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Chemical constituents from fruits of Tribulus terrester
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Abstract: Objective To study the chemical constituents from the fruits of Tribulus terrester. Methods The constituents were
isolated and purified by silica gel column chromatography, Sephadex LH-20 column chromatography, preparative HPLC and TLC
methods. The structures were identified by HR-ESI-MS and spectral analysis methods. Results Fourteen compounds were isolated
from the fruits of Tribulus terrester and the structures were identified as N-p-feruloyltyramine (1), N-trans-p-coumaroyl-3-O-
methyldopamine (2), methyl ferulic acid (3), caffeic acid methyl ester (4), protocatechuic acid methyl ester (5), trifilines A (6),
5B-spirost-25(27)-en-3B-o0l-12-one  3-O-{B-D-glucopyranosyl-(1—2)-O-[B-D-glucopyranosyl-(1—3)]-B-D-glucopyranoside}  (7),
tribulosaponin B (8), isoterrestrosin B (9), 25(R)-spirostane-3,5-diene-12-one (10), 25 (R)-spirostane-24p-ol-4-ene-3,12-dione (11),
26-0-B-D-glucopyranosyl-(25S)-5a-furostane-20 (22)-en-12-one-3p,26-diol-3-O-a-L-rhamnopyranosyl-(1—2)-[ B-D-glucopyranosyl-
(1—4)]-B-D-galactopyranoside (12), terrestrinone Al (13), and terrestrinone A2 (14). Conclusion Compounds 1—7 are obtained
from the Zygophllyaceae for the first time.
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BRI TR Y], L E S BHR,
HEAZE. VL. ZHEREAEY), oAb
MEe. =M. Wik, JNRWTR. LHLERSFR) .
DURZIERRT LR, B RAE DGR LI LA DhRE . M
WAL FEARILRE. BieEd. BEsmitk o he Al
YA S R R ZGEE M, Rehl s s g
AT L2 A N PR SRR A0 M B39 5, X 4 AP
PR AN CREFBANE. D g, AR
FRANNE. ONEUANNLD FOVE IR TR I 3 Al S
AR RA B MR R ARSI T o e R
LRI > B, B AE T AR B BUR T AR
B RS R M (1 L Sephadex
LH-20 BERAEEIE. D101 RFLWPHA A il &
HPLC. /2 (i B85 A5 T VE N 3R R SE 60%
LTSI b A 2 Loy 34T T RIEFS, AT ) B9 A5
B 14 MeaEY, % E NN N-p-BT LB
( N-p-feruloyltyramine , 1 ) . N-trans-p-coumaroyl-
3-O-methyldopamine (2). H IR (methyl ferulic
acid, 3). WNHERR FF B (caffeic acid methyl ester, 4).
J5 ) LZSER F G (protocatechuic acid methyl ester, 5)-
trifilines A (6). 5B-spirost-25(27)-en-3p-ol-12-one-3-
O-{B-D-glucopyranosyl-(1—2)-O-[ B-D-glucopyranosyl-
(1—3)]-B-D-glucopyranoside} (7). tribulosaponin B
(8).isoterrestrosin B(9). 25(R)-1% {f§ ht-3,5- —#i-12-
il [25(R)-spirostane-3,5-diene-12-one, 10]. 25(R)-
S be -24B- F2 FE -4- 45 -3,12- 1 [25(R)-spirostane-
24B-ol-4-ene-3,12-dione, 11]. 26-O-B-D-glucopyranosyl-
(255)-5a-furostane-20(22)-en-12-one-3f3,26-diol-3-O-
a-L-rhamnopyranosyl-(1—2)-[p-D-glucopyranosyl-(1—
4)]-B-D-galactopyranoside (12). terrestrinone A1 (13)
F terrestrinone A2 (14). H, WEW1~7 NE
RN BEZERE Y 73 215 2]
1 UEFESHR

Bruker DRX-500 MHz it SR HEIEIRAL it
Bruker A #]); Waters SYNAPT G1 JFii{y (£H
Waters 22 #]); Shimadzu LC-10A #7250 AH £ 14X
(HZA Shimadzu 2~ 7]); Jiehk 78X (Hit Buchi
~7D; D101 KALE WG (5 il TH R A
a) ) A O HE FEEAL L M GFosy 2 £ 05 I AR (75
B ¥ ¥EL T ) Sephadex LH-20 #tfik (FHi+
Amersham Pharmacia Biotech AB A #]); L=
WAy M4t

