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Abstract: Objective To study coumarins from Notopterygium incisum and their anti-inflammatory effect. Methods Coumarins
were separated and purified by repeated column chromatography on silica gel and HPLC, and their chemical structures were
determined by spectral data analyses of MS and NMR. Lipopolysaccharide (LPS)-induced RAW 264.7 macrophage cells accompanying
overproduction of pro-inflammatory mediator nitric oxide (NO) were applied to investigate the anti-inflammatory effect of these
purified coumarins. Results Twenty-four coumarins were obtained and identified as isoimperatorin (1), angenomalin (2), psoralen
(3), bergapten (4), capillarin (5), osthenol (6), 5-dehydronotopterol (7), anhydronotopoloxide (8), 7'-O-methylnotoptol (9), bergamottin
(10), 7-isopentenyloxy-6-methoxy-coumarin (11), pabulenol (12), notopterol (13), demethylfuropinarine (14), notoptol (15), cnidilin
(16), 6-isopentenyloxyumbelliferone (17), nodakenitin (18), isopimpinellin (19), nodakenin (20), decuroside V (21), decuroside | (22),
marmesin-11-0-B-D-glucopyranosyl-(1—6)-p-D-glucopyranoside (23), and forbesoside (24), respectively. Coumarins 7—10, 13, and
15 exhibited potent inhibitory activity against LPS-induced NO production in RAW 264.7 cells with half maximal inhibitory
concentration values from 8.50 to 35.12 umol/L. Conclusion Compound 7 is a new natural product; compound 17 is obtained from
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the roots and rhizomes of N. incisum for the first time; Unsaturated double bond on C-5 in the aromatic ring significantly improved the

anti-inflammatory activity of coumarins.
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on NO production

T NI RHMEYIFETE Notopterygium  incisum
Ting ex H. T. Chang A% M 9235 Notopterygium
franchetii H. de Boiss. [ M=, Jiklk
EZ58) BAWE. FTBIETER, WE. 5, A,
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K OHEPTERIR TG . 4-H AR O BB B TR A (-)-
e PR ERFR IR 3 A DU RAEA, R T B XS
Zj L-NS-(1- F & 4 B ) #E RO R R
[L-N®-(1-Iminoethyl) lysine hydrochloride, L-NIL] F1
M55 % (Indomethacin, IND) B, {Ey3EiEY )5
BRI FURIRESE , AW 5T N TEE F B BRI 70 15
ET 24 MEERFNEY, 58T KETE R
(isoimperatorin, 1), JIIH =% (angenomalin, 2).
*hE B &R (psoralen, 3). FAHNES (bergapten, 4).
PR Z Ccapillarin, 5). KK/FH Costhenol, 6). 5-
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IR AR HIEHBRAFD; SANYO MCO-18AIC 4,
iR 7746 (HA Sanyo A ®]); PHS-25 RS JE it
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1 R, = OCH,CH=C(CHj;), R,=H
R, 3R;=H R,=H
4 R, =OCH, R,=H
4 A 7 R, = OCH,CH=C(CH;)CH,C=0CH=C(CH), R,=H
o 0" "0 8 R, = OCH,CH=C(CH;)CH,CH(O)CHC(CH;)=CH, R,=H
Ry 9 R, = OCH,CH=C(CH;)CH,CH=CHC(CH;),0CHj R,=H
10 R, = OCH,CH=C(CH;)CH,CH,CH=C(CHj), R,=H
12 R, = OCH,CH(OH)C(CH;)=CH, R,=H
13 R, = OCH,CH=C(CH3)CH,CH(OH)CH=C(CHs), R,=H
14 R, =OH R, = C(CH;),CH=CH,
15 R, = OCH,CH=C(CH;)CH,CH=CHC(CH3),0H R,=H
16 R, = OCH,CH=C(CH3), R, =OCH,
19 R,=0OCH, R, =OCH,
5 R, =0CH; R,=H R;=OCH; R4=H
6 R,=H R,=H  Ry;=0H  R,=CH,CH=C(CH,),
11 R, =H R,=O0CH; R;=O0CH,CH=C(CH;), R,=H
17 R,=H R,=OCH,CH=C(CH3), R;=OH R,=H

18 R,=OH,2R R,=H

R,
X
R,
0 o”~o

20 R;=0--D-Glc,2R R,=H

21 R,=0--D-Gle,2R R, =OH, 3R

22 R, = O-B-D-Glo-(F=6 )-0-p-D-Glc, 2R
23 R, = O-B-D-Gle-(I==6)-O-p-D-Glc, 2'S

R,=H
R,=H

24 R, = 0-(6"-O-trans-feruloyl)-B-D-Glc, 2'R R, =H

1 REPEERNUFEN

Fig. 1 Structures of coumarins in roots and rhizomes of N. incisum
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(3111C0001CCC000146) M H H [ [ 2 Ak 2 e F A
B 240 T I SE A S 2 A O
2 RASSE

T T IEAR AR Z2HLRY 2.0 kg I 3 AR
FHRE (R 4 2k, 28 1 IR$EEN 2 h, DUERRIREEEL
1h, JEt, &IUEW, BUEEWCHEE, 15925 513.0
g (A 25.7%). #iRE HIEEKEMSEL K
WOk, BEROEE. IE T EESAE 5 R, 53
CRE ALY 89.0 g CHZHRHAEZGTHREER Ty 4.46%,
FED BERE QR 150.0 g (U 7.51%). IE
TEEREEA) 29.0 g (USCHE 1.45%) FIFREEIKZ

