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Chem ical Con stituents of Clematis montana
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ABSTRACT A M : To study the chamical constituents of Clenatismontana Buch. -Han. exDC . M ETHOD S:
Acerial part of the plantwas extracted by ethanol firstly and then the ethyl acetate part of the ethanol extractwas ilated
by different column chromatographic techniques including silica gel and Sephadex LH-20. Structures of these com-
poundswere identified on the basis of gectroscopic analysis RESUL TS: Fourteen campoundswere ilated and their
structureswere detemined © be coniferaldehyde (1), caffeic acid (2), pluchoic acid (3), protocatechualdehyde (4),
vanillin (5), hydroxytyrool (6), 4-carbonyl-5-hydroxy methyl valerate (7), 4-hydroxydodec-2-enedioic acid (8),
( +) -dihydrodehydrodiconiferyl aloohol (9) , ( - )-syringaresinol (10), ( +)-guayarol (11), ( - )-arctiin (12),
(- )-lariciresinol (13), and hyperin (14). CONCL USION: All the canpoundswere obtained fram thisplant for the
first time.
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hydrodiconiferyl alcohol (9)

1 Introduction (10), ( +)-guayarol (11),

( - )-syringaresinol
(- )-arctiin (12),

The genusof Clenatis (Ranunculaceae) contai-
ning about 355 gecies iswidely distributed in the
world. There are 155 gecies in China, among 101
are endemic. Clenatis montana Buch. -Ham. ex
DC., awoody climber, usually grows in mountain
dopes valleys and grasdands, and is distributed in
Tibet, Sichuan, Guizhou, Guangxi and Yunnan'''.
A s a folk medicinal herb, the stansof thisplant are
used for dropsy, cydtitis procoptosis with chronic
dysentery, urethritis and galacostasis’’ while the
leaves for kin disases In addition, its seeds have
purging properties®* . A's for the chemical constitu-
entsof C. montana, only sme triterpenene sponins
were reported®* . In order 1 investigate the bioac-
tive congtituents of this plant we have carried out a
detailed chemical study on this plant and fourteen
known campounds were iolated fran the ethyl ace-
tate part of the ethanol extract of the plant. These
compoundswere identified as coniferaldehyde (1),
caffeic acid (2), pluchoic acid (3), protocatechual-
dehyde (4), vanillin (5), hydroxytyrool (6), 4-
carbonyl-5-hydroxy methyl valerate (7 ), 4-
hydroxydodec-2-enedioic acid (8) , ( +) -dihydrode-
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(- )-lariciresinol (13), and hyperin (14).
2 Exper mental

2.1 General

Thin layer chramatography was performed on sil-
ica gel GFs, plates (Qingdao M eigao Chamical Ca
Ltd). TLC developing agent is5% sulphuric acid in
ethanol. Optical rotationswere detemined on aJAS
QO D IP370 digital polarmeter. Colunn chromatogra-
phy was carried out on silica gel (200-300 mesh;
Qingdao M akall Group Ca , Ltd), Sephadex LH-20
(GE Healthcare B io-SciencesAB), RP-18 gel (40-
631 m; Merck, Damstadt, Gemany), andMCI resin
(75-150 y m, Mitsubishi Chamical Comoration) .
Preparative TLC was carried out on silica gel GFxs, -
M S dataweremeasured on aV G A uibbFPec 3000 mass
Pectrameter. All the NMR data were obtained at
room temperature on AM-400 and DRX-500 gec-
trometers (TM S as internal reference, cheamical hift
ind).
2.2 PlantM aterial

The aerial parts of Clanatis montana were col-
lected in Lijiang of Yunnan Province, China, inAu-
gust 2006, and identified by Prof. RU Chun-Xia A
wvoucher gpecimen (No. 0866446) was deposited in
Herbarium of Kumming Indtitute of Botany, Chinese
A cademy of Sciences
2.3 Extraction and Isolation

