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Study on chemical constituents from whole herbs of Sargassum fusiforme
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Abstract: Objective To study the chemical constituents of the whole herbs of Sargassum fusiforme. Methods The chemical
constituents from S. fusiforme were separated and purified by silica gel, MCI, ODS, Sephadex LH-20 gel column chromatographies,
and preparative HPLC. Their structures were identified by analysis of NMR, MS, ORD, etc, and comparing physicochemical properties
of compounds with references. Results A total of 19 compounds were obtained from the 50% ethanol-H,O extract of S. fusiforme, and
their structures were determined as lupenone (1), bauerenone (2), f-amyrenone (3), a-amyrenone (4), loliolide (5), isololiolide (6),
(3S,5R,6S,7E)-5,6-epoxy-3-hydroxy-7-megastigmen-9-one (7), (R)-dehydrovomifoliol (8), 24-ethylcholesta-4,24 (28)-dien-3-one (9),
fucosterol (10), 29-hydroperoxystigmasta-5,24 (28)-dien-3f-ol (11), 24-hydroperoxy-24-vinylcholesterol (12), saringosterol (13),
(24R)-5,28-stigmastadiene-3p,24-diol-7-one (14), dihydroquercetin (15), aurantiamide acetate (16), dibutyl phthalate (17), glycerol
monopalmitate (18), and methyl hexadecanoate (19). Conclusion The compounds isolated from S. fusiforme were mainly identified
as triterpenoids, sesquiterpenoids, highly oxidized sterols, alkaloids and so on. Compounds 1—4, 7—38 and 14—19 are isolated from S.
fusiforme for the first time.
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MR —WREEREE 2y, T (AR
BEZY, IR PR T 2 M
KRN, BcsigEaons . B % 21
RCMETEIR . JHERERAs  RKIE o ER AR
I R F TR T SR R BRI . FLARIE AL ke
Git . BRSO, SEghcRAEmT. g b
(5 24 81 ) 1963 TERRAD, 14 E MG Sargassum fusiforme
(Harv.) Setch. V& ¥ S. pallidum (Turn.) C. Ag.
2 PR A FRON IE S EE 2 A, o e s
NP A, HimREHE Rz BT
ENSERIL S B B B T2, Wb T
A il ORI FEARE AR D, e — AR U
rh 24 BRI R S AR, AT SRS B AL S R
73 ARSI SEASE AL 50% L -/K SRk AT
RGO I, 2B E) 19 MEEY), 7393
Y52 NP R Sl (lupenone, 1)+ &R L1y FH I B
(bauerenone, 2). B-AHfEHI (B-amyrenone, 3).
o- 75 4 g i Ca-amyrenone, 4) « 22 32 51 Y fiE (loliolide,
5). FEFENREE (isololiolide, 6). (35,5R,6S,7E)-
5,6- 8 % -3- F8 B -7- KA A IO M -9- B [(3S,5R,
6S,7E)-5,6-epoxy-3-hydroxy-7-megastigmen-9-one
7. R)-EZMHE2EL [(R)-dehydrovomifoliol, 8]-
24- £, 5£-4,24(28)-JIH § — 4% -3-F [24-ethylcholesta-
4,24(28)-dien-3-one, 9] 7 #E K EE (fucosterol, 10).
29-F i K T K5 -5,24(28)- M5 -3p-BF  [29-hydro-
peroxystigmasta-5,24(28)-dien-38-ol, 11]. 24-5id %
B 24- 4 M HEH O BE ( 24-hydroperoxy-24-
vinylcholesterol, 12). HEE & EE (saringosterol,
13). (24R)-5. §&§-5,28- —}5-3p,24- —FE-7-Fil [(24R)-
5,28-stigmastadiene-3p,24- diol-7-one, 14]. UMt 7
% (dihydroquercetin, 15). 4 o8 i% B¥ 2 'R B
(aurantiamide acetate, 16) 2 2K — F g T 5 ( dibutyl-
phthalate , 17 ). 5% B H 3 B8 ( glyceroyl-
monopalmitate , 18 ) F1 5 il BR ' Il ( methyl-
hexadecanoate, 19). tL&4) 1~4. 7. 8. 14~19
N ZAHE T E RO AR
1 XFE5HH

400 MHz NMR ( 3 Bureck A #] )
LC-IT-TOF-MS ([ AB A#] AB5600+QTOF);
WAH B - B S B A (32E Thremo 2 #] LCQ
DECA XP M) il M &3 4 5 3
LC-30AD ) ; & R A A (k| % 5 & A F
HPCL-1260; HAHHFHA R LC-20A). HEEAIEHER

(200~300 H). #HEAERELE (GFse), H R
1) 4] ; Sephadex (Sephadex LH-20, I[E GE
A7]); ODS (ODS-A-HG, HZA YMC A#]); MCI
(CHP20/P120, HA=ZZAH]D; stfraliils] CRE
T RERAF D g aiiksn AbtiEsiE R
AIRAT]D; HEEI (MCP 200, 2 R=M0A ).

