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Chemical constituents from whole herbs of Viola yedoensis
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Abstract: Objective To investigate the chemical constituents from whole herbs of Viola yedoensis. Methods The chemical
constituents were isolated and purified by silica gel, ODS column chromatography, Sephadex LH-20 column chromatography and
semi-preparative HPLC. The structures of the isolated compounds were identified by physicochemical properties, NMR and MS
spectroscopic methods. Results A total of 21 compounds were isolated from the 95% ethanol extract of V. yedoensis, and their
structures were identified as aesculetin 6-O-B-D-apiofuranosyl-(1—2)-B-D-glucopyranoside (1), ethyl indole-3-carboxylate (2),
dehydrololiolide (3), scoparone (4), taraxacin (5), salicin(6), syringin (7), (E)-4-hydroxy-4-[3'-(B-D-glucopyranosyloxy)
butylidene]-3,5,5-trimethyl-2-cyclohexen-l-one  (8), citroside A (9), (7S,8R)-dihydrodehydrodiconiferyl alcohol-9-O-B-D-
glucopyranoside (10), 3-O-a-L-(4-O-acetyl)rhamnopyranosyl kaempferol 7-O-a-L-rhamnopyranoside (11), kaempferol-7-O-o-L-
rhamnopyranoside (12), kaempferol-3-O-a-L-rhamnopyranoside (13), kaempferitrin (14), kaempferol-3-O-B-D-glucopyranoside
(15), apigenin (16), (+)-isololiolide (17), uridine (18), B-adenosine (19), 6-hydroxycoumarin-7-O-a-L-rhamnosyl-(1—6)-
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O-B-D-glucoside (20), and (7S,8R)-dihydrodehydrodiconiferyl alcohol 4-O-B-D-glucopyranoside (21). Conclusion Compound 1 is
obtained as a new compound, named as vioyegluapiside and compound 2 as a new natural product, with compounds 5-11 and 18

isolating from the genus Viola for the first time and with compounds 12 and 21 from plant V. yedoensis for the first time.

Key words: genus Viola; Viola yedoensis Makino; coumarin glycoside; flavone O-glycosides; aesculetin-6-O-p-D-apiofuranosyl-

(1—-2)-B-D-glucopyranoside; ethyl indole-3-carboxylate; vioyegluapiside; taraxacin; citroside A
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MEAEHEA, BHil, CAXEYHRRNET R, 38
i ARHEZ . 8. SR, A Mias 22 o 59,
{H T2 A T IEVE R IR TR IE IR B>, i
—WEE R T b2 RRY, s HAY)
fith, RFIEHREFINEY), AR E et T 4
5 95% L BE/K SRV HIAL 25 L0 AT RS TT, M
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6-O-B-D- Ik Wi - Bl Jik -(1—2)-B-D- Wit 1 7 %) b 17
[aesculetin-6-O-B-D-apiofuranosyl-(1—2)-B-D-gluco-
pyranoside, 1]. M|Wt-3-H g g Cethyl indole-3-
carboxylate, 2). FiEH=Z A (dehydrololiolide,
3). VEE S (scoparone, 4). Jl/ATEET K (taraxacin,
5). JK#H (salicin, 6). T#&H (syringin, 7). 4-
¥4 3 -4-[3-(B-D-H % A 3 I T 2£]-3,5,5- = Hl 3E-2-
RO M -1- %% ((E)-4-hydroxy-4-[3'-(B-D-glucopyra-
nosyloxy)butylidene]-3,5,5-trimethyl-2-cyclohexen-I-
one, 8). M#EHF A (citroside A, 9). (7S,8R)- -4
F AN MTE-9-O-B-D- it i %] %1 % 7 [(7S,8R)-dihydro-
dehydrodiconiferyl alcohol-9-O-B-D-glucopyranoside,
10]+ 1l #%%K-3-0-0-L-(4-O- Z i 3E) R 24 -7-0-a-
L- R 2541 [kaempferol-3-O-o-L-(4-O-acetyl) rhamno-
pyranoside-7-O-o-L-rhamnopyranoside, 11]. tliZ5f}-
7-O-0-L- i Z= ¥ ¥ ( kaempferol-7-O-a-L-rhamno-
pyranoside , 12) . 1l 2% Wy -3-O-a-L- R 2= §f 1F
(kaempferol-3-O-a-L-rhamnopyranoside, 13). 11125
By -3-O-a-L- . 2 i % -7-O-0-L- W 2 1
( kaempferitrin, 14). 111 4% %) -3-O-B-D- i % # 1F
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i -4-O-B-D- I I 4 %5 B 7 [(7S,8R)-dihydrodehydro-
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PEHL 3 K, BRR 2 h, SREGEEIFEIES, HuER
RS BIRE 600 g. SR B SRR (3
(60~100 H) 438, LlAimE, —&Hke. & H
Fe-HEE (50 @ 1D, Z“&EHLE-FEE (101 D, =&
FE-FIE (50 1), & HR-FEE (211, FE
VERRBIARR BEBEL, L1538 7 N4 Fr. A~G.

