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X (57) Abstract: The presentinvention provides a process [or the production of intermediate compounds
ol formula (I). wherein the substituents are as defined herein. The process comprises reacting a subsli-

(Ry)

tuted aniline with agueous [1X, lollowed by removal of waler by azeolropic distillation and diazotiza-
on and pyrolysis with an organic nitrite al elevated lemperatures in the absence ol a copper calalysl.
Altlernatively, gaseous HX can be used 1o substitute aqueous HX in the process. Consequently, a step

0 ol waler removal by azeotropic distillation can be eliminated. The intermediate compounds of formula
Lare suilable as intermediales in the preparation ol herbicidally active 3-hydroxy-4-uryl-5- oxopyrazo-

Tine derivatives.
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Process for the Preparation of Intermediates

The present invention relates to an improved process for the preparation of substituted
benzene- derivatives useful as intermediates in the production of herbicidally active
substituted 3-hydroxy-4-aryl-5-oxopyrazoline derivatives.

3-Hydroxy-4-aryl-5-oxopyrazolines having herbicidal action and the preparation thereof are
described, for example, in WO 82/16510, EP-A-0 508 126, WO 95/01971, WO 96/216852,
WO 96/25395, WO 97/02243 and in WO 99/47525, the contents of which are all

incorporated by reference.

It has now been discovered that substituted benzene derivatives, key intermediates in the
process for preparing herbicidally active substituted 3-hydroxy-4-aryl-5-oxopyrazoline
derivatives, can be prepared in high yield with a considerable cost advantage over known

processes.

The present invention accordingly refates to preparation of a compound of formula |

R, R,
@ Foly o,

wherein

Ro is, each independently of any other, halogen, C-Csalkyl, Co-Cealkenyl, Co-Cgalkynyl,
Ci-Cghaloalkyl, cyano-C;-Gsalkyl, Co-Cshaloalkenyl, cyano-Co-Cealkenyl, C.-Cghaloalkynyl,
cyano-C,-Cgalkynyl, hydroxy, hydroxy-Ci-Csalkyl, C1-Cealkoxy, nitro, amino, C+-
Cealkylamino, di(C+-Cgalkyl)amino, Cs-Cyalkylcarbonylamino, Ci-Caalkylsulfonylamino, Cy-
Cealkylaminosulfonyl, C,-Cealkylcatbonyl, C,-Cealkylcarbonyl-C4-Cgalkyl, Cy-Ce-
alkoxycarbonyl-C;-Cealkyl, C-Cealkylcarbonyl-Cq-Cealkenyl, Ci-Cealkoxycarbonyl, Cy-
Cealkoxycarbonyl-C,-Cgalkenyl, Ci-Csalkylcarbonyl-Co-Csalkynyl, Cy-Cealkoxycarbonyl-Co-
Csalkynyl, cyano, carboxyl, phenyl or an aromatic ring that contains 1 or 2 hetero atoms
selected from the group consisting of nitrogen, oxygen and sulfur, wherein the latter two
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aromatic rings may be substituted by C4-Caalkyl, C4-Cshaloalkyl, C-Caalkoxy, C+-
Cshaloalkoxy, halogen, cyano or by nitro; or

Ro, together with the adjacent substituents Ry, R, and Rs, forms a saturated or unsaturated
Cs-Cshydrocarbon bridge that may be interrupted by 1 or 2 hetero atoms selected from the
group consisting of nitrogen, oxygen and sulfur and/or substituted by C-C.,alkyl;

R1, Rz and Rs are, each independently of the others, hydrogen, halogen, Cy-Cealkyl, Co-Ce-
alkenyl, C>-Gealkynyl, C3-Cecycloalkyl, Ci-Cghaloalkyl, C,-Cshaloalkenyl, C,-Csalkoxy-
carbonyl-Ca-Calkenyl, Ci-Cgalkylcarbonyl-C,-Cgalkenyl, cyano-C,-Cgalkenyl, nitro-Co-Ce-
alkenyl, Co-Cshaloalkynyl, C-Cgalkoxycarbonyl-Co-Cealkynyl, C;-Csalkylcarbonyl-Ca-Cg-
alkynyl, cyano-C.-Cealkynyl, nitro-C,-Cgalkynyl, Ca-Cghalocycloalkyl, hydroxy-Cq-Csalkyl,
C4-Cealkoxy-C-Cgalkyl, Ci-Csalkylthio-C;-Cealkyl, cyano, C4-Cyalkylcarbonyl, Cy-Cg-
alkoxycarbonyl, hydroxy, G;-Ciqalkoxy, Ca-Cealkenyloxy, Ca-Cealkynyloxy, Ci-Cshaloalkoxy,
Cs-Cehaloalkenyloxy, Cy-Cgalkoxy-C -Csalkoxy, mercapto, Ci-Cealkylthio, C1-Cshaloalkylthio,
Ci-Cealkylsulfinyl, Cs-Cgatkylsulfonyl, nitro, amino, C4-Csalkylamino, di(C,-Cealkyl)amino or
phenoxy in which the phenyl ring may be substituted by C+-Csalkyl, C-Cshaloalkyl, C1-Ca-
alkoxy, Ci-Cshaloalkoxy, halogen, cyano or by nitro;