BUOR OB (89.09), ZHERA:(IE, ¥
Cbe-BRE 2l (50 0 1—~0: 1) BREEVRM, Mriighs
b > A O -BE IR Ol R H B 45 AR L&Y 1
(3.0 @), HRWoaHEEGRE (TLC ik, A
WMAEHt, 845 Fr.1~4. Fr.1 (6.89) SREMH:

ek 2%t HPLC (FREE-/K 70 © 30) 4. 4l
b &9 2 (20 mg, tr=37 min). Fr.2 (20.6 g)
2l 4 HPLC (HIEE-7K 65 © 35) 4r Bsf94i 0y
Fr. 2-1~2-3.Fr. 2-1 &4l % £ HPLC( ZJf5-7K 35 -
65)7> B 15404y Fr. 2-1-1.Fr. 2-1-2. 4k &% 3(15 mg,
tr=80 min) F14 (200 mg, tr=134 min); Fr. 2-1-1
SREIAE A, =S R-BER O (20 1 1) P
BUEY 5 (10 mg); Fr. 2-1-2 R0, =
S E-BE R 4155 (20 @ D WAL A 6 (20 mg).
Fr. 2-2 KA, =S FHE-BRE B8 (30 © 1)
Vel &4 7 (6 mg). Fr.2-3 KRk AIE, =
S HE- Al (100 @ 1) PRSI 8 (5mg) Fl
9 (5mg). Fr.3 (6.59) LrEMH L, =& -
BEIR £ BE (30 @ 1) YelifF4H 5 Fr. 3-1. Fr. 3-2 F14k
4710 (30 mg). Fr. 3-1 £ %% HPLC ( FEE-
/K 45 : 55) LA 11 (20 mg, tr=58 min).
Fr. 3-2 22K 451 HPLC (Zf5-7K 30 & 70) 70 Bi43
th&9 12 (10 mg, tk=42 min).
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FHTEE-BE R LR DR (10 1 101 1), Hrihdh
mmab 4 S P R E EL A EY 13 (2.0
9, HAWHSSE TLC KR, GHMAR S, B4
4y Fr.1~3. Fr.1 (259) SRRk ERE, =& F k-
BElR 2.l (10 © 1) PemifRdsy Fr. 1-1~1-2. Fr. 1-1
2221 % HPLC (ZJi-7K 60 : 40) 73 B34 54
14 (10 mg, tr=59 min). Fr. 1-2 & 4% HPLC
(ZJE-7K 70 2 30) rEf3bA4 15 (30 mg, tr=
62 min) 116 (15mg, tk=78 min). Fr.2 (26.2g)
2Pl &P HPLC (HEE-/K 60 400 7rESf34H )
Fr. 2-1~2-2; Fr. 2-1 2l % 1% HPLC( ZJi§-7K 45 -
55) B 494LA M 17 (5 mg, tr=31 min). Fr. 3 (3.9
9) SRERAEEE, =S EE-ER O (50 @ 1) ¥k
432053 Fr. 3-1~3-2.Fr. 3-1 424 £ 1k HPLC( 2
i5-7K 40 : 60) 73 B 434LA 1) 18(20 mg, tr=21 min)
119 (5mg, tk=38min). Fr.3-2 kLA L,
A HBE-HEE (50 ¢ D) BEMLS LA 20 (30 mg).

BUE TEERRY) (29.09), LM, =
S - RS e (50 @ 10 : 1), TLC kiR,
SRSy, 1845 Fr. LM Fr. 2. Fr. 1 22F4
% HPLC (HIEE-7K 25 & 75) 20 B34k &4 21 (20
mg, tg=58 min). 22 (15 mg, tg=96 min) Fl 23
(10 mg, tr=103 min). Fr. 2 2%k HPLC (2
i5-7K 20 : 80) 434345 24 (10 mg, tR=47 min).
3 HMmEXE

tEY 1. HIRES (R Ek-BEIR 485D
ESI-MS m/z: 271 [M+H]", 43T CieH1404;
'H-NMR (400 MHz, CDCl3) ¢: 8.11 (1H, d, J = 9.8
Hz, H-4), 7.57 (1H, d, J = 2.0 Hz, H-2"), 7.09 (1H, s,
H-8), 6.93 (1H, d, J = 2.0 Hz, H-3"), 6.23 (1H, d, J =
9.8 Hz, H-3), 5.51 (1H, t, J = 7.0 Hz, H-2"), 4.89 (2H,
d, J=7.0 Hz, H-1"), 1.77 3H, s, 4"-CH3), 1.68 (3H, s,
5"-CHs); ¥C-NMR (100 MHz, CDCls) d: 161.2 (C-2),
158.0 (C-7), 152.5 (C-9), 148.9 (C-5), 144.8 (C-2"),
139.7 (C-3"), 139.5 (C-4), 119.0 (C-2"), 114.0 (C-6),
112.4 (C-3), 107.3 (C-10), 105.0 (C-3'), 94.0 (C-8),
69.6 (C-1"), 25.7 (C-4"), 18.1 (C-5"). LA E¥dE 53¢
RAROE — BN, W e A 1N RRKET R .

EW) 2: R EH R (FEE-7K); ESI-MS m/z:
229 [M+H]+, ﬁ%ﬁ C14H1203; lH-NMR (400 |V|HZ,
CDCl3) 6: 7.63 (1H, d, J = 9.6 Hz, H-4), 7.29 (1H, d,
J = 8.4 Hz, H-5), 6.77 (1H, d, J = 8.4 Hz, H-6), 6.21
(1H, d, J = 9.6 Hz, H-3), 5.36 (1H, t, J = 9.9 Hz, H-2"),

5.11 (1H, s, H-5"a), 4.96 (1H, s, H-5'b), 3.52 (1H, dd,
J = 15.9, 9.9 Hz, H-3'a), 3.18 (1H, dd, J = 15.9, 9.9
Hz, H-3'b), 1.78 (3H, s, 6'-CH3); *C-NMR (100 MHz,
CDCl3) §: 163.9 (C-7), 161.1 (C-2), 151.5 (C-9), 144.1
(C-4), 143.0 (C-4"), 128.9 (C-5), 113.5 (C-10), 113.1
(C-3), 112.9 (C-8), 112.2 (C-5"), 106.8 (C-6), 87.8
(C-2),31.4 (C-3"), 17.1 (C-6")o VL EHE 5 kIR &
—H0A, MEEhAEY 2 MATEER.

&Y 3: AN AR (ZHE-7K); ESI-MS m/z: 187
[M+H]", 473 CuHeOs: H-NMR (400 MHz,
CDCl3) &: 7.80 (1H, d, J = 9.6 Hz, H-4), 7.70 (1H, d,
J = 2.3 Hz, H-2), 7.69 (1H, s, H-5), 7.48 (1H, s, H-8),
6.83 (1H, dd, J = 2.3, 1.0 Hz, H-3"), 6.38 (1H, d, J =
9.6 Hz, H-3); C-NMR (100 MHz, CDCls) §: 161.3
(C-2), 156.4 (C-7), 152.0 (C-9), 146.9 (C-2'), 144.1
(C-4), 125.0 (C-6), 120.0 (C-5), 115.4 (C-10), 114.7
(C-3), 106.4 (C-3"), 99.9 (C-8). LA % 5 CHRkiE
—gl, st 3 NHNE R R .

