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Phytochemical Constituents of Saussurea nutans Nakai

Sang Zin Choi, Yong Deuk Min, Sung Ok Lee, Min Cheol Yang, Jung Hwan Nam,
Kyu Ha Lee, Ki Uk Jang, Jong Hwa Lee, and Kang Ro Lee*
College of Pharmacy, Sungkyunkwan University, Suwon 440-746, Korea

Abstract — Seven terpenoids, frans-phytol (1), o-spinasterol (2), B-sitosterol (3), oleanolic acid (4), traxasterol (5), o-spinasterol
3-0-B-D-glucopyranoside (8), B-sitosterol 3-O-B-D-glucopyranoside (9), and three glycerides, 3-0-(9Z, 127, 15Z-octadec-
atrienoyl) glycerol (6), 3-0-(9Z, 12Z-octadecadienoyl) glycerol (7), 1, 2-0-(9Z, 12Z, 15Z-dioctadecatrienoyl)-3-O-p-D-galac-
topyranosyl glycerol (10) were isolated from n-hexane fraction of the aetial parts of Saussurea nurans which was used as
Korean traditional medicine to treat rheumatic arthritis and dysmenorrhea. Their structures were established by chemical and

spectroscopic methods.
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thsF E o] B2 (SKK-01-013)E0] U}

7171 ¥ A2 - 832 Gallenkamp melting point
apparatusE ARE-3te] 3o 25w AR &%
t}. NMR2 Brucker AMX 5003} Varian UNITY INOVA-
500 spectrophotometerS AH8-3}93 T} EI Mass spectrum-e
VG70-VSEQ mass spectrometer (VG Analytical, UK)E A}
238e] 243190t} LPLCE column® Lobar®-A Lichroprep
Si 60 (Merck) column2- A}-8-3}%1 2 pumps= DURAMAT
80 pump (Germany)E A3t} 38 HPLCE= Knauer
preparative 224 detector= UV} RI detectors 54
ALS3IA T column Econosil® silica 10 (10 x 205 mm)
£ d438te] AFE-3I T Column packing%- silica gel-S
Kiesel gel 60 (Merck)2 AM&-3}%13L, SephadexT lipophilic
Sephadex LH-20 (Sigma)S A3}, TLC plate=
Kiesel gel 60F,s, (MerckyS ARSI} A Aok 10%
H,S0, (in EOH)E AH&-8%1 2™ UV 254 nm, 365 nm
detectionS W3 (T}. FZ, £8 2 column chromato-
graphy& AR 15 AlokS A glo] ARSI YA
AIOFE 1 AloRS AAIIA ARE-SEAY 57 AlokS ARE-
skt

& U B2 - A=FF oF 14K AES FHEH A
AR-E 597t methanol (MeOH) &2 2 W3l (3
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3]), A3 T ANE 7Y F55le] MeOH A7) 350 g&
@1 em, o] & n-hexane, chloroform (CHCl,)3} butanol
(BuOH)Z &8 3} p-hexane (30 g) #-F o 2HE 3}
o= 105E Y3t

