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A phytochemical study on Lycopodium casuarinoides has led to the isolation of two new C16N2-type
Lycopodium alkaloids, casuarine A (1), a cage-like structure featured with a fused 6/6/6/6/6 pentacyclic
ring system, and casuarine B (2). Their structures were elucidated based on the spectroscopic data and
further confirmed by X-ray analysis. In vitro acetylcholinesterase (AChE) inhibitory activity assay showed
that compound 2 exhibited moderate anti-AChE activity with IC50 46.40 lM.

Crown Copyright � 2013 Published by Elsevier Ltd. All rights reserved.
Lycopodium alkaloids, possessing a complex heterocyclic ring
system and wideranging biological properties, have attracted great
interest from biogenetic, synthetic, and biological perspectives.1,2

In particular, huperzine A (hup A), a C16N2-type alkaloid isolated
from the Chinese folk medicinal herb Qian Ceng Ta (Huperzia
serrata),3,4 has been shown to be a highly potent, specific, and
reversible inhibitor of acetylcholinesterase (AChE).5–7 Until now,
more than 300 Lycopodium alkaloids were reported.1,8 Among them,
most of the Lycopodium alkaloids possessing AChE inhibitory activ-
ity belong to lycodine class, such as, huperzine A, huperzine B,4 and
N-methylhuperzine B.9 In our continuing efforts to search for struc-
turally interesting and bioactive Lycopodium alkaloids, two new
C16N2-type alkaloids, casuarine A (1), a cage-like structure featured
with a fused 6/6/6/6/6 pentacyclic ring system, and casuarine B (2),
were isolated from the club moss Lycopodium casuarinoides.
Compound 2 exhibited moderate AChE inhibitory activity with
IC50 46.40 lM. Herein, we report the isolation, structure elucida-
tion, and the anti-AChE activity of 1 and 2 .
The club moss L. casuarinoides (7 kg) collected in Guangxi prov-
ince of China was extracted with 70% EtOH/H2O (24 h � 3), and the
EtOH extract was partitioned between EtOAc and 10% HCl/H2O.
Water-soluble materials, after being adjusted at pH 10 with satu-
rated Na2CO3, were then partitioned with CHCl3. CHCl3-soluble
materials (29 g) were subjected to reversed-phase MPLC (RP-18)
(MeOH/H2O, 10%?95%), a silica gel column (CHCl3/MeOH/H2O,
90:10:1?50:50:1 and then petroleum ether/acetone/diethyl-
amine, 50:40:1?10:80:1), and a Sephadex LH-20 column (MeOH)
to afford casuarines A (1, 15 mg, 0.0002%) and B (2, 22 mg,
0.0003%), together with the known C16N2-type alkaloids, huperzi-
nine (1605 mg, 0.023%),10 N-demethylhuperzinine (8 mg,
0.0001%), huperzine B (15 mg, 0.0002%), and huperzine D (30 mg,
0.0004%).11

Casuarines A12 {½a�13:2
D + 8.9 (c 1.0, MeOH)} was obtained as a

colorless crystal and its molecular formula was established to be
C16H24N2O2 by HREIMS at m/z 276.1831 [M]+ (calcd 276.1838),
indicating six degrees of unsaturation. IR absorptions implied the
presence of amino (3431 cm�1) and carbonyl (1667 cm�1) func-
tionalities. Analysis of the 1H and 13C NMR spectra of 1 (Table 1)
revealed 16 carbon signals due to four quaternary carbons, three
tertiary carbons, eight methylenes, and one methyl group. Among
them, one sp2 quaternary carbon was attributable to the amide
group (dC 171.9), and two sp3 quaternary carbons (dC 82.6 and
74.3) were attributed to those attached to an oxygen atom.

The gross structure of 1 was elucidated by analysis of 2D NMR
data (Fig. 1). The 1H–1H COSY cross-peaks of 1 disclosed the pres-
ence of two structural fragments, a (C-2–C-4) and b (C-9–C-12 and
C-6–C-8). According to the HMBC cross-peaks of H-2 (dH 2.56 and
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Table 1
1H (400 MHz) and 13C NMR (100 MHz) data of 1 and 2 (d in ppm, J in Hz)

No. 1a 2b

dH (mult, J, Hz) dC (mult) dH (mult, J, Hz) dC (mult)

1 171.9 s 165.7 s
2a 2.56 (dd, 17.9, 5.0) 31.8 t 6.37 (d, 9.5) 118.5 d
2b 2.31 (m)
3a 1.91 (ddd, 17.9, 12.7, 5.0) 15.7 t 7.89 (d, 9.5) 142.6 d
3b 1.68 (m)
4 2.24 (dd, 13.2, 2.8) 35.9 d 122.1 d
5 82.6 s 144.7 s
6a 1.86 (br d, 10.6) 36.3 t 2.93 (dd, 17.1, 5.2) 30.0 t
6b 1.53c 2.32 (d, 17.1)
7 2.01 (m) 33.6 d 2.97 (m) 30.8 d
8a 1.65 (m) 41.8 t 5.49 (d, 5.2) 125.5 d
8b 1.53c

