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Abstract ; The study was focus on the phenolic compounds of Harrisonia perforata (Blanco) Merr. and their antioxidant activi-
ty. Fourteen compounds were isolated from the branches of Harrisonia perforata (Blanco) Merr. by various column chromatog-
raphy. Their structures were identified as noreugenin (1) ,saikochromone A (2),5,7-dimethoxy-2-methylchromone (3) ,2-
hydroxymethylalloptaeroxylin (4) ,ethylparaben (5) ,propiophenone (6) ,cephafortin B (7) ,dehydroconiferyl alcohol (8),
hawthornnin C (9) ,hawthornnin D (10) , syringaresinol (11) , medioresinol (12) ,4-ketopinoresinol (13)and matairesinol
(14) based on ESI-MS,"'H and”C NMR spectroscopic data. Among them , compound 1,3,5-10, and 12-13 were isolated from
this plant for the first time. In addition, DPPH radical scavenging method was used to evaluate antioxidant activity , compound
13 and 14 showed strong DPPH free radical scavenging capacity. And then,we discussed the structure activity relationship of
these phenolic compounds. The results provided a theoretical basis for deep development and utilization of Harrisonia perforata
(Blanco) Merr.
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Fig. 1 The chemical structures of compounds 1-14

3 #REitig
3.1 ZHMETE

wEW1 A BEK; ESI-MS: m/z 191 [ M-
H] 4 7= C,,HO0,;'H NMR (500 MHz, MeOD)
5:6.29 (1H,d,J=2.1,H2),6.18 (1H,d,J=2.1,
H-5),6.01 (1H,s,H-7),2.32 (3H,s,H-CH,);"C
NMR (125 MHz,MeOD) §: 183.9 (C-1),169.1 (C-
6),166.0 (C-3),163.3 (C-8),159.9 (C4),109.0
(C-2),105.1 (C9),100.1 (C-8),95.0 (C-5),
20.3 (CH;) o A%l 530k i —2k, o se
N2 BT FF AR ( noreugenin )

wE&W2 HEKK; ESI-MS: m/z 221 ([ M-
H]) 43+ C, H,05 ;' H NMR (500 MHz, (CD,),CO)
5:6.48 (1H,d,J=2.3 Hz,H-2),6.31 (2H,m,H-5,
H-7),4.53 (2H,d,J =4.8 Hz, H-3-CH,0H) , 3. 89
(3H, s, H-6-OCH; );” C NMR ( 125 MHg,
(CD,),CO) 5:184.3 (C-1),171.5 (C-3),166.6
(C-6),163.1 (C-8),158.8 (C4),106.6 (C-2),
98.6 (C-7),93.0 (C-5),61.1 (C-3-CH,0H) ,56. 4
(C-6-OCH,) o LA E¥d 5 3cmk " il — 2%, i %

E M EETH A4 JF R A ( Saikochromone A) o

HwEW3 EHAR;ESI-MS:m/z 243 ([ M +
Nal*), 4+ ¥ = C,H,0,;'H NMR (600 MHz,
CDCl,) 8:6.42 (1H,d,J=2.3 Hz,H-5) ,6.33 (1H,
d,J=2.3 Hz,H-2),6.01 (1H,s,H-7),3.93 (s,
3H,H-8-OCH;) ,3.87 (s,3H,H-6-0CH,) ,2.27 (s,
3H,H-3-CH,) ;" C NMR (150 MHz,CDCL,) §:177.5
(C-1),163.7 (€2),163.0 (C-6),160.9 (C4),
160.2 (C-8),112.0 (C2 and C9),95.9 (C-7),
92.6 (C-5),56.4 (C-8-OCH,),55.7 (C-6-OCH,),
19.8 (C-3-CHy) . LA bt 5 3ck' ™ il — 2,
WeE R 5, 7-dimethoxy-2-methylchromone ,

wEW4 HEBAR;ESI-MS:m/z 311 ([M +
Nal*), % F = C,H,O;;'H NMR (500 MHz,
CDCl,) §:1.43 (6H, s, gem-Me ), 3.87 (3H, s, H-
OMe) ,4.49 (2H,s,H-CH,0H),5.52 (1H,d,J =10
Hz H3'),6.21 (1H.s. H3),6.26 (1H.s. H-6),
6.61 (1H.d,J =10 Hz,H4');"C NMR (125 MHz,
CDCl,) 6:178.3 (C4),165.6 (C-2),160.4 (C-
8a),157.9 (C-8),153.9 (C4a),127.3 (C3"),
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115.0 (C4'),109.6 (C-3),108.5 (C-8),102.4
(C4a), 9.5 (C6),78.1 (C2"),60.9 (C-
CH,0H) ,56.3 (C-OCH,) ,28.2 (C-gem-Me) , D) I
B 555k HRaE — 2 MU E 9 2-hydroxymethyl-
alloptaeroxylin,,

