WO 02/ 16322 PCT/ EP01/10984 -1 NOVEL PROCESS 5 [0001] This invention
relates to novel processes for the preparation of 2- am nonethyl pyridi nes
(parti culved byi1e2am nonmet hyl -3 -chloro-5 - trifluoronet hyl pgT/EdIIM®YS4 and f or
the preparation of 2-cyanopyridines used in their preparation, which
conpounds are useful as internmediates for the production of pesticides. 10
[ 0002] The catal ytic reduction of cyanopyridines to give

am nonet hyl pyridines is known. However when the cyanopyridi ne conpound

contai n addi ti onal hal ogen at&aig t he riducti on may be conplicated by the
conpeti ng dehal ogenation reac EL LR ted by P. N. Rylander,

Hydr ogenati on Met hods (Best Synthetic 15 Series, published by Academ c
Press), (1985), page 148, that palladiumis usually the catalyst of choice
when wi shing to effect a dehal ogenation reaction, and that platinum and

rhodiumare relatively ineffective and are hence often used in
hydr ogénat 080 TiHe ventien et de rovel presesses frdbeprgparationof3003] 1n contrast

w1 e SHOKELOA AL LERTANAR PTG MRS he use of o

pal | adi um cata I'ves icu I'n the reduction of
cyanopyri dttiﬁ‘lﬁ&ro\ﬁfﬂtl?ﬂ%ﬁ%@,l Fhdaegitl atidalo® A& aRd B fks uMe iRAyE, devel oped
a new process for the preparation of 2-am nonethyl pyridi nes, which contain
addi t i onal Prhpdrefipen whickreogipoindsydre usefinl asiimetmediédied foydrgrodstiosofir s, and
which is 25 ﬁg |licable to industrial scale processes. [0004] There have
been a nurif8 lg?s' procedures published for introducing a cyano group at the
2-posijjon of a pyridine noiety. These typically involve substitution of a
hal ogen, in particular bromne or fluorine, in a polar solvent, e.qg.

di met hyl  [0002] The catalytic reduction of cyanopyridines to give aminomethylpyridines is

known. However when the cyanopyridine compound contain additional halogen
atom(s) the reduction may be complicated by the competing dehalogenation
reaction. It is stated by P. N. Rylander, Hydrogenation Methods (Best Synthetic
15 Series, published by Academic Press), (1985), page 148, that palladium is usually
the catalyst of choice when wishing to effect a dehalogenation reaction, and that
platinum and rhodium are relatively ineffective and are hence often used in

hydrogenations where the halogen is to be preserved.

20  [0003] In contrast with the above prior art teaching we have found that the use of
a palladium catalyst gives particularly good results in the reduction of
cyanopyridines which contain additional halogen atom(s). We have developed a
new process for the preparation of 2-aminomethylpyridines, which contain
additional halogen atom(s) in which minimal dehalogenation occurs, and which is

25  applicable to industrial scale processes.

[0004] 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

30  sulphoxide or dimethylformamide. In addition, there are numerous methods



30 sul phoxi de or dinethylformam de. In addition, there are nunerous nethods
WO 02/ 16322 PCT/ EP01/10984 -2 starting fromthe activated pyridi ne N oxide
or N al kyweyrigdene. Many of these cyanation routes use hpav¥Pomt9s4
reagents, containing copper or nickelp_For exanple, EP0034917 di scl oses

t he preparation of 2-cyano-3-chloro-5- trifluoronethylpyridine fromthe
2-brono anal ogue by reaction with cuprous 5 cyanide in dinethylformam de at

120C. [000 e man rjor .ar [oces: suffer fromone or
more dr a\/\% ]Eg%\ﬁl%]le dat 9{“\‘;%‘/6 &1(’%’5 eoﬁé\ﬁa%ﬂ% Pét i ch produce
toxic ef fdyaaaich roffes R Rdav$ elera E‘&a?eﬁ‘d@' &Bta%’lﬁ bﬁﬂek Gpﬁl%kéloF(frecover

Furt her, nethods which 10 invol ve rmation o the pyridine N oxide or

N- al kyl pyr¢>@mpé€,|ERQQB%7$bsp@sa$ thegreppationiog deydn@aitshloks-5ar e more criti cal

on scal e- u to |n r cal 0006] .GB Pat ent. Publ.i cati on Number
117970 des llﬂiuﬁggn W‘gﬂ%ﬁ E%TQ‘ b[f &}‘%B%Pqu&”rﬁ%c HOBMFELFHEOYR t h an

act i vatd no.\aggiatin @kt ?&ﬂﬁhﬁ&’e&ng@ in a 15 polar solvent and thus avoids
many of theﬁabo&ré di sg%lvant ages. However there still remains with this

procedure the need to recycle the activating agent and the aprotic solvent
in order t@\()m njmse the costs for an industrial scale process. [0007] W
have now d @$10158We‘é?r1i= mppeeithesension At Propssse atfies fiserare grgporehe 20

preparatio |Jicabl.e t dustrlal scal e

bt ocesces. trefadsARAmE Rt PBRs 1 P by AR SRS dRlR. | Pvent s on,
there is péfﬁuelded)r@olapéélﬁ?@fﬁ§wﬁi%h aff@dhfﬁm t@rr@db&éxaﬂ?hﬂﬂeroﬁleﬁlogm&ﬁnd of
general formula (1): (Y)n X NH2 N (1) 25 or a salt t hereof, which process

conpr i Hes inkelve fermajipn of thedyoidimedY-ovide of Nealkylpyridine involve several

steps. These drawbacks are more critical on scale-up to industrial scale.

