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" 5-arylnicotinal dehydes 111111111111, *159159* The invention relates to a
process for WHBY épar ation of 5-arylnicotin- al dehydes Phy/EP8HMBY on of the.

correspondi ng 5-arylnicotinic acids by p-catal ytic hydrogenation i

n th
presence’ of carboxylic anhydrides in which the catalyst used““llﬂ“lmuwwmum
pal | adi um' | irgand conpl ex, characterized in that the nolar ra
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| i gands and from 1Progessfor:thejpreparation of S-arylnicotinaldehydesnds. 10

5- Aryl ni coti nal dehydes are inportant intermnmedi ates and end products in

I ndustri al ani c chemstry. ropriately substituted derivatives are, in
particul ar, %‘% In¥enten Fﬁ'%ﬁeﬁéaiagﬁ'@@g#qrﬁsewﬁ??f pe 'WYSWFQ}'WaI ue- added
gpgt g‘r:;)idu?]t aldehyales Byvexsietior sf thecoreespamding ﬁiiéaylniom_tipiwad:idslbqrﬁf oirdggogr 15
pesti ci dgs: C%ﬁ?%‘faﬁi’%@a%@ﬁ@‘m ‘L?T(_)en[B %Egéﬁ%gfgﬁ@ggﬁgéb%&ﬁeﬁﬁhp a#’ﬁaceut i cal
activity. Ptbegstalystusedise palladispiioand gogpiex; ohiacaatenzedishpabheon an

Pr epar at | on B R e oA I | o Era e SAEE Y by
B Enexpect GUIHEEHI, (GRS EIRITA 2 SHO=tid I Sa3 o BidRete |
Consequent | Yigahtle. net hods described in the literature for the preparation
of thesgpcorrpounds by chenosel ective reduction of aromatic acids or their

esters by oxidation of aromatic 25 al cohols cannot be applied to a
sat i sf act or \b-Artimicotinaldehgdesoarecispantiind intebredigtas and end producisin t he
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particular, valuable intermediates in the synthesis of highly value-added
end products or are themselves such end products, in particular for crop

16  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. Consequently, 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-arylnicotinyl 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
occur. In addition, the use of pivalic acid is associated with considerable
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t.he reduction of nicotinic acid by pal |l adi um catal ysed hydrogenation is 30

' descr'! beq I&&Fﬁ%ﬁ ry Letters 1998, 1143-1144. The progggﬂmgl/aﬁhé)sed
e

therein is out in the presence of pivalic anhydri

(trinethylacetic anhydride), giving, 42-the case of unsubstituted
nicotinic acid, the corresponding al dehyde in good yields. 35 However, if
substituted nicotinic acids and in particular aromatic-substituted

nicotini‘'c aci d oye n.this process. .considerab osses of yield
occur. In a&&F"tssr 8 ngeﬂ‘é%'%gﬁ‘thbﬁ %ﬂoegsé%?ﬂts$l‘§%g)§§t°gi'é$‘é%ﬁa‘th consi der abl e
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consequently this process is not suitable for industrial application. The

obj ect on which the invention is based was to discover a process for 5 the
pr epar at i on Tée @ojegtyomwbishi theliaentirasisaaser wasiesdisprRygsehBIOFesa fef

envi ronngnt ghé bréﬂérﬁf’&‘\ W éfé??ﬁﬁ:cﬁﬁﬁfdélﬂdbg Iw'ih.éﬁ Me@f.né*ﬁéﬂswm possi bl e
wi t hout the above-nentioned di sadvant ages. risi n%ﬁi)/a it has. now been

found that GWrONMEREIlYHERdNARCESE gV éomis s$i Alesiances RISSIIE of t he

cor r espondi R@tHouRthd abows-hintioaed disddvattdgesyti ¢ hydrogenation in the
presence of carboxylic anhydrides in which the catalyst used is a

pal | adi unf i gand conplex if a nolar ratio between palladiumand |igand of
from 1: 5 t o Surpgsinglyp idw@swaw been lieundthat Sranyinicotinatdehysldsieggmibe and of

from 1: 295 tdbt%néd%y rBdb&orf eﬁor@mgﬁﬂﬂ%es El'ﬂﬁlegﬁmc:ar%lﬂ”'ﬁ%ox irce

according to the 1nvention a e use he

anhydri des \Jvfyﬂacpg%naélonégéh%pmc@@ftq@abpwh%awdaﬁﬁw vhichdhe

catalyst used is a palladium/ligand complex if a molar ratio between

palladium and ligand of from 1:5 to 1:15 is observed in the case of mono-

dentate ligands and of from 1:2.5 to 1:7.5 in the case of bidentate ligands.
15

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-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

