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Chemical constituents from seeds of Ferula sinkiangensis

LI Guang-zhil, LI Xiao-jinz, CAO Lil, ZHANG Li—jingl, SHEN Lian-gangl, ZHU Junz, WANG Jun—chil,

SI Jian—yong1

1. Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences, Peking Union Medical College, Beijing
100193, China

2. Xinjiang Institute of Chinese Materia Medica and Ethical Materia Medica, Urumqi 830002, China

Abstract: Objective To study the chemical constitutions from the seeds of Ferula sinkiangensis. Methods Using different
chromatographic methods to isolate and purify the compounds and to identify their structures by physicochemical properties and
spectroscopic technology. Results Thirty-two compounds were isolated and elucidated as butanedioic acid (1), variecolorquinonesa
(2), P-sitosterol (3), stigmasterol-3-O-glucoside (4), 1-(3-ethylphenyl)-1,2-ethanediol (5), pinoresinol (6), (7,8-cis-8,8'-trans)-
2' 4'-dihydroxyl-3,5-dimethoxy-lariciresinol (7), secoisolariciresinol (8), n-hexacosanol (9), isoquercitrin (10), quercetin (11), ferulic
acid (12), stigmasterol (13), luteolin-7-O-B-D-gluronide (14), (R)-2'-hydroxy-N-[(2S,3S,4R)-1,3,4-trihydroxyhexacosan-2-yl]
nonadanamide (15), macrathoinf (16), 1,5-di-O-caffeoylquinic (17), arctiin (18), parvifoliolsg (19), 5-hydroxymethyl fufural (20),
daucosterol (21), vanillic acid (22), sucrose (23), rutin (24), neoarctina (25), methyl chlorogenate (26), 5-O-caffeoylquinic (27), uridine
(28), inosine (29), 7-hydroxy coumarin (30), chlorogenic acid (31), and caffeic acid (32). Conclusion Compounds 2, 5—11, 14—20,
22, 24—29, 31, and 32 are isolated from the plants of Ferula L. for the first time.
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P . ROKETIA. PRI o % 2 Fh 2t B4 DY,
CRLEE 5 1R AAT TR FEAH TR R o i 5 i 2R 1)
WFoE 2 AR B IR M LR R 7 A 2
FRAE, hRE— SO R SR s, AR
SIS0 R T B A O AT, AR
B 32 MEEY, e N T Z# (butanedioic
acid, 1). WA EE A (variecolorquinones A, 2).
B-7 5 (B-sitosterol, 3). & i WE-3-O-% 2 b
(stigmasterol-3-O-glucoside, 4) 1-(3-ZFEHK3E)-1,2-
£, % [1-(3-ethylphenyl)-1,2-ethanediol, 5]. ¥4/l
% (pinoresinol, 6). (7,8-cis-8,8'-trans)-2'4'- _Fi k-
3,5- “HIEAFE KM IAR 2 [(7,8-cis-8,8'-trans)-2',4'-
dihydroxyl- 3,5- dimethoxy-lariciresinol, 7]. ¥ 5
I FANERE (secoisolariciresinol, 8). IE -+ SiE
(n-hexacosanol, 9) 74 2 2 1 (isoquercitrin, 10).
Wit 2 2 (quercetin, 11). FiIZLPR (ferulic acid, 12)
TR (stigmasterol, 13). AKJEE FE-7-0O-B-D-Hi
ZPHEE TR T (luteolin-7-O-B-D-gluronide, 14)+ (R)-2'-
hydroxy-N-[(285,35,4R)-1,3,4-trihydroxyhexacosan-2-
yl] nonadanamide (15). macrathoin F (16) 1,5-—-O-
WNEREZE JERE  (1,5-di-O-caffeoylquinic, 17). 2F3%
1F (arctiin, 18). parvifoliols G (19). 5-F% H JLHg
¢ ( 5-hydroxymethyl fufural, 20). # % b F
(daucosterol, 21). FHPR (vanillic acid, 22). i
BE (sucrose, 23). /] (rutin, 24). neoarctin A
(25). ¥R H S (methyl chlorogenate, 26). 5-O-
WNHERE R4S TR (5-O-caffeoylquinic, 27). JRWENE
AT Curidine, 28). KEHMEM T (inosine, 29).
7-$23FF H % (7-hydroxy coumarin, 30). Z¢JHIR
(chlorogenic acid, 31). WIMEZ (caffeic acid, 32).
o, (AW 2. 5~11. 14~20. 22, 24~29, 31,
32 hE RN ZEIE Y oy A3
1 X5

LTQ-Obitrap XL Jit i { ( Thermo Fisher
Scientific /A #] ); Bruker AV600 ! #% L& (Bruker
23 )5 Fisher-Johns 445 U 3& A% (Fisher-Johns 23 1] );
LC3000 80Ut (g4 CIb st QUBnmE R A R
AFD; HEEIEARER (200~300. 100~200 H,
LT D; DO0IXT M CREE R T e
BRATD; R EIEHER GFass (7 SRFEAL T s

Sephadex LH-20 (Pharmacia Biotech ;= i, Fijt);
MCI GEL (CHP20P, 75~150 pm, HZ8 =35/ ),
ODS-AQ (50 um, YMC /=i ); Fisher 414 FEE;
FoAb T A o bral (bt

