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Molecular Design of Cyclic Imide Herbicides Using Biorational Approaches

Ko WAKABAYASHI

Research Centre, Mitsubishi Chemical Industries Limiled,
Midori-ku, Yokokama 227, Japan

Now that many biocidal types of herbicides are being phased out in the field of newer
herbicides designs, because of phytotoxicological selectivity or environmental considerations,
the photosynthesis inhibiting herbicides, which make up the group which we call inhibitors
in photosynthetic electron transport, light-activated herbicides and so on, have come to
dominate the herbicide molecular design. Cyclic imide herbicides belong to this diverse group
of compounds and have a number of interesting features. For instance, both potency and
phytotoxic selectivity vary over great extremes, all the way from the total herbicides to
highly selective compounds which are almost safe to many useful plants. It is not at all diffi-
cult to synthesize an entirely new photosynthesis inhibitor, because there is a great deal of
diversity of permitted attachments to the basic structure. The problem is to design com-
pounds which are of modest price, excellent potency and appropriate safty to useful
plants and the environment. To find out a solution to this problem in the molecular
design of cyclic imide herbicides, the author has applied so-called biorational approaches in
which we can systematically make use of information obtained from studies on phytotoxic
actions, metabolism, absorption and translocation, mechanism of action, structure-activity
relationships, agricultural application and others. The discovery of phytotoxic properties of
N-aryl-3,4,5,6-tetrahydrophthalimides (Ia) gave a new impetus to the subsequent research
for the related imide types of herbicides (Ib, IIa-b & IITa-d) which have been found as pre-
emergence or early post-emergence herbicides. These herbicides shows phytotoxicity at
low rate against many grassy and broadleaf weeds and are exceptionally phytotoxic to
hairly galinsoga, common purslane and toothcup. Further biological and biochemical studies
using higher plants, e.g. sawa millet, tobacco plants, pigment mutants of rice plants and mung
bean, and unicellular green microalgae, Scenedesmus acutus, have revealed that these cyclic
imide class of herbicides commonly indicate an apoplastic pattern of translocation in plants, a
light-dependent bleaching action and a severe decrease of photosynthetic pigments caused by
inhibition of the light-dependent 5-aminolevulinate formation step in chlorophyll biosynthesis
and photooxidative destruction of plant pigments already formed. A closer look at the struc-
ture of the compounds (Ia-b, ITa~b & IIIa—d) shows a number of interesting features; namely,
alkylene ring (Moiety A), electron-donating moiety (Moiety B), imide structure (Moiety C)
and aryl ring (Moiety D), all of which could be responsible for their herbicidal activity.
Having such structural consideration in mind, all series of compounds were analyzed on
the basis biological and biochemical data in order to obtain some ideas why these imide
types of compounds exhibit so potent phytotoxic activity, and also to find out whether varia-
tion in their structures would be possible. In the context of the molecular design of cyclic
imide herbicides, principle information has been obtained on the structural characteristics
required for herbicidal activity and it suggests that a large number of cyclic imide types of
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compounds can be herbicidal. The incidence of this activity is extremely high amongst com-
pounds whose structure conform to the following rule; (1) C, and C, carbon atoms in the alkyl-
ene ring should form part of planer in Moieties A and B, (2) Moieties B and C should form a
planer, (3) A: The p-substituent on benzene ring in Moiety D should have a proper size and
direction for the activity, B: Introduction of a halogen atom (especially F or Cl) at o-position
of the active p-substituted aryl derivatives does not reduce activity of the parents, C: Intro-
duction of a carboxyl or an amino acid group as a m-substituent on benzene ring may enhance

symplast uptake of the herbicidal molecules.
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Tlebh TERLERILEBPRL L IR HBRNT > 7
BRI XTI Tk RFEHEPRL & D IEAEE
X > TTRRL, ARILEE, R¥E, HEEE - 4
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TWb., BRERZEREN L OEEFESERLRRT
57Ty, ERMAICIT 53y - A FRMEEEHE &
B, BEShTHHERBMICES £ COEBBITH:
DEBRAERMICKT T 2LREM RSB A OBRICRIT 5
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BRUAEAECRNT, EHEIERD S BRILFHTE
A REMNERRE SN, ERMILADECET S
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WERDOHEY (Lead Generation)

B BIXER| fluoroimide!»®, N - (4-fluorophenyl) - 2,
3-dichloromaleimide % d[x & U2Bk A 3 FEREFID

#E (phytotoxic action) % 431+, chlorophthalim®,
N-(4-chlorophenyl)-3,4, 5, 6-tetrahydrophthalimide %
&1y N-aryl-2,3-alkylenemaleimide (Ia) ¥H iz $FFRELA]
ST Gt ORA LAY (prototype) &7 b 5 53RV ARE
EEz R L (Fig. 1, 2). © oFREEEIIKEH:
T, A{LB%R (bleaching)*~® 2{ 5 T\ ie, FEHAED
PREGRT T 7D 1970 42 40, BRI A 3 FIEEZHT 5
BREAIE > 2 < AMbHTHR ST, Fig. 3 TR L RE
Al - REFD DT I AHOBRA 3 FRETH - 7.

RE R L FMY-F44EAY (Herbicidal Activities
& Activity-Activity Correlations)

Prototype (N-aryl-2,3-alkylenemaleimide, Ia) iz 5 L
TVWb W % HERE DR R BT #3055 (M1 5%
SUEEAREIGARR, EFIRERR, EKIIROERRE S
5, REEWTHT2EAMRRLRE) LWTLT, &
BRGHEY Y 2R L ERESESAA DN,
BIED B, BREA|E# (L& & LT chlorophthalim
(A FERREAD) 33 XX MK-129(N-[4-(4-chlorobenzyl-
oxy)phenyl}-3,4,5,6-tetrahydrophthalimide, 7k FH iR &5
Al BEEC DBINShe, —FRBOHEER»DIL, B
F ¥ = (Echinochloa utilis) ) BifmiaiFis (Scenedesmus
acutus) ZHERT 5EMREFES, X D BIEKR, X
DRI I PRI ER 2 S FRGEHT 52 L2 H
BETOAMACHEMAT, BNTRBLE5 252 LHH
Ll olz. bbb,

1) FEBTRAR VDY IRIRA I FRILAY

(Fig. 2 o{t-g4y I~IIL: 1T 33 X of 1IN (3 L 22 e s
THHIEA I FTiivg, AEEEoHEME» S
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Chlorophthalim

[H. Aizawa et al; 1970)

Fluoroimide

K. Wakabayashi et al; 1968]

Fig. 1
cides.

Lead generation: Cyclic imide herbi-
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IITa: n=4 X.Y=0.0
IITb: n=4 X.Y=S.O0
ITITc: n=4 X, . Y=S .S
IIXd: n=4

X.,.Y=S_, NCOOEt
(n=3-6)

Fig. 2 Cyclic imide herbicides in this study.

) 0 0 02 cl
N-SCCls -SCCls O:N—sc12crxc:12 N I:%NQ
0 0 0 ; 0] cl

Folpet {1949} Captan{1952) . Captafol (1961) B-720(1962)  Dsi{1968]
Cl | E cl OCH:

| F O_‘N-Q @N CHZOC N-CH>SP < 3
¢ o 0 cl oS
_Fluoroimide {1968) Dichlozoline (1967) Tetramethrin (1965) Phosmet {1966)

Fig. 3 Imide-Pesticides already known before the start of this study.

HELIEA I FRBERE LTif->Tw3) OFb B (232 5L AW, #FHLREEW &) 24
THIAEEE (R e ooS, Ay e=aind) BIOK FALEERICXD, BRI I FRBEAMOBR DT
HME (x4 XE=, aFFLE) T 5K bleaching fEFIIEEREHR 7 v r 7 « L DRI
BiEMEVE, Echinochloa %t 3 % IR E I EEM, X5z &L (b EFERE). & <Ig,
pIso(Echinochloa) k faEA3 549 (Fig. 4). plso(Echi- Scenedesmus [R5 7 mw 7 4 MEAOER (DA%
nochloa) >5 OIRHELEEM S BRIK A4 3 FRIRE yrwr7 g VIAE EHT) Thb b plso(Chloro-
FOFFRAOEEL 11 - 1. phyll; L) %5 X OF plse(Chlorophyll; D) & 4 FfHE
@) |EATRALBHRA I FRILEWS, BATE X pIso(Scenedesmus; L) 3 X U8 plso(Scenedesmus; D)
K REFRIC 33\ T Scenedesmus 2 Bp 3 A FMHEE i XD T BIFRIERBRR D 51219 (Fig. 5, 6).
A plso(Scenedesmus; L) 33 X I8 plso(Scenedesmus; (4) Scenedesmus \IEHEREW TR, BECRY
D) iz~ d plso(Echinochloa) W HBET %55, B TL/7rr7  VEAFKTE 5. AT, 77
F i 381 % [ E plso(Scenedesmus; L) & OHAKN a4 FEOER{LREE T S R ERER T D
L ICBIFTH % (Fig. 5, 6)'%19. plso(Echinochloa) BEHRCTEDDT, ETCRFB 7 re 7 4 LIEE
>5, plso(Scemedesmus; LY>T7 OIRIK 1A 3 F % B& plso(Chlorophyll; D) 1388k 4 3 FREREAINREZ
BRI FaRET OB AR L 75 o 7o, Eckinochloa % Jf FTrew7 o VESKBEERZRBRLTVWEHD
WD EMREICIL 7T BRIAET 525, Scenedesmus LEZSNBWLD, Fig 7 RSN BYFTICRT 5
DEPAHITIT 1~2 BTHE IS FEFRE 2THITS 7 v w7 4 LE plso(Chlorophyll; L) L ESFHTTD
%4y parameters %155 Z LB TE 510, 7 rw 7 4 )LiAE plso(Chlorophyll; D) O RF75HH
(3) BHFTIS X ISP CLEEE L /o Scenedesmus, 35 XU B E MBI R N2 5252 & Lin oD,
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[Upland Condition] [Paddy Condition]
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plsg(Echinochloa) [Root-growth inhibition] plso{Echinochlioa) [Root-growth inhibition]

[Weeds] Upland: Crab grass, Common purslane and Hairly galinsoga
Paddy: Barnyard grass, Toothcup, Umbrella plant and Monochoria

[Evaluation] 10: Complete kill ~~ 0: No weed control

Fig. 4 Correlation between herbicidal activity and pls (Eckinochioa).

