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FORM OF Makad\6tid23gg\ Fi el d of the I hi's invention rgkgkBsodisesnew
solid state forms of a drug, to mw@m” % conposi tions contai ning
them and to processes for obtaining ckground of the invention to
In the formul ati on of drug conpositi 68¥2"*it is |rrportant for the drug

oroccesed. | Thi A SUBYTRNTIAE LS ERY STACEINE B B MELAGATRAN, of

obtaining a conmmercially viable manufacturing process, but also fromthe
point of view of subsequent manufacture of pharmaceutical fornulations 15
conpri sing t e d. Further, in the manufacture of drug
conpositi onsﬁdp t‘ﬁ% IﬁQ-rH][?ﬁH that a reliabl e, reproduci bl e and constant
pl asma concentrati on profile of drug is provided follow ng adm nistration
to a patient. This is of particular 2o inportance in the manufacture of
conposi ti ons Thiyvefitiog réfatdsttorgevoablid sagefosms GfeTd 8t pirhacyuticad! i d
state stability) and "shelf life" of the active ingre i'ent's are al so very
i nport ant facompssitibhe cdntaining iseranerd tapdo@ssesdiop @btainmgstheomt ai ni ng it
shoul d be capable of being effectively stored over appreciable periods of
time, without exhibiting a significant change in the active conponent's
physi co-chem,cal charac i stics its chem cal conposition, density,
hygr oscopi c%ckﬁﬁo‘gﬂfﬂheﬂ;? E‘}‘}eﬂt"gnwo ovoi 426 PCT/ SE00/ 01398 2 Mbreover, it
Is also inportant to be able to provide drug in a formwhich is as

chem cally pure as possible. Anorphous materials nay present significant
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and are of t egubhsarit@ td beeinuBsforl QnaWchh it can be conveniently handled and

processed. This is of importance, not only from the point of view of
obtaining a commercially viable manufacturing process, but aiso from the
point of view of subsequent manufacture of pharmaceutical formulations

15 comprising the active compound.

Further, in the manufacture of drug compositions, it is important that a
reliable, reproducible and constant plasma concentration profile of drug is
provided following administration to a patient. This is of particular
20 importance in the manufacture of compositions comprising antithrombotic

agents.

Chemical stability, solid state stability, and “shelf life” of the active
ingredients are also very important factors. The drug substance, and
25 compositions containing it, should be capable of being effectively stored
over appreciable periods of time, without exhibiting a significant change
in the active component’s physico-chemical characteristics (e.g. its

chemical composition, density, hygroscopicity and solubility).
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chemcally inpure. The skilled person will appreciate that, if a drug can
be readi Woot2d2hed in io a stable crystalline form the abRGESEN®DINBNE may
be solved. Thus, in the manufacture of comercially viable, and
pharmaceutically acceptable, drug conpositions, it is inmportant, wherever
possible, to provide drug in a substantpally crystalline, and stable, form

151t is to . Ve t. -t oal .13, S ' | e.

| ndeed, typ?@%lepgé‘eﬁf l?E@o‘?ﬂppogg%ﬁbtPe@t gb]%r edPltzot%,l&?Pg?# \Qngl)éegoﬂ’ﬁgﬁ\s{ ructure
al one, what ; |4 ' viour of a conpound will be. This can
usual Iy onl ;lst%gc é%f%?ﬁwé‘g@réﬁg’?rsﬁglﬁ y. 20 Prior Art International patent
application WO 94129336 di scl oses a nunber of conpounds, which are useful
as inhibitors of serine proteases) such as 25 thronbin, including the
conpound, HAMbIEHIuE MATetialsShiy préseint sigaificaitrproblemepr ésemegard. For

cycl ohexyl gl yci ne, Aze represents azetidi ne-2 carboxyl ate and Pab-H
represenis 4xampleosechyhateridlsnateetypicadly difécubirp l¢ and| tocformmbate as

