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COMPLETE SPECIFICATION 

Jm:provement.s in or relating to .Cyelopropanecarboxylic 
·Acid Esters 

We, SUMITOMO CHEMICAL Q:>MPANY LTD., a corporation organized under the 
laws of Japan, of 15, Kitahama-5-chome, Higashi-ku, Osaka, Japan, do hereby declare 
the invention for which we pray that a patent may be granted to us, and the method by 
which it is to be performed, to be particularly described in ·and by the following 
statement: - · 

This invention· relates to novel- cycl0propanecarboxylic acid esters, to a process 
for preparing the same, and to insecticidal compositions containing the same. More 
partictµ&rly, i( relates to novel cyclopropanecarbe>xylic acid esters having the general 
formula: 

x~x' f -
"'-. -· -/CH3 

F N-CH2-0-C-CH-CH-CH = C, 
3 ·/ . JI \/ 'R 

x x+ n o }'\ 
z CH5 Cll3 · 

.~ber.ei_n X1, X2
, xa and X" each means hydrogen, halogen, methyl, o~ acetoxy; both 

Z's are oxygen simultaneously or oxygen and· sulfur respectively; F means a double 
····bond·· at any position of the cyclohexane nucleus, and R is a method or a methoxy­

<;IU"boµyl; to a process for preparing the same; and to insecticidal compositions con­
taining.the same. . 

,.•:·· It is _one object of the inventfon te> provide a novel group of cyclopropane­
c.atboxylic acicl -esters, particularly of chrysanthemum carboxylic acid esters, which 
have: str()l)g insecticidal _activities t<> house and agrici.Jltural-·insects with low toxicities 

.: to ~arm_;blooded animals and pJ.ailts, and which cari be commercially produced in_ 1ow 
.: coS!: . Another object is to provide a proces~ for preparing such i:tovel esters by a 

: ~µunercially available procedure. Still another object is to provide insecticidal COJ'.11-
·, ·-,po.sitioris containing such an ester. - ', 

As an insecticide utilizable with safety because of the harmlessness to warm­
.6t®ded anirilals, pyrethrum exi:ract has long been. Cll!Ployed. Recently, allethrin . which · 
.is . an analog of the effective illgredients in pyi'ethrum extract, i,e. pyrethr.in and 
cinerin; was synthesized and developed for insecticidal uses. These ingredients are 
stirely valuable in their high insecticidal powers, especially in their rapid . efiect to 
insects, and in the characteristics of permitting no, or little, resistivity to insects. ·How-
. ever, their uses are limited to some extent because of the complicated steps of their 

.. production.and the great expense for their production. 
(Pl'i# Is. 64.] 

5 

10 

15 

20 

25 



!·. 

. .;r 
2 __________________ 1_,o_s_2_,_11_9--'-------------------'f 

5 

JO 

IS 

20 

25 

·30 

40 

The present inventors have made broad researches on the various cyclopropane- \ .. · -~ 
carboxylic acid esters, and have now found the present novel group of cyclopropane- . :~ 
carboxylic acid esters, which posse&$ significant insecticidal power but are-harmless to ' ..••. -r---
warm-blooded animals, and which can· be prepared fr.om ·easily available materilds. by ' 
a simple process at low cost. The present compounds are tetrahydro(thio)phthalimido- 5'-_ ~;-··':....._ 
methyl esters of Chrysanthemum carboxylic acids. Ad::otdingly, it is a feature of :the · , 
present invention that the characteristics . of the pi'eserit' . compounds resemble . thereof ... , 
pyrethrin, ciilerin and allethrin; even. though the alcohoLm(lieties of the former are _, \ .... 
extremely simple as ~ompared to t~ose- of the lattei· .. an<J: ate composed.··_Qf Carb9D,, ~~ 
hydrogen, oxygen, (sulfur) and nitrogen atoms, uniike the latter composed of carbon,· 10 ·: 
hydrogen and oxygen. · ·· · · 

Thus, the present invention is to provide novetcyclopropanecarboxylic acid esters 
having the formula, · 

t z . . 
Xw.:· .· . C

8 
. . . CH . ' ... ·.·/a . F N-CHrD-C-CH-CH--CH = c........_ 

c/ · n \/ R 
X"5'. 4- H 0 C\ . . .· 

x z &, _ql5 . 
whercin xi,. X 2

, X3
, X"', Z, F and R have the same.meaning$ as identified above, 

and to provide a process for preparing such compounds, comprising esterifying a tetra­
hydrophthalimide compound having the general formula, 

I Z · ..... 
x2 X I 

~~>-CH2~ 
x3 ·x'- u . z . 

wherein X1, X2, X3, X"', Z and F have the same meanings as identified above, with a 
cyclopropanecarboxylic acid having the general fonilula, 

wherein R has the same meaning as identified above, according to general e~ifJZW&._ 

. : _; . ;~ 

15 

20 

procedure. .- · 
. The tetrahydtophthalimide compounds employed in the present inveJitibn, hr~~ 

words, · N-11lethyfol-tetrahydrophthalimides or · N-(hydroxynietbyl)-cyclohexene:-f~'." . . ·. .25 
. dicarboximides, may be prepared. from tetrahydrophthalic acid, its anhydride,. its imid.e 
compound, or their nucleus-substituted compounds, . according to the ··conventional 
procedures well-known· to those skilled in the art. For U.stance, N-(hydro'xymethyl);.,1.- .. 
crcioh~n~-1,2-~carh<>ximide may b~ prepared by react!on· of l<yclohe~:-J~''. ·· .. 
dicarboximide with formaldehyde or its low molecular weight polymer acc()rdi'iig JP< .. · 30 
the . conventional ll'lethyfolatio~ conditions i~ the · Pres~ce o.r absence of an .• ~~-<-. 
catalyst; e.g. &Odium hydroxide· and potasSium · carbonate; m a solvent, e.g: wit~, •. · ,­
benzene, or toluene. Similarly, various N-:(hydroxymethyl)-cyclohexene-1,2::.di,ca~~oi;., _,;_;< ·· 
i®de, e.g. 4-cyclohexene, 3-methyl-4-cyclohexene,_. 4-:methyl+cyclohexeile, ·~· .· .· 
· tetramethyl:-4-cyclohexene, 3-chloro-4-cyclohexene, . . 3-bromc>.4-cyclohexene, _JJi,,, .····. 3S 
dichloro-:4:-cyclohexene, 3-c;yclohexene, 5-methyl-3-cyclohexene; 4-methyl-t.:.cyclohex$e 

