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Chemical constituents from rhizomes of Cimicifuga dahurica
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Abstract: Objective To isolate and identify the chemical constituents from the rhizome of Cimicifuga dahurica. Methods The
isolation and purification of 60% EtOH extract of the rhizomes of C. dahurica were carried out through various modern
chromatographic separation techniques: HP-20, silica gel, ODS, Sephadex LH-20 column and semi-preparative HPLC. And the
structures of the compounds were identified based on spectroscopic data and physicochemical properties. Results Twenty compounds
were isolated and identified as cimicifugaside F (1), (+) (25,3R)-2-(4-hydroxy-3-methoxyphenyl)-3-[(B-D-glucopyranosyloxy)
methyl]-7-methoxybenzofuran-5-propenoic acid (2), 5-hydroxy-2-methoxybenzoic acid (3), benzoic acid 4-O-B-D-glucoside (4),
isoferulic acid (5), ferulic acid (6), trans-ferulic acid 4-O-p-D-allopyranoside (7), trans-ferulic acid 4-O-B-D-glucoside (8), (E)-sinapic
acid 4-0-B-D-glucoside (9), 6,6'-di-O-sinapoylsurcose (10), piscidic acid (11), fukinolic acid (12), N-trans-feruloyltyramine
4-0-B-D-allopyranoside (13), N-trans-3'-methoxy-4'-feruloyltyramine-4-O-f-D-allopyranoside (14), N-trans-3'-methoxy-4'-
feruloyltyramine-4-O-B-D-glucoside (15), grevilloside G (16), (—)-syringaresinol (17), (—)-syringaresinol 4,4'-di-O-3-D-
allopyranoside (18), (+)-isolarisiresinol 3a-O-B-D—glucoside (19), (—)-5'-methoxyisolariciresinol 3a-O-B-D-glucoside (20).

Conclusion Compound 1 was identified as a new lignan, and compounds 2—4, 8—10, 15—17 and 20 were isolated from
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Cimicifuga genus for the first time.

Key words: Cimicifuga dahurica (Turcz.) Maxim.; 5-hydroxy-2-methoxybenzoic acid; benzoic acid 4-O-f-D-glucoside; trans-ferulic

acid 4-O-B-D-glucoside; (E)-sinapic acid 4-O-B-D-glucoside; (—)-syringaresinol

Yz I, Al &b T RR, 2 B E R
(Ranunculaceae) kg Cimicifuga L. ¥, T+
R Cimicifuga dahurica (Turcz.) Maxim. [IHRZE. %
IR IR E L B E AT b, Wb, S
LT, wAR BRI, RAKREEE. B
BT AR, W TR ARSI . 149
s BB ARERT e . [y 4k 7t % 9
DTt RR A2 ) T B AR IR R AR = 5P
rmR LD AR RN, DA, At
PRae, Bk P AT R 2 g OV T
PENE . Oy T HE DR RS LT BRI 2 R o A
fih, B 22 TR EVEVE RS, AN TR M 22 T
FRARZE ) 60% L 15 7K 3 B 48 K FLIR B B IR A €
W, 30% SEEKYE B AL BT R E R A
M7 @438 20 MMea®, 2B EN
cimicifugaside F (1), (+)-(2S,3R)-2-(4-F5FE-3-FH 4
B FEHE)-3-[(B-D- Mt e 78 2 W S A ) Yk ]-7- R A2
K I W -5- 9 M B2 ((+) (25,3R)-2-(4-hydroxy-3-
methoxyphenyl)-3-[(B-D-glucopyranosyloxy) methyl]-
7-methoxybenzofuran-5-propenoic acid, 2). 5-Ffk-
2-HEERHR (5-hydroxy-2-methoxybenzoic acid,
3. KHR-4-0-B-D-H & FEHE (benzoic acid 4-O-B-
D-glucoside, 4). Ff%MR (isoferulic acid, 5). Fi
Bl (ferulic acid, 6)+ BEEER-4-O-B-D-Bil ik BE T
(trans-ferulic acid 4-O-B-D-allopyranoside, 7). [i%{
IR -4-O-B-D-% % B (trans-ferulic acid 4-O-B-D-
glucoside, 8)+ 7+ TlR-4-O-B-D-Hi & B [(E)-sinapic
acid 4-O-B-D-glucoside, 9] 6,6'- —--O-F+ 1t 3 A b
1¥(6,6'-di-O-sinapoylsurcose, 10) . 7 A # 1R (piscidic
acid, 11). ¥} (fukinolic acid, 120 N-Jx=xt
Fo ok IR 4K BT B BE R -4-O-B-D- B % B FF
( N-trans-feruloyltyramine 4-O-B-D-allopyranoside ,
13D N-Je -3 VA k-4 F R 2% 2 6 ] 0 P 1 -4
O-B-D- ] & ¥ £ ( N-trans-3'-methoxy-4'-feruloyl-
tyramine-4-O-B-D-allopyranoside, 14). N-Jz3-3'-H
S -4 2 TR 2 B ] B -4-O-B-D- ] % B
(  N-trans-3'-methoxy-4'-feruloyltyramine-4-O-f3-D-
glucoside, 15). 3,5- “F2HL IR L [F-3-0-B-D- % b
1 (grevilloside G, 16) ] &HEZ [(—)-syringaresinol,

