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Abstract: The larvicidal activity of a number of 1-(substituted benzoyl)-2-benzoyl-
1-tert-butylhydrazines against the rice stem borer (Chilo suppressalis Walk.) was
measured. Variations in the activity were examined quantitatively using physico-
chemical substituent and molecular parameters and regression analysis. The results
indicated that the molecular hydrophobicity and the electron-withdrawing inductive/
field effect of ortho substituents are favourable to larvicidal activity. The bulkiness
of substituents at the meta and para positions was unfavourable to activity,
substitution at the para position being more unfavourable than that at the meta
position in terms of van der Waals’ volume. The 2,3-, 2,5- and 2,6-disubstitution
patterns were also unfavourable to activity. Reductions in larvicidal activity caused
by the 2,6-, 2,3,5- and 2,3,4,5-substitutions were greater than those induced by the
2,3- and 2,5-disubstitutions. When the sum of contributions from favourable effects
is greater than that from unfavourable effects, the larvicidal activity is expected

to be superior to that of the unsubstituted compound.

1 INTRODUCTION

Key steps in insect metamorphosis and development are
regulated by juvenile and moulting hormones. New
insecticides that regulate the action of these hormones
are specific to insects, and scarcely toxic to mammals. A
number of juvenile hormone mimics have been synthe-
sized'~7 and some of them are commercially available as
larvicides. In contrast, progress towards finding a new
class of insecticides related to moulting hormones has
been hampered by the structural complexity.5-1¢
Recently, RH-5849 (Fig. 1; X, = H) was found to

* This paper is Part IX of a series, ‘Quantitative Structure—Acti-
vity of Insect Growth Regulators.” The previous title was:
Quantitative structure-activity of benzoylphenylurea larvicides.
VIII. Inhibition of N-acetylglucosamine incorporation into the
cultured integument of Chilo suppressalis Walker, published as:
Nakagawa, Y., Matsutani, M., Kurihara, N., Nishimura, K., &
Fujita, T., Pestic. Biochem. Physiol., 43 (1992) 141-51.

I To whom correspondence should be addressed.

mimic the action of a moulting hormone, 20-hydroxy-
ecdysone, in Drosophila Kc cells at the receptor level.!!+12
The external administration of an excessive amount of
the moulting hormone or its mimics has been shown to
induce severe damage to larval growth, leading to
death.!3-!% In oral administration tests with tobacco
hornworms, RH-5849 was over 670 times more potent
as the moulting hormone than 20-hydroxyecdysone.!¢
Although various substituents have been introduced
into benzene rings of the compound to optimize moulting-
hormone as well as insecticidal activity,'” the effects of
substituents on activity are little understood.

In this study, we synthesized a number of substituted
dibenzoyl hydrazines in which X, is varied (Fig. 1) and
measured their larvicidal activity against the rice stem
borer (Chilo suppressalis Walk.). With a traditional
procedure to examine the structure-activity relationship
quantitatively'® that uses physicochemical substituent
and molecular parameters and regression analysis, we
found that hydrophobic, steric and electronic effects of
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Fig. 1. Structure of the larvicidal 1-(substituted benzoyl)-2-
benzoyl-1-tert-butylhydrazines studied.

substituents as well as factors probably related to the
molecular conformation are decisive of variations in the
activity.

2 EXPERIMENTAL
2.1 Synthesis

The final compounds and intermediates were prepared
following the typical procedures shown in Fig. 2. Some
representative synthetic procedures are described below.
Yields were not optimized. Most of the benzoic acids
used to derive final dibenzoylhydrazines are commer-
cially available. The dibenzoylhydrazines are listed in
Table 1 with their uncorrected melting point. The
chemical structure of each compound was confirmed by
proton nuclear magnetic resonance ([*H]JNMR) spectra
and elemental analyses. The ["HJNMR spectra were
recorded on a JEOL JNM-PMX60 spectrometer in
deuterochloroform (CDCl;) and/or deuterodimethyl
sulfoxide (DMSO-dg) with tetramethylsilane as the
internal standard. Each of the analytical values for C, H,
and N agreed within 0-3% with the calculated value.
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2.1.1 Procedure A:'° preparation of
2-methyl-3-chlorobenzonitrile

Sodium nitrite (1-2 g) dissolved in water (4 mi) was added
to a mixture of 2-methyl-3-chloroaniline (2-82 g), 35%,
hydrochloric acid (7-0 ml), and ice (20 g). The reaction
mixture was stirred vigorously to prepare the correspond-
ing diazonium solution, which was then added dropwise
to a solution prepared from copper(I) cyanide (55 g),
potassium cyanide (13 g) and water (30 ml) under
ice-cold conditions. The reaction mixture was stirred for
20 min at room temperature followed by heating, and
then subjected to steam distillation. The distillate was
extracted with diethyl ether and the solvent was evapor-
ated to afford the benzonitrile, which was recrystallized
from ethanol + water. Yield was 115 g (37-9%). ['H]NMR
(CDCl,) 4: 2:52 (3H, s), 7-10-7-60 (3H, m) ppm.

