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Chemical constituents of Piper sarmentosum and their anti-neuroinflammatory
activity
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Abstract: Objective This study aims to investigate the chemical constituents of Piper sarmentosum and their anti-neuroinflammatory
activities. Methods A variety of column chromatographic techniques were used to separate and purify, and the structure of the
compounds was identified by spectral and physiochemical data, and the anti-neuroinflammatory activity of these compounds was
tested. Results A total of 18 compounds were isolated from 95% ethanol extract of P. sarmentosum and were identified as (Z)-3-(3,4-
dimethoxyphenyl)-1-(pyrrolidin-1-yl)prop-2-en-1-one (1), aurantiamide acetate (2), sarmentamide B (3), N-p-coumaroyltyramine (4),
piperlotine D (5), piperlotine C (6), pellitorine (7), sarmentine (8), piperlotine J (9), cepharanone B (10), piperolactam B (11), tatarinoid
C (12), 1-(2,4,5-trimethoxyphenyl)-1,2-propanedione (13), 3-hydroxy-p-damascone (14), (3E)-4-[(3R,4S)-3,4-dihydroxy-2,6,6-
trimethyl-1-cyclohexen-1-yl]-3-buten-2-one (15), vomifoliol (16), 6,7-dehydro-7,8-dihydro-3-oxo-a-ionol (17), 3-oxo-a-ionol (18).
Compound 2 had inhibitory effect on NO release of LPS-stimulated BV2 cells with ICso value of (10.77 £ 3.19) umol/L.
Compounds 4 and 8 inhibited acetylcholinesterase with ICso values of (48.82 + 3.40) and (45.62 + 5.32) umol/L, respectively.
Conclusion Compound 1 was a new amide alkaloid and named as piperine B. Compounds 11 and 12 were isolated from P.
sarmentosum for the first time. Compound 2 showed significantly inhibited NO release activity, and compounds 4 and 8 had certain
acetylcholinesterase inhibitory activity.
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T RIS )-1-(1- PRI b 2 )-2- RO - 1-B - [(2)-3-
(3,4-dimethoxyphenyl)-1-(pyrrolidin-1-yl)prop-2-en-1-
one, 1], & MRS (aurantiamide acetate, 2).
sarmentamide B (3) . N-XI & & Bt fg i ( Np-
coumaroyltyramine, 4). piperlotine D (5). piperlotine
C(6) B HA (pellitorine, 7) {34 %2 % ( sarmentine,
8). piperlotine J (9). I 51445 ] % BII (cepharanone
B, 10). piperolactam B (11). tatarinoid C (12).
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T ¥ -2- B C (3E)-4-[(3R.4S)-3,4-dihydroxy-2,6,6-
trimethyl-1-cyclohexen- 1-yl]-3-buten-2-one, 15). it
i (vomifoliol, 16). 6,7-dehydro-7,8-dihydro-3-
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Fig. 1

Chemical structures of compounds 1—18
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AEBE . AAZER A 2-AHFE R IR H £ E Sigma
AT BERRAN. BEIR AN, BIRENIEE H i
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1.2 ##

fEE T 2022 4F 9 ARAT PE ST e
X, SRR 24K 25 245 2 B sk T 2R 45 8 N
HWRHEYI R P sarmentosum Roxb. . FEIEfRAS (ID-
20221129Z) A7 T-Wiil o & 24 K 22 25 5 B o 24 B2 )8
L2 % 4A402 =
2 FE
21 EESSEH

BB Tt B384 (100.0kg), DL 95% 2
50 CHN#HGRIEREL 4 K, WIEIRSE CIEREUR
B (15.1kg) o R =S LEAEEER H8 AR IR A B0
45, 193 SRR (2.4kg) FIESIR LBEAEEL
¥y (420.0 g)-

