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Chemical constituents of Viola yedoensis

DU Dong-sheng, QIN Yan, CHENG Zhi-hong, CHEN Dao-feng
Department of Pharmacognosy, School of Pharmacy, Fudan University, Shanghai 201203, China

Abstract: Objective To investigate the chemical constituents of the whole plants of Viola yedoensis. Methods The chemical
constituents were isolated and purified by column chromatography over silica gel and Sephadex LH-20, as well as on the
semi-preparative HPLC. The structures of the isolates were identified by the NMR spectroscopic method. Results Twenty-three
compounds were isolated and their structures were identified as pubinernoid A (1), (2R,6R,9R)-2,9-dihydroxy-4-megastigmen-3-one
(2), 35,5R-dihydroxy-6R,7-megastigmadien-9-one (3), dehydrovomifoliol (4), blumenol A (5), blumenol B (6), oleanolic acid (7),
2a,3a-dihydroxyurs-12-ene-28-oic acid (8), la,20,3B-trihydroxyolean-12-ene-28-oic acid (9), 2a,19a-dihydroxyursolic acid (10),
3a-hydroxyfriedel-2-one (11), 7-oxopetrosterol (12), 7-oxositosterol (13), syringaresinol (14), lariciresinol (15), daphneticin (16),
umbelliferone (17), trans-p-hydroxycinnamic acid methyl ester (18), p-hydroxyphenylpropionic acid (19), p-hydrobenzaldehyde (20),
p-methoxybenzaldehyde (21), p-methoxybenzoic acid (22), and 5-hydroxymethyl-2-furfural (23). Conclusion Compounds 1—16
and 18—23 are isolated from the genus Vio/ for the first time, and compound 17 is isolated from the plant for the first time.

Key words: Viola yedoensis Makino; dehydrovomifoliol; blumenol A; lariciresinol; daphneticin; umbelliferone
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BEIAG R oY s AU e T AT T A5 oy
IBEFE, MR A B 95% L RESE IV A1 i Tk
BRI AIEE R LB AR i 15 23 MBS, 70 %
5E A pubinernoid A (1), (2R,6R,9R)-2,9- f53-4-F
2% -3-T [(2R,6R.9R)-2,9-dihydroxy-4-megastigmen-
3-one, 2]v 3S,5R-F2%E-6R,7-E 5 —H5-9-l (3S,5R-
dihydroxy-6R,7-megastigmadien-9-one, 3). E&f#
2 £ (dehydrovomifoliol, 4). i /5 U EE A
(blumenol A, 5). Aii /"4l B (blumenol B, 6).
SHEEEE (oleanolic acid, 7). 20,30~ — 2R 75-12-
J#i-28-1R (2a,30-dihydroxyurs-12-ene-28-oic acid, 8)+
lo,20,3p- = ¥& JE 5% 8L -12- 45 -28- 8 ( 10,20,3p-
trihydroxyolean-12-ene-28-oic acid, 9)+ 2a,19a- —¥%
H R (20,19a-dihydroxyursolic acid, 10). 3a-
BAEARSE-2-H{ (11). 7-oxopetrosterol (12). 3pB-
k-5 8§-5-4%5-7-l (7-oxositosterol, 13). T &g
% (syringaresinol, 14). & MFaEE (lariciresinol,
15). i & #H & (daphneticin, 16). AL M B
(umbelliferone, 17). XFRIEFE LIRS (rans-p-
hydroxycinnamic acid methyl ester, 18). ]I
WIR (p-hydroxyphenylpropionic acid, 19). X} ¥k
FKH B (p-hydrobenzaldehyde, 20). X F 44
% (p-methoxybenzaldehyde, 21). X Hl 434
R (p-methoxybenzoic acid, 22) Fl 5-3% H JE
% (5-hydroxymethyl-2-furfural, 23). tb&54 1~
16, 18~23 NEH XM EKEHEM T o &R, 1L
EW 1T NE RN ZEI o B Cos A
Wi (B 2~6) NE RN ZBHED 7315104
AR
1 UE5HR

