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Research progress of agricultural bioactivities and structural

modifications of matrine and its analogues

ZHANG Bingchuan'?, XU Hui™”

(1. School of Marine Science, Ningbo University, Ningbo 315832, Zhejiang Province, China; 2. College of Plant Protection,
Northwest A&F University, Yangling 712100, Shaanxi Province, China)

Abstract: Matrine and its analogues are a kind of alkaloids isolated from Sophora flavescens and
Sophora alopecuroides. They have exhibited a broad scope of medical (e.g., anticancer, anti-
inflammatory and antiviral activities) and agricultural properties (e.g., insecticidal, acaricidal and
antifungal activities). Firstly, advances on the agricultural bioactivities of matrine and its analogues in
recent ten years have been reviewed. Then structural modifications of matrine and its analogues in
recent four years have been summarized. We hope that it will pave a way for future development and

application of matrine and its analogues.

Keywords: matrine; matrine analogues; structural modification; bioactivity; agricultural activity;

structure-activity relationship; research progress
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Scheme 1 Structural formula of matrine (1) and its analogues (2-28)

HSW A BV BEAEE. L. PR
B BN . PULT 4RSS 2 e AU MRV R R
HL R R SR A S D, B, &
A 2P L B 24 R AR 24 ) 550 R T R T RO AR 5%
UL, —REAFRKIFRIE IR RAR LS
EY . PP EARZ1E M (http://www.icama.org.cn/
hysj/indexjhtml) 7x: HEHATCAEILHAL
FIORG H () 25 Z R 25w Pp 100 Ff, FLBEZY
A O & — N 5% BHE AL 0.3% /K
AL 0.5% K. 0.3% mE MR FI%E, A
R IITE 0.3%~3% Z [0 BIo 7 SR 2528
B R AR R BRI BRI, B X

R E B W Aphidoidea. 32 H Pieris rapae-
RS Tetranychus cinnbarinus F12 5 K 55 9%
Botrytis cinerea %%

Hul, OfDEX TSR H
TETERE AU AR o R EREER 2000 FFLRR T 20,
1) 75 1R 26 A 1 0 R TR S R s R e A
2012 FELEE T SR AN R 88 F R O
PR 22 PR ALY MR BTG %, 0 T . 4H T
P DL R AR R TR RS T TR 45 T 8 S R A
W, AH AR S S R ) SR S PR AT
A AR O SR 2010 % 2015 47

() S5 RS AT VERIE FURE R BEAT I A 251 ARSCAE
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Xof [ AR R SRR BIF ) Bt B 5 2 T A
FIAWRE 10 SERAEARAITEEDT T, A HXHE 4 4R
FE S5 B T T R BT FU Bk e HEAT 4538, BUIOA 4>
Ja SEGF T e 55 A 5 2 0 e SRR AR A -

1 REAEYEEMRIR

1.1 REUEME

AREFL M : & SHnT DLEE OB RS 75 h A &L
H R B L Rotifer™); & S A1 AL ¥ S0
RLH Cryptocaryon irritans I H B2 HPU a4
RN, A 3 d S SR (0.5 g/kg) T
ML B Pagrus major, WS A AR B BE R D
35%. Zhang 7 B FLUESE T AT S AN 2
W 5 J B Toxoplasma gondii B2 1135 £ AL
R, XA TS T R A K . SR
25 0HR 0 FE I Culex pipiens pallens BkEF Myzus
persicae~ TG Aphis laburni F1 A& Wb i i
Tetranychus cinnabarinus %5 P3G E I BT 3%
S KA, RIS R AR R 4 B R,
WA XS S U Stephanitis chinensis~ 45X
i Ectropis oblique hypulina. 7 W Pieris
rapea~ 3EWH Bradysia odoriphaga FE/K % H
Lissorhoptrus oryzophilus & 17 K E\ Sogatella
Sfurcifera %55 B BT BB 6 R 2021 297320,
0.5% % Z KT RGN G IS Cnaphalocrocis
medinalis YR AN %)) HURLAT BRAR PR % BRAICRSY, 76
RO E 2.25 F1 3.00 kg/hm?® 64 FHEZ )5 5 d B L
BT 90%. 1.2% 55« B MK 77 AT 2 H T 9% i
¥AEH Dendrolimus superans 5 By F R
Dendrolimus punctatus FJF7IE0S, 15 25 3R b
SHB B Metarhizium anisopliae V&6 Ji F X E P /N
W4 Oedaleus asiaticus W AUE & 08, RILH
IR REER, BA REFKTSETRE . 52
WAV E AL S S0 X 5 55k Lymantria dispar %)
KU H R ERNIEREME, K S
2 mg/mL F X8Rk 4 B 72 h 85 KL 5
71.67%7, WHB LRI, 0.5% S WK
WREESLE Rhagoletis batava obseuriosa F{ L] 12 h
LCso 18N 0.042 mg/mLP, 75% #5281 800 1%
R FA IR I, Aphrophora flavipes ] 72 h B 1E
BOEARIL 68.5%
1.2 REHEME

