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1,4-Dl:ARYL-2-l"LVORD-2-BU'lBNB 
DTSBC!iJ:cmAX:. AHO ACAlaC%J>Ui AGBR'ZS 

:aacmaomm or ~ DMD1'nOR 

Insect and acarid pests destroy growing and 
harvested crops. In the United States, aqronomic crops 
must compete with thousands of those pests. In 
particular, tobacco budwo:cns and southern armywo:r:ms are 

S especially devastating to crops. 
Tobacco budwo%!lls cause tremendous economic losses in 

agronomic crops. In partieular, budworms devastate 
cotton crops by feeding on qreen bolls. Control of 
budworJD.S is complicated by their resistance ~o many 

10 common insecticides, includinq organophosphates, 
carbamates and pyrethroids. 

In spite of the commercial insecticides and 
acaricides available today, damage to crops, b~th growing 
and harvested, caused by insect and acarid pests still 

15 occurs. Accordingly, th.ere is. ongoing research to create 
new and more effective insecticidal and acaricidal 
agents. 

Certain fluoroolef in compounds are known to possess 
insecticidal and acaricidal activity (see, e.g., U.S. 

20 5,248,834; GB 2,288,803-A and WO 94/06741). The 
fluoroolefin compounds disclosed in GB 2,288,803-A and WO 
94/06741 are outside the scope of the present invention. 
o.s. 5,248,834 generically discloses certain 1-aryl-1-(3-
aryl-1-fluoroprop-1-enyl) cyelopropane compounds. 

25 However, that patent does not provide a method to prepare 
those compounds. In fact, U.S. 5,248,&34 does not 
provide a method to prepare any fluoroolefin compounds. 
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It is, therefore, an object of the present invention 

to provide compounds which are highly effective for the 

control of insect and acarid pests. 
It is also an object of the present invention to 

5 provide a method for the control. of insect and ac:arid 

pests. 

It is a further obj ec:t of this invention to ,Provide 

a method for the protection of growing and harvested 

crops from damage caused by insect an.d acarid attack and 

J.0 infestation. 
These and ocher objects of the present invention 

will become more apparent from the detailed description 

thereof set forth below. 

S'QMMART or DB :QIDNTl:OH 

15 The present i:avention comprises l,4-diaryl-2-fluoro-

2-butene compounds which are useful as insecticidaJ. and 

acaricidal agents. Those compounds are also useful for 

protec~ing plants from damage caused by insect and acarid 

· attack and i~estation. 
20 The 1,4-diaryl-2-fluoro-2-butene compounds of the· 

present invention have the structural formula I 

R E 
I I 

Ar-C-CF•CH-C-Ar 
I I 1 

Ri 'R2 

(I} 

wherein 

25 Ar is phenyl optionally substituted with any combination 

of from one to three halogen, C::i. -~alkyl, 

.C:1,·C4haloalkyl, c 1 ... C.alkoxy or C1 -C4haloalkoxy 

groups, 

1- or 2-naphthyl opcionally subseituted with any 

: .·, 
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combination of from one to three halogen, 

Ci-C4alkyl, c1 -c,haloalkyl, ~ -~alkoxy o::­

Ci -C4ba.loalkoxy groups, or 
a 5- or 6-membered heteroaromatic ring optionally 

substituted with any combination of from one to 
three halogen, C1 -C.alkyl, · <:i-C4haloalkyl, 

C1 -C4alkoxy or c; -<;haloalkoxy groups; 

R. and R.1 are each independently hydrogen, ~-C4alkyl,, 

C1 -C4haloalkyl, ~ ·C6cycloalkyl or C,-C.halocycl.o-

1.0 alkyl, or R and Ri, taken together with the carbon 

aeom to which t.hey are attached form a 
c 1 -c,cycloal.kyl ring optionally substituted with any · 

combination of from one to three halogen or 

C1-C4alkyl groups; 

l.5 R:i is hydrogen, Cl, Br, cyano or OR.,; 

R3 is hydrogen or cl.-~alkyl; and 

20 

Ar1 is phenoxyphenyl optionally substituted with any 

combination of from one to six halogen, 

c1 -c,alkyl, Ci-C.haloalkyl, <;-C4alkoxy or 
C1-C4haloalko.xy groups, 

phenyl optionally substituted with any combination 
' of from one to five halogen, Ci·C4alkyl, 

C1-C4haloalkyl, c,..-c,alkoxy or Ci.-C4haloalkoxy 

groups, 

25 biphenyl optionally substituted with any combination 

30 

35 

1iiiilf 

of from one to five halogen, C1 -C4alkyl, 
Ci-C,.haloalkyl., C1-C4alkoxy or C1 -C4haloalkoxy 
groups, 

phenoxypyridyl opt:ionally substituted with any 
combination of from one to five halogen, 
Ci -C,alkyl, C1-C4hale>alkyl., c 1-C1alkoxy or 

Ci-C.haloalkoxy groups, 
benzylpyridyl optionally substituted with any 

combination of from one to five halogen, 
C1 -C4alkyl, C1 -C4haloalkyl, Ci-C..alkoxy or 

C1-C4haloalkoxy groups, 
benzylphenyl optionally substituted with any 
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combination of from one to five halogen, 
c 1 -c.alkyl, <;-c.haloalkyl., <;-C4 alkoxy or 

C1 -C4haloalkox.y groups. 
banzoylphenyl optionally substituted with any 

combinatio~ of from one to five halogen, 
c1 -C..alkyl, C1-C4haloalkyl, Ci-C4alkoxy or 

c;-c4haloalkoxy groups, 

l- or 2-naphthyl optionally substituted with any 
combination of from one to three halogen, 
c;-c.alkyl, C1-C4haloalkyl, C1 -c,alkoxy or 
c1-c,haloalkoxy groups, or 

a s- or 6-membered ~eteroaromatic ring optionally 
substituted with any combination of from one to 
three halogen, Ci-C.alkyl, C1 -C.haloalkyl, 

15 Ci-C,alkoxy or Ci -C4haloalkoxy groups, and 

the optical isomers thereof, and 
the cis and trans isomers thereof. 

This invention also comprises compositions. 
containing those compounds and methods for using those 

20 compounds and compositions. Advantageously, it has been 
found thae the 1,4-diaryl-2-fluoro-2-butene compounds of 
the present invention, and compositions containing them, 
are useful for the control of insect and acarid pests. 
The compounds of this iuvention are also useful for the 

25 protection of plants from damage caused by insect: and 
acarid attack and infestation. 

DETAl'T.Jm DISC:am:rmr OF DI llCZEEt'tON 

The present invention provides a method for the 
control of in.f3ect or acarid pests which comprises 

30 contacting said pests or their food supply, habitat or 
breeding grounds wich a pescicida11y effective amount of 
a l,4-diaryl-2-f+uoro-2-butene compound of formula I. -

The present invention also provides a method for the 
protection of growing plants from attack or infestation 

35 by insect or acarid pests which comp~ises applying co the 

1ii1ITiiUf 
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foliage of the plants, or to the soil or water in which 
they are growing, a pesticidally effecti.ve amount of a l, 4-

5 diaryl-2-fluoro-2-butene compound of formula I. 
The 1,4-diaryl-2-fluoro-2-butene compounds of the 

present invention have the structural formula I 

R H 

1 I 
Ar-C-CF =CS-c-Ar1 

I I 
R1 I Rz 

10 wherein Ar, Ar1 , R, R1 and R2 are as described hereinabove 
for formula I. 

In formula I above, the 5- and 6-membered 
heteroaromatic rinq may suitably be a rinq containing 1 to 
4 heteroatoms selected from N,O and S, wherein the 

15 heteroatoms may be the same o.r different, e.q. th~ rings 
include, but are not limited to, pyridyl, pyrazolyl, 
imidazo·lyl, t.riazolyl, isoxa2:olyl, tetrazolyl,. pyrazinyl, 
pyridazinyl, triazinyl, furanyl, thienyl and thiazolyl 
rings each optionally substituted as described in formula I 

20 above. 

Exemplary of halogen hereinabove are fluorine, 
chlorine, bromine and iodine. The terms "C1-C4haloalkyl 1

', 

"C3-C5halocycloalkyln and ~c1-Cthaloalkoxyn are defined as a 
C1-C4alkyl qroup, a c3-c6cycloalkyl group and a C1-C4alkoxy 

25 group substituted with one· or more haloqen atoms, 
respectively, wnerein the halogen atoms may be the same or 

.different. 
When used herein as a group or part of a qroup the 

term alkyl includes straight or branched chain alkyl groups 
30 such as methyl, ethyl, n-propyl, isopropyl, n-butyl, 

isobutyl, s-butyl and t-butyl. When used herein as a group 
or part of a qroup the term cycloalkyl includes 
cyclopropyl, cyclobutyl and.cyclohexyl. 

Groups containing two or more rings, such as bipheny1, 
35 phenoxypyridyl and ben~ylphenyl, which may be substituted 

tollowed by page 5a 

This Sheet Has Been Replaced · 
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may be substituted on either ring unless otherwise 

specified herein. 
Preferred formula I 1,4-diaryl-2-fluoro-2-butene 

10 compounds of the present invention are those wherein 

Ar is phenyl optionally substituted ~ith any combination of 

from one to three halogen, c1-c4alkyl, C1-C4haloalkyl, 
C1 -C,.alkoxy or c1 -C4haloalkoxy 9roups; 

R and Ri are eaeh independently hydrogen, C1-C,.alkyl, 

15 c1-C4haloalkyl, C3-c6cycloalkyl or C1-Cchalocycloalkyl 

provided that at least one of R and Ri is other than 
hydroqen, or R and R1 taken together with the carbon 

atom to which they are attached form a C3-C6cyclo 
alkyl rinq optionally substituted ~ith any 

iliiii1nr 



[RECEIVED BS/Z3 ZB:l7 1997 AT 533869~ PAGE 9 (PRINTED PAGE 9) l 
23. MAY. 1997 13:06 WYETH PATENTS NO. 2433 P. 9/63 

-6'-

combination of from one to three halogen or 

c1 -C4a1ky1 groups; 

R.i is hydro~, Cl, Br, · cyano or OR~: 
~ is hydrogen or C1 -C4alkyl; and 

s Ar1 is 3-phenoxyphenyl optionally substituted with any 

combination of from one to six halogen, 
C1 -C,alkyl., C1 -C4haloal.kyl, C1-C.,alkoxy or 

C1-C,haloalkoxy groups, 

lO 

l.5 

3-biphenyl optionally substituted with any 

combination of from one to five halogen, 

C1 -C4alkyl, CJ.-c.haloalkyl, ~-C,alkoxy or 

c; -c,.haloalkoxy groups, or 

3-ben~ylphenyl optionally substituted with any 
combination of from one to five halogen, 

C1-C4alkyl, C1 -C4hal.oalkyl, c;-c: .. alkoxy or 

cl-C4haloalkoxy groups. 