171 T & fig % -4,4'-0-B-D- BB ¥ ¥k ¥ [()-
syringaresinol 4,4'-di-O-B-D-allopyranoside, 18]. (+)-
SV M ok WOBE &R -3a-0-B-D- W E OB H
[(+)-isolarisiresinol 3a-O-B-D-glucoside, 19]. (—)-5'-
HOS R S % R W IR R -3a-0-B-D- Hi & BE T
[(—)-5'-methoxyisolariciresinol 3a-O-B-D-glucoside,

20]. Hi k&1 vtk ey, thav 2~4. 8~
10, 15~17. 20 JYE RN THHRE Y 7> &5 2.
1 {XFE5HH

it BrukerAvance 81 600 =% %K
FEIRAC: 70 B v RO A CH AR D
LC20AB prominence LIQUID CHROMATOGRAPH
4% F1 SPD-M20A prominence DIODE ARRAY
AETECTOR Hil &% ; 1% 7 i ROBUAH t i A CH A
). LC-6AD (SHIMADZU A &, LIQUID
CHROMATOGRAPH) ZEAI SPD-20A (prominence
UV/VIS DETECTOR) #&ill#5.

A Hr %R Phenomenex Gemini (Cig, 250
mm X 4.6 mm, 5 pm); F- il % 8 14 Phenomenex
Gemini(C;g, 250 mm X 10 mm, 5 um); Diaion HP-20
( Mitsubishi Chemical Co., HZA); # %k
(100~200. 200~300 H), 7 EiEHEHLTAR;
RP-Cs HE i E Rl (12 nm, S-50 um), YMC; H
B (3%, O (B0, BHRR (rral),
Oceanpack Alexative Chemicals R AR ; ALk
7|, Cambridge Isotope Laboratories, Inc. ( Saint
Louis, F[ED.

MBI R W RAE D 22 THRRIRZERE i 19.5
kg, MBI R E 7 B % 8 X% 2Tt
Rk Cimicifuga dahurica (Turcz.) Maxim. fJFJ5AE2%,
2 RBESE

TR RIRZE 19.5 kg, 48 120 L 60% L
IKIEIRFEEL 2 K, BIR 2 h, G IR, RS
TIRAF LTRSS Y 2.8 kg, 242 HP-20 KALIf
WA (B AT R 2 85, ZF-7K (0 £ 100 70 30,
951 5) BhEEWEL (REMBIE 25 L HishAfD 1380 3
AN AL Fr. CD-1~CD-3. Fr. CD-2 & HEfF:
W, HEE- A 7K (10000 :00.9753:0.95 ¢
5:0.90:10:1.85:15:1.5.70:30:5., 60 .
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40 :8. 50:50:10. 0:100:0) BEEEBEM, 753
3 MBS (2A~2MD. B ARE. ODS
Hémﬁsﬁ%ﬂ% HPLC bA K B 485 555 7150 B alidk
M Fr. 2B 152159 3 (6.3 mg). 5 (3.3 g). 6 (323
mg), M Fr.2H B321MLE 7 (753.2mg). 9 (91.0
mg). 13 (75.4 mg). 14 (270.5 mg), M Fr. 2115
Ffb A1 (449 mg). 2 (392mg). 8 (36.4 mg).
15 (30.7 mg), M Fr. 2J 5EMLEW 4 (3.2 mg).
10 (7.8 mg). 16 (70.2 mg). 17 (2.7 mg)+ 18 (10.4
mg). 19 (10.0 mg). 20 (3.3 mg), M Fr. 2L 53
&Y 11 (13.7mg). 12 (15.5mg).
3 GEHEE

& 1. HEEIRIK, HR-ESI-MS 4 H m/z
557.163 8 [M+Na]" (154} 557.163 5), #aw T
N CaH30O010s AHLFIER 12,

'H-NMR (600 MHz, CD;0D) &ifith (% 1),
KX ER1H124- =BG ERTES [on7.01
(1H, d, J= 2.0 Hz, H-2), 6.88 (1H, dd, J= 8.1, 2.0 Hz,
H-6), 6.79 (1H, d, J=8.1 Hz, H-5)]; 1 41 1,2,3,5-P4Hx
RIEFERTFES [on 7.13 (1H, m, H-2"), 7.26 (1H, s,
H-6")], 1 HxMT [0 7.64 (1H, d, J=15.8 Hz,
H-7"), 6.36 (1H, d, J = 15.8 Hz, H-8")], 1 Mk i
T155 [6u4.37 (1H, d, J=7.8 Hz)], LM 2 NHH
RFRT1ES [0n3.91 (3H, s), 3.85 BH, 5)]. "C-NMR

(150 MHz, CD;0OD) i, 3LBIR 26 Mi(E S,

Br2s 6 MRS S 2 N EE S, 64 18
MRS, HEMAEY 1 WTRENKIE RIS .

£ HMBC & (B 1), H-7/C-1', 2, 6, 8, 9'Fll
H-8'/C-1', 7', 9" PIHAKRAE T, &m0 5 Y
B ZE IR FIFRIE M, 14 Co-Cs T 72 'H-"H
COSY i, B 1 AUHE15 5 H-7 (0n 5.67) /H-8 (O
3.72) /H-9 (65 4.22), 4iH HMBC KElif, H-7/C-1,2,
6. H-8/C-1, N5 —1 Ce-C3 HIt. M4,