S E RN I VAZY o S N e D W S
Bk-BERR 2 F8 (200 1>1 : 1) BRREEREM, 75354
4> (Fr. Al~A5). Fr. A4 (80.0 g) £ ODS k%
i, FIEE-/K (20 1 80—100 : 0) BAFEVEML, & IFAH
AR 5153 5 AN2H 43 (Fr. A4.1~A4.5) . Fr. A4.2
(6.4 g) SHERAT L7355, 1 BE-BE IR L8 (10 -
1—1 1) BEMN, AHE/R 3 My (Fr
A42.1~A423). Fr.A4.2.2 (446.9 mg) 2 -] %A
BB (ZBE-7K 40 60, 2.0 mL/min), 4}
BR3] 6 N Fr.A4.22.1~A4.22.6. Fr.A4.2.2.4
2P 25 B AR AR s (2K 70 230, 2.0
mL/min) B4 A LAY 12 (11.0mg, ®r=32.1
min). Fr. A4.2.3 &P &8 S A0RAH A (Z0-
7K 35 165, 2.0 mL/min) 73 B 451G BG4 2 (1.4
mg, ®R=32.0min) 3 (17.2mg, x=45.0 min),
Fr.A4.3 ZRERAE s 50 5, AllE-BE R 406 (10 -
1—1 1) BN, 152] 5 N5 (Fr. A43.1~
A43.5). Fr. A43.2 &% B m 3G (Z05-
7K 50 1 50, 2.0 mL/min) 73 B 4413 2L 54 10(5.6
mg, ®R=32.0min) 116 (4.0 mg, =R=46.0 min).,
Fr. A4.3.4 P 2 B S AGHAR il (257K 35 ¢
65, 2.0mL/min) 7%, 5EHLAE9 (5.0mg, w=

69.0min). Fr. A4.3.5 28 -4l £ 8 s oA il (2
JiE-7K 56 : 44, 2.0mL/min) 43 &EEFMLAEY 7 (3.2
mg, ®R=12.5min). 15 (3.5mg, ®=29.0min)
8 (37.4mg, ®=30.5min). Fr.A4.4 ZFH|%&R 5
WA (257K 82 1 18, 2.0mL/min) L&
Y111 (25.0 mg, tx=28.0 min).

B R 2.6 RE B e i A it 40 39, Ve
AR LR (100 0 0—0 & 1) BEEEBER/EE) 9
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S E-HEE (100 © 0—0 @ 1) BREEVEL, 53] 7 4
4%y (Fr. B3.1~B3.7). Fr.B3.3 £l 4% = ROBAH
it (HEE-7K 50 @ 50, 2.0mL/min) 735 4lifL 155
thE 13 (2.3 mg, rR=15.0min) 118 (4.4 mg,
R=22.0min). Fr. B3.5 Z&}-1fil] & @ R il (Z,
Ji&-7K 25 1 75, 2.0 mL/min) 43 B 1S EMLEY) 17 (5.2
mg, tr=28.0min). Fr. B3.6 £ -1l % /& JGHRAH (i
(ZfE-7K 30 © 70, 2.0 mL/min) 4> & 4itk, 15304k
A5 (48mg, ®R=28.5min). 1 (1.7mg, ®r=232.0
min). 6 (16.1 mg, &==38.0 min). Fr. B4 & ODS
Fefai, DAFFEE-/K (20 © 80—100 @ 0) HBHEEHEN,
53 5 ANHS (Fr. B4.1~B4.5). Fr.B4.2 Z2f4#%
R E R AR s (25-7K 25 075, 2.0mL/min) 43
B, 2314kEaY 4 (3.1 mg, ®r=18.5min). 14 (1.7
mg, R=37.5min).
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ENE BV2 4 NO BECE . # BV2 4Hf4%IE 1X
10° AN/mL W Z FEEFRIE) 96 FLARY, H LPS (1
ng/mL) AbEE 2 h J5HIAMKEE N 40.0 pmol/L 14L&
W) 1~9 (LABS|ESE 3 N BHPEXTIED U1, 5 LPS JLig
A 24 ho B 50 uL 40 F3EW, MIN 50 uL/AL Griess
LA, FEIIAZEREK Griess IHRAF, 12, T 540
nm KA @ WG () 18, BMRERESE 3 ).
TS NO B 1) 2 A0 2 £ 40 il Y B Chalf
maximal inhibitory concentration, ICso)o
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KSR P Ellman 77 ¥EU21EAT 2, BRAH B
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W (1 mg/mL) M 15 uL ) 2 B AH 5 B5 i
(acetylcholinesterase, AChE, 0.28 U/mL) ¥A¥%; FH
PEGHIRZL NN 120 uL PBS. 20 pL A A2 08 F 5
(1 mg/mL) F1 15 uL /¥ AChE &# (0.28 U/mL);
FAPEX IR ZH 0N 120 uL PBS. 20 pL f FHEEIE R (1
mg/mL) A1 15 pL f] AChE ¥ (0.28 U/mL); it
FEZH N 140 pL PBS A 15 uL [¥) AChE & (0.28
U/mL). FFAbEE 5 1) 96 FLHRAE 37 “C Ni%E 20 min
Ja M 10 LLDTNB (10 mmol/L, ¥&fi#T PBS) £
10.0 uL JEEY) (ATCI, 0.075 mmol/L, ¥f#T PBS),
YRLLHFE 20 min f5EPAK 412 nm W€ 4 H-
IS A AE VAL 2B RGBS B I Hn v T, AR
ARIFEMHIR, GHEE 3 K.