Fr. B kA% (200~300 H) 408, LA
A k- — SR e-H (1000 000,20 510,10 ¢
1:0.5:1:0.2:1:0,1:1:0.0:100:0.
0:10:1, 0:2:1, 0:0:100) KAEEPEL, 753
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7 N4y Fr. B-1~B-7. Fr. B-2 £ Sephadex LH-20
FEEES S, 193] 4 NS Fro B-2-1~B-2-4. Fr.
B-2-3 & Sephadex LH-20 1 ODS #F: f ik /3 25, 1321
9 NH Sy Fr. B-2-3-1~B-2-3-9. Fr. B-2-3-1 & -l %
A HPLC 7355, DAFEE-7K (30 : 700 Befit, 1524k
A3 (k=65 min, 14.8 mg). Fr. B-2-3-2 £l
% HPLC 705, DLFEE-/K (351 75) Bif, 733
&Y 4 (k=75min, 1.9mg). Fr. B-2-3-5 £
#A HPLC 7355, LAHIEE-/K (50 © 50) Hefii, 75%
th&%5 (k=65 min, 5.6 mg). Fr. B-2-4 £ 300~
400 HAERAE IS5, BEl& 4 HPLC 405,
DR E-7K (60 © 40)%5 i, 13246 54 2(tk=49 min,
1.7 mg). Fr. B-7 AR 1% (300~400 H) 4
B, DL k- EE (100 1 0. 100 : 1. 50 ¢ 1.
20:1. 10:1. 5:1. 2:1. 0:100) BHEEBEM,
SR O (TLO /i & IFseli, 153 15 M4
47 Fr. B-7-1~B-7-15. Fr. B-7-5 & Sephadex LH-20
Al ODS FEfaikr5, &4 % HPLC 75,
DAFFEE-K (29 0 71) ¥efli, 19231ME 17 (=37
min, 22.7mg).

Fr. C £ 200~300 HfERA: fig 5, L&
P 2-FE (100 © 0. 500 : 1. 501, 20: 1. 10:
1. 501, 2:1. 0:100) FEEWEM, 53 9 44
43 Fr. C-1~C-9. Fr. C-2 % Sephadex LH-20 &%
PSPl #6288 HPLC 7358, DARIREE-7K (60 : 40) ¥t
i, BE1LAY 16 (tr=50 min, 7.8 mg).

Fr. D £&mERFGIE (200~300 H) 708, LA
TR E-HEE (5001, 2001, 10:1. 7:1.5:
1.1:1.0: 100 BhEEGE L, £33 9 M4H % Fr. D-1~
D-9. Fr. D-7 % Sephadex LH-20 11 ODS #¥:{fii /3
2, 543 15 A~ 414 Fr. D-7-1~D-7-15. Fr.D-7-2 &
il %4 HPLC 438, DAHEE-7K (10 :90) #EMit,
BEMLAEY 19 (k=70 min, 344 mg) F16 (r=
90 min, 15.8 mg). Fr. D-7-3 &4 % HPLC 4>
By, DAFEE-7K (20 0 80) Welld, 1SRRG 7 (k=
60 min, 6.8 mg). Fr. D-7-5 241|474 HPLC 4y &,
PR E-7K (30 @ 70)0%E i, 13 24654 8(tr=47 min,
6.0 mg) 19 (tg=50 min, 15.2 mg). Fr. D-7-7 &
it 24 HPLC 408, DAHIEE-7K (37 1 63) BEMit,
BEMEEY 10 (k=71 min, 2.9mg). Fr.D-7-94
Fetfil 8 HPLC 435, DAHTEE-7K (40 : 60) BEM,
/LAY 15 (k=100 min, 2.8 mg). Fr. D-7-10
2244 HPLC 7355, DAFFEE-7K (48 : 52) ¥efli,

BEULAYI 13 (k=56 min, 5.0mg). Fr.D-7-13 £
il HPLC 4355, LAFFEE-7K (50 @ 500 BEfid, 7531
A 11 (k=60 min, 11.2mg). Fr. D-7 £ Sephadex
LH-20 (3 il je & ODS H:fa i 4y 89, RIG&
Sephadex LH-20 #: thifh4lifh, £3 M54 14(18.5 mg)
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&%) 18 (k=23 min, 13.4mg). Fr. E-5-4 Z%
B HPLC 785, DAHEE-/K (20 @ 80) ¥, 15311k
AW 20 (k=59 min, 7.7 mg). Fr. E-5-5 Z2Fi]4%
A HPLC 4385, DIHEE-/K (20 © 80) it 15E11k
EY 1 (tr=T77 min, 8.9mg). Fr. E-5-8 & f4i| 47
HPLC 72, DAFEE-/K (35:65) WeMlt, 521k a
)21 (k=46 min, 6.5mg).
3 HmEXE

