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Studies on lignans from Agrimonia pilosa
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Abstract: Objective To investigate the chemical constituents of Agrimonia pilosa and evaluate their neuroprotective activities by
PC12 cell model. Methods Firstly, the dried plant of 4. pilosa were extracted by 80% ethanol aqueous. Then, the compounds were
isolated and purified by a variety of chromatographic techniques including HP-20 macroporous resin, ODS, silica gel, Sephadex
LH-20, and semi-preparative HPLC. The structures of the isolates were determined by a combination of HR-ESI-MS, NMR, and
ECD spectra. Finally, the neuroprotective activities of isolates were tested. Results Ten lignans were isolated and identified as
pilosaneolignan ester (1), pilosaneolignanside A (2), picraquassioside C (3), longifloroside B (4), (7R,8S5)-4,7,9,9"-tetrahydroxy-3,3'-
dimethoxy-8,4'-oxyneolignan-7-O-p-D-glucoside (5), (7S,85)-3-methoxy-8,4"-oxyneoligna-3',4,7,9,9"-pentol (6), rourinoside (7),
(78,8R)-1-[4-O-(B-D-glucopyranosyl)-3-methoxyphenyl]-2-[4-(3-hydroxy-propyl)-2,6-dimethoxyphenoxy]-1,3-propanediol  (8),
densispicoside (9), and icariol A2 (10). Conclusion The structures of 1 and 2 are new compounds, compounds 3—-10 are isolated
from A. pilosa for the first time. Notably, compounds 1a and 1b represent a pair of interchangeable 8,4"-oxyneolignan glucose ester
with the opposite hemiacetal hydroxy. Compound 1 exhibits the moderate protective effect on injury induced by serum deprivation in
PC12 cells at 10 umol/L.
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(S5 Agrimonia pilosa Ledeb. N 44 g %8
Wi R R, NS 2 A A, T2
AT T RE RSB AN R T (M AR,
PR, ROE, HO. &, DAY, BR
Weshab i, #E . 1BIR . EEE. AMESE DI
RAH TR, SR BB JiRk. P
9o LA Sk i S AR B0, BN, Ak 220 5T R sl A

BAHIE. FR=H, »ESR. =S M0
El’]%%ﬁkﬁj\s” o HUHA, ACURAZ MADES R A IR
T RINAZE =BT AU, g 1 ik — 20 [ WAL A
LYo R, SR A AV TR Ny A,
A SIS Ak B0 AL S B LRSI A B Oy 1R AT
AT, ROk F B &3 17 10 MARIERIEM
G, oS S EEREE (pilosaneolignan ester,
1. I EH A (pilosaneolignanside A, 2). 5
1t C (picraquassioside C, 3). KL EL B
(longifloroside B, 4). (7R,85)-4,7,9,9'-JU¥53£-3 3'-
= W 3 -8-0-4- 1 K IR &K -7-0-B-D- T %) B
[(7R,85)-4,7,9,9'-tetrahydroxy-3,3'-dimethoxy-8,4'-
oxyneolignan-7-O-B-D-glucoside, 5]+ (75,85)-3-H 4
B -84 AR KT A R % -3',4,7,9.9"- i BE [(7S.,85)-3-

methoxy-8,4'-oxyneoligna-3',4,7,9,9-pentol , 6] 4L
ML (rourinoside, 7). (7S,8R)-1-[4-O-(B-D-MH: /it
5L )-3- F A B IR R ]-2-[4-(3-F R 3% )-2,6- —
AR IKEE 13- B ((7S,8R)-1-[4-0-(B-D-
glucopyranosyl)-3-methoxyphenyl]-2-[4-(3-hydroxy-
propyl)-2,6-imethoxyphenoxy]-1,3-propanediol, 8).
S ) S B 1 (densispicoside, 9) FEF 7 As (icariol
Az 100, iR 1. Horb, fbEW) 1802 et
E, HRWEWITE RIS rh oy B3 21
EAERNZ, LAY 1a 1 1b N 1 X EAR B
BT 8-0-4BUR R A & bR AR (&)
1 7£ 10 pmol/L ¥ B T3 2 MidH % (1) PC12 #4248
PRI — 2 R E
1 UFES5HH

fi 570 AVANCE 111-500 BUZREIERIC Gt
Bruker A F)); P-2000 BFESGAX . Jasco J-815 HY[H|
R Jasco V-650 BUEKAMEIEAC (HA Jasco
2#]); Nicolet 5700 {8 L AR #2141 (SEH
Thermo Electron A 7] ); Agilent 6520 series Q-TOF
LC/MS BY 573 i it A (32 [H] Agilent A 7] ); Agilent
1260 %

T RO A A (32 Agilent A F]D;

OH
HO,, H,CO, HO,,,
. o) HO\3 on O
: OCH;

H3CO

OCH;

QUA wD)

OCH; HCO

9 10

1 k&t 1~10 4

Fig.1 Chemical structures of compounds 1—10



« 5178 «

FED 2021E9 8 $52% B 178 Chinese Traditional and Herbal Drugs 2021 September Vol. 52 No. 17

By H LC-6AR il % B 5y 240 AH 1% 4, e &
SPD-20A AtG s (HAREAR); YMC-Pack
ODS-A =F-ffill #& 84 = R0 i 4 (250 mm X 10
mm, 5um, HA YMC AF]); Agilent 7890A A5
HHEE (EE Agilent AF])); HP-5 BAEH: (30
mXx0.32 mm, #EFHE); EYELA FDU-1110 4%
HTEN (AARR AR S FEEERER
(200~300 H, & HfgFELT) s HP-20 BKALIR
BMTE (HAR=35/A7]); Sephadex LH-20 BU&ER
(¥fit: Pharmacia A #]); ODS 3k}l (30~50 um,
HA YMC A#]).