MM T RE A S A IR AR, HREH

= 245 K 5 TN B T 03 48 8 s 2R R SR AR
# Tritulus terrestris L. BT 5L,
2 RESSE

PERE SR 2 10 kg, WOE, ] 60%Z %
TR EIRFEEL S Y, SRR 4 h, SRR E 40 [FT1
BRI, fHRE 1.52kg. BEMARE, 27 &4
A S, &5, BERR CFE. 1 T REAEEL 4 K,
IR RIWOAE T . SEAFEAHENEE 72 gv &
P 145 g TR LR 63 g IE T AR E 139 g.

INEETR . BRIR T 20 g, SV, 25 g FERHE
FE, 500 g fkfiediett, DAS-PAER (80 @ 20—>40 :
60) BEEBEML, 35 9 ML Fr. 1~9, Fr.3 (1.7 g)
KRB EL G, 33MEY 4 (33.6 mg); Fr.5 (2.3
g) BREHELT, HEMEYS (513 mg); Fr. 6
(3.1 @) AEERHAEIESE, S7-EER R (60 :
40—~40 : 60) BREELEML, 192 8 ML) Fr. 6-1~
6-8, Fr. 6-3 (100.2 mg) FHiill % # 2 il 5> 243 3
th&¥1 (10.5 mg). 3 (123 mg); Fr. 8 (2.7 g)
ZA-HEE (1 1) #%#, Sephadex LH-20 Bt/ HE
AO-HEE (50 500 Pl FH4dl#& HPLC HIRE-
7K (50 : 50) & REBEML, 73 B3 2E4 2(9.8 mg)
6 (15.8 mg).

BUOE T ERE 50 g, S&5-HEE (10 90D W14,
60 g EERCFERE, 1 000 g fEACHEAE, DLEAS-HEERR
FEVERL, 53] 5 M4 Fr. 1~5. Fr. 1 (43 g) &
D101 KL HE ZBE-7K (70 2300 Pl H&
Sephadex LH-20 &t/ AT & A7-HEE (50 © 500 ¥efii,
B ELE G, FELE 10(21.3 mg) F1 11 (25.8
mg); Fr. 3(6.3 )% D101 KFLM fiE . Sephadex LH-20
B FE O TE e, 2% HPLC 7 B335 13
(157 mg) 114 (18.1 mg); Fr. 5 (4.6 g) LHER
FEERE B, S 7- R e, 153 4 AN TR 4>
Fr. 5-1~5-4, Fr. 5-3 (205.4 mg) Z:fill%& HPLC H
BE-7K (60 : 40) ZEFEHEML, Al EIAEY 7 (20.1
mg). 8 (144 mg). 9 (193 mg). 12 (16.2 mg).
3 HMm%E

&M 1. AR (& 4i). HR-ESI-MS m/z:
313.131 1 [M]", 4 73N C15H19NO,4. 'H-NMR (500
MHz, CD;0D) 8: 7.42 (1H, d, J = 15.4 Hz, H-7), 7.15
(1H, d, J= 1.9 Hz, H-2), 7.03 (2H, d, J = 8.1 Hz, H-2',
6'), 7.01 (1H, dd, J = 1.9, 8.1 Hz, H-6), 6.78 (1H, d,
J = 8.1 Hz, H-5), 6.70 (2H, d, J = 8.1 Hz, H-3', 5"),
6.38 (1H, d, J = 15.6 Hz, H-8), 3.86 (3H, s, 3-OCHs),
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3.45 (2H, t,J = 7.3 Hz, H-8'), 2.74 (2H, t, J = 7.4 Hz,
H-7); “C-NMR (125 MHz, CD;0D) d: 128.0 (C-1),
111.2 (C-2), 149.1 (C-3), 149.7 (C-4), 116.3 (C-5),
123.1 (C-6), 142.0 (C-7), 118.5 (C-8), 169.1 (C-9),
131.1 (C-1'), 130.5 (C-2', 6'), 116.2 (C-3', 5'), 156.8
(C-4"), 35.6 (C-7'), 42.5 (C-8"), 56.2 (OCH3). LA L%
a5 cmkioE — 20, MR A W 1 N Nop-FilEi
T ¢ i o

