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15  protection, such as, for example, fungicides, insecticides, herbicides or
pesticides, or for the preparation of substances having high pharmaceutical
activity. Production of the corresponding 5-arylnicotinaldehydes on an
industrial scale makes highly economical and environmentally friendly
preparation necessary.
20
The 5-arylnicotinaldehydes are distinguished by an unexpected sensitivity
to oxidation and disproportionation. Conseguently, the methods described
in the literature for the preparation of these compounds by chemoselective
reduction of aromatic acids or their esters or by oxidation of aromatic
! 25  alcohols cannot be applied to a satisfactory extent to the corresponding

5-arylnicotinic acid or the corresponding 5-arylnicotiny! alcohol.

Methods for the reduction of nicotinic acid are known. Thus, for example,
the reduction of nicotinic acid by palladium-catalysed hydrogenation is

30 described in Chemistry Letters 1998, 1143-1144. The process disclosed
therein is carried out in the presence of pivalic anhydride (trimethylacetic
anhydride), giving, in the case of unsubstituted nicotinic acid, the
corresponding aldehyde in good yields.

35 However, if substituted nicotinic acids and in particular aromatic-substituted
nicotinic acids are employed in this process, considerable losses of yield
oceur. In addition, the use of pivalic acid is associated with considerable
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The measure according to the invention also allows the use of other

carboxylic anhydrides which are less expensive than pivalic anhydride and

which, without an excess of ligand, give only a low yield of product.

20 The invention thus relates to a process for the preparation of 5-arylnicotin-
aldehydes by reduction of the corresponding 5-aryinicotinic acids by
catalytic hydrogenation in the presence of carboxylic anhydrides in which
the catalyst used is a paliadium/ligand complex, characterized in that the
molar ratio between palladium and ligand is from 1:5 to 1:15 in the case of

25 monodentate ligands and from 1:2.5 to 1:7.5 in the case of bidentate
ligands.

The invention preferably relates, in particular, to a process for the
preparation of 5-arylnicotinaldehydes of the formula |
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| igands. The invention preferably relates, in particular, tplgypnggess for

the preparation 5-aryl ni coti nal dehydes of the formnul I n which
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naO;:FﬁCFg -O|CHFCE3borN-O—| dand I n which, in addition, one or nore CH groups
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ge;re;loﬁtorrf are not ddhdmwwcriadhmmqn, bhety mecuCH gnoups ne@ebeor r espondi ng
- i gotinic acids tic hydrogenation in the presence of
car boxyl |%c anhydr i qegeﬁﬁcéﬁ?ogﬂ{t he catalyst used is a palladiumligand
conpl ex, characterized in that the nolar ratio between palladiumand
ligand is frgrga_1:5 to 1:15 in the case of nono 20 dentate |igands and from
1:2.5to 1:7°57in the case of bidentate ligands. The invention furthernore
relates to the use of the 5-aryinicotinal dehydes for the preparation of

N-al kyl ated gm nes by feaGhiightadhainer bravicHed slkyiradical having 1 to 15
10 carbon atoms which is monosubstituted by -CF3 or at least
monosubstituted by fluorine, where, in addition, one or more
CH, groups in these radicals may each, independently of one
another, be replaced by -S-, -O-, -0-CO-, -CO-0O-or -C H=CH- in
such a way that heteroatoms are not directly adjacent,
15
by reduction of the corresponding 5-arylnicotinic acids by catalytic
hydrogenation in the presence of carboxylic anhydrides in which the
catalyst used is a palladium/ligand complex, characterized in that the molar
ratio between palladium and ligand is from 1:5 to 1:15 in the case of mono-
20 dentate ligands and from 1:2.5 to 1:7.5 in the case of bidentate ligands.

The invention furthermore relates to the use of the 5-aryinicotinaldehydes
for the preparation of N-alkylated amines by reaction of the 5-arylnicotin-
aldehydes with primary amines to give the corresponding imines, followed
’ 25 by reduction. The reaction of the aldehydes with the amines and also the
reduction of the imines can be carried out by methods known per se, as
described in the literature (for example in standard works, such as Houben-
Weyl, Methoden der organischen Chemie [Methods of Organic Chemistry}],
Georg-Thieme-Verlag, Stuttgart, or Organikum [Organic Chemistry], 17"
30 Edition, VEB Deutscher Verlag der Wissenschaften, Berlin, 1988), to be
precise under reaction conditions which are known and are suitable for the
said reactions.
" The compounds of the formula | are, in particular, highly suitable for the
preparation of N-alkylated amines of the formula X:
35



al dehydes with primary anmines to give the correspondi ng i m h8gUL 78! owed 25
by reduction, The reaction of the al dehydes with the am o the
reduction of Mh¥ ¥ *res can be carried out by net hods kngﬁz”%’g?"@? as
described in the literature (for exanpl-edin standard works, such as Houben-
Wyl , Met hoden der organi schen Chem e [ Met hods of Organic Chem' stry],
CGeor g- Thi ene-Verl ag, Stuttgart, or O gani kum|[Organic Chem stry], 17th 30
Edition, VEB Deutscher Verlag der Wssengehaften, Berlin, 1988), to be
preci se under reaction conditi are known and are suitable for the
said reactions. The conpoull la | are, inXparticular, highly
suitable for the I on of (N a bat ed am nes of theforrmlaX 35 WO
g0R83 in which R and R',

