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Chemical Constituents of Saposhnikovia divaricata
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Abstract — The roots of Saposhnikovia divaricata Schischk. (Umbelliferae) have been known to possess analgesic, anti-inflam-
matory, anti-parasitic and anti-bacterial activities, and used for curing headaches, fever and arthralgia. In this study, we aimed
to isolate active constituents to provide phytochemical data for the quality control of this plant. Nine coumarins, eight
chromones, three sterols and a coumarolignan were isolated from EtOAc-soluble fraction of the roots of S. divaricata through
repetive column chromatography method using silica gel, ODS gel, Sephadex-LH 20, MPLC and HPLC. By analyses of spec-
troscopic data and comparison of their data with those of published values, the compounds were identified as 3'-O-angeloyl-
hamaudol (1), B-sitosterol (2), marmesin (3), phellopterin (4), anomalin (5), imperatorin (6), xanthotoxin (7), deltoin (8),
bergapten (9), stigmasterol (10), ledebouriellol (11), hamaudol (12), 8'-epicleomiscosin A (13), xanthoarnol (14), cimifugin (15),
5-O-methylvisamminol (16), daucosterol (17), 4'-O-B-D-glucosyl-5-O-methylvisamminol (18), nodakenin (19), sec-O-glu-
cosylhamaudol (20), prim-O-glucosylcimifugin (21). Among them, 8'-epicleomiscosin (13) was firstly reported from Umbel-
liferae family and xanthoarnol (14) and nodakenin (19) were isolated from this plant for the first time.
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72171 A Al9f — A9]Ad F332 Shimadzu UV-2101
Spectrophotometers: ©|-§-3le] S7831510H, 224 37]
£ Perkin Elmer 1710 spectrophotometer AR} T A1
Z= JASCO, DIP-1005, 24 545 139 A4
712+ Finnigan LCQ ion-trap mass (ESI-MS) <} JEOL
JMS AX 505 WA Spectrometer (FAB-MS)E A}-&-3}31 32
AzL7]Fv EF7]E2= JEOL LA 300 Spectrometer
(300 MHz), Bruker GPX 400 Spectrometer (400 MHz),
Bruker AMX 500 Spectrometer (500 MHz)S- A3}t
RE Relo] AHgE AY AREINIG LYY
Kieselgel 60 (40-63 um, 230-400 mesh, Merck), Sephadex
LH-20 (bead size 25-100 um, Pharmacia) %! HP-20 (bead
size 250-600 pum, Mitsubishi Chemical Co.)E AFH&-3}32
H, BEA2etE 19 £%-2 Kieselgel 60 F,5, (Merck)
£ AREsIi o AL ofAdd|s|= Sk oS AR
slch. &R A2 ntE T8 9)E Gilson systemS: AR5}
Ao o= & o] As FU71 (234 Autoinjector), 7 7l
9] 3z (321 Pump), & 71| UV H=7] (151 UV/VIS) &
3k 7fe] 8 4317] (FC 204 Fraction Collector)& 135
o] AUt aEFHA| ARwtET Y 9§ HH-E Jsphere ODS
H80 (250x10 mm ID, 4 um, YMC) % YMC-Pack Pro
C18 RS (250x20 mm ID, 4 um, YMC)S ARE3EIIT} 5%
of AHgE F71-8vle BF YEAFeE R setolA
ysle] AME3I99oH, HPLC € Svl2 AMSE o EYE
g2} &2 Fisherol| A +iste] AREsISATH

FE - A3 E 10kgS A3 HEEZ 9074
33] 259 FE8I o o8 At dEste] 14ked] F
EES A ol & FHol deste FAwA ot
EtOAc9} n-BuOHE £33}, ol5 Eoess 27 ¢t
=3t EtOAc #3 (401 g), »-BuOH (162 g)°] #I&
< 43

SIEIE 162 2| — EtOAc F55 200 g& A5}
n-hexane?} EtOAc®] S-S ARE-sle] FAJo W& e
7 AYAZrtEIH I E Ao WEasntET
Yo & Fate vt P Hole g8 Bof e #
g (El-1-El1-7) o2& W3tk El1-2 £84 A8z 2%
S 29} p-hexane 3 EtOAc & (20:1)9] ZANA A
A5l st 1 (1.2 gys Eelsiion, 4444 34 5
A71 oS Bol F=3 & MeOHS Sl = A3t A
AA sl 3FHE 2 (200 me)E EE3ITh 288 El-3S
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RP-MPLCE A&t 14719] 478 (E1-3-1 - E1-3-14)&
2 Ureler o]F El1-3-19 &£58L MeOHS &&8)
2 3}o] Sephadex LH-20 ZHAZrIE 19 E AE-35}]
3132 3 3mg)S Fsen, El1-3-22 RP-HPLC
(Water:MeCN=1:1)E 343} 33H&E 4 (40 mg)E +&l3}
ATk AEF El-3-4% EOHE A A4 33E 5 (220
mg)E |5k oH, E1-3-8& EtOHE AjZA st sigh=
6 (150 mg)= E2)3kich.

