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Chemical constituents from whole herb of Lycopodium japonicum
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Abstract: Objective To study the chemical constituents in the whole herb of Lycopodium japonicum. Methods The chemical
constituents were separated and purified by silica gel, Sephadex LH-20 column chromatography, and preparative HPLC. Their
structures were identified by various spectroscopic analyses. Results Thirteen compounds were obtained from the whole herb of L.
japonicum by the chromatographic methods on silica gel, ODS, and Sephadex LH-20 column, and preparative HPLC. According to
physicochemical properties and spectral data, these compounds were identified as betulin (1), di-(2-ethylhexyl) phthalate (2),
a-onocerin (3), 16-oxo-3a-hydroxyserrat-14-en-213-ol (4), 3-epilycoclavanol (5), (245)-24-methyl cholesterol (6), lycopodiin A (7),
tomentosanan B (8), a-obscurine (9), lycoclavanol (10), serratenediol (11), 1, 2-diarylpropane-3-ol (12), and 13, 13-ethylenedioxy-15,
16-dinwlabd-7-en-6B-ol (13). Conclusion Compounds 1, 2, 6, 8, and 11—13 are isolated from this plant for the first time.
Compounds 2, 6, 8, and 12 are isolated from the plants of this genus for the first time.
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WREW 1 A o- KA (a-obscurine, 9); —
R EY 4 4 o-T5HfEZE (o-onocerin, 3).
lycopodiin A (7). AAARE (10). T 23 iz
(serratenediol, 11); HAMRIMAEY) 8 1~ EIHEIR
M (betulin, DK —HR — (2-£455) Ol [di-(2-
ethylhexyl) phthalate, 2]. 16-oxo-3a-hydroxyserrat-
14-en-21p-0l (4). 3-FAHIEE (3-epilycoclavanol,
5) . (249)-24- W JE JH S BE  [(24S5)-24-methyl
cholesterol, 6] EMEPkLE B (tomentosanan B, 8).
(—)-1-(4'-hydroxy-3'-methoxyphenyl)-2-(4"-hydroxy-
3"-methoxyphenyl) propan-3-ol (12). 13, 13-
ethylenedioxy-15, 16-dinorlabd-7-en-6B-ol (13),
HAh a1, 2. 6. 8. 11~13 N RN IZHY
h R, AW 2 64 8y 12 kN IZE Al
Yyeb oy 13 2.
1 {XFES5HH

X-5 B0 RN E A Bruker AV-500 Y% 1
FLHRAN (BB [E A7 5 v 2 F] ) Finnigan LCQ Advantage
MAX JRiE{ (SE[E Thermo 2v7]); il FRE,
TSI T) 48 ODS R kL, Merck 24
#] 77 s Sephadex LH-20, Pharmacia 247774 BT
GRS A 2 Al s oy Bt .

MR 2013 4F 04 AW A2 iss, &
B T R A7 24 2 e ) O' e AR S D A RS R A A
Lycopodium japonicum Thunb. 1§45, FrA
(20130423) £ R R 25 BORIR ST T«
2 REESE

ARSI T4 R 20.0 kg, BRE, I 95% L
BRI 4 I ¥ 95% S BEHE ORI s W 4 15 M 5
0.5 kgo K SRS T /KI5 0l A7 ik L 1%
M2 OWE I8 T BRI, A3RETIR QBB R T 102.4 go
K lE R O = 5B S e IR (i, &7 - T AT
(100 = 1—1: 1) BBREVEMNL, TLC 2 #r)a & I)FAH
oy, 1355 MBS (Fr. 1~5), Fr. 1| RO
A, HEMLEY 1 (225 mg) F12 (323
mg). Fr. 2 &l Sephadex LH-20 HEfeAE:, 154211k
A3 (129 mg). Fr. 3 4L A ODS KA1 4%
A HPLC 7pBg4ife, 73314549 4 (28.5 mg). 5
(19.3mg). 6(27.5mg). 7(11.6 mg). 8(16.7 mg).
9 (18.5 mg) Al 10 (18.7 mg). Fr. 5 {Kix&it
Sephadex LH-20. ODS A:AHi] £ % HPLC, 73 &4l
RS EM A 11 (152 mg). 12 (16.1 mg). 13
(9.8 mg).