S ET 2018 4F 11 WA 2=/, &4 E
B SR e b s W AR 2= e 245 0 7 i 5 bk i 7
RS N R R F RS EL A, pilosa
Ledeb. fI4¥E, #rA (ID-S-2981) A7 T+ [H
B 2R B Ak s P AR 22 e 25 W0t FepiThs AR =
2 EEENE

HL 100 kg T 0ALES L, $36%, FH 80% L EEK
RIIER, 80 CRIAHEEL 3 ¥k (750, 600 600 L),
AIEEEL 1.5, 1.5. 1 he &HRBURSIRIEIRS,
IR 11 kgo H 30 L Z8IB/K A BUSIRE, KK
F 50 L (A ik BEPR ZLB8 AIE T B R SEAEL, &%
FHL 3~5 K, JREAAE, 4 AR A T EEA G AL
100 g. FEER ZBEAEHGERAL 470 g IE T BEREHG AL
2.0 kg AIHR FH KIEPERRAL 4.7 kg

BUIE T RS04 2.0 kg, KM, 4 HP-20 K
FLIR BRARS PR AT C v BEAT 06 BE VR BE,  BERLAR R A LT
UK, BEERUCNLEKAT 15% 30%. 50%. 95%
LB, P 30%OIESNERALZ Sephadex LH-20
BER AT > B, LEE-/K (0 0 100~100 © 0) BfE
Belii, £ HPLC 43#fr, 152 6 Wi 5 (Fra. A~F).
O Fra. A (9.0 g) £ ODS W EAEEE 2, HEE-
K (2:98~100:0) ¥Efi. &I Fra. A-32~
33, % Sephadex LH-20 A4 €2 3% A1 2 fill 2 14 5 G AH
itk 19L& 3 (10.4 mg) 1 8 (6.5 mg). HL Fra. B
(10.0 )% ODS 1 AE i 4 55, HEE-/K (2 & 98~
100 : 0) P, &5 Fra. B-27~29, 4 2 k¥
] £ T = RO A A 1S &9 4 (4.3 mg) F1 5 (9.5
mg). {it7 Fra. B-47 4 Sephadex LH-20 #F &3 (FH
B2) I3 85, WS Fra. B-47-7~10 & F, @ik &
WA AT 21k 1916 B9 7(12.4 mg) o Y Fra. D(10.33
g)4 ODS H A i 4 B, HIEE-7K (2 1 98~100 :
0) Wi, ¥is)r Fra. D-20 i#iid Sephadex LH-20 (H

Pt ) 1) 4 2 i WO AR (s 2L A4k &4 2 (10.3
mg). A5 Fra. D-21~26, % Sephadex LH-20
T (PR 7088, FHRA Sephadex LH-20 F:
T CHEED) A2 AR 2lid, 156590 1(7.2 mg).
4 9F Fra. D-32~37, % Sephadex LH-20 A& i% (H
WD Fe )2 VA (B [e Z 4lidt, 19 E 6 (4.0
mg). 9 (8.1mg) 10 (144 mg).
3 HkE

wE 1. AtTEHAK, (o) 2° (c 0.1,
MeOH), Zi T HEE, W T K. &5
HR-ESI-MS S R#E7r T8 FU% m/z 537.161 7 [M—
H]- (IF5AE N 537.1614, CasHao013), -1
:Titj'\j CosH300130 é]:ﬁl‘j‘[ﬁljéﬁ IR ':F' Vinax 3373 cm™! }7\%/?\‘
SHEEIE, 1607, 1512, 1452 con ' Hn S B K.