[Herbicidal Activity] (e plso(Echinochloa)

plso(Echinochloa) = 0.762 pISO(Scenedesmus) - 0.192 [n=16, r=0.962, s=0.284)
5{20.124)

Plsg(scenedesmus) = 0.972 Pl (Chiorophyll) + 0.056  In=19, r=0.991, 5=0.1751
%5(£0.069)

pIsg(Scenedesmus)= 0.965 pIso(Carotenoid) + 0.134 [n=19, r=0.993,s=0.154]
%5 (£0.060)

Plso(Chlorophyll) = 0.989 plsg(Carotencid) + 0.109 In=19, r=0.998, s=0.088]
% (£0.035)

Fig. 5 Several activity-activity correlations used for this study: [1] In autotrophic
Scenedesmus cultures.

[Note 1] plso (Scenedesmus), plso (Chlorophyll) and plso (Carotenoid) correspond
with plso (Scenedesmus; L), plse (Chlorophyll; L) and pls (Carotenoid;L) in the
article, respectively. [Note 2] The pls (Chlorophyll) may be brought about by
the sum of inhibition of chlorophyll biosynthesis and photooxidative destruction of
the chlorophyll already formed. [Note 3] Data in parentheses are the 959, con-
fidence intervals.

B) BRA I FPRBREFOFEEC LS 520k HERNHETES), &% <A CoEHE (Pl
DB A plso(Carotenoid; L) 3 X ¥ plso(Ca- (Chlorophyll; L & D) % pIso(Carotenoid; L & D)) &
rotenoid; D) &, RS ER/RA(LY pa-  Z4d 5\ i34 {L¥ parameters DRIz & 4 parame-
rameters T & %'». plso(Chlorophyll; L& D) & ters o RIFSHBESE S, HEEMEE, BTk
plso(Carotenoid; L& D) O fHE X & b T X W O¥EEt, TEFIERE T & o —# © B 3813 k3¢ parameters

(Fig. 5,6). MO IR E S\ T S e,
BUED X 51c, REMD L ORI R8T 5 AL . e
FICH VD 10 4 R O IR (£5, RS MREROR T BRI NOAR

(Molecular Design of Cyclic Imide Herbicides
& Syntheses)

BREPLKRDEL OERMPEWCHET Z), LMk
SHEMTHTT 21EM (PLso(Echinochloa): W, 1T,

AR ST X EHERE &), BAEDCTT5 FEEEREBICE E LW S % ke, prototype (N-
R (plso(Scenedesmus; L & D):  jEMIC BIFT BT D aryl - 2, 3-alkylenemaleimide) % [V -> @ #f 45 K& ([A]
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plso(EchinochIoa) = 0.665 Plgg(Scenedesmus)+ 0.650
$5(£0.184)

Pl 5o(Scenedesmus) = 1.007 Plgq(Chlorophyll) — 0.177
5(£0.106)

Plsq(Scenedesmus) = 1.002 Pl sq(Carotencid) — 0.019
%3(£0.102)

plgo(Chiorophyll) = 0.982 Plgg(Carotencid) + 0.232
(£0.073]

{n=17, r=0.893, s=0.487)

{n=20, r=0.978, s=0.296)

[n=20, r=0.980, s=0.286]

{n=20, r=0.989, s=0.204])

Fig. 6 Several activity-activity correlations used for this study: [2] In heterotrophic

Scenedesmus cultures.
[Note 1]

plso (Scenedesmus), plso (Chlorophyll) and plse (Carotenoid) correspond

with plso (Scenedesmus; D), plIso (Chlorophyll; D) and pls (Carotenoid; D) in the

article, respectively. [Note 2]
chlorophyll biosynthesis.

The pls (Chlorophyll) may reflect inhibition of

in case the chlorophyil content would be equally affected

9
plgo(Chl:L) = 0.968plgo(Chl:D) + 0.530 e
95(10.107) e 15
*As
s | [n=19, r=0.978, s=0.274] ‘i"/
3
2
iz
7 -
18001?7//
“ /
Experimental 3 Y
6 | %
-
R *L2 %10
5 3///
/ 4———*The dashed line indicates the regression line expected
a , both in light and dark cultures.
7/
/ e *The difference may be understood as the photoperoxidative
/ effect of imide herbicides in the light
3 r 7
/7
/
7
/ L 1 ] L 1 1 [

3 L2 s S 6 7

8 =]

Fig. 7 Correlation of chlorophyll decrease in autotrophic vs. heterotrophic Scene-

desmus cells.

Abbreviations: plse(Chl; L)=pI; (Chlorophyll; L), pIse (Chl;D)=pIs(Chlorophyll; D).

Alkylene %5, [B] Bridgehead £, [C] Imide ¥, [D]
Aryl 1%, S8 Fig. 8) > THUW O & FiGHEITR
Vv, FPEEEOAMRESETRE L. STRGHCE
oo TiE, AR S8k, BRI 2 EHER
#, B~ CHRRID MM, DI Aryl & O LEH TR ZIC
L EER bR SH®, kR, N-aryl-3,4,5,
6-tetrahydrophthalimides (Ia), 3-aryl-1, 5-tetrameth-
ylenehydantoins (IIa), 4-aryl-1,2-tetramethylene-1,2,4- cides.
triazolidine-3,5-diones (IIIa) ¥5 X (X (Ia) ~ (IIla) {L.&%

BEDF A HEHP A I 2 Filkk (Ib, b, I, Ilc, II1d)

1 1 1
Cupd 1R
(CHanz 111 ] N—EQ/
NG
A lBl (@ ! D

Fig. 8 Structural moieties of cyclic imide herbi-
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ﬁ + ﬁ, TSN Of}] A @:30 CHg COOH COOH
N Pd-C
o] [0) 0 Z N N

\ Pd-C NH
X ol &) T
R R R

o R 0 N/@ S N@ wH R X @
O + e — — O sxendy — Y o e
3 0 255 0 COOH ()’LO [IIb: X=S1]
[Tal [Ib]

Fig. 9 Syntheses of N-aryl-3,4,5,6-tetrahydro- Fig. 10 Syntheses of 3-aryl-1,5-tetramethylene-
phthalimides. hydantoins.
CICOOR’ CICOOR' Hs o
r\lle N !"JHCOOR \ NCOOR Br 4 lCOOR
NH2 NH2 H-NCOOR’ NCOOR’
R R
NCO NCO KOH-
[ W Orneo | Hhoon

R

3 o

H.
NHCNH-@ CICOOR' N—’l @ & 7—-* ,

a7

( J [ITXa]
~ Py
R
by
N
0

Fig. 11 Syntheses of 4-aryl-1,2-tetramethylene-1,2,4-triazolidine-3,5-diones.

NCOOR'

R

@-Ncs @
NCNH-<:§ A 7_,‘, LAH
CNCOOR’ CNCOOR NVN
() [IXITIbL]
KOH-
MeOH P2Ss
R R
z@ 3 d s ,@
SCN-COOEE

1— T Cﬁ‘eNH‘@ 52 “r—/i

N"NCO " Mg
(/l [IIIOdE: (/' fIrrel
>c.oJ st;]
R
Cmipj@ CE_RN-C%R [IXIXal

Fig. 12 Syntheses of thiocarbonyl analogs of 4-aryl-1,2-tetramethylene-1,2,4-
triazolidine-3,5-diones.
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i, BREEEORERILEMBEDTEHZ LBRBDLN
o GELWERCOWTE, WSEEMBAOHEZBIRS
hicv). WWT, Tho{LEWERCH LS o 5
AR O & 1T 70 5 7o D DILA BN X & [FROBE
i 2 B 7, AILATREOARSEO Bt 2K S,
FNENOEINRERIER IS L 721719 (Fig. 9~12).
AERFEOHITIE, & xiE 1 2-tetramethylene-1-
ethoxycarbonylhydrazine » aryl isothiocyanate o &
& T IIb %, 1,2-tetramethylene-1-arylthiocarbamoyl-
hydrazine & = Fk (LR © KIS T Me 2 AT 5H1k
REELDFRIEZEATYS.

HEE AR
(Qualitative & Quantitative Structure-Activity

Relationships)

AMETHER X 5 aE 2 H THFRFSh(LEWD
A WpTEREIE O FEM L b DX Table 1~4 © K fE THRDb
Xh3. ThbOEWEiiis{by parameters (3 Fig.
5 35 X O Fig. 6 ofE#-EEMERXZ T4 CMESE D
L, ¥/, Zho{bLEMOBRDbTRERRY P, HE
k¥ ipk, bleaching fEf7x & DIEFMIZIETH b, X
DT ILELLTWBY.  plso(Echinochkloa)>5, plso
(Scemedesmus; L) >7, plso(Chlorophyll; L) >7, plso
(Chlorophyll; D) >6.5 # BHb b & & & FGHOLF
¥ LVWEEE LT ERMEEEEMELRITRS LT
FRNTESD.

