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Abstract: Objective To study the phenolic acids from Qinghao (Artemisiae Annuae Herba). Methods The chemical constituents
were isolated by various chromatographic techniques and their structures were elucidated by spectroscopic analyses and comparison

of NMR data with those reported in literatures. The obtained compounds were further applied in the inhibition activity studies
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targeted on phosphodiesterase through molecular docking technology and enzyme inhibitory activity assays. Results The water
extract of Artemisiae Annuae Herba was subjected to HP-20 macroporous adsorption resin to yied 50% ethanol fraction. Twenty
caffeoylquinic acids were obtained and characterized as 4-O-caffeoyl-5-O-feruloylquinic methyl ester (1), 3-O-feruloylquinic acid
(2), 3-O-feruloylquinic methyl ester (3), 4-O-feruloylquinic methyl ester (4), 5-O-feruloylquinic methyl ester (5), 3,4-di-
O-caffeoylquinic acid (6), 3-O-caffeoyl-4-O-feruloylquinic acid (7), 3,4-di-O-feruloylquinic methyl ester (8), 3,5-di-O-caffeoylquinic
acid (9), 3-O-feruloyl-5-O-caffeoylquinic methyl ester (10), 1-O-caffeoyl-3-O-feruloylquinic acid (11), 1,3-di-O-feruloylquinic acid
(12), 1,5-di-O-caffeoylquinic acid (13), 1-O-caffeoyl-5-O-feruloylquinic acid (14), 4,5-di-O-caffeoylquinic acid (15),
4-O-feruloyl-5-O-caffeoylquinic acid (16), 4-O-caffeoyl-5-O-feruloylquinic acid (17), 4-O-feruloyl-5-O-caffeoylquinic methyl ester
(18), 4,5-di-O-feruloylquinic acid (19), 3,4,5-tri-O-caffeoylquinic acid (20), respectively. The isolated caffeoylquinic acid
compounds exhibited good inhibitory potential against different isoform proteins of phosphodiesterase family, with compound 9
showing an ICso value of 0.36 pmol/L for PDE4B inhibition. Conclusion Compound 1 is a new compound, named artemisinic acid
A. Compounds 3—5, 8, 10—12, 14, 18 are identified from Artemisia genus for the first time. These compounds have a targeted
inhibitory effect on phosphodiesterase.

Key words: Artemisiae Annuae Herba; 4-O-cafteoyl-5-O-feruloylquinic methyl ester; artemisinic acid A; 3-O-feruloylquinic methyl

ester; 3,4-di-O-feruloylquinic methyl ester; 3,5-di-O-caffeoylquinic acid; phosphodiesterase; molecular docking
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Brucker AVANCE 600 B! % 3L 4R4%, Finni-gan
LCQ Advantage MAX Jii 4%, Waters Synapt G2
mass spectrometer =73 HEH 4%, Shimadzu 73 #7 5
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equipped with a UV detector], Shimadzu ] & 74 = %%
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FEEOIERER (B ST ), HP-20 (=350
BROWH Z o) KRALM I ( Mitsubishi-
Chemical, HZA), i ODS kRl (Merck A#]),
Sephadex LH-20 8%} ( Amersham Biosciences /A ] ),
Toyo-pearl HW-40 £} (Toyo Soda MFG), % Jjfi
fif bR 1% (Synergy HTX, Bio Tek /A, 3£ [ ), PDE4B2
Assay Kit i7fll& (H3% 5 60343; BPS Bioscience
2vd]), Apremilast (A (MCE A #])D
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SRR, SRR AE HP-20 AEtait, 7K. 50%
CME-IK 95% LM /KBR BEVE I, 459 27K B it B AL
(AA-1) 32kg, 50%ZBEFMLERAL (AA-2) 1.4 kg,
95% LT BB AL (AA-3) 240 g. BX 50% L EE/K
BB AA-2 (325 @) HEATRERATE (A1 (8.5 em X 110
cm) MBS, ERLE-FHEE (901,812, 7:3,6:
4.1:1.4:6.3:7.0: 1000 B6EVEBAZE] Fr. 2A~
2K FE 11 AN 4Y o Fr. 21 S RER A (1% (4.5 cm X 37.5
em) ZrES, “EHLE-FEE (901,812,713, 6

4.1:1.4:6.3 7.0 5 1000865 Pt /53] Fr. 211~
216. Fr. 214 % ODS 3% (2.5 emX26.5 cm) 73
B, FHEE-K (30%. 35%. 40%- 45%- 50%- 60%-
100%) #HFEGEMAT 2] 8 MNALS Fr. 214A~214H. Fr.
214A~214H 7l &l & A 2 24k &4 2
[10.0 mg, rR=10.3 min, 20% HFEF-7K (0.1%F ) ]
19 [17.3 mg, k=156 min, 35%HEE-/K (0.1%F
i2) 1. 11 [39.4 mg, r=16.1 min, 30% FEE-7K (0.1%
FER) 1. 13 [40.0 mg, ®=17.3 min, 35%HfE-/K
(0.1%MHE2) 1. 14 [10.0 mg, ®R=16.9 min, 35%H
fE-K (0.1%H ) ]+ 15[49.9 mg, t&r=18.2 min,

35%HEE-/K (0.1%H ) 1. 16 [16.9 mg, =164
min, 35%HEE-7K (0.1%HE) 1. 17 [21.1 mg, ®=
18.1 min, 35%FEE-7K (0.1%F ) ]+ 20 [12.1 mg,
k=159 min, 50%H EE-/K (0.1%H ) 1. Fr. 2H
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[32.0 mg, r=17.1 min, 40%HFEF-/K (0.1%F ) ]
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8 [10.7 mg, tr=17.9 min, 40% FEZ-7K (0.1% HF ) ]-
18 [12.9 mg, ®=18.5 min, 40%F EZ-/K (0.1%H
fR) 1o Fr.2H2 % ODS #E 3% (1.5 cmX35.5 cm)
I, HEE-K (30%- 35%. 40%. 45%-. 50%) Ff:
FEVERRARE] 7 N4> Fr. 2H2A~2H2G. Fr. 2H2B
A 2H2G 7l & & B Al 2 69 3 [4.1
mg, ®=10.9 min, 25%HEE-/K (0.1%FE) 1
10 [9.0 mg, rr=14.9 min, 50% FFEZ-7K (0.1%FFEZ) o
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B G A SEEe o, 25T PDE4B LA Rk
PNAL TR IR 5 45 A FE R S 1o BEEAR AP i
P, B HOEIRARAT ISR IR 5] PDE4B i3S 40
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53 BRI 20 MU A PITEAE 20 pwmol/L B Fr 401l
TEPE, IR TS PSR S 1Cso B . TETE
W5 1 FE 4% F2 3555 & (BPS Bioscience) it B Fi 47 .
MR AL A 7E I 2 G LA 10% DMSO il %, Ff
7] 50 uL (PR BAR R PN 5 uL Rk, DME iRk
DMSO K ELEFTH RN HH 1%, & A
% PDE4B J5E M~ 100 nmol/L FAM-cAMP.
PDE4B B FIAFIAL P06 50 uL VB &40, AHEIS I
MR, 0 REZH AR A& P S IR FR I 22 P B
s JEVINTIEL T PDE4B B AL A 1) 3 i 2%
PEFRGETR B AR Bl  SOE FRAE =R R 3647 1 he
ZJa, AN 100 pL 455 1Bl (BE
RS EEEFIMBER 1100 B, FESE TR
L1 ho Af A ALAR S 2R 480 nm AR Ik K
A1 535 nm (1R S & 5O R EUE . FIH
AR AH 2, Hod FP 2 MR AL &9 ) 5 e R
. @l TIEMES S HRENEE, JHEH
GraphPad Prism #EF IR 2 v [8] U3 i 26405 J7 v
15 1Cs0 18