FIHIR=[(A e —A ) —(A s30—A ss)]/(A wreae—A i)
#R

HHEE

&M 1. LEMHARY, HR-ESI-MS m/z:
284.126 0 [M + Na]* (i & {6 284.126 3,
CisHioNOsNa®™), $ER7F RN CisHioNO;, A
FER 7o IR SRR S i AEAEBicRE (1632
cm™) FIERIER (1602, 1514, 1452cem™) FH.
RHE 'H-NMR ##5 (& 1) SR amEa 1A
1,3,4-—HUREREES [0u7.15(1H, d, J=2.0 Hz,
H-5), 6.97 (1H, dd, J = 8.3, 2.0 Hz, H-9), 6.81 (1H, d,

3
31

J = 8.3 Hz, H-8)], 1 AN ARG [ou 6.56 (1H,
d, J = 12.6 Hz, H-3), 5.96 (1H, d, J = 12.6 Hz, H-2)]
2 ANHEIEES [on 3.89 (3H, s), 3.83 (3H, s)],
AL, 'TH-NMR Eig o 4 HUAEZES [on
3.52(2H), 3.24 (2H), 1.83 (2H), 1.78 (2H)]. BC-NMR
FI DEPT-135 $&ntb &9 1 15 MirfE S, Hi e
NN EBES (0c 149.3. 148.7. 128.7. 122.0.
110.9. 110.8), 1 MERFEERK (5c 167.5), 2 MkEbK
(0c 133.4, 122.3), 4 NIEHEK (6c 47.0. 45.4,
25.9. 24.4) 12 ANHEEEDK (dc 55.8, 55.8).
EAGEY) 1 [ HMBC ElE (B 2) 1, H2 5
C-1 #13%; H-3 5 C-1, C4, C-5 & C-9; -OCH; (0n
3.86; dc 55.8) 5 C-6 (5¢ 148.7) fHFE; -OCH; (Su
3.89; dc 55.8) 5 C-7 (6¢c 149.3) MK, 4i& 'H-'H
COSY i+ 2 41 H Jie &%t H-2/H-3 [ H-8/H-9 #l C-
1 L 2E4 8 (0 167.5), AT LLHES HIAETE 1A (B)-
3-G4-Z HAEEE R N Mt g L ] . 8 'H-'H
COSY #H Ha-17H,-2"/H,-3"/Hao-4 "1 H IEME & R4
H-1'(6u3.24) 1 Hy-4' (61 3.52) 533 C-1(6c 167.5)
(1) HMBC A%, AIRAASH 1 AN ] . PR, DA
b2 AN I T B P R R A E T A1
() “F 10 45 ¥ N (2)-3-(3,4-dimethoxyphenyl)-1-
(pyrrolidin-1-yl)prop-2-en-1-one. 2t SCIFinder £ ],
ZHEV VG, a4 B E B,

#z1 1L&% 18 "H-NMR #1 3C-NMR (600/150 MHz, CDCl3)
Table 1 'H-NMR and '*C-NMR of compound 1 (600/150 MHz, CDCls)
/DA oc OH LA oc OH
1 167.5,C 9 122.0, CH 6.97 (dd, J = 8.3, 2.0 Hz)
2 122.3, CH 5.96 (d, J = 12.6 Hz) 1 47.0, CHz 3.24 (m)
3 133.4, CH 6.56 (d, J = 12.6 Hz) 2 25.9, CHz 1.78 (m)
4 128.7,C 3 24.4, CH, 1.83 (m)
5 110.9, CH 7.15 (d, J = 2.0 Hz) g 45.4, CH, 3.52 (m)
6 148.7,C 6-OCHjs 55.8, CHs 3.86 (s)
7 149.3,C 7-OCHs 55.8, CHs 3.89 (s)
8 110.8, CH 6.81 (d, J = 8.3 Hz)
o~ WA 2: AtTEEk K, HR-ESI-MS m/z:
<05 445208 2 [M+H]", i€ H 7+ 3N CorHasN2O4o
k 0 'H-NMR (600 MHz, CDCl3) 6: 7.72 (2H, m, H-3", 7"),
{ <A

