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WO 2004/ 113364 PCT/ SE2004/ 001016 1. NEW PROCESS FCR
THE PRODUCTI ON OF MELAGATRAN Field of the Invention 5

wohos/iisesent i on rel ates to a novel process for PCISE2004/001016

production of the thronbin- inhibiting conmpound,

mel agatran. Prior Art 10.- International patent
application WO 94/ 29336 di scl oses a group of
NEWOPRGCESS! FOR THE PROPUCTION UF MELA?GA"I“I@ANT |
prot eases, such as thronbin and/or ki ni nogenases he
t hronmbi n-i nhi biting conpounds are thus indicated as
gn ig&ag &ants and t he ki ni nogenase-i nhibiting

Hhﬁ Be In¥ention - i nf | anmat ory agents. 15 One of the
t hrombi n-i nhi-biting conpounds that is specifically

di sclosed in WD 94/29336 is
*I'%Qn@'éﬁﬁ&&éljgﬂes (t?)a/'}fgfgf)?fbc@ss( P90 bRodeiohl s ?Hfo?nbm—

cycl ohexyl gl yci ny epresents
adebitidigroenzpavaidp methgatennd Pab represents
par a- anzi di nobenzyl am no), which is also known as

mel agatran (see 20 Exanple 1 of WO 94/29336).

ni elrjg ional patent application WO 97/23499 di scl oses

%5 inter alia nelagatran. Prodrugs descri bed

|n WO 97/ 23499 that may be nentioned include those of
the formul a RO2C- CH2- (R) Cgl - (S) Aze- Pab- OH, 25 wherein
Ritegatieagntsatéitnegpliostid anahed4Qh386aldigtiodes- @ gedud of
al kyl, especially nethyl, n-propyl, i-propyl, t-butyl
acrrmPowads ithail alr¢ yuseémlhyas)mimbltmﬁzyf serine thegfresup;uch as

ces .the am di drogens .i.n, Pab, and
REBiig el Bnicgenags & ea QDI I Biti: GomBPUR

ey T@B%%ZS?EHZE‘@&Q?{‘W A R g

compounds as anti-inflammatory agents.

One of the thrombin-inhibiting compounds that is specifically disclosed in
WO 94/29336 is HO,C-CH,-(R)Cgl-(S)Aze-Pab-H (wherein Cgl represents
cyclohexylglycinyl, Aze represents azetidine-2-carboxyl, and Pab represents
para-amidinobenzylamino), which is also known as melagatran (see
Example 1 of WO 94/29336).

International patent application WO 97/23499 discloses prodrugs of inter
alia melagatran. Prodrugs described in WO 97/23499 that may vbe
mentioned include those of the formula RO,C-CH,-(R)Cgl-(S)Aze-Pab-OH,
wherein R represents linear or branched C,¢ alkyl (e.g. C;.4 alkyl, especially
methyl, n-propyl, i-propyl, #-butyl and, particularly, ethyl) or benzyl, the OH
group replaces one of the amidino hydrogens in Pab, and Cgl, Aze and Pab
are as defined above. The prodrug of the formula EtO,C-CH,-(R)Cgl-
(S)Aze-Pab-OH (see Example 17 of WO 97/23499), which is also known as
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WD 2004/ 113364 PCT/ SE2004/ 001016 2 xi nel agatran, is
now in full clinical devel opnent for use in oral

wdebisasdg4t 0 patients. The synthetic routes tRaT/SE2®4/001016

descri bed for nelagatran and xinelagatran in 5 the
respective above-nentioned patent, applications are
quite different. W have now found that nelagatran may

Rendlhenaieds dbweiatfull dithidalcdsietopphdi Tbi MSe aiBral delivery to
conveni ent manner fromcertain al kyl ester derivatives

patamtare di scl osed in WO 97/23499, including
xi mel agatran itself. 10 Description of the Invention
According to a first aspect of the invention there is

P24 BA8 RS E  dekBBe RSNG4 AR
. : 5

OSB3 POy R DB a PB TR R o P e ne

We have now found that melagatran may be prepared directly in a cost-

effective and convenient manner from certain alkyl ester derivatives that are

disclosed in WO 97/23499, including ximelagatran itself.

