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Chemical constituents from Spiraea pubescens
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Abstract: Objective To investigate the chemical constituents from the ethanol extract of Spiraea pubescens. Methods The
compounds were isolated and purified by chromatography on silica gel, ODS, and preparative HPLC. Their structures were elucidated
on the basis of chemical and spectroscopic methods, including MS, 1D, and 2D NMR spectral techniques. Results Fourteen
compounds were isolated and identified as B-sitosterol (1), tricosyl alcohol (2), stigmast-4-en-3-one (3), pentacosyl alcohol (4),
stigmastanol (5), (+)-cyclo-olivil (6), (+)-africannal (7), (+)-lyoniresinol (8), 5-methoxy-(+)-isolariciresinol (9), (+)-isolariciresinol (10),
(7R,8R)-4,7,9,9'"-tetrahydroxy-3,3'-dimethoxy-8-O-4'-neolignan (11), (6S,9R)-6-hydroxy-3-one-a-ionol-9-O-B-D-glucopyranoside (12),
(+)-lyoniresinol 9-O-B-D-xylopyranoside (13), and (—)-lyoniresinol 9-O-B-D-xylopyranoside (14). Conclusion Compounds 2—S5 and
7—14 are isolated from the plants of Spiraea L. for the first time, and compounds 1 and 6 are obtained from this plant for the first time.
Key words: Spiraea pubescens; lignans; (+)-lyoniresinol; (7R,8R)-4,7,9,9"-tetrahydroxy-3,3'-diethoxy-8-0-4'-neolignan; (6S,9R)-6-
hydroxy-3-one-a-ionol--9-O-B-D-glucopyranoside
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AR ERS . AR AL P LS R
YRR B R, SN RS 2% S RE SR AL
PR B E T 15 MR ZRER AT, A
TR FIRE AT (1% . ODS A 3 Fl i) % HPLC %5 F
BOW HAL U TR T, WP B 5EE T 14
MEEY, mhlh B-4 &l (B-sitosterol, 1), IE
—+ =i C(tricosyl alcohol, 2). 4-% { #%-3-Hi
(stigmast-4-en-3-one, 3). 1E 1+ (pentacosyl
alcohol, 4). T JilE (stigmastanol, 5), (+)-*f
WS ZE [(+)-cyclo-olivil, 6]+ (+)-africannal (7). (+)-
FE MM AERS [(+)-lyoniresinol, 8]. 5-H 4 E-(+)-F7+
EHFAGE [5-methoxy-(+)-isolariciresinol, 9]+ (+)-
SIEMFANR 2 [(+)-isolariciresinol, 10]. (7R,8R)-
4,7,9,9"- VY ¥ F& -3,3"- — H Ak -8-0-4- T K JiE &R
[(7TR,8R)-4,7,9,9"-tetrahydroxy-3,3'-dimethoxy-8-O-4'-ne
olignan, 11]. (6S,9R)-6-F2%E-3-Fi-a-4 %' 2£-9-0-B-D-
IR ] ) B [(6S,9R)-6-hydroxy-3-one-a-ionol-9-O-p-
D-glucopyranoside, 12]. (+)-F3AM AR 9-O-B-D-
N IR ASHE FF[ (+)-lyoniresinol 9-O-B-D-xylopyranoside,
131 () B R B JiE By 9-O-B-D- Wit Wi A W% H
[(—)-lyoniresinol 9-O-B-D-xylopyranoside, 14]. H-H1{L
G 2~5.7T~14 N E RN LS JwE b oy sia 5],
&1 H 6 NE RN ZEY I 2153,
1 {XFE5HH