&) 4: Atk ZHE-7K); ESI-MS miz: 217
[M+H]+, ﬁ?‘ﬁ C12Hgo4; 1H-NMR (400 MHZ,
CDCl3) 6: 8.16 (1H, d, J = 9.8 Hz, H-4), 7.59 (1H, d,
J = 2.4 Hz, H-2"), 7.14 (1H, s, H-8), 7.02 (1H, d, J =
2.4 Hz, H-3"), 6.28 (1H, d, J = 9.8 Hz, H-3), 4.27 (3H,
s, 5-OCHa). DL I %# 5 scikdfos — 8, #dse
WEY 4 NEM NEE.

&Y 5: AEESE (AEHD; ESI-MS m/z: 207
[M+H]*, 4T3 CuHi00s: *H-NMR (400 MHz,
CDClg) 8: 7.95 (1H, d, J = 9.7 Hz, H-4), 6.40 (1H, d,
J = 2.2 Hz, H-8), 6.27 (1H, d, J = 2.2 Hz, H-6), 6.14
(1H, d, J = 9.7 Hz, H-3), 3.88 (3H, s, 5-OCHj3), 3.85
(3H, s, 7-OCHs); C-NMR (100 MHz, CDCl) ¢:
163.8 (C-2), 161.6 (C-5), 157.1 (C-9), 157.0 (C-7),
138.8 (C-4), 111.1 (C-3), 104.2 (C-10), 95.0 (C-6),
93.0 (C-8), 56.1 (5-OCHg), 56.0 (7-OCHs). LA L% #s
Ecwkaios — 50, s e s ARMER.

& 6: AEKMA (AEE; ESI-MS m/z: 231
[M+H]", T3 CuHu0s: H-NMR (400 MHz,
CDCl3) 6: 7.64 (1H, d, J = 9.4 Hz, H-4), 7.23 (1H, d,
J = 8.5 Hz, H-5), 6.83 (1H, d, J = 8.4 Hz, H-6), 6.66
(1H, s, 7-OH), 6.25 (1H, d, J = 9.4 Hz, H-3), 5.27 (1H,
t,J = 7.2 Hz, H-2"), 3.60 (2H, d, J = 7.2 Hz, H-1"),
1.84 (3H, s, 4"-CH3), 1.73 (3H, s, 5"-CH3); C-NMR
(100 MHz, CDCl3) 6: 161.9 (C-2), 158.5 (C-7), 153.2
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(C-9), 144.4 (C-4), 135.8 (C-3'), 126.6 (C-5), 120.4
(C-2", 114.9 (C-8), 113.3 (C-3), 112.7 (C-10), 112.3
(C-6), 22.1 (C-1"), 25.8 (C-4"), 18.1 (C-5"). LA E¥¥E
5aciriiE — s, WS e e a ) 6 NN .

tEY 7: EEMK (CEFR-BER LE);
ESI-MS m/z: 353 [M+H]", 4T CauH0s;
'H-NMR (400 MHz, CDCls) J: 8.16 (1H, d, J = 9.8
Hz, H-4), 7.60 (1H, d, J = 2.4 Hz, H-2"), 7.16 (1H, s,
H-8), 6.96 (1H, d, J = 2.4 Hz, H-3"), 6.27 (1H, d, J =
9.8 Hz, H-3), 6.06 (1H, t, J = 6.8 Hz, H-2"), 5.63 (1H,
s, H-6"), 5.00 (2H, d, J = 6.8 Hz, H-1"), 3.16 (2H, s,
H-4"), 2.15 (3H, s, 8"-CHs), 1.89 (3H, s, 10"-CHj),
1.73 (3H, s, 9"-CH3); *C-NMR (100 MHz, CDCls) §:
197.6 (C-5"), 161.3 (C-2), 158.2 (C-7), 157.1 (C-7"),
152.7 (C-9), 148.8 (C-5), 145.0 (C-2'), 139.5 (C-4),
137.1 (C-3"), 123.4 (C-2"), 122.8 (C-6"), 114.1 (C-6),
112.7 (C-3), 107.5 (C-10), 105.0 (C-3"), 94.4 (C-8),
69.5 (C-1"), 54.7 (C-4"), 27.8 (C-9"), 20.9 (C-8"),
17.3 (C-10"). LAY 7 1) NMR U BS54 5 2 )
& 13 ML, ik C-5" iR TE 5, 1l C-5”
MRS . Bk, a7 N 5-EEATEINEE
(5-dehydronotopterol) . ZAk &4 ¥ 75 I 32 JE TG B 1
SR I I A S REAF B0, DUAHT L S
BRI =)

&Y 8: TLHIRY) (=& EE-NED
ESI-MS m/z: 353 [M+H]", 4T CuH0s;
'H-NMR (400 MHz, CDCls) d: 8.15 (1H, d, J = 9.8
Hz, H-4), 7.60 (1H, d, J = 2.4 Hz, H-2"), 7.16 (1H, s,
H-8), 6.96 (1H, d, J = 2.6 Hz, H-3"), 6.28 (1H, d, J =
9.8 Hz, H-3), 5.64 (1H, t, J = 7.2 Hz, H-2"), 5.00 (2H,
d, J = 15.8 Hz, H-8"), 4.95 (2H, d, J = 7.7 Hz, H-1"),
3.40 (1H, d, J = 4.8 Hz, H-6"), 3.19 (1H, dd, J = 7.2,
4.8 Hz, H-5"), 2.20 (2H, t, J = 7.2 Hz, H-4"), 1.77
(6H, s, H-9", 10"); C-NMR (100 MHz, CDCl3) o:
161.3 (C-2), 158.1 (C-7), 152.7 (C-9), 148.8 (C-5),
145.0 (C-2"), 139.7 (C-3"), 139.5 (C-4), 138.2 (C-7"),
120.8 (C-2"), 114.1 (C-6), 112.7 (C-3), 112.5 (C-8"),
107.5 (C-10), 105.0 (C-3'), 94.4 (C-8), 69.5 (C-6"),
58.1 (C-1"), 56.9 (C-5"), 36.2 (C-4"), 20.0 (C-9"),
17.5 (C-10"). LA - %d 5 SCikis A —50, i
HKENEY) 8 NI K IEIEEE .

