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A new eremophilane-type sesquiterpenoid from Synotis solidaginea
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Abstract: Objective To study the chemical constituents from the plant of Synotis solidaginea. Methods The extract of S.
solidaginea was isolated and purified by silica gel, polyamide, C1s reversed-phase silica gel, and preparative HPLC. Their structures
were identified by comparison of spectral data and literature. Results A total of 18 compounds were isolated from the ethyl acetate
extract of S. solidaginea and identified as (2R,4S,5R,8R,10S)-2-angeloyloxy-8,10-dihydroxy-eremophil-7(11)-en-8,12-olide (1),
(1R,4S,5S,6S,8R,10S)-1,10-epoxy-6,8-dihydroxy-eremophil-7(11)-en-8,12-olide  (2),  (4S,5R,8S,10S)-8,10-dihydroxy-eremophil-
7(11)-en-8,12-olide (3), (4S,5R,8R,10S)-10-hydroxy-eremophil-7(11)-en-8,12-olide (4), (4S,5R)-eremophil-1(10),7(11),8(9)-trien-
8,12-olide (5), 4,5-di-O-caffeoylquinic acid methyl ester (6), 4,5-di-caffeoylquinic acid (7), 3,5-di-O-caffeoylquinic acid methyl ester
(8), 3,5-di-caffeoylquinic acid (9), 1,4-di-O-caffeoylquinic acid methyl ester (10), chlorogenic acid (11), (2'R)-phaselic acid (12),
caffeic acid methyl ester (13), trans caffeic acid (14), kaempferol-3-O-(6"-O-acetyl)-B-D-glucopyranoside (15), astragalin (16),
2-phenylethyl-p-D-glucopyranoside (17), inotodisaccharide (18). Conclusion Compound 1 was a new eremophilane-type
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sesquiterpenoid and named synotisolidolide A, while compounds 2, 4, 5, 10, 12, 13, 15, 17 and 18 were isolated from the genus

Synotis for the first time.

Key words: Synotis solidaginea (Hand. -Mazz.) C. Jeffrey et Y. L. Chen; eremophilane-type sesquiterpenoid; synotisolidolide A,

1,4-di-O-caffeoylquinic acid methyl ester; caffeic acid methyl ester

JNPEEHA OHRE ML LR, AT AEMEAT) W
25, RKIETHFEH % BEDNEEH %
Synotis solidaginea (Hand. -Mazz.) C. Jeffrey et Y. L.
Chen [1)TJ8Hh B35y, FZAm T, W), &
EMX, BAGERER. @hERMII, & H
TIRIT AT R i R SRS M. 1P A H A
ZGH &N, R0 ET (EEREARRLD), HTA
STl GG AR GRERARED) 08T
Y ONTEEHEA) Na e 2itle (01144 szt
FRUE) (2020 4FRRD FI CPHIE E I6 X HL 2548 (AR
O EFRED (2023 - ROSBWEL T TPE A H A,
NS HAMEMTRFEE, X AR
I FARE D o 1 F ATV N V8 & 4G A i
AL S T 6 MBS nE Ry . B
JEFEEBI NP A B4 I T BEAL B 55 T 16
MEEY) . ARGEAFTREN E D)1, i, Hig
AR ) PE A H A v 8 Pt R SR Y R 25 1 4
RN, KINEEHH S 2 a8
A 2 B O Dy 1 I B ) G 5 3 ) 24 80 o 2
fith, TRRAMAIGE, FEumRR AR ks, A
WFFE0S PUBCR A6 00 )1 |0 & B3 b _EERAL AT | R4
I BT BT, ABEIR SRR A BGAL 7 B %558 T
18 MEE (B L, 737 %%~ (2R,4S,5R,8R,109)-
2-angeloyloxy-8,10-dihydroxy-eremophil-7(11)-en-
8,12-olide (1). (1R,4S,5S,6S,8R,10S)-1,10-epoxy-6,8-
dihydroxy-eremophil-7(11)-en-8,12-olide (2). (4S,
5R,8S,105)-8,10-dihydroxy-eremophil-7(11)-en-8,12-
olide (3) . (45,5R,8R,10S)-10-hydroxy-eremophil-
7(11)-en-8,12-olide (4). ZE WIEE [(4S,5R)-eremophil-
1(10),7(11),8(9)-trien-8,12-olide, 5]. 4,5-O- Wik
i MR i [4,5-di-O-caffeoylquinic acid methyl
ester, 6]. 4R C (4,5-di-caffeoylquinic acid, 7)+
35-0- — uhn wE Bt K 2 7 R W EE ( 3,5-di-O-
caffeoylquinic acid methyl ester, 8). F4tJEIR A
(3,5-di-caffeoylquinic acid, 9). 1,4-O- —miHER;EZs
TIRHEE (1,4-di-O-caffeoylquinic acid methyl ester,
10). ZtJ5E2 (chlorogenic acid, 11). iRk EH
f? [(2'R)-phaselic acid, 12] Wiz H i ( caffeic acid

methyl ester, 13). KWNHEER (trans caffeic acid,
14>, 1l Z51-3-0-(6"-O- 1 =) -B-D- Mt Wei ] 2 1 5
[kaempferol-3-O-(6"-O-acetyl)-p-D-glucopyranoside,
15]. 5 =3I (astragalin, 16). 2-7K ZFE-p-D-it
W 74 % 4 7 ( 2-phenylethyl-B-D-glucopyranoside ,