WwEWS kA ESI-MS: m/z 165 ([ M-
H]), 475 C,H,,0,;'H NMR (500 MHz, CDCI,)
5:7.93 (1H,d,J =8.3 Hz,H2,6),6.86 (1H,d,J
=8.3 Hz,H-3,5),4.33 (2H,q,J =7.1 Hz,H-1"),
1.37 (3H,t,/=7.1 Hz,H-2") ;" C NMR (125 MHz,
CDCL,) 8:166.8 (C-7),160.5 (C4),155.1 (C-5),
131.8 (C-2),130.0 (C-6),122.4 (C-1),115.2 (C-
3),60.8 (C-1),14.3 (C-2), PAE3¥dE 530k
i —3, B e SRR G (ethylparaben)

WEW6 kAR, ESI-MS:m/z249 ([M +
Nal*),4r = C, H, O,;'H NMR (500 MHz,
CDCL,) 6:7.34 (2H,s,H-2,H-6),5.93 (1H, brs, H-
OH) ,4.35 (2H,q,J =7.0 Hz, H-OCH,CH,) ,3.92
(6H,s,2 x OCH;), 1.38 (3H,t,J = 7.1 Hgz,
OCH,CH,) ;" C NMR (125 MHz, CDCl,) §:166.4
(C-7),146.6 (C-3,C-5),139.2 (C4),121.4 (C-
1),106.6 (C2,C6),70.0 (C-1"),56.4 (2 x
OCH;),14.4 (C-2"), DA b%¥ods 53wk 4l —
2, B PR ( propiophenone )

WwEWMT HEKA;ESI-MS:m/z 355 ([M +
Nal*), 4+ F 3 Cx Hy Og;'H NMR (500 MHz,
CDCL) 6:6.89 (1H,s,H-2),6.89 (1H,s,H-5),
6.89 (1H,s,H-6) ,6.78 (1H,s,H-6") ,6.53 (1H,s,
H-3'),5.49 (1H,d,J=6.7 Hz,H-7) ,3.90 (2H,m,
H9),3.87 (3H, s, 3-0CH,), 3.86 (3H, s, 2'-
OCH,),3.84 (3H,s,1'-OCH;),3.54 (1H,dd,J =
11.7,5.8 Hz,H-8) ,”C NMR (125 MHz,CDCl,) §:
154.3 (C4'),150.3 (C2"),146.7 (C-3),145.7
(C4),133.5 (C-1),119.1 (C=2),116.1 (C-5"),
114.4 (C-5),108.4 (C-6),108.4 (C-6"),95.1 (C-
3'),87.5 (C7),64.4 (C9),57.0 (C-1"),57.0
(C-1'-0CH, ), 56.1 ( C-3'-OCH; ), 56.0 ( C-3-
OCH,),53.7 (C-8). LI b %5 3Scik'™ 38 —
L, % E R cephafortin B,

LEW8 RE (KA ;ESI-MS:m/z 383 ([ M
+Na]*),4rFxL CyH, O, ;'H NMR (600 MHz,
MeOD) 6 :6.94 (1H,d,J =1.6 Hz, H2),6.81
(1H,dd,J=8.2,1.7 Hz,H-6) ,6.75 (1H,d,J=8.1