· 3,6-dimethyl-4-cyclohexene, 1-methyl-4-cyclohexerie, . 3-methyl-1-cyclohe:Kene, . 3,6-
. dimethyl-1-cy¢lohexene, 3-acetoxy-4-cyclohexene, ··and the corresponding mono-: ·'()r. 
dithiodical'.boximide compounds, may be prepared. · . · ·' 

·The cyclopropanecarboxylic acid employeci in the present invention .is either 
chrysanthemic acid (chrysanthemum monocarboxylic acid; R being OH:i) or pyretbric 
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1,052,119 

acid (R ·being COOCHa, a· monomethyl ester of chrysanthemum dicarboxylic acid). 
They are the acidic moieties of pyrethrin, cinerin and allethrin, and can be synthesized 
according to the known method. · 

The estetjfication reaction of the present invention may be effected in various 
ways. The tetrahydrophthalimide compound may be heated with the cyclopropane­
carboxylic acid in the presence of a strong · acid, e.g. aromatic sulfonic acid or 
sulfuric acid, in an organic solvent capable of azeotropically bailing with water, thereby 
to remove the water formed in the esterification, -out of the reaction system. It 
may also be heated with a lower alkyl ester of the cyclopropanecarboxylic acid in 
the presence of a basic catalyst, such as sodium; potassium, sodium alcoholate and 
potassium alcoholate, thereby to continuously remove the lower alcohol forined through 
the ester-e;x.:changing reaction out of the reaction system. In such case, methyl, ~yl, 
n-propyl and isopropyl ester are suitable. In the most preferable esterification, it may 
be treated with the cyclopropanecarboxylic acid halide in an organic solvent inert to the 
esterification, preferably in the presence of a dehydrohalogenating agent, e.g. pyridine, 
triethylamine and other tertiary amines whereby the esterification is proceeded with 
the ·isolation of a hydrohalic acid salt within a short period of time. In this case, 
the acid chloride is the most preferable, though the bromide and the iodide are 
emp!Qyable. Further, it may be refluxed . with the cyclopr.opanecarboxylic acid 
anhyc;l.ride in a solvent inert to the esterification for several hours, thereby to yield 
the required ester and free of cyclopropanecarbovylic acid, the latter being recovered 
and .... again converted to the anhydride by treatment. with, for example, acetic anhy­
dried ·for reuse. Alternatively, the tetrahydrophthalimide compound may be employed 
for ~e.esterification in the form of a halide having the general formula, 

x' z 
x~a rt c......._ 

F N-CH2-A . c/ 
x x4 · ~ 

wherein X1, X2
, X3

, X', Z and F have the' same meanings as identified above, .and A 
means a halogen atom. In this case, the halide may be heated with an alkali metal or 
ammonium salt of the cyclopropanecarboxylic acid in a solvent inen to the esterifica­
tion, thereby to yield the required ester with the isolation of an alkali metal or 
ammonium halide salt. Alternatively, the halide may be heated with the free acid 
in a solvent . :inert to the esterification in the presence of a dehydrohalogenating 
agent, such as a tertiary amine. In the formula, A may be any of chlorine, bromine, 
and fodine, among which the former two are preferable and practical. As the alkali 
metals0'$odium and potassiupi are preferable. · 

-~ well-known, the cyclopropaneearb·oxylic acid as identified above comprises 
vaiiou~ stereoisomers a:nd optical isomers. It is needless to say that the acid and the 
derivatives thereof as described herein include their isomers. The process of the invention is described :in more detail with reference to the 
"fqlloWjng examples, which are however to be construed for the purpose of illustration 
and n.;ot of limitation. · · 

ExAMPLE 1 
A ·mixture of 18.1 g of N-hydroxymethyl-4-cyclohexen~l,2-dicarboximide and! 

·-. 4~_}lll .of dry pyridine was. added with 50 ml of dry toluene and the mixture was cooled 
. with"""'iee:' A solution of 19' g of chrysanthemoyl chloride in 50 ml ·of dry toluene was 
"· dropped on to the mixture while being stiried. The reaction proceeded exothermic.: 

ally; ·whereby pyridine-hydrochloric acid salt was isolated in the mixture. The 
reaction vessel was tightly. closed and allowed to stand overnight. The excessive 
pyridine was neutralized with 5'% hydrochloric acid, and the resulting two layers 
were separated from each oilier. The organic layer was washed with a saturated sodium 
bicarbonate solution and then with a· saturated sodium chloride solution, and dried 
over sodium sulfate. Evaporation of the .solvent in vacuo and recrystallization of 
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1,052,119 __ _,t 
the resid~]'(~1~ ligroin .yielded 28.5 g of N-(chrysatithemoxymethyl)-4-eyclohexen~· . :~~ 
1,2-dicarb.ide (m.p; 100°---107° c., colorless leaflets). . . ·. ' r . 

Analysis . 
··Found: C, 69.00; H, 7.58; N, 4.30%~ 

Calculated {as C10H~04): .. C, 68.86; 'H, 7.60; N; 4.23!%. 