[0006] GB Patent Publication Number 117970 describes the cyanation of

2-halopyridine compounds with an activating agent and a cyanide source in a
15 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.

[0007] We have now developed an alternative and improved process for the

20  preparation of 2-cyanopyridines which is applicable to industrial scale processes.

[0008] According to a first aspect of the present invention, there is provided a

process (A) for the preparation of a compound of general formula (I):

),

)
25 or a salt thereof, which process comprises the catalytic hydrogenation of a

compound of general formula (II):



conpound of general fornula (I11): WD 02/16322 PCT/EPO1/10984 -3- (Y)" X N
CN (I'l) or a salt thereof, wherein X is hal ogen; each Y, which nay be the
same or WwébmIem, is hal ogen, 5 hal oal kyl, al koxycar bonpCT/8P01/10984

al kyl sul phonyl; and nis O to 3. [0009] In this invention hal ogen neans a
fluorine, chlorine or bromne atom The preferred halogen atomis
chlorine. 10 [0010] Hal oal kyl typically means a C, to C6 al kyl noiety
substituted by one or nore hal ogen atons. For exanple the C, to C6 al kyl
noi ety may be nethyl, ethyl, n-propyl or i-propyl, preferably nmethyl. The
C, to C6 alkyl noiety is prefgﬁably substituted by one or nore chlorine or
fluorine atons. A nore preferred halxal kyl group is trifluoronethyl. is

[0011] An al koxycarbonyl group i ically C, to C6 al koxycarbonyl such as
met hoxycar bonyl , ethoxycarbonyl[ n- pf opoxycar bonyl or i-propoxycarbonyl .
[0012] An al kyl sul phonyl group i '&ﬁlly C, to C6 al kyl sul phonyl in
which the 20 Cl to C6 noiety is deFi*ned @hove. [0013] Preferably X is

chlorine. [0014] Preferably Y is halogen or haloallyl (nore preferably
trifluor ondsplttheredts [ 0015] Conpound (11) is preferably

3-chloro- Zﬁvﬁyr@fﬁ?%istﬁejlééeﬂ%a%w, Ml&y ﬁlla}d iogﬁl'e sg}ge%%/clgt‘?e%gtg, ilsag:{{ogc%? 1/10984
5 haloalkyl, alkoxycarbonyl or alkylsulphonyl; and n is 0 to 3.

[0009] In this invention halogen means a fluorine, chlorine or bromine atom. The

preferred halogen atom is chlorine.

10 [0010] Haloalkyl typically means a C, to C, alkyl moiety substituted by one or
more halogen atoms. For example the C, to C; alkyl moiety may be methyl, ethyl,
n-propyl or i-propyl, preferably methyl. The C, to C, alkyl moiety is preferably
substituted by one or more chlorine or fluorine atoms. A more preferred haloalkyl
group is trifluoromethyl.

15
[0011] An alkoxycarbonyl group is typically C, to C; alkoxycarbonyl such as

methoxycarbonyl, ethoxycarbonyl, n-propoxycarbonyl or i-propoxycarbonyl.

[0012] A alkylsulphonyl group is typically C, to C; alkylsulphonyl in which the

20  C, to C; moiety is as defined above.
[0013] Preferably X is chlorine.

[0014] Preferably Y is halogen or haloalkyl (more preferably trifluoromethyl).

25

[0015] Compound (II) is preferably 3-chloro-2-cyano-5-trifluoromethylpyridine.



-4 [0016] The catalyst generally conprises a netal selected from palladi um
pl ati num ruthenium nickel and cobalt. The anmount of netal in the catalyst
used (wwahzi®2generally supported on for exanpl e charcorCY/EP&l/esser al |y
from0.05- 0.7% by weight relative togthe anmount of the conpound of formula
(1), preferably 5 fromO0.05-0.3% nore preferably fromO0.1-0.2% A
preferred catal yst contains palladium for exanple finely divided

pal | adi um inert carrier such.as charcoal. This_has been found to
gi ve both 006l os ety st eenre o SPIPBISES A M taksFierial oM RI3ARHDY | ons. Thus when

the. compouighafm, 'fithhh, bl diit Bpell HednfnfY 8ftndial bthl LRGBS pyri di ne,

m ni mal dechl ori’nation éccurs en usi ng e process of z he 1 nventi on.
Q her exanfwigch bfgeﬁﬁhlﬁ}abl@oﬁai61|1ﬁ&%&arhﬁl@chﬁh@oﬂ?ﬁsééeﬁéﬁaﬂyfﬁ@ﬁp@.ij ng oxides
or ot her corr[pounds, of the above nentioned netals. [00172 The process is
typi cal | y @Arohvedeightrelatve fothe emsenical thy camp®ingof forspdh(IBs preferatdy cohol , for

exanpl e ng, 8k h anol_or anol .. or,an ester, such as 15
et hyl %cet%{}gtb%osro'grf ’ggﬁéepreg%c ygrson} g‘tlrog%%?dé&ﬁffgﬁq ca_ﬁ?lgﬁthc8pta§}§l vents are
preferred gambie)@br dxampRsfinddy efvalcdgdlladilROnHAR8S Sartisr RicRfer abl y perforned

in the presence of a strong acid such as hydrochloric acid, hydrobromnc
aci d, sul pthardoel. dbischasbeerpfovsp hogive beaibiat-oppedém redstign it podmirgmiab  aci d) .