2.1.2  Procedure B: preparation of
2-methyl-3-chlorobenzoic acid
2-Methyl-3-chlorobenzonitrile (1-35 g) was stirred over-
night at 70°C in 70%, sulfuric acid (7-0 ml). After addition
of water (50 ml) to the reaction mixture, the precipitated
amide crystals were collected by filtration, washed with
water, and dried. Sodium peroxide (1-56 g) was added
slowly to the amide (1-2 g) suspended in water (30 ml)
and stirred for 1 h at room temperature. The reaction
mixture was neutralized with hydrochloric acid and the
precipitates collected by filtration. The crystals were
repeatedly washed with water and dried to afford the
corresponding benzoic acid. Yield was 036 g (23:7%).
[*HINMR (DMSO-dg) 6: 246 (3H, s), 7-26-7-40 (3H,
m), 10-20-10-90 (1H, br) ppm. The corresponding benzoic
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Fig. 2. Synthetic scheme for 1-(substituted benzoyl)-2-benzoyl-1-tert-butythydrazines.
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acids for compounds 36, 38, 52 and 53 were synthesized
according to procedures A and B.

2.1.3  Procedure C:*° preparation of 2-benzyloxybenzoic

acid

Thionyl chloride (20 ml) was added to salicylic acid
(250 g) suspended in ethanol (100 ml) and the mixture
was stirred overnight. After removing ethanol and excess
thionyl chloride under reduced pressure, the solid
material was dissolved in diethyl ether and washed with
saturated sodium carbonate and brine. After drying the
ethereal portion over anhydrous sodium sulfate, the
solvent was evaporated to afford ethyl salicylate (29-1 g).
Benzyl bromide (55 g) and solid potassium hydroxide
(2:0 g) was added to ethyl salicylate (5-0 g) dissolved in
dimethyl sulfoxide (50 ml). After the mixture had been
stirred for 5 h at 45°C, it was diluted with water (200 ml),
extrated with diethyl ether and washed with saturated
sodium carbonate and brine. After drying the ethereal
solution with sodium sulfate, the solvent was evaporated
to afford ethyl 2-benzyloxybenzoate, 7-0 g (89-7%). This
benzoate was dissolved in aqueous sodium hydroxide
(2M; 120 ml) and tetrahydrofuran (50 ml) and refluxed
overnight. The reaction mixture was neutralized with
hydrochloric acid and the solvent was evaporated. The
residue was filtered and washed repreatedly with water
to afford the corresponding acid. Yield was 536g
(81:3%). ['H]JNMR (CDCl;) é: 573 (2H, s), 7-40-8-80
(9H, m), 9-40-9-90 (1H, br) ppm. With similar procedures,
2-methylthiobenzoic and 4-phenylpropyloxybenzoic acids
as intermediates of compounds 14 and 35, respectively,
were prepared.

2.1.4  Procedure D: preparation of 2,4-dimethylanisole
Sodium hydride (8:'5g as 60% suspension in oil), was
slowly added to 2,4-dimethylphenol (25:0 g) dissolved in
N,N-dimethylformamide (50 ml) and stirred for 10 min.
Methyl iodide (30-0g) was added dropwise to this
mixture and stirred for 5h at room temperature. The
reaction mixture was diluted with water (200 ml) and
extracted with diethyl ether. The ether layer was washed
with saturated sodium carbonate solution and brine and
dried over anhydrous sodium sulfate. The solvent was
evaporated to afford a colourless oil. Yield was 29-8 g
(quantitative). ['"HINMR (CDCl,) é: 2-33 (6H, s), 3:90
(3H, s), 7-20~7-50 (3H, br) ppm.

