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General Introduction 

Recently, a number of computer-aided approaches have been 

flourishing in designing new agrochemicals and medicines rational

ly.1 Ideally, if we could define or establish three-dimensional 

molecular architecture of the receptor site for particular bioactive 

compounds, we would be able to deduce on design other novel 

molecules the structures of which are complementary with the 

structure of this particular target. Quite a few computer-aided 

procedures have been developed for modeling such structures with 

use of theoretical calculations. In the area of herbicides, the recep

tor protein of a photosynthesis inhibitor, terbutryn, and its three

dimensional structure has been determined from isolated a photo

synthetic bacterium has been determined by X-ray crystallography.2 

This bacterial receptor protein could be considered to be a first 

model for future studies of photosynthesis inhibitors in higher 

plants. However, the target proteins for many other types of herbi

cides have not always been isolated. Without detailed information 

about the three-dimensional nature of the receptor, this type of the 

"rational" approach are impossible. 

In this situation, alternative approaches from the results 

of quantitative structure-activity (QSAR) analyses for a set of 

compounds belonging to a certain pharmacology are considered to 

be indispensable. Successful applications of traditional QSAR 
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analyses with the use of physicochemical free-energy related 

molecular descriptors to the herbicide design have been accumulat

ed.3,4,5 In most of these applications, the designed compounds are 

of the same type of structure as that of compounds included in 

the primary set for the analysis. In some cases, the QSAR infor

mation obtained from a set of compounds with a certain skeletal 

structure can be transposed to other skel types of 

compounds. 6,7,8. 

Recently, Cramer et al. have succeeded extend the 

QSAR approach.9 In this procedure, the "active" VVlL JI...L V_II. lLJI..U,," '-JI. ,,-,.a. 1L of a 

set of compounds not necessarily of the same 

lished by the molecular orbital calculations. 

IS estab

su perposing 

active conformers in a lattice space, steric electronic field 

parameters at every lattice points are calculated. With these field 

. parameters and a newly developed statistical technique, PLS (par

tial least squares), the regression analysis is performed, but the 

results are more easily displayed as the graphics by the contours 

of the coefficients for electronic and steric field parameter terms 

allowing visualization of the regions where differences in observed 

activity are most strongly related to changes in electrostatic and 

steric fields. Such contour diagrams would hopefully be interpreta

ble in terms of receptor structure. Results from the CoMFA 

procedure in which the three-dimensional structure of the receptor 

is not known, have been encouraging if the results could be able 
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to predict potencies of structurally diverse compounds not involved 

in the model derivation. 

this thesis, the traditional QSAR 

activity 

common 

2, 

were 

preparation of 

1 

a 

3 

light-depend-

carboxanilides 

as well as 

was described. 



Chapter 1 Light-dependent I-Ierbicidal Activity 

The 

1 

Carboxanilide 

oryzicoia 

carboxylic no 

boxylic acid derivatives has been 

screenIng we 

is light-dependent. 

Quite a few 

structures have been known. They are 

4 .. Pyridone .. 3 .. 

1-

ethers including nitrofen14-16, oxyfluorfen17 , as 

chlorphthalim18 and S-23l4219, and nitrogen com-

pounds such as M&B 3927920 andTNPP-ethy121 (Fig. 1-1). We 

have started the structural modification 4-pyridone- 3-

carboxanilides expecting to optimize their light-dependent herbicidal 

activity. 
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o 

o¢NOI 
o 

nitrofen M&B 39279 chlorphthalim 

CI OEt 

F3'C-oO-oN0
2 

oxyfluorfen TNPP-ethyl 5-23142 

o-chloro diphenylethers nitrogen heteroaromatics cyclic imides 

Fig.l-l Ijght-dependent herbicides 

This chapter will report the effect of structural modifications 

of the novel series of 4-pyridone-3-carboxanilide derivatives as 

light-dependent herbicides. The structural modifications were made 

at the Xn, R1, R2 and Rs positions of the skeletal structure shown 

in Fig.1-2. 

Fig 1-2. The general fOrIuula of herbicidaI4-pyridone-3-

carboxanilides. 
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1-2 Experimental Procedures 

1-2-1 Synthesis of 4 .. Pyridone .. 3 .. Carboxanilides 

All 4-pyridone-3-carboxanilide derivatives listed in Tables 1-1 

to 1-6 were prepared mainly by the following synthetic routes 

(Fig.I-3). 

Fig.1-3 Synthetic routes of 

This method conlprises reacting a 

an amines to obtain 3-anlinocrotonic 

with 2,2,6-trimethyl-4Ii-l,3-dioxine-4-one In an 

(e, g., toluene or xylene) under heating at a 

140°C to give 4-pyridone-3-carboxanilides. 

with 

reacting 

solvent 

1 .. 2 .. 2 Synthesis of 1,2 .. 0Iigolnethylene-4-Pyridone .. 3 .. Carboxanilides 

1,2-01igomethylene-4-pyridone-3-carboxanilides listed in 

Table 1-7 were prepared nlainly by the following method (Fig. 1-

4). This method is conducted by reacting a compounds of the 

formula (I) with compounds of the formula (II) without solvent or 
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In an appropriate solvent (such as toluene, xylene or mesitylene) 

under 

which were 

the 

Fig. 1-4 routes of 

o 
RS'-rIlo II 

~O+Me 
Me Me 

1) 50(12 

compounds of the 

aq. give 

A is a straight or branched chain 
having 3 to 5 carbon 

1-2 .. 3 Biological 

The herbicidal activity against Echinochloa oryzicola was 

measured using a series containing various 

amounts of each test conlpound. The test solution was prepared by 

dispersing a 20% wettable powder in distilled water. The 200/0 
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wettable powder was prepared by nuxing 20 parts (by weight) of 

each test compound, 50 parts of 

parts of Solpole-9047 and 3 parts of 

Co., N ihonbashikakigaracho, 

milliliters of solution were 

Then, graIns 

The vials were 

intensity of 100 IlE m-2sec-1 

measured for- the five graIns 

ed the 

two 

the standard 

Their 

of 

growth ... .IL ..... ~ . .IL'-'.IL'''Jl.'U' ... AIJ 

PAR) and dark 

1 

a 

were 

each compound. The herbicidal effects were 

evaluation 7 days after starting the 

1 .. 3 Results 

First, we examined the effects of 

8 

of bentonite, 2 

Chemical 

(<I>3.5cm). 

the 

at an 

was 

benzene ring substitu-



ents of the anilide nl0iety(Xn) in Fig. 1-2 on its light-dependent 

and independent herbicidal activities fixing the Rl substituent as 

benzyl, R2 substituent as Me and R5 as H (Fig. 1-2). As shown in 

Table 1-1, the activity of the I-N-benzyl derivatives was either 

light-dependent or independent. Among compounds, the activity of 

the unsubstituted (1), ortho-CI(2), ortho-Me(3), para-F(9), para

CI(10), para- Me(11), para-OMe(12), 2,3-Me2(13), 2,4-Me2(14), 2,6-

CI2(18) and 2,6-Me2(19) derivatives were light-independent. Among 

them, the unsubstituted derivative (1), with a p150 value of 6.08, 

was selected as a lead conlpound for development possible 

paddy field herbicides against Echinochloa 23 The ortho

Et( 4), ortho-OPh(5) , ortho-N02(6), nleta-CF3(7), meta-OMe(8), 2,5-

disubstituted(15-17), 2-Me,6-Et(20), 2,6-Et2(21) 2,6-iso-Pr2(22) 

derivatives were light-dependent. The criteria discriminating be

tween light -dependent and independent compounds are not straight

forward. There is a trend, however, that smaller substituents, 

regardless of their positions and substitution patterns, make the 

compounds light-independent more often than bulkier groups. The 

mono-nleta and 2,5-disubstituted derivatives showed the light

dependent activity, whereas their mono-para, 2,4- and 2,6- disubsti

tuted isomers were light-independent. The large ortho substituents 

tended to induce light-dependence as well as decrease in the net 

herbicidal activity. A sOlnewhat similar specificity in substitution 

patterns governing the light-dependence has been observed in 
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Table 1-1 Structure and herbicidal activity of I-benzyl-4-pyridone-3-
carhoxanilides. 