17). ML — k¥ Cinotodisaccharide, 18). H:rh
&M 1 o 3 B SSFefi i, an 4 T &
H% M A (synotisolidolide A), 1b&4 2. 4. 5.
10, 12, 13, 15, 17, 18 ABHRNAHAEED
3 BAS 5

1 50

Bruker Avance Neo 600 MHz #% i 4RI 1%
(1% H Bruker A7), UPLC-Q-Orbitrap 157 #%i it
1% (Z£[E Thermo Fisher Scientific /A & ). Chirascan
qCD [& — e bil 4 (B R E P E 4w D .
PuriMAster-3000A il #BAH (i (EHERIPTA AL
BHEARAFD. EBLZ (80~120 H, #iT& &M
T AT DO FEAE AR SERE) . Bl ERR (200~300
H) 1 GFosa 1 JZFERAR BT Sy AL LA RA F
A=, Ultimate-XB &4+ Cis (250 mm X 10 mm,
5 pm). Ultimate-XB Cug S AHFA KL (40~70 pm).
s Al A g 5 e H RN (R A R
AT, 4K 1 PALL Cascada 47Kl (2B E
WA ERARD Hil#&.

JI V& B3t 387K U5 2 oK 2 &
SRIEAT, 8RR b PR 24 K2 25 e B TR EIR S e
A REHEY 64 H44 S. solidaginea (Hand. -Mazz.)
C. Jeffrey et Y. L. Chen, #54 (CXHER20191125)
TRAF T AR B 25 K2 25 i hn A rhts
2 EMESE

JI VS B3 Tt B 9.5 kg, ¥, I 70%
CRERIAAEE 3 Ik, BHX 1.5 he $REGHEIEE . Uk
WA G, FHEHE KT, R A T
iR R ANIE T BE AR . SR £ B8 26 HGHE 7 U i 22
RE (399, SRERMEIETE, D& Hk-H
BE (20 0 1~0: 1) BREVEM, Z&MECiEE It
G, 1334 MR (Fr.A~D).

Fr. A (43 @) &rERA o, —&Hb-Hng
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Fig. 1 Chemical structures of compounds 1—18 from S. solidaginea

(100 : 1~0: 1) BEEEBEML, HIFF 6 Mg (Fr.
Al~AB). Fr.Al (59) SRERAEGNES S, Ai-
TEMHEE (2:11~00 1) BREEVEML, 45idh, A
Y5 (382 mg). Fr. A5 (10 ) LA GIE, —
S LE-HEE (20 1~5: 1) BREEVEI, FEH&
AR g Ak, 2 JE-/K (36 1 64~90 @ 10) H6
FEVERL, SA 1 (41mg, tR=66 min). 3 (7.1
mg, tg=33min) f14 (3.8mg, tg=45min).
Fr.B (68¢9) &rERAEEIESH, —&HH-H
BE(100 @ 1~0 @ LBLEEBEML, 45 12 N5 (Fr. Bl~
Fr.B12). Fr. B2 (5¢) &RERIE AL . BER L
Fig-HEE (20 @ 1~10 @ 1) BREESLL, 4% i omiAr
it aify,, FIEE-7K (40 © 60~65 : 35) B HM,
BEY 2 (7.1 mg, tr=28min). Fr.B4 (0.15¢g)

2R % AR g liAk, FEE-/K (10 T 90~55 !
45) BEEEVEMG, BEMEY 14 (9.1 mg, tr=27.5
min). Fr.B7 (4 ¢) @A EIES B, & H k-
FHEE (20 @ 1~0: 1) BREEBRIL, 6% s Ao A itk
afifk, (HfE-7K 20 : 80~55 : 45), 144L&4) 10 (6.8
mg, tg=30 min). 15 (6.1 mg, tx=38 min) Al 17
(6 mg, k=26 min). Fr. B12 (0.2 g0 &Hl#& =%k
WAty 3, HEE-/K (20 @ 80~90 © 10) FAEHE
i, ELAY) 18 (22.8 mg, =33 min).

