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Serratene triterpenoids in Lycopodium japonicum from Hubei province
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Abstract: Objective To investigate the chemical constituents in the whole plant of Lycopodium japonicum, native to Suizhou city,
Hubei province for the first time. Methods The compounds were isolated and purified by a combination of silica gel, ODS, and
Sephadex LH-20 column chromatography and prep-HPLC. Their chemical structures were established by their physicochemical
properties and spectral data. Results Eight pentacyclic triterpenoids have been isolated and characterized from the methanol extract of
the whole plant, they are 21-episerratenediol (1), serratenediol (2), a-onocerin (3), serrat-14-en-3p, 21, 24-triol (4), 3B, 21a-
dihydroxyserrat-14-en-16-one (5), lycoclavanol (6), lyclaninol (7), and 3a, 21, 24-trihydroxyserrat-14-en-16-one (8). Conclusion
Compounds 1—8 are all serretene triterpenoids, the characteristic chemical constituents in the plants of genus Lycopodium L.
Compound 5 is isolated from this plant for the first time.
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A serratene =i, JPlMEE N 21-K T )R8 I
(21-episerratenediol, 1) T /2554 I (serratenediol,
2). a-T A AERE Ca-onocerin, 3). serrat-14-en-3B, 21B,
24-triol (4). 3B, 2la-dihydroxy-serrat-14-en-16-one
(5). fiks =R C(lycoclavanol, 6). A7 #A DU
(lyclaninol, 7). 3a, 21B, 24-trihydroxyserrat-14-en-
16-one (8). Z5MJULIE 1. serratene — i AT 57 %
T 20 HALNB AR, AR AR AL Tk
BB, DM VF 22 DL serratene — il /D B 1 £ i
B 2 S H s At R 2 A 5 3R 1511 serratene
=l SIRPRI S, A3 SR AT N B AT A
ot — 2 WA AREALE L 'H-NMR,

PC-NMR. MS 47 I RISCRREE B, 3B e
%4 DEPT J% 2D NMR (HSQC. HMBC. COSY)
FiAR, XA B2 8 A serratene — i (1) 4% FR Ak ik
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1 R;=R¢=OH, R,=Rs=R,=H, R;=CH;, R;=H, = HO
2 R;=R;=OH, R,=Rs=R¢=H, R;=CH3, R;=H,

