WD 2008/ 130312PCT/ SE2008/ 050432 A NEW PROCESS FOR THE MANUFACTURI NG
OF THE COVPOUND 2- HYDROXY- 3-[5-( MORPHOLI N- 4- YLME THYL) PYRI DI N- 2- YL]
/ H 1| NDOLE- WO 2808883 TRI LE 701 FI ELD OF THE | NVENTI ON ThRCTSPE8G8(050432
invention relates to a new process for the manufacturing of the
conmpound 2-

hydr oxy- 315- (nor phol i n- 4-yl met hyppyri di n-2-yff/Hindol e-5-carbonitril
e as a free base 5and pharnaceutically acceptable salts thereof and

hanut act urk NEIRGERSS SRS R VAR e RGOk RS
2- Hy dr oxy-i2¢hRORYBHEL Mo R P BN Y WIPMETHYL) P YRIPIINI D¢} iiNf)@fL@B' tr

ile as a free io base and pharmaceutically accept abl e salts thereof
are known GABRBONITRILEEHAuse t hey possess phammtol ogical activity by
showi ng inhibiting effect on GSK3 (WD 03/082853). Thus, it is

expect ed that. .thi n s well suitable for prevention and/or
treat nent ﬁgipé%fﬁﬁgﬁg’%ig&@ﬁ ated with cognitive disorders and

pr edcnent eﬁe?‘r@&ﬂ%mve%ﬁ&?fé‘l@ésl t¥ a HEWBHRSded flo% Bﬁhﬁﬁﬁmﬁngbﬁﬁ@%&nﬁ&% 2-
CognltlveDe cit in Schizophrenia (CDS), %qltlve

| npai r menthygdgRy33; [%QW@@&!&@@&WNEWV%WH@MW carbamitiile as a frec base

Age- Rel at t. i t

Domrent 2. (08 R Rbic A Her Rl R AR
pat hol ogi esgitabile onlaogesrplemadnuthereing ofi s§if T@npodadant ot enpor al denenti a
Par ki nson's Type (FTDP), progressive supranuclear palsy (PSP), Pick's
Di sease, N emann-Pi ck's D sease, corticobasal degeneration (CBD),

traumat i ¢ BAGKGRZUND ORTHEBNYENd®OENt i a pugilistica, Down's

d | ar Par ki nson Di se
;S))cl)gt ;gggpﬂeﬁﬁ tp é&g l?lﬁ@iiﬂ'ingﬁay Ia@hﬂasﬂyrléfwﬁfﬁﬂr{wﬁ%aarégmtrllﬁ%s a free
dement j,a, H‘Wﬁnﬁ@ﬂﬁﬁﬁc&l@hlﬁeé’&%talﬂﬂﬁgfsrtl%%ﬂfcaﬂ: RAGIPAndSBL Gl BRhSscfyS)

not or neuron di Seases euztfel d-Jacob's di sease, prion
di seases, P&’éﬁleéﬁﬂhﬁwcﬁ@lgicél actiyits by @twvn(lmmtu)bmratetf@mqndislﬁ?et £i43/082853).

hyper act i vj il 11 05t hAEOo A 1 BN SR BERE Ron, MOARE SRS

af fecti ve di sor ers are sor I acut e nani
bi pol ar depnétsisassochitqloigy cqmltmdrsardcs andwcdcmct&p:t |ass, chacdnaﬁpr der s

MDD | udi abi I
Sont voa 1 AP0 APRGHE I thsrlF Lo OBUATE bR et s (i
di abet gs, Cngﬁwb Impkimbet @CINAgbelskaideuviopaly ThpaidheReaAMI), Age—Related

inflanmmatory dis ases nd bone-rel ated_disorders including
ost eopor od{9gnity S5AT803 £ ErEatve FaRSRAR No Dementia (CIND), discases

associated with neurofibrillar tangle pathologies, Frontotemporal dementia (FTD),

Frontotemporal dementia Parkinson’s Type (FTDP), progressive supranuclear palsy (PSP),
Pick’s Disease, Niemann-Pick’s Disease, corticobasal degeneration (CBD), traumatic brain
20 injury (TBI), dementia pugilistica, Down’s syndrome, vascular dementia, Parkinson’s
Disease (PD), postencephelatic parkinsonism, dementia with Lewy bodies, HIV dementia,
Huntington’s Disease, amyotrophic lateral sclerosis (ALS), motor neuron diseases (MND,
Creuztfeld-Jacob’s disease, prion diseases, attention deficit disorder (ADD), attention
deficit hyperactivity disorder (ADHD) and affective disorders, wherein the affective
25 disorders are Bipolar Disorder including acute mania, bipolar depression, bipolar
maintenance, major depressive disorders (MDD) including depression, major depression,
mood stabilization, schizoallective disorders including schizophrenia, dysthymia,
Type I diabetes, Type 11 diabetes, diabetic neuropathy, alopecia, inflammatory diseases,

cancer and bone-related disorders including osteoporosis.



2 WD 03/082853 di scloses a process for the preparation of

2- hydr oxy- 345- ( nor phol i n- 4-

yl met hyl ) pYOI28984L30819 11/ H- i ndol e-5-carbonitrile as a fr RCTEICI345U32 he
hydrochl ori de salt thereof In said process 5-cyanooxindole is reacted
with a 2-hal opyridin-Noxide derivative 5in an inert organic sol vent
such as tetrahydrofuran, dioxane, dinethylformarnide or N

nmet hyl pyrrolidi n-2-one. The presence of a base is advantageous for
the coupling. A tenperature range of 0-130C was di scl osed. The

N- oxi de cquld ved with orus trichloride i sui t
Sotvent oot bR BIRS bt PR et T B EROd iRt Es arpha-E
furni sh 2-Juyeho Wﬂ;ﬁi(ymh’ﬂﬁ&llé B=c4rbonitrile as a free base and the hydrochloride salt
nyl met hyQp r|d|n ZH%%qukklndole 5-carbonitrile. In the disclosed

process t Haersef. lsg %%ﬁémogme%% wapastedanigh ¢ $-halepyridinn\renidesdosiyative
commer ci al r - }.30C,
t he stgrtH%gygﬁg§§%§g%?%§3“§%%%%§%% ses. @%ﬁgﬁﬁégcm%gﬁfﬁgyﬁg%ﬂ%ﬁ ar ge
scal e i s ohetbdpperlidinone.dhelpeisengpof e hedeas advaphesuy or preoooplinge 4.
Purificati c ally acceptable quality

mat eri al é%ﬁ?%%uﬁThﬁ (ﬁfSachlevegggégﬁolunn chr omat ogr aphy. This

puri fi cat iTr N-ecitin c@uluebct ﬁ:nmtd Whﬁ ph@phors aizhiogidt in0d subtalsln edtiy e kudhois

| ar ge- scal e nuf n ad ion, e, up yi e ere
bt ot nod NG RN der el ety acRbie RERMuS Bt et Ehereeliiahor ¢
economnic alyive@f HipydHdenb-yAr AGessHe -2 RaftBhitiBe MR disdlebdd prét@sOhe 5-

2- hydr oxy-345- (nor phol i n-4-yl| met hyDpyri di n-2-y1] /i ndol e- 5-

carboni tr Wén%méolp ABEPBESE adds mH avHblegs i campiproad belstsubitance gt the

t her eof aygo (

factors | ?irgséé%tg%els% %Eﬁu@g? uﬁéné q}tlél %gergﬁ% gggés@r?gﬂélgag%dogg’fo gegtg;e;f lgerlése of
vital for Noxdey@i laﬂgeagm lscoét:qmnm dris¢o thueafsnewmlalmymwe)propﬂfrﬁw des for
such a pr CRIPTI nt
hvent on Hignggi e Bficts apnam e isall fopdbbs oL R ER B R
conmpound (aZhieved by column chromatography This purification technique is not the most practical

hydr oxy- 345 h th ridin-2-yl]/Hindol e-5-carbonitri
AT A R I‘Hﬁ% Rt Fyn adiier Shpescap Sy Rt BT
parti cul ardbyaidedde citrate salt. 30 Further, it provides for a new
process to prepare novel conpounds, which are useful as internediates
in the preparation of said pharnmaceutically active conpound. Exanple

of such n r
6. mot hyl - gi}’}"rsl?rgﬁﬁfy”ﬁlg}e?é ?ﬁyﬁ% fgrs H@%F@&ﬁ?w ide thf:m@ﬁe' ddonomically efficient process

20 for the manufacturing of 2-hydroxy-3-[5- (morpholm-4 -ylmethyl)pyridin-2-yl1]/ H-indole-5-

carbonitrile as a free base and pharmaceutically acceptable salts thereof, especially with
regard to large-scale production where factors like costs, manufacturing time, robustness
and safety are vital for commercial application. The present invention provides for such a

process.

BRIEF DESCRIPTION OF THE INVENTION
The present invention is directed to a new process for manufacturing of the compound (2-
hydroxy-3-[5-(morpholin-4-ylmethyl)pyridin-2-yl]/ H-indole-5-carbonitrile as a free base
and pharmaceutically acceptable salts thereof, particularly the citrate salt.

30 Further, it provides for a new process to prepare novel compounds, which are useful as
intermediates in the preparation of said pharmaceutically active compound. Example of

such new intermediates are methanesulfonic acid 6-methyl-pyridin-3-ylmethyl ester, 4-(6-
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Scheme 1

A. A process for the preparation of 2-hydroxy-3-[5-(morpholin-4-ylmethyl}pyridin-2-

15 yl]ZH-indole-5-carbonitrile as a free base and pharmaceutically acceptable salts thereof, by

a) reacting a compound of formula (IT) with a compound of formula R¢S0,X wherein
Rgis Ci-C4 alkyl, C;-Cs alkylphenyl, phenyl, phenylmethyl, halophenyl, nitrophenyl or
CF3, particularly methyl, and X is halogen, particularly chloro, in the presence of a solvent

20 and a base to give a compound of formula (111}, wherein R; is R¢SOs, where Rg is C-Ce



WD 2008/ 130312PCT1SE20081050432 4 al kyl, Cl1-C4 al kyl phenyl, tolyl,
phenyl, phenyl net hyl, hal ophenyl, nitrophenyl or CF3, particularly
met hyl , whVORROY#36HR is i solated or, followed by bi) reSEIPS0RE32
conmpound of forrmula (I11) wherein R1L is as defined above in the
presence 5 of norpholine optionally wi#h a base and in a solvent to
obtain a conpound of fornma (V) 01D..- 0 (V) which either is
isolated or followed directly by step c¢c) below. Alternative ways for
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conpound of formula (V) whi ch may be isolated, or biii)
reacting a conpound of formula (1V) wherein R is halogen and R3 is
nor phol | nésagting sheeeempound efforpapa (I1T) wherein R, is as defined above in the presence

5 of morpholine optionally with a base and in a solvent to obtain a compound of formula (V)
= N
0
(V)

which either is isolated or followed directly by step c) below.

Alternative ways for preparation of a compound of formula (V) are described below:
10 bii) reacting a compound of formula (TV), wherein R2 is methyl and R3 is a halogen in a

solvent with morpholine optionally with a base (o obtain compound of formula (V)

= R3

which may be isolated, or

biii) reacting a compound of fornula (IV) wherein Ra is halogen and R; is morpholine

i5  attached at nitrogen

with methylmagnesium halide in the presence of iron (2,4-pentanedionate); in a solvent to

obtain a compound with formula (V)
20  followed by,

¢) reacting a compound of formula (V)

with a carbonate of formula (X) or a dicarbonate ol formula (XI)

a
R4\OJLO/R4 / Y \n/ \
X) (X1)



R2N (1'V) with nethyl magnesium halide in the presence=of iron

(2, 4-pentanedionate)3 in a solvent to obtain a conpound with fornul a
(V) 20f ol | %e24083030312) reacting a conpound of formnul a WPGQH/EER008/050432
carbonate of formula (X) or a dicarbonate of forrmula (XI) 00 25

(X) (XI)
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wherein R, is independently selected from an Cy_jaalkyl or aryl-C_4alkyl group and R7 is
an tert-butyl group in a solvent in the presence of a base to give a compound of formula
(VD) which either is isolated, or its enolate is reacted further
o Y
R4, | = @
o] N
(Vi)
by,
d) reacting the compound of formula (VI) wherein R. is Cy.j2alkyl or aryl-Cialkyl with a
compound of formula (VII}, where Rs is a hydrogen or a halogen

0,0

R5

INI (V1N

in the presence of a base and a solvent, to form a compound of formula (VIIT) wherein R4

is Cy.p2alkyl or aryl-C;_salkyl, which cither is isolated, or

followed by,

¢) reducing the compound of formula (VIII) wherein Ry is Cyzalkyl or aryl-C.salkyl with
a suitable reducing agent in the presence of a solvent to selectively reduce the nitro group
to an amine in the prescence of the other functional groups to obtain a compound of

formuia (IX) wherein Ry is C).jzalkyl or aryl-C4alkyl, which either is isolated, or followed

by,



5 wherein R 4 is independently selected froman Chpal | cyl or
aryl-Challcyl group and R7 is an tert-butyl group in a solvent in the
presence oWORIMASESI20 gi ve a conpound of formula (VI) WETESE2848{0hEB2 | s
i solated, or its enolate is reacted further R4 N NO by, d) reacting
t he conpound of formula (VI) wherein R4 is Chpal kyl or aryl-Chal kyl
with a conpound of fornma (VIl), where R5 is a hydrogen or a hal ogen
In the presence of a base and a solvent, to forma conpound of
formula (MII1) wherein R4 is Chpal kyl @¢ aryl-Chal kyl, which either
is isolated, or ,R4 15 foll owed yan-©) reducing the conpound of

or aryl-Chalkyl with a

sui tabl e reduci ng agent in the fre3 of spl vent to selectively
reduce the nitro group to an amng | He~plescence of the other
functional groups to obtain a conpound |>9)f 20formula (I X) wherein R4
Is Cl-12alkyl or aryl-Chal kyl, whmwch elther is isol at ed, or followed

by,

f) cyclisation of the compound of formula (IX) wherein Ry is Cj.2alkyl or aryl-C_qalkyl
with an acid or a base to obtain a compound of formula (1), the 2-hydroxy-3-[5-
(morpholin-4-ylmethyl)pyridin-2-yl]/ H-indole-5-carbonitrile as a free base or a

5 pharmaceutically acceptable salt thereof, which is purified and isolated to obtain the pure

compound (I} as a free base or pharmaceutically acceptable salt thereof.

B. Another alternative for process steps €) and f) above in the new manufacturing process
for the preparation of 2-hydroxy-3-[5-(morpholin-4-ylmethyl)pyridin-2-yl]1 H-indole-5-
10  carbonitrile as a free base and pharmaceutically acceptable salts thereof, may be described

in the following way:
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Scheme 2

h) treating a compound of formula (VIII) wherein R, is Cy.12alkyl or aryl-C).qalkyl with a

suitable reducing agent in a solvent to form a compound of formula (XII}, foliowed by

k) reducing the hydroxamic acid group in the compound of formula (XII) by treating with

a suitable reducing agent in a solvent to obtain a compound of formula (1), the 2-hydroxy-
20 3-[5-(morpholin-4-ylmethyl)pyridin-2-yl]/ H-indole-5-carbonitrile, as a free base or a

pharmaceutically acceptable salt thereof, which is purified and isolated to obtain the pure

free base or pharmaceutically acceptable salt thereof.



6 O cyclisation of the compound of fornmula (I1X) wherein 124 is

C _pal kyl or aryl-Cl4alkyl with an acid or a base to obtain a
conpound oWOr@98aiPH2(1), the 2-hydroxy-315- PCT/SE2008/050432
(rmor phol i n-4-yl met hyDpyri di n-2-y1]./Hindol e-5-carbonitrile as a free
base or a 5pharnaceutically acceptable7salt thereof; which is
purified and isolated to obtain the pure conpound (1) as a free base
or pharmaceutically acceptable salt thereof B. Another alternative
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sol vent to forma conpound of formula (XIl), followed by k) reducing
t he hydroxam c acid group in the conmpound of formula (XlI1) by
treating with a guitable reducing agent in a solvent to obtain a
conpound of formila (1), the 2-hydroxy- K
20345- (nor phdd i p=2- yI met hyl ) pyridin-2-y
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Scheme 3

1) rcacting the compound of formula (IX) wherein Ry is Cy.j2alkyl or aryl-Cj.4alkyl with a
suilable acid in a solvent to form a compound of formula (XIII) wherein R4 is C;_jzalkyl or
aryl-Ci 4 alkyl, followed by
m) reacting the compound of formula (XIIT) with a suitable acid in a solvent to obtain a

15 compound of formula (1), the 2-hydroxy-3-[5-(morpholin-4-ylmethyl)pyridin-2-yl] 1 H-
indole-5-carbonitrile, as a free base or a pharmaceutically acceptable salt thereof, which is
purified and isolated to obtain the pure free base or pharmaceutically acceptable salt

thereof.

