PROGESS AND | M#ERVEDI ATE COMPOUNDS FOR THE PREPA ON OF
PESTI €l DAL FLUOROOLEFI N COVPOUNDS B ND OF THE

| NVENTI ON Fl uor ool ef i n conpounds which are usefut as S

pestididal agents are described in WD 94/ 06741 and GB 2,288, 803- A
-Those .rref erences al so descri be processes . for the preparation of
fluorool efi n conpounds. However, t hose processes are not entirely
satisfactory because the f1luorool efin conpounds are produced in
relatively low 10 yields. Those referedees also fail to teach how to nake
the internedi ate conpounds of the present invention.

Fluoroolefin compounds which are useful as
5 pesticidal agents are described in WO 94/06741 and GB
2,288,803-A. Those references also describe processes

for the preparation of fluoroolefin compounds. However,
those processes are not entirely satisfactory because the
fluoroolefin compounds are produced in relatively low

10 yields. Those references also fail to teach how to make
the intermediate compounds of the present invention.

SUMMARY OF THE INVENTION

The present invention provides an effective and
15 efficient process for the preparation of a pesticidal
fluoroolefin compound having the structural formula I
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SUMVARY OF THE | NVENTI ON The present invention provides an
effective and 15 efficient process for the preparation of a pesticidal
fl uorool efin conpound having the structural formula | -

[Err] wher ei n R is hydrogen or (Jerr]-Clerr]al kyl, and
-2- Rlerr] is (Jerr]-(err]al kyl or cyclopropyl, or Rand Rerr] are
t aken

-2

R, is C;-Calkyl or cyclopropyl, or R and R; are taken
together with the carbon atom to which they are
attached to form a cyclopropyl group;

Ar is phenyi optionally substituted with any combination

5 of from one to three halogen, C,-C,alkyl,
C,-Cshaloalkyl, C,-C,alkoxy or C;-Cihaloalkoxy
groups, or -

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

10 C,-C,alkyl, C,-Cshaloalkyl, C,-Csalkoxy or
C,-C,haloalkoxy groups;

Ar, is phenoxyphenyl optionally substituted with any

combination of from one to five halogen,
C,-C,alkyl, C,-Cshaloalkyl, C,-Csalkoxy or
15 C,-C,haloalkoxy groups,
biphenyl optionally substituted with any combination
of from one to five halogen, C;-C,alkyl,
C,-Chaloalkyl, C;-Csalkoxy or C;-Cshaloalkoxy
groups,

20 benzylphenyl optionally substituted with any
combination of from one to five halogen,
¢,-C,alkyl, C,-C,haloalkyl, C,-C,alkoxy or
C,-Cshaloalkoxy groups, or

benzoylphenyl optionally substituted with any

25 combination of from one to five halogen,
C,-Cjalkyl, C;-Cshaloalkyl, C;-C,alkoxy or
C,-C,haloalkoxy groups; and

the configuration of the groups ArCRR,- and -CH,Ar, about
the double bond is predominately mutually trans,

30 which process comprises reacting a 4-aryl-2-fluoro-2-

butene-1-0l compound having the structural formula II



together with the carbon atomto which they are
a cycl opropyl group; Ar

conbination 5
Cferr]-Cerr]al kyl,

attached to form

is phenyl optionally substituted with any
of fromone to three hal ogen;

Cerr]-derr]hal oal kyl,

Cerr]-Cerr]al koxy or C[err]-C[erf]hanaI koxy groups, or -
1- or 2-naphthyl optionally substituted with any
conbi nati on of fromone to three hal ogen, 10

Jerr]-Cerr]alkyl, derr]-C[err]haloal kg, Clerr]-(err]al koxy or

Cerr]-Cerr]hal oal koxy groups;

substituted with any
hal ogen,
Cerr]-Cerr]al koxy or 15

Ar[err] is phenoxyphenyl optionally
ination of fromone to five

Jerr]-Cd r%gl yl, (err]-err]hal oal kyl,

rr] err] hal oal koxy groups,

-
bi phenyl optionally substituted wifth any cofBit i on of
fromone to five halogen, Cerr]-C[err{akyl,
Cerr]-Cerr]haloal kyl, CJerr]-Cerr]al koxy or (Jerr]- err]hal oal koxy

groups, 20

benzyl phenyl

optionally substituted with any

conbi nati on oFhe¥ein Ao Fo anidy B, et gen described above, with a
Jerr]-Jerr]|BtédnatdRy Hoerketbl BakRah kyla —%r-'bk'oﬁlﬂﬁ LEaLKpXY, O
phen

optionally

Cerr]-Cerr]hal oal kox roups, ,or enzoy
substit ut ed vﬁ’&e%fﬁ‘é’o%nd having the apqtaeedn fToFmplanishe to five

hal ogen,
Cerr]-Cerr]al koxy or

Cerr]-Cerr]alkyl, (err]-(err]hal oal kyl,

R rR Grerr]-{err]hal oal koxy groups; and

the configuration of the groups ArCR e’r/r - and -CH err]Ar[err] about
t he doubl e bond is predom nately mg+Ga &mns, 30 which process conpri ses

reacting a 4-aryl-2-fluoro-2-

structurals fornmula |1

but ene- 1-ot conpound havi ng t he
(I11)

wherein Ar, R and R, are as described above, and reacting

the formula III compound with a palladium catalyst, a

base, and a boronic acid having the structural formula

IV, a boronic anhydride having the structural formula V
10 or a borate ester having the structural formula VI

(HO) ,B-AT,
(IV)

i
B

0 o)
1 ]

B B
Arl/ \0/ Sar

(V)

(R,0) ,B-Ar .
(v1)

wherein R, is C;-C,alkyl and Ar, is as described above.



-3- [err] wherein Ar, R and Rerr]

are as descri bed above, with a brom nating agent to forma

4-aryl - 1- brono- 2-fl uor o- 2- but ene conpound havi ng the-structural
formula 111 [err] wherein Ar, R and
Rl err] are as descri bed abowve, and react.i ng - the formula Il conpound
with a palladiumcatal yst, a base, and a boronic acid having the
structural fornula 'V, a boronic anhydride having the structural

formula V 10 or a borate ester having t+e structural fornmula Vi

The present invention also relates to the
intermediate 4-aryl-1-bromo-2-fluoro-2-butene compounds
of formula III.

It is, therefore, an object of the present invention

5 to provide an effective and efficient process for the
preparation of pesticidal fluorcolefin compounds.

It is also an object of the present invention to
provide intermediate compounds which are useful for the
preparation of pesticidal fluoroolefin compounds.

10 Other objects and advantages of the present
invention will be apparent to those skilled in the art
from the description below and the appended claims.
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A preferred embodiment of the present invention
15 comprises reacting a 4-aryl-2-fluoro-2-butene-1-ol of
formula II with at least about one molar equivalent of a
brominating agent, preferably in a temperature range of
about 50 °C to 130 °C, in the presence of a first solvent
to form a 4-aryl-l-bromo-2-fluoro-2-butene of formula
20 III, and reacting the formula III compound with about
0.001 to 0.1, preferably about 0.005 to 0.1, molar
equivalent of a palladium catalyst, at least about 2
molar equivalents, preferably about 2-6 molar equivalents
of a base, and a boronic acid of formula IV, preferably 1
25 molar equivalent of a boronic acid in a temperature range
of about 50 °C to 130 °C, in the presence of a second
solvent.
The present invention also relates to the 4-aryl-i-
bromo-2-fluoro-2-butene compounds which are utilized in
30 the process of this invention. The 4-aryl-1-bromo-2-
fluoro-2-butene compounds have the structural formula III




[err]

wherein R err] is (Jerr]-(err]al kyl and

Ar[err] is as described above.

_4_

10

15

20

25

30

——

wherein

R is hydrogen or C,;-Csalkyl, and

R, is C,-C,alkyl or cyclopropyl, or R and R, are taken
together with the carbon atom to which they are
attached to form a c¢cyclopropyl group;

Ar is phenyl optionally substituted with any combination
of from one to three halogen, C,-C,alkyl,
C;-Cshaloalkyl, C,-Csalkoxy or C,-Cshaloalkoxy
groups, Oor -

1- or 2-naphthyl optionally substituted with any
combination of from one to three halogen,
C,-Csalkyl, C,-Cshaloalkyl, C,-Calkoxy oxr
Cl—C;haldalkoxy groups; and

the configuratibn of the groups ArCRR;- and -CH,Br about
the double bond is predominately mutually trans.
Exemplary of halogen hereinabove are fluorine,

chlorine, bromine and iodine. The terms “C;-C,haloalkyl”

and “C;-Cshaloalkoxy” are defined as a C;-C,alkyl group and

a C;-Cjalkoxy group substituted with one or more halogen

atoms, respectively.

The product formula I compounds may be isolated by
diluting the reaction mixture with water and extracting
the product with a suitable extraction solvent. In the
isolation procedure, conventional extraction solvents
such as ether, ethyl acetate, toluene, methylene chloride
and the like may be utilized.

Brominating agents suitable for use in the process
of this, invention include, but are not limited to,
bromine/triphenyl phosphine complexes, phosphorus
tribromide, thionyl browmide, concentrated hydrobromic




The present invention also relates to the I ntermedi ate

4-aryl - 1- brono- 2-f | uor o- 2- but ene conpounds of fornmula |11

It is, therefore, an object of the present invention 5 -to provide an
effective and efficient process for the preparation of pesticidal

f1 uorool efi n conpounds. -1t is .also an object of the present

I nvention to provi de internedi ate conpounds which are useful for the
preparation of pesticidal fluoroolefin conmpounds. 10 Q her objects
and advant ages of the present i nventéeon wi Il be apparent to those
skilled in the art fromthe description bel ow and the appended cl ai ns.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON A preferred enbodi nent of

the present idpdent and the TOKP| | 59F niidafidddd thereof. Bromine/tri-
4-aryl -2-fl uqpo-

nol ar eqU|vaﬁgﬁ%wgf%%8Sphlﬁgoﬁ?%%&e¥lSgﬁ%ﬁ#%Enggéthggm ﬁgé”¥§gggﬁafﬂfe

range of ageads .50 [err]C to 130 [err]C, in the presence of a first
sol vent to fO'F'MtAfséwénés be e Oardd |aear %s% byt ene géeéé}wml a 20 I,
and reacting the fqormula | npound w t h _abqut to 0.1,

pr ef er abl y aH&YtenGISBSJ-’E‘Sle?' ]?i‘thrﬁre n°te&&F'6L§F§nF°0f aZOoWAEIGdi um
catal yst, at Hym%a&bﬁnts guch aémi@ruémaul bLaneehe, RyRéreaply about 2-6

nol ar equi val_ent, and bar oni ¢ formula IV,
preferably 1uf%i%¥%ﬁg? ﬁ§|€§ %ke Hﬁ%ﬁgﬁtg %r%mgglg tenperature range
of about 50 [Imdr]ocanrbomsosﬁehra}s: chyondhenzeasenfduorohenzenmdnd theol vent .

