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Study on the chemical constituents from the dried roots bark of
Paeonia suffruticosa Andr.
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(1. School of Pharmacy, Henan University of Chinese Medicine, Zhengzhou 450046, China; 2. The Engineering and
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Abstract: The chemical constituents of 50% acetone extract of the dried roots bark of Paeonia suffruticosa
Andr. (Moutan Cortex) were isolated and purified using various column chromatographic methods, yielding 16
compounds. According to their physiochemical properties and spectral data, the structures of the isolated compounds
were further identified as suffruticoside N (1), 1,1’-[(1R)-2,2'-dihydroxy-6,6'-dimethoxy[1, 1’-biphenyl]-3,3'-diyl]
bis[ethanone] (2), 5- (1, 2-dihydroxy-1-methylethyl) -4-methylbicyclo[3.1.0]hexan-2-one (3), 4- (1, 2-dihydroxy-
1-methylethyl)-1-cyclohexene-1-carboxylic acid (4), teutenone A (5), dihydroactinidiolide (6), cadina-4,11-dien-14-
oic acid (7), adenosine (8), uridine (9), methyl palmitate (10), 1- (3-hydroxy-4-methoxyphenyl)ethanone (11),
2, 4-dihydroxyacetophenone (12), methyl gallate (13), 2, 3-dihydroxybenzoic acid (14), benzoic acid (15), and
pinoresinol (16). Compound 1 was a new biphenyl compound. Compounds 2 and 3 were two new natural products,
and compounds 4 and 5 were firstly isolated from Moutan Cortex. Additionally, in preliminary vitro bioassays, all
the isolated compounds were tested their inhibitory effects on acetylcholinesterase (AChE). As a result, compound
2 exhibited a moderate AChE with IC,, value of 15.7 2.5 umol-L".
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Figure 1 The chemical structures of compounds 1-16
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Figure 2

HMBC —

ESI-MS [M+Na]* m/z 355.078 8 (it % {4 C,,H,,O.Na,
355.078 8), W 4 ¥ A C,,H,,0,, AHFILE A 10.
'H NMR (acetone-d,, 500 MHz) it 1 (s W3 1) Bon
HABEHEAES [0, 7.88 (1H, d, J = 8.9 Hz, H-4),
6.62 (1H, d, J = 8.9 Hz, H-5), 6.52 (1H, s, H-4")], — M
AHEAME T [0, 3.94 (3H, s, 3-OCH,)], B> H LA (5
5 [6,2.60 (3H, s, H-8"), 1.97 (3H, s, H-8)]. £ "°C NMR
(acetone-d,, 125 MHz) % v (K4 W2 1) W %2 2 % A
BEE S [0, 204.7 (C-7"), 204.2 (C-7)], — 1,2,3,6-
VUBUARZE IR S5 [0 113.7 (C-1), 162.6 (C-2), 114.6 (C-
3), 133.9 (C-4), 108.7 (C-5), 163.5 (C-6)], — 1 1,2,3,5,
6- FLHUIRZE IR AF 5 [0, 119.9 (C-1"), 138.7 (C-2"), 155.0
(C-3"), 100.4 (C-4"), 160.4 (C-5"), 114.3 (C-6")], — P H
IS S [0, 56.4 (3-OCH,)], LA K ¥/~ M0 F S A A5
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Table 1 'H (500 MHz) and "*C (125 MHz) NMR data of compounds 1 and 2 (in acetone-d,), 3 (in DMSO-d,)
1 2 3

Ne- 5 5, 5 5, 5, 5.
1 - 113.7 - 115.5 - 212.2
2 - 162.6 - 151.9 2.06 (1H, dd, J=17.9,9.1 Hz) 42.1

1.79 (1H, m)
3 - 114.6 - 134.9 2.67 (1H, m) 29.2
7.88 (1H, d, J=8.9 Hz) 133.9 - 153.8 - 44.1
5 6.62 (1H, d, J= 8.9 Hz) 108.7 7.44 (1H,d, J=9.0 Hz) 103.9 1.31 (1H, dd, J=9.2, 4.5 Hz) 12.6
1.08 (1H, d, J=4.5 Hz)