EY 9: Atk R (=& - EED; ESI-MS
m/z: 391 [M+Na]+, ﬁ?ﬁ C2oH2405; 1H-NMR (400

MHz, CDCls) 6: 8.16 (1H, d, J = 10.0 Hz, H-4), 7.60
(1H, d, J = 2.4 Hz, H-2"), 7.17 (1H, s, 8-H), 6.95 (1H,
d, J = 2.4 Hz, H-3"), 6.28 (1H, d, J = 10.0 Hz, H-3),
5.57 (1H, t, J = 6.8 Hz, H-2"), 5.51 (1H, dd, J = 16.0,
4.8 Hz, H-5"), 5.49 (1H, d, J = 16.0 Hz, H-6"), 4.96
(2H, d, J = 6.8 Hz, H-1"), 3.14 (3H, s, 7"-OCH3), 2.79
(2H, d, J = 4.8 Hz, H-4"), 1.25 (6H, s, 8", 9"-CH3),
1.68 (3H, s, 10"-CH3); *C-NMR (100 MHz, CDCls)
5: 161.3 (C-2), 158.1 (C-7), 152.7 (C-5), 148.9 (C-9),
144.9 (C-2'), 141.8 (C-4), 139.6 (C-3"), 138.1 (C-5"),
126.7 (C-6"), 119.8 (C-2"), 114.3 (C-6), 112.7 (C-3),
107.6 (C-10), 105.0 (C-3'), 94.4 (C-8), 74.8 (C-7"),
69.7 (C-1"), 50.3 (7"-OCHys), 42.5 (C-4"), 25.8 (C-9",
10"), 16.8 (C-8"). LA % 5 sCikfiis —518, iy
YA 9 N 7"-O-H 5 5 e T

&Y 10: TLEEPIRG & (& B 4
fig); ESI-MS m/z: 339 [M+H]*, 2 T3 Ca1H2204:
!H-NMR (400 MHz, CDCls) o: 8.17 (1H, d, J = 9.8
Hz, H-4), 7.59 (1H, d, J = 2.4 Hz, H-2"), 7.16 (1H, s,
H-8), 6.96 (1H, d, J = 2.4 Hz, H-3'), 6.27 (1H, d, J =
9.8 Hz, H-3), 5.53 (1H, m, H-2"), 5.06 (1H, m, H-6"),
4.95 (2H, d, J = 6.9 Hz, H-1"), 2.10 (4H, m, H-4", 5"),
1.69 (3H, s, 8"-CH3), 1.67 (3H, s, 10"-CH3), 1.60 (3H,
s, 9"-CH3); *C-NMR (100 MHz, CDCls) ¢: 161.4
(C-2), 158.1 (C-7), 152.6 (C-9), 149.0 (C-5), 107.5
(C-10), 144.9 (C-2"), 143.1 (C-3"), 139.7 (C-4), 132.1
(C-7"), 123.5 (C-2"), 118.9 (C-6"), 114.2 (C-6), 112.5
(C-3), 105.1 (C-3"), 94.2 (C-8), 69.8 (C-1"), 39.5
(C-4"), 262 (C-5"), 25.7 (C-9"), 17.8 (C-8"), 16.7
(C-10"). VA - #df 5 scmkios — 57, # e s
V) 10 AEFAHIER

B 11 ¥R 38 Ak K (R EE-7K )5 ESI-MS m/z:
261 [M+H]*, 4> 72 CisH1604;: *H-NMR (400 MHz,
CDCl3) 6: 7.61 (1H, d, J = 9.5 Hz, H-4), 6.84 (1H, s,
H-8), 6.83 (1H, s, H-5), 6.27 (1H, d, J = 9.5 Hz, H-3),
5.49 (1H, m, H-2"), 4.66 (2H, d, J = 6.7 Hz, H-1"),
3.90 (3H, s, 6-OCHs3), 1.78 (3H, s, 3'-CH3), 1.77 (3H,
s, 3-CHs); ®C-NMR (100 MHz, CDCls) J: 161.6
(C-2), 152.2 (C-7), 150.0 (C-9), 146.7 (C-6), 143.4
(C-4), 139.0 (C-3"), 118.7 (C-2"), 113.4 (C-3), 111.4
(C-10), 108.1 (C-5), 101.2 (C-8), 66.3 (C-1'), 56.4
(6-OCHj3), 25.9 (3'-CHs), 18.4 (3'-CH3). VL ¥ 5
SCERRE T, MR A 11 N 7-5 R
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AAE-6-HEE-F TR,

&) 12: ARG & (2H5-7K); ESI-MS
m/z: 287 [M+H]+, /\¥ﬁ C16H1405; 1H-NMR (400
MHz, CDCl3) §: 8.19 (1H, d, J = 9.8 Hz, H-4), 7.61
(1H, J = 2.4 Hz, H-2'), 7.19 (1H, s, H-8), 6.97 (1H, J =
2.4 Hz, H-3"), 6.30 (1H, d, J = 9.8 Hz, H-3), 5.20 (1H,
s, H-4"b), 5.07 (1H, s, H-4"a), 4.40 (1H, dd, J = 9.7,
7.3 Hz, H-1"a), 4.47 (1H, dd, J = 9.7, 3.6 Hz, H-1"b),
455 (1H, dd, J = 7.3, 3.6 Hz, H-2"), 1.83 (3H, s,
5"-CHs); *C-NMR (100 MHz, CDCl3) J: 160.5
(C-2), 157.3 (C-7), 151.9 (C-5), 145.2 (C-2'), 143.6
(C-9), 1435 (C-3"), 139.5 (C-4), 113.4 (C-6), 113.5
(C-3), 113.8 (C-4"), 106.7 (C-10), 104.7 (C-3"), 94.7
(C-8), 75.6 (C-2"), 74.2 (C-1"), 18.7 (C-5").. L L ¥#li 5
SCHRRIE — B8, WS TEA) 12 R IR R .

