Bi B % 4y 38 B—IV

New Insecticidal Cyclopropanecarboxylic Esters. Part V., 4-Aryl-2-buten-1-yl Chrysanthe-
mates and Related Esters (2)* Kaoru Sora*, Takehiro Amavno, Akifumi Havasui, Ichiro
Tanaka, and Katsura Munakara*? (*'Rescarch Laboratory, Taisho Pharmaceutical Co., Ltd.,
Toshima, Tokyo and *:Laboratory of Pesticide Chemistry, Faculty of Agriculture, Nagoya

University, Chikusa, Nagoya) Received April 25, 1973. Botyu-Kagaku, 38, 191, 1973.

26. FRANL IRV HLRVBIZATL BEH) 4-7ZUN-2-TFo-1-4 L5
—HRIRFLESICMETIFIL (2) MM B, OKFRZE, K R, HE—E8 5%

e (ARG TIEE.  ROHIRX

X) 48. 4. 25 2H,

RAMBRFERE R RELEEE, SEETTE

4-Aryl-halosubstituted-frans-2-buten-1-yl dl-cis, trans- fi— %z 27 8 X 2,2,3,3-7
FSAFNL IO SORYHNE VB AT VERESRL, B icdd s gl RE L.

WRIZISNT, Nay OBA, TEK,

SH~OHARR L b BafEA oML mbBED b1

7z, oh 5 DT, 4-phenyl-3-chloro-frans-2-buten-1-yl dl-cis, trans- 5—%f = 2 5 & (Va)
BERLAHT, 7R o120 MIIBRUz, Va 2By 3 REEK 5 R—dl-trans-Va, di-
¢is-Va, d-trans-Va, 4-phenyl-2-chloro-trans-2-buten-1-yl dl-trans- = 2 5 ¥, TN r, 2
O dl-cis-Mx 27 Vv—2HIRL, RHREMDE REOHBE R LI,

Flr, Nr¥UBREOR, BRSSO EREOHEIICH»D LY, RUNBILT I,

We have recently reported the synthesis of a
number of chrysanthemic acid esters of 4-aryl-
trans-2-buten-1-ols and their insecticidal acti-
vities against houseflies.” Some of the esters
were more active than allethrin in activity by
topical application method and four of them (I,
II, 111, and 1V) were shown to possess a great
potency enough to carry out further modification
of this 2-buten-1-yl series.
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Va, R;=Cl, R,=H
Vla, R;=H, R,=Cl
Vlla, R,=Br, R,=H
VIlIa, R;=R,=Cl
Chart 1

I, R1=R2=H

II, R,=CH;, R.=H
111, R,=H, R,=CH,
IV, R|=R2=CH3

In this paper, we would like to report the
synthesis and the insecticidal activities of the
chrysanthemic acid esters (Va, VIa, Vlla, and
VIIla) of 4-phenyl-halo-frans-2-buten-1-ols and
the related esters (series of V~XIII).

* A part of this paper was presented at Annual
Meeting of Agricultural Chemical Society of
Japan, Fukuoka, April 4, 1970,

The chrysanthemic or 2,2,3,3-tetramethylcy-
clopropanecarboxylic acid esters of 4-aryl-2 and
/or 3-substituted-frans-2-buten-1-ols were, in
general, prepared by the esterification of the
corresponding 4-aryl-1-chloro-2 and/or 3-subs-
tituted-2-butenes (XIV XVI, XVIII, and XIX)
withv potassium chrysanthemate or 2, 2, 3, 3-tetra-
methylcyclopropanecarboxylate, The synthesis of
4-aryl-1-chloro-2 and/or 3-substituted-2-butenes
was readily carried out by the Meerwein arylation
reaction® of the appropriately substituted-1,3-
butadiene with aryldiazonium chloride as shown
in Chart 2, However, in the case of the reaction of
2-chloro- or 2-bromo-butadiene, 4-aryl-1-chloro-
2-halo-2-butene (XV or XVII), 4,1-adduct as a
minor product, was confirmed by the NMR and
GLC analysis. For example, in the reaction of
benzenediazonium chloride with 2-chloro-1, 3-
butadiene, the ratio of 4, 1-adduct to 1, 4-adduct
in the reaction product was about 1:3. When the
mixture was esterified with potassium salt of
the appropriate cyclopropanecarboxylic acid, only
a small amount of the ester from 4,1-adduct
was formed together with the ester from 1,4-
adduct, and the purity of the latter was above
902%. Thus, there is a great difference in the
esterification rate between 1,4- and 4, 1-adducts,
The Meerwein arylation product of 2-methoxy-
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1,3-butadiene was not 4-aryl-l1-chloro-3-me-
thoxy-2-butene, 1,4-adduct, but 4-aryl-1-chloro-
2-methoxy-2-butene, 4, 1-adduct.

In order to clarify the isomerism-activity
relationship of the esters, five isomeric esters
consisting of the geometrical isomers of chry-
santhemic acid and the positional isomers of the
4-phenyl-2 or 3-chloro-2-buten-1-ol were pre-
pared. The isomeric alcohols, 4-phenyl-3-chloro-
and 4-phenyl-2-chloro-trans-2-buten-1-ols were
prepared by the 4-nitrobenzoylation of the
mixture of 4-phenyl-1, 2-dichloro- and 4-phenyl-
1, 3-dichloro-2-butenes (XIV and XV, R=H) {ollo-
wed by repeated recrystallization. The esters of
dl-trans-chrysanthemic acid were obtained by the
acid chloride method. Since the ¢is-chrysanthe-
moyl chloride might be isomerized to the {rans
isomer under the condition of the acid chlonde
method®, the esters of dl-cis-chrysanthemic acid
were prepared by treatment of dl-cis-chrysan-
themic acid with an appropriate alcohol in the
presence of N, N’-dicyclohexylcarbodiimide.