20 DETAILED DESCRIPTION OF THE INVENTION
A. A manufacturing process for the preparation of 2-hydroxy-3-[5-(morpholin-4-
ylmethyl)pyridin-2-yl]/ H-indole-5-carbonitrile as a free base and pharmaceutically

acceptable salts thereof, by:

= N
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Scheme 4
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carbonitrile as a free base and pharnaceutically acceptable salts

t hereof, may be described in the foll o0& ng way: Schenme 3 | oby 1)
reacting the compound of fornmula (1X) wherein R4 is Chpal kyl or
aryl - Cl4alkyl with a suitable acid in a solvent to forma conpound of
formul a () kdaktinghec@npouRd of for@hiadllkwith acompylnd GI dorahulayit ;SO K] Whaneid RRy
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yl met hyppyri di n- 2-y1]/ Thi ndol e-5-carbonitrile as a free base and
pharmaceutically acceptable salts thereof, by: WO

2008/ 1303 iz Rcd¢SE 20 PGB Brmula (11T) wherein R, is as defined above in the presence
of morpholine optionally with a base and in a solvent to obtain a compound of formula (V)

10 which either is isolated or followed directly by step c) below.

The starting compound of formula (II) may be prepared in a known manner described in
the prior art (J. Med. Chem. 1996, 39 (26), 5053).

15 The reaction steps a) and bi) may be performed in a solvent. Suitable solvents are ethers
such as tetrahydrofuran, methyltetrahydrofuran, diethyleneglycol dimethyl ether,
cyclopentyl methyl ether or 1,4-dioxane, or a polar aprotic solvent such as N, N-
dimethylacetamide, N-methyl-2-pyrrolidinone, dimethylformamide, 1,3-
dimethyltetrahydro-2(1 H)-pyrimidinone, dimethylsulphoxide or tetramethyl urea, aromatic

20 hydrocarbons such as toluene or xylene, halogenated solvents such as dichloromethane,
chloroform or dichloroethane or nitriles eg acetonitrile, propionitrile or mixtures thereof,

particularly tetrahydrofuran.

The total amount of solvents used in the coupling process a), may vary in the range of
25 about 2 to 100 (v/w) volume parts per weight of starting material, particularly in the range

of about 5 to 30 (v/w) volume parts per weight of starting material.

A suitable base may be an organic amine base such as triethylamine,
diisopropylethylamine, pyridine, dimethylaminopyridine or alkali metal salts such as

30 sodium carbonate, particularly triethylamine.



a) reacting a conpound of formula (11) with a conpound of formula
R6S02X, wherein R6 1S C1-C4 al kyl, G -C4al kyl phenyl, phenyl,
phenyl met hWo, 208883833k enyl , nitrophenyl or CF3, parti cul SBQTySEI808HF0432
and X is hal ogen, particularly chloro, in the presence of a solvent
and a base to give a conpound of formia (I11), wherein RL is R6S03,
where R6 is G -C4al kyl, 5C1-C4al kyl phenyl, phenyl, phenyl nethyl,
hal ophenyl, nitrophenyl or CF3, particularly methyl which either is
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c) below. The starting conpound of fornma (I1l1) may be prepared in a
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Sui t abl’e vent ar 6 ethers such as tetra ur an,
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t et r amet hydquivaleats, aromati c 20 hydrocarbons such as toluene or xyl ene,
hal ogenat ed sol vents such as di chl oronet hane, chl orof orm or
di chl ot’oet hane or nitriles eg acetonitrile, propionitrile or mxtures
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used in the coup rocess a), hmay .vary int range” of ~ 25about
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2008/ 1303 l@?&ﬁ%}ﬁﬁﬁﬁ’ﬁ&h&é%@@lﬂ% dimethylaminopyridine, morpholine or alkali metal salts

such as sodium carbonate, particularly morpholine.

The amount of base used in step bi} may vary in the range of about 1 to 5 mole equivalents

20  of compound of formula (IIT).
The temperature of the coupling step bi) may be in the range of about -20°C to +60°C.

The compound of formula (V) has a chromatographic purity of at least 90%, preferably

25 more than 95%.
An allernative way for preparation of a compound of formula (V) is by:
bii) reacting a compound of formula (IV), wherein R; is methyl and R; is a halogen in a

30 solvent with morpholine optionally with a base to obtain compound of formula (V) which

may be isolated.



The amount of base used in the coupling process a) may vary in the *®
range fromabout 1 to 5 nole equival ents of conmpound of formula (I1).
The t enperWPFH®/189312 he coupling step a) may be in the rRGTRE2HM8/058UL
-80C to +60C, 5particularly in the range of about -10C to room
tenperature. The nol e equival ent of R68D2X conpared to conpound of
formula (11) may be in the range of about 1 and 5 nol e equival ents,
particularly in the range of about 1 and 2 nole equivalents. 10 The
t ot al anollite stitirpolowpotsd offedmila(IVh evhe@inR4 in geryd embR; is clprdain)y bay

vary in the range of about 2 to .100. (v/w) vol rts.per 1.ght_ of
Starting AEREREAr  Rpadt Feu drpribed e g GRS st 48 e
vol ume parang tRedrome agddgue imaSttRrsy hingia be tisabsed 1DV G2 0EAtH9e4 base to be
used in step bi) may be an organic am ne base such as, triethylan ne,

di i sopropyl et hyl am ne, p_iri di ne, dinethyl am nopyri di ne, norpholine or
al kal i SnetSitaklgpelyends abin areciersymck oy Bisdadeofurgnmegteyliegrhydrefiaphol i ne.

The anmounty; i i | :
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t enper at urselverit sudleasdd pdimatyy Rt gnide,) N-meyhyib& -fiyrrotitie onca digeetlnfl foabauide,
-20Cto + . T of . formul.a ('] as,a r.onat ogr aphi c
purity of qa 'd]ln}aeglsytlteg%%%%g?@ggsg%ﬁfh%e’rfi)l?%&fdﬁ%lﬁﬂ%% 0&%@@5&%&% ve
way for praepadtathydocabois suomaumdnodr dyenalHatogeMied Slvayts suchbdsi )

d of formula wherein. R 2 js nethyl and R3 i

reacting a,. ou L V), : ' . . 1.S
a hal o@enﬁlﬁ?ﬁg@@ﬂ% GRaRRTQIm 4 dﬁﬂ%ﬂf‘dﬁnﬁ@r BiSEIFb T Ry e opirls, PaBwnitele
obt ai n conpeiiidred thet i PaktulaM)y tidreh may be isolated. WO

2008/130312PCT/SE2008/gEO432 0 The starting conmpound of formula (IV)

wherein R_is nethyl and R3 is chloro may be prepared in a known
manner desdeitgalnannt ¢fesolyents psedmpay rrmvadhornags ofubout, 2 w709 1y/w) 1qigmy

and the br : - 2 i : i
70200501683 P AR P uAke BT #’%ﬁg‘;‘l%‘iﬁdgﬁgﬁ’ BhEEOOREH A0 30 viw)

t et r ahysdr obbmzmarteperhydigtetof sthstide afaterah, di et hyl enegl ycol di et hyl

et her, cyclopentyl nethyl ether or 1,4-dioxane, or a polar aprotic
sol vent such as /V, N-di net hyl acet am de, N-nethyl -2-pyrrolidi none,

di et hyl f ot fii@ble @@se may be an organic amine base such tricthylamine, diisopropylethylamine,

morpholine or alkali metal salts such as sodium carbonate, particularly morpholine.

20 The amount of base may vary in the range of about 1 to 5 mole equivalents of the
compound of formula (IV), particularly in the range of about 2 to 3 mole equivalents of the

compound of formula (IV).

The reaction may also be carried out using morpholine acting as solvent and base.

The temperature of the coupling step bii) may be in the range of about 0°C to +70°C.,
The compound of formula (IV) has a chromatographic purity of at least 90%, preferably
more than 95%,

30

Another alternative way [or preparation of a compound of formula (V) is by:



1, 3-di nmet hyI tetrahydro-2(1H)-pyri m di none, dinethyl sul phoxi de or
tetrarnet %' urea, aromatic hydrocarbons such as tol uene or xyl ene,
hal ogenat e 028988013 such as t odi chl or onet hane, chl or of RFTHIESA08/050432
di chl oroethane or nitriles such as acetonitrile, propionitrile or

m xtures thereof, particularly toluenellThe total anmount of solvents
used may vary in the range of about 2 to 100 (v/w) volume parts per
wei ght of starting material, particularly in the range of about 3 to
30 (v/w) isVokzntiegparnpoperof el (16§ wheraintR ighaiegear paliculalysthidrazné

b i h triethyl an L
oF <o apy oS RgPFR SR oA SO0 RS e of
sodi um carifrd-gentprbionss g bolverd (ddbedih B eompsundRE [@iRLt)of base may

vary in the range of about 1 to 5 nole equivalents of the corrpound of
formula (1V), particularly in the range of about 2 to 3

equi valsent et e ormrpRlipicfomruls gMharem Ry is morpholimpand %falé @Fleﬁefhﬁ@lefe
al so be capg ha%’%eﬂlﬁ cHiSto rﬁgayrﬂa sp?%qwdr}@ HRAUhLRY nBinSg Ye VGt e PASS: p r 1he

tenperature of the cou may be 1n the range o about oC
to +70C. Thbingeas0dy dﬂ) fiw)mrldawl(eln\h)alogasm@rmm ety bg pagphaied ipa knawn of
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preparation o
2008/ 1303 bﬁ&ﬁiétﬁﬁﬁ&@ﬁésﬁl&ﬁmﬂﬁiemtlhlpres&nceeﬁ&bm (I-peraarivdidund); of a favdisa

(I1'V) wherejn R2 is . halo artlquarI R3 i s norpholine
attach¥d n?lF]tarCB‘brg?f‘ce\Mqﬁﬁh% ATHIPrioR ‘?1%‘%1?“3 h%l P@?éd‘} & the presence
of iron 2,4-pentanedionate in a solvent to obtain a conpound of
formul a (XS)t 5 The_starting conpound of formula (V) wherein R3 is

mor phol i NSt descyibpssthp a1aa@%ﬁurmmrﬁe58§ RE2 epanroyBHh of HIEplR AV H wheyeip R is

prepared iy th rbg\é@ rggnzgg}; described in the prior art (Chim a,
2003, 57 (11) 710), when halogen is brono it may be prepared in

a known manner described in W?2006028029. A reaction of a conpound

(1V) defined as above with nethyl nggness kel de in the presence of
iron (2,4-pentanedionate)3 in aasollvemt ]\Og ne in accordance with
the regction prior described in S 7026, M)S. Step c) describes the
manuf act uri ng process of a conpound of fornmula (VI) wherein R4 is a

G _12 al kyshd @fis @rditd S al k&alindNeompound of formula (V), 4-(6-methyl-pyridin-3-
ylmethyl)}-morpholine, with a carbonate of formula (X), wherein Ry is independently
selected from an Cyaalkyl group or aryl-Cjualkyl, or a dicarbonate of formula (X1}

20  whercein Ry is tert-butyl, in the presence of base in a solvent. A carbonate is of particular

inlerest,

O (8] O 0
c JJ\ RT/ Y \“/ \R?’
~ R4
0 o” o} o
(X) (X1)

25 A suitable organic solvent is a mixture of a polar aprotic solvent, which may be selected
{from the group comprising of sulpholane, tetramethylurea or 1,3-dimethyl-2-
intidazolidinone or ethers such as tetrahydrofuran, 2-methyl tetrahydrofuran, dioxane, tert-
butlymethyl ether, cyclopentyl methyl ether, or diethyleneglycol dimethyl ether or

aromatic hydrocarbons such as toluene, xylene, and/or aliphatic hydrocarbons such as



15R4, ON (VI) and it is carried out by reacting a conmpound of formula
(V), 4-(6-nethyl-pyridin-3- ylnmethyp-norpholine, with a carbonate of
fomr a (X)yWORBEYI8)X12R4 i s i ndependently sel ect ed from aPCEBE2008K050432

group or aryl-Chalkyl , or a dicarbonate of fornmula (XI) 20wherein
122 is tert-butyl, in the presence of hase in a solvent. A carbonate
is of particular interest. 75A suitable organic solvent is a

m xture of a polar aprotic solvent, which nay be selected fromthe
group conptekaiettepfansiirpbahane mik@td therebMyl parealaoly slitabiddomhhy 1- 2-

i m dazol i di hgn r ethers such as tetrahydrofuran, 2-nethyl
tetrahydrd?ﬁ%ﬁ%P%Hbeane, tertbutlymethyl ether, cyclopentyl nethyl
et her, or diethyleneglycol dinethyl ether or aromatic hydrocarbons
such as tol uene, xylene, and/or aliphatic hydrocarbons such as WO
2008/ 1303 1EPcmciepues bo soksmed vithewafolventnagicautes when eingenaapognds of
m xture tﬁgﬁﬁﬁg( particularly suitable solvent is tetrahydrofuran.
The reaction may be perfom ed wi thout a solvent particulary when
usi ng conpounds of 5formula (X). A suitable base may be an organic
am ne base,  suc s di azabi cycl Q[ 5. 4. Q]Jundec- 7-ene, 6al kyl |ithium
al kal i rret%ﬁwwglﬁr SR Bt ofgay EFP%%}WCFPF%“ dé??&blFY‘SﬂdStj‘ynq]HWFﬂo“éPs G

al kal i ”E%@;kyﬁgmﬁé afkHE theBP hbdridal Mphdl LRQRE AP AL Rt SR AL MRe; or alkali
di i sopropyl am de or sodi um
metal amides such as lithium diisopropylamide, sedium diisopropylamide or sodium

10 amide, particularly lithium diisopropylamide.

The amount of base used in the coupling process step may vary in the range ol about 1 to
5 mole equivaients of compound of formula (V), particular between about 2 to 3
equivalents.

15
The total amount of solvents may vary in the range of about 1 to 100 (v/w) volume parts

per weight of starting material, particularly in the range of about 5 to 20 (v/w) volume

parts per weight of starting material.

20 The temperature used in process ¢} may be in the range of about -100°C to +100°C,

particularly in the range of about -30°C to +50°C.

The work up may in general be performed by methods known by someone skilled in the
art, for example by extraction and optional filtration, chromatographic purification and/or

25 crystallization to obtain the compounds of formulae (I), (V), (VI), (VIID), (IX), (X1I) and
(XTID).

Compounds of formula (VI) are normally obtained with a purity of at least 90%, preferably
more than 95% and may be used directly as a solution in the follwing step d).

30
The reaction step d) of the manufacturing process of a compound of formula (VIII),

wherein Ry is a Cj12alkyl or aryl-Cj_qalkyl



i oam de, particularly lithiumdiisopropylam de. The anount of base
used in the coupling process step may vary in the range of about 1 to
5 nol e equVPeBIBE31df conpound of formula (V), particul RET/SRI0RESH 32
about 2 to 3 equivalents. 15 The total amount of solvents may vary in
the range of about 1 to 100 (v/w) volung parts per weight of starting
material, particularly in the range of about 5 to 20 (v/w volune
parts per weight of starting material. 20 The tenperature used in
process c¢) may be in the range of aboufrs-100C to +100C, particularly
in the range of about -30C to +5Qr" %kwork up may in general be
performed by methods known by soneong skilled in the art, for exanple
by extraction and optional filtrfat ror@?ﬁgraphi c purification
and/or 75crystallization to obt L s of formulae (1),
(V)y, (Vvh), (M11), (IX), (XI1) an (Xlllg. Conpounds of fornula (V)
are nonnally obtained with a purijy of(ViV | east 90% preferably nore
than 95% and may be used directly as a solution in the follw ng step
d). 30 V\msz@og}/ w03 1Py sExgeend sbHs@urEVhRhergivRE is)a Csallgrlored out

by eact i ng,1ac,SNPRUAHa Blmf ATt b Y VS kS Ris S afbeh oPRIGKh, O

particularly (luoro, in the presence of a base in a solvent

O, »
NP

R&

INI (Vi)

The compund of formula (VII), wherein Rs is hydrogen and when Rs is fluoro are

commercially available.

10 A suitable base may be alkali metal hydrides such as sodium hydride and lithium hydride;
or alkali metal amides such as, sodium bis(irimethylsilyl) amide, lithium diisopropylamide
or sodium amide or alkoxides such as lithium tert-butoxide or potassium tert-butoxide,

particularly lithium tert-butoxide.

15 The amount of base used in the process siep d) may vary in the range of about 1 to 5 mole
equivalents of compound of formula (VI), particularly in the range of about 2 to 3 mole

equivalents of compound of formula (VI).

Suitable solvents are ethers such as tetrahydrofuran, 2-methyl tetrahydrofuran, dioxane
20 tert-butlymethyl ether, cyclopentyl methyl ether, or diethyleneglycol dimethyl ether, or
aromatic hydrocarbons such as toluene, or mixtures thereof. The particularly suitable

solvent is tetrahydrofuran.

The total amount of solvents may vary in the range of about 1 to 100 (v/w) volume parts
25 per weight of starting material, particularly in the range of about 5 to 20 (v/w) volume

parts per weight of starting material.



aryl-Cl.4allcyl with a conpound of fornmula (VI1), wherein R5 is
hydrogen or hal ogen, particularly fluoro, in the presence of a base
in a sol veWO 2808/13432 conpund of formula (VI1), wherei n HRI/SEQUHEdYen
and when R5 is fluoro are comrercially available. io A suitable base
may be al kali netal hydrides such as s®4li um hydride and |ithium
hydride; or alkali netal am des such as, sodiumbis(trinethylsilyl)
am de, lithiumdiisopropylam de or sodium am de or al koxi des such as
lithiumtert-butoxide or potassiumtert-butoxide, particularly

11 |) t hi um t erHe- t@ﬁpeﬁ%thtiﬁxsedlﬁ p;fdmessadmwsvtbe@fﬁ thlaa@%ew@@buit Eﬂ|00¢©td3¥?199@3 st eg
may vary in the range of about to 5 nole equival ents of conpoun

of fornul é’%(t\?luiaﬂyb%?hﬁrﬁ‘lﬂeﬁifﬁli}’u? e heoahde of about 2 to 3 nole

equi val ents of conpound of formula (VI). Suitable solvents are ethers

such as tetrahydrofuran, 2-nethyl tetrah{drofpran, di oxane .