The presence of the acid . helps reven oi soni.ng_ of . the catalyst by the
ani no gr ousdg%lfea‘fthoélspﬁ?ﬂﬁdﬁend € ?‘B’gﬁ’ﬂﬂ 0%?@@%8%33&}@60%@%%53 t he

coupl i ng  ofifRBIARthIb R TR infhBRal WREK BridaioR 0BG VA r during

t he cat al ytli C hydro}gfé%ti o’r11 8f Ehi tril és.mPOO?&Sr @ghﬁiﬁ%ﬁ%ﬁc@%ﬁgi tions

typi cald y themprenten. Cthdyi examglealof suibtt catdlysts mclude sathlyalslcompeigiagi on vessel
and stirring, for exanple at a tenperature of fromO to 25 60C, preferably
from 20 too’?:@?%.orﬂﬂieﬁP?WB?W&@gﬂﬁﬁ@V%meﬂ%@eﬁﬁ%&s is that | ow pressures
are used, with a hydrogen pressure of from1l to 4 atnospheres generally

bei ng enpl oyed (the process is preferably perfornmed at 1 atnosphere).

[0017] The process is typically carried out in the presence of a solvent such as an
alcohol, for example methanol, ethanol, propanol or butanol, or an ester such as
15 ethyl acetate, or an ether such as tetrahydrofuran. Alcohol solvents are preferred
(methanol is most preferred). The process is preferably performed in the presence
of a strong acid such as hydrochloric acid, hydrobromic acid, sulphuric acid or
phosphoric acid (preferably hydrochloric acid). The presence of the acid helps
prevent poisoning of the catalyst by the amino group of the product of formula (I),
20  and also prevents the coupling of amino intermediates which is otherwise known

to occur during the catalytic hydrogenation of nitriles.

[0018] The reaction conditions typically comprise combining all reactants in a
suitable reaction vessel and stirring, for example at a temperature of from 0 to

25 60°C, preferably from 20 to 30°C. A further advantage of the proces's is that low
pressures are used, with a hydrogen pressure of from 1 to 4 atmospheres generally

being employed (the process is preferably performed at 1 atmosphere).

[0019] The reaction is optionally performed in the presence of a catalyst inhibitor,

30  which can lead to a further improvement in the reaction selectivity by reducing the



[0019] The reaction is optionally perforned in the presence of a catal yst
inhibitor, 30 which can lead to a further inprovenent in the reaction
sel ecti viwg oby3ereduci ng the WO 02/ 16322 PCT/ EP01/ 10984 - BCHEPU0ISH
dehal ogenati on which may occur as a skde reaction. Such catalyst
inhibitors are known in the art, for exanple as described in P.N Ryl ander
in Hydrogenati on Methods (Best Synthetic Series, published by Academ c
Press), 1985, pa 125- 126, d, i nclude al kali netal brom des or iodides
such as 5 %?@&3?3?#%9&9%@%{ h BBV SEH A3 SH 18eetony S‘éﬁhﬁS‘Fﬁ?Xﬁtn br oni de or
anmont um iR arknd WP OE A0 K fipi0 s BXARGPA B AU ARALLE, PhOSPhOT US
conpounds such as triphenyl phosp |t%, %ypop osphorous aci cfl phosphor ous
aci d or aHkgloptesiphiMidthodsqBdst, SyathetibiSedéy bylslished By Acaddmiodi et hanol ) ; or
t hi ourea; or SSull hur. Preferably the catalyst inhibitor is selected from
]

an al kal i HesiloBr.aneefel or 130 andiimclurly alishanatelrhromisies geiodides sethcrs and

hydr og i odi A T t..inyention. thus provides a high

el o, St bRAHE ol o LRRE Moidst SRRk bRaRlie B i Ro Ryt oy

2- am nonet joyldey i idAgsen brdhide @@ Bdrobén ioBideast pHodplRirhy caRURAs 8t t O
generate the conpound of formula (1) in the formof a salt, especially a
hydr ochl orésdeipbeiyl phaspbite, lhyeoplesplzaroisacet, phosphowus acidloe  producti on of a
pesticide t alt.can.be sybm.tte isfectly to the next reactjon step

Wi t hout pr?lgﬁpﬁ%%’?lﬁ]ﬂ‘f ?)‘Flgsoior ﬂﬂ@%@?&e@ﬁdﬁﬂ?‘hé}‘?@@e Oéml?fé‘?a"ﬂ’iéulﬁ Wduct i on of
the salt Pi%fla_réﬁlf t&tﬂa%@wﬁnﬁbim&§é1&&%faﬁ%p&ii% al Mo GRIE AR,y carried
out in a 20 single vessel. A particularly preferre sa?t I's

2- am nonet ipmoBuohbronidber ibdide land hpdmgdnylogidei di ne hydrochl ori de. [0022]
According to a further feature of the present invention, there is provided
a process (B) for the preparation of a conmpound of general formula (I1) as

TP e 2ooabPYRe MRLAR ARG H6SplovRRk L Wi RMOMICRL afgner 2l Tormula

convenient process for the preparation of 2-aminomethylpyridines .