Description of the Invention

According to a first aspect of the invention there is provided a process for

the production of melagatran,

o <
)J\/N N
HO

Ir=

NH

NH

ex vivo, which process comprises the hydrolysis of a compound of formula

L
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ROt""N N OHNOH NH2 wherein R represents |inear
or branched Cl1 6 al kyl or a benzylic group, to form

wonoebsiantial ly salt-free form an intermedi RCE/SE2004/001016

conmpound of forrmula s II, OO HONN OOHNOH NH2
foll owed by reduction of that internediate conpound,
whi ch process is io0 referred to hereinafter as "the
process of the |n\(—9nt| on". Preferred val ues of the
substituéht R nclifide CL 4 al kyl, such as Cl_3 al kyl,
partlcul Iy th RPropyl, |-propyl and especially

ethylg C groups such as optionally
substi t ut ed benz | . Suitlabl e optional 15 substituents
on benzyl group hale( N chl oro and brono),
Cl 6 (e.g. CL (j}ich ) hyI ), and CL.6
(e.g. Cl. 4) al R 4/ 113364

PCT/ SE2004/ 001016 4 By "substant¥val N'w®&al t-free", we
mean that the intermedi ate conpound ofl formula Il is
formed, and thus may be isolated (for l\é|33an'ple by
preci pi tation), following the hydrolysis step and
prior to the reduction step of the process of the

' Iw?l\elzfeqrtl IRo ?eprlegenﬁ:g ?f{leafc’ l(J)% tl?)ranchzg 8(%/?_6 gﬁ(%fi or %b{)gnzy? Séo/group, to

form, in substantially salt-free form, an intermediate compound of formula

18
0O .
0 H
)J\/N N
| 0] N
H
N—OH

7’

NH,

followed by reduction of that intermediate compound, which process is

referred to hereinafter as “the process of the invention”.

. Preferred values of the substituent R include C;4 alkyl, such as Cy_3 alkyl,

particularly methyl, n-propyl, i-propyl and especially ethyl groups, or
benzylic groups such as optionally substituted .benzyl. Suitable optional
substituents on benzyl groups include halo (e.g. chloro and bromo), C;¢
(e.g. Ci4) alkyl (such as methyl), and Cys (e.g. Ci.4) alkoxy (such as
methoxy).
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wonrefianzdohy 1% and particularly 0.1% w w,

5 and particularly >99.9% free acid (and/or any
ZWtterionic) form(i.e. no nore than 5% such as 2%

respectively, of conmpound of forrmula Il is in the form
of a salt (with either an iporganic or an organic
counter-ion)). io Conpounds of fornmula | may be

BB N BT R A BB Bl Plns R o of
A 499 EhFoRneA 0langdl $had eRafR¥beClisdlBédNorP@xample by
carried out - under basic conditions (for exanple,

pyetipitatsory, fisljowingothbehydaolyssdstep and @ tachel reduction step

‘conditions). 15 Base hydrol gsi s may be conducted in

chéhppracens of dhe imvearival in HBP %, suahivermidse, pigterably >99%,

ERaErb S S e e ROHMTHGR A Boedigpiontom Ge. no
Bgigagd | | !

oS S5 Bl BRI VRS pafloplary ot e

s&pectivelymof bofpband o€ fermala)] asldethe forinhef 4 ealn(withadither
aqueous solution (such as a 1IMto 3M (e.g. 2M aqueous

gnliergenic eramporganiatduatersiony). conpound of fornula | in
an appropriate solvent, for exanple a water-mscible
sol vent, such as a | ower al kyl alcohol (e.g. a C1_6

Sy R 1ohgp R g o1 pIRHRANS a1 10 B, o
gkx@ple as @dscAbe®in ﬁftexﬁﬁti@ﬁalq%tglﬁtgef[?mtﬁiﬂi&{ Wem7/2B4mgne

and/or a dinethylglycolate), r water. M xtures
of these solvents nmay al so be enpl oyed.