2 =1—(FP s — FP o)/ (FP ae — FP e

3 %
31 ST

a1 KRBT E AR K. HR-ESI-MS 45 i
m/z 545.165 0 [M+H]" GiHEAE N 545.1659), #iE
5 F RN CoHasOrs HHHEAWAE AN 14, UV
(MeOH) K3 Amax (loge): 204 (3.61), 328 (3.38) nm
RFEHEIRIEFE S . IR (KBr) BERE vinax 3 389
em ' OAFRIERFEIE, 1 701 em ! A HRIREFIEIR
WU, 1601+ 1518 cm™' 75 F R AR LI AL IS

'H-NMR (600 MHz, CD;OD) K E7R 2 20 /%
RIEBREMES [0u 7.60 (1H, d, J = 15.9 Hz, H-3"),
7.56 (1H, d, J = 15.9 Hz, H-3"), 6.30 (1H, d, J = 15.9
Hz, H-2"), 6.28 (1H, d, J=15.9 Hz, H-2")];2 2 1,2,4-
=WRFEKREES [on 7.13 (1H, d, J = 1.9 Hz,
H-5"), 7.04 (1H, dd, J = 8.2, 1.9 Hz, H-9"), 7.03 (1H,
d, J = 1.9 Hz, H-5"), 6.93 (1H, dd, J = 8.2, 1.9 Hz,
H-9), 6.78 (1H, d, J = 8.2 Hz, H-8'), 6.76 (1H, d, J =
8.2 Hz, H-8")]; | HETRAEMFHEZES [0n5.58
(1H, m, H-5), 5.11 (1H, dd, J = 8.3, 3.1 Hz, H-4), 2.32
(1H, dd, J = 14.0, 3.3 Hz, H-6a), 2.26 (2H, overlapped,
H-2a, 6b), 2.10 (1H, dd, J = 14.1, 6.0 Hz, H-4)] 12
MNREREEES [on 3.85 (3H, s, 6"-OCH3), 3.73
(3H, s, 7-OCH3)].

BC-NMR (150 MHz, CD;0OD) %54 DEPT 135
BB BN 27 MRS S, BFE 10 MERES (6
175.2, 168.5, 168.3, 150.8, 149.7, 149.4, 146.8, 127.6,
127.5, 75.9), 13 NMRHEIR(GS (6c 147.7, 147.5,
124.2, 123.1, 116.5X2, 115.7, 115.0, 114.9, 111.7,
75.1,69.0, 68.7), 2 NMILHEEFRIE S (6c 38.7,38.4)
PLI 2 MHEAIERE S (Oc 56.4,53.1)0

'H-'H COSY ## (& 1) 1, A Hp-2/H-3/H-4/
H-5/H-6 #H5%, 454 HMBC 3% (& 1) 1, Hp-2. H-5.
Ha-6 3415 C-1 #H2%, $ER M A e TRRES H F BX
4N, HMBC #Ha] i, H-2"/C-1", C-4"; H-3"/C-1",

72 OH
ool
8, s 6™OCH,
O ! <\

H.CO C\f@s\ol P
3

OH~—0OH 2 OH
1 &% 1 8EE H-"H COSY (==) 1 HMBC

(—>) A%

Fig. 1 Key 'H-'H COSY (==) and HMBC (—>)

correlations of compound 1
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C-5", C-9"; H-9", H-5"/C-3"; -OCH; (013.85)/C-6";

H-2'/C-1', C-4'; H-3/C-1', C-5', C-9'; H-9', H-5'/C-3'
FHIS , RN &85 K] A7 115 50T R I AR o P 5 56 485 4
Bt. B4R HMBC 3+ H-1/C-1'; H-5/C-1"EA K&
-OCH3 (6u 3.73)/C-7 K, ZEEAIES [on 5.58
(1H, m, H-5), 5.11 (1H, dd, J = 8.3, 3.1 Hz, H-4)] ¥

BRI N B W R 2 TR 4,5 R R I . 25
UL EEE, #BEMEY 1 M4, $xER 4-0-
Ih ek s -5-O-Frl BRI 25 TR R . 28 SciFinder £
E, ARG, 4 1 ASHT I mneEmE 22 7 R 2K
WE, B NE R A X HATmELS 5 HT
THE, WEI1.

£1 L4418 '"H-NMR (600 MHz, CD;0D) #1 3C-NMR (150 MHz, CD;0D)

Table 1 'H-NMR (600 MHz, CD30D) and *C-NMR (150 MHz, CD30D) data of compound 1
L/ DA oc on {7 ZIA oc ou
1 75.9 8’ 116.5 6.78 (d, J = 8.2 Hz)
2 38.4 2.26 (overlapped), 2.10 (dd, /= 14.1, 6.0 Hz) 9' 123.1 6.93 (dd,J=8.2,1.9 Hz)
3 68.7 4.35 (m) 1" 168.3
4 75.1 5.11(dd, J=8.3, 3.1 Hz) 27 1150 6.28(d,J=15.9 Hz)
5 69.0 5.58 (m) 3 1475  7.56(d,J=15.9 Hz)
6 38.7 2.32 (dd, J=14.0, 3.3 Hz), 2.26 (overlapped) 4" 127.5
7 175.2 5" 111.7 7.13(d,J=1.9 Hz)
1 168.5 6" 149.4
2! 114.9 6.30 (d, J=15.9 Hz) 7" 150.8
3 147.7 7.60 (d, J=15.9 Hz) 8" 116.5 6.76 (d, J=8.2 Hz)
4’ 127.6 9" 124.2 7.04 (dd, J=8.2,1.9 Hz)
5 115.2 7.03 (d, J= 1.9 Hz) 6-OCHs 564  3.85(s)
6 146.8 7-0CHs 531 373 (s)
7' 149.7

e 2: (BT EMMA . HR-ESI-MS 45 H
m/z369.119 3 [M+H]" GHEAEN 369.118 6), HfiE
TN Ci7H00, THEANEFIEAN 8. 'H-NMR
(600 MHz, CD;0D) 6: 7.65 (1H, d, J = 15.9 Hz, H-3"),
7.18 (1H, d, J = 1.6 Hz, H-5), 7.07 (1H, dd, J = 8.1,
1.6 Hz, H-9"), 6.81 (1H, d, J= 8.1 Hz, H-8'), 6.40 (1H,
d, J=15.9 Hz, H-2"), 5.38 (1H, m, H-3), 4.14 (1H, td,
J=1.8,2.5Hz, H-5), 3.89 (3H, s, 6'-OCH3), 3.68 (1H,
dd, J=17.8,2.7 Hz, H-4), 2.19 (2H, m, H-2), 2.15 (1H,
m, H-6a), 1.97 (1H, m, H-6b); C-NMR (150 MHz,
CD;0D) §: 175.8 (C-7), 168.9 (C-1"), 150.5 (C-7"),
149.3 (C-6'), 146.7 (C-3'), 128.0 (C-4"), 124.0 (C-9),
116.4 (C-2"), 116.2 (C-8"), 111.7 (C-5"), 75.7 (C-1), 74.6
(C-4), 73.0 (C-3), 68.6 (C-5), 56.4 (6'-OCH3), 41.2
(C-6), 36.8 (C-2). Hilh. Witk HdiE 5 TRk IE %L
P—5, R NAEY) 2 8 3-0-PER L ZE TR -