More pref erred insecticidal and acariciaal agents of 

the· present invention are those wherein 

Ar is phenyl optionally substituted with any combination 

20 of from one to three halogen, C1-C.alkyl, c;-c.halo­

alkyl, C1 -C4alkoxy or c1-C,baloalkoxy groups; 

R is isop:ropyl or cyclopropyl and Ri is byd:rogen, or R and 

R.i are methyl, or Rand Ri taken together with the 
carbon atom to which they are attached f o:rm a 

25 cyclopropyl ring; 
~ is hydrogen; and 

Ar1 is 3-pheno:xyphenyl optionally substituted with any 

combination of from one to six halogen, C1-C4alkyl, 

C1 -C,.haloalkyl, C1 -C4alkoxy or c1 -c.haloalkoxy groups •. 

30 Most preferred 1,4-diaryl-2-fluoro-2-butene 

compounds of this invention are those wherein 

Ar is phenyl optionally substituted with any combination 
of from one to three halogen, Ci-~allcyl, c1-c,.halo­
alkyl, C1 -C4alkoxy or C1-C~oalkoxy groups; 

35 R. is cyclopropyl and ~ is hydrogen; 
R2 is hydrogen; and 

Ar1 i~ 3-phenoxyphenyl optionally substituted with any 

This Sheet Has Been Replaced 
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eombinaeion of from one. eo six halogen, Ci-C,alkyl, 
c;,-c.haloalkyl, C1 -C4alkoxy or <;-C..haloalkoxy groups. 
Fo:mula I compounds cf this invention which are 

parcicularly effective insecticidal agents include 
s 1-[1-(p-chlorophenyl)-2-fluoro-4-(4-fluoro-3-phenoxy­

phenyl.)-2-butenyl]cyc:lopropane, (R,S)-(Z)-; 
1-[l-(p-chlorophenyl)-2-fluoro-4-(m-phenoxyphenyl)-2-

buten~l]eyclopropane, CR,S)-(Z)-; 

4-(p-chlorophenyl)-3-fluoro-1-(4-fluoro-3-phenoxyphenyl)-
10 5-methyl-2-hexene, (R,S)-(2)-; 

4-{p-chlorophenyl)-3-fluoro-S-methyl-l-(m-phenoxyphenyl)-
2-hexene, (R,S}-(Zl-; 

4-(p-e~hoxyphenyl)-3-fluoro-l-(4-fluoro-3-phenoxyphenyl)­

s-methyl-2-hexene, (R.,S)- (Z)-; 

is 1-[l-(p-ethoxyphenyl)-2-fluoro-4-(4-fluoro-3-phenoxyphenyl.)-
2-butenyl]cycl.opropane, (R,S)-(Z)·; 

4-(p-ethoxyphenyl)-3-fluor~-S-methyl-1-(m-ph.enoxyphenyl)-

2-hexene, (R,S)-(Z)-; 
4-(p-ethoxyphenyl)-3-fluoro-l-[m-(p-fluorophenoxy)-

20 phenyl]-s-methyl-2-hexene, CR,S)-(Z)-; 
l-{l.- {p-chlorophenyl)-2-fluoro-4- (m- (p-fluorophenoxy) -

phenyll-2-butenyl}cyclopropane, (R,S)-(Z)-; 
1-[2-fluoro-4-(4-fluoro-3-phenoxyphenyl)-1-(p-fluorophenyl)-

2-bueenyl]cyclopropane, (R,S)-(Z)-; 

25 l-[l-(p-ethoxyphenyl)-2-fluoro-4-(m-phenoxyphenyl)-2-
butenyl]cyclopropane, (R,S)-(Z)-; 

1-[2-fluoro-l-(p-fluorophenyl)-4-bn-phenoxyphenyl)-2-
butenyl]cyclopropane, (R,S)-{Z)-; 

4-(p-chlorophenyl}-3-fluoro-4-methyl-l-(m-phenoxyphenyl)-
30 2-pentene, CZ)-; 

4-(p-chlorophenyl.)-3-fluoro-l-(4-fluoro-3-phenoxyphenyl)-
4-methyl-2-penteue, (ZJ-; 

1-(p-chl.orophenyl)-1-[l-fluoro-3-(m-phenoxypheny1) 
propenyllcyclopropane, (Z)-; and 

3S l-(p-chlorophenyl)-l-[1-fluoro-3-(4-fluoro-3-phenoxy­
phenyl}propenyl]eyclopropane, {Z)-, among others. 
Flow Diagram I illustrates a method for preparing 
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1,4-Diaryl~2-fluoro-2-butene compounds of che present 
invention wherein R and Ri are each independently 
Ci.-C.alkyl, c1 -C4haloalkyl, C3 -~cycloalkyl or C3-C6halo­
cycloalkyl, or R and Ri taken together wieh the carbon 

5 atom to which they are attached form a C3 -C6cycloalkyl 
ring optionally substituced with BZJ.Y combination of from 
one to three ha1ogen or c1 -C4alkyl groups! Ra is hydrogen; 
and the double bond is in the (Z)- configuracion. 'l'his 
method comprises: reacting an arylacetonitrile of formula 

lO II with a selective reducing agent, such as diisobutyl­
aluminum hydride, and quenching with waeer to form a 2-
arylacetaldehyde of formula III; reacting the formula III 
compound with a zinc/triphenyl phosphine/carbon 
tetrabromide mixeure to form a 3-a:ryl-1, 1-dibromo-1-

15 propene of formula IV; reacting the formula IV c:ompounC. 
with a base such as an alkyllithium an4 phenyl cyanate to 
form a 4-aryl-2-butynenitrile of forml-ila V; reacting the 
formula v compound with cesium fluoride, potassium 
hydrogen fluoride and water in N,N-dimethylformamide to 

20 form a 4-aryl-3-fluoro-2-butenenitrile, (Z)- of formula 
VI; selectively reducing the formula VI compound with a 
reducing agent such as diisobutylalUlllinum hydride and 
quenching with water to form a 4-aryl-3-fluoro-2-butenal, 
(Z)- of formula VII; reducing the formula VII compound · 

25 with a conventional reducing agent such as lithium 
aluminum hydride o~ sodium borohydride to form a 4-a:yl-
3-fluoro~2-buten-1-ol, (Z)- of formula VIII; reacting the 
f~:rmula VIII compound with a brominating agent1 such as ~ 

triphenyl phosphine and bromine mixture, in ehe presence 
30 of a solvent, such as a halogenated hydrocarbon, to form 

a 4-aryl-i-bromo-3-fluoro-2-butene, (Z)- of formula IX; 

and reacting the formula IX compound with about 0.0025 to 
0.1 molar equivalent of a palladium catalyse, such as 
bis(dibenzylideneacetone)palladium(O) (Pd(dba) 2), 

35 bis (acetonitrileJpalladium(II) chloride, bis Ctriphenyl­
phosphine)palladium{II) chloride, tetrakis(triphenyl­
phosph~nelpal~adium{O) and the like, at least about 2 

This Sheet Has Been Replaced 
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lllOlar equivalents of a base, such as an alkali metal 

carbonate, an alkaline earth metal carbonate, an alkali 

metal hydrogen car!:>onate, an alkali metal hydroxide, an 

alkaline e~h metal hydroxide, an alkali mecal 

S C1 -~alkoxide and the like, and a boronic . acid of formula. 

10 

X in the presence of a solvent, such as an aromatic 

hydrocarbon, a halogenated aromatic hydrocarbon, a 

C1 -C4alcohol, and the like, and mixtures thereof. 

FLOW DJAGBJM x 

R R. 
R.>L: 1) [(CH

3
) 

2
CHCH

2
] 

2
AlH ;>l:CHO Ar CN 

(II) 
2) H2

0 (IrU l [C,11,l ,P 
Zn 
car.., 

RJ. 
C&H50CN 

:~ 
R

1 
Sr 

R~ 
Base Ar ~·Dr 

CN 
{V) (:CV} 

B
2
0/DMF 

1 C-..F/mF, 

R.1 1) [(CH
3

) 
2

CHCH
2

] AlH 
R1 

:~CN· ;yCHO_ . • 2 

2) H
2
0 

F F 

(VI) (VII) 

1 [It] 
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n,mr DXAGIW« .I (continued) 

R~ ~·. 
Ar' Y -CS:aBr 

F 

R1 

;yCH
2
0H 

(IX) 

Palladium catalyst 
Base 
(HO) 2.BAr

1 

(X) 

p 

(VIII) 

5 Formula I compounds wherein the double bond is in 
the CE)- configU+ation may be prepared by isomerizing 
certain intermediate compounds described hereinak>ove 
which are predominantly in the (Z)- configuration using 
conventional procedures such as exposure to light. 

10 Formula I compounds wherein R1 and~ are hydrogen 

may be prepared, as indicated in Flow Diagram ::tI, by 

reacting a ketone or aldehyde of formula XI with an ester 
of f ornrula XII in the presence of a base such as sodium 
hydride or lithium diisopropylamide to form a 3-aryl-2-

15 fluoro-2-propenate of formula XIII, reducing the formula 
XIII oompound with a reduoing agent such as lithium 

aluminum hydride to.form a 3-aryl-2-fluoro-2-propen-l-ol 
of formula XIV, oxidizing the formula. XIV compound with 
an pxidizing agent such as manganese(IV) oxide to form a 

20 3-aryl-2-fluoro-2-propenal of formula xv, reacting the 
formula XJ1. compound with an ylide of formula XVI in the 
presence of a base such as sodium hydride, an alkylli~h­
ium or lithium cliisopropylamid.e t:o form a diene of 

formula XVII, and reacting the formula XVII compound with 
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magnesium in the presence of a protic solvent such as a 

C1 -C4alcohol. 