o ~ 13-()CNH" X, 
I I 

Me N Me 
I 

CH2'O 
~I 

Herbicidal effect a 

No. Xn mp(OC) Light Dark p!50b 

176-177 + + 
2 o-CI 179-180.5 + + 6.02 

3 o-Me 170.5-174 + + 6.15 

4 o-Et 166-169 + 4.30 

5 o-OPh 213-214.5 + 2.27 

6 O-N02 180-186 + 2.01 

7 m-CF3 174.5-176 + 2.76 

8 m-OMe 175-176 + 3.38 

9 p-F 198-203 + + 5.88 

10 p-CI 169-170 + + 5.72 

11 p-Me 216-218.5 + + 5.11 

12 p-OMe 174-175 + + 3.92 

13 2,3-Me2 201-205 + + 5.77 

14 2,4-Me2 202.5-208.5 + + 4.43 

15 2,5-CI2 118-120 + 3.30 

16 2,5-Me2 171-175.6 + 4.29 

17 2-Me,5-CI 148-156 + 4.02 

18 2,6-C12 168-172.5 + + 5.24 

19 2,6-Me2 184-188 + + 5.47 

20 2-Me,6-Et 150.5-153 + 4.03 

21 2,6-Et2 142-146.5 + 4.08 

22 2,6-iso-Pr2 216-219 + 2.58 

a Scoring by visual evaluation against Echinochloa oryzicola ( -; no effect, +; 

severe darnage). 

b Log of the reciprocal of the concentration required for the 50% shoot growth 

inhibition of Echinochloa oryzicola. 
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diphenyl ether type herbicides where 

derivatives are obviously 

active in the dark as 16 

In contrast to 

yl and 1 

on 

activity 

alkyl (71-

and/or ortho substituted 

Isomers are 

1 

fused ring an greater than 

pI50=4.50. The phenethyl derivative (41) was also shown to be 

11 



Table 1-2 Structure and herbicidal a of 1 
pyridone-3-carboxanilides. 

o R -G-J,)CNH" Xn 
I I 

Me N Me 
I C2H.'(] 

::---1 

Herbicidal 

No. Xn mp(O() 

178-181.5 
24 0-(1 168-170 
25 o-Me 158-159.5 
26 o-Et 145-147 
27 o-OMe 191-195 
28 m-CI 159.5-162.5 + 
29 m-Br 171- 74 
30 m-CF3 171-173 + 
31 181-183.5 + 
32 203-205 + 3.52 
33 186-188 + 5.58 
34 2,3-Me2 189-191.5 5.43 
35 2-Me,5-CI 177.5-179.5 + 
36 155-157 + 
37 182-184.5 + 
38 2-Me,6-CI 173.5-175 + 5.44 
39 2,6-Me2 190-192 + 
40 2-Me,6-Et 144-146 + 5.44 
41 2,6-Et2 113-115 + 
42 3,4-CI2 196-201 + 2.07 
43 3,4-Me2 184-186 + .83 
44 3,5-Me2 210.3-212.5 + 3.31 

a See footnotes to Table 1-1. 
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Table 1-3 Structure and herbicidal activity of 1-butyl-4-pyridone-3-
carboxanilides. 

o ~ -G-OCNH" x" 
I I 

Me N Me 
I 
n-Bu 

Herbicidal effecta 

No. Xn mp(OC) Light Dark plsoa 

146.5-148.5 + 1 

46 o-CI 185-187 + 4.60 

47 o-Me 143-145 + 4.30 

48 o-Et 161.5-163.5 + 4.21 

49 o-OMe 158-160 + 2.95 

50 O-N02 180-185 + 2.44 

51 m-CI 140-142 + 4.23 

52 m-CF3 150-152.5 + 3.14 

53 m-OMe 131-133 + 3.26 

54 m-N02 188-192 + 4.35 

55 p-CI 192-194.5 + 3.41 

56 p-Me 210.5-215 + 3.50 

57 2,3-CI2 197.5-200.5 + 3.97 

58 2-Me,3-CI 170-172 + 4.67 

59 2,3-Me2 137-139 + 4.26 

60 2,4-CI2 213-215 + 4.53 

61 2,4-Me2 160-162 + 4.52 

62 2,5-CI2 162-164 + 4.10 

63 2,5-Me2 169-170.5 + 4.01 

64 2,6-CI2 169-171 + 4.36 

65 2-Me,6-Et 133-135 + 4.19 

66 2,6-Et2 110-112 + 4.74 

67 3,4-CI2 174-175.5 + 1.62 

68 3,4-Me2 174.8-176.5 + 3.24 

a See footnotes to Table 1-1. 
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Table 1-4 Structure and herbicidal activity of 2' ,6'-diethyl-4-
pyridone-3-carboxanilides. 

No. 

70 
71 
72 
66 
73 
74 
75 
76 
77 
78 
21 
79 
41 
80 
81 
82 
83 
84 
85 
86 
87 
88 

Rl 

-Me 
-Et 
-n-Pr 
-n-Bu 
-iso-B u 
-n-Pent 
-iso-Pent 
-n-Hex 
-n-Oct 
-n-Dodecyl 
-CH 2Ph 
-CH 2Ph (p-CI) 
-C2 H4Ph 
-CH = CH2 
-CH2CH = CH2 
-CH 2C.=CH 
-OMe 
-O-n-Pent 
-OCH2Ph 

-(CH2b-
-(C H2)4-
-(CH2)5-

a See footnotes to Table 1-1. 

-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 
-Me 

Herbicidal effecta 

Dark 

130-132 + 
115-116 + 
116-118 + 
110-112 + 

136.5-138 + 
96-98 + 

128-130 + 
oil + 
oil + 

75-80 + 
142-146.5 + 
174-176.5 + 
113-115 + 

135.5-136 + 
154-155.8 + 
259-261 + 
126-127 + 

oil + 
60-62 + 

149-151 + 
134.5-137 + 

149.5-150.5 + 

most potent among other Rcsubstituted derivatives. 

plsoa 

4.49 
4.61 
4.71 
4.74 
4.29 
5.31 
5.07 
4.87 
4.01 
3.25 
4.08 
3.21 
6.06 
3.90 
3.88 
3.85 
4.02 
4.34 
4.52 
3.95 
4.56 
5.24 

The effects of Rs-substituents were compared for the I

N-butyl derivatives (Table 1-5 ). 
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Table 1-5 

a 

were 

activities of 

89 
90 
91 
92 

93 
94 
95 

Structure herbicidal activity I-butyl-2' ,6' -diethy 1-4-
pyrid 0 ne-3-car bo xanilid es 

Et 
o 0 '~ 

R5D~NH-0 
i I J 

M N M tt e I e 
n-Bu 

Herbicidal effecta 

Dark 

125.5-126.5 + 5.74 
-Br 161-162.5 + 6.23 
-Me 111-1 2 + 5.72 

-Et 117.5-120.5 + 5.69 

oil + 2.11 
-(N 189-191 + 5.58 
-(OOH 241-243 + 5.56 

to 1-1. 

a 

(99), (104), (105), 
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(106) and (107) were very high, the p1so 

or above. 