Fr.D (138.6 ) &RERAF I, — &0 H - H iz
(201 1~0: 1) BAEEBEML, 135 MR (Fr. D1~
D5). Fr. D2 (15 g) ZLEEakE Ly E, -
7K (10 : 90~100 : 0) PiMi; Cis SAHBERAE (T
43 B, HIEE-7K (30 @ 70~90 : 10)%:fi, 15 Fr. D2.1~
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D2.4. Fr. D2.1 (5 @) &AL, BERO
Fig-FAEE-/K (30:1:1~15:1:1) BAEEUEH, 75
&4 11 (115.3 mg). 12 (872 mg) #1113 (8 mg).
Fr. D22 (7 @) ZREHERE S, BEIR LB FEE-/K
(100 : 1:1~15:1: D, a7 6(1.146 29D
8 (263mg) #1116 (392.6 mg). Fr.D2.4 (300 mg)
28 3 1) 2% i RO Gk A, FFEE-/K (40 ¢ 60~
70 : 30OBRE YL, 1H6A W) 9(20.4 mg, tr=14 min)
17 (10.4mg, tk=20min).
3 KT

&M 10 AR, Uvalo™ (nm): 285.14
(0.22). IRvi, (cm™): 3419, 1660, 1614, 1585,
1391. 1354, R HR-ESI-MS ¥4l ([M—H] m/z
363.181 30, 514 363.181 55), #fiE TN
CooH2806, AHFIE N 7, H-NMR i (£ 1D B
&1 BEA S AMHIES, Hh 1 AMaRERT

&5 01 1.08 (s, 3H). 3 Mt (55 6w 1.93 (dg,
J=17.2,1.8 Hz, 3H), 1.84 (brs, 3H), 1.83 (brs, 3H). 1
MR 3E1E S 040.94 (d, J = 6.6 Hz, 3H); 1/7=
BRI E T5 5 on 6.09 (qg, J = 7.2, 1.8 Hz, 1H),

1 ANEFIRF IS S on 4.84 (m, 1H). BC-NMR i
(£ D BRZHEYH 21 MRES, O 2 M
PRIE(E S 5c 173.9 A1168.9, 1 A =HUAL XA 1 A4
DUERAC BB oc 159.7. 138.6. 129.2 F1124.0, 3 4~
HEME S oc 104.2. 75.1 F1170.2, 5 ANHFEAES oc
20.7. 16.5. 15.9. 15.2 fl 8.4. LI L NMR ##i%
BZAC G AEE 1 A 9ABE L. a1 1
NMR ## 5 C#iERLAY) 1B-angeloyloxy-
8B,10B-dihydroxy-eremophil-7(11)-en-8a,12-olide [
FRABARY . B 2 1 AN XONE T Ak &Y hiEsE
15 C-1 A7 B S A A SR G L 42 AE C-2 0,
H-H COSY % (K 2) A EME B Hse-15/

1 k&4 189 H-NMR F1 3C-NMR ##F (600/150 MHz, CDs0D)
Table 1 'H-NMR and **C-NMR data of compound 1 (600/150 MHz, CDsOD)

{Z30A OH oc BRAL OH oc
1 184(t,J=18Hz) 40.9 11 — 124.0
2 484 (m) 70.2 12 — 173.9
3 1.42(q J=12.6 Hz), 1.83 (m) 363 | 13  1.83(brs) 8.4
4 1.55(m) 325 | 14  1.08(s) 15.2
5 — 46.8 15 0.94 (d, J =6.6 Hz) 16.5
6 249(dd,J=14.2,1.2Hz),2.72(d, J=14.2 Hz) 31.0 1’ — 168.9
7T — 159.7 2! — 129.2
R 1042 | 3 6.09(qq,J=7.2, 18 Hz) 138.6
9 2.18(d, J=14.2 Hz), 2.27 (d, J = 14.2 Hz) 447 | 4 1.93(dg, =72 1.8Hz) 15.9
10 — 751 | 5 1.84(brs) 20.7

H-4/H,-3/H-2/H,-1 A1 HMBC i (B 2) F H-2 5
C-1AHI, UESE T BL BRI 25 2 ANXBIE T
1t C-8 fr b AE, CAML&Y) C-8 Lk
FAIEM dc 101.5 MMRIHM B E oc 104.2, Femtl
HY) 1 1E C-8 LIRS Sk EWAE R,

Foa tR, ELEALAY) 15 1p-angeloyloxy-8p,10p-
dihydroxy-eremophil-7(11)-en-8a,12-olide 7 C-4.C-5
Al C-10 Itk 24088 (¢ 46.8 vs 45.8, 32.5vs 33.4,
75.1vs 75.7), R HTE C-4. C-5 Fl C-10 [AHXT
PR —35, A B T, FRIESRMEY - BB
Befsni AR TR, — % C-4 1 C-5 LS A
B FRIN2, iZ A&V NOESY il £25 H-2/H-4

K, UHH H-2 N o MR, g LRTR, (a1 AR
2 FhSERIA 1a (2R,4S,5R,8R,10S) Al 1b (2S,4R,5S,
8S,10R). it thizses 5115 ECD i (K 3), K
Wizt a& Wk ECD # & 5 1a
(2R,4S,5R,8R,10S) HhiZkeeMia. Hit, thad)
1 B4R % E N (2R,45,5R,8R,10S)-2-angeloyloxy-
8,10-dihydroxy-eremophil-7(11)-en-8,12-olide . ¢ Sci-
Finder &0 %, 1b&% 1 e, e h)Iis
H% NHE A (synotisolidolide A).
twEY 2: Ak AR. 7 F RN CisHOs.

