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A new iridoid glycoside from Buddleja officinalis
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Abstract: Objective To study the chemical constituents from water extract of the air-dried flower buds of Buddleja officinalis
(Loganiaceae). Methods The compounds were isolated and purified by reflux-extraction, solvent extraction and column
chromatography (CC), and their chemical structures were elucidated on the basis of 1D-NMR, 2D-NMR, and MS data. Results
Twenty compounds were isolated from the water extract of B. officinalis and identified as 6a-hydroxy-8p-hydroxymethyl-
1B,50,6B,7B,9a-pentahydro-7(8)-epoxy-2-oxaind-3-ene-1-O-a-L-rhamnopyranosyl-(1—6)-B-D-glucopyranoside (1), 6-O-methylcatalpol (2),
catalpol (3), linarin (4), apigenin-7-O-rutinoside (5), luteolin-7-O-rutinoside (6), neobudofficide (7), apigenin-7-O-galacturonide (8),
apigenin-7,4'-di-O-glucuronide (9), apigenin-7-O-a-rhamnopyranosyl-(1—2)-B-glucuronide (10), adenosine (11), guanosine (12),
vanillic acid (13), crocusatin M (14), picrocrocin (15), dihydrophaseic acid-3'-O-f-D-glucopyranoside (16), dihydrophaseic acid
sodium salt-3"-O-B-D-glucopyranoside (17), (E)-sinapic acid-4-O-B-D-glucopyranoside (18), caffeic acid (19), and chlorogenic acid
(20). Conclusion Compound 1 is a new iridoid glycoside, named 6’-O-a-L-rhamnopyranosyl-catalpol, and compounds 9, 10,
15—18 are isolated from Buddleja genus for the first time. Furthermore, 3, 8, 11, 12, 19 and 20 are isolated from the flower buds of
B. officinalis for the first time.
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W2y 52 TR (Loganiaceae) Rt )R
Buddleja (Buddleia auct.) Linn.f&4)%55#4¢ Buddleja
officinalis Maxim. ¥ FIRAE 5 S ACLT, |z 404 T 1L
Vi BkVE. DO B = B R PE ER AE A IX I
HREIRE T RAW OFFAE), BHBEHRE K.
TR H JGREEF I Th AP, Ilm R B H iR 7 IR
i W R A B AR S IR S . B S A R
B 2R CRET S s LB SRS,
B FED IR RIS . BRE L REER LS AR
T, HARZG B AE T SR I, 1R 24 ) H
AHRLO, frig AR 2 (R IS Z FyEdE. B
Al AR AT BT R 7T B T LR
B, AL G K AR 2 i R LR GiiE . A
ik — B TR SEAC K BUR HPAL BOr B LR, A
2P EAC B T T B B, AR SEIR N B SR AE
IKIRIEAT T RGBS aifh, M Bt ssE
T 20 MEEW, AR 6o-FKE-8B-F F AR -1B,
5a,68,7B,90- 11 5 -7(8)- 2 % -2-0xaind-3- }% -1-O-a-L-
Mt MR B 25 8 3L -(1—6)-B-D- ML 1 5 47 B 1F [60-
hydroxy-8p-hydroxymethyl-1p,5a,68,7B,9a-pentahydro-
7(8)-epoxy-2-oxaind-3-ene-1-O-a-L-rhamnopyranosyl-
(1—6)-B-D-glucopyranoside, 1]. 6-O-F £ FEEE (6-O-
methylcatalpol, 2). #¢EE (catalpol, 3). LT
(linarin, 4). JrF2EZ&K-7-O-7 T HELF (apigenin-7-O-
rutinoside, 5). KRB HLZK-7-O-F T HiH (luteolin-7-
O-rutinoside, 6). %5 AE#H (neobudofficide, 7).
% & -7-0- 2 FLBE B R H  C luteolin-7-O-
galacturonide, 8). JF3Z % -7,4-O-% % ¥ W5 B& 1F
(apigenin-7,4"-di-O-glucuronide, 9). FA3&%&-7-O-a-
B 25 Wl Ak -(152)-B- 7] %5 B 18 P8 1 [apigenin-7-O-
a-rhamnopyranosyl-(1—2)-B-glucuronide, 10]. A#ME
W H%H (adenosine, 11). SMEIAH%FF (guanosine,
12). FEE (vanillicacid, 13). SEHFLHLE M
(crocusatin M, 14). TjE{ {3 (picrocrocin, 15).
AL G R-3'-0-p-D-7H 4 Bt (dihydrophaseic
acid-3'-O-p-D-glucopyranoside, 16). ALK E
1% 44 £ -3'-O-p-D- i %) ¥ & (dihydrophaseic acid
sodium salt-3"-O-B-D-glucopyranoside, 17). (E)-I+
¥ P& -4-O-B-D- Mtk W 4 %] K# H [(E)-sinapic acid-4-
O-B-D-glucopyranoside 18]. WHEER (caffeic acid,
19). ZtJE# (chlorogenic acid, 20). b, {h&
Y1 1 s Rk s B R E 4, dr 44 6-0-a-L-
AR (B D (&% 9. 10, 15~18 54

E1 &Y 18%El
Fig. 1 Structure of compound 1
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Autopol VI 90079 #Jig X (3£ Rudolph 2
7]); Agilent G6520 Q-TOF LC-MS #U i (£ H
Agilent /A %]); Thermo nicolet 6700 #4141k AX
(Z£E Thermo A %]); Bruker Avance 111 500 ! 1%
PRI it Bruker A &), L TMS RN AR;
Shimadzu GCMS-QP2010E HI S AH B34 ( H A
Shimadzu /A 7] ), DB-5MS (30 mX0.25 mm X 0.25
pm) . FTAAT RS D-101 YK FLIR B R A ([ 2454
F AT R A FD; ODS-A-HG 12 nm S-50um
(HA YMC A%]); Sephadex LH-20 HUktfi (il
GE Healthcare Bio-Sciences AB Al ); T GFass
T2 AR B T AT BT IR
I L-FMea i iR Ee £ (1 2582 b 20 A
RAFD: SNHE RS (R EEEYREA
FRAFD; = HEGR (5 B E AR F R AFD;
D-fi Z B A C R T AR A TR A FD;
L- R ZEREARAE & (R AR A IR A A H
B, . BERROHG. IETEE. meme. S NHE%
WA praisk ial, B E 28R =R E
PR A HE