P28 T 2008 4F 7 JK FUBrss AL, 28096
2 R 259 BT 22 e BRI 9T 03 S8 58 Ay o 5 2R
Ferula sinkiangensis K. M. Shen. FJF ¥, trA
(XJAWZZ200808-S) £#8C T Frimft £ /K A IX 24 R
LTI -
2 ERESE

2y 4.2 kg TRV SRTER TR, I 4 %5
i, F 90% LBEMIAEH 3 ¥k, #FK 2 h, HIFH
BUR, IR IRAEIFIRE L) 400 go 20 AT k. —
SRS AKHURIIE T REAE R B MK, %
BB R R 45 A ER . AR (60 g) ok
WAE LG5> B, A EE-BETR 40R (100 0 1—0 1 1)
BOEVEMDG, Sephadex LH-20 FEailh 7y B4tk . 4
HGEAr (130 g) e IEMRER (RS, & -
g (10 0—0: 1) BREVEM, 4l i KIRE
MCI {43%4:, Sephadex LH-20 KT {73 73 2 4lifk i 2%
HEMEY 1 (8 mg). 2 (6 mg). 3 (15 mg). 4
(20 mg). 5 (15 mg). 6 (12 mg). 7 (20 mg). 8
(23 mg)s 9 (5 mg). 10 (15 mg). 11 (13 mg).
12 (10 mg). 13 (20 mg). 14 (§ mg). 15 (7 mg).
16 (6 mg). 17 (10 mg). 18 (26 mg). 19 (6 mg).
20 (7mg). 21 (16 mg). 22 (6 mg). 23 (30 mg).
24 (16 mg). 25 (5mg). 26 (11 mg). 27 (8 mg).
28 (9mg). 29 (7mg). 30 (15mg). 31 (10 mg).
32 (7mg),
3 KT

WA 1: A AKCHED . 'H-NMR (600 MHz,
CD;0D) d: 2.51 (4H, s, H-2, 3); ">C-NMR (150 MHz,
CD;OD) d: 176.4 (C-1, 4), 29.8 (C-2, 3). LA L%¥i Y
SCHRARIEIEA B, MRS N T .

a2 WIEER AR (FEE. 'H-NMR (600
MHz, DMSO-ds) d: 13.72 (1H s, 1-OH), 7.51 (1H, s,
H-4), 7.21 (1H, d, J = 2.4 Hz, H-5), 6.84 (1H, d, J =
2.4 Hz, H-7), 5.01 (1H, s, 3-OH), 4.71 (1H, s, H-4"),
436 (1H, dd, J = 4.2, 6.0 Hz, H-2"), 4.21 (1H, dd, J =
4.2, 6.0 Hz, H-2"), 3.91 (3H, s, 8-OCHs), 3.76 (1H, m,
H-3), 2.37 (3H, s, 3-CH3); “C-NMR (150 MHz,
DMSO-dg) 5: 185.9 (C-9), 182.0 (C-10), 165.9 (C-6),
163.7 (C-8), 158.4 (C-1), 142.8 (C-3), 136.7 (C-10a),
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132.2 (C-4a), 128.9 (C-2), 119.1 (C-4), 114.8 (C-9a),
112.1 (C-8a), 107.5 (C-5), 105.1 (C-7), 69.2 (C-3),
66.9 (C-2'), 62.6 (C-4'), 56.3 (8-OCHs), 19.4 (3-CHs).
A_EHl 5 SCiRAE S A 800, Mt s 2
WAL A A

tEY) 3: okt (A, mp 138~140 C.
5 Bl M a2, H REE AL B AT A
—H, MEEENAEY 3 N - .

tEY) 4: Fags i CREE, mp 258~260 C,
Liebermann-Burchard % %17, C-NMR (150
MHz, CsDsN) d: 141.4 (C-5), 139.2 (C-22), 129.9
(C-23), 122.3 (C-6), 103.0 (Glc-C-1), 79.0 (C-3), 78.9
(Gle-C-3), 78.6 (Gle-C-5), 75.8 (Gle-C-2), 72.1
(Gle-C-4), 63.3 (Gle-C-6), 57.3 (C-14), 56.7 (C-17),
51.8 (C-9), 50.8 (C-24), 46.5 (C-13), 40.4 (C-14), 40.3
(C-20), 39.8 (C-12), 39.5 (C-1), 37.9 (C-10), 32.6
(C-8), 32.5 (C-7), 30.7 (C-25), 29.9 (C-2), 29.6
(C-16), 26.3 (C-28), 12.4 (C-29), 12.6 (C-8), 19.4
(C-26), 19.6 (C-19), 20.4 (C-27), 22.3 (C-21), 23.8
(C-15)0 LA E$ds 55 scikapE 2 A — 80, ket
G 4 0 5 S IE-3-0-F A B .