'H-NMR (600 MHz, CD;0D) ¢: 4.84 (1H, d, J = 1.8
Hz, H-6), 3.13 (1H, d, J = 4.8 Hz, H-1), 2.26 (1H, d,
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TH-"H COSY s
HMBC X\

NOESY ¥ %

B2 {kA%¥ 1 EZEH HMBC. 1H-H COSY #1 NOESY 8
KIES
Fig.2 Key HMBC, 'H-'H COSY and NOESY correlations
of compound 1

309 — Exptl. ECD of 1

weer Calcd. ECD of (2R 4S,5R 8R,10S)-1a
20 4 — — Calcd. ECD of (25,4R,55,85,10R)-1b

As(Mtem™)

-30 T T T 1
200 250 300 350 400
Alnm

B3 &1 rysKiefnitE ECD EiE
Fig. 3 Experimental and calculated ECD spectra of
compound 1

J = 13.2 Hz, H-9a), 2.05 (1H, m, H-4), 2.02 (3H, brs,
H-13), 1.94 (1H, m, H-2a), 1.92 (1H, m, H-2b), 1.71
(1H, m, H-3a), 1.63 (1H, d, J = 13.2 Hz, H-9b), 1.35
(1H, m, H-3b), 1.05 (3H, d, J = 7.2 Hz, H-15), 1.00
(3H, s, H-14); 3C-NMR (150 MHz, CD30D) ¢: 174.3
(C-12), 161.7 (C-7), 125.0 (C-11), 103.0 (C-8), 72.9
(C-6), 63.8 (C-1), 62.8 (C-10), 45.4 (C-5), 44.6 (C-9),
32.8 (C-4), 24.7 (C-3), 21.3 (C-2), 16.4 (C-15), 14.0
(C-14), 8.7 (C-13). LA F&dE 5 SCif Al — 5%, i
%Eth &Y 2 N (1R,4S,55,6S,8R,10S)-1,10-epoxy-
6,8-dihydroxy-eremophil-7(11)-en-8,12-olide.

WEY 3: AR, 5 FH N CisHzO0s.
IH-NMR (600 MHz, CDs0D) ¢: 2.68 (1H, d, J = 14.0
Hz, H-6a), 2.46 (1H, d, J = 14.0 Hz, H-6b), 2.37 (1H,
d, J = 14.4 Hz, H-9a), 2.00 (1H, d, J = 14.4 Hz, H-9b),
1.82 (3H, brs, H-13), 1.76 (1H, m, H-1a), 1.58 (1H, m,
H-2b), 1.40 (4H, m, H-1b, 2a, 3b, 4a), 1.31 (1H, td,
J = 13.6, 4.6 Hz, H-3a), 1.04 (3H, s, H-14), 0.87 (3H,
d, J = 6.0 Hz, H-15); 3C-NMR (150 MHz, CD30D) 4:
174.1 (C-12), 160.5 (C-7), 123.5 (C-11), 104.9 (C-8),
75.2 (C-10), 47.4 (C-5), 43.9 (C-9), 35.7 (C-1), 34.6
(C-4), 31.4 (C-6), 30.9 (C-4), 23.0 (C-2), 16.8 (C-15),
15.2 (C-14), 8.4 (C-13). LA -%ds 5 ks —z04,
%Y 3 N (4S,5R,85,10S)-8,10-dihydroxy-
eremophil-7(11)-en-8,12-olide.

wEY 4: AR 55T A CisHz20s.
'H-NMR (600 MHz, CDs0D) ¢: 5.02 (1H, t, J = 9.0
Hz, H-8), 2.74 (1H, d, J = 13.8 Hz, H-6a), 2.47 (1H, d,
J = 13.8 Hz, H-6b), 2.12 (1H, dd, J = 12.6, 6.6 Hz,
H-9a), 1.97 (1H, dd, J = 12.6, 10.8 Hz, H-9b), 1.81
(1H, dd, J = 3.0, 1.2 Hz, H-1a), 1.79 (3H, brs, H-13),
1.57 (1H, m, H-2a), 1.46 (1H, m, H-1b), 1.45 (1H, m,
H-4), 1.42 (1H, m, H-3a), 1.41 (1H, m, H-2b), 1.30
(1H, m, H-3b), 1.02 (3H, s, H-14), 0.86 (3H, d, J = 6.6
Hz, H-15); ¥C-NMR (150 MHz, CD3s0D) §: 177.5
(C-12), 164.4 (C-7), 121.1 (C-11), 80.8 (C-8), 75.4
(C-10), 46.2 (C-5), 42.1 (C-9), 36.6 (C-1), 34.8 (C-4),
32.7 (C-6), 31.1 (C-3), 23.3 (C-2), 16.6 (C-15), 15.2
(C-14), 8.3 (C-13). LA ¥ 5 3k RE — 5, #)
% E S 4 N (4S,5R,8R,10S)-10-hydroxy-
eremophil-7(11)-en-8,12-olide.