3'-O-Angeloylhamaudol (1) — C,H,,Os; colorless crystal;
UV A (am): 230, 250, 257, 294; IR v, (KBr) cm’: 1714,
1654; FAB MS (positive ion mode) m/z 359 [M+H] 'H
NMR (300 MHz, CDCL): & 12.98 (IH, s, 5-OH), 630
(1H, s, H-8), 597 (1H, s, H-3), 5.15 (1H, t, J=5.1 Hz,
H-3), 3.00 (1H, dd, J=17.6, 5,1 Hz, H-4), 2.77 (1H, dd,
J=176, 5.1 Hz, H-4), 230 (3H, s, 2-CH,), 1.35 (3H, s,
gem-CH,), 1.34 (3H, s, gem-CH,), angeloyl moiety : 6.06
(IH, q, J=62 Hz, B-H), 1.89 3H, dq, J=74, 13 Hz,
B-CH;), 1.82 (3H, s, o -CHy; "C NMR (75 MHz
CDCL): & 182.5 (C-4), 166.8 (angelolyl C=0), 166.7 (C-
2), 159.5 (C-5), 158.8 (C-7), 1562 (C-9), 139.0 (angeloyl
C=C), 127.4 (angeloyl C=C), 1083 (C-3), 104.3 (C-10),
102.6 (C-6), 94.7 (C-8), 76.9 (C-3), 69.5 (C-2), 24.9
(gem-CHy), 23.0 (gem-CH), 22.7 (C-4'), 20.5 (angeloyl
CH,), 15.7 (angeloyl CH,)

B-Sitosterol (2) — CyH,,O; white amorphous powder;
FAB MS (positive ion mode) m/z 415 [M+H]'; 'H NMR
(300 MHz, CDCL): & 533 (IH, dd, /=53 Hz, H-6),
3.54 (1H, m, H-3), 2.30 (2H, m, 4-H), 2.00 2H, m, 12-
H), 0.99 3H, s, 19-CH,), 0.89 (3H, d, J=6.6Hz, 2I-
CH,), 0.66 (3H, s, 18-CH,; "C NMR (100 MHz,
CDCL): & 140.7 (C-5), 121.7 (C-6) 71.8 (C-3), 56.7 (C-
14), 56.0 (C-17), 50.1 (C-9), 45.8 (C-24), 42.3 (C-13),
423 (C-4), 39.8 (C-12), 37.3 (C-1), 36.5 (C-10), 36.1 (C-
20), 33.9 (C-22), 31.9 (C-8), 31.9 (C-7), 31.7 (C-2), 29.7
(C-25), 282 (C-16), 26.1 (C-23), 243 (C-15), 23.0 (C-
28), 21.1 (C-11), 19.8 (C-27), 19.4 (C-19), 19.0 (C-26),
18.8 (C-21), 12.0 (C-29), 11.8 (C-18)

Marmesin (3) - C,H,,0,; white amorphous powder;
UV A, (nm): 244; IR v, (KBr) ecm™: 2923, 1715, 1627,
1457, FAB MS (positive ion mode) m/z 247 [M+H]"; 'H
NMR (300 MHz, CDCL,): & 7.58 (1H, d, J=9.5 Hz, H-4),
720 (1H, s, H-5), 6.73 (1H, s, H-8), 6.19 (1H, d, J=9.5
Hz, H-3), 471 (1H, t, J=9.0 Hz, H-2'), 320 (2H, d,
J=9.0Hz, H-3'), 1.53 (3H, s, gem-CH,), 122 (H, s,
gem-CH,); "C NMR (75 MHz, CDCL): & 163.1 (C-7),
161.4 (C-2), 155.0 (C-9), 143.6 (C-4), 125.0 (C-6), 123.4
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(C-5), 112.8 (C-10), 112.4 (C-3), 98.8 (C-8), 91.1 (C-2)),
713 (C-4), 28.1 (C-3") 25.7 (gem-CHy), 24.8 (gem-CH,)

Phellopterin (4) — C,;H,,Os; yellowish powder; UV
Ama(nm): 230, 250, 257, 294; IR v, (KBr) em™: 1729
(C=0), 1604, 1477; FAB MS (positive ion mode) m/z 301
[M+H]"; 'H-NMR (400 MHz, CDCL): & 8.09 (IH, d,
J=9.7Hz, H-4) 7.59 (1H, d, J=2.4 Hz, H-2"), 6.96 (1H,
d, J=24Hz, H-3), 625 (1H, d, J=9.7Hz, H-3), 5.58
(IH, t, J=7.1Hz, H-2"), 4.82 (2H, d, J="7.1 Hz, H-1"),
4.15 3H, s, 5-OCH,), 1.72 (3H, s, H-4"), 1.68 (3H, s, H-
5M; "C NMR (100 MHz, CDCL): & 160.5 (C-2), 150.8
(C-7), 145.1 (C-2'), 144.4 (C-5), 1444 (C-9), 139.7 (C-3"),
139.4 (C-4), 126.9 (C-8), 119.9 (C-2"), 114.6 (C-6), 112.8
(C-3), 107.6 (C-10), 105.0 (C-3"), 704 (C-1"), 60.8 (5-
OCHL,), 25.8 (C-4"), 18.1 (C-5")