X o SEO BT T 200 EDBRER S50
2 B BT IE NG Empoasca vitis M 2% W

Polyphagotarsonemus latus WZjR . 45 R FKH,
500 1% 0.3% ¥ 2K 5 300 15690 R A it
BRI s T G IR 7 6 /) G P R % B 2 0 1 2K
R, HEAEKFB. 0.6% % ZHHK5 2 000
N MR 4 NI Panonychus citri BTG AL
P, 2505 1d BIRCH 98.57% w5 S0 X1 1K
Y220 Brevipalpus lewisi 1] LCsy {64 7.18 mg/L,
H RS s A 9 i Al . A D IR -S-
T T A1 2T Pk P Pl i 428 7 A A [ 2 B ) 75 A
R, w/]FE AR AES M E T S0 RS TUET
27 Neoseiulus cucumeris X Ap FH AP H- W T
cinnabarinus WELEPIARER, £ 0.5% & S
K (1:2 000) Zb3E 6 d J& BB T /N 224, 20 d
Jei K B 6 2 R IA B 82.65% . 0.6% EfR R TS
BRI XS BRI Tetranychus urticae 5 RN
BAE, Z5)5 7 d BB RGEIT 94.3%, R BAE
ST T 5 2 A 808 %ok B e g £ 7% 0 7% 1
SEREW], WS, ANE SIS S S S 7d
R IEFE T2 53 514 89.9% 56.1% Fl 100%. f
TG B FR I, 1.3% 5 S UK A b - il
T. cinnabarinus W B A1 BN 15 % LCso 153N
0.659 5 35.0 mg/L.
1.3 HEEN

WL IB SN E I, TSN 75 A R T R
Peronophythora litchi 1¥] 7 d ECs, {E4 105.01 mg/mL.
W L Rk e 80k, 485
Bl SR R R BN S5 M6 4 mf, H
L3 RHUE N 197.6 F1 186.2, HAER B3,
X UAZME T 599 Botryosphaeria dothidea 71T %R
B0 T A . ST E 1S S
CRAIA o) S HBARE S0 A S0, #
B B AN B BB AE 6 ANFE S 11 AR
JEECTR AT 3 FPAH R (Y B AR BT E M . A5 IR,
w1 2 SRR 58 B0 35 I % 550 181 Phytophthora
melonis 1) ECso 1653779 178.21 1 162.13 mg/L.
T 21 T AU SR FH TR 22 A A 2R N R 250
XF 3% i S0 K I HEAT I = N 5 00 E A H ) 2
RORI S5 KRN . 7 S 0K 31 IR 559 T 1)
B SIBIOR, ECs, HoN 4.687 5 mg/L, X NXTHEZY
FEER ECso (10 1/30, BbAk, TS EREZE
JE B & Phytophthora nicotianae F13F S0 5512955 B
Valsa mali A3 ] R E3,
14 HttRAEM

SN F KT R g AR K B —E
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WIEEE T, BB o5 SR RN, Rk 1

WUR S KR, DLRGIEIR. k. )5
B, FRE. HERSEMIEERES &SI

SEI KGN LR BT AT WE SR B,
FARB T S AR e R KRR K
ﬁ,% LALBRD T R SRR RIS, A fdt,
ZESCRE, FPRLWEHE . BB B iR
%,ﬁﬁwbﬁﬁ§%ﬁ¥mk&%méﬁ,ﬁ
RERTRIRFR . HiE RKEAR . FAEs
B FE 7 AN 2B 3 AR o RO T & 2%
LB AERCIRI S IR IR OS2, SRR
1, 0.1%0 T S0 FERAL BE 4 3 6 12 2% (e k1
BRI AR, JFOE M, TR
FEEARIEEREG. A, BRSNS T
AWdl REE SR Ju. AR, M. WAL S
TR BRI, MO R A B R R E TR,

2 BRI

BARTE SRS YR I 2 M A YE
B VE I ARIEBIAATHI TN, LRI S
B SRAL A N-1 A7 A0 A L fie 2 1 45 R B0 2
KRG LA (B 2T B

12 Me,CO,, LDA,
THF

8 _78-0°C,3h
mixture 98% o

©

NaBH,, CaCl,

—_—
O reflux, 5h
mixture 89%

@W@

2.1  N-1 IR &EH#&
W 2 B 2 5 4500 R 30% XA K
£ 50 C &M Tl S (1) B NEAT S

(2); Gao S5 FHAH R 251K A Ak (3) SR M43 3
AR (4)1,
o 1514
a) 30% H,0,, 50 °C, 4 h;
b) NaOH, 2 h.
95 %

30% H,0,, 50 C
—_—

16 h
95 %

EX 2 SUESHE 2) MEMNRRE @) K

Scheme 2 Synthesis of oxymatrine (2) and oxysophocarpine (4)

2.2 C-14 5 C-15 HIZE#1E
ﬁuﬁ 3 s, Ni SEUEESAE —78~0 C
At~ F R E L (lithium diisopropylamide,

31a 32a-32m

LIAIH,, reflux 37% R-Cl. DCM, rt_

4>
mixture 89% H,
OH

!it 3 LAY 29-33 AR
Scheme 3 Synthesis of compounds 29-33
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LDA) J %A BT 5 K i 29a F1 29b 1RG4,
AWM ME I 2 B8 5 557115 2] 30 A
31, )R 5 EUR AR USR5 0l A K 32a~32m
A1 33a~33m.

XF P )R AT B MR B AE I B R, R
&% 30a (500 pg/mL KA . 597 A
A 9 LR E F B 22 53 38 67.3% 63.7% Al
63.0%) HIHT TMV 35 14 Eb BH A X6 B R EL 354K (500
ug/mL I Z A 40.8%. 38.2% 1 37.7%) (35 Pk
B, 5 NK-007 (500 pg/mL #1124 70.3%. 68.4%
A1 67.5%) WITETEA Y. SUCFEES, BFFE R,
A= RG T S wE T, Fal RN EY
33m £ 50 pg/mL X} BEHUE FF Phytophthora

'a) LDA, 0-25 °C, 3 h, ether, reflux, 10 h;
'b) TFA/DCM (V:V = 1: 20), 8 h;

' ©) PPE, N, reflux, 8 h;

'd) m-CPBA, 0°C , 3 h;

capsici WHIHIRIE R 96.4% . 7E A4 HyE MK
B, ALE W) 33h 75 1 pg/mL B 5 ¥R B E I Culex
pipiens pallens %] ) BILEIEF] 70%.