EasySep-1010 2 i & VA i A (i imi
SMTHARA R F]); Bruker DRX 400 MHz #% R
PRUEEAL (fE[E Bruker AF]); AEEIEER H (5
AL L) ); Sephadex LH-20 7 JAEELR: (i
#t Pharmacia A &]); #2030 HGFyss G TTZ
RS IEIRIT RARES ) s il all £ Ji5 A0 i 4l 7 i
(HZ R ARG RAFD; Ak, HEHAZ
1% LB A i

SACH T 25800 T BT 24 RA R, &
55 H R 5955 o A 2 2 T = R A R 7T B 508
HNERRE R EAEH T Viola yedoensis Makino 1)
TR A, frA (DH2008082905) {1715 A
K22 A 25 B0 =

2 REESE

TR e T4 5 20 kg, =R FEL 95%
LB 4 %, EHAREGH, WERFEREE
812 g; 1R BIF T ZRMH/K A, AU AT I Bk N s 1%
LA, REMUR ARG, 55 545 204 AL
HU 323 g FIEETR SR ZEHUA) 180 g

ECF i Tk AE ) 22 e s i 0, A el - 1 £
fig (50:1.30:1.20:1,10:1.5:1. 1:1)
BEEEVENE, 702 AN T &M FER 152 6
ANy Hpdl sy 3 SR GRE & Sephadex
LH-20 SR A1 RS 5 SaAim 2 &9 1 (16
mg). 2 (14mg). 3 (8mg). 4 (20 mg) 15 (23
mg); 9 4 ZREEAE S EELEY 6 (30
mg). HEEIR AFEZHY) (180 g) ZREM A AL,
A -BERR 2 FE (100, 5051, 3051, 20: 1.
100125014 10D BREESRIARR] 7 A4 5. Aoy
3 4 B TR RO M2 Sephadex LH-20 B F: (il
IR RIL S 7 (28 mg). 8 (20 mg). 9 (12
mg). 10 (9 mg). 11 (9 mg). 12 (10 mg) 113
(9mg). 44 4 & EANRERAE AL 5 B 15 2L
A1 14 (25mg). 15 (26 mg) F116 (33 mg). 4
o 5 GV AR (B, DL BE- /KRR FE P 45 24k
AW 17 (6mg). 18 (22 mg). 20 (28 mg). 21 (12
mg) 122 (6 mg). Hir 6 & xRERAMERIECIE
SERFA 19 (21 mg) F123 (13 mg).
3 HMETE

WEY 1. EfIRES T (CHCL). 'H-NMR
(400 MHz, CDCl3) 6: 5.69 (1H, s, H-6), 4.27~4.38
(1H, m, H-2), 2.45 (1H, dt, J = 13.4, 2.4 Hz, H-3b),
2.03 (1H, dt, J=13.4, 2.4 Hz, H-1b), 1.75~1.81 (1H,
m, H-3a), 1.56 (1H, dd, J = 14.3, 3.6 Hz, H-1a), 1.78
(1H, s, CHs-11), 1.47 (1H, s, CH3-9), 1.28 (1H, s,
CH;-10); "*C-NMR (100 MHz, CDCl3) 8: 47.0 (C-1),
65.9 (C-2), 45.5 (C-3), 86.3 (C-4), 182.7 (C-5), 112.4
(C-6), 170.9 (C-7), 35.8 (C-8), 26.5 (C-9), 30.2
(C-10), 26.0 (C-11). A ¥ 5 3clikfiE —5,
WS B AT 1 4 pubinernoid A