20t er t -sbutThgfeaction lseletfémledoylm @peopt bubbling/an et eps, thipuigh the reaction

di et hyl enqﬂﬂx}{ﬁg tpﬁ#%@ﬁ b a%%nlﬂs%]%as Qfic aars(?lﬂfo% ﬁ,yap% n q?glgi?lﬂl?rsﬁ?fgﬂg

t ol uene ereo par Icu ven
tetrahydr oﬁuncEgn,excluatmgairm@genarmunt of solvents may vary in the range
of about Ito 100 (v/w) volunme parts 25per weight of starting
material, particularly in the range of about 5 to 20 (v/w) vol une

parts per TRivalk uphasbapbifsitheddl aickidlds knokéhn Tih@nic0iPEEBddUnh ehelbgesd daficr
process c) may be in the range of about -100C to +100C _ particularly
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preferably wth an inert ‘gas Such as nitrogen, argon or i um
preferably nitrogen, excluding air/oxygen.

Compound of formuia (VIII) may be isolated as an oil, a solid or may be converted to an
appropriate salt using both organic acids e.g. p-toluenesulphonic acid, methanesulphonic
15 acid, benzoic acid or inorganic acids e.g. hydrochloric acid, or sulphuric acid, particularly

hydrochloric acid, in a solvent,

Suitable solvents for the salt formation are ethers such as tetrahydrofuran, 2-methyl
tetrahydrofuran, dioxane, tert-butlymethyl ether, cyclopentyl methyl ether or

20  diethyleneglycol dimethyl ether, aromatic hydrocarbons such as toluene, xylene, and/or
aliphatic hydrocarbons such as hexanes, heptanes or octanes, aliphatic alcohols such as
¢thanol, methanol or 1sopropanol, esters such as ethyl acetate or butylacetate, or mixtures

of the above solvents, particularly a mixturc of n-butyl acetate and ethanol.

25 Suitable solvent for the isolation of compound of formula (VIII) as a crystaliine free base
are esters such as ethyl acetate or butylacetate ; aliphatic alcohols such as ethanol,
methanol or isopropanol, and /or aliphatic hydrocarbons such as hexanes, heptanes or

octanes; particularly n-butylacetate and heptane.

30 Compounds of formula (VIII) are normally obtained with a purity of at least 90%,

preferably more than 95%



The work up may be performed by nethods known by soneone skilled in
the art as earlier odescribed, optionally to inprove phase separation
during extWeHI0H2fi|tering aid nmay be added to the AMITVSER0G8(RGN432
phase system before filtration and phase separation. Compound of
formula (M11) may be isolated as an oif, a solid or may be converted
to an appropriate salt using both organic acids e.g.

p-t ol uenesul phoni ¢ aci d, net hanesul phoni ¢ 15aci d, benzoic acid or

i nor gani ¢ Heirekxtien gep byaftiochbrorfacuringipocesy fosalbqhpuung ofifbintlyla (1X), wherein
particul arly hydro Loriq ciﬂg in a solvent. Suitable solvents for
the salt f 'ﬁﬁ Hbﬁ k¥ych as tetrahydrofuran, 2-methyl

t et rahydr of uran, dioxane, tert-butlynmethyl ether, cyclopentyl nethyl
et her or 20di et hyl enegl ycol dineth%l et her, aromatic hydrocarbons
such as toluene, xylene, and/or gl gh&tdsc hydrocarbons such as
hexanes, heptanes or octanes, alilphatic_al cohols such as ethanol,

met hanol or isopropanol, esters[sUfh ¥ \“thﬁP\%cetate or

butyl acetate, or m xtures of the 50 s, particularly a

m xture of n-butyl acetate and etlhanol . g Sui tabl e solvent for the

i sol ati on of compound of formula VIII)U a crystalline free base
are esters such as ethyl acetate or butylacetate ; aliphatic alcohols
such ag et hanol, nethanol or isopropanol, and /or aliphatic

i e D9 Sl 6 R08S g ULl LD B

nor mal | y obitailqeducing kgeat lpursntvynfoﬁ tletknbwasianf@%esquibed erfabingtangr e t han

95% WO 2008/ 130312PCT/ SE2 50432 ], the
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a Cnsal kyl89673-arG:8,- Emtlcai 1, pyge 823”.

10

A particularly suitable reducing agent may be hydrogenation using molecular hydrogen

and a metal catalyst such as palladium on carbon or platinum/vanadium on carbon.

The reaction may be performed in a solvent. Suitable solvents are mixtures of polar aprotic
15 solvents e.g. N,N-dialkylamides such as N, N-dimethylformamide, N, N-dimethylacetamide,
N-methylpyrrolidinone and dimethylsulphoxide, ethers such as tetrahydrofuran or 1,4-
dioxane or methyltetrahydrofuran, cyclopentyl methyl ether, nitriles such as acetonitrile or
propionitrile, esters such as butyl acetate or aromatic such as toluene, xylene, alcohols such
as methanol, ethanol or butanol, and/or water. Particularly suitable solvents are N,N-
20 dimethylformamide, toluene, butyl acetate or mixtures thereof. A particularly suitable

solvent is n-butyl acetate.

The total volume of solvents used may be in the range of about 1 to 100 {v/w) volume parts
per weight of starting material, particularly in the range of about 2 to 40 (v/w) volume

25 parts per weight of starting material.

The ratio of catalyst to compound of formula (VIII) may be in the range of about 1(w/w%)

and 100 (w/w%), particularly in the range of about 1(w/w%) and 30(w/w%).



may be carried out by reduction of the nitro group in conpounds of
formula (M11) with a suitable reducing agent in a solvent in the
known nmann®P 288¢8931ked in for instance "Conprehensi ve GQIAH2008/050432
Transformations;"” R C. Larock., VCH publishers; |SBN 0- 89573-710-8,
Edition 2, page 823". 10 A particularlyssuitable reduci ng agent nmay
be hydrogenation using nol ecul ar hydrogen and a netal catal yst such
as pal l adi um on carbon or platinum vanadi um on carbon. The reaction
may be perfhensmeptratareas: ﬂrml resfibn niay bk &bthe raqk veiHost @b Binpératesandf

pol ar aprot| SSkoe di al | cyl am ..such as

N, N—dlﬁEthQ?ﬁé&ﬁ%ﬁW @ ﬁPgWﬁﬁP @*ﬂb@?iﬁ%ﬂquﬁﬁﬁithylpyrrolidinone
and di net hyl sul phoxi de, ethers such as tetrahydrofuran or 1, 4-

di oxane or nethyltetrahydrofuran cycl opentyl nethyl et her, nitriles

or - ar omat 1 1= gtehins oy 3 dEREPES oL oL RERETE iGN EY biekineBRr i

et hanols onmhukaamhmpmﬁgh@ﬂsmﬁier Particularly suitable solvents are
N, N- 20di net hyl f ormam de, tol uene, butyl acetate or m xtures thereof.
A particularly suitable solvent is n-butyl acetate. The total vol une

parts - Gt gonfd ) £F AR Pl i oy BFiBooke ange

of about 2 to 40 (v/mb vol une 25parts per weight of starting
materi al . THRBA6B4 SN ARGHLSR2A0RE BRAIS T ColBouiURaERIMIL20T the

reaction may be in the range of about roomtenperature and +150C,

particul ath’QTOF(ﬁ'T’t[ﬁén}omhgbﬂ'dfﬂ%%@@mﬁpmd%@ﬂﬁﬂ @e6:carbonitril s e dics brss
may be in ﬁ‘arﬁﬁ@&%czﬁf a&blésaﬂygl %gggg{tlcg%%hie% E&é %;a¥t in the range

of about 5 between atno erlc an oun formula (1X)

are normal |l y obtained mnth a purity of at |least 80% The reaction

step O of the manufacturing process of a,conpound of fornula (1), 2-
N

/OH

()
is carricd out by rcacting compounds of formula (I1X), wherein wherein Ry is a

15  Cisalkyl or aryl-C,ualkyl with an acid in a solvent.

The acid may be selected from organic acids such as acetic acid, methanesulphonic acid,
toluenesulphonic acid, citric acid or inorganic acids such as hydrochloric acid, sulphuric

acid or phosphoric acid, particularly hydrochloric and citric acid.

The suitable number of mole equivalents of acid is in the range of about 1 to 4 mole
equivalents in relation to compound of formula (IX), particularly in the range of about 1 to

3 equivalents.

25 The reaction may be performed in a solvent. Suitable solvents are mixtures of polar aprotic

solvents e.g. ¥, N-dialkylamides such as N, N-dimethylformamide, N, N-dimethylacetamide,



ohydr oxy- 345- (nor phol i n- 4-yl met hyppyri di n-2-y1]/ H i ndol e-5-carbonitri
| e as t he WO2808Hd&d2 or pharmaceutical ly accept abl e sal tRCHIR2068H50432
particularly the citrate salt is carried out by reacting
conpounds of fornmula (1X), wherein whengin R4 is a isChnal kyl or
aryl-Cl.4al kyl with an acid in a solvent. The acid nmay be sel ected
fromorgani c acids such as acetic acid, nethanesul phonic acid,
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hydr ochl ori c aci 01 sul p gm d or phosphoric acid, artl cul arI y
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inrelation to conmpound formula (I1X),” particularly in the range of
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as net hyl Rasti):utmmlmsuitm wbeentsrard a inlixmresuﬁ tliueas amtditretiyl foithamide, or butyl
propionitrjl i ¢c.hydrocarbons suc t ol uene or xyl .
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such as etdwbthaitehahede didsOpit@pyttatacet ate or butyl acetate, organic
aci ds such as acetic acid and/or water. Particul arl y sui tabl e
solvents are a m xture_ of toluene and dinethylfo

acet at & andedoteioRyms of sebitnigasedangyabe in éhn ra%%p@h@lttdﬁp éb% m/wbwlfjﬂlum@ pRls
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vol une of solvents use be in theé range of about

vol ume parﬁaﬁsp@mmtgﬁstamgmaaaﬂal ng material, particularly in the
range of about 2 to 40 (v/w) volume parts per weight of starting
mat eri al . The tenperature of the reaction nay be in the range of
about roo r?ﬁlteeesrmmraune rof tleerrdaditisr ifa@ Ge irpe tdngel bAatowt foomt @ pérameeandf

bout +60G tivly th t 0 of th
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2- hydr oxy- 345- (m)rphol i n-4- yI nmet hyl ) pyri di n-2-y1V/ 1-i ndol e- 5- car boni t

rile as the free base nay be carried out by reacting conpounds of
formul a (I4emagklytas Wamséqprﬂ pithe manufacturing process of a compound of formula

(1), 2-hydroxy-3-[5-(morpholin-4-ylmethyl}pyridin-2-yl]/ F/-indole-5-carbonitrile as the

free base may be carried out by reacting compounds of formula (¥X), wherein wherein Ry
20 1s a Cy.zalkyl or aryl-Cjalkyl with a base in a solvent. Examples of suitable bases are an

organic amine base e.g. triethylamine or an alkali metal salt such as potassium carbonate,

but not limited thereto.

The suitable number of mole equivalents of base is in the range of about 0.1 to 4 mole
25 equivalents in relation to compound of formula (IX), particularly in the range of about 0.1

to 2 equivalents.

The reaction may be performed in a solvent Suitable solvents are mixtures of polar aprotic

solvents e.g. N, N-dialkylamides such as ¥, N-dimethylformamide, N, N-dimethylacetamide,
30 N-methylpyrrolidinone and dimethylsulphoxide, ethers such as tetrahydrofuran,

cyclopentyl methyl ether, 1,4-dioxane, ketones such as methyl iso-butyl ketone, nitriles

such as acetonitrile or propionitrile, aromatic hydrocarbons such as toluene or xylene,



20 is a CnRallcyl or aryl-Chalkyl with a base in a solvent. Exanples
of suitable bases are an organic am ne base e.g. triethylamne or an
al kal i nmet WO 26e/130dych as pot assi um car bonat e, but not BGTSH2008/050432
thereto. The suitable nunber of nole equivalents of base is in the
range of about 0.1 to 4 nole 25equival ggts in relation to conpound of
formula (1 X), particularly in the range of about 0.1 to 2
equi val ents. The reaction may be perfornmed in a solvent Suitable

sol vent s aﬂ@hﬂ]sxﬁdlf Bsnediianpl) kthen @ PEEHrbinsIdr\banhsl, &stds such as ethyl acetate,
N, N-di all ¢ es such as N, N-di et hyl f or mam de,

N, N- di net H Pa% aGeiador bady! pestale HWBW%‘] qramivgFes theseef.
di et hyl supiRhepi Qﬁum@éﬂ‘k%[‘.%nﬁ WGdn Ay lgéaihrl%géeogﬂ%?lﬂll tSMEdl)J W?LMLme Barls

met hyl ether, 1,4-dioxane, ketones such as nheth ket on
nitriles sweheisht efstarin matria, partignashiio thetramge@f abous Ade #¢ (\friwmiurap bons
such as t EB&“QJ REGF S ing P08/ 130312PCT/ SE2008/ 050432 18

al cohol's et hano , anol , isopropanol or butanol, esters
such as ethyl acetate, isopropyl acetate or butyl acetate and/ or

wat er or xt.ur es ther he to olune f. solve Sy be
T he r anté RSS! assachish oy VEriie opahebl L BT i cony of
starting rpithiadlin thefahheof Bohi-d0rC bhe+1ange of about 2 to 40 (v/w
vol une 5Sparts per weight of starting material. The tenperature of the

reaction may be in the range of about +20C and +110C, particularlyin

the rapge @fy,ah g&gof’f@ﬁ{ﬁlf‘gﬂoﬂﬁgﬁegb r?ﬁgﬁgx%‘éﬁg%ﬁ affeq WATE éiéls%f agget%t

salts thereof® are norm bt ai ne y of "at

pr ef er abl WOk peeférhlsin ndp&thah B5%t ep 0 of the manufacturing process of

t he conmpound (I) 2- hydroxy-3-[5-(nnrpho|in-4-

yl met hyppyridin g I Hindol e-5-carbonitrile as the free base or as
a phar mac dnstep Al crf;} G ARG Roseas of thieanensund (2t hydiaxard-§5-orspholin-4-

citrate salhenPhp RRMH-FHASHILEM-sREbbANIE 55 ME FRADAA P¥s a pharmaccutically
15 acceptable salt thereof, particularly the citrate salt, of pharmaceutical purity is prepared by

treating its solution with/or without a metal scavenger.

Suitable metal scavengers are an organo-functionalised polysiloxane or polymer or

activated carbon or a mixture thereof, particularly activated carbon.

The amount of scavenger to conipound of formula (I) may be in the range of about 10%

(w/w) and 100% (w/w), particularly in the range of about 10%(w/w) and 50% (w/w).

The purification step may be performed in a solvent, which is a mixture of water and ethers
25 such as 1,4-dioxane or tetrahydrofuran or alcohols such as methanol, ethanol or
isopropanol, ketones such as acetone or organic acids such as acetic acid, particularly

mixtures of water and/or acetone and/or ethanol.

The total volume of solvents used may be in the range of about 1 (v/w) to 100 (v/w)
30 volume parts per weight of the salt of compound (I}, particularly in the range of about 10

(v/w) and 45 (v/w) volumes paris per weight of the sall of compound (I).



treating its solution with/or without a netal scavenger. Suitable
nmetal scavengers are an organo-functionalised polysil oxane or pol yner
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conpound (Buys comapound of f@rhyla (I, 2-hedroxyngrS-Ghoraha ine4-yBnethymyridined -Ab /-
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D har oy 2 oetsBle sbRERTLrfaih o cpystaling sotid bavinas Rty pf gbout 95% and
si ndol e- 5eaERBR dbohtoBsAs the free base or pharmaceutically
acceptabl e salt thereof, particularly the citrate salt, nay be
obtained by crystallisation with or without an additive in suitable

and pr & erbly e GYRHELL AuRbl 4 LKL AN bl s S AR
of formnul a'lr(wt%yl)mffidyd?ﬂlﬂi/ﬂﬁm@l%ﬁrﬂa@hﬂitﬁlnmﬁy be by .
yl methyl) %E’édﬂkt’i‘dﬂ%gf)fﬁg ni{rgl- gi’leg ?Ill 3 Eéﬁlﬁcﬁlrng%P%(}rﬁliufaef\fmwl?eereigk is a Cy.ppalky
or aryl-C, alkyl with a suitable reducing agent in a solvent to obtain a compound of
formula (X1I) followed by
15 k) reduction of the compound of formula (XII} with a suitable reducing agent in a solvent
to obtain 2-hydroxy-3-[5-(morpholin-4-ylmethyl)pyridin-2-yl]/ H-indole-5-carbonitrile
(Scheme 2).
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20 In step h) and k) a suitable reducing agent may be iron in acetic acid, zinc in acetic acid,
titanium trichloride, ammonium sulphide, or hydrogenation using a metal catalyst e.g.

palladium on carbon, platinium/vanadium on carbon, Raney-nickel.