0 

Ar)lR 
(XI) 

R. 

+ 

ILQW D:tAGJW( tt 

(C -C alkyl-0) P-CEl-CO (C -c alkyl) 
:L 4 . 2. 1· 2 1 4 

Base 

F 
(XII) 

Ar~co2 cc:a.-c•alkyl) 
[H] 

R [O] 

Ar~CH20H --­
p 

F (XIII! 

R :ease 

+ ArA:ycao 
p 

(XV) 

cc,H!) 3PCH2Ar:L 

(XVI) 

Mg 

(XIV) 

R. 

Ar~Ar1 
F B 
(XVII) 

Alternatively, formula XVII diene compounds may be 

prepared, as indicated in Plow Diagram III, by reacting a 
3-aryl-2-fluoro-2-propen-1-ol of formula XIV with thionyl 
chloride in the presence of a aolvene auch as pyridine to 

10 form a 3-aryl-i-chloro-2-fluoro-2-propene of formula XVIII, 
reacting the foriiaula XVIII compound with triphenylphosphine 

i~ii~iliii 
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to form an ylide of formula XIX, and reacting the formula 
XIX compound with a base such as sodium hydride and an 
aldehyde of! formula xx. 

R 

Ar~ce:20H 
F 

(XIV) 

l.) Base 

2) 0 

Ar )lH 
1 

{XX) 

R 

Ar~CH2Cl 
F 

(XVIII) 

R + 

.A:r~CEf2P (C6B5 ) 3 Cl 

F 

(XIX) 

R 

Ar~Ar:.. 
F H 

{XVII) 

Advantageously, inteJ:mediate 3-axyl-2-fluoro-2-
propenal compounds of formula XV may be prepared, as 
illustrated in Plow Diagram IV, by reacting an aldehyde 

l.O or ketone of formula XI with an alkoxymethyl triphenyl 
phosphonium halide of fo~la XXI in che presence of a 
base such as butyllithium co form a 4-arylvinyl methyl 
ether of formula XX.II, reacting the formula XXII compound 
with dichlorofluorom.ethane and a base such as potassium 

15 hydroxide in the presence of water and optionally a phase 
transfer catalyst such as ~8-crown-6 to form an 
inl:e:r:med.iate, and reacting the intermediat:.e in sit:u with 
water at an elevated temperature, preferably about 60 to 
90 °C. 
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FJaOW pt!G!Nf xv 

(XI) 

+ 
(C1-~4al.kyl}OCH2P(C,HS)3 x· 

(X = Cl, Br or I) 

(XXI) 

f o...C!I Ar"Y 3 

H 

(XXII) 

_ NO. 2433 P. 16/63 

! '1> CHC1
3
1'/Base 

2) H
3
0/ i::l. 

~~CHO 
F 

(XV) 

5 Formula I compounds wherein ~ is Cl or Br may be 

prepared by ha.logenating a formula I compound _wherein R2 

is hydrogen with a chlorinating agent such as N-chloro­

succinimide or a brominating agent such as N-bromosuc­

cinimide. 'I'he reaction scheme is shown below in Flow 

:i.o Diagram. v. 
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R. H 
l I 

Ar-C-CF•CH-C-Ar 
I I 1 

halogenate 
R H 
I I 

Ar-C-CP•CH-C-Ar 
I I 1 

R.1 H R
1 

X 

(X - Cl or Br) 

Advantageously, formula I compounds wherein ~ is 
cyano may be prepared. by reacting a formula I compound 

5 wherein ~ is Cl or Br with sodium cyanide. The reaction 

is shown in Flow Diagram VI. 

now·px•e'!M n 

R H 
I I 

Ar-C-CF•CH-C-Ar 
I I 1 

NaCN · 
R 
I . 

Ar-C-Ci'=CH-C-Ar 
I : J. 

H 

R1 
X RJ. CN 

(X • Cl or Br) 

10 l,4-Diaryl-2-fluoro-2-butene compounds of formula I· 

wherein ~ is o:R., may be prepared as shown below in Flow 

Diagram VII. 
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ELQW DI!GJNC VXX 

R B 
I I 

Ar-C-CP=CH-C-Ar 
I . I 1 

R
1 

X 

(X • Cl or Br) 

NaOR4 

R H 
I I 

Ar-C-CF=CH-C-~ 
I I 1. 

R1 ORt 

(R4 = Ci-C4alkyl) 

Formula I compounds wherein Rz is Cl, Br or OR,. and 

R and R.1 are other ehan hydrogen may be prepared as shown 

$ in Flow Diagram VIII. 
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n.gw DV:GBM nxx 

Br-Ar 
1 

l) Mg 

R. 
I 

2) Ar-C-CP=CHCHO 
I 

. Ri 

R B 
I I 

Ar-C-CF=CEl-C-Ar 
I I 1 

R
1 

OH 

c -c alkyl-
1 .. SOX

2 
halide (X = Cl or Br) 

R H 
I I 

Ar-C-CF=CH-C-Ar 
I I 1 

Ri X 

-The 1,4-diaryl-2-fluoro-2-butene compounds of the 
present invencion are effective for controlling insect 

5 and acarid pests; Those compounds are also effective for 
protecting growing or harvested crops from damage.caused 
by insect and acarid.attack and infescation. 

Insects controlled by the 1,4-diaryl-2-f1uoro-2-
butene compounds of this invention include Lepidoptera 

10 such as tobacco bu.dworms, cabbage loopers, cotton boll 
worms, beet armywo:rms, southern armyworms and diamondback . - . 
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moths; Homoptera such as aphids, leaf hoppers, plant 
hoppers and white flies; Thysanoptera such as thrips; 
Coleoptera such as boll weevils, Colorado potato beetles, 
southern cor.n rootworms, western corn rootworms and 

s mustard beetles; . and Ort:hoptera such as locusts, 
crickets. grasshoppers and cockroaches. .Acaz'.ina 
controlled by the C:QmPounds of t~s invention include 
mites such as two-spotted spider mi~es, carmine spider 
mites, banks grass mites. strawbe:r:zy mites, citrus :rust 

1.0 mites and leprosis mites. 
In practice generally about 10 PPm to about 10,000 

ppm and preferably about lOO ppm to about s,ooo ppm of a 
formula I compound, dispersed in water or another liquid 
carrier, is effective when ~pplied to plants or the soil 

15 in which the_ plants are growing to protect the plants 
from insect and acarid attack and infestation. 

The 1,4-dial:'Yl-2-fluoro-2-butene compounds of this 
invention are also effective for controlling insect and 
acarid pests when applied to the foliage of plants and/or 

2 O to the soil or water in which said plants are growing in 
sufficient amount to provide a rate of about 0.1 kg/ha to 
4.0 kg/ha of active ingredient. 

While ~he compounds of this invention are effective 
for controlling insect and acarid pests when employed 

2S alone, they lUaY also be used in combination with other 
biological chemicals, including other insecticides and 
acaricides. For example, the formula I compounds of this 
invention may be used effectively in conjunction or 
combination with pyrethroids, phosphates, carbamates, 

30 cyclodienes, endotoxin of Bacillus thuringiensis (Bt), 
formamidines, phenol tin compounds, chlorinated 
hydrocarbons, benzoylphe::l.yl ureas, pyrroles and the like. 

The compounds of ehis invencion may be formulated as 
emu1sifiable concent:rate~, ·flowable concentrates or 

35 wettable powde7's·which are diluted with water or other 
suieable polar solvene, generally in situ, and then 
applied as a dilute spray. Said compounds may also be 
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formulated in drY compacted granules, granular 
formulations, dusts •. dust concentrates, suspension 
concentrates, microemulsions and the like.· all of which 
lend themselves to seed, soil. water and/or foliage 

S applications to provide the requisite plant protection. 
Such formulations or composieions of the present 
invention include a compound of the invention (or 
combinations thereof) admixed with one or more 
agronomieally ac;eptable inert, solid or liquid carriers. 

10 Those compositions contain a pesticidally effective 
amount of said compound or compounds, which amount may 
vary depending upon the particular co1qpound, carget pest, 
and method of use. Those skilled in the art can readily 
determine what is a pesticidal1y effective amount without 

is undue experimentation. 
In order to facilitate a further underscanding of 

the invention, the following examples are presented 
primarily for the purpose of illustrating more specific 
details thereof. The sc:ope of the invention should not 

20 be deemed limited by the examples, but encompasses the 

entire subject matter defined in the claims. 
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ff
HC CH

3 

or 

Cl 

NO. 2433 P. 22/63 

A solution of {p-chlorophenyl)acetonitrile {30.32 g, 
s 0.20 mol) in tetrahydrofuran is treated dropwise with 

lithium diisopropylamide (0.44 mol, 220 mL of _a 2 M 
solution in heptane/t.ecrahydrofuran/benzene) at .:..25 °C to 
-30 •c over 60 minutes under nitrogen, stirred at -15 °C 
for one hoUJ:. treated drop•ise with a solution of 

10 iodomethane ( 62. 45 g, O. 44 mol) in tetrahyd:rofuran at 
-15 °C, stirred at -15 •c for one hour, and diluted with 
water. The aqueous solution is extracted with ether. 
The organic extract is washed sequentially with water, 
2 N hydrochloric acid and water, dried over anhydrous 

15 sodium sulfaee, and concentrated in vacuo to obtain an 
oily residue. The residue is distilled to give the title 
product as a colorless oil (32.6 g, bp 89-91 °C/l mm Hg, 
90.7\' yield). 

U1iiiliUr 
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·BPJIPLI 2 

Prqapt;im pf 2-(a-Chloropbenru -2-•tkrl»rgpi,on­
aldehda 

ff
BC CH3 

CN 

Cl . 

ff
HC CH3 

CHO 

~ 
Cl . 

5 Diisobutylaluminum hydride (0.236 mol, 236 mL of a 

l M solution in hexane) is added over 90 minutes to a 
solution of p-chloro-a-methylhydracX"OP.onitrile (32.6 g, 
0.181 mol) in diethyl ether under nitrogen at o 0 c. After 
che addition is complete, water and 6 N·hyd:rochloric acid 

10 are added t~ the reaction mixture while maintaining the 

temperature belOTA 30 °c. The resultant a~ous solution 
is stirred ·overnight at room temperature and extracted 
with diethyl et:her. The organic extracts are combined, 
washed sequentially with 2 N hydrochloric acid and water, 

1.S dried over anhydrous sodium sulfate, and concentrated in 

vacuo to give the title product as an oil (31.1 g, 94t 
yield). 