Table 1-6 Structure and herbicidal 

pyridone-3-carboxanilides 

Et 
o 0 JOl 

BD~NH '" I 
I I ~t 

Me N 
I 
Rl 

Herbicidal 

No. Rl R2 mp(OC) 

259-261 

97 -Me -Me 162-164 + 
98 -n-Pr -Me 123-125 + 
90 -n-Bu -Me 161-162.5 + 
99 -n-Pent -Me 140-141.5 + 
100 -iso-Pent -Me 153.5-154.5 + 
101 -n-Hex -Me 141-143 + 
102 -CH 2C=.CH -Me 211-214 + 
103 -CH 2Ph -Me 173.8-174.9 + 
104 -C2 H4Ph -Me 108-110 + 
105 -(CH2h- 207-208.5 + 
106 -(CH2)4- 207.5-210 + 
107 178-179.5 + 

a See footnotes to 1-1. 

Since the 

stituents were very active, we thought it 

the effect of substituents on the 

modifications made at positions other than 

16 

being close to 6.0 

5.98 
5.94 
6.23 
6.3 
5.46 
6.06 
5.79 
5.71 
6.82 
6.20 
6.1 
5.97 

moiety 



might alter the "best" substitution patterns from that observed in 

the previous set of compounds. Quite a few fused ring compounds 

were synthesized with R3=Br and RcR2=(CH2)5 but with various 

anilide ring substitutions (Table 1-7). 

Table 1-7 Structure and herbicidal activity 
hexahydro-4-methyl~2- oxo
carboxanilides 

o ~ ~ 
Bri2)CNH~xn 

I I 
Me N 

3-bro JllO-2,6, 7 ,8,9,10-
do[ ,2-a azepil1e-1-

Herbicidal effecta 

No. 

108 H 218.5-220 

109 o-CI 252-255 

110 o-Me 219-221.5 

111 228-229 

112 234.5-238 

113 2,3-Me2 239-245.5 

114 207-212 

115 2,6-Me2 111-112 

116 2-Me,6-Et 179.5-180 

107 2,6-Et2 178-179.5 

a See footnotes to Table 

The 2-Me,3-Cl(112), 2,3-Me2(113), 

2,6-E11,(107) derivatives were among 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

pl50a 

4.66 

5.51 

5.30 

5.56 

6.30 

6.15 

6.07 

5.43 

6.27 

5.97 

and 

The pattern 

of the activity variations was similar to that observed for the 
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1-N-butyl and phenethyl senes. 

Among a number of 4-pyridone-3-carboxanilides examined 

here, 5-bromo-2',6' -diethyl-1 ,4-dihydro-2,6-dimethyl-4-oxo-1-phen

ethyl-3-pyridinecarboxanilide(104) showed the highest light-depend

ent herbicidal activity of pI50=6.82. As shown in Table 1-8, the 

activity was about 10 times higher than that of bifenox and close 

to that of oxyfluorfen. 

Table 1-8 The pIso value of diphenyl ether herbicides and No.1 04 

Compound Structure pISOa 

(\ (OOMe 
/ / 

CI-/( J-O{ J-N02 
5.78 

bifenox 

(I OEt 
/ / 

oxyfluorfen CF3-/( J-O{ )-- N02 7.18 

Et 

00 y 
Br U~NH "" I 6.82 

104 
Me N Et 

~ Me 

0 
a See footnotes to Table 1-1. 
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Bifenox and oxyfluorfen are widely used light-dependent herbicides 

possessing wide spectra. Thus, we selected the compound 104 as a 

candidate for detailed trials. selection of candidate 

compound was analy-

ses, be 

1, we 

varIous 

Echinochloa 

E~ 

cidal activity at 

anilides, the 1 

2. 

a 

2,6-E~ 

R2=Me and 

Rs=Br, has been selected as a candidate for the field trials. We 

have examined as to whether this selection is appropriate by 

analyzing their structure-activity relationships quantitatively so as to 

19 



understand the physicochemical background of the substituent ef

fects. In this chapter, we describe the detail of the analyses based 

on physicochemical substituent effect on the light-dependent herbi

cidal a of compounds substitu-

variations 

as well as 

the activity were governed 

rIng 

the 1 

relevant 

senes 

1t value of 

logP values 

acetanilides24 were used. Preliminary examinations 

hydrophobicity of pyridone ring substituents was 

governing the herbicidal potency. 

1) 

moiety. 

as the 

the 

com-

substituted 

that the 

For the steric effect of substituents, we preliminarily exam-

ined various sets of parameters. Depending on their positions in 

20 



o h> OXn RJrJcCN 
Me ~ R2 

R1 

Fig 2-1. The general 

carboxanilides. 

the molecule, different sets of to de-

scribe the steric effect on the activity the steric 

effect of ortho substituents at parameter 

defined by Taft25 for alkyl and 

Hansch26 to hetero-atom was IS 

defined so the the value. 

For the effect of I-N su bstituents, we STERIMOL 

parameters Land B5 

parameter and B5 is the 

is the length 

width parameter. For I-N-

substituents cyclized with the R2-position, 

fixed so that their "maximum width" is 

conformation was 

difficult to be 

defined while the length is well simulated by Et. Unless the 

"maximum width" of I-N-substituents was as that from 

the I-N-Ca, axis toward the direction perpendicular to the 4-pyri

done ring, no relevant correlation was found out. Thus, for the R1, 

R
2

, -(CH2)n - substituents, the "maximum" width to the above de

fined direction was approximated as the "maximum" width of Me 

21 



for -(CH2)3- and of Et for -(CH2)4,S- and regarded as Bs. For the 

steric effect of substituents at the 5-position of the 4-pyridone 

ring, MR2S (molecular refractivity) was found to be the best 

parameter. In the analyses, the values of L, Bs and MR relative to 

those of H were used as LlL, LlBs and LlMR. To make the SIze 

similar to those of others, the LlMR parameter was by 

0.1. 

The electronic effect of 1-N substituents was 

which the 0"1 value defined by Charton29 was 

inductive components of the total electronic 

ents. 

2 .. 3 RESULTS 

2-3-1 Effect of Anilide-ring Substituents 

First, we analyzed the effect of anilide-ring 

compounds where the 1-N substituent (Rl ) is fixed as 

in Table 2-1. As shown in Eq.2-1, the light-dependent 

activity was parabolically related to the hydrophobicity in terms of 

the overall n parameter. 

p/so = - 3.03 n2 + 3.38n + 3.24 [2-1] 

(1.44) (1.93) (0.54) 

n=ll, s=0.45, r=0.88, F2,s=13.3. 
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Table 2-1 Structure and herbicidal activity of I-benzyl-4-pyridone-3-
carboxanilides. 

o R ~ h CN H-VJ-xn 

Jlh,R 
Me N Me 

I 
CH2Y'rl 

o 

3 
No. Xn T( Eso (6)b 

4 o-Et 0.16 -1.31 4.30 3.70 0.60 3.99 0.31 

5 o-OPh 1.21 -0.55 2.27 2.90 -0.63 3. -0.87 

6 -0.22 -2.52 2.01 2.35 -0.01 

7 1.40 0.00 2.76 2.04 2.00 0.76 

8 m-OMe 0.14 0.00 3.38 3.65 2.98 0.40 

15 1.03 -0.97 3.30 3.51 -0.21 3.68 -0.38 

16 2,5-Me2 0.31 -1.24 4.29 4.00 0.29 4.08 0.21 

17 2-Me,5-CI 0.69 -1.24 4.02 4.13 -0.11 4.02 0.00 

20 2-Me#6-Et 0.25 -1.31 4.03 3.89 0.14 4.04 -0.01 

21 2/6-Et2 0.69 -1.31 4.08 4.13 -0.05 4.00 0.08 

22 1.25 -1.71 2.58 2.73 -0.15 3.06 -0.48 

a Log of the reciprocal of the concentration required for 50% shoot growth 

inhibition of Echinochloa oryzicola. 

b 6, the difference between observed and calculated values. 