2.1.5 Procedure E: preparation of
2,4-dimethyl-6-bromoanisole

Bromine (48 g) was added dropwise within 1 h to
2,4-dimethylanisole (4-0 g) dissolved in acetic acid (30 ml)
and stirred for 5 h at 50°C in the presence of a catalytic
amount of iron powder. The reaction mixture was
extracted with diethyl ether and the ether layer was
washed with 8% sodium thiosulfate, saturated sodium
carbonate solution, and brine in that order. The ethereal
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portion was dried over anhydrous sodium sulfate and
the solvent was evaporated to afford an oil. The oil was
purified by a silica gel column chromatography (Wakogel
C-200, eluted with hexane + ethyl acetate, 9 + 1 by
volume) to afford 2,4-dimethyl-6-bromoanisole as a
colourless oil. Yield was 1:62g (256%). ["HIJNMR
(CDCly) 6: 2:33 (6H, s), 390 (3H, s), 720 (1H, s), 7-50
(1H, s) ppm.

2.1.6 Procedure F:?! preparation of
2-methoxy-3,5-dimethylbenzoic acid
2,4-Dimethyl-6-bromoanisole (1:62 g) dissolved in an-
hydrous ether (10 ml) in a 50-ml flask sealed with a rubber
septum cap was cooled by dry ice in acetone. n-Butyl
lithium (10 ml) was added with use of a syringe through
the rubber cap and stirred for 30 min. An excess of dry
ice was added to the reaction mixture and stirred. The
reaction mixture was diluted with hydrochloric acid (1 M;
30 ml) and extracted with ethyl acetate. The ethyl acetate
portion was dried over anhydrous sodium sulfate after
washing with brine and the solvent evaporated. The
resultant residue was recrystallized from hexane to afford
2-methoxy-3,5-dimethylbenzoic acid. Yield was 0-52 g
(36:8%). ['"H]NMR (CDCl,) d: 2-33 (6H, br), 3-90 (3H,
br), 720 (1H, br), 7-55 (1H, br), 10-4-109 (1H, br) ppm.
2-Methoxy-5-n-propylbenzoic acid for compound 42 was
synthesized according to procedures D, E and F.

2.1.7 Procedure G: preparation of 2-methoxybenzoyl
chloride

The mixture of 2-methoxybenzoic acid (50 g) and thionyl
chloride (7-0 ml) was refluxed for 12 h and the excess
thionyl chloride removed under reduced pressure. The
residue was distilled under vacuum to afford a yellowish
oil. Yield was 4-82 g (86-29)). Each of the substituted
benzoic acids was chloridated by this procedure.

2.1.8 Procedure H:'" preparation of
N-benzoyl-N'-tert-butylhydrazine

Benzoyl chloride (22-6 g) and aqueous sodium hydroxide
(6 M; 60 ml) were simultaneously added to tert-butyl-
hydrazine hydrochloride (20-0g) dissolved in diethyl
ether (250 ml) over 30 min and stirred for 1 h at room
temperature. The ether layer of the reaction mixture was
washed with aqueous sodium hydroxide (1 M) and brine,
and the basic monobenzoylated hydrazine was extracted
with aqueous hydrochloric acid. The extract was washed
with hexane and neutralized with sodium hydroxide (6 M)
to afford crystals, which were recrystallized from hexane
and diethyl ether. Yield was 262 g (84-4%). ['TH]NMR
(CDCl,) é: 1-20 (9H, s), 1-49 (1H, s), 5:33-6:20 (1H, br),
7-10-8-00 (5H, m) ppm.

2.1.9 Procedure I:'" preparation of
N-benzoyl-N'-(4-chlorobenzoyl)-N'-tert-butylhydrazine
4-Chlorobenzoyl chloride (0-42 g) and aqueous sodium
hydroxide (1 M; 5ml) were simultaneously added to
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N-benzoyl-N'-tert-butylhydrazine (0-29 g) dissolved in
diethyl ether (20 ml) in 30 min and stirred for 3 h at room
temperature. The reaction mixture was extracted with
diethyl ether, and the ether portion was washed with
sodium hydroxide (1 M), hydrochloric acid (1 M), and
brine in that order. The ethereal extract was dried over
anhydrous sodium sulfate and the solvent was evaporated
to give a restdue which was recrystallized from hexane
and diethyl ether to afford the corresponding dibenzoyl-
hydrazine. Yield was 0-12 g (24%). ['H]JNMR (CDCl,
and DMSO-dy) o6: 152 (9H, s), 7-00-7-60 (9H, m), 9-80
(1H, s) ppm.