&Y 5. mOMREH (PED. 707N
C15H15802, IH-NMR (600 MHZ, CDC|3) 0:5.94 (1H, S,
H-9), 5.80 (1H, t, J = 3.6 Hz, H-1), 2.84 (1H, d, J =
16.2 Hz, H-6a), 2.25 (2H, m, H-2), 2.23 (1H, m,
H-6b), 1.91 (3H, brs, H-13), 1.74 (1H, m, H-4), 1.57
(2H, m, H-3), 1.00 (3H, d, J = 6.6 Hz, H-15), 0.97
(3H, s, H-14); 3C-NMR (150 MHz, CDCl3) §: 171.7
(C-12), 147.6 (C-8), 147.4 (C-7), 139.3 (C-10), 131.4
(C-1), 120.6 (C-11), 109.7 (C-9), 39.0 (C-4), 37.8 (C-5),
349 (C-6), 26.6 (C-3), 26.9 (C-2), 19.7 (C-14), 15.8
(C-15), 86 (C-13), LA b-¥ifis 55 it — 509, ik
KEEY) 5 ARE N,

ED 6: HIEERMAK., 77T CH2c0120
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IH-NMR (600 MHz, CD30D) ¢: 7.60 (1H, d, J = 15.6
Hz, H-7"), 7.51 (1H, d, J = 15.6 Hz, H-7"), 7.03 (1H,
d, J = 1.8 Hz, H-2"), 7.02 (1H, d, J = 1.8 Hz, H-2"),
6.93 (1H, d, J = 8.4 Hz, H-6"), 6.92 (1H, d, J = 8.4
Hz, H-6"), 6.76 (2H, d, J = 8.4 Hz, H-5', 5"), 6.30 (1H,
d, J = 15.6 Hz, H-8"), 6.17 (1H, d, J = 15.6 Hz, H-8"),
5.55 (1H, m, H-5), 5.12 (1H, dd, J = 8.4, 3.0 Hz, H-4),
4.35 (1H, m, H-3), 3.72 (3H, s, 8-OCHj3), 2.32 (1H, m,
H-6a), 2.25 (2H, m, H-2a), 2.09 (1H, m, H-6b);
13C-NMR (150 MHz, CDs0D) 4: 175.2 (C=0, C-7),
168.5 (C-1"), 167.9 (C-1"), 149.7 (C-7"), 149.7 (C-7"),
147.7 (C-3"), 147.7 (C-3"), 146.8 (C-6"), 146.7 (C-6"),
127.7 (C-4"), 127.5 (C-4"), 123.2 (C-9"), 123.2 (C-9"),
116.5 (C-8"), 116.5 (C-8"), 115.2 (C-5"), 115.1 (C-5),
114.7 (C-2"), 114.5 (C-2"), 75.8 (C-4), 74.9 (C-1), 69.1
(C-5), 68.6 (C-3), 53.1 (-OCHjs, C-8), 38.5 (C-2), 38.3
(C-6). LA &5 SOkl — 307, #eEE &)
6 v 4,5-O- ML T R FH R

WwEY 7: ABMRK. 5T N CusHuO1.
'H-NMR (600 MHz, CD30D) ¢: 7.60 (1H, d, J = 15.6
Hz, H-7"), 7.52 (1H, d, J = 15.6 Hz, H-7"), 7.03 (1H,
brs, H-2"), 7.00 (1H, brs, H-2'), 6.92 (1H, d, J = 8.4
Hz, H-6"), 6.90 (1H, d, J = 8.4 Hz, H-6"), 6.75 (1H, d,
J=8.4Hz, H-5"), 6.74 (1H, d, J = 8.4 Hz, H-5"), 6.29
(1H, d, J = 15.6 Hz, H-8"), 6.19 (1H, d, J = 15.6 Hz,
H-8"), 5.62 (1H, m, H-5), 5.12 ( 1H, dd, J = 9.0, 3.0
Hz, H-4), 437 (1H, m, H-3), 2.30 (1H, m, H-6a),
2.28 (1H, m, H-2a), 2.24 (1H, m, H-6b), 2.11 (1H, m,
H-2b); 3C-NMR (150 MHz, CD30D) §: 176.9 (C-7),
168.6 (C-9'), 168.2 (C-9"), 149.7 (C-4', 4", 147.7
(C-7"), 147.6 (C-7"), 146.8 (C-3'), 146.7 (C-3"),
127.7 (C-1Y), 127.6 (C-1"), 123.1 (C-6'), 123.1
(C-6"), 116.5 (C-5'), 116.5 (C-5"), 115.2 (C-2),
115.1 (C-2"), 114.7 (C-8", 114.7 (C-8"), 76.1 (C-1),
75.7 (C-4), 69.3 (C-5), 69.0 (C-3), 39.3 (C-6), 38.4
(C-2). VA ER##E 5 srkliE — 08, B e G
M7 RREEIEIR Co

tEY 8: AWM K. 77T N CaHO0120
IH-NMR (600 MHz, CD30D) ¢: 7.62 (1H, d, J = 15.6
Hz, H-7"), 7.55 (1H, d, J = 15.6 Hz, H-7"), 7.07 (2H,
s, H-2', 2"), 6.97 (2H, d, J = 8.4 Hz, H-6', 6"), 6.80
(1H, d, J = 8.4 Hz, H-5"), 6.78 (1H, d, J = 8.4 Hz,
H-5), 6.35 (1H, d, J = 15.6 Hz, H-8"), 6.22 (1H,d, J =