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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~ whi ch, without an excess of ligand, give only a low yield of product. 20

The i'nventi(‘)ﬂoaﬂ#a relates to a process for the prepara%’hg&gg&om:;
) -ar

5-aryl nicoti Ehydes by reduction of the correspond yI'ni cotinic
acids by catalytic hydrogenation in t4®-presence of carboxylic anhydrides
in which the catalyst used is a palladiunligand conplex, characterized in
that the nolar ratio between palladiumand ligand is from1l:5 to 1:15 in

th e of 25 dent at ' d f 2.5t 7.5.int f
b dentate. I oande. ISRENERYLIAEIGH op PaPBIrEaca] SadtRof Wiich it nsietE ™ 0%
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radi cal, each of whi stitut

pol ysubstituted by RndAn whichBn addition, ame omvaere CHRPoupeDRRY be OCHF2,

- OCF2CF3g - OCHFCF3 OrreRfQéed yoNi n which, in addition, one or nore CH groups
may be 5 repl aced by and"'Ris H, a straight-chain or branched al kyl
radical having 1 to 15 10 carbon atons which is nonosubstituted by -CF3 or
at | east nopggubstituted by fluorine, where, in addition, one or nore CH2
groups in these radicals may each, independently of one another, be
replaced by -S-, -0-, -OCO, -COO or -CH=CH in such a way that

het er oat ons Rar e not islH; acdtraighidgreie or prariched alkyl radical 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 -CH=CH- in
such a way that heteroatoms are not directly adjacent,
15
by reduction of the corresponding 5-aryinicotinic 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-arylnicotinaldehydes
for the preparation of N-alkylated amines by reaction of the 5-arylnicotin-
aldehydes with primary amines to give the corresponding imines, followed

25 Dby 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



by reduction of the corresponding 5-arylnicotinic acids by catalytlc

' hydrogenatlon I n the presence of carboxylic anhydrides in which t

catal yst us®PP¥S887ha| | adi um |i gand conpl ex, characterlfgamWH”WW§{ the
nolar ratio between palladiumand ligapgd is from1:5 to 1:15 in the case
of mono 20 dentate ligands and from1:2.5 to 1:7.5 in the case of bidentate
| i gands. The invention furthernore relates to the use of the

5-aryl ni'coti nal dehydes for the preparahbon of N-al kyl ated am nes by
reacti on of the 5-aryl nicotin<_al@ehydgs with prinmary amnes to give the
correspondi ng inines, folH NJucti on. The reaction of the

al dehydes wi th thq\ani es » reduction of the imnes can be
carried out by neth dsprdescribed in the literature (for
exanple in standard , such as Houben- Weyl, Methoden der organi schen
Chem e [ Methods of Orgdnic Chemistry], Georg-Thienme-Verlag, Stuttgart, or
Organi kum [ Organic Chem stry], 17th 30 Edition, VEB Deutscher Verlag der

W ssenschaften, Berlin, 1988), to be precise under reaction conditions
whi ch are kiowhnigind are suitable for the said reactions. The conpounds of

N al kyl at ed P a3 dpodiiirderil B ond dhuter At A8 dBnhel e BRSO, %
whi ch R ancBrH,,—Cl\thﬁhndb‘Fm FO Cdts, @@HEIZO{O@FZC%T eOaH e 4 oDl pandR or are
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and 5 Ais as I ne reaction ondl ng am nes and
reduction off e@‘lﬂfélqrb%fdh?éfﬁﬁuuaﬁth@ﬁ“%yblbmmlpﬁﬁhieqt@ﬁ%ﬁrwsﬁleéc@sses in

particul ar arGaliad by catalptit RErRogénatiorodr BY usingnbréRydided, sders assferh 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-fluorophenyl)-3-

pyridylmethylaminomethyljchroman 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 alkenyl group
having 2 to 7 carbon atoms.