mel agatran (glycine, N[(1R)-2-[(2,5~-2-[[[[4 WO 01102426 PCT/ SE0Q/ 01398
3 (ani noi ni REREdeOT przelablaesolubiing ard @xe rffgn found, 3@ (heqpnstable and

cycl ohexyl - 2- oxoethyl ]-). A process for the synthesis of this conmpound is
described i ﬁh@mwyérép%? 5 WO 941 29336, where it is obtained as crude

material, by evaporation of reaction solvent following a final deprotection
step. The conpound is thus isolated in an anorphous form Wether it is

possi bl e t OTREQYiING FEIsBARlIPAbPrBciAtCthat! ld HAR EAH BLirgadi® obtained in

10 a stable crystalline form, the above problems may be solved.

Thus, in the manufacture of commercially viable, and pharmaceutically
acceptable, drug compositions, it is important, wherever possible, to

provide drug in a substantially crystalline, and stable, form.

15
It is to be noted, however, that this goal is not always achievable. Indeed,
typically, it is not possible to predict, from molecular structure alone,
what the crystallisation behaviour of a compound will be. This can
usually only be determined empirically.

20

Prior Art

International patent application WO 94/29336 discloses a number of
compounds, which are useful as inhibitors of serine proteases, such as
25  thrombin, including the compound,
HO,C-CH,-(R)Cgl-(S)Aze-Pab-H
wherein Cgl represents cyclohexylglycine, Aze represents azetidine-2-
carboxylate and Pab-H represents 4-aminomethylamidinobenzene. The

compound is also known as melagatran (glycine, N-[(1R)-2-[(25)-2-[[[[4-



I o disclosed in WD 94/29336. Furthernore, no information is provided in

rel ation {@ ¢i@Mad¢hi s conpound may be obtained in such a for 00,0358
particularly, howit my be obtained in a chemcally, and/o?bz,f#i stat e,

stable form 15 Disclosure of the Invention W have found that nel agatran
may be readily obtained in one or nore f,orns that are both substantially
crystalline and stable in nature. 20 Thdas, according to a first aspect of
the inventi &ﬁﬂwpmeﬁiﬁmmllmthbﬂm]ﬁﬁf@%@bgtaéﬁtldmb’l]y1t:ryst alline

form (herei naffpzlr rﬁ&erreg]%tﬁ) as "the conpounds of the invention").
Al t hough we Y5iRBerylAP%actYlivV- i s possible to produce melagatran in forms

2s which are greater than 80 %crystalline, by "substantially crystalline"
we include greater than 20 %, preferably greater than 30 %, and nore

r ef er abl t Y : i WAL [1init
Ironaty be de%/e?‘mﬁ%ﬁésgyfefla&éég{#fegelg%ggtrﬂssoé;\tﬁﬁg?‘%d &f}%@?yg%@ﬁﬁ‘?ﬂ%g??on d

(XRPD) . @ hav (O 9qIBée swhérecht id<oti@ined &t ehrleNWaterial; biR evaptRition VP
011 02426 PCT/ SE00/ 01398 4 spectroscopy, differential scanning calorinmetry

(DSC) and nireacticil solvert followiny aafinal deproseetionBep.c decomipowrid ishthus

i nvention may be in the formof a solvate, a s hydrate or a m xed

sol vat e/ hydrisnlatedSnl amamerphousifern¥. one or nore organic solvents, such as
| ower al kyl (e.g. C,~ alkyl) alcohols (e.g. nethanol, ethanol or

| so-propanol) or mxtures thereof. W have found that the conpounds of the

[ ti h | Si Ny bilit . d wth
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el agat rion. G IGEL Wo, 9828sky FibheBBle 66 BcHiRRR s (pVilkd n
stability angdla¢idhni td Bdvd!tBisS¢GApoURd may be obtained in such a form and, more
particularly, how it may be obtained in a chemically, and/or solid state,

stable form.
15 Disclosure of the Invention

We have found that melagatran may be readily obtained in one or more
forms that are both substantially crystalline and stable in nature.
20 Thus, according to a first aspect of the invention there is provided
melagatran in a substantialiy crystalline form (hereinafter referred to as

“the compounds of the invention”).

