WO 2004/ 094383 PCT/ EP2004/ 003272 Process for the preparation of
ni coti nal dehydes The invention relates to a process for the preparation of

ni coti nal dgp reduction of the corresponding nico
nor phol i nam ges 3%’ cotinal dehydes are inportant inter rrie)g?}g%é@ﬁg@ng%d

products in industrial organic chem stry. Appropriately substituted
derivatives, such as, for exanple, arylnicotinaldehydes, are, inter alia,
val uable internmedi ates for the synthesis of highly value added end products

or are thensel ves Sucrbrjo%epsgqopgﬂgﬁléﬁardt rpngc%HL éop pr ot ecti on,

such as, for exanple, fungi sec des es or pest|C|des
or for the preparation of highly pharmaceutically act | ve subst ances. There
is therefore interest in an extrenely econonical process for the pro-
duction of t hH@%irbl@mﬁ@Urﬁeﬂthﬁltha pm&fﬂrdhhemreaarat@@l@‘ nieptialden abl e

oxi dation state bet coho and,.car bo cid. ,alde- des are
general ly acc @‘ﬁ‘cﬁg | %P?'F?%Qﬁrwﬁg Rﬁ?ﬁé'{q %CIQIWRDB am#%ar- ticular
easily Dxidise to the correspondl ng carboxylic acids or dispropor- tionate

under al kaline conditions to give al cohol and carboxylic acid. In the 20
reductive preNmotinaldehgties aminmpertad yteemeddiatesmor erd produtts tri imdustriad he di -
hydr opyri di ne occurs as. an additional sj eaction. Ther reparation
net hods known® 3216 %%“’FFWBRE?WES“%Y @Hbg@k'éqa@%”vag'é@écw& gaﬁct i on of
carboxylic ac | lgeh t t hods
Gener al 1y ot B o e Vel R e g 10T M se
over -reduct i othe. sydtreasisbf highhoesué-addedesndpreciuctsnoradrerthemisiehvies suchd

derlvatques are also known. Thus, for exanple, DE-A 100 05 150 describes a
rocess YTor t®dPIRAYSES df p@ﬁl%ﬁarsfoarssﬂmpr@é@qtm §esly d8sfop xR (1881 of t he

Cor  espond no 48 AFLbLAIGALS, HeftBledr PbsTERRS, & fof B by FatrLPARAR | on-

pharmaceutically active substances.
There is therefore interest in an extremely economical process for the pro-
duction of these compounds on a large industrial scale
15
As an unstable oxidation state between alcohol and carboxylic acid, alde-
hydes are generally accessible with difficulty. Aromatic aldehydes in par-
ticular easily oxidise to the corresponding carboxylic acids or dispropor-
tionate under alkaline conditions to give alcohol and carboxylic acid. In the

20 reductive preparation of nicotinaldehyde derivatives, reduction to the di-

e,

hydropyridine occurs as an additional side reaction.

There are preparation methods known from the literature which describe

selective reduction of carboxylic acid derivatives as far as the aldehyde

stage. These methods generally require coocling of the reaction mixture in
25 order to minimise over-reductions.

Special methods for the reduction of nicotinic acid derivatives are also

known. Thus, for example, DE-A 100 05 150 describes a process for the

preparation of 5-arylnicotinaldehydes by reduction of the corresponding

5-arylnicotinic acids by means of catalytic hydrogenation.
30



30 WD 2004/ 094383 PCT/ EP2004/ 003272 H.C. Brown and A. Tsukanoto in J. Am
Chem Soc. 81 , p. 502 (1959) described the reduction of nicotinam des
using trie It Rk4m al um ni um hydride. However, a lo i

t enper at ur ewg\gésﬁl‘dggeiggérji bed as indispen- sable here, and tﬁg*@?g@?f%ﬁ? bel ow
90% of theory. 5 Further known processeszf'or t he preparation of

ni coti nal dehydes by reduc- tion are shown in the follow ng review. No.
Nunber of N cotinic acid Reducing Reaction Yield Literature reaction

derivative a ndi.t : ' e r room
temp./ 99% J%‘ﬁtmﬁ%grﬁd ooﬁ.a's?lnkﬁﬁ%&)%ﬂ_@% ( gggﬁ?@%&p?%%éﬁ%% nitrite

D BAH (di - t ajaseribe@@ie deduotion of sidutingmide$0§ing. thethoaylithdm ZBumidiw ni um hrs
(1999) 9658- hydride) 9667 3 3 nitrile K anyl-(9)- THE 25C 96% Tetr ahedron
15 bor abi cyc|f¥dridet

