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Chemical constituents from Rhynchosia volubilis
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Abstract: Objective To study the chemical constituents from Rhynchosia volubilis. Methods The compounds were isolated and
purified by a combination of various chromatographic techniques including silica gel, ODS, Toyopearl HW-40C, Sephadex LH-20, and
semi-preparative HPLC chromatography. Their structures were identified by physicochemical properties and spectroscopic data.
Results Thirteen compounds were isolated from the petroleum ether extracts of R. volubilis and their structures were elucidated as
(—)-sigmoidin E (1), lupinifolin (2), precatorin B (3), cajanone (4), sophoraisoflavanone B (5), 5,3'-dihydroxy-4'-methoxy-5'-
y,y-dimethylallyl-2",2"-dimethylpyrano [5,6:6,7] isoflavanone (6), genistein (7), licoisoflavone A (8), erylatissin B (9),
neo-bavaisoflavone (10), lupeol (11), betulinic aldehyde (12), and clionasterol (13). Compounds 1—10 were all prenylated flavonoids,
of which compounds 1—2 were dihydroflavones, compounds 3—6 were dihydroisoflavones, and compounds 7—10 were isoflavones.
Compounds 11—12 were lupine triterpenoids, and compounds 13 was a sterol. Conclusion Compounds 1,5—6,8—10, 12 and 13 are
isolated from the genus for the first time, while compounds 1—3 and 5—13 are separated from this plant for the first time.

Key words: Rhynchosia volubilis Lour.; isopentenyl flavonoids; triterpenoids; sophoraisoflavanone B; genistein; licoisoflavone A;

lupeol; betulinic aldehyde; clionasterol
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BRI TR TR RIBSR . SRR
BV IO PR B e, e
IR SR AL R A R I Ty i i — R 22, HT &
HED, EERN KRB R A e S
FIHU R A e A BY, B R K. H
B A EE R EY T BEA NS LA
BAUS, HEmpEEl e, LEREOY. K
WECSE Y L . AR R B RE 7E TR R S )
TERREIREE 0.1~0.15 g/mL GERSHNHIAMKE T (1075
), X5, 0.2 g/mL fiMEBHEEYIE 200 s N
15X 10" A/mL KGR T RS T 05, RSk
ISR RSB e 12T T S U R A [R] S5 AR VAR
JE e RS A IEAE TR B R0, N T KIBUE R
TEPERIAL DD, BN H AT iR AL S R HEAT T
RGWHTL, L BIREE T 13 Mea, onlsE
A (—)-sigmoidin E (1), lupinifolin (2). precatorin
B (3). KE.Mi (cajanone, 4) #{t % B (sophora-
isoflavanone B, 5). 5,3"- -4 HEHHE-5-y,y-—
HBE AR N BE-27 2" — H R LG O [5,6:6,7] S 3 bt
i C 5,3'-dihydroxy-4’-methoxy-5'-y,y-dimethylallyl-
2" 2"-dimethylpyrano [5,6:6,7] isoflavanone, 6). 4%
B ZE (genistein, 7).« HH 7 H# R A (licoisoflavone
A, 8). erylatissin B (9). neo-bavaisoflavone (10).
PR 0 (lupeol, 11D HEARREE (betulinic aldehyde,
12). ZF VG458 EE (clionasterol, 13). tb&¥ 1~
10 & R R FE B SR E, Hrptb & 1. 2
N TR 3~6 Jy T 7~10 S ;
a1, 12 PR SRR = E 13 N
B, (AP 1. 5. 64 8~10. 12, 13 ¥JNHEIX
MIEE JsEYh B a2, WaEY1~3. 5~13 1
NE RN ZEY B85 3.
1 XFES5HH

Bruker Avance III 500/600 MHz NMR
Spectrometer Z3EHR1; UPLC Q-TRAP MS/MS
AR RSB F X (Shimadzu UPLC, AB Sciex API
4500 QTRAP); B il A CEifgfh A= RHAX
WAHMRATD: RI 2000 7~ Z 6K 2% (4 [E
Schambeck SFD GmbH), LC100 (/& EERIE); F
il % HPLC {43 4F: YMC-Pack ODS-A (250 mm X
10 mm, 5 um), YMC-Pack SIL (250 mmX 10 mm,
5 um); i BEHHER Toyopearl HW-40C ( H A Tosoh
~vF]); Sephadex LH-20 (%t Pharmacia A &) );
Silica gel 60(60 um, £&[E Merck A 7] ); ODS-A-HG