i ndependent|y of one otlher, are as defined for Ror are F, CI Br, I,
-CN, -NO®2, -CF3, -OCF3;N“OCHF2, -OCF2CF3 -COCHFCF3 or -0OH, and 5 Ais as
defi ned above, by reaction of the corresponding am nes and reduction of the
resultant imnes by conventional reduction processes, in particular by
catal ytic hygy@egpati on or by using borohydrides, such as, for exanple,
sodi um bor oh dri de., 10, Sim ound are alr i 0707007.
Preference i ﬂ@?ﬁ?@@gyﬁg{%ﬁ@% Qﬂh?ﬁ%aag%ﬂﬁghq‘g%ﬂ{ é}%]ﬁEme chin
which Ais 4Bfrl pocpphm,g -GRy. -0[]7@3p¥@©bhFa,t-|QﬁFgﬁFa -OCHFCF3 or -OH, and

(R -2-15- 4-fl uoro by reaction
WL R o oSS Eeg didve, B reBER b i dmediining EfhinesBAd

reduction of the resultant imines by conventtonal reductlon processes, in

particular by catalytic hydrogenation or by using borohydrides, such as, for

example, sodium borohydride.

10  Similar compounds are already known from EP 0707007,

Preference is given to the use of the aldehyde of the formula | in which in

which A is 4-fluorophenyl for the preparation of (R)-2-[5-(4-flucrophenyl)-3-

pyridylmethylaminomethyl]chroman by reaction with R-chromanamine and
15 reduction of the resultant imine.

In the preferred compounds of the formulae above and below, R is H, an
alkyl or alkoxy group having 1 to 10 carbon atoms or an alkeny! group
having 2 to 7 carbon atoms.

20
A is preferably a phenyl group, a phenyi group which is monosubstituted or
disubstituted by F, a 4-fluorophenyl group, a pyrimidyl, a pyridyl, a pyrazyl
or a pyridazy! group, in particular a 4-fluoropheny! group.

25  Preference is given to compounds which contain at least one of the
preferred radicals.

If R is an alky! group, in which, in addition, one CH; group (alkoxy or
oxaalkyl) may be replaced by an O atom, it may be straight-chain or

30 branched. It preferably has 2, 3, 4, 5, 6, 7, 8, 9 or 12 carbon atoms and
accordingly is preferably ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, ethoxy, propoxy, butoxy, pentoxy, hexyloxy, heptyloxy, octyl-
oxy, nonyloxy or decyloxy, furthermore also undecyl, dodecyl, undecyloxy,



In the preferred conpounds of the fornul ae above and bel ow, Uf bﬁ
al kyl or al koxy ?roup having 1 to 10 carbon atons or an al k%&’}fl éﬁé
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having 2 to WOQHBER atons. 20 A is preferably a phenyl

group which is nonosubstituted or disubstituted by F, a 4 fl uor ophenyl
group, a pyrimdyl, a pyridyl, a pyrazyl or a pyridazyl group, in
particul ar a 4-fluorophenyl group. 25 Preference is given to conpounds
whi ch contain at |east one of the preferred radicals. If Ris an alkyl
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Wi ng groups f inportance. Branched groups of this type generally
cont ai n not %Dérr@y?lﬁg‘ﬁﬂtm chain branches. Ris prefer 10 ably a

strai ght-chain group or a branched group having not nore than one chain
branch. Pref prafRerdlf BripitBed radicaR! areds6piopghropuly! (24 buetHyidrapi),

-met hyl pr Opy]s)obutyl (=3-methylpropy}), tert-butyl, 2-methylbutyl, isopentyl (= 3-methyl-

15  butyl), 2-methylpentyl, 3-methylpentyl; 4-methylpentyl, 2-ethylhexyl,
5-methylhexyl, 2-propylpentyl, 6-methylheptyl, 7-methyloctyl, isopropoxy,
2-methylpropoxy, 2-methylbutoxy, 3-methylbutoxy, 2-methylpentoxy,
3-methylpentoxy, 2-ethylhexyloxy, 1-methylhexyloxy, 1-methylheptyloxy, 2-
oxa-3-methylbuty! and 3-oxa-4-methylpentyl.

