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1 R, W B 450046
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1 E:BM XX Piperis kadsurae B ZE LS AT, R0 0 B I GYEATVES M AR iR IE . 53k 18
FIEEAZ . ODS. Al Sephadex LH-20 A (il LM [ Al 46 B HPLC &5 & Rh I (il 7 B R AR BT R/ B alitk, R
RE2E I IEM B AR . R MTT 1 RTCA ¥, PAEZEFRE/E NI IR, SHUA YT b & R E S0 .
LER NI XURE R X SR B AN ES IR LR o B AR B 22 MEEY, 43 %2 N puberulin (1) (—)-acuminatin (2).
dihydrocarinatin (3). ¥ERER (4). 1IFHER C (5). 3-FIKFIRFERE (6). 2-FIEFHERNEE (7). cherrevenol D (8).
trans-2,3-diacetoxy-1-[(benzoyloxy)methyl]-cyclohexa-4,6-diene (9 ) . (3R,4R)-4-O-acetyl-5-(benzoyloxymethyl)cyclohexa-1,5-
diene-3,4-diol (10). (—)-sootepoxide chlorohydrin A (11). FHEEE (12). HFEE (13). B-AFlE (14). o-ZHFRE (15).
TAMAELE D (16). ERERFER (17). =RILFEI (18). XEAARENE (19). AEWEE (20). spathulenol (21).
B-AHEEE (22). AW 2. 4. 19, 21 XHAIMHEARY W HUR P E (median effective concentration, ECso) 27504 11.14
27.3. 329, 293 pmol/L. £5i& L&Y 3. 6~8. 19~20 NE KM HARBUBHEY /- B8R 2], EW 15, 21 NE RN R
o EAE. K& 4 1 BC-NMR BOSEHR N E RIE. LAY 2. 4. 19, 21 X ABesss 55 PC-12 AR A &
ERIVEH.
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activities
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Abstract: Objective To investigate the chemical constituents of the stems of Piperis Kadsurae Caulis, and preliminary screen out
the isolated compounds with neuroprotective activity. Methods The compounds were isolated and purified by various modern
chromatographic separation techniques such as silica gel, ODS, Sephadex LH-20 column chromatography and reversed phase
preparation HPLC, and their structures were identified by spectroscopic method. Meanwhile, MTT and RTCA were used to test the
neuroprotective activities of the compounds in vitro with resveratrol as the positive control. Results A total of 22 compounds were
isolated from the dichloromethane and ethyl acetate extracts of Piperis Kadsurae Caulis, which were determined as puberulin (1),
(—)-acuminatin (2), dihydrocarinatin (3), kadsurenone (4), hancinone C (5), 3-hydroxybenzyl benzoate (6), 2-hydroxybenzyl benzoate
(7), cherrevenol D (8), trans-2,3-diacetoxy-1-[(benzoyloxy)methyl]-cyclohexa-4,6-diene  (9), (3R,4R)-4-O-acetyl-5-
(benzoyloxymethyl) cyclohexa-1,5-diene-3,4-diol (10), (—)-sootepoxide chlorohydrin A (11), vanillin (12), asaronaldehyde (13),
B-asarone (14), a-asarone (15), piperolactam D (16), methyl pyroglutamate (17), genistein (18), dehydrocostus lactone (19),
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costuslactone (20), spathulenol (21), B-sitosterol (22). The concentration for 50% of maximal effect (ECso) values of compounds 2, 4,

19 and 21 on neuroprotection in vitro were 11.1,27.3, 32.9, 29.3 umol/L, respectively. Conclusion Compounds 3.6—8.19-20 were

isolated firstly from Piperis L., while compounds 15 and 21 were isolated firstly from Piperis Kadsurae Caulis. Meanwhile, the

13C-NMR data of compound 4 was reported for the first time. Compounds 2, 4, 19 and 21 exhibited significant neuroprotective

effects against Af2s-3s-induced PC-12 cell damage.

Key words: Piper kadsura (Choisy) Ohwi; neolignan; puberulin; kadsurenone; neuroprotective activity

T R A EARURHARUR MY R Piper kadsura
(Choisy) Ohwi [T E=E, £/ T, 18, i
B~ TR B, XEER . B, MERE,
HiFE, HAERIE, @E%, 1RSI,
2 B R W AR S A AR IR 3R . AR, 5
R S, HEAEY. SRS, HH
ARG 2 I i A5 A G 3 R4k 2 1l o3 B4 o AR
PR R W B A P8 . UL FIHI L
R CAPS R R UIEZL 7S ke (Y EEI 37 PEy e b g CI PN
PRUEBRRE A 35 B i M P VR A5 U7 T A R 2 A
M E-OY, SCHRBIF 702 B g XU /K 34 B B 42 ) ]
BESRE AR F5F BT KK i BRORE AL K B 1) &
SAACRE ST, A REGE FO N F DR AU, HH
R D R IE T BT 7R % 1 BRORE (10T 7 2 BR R AE
SRR E > B A . AR FT A OO XURE
AT BEERAL A B AT TR TR0, Ry
E— DA 7 I AU 25 B VE AL S W T R, AR
2R A A & A EACEIE DGR, g XU —
A e K BE IR £ BR TR U AT R G AL 27 B2 e
T, HHBEET 22 MEEY, 435104 puberulin
(1). (-)-acuminatin (2). dihydrocarinatin (3).
X B (kadsurenone, 4). 112 C (hancinone C,
5). 3-F2F K HRENE (3-hydroxybenzyl benzoate, 6)-
2-F IR IR KRS (2-hydroxybenzyl benzoate, 7).
cherrevenol D (8). frans-2,3-diacetoxy-1-[(benzoyloxy)
methyl]-cyclohexa-4,6-diene (9). (3R,4R)-4-O-acetyl-
5-(benzoyloxymethyl)cyclohexa-1,5-diene-3,4-diol (10).
(-)-sootepoxide chlorohydrin A (11 ). 7 & &
(vanillin, 12). 43 (asaronaldehyde, 13). B-
YHF Mk (B-asarone, 14). o-ZH=FMk (o-asarone, 15).
HIMUANEERZ D (piperolactam D, 16). HEARZIR H
fig (methyl pyroglutamate, 17). =& 5 25 i
(genistein, 18). EZH A& NEE (dehydrocostus
lactone, 19). AK#& W EE (costuslactone, 20).
spathulenol (21). B-%+ EiEE (B-sitosterol, 22). H
HALED) 3. 6~8. 19, 20 AE IXMIAMBEY +