Al ternatjvely, the hydrolysis step y, be perfornmed .
Ahe dyeRaly hniien g ObMSHHSH be AT ol BBdrbast pemitions
t_J.S.ijne S I . d..an
LRl oy 5L M0, B0 Bl SR B )
Base rhﬁﬂﬁgl & eh %Oéﬁndde@c?—QQAfﬂl%_lgﬁi@énce of an alkali metal

PCT/ SE2004/ 001016 5 The hydrolysis may be carried out
atrboanteesuclD &8s pothsdid@Ceatbpaai@i orgsodium carbonate or, preferably,
an alkali metal hydroxide, such as lithium hydroxide, potassium hydroxide

or, preferably, sodium hydroxide.

Base may be added in solid form, but is preferably added in the form of an
aqueous solution (such as a 1M to 3M (e.g. 2M) aqueous solution) to a
solution of a compound of formula I in an appropriate solvent, for example
a water-miscible solverit, such as a lower alkyl alcohol (e.g. a Ci4 alkyl
alcohol, such as i-propanol, methanol or, particularly, ethanol), a diol (such
as ethylene glycol), or an ether (such as tetrahydrofuran, dioxane and/or a
dimethylglycolate), and/or water. Mixtures of these solvents may also be
employed. Alternatively, the hydrolysis step may. be performed in a
two-phase system comprising an organic solvent that is inert to hydrolysis,
such as toluene, and an aqueous solution of one or more of the bases

described hereinbefore.

PCT/SE2004/001016
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upon the boiling point of the solvent that is
enpl oyed. The reaction is, however, preferably

woanditiesBeout at around roomtenperature or aboreTSB2094/001016

5 between about 15C and 50C or thereabouts). Reaction
tinmes are in the range of a{:)out 15 m nutes to about 6
hours, such as about 30 minutes to 'about 4 hours. The
skilled person will appreciate that the reaction tine
will depend upon inter alia the tenperature of the
MBRChY@DIFEIX e baScaMBEd ¥ dt Reweeh et add13D0'C depending
enpl oyed.” 10 Conpounds of fornmula Il nmay be forned

(upod theulsoiliag| pdird pf ithe sobemanthatadsl ympkslet- f Tae facton is,
by way of preparative work-up which invol ves
demeavier.carefasablyorarring oué ¢ eremdnooy temppraery above (e.g.

BN BhGu ERy pie G T’ e o kst mes e g e

: o . i i .
Sl IR ToARACLEnAlED 188 BB QAR ) s o
hpduo4 hloars. cThe isldi.llea[gnﬂﬁfﬂ ﬁ&illrap?&eiaw ded tiksreidabn thoé will
is ‘preferably EILOVi ed in the formof an aqueous

slepemd vpon nfer ghn vhe teanpsratureof thestghetaon miktare pe well as the
shgulng referag;}ydbe adjusted to a weakly acidic pH,
SQEeRLEILLs 9MPYYEd. preferably pH 4.5 to 5.5, and
especially pH5 or 20 -thereabouts. W have found

that, by perform ng preparative work up in the above-

Euthponeit srefonetla Hahiybe $oieReBGnd N &olfedpint substaddhlly
are formed conveniently dissolve in an aqueous phase

peltdrea foroepsirway oh preparative waskiupt whinhdinaoévesHmidifation
hydrol ysis ste e perfornmed.in the

t he may. al s .
6’? dhemeac @IWE%F@PP é@e Mﬁgﬁy@a Fiepoiskeasped out under basic

nt Ly: pRL ip.t S a . .

SRR MARELATRRY B Reu 8P ilagr an morsni
il SRcH ase stilpharict @6, | phodphehici taciss HiGBLMER i Rid o,
sui tabl e sol vent, and wherein any inorganic salts
pheferably, hydretlqicacil. t dfle aodl anaey bempdded By such, but is
fil tion.

plrefte;z%lgf ci)rr]ovided in the form of an aqueous solution. The pH value of
the resultant mixture should preferably be adjusted to a weakly acidic pH,

such as pH 4 to 6, preferably pH 4.5 to 5.5, and especially pH 5 or

-thereabouts.