The air-dried aerial parts of C. montana (4.8
kg) were ground and extracted with 90% EOH (10
L x 3). The extracted liquid was cambined and con-
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centrated in vacuum on a rotary evgporator. The resi-
duewas supended inwater and extracted successive-
ly with petroleum ether (2L x 3), EOAc (2L x
5) and nBWOH (2L x 4). The EOAc extract (60
g) was ubjected t silica gel chromaiography, eluted
with CHCLMe QO (1 0 b0 1) b provide fractions
1-12. Fraction 1 (560 mg) was ubjected i repeated
column chromatogrgphy on silica gel, eluted with pe-
troleum ether-rMg QO (20 1 © 2 1) o yield 1 (8
mg) and 5 (4 mg). Fraction 2 (790 mg) was ubjec-
ted b Sephadex LH-20 column chramatogrephy elu-

11 R=Me R, =
12 R=Glc R, =

Ry=
Ry=

3 ldentification

Coniferaldehydé® (1) W hite powder (CHCL);
'H NMR (CDCL, 400MHZz)&: 7.08 (1H, d, J =
1.6 Hz, H-2), 6.97 (1H, d, J = 8.2 Hz, H-5),
7.13 (1H, dd, J = 8.2, 1.7 Hz, H-6), 7.41
(1H, d, J = 15.8Hz H-7), 6.61 (1H, dd, J =
15.8, 7.7 Hz, H-8), 9.66 (1H, d, J = 7.8 Hz,
H-9), 3.95 (3H, s -OMe); *CNMR (CDCl, 100
MHZ2) &: 126.6 (C-1), 109.5 (C-2), 147.0 (C-
3), 149.0 (C-4), 115.0 (C5), 124.1 (C-6),
153.2 (C-7), 126.4 (C-8), 193.7 (C-9), 56.0 (-
OMe).

Caffeic acid® (2)  Yellow powder (MeOH);
ESMMSm/z179[M - H] ; "H NMR (CD,OD, 400
MHZ2)&: 7.05 (1H, d, J = 2.0 Hz, H-2), 6.79
(1H, d, J = 8.2Hz, H-), 6.95 (1H, dd, J =
8.2, 2.0Hz, H-6), 7.52 (1H, d, J = 15.9 Hz,
H-7), 6.23 (1H, d, J = 15.9 Hz, H-8);
“CNMR (CD, 0D, 100 MHz) &: 127.7 (C-1),
116.6 (C-2), 146.7 (C-3), 149.4 (C-4), 115.8
(C-5), 115.2 (C-6), 146.8(C-7), 122.8 (C8),
170.9 (C-9).

Pluchoic acid” (3)

Colorless pavder (MeOH);
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tedwithMeOH 1o yield 10 (7 mg), 11 (15mg) and
13 (6 mg) . Fraction 7 (2.5 g) was subjected @
Sephadex LH-20 CC eluted withM eDH  yield 4 (8
mg), 8 (13mg), 9 (18 mg), 6 (11 mg), 3 (22
mg) and 2 (67 mg). Fraction 8 (3.8 g) was subjec-
ted o repeated column chromatogrgphy on silica gel,
eluted with petroleum ether-EOAc (5 1 00 1)
yield 7 (22 mg). Fraction 12 (12 g) was subjected
o Sephadex LH-20 oolumn chromatography eluted
withMeOH 1o yield 12 (13 mg) and 14 (200 mg).

14

'H NMR (CD;0OD, 400 MHZz) &: 6.68 (1H, d, J
= 2.1Hz H-3), 6.19 (1H, d, J = 9.4 Hz, H-
5), 7.81 (1H, d, J = 9.4 Hz H-6), 3.88 (3H,
s OMe).