A 5 LamikY, "H-NMR (600 MHz,
CD;0D) §: 7.42~7.05 (4H, m, H-2', 4, 5', 6'), 4.73
(1H, t, J = 7.0 Hz, H-1), 3.59 (2H, m, H-2), 2.63 (2H,
m, H-1"), 1.21 (3H, t, J = 7.6 Hz, H-2"); "*C-NMR
(150 MHz, CD;OD) §: 145.5 (C-3'), 143.2 (C-1),
129.3 (C-5'), 128.7 (C-4"), 127.4 (C-6"), 124.7 (C-2"),
76.1 (C-1), 68.8 (C-2), 29.8 (C-1"), 16.2 (C-2"). Ll I
s 5 SRR A ST, WA S A
1-(3- L KR HE)-1,2- 4 %

WA 6: FLaEECIR, "H-NMR (600 MHz,
CD;0D) 8: 6.95 (2H, d, J = 1.8 Hz, H-2, 2"), 6.77 (2H,
d, J= 8.4 Hz, H-5, 5"), 6.81 (2H, dd, J = 8.4, 1.8 Hz,
H-6, 6), 4.71 (2H, d, J = 4.8 Hz, H-7, 7'), 3.13 (2H,
m, H-8, 8), 4.24 (2H, dd, J = 9.0, 7.2 Hz, H-9, 9,
3.86 (3H, s, -OCHs), 3.86 (3H, s, -OCH3); "*C-NMR
(150 MHz, CD;0D) 6: 133.1 (C-1, 1'), 108.8 (C-2, 2'),
145.4 (C-3, 3'), 145.2 (C-4, 4'), 114.4 (C-5, 5), 119.1
(C-6, 6), 86.1 (C-7, 7"), 54.3 (C-8, 8'), 71.8 (C-9, 9"),
56.1 (-OCHs). DA 1-%d 5 Sk g LA —55®, g
Bt EY) 6 MinEE .

a7 TEEEAR CFED. "H-NMR (600
MHz, CD;0D) §: 6.73 (1H, s, H-2), 6.60 (1H, dd, J =

8.0, 1.6 Hz, H-5"), 6.73 (1H, s, H-6), 6.70 (1H, s,
H-6"), 471 (1H, d, J = 6.5 Hz, H-7), 2.45 (1H, m,
H-7'), 2.90 (1H, m, H-7"), 2.34 (1H, m, H-8), 2.70
(1H, m, H-8'), 3.60 (1H, m, H-9), 3.77 (1H, m, H-9),
3.68 (1H, m, H-9'), 3.96 (1H, m, H-9"), 3.80 (3H, s, 3-
OCHs), 3.82 (3H, s, 5-OCH3); "“C-NMR (150 MHz,
CD;0D) §: 135.5 (C-1), 133.2 (C-1'), 116.8 (C-2),
147.0 (C-2'), 148.5 (C-3), 113.5 (C-3'), 110.3 (C-4),
145.3 (C-4'), 148.4 (C-5), 122.0 (C-5'), 116.1 (C-6),
119.1 (C-6'), 84.1 (C-7, 7), 33.4 (C-7'), 54.0 (C-8),
43.6 (C-8'), 60.2 (C-9), 73.2 (C-9'), 56.1 (3-OCHs3),
56.1 (5-OCHz)o LA F%df 55 ek A — 5™,
WEEWAD T M (7,8-cis-8,8'-trans)-2' 4'- —F5 5k
3,5- IR AR SR .

WY 8: LKA (HED. 'H-NMR (600
MHz, CD;OD) d: 6.65 (2H, d, J = 8.0 Hz, H-5, 5'),
6.55 (2H, d, J= 1.6 Hz, H-2, 2"), 6.51 (2H, dd, J = 8.0,
1.6 Hz, H-6, 6'), 3.70 (6H, s, 3, 3'-OCH3), 3.55 (4H, d,
J = 4.6 Hz, H-9, 9'), 2.61 (4H, dd, J = 14.0, 7.2 Hz,
H-7,7'), 1.86~1.90 (2H, m, H-8, 8); *C-NMR (150
MHz, CD;0OD) §: 148.5 (C-3, 3'), 145.1 (C-4, 4),
133.6 (C-1, 1'), 122.5 (C-6, 6'), 115.3 (C-5, 5'), 113.1
(C-2,2'), 62.0 (C-9, 9'), 56.1 (3, 3'-OCHj), 44.0 (C-8,
8",36.0 (C-7, 7). A F3dfs 5 3cifdpos A 2,
W e A EY) 8 M9 TF IR SV T AA AR T

EY 9: AR A, mp 77~79 C; EI-MS m/z:
382 [M]", 364, 336, 195, 181, 167, 153, 139, 125, 111,
97, 83, 71, 57, 43. 'H-NMR (600 MHz, CDCl;)
0.87 (3H, t, J = 7.2 Hz, -CH,CH3), 3.67 (2H, t, J = 6.6
Hz, -CH,OH), 1.58 (2H, m, -CH,CH,OH), 1.23~1.32
(46H, m, 23X CHy)o LA % 5 SRR IE T A —
M, WA 9 N IE T NEE

