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General Introduction

Recently, a number of computer-aided approaches have been
flourishing in designing new agrochemicals and medicines rational-
ly.! 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.?
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




analyses with the use of physicochemical free-energy related
molecular descriptors to the herbicide design have been accumulat-
ed.3%> 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 skeletal types of
- compounds.®7:8, ,
Recently, Cramer et al. have succeeded to extend the
QSAR approach.® In this procedure, the "active" conformation of a
set of compounds not necessarily of the same skeleton is estab-
lished by the molecular orbital calculations. After superposing
active conformers in a lattice space, steric and 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.

In this thesis, the traditional QSAR for the light-depend-
ent herbicidal activity of a number of pyridone carboxanilides
having various substitution patterns in the anilide as well as in
pyridone moiety was first performed with use of free-energy-relat-
ed physicochemical substituent parameters. Then, the CoMFA
procedure was applied to a set of pyridone-carboxanilides and
ortho-chlorinated diphenyl ethers of the same pharmacology to
extract common structural requirements for the light-dependent
herbicidal activity in terms of hydrophobic, steric and electronic
characteristics.

In Chapter 1, the synthesis and light-dependent herbicidal
activity of novel pyridone carboxanilides were described. In Chap-
ter 2, physicochemical substituent effects in pyridone carboxanilides
were analyzed quantitatively. In Chapter 3, three-dimensional

(comparative molecular field) analysis of light-dependent pyridone-

carboxanilides and diphenyl ethers was discussed. In Chapter 4,

preparation of pyridone-carboxanilide derivatives was described.




Chapter 1 Light-dependent Herbicidal Activity of 4-Pyridone-3-
Carboxanilide Derivatives against Echinochloa

| oryzicola
1-1 Introduction

The syntheses of 4-pyridone-3-carboxanilides including 1-
benzyl-1,4-dihydro-2,6-dimethyl-4-oxo-3-pyridinecarboxanilides have
been carried out by Kato and his coworkers as one of the series
studies on reactivity of ketene derivatives as synthons without
referring to their utility!0. Although antimicrobiall’-!2 and plant
chemical hybridizing!3 activities have beeh reported for related
pyridone carboxylic acids, no herbicidal activity of pyridone-car-
boxylic acid derivatives has been reported sofar. With general
screening procedures, we have found that their herbicidal activity
is light-dependent.

Quite a few light-dependent herbicides of various chemical
structures have been known. They are ortho-substituted diphenyl
ethers including nitrofen4-16, oxyfluorfen!?, cyclic imides such as
chlorphthalim!® and S-231421°, and nitrogen heteroaromatic com-
pounds such as M&B 3927920 and TNPP-ethyl?! (Fig.1-1). We
have started the structural modification of 4-pyridone-3-
carboxanilides expecting to optimize their light-dependent herbicidal

activity.
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Fig.1-1 Light-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 X, R;, R, and Ry positions of the skeletal structure shown

in Fig.1-2.
O
RﬁfﬁIENHJiE}Xn
Me N Rz
R1

- Fig 1-2. The general formula of herbicidal 4-pyridone-3-

carboxanilides.




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.1-3).

R1-NHZ LN Me Me O “
0 0 M _@ CNH
Sl —— Q) T g
Xn

Fig.1-3 Synthetic routes of 4-pyridone-3-carboxanilides

This method comprises reacting a acetoacetanilides with
an amines to obtain 3-aminocrotonic acid anilides, finally reacting
with 2,2,6-trimethyl-4H-1,3-dioxine-4-one in an appropriate solvent
(e, g., toluene or xylene) under heating at a temperature of 100°C -

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

1-2-2 Synthesis of 1,2-Oligomethylene-4-Pyridone-3-Carboxanilides

1,2-Oligomethylene-4-pyridone-3-carboxanilides listed in
Table 1-7 were prepared mainly 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




in an appropriate solvent (such as toluene, xylene or mesitylene)
under heating at 100°C to 170°C to obtain compounds of the
formula (III), which were hydrolyzed by ag. NaOH to give
compounds of the formula (IV), and halogenated with thionyl
chloride to give the acid halide and finally reacting the acid ha-
lides were reacted with anilines to obtain 1,2-oligomethylene-4-

pyridone-3-carboxanilides.
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Fig.1-4 Synthetic routes of 1-2oligomethylene-4-pyridone-3-carboxanilides.
[ In the formula, A is a straight or branched chain alkylene group
having 3 to 5 carbon atoms]

1-2-3 Biological Tests

The herbicidal activity against Echinochloa oryzicola was
measured using a series of dispersion solutions containing various
‘amounts of each test compound. The test solution was prepared by

dispersing a 20% wettable powder in distilled water. The 20%




wettable powder was prepared by mixing 20 parts (by weight) of
each test compound, 50 parts of talc, 25 parts of bentonite, 2
parts of Solpole-9047 and 3 parts of Solpole-5039 (Toho Chemical
Co., Ltd, Nihonbashikakigaracho, Chuo-ku, Tokyo, Japan). Four
milliliters of each test solution were poured into a vial (¢3.5cm).
Then, five grains of Echinochloa oryzicola were placed in the
solution. The vials were kept at 25°C with 13 hr daylight at an
intensity of 100 UE m2sec! PAR for 7 days. The shoot length was
measured for- the five grains in each vial and aVeraged. The molar
concentration of each compound required to inhibit the shoot
elongation to half the length of the conirol (Iy, value) was evaluat-
ed by the probit method®. The I, measurements were repeated at
least two times and the plg, values were averaged over repeats,
the standard deviation being +0.20. The activity (pls,) of each
compound is listed in Tables 1-1 to 1-7.

Their light-dependent effects were examined by comparing the
shoot growth inhibitions between continuous light (100 pE m-2.sec’!
PAR) and dark conditions with a concentration close to I, for
each compound. The herbicidal effects were scored by the visual

evaluation 7 days after starting the treatment.
1-3 Results and Discussion

First, we examined the effects of the benzene ring substitu-




ents of the anilide moiety(X ) in Fig. 1-2 on its light-dependent
and independent herbicidal activities fixing the R; substituent as
benzyl, R, substituent as Me and R5 as H (Fig.1-2). As shown in
Table 1-1, the activity of the 1-N-benzyl derivatives was either
light-dependent or independent. Among compounds, the activity of
the unsubstituted (1), ortho-C1(2), ortho-Me(3), para-F(9), para-
C1(10), para- Me(11), para-OMe(lZ), 2,3-Me,(13), 2,4-Me,(14), 2,6-
CL,(18) and 2,6-Me,(19) derivatives were light-independent. Among
them, the unsubstituted derivative (1), with a ply, value of 6.08,
was selected as a lead compound for development of possible
paddy field herbicides against Echinochloa oryzicola.?® The ortho-
Et(4), ortho-OPh(5), ortho-NO,(6), meta-CF;(7), meta-OMe(8), 2,5-
- disubstituted(15-17), 2-Me,6-Et(20), 2,6-Et,(21) and 2,6-is0-Pr,(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-meta 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 somewhat similar specificity in substitution

patterns = governing the light-dependence has been observed in




Table 1-1 Structure and herbicidal activity of 1-benzyl-4-pyridone-3-

carboxanilides.
o O
hENH@M
Mé l'\" | Me
CH2\©
Herbicidal effect @
No. Xn mp(°C) Light  Dark plsgb
T H 176177 + ¥ 6.08
2 o-Cl 179-180.5 + + 6.02.
3 o-Me 170.5-174 + + 6.15
4 o-Et 166-169 + - 4.30
5 0-0OPh 213-214.5 + - 2.27
6 0-NO3 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-Cl 169-170 + + 5.72
11 p-Me 216-218.5 + + 5.11
12 p-OMe 174-175 + + 3.92
13 2,3-Me> 201-205 + + 5.77
14 2,4-Mej 202.5-208.5 + + 4.43
15 2,5-Cly 118-120 + — 3.30
16 2,5-Me 171-175.6 + - 4.29
17 2-Me,5-Cl 148-156 + — 4.02
18 2,6-Cly 168-172.5 + + 5.24
19 2,6-Me> 184-188 + + 5.47
20 2-Me,6-Et 150.5-153 + - 4.03
21 2,6-Ety 142-146.5 4+ - 4.08
22 2,6-is0-Pr3 216-219 + — 2.58
a Scoring by visual evaluation against Echinochloa oryzicola ( —; no effect, +;

severe damage).

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 para and/or ortho substituted
derivatives are obviously light-dependent but the mefa isomers are
active in the dark as well.1

In contrast to 1-N-benzyl compounds, all of the 1-N-pheneth-
yl and 1-N-n-butyl derivativés tested here were light-dependent,
and their light-dependent activity were higher than that of the
benzyl analogs(Tables 1-2, 1-3). Among 1-N-phenethyl and butyl
derivatives, 2,3- and 2,6-disubstituted compounds such as 2,3-
Me,(34, 59), 2-Me,3-C1(33, 58), 2-Me,6-Et(40, 65), 2,6~Et2(41, 66)
and 2,6-Cl,(37, 64) showed activities higher than others in each

series with a similar structure-activity pattern. The position-specific

effects of the benzene ring substituents were apparently highly

important in deteﬁnining the light-dependent herbicidal potency. In
particular, the 1-N-phenethyl-2,6-Et, derivative (41) was most po-
tent, the pls, value being 6.06. At this point, the 2,6-Et, substitu-
tion was thought to be most favorable for the light-dependent
activity,‘ y

Fixing the anilide substitution as 2,6-Et,, the effect of the 1-
N-substituents (R, in Fig.1-2) including fused ring structures (86 -
88) on the light-dependent activity was next examined (Table 1-4).
The activity of the unsubstituted compound(69) was low, but the
alkyl (71 - 76:from Et to n-Hex), phenethyl(41), benzyloxy(SS) and
fused ring derivatives(87,88) showed an activity greater than

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

11




Table 1-2

Structure and herbicidal activity of I-phenethyl-4-

pyridone-3-carboxanilides.

0
Q i @x N
CNH

Herbicidal effect@

plsod

No. Xn mp(°C) Light Dark

23 H 178-181.5 + - 3.60
24 o-Cl 168-170 + — 5.39
25 o-Me 158-159.5 + - 5.14
26 o-Et 145-147 + — 5.67
27 0-OlMVle 191-195 + - 3.69
28 m-Cl 159.5-162.5 + - 4.41
29 m-Br 171-174 + - 3.27
30 m-CF3 171-173 + - 3.00
31 p-Cl 181-183.5 + - 3.47
32 p-CH3 203-205 + - 3.52
33 2-Me,3-Cl 186-188 + — 5.58
34 2,3-Me) 189-191.5 + — 5.43
35 2-Me,5-Cl 177.5-179.5 + — 4.82
36 2,5-Me) 155-157 + - 5.24
37 2,6-Cly 182-184.5 + — 5.82
38 2-Me,6-Cl 173.5-175 + - 5.44
39 2,6-Me; 190-192 + - 5.27
40 2-Me,6-Et 144-146 + - 5.44
41 2,6-Ety 113-115 + — 6.06
42 3,4-Cly 196-201 + — 2.07
43 3,4-Me) 184-186 + — 3.83
44 3,5-Me; 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.
0
IO ENH@X"
Meé l\‘ll Me
n-Bu
Herbicidal effecta
No. Xn mp(°C) Light Dark plsod
45 H 146.5-148.5 + - 4.16
46 o-Cl 185-187 + - 4.60
47 o-Me 143-145 + — 4.30
48 o-Et 161.5-163.5 + - 4.21
49 0-OMe 158-160 + - 2.95
50 0-NG» 180-185 + - 2.44
51 m-Cl 140-142 + - 4.23
52 m-CF3 150-152.5 + - 3.14
53 m-OMe 131-133 + — 3.26
54 m-NQO» 188-192 + - 4.35
55 p-Cl 192-194.5 + - 3.41
56 p-Me 210.5-215 + - 3.50
57 2,3-Clp 197.5-200.5 + - 3.97
58 2-Me,3-Cl 170-172 + — 4.67
59 2,3-Me; 137-139 + - 4.26
60 2,4-Cly 213-215 + - 4.53
61 2,4-Me; 160-162 + - 4.52
62 2,5-Clp 162-164 + - 4.10
63 2,5-Me3 169-170.5 + - 4.01
64 2,6-Cly 169-171 + — 4.36
65 2-Me,b-Et 133-135 + — 4.19
66 2,6-Ety 110-112 + — 4.74
67 3,4-Clp 174-175.5 + — 1.62
63 3,4-Me> 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.