S T e AL R 2 FRA F], )
M BE 2R B R R R RN E WK
Sargassum fusiforme (Harv.) Setch. 4k
2 ERESE

BUCEME4 PR (30 kg) TN 50% L 8E-/K (10 %
B/ 4h/RG 5300 FRIRE, JER, R
JE RIS RRE CIRE (4kg). REIMKDHEL (12
L), 43 3 F SR RRBA TR G IE T BEREH (% 4 1),
IR 2T, FRIBSTR gL (242 @
FIE T EERRAL (215 @) HUEATR LERERAL (194 g),
ZRERAEERE (200~300 HAEERL 840 g5 10 cmX 50
cm), LUAVHEE-BEER 05 (1:0—~0: 1) FERZ
BE-FEE (9 1 1—0 @ 1) BEEEVENL, TLC IBERA IR
F| Fr. 1~9.

Fr. 1 (329 @) ZRERAEEIE (200~300 HiE
J5 600 g, 10 cmX50 cm), f1iMEE-BERR 2 FE (9 :
1—0 @ DBSEYEBAE] 11 AN Fr. 1-1~Fr. 1-11,
Fr. 1-2 (0.3 g) % HPLC -#l% il (YMC-Pack
ODS-A, 250 mmX 10 mm, 5pm, 94%HfE) 135
&9 19 (1g=30.4 min, 78.6 mg); Fr. 1-3 (0.18 g)
£ HPLC i % (11 (YMC-Pack ODS-A, 250 mmX
10 mm, 5 pm, 100%ZJE) A1 HPLC -] & i
(YMC-Pack ODS-A, 250 mmX 10 mm, 5 um, 100%
HEE) RS2 AEY 1 (1g=68.5 min, 12.7 mg)-.
2 ((g=58.6 min, 3.5 mg). 3 (g=68.9 min, 3.3 mg).
4 (ty=77.3 min, 22 mg). Fr.1-7 (5.8 g) & HPLC
Pl i (YMC-Pack ODS-A, 250 mm X 10 mm, 5
um, 100%FEE) BEMLEY 9 (r=46.4 min, 15.2
mg) 110 (1g=50.1 min, 26.8 mg). Fr. 1-10 (3.0
g) %4 HPLC & il (YMC-Pack ODS-A, 250
mmX 10 mm, 5 pm, 100% 9 EE) H{RLED 11
(tg=52.4 min, 8.8 mg). 12(g=22.2 min, 37.9 mg)-
13 (fx=27.0 min, 7.5 mg).

Fr. 4 (48 g) %4 Sephadex LH-20 FF{f i
(Sephadex LH-20. 700 g. 2.5 cmX 1.8 m), &1)j-
HEE (31 7) SRV E] S M5 Fr. 4-1~4-5,
Fr.4-2 (20g) £ MCI AR (MCI, 405g, 5.0cmX
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65 cm), HIEE-/K (1:4—1:0) BEWMES 54
WY Fr. 4-2-1~4-2-5, Fr. 4-2-3 (240 mg) ZHERHE
ik (200~300 HEER: 6 g, 1.0 cmX45 cm), f17H
f-BEER 2B (30 10 1) BAEESRILS R 6 MR
Fr. 4-2-3-1~4-2-3-6. Fr. 4-2-3-2 (40.1 mg) £ HPLC
bl % i (Kromasil 100-5-Cig, 250 mm X 10 mm,
5um, 40%FEE) HEMLEY 7 (k=423 min, 5.4
mg) 1 8 (1g=29.8 min, 2.2 mg). Fr. 4-2-4 (1.74 g)
£ ODS ot (ODS70g, 50 cmX2.5cm), HIfEE-
K (21311 0) BEFESBARR] 9 NS Fr. 4-2-4-1~
4-2-4-9, Fr. 4-2-4-6 (600 mg) 2 HPLC -] % il
(Kromasil 100-5-Cg, 250 mmX 10 mm, 5 um, 88%
FEE) SE14EY 14 (4=20.2 min, 2.4 mg) Fl
18 (x=10.2 min, 6.4 mg). Fr. 4-2-4-4 (330 mg)

