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20(S)-Ginsenoside-Rf, a novel triterpenoid saponin from stems and leaves of
Panax ginseng
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Peking University, Beijing 100191, China

Abstract: Objective To study the chemical constituents of saponins in the stems and leaves of Panax ginseng. Methods The
chemical constituents were isolated and purified by various chromatographic methods, and the chemical structures were identified by
NMR and MS data analyses. Results A total of 39 compounds were isolated and identified. Among them, 17 compounds were
determined as ginsenoside Re (1), 20(S)-ginsenoside Rh, (2), 20(R)-ginsenoside Rh; (3), ginsenoside Rhs (4), 20(E)-ginsenoside F, (5),
ginsenoside F, (6), 20(S)-ginsenoside Rg; (7), 20(R)-ginsenoside Rg; (8), 20(S)-ginsenoside Rf; (9), 20(R)-ginsenoside Rf, (10), 20(S)-
protopanaxadiol (11), 20(R)-protopanaxadiol (12), 20(S)-ginsenoside Rh, (13), 20(R)-ginsenoside Rh, (14), 20(S)-protopanaxatriol
(15), 20(R)-protopanaxatriol (16), and ginsenoside Rd (17). Conclusion Compound 9 is a new saponin. Compounds 2—10, 13, and
14 are rare ginsenosides.
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ST I E e G U D W e (S
ARSI ARG 1ASH ) = 2R 5 Ah 16 4> CLAN 15
e = i RS
1 XES5HH

X-4 BUE 7R WA SO E A (BT 2R B X
AR ATD; Bruker AV 400 HYAZ ik R I i A%
(Bruker BioSpin AG Facilities, Féllanden, il );
MDS SCIEX API QSTAR Ji i 1¢ ( Applied
Biosystems/MDS Sciex., Foster City, CA, [,
S EEBORIE AL CH A : Bi'E i Nexera X2 B9
IO (f135 LC-30AD —J04E. SIL-30AC [3)
HEFESS . SPD-M30A Kl 25 Al CTO-20AC FEi 47D
A1 8050 ZU it AX . CXTH 3000 %=1 £ v MO
% (SP-HPLC, Jbi@l#ndakis & REA R A
")), FLHE UV3000 Kl #% . P3050 —JGZE . Daisogel
Cis (AREFE (250 mm>X 30 mm, 10 um), LM
K H 203 nm, ABWRLEA 15 mL/min. KFLI P i
F Amberlite XAD-4 (20~60 H, Sigma 2A7]); k4
TERERE (200~300 HD A ZEORE (TLC) RERHK
GFs4 (0.20~0.25 mm) ¥4 Sl ELT) 78
SRR W, OIESE R A alis ik al.

NS ZEHAE T 2008 4 8 R H M S
H, @mFHhEmEe h i ANS BED NS
Panax ginseng C. A. Mey. HIZEFIN, FEUERA
(2008001) AT Ab3E K2 2452 B R AR 254 Al A
2 RESESE

TR NS 2200 DR 5 kg FZK Ik alia
FEH 3 K, KSR OB 204 15, 10 f5 5,
WUHREL 3. 2 1.5 he SIFIRBUOR, WUEWYE, 15
FH 875 g, ARJE TMURI R S it AT i,
RENRED 70 g, BIAZ 250 SUe . R A K
fi f5 it Amberlite XAD-4 KALWE R IERE, K
& 20%- 40%+ 60%- 80%- 95%[H] LI K VA 5
Vele, 793 6 MM Fr.1 (8g). Fr.2 (3.4¢g). Fr.
3(27g)-Fr.4(185g). Fr.5(7.5g) flFr.6 (1.2¢g).

Fr. 2 Al (CHCl;-MeOH-H,0 3 @1 ¢
0.1), 2EI> Al F1A2. Al (0.8 g) LI EREKHE
i 5 4 SP-HPLC (MeOH-H,0 55 : 45) 4lifk, 15
FMEAY 1 (22 mg). A2 (0.6 g) 4 2 X SP-HPLC
(MeOH-H,045 : 55) 4lift, fFAB24F Rhyg (12mg) ',

Fr. 3 ZRERFE(GE, CHCl-MeOH-H,0 (6 : 1 :
0.1—3:1:0.1) BREEBEM, 192057 Bl. B2 A

B3. Bl (5.6 &) &AM (CHCl;-MeOH-H,O
6:1:0.D MR (3.1 g, FHIXZ SP-HPLC
(MeOH-H,0 70 : 30)4r & 4lith, £ 21bA4 2(1.5 g
3 (900 mg). 4 (15mg) M=-EZFF B, (10mg) ?,
B2 (12.8 g) &HEAE A% (CHCl3-MeOH-H,0 4 :
1:0.1), 53854 B2-1 f1 B2-2. B2-1 & 2 &
SP-HPLC (MeOH-H,O 60 : 40) 4lifk, 43 ASH2
1 Rhyy (6 mg) M. B2-2 4 SP-HPLC (MeOH-H,0
65 1 35) A ES4iL, {35 NS T Rhy (4mg) 1,
20(5)-AZ21F Re, (2.7 g) BRI 20R)- NS 217
Rg, (2.0 ) ¥, B3 (2.1 g) 4 SP-HPLC (MeOH-H,0
65 1 35) SrEiglith, 58 AZ21F Rhyy (8 mg) P
1 B3-2 (0.4 g); B3-2 4 SP-HPLC (MeCN-H,O
25 175) 4ith, 133 3p,60,128,25- VU F5 ik 1 -
20(22) E-45-6-0-0-L-N W Bl 250 JE-(1—2)-B-D-L i
AR (15 mg) B,