WeveD W [RacHAR tenpsrAtureswas gesoribed gsindispers DI BAH

L0, 0% Lt G VOB Binadf o 2 Py i ce Nl

S Further known processes for the preparation of nicotinaldehydes by reduc-
tion are shown in the following review.
| No. [ Number of | Nicotinic acid Reducing Reaction | Yield | Literature
reaction derivative agent conditions
steps
1 2 diethylamide CpZr(H)CI room temp./ 98% { J. Am. Chem.
10 .
i 15 min. Soc. 48
: (2000)
11995-11996
2 3 nitrile DiBAH (di- toluene 96% | J. Org.
isobutyl- -50°C 2.5 Chem. 64,26
aluminium hrs (1999) 9658-
hydride) 9667
3 3 nitrite K amyl-(9)- THF 25°C 96% | Tetrahedron
15 borabicyclo- Letters 30,28
nonane (1989) 3677-
3680
4 3 nitrile . {DIBAH. toluene _ 70%]J. Med.
-12°C Chem. 36,8
(1993) 953-
966
5 2 hydrazide NalO, water/NH; 70%1 J. Am. Chem.
Soc. 74
(1952) 57¢8
20 5 3 |N-methylaniide |LAIH, THE 0°C 65% | Angew.
Chemie 65
{ (1953) 525
7 3 nitrile DiBAH THF 0°C 62% | J. Med.
Chem. 35,21
(1992) 3784-
3791
8 3 sulfonylhydrazide | Na,CO, 160°C 61% | J. Am. Chem.
ethylene Soc. 80
25 glycol (1958) 862
9 3 nitrile DiBAH THF 61% | J. Med.
Chem. 34,9
(1991) 2922-
2925
10 2 primary amide LIAIH(NEL;); | room temp. 53%  THL 32,41
12 hrs (1991) 6903-
6904
i1 2 N-methoxy-N- DiBAH THE -100°C 51% | Heterocycles
30 methylamide 53 (2000)
2183-2180




1952 5796 20 6 3 N-nethylanilide Li AlH4 THE OC 65% Angew. Chem e 65 1953
525 7 3 nitrile DDBAH THE 0C 62%J. Med. Chem 35,21 (1992) 3784- 3791 8 3

sul f onyl hy | CO3 160C 61% J. Am Chem 25 ethyl
gl ycol (19 ?ag‘ﬂg) JI’?I%%I’I | e Di BAH THE 61% Med. Chem 3?@3‘@%?61‘066)%& 922-

2925 10 2 primary am de Li AlH(NEt2)3 rod 'terrp. 53% THL 32,41 12 hrs (1991)
6903- 6904 11 2 N-nethoxy-N Di BAH THE- 100C 51% Het erocycl es 30 net hyl am de
53 (2000) 2183-2190 WD 2004/ 094383 PCT/ EP2004/ 003272 It can be seen from

the review t hlﬁfaﬁ g‘é %ﬂ%ﬁﬁ@?&ﬁe@'tﬁgﬂ e lﬁﬂ#vr{ ﬁletw&ﬁééf'?egﬁ\?aem S

(Exanpl e Nos raw nateri a are ble in

i ndustrial quenpsnsivesreagsatsExahipte Nbs. 3, 3110), usemawnhatebials whichiartd out with
the nitrite, which is itself prepared in_three steps éExarrpIe 5 Nos. 2, 3,

4, 7, 9) or r@a@VﬁéaPWﬂ@ﬁwf@kquaéﬁltleﬁxgngmlenﬂgs %, 3.411)189n onlyrlgn t he
poi nt of vi evg gl tbe: Vil ritfle! WHIBTH fsdiPSrephred ifiifed stipt @@mple
5 Nos. 2, 3, 4, 7, 9) or require low temperatures (Example Nos. 2, 4, 11).
From the point of view of the yield, only Example Nos. 1, 2 and 3 are eco-
nomically viable. If the reagent costs are taken into account, only the proc-
ess of Example No. 2 remains. However, the latter requires three reaction
steps starting from nicotinic acid and relies on the maintenance of low tem-

10 peratures.

Surprisingly, the inventors of the present patent application have now
found that nicotinaldehydes can be obtained in virtually quantitative vields
by reduction under standard conditions (room temperature, atmospheric
15 pressure) if the starting matenals employed are the corresponding mor-
pholinamides.
Morpholinamides of r;icotil;ﬁciacid_and der}vat}veé thereof Weré previoﬁély

unknown as aldehyde precursors.

20 The present invention thus relates to a process for the preparation of
nicotinaldehydes, characterised in that the starting materials employed for
the reduction are the corresponding morpholinamides. The said process is
preferably carried out at room temperature and without pressure (under
atmospheric pressure).

25
Reducing agents which are preferred in accordance with the invention here
are lithium alkoxyaluminium hydrides containing one to three alkoxy radi-
cals. The general formula is LiAlH4(OR), , where ncanbe = 1, 2 or 3.
Suitable radicals are straight-chain or branched aliphatics, such as, for

30  example, methyl, ethyl and tert-butyl. The reduction succeeds particularly
selectively with LIAIH{OEt),. Likewise suitable as reducing agent for the



nomcally viable. If the reagent costs are taken into account, only the
proc- ess of Exanple No. 2 remains. However, the latter requires three
reaction %@@8®4E§E§5i ng fromnicotinic acid and relies paribsoiBdt£nance
of lowtem 10 peratures. Surprisingly, the inventors of t'ﬁe present patent
application have now found that ni coti‘nﬁr'dehydes can be obtained in
virtually quantitative yields by reduction under standard conditions (room
tenperature, atnospheric 15 pressure) if the starting naterials enployed are
t he correspongi - i l . jpnam Al [gar id and
dor i vat i voo. HHePaa o pr B B o) AT OBty Pheadi S ™ The
present inverltiAB(OBYs relates to a process for the preparation of

ni coti nal dehydes, characterised in that the starting materials enployed for
the reduction are the correspondi ng nor pholinam des. The said process is

preferably cagr] [ - L. r er

at nospheric gbésg%ﬁée]?éd %@bﬁgﬁﬂ%l}]tﬁg%%@wésamﬁwgb@gﬁdg@e@ﬁﬁ%I%ﬁ?rrq‘"yégor dance
with tHe invention here are lithium al koxyal uni ni um hydri des contai ni ng one
to three al koxy radi- cals. The general fornula is LiAIH(4")(OR) ", where n
can be = 1, 2 orR8. SuiV¥able radicals are straight-chain or branched