&Y 2. LEMIRY . HR-ESI-MS m/z:
312.123 8 [M—H], 4T A CisHsNO,. 'H-NMR
(500 MHz, CDCl;) 6: 5.74 (1H, d, J = 13.0 Hz, H-2),
6.47 (1H, d, J = 13.0 Hz, H-3), 7.55 (2H, d, J = 8.5
Hz, H-2', 6'), 6.67 (2H, d, J = 8.4 Hz, H-3', 5'), 3.33
(2H, t, J = 6.0 Hz, H-2"), 2.61 (2H, t, J = 5.5 Hz,
H-3"), 6.72 (1H, d, J= 2.0 Hz, H-2""), 6.64 (1H, d, J =
8.0 Hz, H-5""), 6.56 (1H, dd, J = 2.0, 8.0 Hz, H-6""),
3.70 (3H, s, 3-OCH3), 7.97 (1H, t, J = 5.4 Hz, NH);
BC-NMR (125 MHz, DMSO-dq) d: 137.5 (C-3), 126.9
(C-2', 6), 116.0 (C-3', 5", 113.1 (C-2"), 120.8
(C-6""), 147.3 (C-3"), 145.0 (C-4"), 130.4 (C-1"),
126.2 (C-1"), 158.9 (C-4"), 55.8 (OCH;). LA b %
53 kARoE — 5, Mt EY 2 8 N-trans-p-
coumaroyl-3-O-methyldopamine.

& 3. AtufEE (RETD. HR-ESI-MS m/z:
207.073 1 [M—H], 4T3 N C;;H;;04. 'H-NMR
(500 MHz, CD;0D) &: 7.48 (1H, d, J = 16.0 Hz, H-7),
7.09 (1H, d, J = 1.3 Hz, H-2), 7.07 (1H, dd, J = 1.5,
8.4 Hz, H-6), 6.85 (1H, d, J = 8.3 Hz, H-5), 6.25 (1H,
d, J=16.0 Hz, H-8), 3.75 (3H, s, 4-OCH3), 3.75 (3H,
s, 3-OCH3); ""C-NMR (125 MHz, CD;OD) ¢: 129.0
(C-1), 117.0 (C-2), 146.4 (C-3), 111.5 (C-4), 152.8
(C-5), 150.8 (C-6), 112.7 (C-7), 123.6 (C-8), 170.6
(C-9), 56.4 (OCH3), 56.6 (OCH3). LA % 5 k)
P, MUEEEY) 3 IR .

WEW 4: REETEHA (FEL, FeCly
SR BAYE, "H-NMR (500 MHz, CD;0D) 6: 3.72
(3H, s, OCH3), 7.01 (1H, d, J = 2.0 Hz, H-2), 6.75
(1H, d, J = 8.4 Hz, H-5), 6.91 (1H, dd, J= 8.4, 2.0 Hz,
H-6), 7.51 (1H, d, J = 16.0 Hz, H-7), 6.23 (1H, d, J =
16.0 Hz, H-8); "“C-NMR (125 MHz, CD;0D) 6: 51.7
(OCHj3), 127.5 (C-1), 114.6 (C-2), 146.8 (C-3), 149.4
(C-4), 115.1 (C-5), 122.7 (C-6), 146.5 (C-7), 116.4
(C-8), 169.6 (C-9), A_E¥#h 5 kg —5, &

Y e A 4 IHERR G .

WEY 5: WEETLEMAK (HEL, FeCly
SOREEBHYE, 'H-NMR (500 MHz, CD;0D) &: 3.86
(3H, s, OCH3), 7.55 (1H, d, J = 1.4 Hz, H-2), 6.72
(1H, d, J = 8.6 Hz, H-5), 7.44 (1H, dd, J= 1.4, 8.6 Hz,
H-6); “C-NMR (125 MHz, CD;0D) §: 52.3 (OCHj3),
122.6 (C-1), 117.4 (C-2), 146.2 (C-3), 151.7 (C-4),
116.0 (C-5), 123.7 (C-6), 169.0 (C-7). LA EHHE 5 X
mkIRaE — 2, S A 5 N IR LSRR P G .