SRERA 1% (200~300 HEERL 6 g, 1.0 cmX 45 cm),
A EE-BERR Ol (10 0 1—0 0 1) BREEBERAES] 10
ALY Fr. 4-2-4-4-1~4-2-4-4-10. Fr. 4-2-4-4-1 (16.6
mg) % HPLC il % i (Kromasil 100-5-Cig, 250
mmX10 mm, 5 pum, 89%HEE) BEMLEY 17
(tg=15.3 min, 13.3 mg). Fr.4-2-4-4-4 (22.5 mg)

28 g 45 R 2 &4 16(1g=11.2 min, 12 mg).
Fr. 4-4 (0.6 g) % HPLC ¥l #% i (Kromasil
100-5-Cig, 250 mmX 10 mm, 5 um, 40%HEE) 15
FIMLEY 5 (1r=55.2 min, 40.3 mg) M 6 (1r=39.7
min, 3.8 mg).

Fr. 6 (6.0 g) %4 Sephadex LH-20 #F ff 3%
(Sephadex LH-20 638 g, 1.2 mX3 cm), Zfj-HEE
(31 7) FREEVENATH] 4 M5 Fr. 6-1~6-4. Fr. 6-4
(0.15 g) 4 HPLC il % 3% (Kromasil 100-5-Cs,
250 mm X 10 mm, 5 um, 40%FEE) HELEY 15
(fr=24.1 min, 20.9 mg).

3 EHEE

&Y 1. s (7)), ESI-MS miz:
463.333 7 [M+K]": [o]p +52° (¢ 0.05, CHCls);
'H-NMR (400 MHz, CDClL3) &: 0.79 (3H, s, H-28),
0.93 (3H, s, H-25), 0.95 (3H, s, H-27), 1.02 (3H, s,
H-23), 1.07 (3H, s, H-26), 1.07 (3H, s, H-24), 1.68
(3H, s, H-30), 4.69 (1H, d, J = 2.0 Hz, H-29), 4.5 7
(1H, d, J = 0.8 Hz, H-29); C-NMR (100 MHz,
CDCl;) 6: 218.1 (C-3), 150.7 (C-20), 109.2 (C-29),
54.7 (C-5), 49.6 (C-9), 48.1 (C-18), 47.8 (C-19), 47.2
(C-4), 42.8 (C-17), 42.7 (C-14), 40.6 (C-8), 39.4
(C-22), 39.8 (C-1), 38.0 (C-13), 36.7 (C-10), 35.3

(C-16), 34.0 (C-7), 33.4 (C-2), 29.6 (C-21), 27.2
(C-15), 26.4 (C-23), 25.0 (C-12), 21.3 (C-11), 20.9
(C-24), 19.5 (C-6), 19.1 (C-30), 17.8 (C-28), 15.8
(C-25), 15.6 (C-26), 14.3 (C-27). VL% 5 ki
ERA -, M A 1 P R SR

tEY 2. Atsr s CE), ESI-MS m/z
463.333 7 [M+K]", [a]5s —10.67° (¢ 0.2, CHCl;);
'H-NMR (400 MHz, CDCl3) 6: 0.90 3H, d, J = 5.6
Hz, H-30), 1.06 (3H, d, J = 6.4 Hz, H-29), 1.04 (3H, s,
H-28), 0.91 (3H, s, H-27), 1.0 (3H, s, H-26), 0.94 (3H,
s, H-25), 1.11 (3H, s, H-24), 1.03 (3H, s, H-23), 2.24
(1H, dt, J=14.0, 3.2 Hz, H-2b), 2.75 (1H, td, J = 14.4,
5.6 Hz, H-2a), 5.46 (1H, m, H-7); "“C-NMR (100
MHz, CDCly) 6: 217.0 (C-3), 1454 (C-8), 116.4
(C-7), 54.9 (C-18), 52.1 (C-5), 47.8 (C-9), 47.8 (C-4),
41.4 (C-14), 38.3 (C-1), 38.0 (C-28), 37.7 (C-13), 37.6
(C-16), 35.3 (C-19), 35.2 (C-10), 34.9 (C-2), 32.3
(C-12), 32.0 (C-20), 32.0 (C-22), 31.5 (C-17), 29.2
(C-21), 28.9 (C-15), 25.6 (C-29), 24.5 (C-6), 24.4
(C-23), 23.8 (C-26), 22.7 (C-27), 22.5 (C-30), 21.5
(C-24), 17.0 (C-11), 12.6 (C-25). LA ¥# 53k
B A ST, W e A 2 R Lk
575 i <