Wu SR, H SR C-14 fLRERS1E
LDA [¥1EH T SR 2E e Al 34a~34Kk, 12 =5
CIRAER T LRI R 515 21 &) 35a~35k, i
— D 1E £ TR IS (PPE) 1 Bt /K 9% 3K 13 51
36a~36k: LA 36d FI 36e n] LUTE ] Sidt 2K
R (3-chloroperbenzoic acid, m-CPBA) /£ H T #{%&
173 B B 37d 1 37e, &%) 36g A1 36h AT LA
£ 40% HBr/ ZIREFE T 2 B 24013 21 38g Al
38h, H 36k i EAUT HENIAS 2] 38k (K= 4).

>
e (from 36g, h)
or f (from 36k)

' €) 40% HBr/Acetic anhydride, reflux, 48 h; '
' f) H,balloon, 3% Pd/C, 12 h. !

'34a, 35a, 36a: R = H; 34b, 35b, 36b: R = 5'-C|;

134c, 35c, 36¢: R = 5'-Me; 34d, 35d, 36d: R = 4'-Me;
134e, 35e, 36e: R = 4'-CF3; 34f, 35f, 36f: R = 4'-Cl;
3349, 35g, 36g: R = 4-OMe; 34h, 35h, 36h: R = 6'-OMe;
134i, 35i, 36i: R = 3'-OMe; 34j, 35j, 36j: R = 3'-Me;

134k, 35k, 36k: R = 5'-OBn; 37d: R = 4-Me;

337e: R = 4'-CF3; 38g: 4'-OH; 38h: 6'-OH; 38k: 5'-OH.

@)
37d, 37e

ElX 4 &Y 34-38 HIE K
Scheme 4 Synthesis of compounds 34-38

389, 38h, 38k

ARG R Vilsmeier 7775 T &
F e ok 5 S P4, 15 3] 7 OB ) v TR 44
39, & 39 5RMEEMEYIEIET BEh Nk
AR R RN A D) 40a~40f, H o 40i Al
40§ T 73 79l F1 2K R e SR A0 G W R AR AR R R 43
F| 41a~41k, L&Y 39 532K AR VKBS ER H (5]
WEBMLEY 42 (FX 5). AYiE N e s R &
B, LAY 40g (21-50VEMR AL 7 2 0) 0 7R 5 B

Mythimna separata RS T. cinnabarinus 3R
IS S5 RO A BRI R S M, U B R K O
ZHR C-21 7 B 51N SUE 70 H A HORI R g 0
e L,

BEAh, BATH A AR 39 5B EEy R4k A7
Bt VN-ZH L F B (DMF) 264 S in#, ml43
LAY 43a~431 (K30 6)" o XTSI AR T &
HEYREENE S5 R R, G 431 F1 43k K
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DMF, POCI,

0-60 °C,8h
92%

" 40a:R' = H; 40b: R' = 19-CH,
| 40c: R' = 20-CH,; 40d: R' = 21-CH,
| 40e: R' = 19-OCHj; 40f: R' = 21-F

| 40g: R' = 21-CI; 40h:R' = 21-Br

| 40i: R' = 21-NH,; 40j; R = 21-OH
' 41a: X =0, R?=Ph

| 41b: X = O, R? = p-MePh

" #1¢: X = 0, R? = m-FPh

' 41d: X = O, R? = 0-CIPh

| 41e:X =0, R = m-CIPh

| 41f: X = O, R? = m-BrPh

| 41g: X = N, R? = 2(m-MePh)

" 41h: X = NH, R? = m-FPh

| 41i: X = NH, R2 = 0-CIPh

| 41j: X = NH, R2 =p-CIPh

' 41k: X = NH, R? = m-BrPh

| 42: X =NH, R? = CH,

XCOR?®

p-phenylenediamine
reflux, 4 h

1-butanol, anilines

reflux, 4-8 h
42%-78%

40a-40j

from 40i or 40j,
R2COCI, DCM, TEA
0°C, 2 h, 40%-72%

HOAC,

51%
XCOR?

41a-41k

Scheme 5 Synthesis of compounds 39-42

B 6 L&Y 43a~431 NERL
Scheme 6 Synthesis of compounds 43a-431

P B S0 E o I B s 5 S,
P T AR W% 25 05 B L 3 % 4 sl R B HE A KA )
Bk, BRI RAEY) 43i~43Kk ToR H I BEER T
UF A ZE duE e, HAE | mg/mL XS 405 26 314
HIBIEE D BN 62.1%. 58.6% F 55.2%, T
TR S E ST (242%) o X—HF R Bk
B, TE 14-H -1 5- 2R 5 S H 2R 38 EgI A
W LTS BE 2 30 05 R R S A RS B A
o HE AL A0,