20
A is preferably a phenyl group, a phenyl group which is monosubstituted or
disubstituted by F, a 4-fluorophenyl group, a pyrimidyl, a pyridyl, a pyrazy|
or a pyridazyl 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 alkyl 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,



~ exanpl e, sodi um borohydride. 10 Sim|lar conpounds are already known from EP
0707007. Preference is given to the use of the al dehyde of the formula | in

which in wWAYRMETS 4-f1 uorophenyl for the preparationPEA/ER01/00083

(R -2-[5-(4-fluorophenyl)-3- pyridyl nethyl am nonet hyl | chroman by reaction
wi th R-chromanam ne and 15 reduction of the resultant imne. In the
preferred conmpounds of the formul ae above and below, Ris H an alkyl or
al koxy group having 1 to 10 carbon atons or an_al kenmﬁgroug having 2 to 7
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butoxy, pent oxy, heptyi_;()x octf/ xq\;\.'9 % | oxy, or decyl oxy,
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given to hexyaurbﬁmmvl butyl, n-butyl, propyl, i-propyl, nethyl and ethyl,
in particular 5 propyl and pentyl particularly preferred al koxy groups

are hexyl ox ent oxy, n-but ox pr.opox | - propox met hoxy and et hoxy,
in part Ycul %}referrred bra¥1ched radlca?/s are rsopro)r/JyI 2- bloutylo )( methylprogy ), Y

isobutyl (=3-methylpropyl), 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-methylbutyl 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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~ethoxy and n-butoxy. Conpounds of the fornul ae above and bel ow which have
branched w s R may be of inportance. Branched gr his type
general ly cgﬁ?gpﬁgﬂ%t nore than two chain branches. R i§%ﬁﬁ§P§&m§% ably a
strai ght-chain group or a branched grou-having not nore than one chain
branch. Preferred branched radicals are isopropyl, 2-butyl (=1

-nmet hyl propyl ), isobutyl (=3-nethylpropyl), tert-butyl, 2-nethylbutyl,

i sopentyl (= 3-ngthyl butyl), 2-nmethyl pentyl, 3-nmethyl pentyl,

4- et hyl pent X xyl, 5-nmethyl hexyl, 2-propyl pentyl,

6- met hyl hept -meX\hyyoctyl, isopropoxy, 2-nethyl propoxy,

2- et hyl but oxy, Q- retny but oxy, 2-nethyl pent oxy, 3-netH§Ipentoxy,

2- et hyl hexyl oxy, R-nmet hyphekyl oxy, 1-nmethyl heptyl oxy, 2- oxa-3-nethyl butyl
and 3-oxa-4-net hyl pentyhy. 20 The radical R may also be an optically active
organi c radi cal containing one or nore asymetrical carbon atons. The
process according to the inyention is very particularly suitable for the

25 preparation o tRe al g/ehydes of the formulae 11 to 110: 11 12
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0 PCT/EPO1/ 00083 19 110 In which Rl and R2, independently of one anot her,
are as defined for R and are in particular F, -CF3, -OCF3, -OCHF2 or H,
and are ver\WOS®larly preferably F. 5 Very particuPSTEPOEIMBE,  od
5-aryl ni coti nal dehydes whi ch can be prepared by the process according to
the invention are the conpounds of the fornulae 11, 12, 19 and 110. The
5-arylnicotinic acids used as starting materials for the process 10
according to theN nvent i on N € ei ther known or are prepared by nethods
known per Sﬁf asydeXcribed \n the literature (for exanple in standard

wor ks, suc ﬁ'«b

Organi ¢ Cheni str W=

i eme-Verlag, Stuttgart), to l8e precise under
lghown and suitable for said reactions. 15

However, use can al so be e 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. Myaura, A Suzuki, Chem Rev.
95, 2457 (1995)) reacyd 5-brono- 20 nictonic acid, an al kyl

5- br ononi cotR €, otinyl alcohol or the alkylcarboxylic acid
ester thereof wi spondi ng aryl boronic acids |gwpder known
reaction conditions to give\a conpound of the formula IIl, III, [IVor V. 11
WO 01/ 58873 PCT/ EPO1/ 00083O 1 1V

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 110.