AV 1 B 1 X EARAK 1a AT 1b HAL, HTA
et th o AA 7, IR A MR ZHAE S .
'H-NMR % (£ D ERA 2 MR AR NEE S ou
7.57 (2H, d, J = 16.0 Hz, H-7), 6.33 (2H, dd, J = 1.7,
16.0 Hz, H-8'); 2 2l ABX HIEHA REGMEASE T on
7.01 2H, d, J= 1.7 Hz, H-2), 6.74 (2H, d, J = 8.1 Hz,
H-5) f 6.84 (2H, dd, J=1.7, 8.1 Hz, H-6); 6 M5
S5 5 0u 7.07 (2H, brs, H-2"), 6.98 (2H, overlapped,
H-5"), 6.97 (2H, overlapped, H-6"); 2 ™75 % ## ity 3 &
=5 on4.51 (1H, d, J=7.8 Hz, H-1"1,) 1 5.11 (1H,
d, J=3.6 Hz, H-1"1v); 2 > LS5 5 6n 3.80 (6H,
s, -OCH3). BC-NMR ¥ (£ 1) L EBIRE 34 MiAE
5, 4G HSQC HEHral Al 1a F1 1b ME5HJE T
8-O-4UARGENEH, W55 nHERN 2 Dk
W55 oc 169.1 1 169.0; 4 NMEWRIES oc 146.7,
146.6, 116.6, 116.6; 2 U FEMx(ES 150.5, 149.4,
149.1, 147.4, 134.1, 130.2, 122.3, 120.7, 117.5, 116.1,
115.9, 111.5, HAaFE 4 5% R+ EEAHE R ik
{55 0c 150.5, 149.4, 149.1, 147.4; 2 NHEILHS
5 dc 56.4; 2 HA GRS S oc 98.4, 94.2, 78.1,
76.3,75.6,74.9,73.9,72.2,71.9,70.9, 65.1, 65.0.

7£ HMBC i (B 2) &, H-6 5 C-2 (6c 111.5),
C-4 (dc 147.4), C-5 (6¢c 116.1); H-2'5 C-3' (6¢ 149.4),
C-4' (5¢c 150.5), C-6' (c 122.3) HIAHFRAZ S HEIE 2 4
I (A B ) [WAFE, -OCHs Fl C-3 ) HMBC
FRAG TR PEIEIE C-3 AL, 514k, H7 5
C-1 (dc 134.1), C-2 (6¢c 111.5), C-6 (dc 120.7); H-8 55
C-1 (6c 134.1), C-4" (6c 150.5); LAK Hy-9 5 C-7 (dc
74.0), C-8 (Jc 86.4) HWIFHIRAZ T HE—LIE | 8-0-4'
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1 L&YW 18 'H-NMR F1 BC-NMR #4E (500/125 MHz, CD30D)
Table 1 'H-NMR and '3C-NMR data for compound 1 (500/125 MHz, CD30OD)

.. 1a 1b

on dc on oc
1 134.1 134.1
2 7.01 (d, J=1.7 Hz) 111.5 7.01 (d, J=1.7 Hz) 111.5
3 149.1 149.1
4 147.4 147.4
5 6.74 (d, J= 8.1 Hz) 116.1 6.74 (d, J=8.1 Hz) 116.1
6 6.84 (dd,J=1.7, 8.1 Hz) 120.7 6.84 (dd,J=1.7,8.1 Hz) 120.7
7 4.93 (d, J=5.7Hz) 74.0 4.93 (d,J=5.7 Hz) 74.0
8 4.35 (overlapped) 86.4 4.35 (overlapped) 86.4
9 3.80 (dd,J=4.5,11.8 Hz) 62.0 3.80 (dd,J=4.5,11.8 Hz) 62.0

3.58 (dd,J=5.4,11.8 Hz) 3.58 (dd,J=5.4,11.8 Hz)
Iy 130.2 130.2
2’ 7.07 (brs) 1159 7.07 (brs) 1159
3’ 149.4 149.4
4 150.5 150.5
5 6.98 (overlapped) 117.5 6.98 (overlapped) 117.5
6 6.97 (overlapped) 122.3 6.97 (overlapped) 122.3
7 7.57 (d, J=16.0 Hz) 146.7 7.57 (d, J=16.0 Hz) 146.6
8’ 6.33 (dd, J=1.7,16.0 Hz) 116.6 6.33 (dd, J=1.7,16.0 Hz) 116.6
9’ 169.1 169.0
-OCH; 3.80 (s) 56.4 3.80 (s) 56.4
Gle-1" 4.51(d,J=17.8Hz) 98.4 5.11 (d, J=3.6 Hz) 942
2" 3.37 (overlapped) 73.9 3.70 (t, /=9.3 Hz) 74.9
3" 3.37 (overlapped) 78.1 3.54 (m) 75.6
4" 3.36 (overlapped) 71.9 3.36 (overlapped) 72.2
5" 3.16 (t, /=8.2 Hz) 76.3 4.02 (m) 70.9
6"a 4.45(dd, J=2.0, 11.8 Hz) 65.1 4.49 (overlapped) 65.0
6"b 4.30 (m) 4.30 (m)
o HO_ 1o A

. /“
ol /i&v w0 AT
/Q< O _om ﬂ7< & o OH
H3€(_)\ v OH HS/C? HO/Q//

HO
oH
OH 1 » no OH

~NHMBC =—'H-'HCOSY # "= selected ROESY

2 A% 12 FER HMBC, 'H-'H COSY #1 ROESY #H%
Fig. 2 Key HMBC, 'H-'H COSY, and ROESY correlations of compounds 1 and 2

RUKHE R HI45 8 F B 1 H-7"5 C-1' (6¢ 130.2), C-2'  HMBC FEAHHRIRNAE B IAEAE | DN IR R IGERIN Fr
(0c 115.9), C-6" (6c 122.3), C-9" (6c 116.6); H-8'5  Bt. 7r#r 2 DRSS, KIImEEHK (C-17)