Using essentially the same procedure, but 

substituting i-(p-chlorophenyl}cyclop:ropanecarbonitrile . 
20 for p-ehloro-a-methylhydratroponitril•, l·(p-ehloro­

phenyl)cyclopropanecar:boxaldehyde is obtained as a 
colorless solid, mp 38-41 °c. 
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D'PPL' 3 
2reparatiqp pf 1.1-pi~rcmm-3-fp-qh1oxophen,yll-3-

methy1-1-bu,tene 

ff
HC CH

3 

CHO 

Cl 

Cl 

s A solution of triphenyl phosphine (89.34 g, 0.34 
mol} in methylene chloride is added dropwise to a mixture 
of zinc powder (22.27 g, 0.34 mol) and carbon tetra­
b:romide (112.8 g, 0.34 mol) in methylene chlori~e at 20 °C 
over one hour. The result:ant inixture is stirred at: room 

10 temperature overnight, treated dropwise with a solution 
of .2- (p-chlorophenyl) -2-tnethylpropionaldehyde (l1.1 g, 
O .17 mol) .in metliylene chloride over 20 minutes, refluxed 
for 2 days, and poured into petroleum ether. The o~c 
mixture is filtered through diatomaceous earth and 

15 concentrated ill v.acuo to obtain a residue. The residue 
is distilled to give the title product as an oil (38.5 g, 
bp 121-123 °C/0.3 nn Hg, 66.8~ yield). 

Osing essentially the same procedure, but 
substituting l-(p-chlorophenyl)cyclopropanecarboxaldehyde 

20 for 2-(p-chlorophenyl-2-methylpropionaldehyde, 1-(2,2-
dibromovinyl)~l-(p-chlorophenyl)cyclopropane is obtained 
as a colorless oil. 
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PrftMnt:i= gf t-fR-Chlorophep,rll -•-•thrl-2-pent­
menit;rile 

Cl 

Cl 

1
1) CH

3 
(CH

2
) 

3
Li 

2) C
6
H

5
0CN' 

5 A solution. of 1,l-dibromo-J-(p-chl.orophenyl)-3-

methyl-1-butene (38.S g, 0.113 mol) in tetrahydrofuran is 
treated with n-butyllithium (0.25 mol, 100 mL of a 2.5 M 
solution in hexane) under ni~rogen over 45 minutes while 
maintaining the te111perature below • 65 °C, stirred 

10 overnight at d%Y ice/acetone bath temperature, treated 
dropwise with a solution of phenyl cyanate (14.89 g, 
0.125 mol) in te~rahydrofuran over JO minutes at -65 °C to 
-70 °C, allowed to warm to io °C, and diluted with ethyl 
acetate and 5% sodium hydroxide solution. The resultant 

15 mixture is extracted with ethyl acetate. The organic 
extracts are combined, washed sequentially with st sodium 
hydroxide solution and water, dried over anhydrous sodium 
sulfate and concentrated in vacuo to obtain a residue. 
The residue is distilled to give the title product as an 

20 oil (18. 7 g, bp 110-113 °C/o .9 mm Hg, BO. 7% yield;. 
Using essentially the same procedure, but: 

substituting i-(2,2-dibromovinyl)-1-(p-chlorophenyl)-

11iii1IU 
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cyclopropane for.l,1-dibromo-3-(p-chlorophenyl)-3-methyl-
1-bueene, 3-(1-Cp-chlorophenyl)cyc:lopropyl]-2-propyne-l­
carbonitrile is obtained as a yellow solid, mp 62-64 °C. 

V!RLI 5 

s Premaratign g£ 4-(,p-<;hlprophen.yll-3-fluoro-t-matkz1-

2-penteneniti:11a. <z>-

Cl 

A mixture of cesium fluoride (41.38 g, 0.272 mol), 
potassium hydrogen fluoride (10.54 g, 0.136 m.ol) and 

10 water (13.07 g, 0.726 mol> in N,N-dimethylformamide :Ls 

stirred for 10 minutes, treated with a solution of 4-(p­

chlorophenyl)-4-methyl-2-pentynenitrile {18.S g, 0.091 

mol) in N,N-dimethylformamide, stirred at 80-85 °C for 4 
hours, stirred at room temperature overnight and diluted 

15 with water. The aqueous mixture is extracted with ethyl 

acetate. The organic_ extracts are combined, washed with 
water, dried over anhydrous sodium-sulfate and concentra­

ted in vacuo to obtain a residue. Column chromatography 
of the residue using silica gel and a 1:9 ethyl 

20 acetate/hexane solution gives the ~itle product as an oil 
c1s.6 g, 76.8% yield). 

Using essentially the same proc:edure, but 
substitucing 3-[l-(p-chlorophenyl)cyclopropyll-2-propyne-
1-carbonitrile for 4-(p-chlorophenyl)-4-methyl-2-pentyne-

25 nitrile, l-(p-chloropb9nyl)-P-flu~rocyclopropaneao:rylo-

This Sheet Has Been Replaced 
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nitrile having a (Z)- to (E)- ratio of 9:1 is obtained as 
a colorless oil. 

BQMPLB «i 

Premaration o: 4-Cp-Ch1QJ'Qllhegy1>-t-methyl-2-

s Ptmtana,1. (Z) -

Cl 

Cl 

A solution of 4-(p-chlorophenyl)-3-fluoro-4-11\ethyl­
. 2-pentenenitrile, CZ>- (15.6 g, 69.7 aaol) in diethyl .. 
ether is treated dropit'ise with diisobucylaluminum hydride 

10 (83. Ei mmol, 83. 6 1llL o.f· a l M solution in hexane) over .90 
minutes a.t -45 •c under nitrogen, . stirred ac -40 °C for 35 

minutes, and diluted sequentially with water and 2 N 
hydrochloric acid at -10 °c. 'the resultant aqg.eous 

mixture is stirred at room. teq>erature for one hour and 
15 extracted with diethyl ether. The ~rganic extracts are 

combined, washed sequentially with water, 2 N hydro-· 

chloric acid a.nd water, dried over anhydrous sodium 
sulfate, and concentraced in vacuo to give the title 
product as a brown oil (15.34 g, 97% yield). 

20 TJ'sing essentially che same procedure, but 
substituting 1-(p-chlorophenyll-~-fluorocyclopropane­
acrylonitrile having a (Z)- to (B)- ratio of 9:1 for 
4-(p-cbJ.orophenyl)-3-fluoro-4-methyl-2-pentenenitrile, 
(Z)-, 1-(p-chlorophenyl)-~-fluorocyclopropaneacryl-

25 aldehyde, (Z) - is obtaizi9d as a colorless oil. 
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JXUlpLI 7 

PJ"flPar•tiPP pf •-Cp-C!hJ.ona2~>-J-£luoro-•-methyl-
2-penten-1-01. <1>-

H 
+ LiAlH 

t 

Cl 

Cl 

5 A solution of 4-(p-chlorophenyl)-4-methyl-2-
pentenal, (Z)- (15.3 g, 67.S mmol} in diethyl ether is 
added dropw.ilse over 35 minutes to a. mixture of lithium 

aluminum hydride (l.54 g, 40.5 mmol) in diethyl ether 
under nitrogen at -60 °c. After the addition is complete, 

10 the reaction mixture is stirred for 20 minutes, and 

diluted sequentially with ethyl acetate, methanol and 2 N 
hydrochloric aQid. The result:ane aixture is stirred for 
20 minutes azid·elti:racted with ethyl acetate. The 

combined organic extracts are washed sequentially with 

15 water and 2 N hydrochloric acid, dried over anhydrous 

sodium sulfate, and concentrated in vacuo to obtain a 
residue. Flash chromatography of the residue using 
sili~a gel an.d a 2:8 ethyl aeetace/hexane solution gives 
the citle produet as an oil (10.6 g, 68-7~ yield~. 

20 Using essentially the same procedure, but 

subseituting 1-(p-chlorophenyl)-~-fluorocyclopropane­
acrylaldehyde, (Z)- for 4-(p-chlorophenyl)-4-methyl-2-
pentenal, (Z)-, 1-(~-chlorophenyl}-~-fluorocyclopropane­
allyl alcohol, (Z)- is obtained as a colorless oil. 
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JPMPiaB a 
Prep•r•t;1on of i-nronm-4-Cp-sMpropheny1>-3-Uuoro­

j:11l9thyl-2-paptaae. Cz)-

CH20H + cc,:&5 ) 3 P + Br
2 

Cl 

CH, 
p CR

1
Br 

Cl 

5 A solution of triphenyl phosphine (12.58 91 55.6 

mmol) in carbon tetrachloride at -5 •c to S 0 c is treated 

dropwise with a solution of bromine (8.89 g, SS.6 mt110l) 

in carbon tetrachloride over 50 minutes under nitrogen, 

stirred at room temperature for one hour, treated with a 

10 solution of 4-(p-chloropheriyl)-3-fluoro-4-methyl-2-
penten-l-ol, (Z)- (10.6 g, 46.3 mmcl) in carbon 

tetraehloride over 15 minutes, refluxed for 2.5 hours.· 

eooled to room temperature, and poured into petroleum 

ether. The resultant mixture is filtered through 

15 diatomaceous earth and concentrated .in vacuo to obtain a 

residue. Flash chromatography of the residue using 

silica gel and a 1:9 ethyl acetate/hexane so1ution gives 

the title product as an oil (12.5 g, 92.6% yield). 