Although we have found that it is possible to produce melagatran in forms
25  which are greater than 80% crystalline, by “substantially crystalline” we
include greater than 20%, preferably greater than 30%, and more
preferably greater than 40% crystalline. The degree (%) of crystallinity
may be determined by the skilled person using X-ray powder diffraction
(XRPD). Other techniques, such as solid state NMR, FT-IR, Raman



By "chem cal stability” , we include -that the conpound can be stored in an
20 i sol at¥@ 0382426 form or in the formof a solid formnul ati BRT/SEOYPE3SE | t
may be provided in adm xture with pharmaceutically acceptable carriers,

di luents or adjuvants, under normal storage conditions, with an

i nsi gni ficant degree of chemnical degradétion or deconposition. 2s By "solid
state stabi kpdtroscop, | N@iffeferitiaft tsflﬁnﬁﬁigoo!lfl%&%%eﬁg StEDSC)i N afd

i sol ated solid for or inthe formof a solid fornmulation in"which it my
be provi dedmiorediorihens, mdyhaleb denmsedut i cal |y acceptable carriers,

di luents or adjuvants, under normal storage conditions, with an
insignificant degree of solid state transformation (e.g. crystallisation,
WO 01/ 02d26_PCTI SE00/ 01398 5 recrystallisation, solid state phase
transition, TRgdrampanndy iy thea iR intioso Mayt jbeadp gheoforme <@fi Rabolyate on) .

g
Ex I f. " I . iti Yo d f b
m s 50° anbYBHIE Bod T sPRAS/BtiEen SONARS A5 i hchiE fr ROFab!y
nmbi ent t . h b 1 d 300 b 0.1
and 2 bars DIENEr Shr9HS sBERn ME0Rr RIST e G DAY BRI B0 T ux o
W/ vi si bl e gﬂ&ﬂinolf g{haagpbpm,eﬂm?g%gd& tix@redfRatsf than or equal to six

mont hs) . Under such condi t1 ons} unds 1o of the invention may be found
to be less than 15 %, nore preferably |l ess than 10 %, and especially |ess
than 5 %, chem cally degraded/ deconposed, or solid-state transforned, as
appr opr i at e We liavekfouhd dthpe tiso conipoundp ofetheairevenbion hdve absueprisimgly oned
upper and lower limts for tenperature and pressure represent extrenes of
nor mal 40 or &gpraveddstabidity when eemipared widr melagatmarbpreparech as slesemberk
extrenmes w | | t bs gxgeri enced during nornmal storage (e.g. a tenperature
of 50C and 24(2833%- 0. 1 bar). The term "nornmal storage conditions" may
al so include relative humdifies 20 of between 5 and 95 % (preferably 10 to
75 %). However, in the case of certain crystalline fornms according to the
i nvention, i [ i .Str I; 1! and/ or
dehydrati on%ﬁgg‘g@g u‘!r25 égﬂgﬁﬁ g?“éb?&ogf ﬁ%ﬁ%ﬁ%}nﬁéx%ﬁ%&éju rlg "F%S %&Y@F@l%&xt remes
of relative T Jipddrel tenperatures/pressures. For exanple) we
have 2s fouﬁ%ﬁgghgﬁ%rgsgﬁﬁl ne forms of nelagatran that are in the form of
a hydrati¢ (e.g. a nonohydrate) may be stored at 10%relative humdity or
above at anbi ent tenperature/atnospheric pressure with an insignificant
degree of ddingdenni ‘tstabilityleasdefined heredn amcludéoomemidahstabilitytaaid sadied f or ns
of melagatran that _are in the formof an anhydrate should be stored at |ess
VO 01/ 02426 Stagers@bdsy 01398 6 than 40 % (preferably less than 30 %, nore
preferably less than 20 %) relative humdity at amnbient

t enper at ur e/ at nospheric pressure, to nmaintain an insigaificant degree of
hydr ati on.
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condi tions ey pbévidad | & eslrhixogrel twi&lhepﬁiﬁﬁi@ukibﬂﬂ%f fEdeptdtaE tarriees ng
stored. io The conpounds of the invention may be obtai ned advant ageously by
crystallisi diuerfsagast r adjuvats or dnder t nomndlur $toeageaseemditiofis,t hwithnwaant i on,
there is provided a process ) i

insignificant degree of chemical degradation or decomposition.