Eq.2-1 and n number of 

compounds, s is the standard deviation, r is the correlation coeffi

cient, the figures in parentheses are 95 % confidence intervals and 

23 



F is the ratio of regression and residual variances. Among 1-N

benzyl derivatives, unsubstituted and some substituted derivatives 

such as ortho-Cl, para-F, para-Me, 2,3-Me2, 2,6-Me2 and 2,6-CI2 

compounds are herbicidal light-independently (Chapter 1). Since the 

mechanism action is different frOIll 

they were included Eq.2-1. they 

was much 1 

around 

anilide-ring 

correlation at this stage. 

p/50 = - 1.04 1t2 + 5.11 

(0.42) (0.42) 

1t 

s=0.76, r=0.75, F1,20=26.1. 

were 

The situation is illustrated in Fig.2-2. 

Table 1, 

corre-

an 

was 

elaborating 

correlations, we noticed that the activity of most compounds where 

at least one of the ortho positions is occupied are higher than that 

expressed by the parabola according to Eq.2-2, irrespective of the 

hydrophobic and electronic properties of substituents. 
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Table 2-2 

No. 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

Structures and herbicidal activity of I-phenethyl-4-
pyrid 0 ne-3-car bo xanilid es. 

o R ~ 
ACNH~Xn 
)tJl 

Me ~ Me 

C2H4Yi1 o 

plsoa 

obsd. Eq.2-3 
T[ Eso 

o-CI 0.12 -0.97 5.39 5.11 0.28 5.20 0.19 
o-Me -0.30 -1.24 5.14 5.06 0.08 0.44 
o-Et 0.16 -1.31 5.67 5.60 0.07 0.45 
o-OMe -0.49 -0.55 3.69 3.82 -0.13 4.07 -0.38 
m-CI 0.99 0.00 4.41 3.61 0.80 3.96 0.45 
m-Br 1.15 0.00 3.27 3.42 -0.15 3.72 -0.45 

m-CF3 1.40 0.00 3.00 3.04 -0.04 3.23 -0.23 
p-CI 0.96 0.00 3.47 3.64 -0.17 4.00 -0.53 
p-CH3 0.47 0.00 3.52 3.88 -0.36 4.32 -0.80 
2-Me,3-CI 0.66 -1 5.58 5.54 0.04 5.27 0.31 
2,3-Me2 0.19 -1.24 5.43 5.52 -0.09 5.26 0.17 
2-Me,5-CI 0.69 -1.24 4.82 5.52 -0.70 5.25 -0.43 

2,5-Me2 0.31 -1.24 5.24 5.56 -0.32 5.31 -0.07 
2,6-C12 0.16 -0.97 5.82 5.13 0.69 5.23 0.59 
2-Me,6-CI 0.06 -1.24 5.44 5.44 0.00 5.16 0.28 

2,6-Me2 -0.09 -1.24 5.27 5.31 -0.04 5.01 0.26 
2-Me,6-Et 0.25 -1.31 5.44 5.64 -0.20 5.27 0.17 

2,6-Et2 0.69 -1.31 6.06 5.62 0.44 5.23 0.83 

3,4-CI2 1.84 0.00 2.07 2.07 0.00 2.02 0.05 

3,4-Me2 0.94 0.00 3.83 3.66 0.17 4.02 -0.19 

3,5-Me2 1.01 0.00 3.31 3.59 -0.28 3.93 -0.62 

a See footnotes to Table 2-1. 
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2.0 

2,6-Et2 
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Et8 

2-Me 6-Et 0 
2,6-Me2 ( 000' 2-Me 3-CI 

Me 0 0 0 ' 
'5-~Me2 2-Me 5-CI o ' 

o 
OMe 

H .. o 
Me 

6
C1 

3~!e~ 
6 • .,6~ 

3,S-
Me

2 t~ 6 

o : Ortha-substituted derivatives ~ .. : Unsubstituted derivative 3,\ 6 : Meta-substituted derivatives 

o : Mono-pam-substituted derivatives 

o ~----~------~--____ ~ ____ -J ______ -L ____ ~ 

o 1.0 2.0 

Fig.2-2 Relationship of pI50 of I-N-phenethyl compounds with the 
7f value of anilide substituents. 

Thus, participation of steric effects of ortho tituents was 

examined. We found that the addition of the Taft-Kutter-Hansch 

parameter term for just the bulkier ortho substituent, Eso, fit the 

situation best as shown in Fig.2-3. In Fig.2-3, the coefficient, 1.4, 

of the Es ° term was selected and added to the p/so value so that 

the plots for the ortho-substituted derivatives are aligned paraboli

cally as well as possible. The correlation was formulated as shown 

in Eq.2-3, the quality of which was much improved from that of 

Eq.2-2. 
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4.0 

2.0 

o 
OMe 

2,6-CI 2 CI 

CI O 2,6a:t2 6. 

Oj~ 3,4-Me2 
2,6-Me 0..l(),-Me;6-Et.~ 

O~ 0 0 2-Me, -C CI 
0/ 2 5-lVIe2 0 o~ 
Me H' Me 0 3 5-Me l)r 

I 2 ;6 

CF~ 
• : Unsubstituted derivative ~ 
o : Ortho-substituted derivatives ~ 

6. : Meta-substituted derivatives 3,4-CI2 

o : Mono-para-substituted derivatives 

o L-____ -L ______ ~ ____ ~ ______ ~ ______ ~ ____ ~ 

o 1.0 2.0 

Fig. 2-3 Relationship of pI50 I-N-phenethyl compounds with 

the lf 
o substituents. 

p/50 = - 0.93 rc2 + 0.83 rc - 1.37 Es°(large) + 3.70 [2-3] 

(0.43) (0.61) (0.35) (0.41) 

n=22, s=0.36, r=0.95, F3,lS=62.0. 

The addition of the Es ° tenn for the smaller ortho-substituents 

was not significant as indicated in Eq.2-4. 
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p/so = - 0.92 n2 + 0.81n - 1.27 Es°(large) 

(0.43) (0.60) (0.38) 

- 0.24EsO(small) + 3.71 

(0.38) (0.40) 

n=22, s=0.35, r=0.96, F4,17=49.0. 

