WO 03/ 074522 PCT/ EP03/ 02157 PROCESS FOR PREPARI NG

3-(2-(4-(6- FLUOROBENZQ( D) | SOXAZCOL- 3- YL) - PI PERI DI N- 1- YL)

ETHYL) - 2-wBBMNE456; 7, 8, 9- TETRAHYDRO 4H- PYRI DO- (1, 2- A) PYRI MPDITP43/QNE7 5
Field of the invention The present invention relates to a process for
preparing 3- {2- [4- (6-fluorobenzo [dl isoxazol-3-yl) -piperidin-1-yl] 10
ethyl}-2-nethyl-6,7,8,9-tetrahydro-4Hpyrido-[1,2-a] pyrimdin-4-one of
formulal. NNO O/ F NN NI CH3 15 The conpound of fornula I, known as
risperidone, is a pharmaceutically active conpound for its antipsychotic
proper {iR%ss AdrUbEEIRRIIRITROE e Dic G ubktpEnzdVeRd@RoRRE vi NG repmanDts 0t 20
for mul agulyr,) (ZMEBERYE - A 20X OrerrA1ébr8= 4121k AINEAN O, Ak Py MESIN-4-0ONE

[1, 2-a] pyri m din-3-yl)-acetal dehyde, and of forrmula IIl, 3-
{2-[4-(6-fluorobenzo[d]isoxazol -3-yl)-piperidin-|-yl]
vinyl}-2-nmethyl-6,7,8,9-tetrahydro-pyrido [1, 2-al pyri mdin- 4-one. These
conpaunds are synthetic internediates in the 25 process for preparing the

compound of fornmula |I. WD 03/074522 PCT/EP0O3/02157 2 N-O
Field of the invention

The present invention relates to a process for preparing 3-
{2-[4- (6-fluorobenzo[d] isoxazol-3-yl) -piperidin-1-yl]-
10 ethyl}-2-methyl-6,7,8,9-tetrahydro-4H-pyrido- [1,2-a]

pyrimidin-4-one of formula I.
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15 The compound of formula I, known as risperidone, is a

pharmaceutically active compound for its antipsychotic

properties.

A further embodiment of this invention are the compounds of
20 formula II, (2-methyl-4-oxo-6,7,8,9-tetrahydro-4H-pyrido
[1,2-alpyrimidin-3-yl) -acetaldehyde, and of formula III, 3-
{2-[4- (6-fluorobenzo[d] isoxazol-3-yl) -piperidin-1-yl]-
vinyl}-2-methyl-6,7,8,9-tetrahydro-pyrido [1,2-alpyrimidin-
4-one. These compounds are synthetic intermediates in the

25 process for preparing the compound of formula I.



OOF Nt CHO(::: NI N NCH3 NCH3 Il IIl The conpounds Il and II

have not previously been described. 5 Background of the invention EP
0196132 dweaBBms4sz2 di fferent procedures for the 10 prepar @0r@mprogh2137 { 2- [ 4-
(6-fluorobenzo [dl isoxazol-3-yl) - 2

pi peridin-l-yl]-ethyl)-2-nethyl-6,7,8,9-tetrahydro-4H
pyrido-[1, 2-al pyrimdin-4-one (1), which conprise cyclization of different
i nternedi ates by internol ecul ar condensation reaction anong different
functional groups to 15 provide N-O

2-methyl -6,7,8,9-tetrahydro-4H pyrido-[1,2-a] pyrimdin-4-
of these procedures hpld in comon the use @ very cefiply
and the inplenentatijpn of problematic reactilbns i tge final thési s
steps that haveghe cost of the fina
process. |In EP P196[32,1] 3-{2-[4-(6-fl uqrobgnzofld]i soxazol -3-yl)-

pi peridin-1-yl]- y N-Z- hyl -6, 7, 8, 9- @H§H-

pyrido-[1,2-a] pyrimdin-4-one () may al so be prepared by 25 anot her
procedure that conprises formation of a C-N bond by internolecul ar

N-al kyl ati on reacti omeof 6-fl uor o- 3- (4- plperldlnyl)_EEnzo [d] isoxazole
(I'V) with 3- (2-chloroethyl) WD 03/074522 PCT/ EP03/ 02157

The compounds II and IT have not previously been

described.

Background of the invention

EP 0196132 discloses different procedures for the
10 preparation of 3-{2-[4- (6-fluorobenzo [d] isoxazol-3-y1l) -
piperidin-1-yl]-ethyl}-2-methyl-6,7,8,9-tetrahydro-4H-
pyrido-[1,2-a]lpyrimidin-4-one (1), which comprise
cyclization of different intermediates by intermolecular
condensation reaction among different functional groups to
15 provide 2-methyl-6,7,8,9-tetrahydro-4H-pyrido-[1,2-a]
pyrimidin-4-one system. Most of these procedures hold in
common the wuse of very complex intermediates and the
implementation of problematic reactions in the final
synthesis steps that have necessarily an influence on the

20 total cost of the final process.