&9 1: A K [o]? —76.5(c 0.1, MeOH);
IR v\"> (cm™): 3405, 2537, 2400, 1667, 1560, 1503,
1263; HR-ESI-MS [1)# 5> & F Uy m/z 495.111 2
[M-+Na]* GiHE{E ) 495.111 5), HiES TH
CooH24013, AMMBFE N 9. IR FrniZA W& A Bk
FE (1667 cm™) FIFEESE (3405 cm™1) H#E:[F]. BC-NMR
(R D PR 20 MR(ES, HP o NMHER
BFEREHR, R W ARESH0EERN 1A Tk
BEAT 1 ASSERRE A B IH-NMR i 8o T 14
R HE AR 755 on 4.86, {HINH/KIEHE
4, BRHMEA (S E; @it HSQC #1 DEPT £
KILH-1" (0n 4.86) 5 C-1' (6c 103.4) #H%, HiEN
IR TE S . H-NMR i5Fie4H T 1
AN FERERS I 755 on 5.35 (1H, d, J = 3.8 Hz,
H-1").7E NMR B, 6y 7.82 (1H, d, J = 9.3 Hz, H-4),
6.21 (1H, d, J = 9.3 Hz, H-3) 5 ¢ 163.8, 146.2,
113.2, $&RH o-MEMEEE B NMR 5L SR 2 A
BT B R T155 0u7.51 (1H, s, H-5), 6.79 (1H, s,
H-8), %54 oc 153.6, 152.9, 1445, 117.4, 112.9
104.4 $ERFEIR E5 2 AR A, A ULGER,
HEMAFLE 6,7- A NURE T R4 7 W, HMBC %
(K1) ", H-3 (04 6.21) 5 C-2 (dc 163.8), C-5 (dc
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F1 AP H-BC-NMR KRG EHE (600/150 MHz,
CDsOD)

Table 1 'H- and ¥C-NMR data of compound 1 (600/150
MHz, CD;OD)

hr oc OH
2 163.8(9)
3 1132(d) 6.21(d, J=9.3Hz)
4 146.2(d) 7.82(d,J=9.3Hz)
5  1174(d)  7.51(5)
6  1445(s)
7 153.7()
8  1044(d)  6.79 (5)
9 152.9(s)
10 1129 (s)
1 103.4(d)  4.86 (overlapped)
2’ 83.7(d)  3.59 (m)
3 777(d)  3.58 (m)
4 714(d)  3.43(m)
5’ 785(d)  3.46 (m)
6’ 627 (1)  3.96 (d, J = 12.0 Hz),

3.73(dd, J=5.8,12.0 Hz)

1”7 1128(d) 5.35(d,J = 3.8 Hz)

2" 776(d) 4.01(d,J=38Hz)

3" 79.7(s)

4 750 (t)  4.15(d, J = 9.6 Hz), 3.80 (d, J = 9.6 Hz)
5" 64.9(t)  3.56 (M)

1 &4 1 WM EERN HMBC X
Fig.1 Structure and key HMBC correlations of compound 1
117.4), C-10 (6c 112.9) fHIE, H-4 (0n 7.82) 5 C-2
(6c 163.8), C-5 (6c 117.4), C-9 (6c 152.9) #HK, H-5
(0n 751) 5 C-4 (6c 146.2), C-6 (Jc 144.5), C-7

(6c153.7), C-9 (dc 152.9) #HK, H-8 (61 6.79) 5 C-6
(0c 144.5), C-10 (6c 112.9) #H%, #H—FiEM T 6,7-
THRETEF BT, SeAMEME N &
6-O-B-D- Wk i 77 1 5 -(1—6)-B-D- M i 6 7 4 5 AH
ELROL,  SERGARICL, H S G AR TS, AN E 2 Ak
TETHEERENE, WEW 1 RIS
HHEFRE 2 AR . £ HMBC % |, #i%&ipidt H-1'
L C-6 (0c 144.5) AHK, #E—Dur &k C-1'
5H TR C-6 fliE; Ffikk H-1"5 C-2' (6 83.7)
A, BAPEEE H-2'5 C-1" (0c112.8) #2%, ATLA
BIA TSRS C-1" S B ML C-2' A% . 25 b Pt
R, MG L EEHINZR Y 2% -6-0-B-D-Fk i
Fr W E-(152)-B-D- Mt e 1 & 0 1, 8 LS &4,
R T T AR LR 1.

e &9 2: AR, ESI-MS m/z: 190.08 [M+
H]*, 212.06 [M+Na]*. H-NMR (600 MHz, CDCls)
5: 8.58 (1H, s, NH), 8.19~8.15 (1H, m, H-2), 7.91
(1H, d, J = 3.0 Hz, H-4), 7.41~7.39 (1H, m, H-7),
7.26~7.25 (2H, m, H-5, 6), 4.38 (2H, q, J = 7.1 Hz,
H-9), 1.41 (3H, t, J = 7.1 Hz, H-10); 13C-NMR (150
MHz, CDCls) d: 165.5 (C-8), 136.3 (C-7a), 131.1
(C-2), 126.0 (C-3a), 123.4 (C-6), 122.2 (C-4), 121.8
(C-5), 111.7 (C-7), 109.4 (C-3), 60.0 (C-9), 14.8
(C-10). % SciFinder k&, WA 2 £ 0@
AR EIM, AR LSRRI E IR NE )
BT R, EFIRARS=Y), G55 e s Wk-3-
R 2.1 .