Rz also may be phenyl, naphthyl or a 5- or 6-membered aromatic ring that may contain 1 or
2 hetero atoms selected from the group consisting of nitrogen, oxygen and sulfur, wherein
the phenyl ring, the naphthyl ring system and the 5- or 6-membered aromatic ring may be
substituted by halogen, Cs-Cgcycloalkyl, hydroxy, mercapto, amino, cyano, nitro or by
formyl; and/or

the phenyl ring, the naphthyl ring system and the 5- or 6-membered aroratic ring may be
substituted by C1-Cealkyl, C;-Geatkoxy, hydroxy-Cy-Cealkyl, G4-Cealkoxy-C1-Cgalkyl, C1-Ce-
alkoxy-Cs-Cealkoxy, Ci-Cealkylcarbonyl, Cs-Cealkylthio, C1-Cealkylsulfinyl, Ci-Csalkylsulfonyl,
mono-C1-Cealkylamino, di(C-Cgalkyl)amino, C;-Csalkylcarbonylamino, Cs-Cealkylcarbonyl-
{C+-Cealkyl)amino, Co-Cealkenyl, Cs-Gealkenyloxy, hydroxy-Cs-Csalkenyl, G4-Cealkoxy-Co-Cs-
alkenyl, Cy-Cealkoxy-Cs-Cealkenyloxy, C-Cealkenylcarbonyl, Co-Csalkenylthio, Co-Cealkenyl-
sulfinyl, Co-Cealkenylsulfonyl, mono- or di-(Co-Cgalkenyl)amino, Cy-Cealkyl(Ca-Csalkenyl)-
amino, Co-Cealkenylcarbonylamino, C.-Cealkenylcarbonyl(C4-Cealkyl)amino, Co-Csalkynyl,
Cs-Cealkynyloxy, hydroxy-Cs-Cealkynyl, Ci-Cgalkoxy-Cs-Csalkynyl, Ci-Cealkoxy-C,-Cs-
alkynyloxy, Go-Cealkynylcarbonyl, Co-Cgalkynylthio, C,-Cqalkynylsulfinyl, G-
Cealkynylsulfonyl, mono- or di-(Cs-Ceatkynyl)amino, C+-Cealkyl(Cs-Cealkynyl)amino, Co-
Cealkynylcarbonylamino or by C,-Cgalkynylcarbonyl(C;-Cealkylyamino; and/or
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the phenyl ring, the naphthyl riﬁg system and the 5- or 6-membered aromatic ring may be
substituted by halo-substituted C1-Cqalkyl, Cy-Csalkoxy, hydroxy-Ci-Cealkyl, Ci-Csalkoxy-
C,-Cealiyl, C,-Cealkoxy-Cy-Cealkoxy, Ci-Csalkylcarbonyl, C,-Cgalkylthio, Cy-Cealkylsuifinyl,
GCy-Cealkylsutfonyl, mono-Cy-Csalkylamino, di{Ci-Csalkyl)amino, Ci-Cealkylcarbonylamino,
C,-Csalkylcarbonyl{C,-Csalkyl)amino, C-Cealkenyl, C5-Cealkenyloxy, hydroxy-Cs-Calkenyl,
C-Cialkoxy-Co-Ceaikenyl, C-Cealkoxy-Cy-Cgalkenyloxy, Co-Cealkenyicarbonyi, Cx-Ce-
alkenylthio, C;-Csalkenylsulfinyl, Cz-Csalkenyisutforyl, mono- or di-(Cz-Cealkenyl)amino,
C1-Ce-alkyl(Cs-Cealkenyl)amino, Co-Csalkenylcarbonylamino, G,-Cealkenylcarbonyl(Cy-Cs-
alkyf)amino, Co-Csalkynyl, Cs-Cealkynyloxy, hydroxy-Cs-Csalkynyl, Ci-Csalkoxy-Cs-Cealkynyl,
C,-Cealkoxy-Cy-Csalkynyloxy, CzCaalkynylcatbonyl, Cz-Cealkynylthio, Co-Cealkynylsulfinyt,
C-Cialkynylsulfonyl, mono- or di-(C3-Csalkynyi)amino, C,-Cealkyl(Cs-Csalkynyl)amino,
C»-Cialkynylcarbonylamino or C»-Cealkynylcarbonyl(Cy-Csalkyl)amino; and/or