Eq.2-3 indicates that the bulk of 

substituents is favorable to activity 

hydrophobicity of substituents IS about 

The activity of compounds where 

butyl listed in 3 was analyzed 

Fig.2-4, the p/so seemed 

overall n value of " ..... ULJL ......... "'" 

p/so value for 

fit parabola are similar 

steric specific 

favorable to the activity also in this serIes. 

ortho-N02 compound having the ..., ........ A ................... 

of Es (-2.52) was, however, lower than predicted. 

one 

[2-4] 

ortl1o-

IS n-

with 

best 

The 

to be 

of the 

terms 

could be 

an optimum in the bulk of ortho substituents. observa-

tions, Eq.2-5 was formulated for which Fig.2-5 was drawn. 
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Table 2-3 Structure and herbicidal activity of I-butyl-4-pyridone-3-
carboxanHides. 

o ~ -r8 b CNH " -x, 
I I 

Me N Me 
I 
n-Bu 

p l50a 

obsd. Eq.2-5 3 
No. Xn 7f Eso 

caled. (L\)a (aled. (L\)a 

45 H 0.00 0.00 4.16 3.63 0.53 3.45 0.71 

46 o-CI 0.12 -0.97 4.60 4.38 0.22 4.55 0.05 

47 o-Me -0.30 -1.24 4.30 3.77 0.53 4.05 0,25 

48 o-Et 0.16 -1.31 4.21 4.35 -0.14 4.57 -0.36 

49 o-OMe -0.49 -0.55 2.95 3.29 -0.34 3.43 -0.48 

50 O-N02 -0.22 -2.52 2.44 2.47 -0.03 2.61 -0.17 

51 m-Ci 0.99 0.00 4.23 3.61 0.62 3.31 0.92 

52 m-CF3 1.40 0.00 3.14 2.93 0.21 2.59 0.55 

53 m-OMe 0.14 0.00 3.26 3.76 -0.50 3.57 -0.31 

54 m-N02 0.31 0.00 4.35 3.87 0.48 3.65 0.70 

55 p-Ci 0.96 0.00 3.41 3.64 -0.23 3.35 0.06 

56 p-Me .0.47 0.00 3.50 3.91 -0.41 3.67 -0.17 

57 2,3-C12 0.93 -0.97 3.97 4.31 -0.34 4.39 -0.42 

58 0.66 -1.24 4.67 4.47 0.20 4.62 0.05 

59 0.19 -1.24 4.26 4.40 -0.14 4.61 -0.35 

60 1.02 -0.97 4.53 4.20 0.33 4.27 0.26 

61 0.30 -1.24 4.52' 4.46 0.06 4.66 -0.14 

62 2,5-CI2 1.03 -0.97 4.10 4.19 -0.09 4.26 -0.16 

63 2,5-Me2 0.31 -1.24 4.01 4.46 -0.45 4.66 -0.65 

64 2,6-CI2 0.16 -0.97 4.36 4.41 -0.05 4.58 -0.22 

65 2-Me,6-Et 0.25 -1.31 4.19 4.41 -0.22 4.62 -0.43 

66 0.69 -1.31 4.74 4.43 0.31 4.59 0.15 

67 3,4-CI2 1.84 0.00 1.62 1.76 -0.14 1.37 0.25 

68 0.94 0.00 3.24 3.67 -0.43 3.37 -0.13 

a See footnotes to Table 2-1. 
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Fig. 

6.0 

4.0 

o 
OMe 

Me 
o 

2,6-Et 
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o 1 0 2-Me, 0 
2'~.:tID2_3_CI 9 

~ E6 ?5-~:2 -~~ 
OMe 3,4-

Me2 CF3\ 
• : Unsubstituted derivative 

o : Ortho-substituted derivatives 

6 : Meta-substituted derivatives 6' 
3,4-Cl 2 

'\ 
o : Mono-para-substituted derivatives 

oL-____ ~ ____ -L----~ ____ --l-____ ~ __ ---

o 

of pI50 
substituents 

1.0 

= - 1. 11:,2 + 1. 11:, - 0.64 Es02 - 1.27 EsO + 

(0.62) (0.29) (0.59) 

s=0.38 r=0.90, F4,19=19.1. 

2.0 

the T( 

[2-5] 

The optimal 11:, and Es ° values are estimated as 0.49 and 

-0.99 respectively. The addition of the Es 02 for the 

I-N-phenethyl not the correlation. This 

30 



0 
rf:J 

r:£l 
t-
C'\j. 

T""""i 

+ 
C'l 
0 

rf:J 

r:£l 
~ 
~ 

0 

+ 
0 
11) 

~ 

6.0 

4.0 

2.0 
• : Unsubstituted derivative 

o : Ortho-substituted derivatives; 

6. : Meta-substituted derivatives 

o : Mono-para-substituted derivatives 

3,4-CI2 

\ 

o ~ ____ ~~ ____ ~ ______ ~ ______ ~ ______ -L ______ _ 
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TC 

Fig. 2-5 Relationship of pI 50 I-N-butyl compounds with 
o 

the TC and Es parameters for substituents. 

could be due to the fact that variations In the Es 0 value IS nar

rower that in I-N-butyl compounds. 

For the activity of bicyclic pyridone derivatives with Br at 

the Rs-position (Fig.2-1) listed in Table 2-4, same combination 

of parameters as that in Eq.2-3 afforded the best correlation as 

Eq.2-6. 
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Table 2-4 Structure and herbicidal activity of 3-broIllo-2,6, 7,8,9,10-
hex a h y d r 0 - 4 - In e thy 1- 2 - 0 x 0 - p y rid 0 [ 1 , 2 -a ] a z e pin e - 1 -
carboxanilides. 

°0 o II ?' X 
Br ~CNH '" -I- n 

I I . 
Me N 

p/soa 

obsd. Eq.2-6 3 
No. Xn 7f Eso (aled. (l~)a (6)a 

108 H 0.00 0.00 4.66 4.62 0.04 4.78 -0.12 

109 o-CI 0.12 -0.97 5.51 5.70 -0.19 5.89 -0.38 

110 a-Me -0.30 -1.24 5.30 5.18 0.12 5.38 -0.08 

111 2,3-C12 0.93 -0.97 5.56 5.58 -0.02 5.72 -0.16 

112 2-Me,3-Ci 0.66 -1.24 6.30 6.11 0.19 5.95 0.35 

113 2,3-Me2 0.19 -1.24 6.15 6.03 0.12 5.94 0.21 

114 2,6-Br2 0.37 -1.16 6.07 6.07 0.00 6.01 0.06 

115 2,6-Me2 -0.09 -1.24 5.43 5.64 -0.21 5.69 -0.26 

116 2-Me,6-Et 0.25 -1.31 6.27 6.14 0.13 5.95 0.32 

107 0.69 -1.31 5.97 6.16 -0.19 5.92 0.05 

a See footnotes to Table 2-1. 

p/so = - 1.62 1t2 + 1.55 1t - 0.95 Eso + 4.62 [2-6] 

(1.05) (0.79) (0.38) (0.43) 

n=10, s=0.18, r=0.96, F3,6=22.9. 
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The optimum 1C value was estimated as 0.48. 

The correlations represented by Eqs.2-1, 2-3, 2-5 and 2-6 are 

similar to each other in that they have an optimum 1C value in a 

very narrow range of 0.45-0.56 the anilide substituents irre-

spective of variations at 1-N 

Although the Es 0 was insignificant 

that the bulkier ortho 

certain point beyond the activity 

the ortho-N02 derivative (6) from the residuals 

low activity of the 

its overall represented by 

ately. The similarity 

series of compounds suggested 

combined and analyzed together. Accordingly, 

1, 

positions. 

a trend 

up to a 

as observed 

2-1. The 

appropn

the four 

could be 

13 was formu-

lated, using I-ben, I-phe and as variables 

differentiate the compound series. I-ben IS equal to unity 

R1=benzyl, as is I-phe for R1=phenethyl, and I-ring for bicyclic 

pyridone derivatives and respectively; 

the I-N- butyl series was used as the (I values for the 

I-N-butyl compounds are zero). The stepwise development of 

Eq.[13] justified statistically is shown in Table 2-5. 
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p/so = - 1. + 1 1t- 1 02 - 1.82 0 [2-1 

+ 

seven 

2-6 the used 

2-13. 