(50 um, YMC GEL); #: il iz (100~200. 200~
300 H, F S PEAL T ); HSGFs4(20 cm X 20 ¢m,
0.3~0.4 mm, HELAKERARAFD; LA
IR A M il 4l

JEZEZIM T 2017 4 10 F K B 5916 32 1 7 A fH
B, HEPRHERZE EVE R B2 5 b 25 5 KRR
2505 207 E R R B e N SR R R TR e
Rhynchosia volubilis Lour. [T 54
2 ERESSE

JERE TEAR 10 kg, BJEH 70% 4 B4 12 12
SR, R 240, GFFRIGH, TSR A 4
YINRE, FZEWKFR RS, IR KA A
Tk BEER CWR DB T EEZEEG, 43 49 B0 i kS AL
128 (PE Frac.) 28.1 g, W52 8B ARE (EtOAC
Frac.) 138.8 g, IETHEHESAIZE (n-BuOH Frac.)
179.2 g.

PE Frac. (28.1 g) &AL EIERER &, KIKH
FMIBE-BE R 28 (1005 1. 990 1. 49: 1. 19: 1.
14:1. 12210 901, 4214 1:1) BREEGRM, 75
#] Frac. 0101~0109.

Frac. 0104 (5.0 g) & IEMRERA AR (Z&H
Pi-BEIR .6 10 0 1—1 0 1 BAEEYEE 1S Frac. 3607~
3614, Frac. 3608 (920.0 mg) £ Toyopearl HW-40C.
Silica gel 60 CA1iHifk-TAEH 7 & 1 S RESEL) . IEAHRE
Ak el (U BE-IE IR O 100 & 1 SRRESED
AR HPLC CHIEE-7K 80 © 20015 FL54 6(3.9
mg). Frac. 3610 (1.2 g) %4 Toyopearl HW-40C 13
Frac. 4001~4006, Frac. 4003~4004 (243.8 mg) &
TEARRERRAE (a1l CArymmE-pa A 8 - 1 S5 FEVEND . R
FHH#I £ HPLC (HIEE-/K 87 1 23) 53L& 1 (1.2
mg), [FEIIT43 Frac. 5105 (11.2mg), £l =
ARG 2 (7.1 mg).

Frac. 0105 (7.4 g) & IEAHRERAE G (& H
Fi-FHEE 100 © 0—49 © 1 BEEEVENL) 45 Frac. 0301~
0309. Frac. 0302 (400 mg) % Toyopearl HW-40C
(Z&HLE-FEE2 1, FED 19 Frac. 0401~0405.
Frac. 0402 (23.1 mg) &% #EE A EY 11
(4.6 mg) . Frac. 0303 (400 mg) £ Toyopearl HW-40C
% Frac. 0406~0410, Frac. 0407 (18.0 mg). Frac. 0408
(55.1 mg). Frac. 0401~0410 (50.9 mg) 43L& IE
FH £ HPLC (IECKE-BERR ClE 4 0 D, #Hil& 2
BREEALAY) 3(9.2 mg). 5(2.2 mg). 12 (2.9 mg).
Frac. 0304~0307 (6.1 g) £ Toyopearl HW-40C, Jx
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M Clg (HFEFE-K5:5.6:4, 7:3.8:2.9:1,
0:10) BHEEHEML, SephadexLH-20 (FHEE, RI[AD),
Silica gel 60CIE CLE-EE R 41 7 © 115 Frac. 1601~
1605. Frac. 1605 (159.9 mg) £ 1EAH i % HPLC (IE
ClE-BEIR 408 4 1 1D Hl&EE OISR EY 4
(19.3 mg),

Frac. 0106 (6.1 g) ZIEAHEERE CHimk-HEER
CBE 10 0 110 1 BRRESENL) 15 Frac. 1901~1912.
Frac. 1902~1903 (1.5 g) % Toyopearl HW-40C.
Silica gel 60 IEAH % HPLC (IE L i-F AR 4 ¢ 1D
BE 13 (11.0 mg).