25 By “solid state stability”, we include that the compound can be stored in
an isolated solid form, or in the form of a solid formulation in which it
may be provided in admixture with pharmaceutically acceptable carriers,
diluents or adjuvants, under normal storage conditions, with an

insignificant degree of solid state transformation (e.g. crystallisation,



15 for the production of a conpound of the invention which conprises
crystal | i sig@gaglgagat ran. Al t hough nel agatran may be crysta!l,birmo,mgbp or
wi t hout the presence of a solvent system (e.g. crystallisation nay be from
a nelt, under 20 supercritical conditions, or achieved by sublimtion), we
prefer that the crystallisation is fromgan appropriate solvent system W
have found I t: .S -posslible . to o LN tallj ag '
crystalli sa%?%&s{ﬁy\#ﬁipﬁgegﬂg yst‘age] I@ifﬁ%%g n%iglé&ﬂnut bgﬁ”{;ﬁ%‘l’ o?%éﬁ@paﬁ?@,» on of
2s the conp ; ously, fromreaction solutions within
whi ch the cg’%alﬁ%ﬁ%nagpggsecﬁ%@gr&nggﬁ The sol vent system may include one or
nore organi c sol vents) such as al kyl acetates (e.g. linear or branched Cl~
al kyl acetates, such as ethyl WO 011 02426 PCT/ SE00/ 01398 7 acet at e,

i so-propyl &xatrggles afittnbrhyl steegieatenditibas® indlede tethperaauresoftbeawetred C
~.~, preferably Cz~) al kyl alcohols (e. g . ethanol, iso-propanol),

al i phati & amuinus othtamd Ipjul SO dpsefeeably betwvesat Anend n4®£§r3t and mote

toluene) ) dialkyl ketones (e. g . nmethyl ethyl ketone and methyl iso-butyl
s ketone), @reierably ambient fesnperamire; §ecthas berweambd podm) LetRIgHIUTes e.
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sol vents mgr@ﬁe@mDoaﬁeg@ai toP8iki mehMAN! lSt'ngaeér s&gngoﬁdakmﬁg,t compYihdd

conpounds of the invention are poorly Solu ), may thus ard the

crystal lip sabf Qe fhvdiRioh magV¢ fGud/ ko MeClebd kisarn 1 § 701 wibe¢ peefesablyclets. \Wien
| ower al kyl al cohols are enpl oyed as solvent, other solvents is identified

above may béhamp0 &y emhdasspaoiallydeve than § &s pehemscalyy degraded!decomposdd et hyl
acetate). Wien the crystallisation takes place froma reaction solution in
whi ch el ag&f r solidrataid egansformed, asuiapapopriatel vedhe skidledd@ersnerwil kyl
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evaporatkOnang that certain combinations of these extremes will not be experienced

-~

during normal storage (e.g. a temperature of 50°C and a pressure of 0.1

bar).