&Y 3: tRtIEER K K. HR-ESI-MS 45 H
m/z 383.131 4 [M+H]" (THEAE N 383.1342), e
BTN CisHnOy, THEANEFEA 8. 'H-NMR

(600 MHz, CD;0D) d: 7.65 (1H, d, J = 15.9 Hz, H-3"),
7.19 (1H, d, J = 1.8 Hz, H-5), 7.07 (1H, dd, J = 8.4,
1.8 Hz, H-9'), 6.81 (1H, d, J = 8.4 Hz, H-8'), 6.40 (1H,
d, J=15.9 Hz, H-2"), 5.36 (1H, m, H-3), 4.12 (1H, td,
J=8.4,4.0 Hz, H-5), 3.90 (3H, s, 6-OCH3), 3.73 (3H,
s, 7-OCH3), 3.68 (1H, dd, J = 7.7, 3.0 Hz, H-4), 2.20
(2H, m, H-2), 2.10 (1H, m, H-6a), 2.00 (1H, m,
H-6b); 13C-NMR (150 MHz, CD;OD) 6: 176.4 (C-7),
168.9 (C-1"), 150.5 (C-7), 149.4 (C-6"), 146.7 (C-3'),
127.9 (C-4'), 124.0 (C-9'), 116.5 (C-2"), 116.1 (C-8"),
111.7 (C-5"), 75.3 (C-1), 73.9 (C-4), 72.6 (C-3), 68.6
(C-5), 56.4 (6'-OCH3), 52.9 (7-OCH3), 40.8 (C-6),
36.4 (C-2). ZHE. Byl Hd 5 SR HE By £ds —
U2, M AY 3 N 3-O-B B ZE TR I .

e 4: AR E AR AR . HR-ESI-MS 45 i
m/z 383.134 2 [M+H]" GiHEAE N 383.1342), #iE
BFRN CisHnOo, THEAHEFEA 8. 'H-NMR
(600 MHz, CD;0D) d: 7.71 (1H, d, J = 15.9 Hz, H-3"),
7.21 (1H, d, J = 1.8 Hz, H-5), 7.10 (1H, dd, J = 8.2,
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1.8 Hz, H-9"), 6.83 (1H, d, J= 8.2 Hz, H-8'), 6.46 (1H,
d, J =159 Hz, H-2), 4.84 (1H, dd, J = 8.7, 3.1 Hz,
H-4), 427 (1H, td, J = 9.6, 3.6 Hz, H-5), 4.31 (1H, m,
H-3), 3.91 (3H, s, 6'-OCH3), 3.73 (3H, s, 7-OCHj3),
2.17 (2H, m, H-2), 2.06 (2H, m, H-6); 13C-NMR (150
MHz, CD;OD) §: 175.7 (C-7), 168.9 (C-1"), 150.6
(C-7"), 149.4 (C-6), 147.0 (C-3"), 127.8 (C-4"), 124.1
(C-9'), 116.5 (C-8"), 115.7 (C-2"), 111.7 (C-5'), 78.5
(C-1), 76.4 (C-4), 69.0 (C-5), 65.7 (C-3), 56.4
(6'-OCH3), 53.0 (7-OCHj3), 42.1 (C-6), 38.4 (C-2). &
L B ECE S SRR E B BE — B0, e
G 4 4 4-O-B BRI ZE T B H IR -

WES: KRBT ER AR . HR-ESI-MS 45 H
m/z 383.134 8 [M+H]" (IH5HAE A 383.134 2), #iE
BTN CisHnOy, THEAEFEA 8. 'H-NMR
(600 MHz, CD;OD) 6: 7.59 (1H, d, J = 15.9 Hz, H-3"),
7.18 (1H, d, J = 1.9 Hz, H-5), 7.08 (1H, dd, J = 8.2,
1.9 Hz, H-9"), 6.82 (1H, d, J= 8.2 Hz, H-8'), 6.32 (1H,
d, J = 15.9 Hz, H-2'), 5.30 (1H, td, J = 7.9, 4.3 Hz,
H-5), 4.15 (1H, td, J = 6.6, 3.3 Hz, H-3), 3.74 (1H, dd,
J=8.7,3.1 Hz, H-4), 3.89 (3H, s, 6'-OCH3), 3.70 (3H,
s, 7-OCH3), 2.19 (1H, m, H-2a), 2.14 (1H, dd, J =
13.3, 6.3 Hz, H-2b), 2.22 (1H, m, H-6a), 2.02 (1H, dd,
J = 133, 84 Hz, H-6b); BC-NMR (150 MHz,
CD;0D) ¢: 175.5 (C-7), 168.3 (C-1"), 150.6 (C-7'),
149.4 (C-6'), 147.1 (C-3"), 127.6 (C-4"), 124.1 (C-9"),
116.5 (C-8"), 115.4 (C-2"), 111.7 (C-5), 75.9 (C-1),
72.7 (C-4), 72.1 (C-3), 70.4 (C-5), 56.4 (6'-OCH3),
53.0 (7-OCH3), 38.0 (C-2, 6). Aif. WRitHdE 5
BRI IE B E A — Y, W e a5 8 5-0-FEk
[ e

&Y 6: tRtIEERK K. HR-ESI-MS 25 H
m/z 517.135 2 [M+H]" GFEAEA 517.134 6), e
TN CosHa4O12, THEAMAIEA 14, 'TH-NMR
(600 MHz, CD;OD) ¢: 7.57 (1H, d, J = 16.1 Hz,
H-3"), 7.54 (1H, d, J= 16.1 Hz, H-3"), 7.04 (1H, d, J =
1.8 Hz, H-5"), 7.02 (1H, d, J = 1.8 Hz, H-5), 6.93
(1H, dd, J = 8.2, 1.8 Hz, H-9"), 6.87 (1H, dd, J = 8.2,
1.8 Hz, H-9'), 6.77 (1H, d, J = 8.2 Hz, H-8"), 6.73
(1H, d, J = 8.2 Hz, H-8"), 6.29 (1H, d, J = 16.1 Hz,
H-2"), 6.24 (1H, d, J = 16.1 Hz, H-2'), 5.64 (1H, m,
H-3), 5.02 (1H, dd, J = 8.8, 3.3 Hz, H-4), 4.37 (1H, td,
J = 9.4, 43 Hz, H-5), 2.13~2.35 (4H, m, H-2, 6);