20
The radical R may also be an optically active organic radical containing one
or more asymmetrical carbon atoms.

The process according to the invention is very particularly suitable for the
25 preparation of the aldehydes of the formulae 11 to 110:
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i sobutyl (=3-nmethylpropy 1), tert-butyl, 2-nmethylbutyl, igdpemtyh (=
3-nethyl 15 butyl 2- et hyl pentyl, 3-nethylpentyl; 4-ne "

2- et hyl hexy| WO (y”%sﬁet hyl hexyl, 2-propyl pentyl, 7-nethyl %gyﬁ%%ﬁsﬁgspr opoxy,
2- met hyl propoxy, 2-nethyl but oxy, 3-net hyg but oxy, 2-nethyl pent oxy,

3- net hyl pent oxy, 2-ethyl hexyl oxy, 1-nethyl hexyl oxy, 1-nethyl heptyl oxy, 2-
oxa- 3- et hyl butyl and 3-oxa-4-nethyl pentyl. 20 The radical R may al so be an
optically active organi chadi cal containing one or nore asymetri cal
carbon atons. /Th& pr g€ess, according to the invention is very particularly
sui table for par ati on of the al dehydes of the fornulae 11 to
110: 11 12 H -6 0 20 JUL 2004 PCT/EPO1/ 00083313 14 15 16 17 18
4y PCT/ EPO1/ 00083
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R and are in particular F, -C F3, -0OCF3, -OCHF2 or H, and

particul arl yWOHEBBably F. 5 Very particularly pref erre(ﬁ'crm‘mlm0

5-aryl ni coti nal dehydes which can be prepared by the process according to
the invention are the conpounds of the fornulae 11, 12, 19 and 110. The
S-arylnicotinic acids used as starting materials for the process 10
according to the [nvention e either known or are prepared by nethods
known per se, ,as fes{rib 'y the literature (for exanple in standard

wor ks, such ub I ./ Met hoden der organi schen Chernie [Methods of
Organi ¢ Chem stryp; eme-Verlag, Stuttgart), to b® precise under
reaction conditions which ar§ kpown and suitable for said reactions. 15
However, use can al so be mad& of variants which are known per se, but are
not mentioned here in greatg% detail. The 5-arylnicotinic acids are
preferably prepared by Suzuki coupling (N. Myaura, A Suzuki, Chem Rev.
95, 2457 (1995)) eact jngy 5- bromo- 20 nictonic acid, an alkyl

5- br ononi cot ihat e 5\ rogoni coti nyl al cohol or the alkylcarboxyllc aci d
ester thereol” wit cexr &¥pondi ng aryl boronic acids qqeer known
reaction. cond|t|0n§“to gi've\a conpound of the fornmula 11,7111, [V or V. |
| WO 01/58873 -8 A 2 o JUL 2(84H PCT/ EPO1/ 00083 111 IV

19 110 In which RL and R2, independently of one anot her, arzeg &&i ned for
08

In which R' and R?, independently of one another, are as defined for R
and are in particular F, -CF3, -OCF3, -OCHF2 or H, and are very particularly
preferably F.

5  Very particularly preferred 5-arylnicotinaldehydes which can be prepared
by the process according to the invention are the compounds of the
formulae 11, 12, 19 and N10.

The 5-arylnicotinic acids used as starting materials for the process

10  according to the invention are either known or are prepared by methods
known per se, as described in the literature (for example in standard WwOrks,
such as Houben-Wey!, Methoden der organischen Chemie [Methods of
Organic Chemistry), Georg-Thieme-Verlag, Stuttgart), to be precise under
reaction conditions which are known and suitable for said reactions.

15  However, use can also be made of variants which are known per se, but
are not mentioned here in greater detail.

The 5-arylnicotinic acids are preferably prepared by Suzuki coupling

(N. Miyaura, A. Suzuki, Chem. Rev. 95, 2457 (1995)) by reacting 5-bromo-
20  nictonic acid, an alkyl 5-bromonicotinate, 5-bromonicotinyl alcohol or the

alkylcarboxylic acid ester thereof with the corresponding arylboronic acids

under known reaction-conditions to give a compound of the formula Il, 1,

VorV:



NOHAYV R3INO--~ O inwhich Ais as defined above, an D nethyl,
et-hyl, n-prog{vﬂ30 | sopropyl, n-butyl, sec-butyl or tert- b “é quently
hydr ol ysi ng s of the formulae Il and V by conven- I onal
processes to give the free acid of the §8rnmula Il or the al cohol of the
formula IV, and oxidizing the alcohol of the formula IV by conventi onal

nmet hods to give the acid formula Il. The acids of the fornula Il obtained
in this way can be jused directly for the 10 process according to the
invention. R3 is praferably nethyl or ethyl, in particular methyl.
Conpounds of the for 1, 111, IVand in which flis a 4-fl uorophenyl
15 radical are part preferred. The invention |ikewi se relates to
the novel conpounds ggtulae 1, 11, 11l and IV. 20 The reaction in
t he process accordihg to the invention for the preparation of
5-aryl ni cotinal dehydes is sinple to carry out, with the 5-arylnicotinic
acids in question rably bei ng hydrogenated in organic solvents, at
tenperatures of fro 80C, preferably at from 20 to 150C and very
particularly prefera t 40 to 100C, and at a pressure of from1l to
25 150 bar, preferaply at from1l.5 to 120 bar and in particular at from 2
to WD 01/58873 9 2 UL2004 PCT/ EPOL/ 00083 100 bar, with addition of a
car boxylic anhydri de//4mthe presence of a \Y;

in which A is as defined above, and R® is methyl, ethyl, n-propyl, isopropyl,
n-butyl, sec-butyl or tert-butyl,

subsequently hydrolysing the esters of the formulae 11t and V by conven-

5 tional processes to give the free acid of the formula Ii or the aicohoi of the
formula IV, and oxidizing the alcohol of the formula IV by conventional
methods to give the acid formula 1.