2.2 Larvicidal activity

The method for the larvicidal test against the rice stem
borer was similar to that described previously.?2:23
Third-instar larvae about 10 days after hatching were
reared on an agar diet containing 1 x 107* M reagent
grade piperonyl butoxide (PB) purchased from Tokyo
Kasei Co., uniess otherwise noted, for at least 1 h. PB is
an inhibitor of oxidative metabolism and its addition in
the diet has been shown to elevate the larvicidal activity
level of insect growth regulators such as substituted
benzoylphenylureas under conditions similar to those
used in this study against the rice stem borer.?® Various
doses (usually four) of each compound in 0-5 ul of
dimethyl sulfoxide were applied topically to the dorsal
part of 20 larvae, which were further reared on the
same diet at 28°C under long-day photoperiods (16:8 h,
light:dark). The larvicidal activity in terms of pLD;,, the
log value of the reciprocal of the doses (mmol per insect)
required to kill 509 of the larvae 7 days after the
application, was estimated by probit transformation.?+ 25
The pLD;, value was determined for all of the com-
pounds for which it could be measured. The number of
repetitions (n) and the pLD;, values are shown in Table 1.

2.3 Physicochemical substituent and molecular
parameters

Physicochemical parameters of substituents on the
benzoyl-benzene ring are listed in Table 2. For ortho
substituents, the Charton ¢,*® which represents the
inductive/field component of their electronic effect was
used. As the steric parameter, V,,, expressing the van der
Waals’ volume which is calculated according to Bondi,?”
was used. In the analyses AV, [=V,(X) — V, (H)] was
used for simplicity, where V,(X) and V,(H) are those of
X-substituent and H, respectively. The A¥,, value used
here is scaled by 0-1 to make the size comparable to that
of other parameters. For the steric effect of substituents,
we have examined other parameters such as STERIMOL
parameters,?8 E, defined by Taft, Kutter and Hansch,?*
and MR (substituent molar refractivity).>® The best result
was derived with the Bondi volume V. Most AV, values
are cited from one of our previous publications.**

Nobuhiro Oikawa et al.

The molecular hydrophobicity parameter, A log P, was
defined as the difference in log P between compounds
with substituent(s) X, and that of the unsubstituted
compound 1 as:

Alog P = log P[Ph(X,)CON(tert-Bu)NHCOPhH]
— log P (compound 1) )]

The log P value (P is the partition coefficient in
n-octanol/water system) for most of the compounds was
experimentally measured according to the reported
procedure.*? Log P values for compounds with a side
chain such as the hydrazine bridge capable of hydrogen
bonding are susceptible to stereo-electronic effects of
substituents on the benzene ring.>>~* Taking this into
account, the experimentally measured A log P values for
45 compounds were analyzed to give eqn (2).

Alog P = 0-858(+0095)Zn(X,) + 0:690( £ 0-161)Eq°
— 0-726(+0-213)Zg0"th
+ 0-259( £ 0- 104) S Eortho
+ 0:079(+0087) )
n=45 s=015 r=0958 F, ,o=11191

In this and the following equations, n is the number of
compounds, s is the standard deviation, r is the
correlation coefficient, and F is the value of the ratio
between regression and residual variances. The figures in
parentheses following each coefficient are the 959
confidence intervals of the regression coefficient. In eqn
(2), Zn(X;) is the sum of the reference hydrophobicity
parameter for substituent(s) X; evaluated from log P
values of mono-substituted benzenes.*® The ¢° cited from
our previous publications®3:34is the parameter represent-
ing the electron-withdrawing property of substituents
devoid of the through resonance effect. E; is a set of steric
parameters including those defined by Taft for alkyl
substituents and those extended by Kutter and Hansch
to heteroatomic substituents.?® The reference point of E
value was shifted to that of H. Za° is the summation of
the ¢° values at ortho, meta, and para positions. The
o%ortho) is taken as equivalent with ¢°(para).’?® Za{™™
and E™ are the summations of respective values only
for ortho substituents.®® Substituent parameters to derive
eqn (2) are listed in Table 2. The log P values calculated
by eqn (2) and the experimentally measured values are
listed in Table 1. For compounds without the experiment-
ally measured log P, that calculated by eqn (2) was used in
the correlation analyses.

3 RESULTS
3.1 Larvicidal activity against rice stem borers

As a preliminary, we examined the effect of the synergist,
PB, for dibenzoylhydrazines. The activities for the
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TABLE 1

Larvicidal Activity of Dibenzoylhydrazines against the Rice Stem Borer and Hydrophobicity of Compounds

C(CH;3)3

- I
@—CONNHCQ—O
xn

Larvicidal activity

Compounds pLD, (mmol insect ~!)