. . . ~PLE2 · · . 

A mixture of 19.5 g of N-(hydroxymethyl).;.3-methyl .. 4;;.cyClohexene-1,2-dicarbox­

.imide, 20 g _of ethyl chrysarithemate and 20 g :of sodium ethylate was heated ·at about 

1.50° C. for 3_ hotirs iiritil the alm<>St the0retical amount of ethyl alrohol was dis­
tilled off. The reaction ·. mix.tore was cooled and dissolved in diethyl ether and . the 

solution was Washed seqrientially with Si%· hydrochloric acid, with a saturated sodium 
bicarbonate solution, arid then with a saturated sodium chloride solution, and<dried 

on sodium sulfate. The solvent in the reaction mixttire was distilled off. The residue 

was purified by dissolving in toluene and passing through an alumina column. The 
pale yellow liquid product, N-( chrysanthemoxymethyl)-3-methyl~~clohexeoe-1,2.­

dicarboximide, weighed 27.6 f, Dn20 1.5133. 

. . .. . .· · EXAMPLE 3 . . . . .·. ·. . . 
, To· a solution of. 19.S g of N-{hydreixymethyl}·4-methyl-4.;.qelohe;ene~1,2-di:­

.carb()ximide_ and 18 g of chrysanthemic acid in 100 ml of drytol1iene was a,dded 1 

g of p-toluene sulfonic acid. The -mixture was.refimi:ed while theformed~was 
distilled off in azeotro~. After.:removal of the theoretical.aniouhJ>·dr-wat~7lbe 
reacti<in ·mixture was washed with a saturated sodium bicarbonate .. ·solutj_(,If~~ 
with a saturated sodium cltloride :solution, and dried ·over SQdiWri' . s~a~. .'Oi~ 
solvent was pari:ly 4istille4 ~ vacuo .to reI11ove the residua~ water, .~4 ~futi61i" 
-was. passed through an .alum.Illa, coluµin. The pale yellow v1sco~ _liq~d. prOdu.t; -N~ . 
(chrysanthemoxymethyl) - 4 - methyl - 4 - eyclohexene - 1,2 - d1cai:J:>o~d~, ~~ 
28.0 g, DD2o 1.5129. ...._ . 

Arialysis · 
Found: -··. 
Calculated (as CzoH21NO~): 

. . - : ·::·<.··.~ ";;·~··:~··:·."~~-· 

C, 70.01; . H,7.96 . N', 4.P31%~::•· ,··':. 
C, 69.54; H, 7.88 . N~ ·'1:06.%'~ .. 
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ExAMPLE 4 . · · 
A mixture of 21.6 g of N-{hydroXym.ethyl)-3-chlore>-4-cyclohexene-1,2.,dicarbox­

imide, 32 g of chrysanthemic acid anhydride and 60 g of dry toluene was refluxed 
for 3 hours, and the reaction mass was washed with an aqueous 3:% sodium hydroxide 
solution at a temperature below 20° C., thereby to remove the by-produced chrysan­
themic acid. The reaction mass ·was then washed with a saturated sodiwn chloride 
solution; dried on sodium sulfate, and passed through an alumina column for purifica­
tion. The pale yellow viscous liquid product, N-(chrysanthemoxymethyl)-3-chloro-4-
cyclohexen~-1,2-dicarboximide, weighed 33.5 g, n0

20 1.5156. 

Analysis 
Found: C, 62.45; H, 6.55; a, 9.83-%. 
Calculated (as Ci.0H240N04) C, 62.37; H, 6: 6~; a, 9.69'%. 

ExAMPI.E 5 
A mixture of 21.4 g of N-(chloromethyl)-4-methyl-4-cyclohexene-1,2.,dicarbox­

imide and 19 g of sodium chrysanthemate in ·naphtha was heated to about 150° C. 
while being stirred, "tintil isolation of sodiwn chloride was complete. After cooling 
the reaction mixture was filtered and distilled in vacuo to remove the solvent. The 
product was purified as described in the preceding examples, and 26. 7 g of the ester 
same as that d~scribed in Example 3 was obtained. · 

EXAMPLE 6 
According to the procedure as described in Example 1, 20.9 g of N-(hydroxy­

methyl)-3,6-dimethyl-4-cyclohexene-1,2.,dicarboximide was allowed to react with 19 
g of chrysanthemoyl chloride, to yield 32.3 g of pale yellow viscous liquid product, 
N - (chrysanthemoxymethyl) - 3,6 - dimethyl - 4 - cyclohexene - 1,2 - dicarboximide, 
Nn20 1.5145 . 

.Analysis 
Found: 
Calculated (as C.11H20N04): 

C, 70.05; H, 8.13; N, 3.99%. 
C, 70.17; H, 8.13; N, 3.90%. 

ExAMPLE 7 
, . According to the procedure as described in Example 1, 23.7 g of N-(hydroxy­

methyl)-3,4,5,6-tetramethyl-4-cyclohexene-1,2-dicarboximide was allowed to react with 
19 g- of chrysanthemoyl chloride to yield 36.0 g of N - (chrysanthemoxymethyl)-
3;4;.S,6.- tetramethyl "" 4 - cyclohexene - 1,2 - dicarboximide, N»20 1.5188. 

CH3 - · 

CH3*-co~ .. CH3 
N · CH2 · 0 · C · CH - CH· CH = C/ 

CH3 co/ . . o" .. \. I - '--...CH 
~· . . .. c 3 
.. 3 I\,. 

.,_ ;··' . _ CH3.: -CH3 
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C, 71.67; H, 8.43; N, 3.541%. 
C, 71.29; H, 8.58; · N, 3;61J%. 