H-6'/C-8 . H-7/C-4', 5', H-8/C-5', 6'. H-9/C-5'%
HMBC FEAHIG, 3R B0 G 28 B ki AL K T
. £ HMBC K, CH;0-(0y 3.82) 5 C-3 (¢
149.0) #5%, CH;0-(dy 3.89) 5 C-3' (dc 145.8) M
Ky $R 2 MRS 2 AR 3 A 3 A
B, WL H-1" Oy 4.37) 5 C-9 (6 72.0) #
K, H-9 (0 4.22, 3.83) HFEELNT C-1 (6c 134.0) #H
K, RUPEEPERS C9 MHE, Hke Tis
Y1 KPS H-7 5 H-8 &% % (J=6.5Hz),
FORMKIEER 7,8 ArpARXH AR Y, D K
(& 2) 7£ 256 nm (—1.85) #1351 nm (-1.62) &R
11 Cotton RANL, KB 7,8 L 4a x4 8A
7RSS, Lx EFTIR, fh & 1 % N 3 Fiai
K, T NIRRT F (cimicifugaside F), N
1 AT B 2R PR e A g 3R H

®1 &% 18 "H-NMR 1 “C-NMR 4% (‘H: 600 MHz; *C: 150 MHz, CD;0D)
Table 1 '"H-NMR and *C-NMR spectral data of compound 1 (‘H: 600 MHz; *C: 150 MHz, in CD;0D)

1

1

s {7ZA
oy Jc oy Jc
1 — 134.0 5 — 130.7
2 6.99 (d, /= 2.0 Hz) 110.7 6 7.24 (s) 119.4
3 — 149.0 7' 7.62 (d, J=15.8 Hz) 146.7
4 — 147.6 8’ 6.34 (d, /= 15.8 Hz) 116.5
5 6.77 (d, J= 8.1 Hz) 116.1 9 — 171.0
6 6.86 (dd, J= 8.1, 2.0 Hz) 119.8 1” 4.37 (d,J= 7.8 Hz) 104.4
7 5.66 (d, J= 6.5 Hz) 89.8 2" 3.25(dd,J=09.1,7.8 Hz) 75.1
8 3.71(q,J= 6.5 Hz) 52.5 3" 3.37(t,J=8.5Hz) 78.2
9 3.83(dd,J=9.8,5.8 Hz) 72.0 4" 3.32 (overlapped) 71.6
4.22 (dd,J=9.8, 5.8 Hz) 5" 3.31 (overlapped) 78.0
Iy — 129.8
6" 3.68 (dd, J=12.0, 5.4 Hz) 62.8
2 7.13 (s) 113.7 3.89(dd,J=9.8,5.8 Hz)
3 — 145.8 3-OCH;, 3.82 (s) 56.4
4 — 151.7 3’-OCH; 3.89 (s) 56.8
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1 &% 1 89548 "H-"H COSY 1 HMBC #83%
Fig. 1 Key 'H-'H COSY and HMBC correlations of

compound 1
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Fig.2 CD spectrum of compound 1
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Fig.3 Structure of compound 1

&) 2: AR AR, HR-ESI-MS m/z 557.161 8
[M+Na]". 'H-NMR (600 MHz, CD;0D) &: 7.00 (1H,
d,J=2.0 Hz, H-2), 6.78 (1H, d, /= 8.1 Hz, H-5), 6.86
(1H, dd, J= 8.1, 2.0 Hz, H-6), 5.65 (1H, d, J = 6.8 Hz,
H-7), 3.72 (1H, q, J = 6.6 Hz, H-8), 3.86 (1H,
overlapped, H-9a), 4.18 (1H, dd, J = 9.7, 7.2 Hz,
H-9b), 3.84 (3H, s, 3-OCH3), 3.90 (3H, s, 3'-OCH3;),
7.13 (1H, d, J= 1.2 Hz, H-2"), 7.31 (1H, d, J= 1.2 Hz,
H-6"), 7.63 (1H, d, J=15.8 Hz, H-7), 6.37 (1H, d, J =
15.8 Hz, H-8"), 4.37 (1H, d, J = 7.8 Hz, H-1"), 3.24
(1H, dd, J = 9.2, 7.8 Hz, H-2"), 3.37 (1H, t, J = 8.7
Hz, H-3"), 3.30 (1H, overlapped, H-4"), 3.28 (1H,
overlapped, H-5"), 3.87 (1H, overlapped, H-6"a), 3.68

(1H, dd, J = 11.8, 5.3 Hz, H-6"b); “C-NMR (150
MHz, CD;OD) &: 133.9 (C-1), 110.8 (C-2), 149.1
(C-3), 147.7 (C-4), 116.1 (C-5), 119.9 (C-6), 90.0
(C-7), 52.4 (C-8), 72.1 (C-9), 56.5 (3-OCH;), 56.8
(3-OCHj3), 129.9 (C-1'), 113.8 (C-2'), 145.8 (C-3"),
151.7 (C-4"), 131.0 (C-5"), 119.3 (C-6'), 146.8 (C-7"),
116.6 (C-8"), 171.1 (C-9'), 104.3 (C-1"), 75.2 (C-2"),
78.2 (C-3"), 71.6 (C-4"), 78.1 (C-5"), 62.7 (C-6"). CD
KIELE 256 nm (+1.97) F1351 nm (+1.75) kbR
IEM cotton UM, $ERILEY 2 (1 7,8 7 45t
RN 78,8RMMY . DL E I HOdRE 5 S kAR S AR
— U, WETEAE 2 N (H)-(25,3R)-2-(4-F4 Fk-
3- FF AR 2R 35 )-3-[(B-D- Pk it ] 6 A GRS ) W 2 -7
P 4 35 28 R i - 5- T A R

&Y 3: FEEEEIRAE, HR-ESI-MS m/z:
191.033 4 [M+Na]". "H-NMR (600 MHz, DMSO-dj)
5:6.96 (1H, d, J = 8.3 Hz, H-3), 7.40 (1H, dd, J = 8.3,
2.0 Hz, H-4), 7.36 (1H, d, J = 2.0 Hz, H-6), 3.81 (3H,
s, 2-OCH;); "“C-NMR (150 MHz, DMSO-d;) J: 124.2
(C-1), 1512 (C-2), 111.2 (C-3), 121.4 (C-4), 146.0
(C-5), 116.1 (C-6), 167.7 (C = O), 55.6 (2-OCH3). LA
RO S SRR E R A S, Wtk E
38 5 2-HAEERHIR.