&Y 6: HEMEA (FEE), HR-ESI-MS m/z:
374.187 1 [M+H]", 2734 Cy3Hp3N30,. 'H-NMR
(500 MHz, DMSO-ds) d: 6.80 (1H, d, J = 2.9 Hz,
H-1), 6.60 (1H, dd, J=2.9, 8.8 Hz, H-3), 7.24 (1H, d,
J = 8.8 Hz, H-4), 3.30 (1H, dd, J = 3.1, 14.5 Hz, H-5),
2.49 (1H, m, H-5), 4.00 (1H, d, J = 14.5 Hz, H-6),
3.58 (1H, m, H-6), 3.17 (1H, dd, J = 4.5, 9.9 Hz,
H-7a), 2.68 (1H, dd, J = 12.1, 9.9 Hz, H-7b), 2.77
(1H, m, H-8), 2.63 (1H, d, J = 12.1 Hz, H-8), 7.23
(1H, d, J = 8.8 Hz, H-9), 6.60 (1H, dd, J=2.9, 8.8 Hz,
H-10), 6.81 (1H, d, J = 2.9 Hz, H-12), 3.62 (1H, brs,
H-13), 10.62 (1H, s, 14-NH), 10.70 (1H, s, 15-NH),
3.73 (I1H, s, 2-OCHj), 3.72 (1H, s, 10-OCHj);
BC-NMR (125 MHz, DMSO-dq) J: 94.8 (C-1), 136.8
(C-1a), 155.0 (C-2), 108.0 (C-3), 117.6 (C-4), 121.0
(C-4a), 27.5 (C-5), 106.0 (C-5a), 52.0 (C-6), 52.4
(C-7), 21.5 (C-8), 106.4 (C-8a), 118.1 (C-9), 121.0
(C-9a), 108.1 (C-10), 155.2 (C-11) 94.8 (C-12), 137.1
(C-12a), 56.7 (C-13), 134.6 (C-13a), 131.2 (C-13b),
55.2 (2-OCHjs), 55.2 (10-OCH3). LA ¥l 5 cikik
M5, WL ENAY) 6 A trifilines Ao

a7 Atk R (FEE), HR-ESI-MS m/z:
937.440 8 [M+Na]", 4T3 A CusH70019. 'H-NMR
(500 MHz, CD;0D) 6: HJt#B%r: 4.13 (1H, m, H-3),
1.94 (1H, m, H-5), 1.81 (1H, m, H-8), 1.66 (1H, m,
H-9), 1.46 (1H, m, H-14), 4.44 (1H, m, H-16), 1.13
(3H, s, 18-Me), 1.12 (3H, s, 19-Me), 1.99 (1H, m,
H-20), 1.06 (3H, d, J = 6.5 Hz, 21-Me), 3.88 (1H, d,
J=12.0 Hz, H-26b), 4.32 (1H, d, J = 12.0 Hz, H-26a),
4.73 (1H, brs, H-27a), 4.82 (1H, brs, H-27b); HHE%5E#E
4%: 4.52 (1H, d, J = 7.4 Hz, p-D-GlcI-H-1), 3.73 (1H,
dd, J = 7.4, 9.0 Hz, B-D-GlcI-H-2), 3.77 (1H, dd, J =
9.0, 9.0 Hz, B-D-GlcI-H-3), 3.39 (1H, dd, J = 9.0, 9.0
Hz, B-D-GlcI-H-4), 3.34 (1H, ddd, J = 2.4, 4.5, 9.0
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Hz, B-D-GlcI-H-5), 3.88 (1H, dd, J = 2.0, 12.0 Hz,
B-D-GlcI-H-6), 3.69 (1H, dd, J = 4.5, 12.0 Hz, B-D-
GlcI-H-6), 4.97 (1H, d, J = 7.4 Hz, B-D-GlclI-H-1),
3.14 (1H, dd, J = 7.4, 9.0 Hz, B-D-GlclI-H-2), 3.40
(1H, dd, J = 9.0, 9.0 Hz, B-D-GlclI-H-3), 3.17 (1H,
dd, J=9.0, 9.0 Hz, B-D-Glcll-H-4), 3.33 (1H, ddd, J =
2.4, 4.5, 12.0 Hz, B-D-GlclI-H-5), 3.86 (1H, dd, J =
2.0, 12.0 Hz, B-D-GlclI-H-6), 3.66 (1H, dd, J = 4.5,
12.0 Hz, B-D-GlclI-H-6), 4.69 (1H, d, J = 7.4 Hz,
B-D-GlcllI-H-1), 3.32 (1H, dd, J = 7.4, 9.0 Hz, B-D-
GlclII-H-2), 3.39 (1H, dd, J = 9.0, 9.0 Hz, p-D-GlcIII-
H-3), 3.32 (1H, dd, J = 9.0, 9.0 Hz, B-D-GlcIII-H-4),
3.39 (1H, ddd, J = 2.4, 4.5, 9.0 Hz, p-D-GlcIII-H-5),
3.88 (1H, dd, J = 2.0, 12.0 Hz, p-D-GIcIII-H-6), 3.68
(1H, dd, J = 4.5, 12.0 Hz, B-D-GlcIlI-H-6); "*C-NMR
(125 MHz, CD;0D) 6: Htifisr: 30.5 (C-1), 27.4
(C-2), 75.5 (C-3), 30.9 (C-4), 36.8 (C-5), 27.1 (C-6),
26.8 (C-7), 35.8 (C-8), 43.3 (C-9), 36.1 (C-10), 38.5
(C-11), 215.7 (C-12), 56.8 (C-13), 57.7 (C-14), 32.2
(C-15), 80.8 (C-16) 54.9 (C-17), 16.4 (C-18), 23.9
(C-19), 43.3 (C-20), 13.6 (C-21), 110.2 (C-22), 33.9
(C-23), 29.1 (C-24), 144.5 (C-25), 65.4 (C-26), 108.7
(C-27); HE4%E#E 4>« 100.7 (B-D-GleI-C-1), 78.9
(B-D-GlcI-C-2), 87.7 (B-D-GlcI-C-3), 69.8 (B-D-Glcl-
C-4), 78.3 (B-D-GlcI-C-5), 62.8 (B-D-GlcI-C-6), 103.5
(B-D-GlcII-C-1), 75.9 (B-D-GlcII-C-2), 77.9 (B-D-
Glcll-C-3), 72.4 (B-D-GlcII-C-4), 77.8 (B-D-GlclIl-
C-5), 63.5 (B-D-GlclI-C-6), 104.4 (B-D-GlclII-C-1),
75.1 (B-D-GlcIlI-C-2), 78.0 (B-D-GIcIII-C-3), 71.6
(B-D-GlcIlI-C-4), 77.9 (B-D-GlcIlI-C-5), 62.9 (B-D-
Glelll-C-6). LA ¥ 5 Scifdhon — 5, # ek
EW) 7 N 5B-spirost-25(27)-en-3B-ol-12-one-3-0- {p-
D-glucopyranosyl-(1—2)-O-[ -D-glucopyranosyl-(1—3)]-
B-D-glucopyranoside} -