1. Alkylene &} @ & E # (Importance of Alkylene

Moiety A)

Fig. 8 @ P~Q #ic Cs~Cs @ alkylene & 2B AT 5
LIBMVWREE®RSELN S, XL, LW Ia L1
@ Cs-alkylene {t.&4) (9, 15) OFE#EEFRII/NIV (&
Bg: Table 1), Alkylene iz X iz alkyl [EH#i, ~7
RET, “EFBAREEEAT S LEEITET 5.
Zh S OEET alkylene ZiC B 7 Bk 2 LETH
5z &% AT, B dimethyl (L&Y (2, 4, 7)
RHRBREOCANEREEDb TS, fhodkRik alkyl 4 L
i dialkyl FEIKIRE R, L Vo> TE W, LEWD
(10,18) @ X#EHTIx Ci-P-Q-C; §5& (Fig. 8) OFH
HrFRT 50T, dimethyl (L& REREDOERIT
ZHZEBRLTYWEDH L.,

2. Bridgehead #HdOEE M (Importance of Electron-

Donating Moiety B)

EHELAEY (10) OFEICERT B 5 =2 O B Rk
(31,32) O 4A4:WiEEREILEY (10) © 1/10 LT L&
5. ¥, “EKEEEBBLLED (33~85) L&

$ &% 4 7278\ bis(tetramethylene) 3 # (& (36) DI
e, fibam 10) THSKECETTS. Ll
#55, bridgehead MORE R 7 & EHRET CESMZ
r=ieetn (16, 18) oAMiEMXLE (10) LFFT
5. chb={taw (10, 16, 18) OBHLITIEAR
7 bov, FEskFKEfE, bleaching fEF], 7 v mr 7 4L
MELOMOEREERELDTISEULTVES®,
Z DEEH D, bridgehead {0 EHEFRFRT - E
FEFIEARE LSMCH TV H T EBHETE S
(Table 2),

3. Imide tROEEM (Importance of Imide Moiety

B & C)

7EM(LE (10) o imide 223 % methine | E & it
% 7- indanedione Fi{k (38) o A HE M HRILE
(10) iTH~_RT 110 TEx%. %7, imide fE%2 D
7= 7t \» triazolidinethione ¥ X U} triazolidine i i {&
(43,44) OE#EH /X (Table 3), UL, TEME(LEY
(18) o —~ > D carbonyl #: % thiono,dithiono ¥ X o
thiono-imino 7z FicZ5#a L 7<{L&¥ (40~42) T,
RS 10 S0l BB SRS, Zh S OFER, G
ZE D7 oHic moiety B & C B EMERE 2R&FT S
ThHCE, TLTEDS BRMETFIIMFEFHT
BRIN55FHEr b ORS LRTRIhD. e
# (18) TH.Hh%SEFOMAL R L, imide 2 hy-
dantoin (37,39) TRRLIT, Hx - TEEEZSPE
TXE5.

Table 4 (2R Liz{b & (47~53) \XHEWDOFHET S
BSEAR TRk § FREFICERT 22 L2 BRIL T
FHAXNEDIOTHBY. ThH{bAMD &£ Wikl
FhZho@E{ba&t (10, 18, 40, 45, 46) OfEH LK
MRS E RIS OHERETHS. ZO XS BTG
2 X % B Ay, 3B % masked herbicides & %> pro-
herbicides L IEjFh Tw5. BEDE T, Wit Ihic
LM OV TEERKNT — 2 2FbdbeRvE, 4
7l EbitE (47, 50, 53) iITHWTix%/Ad pHZE
{t, REEZE(LA & THIbA (10, 40, 46) T ixbbif
BAKICE T 3 2 EBErD LR TV, ZhbD
FEH, 585 imide FEARIRA I FRIFEARIOEN
FERERBCEERREZELTVD Z EDOFIELR
5. -

4. Aryl iOEE 4 (Importance of Aryl Moiety D)

E#(LE&4 (10) @ p-chlorophenyl # %7k, alkyl
#, aralkyl 3, cycloalkyl %, o~&E#a% 7cik m—EHLD
aryl 75 O CEHT S &, EENEL KT T 5 (Table
5,6). Fig. 13 3 Ia Rk & WE & o (LAWEE (a,
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Table 1 Influence of moiety A on phytotoxic actions.
* * * *
No Cyclic imides mp pigg(E) plsp(S:L) plggl(Chi;L) plggl(Chl;D)
(°C)
Ho ©
1 I >N©~CI 127-9 2.67 3.67 3.82 3.u4s5
H" o
Me
2 I 157 n.6s 6.35 6.50 6.18
Me
H\N-
3 180-2 1.88 2.72 2.75 2.36
Bu
Me\N_ .
4 | 151-2 3.78 5.21 5.32 y.o8
Me
Hoym
5 ) 235-6 2.72 3.82 3.89 3.52
H-N=
Me~N_
6 ) 151-3 u.22 5.79 5.97 5.59
Me’N-
Etaye
7 ) 140-1 2.0n 2.93 2.97 2.58
grrN=
Bu.N_
8 J 63-4 2.78 3.90 3.97 3.60
BU’N-
o)
9 OT_J;N-O-CI 154-5 3.12 n.35 nB.u3 n.o07
0
10 O: 166-7 5.25 7.00 7.10 6.70
11 Gr_' 93-4 u.93 6.72 6.88 6.57
12 ‘OE 140-1 n.29 5.88 6.01 5.69
13 O: 160-1 n.es 6.35 6.50 6.18
1 @: 200 2.79 3.91 3.98 3.62
15 < :Nl‘ 138-9 n_nn 6.08 6.22 s5.89
16 ( :Nl"' 157-8 5.68 7.71 7 .89 7 .60
17 CE‘ 157-9 5.25 7.4 7 .31 7.01
18 CE- 192-3 5.15 7.01 7.18 6.87
19 < :E‘ 118-9 5.16 7.02 7.19 6.89
20 :.j: 84-5 3 .69 5.09 5.20 u4.86
21 f’ﬁu-@-cl 221-2 2 .94 n.11 u.19 3.82
NTE
22 298-9 2.80 3.93 4.o00 3.63

e
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Table 1 (Continued)

* * * *
No. Cyclic imides (mp) plsg(E) plsg(S:L) pligplChi:L) plsgl{Chi:D)
°C
23 ( E 258-9 2.59 3.65 3.71 3.34
H
24 H: i 213-4 2.60 3.66 3.73 3.36
25 ( E 184-5 2.57 3.62 3.69 3.31
S
26 S(\E- 180-1 3.10 n.32 4.0 4.0S
27 (CN- 204-5 3.58 4 .95 5.05 4.71
0SA—
28 (ON= 2557 u.70 6.u2 6.57 6.25
025 A=
29 T N= 176-7 u.99 6.80 6.96 6.65
I'\N-
30 0% A 5280 n.s57 6.25 6.39 6.07

* Abbreviations: plsy (E)=pIs (Echinockioa), plse (S; L) =plso (Scenedesmus; L),
PIso (Chl;L) =pI; (Chlorophyll; L), pIse (Chl; D)=pIse (Chlorophyll; D).

Table 2 Influence of moiety B on phytotoxic actions.

No, Cyclic imides (mp plso(E) plsg(S:L) plgg(Chi;L) plgg(Chl;D)
°C)
0
10 @:>N-©—Cl 166-7 5.25 7 .00 7.10 6.70
0
31 O: 162-4 3.92 5.40 5.51 5.18
32 @ 170-2 3.80 s.2u4 S5.35 5,01
33 @: 183-4 n.79 6.5 6.69 6.38
34 O: 10-1 un.es 6.35 6.50 6.18
35 O: 147-8 .33 5.93 6.07 5.74
36 @: 127-9 3.05 .25 .34 3.98
16 | 'E" 157-8 5.68 7.71 7.89 7 .60
18 Cz‘ 192-3 5.15 7.01 7.18 6.87
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Table 3 Influence of moieties B and C (cyclic imide) on phytotoxic actions.

No. Cyclic imides’ (C:np) plso(E) plso(S:L)  plsg(Chi;L) plgg(Chi;:D)
C
X
10 N cl X=0 166-7 5.25 7 .00 7.10 6.70
37 -O' X=S 118-9 5.07 6.91 7.07 6.76
0
0
38 0:‘?— 120-1 3.75 5.17 5.28 u.94
0
X
16 N-X X=0 157-8 5.68 7.71 7 .89 7 .60
39 N- X=S 168-70 4 .85 6.62 6.77 6.46
3 .
18 }l X,¥Y=0,0 192-3 5.15 7.01 7.18 6.87
40 C';‘ - X,Y=S,0 164~5 6.32 ‘'8.55 8.76 8.u9
41 N‘IYf X,Y=S,S 206-8 6.16 8.34 8.54 8.26
u2 s X,Y=S,NCOOEt 210-2 6.21 8.00 8.61 8.33
N2
u3 N N~ 138-9 . 3.96 . 5.45 5.57 5.23
P
NA
uy & N~ 170-2 3.12 .35 L.u3 .07
v
Table 4 Moieties B and C, and pro-imide herbicides.
No. Cyclic imides mp plsolE)  plsg(S:L) plgg(Chl;L) plgp(Chl:D)

(& Pro-herbicides) (°C)

0
e @_A‘;N-@-ct 1667 5.25 7 .00 7.10 6.70
(0]

CONH-
u7 146-7 n.s8s 6.17 6.75 6 .42
COOH
(E[CONH-
48 202-4 5.31 6.61 7.16 6.80
CONHEt
NR
X X868 -
C&«N'@'c' 192-3 5.15 7 .01 7.18 6.87
0
~N-CONH-
49 Q : 133-5 L.4u6 5.96 6.20 5.92
~COOEt
S X
un. C,il.ag _@_c[ X=H; 164-5 6 .32 8.55 8.76 8.49
45 N—b(N X=F; 110-1 6 .44 8.70 8.92 8.65
50 CN’CSNH- X=H: 160-1 6 .25 8.02 8.68 8.u40
51 N<cooEt X=F: 108-9 6.51 8.24 8.90 8.68
CNICSNH- : : o
52 ' : X=H: 119:21 6 .28 9.02 8.71 8.u40
COOBu-i
S R
NI . :
us @ CftﬁfN@Cl 18-9 - 6 .30 8.52 8.73 8.46
NCOOEt
N-CSNH-.
53 ) 148-9 6 .34 8 .00 8.4u2 8.20
~CSNHCOOEt
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Table 5 Influence of moiety D on phytotoxic actions.