StgHEC| #2| - n-Hexane ¥8 (30 g)S SiO, column
chromatography (hexane : EtOAc = 10:1~0:1)& A A s}
670 8 HI~H6)CZE UFron, H2 4g) 28-S n-
hexane:EtOAc (4:1)E F&E L= silica gel column
chromatographyE 33l = 39| AE-E (H21~H23)%
P2 F 2FF H21 (1g)E Sephadex LH-20 (CH,CL, :
MeOH = L:DE TH] 9] A83 (H211~H213)°& W+
<, 283 H211 (500 mg)2  silica gel column chromato-
graphy (CH,CL)= “gAlste] 721 o dxke] st 1 (200
mg)S AATH AEF H-22 (1.5 gf= n-hexane:EtOAc (4:1)
& &&= silica gel column chromatography =
Sephadex LH-20 (CH,CL, : MeOH = 1:1)Z <8}3}o] & 3
7Hel AR (H221~H223)0 2 e &, AF-E H223 (200
mg)< Lobar®-A (n-hexane:EtOAc=5:1) column chromato-
graphy= “gA|3te] WA abako] slekE 2 (8 mgyE A
t}. H3 (5g) ¥ 82 n-hexane:EtOAc (4:1D)E §E& L=
silica gel column chromatographyS s83}o] 7] 283
(H31~H32)& &2 ¥, 283 H31 (1 gy Sephadex LH-
20 (CH,CL, : MeOH = 1:1)& §73)31] thA] 47)19] 488
(H311~H314)2.2 i & 283 H313 (250 mg)<
Lobar®-A (n-hexane:EtOAc=3;1) column chromatography=.
gAste] WA Eatel et 3 (10 mg)S AU He
(12 g) 232 n-hexane:EtOAc (1:1)5 F2891E silica gel
column chromatographyE 3 3tef 371 ¢] AR & (H61~
H63)S ¥ F, 2373 H6l (3g)E Sephadex LH-20
(CH,Cl, : MeOH = 1:1)7} n-hexane:EtOAc (2:1)E 28
") £ silica gel column chromatographyS A &fe] AE-8
H611 2 H6122 Jr3laL, 283 H611 (800 mg)yS THAl
Sephadex LLH-20 (CH,Cl, : MeOH = 1:1), Lobar®-A
column chromatography (r-hexane : ethyl acetate = 2:1)
2 RP Lobar®A (90% MeCN) column chromatography =
AAS B LD SHYE 4 (30 mp) L 5 O myE A
ATk &3 H62 (2 g)+= Sephadex LH-20 (CH,CL, :
MeOH = 1:1)3} RP Lobar®-A (85% MeCN) column
chromatography@ THA] M7lle] 483 (H621~H623)0.E 1}
FAom, 283 H622 (400 mg)S Lobar®-A column
chromatography (n-hexane : ethyl acetate = 1:1)2 & | 3}

T2 QA 3FHE 6 (30 mgye AUTH 28T H623
(350 mg)<> Sephadex LH-20 (CH,ClL, : MeOH = 1:1)3}
Lobar®-A (n-hexane : ethyl acetate = 1.5:1)2 AA|3}e] T
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A Qo] BJIE 7 (11 me)S AYch. T3, 288 H63
(1.5 g)& n-hexane:EtOAc (1:1)E FE& V= silica gel
column chromatographys A3l 48 H631 2 H632
2 U593, 258 H631 (400 mg)S Sephadex LH-20
(CH,Cl, : MeOH = 1:1) 3 Lobar®-A (n-hexane : ethyl
acetate = 1:1) 2 RP Lobar®-A (80% MeCN) column
chromatography= A 3te] WA Hubi 513HE 8 (6 mg)
99 (7T mg)E AP, 283 H632 (350 mg)E A
Lobar®-A (n-hexane : ethyl acetate = 1:1)& A|8}ed 741
244 33HE 10 (12 mg)ye AT

8l8t2 1 - Colorless oil, [al, : +0.2° (c. 0.3, CHCL);
IR, v,,, (CHCL) 3443 (OH), 1667 (C=C)em™'; EL-MS, m/
z : 296 [M]"; 'H-NMR, (CDCL,, 500 MHz) & : 5.42 (1H,
tq, J =7.0, 1.0 Hz, H-2), 4.16 (2H, d, J=7.0 Hz, H-1),
2.00 (2H, m, H-4), 1.68 (3H, s, CH,-3a), 1.621.01 (19H,
m, CH,-5, 6, 8, 9, 10, 12, 13, 14, 15, CH-7, 11, 15),
0.88, 0.85 (12H, m, CH,-7a, 11a, 15a, 16) ; "C-NMR
(CDCl,, 125 MHz) & : 140.6 (C-3), 1233 (C-2), 59.7 (C-
1), 40.1, 39.7, 37.7, 37.6, 37.5, 36.9, 33.1, 32.9, 28.2,
254, 25.1, 24.7, 23.0, 22.9, 20.01, 20.0, 16.4

3}8+8 2 — White powder, mp 169° ; EI-MS, m/z : 412
IM]"; "H-NMR (CDCl,, 500 MHz) §: 5.18 (1H, m, H-7),
5.17 (1H, dd, J=15.0, 8.5 Hz, H-22), 5.04 (1H, dd,
J=15.0, 8.5 Hz, H-23), 3.60 (1H, m, H-3), 1.02 (3H, d,
J=6.5 Hz, CH,-21), 0.84 (3H, d, J=6.0 Hz, CH,-26), 0.82
(3H, s, CH,-19), 0.79-0.82 (6H, m, CH,-27, CH,-29), 0.55
(3H, s, CH,-18)