&Y 2. A AK. 'HNMR (400 MHz,
acetone-dg) o: 5.97 (1H, s, H-4), 4.22 (1H, s, H-2),
3.76 (1H, m, H-9), 2.07 (1H, m, H-6), 2.01 (3H, s,
H-13), 1.59 (2H, m, H-8), 1.55 (1H, m, H-7a), 1.29
(1H, m, H-7b), 1.26 (3H, s, H-12), 1.23 (3H, d, J = 6.0
Hz, H-10), 0.89 (3H, s, H-11); "C-NMR (100 MHz,
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acetone-ds) &: 42.7 (C-1), 76.1 (C-2), 198.3 (C-3),
122.5 (C-4), 166.7 (C-5), 53.2 (C-6), 24.9 (C-7), 39.0
(C-8), 67.1 (C-9), 23.6 (C-10), 23.9 (C-11), 21.6
(C-12), 24.4 (C-13). VL b3¥ 5 cifkis —5",
WS A 2 N (2R,6R9R)-2,9- i Fk-4-FH
#5531

& 3: AEHAK. 'HNMR (400 MHz,
acetone-dg) o: 5.70 (1H, s, H-8), 4.32 (1H, m, H-3),
2.23 (1H, ddd, J = 12.9, 4.0, 2.0 Hz, H-4a), 2.14 (3H,
s, H-10), 1.94 (1H, ddd, J = 12.5, 4.0, 2.0 Hz, H-2a),
1.39 (6H, s, H-12, 13), 1.13 (3H, s, H-11); “C-NMR
(100 MHz, acetone-dg) d: 35.7 (C-1), 49.2 (C-2), 62.8
(C-3), 49.3 (C-4), 71.2 (C-5), 118.8 (C-6), 197.2
(C-7), 99.8 (C-8), 209.4 (C-9), 31.3 (C-10), 25.6
(C-11), 29.8 (C-12), 30.1 (C-13). LA F%¥E 5 kR
E—-, M EAEY 3 N 3S,5R-—3E-6R,7-
B 5 H5-9-H .

a4 Ttk ChimBE-TED . 'H-NMR
(400 MHz, CDCl;) 8: 7.13 (1H, d, J = 15.9 Hz, H-7),
6.50 (1H, d, J = 15.9 Hz, H-8), 5.86 (1H, s, H-4), 2.63
(1H, d, J = 17.0 Hz, H-2a), 2.28 (3H, s, H-10), 2.24
(1H, d, J = 16.9 Hz, H-2b), 1.88 (3H, s, H-13), 1.07
(3H, s, H-11), 1.03 (3H, s, H-12); “C-NMR (100
MHz, CDCl3) d: 41.2 (C-1), 49.3 (C-2), 196.3 (C-3),
127.0 (C-4), 161.0 (C-5), 78.7 (C-6), 146.3 (C-7),
130.7 (C-8), 197.3 (C-9), 26.6 (CH3-10), 22.6 (CH;-11),
23.8 (CH;-12), 18.0 (CH3-13). L E¥dds 5 CikikiE —
O, WUSTEEY) 4 M R,

WA 5: WY . "H-NMR (400 MHz,
CDCly) &: 5.86 (1H, s, H-4), 5.78 (2H, m, H-7, 8),
431 (1H, m, H-9), 2.51 (1H, d, J = 16.8 Hz, H-2a),
2.15 (1H, d, J = 16.8 Hz, H-2b), 1.91 (3H, d, J = 1.2
Hz, H-11), 1.23 3H, d, J = 6.3 Hz, H-10), 1.02 (3H, s,
H-13), 1.00 3H, s, H-12); "C-NMR (100 MHz,
CDCl3) &: 42.4 (C-1), 50.7 (C-2), 201.2 (C-3), 127.0
(C-4), 167.4 (C-5), 79.9 (C-6), 136.8 (C-7), 130.1
(C-8), 68.7 (C-9), 23.4 (C-10), 24.4 (C-11), 23.8
(C-12), 19.5 (C-13). LA_E%dhs 5 semkais — g,
WS BB 5 AT FTIER A

