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Isoprenylated Flavonoids and Coumarins from. Poncirus trifoliata
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Abstract : Twelve isoprenylated phenolic compounds including four flavonoids (1-4) and eight coumarins (5-12) were i-
solated from Poncirus trifoliata. They were identified as 3'",4"’-dihydroxy-atalantoflavone (1) ,alatanoflavone (2),7,8-
(2'",2"" -dimethylpyrano) -5 ,3" ,4’-trihydroxy-3-methoxylflavone (3 ), citflavanone (4) ,seselin (5),xanthyletin (6),
isoangenomalin (7) ,nordentatin (8) ,clausarin (9) ,3-(L,1-dimethylallyl ) -8-hydroxy-7-methoxycoumarin (10) ,aniso-
coumarin B (11) ,auraptene (12),0n the basis.of NMR and MS spectroscopic data,as well as by comparison of data

with those reported in the literature.“Compounds 2 and 4 exhibited moderated NO production inhibitions with IC, values

of 17.3 and 22.8 pM,respectively.
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A ( Poncirus trifoliata ) J& 2= 7 F} ( Rutaceae ) FH
J& (Poncirus ) k¥, 2 P 1R R ol 0 24 M ARG L SRARG
AL EAR U BRI IR BN AR, Tz
ZiTs AW ik | A S TR T N2 10 NN T B R = 21N
TR IR P R s X R
(SRS T B 5 B IR 9T I B R DL R 1 4 R
L R KL W o 3R LA R P T
YU MUWE NS IR E 2 TR RE %
MR LA K e o MR T AR R A7 i o3 i 5 4l
TRER TR I s R e
PRAIZ th, BT P 2 — R B ER IR
N T BRI B o IF 4R B AT BE A BT A 1
Py, FAT D6 P T AL R AR B B O3 AT T Ak

W H 41:2018-01-03 HE3% H 1 :2018-04-09
FETH < h R BRI AEHIIL 55 9% % 35 (CZT18013 , CZT18014 )
# W EVE#H E-mail ; wangegk7779@ 163. com, tfeng@ mail. scuec. edu. cn

T, N R B B A5 2 12 MEE W), 73 %
TE N SIGRRACR IR 5 4 (1 ~4, K 1)
MEEREUEY 8 (5 ~12, K 2) . XLl
~12 052 T BT — A AR (NO) 1 A i il 75
e, H a2 Fi 4 os i —E i s e, 42
AR RE R E LR G

1 E=5#H

JFii% VG AutoSpec 3000 % 5 A3l 5 . ' H,
“"C NMR M Bruker Advance 500, DRX-500, & AV-
400 8 T A% @ 3k R AW, %R A CDC,
CD,COCD, .CsDsN . DMSO-d, ., if#5r{% 2104 Envision
Multilabel Plate Reader ( 3¢ [E Perkin-Elmer Life Sci-
ences AH] ) o AEZHTIERE IE AR (200 ~300 H,
R TARAR) , AH RP-18 ( H A Fuji 24
H]) , Sephadex LH-20 ( ¥ #t GE healthcare 2\ ] )



1748 KIRF=YIBE R 5T K

Vol. 30

GF 5, T2 J2 AT 1 AH A Sl (75 S5 T VAL TA FR A
Al BAAKR 10% IR A . Griess I |
LPS LK RAW264.7 /NG I 20 i 2 S 1 Sigma
u] o PR RE 8 B AR ] 5 MG-132 138 H
Sigma 2\ ) .

HBUCP. trifoliata) B Hb b 3853 F 2015 4F 8 H R
SETFINAEFRIIN , by v R R 2 24 2 B 1 Vs i) 452
W RRAR (BRAS H HFC20150812P0010-2) & F
B R 2224 B

2 REFHSE

WAL P. trifoliata ) i 138 23 B+ B 0% J5 Ak &
10.0 kg, FHAFAFRAY £ BEAE 2 0 T R F2 B 3 Ik,
BEUR 24 /NI o o 8 I i BB S e 4 45 AL 4
P 1.5 T, BHIRDTR U IRE R KR 2.8 T
HEATREHL 3 U, B I 1 4 /N T 4388 O D8R e 4
LR O TRIZHRE 250 g,

