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Allelopathy of Ageratum conyzoides L. VI. Syntheses of analogs of
ageratochromene and their inhibitory effects on plants and mi-

croorganisms
LU Yong-Hui, KONG Chui-Hua® , DONG Chun, HUANG Shou-Shan, LUO Shi-Ming
(Institute of Tropical and Subtropical Ecology,South China Agricultural University,Guangzhou 510642,China)
Abstract : Five analogs of ageratochromene were synthesized and their inhibitory effect on plants and mi-
croorganisms were compared with that of ageratochromene. Results showed that two analogs , 6-formyl-7-
methoxyl-2, 2-dimethy1-2H-benzopyran and 7-hydroxyl-6-formyl-3, 4-dihydro-2, 2-dimethyl-2H-benzopy-
ran had higher inhibitory effects on two plants:radish and ryegrass than that of ageratochromene at con-
centration of 100mg/l, especially inhibited the root growth of plants significantly. They also possessed
stronger antimicrobial activity and the inhibitory rates for two fungi (Rhizoctonia solani and Phytophthora
capsiciwere 100% at concentration of 400mg/l, moreover , 7-hydroxyl-6-formyl-3,4-dihydro-2, 2-dimethyl
2H-benzopyran inhibited two bacteria species significantly : Xanthomonas oryzae pv. oryzae and Erwinia
chrysanthemi at concentration of 2000mg/l. Researches revealed that 2,2-dimethyl-2H-benzopyran,the ba-
sic structure of constituting ageratochromene was not correlated with its allelopathic and antimicrobial ef-
fecs. However ,as there were active substituents at its 6-or 7-position,both effects were strengthen signifi-
cantly.
Key words :ageratochromene ;synthesis ;structural analog;antimicrobial activity;allelopathy
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HMEBENERERY, W REHENHBAE BB RN —ErED IR, R M I W R A
oot 9 BEE B KHBERE THEATRANPIEAELAL LN, A AT asR
HEMHERAFTLEABRSE, AUTUENT AN ENERSEDBEEZ B XK, MAATTEMELIE
R AL oy I Py BR A BT 9% 55 36 o B2 PR 9 9T BB

1 MESA%

1.1 ZEHEHMOGEY, KB W)

WYy BImE2 S8 b (Raphanus sativus) + % 1L B I M (Lolium multiflorum lam), W FHT RERLH
FRERXTMETRELRENEREG,

KB Ko W (Rhizoctonia solani) . WL B B (Phytophthora capsici) ,

W KRS a M HiS W (Envinia oryzae pv. oryzae) X B H W Y & B9 B (Xanthomonas oryzae pv. o-
ryzicola) . 7K 18 2 K %5 Bl ( Erwinia chrysanthemi) . X # Wi ¥§ W (Ralstonia solanacearum) . AW R K
(Psudomonas syringae pv. tabaci), W LEMBHERE Y KFRHEARERRBHE,

1.2 XBHEH

2-WA-J B 37 S (M U388 ) ZF-1 AW ( LM E T 3%) ), WRR BB X H
(L ¥ 8% ) AG-P 200M BB 3t 3R { (¥ @ Bruker 24 8));3-PRBEER . BRI _H(EE Ar-
cos /47 AR), WX % ,DMF(N,.N-_HEPRE . F#2 X7 MR AR).

ERAEECSHFTEVABROEPREBRIBBIBANKEUEEHWORERERBONEUGLEY
B); AXEM2,4-—RE-XFHMBHELXTEYRWE. REARI AT SN,

1.3 BOdEEUBBGEIE

1.3.1 2,2-"_FM2HEHFUMEEDANER FRIALEER. XK AEXHE. WAEFR
% 1.5 (11. 4mmol) . XK Z B 43mi, F ¥ 36mL 5 CHMFEFTKRER BHTHENIN 33m] FXE/
Z, B 75 HE (0. 9mol /LDIT A MR . FEKE B H T .8 2ml K #0 20m] PR KWK R R E 3min BT A
R RER S Bl B AU B, R R 30min J5 0 NaHPO, # pH=7, 31 NaCl Z#f,ZRZMER 3 XK. BK
50ml, & HEBRE,MEK Na SO, TR, T RET/EERWMA 80ml X, 20s BR.EEXRFTF
I8 C B 10h, T RETF BRRYITERE . LARMBGO~60C)NRBRA  WANED BT EREIKAR
£ 0. 9g, =% 60% ,a 1. 5455 (CMR{E 1. 5490345 #9 d3'H NMR i : 1. 41(6H s CMe;) ;5. 57, 6. 28(each
tHd H-3.H-4);6.72,6. 80{each 1H d H-8,H-5);6.93,7. 07(each IH t H-7,H-6).