C-1' (dc 130.2), C-7" (c 146.7), C-9' (6c 169.1) ]  NifE{E (6c 98.4 F1 94.2) #IEH {E /N,

C-6" (oc
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65.1 1 65.0) b2 AAE B H (A w0, pH Ot
DU JEE R A R 22383 6”7 FIFRSE A 9 IR 2K T I
PRI R 1 S, T Ha-6"5 C-9' (6¢ 169.1) 1) HMBC
FHRAG 5 M IEGFS0UF 71X . BT A C-17
PAERE S AT E, Ik C-1"f#4E o (12) A1 B
(1b) 2 P9 %Y, B B A HARFE AR . 1 1a A1 1b
ff) C-7' (dc 146.67 F1 146.62). C-8' (dc 116.63 Al
116.57) 1 C-9" (6c 169.06 F1168.96) M0 H T
FEESZ A R I 200 (3R D)

HTAY 1 1) C-9 KL F IS A F 2
(Adn-9a-1-00) A 0.22, HRHE SCHRFRIE A Wi ik &4 1
(1) C-7 (il C-8 L AN A B NN 7520 (threo). L
A1 528G — i (ECD)E K R 7E 251.5 nm
A 1N IERT Cotton 248, $&7RH: 8 Ak I4aX] 1)
oy S8, Fk, & 1 MamE e N
(78,8S,7'E)-4,7,9,3',9"-pentahydroxy-3-methoxy-8,4'-
oxyneolign-7'-ene-(9'—6")-O-glucopyranose ester. £
R, ZEPN 1 AFRIRIER R, I
i 24 NS FE R TR o

twEY 2. AEEERK, (o] -73° (¢ 0.1,
MeOH), Z ¥ T HEE, W% T /K. &5 i
HR-ESI-MS 7R IE 3 7 m/z 563.173 2 [M+Nal*
(IH5HAE N 563.173 5, CasH3013Na), $RH 1
N CasH320130 IR T H vinax 3333 ecm ™! #2855 $2 3,
1650 1515 cm™ #2854 %R,

'H-NMR i (% 2) B/ F 1AM A ABX
A 258 0u 7.02 (1H, brs, H-2), 6.89 (1H, brd, J = 8.1
Hz, H-6), 6.78 (1H, d, J= 8.1 Hz, H-5); 1 /> AX &
A4 on 6.86 (1H, brs, H-2"), 6.67 (1H, brs, H-6'); 1
ot R RV EAE S on 6.47 (1H, d, J=15.8 Hz, H-7"),
6.26 (1H, dt, J=5.6, 15.8 Hz, H-8'); 1 MHAILEAS
5 6n3.86 3H, s, -OCH3); 2 N H4AE T HAZAHIER
WHIEEES on 420 2H, d, J = 5.6 Hz, H,-9"),
3.66 (1H, dd, J = 3.0, 12.3 Hz, H-9a) #13.29 (1H,
overlapped, H-9b); 2 ™5 % i B A I O HH 2k
255 ou 4.98 (1H, d, J = 8.6 Hz, H-7), 4.05 (1H, m,
H-8): 1 I B B &b A5 5 0u4.95 (1H, d,J=
7.7 Hz, H-1"), &AM TR —RINEES on
3.40~3.95 UL E A 1 M & HEE: . BC-NMR 15 (R
2) BoRE 25 AMRIES, 454 HSQC i mAI&H 2
ANFEIR 0 152.6, 152.5, 149.2, 147.7, 137.0, 135.2,
133.6, 131.4,129.9, 121.3, 116.2, 111.8, 110.2, 107.7,
1 XSRS 5 oc 131.4 A1 129.9, 2 M H5HEETE

* 2 LAY 2 B9 'TH-NMR 7 BC-NMR ##E (600/150
MHz, CD;0OD)

Table 2 'H-NMR and *C-NMR data for compound 2
(600/150 MHz, CDs;0OD)

/DA on oc
1 133.6
2 7.02 (brs) 111.8
3 149.2
4 147.7
5 6.78 (d, /= 8.1 Hz) 116.2
6 6.89 (brd, J= 8.1 Hz) 121.3
7 4.98 (d, J=8.6 Hz) 75.1
8 4.05 (m) 89.9
9 3.66 (dd, J=3.0, 12.3 Hz) 61.5

3.29 (overlapped)

Iy 1352
2! 6.86 (brs) 110.2
3! 152.6
4 137.0
5' 152.5
6 6.67 (brs) 107.7
7 6.47 (d, J=15.8 Hz) 131.4
8 6.26 (dt, J=5.6, 15.8 Hz) 129.9
9’ 420 (d, J=5.6 Hz) 63.8
-OCHs 3.86 (s) 56.6
Gle-1" 4.95(d,J=17.7Hz) 103.3
2" 3.56 (t,J=8.6 Hz) 75.3
3" 3.48 (overlapped) 78.1
4" 3.40 (t, J=9.2 Hz) 71.6
5" 3.46 (overlapped) 78.6
6"a 3.91 (brd, J=12.0 Hz) 62.7
6"b 3.70 (dd, J=5.7, 12.0 Hz)