&Y 8: AR (HEE), HR-ESI-MS m/z:
1 072531 1 [M+Na]", % F 3 XA Cs5Hg4On -
'H-NMR (500 MHz, CsDsN) 6: H76#84>: 4.86 (1H,
m, H-16), 4.24 (1H, m, H-3), 4.08 (1H, dd, J = 8.1,
11.6 Hz, H-26a), 3.50 (1H, dd, J = 7.2, 9.2 Hz,
H-26b), 2.50 (1H, d, J = 10.0 Hz, H-17), 1.66 (3H, s,
Me-21), 1.05 (3H, d, J = 6.4 Hz, Me-27), 0.99 (3H, s,
Me-19), 0.71 (3H, s, Me-18); HE5E#73: 6.56 (1H, brs,
Rha-H-1), 5.89 (1H, brs, Glul-H-1), 4.87 (1H, d, J =

7.2 Hz, Glull-H-1), 4.84 (1H, d, J = 7.4 Hz, Gal-H-1),
1.76 (3H, d, J = 6.0 Hz, Glul-6-CH3), 1.62 (3H, d, J =
6.0 Hz, Rha-6-CH;); "*C-NMR (125 MHz, CsDsN) 6
HuHk4r: 36.8 (C-8), 35.3 (C-5, 10), 33.7 (C-15, 25),
31.5 (C-24), 30.9 (C-1), 30.8 (C-4), 26.9 (C-2, 6, 7),
242 (C-19), 23.8 (C-23), 21.5 (C-11), 17.2 (C-27),
14.5 (C-18), 11.9 (C-21); FE#EHSS>: 101.9 (Gal-C-1),
82.9 (Gal-C-4), 77.5 (Gal-C-2), 77.1 (Gal-C-5), 76.9
(Gal-C-3), 61.1 (Gal-C-6), 102.5 (Rha-C-1), 73.9
(Rha-C-4), 72.8 (Rha-C-3), 72.5 (Rha-C-2), 70.3
(Rha-C-5), 18.5 (Rha-C-6); 105.7 (Glul-C-1), 78.6
(Glul-C-5), 78.5 (Glul-C-3), 75.3 (Glul-C-2), 71.7
(GluI-C-4), 62.9 (Glul-C-6); 105.3 (Glull-C-1), 78.5
(GlulI-C-3), 77.9 (Glull-C-5), 76.4 (Glull-C-2), 71.9
(Glull-C-4) 62.9 (GIull-C-6). LA %35 CilikikiE
— P, WA 8 N tribulosaponin B.

