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M-1~1-12 n-13

3k BE
&Y Ry
-1 H 0 20.2 0 0
-2 2-Cl 0 24.1 0 26.5
-3 2-Br 0 13.2 5.2 20.6
-4 2,3-diCl 0 29.7 0 15.6
n-5 2,4-diCl 10.6 45.3 0 24.7
-6 2,5-diCl 6.3 37.4 0 23.6
-7 3,4-diCl 0 20.4 0 0
-8 2-Cl-4-F 8.7 26.1 0 14.2
-9 2-CH4-Br 5.4 35.1 0 0
I-10 2-Cl-4-SO, Me 0 16.8 0 0
I-11 2-Cl-4-OMe 0 28.2 0 14.4
I-12 2-Cl-4-NO, 4.7 36.7 0 28.2
I-13 2,4-diCl 84.1 95. 4 0 10.0
T 80.3 89.7 85.6* 90.5* *

M RATER THEW 1-13 EGT TREZREL S, HEREEEIES T 2. 78 100 ¢/hm® K5 &
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2.2 EHBFIE

2.2.1 w4k 2 8K BGALEYW 109.1 g, 60 mmoDIMAFEA 30 mL BEEREFA 30 mL KBS =1
W, AR TER S h. TLC BRE RN, R RS HRE B BE B A 200 mL KK H, 338, I E R
RWEFEMAR S EHME SNBSS 08, I8 6 N 2B PH=4, 74 Bkt . #hik, lBOrEE K
v, THREHEARER 2(7.5 g, R 71%).

2.2.2 BAFAHI04AK BEEBREA.4g 10 mmoDBFET 20 mL & H P, ZEBIMARLE
¥ 2(0.88 g, 5 mmoD) , SR JE M A 4 — B K EMIE (61 mg, 0.5 mmoD M =Z % (760 mg, 7.5 mmoD) , &
B 2 b, TLC BRER SR, FE B RG o K SRR R A VKK . IR G BRAER, W B2 A LA, 2 51 B
1 N H R RBRAER G A& gk, KRB TR, BEREBREH/A M REE 3. H
20 mL & F B M 3, R IMAS /L4 (162 mg, 2.5 mmol) #1 18-7F-6 (132 mg, 0.5 mmol), i
M=2Z (505 mg, 5 mmoD) , R ARTEEIR TS 72 h. TLC BREZKRL, 75 R BL G5 G » 4% BB & m
AR BB BRI AR BE#E 10 min, I Z @ F Se B, W A HLAH, 43 B K B, A R AL $E , TTAK R R
WTR  BEBREBN BRAYESHIECEPE - FE=15: DEIREAEMA D-1(432 mg, =3
31%). HAHEMR I 2~ M- 13 MAERFEShEW -1 ME& R EHM.

1- B BE-3-2K F B -4 B vk 2-F (T - 1D - IR B A& B 4K, 7= 3R 31% ;' H NMR (400 MHz, CDCly) 3:
15.46 (s, 1H), 8.25 (dd, J =7.9, 1.0 Hz, 1H), 7.75-7. 67 (m, 1H), 7. 66-7. 60 (m, 2H), 7.55-
7.49 (m, 1H), 7.44 (t, J =7.4 Hz, 2H), 7.35-7. 24 (m, 2H), 3.59 (s, 3H);*C NMR (100 MHz,
CDCl,) §: 201.9, 173.1, 160.9, 142. 2, 140.0, 134.9, 133.8, 131.5, 129.0, 127.8, 127.7, 126. 0,
122.2, 115. 4, 114. 4, 105. 8, 29. 3; HRMS: caled for C,; H;; NO,[M+H]* 280. 089 5, found 280. 094 7.