Frac. 0107 (7.3 g) & JAH Cig (HEE-K 6 © 4.
7:3.8:2.9 1 1.0 : 10 BEEEBENIAF Frac. 0201~0208,
Frac. 0203 (1.1 g) % Toyopearl HW-40C .
SephadexLH-20+ e #Hil|# HPLC (HEE-7K 68 1 32)
BEMAEY 7 (4.3 mg). 8 (1.8 mg). Frac. 0204 (1.5
g) £ Toyopearl HW-40C. Silica gel 60 ( 5 ¥5i-
HEE 99 1 1 Sl ARTI & HPLC (HIEE-/K
68 :32) BREMAEM 9 (1.9mg). 10 (29 mg).

3 LR

WA 1: PRI EHIRY), ESI-MS m/z: 407 [M+
H]". 'H-NMR (500 MHz, CDCl5) &: 5.28 (1H, dd, J =
2.8, 13.2 Hz, H-2), 2.75 (1H, dd, J = 2.9, 17.2 Hz,
H-3a), 3.10 (1H, dd, J = 13.3, 17.2 Hz, H-3b), 5.98
(1H, d, J=2.0 Hz, H-6), 5.97 (1H, d, J = 2.0 Hz, H-8),
7.02 (1H, d, J=2.0 Hz, H-2'), 6.91 (1H, d, J= 2.2 Hz,
H-6'), 5.63 (1H, d, J= 9.8 Hz, H-3"), 6.31 (1H, d, J =
9.8 Hz, H-4"), 3.28 (2H, d, J = 7.5 Hz, H-1""), 5.28
(1H, m, H-2""), 143 (6H, s, 2"-Me), 1.72 (6H, s,
3"-Me), 12.07 (1H, s, 5-OH); "C-NMR (125 MHz,
CDCly) ff W2 1. LLE3E 5 cirdioa! Vs,
it HSQC. HMBC X 'H-'H COSY & 1E 17 C-2™
M EEA R, SEE 14 (-)-sigmoidin E.

& 2. FEEMRY, ESI-MS miz: 407 [M+
H]". 'H-NMR (500 MHz, CDCl5) 6: 5.33 (1H, dd, J =
2.9, 12.8 Hz, H-2), 2.79 (1H, dd, J = 3.0, 17.1 Hz,
H-3a), 3.03 (1H, dd, J = 12.8, 17.1 Hz, H-3b), 7.32
(2H, d, J = 8.5 Hz, H-2', 6"), 6.87 (2H, d, J = 8.6 Hz,
H-3',5'), 5.49 (1H, d, J = 10.0 Hz, H-3"), 6.63 (1H, d,
J =10.0 Hz, H-4"), 320 (2H, d, J = 7.5 Hz, H-1""),
5.14 (1H, m, H-2""), 1.43 (3H, s, 2"-Me), 1.44 (3H, s,
2"-Me), 1.64 (6H, s, 3""-Me), 12.24 (1H, s, 5-OH);
BC-NMR (125 MHz, CDCl3) ¥ 0% 1. LI E¥dE

53 kAR FoE — s, JFiEid HSQC. 'H-'H
COSY. HMBC ik, %&E/AY) 2 4 lupinifolin.

&Y 3. EEMRY), ESI-MS m/z: 421 [M+
H]". 'H-NMR (500 MHz, CDCl3) 8: 4.67 (1H, dd, J =
4.8, 11.8 Hz, H-2a), 4.80 (1H, dd, J = 4.2, 11.7 Hz,
H-2b), 3.93 (1H, t, J = 4.4 Hz, H-3), 5.94 (1H, s, H-8),
6.39 (1H, s, H-3"), 7.02 (1H, s, H-6'), 5.47 (1H, t, J =
10.2 Hz, H-3"), 6.57 (1H, d, J = 10.0, H-4"), 5.47 (1H,
t, J = 10.2, H-3"), 6.23 (1H, d, J = 9.8 Hz, H-4""),
1.37 (3H, s, 2"-Me), 1.40 (3H, s, 2"-Me), 1.42 3H, s,
2""-Me), 1.44 (3H, s, 2""-Me), 11.95 (1H, s, 5-OH),
7.60 (1H, s, 2’-OH); “C-NMR (125 MHz, CDCl;) %k
WL 1. LRSS scataoE ™ i, @it
HSQC. HMBC X 'H-'H COSY ##{&1F 7 C-6. C-10
PRl , %AW 3 O precatorin B