Bruker AV-500 A% 1 AR % 154X (4 [E Bruker
y#]); Bruker micro TOFQ & AT B 8] 5 i ({2 ]
Bruker A]); JEOL JMS-700 A4 ( HAHT
P\ 24E); HORIBA SEPA-300 BUjiEafi ¢ H AR
W{ERT; Shimadzu LC-6AD il % U 4 1 i
%%: Shodex RI-102 il & UAH (0 /s 2= u R I 2
CHABEGH Tk &4) . Shim pack-ODS A fi:
(250 mmX21.2 mm, 10 pum, HARZEGIE);
Kromasil 100-10-18C 44 (250 mmX20 mm, 10
pm, Fi SR 50 53 DR A F)D o A ik FRER (200~
300 H, H&EFFELL™;: HEEiH obs (HA
Senshu B A4 ; HE G ODS ) (RPs.
Fosq, FEEER 0 AR (3 F F R (36 R A )
KRB HARGRE o A4t

TG LA 2 2007 49 T RET EH A E K
WAL, @EWREPELRZRIREZH T
2450 25 58 3 R 5 450 Jm i ) R 45 S %
Spiraea pubescens Turcz., FrA (TZPP-2007-9-1011)
AT A TP R 2R B AL B LT

2 EEESE

TSN 8 kg, I 8 fF & 60% LRI
PREL 3 K, BEIR 20, A IRIERE, AIFUETL R
i 2. 1545 Z BEFR Y 830 g BL Z 4R EU) 790 g,
Bn7K 3 500 mL S AE, R SRR T
B 53 ARTPESEIN 5 K, &K 4 000 mL, FEHGHEIEE
(U, 154 T 2 B AL 53 g, & 43 B ERAL 90 g,
1ETEESy B E AL 114 g A/K 5> B304 428 g

A 2> B0 40 g0 SRERFEEIE, DA
MlE-E A (1D, &5 &U-FEE (901, 0
10) BREEGEBAT 12 A4 Fr. TZSPP-1 (2.35 g).
TZSPP-1I (0.87 g)+ TZSPP-III (0.50 g). TZSPP-IV
(0.40 g)« TZSPP-V (0.60 g). TZSPP-VI (1.05 g)+
TZSPP-VII(1.72 g). TZSPP-VIII(8.21 g). TZSPP-IX
(1.95 g). TZSPP-X (0.47 g). TZSPP-XI (14.04 ).
TZSPP-XII (8.62 g). Fr. TZSPP-VII £l % HPLC
(i F+ Shim pack-ODS, itz A FEE-7K 10 : 0)
B4bE%1 (47.8 mg). Fr. TZSPP-VIII £ ODS
i, DIHEE-K (8:2. 911, 10:0) Wi 6
A4y Fr. TZSPP-VIII-1 (0.82 g). TZSPP-VIII-2
(0.12 ). TZSPP-VIII-3(0.27 g). TZSPP-VIII-4(0.38
g)+ TZSPP-VIII-5 (0.30 g). TZSPP-VIII-6 (0.43 g);
Fr. TZSPP-VIII-4 Z#il#% HPLC (fiffE Kromasil
100-10-18C, JzhtH A HEE-/K 10 1 0) L& 2
(10.5 mg) 13 (11.0 mg); Fr. TZSPP-VIII-5 £l
#% HPLC ({34 Kromasil 100-10-18C, WizhHl N
FEE-7K 10 © 0354 4(10.3 mg)F15(26.7 mg) .

UG B ERAL 60 g, AR, Ll
k-G (1 Dy &5 &05-FEE (1901, 91 1,
0 : 10) BEEEVEMNAT 7 N5 B 4H 73 Fr. TZSPC-I (3.87
g). TZSPC-II (1.47 g). TZSPC-III (293 g).
TZSPC-1V(12.92 g) . TZSPC-V(14.66 g) TZSPC-VI
(5.40 g). TZSPC-VII (16.56 g). Fr. TZSPC-V &
ODS F:failk, DIFFEE-7/K (4:6.6:4,8:2,10:
0) VeMifs 10 N4y ES4H4) Fr. TZSPC-V-1 (0.32 g).
TZSPC-V-II (0.24 g). TZSPC-V-III (0.29 g).
TZSPC-V-IV (0.12 g). TZSPC-V-V (0.04 g).
TZSPC-V-VI (0.05 g). TZSPC-V-VII (0.62 g)+
TZSPC-V-VIII (0.32 g). TZSPC-V-IX (0.99 g).
TZSPC-V-X (2.12 g); Fr. TZSPC-V-1I £l % HPLC
({3t +: Kromasil 100-10-18C, R SIAH A HEE-/K 3 :
7, BEAEY 6 (7.1 mg); Fr. TZSPC-V-III £l &
HPLC ({4i##% Kromasil 100-10-18C, JishAi N H
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BE-7K 30 7) 1846E9 7 (12.9 mg) F18 (82.6 mg);
Fr. TZSPC-V-IX £ffil#% HPLC (fiifff Kromasil
100-10-18C, Wit AH A HEE-/K 2 & 8)154L &4 9(6.3
mg). 10 (83 mg) M 11 (17.2 mg).