al i phatics, such for |30 exanple, nmethyl, ethyl and tert-butyl. The
reducti on succeed fc rl selectively with Li AIH(OEt) 3. Likew se

sui tabl e as rRUuci We WO 2004/ 094383 PCT/ EP2004/ 003272 -4
preparation proce i the invention is the considerably cheaper
Li AIH3(COEt). In a preferred enbodi hent, nicotinic acid norpholinani des of

t he formjl al 5

{

in which

R" R™ each, independently of one another, denotes H, Hal, A, OA,
CH,R? or Ar,

R? denotes OA or NA,,

15 A denotes unbranched or branched aikyl having 1-10 C atoms,
in which one or two CH, groups may be replaced by O or S
atoms and/or by ——(:‘,H=CH- groﬁpé and/or aléo 1-7H atorﬁs
may be replaced by F,

Ar " denotes an unsaturated, partially or fully saturated, monc- or

20 polycyclic homo- or heterocyclic system with the hetero atoms
O, N, S which is unsubstituted or mono- or polysubstituted by
Hal, A, OA, NAz, NO;, NASO:A, SO.NA, SO2A, and

Hal denotes F, CI, Bror |,

as starting materials are reduced to nicotinaldehydes of the formula il
25 RY 0
X
R*"
~
N

30 The above-mentioned radicals preferably have the following meanings

here:



R 0 RV NO 10 in which R', R" each, independently of one another,
denotes H, Hal, A OA CH2R2 or Ar, R2 denotes OA or NA2, 15 A denotes

unbr anched d al kyl having 1-10 C at ons,
groups rrayvg(gz%ggacgd by O or S atons and/or by %Jeg@gg‘g’g/‘}%ﬁ%r al so

1-7 Hatonms my be replaced by F, Ar deRot es an unsat ur at ed, partially or
fully saturated, nono- or 20 pol ycycl I ¢ honmo- or heterocyclic systemw th
the hetero atoms 0, N, S which is unsubstituted or nono- or polysubstituted
by Hal, A OA NA2, NO2, NAS02A, S2NA, S02A, and Hal denotes F, C, Br or
|, as startlng rraterlals are reduced to nicotinal dehydes of the forrrula I

25 Rr 0 H RR" @V ehth3Ad %uﬁm \eofreeTet areuthdr, idetiotsd H, PlaefRr@hl gHiRYe the
fol | owi ng neani ngs her e: 2004/ 094383 PCT/ EP2004/ 003272 -5 R, R'' each,
[ ndependent I y)l'o"f-r vierefoAndral arcthBi save ongHf, thﬁm@nlnM@Cﬂbﬁd belownhere A

Ar, and 0 { S I n
part | cuI ar, %d:]g gﬁe qﬁgg CSWE EE ﬁ&g%% B%gﬁcg’%r Q&)pq)ﬁyRButoxy, fido->
S rine, chlorine, bromine, iodine, phenyl or o, m or p-substituted phenyl. R is
particularly preferably p-fluorophenyl or bromine and R is simultaneously
hydrogen.

Hal denotes fluorine, chlorine, bromine or iodine, preferably fluorine, chio-

10 rine or bromine.

R? denotes OA or NA,, where A has the meaning indicated above and

below.

15 A denotes alkyl, is unbranched (linear) or branched, and has 1, 2, 3, 4, 5,
6,7,8, 90r1OCatorns
A preferably denotes methyl, furthermore ethyl propyl rsopropyl butyl
isobutyl, sec-butyl or tert-butyl, furthermore also pentyl, 1-, 2- or 3-methyl-
butyl, 1,1-, 1,2- or 2,2-dimethylpropyl, 1-ethylpropyl, hexyl, 1-, 2-, 3- or
20 4-methylpentyl, 1,1-, 1,2-, 1,3~ 2,2-, 2,3- or 3,3-dimethy!butyl, 1- or 2-ethyi-
{ butyl, 1-ethyl-1-methylpropyl, 1-ethyl-2-methylpropyl, 1,1,2- or 1,2,2-tri-
methylpropyl, furthermore preferably, for example, triflucromethyl.
A very particularly preferably denotes alkyl having 1-6 C atoms, preferably
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
25 hexyl, triflucromethyl, pentafluoroethyl or 1,1,1-trifluoroethy!.
Furthermore, A denotes cycloalky!l, preferably cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl or 2,6,6-trimethylbicyclo-
{3.1.1]heptyl, but likewise mono- or bicyclic terpenes, preferably p-men-
thane, menthol, pinane, bornane or camphor, whére each known stereo-
30 isomeric form is included, or adamantyl. For camphor, this denotes both

L-camphor and D-camphor.



5 rine, chlorine, brom ne, iodine, phenyl or o, mor p-substituted phenyl.
R' is particularly preferably p-fluorophenyl or bromne and R" is

si mul t aneoygd YooslavdsPoen. Hal denotes fluorine, chlorinepchikpsiohgotz i 0di ne,
preferably fluorine, chlo- 10 rine or brgom ne. R2 denotes OA or NA2, where A

has the meaning indicated above and below. 15 A denotes al kyl, is
unbranched (linear) or branched, and has 1, 2, 3, 4, 5, 6, 7, 8 9 or 10 C
atons. A preferably denotes nethyl, furthernore ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl or tert-butyl, furthernore also pentyl, 1-, 2-

or 3-nmethyl- butyl, 1,1-, 1,2- or 2,2-dinethylpropyl, 1-ethylpropyl, hexyl,
1-, 2-, 3- orArzienttesahyinsahiraled, padiallylgriully $atRrated, thono?2 poot;ncycIic