No. X, mp (°C) Observed® Calculated® log P
1 H 178-179 627 (£016) (n=15) 595 245
2 2-F 183-184 624 (+016) (n=2) 670 2-38
3 2-Cl 161-162 683 (+036) (n=15) 678 2-59
4 2-Br 195-196 688 (+023) (n=13) 6-86 2:69
5 2-1 188-189 699 (2£011) (n=2) 6-88 283
6 2-CF, 172-173 690 (£023) (n=4) 690 2:85
7 2-NO, 181-182 680 (+002) (n=2) 6-80 2:27
8 2-CH, 214-215 582 (+016) (n=2) 6-20 275
9 2-C,H, 177-178 603 (n=1 638 2:96

10 2-C,H; 144-145 <500(0%) (n=1) 739 3-89¢
11 2-OCH, 181-182 614 (£0:06) (n=2) 604 2:04
12 2-OCH(CH,)CH,CH, 116-117 <4-00 (0%) (n=1) 7-01 3-18°
13 2-OCH,C¢H; 89-90 <400(0%) (n=1) 7-66 3-66°
14 2-SCH, 196-198 <500 (45%) (n=1) 653 2:60
15 3-F 176-177 631 (£0-12) (n=2) 613 278
16 3-Cl 180-181 645 (£0:06) (n = 3) 6:37 328
17 3-Br 217-218 649 (+£015) (n=2) 645 3-49
18 3-1 255-256 658 n=1) 651 372

19 3-CF; 203-204 602 (+£002) (n=2) 6-34 361

20 3-NO, 222-223 538 (+003) (n=2) 573 2-73

21 3-CN 173-174 4-68 (+0:06) (n =2) 545 2-34

22 3-CH, 210-212 610 (£030) (n=4) 5-88 279

23 3-OCH, 188189 589 (£023) (n=2) 5-58 2-56

24 4-F 217-218 6-44 n=1) 603 285

25 4-Cl 212-213 6:55 (£011) (n=2) 6-02 342

26 4-Br 228-229 594 n=1) 5-98 3-66

27 4-1 234-235 551 (+0-16) (n=2) 572 378

28 4-CF, 228-229 5:58 (n=1) 5-53 377

29 4-NO, 250-251 <500(0%) (n=1) 494 2:63

30 4-CN 199-200 509 (n=1) 5-00 2-50

31 4-CH, 187188 561 (+0:02) (n=2) 551 2:99

32 4-C(CH,), 200-201 <448 (0%) (n=1) 400 411

33 4-CH, 215-216 <448 (0°%) (n=1) 399 424

34 4-OCH; 221-222 476 n=1) 4-87 2-56

35 4-O(CH,);CzH; 161-162 <448 (0%) n=1 1-45 4-50°

36 2,3-Cl, 209-210 633 (£0:04) (n =2) 625 341

37 2-CHj,, 3-Cl 213-214 576 n=1) 5-67 3-57

38 2,3-(CH,), 204-205 454 (+001) (r=2) 520 3-10

39 2,4-Cl, 134-135 701 (£005) (n=2) 685 3-55

40 2,4-(CH,), 195-196 492 (n=1) 566 318

41 2.5-Cl, 213-214 636 (+0:03) (n = 2) 621 336

4?2 2-OCH,,5-C5H, 122-123 521 (£0-11) (n=2) 520 3:32¢

43 2,5-(CH>), 197-198 564 (£0:09) (n=2) 534 325

44 2.6-F, 194-195 502 (+0:17) (n = 2) 482 216

45 2-F,6-Cl 209-210 510 n=1) 4-87 2-34

46 2,6-Cl, 198-199 4:52 (n=1) 4-96 2-56

47 3,4-Cl, 238-239 678 (+£025) (n=4) 645 425

48 3.4-(CH,), 225-226 552 (+0:02) (n=2) 545 334

49 3,4-(OCH,), 205-206 <500 (0%,) (n=1) 3-99 2-:09

50 3,5-Cl, 259-260 707 (£0:09) (n = 3) 692 426°

51 3,5-(CH,;), 206207 6:43 (£019) (n=3) 6-04 3-39

52 2,3,4-Cl, 209-210 617 (£0:16) (n=2) 6-34 4-39¢

53 2,5-Cl1,,3-CF, 185-186 5-28 n=1) 5-80 4-68°

54 2-OCH,,3,5-(CH,;), 92-93 472 (n=1) 420 291°¢

55 2,34,5-F, 158-159 538 (+003) (n=2) 527 344

56 2.34.56F, 200-201 <448 (0°%) (n=1 342 325

“ With the mean standard deviation for the number of repeated runs indicated by n. Percentages in parentheses
are kills at the stated dose.
® Calculated by eqn (4).
¢ Calculated by eqn (2).
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TABLE 2
Physicochemical Parameters for Substituents