Et
o 0 @
ﬁcr\m ;
e NORy
Rq
Herbicidal effect@
No. R1 R2 mp(°C) Light Dark plsod
69 H -Me 187-189 + - 3.85
70 -Me -Me 130-132 + - 4.49
71 -Et -Me 115-116 + — 4.61
72 -n-Pr -Me 116-118 + - 4.71
66 -n-Bu -Me 110-112 + - 474
73 -iso-Bu -Me 136.5-138 + - 4.29
74 -n-Pent -Me 96-98 + - 5.31
75 -iso-Pent -Me 128-130 + - 5.07
76 -n-Hex -Me oil + — 4.87
77 -n-Oct -Me oil + — 4.01
78 -n-Dodecyl -Me 75-80 + - 3.25
21 -CHyPh -Me 142-146.5 + — 4.08
79 -CHaPh(p-Cl)  -Me 174-176.5 + - 3.21
11 -CyHgPh -Me 113-115 + — 6.06
80 -CH =CHj -Me 135.5-136 + - 3.90
81 -CHCH =CH2 -Me 154-155.8 -+ - 3.88
82 -CH»C=CH -Me 259-261 + - 3.85
83 -OMe -Me 126-127 + - 4.02
84 -O-n-Pent -Me oil + - 434
85 -OCHPh -Me 60-62 + — 4.52
86 -(CH7)3- 149-151 + - 3.95
87 -(CH2)a- 134.5-137 + - 4.56
88 -(CH3)5- 149.5-150.5 + — 5.24

a See footnotes to Table 1-1.

most potent among other R;-substituted derivatives.

The effects of Rs—subétituents were compared for the 1-
N-butyl derivatives (Table 1-5).

14




Table 1-5 Structure and herbicidal activity of 1-butyl-2’,6’-diethyl-4-
pyridone-3-carboxanilides

NEhg
ﬁCNH
Me'\ll Me ét
n-Bu
Herbicidal effecta
No. R3 mp(°C) Light Dark plsg?
66 H 110-112 = 4.74
89 -Cl 125.5-126.5 + — 574
90 -Br 161-162.5 + - 6.23
91 -Me 111-112 + - 5.72
92 -Et 117.5-120.5 + — 5.69
93 -CH2Ph oil + - 2.11
94 -CN 189-191 + - 5.58
95 -COOH 241-243 + — 5.56

a See footnotes to Table 1-1.

Except for the benzyl substituent(93), the Rs-substitution was
shown to enhance the activity of the unsubstituted derivative(66).

The R,-Br compound(90) was most potent, pls;=6.23. The potency
enhancement was about thirty times that of unsubstitued derivative.
Since the 5(Rs)-Br substitution was thought to be most favorable
for potentiation of the activity, a number of 5-Br substituted deriv-
atives were synthesized (Table 1-6): Among these compounds, the
activities of compounds (97), (98), (90), (99), (101), (104), (105),

15




(106) and (107) were very high, the pl,, value being close to 6.0

or above.
Table 1-6 Structure and herbicidal activity of 5-bromo-2’,6’-diethyl-4-
pyridone-3-carboxanilides
Et
o< 3Bl
r\fkl[cr\m
Mée ‘\lf Rz 2
R1
Herbicidal effect?

No. R1 R> mp(°C) Light Darlk plse?

96 H -Me 259-261 -+ - 5.31
| 97 -Me -Me 162-164 + - 5.98
I 98 -n-Pr -Me 123-125 + - 5.94
90 -n-Bu -Me 161-162.5 + — 6.23

99 -n-Pent -Me 140-141.5 + — 6.31

100 -iso-Pent -Me 153.5-154.5 + - 5.46

101 -n-Hex -Me 141-143 + - 6.06

102 -CHC=CH -Me 211-214 + — 5.79

103 -CH2Ph -Me 173.8-174.9 + - 571

104 -CoH4Ph -Me 108-110 -+ — 6.82

105 -(CH2)3- 207-208.5 + - 6.20

106 -(CH32)a- 207.5-210 + — 6.11

107 -(CH32)s5- 178-179.5 -+ — 5.97

a See footnotes to Table 1-1.

Since the bicyclic derivatives(105-107) with the 5(R,)-Br sub-
stituents were very active, we thought it worthwhile to reexamine
the effect of substituents on the anilide moiety. The structural

modifications made at positions other than the anilide moiety

16




might alter the "best" substitution patterns from that observed in
the previous set of compounds. Quite a few fused ring compounds
were synthesized with R;=Br and R;-R,=(CH,); but with various

anilide ring substitutions (Table 1-7).

Table 1-7 Structure and herbicidal activity of 3-bromo-2,6,7,8,9,10-
hexahydro-4-methyl-2-oxo0-pyrido[1,2-aJazepine-1-
carboxanilides

ar 1 i @X

r { [ CNH n
Mé "N
Herbicidal effecta

No. Xn mp(°C) Light Dark plso@
108 H 218.5-220 + - 4.66
109 o-Cl 252-255 + - 5.51
110 o-Me 219-221.5 + - 5.30
111 2,3-Clp 228-229 + - 5.56
112 2-Me,3-Cl 234.5-238 + - 6.30
113 2.3-Me> 239-2455 + - 6.15
114 2,6-Bry 207-212 + - 6.07
115 2,6-Me; 111-112 + - 5.43
116 2-Me,b-Et 179.5-180 + - 6.27
107 2,6-E1 178-179.5 + - 5.97

a See footnotes to Table 1-1.

The 2-Me,3-C1(112), 2,3-Me,(113), 2,6-Br,(114), 2-Me,6-Et(116) and
2,6-Et,(107) derivatives were among the most potent. The pattern

of the activity variations was similar to that observed for the

17




1-N-butyl and phenethyl series.

Among a number of 4-pyridone-3-carboxanilides examined
here, 5-bromo-2’,6’-diethyl-1,4-dihydro-2,6-dimethyl-4-0xo0-1-phen-
ethyl-3-pyridinecarboxanilide(104) showed the highest light-depend-
ent herbicidal activity of pls;=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 pls5p value of diphenyl ether herbicides and No. 104

Compound Structure | pl502

COOMe
5.78

bifenox Cl@ @ NO2

OEt
oxyfluorfen CF3® @ NO, 7.18
q
Qo
Br CNH 6.82
104 | ]

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 field trials. The selection of this candidate
compound was justified by the quantitative structure-activity analy-

ses, which will be discussed in Chapter 2.

Chapter 2 Quantitative Structure-Activity Relationships‘of
Light-dependent Herbicidal 4-Pyridone-3-

Carboxanilides
2-1 Introduction ‘

In chapter 1, we have showed that a number of substituted
4-pyridone-3-carboxanilide derivatives drawn as Fig.2-1 exhibit
various degrees of light-dependent herbicidal activity against
Echinochloa oryzicola. Among various substitution patterns, the 2,6-
Et, substitution is the most favorable for the light-dependent herbi-
cidal activity at the anilide moiety (Chapter 1). One of the 2,6-Et,
anilides, where the 1-N-substituent (R,) is phenethyl, R,=Me and
R.=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
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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 ac'tivity of a number of compounds having various substitu-
tion patterns in the anilide as well as in the pyridone moiety.
The variations in the activity were governed by position-specific
steric effects of the 4-pyridone ring substituents as well as the
inductive electronic effect of the 1-N-substituent besides the
hydrophobicity and the ortho steric effect of the anilide ring sub-
stituents. The selection of the above-mentioned candidate com-
pound was confirmed to be relevant in terms of physicochemical

substituent effects in this novel series of herbicidal compounds.
2-2 Experimental Procedures

2-2-1 Substituent Parameters

For the hydrophobicity of substituents (X, in Fig.2-1) at the
anilide moiety, the overall n value of substituents estimated from
experimentally measured logP values of corresponding substituted
acetanilides?* were used. Preliminary examinations showed that the
hydrophobicity of pyridone ring substituents was insignificant in
governing the herbicidal potency.

For the steric effect of substituents, we preliminarily exam-

ined various sets of parameters. Depending on their positions in
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Fig 2-1. The general formula of herbicidal 4-pyridone-3-

carboxanilides.

the molecule, different sets of parameters should be used to de-
scribe the steric effect on the activity properly. For the steric
effect of ortho substituents at the anilide moiety, the E_ parameter
defined by Taft?S for alkyl groups and extended by Kutter and
Hansch?® to hetero-atom substituents was used. The E; parameter is
defined so that the greater the size, the more negative is the value.
For the effect of 1-N substituents, we selected the STERIMOL
parameters L and B defined by Verloop?”. L is the length
parameter and B is the "maximum" width parameter. For 1-N-
substituents cyclized with the R,-position, the conformation was
fixed so that their "maximum width" is somewhat difficult to be
defined while the length is well simulated by Et. Unless the
"maximum width" of 1-N-substituents was estimated as that from
the 1-N-C,, axis toward the direction perpendicular to the 4-pyri-
done ring, no relevant correlation was found out. Thus, for the R;,
R,, -(CH,),- substituents, the "maximum" width to the above de-

fined direction was approximated as the "maximum" width of Me
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for -(CHy);- and of Et for -(CH,),s- and regarded as Bs. For the
steric effect of substituents at the 5-position of the 4-pyridone

ring, MR2?® (molecular refractivity) was found to be the best

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

those of H were used as AL, ABsand AMR. To make the size

similar to those of others, the AMR parameter was multiplied by
0.1.

The electronic effect of 1-N substituents was significant for
which the o; value defined by Charton?® was used. o; stands for

the inductive components of the total electronic effect of substitu-

i

i

P
.

§ .

ents.

2-3 RESULTS

2-3-1 Effect of Anilide-ring Substituents

First, we analyzed the effect of anilide-ring substituents for

compounds where the 1-N substituent (R;) is fixed as benzyl listed
in Table 2-1. As shown in Eq.2-1, the light-dependent herbicidal

activity was parabolically related to the hydrophobicity in terms of

the overall © parameter.

plsy=-3.03 12 +3.38x + 3.24 [2-1]
(144)  (1.93) (0.54)
n=11, $=0.45, r=0.88, F,4=13.3.
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Table 2-1 Structure and herbicidal activity of 1-benzyl-4-pyridone-3-

carboxanilides.
S0
&ENH@X”
Mel’l\'l Me
CH2\©
plsp?
obsd. Eg.2-1 Eg.2-13
No- Xn w Eso caled. (A)p caled. (A)b
4 o-Et 0.16 -1.31 430 3.70 0.60 3.99 0.31
5 0-OPh “1.21 -0.55 227 290 -0.63 3.14 -0.87
6 0-NO; -0.22 -2.52 201 235 -0.34 202 -0.01
7 m—CF3 140 0.00 276 204 072 2.00 0.76
8 m-OMe 0.14 0.00 3.38 365 -0.27 298 0.40
15 2,5-Clp 1.03 -0.97 330 351 -0.21 3.68 -0.38

16 2,5-Me3 0.31 -1.24 429 400 0.29 4.08 0.21
17 2-Me,5-Cl  0.69 -1.24 4.02 413 -0.11 4.02 0.00
20 2-Me,6-Et 025 -1.31 4.03 389 0.14 4.04  -0.01
21 2,6-Ety 0.69 -1.31 408 4.13 -0.05 400 0.08
22 2,6-is0-Pr 1.25 -1.71 258 273 -0.15 3.06 -0.48

a Log of the“reciprokcal of the concentration required for the 50% shoot growth
inhibition of Echinochloa oryzicola.

b A, thedifference between observed and calculated values.

In Eq.2-1 and the following equations, n is the number of
compounds, s is the standard deviation, r is the correlation coeffi-

cient, the figures in parentheses are 95 % confidence intervals and
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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-Me,, 2,6-Me, and 2,6-Cl,
compounds are herbicidal light-independently (Chapter 1). Since the
mechanism of action is different from those listed in Table 2-1,
they were not included in Eq.2-1. If they were included, the corre-
lation quality was much poorer. Eq.2-1 indicates that there is an
optimal hydrophobicity at around 0.56 for the activity.