the phenyl ring, the naphthy! ring system and the 5- or 6-membered aromatic ring may be-
substituted by a radical of formula COORs,, CONRss, SO2NRssRss or SO;0Rss, wherein Rs,
Rs1, Rsz, Rss, Ris and Rys are, each independently of the others, C4-Cgalkyl, C>-Cealkenyl or
C4-Cialkynyl or halo-, hydroxy-, alkoxy-, mercapto-, amino-, cyano-, nitro-, alkylthio-,
alkylsulfinyl- or alkylsulfonyl-substituted Cy-Cgalkyl, Cz-Cealkenyl or Gs-Cealkynyl;

X is halogen; and

nis0,1or2.

In one aspect, the present invention relates to a process for the preparation of a compound

of formula |

wherein
Ry, Rz and R; are, each independently of the others, hydrogen or C,-Cgalkyl;
X is chloro or bromo; and
nisQ;
which comprises
(a) reacting a compound of formula (I}
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NH,

(Ry)

n

an,

with gaseous or aqueous HX in an organic solvent, wherein X is as defined above for
formula (1);
(b) removing water by azeotropic distillation in the case that aqueous HX is used; and
(c) adding an organic nitrite;

wherein the process for the preparation of the compound of formula (1) takes place in the
absence of copper.

In another aspect, the present invention relates to a process for the preparation of a
compound of formula (1), wherein the prepared substituted benzene derivative of formula (1)
is used as an intermediate in the production of a herbicidally active substituted 3-hydroxy-4-
aryl-5-oxopyrazoline derivative, especially wherein the herbicidally active substituted
3-hydroxy-4-aryl-5-oxopyrazoline derivative is as' defined in claim 1 of WO 99/47525, and

wherein R, and R; are ethyl, and R; is methyl.

In a further aspect, the present invention relates to a compound of formula (I} when prepared
by the process according to the present invention.

In another aspect, the present invention relates to a herbicidally active substituted 3-
hydroxy-4-aryl-5-oxopyrazoline derivative when prepared by a process in which the prepared

substituted benzene derivative of formula (I) is used as an intermediate.
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In the above definitions, halogen Is to be understood as fiucrine, chiorine, bromine or
iodine, preferably fiuorine, chiorine or bromine, and most preferably chiorine and bromine.
The alkyl groups occurring in the substituent definitions are, for example, methyl, sthyl,
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl or tert-butyl, and the pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl and dodecyl isomers.

Haloalky! groups preferably have a chain length of from 1 to 6 carbon atoms. HaJoéIkyI Is,
for example, fluoromethyl, difluoromathyi, diflucrochloromethyl, trifluoromethyl,
chloromethyl, dichloromethyl, dichlorofiuoromethyl, trichloromathyl, 2,2,2-trifluoroethyl, 2-
fluoroethy}, 2-chloroethyl, 2,2-difluoroethyl, 2,2-dichlorosthyl, 2,2,2-trichloroethyt or
pentafiuoroethyl, preferably trichloromethyl, difluorochloromethyl, difluoromethyl,
trifluoromethy! or dichlorofluoromethyl.
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Alkoxy groups preferably have a chain length of from 1 to 6 carbon atoms. Alkoxy is, for
example, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-

butoxy, or a pentyloxy or hexyloxy isomer, preferably methoxy, ethoxy or n-propoxy.

Haloalkoxy is, for example, fluoromethoxy, difluoromethoxy, triffluoromethoxy, 2,2,2-trifluoro-

ethoxy, 1,1,2,2-tetrafluoroethoxy, 2-fluoroethoxy, 2-chloroethoxy or 2,2,2-trichloroethoxy.

There may be mentioned as examples of alkenyl radicals vinyl, allyl, methallyl, 1-
methylvinyl, but-2-en-1-yl, pentenyl and 2-hexenyl; preferably alkenyl radicals having a

chain length of from 3 to 6 carbon atoms.

There may be mentioned as examples of alkyny! radicals ethynyl, propargyl, 1-methyl-
propargyl, 3-butynyl, but-2-yn-1-yl, 2-methylbut-3-yn-2-yl, but-3-yn-2-yl, 1-pentynyl, pent-4-
yn-1-yl and 2-hexynyl; preferably alkynyl radicals having a chain length of from 3 t0 6
carbon atoms.