ARSI ZM T 2018 I T B =M 2 T
b7 PO = Mo 2 VP N ¥ SR AN L T AR S s L 5
Tob s £ 55 8 R 2% 5 A€ B. officinalis Maxim. ffl 14
163 MACE . brA (No.MMH-20170427) {377 Tt
R} Bt b il 250t T BT 29 RIS ¥ v ol sk
Ui
2 RESENE

TR FACALTE AL (10.2kg) IMAZETH
K (80L), 7E 100 Chn#FAREIFEFEEL, ®k 1h, &
52, GHFIERRIEIRAE R 12 L. KX HESR 2
Be A0 IE T R AT 2R, B RIBERE O BR. IE T EEAEEL
YLLK AEHGK)E 3 N 1E T REREEGH A K
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D-101 BYRFLIR BB A, AR IR AZETRK . 20% £,
40% .1 J2 95% L BERHATRR LRI, %A LA
RG> BB I SR A R 4 & 15 21 4 N5 (Fr. A~D)D
Fr. B (20%ZB¥/K4H4)) 4 ODS kit /5, DL
TRIK. B%HEE. 20%HHEE. 40% M. 60% H A
HEE TR Ve 5 153 6 N5 (Fr. B.1~B.6).
Fr. B.1 & ODS ¥t/ 5, BEMRS MK IO 28
KM 10%. 20%. 30%. 40%FEE, 53] 6 P
4y (Fr. B.1.1~B.1.6). Fr. B.1.1 % ODS o i [H
fiz-7K (0 :100~40 : 60) BHJZ VLA Sephadex
LH-20 Al (10%FRESEFEBEmL) A7 5 4l
g, BEMLEY 3 (432 mg). 18 (23.0 mg). 2
(28.7mg). 16 (10.6 mg). 17 (2.3 mg). Fr.B2 &
Sephadex LH-20 ¥ ik, 5% F B A s AT 45
Wi JE153) 5 M4 (Fr. B.2.1~B.2.5). Fr. B.2.1
2 ODS FEMBE[FHEE-7K (0 : 100~40 : 60) THHE
VMR Sephadex LH-20 F (41l (10%F Y VL
fif5, BE1LEY5 (211 mg). 7 (195 mg). 11
(11.4 mg).Fr. B.2.3 Al Fr. B.2.4 £ ODS kil /3 55
[FE-7K (0 : 100~40 : 60) kfEF¥EM]AT Sephadex
LH-20 Al (10% FEREEREBEML) 4tk f5 715
Ftk &9 20 (3.9 mg) 119 (5.7 mg). Fr.B.3 &
ODS i 73 B, IR LLZETR7K S 10%.20% . 40%
60% H B A A AHBE M, 53 6 N4 (Fr. B.3.1~
B.3.6). Fr. B.3.2 £ Sephadex LH-20 #:faif (10%
FBESEREEML) A ODS A i [FHfE-7K (0 @ 100~
20 : 80) JBhEEVEML ALK 515 24 -E4 15 (2.1 mg).
Fr. B.3.5 £ Sephadex LH-20 F: ¢4 (109 H Bz 25 fE
Vel Araifh f5 19 2011 &4 8 (2.4 mg) . Fr. B.4
2¢ ODS k, LAZEMH/K & 20%. 40%. 60% H FE A
AR L S 193] 4 MHSr (Fr. B.4.1~B.4.4).,
Fr. B.4.1 £ Sephadex LH-20 F: ol (1006 H BF 25
Gelii) A1 ODS i [HEF/K (0 100~30 : 70)
FREE Ve 240 /3 2010 &4 10 (7.6 mg) 16 (8.3
mg). Fr.D (95%ZEE4 %) 4 Sephadex LH-20 £
il (80% H S EEVE) Aifb)E, BRI AEY 4
(20.3 mg) . ZHUE /K JZ KA D-101 B2 K ALK A iR
38, DAZETR/K. 10%40E . 20% LB N i 2 AR
B Je 43 19 2] 3 AN 2 (Fr. E~G). Fr. F (10%
LMY 4 ODS fEtaili /ey, DLHEE-/K (0@
100~20 : 80) #EATHEEELEL G, 152 2 M5 (Fr.
F.1~F.2). Fr. F.1 1 Fr. F.2 54 Sephadex LH-20 £
gk, DL 10% H R AN A AT SR RS, 41

FLAY 9 (851.5mg) Al 1 (38.1mg). Fr. G (20%
LIRS )% ODS FEE /3 5, DL EE- /KR R (O
100~20 : 80) #EATHERELENL S5, 152 3 MH 5 (Fr.
G.1~G3). Fr. G2 % Sephadex LH-20 1% (10%
FH IS5 B el ) AT ODS A ta i [FHE-7K (0 & 100~
20 1 80) 6 B ¥k i 4l Ak 5 15 24k &4 12 (5.0 mg).
T PR £, T R B o7 ) B - — S e b AT L 4 e
B RIERR (Fr. H AIEAR (Fro Do BHBORYS
J5 ] DMSO ¥ifi#, £ ODS Kl /0B, Kk LA
10%- 20%-. 30% I RE AN TS, 25
B3] 3445 (Fr. H1~H.3). Fr. H.2 fil Fr. H.3
2 Sephadex LH-20 fF €4 i (30% H 45 B /ii ) A
ODS i [FAfE-/Kfk & (0 : 100~40 : 60) #fi%
Bl B4ife)5, 7nEREY 14 (3.4 mg) Al
13 (26.2mg>.
3 RERAEITHIRNE

I KRR S B (GO T G
Y 1 SRR BT e, BAERES %S
SRR R, 4 A 1 (I mg) I 2 mL 10%
HCI- 4 NHF (11 1) o, 80 Chnkditst 2h J5,
SRS R AR 45 fa AW, BN 0.1 mol/L L-
R R R ShER 2h (200 pL) FIITC/KAERE (100
ul), 60 CHI# M 1h, SRJGHMAN 2.6 mL =H %
B e A R 7R 7 2 e e - — Y U o - T
(2:1:10), 4k8:4F 60 C Fin# =™ 30 min, J%
RN KFIRR E ot (% 2 mL), #BA)HHE)E
B EERAKEH#IT GC . GC &N
Shimadzu GCMS-QP2010E AV S A1 ; DB-5MS
FE (30 mXx0.25 mmXx0.25 pm); FID ##%; #/<
NES: KINERE SN 280 C: BFTHEZM: ¥
UHIRFE 100 CLRFF 2 min, ZRJ5FHEZE 280 C (Gt
JEIH % 35 ‘C/min), 280 ‘CAf+F 9 min. D-%i%) ki
F LR AR bt it 3542 BB SR | 4 7 vE A A
WTFEHATI R, H-5 8 5 DR B I [RLEAT F A
4 HEWEE