For the effect of anilide-ring substituents of compounds
where R =phenethyl listed in Table 2-2, Eq.2-2 was formulated,
showing that the activity is also related parabolically with the
hydrophobic parameter =n, although the quality of correlation was
not satisfactory. The addition of the =z term did not improve the

correlation at this stage.

plyy=-1.04 712 +5.11 [2-2]
0.42) (0.42)
n=22, $=0.76, r=0.75, F,,=26.1.

The situation is illustrated in Fig.2-2. In elaborating the
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 Structures and herbicidal activity of 1-phenethyl-4-
pyridone-3-carboxanilides.

plsp2
obsd. Eg.2-3 Eq.2-13
No. Xn m  Eso caled.  (A)a caled.  (A)a
23 H 000 000 360 370 -010 4.10 -0.50
24 ol 0.12 -0.97 533 511 028 520 0.19
25 o-Me 030 -1.24 514 506 008 470 044
26 o0-Et 016 -1.31 5.67 560 007 522 045
27  0-OMe  -0.49 -0.55 369 3.82 -0.13 407 -0.38
28 mCl 0.99 000 441 361 080 396 045
29 m-Br 115 000 327 3.42 -0.15 372 -0.45
30 m-CFs 140 0.00 3.00 3.04 -0.04 323 -023
31 p-Cl 0.96 0.00 347 364 -0.17 400 -0.53

32 p-CH3 0.47 0.00 352 388 -036 432 -0.80
33 2-Me,3-Cl 0.66 -1.24 558 554 0.04 527 0.31
34 2,3-Mej 0.19 -1.24 543 552 -0.09 526 0.17
35 2-Me,5-Cl 0.69 -1.24 482 552 -0.70 525 -043
36 2,5-Me; 0.31 -1.24 5.24 556 -0.32 531 -0.07
37 2,6-Cly 0.16 -0.97 5.82 513 069 523 0.59
38 2-Me,6-Cl 0.06 -1.24 544 544 0.00 516 0.28
39 2,6-Me;  -0.09 -1.24 527 531 -0.04 501 0.26
40 2-Me,6-Et 0.25 -1.31 544 564 -0.20 527 0.17
41 2,6-Et; ~ 0.69 -131 6.06 562 044 523 0.83
42 3,4-Cl 1.84 0.00 207 2.07 0.00 202 0.05
43 3,4-Me3 0.94 0.00 3.83 3.66 0.17 4.02 -0.19
44  3,5-Me; 1.01 0.00 3.31 359 -0.28 393 -0.62

a Seefootnotes to Table 2-1.
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Fig.2-2 Relationship of pI5g of 1-N-phenethyl compounds with the

7t value of anilide substituents.

Thus, participation of steric effects of ortho substituents was

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

parameter term for just the bulkier ortho substituent, Es°, fit the

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

of the EL term was selected and added to the ply, 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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Fig.2-3 Relationship of pI5g of 1-N-phenethyl compounds with

the 7 and Es parameters for anilide substituents.

plyy = - 0.93 12 +0.83 « - 1.37 E°(large) + 3.70 [2-3]
0.43) (0.61) (0.35) 0.41)
n=22, s=0.36, 1=0.95, F, ,=62.0.

The addition of the E°

term for the smaller ortho-substituents

was not significant as indicated in Eq.2-4.
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plyy=-0.92 1 +0.81 « - 1.27 E°(large) [2-4]
0.43) (0.60) (0.38)
- 0.24E °(small) + 3.71
(0.38) (0.40)

n=22, $=0.35, r=0.96, F,,=49.0,

Eq.2-3 indicates that the bulk of the larger one of ortho-
substituents is favorable to the activity and the optimum overall
hydrophobicity of substituents is about 0.45.

The activity of compounds where the R; substituent is n-
butyl listed in Table 2-3 was analyzed similarly. As shown in
Fig.2-4, the pl, seemed also to be parabolically related with
overall = value of anilide substituents. The positive deviations of
the pls, value for most ortho-substituted derivatives from the best
fit parabola are similar to those for 1-N-phenethyl compounds. The
steric effect specific to ortho-substituents was expected to be
favorable to the activity also in this series. The activity of the
ortho-NO, compound (50) having the bulkiest NO, group in terms
of E; (-2.52) was, however, lower than predicted. There could be
an optimum in the bulk of ortho substituents. With these 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 1-butyl-4-pyridone-3-

carboxanilides.
O
ﬁ@
Mel'\"'[ Me
n-Bu
o plsg2
~ obsd. Eq.2-5 Eq.2-13 '
No- Xn n Es? caled.  (A)a caled. (A)a
45 H 0.00 0.00 4.16 3.63 0.53 3.45 0.71
46 ol 0.12 -0.97 4.60 438 022 455 0.05
47 o-Me -0.30 -1.24 430 3.77 053 405 0.25
48  o-Et ©0.16 -1.31 421 435 -0.14 457 -0.36
49  0-OMe -0.49 -0.55 2.95 3.29 -0.34 3.43 -0.48
50  0-NO3 -0.22 -2.52 244 2.47 -0.03 261 -0.17
51 m-<Cl 0.99 0.00 423 361 062 331 092
52  m-CF3 1.40 0.00 3.14 293 0.21 259 055

53 m-OMe  0.14 0.00 3.26 3.76 -0.50 3.57 -0.31
54  m-NO, 0.31 0.00 435 3.87 048 3.65 070
55  p-Cl 0.96 0.00 3.41 364 -0.23 335 006
56  p-Me 047 0.00 350 391 -041 367 -0.17
57 2,3-Cl; 093 -0.97 3.97 431 -034 439 -042
58  2-Me,3-Cl 0.66 -1.24 4.67 4.47 020 462 005
59 2,3-Mez 0.9 -1.24 426 4.40 -0.14 461 -0.35
60  2,4-Cly 1.02 -0.97 453 420 033 427 026
61 2,4-Me; 030 -124 452 446 006 4.66 -0.14
62 2,5Cl  1.03 -0.97 410 4.19 -009 426 -0.16
63  2,5-Me;  0.31 -1.24 4.01 4.46 -045 466 -0.65
64  2,6-Cly 0.16 -0.97 436 4.41 -005 458 -0.22
65 2-Me,6-Et 0.25 -1.31 4.19 4.41 -0.22 462 -0.43
66 2,6-Ety 0.69 -1.31 474 443 031 459 0.15
67 34-Cl, 184 000 162 176 -0.14 137 025
68  3,4-Me; 0.94 0.00 3.24 3.67 -0.43 337 -0.13

a See footnotes to Table 2-1.
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Fig.2-4 Relationship of plso of 1-N-butyl compounds with the 7
value of anilide substituents

plyy=-1.17 12 + 1.15 1 - 0.64 Es®? - 1.27 Es® + 3.63 [2-5]
(0.44) (0.62) (029)  (0.59)  (0.36)
n=24, s=0.38 r=0.90, F, =19.1.

The optimal n and E_° values are estimated as 0.49 and
-0.99 respectively. The addition of the E° term to Eq.2-3 for the

1-N-phenethyl compounds did not improve the correlation. This
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Fig.2-5 Relationship of plsg of 1-N-butyl compounds with
the 7 and Es0 parameters for anilide substituents.

could be due to the fact that variations in the EP value is nar-
rower that in 1-N-butyl compounds.

For the activity of bicyclic pyridone derivatives with Br at
the Rg-position (Fig.2-1) listed in Table 2-4, the 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-bromo-2,6,7,8,9,10-
hexahydro-4-methyl-2-oxo-pyrido[l,2-a]Jazepine-1-
carboxanilides.

b
Br I CNH n
Mée N
pls02
obsd. Eq.2-6 Eg.2-13
No. Xn m Eso caled.  (A)a caled.  (A)a
108 H 0.00 0.00 466 462 004 478 -0.12
109 ol 0.12 -0.97 551 570 -0.19 589 -0.38
110 o-Me 0.30 -1.24 5.30 5.18 0.12 538 -0.08
11 2,3-Cl, 093 -097 556 558 -0.02 572 -0.16
112 2-Mes3-Cl 066 -1.24 630 611 0.19 595 035
113 2,3-Me;  0.19 -1.24 6.15 6.03 0.12 594 0.21
114 2,6-Br, 037 -1.16 6.07 6.07 0.00 6.01 0.06
115 2,6-Mez  -0.09 -1.24 543 564 -021 569 -0.26
116  2-Me,6-Et 025 -1.31 6.27 6.14 013 595 0.32
107 2,6-Et,  0.69 -1.31 597 6.16 -0.19 592 005

a See footnotes to Table 2-1.

plsy =-1.62 7% + 1.55 1 - 0.95 Es° + 4.62
(1.05)  (0.79) (0.38)
=0.18, 1=0.96, F,=22.9.

n=10,
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The optimum = value was estimated as 0.48.

The correlations represented by Egs.2-1,2-3,2-5 and 2-6 are
similar to each other in that they have an optimum n value in a
very narrow range of 0.45-0.56 for the anilide substituents irre-
spective of variations in substituents at the 1-N and R, positions.
Although the E° term was insignificant in Eq.2-1, there is a trend

that the bulkier ortho substituents enhance the activity up to a

certain point beyond which the activity decreases as observed in
the ortho-NO, derivative (6) from the residuals in Table 2-1. The
low activity of the ortho-OPh compound (5) may be attributed to
its overall bulk which is not represented by the E, value appropri-
ately. The similarity in structure-activity pattern among the four
series of compounds suggested that the correlations could be

combined and analyzed together. Accordingly, Eq.2-13 was formu-

lated, using I-ben, I-phe and I-ring as the indicator variables to
differentiate the cbmpound series. I-ben is equal to unity for
R,=benzyl, as is I-phe for R;=phenethyl, and I-ring for bicyclic
pyridone derivatives where R;-R,=(CH,)s; and R¢=Br, respectively;
the 1-N- butyl series was used as the reference (I values for the

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

Eq.[13] justified statistically is shown in Table 2-5.
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plsg=-1.167?+1.01 ©- 081 E2-1.82Ep° [2-13]
(0.32) (0.43) (0.22) (0.42)
- 0.58 I-ben + 0.65 I-phe + 1.33 I-ring
(0.32) (0.25) (0.33)
+3.45

(0.28)
=67, s=0.42, 1=0.94, F, =59.7.

The = and E° parameter terms are all significant. In Table

2-6, the internal correlation among independent variables for sixty-

seven derivatives was shown to be insignificant.

Table 2-6 Correlation coefficient matrix (r) for the parameters used
in Eq.2-13.
n? n Eso? Eso I-ben I-phe I-ring
? 1.00
T 0.88 1.00
Eso? -0.34 -0.37 1.00
Eso 0.44 0.42 -0.90 1.00
I-ben 0.08 0.12 0.23 -0.19 1.00
I-phe 0.05 0.03 -0.17 0.16 -0.31 1.00
l-ring -0.18 -0.16 0.06 -0.15 -0.19 -0.29 1.00

The calculated pls, value of each derivative is listed in Tables 2-

1, 2-2, 2-3 and 2-4. The negative I-ben term indicates that the 1-
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N-benzyl substitution is unfavorable to the activity relative to the
1-N-butyl substitution, but positive I-phe and I-ring terms show
that the 1-N-phenethyl substitution and the cyclization of the 1-N-
~ substituent with the R,-position are more favorable to the activity
than the 1-N-butyl. From the = and =? terms, the optimum hydro-
phobicity of anilide-ring substituents is evaluated as 0.44. Since
the n value does not include the hydrophobicity of "1-N-substitu-
ents" and Rg-Br, it does not represent the molecular hydrophobici-
ty. In this respect, the parabolic n terms are unlikely to be con-
nected with the transport process to the site of action in the plant
body. An optimal steric condition for the bulkier ortho substituent
at the anilide moiety is located at about E=-1.12 which nearly
corresponds to that of Et. But the physicochemical background of
the indicator variable terms was obscure and the effects of 1-N

and Ry substituents were not separated.