Fr. 4(18.5 @)% R S AERAE (1% , CHCl-MeOH-
H,O (8:1:0.05—3:1:0.1) By, 155 4
M4 (Cl~C4). Cl1 (2.8 g) %4 SP-HPLC
(MeOH-H,0 75 : 25) 7385, 394> C1-1 #l C1-2;
Cl1-1 f§£ SP-HPLC (CH;CN-H,0 30 : 70) 4lifk,
3 3] 12B,23(R)- 3 4 1A 5 -24- 45 -3,60,20(S)- — i
(15 mg) MAEFS-20(22) E-4-3B,6,128,25- DU i (12
mg) " Cl1-2 Fi4 SP-HPLC (MeOH-H,0 65 : 35)
aifh, 733i53-20(22)E,25- " 4-3p,60,12B,24S5-PU
B (10 mg) M. C2 (5.1 @) & RERA g &
SP-HPLC (MeCN-H,0 45 : 55) Zp&i4lifh, #3301k
a5 (20 mg). AZRAF Rk (18 mg). AZ%
1 Rhy (25 mg) PHI 4> C2-1; C2-1 F§£ SP-HPLC
(A: MeCN-H,O019 : 82, B: MeCN; 0~60 min,
18%—>35% B FRJZVEM o dalith, 19EIAS B
Rge (30 mg) PHULAY 6 (20 mg). C3 (7.5 g)
JH FF IR DA e % 4 31 R AT C3-1 RIS
B, AN ANEY) 8 (1.5 g); C3-1 £ SP-HPLC
(MeCN-H,0 35 :65) 2k, 1938|=-L24 T, (10
mg) PRSI 7 (2.0 g). C4 (1.8 g) LREMRFE
%, CHCl;-MeOH-H,O (3 :1:0.1) ¥Efii, 7534k
A9 F110 TR A6 mg) LA KR4 C4-1 F1 C4-2;
C4-1 (120 mg) 4 SP-HPLC (MeOH-H,0 75 : 25)
Ak A3 NS 24 Rhys (9mg) P, C4-2 (150 mg)
¢ SP-HPLC (MeOH-H,0 65 : 35) 4i{b5 8 NS 2
T Rhy; (7mg) Pl

Fr.5 (7.5 @) &R EREAE (%, CHCL-MeOH
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(15 0 15 D) BREEVEN, 19203 > D1, D2 Al D3.
D1 (50 mg) £ SP-HPLC (MeCN-H,0 80 : 20) 4
b, #32MLAE 11 (8 mg) AT 12 (8 mg). D2 (3 g)
R A%, CHCL;-MeOH (10 : 1) ¥EM, 337
4y D2-1 Al D2-2; D2-1 (0.5 g) % SP-HPLC
(MeOH-H,O 80 : 20) #lifk, 132i5¥5-20(21),24-
T IE-3P,60,12B- = (25 mg) PRIILFE-20(22) E,24-
—H-3B,60,12B- =1 (154 mg) B, D2-2 (04 )
£ SP-HPLC (MeOH-H,O 85 : 15) 7y & 4lifh, 153
&9 13 (110 mg) 114 (80 mg). D3 (3g) &
R A, CHCL;-MeOH (6 @ 1) Wi, 555
D3-1 ~D3-3; D3-1 (150 mg) % SP-HPLC
(MeOH-H,0 80 : 20) 7r @ 4lift, 3% AZ21F Rk,
(18 mg) MAZBEIF Rgs (12mg) ¥ D32 (1g)
2 SP-HPLC (MeCN-H,0 45 : 55) 4lifk,, 33464
P15 (150 mg) 116 (120 mg); D3-3 (0.8 g) &
SP-HPLC (MeOH-H,0 75 : 25) 4litk, HFIAS 2
¥ Rhyg (21 mg) PHILEY 17 (50 mg).
3 HMETE
3.1 FU SR LSRR

Ew9: Hia 10 LRSI EL, A
TG TR AR G, 78 TLC B_EJETF R W% 10%
IR LA S 2K (0B /5 s Libermann-Burchard Fl
Molish V344 B, $eRtbG9) 9 b =i 2
&Y. Kb a4 9 Al 10 JR AW aRAE H EE
$3) LC-MS %, {44 Waters ACQUITY UPLC
BEH Shield RPjg (100 mmX2.1 mm, 1.7 pm), #¥
1030 C; Wahilh i (A) K (B), BRI,
0~5 min, 20%~23% B; A&V 0.4 mL/min. Ji
WS ZASARUR R 3 L/imin, TSR E
10 L/min, fI#ASAAFAE 10 L/min, £ 0 0#EE
B 300 C, MsFIEEEE 250 C, BIHK-3.0
KV, Kl 1.80 kV. N2 e B W (MRM)
FRFEAT 0T, EB TR EIEE R 2 Mk,
I S 9, a8 i A& 10 (B D

WA 9 16 ESI-MS 4 25 1A U4 i HE 2 12
T m/z 801.500 0 [M—H]  (Fi&{H 801.500 0,
CyH73014)5 MS* A HIIE 1 AMIZTREEA 1 A2
L TRITEE Fr U6 m/z 493.450 0 [M—glu—rha—H] . 1k
H ) 10 A7 [R] R 2R AIE o AR AS PR LX) 20(8)-
A1 20(R)- NS 21F Rgys 20(S)- Al 20(R)- NS 21F
Rg3.20(S)- F1 20(R)- A= 21 Rh;.20(S)- 1 20(R)-
NS BAF Rhy S5 4E ORI (0 b (B354 T A RRAE 1)

