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Abstract—Seven new alkaloids, lycoposerramines-C, -D, -E, -P, -Q, -S, and -U, having novel fawcettimine-related structures, were
isolated from the club moss Lycopodium serratum Thunb. © 2002 Elsevier Science Ltd. All rights reserved.

The genus Lycopodium (Lycopodiaceae), which pro-
duces a potential therapeutic agent, huperzine A, for
the treatment of Alzheimer’s disease, has been exten-
sively studied in recent years,1 resulting in the isolation
of several new alkaloids having novel skeletons.2

Recently, we have isolated a new type of Lycopodium
alkaloid, lycoposerramine-A,3 which has a 1,2,4-oxadia-
zolidin-5-one residue in the molecule, from Lycopodium
serratum Thunb. In the continuing search for struc-
turally unique Lycopodium alkaloids from this plant,
we have purified a number of natural products includ-
ing seven new alkaloids possessing fawcettimine-related
skeletons. In this communication, we report the struc-
ture elucidation of these alkaloids.

The crude basic fraction obtained by the conventional
procedure from the MeOH extract of the club moss L.
serratum collected in Boso Peninsula, Japan, was
purified by repeated chromatography over SiO2 to
afford new alkaloids, lycoposerramines-C (1, 1.03%
based on the crude base), -E (6, 0.31%), -D (7, 0.76%),
-U (8, 0.03%), -P (10, 0.12%), -Q (11, 0.12%), and -S
(12, 0.14%).

Compound 1, named lycoposerramine-C, was obtained
as colorless prisms (mp 164–165°C).4 High-resolution
FAB MS analysis gave m/z 262.1799 (M+H)+ and
established the molecular formula as C16H23NO2. UV
spectrum (�max 270 and 229 nm) as well as NMR data

(�H 5.82 and �C 127.2, 183.9, and 209.9) indicated the
presence of a trisubstituted �,�-unsaturated carbonyl
residue. 1H–1H COSY and HMQC spectra indicated
the presence of the following three fragments:
-CH2CH2CH2CH- (C1–C4), -CH2CH2CH2- (C9–C11),
and -CH2CH(CH3)CH2- (C8-C15(C16)-C14). Observa-
tion of a characteristic signal at �C 88.5 due to the
aminoacetal carbon and the HMBC correlations as
shown in Fig. 1 indicated that the fundamental skeleton
of 1 is fawcettimine (2),5 an alkaloid coexisting in this
plant. The position of the double bond was easily
assumed to be C6-C7 based on HMBC correlations
between the olefinic proton (H6) and C4, C5, and C12.
The structure inferred by spectroscopic analysis was
confirmed by X-ray crystallographic analysis.4 Treat-
ment of lycoposerramine-C (1) with NaOMe in MeOH
at room temperature gave two known alkaloids, phleg-
mariurines A (3)6 and B (4),2e,6,7 in 40.0% and 5.0%
yields, respectively. The semi-synthetic phlegmariurine
A and naturally occurring 3 simultaneously isolated
from this plant showed the same CD curves, giving
proof that new alkaloid 1 and phlegmariurine A have
the same absolute configuration. The absolute configu-
ration of 3 as determined by X-ray analysis6 is shown in
Fig. 1. However, the X-ray analysis was carried out
using crystals that were free from heavy atoms. There-
fore, to confirm the absolute configuration of 3, we
prepared secondary alcohol derivative (5) and subjected
it to modified Mosher’s method.8 The secondary alco-
hol derivative having the �-configuration, which was
stereoselectively prepared by NaBH4 reduction of 3,
was converted into Mosher esters 5a and 5b. Calcula-
tion of ��H=�S−�R by the Mosher method allowed
assignment of the R configuration to C5, resulting in
the establishment of the absolute configuration of 5.
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Figure 1.

Therefore, the absolute configuration of 1 was con-
firmed. It is possible that 1 is a biogenetic precursor of
alkaloids 3 and 4.