Substituent e 00a  Ooua a, E. AV,
H 0-00 000 0-00 0-00 000 000
F 014 035 0-17 054 —046 033
Cl o7 037 0-27 047 -097 095
Br 0-86 038 0-26 047 —116 126
1 112 035 027 040 —140 171
CF; 0-88 047 0-53 040 -—240 194
NO, —-0-28 070 0-82 067 —101 143
CN —0-57 0-62 0-65 057 —0-51 122
CH, 056 -007 -012 -—-001 -—124 112
C,H; 102 -007 -013 —-001 -—131 214
C;H, -5 -007 -013 -001 —160 316
C(CH,); 198 ~007 —-017 -001 -—-278 418
CeH, 196 010 004 012 —101 433
OCH, —0-02 006 —-016 030 —055 144
OCH(CH,)CH,CH; 130 —017 028 ~055 450
OCH,C,H; 166 023 043 —055 568
O(CH,),CcH; 241 —014°  028° —055 772
SCH; 0-61 013 006 030 —-107 220

% From Refs 32 and 35, unless otherwise noted.
b Calculated by CLOGP program (Ref. 35).

¢ The value for OCH(CH,), was used.

¢ Hammett ¢ value was used.

¢ The value of OC,H was used.

unsubstituted compound 1 and compounds with electron-
withdrawing (compound 3) and -donating substituents
(compound 11) measured without the synergist were 616,
655 and 5-82, respectively. The activities measured in the
presence of PB (Table 1) of these compounds were higher
than the unsynergistic activity by 0-1-0-2 log units. Thus,
the activity of other compounds was measured under
synergistic conditions with PB to eliminate perturbations
in the activity index as far as possible.

Among mono-substituted derivatives (compounds
1-35), the effect of electron-withdrawing substituents
such as halogens, CF,, and NO, at the ortho position
was most prominent in increasing activity. The effect of
electron-donating alkyl and alkoxy groups was not
significant. At the meta position, halogens were favour-
able to activity, whereas bulkier electron-withdrawing
groups such as CF;, NO, and CN were unfavourable.
Introduction of F and Cl at the para position slightly
increased activity, but bulkier halogens and electron-
withdrawing groups such as CF;, NO, and CN decreased
activity. Substitution by such groups as alkyl and alkoxy
at meta and para positions somewhat reduced activity.
The bulkier substituents (in compounds 10, 12-14, 32,
33 and 35) were incompatible with activity.

The activity of multisubstituted compounds (com-
pounds 36-56) varied drastically, depending upon types
and patterns of substitution. The substituent effects were
not generalized except for the following aspects. Among
the disubstituted compounds 36-51, 2,4- and 3,5-dichloro
derivatives (compounds 39 and 50) had higher levels of
activity. Compounds with two methyl groups (compounds
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38, 40, 43, 48 and 51) were not so potent as the
corresponding dichloro derivatives (compounds 36, 39,
41, 47 and 50). 2,6-Disubstituted compounds 44—46 and
tri-, tetra- and pentasubstituted compounds 52-56
were less potent than unsubstituted compound 1 (RH-
5849). The activity of compounds 49 and 56 was too low
to be measured.

3.2 Quantitative analysis with substituent parameters

The effects of substituents on the activity were not simple
as indicated above. Various effects seemed to overlap,
showing a very complicated structure-activity pattern.
First, we analysed the activity of mono-substituted
compounds. The preliminary analyses for ortho, meta
and para derivatives separately indicated that the
molecular hydrophobicity and the position-specific
electronic and steric effects of substituents are significant
at various levels. For the combined set of monosubstituted
compounds, eqn (3) was formulated as giving the best
correlation quality.

pLDs, = 0:977(+0-314) A log P + 1-280( +0-739)g¢"#
— 0-480( £ 0-265) AYme
— 0-890( +0-289) A}/era
+ 6:010( £0-275) 3)
n=27 s=0300 r=0899 F,,,=2329

In this and the following equations, ¢{"*° is for the
inductive/field effect of ortho substituents as in eqn (2),
while the superscripts meta and para associated with the
AV, terms indicate that the terms are for meta and para
derivatives, respectively. In deriving this and the follow-
ing equations, compounds whose activity was too low to
measure (compounds 10, 12-14, 29, 32, 33 and 35) were
not included. Addition of the electronic effect terms for
meta and para substituents as well as the steric effect for
ortho substituents did not improve eqn (3). The use of
other steric parameters such as Verloop’s STERIMOL
parameters and Taft-Kutter— Hansch E; in the place of
and in addition to AV, did not improve the correlation
as far as the compounds for which the activity was
measurable were concerned.