3I.00 I 3.I50 I 4I.00 I 4.I50 I 5100 I
t/min
275 801.40~493.45, Q1=10V, CE=42V, Q3=34V
Ton pair: 801.40—493.45,Q1=10V,CE=42V,Q3 =34V
1 20(S)-(a) FA20 (R)- (b)) ASEF Rf, #) MRM &iLE
Fig. 1 MRM Chromatogram of 20(S)- (a) and 20(R)- (b)

ginsenoside Rf,

WFFEgE e CRREZIE), Ea5H 200S) 7 g A ]
RUESET 20(R) 1Y,

R AL NS B RN NMR {5
SN, HEA S 9 hE NS =R BT
W RS 9 1 TH-NMR (400 MHz, CsDsN) i
R EIG R TE S, IEWAY 9 10 C-17 s
CCXU#: oy 3.47 (1H, dt, J = 11.4, 5.8 Hz, H-3a),
4.67 (1H, dd, J = 9.2, 3.1 Hz, H-6B) F13.91 (1H, m,
H-120) KHEFGRT 55, on 1.37 (1H, d, J =92
Hz) & H-50 $F0E45 5. 5 20 (5)-AZ 21 Rg,
B, R PURABRERZ I (S 5 6 0.98 (3H, s, CH;-18),
1.18 (3H, s, CH3-19), 2.12 (3H, s, CH;-28), 0.93 (3H,
s, CH3-29) #1136 (3H, s, CH3-30) 47 T H)E: 5
20(5)- 15 45%-3B,60,12P,20,25- Tl (9a) ILL#E, %f
C-17 MEERIHIEASS oy 1.39 (3H, s, CH3-21) Al
1.40 (6H, s, CH3-26, 27) 347 T VA& . o 5.27 (1H, d,
J=1.5Hz) VA& K ®%HE AL 48 i1 (glu-H-1) 15
Ty BORIARS ST UuE I B AR 6y 4.53 (1H,
brd, J=12.1 Hz, H-6'a) #14.35 (1H, dd, J=12.1, 4.9
Hz, H-6'b) JHJ&E A %05 C-6 2 FAE 2 M+
fI{5 5« on 6.50 (1H, brs) F11.79 (3H, d, J= 6.0 Hz)
A3 VAR Ky B AEHE S A 7 (rha-H-1") I C-5"
FILF (CHs-6") WIS . 2k Borir, #HEWiba
W9 VYR BREAZ S AL 45 5 P 5 NS 21 Rey 1)
HMIFE, C-17 MEES 9a (MAHIE]. B DH &Y 9
(1 BC-NMR Bl 5 N2 217 R 9a. 20(R)-
B EE-3B,60,126,20,25-TilE (9b) VIHbAg, iy
45, 1998 4, Park UL Bl 1
ANETF, W4 AS R REy, WAL R =0
C-20 2 [ A AR U™, Ny 20(R)- A2 2
RE (9e, B 2). i PC-NMR 5 (R 1D 1
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L, Reml 2B 9 11 C-17. C-21 fl C-22 (55
HINAE 5¢ 54.7, 26.9 F1 36.4, 1M 20(R) LK)y ) H
BUAE 0c 51.7, 22.5 F1 43.6, HEWLAY 9 4 20(5)-
NS RAF RE, Bl 3p,60,128,20(S),25- 1132 5 H)-6-
O-a-L-ME I R 25 HE-(152)-B-D-NL g A 25 0, A
LASHIteEY (2.

9:R;=OH R,=CH; Rj;=rha'-*glu-
9a: R]ZOH RZZCH3 R3:H
9b: R,=CH; R,=OH R;=H

9¢/10: R;=CH; R,=OH Rj=rha'-’glu-

2 k&9 I 9a~9c Bk LEH

Fig. 2 Chemical structures of compounds 9 and 9a—9¢
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A 1~8 F110~17 7EREE TLC B LI 5
55 10% i 1R £ Bl ot 58 (B £ Libermann-
Burchard [V FHYE, 781380 =210 59
IEEL R R =5 20(S) A1 20(R) 2 1) SEAA A PO R 531
B SRR S5 IR, BT 20(S) A4 C-17.C-21
1 C-22 IMALANT RS S IAE oc 55+ 27 Fl 36 Zifq;
20(R) WUMHLBIAE 6c 504 23 143 fidi. HHeibs
YU AN — 2R

& 1. AfEr s (50%LFEKERD; mp
201~203 ‘C; ESI-MS m/z: 969.8 [M+Na]", 945.7
[M—H] . 'H-NMR (400 MHz, CsDsN) 6: 6.49 (1H,
brs, rha-H-1"), 5.54 (1H, brs, H-24), 5.26 (1H, d, J =
6.3 Hz, glu-H-1"), 5.17 (1H, d, J = 7.8 Hz, glu-H-1""),
4.67 (1H, t, J = 8.0 Hz, H-6p), 3.98 (1H, m, H-12a),
3.45 (1H, dt, J = 11.0, 4.8 Hz, H-3a), 2.11 (3H, s,
H-28), 1.59 (6H, s, H-26, 27), 1.58 (3H, s, H-21), 1.39
(1H, d, J = 10.8 Hz, H-5a), 1.35 (3H, s, H-29), 1.17
(3H, s, H-18), 0.97 (3H, s, H-19), 0.95 (3H, s, H-30);
BC-NMR i 345 1 48 M55, 6 130.9 5 126.0
1 4RSS, 6 101.90, 101.94, 98.3 3 AN
JEMHFERR S 5 . PC-NMR el W& 1. S0k
B!, %tk 51 NS B Re.