&Y 3. At Rgd (E), EI-MS m/z:
424, '"H-NMR (400 MHz, CDCLy) d: 5.20 (1H, m,
H-12), 2.55 (1H, m, H-2a), 2.37 (1H, m, H-2p), 1.14
(3H, s, H-27), 1.09 (3H, s, H-23), 1.07 (3H, s, H-25),
1.05 (3H, s, H-24), 1.02 (3H, s, H-26), 0.87 (6H, s,
H-29, 30), 0.84 (3H, s, H-28); "“C-NMR (100 MHz,
CDCly) d: 217.9 (C-3), 145.2 (C-13), 121.4 (C-12),
55.2 (C-5), 47.4 (C-4), 47.2 (C-18), 46.8 (C-9), 46.7
(C-19), 41.8 (C-14), 39.7 (C-8), 39.2 (C-1), 37.0
(C-22), 36.6 (C-10), 34.6 (C-21), 34.1 (C-2), 33.2
(C-29), 32.4 (C-17), 32.1 (C-7), 31.0 (C-20), 28.3
(C-28), 26.8 (C-16), 26.4 (C-23), 26.0 (C-15), 25.8
(C-27), 23.6 (C-30), 23.5 (C-11), 21.4 (C-24), 19.6
(C-6), 16.6 (C-26), 15.1 (C-25). LA _E¥¥5 5 SC k4R i
HA -, M%&) 3 N B-E M AEER .

&Y 4. TLEERG R (E45), ESI-MS m/z:
447359 7 [M+Na]". 'H-NMR (400 MHz, CDCl;) ¢:
5.15 (1H, t, J= 3.2 Hz, H-12), 1.09 (3H, s, H-23), 1.09
(3H, s, H-27), 1.08 (3H, s, H-25), 1.05 (3H, s, H-26),
1.05 (3H, s, H-24), 0.91 (3H, s, H-30), 0.81 (3H, s,
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H-28), 0.79 (3H, brs, H-29); "*C-NMR (100 MHz,
CDCly) 8: 217.9 (C-3), 139.6 (C-13), 124.1 (C-12),
59.0 (C-18), 55.1 (C-5), 47.3 (C-4), 46.8 (C-9), 42.1
(C-14), 41.4 (C-22), 39.9 (C-8), 39.6 (C-20), 39.5
(C-19), 39.4 (C-1), 36.5 (C-10), 34.1 (C-2), 33.7
(C-17), 32.4 (C-7), 31.1 (C-21), 29.6 (C-15), 28.7
(C-28), 28.0 (C-16), 26.5 (C-23), 23.4 (C-11), 23.1
(C-27), 21.4 (C-24), 21.3 (C-30), 19.6 (C-6), 17.4
(C-29), 16.7 (C-26), 15.4 (C-25). LL_E#¥E 5 kIR
AT, WEELEY 4 7 o- T W SH

&Y 5. TotEd (E 45D, ESI-MS mi/z:
197.117 2 [M+H]", [a]y —84° (¢ 0.1, CHCls).
'H-NMR (400 MHz, CDCl;) 8: 5.65 (1H, s, H-7), 2.45
(1H, dt, J=14.0, 2.8 Hz, H-4a), 1.99 (1H, dt, J = 14.4,
2.4 Hz, H-2a), 1.75 (3H, s, H-11), 1.71 (1H, dd, J =
14.4, 3.2 Hz, H-4b), 1.47 (1H, dd, J = 14.4, 3.2 Hz,
H-2b), 1.44 (3H, s, H-10), 1.23 (3H, s, H-9); >C-NMR
(100 MHz, CDCl;) 6: 183.2 (C-6), 172.5 (C-8), 112.8
(C-7), 87.3 (C-5), 66.7 (C-3), 47.3 (C-2), 45.7 (C-4),
36.2 (C-1), 30.8 (C-9), 27.1 (C-11), 26.6 (C-10). LA |
M 5 ocipdioE S A -5, s s E s A
BEHENNE.