15 [0021] It is particularly convenient to generate the compound of formula (I) in the
form of a salt, especially a hydrochloride salt. When used as an intermediate in the
production of a pesticide the salt can be submitted directly to the next reaction
step without prior isolation of the corresponding free amine. The production of the
salt and its subsequent reaction can therefore be conveniently carried out in a

20  single vessel. A particularly preferred salt is 2-aminomethyl-3-chloro-5-

trifluoromethylpyridine hydrochloride.
[0022] According to a further feature of the present invention, there is provided a

process (B) for the preparation of a compound of general formula (II) as defined

25 above which comprises treating a compound of general formula (I1I):

(s



(Y)n X NF (I'l'l) WO 02/16322 PCT/ EPO1/10984 -6 with a cyanide source and a
catal yst in an aqueous solvent or wthout solvent, wherein X, Y and n are
as herei webore2defi ned; and wherein the cyani de source i BCT/Ep@rogsn

cyani de, an al kali netal cyanide, an-glLkaline earth netal cyanide or an 5
optionally substituted amoni um cyani de. [0023] The catalyst is generally a
phase transfer catal yst such as a tetraalkyl ammoni um salt such as benzyl

trimethyl i . r'd r | met h ni um chl.ori de,

t et r anet hy amgn():%ﬂti&rr‘li%c%lr%er g Cagal S?gn # %ltaéle%?s % ‘fegqgfo‘ﬁ%?ﬁgﬁ?lg?ﬁtde n- dodecyl
trimet hyl anmoni um chl ori de, tetra-n- but yl ammoni um chl ori de,

tetra-n-butyl anmoni um brom de, tetra-n- octyl ammoni um brom de or

n-tetradecy erPIml)ﬁeYlaWammlhwmnbﬂf@mddﬁnedoanfhwht:Etrrthak:k@tildqﬁWﬁphmnl um sal t
h tetr hos bro t etr aphenyl oni um

e e SRR Sl SRR 1,

(trls[%(%ﬁ%hbll%xéiﬁisﬁﬁwﬁﬁlﬁb{ﬁhﬁl Yo Of an amine such as 4-

€.
di et hyl ami'nopyr’i di ne.” [ 0024] Preferabl y the catalyst is selected from
tricaprylyl met hyl ammoni um chloride and tetra-n-octyl ammoni um brom de. 20

0025] The t catal yst used is generally fromabout 0.01 to 10 nol
‘[%; prefer@ﬁgﬁﬁwtﬁ%&%g@e@ lly & phaggofransger gfalystyueh as akitpalkybm about 1 to 5

mol % AL %4 ﬁén&?gret? hrRe'E b gmu)ﬁm c

3-chl oro 2 uor o-5-tritluoro I ne. hi%rlci 0027] The above process
(B) of thetrmﬁpt@l}ﬂmajhyiaﬁnrﬁorﬁﬁ@hhwrﬂb detgnghPlegstorii@h chideide, tetra-n-

10  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
15 such as TDA-1 (tris[2-(2-methoxyethoxy)ethyl]amine); or an amine such as 4-

dimethylaminopyridine.

[0024] Preferably the catalyst is selected from tricaprylylmethylammonium

chloride and tetra-n-octylammonium bromide.

20
[0025] 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 %.
[0026] Compound (III) is preferably 3-chloro-2-fluoro-5-trifluoromethylpyridine.
25

[0027] The above process (B) 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

30  cyanides such as copper or nickel cyanide, which, when used on an industrial



preparation of 2-cyanopyridines, which is sinple to performand operates at
noder ate tenperatures and does not suffer fromthe drawbacks of many prior
art prooeQ@smse32i n particular the process of the inventi oPCUBRE/1884 require
heavy nmetal 30 cyani des such as coppe?-or nickel cyanide, which, when used
on an industrial WO 02/16322 PCT/ EPO1/ 10984 -7 scale, produce toxic
effluent streans and are difficult to recover. The process (B) of the

| nventi on RLRANGCASIBRICR AT ML SR ﬁgﬁggtgggééo%éeﬁ TRELARLE (g 00281 I n

addition, the process does not require t atrono ted s
pyri di ne Nefuké teention\praticel pyste dirednd, avhidh 4B rexdily @kstblas, which is a
requisite for many of the prior art processes. The process (B) of the
i nvention does not require an activating agent such as

4- di met hyl g3 yri.di ne,and hence avoi ds a%gition | recovery and recycling
steps. A f@p?ﬁg@aggglé’ﬁt%ﬁ@r%cfesi OéESBPtor(?g%lEe_ Pr ﬂ?lﬂgofﬁg}g %on i's that

or gani o S%ytﬁﬁhﬁasN@kﬁieﬂﬁtN-hﬂ%?ﬁ)yﬁﬂinE i HigREdIvesions MW RicRYA fqhBitk g 10 need
to recycl e expensive solvents such as dinethyl sul phoxide. [0029] The
cyani de soureolthe prief @t piokgsssn dhe procysr(Bil of the ipantios doen oy amjuite,

f bl ot.assi um cyanj de. The unt of  cyanide source used is
ggﬁeﬂaﬁ yyﬁqcéﬁ?tg%?ﬁm S.Uﬁhlaﬁél'élb%ﬁrpy .%HWFIQWC(?&E ihﬁ%qe&‘{f’%is(dﬁ‘g‘\’/!@%r nore may

be used ifredsyedesid ﬁ@%olin%rs%fp@n]@?\%e; 5@\%1}]3%9 of ﬁaeg%g%egﬁ){ lof§i val ents, nore

preferably from1.0 t 1 nol ar equilvalents. he reaction is
general | y iamehtjpnes draabiggnipsolventrect nes usegl inabereactions thuy @ndidinghlever it may
al so be carried out. in the absence of solvent. 20 [0031] The reaction
condi t{%nsteed B9 sV Els cERppsive selvernsneh asglimethyt silphoxides in a suitabl e
reaction vessel and stirring at a tenperature of from 10 to 60C,
preferably from20 to 40C.

[0029] 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

15 desired), preferably from 1.0 to 1.5 molar equivalents, more preferably from 1.0 to

1.1 molar equivalents.

[0030] The reaction is generally and preferably performed using water as solvent,
however it may also be carried out in the absence of solvent.

20
[0031] 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.