Suitable haloalkeny! radicals include alkenyl groups substituted one or more times by
halogen, halogen being in particular bromine or iodine and especially fluorine or chlorine,
for example 2- and 3-fluoropropenyl, 2- and 3-chioropropenyl, 2- and 3-bromopropenyl, 2,2-
difluoro-1-methylvinyl, 2,3,3-trifluoropropenyl, 3,3,3-trifluoropropenyl, 2,3,3-
trichloropropenyl, 4,4,4-trifluorobut-2-en-1-yl and 4,4,4-richlorobut-2-en-1-yi. Preferred
alkenyl radicals substituted once, twice or three times by halogen are those having a chain
length of from 3 to 6 carbon atoms. The alkeny! groups may be substituted by halogen at
saturated or unsaturated carbon atoms.

Alkoxyalkyl groups have preferably from 1 to 6 carbon atoms. Alkoxyalkyl is, for example,
methoxymethyl, methoxyethyl, ethoxymethyl, ethoxyethyl, n-propoxymethyl, n-prapoxyethyl,
isopropoxymethyl or isopropoxyethyl.

Haloalkoxy is, for example, fluoromethoxy, difluoromethoxy, trifluoromethoxy, 2,2,2-tri-
fluoroethoxy, 1,1,2,2-tetrafluoroethoxy, 2-fluoroethoxy, 2-chloroethoxy or 2,2,2-trichloro-

ethoxy.

Alkenyloxy is, for example, allyloxy, methallyloxy or but-2-en-1-yloxy.
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Suitable haloalkenyloxy groups include alkenyloxy groups substituted one or more times by
halogen, halogen being in particular bromine or iodine and especially fluorine or chlorine,
for example 2- and 3-fluoropropenyloxy, 2- and 3-chloropropenyloxy, 2- and 3-
bromopropenyloxy, 2,3,3-trifluoropropenyloxy, 2,3,3-trichloropropenyloxy, 4,4,4-trifluorobut-
2-en-1-yloxy and 4,4,4-trichlorobut-2-en-1-yloxy.

Alkynyloxy is, for example, propargyloxy or 1-methylpropargyloxy.

Suitable cycloalky! substituents contain from 3 to 8 carbon atoms and are, for example,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl. They may be

substituted one or more times by halogen, preferably fluorine, chlorine or bromine.
Alkylcarbonyl is especially acetyl or propionyl.

Alkoxycarbonyl is, for example, methoxycarbonyl, ethoxycarbonyl, n-propoxycarbonyl,
isopropaxycarbonyl or a butoxycarbonyl, pentyloxycarbonyl or hexyloxycarbonyl isomer,

preferably methoxycarbonyl or ethoxycarbonyl.

Alkyithio groups preferably have a chain length of from 1 to & carbon atoms. Alkylthio is, for
example, methylthio, ethyithio, propyithio, butyithio, pentyithio or hexylthio, or a branched
isomer thereof, but is preferably methylthio or ethylthio.

Haloalkylthio is, for example, 2,2,2-trifluoroethylthio or 2,2,2-trichloroethylthio.

Alkyisulfinyl is, for example, methylsulfinyl, ethylsulfinyl, n-propylsulfinyl, isopropylsulfiny,
n-butylsulfinyl, isobutylsulfinyl, sec-butylsulfinyl or tert-butylsulfinyl, preferably methylsulfinyl
or ethylsulfinyl.

Alkylsulfonyl is, for example, methylsulfonyt, ethylsulfonyl, n-propylsulfonyl,
isopropylsuffonyl, n-butylsutionyl, isobutylsutfonyl, sec-butylsulfonyt or tert-butylsulfonyl,
preferably methylsulfonyt or ethylsuifonyl.
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Alkylamino is, for example, methylamino, ethylamino, n-propylamino, isopropylamino or a
butyl-, pentyl- or hexyl-amine isomer,

Dialkylamino is, for example, dimethylamino, methylethylamino, diethylamino, n-propyl-

methylamino, dibutylamino or diisopropylamino.

Alkylthioalkyl is, for example, methylthiomethyl, methyithioethyl, ethylthiomethyl, ethylthio-
ethyl, n-propylthiomethyl, n-propylthioethyl, isopropylthiomethy! or isopropylthioethyl.