Comparison of the observed activity values of multi-
substituted compounds with the activity values estimated
by eqn (3), assuming that the effects of substituents were
additive, showed that the activity of 2,4-, 34- and
3,5-disubstituted derivatives (compounds 39, 40 and
47-51) was approximately in accord to that estimated.
But the activities of 2,3- and 2,5-disubstituted compounds
36-38, 41-43 as well as 2,3,4-trisubstituted compound 52
were lower and those of compounds 53-55 with 2,3,5-
trisubstituted patterns and 2,6-disubstituted compounds
44-46 were even lower than the corresponding values
calculated by eqn (3) (Fig. 3). By considering these resuits
and including all mono- and multisubstituted compounds
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TABLE 3
Development of Equation (4)

Intercept I, I,ss Zggrthe Alog P Ayrare TAymeta s r Fxy"
5986 —~1-106 0688 0376  F 4= 725
6127 1247 — 0468 0639 0527  F .= 809
5-940 —-2791 —0727 1715 0-540 0-704 Fi 4, = 1810
5619 —2:730 —0-940 2:017 0474 0479 0782 Fy 4y =12:32
5-748 —2:694 —1-103 1-872 0675 —-0562 0-383 0-871 Fi 40 =12433
5946 -2-501 —0935 1:504 0-879 —0-325 —0815 0337 0904 Fy 30 = 12:48

¢ F statistic for the significance of the addition of each parameter. X: The number of independent variables added at each step of
the development, Y: n-m-1, n being the number of datum points and m being the total number of independent variables in the

developed equation. Fy ¢¢.0.05 = 400, F} 30.0.05 = 417.

8
74
L ]
. s’ o Q)
8 0
;6 (AR
-] L] 5
2 W h)
£ o - L,
[} [V
. =l
o . P
. 'y
5 . a /,
e D "4
o RS
4 T T T
4 5 6 7 8
Caled.

Fig. 3. Relationship between observed and calculated larvicidal
activities of tested compounds against the rice stem borer.
Calculated values were obtained from eqn (3). (@) Mono-
substituted and 2,4-, 3,4- and 3,5-disubstituted compounds; (O)
compounds having 2,3- or 2,5-substitution pattern; ([J)
compounds having both 2,3- and 2,5-substitution patterns; (A)
compounds having 2.6-substitution pattern.

with measurable activity values, eqn (4) was formu-
lated.

pLD,, = 0:879(+0:236) A log P + 1-504(+0-567)Ec 0"
— 0:325(+0-186)ZA Vet

— 0:815(4+0-250) AV pare
— 2:501(+0-626)I, ¢ — 0-935(+ 02391, ; ¢
+ 5:946(+0-221) 4)

n=46 s=0337 r=00904 Fy,,=2903

In this and the following equations, I, 5 5 is an indicator
variable that takes the value of unity for compounds
having either 2,3- or 2,5-disubstitution patterns and two
for 2,3,5- and 2,3,4,5-substituted compounds with twice
the 2,3- and 2,5-disubstitution patterns, and is otherwise
zero. I, ¢ is another indicator variable that takes the value
of unity for compounds having the 2,6-disubstitution
pattern and is otherwise zero.

Equation 4 shows that the larvicidal activity of the

TABLE 4
Squared Correlation (r?) Matrix for Variables Used to Derive
Equation (4)

AlogP  Zgithe  TApmea  Apvea
Toprthe 0073
TAV™es 0223 0035
Appora 0095 0080 0121
I 0108 0489 0:048 0025
1,5 0138 0038 0259 0034 0017

compounds against rice stem borers increases with
increase in the molecular hydrophobicity if substitution
patterns are appropriate. Electron-withdrawing effects of
ortho substituents are favourable to activity. Introduction
of meta and para substituents is unfavourable to activity
for steric reasons. The activity is decreased to a varying
extent by simultaneous introduction to ortho and some
other positions: the activity of 2,6-di- and 2,3,5-trisub-
stituted compounds was about one-hundredth and that
of 2,3- and 2,5-disubstituted compounds was about
one-tenth that of compounds not possessing these
substitution patterns. The activity was not lowered by
2,4-disubstitutions. The intercept value which should be
the activity of unsubstituted compound 1 was reasonable.
The development of eqn (4) and the degree of collinearity
between variables are shown in Tables 3 and 4, respect-
ively. The larvicidal activity values calculated by eqn (4)
are listed in Table 1.