AR UR R RBE I iR AT 39 S5, M
39 SRR N AR 44, FBHKAY S 44 1)
Jla R R A U R B A | 45a~452; 5546, 39 5
BRIy SN AR T 46a~46¢, 1M 46a~46¢ 5 EhFRHE
fii [ iS5 HE 47 (B0 7). ARl e 4 SRR 1,
th&4) 45m. 450, 45q. 45s Al 45t 25 R R
W15 %8 B M. separata W61, FAE 1 mg/mL Jii &K
B B AR N 66.7% 73.3% 70.0%-
60.0% 1 66.7%, T H 2 (26.7%); LA
W) 45b F1 451 X RRE M85 T cinnabarinus I H
BB A ST, 72 h LCso 12 52N 0.55 A
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NH,OH.HCI/NaOH
EtOH/H,0 (V/V:2/1)
B —— e

r.t./25 h, 18%-56%

12 POCI,/DMF/DCM
0°C-rt/9h

- —_—
=8 then 60 °C/2 h, 90%

45a-45z R?=

NH,OH.HCI/NaOH
EtOH/H,0 (VIV:2/1)
bl b

rt/12 h, 80%

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

R2X
(X =Cl, Br, | or OMs)
KOH/acetone

—_—
r.t./5-12 h, 35%-91%

CH3 L(CH,); CH,CH,CH(CH,)  CICH,CH, Br(CH2)4 H,C=CHCH, ““f\</

e o s O > oY

4 -4 B ¥ ’ ! i cl #
e S . B

¥

CH, C(CH,),
z

BX7 HAEY 447 AR
Scheme 7 Synthesis of compounds 44-47

0.58 mg/mL, AHXJEESJ2&
i) 6 5 LA L.

UeAh, ARUREAM BT TR, EW 395
IKE RN AR T 48 HIEH LR 48", FHH 48 5
BRI N AR R T 1 &4 49a~49y (K 8). Wi
EGREKYW, 1LEY) 49d. 49n. 49r. 49¢.
49v 1 49y IR IEEPER T35 206, H A 49y 15
RN R, HAHXTEE ) (LCs 1H 0.463 mg/mL)
TS (LCso {8 1.437 mg/mL) 1 3.1 5. AuF
HE I E S5 R K, AT 49j 1 49Kk X SR
BEWF Aphis citricola T3 FEAF 48 h ) A% 1F B 1 B
Uf, 0.04 ug FIE T 48 h RIEFLT R 51N 62.5%
H160.2%. VB REY]: HHUCEE R R
¥ E&4 F. Cl. Br Al CF; & Wl 7L, A
FIT RS TR S s BUCEE R oR g B A3
S HAL E XA G R e AR

Y15 S0 5 A AP ) NaH 7818 P4 &k
W [l S N, 75 24k S 50~53 (KI5K 9), P
W 7 IX LA WX 3 P N KA i R (SMMC-

2 (LCso {H 3.7 mg/mL)

POCI,/DMF/DCM

—_—
0°C-rt/9h,
then 60 °C/2 h/85%

1 % R
N NHNH,/EtOHX reflux/6 h
/

b@@@g«'
O D0 T
5@ [eRle @owf

........................................................

EX 8 L&Y 49a~49y KIS
Scheme 8 Synthesis of compounds 49a-49y

NH,NH,/EtOH
—
reflux/6 h/65% 4 5; P

(0]
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52a-52¢

R'=

51a-51z, 51a'-51c’

53a-53c

a: Me; b: Bn; c: 3-OMeBn; d: 4-OMeBn; e: 2-Br-3-OMeBn; f: 3,5-di-OMeBn

g: 3,4,5-tri=-OMeBn; h: 2-MeBn; i: 3-MeBn; j: 4-MeBn; k:3,5-di-MeBn; I: 4-tBuBn
m: 3,5-di-tBuBn; n: 2-CIBn; o: 3-CIBn; p: 4-CIBn; q: 2-BrBn; r: 3-BrBn; s: 4-BrBn
t: 4-FBn; u: 4-OCF,Bn; v: 4-BnOBnN; w: 2-Naphthalenylmethyl

R, R® =

a:R?=H, R’ = Ph k: R? = H, R® = 3-CIPh u: R? = 5-OMe, R® = 3-CIPh

b: RZ2 =H, R: = 3-OMePh I: R2=H, R®=4-CIPh v: R? = 5-OMe, R? = 4-CIPh

@ iz - E §3 - g-gl\;‘e OP:A Ph m:RRZ2 1{4 ';3 _44oBcr:F;hPh w: K" = >OMe, R° = 2-naphthy
:R?= H, R® = 3,5-di-OMe n:R2=H, -OCF, . R2 = 5-Me, R® = 3-

e R?=H,R°=3,4,5tr-OMePh  o: R? = H, R° = 4-BnOPh X ';2 _: me, 23 _ 2 C'P: X

f: R2 = H, R® = 2-MePh p: R2 = H, R® = 2-naphthy Y- T e thy

g: R? = H, R = 3-MePh q: R? = 5-Br, R® = 3-CIPh z R =6-Cl R*=3-ClPh

h: R = H, R°= 4-MePh r: R? = 5-Br, R® = 2-naphthy a: R*=6-Cl, R® = 4-OCF,Ph

ii R? = H, R® = 4-tBuPh s: R? = 5.Br, R® = 4-OCF,Ph b': R? =6-OMe, R° = 4-CIPh

j: R2=H, R®=2-CIPh t: R = 5-OMe, R® = 2-CIPh c" R? = 6-OMel, R® = 2-naphthy

R'=

52a: 3-CIPh; 52b: 4-OMePh; 52c: 4-tBuPh; 53a: 3-CIPh; 53b: 4-tBuPh; 53c: 2-naphthy

EX 9 L&Y 50~53 BIE MK
Scheme 9 Synthesis of compounds 50-53

7721, AS549 Fl CNE2) (A KAMfilyE e, g5k
B, BT A B WD I s T A BT S0 L 4
. Forb 50f A S1u X 3 BN AH R R AR I
mAREYE, S0f XF 3 M4l &% SMMC-7721 .
A549 1 CNE2 1] ICs, fH 53714 (4.65+0.23). (8.05+
0.56) 1 (3.55 + 0.18) mmol/L, 1 51u Xf 3 F4fl iy
% SMMC-7721. A549 fil CNE2 ] ICsq 18593 5N

(3.95+0.34). (4.96 £ 0.54) A1 (3.42 + 0.23) mmol/L.