S}8HE 3 — White powder, mp 138° ; EI-MS, m/ : 414
[M]"; '"H-NMR (CDCl,, 500 MHz) §: 5.37 (1H, br. d,
J=47Hz, H-6), 3.53 (1H, m, H-3), 1.03 (3H, s, CH;-19),
0.68 (3H, s, CH,-18)

3}8HE 4 — White powder, mp 197° ; EI-MS, m/z : 456
[M]*; '"H-NMR (CDCl,, 500 MHz) &: 5.28 (1H, m, H-
12), 3.22 (1H, br. dd, J=4.0, 9.5 Hz, H-3), 2.83 (1H, br.
dd, J=4.0, 14.0 Hz, H-18), 1.12 0.98, 0.92, 0.91, 0.89,
0.79 and 0.74 (each 3H, s); "C-NMR (125 MHz, CDCl,)
§:16.0 (C-25), 16.5 (C-24), 17.8 (C-26), 18.9 (C-6), 23.8
(C-30, 16, 11), 26.2 (C-27), 28.2 (C-2), 28.3 (C-15), 28.7
(C-23), 31.0 (C-20), 333 (C-29, 22, 7), 34.3 (C-21), 37.4
(C-10), 38.9 (C-1), 39.4 (C-4), 39.8 (C-8), 42.0 (C-18,
14), 46.7 (C-19, 17), 48.3 (C-9), 55.9 (C-5), 79.7 (C-3),
1233 (C-12), 144.3 (C-13), 184.3 (C-28)

8}8M8 5 — White powder, mp 225° ; EI-MS, m/ : 426
M]*; 'H-NMR (CDCl,, 500 MHz) & : 4.62 (H, br. s, H-
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30a), 4.60 (H, br. s, H-30b), 3.21 (1H, br. d, J=10.5 Hz,
H-3), 1.03 (3H, d, J=6.5 Hz, CH,-29), 1.03 (3H, s, CH,-
26), 0.98 (3H, s, CH,-23), 0.94 (3H, s, CH,-27), 0.86
(6H, s, CH,-25 and CH,-28), 0.78 (3H, s, CH,-24); "*C-
NMR (125 MHz, CDCl,) & : 14.8 (C-27), 15.4 (C-24),
15.9 (C-25), 16.3 (C-26), 18.3 (C-6), 19.5 (C-29), 21.5
(C-11), 25.5 (C-21), 25.6 (C-12), 26.2 (C-28), 26.7 (C-
15), 27.4 (C-2), 28.0 (C-23), 34.1 (C-7), 34.5 (C-17), 37.2
(C-10), 38.3 (C-19), 38.8 (C-1), 389 (C-4 and C-13), 39.2
(C-16), 39.4 (C-22), 41.0 (C-8), 42.1 (C-14), 48.7 (C-18),
50.5 (C-9), 55.4 (C-5), 79.0 (C-3), 107.1 (C-30), 154.6
(C-20)

8l8HE 6 — Colorless oil, EI-MS, m/z : 352 [M]"; 'H-
NMR (CDCl,, 500 MHz) & : 5.31-5.43 (6H, m, H-9', H-
10, H-12', H-13, H-15" and H-16'), 4.20 (1H, dd, J=12.5,
5.0 Hz, H-3b), 4.18 (1H, dd, J=12.5, 6.0 Hz, H-3a), 3.94
(1H, m, H-2), 3.70 (1H, dd, J=11.5, 4.0 Hz, H-1a), 3.60
(1H, dd, J=11.5, 4.0 Hz, H-1b), 2.81 (4H, brt, J=5.0 Hz,
H-11', H-14), 2.36 (2H, t, J=7.5Hz, H-2)), 2.07 (4H, m,
H-8, H-17), 1.64 (2H, m, H-3), 1.26-1.36 (8H, brs, H-4,
H-5, H-6', H-7'), 0.98 (3H, t, J=7.5 Hz, H-18").