Bx'AMPLE 8 
According 'to the procedure as described in Example l, 21.1 g of N.-(hydroxy­

methyl) - 3 - meth!l - 4 - cyclohexene :- 1 • carbO~y - 2 - '. thiocarboximide :was 
allowed to react with 19 g of chrysantliem.oyl chlonde to yield 32.5 g of light 
reddish rose liquid N - (chrysanthemoxymethyl) - 3 - methyl - 4 - cyclohexene-
1-carboxy-2-thiocarboximide. 

·Analysis 
Found: C, 66.69; Jl, 7.48; S, 9.0li%. 
Calculated (as ~0H21NO.S): C, 66.45; H, 7.S3; S, 8.87i%. 

lixAMPLE 9 
According to the procedure as described in Example 1, 19.5 g of N-{hydroxy­

methyl)-5-methyl-1-cyclohexene-1,2-dicarboximide was allowed to react with 19 g 
of·chrysanthemoyl chloride to yield 32.8 g of pale yellow liquid N-(chrysanthemoxy­
methyl) - 5 - methyl - 1 - cyclohexene - 1,2 - dicarboximide, ND21 l.S198. 

CH3 
co........._ . /.cH3 

. N • CH2 • D · C • CH - CH • CH == C . 
co/ n · ·" / ""-.. 0 c ~ 

.· / "· 
Analysis 

Found: 
Calcitlated. (as ~0H21N04): 

CH:5 CH3 

C, 70.05; H, 7.71; N, 4.13%. 
C, 69.S4; H, 7.88; . N, 4.06%. 

· ExAM.PLB 10- ·· 
According to the prooedure as describCd in Example 1," 18.1 g of N-(hydroxy­

methyl) - 1 - cyclohexene - 1,2 - dicarboximide was allowed to react with 19 g of 
chrysanthemoyl chloride to yield 29.0 g of pale yellow viscous N-(chrysantliCiiWxy­
methyl)-1-cyclohexene-1,2-dicarbox~de, ND21

•
5 1.5175, m.p .. 62°-72° C- ..,...,.,._ 

.. .·: .... .... ... 

Analysis 
Found: 
Calculated (as Ci9HZJsNO,): 

.. ·. :.·. 

-~~­

c, 69.11; H, 7.58; N, 4.231%. 
C, 68.86; H, 7.60; N, 4.23l%. 

ExAM1'LE 11 
According to the procedure as descn"bed in Example 1, 19.S g of N-(hydroxy-. 

methyl)-3-methyl-l-cyclohexerie-1,2-dicarboximide was allowed to reat;:t With 19 I· 
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of chrysanthemoyl chloride to yield 31.4 g of pale yellow liquid N-(chrysanthemoxy­
methyl)-3-methyl-1-cyclohexene-l,2-dicarboximide, Nn 20 1.5200 . 

. CH3 . 

Analysis 
Found: 

co, /CH3 
N · CH2 • 0· C · CH-CH·CH=C · 

co/ 11 '\. / "--cH3 o /c.,, 
CH3 CH?; 

Calculated (as ~oH21NO,): 
C, 69.48; H, 7.91; N, 4.16%. 
C, 69.54; H, 7.88; N, 4.0~%. 

ExAMPLB 12 
According to the procedure as described in Example 1, 19.7 g of N-(hydroxy­

methyl) - 1 - cyclohexene, -. 1 -· carboxy - 2 - thiocarboximide ·was· allowed to react 
with 19 g of chrysanthemoyl chloride to yield 31.0 g of rose red liquid N-"(chrysanthe­
moxymethyl) - 1 - cyclohexene - 1 - carboxy - 2 _ thiocarboximide, Nn19 1.5171. 

·((cs..........___ . /Cfl3 
_lJ • CH2. · 0 ·C ·CH-CH· CH =C"-. 

co/ g 'c/ . . ·CH3 

. C~ 'cH3. 

Analysis 
Fotmd: C, 65.77; H, 7.24; S, 9.8fi:%. 
Calculated (as CiiH26N03S): C, 65.67; H, 7.25; S, 9.23~,.{,. 

ExAMPliB 13 
Accotding to the procedure as described :in Example 1, 20.9 g. of N-(hydro:xy­

methyl)-3,6-dimethyl-l-cyclohexene-1,2-dicarboximide was allowed to react with 19 
g of chrysanthemoyl chloride to yield 32.6 g of liquid N-(chrysanthemox:ymethyl)-
3,6 - dimethyl - 1 - cyclohexene - 1,2 - dicarboximide, Nn21 1.5213. 

c~ . . . . 
co,· .. . /CH3· 

. N · CH2 · 0 · C · C}f- CH· CH = ~ · co/ · ·- 11 \ / ·"'- .. 

Cfl · . D . C.. . . · . CH 5 
3 / \.· . 

. --Analysis 
Found: 
Calculated (as C21H20NO,): 

CH3 ·CH3 

C, ·7o.21; H; 8.05; N, 4.01%. 
C, 70.17; H, 8.13; N, 3.9o,%. 

ExAMPLE 14 
According to the procedure as described in Example 1, 23.9 g of N-(hydro:xy­

m_ethyl)-3-acetoxy-4-cyclohexene-l,2-dicarboximide was allowed to react with 19.1 
g of-chrysanthemoyl chloride to yield 37.7 g of pale yellow .viscous N-(chry8anthem­
. o:icymethyl}-3-acetoxy-4-cyclohexene-1,2-dicarboximide, Nn 30 1.5150. 
-~~;·.. . 
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Amily&is . . . 
Found: . .. . · C; 64.73; H; 7;01; · N, 3.5.8% •. 
CalcuJated (as ~1H2,.N06): C, 64.76; H, 6.99; N, 3,~p,%. 

··~ . 