PRI P REBRAE 5 6c89.9 F1 75.1, 2 NS HUR
T EAEANEE R L RR (5 5 0c 63.8 M1 61.5, PLK 1
MHEIERIE S 6¢56.65

XF e E A A (-)-(7S,8R,T'E)-4,7,9,3'.9'-
pentahydroxy-3,5'-dimethoxy-8-4'-oxyneolign-7'-ene-
3"-0-B-D-glucosidel W% M HAR nT S e A 1 25 4 E
HHLL, #ET 8-0-4BIKAER, XHNUNLET C-5'
K7 RS, - 4ERZ RS TR (B 2), H-7 5 C-1 (dc
133.6), C-2 (6c 111.8), C-6 (6c 121.3); H-7'5 C-1' (6¢
135.2), C-2' (6c 110.2), C-6' (6c 107.7), C-9' (dc
63.8); H-8'5 C-1' (dc 135.2), C-7' (6c 131.4), C-9' (6¢
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63.8) 1) HMBC #HXME%5, 45t H-7-H-8-Hx-9 Al
H-7'-H-8'-H»-9'f] 'H-'H COSY 1515 54> HINERA 1
2 MR ZR IS BOAELE . 734, H-8 5 C-4' (6¢
137.0) [¥) HMBC A5 5 WHHIE T 8-0-4 8K fF
RIHEEERA, -OCH; 5 C-3 (6c 149.2) 1 HMBC
FFAZ BP0 C-3 frd 1 AN AT, H-1"5
C-3'ff1 HMBC fHXA5 5, 454 H-3'F1 H-1"/¥] ROESY
AHAT 5 VLIRS R AE C-3 et . B SCHRIR
BRI KL, C-7 (0c 75.1) F1 C-8 (6¢c 89.9) Mk #Ar
Ut A H RN IR (threo) o A B9 2F B K iR
&Y 2, BRI TC 2a FUE M. PR A BEIT AT
AARDO), S S AR M GERE DR EA
300 'C, RAMBIME 1.0 mL/min, 2IHEEN
200 C, 10 C/min J}% 280 °C, 1#FF 35 min, il
FEERN 300 C), G5HRINIUE T DM FERE AT
It 2a RETREMG, XFEE 2 F1 2a (195256 ECD %
(K 3), 1220 #1250 nm £4EH 71 Cotton
R, $Eom 8 MrBRMLEXTF T RIS, ik, A
W2 LRI % 5E (TR, 8R, T'E)-4,7,9,3',9"-pentahydroxy-
3-methoxy-8,4'-oxyneolign-7'-ene-3'-0-B-D-gluco-
pyranoside. 2%, ZWWEYN 1 IR
HWEE, A AR A

- ._2aECD SZ561H
4 —2 ECD S£31{H

Mol CD

T T
200 250 300 350 400
Anm

3 {L&% 2 7 2a BISLYE ECD 1EE
Fig.3 Experimental ECD spectrum of compounds 2 and 2a

&Y 3: At ICE TN K, 'TH-NMR (500 MHz,
CD;0D) d: 6.74 (2H, s, H-2, 6), 6.73 (2H, s, H-2', 6'),
6.55 (1H, dd, J=4.8, 15.8 Hz, H-7"), 6.32 (1H, dt, J =
5.6, 15.8 Hz, H-8"), 4.93 (1H, overlapped, H-7), 4.81
(1H, d, J = 7.5 Hz, H-1"), 4.27 (1H, m, H-8), 4.23
(2H, dd, J= 1.4, 5.6 Hz, H»-9"), 3.91 (1H, dd, J= 5.1,
12.1 Hz, H-6"a), 3.83 (6H, s, 3, 5-OCH3), 3.40~3.85
(7H, overlapped, H>-9, 2"~6'Db), 3.81 (6H, s, 3/,
5'-OCH3); *C-NMR (125 MHz, CD;OD) &: 139.7

(C-1), 106.0 (C-2, 6), 154.0 (C-3, 5), 135.5 (C-4), 74.1
(C-7), 87.2 (C-8), 61.7 (C-9), 134.9 (C-1'), 154.6
(C-2', 6"), 104.9 (C-3', 5'), 136.4 (C-4"), 130.0 (C-7"),
131.5 (C-8"), 62.7 (C-9'), 105.7 (C-1"), 75.8 (C-2"),
78.5 (C-3"), 71.4 (C-4"), 77.9 (C-5"), 63.7 (C-6"),
57.1 (3, 5-OCH3), 56.8 (3', 5-OCH3). LA E¥d A0
BRI IE— 206, AR C-7 (0 74.1) A1 C-8 (6¢c 87.2)
I AL A FIAH S F BN IR (threo) 1), 454
ECD 3 EI7E 237 nm 40 1 AN Cotton 248,
INHERT RN TR.8R, WU B G 3 N C.