Bl&HE 7 — Colorless oil, 'H-NMR (CDCl,, 500 MHz)
8 : 5.30-5.41 (4H, m, H-9', H-10', H-12', H-13"), 4.19
(1H, dd, J=12.5, 4.5 Hz, H-3a), 4.15 (1H, dd, J=12.5,
6.0 Hz, H-3b), 3.94 (1H, m, H-2), 3.70 (1H, dd, J=11.5,
4.0 Hz, H-1a), 3.60 (1H, dd, J=11.5, 6.5 Hz, H-1b), 2.77
(2H, dd, J=6.5, 6.5 Hz, H-11), 2.35 (2H, t, J=7.5 Hz, H-
2, 2.05 (4H, brdt, J=7.0, 7.0 Hz, H-8', H-14), 1.62 (2H,
m, H-3"), 1.27-1.36 (14H, brs, H-4', H-5, H-6', H-7', H-
15", H-16, H-17)), 091 (3H, t, J=7.5 Hz, H-18)

SI2}E 8 — White powder, mp 284° ; 'H-NMR (pyridine-
ds, 500 MHz) & : 5.17 (2H, m, H-7, H-22), 5.06 (1H, m,
H-23), 5.04 (1H, d, J=7.5 Hz, H-1'), 3.96-4.59 (5H, m, H-
2' H-6), 1.06 (3H, d, J=6.5 Hz, H-21), 0.89 (3H, d,
J=6.0 Hz, H-26), 0.85-0.89 (6H, m, H-27, H-29), 0.72
(3H, s, H-19), 0.58 (3H, s, H-18)

3t8HE 9 — White powder, mp 279°, FAB-MS m/z :
577 IM+1]"; 'H-NMR (pyridine-d;, 500 MHz) & : 0.65
(3H, s, CH,-18), 0.90 (3H, d, J=7.5 Hz, CH,-27), 0.91
(3H, d, J=7.5 Hz, CH,-26), 0.92 (3H, s, CH,-19), 0.98
(3H, d, J=6.0 Hz, CH,-21), 3.62 (1H, m, H-3), 5.07 (1H,
d, J=8.0 Hz, H-1'), 5.35 (1H, br. d, J=5.0 Hz, H-6)

Bl8t2 10 — Colorless oil, 'H-NMR (CDCI,, 500 MHz)
8 : 536 (12H, m, H9", 9", 10", 10", 12", 12, 13", 13",
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15", 15", 16" and 16™), 5.30 (1H, m, H-2), 439 (1H, dd,
J=12.0, 3.5 Hz, H-1a), 428 (1H, d, J=7.5 Hz, H-1", 4.21
(1H, dd, J=12.0, 6.5 Hz, H-1b), 4.02 (1H, d, J=3.0 Hz, H-
4%, 3.99 (1H, dd, J=12.0, 6.0 Hz, H-6'a), 3.91 (1H, dd,
J=11.0, 5.0 Hz, H-3a), 3.89 (1H, dd, J=12.0, 3.5 Hz, H-
6'b), 3.75 (1H, dd, J=11.0, 6.4 Hz, H-3b), 3.65 (1H, dd,
J=9.5, 7.5 Hz, H-2"), 3.60 (1H, dd, J=9.5, 3.0 Hz, H-3"),
3.55 (1H, brdd, J=5.0 Hz, H-5), 2.80 (8H, m, H-11", 11",
14", 14"), 2.32 (4H, dd, J=15.5, 8.0 Hz, H-2", 2"), 2.06
(8H, m, H-8", 8", 17", 17"), 1.61 (4H, m, H-3", 3"),
1.30 (16H, m, H-4", 4™, 5", 5" 6", 6, 7", 7", 0.97
(6H, t, J=7.5 Hz, H-18", 18"); "C-NMR (CDCl,, 125
MHz) : 174.0, 173.7 (C-1", 1), 132.2, 130.5, 130.5,
128.5, 128.5, 128.0, 127.9, 127.3 (C-9", 9™, 10", 10" 12",
12", 13", 13", 15", 15", 16" and 16™), 104.0 (C-1), 74.7
(C-5), 73.7 (C-3), 72.0 (C-2)), 70.4(C-2), 69.8 (C-4), 68.7
(C-3), 63.2 (C-1), 62.9 (C-6), 34.5, 344 (C-2", 2™), 29.8,
29.4, 29.4, 29.3, 29.3 (C-4"7" and C-4"7"), 27.5 (C-8",
8™, 25.9 (C-11", 11", 14" and 14"), 25.1, 25.1 (C-3",
3™, 20.8 (C-17", 17™), 14.6 (C-18", 18")