¥ TR R Z R IR LA 2 A% 5 A9 I A RE
(200 ~300 H, 7 S A T) FERE, BA T 4T
U REBER BT AE (15 x 120 em) , HIS 45/ W B EA T
BREEVENE (v/v,1:0-0: 1) 153 8 ~2H 45 Fr. A-H,

Fr. C(32 g) ZehEMeHT: , S 05/ PR (v/v,10: 152
D1 B BE U A5 B W 4 4y Fr. B1-B6, Er. B2( 880

2R{=R,=H

mg) ZERE AT, AT/ N (v/v,9: 158: 1) BREEBE
AR A 5(7 mg) \7(12 mg) \12(6 mg) ,fb&
P16 (18 mg) PBEHE T H3 52 T0 (537 B HR A A

Fr. D(18 g) Zerk A, A5/ I (v/v,8: 152
1) B B2 BENAR 240 43 Fr. D1-D5 , Fr. D3 (600 mg)
CERERCAE , A Wl Ik DY B ABR JE (v/v, 7 1—4: 1) Yl
53] W4 4y Fr. D3a-D3h, Fr. D3d (120 mg) £ ) AH
(RP-Cq) (A5, FHH /7K 86 B (w/v,70:30—80:
20) Ve A 2 L5 8 (22 mg) \9(6 mg) 10 (5
mg) . Fr. D3f(220 mg) 28 1F AL AT , 5005/ 7R I 25
JECv/v, T 1) BEBAR L 5411 (6 'mg) .

Fr. F(22 o) Zerk et , @0/ i v/v,7: 1-1:
1) BAEEVR AR BNV 2H 53 Fr. F1-E6, Fr. F5(4 g) 28 )%
HH(RP-C g ) oAt , B/ 7K A6 BE (v/v,40: 60—70
:30) vEAR R 4(17 mg) |, IF BRI T —
B EAERRE AR, B G/ P (1: 1) A3 R UE %R
RIPIASEI{E 54 2(150 mg) .

FroG (16, g) 28 EARfE A, S 05/ H 45 B2 (v/
v, 70 1) Pl A5 41 70 Fr. G1-G4. Fr. G3 28 [ Af]
(RP-C g ) a3kt , 1 R/ 7K B BE (v/v,40: 60—50:
50) i3 Fr. G3a-G3e, Fr. G3d (80 mg) £ HE K
Sephadex LH-20 ¥ 4%, F l 8 i i) Ak & 4 1 (14
mg) A1 3(7 mg) .

3Ry = OH, Ry = OCH3

1 RARREELHERERS

Fig. 1 Isoprenylated flavonoids from P. trifoloata
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WEH KK ;'H NMR ( DMSO-d, ,500
Hz) 6:1.34,1.36 (each 3H,s,Me2""),3.61 (1H,
d,J =5.2 Hz,H4"") ,4.96 (1H,d,J =5.2 Hz, H-
3'"),6.11 (1H,s,H6),6.86 (1H,s, H3),6.89
(2H,d,J =8.8 Hz,H-3",5"),8.03 (2H,d,J =8.8
Hz,H-2',6");"” C NMR ( DMSO-d,, 125 MHz) §:
21.0,26.1 (q,Me x2),60.1 (d,C4'"),70.2 (d,C-
3),79.4 (s,C2""),98.9 (s,C-8),102.8 (d,C-
6),103.6 (s,C4a),104.9 (d,C-3),115.6 x2 (d,
C-3",5"),121.5 (s,C-1"),128.5 x2 (d,C-2",6"),

155.8 (s,C-8a),158.7 (s,C-6),160.3 (s,C4"),
161.2 (s,C-5),163.8 (s,C-2),182.0 (s,C4) ;ES-
IMS:m/z 371 [M + H] "o BLEFscmk'™ %
WA — 5, i 2 A5 1 04 37,4 -Dihydroxy-
atalantoflavone ,,

wEw 2 wEEEIRGAK(NE) ;' H NMR
(DMSO-d, ,500 Hz) §:13.12 (5-OH),7.96 (2H,d,
J=8.8 Hz,H-2",6") ,6.96 (2H,d,J=8.8 Hz,H-3',
5'),6.88 (1H,d,/=10.1 Hz,H4'") ,6.84 (1H,s,
H-3),6.22 (1H,s,H-6),5.78 (1H,d,/=10.1 Hz,
H-3""),1.47 (6H,s, Me-2""); ESIMS: m/z 337 [ M
+ H] "o DA RS AN SClk T e A — B, o e
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&4 2 & Alatanoflavone .