The insecticidal activities by topical application
method? and spray method® were given in
Tables 5, 6, 7, 8, and 9.
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Esters having unsubstituted phenyl group.

The replacement of the methyl group of the
2-buten-1-yl moiety in the chrysanthemates 1I,
III, and IV chlorine atom exerted, in general, a
great influence on insect toxicity; that is, the
chloro-substituted chrysanthemates Va, VIa, and
VlilIa were, respectively, about 5, 1, and 3 times
as active as the corresponding methyl-substituted
esters II, III, and IV. Of these chloro-substituted
chrysanthemates, the 3-chloro-substituted com-
pound (Va) was the most active and it was shown
to be about 12 times as active as allethrin in
insect toxicity, This compound (Va) is proposed
to be designated as “butethrin”®,

The 3-bromo- (VIIa) and 2, 3-dichloro- (VIIIa)
substituted chrysanthemates were slightly less
active than the 3-chloro-substituted ester (Va),
but introduction of a chlorine atom at the 2-
position of the 2-buten-1-yl moiety of the
chrysanthemate was found to be not so effective.
A chlorine substitution on the 3-position of the
2-buten-1-yl moiety of esters was found to be
more effective than that on the 2-position. The
structure-activity relationship of these chloro-
substituted chrysanthemate series (Va, V_Ia, and



i g R

Table 1.

oM 38 B_IV

4-Aryl-monosubstituted-frans-2-buten-1-yl dl-cis, trans-Chrysanthemates

Anal, (%) -
No. R X bp°C(mmHg) ng’ Formula Calcd. Found
H C H

Va H» 3-Cl1 142~5 (0.12) 1.5300 CzHyClO; 72.16 7.57 71,95 7.31
Vb 2-CH;, 3-Cl1 155~7 (0.07) 11,5336 C;H,ClO, 72.71 7.85 72,84 . 7.88
Ve 3-CH, 3-Cl 150~1 (0.08) 1.5308 CgH;ClO0; 72,71 7.85 72.48 7.86
Vd 4-CH, 3-Cl1 150~1 (0.15) 1.5291 Cy4H,,Cl10, 72.71 7.85 72,65 7.69
Ve 2-Cl 3-Cl1 155~6 (0.08) 11,5405 CyH,,Cl,0, 65.40 6.59  65.33 .6.42
Vi 3-C1 3-Cl1 167~8 (0.16) 1.5372 CzH,,CL0, 65.40 6.59  65.27 6.51
Vg 4-Cl 3-Cl 165~6 (0.15) 1.5376 CgH,Cl;0, 65.40 6.59  65.46 6.55
Vh 2-F 3-C1 152~4 (0.20) 1.5223 CgH,CIFO, 68.46 6.89 68,63 6.84
Vi 3-F 3-Cl 160~2 (0.35) 1.5197 CuH,CIFO, 68.46 6.89 68.57 6.72
Vij 4-F 3-Cl1 154 (0.28) 1.5181 C,H,CIFO, 68,46 6.89 68.42 6.83
Vk 2-CH;0 3-Cl 157~8 (0.07) 1.5338 C;HyClO, 69.50 7.50 69,37 7.49
Vi 3-CH;0 3-Cl 162~5 (0.06) 11,5345 C;HyClO, 69.50 7.50 69.56 7.45
Vm 4-CH;0 3-C1 167~9 (0.20) 11,5348 CyHyClO, 69.50 7.50  69.41 7.58
Vn 4-C,H, 3-Cl1 158~62 (0.08) 1.5276 CgzH,ClO, 73.21 8.10 73.19 8.03
Vo 4-NO, 3-Cl1 203 (0.30) 1.5493 CgH,CINO 63.57 6,40  63.35 6.47
Vp 2-CH;0,5-CH,; 3-Ct 165~6 (0.06) 1.5322 CjzH;ClO, 70.10 7.76  69.89 7.66
Vq 2, 4-di-CHj, 3-Cl 157~9 (0.10) 1.5308 CyzH,ClO, 73.21 8.10 73.37 8.05
VIa®» H 2-Cl1 164~6 (0.65) 1.5295 CpH;5CIO0, 72.14 7.57 72,26 7.51
VIid 4-CH, 2-Cl 149~51 (0.13) 1.5283 CgyH,,Cl10; 72.71 7.85 72.62 7.84
Vilae> H 3-Br 156~8 (0.20) 1.5406 CyHyBrO: 63.66 6.68 63.40 6,57
IXa® H 2-CH;0 152~4 (0.10) 1.5263 CjH,y05 76.79 8.59  76.52 8.44
IXd 4-CH, 2-CH,O0 152~5 (0.10) 1.5240 CgH,,0; 77.15 8.83  77.04 8.77

a) NMR (CCl,) é: 3.56 (s, PhCH,;), 4.63 (d, J=6.0cps, CH,C!)

b) NMR (CCl,) : 3.49 (d, J=7.2cps, PhCH,), 4.58 (s, CH,Cl)

c¢) NMR (CCl,) d: 3.68 (s, PhCH,), 4.58 (d, J=6.0cps, CH,Cl)

d) NMR (CCl,) é: 3.36 (d, J=7.2cps, PhCH,), 4.56 (s, CH,Cl)

e) Anal.