B 1 REOTEEMA; [0y —79.5°(c
0.04, MeOH); HR-ESI-MS m/z: 531.167 8 [M+Na]"
(11518 531.168 4, CxHzO0wNa); IR o (cm™):
3417, 2922, 1655, 1614, 1439, 1385, 1261, 1065,
671; UV Ao (nm): 218, 265, 330; H-NMR (500
MHz, DMSO-ds) #1 $3C-NMR (125 MHz, DMSO-ds)
Bl 1.

WARALESY 1 1 HR-ESI-MS m/z; 531.167 8
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[M+Na]" (it%1# 531.168 4, CxH301Na), #iE
ZALE WIS TN CuHs2014, AR N 5. IR
(KB i it 3417 cmt Al 1655 cmL 4 f 4 E W i
g % Y JFL 45 1) 5 A R S RIS R R - B XU o TH-
NMR #dls (R 1 Bor, XA 1 AMREES
[0n6.35 (1H, dd, J = 5.7, 1.6 Hz, H-3), 5.00 (1H, dd,
J=5.7,49 Hz, H-4)], L M5 HEERMNIRF ARG S
on4.73 (1H, d, J = 9.8 Hz, H-1), 2 M S (5 5 on
457 (1H, d, J = 7.9 Hz, Glc-H-1), 4.53 (1H,d, J =
0.7 Hz, Rha-H-1") fiEZ X HFREEAES on 1.11
(3H, d, J = 6.2 Hz, Rha-6"-CH3). ®C-NMR %t (&
1 Brtb&WaEs 21 MmE T, SiaaiEm
DEPT135 Emy 4Tt 1 ZHubmg & & M55 oc
98.4, 76.2, 75.2, 73.4, 69.8, 65.9; 1 ZLNH IR i, 24 Ak
=5 0c100.5, 70.7, 70.6, 72.0, 68.4, 18.0; 1 H¥i)z
{55 o 140.6 (C-3), 103.6 (C-4); Tyt LI 5 MK
/55 oc 93.9 (C-1), 77.6 (C-6), 60.7 (C-7), 42.0
(C-9), 37.5 (C-5); 1 MV HHAE 5 6c59.5 (C-10) LA
F LA S 0c64.9 (C-8). 4L &1 1 11iX SEHFAE
{55 5AL 7 BARIK b & 3 CRefE) 1Bl
SIS, ARZAET, (EY 1 IREZ T 1
ANREWEREME S, HAEE T C-6 A miifE
5 6c65.9 (Glc-C-6") SAEREMINT NAZ 5 6c 61.3 FHEL
B AR 7 M3, HEAL &9 1 & R,
HH 5 A RN C-6' N AHIEM A . X —
HEZ HMBC 15 (& 2) 153 2538 1E, HH 64 3.76 (1H,
dd, J =11.0, 1.5 Hz, Glc-H-6"). 0n3.45 (1H,dd, J=
11.3, 5.5 Hz, Glc-H-6") 5 0c 100.5 (Rham-C-1") E
A AR D% o i 27 AR SR A S e AN B A
(R & 3 B0 7.9 Hz A10.7 Hz 7] i 28 ARG ) B4y
WA B AR o Y, 454 1D 12D NMR i, 58
BT MEEY) 1 iEESHHE (B D K—48F
4N (B 2).

£ ROESY it (& 3) Hr[LLEH], H-15 H-6
A H-7 54 NOE #H%, 5 Glc-H-1'o % NOE #H
%, 1 H-5 5 H-9 & NOE %, 5 H-1. H-6 flI
H-7 ¥ NOE #H>%, HULn#fiE H-1 5 H-6 f1
H-7 £ R —F1f 8 = —M0, 525 B-H, 1 H-5 5 H-9
BIR a-H. BERZEXT ARG 1 KRR
HATATAE, M GC MR IS ] (tr=13.47. 14.53
min), FESMEIE NS HbRAE L-BZ2EHEA D-
B HERAT A FIAR B FH] (te=13.49. 14.51 min)
HEATHLHRE, e N B-D-H A HEA a-L-fR 250 .

x1 ®EY 18 H-F1 BC-NMR ##&E (500/125 MHz,
DMSO-ds)

Table 1 !H- and *C-NMR data of compound 1 (500/125
MHz, DMSO-ds)

A oc OH

1 93.9 473 (d, J=9.8 Hz)

3 140.6 6.35 (dd, J=5.7,1.6 Hz)
4 103.6 5.00 (dd, J=5.7, 4.9 Hz)
5 375 2.14~2.05 (m)

6 77.6 3.70 (d, J=8.4 Hz)

7 60.7 3.38 (overlapped)

8 64.9

9 42.0 2.34(dd, J=9.7,7.7 Hz)
10 59.5 3.95(d,J=13.2Hz)

3.53 (overlapped)

Glc

1 98.4 4.57 (d, J=7.9 Hz)

2’ 734 3.03(t,J=8.4Hz)

3’ 76.2 3.18 (overlapped)

4 69.8 3.14 (overlapped)

5 75.2 3.32~3.28 (m)

6’ 65.9 3.76 (dd, J=11.0, 1.5 Hz)

3.45(dd, J =11.3,5.5 Hz)

Rha

1" 100.5 4.53 (d, J=0.7 Hz)

2" 70.7 3.65~3.50 (overlapped)
3" 70.6 3.37 (overlapped)

4" 72.0 3.16 (overlapped)

5" 68.4 3.37 (overlapped)

6" 18.0 1.11 (d, J=6.2 Hz)