Protocatechualdehyde® (4)  Colorless needles
Me CO); '"HNMR (Acebne-ds, 400 MHz) &
7.33 (1H, d, J = 1.9 Hz, H-2), 6.99 (1H, d, J
= 7.9Hz, H-5), 7.35 (1H, dd, J = 7.2, 1.9
Hz, H-6), 9.77 (1H, s H-7), 8.77 (2H, br s
3, 40H); *CNMR (Acebne-d;, 100 MHz) .3:
130.9 (C-1), 115.1 (C-2), 146.4 (C-3), 152.3
(C4), 116.1 (C-5), 125.5 (C-6), 191.2 (C-7).

Vanillin® (5) Colorless plate crystal
(CHCL); "H NMR (CDClk, 400 MHz) &: 6.37
(1H, d, J = 1.6 Hz, H-2), 7.06 (1H, d, J
8.5Hz, H-5), 7.44 (1H, dd, J = 8.0, 1.6 Hz
H6), 9.84 (1H, s H-7), 3.98 (3H, s -
OMe); *C NMR (CDCL, 100 MHz) &: 130.0 (C-
1), 108.7 (C-2), 147.1 (C-3), 151..7 (C4),
114.4 (C5), 127.6 (C-6), 191.0 (C-7), 56.1 (-
OMe).

Hydoxytyool™ (6)  Brown oil (MeH);
'H NMR (CD,OD, 500 MHZ) &: 6.64 (1H, d, J
= 1.8 Hz, H-2), 6.66 (1H, d, J = 8.0 Hz, H-
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5), 6.52 (1H, dd, J = 8.0, 2.0Hz, H-6), 2.65
(2H, t, J = 7.3 Hz, H-7), 3.66 (2H, t, J =
7.3 Hz, H-8);® C NMR (CD,0D, 125 MHZz).0:
131.8 (C-1), 116.3 (C-2), 146.1 (C-3), 144.6
(C-4), 117.1 (C5), 121.2 (C-6), 39.6 (C-7),
64.6(C-8).

4-Carbonyl-5-hydroxy methy! valerate™ (7)
Yellow oil (CHCL); *H NMR (CDCL, 500 MHz)
5:2.67 (2H, tJ =6.7, H2), 2273 (2H, t, J
= 6.7, H-3), 4.33 (2H, s H-5), 3.69 (3H, s
-OMe); °CNMR (CDCL, 125MHZ)8: 172.7 (C-
1), 27.4 (C2), 32.7 (C-3), 208.1 (C4), 68.1
(C5), 51.9 (OMe).

4-Hydroxydodec-2-enedioic acid? (8) W hite
anomphous olid (MeOH);*H NMR (CD, 0D, 400
MH2)&: 5.96 (1H, dd, J = 15.6, 1.6 Hz, H-
2), 6.91 (1H, dd, J = 15.6, 5.0 Hz, H-3),
4.21 (1H, m, H-4), 1.61-1.50 (4H, m, H-5,
10), 1.45-1.34 (8H, m, H-6,7,8,9), 2.27 (2H,
t, J = 7.4 Hz, H-11); ®CNMR (CD, 0D, 100
MHZz) &: 170.1 (C-1), 120.9 (C-2), 152.7 (C-
3), 71.5 (C4), 37.5 (C5), 26.4 (C6), 30.4
(C-7), 30.3 (C-8), 30.1 (C-9), 26.0 (C-10),
34.9 (C-11), 177.7 (C-12).