Eso 
7[2 1.00 

7[ 0.88 1.00 

-0.34 -0.37 1.00 

Eso 0.44 -0.90 1.00 

0.08 0.12 0.23 -0.19 1.00 

I-phe 0.05 0.03 -0.17 0.16 -0.31 .00 

-0.18 -0.16 0.06 -0.15 -0.19 -0.29 1.00 

The calculated p/50 value of each derivative listed in Tables 2-

1, 2-2, 2-3 and 2-4. The negative I-ben tenn indicates that the 1-
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N-benzyl substitution is unfavorable to the activity relative to the 

1 but 

are more 

con-

were 

use 

1 

highest single out 

any correlation significant above the 95% level. the best, the 

activity is slightly related with the STERIMOL length parameter 
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-(C~)4-
Nfe 

4 

H 

3 
o 1 2 

i-Pe~t 

n-Pr 
n~Bu 0 

3 4 
6.L 

39 

14] 

n-Pent 

n-Hex 

d)CH 2Ph 

o : Compound with I-N-substituents where has 

smaller 6.Bs value than n-Bu 

• : Compound with I-N-substituents where has 

larger 6.Bs value than n-Bu 

n-Dodecyl 
• 

5 6 7 



It was noted that the activity of most compounds having 1-N 

substituents the B s value for the maximum width of which is 

smaller that of n-butyl such as R1,R2=-(CH2)s

are 

as 

15. 1 

+ 

1, 

Fig.2-7 illustrates the 

[ 

activity compounds 

higher that with alkoxy, vinyl and IS 

expected. To discriminate between these two substituents, 

the 0'1 parameter for the inductive electronic effect was selected. 
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i-P~nt 
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n-B 
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• --(CH -
Me 

OMe 

A 
O-n-Pent 

O-CH~Ph 

A CH = CH2 -~CH2h
cfo.. 

H CH2CHCH2 0 : Unsubstituted derivative 

o 

• : Compound with I-N-substituents 

where has smaller or value than H 

t::. : Compound with I-N-substituents 

where has larger 01 value than H 

2 3 4 
LlL - Ll85 

Fig. 2-7 Relationship of pI50 of 3-(2',6'-diethylanilide) compounds 
with the LlL and LlB5 parameters for I-N-Substituents. 

With addition of the cr1 term, the correlation was satisfactory as 

shown in Eq.2-16. 

p/so = 0.36 ~L - 0.31 ~Bs - 2.38 0"1 + 4.36 [2-16] 

(0.13) (0.12) (1.57) (0.42) 

n=23, s=0.41, r=0.82, F3,19=13.10 
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Eq.2-16 shows that electron donating I-N substituents having 

longer and narrower dimensions are favorable to the activity. The 

phenethyl group with L\L=6.27, L\B5=2.58 and (JI=O.02 was con

firmed to be the most suitable I-N-substituent within the range of 

structures covered in this study. 

For compounds in Table 2-8 where Rl is 

with the 2,6-diethyl anilide structure, the activity was 

ed parabolically with the L\MR parameter. 

as n-butyl 

correlat-

Table 2-8 Structures and herbicidal activity of I-butyl-2',6'-diethyl-4-

pyridou.e-3-carboxanilides. 

Et 
00 V RsngNH " I 

I I ~ 
M N M t e I e 

n-Bu 

Substituent Parameters p/50 

Xn Rl Rs obsd Eq.2-17 Eq.2-26 

No. IT Eso 6La 6MR calcd (t,)a calcd (t,)a 

66 H 0.69 -1.31 -0.01 3.54 4.11 0.000 4.74 4.78 -0.04 4.58 0.16 

89 CI 0.69 -1.31 -0.01 3.54 4.11 0.500 5.74 5.64 0.10 5.69 0.05 

90 Br 0.69 -1.31 -0.01 3.54 4.11 0.785 6.23 5.89 0.34 6.04 0.19 

91 Me 0.69 -1.31 -0.01 3.54 4.11 0.462 5.72 5.60 0.12 5.63 0.09 

92 Et 0.69 -1.31 -0.01 3.54 4.11 0.927 5.69 5.94 -0.25 6.14 -0.45 

93 CH 2Ph 0.69 -1.31 -0.01 3.54 4.11 2.898 2.11 2.11 0.00 2.11 0.00 

94 CN 0.69 -1.31 -0.01 3.54 4.11 0.530 5.58 5.68 -0.10 5.74 -0.16 

95 COOH 0.69 -1.31 -0.01 3.54 4.11 0.590 5.56 5.74 -0.18 5.83 -0.27 

a See footnotes to Table 2-7. 
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plso= -1.10 L\MR2 + 2.27 L\MR + 4.78 [2-17] 

(0.33) .09) (0.52) 

F2•s=116.91 

( 

As o .. ·'U ...... ,n. ......... ,.".ri same 

chemical 16 2-17 

for the combined set compounds. 
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pI50 = - 1.13 n(X)2 + 0.96 n(X) - 0.80 Eso(X)2 - 1.79 EsO(X) 

(0.29) (0.37) (0.20) (0.38) 

+ 0.22 ~L(Rl) - 0.20 ~B5(Rl) - 1.38 crI(Rl) 

(0.052) (0.066) (1.28) 

-1.28 ~MR(R5)2 + 2.87 ~MR(R5) + 3.29 

(0.18) (0.38) (0.39) 

n=105, s=0.40, 1'=0.94, F9,95=82.76 

[2-26] 

The stepwise development of Eq.2-26 justified statistically for 

105 derivatives devoid of duplications is shown 2-10. The 

physicochemical parameters of each substituent in the analy-

ses are included in Tables 2-7 to 2-9 and 2-11. As summarized in 

Table 2-12, the intercorrelation between the independent variables 

for 105 derivatives is shown to be insignificant except for that 

between singular and squared parameters. The calculated pI50 value 

of each derivative is listed in Tables 2-7 to 2-9 and 2-11. 

In Eq.2-26, the signs X, Rl and R5 mean that the parameter 

terms concerned are specific to substituents on the benzene ring 

(Xn) and 4-pyridone ring (Rl' R5), respectively. The fact that the 

regression coefficient value of each tem1 in Eq.2-26 approximately 

coincides with that of correspo~ding term in Eqs.2-13, 2-16 and 2-

17 shows that the indicator variable terms in Eq.2-13 are indeed 

replaced by and separated into parameter terms for position 
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specific electronic and steric effects of substituents on the pyridone 

ring. Requiring no additional parameter 

at the position 

does not seem 

substituent 

is one of the reasons 

favorable the 

estimated from a 

perpendicular to pyridone 

parallel with the pyridone ring. Molecular 

searching for the most stable conformation a I-N-

phenethyl analog of the present series of compounds showed that 

52 



this is indeed the case (Chapter 3). 

The fact that the hydrophobicity of the pyridone moiety was 

insignificant in governing the herbicidal potency shows that the 

overall molecular hydrophobicity of the pyridone-carboxanilides is 

unlikely to participate in the transport process to the site of action 

inside the plant cell. This seems to be somewhat 

reasonable explanation at the In other 

done-3-carboxanilides, we have found that the 

(60, n=1.02, Eso=-O.97) and 2,4,6-C13 (not 

n=1.124, Eso=-O.97) are also favorable to the 

cidal activity. The 2,4-C12 and 2,4,6-C13 

known to be favorable the 

without 

of 4-pyri

substitution 

this study, 

r'r:u"'!:.," ... Y1 ........ £" ...... " ..... herbi-

patterns are 

such diphenyl ether type herbicides31 as nitrofen (2,4-dichlorophe

nyl 4-nitrophenyl ether), chlomethoxynil [5-(2,4-dichlorophenoxy)-2-

nitroanisole] and chlornitrofen(2,4,6-trichlorophenyI4-nitrophenyl 

ether). On the other hand, the meta-Me and 3,5-Me2 substitutions 

are known to make the herbicidal activity light-independent 

such diphenyl ethers31 as DMNP(3,5-dimehyl-4' -nitro-diphenyl 

ether)32. In 4-pyridone-3-carboxanilides, 3,5-Me2 (44, n=l.Ol, 

Es °=0) substitutions was also unfavorable to the light-dependent 

herbicidal activity because of the luck of the bulk of the ortho 

substituent. Thus, the effects of substituents on the anilide-benzene 

ring of 4-pyridone-3-carboxanilides and those on one of the ben-

zene ring in diphenyl are and the corresponding 



benzene ring moieties might interact with a common site of light

dependent herbicidal action in the plant cells. To examine this 

hypothesis, one of the next projects could be to estimate the 

three-dimensional similarity between 4-pyridone-3-carboxanilides and 

diphenyl the common "receptor of the 

use 

3 

3-1 

We have described that a of substituted 4-pyri-

done-3-carboxanilide derivatives (Fig.3-1) show various degrees of 

light-dependent herbicidal activity against Echinochloa oryzicola 

(Chapter 1). 