?retz P)Z :r :g[ rr]rg![ R}H"é? chj‘)]hetelpcy&lgct gﬁlst?cmz"%ihﬁ %e%'ég%‘?rﬁﬁ" 9?3‘5 ry'{“&‘cgﬁér Yhsr reabl
8enot es arkylﬁﬁgvﬁﬁﬁ%@éﬁg\%babt#grﬁ Qgﬁegbﬁm%%’p?ﬁ Nﬁ‘nyp, ’yNﬁgﬁ ?‘ g

i sopropyl , bLSOiNAdsmeyl sec-butyl, tert-butyl, pentyl, 25 hexyl
trlfluororreth entafluoroeth | or 1 1, 1- trlfluoroethyl Furtherrmre A

denot es cycl f@rred pYQicsysians @9% Hppkksijuted or aubstitufed phegy, paphthy! |

Theptyt but G EUERTEL srasaeayf Hibteranh otebyh oo B BEPBL T bR 0rRen . ¢ hane,
nent hol , pi nﬂ@gobﬁémn@ Pri- @rerscnmhoxym@h?l @ACH- bR PRLCFOBRESYI 36, nfaireri ¢

formis incl or adamant For canphor, this denotes both 'L- canphor
and D carrphorp-bmqwﬁammgmge oPEF /chizrophemy 3tTthermerapreferablye2, 3an2,4-

hetor ool ¢ Las i P IlvaBBRERUn e, 20 28l S o d e ST, o e
or nono- or RHyepRehYIt ptRrdoy Fal .2 6. @or’%é—dl%omﬂ-ﬂuorOA—
bromophenyl, 2,5-difluoro-4-bromophenyl.

Particularly preferred starting materials for the aldehyde synthesis accord-
15 ing to the invention are 5-(4-fluorophenyl)nicotinic acid morpholinamide

and 5-bromonicotinic acid morpholinamide.

The present invention accordingly also relates to the use of nicotinic acid
morpholinamides, preferably 5-(4-fluorophenyl)nicotinic acid morpholin-
20 amide or 5-bromonicotinic acid morpholinamide, for the preparation of the

corresponding nicotinaldehydes.

The present invention furthermore relates to 5-(4-flucrophenyl)nicotinic
acid morpholinamide and 5-bromonicotinic acid morphoiinamide as starting

25 materials in the synthesis according to the invention.

The reaction according to the invention is generally carried out in an inert

solvent. Examnples of suitable inert solvents for the reactions described

above are hydrocarbons, such as hexane, petroleum ether, benzene, tolu-
30 ene or xylene:; ethers, such as diethyl ether, diisopropy! ether, tetrahydro-

furan (THF) or dioxane; glycol ethers, such as ethylene glycol dimethy!



5 S02NA2, SQ2A. Preferred cyclic systens are unsubstituted or substituted
phenyl , naphthyl or biphenyl, specifically preferably phenyl, o-, m or
p-tolyl, o-, m or p- cyanophenyl, o-, m or p-nethoxyphenyl, o-, m or

p- f | uor oph¥¥R004/694383+ or p- bronmophenyl, o-, m or p- cPCHEBYR&PRART2
furthernore preferably 2,3-, 2,4-, 10 2,b=, 2,6-, 3,4- or

3, 5-di fl uorophenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-di- chlorophenyl,
2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-di bronmophenyl, 2-fluoro-4- bronophenyl,
2,5-di fl uoro-4-bronophenyl. Particularly preferred starting nmaterials for

t he al dehyde esiyen (diglyme)cranitures of the saidiselvants. dtartionlan peeference is

5-(4-fl uorophenyl)nicotinic _aci ol.i nam de and 5-brononicotinic acid
nor phol i nam &ng%ee%ﬁ&%Paﬁwgﬁ{ﬁféﬁﬁné%fe B ngly also relates to the use of
ni cotini ¢ aCithe SRLBAO SNBSS noPE—R AR derrars bl eop ghigoti ni ¢ acid
nor pholin- 20 am de or 5-brormn|ncoti nlﬁf:' acid rmrp%oPi naﬁé]’?g?*%or?t he
preparati on difo ¢ ke 100 grofeiverdicag be addedpédg lof sestind heaterigisent i nventi on
furt her5m)re relates to 5-(4-fluorophenyl)nicotinic acid norpholinam de and
5- brononi cotinic acid norpholinam de as starting 25 materials in the

Chvention | o CEnsERipg el aReor B reotfiohE AESLAEGRRNNS 5 AckBniitd,

sui t abl e i nerdn thel coxitiorisauiseid) Betveeer abowt 463 andXa°, advevalyasatwbgdr ocar bons,
such as hexane, petroleum ether, benzene, tolu 30 ene or xylene; ethers,

such as di et iyP° anddo0° dnipsstieaybetwasn 0° ard bah aut preferakly 10T R0
di oxane; gly - r ycol di nmethyl WO 2004/094383
PCT/ EP2004/ Og%ﬁéjlgﬁ)ﬁé%f%‘égrm)( ﬁ?ﬁﬁ&%@@y%ﬁ} xtures of the said solvents.
Parti culCar prefefeietionitine Bl ¥epeh@ingldiethe conditRitistused, detwéedd algwr of uran.
The amount of solvent is not crucial, in general 5 g to 500 g, preferably
10 g to 100 ¢espndskndrsevetal m@rs;dueferpblv%ytweewamnuh@andtSetncmms..