& 10: SR A, ESI-MS m/z: 465 [M+
H]". 'H-NMR (600 MHz, CD;0D) ¢: 7.60 (1H, dd,
J=8.4, 1.8 Hz, H-6"), 7.73 (1H, d, J = 8.4 Hz, H-5'),
6.91 (1H, d, J = 1.8 Hz, H-2"), 6.42 (1H, s, H-8), 6.23
(1H, d, J = 1.8 Hz, H-6), 5.24 (1H, d, J = 7.2 Hz,
H-1"); "“C-NMR (150 MHz, CD;OD) ¢: 158.4 (C-2),
135.5 (C-3), 179.4 (C-4), 159.1 (C-5), 100.1 (C-6),
165.9 (C-7), 95.1 (C-8), 158.4 (C-9), 105.1 (C-10),
102.2 (C-1"), 75.6 (C-2"), 78.2 (C-3"), 71.1 (C-4"),
77.9 (C-5"), 62.4 (C-6"), 122.9 (C-1"), 116.1 (C-2),
145.8 (C-3"), 149.8 (C-4"), 117.6 (C-5"), 123.2 (C-6').
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DA b ek S A — 50,

AW 11: FEK R, mp 312~315 °C; EI-MS
mi/z: 302 [M]". 'H-NMR (600 MHz, DMSO-ds) 6:
12.53 (1H, s, 5-OH), 10.76 (1H, s, 7-OH), 9.39 (1H, s,
3-OH), 9.63 (1H, brs, 3'-OH), 9.34 (1H, s, 4-OH),
6.42 (1H, d, J = 2.0 Hz, H-8), 6.20 (1H, d, J = 2.0 Hz,
H-6), 7.69 (1H, d, J = 2.0 Hz, H-2'), 7.57 (1H, dd, J =
2.0, 8.5 Hz, H-6"), 6.90 (1H, d, J = 2.0 Hz, H-5');
BC-NMR (150 MHz, DMSO-d;) d: 156.5 (C-2), 135.9
(C-3), 176.2 (C-4), 148.0 (C-5), 98.6 (C-6), 164.2
(C-7), 93.9 (C-8), 161.1 (C-9), 103.2 (C-10), 122.3
(C-1"), 115.1 (C-2'), 145.7 (C-3"), 147.2 (C-4"), 115.9
(C-5"), 120.1 (C-6") o LA L%l 5 SCHRIRIEFEA —
#, s A 11 i %

EY 12: FOE S CREE, mp 173~175 C;
PC-NMR (600 MHz, CD;0D) ¢: 128.4 (C-1), 116.5
(C-2), 149.7 (C-3), 150.6 (C-4), 116.7 (C-5), 124.5
(C-6), 147.1 (C-a), 112.1 (C-B), 172.0 (C=0), 56.6
(-OCH3). PA_E%dfs 5 scpkpis e A —5Y, Spa
T PRI VR B8 AN N B, JF B REEAHIA), W
LG 12 M BTBRR .

AP 13: Lk CRED, mp 166~168 C,
Liebermann-Burchard & & 2 F17E. “C-NMR (600
MHz, CDCls) d: 37.7 (C-1), 31.7 (C-2), 72.1 (C-3),
42.5 (C-4), 140.9 (C-5), 121.9 (C-6), 32.3 (C-7), 32.5
(C-8), 50.4 (C-9), 36.8 (C-10), 21.6 (C-11), 39.9
(C-12), 41.0 (C-13), 57.3 (C-14), 24.6 (C-15), 29.3
(C-16), 56.5 (C-17), 12.3 (C-18), 19.8 (C-19), 40.8
(C-20), 21.5 (C-21), 138.6 (C-22), 129.7 (C-23), 51.6
(C-24), 32.3 (C-25), 19.3 (C-26), 12.6 (C-27), 21.4
(C-28), 19.3 (C-29). uiiﬁ%&'ﬁirﬁﬂﬁiﬁ*ﬁ“]
WS B E ) 13 9 ST

&Y 14: ﬁ@?ﬁﬁﬁ/%‘ﬂi, mp 236~239 C;
'H-NMR (600 MHz, DMSO-d;) d: 7.45 (1H, dd, J =
8.4, 2.4 Hz, H-6'), 6.90 (1H, d, J = 8.4 Hz, H-5'), 6.78
(1H, d, J = 1.8 Hz, H-8), 6.74 (1H, s, H-3), 6.44 (1H,
d, J = 2.4 Hz, H-6), 5.07 (1H, d, J = 7.8 Hz, H-1");
BC-NMR (150 MHz, DMSO-d;) &: 164.5 (C-2), 103.2
(C-3), 181.9 (C-4), 161.1 (C-5), 99.4 (C-6), 162.9
(C-7), 94.7 (C-8), 156.9 (C-9), 105.3 (C-10), 121.3
(C-1"), 115.6 (C-2'), 145.8 (C-3"), 149.9 (C-4"), 113.1
(C-5"), 119.2 (C-6"), 99.9 (C-1"), 73.1 (C-2"), 76.5