The present inyent gpLaksPi& %éi&%rﬁf&éé‘%x&h%)é' N1N-d1meth 1-
br onp- 2- f | uor.o- 2-byt ene conpounds whi ch are utilized in t he process of

this invéfti dfr?rmf’lﬁ‘édﬁ 3prg| the pk k- zethers Gy BSZtEEF%]P%d%ﬁﬂm‘rds have
t he structur @iokansubadl the like, and halogenated hydrocarbons such

as chloroform, carbon tetrachloride and the like, and
mixtures thereof. Preferred first solvents include
halogenated hydrocarbons with carbon tetrachloride being

15 more preferred.

Second solvents useful in the process of this
invention include, but are not limited to, aromatic
hydrocarbons such as toluene, benzene, xylenes,
mesitylene and the like, halogenated aromatic hydro-

20 carbons such as chlorobenzene, fluorobenzene and the
like, carboxylic acid amides such as N,N-dimethylform-
amide and the like, glycols such as dimethoxyethane and
the like, C;-Cialcohols such as methanol, ethanol and the
like, ketones su¢h as acetone and the like, and ethers

25 such as tetrahydrofuran, dioxane and the like, and
mixtures thereof, and mixtures with water. Preferred
second solvents include aromatic hydrocarbons and
aromatic hydrocarbon/C,-C,alcohol mixtures with a
toluene/ethanol mixture being more preferred.

30 Palladium catalysts suitable for use in the present
invention include, but are not limited to, palladium{(0)
catalysts such as bis(dibenzylideneacetone)palladium(0),
tetrakis (triphenylphosphine)palladium(0) and theilike,
palladium(II) catalysts such as bis{acetonitrile) -

35 palladium(II) chloride, bis(triphenylphosphine}-




[err] wherein R is hydrogen or (Jerr]-(err]al kyl, and
Rlerr] is (Jerr]-Cerr]al kyl or cyclopropyl, or Rand R err] are taken 5
together with the carbon atomto which they are —attached to form
a- cycl opropyl group; Ar i s phenyl optionally substituted with any
conbi nati on : of fromone to three hal ogen, - -
Cerr]-Cerr]al kyl, Cerr]-Cerr]hal oal kyl,
Cerr]-Cerr]al koxy or (Jerr]-Cerr]al oal koxy 10 groups, or

1- or 2-naphthyl optionally substituted-%th any

conbi nati on of fromone to three hal ogen

Cerr]-Cerr]alkyl, (err]-Cerr]haloalkyl, (Jerr]-Cerr]al koxy or

d err]-d err]pal adiox{I G aieorided 151, 4= c@iphgoyaphospinglhe groups

A R oL I~ oot S IIRAR3Y) aichloride,! 'A,40UBLE (B2Pfledy) Predom nately
phosphino) ferrocenel palladium(II) diacetate,

palladium(II} acetate, palladium(II) chloride and the

5 1like, and palladium on activated carbon, and mixtures
thereof. Preferred catalysts include palladium(0)
catalysts with bis(dibenzylideneacetone)palladium(0)
being more preferred.

Bases suitable for use in this invention include,

10 but are not limited to, alkali metal carbonates such as
sodium carbonate and potassium carbonate, alkaline earth
metal carbonates such as calcium carbonate and the like,
alkali metal hydrogen carbonates such as sodium hydrogen
carbonate and the like, alkali metal hydroxides such as

15 sodium hydroxide and potassium hydroxide, alkaline earth
metal hydroxides such as calcium hydroxide and the like,
alkali metal C,-Cgalkoxides such as potassium tert-
butoxide and the like, thallium(I) carbonate, thallium(I)
C,-Cealkoxides, thallium{I) hydroxide, and

20 tri(C;~Csalkyl)amines such as trimethylamine, and mixtures
thereof. Preferred bases include alkali metal carbonates
with potassium carbonate being more preferred.

In another preferred embodiment of the present
invention, a 4-aryl-1-bromo-2-fluoro-2-butene of formula

25 III is reacted with a palladium catalyst, a base and a
boronic acid of formula IV.

Boronic acids of formula IV, boronic anhydrides of
formula V, and borate ésters of formula VI may be
prepared, as illustrated in Flow Diagram I, by reacting

30 an aryl compound of formula VII with a tri(C;-C,alkyl)
borate of formula VIII to form the formula VI borate
ester, and hydrolyzing the formula VI borate ester with
aqueous acid to form the boronic acid of formula IV which
may spontaneously combine with other formula IV compounds

35 to form the boronic anhydride of formula V.



Exenpl ary of hal ogen herei nabove are fl uorine, chlorine, brom ne and
iodine. The ternms "(CJerr]-{err]hal oal kyl " and
"Clerr]-Cerr]hal oal koxy" are defined as a CJerr]-C[err]atkyl group and 20
a-Clerr]-Cerr]al koxy group substituted with one or nore hal ogen

atons, respeetively. - The product fornmula | conpounds nmay be

i sol ated by diluting the reaction mxture with water and extracting
the product with a suitable extraction solvent. In the 25 isolation
procedure, conventional extraction sol vegts such as ether, ethyl
acetate, toluene, nethylene chloride and the like may be utilized.
Brom nating agents suitable for use in the process of this invention
include, but are not limted to, 3QowbIaGrRamtti phenyl phosphi ne conpl exes,
phosphor us tribrom de, thionyl brom de, concentrated hydrobromc

acid, and the like, and m xtures thereof. Bromne/tri- phenyl phosphi ne
conpl exes are preferred brom nating Aré@ents. First solvents
suitable for use in the present 5 inV&atjon include, but are not limted

to, aronmatic (M = Li or MgBr)

B(OR,),
(VIII)

(R20)2B-Ar1
(V1)

+
|50

(HO) ,B-Ar
(V)

B. _B
ar,” 07 Tar,

(V)

Starting 4-aryl-2-fluoro-2-butene-1l-ol compounds of
formula II may be prepared according to the procedures
described in WO 94/06741 and GB 2,288,803-A.

5 In another preferred embodiment of the present
invention, a 4-aryl-2-fluoro-2-butene-1-ol of formula II
is reacted with a brominating agent in a temperature
range of about 50 °C to 130 °C, and a 4-aryl-l-bromo-2-
fluoro-2-butene of formula III is reacted with a

10 palladium catalyst, a base and a formula IV, V or VI
compound in a temperature range of about 50 °C to 130 °C.



hydr ocar bons such as tol uene, benzene, xylenes, mesityl ene and the

I'i ke, hal ogenated aromatic hydr ocar bons such as chl orobenzene,

fl uorobenzene and the | i ke, carboxylic acid am des such as

N, N-di met hyl - 10 formam de and the |i ke, ethers such as tetrahydrofuran,

di oxane and the |Iike, and hal ogenated hydrocarbons such- as chloroform -
carbon tetrachloride and the Iike, and m xtures thereof. Preferred
first solvents include hal ogenat ed hydrocarbons with carbon

tetrachl oride being 15 nore preferred. -9- Second sol vents useful in
the process of this I nvention include, but are not limted to, aromatic
hydr ocar bons such as tol uene, benzene, xyl enes, nesi tyl ene and the

| i ke, hal ogenat ed atreflattredhfskmarla?@ €anbooslefich cvmpohdsobhrizkneay

f I uor obenzene,an [ car ylL.EC, .ac) QYQ S
N,N—dinethylfggngrgggrgﬁigé éﬁ%jFﬁ§§g%§K%# % f%%f% sgg nagg 'ﬁ%? %xyethane
and t he | wkeredperr]-d err]al cohol s such as nethanol, ethanol and the
li ke, ketonesgsyahnparageh ongs adis hesdddpyrang e&e%grgﬁ,ﬁﬁ,uca} 36 and
tetrahydrof uran, djoxane an he |ike, "an m Xt ures er eof, _and

m xtures wth watefr Bref§hyd, or %e%ﬁd%sareem’ger? QIS Hkbi ¢
hydrocarbons and theatatipbn Catiyditocehbon/ €hey rdreClaetal-akbdobol fotmtar es

with.a t ol uenel | xture being nore preferred. 30 Pal | adi um
catal ysts suitabl ec?%?éﬁg%pﬂ] % oél%pr esent i nvention include, but are

not linmited t&r pal phehyh(eptionaldyt ghhstiteied wigh any combination
bi s(di benzyl i deneaget pR6n Pehd ad WhEES, halogen, C,-C.al

; . . . kyl, :
tetraki s(iri phenyl phasphine I adi um( and the |1 ke, al I adi un(11)
cat al yst s{éuch as g*"s@ﬁéé?ﬁiﬁﬁi I%fg4§32°’i¥alqraghtﬁ'(’laﬁ?a&w6§i groups ;
bi s(tri phenyl phospande) - ' '

Ar, is 3-phenoxyphenyl optionally substituted with any

combination of from one to five halogen,
C,-C,alkyl, C,-Chaloalkyl, ¢C;-C.,alkoxy or
is5 C,-C,haloalkoxy groups,
3-biphenyl optionally substituted with any
combination of from one to five halogen,
C,-Csalkyl, C;-Cjhaloalkyl, C,-C,alkoxy or
C;-Cshaloalkoxy groups,
20 3-benzylphenyl optionally substituted with any
combination of from one to five halogen,
C;-Csalkyl, C;-Chaloalkyl, C,-C,alkoxy or
C;-Cshaloalkoxy groups, or
3-benzoylphenyl optionally substituted with any
25 combination of from one to five halogen,
Cl—C4alicyl, C,-Cshaloalkyl, C;-C,alkoxy or
C,-Cshaloalkoxy groups.
The process of the present invention is also
preferably used for the preparation of pesticidal
30 fluorocolefins of formula I wherein
R and R, are methyl, or R and R, are taken together with
the carbon atom to which they are attached to form a
cyclopropyl group;
Ar is phenyl optiocnally substituted with any combination
35 of from one to three halogen, C,-C,alkyl,