BUIE T EESr B ERAT 4.5 g, 4 ODS H:t4i, LA
K (317, 5:5. 10:0) Pehinnig o M
43 Fr. TZSPB-I1 (0.47 g). TZSPB-II (0.33 g).
TZSPB-III (0.07 g)+ TZSPB-IV (0.31 g). TZSPB-V
(0.19 g)- TZSPB-VI (0.32 g)+ TZSPB-VII (0.03 g)-
TZSPB-VIII (0.01 g). TZSPB-IX (0.28 g). Fr.
TZSPB-1V %% HPLC ({434 Shim pack-ODS,
AN HEE-K 3 07 1946E4 12 (6.6 mg). Fr.
TZSPB-VI %444 HPLC ({434} Shim pack-ODS,
WMBNA A HEE-K 3 17D B346A1 13 (50.7 mg) Al
14 (522 mg).

3 FEHEE

& 1. AR A (HE, Libermann-
Burchard A, EI-MS m/z: 414 [M]", 454
'H-NMR A1 PC-NMR ¥ # 4 #E ) 2 7+ R A
C7Hs00. "H-NMR (500 MHz, CDCl3) &: 5.35 (1H, m,
H-6), 3.52 (1H, m, H-3), 1.01 (3H, s, H-19), 0.92 (3H,
d, J = 6.6 Hz, H-21), 0.85 (3H, t, J = 7.4 Hz, H-29),
0.84 (3H, d, J = 6.8 Hz, H-26), 0.82 (3H, d, J = 6.8
Hz, H-27), 0.68 (3H, s, H-18); “C-NMR (125 MHz,
CDCly) d: 140.8 (C-5), 121.7 (C-6), 71.8 (C-3), 56.8
(C-14), 56.1 (C-17), 50.2 (C-9), 45.9 (C-24), 42.4
(C-4, 13), 39.8 (C-12), 37.3 (C-1), 36.6 (C-10), 36.2
(C-20), 34.0 (C-22), 32.0 (C-7, 8), 31.7 (C-2), 29.7
(C-25), 28.3 (C-16), 26.2 (C-23), 24.3 (C-15), 23.1
(C-28), 21.1 (C-11), 19.8 (C-27), 19.4 (C-19), 19.1
(C-26), 18.8 (C-21), 12.0 (C-29), 11.9 (C-18). LA L%k
5 SCHRE R A 3, MR 1N B
5

& 2. AR (FE, EI-MS m/z: 340
M]", 454 'H-NMR F1 PC-NMR #0237
9 Cp3HysO- 'H-NMR (500 MHz, CDCL3) o: 3.64
(2H, t, J = 6.6 Hz, H-1), 1.56 (2H, m, H-2), 1.26~
1.36 (40H, m, H-3~22), 0.88 3H, t, J = 6.8 Hz,
H-23); "“C-NMR (125 MHz, CDCly) 6: 63.1 (C-1),
32.9 (C-2), 31.9 (C-3), 29.4~29.7 (C-4~20), 25.8
(C-21), 22.7 (C-22), 14.1 (C-23). LA -Hh 5 iRk
EHEA-FH, WS 2 NIE TR