Using essentially the same·procedure, but 

20 substituting l- (p-cblorophenyl)-t)-fluorocyclopropaneallyl 

alcohol, {Z)· for 4-(p-chlorophenyl)-3-fluoro-4-methyl-2-

penten-l-ol, {Z)-, l-(p-chlorophenyl)-l-(3-brol!I0-1-

fluoropropenyl)eyelopropane, (Z)- is obtained as a brown 
oil. 

liim~r 
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B'DJ'Pt.B ' 
Preparation of t-Fluoro-3-phenogypftPZaneborpnic acid 

,,(Xp,() 
Br 0 

1) Mg 

A solution of S-bromo-2-fluorophenyl phenyl ether 
5 (8.01 g, 30 mmol) in tetrahydrofu:ran is added dropwise 

over 30 minutes to a mixture of magnesium turnings 
(O.OB02 g, 33 lOlllOl). a crystal of iodine and a few drops 
of l,2-dibromoethane in tetrahydrofuran at 50-55 °C under 
nitrogen. After the addition is complete, the reac:tion 

10 mixture is stirred at 50-55 °C for 70 minutes and cooled 
to room temperature. The cooled mixture is added over 25 
minutes to a solution of trimethyl.borate (4.09 mL, 36 
mmol) in diethyl ether at dry ice/acetone·bath 
temperature. Atter the addition is·complete, the mixture 

15 is stirred at dry ice/acetone bath temperature for 20 

minutes, allowed to warm to -10 °C over 35 minutes, 
diluted sequentially with acetic acid and water, stirred 
at room temperature for 30 minutes, and extracted with 
ether. The organic extract: is washed with wa..ter, dried . .. 

20 over anhydrous sodium sulfate and concentrated in vacuo 
to obtain a residue. A mixture of the residue in water 
is heated over a steam bath for 30 minutes, cooled to 

This Sheet Has Been Replaced 
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room temperature and filcered to obtain a so1id which is 
washed wieh hexanes and dried to give ehe title product 
as a colorless solid (S.7 g, mp 177-180 °C, 82% yield). 

Using essentially the same procedure, the following 

s compounds are obtained: 

II 

Cl F 

F 
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Vum.B 10 

Prepa;atigp of t-Cp-Ch19*opheqy1l-3-flµ()ro-1-C4-

C1ugrp-3-phepqgyph!!!!p.J"ll-f-mat;hyl-2-pentcne. (Zl-

CB
2
Br + Pd(dba) 2 + 

Cl 

Cl 

S A mixture of 1-bromo-4-(p-chlorophenyl)-3-fluoro-4-
methyl-2-pentene, (Z)- (1.02 g, 3.5 mmol), and bis(di­
benzylideneacetone)palladium(O) (Pd(dba) 2 , 0.1 g, 0.17 

mmol) in toluene (20 mL) under nitrogen is stirred for 
one minute, treated wich potassium carbonate (1.94 g, 

10 o. 014 mol) , degassed, treated with a solution. of 4-

fluoro-3-phenoxybenzeneboronic acid {1.0S g, 4.55 rmnol) 

in ethanol (5 mL), refluxed for 50 minutes, cooled to 
room temperature, diluted with ethyl aeetate and filtere'd 
through diatomaceous eart:h. T~e filtrate is washed 

15 sequentially with water and brine, dried over aubydroue 

sodium sulfate and concentrated in vacuo to obtain a 

residue. Plash chromatography of tha residue using 
silica gel and a 15:100 met:hylene ehloride/hexane 

solution gives the title compound as a colorless oil 
20 (l.i9 g, 95.6' yield) which is identified by NMR speetral 

analyses. 
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Using essen~ially ehe same procedure, the following 

compounds are obtained: 

y 

x 

Cl 

a &l:a. z % 

CH3 CH3 oc,Hs H :z. 

-CH:z-CR2 - oc,R5 H 

·CH2·CH2· OC,Hs F 

CH1 CH, H oc,Hs 

CH1 CH, Cl F 

CH1 CH a c:Ei F 

CH, CH, H F 

1 Z/E ra~:o 95:5 
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BJ!!Q)f,I 11 

~iuo;pg1ppamat•· <•>- ans' rz>-

·~ 

+ (C2HSO) 2 P-rHC02C:aHs + 
F 

[(CH~) 2 CH] 2NLi --.. 

Cl 

A solution of triethyl 2-fluoro-2~pbosphonacecate 

(49 g, 0.202 mol) in ether is cooled to -55 to -60 °C, 

treated dropwise over 17 minutes with a 2.0 M solution of 

10 lithium diisopropylamide in ~ptane/tetrahydrofuran/­

etbylbenzen.e (11~ mL, 0.232 mol), warmed to room 

temperature over 90 minutes. reoooled to -55 to -60 °c, 
treated over 10 minutes with a solution of 4-chlorophenyl 
cyclopropyl ketone (36.48 g, 0.202 mol) in ether, stirred. 

15 at -ss to -60 •c for 20 minutes, warmed to and stirred at 

room temperature overnight. and quenched with water and 2 

N hydrochloric: acid (300 mL) • The resultant aqueous 

mixture is· extracted. with e1;her. The organic extraets . 

are combined, washed sequentially with water, 2 N. 

20 hydrochloric acid and water, dried over anhydrous sodium 

sulfate, and concentrated in vacuo to obtain a residue. 

Kugelrohr distillation of the res~due gives the title 
product as an oil (SO g, 92%, b.p. 100-110 °C/0.5 lfllDHg). 

Using essentially the same procedure, the following 
25 compounds are obtained: 
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5 V!Keti! 12 

10 

Preparation pf 3-Cp-Cb,lprQl)hen.yll-3-c;yslqprgpyl-2-

fluoro-2-prgpon-1-gl. (B)- and (Zl-

Cl 

CH20H 

Cl 

A solution-of ethyl p-chloro-P-eyelopropyl-~­
fluorocinnamate, (E)- and CZ)- {32.25 g, 0.12 mol) in 
ether is added dropwise to a mixeure of lithium aluminum 
hydride (S.46 g, 0.144 mol) in ether while maintaining 

15 the temperat:ure at -ss °C. Af1:er t:he addition is 
complete, the reaction mixture is warmed to and stirre~ 
at -20 °C for 90 minutes, quenched sequentially with 
ethyl acetate, methano1 and 2 N hydrochloric acid, and 
ext~acted with ether. The organic extract:s are combined, 
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washed sequentially with water, saturated sodium hydrogen 
carbonate solution a.iJ.d wacer, dried over anhydrous sodium 
sulfate, and concentrated in vacuo to give ehe title 
product as a eolor1ess oi1 (26.4 g, 97%). 

s Using essentially the same procedure, the following 

compounds are obtained: 

CH~oa 

z F 

z .& 

Cl CH(CH:i) 2 

OC~s CHCCH:1>2 

OC.zlls -<J 
10 
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BJMPLB 13 

Praparatigp 0 £ p-Cbloro-D·C¥S19JilEQllJ!l-g­

f1uq£Qgim:uem•ldoG,ysle 

+ Mn.02 

CHO 

Cl 

Activated manganeseCIV) oxide (l.Ol.25 g, 1.16 mol) is 

added to a solution of 3-(p-chlorophenyl)-3-cyclopropyl-2-

fluorc-2-propen-1-ol, (B)- and (Z)- (26.4 g, 0.116 mol} in 

10 hexanes. The resultant: reaction mixeure is stirred at 

room temperature'overnight, filtered through a pad of 

diatomaceous earth, and concentrated in. vacuo to obtain a 

residue. Flash column chromatography of the residue using 

silica gel and an ethyl acetate/hexanes solution (1:9) 

15 gives the title product as an oil (15.8 g, 60%). 

20 

Using essentially the same procedure, the following 

compounds are obtained: 

~CHO 
ZN t 

-<1 
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BDMPLl·14 

Pr;ep•;ratiea of 1-Cl-(p-Cblgro»Qepxl>-2~met#ogyyinxJ,J­

C¥Slopromme. (1)- apd <z>-

Cl 

·A solution of metho:xymethyl triphenyl phosphonium 
chloride (20.5 g, 0.060 mol) in ether is cooled to -60 °C, 
treated with a 2.5 M solution of butyllithium in hexanes 

10 (25.2 mL, 0.063 mol), warmed to and stirred at o-s •c for 
90 minutes, recooled to -60 °c, treated with a solution o~ 
4-chlorophenyl cyclopropyl ketone (9.03 g, o.oso mol) in 

ether, wa~d to and stirred at room temperature 
overnight, quenched with ethyl acetate and 2 N 

15 hydrochloric acid, and extracted with ethyl acetate. The 
organic extracts·are combined, washed sequentially with 
water, 2 N hydrOchloric acid and water, dried over 
anhydrous sodium sulfate, and concentrated in vacuo to 
obtain a. residue. Flash column chromatography of the 

20 residue using silica gel and an ethyl acetate/hexanes 
solution (1:9) gives the title product as an oil (6.2 g, . 
60%). 

Osing essentially the sante procedure but. sul::lstituting 
4-fluorophenyl cyclopropyl ketone for 4-chlorophenyl 

2s cyclopropyl ketone, 1-[1-Cp-fluorophenyll-2-mechoxyvinyl]­
cyclopropane,· OU- and {Z) • is obtained as an oil. 

This Sheet Has Been Replaced 
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VN«PLB is 
Rrepara,t;Lma. of.p-r:hlpm~8-oxaloprapy1-q-

fluqrgcippapa1deh¥"8 

Cl 

Cl 

! 1) KOB/CHC1
2
F 

2) B.2.0/ ~ 

CHO 

A mixcure of potassium hydroxide (3.37 g, 0.060 mol), 
18-Crown-6 (0.087 g, 0.33 mmol) and l-[1-(.p-chlorophenyl)­

·2-methoxyvinyl]cyclopropane, (B)- and (Z}- (3.13 g, 0.015 
l.0 mol) in water is treated with dic:hlo:rofluoromethane (8 g, 

0.077 lllOl) at 7-10 °c, stirred at 10-13 °C overnight, 
treated with additional dic:hlorofluo:romethane (' g, 0.058 
mol) at 7-10 oc, stirred at 10-13 oc for 36 hours, treated 
with water, stirred at 70-75 °c for 4 hours, cooled to room 

is temperature, and extracted with ethyl acetate. The organic 
extracts are combined, washed sequentially ~ith water, 2 N 
hydroc:hloric-acid and wat~r, dried over anhydrous sodium 
sulfate, and concentrated in vacuo to obtain a residue. 
Flash column chromatography of the residue using silica gel 

20 and an ethyl ac:etate/hexanes solution (l.:9) gives 1.02 g of 
the E-isomer of the title product and 0.69 g of the z­
isomer of the ~itle product (l.71 g total product). 

Using essentially the same procedure, bu1: substi- · 

tuting l-[l·(p-fluorophenyl)-2-methoxyvinyl]cyclopropane, 
25 (E)- and (Z}- for 1-[l-(p-chlorophenyl)-2-
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methoxyvinyl]cyc:lopropane, CE)- and CZ)-, ~-c:yclopropyl­

p,«-difluorocinnamaldehyde is obtained as an oil. 