15.6 Hz, H-8"), 5.40 (1H, m, H-3), 5.32 (1H, m, H-5),
3.98 (1H, dd, J = 6.6, 3.0 Hz, H-4), 3.69 (3H, s,
8-OCHa), 2.32 (2H, m, H-6), 2.18 (2H, m, H-2);
3C-NMR (150 MHz, CD30D) §: 175.6 (C-7), 168.8
(C-9"), 168.0 (C-9"), 149.7 (C-4"), 149.5 (C-4"), 147.4
(C-7"), 147.2 (C-7"), 146.9 (C-3"), 146.8 (C-3"), 127.9
(C-1"), 127.6 (C-1"), 123.1 (C-6"), 123.0 (C-6"), 116.6
(C-5"), 116.9 (C-5), 1154 (C-2", 2, 115.1 (C-8"),
114.8 (C-8"), 74.6 (C-1), 72.2 (C-5), 72.0 (C-3), 69.7
(C-4), 53.0 (8-OCH3), 36.7 (C-2), 35.6 (C-6). LA L-%d
ECHGE —F, #5548 Oy 3,5-0-—ihnnik
P 2 T 1R P i

& 9: B R, 4 FHN CsHauOwo
'H-NMR (600 MHz, CD30D) ¢: 7.66 (1H, d, J = 16.2
Hz, H-7"), 7.58 (1H, d, J = 16.2 Hz, H-7"), 7.07 (1H,
brs, H-2"), 7.06 (1H, brs, H-2"), 6.97 (1H, d, J = 8.4
Hz, H-6"), 6.96 (1H, d, J = 8.4 Hz, H-6"), 6.79 (1H, d,
J =8.4 Hz, H-5"), 6.78 (1H, d, J = 8.4 Hz, H-5"), 6.35
(1H, d, J = 16.2 Hz, H-8"), 6.27 (1H, d, J = 16.2 Hz,
H-8"), 5.44 (1H, m, H-3), 5.39 (1H, m, H-5), 3.98
(1H, dd, J = 7.2, 3.0 Hz, H-4), 2.32 (1H, dd, J = 13.8,
4.2 Hz, H-6a), 2.23 (2H, m, H-2), 2.17 (1H, dd, J =
13.8, 6.6 Hz, H-6b); 3C-NMR (150 MHz, CD3;0D)
5: 177.4 (C-7), 168.9 (C-9), 168.4 (C-9"), 149.6
(C-4), 1495 (C-4"), 147.3 (C-3"), 147.0 (C-3"),
146.8 (C-7', 7"), 127.9 (C-1"), 127.9 (C-1"), 123.1
(C-6"), 123.0 (C-6"), 116.5 (C-5', 5"), 115.6 (C-8"),
115.2 (C-2"), 115.1 (C-2"), 115.1 (C-8"), 74.7 (C-1),
72.5 (C-3), 72.1 (C-5), 70.6 (C-4), 37.6 (C-2), 36.0
(C-6). DL %R 5 ClkedE — 318, e s
Y9 NREIER A.

A 10: AR, 57N CaeHO0120
'H-NMR (600 MHz, CD30D) ¢: 7.56 (1H, d, J = 15.6
Hz, H-7"), 7.56 (1H, d, J = 15.6 Hz, H-7"), 7.06 (1H,
d, J = 1.8 Hz, H-2"), 7.03 (1H, d, J = 1.8 Hz, H-2)),
6.93 (1H, d, J = 8.4 Hz, H-6"), 6.91 (1H, d, J = 8.4
Hz, H-6"), 6.75 (2H, d, J = 8.4 Hz, H-5', 5"), 6.30 (1H,
d, J = 15.6 Hz, H-8"), 6.18 (1H, d, J = 15.6 Hz, H-8"),
5.55 (1H, m, H-5), 5.12 (1H, dd, J = 8.4, 3.0 Hz, H-4),
435 (1H, m, H-3), 3.76 (3H, s, 8-OCHj3), 2.35 (1H,
dd, J = 15.0, 4.2 Hz, H-6a), 2.19 (1H, m, H-2a), 2.14
(1H, m, H-2b), 2.12 (1H, m, H-6b); 3C-NMR (150
MHz, CD;0D) ¢: 176.1 (C-7), 168.5 (C-9'), 168.4
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(C-9"), 149.6 (C-4"), 149.6 (C-4"), 147.4 (C-7"), 147.4
(C-7"), 146.8 (C-3"), 146.8 (C-3"), 127.7 (C-1"), 127.7
(C-1"), 123.2 (C-6"), 123.1 (C-6"), 116.5 (C-5'), 116.5
(C-5"), 115.2 (C-2"), 115.1 (C-2"), 115.0 (C-8"), 114.9
(C-8"), 75.6 (C-1), 75.2 (C-4), 69.9 (C-5), 66.0 (C-3),
53.0 (8-OCH3), 41. 3 (C-2), 36.8 (C-6). LA L-¥iiEs
SCHRFRE — B0, HUE e A 10 O 1,4-O- ik
1o 4 TR FH R