No. Cyclic imides mp plgglE)  plsg(S:L) plsg{Chl:L) plgg(Chi;:D)
(°C)
0
10 @:;N-O-Cl %6-7 5.25 7.00 7.10 6.70
0
54 -H 178-9 2.8n 3.98 u4.0s 3.69
55 -CH3 52-3° 3.01 u.20 3.92 %4 .00
56 ’CHZ'@ liquid =~ 4.07 s.00 S.10 n.s52
57 -® 77-8 2.87 4.00 4.05 n .00
Cl
58 -@ 91-2 - 3.49 5.22 5.22 n.70
s Cl
59 . : 86 3.93 5.15 5.15 5 .00
60 —d 106-7 3.78 5.40 5.130 5.60
Al ' ‘
61 -@-Cl 81-2 5.93 8.03 8.23 7.95

62 -@-Cl 4 Vu6-1 7.70 7.70 7.70 7 .30
r o—"

63 .@.vnsq 7.70 7.80 7.80 7 .30

64 -O-OCHZOCI 6.11 8.40 8.52 8.u0

163-4

[1] Substituent effect on pigg(Echinochloa)
plgg (la) = 0.842plgglilla) + 1.050 (n=19, r=0.940, s=0.286) Ha, IIb, Ib, Illc, IIld) OFHF 4 Mifkk % aryl Ejﬁ

plsg (H1a) = 1.080plsg(ifla) + 0.152 (=19, r=0.981, s=0.202) BEIZOWTHBBEIT L2boTH5. Aryl BED D
plso (1ib) = 0.858plgglllla) + 0.419 (n=18, r=0.926, s=0.286) S Lt e PETIE S = -
plsgl(l1ib) = 0,793plggliila) + 2.170 (n=18, r=0.953, s=0.206) I~ %?(ﬁﬁ%{tbié‘{tn %ﬁvc kv *Hsg%zr LT D ’
plsollitc) = 0.687plsgg(ilia) + 2.610 (n=18, r=0.887, s=0.293) 7z & 2 E, Hla CEEEL2 D 7-5T aryl F#ZE 3o
plsplliid) = 1.007plgg(illa) + 1.033 (n=8, 1r=0.979, s=0.190) (L&HEETD C@E%ﬁ%%%ﬂﬂ?ﬂ@f%{ﬁ{é&%ﬁﬁ“%%
[2] Substituent effect on plgg(Scenedesmus;L) FHIHTEDELAEW]RLTWS, XLKEERZ &I,
plsg (1a) = 0.870plgg(illa) + 1.292 (n=18, r=0.942, s=0.329) Zh S oMBERSEK A I FRIEER O EREEOEELL
plsg (11a) = 1.115pigg(Itia) + 0.035 (n=18, r=0.977, s=0.262) _ . .
plsp (11b) = 0.882pligg(liia) + 0.491 (n=19, r=0.919, s=0.401) BERRLTNDEZLTHS.
pigpllilb) = 0.777plgo(1lla) + 2.982 (=19, £=0.952, s=0.264) X O EEETRRA I FRBEA 2SS FRETT5E
plgplllic) = 0.699plgg(itia) + 3.445 (n=18, r=0.889, s=0.381) -1 N = A S ke 3 - K 1
pisplltid) = 1.012plgg(tita) + 1.357 (n=8, 1r=0.971, s=0.289) 2 _\L%i) 6’ .J:nao)ft R %ﬁﬂ{%bﬁi (ﬁﬁiaﬁg% L Table
5,6 7 — x &z Table 9 ofER (W TOEE)

DIE) ZMx CTEENEEFEERMBELITRS &, aryl &

[3]1 Substituent effect on plgg{Chlorophyil:L)

plsp (la) = 0.858plgplllia) + 1.420 (n=18, r=0.921, s=0.395)

pligg (11a) = 1.111plgglllla) + 0.064 (n=18, r=0.976, s=0.274) BHEITOWTRDO LT EBVZ B,

plsg (11b) = 0.880pl5gtlila) + 0.520 (n=19, r=0.916, s=0.420) (1) BEEMEERBEO-DITIE, para fiiic Ejﬁg g o )

plgglitib) = 0.787plgg(1l1a) + 3.014 (n=19, r=0.953, s=0.273) . .

plsgliiic) = 0.697plgglilia) + 3.547 (n=18, r=0.887, s=0.395) aryl ERBRTH 5.

plsg(1iid) = 1.001plgg(ilia) +.1.464 (n=8, r=0.942, s=0.329) (2) Para frBMazkr LTit, ~r¥ v (i C %
Fig. 13 Effect of benzene substituents on phyto- 7-ix Br), {&%#k alkyl 3, {K#k alkoxyl 3£, benzyl-
toxic actions. oxy FLEDBIFEL L.
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Table 6 Biological and biochemical parameters obtained from [Ia].

No:k Substituent mp PIso
(°C) Echinochioa Scenedesmus (Dark) Scenedesmus (Light)
(E) (S:D)(ChI:D)(Car;:D) (S:L) (Chi;L)(Car;L)
1 H 139-40 3.81 4.75 5.02 4.84 5.25 5.36 5.31
2 2-F 112-3 4.39 5.62 5.82 5.67 6.01 6.15 6.10
3 2-Cl 91 3.49 5.00 4.70 4.70 5.22 5.22 5.22
4 2-Me 136-7 u.64 6.10 6.10 6.00 6.40 6.70  6.52
5 2-OMe = 151-2 3.81 4.75 5.02 4.8% 5.25 5.36  5.31
6 2-CF3 98-9 3.09 3.67 4.03  3.81  4.31 4.39  4.34
7 3-F 90-1 3.87 4.84 5.11 4.93 533 5.u4 5,39
8 3-cl 86 3.93 5.10 5.00 4.70 5.15 5.15  5.15
9 3-Br 103 4,22 5.37 5.59 5,43 5.79 5.92  5.87
10 3-Me 107-8 3.78 5.15 5.60 5.15 5.40 5.40 5.40
11 3-CF3 120-1 3.88 4.86 5.12 4.9y 5.34 5.46 5.41
12 3-OH 198-9 3.90 4.89 5.15 4,97 5.37 5.u49 5.43
13 3-OMe 68 3.86 4.83 5.09 4.91 5.32 5.43 5.38
1 b-F 152-4 4.96 6.48 6.60 6.48 6.76 6.92 6.87
15 4-Cl 166-7 5.25 6.70 6.70 6.30 7.00 7.10 7.15
16 4-Br 182-4 5.63 7.60 7.52 7.60 7.46 7.46 7.46
17 u-1 161-2 5.17 6.80 6.90 6.78 7.04 7.20 7.16
18 4-Me 124-5 .34 5.52 6.00 6.00 6.00 6.60 6.60
19 L-Et 122-3 4.20 5.34 5.56 5.40 5.76 5.89 5.84
20 4-CF3 164-5 3.43 4.18 4.50 4.30 4.75 4.85 4.80
21 4~OMe 100 4,90 6.10 6.30 6.00 6.30 6.82 6.52
22 4-OEt 135 L.42 5.67 5.87 5.7 6.05 6.19 6.14
23 4-OPr-n 98-9 3.22 3.87 4.21 4.00 4L.48 4.56 4.51
24 4-SMe 104-5 4.32 5.52 5.73 5.57 5.92 6.05 6.00
25 4-NO7 175-7 3.76 6.30 6.00 6.22 6.00 6.00 5.82
26 4-CN 144-5 5.16 6.78 6.89 6.77 7.02 7.19 7.14
27 4-COOH 254-6 3.28 3.95 4.29 L.09 4L.56 4.65 4.59
28 4-SCN 110-1 3.12 3.72 4.07 3.86 4.35 4.43 4.38
29 4-S0;Me 196-9 3.u44 4.20 4.51 4.31 4.77 4.86 4.81
30 2,4-Cly 97-8 5.33 7.04 7.14 7.01 7.25 7.42 7.37
31 2-F,u-Ci 81-2 5.93 7.94 7.95 7.86 8.03 8.23 8.19
32 2-F,4-Br 106-7 5.84 7.81 7.82 7.74 7.92 8.11 8.07
33 3.4-Cly 174 4.70 6.09 6.25 6.11 6.42 6.57 6.52
34 3-Cl,4-F 130-1 4.69 6.08 6.24 6.10 6.41 6.55 6.51
35 3-Ci.4-Br 182-3 4.86 6.33 6.47 6.34 6.63 6.78 6.74
36 3-Me.,4-CI 152-3 5.35 7.07 7.15 7.04 7.27 7.45 7.40
37 3-Me,4-Br 169-70 5.34 7.05 7.13 7.02 7.26 7.43 7.39
38 3-Me,4-OMe 97-8 4.80 6.24 6.39 6.25 6.55 6.70 6.66
39 3-OMe, 4-Br 143-4 5.59 7.43 7.48 7.38 7.59 7.77 7.73
40 3-NO3.4-Cl 108-9 4.79 6.23 6.38 6.24 6.54 6.69 6.64

* This No. does not correspond with the compound’s number in the discussion,
but is only used for samples in QSAR calculations.