6 163.5 6.64 (1H, d, J=9.0 Hz) 123.5 1.74 (1H, m) 335
7 204.2 - 204.9 - 71.7
8 1.97 (3H, s) 26.4 2.57 (3H, s) 26.5 3.35(2H, s) 67.7
9 - - - - 1.09 (3H, 5) 24.0
10 - - - - 1.03 (3H, d, J=6.5 Hz) 18.1
1 - 119.9 - 115.5 - -
2 - 138.7 - 151.9 - -
3 - 155.0 - 134.9 - -
4! 6.52 (1H, s) 100.4 - 153.8 - -
5’ - 160.4 7.44 (1H,d,J=9.0 Hz) 103.9 - -
6’ - 114.3 6.64 (1H, d, J=9.0 Hz) 123.5 - -
7' - 204.7 - 204.9 - -
8 2.60 3H, 5) 295 257 3H, s) 26.5 - -
-OCH, 3.94 (3H, 5) 56.4 3.91 (6H, 5) 56.4 - -

&Y 2 s g o I ik, 503 T R, I .
M4 HR-ESI-MS ¥4 (m/z 353.099 6 [M+Na]", it 51
C,.H,,ONa, 353.099 5), i 5& 5 737 X~ C,(H ;0,0
"H NMR (acetone-d,, 500 MHz) i (¥#i 0.3 1) R T
PR IEAE S [0, 12.48 (2,2'-OH)], AN 1,2,3,4- P4 B
RER LHEALES [0, 7.44 (2H, d, J= 9.0 Hz, H-5,5"),
6.64 (2H, d, J = 9.0 Hz, H-6,6")], i M AR AE S [0,
3.91 (6H, s, 4,4-OCH,)], WA~ H HZ(E 5 [J, 2.57 (6H,
s, H-8,8")]. 7E"C NMR (acetone-d,, 125 MHz) 1% (%
P2 W32 1) B8 T WA IRIE RS 5 [0, 204.9 (C-7,7)],
+ AT EHAE S [0 115.5 (C-1,1"), 151.9 (C-2,2"),
134.9 (C-3,3"), 153.8 (C-4,4"), 103.9 (C-5,5"), 123.5 (C-6,
6")], AN AL RS 5 [0, 56.4 (4, 4-OCH,)], LA & #
AN H RS 5 [0, 26.5 (C-8,8")]. X E¥HE 5 [1,1-
biphenyl]-2,2'-diol™ ) £ 48 #H LG, 2 1 PIAS HT A L AT
AR R A T, HERA 8 ] LUE I HMBC K
W 6, 3.91 (4,4'-OCH,) Fl 153.8 (C-4,4") DL J 6.64
(H-6,6) #11204.7 (C-7"), 204.2 (C-7) Z 8 I AH =15 5
(E2) Wi . Bk, A2 IS MPEEh e IS e N
L1-[(1R)-2,2"- —$%55-6,6"- — H A JE 1, 1- 6 2K ]-3,3-—
FENRU[ LB, 28 SciFinder F085 A R R ILZA &)

H AT POE I & RS, A 3CH IRIRE T 5 1%
TR0 it s 4

&P 3 v 76t [l 4k . R HR-ESI-MS m/z
207.099 5 [M+Na]” (it 514 C,H,,0,Na, 207.099 2), #
msy=Ch C H,, 0, AMEFE A 3. 'HNMR (DMSO-
d,, 500 MHz) i (F# W3R 1) BoR m3g X & F WK