25 [0032] The present invention thus provides a high yielding process (B) 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

30  produces waste streams that are readily treatable.



25 [0032] The present invention thus provides a high yielding process (B)
for the preparation of 2-cyanopyridines. Since the reaction uses noderate
reacti on woempseat ures, sinple and i nexpensive reactors abpdr/dpawimpsieam
processing equipnent is all that is-gequired. Furthernore, since the
reactants are readily available, the process is inexpensive to operate. In
addition, the present process 30 produces waste streans that are readily
treatable. WD 02/16322 PCT/ EPO1/ 10984 -8 [0033] According to a further
feature of the invention the processes (B) and (A) can be conbined to
prepare a [008FoNsshrdihg ftdarfuttRer(fedtufd OMha iSRMRABH AL Boceds@ MY Ad(dah! ). 5
[ 0034] According to a further feature of the invention the ‘process (A,
the conbidedbprembinsédo (IBypaahd ¢ompound dfofokmwad(Ibyrom kusdneungrafcess st ep
(© which . conpri.ses the acylation of said conpound (1) with a benzoyl
conmpound ofPrm{rﬁ%r(@ra (I'V): LOR (RRYm10 (1V) wherein L is a |eaving
group; ;R and R2 each represent the sanme or different halogen; and mis O,
1 or 2, to give a conpound of formula (V): Mi X R~ H/ (RR2)m N\ N

[0034] According to a further feature of the invention the process (A), or the

combined processes (B) and (A), is followed by a further process step (C) which
comprises the acylation of said compound (I) with a benzoyl compound of
formula (IV):

L O

R
(R
10 av)

wherein L is a leaving group; R' and R? each represent the same or different

halogen; and m is 0, 1 or 2, to give a compound of formula (V):

(RO,
© )
15
[0035] Preferably L is chlorine.
[0036] Compounds of Formula (V) are valuable pesticide active ingredients disclosed
for example in International Patent Publication Number WO 99/42447.
20

[0037] Preferred compounds of formula (V) are:
* N-[(3-chloro-5-trifluoromethyl-2-pyridyl)methyl]-2,6-dichlorobenzamide;
* N-[(3-chloro-5-trifluoromethyl-2-pyridyl)methyl}-2,6-difluorobenzamide;



O (V) 15 [0035] Preferably L is chlorine. [0036] Conpounds of Formula (V)
are val uabl e pesticide active ingredients disclosed for exanple in

| nt er nat ivo@at/1d3at ent Publ i cation Nunber WO 99/42447. 20 [POBEpPo1Avedser r ed
compounds of formula (V) are: * -9-
N-[(3-chloro-5-trifluoronethyl-2-pyridyl)nmethyl]-2,6-dichlorobenzam de; *
N-[(3-chloro-5-trifluoronethyl-2-pyridyl)nmethyl]-2,6-difluorobenzam de; WO

02/ 16322 PLCT/ ER 4 -9 * . e

N (3-chi of o 5 ST RGR s Rtromeiy Py PR -2 foct BUaroPFFaPffan ani de
, ¥ * N-[(3-chloro-S-triﬂuoromethyl-_2-é)yridy1)methPfl]-2 3-difluorobenzamide; |
N-[(3-chloro-5-trifluoronethyl-2-pyridyl)nmethyl]- 2,3-difl uor obenzam de; *
N-[ ( 3- chl of o- 5- Nr[(3-hloramfrstifiydroReiny -2yt iiyimbthyl]-224,4-téfeorobéraemolzenz ani de

or * : : ;

N-[ (3- chl or o- 5- N3 FhIgrsdtigArometiyl-P ayridrimatil-2 b chlogbeprasmideiz ani de.
5 [00381 Process step (C) is described in International Patent Publication
Nunber WD 99/42447. [0039] According to a further feature of the invention
t he procesf088) Prooesststep (C) B deseriieden Ipernatame Bate ) Pubhidat{oh) Nuraber( B) , (A) and

(C can be_conbin with an earlier process step (D) which conprises the
quorinatigﬁ)gg/“%\E‘%orrpound of formula (M): (Y)ntjXANOC (VI) wherein
X, Y and n are as defined above. 15

[0039] According to a further feature of the invention the process (B), or the
10 combined processes (B) and (A), or (B), (A) and (C) can be combined with an
earlier process step (D) which comprises the fluorination of a compound of

formula (VI):
(n

X
.
NT el

wherein X, Y and n are as defined above.

15
[0040] The process step (D) is generally performed using a suitable fluorinating
agent such as an alkali metal fluoride, preferably potassium fluoride or sodium
fluoride, in an aprotic solvent such as dimethyl sulphoxide or sulpholane, at a
temperature of from 50°C to 150°C.

20

[0041] The compounds of formula (T) and (II) obtained by the above processes of
the invention are particularly useful in the preparation of fungicidally active 2-
pyridylmethylamine derivatives of formula (V), according to the following

reaction scheme:



[ 0040] The process step (D) is generally perfornmed using a suitable _
fluorinating agent such as an alkali netal fluoride, preferably potassium
fluoridevoozodeum fluoride, in an aprotic solvent such RET/#Poretobsal

sul phoxi de or sul phol ane, at a tenpegature of from50C to 150C. 20 [0041]
The conpounds of forrmula (1) and (11) obtained by the above processes of
the invention are particularly useful in the preparation of fungicidally

active 2- r| dyl net hyI am ne der| vatives of formula (V), according to the
fol | owi ng eactl O‘QYn16322 PCT/ EPO1/ 10984 -10- Yn ( )n t )"
catalytic Y X '"NH2 NRL (I1) (1) (R)m M X R
N (RZ)m N ( [00 m@ﬁea%‘?%se t vention is furtggr i |l ustrated by
the foll ow n r,e ratlve Tve exanples: . ExarW}I_le 1 (Pro tep A
N 2 R
(1 ) (R
(R,