However, the reaction according to the invention will very generally be

complete after 0.1 to 1.5 hours.

15 For the purposes of this invention, the “conditions used” is taken to mean
the substitution pattern of the nicotinic acid morpholinamide, the type and
amount of the solvent, the _t_ype and amount of the reducihg agent,_ the
reaction duration, the reaction temperature and further detzils of the per-
formance of the reaction, such as, for example, the stirrer speed or the

20 other nature of the reaction vessel.

In general, the end of the reduction according to the invention to the alde-
hyde is determined by suitable analytical methods, for example thin-layer
chromatography or HPLC, and the reduction is terminated.

25 The nicotinaldehydes according to the invention can be obtained after
removal of the solvent by conventional work-up steps, such as, for exam-
ple, addition of water or acid to the reaction mixture and extraction. It may
be advantageous subsequently to carry out a distillation or crystallisation

for further purification of the product.
30



5 The reaction tenperature for the reactions described above is, depending
on the conditions used, between about -10 and 200, normally between -10 and

100, in paryibSHbasdast Wween 0 and 50, but preferably 10 t(i.d-pﬂmo@%ﬁ—,gul arly
preferably roomtenperature. 10 The reaction tine is, depending on th

conditions used, between a few seconds”&nd several hours pr ef er abl y
between 1 mnute and 3 hours. However, the reaction accordi ng to the
invention will very generally be conplete after 0.1 to 1.5 hours. 15 For

the purposes ‘?ﬁ?ﬁnmd’?ml é({iﬁ @ m%%'UE &ﬁHﬁﬁﬂmai élé'fcﬁghtbgar%’a” the

substitution pattern o inic aC| e and

amount of theewbmumgttbahwmrmnd @mmpreﬁarehbyrmdbndsgknagmmer dehe
reaction duration, the reactijon terTPerature and further details of the per -
formance of tawdpseriedin theliteratiye (fo5example instandard Workse SUSB@Sd or t he 20

accor ding o CREPHTVLER Metoddirast prashiiFRE Cernle e br OMatEanr e "
anal ytigal meChegstry]0GeXRThIetnd-VefahaBittgart)! o/t paoEMn@ér drdBefionand the
reduction is termi nated. 25 The ni coti nal dehydes accor di ng to the invention

can be obt ai neendifiers whicknarenown am@sgmmrﬁ@rmmmﬂmwmr up steps,

h f ddi
and oxtfact | onos Fon Ay 8 ads A elipol R bef S vich e ndf Fhisded " ¢

distillation ggr ech)%béié |0%§é, on for further purification of the product. 30
WD 2004/ 094383 PCTI'EP2004/ 003272 -8 The nicotinic acid norphol i nam des used
as starting materials for the proc- ess according to the invention can be

prepar egyby net hods kno per-se. 2 ribed in the literature (for
exarnpl eqjl n st g%nqatdpé\go awiRg pEecedure S owegj

The nicotinic acid is converted, using a suitable reagent, such as, for
example, thionyl chloride, into the acid chloride, which is subsequently

reacted with the desired amine to give the amide.

15 In order to protect substituents against undesired reactions during the
reduction accordlng to the invention and/or subsequent work- -up steps
protectlng groups are employed where appropriate and removed again
after reduction of the nicotinic acid morpholinamide. Methods for the use of
protecting groups are described, for example, in Theodora W. Green, Peter

20 G. M. Wuts: Protective Groups in Organic Synthesis, 3rd Edition John
Wiley & Sons (1999).

Even without further embodiments, it is assumed that a person skilied in
the art will be able to utilise the above description in the broadest scope.
25 The preferred embodiments should therefore merely be regarded as

descriptive disclosure which is absolutely not limiting in any way.

30



Houben- Wyl , Met hoden der organi schen Chem e [ Methods of Organic 5

Chem stry], Georg-Thiene-Verlag, Stuttgart), to be precise under reaction
condi tions ‘Wﬂizﬁtnmai s known and suitable for the said reagb’ ASeosldBisEY ET
use can al so"be nade of variants known per se which are nof nentioned here
in greater detail. 10 In general, the foPlrowi ng procedure is followed: The
nicotinic acid is converted, using a suitable reagent, such as, for

exanpl e, thionyl chloride, into the acid chloride, which is subsequently

reacted with o N i e [T r t r ot ect
substituents %’gﬁ?‘ﬁghuﬁﬂa&g}?@%‘ Fﬁ%%##@r?igﬁ‘?’w&g‘?%i’%"#%ﬁ?ﬁf ofh SgE%or ding to
the i nventi ong e pREnyEIpYPiaIfeEBicanssliid Rickd fR¥pholHapiiget i ng groups are

enpl oyed where appropriate and renoved again after reduction of the

ni cotinic acid norpholinam de. Methods for the use of protecting groups are
described, fo | ra W, (een Pq er.dZO :
Protective & JAleL P =S

3\ & DreC -flugrgphenylipyridine nRoxylic 4

(1999) .5 Even p {, 1 sl n

ki o " sl flidBBhe RIRAALITRIS arbixylie TP KRB bf SREURT e

br oadest scopeoupling (N MipawaeAr 8dzekib Ciieme Rev. &850 K87 ({h89E)) byaeaetied y be
re_which is absol ut el limting in any

regarded as descriptjve disclos .Y ,ho

way 130 M 0 SB6AMBoiEstiniciasi MGbveBeRESnSEsTERicavd (RothsamBRI AN o
5-(4-fl uoroph 'qmg'e : {4 : A _

fl uor ophenyl )%{%ﬂlaglmr%e- Egér%‘%%?@cﬁdggﬁﬁn%%ﬂ ?\ea;(r? %Ke(sa)(4 E%)Echesi s of the
precursor 5- (phényipyrgimerS-{caboxytic aeid3- car boxylic acid 5 Firstly,

