B o 3 3 A
Kor. J. Pharmacogn.
39(3): 186 ~ 193 (2008)

2t71e] MEAHT (3) - Triterpenoids and Sterols

MMl - o]2F" - o[M[E? - 2
bgrista okstyst AAEAEATA,

1,%

A1 *
2EM

2y

3

>

FA

EEE kS

OU

roy

5

Phytochemical Studies on Astragalus Root (3) - Triterpenoids and Sterols
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'Natural Products Research Institute and College of Pharmacy, Seoul National University, Seoul 151-742, Korea
’Department of Korean Medicine, Dongguk University, Gyeongju-si, Gyeongbuk 780-714, Korea

Abstract — Astragali Radix, known as Huangqji, is the most important tonic in the traditional oriental medicine. It reinforces
“qi” (vital energy), strengthens the superficial resistance and promotes the discharge of pus and the growth of new tissue. It
has long been used as an anti-perspirant, anti-diuretic or a tonic. Eleven compounds were isolated from the hexane and EtOAc
fractions from the roots of Astragalus membranaceus (Leguminosae) and their structures were identified as four triterpenoids
[lupenone (1), friedelin (2), lupeol (3), soyasapogenol E (9)] and seven sterols [B-sitosterol (4), stigmastane-3,6-dione (5), 7a-
hydroxysitosterol (6), 5¢.,6B3-dihydroxysitosterol (7), 7-oxo-p-sitosterol (8), B-sitosterol glucoside 6'-O-palmitate (10), B-sito-
sterol glucoside (11)]. The chemical structures of these compounds were identified on the basis of spectroscopic methods and
comparison with literature values. Among these compounds, lupenone (1), friedelin (2), lupeol (3), stigmastane-3,6-dione (5),
To-hydroxysitosterol (6), 5a.,6B-dihydroxysitosterol (7), 7-oxo-p-sitosterol (8), soyasapogenol E (9), and B-sitosterol glucoside
6'-O-palmitate (10) were isolated from this plant for the first time.
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371= 33 (Leguminosae) 2] &l 43 thaAl zEol
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Lupenone (1) X= O Friedelin (2)

Lupeol (3) X= B-OH, H

Stigmastane 3,6-dione (6) X=Y=0 R=H
5a,6B-Dihydroxysitosterol (7) X= Y= B-OH, H R= OH

sk, Ax}5o] gl olAIF wvt S skl
7171 = Al2F - A== Jasco P-1020 polarimeterS: A}
43l 331 tE UV Hitachi U-30108 AME-3I3S
2 Jasco FT/IR-53002 AF-&-3ko] 74 3131tk NMR2
Varian Gemini 2000 (300 MHz) spectrometerS A}-& 3}
243819 0om, EIMSE Hewlett-Packard 5989B GC/MS, %
+ Jeol JMS-700 mass spectrometerS A}-83} 1 Th FAB-
MS+= Jeol JMS-700 high resolution mass spectrometer=
A&t Column chromatography-8- silica gel> Merck
9] Kieselgel 60 (no. 7734 B= 7729), SaAZrIETR}
3= Merck®] LiChroprep RP-18 (particle size 40-63 pm)
ARE3IAT}. Gel 9J3+= Sephadex LH-20 (Pharmacia) 5=
MCI gel (Mitsubishi Chem. Corp., CHP20P, 75~150 p)
AHE-3F T TLC plate= Merck®] Kieselgel 60F,s, &=
RP-18,5,¢ precoated plateE AH&-8}3Tt.
£ 9 B3| - 793 7] 17.8keS AH3 F 2
7|& Basle] BgE sl 70% EtOHYZ (3.1 kg)yS 2
th o]& H,0= HEAA 5% hexaneS 7}t X8
2|8t hexane #8 (110 gy AL, 50 F%F2] EtOAc
= 78le] 18 WA k] EtOAc #-8) (145 ) A3, 75
o YAl 72l BuOHE 7Féto] 1% WA]sko] BuOH &+
g (340 9% LAoH, FFE FFN H,0 8 (24719)
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B-Sitosterol glucoside 6 —palmitate (10)
B-Sitosterol glucoside (11)
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B-Sitosterol (4) X= B-OH, H Y=H, H
7a~Hydroxysitosterol (6) X= B-OH, H Y= a-OH, H
7-Oxo-B-sitosterol (8) X=B-OH, H Y=0

'CH,OH
24

R= GHa(CHa)1sCH2CO— Soyasapogenol E (9)