ExAMPLE 15 
According t.o the procedure as described in; Exai;nple 1; N-(hydroxymethyl}l­

cyclohexene-1,2-dicarboximide was allowed to react with pyrethroyl chloride to yield 
N-(pyrethroxymethyl)-1-cytj.ohexene-1,2-dicarboximide in 87S% yield • 

. co, ··.. · . CH3 0:: N·CH2.·0· C· CH-CH·CH=C/ . 
·. . · co/ . . 11 '\ / · "-....coo en 

. . . . . . . o /c, . . . . 3 

· :. •. CH3. CH3 
. ·- .,· 

A.nalySis 
•Found: c, 64;01; H, 6.70; N, 4.os3. 

. . CiilcuJated (a~ CaeH;~_N06): c,: 63~98; H;·:6;71;·. Ni 3.73'.%· 

ExAMPLE 16 
A mixture of 20.() g of N-{chloromethyl)-1'."cy<:}.ohexen~l,2-dicarboximid~ and· .. 

21.2 g of pyrethric acid \vere dissolved .iri. 200·.mI ()f.acefone, an.d 11.1 g of triethyl­
amine was dropped into the solutio!l at room tempera:rure wh~··, befug stirred. There­
after, the mixture was refluxed for . 2 ·oours~ · The reaction mixture was cooled and 
filtered to remove the insoluble .'&nine~ hydrochloride. The filtrate was evaporated 
in vacuo to remove the solvent, and the residue was dissolved in dry toluene. The 
solution was washed with water and dried over sodiUin sulfate. The s0lution was 
passed through· an alumina coluimi. and·. then evaporated .ln vacuo. to, leave N­
(pyrethroxymethyl)-1-cyclohexene-l,2-dicarboxim,ide in ·ss .03 yield. 

Analysis 
Found: C, 63~87;. H, 6.68; N, 3~85% . 

. Calc.µlated (as ~0H26N01): · C, 63.98; 11, 6;71; N; 3.73%. 
'. ." r.·; ::~· ;.-

. . ExAMPLB: 17 · ···· 
According to the procedure as described in Example l~ N~yc;lroxymethyl)-3-

cyclohexene-1,2-dicarboximide was allowed to react with pyrethroyLcllloride to yield 
N-(pyrethroxymethyl) "." 3 - cyclohexene - 1,2 - dicarboximide in 88.0% yield. 

. ~- . . . . .· 

:~ ·.~YCH2·0·C.-.Cff--:-,CH·CH.==C/CH3 V-.--co/ ··. ·. u. \/ ~. · . o· ·c COOCH3 
""/\" -
Cff3 . . CH5 · 

___ .... ,.-.-··-~-~---............ 

',;;·~t~ • 
. :• .. 

.. ····_r:. 
.,.,.:.~· .. Analysis. -

Found: C, 63.79; H, 6.94; N, 3.69,i)b: 
. Calculated (~s 4oHz.sN06): C, 63.9S; H, 6.71; N, 3.73·%. 

. ExAMPLB 18 . : . :>:~2~:: . 
According to the procedure as described in Example 4, N'.'(h~):~ -. 

methyl-4-cyclohexene-l,2-dicarboximide was allowed to react with pyretJlle:i.:.a.cid~ . 
anhydride w· yield N-;(pyrethroxymethyl)-3-methyl-4-Cyclohexene-1,2-dicarboxiaj?:Cle,iJl;;> .· 
81.3% yield. ..:~: 

~ -~ .. _ ...... ,._ 

-~-
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Analysis 
Found: C, 64.88; H, 7.09; N, 3.S6%. 

C, 64.76; H, 6.99; N, 3.6Q%. Calculated (as ~iH27N06): 

ExAMPLB 19 
According to the procedure as described in Example 1, N-(hydroxymethyl)-3-

a,cetoxy-4-cyclohexene-1,2"'dicarboximide was allowed io react with pyrethroyl 
chloride to yield N•(pyrethroxymethyl)-3-acetoxy-4-cyclohexene·l,2-dicarboximide in 
88.S.% yield. 

OCOCH ,- ,, , . · ·· 
3 co . -::_ \i: ·. . . . . . CH3 " . . / N • CH2 · 0 · C • CN-CH ·CH= C 

co/ · · ~ \cl __ ., · "-coocH3 
/\ 

CH3 CH3 
Analysis 

Found: .·· ... 
Calculated (as G;affz7N08): 

....... 

C, 61.00; H, 6.25; N, 3.21!%· 
C, 60~96; H, 6.28; N1 3.23!%. 

As mentioned above, the presc:nt esters possess superior insecticidal power, and 
exhi6it rapid knock down and ex¢llem killing :·effect to housefiles, mosquitos, cock­
roaches, etc. Moreover, these esters are especially useful for sanitary and domestic 
purposes; because of their rapid effectiveness and harmless!J,Css (for example, N­
(chrysanthemoxymethyl)-1-cyclohexene-l,2-dicarboximide shows oral toxicity to mice 
in LD~o value of more than 800 mg/kg.). The present esters are suitably employed for 
the preparation of insecticidal· e-0mpositions which have broad :uses, correlatively with 
the low cost. · 

For the formulation of the insecticidal composition containing the present com­
pound as the essential ingredient, oil solution, emulsifiable concentrate, wetta~le 
powder, dust, aerosol, mosquito coil, bait and other .preparations, may be formulated 
using the generally employed carriers, diluents or aWi:iliary agents, according to 
the method known to those skilled in the art in the cases of the formulation of p}'l'eth­
rum extract and allethrin. If the compound is crystalline, it is preferably employed 
as a : preliminarily prepared solution in an organic' solvent, such as acetone. xylene, 
methylnaphthalene, etc., depending upon the type of the formulation. 