() Para fric ¥ CiICEMEL DD aryl HTIX, X5
iz ortho firiz-~mr 7 v (&K Cl¥721x F), meta
firiz alkoxyl #:, alkenyloxy 3, alkinyloxy #,
aryloxy HEERHEE,
EREZBATDEELLIERNERIND Z &0
H5.

3IHT, BEEMD DX imide 5 S¥MN 7 EF—Ik

HFHABFNTERSIN S FHELFHFONETH S LR

Nizh, aryl ROBEEMEFRETHIE, SEERERO

DITFBIR A 3 FREREAT moiety B, C, D 12 & 723

5 n BEF—IFEFHNTERIN S 5 T8l 2o

RETHDLBDRIF IS, Aryl B4 HiE

M BIF 883 % 72, Hansch-Fujita 3% VW CEE

PRI RHT S 7o ® 181,

carboxyl %, amino acid f#

5. &EAE L E MMM (Quantitative Structure-

Activity Relationships)

HIERAET & » 7o 2 AL Y)iE: parameters 7 & (plso
(Echinochloa), pIse(Chloro-
phyll; D), pIs(Carotenoid; D), plse(Scenedesmus; L),
plso(Chlorophyll; L) 35 X X plse(Carotenoid; L)) % fif
BEHELT, 27F%KO(LE&WEF (Fig. 2 © Ia, Ia,
IIb, IlIa, IIIb, Illc, IIId) iz D>\, aryl EifaskoiEd:
W RIETHE & MR T % 72»ic Hansch-Fujita fi#47 %
filso7c. 22T, {L& Wi la O4:Y) parameters [X
Table 6 iIC FF b D TH %M, fhd{bAWEED pa-
rameters {Z DWW CIIMEOHE LEIFE L 2P, —F,
B>Vt g, p, w, logP, E,, Sterimol, M.O. 1
ERVWTHE AT 2TR -7, REMCRAIh

parameters ¥, Hammett ¢ & Verloop 37{k parame-

Plso(Scenedesmus; D),
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pisg (1a) = 4.062 - 0.876c + 2.086Lp - 0.370Lp2 - 1.079Bsp -  [n=40, r=0.912, s=0.345]
95(+0,197)(£0.384) (30.337)  (40.098)  (£0.221) ' ;

plsg (11a) = 3.966 + 1.910Lp - 1.511Bgp ‘ [n=20, r=0.953, s=0.333]
95(10.262) (£0.312) (20.298)

plgg (1ib) = 3.305 +1.996Lp - 0.352Lp2 - 0.881Bsp [n=21, r=0.961, s=0.224]
95(10.177) (£0.511)  (20.262)  (20.203)

plsp(1lia) = 3.509 + 1.447Lp - 0.931Bgp ‘ [n=22, r=0.918, s=0.330]
95(£0.230) (10.370) (20.496)

pisg(litb) = 4,803 +2.118Lp - 0.494Lp2 - 0.816Bs5p [n=21, r=0.968, s=0.2u4]
25(£0.207) (10.456)  (0.249) (10.177)

plisplllic) = 4.919 + 1.766Lp - 0.436Lp2 - 0.u436Bsp [n=19, r=0.910, s=0.3u2]
95(+0.292) (20.684)  (:0.394) (10.300)

plsollild) = 3.980 + 1.424lp [n=8, r=0.981, s=0.180]
25(0.392) (£0.281)

Fig. 14 QSAR: Growth inhibition of Echinochloa utilis by cyclic imide herbicides.

plgg (la) = 5.595 - 0.994c + 2.652Lp - 0.471Lp2 - 1.380Bsp [n=40, r=0.912, s=0.u439]
95(£0.252)(20.488) (20.427)  (20.124)  (:0.282)

plgg(1la) = 5.u54 + 2.507Lp - 1.982Bgp ‘[n=19, r=0.950, s=0.450]
25(+0.356) (£0.441) (10.411)

plgg (1lb) = 4.586 + 2.671Lp - 0.457Lp2 - 1.198Bgp [n=21, r=0.961, s=0.305]
95(+0.241) (£0.694)  (40.354) (£0.274) o

plgglilia) = u.858 + 1.861Lp - 1.189Bgp [n=22, r=0.914, s=0.439]}
95(10.306) (10.492) ($0.661) :

pisolilib) = 6.556 +2.742Lp - 0.651LpZ - 1.047Bgp [n=21, r=0.965, s=0.327]
95(10.276) +0.614)  .(£0.335) (£0.238) . ‘

plsgllilc) = 6.705 +2.317Lp - 0.571Lp? - 0.783Bsp [n=13, r=0.911, s=0.u48]
95(+0.384) (+0.895)  (+0.518) (£0.394)

plgsglilld) = 5.476 + 1.868Lp : [n=8, r=0.981, s=0.237]
95(£0.514) (£0.369)

Fig. 15 QSAR: Growth inhibition of Scenedesmus acutus by cyclic imide herbicides.

plsg (la) = 5.738 - 1.17uc + 2.768Lp - 0.508Lp2 - 1.3908 P [n=40, r=0.909, s=0.u62
95(40.264)(+0.514) (+0.451)  (20.132) (m.zw’)5 :

plsg (lla) = 5.573 + 2.582Lp - 2.043Bgp [n=13, r=0.950, s=0.u464
$5(40.367) (0.456) (+0.424) " F :

plsg (1Ib) = 4.678 +2.734Lp - 0.462Lp2 - 1.23uBgp [n=21, r=0.963, s=0.307
#5(10.241) (£0.698)  (20.357) (10.276)5 :

pisolitla) = 4.957 + 1.897Lp - 1.208Bgp [n=22, r=0.910, s=0.460
95(+0.320) (+0.515) (:0.693)5 :

plsolilib) = 6.706 +2.854Lp - 0.679Lp2 - 1.084Bgp [n=21, r=0.966, s=0.333]
95(10.283) (£0.625)  (%0.342) (20.243)

pisglillc) = 6.864 +2.384Lp - 0.594Lp2 - 0.799Bgp [n=19, r=0.909, s=0.465]}
95(10.398) (£0.929)  (+0.537) (£0.409)

plsglilid) = 5.596 + 1.925Lp [n=8, r=0.981, s=0.242]
25(£0.526) (10.379)

Fig. 16 QSAR: Chlorophyll decrease by cyclic imide herbicides.

ters (Lp, B;,) T&Hh - 7. ToiGHE-TE AR R0 S MR TFRIS W AR Tlad 523,
Bonh 72 BRI VWThIFBEOCENLDTHS BRI FRARERI O % Mg P53 5 5 5 plso
(7‘;;}; z 1% Fig. 14~17)_ Fig. 5 3 L (X Fig. 6 TR (Echinochloa), B t@%b:%ﬁ—aiﬁﬂpfﬁljﬁb% plso
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plsg (1a) = 5.u01 - 1.088c + 2.804Lp - 0.506Lp2 - 1.435Bgp
9

[n=0, r=0.909, s=0.470]

5(10.268)(10.522) (20.457)  (£0.134) (10.301)

plgg (11a) = 5.238 + 2.630Lp - 2.079Bgp [n=19, r=0.949, s=0.475]
95(+0.375) (£0.466) (£0.435)

plsp (1ib) = 4.326 +2.771Lp - 0.478Lp2 - 1.237Bgp [n=21, r=0.964, s=0.305]
95(10,241) (£0.692)  (20.354) (£0.274)

plgplllla) = 4.612 + 1.871Lp - 1.176Bgp [n=22, r=0.896, s=0.495]
95(£0.343) (£0.555) (£0.745)

pigolilib) = 6.39u +2.915Lp - 0.68uLpZ - 1.118Bgp [n=21. r=0.967. s=0.337]
95(:0.285) (£0.631)  (+0.346) (20.247)

plsplllic) = 6.555 + 2.417Lp - 0.614LpZ - 0.795Bgp [n=19, r=0.902, s=0.u486]
95(10.416) (#0.972)  (£0.560) (£0.428)

plgo(litd) = 5.258 + 1.963Lp [n=8, r=0.981, s=0.2u9]
95(£0.541) (+0.389)

Fig. 17 QSAR: Inhibition of chlorophyll biosynthesis by cyclic imide herbicides.

(1) C1 and Cy carbon atoms in the alkylene ring should form part of a planar in

Moieties A and B

(2) Moieties B and C should form a planar

{3) A: The p-substituent on benzene ring {in Moiety D) should have a proper size

and direction for the activity

B: Introduction of a halogen atom (especially F or Cl}) at o-position of the active
p-substituted aryl derivatives does not reduce the activity of the parents

C: Introduction of a carboxyl or an amino acid group as a substituent on benzene
ring may enhance symplast uptake of the herbicidal molecules

[K. Wakabayashi et al: APWSS {Tokyo), 1975, and ICPC (Zuirich), 1978]

1 ! i
A Cipl 1 _R
(CHz)n-2 :gi—,( N—i@)/
NG
(O

Fig. 18 Structure required for herbicidal activity.