4 R;=R¢=OH, R,=Rs=R;=H, R;=CH,0OH, R,=H,

5 R,=R,=OH, R,=Rs=R¢=H, R;=CH3, R,=O

6 R,=R¢=OH, R;=Rs=R;=H, R;=CH,0H, R,=H,

7 R,=Rs=R¢=OH, R;=R;=H, R;=CH,OH, R,=H,

8 R,=R¢=OH, R,;=Rs=R;=H, R3=CH,OH, R;=O
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Fig. 1 Chemical structures of compounds 1—8
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FIPE MR JERL A 254 6 (8.1 mg). Fr. 13D 4143
SEIE L E IR AT Al (AR TTE 10 0 1) SFREUE
Jit, e84 HPLC 2hifh CHEE-ZKBRFEVEME, 25
min N 67% FFEE-7K_EFH2] 78% FEE-7K; AR 3
mL/min; z=21.5 min) 32|54 8 (3.0 mg).
Fr. 13E SE& [ AN Ao B8 QI FIBRIE: FIRE-/K
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HEW1: AOIEERH K. HR-ESI-MS 22U
HAESY T8 176k m/z 465.373 1 (#4574 465.370 3,
C30Hs500,Na). '"H-NMR (500 MHz, CDCl3) §: 0.80
(3H, s, 23-CH3), 0.89 (3H, s, 24-CH3), 0.77 (3H, s,
25-CH3), 0.84 (3H, s, 26-CH3), 0.69 (3H, s, 28-CH3),
0.93 (3H, s, 29-CH3), 0.97 (3H, s, 30-CH3), 3.18 (1H,
dd, J = 11.6, 4.7 Hz, H-3), 3.45 (1H, brs, H-21), 5.33
(1H, brs, H-15); “C-NMR (125 MHz, CDCl;) W%
1, 5 Chernenko ZUMRIEN 21-F T 2805 — g
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Table 1 "*C-NMR spectral data of compounds 1—8
AL 1 2 3 4 5 6 7 8
1 38.6 38.7 37.0 39.2 38.5 34.6 343 34.5
2 27.2 273 28.0 29.0 26.5 26.6 269 273
3 78.8 78.9 78.9 80.3 78.6 70.1 70.1 70.3
4 38.2 38.3 39.1 44.1 37.2 44.3 443 44.6
5 55.7 55.8 54.7 56.8 55.6 50.3 50.4 50.5
6 18.9 19.0 24.0 20.0 18.7 19.5 19.8 19.9
7 452 452 38.3 46.1 45.0 46.1 46.1 46.2
8 37.4 36.2 148.4 38.3 38.2 37.9 37.9 38.6
9 62.9 63.0 57.6 63.3 62.6 63.0 63.1 63.1
10 39.0 39.0 393 38.5 37.8 38.4 39.0 38.9
11 25.2 254 22.6 25.8 25.0 25.6 25.7 25.6
12 27.5 27.5 22.6 28.1 27.4 27.6 27.7 27.1
13 56.8 57.3 57.6 57.5 58.8 57.4 57.8 59.5
14 138.5 138.2 148.4 139.3 163.5 139.2 139.1 164.1
15 122.1 122.3 38.3 123.1 128.8 122.6 122.8 129.4
16 24.0 24.1 24.0 24.9 199.7 24.5 24.5 201.7
17 43.4 49.6 54.7 437 63.7 43.7 43.4 60.0
18 359 37.2 393 36.7 44.5 36.3 37.8 45.1
19 31.2 29.7 37.0 322 37.8 31.9 41.4 324
20 254 27.6 28.0 26.8 26.6 26.5 66.6 26.3
21 76.2 79.2 78.9 75.6 79.0 75.1 79.7 76.3
22 37.1 38.9 39.1 37.7 38.9 37.7 38.7 38.0
23 28.1 28.1 28.3 24.0 28.1 234 23.7 24.1
24 154 154 154 64.8 15.7 65.9 65.9 66.2
25 15.7 15.7 14.5 16.8 154 16.5 16.7 17.0
26 19.8 19.8 106.7 20.3 19.9 20.1 20.2 20.4
27 56.2 56.1 106.7 56.9 55.6 56.9 56.8 56.4
28 13.3 134 14.5 14.1 14.7 13.8 14.8 15.6
29 21.8 14.6 15.4 22.5 14.6 22.0 21.8 22.5
30 27.7 27.8 28.3 29.1 28.2 28.5 28.9 294

(21-episerratenediol) [EHRIEAY) S, PR
SCHRARIEM I A A 2 48 TSR,
UL AE BRI 12 A7 G A AT 7%

a2 AtIE R AR, ESI-MS m/z: 465
[M+Na]". "H-NMR (500 MHz, CDCl5) 6: 0.80 (3H,
s, 23-CH3), 0.83 (3H, s, 24-CH;), 0.77 (3H, s,
25-CH3), 0.83 (3H, s, 26-CHs), 0.67 (3H, s, 28-CHj3),
0.96 (3H, s, 29-CH3), 0.97 (3H, s, 30-CH3), 3.19 (1H,
dd, J=11.5, 4.1 Hz, H-3), 3.23 (1H, dd, J = 11.4, 4.1
Hz, H-21), 5.32 (1H, brs, H-15). *C-NMR (125 MHz,
CDCly) #ili W& 1. LA L 5 SRR 18 3 A —
HM, Mt A 2 TR

WE 3. AT B AR, ESI-MS m/z: 465
[M+Na]". "H-NMR (500 MHz, CDCl3) 6: 0.64 (6H,
s, 25, 28-CH;), 0.76 (6H, s, 24, 29-CH3), 0.99 (6H, s,

23, 30-CHs), 3.25 (2H, dd, J = 11.9, 4.1 Hz, H-3, 21),
4.56 (2H, brs, H-26, 27), 4.84 (2H, s H-26, 27). “C-
NMR (125 MHz, CDCl;) s W3& 1. DL EEde Y
SCRARE A, M A 3 N ot
WTERE .