W& 3: BEEHRY). ESI-MS m/z: 195.10 [M—+
H]*, 217.08 [M+Na]*. H-NMR (600 MHz, CDCls)
J: 5.89 (1H, s, H-7), 2.92 (1H, dd, J = 13.6, 1.8 Hz,
H-4a), 2.64 (1H, d, J = 13.6 Hz, H-2a), 2.44 (1H, dd,
J = 143, 1.9 Hz, H-4b), 2.39 (1H, d, J = 14.3 Hz,
H-2b), 1.55 (3H, s, H-11), 1.39 (3H, s, H-9), 1.26 (3H,
s, H-10); 13C-NMR (150 MHz, CDCl3) 8: 204.7 (C-3),
178.5 (C-8), 170.9 (C-6), 114.7 (C-7), 86.3 (C-5), 54.2
(C-4), 53.8 (C-2), 36.0 (C-1), 29.9 (C-11), 26.9 (C-9),
26.2 (C-10). Ll E#¥s5 CimfdiiE —82, e
A 3 MM A N .

&Y 4. TosEHIRE & (FEE. ESI-MS m/z:
207.06 [M-+H]*, 229.04 [M+Na]*. *H-NMR (600
MHz, CDCls) 6: 7.60 (1H, d, J = 9.4 Hz, H-4), 6.83
(1H, s, H-5), 6.82 (1H, s, H-8), 6.26 (1H, d, J = 9.4
Hz, H-3), 3.93 (3H, s, 6-OCHs), 3.90 (3H, s,
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7-OCH3); BBC-NMR (150 MHz, CDCl3) &: 161.6
(C-2), 153.1 (C-7), 150.2 (C-9), 146.6 (C-6), 143.5
(C-4), 113.8 (C-3), 111.6 (C-10), 108.2 (C-5), 100.2
(C-8), 56.6 (6-OCHg), 56.6 (7-OCH3). LA L%l 5
BRI IE — 2, MUS R A 4 REEE .

&9 5: BEKAK. ESI-MS m/z: 243.09 [M+
H]*, 265.08 [M+Na]*. H-NMR (600 MHz, CDCls)
d: 6.50 (1H, s, H-6), 6.25 (1H, s, H-3), 5.06 (1H, dd,
J=12.7,3.3 Hz, H-8), 2.96 (1H, dd, J = 16.8, 3.3 Hz,
H-9a), 2.77 (1H, dd, J = 16.8, 12.7 Hz, H-9b), 2.50
(3H, s, H-14), 2.24 (3H, s, H-15), 1.99 (3H, s, H-13);
13C-NMR (150 MHz, CDCls) o: 194.4 (C-2), 173.7
(C-12), 161.7 (C-5), 154.9 (C-7), 147.6 (C-10), 144.0
(C-4), 1345 (C-3), 128.6 (C-1), 124.5 (C-11), 111.3
(C-6), 77.2 (C-8), 415 (C-9), 22.3 (C-14), 14.4
(C-15), 9.1 (C-13). LA E##a 5 ikl —#l4,
KRG 5 NTEA TR

&) 6: B8 gk i (FEED . ESI-MS m/z: 309.09
[M+Na]*. 'H-NMR (600 MHz, CD30D) §: 7.35 (1H,
dd, J=7.5, 1.5 Hz, H-6), 7.29 (1H, dt, J = 7.5, 1.5 Hz,
H-4), 7.20 (1H, d, J = 7.5 Hz, H-3), 7.06 (1H, dt, J =
7.5,0.9 Hz, H-5), 4.93 (1H, d, J = 7.4 Hz , H-1'), 4.76
(1H, d, J = 12.9 Hz, H-7b), 4.60 (1H, d, J = 12.9 Hz,
H-7a), 3.90 (1H, dd, J = 12.2, 2.1 Hz, H-6'b), 3.72
(1H, dd, J = 12.2, 5.4 Hz, H-6'a), 3.56~3.42 (4H, m,
H-2'~5; 13C-NMR (150 MHz, CDsOD) §: 156.9
(C-2), 131.9 (C-1), 130.3 (C-6), 130.2 (C-4), 124.0
(C-5), 117.0 (C-3), 103.0 (C-1), 78.1 (C-3), 77.7
(C-5"), 749 (C-2), 71.3 (C-4), 62.4 (C-6), 60.9
(C-7). DA FHda 5 sCikkoE — 51, MUs et &4
6 KT -

&) 7: FESs (R EED . ESI-MS m/z: 395.13
[M+Na]*. *H-NMR (600 MHz, CD30D) §: 6.77 (2H,
s, H-3, 5), 6.56 (1H, d, J = 15.8 Hz, H-7), 6.35 (1H, dt,
J =158, 5.6 Hz, H-8), 4.89 (1H, d, J = 7.7 Hz, H-1),
4.24 (2H, dd, J = 5.6, 1.4 Hz, H-9), 3.87 (6H, s, 2X
OCHj3), 3.80 (1H, dd, J = 12.0, 2.4 Hz, H-6'b), 3.68
(1H, dd, J = 12.0, 5.2 Hz, H-6'a), 3.21~3.50 (4H, m,
H-2'~5); 1B3C-NMR (150 MHz, CDs;OD) §: 154.5
(C-2, 6), 136.0 (C-1), 135.4 (C-4), 131.4 (C-7), 130.2
(C-8), 105.6 (C-1'), 105.5 (C-3, 5), 78.5 (C-3'), 78.0
(C-5"), 75.9 (C-2'), 71.5 (C-4"), 63.7 (C-9), 62.7 (C-6"),
57.2 (2XOCHs). LA EHE 5 3CifHiiE — e, iy

WA T NTEFH .