1.3.2 6-FBE7HFERE 2,2 _FREIH-EZHAMULEPDINER ARXEFEHRAREBARLET
W=D EMA 2 3g(12mmol) R % I, 5mIDMF, 3 EBE#E, T K & 3 ¥ 4 T W in 3mIPOCI,
(30mmol) , MR ABRT 20C, FRNTEKBEEZTHFHAE 1h, MPRE SOCHEEH Sh, LR WM. A 5¢
BYK KM, Smol/L # NaOH ¥ % ¥ pH=6, 11 Z. B2 3 X, H K 50ml, B WA LK Na,SO, Tk,
RETERAVATECKE/X=9.1 EE&K . BERECLRAE 0. 92¢. WX 38% .mp. 71~72C L R{E"
71~72CY, EHB'H NMR BWiF:1. 42(6H s CMe,};3. 84 (3H s-OCH;);5. 49, 6. 29(each I1H dH-3,H-4);
6.33,7. 46¢each 1H d H-8,H-5);10. 22(1H s-CHO),

.33 7-BEE-3.4-T8-2,2- R I2H-EHMULEW EXMEHE EXFEENER 6 R
=R A 8g(60mmol)3-F AR, BHIMA 40m! 74 ¥ Mk (30~60C)A 8ml IERM (8525 R
SY. B BEMAT BC . AMBEWMND 7ml RO B 20ml HHBEGO~0CIMRESER.,
(R Er BB . 6h AN sE e, FEBEHE 12h, 5 1E KWV, M NaHCO, 1,8 pH=6, Z MR 3 &, H K 50ml,
&3 FEW, K Na,OS, Tk, ETE TREEH, AGMBEQO~60C)RMEN, BRAAHS T8
W AMIRBIE 7. 22, W H 63% ,nF 1.5306 (X MR{AY"1.5312), 55 W& 'H NMR Bik: 1. 32(6H s CMe,);
1. 80.2. 66(each 2H t H-3,H-4) 3. B0(3H s-OCH,) ;6. 34 (1H d H-8);6. 90(1H d H-6):6. 94(1H d H-5),

1.3.4 3,4.6,7-P4;|-2.2,8,8-Pp4 A & 2H,5H[1,2-b:5,4-b' JEH WM LS PHNAR FRIKXXE
SER. ESHEP,MA 2g 88, 10g A, 50ml LA Z B, MBEFR 1h, £ R Mgl.-Z MEEW . HIMA 5. 5¢
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B~ 8, 20ml EAKE, am] BRI E 40 C, 1M 5ml 58— 2oml TAFEMNE S . 2h AR
HERFFRY 6h, FIKEBESHTMA 25ml KA R (LR R, ZBEFER 3 K. 8K 50ml. kK
Na, SO, TH.IBETERAY SRS LAMBARBEA . BACHRAE 1 2¢. 808 1036 . mp. 96~
97°C ( X MRAEI97~08°C), 2 'H NMR B iF : 1. 28(12H s 2CMe,) ;1. 73, 2. 65Ceach 4H r H-3,H-4);
6.1%,6. 70(each IH,s H-8.H-5),
1.3.5 7-B23L 6 MR -3, 4- -2, 2- " WH-HEHMMESY OISR EXEAERLEETHNK
IS TFREN=ORPINA 10g(70mmol )2, 4- B R X F B, 20ml Z B, 40ml A & (30~60C) M
S5mi85% ERERL,. FFEh B HE MR E 35C. I 1oml R B 10ml AHBEMESY.4h AR R
B EN R 10h, ) BN . 0 NaHCO, PRI INE K Na,SO, T GIBETE R R LA MR
B H,BLTEKE R 4. 5g. W& 28% ,mp. =103~104C CCMRMAE102°C ), 854 'H NMR BiE . 1. 33
(6H s CMe,);1.80,2. 72(each 2H t H-3,H-4);6. 28.7. 18(each lH s H-8.H-5);9. 63(1H s-CH();11. 05
(1H s -OH>.
1.4 HOFEEREKEUDTHEYRONHELELR