Phenyl and naphthyl in the definition of Rz and phenoxy in the definition of R;, Rz and R;
may be in substituted form, in which case the substituents may, as desired, be in the ortho-,
meta- and/or para-position and, in the case of the naphthyl ring system, in addition in the 5-,

6-, 7- and/or 8-position,

Examples of suitable 5- or 6-membered aromatic rings that contain 1 or 2 hetero atoms
selected from the group consisting of nitrogen, oxygen and sulfur in the definition of Ry and
R, are pyrrolidyl, pyridyl, pyrimidyl, triazinyl, thiazolyl, triazolyl, thiadiazolyl, imidazolyl,
oxazolyl, isoxazolyl, pyrazinyl, furyl, thienyl, pyrazolyl, benzoxazolyl, benzothiazolyl,
quinoxalyl, indolyl and quinolyl. These heteroaromatic radicals may, in addition, be

substituted.

Meanings corresponding to those given hereinbefore can also be ascribed to substituents in
composite definitions, such as, for example, alkoxy-alkoxy, alkyl-sulfonylamino, alky-
aminosulfonyl, phenyl-alkyl, naphthyl-alkyl and heteroaryl-alky!.

In the definitions for alkylcarbonyl and alkoxycarbonyi, the carbon atom of the carbonyl is
not included in the upper and lower limits given for the number of carbons in each particular

case.

Preference is given o compounds of formula | wherein n and X are as defined for formuia I;
Ro is, each independently of any other, halogen, C-Csalkyl, C;-Cshaloalkyl, hydroxy, Cs-
Cealkoxy, nitro, amino, Ci-Cealkylamino, di(C;-Csalkylamino, G4-Cgalkylcarbonylamino, Cq-
Csalkylsulfonylamino, C+-Cealkylaminosulfonyl, C;-Cqalkylcarbonyl, Ci-Cealkoxycarbonyl or
carboxyl; and Ry, Rp and R; are, each independently of the others, hydrogen, halogen,

-10-




WO 2006/084663 PCT/EP2006/001068

C1-Csalkyl, Co-Cealkenyl, C;-Cealkynyl, Cs-Cecycloalkyl, Ci-Cy-haloalkyl, C,-Cshaloalkenyl,
Cz-Cshaloalkynyl, Cs-Cghalocycloalkyl, Gi-Cealkoxy-C-Cgalkyl, Ci-Cealkylthio-Cy-Cealkyl,
cyano, Gy-Cjalkylearbonyl, Ci-Cgalkoxycatbonyl, hydroxy, Ci-Cioalkoxy, Cs-Cealkenyloxy,
Cs-Cealkynyloxy, C;-Cehaloalkoxy, Cs-Cshaloalkenyloxy, C+-Csalkoxy-Ci-Cealkoxy, mercapto,
Ci-Cealkyithio, C1-Cghaloalkylthio, C-Cealkylsuifinyl, C,-Cgalkylsulfonyl, nitro, amino, C-
Gaalkylamino or di(Cy-C,alkyl)amino.

Preference is given also to compounds of formula | wherein Ry, Rz and R; are, each

independently of the others, hydrogen, halogen, Cs-Csalkyl, Ci-Chaloalkyl, C,-Cjalkenyl,
C-Cshaloalkenyl, C-C,alkynyl, Ca-Cscycloalkyl, C4-Caalkylcarbonyl, C;-Cealkoxycarbonyl,
hydroxy, C4-Caalkoxy, Cs- or Cy-alkenyloxy, Ca~ or Cy-alkynyloxy, C-C;haloalkoxy, nitro or

amino,

Preference is given also to compounds of formula | wherein Ry, R; and R; are C1-Cyalkyl

and X is halogen.

Likewise preferred are compounds of formula { wherein n is 0.

Of those, special preference is given to compounds of formula | wherein Ry and R; are
Co-Caalkyl, R is C-Csalkyl, and X is Cl or Br. Especially preferred compounds of formula |
are those wherein R; and R; are ethyl or propyl, R; is methyl or ethyl, and X is chloro or
bromo. Even more espegcially preferred compounds of formuia | are those wherein n is 0,
Ry and Rs are ethyl, R, is methyl, and X is chloro or bromo.

Preparation of substituted benzenes according to formula | by classical Sandmeyer
reactions are known in the art. For example, WO00078712 describes a classical
Sandmeyer reaction for the production of 1-bromo-2,6-diethyl-4-methylbenzene.