&) 13: TLEPIRGS & CaihBE-BS TR 418D ;
ESI-MS m/z: 377 [M+Na]*, 7> 73 CaH20s:
'H-NMR (400 MHz, CDCls) ¢: 8.13 (1H, d, J = 9.7
Hz, H-4), 7.59 (1H, d, J = 2.3 Hz, H-2'), 7.13 (1H, s,
H-8), 6.94 (1H, d, J = 2.3 Hz, H-3"), 6.25 (1H, d, J =
9.7 Hz, H-3), 5.63 (1H, t, J = 6.8 Hz, H-2"), 5.17 (1H,
m, H-6"), 4.96 (2H, d, J = 6.8 Hz, H-1"), 4.50 (1H, dd,
J=8.3,5.0 Hz, H-5"), 2.30 (1H, dd, J = 8.3, 13.7 Hz,
H-4"b), 2.21 (1H, dd, J = 5.0, 13.7 Hz, H-4"a), 1.75
(3H, s, 8"-CH3), 1.68 (3H, s, 9"-CH3), 1.71 (3H, s,
10"-CH3); *C-NMR (100 MHz, CDCls) §: 161.2
(C-2), 158.1 (C-7), 152.7 (C-9), 148.8 (C-5), 145.0
(C-2"), 139.6 (C-3"), 139.5 (C-4), 135.6 (C-7"), 127.4
(C-2"), 122.1 (C-6"), 114.1 (C-6), 112.7 (C-3), 107.4
(C-10), 105.0 (C-3"), 94.3 (C-8), 69.5 (C-1"), 66.5
(C-5"), 47.7 (C-4"), 25.8 (C-9"), 182 (C-8"), 17.1
(C-10"). £ CHkARE AR, %Seth &9 13
N IETE T o

G 14: B AR (CE B FE-BR S ;
ESI-MS m/z: 271 [M+H]*, 4 T3 CieH1404;
'H-NMR (400 MHz, DMSO-ds) 6: 8.25 (1H, d, J=9.8
Hz, H-4), 7.88 (1H, d, J = 2.4 Hz, H-2"), 7.17 (1H, d,
J = 2.4 Hz, H-3"), 6.30 (1H, dd, J = 17.6, 10.3 Hz,
H-2"), 6.17 (1H, d, J = 9.7 Hz, H-3), 493 (1H, d, J =
17.6 Hz, H-3"a), 4.91 (1H, d, J = 10.3 Hz, H-3"b),
1.69 (6H, s, 1"-CH3X2). PL_I¥¥s 5 ik #fiE —
U8, WK A 14 v K F IR SR S A 2

&Y 15: s HIRE d (ZF5-7K); ESI-MS

m/z: 377 [M+Na]+, ﬁ%ﬁ C21H2,0s; lH-NMR (400
MHz, CDCls) 6: 8.12 (1H, d, J = 9.9 Hz, H-4), 7.56
(1H, d, J = 2.5 Hz, H-2"), 7.11 (1H, s, H-8), 6.91 (1H,
d, J = 2.4 Hz, H-3"), 6.24 (1H, d, J = 9.9 Hz, H-3),
4.93 (2H, d, J = 6.9 Hz, H-1"), 5.66 (1H, t, J = 6.9 Hz,
H-2"),2.73 (2H, d, J = 6.0 Hz, H-4"), 5.52 (1H, dt, J =
2.4,5.2 Hz, H-5"), 5.58 (1H, t, J = 5.2 Hz, H-6"), 1.29
(6H, s, 8", 9"-CHs), 1.64 (3H, s, 10"-CH3). LA L%
5CikiE — 0, Mt & 15 A R IR

&) 16: HEMAK (LHE-7K); ESI-MS m/z:
323 [M+Na]*, 4 F 3 Ci7H160s: H-NMR (400
MHz, CDCls) 6: 8.11 (1H, d, J = 9.8 Hz, H-4), 7.62
(1H, d, J = 2.4 Hz, H-2"), 6.99 (1H, d, J = 2.4 Hz,
H-3"), 6.27 (1H, d, J = 9.8 Hz, H-3), 5.60 (1H, t, J =
8.0 Hz, H-2"), 4.84 (2H, d, J = 8.0 Hz, H-1"), 4.17
(3H, s, 8-OCHs), 1.73 (3H, s, 4"-CHs), 1.69 (3H, s,
5"-CHs); ¥C-NMR (100 MHz, CDCls) ¢: 160.6 (C-2),
150.8 (C-5), 145.1 (C-2'), 144.4 (C-9), 144.4 (C-7),
139.7 (C-3"), 139.4 (C-4), 127.0 (C-8), 119.9 (C-2"),
114.7 (C-6), 112.8 (C-3), 107.6 (C-10), 105.1 (C-3"),
70.4 (C-1"), 60.8 (8-OCHg), 25.8 (C-4"), 18.1 (C-5").
DL S ekl — 20, s et e 16 N
PR R I

WEW 17: WHEOHAR (ZHF-7K): 4 1R
C14H1404; ESI-MS m/z: 247 [M+H]"; *H-NMR (400
MHz, CDCls) 6: 7.63 (1H, d, J = 9.5 Hz, H-4), 7.24
(1H, s, H-8), 6.80 (1H, s, H-5), 6.25 (1H, d, J = 9.5
Hz, H-3), 6.17 (1H, s, 7-OH), 5.27 (1H, t, J = 7.2 Hz,
H-2'), 3.62 (2H, d, J = 7.2 Hz, H-1"), 1.86 (3H, s,
4'-CH3), 1.76 (3H, s, 5-CH3); *C-NMR (100 MHz,
CDCly) §: 161.6 (C-2), 150.2 (C-9), 149.7 (C-7), 144.0
(C-6), 1435 (C-4), 139.8 (C-3'), 118.9 (C-2"), 113.3
(C-3), 111.5 (C-10), 107.5 (C-5), 103.2 (C-8), 66.5
(C-1"), 26.0 (3'-CHg), 18.5 (3'-CHs). A%t 5 ik
o —H, MEEAEY 17 N 6-FE A S
TEAE AT