EY) 4: A IEE LN K . 'H-NMR (500 MHz,
CD;0D) 6: 7.12 (1H, m, H-2"), 7.08 (1H, m, H-5"),
6.91 (1H, m, H-6"), 6.73 (2H, s, H-2, 6), 6.54 (1H, d,
J = 15.8 Hz, H-7"), 6.32 (1H, dt, J = 5.1, 15.8 Hz,
H-8"), 495 (1H, d, J = 5.2 Hz, H-7), 4.86 (1H,
overlapped, H-1"), 4.22 (3H, overlapped, H-8, H»-9"),
3.89 (1H, m, H-9a), 3.87 (1H, overlapped, H-6"a),
3.85 (3H, s, 3-OCH3), 3.82 (6H, s, 3, 5-OCH3), 3.68
(1H, d, J = 11.9 Hz, H-6"b), 3.56 (1H, dd, J = 3.0,
12.0 Hz, H-9b), 3.36~3.50 (4H, overlapped, H-2"~
5"); 13C-NMR (125 MHz, CDs;OD) d: 134.9 (C-1),
104.9 (C-2, 6), 154.7 (C-3), 137.6 (C-4), 154.7 (C-5),
73.9 (C-7), 87.4 (C-8), 61.6 (C-9), 136.4 (C-1"), 112.4
(C-2"), 150.6 (C-3"), 147.3 (C-4"), 117.7 (C-5'), 120.9
(C-6"), 131.5 (C-7"), 130.0 (C-8'), 63.7 (C-9"), 103.1
(C-1"), 75.0 (C-2"), 77.9 (C-3"), 71.5 (C-4"), 78.3
(C-5"), 62.6 (C-6"), 56.8 (3, 3', 5-OCH3). VL %3k
AISCHRIRE —207, ARHE C-7 (dc 73.9) Fl C-8 (dc
87.2) Mfb2=Aife, LA Hy9 BIZEAIF% 2 1H
(Adu-9a 1-96=0.33) T HIANI A BN F5 3 (threo) 12,
zE4 ECD 1% KI7E 228 nm A 1 M H) Cotton XM,
PORAIHITAN TR8R, WA 4 WKL

&1 B

&Y 5: B TEETEH K . 'H-NMR (500 MHz,
CD;0D) §: 7.10 (1H, d, J = 1.6 Hz, H-2), 6.86 (1H,
dd, J = 1.7, 8.1 Hz, H-6), 6.73 (1H, d, J = 1.7 Hz,
H-2'), 6.71 (1H, d, J = 8.1 Hz, H-5), 6.69 (1H, d, J =
8.2 Hz, H-5"), 6.60 (1H, dd, J = 1.7, 8.2 Hz, H-6'),
5.05 (1H, d, J= 7.1 Hz, H-7), 4.36 (1H, m, H-8), 4.13
(1H, d, J = 74 Hz, H-1"), 3.82 ~3.92 (3H,
overlapped, H»-9, H-6"a), 3.67 (1H, dd, J = 5.9, 12.0
Hz, H-6"b), 3.78 (3H, s, 3-OCH:), 3.72 (3H, s,
3-OCH3), 3.53 (2H, t, J = 6.5 Hz, H,-9"), 3.30~3.08
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(4H, m, H-2"~5"), 2.57 (2H, t, J = 7.9 Hz, H»-7"),
1.77 (2H, m, H»-8"); '3C-NMR (125 MHz, CD;0OD) §:
130.3 (C-1), 113.2 (C-2), 149.0 (C-3), 147.6 (C-4),
115.5 (C-5), 123.3 (C-6), 78.3 (C-7), 85.5 (C-8), 62.3
(C-9), 138.1 (C-1'), 114.1 (C-2"), 151.8 (C-3"), 147.4
(C-4'), 119.8 (C-5"), 121.8 (C-6'), 32.8 (C-7), 35.7
(C-8'), 62.3 (C-9"), 100.6 (C-1"), 75.2 (C-2"), 78.0
(C-3"), 71.8 (C-4"), 78.0 (C-5"), 62.9 (C-6"), 56.6
(3-OCH3), 56.4 (3'-OCH3). DL EEHEAICHRIRIE 2L
(0, FR4fE 9 A7 R A A 8 22 (H (Adhga 1.0o<<0.1)
AT 1A B A R 3R Cerythro ) 12, SUHF-7E 230 nm
A 1 M) Cotton RN, MSEENEY 5 A
(7S,8R)-4,7,9,9"- WU ¥ 3t -3 3'- — HI 41 FE-8-0-4"- 3 K
& & -7-0-p-D- wi HiE A -