H A5 5 [0, 2.67 (1H, m, H-3), 1.74 (1H, m, H-6)],
3ANTE H LA (S5 [0, 2.06 (1H, dd, J=17.9, 9.1 Hz, H-
2a), 1.79 (1H, m, H-2b), 1.31 (1H, dd, J=9.2, 4.5 Hz, H-
5a), 1.08 (1H, d, J = 4.5 Hz, H-5b), 3.35 (2H, s, H-8)] L\
KA H A5 [0, 1.09 (3H, s, H-9), 1.03 (3H, d,
J = 6.5 Hz, H-10)]; "C NMR (DMSO-d,, 125 MHz) i
454 DEPT 135 HEML 52 2| — /M AL (5 5 [0, 212.2 (C-
D], —NZEBAG S [0, 44.1 (C-4)], = ANFRAE 5 [0,
29.2 (C-3), 33.5 (C-6), 71.7 (C-7)], =M MH B A5 5 [0,
42.1 (C-2), 12.6 (C-5), 67.7 (C-8)], LA L2 /> FH L il {5
5 [J. 24.0 (C-9), 18.1 (C-10)]. 5 bicyclo[3.1.0]hexan-
2-one,5-(1,2-dihydroxy-1-methylethyl)-[ 1S-[ 1o, 5(S*)]]-
OCDHMHMI L, th &3 C-3 & T —ANH 3, Xisid
HBMC i 6, 1.03 (3H, H-10) 5 5. 29.2 (C-3) {14
FAE SR LLIAE . 76 NOESY E#E i (& 2), A LA 52
I H-3 5 H-2/5 fFE M RS 5, 256 PR e 1) 45 1 R
fiE, W 1 C-3.C-4 F1 C-6 [ AH X # B . C-7 78 N 4
., TBkiE I NOE #H K45 5 kM i€ C-7 1AL AL, (At
KT E NMR 175 K 55 T (3R,4R,6R,7R)-3 F
(3R,4R,6R,7S)-3 Bty ik, i# it DP4+73 #r &K I (3R,4R,
6R,7R)-3 AL IE 2] T 100%, XK H TD-DFT J7i%
7E B3LYP/6 31G (d, p) /KF Eit5 T (3R,4R,6R,7R) 1]
ECD &, 2%t e J5 &R B (3R,4R,6R,TR) I #1552l
TE AR R (] 3), PR b s e 4t #4285 (3R,4R,6R,
TR). WA 3 W% 5E N 5-(1,2- - F2 Kk -1- Ik 2 3ik)-4-
1L 3R[3.1.0] ke -2, £ SciFinder $U4 2 K R
RIVZAAE Y H RTACE I G As B, AR SCE aE T
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Figure 3 Experimental and calculated ECD spectra of compounds 3 and 4

WA W R R0 o % 0 I L2 e w2
2 AChE#IFEM AR

K H Ellman''J5 v H il & o0, A& 4 1~ 16 1
17 AChE #IHIE PRI € , 45 SRR 01, BH X fE 24 2 220k
7 (dopiperazil) %I AChE #ll i /£ HJ i) 1C, 16 18.83 +
1.22 pmol-L™, L&) 2 %} AChE & B H 55 4 14 410 il 2%
B IC N 15.70 £ 2.50 pmol-L'. BL4h, A4 15 A
16 % AChE H A 1 55 1 # il 7B FH, 3 1C, 8 43 7 N
46.35+1.20f145.77 +3.21 pmol-L"'. 5 W% 2.

Table 2 Acetylcholinesterase inhibitory effects of compounds
1-16
Compound  IC, /umol-L" Compound IC./umol-L"

1 >50 10 >50
2 15.70 +2.50 1 >50
3 >50 12 >50
4 >50 13 >50
5 >50 14 >50
6 >50 15 46.35+1.20
7 >50 16 45.77+3.21
8 >50 Dopiperazil 18.83 £ 1.22
9 >50 - -

3 STxE

&) 2 %F AChE H A 25 14 il /F FH, X ] DA
T8 34y 0 B SR e A S ) 2 F1 ACE ¥ AH FLAE
Mg aE. i Rmxy (B4, hE%W2 5 AChE 1) —
ANFIEFRIREE (TYR-121) B T A, 55N
-7.3 keal-mol”, Jf H & 8 2 R E 3.0 333 A,
SR, BT F R R R RO —Fh T W00 A Ak A 52
PAAR AT FH BB B vk, IRk, 75 R — B SR
KRIRREW AW 2 BARERGRE. H2, XN
BE— BB S B 2 PR R IR UG ER R (AD) & ML
HFE A T J7
4 it

AD & —Flpp 2B AT PEBR, 32 EARFAE 2 1D 12
NI T RERR AT, SAT, H T AChE #7726 97 AD

Figure 4 Molecular docking results of compound 2 with acetyl-

cholinesterase

ME— HA — 52 IR 4T Rtk G b 24,
HA Z R EEYE, 3F H EA 0 R 4P 5 32 )
RE % #H AChE fr3& M"Y BR ih, AR A 70 4k 22 5% A
FEE o AT E ) 16 MEE AT 1T AChE HH 35 1 97
i, 45 LWL E W) 2 % AchE A BT IR BOR, ik
b, 5y 75t BE TR U 2 R AChE LA B U7 I 45 & Bk
Ji. FETIXEeEE R HEN AL &4 2 W] Akt 15 AChE
3] A oK 23 ADRE IR, X 28 K BN J SE AT FE 4T
ADTFEVENLEIBEE 1 A