B 8: FtaRY). ESI-MS m/z: 387.18 [M+
H]*, 409.16 [M+Na]*. 'H-NMR (600 MHz, CD30D)
d: 5.86 (3H, m, H-2, 7, 8), 4.42 (1H, m, H-9), 4.34
(1H, d, J = 7.8 Hz, H-1'), 3.85 (1H, dd, J = 11.7, 1.9
Hz, H-6a), 3.62 (1H, dd, J = 11.7, 5.5 Hz, H-6'b),
3.23~3.35 (3H, m, H-3'~5), 3.17 (1H, m, H-2),
2.52 (1H, d, J = 17.0 Hz, H-6b), 2.15 (1H, d, J = 16.9
Hz, H-6a), 1.92 (3H, s, H-13), 1.29 (3H, d, J = 6.4 Hz,
H-10), 1.04 (6H, d, J = 3.7 Hz, H-11, 12); 3C-NMR
(150 MHz, CD30D) : 201.3 (C-1), 167.4 (C-3), 135.4
(C-8), 131.7 (C-7), 127.3 (C-2), 102.9 (C-1'), 80.2
(C-4), 78.3 (C-5'), 78.2 (C-3'), 77.4 (C-9), 75.4 (C-4"),
71.8 (C-2'), 63.0 (C-6'), 50.8 (C-6), 42.6 (C-5), 24.8
(C-12), 23.6 (C-11), 21.3 (C-10), 19.7 (C-13). LA L%k
W5 SRR IE — B0, MS LAY 8 N 4-FR K-
A-[3'-(B-D-#i % HE 5= ) . T FE]-3,5,5- = H 3k -2- 31
fi5-1-W%

B 9: FEEHIRY). ESI-MS m/z: 409.16 [M+
Na]*. H-NMR (600 MHz, CD;OD) ¢: 5.89 (1H, s,
H-8), 452 (1H, d, J = 7.8 Hz, H-1'), 432 (1H, m,
H-3), 2.20 (3H, s, H-10), 1.47 (3H, s, H-12), 1.38 (3H,
s, H-13), 1.16 (3H, s, H-11); 3C-NMR (150 MHz,
CD30D) ¢: 213.1 (C-7), 200.9 (C-9), 119.2 (C-6),
101.5 (C-8), 98.8 (C-1'), 78.9 (C-5), 78.7 (C-3'), 77.9
(C-5'), 75.4 (C-2"), 71.8 (C-4'), 63.9 (C-3), 63.0 (C-6"),
50.0 (C-2), 48.2 (C-4), 37.2 (C-1), 32.7 (C-11), 30.2
(C-13), 26.8 (C-10), 26.8 (C-12). LA ¥ 5 ki
08, WU E AT 9 AR A

&Y 10: EAMRY: o]y —34.2° (¢ 0.1,
MeOH). ESI-MS m/z: 545.14 [M+Na]*. H-NMR
(600 MHz, CD30D) ¢: 6.99 (1H, d, J = 1.7 Hz, H-2),
6.87 (1H, dd, J=8.1, 1.7 Hz , H-6), 6.78 (1H, s, H-2'),
6.76 (1H, d, J = 8.1 Hz, H-5), 6.73 (1H, s, H-6'), 5.60
(1H, d, J = 6.2 Hz, H-7), 4.35 (1H, d, J = 7.8 Hz,
H-1"), 4.21 (1H, dd, J = 9.7, 5.5 Hz, H-9a), 3.87 (1H,
m, H-9b), 3.86 (3H, s, 3'-OMe), 3.82 (3H, s, 3-OMe),
3.75 (1H, t, J = 8.8 Hz, H-6"a), 3.65 (2H, m, H-8,
6"b), 3.57 (2H, t, J = 6.5 Hz, H-9'), 3.35 (1H, m,
H-5"), 3.28 (2H, m, H-3", 4"), 3.23 (1H, m, H-2"),
2.62 (2H, t, J = 7.6 Hz, H-7’), 1.81 (2H, m, H-8);
3C-NMR (150 MHz, CD3;0D) §: 149.2 (C-3), 147.6
(C-4), 147.5 (C-4), 145.4 (C-3'), 137.1 (C-1'), 134.9
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(C-1), 129.8 (C-5'), 119.9 (C-6), 118.4 (C-2"), 116.2
(C-5), 114.3 (C-6'), 110.8 (C-2), 104.7 (C-1"), 89.1
(C-7), 78.4 (C-3"), 78.2 (C-5"), 75.3 (C-2"), 72.6
(C-9), 71.8 (C-4"), 63.0 (C-6"), 62.4 (C-9), 56.9
(3'-OMe), 56.6 (3-OMe), 53.4 (C-8), 36.0 (C-8'), 33.0
(C-7)o VA HUE 5 SOl — 20100, S e s
) 10 A (7S,8R)- A LA A ilE-9-O-B-D-Mt iR
A PE