ERERFAFECLHAEZEETFATISEBEARREEE 25C, 8K 642 LR E 12h/d. K
=3000klx, 72h ERIEMEZHRGENRK. B H.
1.5 MAONEEZRAUOHEETEXE

SRPBEEBREE R EXARANLERAWNE UTNAATSEMR.USAM(RERE
RAGSARERNENR. SALREFHIER IR RHE, MRFEAERATANENE. LIS
XAIEMR, SHTREFRIEE, HENHMEE XA XD,
1.6 EBERNIELRY B

£ B G. Bruce Williamson B 77 &&1'2),

_ {1 -C/T ¥YT=C
T/C—1 Y{¥T<C

Heh C A0, T BHALEM LRI IWNIERRI>0 (RHE RI<0 HWH,.RI i E X/ S5ERARE—
AR RENERTESAAEURIERRERIEH#T.F MRRABEKHEHREZE (DMRT 5.
2 BRE5aWm
2.1 fFREBREI

BEaONEMEZFEERAONER T0ER/MNAD P REBH — X5 R B &K 58K (Antjjuvenile hor-
mones) P, HH BB EXREHNERTE . NEXVERE . ERUHE 1-B(ERX 1) . B 1-C(ARER
D), BEAMEHE—12,2- X 2H- Xt (G RINE1-ANGH. FeX(GEGHNE 1-OObR—WE
BREREHYE. CHAREAVSHERECCEZARE AR 1 TR AVERERANRESER

XxRMEHRHER R, EERT 2,2-"_HRX o
Q CHs T EJDI){;;(
L ZE ) B R p R I T PR B B IR R AL - '
CH;'D@ Cﬂiaom
E D
SRR AR, DR 6.7 {1 F WA EFR, | :
G
MR RERENAEBER. AESIRE. SRT -0

HurmicA), RE“GHEREHER"HREMN, HITAEFR O:;L
KAMONRERREDEHHTRER. HARAH T ///
w62 % 2,0 R gt mma o zme ()

7-BR-2.2- AR 2H- XN, ENBRERFTSHE A

A1 P — B T LA A PO R B R LI k=,

4 EEREARARF TREHAANEER.MER F

WE-o B E-2, T PEH KM, x— g A1 BRANKRRRABHERL
AMBEARTE T R R % B, XA T 880 5% £ % 6 Fig. 1 Structures of ageratochromene and its analogs
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(HERENTREER AT EERIBE, RS AA ERH: PG
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Table 1 Inhibitory effects of ageratochromene and its analogs on plants

o W b Raphanus Sativus BFE Lolium multi florum lam.
{‘um:)unds % Concentration{mg/L) A Concentration(mg /L)
300 200 100 300 200 100
A BEY —0, 23¢ —0.13% — 0, 08B —0. 20" — 0. 7AB — 0. O7AR
3 K —.19® — 0, 06*B — 0. 02* 0. 328 —0. 138 DA
B #’i< -0, 23 —0. 138 —0, 13 — 0. 45° —0Q. 420 — 0. D4A
% ~ 0. 33¢ —0,17% —0. 15% — 0. 54° —0.41° —0, 118
c w —0,13" —0.138 — 0. 03AE —1¢ —0. 497 — (. O7AB
-3 —0. 49° —¢. 428 — 0. 357 —15 —0. 76 — 0. 16B
D Rk —0,47P —0.17"% —0, 08" — 0. 88 —0. 91F —0. 550
23 —0. 148 — 0. pBARC oA —0. 757 —0. 550 — 0. 208
E B —0. 148 —0. D6*B oA —0.58% — 0. 60F —Q. 24
(3 —Q, 25%€ — Q. QGAB — Q. 00AB —Q, 65P —q. 68F —0, 188
E RK —0. 20° — 0, 09" —0. 058 —(, 138 —0.11®8 — 0, Q9AP
Y —q. 218 —0, 1445 — 0. 04* —0, 428 —0.118 — 0. 0D9*B
. Hic —0. 84F —0.52¢ — Q. 40 ~ 0. 55F —0, 25 —0.138
% — 0. 25 —0. 2250 —0. 21° —0. 338 ~0.21¢ — 0, 09AB
o i 33 —1F — 0. 6§P —D. 22° —1¢ —1F —0. 13%
.3 —1F — Q. 331E — 0. 15" —1F —1¥ —0, 18®
. B oA pA oA oA oA oA
CK % oA ot oA o oA oA