E 4: AEILETEMA, ESI-MS m/z: 481
[M+Na]". "H-NMR (500 MHz, CsDsN) 6: 1.54 (3H,
s, 23-CH3), 0.83 (3H, s, 25-CH;), 0.79 (3H, s,
26-CH3), 0.80 (3H, s, 28-CH3), 0.95 (3H, s, 29-CH),
1.17 (3H, s, 30-CH3), 3.64 (1H, dd, J = 11.7, 4.4 Hz,
H-3), 3.68 (1H, s, H-21), 3.71 (1H, d, J = 10.9 Hz,
H-24b), 4.51 (1H, d, J = 10.9 Hz, H-24a), 5.47 (1H, s,
H-15). C-NMR (125 MHz, CsDsN) %4 0.2 1.
DL E %t 5 semkap s e A — 8, s et &4 4
4 serrat-14-en-3p, 21B, 24-triol
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&M s atE A, ESI-MS m/z: 479
[M+Na]". "H-NMR (500 MHz, CDCl3) 6: 0.79 (3H,
s, 23-CH3), 0.87 (3H, s, 24-CH3), 0.77 (3H, s,
25-CHs), 0.82 (3H, s, 26-CHs), 0.98 (3H, s, 28-CHs),
1.09 (3H, s, 29-CH3), 1.30 (3H, s, 30-CH3), 3.20 (2H,
d, J=11.5 Hz, H-3, 21), 3.49 (1H, s, H-17), 5.73 (1H,
s, H-15). "“C-NMR (125 MHz, CDCLy) ¥4 W% 1,
DA_E Kt 5 ek S A 5, s et
5 4 3B, 21a-dihydroxyserrat-14-en-16-one.

wE6: BT EMA, ESI-MS m/z: 481
[M+Na]". "H-NMR (500 MHz, CsDsN) d: 1.60 (3H,
s, 23-CH3), 091 (3H, s, 25-CH3), 0.84 (3H, s,
26-CHs), 0.81 (3H, s, 28-CH3), 0.94 (3H, s, 29-CH),
1.16 (3H, s, 30-CH3), 3.67 (1H, brs, H-21), 3.87 (1H,
d, J=10.7 Hz, H-24), 4.11 (1H, d, J = 10.7 Hz, H-24),
4.45 (1H, brs, H-3), 5.45 (1H, brs, H-15). “C-NMR
(125 MHz, CsDsN) £ W3 1, DL EEds 5 SRk
EIA -, M A 6 ks — .

WEW 1. AIEEMA, ESI-MS m/z: 497
[M-+Na]". "H-NMR (500 MHz, CsDsN) §: 1.60 (3H,
s, 23-CH3), 0.90 (3H, s, 25-CH3), 0.84 (3H, s,
26-CHs), 0.83 (3H, s, 28-CHs), 0.96 (3H, s, 29-CHs),
1.21 (3H, s, 30-CH3), 3.83 (1H, brs, H-21), 3.87 (1H,
d, J = 10.6 Hz, H-24b), 4.11 (1H, d, J = 10.6 Hz,
H-24a), 4.38 (1H, brd, J = 10.5 Hz, H-20), 4.45 (1H,
brs, H-3), 5.45 (1H, s, H-15). "*C-NMR (125 MHz,
CsDsN) Bl W3 1, DL % 5 Scif g A —
HM, WA A T kA DY

&Y 8: AMICEIEH AR, ESI-MS m/z: 495
[M+Na]". "H-NMR (500 MHz, CsDsN) 6: 1.60 (3H,
s, 23-CH3), 0.90 (3H, s, 25-CH3), 0.73 (3H, s,
26-CHs), 0.89 (3H, s, 28-CH3), 1.37 (3H, s, 29-CHs),
1.70 (3H, s, 30-CH3), 3.03 (1H, s, H-17), 3.59 (1H,
brs, H-21), 3.87 (1H, d, J = 10.3 Hz, H-24b), 4.08
(1H, d, J = 10.3 Hz, H-24a), 4.44 (1H, brs, H-3), 5.94
(1H, s, H-15). “C-NMR (125 MHz, CsDsN) % i,
F 1o VLB S ScikakiE s A 8, et
&) 8 4 3a, 21PB, 24-trihydroxyserrat-14-en-16-one.
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