(+)ladinol F*' (9)  Colorless oil (MeOH);
o +1.63° (c2, MeOH); ESHM Sm/z383[M
+Na]", 743[M + Na]';'HNMR (CD,OD,
400MH2)®: 6.94 (1H, brs H-2), 6.75 (1H, d,
J = 8.0Hz H-5), 6.81 (1H, brd, J = 6.8 Hz,
H-6), 5.48 (1H, d, J = 6.3 Hz, H-7), 3.46
(1H, dd, J = 12.4, 6.2 Hz, H-8), 3.81-3.72
(2H, m, H9), 6.71 (2H, brs H-2', 6'), 2.61
(2H, t, J = 7.6 Hz, H-7"), 1.80 (2H, dt, J =
15.0, 6.6 Hz, H-8'), 3.55 (2H, t, J = 6.4 Hz,
H-9'), 3.83 (6H, s -OMe); *CNMR (CD,OD,
100MHz) &: 132.5 (C-1), 109.8 (C-2), 149.0
(C-3), 147.5 (C-4), 115.5 (C-5), 119.4 (C-6),
87.0 (C-7), 55.9 (C-8), 68.2 (C-9), 128.9 (C-
1'), 114.6 (C-2'), 143.8 (C-3'), 145.1 (C-4'),
137.9 (C-5'), 114.8 (C-6') , 34.9 (C-7'), 30.9
(c8'), 68.2 (C9'), 55.9 (OMe), 55.9 (-
OM e).

(- )-Syringaresinol*! (10) Colorless oil
(CHCL); [@ B’ - 8.75° (c 2, CHCL); '"H NMR
(CDCL, 400MHz)&: 6.58 (4H, br s H-2, 2',
6, 6'), 5.55 (2H, brs, 4, 4'-OH), 4.74 (2H, d,
J =3.6Hz H-7, 7'), 3.10(2H, m, H-8, 8'),
3.92 2H, m, H-®, 9t1), 4.29 (2H, m, H-B,
9B), 3.90 (12H, s OCH,): *CNMR (CDCl,
100MHZ) &: 132.0 (C-1, 1'), 102.6 (C-2,2',6,
6'), 147.1 (C-3,3',5,5'), 134.2 (C4,4"), 86.1
(C-7,7"), 54.3 (C-8,8'), 71.8 (C9,9'), 56.3 (-
OMe).

(+)-Guayaol®* (11)  Colorless oil (CHCL);
ot : +15.83° (c2, CHCL); ESIMSm/z 359
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M + H]", 381[M + Na]";*HNMR (CDC,
500MHz) d: 6.59 (1H, d, J = 1.6 Hz, H-2),
6.80 (1H, d, J = 8.1 Hz H-5), 6.61 (1H, dd,
= 8.1, 1.6 Hz, H6), 2.91 (2H, m, H-7),
1 (1H, d, J = 1.6 Hz, H-2"), 6.82 (1H, d,
8.3Hz, H-5'), 6.50 (1H, dd, J = 8.0, 1.6
Hz, H6'), 2.60-2.46 (4H, m, H-7', 8', 8),
3.89 (1H, dd, J = 9.1, 7.4 Hz, H9Q), 4.15
(1H, dd, J = 9.1, 7.4 Hz, H9B), 3.81 (6H,
s -OMe), 5.57 (2H, brs 3', 4'-OH); *CNMR
(CDCL, 125MHZz)8: 129.5 (C-1), 111.5 (C-2),
146.7 (C-3), 146.6 (C-4), 111.0 (C-5), 121.3
(C-6), 34.6 (C-7), 46.6 (C-8), 178.8 (C-9),
129.8 (C-1'), 114.4 (C-2'), 144.5 (C-3'),
144.4 (C4'), 114.1 (C5'), 122.1 (C6'), 38.3
(C-7), 41.0 (C-8'), 71.3 (C9'), 55.8 (-OMe).