&Y 4. KA K, HR-ESI-MS m/z
323.073 8 [M+Na]". "H-NMR (600 MHz, DMSO-dj)
5:7.87 2H, d, J = 8.4 Hz, H-2, 6), 7.07 (2H, d, J = 8.4
Hz, H-3, 5), 4.97 (1H, d, J = 7.4 Hz, H-1"), 3.17~3.68
(5H, m, H-2'~6"); *C-NMR (150 MHz, DMSO-dj) J:
1244 (C-1), 131.1 (C-2, 6), 115.7 (C-3, 5), 160.6
(C-4), 167.6 (C = 0), 99.9 (C-1), 73.2 (C-2'), 76.6
(C-3"), 69.6 (C-4"), 77.1 (C-5"), 60.6 (C-6"). LA byt
Mol 5 kB R A Y, M et A 4 N
H R -4-O-B-D-H i Hli 1

e s: AEEd (FEE. HR-ESI-MS m/z:
195.065 8 [M+H] . '"H-NMR (600 MHz, CD;0D) §:
7.07 (1H, d, J=2.1 Hz, H-2), 6.94 (1H, d, J= 8.3 Hz,
H-5), 7.04 (1H, dd, J = 8.3, 2.1 Hz, H-6), 7.55 (1H, d,
J=15.9 Hz, H-7), 6.27 (1H, d, J = 15.9 Hz, H-8), 3.88
(3H, s, 4-OCH3); "“C-NMR (150 MHz, CD;0D) &:
129.0 (C-1), 112.5 (C-2), 148.0 (C-3), 151.4 (C-4),
114.7 (C-5), 122.7 (C-6), 146.5 (C-7), 116.7 (C-8),
170.9 (C = 0), 56.4 (4-OCHs). PL_EJiE5E 5 Sk
PoBEFRA -, W& 5 NRFRIR.
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a6 HEs s (FHEE). HR-ESI-MS m/z:
195.065 8 [M+H]". "H-NMR (600 MHz, CD;0D) 6:
7.16 (1H, d, J= 2.0 Hz, H-2), 6.81 (1H, d, J = 8.2 Hz,
H-5), 7.05 (1H, dd, J = 8.2, 2.0 Hz, H-6), 7.59 (1H, d,
J=15.9 Hz, H-7), 6.31 (1H, d, J= 15.9 Hz, H-8), 3.88
(3H, s, 3-OCH;3); "C-NMR (150 MHz, CD;OD) §:
127.8 (C-1), 111.6 (C-2), 149.3 (C-3), 150.4 (C-4),
116.0 (C-5), 123.9 (C-6), 146.8 (C-7), 116.4 (C-8),
171.2 (C = 0), 56.4 (3-OCH3). DLy i #4555 Cik
WiBIA ), MR A 6 NFTRLIR .

&Y 7 AMRA, HR-ESI-MS m/z: 379.100 1
[M+Na]". "H-NMR (600 MHz, CD;0D) 6: 7.24 (1H,
d,J=19 Hz, H-2), 7.18 (1H, d, J = 8.4 Hz, H-5), 7.16
(1H, d, J= 8.4, 1.9 Hz, H-6), 7.61 (1H, d, J = 16.0 Hz,
H-7), 6.39 (1H, d, J = 16.0 Hz, H-8), 3.89 (3H, s,
3-OCHs), 5.32 (1H, d, J= 7.9 Hz, H-1"), 3.66 (1H, dd,
J =129, 3.0 Hz, H-2"), 4.16 (1H, t, J = 3.0 Hz, H-3"),
3.61 (1H, dd, J = 9.7, 3.0 Hz, H-4"), 3.86 (I1H,
overlapped, H-5"), 3.86 (1H, overlapped, H-6'a), 3.69
(1H, dd, J = 12.6, 6.6 Hz, H-6'b); “C-NMR (150
MHz, CD;OD) d: 130.4 (C-1), 112.4 (C-2), 151.0
(C-3), 150.3 (C-4), 117.2 (C-5), 123.4 (C-6), 146.1
(C-7), 117.8 (C-8), 170.7 (C = 0), 56.7 (3-OCH;),
100.2 (C-1"), 72.0 (C-2"), 72.9 (C-3"), 68.6 (C-4"), 75.9
(C-5"), 62.8 (C-6")o LA L3 a4 5 SCik o A —
U, M e A T NP B IR -4-O-B-D-Fi i Bl .