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 works,
such as Houben-Weyl, 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 I, IlI,

IVorV:



A V.in which Ais as defined above, and R3-is methyl, ethyl, n-propyl,
" isopropyl, _n-butyl K sec-butyl or tert-butyl, subsequently hydrolysing the
O PSR sedubitogs

esters of t e IlIl and V by conven- 5 tional pr Yoqog gi ve the
free acid of the fornmula Il or the al cofol of the formula IV, and oxidizing
the al cohol of the fornmula IV by conventional nethods to give the acid
formula I'l. The acids of the fornula Il obtained in this way can be used
directly for the pAO process according to the invention. R3 is preferably
met hyl or ethyl, in particylar nethyl. Conmpounds of the fornmulae I, 11,
11, 1V and in whi gh—A\i s 4-fl uorophenyl 15 radicajj| are particularly

preferred. The inv kew se relates to the novel conpounds of the
formulae I, Il, I|IN d 1'OR20 The reaction in the process according to
the invention for ghe preparation of 5-arylnicotinaldehydes is sinple to
carry out, with the 5-arylnicotinic acids in question preferably being
hydr ogenated in orn%ﬂ% sol vents, at tenperatures of AMMom 10 to 180C,
preferably at from\0 0C and very particularly preferably fromat 40
to 100C, and at a pN ureQH from1l to 25 150 bar, preferably at from1.5
to 120 bar and in particular at from2 to WO 01/58873 PCT/ EP01/ 00083 9 100
bar, with additionYf a carboxylic anhydride in the presence of a

pal | adi um |i gand c X. The soal’ vents used for the pyocess according to
the invention are Ryef y SRethers, such as, for exanple, diethyl ether
one

or tetrahydrofuran,N chh as, for exanple, acetone, hydrocarbons,
such as, for example, toluenep benzene, hexane or heptane, am des, such

as, for exanple, . _ 3. _
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 Il and V by conven-

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

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

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

Compounds of the formulae |, II, I, 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 |, I,
Hl and IV.

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 scolvents, 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



~di met hyl formami de or N-nethyl pyrrolidone, or acid anhydrides, such as, for
exanpl e, acetic anhydride. 10 Particul ar- preference is given to ethers I n
parti cul ar 9@9P5ﬁ? ofuran. M xtures of the said solvenggTEEH/WWQémnse be
used. The anobunt of solvent is not crucgal; from10 g to 500 g of sol vent
can 15 preferably be added per g of the conpound of the formula Il to be
reacted. The duration of the reaction depends on the selected reaction

conditions. In general, the reaction duration is fromO0.5 hour to 10 days,
preferably 00kar1with aﬁﬂ'tlﬂfU‘Pfsa caboxylig aphydriqe itherseaenenef af t he

I nvention, tdgqqagm%/néaﬁ@@omgfg;@tlon to the aldehyde is determ ned by
sui tabl e anal ytical nethods, for exanple HPLC, and the reduction is

i nterrupted. 25 The hydrogenat ion catalyst used is a palladiunligand
conpl ex. Thdhe gEvetds wsed far thephrospss aesordpngetocthehyeritieon are grbfezablgr gani ¢

radical sg  iehdia" biibatoRblipR Gyt oh@F be ke brigiPhelgndhe [T gands

enpl oyed can b nonodent at € nonodent at e
phosphi nes sggh@seforraxamplengtaione, @Wf@@rbpcgl-ﬂ)ms (fQBQWa}rBP'e (C4AH9) 3P,
Egg&ig;@&&@@ﬂaé B&hzdrie! HERa¥E or h {éh@ ahid %Fﬁ AT )e 3;’ Ve
enpi ri cal W%ﬁ/ Qrmﬂ%'l"fﬁj@ ﬁdﬁgeig}y W?Z%ioaﬁ&%%é a&‘%ﬁgﬂa%aﬁuﬁ 2% i cal s.
Pre}‘eLence iexagiple radeticranpiydrige, n-butyl, sec-butyl, tert- b_utyltandI

e C e Vi i denti ca
(r:)altgi gal r?%pétﬂgfpreigre‘é@gﬁ%gé@%dtp %hgf Hb §3§\°HE%{33{F§*‘¥‘?}§&H§ “are the
foll owi ng: WO 01/58873PCT/ EPO1/ 00083 - 10-

( C6HB) 2PCH2 (i k88 oF 3 fd ORI REh IRk Elide s uSEE CH

The amount of 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, (C2H5)3P, (CaH7)3p, (C4H9)3P, (C5H11)3P,
(CeH13)sP, (C7H15)3P, (CsH17)sP, (CeH11)3P, (CeHs)aP, (CH3CeHa)sP,
(CeHsCH2)aP, (CaHg)2(CeHs)P, (C4Hg) (CeHs)2P. 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:



“or 3, |

Cy--- P—(CH2)q CH2-P~C Cy Cy vy i ti inwhich C is cyclohexyl and q 1, 2

or . The |igands enpl oyed arePBreferany the
fol | ow ng: ﬁY@BHgﬁﬁﬁphosphlne diphenylphophinoferroceﬁ’g'”E 1700083
tri-o-tolyl phosphine, 1, 2-bis(diphenylL 18 -phosphi no) et hane,
2,41bis(diphenylphosphino)pentane, bi s(di phenyl - phosphi no) nethane and
tris(tert-butyl)phosphine. It is |ikew se possible to use mxtures of the
| i gands: Pal | adi um conpounds can be enpl oyed gH ation state Il, i.e. as
a salt, 10 or in oxidation state 0. It i§/ﬁ?ef§ npl oyed i n oxidation
state 0, (CeHs)2PCH2(CH2)oP(CeHs)2,  CgHsP ~_ PCgHs,

CH;ZCH2
Cy
Cy\ P-(CHy,)¢-CH,-P
cy” ~Cy
in particular 1 or 3.

in which Cy is cyclohexyl and q 1, 2 or 3,

The ligands employed are preferably the following: triphenylphosphine,
diphenylphophinoferrocene, tri-o-tolylphosphine, 1,2-bis(diphenyl-

5 phosphino)ethane, 2,4-bis(diphenylphosphino)pentane, 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 Il, i.e. as a salt,
10 orin oxidation state 0. It is preferably employed in oxidation state O,
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 palladium 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
invention is observed.

20 Suitable palladium 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)ClI,, PdCl,, Pd(OAc), and PdBrs.

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

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



_ pref,erabl y conpl exed by phosphines. Palladiumis generally enployed as a

pal | adi um c fromwhich the correspondi ng cat aI ared by
adi um CQpBRHa Sty

addi ti on of is |likewi se 15 possible to enplo 'um as a
conpl ex having the correct stoi chio- mdtiri ¢ conposition to which, in

accordance with the invention, an amobunt of ligand is added so that the
| i gand excess defined in accordance with the I nvention is observed. 20
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Tet r aki s(t r ippéfenathip fioswhi 509 toad :200] imgdRiculdr frenz y150dertepd@d.| adi un( 0)
conpl exes, pall adi umon car bon (pref erably 5%, PdCd 2dppf, pall adium

acetate/ (tri-0-tolyl phosphine) % Pd( O *dppe, PdéO)*d pp, 25
Pd(0) *dppm Tire( roaiay Catlo beticzen pa’lrtﬁ( )a'rdahgﬁﬂlﬂlrfﬂomﬁ:# ¢ dulSr preference is

given toste ré#&%tglgﬁ‘roﬁr?qry{ooh‘ﬁpm B&ir@@ia'r?r‘i')‘rﬁ“’f@t)o1 6, in the case of

di benzyl i denepal conp| exes, m o erably 5%,
Pdd 2dppf, FaPNeRe %edtQ@tné’ﬁe?r(qumd 25 *ﬂ bﬁ&;ﬂﬁ?@éﬁﬁxg’ﬁﬁ‘é 1%(0) *dppe,
Pd(0) *dppp an paReularfasran:2 8Ro0r 8 58ahe daed/JEBiddriaRSdandsl The ol ar ratio
between pal | adi um and the acid to be hydrogenated is preferably from 1:500
to 1:200, in particular from1l:50 to 1:100. The nolar ratio between

pal | adi um arNbri-sglzedt ashydratesifobtheoprocess ate preferatdyp pivalic amhgdide.o 1: 10, in

' d f
gafzt gCgHéf ‘;dc%ﬂblanﬁy&ﬁd%lrgo?utgrrc%ﬁ99§ﬁ§einng%?'ﬂgﬁ@tza% Rid b%%{)ﬁkfofnnl ngmto
1:3, in the amy@lrlae, b%ﬁttgtrahydreahtisalIcmhygademﬁ QﬂﬂN'@ﬁ'ﬁﬂ@s $or the

process are QERbBkAR anWjdfRdel ¢ anhydride, 10 acetic anhydride, isobutyric
anhydri de, 5-norbornene-2, 3-di caboxylic anhydride,

1,2,3,6- tetrahydrophthalrc anhydri de and napht hal ene-1, 8- dicarboxylic

an hydr I de. The molar ratio between the carboxylic anhydride and the 5-arylnicotinic

16  acid is preferably from 10:1 to 8:1, preferably from 7:1 to 6:1 and in
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 1 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 assumed 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 limiting in any way.