VIIIa) is very similar to that of the methyl-
substituted chrysanthemate series (II, III, and
IV) as observed previously.”” A halogen substitu-
tion at the 6-position of the alcohol moiety of
piperonyl chrysanthemate doubled the insecticidal
activity of the ester,” and also in our 4-phenyl-
trans-2-buten-1-yl ester series, introduction of
chlorine to the 3-position of the 2-buten-1-yl
moiety was found to play an important part for
high activity. Since the chlorine in the molecule
of Va corresponds sterically to the ortho chlorine
of barthrin and to the carbonyl of cyclopente-
nones in pyrethrins and allethrin, the presence
of an electron-attracting group at this position

N(%): Found, 3.85; Caled., 3.71

seems to be of deep significance for high activity
of pyrethroids. The chrysanthemate (IXa) having
a methoxy group at the 2-position of the 2-buten-
1-yl moiety of the ester was also considerably
effective,

The 2, 2, 3, 3-tetramethylcyclopropanecarboxylic
acid esters having 3-chloro (Xa), 2-chloro (XIa),
3-bromo (XIla), and 2,3-dichloro (XIIla) groups
were about 6, 1, 5.5, and 3.5 times as active as
allethrin, respectively. Although the activity of
Xa was about a half that of the corresponding
chrysanthemates (Va), XIa, XlIla, and Xllla
exhibited the activities almost equal to those of
the corresponding chrysanthemates VIa, Vlla,

193



Bi o B ¥ M 38 E—IV

Table 2, 4-Aryl-2, 3-dichloro-trans-2-buten-1-yl dl-cis, trans-Chrysanthemates
R
E—>=<CL
cl (Y »
[o]
. Anal. (%)
No. R bp°C(mmHg) n%o . Formula Calcd. Found
H C H

VIlla2> H 157~9 (0.10) 1.5404 .CgHy,Cl1:0; 65.40 6.59 65.17 6.55

VIIIb 2-CH; 175~6 (0. 20) 1.5390 C2HyC10, 66.14 6.87 66.34 6.86

VilIc 3-CH; 165~7 (0.10) 1,5352 C2HCl,0; 66.14 6.87 66.01 6.64

VIId 4-CH; 164~5 (0. 10) 1. 5360 C2HzC10, 66.14 6.87 66.23 6.79

Viile 2-Cl1 165~7 (0.13) 1.5449 C2Hz;C1;0, 59.79 5,77 59.74 5,72

VIIIf 3-Cl 177~80 (0.13) 1. 5452 C2H;Cl:0, 59.79 5.77 59.90 5.8

Vilig 4-Cl 182~3 (0.15) 1.5435 CooH23Cl:0, 59.79 5.77 59.66 5.69

VIIIj 4-F 155~6 (0. 15) 1. 5269 C2Hz,CL.FO, 62.34 6.02 62.16 5,98

VIlik 2-CH;0 175~6 (0.13) 1.5412 C2Hz,Cl1:0; 63.48 6.60 63.40 6.59

v 3-CH,;0 175~8 (0.13) 1.5391 C2H,,Cl:0;4 63.48 6.60 63.32 6.68

VIIIm 4-CH;0 177~8 (0.10) 1. 5396 C2H2Cl,0; 63.48 6.60 63.51 6.54

a) NMR (CCl,) d: 3.83 (s, PhCH,), 4.85 (s, CH.Cl)
Table 3, 4-Aryl-monosubstituted-frans-2-buten-1-yl
2,2,3,3-Tetramethylcyclopropanecarboxylates
R\®-_\7§\i VL
. £ o
0
Anal, (%)

No. R X bp°C(mmHg) ”'f)o Formula Caled. CFoundH
Xa Hw» 3-Cl 124 (0.10) 1. 5252 CsH2C10; 70.46 7.55 - 70.21 17.37
Xb 2-CH; 3-Cl 134~5 (0.12) 1. 5264 CsH3z:C10, 71.12 7.85 70.98 7.59
Xc 3-CH; 3-Cl 134 (0.12) 1.5237 C1sH2Cl10, 71,12 7.85 70.84 17.66
Xd 4-CH;, 3-Cl 132~3 (0.13) 1.5235 C,sHzC10, 71,12 7.85 71,16 7.73
Xe 2-Cl 3-Cli 146~8 (0.13) 1.5342 CsH2:C1:0, 63.35 .6.50 63.17 6.44
Xf 3-Cl1 3-Cl 149~51 (0.15) 1.5383 C,5H2.Cl0, 63.35 6.50 63.50 6.38
Xg 4-Cl 3-Cl 154~5 (0.19) 1.5332 C,sH2:Cl:0, 63.35 6.50 63.52 6.33
Xh 2-F 3-Cl 129~31 (0.14) 1. 5162 C,sH2.CIFO, 66.55 6.83 66.46 6.75
Xi 3-F 3-Cl1 134~5 (0.20) 1.5153 C,sH2CIFO, 66.55 6.83 66.58 6.64
Xj 4-F 3-Cl 129~30 (0.12) 1. 5147 C,sHz,CIFO, 66.55 6.83 66.31 6.67
Xk 2-CH,0 3-Cl 145~6 (0.10) 1. 5280 C,sHCl10; 67.74 7.48 67.93 7.40
X1 3-CH;0 3-Ci 150~2 (0.10) 1.5282 CyHesCl0, 67.74 7.48 67.85 7.54
Xm 4-CH,0 3-Cl1 151~3 (0.15) 1. 5290 C;pH,C10, 67.74 7.48 67.66 7.52
Xn 4-C,H; 3-Cl1 155~6 (0. 28) 1.5223  Cy,HyClO, 71.10 8.13 70.91 8.24
XIab H 2-Cl1 128~30 (0. 20) 1. 5265 C,sHz:C10, 70.46 7.55 70.34 7.59
Xlla® H 3-Br  143~4 (0.23) 1.5363  C;sHxBrO; 61.54 6.60 61.59 6.44
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a) NMR (CCl) &: 3.53 (s, PhCHy), 4.55 (d, J=6.0cps, CH,Cl)
b) NMR (CCL) é: 3.47 (d, J=7.2cps, PhCH,), 4.53 (s, CH,Cl)
¢) NMR (CCl,) é: 3.69 (s, PhCHp), 4.55 (d, J=6.0 cps, CH,Cl)
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4-Aryl-2, 3-dihloro-trans-2-buten-1-yl