\/‘\NQ
= 'H-'H COSY ~—X\ HMBC
E2 k&4 1 89x4E 'H-'"H COSY 1 HMBC %52

Fig.2 Key HMBC and 'H-'H COSY correlations of

compound 1

7.52 (1H, m, H-5"), 7.44 (2H, m, H-4", 6"), 7.07~7.31
(10H, m, H-5~9, 5'~9'), 6.74 (1H, d, J= 7.7 Hz, N-
H), 5.93 (1H, d, J = 8.6 Hz, N-H), 4.76 (1H, ddd, J =
5.9,8.6,7.7 Hz, H-2), 4.35 (1H, m, H-2"), 3.93 (1H, dd,
J=11.3,4.2 Hz, H-3'0), 3.83 (1H, dd, J=11.3, 4.2 Hz,
H-3'B), 3.22 (1H, dd, J = 13.7, 5.9 Hz, H-3a), 3.07 (1H,
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dd, J = 13.7, 5.9 Hz, H-3B), 2.75 (2H, m, H-1"), 2.03
(3H, s, CH3CO); BC-NMR (150 MHz, CDCl3) d: 170.8
(C-1), 55.0 (C-2), 38.4 (C-3), 136.7 (C-4), 128.8 (C-5),
129.7 (C-6), 127.8 (C-7), 129.3 (C-8), 128.8 (C-9), 64.5
(C-1), 49.5 (C-2"), 37.4 (C-3"), 136.6 (C-4"), 128.6 (C-
5Y, 129.3 (C-6"), 128.0 (C-7"), 129.1 (C-8'), 128.6 (C-
9", 167.1 (C-1"), 133.7 (C-2"), 127.0 (C-3"), 126.7 (C-
4"), 131.9 (C-5"), 127.1 (C-6"), 127.0 (C-7"), 170.2
(CH3CO), 20.8 (CH3CO). i % 5 3 kifE FE A
— 3], e AW 2 NS ERIEE .

&Y 3: LEMIKRY, HR-ESI-MS m/z:
318.129 7 [M+H]", #iEH5F: N Ci7H19NOs.
'H-NMR (600 MHz, CDCls) : 7.73 (1H, d, J = 15.5
Hz, H-3"), 7.54 (2H, m, Ar-H), 7.37 (3H, m, Ar-H), 6.65
(1H, d, J = 15.5 Hz, H-2"), 5.24 (2H, m, H-4, 3), 4.01
(1H, m, H-2B), 3.86 (2H, m, H-5), 3.78 (1H, m, H-2a),
2.09 (3H, s, H-2"), 2.08 (3H, s, H-4"); 13C-NMR (150
MHz, CDCl3) d: 50.6 (C-2), 75.2 (C-3), 73.4 (C-4),
50.1 (C-5), 165.1 (C-1'), 117.6 (C-2'), 143.0 (C-3",
134.9 (C-4"), 128.0 (C-5'), 128.9 (C-6"), 130.0 (C-7",
128.9 (C-8"), 128.0 (C-9'), 169.8 (C-1"), 20.9 (C-2"),
169.6 (C-3"),20.9 (C-4"). _FiR¥# 5 kiR iE I A
— 504, e EY) 3 N sarmentamide B.

tEY 4. AETERN K, HR-ESI-MS m/z:
284.124 0 [M+H]*, #iEHn 1N C7H17NOs.
IH-NMR (600 MHz, CDsOD) 6: 7.44 (1H, d, J=15.7
Hz, H-8), 7.40 (2H, m, H-2, 6), 7.05 (2H, m, H-2', 6"),
6.78 (2H, m, H-3, 5), 6.71 (2H, m, H-3", 5"), 6.38 (1H,
d, J=15.7 Hz, H-7), 3.45 (2H, m, H-8"), 2.75 (2H, m,
H-7'); BC-NMR (150 MHz, CDs;OD) §: 127.7 (C-1),
130.5 (C-2), 116.3 (C-3), 160.5 (C-4), 116.3 (C-
5),130.5 (C-6), 141.8 (C-7), 118.4 (C-8), 169.2 (C-9),
131.3 (C-1'), 130.7 (C-2"), 116.7 (C-3'), 156.9 (C-4",
116.7 (C-5"), 130.7 (C-6"), 35.8 (C-7"), 42.5 (C-8). I
R 5 SCERIRE AR — 0, e A 4 O N-
Xof R o

tEY) 5. WEILERK K, HR-ESI-MS m/z:
292.150 4 [M+H]*, #iEH 2 TN CisH2aNO4.
'H-NMR (600 MHz, CDCls) d: 6.73 (2H, s, H-5', 9"),
6.54 (1H, d, J = 12.5 Hz, H-3"), 6.02 (1H, d, J = 12.5
Hz, H-2"), 3.85 (6H, s, 6', 8'-OCH3), 3.84 (3H, s, 7'-
OCH3), 3.51 (2H, m, H-2), 3.23 (2H, m, H-5), 1.83 (2H,
m, H-3), 1.79 (2H, m, H-4); BC-NMR (150 MHz,