The term “pormal storage conditions” may also include relative humidities
20 of between 5 and 95% (preferably 10 to 75%). However, in the case of
certain crystalline forms according to the invention, changes in
conformation or crystal structure by hydration and/or dehydration may
occur as a result of prolonged exposure to certain extremes of relative
humidities, at normal temperatures/pressures. For example, we have
25  found that crystalline forms of melagatran that are in the form of a hydrate
(e.g. a monohydrate) may be stored at 10% relative humidity or above at
ambient temperature/atmospheric pressure with an insignificant degree of
dehydration. However, we have also found that crystalline forms of

melagatran that are in the form of an anhydrate should be stored at less



and/or via the addition of a suitable antisolvent) . Crystallisation may
al so be evVO@IOBI6by decreasing the solubility of the subst aR€ESB)0/Q13g8
.addition of a salt (such as NaCl). WO 01/ 02426 PCT/ SE00/ 01398 8 The
skilled person will appreciate that the concentration in solution of the
conpound that is to be crystallised, ang the solvent systemthat is used,

Corpounds. oft % NerERARDA 1ESTRAL A0S A PreRLAy RSN A 0. & o

conmpounds o e I'nv e 1n the ate, a hydrate or a

m xed sol vatglalive! ahifnidigPaUNSmbntt Nenipeyaiiké/AfmbEphetics Ophgsire, t hg form
of an anhydrite. (The term "anhydrite" , "when used in this context, also

i ncl udes t o ngainGn AdSInsigaificine deghsepbf Aydsition. To ensure that anhydrite is
produced, the solvent fromwhich the crystallisation occurs should be
dried, either before or during the crystallisation process, in order to
reduce the water content below a critical |evel, which should preferably
not be efceddwy, dlihionghteampoyndsapf itheinwentiath PRssASS r?hﬁf%?éeﬂlsi)g@ &€ ng t he

tallisation.i f | e by dey [ t he. wat tent of
a i xture oSBT SRFRUIRITIS Qe MASEIGH | deiriRd B REpPEiRFi 4T SMBGnic
I t/ I t t . Q. [ ' .gani
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depends upon 20 f'actors su as tenperature, concentration-in solution of

the conmpoungniwbbRaifértadtid! suitside criysillind forbd &fdtie bepipdstbhel sol vent system
which is enpl oyed, but may be detéerm ned non-inventively. Thus, anhydrite

may be pooduced by crystallisation froma solvent 2s system including one
or nore organic solvents (such as lower (e. g . CZ.G& al kyl al cohols (e.g.

et hanol , i sd'her cpmpoiunds ackttbei inviendoanmayr bet hbta tagiventagaendy bt er,

whi ch solvent systemis, or is rendered during the crystallisation process

) subst ant | &ySfalising pielagatean. By "substantially free of water" , we

i nclude that the water content in the solvent systemis below WD 01102426

According to a further aspect of the invention, there is provided a process
15 for the production of a compound of the invention which comprises

crystallising melagatran.

Although melagatran may be crystallised with or without the presence of a
solvent system (e.g. crystallisation may be from a melt, under
20  supercritical conditions, or achieved by sublimation), we prefer that the

crystallisation is from an appropriate solvent system.

We have found that it is possible to obtain crystalline melagatran via
crystallisation advantageously following dissolution and/or suspension of
25 the compound, or, more advantageously, from reaction solutions within

which the compound has been formed.

The solvent system may include one or more organic solvents, such as

alkyl acetates (e.g. linear or branched C,, alkyl acetates, such as ethyl



PCT/ SE00/ 01398 9 that which will result in the formation of, at nost, 20 %
nmonohydr akgp of¥g22ny Particul ar solvent system and set of crystadoolosidgi ON
conditions. To ensure that nonohydrate is produced) water nust be present
in the s solvent fromwhich the crystallisation occurs. The water content
shoul d preferably be above a critical | e.yel during the crystallisation
(which "critical level"™ will depend upon’the factors nentioned above in
respect of pAecrtateti da-propahhaattateepnd Thutyl ecotatedl | lawerdacghy dingae omy be