Hz,H-5),6.72 (2H,s,H4' H-6"),5.48 (1H,d,J
=6.3 Hz,H-7),,3.82 (3H,s,3-0CH,) ,3. 86 (3H,
s,3'-OCH,),3.80 (1H,m,H9b),3.75 ( 1H,dd,J
=11.0,7.2 Hz,H9a),3.56 (1H,t,J =6.5 Hz, H-
9'),3.46 (1H,dd,J =12.3,6.3 Hz, H-8),2.62
(2H,m,H-7"),1.81 (1H,m,H-8");"C NMR (150
MHz,MeOD) §:149.1 (C-3),147.5 (C4),147.5
(C-2"),145.2 (C-3"),136.9 (C-5"),134.8 (C-1),
129.9 (C-1'),119.7 (C-6),117.9 (C-6"),116.1
(C-5),114.0 (C4'),110.5 (C-2),89.0 (C-7),
65.0 (C9),62.2 (C9'),56.7 (C-3'-OCH,),56.3
(C-3-0OCH,),55.4 (C-8),35.8 (C-8"),32.9 (C-
7)o VLR SO R — B MOE R R
XUAMFAEE ( dehydroconiferyl alcohol )

HEW9 AR ; ESI-MS: m/z 535 ([ M +
Nal*), 4+ ¥ 3 Cx Hy, O,;'H NMR (600 MHz,
CDCLy) 6:6.92 (1H,d,J=1.4 Hz,H-2) ,6.80 (1H,
dd,J=8.2,1.5 Hz,H-6) ,6.75 (1H,d,J =8. 1 Hgz,
H-5),6.66 (1H,d,J=8.0 Hz,H-5"),6.59 (1H,s,
H-6"),6.58 (1H,d,J=1.3 Hz,H2"),6.56 (1H,
dd,J=8.1,1.5 Hz,H-6") ,6.48 (1H,s,H-2"),5.51
(1H,d,J =5.8 Hz,H-7) ,4.52 (1H,d,J =5.2 Hz,
H-7'),3.89 (1H,dd,J=10.7,7.1 Hz,H9') 3.72
(1H,m,H9),3.80 (3H,s,3-0H,) ,3.71 (3H,s,3'-
OCH,),3.69 (3H,s,3"-OH,),3.68 (1H,m,H9"),
3.64 (1H,m,H9),3.44 (1H,dd,J =12.6,5.5 Hz,
H-8),3.18 (3H,s,7'-0OH,),2.84 (1H,dd,]J =
12.2,6.8 Hz,H-8') ;" C NMR (150 MHz,CDCL,) §:
149.2 (C-3),148.6 (C4'),148.3 (C3"),147.8
(C4),146.3 (C4"),145.1 (C-3"),135.4 (C-1),
134.5 (C-1"),132.0 (C-1"),129.3 (C-5'),123.2
(C-6"),119.7 (C-6),117.2 (C-6"),116.2 (C-5),
115.6 (C5"),114.7 (C2"),112.7 (C2"),110.5
(C-2),89.3 (C-7),85.0 (C-7'),65.3 (C9),64.3
(C9'),57.2 (7'-OCH,) ,56.7 (3-OCH,) ,56.5 (C-
8'),56.3 (3'-OCH,),56.3 (3"-OCH,),55.3 (C-
8) o DL RS SCk IR — 2, S 2 N haw-
thornnin C,

W& 10 @yl ESI-MS: m/z 535 ([M
+Na]*), 4+ CxH, Og;'H NMR (600 MHz,
CDCl,) §:6.90 (1H,d,J=1.6 Hz,H2) ,6.78 (1H,
dd,/=8.2,1.6 Hz,H-6) ,6.72 (1H,d,J =8. 1 Hgz,
H-5),6.67 (1H,s,H-6") ,6.66 (1H,d,J=7.7 Hz,
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H-5"),6.58 (1H,d,J=1.5 Hz,H2"),6.57 (1H,
dd,J=8.1,1.7 Hz,H-6") ,6.47 (1H,s,H-2"),5.49
(1H,d,J =6.3 Hz,H-7) ,4.51 (1H,d,J =5.4 Hgz,
H-7"),3.89 (1H,dd,J =10.7,6.9 Hz,H-9') 3.80
(1H,dd,J=10.9,5.7 Hz,H-9),3.79 (3H,s,H-3-
OCH,),3.72 (3H,s,H-3'-0H,) ,3. 68 (3H,s,H-3"-
OCH,),3.73 (1H,dd,J=11.1,7.3 Hz,H9") ,3. 66
(1H,dd,J =10.8,6.8 Hz,H-9),3.45 (1H,dd, ] =
12.3,6.3 Hz, H-8),3.18 (3H,s,7'-OH3 ), 2.87
(1H,dd,J =12.5,6.6 Hz, H-8');” C NMR (150
MHz,CDCl,) 6:149.7 (C-3),149.3 (C4'),148.7
(C-3"),148.5 (C4),146.7 (C4"),145.1 (C-
3),135.2 (C-1),133.4 (C-1"),131.8 (C-1"),
129.6 (C-5'),123.2 (C-6"),119.9 (C-6),117.2
(C-6"),116.6 (C-5),115.7 (C-5"),114.7 (C-
2"),112.7 (C-2"),110.5 (C-2),89.4 (C-7),85.0
(C-7'),65.0 (C9),64.3 (C9'),57.2 (C-7'-
OCH,) ,56.5 (C-3-OCH,) ,56.4 (C-8'),56.4 (C-3-
OCH,),56.3 (C-3"-OCH,),55.2 (C-8) ., LA I %#
53k 4 — 3, B 5E R hawthornnin D,