In EP 0196132, 3-{2-[4-(6-fluorobenzol[d]isoxazol-3-yl)-
piperidin-1-yl]-ethyl}-2-methyl-6,7,8,9-tetrahydro-4H-
pyrido-[1,2-alpyrimidin-4-one (I) may also be prepared by
25 another procedure that comprises formation of a C-N bond by
intermolecular N-alkylation reaction of 6-fluoro-3-(4-

piperidinyl) -benzo[d] isoxazole (IV) with 3-(2-chloroethyl) -



3 2-nmethyl-6,7,8,9-tetrahydro-4H pyrido[ 1, 2-a] pyrimdin-4-one or anal ogous
derivatives with other |eaving groups (V) (Schene 1). O NX NO NCH3 V
OF N+wboslo7420CH3 | | / FHN 5 1V Schene 1 ES2006®88/EPES2AI66889 and
ES2050069 di scl ose different proceduses for the preparation of
3-{2-[4-(6-fluoro- 10

benzo[ dl i soxazol - 3-yl) - pi peri di n- I-yI] ethyl} 2- nethyl

6,7,8,9-tetrah i rido- whi.ch haold in
common a fi n%l ¥']er‘f?‘rjmﬁo Lﬁ @ Jce} #@‘&Y@‘go&a &i @%]@ry Fidppsé -one
closely rel atgd hﬁb@bg@d’sa}\ﬁérl{f@tfﬁ@éﬂ 4g dihe o hexazobgvih§d FRFANt (v the
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Scheme 1

ES2006888, [ES2006889 and ES2050069 disclose different
procedures for the preparation of 3-{2-[4-(6-fluoro-
10 benzo [d] isoxazol-3-yl) -piperidin-1-yl]-ethyl}-2-methyl-
6,7,8,9-tetrahydro-4H-pyirido-[1,2-a]lpyrimidin-4-one (1),
which hold in common a final intramolecular cyclization
stage of different types of closely related intermediates
to provide the isoxazole ring present in the required

15 product.
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ONF NNCOCH3 VI WO 03/074522 PCT/ EP03/ 02157 4 ES2074966 di scl oses a
procedure for the preparation of 3-
{2-] 4- (6-Wouwsnadsenzo[ d] i soxazol -3-yl)-piperidin-1-yl]- PCT/EP03/02157

ethyl}-2-methyl -6,7,8,9-tetrahydro-4H4pyirido-[1, 2-a]

based on final cyclization of the 5 piperidine ring by double

I nternol ecul ar N-al kyl ati on reaction of

3-(2-am noet hyl ) -2-nethyl -6, 7, 8, 9-t et rahydr o-

4H pyri do[ 1, ESZO0\HS6R dliedlafnrs (¥ PYoRreRre femt e | preparetiemat Phe3-

taini t ' | t.he .\t I I ,
posi tions 1 dad B o Goner e Gt a “ots P golnenp st IR N x

+ ~ ~ F  NeCH¥1Y - 2Vime tHlylll- 6N7Q 8,0 -\t et rihiydrN -4ld-pyE3 do- [1, 2-a]

pyrimidin-4-one (I) based on final cyclization of the
5 piperidine ring by double intermolecular N-alkylation
reaction of 3-(2-aminocethyl)-2-methyl-6,7,8,9-tetrahydro-
4H-pyrido[l,2-alpyrimidin-4-one (VII) with a pentane-1like
derivative containing the benzo[d]isoxazole system and the
two leaving groups. in positions 1 and 5 of general formula

10 VIII (Scheme 2).
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One of the starting materials used in the preparation of
15 intermediate VIII is 4-tetrahydropyrancarbonyl chloride
(IX)
o

Cl

pyrim din-4-one (1)



Schene 2 One of the starting nmaterials used in the preparation of 15

internmediate VIII is 4-tetrahydropyrancarbonyl chloride (IX) OC OIx WO
03/ 074522wBWB/HERAB/ 02157 5 which is not comercial | y avaipicalipres/oiis7
addition, the preparation of VIII frédm I X conprises five steps

(ES2074966). 5 The present i nvention provides an alternative process for
the preparation of 3-{2-[4-(6-fluoro- benzo[d]isoxazol-3-

| di 2- met h dro- 4H
SV ol [ 1, 2- B midi nbRbonEOTRFLCRR L |2V 19 St gt | PO 35h50 WD
03/ 074522 PCRIRABHAZLSY 60 WiH krbnN G XcofobiQecOOBHR  steps

(BES2074966) .

5 The present invention provides an alternative process for
the preparation of 3-{2-[4-(6-fluoro-benzo[d]isoxazol-3-
yl) -piperidin-1-yl]-ethyl}-2-methyl-6,7,8,9-tetrahydro-4H-
pyrido-[1,2-alpyrimidin-4-one (I), which is illustrated in
Scheme 3:

10



D CH+HNF 3111V NO ONF NNHIII NO O/ NF aN | N CH3 3
Schene 3 5 The conpound of formula Il of the present invention, (2-

met hyl - 4-wpw3074628, 9- t et r ahydr o- 4H pyri do[ 1, 2- a] pyri m di n POUOYEP84/0214522

PCT/ EP0O3/ 02157 7 3-yl)-acetal dehyde bs prepared from 3-(2-hydroxyet hyl) - 2-
nmet hyl -6, 7, 8, 9-tetrahydro-4H pyrido[ 1, 2-a] pyri m di n-4-one (X) (the
preparation of this conpound is described in H Fujita et al. Ann. Rep.
Sankyo Res. Lab. 1977, 28, 75-78). 5 The enanine of fornula |1