(V)

[0042] The present invention is further illustrated by the following preparative
examples:

5  Example 1 (Process step A)

A mixture of 3-chloro-2-cyano-5-trifluoromethylpyridine (5.1g) and 5%
palladium on charcoal (5.1 mg as Pd metal) was stirred at 20°C with methano! and
concentrated hydrochloric acid (2.5ml) under 1 atmosphere of hydrogen. After 4
hours the reaction was judged to be complete by hplc. The mixture was filtered

10 through Celatom, washed with methanol and water and evaporated to give 2-
aminomethyl-3-chloro-5-trifluoromethylpyridine hydrochloride in 95-97% yield,
NMR (in D,0) 4.6 (s, 2H), 8,35 (s, 1H), 8.9 (s, 1H).

Example 2 (Process Step B)

15 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

20  washed with aqueous sodium chloride solution and distilled to give 3-chloro-2-



A m xture of 3-chloro-2-cyano-5-trifluoronethylpyridine (5.1g) and 5%
pal | adi um on charcoal (5.1 ng as Pd netal) was stirred at 20C wi t h net hanol
and conoeovr/atserd hydrochloric acid (2.5m) under 1 at nospO®ERIOMNISIydr ogen.
After 4 hours the reaction was judggd to be conplete by hplc. The m xture
was filtered 1o through Cel atom washed wi th nethanol and water and
evaporated to give 2- am nonet hyl -3-chloro-5-trifl uoronethyl pyridine

e L BT Mol o o, ©°

(71.69) i nypay 8F thiZdrolct WS oggded during 1 hour to a stirred mxture of
3-chl oro- gqf I %or o- 5-t§1|)l%l UOF ONEt hyl pyri di ne (199.5g9) and Aliquat 336

(tricaprylyl methylamoni um chloride, 12.1 g) at 30C. Stirring was
mai ntai ned_at this tenperature for 4 hours at which tinme the anount of
starting ¥xampled(Pxacess 8tep Bhan 1% by hplc. The | ower organic phase was

S
separ at ed . ] e odi um chl ori de,sol ution and distilled
e o] S BB AR P AR A L R
cyan- 5- t r i §-trifdicpsratiylppyitingi(0.8g( AdTeBbutydAHenvhRint broBRdOQHEY addarbar . The
purity of this product was 98% Exanple 3 (Process Step B) Solid sodium

cyani de (02Y6gindsisreddod hayraitosgive 3-shilond-Rtcyaeo-ditriBuahinethyl@ridingor o-

5-trifluor t h ridin .89) and tetrabutylammoni um brom de (0.06g) at
20- 25C, a@g?’%& %%é’@?hyﬁﬁé ‘hours to give

3-chl oro-2-cyan-5-trifluoronethyl pyridine (0.68g, 82%yield by hplc). 1o
Exanpl e of Process Step (D) 2,3-Dichloro-5-trifluoronethyl pyridi ne (8009g)
was adted Exampktof PrecessiSipuDd of anhydrous potassium fluoride (320g) and

anhydrous ﬂg-ﬁgkﬂglos-y ~|‘uji)fq1(1)o)§i01%gt1€rfpy%1églce: (800g) was added to a stirred mixture of
anhydrous potassium fluoride (320g) and anhydrous dimethylsulphoxide at 110°C
then heated at 120°C for 2 hours and fractionally distilled under reduced pressure
to give 3-chloro-2-fluoro-5-trifluoromethylpyridine (685g) in a yield of 92% (98%
15 purity).



then heated at 120C for 2 hours and fractionally distilled under reduced
pressure to give 3-chloro-2-fluoro-5-trifluoronethyl pyridine (685g) in a
yi el d of ve@ee/(@d82% 15 purity). WD 02/16322 PCT/ EP01/ 10984PCHEROICIOEANG 1. A
process, for the preparation of a conpound of general formula (1): (Y)" X
NH2 N (1) 5 or a salt thereof, which process conprises the catalytic

hydr ogenation of a conpound of general formula (I1): (Y)" X N)" "" CN
(I'1) or a salt thereof, wherein X is Sg:ogen; each Y, which nay be the
sane or different, is halogen, 1lo kyl, al koxycarbonyl or

al kyl sul phonyl; and nis 0 to 3. 2. A process according to claim21 in which
X is chlorine. 3. A process according to claiml or 2 in which Y is hal ogen
or hal oal kil . A%prekessfop tlzgassaratmarfdi ddghpoand bAgsneRl formb @h Y i s
trifluoronmethyl. 5. A process according to clainms 1 to 4 in which the

catal yst comprises a nmetal(Ydgl ected from pall adium platinum ruthenium

ni ckel and cobalt. 20 6. A pro according to clains 1 to 5 in which the
catal yst is palladium WO 02/ 463 PCT/ EPO1/ 10984
N/ NH,
@

5 or a salt thereof, which process comprises the catalytic hydrogenation of a

compound of general formula (II):

s

|

~
NTTeN

X

or a salt thereof,
wherein X is halogen; each Y, which may be the same or different, is halogen,

10 haloalkyl, alkoxycarbonyl or alkylsulphonyl; and n is 0 to 3.