2,2,3,3-Tetramethylcyclopropanecarboxylates

R
O
cl 0

0

Anal. (%)

No. R bp*C(mmHg) nlz)o Formula Caled Found
C C H
XIIIa#? H 144~6 (0.13) 1.5338 C,5H2:Cl1.0, 63.35 6,50 63.29 6.41
XIIIb 2-CH; 150~2 (0.18) 1. 5369 C,9H,C1,0, 64,23 6,81, 64.07 6.79
XIlIc 3-CH; 143~5 (0. 13) 1.5310 C,oH,,Cl1,0, 64.23 6.81 63.99 6,75
XIIId 4-CH,q 147~9 (0. 15) 1,5319 C,sH;,C1,0, 64.23 6.81 64.41 6,57
XIIle 2-Cl 152~4 (0. 10) 1,5428 C,3H5,C150, 57.54 5.63 57.33 5.72
XIIIf 3-Cl 158~60 (0. 07) 1, 5458 CysH C1,0, 57.564 5,63 57.45 5.56
XIllg 4-Cl 155~7 (0. 10) s» C43H5 C1,0, 57.54 5.63 57.29 5.41
XIITk 2-CH,0 165~6 (0.16) 1,5418 - CyoH,,Cl:04 61.46 6,56 61.20 6.38
XII 3-CH,0 156~7 (0.15) 1, 5361 C,oH,,C1:04 61.46 6.56 61.57 6.41
XIIIm 4-CH;0 160~2 (0.10) sb C,oH;(Cl1,04 61.46 6,56 61.25 6.50

a) NMR (CCl,) d: 3.89 (s, PhCH;), 4.88 (s, CH:Cl)

b) s=partly solidified

and VIIIa, respectively, These halogen substitu-
ted compounds Xa, XIa, XIIa and XIIIa are 23, 4,
20, and 13 times as active as the parent compound,
4-phenyl-trans-2-buten-1-yl 2, 2, 3, 3-tetramethyl-
cyclopropanecarboxylate, -

Introduction of a halogen group to the 2-buten-
1-yl.moiety of the 2,2,3,3-tetramethylcyclopro-
panecarboxylate series gives more .pronounced
effect than in the case of the chrysanthemate
series, .

3-Chloro-substitution in the 2-buten-1-yl moiety
of esters exhibited the most active knockdown
effect in both the chrysanthemate and 2,2,3,3-
tetramethylcyclopropanecarbdxylate' series, The
KTy values of the esters (Va and Xa) were
about 6 and 3 minutes. As observed by Matsui
et al., recently,® replacement of chrysanthemic
acid with 2, 2, 3, 3-tetramethylcyclopropanecar-
boxylic acid resulted generally in a considerable
increase of the knockdown effect.

Substitution on benzene ring.

In 4-aryl-3-chloro-trans-2-buten-1-yl chrysan-
themate series, the substitution on the benzene
ring resulted in a decrease on potency. The
substitution at the ortho- or meta-position resulted

in a greater decrease of the activity than the
para-substitution except for fluorine substitution.

For example, the activities of the ortho-, mela,
and para-methyl compounds (Vb, V¢, and Vd)
were about 1/2, 1/4, and 1/4 of  that of the
unsubstituted compound (Va), respectively.

For the para-substituted analogs, the insecti-
cidai_ activity‘ was in the following order ; H >
CH;>F=0CH; > Cl > C,H; > NO,. The topical
LDy, values varied over 50-fold, but no linear
relationship exists between the LDy, values and
Hammett ¢ values. However, the activity appears
to be governed mainly by the steric effect of
substituents.

The activities of the ortho- or the meta-subs-
tituted compounds in a series of esters V varied
in the following order ; H>F>CH;>Cl>
CH;0. In the ortho- and mefa-substituted com-
pounds, the activity also scems to decrease with
increasing in the size of substituents.