3-{2-[4-(6-fluoro-
benzo[d]isoxazol-SIfiijﬁ%Eﬁi?dLDADHyl]-vinyI}-2-nethyI-6,7,
|
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5 The compound of formula II of the present invention, (2-

methyl-4-oxo-6,7,8,9-tetrahydro-4H-pyrido[1l,2-alpyrimidin-



8,9-tetrahydro-pyrido[ 1, 2-a]pyrimdin-4-one, is obtained from al dehyde 11
and by condensation with 6-fluoro-3-(4 10 piperidinyl) -benzo [d] isoxazole
of fornulwologofishe preparati on of conpound 1V is descri bedTiEPOEBA4D5791) .
The applicants found out that the enamine of fornmula Ill is easily

reduci ble to 3-{2-[4-(6-fluorobenzo[d] isoxazol-3- 15
yl)-piperidin-l-yl]-ethyl)-2-nethyl-6,7,8,9-tetrahydro-4H

pyrido-[1, 2-a] pyrim di by neans of _the action of a reducing

agent. Altermative Iaﬁetgﬁge%&%‘?g{ %%n pgeref&ds | ™ proddcty dxopyathy 1) g 2=

(6- f 1 uor obenz@lali1sexaz @l -3\ d-qmnp%TﬂhbTﬁnb¥%gp%Timidin—4—one
nmet hyl -6, 7, 8, 9-t et rahydro-4H— pyrido-[1,2-a]pyrimdin-4-dne (I), may occur
directly and @vaftihkgepusbgraronn( 2inetihyg -compound is described in H.

4- -6,7,8, %L drg-4 i 1,2- i dirn+3- yl)s I |1
angxg-fl uor o%él-g?ﬁagi@ée;aﬁdi nb;Lyrﬁ%/r Il%%o[%]”%?fo%alzl’o e I9%7/)7’tajg2 é?@ggﬁgte'i \(/e :

am nafion conditions in a single-stage synthesis process. The process

described in the present invention conbipes in _a unique way elegance in
synt hesi s andonpl PAABRLNGi t h ¥the 36TFE4EI renkbts for “déstl4 -d&ddiroxrd

ecol ogy in theadyatdon 2h _t3h@1acgji¥>%ﬁala§ltqn9q]r-i«ﬁiwlgd@nﬁ\e@wl -Ehe,

chem cal procedure is easily réproducible on a“large Scale throagh WO

03/ 074522 PCH.EPGZe21yAras pyinislod laRd alpyhr-iyiidiic -$ywnigesi sist epdbtatineid

|l ead to a high-_quali i nal. produgt. The caonpaunds of. farmyla 11 _a 1]

have not pr e\%}c?ﬁnsl%é%lx)ﬂ%esciﬁbea&mgngyf o mopar r‘IRc}foq hV%tklln\%e' tiugﬁ.o':;'qq'
10 piperidinyl) -benzo [d] isoxazole of formula IV (the

preparation of compound IV is described in ES8405791).

The applicants found out that the enamine of formula III is

easily reducible to 3-{2-[4-(6-fluorobenzo[d] isoxazol-3-
15 yl) -piperidin-1-yl] -ethyl}-2-methyl-6,7,8,9-tetrahydro-4H-

pyrido-[1,2-a]lpyrimidin-4-one (I) by means of the action of

a reducing agent.

Alternatively, the formation of the final product, 3-{2-[4-
20 (6-fluorobenzo [d] isoxazol-3-yl) -piperidin-1-yl]-ethyl}-2-
methyl-6,7,8,9-tetrahydro-4H-pyrido-[1,2-a]lpyrimidin-4-one
(I), may occur directly and advantageously from (2-methyl-
4-0x0-6,7,8,9-tetrahydro-4H-pyrido[1l,2-alpyrimidin-3-yl) -
acetaldehyde (II) and 6-fluoro-3-(4-piperidinyl) -benzo [d]
25 isoxazole (IV) under reductive amination conditions in a

single-stage synthesis process.

The process described in the present invention combines in
a unique way elegance in synthesis and compliance with the
30 requirements for cost, safety and ecology in the production
of the active substance risperidone (I). The chemical

procedure is easily reproducible on a large scale through



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 For the oxidation of
3-(2-hydroxyet hyl)-2-nethyl -6,7,8,9- tetrahydro-4H pyrido[1,

2- a] pyri nwaiosdssone (X) to provide PCT/EP03/02157

2- met hyl - 4- oxo-6, 7, 8, 9-t et r ahydr o- 4H gyri do[ 1, 2- a]

pyrim din-3-yl)-acetal dehyde (11), procedures based on the use of dinethyl
sul foxide in the presence of an 15 electrophilic agent, such as

di cycl ohexyl carbodii m de, acetic anhydride, trifluoroacetic anhydri de,

sul phur  tri G&dmpde G hdpdr iy dogymihestiso stgpsardighefleade o Phéiigh-

reaction is 41184, Qut in R 4pert solvent, preferably nethylene
chloride, and 1 n the presence of a base, 20 preferably triethylamne, at a

tenperature ranging from -78C to roomtenperature. The condensati on
reacti on between (2-nethyl-4-0x0-6,7, 8, 9- .