3C-NMR (150 MHz, CD;OD) d: 178.2 (C-7), 168.5
(C-1"), 168.6 (C-1"), 149.6 (C-7', 7"), 146.7 (C-6"),
146.8 (C-6"), 147.4 (C-3"), 147.3 (C-3"), 127.8 (C-4"),
127.7 (C-4"), 123.2 (C-9"), 123.1 (C-9"), 116.4 (C-8"),
116.5 (C-8"), 115.1 (C-2"), 115.2 (C-2"), 114.9 (C-5"),
115.0 (C-5"), 76.4 (C-4), 75.3 (C-1), 70.1 (C-3), 65.9
(C-5), 41.8 (C-6), 37.0 (C-2). A itk BRILHE 5 Tk
I8 PIEE — B0, SR AY) 6 4 3.4-0-Z1
MERE 2 712 o

a7 FFRETEERK K. HR-ESI-MS 45 H
m/z 553.130 1 [M+H]" GH5AEA 553.1322), #fiE
¥ N CasHa6012, THHEAMAIEA 14, 'TH-NMR
(600 MHz, CD;0D) 6: 7.62 (1H, d, J = 15.9 Hz, H-3),
7.58 (1H, d, J = 15.9 Hz, H-3"), 7.15 (1H, brs, H-5"),
7.06 (1H, brs, H-5"), 7.06 (1H, brd, J = 8.2 Hz, H-9"),
6.91 (1H, dd, J = 8.2, 1.8 Hz, H-9"), 6.81 (1H, d, J =
8.2 Hz, H-8"), 6.76 (1H, d, J = 8.2 Hz, H-8"), 6.39
(1H, d, J = 15.9 Hz, H-2'), 6.28 (1H, d, J = 15.9 Hz,
H-2"), 5.67 (1H, m, H-3), 5.10 (1H, brd, J = 7.8 Hz,
H-4), 431 (1H, m, H-5), 3.86 (3H, s, 6”"-OCH3), 2.17
(2H, m, H»-6), 2.15 (2H, m, H-2); 3C-NMR (150
MHz, CD;OD) ¢: 178.1 (C-7), 168.5 (C-1"), 168.4
(C-1"), 150.6 (C-7), 146.8 (C-7"), 149.6 (C-6'), 149.3
(C-6"), 147.4 (C-3"), 147.2 (C-3"), 127.8 (C-4", 127.7
(C-4"), 124.1 (C-9"), 123.2 (C-9"), 116.4 (C-8, 8"),
115.6 (C-2), 115.1 (C-5"), 115.0 (C-2"), 111.7 (C-5"),
75.7 (C-4), 75.5 (C-1), 70.0 (C-3), 56.4 (6"-OCH3),
66.5 (C-5), 40.5 (C-6), 37.4 (C-2). &t Btz 5
SCHRAROE s —ES), MUSEE T N 3-0-
O 2 -4-O- B BRBE 22 TR

e 8: Rt ILERK K. HR-ESI-MS 45 H
m/z 559.180 8 [M+H]" (IF5AE N 559.181 6), HiE
TN CasH30012, THFHEAMWHAIEA 14, 'TH-NMR
(600 MHz, CD;0D) d: 7.62 (1H, d, J = 15.9 Hz, H-3"),
7.59 (1H, d, J = 15.9 Hz, H-3"), 7.14 (1H, d, J = 1.8
Hz, H-5), 7.11 (1H, d, J = 1.8 Hz, H-5"), 7.05 (1H,
dd, J =82, 1.8 Hz, H-9"), 7.03 (1H, dd, J = 8.2, 1.8
Hz, H-9"), 6.79 (1H, d, J = 8.2 Hz, H-8'), 6.77 (1H, d,
J = 8.2 Hz, H-8"), 6.38 (1H, d, J = 15.9 Hz, H-2'),
6.35 (1H, d, J = 15.9 Hz, H-2"), 5.64 (1H, dt, J= 5.5,
3.8 Hz, H-3), 5.05 (1H, brd, J= 8.2, 3.3 Hz, H-4), 4.33
(1H, td, J = 8.5, 4.3 Hz, H-5), 3.85 (3H, s, 6"-OCH3),
3.80 (3H, s, 6-OCH3), 3.76 (3H, s, 7-OCH3), 2.18 (2H,
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m, H>-6), 2.12 (2H, m, H»-2); '3C-NMR (150 MHz,
CD;0D) §: 176.1 (C-7), 168.4 (C-1', 1"), 150.6 (C-7',
7", 149.4 (C-6"), 149.3 (C-6"), 147.3 (C-3', 3"), 127.7
(C-4"), 127.6 (C-4"), 124.1 (C-9', 9"), 116.5 (C-8, 8"),
115.6 (C-2), 1153 (C-2"), 111.8 (C-5', 5"), 75.6
(C-4), 752 (C-1), 69.8 (C-3), 66.1 (C-5), 56.4
(6"-OCH3), 56.3 (6'-OCH3), 53.0 (7-OCH3), 41.3
(C-6), 36.8 (C-2). A ik Witk Hds 5 CmkdikiE 4L
Pr—30e), WS EWAY) 8 N 3,4-0- [ B % T
PR F T

WE 9. tRETEERK AR . HR-ESI-MS 45 H
m/z 517.136 0 [M+H]" (IH5HAE A 517.134 6), i
BF AN CosHaOr2s THEAMEAEE N 14, 'H-NMR
(600 MHz, CD;OD) ¢: 7.62 (1H, d, J = 15.9 Hz,
H-3"), 7.58 (1H, d, J = 15.9 Hz, H-3'), 7.09 (2H, brs,
H-5', H-5"), 6.98 (2H, dd, J = 8.4, 1.2 Hz, H-9", H-9"),
6.81 (2H, d, J = 8.4 Hz, H-8', H-8"), 6.37 (1H, d, J =
15.9 Hz, H-2"), 6.28 (1H, d, J = 15.9 Hz, H-2'), 5.43
(1H, m, H-3), 5.40 (1H, m, H-5), 3.98 (1H, dd, J =
7.4, 2.9 Hz, H-4), 2.18~2.33 (4H, m, H,-6, 2); 3C-
NMR (150 MHz, CDs;OD) §: 177.6 (C-7), 168.8
(C-1'), 168.4 (C-1"), 149.5 (C-7"), 149.4 (C-7"), 146.7
(C-6', 6"), 147.2 (C-3"), 147.0 (C-3'), 127.8 (C-4"),
127.7 (C-4"), 123.1 (C-9"), 123.0 (C-9), 116.5 (C-8,
8", 115.6 (C-5"), 115.3 (C-5'), 115.2 (C-2"), 115.1
(C-2'), 74.9 (C-1), 72.7 (C-5), 72.1 (C-3), 70.7 (C-4),
37.8 (C-6), 36.1 (C-2). &I, BRI%EHE 5 CakiE
AR — 204, MEEEEY 94 3,5-0- - IMHEE
ZTR.