Suitable solvents in these reaction steps h) and k) may be polar aprotic solvents e.g. N,N-
25 dialkylamides such as N, N-dimethylformamide, N, N-dimethylacetamide, N-

methylpyrrolidinone and dimethylsulphoxide, ethers such as tetrahydrofuran, cyclopentyl

methyl ether or 1,4-dioxane, ketones methyl iso-butyl ketone, nitriles such as acetonitrile

or propionitrile, aromatic hydrocarbons such as toluene, xylene, or alcohols such as



h) reduction of the nitro group in a conpound of formula (VIII)
wherein R4 is a C.nalkyl or aryl-ClA alkyl wth a suitable reducing
agent in aweOsOBaIe3lLo obtain a conmpound of fornula (X IPCTSH20M$REE3DY
15 k) reduction of the conmpound of formula QW with a suitable
reduci ng agent in a solvent to obtain 20

2- hydr oxy- 345- (nor phol i n- 4-yl net hyl ) pyri di n-2-yl pHi ndol e-5-carboni tr
ile (Schenme 2). 20l n step h) and k) a suitable reduci ng agent nmay
be iron i makaiol,&thagélthr biadsl or Breafietatids aghds adeitit acid biwhick 6hhhireke,
anmoni um s Ig%ide, or hydrogenation using a netal catalyst e.g.
palladiunﬁgﬁ arbon, platiniumhanadi um on carbon, Raney-ni ckel.
Suitable solvents in these reaction steps h) and k) nmay be pol ar
aprotic sop : chi j :
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such as tol uene, xylene, or alcohols such as WD

2008/ 130312PCT/ SE2008/.050432 20 net hanol , et hanol or butanol or
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the rapge of about 2 to 40 (v/w) volunme parts per weight of starting
material. The tenperature of the reaction nay be in the range of
about r oor@dngrypedadfiorendnd) ard nOGallyabtaired véthl aypurity bihe [dasv9es, phrtiablarly .

roomtenperature and +100C. 10
more than 95%.

Pure compound of formula (1), 2-hydroxy-3-[5-(morpholin-4-ylmethyl)pyridin-2-y1]1 H-

15 indole-5-carbonitrile as the free base or pharmaceutically acceptable salt thereof,
particularly the citrate salt, may be obtained by crystallisation with or without an additive
in suitable solvents to obtain a crystalline solid having a purity of about 95% and

preferably about 98%.

20 C. Another alternative synthesis of compound of formula (1), 2-hydroxy-3-[5-(morpholin-
4-ylmethyl)pyridin-2-yl]/ H-indole-5-carbonitrile may be by
I} cyclisation of a compound of formula (IX) wherein Ry is a Cy2alkyl or aryl-Cy.. alkyl
with a suitable acid in a solvent to obtain a compound of formula (XIII), followed by
m) reaction of the compound of formuia (XIII} wherein Ry is a Cj.jzalkyl or aryl-C4 alkyl

25 with a suitable acid in a solvent

R4
o} N H
NH 0 O,
2 2 Y R4 ) 4/ —CH
™y o () N A (m) N~ y.
N = N\) - | I
.
1]}
N {IX)



Compounds of fornula (1) are normally obtained with a purity of at

| east 90% particularly nore than 95% Pure conpound of formula (1),
2- hydr oxy-9020@M8033hol i n- 4-yl net hyl ) pyridin-2-yl]/H  PCT/SE2008/050432
15i ndol e-5-carbonitrile as the free base or pharmaceutically
acceptabl e salt thereof, particularly phe citrate salt, nay be
obtained by crystallisation with or without an additive in suitable
solvents to obtain a crystalline solid having a purity of about 95%

and pr ef erSftae akiagHo t&&%d RAQEactibnab ey add hpsrd atgam aBMB EIRBSk Scedik acid,
conmpound of formula ( 2- hydr oxy-3-[5- (npr phol i.n-
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or aryl - with a suitable acid |n a solvent to obtain a
conpound of fornula (XIII) foll owed by m) reaction of the conpound
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aci ds such as acetic acid, nethanesul phonic acid, toluenesul phonic
acid, citric acid or inorganic acids such as hydrochloric acid,

sul phur i ¢ shblc o5lvEROBHRAkECinasicdon ﬂe;rstl gl xﬁ)” ArY nfiktlifeh @fﬁ&mohpr&cThe
equi val ent of acid to conmpound of fornu éﬂf and NM may be in the
?
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and n-1) are mxtures of polar apro?|c solvent s

N, N- di al kynfahﬁlt@trshbslmfhraascymopmﬁ meshylyitico romiﬁlrdi@canc ‘ketones such as methyl
N, N- di rret t

di met hyl s u%/ ﬁ%@l l%g!,ng’grk H%%SSN% uc at&égﬁ}ﬁal% r a#’@hr o?rglre %ﬂ?matw hydrocarbons such
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or organic_ acids such as acetic acid or inorganic acids such as

hydr ochl odigetigfImamides ul phuri c aci d, 15and water. A particularly
suitable solvent is a mxture of toluene and IV, N

The temperature of the reaction in step 1) may be in the range of about room temperature to

+100°C, particularly in the range of about room temperature to +60°C.

The temperature of the reaction in step m} may be in the range of about room temperature

to +150°C, particularly in the range of about 70°C to +110°C.

Compounds of formula (I} are normally obtained with a purity of at least 90%, particularly

25 more than 95%.

Pure compound of formula (I), 2-hydroxy-3-[5-(morpholin-4-ylmcthyl)pyridin-2-y1]/ H-

indole-5-carbonitrile as the free base or pharmaceutically acceptable salt thereof,

particularly the citrate salt, may be obtained by crystallisation with or without an additive
30 in suitable solvents to obtain a crystalline solid having a purity of about 95% and

preferably about 98%.



di met hyl f ormam de. The tenperature of the reaction in step 1) may be
in the range of about roomtenperature to +100C, particularly in the
range of aWoOwRLIHI3MEtenperature to +60C. 20 The tenper RAWIE2QIB/050382
reaction in step m) may be in the range of about roomtenperature to
+150C, particularly in the range of abgut 70C to +110C. Conpounds
of formula (1) are normally obtained with a purity of at |east 90%
particularly 25 nore than 95% Pure conpound of formula (1),
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crystalline solid having a purit about 95% and prefera
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t-pentyl, aﬁe@mge;atwusﬂuhﬂmwia niet l’?ﬁébﬂyl , G gyllﬂlﬁfbpyl hemiyl, ;-bﬂglt Ylbutyl
a

nonyl, decyl, undecyl or dodecyl. The term I I'cyl” i ncl udes both
strai ght éﬁ@fﬁl"“é(hched chain having 1 to 4 carbon atons and may be,
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subst i t ut aginefdianited s benivt ﬁmcb‘&n’&ﬂs@mbcnaﬁd may be, but is not limted
to, benzylnand, 419RL08 )ﬁXlggé}Fl}%ludes chloro, fluoro, bromo and iedo.

The term “room temperature” means a temperature between 18°C and 25°C.

The term “large scale” means a manufacturing scale in the range of about 10 gram to [ ton.

The skilled person will appreciate that the different reaction steps need different reaction
times as well as that the different compounds obtained in the different reaction steps can be

isolated or used in-situ in next step.

20 The new large scale manufacturing process described herein is more advantageous than the
known processes with respect to commercial potential, costs, manufacturing time, safety,
yield, and robustness. In a process of the present invention the use of potential explosive

intermediates such as pyridine-N-oxides is avoided.

25 Yet another object of the present invention is the reaction of a compound of formula (VI),
wherein Ry is Ci.1zalkyl or aryl-C4alkyl, particularly Ra is Cy4alkyl, preferably ethyl, with
a compound of formula (VII}, wherein Rs is hydrogen or halogen, particularly the 3-fluoro-
4-nitrobenzonitrile, in the prescence of a suitable base in a solvent to obtain a compound of
formula (VIII), wherein Ry is defined as above; (step d in Scheme 1).

30
Yet another object of the present invention is the selective reduction of the nitro functional

group in a compound of formula (VIII), wherein R, is Cy.j2alkyl or aryl-Cialkyl,



The terns hal o and hal ogen i ncludes chloro, fluoro, brono and i odo.
The term "room tenperature” neans a tenperature between 18C and 25C.
The term "Wérges/sexke” nmeans a manufacturing scal e i n tHE/SE20GOHS@B2
about 10 gramto 1 ton. 15 The skilled person will appreciate that
the different reaction steps need diffegent reaction tinmes as well as
that the different conpounds obtained in the different reaction steps
can be isolated or used in-situ in next step. 20The new | arge scal e
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known processes with respect to comrercial potential, costs,
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the present shipygniyi on the use of potential explosive internedi ates
such as pyridine-Noxides is avoi ded. 25Yet anot her object of the
present invention is the reaction of a conmpound of for mula (VI),
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hydr ogen amtahat.ogen, particularly the 3-fluoro4-nitrobenzonitrile, in
t he prescence of a suitable base in a solvent to obtain a conmpound of
formula (M 11), wherein R4 is defined as above; (step d in Schene 1).
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on carbon as catal yst. Yet another ect o e present |

t he cycli swh¢ronlbf a conpound of forrrul a (1X), wherein R4 is
Cl-12alicyl or aryl-G alkyl, particularly R4 is G alkyl, particularly
ethyl, with a suitable acid in a solvent to obtain a corrpound of the
formul a (I}% éste fin Schene 1). NOVEL | NTERVEDI ATES The present
i nvent i on YQVEL-JYTERMERISIESo new i nt er medi at es, namely int er nedi at es
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of fornmula pyr| nmor phol 1 ne
15 formulae (V), (VI}, (VIIT), (IX), (XII) and (XIII).

A compound of formula (V), named 4-(6-methyl-pyridin-3-ylmethyl)}-morpholine

A compound of formula (V)

(Vi)
wherein Ry 1s C.ppalkyl or aryl-C;_salkyl, particularly C;.salkyl, preferably ethyl.

A compound of formula (VIII)



(V) 20 A conpound of fonma (VI) R4l | (VI) wherein R4 is C _pal kyl
or aryl-Gallcyl, particularly C alkyl, preferably ethyl. 25 A
conpound owWof2esmidH2(VII1) 24 wherein R4 is Cll2alkylPcivsE2o0siosd@32
4al kyl, particularly Challcyl, preferably ethyl. A conpound of
formula (1 X) wherein R4 is Chual kyl opgaryl - Chal kyl, particularly
Chalicyl, preferably ethyl. A conpound of formula (XIl) Is A
conpound of fommda (Xl I1)

wherein R, is Cy.jzalkyl or aryl-Ci_alkyl, particularly C_salkyl, preferably ethyl.

A compound of formula (1X)

wherein Ry is Cr.jalkyl or aryl-Calkyl, particularly Cy4alkyl, preferably ethyl.
10

A compound of formula (XII)

15 A compound of formula (XIII)



25 whetein R4 is Chrallcyl or aryl-Cl_4 alkyl, particularly

Cl 4al kyl, preferably ethyl. 5 A anther aspect of the invention is a
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1. io Another aspect of the invention is a nmethod of treatnent of

Bi pol ar Disorder by adm nistration to aspatient in need thereof a
pharmaceutically effective anmount of a conpound of formula (I)
prepared by the process according to claim1l. 15The present invention
is described in nore detail in the fo Io%}ng non-limting Exanples.
Preparation of the compound of fornmnu br, Where Rl is
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obtainable by a process as described in claim 1.

10 Another aspect of the invention is a method of treatment of Bipolar Disorder by
administration to a patient in need thereof a pharmaceutically effective amount of a

compound of formula (I} prepared by the process according to claim 1.

15 The present invention is described in more detail in the following non-limiting Examples.

Preparation of the compound of formula (III), where R1 is methanesulphonate
Synthesis of Methanesulfonic acid 6-methyl-pyridin-3-ylmethyl ester

20 Example 1
Methanesulfonic acid 6-methyl-pyridin-3-ylmethyl ester,
To a solution of (6-Methyl-pyridin-3-yl)-methanol (24.36kg, 198mol) dissolved in
tetrahydrofuran (80kg) under nitrogen at -3°C was added triethylamine (22.14kg,



Preparati on of the compound of formula (V) ioSynthesis of

4- (6- Met hyl - pyri di n- 3-yl net hyl ) - nor phol i ne Exanple 2 Synthesis of

4- (6- Met hyWOR#§13032 3- y| net hvl ) - mor ohol i ne fr om met haneSIIVSESMIZH5EH3T d
6- methyl-rwidin-3-ylnethyl ester Mrpholinc (43.2kg, 495.9npl) was
t hen added over 2 hrs to the solution 9§ 15nethanesul fonic acid

6- met hyl - pyri di n-3-yl net hyl ester (198npl; Exanple 1) in
tetrahydrofuran (161kg) under nitrogen at 15 - 20 C and the resulting
slurry stizgsehot)arved ) i folldveeddbyspansaphsag! dhidride r(m:hak@r 102Pna) over

Si 15, 5k | th k hed f t
et r ahydr o Bedh ERBTEAY oS Aorg 0 Comd JaBTER 1165 SWE "B ) remRge
vacunm di &héthizl@ﬁﬁ&fhyﬁﬂﬂhlﬁﬁ@é ﬁﬁﬁhé Gekee SvakIGEH actdBsbs wWith #1r ?o[ﬁﬁﬁ%@it &%2

two nore tinmes 20fol'l owed by the additi on of heptane (48.6kg) and
sol ution fAq @lé]ueblweﬂfﬁ@egﬁrdaaid@enqep@f(tpf}ar(dmnghfﬁ@;i} bed at 40C and the

cake she %gr@ (o} o]
20C o\\l/vzsr siIhrtls tﬁgglmgg &ﬁ% over 'gﬁirfg):%rqggh%l??gr(a fzﬁﬁrs ]g@ %ﬁg@g
The suspend)oh7ves 2H), Bt et and(st 3id) make’ QAMR ¢l 00M He, d6DIMSOL)S 158.3,
hept ane ( g en,.d 25C under vacumm whi ch gave
25. 44kg, g?gﬁ)%yl%ﬁ §B4&(36A{%1/g?h2;4|[1 PS/Pi di n-3- 25 yl et hyl ) - nor phol i ne
as a beige solid. IHNWR (400MHz; CDCI 3): 5 8.4 (d, J=1.72Hz, 110, 7.54
(dd, J=2.1,7.9/1/z, [11), 7.1 ( J= 7 92Hz /11), 3.68 (apparent t,
34465 ; Séﬁfpl:féﬂyn °§th£Mc(’§‘P°EPﬂMi?r i 3 gapgigegt ELS? 2,
t £4 1 ]

129. 9, 12?3’%, 6609 a%o M? g%@& Zym ppmorR/B (EST) nl1l/2 193 [ 1\ 4+1]+
. Mel ti ng_l%j@mﬂle251 52C. WD 2008/ 130312PCT/ SE2008/ 050432 27 Exanpl e
3 Synt hesig s 4074V e%-p?rythhq ﬁn1§ﬂ1¥llym?c§ng'l¥clli)né [FRY nk &hér{e:gulf’bﬁcna%ldé on
(1TT) 2.4- na- of et iyt magnest umnt cni or r ae

methyl-pyridin- 3-vlmethv1 ester

Morpholine (43.2kg, 495.9mol) was then added over 2 hrs to the solution of

15 methanesulfonic acid 6-methyl-pyridin-3-ylmethyl ester (198mol; Example 1) in
tetrahydrofuran (161kg) under nitrogen at 15 — 20 °C and the resulting slurry stirred for 19
hrs. The suspension was filtered through a Silica (15.5kg) column and the cake washed
five times with tetrahydrofuran (43.5kg). 440L of the solution was then removed under
vacumm distillation and heptane (41.52kg) added. This was repeated two more times

20 followed by the addition of heptane (48.6kg) and the solution filtered through a Celite®
(4.08kg) bed at 40°C and the cake washed twice with heptane (7.2kg). Then the filtrate
cooled to 20°C over 3 hrs then to -12°C over 5hrs and held for 12 hrs at —12°C, The
suspension was filtered and the cake washed with cold (0°C) heptane (8.5kg) and then
dryed at 25°C under vacumm, which gave 25.44kg, 67% yield of 4-(6-Methyl-pyridin-3-

25 ylmethyl)-morpholine as a beige solid. 'H NMR (400MHz;CDCl): § 8.4 (d, J=1.72Hz,
1H), 7.54 (dd, J=2.1,7.91liz, 1i), 7.1 (d, J=7.92Hz, 111}, 3.68 (apparent t, ]=4.6, 9.28Hz,
4H), 3.4 (s, 2H), 2.5 (s, 3H), 2.4 (apparent t, J=4.5,8.93Hz,4H); *C NMR (100MHz,
CDCls): 6 157.3, 149.8, 137.2, 129.9, 122.9, 66.9, 60.3, 53.5, 24.1 ppm; MS (ESI) n#/z 193
[M+1]7; Melting point: 51-52°C.