&Y 6: B EHRY . "H-NMR (400 MHz,
CDCly) d: 5.82 (1H, s, H-4), 3.64 (1H, m, H-9), 2.59
(1H, d, J = 18.0 Hz, H-2a), 2.15 (1H, d, J = 18.0 Hz,
H-2b), 2.03 (3H, s, H-11), 1.73 (2H, m, H-7), 1.37

(2H, m, H-8), 1.16 (3H, d, J = 6.0 Hz, H-10), 1.08
(3H, s, H-13), 1.01 (3H, s, H-12); “C-NMR (100
MHz, CDCls) d: 42.9 (C-1), 51.0 (C-2), 200.8 (C-3),
126.5 (C-4), 171.8 (C-5), 79.1 (C-6), 35.7 (C-7), 35.3
(C-8), 69.3 (C-9), 23.7 (C-10), 21.8 (C-11), 24.0
(C-12), 24.4 (C-13). VL F¥dE 5 3cikfig —a',
M e B 6 A T AEE B

a1 AEMAE, 10%MIKROE LA,
'H-NMR (400 MHz, CDCls) d: 5.08 (1H, brs, H-12),
3.02 (1H, m, H-3), 2.64 (1H, m, H-18), 0.96, 0.79,
0.75,0.73,0.72, 0.61, 0.59 (% 3H, s, CHs): “C-NMR
(100 MHz, CDCl3) d: 382 (C-1), 26.4 (C-2), 78.4
(C-3), 38.4 (C-4), 55.0 (C-5), 18.0 (C-6), 32.4 (C-7),
39.0 (C-8), 47.4 (C-9), 36.7 (C-10), 22.7 (C-11), 122.0
(C-12), 143.6 (C-13), 41.0 (C-14), 27.4 (C-15), 23.1
(C-16), 46.1 (C-17), 41.3 (C-18), 45.7 (C-19), 30.3
(C-20), 33.5 (C-21), 32.3 (C-22), 27.6 (C-23), 14.9
(C-24), 15.2 (C-25), 16.4 (C-26), 25.5 (C-27), 180.0
(C-28), 32.6 (C-29), 23.0 (C-30). DL E%r¥#E 5 ik
ol — 5, MR AT T AT R

WEY 8: IR, 10%ER 28 5 &40,
'H-NMR (400 MHz, DMSO-de) 6: 5.26 (1H, brs,
H-12), 3.93 (1H, m, H-3), 3.31 (1H, m, H-2), 2.85
(1H, m, H-18), 1.02, 0.90, 0.76, 0.71 (% 3H, s, CHs),
0.87 3H, d, J = 7.1 Hz, H-30), 0.81 (3H, d, J = 8.0
Hz, H-29); "“C-NMR (100 MHz, DMSO-dg) 6: 41.7
(C-1), 64.6 (C-2), 77.8 (C-3), 37.5 (C-4), 47.4 (C-5),
17.6 (C-6), 32.6 (C-7), 40.1 (C-8), 46.9 (C-9), 37.9
(C-10), 23.7 (C-11), 124.5 (C-12), 138.5 (C-13), 40.2
(C-14), 27.4 (C-15), 22.9 (C-16), 46.8 (C-17), 52.3
(C-18), 38.8 (C-19), 38.4 (C-20), 30.2 (C-21), 36.3
(C-22), 28.9 (C-23), 21.9 (C-24), 16.2 (C-25), 17.0
(C-26), 23.3 (C-27), 178.3 (C-28), 16.9 (C-29), 21.3
(C-30). VL E¥dl 5k — 8™, s et s
) 8 N 2a,30- — L 5 J5-12-45-28-1R