2-3-2 Effect of Pyridone-ring Substituents

The effect of 1-N substituents were analyzed with use of
compounds where the anilide-ring substitution was fixed as 2,6-Et,
and the Ry position was unoccupied listed in Table 2-7. In this
series of compounds, the 1-N phenethyl compound (41) showed
the highest activity. With single parameters, We did not find out
any correlation significant above the 95% level. At the best, the

activity is slightly related with the STERIMOL length parameter

36




¥9°0- 68¢€ PY0-  69°€E STE 0 €TSS 6£8 pv00- LEL- 690 @ [Aepog-u 8/
L0°0-  80Y S0°0 96°¢ Loy 0 9L'€ S8'S pb0'0- LEL- 690 °OW [Ao-u LL
0’0 LV 0T0- LOS /87 0 919 96 €00~ lE€1l- 690 BN XaH-u 9/
9t°0 19y 87°0 mu..w, L0°S 0 LWy vS°E 800~ LEL- 69°0 BN 1udd-os! QL
19°0 0LV - 9¢€0 S6'v LES 0 L6y  ve'e -800- 1€1- 690 BN usd-u Y/
¥0'0- EEVY E00- - CTEV 6TV 0 98¢ Sv'e 10°0- LE'L- 69°0 °N ng-os/ 1WA
910 85V 000 VLY vy 0 L'y pS'€ 100 LE'L- 690 8N ng-u 99
6L°0 4l 60°0 4k VLY 0 98C 6¥Z 100- LE'L- 690 °8IN id-u ¢l
0Z°0 vy 810 1747874 19% 0 S0°C LVT 100 LE'L- 690 BN 3 Lz
L0 LEY 71°0 SEY  6YV 0 180 ¥0°L 100~ 1E1l- 690 oW BN O.m,
PS0- B6EY 1§70~ 9¢d SR'e 0 000 000 000 LEL- 690 °IN H 69
a(V)  PaEd  q(v)  pojed YAV e1v Sgv o os3 ox iy by "ON
9z-7'b3 91-zb3  psqo Sy by Uy
05;d $10j9WRIRJ  JUAM}IISqNG
by
AN
3 Y

SOPI[IUEX0qI€0-E-0UOPLIAd-H-[AYIOIP-,9 JO AIIAIOE [EPIOIQIOY PUR SOINJONYS 1-g STqRL,

37




19 JO UIPIM WnWIxew oY) 0} jusrearnbs Jureq se usye], (8 9] JO YIPIM WNWIXBW 3}

03 juareAambe Sureq se usyr], (J "7 JO onyeA o} 03 jusreAInbe Zureq se uey Ry, (o ‘dof-u JO onyBA 9}

03} jusrearnbs Sureq se usaye], (P "XO[-U JO oN[BA 81} 0} Jue[eAInbe Suteq SB USR], (0 'SAN[BA PIJR[NI[BD

PUE POAIISQO UMDY DOURIRYIP 93 ‘v (q "dooTIs A "I £ PRINGLIJSIP 2INYI0I] © WO UdNe], (B

€870
S0
69°0-
0l°0-
10°0-
500
90°0-
§58°0-
0y 0-
980
€5°0-
610

vy
377
R4
[4th
SEY
L6'E
16°€
v’y
0y
0C's
vLE
68°€

080 Wy VIS pSO'T BL1°C »l00- 1€1- 690 -5(THD)- 88
EL’0 vy 95V PSO'T BLL'T 8l00- LEL- 690  -Y(ZHD)- L8
¥8°0- 6L¥ S6¢C pSO'C 4¥0°L 2l0°0- LEL- 690 -E(ZHD)- 98

o vy IS
000 vEY VEY
veE0 89E OV
€0 9t S8E
09°0- 8yv BBE
ve0-  vIv 06°€
Ze0 vLS 909
6L°0- ove ITE
Sy'0 €9t 80V

vi'9 057 €70 LEL- 690 B YdZHIO  §8
S09 I18% 80 LEl- 690 BN WSLU-O0  pg
6L L[0T 0€0  LEL- 690 B SN0 €8
€6'L 6V'E  PIO  LEL- 69°0 BN HDIH 78

62€ 0Z€ TO0 LEL- 690 BN ZHI=HIZHD L8
€27 60T LL'O  LEL- 690 BN THD=HD 08
L[T9 8ST TOO lE€l- 690 @ YdYHD Ly
€€ Y9 v00  LEL- 690 BN (ID-d)ydzHD 6/
95T TO0S €00  LEL- 690 °OW YdZHD 4

O O O O O O O O O o o O

38




L, as shown in Eq.2-14.

ply,=0.13 AL +3.95 [2-14]
0.16)  (0.60)
n=23, s=0.64, r=0.35, F,,=2.88

The situation is illustrated in Fig.2-6.

o]
6+ CyH4Ph

(cT)s-

o
2 iy
2, Etlﬁ
TR A(CH2)e- 0%H2Ph
@
O-n-Pent
OMe n-Oct
4 ~(CH2)3-°6 e O : Compound with 1-N-substituents where has
o [e]
b | CHy-C=C® CH = CH, CH2CHCHZ smaller 4B, Tfalue than nTBu
@® : Compound with 1-N-substituents where has
B larger AB, value than n-Bu
CH2Ph(p-Ch) n-Dodecy!
® @
3 ] | ] ! i 1 ]
0 1 -2 3 4 5 6 7
AL ‘

Fig.2-6 Relationship of plso of 3-(2°,6’-diethylanilide)
compounds with the AL value of 1-N-Substituents.
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It was noted that the activity of most compounds having 1-N
substituents the B, value for the maximum width of which is
smaller than that of n-butyl such as phenethyl and R;,R,=-(CH,)s-
are higher than that expressed by the line according to Eq.2-14,
irrespective of the hydrophobic property of the substituents. On the
other hand, the activity of the compounds having substituents with
the ABg value greater than that of n-butyl such as
-CH,Ph(para-Cl) and -n-dodecyl are lower than predicted by Eq.2-
14. Thus, the participation of the steric width effect of R; substit-
uents was examined. The correlation was formulated as shown in
Eq.2-15. The quality was much improved from that of Eq.2-14,

although it is still not satisfactory.

plgy=0.29 AL - 0.26 AB, + 4.34 [2-15]
0.14)  (0.14)  (0.47)
n=23, $=0.49, r=0.71, F,,=10.09

Fig.2-7 illustrates the correlation where the ply, value is
plotted against the value of [ AL- AB;] of 1-N-substituents. Fig.2-7
suggests that the activity of compounds having alkyl and aralkyl is
higher but that with alkoxy, vinyl and propargyl is lower than
expected. To discriminate between these two types of substituents,

the o; parameter for the inductive electronic effect was selected.
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Fig.2-7 Relationship of pl59 of 3-(2’,6’-diethylanilide) compounds
with the AL and ABs parameters for 1-N-Substituents.

With addition of the o; term, the correlation was satisfactory as

shown in Eq.2-16.

plsy=0.36 AL - 0.31 AB - 2.38 o, + 4.36 [2-16]
0.13) (0.12)  (1.57) (0.42)
n=23, s=041, r=0.82, F,,=13.10
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Eq.2-16 shows that electron donating 1-N substituents having
longer and narrower dimensions are favorable to the activity. The
phenethyl group with AL=6.27, ABs=2.58 and ¢,=0.02 was con-
firmed to be the most suitable 1-N-substituent within the range of
structures covered in this study.

For compounds in Table 2-8 where R, is fixed as n-butyl
with the 2,6-diethyl anilide structure, the activity was best correlat-

ed parabolically with the AMR parameter.

Table 2-8 Structures and herbicidal activity of 1-butyl-2’,6’-diethyl-4-

pyridone-3-carboxanilides.

o B

RS\/E?K/[ICINH@

Me l‘\lj l Me E't

n-Bu
Substituent - Parameters plsy
Xn Ry Rs obsd Eq.2-17 Eq.2-26

No. Rg 7T Eso ay ABg2  Al2 AMR caled  (A)2  caled (D)2
66 H 0.69 -1.31 -0.01 354 4.11 0000 474 478 -0.04 458 0.16
89 « 0.69 -1.31 -0.01 354 4.11 0500 574 564 0.10 569 0.05
90 s 0.69 -1.31 -0.01 354 4.11 0.785 623 589 034 6.04 0.19
91 Me 069 -1.31 -001 354 4.11 0462 572 560 0.12 563 0.09
92 Et 0.69 -1.31 -0.01 3.54 4.11 0.927 569 594 -0.25 6.14 -0.45
93  cH,h 069 -1.31 -0.01 3.54 4.11 2.898 2.11 211 0.00 2.11 0.00
94 o~ 0.69 -1.31 -0.01 3.54 4.11 0530 558 568 -0.10 574 -0.16

95 cooH 0.69 -1.31 -0.01 3.54 4.1 0.590 556 574 -0.18 583 -0.27

a See footnotes to Table 2-7.
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plsy=-1.10 AMR? + 2.27 AMR +4.78 , [2-17]
(0.33) (1.09)  (0.52)
n=8, $=0.22, r=0.99, F,.=116.91

Eq.2-17 indicates that the optimal AMR is about 1.00 which
is not far apart from that of Br ( AMR=0.785).

2-3-3 Analysis for Entire Series of Pyridone-carboxanilides

The effects of 1-N and R, substituents were analyzed with
only physicochemical substituent parameters as shown in Eqgs.2-16
and 2-17. They and the effects of anilide _substituents were expect-
ed to be additive since some compounds were included in both
Eq.2-13 and Eq.2-16 or -17, simultaneously. The correlation could
be combined and analyzed together for the whole series of 4-
pyridone-3-carboxanilides by use of only physicochemical substitu-
ent parameters with additional compounds listed in Table 2-9 not
included in the above analyses.

As expected, Eq.2-26 was formulated with the same physico-
chemical parameters as those included in Eq.2-13, 2-16 and 2-17

for the combined set of compounds.
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plsy = - 113 1(X)% + 0.96 (X) - 0.80 Es°(X)? - 1.79 E2(X)
029) (037 (0.20) (0.38)
+022 AL(R,) - 0.20 AB,(R,) - 1.38 o(R )
0.052) (0.066) (1.28)
1128 AMR(R,)? + 2.87 AMR(Ry) + 3.29 [2-26]
0.18) 0.38) (0.39)
n=105, s=040, r=0.94, F,,=82.76

The stepwise development of Eq.2-26 justified statistically for
105 derivatives devoid of duplications is shown in Table 2-10. The
physicochemical parameters of each substituent used 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 plg, value
of each derivative is listed in Tables 2-7 to 2-9 and 2-11.

In Eq. 2-26, the signs X, R; and R; mean that the parameter

terms concerned are specific to substituents on the benzene ring

(X,) and 4-pyridone ring (R;, Ry), respectively. The fact that the

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

coincides with that of corresponding term in Egs.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 term, the structural change
at the position R, substituent from Me to polymethylene bridge

does not seem to induce significant effect on the activity.
2-4 Discussion

Above analyses are believed to reveal most favorable struc-
tural requirements for light-dependent herbicidal activity of pyri-
donecarboxanilides, Our previous selection of 5-bromo-2’°,6’-diethyl-
1,4-dihydro-2,6-dimethyl-4-oxo-1-phenethyl-3-pyridinecarboxanilide
(104) as the candidate for further trials was justified in terms of
physicochemical substituent effects. This compound has optimum
stereo-hydrophobic characteristics in the anilide moiety and holds
most favorable stereo-electronic conditions position-specifically for
the pyridone ring substituents. The width of the phenethyl group
in terms of AB, is smaller than those of n-butyl and benzyl. This
is one of the reasons why the phenethyl as the 1-N substituent is
favorable to the activity. The AB; value of phenethyl has been
estimated from a conformation in which the CQ-CB~b0nd is
perpendicular to the pyridone ring and the end benzene ring is
parallel with the pyridone ring. Molecular orbital calculations
searching for the most stable conformation of a selected 1-N-

phenethyl analog of the present series of compounds showed that
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this is indeed the case (Chapter 3).

- The fact that the hydfophobicity of the pyridone moiety was
insignificant in governing the herbicidal potency shows that the
overall molecuiar 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 peculiar without
reasonable explanation at the moment. In other subsets of 4-pyri-
done-3-carboxanilides, we have found that the 2,4-Cl, substitution
(60, n=1.02, E;°=-0.97) and 2,4,6-Cl; (not included in this study,
n=1.124, E=-0.97 ) are also favorable to the light-dependent herbi-»
cidal activity. The 2,4-Cl, and 2,4,6-Cl, substitution patterns are
known to be favorable to the light-dependent herbicidal activity in
such diphenyl ether type herbicides?! as nitrofen (2,4-dichlorophe-
nyl 4-nitrophenyl ether)“, chlomethoxynil [5-(2,4-dichlorophenoxy)-2-
nitroanisole] and chlornitrofen(2,4,6-trichlorophenyl 4-nitrophenyl
ether). On the other hand, the mefa-Me and 3,5-Me, substitutions
are known to make the herbicidal activity light-independent in
such diphenyl ethers3! as DMNP(3,5-dimehyl-4’-nitro-diphenyl
ether)32. In 4-pyridone-3-carboxanilides, 3,5-Me, (44, n=1.01,
E.°=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 ethers are similar and the corresponding
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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 ethers to fit the common "receptor site" in terms of the

stable conformations with use of molecular orbital calculations.