(Scenedesmus; L), #{t¥EL XV TOrrr 7 4 L[HE
%hE plse(Chlorophyll; L) 3 X U8 7 m v 7 4 LAEEK
PEEZIR plso(Chlorophyll; D) o W§Fhd 25, [FU pa-
rameters ¢, ¥ U X5 RMEERNTHHEATESZ L
EEDLLTVWS. ZhOLOMERE, 7rre 70 v EE
ROE & BEREE R EARORERL S REE WO BREE T
WHI L T35k 3 FRIBREAOEREEVIZRCTR
Bx5255DTH o -p, X 5T receptor mapping
BE X5 FillREETUESF v Lt BT BRIk A
I FRBERIOERABERACIRERFHIZEL525
tEzLNS., aFHECHL TIE, para fLE#RE D
REXZHRETHIOTHS. Tihbdb, BiEHILAD
ZRDDTTEYEARES (RILER) - kE

k% aryl ff para fLiC BA T HZ BRI VEWVS T
LTH5.

Fig. 18 tHEE TIREBAL TW B BRIk 1 3 FRBEE
o FRETO D DOLEAFHEZET 54, k2L, (3)-C
WOWTIEIIRE “HEMHRCTOZEE)” 2B Ihiz.

¥ T DS (Behavior in Plants)

Ia~Illa ORRFEAIE DA TIZ LA ERBERT
T, AEEEIBREShRERIC X - THEESh, HH
T O % {7 v B Al gy 71 apoplastic pattern %784 X
5 TH 55, REANIEMCEREh, Tokhz
BITL, ERRMCGEL THREZEETIDOTHS T
LIARTH DR, ZOBRRBTHEE S Bl TBHFR
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Table 7 Application of Crisp-Wakabayashi’s theory and pro-imide herbicides.

No. Cyclic imides mp plso(E)  plsgl(S:L) Iso(E)
(& Pro-herbicides) (°C) Isg(S:L)
0
10 @ @:;N-O-Cl 166-7 5.28 7 .00 s6
0
@CONH-
u7 146-7 L.85 6.17 21
COOH
CONH-
48 202-4 5.31 6.61 20
CONHEt
N
18 @ rg‘_()'(r]-«f}-c( 192-3 5.15 Z7.01 73
N-CONH-~
49 C&\c 133-5 Ln.u6 5.96 32
OOEt
s X
40 N*N-O-Cl X=H; 164-5 6.32 8.55 170
ns5 g N-g X=F: 110-1 6.un 8.70 182
50 N-CSNH- X=H; 160-1 6.2%5 8.02 59
51 &‘COOEt X=F; 108-9 6.51 8.24 53
CN,CSNH-
52 f‘k X=H; 119-21 6 .28 8.02 55
CO0Bu-i
E
u6 @ CLN-@—CI 148-9 6.30 8.52 166
NCOOEt
N-CSNH-
53 0 148-9 6.34 8.00 ue
N~CSNHCOOEt

BRORRE BT L, FREOSTFRIHCBOITES &
T BB 5227, Crisp?® £ Wakabayashi?®20 ¢
BT IC X T, BRERIOBUNEITH: & (L¥EEE O BIRIX
EHRICRO X S>CELDLR TS,

1) b&micHAET 5 carboxyl & ¥ 723X ORI
itk (= A7/, 73 F&) ix symplast o~
OEGAKZ R X O symplast B ITHLZ DS X 5 TH
5.

@) MEARAILmPT I/ BRLAE LT VWERE
RO EWIRESEXCERNTS 5.

(8) C-N#Eanfbhroig T X5 X5 alEdis
SEERILEMIHEN R TOBTHEARE V.

(4) s-Triazine 3k f 55 A & %> urea SREREA| & 5 RE
HlaeltamiEctbx 5L, HARTEROBNBT
B LT, £hENEH O % L\ lipophilic/hy-
drophilic X5 vV ARFLET 5.

BikA 3 PRRBREROS TR ERROBZ X FRICHL

Tk B o —E s Table 7~9 12 |’ X T\ 5. FHla
faitty Echinochloa @ tR{hE [ E%N R plse(Echinochloa)
137 AMBEOKRESh BB TH 545, BiBIORE
Scenedesmus \ZxPT 3£ H %1 E plso(Scenedesmus ;
L)1z 2 BB EOKECHD. Scenedesmus DIFPEIT
REMETH DX CHFHED TER S 5 BTOME
RN D DT, FHEDOBITH # 1Cix Echinochloa
L Scenedesmus TxkPF BB A4 I FREBRERIOMER
M 2% KIEBITHRED 2 L E L T, filig) parameter,
Qtr(Imide) =Is(Echinochloa) [ 1so(Scenedesmus) % 7%

L7z, BREAIDB L OMAELZFEBLT 5 O symplast T
% 50T, Qtr(Imide) s/MXWEEHi: symplast diT
DOWEBEES XV EWV S T &, &L KEHMIE%R TIE sym-
plast BITHZB L TCVWE ELFE XL TIWEALS. EWR
W63 B SRS S 7x & 03 SR 1 & BRBRHE T i
R75 50T, Qtr(Imide) THH © H O BITHZRT 5
ZLIXTERVS, RIS I FRBEROZFRGHTIX
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Table 8 Herbicide transport and imide moiety.

No.  Cyclic imides mp plsglE)  plsglS:L) _Iso(E)
(°C) I50(S:L)

65 @N-@-Br 182-4 5.63 7.46 68

66 O:EN- 136-7 5.18 7 .34 1as
0

67 Ct%N_ 175-7 5 .90 5.70 0.6
0
S

68 O‘:‘\(N- 180-2 .76 7 .05 195
o}

69 R - - - 6.70

C;!:’(N 180-3 S.11 7 39
0
N

70 _'(N- 150-2 6 .24 8.16 83
0]

71 CE:EN- 230-2 5.98 8.10 132
g .
X

72 Cz_'(n- 206-7 6.29 8.35 115
NCOOEt

It XN LEMO BB XL OBITHAELZ HBIEIEE L
THWwbHHh .

L& (47~53) V3 M0 40 B © 3 ¢ pro-herbi-
cides & U THEHT L 72{b & TH 543, Qtr(Imide) {Hix
ThZhoELE (10, 18, 40, 45, 46) O 1/3FBE L/t
> THEY, BITHAEZL TWvw5b(Table 7). Zhiz, 4
ik @ Crisp?» 2 Wakabayashi?®2 o {N3iic 15457 5.
Table 8 %, [tkD%E x T Ia~IId FR{LE547% f#HT L7z
R TH 2. Carbonyl IZ SIRFRA I/ K& BEAT
5 L BITHRENEDT 5. Ha Ri{b& (67) OBITHE
REE X023, (M dAMEE RS &5, Aryl Bif
Fiz X 5 Qtr(Imide) /A %hE1T, meta fric alkoxyl 3t
(propargyloxy # % 4 ¢¢), carboxyl 3, aryloxy ff kg
%15, amino acid {2 A UfcE L (Table 9),
THLEHRIEDEA, FEH|O symplast BT RE % 1
LTw5. {b& (68) /KHAEIRMRERE LT
RFINTVRIbAEMTH 5, T OEANIER DM\ HE
WEM %2, FRiRCx L T Echinochloa \Z x4 % Qtr
(Imide)=195 X » 3 I BT AE 7 Qtr(Imide) 2 Hb ¥
ZEZX-oTHELTVWS EFE 2R TS, 220
m-propargyloxy {t.&1) (62, 63) O BITHAEIIZ LD

THEHTH 5. Qtr(Imide) 23 2050 0D1LE& (73, 74)
FAHARHEAFE LCGEHEh T 5.,

BIK1 3 FRBRER OGS TREHC I T 2B THE~DF
BRHAED L 2 5, 2 © Qtr(Imide) 5 F|FH 3 2 BE T+
GFEEZLNDD, (LAMBEORLTHOBITOLRRIE
A LEPIRF L WIME S HTHE (72 & 21¥ immunoassay)
EFHEALLGITE D252 LR TENE, ARHEDOKR
BRIOHFEEET S IO ITIEEX 2ETITE VRV,

e #4#% (Herbicidal Mechanism of Action)

AR DOBIRA I FERE#| (Fig. 2), oxadiazon, phe-
nopylate 7z &2 L —HORERIZ, = h S REFR
HbTEKERERER I 7 e 7 4 LEDSHRIZ L -
T, RKEOBHRA I FRBREAICHSEHIRTWSID, £
MgEOM7 I Ta~ITd Ofb A2 A L, Bl
%k (Scenedesmus) 3 X O\BEWEY (232, B =,
FRE, BRERKAS XRLE) 2AVHREREE - MRk
HORMEICHA LT, &8 - Ab¥miciii S hix.

Ia~IIId {t & 71X KER4% @ diphenyl ether JRELH|
LRRRIC, BT TIMIZ L AL DERZRERET, XE
HETTIRCDTREESEZBDb LAY, 71 50D
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Table 9 Herbicide transport and aryl-substituents.