. ·it desired, the present esters may be'employed f<ir the preparation of the insect­
icidal, oompos.itions in· combination with other insecticidal component, such as 
pyrethroide; fOr example, pyrethrum extract and allethrin organochlorine and organo­
phosphorus compounds, synergistic agents for pyrethroide, for example, piperonyl 
butoxide; piperonyl suffoxide, or P-bUt:.oxy-;I)' -thiocyanodiethyl ether. By combination 
wi1;h such other :ingredient, the present insecticidal composition can be adapted to 
broader uses with more increased effect. 
. . .The present esters may be blended with at least one of pyrethrin, · allethrin, 0,0• 
dim~J-0-(3-m.ethyl-4-nitrophenyl) thiophosphate, "Malathion", Trade. Mark, di-
8zinone,' dimethoate, -y-BHC, and -0thers, to yield a pesticidal composition which 
possesses· high· in8ecticidal activity with rapid effectivity. In such cases, the both com­
poriCJ!!S- ·.may ~· ·blended in a broad range of proportions, for example, in ratio of O':os::•r to· 1 :·o:·os by ·weight of the ester to another insecticidal component. 

The present esters are comparatively stable. However, if the present ·esters are 
inteµded to be stored under severe conditions for a long period of time, they may 
preferably have incorporated therein a small amount of a stabilizer, for example, '8lkyl­
p~ol ·compounds such as those having the formula -----· 
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· ... ·f _: cont·a.·inin.·9 ~(CH.Wt 
·oc~~ · - ) 

·· -CH.3 '. ·cH - .3 

- /:··_The amount .of •the stabilizer, if added, may be :tess·,tban 1)%1 bY weight _of the 
present ester, ordinarily:from 1 to o.r,3. : . ; . - . - ·. ·: 

The -following Examples illustrate insecticidal compositions -containh.ag ,the ·cyclo­
propanecarboxylic acid esters· ,according· to the ·-invention and -indicate ,their insecticidal 
activities; · · · 

.· Ex.AMPLE 20 - .: ·· . 
A solution of OS g of N-(chrysanthemc;>xymet!iyl)-4-cycloh~ene-l,2-dicarb.ox­

imide in 1 g of xyfone w.as diluted with a refined Jcet~ne to make ·the volume 100 
ml, whereby OS% oil preparation was obtained._ ·.. . · · _ ~- - _ __.~----

- -By a turn-table method, each 5 ml of the 051%, oil .pi;eparati()Ji. ·OJ;:;.thatTd~ 
with a refined kerosene was sprayed on to_ about 100 ho.µseflies-{a_dwt) wi@JJ, ;~() ·· 
seconds. After 20:seconds, the shutter• was~ opened -and. the houseflies we~ ~~:\to 
expoSe to the sprayed mist for 19 minutes. Then, -the houseflies were · trailsfelred ,tQ . 
.a cage, and the k.nock-down number was c()unted. After 24 .hours the kill n~b~ 

.... a1so~ .. ~~;,. 
' . . . 

Knock-crown 
Concentratfun of ~tio (%) . 
the ingredient (%) (After 10 min.) 

0.5 90.5 

0.25 80~1 

--------cr.·1is-------=4~5.3 
:----:---. -

Mortalities 
(%) 

71.2 

40.8 

22.5 

. __ .._.. .......... -

. --
·~: 
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ExA:MPLB 21 
.· A 100 ·ml .refined ,kerosene solution contabiing 0.4 :g .of ·N{clujsanthemoxy-

methyl)-3-methyl-4-cyclohexene-J,2-dicar!loximide was . p~pared. .. . 
In .a glass .b()X .of 70 cm .cube, about 3() houseflies (adult) ·were liberated, and 

0.3 ·ml of the thus-prepared 0.4% oil preparation was uniformly sprayed with an 
atomizer into .-the box. -Knock-down number of the houseflies according to the lapse 
of .time ;Were -o~d. Similarly, a 0.41%' .oil preparation containil:,tg all~rin ·was 
tested for comparison. 

Knock-down ratio of houseflies according to.the lapse of time_(%) 

30 42 l Ii 2 25/6 4 52/3 8 
sec. sec. min. min. min. min. min. min. min. 

The present 
.compound 0 .. 8 4.0 15 .. 2 36.2 43.1 56 .. 6 70.9 75.4 80.4 

Allethrin 2.9 9.6 19 .. 1 34.3 42.2 57.9 71.0 84.2 92.4 

ExAMPLB 22 
An emtilsifiable ·..concentrate was obtained by uniformly mixing 10 g of N­

( chrysanthemoxyinethyl).;.3-chloro-4-cyclohexene-1,2-dicarbo:Ximide, 80 g of xylene and 
10 g .of S_orpoLSM-200 (a surface active agent, trade-name of Toho Oiemical Co. 
Ltd;). . · 

The resulting 10% emulsifiable concentrate was diluted with water, and each 10 
ml was ·sprayed ·onto houseflies (adult) in. a settling-tower within 10 seconds. After 5 
seconds, -the shutter was opened and the houseflies were· exposed to the sprayed mist 
for 10 minutes and then ~aken out ·from the settling tower. The houseflies were 
kept at a constant temperature and the mortality was examined after 20 hours. 

concentration of 
the ingredient 

1.0 
0.5 
0.25 
0.125 

EXAMPLE 23 

Mortality.~%.) 
·97:8 
80.3 
53.2 
24.6 

. :A 100 inl refined ker-osene solution containing 0.5 g of N-(chrysanthemoxy-
methyl)-3-methyl-1-cyclohexene-1,2-dicarboxiniide and lg of xylene was .P~red. 

In a glass box .of 70 .cm .. cube,. about 30 .houseflies (adult) were liberated, and 
43·-m1 of the thu8-prepared 0.5% oil preparation was uniformly sprayed with an 
atomizer into the box. Knock-down number of the houseflies according to the lapse 
of time were. observed. Similarly, a 0.31%1 oil preparation .containing allethrin was 
tes_t!:ld for comparison. 