&MWL K ESI-MS m/z 441 ([ M +
Nal*), 2+ ¥ C,, Hy, Og;'H NMR (600 MHz,
MeOD) §:6.65 (4H,s,H2' 2" 6',6"),4.71 (2H,
d,J=4.0 Hz,H-2,6),4.26 (2H,dd,J =8.9,6.8
Hz,H4,8),3.87 (2H,dd,J =9.1,3.3 Hz,H4,8),
3.84 (12H,s,4 x OCH,),3.14 (2H,d,J =1.5 Hz,
H-1,5);”C NMR (150 MHz, MeOD) §:149.4 (C-
373" 5",5"),136.5 (C4',4"),132.9 (C-1",1"),
104.5 (C2",2" ,6',6"),87.7 (C-2,6),72.6 (C4,
8),56.8 (C-3',3",5',5"-0CH,),55.5 (C-1,5),
DAL B 55 Sk > Rl — B SO E N T R R
('syringaresinol ) ,

WwaEW12 Pl ESI-MS: m/z 387 ([ M-
H]) 4 F=t €, H,y,0,;'H NMR (600 MHz, CDCI,)
5:6.90 (1 H,d,J=2.7 Hz,H-3) ,6.89 (1 H,d,J =
2.5 Hz,H-6"),6.82 (1 H,dd,J=8.1,2.1 Hz, H-
2"),6.58 (2H,s,H-2",6),5.64 (1 H,s,H4" or 4"
OH),5.53 (1 H,s,H4' or 4"OH) ,4.73 (1H,d,J
=4.7 Hz,H-2) ,4.71 (1H,d,J =4.7 Hz,H-6) ,4.27
(2H, m,H4a,8a),3.90 (9H,s,C-3",5',5"-0OCH
3),3.4 (2H, m,H4b,8b),3.10 (2H, m,H-1,5);
“C NMR (150 MHz,CDCl,) 8:147.1 (C-5"and C-
3),146.7 (C-5"),145.2 (C-1"),134.2 (C-1"),

132.8 (C4"),132.1 (C4'),118.9 (C2"),114.3
(C-3"),108.6 (C-6"),102.7 (C2" and C-6"),
86.1 (C-2),85.8 (C-6),71.8 (C-8),71.6 (C4),
56.3 (C-5'-OCH, and C-3'-OCH,),55.9 (C-5" -
OCH,),54.4 (C-5),54.1 (C-1), VI L %# 5 %
Bk R — B, i R B AR I B ( medioresinol )