The nol ar ratio between the carboxylic anhydride and the 5-arylnicotinic

" 15 acid is preferaply from10:1 to 8:1, preferably from7; -1 and in
parti cul ar MOMH BB 10 2:1. The conpounds of the formnul A’%F;Fé’ﬁf("“g’é}obt ai ned,

after renoval of the solvent, by convd@t4i onal work-up steps, such as, for
exanple, addition of 20 water to the reaction m xture and extraction. It
may be advant ageous, for further purification of the product, subsequently
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pr eparation “ances havi ng hi gh pharmaceutical activity. Even w thout

further enbdd #erfd-flugrobgnzerehrraniaagid angeld 9 Qfigadiwn YArogess art can
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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 Pd/activated 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.
25
Example 3:
15.3 g of methyl 5-(4-fluorophenyl)nicotinate (obtainable by Suzuki
coupling of methy! 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 Example 1. The 5-(4-fluorophenyl)pyridin-3-ylmethy!
35 acetate obtained is saponified by conventional methods and subsequently
oxidized to give 5-(4-fluorophenyl)nicotinic acid.

Example 5:



10 toluene and 0.5 g of tetrakis(triphenyl phosphi ne) pal | adi un{0) are
subse- quen d. The reaction mxture is heated to ref hel d at
this tenpebggﬁﬁgg?%r 2 hours. After cooling, the nlxturgﬁpéﬂﬁgﬁﬁ cted to

conven- tional work-up, giving 5-(4-fld@rophenyl)nicotinyl alcohol. The

al cohol is subsequently oxidized by conventional nethods to give

5-(4- quorophenyI) 15 nicotinic acid. Exanple 2 1.38 kg of

5- br onmoni cot 1.10 of A-11 uor c_acid and 0.40 kg

of Pd/acti vé Q‘{iﬁ g%p]er(yé)wcoﬁ Pﬁf’ﬂ%&’tﬁ?@ﬁ/ dﬁwﬁeﬁaﬁyﬁ?ff’mg BAN 20 water.

The bl ack sumpeciave three eguidaleats of thal respectmeramd abbyddgde breaddeddi um

hydr oxi de s IS

subj ect ed t?n(%th\%gﬁ?ﬂgﬁ;\?%m-éa r@f)é Bgll P % %f‘%ah‘n tﬁlétﬁ(')at%l ﬁl C

acid. Melti rs@Iutmg@‘ Pd@Acrand cm tmm ran s aqeedslrga@punarhyl

5-(4-11ugroph é}? FgF&ébg@ é%a&@b&.@séuaegns sGos]jeryof net hyl

5- br onopyr i -car uor obenzene- nic acid

anal ogousl y W@r%ﬁiﬁ@ al 8gr M‘d&F 8 hyapReRN PeassHie Qbﬁ\PéﬁW'tBrﬁilrr"@) met hods to
gi ve 5-(4-flCoivepiiondl workea gives tﬁélalber@m@ﬁéld of 98%.

5- Bronp- 3- acet oxymet hyl pyridine is reacted with 4-fl uorobenzeneboronic
acid as described in Exanple 1. The 5-(4-fluorophenyl)pyridin-3-yl nethyl

35 acetate obtained is saponified by conventional nethods and subsequently
oxi di zed to give 5-(4-fluorophenyl)nicotinic acid. Exanple 5: WD 01/58873
PCT/ EPO1/ 00083 -13 5-(4-Fl uorophenyl)nicotinic acid is dissolved in
tetrahydrofuran in an



~autocl ave, three equivalents of the respective-acid anhydride are added,

and the mixture is rendered inert by repeatedly injecting a protective gas.
A sol ution WP OEHEHC) 2 and PPh3 in tetrahydrofuran is é'g’a@f%yﬁ““é:’counter 5
current of protective gas, and the reag@ion solution is subsequently
hydr.ogenat ed at 80C under a hydrogen pressure of 8 bar with stirring.
Conventional work-up gives the aldehyde in a yield of 98% WD 01/58873