3 GkE

WEW1: BOTEEH AR, ESI-MS m/z: 443
[M-+H]". '"H-NMR (500 MHz, CsDsN) d: 4.91 (1H, d,
J = 2.0 Hz, H-29a), 4.77 (1H, d, J = 2.0 Hz, H-29b),
1.78 (3H, s, H-30), 1.25 (3H, s, H-27), 1.08 (3H, s,
H-26), 1.06 (3H, s, H-25), 1.03 (3H, s, H-24), 0.89
(3H, s, H-23); "C-NMR (125 MHz, CsDsN) 6: 15.4
(C-27), 16.6 (C-24), 16.8 (C-25), 16.9 (C-26), 19.2
(C-6), 21.6 (C-11), 26.2 (C-12), 27.8 (C-15), 28.8
(C-2), 29.1 (C-23), 30.5 (C-16), 30.9 (C-21), 35.1
(C-22), 35.3 (C-7), 37.9 (C-13), 38.1 (C-10), 39.7
(C-1), 39.8 (C-4), 41.7 (C-8), 43.5 (C-14), 48.6
(C-18), 48.8 (C-17), 49.6 (C-19), 512 (C-9), 56.3
(C-5), 59.9 (C-28), 78.6 (C-3), 110.4 (C-29), 151.4
(C-30), 151.7 (C-20). LA L%t b5 SckaianE — ™,
WU EA ) 1 R FIRERR I .

) 2. FEOMHARY), ESI-MS m/z: 391 [M+
H]". 'H-NMR (500 MHz, CD;0D) ¢: 7.74 (2H, dd,
J=5.0,2.8 Hz, H-3, 6), 7.64 (2H, dd, J = 5.0, 2.8 Hz,
H-4, 5), 4.02 (4H, s, H-1, 1"), 1.70 (2H, m, H-2', 2"),
1.45 (4H, m, H-a', a"), 1.39 (4H, m, H-3', 3"), 1.34
(8H, m, H-4', 4", 5', 5"), 0.92 (12H, m, H-6', 6", b,
b”); "C-NMR (125 MHz, CD;0D) d: 11.9 (C-2', 2"),
14.6 (C-6', 6"), 23.9 (C-5', 5"), 24.8 (C-1, 1), 30.1
(C-4', 4™), 31.7 (C-3', 3"), 40.3 (C-2', 2"), 69.2 (C-1,
1"), 129.8 (C-3, 6), 132.6 (C-1, 2), 133.7 (C-4, 5),
169.9 (CO). LA I %dfs 55 Scikios—51), et
G2 MR HIR T 2-4%5) Ol

EW 3: AEILE AR, mp306~307 C,
ESI-MS m/z: 475 [M+H]". 'H-NMR (500 MHz,
CD;OD) §: 5.06 (2H, s, H-27), 4.81 (2H, s, H-26),
3.53 (2H, dd, J = 11.6, 5.2 Hz, H-3, 21), 1.60 (3H, s,
H-29), 1.21 (3H, s, H-23), 0.96 (3H, s, H-30), 0.91
(3H, s, H-24), 0.84 (3H, s, H-28), 0.83 (3H, s, H-25);
BC-NMR (125 MHz, CD;OD) §: 14.8 (C-28), 16.7
(C-25), 19.8 (C-6), 20.2 (C-20), 21.8 (C-29), 23.8
(C-23), 24.4 (C-16), 25.7 (C-12), 26.9 (C-8), 27.7
(C-11), 28.8 (C-30), 34.3 (C-1), 37.8 (C-8), 37.9
(C-18), 38.7 (C-10), 38.9 (C-22), 41.4 (C-19), 43.4
(C-17), 44.4 (C-3), 45.9 (C-7), 504 (C-5), 56.7
(C-27), 57.8 (C-13), 63.2 (C-9), 65.8 (C-24), 66.5
(C-20), 69.8 (C-3), 79.7 (C-21), 122.8 (C-15), 138.8
(C-14). LA F¥d 55 scikapos — 809, et sw
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WAEY 4. A S (FED, mp 314~316 C.
'H-NMR (500 MHz, CDCls) d: 5.72 (1H, brs, H-15),
3.42 (1H, brs, H-3), 3.36 (1H, brs, H-21); "*C-NMR
(125 MHz, CDCl;) 6: 14.5 (C-28), 15.3 (C-25), 18.4
(C-6), 19.6 (C-26), 21.3 (C-29), 21.9 (C-24), 24.4
(C-11), 24.7 (C-20), 25.2 (C-12), 26.2 (C-2), 27.8
(C-30), 28.1 (C-23), 31.2 (C-19), 32.9 (C-1), 37.6
(C-22), 38.0 (C-10), 38.2 (C-8), 38.6 (C-4), 44.2
(C-18), 44.6 (C-7), 48.9 (C-5), 55.6 (C-27), 58.3
(C-17), 58.5 (C-13), 62.1 (C-9), 75.2 (C-21), 75.8
(C-3), 128.1 (C-15), 164.2 (C-14), 202.0 (C-16). UL L
ol 5 SofaaE — 83, s e S 4 4 16-oxo-
3a-hydroxyserrat-14-en-213-ol.