AP 11 kAR, ESI-MS miz: 621.13 [M+
H]*, 643.11 [M+Na]*. 'H-NMR (600 MHz, CD30D)
9:7.77 (2H, d, J = 8.7 Hz, H-2', 6"), 6.96 (2H, d, J =
8.7 Hz, H-3', 5), 6.73 (1H, d, J = 2.0 Hz, H-8), 6.47
(1H, d, J = 2.0 Hz, H-6), 5.56 (1H, s, H-1""), 5.53 (1H,
br s, H-1"), 4.83 (1H, t, J = 2.0 Hz, H-4"), 4.21 (1H,
br s, H-2"), 4.02 (1H, s, H-2""), 3.84 (2H, m, H-3",
5", 3.60 (1H, m, H-3"), 3.47 (1H, d, J = 9.5 Hz,
H-4'"), 3.26 (1H, m, H-5"), 2.04 (3H, s, COCH3), 1.27
(3H, d, J = 6.2 Hz, H-6""), 0.79 (3H, d, J = 6.3 Hz,
H-6"); 13C-NMR (150 MHz, CD30D) 6: 179.8 (C-4),
172.5 (COCH3-4"), 163.7 (C-7), 163.2 (C-5), 162.0
(C-4", 160.1 (C-2), 158.3 (C-9), 136.0 (C-3), 132.2
(C-2, 6), 1225 (C-1'), 116.7 (C-3', 5'), 107.7 (C-1"),
102.7 (C-10), 100.8 (C-6), 100.0 (C-1""), 95.8 (C-8),
75.0 (C-4"), 73.7 (C-4"), 72.2 (C-5"), 71.9 (C-2"),
71.8 (C-2'), 715 (C-3"), 70.2 (C-3"), 69.8 (C-5"),
21.1 (4"-COCHj), 18.2 (C-6""), 17.7 (C-6"). LA L % 4f
HOCERRE — 820, S ENEY 11 AL FEER-
3-0-a-L-(4-O- £ I JE) FR ZE M - 7-O-a-L- R 2R

&) 12: P AEPIRGS & (FHEE) . ESI-MS m/z:
433.07 [M+H]*, 455.05 [M+Na]*. *H-NMR(600
MHz, DMSO-de) J: 12.47 (1H, s, 5-OH), 10.15 (1H, s,
4'-OH), 9.53 (1H, s, 3-OH), 8.08 (2H, d, J = 9.0 Hz,
H-2', 6), 6.93 (2H, d, J = 9.0 Hz, H-3', 5), 6.82 (1H,
d, J=2.1 Hz, H-8), 6.42 (1H, d, J = 2.1 Hz, H-6), 5.54
(1H, d, J = 1.5 Hz, H-1"), 1.13 (3H, d, J = 6.2 Hz,
rha-CHs); *C-NMR (150 MHz, DMSO-ds) 6: 176.1
(C-4), 161.4 (C-7), 160.4 (C-5), 159.4 (C-4'), 155.8
(C-9), 147.5 (C-2), 136.1 (C-3), 129.7 (C-2', 6'), 121.6
(C-1%, 115.5 (C-3', 5), 104.7 (C-10), 98.9 (C-6), 98.4
(C-1"), 94.4 (C-8), 71.6 (C-4"), 70.3 (C-3"), 70.1
(C-2"), 69.9 (C-5"), 18.0 (C-6"). LA I %¥E 5 kK
E—5R2, W ENEY) 12 il H-7-0-0-L-
A HEH

A 13 wedgd (HFEE). ESI-MS m/z:
433.08 [M+H]*, 455.06 [M+Na]*. H-NMR (600
MHz, CD30D) §: 7.77 (2H, d, J = 8.8 Hz, H-2', 6'),
6.94 (2H, d, J = 8.8 Hz, H-3', 5'), 6.38 (1H, d, J = 1.9
Hz, H-8), 6.21 (1H, d, J = 2.0 Hz, H-6), 5.38 (1H, d,
J = 1.6 Hz, H-1"), 422 (1H, dd, J = 3.4, 1.6 Hz,
H-2), 3.71 (1H, dd, J = 9.1, 3.4 Hz, H-3"), 3.34 (2H,
m, H-4", 5”), 092 (3H, d, J = 5.7 Hz, H-6");
13C-NMR (150 MHz, CD30D) J: 179.8 (C-4), 166.2
(C-7), 163.4 (C-5), 161.8 (C-4'), 159.4 (C-2), 158.7
(C-9), 136.4 (C-3), 132.0 (C-2', 6", 122.8 (C-1),
116.7 (C-3', 5", 106.0 (C-10), 103.7 (C-1"), 100.0
(C-6), 949 (C-8), 73.3 (C-4"), 72.3 (C-3"), 72.2
(C-5"), 72.1 (C-2"), 17.8 (C-6"). VL _E¥¥5 5 kiR
32, WS EY 13 il 25-3-0-0-L- i
PR