LI E

FIT FH €13 4t 58 77 0 2 it 4R 71, AChE ¥ 04 75 %
WA (L) RS A R A" A&7 kiR
YMC Pack ODS A column (20 mm x 250 mm, 5 pm),
ODS gel (H A& YMC A #]), Toyopearl HW-40C ( H A
TOSOH % ), MCI Gel CHP-20 A% 438 b4 B} (H A& =
#4222 7)), Sephadex LH-20 % BB EEE (35 GE 2
A)), HE i G (200~300 H, & & ¥E{L T.) ). Bruker
AVANCE 1T 500 B4 % 0 3 4R A (4% [ Bruker A #]). %%
ARRTLT AR BHE 23 5148 UV200 B4 446 I 2% 11 Thermo
Nicolet IS10 L4 G 1E A 15 Ji€ Y AE B Autopol 1V 42
H 3l e A (35 & 3E R A R A5 51 #0E B
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Bruker maxis HD %Y "% 47 i [8] 57 (7% [E Bruker 2 7])
3% . 18 5 84 H Melting Point M-565 (¥ + BUCHI
NCIDRIEE N

SEU0 F ST BT 2024 4F 4 A H 2 R # T,
SR P R 2R S U I AR 8 N B ERHE AT
()T EAR Kz, bRAS (No. 20240517) F71E T /g o 5 24
KEEF AR TE
1 RESSE

HEFE Bz 60.0 kg, I 50% P 7K 5 9 2H 23R 1 4 Y
2, PRI R R A5 B SR E (154 kg). BRE
IR BES3E 24 WK B, 4 Diaion HP-20 ¥ (23 73 B, 4RIk
FA7K10%-20%-30%40% £ ~ /K86 B e i, 555 F
70% A B - 7K S5 P e i, 82 LBk iR, A A R4 47,
BEHI~H4 M HT7 L4 .

H4 (290.0 g) ZHEfiE (200~300 H) IE [FAE4> B,
W (S -, 2000 1~1:1) Peli, 2 O35
W, A AR A 5, 155 6 N4 5 (H4-1~H4-6). E
H4r H4-2 (15.5 g) 4 ODS [ M FE 4 &5, K H (-
K, 15:85~90:10) B 5 ¥k M, 15 2 (H4-2-1~H4-2-5)
TSy . T4 5y HA-2-3 (3.6 g) 4 Toyopreal HW-
40 HERAE 5 55, AR (HFBE-7K, 30:70~100:0) # 5
Ve, 75 5] (H4-2-3-1~H4-2-3-5) BT 45, WA
43 H4-2-3-3 (135.5 mg) 2 -l & v ROR AR €03 (H -
/K, 65135, i 2 mL-min™) 2 e, 2 2515 24k A
Y2 (15.2 mg, £, = 16.0 min)~4 (22.8 mg, £, = 21.5 min)
A5 (16.5 mg, t, = 32.0 min). M4 4r H4-2-3-2 (1.2 g)
2 Sephadex LH-20 %A 70 &5, /KX H (R EE-K, 10:
90~100:0) #f FE P i, 15 F (H4-2-3-2-1~H4-2-3-2-5)
TN S HA-2-3-2-4 (153.5 mg) 2 - il % e R A €
i (ZM5-7K, 35:65, ik 2 mL-min™) 25 FE Ve, 70 5
BEMLAW (9.6 mg, t, = 21.0 min). 3 (8.5 mg, ¢, =
25.5 min) 1 6 (21.3 mg, t, = 32.0 min), H4-2-3-2-3
(125.0 mg) & -1l & = RO A Bl (26 -7K, 21279, it
2 mL-min™) S5, 2 S A RS T (8.0 mg,
t, = 13.0 min).8 (12.5 mg, £, = 15.0 min) f1 11 (6.8 mg,
t, = 18.5 min), H-4-2-5 (2.1 g) £ Toyopreal HW-40
eI 2 B, IR (R -7K, 5:95~95:5) B % bt
fii , 73 | (H4-2-5-1~H4-2-5-3) = />4 4y ; H4-2-5-2
(310.6 mg) 2 F- il % = O AE € (2 ME-7K, 15185,
U 2 mL-min™) Y, B A2 EY9 (3.0 mg,
t, = 12.0 min)~10 (5.5 mg, ¢, = 13.5 min) 113 (12.0 mg,
t, = 15.0 min), H4-2-5-3 (985.3 mg) %4 Sephadex LH-
20 BERAE 4 B9, I (R EE-7K, 10:90~100:0) 6 /&
VEm, 138 (H4-2-5-3-1~H4-2-5-3-3) =44 ; H-
4-2-5-3-3 (225.6 mg) £ - il % = OB AH (P EE-IK, 53¢