SYEARE], LB 15 21 AE IR RUEE 43 5
23], LAY 4 1) BC-NMR BB N8 ARkiE
ABas3s 5T PC-12 ZHHG s AR E I 9 8
N AP 2. 4. 190 21 XF APosas 155 PC-12 41
Pt B RERYPER, HRESNIKRE (median
effective concentration, ECso) {H4 54 11.1. 27.3.
32.9. 29.3 pmol/L.

1 NEEMH

Bruker AVANCE 111 500 4% 43471 . Bruker
maxis HD 4 ®ATHF[E] B (48 Bruker A 7#]);
N-1000 BUjieiE R KA (L2 BER A PR A 5] )s
SHB-B95A BUIEHM/KAZ AR CGRMKIE T
FAMRAFD; DFZ-3 B E 48 (iR HER
% 4%4] ); Thermo Nicolet IS10 BI4T 4G4 (ZE[H
PHLAF]D; LC52 B Fe il & A e a4 (FRik
AL R HR AR, SP-5030 7] & 7 5y K 4
WA, UV200 B AMa I ES, Easychrom A (43 T
Vel ik A YMC-Pack ODS-A (250 mm X 20
mm, 5 pm); Multiskan FC EgFR{X (3£ [E Thermo
N, BEGIERER GFas. HAERER (200~
300 H, & %A LT ); Sephadex LH-20(Pharmacia
Biotech A]); ODS (40~60 pm, YMC A#)); H
fig, alal OREETH P AEaMb S A IR A D H
MARFIIE A AT 182 EREREREH 10~40 um K
fifz, LL0.5% CMC-Na fil#z, FHF, 105 CiEft 0.5
ho SERTTEARCA NS /3T CEHRAS YD) ABosss
(ETHEYTRE BERMARAFD:; A%~ (s
A10111, BHREIEH AR A IRAFD.

PC-12 Al T-rh R R i 4Hp P i e T
2018 £ 6 H R T LR =M 2Ty, SimpEhes
KB R B 2005 % e N ARURH SRR AE A XU
P, kadsura (Choisy) Ohwi [ T-fRE=% ., EIEAEA
(20180609 fFH TV F R 2 KR 24 i =
2 HE
21 REEBEHE

T XUBEZ AR (40 kgD, AU eV IR B 3
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R, BHR 24 h, RELFBSIR CFaARARI 3 IR, 12
R IR R 4i, 133 S AR & 600 g, Fig
R L BEERAIR B 450 go & BE AL IR B T hE
JR A vl 7y B, AR A T E- TS A (100 @ 0—0 -
100) BEEEEL, 152] 13 AN (Fr. 1~13), Fr. 3
(76 g) BEATHERAE B 23 B, AR IR A k- AT i
(100 : 0—0 : 100> FEEEGEML, #92) 2 N5 (Fr.
3a~3b), Fr. 3b 4 ODS il 435, MK FHEE-
K (30%~100%) HHEESENNL, 53] 7 M4 45 (Fr.
3b-1~3b-7). Fr.3b-2 (50% FHEELEMEERAL, 38.6 g)
22 £ HPLC 45 (65%FEE-/K) B a 12
(10.0 mg, &:=38.4 min). 13 (22.6 mg, =429
min). Fr. 3b-3 &£ % HPLC il (80% 1 EE-7K)
Bk & 21 (5.0 mg, ®R=31.8 min). 11 (2.0 mg,
®k=21.0min) Fr.6 (32.5g) % ODS k{055,
WK 7K (30%~100%) 6w, 153 7
MWL (Fr. 6-1~6-7). Fr.6-4 (70% T EEH B
£, 11.4 g) 4HH)4% HPLC #4% (85%HIEE-7K)
BUEM1 (40 mg, ®R=214min). 8 (5.7 mg, r=
40.3 min)~ 9 (10.3 mg, ®/R=41.0 min), Fr.7 (30.1
g) % ODS i, WIKAHE-K (30%~
100%) FEREVEHE, 193] 9 N4y (Fr. 7-1~7-9),
Fr. 7-3 (70% 9 BEPE AL, 13.5 g) £l 455 HPLC
Hil& (70%HEE-7K) F&EEHAEY 10 (2.5 mg, ®=
20.0 min). 2 (9.5 mg, ®=39.0min). 3 (3.5 mg,
R=41.2 min). Fr. 7-5 EERFHEEIESH, KIKH
1 EE-TR B (100 @ 0—0 @ 100) BAEEBEML, 24
A HPLC il (60% H lE-7K) 34654 4 (20.0 mg,
tr=44.0 min). 5 (3.4 mg, k=42.0 min).