HNPRE FIFNABE T FZERRHAITT F MR 0.01 KE L HHIEHNLZTEBE . The data in table were tested by F-test,

captial letter followed the data indicats significane at level 0. 01 :(DRoot length; @Shoot height

CHEMONMARED KA RBEREEMT AT Z LR EWm2EW R 6-28%-3.4-= 8
2,2- " R-2H-E M 6- 2 R-7-BE-3,4- K2, 2- _RR-ZH-EXH bW, L X BRLENES
RRPRARECFEN EREIECRT 7FAE-34-"H2H-EHME) N 7-BE-6-FA R 3,4-—%-
2H-XH ot (G), MREX NS 34 FNREMON KL RAHCNEDEE, WIEHELS X
S MR EEWEEMS FELE MM UNERENSRIE. BANERT 3,4,6,7-l0E
-2,2,8,8- PR B-2H,5H[1,2-b.5,4-b' JXEH MM (F), LT MF S EE WEAEHE R, 9588k
BT AR ERSREN TSR MBI RENRR. ESESEPRERTROAG XKMEAHEDY.
2.2 MO®iXRHXMHIHADSIHERKKNMWEA

HONEEHELUHHTFAMHZE— P EFEERKMPHEALRI. AR I BEXE AR M
st L E R ARG RR K BRI — S B R 2 BE A RIS T K 85 5 E 300mg /1 MK ERY
XM ERFXBERTHANHEK,.MZE 100meg/l REE T .ERP7-BR-6-AME-3,4-"-%-2,2-
HRE-2H-EFH WM G E b, 6-FRERE-7-F Y H-2,2- B B 2H-2 3 ol mi (D) 4 38 2% R 40 & 46 i 238
FRAONK AHENZAMEHOMHEB TREXNOKELEY 2,2- —HE-2H-XH MM (A).3.4,6,
7-P9%-2,2,8,.8-F A E-2H,5H[1,2-b:5,4-b" ]2 3 XL ot W (F) 7E 300~ 100mg/L # BE# B8 P9 % L4 L P8 #
S ERRBS e 7-FAE-3.4- 8- 2.2 _PBE2H-EHFHME SENKX I(BYHH . 3
$hNPEABRFE M BEREMAE ERT B,

2.3 MEor XK 2ol o %t A o F 0 o i 4 B 4R A
OB XXM AH MM E 2. RO XECH AW HERRE 3.
MR 2 A% 3TTLIR W BB AL S Y 3 i i 5 o B o L 25 3 4 i 0 B 000 2 T R I P 5 D 40 I 9

WA MR E.
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7T-RE-6-FRE-3.4-ZH-2,2- P E-2H-ZXHm GO 6-PRE-7-PRE-2,2- -H X 2H- X #
(D RFE M. AR BRI EEEN KBS RN KEERR
AR AHPE I NS EAESTEFNIRER. HP.DHGCHKESHRN RS RE 2 /5
FRERMAME XD 100%:C M KBEMPRENNEBNERED 25mm. KRR A E R H
2358 23mm, WA FHAFEEANEEEESE T DT ABATABEANHEES XD 15mm, %}
KEERFN EEERNEMNENER LB 9mm,
3 it

RAFHRLARRERSEWRHL S A HILBEAEHEIREREDRS RONENLEREHEEE
RAHGGTMNENBRAE. Y6 FHRARSFREN, HIREHFRNE, T EEZR AR LA
W— BETRKMNIPWER L ST F LR F WA . 5325 K W X 3] 1005 (400mg/L),
HAREK AU EMNRGSABREANXRAZENR AL . N TRERE,7-FERE-3.4-—%-2,2--H
B 2H-EHHwE)HERERX I (BWERER. MY T NMEXNHER;3,4.6,7- 0 %-2,2.8.8- 0 -
2H,5H[1,2-b:5,4-b’ J 3§ T ott W (F) 7E 300~ 100mg/L ME XN BAM L L AN ZEMNHERARERE.
MHANESEEFARE RENMTF RO RNEDEEE AR, YA T REN AR RO KXY
BEREUHNZEBKNSENHNER . XBRATENESSTEEELRAR . MTARFROLEK
XHHMBRFRNER S MRS PRERERAERN Kb 7-BE-6- FEE-3,4- " %-2,2- " HE-2H-X ¥}
MW GRYEBEANAARNEEEELNMZ /4 AR HZ AR D ERE RN WER XS

Rorradeg SHELHMYRHLRARTFNKEERX.