R=H

Hexane 2] (110 gpll ti8led hexane/EtOAc (gradient)]
SZ8 = silica gel (Merck no. 7734) column chromato-
graphyS A8t 127]¢] &FF &5 A &FF H-
71, H-83, H-172, H-2512 5 E| hexane, CH,Cl,, MeOH=
WAL WHEEe] SI3HE 1 (17 mg), 2 (13 mg), 3 (10 mg),
4 (65mg)s 77zt w2lskdtl. &8-g H-314 (1.38 g)oll o
3}a] CH,Cl,/MeOH (10:0.1—10:0.5)] &38| = silica
gel (Merck no. 7734) column chromatography S 4 A] 3}
Hojzl 478 H-314-66 (304 mg)S THA silica gel (Merck
no. 7729) column®] Z 3 hexane/EtOAc =381 (10:1—
10:3)2 83A1A 39S 5 (25 mg)S AUt 228 H-714
(1.38 gyl thsle] CH,CL/MeOH (10:0.110:0.3)2] E5-&
] 2 silica gel (Merck no. 7729) column chromatography
= 2AEle] dojzl 23E H-714-35 (149 mg)S T silica
gel (Merck no. 7729) column®l] ZA3L hexane/EtOAc (5:1—
52)2 §EA1A SHE 6 (8me)S HE 3R oH, &g
H-864 (1.23 g)°ll thdte] CH,Cl/MeOH (10:0.1-10:0.3)<]
38U Z silica gel (Merck no. 7729) column chromato-
graphyE AAst 33HE 7 (8 mg)S F2IsHitt.

EtOAc %3 (143.8 gl &l CH,Cl,/MeOH (gradient)
o] 8% 8= silica gel (Merck no. 7734) column chro-
matographyE A8t 51719 AREES AUt &FY
E-23 (1.0 gl t3lo] hexane/EtOAc (gradient)®] E3H-&n)
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= silica gel (Merck no. 7729) column chromatography &
2] 315 8 (7 me)e EElsIith &EE E-24 (2.62
2)°ll th3}te] hexane/EtOAc (gradient)?] &38| £ silica
gel (Merck no. 7729) column chromatographyS 41 A] 5}¢]
Hofxl 235 E-24-23 (105 mg)y2 T MeOH/H,O (10:1)
o] Z3H8u| & RP-18 column chromatographyS 4 A] 5}
SIFHE 9 (3 me)E EEIsINith AFE E-33°2%E MeOH
2 AL WHEEt] 33E 10 (634 mg)S #2353t
A58 E-40 (17.6 g)°l 3k hexane/EtOAc (gradient)]
E8ulZ silica gel (Merck no. 7734) column chromato-
graphy=S AA|8lo] 315HE 11 (468 mg)S F2l31iTh

Lupenone (1) — ¥4 AAAA . [a],™ +474° (c, 0.3 in
CHCL); IR v, (KBr) 2941 (CH), 1707 (C=0), 1639
(C=C), 1456 (CH,), 1381 (CH,), 879 (terminal methylene)
em”; 'H-NMR (300 MHz, CDCL) &: 0.79, 0.93, 0.95,
1.02 3H each, s, CH,), 1.07 (6H, s, 2xCH,), 1.68 (3H,
brs, CH,-30), 4.57 (1H, dd, J~1.5, 2.4 Hz, H-29a), 4.69
(1H, brd, /2.4 Hz, H-29b); "C-NMR (75 MHz, CDCl,)
&: 2182 (C-3), 150.9 (C-20), 1094 (C-29), 54.8 (C-5),
49.7 (C-9), 482 (C-18), 47.9 (C-19), 47.3 (C-4), 43.0 (C-
17), 42.8 (C-14), 40.7 (C-8), 39.9 (C-22), 39.6 (C-1), 38.1
(C-13), 36.8 (C-10), 35.5 (C-16), 34.1 (C-7), 33.5 (C-2),
29.8 (C-21), 274 (C-15), 26.6 (C-23), 25.1 (C-12), 21.4
(C-11), 21.0 (C-24), 19.6 (C-6), 19.3 (C-30), 18.0 (C-28),
15.9 (C-25), 15.7 (C-26), 144 (C-27); EIMS (rel. int., %)
m/z 424 [M]" (79), 409 [M —CH,]" (38), 381 [M—CH,—
COJ" (9), 368 [M—CH,—C;H,|" (10), 313 (35), 245 (32),
205 [ring A/B]" (100), 189 [ring D/E]" (38), 177 [ring A/
B-CO]J" (18), 148 [ring D/E — C;H,]" (26).

Friedelin (2) — W41 AAAA . [a],® —34.8° (c, 0.2 in
CHCL); IR v, (KBr) 2930, 2868 (CH), 1716 (C=0),
1458 (CH,), 1388 (CH;) cm™; 'H-NMR (300 MHz,
CDCLy) & 0.72 (3H, s, CH,-24), 0.86 (3H, s, CH,-25),
0.87 (3H, d, /=63 Hz, CH;-23), 0.95 (3H, s, CH;-30),
1.00 (6H, s, CH,-26, 29), 1.04 (3H, s, CH,-27), 1.18 (3H,
s, CH,-28), 2.24 (IH, q, J=6.3 Hz, H-4a), 2.31 (1H, brdd,
J=72, 12.6 Hz, H2a), 2.39 (1H, ddd, /1.8, 72, 12,6
Hz, H-2B); "C-NMR (75MHz, CDCL) &: 2134 (C-3),
59.4 (C-10), 582 (C-4), 53.0 (C-8), 42.7 (C-18), 42.1 (C-
5), 41.5 (C-2), 412 (C-6), 39.6 (C-13), 392 (C-22), 382
(C-14), 374 (C-9), 359 (C-16), 35.6 (C-11), 353 (C-19),
35.0 (C-30), 32.7 (C-15), 32.3 (C-21), 32.0 (C-28), 31.7 (C-
29), 305 (C-12), 299 (C-17), 28.1 (C-20), 223 (C-1), 202
(C26), 186 (C-27), 182 (C-7), 179 (C-25), 146 (C-24), 6.8
(C23); EIMS (rel. int, %) m/z 426 [M] (73), 411 [M—
CH,]" (38), 341 (13), 302 (42), 273 (69), 205 (65), 177 (46).