Fr. 8 (38.8 g) 2 MCI #Etaili /385, MRKIKFHH
fiz-7K (30%~100% ) B BE Y it , 1531 9 ME2H 43 (Fr.
8-1~8-9). Fr. 8-5 (60% HEEHEMiilfr, 18.1g) &
AT (i 23 B9, MK Bk : AR (50 & 0—0
100> BREEVEML, 19317 M (Fr. 8-5a~8-5g);
Fr. 8-5e £l %% HPLC & (60%H EE-/K) 151k
A6 (12.0 mg, ®R=28.0min). 7 (2.0 mg, frR=
22.0 min) 19 (2.6 mg, ®R=23.0 min).

Fr. 10 (31.0 g) &R r e, RIKHA
JHEE-PIER (100 @ 0—0 © 100) BHEEVEML, 753 10
ARy (Fr. 10-1~10-10). Fr. 10-6 (12.5 g) £ MCI
FEERE > B, U HEE-/K (30%~100%) 6 /E%k
i, 7555 AW (Fr. 10-6a~10-6e). Fr. 10-6a
(30%H EEVE I EEAL, 4.8 g) LREAE (IG5, K

U A Ik -TR B (50 0 0—0 & 100) FEREEVEML, 4
il & HPLC il (70% HEE-/K) 1546547 18 (6.0
mg, {R=27.0 min). 17 (7.5 mg, xr=46.0 min).
16 (20.0 mg, ®R=57.0 min).

BERR AL IR B (450 g) ZRERGHE (il /)
B, R BTN B R4 (50 1 10 100D £
FEVEML, 53] 8 M4 (Fr.A~H). Fr.G (45.0 )
SRERAT i 3 B, R A MmEE: TN (50 ¢
0—0 : 1000 BHEBEM, 53] 6 N4 (Fr. G-1~
G-6). Fr. G-3 Sl (i 73 5515 3 6 MNiisr (Fr.
G-3-1~G-3-6), Fr. G-3-3 £l %% HPLC i (30%
HEE-K) B4b&4 22 (102 mg, ®=30.0 min).
Fr.G-3-2 -1l %7 HPLC il (28%H EE-/K) 194k
A9120 (2.0 mg, ®R=9.0 min). 14 (2.6 mg, ®R=
48.0 min). 15 (2.3 mg, &=36.3 min).
22 YHpEIEFE

PC-12 408 & 10%FBS ] 1640 153515 5%,
WET 37 C. 5% CO, BiFftrhiEss, Ry
A ROIRL, FRAR K B A L 80% S HEAT W A& AR
48 /NI BE o e s R AL, ORI A K A At
T 525 .
2.3 MTT EZEMEEHIXT AP2sss i5S PC-12 4HRE
B RIP{E A

BUAERARAS R, BilG FE 9 90% 1) PC-12 411,
PL 2 X 104 AN/mL BT 96 LR . £59% 24 h J54)
NXTIELE . BEAUZE (20 pmol/L APasas) FHPEZG4H
(20 pmol/L APas-3s+ 10 pmol/L 2251 ) %252
ZH. (20 pmol/L ABys.3s+ 10 umol/L FFALEYD), 1
F:24h 5, FFLIMA MTT W (5 mg/mL) 20 pL,
ARELRER 4 h, NOIRIFREFRIR, BESLINA DMSO
150 uL, #R3%% 10 min 5820 ME . BRI 490 nm
ME BB (4D fH-
24 IR EARIBNSHE D E AR (realtime
cellular analysis, RTCA) &4t & 48] ECs &

U RORAS R, fb G B2 90%H) PC-12 4 i,
PL1X 1044 /mL, AL 200 uL #EMF 16 FLHH .
24 h JE4r Nt BEZH . ARTAE (20 umol/L ABas3s) Al
AR EL 254 (0.01. 0.1. 1. 10 50, 100 pmol/L
B &), S8 5% 72 ho ARSER T R G0k
Mg 77, THE AR ECso fHI.
3 HMkRE

WEW 1. LEWHRY, 5% T i. ESI-MS
m/z: 407 [M+Na]*. 'H-NMR (500 MHz, CDCl;) §:
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6.89 (2H, d, J = 12.0 Hz, H-5, 6'), 6.73 (2H, s, H-2,
2), 5.96 (2H, s, OCH-0), 5.85 (1H, ddd, J = 13.5, 6.5,
1.0 Hz, H-10), 5.32 (1H, s, H-8), 5.16 (2H, dd, J =
13.5, 1.0 Hz, H-11), 3.38 (3H, s, 1-OCH3), 3.05 (2H,
d, J=6.5 Hz, H-9), 2.98 (1H, s, H-5), 2.72 (1H, dt, /=
8.5, 7.0 Hz, H-7), 2.42 (1H, d, J = 8.5 Hz, H-6), 2.21
(3H, s, 8-OAc), 1.02 (3H, d, J = 7.0 Hz, 7-CH3);
BC-NMR (125 MHz, CDCls) d: 197.5 (C-4), 169.2
(8-OAc), 148.8 (C-3', 4"), 146.4 (C-2), 140.0 (C-1"),
135.1 (C-3), 134.3 (C-10), 121.5 (C-6"), 117.6 (C-11),
108.3 (C-5'), 108.1 (C-2"), 101.0 (OCH;0), 88.4
(C-1), 75.1 (C-8), 60.7 (C-5), 54.0 (1-OCH3), 51.5
(C-6), 46.6 (C-7), 324 (C9), 21.2 (8-OAc), 13.1
(7-CH3). DL EHE 5 5CikiE — 802, HUE e s
%) 1 A puberulin.