No. Cyclic imides mp pigo(E)  plspiS:L) _s0E)
(°C) Igg(S:L)
0
10 @:::N-O-c[ 166-7 5.25 7 .00 56
0 g
61 -@—a 81-2 5.93 8.03 126
6l -@-OCH2©-CI 163-4 6.11 8.u0 195
73 cl 85-6 s.u3 6.85 23
COOPr-i
62 ‘ -Q-c[ 146-7 7.70 7.70 1
F, OJ%
637 " . cl 136-7 7.70 7.80 1
F, 04%
YT cl nZ1.5389  5.88 7.15 19
NH(':HCOOBu-n
Prn
ri- 3 (o] 167-8 5.68 7.15 30
NH(IIHCONH Bu-i
Et

WmE 7 IETELL, BREKEBHET S, Ta~
ITId o{b &4 8L ER © S 8 bleaching s X'z h
2%t #8% (browning) 2BFBH LN 5. Z DTV IfER
ROBE, BHEINTVWEHESTZELETCEL 2L
iz bleaching i3 X ¢f browning 23 & Bl § %569, Z D X

51 LT, (L& (Ta~IId) Bz OEBIERZRBET 5
TR EBRMBETHY, ZhSDILAWINFETT
BEXREIIhDEYOLHE - ALEBRBCTEL525
LRI, BFELRKRA R 2R L ER T,
ArF /A VRERLTWSHBERK L FAEERIC
L T{ba&t (la~IIId) (3{XRE (1 ppm) THEVWAFH
FAEERZBRDTE, veF/ A VEr/rrT 1 LONR
FRREL-TABERKICIEENRLBEDLI Lo
7o, ZORRT XY, FnRONEFHABER AR
BRICBARLAZIDOTH S L L 15510,

{b& Ta~IIId) DFAERBERITHTT 5 HEIL Scene-
237 7]»7\10,11) B X U%%E“) %ﬁﬁﬁ
L<filibhiz., GEEWERB VBT /v 7 4
NEEERKTE D Scenedesmus O fF FHIXTRIRA I PR
BREAOALFOERBEMAREC L SKERLE. T4k

desmus,10~12)

bb, BFTE, BFRORLTHAKRARRIHRDO—
DEEZOLNDEF T 24 VEOELHEEEICHE S A K
BROSBOXEINEATEZDT, BACKTHEE
BOMRIFRNOBCREREER~NOHE LR TSHDL
E2TIXVwbTH%, Table 10 i3 B Fif ks 3 Scenede-
smus T3 5{LEW (Ta~Illc) BB ABEIER
(4B HE plso(Scenedesmus; L), 7 v v 7 1+ L[HZE plso
(Chlorophyll;L), # v / 4 FEHZE pls(Carotenoid ;L))
D—HERTRLALDIDTHBY, ZOF—RILILILH
FILBEWMD T — & ZInx TR L 7=f5 R 2%, Fig. 5 OfF
H-FEEAAR 3 X OF Fig. 14~16 OfEEEAHBETH 5.
Rt R, la~IIe OILEYORFEMITEIR T 5K
BHEMR W SILEMC X5 RERERBIOPRICE S
WS T EERLTWS. xHB{LA oxyfluorfen (76)
DB bT KA parameters X Fig. 5 DBIRS 3 FF
BEAC R HEE-HEEMERCrLD X< HTIEE
50T, Ia~IlIc D{t &4z 3 oxyfluorfen G35 ClzhE
RBENTVHREERBE (57 2 14 VIROEER LakE
TS RBREBEROSR) BPHEET S LB TFHSHh
7212, BHFELEEE Scenedesmus @ 4 F [HE plso(Scenede-
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Table 10 Pigment inhibition in autotrophic Scenedesmus over 48 hr cultivation
with cyclic imide herbicides.

No. Herbicides plsg(S;L)* pI5Q(ChI:L)*pI50(Car;L)* Carotenoid
precursor
10 @;%N-@-Cl (xad) 7.00  7.10 7.15 n.d.
0]
64 -@—OCHz-O-cl 8.40 8.52 8.52 n.d.
62 -@-El’ (Xa) 7.70 7.70 7.70 n.d.
0
66 -@-Br (Ta) 7.u6 7.u46 7.u46 n.d.
67 | Nl'gN-@—Br (ITa) S.70 5.82 5.82 n.d.
“ o)
Ofi
68 N— (ITIBd 7.0 7.1s5 7.15 rn.de.
o
69 C?l'lfN- (IITAa)d 6.70 6.70 6.70 n.de.
o
NS
70 C?"‘::N— (IIIB) 8.16 8.40 8.n0 n.d.
t .
NS
71 Cr!:;N— (ITITCc) 8.10 8.22 8.22 n.d.
S
{ OEt
76 CFy OO'NOZ 8.00 8.15 8.10 n.d.

* Abbreviations: plso (S; L) =pIs (Scenedesmus; L), plse (Chl; L)=pIso (Chloro-
phyll; L), pls (Car; L)=pls, (Carotenoid; L), n.d.=not detectable.

smus; L) & FxE{E ¥ plso(Echinochloa) O & ik-iE A
B (»=0.962, Fig. 5) %35, B3PTEsEE Scemedesmus O 4
BIHE plso(Scenedesmus; D) & 3% & &tk pIso(Echino-

HIXMETE 50T, BB T527rr 7 LHER
ser7 g WVESKIBEECXIS30E LTEHRELTI W
AS., BEFITIRER, 7rr7 ¢ LEEYEbTEA

chloa) OFARY (»=0.893, Fig. 6) X v 4, Xz 21X, BH
FiEs§E Scenedesmus T & 5 IEHFI DA TE M, B2
Y CIRIALETCOARRT 2 EROEOEMAEHEL K
BLTWBZ EETELTWS, ZhidE, RicHT
BUEFTHEE Scenedesmus TS hic 7 m w7 4 A4
HRRMEERCIbS, Z7re7 4 LBV TEbL BRI
EREEOREL THXEE1DTH - 722

ISFiEsEE Scenedesmus T 3\ C, [REH| (Ta~Illc)
g7, KX rRT ( LRASE R B2 (Table
11), 7FEE-EHRAERZ RV GELEE T 5, o
mr 7 VERAC 33 5 HED 1/2~1/3 DK X
X TdH 5 (Fig. 19). BIFITIXF 7 2 1 FEDER LAY

RET, /e IR MHADF 7 r 4 553 DERKD
R IEE S, Lkeh - T, BRER (Ta~IIId)
% protoporphyrin IX X h@gfjd e r 7 4 AL KD
WEAILET S0 L KI5, %72, ALA>porpho-
bilinogen (protoporphyrin IX D giERE) 1@ 2 % fihust
3 5E¢% ALA-dehydratase OFiE 380 B \»io,

#5FE Y TiL, protoporphyrin IX X b g0 THAK
HFHEO@EBIX, BT BT 5 Scenedesmus TN O
L L glutamate>ALA O@RTHS. 2 hbHD
EEHID, BHEEMIC I OTIBRES (Ta~Ic) 13 1
REOEBCEE ShFHEMED ALA 5REEROAK
PED LSRARE®ILT 222X 5T, Zre7 420
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Table 11 Pigment inhibition in heterotrophic Scenedesmus over 48 hr cultivation
with cyclic imide herbicides.

*
. No. Herbicides plso(S;D)*pl50(_Chl;D)*pl50(Car;D) Carotenoid
. precursor
10 @:&-@-Cl (fa> 6.70 6.70 6.30 m.d.
0 o , ‘ . ;
64 .@o(;Hz@-c[ 8.30 8.u0 a8.10 n.d.
62 -@-Cl (Tad 7-.52 7 .30 7 .30 n.d.
0/
65 -@-Br CTad 7 .60 7.52 7 .30 n.d.
67 l EER;NOBr (ITad B5.30 5.30 5.30 n.d.
68 | Nl'iN- (IITb) 6.60 6.60 6.60 n.d.
0
0
69 CE’_:N_ (ITTad 5.30 6 .00 6.00 n.d.
0 .
S .
70 Cm:}l- (IIIb) 7.82 8.30 8.00 na.d.
0
S
7 CE'* - (IIIc) 7.60 7.70. 7 .60 n.d.
1{
S o
77 @-F-@-OMe 6 .00 5.15 5 .70  £-Carotene
]
0

* Abbreviations: plso (S; D) =plso (Scenedesmus; D), pIso (Chl; D)=pIso (Chloro-
phyll; D), plse (Car; D)=plso (Carotenoid; D).