PCT/ EPO1/ 00083 -14 Patent Clainms 1. Process for the preparation of

5-aryl ni coti nal dehydes by reducti oRatent Gl AMEor r espondi ng 5-aryl nicotinic
acids by catalytic hydrogenation in the 5 presence of carboxylic anhydrides
invx/nichthectal st. used a. palladi ynlj. d c | ex, ,charagterized in
that 't he ol ar PTokeSs BbiRoReparalidfien SAnEOlTaaRIGEE by A Etenas 1 15 1 n

t he case of mﬁmﬂmﬂ@dmndhnggémﬂyln&xmﬂnfcr&nid&b? Catalgtidhydrsgenatidreirctiee of

S- aryl i ot | naPSRTAS SPARTE 3phiiidd¥ PUARRAR caleRt usedisa | ¢ agi cal or

napht hyl radi chéllagaeWigsndgonaplexschareolesized lnihatdhe(mqiar Eﬂthhﬁtwgenst i tuted

or pol ysubstit %Fﬁéhlabh ahd fig arﬁa s fﬁSm 1k 510 N5 rhNQ@ caselor mordddeptate OCHF2,
- OCF2CF3 - OCHF 1tion, one or nore CH groups

may be repl ac@@?"ﬁfi‘ N‘d E@”h?]@ ER"Qé I—g'rhﬂ’se(?aaﬁegq’ftb'eﬁ%ﬁa@ 48amisanched al ky!

radical having 1 to 15 carbon atonms which is nonosubstituted by -CF3 or at

or aups 11 ¢ resbrosarear e sk ot rEhinisolinfGEhydher PaTafhulY 5. =

replaced by -S-, -0-, -0-CO, -CO0- or -CH=CH in

A
N/
N H
in which
A is a phenyl radical or naphthyl radical, each of which is unsubsti-
15 tuted or or monosubstituted or polysubstituted by R, F, CI, Br, |,

-CN, -NO,, -CF3, -OCF3, -OCHF2, -OCF,CF3 -OCHFCF3 or -OH
and in which, in addition, one or more CH groups may be
replaced by N,

20 and

R is H, a straight-chain or branched alky! radical having 1 to 15
carbon atoms which is monosubstituted by -CF3 or at least
monosubstituted by fluorine, where, in addition, one or more

25 CH2 groups in these radicals may each, independently of one
another, be replaced by -S-, -O-, -O-CO-, -CO-0- or -CH=CH- in
such a way that heteroatoms are not directly adjacent,

by reduction of the corresponding 5-aryinicotinic acids by catalytic

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



.such a way that heteroatons are not directly adjacent, by reduction of the
~corresponding 5-arylnicotinic acids by catalytic 30 hydrogenation in the
presence of ‘%&PH@B@ i c anhydrides in which the catal yst PGIBP0}/20083

pal | adi um |i gand conpl ex, characterizedsin that the nolar ratio between
pal | adiumand ligand is from1:5 to 1:15 in the case of nonodentate
ligands and from1:2.5to 1:7.5 in the case of bidentate |igands. WD
01/58873 PCTI EPO /00083 -15 3. Conpounds of the formula I in which Ais a

4-fl uorophenyl group. 4. Conpounds of the fornula Il, IIl, I'Vor V: 511 A
11T A1V A 8.1 Gopotindd df shérforfiRila NRdwhith@ & 8dXlucregh&Ryligioopt hyl , et hyl,
n-propyl, isopropyl, n-butyl, sec-butyl or tert-butyl. 5. Conpounds of the
formula I'l, Ill, IVor Vinwhich Ais a 4-fluorophenyl 10 group. 6. Use

of the conpeun@onipounds fobthmeifaxmiuld dr IIL e opMepar ati on of N al kyl at ed
am nes. 45 7. Use of the compounds of the fornmula | for the preparation of
(R -2-[5-(4- fluorophenyl )A?" pyri dyl met hyl am nonet hyl ] chr oman.
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in which A is as defined in Claim 2, and R® is methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl or tert-buty!.

5. Compounds of the formula Il, lll, IV or V in which A is a 4-fluorophenyl
10 group.

6. Use of the compound of the formula | for the preparation of N-alkylated
amines.

15 7. Use of the compounds of the formula | for the preparation of (R)-2-[5-(4-
fluorophenyl)-3-pyridylmethylaminomethyl]chroman.