&Y 10: tEETLEMHA. HR-ESI-MS %5
H m/z 567.149 0 [M+H]" GHEAE N 567.147 8),
Wi TN CoHosOr2s TFHEAMWHE N 14,
'H-NMR (600 MHz, CD;0D) §: 7.70 (1H, d, J=15.9
Hz, H-3'), 7.54 (1H, d, J = 15.9 Hz, H-3"), 7.21 (1H,
d, J = 1.8 Hz, H-5"), 7.09 (2H, dd, J = 8.2, 1.8 Hz,
H-9"), 7.06 (1H, d, J= 1.8 Hz, H-5""), 6.98 (1H, dd, J =
8.2, 1.8 Hz, H-9"), 6.81 (1H, d, J = 8.2 Hz, H-8'), 6.79
(1H, d, J = 8.2 Hz, H-8"), 6.45 (1H, d, J = 15.9 Hz,
H-2'), 6.23 (1H, d, J = 15.9 Hz, H-2"), 5.41 (1H, m,
H-3), 5.32 (1H, m, H-5), 3.98 (1H, dd, J= 6.2, 3.1 Hz,
H-4), 3.90 (3H, s, 6'-OCH3), 3.70 (3H, s, 7-OCH3),
2.30 (1H, m, H-6a), 2.20 (1H, m, H-6b), 2.16 (2H, m,
H-2); 'BC-NMR (150 MHz, CD;OD) ¢: 175.6 (C-7),

168.7 (C-1), 167.9 (C-1"), 150.6 (C-7'), 149.8 (C-7"),
149.4 (C-6"), 149.3 (C-6"), 147.4 (C-3"), 147.0 (C-3"),
127.9 (C-4"), 127.6 (C-4"), 124.1 (C-9"), 123.1 (C-9"),
116.4 (C-8, 8"), 115.8 (C-2"), 115.7 (C-5"), 115.6
(C-5"), 115.1 (C-2"), 74.7 (C-1), 72.2 (C-3), 72.0
(C-5), 69.8 (C-4), 56.4 (6'-OCH;), 53.0 (7-OCH3),
37.8 (C-6), 36.1 (C-2). Fi%. Wrilidiis 5 SCikoE
AR —207, A 10 24 3-O-Fil 21t % -
5-O-WhnmEE 2 7 R FH R

&Y 11 KRBT E BV K« HR-ESI-MS 45 H
m/z 531.150 7 [M+H]" GHEAE N 531.150 3), #iE
¥ N CasHa6012, THHEAMAIEA 14, 'TH-NMR
(600 MHz, CD;OD) §: 7.52 (1H, d, J = 15.9 Hz,
H-3"), 7.47 (1H, d, J = 15.9 Hz, H-3"), 6.94 (1H, d, J =
1.7 Hz, H-5"), 6.89 (1H, d, J = 1.2 Hz, H-5"), 6.78
(1H, dd, J = 8.4, 1.2 Hz, H-9"), 6.75 (1H, dd, J = 8.4,
1.7 Hz, H-9'), 6.68 (1H, d, J= 8.4 Hz, H-8'), 6.62 (1H,
d, J= 8.4 Hz, H-8"), 6.24 (1H, d, J = 15.9 Hz, H-2"),
6.19 (1H, d, J = 15.9 Hz, H-2"), 5.40 (1H, m, H-3),
425 (1H, td, J = 10.2, 43 Hz, H-5), 3.66 (1H, m,
H-4), 3.67 (3H, s, 6"-OCH3), 2.96 (1H, brd, J = 15.6
Hz, H-2a), 2.34 (1H, dd, J = 15.6, 2.4 Hz, H-2b), 2.51
(1H, brd, J = 12.7 Hz, H-6a), 1.90 (1H, m, H-6b);
BC-NMR (150 MHz, CD;OD) ¢: 175.4 (C-7), 168.9
(C-1"), 168.0 (C-1'), 150.4 (C-7"), 149.6 (C-7"), 149.1
(C-6"), 147.2 (C-3"), 147.0 (C-3"), 146.7 (C-6"), 127.6
(C-4"), 127.5 (C-4"), 123.9 (C-9"), 122.9 (C-9'), 116.5
(C-8"), 116.4 (C-8'), 115.8 (C-2), 115.7 (C-2"), 115.2
(C-5", 111.5 (C-5"), 822 (C-1), 75.4 (C-4), 73.2
(C-3), 68.3 (C-5), 56.1 (6"-OCH3), 41.7 (C-6), 33.0
(C-2). &if. wk#dEss & 2D-NMR g &)
11 4 1-O-WnHEBERE-3-O-F 2RI 22 T 1R, 1 IX3RiE
T HAZREAE, AR LA 2.

WEY 12: FFETEERMA . HR-ESI-MS 45
H m/z 545.165 7 [M+H]" GiH5AE A 545.165 9),
RN CarHosOry WHEAMAESR 14,
'H-NMR (600 MHz, CD;0D) 4: 7.55 (1H, d, J=15.9
Hz, H-3"), 7.52 (1H, d, J = 15.9 Hz, H-3"), 6.94 (1H,
d, J = 1.6 Hz, H-5"), 6.89 (1H, dd, J = 8.1, 1.6 Hz,
H-9"), 6.85 (1H, d, J = 1.6 Hz, H-5"), 6.77 (1H, dd,
J=28.1, 1.6 Hz, H-9'), 6.68 (1H, d, J = 8.1 Hz, H-8"),
6.58 (1H, d, J = 8.1 Hz, H-8"), 6.27 (1H, d, J = 15.9
Hz, H-2"), 6.17 (1H, d, J = 15.9 Hz, H-2"), 5.35 (1H,
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m, H-3), 4.26 (1H, m, H-5), 3.64 (1H, dd, J=9.5, 3.5
Hz, H-4), 3.69 (3H, s, 6-OCH;), 3.61 (3H, s,
6"-OCH3), 2.98 (1H, brd, J = 16.0 Hz, H-2a), 2.31
(1H, dd, J = 16.0, 2.8 Hz, H-2b), 2.52 (1H, brd, J =
13.3 Hz, H-6a), 1.90 (1H, m, H-6b); 3C-NMR (150
MHz, CD;OD) é: 175.3 (C-7), 168.8 (C-1'), 167.8
(C-1"), 150.6 (C-7"), 150.4 (C-7"), 149.2 (C-6"), 149.1
(C-6"), 147.2 (C-3"), 146.9 (C-3'), 127.5 (C-4', 4"),
124.1 (C-9"), 123.8 (C-9'), 116.4 (C-8'), 116.3 (C-8"),
115.9 (C-2'), 115.8 (C-2"), 111.6 (C-5"), 111.5 (C-5"),
81.7 (C-1), 75.3 (C-4), 73.3 (C-3), 68.0 (C-5), 56.2
(6'-OCH3), 56.1 (6"-OCH3), 41.5 (C-6), 32.8 (C-2). &
B BRI A S SCERARIE R — 30, W el
AW 12 8 1,3-0- P 3B 2 TR

&Y 13: tRETERM A, HR-ESI-MS 45
Hom/z 517.134 5 [M+H]* GHFEAE RN 517.134 6),
Wi T AN CosHuOr2s THFEAMWHE N 14,
'H-NMR (600 MHz, CD;0D) J: 7.58 (2H, d, J = 16.0
Hz, H-3', 3"), 7.06 (2H, d, J = 2.4 Hz, H-5', 5", 6.97
(2H, dd, J= 8.1, 2.4 Hz, H-9',9"), 6.78 (2H, d, J = 8.1
Hz, H-8, 8"), 6.30 (1H, d, J = 16.0 Hz, H-2)), 6.28
(1H, d, J = 15.9 Hz, H-2""), 5.39 (1H, td, J = 8.4, 3.6
Hz, H-5), 4.28 (1H, m, H-3), 3.77 (1H, dd, /= 8.2, 3.4
Hz, H-4), 2.58 (1H, dd, J = 13.8, 2.2 Hz, H-6a), 2.49
(1H, dd, J = 14.7, 42 Hz, H-2a), 2.41 (1H, dd, J =
14.5, 3.3 Hz, H-2b), 2.06 (1H, m, H-6b); '3C-NMR
(150 MHz, CD;0D) &: 168.7 (C-1'), 168.0 (C-1"),
149.6 (C-7', 7"), 146.8 (C-6', 6"), 147.3 (C-3"), 147.2
(C-3"), 127.9 (C-4), 127.8 (C-4"), 123.1 (C-9"), 123.0
(C-9"), 116.5 (C-8, 8"), 115.5 (C-2'), 115.2 (C-5', 5"),