&Y 8: tEFEEENRMA, HR-ESI-MS m/z:
379.101 3 [M+Na]". "H-NMR (600 MHz, CD;0D) 6:
7.23 (1H, d, J= 1.8 Hz, H-2), 7.17 (1H, d, J = 8.4 Hz,
H-5), 7.15 (1H, d, J = 8.4, 1.8 Hz, H-6), 7.61 (1H, d,
J=15.9 Hz, H-7), 6.39 (1H, d, J = 15.9 Hz, H-8), 3.89
(3H, s, 3-OCHs), 4.98 (1H, d, J = 7.5 Hz, H-1"), 3.53
(1H, dd, J =9.2, 7.4 Hz, H-2'), 3.45 (1H, overlapped,
H-3"), 3.61 (IH, 3.86 (1H,
overlapped, H-5"), 3.88 (1H, overlapped, H-6a), 3.71
(1H, dd, J = 12.0, 5.4 Hz, H-6'b); C-NMR (150
MHz, CD;OD) d: 130.5 (C-1), 112.4 (C-2), 150.9
(C-3), 149.9 (C-4), 117.3 (C-5), 123.4 (C-6), 146.1
(C-7), 117.8 (C-8), 170.6 (C = 0), 56.7 (3-OCH3),
102.1 (C-1%), 74.8 (C-2"), 77.8 (C-3"), 71.2 (C-4"), 78.2
(C-5"), 62.4 (C-6")o VA3 HEHHE 5 ORI E A —
U, W A 8 N BLIR-4-0-B-D-H A E LT .

&M 9: Ak A, HR-ESI-MS m/z: 409.110 9

overlapped, H-4"),

[M+Na]". "H-NMR (600 MHz, CD;0D) 8: 6.94 (2H,
s, H-2, 6), 7.58 (1H, d, J = 15.9 Hz, H-7), 6.45 (1H, d,
J =15.9 Hz, H-8), 3.89 (6H, s, 3, 5-OCH3), 4.98 (1H,
d, J = 7.6 Hz, H-1"), 3.49 (1H, m, H-2"), 3.42 (1H,
overlapped, H-3'), 3.61 (1H, overlapped, H-4'), 3.22
(1H, ddd, J = 8.5, 5.4, 2.5 Hz, H-5"), 3.78 (1H, dd, J =
12.0, 2.4 Hz, H-6'a), 3.66 (1H, dd, J = 12.0, 5.2 Hz,
H-6'b); "*C-NMR (150 MHz, CD;OD) J: 132.5 (C-1),
107.1 (C-2, 6), 154.6 (C-3, 5), 137.9 (C-4), 145.5
(C-7), 120.0 (C-8), 171.1 (C = 0), 57.1 (3, 5-OCHj3),
104.9 (C-1), 75.7 (C-2'), 77.8 (C-3"), 71.3 (C-4"), 78.4
(C-5"), 62.5 (C-6")o LAl e 5 SRR e A —
Y, W% e A A 9 NI T IR-4-0-B-D-H BB .

&40 10: FOK AR, HR-ESI-MS m/z: 777.217 2
[M+Na]". "H-NMR (600 MHz, CD;0D) §: 6.90 (2H,
s, H-2, 6), 7.60 (1H, d, J = 15.9 Hz, H-7), 6.47 (1H, d,
J =159 Hz, H-8), 6.77 (2H, s, H-2', 6"), 7.50 (1H, d,
J =159 Hz, H-7"), 6.27 (1H, d, J = 15.9 Hz, H-8"),
3.83 (6H, s, 3, 5-OCH;), 3.85 (6H, s, 3', 5'-OCH3),
5.42 (1H, d, J = 3.8 Hz, H-1"), 3.47 (1H, dd, J = 9.8,
3.8 Hz, H-2"), 3.75 (1H, m, H-3"), 3.26 (1H, m, H-4"),
4.19 (1H, overlapped, H-5"), 4.62 (1H, m, H-6"a),
4.20 (1H, overlapped, H-6"b), 3.64 (2H, d, J = 3.8 Hz,
H-1""), 4.13 (1H, d, J = 8.3 Hz, H-3"), 420 (1H,
overlapped, H-4""), 4.02 (1H, td, J = 7.8, 3.8 Hz,
H-5""), 4.58 (1H, dd, J = 11.7, 3.8 Hz, H-6""a), 4.47
(1H, J=11.7, 7.8 Hz, H-6""b); "*C-NMR (150 MHz,
CD;0D) d: 126.6 (C-1), 107.0 (C-2, 6), 149.3 (C-3, 5),
139.5 (C-4), 147.4 (C-7), 115.8 (C-8), 169.2 (9-C =
0), 126.6 (C-1'), 106.8 (C-2, 6'), 149.4 (C-3', 5"),
139.5 (C-4"), 147.1 (C-7"), 115.6 (C-8'), 168.8 (9'-C =
0), 56.8 (3, 5, 3', 5'-OCHj3), 93.1 (C-1"), 73.3 (C-2"),
747 (C-3"), 72.3 (C-4"), 72.1 (C-5"), 65.7 (C-6"),
64.1 (C-1""), 105.4 (C-2""), 79.0 (C-3""), 77.1 (C-4""),
80.8 (C-5""), 66.9 (C-6""). LA Ly % 5 SCik i
HA—FL, WA 10 4 6,6'-—-0-FF Tt
FERERE

EY 11: BRI EEIRAE, HR-ESI-MS m/z:
279.048 2 [M+Na]". "H-NMR (600 MHz, CD;0D) §:
4.52 (1H, s, H-2), 3.00 (1H, d, J = 13.8 Hz, H-4a),
3.14 (1H, d, J = 13.8 Hz, H-4b), 7.08 (2H, d, J = 8.0
Hz, H-2', 6), 6.66 (2H, d, J = 8.0 Hz, H-3', 5');
BC-NMR (150 MHz, CD;OD) &: 174.7 (C-1), 76.4
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(C-2), 81.4 (C-3), 41.9 (C-4), 175.9 (C-5), 128.0
(C-1"), 132.4 (C-2', 6'), 115.7 (C-3', 5'), 157.1 (C-4").
PA_E S Bt S SRR S A Y, et
11 RFEARER