The new alkaloid (6), named lycoposerramine-E, was
obtained as colorless needles (mp 259–262°C, sublima-
tion).9 High-resolution FAB MS analysis gave m/z

278.1779 (M+H)+ and established the molecular for-
mula as C16H23NO3, which is one oxygen atom more
than that of the known alkaloid, phlegmariurine A (3).6

Actually, the 13C NMR spectra of 6 and 3 are very
similar with one exception, namely, 6 shows a carbon
signal at �C 82.3 due to the introduction of a tertiary
hydroxyl group at C4. The structure of 6 was finally
established by X-ray crystallographic analysis.9

The new alkaloid (7), named lycoposerramine-D, was
obtained as colorless prisms (mp 173–176°C).10 High-
resolution FABMS analysis gave m/z 292.1914 (M+H)+

and established the molecular formula as C17H25NO3,
which revealed that 7 has one excess carbon atom
compared with common C16 type Lycopodium alka-
loids. 13C NMR data indicated the presence of a
hydroxyl group (�C 61.9) and two ketones (�C 213.5
and 216.7) in the molecule. 1H–1H COSY and HMQC
spectra revealed the presence of the following frag-
ments: -CH2CH-CH2- (C1–C3), a three-carbon methyl-
ene chain (C9–C11), -CH2CHCH2CH(CH3)CH2-
(C6–C8-C15(C16)-C14), and an isolated methylene unit
(C17). HMBC analysis, particularly the correlations
between the isolated methylene carbon (C17) and the
protons on C1 and C3, as shown in Fig. 2, enabled the
construction of the fundamental structure. The presence
of a hydroxyl group at C2 was deduced from the
chemical shift of the corresponding carbon atom (�C

61.9), and its stereochemistry was predicted from the
observation of NOE between H2 and both H9 and
H11. The structure inferred by spectroscopic analysis
above was confirmed by X-ray crystallographic
analysis.10

The new alkaloid (8), named lycoposerramine-U,11 was
obtained as a colorless amorphous powder. High-reso-
lution FAB MS analysis gave m/z 292.1921 (M+H)+

and established the molecular formula as C17H25NO3,
which is identical with that of lycoposerramine-D (7)Figure 2.
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Table 1. 13C NMR data of lycoposerramines and their related alkaloids in CDCl3

2 6 3 7 8Positions 91 10a 11 12

50.0 50.0 50.0 59.81 52.752.0 53.2 62.1 60.0 49.1
2 29.6 22.6 20.6 23.2 61.9 19.4 19.3 67.1 31.5 26.6

35.9 40.1 32.5 38.8 28.427.5 29.23 35.6* 33.1* 19.6
57.54 60.2 82.3 57.1 61.1 58.2 58.4 58.6 57.9 50.5

220.4 218.9 220.3 216.75 217.3209.9 218.4 215.0 80.1 60.2
41.9 44.6 47.2 40.3 39.6127.2 40.06 41.4 38.3 35.6
43.2 135.4 132.2 41.4 47.57 40.3183.9 43.1 43.1 35.0
31.9 38.3 37.4 31.1 72.834.7 31.28 32.7 33.2* 33.0

49.49 53.4 50.8 50.7 57.2 57.4 56.6 51.7 52.4 56.8
28.8 23.9 24.1 26.0 28.022.5 25.910 21.6 24.2 22.0

35.311 28.2 23.7 27.4 36.4 40.8 36.2 35.7* 40.8 21.4
48.2 138.8 137.8 60.412 59.054.3 60.6 47.9 47.2 49.5
88b 172.7 172.4 213.5 213.288.5 213.813 88.8 147.2 59.0
44.4 40.4 40.3 46.9 42.414 46.742.9 43.7 127.6 33.7
23.7 28.4 28.4 27.9 30.929.0 28.015 24.6 27.0 20.7
21.8 23.516 23.321.8 22.3 18.0 22.4 22.2 21.3 22.1

52.6 55.6 53.417
N-CH3 44.5

a In acetone-d6.
b Observed as broad signal (see Ref. 5d).
* Interchangeable within the vertical column.