AW 6: I EIHRY), ESI-MS m/z: 197.117 2
[M+H]", [0]¥ +47° (¢ 0.1, CHCl5). "H-NMR (400
MHz, CDCl;) §: 5.71 (1H, s, H-7), 4.12 (1H, tt, J =
11.2, 3.6 Hz, H-3), 2.53 (1H, ddd, J = 11.6, 3.6, 2.8
Hz, H-4a), 2.03 (1H, ddd, J = 12.8, 4.0, 2.4 Hz, H-2a),
1.50 (1H, m, H-4b), 1.32 (1H, m, H-2b), 1.58 (3H, s,
H-11), 1.31 (3H, s, H-10), 1.26 (3H, s, H-9); *C-NMR
(100 MHz, CDCl) d: 181.0 (C-8), 171.8 (C-6), 113.5
(C-7), 86.7 (C-5), 65.3 (C-3), 50.0 (C-2), 48.1 (C-4),
35.3 (C-1),30.1 (C-11), 25.8 (C-10), 25.3 (C-9). DAL
B 5 ociioE s A -8, s E e 6 A
B BN

WEY) 7. TLEMARY), ESI-MS miz: 247.130 5
[M+Na]", [a]3 —77° (¢ 0.1, CHCL;), 'H-NMR (400
MHz, CDCl;) §: 7.02 (1H, d, J = 15.6 Hz, H-7), 6.28
(1H, d, J = 15.6 Hz, H-8), 3.90 (1H, m, H-3), 2.38
(1H, ddd, J=15.2, 4.8, 1.2 Hz, H-4), 1.66 (1H, d, J =
8.8 Hz, H-4), 1.63 (1H, dd, J = 12.0, 3.2 Hz, H-2),
1.27 (1H, dd, J = 12.0, 10.0 Hz, H-2), 2.28 (3H, s,
H-10), 1.18 (3H, s, H-11), 0.97 (3H, s, H-12), 1.18
(3H, s, H-13); "C-NMR (100 MHz, CDCl;) &: 197.8

(C-9), 142.7 (C-7), 132.8 (C-8), 69.7 (C-6), 67.5
(C-5), 64.2 (C-3), 46.8 (C-4), 40.7 (C-2), 35.3 (C-1),
29.6 (C-11), 28.5 (C-10), 25.1 (C-12), 20.1 (C-13). LA
MRS ScR B A Y, ket a Y 7
N (3S,5R,6S,7E)-5,6- 31 58 -3-F2 L -7- K AE & I %
1755 -9- 1l o

&4 8: TEOMIIRYY, ESI-MS m/z: 223.132 6
[M+H]", [a]3 —367.04° (¢ 0.03, MeOH). 'H-NMR
(400 MHz, CDCl;) 6: 6.83 (1H, d, J = 14.8 Hz, H-7),
6.46 (1H, d, J= 16.8 Hz, H-8), 5.96 (1H, s, H-4), 2.50
(1H, d, J = 18.0 Hz, H-2a), 2.33 (1H, d, J = 18.0 Hz,
H-2b), 2.31 (3H, s, H-10), 1.88 (3H, s, H-13), 1.10
(3H, s, H-11), 1.02 (3H, s, H-12); “C-NMR (100
MHz, CDCly) 6: 197.7 (C-3), 197.2 (C-9), 160.6
(C-5), 145.1 (C-7), 130.5 (C-8), 128.0 (C-4), 79.5
(C-6), 49.8 (C-2), 41.7 (C-1), 28.7 (C-10), 24.6
(C-11), 23.1 (C-12), 18.9 (C-13). LL_E#¥E 5 kIR
B EA L Mt B 8 N (R)-EAM
I % ST

&4 9: Ak AR, EI-MS m/z: 410, [o] s +86°
(¢ 0.05, CHCl;). '"H-NMR (400 MHz, CDCl3) d: 5.70
(1H, s, H-4), 0.69 (3H, s, H-18), 1.15 (3H, s, H-19),
0.96 (3H, d, H-21), 2.17 (1H, m, H-25), 0.95 (3H, s,
H-26), 0.96 (3H, s, H-27), 5.17 (1H, m, H-28), 1.54
(3H, d, J = 6.6 Hz, H-29); “C-NMR (100 MHz,
CDCls) &: 200.0 (C-3), 172.0 (C-5), 147.1 (C-24),
124.0 (C-4), 115.8 (C-28), 56.1 (C-14), 56.0 (C-17),
54.0 (C-9), 42.6 (C-13), 39.8 (C-12), 38.8 (C-10), 36.6
(C-20), 35.9 (C-1), 35.8 (C-8), 35.3 (C-22), 35.0
(C-25), 342 (C-2), 332 (C-6), 32.2 (C-7), 28.4
(C-16), 25.9 (C-23), 24.4 (C-15), 22.4 (C-27), 22.3
(C-26), 21.2 (C-11), 18.9 (C-21), 17.6 (C-19), 13.4
(C-29), 12.1 (C-18). LA L% 5 TR IE FE A —
FHU, MUEEREY 9 N 24-2.35-4,24(28)-H K —
§5-3-H »