KA T, Li & FIME S R 5
75 VU 2R I P NaH e B AT 13 240 &) 54~57
(EI=010), FEPRAN T ENIXT 6 PB4 R (HepG2.
SMMC-7721. Hela. CNEI. CNE2 fl MCF7) ]
PG EYE . S5 R EBoR, EW s5w E T A A
91 & P R B R OR W BTG AR A, 1C s (B AE
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a:R?=H, R®=Ph

b: R? = H, R® = 2-MePh

c: R2=H, R® = 3-MePh

d: R2=H, R® = 4-MePh

e: R?2=H, R® = 3,5-di-MePh
f: R? = H, R® = 4-tBuPh

g: R?=H, R® = 2-CIPh

h: R2=H, R® = 4-CIPh

R#=
a,b: 4-BnOPh
RS, R® =

a: R®=H, R®=Me; b: R®*= OMe, R® = Me; c: R°=H, R® =
9:R=H,R*=Cl; h: R°=0Me, R®*=Cl; i: R>=H, R® =

a: Me; b: Bn; c: 2-MeBn; d: 3-MeBn; e: 4-MeBn; f: 3,5-di-MeBn; g: 4-tBuBn; h: 3,5-di-tBuBn; i: 4-FBn; j:2-CIBn
k:3-CIBn; I: 4-CIBn; m: 2-BrBn; n: 4-BrBn; o: 3-OMeBn; p: 4-OMeBn; q: 3,5-di-OMeBn; r: 2-Br-5-OMeBn

s: Naphthalenylmethyl; t: 4-BnOBn;u: 4-OCF;Bn
R?, R3=

i: R?=H, R®=2,6-di-CIPh
j:R?=H, R®*=2-BrPh

k: R? = H, R® = 3-BrPh

I: R?=H, R®*=4-BrPh

m: R? = H, R® = 3-OMePh

n: R?=H, R®=4-OMePh

o: R?=H, R® = 3,5-di-OMePh
p: R?=H, R® = 2-Br-5-OMePh

tBu; d: R® = OMe, R® = Bu; e: R = H, R® = F; f: R® = OMe, R® = F
Br; j: R® = OMe, R® = Br; k: R® = H, R® = OCF; I: R® = OMe, R® = OCF,

q: R? = H, R® = Naphthalenylmethyl
r: R?=H, R®=4-BnOPh

s: R?2=H, R®=4-OCF,Ph

t: R? = 5-Me, R® = 4-BnOPh

u: R? = 6-Cl, R® = 4-BnOPh

v: R? = 5-Br, R® = 4-BnOPh

w: R? = 5-OMe, R® = 4-BnOPh

EX 10 L&Y 5457 A
Scheme 10 Synthesis of compounds 54-57

0.93~89 mmol/L JuH A,

AR T M E . XK

FERLEBRI 14 BRI 51N N-" 05| ek [ mT DL

SAHHIRSU AT
Xu 55 B2 T

— RV A ST T 45

)35 28 A 5 BRI AT A2 58~60 (1=K 11), FF
R T eSS SRR, K280
AP RN BRI T, Hh ik &4 59b KB
AR S BUI AR IS 1, X HepG-2 Al HeLa 41 &
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a) POCI,, CH,CL, reflux, 2.5 h
b) a-c, CH,CI,, reflux, 12 h

a) POCI,, CH,CI,, reflux, 2.5 h;
b) aromatic ammonia, CH,CI,, reflux, 12 h.

Ea H b: OCH, c: CF,

60a-600

‘ﬁ@ -;©—< ;@—e ;@ J -;@

%‘@@“ } }Br }No o o

LDA. THF, 0 °C

Cer ii

EX 11 L&Y 58~60 IA K
Scheme 11  Synthesis of compounds 58-60

[ ICso 153 5N 5.7 umol/L A1 8.5 umol/L. 43T
XA AERS, n-n LYFEAHB AT LS
DNA JERAHBAEF, AT S8 A iE 1k
2.3 C-15 ¥ N-16 L HVZE#IE 1R

Xu S50 BT BT A R T B IR R
1] Topo I #11l71] 61~67 (K1 12), i fidkib &
VI PTG S AR A R E, BRI A Y 64b BE R
25| AR S BRI O B ] HepG2 41
FTAE R/ BB EY Hp i b AR K. n B s 13 B,
Wu Z57 ] 20% KOH 7K &K 75 2 56 P I Jie 2
I, SRJG H 20% H,SO, 1 pH H 15 21k &4
68, AW 68 5 kIR BT BRIE = LIAFAE
MR IRNAE RIS 69, HHENE 69 HiEZ
Tl S S B 159 L &) 70a~T0h, H 5
R4 3 (DBU) 1& H 2R d [l & A3 A& 4
71a~71h. &Y T1a~T1h B a) S0T S F R AL
N T2a~T2¢, 5EALE SN A K SR ER AL &
W) 73a~73F, IXLCRTAEMIAI R R RBEFIR AR
FH A= 3 1 v 5 3 — 2B PP