thE5Y 4: HEEIMIRY), ESI-MS m/z: 423 [M+
H]". 'H-NMR (600 MHz, CDCl3) 8: 4.62 (1H, dd, J =
4.8, 11.6 Hz, H-2a), 4.76 (1H, dd, J = 5.1, 11.6 Hz,
H-2b), 3.99 (1H, t, J = 5.0 Hz, H-3), 5.93 (1H, s, H-8),
6.36 (1H, s, H-3'), 7.05 (1H, s, H-6'), 5.48 (1H, d, J =
10.1 Hz, H-3"), 6.58 (1H, d, J = 10.1 Hz, H-4"), 3.23
(2H, d, J = 7.1 Hz, H-1""), 525 (I1H, t, J = 7.0 Hz,
H-2""), 1.42 (3H, s, 2"-Me), 1.44 (3H, s, 2"-Me), 1.72
(3H, s, 3""-Me), 1.73 (3H, s, 3""-Me), 12.05 (1H, s,
5-OH), 6.36 (1H, s, 4-OH); “C-NMR (150 MHz,
CDCly) #ii W 1. LA E¥E 5 i —s,
It HSQC. 'H-"H COSY. HMBC i, %5Efk
HY 4 ARG

AW 5: s K (&), ESI-MS m/z: 439
[M+H]". "H-NMR (500 MHz, CDCl;) &: 4.69 (1H,
dd, J=4.5,11.7 Hz, H-2a), 4.84 (1H, dd, J = 4.1, 11.7
Hz, H-2b), 3.92 (1H, t, J = 4.2 Hz, H-3), 5.97 (1H, s,
H-8), 6.49 (1H, s, H-3"), 7.19 (1H, s, H-6"), 3.30 (2H,
d, J=7.3 Hz, H-1"), 5.20 (1H, m, H-2"), 3.19 (2H, m,
H-1""), 5.23 (1H, m, H-2""), 1.79 (3H, s, 3"-Me), 1.74
(3H, s, 3"-Me), 1.66 (3H, s, 3""-Me), 1.71 (3H, s,
3""-Me), 12.03 (1H, s, 5-OH), 6.29 (1H, brs, 7-OH),
7.61 (1H, brs, 2'-OH), 3.77 (3H, s, 4-OMe); *C-NMR
(125 MHz, CDClLy) ##l 3% 1. DA 2 5 5k
WAL, @it HSQC. HMBC /% 'H-'H COSY i
BIET C-1'. C-5'MISRME, SENEY S A
sophoraisoflavanone B,

B 6: IRFLEIIRYY, ESI-MS m/z: 437 [M+
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#1 A 1~10 # “C-NMR %18
Table 1 "*C-NMR spectral data of compounds 1—10
/A i
2 3 4 5 6 7 8 9 10

2 79.3 78.4 69.5 69.6 69.3 71.2 155.1 1559 155.1 154.8
3 43.1 432 44.8 453 44.9 50.8 125.0 124.1 125.9 124.4
4 196.2 196.4 196.7 197.2 196.9 196.2 1825 1834 178.3 178.5
5 164.3 156.5 159.1 158.9 162.0 158.8 164.1  163.9 128.8 128.8
6 96.6 102.6 103.1 103.1 107.0 103.0 100.4  100.7 116.8 116.7
7 164.3 159.3 163.0 162.9 164.7 162.3 166.2  166.7 165.0 164.9
8 95.3 108.5 96.1 96.1 95.4 95.8 95.0 95.1 103.5 103.5
9 163.3 159.8 162.2 162.5 161.0 162.1 160.0  160.1 160.0 160.1
10 103.2 102.8 101.4 101.8 101.4 102.8 106.5  106.3 118.4 118.5
1 129.6 131.0 114.6 114.2 113.6 131.5 123.6 1123 126.0 126.5
2! 127.4 127.6 155.9 154.1 154.2 113.3 131.6 1585 118.1 131.7
3’ 129.6 1154 105.7 105.0 100.9 149.0 116.5 1187 146.6 129.6
4 151.1 155.8 154.2 155.1 158.1 144.7 159.1 1573 141.9 156.6
5! 121.9 115.4 115.2 119.8 122.8 135.1 116.5  109.0 123.5 116.0
6’ 122.1 127.6 125.0 129.0 127.6 121.7 131.6 1295 119.6 128.9
1" 21.0 239 29.6
2" 76.4 78.1 78.6 78.6 121.1 78.3 124.7 78.0 124.2
3" 131.1 125.9 126.2 126.2 135.8 126.1 131.7 132.6 133.3
4" 122.2 115.6 115.1 115.1 115.2 123.6