2. A process according to claim 1 in which X is chlorine.
3. A process according to claim 1 or 2 in which Y is halogen or haloalkyl.
15
4. A process according to claim 3 in which Y is trifluoromethyl.
5. A process according to claims 1 to 4 in which the catalyst comprises a
metal selected from palladium, platinum, ruthenium, nickel and cobalt.
20

6. A process according to claims 1 to 5 in which the catalyst is palladium.



-13 7. A process according to claim5 or 6 in which the amount of netal in
the catalyst is fromO.05-0.7% by weight relative to the anbunt of the
conmpound v 02/f@eul a (11). 5 8. A process according to cl BCTVEBO1ON9®E or 7 in
whi ch the anount of nmetal in the cati@yst is from0.05-0.3% by wei ght
relative to the anount of the conmpound of formula (I1). 9. A process
according to claim5 or 6 or 7 or 8 in which the anount of netal 10 in the
catalyst is fro - 9 wei,ght-rel ative t.o the unt . of ., t he conpound
of fornul aﬁ(l I )g]p%%c_]es%acéé %‘%&tso Cé%@o%%ﬁ%ﬁ‘ ‘?’%wlé?ﬁf a&%‘)eunggplf“ﬁél Pri88edi ng cl ai ms
which is  e@49d16¢ 88mi003-0FYPhLHeRGErDHivaTo BleGtRht SOhY 8hthpodkd okl. A process
according to claim10 in the al cohol solvent is nethanol. 12. A process
accor di ng ¥oomslalldne of the preceding clains which is performed at 0 to
60C. 20 13. A process according to any one of the preceding clains which is
perfornmed at a hydrogen pressure of from1 to 4 atnospheres. 14. A process
according $0 ank PisohechRiind1oREAA 16 bAT MPwitith Ak drfourfof RREA Bf ed i n. L he
presence of a catalyst inhibitor. 15. A process accordll ng to claim114 in
whi ch t he thatatalyst isifrom D06 3% dy vedigdtredtive todhe anoaltlodltlie cortpplindr omi de or

i odi de, a i um brom de or iodide and hydrogen brom de or iodide. 30 WD
02/ 16322 FREPEPHRHb984

9. A process according to claim 5 or 6 or 7 or 8 in which the amount of metal
10 inthe catalyst is from 0.1-0.2% by weight relative to the amount of the compound

of formula (IT).

10. A process according to any one of the preceding claims which is

conducted in the presence of an alcohol solvent.

15
11. A process according to claim 10 in the alcohol solvent is methanol.
12. A process according to any one of the preceding claims which is
performed at 0 to 60°C.

20

13. A process according to any one of the preceding claims which is

performed at a hydrogen pressure of from 1 to 4 atmospheres.

14. A process according to any one of the preceding claims which is

25  performed in the presence of a catalyst inhibitor.

15. A process according to claim 14 in which the catalyst inhibitor is selected
from an alkali metal bromide or iodide, ammonium bromide or iodide and
hydrogen bromide or iodide.

30



-14 16. A process according to any one of the preceding clains in which the
conpound of forrmula (I1) is 3-chloro-2-cyano-5-trifluoronethyl pyridine. 17.
A processwéorid3tke preparati on of a conpound of general foP@DERI(10D§4 as s
defined in any one of clainms 1 to 4,-mhich process conprises treating a
compound of general forrmula (I111): MitjXANF (Ill) with a cyanide
source and a catalyst in an aqueous solvent or w thout solvent, 1lo

wher ei n: Y apd n are as .defined in cl.ajm1; and erein th ani de
source | sxjh6Ydr o§ locegsys/aa e gl,nga{r? 2k 8Pt Oﬁb%lpréccﬁglﬁgac a,lmgnmaf%h?ﬁi earth

netal cyantgigpduid dR Rkl HIBli$ Y-chRpIdyhit-Sari ANBTBRME S Yidtiede. 15 18. A
process according to claim17 in which the catalyst i'S a phase transfer

catal yst; or a crown ether or acyclic anal ogue thereof; or an amne. 19. A

rocess acgording to claim 17 or.18 in which the catalyst |s a tetraal kyl
gmmni um s o‘?x%éocteéi % dRF PP Srfioteung 9Pge§5ra%gqr¥xgﬁ%dl)§@éss accordi ng

to claim 1definkd iPhnylShe dF cY{ﬁkl 0 b S?wﬁ@h%h%%gs Joﬁlp?ﬁ!ei\f%ﬁﬂ afc%%ﬁglrl%dm de

tricapryl yl met hyl armoni um oride and'tetra-n-oct niu 21.
A process aitgeaed] fogmuta @y one of clainms 17 to 20 in which the anount of

25 catalyst used is from0.01 to 10 nol % WO 02/16322 PCT/ EPO1/10984 -15
22. A process according to any oh®,of clx'ii ms 17 to 21 in which the cyanide

l Z
N F

q11)]
with a cyanide source and a catalyst in an aqueous solvent or without solvent,
10  wherein:
X, Y and n are as defined in claim 1; and wherein the cyanide source is hydrogen
cyanide, an alkali metal cyanide, an alkaline earth metal cyanide or an optionally

substituted ammonium cyanide.

15 18. A process according to claim 17 in which the catalyst is a phase transfer

catalyst; or a crown ether or acyclic analogue thereof; or an amine.

19.  Aprocess according to claim 17 or 18 in which the catalyst is a tetraalkyl
ammonium salt or a tetraalkyl phosphonium salt.

20
20. A process according to claim 17, 18 or 19 in which the catalyst is selected

from tricaprylylmethylammonium chloride and tetra-n-octylammonium bromide.