Anomalin (8) — C,,H,,O,; white powder; UV A, (nm):
280, 254; IR v, (KBr) cm™ : 2933, 1727, 1606, 1488;
FAB MS (positive ion mode) m/z 449 [M+Na] ; 'H
NMR (400 MHz, CDCL): § 7.56 (1H, d, J=9.5 Hz, H-4),
733 (1H, d, J=8.6 Hz, H-5), 6.78 (1H, d, J=8.6 Hz, H-
6), 6.67 (H, d, J=4.7Hz, H-4", 6.18 (1H, d, J=9.5 Hz,
H-3), 542 (IH, d, J=4.7Hz, H-3), 146 GH, s, gem-
CH,), 1.43 (3H, s, gem-CH,), angeloyl moiety: 6.00 (1H,
m, B-H), 598 (IH, m, B-H), 1.93 (6H, m, CH;), 1.80
(6H, brd, J=7.4Hz, CH,)’; °C NMR (100 MHz, CDCL,):
S 166.4 (angelolyl C=0), 166.2 (angelolyl C=0), 159.7
(C-2), 1566 (C-7), 1540 (C9), 143.1 (C-4), 140.0
(angeloyl C=C), 138.4 (angeloyl C=C), 129.2 (C-5), 127.3
(angeloyl C=C), 137.0 (angeloyl C=C), 114.3 (C-6), 113.2
(C-3), 112.4 (C-10), 107.5 (C-8), 77.4 (C-2), 70.1 (C-3"),
60.1 (C4"), 254 (gem-CH;), 224 (gem-CH,;), 204
(angeloyl-CH;), 20.3 (angeloyl-CH,)

Imperatorin (6) — C,;H,,0,; colorless powder; UV A
(nm): 223, 241, 269, 313; IR v, (KBr) cm™: 1720, 1587,
1448; FAB MS (positive ion mode) m/z 271 [M+H]; 'H
NMR (400 Hz, CDCly): & 7.74 (1H, d, J=9.5Hz H-4)
766 (IH, d, J=22Hz, H2), 733 (IH, s, H-5), 6.79
(IH, d, J=22Hz, H-3), 634 (IH, d, J=9.5Hz, H-3),
5.58 (1H, t, J=7.1 Hz, H-2"), 498 (2H, d, J=7.1 Hz, H-
1"), 172 (3H, s, H4"), 1.56 (3H, s, H-5"); "C NMR
(100 MHz, CDCL): § 160.5 (C-2), 148.6 (C-7), 146.6 (C-
2), 1443 (C-4), 143.8 (C-9), 139.7 (C-3"), 131.7 (C-8),
125.8 (C-6), 119.8 (C-2"), 116.5 (C-10), 114.6 (C-3), 113.1
(C-5), 106.7 (C-3"), 702 (C-1"), 25.8(C-4"), 18.1 (C-5")

SIgtE 7-212] E2| - EtOAc 55 201 g& A H-3lo]
n-hexane?} EtOAce] S-S ARE-sle] FAJo W& Ae]