The acids of the formula 1l obtained in this way can be used directly for the
10  process according to the invention.

R? is preferably methyl or ethyl, in particular methyl.

Compounds of the formulae 1, ll, ), IV and in which A is a 4-fluoropheny!
15 radical are particularly preferred.

The invention likewise relates to the novel compounds of the formulae |, 1,
M and V.

20 The reaction in the process according to the invention for the preparation of
5-arylnicotinaldehydes is simple to carry out, with the 5-aryinicotinic acids
in question preferably being hydrogenated in organic solvents, at
temperatures of from 10 to 180°C, preferably at from 20 to 150°C and very
particularly preferably from at 40 to 100°C, and at a pressure of from 1 to

25 150 bar, preferably at from 1.5 to 120 bar and in particular at from 2 to



pal I adi un' I'i gand conpl ex. The sol vents used for the procesplaggomging to
the inventio - ferably 5 ethers, such as, for exa ' yl et her
or tetrahydr&*‘gpgﬁ@[’ﬁetones, such as, for exanple, acetorr%, Pyg}ro%grbons,
such as, for exanple, toluene, benzene,9hexane or heptane, am des, such
as, for exanple, dirnethylformam de or N-nethyl pyrrolidone, or acid
anhydri des, such as, for exanple, acetic anhydride. 10 Particul ar
preference is given to ethers,_in partjcular tetrahydrofuran. M xtures of
the sai d sol VGRBArCWih addiliareer 3 cathiusilic snBYdriR It 1SPTESEVEROT P not

cruci al; fromgl@d@n/Pgaidcomplexsol vent can 15 preferably be added per g of
the conmpound of the fornula 11 to be reacted. The duration of the reaction

depends on the selected reaction conditions. |In general, the reaction
duration is fMhesdivéntbasedtfor fHe plagess pcedrdiragpiothefineentiort are2greferabl. 20 I n

f d [ t. of ' L L RD f ' to th
2l dehyde Ts %ﬁ?ﬁﬁi@haﬁﬁ}i E??ggrei%ﬁy%ﬂy%ﬁf%@@matﬁ&%%%%?e HPLC,
and the redusticbhmasi foriexasmiepscaione, ec dﬂa.gsmlrtam_ ocekamnpst, used is a
Pavi ng ¢ nr ce GuSaE BB ke, hiRaht BERERIAARS Critis RUERRE, AexfhBeti a1 2. In
general , the d!mg%&f@r@ﬁ@!dﬁ/@ﬁ“dﬁﬂtw&yrﬁ%ﬁ@ﬂ@m%@Qédé\nhwﬂﬂéﬁ,a‘th@hﬁﬁa%i nes.
Sui t abl e mn@Qgﬁ?é’egd@ﬂgWaﬂge. 30 are, for exanpl e, (CH3)3P, (C2H5)3P,
18] So! CHRrbolrai ot B T A o R A0k 25 e
above empirical fornulae include the branched and cyclic hydrocarbon

di cal s. Pref. ' [ - : -butyl, tert-butyl

and cyct onoxy LSSl it SouunBh ARkse Bt nee Raving | denti sl
radicals are preferred, Exanples of suitable bidentate Iigands are the
fol l'ow ng: WQHRLIA3EAS0f solvent is not crucial; from 10 g to 500 g of solvent can

15  preferably be added per g of the compound of the formula Il to be reacted.

The duration of the reaction depends on the selected reaction conditions.
In general, the reaction duration is from 0.5 hour to 10 days, preferably
from 1 to 24 hours.

20 :
In a preferred embodiment of the invention, the end of the reduction to the
aldehyde is determined by suitable analytical methods, for example HPLC,
and the reduction is interrupted.

: 25 The hydrogenation catalyst used is a palladium/ligand complex.

The ligands used are phosphines, preferably having three organic radicals,
in particular alkyl and aryl radicals. in general, the ligands employed can be
monodentate or bidentate phosphines. Suitable monodentate phosphines
30 are, for example, (CH3)3P, (CQH5)3P, (03H7)3P, (C4Hg)3p, (CsH11)3P,
(CeH13)3P, (C7H15)3P, (CaH17)sP, (CsH11)3P, (CeHs)aP, (CHaCeHa)sP,
(CeHsCH2)3P, (CaHg)a(CeHs)P, (CaHg) (CeHs)oP. The above empirical
formulae include the branched and cyclic hydrocarbon radicals. Preference
IS given to n-propyl, n-butyl, sec-butyl, tert-butyl and cyclohexyl as hydro-
35 carbon radicals. Phosphines having identical radicals are preferred.