1" 28.2 21.4 29.0 27.9 28.1

2" 122.2 122.4 76.4 122.1 122.6 122.1

3" 1324 131.0 128.3 134.5 1324 133.1

4" 121.6

2"-Me  28.0,28.0 282,283 27.9,28.1 284,284 28.4,28.4 28.2,28.2

3"-Me 17.8,25.8 18.2,26.2 18.1,26.2
2"-Me 28.4,28.5

3"-Me 178,257 178,257 17.8,25.7 17.7,25.7 17.8,25.6

4'-OMe 554 61.1

H]". "H-NMR (600 MHz, CDCl5) d: 4.49 (1H, dd, J =
4.1, 11.3 Hz, H-2a), 4.55 (1H, dd, J = 4.9, 11.3 Hz,
H-2b), 3.81 (1H, dd, J = 4.9, 8.0 Hz, H-3), 5.92 (1H, s,
H-8), 6.72 (1H, d, J = 2.1 Hz, H-2'), 6.61 (1H, d, J =
6.3 Hz, H-6), 5.48 (1H, d, J = 10.1 Hz, H-3"), 6.60
(1H, m, H-4"), 3.32 (2H, d, J = 7.2 Hz, H-1""), 5.23
(1H, m, H-2""), 1.44 (6H, s, 2", 2-Me), 1.69 (3H, s,
3"-Me), 1.72 (3H, s, 3""-Me), 12.36 (1H, s, 5-OH),
3.77 (3H, s, 4-OMe); “C-NMR (150 MHz, CDCl;)
P IEHE N 1. UL EBIR S ScioE 5",

iid HSQC. 'H-"H COSY. HMBC WiF, %5Efh &
Y6 N 53 FRKk-4-H R HE-5"y,p- R LI T S
2" 2"- HHEIE G IE [5,6:6,7] S .

WG 7: 3 CEHIRE f (HEED, ESI-MS m/z:
271 [M+H]". "H-NMR (600 MHz, CD;0D) J: 8.04
(1H, s, H-2), 6.21 (1H, brs, H-6), 6.33 (1H, brs, H-8),
7.36 (1H, d, J = 8.5 Hz, H-2', 6'), 6.84 (1H, d, J= 8.6
Hz, H-3',5'); “C-NMR (150 MHz, CD;0D) %
EE 1. D EYURE S SckdhoE — 8, JfEat
HSQC. 'H-'H COSY. HMBC ¥iF, %Eihai7
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b &5 8: Wi alE A, ESI-MS m/z: 355 [M—+
H]*. 'H-NMR (600 MHz, CD;OD) §: 8.05 (1H, s,
H-2), 6.27 (1H, brd, J = 6.2 Hz, H-6), 6.39 (1H, brd,
J = 6.3 Hz, H-8), 6.43 (1H, d, J = 8.3 Hz, H-5"), 6.85
(1H, d, J = 8.3 Hz, H-6), 3.38 (2H, d, J = 7.1 Hz,
H-17), 5.25 (1H, t, J = 7.3 Hz, H-2"), 1.71 (3H, s,
3"-Me), 1.65 (3H, s, 3"-Me); “C-NMR (150 MHz,
CD;OD) i & 1. L EBdE S CHrkikiE—
7, JEiid HSQC. 'H-'H COSY. HMBC HiiF,
KENEY) 8 N HELR T A.