B 2: A & GRS [als -12.07°Cc 0.09,
CH30H) . ESI-MS m/z: 363 [M+Na]*. '"H-NMR (500
MHz, CDCl) é: 6.99 (2H, overlapped, H-2, 6), 6.87
(1H, s, H-2"), 6.86 (1H, d, J = 8.1 Hz, H-5), 6.84 (1H,
s, H-6"), 6.39 (1H, d, J= 15.7 Hz, H-7"), 6.13 (1H, dd,
J=15., 6.6 Hz, H-8'), 5.14 (1H, d, J = 9.5 Hz, H-7),
3.91 (3H, s, 3'-OCH3), 3.88 (6H, s, 3, 4-OCHz), 3.48
(1H, m, H-8), 1.89 (3H, d, /= 6.6 Hz, H-9"), 1.41 (3H,
d, J= 6.6 Hz, H-9); '3C-NMR (125 MHz, CDCl;) ¢:
149.1 (C-3, 4), 146.6 (C-4"), 1442 (C-3'), 1333
(C-5", 132.7 (C-1), 132.2 (C-1"), 130.9 (C-7"), 123.5
(C-8), 118.7 (C-6), 113.3 (C-2"), 110.8 (C-5), 109.5
(C-2), 109.2 (C-6"), 93.7 (C-7), 56.0 (3, 4, 3'-OCHz),
45.6 (C-8), 18.4 (C-9'), 17.6 (C-9). VA% 5 ik
T3, M e A 2 4 (-)-acuminatin.

WEY) 3: #IRES i (R, [0]5-21.6° (¢ 0.02,
CH30H) . ESI-MS m/z: 363 [M+Na]*. '"H-NMR (500
MHz, CDCl3) ¢: 7.02 (1H, s, H-2), 6.98 (1H, d, J=8.1
Hz, H-6), 6.87 (1H, d, J = 8.1 Hz, H-5), 6.65 (1H, s,
H-6"), 6.63 (1H, s, H-2"), 6.00 (1H, td, J = 14.8, 6.8
Hz, H-8'), 5.13 (2H, overlapped, H-9"), 5.12 (1H,
overlapped, H-7), 3.48 (1H, m, H-8), 3.91 (9H,
overlapped, 3, 4, 3'-OCH3), 3.38 (2H, d, J = 6.3 Hz,
H-7"), 1.40 (3H, d, J = 6.3 Hz, H-9); BC-NMR (125
MHz, CDCl3) o: 149.1 (C-3, 4), 145.7 (C-3"), 144.1
(C-4), 1379 (C-1, 8, 133.5 (C-5"), 133.2 (C-1"),
119.3 (C-6), 115.6 (C-6',9"), 111.9 (C-2"), 110.8 (C-5),
109.5 (C-2), 93.6 (C-7), 56.0 (3, 4, 3'-OCHzs), 45.8

(C-8), 40.2 (C-7"), 17.5 (C-9). UL - %¥iw 5 sCiikikiE
— 4, WM ENAY 3 4 dihydrocarinatin.

a4 LEMIRY, 5B TE 4. ESI-MS
m/z: 379 [M+Na]"s 'H-NMR (500 MHz, CDCIs) 4:
7.03 (1H, d, J = 1.7 Hz, H-2), 6.88 (2H, overlapped,
H-5, 6), 6.22 (1H, d, J = 1.3 Hz, H-6"), 5.90 (1H, s,
H-3'), 5.85 (1H, m, H-8'), 5.24 (1H, s, H-7), 5.13 (2H,
m, H-9'), 3.91 (6H, s, 3, 4-OCH3), 3.14 (2H, m, H-7"),
3.05 (3H, s, 5-OCH3), 2.71 (1H, m, H-8), 1.14 (3H, d,
J=7.0 Hz, H-9); *C-NMR (125 MHz, CDCl3) &/~
T 21 MRS5S, 454 'H-NMR. HMBC } HSQC
HXAE TR, 45RWT . 5 187.3 (C-2),
173.1 (C-4"), 148.8 (C-5), 148.6 (C-4), 142.7 (C-1"),
135.1 (C-8"), 132.7 (C-6'), 132.0 (C-1), 118.2 (C-9"),
117.2 (C-2), 110.7 (C-3), 109.0 (C-6), 104.7 (C-3"),
94.7 (C-7), 812 (C-5"), 559 (3, 4-OCH3), 50.5
(5'-OCHs), 46.8 (C-8), 33.3 (C-7"), 16.2 (C-9)., H:#
A i K "TH-NMR 353 304 5 Sk ko — 509,
M e B 4 i X I

&Y s Aagd (F45). ESI-MS m/z: 411
[M+Na]*. 'H-NMR (500 MHz, CDCls) J: 6.98 (1H,
s, H-7), 6.51 (1H, s, H-2), 6.51 (1H, s, H-5), 6.17 (1H,
s, H-6'), 5.89 (1H, m, H-8"), 5.85 (1H, s, H-3), 5.12
(2H, t, J = 15.6 Hz, H-9'), 3.86 (9H, s, 3, 4, 5-OCH3),
3.80 (3H, s, 4-OCH3), 3.28 (3H, s, 5-OCH3), 3.16
(2H, m, H-7"), 1.70 3H, d, J = 1.1 Hz, H-9);
3C-NMR (125 MHz, CDCl3) 6: 187.6 (C-2'), 173.4
(C-4"), 152.8 (C-5), 141.9 (C-3, 1), 139.5 (C-4), 136.7
(C-1, 6'), 133.4 (C-7, 8'), 127.3 (C-8), 115.9 (C-9"),
1062 (C-6, 3", 1049 (C-2), 79.7 (C-5'),59.7
(4-OCHj3), 55.4 (3, 4, 5-OCH3), 51.4 (5-OCH3), 32.4
(C-7"), 12.9 (C-9). LA EHHE 5 30k iE — (S, W
KB 5 Ml E Co