Examples of suitable bidentate ligands are the following:



(C6H5) 2PCH2( CH2) gP(C6H5) 2, Cy! P-(CH2)gCH2-P C Cy in pArf ar. 1 or
3. 20 J U 2004 PCT/EP01/00083 - 10 CH2CH2 C6H5P PCs

which Cy is WOOREBERyl and g 1, 2 or 3, The ligands enpl%@h% are preferably
the follow ng: triphenyl phosphi ne, diphgnyl phophi nof errocene,

tri-o-tolyl phosphine, 1,2-bis(diphenyl 5 phosphino)ethane,

2, 4- bi s(di phenyl phosphi no) pent ane, bi s(di phenyl - phosphi no) net hane and
tris(tert-butyl)phosphine. It is |ikew se posqiplgyﬂ use m xtures of the
l'i gands. Palladi um conmpounds can be enploxgd’“ xi fathon state 11, i.e. as

a salt, 10 @ H:pPOHASH.RP(SHAd)E 0. OH-PS preferably empiGayed in oxi dat i on
state 0 pref or ggl y cégrrnglxéd by) phosphl neNPﬂl l(ﬂgz)m s generally

enpl oyed as a pal | adi um conpound, from which rrespondi ng catal yst is
prepared by addition of ligands. It is |likew se 15 possible to enpl oy
pal | adi um as a corrpl ex haV| ng He correct stoichio- netric conBosi tion to

|

which, in ackd _g t vent imwhidnCainaytlohexy! langamd $raded so
that the |i gegdfex gs¢ P?neﬁCyn accordance with the invention is

observed. 20~%uitabl e pal | adi um conpounds enpl oyed in the presence of the
excess of ljhgsdrdcalae 1psred.erably the following: Tetra

ki s(tri phenyl phosphi ne) pal I adi un{0), di benzyli denepal |l adi un{0) conpl exes,
pal | adi um on carbon (preferably 5%, Pdd 2dppf, pall adi ur’p

acet at el (triTheligaptp eospbyes pre prafeesbly the ylowing tripaenyPhpsphine.

diphenylphophinoferrocene, tri-o-tolylphosphine, 1,2- -bis{diphenyl-

5 phosphino)ethane, 2,4-bis(diphenylphosphinojpentane, bis{diphenyl-
phosphino)methane and tris(tert-butyl)phosphine. It is likewise possible to
use mixtures of the ligands.

Palladium compounds can be employed in oxidation state I, i.e. as a salt,
10  or in oxidation state 0. It is preferably employed in oxidation state 0,
preferably complexed by phosphines.

Palladium is generally employed as a palladium compound, from which the
corresponding catalyst is prepared by addition of ligands. It is likewise
15  possible to employ paliadium as a complex having the correct stoichio-
metric composition to which, in accordance with the invention, an amount
of ligand is added so that the ligand excess defined in accordance with the
i invention is observed.

20  Suitable paliadium compounds employed in the presence of the excess of
ligand are preferably the following:
Tetrakis(triphenylphosphine)palladium(0), dibenzylidenepalladium(0)
complexes, palladium on carbon (preferably 5%), PdCl.dppf, palladium
acetate/(tri-O-tolylphosphine) complex, Pd(0)*dppe, Pd(0)*dppp,

25  Pd(0)*dppm, Pd(COD)C!2, PdCly, Pd(OAc). and PdBr,.

Particular preference is given to tetrakis(iriphenylphosphine)palladium(0),
dibenzylidenepalladium{0) complexes, paliadium on carbon (preferably
5%), PdCl.dppf, palladium acetate/(tri-0-tolylphosphine) complex,

30 Pd(0)*dppe, Pd{0)*dppp and Pd(0)*dppm.



25 Pd(0*dppm Pd(COD)Cl2, PdCl2, Pd(QAc)2 and PdBr 2. PartidelIJﬁ[ W ef erence
Is given to tetrakis(triphenyl phosphine)pal | adi un{0), | -

benzyl i denepabloadsara( 0) conpl exes, pal | adi um on carbon (PrEEBRMEIE 504
PdC 2dppf, pal | adi um acetatel (tri-0-toly] phosphine) conplex, 30 Pd(0)*dppe,
Pd(0) *dppp and Pd(0)*dppm WD 01158873 -11 2 0 JUL 2004 PCT/ EP01/ 00083 The
nol ar rati o between palladiumand the acid to be hydrogenated is

preferably from1:500 to 1:200, in particular from1:50 to 1:100. The nol ar

ratio bet We%é)ﬁ%d@dﬂéﬁ@l Btdebhgriddiuim Bhdithd aBid 1 e bgcrogepatsiceisabl y from
1:5 to 1:10, in particular fromd1:.5.to _1:6, | e . nonodent at e

| i gands and HF?WP!Dfr@WB596WE£%fé? Q?éﬁ%arff?%(h\ql‘?g?@?t‘lgfol: 5 in
particular froml1l:2.5to 1:3, in the case of bidentate |igands. Non-sol vent
anhydrides fgr th rocess. ar Valid ' 10 acetic
anhydri de, i'@zﬁ,mqj?ﬁj@qgﬁh%.eﬁﬁe"%ﬁ'ggﬁ%"?%bm@ﬁ}é@jég’@ﬂﬁ‘?xgﬁﬂ nhydri de,
1, 2, 3, 6- Bet rprefehabhhirom 1:6 tarthy@rin deraewantpm haltedeb.1ngbe ges8Poxy| i c
anhydride. T ' HbPXY bicteibly #oirde 2ah1tb 11%e