WU EAAY) 10

(C-3"), 69.5 (C-4"), 77.1 (C-5"), 60.6 (C-6"). DA%k
5 SCHRARE A 3, s A 14 UK
JBR B35 -7-O-B-D- 41 4 Bl B TR Y

WwEY 15 AGTEEERA. 'HNMR (600
MHz, CsDsN) 6: 4.51 (2H, dd, J = 8.4, 4.8 Hz, H-1),
5.12 (1H, m, H-2), 4.40 (1H, m, H-3), 431 (1H, m,
H-4), 1.30 (2H, m, H-5), 1.30 (2H, m, H-6), 1.30
(28H, m, H-7~20), 1.30 (2H, m, H-21), 1.30 (2H, m,
H-22), 1.30 (2H, m, H-23), 1.30 (2H, m, H-24), 1.0
(3H, t, J = 8.4 Hz, H-25); “C-NMR (150 MHz,
CsDsN) 0: 62.4 (C-1), 53.4 (C-2), 77.2 (C-3), 73.4
(C-4), 34.8 (C-5), 27.3 (C-6), 30.6 (C-7~20), 28.4
(C-21), 37.3 (C-22), 23.3 (C-24), 14.6 (C-25), 175.7
(C-1"), 72.8 (C-2"), 34.8 (C-3'), 26.6 (C-4), 30.5
(C-5'~15"), 32.5 (C-16'), 23.3 (C- 17') 14.6 (C-18". LI
Bl 5 SCiIE A B, etk s 15k
(R)-2"-hydroxy-N-[(2S,3S,4R)-1 ,3,4—tnhydroxy—hexacosan—
2-yl] nonadanamide.

WEY 16: IREEHFAR, ESI-MS m/z: 529 [M—
H] . '"H-NMR (600 MHz, CD;0D) ¢: 7.61 (1H, d, J =
16.0 Hz, H-8), 7.55 (1H, d, J = 16.0 Hz, H-7), 7.09
(1H, d, J = 2.4 Hz, H-2), 7.00 (1H, d, J = 2.4 Hz,
H-2'), 6.96 (2H, dd, J = 2.4, 9.0 Hz, H-6), 6.80 (2H, d,
J=9.0 Hz, H-6'), 6.28 (1H, d, J = 16.0 Hz, H-8'), 6.20
(1H, d, J = 16.0 Hz, H-7'), 5.60 (1H, m, H-3"), 5.16
(1H, dd, J = 3.6, 8.6 Hz, H-5"), 4.39 (1H, m, H-4"),
379 (3H, s, -OCH;), 2.30 (4H, m, H-2", 6");
BC-NMR (150 MHz, CD;0OD) &: 76.8 (C-3"), 39.4
(C-2", 6"), 70.1 (C-4"), 75.6 (C-5"), 69.5 (C-4"),
176.1 (C-7"), 128.4 (C-6), 128.5 (C-6'), 116.5 (C-1),
147.4 (C-4"), 150.2 (C-4), 117.4 (C-5), 124.4 (C-2, 2",
148.3 (C-3, 3"), 115.3 (C-1"), 116.3 (C-5"), 168.3 (C-9),
169.3 (C-9"), 54.1 (-OCH3). LA LA 5 SCR s ik
A—FB %A 16 4 macrathoin Fo

1&%% 17: #{F K. "H.NMR (600 MHz,
CD;0D) d: 2.16 (1H, dd, J = 14.6, 9.0 Hz, H-6a), 2.63
(2H, m, H-2b, 6b), 2.64 (1H, dd, J = 14.6, 4.0 Hz,
H-2a), 3.76 (1H, dd, J = 8.6, 4.0 Hz, H-4), 4.49 (1H,
ddd, J=4.5, 4.0, 3.4 Hz, H-3), 5.48 (1H, ddd, J = 9.0,
8.0, 4.0 Hz, H-5), 6.34 (1H, d, J = 16.0 Hz, H-8"), 6.50
(1H, d, J = 16.0 Hz, H-8"), 6.85 (2H, d, J = 7.2 Hz,
H-5',5"), 7.06 (2H, d, J = 7.2 Hz, H-6', 6"), 7.14 (2H,
s, H-2"), 7.15 (1H, s, H-2"), 7.65 (2H, d, J = 16.0 Hz,
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H-7', 7"); “C-NMR (150 MHz, CD;OD) &: 82.0
(C-1), 36.6 (C-2), 70.3 (C-3), 74.1 (C-4), 72.7 (C-5),
37.6 (C-6), 175.7 (C-7), 128.9 (C-1"), 116.2 (C-2'),
147.8 (C-3"), 150.2 (C-4"), 117.7 (C-5'), 124.3 (C-6),
148.2 (C-7"), 116.0 (C-8"), 168.6 (C-9'), 128.9 (C-1"),
1116.2 (C-2"), 147.5 (C-3"), 150.5 (C-4"), 117.4
(C-5"), 124.9 (C-6"), 148.9 (C-7"), 116.4 (C-8"),
169.0 (C-9"). LL F¥dfs 5 3cikipa LA —81", i
UEAA I 1T h 1,5-—-O-MERE 4 JE 1R