21. A process according to any one of claims 17 to 20 in which the amount of

25  catalyst used is from 0.01 to 10 mol %.



source i s potassiumcyanide. 23. A process according to any one of clains
17 to 22 in which the anount of 5 cyanide source used is from1l.0 to 2.0
nol ar eqwoat/esses. 24. A process according to any one of BPCHER&/DIS4t 0 23 in
which the solvent is water. 10 25. -Asprocess according to any one of
claims 17 to 24 in which the tenperature is from1l0 to 60C 26. A process
according to any one of clains 17 to 25 in which the conmpound of formula

oot di ng 7 ar ToRe b ot ' ol bSO 21 dh o ity D G

accordi ng do@rc@Ryp&Bgidh cgdrddrs 1 to 16. 28. A process according to any one
of clains 1 to 16 or 27, which is followed 20 by a further process step

whi ch conprises the acylation of said conpound (1) with a benzoyl conpound

f f I I - L ORL R2 I i L l. i ; RL d
R each 1 bt s APRRE Sarei Day Pe alARu o in e SteBoto: B 1o
g(i \ng a £ONBARRAE sGilrcd 5 BofnM).0 19000841403/ I EPOL/ 10984 -16- (Y)n ;~O

24. A process according to any one of claims 17 to 23 in which the solvent is

water.

10 25. A process according to any one of claims 17 to 24 in which the

temperature is from 10 to 60°C

26. A process according to any one of claims 17 to 25 in which the compound
of formula (III) is 3-chloro-2-fluoro-5-trifluoromethylpyridine.

15
27. A process according to any one of claims 17 to 26, which is followed by a

process according to any one of claims 1 to 16.

28. A process according to any one of claims 1 to 16 or 27, which is followed
20 by a further process step which comprises the acylation of said compound (I) with
a benzoyl compound of formula (IV): '
L O
=
(R3);

av)

wherein L is a leaving group; R' and R* each represent the same or different

halogen; and m is 0, 1 or 2, to give a compound of formula (V):



N(RR)ym NOM 29. A process according to claim17, 27 or 28 which is
conbined with an earlier process step which conprises the fluorination of
a conpoumndoot/id3azmula 5 (VI): (Y)Yn tXA NCl (VI) wherei PCKEPM/@P8E n are
as defined above. 30. A process accorigi-ng to any one of the preceding
claims in which Xis 10 chlorine. 31. A conpound of fornula (1) when
produced by a process as defined in any one of claims 1, 27 or 30. 15 32.
A conpound which is 2,gm nonet hyl - 3-chl oro-5-trifl uoronethyl -pyridine
hydrochl ori de. 33. A é of fgﬂnula (I'l) when produced by a process as
defined in claim17 or coppound of formula (V) when produced
by a process as defined D02/ 16322 PCT/ EPO1/ 10984 -17
35. A conpound accordi ng\o. ai

-trifluoronethyl-2-pyridylNnet Ayl ] -

[ (3 -chloro-5
2l 6 dirchl or obenzani de; N [(3 -chloro-5
-trifluoronethyl-2-pyridyl)nethyl]
-chloro-5 -trifluoronethyl-2-pyridyl

¢, 6-difluorobenzam de; N [(3
met hyl ] - 2-chl 6¥b- 6-f | uor obenzani de;

29. A process according to claim 17, 27 or 28 which is combined with an

earlier process step which comprises the fluorination of a compound of formula

5 (VD

wherein X, Y and n are as defined above.

30. A process according to any one of the preceding claims in which X is

10  chlorine.

31. A compound of formula (I) when produced by a process as defined in any

one of claims 1, 27 or 30.

15 32. A compound which is 2-aminomethyl-3-chloro-5-trifluoromethyl-pyridine

hydrochloride.

33. A compound of formula (IT) when produced by a process as defined in
claim 17 or 29.

20
34. A compound of formula (V) when produced by a process as defined in
claim 28 or 29.



5 N-[(3-chloro-5-trifluoronethyl
N-[(3-chloro-5-trifluoronethyl
or N [ Moepid3ero- 5

-trifluoronethyl

-2-pyridyl)nmethyl]-
-2-pyridyl)nethyl]-2,4

2, 3-di fl uorobenzam de;
,6-trifl uorobenzam de
PCT/EP01/10984

-2-pyridyl) met hyl ] - 2-fgroono- 6- chor obenzam de.

for the preparation of conmpounds of fornula (V),

follow ng schene: (Y )Il ( X catalytic (Y)Il X

characteri sed
hydr ogenat i on

36. A process
to by the
NN NH ci o N

Nz Rl (éé.) (A)co&%&ﬁ‘d ac(cgl)cﬁ'ng 0 c'l\lairlr?ﬂ34|\lwflil§asr:n (V) o

N-[(3-chloro-5-trifluoromethyl-2-pyridyl)methyl]-2,6-dichlorobenzamide;
N-[(3-chloro-5-trifluoromethyl-2-pyridyl)methyl]-2,6-difluorobenzamide;
N-[(3-chloro-5-trifluoromethyl-2-pyridyl)methyl]-2-chloro-6-fluorobenzamide;
5  N-[(3-chloro-5-trifluoromethyl-2-pyridyl)methyl]-2,3-difluorobenzamide;
N-[(3-chloro-5-trifluoromethyl-2-pyridyl)methyl]-2,4,6-trifluorobenzamide or
N-[(3-chloro-5-trifluoromethyl-2-pyridyl)methyl]}-2-bromo-6-chlorobenzamide.

36. A process for the preparation of compounds of formula (V), characterised

10 by the following scheme:

Y
M X catalytic ¥ X
hydrogenation
| P —_— N Cl__0
7
N CN N 2 R
() () \(Rz)m
Y
M X R
2
i(jvﬁ R
N



