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DESCRIPTION

[0001] This invention relates to novel process for the preparation of 2-cyanopyridines, which compounds are useful as
intermediates for the production of pesticides.

[0002] There have been a number of procedures published for introducing a cyano group at the 2-position of a pyridine moiety.
These typically involve substitution of a halogen, in particular bromine or fluorine, in a polar solvent, e.g. dimethyl sulphoxide or
dimethylformamide. In addition, there are numerous methods starting from the activated pyridine N-oxide or N-alkylpyridine. Many
of these cyanation routes use heavy metal reagents, containing copper or nickel. For example, EP0034917 discloses the
preparation of 2-cyano-3-chloro-5-trifluoromethylpyridine from the 2-bromo analogue by reaction with cuprous cyanide in
dimethylformamide at 120°C.

[0003] However, many of these prior art processes suffer from one or more drawbacks, including poor yields, use of heavy
metals which produce toxic effluents, or polar solvents which are difficult to recover. Further, methods which involve formation of
the pyridine N-oxide or N-alkylpyridine involve several steps. These drawbacks are more critical on scale-up to industrial scale.

[0004] International Patent Application WO 01/17970 describes the cyanation of 2-halopyridine compounds with an activating
agent and a cyanide source in a polar solvent and thus avoids many of the above disadvantages. However there still remains with
this procedure the need to recycle the activating agent and the aprotic solvent in order to minimise the costs for an industrial
scale process.

[0005] US 4,851,539 discloses a process for the preparation of 2-cyano-3-chloro-5-trifluoromethylpyridine by cyanation of 2-
fluoro-3-chloro-5-trifluoromethylpyridine using potassium cyanide in dimethyl sulfoxide as a cyanide source.

[0006] WO 92/18487 discloses pyrid-2-yl propenoic acid derivatives or pyrimidinyl propenoic acid derivatives and a process for
their preparation. A process of cyanation by sodium or potassium cyanide in the presence of a trialkylamine and in an organic
solvent is disclosed.

[0007] EP 0034917 discloses 2-cyano-3-halogeno-5-trifluoromethylpyridine compounds and a process for their production. A
cyanation process in 2-position of a pyridine is disclosed in that document. The cyanation of a 2-bromo-3-halogeno-5-
trifluoromethylpyridine is preferably carried out in a polar solvent.

[0008] We have now developed an alternative and improved process for the preparation of 2-cyanopyridines which is applicable
to industrial scale processes.

[0009] Thus, according to the present invention, there is provided a process for the preparation of a compound of general
formula (ll) general formula (ll):

On o

(I
or a salt thereof,

which comprises treating a compound of general formula (lll):
()

am
or a salt thereof
with a cyanide source chosen as being hydrogen cyanide, an alkali metal cyanide, an alkaline earth metal cyanide or an
optionally substituted ammonium cyanide and a phase transfer catalyst in an aqueous solvent or without solvent, wherein Xis
halogen; each Y, which may be the same or different, is halogen, haloalkyl, alkoxycarbonyl or alkylsulphonyl; nis 0 to 3.

[0010] In this invention halogen means a fluorine, chlorine or bromine atom. The preferred halogen atom is chlorine.

[0011] Haloalkyl typically means a C1 to Cg alkyl moiety substituted by one or more halogen atoms. For example the Cq to Cg
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alkyl moiety may be methyl, ethyl, n-propyl or i-propyl, preferably methyl. The C4 to Cg alkyl moiety is preferably substituted by
one or more chlorine or fluorine atoms. A more preferred haloalkyl group is trifluoromethyl.

[0012] An alkoxycarbonyl group is typically Cq to Cg alkoxycarbonyl such as methoxycarbonyl, ethoxycarbonyl, n-
propoxycarbonyl or i-propoxycarbonyl.

[0013] An alkylsulphonyl group is typically C1 to Cg alkylsulphonyl in which the C1 to Cg moiety is as defined above.
[0014] Preferably Xis chlorine.

[0015] Preferably Y is halogen or haloalkyl (more preferably trifluoromethyl).

[0016] Compound (lll) is preferably 3-chloro-2-fluoro-5-trifluoromethylpyridine.

[0017] The catalyst is generally a phase transfer catalyst such as a tetraalkyl ammonium salt such as benzyl trimethylammonium
chloride, tricaprylylmethylammonium chloride, tetramethylammonium chloride, tetra-n-propylammonium bromide, n-dodecyl
trimethylammonium chloride, tetra-n-butylammonium chloride, tetra-n-butylammonium bromide, tetra-n-octylammonium bromide or
n-tetradecyl trimethylammonium bromide; or a tetraalkyl phosphonium salt such as tetra-n-butylphosphonium bromide or
tetraphenylphosphonium bromide; or a crown ether or acyclic analogue thereof such as TDA-1 (tris[2-(2-
methoxyethoxy)ethyl]Jamine); or an amine such as 4-dimethylaminopyridine.

[0018] Preferably the catalyst is selected from tricaprylylmethylammonium chloride and tetra-n-octylammonium bromide.

[0019] The amount of catalyst used is generally from about 0.01 to 10 mol %, preferably from about 0.1 to 5 mol %, more
preferably from about 1 to 5 mol %.