CDCl3) d: 47.0 (C-2), 25.8 (C-3), 24.4 (C-4), 45.4 (C-
5), 167.3 (C-1'), 123.7 (C-2"), 133.2 (C-3"), 131.2 (C-
4", 105.5 (C-5'), 153.0 (C-6"), 138.2 (C-7"), 153.0 (C-
8", 105.5 (C-9'), 56.0 (6', 8'-OCH3), 60.9 (7'-OCH3).
R EAE S SRR E A S0, KA 5N
piperlotine D

&Y 6: LETERMA, HR-ESI-MS m/z:
292.150 4 [M+H]*, #5738 CisH2iNO4.
'H-NMR (600 MHz, CDCl3) 6: 7.60 (1H, d, J = 15.4
Hz, H-3"), 6.74 (2H, s, H-5', 9"), 6.60 (1H, d, J = 15.4
Hz, H-2"), 3.88 (6H, s, 6', 8-OCHs), 3.86 (3H, s, 7'-
OCHs), 3.64 (2H, m, H-2), 3.58 (2H, m, H-5), 2.00 (2H,
m, H-3), 1.90 (2H, m, H-4); 3C-NMR (150 MHz,
CDCls) 6: 46.1 (C-2), 24.4 (C-3), 26.1 (C-4), 46.6 (C-
5), 164.7 (C-1'), 118.1 (C-2'), 141.8 (C-3"), 130.9 (C-
4", 105.1 (C-5', 9'), 153.4 (C-6', 8"), 139.5 (C-7'), 61.0
(7'-OCHsz), 56.2 (6', 8'-OCH3). | iR%d 5 SCHk G
FEAR—F06, KA1 6 N piperlotine C.

e 7: ABRTEERK R, HR-ESI-MS m/z:
224.197 0 [M+H]", & H 4>+ C14HasNO. 'H-
NMR (600 MHz, CDCl3) 8: 7.19 (1H, dd, J=15.0, 10.4
Hz, H-3), 6.10 (2H, m, H-4, 5), 5.75 (1H, d, J = 15.0
Hz, H-2), 3.17 (2H, m, H-1"), 2.14 (2H, m, H-6), 1.80
(1H, m, H-2"), 1.42 (2H, m, H-7), 1.30 (4H, m, H-8, 9),
0.93 (6H, m, H-3', 4'), 0.89 (3H, t, J= 7.1 Hz, H-10);
3C-NMR (150 MHz, CDCls) 6: 166.4 (C-1), 121.7 (C-
2), 141.3 (C-1), 128.2 (C-4), 143.2 (C-5), 32.9 (C-6),
28.5(C-7),31.4 (C-8), 22.5(C-9), 14.0 (C-10), 46.9 (C-
1", 28.6 (C-2), 20.1 (C-3', 4. k¥ 5 ik
FEAR—F, B A 7 N

&Y 8: ¥ EAMAIKRY, HR-ESI-MS m/z:
222.181 3 [M-+H]", #iE HAr 18 C1aHsNO. 'H-
NMR (600 MHz, CDCls) §: 7.26 (1H, m, H-3), 6.18
(1H, m, H-4), 6.09 (2H, m, H-2, 5), 3.54 (4H, m, H-1",
4",2.15 (2H, m, H-6), 1.96 (2H, m, H-2"), 1.87 (2H, m,
H-3"), 1.29 (6H, m, H-7~9), 0.88 (3H, t, J= 7.0 Hz, H-
10); 1*C-NMR (150 MHz, CDCl;) 6: 165.3 (C-1), 119.8
(C-2), 142.3 (C-3), 128.7 (C-4), 143.3 (C-5), 32.9 (C-
6), 26.1 (C-7), 24.4 (C-8), 22.5 (C-9), 14.0 (C-10), 46.5
(C-11,31.4 (C-2"), 28.5(C-3"), 45.9 (C-4"). LiR¥i¥x
55 SRR J A — 08, S e A B 8 AR