115.1 (C-2"), 81.1 (C-1), 73.0 (C-4), 71.6 (C-5), 69.6
(C-3), 37.1 (C-6), 35.8 (C-2). &Mtk WRILHE 5 Tk
I ) ER — B0, MU E S 13 8 1,5-0- =i
HEREZE TR -

EY) 14: fFELEMMAK. HR-ESI-MS 4
H m/z 531.150 0 [M-+H]" (HH5HEAE N 531.150 3),
W€ 7 TN CagHaeOr2s THHEAMFE N 14,
'H-NMR (600 MHz, CD;0D) §: 7.65 (1H, d, J=15.9
Hz, H-3"), 7.58 (1H, d, J = 15.9 Hz, H-3"), 7.20 (1H,
d, J = 1.8 Hz, H-5"), 7.06 (1H, d, J = 2.0 Hz, H-5"),
7.09 (1H, dd, J = 8.2, 1.8 Hz, H-9"), 6.96 (1H, dd, J =
8.2, 2.0 Hz, H-9"), 6.81 (1H, d, J = 8.2 Hz, H-8"), 6.78
(1H, d, J = 8.1 Hz, H-8"), 6.38 (1H, d, J = 15.9 Hz,
H-2"), 6.31 (1H, d, J = 15.9 Hz, H-2'), 5.41 (1H, td,
J=9.2, 4.1 Hz, H-5), 427 (1H, m, H-3), 3.76 (1H, dd,
J=8.5,3.3 Hz, H-4), 3.90 (3H, s, 6'-OCH3), 2.61 (1H,
brd, J = 11.9 Hz, H-2a), 2.55 (1H, dd, J = 14.4, 3.0
Hz, H-6a), 2.37 (1H, dd, J = 12.4, 3.0 Hz, H-2b), 2.05
(1H, m, H-6b); '3C-NMR (150 MHz, CD;OD) ¢:
168.7 (C-1"), 168.1 (C-1"), 150.6 (C-7"), 149.5 (C-7"),
149.4 (C-6'), 146.8 (C-6'), 147.0 (C-3', 3"), 128.0
(C-4"), 127.8 (C-4'), 124.1 (C-9"), 123.0 (C-9'), 116.5
(C-8', 8"), 115.9 (C-2"), 115.7 (C-2"), 115.1 (C-5"),
111.8 (C-5"), 80.9 (C-1), 73.5 (C-4), 71.7 (C-5), 70.0
(C-3), 56.5 (6-OCH3), 37.5 (C-6), 36.1 (C-2). Zik.
R RHE 454 2D-NMR,  #fiE b &4 14 4 1-0-
MEFE JE-5-O-Fl B0 25 T IR, JF 1 IR HAZ W 4k
i, WEMEE A 2.

EY 15: tFETER M AR, HR-ESI-MS 4
Hom/z 517.134 7 [M+H]" GLHEAE RN 517.134 6),
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WE T AN CosHuOray HEAMWHE N 14,
'H-NMR (600 MHz, CD;0D) ¢: 7.59 (1H, d, J = 15.9
Hz, H-3"), 7.52 (1H, d, J = 15.9 Hz, H-3"), 7.03 (1H,
d, J =19 Hz, H-5"), 7.01 (1H, d, J = 1.8 Hz, H-5"),
6.91 (1H, dd, J = 8.2, 1.9 Hz, H-9"), 6.90 (1H, dd, J =
8.2, 1.8 Hz, H-9"), 6.75 (1H, d, J = 8.2 Hz, H-8"), 6.74
(1H, d, J = 8.2 Hz, H-8'), 6.29 (1H, d, J = 15.9 Hz,
H-2"), 6.19 (1H, d, J = 15.9 Hz, H-2), 5.64 (1H, m,
H-5), 5.13 (1H, dd, J= 9.0, 2.4 Hz, H-4), 4.38 (1H, m,
H-3), 2.22~2.31 (4H, m, H-2, 6); 3C-NMR (150
MHz, CDs;OD) d: 177.0 (C-7), 168.6 (C-1"), 168.3
(C-17), 149.6 (C-7', 7"), 147.7 (C-3"), 147.6 (C-3"),
146.7 (C-6', 6"), 127.7 (C-4"), 127.6 (C-4'), 123.2
(C-9', 97, 116.5 (C-8', 8"), 1152 (C-5', 5"), 114.7
(C-2, 2", 76.1 (C-1), 75.8 (C-4), 69.4 (C-3), 69.0
(C-5),39.4 (C-6), 38.3 (C-2). Eitk. hyiilh Hod 5 ik
R O — 304, WS B S 15 O 4,5-0- 0
HEREZE T 1

e 16: tRETEMMA. HR-ESI-MS 4
Hom/z 531.149 4 [M+H]* GHHEAE N 531.150 3),
W€ > TN CaHasOr2s THHEAMHE N 14,
IH-NMR (600 MHz, CD;0D) ¢: 7.65 (1H, d, J = 15.9
Hz, H-3'), 7.51 (1H, d, J = 15.9 Hz, H-3"), 7.13 (1H,
brs, H-5"), 6.99 (1H, brs, H-5"), 7.04 (1H, d, J = 8.1
Hz, H-9"), 6.89 (1H, d, J = 8.1 Hz, H-9"), 6.77 (1H, d,
J=8.1Hz, H-8'), 6.74 (1H, d, J = 8.1 Hz, H-8"), 6.37
(1H, d, J = 15.9 Hz, H-2), 6.19 (1H, d, J = 15.9 Hz,
H-2"), 5.65 (1H, td, J = 13.2, 4.2 Hz, H-5), 5.13 (1H,
dd, J=9.3, 2.8 Hz, H-4), 4.37 (1H, m, H-3), 3.84 (3H,
s, 6-OCH3), 2.20~2.31 (4H, m, H-2, 6); '*C-NMR
(150 MHz, CDs;OD) §: 178.0 (C-7), 168.6 (C-1'),
168.3 (C-1"), 150.7 (C-7), 149.7 (C-7"), 147.5 (C-3',
3"), 147.3 (C-6'), 146.8 (C-6"), 127.7 (C-4"), 127.6
(C-4"), 124.2 (C-9"), 123.1 (C-9'), 116.5 (C-8'), 116.4
(C-8"), 115.2 (C-5", 2'), 114.8 (C-2"), 111.7 (C-5"),
77.3 (C-1), 76.2 (C-4), 29.9 (C-5), 69.2 (C-3), 56.4
(6'-OCH3), 39.8 (C-6), 38.6 (C-2). At Bt ¥iE 5
SCHRIOE s — 20, SMUS E S 16 R 4-0-
B B L L -5-O-HEmEZE TR

WE 17: fFEITEERMA . HR-ESI-MS 43
H m/z 531.150 3 [M+H]" (HH5H4E R 531.150 3),
W8 TN CosHoOr2s THHEAEHE N 14,
'H-NMR (600 MHz, CD;0D) ¢: 7.59 (1H, d, J = 15.6