& 5. B A, mp 302~303 °C, ESI-MS
mlz: 459 [M~+H]". 'H-NMR (500 MHz, CsDsN) ¢:
5.67 (1H, brs, H-15), 4.48 (1H, brs, H-3), 3.69 (1H,
brs, H-21), 3.62 (2H, dd, J = 10.8, 4.4 Hz, H-24), 2.30
(1H, d, J = 14.8 Hz, H-13), 1.59 (3H, s, H-28), 1.16
(3H, s, H-30), 1.09 (3H, s, H-29), 0.94 (3H, s, H-23),
0.82 (3H, s, H-25), 0.79 (3H, s, H-26); “C-NMR (125
MHz, CsDsN) 6: 13.8 (C-28), 16.5 (C-25), 19.7 (C-6),
20.3 (C-26), 22.1 (C-29), 23.7 (C-23), 24.6 (C-2), 25.5
(C-16), 26.6 (C-20), 27.7 (C-12), 28.7 (C-11), 28.8
(C-30), 31.9 (C-19), 36.4 (C-1), 37.5 (C-18), 38.0
(C-22), 382 (C-8), 38.9 (C-10), 43.4 (C-17), 43.8
(C-4), 458 (C-7), 56.6 (C-5), 56.7 (C-27), 55.4
(C-13), 63.1 (C-9), 64.5 (C-24), 75.3 (C-21), 80.1
(C-3), 122.8 (C-15), 138.9 (C-14). L I H¥s 5 Sk

— 5, MR A 5 Ol 3-SR RO

EW 6: HEE R ( EF'E@, mp 141~142 C,
ESI-MS m/z: 401 [M+H]". 'H-NMR (500 MHz,
CD;0D) 8: 5.36 (1H, d, J = 6.2 Hz, H-6), 3.54 (1H, m,
H-3), 0.94 (3H, d, J = 7.2 Hz, H-19), 0.88 (3H, d, J =
7.2 Hz, H-21), 0.78 (6H, dd, J = 7.2, 3.2 Hz, H-26,
27), 0.69 (3H, s, H-18); *C-NMR (125 MHz, CD;0D)
5: 11.9 (C-18), 15.5 (C-28), 17.6 (C-26), 18.9 (C-21),
19.4 (C-19), 20.5 (C-27), 21.2 (C-1), 24.4 (C-15), 28.3
(C-16), 30.7 (C-23), 31.5 (C-25), 31.7 (C-2), 31.9
(C-7, 25), 33.8 (C-22), 36.3 (C-20), 36.6 (C-10), 37.4
(C-1), 39.2 (C-24), 39.8 (C-12), 42.3 (C-4), 50.2
(C-9), 56.1 (C-17), 56.8 (C-14), 71.8 (C-3), 121.7
(C-6), 140.8 (C-5). LA F-#d b5 3cikdion —5"), %

B EW 6 ) (248)-24-FHILH %

WEW 7. BOIERK AR, ESI-MS m/z: 501
[M-+H]". "H-NMR (500 MHz, CD;0D) ¢: 4.41 (1H,
brs, H-3), 3.64 (1H, brs, H-21), 2.76 (1H, dd, J = 13.4,
6.8 Hz, H-13), 1.95 (2H, m, H-2), 1.76 (1H, m, H-5),
1.76 (2H, d, J = 14.8 Hz, H-27), 1.59 (2H, m, H-20),
1.57 (2H, m, H-19), 1.52 (2H, m, H-6), 1.42 (2H, m,
H-16), 1.38 (1H, m, H-17), 1.30 (2H, m, H-1), 1.23
(2H, m, H-7), 1.21 (2H, m, H-12), 1.08 (3H, s, H-29),
0.94 (6H, s, H-26, 30), 0.91 (5H, m, H-11, 25), 0.89
(1H, m, H-9), 0.86 (3H, s, H-23), 0.76 (3H, s, H-28);
BC-NMR (125 MHz, CD;0D) 6: 16.4 (C-25, 28), 16.7
(C-24, 29), 17.7 (C-6, 16), 23.6 (C-11, 12), 27.9
(C-23, 30), 36.4 (C-1, 19), 38.8 (C-10, 18), 39.1 (C-4,
22), 41.2 (C-7, 15), 56.1 (C-5), 56.2 (C-9, 13), 56.7
(C-17), 67.3 (C-14), 67.7 (C-8), 79.7 (C-3, 21). LA L
s 5 ook s — 800, Mt Em T A
lycopodiin A,