&Y 6: A TEEEH K . 'H-NMR (500 MHz,
CD;0D) ¢: 7.10 (1H, d, J = 1.7 Hz, H-2), 6.84 (1H,
dd, J = 1.7, 82 Hz, H-6), 6.75 (1H, d, J = 8.1 Hz,
H-5"), 6.71 (1H, d, J = 8.2 Hz, H-5), 6.66 (1H, d, J =
2.0 Hz, H-2"), 6.53 (1H, dd, J = 2.0, 8.2 Hz, H-6),
4.86 (1H, d, J = 5.2 Hz, H-7), 4.13 (1H, m, H-8), 3.84
(1H, dd, J= 6.7, 11.8 Hz, H-9a), 3.73 (1H, dd, J = 3.5,
11.7 Hz, H-9b), 3.82 (3H, s, -OCH3), 3.54 2H, t, J =
6.6 Hz, H2-9), 2.54 (2H, t, J = 7.5 Hz, H>-7)), 1.77
(2H, m, H-8); 3C-NMR (125 MHz, CD;OD) §:
133.9 (C-1), 111.7 (C-2), 148.9 (C-3), 147.2 (C-4),
115.9 (C-5), 120.3 (C-6), 74.2 (C-7), 87.9 (C-8), 62.4
(C-9), 138.9 (C-1'), 117.4 (C-2"), 149.6 (C-3'), 145.8
(C-4"), 120.7 (C-5'), 120.9 (C-6"), 32.7 (C-7"), 35.7 (C-8),
62.1 (C-9"), 56.5 (-OCH3). LA b Hdis Al SC ki iE —
FUSL, R 9 AL IR FEZEME (Adioa11.06)
011, AJHAEXN BN AR Cerythro) 121, 454
ECD % E7E 240 nm 445 1 AN IERY Cotton 2N, 2
AR Ry TR.8S, WU €AY 6 9 (TR,88)- 3-
FH A -8 4 - BT AR IR 22-37,4,7,9,9- Tl

&Y 7 A IEE M K . 'TH-NMR (500 MHz,
CD;0D) 6: 7.04 (1H, d, J = 1.7 Hz, H-2), 6.72 (1H, d,
J = 8.1 Hz, H-5), 6.88 (1H, dd, J = 1.8, 8.2 Hz, H-6),
6.54 (2H, s, H-2', 6'), 5.10 (1H, d, J = 6.7 Hz, H-7),
456 (1H, d, J = 7.7 Hz, H-1"), 421 (1H, m, H-8),
3.82 (6H, s, 3', 5'-OCH3), 3.82 (3H, s, 5-OCH3), 3.71
(1H, dd, J = 2.2, 12.0 Hz, H-6"a), 3.57 (1H, dd, J =
5.2, 12.0 Hz, H-6"b), 3.53 (2H, overlapped, H»-9'),
3.25~3.34 (4H, overlapped, H-2"~5"), 3.15 (2H, m,

H»-9), 2.61 (2H, t, J = 1.5 Hz, H»-7"), 1.79 (2H, m,
H>-8'); 3C-NMR (125 MHz, CDs0OD) ¢: 132.0 (C-1),
112.6 (C-2), 148.7 (C-3), 147.3 (C-4), 115.8 (C-5),
121.4 (C-6), 82.4 (C-7), 87.1 (C-8), 61.2 (C-9), 134.5
(C-1"), 106.9 (C-2"), 154.4 (C-3"), 140.4 (C-4'), 1544
(C-5"), 1069 (C-6), 33.6 (C-7"), 35.6 (C-8), 62.2
(C-9", 1054 (C-1"), 75.7 (C-2"), 78.2 (C-3"), 71.5
(C-4"), 77.9 (C-5"), 62.6 (C-6"), 56.8 (3', 5'-OCH3),
56.5 (5-OCH3). LA 204 FSC k4o — 2020, w] 4
XS R A T35 (threo), 454 ECD #EEIFE 229 nm
A 1AM IER Cotton RN, Ho4axf 8Ly 78,8S,
WS G T R B

&Y 8: At IEE XA K . 'TH-NMR (500 MHz,
CD;OD) 4: 7.08 (1H, dd, J = 1.8, 5.1 Hz, H-2), 7.13
(1H, dd, J= 5.9, 8.4 Hz, H-5), 6.91 (1H, ddd, J = 1.8,
6.8, 8.4 Hz, H-6), 6.54 (2H, brs, H-2', 6'), 4.95 (1H, d,
J=5.2Hz, H-7), 4.88 (1H, dd, J= 2.6, 7.3 Hz, H-1"),
4.18 (1H, m, H-8), 3.88 (1H, m, H-6"a), 3.87 (1H,
overlapped, H-9a), 3.85 (3H, s, 3-OCH3), 3.80 (6H, s,
3’, 5-OCH3), 3.69 (1H, m, H-6'b), 3.57 (2H, t, J= 6.0
Hz, H»-9"), 3.37~3.54 (5H, overlapped, H-9b, H-2"~
5", 2.64 (2H, t, J = 7.5 Hz, H»-7"), 1.83 (2H, m,
H>-8'); 3C-NMR (125 MHz, CDsOD) 6: 137.6 (C-1),
112.4 (C-2), 150.6 (C-3), 147.3 (C-4), 117.6 (C-5),
120.8 (C-6), 73.9 (C-7), 87.4 (C-8), 61.5 (C-9), 140.1
(C-1"), 106.9 (C-2', 6"), 154.5 (C-3', 5), 134.7 (C-4"),
33.6 (C-7"), 35.6 (C-8"), 62.6 (C-9"), 103.0 (C-1"),
75.0 (C-2"), 78.3 (C-3"), 71.4 (C-4"), 77.9 (C-5"),
62.3 (C-6"), 56.8 (3-OCH3), 56.7 (3', 5-OCH3). VL L
B tfs A SR AR E — BT, W] R AE A Y O R X
Cerythro), 45+ ECD %&£ 227 nm M 273 nm 4b 7%
A 1M Cotton RN, HRIRLEXFIRTY 7S8R,
MU EAE I8 N (75,8R)-1-[4-O-(B-D-MH e # Hi b
B)-3-HIR B R FE]-2-[4-(3-FR N 55)-2,6- — S
AFE)-1,3-T .