359

71 dEazvtEadv s Aoy sEagntET
o & Fake] ve PFe Bel BEe w2 Bol 7
o] thE3 (E2-100, E2-50, E2-20, E-10, E2-5, E2-2, E2-
M) & UFtt tEE E2-1002 thA] n-hexane?} EtOAc
o] E3tHe AMgS AP AaRnEaY IS Bt 11719
283 (E2-100-H, E2-100-100, E2-100-50, E2-40, E2-
100-30, E2-100-20, E2-100-10, E2-100-5, E2-100-2, E2-
100-1, E2-100-M)2 AIT}. E2-100-10001] thate] thA] n-
hexane¥} EtOAc®] S-S 283t Ael7Hd A a=nt
EJ9E Sote gl AREOE e &, ]9 A
25388 ODS 7 Z72]3 Sphadex LH-208 ARE-3F 4%
Q1 AP ARvETY IS ARE-ste] S9HE 7 (5 mg)s
Zslgom, 415 2E-2S EOHE AM8-3le] A1 A% 51
SI3HE 8 (30 me)S FE| sk E2-100-591 tiste] 4le
7}, Sephadex LH-20< o] 83t A AZntE 1 9] 9}
MeOHE AHE-SH AR S F3at Skg= 9 (6 me)e +8
3Hch &8 E2-502 thAl n-hexane?} EtOAce] &3
= AHE AHARmEI Y E ARRE 1719 &7
(E2-50-1 - E2-50-11)02 WF3Uo™, E2-50-2% MeOH=
AR 3FHE 10 (30 mg)yS F2I80 T E2-50-6S =4
MPLC (Hexane : EtOAc = 50:1—1:15>EtOAc—>MeOH) <
Fasle] o] A~EF (E2-50-6-1~E2-50-6-8)2- 2 3]
3, °] 3 E2-50-6-4Z Sephadex LH-20 ZHAZr}E 1)
3] (MeOH)E %3 3] sI5HE 11 (150 mg)S +2] 339
™, &8 E2-50-82 EtOHE AZ27sl sl3heE 12 (220 mg)
S Eg &k 2EF E2-50-10-52 RP-MPLC  (Water :
MeOH = 80:20—>MeOH)S- =33t 107]¢] 28] (E2-50-
10-5-1~E2-50-10-5-10)= LAt} ©] F E2-50-10-5-15
EtOHZ AA% sle] 3% 13 8 mg)S LAt &EF
E2-50-10-5& RP-MPLC (Water : MeOH = 80:20—>MeOH)=
sl 10702 £38 (E2-50-10-5-1~E2-50-10-5-10)-& 1}
T3, ©] 3 E2-50-10-5-52 RP HPLC (Water : MeOH
=60:40)2 AAF 315HE 14 (5 me)S 25t} E2-50-
112 RP-MPLC ZHIAZw[ET7213] (Water : MeOH = 20:80
—->MeOH)E 33t 117h9] &F-9 (E2-50-11-1~E2-50-
11-11)S A% ow E2-50-11-2 S EtOHE A 4% slo] 3}
TE 15 (30 mg)E 7] 3192, E2-50-11-4+= n-hexane
HEOAcS] EFN oz ANAA3le] 3FE 16 (120 me)S
A thitg E2-202 A2)7H dEazeiEay)
(CH,Cl, : MeOH = 30:1->MeOH)E AA|sle] ¥-A2nts
el wet vt FFe B9l B upE Fo} 10
Mol AREF (E2-20-1-E2-20-6)S 9om, o] & 473
E2-20-45 MeOHZ AZA 39 & 17 (1292 £
FA T thEE E2-102 silica gel C.C. (EtOAC : MeOH
=10:1>MeOH)E AA|3te] BtEazntsi g oo wt
H|S=oh 332 Hel 88 mz Hof 4] AF-g (E2-
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10-1~E2-10-4)S A3Uth. 458 E2-10-38 B2 vfETL
ool wel 209 &R (E2-10-3-1, E2-10-3-2)2.& U}
Ak AFF E2-10-3-12 RP-MPLC (Water : MeOH =
60:40—>10:90)% G343l 67119] HE-F (E2-10-3-1-1~E2-
10-3-1-6)2 237, o] 5 E2-10-3-1-52 EtOHE AZ% 3}
o] 315 18 (55 mg)S FElsiien, &g E2-10-3-2-2
£ EtOHE AZAA st 8 19 (30 mg)E w2tk &
3 E2-10-42 RP ODS-MPLC C.C. (Water: MeOH =
80:20— Water : MeOH = 10:90)Z =3} 5}o] 8 7f2] 4AE-3
(E2-10-4-1~E2-10-4-8)2 AL, ©|F E2-10-4-5 & EtOH
2 AAAs 39 20 (12¢)S 23t 2 E2-5
S RP-MPLC ¢} Sephadex LH-20 ZHAZvEZ 9 E
E3&lo] 35HE 21 (100 mg)yS F2]31ich

Xanthotoxin (7) - C,,HO,; white solid; UV A
(nm): 299, 248, 218; IR v, (KBr) cm™: 2928, 1723,
1588, 1466; EI MS (positive ion mode) m/z 216 [M] ; 'H
NMR (400 MHz, C;D;N): & 7.91 (1H, d, /=2.1 Hz, H-2),
778 (1H, d, J=9.6Hz H-4), 7.37 (1H, s, H-5), 6.87
(1H, d, J=24 H1, H-3), 641 (1H, d, J=9.4 Hz, H-3),
415 (3H, s, 8-OCH,); "C NMR (100 MHz, C,D.N): &
1604 (C-2), 147.8 (C-7), 147.8 (C-4), 147.5 (C-2"), 143.9
(C-9), 132.8 (C-8), 126.5 (C-6), 116.4 (C-10), 114.9 (C-3),
113.0 (C-5), 1072 (C-3), 60.1 (8-OCH.,)