30



To a sol utiorf of 4-(6-Chl oro-pyridin-3-ylnethyl)-norpholine (212g, 1
nmol) in 5tetrahydrofuran (1.5L) and N-nethyl pyrollidi none (318nl) was
added ironWQI209813@312- pent anedi onate (35.2g, 0.01npl) aCI/SERENSHBNELI
cooled to -5C under nitrogen. A solution of methyl magnesi um chl ori de
in tetrahydrofuran (498nml, 3.0M 1.5npp) was added dropw sc over 40

mns and after an additional 30 mns the reaction m xture was poured

into a saturated agqueous amoni um chl oride solution (1.7L) at OC. The
resul ting Eapijgeésc 10sol ution was filtered through a Celite plug. The
filtrate \s.sggg rat ed and t he, aunous Iayer extracted with

et hyl acct & telaylpypdingdoyimethy QU USINELIQ grftr at ed and
di | uted wi hta@smamamw( AEhksikheRIoRdL T act ed with agueous
hydrochl oric aci e acidic |layer was seperated and

washed wi t¥p %&Wma@éﬂa(éé?hlqrh@ﬁn@o& HehethyDamorpbaling42 Reahdobdsi fi cd to

Toadded t qo PRRUELESIADTREN SR B oL KR BRIPLASB0c fafun) 25,

et hy: aget aieeta(léiﬁ)@mﬂ%(BS Thd).¢lomdd) zmelcth@mgmme cocblaytar—S\?\gsmdnmamgbn A gguttari]n
i.SS0O i

the tr oot medRi R e WishE AR hE PR Mo bl e S

total of lZ&vAg: 0B Wi 4d @fter an additional 30 mins the reaction mixture was ourcd
4- (6- Met hyl - pyri di n- 3-yl net hyl ) - nor phol i ne, as belge solid. 1
a

(400MHz ; CINEB)satusatesl agugqps amuoriumghlongs sofutign (-d) at 925 Thereylimg, Diggsic

HO 7 u T 1 1 1ira rate: Jit 4
(s 2|_|)|'Ja, (dol ﬁoﬂw%gtbﬁe edihto gggg%rl &ﬁﬁ:ﬁ?g’ QHE fItr te]wé’s s‘ége & 3%&34&9@ S

( 100MHz, @)@r sstrac@dyaﬂl cshylmgtc&&@mf) The cpmbmgd on@mcgayceerascozsmt@tcd

53. 5, 24

eeanpl o 2 80 Aled Ribeivlag et ot Med brunltels iAo Bl o g G,

from 5-ch I%Bmlﬁei‘hwmcﬁe lageﬂwdspsyparn:ted\md woshed with atlhykanetaif: then cooled in an ice
6- met h d ol, (509, 5 ol ugne and

hater ( Oyl GEE A Phn b covamithota Shebin PGS H5Petess

n, 1. 36nmekded30 kil Qpeédsdaydf Wwaich Siak (Heh REtrattedDiecomaT Ah@iet=d0@08mM)aBhe

distilled off under vacuum and rediluted with toluene (250m) and

water (10 r?&l)ﬂbtnsd efa?ewéa@bwa% FgRctateg e A PRl ibiokyas sissphsehip heane

pyri di neD. gy igr achd (nlh fri §t7 )SQCBO&nfEhKWo%rH}@SN&@%aiHQﬁt ed

to 40C 200 /130312 / SE2008/ 050432 28
which gave a total of 126.6g, 68% yield of 4-(6-Methyl-pyridin-3-ylmethyl)}-morpholine as
beige solid. '"H NMR (400MHz;CDCly): § 8.4 (d, J=1.72Hz, 1H), 7.54 (dd, J=2.1,7.91Hz,

0 IH),7.1(d,J=7.92Hz, 1H), 3.68 (apparent t, J=4.6, 9.28Hz, 4H), 3.4 (s, 2H), 2.5 (s, 3H),

2.4 (apparent t, J=4.5,8.93Hz, 4H); >C NMR (100MHz, CDCls): § 157.3, 149.8, 137.2,
129.9, 122.9, 66.9, 60.3, 53.5, 24.1 ppm; MS (ESI) m/z 193 [M+1]"; Melting point: 51-

52°C.

25 Example 4
Synthesis of, 4-(6-Methyl-pyridin-3-ylmethyl)-morpholine from 5-chloromethyl-2-methyl-
pyridine
To a solution of (6-methyl-3-pyridyl)-methanol (50g, 0.506mol} in toluene (500ml) and
water (9ml) at 35°C under nitrogen was added thionyl chloride (66.9 ml, 1.06mol)

30  dropwise After stirring at 35°C overnight 300ml was distilled off under vacuum and
rediluted with toluene (250ml) and water (10ml) to give a solution of 5-chloromethyl-2-
methyl- pyridine_ (J.Med.Chem, 2004, 47(11), 4787). The mixture was then heated to 40°C



and norpholine ((112.2ml, 1.29npl) added and the slurry heated to 80C
for 3 hrs. After cooling to roomtenperature saturated sodi um

car bonat e WOl2008/16#31¢ 150n1) was added and t he aqueous phEGESEesas@stzed
and extracted with toluene (200m). The conbi ned organic |ayer was
washed with brine and concentrated. Thegoil was dissolved in

i so-octane (300mL) 5 at 40C then cooled to -5C overnight. Two crops
wer e obtai ned which gave 53. 659, 72%vyield of

4- [ (6- met hinli pyorpichliae Br1penme} hyﬁbﬂldﬂphdﬁ&@hhdlﬁheaﬁl hbﬁie@ﬁb a)et:ifﬁlrz, Ard-AMYR
(400MHz; CDCI3) 58.4 (d, J=1.72Hz, |H), 7.54 1,7.9/ Hz |||)
7.1 (d, JLpolngie roqﬂ)tem@rzgge(s%ﬁg}déﬁglum carpopatg SolgtI(ZBq.IQOmﬁH)as a@de,_ql
2H), 2.5 (

(100Mb. ct%ec %. 'é%us %éé,’?s{egﬁ&éﬂ end eﬁractéftﬁ:nﬁ i%g&é"@@OnﬂWhe ﬂ:gGgNé/Bmgamg
53.5, 24. J!a)@pmas WBSl(eESllyh hrmﬁznd_gfalt:[mmle]d Theeoit wmgchmimi in $5¢-08@; (300ml)

Syntneat s 0 GHIEERTPATE SonlBhyR oiotter 0GR Thigtet Hipsa gy

est er Examdle ob4- 1(5(rﬁetrvjdpphrbh43rylﬁnqt]hymmdmﬁolmy bd albeig@soyitl) “HEANRIR ¢ aci d

Tbanune) CoOMtETRIDE At 7255 boy 7SSl Sl her B0\ L e,

t et r ahydr ofrg) 368 (abbateis)t, FHAMED. 28Rz I419r3 4@& QH?FE@(S%H)T he (§%Jaﬁin't gn was
cooled to -13C and lithiumdiis (R}MIQ solutlonﬁ 1. 8M
343. 3mol Y=4ddet e ipini 16 MHVIB: (i %rﬁDpls)Aétlé? 3.5lt91% 1 2-£18P-9alp 2.9,
addi ti gnal f S d aqueous
ol L1 on o A e HTErE 38 (B Rt SRR ah B o e e
bi phasic m xture was warnmed to 30C and separated. The aqueous | ayer
was ext r adirepanatipr ef ﬂietdontpohuénéfotmﬂmﬁvjl),amére Rd icegthpli ned organic

| ayers wer, b N
(5- I\/brpholsﬁﬁﬁi% g?ﬁét'ﬁ&ﬁjg%lﬁf' ﬁnelﬂ;y ﬁ“a(ée IE%’C@ gftYF;yﬁte ester as a
t ol uene sdxatipdes (204nl) (55. 38g, 92% yi eI d (based on assay of 25

| J. : d

745vv/v\P/<) .purjfjed by colum
Cﬁiﬁie?—éﬁﬁf—’ﬁﬁ%ol (40:1), which

chr omat’ogr

gave (5-1mo4, lt M&HBT- Wleth)Lrh Hol% ter
as ayel | ow glh | . ) Hlid‘ﬂ) 1 4%0&4}?})) @Hla Béy(? 1%11)1%1&%1&11%%5“&@

7.65 (dd, 3% %6&203791931%) waqu ylissopveggn (%rahwdfgfuaazlmﬁzwmlb yyder an m@rt(aqnosphere
J=7.17, 1 ; o2, ; Y.

3 45 (s gfﬁ)'z'%mi on?ms co%ifﬁzco (—§3 ) ﬂlkéuﬁ% l_lbgtgproplrzgn g% 011911(%1%@ 8411_')1 18M,
J=7.13, 14 32@Bimmdk}@ddef1®©pwwovtr11®©Mﬂmn Mﬁ)mnéfonmacw,ltuﬂ:ﬁmﬁmm]lﬁé) 1,
%Egl )4’ ﬁilgl?ggo% Rﬁ)&t?f-ﬁ v@a@ fgdeggo il cglél aggéo%s soqgt'iOSd of%%in?dniulnf' bl%ogge%owml,
(5- M)L ngM;W Opb Awinkv)) atOYC merbqamyib)nimﬁat\ivﬁs verindd et 30PC aad k@jardisd. e
tetrahydrof uran, as extractant . . ) )

54- ( 6- Vet ROYCHS Ay R %a%%ﬁﬂ%{] RYPY Witk 19btrar (1rdnp)zed the eomhingd oreapirdayers
di et hyl carhenadm@crdiboddy: vadhTaRlilanes &gk %ﬁMo\ﬁﬁthﬂ ﬁﬁﬁ%ﬂ@hyﬁ{&ﬁag@p

(100ml) under an inert atnosphere. The sol ution was ‘cool
and | it hi @RSt aCslRo0 sYiPasH; telersotolition k24 i3 385, B4 yield (based on assay of

35 74.5 w/w%), An aliquot was removed and purified by column chromatography eluting

with dichioromethane/methanol (40:1), which gave (5-morpholin-4-ylmethyl-pyridin-2-
yl)-acetic acid ethyl ester as ayellow oil. 'H NMR (400MHz;CDCl3): & 8.45 (d, J=1.88Hz,
1H), 7.65 (dd, J=2.21,7.93Hz, 11}, 7.25 (d, J=6.12Hz, 1H), 4.15 (g, J=7.17, 14.2911z, 2H),
3.82 (s, 2H), 3.69 (t, J=4.61, 9.28Hz, 4H), 3.45 (s, 2H), 2.42 (t, J= 4.52, 9./ Hz, 4H), 1.25

s (1,1=7.13,14.29Hz, 3H); °C NMR: (100MHz, CDCls): § 170.7, 153.4, 150.1, 137.4,
131.6, 123.5, 66.9, 61.03, 60.3, 53.5, 43.6, 14.2 ppm; MS (ESI) m/z 265 [M+1]".



259mmol ) added dropwi sc over 2hr 45min. After stirring for an
additional 30 min the reaction m xture was added to a col d aqueous
sol uti on oWO=xi9a3IdM chl ori de (68.2nl, i0 4.58M 312. 1ndil/JE2&8/006832
The bi phasic m xture was warmto 30C and separated. The aqueous | ayer
was extracted twice with tetrahydrofuram (80nl) and the conbi ned
organic |l ayers were concentrated under vacuumto give

(5- Morphol i n-4-yl nmet hyl -pyridin-2-yl)- acetic acid ethyl ester
(27.209, 80%yield (based on 80.7 w we assay). (The crude product

m xture is used in exanple 8). Characterisation data were in

accor danceEW"EFHeéxarrpl e 5. 15 Preparation of the conpound of formla
(M 11), i aoi :
(5- Cyano- pheny y
aci d et hylextagiant hydrochl oride salt. 20 Exanpl e 7

(5- Ovano- 24 SN SRR TS D0 s Rbhagoet

t et rahydr qiidgn Oémn’hoﬂ)omre d@soleedan mﬂahydrofmrM(l()Oml) under an inert atmosphere,

5- Mor phol | met h r 2- tlc aC|d |. ester
(21 Do st bl AR LT o B a0 s i oot 4aim L M
added a s@s5giin@M ddtcBdropwic B{fétthMﬂmlﬂl Aft&&ﬁﬂiﬁg]ﬂbi &d ARit{od4l Fin the

S

151mol ) in tetrahydrofuran (357nl) and the so|l ution was degassed
three ti nE82CHPR RHPREVRSeAde acpldiauenys sefutien elagmoniym ghlgride (63.2ml,
tert- byt 0 £k81SAbYhin] M0°€:9TH otk %

was added dropw se ove)r : eathlyel?lg(satl r%?en‘ggsﬁgarlmz;ﬁ BQ%ﬁ%ﬁéﬁét hr
20 n t he adeesys layar wﬁwxaﬁ@tcmcq With tegrdbpeddofutand8@ral) dncatho sowrbingd brganion

of anmoni [ t T

bi phasi c %xgﬁ%ﬁgﬁcew %Jej%ldtew%g% g@éﬁ%ﬂo}lﬁ 7’@9‘3 Pﬁ%‘dﬁ 2yt1 en

filtered. at&e deid dtley] cetak@7\28s, 808ETielkd (basied en 80.7 kv/ 4% aseij@t (ThS3ndg prokiedn

the conbined filtr S at ed .and the organic | ayer

b ce i ¢ e upgES aiitos AL Ypiaditonyar Wiae bttty nebaaypie .

distillsation to give

(5- Cyano- 2r@piratioR 8L ebmipaun®bPfdehiulr 1Y Wi R4ny Eingli N- 2-y1) -acetic

WO 2008/ 130312PCT/ SE2008/ 050432 30 acid et’hy ester asS a tol uene

sol uti on (SY9BRES of ©reyaneiZoHiro-peyrod); Caseahelzot-utmefihayridineylkrentie acid

product m ggeﬂ adchBRhd aused in the next step. Synt hesi s of

(5- Cyano- 2- trohgheny - (5-nmor phol i n-4-yl met hyl - pyridi n-2-y1)-acetic

acid 5et hyl ester hydrochl oride salt in toluene and ethanol. To the

(5- Cyamo- Zixrample)?phenyl) (5- nor phol i n- 4-yl rret hyl - pyri din-2-yl)-acetic
I .

aci d et hyl _add

et hanol (394 1 t

hydr ochl ordsig acﬂhabm A-nii aﬁmm aﬁh fura‘h aaaMluén@S 3mol) was then
added fol |_owed, by ag? t|o Qf seeds (317 and .t he_ sol ution cool ed
to -10C i d&Asel %HP S- P%ﬂémgthé{}el’ié'ldﬂfi tYé)r%atwafrfeﬂ agrelr tx08e,

tinmes wthy4ephaned, (83 Hhel; Ak&Bple 5) in toluene (204.1ml) was added a solution of 3-

25 fluoro-4-nitrobenzonitrile (24.5g, 151mmol) in tetrahydrofuran (357ml) and the solution
was degassed three times with nitrogen and then cooled to —20°C. Lithium tert-butoxide
solution in tetrahydrofuran (137.ml, 20w/w%, 302mmol} was added dropwise over 1hr.
After stirring for an additional 1hr 20min the reaction mixture was then added to a cold
aqueous solution of ammonium chloride (188ml, 4.58M, 6862.7mmol) at 0°C, The

50 biphasic mixture was warmed to 30°C and Celite® (76.5g) added, then filtered. The filter
cake was washed twice with toluene (153ml) then the combined filtrate was separated and
the organic layer washed twice with water (153ml). The organic layer was concentrated by

distillation to give (5-Cyano-2-nitro-phenyl)-(5-morpholin-4-ylmethyl-pyridin-2-yl)-acetic



drying at 40C under vacunmm gave 48.62g, 87%yield of

(5-Cyano- 2- ni tro- phenyl) - (5-

nmor phol i n- WOyARESH3AR - pyri di n- 2-y1l)-acetic acid et hyl esREISE2008/050432
hydrochl ori de salt as red wine crystals. IHNVR (400MHz; D20): 5 8.54
(d, J=1.92, /1A 8.17 (d, J =8.49, LH) 307.97 (dd, J=2.24, 158.12Hz,
111), 7.89 (dd, J=1.68, 8.48Hz, 111), 7.50 (d, J= 8.1Hz, 1H), 7.46 (d,
J=1.74Hz, 1H), 4.37 (s, 2H), 4.16 (q, J= 7.05, 14.25Hz, 2H), 3.87
(br s, 4H)a,c1cBetR38 ebtb asS, tokible soluth ((d6mIYEifradéh, H’Cl@?'ﬁl&ay@b‘%? wiHNVFhe
(100M—Iz D20 171.6, 156.5, 151.4, 150.8, 141.5, 135.5, 133.5,
132.1, 126 ePI?@CBmIXPmlﬂsilfeftiwuﬁdnlﬁtﬁﬂ?xtSe‘m 7, 63.4, 57.4, 51.4,
13.01 ppm M (ESI) tidz 411 [ mM+1ll+;, Mt 175C (decorrp ). 20 Exarrpl e 8
(5-Cyano s dln-2oy 1) - iC
el o ot byl uiear HBRR RO %8%%@%%?%‘#?% ey itZs Rt

t et r ahysdr cefthyi aﬁeﬂhydaocmondc wdlt 1s<b¢lu|¢neand ethanol.