a2 ABKERH A (HED; mp 193~
195 °C; ESI-MS m/z: 661.6 [M+Na]", 637.6 [M—

H] . 'H-NMR (400 MHz, CsDsN) 8: 5.33 (1H, t, J =
7.3 Hz, H-24), 5.05 (1H, d, J = 7.8 Hz, glu-H-1"), 4.44
(1H, dd, J = 10.4, 2.8 Hz, H-6B), 3.95 (IH, m,
H-120), 3.53 (1H, dt, J = 11.7, 5.1 Hz, H-3a), 2.08
(3H, s, H-28), 1.66 (3H, s, H-26), 1.62 (3H, s, H-27),
1.60 (3H, s, H-29), 1.44 (1H, d, J = 10.4 Hz, H-50),
1.39 (3H, s, H-21), 1.19 (3H, s, H-18), 1.03 (3H, s,
H-19), 0.82 (3H, s, H-30). "*C-NMR L4536
MRIE S, 6 130.8 5 126.4 1 1 0SS, o0
106. 1 Ay AHG T8 2 6 B JEE (K00 S 45 5 . PC-NIMIR %t
i W2 1. B I SCRAE! Y, et W 2 o 20(5)-
ANZ 21 Rhys

WEY 3. ABTEEN K (HED; mp 217~
219 ‘C; ESI-MS m/z: 661.6 [M+Na]", 637.5 [M—
H]. "H-NMR (400 MHz, CsDsN) d: 5.28 (1H, t, J =
7.2 Hz, H-24), 5.04 (1H, d, J = 7.8 Hz, glu-H-1"), 4.47
(1H, dd, J=10.8, 2.8 Hz, H-6pB), 3.95 (1H, m, H-120)),
3.51 (1H, dt, J = 11.7, 5.1 Hz, H-30), 2.06 (3H, s,
H-28), 1.67 (3H, s, H-26), 1.62 (3H, s, H-27), 1.60
(3H, s, H-29), 1.45 (1H, d, J = 10.8 Hz, H-50), 1.37
(3H, s, H-21), 1.23 (3H, s, H-18), 1.04 (3H, s, H-19),
0.85 (3H, s, H-30). "C-NMR 345 36 M
5, 01308 5 126.1 24 1 XRS5, 6 106.0 At
W AT A L R B . PC-NMR R & 1. 5
HESCHRARET ), %A 3 N 20(R)- N B B 14F Rhy.

EY 4. ABTER KR (HED; mp 276~
278 °C; ESI-MS m/z: 659.5 [M+Na] . "H-NMR (400
MHz, CsDsN) 6: 5.71 (1H, t-like, J = 6.5 Hz, H-22),
5.26 (1H, brs, H-26a), 5.05 (1H, d, J = 7.7 Hz,
glu-H-1"), 4.72 (1H, brs, H-26b), 4.45 (1H, dd, J =
10.4, 2.9 Hz, H-6p), 4.24 (1H, m, H-12a), 3.52 (1H,
dd, J = 11.8, 4.8 Hz, H-3a), 2.09 (3H, s, H-28), 1.86
(3H, s, H-27), 1.81 (3H, s, H-21), 1.61 (3H, s, H-29),
1.44 (1H, d, J = 10.4 Hz, H-50), 1.22 (3H, s, H-18),
1.04 (3H, s, H-19), 0.82 (3H, s, H-30). *C-NMR it
s 36 MR 5, Herp A 4 N XUERRAS 5, 6 149.2
5 110.0 AR 0EmAE 5, 6 142.5 5 1222 R Y)
— YRS Y, IR AT, C-17 MEE & A T A5 4k
SRR IA TS IE =5 1) 6 80.1 (C-6), 78.6 (C-3), 72.6
(C-12) 4k, IEZ T 14 C-24 {55 6752, 6 106.1,
79.7,78.2,75.5,71.9, 63.2 S 1 4L 48] 257 40 5 116 sk
55, PC-NMR 3 W 1. ZociimE!, %
ENAEY 4 NS 2T Rhso
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x1 &M 1~5. 9~10. 15, 16 &9 *C-NMR £#F (100 MHz, CsD:sN)
Table 1 '*C-NMR data of compounds 1—5, 9—10, 15, and 16 (100 MHz, CsDsN)

TRAL 1* 2 3 4 5 9 9a 9b 9c!s! 10 15 16
1 39.7 39.4 39.4 39.5 39.7 39.7 397 39.3 39.4 39.4 39.4 39.4
2 27.8 27.9 27.9 28.0 28.8 277 284 28.1 27.8 27.8 28.1 28.2
3 78.6 78.6 78.6 78.6 78.4 794  78.7 78.4 79.4 79.4 78.4 78.4
4 40.0 40.4 40.4 40.4 40.0 40.0 407 40.4 40.0 40.4 40.4 40.4
5 60.9 61.5 61.5 61.5 60.9 609  62.1 61.8 60.9 60.9 61.8 61.8
6 74.6 78.2 78.2 80.1 74.2 745  68.0 67.7 78.4 74.4 67.7 67.8
7 46.0 453 453 45.4 46.2 459 478 475 46.1 46.1 47.6 47.6
8 412 412 412 414 415 412 415 412 412 412 412 412
9 49.6 50.2 50.2 50.5 50.4 497  50.0 50.1 50.2 49.8 50.1 50.1