e 11: AR, 57N CieHig0so
IH-NMR (600 MHz, CD;0D) ¢: 7.56 (1H, d, J = 16.2
Hz, H-7'), 7.05 (1H, brs, H-2"), 6.95 (1H, brd, J = 8.4
Hz, H-6"), 6.78 (1H, d, J = 8.4 Hz, H-5'), 6.27 (1H, d,
J =16.2 Hz, H-8"), 5.34 (1H, m, H-3), 4.17 (1H, m,
H-5), 3.73 (1H, dd, J = 9.0, 3.6 Hz, H-4), 2.20 (2H, m,
H-2a, 6a), 2.06 (2H, m, H-2b, 6b); 13C-NMR (150
MHz, CDs;OD) ¢: 177.1 (C-7), 168.7 (C-9"), 149.5
(C-4), 147.1 (C-7"), 146.8 (C-3'), 127.8 (C-1'), 123.0
(C-6"), 116.5 (C-5), 115.2 (C-2'), 115.2 (C-8"), 76.2
(C-1), 73.5, (C-3), 72.0 (C-4), 71.3 (C-5), 38.8 (C-6),
38.2 (C-2). LA E¥fs 5 ik iE — 3120, el
B 1L RERIR

WEY) 12: REEH K. 451N CizH1208.
IH-NMR (600 MHz, CD;0D) ¢: 7.49 (1H, d, J = 15.6
Hz, H-7), 7.00 (1H, d, J = 1.8 Hz, H-2), 6.91 (1H, d, J =
8.4 Hz, H-6), 6.74 (1H, d, J = 8.4 Hz, H-5), 6.18 (1H, d,
J = 162 Hz, H-8), 5.24 (1H, m, H-2"), 2.16 (2H, m,
H-3'); C-NMR (150 MHz, CD30D) §: 175.4 (C-9),
168.7 (C-1', 4'), 149.7 (C-3), 147.2 (C-7), 146.9 (C-4),
127.6 (C-1), 123.0 (C-6), 116.5 (C-5), 115.1 (C-2), 115.0
(C-8), 72.1 (C-2'), 38.0 (C-3"), VA% 5 ik —
R, et A 12 mEEmESE SRR .

& 13: s (HEE. 77X HA
C10H10040 lH-NMR (600 MHZ, DMSO-de) 0. 7.48
(1H, d, J = 15.6 Hz, H-7), 7.05 (1H, d, J = 2.4 Hz,
H-2), 6.99 (1H, d, J = 7.8 Hz, H-6), 6.76 (1H, d, J =
7.8 Hz, H-5), 6.27 (1H, d, J = 15.6 Hz, H-8), 3.68 (3H, s,
10-OCHs); BC-NMR (150 MHz, DMSO-dg) d: 167.1
(C-9), 148.5 (C-4), 145.6 (C-3), 145.2 (C-7), 125.5 (C-1),
121.5 (C-6), 115.8 (C-5), 114.8 (C-2), 113.7 (C-8), 51.2
(-OCHs, C-10). LA F3df 15 ikl — 222, e
SENAY) 13 R s .

&Y 14: Ak K. 5T CoHgOso
IH-NMR (600 MHz, DMSO-dg) d: 7.40 (1H, d, J =

15.6 Hz, H-7), 7.01 (1H, brs, H-2), 6.95 (1H, d, J =
8.4 Hz, H-6), 6.75 (1H, d, J = 8.4 Hz, H-5), 6.16 (1H,
d, J = 15.6 Hz, H-8); 13C-NMR (150 MHz, DMSO-ds)
J: 168.1 (C-9), 148.2 (C-4), 145.6 (C-3), 144.4 (C-7),
125.8 (C-1), 121.6 (C-6), 115.8 (C-8), 115.4 (C-5),
114.6 (C-2). VA b3l 5 ikl — 302, Hese
& 14 i HERZ -

WEY) 15: B K. 9 F RN CuHeO.
IH-NMR (600 MHz, CD30D) ¢: 8.02 (2H, d, J = 9.0
Hz, H-2', 6'), 6.86 (2H, d, J = 9.0 Hz, H-3', 5"), 6.40
(1H, s, H-8), 6.21 (1H, s, H-6), 5.16 (1H, d, J = 7.2
Hz, H-1"), 4.17 (1H, dd, J = 12.0, 1.8 Hz, H-6"a), 4.06
(1H, dd, J = 12.0, 6.0 Hz, H-6"b), 3.35~3.48 (4H, m,
H-2"~5"), 1.83 (3H, s, H-7"); 3C-NMR (150 MHz,
CDsOD) ¢: 179.4 (C-4), 172.5 (C-8"), 166.2 (C-7),
163.0 (C-5), 161.6 (C-4"), 159.4 (C-2), 158.5 (C-9),
135.3 (C-3), 132.3 (C-2', 6'), 122.7 (C-1"), 116.0 (C-3',
5, 105.6 (C-10), 104.3 (C-1"), 100.0 (C-6), 94.8
(C-8), 77.9 (C-3"), 75.7 (C-2"), 755 (C-5"), 71.3
(C-4"), 64.3 (C-6"), 20.5 (C-7"). DA ¥4 5 CiikifiE
— 4, W e A 15 1L 25-3-0-(6"-0- 2k
5)-B-D-HL I A B