Kor. J. Pharmacogn.

Lupeol (3) — A 248 2k [o],” +33.9° (c, 0.4 in
CHCL); IR v, (KBr) 3358 (OH), 2941 (CH), 1639
(C=C), 1456 (CH,), 1381 (CH,), 1033 (C-0), 881
(terminal methylene) em’; 'H-NMR (300 MHz, CDCl,) é&:
0.76 (3H, s, CH,-28), 0.79 (3H, s, CH,-23), 0.83 (3H, s,
CH,-25), 0.94 (3H, s, CH;-24), 0.97 (3H, s, CH,-27), 1.03
(3H, s, CH,-26), 1.68 (3H, brs, 30-CH,), 2.37 (1H, m, H-
19), 3.19 (IH, dd, J=5.1, 10.6 Hz, H-3), 4.57 (I1H, dd,
J=12, 2.4 Hz, H-29a), 4.69 (1H, brd, /~2.4 Hz, H-29b);
BC-NMR (75 MHz, CDCly) &: 150.9 (C-20), 109.3 (C-
29), 79.0 (C-3), 55.3 (C-5), 50.4 (C-9), 48.3 (C-19), 48.0
(C-18), 43.0 (C-17), 42.8 (C-14), 40.8 (C-8), 40.0 (C-22),
38.8 (C-4), 38.7 (C-1), 38.0 (C-13), 37.1 (C-10), 35.6 (C-
16), 34.2 (C-7), 29.8 (C-21), 28.0 (C-23), 27.4 (C-2), 27.3
(C-15), 25.1 (C-12), 20.9 (C-11), 19.3 (C-30), 18.3 (C-6),
18.0 (C-28), 16.1 (C-25), 159 (C-26), 154 (C-24), 14.5
(C-27); EIMS (rel. int., %) m/z 426 [M] (85), 411 [M—
CH,]" (28), 393 [M—CH;-H,0]" (7), 370 [M—CH,-
C;H,]" (5), 218 (64), 207 [ring A/B]" (100), 189 [ring D/
E]" (100), 148 [ring D/E — C;Hs]" (28).

p-Sitosterol (4) — WA AAAAA [a],™ -56.0° (c, 0.2
in CHCL,); IR v, (KBr) 3362 (OH), 2937, 2862 (CH),
1653 (C=C), 1466 (CH,), 1379 (CH,), 1057 (C-O) cm™;
'H-NMR (300 MHz, CDCL) &: 0.68 (3H, s, CH,-18),
0.81 (3H, d, J=6.6 Hz, CH,-26), 0.83 (3H, d, J=6.3 Hz,
CH,-27), 0.84 (3H, t, /=72 Hz, CH,-29), 0.92 (3H, d,
J=63 Hz, CH,-21), 1.01 (3H, s, CH.-19), 3.52 (1H, m,
H-3), 535 (1H, d, J=4.8 Hz, H-6); "C-NMR (75 MHz,
CDCly) &: Table 1; EIMS (rel. int, %) m/z 414 [M]
(100), 399 [M—-CH,]" (38), 396 [M-H,0]" (44), 381
[M —H,0—CH,]" (31), 329 (33), 303 (53), 273 [M—SC
(side chain)]" (22).

Stigmastane-3 6-dione (5) — WA EAE E [o],”
+7.4° (c, 0.4 in CHCL); IR v, (KBr) 2961, 2870 (CH),
1711 (C=0), 1458 (CH,), 1386 (CH;) cm’; 'H-NMR
(300 MHz, CDCLy) &: 0.68 (3H, s, CH,-18), 0.80 (3H, d,
J=6.6 Hz, CH,-27), 0.82 (3H, d, J=6.3 Hz, CH;-26), 0.83
(3H, t, J~6.8 Hz, CH;29), 091 (3H, d, /=6.6 Hz, CH,-
21), 0.94 (3H, s, CH;-19); "C-NMR (75 MHz, CDCIL,) &:
Table 1; EIMS (rel. int., %) m/z 428 [M] (100), 413
[M —CH,]" (9), 400 [M —CO]" (11), 385 [M —CH,—CO]
(5.3), 357 [M—-CH,-2CO]" (3.3), 287 [M-SC]" (27),
259 [M —SC—COJ" (8), 245 [M —SC —42 (ring D)]" (67),
231 [M —SC —2CO]" (15).