10 39.7 39.7 39.7 39.8 39.5
11 31.0 32.1 323 32.5 32.2
12 70.2 71.1 71.0 72.6 72.5
13 49.2 48.3 48.9 50.5 50.7
14 51.4 51.7 51.7 50.7 50.9
15 30.8 31.3 314 32.5 32.6
16 26.7 27.1 27.1 28.0 27.8
17 51.7 54.6 50.6 51.1 50.2
18 17.5 17.6 17.6 17.4 17.7
19 17.7 17.7 17.7 17.7 17.7
20 833 73.0 73.0 142.5 140.2
21 223 26.9 23.0 13.2 13.1
22 36.1 35.9 433 122.2 123.3
23 23.2 23.0 25.8 353 27.5
24 126.0 126.4 126.1 75.2 123.8
25 130.9 130.8 130.8 149.2 131.3
26 25.8 25.8 26.9 110.0 25.7
27 17.8 17.4 17.4 18.5 17.0
28 322 31.8 31.8 31.8 32.2
29 17.3 16.4 16.4 16.4 17.6
30 17.3 16.8 17.1 16.8 17.2
6-Glu

Iy 101.9 106.1 106.0 106.1 101.8
2! 79.5 75.5 75.5 75.5 79.4
3’ 78.3 80.1 80.1 79.7 78.6
4 72.3 71.9 71.9 71.9 72.7
5 78.2 79.7 79.7 78.2 78.3
6 63.1 63.2 63.2 63.1 63.2
Rha

1" 101.9 102.0
2" 72.6 72.3
3" 72.5 72.5
4" 74.2 74.4
5" 69.5 69.5
6" 18.8 18.8

40.0 39.0 39.3 39.8 39.7 394 39.4
32.2 31.7 32.0 32.6 322 32.0 32.0
70.9 71.3 70.9 71.1 71.1 71.1 71.0
48.3 48.6 49.0 50.2 50.7 48.3 48.9
51.8 50.4 50.8 51.7 51.8 51.7 51.7
313 324 314 31.2 314 31.9 31.5
27.0 27.2 26.7 27.2 273 26.9 26.7
54.7 55.0 51.7 51.7 51.8 54.8 50.7
17.6 17.8 17.6 17.6 17.6 17.5 17.5
17.7 17.4 17.5 17.6 17.6 17.6 17.6
72.5 73.7 73.3 72.8 73.4 73.0 73.0
27.2 27.5 22.8 22.5 229 27.1 22.6
36.4 36.8 44.0 43.6 43.6 359 433
19.2 19.5 18.7 18.7 18.7 23.0 22.8
46.1 46.1 45.6 46.1 46.1 126.3 126.1
69.9 70.0 69.7 69.4 69.8 130.8 130.8
30.2 30.2 29.9 29.8 29.9 25.8 25.8
30.5 30.5 30.2 304 30.3 17.7 17.7
322 323 322 31.7 322 32.1 322
17.0 16.8 16.5 16.8 17.0 16.5 16.5
17.6 17.9 17.4 17.4 17.3 17.1 17.4

101.8 101.9 101.8
79.4 79.4 79.4
78.7 78.4 78.7
72.7 72.5 72.5
78.4 78.4 78.4
63.2 63.2 63.2

101.9 101.8 101.9
72.5 72.6 72.7
723 72.4 72.4
74.2 74.2 74.2
69.5 69.4 69.5
18.8 18.8 18.8

*20-Glu: 6c 98.3 (C-1), 75.2 (C-2"), 79.3 (C-3""), 71.8 (C-4""), 78.4 (C-

EY s ABKERH A (HED; mp 177~
180 ‘C; ESI-MS m/z: 883.6 [M+3K]", 851.6 [M+
2Na+K]", 1 650.0 [2M+3K]". 'H-NMR (400 MHz,
CsDsN) o: 6.56 (1H, brs, tha-H-1"), 5.44 (1H, t, J =
7.0 Hz, H-22), 5.26 (1H, d, J = 6.3 Hz, glu-H-1"), 5.20

5), 62.9 (C-6")

(1H, t, J = 7.6 Hz, H-24), 4.52 (1H, dd, J = 10.6, 2.6
Hz, H-6B), 435 (1H, m, H-120), 3.46 (1H, dt, J =
11.9, 4.2 Hz, H-3w), 2.11 3H, s, H-21), 1.78 (3H, s,
H-28), 1.60 (3H, s, H-26), 1.56 (3H, s, H-27), 1.44
(1H, d, J = 10.6 Hz, H-50), 1.35 (3H, s, H-18), 1.24
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(3H, s, H-29), 0.96 (3H, s, H-19), 0.95 (3H, s, H-30).
PC-NMR b4 1t 42 M55, 6 1402, 131.3,
123.8, 123.3 & 2 DMXBEMIRAE 5 § 101.8, 79.4,
78.6,78.3, 72.7, 63.2 4y 1 ZLntL I 46 e M L (A5 5
5 102.0, 74.4, 72.5, 72.4, 69.5, 18.8 2y 1 4Lk il 2
BEEE S . PC-NMR $dls W& 1. S H kR
B, BE AW 5 O 20(E)- NS RAT Fyo