&Y 16: BEERRG S (FED. 478
C21H20011. H-NMR (600 MHz, DMSO-de) J: 12.62
(1H, s, 5-OH), 10.89 (1H, brs, 7-OH), 10.20 (1H, brs,
4'-OH), 8.04 (2H, d, J = 9.0 Hz, H-2', 6), 6.88 (2H, d,
J = 9.0 Hz, H-3', 5, 6.43 (1H, d, J = 1.8 Hz, H-8),
6.21 (1H, d, J = 2.4 Hz, H-6), 5.46 (1H, d, J = 7.2 Hz,
H-1"); 3C-NMR (150 MHz, DMSO-ds) &: 177.5
(C-4), 164.2 (C-7), 161.3 (C-5), 156.0 (C-4'), 156.4
(C-2), 156.3 (C-9), 133.2 (C-3), 130.9 (C-2', 6'), 120.9
(C-1", 115.1 (C-3', 5'), 104.0 (C-10), 100.9 (C-1"),
98.7 (C-6), 93.7 (C-8), 77.5 (C-3"), 76.4 (C-5"), 74.3
(C-2"), 69.9 (C-4"), 60.9 (C-6"). LA EHdi 5 CiikdiiE
— 2, WA 16 MR BT

tEY 17: A K. 7 F 2N CuaH2006.
IH-NMR (600 MHz, CD30D) ¢: 7.25~7.26 (5H, m,
H-2~6), 4.30 (1H, d, J = 7.8 Hz, H-1'), 4.09 (2H, m,
H-8), 3.86 (1H, dd, J = 12.0, 1.8 Hz, H-6"), 3.76 (1H,
dd, J = 15.0, 8.4 Hz, H-3"), 3.66 (1H, dd, J = 12.0, 5.4
Hz, H-5"), 3.35 (1H, m, H-2"), 3.18 (1H, m, H-4), 2.94
(2H, m, H-7); 3C-NMR (150 MHz, CD;0OD) ¢: 140.1
(C-1), 130.0 (C-3, 5), 129.3 (C-2, 6), 127.2 (C-4),
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104.4 (C-1"), 78.1 (C-3'), 78.0 (C-5"), 75.1 (C-2'), 71.7
(C-4"), 71.6 (C-8), 62.7 (C-6"), 37.2 (C-7). LA % ¥
5 CikRiE — 350, MG 17 N 2-K L
F-B-D- N e ] 57 B

&) 18: MR, 7T 3N Cr2H240120 H
NMR (600 MHz, DMSO-ds) 6: 4.90 (1H, d, J = 3.6
Hz, H-1), 4.27 (1H, d, J = 7.8 Hz, H-1"), 3.56 (1H, m,
H-2), 3.42 (2H, m, H-6, 6'), 3.40 (2H, m, H-3, 3",
3.13 (2H, m, H-5, 5"), 3.03 (2H, m, H-4, 4"), 2.89 (1H,
t, J = 8.4 Hz, H-2'); 13C-NMR (150 MHz, DMSO-ds)
J: 97.0 (C-1), 92.3 (C-1'), 76.8 (C-3', 5"), 74.9 (C-2"),
73.1 (C-3), 72.4 (C-2), 72.0 (C-5), 70.6 (C-4), 70.3
(C-4"), 61.3 (C-6, 6", LA LEHE 5 SCikHRiE —F(7,
% e LAY 18 MR FLEE —FE .
4 Vg

)N P& B2 o= & I AMG 258, 258
&, WGIRN ) 2. ZEWaAT, BIREE,
1 & X2 B WAk 27 i 4 A2 BEAE AT A R
o Bk, AHEFON )G BT T REMLS
RTHETL, LB E T 18 ML AW, BFE 9 M
FRK (6~14). 5 MFFmEsk (1~5). 2 ANk
(15, 16D, 2 DMHAER G (17, 18); K
T LA ERE R G (L 9MEEY) (2,
4. 5. 10, 12, 13. 15. 17. 18) HZXMNEHH)E
ER YL Sh e E | I N i e A A D RS S
M HBE S, ARS8 FFRRA. R
BEIPMEEZE A

AT A B 5 kIt &, 3
] A8 173 U 8 2= e DA R R 2K B 0 tn 4 SR TR
FEEEIR AL FAURIR C S B BRI .
PUR . PUR L AR RS2, X Ee ik ] 55 24
JNPEE AR BEN BHE RIS, N
A
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