H /" ™ C HMBC

'H-'H COoSY

2 A4 18 HMBC #1 H-1H COSY X#HXES
Fig. 2 Key HMBC and 'H-'H COSY correlations of
compound 1

b, B L IS E R 60-F2 E-8B-F2 H
% -1B,50,6B,7B,90- 11 & -7(8)- ¥ 4 -2-oxaind-3- /i -
1-O-a-L-PHE IR FR 2= H - (1—6)-B-D-ML I R AT HE ., A
L HALEY), 8N 6'-0-0-L- R ZASHEIEFERT .
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3 k&4 18 ROESY X BHX[ES

Fig. 3 Key ROESY correlations of compound 1

W& 2: WHE T E LRI AR : ESI-MS m/z: 375
[M—H]; H-NMR (500 MHz, DMSO-ds) 6: 6.36
(1H, d, J =5.9 Hz, H-3), 4.95 (1H, d, J = 5.5 Hz, H-4),
4.93 (1H, d, J = 9.9 Hz, H-1), 4.57 (1H, d, J = 7.9 Hz,
Glc-H-1), 3.89 (1H, d, J = 13.2 Hz, H-10), 3.69 (1H,
overlapped, H-10), 3.66 (1H, overlapped, Glc-H-6),
3.60 (1H, br s, H-7), 3.57 (1H, d, J = 8.2 Hz, H-6),
3.39 (1H, dd, J = 11.9, 6.7 Hz, Glc-H-6), 3.35 (3H, s,
6-OCHg), 3.18 (1H, t, J = 8.9 Hz, Glc-H-3), 3.15~
3.12 (1H, m, Glc-H-4), 3.03~3.00 (1H, overlapped,
Glc-H-2), 3.03~3.00 (1H, overlapped, Glc-H-5), 2.33
(1H, dd, J = 9.2, 8.1 Hz, H-9), 2.20~2.17 (1H, m,
H-5); 13C-NMR (125 MHz, DMSO-ds) &: 140.7 (C-3),
103.0 (C-4), 97.9 (Glc-C-1), 93.2 (C-1), 86.3 (C-6),
77.5 (Glc-C-3), 76.4 (Glc-C-5), 73.4 (Glc-C-2), 70.2
(Glec-C-4), 65.1 (C-8), 61.3 (Glc-C-6), 58.9 (C-10),
57.1 (C-7), 57.0 (6-OCHs), 41.8 (C-9), 35.5 (C-5). LA
RS U IRE R A 04, WS EN A 2 N
6-O- H R FE I .

&Y 3. BEERMA; ESI-MS m/z: 361
[M—H]: H-NMR (500 MHz, DMSO-ds) &: 6.35
(1H, d, J = 5.9 Hz, H-3), 5.00 (1H, t, J = 5.2 Hz, H-4),
4.89 (1H, d, J = 9.7 Hz, H-1), 4.58 (1H, d, J = 7.9 Hz,
Glc-H-1), 3.87 (1H, d, J = 13.1 Hz, H-10), 3.77 (1H,
d, J = 81 Hz, 6-H), 3.68 (1H, d, J = 11.5 Hz,
Glc-H-6), 3.63 (1H, d, J = 13.1 Hz, H-10), 3.40 (1H,
overlapped, Glc-H-6), 3.34 (1H, brs, H-7), 3.20~3.16
(1H, m, Glc-H-3), 3.14~3.11 (1H, m, Glc-H-4),
3.03~3.00 (1H, overlapped, Glc-H-2), 3.03~3.00

(1H, overlapped, Glc-H-5), 2.33~2.28 (1H, m, H-9),
2.11 (1H, dd, J = 12.2, 7.7 Hz, H-5); 13C-NMR (125
MHz, DMSO-ds) §: 140.3 (C-3), 103.4 (C-4), 97.9
(Gle-C-1), 93.3 (C-1), 77.5 (Glc-C-3), 77.2 (C-6), 76.4
(Glc-C-5), 73.4 (Glc-C-2), 70.2 (Glc-C-4), 64.8 (C-8),
61.3 (Glc-C-6), 60.7 (C-7), 59.0 (C-10), 42.1 (C-9),
37.4 (C-5). LA LEHE S TR IR IER A — 8, i
ENEY) 3 NFERE .

WEY 4: W BTE KK ESI-MS m/z: 615
[M+Na]"; *H-NMR (500 MHz, DMSO-d¢) 4: 8.01
(2H, d, J = 8.8 Hz, H-2', 6'), 7.13 (2H, d, J = 8.8 Hz,
H-3', 5), 6.85 (1H, s, H-3), 6.79 (1H, d, J = 1.5 Hz,
H-8), 6.46 (1H, d, J = 2.0 Hz, H-6), 5.04 (1H, d, J =
7.4 Hz, Glc-H-1), 4.55 (1H, d, J = 0.8 Hz, Rha-H-1),
3.87 (1H, overlapped, Glc-H-6), 3.84 (3H, s,
4'-OCHgs), 3.67~3.66 (1H, m, Rha-H-2), 3.62~3.59
(1H, m, Glc-H-5), 3.47 (1H, overlapped, Rha-H-3),
3.45 (1H, overlapped, Glc-H-6), 3.42 (1H, overlapped,
Rha-H-5), 3.33 (1H, overlapped, Glc-H-3), 3.29 (1H,
overlapped, Glc-H-2), 3.18 (1H, d, J = 9.7 Hz,
Glc-H-4), 3.14 (1H, d, J = 9.5 Hz, Rha-H-4), 1.06
(3H, d, J = 6.2 Hz, Rha-6-CH3); 3C-NMR (125 MHz,
DMSO-dg) 6: 182.4 (C-4), 164.5 (C-2), 163.3 (C-9),
162.9 (C-4'), 161.2 (C-5), 157.4 (C-7), 128.9 (C-2',
6'), 123.0 (C-1'), 115.2 (C-3’, 5'), 105.9 (C-10), 104.2
(C-3), 100.8 (C-6), 100.3 (Rha-C-1), 100.1 (Glc-C-1),
95.4 (C-8), 76.4 (Glc-C-3), 76.0 (Glc-C-5), 73.3
(Glc-C-2), 72.4 (Rha-C-4), 71.0 (Rha-C-2), 70.6
(Rha-C-3), 69.9 (Glc-C-4), 68.7 (Rha-C-5), 66.4
(Glc-C-6), 56.0 (4'-OCHs), 18.1 (Rha-C-6). LA L%
53R TE R A — ), W S 4 NERAEHE .