WEY 6: IRTLEMPIRYY, 5% T # 4 - ESI-MS
m/z: 251 [M+Na]*s 'H-NMR (500 MHz, CDCIs) 4:
8.11 2H, d, J=7.8 Hz, H-2", 6'), 7.59 (1H, t, J = 7.3
Hz, H-4"), 7.47 2H, t, J = 7.7 Hz, H-3', 5'), 7.28 (1H,
overlapped, H-5), 7.03 (1H, d, J = 7.5 Hz, H-6), 6.96
(1H, s, H-2), 6.84 (1H, dd, J = 8.1, 2.5 Hz, H-4), 5.35
(2H, s, H-7); BC-NMR (125 MHz, CDCl;) J: 166.5
(C-7"), 155.8 (C-3), 137.7 (C-1), 133.1 (C-4"), 130.0
(C-5), 129.9 (C-1), 129.7 (C-2', 6"), 128.4 (C-3', 5"),
120.2 (C-6), 115.2 (C-2), 114.9 (C-4), 66.3 (C-7). LA
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RS ORI E — 00, S EEY) 6 N 3-
e % Uil e SR

B T R EWIRY, 5% T #A)i - ESI-MS
m/z: 251 [M+Na]*. 'H-NMR (500 MHz, CDCl;) ¢:
8.09 (2H, d, J = 7.6 Hz, H-2", 6"), 7.59 (1H, t, J = 7.4
Hz, H-4'), 7.46 (2H, t, J = 7.4 Hz, H-3", 5"), 7.39 (1H,
d,J=17.4 Hz, H-6), 7.32 (1H, t, J= 7.7 Hz, H-4), 7.00
(1H, d, J = 8.0 Hz, H-3), 6.95 (1H, t, J = 7.4 Hz, H-5),
5.40 (2H, s, H-7); '3C-NMR (125 MHz, CDCl5) §:
168.7 (C-7'), 155.7 (C-2), 133.7 (C-4"), 132.2 (C-6),
131.1 (C-4), 130.0 (C-2, 6"), 129.2 (C-1), 128.5 (C-3',
5", 121.7.(C-1"), 120.6 (C-5), 117.6 (C-3), 63.8 (C-7)-
DL b3 5 okl — 307, S E a7 o 2-
FREER WIS .

WEY) 8: REEWMIRY), i T 47 . ESI-MS
m/z: 311 [M+Na]*. '"H-NMR (500 MHz, CDCI;) §:
8.08 (2H, dd, J= 8.0, 1.3 Hz, H-2', 6"), 7.58 (1H, t, J =
8.0 Hz, H-4"), 7.47 (2H, t, J = 8.0 Hz, H-3', 5"), 6.12
(1H, d, J= 5.6 Hz, H-6), 6.08 (1H, dd, J=9.4, 5.6 Hz,
H-5), 5.88 (1H, dd, J = 9.4, 3.9 Hz, H-4), 5.54 (1H,
dd, J = 7.6, 3.9 Hz, H-3), 5.09 (1H, d, J = 13.4 Hz,
H-7a), 4.98 (1H, d, J = 13.4 Hz, H-7b), 4.55 (1H, d,
J=17.6 Hz, H-2), 2.09 (3H, s, H-2"); 3C-NMR (125
MHz, CDCls) §: 171.1 (C-1"), 166.4 (C-7"), 135.1
(C-1), 133.2 (C-4"), 129.7 (C-2', 6), 129.7 (C-1'),
128.5 (C-3', 5", 125.5 (C-5), 125.1 (C-6), 122.8 (C-4),
75.1 (C-3), 70.2 (C-2), 64.7 (C-7), 21.3 (C-2"). VL E
s CiikiE — 50, WEEhEY 8 A
cherrevenol D,

W& 9: kY, 25 T35, (a5 -32.2°
(¢ 0.02, CH;OH). ESI-MS m/z: 353 [M-+Nal*.
'H-NMR (500 MHz, CDCl3) : 8.05 (2H, dd, J = 8.0,
1.3 Hz, H-2', 6), 7.58 (1H, t, J = 7.4 Hz, H-4'), 7.45
(2H, t, J = 7.7 Hz, H-3", 5'), 6.29 (1H, d, J = 5.6 Hz,
H-6), 6.17 (1H, dd, J = 9.6, 5.6 Hz, H-5), 5.93 (1H,
dd, J = 9.6, 4.2 Hz, H-4), 5.81 (I1H, d, J = 5.6 Hz,
H-2), 5.50 (1H, t, J = 4.9 Hz, H-3), 4.92 (2H, s, H-7),
2.06 (3H, s, H-2""), 2.03 (3H, s, H-2"); 3C-NMR (125
MHz, CDCl;) d: 170.1 (C-1""), 170.0 (C-1"), 166.0
(C-7) 133.2 (C-4"), 130.9 (C-1), 129.8 (C-1"), 129.7
(C-2, 6"), 128.4 (C-3', 5"), 125.8 (C-5), 125.2 (C-6),
124.7 (C-4), 70.5 (C-3), 69.7 (C-2), 64.7 (C-7), 20.9
(C-2'),20.8 (C-2")o LA EX#s 5 3CikdiE — 0o,

WA 9 N trans-2,3-diacetoxy-1-[(benzoyloxy)
methyl]-cyclohexa-4,6-diene .