A 14: FEEKK. ESI-MS m/z: 579.14 [M+
H]*, 601.12 [M+Na]*. 'H-NMR (600 MHz, CD30D)
. 7.81 (2H, d, J = 8.7 Hz, H-2', 6'), 6.95 (2H, d, J =
8.7 Hz, H-3', 5), 6.74 (1H, d, J = 2.1 Hz, H-8), 6.48
(1H, d, J = 2.1 Hz, H-6), 5.56 (1H, s, H-1""), 5.40 (1H,
s, H-1"), 1.26 (3H, d, J = 6.2 Hz, H-6"), 0.94 (3H, d,
J = 5.7 Hz, H-6"); 13C-NMR (150 MHz, CD30D) o:
180.0 (C-4), 163.7 (C-7), 163.2 (C-5), 161.9 (C-4"),
160.0 (C-2), 158.3 (C-9), 136.6 (C-3), 132.2 (C-2/, 6'),
122.6 (C-1'), 116.7 (C-3', 5'), 107.7 (C-1"), 103.7
(C-10), 100.7 (C-6), 100.0 (C-1""), 95.8 (C-8), 73.7
(C-4"), 73.3 (C-4"), 72.3 (C-5"), 72.3 (C-2"), 72.2
(C-3"), 72.1 (C-5"), 71.9 (C-2"") , 71.5 (C-3"), 18.2
(C-6"), 17.8 (C-6"), LA -Hidf 5 sk — 54,
WS WA 14 il 28 -3-0-0-L- R4 HE 5 -7-
O-o-L-FRZHEH

&4 15: wOEHIRES i (B . ESI-MS m/z:
449.10 [M+H]*, 471.08 [M+Na]*. H-NMR (600
MHz, CD30D) §: 8.05 (2H, d, J = 8.7 Hz, H-2', 6'),
6.89 (2H, d, J = 8.7 Hz, H-3', 5'), 6.39 (1H, s, H-8),
6.19 (1H, s, H-6), 5.24 (1H, d, J = 7.4 Hz, H-1");
13C-NMR (150 MHz, CD30D) J: 179.6 (C-4), 167.0
(C-7), 163.2 (C-5), 161.7 (C-4'), 159.1 (C-2), 158.7
(C-9), 135.6 (C-3), 132.4 (C-2', 6'), 123.0 (C-1),
116.2 (C-3', 5'), 105.6 (C-10), 104.3 (C-1"), 100.3
(C-6), 95.1 (C-8), 78.6 (C-5"), 78.2 (C-3"), 75.9
(C-2"), 71.5 (C-4"), 62.8 (C-6"). LA I %¥ 5 kK
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E—EP), et &Y 15 il Z5E-3-0-B-D-Hi
I .

B 16: HEEMA . ESI-MS m/z: 271.04 [M+
H]*, 293.02 [M + Na]*. 'H-NMR (600 MHz,
DMSO-dg) d: 12.95 (1H, s, 5-OH), 7.92 (2H, d, J =
8.8 Hz, H-2', 6"), 6.92 (2H, d, J = 8.8 Hz, H-3', 5'),
6.76 (1H, s, H-3), 6.48 (1H, d, J = 2.0 Hz, H-8), 6.19
(1H, d, J = 2.0 Hz, H-6); BC-NMR (150 MHz,
DMSO-dg) J: 181.7 (C-4), 164.2 (C-7), 163.7 (C-2),
161.4 (C-4'), 161.2 (C-5), 157.3 (C-9), 128.4 (C-2',
6), 121.2 (C-1"), 116.0 (C-3', 5"), 103.7 (C-10), 102.8
(C-3), 98.9 (C-6), 94.0 (C-8). LA -%uiiw 5 CikikiE
— 0, WETENAY 16 MR

W& 17: AEMEIRY: (o], +101.5 (c0.1,
MeOH). ESI-MS m/z: 197.11 [M+H]*, 219.09 [M+
Na]*. H-NMR (600 MHz, CDsOD) ¢: 5.78 (1H, s,
H-7), 4.11 (1H, m, H-3), 2.47 (1H, ddd, J = 11.7, 4.0,
2.2 Hz, H-4b), 2.01 (1H, ddd, J = 13.0, 4.3, 2.2 Hz,
H-2b), 1.60 (3H, s, H-11), 1.42 (1H, t, J = 11.7 Hz,
H-4a), 1.32 (3H, s, H-10), 1.29 (3H, s, H-9), 1.29 (1H,
overlapped, H-2a); **C-NMR (150 MHz, CD30D) ¢:
183.9 (C-6), 174.0 (C-8), 113.8 (C-7), 88.6 (C-5), 65.3
(C-3), 50.8 (C-2), 48.9 (C-4), 36.2 (C-1), 30.5 (C-10),
26.0 (C-11), 25.5 (C-9). LA % 5 kbt —k1,
WS EWE 1T A ()-8 A e