t et r ahydro- 4 r'?ﬂﬁﬁ??¥3]8%%##?W9&%-3E)335%t§£aeﬁﬁﬁ? BRL ( PEEVARHslY
6-f1 upro- 3- (4addidaadedi RYd) thrdr Renzi eaxazqlL iph¥ht@onany of its salts, to
provide internmediate enamne I, is perforned in an inert sol vent,
preferably toluene, at a tenperature ranging from20C to 150C, preferably
at reflux tenperature. The reaction nmay be catal ysed by adding 30 acids or
bases. The reaction may be favoured by chem cal equilibrium displacenent
t hrough an uPREIAIIdps DRSCRIPITON Wit SHE dNVEMNTIONN t he reaction, for
exanpl e the use of nolecular sieves, or other desiccants. Preferably the
wat er WD 03/ 074522 PCT/ EP03/ 02157 9 may be displaced fromthe reaction

medi ugn by azeeid ophé Hiskitliloat i ®0. 3- (2-hydroxyethyl) -2-methyl-6,7,8,9-

tetrahydro-4H-pyrido[l,2-a]lpyrimidin-4-one (X) to provide
2-methyl-4-oxo0-6,7,8,9-tetrahydro-4H-pyrido[1,2-al]

pyrimidin-3-yl) -acetaldehyde (II), procedures based on the

use of dimethyl sulfoxide in the presence of an

15 electrophilic agent, such as dicyclohexylcérbodiimide,

acetic anhydride, trifluorocacetic anhydride, sulphur

trioxide, or preferably oxalyl chloride are preferred. The

reaction 1is carried out in an inert solvent, preferably

methylene chloride, and in the presence of a base,

20 preferably triethylamine, at a temperature ranging from

-78°C to room temperature.

The condensation reaction between (2-methyl-4-oxo-6,7,8,9-
tetrahydro-4H-pyrido[1l,2-alpyrimidin-3-yl) -acetaldehyde
25 (II) and 6-fluoro-3-(4-piperidinyl)-1,2-benzisoxazole (IV)

or any of its salts, to provide intermediate enamine III,
is performed in an inert solvent, preferably toluene, at a
temperature ranging from 20°C to 150°C, preferably at
reflux temperature. The reaction may be catalysed by adding
30 acids or bases. The reaction may be favoured by chemical
equilibrium displacement through an uptake system of the

water released in the reaction, for example the use of

molecular sieves, or other desiccants. Preferably the water



The reduction of internediate enamine IIl to provide the 5 final conpound
| may be carried out using different hydrides, such as sodi um hydri de,

pot assi urwbydnr4e? magnesi um hydri de, cal ci um hydri de, sedrmPborieohydri de,
sodi um cyanobor ohydri de, sodiumtrisa@etoxyborohydride, 1ithium hydride,
l'ithium and al |l um ni um hydride, sodium and 10 al um ni um hydri de, al um nium
hydri de, sodium and bi s(2- nethoxyet hoxy)al |l um ni um hydride, allum nium
nono (C4 al coxy)al umi.nium hydride, lithiumdi (Cl 4al coxy)al um nium
hydri de, sodiTY ahg %&Pﬁ;ﬂcﬁq uﬁﬂ?‘ur‘ﬁhr‘?ydﬁ%l%“o?nt FEA1p ¢ BY e 2SR5 ORC
optional ly i rgitdtaipeserce of a salt, 15 base or inorganic acid. The
reduction may al so be carried out using a borane or diborane, optionally
in the presence of an amne. Preferably, sodi um cyanoborohydride or sodium
bor ohydri de I, & he presence 8{ cet] id. e e i be
perforned i nafglleef ﬁérecgﬁ tplpg(é.)ljg)r P?} S%Te%} lsagleve%ﬁglﬁfé%c%ﬁs t-téet ?%‘f%@%?y}aen
(THF)§ et hyl feitnadr, coepiouriout yil metayy| étehercarmibeldur estof dsalngenel idife retik,
and the |Ilike, or polar solvents, such as ethanqgl, nethanol, i sopraopanol,
butanol , or ¥ dsiSyh- KBIH ngfPoi ﬁ?g%ﬂl‘aohw F_lgguchp8§a\ﬁé‘tlélfn, MYEOEs of
ethanol and wRiflesiad hberlike, 2a1eihanchydeidy, t he,dDsh IeRIRN e, The

reaction tenperature may range from-20C to 80C, preferably at about 25C.
The folj ow EPEahpl @arekoTPieddede t o BPHLYNY attd itsime e tirederohividrddie on

but N0t 01 Q5{yiliGhy HYRAERRE 1RSLEHP ar0 MOATHIUA5G RIHLEPLYAYE 40

10 aluminium hydride, aluminium hydride, sodium and bis(2-
methoxyethoxy)alluminium hydride, alluminium mono (Cy-4
alcoxy)aluminium hydride, 1lithium di(C;-4alcoxy)aluminium

hydride, sodium and diethylalluminium hydride or the
mixtures thereof, optionally in the presence of a salt,
15 base or inorganic acid. The reduction may also be carried
out using a borane or diborane, optionally in the presence
of an amine. Preferably, sodium cyanoborohydride or sodium
borohydride are used in the presence of acetic acid. The
reaction may be performed in different poorly polar
20 solvents, such as tetrahydrofuran (THF), ethyl ether, tert-
butylmethylether, mixtures of toluene and THF, and the
like, or polar solvents, such as ethanol, methanol,
isopropanol, butanol, or other high-boiling point alcohols,
such as water, mixtures of ethanol and water, and the like,
25 ethanol being the most convenient. The reaction temperature

may range from -20°C to 80°C, preferably at about 25°C.