REBAS BB T — RIS 1,3,4-H

SERI T S AT AR 75a~75x (R 14), #84r

WA IR TR M. separata FIXF A R0 0 T
cinnabarinus FEI H BT A AR g,
WA 75w R I B IR RS BUEE, ERTEIR
FE 1 mg/mL T IR ABILERIL 65.5%, W& m T
ZH (27.6%). MR HTERW], R NEEE, R* N
SR TR R BUE R EEL R ONGSHE TR
R® Ty FR BRI R0 0% 1 A

WE 15, ARFEEA F 6 mol/L IR K
o SR =i 2k R KA, P oK R R AL ) A5
WS 76, & N-"FEAAG T AME 77a~771,
HAMmAMEE AT B BUK R B N- R S
M5 78a~8f, Ei H VY S 40K H] 4 77a~77¢ ik
JFA43 3 79a~791, #5530 F I B BR AE DIC
DMAP 414 FELE 3] N-F 335 S ER R A
(80a~801 Fi1 81a~81z, 81a'~81z', 81a", 81b'"). I
YENE 25 R EERTENTENTE 16 MEEME
0.5 mg/mL R X AP 72 h BHERLE 75.4%~89.5%
I, WEETRFUEWE S (27.9%), Hrh 81b"
X AP I ME RSO 72 h BB IR BN 0.19 mg/mL,
FHRFEE F TS (1.45 mg/mL) 7.6 1. #3065
SIATRI, S SR N TR E AT TF AR ) N- ik
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62a-62k

')

' a) NaOH aqueous, reflux, 8 h;
' b) SOCI,, MeOH, reflux, 3 h;

. ¢) HCHO, AcOH, R'bearing indolo
» derivatives, H,O or CHCI,, r.t;

* d) NaH, halides, DMSO, r.t.;

. €) HCHO, AcOH, N-substituted
' indolo derivatives, H,O or CHCl,,
Cort;

» f) (Boc),0, TEA, CH,CL,, r.t., 5 h;
' g) LiAIH,, THF, r.t., 2 h;

h) NaHSO,-SiO,, CH,Cl,, reflux.

[=2]

2a: H; 62b: 5-CH,; 62c: 5-OCH;; 62d: 5-CN; 62e: 5-NO,; 62f: 5-Cl; 62g: 5-Br; 62h: 5-F; 62i: 4-F; 62j: 6-F;
62k: 2-COOCH,; 64a: CH,C.H;; 64b: CH,C,H,Br-p

- ,
63a: CH,; 63b: CH,CH,; 63c: (CH,),CH,; 63d: M ;63e: CH,C4H;; 63f: CH,C4H,F-0; 63g: CH,CsH,F-m;
63h: CH,C,H,F-p; 63i: CH,CH,Cl-p; 63j: CH,C.H,Br-p; 63k: CH,C,H,CF,-p; 63I: CH,C,H,(2,6-di-Cl);
63m: :

EX 12 L&Y 61~67 HIE K
Scheme 12 Synthesis of compounds 61-67

oS IAT Y, HOR ORI TR AT BT 4R BRI, 111 2 N-"R 35 2 2 W A J5 0 I I 5
re s TR R R EOAOEE g W rE T A I B R R KR TR 45 A, B M SE U I 75 (1 3% W 3 12k
HR RS 0 FoREETE, N-RIESE SRR X B LH 5 A v T B P A7 B H R W 2 R
DU B s %, MR SR e e, TR LU

T R AR 5 P ab 5 ) 8 3682 2 50 2R 3% gl i 1
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68

6 R
a) 20% aqueous KOH, reflux, 16 h; then 20% H,SO,; b) (Boc),0O, Et;N, methanol, reflux, 3 h;} \‘/ 4
 ¢) pivaloyl chloride, Et;N, DMAP, CH,Cl,, r.t., overnight; d) DBU, toluene, reflux, 32 h; v 0 e
e) m-CPBA, CHCI,, 0 °C, 3 h; f) HCI gas, PE/EtOAc(V/V = 1:1), r.t., 1h.
e
—
f
L

70a, 71a: R=H; 70b, 71b: R=6"-Me; 70c,71c: R=6',8"-di-t-Bu; 70d, 71d: R=7"-MOMO;,
70e, 71e: R=8-MeO; 70f, 71f: R=6'-Cl; 709,71g: R=6"-Br; 70h, 71h: R=7"-MeO;
72a:R=6',8"-di-t-Bu; 72b: R=7'-MOMO; 72c: R=8'-MeO; 73a: R=H; 73b: R=6'-Me;
73c: R=7"-OH; 73d: R=7'-MeO; 73e: R=6"-Cl; 73f: R=6"-Br.

B 13 &5 68~T3 KA
Scheme 13  Synthesis of compounds 68-73

a) NaOH/MeOH
reflux/2 h

b) DCC/DMAP/DCM
amines/r.t./22-24 h

a) 6 N HCl/reflux/5 h
b) MeOH/r.t./2 h

c) different benzyl
chlorides, K,CO4/r.t./
10-12h

.75a-75x R, R*= i

a:R'=H,R2=H b: R"=4-Me, R?=H c:R'"=3-Me, R2=H d: R'=4-OMe, R?=H |
i: Re: R'= 3-NO,, R, = H f.R"=3-Cl,R*=H g:R'=2-Cl,R2=H h:R'"=4-Cl,R?=H
j:R"=H, R?=4-Me k: R'=4-Me, R2=4-Me I R' = 3-Me, R? = 4-Me w

"m:R' = 4- 2= 4. ‘
 m:RT=4-OMe, R*=4-Me | oi-3.NO, R?=4-Me o:R'=3-Cl,RZ=4-Me p:R'=2-Cl, R’ = 4-Me