4 DISCUSSION

The above quantitative analyses indicate that activity
increases linearly with the increase in the molecular
hydrophobicity, log P, when other factors are separated
and substitution patterns are appropriate. In a previous
study for larvicidal benzoylphenylureas with the same
bicassay system, we have shown that the molecular
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hydrophobicity is highly important in determining
variations in the larvicidal potency and that quadratic
or bilinear terms of log P are required to rationalize the
hydrophobicity-potency relationship.?® We have also
observed that the larvicidal activity of the benzoyl-
phenylurea derivatives is closely related to their inhibitory
effect on the growth of new cuticle in cultured integument
fragments excised from rice stem borers. In another study,
we have shown that dibenzoylhydrazines as well as
20-hydroxyecdysone inhibit the cuticular growth of
cultured integument of rise stem borers3”3% at a
concentration range higher than that required to induce
their hormonal activity. In spite of differences in the exact
mechanism of action between dibenzoylhydrazines and
benzoylphenylureas,'® the location at which the re-
spective action mechanisms are triggered on the epidermis
could be similar. The factors governing the transport
process to that location in terms of hydrophobicity would
be similar in the two series. However, the largest log P
value among the dibenzoylhydrazines used to derive eqn
(4), 467 for compound 53, was smaller than the log P
value (5-9) at which the ascending linearity is cut off for
the benzoylphenylureas. In fact, the slope of the A log P
term in eqn (4), 0-88, is not far from that of the linear
term, 1-18, of the bilinear representation of the hydro-
phobic effect for 53 benzoylphenylureas.*®

In eqns (3) and (4), the o{"" term was significant.
Neither the replacement of this o, parameter with the
regular Hammett ¢ nor the addition of the ¢/** and ¢
terms improved the correlations. This indicates that the
electronic effect of ortho substituents is not operating
through bonds, but is of a type of interacting through
the field between the ortho substituent and the carbamoyl
moiety of the side chain. This intramoiecular electronic
effect could probably operate indirectly on the interaction
between the molecule and the receptor, so that the higher
the electron-withdrawing field effect of the ortho sub-
stituents, the higher is the larvicidal activity.

The coefficient of the AV, term for para substituents
is more negative than for meta substituents in eqns (3)
and (4). The steric allowance of the receptor to para
substituents would be lower than that to meta substituents.
Although the AV, term for ortho substituents was not
significant for compounds included in eqn (4), their steric
effect should be involved because the activity of com-
pounds 10, 12-14 having bulky ortho substituents was
too low to measure.

For multi-substituted compounds, the factors depen-
dent on substitution patterns represented by I, ¢ and
I, 35 were significant in addition to molecular hydro-
phobicity and position-specific stereo-electronic effects.
The I, ¢ term probably represents a steric factor that
participates in distortion of the coplanar conformation
of the benzene ring and the side-chain amide moiety. The
physicochemical meaning of the 1, ; 5 term is, however,
not clear, but it may be of a steric nature. When one of
the meta positions is occupied simultaneously with one
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of the ortho positions, the coplanarity might be severely
distorted by some repulsive interactions with receptor sites.

Among those tested, compounds 10, 12-14, 29, 32, 33,
35, 49 and 56 showed too low an activity to measure,
because of their limited solubility. The low activities of
compounds 29, 32, 33, 35, 49 and 56 were predicted by
eqn (4). Although the activity of the SCH; compound 14
was measured in the presence of PB, the suppression of
the metabolic oxidation may not be complete, giving a
less active compound(s) before arriving at the site of
action. The unmeasurable activity of 0-C4H s (compound
10), 0-OCH(CH,)CH,CH; (compound 12), and o-
OCH,C¢H; (compound 13) derivatives could be due
to the unfavourably large size of their substituents as
mentioned above. In addition to such latent ortho-steric
effect, the specific effects assigned to certain multiple
substitution patterns are believed to leave us much to
explore in future with augmentation of additional
compounds and further examination of steric factors.

In conclusion, the higher the hydrophobicity of
dibenzoylhydrazines, the higher was the larvicidal
activity against the rice stem borer unless substitution
patterns were detrimental to the activity. Introducing an
ortho substituent with an inductively electron-withdrawing
property was favourable to the activity. Steric effects on
reducing the activity were position-specific. In addition,
the activities of compounds having 2,3-, 2,5- and
2,6-disubstitution, but not 2,4-, 3,4- and 3,5-disubstitution
patterns were lower than expected from additivity of
substituent effects observed for mono-substituted com-
pounds, being partly rationalized by steric effects. The
favourable patterns are substitutions at one of the ortho
positions with hydrophobic, electron-withdrawing and
moderate-sized substituents and 3,5-disubstitutions with
small-sized hydrophobic substituents.
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