&Y 9: FEMIIRY), ESI-MS miz: 337 [M+
H]*. 'H-NMR (600 MHz, CD;OD) §: 8.14 (1H, s,
H-2), 8.05 (1H, d, J = 8.8 Hz, H-5), 6.94 (1H, dd, J =
2.2, 8.8 Hz, H-6), 6.85 (1H, d, J = 2.2 Hz, H-8), 6.91
(1H, d, J = 2.0 Hz, H-2)), 6.72 (1H, d, J = 2.0 Hz,
H-6'), 5.72 (1H, d, J= 9.8 Hz, H-3"), 6.38 (1H, d, J =
9.8 Hz, H-4"), 1.45 (3H, s, 2"-Me), 1.46 (3H, s,
2"-Me); "C-NMR (150 MHz, CD-OD) %3 W,
% 1. ULEBdE S ScikkiE—s", JF@it HSQC.
'H-'"H COSY. HMBC HiE, %xEtb&ai 9 A
erylatissin B

WEP10: wiEEEA, ESI-MS miz: 323 [M+
H]". 'H-NMR (600 MHz, CD;OD) &: 8.08 (1H, s,
H-2), 8.05 (1H, d, J = 8.8 Hz, H-5), 6.93 (1H, dd, J =
2.2, 8.8 Hz, H-6), 6.84 (1H, d, J = 2.2 Hz, H-8), 7.21
(1H, d, J = 2.1 Hz, H-2)), 6.80 (1H, d, J = 8.2 Hz,
H-5'), 7.16 (1H, dd, J=2.2, 8.2 Hz, H-6'), 3.32 (2H, d,
J =172 Hz, H-1"), 535 (1H, m, H-2"), 1.72 (6H, s,
3"-Me); "“C-NMR (150 MHz, CD;0D) %#s % 1.
DA $de 5 sckiioE — 3", @it HSQC. 'H-'H

COSY. HMBC %6iF, W& 10 N neo-

bavaisoflavone.

&P 1. AtERHm AR (Ei), ESI-MS
m/z: 427 [M+H] . 'H-NMR (500 MHz, CDCl;) §:
0.89 (1H, m, H-1a), 1.65 (1H, m, H-1b), 3.18 (1H, dd,
J =438, 11.6 Hz, H-3), 0.67 (1H, m, H-5), 1.38 (2H,
m, H-7), 1.28 (1H, m, H-9), 1.65 (1H, m, H-13), 1.36
(1H, m, H-16a), 1.46 (1H, m, H-16b), 1.35 (1H, m,
H-18), 2.37 (1H, td, J = 5.8, 11.2 Hz, H-19), 1.91 (1H,
m, H-21a), 1.25 (1H, m, H-21b), 1.16 (1H, m, H-22a),
1.36 (1H, m, H-22b), 0.96 (3H, s, H-23), 0.75 (3H, s,
H-24), 0.82 (3H, s, H-25), 1.02 (3H, s, H-26), 0.93
(3H, s, H-27), 0.78 (3H, s, H-28), 4.68 (1H, d, J = 2.5
Hz, H-29a), 4.56 (1H, m, H-29b), 1.67 (3H, s, H-30);
PC-NMR (125 MHz, CDCly) %4 W% 2. LAk
¥ 5 cukakoE — 5%, @it HSQC. 'H-'H
COSY. HMBC i, $@Ea4 11 8 5 2R,

&P 12: e AR (EAiD, ESI-MS m/z: 441
[M+H]". '"H-NMR (500 MHz, CDCl;) &: 0.89 (1H,
m, H-1a), 1.65 (1H, t, J = 3.6 Hz, H-1b), 3.18 (1H, dd,
J =48, 11.7 Hz, H-3), 0.67 (1H, dd, J = 2.0, 9.3 Hz,
H-5), 1.36 (2H, m, H-7), 1.25 (1H, m, H-9), 2.02 (1H,
td, J = 3.8, 12.1 Hz, H-13), 1.71 (1H, m, H-18), 2.86
(1H, m, H-19), 1.33 (1H, m, H-22a), 1.76 (1H, m,
H-22b), 0.96 (3H, s, H-23), 0.75 (3H, s, H-24), 0.81
(3H, s, H-25), 0.91 (3H, s, H-26), 0.97 (3H, s, H-27),
0.67 (1H, brs, H-28), 4.62 (1H, brs, H-29a), 4.75 (1H,
brs, H-29b), 1.69 (3H, s, H-30); "*C-NMR (125 MHz,
CDCly) i W2 2. LL 3 5 cirdios —80°Y,
Ik HSQC. "H-'H COSY. HMBC %iiF, %54k
H 012 HEAREE .