-7 pal l adiun(11) chloride, [1,4-bis(diphenylphosphine) -

but anel pal | adi um(11) dichloride, [1, 1 -bis(diphenyl-

phosphi no) ferrocene] pal | adi um(11) di acet at e, pal | adi ur(11) acetate,

pal l adium(11) chloride and the 5 like, and palladiumon activated carbon,
and i xtures thereof-. Preferred catal ysts include palladi unm 0)

catal ysts with bis(di benzyli deneacetone)pal | adi un(0) bei ng nore
preferred. Bases suitable for use in this invention include, 10
but are not limted to, alkali netal carhorates such as sodi um
carbonate and potassium carbonate, alkaline earth nmetal carbonates such
as cal cium carbonate and the [ike, al kali netal hydrogen carbonates
such as sodi um hydigge/haloal&kilhonatiaaakexy her | ¢ ke, hal dalkoxyegalbubydr oxi des
such as 15 sodium SgﬁquXide and pot assi um hydroxi de, al kaline earth

met al hydroxi des s as cal ci um hydroxi de and the |ike, al kali met al

C err] - err] &xkoksdesphentryashenylaoptdonably - substifmtedi wéthnany he li ke,
thal | un(1) car bonaicgnibhah bhUgk dren onq eb F1kenslsbdioxicdes,ailal | i un(l)
hydr oxi de, and 20 %3p.err£¥ Clerr]al ) am nes such as trlnethylanlne

and ni xt ure Frgd*ﬁéé deETdBe CaladAa LknzaOrOPBonat es

with potaSS|un1carUﬁnataebetﬁgfa@ixiuuﬁéﬁa’E&ﬁther understandizgoblfier
preferred enb %? t he S .. inyvention,
4-aryl -1-brono nﬁg%gnglﬁnbu?%%efégl?WﬁpﬁhE SHpidsh afe presented
primarily for the purpose of illustrating more specific
details thereof. The scope of the invention should not
10 be deemed limited by the examples, but encompasses all

the subject matter defined in the claims.

15

CH_OH + (CSH5)3P + Br

cl

CH,Br

V

Cl

Under a nitrogen atmosphere, a solution of bromine
{0.767 g, 4.8 mmol) in carbon tetrachloride at ice-water
bath temperature is treated sequentially with a solution

20 of triphenylphosphine (1.26 g, 4.8 mmol) in carbon

tetrachloride and a solution of 3-[1-(p-chlorophenyl) -
cyclopropyl] -2~-fluoro-2-propen~1l-ol, (Z)- (0.907 g, 4
mmol) in carbon tetrachloride, heated to and stirred at
reflux for 70 minutes, cooled to room temperature, and



25 11l is reacted with a palladiumcatal yst, a base and a boronic acid
of fornmula IV. Boronic acids of formula IV, boronic anhydrides of
formula V, and borate esters of forrmula VI nay be prepared, as

i l-Tustrated in Flow Diagram 1, by reacting 30 an aryl conpound of fornula
VII witha tri ((err]-Cerr]alkyl) borate of fermula VIIl to formthe
formula VI borate ester, and hydrolyzing the fornmula VI borate ester

W th aqueous acid to formthe boronic acid of formula IV which may
spont aneousl y conbine with other formul allV conpounds 35 to formthe
boroni ¢ anhydride of formula V.

FLOW DI AGRAM | Ar M

[err] poured into petroleum ether. The resultant mixture is

filtered, and the filtrate is concentrated in vacuo to

obtain a residue. The residue is dissolved in petroleum
ether and passed through a plug of silica gel (eluted

5 with hexanes) to obtain an oil. Flash column chromatog-
raphy of the oil using silica gel and a 3:20 methyléne
chloride/hexanes solution gives the title product as a
colorless oil (0.73 g, 63% yield) which is identified by
NMR spectral analyses.

10

CHBr + Pd(dba)2 + K, O, +

Cl

8

“w

o m
'

Ccl

Under a nitrogen atmosphere, a mixture of 1-(p-
15 chlorophenyl) -1~ (3-bromo-2-fluocropropenyl)cyclopropane,
(Z)~ (0.434 g, 1.5 mmol), 4-fluoro-3-phenoxybenzene-
boronic acid (0.452 g, 1.95 mmol), potassium carbonate



Starting 4-aryl-2-fluoro-2-butene-1-o0l conpounds of formula Il may be

prepared according to the procedures described in WO 94/ 06741 and GB
2,288,803-A. 5 I n anot her preferred enbodi nent of the present
i Avention, a 4-aryl-2-fluoro-2-butene-1-o0l of fornula Il i s reacted

-with a bronmtnating-agent in a tenperature
~12-

(1.86 g, 13.5 mmol} and bis(dibenzylideneacetone)} -
palladium{0) (Pd{dba},, 4.3 mg, 0.075 mmol) in toluene is
heated at 80 °C for one hour, cooled to room temperature,
diluted with water, and filtered through diatomaceous
5 earth. The phases are separated and the agueous phase is

extracted with ethyl acetate. The organic phase and
ethyl acetate extract are combined, washed with water,
dried over anhydrous sodium sulfate and concentrated in
vacuo to obtain a residue. Flash column chromatography

10 of the residue using silica gel and a 3:20 methylene
chloride/hexanes solution gives the title product as an
oil (0.274 g, 63% yield) which is identified by NMR
spectral analyses.

As can be seen from the data in Examples 1 and 2,
15 l-(p—chlorophenyl)~1—[é—fluoro—B-(4-fluoro-3~phenoxy-
phenyl) propenyllcyclopropane, {Z)- is obtained in 40%
yield from 3-[1-(p-chlorophenyl)cyclopropyl] -2-fluoro-2-
propen-1-ol, (2)-. 1In contrast, WO 94/06741 discloses
that 1- (p-chlorophenyl)-1-{2-fluoro-3-{(4-fluoro-3-
20 phenoxyphenyl) propenyll cyclopropane, (Z)- is cbtained in
20% yield from 3-[1- (p-chlorophenyl)cyclopropyl]}-2-
fluoro-2-propen-1-0l, (Z)-.



range of about 50 [err]C to 130 [err]C, and a 4-aryl-1-brono-2-

fiuoro-2-butene of fornula Il is reacted with a 10 palladium catal yst, a
base and a fornmula IV, V or Vi conpound in a tenperature range of about
50 [err]C to 130 [err]C. -9-
Preferred fornmula | fluorool efin conpounds whi ch may - be prepared by

the process of this invention are those wher ei n R is hydrogen and
Rlerr] is isopropyl or cyclopropyl, or Rand 5 Rl err] are nethyl,

or Rand R err] are taken together wth-13- the carbon atomto which
they are attached to forma cycl opropyl group; Ar i s phenyl
optionally substituted with any conbi nati on of fromone to three

hal ogen, ([err]- C[err]alkyl 10 EKEMELEL&C[err]hanaIkyI
Clerr]-Cerr]al koxyg G -G erg QLIRS
Arferr] is 3- phenox’”“

combi nati on oFE=HREAYS 22 - B0

Cerr]-Cerr]al kyl, C[err] C[err]haloalkyl Cerr]-Cerr]al koxy or 15
Cerr]- C[err]haloalkoxy grﬁu§s CH, F 3- bi phenyl optionally
substituted wth any

CHon + (C6H5)3P + Br2

Cl
H,C CH, F

CHzBr

Cl

5 Under a nitrogen atmosphere, a solution of triphenyl

phosphine (0.96 g, 4.25 mmol) in carbon tetrachloride at
-5 °C is treated dropwise with a solution of bromine
(0.679 g, 4.25 mmol) in carbon tetrachloride, warmed to
and stirred at room temperature for 45 minutes, treated

10 with a solution of 4-(p-chlorophenyl)-2-fluoro-4-methyl-
2-penten-1-o0l, (Z)- (0.81 g, 3.54 mmol)} in carbon
tetrachloride, refluxed for 2 hours, cooled to room
temperature, and poured into petroleum ether. The
resultant mixture is filtered through diatomaceous earth.

15 The filtrate is washed sequentially with water, saturated
sodium hydrogen carbonate solution and brine, dried over
anhydrous sodium sulfate and concentrated in vacuo to
obtain an oil. Flash column chromatography of the oil
using silica gel and a 1:9 ethyl acetate/hexanes solution

20 gives the title product as a colorless oil (0.736 g, 71%
yvield) which is identified by NMR spectral analyses.



conmbi nation of fromone to five hal ogen,
Cerr]-Cerr]alkyl, derr]-Clerr]haloal kyl, CJerr]-derr]al koxy or

Cerr]- C[err]haloalkoxy groups, 20 3- benzyl phenyl- optional |y
substituted with any conbi nati on of fromone to five

hal ogen, . Clerr]-Cerr]alkyl, Cferr]-Cerr]hal oal kyl
Jerr]-derr]al koxy or Cerr]-{err]hal oal koxy groups, or
3-benzoyl phenyl optionally substituted with any 25 conbi nati on
of fromone to five hal ogen, -14- (err]-(err]al kyl,
Cerr]-Cerr]hal oal kyl, (Jerr]-Cerr]al koxy or -
Cerr]-Cerr]hal oal koxy groups. The process of the present

i nvention is also preferably usgghgggg_ge preparat|on of pesticidal 30

fluorool efins of f
Rlerr] are taken toHes Wich they are
attached to fplaoes henoxyphew t cpeth e L2 phenyl
optionally subst it ut ed mnth any conblnatlon 35 of fromone to three

hyi, or R and

hal ogen, Clerr]-Clerr]al
- 10- Jerr] 4%6 QFh | oal kyl, C[err]-C[err]al koxy or

gerr]-derr]haloal ko cmBr + Pd(dba), + K,CO, +

cl

F
JeUe >
(5O) ,B 0

5 Under a nitrogen atmosphere, a mixture of 1-bromo-4-
(p-chlorophenyl) -2-fluoro-4-methyl-2-pentene, (Z)- (320.8
mg, 1.1 mmol), bis{dibenzylideneacetone)palladium{0)
(Pd(dba},, 31.6 mg, 0.055 mmol) in toluene (8 wl) is
treated with potassium carbonate (608 mg, 4.4 mmol)},

10 degassed, treated with a solution of 4-fluoro-3-
phenoxybenzeneboronic acid (331.8 mg, 1.43 mmol) in
ethanol {2 mL), refluxed for 45 minutes, cooled to room
temperature, and filtered through diatomaceous earth.