& 10: LRy, SE TR, (o
-47.2°Cc 0.02, CH30H) . ESI-MS m/z: 311 [M+Na]*s
"H-NMR (500 MHz, CDCls) d: 8.06 2H, d, J = 7.6
Hz, H-2', 6'), 7.59 (1H, t, J = 7.3 Hz, H-4'), 7.43 (2H,
t,J= 7.6 Hz, H-3', 5'), 6.24 (1H, d, J = 5.2 Hz, H-6),
6.08 (1H, dd, J = 9.6, 5.2 Hz, H-5), 6.00 (1H, dd, J =
9.6, 3.7 Hz, H-4), 5.74 (1H, d, J = 7.4 Hz, H-2), 4.97
(1H, overlapped, H-7a), 4.92 (1H, overlapped, H-7b),
4.51 (1H, m, H-3), 2.09 (3H, s, H-2"); '3C-NMR (125
MHz, CDCl3) 6: 171.5 (C-1"), 166.2 (C-7"), 133.2
(C-4", 129.7 (C-2', 6"), 129.8 (C-1"), 128.5 (C-3", 5"),
133.2 (C-1), 129.0 (C-5), 125.1 (C-6), 123.8 (C-4),
75.0 (C-2), 70.4 (C-3), 64.6 (C-7), 21.0 (C-2"). LA L
Bdls 5 CER i iE — 0, B ELEY 10
(3RAR)-4-O-acetyl-5-(benzoyloxymethyl) cyclohexa-1,5-
diene-3,4-diol,

EW1L: FHEH K, ZETHE, (o] -51.5°
(¢ 0.15, CHCl3). ESI-MS m/z: 337 [M+Na]",
"H-NMR (500 MHz, CDCls) 6: 8.02 (2H, d, J = 8.2
Hz, H-2', 6'), 7.64 (1H, d, J= 7.7 Hz, H-4"), 7.51 (2H,
t, J = 7.7 Hz, H-3', 5), 4.54 (1H, d, J = 11.9 Hz,
H-7a), 4.45 (1H, d, J= 11.9 Hz, H-7b), 4.27 (1H, dd,
J=172,22 Hz, H-5), 4.17 (1H, d, J = 7.2 Hz, H-2),
4.07 (1H, d, J= 7.2 Hz, H-4), 3.88 (1H, d, J= 2.2 Hz,
H-3), 3.59 (1H, d, J = 2.2 Hz, H-6); '3C-NMR (125
MHz, CDCI3) d: 166.0 (CO), 133.2 (C-4"), 129.6
(C-2', 6"), 129.3 (C-1"), 128.4 (C-3', 5, 72.8 (C-3),
69.2 (C-2), 68.9 (C-5), 64.3 (C-7), 63.0 (C-1), 62.9
(C-4), 61.5 (C-6). DL EE¥a 5 SCiRfiiE — 220, i
KN EWY) 11 4 (-)-sootepoxide chlorohydrin A .

WEW 12: EOMRY, 5T 7. ESI-MS
m/z: 175 [M+Na]"s 'H-NMR (500 MHz, CDCIs) 4:
9.85 (1H, s, H-7), 7.45 (1H, dd, J = 8.5, 1.5 Hz, H-6),
7.44 (1H, d, J= 1.5 Hz, H-2), 7.07 (1H, d, J = 8.5 Hz,
H-5), 3.99 (3H, s, 3-OCHs); *C-NMR (125 MHz,
CDCl) ¢: 190.9 (C-7), 151.7 (C-4), 147.1 (C-3), 129.8
(C-1), 127.5 (C-6), 114.4 (C-5), 108.7 (C-2), 56.1
(3-OCHs). VA ¥l 530k iE — 521, #ess et
G 12 R

WEW 13: AR, 5% T &0 - ESI-MS m/z:
219 [M+Na]*. 'H-NMR (500 MHz, CDCl;) J: 10.34
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(1H, s, H-7), 7.35 (1H, s, H-6), 6.51 (1H, s, H-3), 3.97
(3H, s, 8-OCH3), 3.96 (3H, s, 9-OCH3), 3.88 (3H, s,
10-OCH;); 3C-NMR (125 MHz, CDCl;) 4: 188.0
(C-7), 158.7 (C-4), 156.8 (C-5), 143.5 (C-2), 117.4
(C-1), 109.0 (C-6), 96.0 (C-3), 56.3 (10-OCHj3),
56.2 (8-OCH3), 56.2 (9-OCH3). YA ¥ 5 CRik{i
H—322, WA 13 AR

&) 14: BEHEPIRY), 59T 5. ESI-MS
m/z: 231 [M+Na]*. 'H-NMR (500 MHz, CDCl;) §:
6.72 (1H, s, H-2), 6.56 (1H, s, H-5), 5.99 (1H, ddt, J =
16.8, 10.4, 6.4 Hz, H-2"), 5.04 (2H, m, H-3"), 3.90
(3H, s, 4-OCH3), 3.85 (3H, s, 3-OCH3), 3.83 (3H, s,
6-OCH3), 3.35 (2H, d, J = 6.4 Hz, H-1); 3C-NMR
(125 MHz, CDCL3) 8: 151.4 (C-2), 147.9 (C-4), 143.0
(C-3), 137.3 (C-2)), 120.1 (C-1), 114.0 (C-2), 98.1
(C-5), 115.2 (C-3'), 56.6 (6-OCH3), 56.6 (4-OCHs3),
56.3 (3-OCHz), 33.7 (C-1"). VA ¥R 5 SclikikiE —
2, HEEENEY) 14 9 B-4HF Tk

WEM15: AEN K, 51T & i - ESI-MS m/z:
231 [M+Na]*. 'H-NMR (500 MHz, CDCl;) ¢: 6.96
(1H, s, H-2), 6.67 (1H, dd, J = 15.8, 1.6 Hz, H-1"),
6.51 (1H, s, H-5), 6.12 (1H, dq, J = 15.8, 6.6 Hz,
H-2'), 3.83 (3H, s, 6-OCH3), 3.79 (3H, s, 3-OCH3),
3.77 (3H, s, 4-OCH3), 1.91 (3H, d, J = 6.6 Hz, H-3');
BC-NMR (125 MHz, CDCly) d: 150.7 (C-6), 148.7
(C-4), 143.4 (C-3), 125.1 (C-1'), 124.4 (C-2'), 119.0
(C-1), 109.8 (C-2), 98.0 (C-5), 56,7 (6-OCH3), 56.3
(4-OCH3), 56.1 (3-OCH3), 18.8 (C-3"). LA ¥ 53¢
BRI IE —F2), MUSE S 15 08 o- 4l F Tk .