&Y 5: IR O ICE TR A s ESI-MS m/z: 577
[M—H]; 'H-NMR (500 MHz, CD3;0D) 6: 7.89 (2H,
d, J = 8.8 Hz, H-2', 6), 6.97 (2H, d, J = 8.8 Hz, H-3,
5%, 6.78 (1H, d, J = 2.0 Hz, H-8), 6.67 (1H, s, H-3),
6.54(1H, d, J = 2.0 Hz, H-6), 5.07 (1H, d, J = 7.1 Hz,
Glc-H-1), 4.74 (1H, d, J = 1.3 Hz, Rha-H-1), 4.06
(1H, d, J = 9.5 Hz, Glc-H-6), 3.92 (1H, dd, J = 3.4, 1.6
Hz, Rha-H-2), 3.73 (1H, dd, J = 9.5, 3.4 Hz,
Rha-H-3), 3.69 ~3.65 (3H, overlapped, Rha-H-5,
Glc-H-6, 5), 3.563~3.51 (2H, overlapped, Glc-H-2, 3),
3.45~3.42 (1H, m, Glc-H-4), 3.35 (1H, overlapped,
Rha-H-4), 1.20 (3H, d, J = 6.2 Hz, Rha-6-CH3);
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BC-NMR (125 MHz, CD;0OD) §: 184.1 (C-4), 166.8
(C-2), 164.7 (C-7), 163.0 (C-5), 162.9 (C-4'), 158.9
(C-9), 129.7 (C-2, 6), 123.1 (C-1), 117.1 (C-3', 5",
107.1 (C-10), 104.2 (C-3), 102.1 (Glc-C-1), 1015
(Rha-C-1), 101.1 (C-6), 96.3 (C-8), 77.8 (Glc-C-3),
77.1 (Glc-C-5), 74.7 (Glc-C-2), 74.1 (Rha-C-4), 72.4
(Rha-C-3), 72.1 (Rha-C-2), 71.3 (Glc-C-4), 69.8
(Rha-C-5), 67.4 (Glc-C-6), 17.9 (Rha-C-6). LA % ¥
5O IE F A — B8, SR ENEY) 5 AR
=-7-0-7 T HEH

EY) 6: HMEITELHA: ESI-MS m/z: 593
[M—H]; 'H-NMR (500 MHz, CD30D) 6: 7.38 (2H,
overlapped, H-2', 6"), 6.91 (1H, d, J = 8.8 Hz, H-5),
6.71 (1H, brs, H-8), 6.57 (1H, s, H-3), 6.50 (1H, d, J =
1.7 Hz, H-6), 5.03 (1H, d, J = 7.0 Hz, Glc-H-1), 4.72
(1H, brs, Rha-H-1), 4.05 (1H, d, J = 9.7 Hz, Glc-H-6),
3.91 (1H, dd, J = 1.8 Hz, Rha-H-2), 3.74 (1H, dd, J =
9.5, 3.4 Hz, Rha-H-3), 3.68~3.61 (3H, overlapped,
Rha-H-5, Glc-H-6, 5), 3.52~3.45 (2H, overlapped,
Glc-H-2, 3), 3.40 (1H, t, J = 8.8 Hz, Glc-H-4), 3.35
(1H, overlapped, Rha-H-4), 1.19 (3H, d, J = 6.2 Hz,
Rha-6-CHs); 13C-NMR (125 MHz, CD30D) J: 184.0
(C-4), 166.9 (C-2), 164.7 (C-7), 162.9 (C-5), 158.9
(C-9), 151.2 (C-4"), 147.0 (C-3"), 123.5 (C-1"), 120.6
(C-6"), 116.9 (C-2"), 114.3 (C-5"), 107.1 (C-10), 104.3
(C-3), 102.1 (Glc-C-1), 101.6 (Rha-C-1), 101.1
(C-6), 96.2 (C-8), 77.8 (Glc-C-3), 77.2 (Glc-C-5),
74.8 (Glc-C-2), 74.1 (Rha-C-4), 72.4 (Rha-C-3), 72.1
(Rha-C-2), 71.3 (Glc-C-4), 69.8 (Rha-C-5), 67.5
(Glc-C-6), 17.9 (Rha-C-6). LA L% di 5 Sk 4 i &
A0, HWEENEY) 6 NRBEER-7-0-54T
BEH

a7 HETERMA; ESI-MS m/z: 737
[M—H]; 'H-NMR (500 MHz, CD30D) 6: 7.98 (2H,
d, J=8.3 Hz, H-2, 6"), 7.12 (2H, d, J = 8.3 Hz, H-3’,
5%, 6.75 (1H, s, H-3), 6.71 (1H, brs, H-8), 6.52 (1H,
brs, H-6), 5.31 (1H, brs, Rha-H-1""), 5.20 (1H, d, J =
7.2 Hz, Glc-H-1"), 4.72 (1H, brs, Rha-H-1""), 4.06
(1H, d, J = 9.5 Hz, Glc-H-6"), 3.97 (2H, overlapped,
Rha-H-2"", 2", 3.91 (3H, s, 4'-OCHgs), 3.72~3.65
(8H, overlapped, Rha-H-3"", 5", Glc-H-2", 3", 5", 6",
Rha-H-3", 5", 3.46~3.42 (2H, overlapped, Rha-H-4"",
Glc-H-4"), 3.37 (1H, overlapped, Rha-H-4""), 1.37

(3H, d, J = 5.8 Hz, Rha-6""-CHs), 1.19 (3H, d, J = 5.8
Hz, Rha-6""-CHs); 13C-NMR (125 MHz, CD30D) ¢:
184.0 (C-4), 166.5(C-2), 164.5 (C-7), 164.4 (C-4'),
163.1 (C-5), 158.9 (C-9), 129.5 (C-2', 6'), 124.4
(C-1), 115.7 (C-3, 5", 107.2 (C-10), 104.7 (C-3),
1025 (Rha-C-1""), 102.1 (Rha-C-1""), 101.0 (C-6),
99.8 (Glc-C-1"), 96.1 (C-8), 79.0 (Glc-C-3"), 79.0
(Glc-C-2"), 77.0 (Glc-C-5"), 74.1 (Rha-C-4"""), 74.0
(Rha-C-4'""), 72.4 (Rha-C-3""), 72.2 (Rha-C-2"",
2", 72.1 (Rha-C-3""), 714 (Glc-C-4"), 70.0
(Rha-C-5""""), 69.8 (Rha-C-5""), 67.4 (Glc-C-6"), 56.1
(4-OCHs), 18.3 (Rha-C-6""), 17.9 (Rha-C-6"""). LA I
B 5 SRR IE B AR — 08, MU E A T N
B