The following Examples are intended to illustrate the

present invention but not to restrict the scope thereto.
30



Exanpl e 1: (2-nethyl -4-o0x0-6, 7,8, 9-tetrahydro-4H- pyrido

[1,2-a] pyrimdin-3-yl)-acetal dehyde (I1) 5 To a stirred mxture of 2.2 nL
(25. 22 mmwioasp74s22 oxal yl chloride in 70 nL of anhydrous metmseoenasthl ori de
at low tenperature (-70C to -50C) anth under inert atnosphere, 4.1 nL
(57.78 mmol es) of dinmethyl sulfoxide were added. Then, a solution of 5 g
(24.02 mmol es) of 3-(2 10

hydr oxyet hyl ) - 2-nmet hyl -6, 7, 8, 9-t et rahydr o- 4H pyri do[ 1, 2- a] pyri m di n-4-one
(X) in 30 mL of nethylene chloride was added. After 30 mi nutes, 14.6 nL

(104. 75 nmol E'_'gl triset hyl am peware added an 1§ i A W for
45 mnutes ou = 'erat(ure. 75 nl o mgt'er'%m%ee%%yﬁgﬁﬁlﬂ he
or gani ¢ phas€dlwes adeyanedinFie ydqueoes ajldebydsas IInenoved W t h net hyl ene

chloride. Al the organic phases were dried over anhydrous sodi um
sul phate, filtered and the solvent was evaporated to give 4.90 g (99% of

(2-meg hyl - 4- QX053 65182t etiahnd oofHoRYr i HIo[ 123~ abPWiidliddi)n- S Ylokad$l
acet al dehyde (I1) as an oily residue. The conpound thus obtained was pure
enough as toddudeld it e sbbselgquenhydreust nethatlepeniamlowidgr i e low

5105 1 1m0 GBI Gp N sThe 0 T2L. 3, T "eetho R ER T g s
Hz, 2H, CH2CM2Q (d) =¥7.2822ns01&4) OB dide iyl 851 foxite Gk GHASK.

13CNVR (CDCL3) 8 (ppm) . 198.59 CHO,_162.65 NCO_ 160. 69 30 C=N: 157. 49
N-C=C. 113. 2§)hé£’c- N-£43.S?%9th?¥131,0 31.72 SxCHZ4 - 022, d8°oL’s 36 efnchzdkzcHe:

21. 8fp CH3. R%y@%d%?é@ﬂym)¥2nﬁkQ%@QLGQ@Q@Q@ete%i%hyarghaH—pyrido[1,2—
alpyrimidin-4-one (X) in 30 mL of methylene chloride was
added. After 30 minutes, 14.6 mL (104.75 mmoles) of
triethylamine were added and the mixture was warmed for 45
minutes at room temperature. 75 mL of water were poured and

15 the organic phase was decanted. The aqueous phase was
removed with methylene chloride. All the organic phases
were dried over anhydrous sodium sulphate, filtered and the
solvent was evaporated to give 4.90 g (99%) of (2-methyl-4-
ox0-6,7,8,9-tetrahydro-4H-pyrido[1l,2-alpyrimidin-3-yl) -

20 acetaldehyde (II) as an oily residue. The compound thus
obtained was pure enough as to be used in the subsequent

reaction step with no prior purification.

HNMR (CDCl;), & (ppm): 9.71 t, J=1.2 Hz, 1H, aldehyde;

25 3.93 t, J=6.0 Hz, 2H, CH,-N) ; 3.66 d, J=1.2 Hz, 2H,
CH,CHO; 2.90 t, J=6.8 Hz, 2H, CHaCH,C(N)=N; 2.22 s, 3H, CHs;
2.00-1.85 m, 4H, CH,CH,CH,CH,.

CNMR (CDCl;3), & (ppm): 198.59 CHO; 162.65 NCO; 160.69 N-
30 C=N; 157.49 N-C=C; 113.25 C=C-N; 43.22, 41.31, 31.72 3xCHy;

22.06, 19.36 CHyCHRCH>CH;; 21.80 CHj;.

R (Si0,/ethyl:methanol acetate, 9:1) = 0.2



WO 03/ 074522 PCT/ EPO3/ 02157 11 Exanple 2: 3-{2- [4- (6-fluorobenzo [d]

i soxazol -3-yl) - piperidin-1-yl]-vinyl)-2-nmethyl-6,7,8,9-tetrahydro-pyrido
[ 1, 2- a] pywormsa@r4s22t-one (111) 5 A mixture of 2.96 g (14. 33 remEpPesd216f
(2-net hyl -4-oxo- 6,7, 8,9-tetrahydro-4H pyrido[ 1, 2-al pyrimdin-3-yl)-
acet al dehyde (I11), 3.16 g (14.33 muol es) of 6-fluoro-3-(4-

pi peridinyl)-1, 2-benzi soxazole (1V) and 50 nL of toluene 10 was transferred
to a Dean Stark apparatus. The m xture was brought to boiling point,
refluxed for 3 hours, and the solvent was evaporated under reduced

pressure to Q‘.}éé?ﬂg%en) 92(:97. 3 % of_ [F-{ {%-fhﬁore)@ewz%q@g%%&gzbﬂsz- y1) -,

i soxazol - 3-y -l -yl]-vinyl}-2-nmethyl - t et rahydro-pyri do
15 [1, 2- a]pymumamldLm-dﬁyldlW@bydé -2 -te¢pydrénde 8s8l-tet réhydroepyoudd t hus
obt ai ned was Aure. ﬁnou Qu _% be usgikin the subsequent reaction step
with no priorl pdr P PALTER6F * "5pSi o y crystallized froman organic