6 5 

Fig.3-1 The general fonnula of herbicidal 4-
pyridone-3-carboxanilides and ortho-
chlorinated ethers 



33 

are 

2). These substitution are also or essential 

for the light-dependent ethers as 

patterns in one of the rings)1 the substitu-

pattern is ring of pyri-

done-carboxanilides and rIng 

diphenyl ether herbicides, we postulated that the two serIes of 
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compounds may work so that the anilide-benzene and the ortho-

VV ..... LJ ... , ...... 'V rings 

common 

senes of compounds recog

light -dependent 

we 

some 

re-

41, 66, 

and 104) used for the analyses are shown in Table 3-1. They were 
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Table 3"1 Herbicidal activity , RMS and logP values of pyridone 
carboxanilides. 

pl50a 

obsd. 

No. Structure RMS(A) logP 

104 
~" l' 7 Me a ?' 4 0.000 3.63 6.82 6.73 0.09 6.75 0.07 

"I *g,~30, 
9 I ~ 

" a .R Me .' 

41 
r 

~" 0 l' 0.167 3.08 6.06 5.91 0.15 6.19 -0.13 
?' Me ?' 4 

~ I ug,~3O" 
9 I ~ 

" a .·R Me . 

23 ~12 a 5 7 I Me ?' 4 0.663 2.04 3.60 -0.26 3.59 0.01 " u g sJQ, ~ 'N 
9 I II 

Me" a··· R H 

24 
~12 a 5 ?' Me 7 4 0.371 2.79 5.39 5.160.23 5.35 0.04 ~I u" JQ ~ C'N ~2 3 

9 I \1 
Me" a··· R CI 

25 ~12 a 5 7 I Me ?' 4 0.297 2.52 5.14 5.19 -0.05 5. 13 0.01 " ug,,;Q, 
9 ~ 11 

Me" a.···H Me 

21 12 l 5 

Me a 301 II n 0.145 2.90 4.08 4.34 -0.26 V{::r'N ~, I, I 9 I ~ ::--.. , .·H 
Me a· 

66 
12 a l 5 

Me II 304 0.106 2.52 4.74 4.51 0.23 

~i~r'~ !..-, 3 9 I ~ 
" a .·H Me' 

a Log of reciprocal of the concentration required for the 
50% shoot growth inhibition of Echinochloa oryzicola 

b 6, the difference between observed and calculated values. 



selected from the previous chapter so as to cover the potency 

range as widely as possible under restrictions in which the struc-

variations are .............. .l..AJl. ... made in substitution 

2 were 

was 

was 

as 

N-2' , 

lide. solution In a .. "'''''-Ul' of SOml of ethanol 10ml of 

58 



Table 3-2 Herbicidal activity, RMS and logP values of ortho-Cl 
ethers. 

obsd. 
No. Name Structure RMS(A) logJP 

2-a 
0.358 4.17 5.9 6.10 -0.19 5.64 0.27 

nitro fen 

2-b NOn2 (I 5 (I 

':;; I ';q.'/'" I 0.216 4.70c 5.94 6.84 -0.90 0.03 
:::--,. () ~2 3 

11 9 7 
10 

I 
1 

N~~OOMe~,;: (I 
~2 I I 0.351 3.90 6.15 -0.38 
~'- 6 0.. 2 3 

11 9 7 
10 

2-c 

(I 
1 

2-d 

6.33 -0.23 6. 3 0.20 ~
);: (I 
:::--"213 0,155 4.0 

7 

(I 

2-e 
OEt 1 

Nn2 5 (F 
'/'" ~7 3 12 1 I 0.282 4.70c 
:::--,. A:::--" 2 3 

11 9 U 7 
10 

6.66 0.52 7.37 -0.19 

(I 
(OOH 1 

N~2 5 (F3 
'/"". ~'/'" ~2 I I 0.340 3.90 
~, 6:::--" 2 3 

11 9 7 
10 

5.61 5.98 -0.37 6.06 -0.45 
2-f 

(I 
t 

2-g (OOMe 
N~2 5 (F3 

'/"" ~'/'" ~ 1 () :::--,. 21 3 
11 9 7 

10 

7.25 6.08 1.17 6.71 0.54 0.352 4.10 
A FIVI 

(I 
1 

a See footnotes to Table 3-1. 
b Except for compounds 2-b and 2-e, estimated as CLOGP- 1.36. 
c Experimental data from Pomona Med. Chem. Data Bank. The CLOGP 

value of 2-b and 2-e was 5.99 and 6.13, respectively. 
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o~ o II '/ 

jJrCNH-0- I 
i I "--

M CF3 
I 
nBu 

nBu - NH2 o ~ \~ 

jJCNH-0 
I I "--

M CF3 

was 1 

a 

ethyl acetate 0.8g of the 

1 1 

pyridinecarboxanilide, 157.4-161.2°C . (CDC13) 0: 0.70-

2.01(7 ,m), 1.18(6 ,t), 2.30(3H,s) 2.72 

6.31(lH,s), 8.04(lH,s). 

60 

3. 90(2H, t), 



3-2-3 Measurement of Partition Coefficient 

was 

In 

was 

The 

The 

searched for by 

(P) of 

1 

v 

was 

was 

of I-N-unsubstituted ...... "T"1I-.r">" .. .., 

conformation 

initio MO method.35 

61 

2,6-diethyl u.v.....,'"u.J.J.J..LJ.u.v~ 



the most stable conformation of 2,6-diethy 1 part was estimated by 

Tripos force field36 before the ab initio calculation. With these 

moiety structures of the minimum-energy conformation, we built 

the initial conformation of the I-N-unsubstituted compounds. Into 

initial conformation, each I-N-substituent was 

manner so by 1 of the 

rIng 

sub-

was 

we 

used the light-independent N-methylanilide (117) of compound 

(66) (Table 3-3). The stable conformations of the N-methyl peptide 

moiety was analyzed by the Tripos force field. 36 The energy differ

ence between two most stable conformations was estimated and 

the full optimization for the conformation of the entire molecule 

was not performed. 