70-Hydroxysitosterol (6) — WA FA& Ft [o],” -
91.6° (¢, 0.3 in CHCL); IR v,,,. (KBr) 3404 (OH), 2934,
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2862 (CH), 1655 (C=C), 1464 (CH,), 1379 (CH,), 1057
(C-0) em™; 'H-NMR (300 MHz, CDCL,) &: 0.68 (3H, s,
CH,-18), 0.81 (3H, d, J/~6.3 Hz, CH,-27), 0.83 (3H, d,
J=6.6 Hz, CH,-26), 0.86 (3H, t, J=7.1 Hz, CH,-29), 0.93
(3H, d, /=63 Hz, CH,-21), 099 (3H, s, CH;-19), 3.60
(1H, m, H-3), 3.85 (IH, m, W/,=10.8 Hz, H-7B), 5.60
(1H, d, /=54 Hz, H-6); EIMS (rel. int., %) m/z 430 [M]
4), 412 [M—-H,0] (100), 394 [M —-2H,0]" (20), 379 [M
—2H,0 — CH,]" (5), 303 (2), 289 [M —SC]" (2), 271 [M -
H,0-SC]" (3), 253 [M—2H,0-SC]" (11).
Acetylation of 6 — 3= 6 (Smg)oll FF=4t
pyridine 7} 0.5 mks 7}k §- Ao A] S5 @A &
272 AZA AT 'H-NMR (300 MHz, CDCL,) &: 0.67
(3H, s, CH;-18), 0.81 (3H, d, J=6.6 Hz, CH,-27), 0.83
(3H, d, /=63 Hz, CH-26), 0.85 (3H, t, J=6.6 Hz, CH,-
29), 0.93 (3H, d, J=6.3 Hz, CH,-21), 1.01 (3H, s, CH,-
19), 2.04, 2.10 (each 3H, s, 2xOAc), 4.66 (1H, m, H-3),
496 (1H, t, J=4.5 Hz, H-7), 5.58 (1H, d, J~4.8 Hz, H-6);
BC-NMR (75 MHz, CDCl,) &: Table 1.
5a.,6p-Dihydroxysitosterol (7) — #4 F4& 2k (o],
+5.5° (¢, 0.5 in CHCL); IR v, (KBr) 3422 (OH), 2938,
2868 (CH), 1460 (CH,), 1383 (CH,), 1033 (C-O) cm’;
'H-NMR (300 MHz, CDCI,) &: 0.68 (3H, s, CH,-18), 0.81
(3H, d, J~6.6 Hz, CH,-27), 0.83 (3H, d, J~6.3 Hz, CH,-
26), 0.84 (3H, t, J~6.9 Hz, CH,-29), 091 (3H, d, J=6.9
Hz, CH,21), 1.18 (3H, s, CH,-19), 3.54 (IH, brs, H-6),
410 (1H, m, H-3); 'H-NMR (300 MHz, pyridine-d;) &:
0.73 (3H, s, CH,-18), 0.85 (3H, t, J=6.9 Hz, CH,-29),
0.86 (3H, d, J=6.3 Hz, CH,-26), 0.88 (3H, d, J=7.2 Hz,
CH,-27), 098 (3H, d, /=63 Hz, CH,-21), 1.65 (3H, s,
CH,-19), 2.33 (1H, dd, J=4.8, 12.9 Hz, H-4a), 2.96 (1H,
dd, /=114, 129 Hz, H-4p), 4.16 (IH, brs, H-6), 4.86
(1H, m, H-3); BC-NMR (75 MHz, pyridine-ds) &: Table 1;
EIMS (rel. int, %) nv/z 448 [M] (5), 433 [M—CH,]" (33), 430
[M—H,0[ (100), 412 [M-2H,0] (66), 397 [M—2H,0 -

o oWe

CH;]" (22), 394 [M—3H,0] (4), 379 [M—3H,0— CH,]" (6).

7-Oxo-p-sitosterol (8) — WA T8 But [¢] 7 —
115.0° (c, 0.1 in CHCL); UV A, (EtOH) nm (log €) 238
(3.74), 277 (3.04); 'H-NMR (300 MHz, CDCL,) 8: 0.68
(3H, s, CH;-18), 0.81 (3H, d, J=6.3 Hz, CH,-27), 0.83
(3H, d, J=6.6 Hz, CH;-26), 0.84 (3H, t, J=7.5 Hz, CH,-
29), 0.93 (3H, d, J~6.3 Hz, CH,-21), 120 (3H, s, CH,-
19), 3.67 (1H, m, H-3), 5.69 (1H, d, J=1.2 Hz, H-6); "C-
NMR (75 MHz, CDCl,) &: Table 1; EIMS (rel. int., %)
m/z 428 [M]" (100), 410 [M—H,0]" (18), 395 [M —H,O
—CH,]" (24), 314 (7), 287 [M—SC]" (28), 269 [M-—
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Table 1. "C-NMR data for 4, 5, 6 acetate, 7, and 8 in CDCl,