&Y 3. At A (HE, Libermann-

Burchard [P, EI-MS m/z: 412 [M]", 454
'H-NMR Al “C-NMR ¥ % 4 #E 0 2> 7 R KM
CaoHys0. "H-NMR (500 MHz, CsDsN) 6: 5.88 (1H, s,
H-4), 1.05 (3H, s, H-19), 1.01 3H, d, J = 6.6 Hz,
H-21), 0.92 (3H, t, J = 7.5 Hz, H-29), 0.91 GH, d, J =
6.8 Hz, H-26), 0.89 (3H, d, J = 6.8 Hz, H-27), 0.70
(3H, s, H-18); "*C-NMR (125 MHz, CsDsN) ¢: 198.3
(C-3), 170.7 (C-5), 124.1 (C-4), 56.3 (C-14), 56.0
(C-17), 54.0 (C-9), 46.1 (C-24), 42.6 (C-13), 39.9
(C-12), 38.7 (C-10), 36.4 (C-20), 35.9 (C-1), 35.6
(C-8), 34.4 (C-22), 34.2 (C-6), 32.9 (C-7), 32.3 (C-2),
29.6 (C-25), 28.5 (C-16), 26.5 (C-23), 24.4 (C-15),
23.5 (C-28), 21.2 (C-11), 20.0 (C-26), 19.3 (C-27),
19.0 (C-21), 17.2 (C-19), 12.2 (C-29), 12.1 (C-18). LA
¥ S kR E A -, st A 3 N
4-57 8475 -3-T o

&Y 4. BtkR (HED, EI-MS m/z: 368
[M]", 454 'H-NMR F1 “C-NMR &HE i 2r 7
9 CpsHs,0. 'H-NMR (500 MHz, CDCl3) J: 3.64
(2H, t, J = 6.6 Hz, H-1), 1.57 (2H, m, H-2), 1.26~
1.36 (44H, m, H-3~24), 0.88 (3H, t, J = 6.8 Hz,
H-25); C-NMR (125 MHz, CDCL) 6: 63.1 (C-1),
32.8 (C-2), 31.9 (C-3), 29.4~29.7 (C-4~22), 25.8
(C-23),22.7 (C-24), 14.1 (C-25). VA ¥R 5 kiR
EHA -, WS R EY 4 NIE TR

twEY 5. A AR (HEE), Libermann-
Burchard Jz 3 [, ESI-MS m/z: 416 [M+H]", 45
& 'TH-NMR FI BC-NMR % %548 #9147 508
C1oHs,0. 'H-NMR (500 MHz, CDCl3) &: 3.58 (1H, m,
H-3), 0.90 (3H, d, J = 6.6 Hz, H-21), 0.84 GH, t, J =
7.4 Hz, H-29), 0.83 (3H, d, J = 6.8 Hz, H-26), 0.81
(3H, d, J = 7.0 Hz, H-27), 0.80 (3H, s, H-19), 0.65
(3H, s, H-18); "C-NMR (125 MHz, CDCL) &: 71.4
(C-3), 56.5 (C-14), 56.2 (C-17), 54.4 (C-9), 45.9
(C-5), 44.9 (C-24), 42.6 (C-13), 40.1 (C-12), 383
(C-4), 37.0 (C-1), 362 (C-20), 35.6 (C-8), 35.5
(C-10), 34.0 (C-22), 32.1 (C-7), 31.6 (C-2), 29.2
(C-25), 28.8 (C-6), 28.3 (C-16), 26.2 (C-23), 24.2
(C-15), 23.1 (C-28), 21.3 (C-11), 19.8 (C-26), 19.1
(C-27), 18.8 (C-21), 12.34 (C-29), 12.1 (C-18), 12.0
(C-19). LA E¥dl 5 cmrios A —85", M
B S NE SR,