WwaEW13 PR ESI-MS:m/z2 395 ([ M +
Nal*), 2+ F = C, Hy O,;'H NMR (500 MHz,
CDCL) 8:6.93 (1H,d,J =2.0 Hz, H2"),6.91
(1H,d,J=1.6 Hz,H-6'),6.89 (1H,dd,J =8.0,
2.0 Hz,H-6"),6.88 (1H,dd,J =8.4,1.6 Hz, H-
2'),6.80 (1H,d,J=8.0 Hz,H-5"),6.78 (1H,d,J
=8.4 Hz,H-5),5.33 (dt,J =7.4,3.6 Hz,2H,H-3
and H-7),4.33 (1H,dd,J =6.9,1.3 Hz, Hb-1),
4.04 (1H,dd,J =9.4,4.6 Hz,Ha-1),3.90 (3H,s,
OCH,),3.90 (1H,m,H-8),3.91 (3H,s,0CH,),
3.46 (1H,dd,J =8.8,3.4,H4);”C NMR (125
MHz,CDCl,) §:177.1(C-5),147.0(C-3"),146. 8
(C3"),145.6 (C4'),145.3 (C4"),132.4 (C-
1'),132.3 (C-1"),118.4 (C-6"),118.1 (C-6"),
114.7 (C5"),114.4 (C-5"),108.2 (C2"),108. 1
(C2"),84.7 (C-7),83.4 (C-3),72.7 (C-1),56.1
(OCH;),56.0 (OCH;) . LI b%¥u¥s 53wk )il
— 3, % %E S 4-ketopinoresinol ,

a4 PR ESI-MS:m/z 381 ([ M +
Nal*), 2+ F = C, H, Og;'H NMR (500 MHz,
CDCL) 6:6.70 (1H,d,J =8.0 Hz, H-5"), 6.68
(1H,d,J=7.9 Hz,H-5),6.63 (1H,d,J =2.0 Hz,
H-2"),6.56 (1H,dd, J =8.0,2.0 Hz,H-6"),6.50
(1H,d,J=2.0 Hz,H-2),6.48 (1H,dd,J=7.9,2.0
Hz,H6),4.13 (1H,dd,J =9.1,7.0 Hz, H9'),
3.89 (1H,dd,J =9.1,7.4 Hz,H9),3.77 (3H,s,
OCH,),3.76 (3H,s, OCH,),2.87 (1H,dd, J =
14.0,5.4 Hz,H-7a),2.80 (1H,dd,J =14.0,7.0
Hz,H-7b) ,2.62 ~2.43 (4H,m,H-7,H-8 ,H-8");"C
NMR (125 MHz,CDCL,) §:181.6 (C-9),149.0 (C-
3 and C-3"),146.3 (C4),146.2 (C4'),131.3 (C-
1),130.7 (C-1"),123.1 (C-6),122.3 (C-6"),
116.3 (C-5),116.2 (C-5"),113.8 (C2),113.2
(C-2'),73.0 (C9'),56.5 (C-3-OCH,),56.4 (C-
3’-OCH,) ,47.8 (C-8),42.5 (C-8'),39.0 (C-7),
35.4 (C-7') o DAL %d 5 Scmk ™ 4l — 3%, ik
FE N DU R M (matairesinol ) .
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3.2 3t DPPH B HEMERIEME
DPPH [ Hy & —Fh o i A A 2, 454
HAFTERE - SILE Y B A W R AR, v DI At
AR, 5 F SR IO B - FEE X, ATk
DHLFECE R BNEBR A B EEE R T B
DPPH [l M5 ik, ARk e & 1 ~
14 JE47 T RSN AR TR R T e, AZR 1 v LU ik
HY7T ~14 ££ 500 pM (R BT, % DPPH [
LAY IE R RIA RN T 50% DL b, A H B —E /Y
PrEfLE ). I X L A Y TEAS IR
T/ DPPH [H Hy 35 B 28, 4 77 2R 9 P 49 5o %t DP-
PH [ EEAERREAIE 2 Fos, i IEAT LA
e T ~14 £ 1 ~500 uM X} DPPH AEENE
THBRVER, H B B T, WS BRAE s . Hor fk
B 11 F1 12 5 BR B B R GE U7 5 BHAE XS B/ Trolox
(64.42 £4.65 uM) 4 ; 1Mk &%) 13 1 14 ECy, 5
ok 53. 88 £5.34 Fi132. 67 £3.96 M, f T BHM: X
M, XTHALEW T ~6, L& T ~14 WG4, N
212 F TR 1y Y0 e R AN B i 1 H A e R
BRAETT; ULAM LA 13 ~ 14 MR T 11 ~ 12, %)
Fea b R RTPIE AL & A y-INERES H BT, T s PR
BRI A BT, X TR T y-IER S5 14 BT
R ERoT I R T HAEYRI I
1 DPPH HHEZBREENTE(x 5 ,n=3)
Table 1 Screening of DPPH radical scavenging