'Q:R'=4-CLR?=4-Me  pRi=4B R =4-Me R =H R =4F t:R'=4-Me, R? = 4-F :
'u:R'=3-Me, R2=4-F v:R'=4-OMe, R?=4-F W:R'=3-NO,, R*=4-F x:R'=4-Br, R? = 4-F

EX 14 LAY 7475 AR
Scheme 14  Synthesis of compounds 74-75
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W

6 M HCI
—_—
reflux, 6 h

RICI, Cs,CO,

—_— »
DCM, r.t., 6-12h
32%-57%

T Z— T

MeOH, r.t., 3 h
_—
97%

- - 76
' 80a: R' = PhCH,, R? = CH,CH, T
3 80b: R' = (p-F)PhCH,, R?= CH,CH, 3 l' 77a,78a,79a: R' = PhCH, 3
' 80c: R' = (p-CI)PhCH,, R? = CH,CH, | | 77b.78b,79b: Ri= (p-F)PhCH, !
 80d: R =(p-Br)PhCH,, R* = CH.CH, | 77¢,78¢,79¢: R’ = (p-Cl)PhCH, |
} 808: R" = (p-CH,)PhCH,, R? = CH,CH, | 77d,78d,79d: R' = (p-Br)PhCH, !
| 80f. R' = (0-C)PhCH,, R, = CHCH, 1 | 77e,78e,79e: R' = (p-CHPhCH, |
;309 R"=PhCH,, R* = (CH,),.CHCH,CH, | 77f,781,79f: R' = (0-CI)PhCH, !
' 80h: R' = (p-F)PhCH,, R? = (CH,),CHCH,CH, ! R e e e e ‘
| 80i: R = (p-CI)PhCH,, R? = (CH;),CHCH,CH, }
' 80j: R = (p-Br)PhCH,, R? = (CH,),CHCH,CH, 3
| 80k: R' = (p-CH;)PhCH,, R? = (CH;),CHCH,CH, 3 OH

' 80I: R" = (0-CI)PhCH,, R? = (CH),CHCH,CH,

DIC, DMAP, R?OH

D ——_—
DCM, r.t., 6-20 h
60%-85%

OH

=Y
[

N
H

DIC, DMAP, R*COOH

LiAIH, DCM, r.t., 2-6 h
0/ _QEK0,
—— THF, r.t., 15 min 40%-85%
a- %-979 1a-81z, 81a'-812', 81a", 81b"
93%-97% 79a-79f 81a-81z, 81a'-812', 8 8

| 81a: R' = PhCH,, R® = (0-CI)Ph 81s: R' = (p-CI)PhCH,, R® = (0-Cl)Ph 81k": R' = (0-CH;)PhCH,, R® = (0-Cl)Ph  :
i 81b: R' = PhCH,, R® = (m-CI)Ph 81t: R' = (p-CI)PhCH,, R® = (m-Cl)Ph 811 R" = (p-CH,)PhCH,, R® = (m-Cl)Ph |
! 81c: R'= PhCH,, R®=Ph 81u: R*-(p Cl)PhCH,, R® = Ph 81m": R" = (p-CH,)PhCH,, R® = Ph ;
! 81d: R' = PhCH,, R® = (p-CH,)Ph 81v: R' = (p-Cl)PhCH,, R® = (p-CH,)Ph 81n": R' = (p-CH;)PhCH,, R = (p-CH,)Ph !
' 81e: R' = PhCH,, R* = (m-CH;)Ph 81w: R'= (p-Cl)PhCH,, R? = (m-CH;)Ph 810" R' = (p-CH;)PhCH,, R® = (m-CH;)Ph
| 81f: R = PhCH,, R = (p-OCH;)Ph 81x: R" = (p-CI)PhCH,, R® = (p-OCH,)Ph 81p" R' = (p-CH;)PhCH,, R*= (p-OCH;)Ph !
! 81g: R' = PhCH,, R® = PhCH, 81y: R' = (p-Cl)PhCH,, R® = PhCH, 81q" R“ = (p-CH3)PhCH2, R® = PhCH,
! 81h: R" = PhCH,, R® = CHy(CH,), 81z R" = (p-CI)PhCH,, R = CH,4(CH,), 81r": R' = (p-CH,)PhCH,, R® = CH,(CH,), !
i 81i: R" = PhCH,, R?® = CH,(CH,)y, 81a'": R" = (p-Cl)PhCH,, R® = CH3(CH,),, 81s" R" = (p-CH;)PhCH,, R® = CHy(CH,)yo !
! 81j: R' = (p-F)PhCH,, R® = (0-Cl)Ph 81b": R' = (p-Br)PhCH,, R? = (0-Cl)Ph 81t R' = (0-CI)PhCH,, R; = (0-Cl)Ph :
E 81k: R' = (p-F)PhCH,, R® = (m-Cl)Ph 81c": R' = (p-Br)PhCH,, R® = (m-Cl)Ph 81u": R'= (0-Cl)PhCH,, R® = (m-CI)Ph |
! 81I: R = (p-F)PhCH,, R® = Ph 81d": R' = (p-Br)PhCH,, R® = Ph 81v": R' = (0-Cl)PhCH,, R® = Ph ;
! 81m: R' = (p-F)PhCH,, R® = (p-CH,)Ph 81e": R' = (p-Br)PhCH,, R® = (p-CH,)Ph 81w". R = (0-CI)PhCH,, R® = (p-CH,)Ph |
! 81n: R’ = (p-F)PhCH,, R® = (m-CH,)Ph 81f": R" = (p-Br)PhCH,, R? = (m-CH,)Ph 81x": 1:(o-CI)PhCH R3 = (m-CH,)Ph |
! 810: R1 = (p-F)PhCH,, R? = (p-OCH;)Ph 81g": R' = (p-Br)PhCH,, R? = (p-OCH,)Ph 81y": R = (0-C)PhCH,, R® = (p-OCH,)Ph |
! 81p: R1 = (p-F)PhCH,, R® = PhCH, 81h": R' = (p-Br)PhCH,, R® = PhCH, 812": R" = (0-Cl)PhCH,, R® = PhCH, !
! 81q: R1 = (p-F)PhCH,, R = CH,(CH,), 81i": R' = (p-Br)PhCH,, R® = CH,(CH,), 81a": R' = (0-Cl)PhCH,, R®= CHy(CH,); :
! 81r: R1 = (p-F)PhCH,, R® = CH,(CH,),, 81j': R' = (p-Br)PhCH,, R® = CH,(CH,);, 81b": R" = (0-CI)PhCH,, R* = CHy(CHo)io