The filtrate is diluted with ethyl acetate, and the

15 resultant solution is washed sequentially with water and
brine, dried over anhydrous sodium sulfate, and
concentrated in vacuo to obtain a residue. Flash column
chromatography of the residue using silica gel and a 1:9
ethyl acetate/hexanes solution gives the title product as



and Arferr] is 3-phenoxyphenyl optionally substituted with any

conbi nation of fromone to five halogen, Cerr]-Cerr]alkyl, 5
Cerr]-Cerr]haloal kyl, Cerr]-Cerr]al koxy or CJerr]-( err]hal oal koxy
groups. In order to facilitate a further understandi ng of t he
I nvention, the follow ng exanpl es ar-e presented. pri-marily for the
purpose of illustrating nore specific details thereof. The scope of the
i nvention should not 10 be deened Iimted by the exanples, but enconpasses
al | the subject matter defined in t4is-cl ai ns. Preparation
of 1-(p-Chlorophenyl)-1-(3-bronp-2- 15 fluoropropenyl)-cyclopropane, (2)-
[err] Under a nitrogen atnosphere, a solution of

brom ne 4 edBoripsst 18 guidl X400 6g) By ydetaghivbicleiat i ce-water

identified by NMR spectral analyses.
As can be seen from the data in Examples 3 and 4,

4- ({p-chlorophenyl} -2-fluoro-1- {4-fluoro-3-phenoxyphenyl) -
5 4-methyl-2-pentene, (Z)- is obtained in 65% yield from 4~

(p-chlorophenyl)}-2-fluoro-4-methyl-2-penten-1-0l,- (Z)-.

In contrast, GB 2,288,803-A discloses that -4- (p-chloro-

phenyl) ~2-fluoro-1-{(4-fluoro-3-phenoxyphenyl) -4-methyl-2-

pentene, (Z)- is obtained in 37% yield from 4- (p-chloro-

10 phenyl)-2-fluoro-4-methyl-2-penten-1-0l, (Z)-.

1) Mg

2) 13(00}13)3

3) CH3C02H/H20

v

JeUe
{HO) ,B 0

A solution of 5-bromo-2-fluorophenyl phenyl ether
15 {(8.01 g, 3 mmol) in tetrahydrofuran is added dropwise to
a mixture of magnesium turnings (0.0802 g, 3.3 mmol), a
crystal of iodine and a few drops of 1,2-dibromoethane in
tetrahydrofuran at 50-55 °C under nitrogen. After the
addition is complete, the reaction mixture is stirred at



bath tenperature is treated sequentially with a solution 20 of

tri phenyl phosphine (1.26 g, 4.8 nmol) in carbon tetrachloride and a
solution of 3-[1-(p-chlorophenyl)- cycl opropyl ] - 2-fl woro- 2-propen-1-ol,
(Z2)- (0.907 g, 4 mol ) in carbon tetrachloride, heated to and stirred
at - reflux for 70 m nutes, cooled to roomtenperature, and

poured into petroleumether. The resultant m xture is filtered, and the
filtrate is concentrated in vacuo to obtain a residue. The residue is
di ssol ved in petrol eum et her and pass@&d through a plug of silica gel
(eluted 5 wth hexanes) to obtain an oil. Flash colum chronat og-

raphy of the oil using silica gel and a 3:20 nethyl ene chl ori de/ hexanes

sol ution givesoide °d Ffbg POOMUGELES @hd codledotbessoni tegbrauge .63% yi el d)
B pE 2 St iR $ROCO6ES QI ATRuARS fo ¢ AvtuRiR 5 (o
f | uor o- 3- phenekyisriamtiylpbopetgl (4c92| whr chaeymoll) in diethyl ether
at dry-ice/acetone bath temperature. After the addition
5 is complete, the mixture is stirred at dry-ice/acetone
bath temperature for 20 minutes, allowed to warm to -10 °C
over 25 minutes, diluted sequentially with acetic acid
and water, stirred at room temperature for 30 minutes,
and extracted with ether. The organic extract is washed
10 with water, dried 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 room temperature and filtered to
obtain a solid which is washed with hexanes and dried to
15 giwve the title product as a colorless solid (5.7 g, mp
177-180 °C, 82% yield).



[err] Under a nitrogen atnosphere, a

m xture of 1-(p- 15

chl orophenyl ) - 1- ( 3- br ono- 2- f | uor opr openyl ) cycl opr opane, (2)- (0.434 q,
1.5 mmol ), 4-fluoro-3-phenoxybenzene- . boronic acid (0.452 g, 1.95
mol ), potassium car bonate - - - - -

- ACY-33267-AU, SG, ZA

-17-

CLAIMS

1. A process for the preparation of a fluoroolefin
compound having the structural formula I

) B

R is hydrogen or Cj-Caalkyl, and

R1 is C1-Cqaalkyl or cyclopropyl, or R and R1 are taken
together with the carbon atom to which they are
attached to form a cyclopropyl group;

Ar is phenyl optionally substituted with any combination of
from one to three halogen, C1-Cqalkyl,
C1-Cqhaloalkyl, C1-Cgalkoxy or Ci-Cghaloalkoxy

- groups, Or
1- or 2-naphthyl optionally substituted with any
combination of from one to three halogen,
C1-C4alkyl, Ci-C4haloalkyl, C1-Cgalkoxy or
C1-Cshaloalkoxy groups;

Ari is phenoxyphenyl optionally substituted with any
combination of from one to five halogen,
C1-Cqalkyl, Ci-Cshaloalkyl, Cj-Cgalkoxy or
Ci1-Cghaloalkoxy groups,

biphenyl optionally substituted with any combination
of from one to five halogen, C1-Cgalkyl,
C1-C4haloalkyl, C1-C4alkoxy or C1-Cghaloalkoxy
groups,

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

This Sheet Has Been Replaced 5 BEEN

[T e el




-12- (1.86 g, 13.5 mmol) and bi s(di benzyli deneacet one) -

palladlun(O) (Pd(dba)[err], 4.3 ng, 0.075 mmol) in toluene is heat ed
at 80 [err]C for one hour, cooled to roomtenperature, diluted with
water, and filtered through di at omaceous. 5 earth. The phases are separated
-and the aqueous phase is extracted with ethyl acetate. The organic -
phase and ethyl acetate extract are conbi ned, washed with water,

dri ed over anhydrous sodium sul fate and concentrated i 9 0 ain
a residue. Flash colum chromatography 10 of the resi d[}éc%"s%%ﬁ"%q'cgéﬁ%
and a 3:20 net hyl ene chl ori de/ hexanes sol ution gives the title product
as an oil (0.274 g, 63%yield) which | | dentified by NWR spectral
anal yses. As can be seen fron1?he data in Exanples 1 and 2, 15
1- (p-chl orophenyl) - 1-[ 2-f ] uor o- 3- (4-f| uor o- 3- phenoxy-

phenyl ) propenyl ] cycl opropane, (Z)- is obtained in 40% yield from

3-[ 1- (p-chl or ophenyl ) cy céppt aomhir, 2tfl|—t¢21"1918a1ky1 CRLEREKOkClor (2)-. In

contrast, WD 94/06741 dISC|O
1- (p- chl or ophenyl ) - 1- [ 2- @1Lﬁ§h§i§ﬂ%¥°ﬁVU8F8uB$'2®r

]phenogiypgenyl )Elropenﬁhk Y%Mfﬂpm,llohﬁiyl SuBbt ey ivith any 20%yield
f{aglp [ pggpgn irgr eny fhé)lomp%f]from one to five halogen,
C1 C4alky1 C1-Cghaloalkyl, Ci-C4alkoxy or
Ci1-Cg4haloalkoxy groups; and

the configuration of the groups ArCRRi- and -CH2Ar] about

the double bond is predominately mutually trans,
which process comprises reacting a 4-aryl-2-fluoro-2-
butene-1-o0l compound having the structural formula IT

wherein Ar, R and Rj are as described above with a
brominating agent to form a 4-aryl-1-bromo-2-fluoro-2-
butene compound having the structural formula IIT

R R F

e i

wherein Ar, R and Ry are as described above, and reacting

iy

the formula III compound with a palladium catalyst, a base,
and a boronic acid having the structural formula IV, a
boronic anhydride having the structural formula V or a
borate ester having the structural formula VI

i

i‘fmmﬂm nE"“""“EN. g

L/ m—




- 13- EXAMPLE 3 Preparati on of

1- Brono- 4- (p-chl orophenyl) -2-fl uoro- 4- met hyl - 2- pentene, (2)-
[err] 5 Under a nitrogen atnosphere, a solution of
tri phenyl phosphine (0.96 g, 4.25 mmol) in carbon tetrachl oride at

-5 [err]Cis treated dropwi se-with a solution of-brom ne -

ACY-33267-AU, SG, ZA

av) ;
Ary _—
feuL [T
V)

IR

wherein Ry is C1-C4alkyl and Arg is as described above.

2. The process according to claim 1 wherein the
brominating agent is a bromine/triphenylphosphine complex.

3. The process according to claim 1 or 2 wherein
the palladium catalyst is selected from the group
consisting of bis({dibenzylidencacetone)palladium(0),
tetrakis{triphenylphosphine)palladiun{0),
bis(acetonitrile)palladium(II) chloride,
bis{triphenylphosphine)palladium(II) chloride, [1,4-
bis (diphenylphosphine)butanelpalladium{II} dichloride,
[1,1’-bis(diphenylphosphino} ferrocenelpalladium(II)
diacetate, palladium(II} acetate, palladium(II) chloride
and palladium on activated carbon and mixtures thereof; and
the base is selected from the group consisting of
an alkali metal carbonate, an alkaline earth metal
carbonate, an alkali metal hydrogen carbonate, an alkali

THIS SHEET HAS BEEN
REPLACED




(Q.679 g, 4.25 mmol) in carbon tetrachloride, warnmed to and stirred at
roomtenperature for 45 mnutes, treated 10 wth a solution of

4- (p-chl orophenyl ) - 2-f | uor o- 4- net hyl - 2-penten-l-ol, (2)- (0.81 g, 3.54
miol ) in carbon tetrachloride, refluxed for 2 hours, cooled to room
“tenperature,- and poured into petroleumether. The resultant mxture is
filtered through di-atemaceous_earth 15 The filtrate is washed
sequentially with water, saturated sodi um hydr ogen bopgie tLon
ang brine, dried overe\1r ; vajs*nhqﬁmﬁodlun1sulfate andzggﬁcentratedb& 28
vacuo to obtai n any} 160 Jlib! urm chr omat ogr aphy of the oi

using silica gel and o UM | t at e/ hgyganes sol ution 20 gives the
title product as a colorless ol . 736 g, 71% yield) which is
identified by NVR spectral anal yses.

-14- EXAMPLE 4 Preparation of

4- (p- Chl or ophmeyhk]l- 2yBirosidel- 64- alkaline earth metal hydroxide, an

fluoro-3-phengyyphenylt=4- PRLBYL 1 2oREBLENEra1{ A (T) carbonate, a [€7']
thallium(I) Ci-Cgalkoxide, thallium(I) hydroxide and a
tri(C1-Cqalkyl)amine and mixtures thereof.