&Y 6: AT KCFED, [a]; +48.5° (¢ 0.12,
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CH;OH), ESI-MS m/z: 377 [M+H]", 44 "H-NMR
A BC-NMR #4912 T N CaoHosO5
'H-NMR (500 MHz, CD;0D) 8: 6.76 (1H, d, J = 8.0
Hz, H-5), 6.70 (1H, d, J = 1.9 Hz, H-2), 6.66 (1H, dd,
J = 8.0, 1.9 Hz, H-6), 6.63 (1H, s, H-2"), 6.19 (1H, s,
H-5'), 4.02 (1H, d, J = 11.6 Hz, H-7), 3.83 (1H, m,
H-9a), 3.81 (3H, s, 3'-OCH3), 3.79 (1H, m, H-9b),
3.78 (1H, m, H-9'a), 3.78 (3H, s, 3-OCHs3), 3.59 (1H,
m, H-9'b), 3.21 (1H, d, J = 16.6 Hz, H-7'a), 2.61 (1H,
d, J=16.7 Hz, H-7'b), 2.03 (1H, m, H-8); "C-NMR
(125 MHz, CD;OD) 6: 149.2 (C-3), 147.5 (C-3),
146.2 (C-4), 145.4 (C-4"), 138.5 (C-1), 133.6 (C-6),
126.5 (C-1'), 123.6 (C-6), 117.4 (C-5'), 116.1 (C-5),
114.1 (C-2), 113.1 (C-2'), 75.0 (C-8"), 69.5 (C-9'), 60.9
(C-9), 56.4 (3, 3'-OCHj), 47.7 (C-8), 44.9 (C-7), 40.0
(C-7") VA BB 5 SCifR B A — 5, ke
a6 )y (+H)-AHHiE .

EW 1 AEME (FED, [a]y +189.6° (¢
0.25, CH;0H), ESI-MS m/z: 375 [M+H]", 4i&
'H-NMR #1 C-NMR i # 4 #: 0 2 7 X A
C0H207. 'H-NMR (500 MHz, CD;0D) 6: 6.76 (1H,
d, J = 8.0 Hz, H-5), 6.71 (1H, s, H-2"), 6.69 (1H, brs,
H-2), 6.65 (1H, dd, J = 8.1, 1.6 Hz, H-6), 6.26 (1H, s,
H-5'), 5.16 (1H, s, H-9"), 3.90 (1H, d, J = 11.8 Hz,
H-7), 3.82 (3H, s, 3'-OCHj3), 3.78 (1H, s, 3-OCHs3),
3.74 (1H, d, J = 4.8 Hz, H-9a), 3.72 (1H, d, J = 2.6
Hz, H-9b), 3.30 (1H, d, J = 15.6 Hz, H-7'a), 2.84 (1H,
d, J=16.6 Hz, H-7'b), 2.57 (1H, m, H-8); "“C-NMR
(125 MHz, CD;OD) J: 149.3 (C-3), 147.8 (C-3'),
146.4 (C-4), 145.4 (C-4"), 137.4 (C-1), 133.4 (C-6"),
127.2 (C-1'), 122.6 (C-6), 116.8 (C-5"), 116.2 (C-5),
114.1 (C-2), 113.1 (C-2'), 104.4 (C-9"), 79.8 (C-8),
712 (C-9), 56.5 (3-OCH;), 56.4 (3'-OCHj), 48.5
(C-8), 45.4 (C-7), 37.0 (C-7"). VA LEE 5 CikifiE
HA—FY, S EA A T A (H-africannal.

WA 8: M AKCHED, [o]; +53.1° (¢ 0.17,
CH;OH), ESI-MS m/z: 421 [M+H]", %% 'H-NMR
A1 BC-NMR i 4 HEI 2 T A CooHagOs o
'H-NMR (500 MHz, CD;0OD) §: 6.58 (1H, s, H-2'),
6.38 (2H, s, H-2, 6), 431 (1H, d, J = 5.6 Hz, H-7),
3.86 (3H, s, 3'-OCH3), 3.74 (6H, s, 3, 5-OCH3), 3.59
(1H, dd, J = 10.8, 5.1 Hz, H-9'a), 3.49 (3H, m, H-9,
H-9'b), 3.39 (3H, s, 5'-OCHs3), 2.70 (1H, dd, J = 15.0,