E9: AEMAE, 10%MIROE LA,
'H-NMR (400 MHz, CDCls) 8: 5.50 (1H, brs, H-12),
423 (1H, dd, J = 10.0, 2.8 Hz, H-2), 4.02 (1H, d, J =
10.0 Hz, H-3), 3.96 (1H, d, J = 2.8 Hz, H-1), 1.40,
1.30, 1.07, 1.04, 1.02, 1.01, 0.96 (% 3H, s, CHs);
BC-NMR (100 MHz, CDCly) &: 742 (C-1), 69.5
(C-2), 76.2 (C-3), 38.3 (C-4), 47.9 (C-5), 18.2 (C-6),
33.1 (C-7), 41.1 (C-8), 38.2 (C-9), 38.9 (C-10), 22.7
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(C-11), 122.5 (C-12), 144.2 (C-13), 42.9 (C-14), 29.5
(C-15), 28.1 (C-16), 46.2 (C-17), 41.8 (C-18), 45.5
(C-19), 30.3 (C-20), 33.9 (C-21), 33.2 (C-22), 27.9
(C-23), 17.0 (C-24), 17.7 (C-25), 15.9 (C-26), 25.7
(C-27), 179.4 (C-28), 32.2 (C-29), 23.6 (C-30). LA L
W5 oScuk g %™, WS ELEw 9N
lo,20,3B- = FR I I R-12-15-28-12

WE 10: AR, 10%MER LR B L0,
'H-NMR (400 MHz, pyridine-ds) &: 5.60 (1H, brs,
H-12), 4.34 (1H, d, J = 10.8 Hz, H-2), 3.17 (1H, td,
J =13.0, 43 Hz, H-3), 1.65, 1.43, 1.28, 1.13, 1.12,
0.95, 0.91 (% 3H, s, CH3); “C-NMR (100 MHz,
pyridine-ds) d: 42.6 (C-1), 65.9 (C-2), 79.1 (C-3), 38.6
(C-4), 48.5 (C-5), 18.3 (C-6), 33.3 (C-7), 40.3 (C-8),
47.4 (C-9), 38.4 (C-10), 23.8 (C-11), 127.7 (C-12),
139.7 (C-13), 41.9 (C-14), 29.0 (C-15), 26.1 (C-16),
48.0 (C-17), 54.3 (C-18), 72.4 (C-19), 42.3 (C-20),
26.7 (C-21), 38.2 (C-22), 29.2 (C-23), 16.6 (C-24),
16.4 (C-25), 17.0 (C-26), 24.4 (C-27), 180.5 (C-28),
26.8 (C-29), 22.0 (C-30). bA_b%icd 5 ki — 5,
S B A 10 4 20,190- R FE L I5R .

AV 11: AERER, 10%MIR I ERL (.,
'H-NMR (400 MHz, CDCl;) 6: 3.84 (1H, dd, J = 11.0,
2.6 Hz, H-3), 2.54 (1H, dd, J = 13.4, 2.6 Hz, H-1a),
2.41 (1H, dd, J = 14.2, 13.4 Hz, H-1b), 1.17 (3H, s,
28-CH3), 1.05 (3H, s, 26-CHj), 1.02 (3H, s, 24-CHs),
0.99 (3H, s, 29-CHs), 0.96 (3H, s, 27-CH3), 0.93 (3H,
s, 30-CH;), 0.88 (3H, s, 25-CH3); "“C-NMR (100
MHz, CDCl3) d: 36.4 (C-1), 212.1 (C-2), 77.2 (C-3),
54.8 (C-4), 38.3 (C-5), 40.5 (C-6), 17.8 (C-7), 53.2
(C-8), 38.0 (C-9), 60.5 (C-10), 35.2 (C-11, 30), 30.6
(C-12), 39.0 (C-13), 38.5 (C-14), 32.5 (C-15), 36.2
(C-16), 30.2 (C-17), 42.8 (C-18), 35.7 (C-19), 28.2
(C-20), 32.9 (C-21), 39.2 (C-22), 10.5 (C-23), 14.0
(C-24), 17.7 (C-25), 20.3 (C-26), 18.3 (C-27), 32.1
(C-28), 31.2 (C-29). LA - ¥u¥ 5 cikhis —a'7,
MO ELAEY) 11 08 3o- R FE AR bt -2- .