2 ETREERECENEREKEXRHANER
Table 2 Inhibitory effects of ageratochromene and its analogs on plant pathogenic fungi

AKBOHHRN HNERN
{5 e ¥ (mg/L) Rhizoctonia solani Phytophthora capsict
Compounds Concentration
WX HE D(cm) WWER(Y) MWHRERE Dem) HWERN®)
A 400 2.3 74.4 3.2 64. 4
B 400 Ze D 72.2 4, 2 33. 3
C 400 2.2 75.6 3. 6 60
D 400 0 100 0 100
E 400 2.3 4. 4 3.7 58. 8
F 400 2.2 75. 6 4.0 05. 6
G 400 0 100 0 100
0 400 2.3 72.2 1.5 83.3
12 3. Copper agent 3.8 57. 8 3.8 57.8
7K Water g. 0 9.0

# I Diameter of fungi colony,R Inhibitory rate

TEARYAN 4+ FBHRED . BRIEZEEN TEHB BoBERBRE SR RE L B LE YRS
EhS51IaEn. ey 2R Bt EmmnMmEaRERE, -RE-6-FRE-3.4-—5
-2, 2- " PR 2H- M (GO 6-FF REA-7-FWE-2,2- A X-2H- XM (D) XFH LS WRE %
XAERBAHANBEEE . AN XRF—EMtBRESE . TEAERSHFHFRIAREEANTE RO
REYREL P UEEREBREC L. HN . UREFENERIHRL  FUIBFRE —REATFHRE
RS R RN,

LB ENIRE TS ¥R T EE T SLENT SN, M A SR H KA Z L -2 50
BEREUESE A URAKRAAEAREEBN, MRENEMN#HTREENEW . XHREREFE
RIEDRBHABEHRRNESRBA GRXABIRREHTKPAIETFRAENEAREREDELT
WLEMBANEXUYAREHATRD . YA REEEHENPIHAERIRETF . SXAKHBRRAR
TEHED, B A X R DML S R M E R L& 8 TRREUT MRG0 . SR AR .
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B3 PR RN R AW R
Table 3 Inhibitory ¢ffects of ageratochromene xnd its analogs on plant pathogenic bateria

KB EA b & i < GERT 3T
ey C wE : %6 B PR KEE il F.syringae
oncentration B %5 s 5

Compounds Cmg /L) X. oryzae X. aryzae pv, E. chrusanthems R. sol P

me pu. oryzae oryzicola - chrysanthen K. sotanacearunt tabaci
A 2000 - - — - —
B 2000 — — — — —
C 2000 — — — — —
D 2000 + + — + + —
E 2000 — — — — -~
F 2000 — — — — —
G 2000 + -+ + — + -+ + + —
O 2000 - — ; — — —

$£ &K 200 Sterptomycin +++ ++ + + 4+ + +++ + 4+

“ RO Tomn R ER 0. 7~0. 8ems“ + RN HEZE 0. 8~ 1. fom; Y - IR H B > 1. 6em.
“ __"means the diameter of inhibitory area</(). 7cm;“+ "means the diameter of inhibitory area 0. 70, 8cm;“+ + "means
the diameter of inhibitory area 0. 8~1. 6em;*+ + 4+ "means the diameter of inhibitory area™1. 6cm

EHREBRED, EWE A RMIEREXREEY AT RERKMLRESRET &4
SRERSRN B RREALER, XL YRRTFETARTTH, BRVESREFEMN 189, 2075009 B A1
REMGEAFEHRBRNERBEAFTR. HALERMELSRETREAUGER . SAE LRRAMLE
MAAFHH L, HERAREXREGEM—% BLREBE . 2, KM, TH EFERNR BB XRG4
Wik AN H R ESRAF TN AMRFRERNSTIRNTIERE . AR SN HIRBNESNR=
HE—.
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