37, it 2 mL-min™) 5P, 2 243 Bl A 15
(15.0 mg, ¢, = 15.0 min) 116 (4.5 mg, ¢, = 15.0 min).
M 4H 73 H4-2-1 (98.0 mg) £ - il & v 20 A il (F
M —7K, 56:44, JiiE 2 mL-min") 25 Wi, 20 515 810
412 (25.0 mg, t, = 11.0 min) 114 (16.0 mg, ¢, =

17.0 min).
2 HHEE
a1 WHESE, HETRE, N . %5

254 nm T & BRI B, 1A A - IR B R D A B
(105 °C) A&, [a]? -7.1 (c 0.1, CH,0H), UV (CH,0H)
At 214,273 nm, IR (CH,OH) v, 3 342.1 679.1 613,
1 440.1 260.1 016 cm”, HR-ESI-MS m/z 355.078 8
[M+Na]* (it & {8 C,,H,,0,, 355.078 8), 'H NMR Al
BC NMR ##fs, W& 1.

thEW2 EERE, SETHE, A %5
254 nm T S BE G IS B, TE] A I - VR B R A L 6
(105 °C) N&: . UV (CH,OH) A : 206,270 nm, IR
(CH,0OH) v, 3 350, 1 686, 1 647, 1 255, 1 026 cm”,
HR-ESI-MS m/z 353.099 6 [M+Na] " (i % {f C H,;0,
Na, 353.099 5), 'H NMR 1 °C NMR %4, W% 1.

a3 L OEIRE AR, B 156.1 °C, T
DMSO, 2841254 nm T &7 B OIS BE, 10 A7 - IR ARt PR
IR £ (105 °C) NE M. [a]y —2.5 (¢ 0.22, CH,0H),
UV (CH,0H) A : 206 nm, IR (CH,OH) v, 3 390.
1 647.1 026.776.738 cm, HR-ESI-MS m/z 207.099 5
[M+Na]” (it %14 C,,H,,O,Na, 207.099 2), 'H NMR Fl
BC NMR %, W& 1.