5 BJNIRL'B 16 

10 

ireparatigp ·pf f 4-Pluqm-J-phen~mueyll trishep.y1 

.. Maphon1mp hrom1 de 

A solution of 4-fluoro-3-phenoxyb~nzyl bromide (42.17 

g, 0.150 mol) in toluene is added to a solution of 
triphenyl phosphine (41.31 g, 0.158 mol) in toluene. The 
resultant reaction mixture is refluxed for one hour, 

15 cooled to room temperature, and filtered to obtain a 
solid. The solid is washed sequentially with toluene iiiLild 
hexa~es, and dried in a dessicator at 'O 0 c to give the 

title product (73.7 g, 90.4%) which is identified by NMR. 

spectral analyses. 
20 Using essentially the same procedure, the following 

25 

compounds are obtained: 

x 

a 
H 

H 

F 
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BpMPLB 12 
Rrepan.t;ion of 1- <p-<:h],gropb.,y1l -1-gyq.1cmropyl-2-

f1porp-4- C4-g1pprp-3-pheppgvphepyll -l.3-bu,t;adicme 

+ 
Cl 

A mixture of (4-f1uoro-3-phenoxybenzyl)triphenyl 
phosphonium bromide (41.77 g, 0.077 m.ol) in tetra­
hydrofuran is cooled to -ss to -60 °C, treated dropwise 

l.O with a 2.5 M solution of butyllithium in hexanes (32.15 
mL, o.oao mol), wa%'med to and stirred at room temperature 
for 2 hours, cooled to -55 to -60 °C, treated dropwise . .. 
with a solution of 2-fluoro-3-cyclopropyl-3-{.p-chloro-
phenyl)acrylaldehyde (15.7 g, 0."070 mol) in tetrahydro-

15 furan, warmed to·and stirred at room temperature 
overnight, and quenched w~th ethyl acetate and 2 N 
hydrochloric acid. -The resultan; aqueous mixture is 
extracted with ethyl acetate. The organic extracts are 
combined, washed sequentially with water, 2 N hydrochloric 

20 acid and water, ·dried over anhydrous sodium sulfate, and 

concentrated .in vaeuo to obtain a residue. Flash column 
chromatography of the residue using silica gel and an 
ethyl acetate/hexanes solution (1:9) gives the title · 
product as an oil (26.0 g, 9lt). 

25 Using essentially the same procedure, the following 
compounds are ob~ained: . 
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R YOW 
~1 

0 

F H z 

z ;g_ % w 

Cl -<J H H 

Cl CH(CH3h F H 

Cl CH(CH3)2 H H 

O~H5 CH(CH3h p H 

OC2Hs -<J F H 

OC2H5 CH(CH3 }i H a 

OC1Hs CB(CHJ.h H F 

Cl -<J H 'E' 

F -<I F H 

OC2H5 -<J H H 

F -<J H H 

il1iiiinr 
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R''PLI 1a 
Prapara,;igp of l-Cl-(R-t:h1g+o.phepyll-2-£lnoro-4-C4-

f1uoro-3-~hegnxsr.pbenyll-2-bgt;eur11cyclopt0Jj!an•· CB.Sl-<Zl-

Cl 
F 

l 

Cl 

I F .() 

0 

H 

Mg/CE•OH 

'.() - I 
~ 

0 

A solution of 1-(p-chlorophenyl)-1-cyclopropyl-2-
fluoro-4-(4-fluoro-3-phenoxyphenyl)-1,3-butadiene (26 g, 
o.064 mol) in a methanol/tetrahydrofuran solution (l.S:l) 

10 is treated with magnesium turnings (7. 72 g, 0 .31? mol), 

stirred at room temperature for 4 hcurs, quenched with 
hydrochloric acid, and extraoted wich ethyl acetate. The 
organic extracts are combined, washed sequentially with 
water,_ 2 N hydrochloric acid and w~ter, dried over 

l.S anhydrous sodium su1fate, and concentrated in vacuo to 
obtain a residue. Plash column chromatography of the 
residue using silica gel and an ethyl acetate/hexanes 
solution (5:95) gives the title product as an oil (21.4 g, 
82%) which is identified by ~ spectral analyses. 

20 tTsing essentially the same procedure, che following 
COU\pounds are obtained: 

iiii1ITiHlf 
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R YOW 
I ~ I 

0 

z 

.z. I. :x ·x 

Cl --<J H H 

Cl CH(CH3) z F H 

Cl CH(CH,) a H H 

O~H5 CH(~)2 F H 

OC2H5 --<J F B 

OC2Hs CH(CE3)2 H R 

O~H5 CH(Cffi)2 H. F 

Cl --<J H F 

F --<J F H 

OC2Hs --<J B H 

F --<J H H 

KQXPLI 1g 

5 :tn.secticitial apd aqa~ioi4a1 ayaluntion of test 

gmnpounds 

Test solutions are prepared by dissolving Che test 
compound in a 3St ac:etone in water mixture to give a 

concentration of 10,000 ppm. SUbsequent dilutions are 

10 made with water as needed. 
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Spodo.ptera v:LMni,a. 3:d in1tu laryae. aout:hem 
umywp:cm (SAW) 

A Sieva liaa bean leaf expanded t:o 7-8 cm in length 
is dipped in the test solution with agitation for 3 

s seconds and allowed to dry in a hood. The leat is t:hen 
placed in a 100 x 10 mm petri dish containing a damp 
filter paper on the bottom and ten 3rd in.star cater­
pill.ars. At s days, <?bservations are made of mortality, 
reduced feeding, or any interference with normal molting. 

10 Diahrot;iqa ri:c:g1fera rirg.:lfara Lesgn;e. 3r4 j,patpr 

wcst;cni sera rqpt;yprm fwCBl 
One cc of fine talc is placed in a 30 mL wide-mouth 

screw-top glass jar. One mL of the appropriate acetone 
test solution is-pipetted onto the talc so as ~o provide 

15 1. 25 mg of active ingredient per jar. The jars are set 
under a gentle air flow until the aceeone is evaporated. 
The dried talc is loosened, 1 cc of millet seed is added 
to serve as food for the insects and 25 mL of moist soil 
is added to each jar. The jar is capped and the contents 

20 thoroughly mixed mec:hanically. Following this, ten 3rd 
instar rootworms are added to each jar and the jars are 
loosely capped to allow air exchange for the larvae. The 
treatments are held for 5 days when mortality counts are 
made. Missing larvae are presumed dead, since they 

2S decompose rapidly and cannot be found. The concentra­
tions of active ingredient used in this test correspond 
approximately to 50 kgfna. 

~liotbJs yircpsqens, 3r4 instar t9baggo bwiwoi;m. 
(Tg) 

3 O Cotton cotyledons a~ dipped in the test solution 
and allowed to dry in a hood. When dry, each is cut into 
quarters and ten sections are placed individually in 30 
mL plastic medicine cups containing a 5 eo 7 mm long 
piece of damp dental wick. One 3rd instar caterpillar is 

35 added to each cup ar..d a cardboard lid placed on the cup. 
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Treacments are maintained for 3 days before morcality 

counts and estimates of reduction in feeding damage are 

made. 

4\Pb.i.« faMc. mi¥ed in1t;ar, R"P aphid (BA) 

5 Pots eontaini?l.g single nasturtium plants (Trapaeol um 

sp.) about s cm tall are infested ~ith about 100-200 . 
aphids one day before the test. Each pot is sprayed with 

the test solution for 2 revolutions of a 4 rpm turntable 

in a hood. The spray is directed to give complete 

10 coverage of the plants and aphids. · 'l'he sprayed pots are 

set on their sides on white trays and held for 2 days, 

following which mortality estimates are made. 

upider mite (TSK)_ 

15 Sieva lima bean planes with primary leaves expanded 

to 7-8 cm are selected and cut back to one plant per poc • 

. A small piec:e is cut from an infested leaf taken from tb.e 

main colony and placed on each leaf of che test plants. 

This is done about l hours before treatment to allow the 

2 O mi ees to move over to the test plant to lay eggs. '?he 

size of the cut, infested leaf is varied to obtain abouc 

100 mites per leaf. At the time of test treatment, the 

piece of leaf used to transfer the mites is removed and 

discarded. The newly-infested plants are dipped in the 

25 teet solution for 3 seconds with agitation and set in the 

hood to dry. Aft:er 2 days, one leaf is removed and 

mortality counts are made. 

The tests are rated according to the scale shown 

below and the data obtained are shown in Table I. 

30 Compounds employed in the above-described 

evaluations are given a compound number and identified by 

name. Data in Table I are reported by compound :umber'.' 

ii1iiU1iiUf 
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Batiu Sqa1c 

0 .. no e~f ect 5 = S6-6'5t kill 
l .. 10-25% kill 6 • 66-75% kill 
2 = 26-3St kill 7 Iii 76-85% kill 
3 = 36-45% kill e - 86-99t kill 
4 • 46-SSt kill 9 = 100~ kill 

- - noe teseed 

1 · 4-(p-Chlorophenyl)-3-fluoro-4-methyl-1-(m­
phenoxyphenyl)-2-pentene, (Z)· and (E)- (95:5) 

2 4-(p-Chlorophenyl)-3-fluoro-1-(4-fluoro-3-
phenoxyphenyl)-4-meehyl-2-pencene, CZ)-

3 l-(p-Chlorophenyll-1-[1-fluoro-3-(m-phenoxy-
pheuyl)propenyl]cyclopropane, (Z)-

4 l-(p-Chl.orophenyl)-l-[1-fluoro-3-(4-fluoro-3-
phenoxyphenyl)propenyl]ayclopropane, (Z)· 

s 4-Cp-Chlorophenyl)-3-fluoro-4-mechyl-1-(p-
phenoxyphenyl)-2-pentene, {Z)· 

6 1-(3-Chloro-4-fluorophenyl)-4-(p-chlo:rophenyl)-3· 
fluoro-4-methyl-2-pentene, (Z)-