For the initial conformation of ortho-Cl diphenyl ethers, 

62 



Table 3-3. conformations of compound 117 

geometry 81 82 83 -LlH a 

(degree) (degree) (degree) 

100 65 255 20.1 

trans-isomer 245 185 250 21.0 
117 

a The heat of formation calculated force field. 

we 

structures 

was 
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Superposition of Molecules and CoMFA Analysis 

computations were performed by molecular model-

41 

we 

mean 

and compounds 2"'g are 

The siInilarity in the three-dimensional structure to the 
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reference compound was estimated by the minimum RMS value 

which is listed in Tables 3-1 and 3-2. 

position was shown in Fig.3-4 for 

reference 

- - 1" 

Front view 

was 

on a lattice 

superposed 

Side VIew 

the super

and 



tice points surrounding the entire molecule. For the calculation of 

the Coulombic electrostatic potential at each of the points, 

Ion as a probe the 

molecules derived 

constant of the medium was 

(Lenard -J ones) potential at 

lated by using sp3-carbon as a 

was introduced as an additional 

ecause 

enormous 

the ...... '--"'J, ..... ..., ........ 

of the cross-validation and 

sis uSIng 

as 



cross-validation tests without cross-validation. The auto-scaling of 

variables was done by STn command.41 

"y'~ ... "JlAHJl~Y was from 0° 

vals energy of each conformation was 

use of the 3-210 basis set. conformation 

energy was that in which the amide side 

was "' ..... A •• ...., ...... as 

ortho-Me 

which anti-position 

rIng In 

10° inter

"' ....... ..., ..... A, ........... '..... with the 

mlnlmum

coplanar with 

of the 

a similar 

conforma

In 

amide carbo-

nyl was more conformation Although the 

energy difference between conformations A and B was not sub

stantial in this molecule, the ortho-Cl analog showed only a single 

minimum -energy conformation corresponding to the conformation B 

of the ortho-Me compound. From these results, we assumed that 

the ortho substituents in mono-substituted anilide-benzene take the 

anti-conformation with regard to the NHAc-carbonyl. For the 2,6-

E~ acetanilide exanlined with the STO-3G basis set, the minimum-
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was as as 

1 

accord to our 

hydrogen-bond between the 

done-carbonyl in 4-pyridone-3-carboxanilides.43 
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of which, 
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20 40 60 
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N-Me 

80 

72 

J.l8!~/Me J!:.lt ~ H 
H ~ H 

were on 

one 
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tions are 

3 

~C~2 Me 0 )y 
C~N~ 
M ~ H 

0 
Br 

2 

/ 

~~NJy 
M ~ H 

0 
Br 

Q c / 1 

e ~2* Me 0 Jy 
C~N~ 
M ~ H 

'0 
Br 

o ~~~~~~--~~~-+~~~~~~~--~~~ 
o 20 40 60 80 100 120 140 160 180 

fJ 
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Me ~ ~e( 
~nc.~ 

Me 0 rlJ 
syn-isomer (117) 

Conformations of 

anti-isomer (117) 

117 

, we found 

as a single parameter although 

not satisfactory as shown in Eq.3-1. 

74 

and 11.1'-1.1.- ..... '"'' 

quality 



p/50 = 0.98 logP + 2.27 

(0.50) (1.78) 

n=14, s=0.70, r=0.78, F1,12=18.51. 

variations 

molecule. 

compounds 

atoms 

substructures 

other, we 

of 

indicator 

23 -

and 

ethers (2 .. a 

variable 

and 66) leads an ......... ...".., .. ; 

[3-1] 



p/50 = 0.631ogP - 2.87 RMS - 1.42 I(l-N) + 4.48 [3-2] 

(0.49) (2.61) (1.22) (2.26) 

n=14, 8=0.50, r=0.89 F3,lO=18.21 

8ubstit-

= + 

n= 

was 

because our earlier for a set 

of pyridone-carboxanilides in which the 1 was varied 

from lower alkyls, alkoxys, benzyl and phenethyl to chain struc-
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tures being combined with the 2-position, indicates that the stereo-

electronic nature of 1 very 

lating 'the 

lng no 

between 

considered 

than 

as 

ular 

ered to support 

77 

were 



pyridone-carboxanilides and diphenyl ethers were superposed on 

each according to assigned twelve 

mentioned conditions for contributions 

molecule are satisfied. 

....... ...., ........ u whenever above 

other parts of the 

3-3-3 

was 

press 

tion. 

con-

same 

p150=0.77IogP+[steric & electrostatic field descriptor .. ..., ....... , ... u .58 [3-4] 

r=0.97, s=0.27, press=0.77, F4,9=33.55. 

The logP and CoMFA field descriptors performed very 
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well to correlate the pI50 values, accounting for 94% of their 

variance. The relative of steric and electro-

static field descriptors were 0.396, respectively. 

The 3-1 and 

one 

being 

ate the 

region 

sterically 

electro-

potenti

the 

nng IS 

unfavorable 
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pyridone ring, and the end benzene ring of the I-N-phenethyl 

group and the 5-substituent the pyridone ring in the pyridone-

carboxanilides are sterically favorable to the activity. 

Fig.3-10 indicates that pattern of the electrostatic field 

in regions surrounding the pyridone and 

benzene ring is of primary importance In variations 

In the activity. regIon a group 

In dipheny 1 ethers as 

is electronegative. 

ethers as as 

electro-negative 

benzene ring of 1 

contour in the region of 

pyridone-carboxanilides. 

an 

1 

3-4 Discussion 

The CoMFA results were in accord our prevIous 

QSAR analysis with the use of free-energy-related substituent 

parameters and the traditional regression analysis. According to the 

previous analysis, the bulk of the larger one of two ortho-substitu-

82 



ents In the anilide of 5-substituent In 

are 

are 

were 



close to these groups as shown in Fig.3-11. The electro-positive 

appearing also near 3' a 

ring was to gIve a 

84 



synthesized the 2-CF3 analog (Fig.3-1 :R1=n-Bu, R2=CF3, Rs=H), 

which actually showed a very potent light-dependent activity of at 

least 25 times more active than compound 66. The fact that the 

DLH-1777 with the propyl group at this position, that was not 

included analysis, is highly active, was regarded as a fur-

ther support the analysis. 

As described in Chapter 1, some 

In 

within 

ity under as 

are 

85 

varied 

activ

compounds 



serIes of compounds were dealt with as a single set, additional 

was 

however, find out 

are 

are 

procedures. 

86 

was 

senes 

new 

seems 

can 



Chapter 4 

was 

uene 

8: 1.18 

were 

27 



The water generated by the reaction the excess of butylamine 

were s with 

were 

was 

1 it was 

88 



crystals precipitated were separated by filtration and dried under 

3 

were 

was stirred 

concentrated 

mixture was 

2 

3 2' ,6' 1,4-dihydro-2,6-

g m -2-

the reaction ....... .ILl ............ 13.9 of 

was added under ice-cooling. The 

CHC13, and the extract was dried and 

concentrated. was recrystallized from a mixture of 

toluene and CHC13 to afford 1.89 g of 6,7,8,9-tetrahydro-4-methyl-2-

oxo-2/i-quinolizine-1-carboxylic acid. To a solution of 1.0 g of 

89 



this acid in 15 ml of CH2C12 a solution of 0.37 ml of SOC12 in 5 

was a 

g 

a was 

90 



organic was a manner to 

-1 

was 

1 

7 4. 

91 



, ,6' -diethy 1-

2 

the Dean-Stark 

room temperature. were 

92 

-9 .) 

was 

was to 

washed by 



cold xylene and dried to afford 21.4 g of methyl-2,6,7,8,9,10-

1 

1 

room 

aqueous U'U''-I.Jl1.A.' concen-
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trated. crystalline residue was recrystallized from CH2C12 to 

g 



1.18 , , 3.3 

1 

95 



General Conclusion 

this thesis, potent light-dependent herbicidal pyridone-

were and 

1 

was found to possess the ---r.,---

ty, being almost equivalent with 

substituents of the anilide benzene 

activity was discussed. 

4-pyridone 

son1e 

was 

on the 

In Chapter 2, the variations in the light-dependent her

bicidal activity to Echinochloa oryzicola of a of 4-pyri

done-3-carboxanilides substituted by various substituents on the 

anilide-benzene and pyridone rings were examined by use of 

physicochelnical substituent parameters and the regression analysis. 
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the comparative molecular field analysis 

common 
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