&Y 8: IR AL E TR R s ESI-MS miz: 447
[M+H]": H-NMR (500 MHz, DMSO-ds) J: 7.94
(2H, d, J = 5.7 Hz, H-2', 6'), 6.93 (2H, d, J = 5.7 Hz,
H-3', 5'), 6.85 (1H, s, H-3), 6.82 (1H, brs, H-8), 6.43
(1H, brs, H-6), 5.10 (1H, brs, H-1"), 3.68~3.15 (4H,
overlapped, H-2" ~ 5") ; ¥3C-NMR (125 MHz,
DMSO-ds) &: 182.0 (C-4), 171.2 (C-6"), 164.3 (C-2),
163.0 (C-7), 161.5 (C-5), 161.1 (C-4"), 157.0 (C-9),
128.6 (C-2', 6'), 120.9 (C-1'), 116.1 (C-3', 5), 105.3
(C-10), 103.1 (C-3), 99.6 (C-6), 99.6 (C-1"), 94.8
(C-8), 76.4 (C-5"), 74.3 (C-3"), 72.9 (C-2"), 71.9
(C-4"). LA ERE¥E 5 SRR B A — 300, Wk
WA 8 NI ER-T-O- - SR .

AW 9: IRIEETLE KR K ESI-MS m/z: 621
[M—H]: *H-NMR (500 MHz, DMSO-ds) &: 12.90
(1H, s, 5-OH), 8.08 (2H, d, J = 9.0 Hz, H-2', 6'), 7.22
(2H, d, J = 9.0 Hz, H-3', 5"), 6.98 (1H, s, H-3), 6.89
(1H, d, J = 2.1 Hz, H-8), 6.48 (1H, d, J = 2.1 Hz, H-6),
5.27 (1H, d, J = 7.2 Hz, H-1"), 5.24 (1H, d, J = 7.3
Hz, H-1""), 4.05 (1H, d, J = 9.6 Hz, H-5"), 4.00 (1H,
d, J = 9.6 Hz, H-5"), 3.44~3.29 (6H, overlapped,
H-2"~4", 2""~4"); BC-NMR (125 MHz, DMSO-ds)
5 182.1 (C-4), 170.0 (C-6"), 170.0 (C-6""), 163.6
(C-2), 162.6 (C-7), 161.2 (C-5), 160.0 (C-4"), 157.0
(C-9), 128.4 (C-2', 6'), 124.1 (C-1), 116.5 (C-3', 5),
105.6 (C-10), 104.3 (C-3), 99.5 (C-6), 99.3 (C-1"),
99.2 (C-1), 94.8 (C-8), 75.8 (C-5"), 75.7 (C-5"),
75.4 (C-3"), 75.4 (C-3"), 72.9 (C-2'), 72.8 (C-2""),
71.3(C-4""), 71.3 (C-4""). UL L %d 5 Sk i I
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AR 20, MU EE Y 9 TSR R-T,4"-0-H % B
MR

&Y 10: RHEBTEIEFIR: ESI-MS m/z:
591 [M—H]; 'H-NMR (500 MHz, DMSO-dg) : 7.89
(2H, d, J =8.0 Hz, H-2', 6"), 6.92 (2H, d, J = 8.0 Hz,
H-3', 5), 6.82 (1H, s, H-3), 6.77 (1H, brs, H-8), 6.36
(1H, brs, H-6), 5.27 (1H, d, J = 6.6 Hz, H-1"), 5.12
(1H, s, H-1), 3.77 (1H, d, J = 9.3 Hz, H-5"), 3.72
(1H, dd, J = 9.3, 6.3 Hz, H-5""), 3.68 (1H, brs, H-2'"),
3.50 (1H, overlapped, H-2"), 3.45 (1H, overlapped,
H-3"), 3.31 (1H, overlapped, H-3""), 3.20 (1H,
overlapped, H-4""), 3.20 (1H, overlapped, H-4""), 1.19
(3H, d, J = 6.2 Hz, 6”-CH3); ®C-NMR (125 MHz,
DMSO-dg) d: 182.0 (C-4), 171.5 (C-6"), 164.3 (C-2),
162.5 (C-7), 161.6 (C-4'), 161.1 (C-5), 157.0 (C-9),
128.5 (C-2', 6'), 120.8 (C-1), 116.0 (C-3, 5", 105.4
(C-10), 103.1 (C-3), 100.6 (C-1"), 99.3 (C-6), 97.4
(C-1), 94.3 (C-8), 77.2 (C-3"), 76.2 (C-2"), 74.0
(C-5"), 71.9 (C-4"), 71.9 (C-4""), 70.5 (C-2"), 70.4
(C-3"), 68.4 (C-5""), 18.1 (C-6""). LA b Zi# 5 Ck
fRIE FA B2, HUEENEY) 10 T ER-T-0-
o- FRZEHESE-(1-2)-B-H1 2 PRI IR EF

EY 11 FHETCERH AR ESI-MS m/z: 268
[M+H]": H-NMR (500 MHz, D;0) d: 8.22 (1H, s,
H-8), 8.14 (1H, s, H-2), 5.96 (1H, s, H-1'), 4.38 (1H, s,
H-3), 4.25 (1H, s, H-4"), 3.87 (1H, overlapped, H-5a),
3.80 (1H, overlapped, H-5'h); 3C-NMR (125 MHz,
D,0) &: 155.4 (C-6), 152.4 (C-2), 148.3 (C-4), 140.5
(C-8), 119.0 (C-5), 88.3 (C-1'), 85.8 (C-4), 73.7
(C-21, 70.6 (C-3"), 61.5 (C-5"). LA E¥¥i 5 CikikiE
BR3P, BN EGY) 11 NIRRT