&Y 12: AR, 10%5RIR 20 5%,
'H-NMR (400 MHz, CDCl3) 6: 5.73 (1H, d, J = 2.1
Hz, H-6), 3.67 (1H, m, H-3), 1.25 (3H, s, H-19), 1.04
(3H, d, J = 6.0 Hz, H-29), 0.95 3H, d, J = 6.2 Hz,
H-21), 0.93 3H, d, J = 6.5 Hz, H-28), 0.71 (3H, s,
H-18); “C-NMR (100 MHz, CDCly) 6: 36.3 (C-1),

31.2 (C-2), 70.5 (C-3), 41.8 (C-4), 165.1 (C-5), 126.1
(C-6), 2023 (C-7), 45.1 (C-8), 48.9 (C-9), 38.8
(C-10), 21.2 (C-11), 38.4 (C-12), 43.3 (C-13), 50.2
(C-14), 26.5 (C-15), 28.9 (C-16), 54.9 (C-17), 12.6
(C-18), 17.8 (C-19), 36.1 (C-20), 18.4 (C-21), 33.6
(C-22), 33.3 (C-23), 38.2 (C-24), 27.3 (C-25), 12.0
(C-26), 12.9 (C-27), 19.8 (C-28), 19.3 (C-29). LA ¥
5wk 5", MEEham 12 A
7-oxopetrosterol.

E13: MK, 10%MIR OB KA .
"H-NMR (400 MHz, CDCl;) d: 5.69 (1H, s, H-6), 3.67
(1H, m, H-3), 1.20 (3H, s, CHs-19), 0.92 (3H, d, J =
6.4 Hz, 21-CH3), 0.86 (3H, t, J = 7.2 Hz, 29-CH),
0.84 3H, d, J = 6.8 Hz, 26-CH3), 0.81 (3H, d, J= 6.8
Hz, 27-CHs), 0.68 (3H, s, 18-CH3);: "“C-NMR (100
MHz, CDCl;) &: 36.4 (C-1), 31.2 (C-2), 70.5 (C-3),
41.8 (C-4), 165.2 (C-5), 126.1 (C-6), 202.3 (C-7), 45.4
(C-8), 49.5 (C-9), 38.3 (C-10), 21.2 (C-11), 38.7
(C-12), 41.5 (C-13), 49.9 (C-14), 26.3 (C-15), 28.5
(C-16), 54.7 (C-17), 12.2 (C-18), 17.3 (C-19), 36.1
(C-20), 18.9 (C-21), 33.9 (C-22), 26.1 (C-23), 45.8
(C-24), 29.1 (C-25), 19.8 (C-26), 19.0 (C-27), 23.0
(C-28), 12.0 (C-29). LA F%cdfs 5 cibkdhaE — "™,
S EAL B 13 N 3p-FR S-S -5-0- 7

WEY 14: A AE. 'H-NMR (400 MHz,
acetone-dg) 0: 6.68 (4H, s, H-2, 2', 6, 6"), 4.66 (2H, s,
H-7, 7'), 422 (2H, t, J = 8.2 Hz, H-9b, 9b’), 3.82
(14H, m, H-9a, 9a’, 4 X OCHj3), 3.09 (2H, s, H-8, 8');
BC-NMR (100 MHz, acetone-dg) 6: 133.1 (C-1, 1),
104.3 (C-2, 2, 6, 6), 148.6 (C-3, 3', 5, 5'), 136.0 (C-4,
4", 86.8 (C-7, 7'), 55.3 (C-8, 8'), 72.3 (C-9, 9'), 56.6
(4XOCH;3). L ¥ 5 Scikdhor — 50", % e
wEW 14 N T EIRER.