With the effect of substitution on the benzene
ring, the preferred position and bulkiness of
substituent in the series of V are substantially
contrast to those of a series of aryl N-methyl-
carbamate insecticides.®

As seen in Table 6, in 4-aryl-2, 3-dichloro-~
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Table 5. Insecticidal Activities of 4-Aryl-monosubstituted-
trans-2-buten-1-yl dl-cis, trans-Chrysanthemates

38 B-IV

No R X Topical applipation Spray method
' LDg(ug/fly) Relative potency 50
Va H 3-C1 0.10 1200 612"
Vb 2-CH; 3-Cl1 0.43 280 1514
Ve 3-CH, 3-Cl1 0. 44 270 18’00”
vd 4-CH;, 3-Cl 0.18 670 14700”
Ve 2-Cl 3-Cl 1.10 120 1938”7
Vi 3-C1 3-Cl 1.19 100 20'50”
Vg - 4-Cl 3-Cl 0.43 280 12'56”
Vh 2-F 3-Cl 0.18 670 600"
Vi 3-F 3-C1 0.24 500 6'25"

Vj 4-F 3-Cl 0.30 400 832"
Vk 2-CH;0 3-Cl 2,31 52 16'20”
Vi 3-CH;0 3-Cl 1.46 89 752"
Vm 4-CH;0 3-Cl1 0.33 360 747"
Vn 4-C,H; 3-Cl1 0.99 120 >30
Vo 4-NO,; 3-Cl >5 <24 13/20”
Vp 2-CH;0,5-CH;  3-Cl >5 <24 >30
Vq 2,4-di-CH;, 3-Cl1 1.58 76 >30'
Via H 2-Cl 1,152 100 7'30”
VId 4-CH; 2-Cl 1.95 62 >30
Viia H 3-Br 0.16 750 743"
IXa H 2-CH;0 0. 41 290 410"
IXd 4-CH, 2-CH,0 >5 <24 S>30

allethrin® 1.20

v .a) The value previously reported by us (Agr. Biol. Chem., 35, 968(1971)) was

corrected after reexamination,
b) di-cis, trans-chrysanthemate.

trans-2-buten-1-yl chrysanthemate series (VIII),
the para-substitutions (methyl, chloro, methoxy,
and fluoro) resulted in a greater decrease in
potency than in the case of the ortho- or the
heta-substitution, and the activity of these
compounds is, 1/15 or less compared with the
parent compound (VIIIa). Such a great decrease
of the activity by the para-substitution have
been previously observed in the case of 2,3-
dimethyl-frans-2-buten-1-yl ester series.® The
ortho- and the meta-substitutions (methyl, chloro,
and methoxy) gave about 1/4~1/6 of the activity
of the parent compound (VIlIa).

Although the fluorine substitutions at the

196

ortho-, meta-, and para-position resulted in almost
equal knockdown effect to the parent ester
(Va), introduction of the other groups led to a
decrease in the effect. In the series of ecsters
VIII, the substitution on the benzene ring resulted
in a great decrease of knockdown effect, and
their KTy, values were all above 30 minutes.
With respect to the insecticidal activity of the
2,2, 3, 3-tetramethylcyclopropanecarboxylate series
(X and XIII), the substitution on the benzene
ring resulted in a decrease of the toxicity,
Although these substituted esters in both series
were slightly less active than the corresponding
chrysanthemates, the structure-activity relation-
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Table 6. Insecticidal Activites of 4-Aryl-2, 3-dichloro-

oM 38 BRIV

trans-2-buten-1-yl dl-cis, trans-Chrysanthemates

R
\®_>=<Ci
Cl 0
' 0

Topical application

Spray method

No. R LDg(pg/fly) Relative potency 50
VIlla H 0,30 100 1240”
VIIIb 2-CH;, 1,19 25 >30
Vilic 3-CH, 1.23 24 >30
VIId 4-CH, >10 <3 >30
Viile 2-Cl 1.25 24 >30
VIIIf 3-Cl1 1.29 23 >30
Vilg 4-Cl] >10 <3 >30

- VIIIj 4-F >5 <6 >30
VIIIk 2-CH,0 1,94 15 >30
VI 3-CH,0 1.49 20 >30
VIIm 4-CH;0 >10 <3 >30"

allethrin®? 1.20 25

a) dl-cis, trans-chrysanthemate

Table 7. Insecticidal Activities of 4-Aryl-monosubstituted-
trans-2-buten-1-yl 2,2, 3, 3-Tetramethylcyclopropanecarboxylates

Topical application

Spr:}y method

No. R X LD (eg/fly) Relative potency KTso
Xa -H 3-Cl 0.19 630 3317
Xb - 2-CH; 3-Cl1 0.37 320 702"
Xc 3-CH; 3-Cl 0.34 350 6'52"
Xd 4-CH; 3-Cl 0.21 570 608"
Xe 2-Cl1 : 3-Cl 1.08 110 12’05"
Xf 3-CI 3-Cl1 3.38 36 1513”
Xg 4-C1 3-Ci 0.86 140 11725”
Xh 2-F 3-Ci 0,37 320 344"
Xi 3-F 3-Cl1 0.28 430 4/36"
Xj 4-F 3-Cl1 0.28 430 540"
Xk 2-CH,0 3-Cl 1.74 70 9/23"
X1 3-CH,0 3-Cl 1.34 0 8’107
Xm 4-CH,0 3-Cl 0.31 390 6°35”
Xn 4-C.H, 3-Cl1 0.56 210 17/52"
XIa H 2-Cl 0.99 120 5’55
XIIa H 3-Br 0.22 550 449"

allethrin®’ 1.20 100

a) dl-cis, trans-chrysanthemate.
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Table 8. Insecticidal Activities of 4-Aryl-2, 3-dichloro-
trans-2-buten-1-yl 2,2, 3, 3-Tetramethylcyclopropanecarboxylates
R
Oy i -
cl (0] .
0
No R Topical application Spray method
. LDs{(ug/fly) ~Relative potency KTy
XIlIa H 0.34 100 620"
XIIIb 2-CH; 1.09 31 1452
XllIc 3-CH;, 0.39 87 14752
XIIId 4-CHj, >5 <7 >30
XlIlIe 2-Cl 0.70 49 19'09”
XIIIf 3-Cl1 : 1. 68 20 20°03”
Xlllg 4-Cl >5 <7 >30
XIIIk 2-CH;0 1.29 26 13/52”
X1 3-CH,;0 1.69 20 800"
XIIIm 4-CH;0 >5 <7 =>30""
allethrin®’ 1.20 28

a) dl-cis, trans-chrysanthemate

Table 9.