5-aryl ni cot .ﬂﬁ@g%%‘éa%éﬂ?g%ﬁﬁ?g?fﬁ?ﬂ?ﬁﬂ% 1et 0.8:1 . preferably from
7:1 to 6:1 andpdrticulapiom 3(@.51t0 firdrin 8ha cese of bideRipte lgaPlinds of t he
formula | can be obtained, after renpval of the solvent, by conventional
wor k- up steps, such as,

for ex e, addition of i er. eaction
m xture and NQBT%&Y?’H@”WP”%??%};tkScWQﬁ‘?%@%gr,ef?%&y\ﬁ&’?_p%éﬁh ({jjlr?ﬁj i cati on
of the pOdusdetisHRRRIURSobUtgricannydrids, Sanciiberménelibaicapoxylic
crystallization. K The c ds o ol : ' rgpared by
t he process a’?@%ﬁ':%rhg%&ﬁ%r%@?é@g‘ﬁi@gw gre!a? \ﬁﬁgﬂé n?{hilﬁﬁeefr’mdi ates or
end product sdicarbaddistarirgdridegani ¢ chemi stry. Appropriately substituted
derivatives are, in

The molar ratio between the carboxylic anhydride and the 5-arylnicotinic
15  acid is preferably from 10:1 to 8:1, preferably from 7:1t0 61 andin
particular from 5:1 to 2:1.

The compounds of the formula | can be obtained, after removal of the
solvent, by conventional work-up steps, such as, for example, addition of

20 water to the reaction mixture and extraction. It may be advantageous, for
further purification of the product, subsequently to carry out a distillation or
crystallization.

The compounds of the formula | which can be prepared by the process
25  according to the invention are important intermediates or end products in

industrial organic chemistry. Appropriately substituted derivatives are, in

particular, valuable intermediates in the synthesis of highly value-added

end products or are such end products themselves, for crop protection,

such as, for example, fungicides, insecticides, herbicides or pesticides, or
30 for the preparation of substances having high pharmaceutical activity.

Even without further embodiments, it is asspmed that a person skilled in
the art can utilize the above description in the broadest scope. The
preferred embodiments should therefore merely be regarded as a

35 descriptive disclosure which is not timiting in any way.



particul ar, valuable internediates in the synthesis of highfy jMal2®- added
end products or are such end products thensel ves, for crgg,r@ﬁ,gbg&ﬁg on,
such as, forWeXahpi?é, fungicides, insecticides, herbicid pesti ci des,

or 30 for the preparati on of substancestpavi ng hi gh pharnaceuti cal

activity. Even without further enbodinments, it is assuned that a person
skilled in the art can utilize the above description in the broadest

scope. The preferred enbodi ments should therefore nmerely be regarded as a
35 descri ptiTee thikwing @xemgié ihintendad ta ilpstralegthedmeeRtiakythod 01/ 58873 - 12
20 JUL 2004 _PCTI JThe ' ; herd t@j‘g}bﬁg—et nllustrate
the inventi orﬁpv%?eﬁgwgﬁ&ﬁ%&@@hpﬁ%*%?%mggﬁ@ﬁe' %ﬁrldegs. ot hervmpie st at ed,
per cent ages card yeweightrAll tgmpeialiires %BIQ'Y%@%@r@Fésé%{ﬁ'é‘sgi ven in degrees
Cel sius. 5 Exanple 1: 13.2 g of 4-fluorobenzeneboronic acid and 10.8 g of

sodi um hydrogen- carbonate are initially introduced, and a m xture of 16.1
g of 5-bt50m£@_ﬁl§ﬂ'oxymet hyl pyridine, 30 m of water and 60 ml of toluene

m
- i's added wi tTB.fzsqbf BiffrepeniBIoronier i ehtvid g gsof shdiumthygrogen-ni  of
water, 28 m o 0 toluene