&Y 9: AETERHAR, HR-ESI-MS m/z:
278.134 7 [M+H]", #0713 N CisH19NOs.
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IH-NMR (600 MHz, CDCl3) 6: 7.64 (1H, d, J = 15.6
Hz, H-3), 7.50 (2H, m, H-6, 8), 7.36 (3H, m, H-5, 7, 9),
6.43 (1H, d, J= 15.6 Hz, H-2), 4.42 (1H, m, H-2"), 4.15
(1H, m, H-4'a), 3.84 (1H, m, H-4'p), 3.67 (1H, m, H-
'), 3.29 (1H, m, H-1'B), 2.08 (3H, s, H-6"), 1.85 (1H,
m, H-3'a), 1.73 (1H, m, H-3'B); *C-NMR (150 MHz,
CDCls) d: 166.9 (C-1), 120.1 (C-2), 141.7 (C-3), 134.6
(C-4), 127.9 (C-5, 9), 128.9 (C-6, 8), 129.9 (C-7), 45.7
(C-1Y, 68.1 (C-2"), 34.1 (C-3"), 61.2 (C-4"), 171.8 (C-
5%, 21.0 (C-6"). IAEHE 5 STk 18 He A —F 016l
KENAY) 9 A piperlotine J.

&Y 10: AR Y, HR-ESI-MS m/z:
280.092 9 [M+H]*, #iEHn TN Ci7H13NOs.
'H-NMR (600 MHz, DMSO-ds) 6: 10.87 (1H, s, N-H),
9.13 (1H, m, H-5), 7.96 (1H, m, H-8), 7.87 (1H, s, H-
2),7.59 (2H, m, H-6, 7), 7.16 (1H, s, H-9), 4.06 (3H, s,
3-OCHj3), 4.05 (3H, s, 4-OCH3); 3C-NMR (150 MHz,
DMSO-ds) 6: 122.0 (C-1), 110.4 (C-2), 154.7 (C-3),
150.9 (C-4), 120.4 (C-4a), 126.4 (C-4b), 127.3 (C-5),
126.0 (C-6), 128.0 (C-7), 129.5 (C-8), 135.3 (C-8a),
105.2 (C-9), 135.5 (C-10), 123.8 (C-10a), 168.9 (C=0),
57.4 (3-OCH3), 60.4 (4-OCH3). iR ¥ 5 SoikkiE
FAR 09, %Eib & 10 N5 S W EERZ BIL.

&Y 11: FEOKR, HR-ESI-MS m/z: 296.087 8
[M+H]", #iEHSTRA CHiNOs. H-NMR
(600 MHz, DMSO-ds) d: 10.89 (1H, s, N-H), 10.83
(1H, s, O-H), 9.24 (1H, m, H-5), 7.95 (1H, m, H-8),
7.53 (2H, m, H-6, H-7), 7.23 (1H, s, H-9), 4.39 (3H, s,
2-OCH3),3.85 (3H, s, 3-OCH3); 3C-NMR (150 MHz,
DMSO-ds) d: 139.7 (C-2), 105.6 (C-2a), 153.1 (C-3),
154.6 (C-4), 111.7 (C-4a), 127.0 (C-5), 126.8 (C-5a),
126.3 (C-6), 125.3 (C-7), 128.9 (C-8), 133.3 (C-8a),
105.4 (C-9), 134.9 (C-10), 126.8 (C-10a), 167.1 (C=0),
62.2 (2-OCH3), 61.3 (3-OCH3). ik ¥dis 5 ikl iE
FEAR—F, ¥EEY) 11 4 piperolactam B.

&M 12 LEMIRY), HR-ESI-MS m/z‘
393.186 8 [M+H]", #fiEH 7+ AN C2iHas07. 'H-
NMR (600 MHz, DMSO-ds) o: 7.17 (1H, s, H-6), 6.84
(1H, s, H-6"), 6.60 (1H, s, H-3), 6.57 (1H, s, H-3"), 4.44
(1H, d, J= 8.6 Hz, H-7), 4.38 (1H, dd, J = 8.6, 6.0 Hz,
H-8), 3.75 (3H, s, OCH3), 3.74 (3H, s, OCH3), 3.73
(3H, s, OCH3), 3.71 (3H, s, OCH3), 3.67 (3H, s, OCH3),
3.62 (3H, s, OCH3),0.97 (3H, d, J= 6.0 Hz, H-9); '3C-

NMR (150 MHz, DMSO-ds) J: 123.6 (C-1), 152.3 (C-
2), 99.4 (C-3), 148.0 (C-4), 142.7 (C-5), 115.3 (C-6),
44.3 (C-7), 67.9 (C-8), 23.0 (C-9), 124.2 (C-1"), 151.7
(C-2'),99.2 (C-3"), 147.9 (C-4'), 142.8 (C-5'), 114.9 (C-
6'), 56.2-57.1 (OCH3 X 6). _FiR%E 5 kiR FEA
— 5[, M54k -&W) 12 N tatarinoid C.