Chapter 3 Three-Dimensional Structure-Activity (Comparative
Molecular Field) Analysis of Light-dependent
4-Pyridone-3-Carboxanilides and Diphenyl Ether
Herbicides.

3-1 Introduction

We have described that a number of substituted 4-pyri-
done-3-carboxanilide derivatives (Fig.3-1) show various degrees of

light-dependent herbicidal activity against Echinochloa oryzicola

(Chapter 1).. X, Ry
IUICNH@ o @ .

Fig.3-1 The general formula of herbicidal 4-
pyridone-3-carboxanilides and ortho-
chlorinated diphenyl ethers (Numerals
represent substituent positions).
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The symptoms of the treated plants are common to the symptoms
induced by light-dependent diphenyl ether herbicides (Fig.3-1).
Moreover, one of the derivatives DLH-1777, (5-bromo-2’,6’-diethyl-
1,4-dihydro-1,6-dimethyl-4-oxo0-2-propyl-3-pyridinecarboxanilide)
(Fig.3-1:X =2,6-Et,, R;=Me, R,=Pr, R.=Br), exhibiis photobleaching
and peroxidizing effects similar to those induced by oxyfluorfen
(Fig.3-1:Y =4-CF;, R’;=0Et) with an abnormal accumulation of
protoporphyrin IX in treated plant tissues by interfering with their
porphyrin biosynthesis.3?

We have examined the structure-activity relationships quantita-
tively (QSAR) for a number of 4-pyridone-3-carboxanilides, in
which various substituents are introduced to the anilide-benzene
and pyridone rings, with physicochemical substituent parameters
and regression analysis (Chapter 2). For substituents in the ani-
lide-benzene ring, the steric effect of ortho-substituents and the
hydrophobicity are important in governing the herbicidal activity.
Besides the 2,6-Et, in DLH-1777, such substitution patterns as 2,4-
Cl, and 2,4,6-Cl; are favorable for potentiating the activity (Chap-
ter 2). These substitution patterns are also favorable to or essential
for the light-dependent herbicidal activity of diphenyl ethers as
patterns in one of the two benzene rings.3! Because the substitu-
tion pattern is similar between the anilide-benzene ring of pyri-
done-carboxanilides and the ortho-chlorinated benzene ring of

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-
chlorinated benzene rings in respective series of compounds recog-
nize a common region of the receptor site for the light-dependent
herbicidal activity (Chapter 2). To examine this hypothesis, we
determined the most stable three-dimensional structures of some
representative pyridone-carboxanilides and ortho-chlorinated diphe-
nyl ethers by molecular orbital calculations. We analyzed the
three-dimensional structure- activity relationships for the two series
of compounds quantitatively as a single set by using the stereo-
electronic and hydrophobic parameters with the conventional re-
gression and the comparative molecular field analysis® (CoMFA)
procedures. In this Chapter, we describe that the above hypothesis
seems to be valid. With the anilide and phenoxy benzene rings
interacting similarly with the receptor region, the stereoelectronic
factors required for the light-dependent herbicidal activity are
suggested to be common between the two series of compounds
three-dimensionally. The potency of the herbicidal effect is also

governed by the (sub)molecular hydrophobicity.
3-2 Experimental Procedures

3-2-1 Set of Compounds
4-Pyridone-3-carboxanilide derivatives (21,23 - 25, 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.

plsg?
obsd.  Eg3-3 Eq.3-4
caled. (A)b caled. (A)b

104 ‘ L .
@\/\ﬁ‘eﬁ NoNe o 0000 363 682 673009 675 007
=S

No. Structure RMS(A) logp

41 '

2o L s 0.167 3.08 606 591015 619 -0.13
SR IR
1\ %\ s
23 12 0 5 ’
@\/\Me i o 0.663 2.04 360 3.86 -0.26 3.59 0.01
1\ C g 3

S5
@\A‘V‘eﬁ o 0371 279 539 516 0.23 5.35 0.04
1\ (OGR! 3
\ .

25 12 O 5
@\Al\lﬂe i @4 0.297 252 514 5.9 -0.05 5.13 0.01
: X CQ\\8 3

NN
e\ O"'H Me
21 2.0 . )
VE T s 0.145 290 408 — — 434 -0.26
AN C\[Ql 3 .
Ay b U
me 0
66 B oQ L 5 )
Vie ] e 0.106 252 474 — =— 451 0.23
NN N S\ﬁj 3
| 1
e -

a Log of reciprocal of the concentration required for the
50% shoot growth inhibition of Echinochloa oryzicola
b A, the difference between observed and calculated values.
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selected from the previous chapter so as to cover the potency
range as widely as possible under restrictions in which the struc-
tural variations are mainly made in the substitution pattern in the
anilide benzene ring and the number of compounds matches that
of diphenyl ethers. Diphenyl ethers with the ortho-Cl substitution
listed in Table 2 (2-a - 2-g) were purified from commercial formu-

lation.

3-2-2 Synthesis of 1-Butyl-2-Trifluoromethyl-4-Pyridone-3-
Carboxylicacid-2,’6’-diethylanilides

The pyridone-carboxanilide (Fig.3-1:R,;=Bu, R,=CF,,
R.=H, 2,6-Et,) was newly synthesized as follows (Fig.3-2).

A mixture of 4.3g of 2,6-diethyl trifluoromethyl acetoa-
cetanilide and 2.3g of 1-(2-aminoethyl)-pyrrolidine in 20ml of
toluene was stirred for 2 hours at 80°C. After distilling off the
resulting water together with about 10 ml of ortho-xylene, a solu-
tion of 7.8g of 2,2,6-trimethyl-1,3-dioxine-4-one in 25ml of xylene
was dropwise added to the remaining solution over a period of 30
minutes while refluxing. The reaction solution was further refluxed
for 90 minutes. After the solvent was distilled off, the residue was
purified by a silicagel column chromatography with ortho-xylene
as the eluant, and recrystallized from ortho-xylene to give 2.8g of
N-2’,6’-diethyl-6-methyl-4-oxo-pyrane-2-trifluoromethyl-3-carboxani-

lide. To its solution in a mixture of 50ml of ethanol and 10ml of
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Table 3-2

dlphenyl ethers.

~ Herbicidal activity, RMS and logP values of ortho-Cl

plso’
obsd. Eq.3-3 Eq.3-4
“No. Name Structure RMS(A) IOng caled. (A) caled. (M)
2-a NO, Sl ‘
_ @ 3 0358 4.17 591 6.10-0.19 5.64 0.27
nitrofen = w37
i cl
1
2-b
. 0.216  4.70° 5.94 6.84 -0.90 5.92 0.03
chlornitrofen
2-c : ,
. 0.351 3.90 5.78 595 0.17 6.15 -0.38
bifenox
OMe
2-d ‘
0.155  4.0% 6.33 6.56 -0.23 6.13 0.20
chlomethoxyfenu
OEt S
2"8 NOZ . 5 . CF3
‘@I 0.282 4.70° 7.18  6.66 0.52 7.37 -0.19
oxyfluorfen < (3
‘ cooH G ‘
2-f ‘ NO, A CFy
. @ 3 0.340 390 561 5.98-0.37 6.06 -0.45
acifluorfen wo~§-
Cll
COOMe
2-g N02| s CFg
6 4
- 0.352 4.10 7.25 6.08 1.17 6.71 0.54
AFM 1 5 ;
10
Cl

a See footnotes to Table 3-1.
b Except for compounds 2-b and 2-e, estimated as CLOGP—1.36.

¢ 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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NH, o \
CF?U\/U\NH g MNH@
C CF3
l\
0
§
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mﬁ s
I CNH-
CFy

Fig.3-2  Synthetic route of 1-butyl-2-trifluoromethyl-4-pyridone-
3-carboxylicacid-2’,6’-diethylanilide

water was added 1.0g of butylamine and 0.7g of sodium carbon-
ate, and the mixture was stirred for 3.5 hours at room temperature.
After concentration in vacuo, the residue was dissolved in a
mixture of 50ml of ethyl acetate and 50ml of methanol and the
solution was washed with water, and then with saturated sodium
bicarbonate solution. The organic layer was concentrated and
residue was recrystallized from ethyl acetate to afford 0.8g of the
1-butyl-2’°,6’-diethyl-1,4-dihydro-6-methyl-4-oxo0-2-trifluoromethyl-3-
pyridinecarboxanilide, mp 157.4-161.2°C . IH-NMR (CDCl,) &: 0.70-
2.01(7H,m), 1.18(6H,t), 2.30(3H,s) 2.72(4H,q), 3.90(2H,1),
6.31(1H,s), 8.04(1H,s).
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3-2-3 Measurement of Partition Coefficient

The partition coefficient (P) of pyridone-carboxanilides 21,
23-25, 41, 66, and 104 with the 1-octanol-water system was exper-
imentally measured at 25+2°C. The logP value was used as the
parameter for the molecular hydrophobicity (Table 3-1). The experi-
mentally measured logP value of diphenyl ethers, 2-b and 2-e,
was from the data bank issued by the Pomona College Medicinal
Chemistry Project.3* The value for all the diphenyl ethers 2-a to
2-g was also estimated by the CLOGP3 program3*, The CLOGP3
program is to calculate the logP value of the compound by
summing up the component values assignable to each of the
substructure fragments and structural features. The differences
between observed and CLOGP-estimated values for compounds 2-b
and 2-e were averaged and the averaged difference, -1.36, was
used to correct the "CLOGP" values of other ortho-Cl diphenyl
ethers. The values are shown in Table 3-2. The standard deviation

in the experimental logP value was from 0.02 to *0.03.

3-2-4 Molecular Orbital and Molecular Mechanics Calculations

The structure of 1-N-unsubstituted pyridone-carboxanilides
was divided into the anilide and pyridone-carboxamide moieties.
The minimum-energy conformation of these moieties was first

searched for by ab initio MO method.?> For 2,6-diethyl acetanilide,
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the most stable conformation of 2,6-diethyl part was estimated by
Tripos force field3¢ before the ab initio calculation. With these
‘moiety structures of the minimum-energy conformation, we built
the initial conformation of the I1-N-unsubstituted compounds. Into
this initial conformation, each 1-N-substituent was introduced in a
manner so that the plane defined by the 1-N-C,-C; chain of the
substituent is perpendicular to the plane of the 4-pyridone ring
with consideration of the steric repulsion from the 2,6-Me, sub-
stituents. The end benzene ring of the 1-N-benzyl substituent was
fixed on the perpendicular plane, while that of 1-N-phenethyl
substituent was estimated to be parallel to the pyridone ring plane.
The full optimization of the initial conformation was made by the
semi-empirical molecular orbital method PM3.37 We regarded the
fully optimized conformation as the active conformation for light-
dependent herbicidal activity.

To compare the conformation of light-dependent pyri-
done-carboxanilides with that of the light-independent analogs, we
used the light-independent N-methylanilide (117) of the compound
(66) (Table 3-3). The stable conformations of the N-methyl peptide
moiety was analyzed by the Tripos force field.3¢ 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,
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Table 3-3. Energy-minimum . conformations. of compound 117

R e geometry g1 62 43 -AH?
| f%@f s (degree) (degree) (degree) (kcal/mol)
Mé N e Med . , . ]
syn-isomer 100 65 255 20.1
trans-isomer 245 185 . 250 21.0

117

a The heat of formation calculated by the Tripds force field.

we used the coordinates of the X-ray crystal‘s’tructure of AKH-

708838 (Fig.3-3) that is also herbicidal light-dependently?’.