&M 9: AR (HEE, HR-ESI-MS m/z:
887.492 6 [M+H]", 2T CysH017. 'H-NMR
(500 MHz, CsDsN) 6: F¥ 64> 4.52 (1H, m, H-16),
423 (1H, m, H-3), 4.06 (1H, dd, J = 8.8, 5.3 Hz,
H-26a), 3.29 (1H, dd, J = 5.0, 9.8 Hz, H-26b), 2.48
(1H, d, J = 10.0 Hz, H-17), 1.07 (3H, d, J = 6.6 Hz,
21-Me), 0.98 (3H, d, J = 6.9 Hz, 27-Me), 0.84 (3H, s,
19-Me), 0.72 (3H, s, 18-Me); ¥4 54> : 5.52 (1H, brs,
Rha-H-1), 5.31 (1H, d, J = 7.6 Hz, Glu-H-1), 4.75
(1H, d, J = 7.7 Hz, Gal-H-1), 1.60 (3H, d, J = 6.1 Hz,
Rha-6-CHz): *C-NMR (125 MHz, CsDsN) 6: 70
43 110.0 (C-22), 81.3 (C-16), 75.2 (C-3), 65.1 (C-26),
62.4 (C-17), 56.2 (C-14), 42.3 (C-20), 40.7 (C-13),
40.1 (C-12), 40.0 (C-9), 36.1 (C-5), 35.3 (C-8), 35.0
(C-10), 31.8 (C-15), 30.5 (C-1), 30.3 (C-4) 27.2
(C-25), 26.6 (C-7), 26.4 (C-2, 6), 26.0 (C-23), 25.8
(C-24), 23.8 (C-19), 20.9 (C-11), 16.4 (C-18), 16.0
(C-27), 14.5 (C-21); FEHEEHR4>: 100.5 (Gal-C-1), 80.4
(Gal-C-4), 77.5 (Gal-C-2), 76.4 (Gal-C-5), 76.2
(Gal-C-3), 60.9 (Gal-C-6); 102.0 (Rha-C-1), 73.3
(Rha-C-4), 72.0 (Rha-C-3), 72.0 (Rha-C-2), 70.0
(Rha-C-5), 18.0 (Rha-C-6); 104.1 (Glu-C-1), 78.2
(Glu-C-5), 77.6 (Glu-C-3), 76.0 (Glu-C-2), 71.6
(Glu-C-4), 62.6 (Glu-C-6). PA % ¥s 5 sCiik #fiE —
P, Wk B LAY 9 A isoterrestrosin B

&) 10: ARG & (FFEE), HR-ESI-MS
m/z: 411281 2 [M+H]", TR N CyH;z505.



- 812 - i

Chinese Traditional and Herbal Drugs 38 50% 3F 4 ] 201952 A

'H-NMR (500 MHz, CDCl;) 6: 5.59~5.63 (1H, m,
H-3), 5.94 (1H, d, J = 9.9 Hz, H-4), 4.33~4.38 (1H,
m, H-16), 2.53~2.57 (1H, m, H-17), 1.10 (3H, s,
18-Me), 1.04 (3H, s, 19-Me), 1.06 3H, d, J = 7.2 Hz,
21-Me), 3.34 (1H, t, J = 11.1 Hz, H-26), 3.45~3.49
(1H, m, H-26), 0.78 (3H, d, J = 6.1 Hz, 27-Me);
BC-NMR (125 MHz, CDCly) d: 33.3 (C-1), 22.8
(C-2), 125.4 (C-3), 128.3 (C-4), 140.9 (C-5), 122.4
(C-6), 31.3 (C-7, 15), 30.6 (C-8), 50.3 (C-9), 35.8
(C-10), 37.2 (C-11), 213.5 (C-12), 54.8 (C-13), 56.0
(C-14), 79.1 (C-16), 53.2 (C-17), 15.9 (C-18), 18.3
(C-19), 42.1 (C-20), 13.2 (C-21), 109.2 (C-22), 31.1
(C-23), 28.7 (C-24), 30.1 (C-25), 66.8 (C-26), 17.0
(C-27)o LA %t 5 3cikghiE — s, et s
Y110 9 25(R)-12 5 Fe-3,5- - Jd-12- M