& 8: JLEiRY), ESI-MS m/z: 301 [M+
H]". '"H-NMR (500 MHz, CD;0D) 8: 6.98 (1H, d, J =
2.2 Hz, H-2), 6.85 (1H, dd, J = 8.4, 2.2 Hz, H-5), 6.79
(1H, d, J = 8.4 Hz, H-6), 6.78 (1H, s, H-6"), 6.76 (1H,
s, H-2'), 5.56 (1H, d, J = 6.4 Hz, H-7), 4.56 (2H, s,
H-7'), 3.89 (3H, s, 3-OCHs), 3.84 (3H, s, 3-OCHj3),
3.83~3.89 (2H, m, H-9), 3.78 (IH, m, H-8);
BC-NMR (125 MHz, CD;OD) &: 53.8 (C-8), 54.8
(3-OCH3), 55.4 (3'-OCH3), 63.7 (C-9), 64.1 (C-7),
87.8 (C-7), 109.2 (C-2), 111.8 (C-2'), 114.8 (C-6'),
115.9 (C-5), 118.4 (C-6), 128.7 (C-1), 133.4 (C-5"),
134.9 (C-10), 144.1 (C-3), 146.2 (C-4'), 147.5 (C-4),
147.8 (C-3). LA FE3¥od 5 Sk SaA—5", g
Sty 8 B B.

& 9: Lk A, ESI-MS m/z: 297 [M+
Na]". 'H-NMR (500 MHz, CD;OD) 6: 8.06 (1H, s,
NH), 2.78 (2H, m, H-9), 2.51 (7H, m, H-2, 3, 17), 0.88
(3H, d, J = 2.4 Hz, H-16); “C-NMR (125 MHz,
CD;0D) 6: 19.2 (C-3), 19.5 (C-10), 22.3 (C-16), 26.4
(C-11), 27.1 (C-15), 30.0 (C-2), 31.3 (C-6), 33.5
(C-7), 35.2 (C-12), 35.9 (N-CHj), 42.7 (C-8), 43.5
(C-14), 51.3 (C-9), 58.8 (C-13), 114.0 (C-4), 130.5
(C-5), 171.9 (C-1). LA %5 scifhis—s, %
BEEY 9K o- AL

&Y 10: B EE B A, mp 303~304 C,
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ESI-MS m/z: 481 [M+Na]". 'H-NMR (500 MHz,
CD;0D) 8: 5.56 (1H, brs, H-15), 4.46 (1H, brs, H-24),
3.85 (2H, dd, J = 11.2, 5.4 Hz, H-27), 3.71 (1H, brs,
H-21), 2.40 (1H, d, J = 14.4 Hz, H-13), 1.30 (3H, s,
H-28), 0.95 (3H, s, H-30), 0.91 (3H, s, H-29), 0.85
(3H, s, H-25), 0.82 (3H, s, H-26); “C-NMR (125
MHz, CD;OD) J: 13.9 (C-28), 16.8 (C-25), 19.8
(C-6), 20.3 (C-26), 22.4 (C-29), 23.8 (C-23), 24.7
(C-16), 25.6 (C-2), 26.8 (C-20), 26.9 (C-12), 27.8
(C-11), 28.8 (C-30), 32.0 (C-19), 34.3 (C-1), 36.6
(C-18), 37.8 (C-8), 38.1 (C-22), 38.7 (C-10), 44.0
(C-17), 44.4 (C-4), 46.1 (C-7), 50.5 (C-5), 56.8 (C-27),
57.6 (C-13), 63.2 (C-9), 65.9 (C-24), 70.4 (C-3), 75.4
(C-21), 122.8 (C-15), 139.3 (C-14). LA %di 5 ek
BSOS A 10 AR