&) 16: AR (HEE) . ESI-MS m/z: 318
[M+Na]". 'H-NMR (500 MHz, CD;0D) 6: 9.36 (1H,
m, H-5), 7.85 (1H, m, H-8), 7.48 (2H, m, H-6), 7.23
(1H, s, H-9), 442 (3H, s, 4-OCHs), 3.95 (3H, s,
3-OCH;); 3C-NMR (125 MHz, CDs;OD) §: 168.3
(C-11), 153.1 (C-2, 4), 139.5 (C-3), 134.1 (C-10),
133.2 (C-9a), 128.1 (C-8), 127.1 (C-5), 126.9 (C-5a),
126.2 (C-4a), 125.5 (C-6), 124.8 (C-7), 111.7 (C-10a),
105.9 (C-1, 9), 61.6 (4-OCH3), 60.6 (3-OCH3z). LA E
Bl 5 sCRkiE — 20, MUS RS 16 N
NI Do

WEM17: TEdk (FEE) . ESI-MS m/z:144
[M+Na]". 'H-NMR (500 MHz, CD;OD) ¢: 4.29 (1H,
dd, J=9.0, 4.4 Hz, H-5), 3.75 (3H, s, H-1), 2.47 (1H,

m, H-4), 2.33 (2H, m, H-3), 2.15 (1H, m, H-4);
BC-NMR (125 MHz, CD;0D) ¢: 181.1 (C-2), 174.5
(C-6), 57.1 (C-5), 52.9 (C-1"), 30.3 (C-3), 25.3 (C-4).
DAL Bdl 5 SR aE — 302, s e a1
BRI TN

WA 18: FEHR, 5V T Wl . ESI-MS m/z:
293 [M+Na]*. 'H-NMR (500 MHz, CDCl;) J: 8.04
(1H, s, H-2), 7.37 (2H, d, J = 8.3 Hz, H-2', 6'), 6.84
(2H, t, J = 8.3 Hz, H-3', 5'), 6.32 (1H, d, J = 2.0 Hz,
H-8), 6.21 (1H, t, J = 2.0 Hz, H-6); '3C-NMR (125
MHz, CDCl3) ¢: 180.8 (C-4), 165.2 (C-7), 162.2
(C-5), 158.4 (C-4"), 1574 (C-9), 153.3 (C-2), 130.0
(C-2', 6", 122.0 (C-3), 123.3 (C-1"), 114.9 (C-3, 5"),
104.7 (C-10), 99.0 (C-6), 93.5 (C-8). LA_F- %5 # 15 3 ik
RIE — 320, WS 18 = 7 T .

WEW19: kY, 5% T4 ESI-MS
m/z: 255 [M+Na]"s 'H-NMR (500 MHz, CDCIs) 4:
6.23 (1H, d, J = 3.4 Hz, H-13a), 5.51 (1H, d, J = 2.9
Hz, H-13b), 5.29 (1H, brs, H-15a), 5.09 (1H, brs,
H-15b), 4.92 (1H, brs, H-14a), 4.84 (1H, brs, H-14b),
3.98 (IH, t, J = 9.3 Hz, H-6), 2.94 (1H, overlapped,
H-1), 2.90 (1H, overlapped, H-7), 2.88 (1H,
overlapped, H-5), 2.53(1H, m, H-3b), 2.50 (1H,
overlapped, H-9a), 2.50 (1H, overlapped, H-9b), 2.26
(1H, m, H-8a), 2.18 (1H, m, H-8b), 2.23 (1H, m,
H-3a), 1.97 (1H, m, H-2a), 1.89 (1H, m, H-2b);
BC-NMR (125 MHz, CDCls) 6: 170.0 (C-12), 151.2
(C-4), 149.2 (C-10), 139.8 (C-11), 120.2 (C-13), 112.6
(C-14), 109.6 (C-15), 85.2 (C-6), 52.0 (C-5), 47.7
(C-1), 45.1 (C-7), 36.3 (C-9), 32.6 (C-3), 30.9 (C-8),
30.3 (C-2). A E#¥E S ki — 3027, #s et
EY19 NEEAARE N,

WEP 20: R Y, %ETE 7. ESI-MS
m/z: 255 [M+Na]"s 'H-NMR (500 MHz, CDCIs) 4:
6.25 (1H, d, J = 3.4 Hz, H-13b), 5.50 (1H, d, J = 3.0
Hz, H-13a), 4.83 (1H, d, J= 10.5 Hz, H-1), 4.72 (1H,
d, J=9.7 Hz, H-5), 4.55 (1H, t, /= 9.3 Hz, H-6), 2.55
(1H, t, /= 9.3 Hz, H-7), 2.44 (1H, overlapped, H-9a),
2.43 (1H, m, H-3b), 2.43 (1H, overlapped, H-9b), 2.31
(1H, m, H-8a) , 2.29 (1H, m, H-3a), 2.27 (1H, m,
H-8b), 2.02 (1H, m, H-2a), 1.99 (1H, m, H-2b), 1.66
(BH, s, H-15), 1.40 (3H, s, H-14); *C-NMR (125
MHz, CDCl;) ¢: 170.4 (C-12), 141.4 (C-11), 140.1
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(C-4), 136.6 (C-10), 127.1 (C-5), 127.0 (C-1), 119.6
(C-13), 81.9 (C-6), 50.4 (C-5), 41.3 (C-3), 39.5 (C-9),
28.0 (C-2), 26.2 (C-8), 17.3 (C-15), 16.1 (C-14). VL L
a5 SRR IE — 2028, MUEENEY) 20 IRTE
B -