WwEY 15: ABTERMA. 'HNMR (400
MHz, acetone-dg) o: 6.88 (1H, d, J = 2.0 Hz, H-2),
6.86 (1H, d, J = 2.0 Hz, H-2'), 6.82 (1H, m, H-5), 6.79
(1H, m, H-6), 6.70 (1H, dd, J = 7.8, 2.8 Hz, H-6"),
6.69 (1H, d, J=7.8 Hz, H-5'), 4.78 (1H, d, /= 9.2 Hz,
H-7), 4.05 (1H, dd, J = 14.4, 7.6 Hz, H-9'b), 3.92 (1H,
dd, J = 11.8, 9.6 Hz, H-9b), 3.89 (3H, s, OCH;-3),
3.87 (3H, s, OCH3-3"), 3.77 (1H, dd, J = 14.4, 8.8 Hz,
H-9'a), 3.75 (1H, dd, J = 11.8, 7.6 Hz, H-9a), 2.92
(1H, dd, J = 17.6, 8.4 Hz, H-7'b), 2.75 (1H, m, H-8"),
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2.54 (1H, dd, J = 17.6, 14.4 Hz, H-7'a), 2.41 (1H, m,
H-8); *C-NMR (100 MHz, acetone-dg) 6: 133.3 (C-1),
110.1 (C-2), 148.2 (C-3), 145.6 (C-4), 115.3 (C-5),
119.2 (C-6), 33.4 (C-7), 43.4 (C-8), 73.0 (C-9), 136.5
(C-1"), 112.9 (C-2"), 148.1 (C-3), 146.4 (C-4"), 115.6
(C-5"), 121.7 (C-6'), 83.2 (C-7'), 53.9 (C-8'), 60.3
(C-9"), 56.1 (2X OCH3). & ROSEY #EHfIA , H-8/H-8'
K, W&EE H-7 AL, BLEHERES HSQC.
HMBC H1 COSY ik, -5 3Clkifid—s, s
AW 15 NvE AR RE .

& 16: KK, 'H-NMR (400 MHz,
acetone-dg) o: 8.53 (1H, s, 4'-OH), 8.00 (1H, d, J =
10.0 Hz, H-4), 7.21 (1H, d, J = 9.0 Hz, H-5), 6.98 (1H,
d, J=9.0 Hz, H-6), 6.76 (2H, s, H-2', 6'), 6.33 (1H, d,
J =10.0 Hz, H-3), 5.10 (1H, m, H-7"), 4.34 (1H, s,
9-OH), 4.32 (1H, m, H-8'), 3.78 (6H, s, 2X OCHj3),
3.67 (1H, m, H-9'a), 3.41 (1H, m, H-9'b); "*C-NMR
(100 MHz, acetone-dg) J: 160.4 (C-2), 113.5 (C-3),
144.1 (C-4), 119.7 (C-5), 112.9 (C-6), 147.8 (C-7),
138.2 (C-8), 149.7 (C-9), 113.6 (C-10), 126.3 (C-1'),
106.2 (C-2', 6'), 149.4 (C-3', 5"), 132.3 (C-4"), 77.6
(C-7"), 79.8 (C-8"), 60.5 (C-9'), 56.3 (2X OCH;). LA I
s 5 SCRIRiE — 80, WA 16 NEE
W

WA 17: Totokt i ChiBE-AH D . 'H-NMR
(400 MHz, acetone-dg) J: 8.02 (1H, s, OH), 7.88 (1H,
d, J=9.5 Hz, H-4), 7.53 (1H, d, J = 8.5 Hz, H-5), 6.86
(1H, dd, J = 8.4, 2.3 Hz, H-6), 6.75 (1H, d, /= 2.3 Hz,
H-8), 6.17 (1H, d, J = 9.5 Hz, H-3); "*C-NMR (100
MHz, acetone-dg) 6: 160.9 (C-2), 113.6 (C-3), 144.6
(C-4), 130.3 (C-5), 112.8 (C-6), 161.8 (C-7), 103.1
(C-8), 156.8 (C-9), 112.7 (C-10). LA -#¥E 5 Rk
E—EP, WA 1T AT