MeOOCCHzO{\II
MeOCH,C q

ool Yol e

Fig.3-3 Chemical structures of
AKH-7088

The initial model for the ortho-nitrobenzoate moiety in 2-c¢, 2-f

and 2-g was from the X-ray data of acifluorfen.*® The initial
conformation of compounds 2-a to 2-¢ was fully optimized by
AMI137 and all torsion angles of derived geometries were opti-
mized by the ab initio method (STO-3G basis set). For compounds
2-d to 2-g, the full optimization was made by PM3.
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3-2-5 Superposition of Molecules and CoMFA Analysis

All computations were performed by the molecular model-
ing software package SYBYL.4 The most stable conformation of
compound 104 was selected as the reference to which the similari-
ty of the conformation of other compounds is examined. Because
the anilide-benzene moiety of pyridoneﬁcarboxanﬂides and the
chlorinated benzene moiety of diphenyl ethers are primarily to be
compared, we assigned twelve atoms to be matched between the
two series as indicated in Tables 3-1 and 3-2. We did not assign
oné of the ortho substituents because our quantitative structure-
activity analysis for pyridone-carboxanilides indicates that the bulk
of the "smaller" ortho substituent in the anilide-benzene ring is
insignificant to govern the variations in the herbicidal potency
(Chapter 2). The smaller ortho substituent may not exert steric
interaction with the target site. The superposition of the most
stable conformations was made in such a way that each of the
twelve atoms assigned was situated as close as possible to each of
the corresponding atoms in the reference, i.e., the root mean
square (RMS) of distances of atomic positions from corresponding
atomic positions of the reference is as small as possible. The
Cartesian coordinates under such conditions along with the PM3
charges of the assigned atoms(l to 12) in pyridone-carboxanilides
and compounds 2-a to 2-g are shown in Table 3-4.

The similarity 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. An example of the super-
position was shown in Fig.3-4 for the compound 2-g and the

reference 104.
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5 \
Front view Side  view

Fig.3~4 Orthogonal Superposition views between compound
104(dashed lines) and 2-g(AFM, solid lines)

The CoMFA analysis was Carried out by using the QSAR
option of SYBYL version 5.41. We placed the active conformers
on a lattice of 20 x 20 x 20 A3 with 2.0A spacing where they are
superposed under conditions as mentioned above. Then, the poten-

tial energy fields of each active conformer were calculated at lat-

67




‘tice points surrounding the entire molecule. For the calculation of
the Coulombic electrostatic potential at each of the lattice points,
the H* ion as a probe and the atomic charges in each of the
entire molecules derived from the PM3 calculation were used.
Dielectric constant of the medium was taken to be 1.0. The steric
interaction (Lenard-Jones) potential at the lattice points was calcu-
lated by using the sp3-carbon atom as a probe. The logP value
was introduced as an additional variable in the analyses.

Because the number of energy indices at every lattice
points is enormous, the data matrix is analyzed with a statistical
procedure named PLS (partial least squares)*? in the CoMFA
‘analysis. In this procedure, the enormous number of "original”
independent lattice variables are linearly combined so that each of
the transformed variables are orthogonal, and to reduce the stand-
ard deviation of the estimates as far as possible while making the
cross-validation tests. The transformed variables are usually so
complex in their composition that they are dealt with as latent
variables. The results of the analysis are expressed as correlation
~equations including latent variable terms and displayed as contour
diagrams of coefficients of field descriptor terms showing favora-
ble and unfavorable potential regions.

We first selected the number of compounds in the set as
the number of the cross-validation and then performed the analy-

sis using the optimum number of variables deduced from the
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cross-validation tests without cross-validation. The auto-scaling of

variables was done by SYBYL STD command.!
3-3 Results

3-3-1 Conformational Analysis of Pyridone-Carboxanilides

The bond connecting the NH with the benzene ring in
unsubstituted acetanilide was rotated from 0° with every 10° inter-
vals and the energy of each conformation was calculated with the
use of the 3-21G basis set. The conformation with the minimum-
energy was that in which the amide side chain is coplanar with
the benzene ring. This was taken as the initial conformation of the
unsubstituted anilide moiety. For ortho-Me acetanilide, a similar
calculation showed that theré are two minimum-energy conforma-
tions as shown in Fig.3-5. The energy of the conformation B in
which ortho-Me is located at the anti-position to the amide carbo-
nyl was more stable than the conformation A. 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-

Et, acetanilide examined with the STO-3G basis set, the minimum-
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TORSION ANGLE ¢
Fig.3-5 Energy-plot of ortho-methyl-acetanilide (3-21G)

energy torsion angle was estimated as 250° as shown in Fig.3-6.
The minimum-energy conformation of 1,4-dihydro-4-oxo-nicotin-N-
methylamide was estimated by the 3-21G basis set showing that
the plane of the side chain amide NH is almost "syn" to the
pyridone-4-carbonyl (Fig.3-7). This almost coplanar geometry was
in accord to our previous NMR experiment indicating an internal

hydrogen-bond formation between the amide NH and the pyri-

done-carbonyl in 4-pyridone-3-carboxanilides.*
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Fig.3-6 Energy-plot of 2,6-diethyl-acetanilide (ST0O-3G)

Each of the minimum-energy conformation of the above
model compounds was combined to construct the initial geometry
of the 4-pyridone-3-carboxanilides into which the phenethyl(104, 41,
23 - 25), benzyl(21), and n-butyl(66) were introduced to the 1-N
position in the manner described in the method section. The most
stable initial conformation of the 1-N phenethyl group in com-
pound 104 was searched for by rotating the end benzene ring
around the C(aromatic)-C, bond with the AMI single-point calcula-
tion. The conformation corresponded with that in which the ben-

zene ring is parallel to the pyridone ring (Fig.3-8).
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Fig.3-7 Energy-plot of 1,4-dihydro-4-oxo-nicotin-N-methyl-
amide (3-21G) -

The conformational analysis of compound 117 around the
N-methylated amide bond was done by rotating three torsion
angles(8;, ©,, 6,) whose increment was 5 degrees. Two conforma-
tions were picked out as the most stable ones (Table 3-3). In one

of which, the N-Me and carbonyl were located on the same side
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Fig.3-8 Energy-plot of compound 104 (AMI1)

of the C-N bond (syn), while, in the other, on the opposite sides
(anti). There was no significant difference in the heat of formation
of syn and anti isomers. The skeleton models of these conforma-

tions are shown in Fig.3-9.
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Fig.3-9 Conformations of compound 117 (syn- and anti-isomers )

3-3-2 Structure-Activity Analysis with Superpositional Steric
Parameter for Pyridone-Carboxanilides and ortho-Cl
Diphenyl Ethers

We examined first how far the three-dimensional similarity
in terms of the minimized RMS value based on the superposed
structures defined by the twelve atoms could rationalize the varia-
tions in the activity. The RMS value of the reference compound

104 is zero by definition. With the RMS value only, no accept-

able correlation equation was formulated. Attempting to consider

other variables, we found that the molecular hydrophobicity is
significant as a single parameter although the correlation quality is

not satisfactory as shown in Eq.3-1.
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plgy = 0.98 logP +2.27 [3-1]
(0.50) (1.78)
n=14, s=0.70, 1=0.78, F,,=18.51.

The addition of the RMS term into Eq.3-1 was not signif-
icant. Evidently, the RMS value representing a dissimilarity of the
substructure only was not the parameter to rationalize the potency
variations which are regulated by the characteristics of the entire
molecule. We thought, however, if we could select subsets of
compounds in which the skeletal substructure defined by twelve
atoms is indeed a dominant feature and the coniribution from
substructures other than the skeleton is identical to or canceled out
each other, we would at least be able to ascertain the importance
of the hypothetical "common" substructure. We examined to use
indicator variables differentiating pyridone-carboxanilides (104, 41,
23 - 25, 21, 66) from diphenyl ethers (2-a to -g), 1-N-phenethyl-
pyridone-carboxanilides (104, 41, 23 - 25) from others (21 and 66),
and 4-trifluoromethylated diphenyl ethers (2-e to -g) from other
ethers (2-a to -d). We found that the addition of the indicator
variable term differentiating compounds (104, 41, 23 - 25) from (21

and 66) leads to an acceptable correlation Eq.3-2.




plsy=0.63 logP - 2.87 RMS - 1.42 I(1-N) + 4.48 [3-2]
049) (61)  (1.22) (2.26)
n=14, s=0.50, r=0.89 F; =18.21

The I(1-N) takes the value of unity when the 1-N substit-
uent is either benzyl or butyl in pyridone-carboxanilides. Omitting

these two compounds, Eq.3-3 of a similar quality was obtained.

plsy = 0.66 logP - 2.75 RMS +4.34 3-31
051) (@266  (0.32)
n=12, s=0.56, r=0.86, F,=1235.

The plg, value calculated with Eq.3-3 was shown in
Tables 3-1 and 3-2. Egs.3-2 and 3-3 indicate that the lower the
dissimilarity of the substructural skeleton defined by twelve atoms
as well as the higher the hydrophobicity, the higher the activity.
The butyl and benzyl groups as the 1-N-substituent on the pyri-
done ring are inferior to the phenethyl substituent. The require-
ment, in which the 1-N-substituent should be kept unchanged for
the RMS value to work in Egs.3-2 and 3-3, is understandable,
because our earlier quantitative-structure-activity analysis for a set
of pyridone-carboxanilides in which the 1-N substituent was varied

from lower alkyls, alkoxys, benzyl and phenethyl to chain struc-

76




tures being combined with the 2-position, indicates that the stereo-
electronic nature of the 1-N-substituent is very important in regu-
lating the herbicidal potency (Chapter 2). Egs.3-2 and 3-3 requir-
ing no significant contribution from the factor differentiating
between pyridone-carboxanilides and diphenyl ethers should be
considered to mean that the effect of substructural moieties other
than the twelve atomic skeleton is fortuitously nearly equivalent.
The effects of a part of the pyridone ring plus 1-N-phenethyl of
the pyridone-carboxanilides and a part of the nitrated benzene ring
bearing alkoxy or carb(alk)oxy groups plus the 4-substituent such
as Cl and CF; are not significantly different from each other in
the contribution to the herbicidal potency. The logP value is the
parameter for the entire molecule, but, for twelve compounds
included in Eq.3-3, it may be roughly collinear with the substruc-
tural hydrophobicity of the anilide benzene and ortho-chlorinated
benzene rings of respective series of compounds. The addition of
the term defining electronic structure was examined by using
similarity indices for the electrostatic potential field as proposed by
Carbo* and Hodgkin®’ and their respective coworkers, but neither
of these indices improved the correlation. Apparently, the pattern
of the electrostatic potential field is governed by the entire molec-
ular structure.

In spite of these drawbacks, Eqs.3-2 and 3-3 were consid-

ered to support the procedure in which fourteen members of
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pyridone-carboxanilides and diphenyl ethers were superposed on
each other according to the assigned twelve atoms whenever above
mentioned conditions for contributions from other parts of the

molecule are satisfied.

3-3-3 The CoMFA Analysis for Pyridone-Carboxanilides and
ortho-Cl Diphenyl Ethers

Because the procedure to superpose fourteen active con-
formations of pyridone-carboxanilides and diphenyl ethers seemed
relevant in spite of certain restrictions, we proceeded to the
CoMFA analysis to examine our hypothesis.

The CoMFA-PLS analysis was performed under conditions
in which cross-validation = 14 for the same compounds as used to
derive Eq.3-2, to indicate that the optimum number of latent varia-
bles was four (cross-validated r = 0.80). Then, the PLS analysis
was repeated without cross-validation, under conditions in which
the number of latent variables is four, leading to Eq.3-4. The
press is the standard deviation from the leave-one-out cross-valida-

tion.

pls=0.T7logP+[steric & electrostatic field descriptor terms]+1.58 [3-4]
n=14, 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 plg, values, accounting for 94% of their
variance. The relative contributions of logP and steric and electro-
static field descriptors were 0.275, 0.330 and 0.396, respectively.
The calculated ply, value from Eq.3-4 are shown in Tables 3-1 and
3-2. Eq.3-4 indicates that the three-dimensional steric and electro-
static factors of entire molecule are indeed significant in addition
to the whole molecular hydrophobicity. It also shows an essential
role of the alignment of the twelve atoms common between two
series. of compounds in the interaction with the hypothetical recep-
tor site.