Deltoin (8) — C,,H,Os; colorless plate; UV A, (nm):
334, 248; IR v, (KBr) cm™: 3133, 1717, 16 24, 1586; EI
MS (positive ion mode) m/z 328 [M]; 'H NMR (300
MHz, CDCL): & 7.57 (IH, d, J=9.5, H-4), 7.19 (1H, s,
H-8), 6.72 (1H, s, H-5), 6.19 (I1H, d, J=9.5Hz, H-3),
595 (1H, q, /=8 Hz, B-H ), 5.03 (1H, t, J=9.1 Hz, H-2"),
326 (2H, brd, J=9.1Hz, H-3", 1.60 (3H, s, gem-CH,),
1.59 (3H, s, gem-CH;) angeloyl moiety: 6.06 (1H, q,
J=62Hz, B-H), 1.82 (3H, dq, J=7.3, 1.2 Hz CH,), 1.89
(3H, p, J=15Hz, CH,); °C NMR (75 MHz, CDCL): &
167.1 (angelolyl C=0), 163.7 (C-7), 161.4 (C-2), 155.8
(C-9), 143.6 (C-4), 137.6 (angeloyl C=C), 128.7 (angeloyl
C=C), 124.5 (C-6), 1232 (C-5), 112.3 (C-3), 97.9 (C-8),
89.1 (C-2"), 82.0 (C-4"), 29.6 (C-3"), 22.3 (gem-CH,), 21.4
(gem-CH,), 20.5 (angeloyl CH;), 15.6 (angeloyl CH;)

Bergapten (9) — C,,H;O,; white solid; UV A, (nm):
248; IR v, (KBr) cm™: 3127, 1729, 1623, 1472; EI MS
(positive ion mode) m/z 216 [M]" ; 'H NMR (500 MHz,
CDCL, ): & 8.13 (1H, d, J=9.8 Hz, H-4), 7.57 (IH, d,
J=25Hz, H-2), 7.11 (IH, s, H-8), 699 (IH, d, J=25
Hz, H-3), 626 (1H, d, J=9.8 Hz, H-3), 425 (3H, s,5-
OCH,); "C NMR (125MHz, CDCL): & 1612 (C-2),
158.4 (C-7), 152.7 (C-9), 149.6 (C-5), 144.8 (C-2"), 139.3

Kor. J. Pharmacogn.

(C4), 1129 (C-6), 112.6 (C-3), 106.4 (C-10), 105.0 (C-
3", 93.9 (C-8), 60.1 (5-OCH,)

Stigmasterol (10) — C,H,;O; white crystal; FAB MS
(positive ion mode) m/z 413 [M+H]; 'H NMR (500
MHz, CDCL): & 533 (IH, m, H-6), 5.12 (IH, dd,
J=15.0, 8.5 Hz, H-23), 499 (1H, dd, J=15.0, 8.5 Hz, H-
22), 3.50 (1H, m, H-3), 0.99 (3H, s, H-19), 0.95 (3H, d,
J=6.4Hz, H21), 066 3H, s, H-18); "C NMR (125
MHz, CDCly): § 140.7 (C-5), 138.3 (C-22), 129.3 (C-23),
121.7 (C-6), 71.8 (C-3), 56.9 (C-14), 55.9 (C-17), 51.2
(C-24), 50.1 (C-9), 42.3 (C-4), 422 (C-13), 40.5 (C-20),
39.8 (C-12), 37.2 (C-1), 36.5 (C-10), 31.9 (C-25), 31.9
(C-8), 319 (C-7), 31.6 (C-2), 29.1 (C-16), 254 (C-28),
24.3 (C-15), 22.2 (C-21), 21.2 (C-27), 21.1 (C-11), 194
(C-19), 19.0 (C-26), 12.8 (C-29), 12.0 (C-18)

Ledebouriellol (11) — C,H,,0,; white powder, UV
Amax(m): 295, 250; IR v, (KBr) em™: 3360, 1716, 1659,
1452; FAB MS (positive ion mode) m/z 375 [M+H] *; 'H
NMR (500 MHz, CsD,N): d 13.7 (IH, s, 5-OH), 6.74
(1H, s, H-8), 6.52 (I1H, s, H-3), 537 (1H, t, /=5.1 Hz,
H-3), 466 (2H, s, 2-CH,), 3.18 (1H, dd, J=17.5, 5.1 Hz,
H-4), 3.01 (1H, dd, J=17.5, 50 Hz, H-4), 140 (3H, s,
gem-CH,), 133 (3H, s, gem-CH,), angeloyl moiety: 5.94
(1H, g, J=7.2Hz, B-H), 1.91 (3H, d, J = 7.2 Hz, angeloyl
CH,), 1.83 (3H, s, angeloyl CH,); "C NMR (125 MHz,
C;D,N): & 183.1 (C-4), 171.6 (angelolyl C=0), 166.9 (C-
2), 160.1 (C-5), 159.4 (C-7), 156.3 (C-9), 139.1 (angeloyl
C=C), 127.8 (angeloyl C=C), 106.0 (C-3), 105.2 (C-10),
102.9 (C-6), 95.1 (C-8), 77.4 (C-2"), 69.9 (C-3"), 60.7 (2-
CH,), 24.6 (gem- CH,), 23.1 (gem-CH;), 23.1 (C-4"), 20.6
(angeloyl CHj;), 15.8 (angeloyl CH,)