&4 A, (o] +15.8 (c 0.3, CH,OH),
ESI-MS m/z: 223.094 0 [M+Na]", % T 3~ C H,0,-
'H NMR (CD,0D, 500 MHz) d,;: 7.00 (1H, d, J= 5.2 Hz,
H-1), 3.46 (2H, s, H-7), 2.34 (1H, d, J = 18.0 Hz, H-5a),
1.25 (1H, qd, J = 12.3, 5.2 Hz, H-5b), 2.13 (1H, m, H-3),
1.90 (1H, m, H-6a), 1.26 (1H, qd, J = 12.3, 5.2 Hz,
H-6b), 1.75 (1H, s, H-4), 1.11 (3H, s, H-9); "C NMR
(CD,0OD, 125 MHz) 6.: 128.8 (C-1), 141.2 (C-2), 26.3
(C-3), 40.5 (C-4), 27.6 (C-5), 24.0 (C-6), 74.9 (C-7),
68.8 (C-8), 20.9 (C-9), 170.1 (C-10). LL ¥t 5
BRI o B R AR — B, S A 4 N 4-(1,2-
FRI-1-FIE 200 1- A O - 1-R . T A4
C-4 F1 C-7 BIAHXT #4924 T0 28 1 NOESY #H 2% A5 5 34T
e, BT LR F 5 NMR (7 300 55 T (4S,7R)-
4 H1 (45,7S)-4 1B, 38 3 DP4+4) M i 5E C-4 71 C-7
FIFI LA (4S,7R), SR )5 2465 ECD BB+ 5, # i 5
T 5 A B AT A, KL (4S,7R)-4 iR BG5S
(45,7R)-4 I¥1 it B v — 25 (K 3), $27 4 48X F 8L Ry
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(48, 7R)o ARILH IKHE 1WAV TR
WEWS HEOa &R E A, (o] +30.7 (¢ 0.10,
CH,OH), ESI-MS m/z: 217.119 9 [M+Na]", 4> 3 A
C,H,0,. '"HNMR (CD,0D, 500 MHz) J,;: 5.86 (1H, s,
H-6), 2.52 (1H, m, H-9a), 2.22 (1H, m, H-4a), 2.10 (1H,
td, J = 13.6, 3.4 Hz, H-4b), 2.21 (1H, m, H-9b), 2.11
(1H, td, J = 13.6, 3.4 Hz, H-3), 2.09 (1H, td, J = 13.6,
3.4 Hz, H-2a), 1.86 (1H, m, H-2b), 1.87 (1H, m, H-8a),
1.46 (1H, d, J = 2.6 Hz, H-8b), 1.65 (1H, m, H-1a), 1.32
(1H, m, H-1b), 1.45 (3H, s, H-11), 1.34 (3H, s, H-12);
“C NMR (CD,0D, 125 MHz) 6.: 42.1 (C-1), 18.1 (C-2),
41.3 (C-3), 70.9 (C-4), 170.6 (C-5), 123.2 (C-6), 200.3
(C-7), 40.8 (C-8), 34.5 (C-9), 36.4 (C-10), 24.7 (C-11),
28.9 (C-12) LA b # 4 55 SC kUi 1 xof B 2 A — 5,
W 24L& 5 4 teutenone A
&6 HEMIR, [¢]X +119.6 (¢ 0.10, CHCL,),
ESI-MS m/z: 203.104 5 [M+Na]", % T X N C, H,0,-
'H NMR (CD,0OD, 500 MHz) d,;: 5.70 (1H, s, H-3), 1.77
(1H, m, H-6a), 1.76 (1H, m, H-6b), 1.56 (3H, d,J=0.7 Hz,
H-8), 1.45 (2H, dt, J = 5.2 Hz, H-5), 1.28 (3H, s, H-9),
1.25 (3H, s, H-10); "C NMR (CD,0OD, 125 MHz) .
185.8 (C-2), 112.9 (C-3), 174.8 (C-3a), 37.9 (C-4), 41.2
(C-5), 20.6 (C-6), 42.8 (C-7), 89.3 (C-7a), 24.6 (C-8),
30.2 (C-9), 24.5 (C-10). UL %45 5 STk i 38 X J&
AR B, M e LA 6 A dihydroactinidiolide »
th&P7 AR, ESI-MS m/z: 257.151 2 [M+
Na]’, 4>+~ C,;H,,0,- 'HNMR (CD,0D, 500 MHz)
d,: 6.97 (1H, s, H-5), 4.89 (1H, s, H-12a), 4.72 (1H, s, H-
12b), 2.45 (1H, m, H-3a), 2.17 (1H, m, H-3b), 2.23 (1H,
m, H-2a), 1.15 (1H, m, H-2b), 1.97 (1H, m, H-6), 1.85
(1H, m, H-7), 1.78 (1H, m, H-9a), 0.85 (1H, m, H-9b),
1.75 (1H, m, H-8a), 1.46 (1H, m, H-8b), 1.27 (1H, m, H-
1), 1.24 (1H, m, H-10), 0.95 (1H, d, J = 6.2 Hz, H-15),
0.87 (1H, m, H-13); *C NMR (CD,OD, 125 MHz) J,.:
45.5 (C-1),26.2 (C-2), 25.3 (C-3), 129.6 (C-4), 144.6 (C-
5), 50.6 (C-6), 43.6 (C-7), 32.6 (C-8), 35.8 (C-9), 36.6
(C-10), 147.5 (C-11), 112.8 (C-12), 19.6 (C-13), 172.3
(C-14),19.7 (C-15). LA %4 5 SClRP i o A
—3, MEENEMT T FE-411-TR-14- 01 .
th&Y8  F IR, ESI-MS m/z: 290.085 9 [M+
Na]", 7+ LN C,H;N,0,. '"HNMR (DMSO-d,, 500 MHz)
J,: 8.34 (1H, s, H-8), 8.13 (1H, s, H-2), 5.87 (2H, d, J =
6.2 Hz, H-1); "C NMR (DMSO-d,, 125 MHz) J.: 152.4
(C-2), 156.2 (C-4), 119.4 (C-5), 139.9 (C-6), 87.9 (C-1"),
85.9 (C-2'), 70.7 (C-3"), 73.4 (C-4"), 61.7 (C-5"). Ll ¥k

5 SCERP R E 6 IR R AR — B, S E A8
R o

&Y AE A, 1554 166.6 °C, ESI-MS m/z:
267.058 7 [M+Na] ", 7> 7 i\ C,H)N,O,. 'H NMR
(CD,0D, 500 MHz) d,: 7.99 (1H, d, J = 8.1 Hz, H-6),
5.89 (1H, d, J = 4.7 Hz, H-1"), 5.69 (1H, d, J = 8.1 Hz,
H-5),4.17 (1H, t,J= 5.0 Hz, H-3"), 4.14 (1H, t,J= 5.0 Hz,
H-2), 4.07 (1H, m, H-4"), 3.83 (1H, dd, J = 12.2, 2.7 Hz,
H-5a"), 3.72 (1H, dd, J = 12.2, 3.2 Hz, H-5b); *C NMR
(CD,OD, 125 MHz) d,.: 152.5 (C-2), 166.2 (C-4), 102.7
(C-5), 142.7 (C-6), 90.7 (C-1"), 71.3 (C-2"), 75.7 (C-3"),
86.3 (C-4"), 62.3 (C-5"). LA 44 5 TR 4 i X i
B —5, WS B G 9 N IRTT