Figs.3-10 and 3-11 are the contour maps drawn according
to Eq.3-4 showing regions in which steric and electrostatic poten;
tial fields, respectively, are either favorable or unfavorable to
potentiating the light-dependent activity with the use of compounds
104 and 2-g (AFM) as examples. Fig.3-10 shows that the smaller
one of ortho-substituents in the anilide moiety in pyridone-carbox-
anilides and ortho-chlorinated benzene ring in diphenyl ethers,
being surrounded by unfavorable region, is not needed to potenti-
ate the light-dependent herbicidal activity. It also shows that the
region at the vicinity of the 1-N-position of the pyridone ring is
sterically unfavorable to the activity. The sterically unfavorable
region is extended along the direction in which the 1-N substituent
is lengthened. On the other hand, the regions accommodating the

3’-substituent in diphenyl ethers as well as the 2-substituent on the
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pyridone ring, and the end benzene ring of the 1-N-phenethyl
group and the S-substituent in the pyridone ring in the pyridone-
carboxanilides are sterically favorable to the activity.

| Fig.3-10 indicates that the pattern of the electrostatic field
in regions surrounding the pyridone moiety and the non-chlorinated
benzene ring is of primary importance in governing the variations
in the activity. The region surrounding a part of the 4’-NO, group
in diphenyl ethers as well as the 2-substituent in the pyridone ring
is electronegative. The region nearby the 3’-position in diphenyl
ethers as well as the carbonyl oxygen of the amide linkage in
pyridone-carboxanilides are also electronegative. The higher the
electron density of atomic positions surrounded by the electronega-
tive regions, the higher is the activity. Fig.3-11 also indicates an
electro-negative contour in the region corresponding to the end
benzene ring of the 1-N phenethyl substituent and a positive
~contour in the region of the alkyl chain of the 1-N substituents in

pyridone-carboxanilides.
3-4 Discussion

The CoMFA results were in accord with 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 moiety and that of the 5-substituent in the
pyridone ring are favorable to the activity with their respective
optimum. The lengthy but slim substituents at the 1-N position are
also advantageous. The inductively electron- donating property of
the 1-N substituent works to potentiate the activity, These features
in stereo-electronic effects of substituents at respective positions
were nicely reproduced by the CoMFA analysis in terms of the
contour maps for coefficients of steric and electronic descriptors at
the lattice points.

The fact that the logP value of the entire molecule is
significant in Eq.3-4 is somewhat inconsistent with the earlier
QSAR in which the hydrophobicity of the anilide benzene ring
was only significant in governing the potency variations of pyri-
done-carboxanilides. For pyridone-carboxanilides, the hydrophobicity
of the entire molecule could be one of the significant factors in
such processes as transport, but the anilide moiety may be given
the critical role for the overall potency variations. Another possibil-
ity is that, as briefly mentioned before, the molecular logP may
be collinear with the hydrophobicity of anilide-benzene and ortho-
chlorinated benzene moieties as far as two types of compounds in-
cluded in the present analysis are concerned.

The effect of the electron withdrawing characters of the
4’-NO, group and such 3’-substituents as carb(alk)oxy groups in

diphenyl ethers could be rationalized by the electronegative regions




close to these groups as shown in Fig.3-11. The electro-positive
region appearing also near the 3’-substituent could accommodate a
partial positive charge of alkoxy-oxygen brought about by delocali-
zation of lone pair electrons in compounds 2-d and -e. A part of
~the 4’-NO, group is, however, surrounded by the positive region,
so the overall electrostatic potential field at the vicinity of the 4’-
substituent would be nearly neutral. The fact that a diphenyl ether
~coded as MC10878 (Fig.3-1: Y _=4-CF;, R’;=COOMe, 4’=H in
place of NO,) is reported to exhibit a potent light-dependent
herbicidal activity*® is not inconsistent with the present CoMFA
result. It should be mentioned that this type of the 4’- substituent
effect as discussed above was revealed only with the analysis
combined with pyridone-carboxanilides. With the subset of seven
diphenyl ethers in which the 4’-NO, group is invariably substitut-
ed, no information for the 4’-substituent effect is extracted.

There was another support to the present analysis covering
the two different series of compounds. In the subset of seven
pyridone-carboxanilides, the 2-substituent is always Me. Because
the electronegative region close to the 4’-NO, group in diphenyl
ethers also covers the 2-substituent position of the pyridone ring in
Fig.3-11, and also because the region accommodating this substit-
uent position is not sterically forbidden in Fig.3-10, the introduc-
tion of an electron-withdrawing substituent into this position of the

pyridone ring was expected to give a highly potent compound. We
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synthesized the 2-CF; analog (Fig.3-1:R;=n-Bu, R,=CF;, R,=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 in the analysis, is highly active, was regarded as a fur-
ther support to the analysis.

As described in Chapter 1, some pyridone-carboxanilides
in which R;=benzyl, R,=Me and R.=H are fixed but X is varied
within combinations of small substituents show the herbicidal activ-
ity under the light as well as dark conditions. These compounds
may be able to take the active conformation essential to the light-
dependent activity. The N-methylated-anilide compound (117) is
light-independent the potency of which is very low, the Ly, value
being close to 2 x 103M. This compound was selected because its
light-dependent activity is almost lost and also because the modifi-
cation of the structure from the light-dependent parent compound
(66) is only slight. As shown in Fig.3-9 and Table 3-3, the light-
independent 117 has two stable conformations. The syn-type con-
formation that differs more drastically than the anti-type from the
stable conformations of light-dependent pyridone-carboxanilides
could be the active conformation for the light-independent activity.

In summary, the CoMFA procedure for light-dependent
herbicides was able to reproduce our earlier QSAR results. Fur-

thermore, from the analysis in which two structurally different
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series of compounds were dealt with as a single set, additional
structure-activity information was extracted that was able not only
to rationalize the experimental results beyond those for the series
of compounds included in the analysis but also to predict new
analogs of higher potency. One of the difficulties in the CoMFA
procedure is, however, to find out how to superpose the mole-
cules, in particular, when the set of structurally different types of
compounds is to be analyzed. Some extent of arbitrariness seems
to be inevitable and the results should be examined by comparing
with those from the traditional QSAR analyses. Another is that,
even though it is the quantitative procedure, the results are inter-
preted rather qualitatively than the traditional quantitative proce-
dure. The merit of visualization of the resulis may also be
compensated by the use of latent variables the meaning of which
are not straightforward. We believe that the CoMFA approach can
be used for more complicated structure-activity problems but
complemental supports are necessary from the traditional QSAR

procedures.

86




Chapter 4 Preparation of Compounds

Various types of 4-pyridone-3-carboxanilides were syn-

thesized, mainly by the following methods.

1-Benzyl-2’,6’-diethyl-1,4-dihydro-2,6-dimethyl-4-oxo-3-pyridine-
carboxanilide(21) ;

N-(2,6-diethylpheny1)—3-oxobutanamide (2.66, 11.4mmol)
was allowed to react with benzylamine (1.22g, 11.4mmol) in tol-
uene (Sml) solution of diketene (1.34g, 15.9mmol), and after stir-
ring for 4hr, by treatment with 1N methanolic NaOH solution
(Sml). After stirring for 3hr at 0°C, toluene (30ml) was added and
the solution was washed with brine, dried over MgSO, and evapo-
rated. The residue was crystallized from toluene-Et,O to afford
3.40g (77%) of 1-benzyl-2’,6"-diethyl-1,4-dihydro-2,6-dimethyl-4-oxo-
3-pyridinecarboxanilide having mp 142-146.5°C . 'H-NMR (CDCl,)
5: 1.18(6H,t), 2.28(3H,s), 2.66(4H,q), 2.78(3H,s), 5.20(2H,s),
6.48(1H,s), 6.75-7.60(8H,m), 11.64(1H,br).

1-Butyl-1,4-dihydro-2,6-dimethyl-2’-methoxy-4-o0x0-3-pyridinecar-
boxanilide:(49) '

A solution of 4.21 g (20.3 mmol) of N-(2-methoxyphenyl)-3-
oxo-butaneamide, 2.08 g (28.4 mmol) of butylamine, and three

drops of acetic acid in 25 ml of toluene was refluxed for 1.5 hr.
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The water generated by the reaction and the excess of butylamine
were removed through Dean-Stark’s water separator tog‘ether with
about 12 ml of toluene. While refluxing, a toluene solution of
2,2,6-trimethyl-4H-1,3-dioxine-4-one (2M, 21.7 ml) was added
dropwise to the mixture in a 30 min period. After the reaction
mixture was refluxed further for 45 min, it was cooled to room
temperature. The crystals precipitated were separated by filtration
and dried under reduced pressure to afford 3.47 g of 1-butyl-1,4-
dihydro-2,6-dimethyl-2’-methoxy-4-oxo0-3-pyridinecarboxanilide
having mp 158-160°C . 'H- NMR (CDCl,) &: 0.93(3H,t), 1.13-
1.93(4H,m), 2.33(3H,s), 2.86(3H,s), 3.60-4.00(5H,m), 6.35(1H,s),
6.60-7.24(3H,m), 8.10-8.60(1H,m), 10.90(1H,br).

2°,6’-Diethyl-1,4-dihydro-2,6-dimethyl-4-oxo0-1-(2-propinyl)-3-pyri-
dinecarboxanilide (82):

A solution of 4.05 g (17.4 mmol) of N-(2,6-diethylphenyl)-3-
oxo-butaneamide, 1.34 g (24.3 mmol) of propargylamine and one
drop of acetic acid in 25 ml of toluene was refluxed for 1.5 hr.
The water generated by the reaction and excess of propargylamine
were removed through Dean-Starks water separator together with
about 12 ml of toluene. While heating, a toluene solution of 2,2,6-
trimethyl-4/1-1,3-dioxine-4-one (2M, 21.7 ml) was added dropwise to
the mixture in a 30 min period. After the reaction mixture was

refluxed further for 1.5 hr, it was cooled to room temperature, The
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crystals precipitated were separated by filtration and dried under
reduced pressure to afford 3.47g of 2°,6’-diethyl-1,4-dihydro-2,6-
dimethyl-4-ox0-1-(2-propinyl)-3-pyridinecarboxanilide having mp
259-261°C. 'H- NMR (CDCl;) & :1.20(6H,t), 2.49-2.86(8H,m),
3.02(3H,s), 4.65(2H,d), 6.39(1H,s), 7.2(3H,s), 10.86(1H,br).

2°,6°-Diethyl-6,7,8,9,-tetrahydro-4-methyl-2-ox0-2H-quinolizine-1-
carboxanilide (87):

A_‘ solution of 3.10 g of methyl (hexahydro-2-
pyridinylidene)acetate in 10 ml of xylene was gently refluxed, and
a solution of 7.81 g of 2-ethyl-2,6-dimethyl-4H-1,3-dioxine-4-one in
10 ml of xylene was added dropwise in a period of 20 min. The
mixture was further refluxed for 2 hr, removing the by-product,
methyl ethyl ketone, with the Dean-Stark's apparatus. The reaction
mixture was cooled to room temperature. The resulted crystals
were filtered to obtain 4.11 g of 6,7,8,9-tetrahydro-4-methyl-2-
0x0-2H-quinolizine-1-carboxylate. A mixture of 3.50 g of this
compound and 126 g of 5% aqueous sodium hydroxide solution
was stirred for 2 hr at 70°C. To the reaction mixture 13.9 ml of
concentrated hydrochloric acid was added under ice-cooling. The
mixture was extracted with CHCI;, and the extract was dried and
concentrated. The residue was recrystallized from a mixture of
toluene and CHCl; to afford 1.89 g of 6,7,8,9-tetrahydro-4-methyl-2-

0ox0-2H-quinolizine-1-carboxylic acid. To a solution of 1.0 g of
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this acid in 15 ml of CH,Cl, a solution of 0.37ml of SOCI, in 5
ml of CH,Cl, was added dropwise under ice-cooling. Then, a
solution of 0.79 g of 2,6-diethylaniline and 1.34 ml of triethyla-
mine in 5ml of CH,Cl, was added to the above reaction mixture
and stirred for 1 hr under ice-cooling. After alloWing to stand
overnight at room temperature, the reaction mixture was washed
with water and saturated NaCl solution, dried and concentrated.
The crystalline residue was recrystallized from ethyl acetate to
afford 0.80 g of 2’,6’-diethylphenyl)-6,7,8,9-tetrahydro-4-methyl-2-
0x0-2H-quinolizine-1-carboxanilide having mp 134.5-137°C . 1H-
NMR (CDCl,) &: 1.16(6H,t), 1.60-2.04(4H,m), 2.28(3H,s),
2.58(4H,q), 3.56(2H,t), 3.84(2H,t), 6.36(1H,s), 7.04(3H,s),
11.65(1H,br).