& 13: AEERB AR, HR-ESI-MS m/z:
239.087 4 [M+H]*, i H 21X~ Ci2H140s. 'H-
NMR (600 MHz, CDCl3) 6: 7.35 (1H, s, H-5), 6.48 (1H,
s, H-2), 3.97 (3H, s, OCHs), 3.89 (3H, s, OCH3), 3.82
(3H, s, OCH3), 2.41 (3H, s, H-9); 13C-NMR (150 MHz,
CDCl;) d: 144.4 (C-1), 110.9 (C-2), 157.0 (C-3), 156.2
(C-4), 114.4 (C-5), 96.6 (C-6), 193.4 (C-7),201.6 (C-
8), 25.2 (C-9), 56.8 (3-OCH3), 56.8 (4-OCHs), 56.3 (6-
OCHs). FIR%HRE 5 ks F A — 5122, %k
HW0 13 N 1-2,4,5 - = AR IE)-1,2-TH .

&Y 14: WEHIRY), HR-ESI-MS m/z:
209.149 7 [M+H]*, i€ H 2+ N Ci3Hx02. 'H-
NMR (600 MHz, CDCls) 6: 6.73 (1H, dg, J=15.7, 6.9
Hz, H-9), 6.16 (1H, d, J= 15.7 Hz, H-8), 4.08 (1H, m,
H-3), 2.36 (1H, s, OH), 2.03 (1H, m, H-4a), 1.93 (3H,
d, J= 6.9 Hz, H-10), 1.75 (1H, m, H-20), 1.62 (2H, m,
H-4B, 2B), 1.55 (3H, s, H-13), 1.16 (3H, s, H-12), 0.99
(3H, s, H-11); '3C-NMR (150 MHz, CDCls) J: 36.3 (C-
1), 47.8 (C-2), 64.9 (C-3), 40.9 (C-4), 140.0 (C-5),
134.4 (C-6), 201.6 (C-7), 128.1 (C-8), 146.2 (C-9), 21.0
(C-10), 29.1 (C-11),29.7 (C-12), 18.4 (C-13). _Lik%¥k
P 5 CER IR IE AR — 323, etk B 14 R 3-7%
F-B- A K S

&Y 15: FEKAR, HR-ESI-MS m/z: 225.144 6
[M"’H]ﬂ Eﬁ/iEﬁ:/\%ﬁjj C13H2003, "H-NMR (600
MHz, CDCLs) d: 7.16 (1H, dt, J = 16.4, 1.9 Hz, H-7),
6.13 (1H, d,J=16.4 Hz, H-8), 3.98 (1H, d, J=4.2 Hz,
H-4), 3.89 (1H, td, J = 12.6, 4.2 Hz, H-3), 2.31 (3H, s,
H-10), 2.01 (1H, m, H-2a), 1.89 (3H, s, H-11), 1.73
(1H, m, H-2B), 1.11 (3H, s, H-12), 1.08 (3H, s, H-13);
3C-NMR (150 MHz, CDCl5) ¢6: 36.9 (C-1), 41.1 (C-2),
66.5 (C-3), 71.2 (C-4), 133.6 (C-5), 140.3 (C-6), 141.9
(C-7), 131.1 (C-8), 198.1 (C-9), 27.5 (C-10), 19.7 (C-
11), 27.5 (C-12), 29.9 (C-13). _FiR¥#s 5 ki iE
FEAR 5P, %Eth B 15 4 (3E)-4-[(3R,4S)-3,4-
TR HE-2,6,6- = FIE-1-3F CUM-1-38]-3- T H5-2- M

&Y 16: TLEMIRY, HR-ESI-MS m/z:
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225.144 6 [M+H]", i€ H 5+ CisH00s. H-
NMR (600 MHz, CDCl3) d: 5.90 (1H, m, H-4), 5.86
(1H, dd, J = 15.6, 5.4 Hz, H-8), 5.78 (1H, d, J=15.6
Hz, H-7), 4.41 (1H, dq, J= 6.4, 5.4 Hz, H-9), 2.44 (1H,
m, H-2a), 2.24 (1H, m, H-2B), 1.89 (3H, s, H-13), 1.30
(3H, d, J= 6.4 Hz, H-10), 1.07 (3H, s, H-11), 1.00 (3H,
s, H-12); 3C-NMR (150 MHz, CDCl;) d: 41.2 (C-1),
49.7 (C-2), 198.1 (C-3), 126.8 (C-4), 163.0 (C-5), 79.0
(C-6), 128.9 (C-7), 135.8 (C-8), 67.9 (C-9), 22.9 (C-
10), 23.8 (C-11), 24.1 (C-12), 19.0 (C-13). _iR¥dfE
L SCHRE R A8, B A1) 16 AR,