E10 B IR, ESI-MS m/z: 293.245 1 [M+
Na]’, 4+~ C,H,,0,. 'HNMR (CD,0D, 500 MHz)
d,:2.27 (2H, t, J= 7.6 Hz, H-2), 2.01 (1H, m, H-3), 1.23
(22H, m, H-4-13,14), 1.63 (2H, p, J= 7.1 Hz, H-15), 0.85
(2H, t, J = 6.9 Hz, H-16), 3.64 (3H, s, -OCH,); "C NMR
(CD,OD, 125 MHz) d.: 1180.9 (C-1), 34.9 (C-2), 26.1
(C-3), 30.7-30.2 (C-4-13), 33.1 (C-14), 23.7 (C-15),
14.5 (C-16), 51.9 (-OCH,). LA % #E 5 TR 8 Xt
FRES AR — 2, WS B A1 10 D F R AR R R T

&Y T A K, ESI-MS m/z: 189.052 2 [M+
Na]’, 4> F 3N C,H,,0,. 'HNMR (CD,0D, 500 MHz)
d,: 7.53 (1H, dd, J = 8.1, 2.1 Hz, H-6), 7.44 (1H, d, J =
2.1 Hz, H-2), 7.03 (1H, d, J = 8.1 Hz, H-5), 3.92 (3H,
s,-OCH,), 2.49 (3H, s, H-8); "C NMR (CD,OD, 125 MHz)
de: 131.8 (C-1), 115.2 (C-2), 147.2 (C-3), 152.5 (C-4),
111.4 (C-5), 122.3 (C-6), 196.5 (C-7), 26.4 (C-8), 56.3
(-OCH,). LA 204l 5 SCHRPIHR 38 X R A — 5, Wi
ENA 1N 1-(3-F 5 -4-F S B R 5L T

A2 E A EK, ESI-MS m/z: 175.036 5 [M+
Na]', 7373 A CH,0,. 'HNMR (acetone-d,, 500 MHz)
d,: 7.78 (1H, d, J = 8.8 Hz, H-2), 6.44 (1H, dd, J = 8.8,
2.4 Hz, H-3), 6.32 (1H, d, J = 2.4 Hz, H-5), 2.54 (3H, s,
H-8); "C NMR (acetone-d,, 125 MHz) d.: 114.2 (C-1),
134.4 (C-2), 158.2 (C-3), 165.7 (C-4), 103.4 (C-5), 108.7
(C-6),203.7 (C-7), 26.3 (C-8). LL_E%d 5 k> kg
XA — 5, MU E B 12 4 3,4- R EOR 2

&M 13 B A E R, 1 5T 260.8 °C, ESI-MS
m/z: 207.026 4 [M+Na]", 4+ T 2~ CHO,. 'H NMR
(acetone-d,, 500 MHz) ¢,;: 7.04 (2H, s, H-2, 6), 3.80 (3H,
s, -OCH,); "C NMR (acetone-d,, 125 MHz) J.: 121.4
(C-1), 110.0 (C-2, 6), 146.5 (C-3, 5), 139.7 (C-4), 169.0
(C-7),52.3 (C-8). LA b4 15 SCRRPOR 18 X HE AR —
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2, M E A 13 N TR TS .

& P14 B A, 1E 202040 °C, ESI-MS
m/z: 177.015 8 [M+Na]", 7> T\ A C,HO,. 'H NMR
(CD,0D, 500 MHz) d,: 7.34 (1H, dd, J = 8.0, 1.5 Hz, H-
6), 6.96 (1H, dd, J = 8.0, 1.5 Hz, H-4), 6.70 (1H, t, H-5);
C NMR (CD,OD, 125 MHz) §.: 174.3 (-COOH), 151.6
(C-1), 146.9 (C-2), 115.1 (C-3), 119.5 (C-4), 121.1 (C-
5), 121.9 (C-6). LA b H¥ 5 SCERP™ 4 38 X 1 Bk A —
|, ME B4 N 23- IR HER,