WA 6: TEELs i N R CIE T HE) ;s mp 185~
188 ‘C; ESI-MS m/z: 807.7 [M+Na]", 783.8 [M—
H] . 'H-NMR (400 MHz, CsDsN) d: 5.24 (1H, m,
H-24), 5.18 (1H, d, J = 7.8 Hz, glu-H-1"), 4.94 (1H, d,
J=17.8Hz, glu-H-1"), 3.93 (1H, m, H-12a), 3.36 (1H,
dd, J = 12.0, 4.2 Hz, H-3a), 1.62 (3H, s, H-21), 1.58
(6H, s, H-26, 27), 1.30 (3H, s, H-28), 0.99 (3H, s,
H-29), 0.97 (3H, s, H-18), 0.94 (3H, s, H-30), 0.80
(3H, s, H-19), 0.72 (1H, brd, J = 11.3 Hz, H-50).
PC-NMR i JE45 42 MAE 5, 9 130.9 55 126.0
H 1 HRGEE RS 5 6 107.0, 78.8, 78.3, 75.8, 72.0,
63.2 & 698.3,79.3, 78.43, 75.2, 71.8, 63.0 Jy 2 4Nt
W A RS, Bl NmESas
2009)- IR NSl (b & 10 b, BRI C-3 K&
C-20 205l WAEIA X ALES T 49 6 10, $2oR 2 R
W EEEGHLE C-3 K C-20 {7, PC-NMR $¥s % 2. &
WESCERAR B!, %t 6 I NS 2AT Fao

tEY 7 TGOENT (90%5 INEE-FEE); mp
248~249 ‘C; ESI-MS m/z: 807.7 [M+Na]", 783.7
[M—H] . 'H-NMR (400 MHz, CsDsN) 6: 5.35 (1H, d,
J=17.6 Hz, glu-H-1"), 5.30 (1H, t, J = 6.5 Hz, H-24),
491 (1H, d, J = 7.5 Hz, glu-H-1"), 3.91 (1H, m,
H-12a), 3.28 (1H, dd, J = 11.8, 3.4 Hz, H-3a), 1.64
(3H, s, H-28), 1.62 (3H, s, H-21), 1.42 (3H, s, H-26),
1.29 (3H, s, H-27), 1.10 (3H, s, H-18), 0.96 (3H, s,
H-29), 0.95 (3H, s, H-19), 0.79 (3H, s, H-30), 0.67
(1H, brd, J = 11.4 Hz, H-50). "“C-NMR i 4L45
2AWAES, 0130.8 F1126.4 4 1 XA 5
5 105.1, 83.5, 78.0, 71.8, 78.3, 62.9 F1 6 106.1, 77.2,
78.4,71.7,78.1, 62.8 Jy 2 4L ntk It SHI 25 M L (R BRAS 5
PC-NMR $ffs W% 2. ZHSCIE™, %eths
Y71 0 20(5)- NS AT Rese

L&Y 8: Totakr i (60% 58 /NFR); mp 298~
300 ‘C; ESI-MS m/z: 807.7 [M+Na]", 783.7 [M—
H]. 'H-NMR (400 MHz, CsDsN) 6: 5.38 (1H, d, J =
7.6 Hz, glu-H-1"), 5.32 (1H, t, J = 7.2 Hz, H-24), 4.94

(1H, d, J = 7.7 Hz, glu-H-1"), 3.92 (1H, m, H-120),
3.29 (1H, dd, J = 11.9, 4.2 Hz, H-3a), 1.70 (3H, s,
H-28), 1.65 (3H, s, H-21), 1.39 (3H, s, H-26), 1.31
(3H, s, H-27), 1.12 (3H, s, H-18), 1.02 (3H, s, H-29),
0.98 (3H, s, H-19), 0.83 (3H, s, H-30), 0.69 (1H, brd,
J=11.4 Hz, H-50). “C-NMR i 4L45 tH 42 Nifs
5,0 130.8 F1126.1 4 1 ZHXUEERRAS 55 0 105.2, 83.6,
78.0,71.7,78.1,62.9 F16 106.1, 77.2, 78.4, 71.6, 78.3,
62.8 Sy 2 LI A A BEIE KB 45 5 o PC-NMR i
W2 2. ZRSCHERIGED, % BW) 8 A 20(R)-
ANZ2AF Reso

E10: AETCEEHRAR (AR ESI-MS
m/z: 801.5 [M—H] . 'H-NMR (400 MHz, CsDsN) &:
528 (1H, d, J = 6.7 Hz, glu-H-1"), 6.49 (1H, brs,
rha-H-1"), 4.72 (1H, dd, J = 10.5, 2.6 Hz, H-6p), 3.97
(1H, m, H-12a), 3.47 (1H, dt, J = 11.4, 5.8 Hz, H-3a),
2.12 (3H, s, CH;-28), 1.40 (3H, s, CH3-21), 1.37 (1H,
d, J = 10.5 Hz, H-50), 1.39 (6H, s, CHs-26, 27), 1.37
(3H, s, CH3-30), 1.24 (3H, s, CH;-19), 0.98 (3H, s,
CHs-18), 0.94 (3H, s, CH3-29). *C-NMR i h3Lgh
42 NG, ALHE 1 4N A A R A S R 1 AL
MR FR SRS S, PC-NMR s ik 1. 21
SClRAREDS, SE A 10 ) 20(R)- NS B REy.

&Y 11: Atass B AR CHEE; mp 217~
219 ‘C; ESI-MS m/z: 483.4 [M+Na]", 459.5 [M—
H] . 'H-NMR (400 MHz, CsDsN) 8: 5.32 (1H, t, J =
7.2 Hz, H-24), 3.92 (1H, m, H-12a), 3.43 (1H, dt, J =
10.6, 4.8 Hz, H-3a), 1.65 (3H, s, H-28), 1.62 (3H, s,
H-21), 1.42 (3H, s, H-26), 1.23 (3H, s, H-27), 1.03
(3H, s, H-18), 1.00 (3H, s, H-29), 0.94 (3H, s, H-19),
0.88 (3H, s, H-30), 0.82 (1H, brd, J = 11.5 Hz, H-50).
BC-NMR #3E45 30 MfE S (R 2). ST
TkARIEEY, SIS 11 K 20(5)- IR NS T HE.,