4. The process according to claim 3 wherein the
palladium catalyst is bis(dibenzylideneacetone)palladium(0)
and the base is an alkali metal carbonate.

5. The process according to any preceding claim
wherein the formula III compound is reacted with a boronic
acid.

6. The process according to any preceding claim
wherein the first reaction step is carried out in a first
solvent selected from the group consisting of an aromatic
hydrocarbon, a halogenated aromatic hydrocarbon, a
carboxylic acid amide, an ether and a halogenated
hydrocarbon and mixtures thereof; and the last reaction
step is carried out in a second solvent selected from the
group consisting of an aromatic hydrocarbon,.a halogenated
aromatic hydrocarbon, a carboxylic acid amide, a glycol, a
C1-C4alcohol, a ketone and an ether and mixtures thereof
and mixtures with water.

7. The process according to claim 6 wherein the
first solvent is a halogenated hydrocarbon and the second
solvent is toluene or a toluene/ethanol nmixture.

8. The process according to any preceding claim
wherein the formula II compound is reacted with the
brominating agent at a temperature of about 50°C to 130°C,
and the formula ITII compound is reacted with the palladium

THIS SHEET HAS BEEN
REPLACED




5. Under a nitrogen atnosphere, a m xture of 1-brono-4-

(p-chl orophenyl)-2-fl uoro-4-nethyl -2-pentene, (2Z2)- (320.8 ng, 1.1
nmol ), bi s(di benzyl i deneacet one) pal | adi un{ 0) (Pd(dba)[err], 31.6 ng,
0.055 mml) in toluene (8 nL) is treated with potassium carbonate (608
ng, 4.4 mmol ), 10 degassed, treated with a solution of 4-fluoro-3- -
phenoxybenzeneboronic acid (331.8 ng, 1.43 muol) in ethan?!l(z nh),
refluxed for 45 mnutes, cooled to room t enper at ur e, tere
through di at onaceots—earth—— The filtrate is dil ut e?f*‘?kﬁa‘l"gﬁzélﬁﬁﬁu &Catht e,
and the 15 resul tant solution is washed sequentially wth water and
brine, dried oveillk mgm “ l'hm sul f at YK and concentrated in vacuo
to obtain a resildd i ,

catalyst, the base and the formula IV, V or VI compound at
a temperature of about 50°C to 130°C.

9. The process according to claim 1 wherein

R is hydrogen and Rj is isopropyl or cyclopropyl, or R and
Rl are methyl, or R and Ri are taken together with the
carbon atom to which they are attached to form a
cyclopropyl group;

Ar is phenyl optionally substituted with any combination of
from one to three halogen, C1-Cgalkyl, Ci-Cghaloalkyl,
Ci-C4alkoxy or Ci-Cghaloalkoxy groups; and

Ari is 3-phenoxyphenyl optionally substituted with any

combination of from one to five halogen,
Cl-C4alky1, C1-Cghaloalkyl, Ci-Csalkoxy or
C1-C4haloalkoxy groups,

3-biphenyl optionally substituted with any combination
of from one to five halogen, Ci-C4alkyl,
C1-Cghaloalkyl, C1-C4alkoxy or Ci-Cghaloalkoxy
groups,

3-benzylphenyl optionally substituted with any
combination of from one to five halogen,
C1-C4alkyl, Ci1-Cghaloalkyl, Ci1-C4alkoxy or
C1-Cghaloalkoxy groups, or

3-benzoylphenyl optionally substituted with any
combination of from one to five halogen,
C1-Cgalkyl, C1-Cghaloalkyl, Ci-Cgalkoxy or
C1-Cghaloalkoxy groups.

10. The process according to claim 9 wherein

R and R1 are methyl, or R and R are taken together with
the carbon atom to which they are attached to form a
cyclopropyl group;
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chromat ography of the residue using silica gel and a 1:9 et hyl

acet at e/ hexanes solution gives the title product as a
colorless liquid (401 ng, 91%yvyield) which is i dentified by NWR
spectral anal yses. As can be seen fromthe data in Exanples 3 and
4, 4= (p- chl-orophenyl ) - 2-f | uor o- 1- (4-f1 uor o- 3- phenoxyphenyl)- 5

4-met hyl - 2-pentene, (Z2)- is obtained in 65%yvyield f20?14-

(p-chl orophenyl)-2-f1luoro-4-nethyl-2-penten-1-ol,- (2Z)-ymv_ il t,
GB 2, 288, 803- A di scl oses t hat - 4- ( p- chl or o- xcy-332670287 80, 24
phenyl)-2-fl uoro- 1- (4-fl uoro- 3- phenoxyphenyl) - 4- met hyl - 2- pent ene,
(Z2)- is obtained in 37%yield from4-(p-chjpro- 10

phenyl ) -2-fl uoro-4-nethyl -2-penten-1-ol, (2)- _
EXAMPLE 5 Preparation of 4- FI uor o- 3- phenoxybenzeneboronic aci d

Ar is phenyl optionally substituted with any combination of
from one to three halogen, Ci-C4alkyl, C1-Cghaloalkyl,
C1—C4alkoxy or Ci-Cghaloalkoxy groups; and

Arl is 3-phenoxyphenyl optionally substituted w1th any
combination of from one to five halogen, C1-Cgalkyl,
C1-Cghaloalkyl, C1-Cgalkoxy or Ci1-C4haloalkoxy groups.

11. A process for the preparation of a fluoroolefin
compound having the structural formula I

This Shest Hag
wherein

T

R1 is C1-Cq4alkyl or cyclopropyl, or R and R] are taken
together with the carbon atom to which they are
attached to form a cyclopropyl group;

Ar is phenyl optionally substituted with any combination of
from one to three halogen, C1-C4alkyl,
Ci-Cg4haloalkyl, C1-C4alkoxy or C1-Cghaloalkoxy
groups, or

1- or 2-naphthyl optionally substituted with any
combination of from one to three halogen,
C1-Cq4alkyl, C1-Cghaloalkyl, Ci-C4alkoxy or
Ci-Cshaloalkoxy groups;

Arj is phenoxyphenyl optionally substituted with any
combination of from one to five halogen,
C1-Cqalkyl, Ci-C4haloalkyl, Ci-C4alkoxy or
C1-Cghaloalkoxy groups,

Iy CEEE




[err] 1) M

2) B(OCH err])[err] 3)
CHerr]COerr]HHerr]O [err]
A sol ution of 5-brono-2-fluorophenyl phenyl ether 15 (8.01 g, 3 nmmol) in
tetrahydrofuran is added dropw se to a m xtur-e of magnesi-um-turni ngs
(0.0802 g, 3.3 mol ), a crystal of iodine and a few drops of
1, 2-di br onoet hane in tetrahydrofuran at 50-55 [err u njtroge
After the addition is conplete, the reaction nixtu%gyiggggyréédggtgA
-16-

-23-

biphenyl optionally substituted with any combination
of from one to five halogen, Ci-C4alkyl,
C1-Cghaloalkyl, Ci1-C4alkoxy or C1~C4h§}oalkoxy
groups,
benzylphenyl optionally substituted with any
combination of from one to five halogen,
Ci-C4alkyl, C1-Cghaloalkyl, Ci-Cqalkoxy or
C1~-C4haloalkoxy groups, or
benzoylphenyl optionally substituted with any
combination of from one to five halogen,
C1-C4alkyl, C1-Cghaloalkyl, Ci-Cgalkoxy or
C1-Cshaloalkoxy groups; and
the configuration of the groups ArCRR1- and ~-CHpArj about
‘ the double bond is predominately mutually trans,
which process comprises reacting a 4-aryl-l-bromo-2-filuocro-
2-butene compound having the structural formula IIT

ArR><R:k CH,Br This Shect Has Been Replaced
o

wherein Ar, R and R} are as described above with a
palladium catalyst, and a boronic acid having the
structural formula IV, a boronic anhydride having the
structural formula V or a borate ester having the
structural formula VI

(HO),B-Ar,

O

av)
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50-55 C for 70 m nutes and cool ed .to roomtenperature. The cool ed

m'xture is added over 25 mnutes to a solution of trinmethyl borate
(4.09 nmL, 3.6 mmol) in diethyl ether at dry-ice/acetone bath
tenperature. After the addition 5 is conplete, the mixture is stirred at
dry-icel/ acet one bat-h tenperature for 20 minutes, allowed to warmto -10
[e[r]C . ovgr 25 mnutes, diluted sequentially with acetic acid and
water, stirred at roomtenperature for 30 m nutes, ¥ragfedgwziah
ether. The organic extract is washed 10 wth water, d%?§g3gv§? %Hﬁgg?%%é
sodi um sul fate, and ~ concentrated in vacuo to obtain a residue. A
m xture of the residue in water is heaped over a steambath for 30
m nutes, cooled to roomtenperature and filtered to obtain a solid
which is washed with hexanes and dried to 15 give the title product as a
colorless solid (5.7 g, np 177-180 [err]C, 82%yield).
-17- CLAANMS
I
B.
9
) ) B. .B
Al'l 7 O ~N .
™
(R,0),B-Ar; This Sheet Has Been Replaced

AR

wherein Ry is C1-Cgalkyl and Arj is as described above.

(VD

12. The proéess according to claim 11 wherein
the palladium éatalyst is selected from the group
consisting of bis(dibenzylideneacetone)palladium{(0),
tetrakis{triphenylphosphine}palladium(0),
bis (acetonitrile)palladium(II) chloride,
bis (triphenylphosphine)palladium{II) chloride, (1,4~
bis (diphenylphosphine)butanelpalladium{II) dichloride,
[1,1’-bis(diphenylphosphino) ferrocenelpalladium(II)}
diacetate, palladium(II) acetate, palladium{II) chloride
and palladium on activated carbon and mixtures thereof; and
the base is selected from the group consisting of
an alkali metal carbonate, an alkaline earth metal
carbonate, an alkali metal hydrogen carbonate, an alkalil
metal hydroxide, an alkaline earth metal hydroxide, an
alkali metal Ci-Cgalkoxide, thallium(I) carbonate, a
thallium(I) Ci-Cgalkoxide, thallium(I) hydroxide and a
tri(C1-Cqalkyl)amine and mixtures thereof.