4.8 Hz, H-7'a), 2.57 (1H, dd, J = 14.9, 11.4 Hz,
H-7b), 1.97 (1H, m, H-8), 1.63 (1H, m, H-8');
BC-NMR (125 MHz, CD;0D) 6: 149.0 (C-3, 5), 148.7
(C-3"), 147.7 (C-5"), 139.3 (C-4"), 138.9 (C-1), 134.6
(C-4), 130.2 (C-1"), 126.3 (C-6'), 107.9 (C-2'), 107.0
(C-2, 6), 66.9 (C-9"), 64.3 (C-9), 60.2 (5'-OMe), 56.8
(3, 5-OCHs3), 56.7 (3'-OCHs), 49.0 (C-8), 42.3 (C-7),
41.0 (C-8"),33.6 (C-7")o LA_LE¥E 5 kR IE FE A —
FU, WEEALE Y 8 A (1)U IR .

G 9: A AKCFED, [a]; +36.5° (¢ 0.26,
CH;0H), ESI-MS m/z: 391 [M+H], 44 "H-NMR
A BC-NMR ¥ B8 #E D 2> T 8 CuHy07 .
'H-NMR (500 MHz, CD;OD) &: 6.66 (1H, s, H-2'),
6.43 (2H, s, H-2, 6), 6.21 (1H, s, H-5'), 3.81 (3H, s,
3'-OCHj3), 3.79 (1H, d, J = 11.0 Hz, H-7), 3.78 (6H, s,
3, 5-OCH3), 3.69 (3H, m, H-9’, H-9a), 3.41 (1H, dd,
J=112, 4.0 Hz, H-9b), 2.78 (2H, d, J = 7.7 Hz, H-7'),
2.00 (1H, m, H-8"), 1.79 (1H, m, H-8); '*C-NMR (125
MHz, CD;0D) &: 149.3 (C-3, 5), 147.3 (C-3), 145.4
(C-4"), 137.8 (C-1), 135. 2 (C-4), 134.1 (C-6"), 129.1
(C-1"), 117.3 (C-5"), 112.5 (C-2"), 107.9 (C-2, 6), 66.0
(C-9"), 62.4 (C-9), 56.8 (3, 5-OCH3), 56.5 (3'-OCHj),
48.5 (C-7), 48.0 (C-8), 40.1 (C-8"), 33.6 (C-7"). LAk
e 5 SOk B R A B, M a9 N 5-
AR - (+)- R T R IR 2R