5- Mor phol i_di tlc ester 2

(50 70" ot T TR al B St T PR Lo e

added 3- fle!gtaf snmuonnntcn@&mer@mu; Ekdreplé lﬁwé’@dd&BetBiﬁaSDB)%ﬁ[bChnﬂltHds@ﬁﬁﬂn is
gas is bu g ‘%’]:L h the r ctl sol ution and oled to -2

Li t hi um t i &dg S%IPBIEP P OB A5 SSPIGPAR ? s?nﬁnﬂs’f’lﬁewwx)@ol)

186mmol ) V\@a% t%mqe@f&M@§%MEonmrse%mlﬁ m@fah@ﬁhessuu&lah e&ol&% @dibc
additional 40mins at -10C the reaction m xture is added to a col

aqueou¥ sdvek 1 Ws. dhe siypiplsorarefibrrediamiovgsheabthgetimey witthagaltadm)). éfteloc
To th
0 the m ﬁﬂﬁgaé’\ﬁﬁc%ﬂﬁ Gabiihuh gg 4@65’%5%} y%ﬁw%@%%)z rﬁ@f?g%!hgg (sarm

to 30C w rrrin heau us acitdr c layer separ a t he
organic | ay@phﬁm4-ahmeelwlwnhna”qylmwcsauﬂpﬂut eaberérgdndclsloﬂmlﬁsaﬁras (<Sldwigen

0.45M 15. 7@3 WO 2008/ 130312PCT/ SE2008/ 050432 31 To the conbi ned
acidic Iaf@F s added n-butyl acetate (104ml) and cooled to OC

got assi um ﬁammaomsmjmooo&s 642, Zﬁ% 9221%)2%7%%6 Ismgpd !11%1) VIR (adlded 24,
ropwi se t re eat e to an t he organi c
ayer Sopd e And Bahed! Btz A58 UriryS Hid or Giie] R as
then concemfyr ated, by, di l%t(tl|1|=ait(§50'1!4Q9HQ,'2‘ing ié?@{@rlm)% ng Eb’r% 4H)51 07 1,

henyl 5- nor phol t d t f
AR SR N AT P A, 2@1@{%%%105??@'@;3@3%' TS The

crude prOOl‘é?% M4 Us2 11 6D 18£E | paUSerl 1, N15 8% 45588:51.4, 13.01 ppm;

Synthesis o
( 5- Oyano- MH{ESI axeEnfM+=1]5Mpod pi76] [decompyl net hyl - pyri di n-2-y1)-acetic
acid

20

Example 8

(5-Cyano-2-nitro-phenyD-(5-morpholin-4-vlmethyl-pyridin-2-vyi)-acetic acid ethv! ester

using 3-fluoro-4-nitrobenzonitrile in tetrahydrofuran

To a stirred solution of (5-Morpholin-4-ylmethyl-pyridin-2-yl)-acetic acid ethyl ester

25 (20.7g, 80.7w/w%, 83mmol; Example 6) in tetrahydrofuran (104ml) was added 3-fluoro-4-
nitrobenzonitrile (13.2g, 78.3mmol) and nitrogen gas is bubbled through the reaction
solution and cooled to ~20°C. Lithium tert-butoxide solution in tetrahydrofuran (76.8ml,
20w/w%, 186mmol) was added dropwise over 1hr 30min. After stirring for an additional
40mins at -10°C the reaction mixture is added to a cold aqueous solution of sulphuric acid

30 (208.8ml, 0.45M, 94mmol) at 0°C. To the mixturc was added tert-butylmethyl ether (62ml)
and then warm to 30°C with stirring. The aqueous acidic layer was separated and the

organic layer extracted with aqueous sulphuric acid solution (34.8m, 0.45M, 15.7mmol).



it)ethyl ester hydrochloride salt in n-butylacetate and ethanol To

t he

(5- Cyano- 2wei pesa3pdieny 1) - ( 5- nor phol i n- 4-yl net hyl - pyri diycizspedgsosmst i C
acid ethyl ester solution in n-butylacetate (92nl; Exanple 8) was
added et hanol (235.3nl) followed by n-bytylacetate (117.7nl) and the
solution was heated to 60C. Seed (0.1g) was added to the hot sol ution
foll owed by a solution of hydrochloric acid in isopropanol (13.44n,

154. 68M 62 @8RbhbiABEadidE 15584s Wak QdRIOh B adate LOGMOMAE cdABd &-0cFhe

crystals were filtered and washed twice W th ethanol (20nml). After
dryi ng at PAtessiymcrapbopate selieput/a2om, 168V, 1769%rymal) wapddded dropwise then the
(5- Cyano- 35 = - i | 04~ = [Well iC
(o & oy B R0 el S By Ol o i 9
Char act er i($a#iindn Thaorgame tager wasgbaorodesntretediby isei atigpl te give (20 yhisw2-attioan

of . - L

( 5- Oyario- 2R F G- BREAGH - PaPRBYNEITR2 ADTF RS AR <) erieh o o myhiagesate ¢
ac: d et hylsomsibe(92as) {tinatibn, SEC108S0. 3w/ @m) The briidy badetahiruedid diealyaned inA
solution o

(5- Cyano- i[‘?ﬁet"rt §¢Bheny1) - (5- nor phol i n- 4-yl net hyl - pyri di n-2-yl)-acetic
acid ethyl ester (16.72g with a strength of 94.7 wWwb (NVR) ) in

n- butyl acetate (50nl) was 25 cooled to OC followed by the addition
of the seddn(h@siiefis-CyaptZamao-pBanyl)y(Swasrphdland-abhaiy! plycding2-phrecetilacid

and the m QC fo n.then cogled to -5C over 3 hrs.
Af ter @vere)trﬁ%l éﬁe%ﬁd?orclﬁfﬁ&gg%ah-lé&']q"ﬁgacse [l}gepaenﬁseﬂ%&ms then filtered and
\(/vg;he;j vvi3trJ}‘o the p‘:‘r—észml—:edit@apcl:ﬁ@l)-(ﬂ-mquelimﬂ-yﬂm&lhylyﬂy;iaﬁﬁl-@t)aké‘tﬁ:ﬂfcﬁr‘@hd fyl

ml/1 3ml). in t under cu ave ) , 0% yi 0
(52 Oyano- 5 et asb Rogtlb b AmAey ) et e 5 ek (3 3 liowed
30acetic ag«irﬂb@ylawtat@mlennaﬁarmh@@hﬁfoﬁs&a@Ih@atedl%oNfs/.Fse(e&Q@. wasdeedBio:
68.56 (d, J= 1.83, , 8.06 (d,  J =8.40, 1H), 7.78 (d, J=I1.68Hz,
IN), 7.74 hsilept sglugoryfpllogedipy a salgtiomof hydreshlpgic agjdimzisappepppol Hf4mb. 74
(s, 1H),, 4 ( ) .10F : S,
it Vo 2008r Berheiaduish sustl) 49 98, O btrs SHhupidu e fifled
3H), ' 3C NnkvwagledimMice wabEtisnol (B0mboAGer digiag 8f 40PSunder vaBIons gatSHl 46g,
136.4, 133,9,..131. 125..2...124, 9 16.7, ,66.9, 62.2 0. 54
536, 14 poRYRE o By AR Zoib et O Rerh o g B edie gl
9 ethyl ester hydrochloride salt as red wine crystals. Characterisation data were in

(5-Cyano- 2-ni tro-phenyl) - (5-nornhol i n-4-yl net hyl - pyridin-2-yll-acetic
aci d et hy|?*&¥! aé‘lceg@/tgr%@ﬁ?lgﬁi de salt, using 4-nitrobenzonitrile
20

Isolation of (5-Cyano-2-nitro-phenyl)-(5-morpholin-4-ylmethyl-pyridin-2-yl)-acetic acid
ethyl ester as the free base from n- butylacetate and heptane.
A solution of (5-Cyano-2-nitro-phenyl)-(5-morpholin-4-ylmethyl-pyridin-2-yl)-acetic acid
ethyl ester (16.72g with a strength of 94.7 w/w% (NMR) ) in n-butylacetate (50ml) was

25 cooled to 0°C followed by the addition of the seed (0.16g). Heptane (84ml) was then added
slowly over 5hrs and the mixture held at 0°C for 1 hr then cooled to -5°C over 3 hrs. After
overnight stirring at -5°C the suspension was then filtered and washed with a precooled (-
5°C) mixture of n-butyl acetate/heptane (22mi/13ml). Drying at 40°C under vacumm gave
16.24g, 70% yield of (5-Cyano-2-nitro-phenyl)-(5-morpholin-4-ylmethyl-pyridin-2-y1)-

30 acetic acid ethyl ester as beige crystals. 'H NMR (400MHz; CDCl;): § 8.56 (d, J= 1.83,
1H), 8.06 (d, ] =8.40, 1H), 7.78 (d, J=1.68Hz, /1H), 7.74 (dd, J=1.76, 8.4Hz, IH), 7.32 (d,
I=7.92Hz, 1H), 5,74 (s, 1H), 4.24 (m, 2H), 3.73 (br s, 4H), 3.56 (br s, 2H), 2.29 (br s, 4H),



To a cold solution of (5-Mmrpholin-4-ylnethyl-pyridin-2-yl)-acetic
acid ethyl ester (25g, 130mml) and di et hyl carbonate (33.79qg,
286mol) | woteesiabsplr of uran (62. 5ml) under ionitrogen atCHSE00E/09ES2
added lithiumdiisopropylamde in tetrahydrofuran (158.9nl, 1.8M
286mmol) dropwi sc over |hr 10 nm Aftegpstirring for an additional 30
nuns at -10C a solution of 4-nitrobenzonitrile (29.78g, 195mmmol) in
tetrahydrofuran (175nl) is added dropw se and stirring continued for

3 hrs. Thel 149@,c:1t=r7q9 1m2>4Hwas{)WésM@Rr(@@bmnﬁmpcgpbdéagumtﬁ1512 150.6,
hydrochlorlc sol ut after vvarmn?to roo

Caner at arBBin LIk 300011 hdaeau2 ) A 1had. G A2a AlTdricS vagrewm «
tert-butyl 4(2%5@,%%? é@li c aqueous | ayer was cool ed
in an ice ngﬁﬂgh;ﬁlgﬁy blut oﬁh%g'?hégr (500m) was added. The

m xture was then made basic (pH 9) by addition of sodium carbonate
sol utlon (]g@;q e 5wweg. The m xture was then warned to room
terrperature an‘j he organi ¢ phase separated; the basic aqueous phase
was ext radﬁéﬁ/am-mmtr@n hdniy)y(5-niephivyin- 4etr1hethv2-6(n2cﬁﬁ)mm) acktie a¢id thivinscbr
organic |3 s r ated \ th I|.t_ gr) (12.5g), then filtered and
the filtra i

(5- Cyano- 2rgu éd@s&ﬂ%y&b-ﬁ\@orﬁ[ﬁﬂlﬁm;lzlhﬂﬂ@i-pynd1n-2-y1) acctic acid ethyl ester 5-25g,

| met hy!| di t t 2
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heat ed,t o B r
(e oufiiahar i ML B sy S Bplop P f1cAE ah b SRRIPREOR, Lam,
(90ng) anddtmaciirepwishowsdheld mip. Ait@@tmm fomha@tlombs&mymamlg"@\m e

e o0 J0M0RShed LD BIL AN, | il 1Y el 40C
( 5- Cyano- 2repviscandhanitk)cobaua fqtsoirs. r‘irhéfgdcnat iy ture ywals Gome iryd ) eglgéet i C

Char cter | absn nybeh g onition S 0H et G a2 Rafbe | Grovagomperature the
Prepar at i Qgid@f ag h@@ﬁ@@g%@@ QfatgﬁQﬁMﬁleﬁ WXth, zeAMBEFEmBAyY] Sh&YP00mI). MRe

2008/ 130312PCT/ SE200 5043 ) ]
acidic aqueous layer was cooled in an ice bath and ferz-butyl methyl ether (500ml) was

added. The mixture was then made basic (pH 9) by addition of sodium carbonate solution
(55ml, 25w/w%). The mixture was then warmed to room temperature and the organic
phase separated; the basic aqueous phase was extracted with ferz-butyl methyl ether

20 (250ml). The combined organic layer was treated with Celite® (12.5g), then filtered and
the filtrate concentrated in vacuo to give (5-Cyano-2-nitro-phenyl)-(5-morpholin-4-
ylmethyl-pyridin-2-yl}-acetic acid ethyl ester crude (28.58g, 51% w/w%).
The crude material was dissolved in ethanol (300ml) then heated to 40°C and a solution of
hydrochloric acid in isopropanol (8ml, 4.95M, 20.7mmol) was added followed by addition

25 of seeds (90mg) and the solution cooled to -10°C over 10hrs. The crystals were filtered and
washed with fert-butyl methyl ether. After drying at 40°C under vacumn gave 14.51g, 25%
yield of (5-Cyano-2-nitro-phenyl)-(5-morpholin-4-ylmethyl-pyridin-2-yl}-acetic acid ethyl
ester hydrochloride salt as red wine crystals. Charcterisation data were in accordance with
exanmple 7.

30

Preparation of the compound of formula (IX), where R4 is ethyl



The synthesis of

(2-am no- 5- cyano- pheny1) - ( 5- nor phol i n-4-yl met hyl - pyridin-2-yl)-acetic
aci d et hyl wose1s@ianpl e 10 PCT/SE2008/050432
5(2- Am no- 5- cyano- phenyl) - ( 5- nor nhol i n-4-yl net hyl - pyri di n-2-y1)-aceti
c acid ethyl ester in toluene and di neghyl f or ni am de

(5-Cyano- 2- ni tro- pheny1l) - (5- nor phol i n-4-yl net hyl - pyri di n-2-yl)-acetic
acid ethyl ester hydrochloride salt (100g, 223.7nunol) was slurried
in toluene_at roomtenperature and a solution of sodi um hydrogen

car bonat e Y ﬁgmh%mfd%éwnq frenogherdbOmnprahakn-4odraefalryridin- MB -acetic
reaction [aljrred at roomtenperature for 45 mns. The organic
phase was seperate and washed twice with water (500nl) then

concent ra&gw ggstl | lati on under vacuumto 229nil. D nethyl f or mam de
(846m) fi"added fol | owed by Degussa(r) [CF 1082 RV/IWr);

Pl at i nisum (234@nirenslcymoahicaln)-(Ombghblin-yhadthMepyeid oDl (281, acWHyMter
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(d =1, 73cg, A (dd, J=1.9 i 0 (d.” =1 89 tz,
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i H;) 1 gs 2a|(ﬁQ1 thedrﬁba%@ioﬁ ﬁnxtﬂt&eﬁeé@sedlﬁrtl?gi'ﬁ%genszﬁlowgd %&&Em%ﬂﬂfb”@ﬁleng 2Hz,
J=7. 131514 hydiqgen @piyvas adied (pvRpressuoonidz4bacpand Jelisfon ¥pm@: thesbeag:d ta 207G,

15, 60, 3" BT P58 Inidrasinomhn® Lo, Afgreicp o e

30( 2- Anmi ndh&reastmnanistuermy dslput Sedritiphiobgean-add yenetalyst filgred dif an@thy H)traae et

I28 ngllg Og%ggﬁff §E‘§ Eﬁ#@@dﬁ'ﬁﬁgg ?o%t\g&s%sed in the next step; Example 12). An aliquot

(5- Cyano- 2vaitiken optemd\pl)ifiédbyreslphe biromdtoytapry by sitigydlhtgnvidr y1) - acetic
acid et hyl cg@ter hydr ochl or| de salt was slurried in

1
n- but yiPac S @onshena methrneldbe @Bﬂ%’é‘r‘”&%‘?@’“&%zé 13 gigt(Z-dymige-Ssyamam
hydrogen %ér%ﬂ’ﬁ@tﬁoﬁgghrﬁ@ayhg&ﬁylzﬂm{n)a y1y- al‘,@fc%hd(e%}%@ @@ltér a‘é@%a@qgﬁl%e and

t he reactlon m xture stirred roomtenperature

organic phﬁé‘@dﬁdéo@\/lgé&@%bé Sdiﬁc{duhéﬁéHZu\IH)hﬁﬁ/&(@ J‘flz%r&ip)SHZ IH) 7.50

active calbon (185 T3bauiy was el oo e SRt MePar @ dubdon gy

and the r éébiéi (=t 115, é4dé§a§§ﬁd3 W0 {thi-dicdr 20Hn 4fH)l 3.68v&02HY zhlee(t Unag

for a0 vt EhbiReaDed® 6 Tl e Rl T RBH, Ttz bR B %,
at nospher @588, hioch, 0428, 13410, €53.6,00017N1Q310172091M00.0, 116.5, 101.2, 66.9, 61.8, 60.2,
56.0, 53.5, 14.1ppm; MS (ESI) m/z [M+1]" 381.