WEY) 21 LOMIRY), % T35, ESI-MS
m/z: 243 [M+Na]*. 'H-NMR (500 MHz, CDCls) é:
470 (2H, d, J = 13.1 Hz, H-15), 2.44 (1H, dd, J =
13.1, 6.1 Hz, H-1), 2.23 (1H, m, H-9a), 2.07 (1H, m,
H-9b), 2.00 (1H, m, H-3a), 1.92 (1H, m, H-3b), 1.79
(1H, m, H-5), 1.66 (1H, m, H-2a), 1.56 (1H, m, H-8a),
1.55 (1H, m, H-2b), 1.34 (1H, m, H-8b), 1.30 (3H, s,
H-14), 1.01 (3H, s, H-13), 0.99 (3H, s, H-12), 0.73
(1H, m, H-7), 0.49 (1H, dd, J = 11.2, 9.5 Hz, H-6);
BC-NMR (125 MHz, CDCls) : 153.4 (C-10), 106.3
(C-15), 81.0 (C-4), 54.3 (C-5), 53.4 (C-1), 41.7 (C-3),
38.9 (C-9), 30.0 (C-6), 27.5 (C-7), 26.7 (C-2), 26.1
(C-14), 24.8 (C-8), 20.2 (C-12), 16.3 (C-13). VL L-EdkE
5 OCHRIRGE — B2, %5 58 A5 21 04 spathulenol.

& 22: HEMAK, 5 TR 05 - ESI-MS m/z:
437 [M+Na]*. 'H-NMR (500 MHz, CDCls) J: 5.36
(1H, m, H-6), 3.54 (3H, m, H-3), 2.29 (2H, m, H-4),
2.02 (1H, m, H-8), 1.87 (1H, overlapped, H-1a), 1.86
(1H, overlapped, H-2a), 1.86 (1H, overlapped, H-7a),
1.60 (1H, overlapped, H-7b), 1.60 (1H, overlapped,
H-2b), 1.12 (1H, overlapped, H-1b), 0.93 (3H, s,
H-19), 0.83 (3H, d, J= 6.5 Hz, H-21), 0.76 (3H, t, J =
7.5 Hz, H-29), 0.75 (3H, d, J = 6.8 Hz, H-26), 0.73
(3H, d, J = 7.0 Hz, H-27), 0.60 (3H, s, H-18);
BC-NMR (125 MHz, CDCls) d: 140.9 (C-5), 121.9
(C-6), 72.0 (C-3), 56.9 (C-14, 17), 50.3 (C-9), 46.3
(C-24), 42.5 (C-13, 4), 40.0 (C-12), 37.4 (C-1), 36.7
(C-10), 36.5 (C-20), 34.5 (C-28), 32.1 (C-8), 31.8
(C-2, 7), 29.5 (C-25), 28.9 (C-16), 26.3 (C-22), 24.5
(C-15), 23.2 (C-23), 21.2 (C-11), 20.2 (C-27), 20.0
(C-21), 19.8 (C-19), 19.5 (C-26), 19.2 (C-29), 12.1
(C-18). DAL Hidls &5 SR IE — 2 2Y, #E e S
Y22 0y B-43 K7
4 XF ABasas S PC-12 YRR HORIP1E

WAL, APosas W5 T PC-12 UM i 8, %
KRR > B R AR IR R BB (1~4)
AfEEmE R G (19, 21) BATIENERL, 450
7R, £ 10 pmolV/L WKEER, HXHAAMLL, &

V2. 4. 19, 21 [ R EH S PC-12 403G /1 (P<
0.05. 0.01, & 1), H ECsofH4 N 11.1. 27.3.
32.9. 29.3 umol/L, PHYEXTREZ] 22 B 1) ECso {H
N 14.3 ymol/L.

k3

100

75

50 -

4 IE 71/%

25 4

MR R EE 12 3

HEW

SMAMLL, *P<0.05 *P<0.01
*P<0.05 *P<0.01 vs model group

1 &M APsssiFES PC-12 ARG RRIPIER
Fig. 1 Protective effect of compounds on PC-12 cell injury
induced by Af2s-35
5 Tig

AR S MR IXURE — S R B AR £ R R B )
PEEE T 22 MeE, ke 1~5 R
NEREIE, WED 6~15 N5 EM. FEMEKR
ERRNREUEY, WEW 16 17 WA
WG, WED 18 NRETEMLEY,
Y 19~22 At L SR Ew. K, h
P13, 6~8. 19~20 K MIARURE T 7> 21521,
W& 150 21 NERNEREED 3 #EA5] Hh
A 4 1) BC-NMR BOSEE e R IE - Ao
LIRS R R ATRRIMAEY 2. 4 M
s & (19, 21) XF APasss %S PC-12 4H
Mt BA BERER . AU —PFE
TG AR A S I AR 2 R, T G XU
FEIRST AT BA ZR R BT S5 22 1R AT VR 7 T
It LR —E RS HIMME.
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