wEW3  EOAERAAHE) ;' H NMR (ac-
etone-dg ,400 Hz) §:13.08 (OH-5),7.55 (1H,d,J
=2.0 Hz,H2"),7.43 (1H,d,J =8.7,2.0 Hz, H-
6'),6.91 (1H,d,J=8.7 Hz,H-5") ,6.61 (1H,d,J
—10.1 Hz,H4"") ,6.47 (1H,s,H-6),5.81 (1H.d,
J=10.1 Hz,H-3""),3.80 (3H,s,3-OMe), 1.44
(6H,s.Me2"") ;ESIMS:m/z383 [M + H]*. LI
Bl FSCHR" ot B A — B, S e e A 3 M T,
8-(2'",2""-Dimethylpyrano ) -5,3",4’-trihydroxy-3-me-

thoxylflavone

a4 TOEW KA ;' H NMR (ac-
etone-d, ,400 Hz) §:1.38,1.39 (each 3H, s, Me-
2'"),2.76 (1H,dd,J =16.8,3.0 Hz,3-Heq) ,3.20
(1H,dd,J=16.8,12.8 Hz,3-Hax) ,5.46 (1H,dd,J
=12.8,3.0 Hz,2-Hax) ,5.54 (1H,d,J =10.1 Hz,
H-3""),5.86 (1H,s,H-6),6.45 (1H,d,J =10.1
Hz,H- 4'"),6.89 (2H,d,J =8.5 Hz,H-"3",5"),
7.37 (2H,d,J=8.5 Hz,H-2',6")¢ESIMS +m/z 339
[M + H] "o RS A scik " sk st A— 3, %
HEfLE Y 4 # Citflavanone’
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Figs2, Isoprenylated coumarins from P. irifoliata

WwEHWS LBV, H NMR (acetone-
ds,500 Hz) §:7.81 (1Hydy =9.5 Hz,H4),7.39
(1H,d,J =8.6 Hz,H-5),6.76 (1H,d,J =10.1 Hz,
H4'),6.70 (1H,d,/}=8.6 Hz,H-6),6.17 (1H,d,
J=9.5 Hz,H3),5.83 (1H,d,J=10.1 Hz,H-3"),
1.42 (6H,s,Me=2") ; ESIMS:m/2229 [M + H] ",
Db bl FSCk Y X B A — B, s et S
}7 Seseling

WEY 6 s RgE () ;' H NMR
(CDCL, 500 Hz) 6:7.55 (1H,d,J =9.5 Hz,H4),
7.04 (1H,s,H-5),6.71 (1H,s,H-8),6.31 (1H,d,
J=10.0 Hz,H4'),6.19 (1H,d,J=9.5 Hz,H-3),
5.67 (1H,d,J =10.0 Hz,H-3"),1.46 (6H,s, Me-
27);ESIMS:m/z 229 [M + H]*. i %4 #isC
TR Xk R AR — B, i 2 1K 34 6 9 Xanthyleting,

WEWT  KAEHRE () ;' H NMR (ac-
etone-d, ,400 Hz) 6:7.84 (1H,d,J=9.5 Hz,H4),
7.43 (1H,s,H-5),6.75 (1H,s,H-8) ,6.16 (1H,d,

J=9.5 Hz,H3) ,4.95 (1H,s,5'-Heq) ,4.76 (1H,
s.5'-Hax).4.41 (1H,m,H-2"),2.99 (1H.d,J =
4.0 Hz,H-3"),1.81 (3H,s,Me-6") ; ESIMS.m/z 229
[M o+ H] "o RAESRAScik™ s ik A— 2, %
WEEH T M Tsoangenomalin,,