&Y 10: ATRER (FED, [a]p +43.1° (¢
0.62, CH;0H), ESI-MS m/z: 361 [M+H], 4i&
'H-NMR #1 PC-NMR i % 4 #9027 X A
CaoH2406. 'H-NMR (500 MHz, CD;0D) 6: 6.75 (1H,
d, J= 8.0 Hz, H-5), 6.68 (1H, d, J = 1.7 Hz, H-2), 6.65
(1H, s, H-2), 6.61 (1H, dd, J = 8.0, 1.8 Hz, H-6), 6.20
(1H, s, H-5"), 3.79 (3H, s, 3-OCH3), 3.78 (1H, d, J =
10.4 Hz, H-7), 3.76 (3H, s, 3'-OCH3), 3.69 (1H, m,
H-9', H-9a), 3.40 (1H, dd, J = 11.2, 4.2 Hz, H-9b),
2.77 (2H, d, J = 7.6 Hz, H-7"), 2.00 (1H, m, H-8"),
1.78 (1H, m, H-8); "*C-NMR (125 MHz, CD;0D) 6:
149.0 (C-3), 147.2 (C-3'), 145.8 (C-4), 145.2 (C-4"),
138.6 (C-1), 134.1 (C-6'), 129.1 (C-1"), 123.2 (C-6),
117.3 (C-5"), 116.0 (C-5), 113.8 (C-2), 112.43 (C-2"),
66.0 (C-9), 62.3 (C-9), 56.4 (3'-OCH3), 56.4
(3-OCHj3), 48.5 (C-7), 48.0 (C-8), 40.0 (C-8), 33.5
(C-7") LA %t 5 e A —", etk
BP0 N (H)-FEMRER.
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a1 TtiEMIE A, ESI-MS m/z: 379
[M+H]", 454 "H-NMR 1 PC-NMR i %47 ) 73
T CyoHa07. 'H-NMR (500 MHz, CD;OD) &
7.02 (1H, d, J = 1.7 Hz, H-2), 6.96 (1H, d, J = 8.2 Hz,
H-5'), 6.86 (1H, dd, J = 8.0, 1.8 Hz, H-6), 6.85 (1H, d,
J = 1.8 Hz, H-2), 6.76 (1H, d, J = 8.1 Hz, H-5), 6.70
(1H, dd, J = 8.2, 1.8 Hz, H-6'), 4.88 (1H, d, J = 5.9
Hz, H-7), 422 (1H, m, H-8), 3.85 (3H, s, 3'-OCHa),
3.81 (3H, s, 3-OCHs), 3.72 (1H, dd, J = 12.0, 4.2 Hz,
H-9a), 3.56 (2H, t, J = 6.4 Hz, H-9'), 3.47 (1H, dd, J =
11.9, 5.2 Hz, H-9b), 2.62 (2H, t, J = 7.4 Hz, H-7),
1.81 (2H, m, H-8); "*C-NMR (125 MHz, CD;0D) §:
151.6 (C-3'), 148.8 (C-3), 147.5 (C-4'), 147.1 (C-4),
138.2 (C-1'), 133.8 (C-1), 122.0 (C-6'), 120.8 (C-6),
119.4 (C-5'), 115.9 (C-5), 114.0 (C-2'), 111.8 (C-2),
87.5 (C-8), 74.1 (C-7), 62.2 (C-9"), 61.9 (C-9), 56.6
(3'-OCHjy), 56.4 (3-OCHj), 35.5 (C-8'), 32.6 (C-7"). LA
RS kR E R A S, et s Y 1
A (TR,8R)-4,7,9,9"- VU2 FE-3,3"- — H 45 L -8-0-4'- 17
KIER

&Y 12: EEHPIRY), ESI-MS m/z: 409 [M+
Na]', 454 "H-NMR Fl '*C-NMR &3 H#E M 4> 7 =
4 C1oH3005. 'H-NMR (500 MHz, CD;0D) J: 5.82~
5.90 (3H, m, H-4, 7, 8), 4.42 (1H, m, H-9), 434 (1H,
d, J = 7.8 Hz, H-1"), 3.85 (1H, dd, J = 11.8, 2.1 Hz,
H-6'a), 3.63 (1H, dd, J = 11.8, 5.5 Hz, H-6'b), 2.51
(1H, d, J = 17.0 Hz, H-2a), 2.15 (1H, d, J = 17.0 Hz,
H-2b), 1.92 (3H, d, J= 1.3 Hz, H-13), 1.29 (3H, d, J =
6.4 Hz, H-10), 1.04 (3H, s, H-12), 1.03 (3H, s, H-11);
BC-NMR (125 MHz, CD;0D) &: 201.2 (C-3), 167.2
(C-5), 135.3 (C-8), 131.6 (C-7), 127.2 (C-4), 102.8
(C-1"), 80.0 (C-6), 78.2 (C-3'), 78.0 (C-5"), 77.3 (C-9),
75.3 (C-2'), 71.7 (C-4"), 62.9 (C-6'), 50.7 (C-2), 42.4
(C-1), 24.7 (C-12), 23.4 (C-11), 21.2 (C-10), 19.5
(C-13). VA EXodE 5 scmriE A — 5, ke
WA 12 24 (6S,9R)-6-F25E-3-M-a- 5% = [F-9-O-
B-D- L IR 48] 225 B

&M 13: AR (FED, [a] +22.2° (¢
0.15, CH;0H), ESI-MS m/z: 553 [M+H]", 4i&
'H-NMR A1 PC-NMR ¥ ¢ 4 #E 2 7+ R A
C»7H3012. 'H-NMR (500 MHz, CD;0D) 8: 6.57 (1H,
s, H-2'), 6.42 (2H, s, H-2, 6), 4.38 (1H, d, J = 6.5 Hz,
H-7), 422 (1H, d, J = 7.5 Hz, H-1"), 3.84 (3H, s,