C?\?gf’" 4 5 6-Ac 7% 8
1 372 38.1 37.8 32.5 36.3
2 31.6 373 27.5 333 31.2
3 71.8 211.3 73.2 67.4 70.5
4 423 37.0 35.7 429 41.8
5 140.7 57.5 146.5 75.9 165.1
6 121.7 209.1 120.8 76.3 126.1
7 319 46.6 68.3 35.7 2024
8 319 38.0 36.5 31.2 454
9 50.1 53.4 422 459 49.9
10 36.5 41.2 37.3 39.1 38.3
11 21.1 21.6 20.7 21.8 21.2
12 39.8 39.3 39.0 40.7 38.7
13 42.3 43.0 43.0 43.1 43.1
14 56.8 56.6 49.2 56.6 49.9
15 243 24.0 24.1 24.6 26.3
16 28.2 28.0 28.1 28.7 28.5
17 56.0 56.0 559 56.5 54.7
18 11.9 11.9 11.4 124 12.0
19 19.4 12.5 18.1 17.3 17.3
20 36.1 36.0 36.2 36.5 36.1
21 18.8 18.7 18.8 19.0 18.9
22 339 33.8 34.0 342 33.9
23 26.1 26.0 26.2 26.4 26.1
24 45.8 45.8 45.8 46.0 45.8
25 29.1 29.1 29.2 294 29.1
26 19.6 19.0 19.0 19.2 19.0
27 19.8 19.8 19.8 20.0 19.8
28 23.1 23.0 23.1 234 23.0
29 12.0 12.0 12.0 12.1 12.0
214
170.5
*pyridine-ds.

SC - H,0]" (12), 247 (20), 205 (22), 192 (52), 55 (76).
Soyasapogenol E (9) - W& 2R I [o],*
+29.4° (¢, 0.5 in CHCL,); '"H-NMR (300 MHz, pyridine-d;)
8: 0.84, 0.92, 1.18, 124, 1.57 (3H each, s, 5<CH,), 0.94
(6H, s, 2xCH;), 3.66 (1H, dd, /=54, 11.0 Hz, H-3), 3.74
(1H, d, /=102 Hz, H-24a), 4.53 (IH, d, /=102 Hz, H-
24b), 5.28 (1H, t-like, H-12); "C-NMR (75 MHz, pyridine-
dy) &: 38.9 (C-1), 284 (C-2), 80.1 (C-3), 432 (C-4), 56.3
(C-5), 19.1 (C-6), 333 (C-7), 39.9 (C-8), 47.8 (C-9), 37.0



190

(C-10), 24.0 (C-11), 141.8 (C-12), 1232 (C-13), 42.0 (C-
14), 254 (C-15), 273 (C-16), 48.0 (C-17), 47.9 (C-18),
46.7 (C-19), 34.1 (C-20), 50.9 (C-21), 215.6 (C-22), 23.6
(C-23), 64.6 (C-24), 162 (C-25), 168 (C-26), 25.5 (C-
27), 21.0 (C-28), 31.8 (C-29), 252 (C-30); EIMS (rel.
int., %) m/z 456 [M]" (2), 438 [M-H,0]" (1), 423 [M—
H,0-CH,]" (1), 408 [M-H,0-2CH,]" (1), 232 [D/E
ring] *(100), 224 [A/B ring]  (21), 217 [D/E ring— CH,] "
(22), 206 [A/B ring—H,0]" (22), 189 [D/E ring—(CO +
CH,)]" (18), 175 [A/B ring — (CH,OH + H,0)|" (49).

B-Sitosterol glucoside 6'-O-palmitate (10) — #j 21
& R 'H-NMR (300 MHz, CDCL)) &: 0.67 (3H, s,
CH.-18), 0.81 (3H, d, /=63 Hz, CH;-26), 0.83 (3H, d,
J=6.6 Hz, CH,-27), 0.84 (3H, t, /=72 Hz, CH,-29), 0.87
[3H, t, /6.9 Hz, CH,(CH,)], 092 (3H, d, =63 Hz,
CH;-21), 0.99 (3H, s, CH,-19), 1.25 [brs, (CH,) ], 2.31
(2H, brt, /~7.5 Hz, -CH,CH,CO-), 331-3.59 (5H, m, H-
3, 2'-5'), 434 (1H, d, J=7.8 Hz, H-1"), 440 (2H, m, H-6'),
534 (IH, m, H-6); "C-NMR (75 MHz, CDCl,) &: 37.29
(C-1), 29.70 (C-2), 79.79 (C-3), 38.93 (C-4), 140.35 (C-
5), 122.02 (C-6), 31.93 (C-7), 31.85 (C-8), 50.13 (C-9),
36.66 (C-10), 21.06 (C-11), 39.77 (C-12), 4231 (C-13),
56.76 (C-14), 24.30 (C-15), 2824 (C-16), 56.19 (C-17),
11.83 (C-18), 19.36 (C-19), 36.17 (C-20), 18.76 (C-21),
33.92 (C-22), 26.19 (C-23), 45.77 (C-24), 29.11 (C-25),
19.00 (C-26), 19.79 (C-27), 23.04 (C-28), 11.93 (C-29),
101.29 (glucose C-1), 73.30 (glucose C-2), 76.23 (glucose
C-3), 7044 (glucose C-4), 73.67 (glucose C-5), 63.67
(glucose C-6), 174.13 (pal C-1), 3427 (pal C-2), 24.99
(pal C-3), 29.39 (pal C-4), 29.52, 29.76, 29.80 (pal CH,),
31.93 (pal C-14), 22.68 (pal C-15), 14.10 (pal C-16);
FABMS m/z 837 [M + Na] .