EY) 12: W EORRE A ESI-MS m/z: 282
[M—H]; 'H-NMR (500 MHz, DMSO-ds) J: 7.93
(1H, s, H-8), 6.48 (2H, brs, 2-NH,), 5.68 (1H, d, J =
6.0 Hz, H-1'), 4.38 (1H, t, J = 6.0 Hz, H-2'), 4.07 (1H,
t, J = 4.0 Hz, H-3), 3.86 (1H, d, J = 3.6 Hz, H-4"),
3.60 (1H, m, H-5a), 3.51 (1H, m, H-5'b); 13C-NMR
(125 MHz, DMSO-ds) &: 156.8 (C-6), 153.7 (C-2),
151.3 (C-4), 135.6 (C-8), 116.7 (C-5), 86.4 (C-1),
85.2 (C-4'), 73.7 (C-2"), 70.4 (C-3'), 61.4 (C-5"). VL L
Bl 5 R IEHE A — B, WS e EY 12 4
IR ALE

WEY 13: RFEETLEEH K ESI-MS miz:

167 [M—H]"; 'H-NMR (500 MHz, CD30D) ¢: 7.60~
7.55 (2H, m, H-2, 6), 6.84 (1H, d, J = 8.7 Hz, H-5),
3.89 (3H, s, 3-OCH3); C-NMR (125 MHz, CD;0D)
d: 170.0 (C-7), 152.7 (C-4), 148.6 (C-3), 125.3 (C-6),
123.1 (C-1), 115.8 (C-2), 113.8 (C-5), 56.4 (3-OCHys).
DA b 204 5 SRR e AR — S04, MU e A 13
NEH

AW 14: EEMHRY); ESI-MS m/z: 207 [M+
Na]"; H-NMR (500 MHz, CD30D) 4: 5.95 (1H, brs,
H-4), 3.80 (1H, d, J = 11.5 Hz, H-7), 3.66 (1H, d, J =
11.5 Hz, H-7), 2.95 (1H, d, J = 17.3 Hz, H-2), 2.10
(1H, d, J = 17.3 Hz, H-2), 2.05 (3H, s, 10-CH3), 1.14
(3H, s, 9-CHs), 1.04 (3H, s, 8-CHa3); 3C-NMR (125
MHz, CD;OD) §: 201.8 (C-3), 167.7 (C-5), 128.3
(C-4), 78.9 (C-6), 65.9 (C-7), 51.0 (C-2), 41.3 (C-1),
25.3 (C-8), 24.1 (C-9), 20.1 (C-10). LA_F%dE 5 ik
RIERA -, WEEEY 14 AEREHFLIIL
%= M.

&Y 15 HEOTGERM A ESI-MS m/z: 353
[M+Na]"; H-NMR (500 MHz, CDs;OD) &: 10.09
(1H, s, H-7), 4.43 (1H, d, J = 7.7 Hz, Glc-H-1), 4.09
(1H, m, H-4), 3.86 (1H, d, J = 12.4 Hz, Glc-H-6), 3.67
(A1H, m, Glc-H-6), 3.36 ~ 3.30 (3H, overlapped,
Glc-H-5, Glc-H-4, Glc-H-3), 3.16 (1H, t, J = 8.2 Hz,
Glc-H-2), 2.69 (1H, dd, J = 18.8, 4.6 Hz, H-3a), 2.32
(1H, dd, J = 18.8, 8.9 Hz, H-3b), 2.15 (3H, s, 10-CHs3),
1.86 (1H, d, J = 12.5 Hz, H-5a), 1.54 (1H, t, J = 12.5
Hz, H-5b), 1.24 (3H, s, 8-CHs), 1.22 (3H, s, 9-CH3);
3C-NMR (125 MHz, CD30D) §: 1935 (C-7), 155.7
(C-2), 141.1 (C-1), 102.6 (Glc-C-1), 78.1 (Glc-C-5),
77.9 (Gle-C-3), 75.1 (Glc-C-2), 72.0 (C-4), 71.6
(Glc-C-4), 62.7 (Glc-C-6), 48.3 (C-5), 42.3 (C-3), 36.6
(C-6), 29.3 (C-8), 27.9 (C-9), 19.3 (C-10). LA %
5 SRR TE R A — 52, WA 15 N
i

&Y 16: HIHEETEHAR: ESI-MS miz:
443 [M—H]; H-NMR (500 MHz, CD30D) ¢: 7.77
(1H, d, J = 16.0 Hz, H-4), 6.31 (1H, d, J = 16.0 Hz,
H-5), 5.82 (1H, s, H-2), 4.36 (1H, d, J = 7.8 Hz,
Glc-H-1), 4.24 (1H, m, H-3"), 3.86 (1H, d, J = 11.1
Hz, Glc-H-6), 3.79 (1H, dd, J = 7.2, 1.7 Hz, H-7"a),
3.74 (1H, d, J = 7.2 Hz, H-7'b), 3.68~3.66 (1H, m,
Glc-H-6), 3.34 (1H, overlapped, Glc-H-3), 3.29 (1H,
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overlapped, Glc-H-4), 3.27 (1H, overlapped, Glc-H-5),
3.14 (1H, dd, J = 9.0, 8.0 Hz, Glc-H-2), 2.17 (1H, m,
H-4'ax), 1.97 (3H, s, 6-CHs), 1.95 (1H, m, H-2'ax),
1.82 (1H, m, H-4'eq), 1.79 (1H, m, H-2'eq), 1.16 (3H,
s, 9-CH3), 0.93 (3H, s, 10'-CHg); *C-NMR (125
MHz, CDs0OD) 4. 174.3 (C-1), 143.3 (C-3), 132.8
(C-5), 131.3 (C-4), 126.2 (C-2), 103.1 (Glc-C-1), 87.6
(C-5"), 83.2 (C-8), 78.0 (Glc-C-3), 77.9 (Glc-C-5),
77.1 (C-7), 751 (Glc-C-2), 740 (C-3), 71.6
(Glc-C-4), 62.7 (Glc-C-6), 42.8 (C-2), 42.7 (C-4",
20.7 (C-6), 19.7 (C-9"), 16.4 (C-10"). LA_- % 5~k
fRIEFEA—FPO, MUEEENEY) 16 N ALl
G l2-3"-O-B-D-H & B