7 4-(p-Chlorophenyl)-3-fluoro-1-(4-fluoro-m-tolyl)-
4-methyl-2-pentene, (Z)-

8 1-[l-(.p-Chlorophenyl)-2-fluoro-4-(4-fluoro-3-
phenoxyphenyl)-2-butenyl]ciyclopropane, (R,S)·{Z)· 
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9 l-[1-(p-Chlorophenyl)-2-fluoro-4-(m-phenoxy-
phenyl)-2-butenyl]cycloprapane, (R,S}-(Z)-

10 4-(p-Chlorophenyl)~l-fluoro-l-(4-fluoro-3--

phenoxyphenyl)-5-methyl-2-hexene, (R,S)-(Z)-

11 4-(p-Chlorophenyl)-3-fluoro-S-l\\ethyl-1-(m-phen-
oxyphenyl)-2-hexene, (R,S)-(Z)-

12 4-(p-Ethoxyphenyl}-3-fluoro-1-(4-fluoro-3-
phenoxyphenyl}-S-methyl-2-hexene, (R,S)-(Z)-

13 1-[1-(p-Ethoxyphenyl)-2-fluoro-4-(4-fluoro-3-
phenoxyphenyl}-2-butenyl]c:yclopropane, (R,Sl-CZl-

14 4- (p-Ethoxyphenyl)-3-fluoro-S-methyl-1- Cm­
phenoxyphenyl)-2-hexene, (R,S)-(Z)-

15 4-(p-Ethoxypbenyl)-3-fluoro-l-[m-(p-fluoro-
phenoxy)phenyl]-S-methyl-2-hexene, CR,S)-(Z)-

16 1-{1-(p-Chlorophenyl)-2-fluoro-4-[m-(p-fluoro-
phenoxy)phenyl]-2-butenyl}cyclopropane, (R,S)­
(Z)-

17 l-[2-Fluoro-4-(4-fluoro-3-phenoxyphenyl)-l·(p-
fluorophenyl)-2-butenyl]cyclopropane, CR,S)-(Z}-

1S i-[1-{p-Ethoxyphenyl)-2-fluoro-4-(nz-phenoxy-
pbenyl}-2-butenyl]cyclopropane, (R,S}-(Z)-

19 l-[2-Fluoro-l-Cp-fluorophenyl)-4-tm-phenoxy-
phenyl)-2-butenyllcyclopropane, CR.SJ-CZ)-

imii1iff 
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fJBI.B :I 

ID.aect.iaidal Azld Aaaricida1 B\raluations 

CcDpcnmd aw 'Mr!R '1'1111 .. Tml 

pPber <100 ma} (SQ wn> (l.QQ ma> ago :mN (300 an> (lOQ ,awn> 

l :9 .9 . .9 s 8 0 

2 9 .9 9 9 . 0 

3 .9 9 .9 9 0 

4 9 9 .9 9 2 

s 0 0 0 4 l 3 

6' 0 0 1 0 l. 2 

7 0 6' 0 4 0 

8 9 9 9 g 7 

9 9 9 9 8 8 

10 .9 9 9 8 8 0 

11 9 g 9 7 8 0 

12 9 9 .9 9 0 

13 9 9 9 9 9 

J.4 9 .9 9 8 0 

15 9 .9 .9 3 0 

16 9 .9 9 8 7 

l? 9 9 9 9 7 

18 9 9 9 9 8 

19 9 9 9 9 2· 
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1. A compound of Formula I 

R H 

I I 
&-C-CF =CH-c-Arr 

I I 
R1 I ~ 

wherein 

HQ 2433 i 50/63 
ACY-33266 19.5.97 

111111111111111111111111111111 
* C L M S * 

Ar is phenyl optionally substituted with any combination of 
fi:om one to three halogen, c1-.c,calkyl, 
C1-Cthaloalkyl, c1-C4alkoxy or c~.:.Cchaloalkoxy 
groups, 

1- or 2-naphthyl optionally substituted with any 
combination of f ~om one to three haloqen, 
C1-C4alkyl, c 1-c.haloalkyl, C1-Ccalkoxy or 

CL-Cchaloalkoxy groups, or 
a 5- or 6-membered heteroaromatic rin9 optionally 

substituted with any combination of from one to 
three halogen, C1-Ccalkyl, C1-Cchaloalkyl, 
C1-Ccalkoxy or c1-C4haloalkoxy groups; 

R and R1 are each independently hydrogen, C1-C4alkyl, 
C1-Cchaloalkyl, Cs-C8cycloalkyl or CrC,halocycloalkyl, 
or R and R1 taken together with the carbon atom to 
which they are attached form a c3-c6cyeloalkyl rinq 
optionally substituted with any combination of from 
one to ~hree halogen or C1-C4alkyl qroups: 

R2 is hydrogen, Cl, Br, cyano or OR3 : 

RJ is hydroqen or C1-C4alkyl; and 
Ar1 is phenoxyphenyl optionally substituted with any 

combination of from, one to six halogen, 
C1-C,.alkyl, C1-C,.haloalkyl, C1-C4alkoxy o: 
C1-C4haloalkoxy groups, 

phenyl optionally substituted with any combination of 
from one to five haloqen, c1-C4alkyl, 
Ci-Cchaloalkyl, C1-Ccalkoxy or c1-C4haloalkoxy 
groups, 

1ifi1IT!iUf 
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biphenyl optionally substituted with any combination 

of from one to five halogen, Ci-Ctalkyl, 

C1-C4haloalicyl, C1-C4alkoxy or C1-C.haloalkoxy 

qroups, 
phenoxypyridyl optionally substituted with any 

combination of from one to five halogen, 
C1-~4alkyl, C1-C4haloallc:yl, C1-C.alkoxy or 

C1-C4haloal koxy qroups, 

benzylpyridyl optionally substituted with any 
combination of from one to five haloqen, 

C1-C4alkyl, C1-C4haloalkyl, C1-C4alkoxy or 

C1-C4haloalkoxy groups, 

benzylphenyl optionally substituted with any 
combination of from one to five halogen, 

C1-C4alkyl, C::.-C4haloalkyl, c1-c.alkoxy or 

C1-C4haloalkoxy groups, 

benioylphenyl optionally substituted with any 
combination of from one to five halogen, 
C1-C4alkyl, C1-C4haloalkyl, c 1-c,alkoxy or 
C1-C4haloalkoxy groups, 

1- or 2-naphthyl optionally substituted with any 
combination of from one to three halogen, 

. C1-C,alkyl, C1-C,haloalkyl, C1-C4alkoxy or 

C1-C4haloalkoxy qroups, or 

a 5- or 6-membered heteroaromatic ring optionally 
substituted with any combination of from one to 
three halogen, C1-C4alkyl, C1-C4haloalkyl, 
C1-C4alkoxy or Ci-C4haloalkoxy groups, and 

the optical isomers thereof, and 
the eis and trans isomers thereof. 

2. The compound of Formula I according to claim 1 wherein 
Ar is phenyl optionally substituted with any combination of 

from one to three halogen, C1-c4alkyl, C1-C4haloalkyl, 

C1-C4alkoxy or C1-C4haloalkoxy qroups; 
R and Ri are each independently hydroqen, C1-C4alkyl, 

C1-C4haloalkyl, C3-C5eyeloalkyl or c3-c6nalocycloalkyl 

This Sheet Has Been Replaced 

1111111111111111111111111 
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provided that at least one of Rand R1.is other than 
hydroqen, or R and R1 taken together with the carbon 
atom to which they are attached form a C3-C6cycloalkyl 
ring optionally substituted with any combination of 
from one to three halogen or c1-c4alkyl groups; and 

Ar1 is 3-phenoxyphenyl optionally substituted with any 
combination of from one to six halogen, 
C1-C4alkyl, C1-C4haloalkyl, C1-C,alkoxy or 
C1-C4haloalkoxy 9roups, 

3-biphenyl optionally substituted with any combination 
of from one to five halogen, C1-C4alkyl, 
C1-C4haloalkyl, Ci-C,alkoxy or C1-C4haloalkoxy 
groups, or 

3-benzylphenyl optionally substituted with any 
combination of from one to five halogen, 
C1-C4alkyl, c 1-c,haloalk:yl, C1-C,alkoxy or 
C1-C4haloalkoxy groups. 

3. The compound of Formula I according to claim 1 or 
Claim 2 whereir1 

R is isopropyl or cyclopropyl and R1 is hydrogen, or 
R and R1 are methyl, or R and R1 taken together with 
the carbon atom to whieh they are attached form a 
cyclopropyl ring; 

Rz is hydrogen; and 

Ar1 is 3-phenoxyphenyl optionally substituted with any 
combination of from one to six halogen, 
Ci-C4alkyl, cl-C,haloalkyl, C1-C4alkox:y or 
C1-C4haloalkoxy g.roups. · 

4. The compound of Formula I according to any one of 
Claims 1 to 3 wherein 

R is eyclopropyl and R1 is hydrogen. 

5. The compound of Formula I according to claim 1 
selected from the group consisting of 

iiiiW 
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1-[1- (p-chlorophenyl) -2-fluoro-4- C 4-. .fluoro-3-phenoxy­
phenyl)-2-butenylJ cyclopropane, (R,S)-{Z)-; 

l-[l-(p-chlorophenyl)-2-fluoro-4-(m-phenoxyphenyl)-2-
butenyl]cyclopropane, {R,S)-(Z)-; 

4-{p-ehlorophenyl)-3-fluoro-1-(4-fluoro-3-phenoxyphenyl)-5-
methyl-2-hexene, (R,S}-(Z)-; 

4-(p-chlorophenyl)-3-fluoro-S~methyl-l-(m-phenoxyphenyl)-2-

hexene, (R,S)-(Z)-; 
4-Cp-ethoxyphenyll-3-fluoro-1-(4-fluoro-3-phenoxyphenyl)-5-

methyl-2-hexene, (R,S)-(Z)-; 
l-[l-(p-ethoxyphenyl)-2-fluoro-4-(4-fluoro-3-

phenoxyphenyl)-2-butenyl]cyclopropan~, (R,S)-(Z)-: 
4-(p-ethoxyphenyl)-3-fluoro-S-methyl-l-(m-phenoxyphenyl)-2-

hexene, (R,S)-(Z)-: 

4-(p-~thoxyphenyl)-3-fluoro-l-Cm-(p-fluorophenoxy)pheny1]-

5-methyl-2-hexene, (R,S)-(Z)-; 
l-{l-(p-chlorophenyl)-2-fluoro-4-[m-(p-fluorophenoxy)­

phenylJ-2-butenyl}cyclopropane, (R,S)-(Z}-; 

l-[2-fluoro-4-(4-fluoro-3-pbenoxyphenyl)-1-Cp­
fluorophenyl} -2-butenylJ c::yclopropane, (R, S) -CZ)-; 

1-{l-(p-ethoxyphenyl)-2-fluoro-4-{m-phenoxyphenyl}-2-
butenyl]cyclopropane, (R,S)-(Z)-; 

l-[2-fluoro-l-(p-fluorophenyl)-4-(m-phenoxyphenyl)-2-
butenyl]cyclopropana, (R,S)-(Z); 

4-(p-chlorophenyl)-3-fluoro-4-methyl-l-(m-phenoxyphenyl)-2-
pentene, (Z)-; 

4-(p-chlorophenyl}-3-fluoro-1-(4-fluoro-3-phenoxyphenyl)-4-
·methyl-2-pentene, (Z)-; 
1-(p-chlorophenyl)-1-[l-fluoro-3-{m-phenoxyphenyl)­
propenyl]cyclopropane, {Z)-; and 
l-(p-chlorophenyl)-l-[l-fluoro-3-(4-fluo%o-3-phenoxy­
phenyl)propenyl]cyclopropane, (Z)-. 