WA 18: IR K (FFEL, mp 112~114 C;
'H-NMR (600 MHz, CD;0D) 8: 6.55 (1H, d, J = 2.0
Hz, H-2), 6.95 (1.0H, d, J = 8.0 Hz, H-5), 6.60 (1H,
dd, J=2.0, 8.0 Hz, H-6), 2.90 (2H, m, H-7), 2.68 (1H,
m, H-8), 6.71 (1H, s, H-2'), 6.80 (1H, d, J = 8.0 Hz,
H-5'), 6.67 (1H, d, J = 8.0 Hz, H-6'), 2.70 (1H, dd, J =
14.6, 7.4 Hz, H-7'B), 2.53 (1H, dd, J = 14.6, 7.4 Hz,
H-7'a), 2.64 (1H, m, H-8'), 4.15 (2H, m, H-9);
PC-NMR (150 MHz, CD;0D) ¢: 133.5 (C-1), 113.5
(C-2), 150.1 (C-3), 1482 (C-4), 112.5 (C-5), 121.3
(C-6), 39.0 (C-7), 42.0 (C-8), 179.6 (C-9), 131.0
(C-1"), 113.6 (C-2"), 150.7 (C-3), 146.0 (C-4), 117.6
(C-5"), 124.0 (C-6"), 35.2 (C-7"), 47.3 (C-8'), 180.3
(C-9'), 57.0, 57.3, 57.1 (3XOCHs), 102.2 (Gle-C-1),
74.1 (Gle-C-2), 77.1 (Gle-C-3), 70.2 (Glc-C-4), 76.0
(Gle-C-5), 62.0 (Gle-C-6) o LA Hid 15 Uik 8 FEA
— 5, s RS 18 N

WA 19: kY, 'H-NMR (600 MHz,
CDCl3) 6: 1.69 (1H, d, J = 9.6 Hz, H-3), 2.34 (1H, m,
H-4), 4.46 (1H, brs, H-8), 1.63 (1H, m, H-9), 2.13
(1H, m, H-10), 5.12 (1H, m, H-11), 2.02 (1H, m,
H-13), 2.10 (1H, m, H-14), 5.16 (1H, m, H-15), 2.02
(1H, m, H-17), 2.10 (1H, m, H-18), 5.12 (1H, m,
H-19), 1.63 (1H, brs, H-21), 1.69 (1H, s, H-22), 1.61
(1H, s, H-23), 1.61 (1H, s, H-24), 1.28 (1H, s, H-25),
2.23 (1H, s, H-26), 2.19 (1H, s, H-28); "*C-NMR (150
MHz, CDCl;) §: 75.2 (C-2), 31.3 (C-3), 20.8 (C-4),
117.5 (C-4a), 115.5 (C-5), 122.2 (C-6), 144.9 (C-7),
127.1 (C-8), 146.1 (C-8a), 40.0 (C-9), 22.4 (C-10),
124.4 (C-11), 135.4 (C-12), 39.9 (C-13), 26.9 (C-14),
124.6 (C-15), 136.6 (C-16), 40.1 (C-17), 27.1 (C-18),
124.6 (C-19), 131.4 (C-20), 17.9 (C-21), 25.9 (C-22),
16.1 (C-23), 16.3 (C-24), 23.8 (C-25), 12.4 (C-26),
12.2 (C-28). LA EXd 5 Sciipis e A —sl™, i

YA 19 Jy parvifoliols G

A5 20: BAERY), ESI-MS m/z: 161 [M+
HI", i AR TR 127, "H-NMR (600 MHz,
CDCly) 6: 9.55 (1H, s, CHO), 7.23 (1H, d, J = 3.3 Hz,
H-3), 6.52 (1H, d, J= 3.3 Hz, H-4), 4.70 (2H, s, H-6);
BC-NMR (150 MHz, CDCly) d: 177.8 (C-1), 152.2
(C-2), 123.2 (C-3), 109.9 (C-4), 160.9 (C-5), 57.3
(C-6)o VL - ¥dfa 5 ki — 31", e th
20 2 5-F0 LA

&) 21: AR AR (FEE, TLC L 10%6%
- £ VAT i 22 41 4, Liebermann-Burchard J bV 5
B, SH0% N i SL 2 REE 80 IRAH
AT, W ay 21 g M.

&Y 22: WIEEEDIRG R (RED, =51k
ek AL BN R N B, RUIAFAEm AL, "TH-NMR
(600 MHz, DMSO-d¢) 6: 7.53 (1H, d, J = 8.7 Hz,
H-6), 7.48 (1H, brs, H-2), 6.73 (1H, d, J = 8.7 Hz,
H-5), 3.87 (3H, s, 3-OCH3). "*C-NMR (150 MHz,
DMSO-dg) d: 167.9 (COOH), 151.8 (C-4), 148.1
(C-3), 124.1 (C-6), 122.3 (C-1), 115.8 (C-2), 113.4
(C-5), 55.8 (OCH3). L F%cdfs 5 e ikdiaE — 55,
S e B 22 R

&Y 23 HoREE KO, 5 RER |
AR RE(E— 30 A S TR, s ethty
W) 23 Jy iR

A 24: AR AR CHED, mp 314~316 C;
RN S N S FH Y, Molish 2 B 5 BHE, ESI-MS
m/z: 633 [M+Na]"; 43 Fi0Uk CosH300160 575 T X}
ML, REMEABEITHN 8, BEBEAAT
B, WSS EAY 24 WP T