described above. In analogy with 7, lycoposerramine-U
had a secondary hydroxyl group (�C 72.8) and two
ketones (�C 213.2 and 217.3) as well as the characteristic
fragments, i.e. -CH2CH2-CH2- (C1–C3), a three-carbon
methylene chain (C9–C11), -CH2CHCHCH-
(CH3)CH2- (C6–C8-C15(C16)-C14), and an isolated
methylene unit (C17), thereby implying that 8 has the
same skeleton as 7. The 13C NMR spectra of 8 and a
known alkaloid, lycoflexine (9), are very similar with the
exception that 8 exhibits a carbon signal at �C 72.8 due
to the introduction of a secondary hydroxyl group at C8
in 9 (We isolated a known alkaloid, lycoflexine (9),12

which was confirmed by direct comparison with an
authentic sample provided by Dr. W. A. Ayer. The 13C
NMR data of 9 have not been published so far; thus, we
present them in Table 1). The stereochemistry at C8 was
deduced from the observation of NOE between H8 and
H6�. We propose here the structure of lycoposerramine-
U as formula 8. The absolute configuration of 9 was
established by chemical correlation with serratinine and
fawcettimine (2).13 The CD spectra of 9, 8, and 7
exhibited very similar curves, indicating that they have
the same absolute configuration, as shown in Fig. 2.

The new alkaloid (10), named lycoposerramine-P,14 was
obtained as a colorless amorphous powder. High-resolu-
tion FAB MS analysis gave m/z 280.1916 (M+H)+ and
established the molecular formula as C16H25NO3, which
is one oxygen atom more than that of fawcettimine (2).
13C NMR, 1H–1H COSY and HMQC spectra revealed
the presence of a secondary hydroxyl group (�C 67.1), a
ketone (�C 215.0), and an aminoacetal function (�C 88.8)
as well as the fragments, i.e. -CH2CHCH2CH- (C1–C4),
a three-carbon methylene chain (C9–C11), and
-CH2CHCH2CH(CH3)CH2- (C6–C8-C15(C16)-C14).
HMBC analysis as shown in Fig. 2, enabled the construc-
tion of the fundamental fawcettimine skeleton. The 13C
NMR spectra of 10 and fawcettimine (2) are very similar

with the exception that 10 exhibits a carbon signal at �C

67.1 due to the introduction of a secondary hydroxyl
group at C2 in 2. When 10 was treated with sym-trioxane
in the presence of catalytic amount of HBr in aqueous
MeOH, lycoposerramine-D (7), whose structure was
determined by X-ray analysis as above, could be obtained
in 12% yield. The desired product would be formed by
an intramolecular Mannich reaction,12 i.e. insertion of
formaldehyde between the secondary amine and C4 in
the keto-amine equilibrium form of 10. The semi-syn-
thetic lycoposerramine-D (7) was completely identical
with the naturally occurring 7 by comparison of their
chromatographic behavior, as well as their mass, 1H and
13C NMR, and CD spectra. Therefore, the structure of
lycoposerramine-P including the stereochemistry at C2
was formulated as 10.

The new alkaloid (11), named lycoposerramine-Q,15

was obtained as a colorless solid. High-resolution
FABMS analysis gave m/z 248.2026 (M+H)+ and estab-
lished the molecular formula as C16H25NO. The pres-
ence of a secondary hydroxyl group (�H 3.96 and �C

80.1) and a trisubstituted olefin (�H 5.57 and �C 127.6
and 147.2) was revealed by 1H and 13C NMR data.
1H–1H COSY and HMQC spectra disclosed the pres-
ence of a three-carbon methylene chain (C9–C11) and a
long connectivity, CH2CH2CH2CHCHCH2CHCH2-
CH(CH3)CH- (C1–C8-C15(C16)-C14), thereby imply-
ing that the carbonyl group at C5 in the usual
fawcettimine-type alkaloids converted into a secondary
hydroxyl group as described above (�H 3.96 and �C