6. A method for the control of insect or acarid pests 
which comprises contacting said pests or their food supply, 
habitat or breeding grounds with a pesti~idally effective 
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amount of a compound of Formula I as claimed in any one of 
claims 1 to 5. 

7. A method for the protection of growing plants from 
attack or infestation by insect or acarid pests which 
comprises applyinq to the foliaqe of the plants, or to the 
soil or water in which they are growing, a pesticidally 
effective amount cf a compound of Fo:cmula I as claimed in 
any one of claims l to 5. 

8. The method according to claim 7 wherein the compound 
of Formula I is applied to the plants, or to the soil or 
water in which they are growing, at a rate of about 0.1 
kg/ha to 4.0 kg/ha. 

9. A composition for the control of insect or acarid 
pests which comprises an aqronomically acceptable carrier 
and a pesticidally effective amount of a compound of 
Formula I as claimed in any one of claims 1 to 5. 

10. A process for the preparation of a compound of Formula 
I as defined in Claim l which comprises one of the 
following: 

a) reacting a 4-aryl-l-bromo-3-fluoro-2-butene of Formula 
IX 

RR v-.. CH,.Br 
Ar/"f" 

F 

IX 

wherein Ar, R and R1 are as defined in Claim 1, with a base 
and a boronic acid having the structural formula (H0) 2BAr1, 

wherein ~r1 is as defined 1n Claim 1, to provide a compound 
of Formula I wherein R2 is H, 
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reacting a diene of Formula XVII 

R 

1, - -Ar 
Ax/~ 1 

F H 

XVII 

wherein Ar, R and Ar1 are as defined in Claim 1, ~ith 
magnesium in the presence of a protic solvent to provide . 
the corresponding compound of Formula I wherein Rl and R2 
are both H, 

or c) halo9enatin9 a compound of Formula I wherein R2 
is H with a chlorinating agent or a brominatinq agent to 
provide the corresponding compound of Formula I wherein R2 
is Cl or Br, 

or d} reacting a compound of Formula I wherein R2 is Cl 
or Br with sodium cyanide to provide the corresponding 
compound of Formula I wherein R2 is CN, 

or e) reacting a compound of Formula I wherein R2 is Cl 
or Br with sodium hydroxide to provide the corresponding 
compound of Formula I wherein R2 is OH, 

or f) reacting a compound of Formula I wherein R2 is Cl 
or Br with a compound of formula NaOR4, wherein R4 is a C1-
C4 alkyl qroup, to provide the corresponding compound of 

Formula I wherein R2 is a C1-C4 alkoxy group, 

or g) reacting a compound of Formula I wherein Rz is OH 
with a C1-C4 alkyl halide to provide the corresponding 
compound of Fotmula I wherein R2 is a C1-C4 alkoxy group, 
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or h} reacting a compound of formula Br-Ar1, wherein 
Ar1 is as defined in Claim 1, with a compound of the 
following formula: 

R 
I 

Ar-C-CF=CHCHO 
I 

R1 

wherein Ar, R and Rl are as defined in Claim 1, to provide 
a compound of Formula I wherein R2 is OH, 

or i) reacting a compound of Formula I wherein a2 is OH 
with a thionyl chloride or thionyl bromide to provide the 
corresponding compound of Formula I wherein R2 is Cl or Br. 

11. A process for the preparation of a compound of Formula 
I as claimed in any one of claims 1 to 5 which process 
comprises reacting a 4-aryl-3-fluoro-2-buten-l-ol of 
Formula VIII 

wherein Ar, R and R1 are as defined in Claim 1 with a 
brominatin9 agent to form a 4-aryl-l~bromo-3-fluoro-2-
butene of Formula IX 

R R1 

Ar~~ 
F 
IX 

and reacting the 4-aryl-l-bromo-3-fluoro-2-butene with 
about 0.0025 to 0.1 molar equivalent of a palladium 
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catalyst, at least about 2 molar equivalents of a base and 
a boronic acid having the structural formula 

{HO) 2BAr1 

wherein Ari is as defined in Claim l. 

12. A process for the preparation of a eompo~nd of Formula 
I as claimed in any one of claims 1 to S which process 
comprises reacting a 3-aryl-2-fluoro-2-propenal of Formula 
xv 

R 

Ar}yceo 
F 

xv 
wherein Ar and R are as defined in Claim 1, with an ylide 
Of Formula XVI 

+ 
(~Hs)3 ~Ara 

XVI 
wherein Ar1 is as defined in Claim l in the presence of a 
base to form a diene havinq the structural formula 

R 

1 ..... - -Ar 
Ar/~ 1 

F H 

XVII 
wherein Ar, R and Ar1 are as defined in Claim 1, and 
reacting the diene with maqnesium in the presence of a 
protic: solvent. 

13. A compound of Formula XXX 
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R 

I 
Ar-C -CF •CH - Z 

It 
R XXX 

wherein Ar,R and R1 are as defined in Claim l and 
z is cyano,· CHO, CH20H or CH2Br, 
and the optical isomers thereof, and the cis and trans 
isomers thereof. 

14. The compound of Formula XXX according to claim 13 
wherein 
Ar is phenyl optionally substituted with any combination of 

from one to three haloqen, C1-C.alkyl, C1-C4haloalkyl, 
C1 -C4alkoxy or C1-C4haloalkoxy groups. 

15. The compound of Formula XXX according to claim 13 or 
Claim 14 wherein 
R and R1 are methyl, or R and R1 taken together with the 

carbon atom to which they are attached form a 
cyclopropyl rinq. 

16. A process for the preparation of a compound of Formula 
XXX as defined in any one of Claims 13 to 15 which 
comprises one of the followinq: 

a) reacting a compound of Formula V 

Rl 

:~ 
V CN 

wherein Ar, R and R1 are as defined in Claim 1 with caesium 
fluoride, potassium hydroqen fluoride and water in N,N-

iiiiii~Ui 
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dimethylformamide to provide a compound of Formula xxx 
wherein z = CN, 

or b) selectiv~ly reducing a compound of Formula :XXX 
wherein Z = CN to provide the correspondinq compound of 
formula XXX wherein Z ~ CHO, 

or c) 
CHO to 
wherein 

or d) 

reducing 
provide the 

Z ... CH20H, 

a compound of formula XXX wherein z • 
corresponding compound of formula XXX 

reacting compound of formula XX~ wherein Z = 
CH20H with a brominating aqent to provide the corresponding 
compound of formula XXX wherein Z= CH2Br. 

17. A compound of Formula XXXI 

XXXI 

wherein 
wherein Ar and Rare as defined.in Claim 1 and 
Z1 is C1-C4alkoxyearbonyl, CH20H, CHO, CH2Cl or CHaCHAr1 ; and 

and Ar1 is as defined in Claim 1, 
and the optical isomers thereof, and the cis and trans 
isomers thereof. 

18. The compound of Formula XXXI according to claim 11 
wherein 
Ar ·is phenyl optionally substituted with any combination of 

from one to three halogen, C1-Ctalkyl, C1-C4haloalkyl, 
C1-C4alkoxy or C1-Cchaloalkoxy groups; and 

ii1iiiiUT 
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Ar1 is 3-phenoxyphenyl optionally substituted with any 
combination of from one to six halogen, C1-C4alkyl, c1-

C4haloalkyl, C1-c4alkoxy or C1-C.ehaloalkoxy groups. 

19. The compound of Fo.rmula XXXI according to Claim 17 or 
Claim 18 wherein 
R is isopropyl or cyclopropyl. 

20. A process for the preparation of a co~pound of Formula 
XXXI as defined in any one of Claims 17 to 19 which 
comprises one of the following: 

a) reacting a ketone or aldehyde of formula XI 

with an ester of formula XII 

(C1 - C, alkyl - Oh P ·CH -C01 (C1 ·C4 alkyl) 

I . 
F 

XU 

to provide a ·compound of Formula XXXI wherein Z1= a C1-C4 
alkyloxycarbonyl qroup, 

or b) reducing a compound of Formula XXXI wherein z1=· a 
c1-c4 alkyloxycarbonyl group to provide the corresponding 
compound of Formula XXXI wherein z1= CH20H, 

or c> oxidizing a compound. of Formula XXXI wherein Z1• 
CH20H to provid' ~he corresponding compound of Formula XXXI 
wherein z1- CHO, 

i~iiii~f 
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or d) reactinq a compound of Formula XXXI wherein Z1= 

CHO with an ylide of formula XVI 

+. 
(~3 PCH2Arc 

XVI 

to provide a diene of formula XVII 

xvn 

or e) reacting a compound of formula XIV 

R 

Ar)y~OH 
F 

XIV 

with thionyl chloride to provide the correspondinq compound 
of Formula XXXI wherein Zl= CH2Cl, 

or f} reacting an ylide of formula XIX 

R 

Ar~ ~ Pcc,,H,;h Cl. 

F 

XIX 

with an aldehyde of formula XX 

ii1iii1iUr 
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or q) reactinq a compound of formula XXII 

XXII 
with dichlorofluoromethane to provide a compound of ~ormula 
XXXI wherein Zl•CHO. 