Insecticidal Activity of Isomers of Butethrin (Va)

Chrysanthemic

4-Phenyl-trans-2-buten-1-ol acid LDg®’ (pg/fly)  Relative potency
3-Cl dl-cis, trans 0. 056 - 100
3-Ci dl-trans 0. 053 106
3-Cl1 dl-cis 0.207 : 27
3-Cl d-trans 0. 024 . 230
2-Cl dl-trans 0. 641 9
2-Cl1 dl-cis 1,794 3
allethrin di-cis, trans 0.729 : 8

a) Topical application method.

ship of these series (X and XIII) were analogous
to those of the corresponding chrysanthemate
series.

As to the knockdown effect of the 2,2, 3, 3-
tetramethylcyclopropanecarboxylate series (X and
XIII) with substituted phenyl group, introduction
of substituent resulted generally in a decrease of
the effect, but the fluorine substitutions in series
X, regardless of whether the substitution occurs
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at para, meta, or ortho position, showed a com-
parable effect to the unsubstituted compound
(Xa). In general, the 2,2,3,3-tetramethylcyclo-
propanecarboxylates showed approximately - half
the KTy values of those of the corresponding
chrysanthemate,

Some isomers of butethrin (Va).
As seen in Table 9, there is a marked difference
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in the activity of these isomers to houseflies.
With the same alcohol component, a change from
the dl-cis to the dl-trans form of the acid
component resulted in 3~4-fold increase in
activity of the ester, With the same acid com-
ponent, moving the chlorine atom from the 2- to
the 3-position of the 2-buten-1-yl moiety of
the ester was accompanied by about 9~12-fold
increase in potency of the ester. The position
isomerism of the alcohol component exerts a
great influence upon the activity than the geo-
metrical isomerism of the acid component.

Although a planar cyclic. nucleus such  as
cyclopentenone in pyrethrins, benzene in benzyl
esters!®1® and furan in furylmethyl esters!%®
has been considered to be indispensable for high
insecticidal activity of pyrethroids!®, our study
has revealed that an acyclic frans double bond
skeleton substituted by a halogen can play a
similar role to the planar cyclic nucleus.

The structure-activity relationship which was
outlined above allow us to define at least three
structural requirements for the alcohol moiety
which are necessary for high activity in the
arylbutenyl series: (1) ¢rans configuration around
the double bond in the arylbutenyl moiety, (2)
benzene ring with no substituent, (3) a halogen
substitution (perhaps an electron-attracting
group) at the position 3 of the 2-buten-1-yl
moiety of the ester.

Va, which is one of the most active compounds
of these series, possessed very low mammalian
toxicity. The acute oral LD, value was above
20 g/kg in mice, while it was 1 g/kg for allethrin.
Hardly any insecticides with such low toxicity
has been reported.

Experimental

IR spectra were recorded on a Hitac_hi IR
§pectrometer in film. NMR spectra was measured
on a Hitachi Perkin-Elmer R-20 type (60 Mc)
spectrometer in CCl, (unless otherwise stated)
with TMS as internal standard. Gas chromato-
graphy was carried out with a Hitachi gas
chromatograph 063,

4-Aryl-1-chloro-substituted-2-butenes.

General method. A solution of ArN,;Cl, pre-
pared from 0.1 mole of ArNH, 0.1 mole of

NaNO,, and 0. 35 mole of conc. HCl, was neutra-
lized to pH 6~7 with NaHCO; at —5~-—10°C.
To this ice-cold solution was added 0,12 mole
of substituted-1, 3-butadiene in 50 ml/ of Me,CO
and 0,01 mole of CuCly«.2H,;0, and the mixture
was vigorously stirred until N, ecvolution is
complete. The resultant oily layer was then
extracted with Et,0, washed with water, and
dried (Na,S0O,). After.evaporation of the solvent,
the residual oil was distilled in vacuo to give the
following 2-butenes. ‘
4-Aryl-1, 3-dichloro-2-butenes. Phenyl, bp 78
~82°C (0.3 mmHg) (lit.'® 112~3°C (4mmHg)).
This fraction revealed the presence of 1,4-adduct
(XV, R=H) in a ratio of about 1:3 to 1, 4-adduct
(XIV, R=H) by the NMR and GLC analysis.
NMR 46: 5.61 (t, /J=7.2 cps, (Cl)C=CH~— of
1,4-adduct), 5.93(t, J=7.2 cps, —~CH=C(CI)
of 4,1-adduct). GLC :1% NPGS on Chromosorb
G, 1m, 130°C, N, 30 m//min; 2-tolyl, bp 79~
83°C (0.09 mmHg); 3-toly!, bp 82~4°C (0.15mm-