B-Sitosterol 3-O-B-D-glucoside (11) — 22 743 &
2 '"H-NMR (300 MHz, pyridine-d,) &: 0.65 (3H, s, CH;-
18), 0.85 (3H, d, J=63Hz, CH,26), 087 (3H, d,
J=6.6 Hz, CH,-27), 0.88 (3H, t, J=7.8 Hz, CH,-29), 0.98
(3H, d, /63 Hz, CH;21), 093 (3H, s, CH,19), 3.96
(1H, m, H-5", 3.98 (1H, m, H-3), 405 (1H, t, /=8.7 Hz,
H-2'), 427 (1H, t, J=8.7 Hz, H-3"), 4.30 (1H, t, J=8.4 Hz,
H-4'), 441 (1H, dd, J=5.1, 11.7 Hz, H-6'a), 4.56 (1H, dd,
J=2.1, 11.7Hz, H-6b), 5.05 (1H, d, /=7.5Hz, H-1'), 5.34
(1H, d, J=4.8 Hz, H-6); FABMS m/z 599 [M + Na] .
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2941 cm™elX] C-H9] stretchingel] 712181= 73t 4 band
9]o] 1707 cm el 4] 73t carbonyl groupell 71213H= band
7} ek, 1456 cm™ ol A CH,, 1381 cm™ oA CH;
(germinal dimethyl), 1040 cm™ 4] C-0°] 7]¢l58l= k&t
5 band=°] YENIL Ut} o] 2ol = Ut metylene®]
C-Hell ¢]8+ 73k &4 band’} 879 em™'ellA] UER ] C=C
o 71918h= ok F° band'= 1639 cm oM YehtE A
© 2 1o} triterpenoid A2 9] 3ERE FAH YTt H-
NMR spectrum< 2% § 0.79 (3H), 0.93 (3H), 0.95 3H),
1.02 GH), 1.07 (6H) 2 1.68 GH)IA 7712 methyl
singlet signalE°] Wep™ o5 A2 (5 1.68)0014 et
U= CH, signak vinylic CH,2 isopropenyl group®] &A1
5 9IS Aok o] 9 22 372 terminal methylene
group®] vinylic protonE°] § 4.57 3} 4.6%14 YERIIL 2
= Ro® lagint.) webd o] SJHE-2 triterpenoid )
d F A¥AR] lupaned] 3F=AES FHL F o, o]
£ PCNMR data2= %=k = 30709] carbon signal
Eo] YelI lem, § 19.3 (30-CH,), 150.9 (C-20) %
109.4 (C-29)°141 lupaneAl 2] C-20, 299 ©]FAFo] EA)
3t isopropenyl group®] EAE &1 = Ao o
218.2 ol 4] carbonyl carbon®] &A1& <13} T} EIMS
spectrume RH Ex}0]-20] m/z 424004 YR} o] 2H
¥ 7z} CH,, CO ¥ C,H7} glElo] ZH2 m/z 409, 381
7} 3689 4] fragment ionE©] YEFFIL T} o] Lol =
lupaneZ] 3}5H=9] ring A/Boll 3Gl o]&°] m/z 2050
A1, ring D/EC @3k ©]20] m/z 189914 YeRtaL 3l
o Z}zto 2 HE CO ¥ isopropenyle] E&]% o] AAE
o]0l 717t m/z 177 7 14814 Yehs A o2 Kot
CO group< ring A/Bel, isopropenyl”]+< ring D/Ed] £
3o gl & = AU o)} e BE dataZ FF 5]
712e] 2829} H]aLale] lupenone &2 5481t
SIRHE 2= WAo] XA A shehEEA IROA 2930,
2868 (CH), 1716 (C=0), 1458 (CH,), 1388 (CH,) cm™ &
NS 242t 348 4 U0, 'H-NMR dataS B9 § 0.72
GH), 0.86 (3H), 0.95 (3H), 1.00 (6H), 1.04 (3H), 1.18
(BH)4IA 77112] angular methyl”]7} singletZ., § 0.87 (3H)
oA 170¢] secondary methyl”]7} doublet (J=6.3 Hz)Z 1+
ERtar k. &8k PC-NMROIA 30709] carbon signale] L
ERAL Qe RO 2 Hol triterpenoid A|F 2] SIHEIS o
e = e, E3] § 213.49014 carbonyl group] EA|
5 ERISIGITE EIMSOIA = Aol o] m/z 426014 Vet
U, o]25E CHy7F g2]=o] m/z 411614 fragment ion
o YetaL Stk o] ]ol| = friedelaneA] ] g # <l
fragment ionE°| m/z 341, 302, 273 ¥ 205 SolA YER
S 1 = QU ol9} 2 BE dataZ FFEI 7]

Zof| RyE 5312 9} vlwsl] friedelin®2 SASIAT}
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S 32 W] 2AY SHEEA R 2 'HNMR
data’} St 13 vl ARG 212 Hol 132} 720] lupane
Al sitEdE A3 7 AU 22} § 319004 A F
A el H-3 axial proton (dd, J=5.1, 10.6 Hz) signal®] U-E}
U= 20 Kol lupeol® FHEATE o] A= Pe-
NMR [5 19.3 (C-30), 150.9 (C-20), 109.3 (C-29), 79.0 C-
3)] 3 EIMS data2= 2218 5= ek webr s5ts
32 lupeol® 8381 E" Lupeots AE71A] thafsh A&
ERY BiE v oy VRN EE Ae FeE shet
o]t}