(-)-Arctin®™ (12) Colorlessoil (Me CO);
o : -7.13° (c2, MeCO);*H NMR (Acebne-
d, 400MH2)d: 6.84 (1H, d, J = 1.7 Hz, H-
2), 7.07 (1H, d, J = 8.2 Hz, H-5), 6.70 (1H,
dd, J = 7.9, 1.6 Hz, H6), 6.67 (1H, d, J =
1.5Hz, H-2'), 6.73 (1H, d, J = 8.0 Hz, H-
5'), 6.56 (1H, dd, J = 8.0, 1.7 Hz, H-6'),
4.88 (1H, d, J = 7.3 Hz GlcH-1), 3.84 (3H,
s, OMe), 3.85 (3H, s -OMe), 3.90 (3H, s -
OMe); °CNMR (Acebne-d;, 100MHz) d: 130.9
(C-1), 115.7 (C-2), 148.3 (C-3), 146.0 (C-4),
114.6 (C-5), 122.5 (C-6), 35.0 (C-7), 46.9 (C-
8), 179.0 (C-9), 133.8 (C-1'), 117.4 (C-2"),
150.4 (C-3'), 146.7 (C-4'), 113.0 (C-5'),
121.9 (C-6'), 38.4 (C-7'), 42.2 (C-8'), 71.6
(C9), 102.6 (C-1"), 74.7 (C-2"), 77.7 (C3"),
71.2 (C-4"), 77.8 (C5"), 62.6 (C6"), 56.3 (-
OMe).

( - ) ariciresinol™® (13) Colorless oil
(CHCL); 0 I5: - 10.00° (c1, CHCL);'H NMR
(CDCL,, 400MH2)&: 6.70 (1H, d, J = 1.9 Hz,
H-2), 6.81 (1H, d, J = 8.1 Hz, H-5), 6.67
(1H, dd, J = 8.1, 1.9 Hz H-6), 2.55 (1H, dd,
J =13.7, 10.7Hz, H-@1), 2.91 (1H, dd, J =
13.7, 4.7 Hz, H-B), 2.7 (1H, m, H-8), 6.88
(1H, d, J = 1.9 Hz, H=2'), 6.84 (1H, d, J =
8.1Hz H-5'), 6.79 (1H, dd, J = 8.1, 1.9 Hz,
H-6'), 4.79 (1H, d, J = 6.6 Hz, H-7'), 2.40
(1H, dd, J = 13.8, 6.9 Hz, H-8'), 3.76 (1H,
dd, J = 10.7, 6.8 Hz, H9'a), 3.91 (1H, dd, J
= 10.7, 7.1 Hz, H9' b), 3.87 (6H, br s
OCH,); *CNMR (CDCL, 100MH2)&: 132.3 (C-
1), 111.2 (C-2), 146.6 (C-3), 144.0 (C-4),
114.4 (C-5), 121.2 (C-6), 33.3 (C-7), 42.4 (C-
8), 72.1 (C9), 134.8 (C-1'), 108.3 (C-2),
146.6 (C-3'), 145.0 (C-4'), 114.2 (C-5'),
118.7 (C-6'), 82.8 (C-7'), 52.6 (C-8'), 60.9
(C9'), 55.9 (OMe).

Hyperin™ (14)  Yellow needles (MeOH);
ESIMSm/z487[M + Na]", 951[2M + Na]";

o

J
6.
J
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"H NMR (DM SO-ds, 400MHZ2)d: 6.18 (1H, d, J
= 1.8 Hz, H6), 6.39 (1H, d, J = 1.8 Hz, H-
8), 7.51 (1H, d, J = 2.0Hz, H-2"), 6.80 (1H,
d, J = 8.4Hz H-5'), 7.66 (1H, dd, J = 8.4,
1.9 Hz H-6'), 12.62 (1H, s OH-5), 5.37 (1H,
d, J = 7.7 Hz, Gal- H-1) 3.64-3.29 (6H, m,
probns of galacbsyl);®® C NMR (DM SD-ds, 100
MHz) d: 156.2 (C-2), 133.5 (C-3), 177.5 (C-
4), 161.2 (C5), 98.7 (C6), 164.3 (C-7), 93.5
(C8), 156.2 (C-9), 103.9 (C-10), 121.1 (C-
1'), 115.2 (C-2'), 144.8 (C3'), 148.5 (C4'),
116.0 (C-5'), 122.0 (C-6'), 101.8 (C1", 71.2
(c2m, 73.2 (C-3"), 67.9 (C4"), 75.8 (CH"),
60.1 (C-6").
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