3-OCHj3), 3.83 (1H, dd, J = 10.2, 5.1 Hz, H-9a), 3.74
(6H, s, 3, 5-OCH3), 3.64 (1H, dd, J = 10.9, 4.4 Hz,
H-9'a), 3.54 (1H, dd, J = 10.8, 6.5 Hz, H-9'b), 3.48
(1H, ddd, J = 10.0, 8.8, 5.4 Hz, H-4"), 3.43 (1H, dd,
J = 9.8, 4.1 Hz, H-9b), 3.31 (3H, s, 5-OCHj3), 3.23
(1H, dd, J = 8.8, 7.5 Hz, H-2"), 2.71 (1H, dd, J = 15.2,
4.7 Hz, H-7a), 2.63 (1H, dd, J = 15.0, 11.5 Hz,
H-7'b), 2.07 (1H, m, H-8), 1.70 (1H, m, H-8");
BC-NMR (125 MHz, CD;0D) 6: 149.0 (C-3, 5), 148.7
(C-3), 147.7 (C-5"), 139.4 (C-1), 138.9 (C-4'), 134.6
(C-4), 130.2 (C-1"), 126.4 (C-6"), 107.9 (C-2'), 107.1
(C-2, 6), 105.5 (C-1"), 78.0 (C-3"), 74.9 (C-2"), 71.2
(C-4"), 71.2 (C-9), 67.0 (C-5"), 66.1 (C-9), 60.1
(5-OCH3), 56.9 (3, 5-OCH3), 56.6 (3'-OCH;), 46.7
(C-8), 43.0 (C-7), 40.6 (C-8'), 33.9 (C-7"). LA L%
5B A, WA 13 8 (+H)-
BRI RS 9-O-B-D-ME A

&Y 14: AR (FED, [a]h —58.8° (¢
0.25, CH;0H), ESI-MS m/z: 553 [M+H]", 4i&
'H-NMR Al “C-NMR i % 4 #E 0 2> 7 R M
C»7H36012- 'H-NMR (500 MHz, CD;0D) d: 6.56 (1H,
s, H-2'), 6.40 (2H, s, H-2, 6), 4.22 (1H, d, J = 7.0 Hz,
H-7), 4.09 (1H, d, J = 7.6 Hz, H-1"), 3.84 (3H, s,
3-OCHj3), 3.80 (1H, dd, J = 10.2, 4.6 Hz, H-9a), 3.74
(6H, s, 3, 5-OCH3), 3.61 (2H, m, H-9"), 3.57 (1H, dd,
J=10.2, 5.0 Hz, H-9b), 3.48 (1H, ddd, J = 10.1, 8.9,
5.4 Hz, H-4"), 3.34 (3H, s, 5'-OCHj3), 3.19 (1H, dd, J =
9.0, 7.6 Hz, H-2"), 2.67 (2H, m, H-7"), 2.03 (1H, m,
H-8), 1.70 (1H, m, H-8); "“C-NMR (125 MHz,
CD;0D) ¢: 149.0 (C-3, 5), 148.7 (C-3), 147.61 (C-5),
139.6 (C-1), 138.9 (C-4'), 134.6 (C-4), 130.2 (C-1"),
126.3 (C-6), 107.8 (C-2"), 107.1 (C-2, 6), 105.0 (C-1"),
78.0 (C-3"), 74.9 (C-2"), 71.3 (C-4", 9), 67.0 (C-5"), 66.1
(C-9), 60.0 (5-OCH3), 568 (3, 5-OCHj), 56.6
(C-3-OCHs), 46.6 (C-8), 43.3 (C-7), 40.8 (C-8'), 34.0
(C-7) VA EHi 5 S cmrafig A — 5™, et
G142 (—-)-FIAR R 9-O-B-D-MEAKE LT .
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