1-F 3-3-(2-40 2 B W 38 )-4- 32 3 v ik-2- (T1-2) . & 8 B 4k, & 32%;'H NMR (400 MHz,
CDCly) §: 15.94 (s, 1H), 8.43-8.11 (m, 1H), 7.71 (ddd, ] = 8.8, 7.3, 1.6 Hz, 1H), 7. 45-7. 33
(m, 3H), 7.30-7.27 (m, 3H), 3.54 (s, 3H);*C NMR (100 MHz, CDCl;) §: 199.6, 172.9, 159. 4,
141.4, 139.7, 134.3, 129.2, 128.5, 128.1, 125.7, 125. 4, 125.2, 121.1, 114.1, 113. 4, 105.6, 28.1;
HRMS: caled for C;; H,, CINO,[ M+H " 314. 058 4, found 314. 059 1.

1-F 3-3-(2-JR 7K B 30)-4- B H v pk-2-H (1-3) . IR B @ B 4&K, P2 3 31%;'H NMR (400 MHz,
CDCly) 3: 15.95 (s, 1H), 8.43-8.14 (m, 1H), 7.77-7.68 (m, 1H), 7.61 (d, ] = 8.0 Hz, 1H), 7. 42
(t, ] = 7.4 Hz, 1H), 7.35-7. 22 (m, 4H), 3.54 (s, 3H);*C NMR (100 MHz, CDCl;) §: 201. 3,
174.1, 160.5, 142.8, 142.5, 135. 4, 132. 3, 130. 3, 127. 3, 126. 3, 126. 3, 122. 2, 117.8, 115. 2, 114. 4,
106. 3, 29. 2; HRMS: calcd for C;; H, BrN, O, M4+H]" 358. 007 9, found 358. 008 6.

I-HRE3-CEIEEFBE) -+ R A k28 (14 % & 65, 32 30%;'H NMR (400
MHz, CDCl,) 3: 15.79 (s, 1H), 8.28 (d, J = 7.6 Hz, 1H), 7.73 (t, J = 7.5 Hz, 1H), 7.52 (d, J
= 7.9 Hz, 1H), 7.31 (dd, J = 10.1, 5.8 Hz, 3H), 7.16 (d, J = 7.5 Hz, 1H), 3.54 (s, 3H);*C
NMR (100 MHz, CDCl;) 8: 199.5, 174.1, 160. 4, 142. 8, 142.5, 135.6, 133.0, 130.7, 127.7, 126. 3,
124. 3, 122. 3, 115.1, 114.5, 106. 3, 29. 2; HRMS: caled for C;; H;; CLNO;[ M+H " 348. 019 4, found
348. 020 2.

1-FBE-3-(2- -4~ 2K WP B )4 5 v k-2 ( T1-5) - R 3% 8 [ 44k, 7= 2 33%;'H NMR (400
MHz, CDCl,) 3: 15.77 (s, 1H), 8.28 (dd, J = 8.2, 1.3 Hz, 1H), 7.78-7.68 (m, 1H), 7.43 (d, J
= 1.7 Hz, 1H), 7. 36-7. 28 (m, 3H), 7.24 (t, J = 8.7 Hz, 1H), 3.55 (s, 3H);"*C NMR (100
MHz, CDCl;) 3: 199. 6, 173. 9, 160.5, 142. 5, 139.3, 135. 6, 130. 6, 129. 2, 127.5, 127.2, 126. 3,
122. 3, 115.1, 114.5, 106.5, 29. 2; HRMS: caled for C;; Hi; CL, NO; [ M+H]" 348. 019 4, found 348. 020 2.

I-HRE3-CESEEFBE 4R Em k28 (1-6). % & 65, =32 27%;'H NMR (400
MHz, CDCl,) 3: 15.69 (s, 1H), 8.28 (dd, J = 8.2, 1.5 Hz, 1H), 7.74 (ddd, J = 8.8, 7.3, 1.6
Hz, 1H), 7.35-7.28 (m, 4H), 7.27-7.23 (m, 1H), 3.55 (s, 3H);*C NMR (100 MHz, CDCl;) 3:
198.9, 174.0, 160. 4, 142.5, 142.0, 135.6, 132. 8, 130. 3, 130.1, 127.9, 126.5, 126. 3, 122. 3, 115.0,
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114.5, 106. 4, 29. 2; HRMS: caled for C;; H;; CLNO,[M+H]" 348.019 4, found 348. 020 1.