G 12: ToEEr i CFEE) s mp 243~245 °C;
ESI-MS m/z: 483.4 [M~+Na]", 459.5 [M—H] .
'H-NMR (400 MHz, CsDsN) d: 5.32 (1H, t, J = 7.1
Hz, H-24), 3.94 (1H, m, H-12a), 3.44 (1H, dt, J =
10.7, 4.6 Hz, H-3a), 1.70 (3H, s, H-28), 1.65 (3H, s,
H-21), 1.41 (3H, s, H-26), 1.24 (3H, s, H-27), 1.06
(3H, s, H-18), 1.04 (3H, s, H-29), 0.98 (3H, s, H-19),
0.91 (3H, s, H-30), 0.84 (1H, brd, J = 10.2 Hz, H-50).
PC-NMR L4 30 MilkfE S (% 2). B
BRAGEDY, e S 12 4 20(R)-JR A S T,
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x2 L&YW 6~8. 11~14. 17 By “C-NMR #[3E (100 MHz, CsDsN)
Table 2 "*C-NMR data of compounds 6—8, 11—14, and 17 (100 MHz, CsDs;N)
/DA 6 7 8 11 12 13 14 17
1 39.2 39.2 39.2 39.4 39.4 39.1 39.6 39.2
2 26.8 26.8 26.7 27.1 26.7 27.1 28.6 26.7
3 88.8 89.0 89.0 78.0 78.0 88.8 89.2 89.0
4 39.7 39.7 39.7 39.6 39.6 40.0 40.1 39.8
5 56.4 56.4 56.4 56.4 56.4 56.4 56.8 56.4
6 18.5 18.5 18.5 18.8 18.8 18.5 18.9 18.5
7 35.2 35.2 352 359 353 35.9 35.6 352
8 40.1 40.0 40.0 40.1 40.1 37.0 37.4 40.0
9 50.2 50.4 50.4 50.6 50.6 50.4 50.8 50.2
10 37.0 37.0 37.0 37.4 37.4 39.7 40.5 37.0
11 31.0 32.1 322 31.4 31.5 32.1 32.6 31.0
12 70.1 71.1 70.9 71.3 70.9 71.0 71.3 70.3
13 49.6 48.6 493 48.7 49.3 48.6 49.7 49.5
14 51.6 51.7 51.8 51.8 51.8 51.7 51.1 51.5
15 30.9 31.4 31.4 32.2 322 313 31.8 30.8
16 26.7 26.9 26.8 26.9 25.8 26.7 27.1 26.8
17 51.4 54.8 50.7 54.9 50.7 54.8 52.2 51.7
18 16.0 15.9 15.9 16.5 16.5 16.8 17.2 16.3
19 16.3 16.4 16.4 16.3 16.3 16.4 17.8 16.0
20 83.3 73.0 73.0 73.0 73.0 72.9 73.4 83.5
21 22.4 27.1 22.8 25.8 22.6 26.9 23.0 22.5
22 36.2 359 433 35.3 432 35.2 43.7 36.2
23 232 23.0 22.6 23.0 22.8 23.0 232 23.3
24 126.0 126.4 126.1 126.4 126.1 126.3 126.5 126.0
25 130.9 130.8 130.8 130.8 130.8 130.7 131.2 131.0
26 25.8 25.8 25.8 28.7 28.7 25.8 26.2 25.8
27 17.8 17.1 17.7 17.7 17.7 17.7 18.1 17.8
28 28.2 28.2 28.2 28.3 28.3 28.2 28.6 28.2
29 16.8 16.6 16.6 15.9 15.9 15.8 16.3 16.7
30 17.4 17.7 17.4 17.1 17.4 17.0 16.8 17.4
3-Glu
1 107.0 105.1 105.2 107.0 107.4 105.2
2! 75.8 83.5 83.6 75.8 76.2 83.3
3 78.8 78.0 78.0 78.8 78.8 78.4
4’ 72.0 71.8 71.7 71.9 71.3 71.7
5! 78.3 78.3 78.1 78.4 79.2 78.3
6' 63.2 62.9 62.9 63.1 63.5 62.9
Glu
106.1 106.1 106.1
77.2 77.2 77.2
78.4 78.4 79.3
T1.7 71.6 71.7
78.1 78.3 78.0
62.8 62.8 62.8
20-Glu
1" 98.3 98.3
2" 75.2 75.2
3" 79.3 78.4
4" 71.8 71.7
5" 78.4 78.2
6" 62.9 62.8
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AW 13: AT RTER AR CHEE; mp 218~
220 ‘C; ESI-MS m/z: 645.6 [M+Na]', 621.7 [M—
H] . 'H-NMR (400 MHz, CsDsN) d: 5.31 (1H, t, J =
7.2 Hz, H-24), 4.94 (1H, d, J = 7.8 Hz, glu-H-1"), 3.91
(1H, m, H-120), 3.38 (1H, dd, J = 11.9, 4.3 Hz, H-30),
1.64 (3H, s, H-28), 1.61 (3H, s, H-21), 1.42 (3H, s,
H-26), 1.32 (3H, s, H-27), 0.99 (3H, s, H-18), 0.96
(6H, s, H-19, 29), 0.79 (3H, s, H-30), 0.74 (1H, brd,
J=10.2 Hz, H-50). *C-NMR L5t 36 NS
5,0 130.7 F1126.3 4 1 HXVERRS 5,0 107.0, 78.8,
78.4, 75.8, 71.9, 63.1 g 1 ZH NI 76 A5 B LA ' o
PC-NMR $ufls 3% 2. S cviiE™!, %es
Y13 24 20(S)- N Z 51 Rhyo