I " | l - 711 SHEET HAS BEEN
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1, A process for the preparation of a fluoroolefin conpound having the

L3

structural fo

romul a | [err] wherein Ris

hydrogen or Clerr]-Clerr]alkyl, and Rerr] is Cerr]-Cerr]al kyl or

cycl opropyl,

to which they
optionally su
t hree hal ogen,

Cerr]- C[err]

fronlone to t
Cerr]-Cerr]
Cerr]-Cerr]
w th any
Cerr]-Cerr]
Cerr]-Cerr]
any conbi nati
Cerr]-Cerr]
gr oups,

or Rand R err] are taken together with the carbon atom
are. attached to forma cycl opropyl group;- Ar is phenyl
bstltuted w th any conbination of fromone to

a|kOny§m§ P h;élq? r]haloalkoxy

hree hal' f ,.H' Clecpg=C err]al kyl,
hal oal kyl, C[err]-C[err]al koxy or

hal oal koxy groups; Arl is phenoxyphenyl optionally substituted

conmbi nation of fromone to five hal ogen
al kyl , 1GL.er E‘hereocéémlanddn&hngC{:erclaﬁl erx ]v&iéméﬁ;h athe

ofei3a0ltH BueUBDe: to pid BIERKIRAPRIR e Yog O LqtR Wiy

handaltkyl backeis] ag]akkgldl M@Xylocafbemaﬂeﬁierr]haloaIkoxy
benzyl phenyl optionally substituted with any

conbi nati en of fronaone to five hal ogen,

A process accordlng to any one of claims 11 to
13, wherein the reaction is carried out at a temperature of
about 50°C to 130°C in the presence of a solvent.

15. The procesé according to ¢laim 14 wherein the
solvent is selected from the group consisting of an
aromatic hydrocarbon, a halogenated aromatic hydrocarbon, a
carboxylic acid amide, a glycol, a C1-Cgalcohol, a ketone
and an ether and mixtures thereof and mixtures with water.

16. A process according to any one of claims 11 to
15, which comprises reacting the compound having formula
ITI with about 0.001 to 0.1 molar equivalent of palladium
catalyst, at léast about 2 molar equivalents of the base,
and the compound having formula IV, V or VI.

17. A process as claimed in any one of claims 11 to
16 wherein R, Ri, Ar and Arj are as defined in claim 9.

18. The process according to claim 17 wherein R, Rj,
Ar and Ary are as defined in claim 10.

18. A process for making a compound having formula
III as illustrated in claim 1 wherein Ar, R and R] are as
defined in claim 1, and the configuration of the groups
ArCRR1- and -CH2Br about the double bond being
predominately mutually trans; which process comprises
reacting a 4-aryl-2-fluoro-2-butene-1-0l compound having
structural formula IIX

AR AR |

i Kopllaced Aerr]l-Gerridpdralkvda, za
groups, or

tuted with any conbi nati on of



- 18- Cerr]-Cerr]alkyl, (err]-{err]hal oal kyl,
Cerr]-Cerr]al koxy or Cerr]-Cerr]hal oal koxy groups, or
benzoyl phenyl optionally substituted with any conbi nati on of
feomone to five hal ogen, Jerr]-Cerr]al kyl,

Cerr]-Cerr]hal oakkyl, Cerr]-€err]al koxy-or ~
C[err]-C[err]hanaIkoxy groups; and the conflguratlon of the groups
and -CH err]Ar[err] about the doubl e Jqnd; 4 2%7—AU SG, 72
predom nately nutually trans, which process conprises reacting a

4-aryl -2-fluoro-2- butene-1-ol conpound having the structural formula I

ArCRR[ err] -

[err]

-26-

A il

wherein R,R] and Ar are as defined above with a brominating
agent.

20. A process as claimed in claim 19 wherein the
brominating agent is selected from the group consisting of
a bromine-triphenyl phosphine complex, phosphorus
tribromide, thionyl bromide, HBr, and mixtures thereof.

21. A process as claimed in claim 19 or 20 carried
out in a solvent at a temperature of about 50-130°C.

22. A process as claimed in claim 1, carried out
substantially as described herein with reference to any one
of the Examples herein.

23. A process as claimed in claim 11, carried out
substantially as described herein with reference to Example
2 or 4 herein.

24. A process as claimed in claim 19, carried out
substantially as described with reference to Example 1 or 3
herein.

25. A compound having the formula I whenever
prepared by a process as claimed in any one of c¢laims 1 to
18, 22 and 23.

THIS SHEET HAS BEEN
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wherein Ar, R and Rlerr] are as described above with a brom nating agent to
fdbrma 4-aryl-1-brono-2-fluoro-2- butene conpound havi.ng the structural
formula I11 [err] wherein Ar, R and Rferr]
are as described above, and reacting the formula I'll conpound with a
pallad|UH1cataIyst a base, and a boronic acid having the structural -
formula IV, a boronic anhydride having the structural formula V or a borate
ester having the structural formula VI ACY-33267-AU, SG, ZA
-19- [err]

-2~

26. A compound having the formula ITII, whenever
prepared by a process as claimed in any one of claims 19 to
21 and 24.

27. " A compound having the formula-III as illustrated
in c¢laim 1 where Ar, R and Ri are as defined in claim 1;
the configuration of the groups ArCRR1i- and CHpBr about the

double bond being predominately mutually trans.

28. A compound as claimed in claim 27 wherein R, R1
and Ar are as defined in claim 9.

29. A compound as claimed in claim 28, wherein R, R

and Ar are as defined in claim 10.

30. The compound according to claim 27 selected from
the group consisting of
1-{p-chlorophenyl)-1-(3-bromo-2-fluoropropenyl)cyclopropane,

{(Z}-; and
1-bromo-4- (p-chlorophenyl)-2-fluoro-4-methyl-2-pentene,

(Z)-.

\‘_\

» Ay g
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erein Rlerr] is (Jerr]-Cferr]alkyl and Ar[err] is as described above.
The process according to claim1l wherein the bromnating agent is a

brom ne/ tri phenyl phosphi ne conpl ex. 3. The process according to
gbaiml or 2 wherein the palladiumcatalyst is selected fromthe group
consi sting of bis(dibenzylideneacetone)pall adi un(0), -
tetrakis(triphenylphosphine)palladiun(O%, bi s(acetonitrile)palladiun(ll)
chl ori de, bis(triphenylphosphine)pallaa‘nn(lI) chloride, [1, 4-
bi s(di phenyl phosphi ne) but anel pal | adiun(I1) dichloride, [1, 1' -bis
(di phenyl phosphi no) ferrocene] palladiunm(ll) diacetate, palladiun(ll)
acetate, palladiun(ll) chloride

A process and intermediate compounds for the
preparation of fluoroolefin compounds which are useful as

pesticidal agents.

THIS SH:EET HAS BEEN
REPLACED



and pal | adi um on activated carbon and ni xtures thereof;
selected fromthe group consisting of an al kali 'etal carbpnaLghugnw~mm%M
al kaline earth metal carbonate, an alkali netal hydrogen c- '- AR 400

al kal i - 20- Yaidanakal:

al kaline earth netal hydroxide, an alkali netal Jerr]- C[err ﬁ|kOXIde |
thal liun{l) carbonate, a thalliun(l) Cery]-Cerr]al koxide, t éﬂu&ﬁqai)
hydroxide and a tri(Clerr]-Cerr]alkyl)ar ne and m xtureg tihereof. |
4. The process according to claim3 wherein the palladijum catalys

bi s(di benzyl i deneacet one) pal | adi um(0) and the base is an 3

car bonat e.

5. The process according to any preceding claim

wherein the fornula |1l conpound is reacted with a boronic acid.

10

1s

Fluoroolefiq compounds which are useful as
pesticidal agents are described in WO 94/06741 and GB
2,288,803-A. Those references also describe processes
for the preparation of Fluoroolefin compounds. However,
those processes are not entirely satisfactory because the
fluoroclefin compounds are produced in relatively low
yields. Those references also fail to teach how to make
the intermediate compounds of the present invention.

SUMMARY OF TEE JINVENTION
The present invention provides an effective and
efficient process for the preparation of a pesticidal
fluorcolefin compound having the structural formula I

wherein
R is hydrogen or C,-C,alkyl, and

and the base is




6. The process according to any preceding claimwhereinthe first
reaction step is carried out in a first solvent selected QLT
consisting of an aromatic hydrocarbon, a hal ogenated arogyﬁ%ﬂgﬁfﬁoca.‘”,
a carboxylic acid am de, an ether and a hal ogenat ed hydrocar?qp

m xtures thereof; and the last reaction step is carried puj in éuﬁégﬁﬁd
sol vent selected fromthe group consisting of an aromati £ pydrocarbon,
hal ogenat ed aromati ¢ hydrocarbon, a carboxylic acid am de, a glycol, a
Cerr]-Cerr]al cohol, a ketone and an ether and m xt ur est+hereof-.and

m xtures with water. 7. The protess according to claim6 wherein
the first solvent is a hal ogenated hydrocarbon and the second solvent is
tol uene or a tol uene/ethanol m xture. - 8. The process according to
any precedi ng claimwherein the fornugéﬁé%ﬁconpound is reacted with the
brom nating agent at a tenperature of 50[err]C to 130[err]C, and the
formula I'll conpound is reacted with the pall adi um

-21- 1. A process for the preparation of a fluorcolefin
compound having the structural formula I

wherein

R is hydrogen or Cj-Caalkyl, and

R1 is C1-Cgalkyl or cyclopropyl, or R and R] are taken

together with the carbon atom to which they are
attached to form a cyclopropyl group:

Ar is phenyl'optionally substituted with any combination of
from one to three halogen, Cj-Cgalkyl,
Ci-C4haloalkyl, C1-Cgalkoxy or Ci-Cqhaloalkoxy

- groups, or
1- or 2-naphthyl optionally substituted with any
combination of from one to three halogen,
C1-Cgalkyl, C1-Cg4haloalkyl, Ci1-C4alkoxy or
Ci1-C4haloalkoxy groups:;

'Arl is phenoxyphenyl optionally substituted with any
combination of from one to five halogen,
'Cl—C4alkyl, C1-Cg4haloalkyl, C1-C4alkoxy or
C1-Cghaloalkoxy groups,

biphenyl optionally substituted with any. comblnatxon _
of from one to five halogen, Cl-C4alkyl
C1-Cshaloalkyl, C1-C4alkoxy or Ci-Cghaloalkoxy
groups,

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

-_’_________‘__'———4—‘

A



cat al yst, the base and the formula IV, V or VI conpound at a terrperature of

about 50[err]C to 130[err]C 9. The process acc 13-
wherein R is hydrogen and Rl err] is isopropyl or cycl opropMPLKEFﬁ%SI{EET
Rlerr] are methyl, or R and Rl err] are taken together with “Ear
atomto which they are attached to forma cycl opropyl &@@A@WS
phenyl optionally substituted with any conbi nati on of from one 10
three halogen, ([err]-Clerr]alkyl, Cerr]-{err]hal oal kyl, -
Clerr]-(err]al koxy or (Jerr]-Cferr]hal oaltgexy groups; ang Ar[err] S