LAY 18: IR K. ESI-MS m/z: 267.05 [M+
Na]*.*H-NMR (600 MHz, CD30D) ¢: 8.04 (1H, d, J =
8.1 Hz, H-6), 5.94 (1H, d, J = 4.7 Hz, H-1"), 5.78 (1H,
d, J=8.1 Hz, H-5),4.25 (1H,t,J = 5.0 Hz, H-3'), 4.21
(1H, t, J = 5.0 Hz, H-2"), 4.07 (1H, m, H-4"), 3.89 (1H,
dd, J = 12.3, 2.7 Hz, H-5'b), 3.79 (1H, dd, J = 12.3,
3.2 Hz, H-53); 3C-NMR (150 MHz, CD3;0D) o:
166.3 (C-4), 152.5 (C-2), 142.8 (C-6), 102.8 (C-5),
90.7 (C-1"), 86.3 (C-4), 75.7 (C-3'), 71.3 (C-2'), 62.3
(C-5")o LA - Hdl 5 sCmkhaE — 552829, wds e b
Y18 MR .

AP 19: AKA. ESI-MS m/z: 268.09 [M+
H]*, 290.07 [M + Na]*. !H-NMR (600 MHz,
DMSO-ds) o: 8.34 (1H, s, H-8), 8.13 (1H, s, H-2),
7.34 (2H, s, 6-NH,), 5.87 (1H, d, J = 6.2 Hz, H-1"),
5.43 (2H, m, 2', 5'-OH), 5.19 (1H, s, 3'-OH), 4.60 (1H,
m, H-2), 4.14 (1H, s, H-3'), 3.96 (1H, g, J = 3.4 Hz,
H-4"), 3.67 (1H, dt, J = 12.1, 3.4 Hz, H-5a), 3.55 (1H,

m, H-5'b); 13C-NMR (150 MHz, DMSO-ds) &: 156.2
(C-6), 152.4 (C-2), 149.0 (C-4), 139.9 (C-8), 119.4
(C-5), 87.9 (C-1'), 85.9 (C-4'), 73.4 (C-2'), 70.7 (C-3),
61.7 (C-5). LA 5 SCikfoE — 300, #% e
&M 19 AT

AP 20: AEKA. ESI-MS m/z: 487.12 [M+
H]*, 509.10 [M+Na]*. H-NMR (600 MHz, CDs0D)
6 7.86 (1H, d, J = 9.5 Hz, H-4), 7.35 (1H, s, H-8),
7.04 (1H, s, H-5), 6.31 (1H, d, J = 9.5 Hz, H-3), 4.90
(1H, d, J = 7.8 Hz, H-1'), 4.73 (1H, brs, H-1"), 1.26
(3H, d, J = 6.2 Hz, H-6"); 3C-NMR (150 MHz,
CDs0D) §: 164.5 (C-2), 150.9 (C-7), 149.5 (C-9),
146.2 (C-6), 146.0 (C-4), 115.5 (C-10), 114.6 (C-3),
114.0 (C-5), 105.8 (C-8), 103.5 (C-1'), 102.1 (C-1"),
77.9 (C-3'), 77.5 (C-5'), 74.9 (C-2"), 73.8 (C-4"), 72.6
(C-3"), 72.2 (C-2"), 72.1 (C-4"), 70.0 (C-5"), 68.0
(C-6'), 18.2 (C-6"). LA L-%df 5 Sk i — 5132,
M BB 20 N 6-F23E-F 5 KR -7-0-0-L- R 25
F-(1—-6)-O-p-D-Hi & BT

e 21 LEEHMA; [af -19.2 (¢ 0.1,
MeOH). ESI-MS m/z: 545.20 [M+Na]*. H-NMR
(600 MHz, CDs0D) ¢: 7.14 (1H, d, J = 8.4 Hz, H-5),
7.03 (1H, d, J = 1.6 Hz, H-2), 6.93 (1H, dd, J = 8.4,
1.6 Hz, H-6), 6.73 (1H, brs, H-6"), 6.71 (1H, br s,
H-2"), 5.55 (1H, d, J = 5.8 Hz, H-7), 4.89 (1H, d, J =
7.4 Hz, H-1"), 3.86 (3H, s, 3-OCHs), 3.83 (3H, s,
3-OCHa), 3.56 (2H, t, J = 6.5 Hz, H-9), 2.62 (2H, t,
J=7.7Hz, H-7"), 1.81 (2H, m, H-8"); 13C-NMR (150
MHz, CDsOD) &: 151.1 (C-3), 147.7 (C-4), 147.6
(C-4", 145.4 (C-3'), 1385 (C-1), 137.2 (C-1'), 129.7
(C-5%), 119.5 (C-6), 118.2 (C-2'), 118.1 (C-5), 114.3
(C-6"), 111.3 (C-2), 102.9 (C-1"), 88.6 (C-7), 78.3
(C-3"), 78.0 (C-5"), 75.1 (C-2"), 71.5 (C-4"), 65.2
(C-9), 62.6 (C-6"), 62.4 (C-9), 56.9 (OCHs), 56.8
(OCHs), 55.8 (C-8), 36.0 (C-8'), 33.0 (C-7"). LA L%
W5 STk IE — B0, S e A 21 4 (7S,8R)-
A EE A RATE-4-O-B-D- LR 2R
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