&Y 17 TEMIRY, HR-ESI-MS m/z:
209.149 7 [M-+H]", e H5F 38 Ci3H002. 'H-
NMR (600 MHz, CDCLs) §: 6.04 (1H, t, J= 6.9 Hz, H-
7), 5.90 (1H, s, H-4), 3.96 (1H, m, H-9), 2.60 (2H, m,
H-8), 2.35 (2H, m, H-2), 2.08 (3H, s, H-13), 1.30 (3H,
s, H-10), 1.28 (3H, s, H-11), 1.28 (3H, s, H-12); 13C-
NMR (150 MHz, CDCls) §: 38.8 (C-1), 53.2 (C-2),
200.6 (C-3), 132.7 (C-4), 142.2 (C-5), 156.9 (C-6),
124.4 (C-7), 37.8 (C-8), 67.1 (C-9), 21.9 (C-10), 28.4
(C-11,12),22.5(C-13). iR ¥ ¥ 5 kiR IE FEA—
#eel, %t &4 17 4 6,7-dehydro-7,8-dihydro-3-
0x0-a-ionol.

&4 18: TLEMIRY, HR-ESI-MS m/z:
209.149 7 [M-+H]", i€ = 07N CisH00,2. H-
NMR (600 MHz, CDCl3) 6: 5.91 (1H, s, H-4), 5.68 (1H,
dd, J=15.3, 6.1 Hz, H-7), 5.54 (1H, dd, J=15.3, 1.2
Hz, H-8), 4.36 (1H, dt, J= 6.3, 1.2 Hz, H-9), 2.52 (2H,
d, J= 6.1 Hz, H-6), 2.34 (1H, dd, J = 16.7, 0.8 Hz, H-
2PB), 2.09 (1H, dd, J=16.7, 0.8 Hz, H-2a), 1.91 (3H, s,
H-13), 1.30 (3H, d, J = 6.3 Hz, H-10), 1.03 (3H, s, H-
11), 0.96 (3H, s, H-12); '3C-NMR (150 MHz, CDCl5)
5: 36.1 (C-1), 47.5 (C-2), 199.2 (C-3), 125.8 (C-4),
161.9 (C-5), 55.4 (C-6), 126.7 (C-7), 138.5 (C-8),68.3
(C-9), 23.7 (C-10), 27.1 (C-11), 27.9 (C-12), 23.5 (C-
13). IR HE 5 SCHROE B A — 8, etk A
18 7 3-AfR-0- 5P 4
32 EMNE
321 PIMAERIENE KB 9 MRS AR
(1~9) #HT LPS %5 BV2 40 NO B il is
P 45 B R, WS 40.0 pmol/L I, 4b&4 2 1
3 % NO RN H U R e i (>70%), EY) 6.
7 J 9 RILH RAFHHIEYE (>50%), #E—25%T

] R AR 2 e ICso 18, A (10.7743.1)
umol/L.
3.2.2  ZBERETEEREEDEIEE 6 B0 9 AN
PR (1~9) JEAT £, 19 R B Bl e o v PR 00
SE LRI E Y 4 F1 8 HAT — i 1) £k JIE ok G 411
HlvEPE (>60%), ICso fH AN (48.8243.40)
umol/L A1 (45.6245.32) umol/L.
4 e

A FOR B A 53 AT 95% TR EL, 4
AR GEAEEER CBEREE, MBS E] 18 Mk
EV, AREBE R4 60k, A T
gEM, BEE 9 MBI AESE (1~9), 2 M
WEBEIZZR (10~11). 1 PARIFEREE 2. 1 MW
K (13) M5 AiEds (14~18). Hr, 1 4
Pk & A= P, 11 A 12 e RN o 5545 31
TELEREE T T, 2 B RE NS LPS 7% BV2
Ui NO BEUE T 4 1 8 HAF — 21 LBk AE bikg
FEANGE . AW AP FE T a2 B 1)

WA LSRR, sk i BT R AR 3R At 78
AR o

FBAR AR FATELEA R
SE
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