AW 14: Tokr 5 CFEED; mp 278~279 C;
ESI-MS m/z: 645.6 [M+Na]", 621.7 [M—H] .
'H-NMR (400 MHz, CsDsN) 6: 5.35 (1H, t, J = 6.9
Hz, H-24), 498 (1H, d, J = 7.7 Hz, glu-H-1"), 3.96
(1H, m, H-120), 3.41 (1H, dd, J = 11.8, 3.7 Hz, H-30),
1.72 (3H, s, H-28), 1.68 (3H, s, H-21), 1.41 (3H, s,
H-26), 1.35 (3H, s, H-27), 1.04 (3H, s, H-18), 1.03
(6H, s, H-19, 29), 0.85 (3H, s, H-30), 0.78 (1H, brd,
J=10.5 Hz, H-50). *C-NMR 1 3L45 i 36 AN
5,0 130.8 F1126.4 A 1 AR 5,0 107.4,79.2,
78.8, 76.2, 71.3, 63.5 2y 1 ZH AW I 28 B A 5 .
PC-NMR $#s 1% 2. SHciviE™, %efes
Y 14 3 20(R)- A Z2AF Rhyo

AW 15: ToEaEr S CREED; mp 194~196 C;
ESI-MS m/z: 499.5 [M+Na]", 4755 [M—H] .
'H-NMR (400 MHz, CsDsN) 6: 5.31 (1H, t, J = 7.1
Hz, H-24), 3.94 (1H, dd, J = 10.5, 5.7 Hz, H-6p), 3.92
(1H, m, H-120), 3.52 (1H, dd, J = 11.7, 4.5 Hz, H-30),
1.98 (3H, s, H-28), 1.65 (3H, s, H-21), 1.62 (3H, s,
H-26), 1.44 (3H, s, H-27), 1.41 (3H, s, H-18), 1.22
(1H, d, J = 10.5 Hz, H-5a), 1.10 (3H, s, H-29), 0.99
(3H, s, H-19), 0.95 (3H, s, H-30). "*C-NMR i 4L44
30 MES (R 1. SEOCREY, %Eik
B 15 H9 20(5)- IR NS =1

AW 16: ToEEr i CHREED; mp 259~261 C;
ESI-MS m/z: 499.5 [M+Nal]", 4755 [M—H] .
'H-NMR (400 MHz, CsDsN) 6: 5.31 (1H, t, J = 7.2
Hz, H-24), 3.98 (1H, dd, J = 10.5, 5.2 Hz, H-6p), 3.95
(1H, m, H-120), 3.53 (1H, dd, J = 11.7, 4.5 Hz, H-30),
2.00 (3H, s, H-28), 1.69 (3H, s, H-21), 1.64 (3H, s,

H-26), 1.46 (3H, s, H-27), 1.40 (3H, s, H-18), 1.24
(1H, d, J = 10.5 Hz, H-50), 1.16 (3H, s, H-29), 1.03
(3H, s, H-19), 1.00 3H, s, H-30). Z: [ SCikdRiE>),
YA 16 1y 20(R)-JE NS =,

WEW1T: BETEEM AR (LEE-BER L0
mp 206~209 ‘C; ESI-MS m/z: 969.8 [M+Na]",
945.7 [M—H] . "H-NMR (400 MHz, CsDsN) d: 5.60
(1H, m, H-24), 5.36 (1H, d, J = 7.6 Hz, glu-H-1"),
5.17 (1H, d, J = 7.7 Hz, glu-H-1""), 4.90 (1H, d, J =
7.5 Hz, glu-H-1"), 3.99 (1H, m, H-120), 3.25 (1H, dd,
J=11.8, 4.3 Hz, H-3a), 1.61 (3H, s, H-21), 1.58 (6H,
s, H-26, 27), 1.27 (3H, s, H-28), 1.09 (3H, s, H-29),
0.94 (3H, s, H-18), 0.93 (3H, s, H-19), 0.79 (3H, s,
H-30), 0.65 (1H, brd, J = 11.7 Hz, H-50). C-NMR
P LA 48 MRS 5,0 131.0 5 126.0 24 1 21X
BETRAE S, 0 106.1, 105.2, 98.3 Jy 3 AN e 5 4 bl Ak
s s 5. PC-NMR $ds Wk 2. Stk
P, %E &Y 17 I NS 21T Rd.

4 itig

ARG AY B EEE I 17 MEEPITT, G 9 5 1
ASHIRIE IS =ik 2. AW 1~3. 6~8. 11~
17 FAT 5 NSRRI ZE Pl B R — A R C-17
MeE; LAY 4 F1 s AN C-17 fEE, o
V)9 F110 & C-17 MEESEE F AL ), BTN
SR RAT Y, 52 G SR A B —
WA C-17 MEER) AR e BAT R, 8wk
KA C-17 MR R IERN . &Y 2
A3, 718, 9F110. 11 112, 13 Al 14, 15 F116
JE 6 X C-20 ZEISHiE, WHKSHIAENS A
G =i AAEAE 20S) B, AZ 2t iis By
S B SR AR R, AR OLTS B 2y AR E
AP T R SRR TR . [F)— 4R bR o)
L RS A 2E A A s AL R 5 ), A NS |
A BEA AR R N R T R

WA TRI8HE A i) AR IR P N,
TASHWIMRERETING, MELALS PR,
B Hk U5 71725 A 2 521 Ra, « Ray. Ras. Rb;. Rb,.
Rbs. Re. RAFEMEYsfEEEAL, MAR R, NS
2RI R TR 5 DT AR TR, SR AT A . 1k
A3 RAYE A R 40 B A 70 22 Sk g
ZAE, A7 RAF ISP IR 2y g2 b P, g
REAHUMR B 25, NS ZEmM IR &R ICe 0 = 5t
RIRGEYR -
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