sol vehnt , preferably ethanol 20 1H—NNR (CbC13), 5 (ppm: 7.85 d, J=14 Hz,

1H =CHN. 7.67 dd, J1=8.8 Hz, J2=4.8 1H CH arometic: 7.25 dd. J1=8.4
Hz, J2=2.0 HA "ikbereardnati-86 7907<1rﬁ 34, mpplapbm’ o -Blerelya,-‘ljem-Hz,
1H, CHECHN, % 97 ot o 1364 kit 2t 3,@ JHz, 2H, 3.23
m 1H 2.95 m' 30’ 2. sesrt?éfgtzs.é{%?,%l%a[w%z%l §qu§ '3H o 2. 11

m 4H; 1. 97 anet2Bdehy8® MIRPH. 3.16 g (14.33 mmoles) of 6 fluoro 3-(4-

piperidinyl)-1,2-benzisoxazole (IV) and 50 mL of toluene

10 was transferred to a Dean Stark apparatus. The mixture was

brought to boiling point, refluxed for 3 hours, and the

solvent was evaporated under reduced pressure to give 5.70

g (97.3 %) of 3-{2-[4-(6-fluorobenzo[d]isoxazol-3-yl)-
piperidin-1-yl]-vinyl}-2-methyl-6,7,8,9-tetrahydro-pyrido

15 [1,2-a]lpyrimidin-4-one (III) as a deep orange solid. The

compound thus obtained was pure enough as to be used in the

subsequent reaction step with no prior purification or

optionally crystallized from an organic solvent, preferably

ethanol.
20
'H-NMR (CDC1l3), & (ppm): 7.85 d, J=14 Hz, 1H, =CHN; 7.67
dd, J,=8.8 Hz, J;=4.8 Hz, 1H, CH aromatic; 7.25 dd, J,=8.4
Hz, J,=2,0 Hz, 1H, CH aromatic; 7.07 m, 1H, CH aromatic;
5.16 d, J=14 Hz, 1H, CH=CHN; 3.97 t, J=6.4 Hz, 2H, CHz-
25 NCO ; 3.65 d, J=12.8 Hz, 2H; 3.23 m, 1H; 2.95 m, 2H; 2.88
t, J=6.6 Hz, 2H, CE2C=N(N) i 2.34 s, 3H, CH3; 2.11 m, 4H;
1.97 m, 2H; 1.88 m, 2H.
BC-NMR (CDCl;), & (ppm): 165.32-162.83, d, Jc.p=249 Hz, C
30 aromatic; 163.92-163.79, d Jc.p=13 Hz, C aromatic; 162.83 C

aromatic; 160.98 C aromatic; 160.64 C aromatic; 152.60 C
aromatic; 143.59 CH enamine; 122.40-122.29 d Jec.p=11] Hz, CH
aromatic; 118.42 C aromatic; 117.13-117.1 d Je.p=2 Hz, C



13C-NWR (CDC13), 5 (ppm : 165.32-162.83, d, Jc_F=249 Hz, C 30 aromatic;
163.92-163.79, d Jc_F=13 Hz, C aromatic; 162.83 C aromatic; 160.98 C
aromat i c;wbaB/0842L aromatic; 152.60 C aromatic; 143.59 CHCarepos/nHs7
122.40-122.29 d Jc_F=11 Hz, CH aronat2c; 118.42 C aromatic; 117.13-117.1 d
Jc_F=2 Hz, C WO 03/074522 PCT/ EP03/ 02157 12 aromatic; 112.53-112.28 d,
Jc_F=25 Hz, CH aromatic; 97.58- 97.31 d, Jc_F=27 Hz, CH aronatic; 91.87 CH
enamine; 48.16 CH2; 4 2 . 55 CH2; 34 .4 3 CH 31.29 CH2; 2 9. 6 9 CH2;
22.19 CH2; 2XoORtde3; U 38 GHE.- B R’ (S&:@?zét Bz, . Gibt hupokt hcet 4e589: 1)
0.21 R (S0achiorglorg gethauplar§iddi5, 0530630 raRhide; Sasl 3 [+
(6 quorobenzo I'soX8z0 -3-y
pi peri di n- 1- yiH, ; ethyEh- 3Rt I:By;l 4@ £, 931 e29 abiyigly 024H69 CH,; 22.19 CH;
pyrido[ 1, 2-a%pyr| m di n- 4- one ﬁ(:l) To a suspension of 1.39 g (3,42 nmol es) of
3-12-[4- (6- ¥3-P7ubtebehzof 8] F8oxazol - 3-yl ) - pi peri di n-1-yi]-vinyl ) - 2-
met hyd - 6, 7, 8, 9-tetrahydro-pyrido[ 1, 2-a] pyrim din-4-one (II1) in 22 nL of
absol ute ethanol and 1 nL of glacial acetic acid under stirring at room
t enper at ur e &ad (B0 e tgnoh wratinanclt mssisdres, 0.1254 @ (&4 04 Mol es) of
sodium 20 cyan r rei wa ded for 1 hour. After
1.5 hour, thé{asg?% éi’\?\l/aésrq}gfvéarq13)Shrgﬁge rgj(r)iLd t%e%cruz)e%%product obt ai ned was
di ssolved in 250 mL of et hyl acetate. The organic phase was successively
washed with 50 nL of 1M aqueous sodi um bi carbonate solution, 50 nL of
wat er and 50

10 Example 3: 3-{2-[4-(6-fluorobenzo [d] isoxazol-3-yl) -

piperidin-1-yl]-ethyl}-2-methyl-6,7,8,9-tetrahydro-4H-
pyrido[l,2-a]pyrimidin-4-one (I)