Hz, H-3"), 7.56 (1H, d, J = 15.6 Hz, H-3"), 7.10 (1H,
s, H-5"), 7.01 (1H, s, H-5"), 7.00 (1H, m, H-9"), 6.91
(1H, brd, J = 8.3 Hz, H-9"), 6.76 (1H, d, J = 8.3 Hz,
H-8"), 6.74 (1H, d, J = 8.3 Hz, H-8'), 6.29 (1H, d, J =
15.6 Hz, H-2""), 6.27 (1H, d, J = 15.6 Hz, H-2'), 5.68
(1H, m, H-5), 5.11 (1H, dd, J = 9.4, 2.3 Hz, H-4), 4.36
(1H, brs, H-3), 3.82 (3H, s, 6"-OCH3), 2.18~2.31
(4H, m, H-2, 6); 3C-NMR (150 MHz, CD;0D) ¢:
177.3 (C-7), 168.6 (C-1"), 168.4 (C-1"), 150.6 (C-7"),
149.7 (C-7"), 147.7 (C-3"), 147.4 (C-3"), 146.8 (C-6"),
146.3 (C-6"), 127.7 (C-4', 4"), 1242 (C-9"), 123.1
(C-9"), 116.5 (C-8"), 116.4 (C-8'), 115.2 (C-5', 2'),
114.8 (C-2'), 111.7 (C-5"), 77.1 (C-1), 76.4 (C-4), 70.0
(C-5), 69.2 (C-3), 56.4 (6"-OCH3), 40.0 (C-6), 38.6
(C-2). &k, WikHiEss & 2D-NMR, #iEa)
17 A 4-O-WIHEREIE-5-O-F 2R M2 TR, AZREE s
NERARIE, WAV A 2.

A 18: fERELEMM K. HR-ESI-MS 4
H m/z 545.165 1 [M+H]" (IH5HAE N 545.165 9),
W€ 7 TN CorHosOr2s THFHEAMHE N 14,
'H-NMR (600 MHz, CD;0D) é: 7.67 (1H, d, J=15.9
Hz, H-3"), 7.50 (1H, d, J = 15.9 Hz, H-3"), 7.16 (1H,
d, J = 1.8 Hz, H-5), 7.01 (1H, d, J = 1.9 Hz, H-5"),
7.05 (1H, dd, J= 8.2, 1.8 Hz, H-9'), 6.92 (1H, brd, J =
8.2, 1.9 Hz, H-9"), 6.79 (1H, d, J = 8.2 Hz, H-8), 6.76
(1H, d, J = 8.2 Hz, H-8"), 6.40 (1H, d, J = 15.9 Hz,
H-2'), 6.17 (1H, d, J = 15.9 Hz, H-2"), 5.55 (1H, m,
H-5), 5.13 (1H, dd, J= 8.1, 3.1 Hz, H-4), 4.36 (1H, m,
H-3), 3.86 (3H, s, 6-OCH3), 3.73 (3H, s, 7-OCH3),
2.23~2.27 (4H, m, H-2, 6); *C-NMR (150 MHz,
CD;0D) d: 175.2 (C-7), 168.9 (C-1"), 168.8 (C-1"),
150.6 (C-7, 7"), 149.4 (C-6'), 147.7 (C-3"), 147.5
(C-3"), 147.0 (C-6"), 127.9 (C-4'), 127.8 (C-4"), 124.1
(C-9"), 123.1 (C-9"), 116.5 (C-8', 8"), 115.8 (C-5", 2"),
115.7 (C-2"), 111.6 (C-5"), 75.8 (C-1), 74.8 (C-4), 69.0
(C-5), 68.6 (C-3), 56.4 (6'-OCH3), 53.0 (7-OCH3),
38.8 (C-6), 38.3 (C-2). Fil%. milidiui 5 Ciiko
EHE— 22, HME A 18 S 4-O-Fi 2R 13-
5-O-WMHERE 22 7 82 H S .

EW 19: R E MK, HR-ESI-MS 45
H m/z 545.164 4 [M+H]" (IH5AE N 545.165 9),
Wi 0 TN CoHasOns HEARBEFE N 14,
'H-NMR (600 MHz, CD;0D) &: 7.55 (1H, d, J=15.9
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Hz, H-3"), 7.50 (1H, d, J = 15.9 Hz, H-3"), 7.28 (1H,
d, J = 1.4 Hz, H-5"), 7.26 (1H, d, J = 1.4 Hz, H-5"),
7.07 (1H, m, H-9, 9"), 6.77 (2H, d, J = 7.8 Hz, H-8,
8"), 6.46 (1H, d, J = 15.9 Hz, H-2"), 6.37 (1H, d, J =
15.9 Hz, H-2"), 5.42 (1H, m, H-5), 4.99 (1H, dd, J =
8.1, 2.1 Hz, H-4), 420 (1H, brs, H-3), 3.79 (3H, m,
6-OCH3), 3.78 (3H, s, 6"-OCH3), 2.08~2.15 (4H, m,
H-2, 6); 3C-NMR (150 MHz, CDs0D) 6: 175.0 (C-7),
166.3 (C-1"), 165.9 (C-1"), 149.5 (C-7', 7"), 148.1
(C-6"), 148.0 (C-6"), 145.6 (C-3', 3", 125.6 (C-4', 4"),
123.5 (C-9', 9", 115.6 (C-8', 8”), 114.4 (C-2"), 114.2
(C-2"), 1112 (C-5"), 111.0 (C-5"), 76.0 (C-1), 73.7
(C-4), 67.8 (C-5), 66.8 (C-3), 55.8 (6'-OCH3), 55.7
(6"-OCH3), 37.8 (C-6), 37.5 (C-2). Aif. Wity
4h4 2D-NMR, Hi B4 &40 19 4 4,5-0- B 31 242
TR, AR e RARE, taait W 2.
tEY) 20: tRETEMMA. HR-ESI-MS 4
H m/z 679.166 8 [M+H]" (IHEAE N 679.166 3),
W2 T XN CaaH30015, THEAMHEN 20,
'H-NMR (600 MHz, CD;0D) ¢: 7.61 (1H, d, J=15.9
Hz, H-3""), 7.53 (1H, d, J = 15.9 Hz, H-3"), 7.52 (1H,
d, J=15.9 Hz, H-3"), 7.07 (1H, d, J = 1.9 Hz, H-5""),
7.01 (1H, d, J = 1.9 Hz, H-5"), 6.99 (1H, d, J = 1.9
Hz, H-5"), 6.94 (1H, dd, J = 8.2, 1.9 Hz, H-9""), 6.92
(1H, dd, J = 8.2, 1.9 Hz, H-9"), 6.84 (1H, dd, J = 8.2,
1.9 Hz, H-9), 6.77 (1H, d, J = 8.2 Hz, H-8"), 6.72
(2H, d, J=8.2 Hz, H-8', 8"), 6.33 (1H, d, J = 15.9 Hz,