[0020] The above process of the invention is a high yielding process for the preparation of 2-cyanopyridines, which is simple to
perform and operates at moderate temperatures and does not suffer from the drawbacks of many prior art processes. In
particular the process of the invention does not require heavy metal cyanides such as copper or nickel cyanide, which, when used
on an industrial scale, produce toxic effluent streams and are difficult to recover. The process of the invention produces waste
streams, which are readily treatable.

[0021] In addition, the process does not require the preparation of activated pyridine N-oxide or N-alkylpyridine for high
conversions, which is a requisite for many of the prior art processes. The process of the invention does not require an activating
agent such as 4-dimethylaminopyridine and hence avoids additional recovery and recycling steps. A further advantage of the
process of the invention is that organic solvents are not used in the reaction, thus avoiding the need to recycle expensive
solvents such as dimethyl sulphoxide.

[0022] The cyanide source is preferably sodium cyanide or potassium cyanide, preferably potassium cyanide. The amount of
cyanide source used is generally from about 1.0 to about 2.0 molar equivalents (however more may be used if desired),
preferably from 1.0 to 1.5 molar equivalents, more preferably from 1.0 to 1.1 molar equivalents.

[0023] The reaction is generally and preferably performed using water as solvent, however it may also be carried out in the
absence of solvent.

[0024] The reaction conditions typically comprise combining all reactants in a suitable reaction vessel and stirring at a
temperature of from 10 to 60°C, preferably from 20 to 40°C.

[0025] The present invention thus provides a high yielding process for the preparation of 2-cyanopyridines. Since the reaction
uses moderate reaction temperatures, simple and inexpensive reactors and downstream processing equipment is all that is
required. Furthermore, since the reactants are readily available, the process is inexpensive to operate. In addition, the present
process produces waste streams that are readily treatable.

[0026] The present invention is further illustrated by the following preparative examples:

Example 1
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[0027] A solution of potassium cyanide (71.6g) in water (215g) was added during 1 hour to a stirred mixture of 3-chloro-2-fluoro-
5-trifluoromethylpyridine (199.5g) and Aliquat 336 (tricaprylylmethylammonium chloride, 12.1g) at 30°C. Stirring was maintained at
this temperature for 4 hours at which time the amount of starting fluoride was less than 1% by hplc. The lower organic phase was
separated and washed with aqueous sodium chloride solution and distilled to give 3-chloro-2-cyano-5-trifluoromethylpyridine
(185.89, 90% yield) bp 90°C at 15mbar. The purity of this product was 98%.

Example 2

[0028] Solid sodium cyanide (0.29g) was added to a stirred mixture of 3-chloro-2-fluoro-5-trifluoromethylpyridine (0.8g) and
tetrabutylammonium bromide (0.06g) at 20-25°C, and stirred for 23 hours to give 3-chloro-2-cyano-5-trifluoromethylpyridine
(0.68g, 82% yield by hplc).
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Patentkrav

1. Fremgangsmade til fremstillling af en forbindelse med

generel formel (II)

(D

eller et salt deraf,
hvilken fremgangsmade omfatter behandling af en forbindelse

med generel formel (III):

(I

eller et salt deraf

med en cyanidkilde, der er udvalgt blandt hydrogencyanid, et
alkalimetalcyanid, et jordalkalimetalcyanid eller et eventuelt
substitueret ammoniumcyanid; og en faseoverfgrselskatalysator;
i et vandigt oplgsningsmiddel eller uden oplegsningsmiddel,

hvor X er halogen; hvert Y, som kan vare ens eller
forskellige, er halogen, haloalkyl, alkoxycarbonyl eller
alkylsulfonyl; n er 0 til 3.

2. Fremgangsmade ifglge krav 1, hvor X er chlor.

3. Fremgangsmade 1ifglge krav 1 eller 2, hvor Y er halogen
eller haloalkyl.

4, Fremgangsmade ifglge krav 3, hvor Y er trifluormethyl.

5. Fremgangsmade ifglge krav 4, hvor forbindelsen med formel

(ITI) er 3-chlor-2-fluor-5-trifluormethylpyridin.

6. Fremgangsmade 1ifglge et hvilket som helst af kravene 1
til 5, hvor katalysatoren er et tetraalkylammoniumsalt eller

et tetrraalkylphosphoniumsalt.
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7. Fremgangsmade ifglge krav 6, hvor katalysatoren er
udvalgt blandt tricaprylylmethylammoniumchlorid og tetra-n-

octylammoniumbromid.

8. Fremgangsmade ifglge et hvilket som helst af kravene 1
til 7, hvor den anvendte mengde af katalysator er fra 0,01 til
10 mol-%.

9. Fremgangsmade ifglge et hvilket som helst af kravene 1

til 8, hvor cyanidkilden er kaliumcyanid.

10. Fremgangsmade ifglge et hvilket som helst af kravene 1
til 9, hvor den anvendte mengde af cyanidkilde er fra 1,0 til

2,0 molekvivalenter.

11. Fremgangsmade ifglge et hvilket som helst af kravene 1

til 10, hvor oplgsningsmidlet er vand.

12. Fremgangsmade ifglge et hvilket som helst af kravene 1
til 11, hvor temperaturen er fra 10 til 60 °C.
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