To a suspension of 1.39 g (3,42 mmoles) of 3-{2-[4-(6-
15 fluorobenzo [d] isoxazol-3-yl) -piperidin-1-yl]-vinyl}-2-
methyl-6,7,8,9-tetrahydro-pyrido[l,2-a]lpyrimidin-4-one
(ITII) in 22 mL of absolute ethanol and 1 mL of glacial
acetic acid under stirring at room temperature and in a
protective atmosphere, 0.254 g (4.04 mmoles) of sodium
20 cyanoborohydride in small portions was added for 1 hour.
After 1.5 hour, the solvent was evaporated and the crude
product obtained was dissolved in 250 mL of ethyl acetate.
The organic phase was successively washed with 50 mL of 1M
agqueous sodium bicarbonate solution, 50 mL of water and 50
25 mL of saturated sodium chloride solution and dried over
anhydrous magnesium sulphate. The resultant solution was
filtered and the solvent was evaporated to yield 1.17 g of
a residual solid (83%), which was diluted in methylene
chloride and purified by column chromatography (silica
30 gel). Elution of the column was with methylene chloride,
methanol and triethylamine (95:5:1). The pure fractions
were collected and the solvent was evaporated under reduced

pressure to give 0.83 g (70.9%) of 3-{2-[4-(6-flucro-



25 nL of saturated sodiumchloride solution and dried over anhydrous
magnesi um sul phate. The resultant solution was filtered and the sol vent
was evapowats@74sezyield 1.17 g of a residual solid (83% pCaiirobronas
diluted in nethylene <chloride and putd fied by col um chromat ography
(silica 30 gel). Elution of the colum was with nethyl ene chlori de,

nmet hanol and triethylamne (95:5:1). The pure fractions were collected and
t he sol vent was evaporated under _reduced  pressure to_gi \ﬁe 0.83.9.(70.9%
of 3-{2-[4- (293 1HO*6F 074522 ) petPepdsiozisyll rgthyl} -2-methyl-

benzo[ d] i SOX%Z,Gll B@Ellt)e‘cgja!?igzrdir%i-@l{l' r]ia%t—n);[!,b'—gj @Trmﬁli'din—ll-o_ne (1) .
6,7,8,9-tetrahydro-4H pyrido-[1,2-afpyrimdin-4-one (). Optionallythe

reacti on cru@etpoogddty washpurréactidly cgndst abrpdatktonwés ompurisiiiadablby

or gani ¢ sol vent, . pref.erabl et hanol. or -4-net hyl.- 2- pent anone. 1H N
(be1zy s oL gk o8 o M 2526 TEoR ot BVt Bt ea R Y2g
dd, Ji=8.6 Hathizsld. drHa-mbldhyCH2 -pegitabhbee .7, 05 ddd, J1=8.8 Hz, J2=8.6 Hz,
J3=2.2 Hz, 1H, CH 10 aromatic; 3.93 t, J=6.2 Hz, 2H CH2 ; 3.18 d, J=11.6
Hz, 2H, CH2; 3.08 m 1H, CH 2.87 t, J=6.6 Hz, 2H, CH2; 2.77 m 2H, CHZ;

m oW o T8 SRl O 15535 iR} cBdtey ' o <® (Bhm o166t 2Bl 16T

d, Jc_F=249 ld# Groau=@mei;i c;7.063. &8 1635,48, 6d, ndG_FgldoHz, €zaronmticpen
162.56; 161.09 C aromatic; 158.39 C aromatic; 155.87 C aronmati c;
122. 67- 122. 52 1®mayd cR=11 0% ddsH ahefabi é2,199=876CHar ofar?e2 Hz171Hg €H

aronggic; 11233511210, o3 JE_FRy Bz, g OH FHOMRG.C. 3 18 g, J=11.6 Hz,
2H, CH,; 3.08 m, 1H, CH; 2.87 t, J=6.6 Hz, 2H, CHy; 2.77 m,
2H, CH,; 2.55 m, 2H, CHp; 2.31 s, 3H, CHs; 2.27 m, 2H, CHy;
2.09 m, 4H, 2xCH,; 1.96 m, 2H, CH,; 1.89 m, 2H, CH,.

15 13C-NMR (CDCl;), & (ppm):165.26-166,77, d, Jc.p=249 Hz, C
aromatic; 163.88-163.75, d, Jc.r=14 Hz, C aromatic; 162.56;
161.09 C aromatic; 158.39 C aromatic; 155.87 C aromatic;
122.67-122.55 d, Jc.p=11 Hz, CH aromatic; 119.27 C aromatic;
117.28 C aromatic; 112.35-112.10 d, Jc.p=25 Hz, CH aromatic;

20 97.48-97.21 d, Je.p=27 Hz, CH aromatic; 656.68 CH,; 53.35
CH,; 42.66 CH;; 34.59 CH; 31.41 CH,; 30.53 CH,; 23.74 CHy;
21.95 CH,;; 21.24 CH;; 19.20 CH,.