We have found that, by performing preparative work up in the above-
mentioned manner, salts, such as inorganic salts, that are formed
convehiently dissolve in an aqueous phase prior to separation from the
intermediate. However, the hydrolysis step may also be performed in the
presence of a water-free base, and work up subsequently performed in the
presence of a water-free acid, with a view to providing the intermediate in a
form in which it is dissolved in a suitable solvent, and wherein any

inorganic salts that are formed precipitate and are removed by filtration.
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woanp@auasad4 of fornula |1

30 WD 2004/ 113364 PCT/ SE2004/ 001016 6 Irrespective of
the techni que enpl oyed for form ng the internediate

in substantially salt-PCE8E2004/001016
form it may be isolated if desired via an
appropriate technique, for exanple by sol vent
evaporati on (in the case where the internediate is

f f gr.m dj 5' .
IRRRSHe B Bl behhe Tebbiokpa (= BokEhe” !, Bermegiace
foopoahd @it fokmutd | 1n08@$>§tahﬂ§1ﬂ5i‘ s&'lﬁlf@éti%ﬁimsi’d tfy ¥ebsolated if
di ssol ved in an aqueous phase prior to separatlon)
Tlesireduigcar appropeiptectechmiquerfoc esample byreolveneetdporation (in
py ef er ab 10 by way of hydrogenation in

d out
%Cﬁeegg%@é%églhgr%ﬁﬁ%%l%f%ﬁﬁéllwt fogysinehiqh i is dlssolved

' Th I
LR GO i o
I St ﬂiwaﬁ%ﬂeé%ll@' ot dRablvadi Hf“anTQ(guedﬁ%t ﬁlll Erlgle to
used as such in powder form as its oxide or hy ro I de

separapoef. er abl y, on a suitable support, such as
powdered charcoal. Typically, 1s palladium on
charcoal is used (e.g. 5% Pd/C). Hydrogenation may be

risffcdfotstely ol TefERB T, B iRre b, Aol Fulenraed out
t\bayﬁoi’ hggféf anaﬁ&‘i‘?ﬁ‘%’d e é}ﬁ:e W%.{ l;db %’ cﬁtﬂﬁrs?%:ikt% (e a

e I'nter te compou orms

r]mydmgmnel}siﬁmachbnb hiBhe estaBet is phefepaBiyin pﬁbfmdl@t ghndiflon
any al cohol:water mxture is preferably in the range

2@%1( dog. emlet@lanam/mth@nunnm ecspeefadlyatpalladium.heThe
300 0% v/ t . vent, ste
63?13 e datipictiin BRORET (o, STIScPRyr Bydronide or

L o BB BbSREN o BORL Brcon Tupical,

e s oo g ol 1
Hydrogenation may be carried out in the presence of an appropriate solvent
system. The solvent system that is employed is done so with a view to
enhancing the solubility therein of the intermediate compound formed
following the previous step. In this respect, the amount of water in any
alcohol:water mixture is preferably in the range 20% (e.g. 25%) to 45% v/v
and more preferably in the range 30% to 40% v/v. Appropriate solvent
systems include lower alkyl alcohols (e.g. Cy.¢ alkyl alcohols, such as i-
propanol, methanol or, particularly, ethanol) and/or water. Preferred
solvent systems include mixtures of the above-mentioned lower alkyl
alcohols (particularly methanol and, more particularly, ethanol) and water in
appropriate proportions. For example, when the solvent system is a mixture
of methanol and water, appropriate mixtures are in the range 75:25 to 65:35,
more preferably 72:28 to 67:33, such as 70:30 J(methanol:water; v/v) or

thereabouts; and when the solvent system is a mixture of ethanol and water,
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al cohols (particularly nethanol and, nore
particularly, ethanol) and water in appropriate

wonropansicons. For exanpl e, when the sol vent syBCESE2®4/801016

m xture of nethanol and water, appropriate m xtures
are in the range 75:25 to 6% 35, nore preferably

72:28 to 67:33, such as 70:30 (nethanol: water; v/v)
appidPriarensgivoes &e ianhe varee 10180 s0160ei, mgmtpm:felrsbly 65:35
m xture of ethanol and water, W) 2004/ 113364

o] G2 oeh 800D E7.T (eibmrdpratare’/ i Sk teeaabais- i n t he
range 70:30 to 60:40, nore preferably 65:35 to 61: 39,
such as 62.5:37.5 (et hanol :water; v/ v) or thereabouts.