WEWS LAYURE: () ;' H NMR (ac-
etone-d, ,500 Hz) §:7.97 (1H,d,J=9.6 Hz,H4) ,
6.61 (1H,d,J=10.0 Hz,H4') ,6.29 (1H,dd,J =
17.5,10.6 Hz,H-2"") ,6.15 (1H,d,J =9.6 Hz, H-
3),5.83 (1H,d,J=10.0 Hz,H-3") ,4.91 (1H,d,J
=17.5 Hz,3'"'-Heq) ,4.83 (1H,d,J =10.6 Hz,3"'-
Hax),3.85 (3H,s,5-OMe),1.64 (6H,s,Me-1""),
1.46 (6H,s,Me-2") ;ESIMS:m/z2329 [M + H] ",
Db 50 A Sk o R AR — B, WoR kS 8
& Nordentatin ,

wEWI EEKAK;'HNMR (acetone-d, ,400
Hz) 8:7.97 (1H,s,H4) ,6.73 (1H,d,J =10.0 Hz,
H4').6.25 (1H,dd,J = 17.6,10.4 Hz, H2'""),
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6.18 (1H,dd,J=17.6,10.4 Hz,H-2"") ;5.69 (1H,
d,J=10.0 Hz,H3'),5.05 (1H,dd,J =17.6,1.2
Hz,H3'""Heq) ,5.00 (1H,dd,J =10.4,1.2 Hz, H-
3'""Hax),4.89 (1H,dd, J = 17.6, 1.2 Hz, H3"'
Heq) ,4.77 (1H,dd,J = 10.4,1.2 Hz, H-3" Hax) ,
1.41 (6H,s, Me-1""") . 1.40 (6H,s, Me-1""); ES-
IMS:m/z381 [M + H] "o LLEXdiAnsc' ™ %t
BR300, B e b5 9y Clausarin

E&W10 [k A;'H NMR (acetone-d,
400 Hz) 6:7.72 (1H,s,H4),7.25 (1H,d,J =8.5
Hz,H-5),6.85 (1H,d,J=8.5 Hz,H-6) ,6. 18 (1H,
dd,/ =17.5,10.6 Hz, H2"),5.06 (1H,dd, J =
17.5,1.2 Hz,H- 3"Heq),5.01 (1H,dd,J =10.6,
1.2 Hz,H-3'Hax) ,3.92 (3H,s,0OMe-7),1.45 (6H,
s,Me-1") ;ESIMS:m/z 261 [M + H] ", LI %R
FISCHR" ') 36F BB A — 30, Szt A4 10  3-(1,
1-Dimethylallyl ) -8-hydroxy-7-methoxycoumarin ,

WE 11 JCaE kg S (B ;'H NMR
(CDCL, ,400 Hz) §:7.76 (1H,d,J=9.5 Hz, H4),
7.69 (1H,d,J=2.0 Hz,H=8),7.36 (1H,s,5-OH),
6.81 (1H,d,J=2.0 Hz,H-6).6.36 (1H,d,J<9.5
Hz,H-3),5.61 (1H,m,H-3"),5.00 (2H,d,J =7.8
Hz,H-2"),1.74 (3H,s,Me4’),1.72 (3H, s, Me-
4");ESIMS:m/z 247 [M + H] " Lok B8 f1sg
k% RS A— B, WoOR s Ak &4 11 9 Anisocou-
marin B,

e 12 JCiE HIRY) ;' H NMR (ace-
tone-d, ,500 Hz) 8:7.86 (1H,d,J=9.5 Hz,H4),
7.54 (1H,d,J =8.5/Hz,H-5),6.90 (1H,dd,J =
2.0.,8.5 Hz,H-6) ;6.86<(1H,d,J =2.0 Hz, H-8),
6.18 (1H,d,J=9.5 Hz,H-3),5.48 (1H,m,H-6") ,
5.08 (1H, m, H2!) 4,70 (2H,d,J = 6.0 Hz, H-
1)42.03,2.15 (each 2H, m,H4"’,5"),1.77 (3H,
s,Me-3"),1+62-(3H, s, Me-7"),1.27 (3H, s, Me-
7')4C NMR (acetone-d,,125 Hz) 8:16.7 (q,C-8’
a),17.7 (q.C8'b) ,25.8 (q,C4"),37.0 (1,-5"),
40.2 (t,C-6"),66.3 (t,C-2"),102.2 (d,C-8),
113.4 (s,C4a),113.5 (d,C3).113.6 (d,C6),
120.1 (d,C-3"),124.7 (d,C-7"),130.0 (d,C-5),
132.2 (5,C8"),142.1 (s,C4").144.6 (d,C4),
156.9 (s,C-7),161.0 (s,C-8a),163.2 (s,C-2);
ESIMS:m/z299 [M + H]*. LI b % ek’
XHIROEA 0, BB A A8 12 Auraplene.
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B 1 pwg/mL (4 LPS FFL 4L 24 th, B LW, 7 1R
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