EY 12: FEEEEIRE, HR-ESI-MS m/z:
295.042 4 [M+Na]". '"H-NMR (600 MHz, CD;0D) 6:
448 (1H, s, H-2), 3.07 (1H, d, J = 13.8 Hz, H-4a),
2.94 (1H, d, J = 13.8 Hz, H-4b), 6.73 (1H, s, H-2"),
6.63 (1H, d, J = 8.0 Hz, H-5"), 6.58 (1H, d, J = 8.0 Hz,
H-6"); "*C-NMR (150 MHz, CD;0D) &: 174.9 (C-1),
76.6 (C-2), 81.4 (C-3), 42.1 (C-4), 176.2 (C-5), 128.7
(C-1"), 118.8 (C-2'), 145.6 (C-3"), 145.1 (C-4"), 115.9
(C-5"), 123.0 (C-6"). LAy il ¥l 5 S CikikiE F A
— PN, WU A 12 I SRR

EY 13: FFEEERAE, HR-ESI-MS m/z:
476.192 4 [M+H] . "H-NMR (600 MHz, CD;0D) ¢:
7.18 (1H, d, J= 1.9 Hz, H-2), 7.17 (1H, d, J = 8.4 Hz,
H-5), 7.12 (1H, d, J = 8.4, 1.9 Hz, H-6), 7.46 (1H, d,
J=15.7Hz, H-7), 6.48 (1H, d, J = 15.7 Hz, H-8), 3.89
(3H, s, 3-OCH3), 7.06 (2H, d, J = 8.4 Hz, H-2', 6),
6.72 (2H, d, J = 8.4 Hz, H-3", 5), 2.76 (2H, t, J = 7.4
Hz, H-7"), 3.47 (2H, t, J = 7.4 Hz, H-8"), 5.30 (1H, d,
J =179 Hz, H-1"), 3.65 (1H, dd, J = 7.9, 3.0 Hz,
H-2"), 4.15 (1H, t,J = 3.0 Hz, H-3"), 3.61 (1H, dd, J =
9.9, 3.0 Hz, H-4"), 3.86 (1H, overlapped, H-5"), 3.86
(1H, overlapped, H-6"a), 3.68 (1H, dd, J = 12.2, 5.7
Hz, H-6"b); “C-NMR (150 MHz, CD;0D) d: 130.9
(C-1), 112.3 (C-2), 151.0 (C-3), 149.8 (C-4), 117.3
(C-5), 122.7 (C-6), 141.4 (C-7), 120.4 (C-8), 168.8 (C
= 0), 56.7 (3-OCH3), 131.3 (C-1"), 130.7 (C-2', 6'),
116.3 (C-3, 5'), 156.9 (C-4"), 35.8 (C-7"), 42.6 (C-8"),
100.3 (C-1"), 72.0 (C-2"), 72.9 (C-3"), 68.6 (C-4"),
75.9 (C-5"), 62.8 (C-6")o VAL #0515 Lk 1E
AU, WO A 13 9 N- AR
. FE B B B i -4-O-B-D- Bl Y AR o

WEY 14: FFEOERAE, HR-ESI-MS m/z:
506.203 3 [M—+H]". 'H-NMR (600 MHz, CD;0D) §:
7.18 (1H, d, J= 1.9 Hz, H-2), 7.17 (1H, d, J = 8.5 Hz,
H-5), 7.12 (1H, d, J = 8.5, 1.9 Hz, H-6), 7.46 (1H, d,
J=15.7Hz, H-7), 6.48 (1H, d, J = 15.7 Hz, H-8), 3.89
(3H, s, 3-OCHj3), 3.83 (3H, s, 3’-OCHs), 6.82 (1H, d,
J=1.9 Hz, H-2"), 6.72 (1H, d, J = 8.0 Hz, H-5"), 6.67
(1H, dd, J = 8.0, 1.9 Hz, H-6'), 2.77 (2H, t, J= 7.3 Hz,

H-7"), 3.49 (2H, t, J = 7.3 Hz, H-8'), 5.30 (1H, d, J =
7.8 Hz, H-1"), 3.65 (1H, dd, J = 7.9, 3.0 Hz, H-2"),
4.15 (1H, t, J = 3.0 Hz, H-3"), 3.60 (1H, dd, J = 9.8,
3.0 Hz, H-4"), 3.86 (1H, overlapped, H-5"), 3.88 (1H,
overlapped, H-6"a), 3.68 (1H, dd, J = 12.2, 5.7 Hz,
H-6"b); *C-NMR (150 MHz, CD;0D) 6: 130.9 (C-1),
112.3 (C-2), 151.0 (C-3), 149.8 (C-4), 117.4 (C-5),
122.3 (C-6), 141.4 (C-7), 120.4 (C-8), 168.8 (C = 0),
56.7 (3-OCHj;), 56.3 (3’-OCH3;), 132.0 (C-17), 113.4
(C-2), 149.0 (C-3"), 146.1 (C-4"), 116.2 (5", 122.3
(6", 36.2 (C-7"), 42.5 (C-8), 100.3 (C-1"), 72.0
(C-2M), 72.9 (C-3"), 68.6 (C-4"), 75.9 (C-5"), 62.8
(C-6")o LA bS5 e ikaiaE S A — 80,
ENEY 14 2 N-Jx-3'- AR -4 3R 2 B
BBENZ-4-0-B-D-F i FEH .