9a 2.83 (m) 39.1 t 2.72 (m) 50.3 t
9b 2.78 (m) 2.61 (m)
10a 1.77 (m) 25.9 t 1.54 (m) 29.9 t
10b 1.66 (m) 1.78 (m)
11a 1.74c 24.2 t 3.42 (td, 10.7, 5.1) 68.5 d
11b 1.52 (m)
12 1.74c 45.8 d 1.87 (dd, 10.7, 3.4) 41.5 d
13 53.7 s 59.9 s
14a 1.71 (d, 12.8) 43.5 t 2.67c 44.0 t
14b 1.24 (d, 12.8) 1.80 (m)
15 74.3 s 133.9 s
16 1.18 (3H, s) 28.2 q 1.57 (3H, s) 23.1 q
N-CH3 2.67c 37.8 q

a Recorded in CDCl3.
b Recorded in CD3OD.
c Overlapping signals.
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Figure 1. Selected 2D NMR correlations for casuarine A (1).

Figure 2. X-ray structure of casuarine A (1).
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2.31) to C-1 (dC 171.9), H-3 (dH 1.91 and 1.68) to C-1 (dC 171.9) and
C-5 (dC 82.6), and H-4 (dH 2.24) to C-5, the partially structured
C-1–C-5 was constructed. An HMBC cross-peak of H-7 (dH 2.01)
to C-5 indicated the connectivity of C-5 and C-6. Connectivity of
C-9 (dC 39.1) and C-13 (dC 53.7) through a nitrogen atom was re-
vealed by HMBC cross-peak for H-9 (dH 2.83, 2.78) to C-13. HMBC
cross-peaks of H-4 with C-12 (dC 45.8), C-13, and C-14 (dC 43.5)
suggested the connectivities of C-4, C-12, and C-14 via C-13. Con-
nectivities of C-8, C-14, and C-16 through C-15 were elucidated by
HMBC correlations from H-16 (dH 1.18) to C-8 (dC 41.8), C-14, and
C-15 (dC 74.3). Finally, the connectivities of C-1 with C-5 through a
nitrogen atom and C-5 with C-15 through an oxygen atom can be
deduced from the molecular formula and confirmed by the special
13C NMR data of C-5 and C-15 as well as the HMBC correlations
from H-16 (dH 1.18) to C-5. Thus, the gross structure of casuarine
A was elucidated to be 1 which possessed a cage-like structure fea-
tured with a fused 6/6/6/6/6 pentacyclic ring system that was
never found in lycodine-type alkaloids (Fig. 1).

The relative configuration of 1 was established by ROESY spec-
trum (Fig. 1). The correlation of H-4 with H-11a indicated H-4 was
a-oriented. Due to the overlaps of H-6b/H-8b and H-11a/H-12 and
the structure novelty, a single X-ray diffraction study of compound
1 was made which validated the planar structure and established
the relative configuration of 1 (Fig. 2).13

Casuarine B14{½a�24:2
D �32.3 (c 0.12, CHCl3)}, a colorless amor-

phous powder, has a molecular formula C17H22N2O2 as established
by HREIMS at m/z 286.1676 [M]+ (calcd 286.1681), suggesting
eight degrees of unsaturation. IR absorptions implied the existence
of amino (3419 cm�1) and carbonyl (1653 cm�1) groups. The UV
absorption at 230 and 311 nm indicated the presence of the pyri-
dine ketone ring. Analysis of the 1D and 2D NMR spectra revealed
the existence of 17 carbons due to one carbonyl carbon (dC 165.7),
three sp2 quaternary carbons (dC 122.1, 133.9, and 144.7), one sp3

quatemary (dC 59.9), three sp2 methines (dC 118.5, 142.6, and
125.5), one sp2 methine (dH 3.42; dC 68.5) that attached to an oxy-
gen atom, four sp3 methylenes, one methyl (dH 1.57; dC 23.1), and
one N-methyl (dH 2.67; dC 37.8). Based on above data, the structure
of 2 was concluded to be a lycodine-type alkaloid which was
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Scheme 1. Plausible biogenetic pathway of 1.
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resembled to those of N-methylhuperzine B.10,15 The only differ-
ence was that 2 had one hydroxy group which was connected to
C-11 as deduced from the HMBC correlations for H-7 (dH 2.97),
H-9a (dH 2.72), H-9b (dH 2.61), and H-12 (dH 1.87) to C-11
(dC 68.5). The ROESY spectrum of 2 showed cross-peaks of H-12/
H-10b, H-12/H-14a, and H-11/H-6a that indicated H-12 was
b-oriented and H-11 was a-oriented.15,16 Thus, the structure of
casuarine B (2) was elucidated.

A plausible biogenetic pathway of casuarine A (1) was proposed
as shown in Scheme 1. Biogenetically, 1 may be derived from des-
N-methyl-a-obscurine (3). As shown, 3 underwent an oxidation to
produce intermediate 4, followed then by an addition in the acidic
conditions to afford intermediate 5. Intermediate 5 further under-
went an important tautomerism and a cyclization to yield 1.

Casuarines A (1) and B (2) were tested for AChE inhibitory activ-
ities using the Ellman method reported previously (huperzine A as
positive control, IC50 = 0.03 lM).17 Finally, casuarine B showed a
moderate AChE inhibitory activity (IC50 = 46.40 lM), while casuar-
ine A showed no activity.
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