&) 11: LEEHIRE & (FEE, HR-ESI-MS
m/z: 443270 1 [M+H]", 4> 7N CyHxO0so
'H-NMR (500 MHz, CDCl;) d: 5.76 (1H, s, H-4),
430~4.34 (1H, m, H-16), 1.10 (3H, s, 18-Me), 1.26
(3H, s, 19-Me), 1.07 (3H, d, J = 7.2 Hz, 21-Me),
1.55~1.59 (1H, m, H-23), 3.35 (1H, t, J = 10.8 Hz,
H-24), 3.32 (1H, t, J = 11.2 Hz, H-26), 3.52 (1H, dd,
J = 5.0, 11.2 Hz, H-26), 0.92 (3H, d, J = 6.4 Hz,
27-Me); “C-NMR (125 MHz, CDCl;) 8: 35.0 (C-1),
32.1 (C-2), 198.6 (C-3), 124.5 (C-4), 168.3 (C-5), 33.4
(C-6), 31.0 (C-7, 15), 34.1 (C-8), 54.3 (C-9), 38.5
(C-10), 36.8 (C-11), 211.7 (C-12), 54.5 (C-13, 14),
79.1 (C-16), 53.0 (C-17), 15.8 (C-18), 16.6 (C-19),
42.1 (C-20), 13.0 (C-21), 111.1 (C-22), 40.2 (C-23),
71.0 (C-24), 38.7 (C-25), 64.7 (C-26), 12.7 (C-27). LA
ERE S sk IRoE — Y, WS e AT 11N
25(R)-45 £ Jre-24B-F2 3 -4-475-3,12- i

&P 12: Ak R (FEL, HR-ESI-MS m/z:
1061.5122 [M—H] , 4 F3 N CsHgyOs3. 'H-NMR
(500 MHz, CsDsN) d: Hoilisr: 3.79 (1H, m, H-3),
441 (1H, m, H-16), 3.46 (1H, dd, J = 7.4, 9.5 Hz,
H-26a), 4.05 (1H, m, H-26b), 0.64 (3H, s, 18-Me),
0.76 (3, s, 19-Me), 1.60 (3H, s, 21-Me), 0.88 (3H, d,
J = 6.5 Hz, 27-Me); FE#E#S7r: 4.77 (1H, d, J=7.5
Hz, Gal-H-1), 5.04 (1H, d, J = 7.6 Hz, Glul-H-1), 6.09
(1H, s, Rha-H-1), 4.69 (1H, d, J= 7.5 Hz, Glull-H-1);
BC.NMR (125 MHz, CsDsN) o: HFG#E4r: 36.3
(C-1, 10), 29.9 (C-2), 76.7 (C-3), 34.3 (C-4, 8), 44.5

(C-5), 28.7 (C-6), 31.4 (C-7, 24), 55.6 (C-9, 13), 38.2
(C-11), 212.8 (C-12), 54.2 (C-14), 33.8 (C-15), 83.0
(C-16), 56.3 (C-17), 14.2 (C-18), 11.8 (C-19), 103.1
(C-20), 11.6 (C-21), 152.7 (C-22), 23.6 (C-23), 33.8
(C-25), 75.2 (C-26), 17.0 (C-27); HEEEH 4y C-3 1
E: 100.0 (Gal-C-1), 77.0 (Gal-C-2), 76.4 (Gal-C-3),
81.2 (Gal-C-4), 75.3 (Gal-C-5), 61.1 (Gal-C-6); 107.1
(GluI-C-1), 75.5 (Glul-C-2), 78.8 (Glul-C-3), 72.2
(Glul-C-4), 78.6 (GluI-C-5), 63.1 (Glul-C-6); 102.4
(Rha-C-1), 72.4 (Rha-C-2), 72.8 (Rha-C-3), 74.1
(Rha-C-4), 69.5 (Rha-C-5), 18.7 (Rha-C-6); C-26 fif
B : 1053 (Glll-C-1), 753 (GluII-C-2), 78.6
(GlulI-C-3), 71.8 (Glull-C-4), 78.5 (GIull-C-5), 62.4
(Glull-C-6). LA F¥dfs 5 cmkipiE — s, %
WEY 12 N 26-0-B-D-glucopyranosyl-(255)-5a-
furostane-20(22)-en-12-one-3f,26-diol-3-O-a-L-rha-
mnopyranosyl-(1—2)-[B-D-glucopyranosyl-(1—4)]-B-
D-galactopyranoside.