Z7 o o

3HE 12 A oild EZZA IR spectrum®] 3443
cm ™' A hydroxyl group 2 1667 cm oA C=C2] EAIS
2338 £ Jdvh. 283, EI-MS spectrum (M°, 296) 2
NMR spectrum AFEZFE A& Z QI linear diterpene type
AL F2 F AU, FAAE CH, 0= FH 38T
'H-NMR spectrum data®] & 0.88~0.85 (12H, m), 1.68 (3H,
5)2] peakol A 57019] methyl groupS #2E AN, §
4.16 (2H, d, J=7.0 Hz)?l 4] oxygen2 &3 methylene
proton signal, 6 5.42 (1H, tq like, J=7.0, 1.0 Hz)ol 4]
olefinic proton signals #Z& 4 3U30rh C-NMR
spectrum data=Z5FE § 140.6% & 1233904 olefinic carbon
peakZ #AT 4= U3, § 59.7914] carbinol carbon peak
E BET F YUk o] 71718 Aot FAMate]
HZ2 3% 19 T2E rans-phytol® Q) 45t

SEHE 2 2 32 Z47F mp 169° 2 138°¢1 ¥iA) Rubio)
W, ELMS (M' : m/z 412 2 414 7}7}), 'H-NMR datas
3 3kgE 29F 32 Wl de] A8k phytosterols]
o-spinasterol 2 B-sitosterol2 3130w, 715 £33}
Hlwek Ay M2 dx|ste] ER1, T

BFHE 4= mp 197%) WA o], EI-MS M : m/
7 456), 'H-NMR, “C-NMR dataZ 3l o] 3}3&E2] 22}
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Fig. 1. Structures of compounds 1 - 10.

2] CyHy 0,22 A3 0|24 B¥sies 75 A
748 4 9lom PC-NMR spectrumell A olefin X0l 271
(8 123.3, 144.3)9] signal=} 1719] acid signal (5 184.3,
COOH)o| &&=z 5718k rriterpeneZ A7 4= 3l
t}. 'H-NMR spectrum® 4] § 0.74~1.12 R G| A 77]) 2]
methyl groupS #&T 4= A, § 3.229014 oxygenated
carbon®] proton peak”} doublet of doublet (J=4.0, 9.5 Hz)
o2 Jehl= AL Hol 3p-0HYS F33s1en, § 5.8
(1H, m)%IA] olefinic proton peak’} YER}= A E o] g}
FE2 ringdte) hte) o)FEHES THE TRYE 74
& 9tk "CNMRAME £ 30702] carbon peak’} B

A, § 797904 oxygenated carbon?! C-39] signale &%
& 4 giglem, § 123.37 § 144.3004 C-12, C-139] signal
7 § 18432 acid?] signal® AT F AU o} A
F=2RE 3= 4= oleanolic acid (3B-hydroxy olean-12-
en-28-oic acid)2A 24E 4 AT, 71E T3 vz
3 F3 A2 R3] IR, AT

33HE 55 mp 225°¢1 WA Bidolal, EIMS & E
4 M, 426) 2 'H-, "CNMR 2HEH 2525 82}
2& C Hy O 54319tk 'H-NMR SHEY AR oA
5 1.03, 0.98, 0.94, 0.86, 0.86, 0.78°] singlet peak 9}
1.03¢] doublet peakollA] 770€] methyl groupg & F AN
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o} H3h § 4.62 (H, br. s, H-302) ¥ 4.60 (H, br. s, H-
30b)oll A1 exo-methylene proton signal 2 § 3.21 (1H, br.
d, J=10.5 Hz)*1A] carbinol proton signatS &3 = 29
o PC-NMR 2|EY A2 25E § 15467 § 107.1904

o] F= A &S YEM = peak} § 79.09014 carbinol carbon
peaks HEE F At T3 exomethylene groupe] FA)
st™ & 1.039] doublet methyl signal®] & & 5}
compound 5Z taraxasterol 43T} o]Ake] 7)7)1RA
Az 2@ #3050 vmE o] 249 T2E taraxasterol
(3B-hydroxy-18cH, 190-urs-20(30)-ene) = 21, 4314},