&Y 10: AEAE, ELMS m/z 412, [a]h
=30.19° (¢ 0.05, CHCl3). "H-NMR (400 MHz, CDCl;)
:5.32 (1H, brd, J = 3.6 Hz, H-6), 5.16 (1H, q, J = 6.8
Hz, H-28), 3.50 (1H, m, H-3), 1.54 (3H, d, J = 6.4 Hz,
H-29), 0.98 (3H, s, H-19), 0.96 (3H, s, H-21), 0.96
(3H, s, H-27), 0.94 (3H, s, H-26), 0.66 (3H, s, H-18);
BC-NMR (100 MHz, CDCLy) &: 147.2 (C-24), 141.0
(C-5), 122.0 (C-6), 115.8 (C-28), 72.0 (C-3), 57.0
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(C-14), 56.0 (C-17), 50.3 (C-9), 42.6 (C-13), 42.5
(C-4), 40.0 (C-12), 37.5 (C-1), 36.7 (C-10), 36.6
(C-20), 35.4 (C-22), 35.0 (C-25), 32.1 (C-7), 32.1
(C-8), 31.8 (C-2), 28.5 (C-16), 25.9 (C-23), 24.5
(C-15), 22.4 (C-26), 22.3 (C-27), 21.3 (C-11), 19.6
(C-19), 19.0 (C-21), 13.4 (C-29), 12.1 (C-18). LA %%
a5 ScmkiE A 5, SR AY 10 A
HE ST

&Y 11: AR K, ESI-MS m/z: 445.367 2
[M+H]". "H-NMR (400 MHz, CDCl;) 6: 4.54 (2H, d,
J=6.9 Hz, H-29), 5.34 (1H, d, J = 5.2 Hz, H-6), 5.31
(IH, t, J = 7.2 Hz, H-28), 1.03 (6H, d, J = 6.8 Hz,
H-26, 27), 1.00 (3H, s, H-19), 0.98 (3H, d, J= 6.8 Hz,
H-21), 0.68 (3H, s, H-18); "C-NMR (100 MHz,
CDCl;) d: 155.4 (C-24), 140.9 (C-5), 121.9 (C-6),
115.1 (C-28), 73.7 (C-29), 72.0 (C-3), 56.9 (C-14),
55.8 (C-17), 50.3 (C-9), 42.6 (C-13), 42.5 (C-4), 39.9
(C-12), 37.5 (C-1), 36.7 (C-10), 36.6 (C-20), 36.4
(C-22), 34.9 (C-25), 32.1 (C-8), 32.1 (C-2), 31.8
(C-7), 28.5 (C-16), 26.7 (C-23), 24.5 (C-15), 22.3
(C-27), 22.2 (C-26), 21.3 (C-11), 19.6 (C-19), 18.9
(C-21), 12.1 (C-18). LA ¥ 5 ek 4R iE Fe A —
L M EA Y 11N 29-F0T AL T K-
5,24(28)- —Ji-3B-BE .

%A% 12: AEFAK, ESI-MS m/z: 445367 2
[M+H]". '"H-NMR (400 MHz, CDCls) &: 5.74 (1H,
dd, J = 18.0 Hz, 11.6 Hz, H-28), 5.35 (1H, d, J = 5.2
Hz, H-6), 5.27 (1H, dd, J = 11.6, 1.6 Hz, H-29), 5.15
(IH, dd, J = 18.0, 1.6 Hz, H-29), 3.52 (1H, m, H-3),
1.00 (3H, s, H-19), 0.96 (3H, d, J = 6.4 Hz, H-21),
0.88 (3H, d, J = 6.8 Hz, H-27), 0.85 3H, d, J = 6.8
Hz, H-26), 0.68 (3H, s, H-18); *C-NMR (100 MHz,
CDCl;) §: 141.0 (C-5), 137.4 (C-28), 121.9 (C-6),
116.6 (C-29), 89.4 (C-24), 72.0 (C-3), 57.0 (C-14),
56.1 (C-17), 50.3 (C-9), 42.6 (C-13), 42.5 (C-4), 40.0
(C-12), 37.5 (C-1), 36.7 (C-10), 36.5 (C-20), 32.1
(C-2), 32.1 (C-25), 32.1 (C-8), 31.9 (C-7), 28.7
(C-22), 28.6 (C-23), 28.5 (C-16), 24.5 (C-15), 21.3
(C-11), 19.6 (C-19), 19.1 (C-11), 17.9 (C-27), 16.9
(C-26), 12.1 (C-18). LA L% 5 k4R g T A —
P2 ks A A 12 R 24-E S A - 24- 2 W
FEPR S 1

& 13: s (845, ESI-MS m/z:

429.372 7 [M+H]", "H-NMR (400 MHz, CDCl;)
5.80 (1H, ddd, J = 16.4, 10.8, 5.6 Hz, H-28), 5.34 (1H,
d, J =52 Hz, H-6), 5.18 (1H, dd, J = 17.6, 1.6 Hz,
H-29), 5.13 (1H, dd, J = 10.8, 1.6 Hz, H-29), 3.52
(1H, m, H-3), 1.00 (3H, s, H-19), 0.92 (3H, d, J=5.2
Hz, H-21), 0.89 (3H, d, J = 6.8 Hz, H-27), 0.87 (3H, d,
J=6.8 Hz, H-26), 0.67 (3H, s, H-18); "C-NMR (100
MHz, CDCl;) &: 142.7 (C-18), 141.0 (C-5), 121.9
(C-6), 113.1 (C-29), 77.9 (C-24), 72.0 (C-3), 56.9
(C-14), 56.0 (C-17), 50.3 (C-9), 42.5 (C-13), 42.5
(C-4), 40.0 (C-12), 37.5 (C-1), 36.8 (C-10), 36.3
(C-25), 36.1 (C-20), 34.8 (C-23), 32.1 (C-7), 32.1
(C-8), 31.9 (C-7), 29.3 (C-22), 29.3 (C-16), 24.5
(C-15), 21.3 (C-11), 19.6 (C-19), 19.0 (C-21), 17.8
(C-27), 16.7 (C-26), 12.1 (C-18). LA %3 5 kK
EHA -, WA 13 8D R

twEY 14: AT ERE K, ESI-MS m/iz
443352 0 [M~+H]", 'H-NMR (400 MHz, CDCL3) &:
5.79 (1H, dd, J = 17.2, 10.8 Hz, H-28), 5.57 (1H, d,
J =12 Hz, H-6), 5.12 (1H, dd, J = 10.8, 1.2 Hz,
H-29), 5.17 (1H, dd, J = 17.6, 1.6 Hz, H-29), 3.66
(1H, m, H-3), 1.17 (3H, s, H-19), 0.90 (3H, d, /= 6.4
Hz, H-21), 0.86 (3H, d, J = 8.0 Hz, H-27), 0.84 (3H, d,
J=1.2 Hz, H-26), 0.65 (3H, s, H-18); "C-NMR (100
MHz, CDCl3) 6: 202.5 (C-7), 165.3 (C-5), 142.6
(C-28), 126.3 (C-6), 113.2 (C-29), 77.9 (C-24), 70.7
(C-3), 54.7 (C-17), 50.1 (C-14), 50.1 (C-9), 45.6
(C-8), 43.3 (C-13), 42.0 (C-4), 38.9 (C-12), 38.5
(C-10), 36.5 (C-1), 36.3 (C-20), 36.0 (C-25), 35.1
(C-23), 31.4 (C-2), 29.3 (C-16), 28.7 (C-22), 26.5
(C-15), 21.4 (C-11), 19.2 (C-21), 17.8 (C-27), 17.5
(C-19), 16.7 (C-26), 12.2 (C-18). LA %k 5 kK
EHA -, WA 14 A (24R)-H K-
5,28- " Jfi-3B,24- FE-7-F .

& 15: ﬁfé%%ﬁ;*ﬁﬂf ESI-MS m/z:
305.065 6 [M+H]", 'H-NMR (400 MHz, CD;0D) 6:
6.91 (1H, d, J = 2.0 Hz, H-2), 6.79 (1H, dd, J = 8.0,
1.6 Hz, H-6'), 6.75 (1H, d, J = 8.4 Hz, H-5'), 5.86 (1H,
d, J=2.0 Hz, H-6), 5.83 (1H, d, J = 2.0 Hz, H-8), 4.84
(1H, d, J = 11.6 Hz, H-2), 445 (1H, d, J = 11.6 Hz,
H-3); "“C-NMR (100 MHz, CD;0D) &: 198.6 (C-4),
168.9 (C-7), 165.4 (C-5), 164.6 (C-9), 147.3 (C-4"),
146.4 (C-3"), 130.0 (C-1'), 121.0 (C-6"), 116.2 (C-2"),
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116.0 (C-5"), 101.9 (C-10), 97.4 (C-6), 96.4 (C-8),
85.2 (c-z) 73.8 (C-3). LA REURE 5 kil F A —
HY, M E A 15 AR E.