antioxidant activity( x +s ,n=3)

v A 5%
TR FCy

P feain Scavenge rate

No. Compound (%) (M)
1 LB T A J5RE] Noreugenin 6. 652 -
2 LE W6 )5 R A Saikochromone A 9.208 -
3 5,7-Dimethoxy-2-methylchromone 1. 631 -
4 2-Hydroxymethylalloptaeroxylin 20. 68 -
5 4K g Ethylparaben 5. 864 -
6 ZK AR Propiophenone 5.498 -
7 Cephafortin B 60. 22 -
8  LEAAAEE Dehydroconiferyl alcohol 53. 93 -
9 Hawthornnin C 76.10 125.4 £26.5
10 Hawthornnin D 67.73 133.6 £31.1
11 T &M JEE Syringaresinol 93.37 68.4+5.65
12 JZ IR EE Medioresinol 92.04 77.73 +4.87
13 4-Ketopinoresinol 87.55 53.88 £5.34
14 L ARG B Matairesinol 88.68 32.67 +3.96

IKFEAEAE AR Z E Trolox - 64.42£4.65

—~100% - 7
=
= - 8
ETE - 9
4&'? 0
_\'::-x - 11
L X
i‘i£ g o 12
:g 3 = 13
£ -~ 14
= -+ Trolox

(I) 160 260 360 460 560
R
Sample concentration( . M)
B2 AEKRERFRXT DPPH iR EENHIF M
Fig.2 Effects of different concentration samples on

DPPH radical scavenging antioxidant activity

4 #Fr

AHITFE TR [ e [ 8 i ) A SR o B A E T
14 AMEEH, o 10 MEE Y18 B OO A 2R
orEf Rl AN fE Y 13 R 14 KRB B AR
DPPH [ 575 BRAE 1, I T i T Ht A A M & ok
FHL BTS04 53 AT I g B8 07 B Fo e B A
BT y-BRSS F4 BOCIEE 20 il 2R v AR & W
DPPH F i S5 BRAE I B 2R PR . ARSI IR
B T AR PP A BT TR Y, A BT R A
A AR 24 T BT MU BT R AR BRI TR A

1 Zhang HD,Huang YH,Miu RH,et al. Systematics of sperma-
tophyta ( Ff FHi ¥ 22 4% ) [ M ]. Beijing: Science Press,
2004 :300-313.

2 Flora of China Commission. Flora of China ( 7 [E 14 4 )
[ M]. Beijing: Science Press,1997,43(3) :15-17.

3 Rong H,Duan A. Plant chemotaxonomy ({5 #)1k2%3-252%)
[ M]. Shanghai : Shanghai Scientific & Technical Publishers,
2005 ,834-835.

4 Choodej S,Sommit D, Pudhom K, et al. Rearranged limonoids
and chromones from Harrisonia perforate and their anti-in-
flammatory activity [ J ]. Bioorg Med Chem Lett,2013,23;
3896-3900.

5 Khuong-Huu Q, Chiaroni A, Riche C, et al. New rearranged
limonoids from Harrisonia perforate[ J]. J Nat Prod, 2000,
63.1015-1018.

6  Yuan WJ, Gao WF, Zhang JH, et al. ( + )-Perforison A, a
pair of new chromone enantiomers from Harrisonia perforate
[J]. Nat Prod Commun,2017,12(1) :63-65.

7 Li YM, Zhang ZK, Jia YT, et al. 3-Acetony-3-hydroxyoxin-
dole:a new inducer of systemic acquired resistance in plants
[J]. Plant Biotechnol J,2008,6:301-308.

8 Li YM,Jia YT, Zhang ZK, et al. Purification and character-



1744

KIRF=YIBE R 5T K

Vol. 31

10

11

12

13

14

15

16

17

18

ization of a new ribosome inactivating protein from cinchona-
glycoside C-treated tobacco leaves[ J]. J Integr Plant Biol,
2007,49,1327-1334.

Wang YH,Zhang ZK, Yang FM, et al. Benzylphenethylamine
alkaloids from Hosta plantaginea with inhibitory activity a-
gainst tobacco mosaic virus and acetylcholinesterase [ J ]. J
Nat Prod,2007,70,1458-1461.