EERFHELTVWS 0L HEFE IR D (Fig. 20). L BAFTIE#E Scemedesmus i3 HFREH] (Ta~Ilc) ©

BRCPDHE Nz AR, FECET S ALA fihic X
% (& E#| chlorophthalim (10) @ 7 » 2= 7 4 ARHE D[H]
FEWLEAY —iTxT 2REAI(10) o EF L2 ALA 7
PR X8 25RO, BRERO 7 v w7 1 VAR
ERMEFBEO—RTH S L OFEIEL T 5. ISR
Scenedesmus \Z33\WTIX, heF/ 4 Fdr/rr7 4L
LAk PAES NS (Table 11), LA L, *fEREA]
methoxyphenone (77) 2 (- wF V2B RTH L 5%
heF {4 FATEREROZEHEITE - 2L Rbhi DT,
nuF /4 FIEFE7vr 7 AFICHEL 2RI
ECHDHLERINTVS. 32 HVATE, {LEW
(10, 62, 64) D 7w r 7 ¢ APHERE (2k 21E, Loif
BE 108 M) TlkhrF / A FIERBRE IhRWD,

rrwr7 4 VAERBR v e 7 4 LAESKBEERHD
2 ~ 3fE L XT3 (Fig. 19), BN/ X 51
oK ERBEEHIRE, BREHA| oxyfluorfen TH TIC
RSN TOHHE (55 2 4 FIEOEMB LRk
N FaED R b o TWBH A RE S H 5. Fig.
21 vz, HAFTiC B B{L&MEE (TIa, b, IIIb) O 7w w7
A ABECHRF ) 4 FHREHEEEICOWT QSAR #
WafihomiERTH 50, MEAROMEIALEWRE
TAFEURCHET 5. chix, MAEREAFRCERET
HEL2ZF 52T, FHUNERL RSP F T
a4 FREONEE LR > MEROME & v 5 WTHE

ZBDDHHDTHBHBW, BRI XDF 72 A FEDX
R LR EEE v, RS VX TAFRESEE Scenedesmus % {g
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pIso(Chlorophyll; L) z 1.010 plso(Scenedesmus) + 0.068  [n=19, r=0.991, s=0.178]
{£0.072)

Plsg(Chiorophyll; D) = 1.008 Plgg(Scenedesmus) — 0.251  [n=19, r=0.980, s=0.264]
% {+0.106)

plsy(Chlorophyli; L) = 0.968 Plgg(Chiorophyll; D) + 0.530  [n=19, r=0.978, 5=0.274]
(£0.107)

(Calculation)
T @ [Chiorophyll Inhibition; Light] / [Chlorophyll Inhibition; Dark] == 2 - 3

Photooxidative Destruction

=2- 1-2
Inhibition of Biosynthesis 3 or

(Geometric) (Arithmetric)

Fig. 19 Chlorophyll decrease: Inhibition of biosynthesis and photooxidative destruction.

INACTIVE ITLIGHT ]
ALA Synthesizing -
Enzymes
1 T = 30.min Y 2
‘ —————— <
ACTIVE ©
ALA Synthesizing| &——" —__ [Stible m RNA
Enzymes . (Protein Synthesis)

)

g [imide Herbicide]

Fett lProtohaemI —= ] Chioroplastidic

- o ——

[LIGHT]

- 0 e o B o om0 . e ot e o

Cytochrome
Glu =2 =3 = ALA Prots hyrin IX
[ALA] rotoporphyrin Q€ ~—mmm e \\ (GREENING)
ALA dehydrat:
enydratase Mgtt Mg Protoporphyrin IX ——\LPChhdeGSOI ——\Ichhdesnll
PChlide oxidoreductase

Chl A

Fig. 20 Possible mechanism: Inhibition of chlorophyll biosynthesis by cyclic
imide herbicides.

Lial
Plsp(Chlorophyli;L) =5.738 - 1.174c + 2.768Lp - 0.508Lp2 - 1.390Bgp [n=40, r=0.909. s=0.462]
95(10.264)(20.514) (+0.451) (£0.132) (20.297)

Plsg(Carotenoid; L) = 5.688 - 1.155c + 2.773Lp - 0.505Lp2 - 1.412B 5P [n=u0, r=0.914, s=0.452]
95(40.258)(£0.502) (+0.441) ($0.128) (£0.291)

Lilbl]
pisg(Chlorophyli:L) = 4.678 +2.734Lp - 0.462Lp2 - 1.23uBgp [n=21, r=0.963, s=0.307]
95(10.241) (10.698) (+0.357) (10.276)
plsg(Carotencid; L) = 4.62u4 +2.749Lp - 0.463LpZ - 1.2u3Bgp (n=21, r=0.962, s=0.311]
95(10.245) (£0.707 ($0.361) (20.281)
[iIlIb]
plsg(Chlorophyll;L)} = 6.706 + 2.854lp - 0.679Lp2 - 1.084Bgp [n=21. r=0.966, s=0.333]
95(40.283) (20.625)  (0.342) (£0.243)
plsg(Carotenoid; L) = 6.659 +2.863Lp - 0.678Lp2 - 1.091Bgp [n=21, r=0.967, s=0.332]
?5(10.281) (£0.622)  (20.340) (20.243)

Fig. 21 Decrease of photosynthetic pigments in autotrophic Scenedesmus.
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Table 12 Chlorophyll content and ethane production in autotrophic Scenedesmus
over 16 hr incubation with cyclic imide herbicides.
Concen— Growth Chlorophyll Ethane
No. Herbicides Addition: tration
i [pi pev/mi] [pg/mil  [mg/mi pevl  [nmol/mi pevl
At Start - 2.3 33.0 14.3 Ll
Control - 3.7 _32-2 8.7 0.6
[+DCMU 1 - 2.4 29.2 12.2 o
0 (10 pM)
@ [Solel 5x10"7 2.9 10.9 3.8 8.0
10 a [+DCMU ] 2.7 28.9 10.7 1.3
0 [Dark] 2.3 30.0 13.0 0.1
@ [Sole]l 1x10"° 3.0 10.9 3.6 9.5
6 O;l;" Br [+DCMU 1 2.9 27.0 9.3 1.2
62 cl [Solel 1x<107¢ 2.8 10.0 3.6 9.5
4:}:/% [+DCMU 1 2.6 28.5 11.0 1.2
0 0
3 -6
70 N*N<:>B [Solel 1%10 2.8 12.0 n.3 1.1
N'g r [+DCcMU ] 2.7 27.4 10.1 1.6
Cl OEt o
[Scle]l 1x10°S 3.0 9.3 3.1 12.
76
CF3-©-0 NO2 [+DCcMU] 2.8 28.1 10.0 1.1

ll—lerbicidal Action of Cvyclic Imides

4

li_ight—dependent Bleachingl

3

LDecr‘ease of Photosynthetic Pigmentsl

i

1

1)

Biosynthesis

Inhibition of Chlorophyvylil

(2) Destruction of Already

Produced Pigments

L 8

Inhibition of ALA For‘mationj

l

Irreversible Photooxidation
of (Unprotected) Pigments

. 5

Inhibition of
e —————

Formation of Photoinducible

or

Activity of the Enzymel(s)

ALA-synthesizing Enzymel(s).

Photooxidcdative Destruction
of Thylakoid Membrane

4

Light-dependent
Lipid Peroxidation

Fig. 22 Herbicidal mechanism of action of cyclic imide herbicides.

AUiEgEE S sulfolipid g2 & ethane D&E
B0 CREEEI LW, TR EREK DL ethane
DERICXBFHELOWVWTHRRS L, £OfERIE Table
1212RLAcE B0 EBY, BT SIhABIRA 3 FRIRE
# (10, 62, 65, 70) X R EFEL BT RE T ethane
R FA, FOERANERTBO oxyfluorfen (76) & [A]5F %
i EnblEE k5D, ZOERR PS-IL RETFRER

PHEH] DCMC ORI X » TIHE S, ERATEE
TIREBZORVOT, RARPRICOBEFI BRL AR
HBEWwx b, ZhbpHis S Scenedesmus DF 7 2 A
FiEic 48 CH{E T 5 a-linolenate 73, BARIGHRDE
FrpEFTHEEShS OH 520 X - TH{bs
ftxt, ethane ¥ F{ATHEVWHIBEELEZLhTW
23, ZDX5LT, F72A FEOKEBR{LIEESE
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Y, BEOKIEZX5RELRR > BRI EX
NHEZERHBROBPEVIBERE LCEHbLhSDT
HAH5.

DlEo@mEiiET 5L, BEE B OhAERE
FETE, TR I FRIBREAOBREEAIBRERORE
TONARERBOBRCESSbOTHE LR, £
DWOMBEIRER O R b T 7 v w7 ¢ VESKIEE
(ERBE L)L F 7 214 VROXER{LEHECES 7 r R
TAaLBIT v F /A NHBEEOHE (ERBEI)
CEXBEWSZEBRTES (Fig.22). {FHEEI IO
DEWTFh K TH S, 7 rr 7 ¢ LAESKSE
fIL2o2od 25 TIERL 5 fERBHE I XRTER
L, BREZXT2EENEOEED X 51T TS
BROFEN T Th HEHTIE, VRS I3
BTsLFB2TIVeab Ly, MINE GEIWIE)

XL CTHBHEIC X5 RERBEORDSB ED X 5 icthb
L2V TIE, ILERITERET 5.
¥ b
PLED X 5 F:MEE, BIRA I FRERER OS5 F-5%
FhcEsk S h oL LoEmE ERATEREA OF
BZBUTERBL, ZhbOEmrEW - EEMNHE
XD EERITERT L 2B % { ORI AR A
EETE SRk InZ THRER O S FREH 2R
hDTHD. A—Fr AL FiLE x5O, EHZ
“OFRETEVOIRBOBEETH Y, FEEEVHESE
TH54Y - L% - bR OB ZHEMIELICTE
v BIRA 3 FRIBREAR|OS FRETCEAL B h

Yy <

iz 3T, 1975 4 (W3R), 1978 4 (Zurich) TH

RINTWDHR, ARIh S5 FREHCHET 2L EE

Y. Ishida et al; 1983

Cl
R S.J. Goddard: 1977 (R=Me, CN, OMe or SMe)
N (OR') A.D. Wolf; 1977 (R=Cl)
| N E. Nagano et al: 1984 (R=CI)
E. Nagano et al; 1986 {R=Me)
T. Jikihara et al; 1986 (R=Cl)
0 -,
+ f;‘ M.J. Abu-El~-Haj & J.W. McFariand; 1973
'N'N E. Nagano & R. Yoshida; 1984
O .
Nl—r;l E. Nagano et al: 1985
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Fig. 23 Recent progress of cyclic imide herbicides: Imide moiety.
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