313 4= phytosterol®] AE<1 B-sitosterol= A &<l
3k = dRem, 112 9] glucose BIE A Q! B-sitosterol
glucoside (daucostero)Z. 5743}, 8k 8l9tE 102
= Zhefo| A BelE vl = B-sitosterol glucoside 6'-O-
palmitate'®' "9} 48}t webd o5 L] EajAl
A L& APike GOMSE ERIst] 88 = AT

31gE 5= FAo] EHE IR spectrum©] A carbonyl
[1711 (C=0) em™'Jell 7]¢18}= &< band7} EFLE, 'H-
NMR  spectrum®| 4], & 0.683} 0.94°141 271€] angular
methyl groupS-, § 0.80, 0.82 & 0.91°l14] 37]¢] secondary
methyl group<, § 0.8391A] triplet2 3h+2] methyl’| S &
A JoB 2 3= 49 7ol sterolA 52 SFFERE
FA8 4 9)2rk. "C-NMR spectrumel A= 6702] methyl
signal 2]oll § 209.1 % 211394 YEF+= 27119 ketone
(COpll 7I918k= signaks &1 %= ATt EIMS spectrum
S B miz 428 A [M]'S Q18I AL, m/z 40090 A
[M - COJ’, [M—side chain (SC)]"©] m/% 287141, [M - SC
—COJ"°] m/z 2599014, m/z 245904 [M —SC —42 (ring D)]"
S} m/z 231914 [M—SC —2CO]°] k2t VR e Ao |
o}, o] 3}gE-S A 207 2 A E stigmastaneZ| Z ring
A/B/CAll 271€] carbonyl|E Zt= SHER 4 EULE o]
3ol datas 71| ¥ HlwEte] o] setES
stigmastane-3,6-dione® 2 543}, 7)dAM= S &
7 HaEE 2EYe ggit 0

SItE 62> WMol RAE Fo|m, IR spectrum®l Al
3404 (OH), 2934, 2862 (CH), 1655 (C=C), 1464 (CH,),
1379 (CH;) & 1057 (C-0) cm™ 4 F<FbandEo] Leh}
BB 49} vl AR sterol2 343199 T) 'H-NMR
spectrum H § 0.68 (CH,-18) 7+ 0.99 (CH,-19)014 2
7N1€] angular methyl group®] singlet®, § 0.81 (CH,-27),
083 (CH:26) 2 093 (CH;2D)1A 370l secondary
methyl group®] Z}7z} doublet® YERES Ldrt 3§
5.60014] 31t€] olefinic proton®] doublet (J=5.4 Hz)Z Y
BRI 3, 6 3.60 FF 3.85 (W,=108Hz)ol A zHz}
multiplet2 JERJ= 27119] oxygenated methine proton®] &
AE EoIg &= YR o= Bositosterol (41 &= 3] OH

o

o
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717} ol5 AT Flol AT FAL = ATk ol
A= EIMSA A = &Rl & ATt 5 m/z 430 oA
M]"0] VFERUH, m/z 4129} 39404 zhzb 182} [M -
H,0] ¥ 284} [M -2H,0]'9] Zo] "ojxa] e o]
50| YL e o= IRl 5 %len, o] g9t
< acetylation?] 71 diacetate”} Hl= RS2 o|& X
3k 4= AL} webA o] OHE B-sitosterol?] C-791
Askal e AoRE FEEHASH, H-79] Wyatel 10.8 Hz
2 12HzRt} FO 2 Z H-7& equatorial (B)E A= o] U
& Zo® FEJANY o] Al diacetated] 7-$- H-
79l J kel 4.5HzY] triplet® YEYI Qlong H7e
equatorial®. A3} 922 g1 = AUt E3 Pe-
NMR datall*] C-7°ll o-OH7}F Zgtskar 3o y91xol 9l
£ C9 % C-149+= 27 gauche A Jom o] F
carbon®] chemical shift FFE°] Table 1914 & & = v}
9} 7Fo] B-sitosterol Et} Z+zt 7.9, 7.6 ppm LAY ©]&3)
of Jeh}a Qe Ao ey EWE 5 Ut o)4te]
A3E FHste] 39hE 62 Ta-hydroxysitosterolZ A7 3}
At o] E4-2 Bpha latifolia,zo) Urtica dioica Salvia
glutinosa®™® S0 25 K] g vl 9lom o=
A T HiE SeHES doith