1-Butyl-5-chloro-2’,6’-diethyl-1,4-dihydro-2,6-dimethyl-4-0x0-3-
pyridinecarboxanilide:(89)

A mixture of 500mg (1.41 mmol, m.p. 110°-112°C.) of 1-
butyl-N-(2,6-diethylphenyl)-1,4-dihydro-2,6-dimethyl-4-oxo-3-pyridine
carboxanilide and 188mg (1.41mmol) of N-chlorosuccinimide was
dissolved in 15ml of chloroform and refluxed with stirring. To the
reaction mixture, 190mg of N-chloro-succinimide was added in
twice, and refluxed for 15.2 hr.

The reaction mixture, transferred to a separately funnel, was

washed with water, saturated sodium bicarbonate and water. The
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organic layer was dried and concentrated in a usual manner to
give a yellow oil, which was purified by column chromatography
(Wacogel C-200) with a mixture of ethyl acetate and hexane,
affording 300mg of 1-Butyl-5-chloro-2°,6’-diethyl-1,4-dihydro-2,6-
dimethyl-4-oxo-3-pyridinecarboxanilide having m.p. 125.5°-126.5°C.
TH-NMR(CDCL,) &:1.18(6H,t), 0.8-2.0(7H,m), 2.62(3H,s),
2.66(4H,q), 2.83(3H,s), 4.02(2H,s), 7.07(3H,s), 10.88(1H,br)

5-Bromo-1-butyl-2’,6’-diethyl-1,4-dihydro-2,6-dimethyl-4-0x0-3-
pyridinecarboxanilide (90):

- To a mixture of 658 mg (1.85 mmol) 6f 1-butyl-2’,6’-diet-
hyl-1,4-dihydro-2,6-dimethyl-4-oxo-3-pyridinecarboxanilide, 14 ml of
CH,CI, and 1.18 g (11.10 mmol) of sodium carbonate, a solution
of 297 mg (1.86 mmol) of bromine in 6 ml of CH,Cl, was added
under vigorous stirring for 8 hr. The insoluble product in CH,CI,
was filtered off and the filtrate was concentrated under reduced
pressure to give a crysfaﬂine residue. The residue was recrystal-
lized from ethyl acetate and hexane to afford 669 mg of 5-bromo-
1-butyl-2’°,6’-diethyl-1,4-dihydro-2,6-dimethyl-4-o0xo0-3-pyridinecarbo-
xainilide having mp 161-162.5°C. 'H- NMR(CDCl,) &: 1.17(6H,1),
0.7-2.0(7TH,m), 2.65(4H,q), 2.71(3H,s), 2.83(3H,s), 4.04(2H,t1),
7.07(3H,t), 10.86(1H,br).
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1-Butyl-2°,6’-diethyl-1,4-dihydro-2,6-dimethyl-4-oxo0-5-phenyl-
methyl-3-pyridinecarboxanilide:(93)

, A mixture of 1.00g (2.57mmol,m.p.95°-96°C.) of
2’,6’-diethyl-2,6-dimethyl-4-oxo-5-phenylmethyl-4H-pyrane-3-carbo-
xanilide and 0.28g (3.85mmol) of butyl amine was dissolved in
5ml of toluene and 1N hydroxysodium methanol solution and
refluxed with stirring for 48hr at room temperature. The reaction
mixture was transferred to a separately funnel, was washed with
water. The organic layer was dried and concentrated in a usual
manner to give a oil, affording 0.75g of 1-Butyl-2’,6’-diethyl-1,4-
dihydro-2,6-dimethyl-4-oxo-5-phenylmethyl-3-pyridinecarboxanilide.
IH-NMR(CDCl,) &: 0.60-2.00(7H,m), 1.17(6H,0), 2.32(3H,s),
2.66(4H,q), 2.86(3H,s), 3.93(2H,t), 4.06(2H,s), 6.90-7.25(8H,m),
11.77(1H,br)

3-Bromo-2’-chloro-2,6,7,8,9,10-hexahydro-4-methyl-2-oxo-
pyrido[1,2-alazepine-1-carboxanilide: (104)

A solution of 20.0 g of methyl (hexahydro-2-
azepinylidene)acetate in 77 ml of xylene was gently refluxed, and
a solution of 41.9 g of 2,2,6-trimethyl-4H-1,3-dioxine-4-one in 41
ml of xylene was added dropwise in 45 min and the whole was
refluxed for 2 hr. The by-product and acetone were removed with
the Dean-Stark apparatus. The reaction mixture was cooled to

room temperature. The resulting crystals were filtered, washed by
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cold xylene and dried to afford 21.4 g of methyl-2,6,7,8,9,10-
hexahydro-4-methyl-2-oxo-pyrido[1,2-aJazepine-1-carboxylate having
m.p.174-176°C. To a solution of 14.1 g of the resulted compound
and 38.2 g of sodium carbonate in 178 ml of CH,Cl,, a solution
of 3.69ml of bromine in 89 ml of CH,Cl, was added dropwise at
room temperature in 30,1nin, followed by stirring for 80 min at
room- temperature. The reaction mixture was washed with 10%
aqueous sodium bisulfite, saturated sodium bicarbonate and Water,
consecutively, dried and concentrated. The crystalline residue was
recrystallized from a mixture of ethyl acetate and methanol to
afford 15.7 g Gf methyl 3—brom0-2,697,8,9,1O-hexahydro—4=methyi-2~
oxo-pyrido[1,2-alazepine-1-carboxylate. A mixture of this compound
and 10% aqueous sodium hydroxide solution was stirred for 3
hours at 100°C and cooled to room temperature. The precipitated
crystals were filtered, washed and dried under reduced pressure to
obtain 14.2 g of 3-bromo-2,6,7,8,9,10-hexahydro-4-methyl-2-oxo-
pyrido[1,2-aJazepine-1-carboxylic acid. To a solution of 0.90 g of
this acid in 11 ml of CH,Cl, a solution of 0.23 ml of SOCI, in 4
ml of CH,Cl, was added dropwise under ice-cooling. Then, a
solution of 0.79g of 2-chloroaniline and 1.34 ml triethylamine in 5
ml of CH,CI, was added to the above reaction mixture and stirred
for 100 min under ice-cooling. After allowing to stand overnight
at room temperature, the reaction mixture was washed with 10%

aqueous sodium hydroxide solution and water, dried and concen-
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trated. The crystalline residue was recrystallized from CH,Cl, to
afford 0.80 g of 3-bromo-2’-chloro-2,6,7,8,9,10-hexahydro-4-methyl-
2-oxo-pyrido[1,2-a]azepine]-1-carboxanilide having mp 252.0-
255.0°C. 'H-NMR (DMSO-d6) &: 1.43-1.97(6H,m), 2.67(3H,s),
3.03-3.41(2H,m), 4.11-4.45(2H,m), 6.94-7.67(3H,m), 7.95-8.32(1H,m),
10.70(1H,br).

3-Bromo-2’,6’-diethyl-2,6,7,8,9,10-hexahydro-4-methyl-2-oxo-pyr-
ido[1,2-a]azepine-1-carboxanilide (107):

A solution of 20.0 g of methyl (hexahydro-2-
azepinylidene)acetate in 77 ml of xylene was gently refluxed, and
a solution of 41.9 g of 2,2,6-trimethyl-4H-1,3-dioxine-4-one in 41
ml of xylene was added dropwise in 45 min and refluxed for 2 hr.
The by-product and acetone was removed with the Dean-Stark
apparatus. The reaction mixture was cooled to room temperature.
The resulting crystals were filtered, washed by cold xylene and
dried to afford 21.4 g of methyl-2,6,7,8,9,10-hexahydro-4-methyl-2-
oxo-pyrido[1,2-a]azepine-1-carboxylate having m.p.174-176°C. To a
solution of 14.1 g of the resulted compound and 38.2 g of sodium
carbonate in 178 ml of CH,Cl,, a solution of 3.69 ml of bromine
in 89 ml of CH,Cl, was added dropwise at room temperature in
30 min, followed by stirring for 80 min at room temperature. The
reaction mixture was washed with 10% aqueous sodium bisulfite,

saturated sodium bicarbonate and water, consecutively, dried and




concentrated. The crystalline residue was recrystallized from a
mixture of ethyl acetate and methanol to afford 15.7 g of methyl
3-br0mo~2,6,7,8,9,10-hexahydro-4—methyl—2—oxo—pyrido[1,2—a] azepine-
1-carboxylate. This compound was converted into 3-bromo-2°,6-
~ diethyl-2,6,7,8,9,10-hexahydro-4-methyl-2-oxo-pyrido[1,2-a]azepine-1-
carboxanilide, having mp 178-179.5°C, by hydrolysis and amida-
tion in a manner similar as to afford (87). 'H-NMR(CDCI,) §&:
1.18(6H,t), 1.75-2.10(6H,m), 2.67(4H,q), 2.70(3H,s), 3.30-
3.70(2H,m), 4.00-4.20(2H,m), 7.08(3H,s), 10.58(1h,br).
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General Conclusion

In this thesis, potent light-dependent herbicidal pyridone-
carboxanilides were selected and physicochemical bases for the
selection of candidate light-dependent herbicides for developmental
studies were analyzed by use of traditional regression analysis and
comparative molecular field analysis.

In Chapter 1, novel 4-pyridone-3-carboxanilide deriva-
tives containing various substituents on the anilide benzene and 4-
pyridone rings were synthesized, and their herbicidal activity
against Echinochloa oryzicola was evaluated. These compounds
exhibited light-dependent herbicidal activity, except for some 1-IV-
benzyl analogs substituted on the anilide moiety which was light-
independent. Among compounds synthesized, 5-bromo-2’,6’-diethyl-
1,4-dihydro-2,6-dimethyl-4-oxo-1-phenethyl-3-pyridinecarboxanilide
was found to possess the highest light-dependent herbicidal activi-
ty, being almost equivalent with that of oxyfluorfen. The effect of
substituents of the anilide benzene and 4-pyridone rings on the
activity was discussed.

In Chapter 2, the variations in the light-dependent her-
bicidal activity to Echinochloa oryzicola of a number of 4-pyri-
done-3-carboxanilides substituted by various substituents on the
anilide-benzene and pyridone rings were examined by use of

physicochemical substituent parameters and the regression analysis.
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The effects of substituents on the anilide ring were such that the
activity was related parabolically not only with the substituent
hydrophobicity () but also with the steric bulk parameter (-E) of
the bulkier ortho substituent. The effect of substituents at the 1-N
position was analyzed steric(STERIMOL L and Bs) and
electronic(o;) parameters. That of the 5-position substituents of the
pyridone ring was explained by a parabolic function of a steric
(MR) parameter. The analyses for the activity of 105 analogs in
total confirmed that our previous selection of a candidate com-
pound in this series for field trials was indeed appropriate in
terms of physicochemical substituent effects.

In Chapter 3, using a set of representative members
selected from 4-pyridone-3-carboxanilides and ortho-chlorinated
diphenyl ethers exhibiting light-dependent herbicidal activity, we
examined the three-dimensional structure-activity relationships
quantitatively. The most stable conformation of each compound
regarded as the "active conformation" was determined by either
semi-empirical or ab initio molecular orbital calculations. With a
hypothesis defining a common substructural skeleton between the
two different compound series, each molecule was superposed. We
first analyzed the structure-activity relationship using an index for
the substructure shape similarity according to the superposed
conformations. After finding a relevance of the hypothesis, we

examined the three-dimensional structure-activity relationship using




the comparative molecular field analysis procedure. The result
suggested that the two different series of compounds share a
common region of the receptor site. The variations in the light-
dependent herbicidal potency were governed by hydrophobicity and
three-dimensional steric and electronic field parameters of mole-
cules participating in the transport process and the interaction with
the receptor site. The result was consistent with that derived from
- our previous quantitative analysis with the use of free-energy-
related substituent parameters and the traditional regression proce-
dure for a large number of pyridone-carboxanilides.

The present approach would substantiate not only the
selection of potent light-dependent pyridone-carboxanilides but also
discovery of novel types of light-dependent herbicides. It is hoped
that the procedures used here could be extended to other related
fields such as insecticides, fungicides, and plant growth regulators
as well as various types of medicines in rationally designing

novel compounds.
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