. nd, 0.5 of . _ -3-
tetrakis(t ri‘iﬁf@ﬁ’&‘?%@%‘?pm"@@dﬁfrpgw%%(%}d 31’%”‘&1‘5%50«&16q1ugrﬂfll5ybr§dr?joe . The
reaction m xfydreximetappidine, 8ehilef veatdr apt &Can oftoduenesisprddadivithf or 2
hours. After_coolin the m re. | uR)j  @nat  wor k- up,
gi vi ng 5- (4- 4T OTJ%LHQB?%EEE{)#“%?Y‘%_§P§bﬁ£ﬁ%$ﬂ_1e& gqlgcg%aﬁ@riﬁ%tﬂ l?ub%ﬁguent ly
oxi di zed (hy idneratndihb gwittetrakis(isipheng phospbineaBdienr(Phare 05Feot i ni ¢
acid. Exanpl ; A ?qma G isHemtag tdlrefluxldhdbelf at this
4-f | uor obenz@rjl%rt‘)itlfil 8%?%521(;?% ré%ééf 0. Luégfg;bm‘é\algd/ acﬁ ve)l(t ed { %rtﬁo&n(lg?{g are
i ntroduced i erop@ratune; fior @hars. AliefeReli ‘ﬁ%“ﬂ?‘té'ﬁ?('%ﬁ‘é%gﬂél on is rendered
al kal i ne usi fgnat W8rkdp ofivi#’s-(4-flucrophenylinicotiny! alcohol. The alcohol is

subsequently oxidized by conventional methods to give 5-(4-fluorophenyl)-

15  nicotinic acid.

Example 2: |
1.38 kg of 5-bromonicotinic acid, 1.10 kg of 4-fluorobenzeneboronic acid

and 0.40 kg of Pdfactivated carbon (5%) are introduced into 8.5 litres of
20 water. The black suspension is rendered alkaline using 1.39 kg of 32%

sodium hydroxide solution and warmed to 100°C. After 4 hours, the mixture

is subjected to conventional work-up, giving 5-(4-fluorophenyl)nicotinic

acid.

Melting range: 198.5°C to 203°C.

Example 3
15.3 g of methyl 5-{4-fluorophenyl)nicotinate (obtainable by Suzuki

coupling of methyl 5-bromopyridine-3-carboxylate with 4-fluorobenzene-
boronic acid analogously to Example 1 or 2) are saponified by conventional
30 methods to give 5-{4-fluorophenyl)nicotinic acid.

Example 4:
5-Bromo-3-acetoxymethylpyridine is reacted with 4-fluorobenzeneboronic

acid as described in Exampie 1. The 5-(4-fluorophenyl)pyridin-3-ylmethyl
35 acetaie obtained is saponified by conventional methods and subsequently
oxidized to give 5-(4-flucrophenyi)nicotinic acid.

Example 5:



sodi um hydroxi de solution and warned to 100C. After 4 hourgg Jp zqﬂg xture
is subjected to conventional work-up, giving 5-(4-fl uoropheniy otinic
acid. Meltind¥QaHE873 198. 5C to 203C. 25 Exanple 3: 15.3 JIERROMPP 5-(4-11
uor ophenyl ) ni cotinate (obtainable by Suzgki coupling of nethyl

5- br onopyri di ne- 3-car boxyl ate with 4-fl uorobenzene- boronic acid

anal ogously to Exanple 1 or 2) are saponified by conventional 30 nethods to
gi ve 5-(4-fluorophenyl)nicotinic acid. Exanple 4:

5- Br ono- 3- ac &t {@xl lerdgheny intiatinid aciddadissolvad in tatrahvdicdir@nzs@sbor oni ¢

acid as descry A>T - (Az kG- D3 pet hyl

35 acetate ogltuglﬁ’ﬂ%v ’_its sap ﬁy%&eg?ﬁfy@lgor%\s/é%%{%egéaﬁla%&gﬁgé?ﬁga?lcj%lstle uently
oxi di zed to gnddhgmisture iprassiesad inert byrepeatedly injiechng mopretectiva@ar /68373
-1320J°0 'so@%ﬁ-ofgia c?éﬁ&@ﬂﬁwsﬁn(térr&wﬂ?bﬂﬁﬂﬁwbhaééﬂi BRigenggld is

di ssolved_in tetrahydrofuran in an autoclave, hlﬁ.hree equi val ents of the
respective aSHiaeshRlBrateive gas@nslthe reagliomgoiniop i sUPSEqUETiWr ed i nert by

repeatedly i myafddartéd Bt BORT Linder 8afdrdgers plassuanop bad Wakcstringd PPh3  in
t et r ahydr of ur,

n i s..added in a counter curr.ent .0 ctive gas, and the
reaction sol qrﬁﬁnf'gngldﬁg@dﬂ%ﬂ{vle?%ﬁ %yg%dpédy'g[d gﬁ)@é nder a hydrogen
pressure of 8 bar with stirring- Conventional work-up gives the al dehyde in
avyield of 98% 2 0 Jut 2004 Clains: 1. A process for the preparation of a
5-aryi ni coti nal dehyde of formula I