EOREDRNOal e bS %ﬁ;%ﬁtggn&éft? YRRF RO | fhydrogen

%l gadasB2ur, aich apaeiakeabl yaraind, greferdblbait 10dst 4 bar of
hydrogen pressure). Reactions may be carried out at an

hp@rag@mme@ur@adhamons srydreacarried o ahamapmpeuameuon
B ot et Bk SRR ShST A Torvent

t ] f
?ﬁ%&?&gg at ‘g@fgﬁ%%c} ')“‘the{apl?l(r: afdi@ § qun%r < OP Y th @S hter

hARRRE alfuf exadijde i i PReHJraBAS iASthd eeSiok 7HION v/\F)h €typical
.solvent systemis an ethanol:water mxture (f
eee@trphetempqmahupﬂ:sr aieons the rahge 56§Coto 66UC.4Whan. ﬂ'.fﬁ 3b6lvent
(e.g. 62.5: 3%3 v/v)), typical reactjion tenperatures
w%emﬁsmee anplyeatealdnEs (forexample iaprapeiivss 1B te mgdon

6830 oo 27 Hee Bt ey i e iR Relehracdi R g e
A dRBEE ar?d‘?S"’@%u?eﬁ ak BeBPediPYS T End 72#@%%%51&%@1@%@ to
30 (such as 24) * hours or thereabouts. The

petG on therkibaits o Tgpicakbrdaation tinads drbdn nid regdon afibetveen 12
amount of catalyst will have an effect on the rate of

AR dSi lmuranwcht el 0P8 hawe i orbatwees 202andoB@ fswch hyd4)

R pbBrhPlo T ied, BrtsPE ey uiShing il lnal i flature

hEdRRE Al Jfi datd1dt Wil B3¢k an effect on the rate of reaction and

" therefore reaction times.

Preparative work-up following reduction may be carried out using known
techniques, for example by cooling to ambient temperature, filtration and

evaporation of solvents, for example as described hereinafter.

It is a further preferred embodiment of the invention that the hydrogenation
is carried out in the absence of inorganic acids and/or additional carboxylic
acids. We have found, surprisingly, that, when the reduction step of the
process of the invention is carried out in the absence of such acids, the
reduction proceeds efficiently and results in melagatran in a form in which
it does not necessarily need to be purified in order to remove salts formed

during the reaction or during preparative work up. By “absence of
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woOheo4ims3emt i on that the hydrogenation

8pp12428).i o

evaporation of solvents, for exanple as descri bed
hereinafter. It is a further preferred enbodi nent of

out in the absence of inorganic acids and/or

addi tional carboxylic acidss W have found,
surprisingly, that, when the reduction step of the
piceasie abidARiitioNANth@dxyficCakidl edvOUhedd A RBSEBEHon
of such acids, the reducfion proceeds efficiently and
maEx tire somprisek desst than 3%, sudhoasriess thini 29, prefedaids lesst than

necessari :%Hneed to_be purified in_order to renove
d4p-180recpretgably lgsy thag Q-h@. aad espasialby legsthang0.1% (wiw), of

rgpar.ati.v r . By "absence of WD.2004/ 113364

RGP &E3b ot T bt ks SN ReRarsqa s iiaafan Compound
r b CTBCin o t hat e L ON: - 10 .

R T A

erefarcak) youress than 1% nore preferably |ess than

0.5% and especially less than 0.1% (ww), of such

acids (notw thstanding the essential presence of the
SHaER SR B G R b BRBR SRR P o
G0 AALRRQTRY SolR B oy B AR R Rt fro, ff 3 Gftince

gblvenc systeal (¢.8akb adestfibed an iaRPhasnadtpaterdtOamslicatioh WO
system (e. %0 as described in international patent

Naved / 3o 2 elecatiting, owlitietiyg d eaaltior ngrentrifuging.

félteri ng and/gr e&ientr'fu ing... Crystallisation can be
rysiatlisaliqn cAn §e ehfechsLvItR oL Frithput BesdiB&t r an for med by

way of the process of the invention may be utilised

15 in the treatnent' and/or prophylaxis of conditions

Melwbatedh Fotida téy Whyobf tHpRIFLENOf Thed@SehfEn Rhay be utilised

requrred, including those conditions described’in

imttee tedatmenintrdioatprophylapst efitcoapiticne aini emschhhibition of

94/ 29336, and, WD 97/ 23499. . The process of the ) )

throaings gdesiredner sermrdagaciuding ferssgeenditionsdeseribed in

inter alia international patent applications WO 94/29336 and WO 97/23499.