‘Hg); 4-tolyl, bp 77~8°C (0.1 mmHg) (lit.1® 127

~9°C (4 mmHg)); 2-Cl-phenyl, bp 90~3°C (0.15
mmHg); 3-Cl-phenyl, bp 105~6°C (0.50mmHg);
4-Cl-phenyl, bp 89 ~91°C (0.13 mmHg) (lit,!®
141~2°C (4 mmHg)) ; 2-F-pheny], bp 70 ~2°C
(0.28 mmHg); 3-F-phenyl, bp 70~2°C (0.25mm-
Hg) ; 4-F-phenyl], bp 75~7°C (0.35 mmHg); 2-.
anisyl, bp 96 ~9°C (0.20 mmHg) ; 3-anisyl, bp
105~6°C (0.20 mmHg); 4-anisyl, bp 109~10°C
(0.20 mmHg) ; 4-Et-phenyl, bp 90~3°C (0.18
mmHg); 4-NO,-phenyl, bp 135~6°C (0. 20mmHg)

“(lit. ' 175~8°C (2 mmHtg)) ; 2-McO-5-Me-pheny],

bp 105~7°C (0.25 mmHg); 2, 4-di-Me-phenyl, bp
90~1°C (0.10 mmHg).
4-Phenyl-3-bromo-1-chloro-2-butene. This
butene was prepared from 2-bromo-1, 3-butadiene
and PhN.Cl, bp 86~98°C (0.20 mmHg). This
fraction revcaled the presence of 4,1-adduct
(XVII) in a ratio of about 1:3 to 1,4-adduct
(XVI). NMR 4: 3.43 (d, J=17.2 cps, PhCH, of
XVII), 3.64 (s, PhCH, of XVI), 4.01(d, /J=17.2
cps, CH,Cl of XVI), 4.12 (s, CH,Cl of XVII), 5.79
(t, J=7.2 cps, (C)C=CH of XVI), 6.15(t, J=
7.2 cps, CH=C(Cl) of XVII).
4—Aryl-1—chloro—2—methoxy—2;butenes. The
butenes were prepared from 2-methoxy-1, 3-buta-
diene and ArN,Cl. Phenyl, bp 72~82°C (0.2 mm-
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Hg). NMR 4: 3.33 (d, /=7.2 cps, PhCH,), 3.64
(s, OCHj), 3.95 (s, CH,Cl), 4.91 (t, J=7.2 cps,
CH=C{); 4-tolyl, bp 78~90°C (0.25 mmHg).

4-Aryl-1,2, 3-trichloro-2-butenes. - These bu-
tenes were prepared from 2,3-dichloro-1, 3-buta-
diene and ArNgCl. Phenyl,'” bp 76~9°C (0.15
mmHg). NMR &: 3.82 (s, PhCH,) 4.33 (s, CH,Cl),
7.17 (s. Ph-H); 2-toly},'” bp 85~8°C (0.10mm-
Hg); 3-tolyl, bp 93~7°C (0.30 mmHg); 4-tolyl,
bp 92~5°C (0.15 mmHg) ; 2-Cl-phenyl, bp 95~
8°C (0.15mmHg) ; 3-Cl-phenyl, 114 ~5°C (0.05
mmHg) ; 4-Cl-phenyl, bp 110~1°C (0. 20 mmHg);
2-anisyl, bp 90~5°C (0.15 mmHg) ; 3-anisyl, bp
128~32°C (0.90 mmHg) ; 4-anisyl, bp 105~10°C
(0.10 mmHg) ; 4-F-phenyl, bp 82~5°C (0.25 mm-
Hg).

Esterification of 4-aryl-1-chloro-substituted-
2-butenes.

General method. A mixture of 0.03 mole of
4-aryl-1-chloro-substituted-2-butene, 0.02 mole
of potassium salt of the appropriate cyclopro-

panecarboxylic acid and 30 ml of iso-PrOH was-

refluxed for 8 hr. The solvent was removed and
the residue was poured onto 50 m/ of water. The
mixture was extracted with Et;0 and the etheral
solution was washed with water, dried (Na;SO,),
and distilled in vacuo to afford the ester (Tables
1, 2, 3 and 4).

Iodide-acetone method. A mixture of potas-
sium dl-c¢is, trans-chrysanthemate (from 1.7 g
of dl-cis, trans-chrysanthemic acid and 0.7¢g of
KOH), and 4.4 g of 4-phenyl-3-chloro-1-iodo-2-
butene in 35ml of acetone was stirred for 3 hr
at room temperature and allowed to stand for
15 hr at room temperature. After evaporation of
the solvent, the etheral extract was washed with
water and dried (MgSO,). After evaporation of
the solvent, the residue was distilled in vacuo to
afford 2.8g of the ester, bp 154~5°C (0.1 mm-
Hg). The ratio of the ester Va to VIa of this
fraction was 97 : 3 from the GLC analysis (2%
NPGS on Chromosorb P, 2m, 170°C, N; 35mil/
min) of the hydrolysate. IR (cm~): 1725 (ester
C=0), 1660 (C=C), 1600, 1495, 1190, 1160, 1110,
855 ( XC=CH-).