Example 11
30 2-Amino-5-cvano- 5-morpholin-4-ylmethyl-

in n-butylacetate




i otenperature the reaction mxture was purge with nitrogen and the
catalyst filtered off and the catal yst washed with n-butyl acctatc
(100nl). TWe 2ed13sH2e was concentrated to 130ml. (The SRUITSH2008/09432
used in exanple 13). Characterisation data were in accordance with
exanple 10. is Preparation of the conpesynd of formula (1) Synthesis
of

2- hydr oxy- 3[ 5- (nor phol i n- 4-yl met hyppyri di n-2-y1] 1H i ndol e- 5- car boni t r

ile citratg- (Eg(ﬁlﬁm-ﬁtrb%henyl) ~(5-morpholin-4-ylmethyl- pgmdm—z—yl) -acetic acid ethyl ester
2- Hydr oxy pholin | met hvl ) uvridin- 111H i ndol e- 5- car boni t

rile citr ahYéWE&lO“é? ??étt(ﬁg/&fléi/ %Wﬁ%“‘ﬁ'ﬁéllrt Tbb'&@ﬁéetaﬂr@(pﬁ@ at room temperature
(2 Am no | e
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D55, 7oriol el i 3 Wl B B Dbl e R FOR ORI Blfinbif Gane
reaction m’amadmm (Aeéat)eon baive 0GboiSESd, :(aw/w%g wals\aﬂdﬁ%)to den-hihgacerdeed
followed b olutjon of citric  acid.nbno rat

223, 75mmol e PR rapTm SeS gedts Sal rGREeR e b deean 40T ey
stirred f Chgdl%ﬁ Svak B&i‘ed@@@Fr&s@m@@ DY g@nd (ch foAﬁ@ fiin Gbh héakdado Fro0C
20hrs at 5 e slurry is filtered and washed w

t ol uene/ didpBsWYItISF AR A &1L Brdes Ay aumosphery of hyétqgwéert%yocrl%p@ geahol
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yl met hyI ) b ¢adtilyst Magticd prthi mblalylec@ate §109om). The ﬁbram wasagorccagatanh tool3dnge

30|6i6d( br %{%qﬁlog%gfed‘]‘ Q%W% lég Cziaracte{}%hor? datd wile in %9c0§r§an&(:e witlh H.

2008/ 1303 k2012 3B20081050432 35 1H), 7.78 (s, 2H), 7.27 (dd, J =
1.36, 8.01Hz, 1 H), 7.00 (d, J = 8.0 Hz, 1 H, 3.59 (m 4 H), 3.49
(s, 2H), 2.89 (s, DW), 2.77 (s, 0.7H), 2.74 (s, 1.3H), 2.72 (s,
DVF) , 3. 6&rep araﬁoﬁﬁthe%o olgd oPfofiila @ 50 (m 4H) ppm 13C NMR
(d6- DVBO, 100M—|Z) 175. 171.9, 169.2, 162.8 (DVF), 148.9, 142.5,
137.8, 13Pygthesigef %Jhm_rgxw [-pgompholing yimethy)pygdiniyl] -indphe-carganitsilyg
118. 8, 109Qjdwe 101.9, 85.2, 72.8, 66.1, 62.5, 58.4, 528 43.5, 36.2
(DVF), 31.2 (DVF), 21.4ppm MBS (ESI) mz [M1]+ 335.

Example 12

2-Hydroxy-3-[5-(morpholin-4-vimethyDpyridin-2-v1] 1 H-indole-5-carbonitrile citrate in

20  dimethylformamide and toluene

To the (2-Amino-5-cyano-phenyl)-(5-morpholin-4-ylmethyl-pyridin-2-yl)-acetic acid ethyl
ester solution (395ml, Example 10) was added dimethylformamide (84.6ml) and toluene
(275.5ml). The mixture was then heated to 60°C and a hot solution of citric acid
monohydrate (47g, 223.75mmol) in iso-propanol (137.5ml} at 50°C was added Then the

25 reaction mixture heated to 90°C. Seed (1.0g, 1w/w%) was then added followed by a hot
solution of citric acid monohydrate (47g, 223.75mmol} in ise-propanol (137.5ml)} at 50°C
and the reaction slurry stirred for 2 hours then cool to 5°C over 6 hrs, After stirring for
20hrs at 5°C the slurry is filtered and washed with toluene/dimethylformamide
(63.5m1/25.9ml), followed by isopropanol (203.5ml) twice. After drying at 50°C under

30 vacumm gave 101.85g; (96.3 w/w% assay), 83% yield of 2-hydroxy-3-[5-(morpholin-4-
ylmethyl)pyridin-2-yl]1 H-indole-5-carbonitrile citrate as an orange solid, "H NMR (dé-
DMSO, 400 MHz): 6 14.7 (br s, 1 H), 10.88 (s, 1 H), 9.66 (br s, 3H), 8.08 (s, 1H), 7.88 (s,



Exanpl e 13

2- Hydr oxy- 3[ 5- (nmor phol i n-4-vinet hyl i rwidi n-2-y1JI Hi ndol e- 5- car boni t
rile citrawe 2es/x3102but vl acet at e/ di net hyl f ormam de To BIRSE2008/050432
(2- Am no- 5- cyano- phenyl) - ( 5- nor phol i n- 4-yhnet hyl - pyri din-2-yl)-acetic
acid ethyl ester solution in n-butyl aggtate (130mL, Exanple 11) was
added n-butyl acetate (55ml) and di net hyl forni am de (90nl) then heated
to 60C and a hot solution of citric acid nonohydrate (32.9g,

156. 63l )H)i 178 &0 21, ToEm@d, J(=2 196190134, 5@@ m(daﬂd%d) tRan cft b@g%& 4H)
de

reaction m xture heated at 75C Seed (O. 29 was then add

mi xture hext%ed Jc2-87ke DME)HPW % O<H)r 2- ?4 53502 2 PF). 2. 6f$c{§brls3%)s
90C th I gt
Shurry et Frsr Dy ZR0RCT Bt o AR 08 ENRXE Bh R BB G 105 1802

dryi ng at 1508 (mme); 14m;un@r.ﬁgm/768 537.80i3;7.0(129.37 1 39.6\1285s A6, 175%) Wiled, d
of 2-

hydr oxys 341§9(3n4)]r8p§101IOPT3I wlﬁ ﬁéizh% § Fﬂ?rlv 673 ‘ifl5]7‘18|—ﬁ3i IS BIDa bdni t ri

| e citrat gDagram. Zlgﬂemg SIphigMENasss.eri sation data were in
accordance with exanple 12. Exanple 14

2- Hydr oxv- 3- 1- 5- (nor phol i n- 4-yl et hyl ) pyri di n-2-v111H-i ndol e- 5- car bon
itrile cit %ﬁﬂe 3

252- Hydr oxy- %m)rphol i n - 4- yl met hyl )pyrl di n-2-y1]/ H i ndol e- 5- car bon
itrile cit2Hydro 1o -4 ] 1id4isdodd-S-eakbomitrilatitie in n-

(160m ag ?gc gggiacélyfat ed .qar bon (2.5g, 25 w w9 added. The

m xt ur hen filtered hot. Ethanol (130nl) was
t hen addedrdthe thandihd-5-codr@-rben dﬂﬁ@-meﬁmennﬂqmlung ﬁy@ldaﬂﬁyg%éu&mcsem)he
slurry was flltered and washed with ethanol/water follo

et hanol . APebsolgap 1 g-outyl sestate (FOmbEampla Ho wgaiicd ndzytqucg@tez(diéw})wnd

assay), GZPﬁﬁlé’thﬂlfanﬁfm@e B’ﬂf)Q}’féﬁ neded (dBIBNAN b hofkolution of citric acid
yl met hyl ) pyri di n- i ndol e-5-carbonitrile citrate as a yell ow

powder ha\ﬁlﬁ@hﬁdfpfar(%/% 9e.dp6.63mmeldr is08%epaTpld2 Plnal) Bt veas dddedribe then

t - _ . o
2008/ 15031207 LESBOAPHS0a55 3 SRR EA B Wyt g migurspesipd .
10. 86 (s, ".Ehe Ifbspltﬁlgﬁﬁm(ybvassﬁrred-l)b,r 281008 af 80°Clthn codledd3o 630 oddr)1) his ahd héBl
2 7.27
( {_? J=4. 4f i%liﬁzs E: %&5 slurﬁy yﬁs ]‘(r Iéere%d wefgeﬁ\g/ttlglsobrog%o?@ 2-}1%{) 'E_»%lce

1.3H), 2. 6Gid dryidg alﬂ))°c anﬁ@gcunﬁn gille, 5380478917 vaﬂmb% @s@ﬂs}) 136y f 2-
(d6- DVMSO, . 100Mz) 171.8, 5169,2,148.9, 142. 137: 6, 136. 8,
125.7, 124 roxzﬁl[Sémomha-“ yimgthgDpyresion- %~Y’1]iH1méole~é§a@0nrrlzle8ﬂra@@82m

58.6, 3. Qrarfk3RAME. WEcleBSthonWath VM th abcRdahce with example 12.

Example 14

2-Hydroxy-3-[5-(morpholin-4-ylmethyllpyridin-2-vl] 1 H-indole-5-carbonitrile citrate

25 2-Hydroxy-3-[5-(morpholin-4-ylmethyl)pyridin-2-yl]/ H-indole-5-carbonitrile citrate (10g,
19mmol; Example 12) was dissolved in water (160ml} at 90°C and activated carbon (2.5g,
25 wiw%) added. The mixture was stirred for 6 hrs then filtered hot. Ethanol (130ml) was
then added to the filtrate at 78°C. After cooling to 20°C over 9hrs the slurry was filtered
and washed with ethanol/water followed by ethanol. After drying at 50°C under vacumm

30 gave 7.0g, (96.2% w/w assay), 67% yield of 2-hydroxy-3-[5-(morpholin-4-
ylmethyl)pyridin-2-yl]1H-indole-5-carbonitrile citrate as a yellow powder having a purity
of at least 98%. The platinium and vanadium content were less than 10 ppm, "H NMR (d6-



Exanpl e 15

2- Hydr oxy- 3[ 5- (nor phol i n- 4-yl net hyl )ovr| di n-2-y111H-i ndol e-5-car boni t
rile usingwdlpes/izetibyl amne To a solution of PCT/SE2008/050432
(2- Am no- 5- cyano- phenyl) - ( 5- nor phol i n- 4-yl net hyl - pyridin-2-yl)-acetic
acid ethyl ester solution in n-butyl aggtate (I Or, 0.16M 1.6mmmol)
was added ttiethylamne (0.25nml, 1.8mvl) and the m xture heated to
90C and stirred overnight. The resulting slurry was cooled to 0C and

then filtesedoansh M@ﬁﬁ@l%{bﬁ?stﬁm tiutgs}5|(49 /O)h%é?&@eﬁ%% 0970l 7 & &er

dryi ng at 50C under vacumm gave ield hydrodxy-345-
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66.6, 55 0 £863pAR, M6, 455k MY e it A48 Baseparat i on of the

conpound of for nul Synt hesi s of
1, 2- Di hydr oxy- 3- (5 rmrpholln 4- yI met hyl - pyri di n-2-y1)-1Hi ndol e- 5-
25car boni tExample Exanpl e 16

L, 2-Dih ydrﬁﬁ%l‘gi\;-?-_fg}?{ngpn?lhf-ir?-zl—vlmetmgn%dm—%h P17 il ) bbhil g 8s|i1€f\g_ 5-car

bonitrile
(5- Cyano- Zrigthtlemingheny 1) - ( 5- nor phol i n- 4-yl met hyl - pyridi n-2-yl)-acetic

CSonLy 8 TS OE AR B Ay QAR e SH ey BISHR By Gt g )-acetic
89. 51nmol )acﬂ' bitaoluliondt RbutyPthle Wom! AR 136?1%1&151%2& fREeli on

m xture stirred at roomtenperature for 25mn. The organlc phase was

separ at ed tHefyIRES4R 2t B Spereedy angrbe ménreé@#e‘ém%@@a stradroyamight. aihg
then redi 3&@”&%@@ @as%egg to @ . %QQM@&%Z?W St BB Emeify other

(80nl) an ol ution added to a preheate
sul phi ge (2@n}, Al dr/ing/gt S00C vadarohdunim gwet G262 #9BOERIOVER-hPONkyR3-[S-The

resulting yella Lr thry r.at. 50C t hen coo

o bat h CHRERSh b R I TE B et B0 5.t SRR et R

i sopr opan@0OMELEDCY Y B1g. 7a(bx€spmynder(s V2D 81T GAVIE), 4.8% €4, 18I TOMGer |,

56. 674,

O Ly ey s (s o FT 700 1 Pt WD93.55 (on 48D, 3.35 (5, 28,
2.35 (brs, 4H); °C NMR: (100MHz, CDCl3): 8 169.2, 148.9, 142.5, 1367.5, 136.4, 125.7,

w  124.5,122.8,121.8,121.5,119.3, 118.8, 101.8, 84.9 66.6, 58.8, 53.3ppm; MS (ESI) m/z

[M-+1]%335.

Preparation of the compound of formula (XII)
Synthesis of 1,2-Dihydroxy-3-(5-morpholin-4-ylmethyl-pyridin-2-y1)-1H-indole-5-

25 carbonitrile.

Example 16

1.2-Dihydroxy-3-(5-morphoiin-4-vimethvl-pyridin-2-v1)-1H-indole-5-carbonitrile

(5-Cyano-2-nitro-phenyl)-(5-morpholin-4-ylmethyl-pyridin-2-yl)-acetic acid ethyl ester
30 HCI(8.0g, 17.9mmol was slurried in toluene (80ml) at room temperature and sodium

hydrogen carbonate (7.52g, 89.51mmol) dissolved in water (50ml) was added and the

reaction mixture stirred at room temperature for 25min. The organic phase was scparated

and washed with water and then concentrated to dryness and then redissolved in ethanol



y1l) - 1H i ndol e-5-carbonitrile. 114 NVR (400MHz; d6-DVSO,): 5 14.36 (br
s, 1H), 10.86 (br s, 1H), 8.12 (s, 1H), 7.96(s, 1H), 7.88 (br d, 1H),
7.87 (br dwOw6ps8/13931Z8 (br dd, 1H), 7.36 (dd, J= 1.0, 8.BHzS5E2048)050432 08
(d, H= 8.1Hz, 1H), 3.56 (t, J= 4.0, 8.2Hz, 4H), 3.37 (s, 2H), 2.27

(br s, 4H); 13C NWR (100MHz, d6-DWVS0) 375 163.8, 148.8, 142.7, 136.7,
136.1, i0123.1, 121.5, 120.4, 119.4, 119.1, 102.0, 81.9, 67.2, 66.6,
58.8, 53.3ppm MS (ESI) mz [M+l] 351. Preparation of the conpound of
formul a (1(80ml) an&ﬁi&tsbﬁﬂbﬁ adifed to a preheated solution of ammonium sulphide (26ml, 21

t2 r Ih ?/ceir 2)5(y ngé‘kél I®7 f-i?]l?‘l‘lo )I 1Inr:;vaAtfer alt QE[;"J[(ZhO\Jel)' E)alnrnlng ITr%xe%esulltJné I;flzalllgw gllurery ?vag gtﬁr?e?:lm
2- Hydr oxy-@f ﬁn(arrsﬂomﬁéd Boftedbih AR 1 WhhPYRd Sy Gy Alehbd AaARsBaP RRGARPI T

rile To a solution of
1, 2-Di hydrfguwgﬂ{)@sm@m@l Adtendryingat HYIC yndet icwmm gavy a yellawnpovder5-

oo 0 0 R i 3P LR LREBLER G 2 00

sol ution stlj- tﬂenﬂom-s-eﬂﬁommle éHrb@ARZ@O(]MstdstM&] oh m/as (lframﬂ)adlo Boam

and Che mx 8 2onaE ated Do b Phds L0172 (rd thia (Pl I, 75 s

purified kydgHlic;8.0ew ummlsr(@rm:t QQIH@piH/) gls@ttl ng4wgmz 41-1) 3 37 (s 2H),

di chl oromat%/ape/ met hano él% a gi

orange sol} (P G oSG8 56 Sadais, 144786 2ol ok
then washedswi {4, s %Q@Etop@ﬂphw A 110870, 81.5] 67, 86,6258, UAAGHmY RIBUER IRV
2.89g, 81% |eI d 25o0f

2- Hydr oxy- [QilJfElJ (%r phol i n-4-yl met hyl ) pyri di n-2-y1] 1H i ndol e- 5- car boni t
rile as a yell ow powder. | HNMR (400MHz; CDC13): 5 14.76 (br s, 1H),
10.9 (s, 1H), 8.07 (s, 1H), 7.88 (s, 1H), 7.77 (m 2H), 7.26 (dd, J =
1H§)8, 7. 971H2parllﬁ)m of tieQofmpourd oBfobirala @) . 3. 55 (m 4H) , 3 35 (S

2H), 2.35 4 169. 2,

142.5, 13 emi@%ﬂfvdri@sw (I?E%%l’ﬁ%lm ‘l‘Zb“??’PC Mmd@-Z-xli@@doke1§cgbomtn1e
118. 8, ,s10:@mgdd1® 66.6, 58.8, 30 53.3ppm M5 (ESI) mz [ M+1]335.

Preparation o the corrpound of forrrula (XIII}, where R4 is ethyl WO
2008/ 1303121y 4 s[5 sl 1 H-indole-5-carbonitrile

2- et hoxy- 0<3ssogmiroma,mrbﬁyyﬁogeg%ohq L4 el il B i Sy poni ¢

rile Exa

carbomtrlle (1.0g, 94% pure, 10.73mmol} in acetic acid (60ml) at 60°C was added iron
powder (1.8g, 32.19mmol) and the resulting dark green solution stirred at 60°C for 3hrs.