I-HRE3-GHEAEEFBE -+REm k28 (1-7). % & 6 5 4, 32 38%;'H NMR (400
MHz, CDCI,) §: 15.18 (s, 1H), 8.25 (dd, J = 8.0, 1.3 Hz, 1H), 7.77-7.71 (m, 1H), 7.69 (d, J
=1.8 Hz, 1H), 7.50 (d, J =8.3 Hz, 1H), 7.43 (dd, J =8.3, 1.9 Hz, 1H), 7.32 (dd, J =15.5,
7.9 Hz, 1H), 3.59 (s, 1H);*C NMR (100 MHz, CDCl;) §: 199. 2, 173. 4, 160. 8, 142.2, 139.7,
135.6, 135.3, 132.2, 129.7, 129.6, 127.0, 126.2, 122.4, 115.2, 114.5, 105.4, 29. 3; HRMS: calcd
for C;; H; CLNO; [ M+H]" 348. 019 4, found 348. 020 2.

I-HRE3-CEAREFB R 4R k28 (1-8): % & & E #, =32 29%;'H NMR (400
MHz, CDCl;) &: 15.81 (s, 1H), 8.41-8.14 (m, 1H), 7.72 (dd, J = 11.6, 4.1 Hz, 1H), 7. 34-7. 22
(m, 3H), 7.17 (dd, J =8.5, 2.2 Hz, 1H)>, 7. 08 (td, J =8.3, 2.3 Hz, 1H), 3.55 (s, 3H);¥*C NMR
(100 MHz, CDCl;) §: 199.7, 173.9, 163.9, 161. 4, 160.5, 142, 4, 137.1 (d), 135. 5, 131.0 (d),
128.1 (d>, 126.3, 122.3, 117.0, 116.8, 115.1, 114.5, 114.3, 114.1, 106.6, 29. 1; HRMS: caled for
C,,H,;CIFNO,[M+H]" 332.049 0, found 332. 049 6.

1-F3-3-(2-F-4-RFEH BE )4 H s k-2 (-9 : 3R & & B 4k, =3 26%;'H NMR (400
MHz, CDCl,) §: 15.77 (s, 1H), 8.28 (dd, J =8.2, 1.5 Hz, 1H), 7.73 (ddd, J =8.8, 7.3, 1.6 Hz,
1H), 7.59 (d, J =1.8 Hz, 1H), 7.50 (dd, J =8.2, 1.8 Hz, 1H), 7.30 (dd, J =8.0, 5.9 Hz, 2H),
7.16 (d, J = 8.2 Hz, 1H), 3.55 (s, 3H);**C NMR (100 MHz, CDCl;) §: 199.6, 174.0, 160. 5, 142.5,
139.7, 135.6, 132. 0, 130. 6, 130.1, 127. 7, 126. 3, 123. 4, 122. 3, 115. 1, 114. 5, 106. 5, 29. 2;
HRMS:. caled for C;; Hi; BrCINO, [ M+H]" 391. 968 9, found 391. 969 6.

1-F -3 (2- -4 2K F B0 ) -4- 3 B e -2 ( 11 -10) - 3R B B [E 44, 7= 28 28%0;'H NMR (400
MHz, CDCl;) §: 15.60 (s, 1H), 8. 34-8.27 (m, 1H), 8.01 (d, J =1.2 Hz, 1H), 7.94 (dd, J =7.9,
1.4 Hz, 1H), 7.77 (dd, J =11.4, 4.3 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.34 (dd, J = 7.9, 4.4
Hz, 2H), 3.55 (s, 3H), 3.12 (s, 3H);**C NMR (100 MHz, CDCl;) §: 198.8, 174. 3, 160.5, 145.9,
142.6, 141.7, 135.9, 130.8, 128. 4, 127.2, 126.4, 126.0, 122.6, 115.0, 114.6, 106. 2, 44.6, 29.2;
HRMS: caled for C;xH,, CINO.S [M+H]" 392. 035 9, found 392. 036 6.