Yan XH, Yi P, Cao P,et al. 16-nor limonoids from Harrisonia
perforata as promising selective 118-HSDI inhibitors[ J]. Sci
Rep,2016,6:36927.

Yan XH,Di YT, Fang X, et al. 2011. Chemical constituents
from fruits of Harrisonia perforata. Phytochemistry ,2011,72 .
508-513.

Fang X, Di YT, Zhang Y, et al. Unprecedented quassinoids
with promising biological activity from Harrisonia perforata
[J]. Angew Chem Int Ed,2015,54,5592-5595.

Chao L., Yan XH,Tu Q,et al. Isolation and asymmetric total
Synthesis of perforanoid A[J]. Angew Chem Int Ed,2016,
55,7539-7543.

Brand-williams W, Cuvelier ME , Berset C. Use of a free-radi-
cal method to evaluate antioxidant activity [ J]. LWT-Food
Sci Technol ,1995,28 (1) :25-30.

Hu Y,Li YN,Li X, et al. Study on the flavonoids in Blumea
balsamifera DC. and their antioxidant activity as well as a-
glucosidase inhibitory activity[ J]. Nat Prod Res Dev ( K #k
FEIRFSE 5 FF %) ,2018,30 :1898-1903.

Bruder M, Haseler PL, Muscarella M, et al. Synthesis of the
oxepinochromone natural products ptaeroxylin ( Desoxykare-
nin) , ptaeroxylinol ,and eranthin[ J]. J Org Chem,2010,75;
353-358.

Kobayashi M, Tawara T, Tsuchida T, et al. Studies on the
constituents of umbelliferae plants. XVIII. Minor constituents
of bupleuri radix: occurrence of saikogenins, polyhydroxyste-
rols, a trihydroxy C18 fatty acid, a lignan and a new
chromone[ J]. Chem Pharm Bull,1990,38:3169-3171.

Morimoto M, Tanimoto K, Nakano S, et al. Insect antifeedant

20

21

22

23

24

25

26

27

28

activity of flavones and chromones against Spodoptera litura
[J].J Agric Food Chem,2003,51:389-393.

Balde AM, Vanhaelen M, Ottinger R. A chromone from the
root-bark of Harrisonia abyssinica[ J]. Phytochemistry, 1987,
26.2415-2416.

Quevrain E, Domart-Coulon I, Pernice M, et al. Novel natural
parabens produced by a microbulbifer bacterium in its cal-
careous sponge host Leuconianivea [ J]. Environ Microbiol,
2009,11:1527-1539.

Hufnagel JC, Hofmann T. Orosensory-directed identification
ofastringent mouthfeel and bitter-tasting compounds in red
wine[ J].J Agric Food Chem,2008,56:1376-1386.

Zhao JX,Fan YY,Xu JB, et al. Diterpenoids and lignans from
Cephalotaxus fortune[ J]. ] Nat Prod,2017,80:356-362.

Li Y, Seeram NP. Maple syrup phytochemicals include lig-
nans, coumarins, a stilbene, and other previously unreported
antioxidant phenolic compounds [ J]. J Agric Food Chem,
2010,58:11673-11679.

Huang XX, Bai M, Zhou L, et al. Food byproducts as a new
and cheap source of bioactiv compounds : lignans with antiox-
idant and anti-inflammatory properties from Crataegus pin-
natifida Seeds [ J]. J Agric Food Chem, 2015, 63 7252-
7260.

Cai XF, Lee IS, Dat NT, et al. Inhibitory lignans against
NFAT transcription factor from Acanthopanax koreanuml[J].
Arch Pharm Res,2004,27.738-741.

Nakasone Y, Takara K, Wada K, et al. Antioxidative com-
pounds isolated from Kokuio ,non-centrifugal cane sugar dios-
ci[ J]. Biosci Biochem,1996,60:1714-1716.

Moon SS,Rahman AA,Kim JY,et al. Hanultarin. a cytotoxic
lignan as an inhibitor of actin cytoskeleton polymerizatiuon
from the seeds of Trichosanthes kirilowii [ J ]. Bioorg Med
Chem,2008,16:7264-7269.

Maiada MAR,Paul MD,David EJ, et al. Lignans of Forsythia
intermedia[ J]. Phytochemistry,1990,29 :1971-1980.