80.1). Comparison of the 13C NMR data of 11 with
those of fawcettimine (2) as well as the HMBC correla-
tions between H14 and C13 and between H9 and C13
led to the elucidation of the molecular structure of
lycoposerramine-Q (11). The stereochemistry at C5 was
deduced from the observation of NOE between H5
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Figure 3.
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4. Lycoposerramine-C (1), colorless prisms, mp 164–165°C
(from AcOEt/n-hexane), UV (EtOH) �max nm; 270, 229,
FABMS; m/z 262 (M+H)+, HRFAB MS; m/z 262.1799
(M+H; calcd for C16H24NO2, 262.1807), CD (c 0.55 mM,
MeOH); 322 (+4.2), 258 (+1.9), 227 (−10.8), 1H NMR
(500 MHz, CDCl3) � : 5.82 (1H, d, J=1.5 Hz, H-6), 3.43
(1H, ddd, J=4.6, 14.1, 14.1 Hz, H-1), 3.34 (1H, ddd,
J=4.1, 14.6, 14.6 Hz, H-9), 2.98 (1H, dd, J=5.5, 14.6
Hz, H-9), 2.73 (1H, brd, J=14.1 Hz, H-1), 2.57 (1H, ddd,
J=1.5, 4.3, 13.2 Hz, H-8), 2.35 (1H, dd, J=11.9, 14.0
Hz, H-14), 2.23 (1H, ddd, J=4.9, 13.6, 13.6 Hz, H-11),
2.14 (2H, m, H-3, 4), 2.05 (1H, ddd, J=1.7, 13.2, 13.2
Hz, H-8), 2.00 (2H, m, H-3, 15), 1.75 (3H, m, H-2, 2, 10),
1.53 (1H, brd, J=13.7 Hz, H-10), 1.31 (1H, dd, J=2.8,
14.0 Hz, H-14), 1.26 (1H, ddd, J=13.6, 2.3, 2.3 Hz,
H-11), 1.01 (3H, d, J=6.1 Hz, H-16). The crystal data for
1: data were acquired with a Rigaku RAXIS-II Imaging
Plate diffractometer Mo–K� radiation (�=0.71070 A� ),
graphite monochromated, monoclinic, C16H23NO2 (Mw:
261.36), space group P21 with a=7.440(2) A� , b=29.66(2)
A� , c=12.96(1) A� , V=2837(3) A� 3, Z=8, and Dcalc=1.223
g/cm3 The final R value was 0.070 (Rw=0.069) for 3650
reflections (I>1.00�(I)). The crystallographic data for
compounds 1, 6, and 7 will be deposited with the Cam-
bridge Crystallographic Data Centre.
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9. Lycoposerramine-E (6), colorless needles, mp 259–262°C
(from AcOEt, sublimation), FABMS; m/z 278 (M+H)+,

and H8. This compound was previously prepared from
fawcettimine (2) by the stereoselective reduction of the
C5 carbonyl function and the dehydration at positions
C13 and C14;16 however, this is the first report of its
isolation as a natural product.

The new compound (12), named lycoposerramine-S,17

was obtained as a colorless amorphous powder. High-
resolution FABMS analysis gave m/z 263.2485 (M+H)+

and established the molecular formula as C17H30N2,
which has one extra carbon atom compared with com-
mon fawcettimine-type alkaloids. This carbon atom
was easily deduced to be an N-Me function based on
the signal at � 2.24 (3H, s) in the 1H NMR spectrum.
1H–1H COSY and HMQC spectra disclosed the pres-
ence of a three-carbon methylene chain (C9–C11) and a
long connectivity, -CH2CH2CH2CHCHCH2CHCH2-
CH(CH3)CH2CH- (C1–C8-C15(C16)-C14-C13), there-
by implying that position C5 in 12 is an sp3 carbon
atom, the chemical shifts (�H 3.00 and �C 60.2) of
which indicate that a nitrogen function is attached to
this position. In the HMBC spectrum, characteristic
correlations between H5 and both C12 and C13 were
observed, indicating that C5 and C13 are connected by
a nitrogen bridge. The stereochemistry including posi-
tions C4 and C15 of the unprecedented pentacyclic
alkaloid 12 was elucidated by NOE observations, as
shown in Fig. 3.
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