&M 13: AEMAR (FED, HR-ESI-MS m/z:
605.330 6 [M—H] , 4+ T34 C33Hs010. 'H-NMR
(500 MHz, CD;0D) 6: il 4.55 (1H, q, J=17.5
Hz, H-16), 2.55 (1H, dd, J = 11.8, 5.6 Hz, H-17), 1.20
(3H, s, 18-Me), 1.38 (3 H, s, 19-Me), 2.04 (1H, m,
H-20), 1.12 (3H, d, J = 7.2 Hz, 21-Me), 3.78 (1H, dd,
J =10.0, 7.0 Hz, H-26a), 3.42 (1H, dd, J = 10.0, 7.2
Hz, H-26b), 0.98 (3H, d, J= 7.2 Hz, 27-Me); 4k
4%: 4.28 (1H, d, J = 7.6 Hz, Gle-H-1); "*C-NMR (125
MHz, CD;0D) 6: HItil4sr: 36.4 (C-1), 34.6 (C-2),
201.9 (C-3), 124.9 (C-4), 173.3 (C-5), 33.7 (C-6), 32.6
(C-7), 35.6 (C-8), 56.3 (C-9), 40.4 (C-10), 38.3
(C-11), 214.9 (C-12), 56.7 (C-13), 56.2 (C-14), 32.4
(C-15), 80.8 (C-16), 55.4 (C-17), 16.8 (C-18), 17.3
(C-19), 41.6 (C-20), 14.8 (C-21), 112.3 (C-22), 37.0
(C-23), 28.8 (C-24), 35.1 (C-25), 76.2 (C-26), 17.6
(C-27); FEEEH 4y : C-26 (L E: 104.8 (Glc-C-1), 75.4
(Gle-C-2), 78.3 (Gle-C-3), 71.9 (Gle-C-4), 78.1 (Glec-
C-5), 63.0 (Gle-C-6). DA_E#¥ 5 mkipig —at,
WS B A W) 13 N terrestrinone Al .

&Y 14: AEMAKR (FELD, HR-ESI-MS m/z:
605.3313 [M—H] , % 73N C33HsO10o 'H-NMR
(500 MHz, CD;0D) ¢: 4.36 (1H, q, J = 7.6 Hz, H-16),
248 (1H, dd, J = 8.4, 6.3 Hz, H-17), 1.20 (3H, s,
18-Me), 1.38 (3H, s, 19-Me), 2.12 (1H, m, H-20), 1.12
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(3H, d, J= 7.2 Hz, 21-Me), 3.78 (1H, dd, J = 10.0, 7.0
Hz, H-26a), 3.42 (1H, dd, J = 10.0, 7.2 Hz, H-26b),
0.98 3H, d, J = 7.2 Hz, 27-Me), 4.28 (1H, d, J = 7.6
Hz, Gle-H-1); “C-NMR (125 MHz, CD;0OD) : 36.4
(C-1), 34.6 (C-2), 201.9 (C-3), 124.9 (C-4), 1733
(C-5), 33.7 (C-6), 32.6 (C-7), 35.6 (C-8), 56.3 (C-9),
40.4 (C-10), 38.3 (C-11), 214.9 (C-12), 56.7 (C-13),
56.2 (C-14), 32.4 (C-15), 81.0 (C-16), 56.4 (C-17),
16.8 (C-18), 17.3 (C-19), 41.9 (C-20), 15.0 (C-21),
114.1 (C-22), 37.1 (C-23), 28.8 (C-24), 35.1 (C-25),
762 (C-26), 17.6 (C-27), 1048 (Glc-C-1), 75.4
(Gle-C-2), 78.4 (Gle-C-3), 71.9 (Gle-C-4), 78.1
(Glc-C-5), 63.1 (Gle-C-6). LA b Hd 5 ki iE —
2, W% 1A 14 N terrestrinone A2
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