5- (4-f 1l yorophenyl) pyri di ne-3-carboxylic acid is prepared by Suzuki coupling
(N. Myatra, A Suzuki, Chem Rev. 95, 2457 (1995)) by reacting

5- br omoni cot i 4§ et bi's Ra LA SREVABIAARECE:ErR5A H GBRI RoRMHBTRL ' 2! 1Y

amide — Variant 1

25.6 g of 5-(4-fluorophenyl)nicotinic acid are initially introduced in 200 ml
of toluene, and 25.1 g of thionyl chloride are then added at room tempera-

15 ture. The mixture is then warmed at 90°C for 18 hours, and the unreacted
thionyl chieride and some of the solvent are subsequently distilled off. After
the distilled-'bff Qb}ume has been made up with_ t_bltjlene, 12.4 g of _mér;;ho—
line are added at 80 to 100°C, and the reaction mixture is cooled after 2
hours. pH 8 is set by addition of sodium hydroxide solution, and the prod-

20 uct is separated off by extraction with toluene. After decolourisation using
activated carbon and removail of the solvent by distillation, 27.7 g of 5-(4-
fluorophenyl)pyridine-3-carboxylic acid morpholinamide remain as solid
{melting point: 100-102°C, yield: 81% of theory)

25 (b2) Synthesis of 5-(4-flucropheny!)pyridine-3-carboxylic acid morpholin-

amide — Variant 2

1.2 g of Pd[P(Ph);)4 and 7.6 g of p-flucrobenzeneboronic acid are added to

a solution of 14.3 g of 5-bromonicotinic acid morpholinamide in 100 g of

THF. A solution of 8.0 g of Na,COs; in 25 g of water is subsequently added
30 dropwise with stirring at 65°C. After 16 hours, the reaction mixture is

cooled and evaporated in a rotary evaporator. The residue is taken up in



avai |l abl e) under reaction conditions known per se to give 5-(4-fluoro-
phenyl ) pyri di ne- 3-carboxylic acid. 10 (bl) Synthesis of

5- (4-fl uorophenyl) pyri di ne-3-carboxylic acid norpholin- amde - Variant 1
25.6 g of BwQ4edsesdzsophenyl )nicotinic acid are initiall ypcoEreuwoest7i n 200
m of toluene, and 25.1 g of thionyl chipride are then added at room
tenpera- 15 ture. The mxture is then warned at 90C for 18 hours, and the
unreacted thionyl chloride and some of the solvent are subsequently
distilled off. After the distilled-off volume has been nade up with

tol uene, 12. 4dighioformethahe; attivated carbattdie chcated8and thd Hidureydiltdredr eact i on
m xture is cooled after 2 hou I s set by addition of sodium

hydr oxi de sol iepeated sxtiactien gfmfﬁgatpcw:th yalehand eraPRionyN axetal¥t i on with

tol uene. Afte e f the

sol vent by dlésvt %%féa{bpg v'e§%t7ﬂe% {;:1“?5 Z?Wﬁ’%reg: ﬁg) p;quq nwse oxylic

aci d nor phol | gEegIcH &-4efidrop Iﬁén)‘él)?ﬂ riﬂjlné-GBdérbﬁﬁjh@@dﬂ imokPRolitathide)het d: 81 %

of theq‘{ y) 25 (b2) Synt he5| S g‘ fl uorophenyl ) pyri di ne- 3-carboxylic acid
I

nor phold n-  anyigld 93%af thearyp Fieczys}aﬂusapqnp trpnnyatmhamtatezgweg &@ g of

p-fl uorobenze r.oni d ar.e olutio

5. br ononi ot | AP HBrPROY pReTiiRg e oo i o] b olipmidhiifedh of 5.0 g
of Na2CCB in @pLg Wirityet 99.6% (538961 @RbHy). added 30 dropvvi se with stirring
at 65C. After 16 hours, the reaction mxture is cooled and evaporated in a

rotary evaporator. The resi due i's taken up in WO 2004/094383
PCT/ EP2004/ 00?2)7 a]t eH arbon i s added, and the
m xture is fi f Sl trate W|th vvater and

evapor afg on i W,@ Ve,
according to ?lgbcé% gar%'#‘f’s S W‘?’QE@?@J"gﬁ%gﬁgn@ pyr| | ne- - car boxylic
aci d nor phol i Beample 1{(bare dissolved in 30 ml of THF, and 57 g of a 13.6% LiAIH-

(OEt)s solution in THF are added over the course of 10 minutes at 30°C to

35°C. Aiter 1 hour, 30 ml of 12.5% sulfuric acid are added, and the organic

phase is separated off. The aqueous phase is adjusted to pH 1 using sulfu-

15 ric acid and extracted a number of times with methyl tert-butyl ether. The
organic phases are then combined, extracted once with water and then
evaporated, leaving a residue of 4.3 g having a content of 97% by wéight
of 5-(4-fluorophenyl)pyridine-3-carbaldehyde (yield = 98% of theory).