£2 AW 11~13 B C-NMR ##E
Table 2 "C-NMR spectral data for compounds 11—13

A 11 12 13 BRAL 11 12 13 [7Z0A 11 12 13
1 38.6 38.7 372 11 20.9 20.7 21.0 21 29.8 29.8 18.7
2 274 273 316 12 25.1 25.5 39.7 22 39.9 33.2 33.9
3 789 789 71.8 13 38.0 38.6 422 23 27.9 27.9 26.0
4 38.8 38.8 423 14 42.8 425 56.7 24 153 153 458
5 552 55.2 140.7 15 293 29.2 242 25 16.1 15.8 29.1
6 183 18.2 121.7 16 35.5 28.7 28.2 26 15.9 16.1 19.0
7 342 343 29.6 17 429 59.3 56.0 27 145 142 19.8
8 40.8 40.8 31.8 18 48.2 48.0 118 28 17.9 206.7 23.0
9 50.4 50.4 50.1 19 47.9 475 19.3 29 109.3 110.1 11.9

10 37.1 37.1 36.4 20 150.9 149.7 36.1 30 19.2 18.9
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B 13: B IRB R (E7), ESI-MS m/z:
415 [M+H]". 'H-NMR (600 MHz, CDCl;) d: 1.07
(1H, m, H-1a), 1.84 (1H, m, H-1b), 1.47 (1H, m,
H-3a), 1.83 (1H, m, H-3b), 3.52 (1H, m, H-3), 2.26
(2H, m, H-4), 5.35 (1H, brd, J = 4.9 Hz, H-6), 1.46
(1H, m, H-8), 0.92 (1H, m, H-9), 1.47 (1H, m, H-11),
1.15 (1H, m, H-12a), 2.00 (1H, m, H-12), 0.99 (H, m,
H-14), 1.57 (2H, m, H-15), 1.10 (1H, m, H-17), 0.67
(3H, s, H-18), 1.00 (3H, s, H-19), 1.35 (1H, m, H-20),
0.91 (3H, d, J = 6.53 Hz, H-21), 0.91 (1H, m, H-24),
0.83 (3H, m, H-26), 0.81 (3H, d, J = 6.9 Hz, H-27),
0.84 (3H, m, H-29); "C-NMR (150 MHz, CDCl3) %
W 2. DL EEERE S SCkioE — &0, JRimit
HSQC. 'H-'H COSY. HMBC #iF, %z & 13
N LG4 S
4 g

Hh 24 fiE 2 e SV I B T R 256 U b T e T
BI—wREZy, BAPEE RIURRMAED 253
PRI, JEZE b (0 B S o S TR R . B
PV IR % (5 BT, L Bk iR B 253 F P
filt S AL AN BA AR o AR SEEBG 45 4 CURIE SR, DA K
R LB H A AR 5 R e 2 O A ) N A R 4 B
(2GR P 45 S, X B A B ¥ 1 A 1) i Bk 4K
PRAT AT RE (it oy B, Aifki3 R 13 Mead, f
10 N 5 R SRR IO TR . 2 AN E e Y
= UANEEE. o, SRR N IR
Hoy B E

O SCHRIROE, 2 57 0 BB 1 B 2 A
Sy AT R A AR . AR 4 B AR B JekbAR
7 (D HAMEMEEE, %S 1780 —fw g
T E g A AR, A REE I R A AR
PRI KA RS T s kg FRA
T R I =05 28 o A — e AR B i
Gupta £ SEIHIESEB E SR (1) 2K
po 457, BEREW/DKET RS, RMHPUEFE
Y, HNIERIERNLRI MATE 2, —Fh &R
N L EE 2 BH A 74l i 1) CatSperm i#iE,
XA B T TR T IS B s AR T T
558 DA S IE (13) 2SRl B-7 S B AE =t
BKOPI, SoHiEdE K R B — e P B R
Rk, SRS R O B B AR B 2
PEVERI TR, RN ASEIG S Rt — P
TR BRI S R . Ay B T R

P )i i B R SIS 0 R R A PE A LGRS f
BE— BT
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