1-FEE-3-(2-@-4-F EAR F B -4 2 E mnk-2- (11D R E A E A, 7% 33%;"H NMR (400
MHz, CDCl;) §: 15.90 (s, 1H), 8.26 (dd, J =8.0, 1.1 Hz, 1H), 7.77-7.64 (m, 1H), 7.28 (dt, J
=10.0, 5.0 Hz, 3H), 6.95 (d, J =2.3 Hz, 1H), 6.89 (dd, J =8.5, 2.4 Hz, 1H), 3.84 (s, 3H),
3.56 (s, 3H);®¥C NMR (100 MHz, CDCl;) §: 200. 2, 173.5, 160.9, 160. 7, 142. 3, 135.2, 133.1,
131.3, 128.4, 126.2, 122.1, 115.3, 114.8, 114.4, 112.7, 106.9, 55.5, 29. 2; HRMS: caled for Cy
H,,BCINO,[M+H]" 344,069 0, found 344. 069 7.

1-FB-3-(2-E-4- T E R B -4 B w20 (11-12) - R ¥ & & 4, P22 21%;'H NMR (400
MHz, CDCl;) §: 15.53 (s, 1H), 8.30 (dd, J =8.0, 1.7 Hz, 2H), 8.24 (dd, J =8.4, 2.1 Hz, 1H),
7.77 (ddd, J =8.7, 7.3, 1.6 Hz, 1H), 7.43 (d, J =8.4 Hz, 1H), 7.34 (dd, J =8.1, 5.8 Hz, 2H),
3.54 (s, 3H);®*C NMR (100 MHz, CDCl,) §: 198.5, 174. 3, 160. 4, 148. 0, 146. 6, 142. 6, 136. 0,
130.7, 126.9, 126. 4, 124. 6, 122. 6, 122. 2, 114. 9, 114. 6, 106. 2, 29. 1; HRMS. caled for C;; Hy;
CIN,O;[M+H]" 359. 043 5, found 359. 044 2.

I-HE-3-CEAEEETBE) -4 Ewuk-2-00 (11-13) . R HE & F 4, 7= 27%;'H NMR (400
MHz, CDCl;) §: 15.69 (s, 1H), 8.19 (d, J =7.8 Hz, 1H), 7.75 (t, J =7.6 Hz, 1H), 7. 44 (s,
1H>, 7.35 (t, J =7.5 Hz, 1H), 7.27 (t, ] =8.3 Hz, 1H), 7.19 (d, J =8.7 Hz, 1H), 6.85 (d, J =
8.7 Hz, 1H), 5.43 (s, 2H), 3. 54 (s, 3H);*C NMR (100 MHz, CDCl;) &: 193.5, 173.7, 152. 3,
141.6, 136.1, 130.3, 128.1, 127.6, 127.0, 124.0, 123.9, 118.1, 117.2, 114.7, 112. 2, 71.0, 31. 4;
HRMS: caled for CxHy; CL,NO,[M+H]" 378.030 0, found 378. 030 7.

2.3 BRELIE RN e
WP HZ 6 cm WIEFIPHF—KER 5.6 cm HIEHK. A 2 mL —@RERERAILEY
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VAV, FEFP R A 4-6 h BT SERF T 15 B, 78 28 £ 1°C T REEIE IR 66 h J5 I E MK . B BEE KA T 1L
£ 2o T 2R R AR B AR T SRR AR AL & I BR R TS 4

BE/MRE 8 50 mL BBEARIRFRGR I — B RN — BB, RE I — K SR AR/D BRI,
AR B8R WAL & W IR E — N RN RKRE G X . SR 2 — BB ERM T 10 R, 7
281 CHEENHES 60 h, M EMELSH M ERE. B bBEAG TS MBEL G HRENERDH
KA AL B BR B3

TR AR S cm WEH/IMFRA-EER L, MA—-EEH K BHERE—ERENL
B TRHREFESFEHTATDERER. SFXN—EfNHEKURFIEF AR, LRABEGHERD,12 d
JERESR, W EREE R, USENHE oBoRES M.

b A EHR 8 cm WER/IMRFRA—ZEEBRN T, MA—ZBRK. BEHEEE - EEERNT
B THRETHES O AT ERER. XN —EBREKURFTERERK. JAH KB — &k
M BE AL, 21 dFRESR, W EM AR E, DS ENHE 2BORERER.