shetE 72 WAl o] X AA o], IR spectrum©] f-
sitosterol (4)} wl-%- FAFSH A2 Ko} sterol AlTUS F
A UYL o]l 7I9Isks Frbande ERIE
A th 'H-NMR spectrum®l| 4 8 0.682F 1.18]1 4] 271 9]
angular methyl group<-, § 0.81, 0.83 2 0.91914] 37l ¢
secondary methyl group<, § 0.84%14 CH,oll 15sH sk}
o] CHy7} e gelaisitt. o] 2ol § 3.549F 4.1090
2] 270€] oxygenated methine proton®] 2|3 & =
Atk PC-NMROIA = § 674, 759 2 § 763914 3719
oxygenated carbon signalE©] YEIYH, EIMSAA = m/z
430, 412 2 m/z 394914 z+2+ [M-H,0]', [M -2H,0],
[M - 3H,0]'] fragment ionE°] VeI Qe Aoww
SHE 5 AATE 142 NMR dataZH5-E 2712] OHE=
secondary OHO|3L 3Pl 3HEEFU-S LU =3k 2719
OH+= secondary OHF sl C-39 2= o] = Ao
2 AT oE AT ¢ At} o] =9 "C-NMR
dataS F&4F<] 3B-cholestanol”} ¥13hH C-1, 3 € C-
99] chemical shift #t°] 7}z 4.5, 4.0 2 8.5 ppm JALAPGS
2 o]&st A= Hol C-59 3t OHZI7F Ajt=Ee]
3 e 3hte] 273 OHZ1E C-69 B-AE (axial) 3L
U2 FHE 5 AUt} = 3B-cholestanol®] F-AkmodelS-
B C-59) A%l 2E OHE C-1, 3 2 C-99F M & y-
gauche FA| JO0 B Z o5 BAE] chemical shift kel
Aol EE, Cy-OHRt 19-CH A= y-trans IAI7} =
o] A ol FEofof st 79 Aol 2318 5 ppm A

_{
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217 ol o] YeRaL leru= C-60 A%Hs OH9t 19-
CHZF= syn-axial AAIR1 B 91X AgtE o] IS Rl
& 5 QYT o) aFe] 2+ spectral dataS A E8lAL
NEe] BA®P3} wlaste] 3¢E 7S 50,6B-dihy-
droxysitosterolZ. 43T} o] SIHERE 7| = A
e 2ot}

shetE 88 UV Stiapge] 238 nmellA VERAL Sl
20 Z Ho} q,B-unsaturated carbonyl group®] EA|3= 7
o= FAg 5 Ik "C-NMRIIAME § 20240014 C=0,
trisubstituted double bond®ll 71<1 ¢} signalE°] § 165.1}
126.1914 Yeh}al & Ao E Kol B-sitosterol®] C-791|
carbonyl group®| A3 A2 FAHHoEZ o] &9}
£o| 4842l dataS FAA 09} vl o] F &
eIt wEbA 33ME 8 7-oxo-B-sitosterolZ ZFSISIT]

313} 9] 'H-NMR spectrum H& & 0.84, 0.92, 1.18,
124, 1.57 2 0.94 (6H, s, 2xCHyI] 7712] angular CH,
719l 712138} singlet signalE©] YERUY™, § 3.74 (1H, d,
J102 Hz)®F 4.53 (1H, d, J=10.2Hz)®l*] oxygenated
methylene®l 7]?18= doubletE°] YERIAL, § 528 (1H, t-
likellAl olefinic proton®l] 71Q18M= 54421 signatse] 1t
ERAL Q= A S = Hol olean-12-eneAlS] triterpenoid2 5+
A=At o] 2ol% § 3.66 (1H, dd, J=5.4, 11.0 Hz)ol| 4]
H-37F YeR}aL 9lor ol “C-NMR dataoll A2 €918
& AATE F 5 80194 C-3, § 141.85 12329014 C-12
gl C-130]] 7IR18k= signalEe] VFERYH, o]Q]o= § 215.6
o] 6-membered ring C=0°1 71Q18k= 5221 signal©]
UERES ER1eI3it), ek SiheE 9= T &M &
3] YUEh = soyasapogenol EZ 4= %2H o]= EIMS
2E g1 = Utk F Mol mz 456014 LrERtH
retro Diels-Alder F3j|] ]38t A&l o|2Fo] 2z} m/z
232 [D/E ring]* 9} 224 [A/B ring] elA] YER}E Aoz
g + uglom P EFH AP H o= st
soyasapogenol EZ &4 314it}h 74 5o g2 RE B-
sitosterol galactoside 2} stigmast-4-en-6f3-ol-3-one2 2|3}
of Bk vh glovt e AFoA = sk 13kt

7 =

7|2 HE 459 triterpenoid’d - H 752 steroVd RS
S @2 3}e] Z}Z} lupenone (1), friedelin (2), lupeol (3),
soyasapogenol E (9)9} P-sitosterol (4), stigmastane-3,6-
dione (5), 7o-hydroxysitosterol (6), Sc.,6B-dihydroxysitosterol
(7), 7-oxo-f-sitosterol (8), B-sitosterol glucoside 6-O-palmitate
(10) 2 B-sitosterol glucoside (INZE ZAA3IATE olF
lupenone (1), friedelin (2), lupeol (3), stigmastane-3,6-
dione (5), 7o-hydroxysitosterol (6), So,6B-dihydroxysitosterol
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(7), 7-oxo-P-sitosterol (8), soyasapogenol E (9) 2 B-sitosterol
glucoside 6'-O-palmitate (10) 5 952 E5F 7|2HEH
= #2d sigteEelth

A A

B ATE AFREHIH A okl H7h7)4s)
FAATAUF  “FopA) BHAE Fel L BERA
A FRlAT: Ao}, §7)" AA|e) Aoz FAHY). E
3 BK2IAKION SJs) A AL 0R olo] Ak
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=
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