.4 7.45 d (2.6) 11 157.8
8a 144.5 12 108.2 7.36 d (2.5)
9a 124.6 13 143.2
20 59.0 6.0 br d (2.9) 20 48.3 4.19 t (6.6)
30 27.8 2.51 m 2.43 m 30 38.7 2.87 t (6.6)
40 36.9 4.31 t (4.8) 40 193.6
40a 121.8 40a 120.1
50 129.1 7.24 d (7.7) 50 127.3 7.86 d (7.7)
60 117.0 6.52 t (7.7) 60 119.4 6.90 t (7.7)
70 127.6 6.87 t (7.7) 70 134.7 7.26 t (7.7)
80 114.4 6.50 d (7.7) 80 116.3 6.32 d (7.7)
80 0a 141.3 80a 149.3
10-NH 7.19 d (2.9) 4-NH 11.62 s
7-OCH3 55.1 3.85 s 11-OCH3 55.2 3.86 s
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one methylene, eleven methines, and eight quaternary carbons. The
aforementioned facts suggested compound 1 to be a b-carboline
alkaloid. The structure of 1 was further demonstrated by an analysis
of 2D NMR spectra, especially HMBC correlations (Fig. 1). The b-
carboline skeleton of 1 was readily constructed by comparison of
its NMR data with those of the known analogues6 and by analysis
of its HMBC spectrum. In particular, the HMBC correlations from
H-3 to C-1; H-4 to C-4a, C-4b, and C-9a; H-5 to C-4a, C-4b, and C-
8a; H-8 to C-4b and C-8a; and H3-OMe to C-7 indicated the exis-
tence of 7-methoxy-b-carboline ring. The remaining six aromatic
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Scheme 1. The plausible bioge
carbon signals [dC 141.3 (s, C-80a), 129.1 (d, C-50), 127.6 (d, C-70),
121.8 (s, C-40a), 117.0 (d, C-60), and 114.4 (d, C-80)] constructed
the 1,2-disubstituted benzene ring inferred from its 1H NMR
spectrum.

A structure fragment 1a (from N-10 to C-40) was observed in the
1H–1H COSY spectrum (Fig. 1). The connection between 1a and the
1,2-disubstituted benzene ring system was supported by the
HMBC correlations from the proton of NH group to C-80a, C-80,
and C-40a, H-1 to C-50, and H-50 to C-40, C-40a, and C-80a, which sug-
gested the presence of a tetrahydro-quinoline moiety in 1. Consid-
ering the 15 degrees of unsaturation of alkaloid 1, one more ring
was required for the structure. The HMBC correlations from H-40

and H2-30 to C-1, and from H-40 and H-20 to C-9a suggested the con-
nections of C-40/C-1 and C-20/N-9 forming another six-membered
ring. Accordingly, the planar structure of alkaloid 1, possessing a
2,8-diazabicyclo [3.3.1] nonane ring system, was established.
Based on the molecular model of 1, H-20 and H-40 should only take
the same orientation due to the ring stretching force, which was
also indicated by the ROESY cross-correlation between H-20 and
H-40.

Trigonoine B (2),7 was isolated as a pale yellow powder, and its
molecular formula was assigned as C21H17N3O2 on the basis of its
HRESIMS m/z 344.1393 [M+H]+ (calcd 344.1399). The IR spectrum
showed the presence of NH, C@O, and aromatic groups. The 13C
NMR spectrum (DEPT spectrum) indicated that 2 consists of 9
sp2 quaternary carbons, 9 sp2 methines, 2 sp3 methylenes, and 1
sp3 methyl (OCH3). One sp2 quaternary carbon (dC 193.6) was
assigned to a keto group. The 1H NMR and 1H–1H COSY spectra
showed the presence of an AMX spin system (dH 8.18, d, J =
9.0 Hz, H-9; 7.18, dd, J = 9.0, 2.5 Hz, H-10; and 7.36, d, J = 2.5 Hz,
H-12), a pair of ortho-coupled signals (dH 7.52, br s, H-5 and 7.07,
br s, H-6), a 1, 2-disubstituted benzene ring (dH 7.86, d, J = 7.7 Hz,
H-50; 7.26, t, J = 7.7 Hz, H-70; 6.90, t, J = 7.7 Hz, H-60; and 6.32, d,
J = 7.7 Hz, H-80), and fragment 2a (C-20–C-30) (Fig. 1). In the HMBC
spectrum, a structure of 3H-pyrrolo[2,3-c]quinoline was deter-
mined by the correlations of H-5 and H-6 to C-3, H-6 and H-9 to
C-7, H-9 and H-12 to C-8 and C-11. The methoxyl group was placed
at C-11 by the correlation of the methoxyl protons to C-11. Like-
wise, the keto carbonyl group was located at C-40 by the correla-
tions of H-20 and H-30 to C-40, and H-30 to C-40a. The HMBC
correlation of H-20 to C-80a indicated that the nitrogen atom was
attached to C-80a. Thus, the other moiety of 2 was determined as
2,3-dihydroquinolin-4-one that joined with the unit of 3H-pyrrol-
o[2,3-c]quinoline between N-10 and C-2 as suggested by the corre-
lation of H-20 to C-2. To the best of our knowledge, this is the first
time a novel alkaloid conjugated by two alkaloidal units is ob-
tained in this genus.
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Trigonoine A (1) is a novel carboline alkaloid featuring a 2,8-
diazabicyclo [3.3.1] nonane ring system, and trigonoine B (2) is a
combination of a 2,3-dihydroquinolin-4-one and 3H-pyrrolo[2,3-
c]quinoline rearranged from b-carboline skeleton. A plausible
biogenetic pathway for them is proposed as shown in Scheme 1.
For 1, the key precursor III was formed by Mannich reaction of
tryptamine (I) and quinoline-4-carbaldehyde (II), which were
derived from tryptamine. Dehydrogenation of the carboline ring
(IV) and partially hydrogenation of quinoline ring (V) in III fol-
lowed by a subsequent intramolecule nucleophilic reaction yielded
1. For 2, b-carboline alkaloid (VI) was oxygenated to VII, which was
converted to VIII by an intramolecular condensation. Then the con-
densation of VIII with IX yielded X, which was finally, converted to
2 by dehydrogenation.

Compounds 1 and 2 were tested for their anti-HBV activities
in vitro against the HBV-transfected HepG 2.2.15 cell line and
anti-HIV activities in preventing the cytopathic effects of HIV-1IIIB

in C8166. Both of them showed no anti-HBV activity and weak
anti-HIV activity with EC50 values of 13.1 and 17.6 lg/mL, with
the TI (therapeutic index) values of 1.28 and 4.48, respectively.
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