3 ik

D2-FEEXFRABEN =Z2SRESRT B FEHMEHN =MLY, HEH
£'HNMR,"”CNMR K &5 J g HIE. S IR SRR AS R B R, R G T Y R 8
SR RITE . e LS9 T-13 7E 10 pg/mL ¥R BE T XT3 6 10 ] 35X B 84. 106, 15 M BUE R BF
FURA MR 3 AL ESIAKELBLE, BERIRN 2, 4 M5 ARBTHEHN TR ELE WRIBRE .
BREFPRMRERERISEAEWRIBERET - FANGR. WAL BEZREHNAERE
7R 100 g/hm? JEZG BB T A& 8y 11-13 X ik 30 B0 SR A - 398 4k 28 0 2 - rb B 2% 2 IR o AR 67 B 5 B
BOR ISR R 00% L b Ft, AR 1-13 W ME R B B BB MR ER A S WETE SRR
L.
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Synthesis and Herbicidal Activity of 3-Acyl-4-Hydroxylquinolin-2-ones
LI Na' FU Lin-lin' WANG Shi-ben' LIU Yang* LEI Kang"? XU Xiao-hua’

(1. School of Pharmacy, Liaocheng University, Liaocheng 252059, China;2. State Key Laboratory of Elemento-Organic Chemistry,
School of Elemento-Organic Chemistry, Nankai University, Tianjin 300071, China)

Abstract To discover new herbicidal lead compounds, a series of 3-acyl-4-hydroxylquinolin-2-oned-
erivatives was synthesized. The structures of all target compounds were confirmed by 'H NMR, “®C
NMR and HRMS spectral data and their herbicidal activities were firstly evaluated. The bioassay results
indicated that some of 3-acyl-4-hydroxylquinolin-2-one derivatives displayed good herbicidal activity to
Brassica campestris, and especiallycompound I[-13 had good herbicidal activities against Brassica
campestris in vitro with 84, 1% inhibition at a dose of 10 pg/mlL. Compound I[-13 was identified as the
most potent candidate with 94, 1% and 90. 6% post-emergence inhibition against Brassica campestris
and Amaranthus retroflexus at a dose of 100 g/hm®, respectively, which is comparable with the com-
mercial herbicide mesotrione. Furthermore, the structure-activity relationships (SARs) was studied and
provided some useful information for improving herbicidal activity. The present workindicated that 3-
acyl-4-hydroxylquinolin-2-onemotif could be a potential lead structure for further development of novel

herbicides.

Key words 3-acyl-4-hydroxylquinolin-2-ones; synthesis; herbicidal activity; lead compounds
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Researchprogress of Chemical constituents of saponins in Panax Notoginseng
ZHANG Jing-jing LIU Gui-gqin WANG Qing-peng LI Lan-jie
(Institute of BioPharmaceutical Research, Liaocheng University, Liaocheng 252059, China)

Abstract Saponins as the main effective constituent of Sanqi, are widely used in the treatment of
stroke hemiplegia, cerebral infarction, cerebral thrombosis, cerebral hemorrhage sequelae, and retinal
vein occlusion etc. The investigation on notoginseng has become an active and hot topic in traditional
Chinese drugs. A great deal of effort has been devoted to this field, and many remarkable results were a-
chieved. Herein, combining with authors” researches and referring to the works from literatures, the
research progress of chemical constituents of saponins in Panax notoginseng are systematically reviewed
in this article based on the structure and source. Their pharmaceutical activities in hemostasis, promo-
ting blood circulation, anti-inflammatory, antitumor, immunity enhancement effects were also presented
with the aim of providing new reference for further study of saponins in sanqi in the future.

Key words Sangi;chemical constituent;saponins;notoginsenoside;ginsenoside