Knock-down ratio of houseflies according to the lapse of time(%) 

: ·'··-The present 
compound 

'Allethrin 

30 42 .1 1 5/12 2 2 5/6 4 5 2/3 8 
sec. ,sec. min. min. min. min. min. min. -min. 

2.1 6.3 12.4 20.7 4L5 50.2 59.1 63.4 72.0 

l.3 4.2 13.6 24.9 32;.7 .39.·s 51.0 57.9 64.5 

I ·--
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. ExAMPL:E -24 . . . 
· A 100 ml refined kerosene sohition conta~ing"' 0.4 · g of N-( Chcysan.themoxy-
methyl)-1-cyclohexen~ l,2..:dkarboximide was ptepa~d~ · · · · · · · · 

In a ·gtass box of 70 cm cube, about 30• hous'eflies (adult) were liberated, and 
0.3 . ml. of the. thus-prep·~red 0.4% oil preparation ·wa,s · tuiiformly -sprayed with· an 
atomiier into the box. · Kilocl::-doVlin 111.unber of the houseflies aecorcling to the lapse 
of time· were obserV'ed~ Similarly, a 0.41% oil preparati0n c0ntainirtg allethrin was 
tested for comparison. · · · · 

30 42 1 .1 v1~~ .. 2 .5/6: 4 5 2/3 8 
see. .. sec. J;Din. . nun .. .D.UQ. . lIUll· . min. min. In.in. 

The present 
compound· 5.8 25.0 42.3 55.8 61.6 65.5 73.4 79.8 86.6 

.. 

Allethrin 4;2 7.6 20.4 43;8· 56".0 64.5 71.2 80~9 86.7 

ExAMPLE 25 , ·• lO 
. "- so~ution . of 1.5 g of. N-(ch:rjrsanthei:hoxym.¢.yl).,.1"'."cyclo~exene,..l-:c~~oxy-2-

. thiocarboxim.ide in 20. g of acetone was. mixed wi~ .?8.5 g.of .·20() .m.esh. talc, .·and . the 
acetone. was ·evaporated from the :niix~e to leave . 1-.~%1 dust preparation~.. . · ·.. •· 
... ·Each 1 g of the resulting 1.5'% duilt preparation was Sprayed to hi>usdlies (adult) 
in a settling t~wer within 5 seconds. After. JO seconds,- thC shutter was opened and 15 
the h(}use:(lies ... ~«:fe eXp_O~ed .·to the sprayed air . for '10 .. minutes. and then . taken, out 
from the· towet~"f.he houseflies were kept ·at a eonstant t~perature and· the .inortality 
was exa:niiij:ed.after_20 hotjrs. ~e mortality was 92~7%• · . · ·. . . · . · · 

ExAMPLE 26 
In similar .. w:Af to Example 21, a 100 ml refined, kerosene solution containing O.S 20 

g of N-(chrysanth.emo~ymethyl)-3-acetoxy-4-cyclohexene-1,2-:dicarboximide and 5 g of 
xylene was prepared and tested. · · · 

Knock-down ratio of houseflies according to the lapse of time(%) 

The ent · .. -~ 
COD;lpOUl].d 

(0.5%) 

AllCthrln 
(0.3%) 

30 42 1 1 5/12 2 2 5/6 4 5 2/3 8 
. sec. sec. . _min. min .. ·· min. min. min· min. .min. 

6.8 11.4. 18.2 29.6 40,7 60.4 . 685 7~:·(.J-4~~: 

' 4.4 . 1;0 13.7 20.8 38A 54.5 61.3. 70.5 . 82~¥: .. ·· 
. -':-·· ~. - . -. . ... -~ 

-~-

.·. .. . . . . .. ... . ~p . ·.·. • -~ ·-·~s: 
... In similar way as in Ex.ample ·22, a· 1<1% emulSifiable concentrate w~;we~ 25 

from 10· g of N'-(chiysanthemoxymethyl)-3:.acetoxi-4:.cycloh~ne-l,2-dkarb~r----· 
80 g of xylene and 10 _g of Sorpol SM---=200 (a surface act1~ agent., ~J:!~~~ · ·~ 
TohQ Chemical r.o., Ltd.), and tested. .-_:,·::·,::: ~, · ·· · · · · 

Concentration of the ... 
ingredi~t (%) .. 

2.0 
1.0 .. 
o.s 

... I ·- ______ :·:·---:~-= 

Mortality 0%) 
91.S . ... ····61:2 .... .,. 
M>.t 

. --· .• · ... -
- ;-~; ? _:; ~ i j._ 

·:_. :: .. 

·. ····-···. ____ :......:: . .....:.... .· 

·yr.: 

.. -~,_· 

.·· .. ···· 
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ExAMPLE 28 
A solution of 1.5 g of N-(pyrethroxymethyl)-1-cyclohexene-1,2-dicarboximide in 

SO ml of acetone was uniformly mixed with 98.S g of a mosquito coil carrier (a 
blend of tabu powder and pyrethrum mare in 2: 3 proportion by weight). After 
evaporation of acetone, the mixture wa~ kneaded with 180 ml of water. The kneaded 
product was molded and dried to yield a mosquito coil containing 1.51%. ingredient. 

In a glass box of 70 cm cube, abOut 30 common mosquitos (adult) were liberated. 
One gram piece of the 1.51%1 mosquito coil was held horizontally at the center of the 
bottom of the box and lit at the both ends. Knock-down ratio of the mosquito accord­
ing to the lapse of time was observed. Similarly a 0.6.%. mosquito coil containing 
allethrin was prepared for comparison. 