The process of the invention has the advantage that melagatran may be
prepared in higher yields, more quickly, more efficiently, in a higher purity,
more conveniently, and/or at a lower cost, than when prepared by way of

techniques described in the prior art for the total synthesis of melagatran.

The invention is illustrated, but in no way limited, by the following

example.

25 i s cacTiSew04/001016
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20 prepared in higher yields, nore quickly, nore
efficiently, in a higher purity, nobre conveniently,
wanawi4an3zat a | ower cost, than when prepared byPGEBEZ04/001016

techni ques described in the prior art for the total

synthesis of nelagatran. Thg invention is

illustrated, but in no way |Iimted, by the follow ng
Sxa8m! e. WO 2004/ 113364 PCT/ SE2004/ 001016 9

é%%%é@e—i Synt hesi s of Mel agatran Monohydrate (a) HO

14&310{8121 anafZeroRally e Xi el agatran (see
Exanpl e g; 21.11 mmol; 1 eq.)
vvas di ssol ved i n et hanol (100 m.) and 2M of NaCH

12 { m; 25, 34 mml; 1.2 eq.) was added.
laﬁag our hours at 20-25C

%%1%%%?@%% Reslgh 1?"%@%31@9" Jof i ZAT ook 1 ea)

ds aﬁse%em' éthind e‘a)o) mL}lz%ﬂf %1 o W&@Hagolgg&% t(h?“/a{nL

40 nL of 'water was added he- precipitate

61.34manal; dd2 kqdtvess bdded. | Thatioture Afdsedtireidyidrfout R6urs at
sub- t|t| e_conpound was obtained as an off-white

Th¥hare|the vigactigiprwss samplsteodbe (twagtjon (thixture was
AR R R M RCHE sottions(13.7 mLis5 Agpmabib eq.),
?fgtgps h élg% jonyPa0 K BE Wikl 2l %cgge,go g%@%?@ita‘(@& ®hite
rsohdtwﬁ,oe(oﬂdc%d/\b Efﬂiratﬂﬁle Amtdﬁyeg thé @ﬁbétltl@aéorhﬁ@ﬁhd was
h dr ogenat ed é« ressure of at 68C) under
ge@nezmgs a1 of whgtefso id2Bhe piizld wasAppmx1nmm1y 99 % Owiwpm

tenperature activated carbon (0.5 g) was 20 added
under an inert atnosphere and the m xture was stirred

VS SLat al yst and carbon were filtered
éwﬁ%%s evaporated to
HO,C-CH,~(R)Cgl-(S)Aze-Pab-OH (5 g; 11.22 mmol; see step (a) above)
was mixed with 50 mL of ethanol:water (62:38) and palladium on carbon
(5% Pd/C; 0.75 g; moist 50% w/w water). The resultant slurry was then
hydrogenated (4 bar pressure of H, at 68°C) under vigorous stirring for 24
hours. After cooling to room temperature, activated carbon (0.5 g) was
added under an inert atmosphere and the mixture was stirred for 30 minutes.
The catalyst and carbon were filtered off and the filtrate was evaporated to
dryness. The title compound was obtained as a white solid (approximately
4.9 ¢g).

Crude melagatran monohydrate may be recrystallized as described in

international patent application WO 01/02426.
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dryness. The title conmpound was obtained as a white
solid (approximately 4.9 g). 25 Crude nel agatran

woumahysicat e may be recrystallized as descri be#CiT18E2004/001016

i nternational patent application WO 01/02426. WO

2004/ 113364 PCT/ SE2004/0010% 10 dains 1. A process
for the production of nelagatran, O O~NN HO OH NH
rl;l%sex vivo, which process conprises the hydrolysis
of a conmpound of formula I, OO~N RON OHNO
10 NH2 wherein R represents |inear or branched Cl1_6

al kyl" or a benzylic group, to form in substantially
dal t - f e processforahe ipreduation eftreclegapaynd of formul a