3- phenoxyphenyl optionally substituted with any T comsTratton—ef

fromone to five hal ogen, Cerr]-Cerr]al kyl,

Cerr]-Cerr]hal oal kyl, CJerr]-Cerr]al koxy or

derr]-derr] hal oal koxyCyréspbkyl, C1-C3L-1'tailplaékyll ofti-6galkexgusti t ut ed

W th any conbination ¢y_¢ f fi ve hal ogen,
r-eanaloflidty BiEel ook

Cerr]-Cerr]al kyl. aI kyl, (ferr]-Clerr]al koxy
or Cerr]-Clerr] hab@&?féﬁ%?heﬂyl OpthHaQ-rlO'upsletltuteQ wihzyaphenyl

optional Iy substituted whbidWion of from onSORBI Rab 9$g§ﬁ0m one to five.
hal ogen, giré (Ierr aliﬁ Cf‘ferr err a Kyl .

derr]-Cerr]al koxy or haFé 3% ’Sfcﬁﬁ)s
3- benzoyl phenyl opti onatiycﬂt&tﬁda]tkﬁ}@d gWohbsanand conbi nat | on of

fromone to f
Cerr]-Cerr] Ea?oa?by?sﬁﬁ%ﬁrj cg[ etlhﬁ glrl%l?% %'EHJL aXé ~CH2Ar] about
C err] - err] hal oakkex§ogbbaipgsond is predbfiindhelproeesslhecoratiswg to claim
9 wherein which process comprises reacting a 4-aryl-2-fluoro-2-
butene-l-ol compound having the structural formula II

R R F

X?k
Ar CH,OH
{m

wherein Ar, R and R] are as described above with a
brominating agent to form a 4-aryl-1l-bromo-2-fluoro-2-
butene compound having the structural formula IIT

R R F

PN
Ar CH,Br
(m) '

wherein Ar, R and Ry are as described above, and reacting
the formula III compound with a palladium catalyst, a base,
and a boronic acid having the structural formula IV, a :
boronic anhydride having the structural formula V or a
borate ester having the structural formula VI

-_

R



R and Rlerr] are nethyl, or Rand R err] are taken together with t he

carbon atomto which they are attached to forma cycl opropyl group;
-22- Ar i s phenyl optionally substituted with any conbidgat+en—of .
fromone to three hal ogen, Clerr]-Cerr]alkyl, O err]-candRGRLACEMENT SHEET
Cerr]-Cerr]al koxy or (Jerr]-( err]hal oal koxy groups; an FrTerr] i1s
3- phenoxyphenyl optionally substituted lvg_:t h any conpiinat h@hyd7r om
one to five halogen, Cerr]-err]alkyls Jerr]-d ¢rri hal oal kyl
Cerr]-Cerr]al koxy or (Jerr]-( err]hal oal koxy groups. A
process for the preparation of a fluoroolefin conmpound havjng the
structural fornula | (HO),B-Ar, [err]
IV}
fﬂl
.B.
79
B. .B
AI[/ s} \Afl
V)
(Ry0),B-Ar
(VD

wherein Ry is C1-Cgalkyl and Ari is as described above.

2. The process according to claim 1 whereip the
brominating agent is a bromine/triphenylphosphine complex.

3. The process according to claim 1 or 2 wherein
the palladium catalyst is selected from the group
consisting of bis(dibenzylideneacetone)palladium(0),
tetrakis (triphenylphosphine)palladium(0),
bis(acetonitrile)palladium(II) chloride,
bis{triphenylphosphine)palladium(II) chloride, [1,4-
bis (diphenylphosphine)butanelpalladium(II) dichloride,
{1,1’-bis(diphenylphosphino} ferrocene]palladium(II)
diacetate, palladium(II} acetate, palladium(II) chloride’
and palladium on activated carbon and mixtures thereof; and
the base is selected from the group consisting of
an alkali metal carbonate, an alkaline earth metal
carbonate, an alkali metal hydrogen carbon;te, an alkali

-

| O A




wherein Ris hydrogen or Clerr]-(Jerr]alkyl, and Rerr] is
Cerr]-Cerr]alkyl or cyclopropyl, or Rand Rerr] are taken t oget her
with the carbon atomto which they are attached to fREDNAOMYE ?%m;
group; Ar is phenyl optionally substituted with any conbinat<6n: N
fromone to three halogen, (err]-Cerr]al kyl, !
Clerr]-C[err]haloalkyl, Clerr]-Cerr]al koxy or err]-d drr]] hlf eIk a7
groups, or 1- or 2-naphthyl optionally substituted [with any
conbi nati on of fromone to three hal ogen, cerr]-

Cerr]-Cerr]hal oal kyl, (err]- C[err]alko%? or R ]
Cerr]- C[err]haloalkoxy groups; Ar[err] is phenoxyphenyl optioﬁarrymmm"*“"
substituted with any conbi nati on of fromone to five halogen,

e el é@i‘n i Sy L3 o oLk a T BTEILRXY &
alka 1 metal C1-Cgalkoxide, thallium(I) carbonate, a
thallium(I) Cj-Cgalkoxide, thallium(I) hydroxide and a
tri(C1-Cqalkyl)amine and mixtures thereof.

|

4. The process according to claim 3 wherein the
palladium catalyst is bis(dibenzylideneacetone)palladium(0)
and the base is an alkali metal carbonate.

5. The process according to any preceding claim
wherein the formula III compound is reacted with a boronic
acid.

6. The process according to any preceding claim

wherein the first reaction step is carried out in a first
solvent selected from the group consisting of an aromatic
hydrocarbon,. a halogenated aromatic hydrocarbon, a
carboxylic acid amide, an ether and a halogenated
hydrocarbon and mixtures thereof; and the last reaction

. step is carried out in a second solvent selected from the
group consisting of an aromatic hydrocarbon,.a halogenated
aromatic hydrocarbon, a carboxylic acid amide, a glycol, a

©'C1-C4alcohol, a ketone and an ether and mixtures thereof

" and mixtures with water.

7. The process according to claim 6 wherein the
first solvent is a halogenated hydrocarbon and the second
solvent is toluene or a toluene/ethanol m;xture.

8. The process according to any preceding claim
wherein the formula II compound is reacted with the
brominating agent at a temperature of about S0°C to 130°C,
and the formula III compound is reacted.with the palladium

| R A



'

bi phenyl optionally substituted with any conbination of from one

to five halogen, (Jerr]-Clerr]alkyl, Cerr]- : Jrex:
Cerr]-Cerr]al koxy or CJerr]-{ err]hal oal koxy. &REPEAC€%@$hk§ﬁEET
benzyl phenyl optionally substituted with any conbi nation of frijom
one to five hal ogen, Cerr]-Cerr]al kyl, (ernr]- G epjchdlvdal kyl ,
Cerr]-Cerr]al koxy or Cerr]-Cerr] hal oal koxy jgroups, or

benzoyl phenyl optionally substituted with any conbimationof
fromone to five hal ogen, Cerr]-Cerr]al kyl,

Clerr]-Cerr]haloal kyl, Cerr]-Cerr]al kady or
Cerr]-Cerr]hal oal koxy groups; and the configuration of the groups
ArCRR[err]- and -CH err]Ar[err] about t he doubl e bond is
predonlnately mutual Iy trans, which process conprises reacti

n
4- aryl - 1- br oA SFor $hep Bﬁ?eﬁédc6h$oﬁﬁﬂmﬂév Ph@rsYFuE?%$%¥n¢oﬁ%ula

11 a temperature of abb8tl$o‘c thﬁﬂﬂebﬂ Ar, Rand Rerr] are as
descri bed above with a palladiumcatal yst, and a boroni ¢ aci d havi ng t he

structural formula 1V, a boronic anhydride having the structural fornmula V-
or a borate ester Shavi Mpet peogbsgcittatdiny md alelim 1 wherein

[err] R is hydrogen and Ry is isopropyl or cyclopropyl, or R and
R1 are methyl, or R and Ry are taken together with the
carbon atom to which they are attached to form a
cyclopropyl group:

Ar is phenyl optionally substituted with any combination of
from one to three halogen, Ci-C4alkyl, Ci-Cqghaloalkyl,
C1-Cqalkoxy or Cji-Cghaloalkoxy groups; and

Ar1 is 3-phenoxyphenyl optionally substituted with any

combination of from one to five halogen,
C1-Cgalkyl, C1-Cghaloalkyl, C1-C4alkoxy or
C1-Cq4haloalkoxy groups,

3-biphenyl optionally substituted with any combination
of from one to five halogen, Ci-C4alkyl.
C1-Cghaloalkyl, Ci-Caalkoxy or Ci~-Cghaloalkoxy
groups,

3-benzylphenyl optionally substituted with any
combination of from one to five halogen,
C1-Cg4alkyl, Ci1-Cghaloalkyl, C1-C4alkoxy or
C1-Cg4haloalkoxy groups, or

3-benzoylphenyl optionally substituted with any
combination of from one to five halogen,
C1-C4alkyl, C1-Cghalcalkyl, Ci-C4alkoxy or
C1-C4haloalkoxy groups.

10. The process according to claim 9 wherein
R and R] are methyl, or R and R} are taken together with

the carbon atom to which they are attached to form a
cyclopropyl group;

AR



-24- [err] wherein Rerr] is

Gerr]-Cerr]alkyl and Ar[err] is as described above. 12 T
process according to claim 11 wherein the palIadiun1cata|Q§ﬂ§ﬁzgﬁﬂﬁ§§§aﬁﬁT
fromthe group consisting of bis(dibenzylideneacetone) pal arlun(O),

11 AUG 1997

-22-

Ar is phenyl optionally substituted with any combination of
from one to three halogen, C1-C4alkyl, C1-Cghaloalkyl,
C1-Cqalkoxy or Cy-Cghaloalkoxy groups; and

Ar1 is 3-phenoxyphenyl optionally substituted with any

’ combination of from one to five halogen, C1-Cgalkyl, -
C1-Cg¢haloalkyl, C1-C4alkoxy or C1-Cghaloalkoxy groups.