Hamaudol (12) - C,H,Os; yellowish powder; UV
Amax(@m): 297, 251; IR v, (KBr) em™: 3397, 1658, 1628,
1579; EI MS (positive ion mode) m/z 276 [M]'; 'H NMR
(500 MHz, CDCL): & 13.02 (1H, s, 5-OH), 6.27 (1H, s,
H-8), 593 (IH, s, H-3), 3.86 (IH, t, J=5.0 Hz, H-3'),
293 (1H, dd, J=174, 5.0Hz, H-4), 2.62 (1H, dd, J=
174, 50 Hz, H4'), 1.38 (3H, s, gem-CH;), 1.33 (3H, s,
gem-CH,); "C NMR (125 MHz, CDCL): & 182.5 (C-4),
166.8 (C-2), 159.7 (C-5), 159.1 (C-7), 156.2 (C-9), 108.3
(C-3), 1044 (C-10), 102.8 (C-6), 94.8 (C-8), 78.4 (C-2),
68.7 (C-3), 25.4 (C-4"), 24.8 (gem-CH;), 22.1 (gem-CHj,),
20.6 (2-CH,)

8'-Epicleomiscosin A (13) — C,,HOs; colorless crystal;
UV A (nm): 325, 217, 214; IR v (KBr) cm™: 3446,

‘max max

1699 (C=0), 1612, 1445; EI MS (positive ion mode) m/z
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386 [M]; 'H NMR (400 MHz, C,D,N): & 7.71 (IH, d,
J=9.4Hz, H-4), 739 (1H, s, H-2"), 7.32 (1H, d, J=8.0
Hz, H-6"), 726 (1H, d, J=8.0 Hz, H-5), 6.70 (1H, s, H-
5), 641 (1H, d, J=9.4 Hz, H-3), 5.55 (1H, d, J=8.0 Hz,
H-7), 444 (1H, d, J=8.0Hz, H-8'), 428 (2H, brd,
J=13.0Hz, H-9), 3.77 (3H, s, 6-OCH,), 3.70 (3H, s, 3-
OCH,); "C NMR (100 MHz, C.D,N): & 160.8 (C-2),
149.2 (C-3"), 148.9 (C-4"), 146.5 (C-6), 144.5 (C4), 139.5
(C-9), 138.5 (C-7), 133.1 (C-8), 127.7 (C-1"), 121.8 (C-6"),
116.7 (C-5"), 114.0 (C-3), 1124 (C-2"), 112.0 (C-10),
101.2 (C-5), 80.0 (C-8"), 77.6 (C-T"), 60.8 (C-9"), 56.1 (6-
OCHj,), 56.0 (3'-OCH,)

Xanthoarnol (14) - C,,H,,Os; colorless crystal; UV
Amax(dm):  330; IR v, (KBr) em’™: 3397, 2924, 1716,
1625; FAB MS (positive ion mode) m/z 263 [M+H]; 'H
NMR (400 MHz, CDCLy): 6 7.61 (IH, d, J=9.5Hz, H-
4), 745 (1H, s, H-5), 6.76 (1H, s, H-8), 6.20 (1H, d,
J=9.5Hz, H-3), 541 (1H, d J=4.5Hz, H-3"), 440 (H, d,
J=4.5, H-2"), 132 (3H, s, gem-CH,), 130 (3H, s, gem-
CH,); “C NMR (100 MHz, CDCL): 8 163.0 (C-7), 161.1
(C-2), 1559 (C-9), 143.6 (C-4), 129.7 (C-6), 124.7 (C-5),
1134 (C-10), 1129 (C-3), 98.7 (C-8), 98.4 (C-2), 72.3
(C-3"), 712 (C-4"), 25.7 (gem-CH,), 24.9 (gem-CH,)

Cimifugin (15) — C,;H;;O yellowish powder; UV
Apax(m): 289; IR v, (KBr) em’: 1728, 1472, 1431; FAB
MS (positive ion mode) m/z 307 [M+H]'; 'H NMR (300
MHz, CDCL): & 642 (1H, s, H-8), 6.21 (1H, s, H-3),
469 (1H, t, J=8.8Hz, H-2'), 445 (2H, brs, CH,OH),
390 (3H, s, 5-OCH;), 3,23 (2H, d, J=8.8 Hz, H-3') 1.35
(3H, s, gem-CHy), 122 (3H, s, gem-CH,); "C NMR (125
MHz, CDClLy): & 1755 (C-4), 1664 (C-2), 164.6 (C-5),
158.9 (C-7), 155.1 (C99), 1174 (C-6), 111.4 (C-10), 108.4
(C-3), 93.3 (C-8), 91.1 (C-2"), 70.0 (C-4"), 60.3 (5-OCH,),
594 (2-CH,), 27.0 (C-3"), 25.8 (gem-CH), 24.9 (gem-
CH;)