It has now been found, surprisingly, that a variation of the classical Sandmeyer reaction,
wherein gaseous or agueous acid is employed in non-aqueous Sandmeyer conditions,
produces 1-halo-2,6-diethyl-4-methylbenzene in greater yields. More particularly, in a
classic Sandmeyer reaction, the diazonium salt is added into a cuprous halide solution,
tending to minimize formation of phenol and hydrocarbon coupling reactions. In most

cases, the reaction takes place at 0-20°C and requires the use of a molar amount of

11-
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cuprous halide to promote the pyrolysis of diazonium salt. In the process of the present
invention, metal halide or onium halide is used in the reaction to provide a source of
additional solubilized halide ion, further minimizing the phenol formation. Additionally, in
case of aqueous acid being employed, water removal by azeotropic distillation helps to
minimize the phenol formation, thus improving vields. The diazonium salt is generated in
situ, i.e., the diazotization and pyrolysis are casried out simultaneously at elevaied

temperatures, and the reaction proceeds without the use of copper.

The present process is distinguished by:

a) use of gaseous or aqueous acid in non-aqueous Sandmeyer reactions;

b) use of metal halide or onium halide in the reaction to provide a source of additional
solubilized halide ion, turther minimizing the phenol formation;

¢) in case that aqueous acid is used, water removal by azeotropic distillation helps to
minimize phenol formation, thus improving yield of the substituted benzene product;

d) in situ formation of the diazonium salt by simultaneous diazotization and pyrolysis at
elevated temperatures;

e) absence of copper reagents necessary for classical Sandmeyer reactions;

f) reduced phenol by-products make it possible to purify the substituted benzene
products by vacuum distillation;

g) ability to recover and recycle process chemicals such as solvent and by-product
alcohol in the process.

The present preparation process is therefore suitable especially for the cost-effective, large-

scale preparation of substituted benzene derivatives of formula {.

The process according to the invention for the preparation of compounds of formula |

comprises reacting a compound of formula il

NH,

(i),

-12-
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wherein Ry, Ry, Rz, Rs and n are as defined for formula |, with aqueous acid in non-aqueous
Sandmeyer reactions in the absence of copper. Water removal by azeotropic distillation
minimizes the phenol formation and therefore improves the yield of the compound of
formula I. Alternatively, gaseous acid can be used to replace aqueous acid in the
reactions. Consequently, a step of water removal by azeotropic distiliation can be

eliminated.
The preparation of compounds of formula 1 is illustrated in the following Reaction Scheme 1.

Reaction Scheme 1

X
NH,

R
R, Ry 1) HX / organic solvent ! ::3‘)
(Ro) — ”n

2) organic nitrite / elevated T

R e

1]
According to Reaction Scheme 1, the compounds of formula | are obtained from the aniline
compounds of formula Il by reacting the aniline compounds of formula Il, in a first reaction
step, with aqueous HX acid in a suitable organic solvent to form the aniline » HX salt,
followed by water removal via azeotropic distillation. Alternatively, anhydrous aniline « HX
salt can be formed directly by the reaction of aniline compound of formula Il and gaseous
HX acid in a suitable organic solvent. The first step of the process of the present invention
may include the addition of a suitable metal halide or onium halides (PTC), to further
improve the yield. In the second step of the process of the present invention, addition of an
organic nitrite forms the diazonium salt in situ by simultaneously carrying out the
diazotization and pyrolysis steps at elevated temperature ranges. Unlike classical
Sandmeyer reactions, the process of the present invention proceeds in the absence of
copper and produces compounds of formula | in high yield.

Examples of suitable organic solvents for the reaction of compounds of formula Il with

gaseous or aqueous HX (Step 1 in Reaction Scheme 1) include, for example and not for

limitation, dibromomethane, 1,2-dibromoethane, 1,2-dichloroethane, dodecane, heptane,
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methylcyclohexane, toluene, xylene, chlorobenzene, dichlorobenzene, and mesitylene, o-

Dichlorobenzene is a preferred organic solvent.

Examples of suitable metal halides or onium halides useful in Step 1 in Reaction Scheme 1
include, but are not limited to, sodium bromide, potassium bromide, sodium chioride,
tetrabutylammonium bromide, tetrabutylphosphonium bromide, and

methylributylammonium chloride.

Examples of suitable organic nitrites useful in Step 2 in Reaction Scheme 1 include, but are
not limited to, alkyl nitrites, such as isoamy! nitrite, n-pentyl nitrite, n-butyl nitrite, and t-butyl

nitrite.

Reaction conditions proceed at elevated temperatures. In Step 1 of Reaction Scheme 1,
the formation of the aniline » HX salt is carried out at reaction temperatures of about 40° to
about 55°C, and the reaction thereof with the organic nitrite in the absence of copper or
copper reagents (Step 2 in Reaction Scheme 1) is carried out at reaction temperatures of
from about 50° to about 55°C. Temperatures during the azeotropic distillation step in Step
1 may reach up to 110°C, preferably about 100°C.