ExAMPLB 29 
In a similar way as in Example 21, a 100 ml refined kerosene solution contain­

ing 0.3 g of N-(pyrethroxymethyl)-3-acetoxy-4-cyclohexene-1,2-dicarbo:ximide and 3 
g of xylene was prepared and tested. Similarly a 0.3:%• oil preparation containing 
allethrin was tested for comparison. 

Knock-down ratio of houseflies according to the lapse of time (%) 

30 1 .2 4 8 
sec. min. min. min. min. 

The present 
compound 

(0.3%) 
1.8 18.9 56.4 72.7 84.6 

Allethrin 2.7 14.5 46.8 68.3 80.4 
(0.3%) 

WHAT WE CLAIM IS:- . 
1. Cyclopropanecarboxylic acid esters having the general formula, 

~
-2x' f · 

.. ""- /CH3 
F N-CHil-0-C-CH-CH-CH = C, 

c/ JI\/ 'R 
x x-t- n .o Le\ 

z f~5 CH~ 
wherein X1, X 2 , X 3 , and X' each mean a hydrogen, halogen, methyl or acetoxy, both 
Z's are Oll.. -~en simultaneously or oxygen and sulfur respectively; F means a double 
bond at any position of the cyclohexane nucleus, and R is a methyl or methoxy­
carbonyl. 
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ExAMPLB 28 
A solution of 1.S g of N-(pyrethroxymethyl)-1-cyclohexene-1,2-dicarboximide in 

50 ml of acetone was. uniformly mixed with 98.5 g of a mosquito coil carrier (a 
blend of tabu powder and pyrethrum mare in 2: 3 proportion by weight). After 

evaporation of acetOne, the mixture was kneaded with 180 ml of water. The kneaded s 
product was molded and dried to yield· a mosquito coil containing 1.51%. ingredient. 

In a glass box of 70 cm cube, abOut 30 common mosquitos (adult) were liberated. 
One gram piece of the 1.51%1 mosquito coil was held horizontally at the center of the 

bottom of the box and lit at the both ends. Knock-down ratio of the mosquito accord-

ing to the lapse of time was observed. Similarly a O.~%. mosquito coil containing IO 
· allethrin was prepared for comparison. 

Knock-down ratio of common mosquito according to the lapse of time (%) 

6 3 12 24 48 
min. min. min. min. min. 

The present 
compound 1.1· ·4.2 16.S 35.0 84.8 

Alletbrin 2.1 13.S 29.2 43.6 93.0 

ExAMPi.E 29 
In a similar way as in Example 21, a 100 ml refined kerosene s0lution contain­

ing 0.3 g of N-(pyrethroxymethyl)-3-acetoxy-4-cyclohexene"."l,2-dicarboximide and 3 

g of xylene was prepared and tested. Similarly a 0.3:%1 oil preparation containing 
allethrin was tested for comparison. · 

Knock-down ratio of houseflies according to the lapse of time (%) 

30 1 2 4 8 
sec. min. min. min. min. 

The present 
compound 

(0.3%) 
1.8 18.9 56.4 72.7 84.6 

Allethrin 2.7 14.5 46.8 68.3 80.4 

_.,.,..-· 
(0.3%). 

.. • 

·wherein J;1, x2, X3, and X"' each mean a bydrogeri, halogen, methyl or acetoxy, both 

Z's are oX)"3en simultaneously or oxygen and sulfur. respectively; F means a double 

bond at any position of the cyclohexane nucleus, and R is a methyl or methoxy­

carbonyl. 
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. 2. A process for preparing cyclopropan,ecarboxylic acid esters having the general < ~ 
formula, - _ - --

XW:·xr i - . _.- -
__ - C'-..._ /CH3 

-F _ - N-CHi-0-C-CH-CH-CH = C, 
3 -c/ -_- B "l 'R 

){.if. II O}\·-" 
X -z -cH"H - ~" 3 

wherein X1, X2, X3
, and X" each mean a hydrogen, halhgen, ~ethyl or acetoxy, both 

Z's are oxy.gen simultaneously or oxygen and sulfur respectively; F means a double 
bond at any position of the cyclohexane nucleus; and R is mcthylor methoxyca,rhon.yl, 
which comprises esterifying a tetrahydrophtha1imide _compound. having the general 
formula, 

wherein X1, X2; x.a, X4, F and Z have the same meanings as identified above, with 
a cyclopropanecarboxylic acid having the general formula, 

wherein R has the same meaning as identified above. · - _ 
3. A proces8 according to claim 2 in which a lower alkyl ester, an acid ~ide or 

an acid 8nhydride of the cyclopropane carboxylic acid is used. - -
4. A process for- preparing cyclopropanecarboxylic acid eSt:ers having the general formula, · - -

10 
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--------·~~ ... 
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wherein X1
, X2

, X11
, X', F and Z have the same meanings as identified above and A 

means a halogen atom, w~th an alkali met.al salt of a cyclopropanecarboxylic acid having 
the general formula, 

5 wherein R has the same meaning as identified above. 5 
5. An insecticidal composition containing a cyclopropanecarboxylic add ester as 

defined in Claim 1, as the essential ingredient. 
6. An insecticidal oil solution containing a cyclopropanecarboxylic acid ester as 

defined in Claim 1, as the essential ingredient. 
10 . 7. An insecticidal emulsifiable concentrate containing a cyclopropanecarboxylic 10 

acid ester as defined in Claim 1, lilS the essential ingredient. 
8. An insecticidal dust preparation containing a cyclopropanecarboxylic acid ester 

as defined in Claim 1, as the e~sential ingredient. 
9. Process according to Claim 3 or Claim 4 substantially as herein described 

15 and exemplified. 15 
10. Cyclopropanecarboxylic acid esters obtained by the process claimed in any 

one of Claims 3, 4 and 9. 
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