11. A process for the preparation of a fluorocolefin
compound having the structural formula I

wherein

R is hydrogen or C1-Cgalkyl, and

R} is C1-C4alkyl or cyclopropyl, or R and R] are taken

together with the carbon atom to which they are
attached to form a cyclopropyl group;

Ar is phenyl optionally substituted with any combination of
from one to three halogen, C1-Cgalkyl,
C1-Cghaloalkyl, C3-Cqalkoxy or Ci-Cghaloalkoxy
groups, or

1- or 2-naphthyl optionally substituted with any
combination of from one to three halogen,
C1-C4alkyl, C1-Cghaloalkyl, C1-Cqalkoxy or
C1-Cqhaloalkoxy groups; |

Ar1 is phenoxyphenyl optionally substituted with any
combination of from one to fiwve halogen,
C1-C4alkyl, C1-Cghaloalkyl, Ci1-C4alkoxy or
C1-C4haloalkoxy groups,

OO o




tetraki s(tri phenyl phosphi ne) pal | adi un{0), bls(acetonltrlIe)palladlun(ll)
chloride, bis(triphenyl phosphine)palladiun(ll) chloride,
bi s(di phenyl phosphi ne) but ane] pal | adi un(11) di chl ori de, REBiAéﬁkﬁﬁﬁTShEET
[ 1, 1' - bi s(di phenyl phosphi no) ferrocene] pal | adi un(11) di agetjate,

pal l adiun(l1) acetate, palladiun(ll) chloride and pallaclunvpmggﬁgﬁ%@te
carbon and m xtures thereof; and the base is selected frioim the group
consi sting of an al kal i met al carbonate, an al kal i ne eant h~retateat tie,
an al kali netal hydrogen carbonate, an al kali netal hydhioxide, an al kaline
earth nmetal hydroxide, an alkali nmetal G2x+]-Cerr]al koXiae;,Thatrtiomtty
carbonate, a thallium(l) Cerr]-Cerr]al koxide, thalliuml) hydroxide and a
tri(CJerr]-Clerr]al kyl)am ne and m xtures thereof.

- 25- 13. The process according to claim 12 wherein the pall adi um

catal yst is bis(dieSAYldartdennday) pabsaiurac0 VY ishd 2o CARRANAEIGR al kal i

met al car bonat e. of from one to five halogen, C1-C4alkyl,
C1-Cghaloalkyl, Ci-Cgalkoxy or C1~C4hg}oalkoxy_
groups,

benzylphenyl optionally substituted with any
combination of from one to five halogen,
C1-C4alkyl, C1-Cghaloalkyl, Ci1-Cgalkoxy or
Ci1-C4haloalkoxy groups, or
benzoylphenyl optionally substituted with any
combination of from one to fiwve halogen,
C1~-Cgalkyl, Ci1-Cghaloalkyl, Ci-Cqalkoxy or
C1-Cg4haloalkoxy groups; and
the configuration of the groups ArCRRj- and -CH2Ar] about
| the double bond is predominately mutually trans,
which process comprises reacting a 4-aryl-l-brome-2-fluoro-
2-butene compound having the structural formula IIXI

R R F
X)\ :
Ar CHz_BI
m

" wherein Ar, R and R} are as described above with a
palladium catalyst, and a boronic acid having the
structural formula IV, a boronic anhydride having the
structural formula V or a borate ester having the
structural formula VI |

(HO);B-Ar;

v

D



14. A process according to any one of clains 11 to 13, wherein the reaction
I.s carried out at a tenperature of about 50[err]C to 130[err]Cin the
presence of a sol vent. 15. The process according to claim 14 wherein
the solvent is selected fromthe group consisting of an aromati
hydr ocar bon, a hal ogenated aromati ¢ hydrocarbon, a carboxylp PR@U
glycol, a d-C4al cohol, a ketone and an ether and m xtures -

m xtures with water. 16. A process according to any jone of qh?wﬁﬁ 1
to 15, which conprises reacting the conpo§Pd-having f or mul III*(%& out
0.001 to 0.1 nol ar equival ent of palladi O Eatalyst at | eastl abo
equi val ents of the base, and the conpound having fornula I
17. A process as claimed in any one of clains 11 to 16 wher LLLiL~4%1ﬂTT’"““

Ar and Ar[err] are as defined in claim9.,. 18. The process according
to claim17 wherein R Rerr], A and Ar[ r] are as defined in claim210.
19. A process for naking a conpound haV|9g formula I'll as illustrated in
claiml1l wherein Ar, Rand Rerr] are as) TQned inclaiml, and the
configuration of the groups Ar CRR-err] -} CH[err]Br about the double
bond bei ng predom nately nutual ly tra#asT™ rocess conprises reacting a

4-aryl -2-fl uoro-2-butene-1-ol conpSﬁhd haV|ng structural fornula Il -

W)

(R;0),B-Ar,
(VD

wherein R2 is C1-Cgalkyl and Arj is as described above.

12. The proéess according to claim 11 wherein

the palladium datalyst is selected from the group
consisting of bis(dibenzylideneacetone}palladium(0),
tetrakis (triphenylphosphine)palladium{0),
bis{acetonitrile)palladium(II} chloride,
bis(triphenylphosphine)palladium(;:) chloride, [1,4-

- bis(diphenylphosphine)butanelpalladium(II)} dichloride,
(1.1’-bis{diphenylphosphino) ferrocenelpalladium(II)

.-diacetate, palladium(II) acetate, palladium(II) chloride
and palladium on activated carbon and mixtures thereof; and
the base is selected from the group consisting of '
an alkali metal carbonate, an alkaline earth metal
carbonate, an alkali metal.hydrogen carbonate, an alkali
metal hydroxide, an alkaline earth metal hydroxide, an
alkali metal Ci-Cgalkoxide, thallium(I) carbonate, a
thallium(I) Ci-Cgalkoxide, thallium(I) hydroxide and a
tri{C1-Cqalkyl)amine and mixtures thereof.

o



- 26- [err] wherein R Rlerr] and Ar are as
defi ned above with a brom nating agent. 20. A process as clained in
claim19 wherein the brom nating agent is selected fromthe group
consisting of a brom ne-triphenyl phosphine conpl ex, phospho '
t hi onyl brom de, HBr, and m xtures thereof. 21. A proces
in claim19 or 20 carried

-25-

13. The process according to claim 12 wherein the
palladium catalyst is bis(dibenzylideneacetone)palladium(0)
and the base is an alkali metal carbonate.

14. A process according to any one of claims 11 to
13, wherein the reaction is carried out at a temperature of
about 50°C to 130°C in the presence of a solvent.

15. The procesé according to claim 14 wherein the
solvent is selected from the group consisting of an
aromatic hydrocarbon, a halogenated aromatic hydrocarbon, a
carboxylic acid amide, a glycol, a C1-C4alcohol, a ketone
and an ether and mixtures thereof and mixtures with water.

16. A process according to any one of claims 11l to
15, which comprises reacting the compound having formula
III with about 0.001 to 0.1 molar equivalent of palladium
catalyst, at least about 2 molar equlvalents of the base,
and the compound having formula IV, V or VI.

17. A process as claimed in any one of claims 11 to
16 wherein R, Ri, Ar and Ari are as defined in claim 9.

18. The process according to claim 17 wherein R, Ry,
Ar and Arj are as defined in claim 10.

19. A process for making a compound having formula
ITI as illustrated in claim 1 wherein Ar, R and Ri are as
defined in claim 1, and the configuration of the groups
ArCRR]1- and -CH2Br about the double bond being
predominately mutually trans; which process comprises
reacting a 4-aryl-2-fluoro-2-butene-1-ol compound having
structural formula I

AR



out in a solvent at a tenperature of about 50-130C. 22. A process_as
claimed in claim1l, carried out substantially as descri e T

reference to any one of the Exanples herein. - 23. A

claimed in claim211l, carried out substantially as descrlue."

reference to Exanple 2 or 4 herein. 24. A process @ cha;geﬁ‘ﬂﬁ7claim
19, carried out substantially as described with referencg 3

her ei n. 25. A conpound having the fornula | whenevér
process as clainmed in any one of clains 1 to 18, 22 and 3.
-27- -26-
R R T
;>é\§7L\
b Ar - CHon
D

wherein R,R; and Ar are as defined above with a brominating

agent.

20. A process as claimed in claim 19 wherein the
brominating agent is selected from the group consisting of
a bromine-triphenyl phosphine complex, phosphorus
tribromide, thionyl bromide, HBr, and mixtures thereof.

21. A process as claimed in claim 19 or 20 carried
out in a solvent at a temperature of about 50-130°C.

22. A process as claimed in claim 1, carried out
substantially as described herein with reference to any one
of the Examples herein.

_ 23. A process as claimed in claim 11, carried out
' substantially as described herein with reference to Example
2 or 4 herein.

24. A process as claimed in claim 19, carried out
substantially as described with reference to Example 1 o:_3
herein.

25. A compound having the formula I whenever
prepared by a process as claimed in any one of claims 1 to
18, 22 and 23.

R



26." A conpound having the forrmula 111, whenever prepared by a process as

claimed in any one of clains 19 to 21 and 24. 27. A conpound havi ng
the formula Ill as illustrated in claim1 where Ar, R and R TASLITT
defined in claim1; the configuration of the groups ArCRRj€ %Atg@ﬁﬁl SHEET

CH err] Br about the double bond being predoninately nutualfy trans.
28. A conpound as clained in claim?27 wherein R R err] gnd Ar T AUS BT

defined in claim?9. 29. A conpound as clained in cldim28, wherein R
Rlerr] and Ar are as defined in claim10. 30. The dompound accordi ng
to claim27 selected fromthe group consp$ting of

1- (p-chl orophenyl)-1-(3- brono-2-fl uor opropenyl ) cycl opr opane, (2)-; and
1- br ono- 4- (p- chl or ophenyl ) - 2- f | uor o- 4- net hyl - 2- pent ene, (2)-.

26. A compound having the formula III, whenever
prepared by a process as claimed in any one of claims 19 to
21 and 24.

27. " A compound having the formula III as illustrated
in claim 1 where Ar, R and Ri are as defined in claim 1;
the configuration of the groups ArCRR1- and CH2Br about the

double bond being predominately mutually trans.

28. A compound as claimed in claim 27 wherein R, Ri

and Ar are as defined in claim 9.

29. A compound as claimed in claim 28, wherein R, R1
- and Ar are as defined in claim 10.

30. The compound according to claim 27 selected from
the group consisting of _
1~ (p-chlorophenyl) -1-(3-bromo-2-£fluoropropenyl)cyclopropane,

{Z)-; and
1-bromo-4-(p-chlorophenyl} -2-fluoro~-4-methyl-2-pentene,
(Z)-.

-
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A process and intermediate compounds for the

preparation of fluorocolefin compounds which are useful as
pesticidal agents.