%é% 16: ki (HEED, ESI-MS m/z:
445211 6 [M+H]", '"H-NMR (400 MHz, CD;0D) 6:
7.67 (2H, dd, J=8.4, 1.2 Hz, H-2', 6"), 7.49 (1H, t, J =
3.2 Hz, H-4), 7.40 (2H, t, J = 7.2 Hz, H-3', 5"), 7.22
(3H, d, J = 4.4 Hz, H-4"), 7.14 (2H, d, J = 3.2 Hz,
H-2", 6"), 3.93 (1H, dd, J = 11.2, 4.0 Hz, H-3a), 3.86
(1H, dd, J = 11.2, 6.0 Hz, H-3b), 3.08 (1H, dd, J =
14.0, 6.8 Hz, H-10a), 2.95 (1H, dd, J = 13.6, 8.4 Hz,
H-10b), 2.78 (2H, ddd, J = 13.6, 8.0, 6.8 Hz, H-11),
1.96 3H, s, H-1); "*C-NMR (100 MHz, CD;0D) &:
173.5 (C-2), 172.7 (C-6), 170.1 (C-9), 139.0 (C-1"),
138.6 (C-1""), 135.4 (C-1"), 133.0 (C-4"), 130.5 (C-3",
5", 130.4 (C-3"", 5'), 129.7 (C-4"), 129.6 (C-2", 6",
2, 6'), 128.6 (C-2", 6"), 128.0 (C-3, 5'), 127.7
(C-4""), 66.3 (C-3), 56.8 (C-5), 51.3 (C-4), 39.1
(C-10), 38.2 (C-11), 20.9 (C-1). LA L% 5 STk R
BRA—H, M e A 16 A& aBEE 2
R i

AW 17: TEEIRYY, ESI-MS m/z: 279.159 1
[M+H]". 'H-NMR (400 MHz, CDCl;) 6: 7.71 (2H,
dd, J = 5.6, 3.2 Hz, H-3, 6), 7.53 (2H, dd, J= 5.2, 3.2
Hz, H-4, 5), 430 (4H, t, J = 6.8 Hz, H-1"), 1.71 (4H,
m, H-2'), 1.42 (4H, m, H-3"), 0.95 (6H, t, J = 7.2 Hz,
H-4'); C-NMR (100 MHz, CDCl3) 8: 167.7 (COO-),
132.5 (C-1, 2), 131.1 (C-4, 5), 128.9 (C-3, 6), 65.7
(C-1'), 30.6 (C-2), 19.3 (C-3'), 13.9 (C-4"). DAL ¥4l
SRR IE S A ), W A 17 RARE
“HR TR,

%A% 18: AR AK, ESI-MS m/z: 331.284 3
[M+H]". "H-NMR (400 MHz, CDCl3) §: 4.18 (1H,
dd, J=11.6, 4.4 Hz, H-1a), 4.12 (1H, dd, J=11.6, 6.0
Hz, H-3a), 3.67 (1H, dd, J = 11.2, 4.0 Hz, H-1b), 3.57
(1H, dd, J = 11.2, 4.8 Hz, H-3b), 3.90 (1H, m, H-2),
2.32 (2H, t, J = 7.6 Hz, H-2'), 0.86 (3H, t, J = 6.8 Hz,
H-16"); "“C-NMR (100 MHz, CDCl3) &: 174.6 (C-1"),
70.4 (C-2), 65.3 (C-1), 63.5 (C-3), 34.4 (C-2'), 32.1
(C-3), 29.9 (C-5"), 29.9 (C-6'), 29.9 (C-7), 29.8
(C-8"), 29.7 (C-9"), 29.6 (C-10"), 29.5 (C-11"), 29.3
(C-12'), 29.3 (C-13"), 25.1 (C-14"), 22.9 (C-15"), 14.4
(C-16"). bL ¥ 5 emrioa A -5, #ke

AW 18 AR IR H il

& 19 H g, ESI-MS m/z: 293.245 1
[M+Na]". 'H-NMR (400 MHz, CDCLy) 6: 3.62 (3H,
s, H-1), 2.26 (2H, t, J = 6.8 Hz, H-2), 1.57 (2H, q, J =
6.8 Hz, H-3), 1.22 (24 H, hrs, H-4~15), 0.84 (3H, t,
J = 6.8 Hz, H-16); "*C-NMR (100 MHz, CDCl;) ¢:
174.4 (C-1), 51.5 (C-1'), 34.2 (C-2), 32.1 (C-14), 29.8
(C-8~12), 29.7 (C-7), 29.6 (C-6), 29.5 (C-13), 29.4
(C-5), 29.3 (C-4), 25.1 (C-3), 22.8 (C-15), 14.2
(C-16) Lh E%u¥ls 5 Sk A — 5, ek
SEAEDD 19 ARARIR TS .
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