A in which Ais a phenyl radical or naphthyl radical, each of which is
unsubsti t ut ed, nonosubstituted or polysubstituted by R F, 4, Br, I,
-CN, -N®&®, - CF3, -0OCF3, -OCHF2, -OCF2CF3 or -OH and in which or nore CH
groups is optionally replaced by N, and Ris H, a strai ghtz-ﬂ HHall#t or
branched %Jﬁ radi cal having 1 to 15 carbon atonms which is

nonosubst i by -CF3 or at |east nonosubstituted by fluorine, where, in
addi tion, one nore CH2 groups is optionally independently replaced by -S-,
-0-, -0--C0, -COO or -CHCH in such a way that heteroatons are not

di rect| y aldj acehProcsss for Hﬁdﬂé%@awﬁfrai Sppipieatpatdehyie offformuladr r espondi ng
S-aryinicotinic acid by catalytitc hydrogenation in the presence of
carboxylic anhydrides and a pall unt |4 gand conpl ex, wherein nolar ratio
bet ween pal | adium:and ligand is¢ro B to 1:15 in the case of nonodentate
ligands and from1:2.5 to 1:7.5 kN e gase of bidentate ligands. 2. A
conpound of forrmula I in which AYS a 4% uor ophenyl group. 3. A process
according to cl ﬂ‘@ further conprising reacting said 5-

aryl ni coti nal dehyde with a primary anmine to give a corresponding imnmne, and
reduci ng to prodicephenyNeadiday bataptittyitadecal, 4achiofowlick ssursabaitdiedg to claim
1, further conprising reacting a cqnmpound_of forrrula I wth a primry
amne to give d“@%?*ggﬁﬁtﬁéphﬁokyﬁ@ﬁﬁmt%@rﬂ Re%&:ll By LioCMNordtee s an
N-al kyl ated am it 2004 accordlng to claim3,
wherein the N ﬁ@%ﬂ at edém@ne i 6ne FB forrru asisl( R, HN Nin which R and
R', i ndependentwkichor oree GRogrheyps, is apgortd]ly s¢pladedty-N, and R is H, a straight-

chain or branched alkyl radical having 1 to 15 carbon atoms which is

monosubstituted by —~CF; or at least monosubstituted by fluorine, where,

in addition, one more CH; groups is optionally independently replaced by
~S—, ~0—, -0-CO~, ~CO-0~— or -CH=CH- in such a way that
heteroatoms are not directly adjacent, said process comprising reduction of a
corresponding 5-aryinicotinic acid by catalytic hydrogenation in the presence
of carboxylic anhydrides and a palladium/ligand complex, wherein molar ratio
between palladium and ligand is from 1:5 to 1:15 in the case of monodentate

ligands and from 1:2.5 to 1:7.5 in the case of bidentate ligands.

2. A compound of formula [

=== 0
\_/

in which A is a 4-fluorophenyl group.

3. A process according to claim 1, further comprising reacting said 5-
arylnicotinaldehyde with a primary amine to give a corresponding imine, and

reducing to produce an N-alkylated amine.
4. A process according to claim 1, further comprising reacting a compound of
formula I with a primary amine to give a corresponding imine, and reducing to

produce an N-alkylated amine.

-14-



chain or branched al kyl radical having | to 15 carbon atonms which is
nonosubstituted by -CF3 or at |east inonosubstituted by fluorine, where,
in addition, one nore CH2 groups is optionally independgrjy 28p! aced by
-S-, -0-, -OCO- CO O- or -CH=CH in such a way that heteroatoms are

not d|r tly a re . F, . d, - OCHF2,
- , d qﬁL a% ngatﬂala,&nﬁswégleglewg\%ﬁlké%@mr}e i Ohpob cess
accordl ng to clf@ﬂnmleﬂx wherein the N-al kyl at edam neRJ s one of forrrul a Xin
which R and R', independently or one al hef as defined for Ror are
F, d, Br, I, CN -N2, -CF3, -o0cF3,[™ 2 CF3, - OCHFCF3 or -OH,
and A is as defined above 7. A \FO claimb5, wherein the
N-al kylated amine is (R -2-[5-( f lfuor ophenyl ) - 3 xpyri

dyl met hyl am nonet hyl ] chroman. 8.4 A process according to claim®6, wherein
the N-alkylated amne is (R -2-[54-

fl uor ophenyl) - 3- pyri dyl net hyl am nonet hyl ] chr oman.

in which R' and R", independently or one another, are H, straight-
chain or branched alkyl radical having 1 to 15 carbon atoms which is

- monosubstituted by —CF; or at least monosubstituted by fluorine, where,
in addition, one more CH, groups is optionally independently replaced by
—-8~, -0—, ~0~CO0~, ~CO--0O- or -CH=CH-~ in such a way that
heteroatoms are not directly adjacent,or are F, Cl, Br, I, ~CN, =NO,, —
CF;, ~OCF3, ~OCHF;, —OCF; CF;, ~OCHFCF; or —OH, and A is as

defined above.

6. A process according to claim 4, wherein the N-alkylatedamine is one of

J

formula X

in which R' and R", independently or one another, are as defined for R or are
F, Ci, Br, I, —CN, -NO,, —CF;, ~OCF,, —OCHF;, -OCF; CF3, —
OCHFCF; or —OH, and A 1s as defined above.

7. A process according to claim 5, wherein the N-alkylated amine is (R)-2-[5-(4-
fluorophenyl)-3-pyridylmethylaminomethyl Jchroman.

8. A process according to claim 6, wherein the N-alkylated amine is (R)-2-[5-(4-
fluorophenyl)-3-pyridylmethylaminomethyl }chroman.

-15-