3% 62 'H-NMR spectrum data®] & 5.31-5.43 (6H,
m)°l| 4] olefinic proton signal, § 2.81 (4H, br. t, J=5.0 Hz)
oA 270 €] double bond2] Abelell 0= 270 2] methylene
group signal, 6 2.36 (2H, t, J=7.5 Hz)*| A] ester group®ll
£°13)= methylene group signal, § 2.07 (4H, m)*]4] 27}
9] allylic methylene group signal = & 1.64 (2H, m)ol| A
ester bond®] B ¢ A= methylene group signalS- 3
g AATE EFH § 1.26-1.36 (8H, br. s)o A 47] <)
methylene group 51gnal 2 3 0.98 (3H, t, J=7.5 Hz)ol| A
methyl group signal2 818 = 9l9ct. e 72 33
& 67 NMR & ER 9] o] A9 fAka 'H-NMR
spectrum data®] § 5.30-5.41 (4H, m)*l A olefinic proton
signal, 8 2.77 (2H, dd, J=6.5, 6.5 Hz)| A 271 2] double
bond®] Atelell li= methylene group signal S04 2}o]&
A3 O]’\}-J 717184 Ast 2§31 Pae) v)uw 3
%= 69 FEE 3-0-(9Z, 12Z, 15Z-octadecatrienoyl)
glycerol, 33H= 794 TZF 3-0-(9Z, 12Z-octadecadienoyl)
glycerol= %1, 57433}

BghE 8 B 9% 7 SjkE 2 2 39] C-3 YA glu-
copyranose’t A% S1gERA 'HNMR 2HEgA B
2] anomeric protons WE & peakdl § 5.04 (1H, d,
J=15Hz) & § 507 (1H, d, J=8.0Hz)& #Zslg o, 7]

7184 A g B P50 vims B3tE 89 72E o-
spinasterol 3-O-B-D-glucopyranoside, $}3+& 99] 72E B-
sitosterol 3-O-B-D-glucopyranoside® 221, 53310t}

SIHE 102 74 oo 'H- % PC-NMR dataZ &
&l sugar®}, unsaturated aliphatic long chain®] A3+ 2
st glycolipidd & 4 4= Uitk 'H- 2 PC-NMR
2HE- S § 428 (1H, d, J=7.7 Hz)# § 104.0°14 sugar
] anomeric signate ¥AF = UYL, PC-NMR dataol| A
UrEMw 3 104.0, 72,0, 73.7, 69.8, 74.7, 62.92] peaks} 7
731198 v maje]
S st 'H-
(dd, J=15.5, 8.0 Hz)¢] carbonyl group

o] sugar= BD galactopyranose ]
Aol =3k

1or

39

methylene proton signal®] #&E 0™, § 127.3~132.29]
A 6709 o155 AT carbon signalS &S0, oS A7t
Atol 2] proton (H-11", H-14", H-11" % H-14")°l| <3}
+ 8 2.80 (8H, m)2] methylene proton signa2 3l ©]&
A% yi7E MR IS Uths AL ERI8IAAL, ©] double
bond Alelell A= carbonE2] peak (C-11", C-14", C-11"
2 C-14")7F PC-NMR data®l 4] trans$l 73-%, double
bonds AF19] carbon®] peak”’} & 32~33 ppmell A LER =
Zlof| B]ated § 25.9 ppmelA YEfU= A2 2 Kol double
bond®] geometry cis® FA3IATHY 9] 71718A A
o} 71EEA Mg vlwsel SR 109 2 1, 2-0-
(9Z, 127, 15Z-dioctadecatrienoyl)-3-O-B-D-galactopyranosyl
glycerol2 &1, 54315t

=, A 2 1089 BAstEe ¥, BAs £
H ES o|3}etd AAF @ J7RA AEE B 1
TEE ITESINOH, BE 3gHEo] o AEME A

T

B2 1Y EE Ao}

IE=28

—

o] ZE(1997) IS E=Z, 775. THEAL A2

2. Duan, H., Takaishi, Y., Momota, H., Ohmoto, Y., and Taki, T.
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