If the starting materials empioyed are not enantiomerically pure, the compounds of formufa |
obtained in the abave-described process are generally in the form of racemates or
diastereoisomeric mixtures which, if desired, can be separated on the basis of their physico-
chemical propetties according to known methods, such as, for example, fractional crystallis-
ation following salt formation with optically pure bases, acids or metal complexes, or by
chromatographic procedures, such as, for example, high-pressure liquid chromatography
(HPLC) on acetyl cellulose.

Depending on the substituents Rq to Rs, the compounds of formula | may be in the form of
geometric and/or optical isomers and isomeric mixtures (atropisomers) or as tautomers and

tautomeric mixtures.

The Examples that follow further ililusirate the invention without limiting it.
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Preparation Examples:

Example P1: Preparation of 1-bromo-2,6-diethyl-4-methylbromobenzene with gaseous
hydrogen bromide

Gaseous hydrogen bromide (1.05 equiv.) is fed into a mixture of 2,6-diethyl-4-methylanifine
(1.00 equiv.) and sodium bromide (0.10 equiv.) in o-dichlorobenzene. The resulting salt
suspension is cooled to 50°C. lsoamyl nitrite (1.05 equiv.) and additional gaseous
hydrogen bromide (0.3 equiv.) are fed subsurface simultaneously at 50-55° C over a 2-hour
period to afford 1-bromo-2,6-diethyl-4-methylbenzene as a yeliow to light brown solution.
The reaction mass is neutralized with 25% caustic solution (ca. 0.3 equiv.). The bottom
aqueous phase is separated off. Isoamyl alcohol and o-dichlorobenzene are sequentially
stripped off to produce the crude 2,6-diethyl-4-methylbromobenzene material with an assay
of 90% and an isolated yield of 87-90%. The product can be further purified by vacuum
distillation at 95°C/5mmHg to give an assay of 97-99%.

Example P2: Preparation of 1-bromo-2.6-diethyl-4-methybenzene with agueous
hydrobromic acid

48% aqueous hydrobromic acid (1.05 equiv.) is fed into a mixture of diethyimethylaniline
(1.00 equiv.) and sodium bromide (0.10 equiv.) in o-dichlorobenzene. Water is then
azeotroped off under vacuum. The resulting salt suspension is cooled to 50°C. n-Pentyl
nitrite (1.05 equiv.) is fed subsurface at 50-55°C over 2-hour period to afford 1-bromo-2,6-
diethyl-4-methylbenzene as a yellow to light brown solution. The botiom aqueous phase is
separated off. The organic phase is washed with 10% sodium carbonate solution (0.15
equiv.). n-Pentanol and o-dichlorobenzene are sequentially stripped off to produce the
crude 1-bromo-z,6~diethyl-4-methylbenzehe material with an assay of 90% and an isolated
yield of 83-85%. The product can be further purified by vacuum distillation at 95°C/5 mmHg
to give an assay of 97-99%.
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" Example P3; Preparation of 1-chloro-2,6-diethyl-4-methylbenzene with gaseous hydrogen

chloride

Gasaous hydrogen chloride (1.05 equiv.) is fed into a solution of 2,6-diethyl-4-methylaniline
(1.00 equiv.) in o-dichlorobenzene, allowing the pot temperature to rise to 70°C. The
resulting salt suspension is cooled to 45°C. Isoamy! nitrite (1.05 equiv.) and additional
gaseous hydrogen chloride (0.50 equiv.) are fed subsurface simultaneously at 45-50°C over
a 2-hour period to afford 1-chloro-2,6-diethyl-4-methylbenzene in 90-93% yield. 20%
sodium hydroxide (0.50 equiv.) is added to adjust the pH to 10-12. The bottom aqueous
phase is separated off. Isoamy} alcoho! and o-dichlorobenzene are stripped off to produce
the crude 1-chloro-2,6-diethyl-4-methylbenzene matsrial. The product can be further
purified by vacuum distillation at 85°C/5 mmHg to give an assay of 97-98%.

Example P4: Preparation of 1-chloro-2.8-diethyl-4-methylbenzene with aqueous hydrogen’
chloride :

37% aqueous hydrochloric acid can be used to replace gaseous hydrogen chloride in the
process of example P3. An additional step of azeotroplic distillation is nesded to remove
water after 2,5-diethyl-4-methylaniline « HC! salt formation. A drying agent such as CaCl, or
CaS04ls optionally added in the diazotization step to achieve good yield.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will be

understood to imply the inclusion of a stated integer or step or group of integers or steps but

not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it), or
to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived from it)
or known matter forms part of the common general knowledge in the field of endeavour to

which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS.