20 The suspension was removed from the oil bath and cooled to room temperature. Celite®
(10g) was added and the mixture concenirated to dryness. The mixiure was then purified
by silica column chromatography eluting with dichloromethane/methanol (1% ammonium
hydroxide) 5:1 to give an orange solid; which was reslurried with isopropanol, filtered and
then washed with isopropanol. After drying at 50°C under vacumm gave, 2.8%g, 81% yield

25 of 2-Hydroxy-3-[5-(morpholin-4-ylmethyl)pyridin-2-y1]1 H-indole-5-carbonitrile as a
yellow powder. '"H NMR (400MHz;CDCl;): & 14.76 (br s, 1H), 10.9 (s, 1H), 8.07 (s, 1H),
7.88 (s, IH), 7.77 (m, 2I), 7.26 (dd, J = 1.08, 7.97Hz, 1H), 7.00 (d, J= 8.0Hz, 1H), 3.55
(m, 4H), 3.35 (s, 2H), 2.35 (br s, 4H); °C NMR: (100MHz, CDCl;): § 169.2, 148.9, 142.5,
1367.5, 136.4, 125.7, 124.5, 122.8, 121.8, 121.5, 119.3, 118.8, 101.8, 84.9 66.6, 58.8,

50 53.3ppm; MS (ESI) m/z [M+1]" 335.

Preparation of the compound of formula (XIII), where R4 is ethyl



2- Et hoxv- 3- (5- nor phol i n-4-yl met hvl - nyri di n- 2-v11- 1H-i ndol e- 5- car boni t
rile To a solution of

(2- Ami no- Swopassaspfizny 1) - ( 5- nor phol i n- 4-yl net hyl - pyri dircizezdog/osEsat | C

5acid ethyl ester (1.2g, 3.15mol) in toluene (2ml) and

di met hyl f ormam de (10ml) at room tenpegature was added a sol ution of
hydrochloric acid in isopropanol (1.20m, 4.65M 6.31mol) and the
resulting suspension stirred for 1 hr. HPLC showed full conversion of
(2- A no- ByeitRES oPNEeYly)- 3((5-n£ﬂ?ﬁMﬁM§lm@rh¥ -pRIYD-yDY 11 Ghddtels-¥abodaBE | C
acid ethyl ester with 6%

2- et hoxy- Examplptphol i n- 4- yI met hyl - pyri di n-2-y1) - 1Hi ndol e- 5- car boni t
i1 e 10 ( PIEnEkHdes Bt AN WA ISP i ddles Bekbugher: Bxanpl e
19). An alquot was renoved and purifile y columm C gr aphy

el uting witda sllﬂlcﬁmh@rf apetrhiand/oye tdpimaly {130 aphodinidipinteyigi-pyiidle-R-y8)-dcetio

2- et hax
T ndd oo G PRe bl BRm (LB e Kpeeprgrotm ot room
450 o ot s et G
J=1. , , = =
1H), 7. 44 GHminol and ¢ b teshiing i%ﬁ?eﬂswﬂéﬁtf)&hf‘)fjifll‘(@é? shpwsd Il coppvprsion of 7
(Zﬁl) 35 SGQ?ﬁﬁgoSYdﬁm %@ngl)f{&‘:fl%lﬁﬁohnjfylﬂm éﬁgmgﬁ-uzyl) éﬂg)cl:c aN(ﬁd é@{( Ster
d6- DVS0) : vethi69s 062-enhsvsyé (ﬁﬂucgp@lmi%yln@thyimn@n 21\281H mcioé%Ssarbm@‘ll@

15,35 Bom LRSI T ettt iRk i lralBisho) o dudety o

formula ( |r¢m®§thahé9ugﬁ@lfby column chromatography eluting with dichloromcthance/methanot
2- hyd I di K ol ar.bgnitr
i eyh;gﬁl) C(ﬁlor Ignao Ycllr%iéﬁ%% g‘? ¥eqj) ¥ hloxylf-g (g r1¥01'plhollnI 4 )Cfilmeﬁly?p in- -3}I)t-

% ﬁz- Hydr O)G}H»&E:l&e(mlﬁﬂmﬁhﬂd'&slamim lﬂ?\5n aﬂdeBIrmltm (fgwmyﬁh DMSO(I})r & dg (1) o t
erest o Lon..m e ro e was eat e to

T errrr GBS R ke (b Sl wzﬁ@ 288 e ed i o, 7.63

t enper gt ure 2ag‘4d8 ﬁvﬂﬁ qmdv 448 dCTYREHS | 13@‘? hed sews. 9ﬁ-IéN'1H|? 447G,

|sopr0panol t hen aced in an oven at 50 vacumn gave
0. 72g, 62‘}7—)6}9& B. E?Hz 2H), 3.59 (1, J=4.49, 9.01Hz, 4H) 3.45 (s, 2H), 2.36 (brs 4H) 147 (t

(10" hyar oent o B oLt 1P i NI R YO E s S B st ey

H, 11.55 136, 128H;, 126.6. 198.1; $23 4.HR].481 2911, (1$2.0J 108)6, 9810@1@66 66:0 ]53%2

9.20Hz, 1H),3,8 Ol \iSmst . 18T 44: J

20

Preparation of the compound of formula (I)

Synthesis of 2-hydroxy-3-[5-(morpholin-4-ylmethyl)pyridin-2-yl] 1H-indole-5-carbonitrile
hydrochloride salt

Example 19

25 2-Hydroxy-3-[5-(morpholin-4-ylmethypvridin-2-vi]11H-indole-5-carbonitrile

hydrochloride salt

The rest of the reaction mixture from Example 18 was heated to 90°C and stirred
overnight. The yellow slurry was cooled to room temperature and filtered. The crystals
were washed twice with isopropanol then placed in an oven at 50°C under vacumm which
30 gave 0.72g, 62% yield of 2-hydroxy-3-[5-(morpholin-4-ylmethyl)pyridin-2-yl]/ H-indole-
5-carbonitrile hydrochioride salt. 'H NMR (d6-DMSO, 400 MHz): 5 14.8 (brs, 1 H), 11.55
(s, 1 H), 10.98 (s, 1H), 8.31 (s, 1 H), 8.08 (dd, J= 1.92, 9.20Hz, 1H), 8.01 (s, 1H), 7.89(d, J



39 = 9.30Hz, 1 H), 7.31 (dd, J = 6.60, 8.04 Hz, 4 H), 7.02 (d, J=
8.0Hz, 1H), 4.28 (s, 2 H, 3.94 (m 2 H, 3.81 (m 2H), 3.31 (m 2H),
3.08 (m 2ZWD;2008B308EST) nlz [ Mtlr 335. 40 CLAIMS 1. A prECRSR00806048he
manuf acturi ng of a compound of formula (1), 2-hydroxy-3-[5-

(mor phol i n-4-yl met hyppyri di n-2-y1]/ H i peglol e-5-carbonitrile, as a free
base and 5pharnmaceutically acceptable salts thereof, by a)reacting
a conpound of fornmula (I1) OH 10 with a conpound of fornula R6502X
wher ei n R6= 9.3z @4@) kyhm@uy&la sqqhemtz,, 1 phenyl (ﬂemxbﬂzhﬁ{)om@(hybﬂ)

ni t rophenyl or particul arl hloro, int
presence 03f94a(“§8ll@)eﬁ181é1ﬁd2}5) Bé’éémt %Hbﬁ\% (=, 2 kphY IbW/ZT[MJfﬁ]I é35(l 1),
wherein Rl is R6503, where R6 is Cl-C4al kyl, Cil-C4al kyl phenyl, tolyl,
phenyl , phenyl net hyl, hal ophenyl, 15nitropheny| or CF3, Rl



which is foll owed by bi) reacting the conpound of formula (I111)
wherein Rl is as defined above in the ppesence 20of norpholi ne,
optionally with a base, and in a solvent to obtain a conpound of
formul a (M)AIMS (V) which is
followed directly by step ¢c) below, or 102701-1P WO RECTI FI ED SHEET
(RULE 91) 41 alternatively bii) reacting a conpound of fornula (IV),

me Le'm?r Tnol | deBisgs dRbe s ol SPubamd Srlotmishna sty a
Eiznbgﬂmhwﬁhm@l g‘yhdfneﬁ?ﬁ] 7 Adndol 6 SvaachiAetifd af @ HaH base(dny)

V\,her e| n qq!gen an i s”nol phol i ne attached at ni trogen
Ror~, N ( IPrmgeepti Vﬁﬂ@ﬁ@lﬁe@ﬂfﬁlﬁlm@ﬂm in the presence of iron

(2, 4-pentanedionate)3 in a solvent to

H
N
Yy OH
NZ
TN
) (1)
)
0
a) reacting a compound of formula (IT)
r""0H
L
N

10 {11
with a compound of formula R¢SO.X wherein Rg is C-Cjalkyl, C,-Cjalkylphenyl, phenyl,

phenylmethyl, halophenyl, nitropheny! or CF3, and X is halogen, particularly chloro, in the
presence of a solvent and a base to give a compound of formula (III), wherein R, is RSO3,
where Rs is C;-Caalkyl, C;-Cjalkylphenyl, tolyl, phenyl, phenylmethyl, halophenyl,

15 nitrophenyl or CF3,

Ly
e
N

(1
which is followed by

bi) reacting the compound of formula (IIT) wherein R, is as defined above in the presence

20  of morpholine, optionally with a base, and in a solvent to obtain a compound of formula

(V)

(V)
which is followed directly by step ¢) below, or



to obtain a conpound with fornula (V), followed by, C) reacting a
conmpound of forrmula (V) with a carbonate of fornula (X) wherein R4 is
indeﬁ%g%% y selected froman G .iyal kyl or aryl-Cl. 4al kyl group, or

a dicarbonate of 15 fornula (Xl) whergi ' I tyl group
RAR7 00 00 (X)(XI) in a solvent in t@%@%ﬁ%ﬁg@ﬁ%gge to give a

conmpound of forrmula (VI) wherein R4 is independently selected from an
C .nallcyl or aryl-C alkyl group ON Bp RC O 20(VI)CA which either is
i solated, or its enolate is reacted further by, d) reacting the
conpound of foimula (VI) wherein R4 is ClL. 12alkyl or aryl-Cl. 4al kyl
with a congsmaiivebf fornula (VI1), wherein Its is a hydrogen or a

hal ogen 4@y rda B RE A i 1 m a
conpound o%l)gégghr%:ago%é/ﬁﬁe) %@lzﬂggﬁﬁfgagfﬁﬁﬁlﬁ%#%r{/ - Cl4al kyl

5 =2r"“R3

R2” N7
{tv)
"in a solvent with morpholine optionally with a base to obtain compound of formula (V), or
5 alternatively
bili) reacting & compound of formula (IV) wherein R; is halogen and R3 is morpholine

attached at nitrogen

(V)
with methylmagnesium halide in the presence of iron (2,4-pentanedionate); in a solvent fo

10 obtain a compound with formula (V),

followed by,

¢) reacting a compound of formula (V) with a carbonate 'of formula (X) wherein Ry is

independently selected from an Cy.jpalkyl or aryl-C4alkyl group, or a dicarbonate of
15 formula (XI) wherein Ry is a tert-butyl group

0
o. _O_ _O
R4 /[L R4 el Ry
. ~o o
o
) XI)

0
(

in a solvent in the presence of a base to give a compound of formula (V1) whezein R is

independently selected from an Ci.pzalkyl or aryl-Cy.4alkyl group

|
Rd. = o
Qo N
20 (Vi)

which either is isolated, or its enolate is reacted further by,
d) reacting the compound of formula (VI) wherein R; is Cy.jzalkyl or aryl-Ci.qalkyl with a
compound of formula (VII), wherein Rs is a hydrogen or a halogen



foll owed by, e) reducinhg the conmpound of forrmula (VIIl) with a

sui tabl e reduci ng agent in the presencet2 oof a solvent to selectively
reduce the nitro group to an anmine in the prescence of the other
functional groups to obtain a conpoynd pf fornula (1X) wherein R4 is
Cl. 12al kyl or aryl G 4al kyl, 15followkd by 0 cyclisation of the
conmpound of formula (IX) mnth an aci g~y oRobtain a conmpound of formula
(I'), as a free base or a pharmaceuti | y acceptable salt thereof, or
alternatively, h) reducing the cpnpound of formula (VIIl) with a
sui tabl e reduci ng agent in the presenge Dof a solvent to obtain a
compound of formula (XIl) 43 followed by k) reducing the conpound
of fornmula (XIl) with a suitable reducing agent in the presence of a
solvent to obtain a conmpound of forrmula (1), as a free base or

phar maceus tlfe%rbéén@&@%a%@ hid & %l?eﬁtht%rf@ﬁﬁ a cBmpAhi s MBhhYE |(VIII)l]<-\thereln R4
reacting the conpound of fornula (1 X) wherein R4 is a G _ual

aryl - C14a$thamgFWW&Y%Gvﬁﬁﬁﬂe acid in a solvent to obtain a conpound
of fornula (XI11), wherein R4 is a Cl1_12alkyl or aryl-Cl4al kyl,

followed by,
e) reducing the compound of formula (VIII) with a suitable reducing agent in the presence
10 of'a solvent to selectively reduce the nitro group to an amine in the prescence of the other

functional groups to obtain a compound of formula (IX) wherein R4 is C)_jzalkyl or aryl-
C 1.4Ellkyl,

15 followed by
f) cyclisation of the compound of formula (IX) with an acid to obtain a compound of
formula (I), as a free base or a pharmaceutically acceptable salt thereof, or
alternatively,
h) reducing the compound of formula (VIII) with a suitable reducing agent in the presence

20 of a solvent to obtain a compound of formula (XII)



foll owed by m) reaction of the conmpound of formula (XIIl) with a
suitable acid in a solvent, to obtain a3conmpound of forrmula (1), as a
free base or a pharmaceutically acceptable salt 15thereof, the
obtained free base or a pharnaceutically cacceptable salt thereof, nmay
optionally be further purified and i d to obtain the pure free
base or pharmaceutically acceptable 8¢ eof 2. A process
according to claim1l step d), whemein R5 Jin conpounds of formula
(VI'l) is 20hydrogen or fluoro. 44 4. pY ocess according to any one
of claims 1 step e) or claim3, wherein e solvent are

/'V, N-di net hyl f or ram de, tol uene, but%L\ etate or m xtures thereof

5. A process for preparation of 5 (X1

2- hydr oxy- 3-[ 5- (nor phol i n- 4-yl et hyl ) pyri di n- 2-
yI]/F#inqghgﬁéigfrbonitrile as a free base or a pharmaceutically
accept abl'e"sa hereof, by cyclisation of the conmpound of formula

(1 X) when@imadidng the Comipgatdkytt foarfiula XD Githaadukaible RéiuciMgt diedtIn @d slesence
i 06. A process according to claiml1 step 0 or claim5, wherein the

acid i s Ofesplvenidp@btay a porppemd o forads H).ig atftrediage onrrerimrmageutipallyl

step 1), J he solvent is a mxture of toluene and
di nmet ﬁyl fag%eﬁfaa%%d%awgér@ Pﬂ?{/l acetate and di net hyl f onnam de.

alternatively,

1) reacting the compound of formula (IX) wherein Ry is a Cj.1palkyl or aryl-Cj.salkyl
with a suitable acid in a solvent to obtain a compound of formula (XIII), wherein R4 is a

C]-]zalkyl or aryl—C1.4alkyl,

followed by

m) reaction of the compound of formula (XIII) with a suitable acid in a solvent,

to obtain a compound of formula (I), as a free base or a pharmaceutically acceptable salt
15 thereof, the obtained free base or a pharmaceutically acceptable salt thereof, may

optionally be further purified and isolated to obtain the pure free base or pharmaceutically

acceptable salt thereof.

2. A process according to claim 1 step d), wherein Rs in compounds of formula (VII) is

20 hydrogen or fluoro.

3. A process according to claim 1 step e), wherein the reducing agent is platinum/vanadium

on carbon in the presence of hydrogen.



| s8. A conpound of formula (*VI), 0 R40 .co (VI) wherein R4 is
Cl_12al kyl or aryl-Cld4al kyl. zo 9. A caedpound of formula (VIII)
wherein 124 is Cizal kyl or aryl-Cl4alkyl. 45 wherein R4 is

G _nal kyl4, arpra¢asd aéebididk yolanyroht - of Ala6A8D tepd) o€ €laislB NGhdrBinaRy sdiiéit afe
clainms 8 to 10 wherein R4 is G 4alkyl. 12. A conpound of forrmula (Xl 1I)
oH 10 NV N-dimethylformamide, toluene, butyl acetate or mixtures thereof.

5. A process for preparation of 2-hydroxy-3-[5-(morpholin-4-ylmethyl)pyridin-2-
5 yl]1H-indole-5-carbonitrile as a free base or a pharmaceutically acceptable salt thereof,

by cyclisation of the compound of formula (IX) wherein Ry is C;_jalkyl or aryl-C;4alkyl

with an acid.

10 6. A process according to claim 1 step f) or claim 5, wherein the acid is citric acid.

7. A process according to any one of claims 1 step f), 5 or 6, wherein the solvent is a

mixture of toluene and dimethylformamide, or butyl acetate and dimethylformamide.

15 8. A compound of formula (VI),

wherein Ry is Cy_jpalkyl or aryl-C4alkyl.

20 9. A compound of formula (VIII)

wherein Ry is Cy.12alkyl or aryl-C; 4alkyl.

25 10. A compound of formula (IX)



10

45

wherein R, is Cy.j2alkyl or aryl-C_salkyl.

I1. A compound according to any one of claims 8 to 10 wherein Ry4 is Calkyl.

12. A compound of formula (XII}