20 97.48-97.21 d, Jc_F=27 Hz, CH aromatic; 56.68 CH2; 53.35 CH2; 42.66
CH2; 34.59 CH 31.41 CH2; 30.53 CH2; 23.74 CH2; 21.95 CH2; 21.24 CHS;

19. 20 CH2ZwoWR 0032074522 PCT/ EPO3/ 02157 14 CLAIMS 1. A proa@ess3/bns7t he
preparation of 3-{2-[4-(6-fluoro- 14

benzo[ d] i soxazol -3-yl)-piperidin-l-yl]-ethyl}-2-nmethyl- 5
6,7,8,9-tetrahydro-4H pyrido-[1, 2-a]pyrimdin-4-one of formulal: NO ON
F al'klrf,lu 3which conprises condensation of (2-nethyl-4-oxo- 10

6, 7,8, 9-tetr &PIME 4H pyrido[ 1, 2-a] pyrimdin-3-yl)- acetal dehyde of fornula
[1: OCHO CACH 3 | Iwith 6-fluoro-3-(4-piperidinyl)-1,2-benzi soxazol e of
15 formula IV: NO HN\ J F Iv or any of its salts to provide the

i ntermedi at e lenaki nerocess for the preparation of 3-{2-[4-(6-fluoro-

benzo [d] isoxazol-3-yl) -piperidin-1-yl]-ethyl}-2-methyl-
5 6,7,8,9-tetrahydro-4H-pyrido-[1,2-alpyrimidin-4-one of

formula I:

N-©O
I
9 F
N
L]
X
N CH;
I
which comprises condensation of (2-methyl-4-oxo-
10 6,7,8,9-tetrahydro-4H-pyrido[1l,2-alpyrimidin-3-yl) -
acetaldehyde of formula II:
O
Cril\l CHO
NS
N CH,
IT

with 6-fluoro-3-(4-piperidinyl)-1,2-benzisoxazole of

15 formula IV:

HN

or any of its salts to provide the intermediate enamine

3-{2-[4- (6-fluorobenzo[d] isoxazol-3-yl) -piperidin-1-



3-{2-[4-(6-fluorobenzo[d]isoxazol -3-yl)-piperidin-1 W 03/074522

PCT/ EPO3/ 02157 15 yl]-vinyl}-2-nmethyl-6,7,8,9-tetrahydro-pyrido[1, 2-a]
pyrim di nrwé-wnessef formula [11: NNO ON N N CH3 5 fol | owed/iEpp3/naduct i on
of sanme in the presence of a hydrideis optionally in the presence of a
salt, acid or inorganic base, and in the presence of a suitable inert

sol vent, the reactions being perforned by either isolating internediate
1l or not in a single-stage 10 §¥nthesis process. 2. A process according
to claimi, mher@ﬂﬁ'yﬁgyﬁgdﬁéfﬁ5ﬁ- of '8 PeLEFFRGYArer REdLEPd leRam ne of
fornula Il is g3rh@diouUl -Wnkho? Rydhldge errborane in a suitable 15
solvent. 3. A procCcess according to claim?2, Wierein the hydride is sodium
cyanobor ohydri de or sodi um borohydride, optionaN~Q acconpani ed by acetic
acid. 20 4. A process according to claim2, wher¢inXhe suitable solvent
acting internedi ate

in 25 the synthesis of the conmpoyhd ot\qunul . F
L
>
N CH;
ITI
5 followed by reduction of same in the presence of a

hydride, optionally in the presence of a salt, acid or
inorganic base, and in the presence of a suitable inert
solvent, the reactions being performed by either
isolating intermediate III or not in a single-stage

10 synthesis process.

2. A process according to claim 1, wherein the reduction
of the reacting itermediate enamine of formula III is

carried out with a hydride or borane in a suitable

15 solvent.

3. A process according to claim 2, wherein the hydride is
sodium cyanoborohydride or sodium borohydride,
optionally accompanied by acetic acid.

20
4. A process according to claim 2, wherein the suitable

solvent is preferably ethanol.

5. The enamine of formula III, reacting intermediate in

25 the synthesis of the compound of formula I.



WO 03/ 074522 PCT/ EPO3/ 02157 16 6. The al dehyde of forrmula I, key
internmediate for the synthesis of the conmpound of formula |I. 7. A process
for the pwemanaiseon of the conpound of 5 fornula I, whi eeTEPOPOIISES

oxi dation of 3-(2- hydroxyethyl)-2-netehyl -6, 7, 8, 9-t et rahydr o-4H pyri do
[1,2-a] pyrimdin-4-one of formula XX O NI CCH2O4 NCH3 X 10 8. A
process according to claim7, wherein the oxidation 1is carried out
preferably by procedures based in the _use of dinmethyl sulfoxide in the
presence of &n Ereceleshycec afefermydeh Hs okayylirdigimgigdiate for the

dicyclohexylcarbggﬁ£ﬂéggi(§§eﬁﬁg @gg%gﬁ% €nf §5&+ﬁiglgproacetic anhydri de
ide. 9. accor

or sul phur triox process Ing to clalm8, wherein the
reaction is performed by enploying preferably oxalyl chloride as

el ectrophilic¢ agent_acconpanied by triethyl ami.ne using .20 nethyl ene

chl oride as &éac&ih@r%%ﬁggntfor éhe preparation of1 the compoun of

5 formula II, which comprises oxidation of 3-(2-
hydroxyethyl) -2-methyl-6,7,8, 9-tetrahydro-4H-pyrido

[1,2-a]lpyrimidin-4-one of formula X:

O
Ch‘l\ | CH,OH
N
N CH,
X
10 8. A process according to claim 7, wherein the oxidation

is carried out preferably by procedures based in the

use of dimethyl sulfoxide in the presence of an

electrophilic agent, such as oxalyl chloride,
dicyclohexylcarbodiimide, acetic anhydride,
15 trifluorocacetic anhydride or sulphur trioxide.

9. A process according to claim 8, wherein the reaction is
performed by employing preferably oxalyl chloride as
electrophilic agent accompanied by triethylamine using

20 methylene chloride as reacting solvent.