EY 17 wEETEIEHAR; ESI-MS m/z:
466 [M—H]; *H-NMR (500 MHz, DMSO-ds) J: 7.94
(1H, d, J = 15.9 Hz, H-4), 6.25 (1H, d, J = 15.9 Hz,
H-5), 5.69 (1H, s, H-2), 4.19 (1H, d, J = 7.8 Hz,
Glc-H-1), 4.08 (1H, m, H-3"), 3.66 (1H, overlapped,
Glc-H-6), 3.64 (1H, overlapped, H-7'a), 3.57 (1H, d,
J = 7.1 Hz, H-7'b), 3.37 (1H, overlapped, Glc-H-6),
312 (1H, t, J = 8.4 Hz, Glc-H-3), 3.09 (1H, m,
Glc-H-4), 3.03 (1H, t, J = 9.0 Hz, Glc-H-5), 2.89 (1H,
t, J = 8.4 Hz, Glc-H-2), 2.05 (1H, dd, J = 13.3, 6.7 Hz,
H-4'ax), 1.96 (3H, s, 6-CH3), 1.82 (1H, dd, J = 13.3,
6.7 Hz, H-2'ax), 1.64 (1H, overlapped, H-4'eq), 1.63
(1H, overlapped, H-2'eq), 1.05 (3H, s, 9'-CHjs), 0.84
(3H, s, 10'-CH3); 3C-NMR (125 MHz, DMSO-ds) &:
130.4 (C-5), 130.4 (C-4), 101.5 (Glc-C-1), 85.5 (C-59,
81.2 (C-8), 76.8 (Glc-C-3), 76.7 (Glc-C-5), 75.1
(C-7), 73.4 (Glc-C-2), 71.5 (C-3), 70.1 (Glc-C-4),
61.1 (Glc-C-6), 47.8 (C-1'), 41.7 (C-2), 41.5 (C-4),
20.7 (C-6), 19.6 (C-9"), 16.1 (C-10"). 7E BC-NMR
REGME] C-1. C-2 f1 C-3 HIfE S, AIRERILIRE
TERL T BNEE, RIS T o IR BGOSR . A EE
P 5 ORI TE HE AR — 0, MUEEEY) 17 =
AR E RN ER-3'-O-B-D-H & i

&Y 18: RO EMAR: ESI-MS m/z:
385 [M—H]; tH-NMR (500 MHz, DMSO-ds) 6: 7.20
(1H, d, J = 15.8 Hz, H-7), 6.87 (2H, s, H-2, 6), 6.43
(1H, d, J = 15.8 Hz, H-8), 4.97 (1H, d, J = 6.3 Hz,
Glc-H-1), 3.78 (6H, s, 3, 5-OCHj3), 3.57 (1H, d, J =
11.4 Hz, Glc-H-6), 3.42 (1H, dd, J = 11.4, 5.2 Hz,
Glc-H-6), 3.21~3.20 (2H, m, Glc-H-3, 4), 3.15 (1H,

m, Glc-H-2), 3.03 (1H, m, Glc-H-5); 3C-NMR (125
MHz, DMSO-ds) J: 169.5 (C-9), 152.7 (C-3, 5), 138.3
(C-7), 135.0 (C-4), 131.5 (C-1), 125.8 (C-8), 105.7
(C-2, 6), 102.5 (Glc-C-1), 77.3 (Glc-C-5), 76.6
(Glc-C-3), 74.2 (Glc-C-2), 69.9 (Glc-C-4), 60.8
(Glc-C-6), 56.4 (3, 5-OCH3 ). UL % 5 SCilik#iE
BRI, WMUE A 18 N (E)-IF T IKk-4-O-
B-D-Hbk e 787 2 B 1

&Y 19: REOTTEHMAR: ESI-MS m/z
179 [M—H]; 'H-NMR (500 MHz, CD;OD) 4: 7.53
(1H, d, J = 15.9 Hz, H-7), 7.03 (1H, d, J = 2.0 Hz,
H-2), 6.93 (1H, dd, J = 8.2, 2.0 Hz, H-6), 6.78 (1H,
d, J = 8.2 Hz, H-5), 6.22 (1H, d, J = 15.9 Hz, H-8);
3C-NMR (125 MHz, CD30D) ¢: 171.1 (C-9), 149.4
(C-4), 147.0 (C-3), 146.8 (C-7), 127.8 (C-1), 122.8
(C-6), 116.5 (C-5), 115.6 (C-8), 115.1 (C-2). Ll E
B 5 ORI E B AR — 220, MU E A 19
W P o

&Y 20: REETLER AR ESI-MS m/iz:
377 [M+Na]"; H-NMR (500 MHz, CD;0OD) ¢: 7.56
(1H, d, J = 15.9 Hz, H-7'), 7.04 (1H, d, J = 1.1 Hz,
H-2"), 6.93 (1H, d, J = 8.3 Hz, H-6"), 6.77 (1H,d, J =
8.3 Hz, H-5), 6.28 (1H, d, J = 15.9 Hz, H-8), 5.37
(1H, brs, H-5), 4.18 (1H, brs, H-3), 3.71 (1H, d, J =
7.5 Hz, H-4), 2.25~2.01 (4H, m, H-2, 6); 13C-NMR
(125 MHz, CDs;OD) ¢§: 168.8 (C-9'), 149.6 (C-4),
147.1 (C-7"), 146.8 (C-3'), 127.8 (C-1'), 123.0 (C-6"),
116.5 (C-5"), 115.3 (C-8"), 115.2 (C-2"). ZLEMIXK
F HPLC J7VALEAH R S5 A 5 2R SRR 6 IR S AT B
X, PREGIS R —E,  HANS R S St A —
0, W e AW 20 NERIRER -
5 i1

A SIS B AL KR A B IR E T 20
MEEY), ARG L ASH R EERRE E R A (D
PA K 2 AN RN @ B R E ) (2 3), 7 AN EE
FhEW (4~100, 2 MEVTRMLEY (11, 12
A8 DNHARAAAY (13~20). HA, H 6 4
WEPNEE g T X AR, 6 MEEMHN
BRI IR B R. BN RAE S I
BRI T2y, EA 1000 ZAEWKHZ TS, i
FA PR A EE 2 PR IR R U 24, (B
ZHAET, BN RE Z AR AR K 7t 2
EEHPTESR I Z T, 0 IR TT AR [ 25 3 o i A
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