20 Example 2 (comparative example to Example 1, use of the piperidin-
amide instead of the morpholinamide). Preparation of 5-(4-fluoro-
phenyl)nicotinaldehyde from 5-(4-fluorophenyl)pyridine-3-carboxylic acid

piperidinamide

25 3.7 g of 10% LiAlH, solution are diluted with 75 g of THF, and a mixture of
8.88 g of ethyl acetate and 75 g of THF is then added at 0°C. At-7°C, a
solution of 6.8 g of 5-(4-fluorophenyl)pyridine-3-carboxylic acid piperidin-
amide in 24.7 ml of THF is added. After three hours, the mixture is added
to 190 g of 10% sulfuric acid. The pH is adjusted to 3 using sodium hydrox-

30 ide solution, and the THF is then substantially removed by distillation.



5 vyield 93% of theory). Recrystallisation fromethyl acetate gives 8.0 g of
5-(4-fl uorophenyl) pyridi ne-3-carboxylic acid norpholinam de having an HPLC
purity of % of theory). (c) Preparation of
5-(4-fluor g‘gﬂ??ﬁi‘f" %issc;oti nal dehvde 10 6.0 g of PCT/EF2004/003272

5- (4-f 1l uorophenyl) pyri di ne- 3- car boxyl i ¢ e d nor phol i nam de from Exanple
1(b) are dissolved in 30 M of THF, and 57 g of a 13.6% LiAIH (OEt)3
solution in THF are added over the course of 10 m nutes at 30Cto 35C
After 1 hour,g30Q. % : ° Fe ' SRSt i phase
I s separated %%‘%%H?'B%@?@%%E?y'%éﬁ%a?‘uf?‘gaﬁgﬁg’h' 1 ugizhrig gg%%‘ld& ric
acid and ext r{@gohtemht accomiirey tooHPLCES amed-%, metregp. oe36%itthiborg) her. The
organi ¢ phases are then conbi ned, extracted once with water and then
evaporated, |eaving a residue of 4.3 g having a content of 97% by wei ght of

Beampl 2 (conGimel 3P Braar b SamUARihafehyde Hofh SR InL
i nst eadd of t hecEmdRpRE b&i@%d?—bliﬁéﬁﬂ% ation of 5-(4-fluoro- _ _
phenyl ) ni coti nal dehyde from 5-(4-fl uorophenyl ) pyri di ne-3-carboxylic acid

pi peridi nam de 25 36.7 g of 10% Li AlH4 solution are diluted with 75 g of

THF, and a m t) e, of . 8 % of et.hyl, acetate and 75 %?f Tl—c|l: I s then added
at 0C. At _7&5 n i -bremppyriding:3-carboxylic acid morpholfinamide

5- (4-11 uor ophemyly gys LebmsniofRcRRYY hhd 87% 8 dfinisiphdiifs afThegtedto24: 7 M of
THF i s added. Aftg)er tEree ﬂours, t he maxtiJrgc?s a Qeg%tao 1%%1 g of 10%

sul furic aci dreflikén BEDingt afciylestee dndahd watémfgrmediisi distilled off. 2fter deolsol ut i on,

and th HF is then substantiall rerrl)vcl‘?rﬂ'l by disti]l 3t ioon. WD 2004/ 094383
PCTI EP2004/ 0089791e regetien niXieie rextfagte rﬁémm%wma Ove sedivar hygrex-

evapor ati on | gav, 6 g4, | A ea- %
corresp. to 3@%)%@t@e%@§/§ﬂe@één%]”ghwéﬁﬁﬁﬁgﬁggﬁfe@g '?%’b&r-%rrgﬂgﬁg I nal dehyde
from 5- br onopyf¥,itHe nesidbe 3s pedrpstallised froen dthpd apbiie. IEM dield after drying is

19.2 g (28.3% of theory). Melting point 80°C.

15 (b) Preparation of 5-bromonicotinaldehyde

1.75 g of lithium aluminium hydride powder are suspended in 64 g of THF.
A mixture of 6.9 g of ethyl acetate and 28 g of THF is subsequently added
dropwise with cooling. After 30 minutes, this reaction mixture is added
dropwise at 0°C to 10°C to a solution of 5.0 g of 5-bromopyridine-3-carbox-

20 yiic acid morpholinamide from Example 3(a) in 30 g of THF (this corre-
sponds to 150% excess of the reducing agent). After 1 hour, the reaction
mixture is poured into 35 ml of 12% sulfuric acid, and the organic phase is
evaporated to dryness. Recrystallisation from MTB ether and drying gives
1.91 g of product (= 55.7% of theory). Melting point 95°C.

25
As can be seen from comparison of the respective reaction yields of Exam-
ples 1 and 2, the use of the nicotinic acid piperidinamide, an alternative
nicotinamide — but one which is closely structurally related to the morpho-
linamide —~ results in a significantly worse reaction.

30 By contrast, a better yieid can be achieved on use of the morpholinamide,

even with a large excess of the reducing agent (Example 3) than in the



(a) Synthesis of 5-bronopyridine-3-carboxylic acid norpholinamde 50.4 g of
5-brononicotinic acid and 87.5 g of norpholine are heated to reflux in 200
m of xylene, and the water forned is distilled off. After cool 10 ing, the
reacti on miwbaom/bmssextracted three tinmes with 10% sodi urcirmEReennoixie
solution and then twice with water. Aftef, the xylene has been distilled