A& P15 B A A, 1 A 122.3 °C, ESI-MS
m/z: 145.026 0 [M+Na] ", 4> T X A C,H,0,- 'H NMR
(CD,0D, 500 MHz) 6,;: 8.01 (2H, m, H-2,6), 7.43 (2H, m,
H-3,5), 7.55 (1H, m, H-4); "C NMR (CD,0D, 125 MHz)
.2 132.8 (C-1), 130.7 (C-2,6), 129.5 (C-3,5), 134.0 (C-4),
170.1 (C-7)o LA b ¥ 5 SCRRPS 4 8 xof HE R A — 3,
WS EWEIS NAEFR .

A& P16 Jo B £, f R 117.0 °C, ESI-MS
m/z: 409.162 1 [M+Na]", 43 A C,H,.0,. 'HNMR
(CDCl,, 500 MHz) 6,;: 6.94 (2H, br.s, H-2,2"), 6.81 (2H,
d, J = 8.1 Hz, H-6,6"), 6.76 (2H, d, J = 8.1 Hz, H-5,5"),
4.73 (2H, d, J = 3.7 Hz, H-7,7"), 4.23 (2H, m, H-9a,9'a),
3.84 (6H, s, -OCH,x2), 3.82 (2H, d,J= 2.7 Hz, H-9b,9'b);
“C NMR (CDCl,, 125 MHz) d.: 133.2 (C-1,1"), 110.9
(C-2,2"), 147.5 (C-3,3"), 149.3 (C-4,4"), 116.2 (C-5,5"),
120.3 (C-6,6"), 87.5 (C-7.,7"), 55.4 (C-8.8"), 72.6 (C-9,9").
DA b H s 5 SCHRP R IR AR — 3, MU A
16 A EEE .
3 AChE#IHIE M E

¥ 50 uL I FE S IETR (50 pmol-L™) AT 80 uL i) =
F2 R S 2 F B g2 o b 7K (TBS, pH 6.8, 50 mmol-L™)
RN S5 A sk B 4. b A, 1) S 56 20 o
I\ 20 pL /) AChE (0.15 U-mL™"). 2R J5, 71 96 4L
B A AR YR 0N 50 pL 9 ATCI (1.0 mmol-L™") A1 DTNB
(50 uL, 1.0 mmol-L™"). ¥4 96 FLIHFE 37 °C R F 10 min,
SRJGAE 412 nm A0 & IO . ARSI H, 2R
T FH A B o) B 245000,

X Fl GraphPad Prism 5 4% i % 14 328 17 £ 4 43 b7,
I+ 5 %Ak A W%t AChE B4 FH 0 1C, 18
4 HFXEE

NT WE A 2 5 AChE BIH EAE 35 %, 14
Schrodinger Maestro 12.8 4k 44 2 1 AChE & H AT
Xt4%. M PDB (http://www.rcsb.org/) T # AchE [1] pdb
¥ 230 ; A ChemBioDraw # A 3k 1544 & 4 2 1) mol2
% 2, 3F 48 OPLS 2005 /7374 85 A e /ME. . B
Ji, ¥ mol2 1 pdb # 73 A\ Schrodinger Maestro 12.8 i

7o TR, R A AR 7E PyMol HHidk 47 nl HAK. o
5 w&YI3FM489ECD IR NMRITE

314 () 548 R 38 i GMMX #1418 Fl MMFF94
713347 . F Gaussian 2016 F1F A 1) %5 FE 72 oF B2 i
(DFT) £ B3LYP/6-31G 7K ¥ 0 ¥ Rt AT JUAT AL
i — {8 H TDDFT 75 ¥4 B3LYP/6-311G (d) /KF T
DMSO-d, P k¢ CH,OH H 4} 35 /R 2% 5 73 At i 1% F#
G347 ECD B iF 5. 8 %K 11 SpecDis hit A 1.71 i
I B IR 2 2 A AT FLAR A ECD HH£85Y. NMR 55
225 2 1 SCHRPPHRE IR 75— B

1E& FRK: W2 AR (E, S
FISCERE, A=W S 0e 5 S B A 3 k1) 2% R 0t B 23 25
MEER SR SR 7 — 5 By B 2 IR B o0s SE6 b 31 5
] R 45 T 18 5 I A7 DA SRR A A2 L5 40 18 B 0452 i T AR
PR TSI T SRS B A .

FIEE MR FT A 1EE BB EER G v R .
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