11, 15
O
O
. H
)J\/NE JjJ—N

HO i

O N

H

NH

NH

ex vivo, which process comprises the hydrolysis of a compound of formula

L
O
O

H ,

)J\/N N
~ l 0] N
H

N—OH

-

NH,

wherein R represents linear or branched C;.¢ alkyl or a benzylic group, to

form, in substantially salt-free form, an intermediate compound of formula

II,
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WD 2004/ 113364 PCT/ SE2004/ 001016 11 CH O HO N N I
OOHNOH NH2 followed by reduction of that

wonvarmexdi at e conpound. 5 2. A process as cl ai REWSEZN04/001016

Caim1, wherein Rrepresents linear or branched Cl_4
al kyl or a benzylic group. 3; A process as clained in
Caiml or aim2, wherein Rrepresents nethyl,
ethyl, n-propyl, igpropyl or benzyl. 10 4. A process
as claime in gny bne of At he preceding clainms, wherein
R represgpts gthy N Arocess as clainmed in any
one ofHOhe ecetlf'ng cl , wherein 15 the I
hydrol ysis step ifs carrl d out in the presence of 5
dfe

base. 6. A proge ehai m5 wherein the
base is an al kg 3 of an al kali netal
hydr oxi de. 20 7\.A process QR O‘qn
wherein the base is potassi um caronat@, sodi um
carbonate, |ithium hydroxide, potassium hydroxide or

A’

sodi um hydr oxi de. WD 2004/ 113364 PCT/ SE2€04/ 001016 12

followed by reduction of that intermediate compound.

2. A process as claimed in Claim 1, wherein R represents linear or

branched Ci.4 alkyl or a benzylic group.

3. A process as claimed in Claim 1 or Claim 2, Wherein R represents

methyl, ethyl, n-propyl, i-propyl or benzyl.

4. A process as claimed in any one of the preceding claims, wherein R

represents ethyl.

5. A process as claimed in any one of the preceding claims, wherein

the hydrolysis step is carried out in the presence of a base.

6. A process as claimed in Claim 5 wherein the base is an alkali metal

carbonate or an alkali metal hydroxide.

7. A process as claimed in Claim 6 wherein the base is potassium
carbonate, sodium carbonate, lithium hydroxide, potassium hydroxide or

sodium hydroxide.
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wofodhe3zes ecedi ng cl ai ns, wherein

8. A process as clained in Caim?7 wherein the base is
sodi um hydroxide. 9. A process as clainmed in any one
5 t he hydr oPgTiSE2004/001016
step is carried out in the presence of a | ower alkyl
al cohol, a diol, an ether gpd/or water as solvent.

©10. A process as clained in Cdaim9, wherein the

ol venty i ' f s i I n :
Soter, y3rgfhe, WAl if Gl 7 W CASRRRS sodium
hiérogide.t he al cohol is ethanol. 12. A process as
claimed in any one of the preceding clains, wherein

the hydrolysis step is carried out at between about

5C and about 50C, .15 .13. A proc as clained.in a .
he of M BIGss asGiaigied: i 4y OUmeE ahe, Proseais alis Wopein

U, RS eble RO ThnS LERYOF WByep gt alcohol
BICABEthas afd/@k Mederd 43 Glwnh 13 wherein the acid that
is added is sul phuric acid, phosphoric acid,

hydr obrom ¢ acid or hydrochloric acid. 15. A process

as ¢lainmed in ajm13 or_Claim14 wherein the pHis

é§j st SdPESEES AB £l egcmoq:]é“m ,aeherss the sQlveRioisex guyre
i~red . ' , rein the pHvalue is pH5 or

?’h%rééba sﬁCWf%‘gﬂ%\%sm PCT/ SE2004/ 001016 13 17.

A process as clained in any one of the preceding

clainms, wherein the reduction step is carried out by

Way of Ahprhceseamdlhimed in Cheempl (s semareinothe alcohol is ethanol.

12. A process as claimed in any one of the preceding claims, wherein

the hydrolysis step is carried out at between about 15°C and about 50°C.