A 25: TSEMARYY, 573 CiHygOrs5
'H-NMR (600 MHz, CD;OD) §: 6.54 (1H, d, J = 2.4
Hz, H-2), 6.80 (1H, d, J = 8.4 Hz, H-5), 6.68 (1H, dd,
J = 8.4, 2.4 Hz, H-6), 2.65 (1H, dd, J = 13.5, 5.4 Hz,
H-7B), 2.51 (1H, dd, J = 13.5, 7.8 Hz, H-7a), 4.27
(1H, dd, J=9.6, 4.2 Hz, H-9B), 4.01 (1H, dd, J = 19.6,
7.8 Hz, H-90), 6.88 (1H, d, J = 2.4 Hz, H-2'), 6.74
(1H, d, J = 8.4 Hz, H-5'), 6.68 (1H, dd, J = 8.4, 2.4
Hz, H-6'), 3.24 (1H, dd, J = 14.0, 5.4 Hz, H-7'B), 2.95
(1H, dd, J = 14.0, 6.8 Hz, H-7'a), 2.74 (1H, m, H-8"),
6.42 (1H, d, J = 2.4 Hz, H-2"), 6.95 (1H, d, J = 8.4
Hz, H-5"), 6.65 (1H, dd, J = 8.4, 2.4 Hz, H-6"), 2.74
(1H, m, H-7"), 2.75 (1H, m, H-7"a), 2.56 (1H, m,
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H-8"),4.23 (1H, dd, J = 9.6, 4.2 Hz, H-9"P), 3.99 (1H,
dd, J = 19.6, 7.8 Hz, H-9"a), 6.45 (1H, s, H-2""), 6.46
(1H, s, H-6""), 3.37 (1H, m, H-7"B), 3.36 (1H, m,
H-7""0), 2.62 (1H, m, H-8""); ">C-NMR (150 MHz,
CD;0D) 6: 131.7 (C-1), 112.8 (C-2), 149.5 (C-3),
148.9 (C-4), 112.7 (C-5), 120.6 (C-6), 39.9 (C-7), 43.7
(C-8), 72.8 (C-9), 130.5 (C-1'), 113.8 (C-2'), 145.8
(C-3"), 145.3 (C-4), 113.8 (C-5'), 121.9 (C-6'), 35.4
(C-7"), 45.6 (C-8"), 178.1 (C-9"), 131.5 (C-1"), 113.6
(C-2"), 147.9 (C-3"), 1454 (C-4"), 114.6 (C-5"),
121.8 (C-6"), 38.6 (C-7"), 42.5 (C-8"), 76.9 (C-9"),
135.5 (C-1"), 109.8 (C-2"), 151.7 (C-3"), 137.5
(C-4"), 150.8 (C-5""), 109.8 (C-6"), 35.5 (C-7"),
48.6 (C-8"), 179.9 (C-9"), 56.4 (-OCH;), 56.7
(-OCH3), 56.1 (-OCH3). LA LEE 5 SR IRE T A —
U, % e &) 25 4 neoarctinA .

&M 26: KR, TLC K40 (365nm) T
WY, Wi AICI/EtOH i, JeGINsm, MR
TS IR0, ESI-MS m/z: 369.0 [M+H] .
'HNMR (600 MHz, DMSO-dg) 6: 6.12 (1H, d, J =
15.9 Hz, H-8'), 7.44 (1H, d, J = 15.9 Hz, H-7'), 6.78
(1H, d, J = 8.4 Hz, H-5"), 6.99 (1H, dd, J = 8.4, 2.1
Hz, H-6"), 7.05 (1H, d, J = 2.1 Hz, H-2), 9.42 (2H,
2-OH); "C-NMR (150 MHz, DMSO-dq) d: 76.2 (C-1),
35.4 (C-2), 71.2 (C-3), 70.6 (C-4), 70.2 (C-5), 38.9
(C-6), 174.8 (C-7), 52.1 (C-8), 166.7 (C-1'), 114.9
(C-2), 145.1 (C-3"), 126.2 (C-4"), 115.4 (C-5'), 146.2
(C-6"), 148.7 (C-7"), 116.5 (C-8"), 121.8 (C-9"). LA I
Mol 5 SR IE A S, Mt A 26
o J I IR

W) 27: RIEEKIAK, ESI-MS m/z: 353 [M+
H] . 'H-NMR (600 MHz, DMSO-dg) d: 2.01 (2H, m,
H-2), 3.95 (1H, brs, H-3), 3.57 (1H, m, H-4), 5.12
(1H, d, J = 6.0 Hz, H-5), 1.80 (2H, m, H-6), 7.06 (1H,
d, J =18 Hz, H-2'), 6.79 (1H, d, J = 8.4 Hz, H-5"),
7.01 (1H, dd, J = 1.8, 8.2 Hz, H-6"), 7.45 (1H, d, J =
16.0 Hz, H-7"), 6.18 (1H, d, J = 16.0 Hz, H-8');
BC-NMR (150 MHz, DMSO-dq) d: 71.2 (C-1, 3), 37.5
(C-2), 68.9 (C-4, 5), 37.3 (C-6), 175.5 (C-7), 126.3
(C-1), 114.9 (C-2'), 145.1 (C-3"), 148.5 (C-4), 115.8
(C-5"), 121.5 (C-6'), 145.8 (C-7'), 114.5 (C-8'), 166.2
(C-9". LA ¥t 5 scmkipiE — 8, e ih o
27 24 5-O-MIHEREJE 22 71 .