off, the residue is recrystallised frométhyl acetate. The yield after
drying is 19.2 g (28.3% of theory). Melting point 80C. 15 (b) Preparation
of 5-brononi cotinal dehyde 1.75 g of |ithium alum nium hydride powder are
suspended i n éabegofdforrBdE stoidhidmmitryie Exarpl® 20irovhhipipeaginbas esed@s28 g of
THE i s subsequently added dropwi se with cooling. After 30 mnutes, this
reaction m xt@MWE eoraRRRRNt. dr opwi se at 0C to 10C to a solution of 5.0 g of
5- br onopyri di ne- 3-carbox 20 ylic acid norpholinam de from Exanple 3(a) in 30
g of THE (this corre- sponds to 150% excess of the reducing agent). After 1
hour, the reaction mxture is poured into 35 mM of 12% sul furic acid, and

t he orgﬁni c phase is evaporated to dryness. Recrystallisation from MIB

et her d drying gives 1.91 g of product (= 55.7% of theory). Melting point
95C. 25 As can be seen from conparison of the respective reaction yields of
Exam ples 1 and 2, the use of the nicotinic acid piperidinam de, an
alternative nicotinam de - but one which is closely structurally related to
the norpho- linamde - results in a significantly worse reaction. 30 By
contrast, a better yield can be achieved on use of the norpholinam de, even
with a |large excess of the reducing agent (Exanple 3) than in the WD

2004/ 094383 PCT/ EP2004/ 003272 -12 case of correct stoichionmetry in Exanple
2, in wigch piperidine is used as am ne conponent. 5
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10 15 20 25 30 WO 2004/094383 PCT/ EP2004/ 003272 -13 Patent O ains 1.
Process for the reductive preparation of nicotinaldehydes, character- ised
in that the starting materials enployed for the reduction are the 5
correspondiwgzmimmjsmi c acid norpholinam des. 2. Process p@qmmmgszt—;@ cl aim
1, characterised in that the starting ma.}%l al s errpl oyed are nicotinic
aci d norpholinam des of the formula I ON R" N~0 15 in which R",
R " each, independently of one another, denotes H, Hal, A OA CH2R2 or Ar,
R2 denotes QA or NA2, A denotes unbranched or branched al kyl having 1-10 C
atons, in 20 which one or two CH2 gpageweCrEshste replaced by 0 or S atons
and/or by -CH=CH groups and/or also 1-7 Hatons nay be replaced by F, Ar
denotes an unsaturated, partially or fully saturated, nono- or polycyclic

hono- or heterocyclic tem h the he .ero ich is
Coaubst tut et oPYtsss Rf IS Rdichile phepatalioh of Rlsothal deiyde R SarRpBT- NASO2A,
SO2NA,  SO02A, antsddfin that the starting materials employed for the reduction are the

5 corresponding nicotinic acid morpholinamides.

2. Process according to Claim 1, characterised in that the starting materi-

als employed are nicotinic acid morpholinamides of the formula |

10 RY 0O

R —f
N7 k/o

15 in which
R" R™ each, independently of one another, denotes H, Hal, A, OA,
CHaR? or Ar, - 7 |
R® denotes OA or NA;,
A denotes unbranched or branched alkyl having 1-10 C atoms, in
20

which one or two CH; groups may be replaced by O or S
atoms and/or by —CH=CH- groups and/or also 1-7 H atoms
may be replaced by F,
Ar denotes an unsaturated, partially or fully saturated, mono- or
polycyclic homo- or heterocyclic system with the hetero atoms
25 O, N, S which is unsubstituted or mono- or polysubstituted by
Hal, A, OA, NA;, NO,, NASOA, SO:NA, SO.A, and Hal

denotes F, Cl, Bror |

3. Process according to Claim 1 or 2, characterised in that the starting

30 material employed is 5-(4-fluorophenyl)nicotinic acid morpholinamide,



denotes F, O, Br or I. 3. Process according to Claim1l or 2, characterised
inthat the starting 30 material enployed is 5-(4-fluorophenyl)nicotinic
aci d norpholinam de. -14- 4. Process according ,to Claiml or 2,
characterised in that the starting material enployed is

5- br onopyri di ne- 3- car boxyl i ¢ aci d norphelldr- amide. 5 5. Process according
to one or nore of Clains | to 4, characterised. in that the reducing agents
enpl oyed are LiAIH(OEt)3, LiAIH2(CEt)2 or LiAIH3(OEt). 6. Use of nicotinic

aci d norpholinamdes for the redyctive preparatjion of. .10 the cqrrespondin
ni cot i nalodehyﬂe rogesg geco[ding @ #&'%FQFQI EHQT? -mﬁéahﬁ oHEfng a(F:)i d ’

nor phol i nam des ) i ¥-Telc o) dal : [de?h and t he
radicals R' and m%é?rfaﬁg%‘@@%ﬁaﬁf@gbﬁ%@lﬁgﬁggﬁ:%@g?m . 8}1@ eéuﬁ Starting
materials of thearhienula | according to aim2, selected froma group

consisting of (a) 5-(4-fluorophenyl) nicotinic acid norpholinamde, (b)
5-brononi cotinic acid norpholinamde. 20 25 30

5 5. Process according to one or more of Claims 1 to 4, cha_rgcteri»sed. in that
the reducing agents employed are LIAIH(QEt)s , LIAIHx(OEt); or
LIAIH5(OEL).

6. Use of nicotinic acid morpholinamides for the reductive preparation of

10 the corresponding nicotinaldehydes.

7. Use according to Claim 6, where the nicotinic acid morpholinamides
conform to the formula | according to Claim 2, and the radicals R* and
R have the meaning indicated in Claim 2.

15
8. Starting materials of the formula | according to Claim 2, selected from a
group consisting of
(a) 5-(4-fluorophenyl)nicotinic acid morpholinamide,
{b) 5-bromonicotinic acid morpholinamide.
20
25

30