1. A process for the preparation of a compound of formula |

X
R! R3
@ Rl 0}
R2

wherein
R1, Rz and R; are, each independently of the others, hydrogen or C,-Cealkyl;
X is chloro or bromo; and
nis0;
which comprises
(a) reacting a compound of formula (I1)

NH,

(I,

with gaseous or aqueous HX in an organic solvent, wherein X is as defined above for
formula (1);
(b) removing water by azeotropic distillation in the case that aqueous HX is used; and

(c) adding an organic nitrite;

wherein the process for the preparation of the compound of formula (l) takes place in the
absence of copper.

2. The process according to claim 1, wherein R,, R; and R; are independently C,-Cg alky!
andnis 0.
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3. The process according to claim 2, wherein R, and R; are ethyl, and R; is methyl.

4. The process according to claim 3, wherein the organic solvent is selected from the group

consisting of dibromomethane, 1,2-dibromoethane, 1,2-dichloroethane, dodecane, heptane,

methylcyclohexane, toluene, o-xylene, chlorobenzene, o-dichlorobenzene, and mesitylene.

5. The process according to claim 3, wherein the organic nitrite is selected from the group
consisting of isoamyl nitrite, n-pentyl nitrite, n-butyl nitrite, and t-butyl nitrite.

6. The process according to claim 3, wherein step (a) further comprises adding a metal

halide or onium halide, wherein halide is X and is as defined for formula (1).

7. The process according to claim 3, wherein the azeotropic distillation of step (b) takes

place at a temperature between 50-110°C.

8. The process according to claim 3, wherein the temperature of step (¢) is between
40-100°C.

9. The process according to claim 3, further comprising removing water by-product and
residual acid by neutralization with an inorganic base and phase separation.

10. The process according to claim 9, further comprising distilling off and recycling of by-
product alcohol and organic solvent.

11. The process according to claim 10, further comprising purifying the compound of
formula (1) formed by the process by vacuum distillation.

12. The process according to claim 3 to produce a compound of formula (1) wherein X is
bromo, which comprises
(a) reacting a compound of formula Il
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NH,

Ry
o (I,

wherein nis 0, Ry and R; are ethyl, and R; is methyl, with gaseous or agueous HBr in o-
dichlorobenzene;

(b) removing water by azeotropic distillation at a vacuum pressure until the
temperature reaches about 100°C in the case that aqueous HBr is employed; and

(c) adding n-pentyl nitrite at a temperature of about 45-55°C, wherein the process
takes place in the absence of copper;

{(d) removing water by-product and residual acid by neutralization with an inorganic
base selected from sodium hydroxide and sodium carbonate, followed by phase separation;
and

(e) purifying the compound of formula (I) by vacuum distillation.

13. The process according to claim 12, wherein sodium bromide is added to the reaction in

step (a).

14. The process according to claim 3, to produce a compound of formula (1) wherein X is
chloro, which comprises

(a) reacting a compound of formula ||

NH,

(.

wherein n is 0, Ry and R, are ethyl, and R; is methyl, with gaseous or aqueous HCl in o-
dichlorobenzene;
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{(b) removing water by azeotropic distillation at a vacuum pressure until the
temperature reaches about 100°C in the case that aqueous HCl is employed; and

(c) adding isoamyl nitrite at a temperature of about 44-50°C, wherein the process
takes place in the absence of copper;

(d) removing water by-product and residual acid by neutralization with an inorganic
base selected from sodium hydroxide and sodium carbonate, followed by phase separation,
and

(f) purifying the compound of formula (I) by vacuum distillation.

15. The process according to claim 14, wherein sodium chioride is added to the reaction in

step (a).

16. The process according to any one of claims 3 to 15, wherein the prepared substituted
benzene derivative of formula (I) is used as an intermediate in the production of a

herbicidally active substituted 3-hydroxy-4-aryl-5-oxopyrazoline derivative.

17. The process according to claim 16, wherein the herbicidally active substituted
3-hydroxy-4-aryl-6-oxopyrazoline derivative is as defined in claim 1 of WO 998/47525, and
wherein Ry and R; are ethyl, and R; is methyl.

18. A compound of formula (I) when prepared by the process according to any one of
claims 1to 15.

19. A herbicidally active substituted 3-hydroxy-4-aryl-5-oxopyrazoline derivative when
prepared by the process according to claim 16 or 17.

20. The process according to claim 1, or the compound according to claim 18,

substantially as hereinbefore described with reference to any one of the examples.
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