&) 18: BulRgh & (2 0E-7K); ESI-MS m/z:
247 [|V|+H]+, ﬁ?‘ﬁ C14H1404; 1H-NMR (400 MHZ,
CDClg) 0: 7.57 (1H, d, J = 9.5 Hz, H-4), 7.20 (1H, s,
H-5), 6.69 (1H, s, H-8), 6.18 (1H, d, J = 9.5 Hz, H-3),
4.72 (1H, t, J = 8.8 Hz, H-2"), 3.20 (2H, m, H-3"), 1.36
(3H, s, 4-CH3), 1.22 (3H, s, 4-CH3); C-NMR (100
MHz, CDCls) d: 163.2 (C-7), 1615 (C-2), 155.6
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(C-9), 143.7 (C-4), 125.1 (C-6), 123.4 (C-5), 112.8
(C-10), 112.2 (C-3), 97.9 (C-8), 91.2 (C-2)), 71.7
(C-4"), 29.5 (C-3"), 26.1 (4'-CH3), 24.4 (4-CH3). UL I
ol 5 ki — 508, s e A 18 KT
RTEAT TG

WAEW) 19: R K (L E-7K); ESI-MS m/z:
247 [M+H]*, 23 73X C1sH100s; H-NMR (400 MHz,
CDCl3) 6: 7.97 (1H, d, J = 9.7 Hz, H-4), 6.42 (1H, d,
J=2.1Hz, H-2), 6.28 (1H, d, J = 2.1 Hz, H-3"), 6.16
(1H, d, J = 9.7 Hz, H-3), 3.87 (6H, s, 5, 8-OCH3):
13C-NMR (100 MHz, CDCl3) 6: 160.5 (C-2), 150.1
(C-7), 145.2 (C-2'), 144.4 (C-5), 143.9 (C-9), 139.6
(C-4), 128.4 (C-8), 115.0 (C-6), 113.2 (C-3), 107.9
(C-10), 105.4 (C-3"), 61.9 (8-OCHs), 60.7 (5-OCHs3).
DL B 5 sckaboE — 218, Wt a Y 19 8
FRIRHEE,

LAY 20: Totk K (=& Fe-H D ; ESI-MS
m/z; 431 [M+Na]+, 4F3 CooH2409; TH-NMR (400
MHz, DMSO-ds) 6: 7.93 (1H, d, J = 9.5 Hz, H-4),
7.47 (1H, s, H-5), 6.80 (1H, s, H-8), 6.21 (1H, d, J =
9.5 Hz, H-3), 4.90 (1H, t, J = 8.5 Hz, H-2"), 4.40 (1H,
d, J = 7.5 Hz, Glc-H-1"), 3.26 (2H, d, J = 8.5 Hz,
H-3"), 3.67 (1H, dd, J = 11.5, 6.0 Hz, Glc-H-6"a), 3.42
(H, dd, J = 11.5, 2.0 Hz, Glc-H-6"b), 3.38 (H, dd, J =
9.5, 7.5, 2.0 Hz, Glc-H-5"), 3.25 (1H, dd, J = 9.0, 5.0
Hz, Glc-H-3"), 3.00 (1H, ddd, J = 9.5, 9.0, 5.0 Hz, Glc-
H-4"), 2.87 (1H, dd, J = 9.0, 7.5 Hz, Glc-H-2"), 1.30
(3H, s, CH3-5"), 1.12 (3H, s, CH3-6"); C-NMR (100
MHz, DMSO-ds) d: 163.0 (C-7), 160.4 (C-2), 155.0
(C-9), 144.7 (C-4), 125.5 (C-6), 123.9 (C-5), 112.2
(C-3), 111.3 (C-10), 97.2 (C-8), 96.8 (C-1"), 89.7
(C-2"), 77.0 (C-4"), 76.9 (C-5"), 76.7 (C-3"), 73.5
(C-2"), 70.3 (C-4"), 61.2 (C-6"), 29.1 (C-3"), 23.2
(C-5"),20.6 (C-6"). LA FEdE 5 ks —50,
Y EEY) 20 NEIERTHER

&Y 21: AtakR (FEE-/K); ESI-MS miz:
447 [M+Na]*, 213 CaoH24010; H-NMR (400
MHz, DMSO-dg) 6: 8.02 (1H, d, J = 9.6 Hz, H-4),
7.68 (1H, s, H-5), 6.92 (1H, s, H-8), 6.26 (1H, d, J =
9.6 Hz, H-3), 5.25 (1H, d, J = 6.6 Hz, H-3'), 5.23 (1H,
d, J = 4.8 Hz, 3-OH), 5.20 (1H, d, J = 4.8 Hz,
2"-OH), 4.98 (1H, d, J = 5.1 Hz, 3"-OH), 4.89 (1H, d,
J = 4.5 Hz, 4"-OH), 4.54 (1H, d, J = 6.3 Hz, H-2"),

452 (1H, d, J = 7.8 Hz, H-1"), 430 (1H, d, J = 5.7
Hz, 6"-OH), 3.38 (1H, dd, J = 11.6, 6.5 Hz,
Glc-H-6"a), 3.12 (1H, dd, J = 11.6, 2.0 Hz, Glc-H-
6"b), 3.05 (1H, dd, J = 9.5, 9.0, 2.0 Hz, Glc-H-5"),
3.06 (1H, dd, J = 9.0, 5.0 Hz, Glc-H-3"), 3.04 (1H,
ddd, J = 9.5, 9.0, 5.0 Hz, Glc-H-4"), 2.87 (1H, dd, J =
9.0, 7.8 Hz, Glc-H-2"), 1.46 (6H, s, 5', 6'-CHs);
13C-NMR (100 MHz, DMSO-ds) : 162.2 (C-7), 160.3
(C-2), 156.0 (C-9), 144.8 (C-4), 128.5 (C-6), 125.6
(C-5), 112.7 (C-10), 111.7 (C-3), 97.6 (C-1"), 97.2
(C-8), 91.8 (C-2"), 77.4 (C-3'), 76.8 (C-3"), 76.6
(C-5"), 73.3 (C-2"), 70.0 (C-4"), 69.7 (C-4"), 60.7
(C-6"), 24.5 (C-5"), 22.7 (C-6") . LA $5¥i 5 ~C ik iE
— 0, W A 21 NETERY V.