WY 28: LkHE CFEE. "H-NMR (600
MHz, DMSO-ds) 6: 7.86 (1H, d, J = 8.0 Hz, H-6),
5.62 (1H, d, J = 8.0 Hz, H-5), 11.28 (1H, s, -NH), 5.76
(1H, d, J = 5.2 Hz, H-1"), 3.99 (1H, m, H-2'), 3.95
(1H, m, H-3"), 3.82 (1H, m, H-4), 3.53 (1H, m,
H-5'a), 3.59 (1H, m, H-5'b), 5.35 (1H, m, 2'-OH), 5.07
(1H, m, 3’, 5-OH); "C-NMR (150 MHz, DMSO-dy)
5: 152.1 (C-2), 166.6 (C-4), 102.7 (C-5), 142.2 (C-6),
89.8 (C-1), 73.0 (C-2), 84.6 (C-3"), 69.8 (C-4"), 61.2
(C-5")o LA_EHd 5 Sckafas— 5, s e te s
28 Jy PRUEIERLTT o

WA 29: AR (FED, mp210~212 C.
'H-NMR (600 MHz, DMSO-d;) J: 8.47 (1H, s, H-8),
8.21 (1H, s, H-2), 5.98 (1H, d, J = 5.4 Hz, H-1"), 4.61
(1H, t, J = 4.8 Hz, H-2'), 4.25 (1H, brs, H-3"), 4.01 (1H,
brs, H-4), 3.77 (1H, dd, J = 12.0, 2.7 Hz, H-5'a), 3.65
(1H, dd, J = 12.0, 2.7 Hz, H-5'b); "*C-NMR (100 MHz,
DMSO-dg) d: 157.8 (C-6), 149.7 (C-4), 147.4 (C-2),
139.9 (C-8), 125.5 (C-5), 88.7 (C-1"), 86.9 (C-4"), 75.3
(C-2"), 71.5 (C-3"), 62.3 (C-5"). VL Ldi 5 ek
L, LA 29 N RE NI AT .

e 30 %, mp 226~229 C.
'H-NMR (600 MHz, CDCl3) 6: 7.91 (1H, d, J = 9.6
Hz, H-4), 7.51 (1H, d, J = 8.4 Hz, H-5), 6.77 (1H, dd,
J = 8.4, 1.8 Hz, H-6), 6.70 (1H, d, J = 1.8 Hz, H-8),
6.19 (1H, d, J = 9.6 Hz, H-3); “C-NMR (150 MHz,
CDCls) 6: 160.5 (C-2), 113.2 (C-3), 144.6 (C-4), 129.7
(C-5), 111.4 (C-6), 161.4 (C-7), 102.2 (C-8), 155.5
(C-9), 111.3 (C-10). LA_F-Hiedfi 15 Sk SeA—s,
A 30 Ny T-FRIE T,

A 31 AN A, FeCls 2 BT . 'TH-NMR
(600 MHz, CD;OD) &: 2.20~2.60 (4H, m, H-2, 6),
3.76 (1H, dd, J = 8.4, 2.4 Hz, H-4), 4.19 (1H, m, H-3),
5.43 (1H, ddd, J = 10.4, 8.4, 4.4 Hz, H-5), 6.30 (1H, d,
J=16.0 Hz, H-8"), 6.76 (1H, d, J = 8.4 Hz, H-5'), 6.99
(1H, dd, J = 8.4, 1.2 Hz, H-6'), 7.09 (1H, d, J = 1.2
Hz, H-2"), 7.57 (1H, d, J = 16.0 Hz, H-7"); “C-NMR
(150 MHz, CD;0D) 6: 177.6 (COOH), 168.9 (C=0),
147.1 (C-p), 115.5 (C-a), 128.5 (C-1'), 117.0 (C-2"),
147.2 (C-3"), 150.1 (C-4"), 115.5 (C-5"), 123.4 (C-2"),
76.5 (C-1), 38.9 (C-2), 73.8 (C-3), 72.4 (C-4), 71.6
(C-5), 38.5 (C-6). LA _F¥fi 55 scikiiE — 5,
BN EY) 31 SRR
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&Y 32: AR AR (HED, mp209~212

‘C, TLC #4b (365 nm) T . #5 (4.5, ESI-MS m/z:
179 [M—H] . 'H-NMR (600 MHz, DMSO-dg) J: 7.45
(1H, d, J=16.0 Hz, H-7), 6.20 (1H, d, J = 16.0 Hz, H-
8), 7.05 (1H, dd, J = 3.0, 9.0 Hz, H-2), 6.77 (1H, d,
J =9.0 Hz, H-5), 6.98 (1H, dd, J = 3.0, 9.0 Hz, H-6),
9.10 (1H, s, H-9); "“C-NMR (150 MHz, DMSO-dy) &
168.5 (C-9), 116.1 (C-8), 144.9 (C-7), 121.5 (C-6),
115.8 (C-5), 148.7 (C-4), 146.0 (C-3), 115.1 (C-2),
126.2 (C-1). ¥t 5 ik — 80,
) 32 e o
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