&Y 11 AETEEENK, ESI-MS m/z: 447
[M+H]". 'H-NMR (500 MHz, CD;OD) : 5.53 (1H,
s, H-15), 3.52 (1H, dd, J = 7.6, 5.8 Hz, H-21), 3.56
(1H, dd, J = 8.8, 4.4 Hz, H-3), 1.26 (3H, s, H-28), 1.24
(3H, s, H-30), 1.16 (3H, s, H-29), 1.09 (3H, s, H-24),
0.97 (3H, s, H-23), 0.88 (3H, s, H-25), 0.82 (3H, s,
H-26); "C-NMR (125 MHz, CD;0D) 6: 14.3 (C-28),
16.0 (C-29), 16.6 (C-24), 16.9 (C-25), 19.9 (C-6), 20.6
(C-26), 25.1 (C-16), 26.0 (C-11), 28.0 (C-12), 28.8
(C-23), 28.9 (C-2), 29.1 (C-30), 29.2 (C-20), 36.9
(C-19), 37.8 (C-8), 38.1 (C-1), 38.9 (C-18), 39.5
(C-10), 39.9 (C-22), 40.1 (C-4), 46.0 (C-7), 50.5
(C-17), 56.5 (C-5), 57.0 (C-27), 58.1 (C-13), 63.4
(C-9), 78.4 (C-3), 78.8 (C-21), 123.2 (C-15), 139.2
(C-14). LA Xl 5 scmpdion —s50, sseth s
Y TR

&M 12: AEKR, ESI-MS m/z: 327 [M+
Na]".'"H-NMR (500 MHz, CD;0D) ¢: 6.68 (1H, d, J =
8.8 Hz, H-5"), 6.62 (1H, d, J = 2.4 Hz, H-2"), 6.60
(1H, d, J = 8.8, H-5), 6.58 (1H, dd, J = 8.8, 2.4 Hz,
H-6"), 6.47 (1H, dd, J = 8.8, 2.4 Hz, H-6'), 6.46 (1H,
brs, H-2'), 3.76 (3H, s, 3"-OCH3), 3.70 (2H, d, J = 6.8
Hz, H-3), 3.67 (3H, s, 3'-OCH;), 2.97 (1H, dd, J =
13.8, 5.8 Hz, H-1a), 2.85 (1H, m, H-2), 2.67 (1H, dd,
J = 138, 92 Hz, H-1b); “C-NMR (125 MHz,
CD;0D) &: 39.8 (C-1), 51.7 (C-2), 56.2 (3-OCHs),
56.4 (3"-OCHs), 67.0 (C-3), 113.3 (C-2"), 114.1
(C-2"), 115.7 (C-5"), 116.0 (C-5"), 121.7 (C-6"), 122.7

(C-6"), 133.3 (C-1'), 135.5 (C-1"), 145.4 (C-4), 145.9
(C-4"), 148.4 (C-3"), 148.7 (C-3"). LA % 5 SCik
it —sMY, WA 12 h(-)-1-(4-hydroxy-
3’-methoxyphenyl)-2-(4"-hydroxy-3"-methoxyphenyl)
propan-3-ol.

G 13: AEFIAR, ESI-MS m/z: 345 [M+
Na]". 'H-NMR (500 MHz, CD;OD) ¢: 5.44 (1H, m,
H-7), 430 (1H, m, H-6), 3.56 (4H, brs, H-15, 16),
1.74 (3H, brs, H-17), 1.49 (3H, s, H-19), 1.34 (3H, s,
H-14), 1.09 (3H, s, H-18), 1.07 (3H, s, H-20), 0.97
(1H, d, J = 4.6 Hz, H-5); “C-NMR (125 MHz,
CD;0D) 6: 16.3 (C-20), 19.5 (C-2), 22.1 (C-11), 22.2
(C-19), 24.0 (C-14), 25.0 (C-17), 32.9 (C-18), 34.4
(C-4), 37.1 (C-10), 41.6 (C-1), 42.2 (C-12), 45.1
(C-3), 54.6 (C-5), 55.9 (C-9), 64.7 (C-15, 16), 66.0
(C-6), 110.2 (C-13), 126.4 (C-7), 137.7 (C-8). LA L%k
o 5 cikapoE — 2, WSt AW 13 o 13,
13-ethylenedioxy-15, 16-dinorlabd-7-en-63-ol.
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