WEY 9: B TCETEH K . 'H-NMR (500 MHz,
CDs;0D) 0: 6.79 (1H, d, J= 1.8 Hz, H-2'), 6.62 (1H, d,
J=8.2 Hz, H-5"), 6.40 (1H, dd, J = 1.8, 8.2 Hz, H-6'),
6.70 (1H, s, H-8), 6.34 (1H, s, H-5), 4.28 (1H,
overlapped, H-1"), 4.26 (1H, overlapped, H-4), 3.87
(1H, d, J = 11.3 Hz, H-6"a), 3.83 (3H, s, 7-OCH3),
3.80 (1H, overlapped, H-3a:), 3.78 (3H, s, 3'-OCH3),
3.66 (1H, dd, J = 5.3, 11.9 Hz, H-6"b), 3.58 (2H, m,
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Hy-2a), 3.46 (1H, dd, J = 6.7, 9.9 Hz, H-3ay), 3.25~
3.35 (4H, overlapped, H-2"~5"), 2.92 (1H, dd, J =
5.6, 16.9 Hz, H-1a), 2.68 (1H, dd, J = 10.7, 16.8 Hz,
H-1b), 2.25 (1H, m, H-3), 2.03 (1H, m, H-2);
BC-NMR (125 MHz, CD;OD) 4: 33.4 (C-1), 35.5
(C-2), 65.3 (C-2a), 42.2 (C-3), 71.7 (C-3a), 46.7 (C-4),
117.2 (C-5), 145.9 (C-6), 147.9 (C-7), 112.4 (C-8),
128.7 (C-9), 133.2 (C-10), 135.9 (C-1"), 115.5 (C-2'),
148.2 (C-3"), 145.6 (C-4'), 115.7 (C-5'), 124.4 (C-6"),
104.7 (C-1"), 75.6 (C-2""), 78.3 (C-3"), 71.7 (C-4"),
782 (C-5"), 63.1 (C-6"), 56.4 (3-OCH3), 56.6
(7-OCHs). LA A FISCHR iR E — 80, S e fh
BV 9 REFEL SR .

EY 10: BEOLERHAR. 'TH-NMR (500
MHz, CD;0D) 6: 6.74 (1H, s, H-2, 2/, 6, 6'), 4.97 (1H,
d, J = 84 Hz, H-7, 7)), 3.87 (12H, s, 3, 3, 5,
5'-OCH3), 3.72 (2H, dd, J = 3.6, 11.4 Hz, H-9a, 9'a),
3.63 (2H, dd, J = 4.8, 11.4 Hz, H-9b, 9'b), 2.31 (1H,
m, H-8, 8); 3C-NMR (125 MHz, CD;OD) &: 134.4
(C-1, 1), 104.9 (C-2, 2', 6, 6'), 149.4 (C-3, 3", 5, 5'),
136.3 (C-4, 4'), 84.7 (C-7, 7)), 55.3 (C-8, 8", 61.7
(C-9, 9", 56.9 (3, 3", 5, 5-OCH3). L b3 A Sc k4R
32, WA 10 NEFEER As.

4 FHEHREIRIFIEM

B T B K010 PC12 480, FH & 10%
M RS FEERBE R 1 X 105 AN/mL 40 VR B,
4L 100 pL A F] 96 FLIR H1, BT 37 “C.5% CO»
BEFE R IR, 24 h JGEUH 96 FLIR, FFEREIRIE, 249
Hm LN 100 L %A 10 pmol/L A5 1~10
) DMEM 85 753E . #R4]hn \ DMEM #5553%, =5
HAMA S IMTER DMEM 19R3%E, 4k4R7EAE b
9% 48 h 2 )5, LI 10 uL MTT, FEBEEIRAT
4 ho B, MA=BGAMR [H 10 g |+ Zkekkmm
fZ4H. 0.1 mL 52 (10 mol/L) A1 5 mL 5P I% & 4
% 100mL 1] 100 pLo 6~8 h J5, £ 570 nm Rl
EWIERE (4) 1H. HHRE 3 AMES, EE3IK
THEMMRAEE T 25 1R, MXTHEAAE PC12
HIBAFIE K 62.28%, LA 1 (10 umol/L) HENKG4H
JAETE RIETH A 68.22% (P<<0.05), FTHLH—E M
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