& 18: kR, 'H-NMR (400 MHz,
acetone-dg) o: 7.66 (1H, d, J = 16.0 Hz, H-3), 7.44
(2H, d, J = 8.5 Hz, H-2, 6'), 6.87 (2H, d, J = 8.5 Hz,
H-3',5"), 6.32 (1H, d, J = 16.0 Hz, H-2), 3.82 (3H, s,
OCH3). VL ¥ 5 cmvipiE —a™, #keth s
W18 st R B R G

& 19: A K. 'H.NMR (400 MHz,
CDCl;) 6: 7.08 (2H, d, J = 8.1 Hz, H-2, 6), 6.76 (2H,
d, J =82 Hz, H-3, 5), 2.83 (2H, t, J = 7.6 Hz, H-2"),
2.57 (2H, t, J = 7.6 Hz, H-1"). VL E#¥E 5 CrikiikiE

— 5, S LA 19 A RN IR -

&) 20 LEAMIRY . "H-NMR (400 MHz,
CDCly) 6: 9.89 (1H, s, CHO), 7.76 (2H, d, J = 8.2 Hz,
H-2, 6), 6.93 (2H, d,J=8.2 Hz, H-3, 5). A E¥dE 5
BikFRAE — 0, B EALAY) 20 AUXTERIESE R

& 21 AR K. '"HINMR (400 MHz,
CDCly) 6: 9.82 (1H, s, CHO), 7.74 (2H, d, J = 8.0 Hz,
H-2, 6), 6.95 (2H, d, J = 8.0 Hz, H-3, 5), 3.78 (3H, s,
OCH3). LA ¥ 5 5cffis — 5™, et
W 21 xR R OR T

&y 22. AtKHAK. 'THINMR (400 MHz,
CDCl;) d: 8.92 (1H, brs, COOH), 7.91 (2H, d, J=8.2
Hz, H-2, 6), 6.92 (2H, d, J = 8.2 Hz, H-3, 5), 3.73 (3H,
s, OCH3). LA E¥ds 5 scmkipiE — ™, et
B 22 JR AR R .

& 23: AR, 'HINMR (400 MHz,
acetone-dg) 0: 9.53 (1H, s, CHO), 7.39 (1H, d, J=3.5
Hz, H-3), 6.59 (1H, d, J = 3.5 Hz, H-4), 4.61 (2H, s,
CH»-7); “C-NMR (100 MHz, acetone-dg) J: 163.2
(C-2), 124.9 (C-3), 110.9 (C-4), 153.9 (C-5), 179.4
(C-6), 57.4 (CHx-7)o LA F%df 5 ibikdiaE — 2™,
WU EAL A 23 N 5-FR HSLRERS .

4 it

ARUFFNEICH T AR B4 7 1 A g
(D, 5 Cpis LR (2~6). 5 =ik
(7T~11). 2 MRS (12, 13). 3 DARE R (14~
16). 1 MEEHRIE A7) 6 MR (18~23)
5. Hor Cos BEAFRERFIAR TR I NE IR
MEEAEH T 3 ISR . JT I A R I
T e R 2P S R A 2 SRR T w1 S ZEHURMA A
G, AE XA S T 0 0 B R A A AT TN
PRYE M2 USRI R, thEY 1~6. 14~16
PP AAMATE M . =i G5 BRR (1) A
20,30- FEFE L IR-12-0-28-12 (8) AU ATHIC
O B R BUrMATE Y, BAER T AMA
ARG AR S P, N T IR AL A% FR A I
KR QD RWATRMREMERY, R, AR
PERBR T 5 ih 240, ZAED ORI 8 =R
R HPUORMATE Y R Al —
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