13. A process as claimed in any one of the preceding claims, wherein
preparative work up following the hydrolysis step involves acidification of

the reaction mixture.

14. A process as claimed in Claim 13 wherein the acid that is added is

sulphuric acid, phosphoric acid, hydrobromic acid or hydrochloric acid.

15. A process as claimed in Claim 13 or Claim 14 wherein the pH is

adjusted to a weakly acidic value.

16. A process as claimed in Claim 15, wherein the pH value is pH 5 or

thereabouts.
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a suitable catalyst system 5 18. A process as cl ai ned
in Caim1l7, wherein the catalyst is a precious

woRb@E113369. A process as clainmed in Caim18, ROESEL04/001016

the nmetal is platinum rutheniumor palladium 10 20.
A process as claimed in Caijm19, wherein the netal is
paI adium 21. A process as clained in any one of

Qi ms A}%{é&zsg%smﬁh?éd‘lﬂ Q[g% 'ﬁFto‘th th.éspr%eo&\ﬂ.é? %ijaix%'g Yherein

support A process

whe kduttioRetGy RRMfied SuPBYWIRAREf heddbERRion ﬁﬁtheg)resence of
process as clained in any oné of Cains 17 t

wheitable ¢adialys@g/stear ogenation is carried out in the
presence of a solvent systemconprising a |ower alkyl

al cohol, water or a m xture thereof. 24. A process as

a| med, in G aim wherejn t cohol ClL 6 .
Ty A pResior o saimdd 58 17 HERH the S rmaprspions
#etaiherein the al cohol is i- propanol, nethanol or
ethanol . 26. A process as clained in any one of C ains
23 to 25 wherein the 30 solvent systemis a mxture
of net hanol and water or ethanol and water. WD
21@@4/ 13 PEaceERs Siziot) poChais 184 wherein the suetebisplatinum,

rred in %‘il’f 26 wherein the solvent systemis a
fHARbI

Hpgngrp and water in proportions of 70:30
(v/ v) or thereabouts,
20. A process as claimed in Claim 19, wherein the metal is palladium.
21. A process as claimed in any one of Claims 18 to 20 wherein the

metal is provided on a support.

22. A process as claimed in Claim 21 wherein the support is powdered
charcoal.
23. A process as claimed in any one of Claims 17 to 22, wherein the

hydrogenation is carried out in the presence of a solvent system comprising

a lower alkyl alcohol, water or a mixture thereof.

24. A process as claimed in Claim 23 wherein the alcohol is a C;_¢ alkyl
alcohol. ‘
25. A process as claimed in Claim 24, wherein the alcohol is i-

propanol, methanol or ethanol.

26. A process as claimed in any one of Claims 23 to 25 wherein the

solvent system is a mixture of methanol and water or ethanol and water.
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or a mxture of ethanol and water in proportions of
62.5:37.5 (v/v) or 5 thereabouts. 28. A process as
wobhei4nasBei n any one of Clains 17 to 27 wher ei nPCISE2004/001016
hydrogenation is carried out at el evated tenperature.
10 29. A process as clained.n Caim' 28, wherein the
hydrogenation is carried out under a positive
pressure of hydrogen. 30. A process as clained in
Caim29, wherein the hydrogenation is carried out

pnder & pk&RSE a4 QA i THERIEH WHREHUMLE: sobvent ]syst‘ém is a
process as clained in any one of Clains 17 to

whigtwet of trthethahyldambentdriinprogordans o€ JOBA (v/0) bhﬂlereabouts
absence of an mo{@gam c acid, or an _ additional

Oarbewytue afieghanod ansk aser 1h@reRRIons rofBRuBS GEv) or

thereabouts.

28. A process as claimed in any one of Claims 17 to 27 wherein the

hydrogenation is carried out at elevated temperature.

29. A process as claimed in Claim 28, wherein the hydrogenation is

carried out under a positive pressure of hydrogen.

30. A process as claimed in Claim 29, wherein the hydrogenation is

carried out under at least 4 bar of hydrogen pressure.

31. A process as claimed in any one of Claims 17 to 30 wherein the
hydrogenation is carried out in the absence of an inorganic acid, or an

additional carboxylic acid, as part of the reaction mixture.