&) 22: AR AR (FEE-7K); ESI-MS m/z:
593 [M+Na]*, 4+ T3 CoeH3401: H-NMR (400
MHz, DMSO-dg) d: 7.92 (1H, d, J = 9.5 Hz, H-4),
7.47 (1H, s, H-5), 6.80 (1H, s, H-8), 6.20 (1H, d, J =
9.5 Hz, H-3), 4.78 (1H, dd, J = 7.8, 4.7 Hz, H-2), 4.42
(1H, d, J = 8.0 Hz, H-1""), 421 (1H, d, J = 7.8 Hz,
H-1"), 3.93 (1H, brd, J = 11.0 Hz, H-6""a), 3.66 (1H,
brd, J = 11.5 Hz, H-6"a), 3.53 (1H, dd, J = 11.0, 6.5
Hz, H-6""b), 3.40 (1H, dd, J = 11.5, 4.5 Hz, H-6"D),
3.27 (2H, m, H-3), 3.13 (2H, m, H-3", 3", 3.06 (4H,
m, H-4", 5", 4™ 5"), 2.97 (1H, m, H-2""), 2.89 (1H,
m, H-2"), 1.31 (3H, s, 5-CHg), 1.10 (3H, s, 6'-CHs);
13C-NMR (100 MHz, DMSO-ds) d: 163.1 (C-7), 160.5
(C-2), 155.0 (C-9), 144.7 (C-4), 125.6 (C-6), 123.9
(C-5), 112.2 (C-10), 111.2 (C-3), 103.3 (C-1""), 97.0
(C-1"), 96.8 (C-8), 89.6 (C-2'), 77.1 (C-4), 76.9
(C-3"), 76.7 (C-3"), 76.7 (C-5""), 75.2 (C-5"), 73.5
(C-2"), 73.4 (C-2"), 70.3 (C-4"), 70.1 (C-4""), 69.0
(C-6"), 61.1 (C-6"), 29.1 (C-3), 23.4 (C-5'), 20.7
(C-6". LA F3d 5 ekl — 8, Mo et &4
22 NHTHAE 1.

&) 23: AR R (FEE-7K); ESI-MS m/z:
593 [M+Na]*, 2+ T3 CoeH3401: H-NMR (400
MHz, DMSO-dg) &: 7.93 (1H, d, J = 9.5 Hz, H-4),
7.48 (1H, s, H-5), 6.82 (1H, s, H-8), 6.21 (1H, d, J =
9.5 Hz, H-3), 4.86 (1H, dd, J = 9.0, 8.5 Hz, H-2), 4.41
(1H, d, J = 8.0 Hz, H-1""), 421 (1H, d, J = 7.5 Hz,
H-1), 3.78 (1H, brd, J = 11.0 Hz, H-6"a), 3.66 (1H,
brd, J = 11.5 Hz, H-6"a), 3.51 (1H, dd, J = 11.0, 6.5
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Hz, H-6"b), 3.42 (1H, dd, J = 11.5, 4.5 Hz, H-6"b),
3.28 (1H, dd, J = 16.0, 9.0 Hz, H-3'a), 3.20 (1H, dd,
J =16.0, 8.5 Hz, H-3'b), 3.14 (2H, m, H-3", 3""), 3.02
(4H, m, H-4", 5", 4" 5", 2.93 (1H, dd, J = 8.0, 8.0
Hz, H-2'"), 2.87 (1H, dd, J = 8.0, 7.5 Hz, H-2"), 1.24
(3H, s, 5'-CH3), 1.22 (3H, s, 6'-CH3); *C-NMR (100
MHz, DMSO-ds) d: 163.1 (C-7), 160.5 (C-2), 155.0
(C-9), 144.7 (C-4), 125.6 (C-6), 124.0 (C-5), 112.2
(C-10), 111.3 (C-3), 103.2 (C-1""), 97.1 (C-1"), 96.9
(C-8), 90.0 (C-2), 77.1 (C-4"), 76.9 (C-3"), 76.7
(C-3"), 76.6 (C-5""), 75.6 (C-5"), 73.5 (C-2"), 73.4
(C-2'"), 70.1 (C-4"), 69.9 (C-4""), 68.2 (C-6"), 61.1
(C-6"), 28.9 (C-3'), 22.9 (C-5"), 21.8 (C-6"). LA _F ¥ ¥
HacmrdoE —%d, et & 23 NETELE
JG-11-O-B-D- ik Wi ] 7% 4 2k -(1—6)-B-D- ik i 7 %]
LRE

&Y 24: TLtaKR (LIE-7K); ESI-MS m/z:
607 [M+Na]+, 4F 3, CaH3012; H-NMR (400
MHz, DMSO-ds) 6: 7.79 (1H, d, J = 9.5 Hz, H-4),
7.45 (1H, d, J = 15.8 Hz, H-7""), 7.36 (1H, s, H-5),
7.14 (1H, d, J = 1.4 Hz, H-2""), 6.86 (1H, dd, J = 8.1,
1.4 Hz, H-6""), 6.71 (1H, s, H-8), 6.68 (1H, d, J = 8.1
Hz, H-5""), 6.33 (1H, d, J = 15.9 Hz, H-8'"), 6.14 (1H,
d, J = 9.5 Hz, H-3), 5.03 (1H, d, J = 5.0 Hz, H-2"),
4.87 (1H, d, J = 8.7 Hz, H-1"), 4.49 (1H, d, J = 8.0
Hz, H-6"b), 4.39 (1H, dd, J = 10.1, 1.4 Hz, H-6"a),
3.74 (3H, s, 3""-OCHj3), 3.47 (1H, ddd, J = 9.0, 8.7,
1.4 Hz, H-5"), 3.20 (2H, d, J = 8.6 Hz, H-3"), 3.19
(1H, dd, J = 9.0, 5.5 Hz, H-3"), 3.10 (1H, ddd, J = 9.0,
8.7, 5.0 Hz, H-4"), 2.93 (1H, ddd, J = 9.0, 8.7, 5.5 Hz,
H-2"), 1.29 (3H, s, 5'-CHg), 1.11 (3H, s, 6'-CHa);
13C-NMR (100 MHz, DMSO-ds) o: 166.4 (C-9"),
162.9 (C-7), 160.4 (C-2), 154.9 (C-9), 149.4 (C-4""),
147.8 (C-3""), 145.1 (C-7"), 144.5 (C-4), 125.4
(C-1'), 125.2 (C-6), 124.0 (C-5), 123.0 (C-6""), 115.4
(C-5"), 114.1 (C-8""), 112.3 (C-10), 111.2 (C-2),
111.0 (C-3), 97.2 (C-1"), 96.8 (C-8), 89.6 (C-2"), 77.2
(C-4"), 73.4 (C-5"), 76.7 (C-3"), 73.4 (C-2"), 70.5
(C-4"), 63.7 (C-6"), 55.6 (3"-OCH3), 29.2 (C-3"), 23.1
(C-5",20.9 (C-6"). LA I-%¥s 5 SCikdhoE —8(=, i
YA 24 NFIETE .
4 H0E) NO A4 & MM E