H-2"), 6.22 (1H, d, J = 15.9 Hz, H-2"), 6.21 (1H, d,
J=15.9 Hz, H-2'), 5.68 (2H, m, H-3, 5), 5.33 (1H, dd,
J =28.4,3.3 Hz, H-4), 2.46 (1H, dd, J = 14.4, 2.4 Hz,
H-2a), 2.36 (1H, m, H-6a), 2.29 (1H, m, H-6b), 2.19
(1H, dd, J = 14.4, 4.8 Hz, H-2b); 3C-NMR (150 MHz,
CD;0D) ¢: 177.5 (C-7), 168.5 (C-1""), 168.1 (C-1,
1), 149.7 (C-7', 7"), 149.6 (C-7""), 147.9 (C-3'),
147.7 (C-3"), 147.6 (C-3""), 146.8 (C-6"), 146.7 (C-6",
6", 127.8 (C-4""), 127.6 (C-4"), 127.5 (C-4"), 123.4
(C-9"), 123.2 (C-9", 9", 116.5 (C-8', 8", 8'"), 115.2
(C-5"), 115.1 (C-5", 2'), 115.0 (C-5"), 114.6 (C-2"),
114.3 (C-2'), 74.8 (C-1), 72.8 (C-4), 70.0 (C-3), 69.1
(C-5), 38.8 (C-6), 36.7 (C-2). Aitk. WRILHE 5 Tk
HIE I EE — 3%, WS ENEY) 20 N 3,4,5-0-
= WMHEEE A TR .
3.2 WIMFEEE TRRAE A S RV EIE I R R
e B AR A & S R s B
(phosphodiesterase, PDE) Z % & [ #LAR 775 H1 1
I CAERER . R — PR T RHERR
ST RIS 2 TR A PDE XKIEH
Mgk &i%71. BT PDE KRG ERZNEATA,
%#E T PDE FKJGKM 11 MIEAYEE H (PDE1B. PDE2A.
PDE3B. PDE4A. PDE4B. PDE4D. PDE5A. PDE7A.
PDESA. PDE9A. PDEI0A), S5ASEGH ) 20 4N
MEREZE T RRIS S T T SR & 1Tl . 4l 3 Fias, 20
AR ZE T RIS A5 PDE %M 11 MR &
AR (A A B SRS I 25 R . B/

() e e e [ ISP -
o 5
|
g 44 ‘.
= o0 g A v, P
B mE ° o E TN Lt
5 04 77 “il 0;5_:* nﬁ.:.' ‘:ﬁ A
Fu| —10 1 T R . S . - . o """ W . iy
= . o 225 4t Wy > I
oo v

fﬂ Lr o8 o O aka %0
#

~15 - ¢

20 T T T T T T T T T T T

PDEIB PDE2A PDE3B PDE4A PDE4B PDE4D PDESA PDE7A PDESA PDE9A PDEIOA
PDE-#E 1447
1 kcal=4.2 kJ

3 PDE FKXIEZEAS 20 MBI E TER LU SYBIXRIT S ER DT

Fig. 3 Docking scores between 20 caffeoylquinic acids and isoform proteins from PDE family
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(PDESA 1 PDE10A) IV F456A LIS 11
W CHET 208U 0 keal/moD), 48 KZHUNY» 1)
1) PDE K (HObREE ST, SR B 1B -6~
—15 kecal/mol. & PDE10A 24k, Fra &SRS/
T I3 4 J17E-9 keal/mol AR, ERAiZE/N
53] Rex) PDE ME AL 8 [ B A B i sk
WERR —BRAEE Zh A AT cAMP fIl cGMP 15 5%
S RHEEEAER, HIEEEEM®FE R IEAE IR
R, HTHITE RAEMELIRAH R BHP. OfF
SRR 3 W PR R EA D A R 1 Tl TR T )
ICso fEAK T 20 umol/LI231, ASZIGKG 7 20 ASuidE
P2 TR 2 3 L 20 pmol/L T % PDE4B 5 P 1401
HilZ, SR NE 2. 20 MUEWIE DZE T A A
HEE, TR SR AR I ) B B B R A
S ER . INRIREE RIS R, A
A 53 B S YDIIRTI H5 PDE4B 130136 M
HUALEYD 9 HIPHIEERA . 9 2 TR 4L
RO RN Ve 8- %) [[E(177%- 9 E A E R o8- 51 F 785
AT B IRAS CRIRAE AR FTELAD . &4 6.
13, 15 2 9 M Sr ik, HZETRE 3 ErmAd
FREL eSS AR, (HERAL EAFEE . T
BRI, ZTRELEL S A EIEG U0 H] 5
T HAREACTE Ol . 24 9+ 20 2 T IR B 2850 Ik
1o 2 K0 3 Ao R AR, TR B, 2 B3 AN
HERE SR AN LT 1 N BURIIE L. Ak
M, EAIHIERE (>80%) 9. 11. 13. 16 120
LA S RS CRIFRIEE Rl AU, i
B9 7R 5 AT R AR S A 1 2R S W A 1 P ) SR B R
F b DX AR B R VS YRS U 1) 9 HEAT 1Cso AN,
7R 9 B ICso BUETE 0.36 umol/L 24 (F 4-A).

150+

A ]
§ L ]
:‘M‘ 100_/
B
=
50+
]
r T T T T 1
-1.5 -1.0 -0.5 0 0.5 1.0 1.5
log C

F 2 WNHEREZE TR SYTEXS PDE4B JE 1 HYHIH] R
Table 2 Inhibition rate of caffeoylquinic acids on PDE4B

waEm 2% EY) RS

1 74.23 12 12.69
2 34.19 13 80.96
3 73.36 14 70.19
4 - 15 57.12
5 15.53 16 89.04
6 45.16 17 78.85
7 75.64 18 64.81
8 66.52 19 15.96
9 124.22 20 85.38

10 - apremilast 117.24°

11 102.28

ST 3 IR E B EER A AT P HRE RIS R 5 T
T HEBRTIRER, SEHIEET 100%.

aNot applicable due to error fluctuations in three tests; "Background
signals unrelated to sample itself, or partially eliminated interfering

factors, resulting in inhibition ratio exceeding 100%.

s a R (B 4-B) &on, 95 PDE4B
IREFETE 481 Glu304, Asn395, Pro430, Phe446,
Mg?, Mn> KAEMEAERH, HAd Glu304, Asn395,
Pro430 5 9 3232 (AT S ], Phedd6 5
9 (MR AE AR n-n HERUEA, Mg> il Mn>*5 9
(R (R T i AR EAE T . 9 MIE 5 3¢
R4 I8 1Y) PDEAB 1) 771/ FH AR A — 2250,
4 i1ig

FE T W 7T (0 FE R _E ASHIE 55 5 1 KR B 4
HP-20 KAWL g 50% L BB 507 (AA-2) 4k
ST RAEMNF R TL, LRGN & Fh i 5y
HFBOEEE T 20 MUNHESEZE TR A

B
' ; Asn395
Phe446 Mn2
©
! m’
@» Comp. 9 Glu304

Pro430

E4 &9 5 PDE4B BIINFIEME LIRS PDE4B BIRGHHEHALEMESER

Fig. 4 TInhibitory activity of compound 9 targeting on PDE4B and binding mode between compound 9 and active site of

PDE4B in crystal structure
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LAY e, hEY 3~5. 8. 10~12,
14, 18 NEIXMNEEED T4 2158, HRHST
X HE A ARG VAT (R 753, X 43 B A 3 (1w e
Tk 28 T BR A BEEAT T BRI B IR T I A D A
FAWEFE, 45 Sz &P 2A ) B R — I i
TEYERDE T, Ak &Y 9 KRR —BRRG LAY B
PDEA4B il i% {4 i, 1Cso £ 0.36 pmol/L. %517
T2 — TaE 5 1 N B A AR S SORE TRV IT G,
XAE—ERE R BN T RS UIIEAE F 4 o
B, TR B A A 7E R 2 5 A R 2
DUBRARAL 7K
RBAR AR ERRAEF B R
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