EY) 15: B OHIRE, HR-ESI-MS m/z
506.202 0 [M+H]". 'H-NMR (600 MHz, CD;0D) 6:
7.18 (1H, d, J= 2.0 Hz, H-2), 7.17 (1H, d, /= 8.4 Hz,
H-5), 7.12 (1H, d, J = 8.4, 2.0 Hz, H-6), 7.46 (1H, d,
J=15.7Hz, H-7), 6.48 (1H, d, /= 15.7 Hz, H-8), 3.89
(3H, s, 3-OCH3), 3.83 (3H, s, 3’-OCH3), 6.82 (1H, d,
J=109 Hz, H-2"), 6.72 (1H, d, J = 8.0 Hz, H-5'), 6.67
(1H, dd, /= 8.0, 1.9 Hz, H-6"), 2.77 (2H, t, J= 7.4 Hz,
H-7"), 3.49 (2H, t, J = 7.4 Hz, H-8'), 4.96 (1H, d, J =
7.5 Hz, H-1"), 3.51 (1H, dd, J = 9.6, 7.5 Hz, H-2"),
3.46 (1H, overlapped, H-3"), 3.41 (1H, m, H-4"), 3.46
(1H, overlapped, H-5"), 3.88 (1H, overlapped, H-6"a),
3.69 (1H, dd, J = 12.2, 5.4 Hz, H-6"b); *C-NMR (150
MHz, CD;0D) ¢: 131.1 (C-1), 112.3 (C-2), 151.0
(C-3), 149.5 (C-4), 117.6 (C-5), 122.7 (C-6), 141.4
(C-7), 120.5 (C-8), 168.8 (C = 0), 56.7 (3-OCH3), 56.3
(3'-OCH3), 132.0 (C-17), 113.4 (C-2"), 148.9 (C-3"), 146.1
(C-4), 116.2 (5", 122.3 (6", 36.2 (C-7'), 42.5 (C-8"),
102.3 (C-1"), 74.8 (C-2"), 77.9 (C-3"), 71.3 (C-4"), 78.3
(C-5"),62.5 (C-6") LA LA 5 SR B FE A —
P, WA 15 O N-RR-3- A48
BET 2 i BRIk i -4-O-B-D- i 2 i

aEw 16: I OEIRAE, HR-ESI-MS m/z:
339.105 8 [M+Na] . "H-NMR (600 MHz, DMSO-dj)
J: 6.95 (1H, s, H-2), 6.70 (2H, d, J= 1.0 Hz, H-4, 6),
2.59 2H, t, J=17.2 Hz, H-7), 3.53 2H, t, J= 7.2 Hz,
H-8), 4.64 (1H, d, J = 7.2 Hz, H-1"), 3.28 (I1H,
overlapped, H-2"), 3.28 (1H, overlapped, H-3'), 3.28
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(1H, overlapped, H-4"), 3.17 (1H, overlapped, H-5"),
3.71 (1H, dd, J = 12.0, 1.9 Hz, H-6'a), 3.47 (1H, dd,
J = 12,0, 5.7 Hz, H-6'b); “C-NMR (150 MHz,
DMSO-dg) 6: 130.4 (C-1), 117.6 (C-2), 145.1 (C-3),
115.6 (C-4), 145.1 (C-5), 123.3 (C-6), 38.6 (C-7), 62.5
(C-8), 102.5 (C-1"), 73.5 (C-2), 77.3 (C-3'), 69.9
(C-4"), 76.0 (C-5"), 60.9 (C-6")o LA L3 BEHHE 5 Uk
IRIBIEA— D), MU R 16 7 3,5- L
LE-3-0-B-D-7] H LT

&P 17: A d (B . HR-ESI-MS m/z:
441.152 6 [M+Na]". "H-NMR (600 MHz, CD;0D) ¢:
6.66 (4H, s, H-2, 2', 6, 6'), 472 (2H, d, J = 4.1 Hz,
H-7, 7'), 3.15 (2H, m, H-8, 8'), 427 (1H, m, H-9a,
9'a), 3.89 (2H, dd, J = 9.1, 3.5 Hz, H-9b, 9'b), 3.85 (s,
12H, 3, 3, 5, 5-OCH;): "“C-NMR (150 MHz,
CD;0D) d: 133.1 (C-1, 1), 104.5 (C-2, 2/, 6, 6'), 149.3
(C-3, 3", 5, 5"), 136.2 (C-4, 4"), 87.6 (C-7, 7'), 55.5
(C-8, 8'), 72.8 (C-9, 9"), 56.8 (3, 3', 5, 5'-OCH;). L E
PR 5 SRR IRE A — Y, M e e s 17
NTEHEREZE.