ERX 15 L&Y 76-81 HE K
Scheme 15 Synthesis of compounds 76-81
ek, L 16 FEEC 17 fos, EiERIRE R-1-BAGE S ATAEY), JRE AT A R
Mo Ja vt & BT S R SR AT A A N-JX BUFR A S REMPURTEIEE, Mo E Yt
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l NaOH, H,0, reflux
then 50%HCI
° H a) 80% hydrazine hydrate K©
N H H
H

DIPA,DMC
n-butyllithium H
DCM, -78°C, r.t. Az A

80% hydrazine hydrate
EtOH, microwave

substitut aldehyde
DCM, reflux

O

OH| benzyl chloride EtOH, microwave

CH,CN, reflux

b) substitut aldehyde
DCM, reflux

EX 16 L&Y 82~85 IA K
Scheme 16 Synthesis of compounds 82-85

Boc
Boc
H H

OH
a) KOH. H,0, reflux
b) (Boc),0O, Et;N, MeOH, reflux

\
N
H

|
N
LAH, THF, r.t. H
; -

MsCl, Et,N
—_— >
DCM, rt.

O Ms

a) HCI. dioxane, r.t.

LAH, THF, r.t, b) RCOC
—_—

89

EX 17 &Y 86~90 HIA K
Scheme 17  Synthesis of compounds 86-90

S A8 98 B R 9 A 1 TR Ak 2 R
TRL68-69

3 BEARAFEMIEEERAR

Vi SO FLART AR B A AR T T B A ROk R
ST 1 BRI AT s 1SR AR R
HPt TMV iEHEAF], C-14 1F AR H 3t
TMV JEPE, 148 # R SV LE 14RF Y i AH B
& B A BB (40 TMV it (- 1-A)07, fE7F
Z:H, C-14,15 £ I N\ P IR ALk P4 i B2 v FL % L/l
WHIE (B 1-B A 1-C)U, C-15 EANGER TESI A
Tk 0 HOR IV Ve AT B e (B 1-D)MY. B S
Bl C-14 A7 51 N\ 5 Tk 45 1) R4 v FER v v, e il
FE IR T EEBEAN B SR (18 1-E)e 4T IF N i
A BEARE R /TR M, 7E N-16 A7 B i AR
R PR s T, IR R R
FREN FRRTE R RO E 2 (K] 1-F)NY, R EAR
NS EE MR R S, ORI TR R A R T matrine and its derivatives

E1 HSWARHEHITEYERREEMBYXER

Fig. 1 Relationship of structures and agricultural activity of
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1M IR IR IR I 5 RIR AR e, RS A &
Tt (E 1-G)™,

4 REERE

FET SIS R, 35 STl BT T B
2. NRVEE &R AED. EEAYIK, OfF
WA SRR SR 2 R 27
EWNH. ERGYIK, HEESEICHERDS
Wt VIR AR 2, B2 N BT A IR K 2
Z—

LR ERE, WS ARG 2R
AR R AEYRETE, e SRy R E 1
BAZAGMEOEN R, X HUEAS 77 S0 % 2R
it — R A EEM M ER T ED. Al
NAUL T R B BT 5T AR B0IE 2 2 b 2R 8
VORI AEEE,  [R) IRt od FLEAT S5 A 2 1 LR
R FIE . ARSI 2R IR I WF FTSCHR BB R 5 2
il S R ) 2 AL s 34T T S5 K B MR HiOE
B AT A0 B3 VAT TR T2 s, K
FE A R vrOr, i AT AR R T i AR
FREPEVEGT (VRO 2 S ), JLRIE Tt AT
fithle. 5)a, BEEE SN EYE
PE AEFINLER . S5k il DA R ROk 3 55 7 T AT
TCHIRN R 9 S T R FH 35 20 S H AL
YBEE Bt

(EEEMIE

TN, B, HE, HEATR.
2019 SR FH L RAEAR KFE R
hEEL, RRFWGEFE, A
TERKFEFFHEMEFLR, £
BINE R AR RIS 09 ) R

v F, xw, MEAEFIF,
2003 S FHIT KA ML E
Y, REEFHLEFELE, LABHILR
AR K FHAF IR, HFHN
HREEEAT, YEHF -4
MHFHMFRLRFE, E2NK
FRASHWRGGAF TR, AAL
FEAMKFAMBUBERFEL2ANEMEER, TEALL

FARBEELER. A (RBEFFRY & Mini-Reviews
in Medicinal Chemistry 3Rl h%& . AR RKEE E & F
FRABE —FERKOHEAREL _FEE 17,
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