5-O-Methylvisamminol (16) — C,H,;O5; white powder;
UV A, (nm): 289; IR v, , (KBr) em™: 3397, 1654, 1610;
FAB (positive ion mode) m/z 291 [M+H]’; 'H NMR (300
MHz, CDCI; ): & 6.50 (IH, s, H-8), 596 (IH, s, H-3),
470 (1H, t, J=8.8 Hz, H-2"), 3.92 (3H, 5-OCH,), 3.23
(2H, d, J=8.8 Hz, H-3"), 2.25 (3H, brs, 2-CH,), 1.34 (3H,
s, gem-CHy), 122 (3H, s, gem-CH,;); “C-NMR (100
MHz, CDCly): & 177.0 (C-4), 1642 (C-5), 1632 (C-2),
159.6 (C-7), 155.7 (C-9), 117.0 (C-6), 111.7 (C-3), 112.2
(C-10), 93.6 (C-8), 91.3 (C-2), 71.3 (C4), 60.8 (5-
OCH,), 27.6 (C-3"), 25.5 (gem-CH;), 24.4 (gem-CH,)
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Daucosterol (17) — C;sH,O; FAB MS (positive ion
mode) m/z 599 [M+Na]’; '"H NMR (300 MHz, C,D,N) &
532 (I1H, brs, H-6), 5.05 (1H, d, J=7.7Hz, H-1'), 4.56
(1H, dd, J=11.7, 2.1 Hz, H-6"), 441 (IH, dd, J=11.7,
5.1Hz, H-6), 430 (1H, t, J=8.4Hz, H-4"), 427 (1H, t,
J=87Hz, H-3), 405 (1H, m, H2), 096 (H, d,
J=64Hz, H-21), 091 (3H, s, H-19), 0.87 (3H, d,
J=75Hz, 27-CH;), 0.84 (3H, d, J=6.6Hz, 26-CH,),
0.63 (3H, s, H-18); "C-NMR (75 Hz, C,D;N) & 141.0 (C-
5), 122.3 (C-6), 102.7 (C-1), 78.7 (C-3), 78.7 (C-3), 78.5
(C-5), 76.4 (C-2), 71.8 (C-4), 629 (C-6), 56.9 (C-14),
56.3 (C-17), 504 (C-9), 46.1 (C-24), 42.5 (C-13), 40.1
(C-4), 39.4 (C-12), 36.4 (C-20), 37.5 (C-1), 36.9 (C-10),
322 (C-8), 32.1 (C-22), 32.1 (C-7), 303 (C-2), 29.6 (C-
25), 282 (C-16), 28.6 (C-23), 26.6 (C-15), 23.0 (C-28),
21.1 (C-11), 21.0 (C-27), 194 (C-19), 19.3 (C-26), 19.1
(C-21), 122 (C-29), 12.1 (C-18)

4'-O-3-D-glucosyl-6-O-methylvisamminol (18) — C,,H,.0,,
; white powder; UV A, (om): 244, 258; IR v, (KBr)
cm™: 2921, 1653, 1606; FAB MS (positive ion mode) m/z
453 [M+H]; 'H NMR (400 MHz, DMSO-d,): & 6.65
(1H, s, H-8), § 5.96 (1H, brs, H-3), 4.84 (1H, dd, J=9.0,
8.5Hz H-2), 440 (1H, d, J=7.6 Hz, H-1), 3.81 3H, s,
5-OCH,), 3.32 (2H, m, H-3, overlapped), 3.02~3.40 (6H,
m, sugar protons), 2.26 (3H, s, 2-CH,), 1.26 (3H, s, gem-
CH,), 124 (3H, s, gem-CH,); “C-NMR (75MHz,
DMSO-d,): § 177.9 (C-4), 165.0 (C-5), 164.7 (C-2), 159.7
(C-7), 155.7 (C-9), 117.5 (C-6), 1112 (C-10), 111.1 (C-3),
97.7 (C-1"), 93.6 (C-8), 90.7 (C-2), 77.6 (C-4"), 772 (C-
5", 76.8 (C-3"), 74.0 (C-2"), 70.5 (C-4"), 613 (C-6"),
60.7 (5-OCH,), 27.9 (C-3), 234 (gem-CH,), 22.5 (gem-
CH,), 19.8 (2-CH,)

Nodakenin (19) — C,H,,0,; white powder; UV A, (nm):
226,255; FAB MS (positive ion mode) m/z 409 [M+H];
'"H NMR (300 MHz, DMSO-d,): 6 7.94 (1H, d, J=9.7 Hz,
H-4), 7.50 (1H, s, H-5), 6.83 (1H, s, H-8), 6.22 (1H, d,
J=9.7Hz, H-3), 491 (1H, m, H-3), 441 (1H, d, /=78
Hz, H-1"), 3.26-2.89 (4H, m, sugar proton), 1.31 (3H, s,
gem-CH,), 1.13 (3H, s, gem-CH,); "C-NMR (75 MHz,
DMSO-d,): & 163.0 (C-7), 160.4 (C-2), 155.5 (C-9), 144.7
(C-4), 125.6 (C-6), 124.0 (C-5), 1122 (C-3), 111.3 (C-10),
97.2 (C-8), 96.9 (C-1"), 90.0 (C-2), 77.0 (C-5"), 76.9 (C-
3", 76.8 (C-4), 73.5 (C-2"), 70.0 (C-4"), 612 (C-6"),
29.1 (C-3'), 23.2 (gem-CH,), 21.8 (gem-CH,)

sec-O-Glucosylhamaudol (20) - C,H,,0,,; white
solid; UV A, (nm): 297, 258, 247; IR v, (KBr) cm™:
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Fig. 1. Chemical structures of compounds 1-21 from Saposhnikovia divaricata