4-Phenyl-3-chloro-trans-2-buten-1-yl p-nitro-
benzoate. Treatment of potassium p-nitroben-
zoate and crude 4-phenyl-1, 3-dichloro-2-butene
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(74%) in DMF for 6 hr at 80°C gave crude
4-phenyl-3-chloro-trans-2-buten-1-yl p-nitroben-
zoate. Recrystallization from MeOH afforded
pure material, mp 76°C. NMR (CDCly) 4: 3.68
(2H, s, PhCH,), 5.02 (2H, d, J=6.5 cps, CH;0),
5.85 (1H, d, J=6.5 cps, (Cl)C=CH-), 7.26 (5H,
s, Ph-H), 8.19 (4H, s, p-NO,-Ph-H). Anal.
Found: C, 61.41; H, 4.33; N, 4.15, Calcd. for
C;/H,.CINO,: C, 61.54; H, 4.25; N, 4,22%.
4-Phenyl-2-chloro-trans-2-buten-1-yl p-nitro-
benzoate. Using the above filtrate of p-nitro-
benzoylation, the repeated p-nitrobenzoylation
and filtration afforded the crude 4-phenyl-2-
chloro-trans-2-buten-1-yl p-nitrobenzoate. Recry-
stallization from MeOH gave pure material, mp
81.0°C. NMR (CDCl;) o: 3.58 (2H, d, J=7.2cps,
PhCH,), 4.93 (2H, s, CH;0), 6.11 (1H, t, J=7.2
cps, ~-CH=C(Cl)), 7.19 (5H, s, Ph-H), 8.18 (4H,
s, p-NO,-Ph-H). Anal. Found: C, 61.39; H,
4.40; N, 4,31, Calcd. for C,;H(CINO,: C, 61.54;
H, 4.25; N, 4,22%,
Preparation of isomers of butethrin (Va).
The above p-nitrobenzoates were hydrolysed
and the alcohols obtained were used for esteri-
fication immediately without further purification.
The di-trans-and d-trans-chrysanthemates were
prepared from the corresponding alcohols by the
acid chloride method, respectively. The dl-cis-
chrysanthemates were prepared by the condensa-
tion of the acid and the corresponding alcohols
using N, N’-dicyclohexylcarbodiimide, respective-
ly. With all isomers, Anal. Calcd. for CyHy
Cl0,: C, 72.16; H, 7.57%.
4-Phenyl-3-chloro-trans-2-buten-1-yl di-
trans-chrysanthemate. bp 138~40°C (0.10 mm-
Hg). NMR §: 3.57 (2H, s, PhCH,), 4.66 (2H,
d, J=6.0 cps, CH;0), 5.63 (1H,t, J=6.0cps,
(Cl)C=CH-)), 7.17 (5H, s, Ph-H). Anal. Found:
C, 72.03; H, 7.73%.
4-Phenyl-3-chloro-trane-2-buten-1-yl d-trans-
chrysanthemate, bp 140~2°C (0. 11mmHg). Anal.
Found: C, 72.10; H, 7.62%.
4-Phenyl-2-chloro-trans-2-buten-1-yl dl-
trans-chrysanthemate, bp 153 ~4°C (0.25 mm-
Hg). NMR 4: 3.48 (2H, d, J=7.2 cps, PhCHy),
4,59 (2H, s, CH;0), 5.91 (1H, t, J=T7.2 cps,
-CH=C(Cl)), 7.12 (5H, s, Ph-H). Anal. Found:
C, 72.24; H, 7.72%.
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4-Phenyl-3-chloro-trans-2-buten-1-yl dl-cis-
chrysanthemate. bp 146 ~8°C (0.15mmkg).
NMR 4: 3.57 (2H, s, PhCH,), 4.62 (2H, d,
J=6.0 cps, CHO), 512 ~546 (1H, m,
CH=C(Me)y), 5.61 (1H, t, J=6,0cps, (Cl)C=
CH-), 7.17 (5H, s, Ph-H). Anal. Found: C,
72.13; H, 7.76%.

4-Phenyl-2-chloro-frans-2-buten-1-yl dl-cis-
chrysanthemate, bp 143 ~5°C (0.12 mmHg).
NMR 4: 3.50 (2H, d, J=7.2 cps, PhCH,), 4.57
(2H, s, CH,;0), 5.10~5,43 (1 H, m, CH=C(Me),),
591 (1 H,t; J=7.2cps, -CH=C(CI)), 7.13 (5H, s,
Ph-H). Anal. Found: C, 72.10; H, 7.74%.

Evaluation of insecticidal activities

Topical application method.® Susceptible
houseflies (“Takatsuki”), Musca domestica vicina
Macq., were tested on the dorsum of the thorax
with 0.5/ of an acetone solution of the test
compound by means of a micrometer syringe,
and kept at 24~27°C. Mortality accounts were
made after twenty-four hours,

.Spray chamber method. The knockdown test
~was carried out according to the method of
Nagasawa® against houseflies by spraying 0.5m!
of 195 Deo-base solution of the test compound,
and knockdown (%) after 30 min were assessed.
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Summary

A number of 4-aryl-halosubstituted-{rans-2-
buten-1-yl dl-cis, trans-chrysanthemates and 2,
2, 3, 3-tetramethylcyclopropanecarboxylates were
prepared and tested for insect toxicity against
Among them, 4-phenyl-3-chloro-
trans-2-buten-1-yl dl-cis, trans-chrysanthemate
(Va) was most active being 12 times as active

houseflies.

as allethrin, Substitutions on the benzene ring
resulted in a decrease of insect toxicity. Five
isomers related to Va—dl-trans-, dl-cis-, and
d-trans-Va and 4-phenyl-2-chloro-trans-2-buten-
1-yl dl-trans-chrysanthemate and the  dl-cis
isomer—were synthesized and the relationship
between isomerism and activity was investigated.
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