AP 18: ATERA, HR-ESI-MS m/z: 765.259 0
[M+Na]". 'H-NMR (600 MHz, CD;OD) &y: 6.72
(4H, s, H-2,2', 6, 6"), 4.78 (2H, d, J= 3.9 Hz, H-7, 7'),
3.14 (2H, m, H-8, 8'), 431 (1H, m, H-9a, 9'a), 3.95
(2H, dd, J=9.1, 3.3 Hz, H-9b, 9'b), 3.86 (s, 12H, 3, 3',
5, 5-OCH3), 5.15 (2H, d, J = 7.7 Hz, H-1", 1""), 3.61
(2H, dd, J = 7.7, 2.9 Hz, H-2", 2'"), 4.14 H, t, J =
2.9 Hz, H-3", 3'), 3.63 (2H, overlapped, H-4", 4""),
3.65 (2H, overlapped, H-5", 5'"), 3.77 (2H, dd, J =
13.2, 3.0 Hz, H-6"a, 6""a), 3.67 (2H, dd, J = 13.2, 4.8
Hz, H-6"b, 6"b); “C-NMR (150 MHz, CD;OD) 6:
139.4 (C-1, 1"), 104.7 (C-2, 2', 6, 6"), 154.4 (C-3, 3, 5,
5%, 135.9 (C-4, 4"), 87.2 (C-7, 7"), 55.7 (C-8, 8'), 73.0
(C-9, 9", 57.1 (3, 3', 5, 5-OCHj3), 103.9 (C-1", 1",
73.1 (C-2",2"), 72.3 (C-3",3"), 68.6 (C-4", 4", 76.3
(C-5",5"), 63.0 (C-6", 6" LAy ik 5 5 STk
WHA TN, WEEREY 18 AT HEER-4.4-
O-B-D- X Bl ¥ H A o

&M 19: AtA T (FED, [a]h +92.00°,
HR-ESI-MS m/z: 545.198 0 [M+Na] . "H-NMR (600
MHz, CD;OD) d: 2.81 (2H, t, J = 7.9 Hz, H-1), 2.08
(1H, dq, J = 10.4, 5.2 Hz, H-2), 3.19 (2H, m, H-2a),
1.85 (1H, t, J = 10.4 Hz, H-3), 3.71 (1H, dd, J = 10.8,

6.0 Hz, H,-3a), 3.64 (1H, dd, J = 12.0, 6.0 Hz, Hy-3a),
4.06 (1H, t, J = 11.6 Hz, H-4), 6.17 (1H, s, H-5), 6.63
(1H, overlapped, H-8), 3.79 (3H, s, 7-OCHj3), 3.79
(3H, s, 3'-OCH3), 6.78 (1H, d, J= 1.9 Hz, H-2'), 6.73
(1H, d, /= 8.0 Hz, H-5"), 6.63 (1H, overlapped, H-6"),
4.11 (1H, d, J = 7.8 Hz, H-1"), 3.25~3.82 (5H, m,
H-2'~6'); “C-NMR (150 MHz, CD;OD) ¢: 33.9
(C-1), 39.5 (C-2), 65.2 (C-2a), 45.9 (C-3), 69.5 (C-3a),
479 (C-4), 1174 (C-5), 145.8 (C-6), 147.1 (C-7),
1124 (C-8), 129.1 (C-9), 1344 (C-10), 56.5
(7-OCH3), 56.4 (3’-OCHj3), 138.7 (C-1'), 114.3 (C-2"),
148.9 (C-3"), 145.1 (C-4"), 116.1 (C-5"), 123.1 (C-6'),
105.2 (C-1"), 75.2 (C-2"), 78.1 (C-3"), 71.7 (C-4"),
77.9 (C-5"), 62.8 (C-6"). VA Uil Hdhs 5 3k iE
BR8P, W ZEmEE N (H-FEMAR
Jl6%-3a-0-B-D-H B HE 1T

WEY 20: FFEAERME, [o]f -50.30°,
HR-ESI-MS m/z: 575.213 0 [M+Na]". "H-NMR (600
MHz, DMSO-dg) J: 2.74 (1H, d, J = 9.0 Hz, H-1a),
2.65 (1H, dd, J=16.0, 3.6 Hz, H-1b), 1.84 (1H, qt, /=
8.7, 6.1, 4.7 Hz, H-2), 3.55 2H, t, J = 4.6 Hz, H-2a),
1.85 (1H, qt, J = 8.7, 6.1, 4.7 Hz, H-3), 3.59 (1H, dd,
J=1.8, 3.0 Hz, H,-3a), 3.47 (1H, dd, /= 10.2, 1.8 Hz,
Hyp-3a), 3.75 (1H, d, J = 6.4 Hz, H-4), 6.13 (1H, s,
H-5), 6.61 (1H, s, H-8), 3.71 (3H, s, 7-OCHj3), 3.69
(6H, s, 3', 5'-OCHa), 6.34 (2H, s, H-2', 6"), 3.96 (1H,
d, J = 7.8 Hz, H-1"), 2.94 (1H, overlapped, H-2"),
3.09 (1H, overlapped, H-3"), 3.08 (1H, overlapped,
H-4"), 2.93 (1H, overlapped, H-5"), 3.57 (1H,
overlapped, H-6"a), 3.44 (1H, dd, J = 11.4, 5.6 Hz,
H-6"b); “C-NMR (150 MHz, DMSO-dg) 6: 32.2
(C-1), 38.9 (C-2), 63.3 (C-2a), 43.3 (C-3), 68.7 (C-3a),
46.8 (C-4), 116.2 (C-5), 144.1 (C-6), 145.6 (C-7),
111.7 (C-8), 127.2 (C-9), 132.0 (C-10), 55.5
(7-OCH3;), 56.1 (3', 5'-OCH;), 136.0 (C-1"), 106.7
(C-2', 6", 147.8 (C-3', 5"), 133.8 (C-4"), 102.8 (C-1"),
73.5 (C-2"), 76.8 (C-3"), 69.8 (C-4"), 76.9 (C-5"),
60.8 (C-6")o LA L3 i B0 5 S ik i AR — 3512,
WS EY) 20 4y (—)-5"- VAU S v R BT 2R -
3a-O-B-D-Hi & i+ .
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