FHESCRR TR TN E . E 20% FBS

DMEM 15773 8 7571 RAW 264.7 41fEtk, 7F
37 C. 5% CO 26 NEEFR, AR, K
FEIEH J5, SUH & 10% FBS ) DMEM 15953685 9%,
FERI, MK E 80%IL A IALIR, HEA ]
N1 3~1:5. U EAE KT RAW 264.7 4, il
BN 3X10° NmL 4l iE, BAhT 96 fL
Wb GhZ MW /KiEs), &L 100 uL. 37 C.
5% CO 214 FIRIFFRE 3% 12 h JG N 50 uL 2R &
N1 pg/mL [ LPS A1 50 pl AN [E]He JE [RA%F I RE 5 (b
G 1~24), [EIR AR, BT IRZE (L-NIL
FnGIESE ) IEHXHRAL (i Mg, ROnAR:
FRD A EXTIRA RIS FRI, A ngn i A
WE), AWK 3 MFATIL, JheLiRiFEssE 24 h,
FLEX_E3% 100 puL & 96 LA, i 100 L Ee
U114 Griess 5471, i T N 15 min, B f5{¢ 540 nm
AT E R EFEAE, ARtk 2RI T IR E (NaNO2 1
RTRE D o 1% FIREERUE B R, R IR AL
I 20 pL ) MTT (5 mg/mL) TAEW, 4k&Li i
BFR4h G, BRI =0E 100 pb, BEFR46 R
H 10 h. FIESARCNE 490 nm ARG EME, it
HAMAETE R . EORTESR AN, BT 44 i
TP % >95% ., APRIESE R AT SEME X SR I fe e
PE, BT SEIRTEAR R 0 &4 N AT 3 IR B
PHHEH SPSS 16.0 AFGETHACEE, B K
WK (ICs0), FERWFE 1.
5 itig

AN TEIE T IRAR FIAR ZEp r B %2 T 24
MNEERBED, A& 7 NE R =1,
WEY 17 NEIRNFEF P ERE . XS5 3
(1) 24 MEAPIBEATIH] LPS 75 S/ RAW 264.7 4]
g NO A peid Ve . 455K, t&4 1~3. 5~
20 F1 24 4 — 2 i) LPS 175 S/ RAW 264.7 4
e NO A= i, 1Cso {H7E 150 umol/L LA R ififk
EW 4.21~23 [F40H] LPS 551 RAW 264.7 ZH 1
NO A= B 455, 1Cso fEII7E 200 umol/L B E.
&Y 7~10.13 A1 15 #04i| LPS 753 1 RAW 264.7
AHHL NO A= B P e 58, 1Cso 1H N 8.50~35.12
umol/L; HA k&4 10 KITEE SFEM:ZS L-NIL AH
2, (B 7~9.13 F1 15 ETEA T BHEZ L-NIL
FUIND Z 18], A9 7~10. 13 Al 15 S5 K254,
BIeH ZmRE, REEPE RSN,
DR 1% 28 9 A0 A5 0 FRD 5 A 6o S T PR R AR 1k LA AR
R B 20 N, LAY 22 HXURET,
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1 FEPNEFSEZLUAYBIMEESER L-NIL #)E LPS iESH) RAW 264.7 4R NO & BEMEAY 1ICs & (X £s, n=23)

Table 1 1Cso values for inhibition of different coumarins, indomethacin, and L-NIL on production of NO in LPS-stimulated
RAW 264.7 cells (X £s,n=3)
WwEY 1Cso/(umol-L™1) WwEY 1Cso/(umol-L 1) WEY) 1Cso/(umol-L 1)

1 86.39+3.68 10 8.50+ 0.73 19 89.33+ 241

2 58.294+3.94 11 48.54+16.56 20 147.15+10.12

3 124.21+6.15 12 79.37+ 9.32 21 194.52+37.13

4 >200 13 16.80+ 3.74 22 >200

5 123.484+9.70 14 61.31+ 0.77 23 >200

6 56.47+6.23 15 25.194+ 2.44 24 85.25+ 8.78

7 32.75+4.55 16 73.83+ 3.46 IND 55.79+ 1.15

8 35.12+5.14 17 68.17+ 1.59 L-NIL 9.37+ 157

9 20.01+0.97 18 133.494+13.03
A& 24 N EREL FABEER, Ab-&W) 20, 22 A 24 [5] Liu X, Kunert O, Blunder M, et al. Polyyne hybrid

WFF oA, HE Tt 3 BRI : 22<<20<
24. NI, FEHHEZ NO AL RS PR Ts, FUgl
BLACAH BT 1555 NO A il th. SAKE, X
T IE E R I NO A s R TR E &R
o GG AT TS5 RSN IE & 2R S5
o NO Az pledif v PE90), g R RO R A0
(D FRMs ERF R B, 2kt
PR AT AL S, FERAEIEE RS, (2) &
SR ESERUN, B ERATEERES; (3) XEE
RHUHE TR (4) SR TR o
PEESS; () HERHTHIEIEL T & R H IS
Peo DRgs FIeis, HESHAKEERE DA w
IR KB LR OB, GRS Ar s R HE H A
Yrraidth e AR TUIESEF SR e Teil RIS
RAIEFBA RSy, ISR TR SR,
BE— SRR ANR 3 T8 i R T R A 51T R S5
TRHRTT o
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