3389, 1665, 1581, FAB (positive ion mode) m/z 439
[M+H]; 'H NMR (500 MHz, C,D{N): & 13.74 (1H, s, 5-
OH), 6.46 (1H, s, H-8), 6.07 (1H, s, H-3), 5.02 (IH, d,
J=7.8Hz, H-1") 3.98-3.15 (4H, m, sugar protons) 3.15
(2H, qd, J=17.1, 5.8 Hz, H-4'), 2.03 (3H, s, 2-CH,), 1.51
(3H, s, gem-CH,), 1.38 (3H, s, gem-CH,); "C-NMR (125
MHz, C,DN): § 182.7 (C-4), 167.3 (C-2), 160.1 (C-5),
159.6 (C-7), 156.3 (C-9), 104.5 (C-10), 104.0 (C-6) 102.6
(C-1") 1084 (C-3), 94.9 (C-8), 784 (C-2"), 784 (C-3', C-
3", 784 (C-2",C-5"), 71.8 (C-4"), 63.0 (C-6"), 604 (-
OCH;), 25.6 (gem-CH,), 22.5 (gem-CH,), 22.4 (C-4"), 20.0
(2-CH,)

prim-O-Glucosylcimifugin (21) - C,,H,O,;; colorless
solid; UV A, (nm) : 293, 215; IR v, (KBr) cm™: 3388,
2922, 1658, 1470; FAB MS (positive ion mode) m/z 469
[M+H]"; '"H-NMR (300 MHz, DMSO-d,): & 6.65 (IH, s,
H-8), 6.30 (1H, s, H-3), 4.52 (2H, brs, 2-CH,), 4.28 (1H,
d, /J=7.6Hz, H-1"), 470 (1H, m, H-2"), 3.82 (3H, s, 5-
OCH,), 3.32 (2H, m, H-3', overapped), 3.02~3.66 (4H, m,
sugar proton), 1.13 (6H, d, J=3.3 Hz, gem-(CH,),); "C-
NMR (125 MHz, DMSO-d,): § 175.6 (C-4), 1664 (C-2),
162.5 (C-5), 159.0 (C-7), 1552 (C-9), 117.6 (C-6), 110.1
(C-3), 111.5 (C-10), 102.4 (C-1") 93.4 (C-8), 91.1 (C-2",
77.1 (C-5"), 76.7 (C-3"), 73.5 (C-2"), 70.1 (C4"), 70.1
(C-4"), 652 (2-CH,), 61.2 (C-6"), 60.4 (5-OCH,), 27.1 (C-
3", 25.9 (gem-CHj,), 25.0 (gem-CHj;)

=}
=

L

K

POl vekE: FEEENE f7180 2949, 4% 29
ﬂitﬂ-ﬁ;aﬁﬂ‘ﬂ 9 A HE olgsle] T 2159 &
TS FEfsiiict. welE sIgEe] AlE 9 F° coumarin
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o] & SFE 132 iy FolA HE Fe] BHiHe Zo]
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199] 2 FH) thsjel S B,
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M]' 91212 5ol SEES] FA4E Cu, 0, N 5 9

2t} 'H NMR spectrumel]| 4 & 7.71 (1H, d, J=9.4 Hz),
6.41 (1H, d, J=9.4Hz)2] 5342l J3E F3)| coumarin
ol eyt 4 QI § 739 (1H, s), 7.32 (1H, d, J=8.0
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ASS & 5 AATE § 428 (2H, br d, J=13.0Hz) 3=
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5) 922 53 2719 methoxy”] Z o143tk °C NMR
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(C-6) F =4 correlations 203l 61 X0l A
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methoxy”] S 813)32, § 3.70 (3H, s, 3-OCH,) ¥ =8} §
149.2 (C-3) ¥]39] correlationS F3l C-3' Y1 A3t
methoxy” | & ERIFT} o] AxE FX|9} H|aste
3}3HE 139] %E 8'-epicleomioscin AR FA 3ty
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(10),">'"” ledebouriellol (11),” hamaudol (12),” cimifugin
(15),” 5-O-methylvisamminol (16),” daucosterol (17),"® 4'-
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glucosylhamaudol (20)’3) prim-O-glucosylcimifugin (21)3,|9)
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