Rater, 1o anb4AChen L roe PABIEERRY dand LM GlbeTs (65 GHARGLARyMORABI e,

th I, i I t hyl. i so-but ket , t hyl et hyl t

acetoni 1 i1 62 RAHH itk AEORAtie. JPATSFtALS B Eh 450 00 a(RSHART chiitbed, an
tri ! . f : |

oresent as puref’ fakEReioneS GIPRARGT ol RAFE 18 HRUR Bfbud

ocours. 5ol VRt@he Naliahtyt cthdie (BQYM @lisolirepdl selern! shty deaionimy, al so

be prepared. For exanp we have found that xed |l ower al kyl (e.g. ClL.~

al kyl) al cohMixbereg.ofm@iynanche abdvesnedntimddosolvems phapdrolided. Organic
sol vat e/ hydrates may be prepared by 20 crystallising a conpound of the

i nvention fr solvantsimayatsodie admixedawkthl walet eiradqueoas golutionbanol , et hanol
and/ or iso-propanol), water and an antisolvent (e.g. acetonitrile), for
exanpl e as described hereinafter. According to a further aspect of the

01 R SSAORE ot T REE R SR el
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skill ed persqnhich kemporalialofithe iheérntidhate péoﬂ?_t Silasie) dgne meisy dipnaigot h the
ki netics and the thernodynam cs of the crystallisation process. Under
certain ther tidgnamltisatividpticess. (koweenilkyl sleshels areeprefenmtdrselvemessur e
and concentration of the conpound of the invention), one crystalline form
may be nore ¥Yhen dowennaliybt dlephelsr arevcersplayed @shsolyentionthesr solyehesr
crystalline forns. that nmay have, in copparison, a relatiyvely low, |,

t her nody A&ni &‘R’ékt | ahqye may %empﬂ‘é)(? a5 1 3ntspbiensy (espeaially] aretenitrileon,
kinetic factQrs,. ..sych time, inpurity to profile, agitation, the presence
of seeds, et gpéquqlcg%%?)nfl uence which forns appear. Thus, the procedures
di scussed herein may be adapted by the skilled person as appropriate in
order to obtain different crystalline forns of nelagatran. is In order to
ensure that W&t ahé 'di‘?stEHszﬁoﬁiS{aI&% Placdeedrdift’ £1 readtich ROARMIL G | Whiche
absence of other crystalline fornms déscribed herein, crystallisations are
preferably ceaolagairanbhasoyeehefotined, viitdble solwents inblwde ket alkybakkbBolf t he
desired crystalline formin the conplete absence of nuclei and/or seed
cryst al s20f (&.Bemethgsolalethanol Dorise-piepandlbachivk mahbe inadmixpirgnetithof t he
invention that are anhydrates contain no nore than 3 %, preferably 1 % and
more preferaMd€0.5 % (W w) water, whether such water is bound (crystal

wat er or otherw se) or not. Sol vates, hydrates and m xed hydrates/sol vat es
contain no less than 0.5 nol of sol vent and/or

Crystallisation of compounds of the invention from an appropriate solvent
system may be achieved by attaining supersaturation in a solvent system

25  which comprises melagatran (e.g. by cooling, by solvent evaporation,
and/or via the addition of a suitable antisolvent). Crystallisation may also
be effected by decreasing the solubility of the substance by the addition of
a salt (such as NaCl).



2s water (as appropriate) per nol of nelagatran. Preferred ¢ ounds of the
i nvent i on‘g"Qr"é’(’?‘ﬁ&e that are in the formof a hydrate, suchP§£B5°°/°l398
nonohydrate. According to a further aspect of the invention, there is

provi ded a conmpound of the invention that contains at WO 011 02426

PCT/ SE00/ 01398 11 least 0.5, preferably80.85 and nore preferably 0.90 nol

wat er per nmitheoékilled peaddrawill ppréciatesthad vt encentrationnic {clusich df et er or
otherwise) or not. s W have also found that conpounds of the invention in

one cryst al Icompdundmhasais lte oorestalised,namd dhésolveny sysiemm mkatf isrused, For
exanpl e, crystalline nonohydrate may al so be formed by elutriation of other
cryst al | i ne may inflyencg crysthllisation demperagurestands crysialligasion imesat er or a

m xture of a sufficient amount of water and one or several organic io
solvents (such as ethanol, iso-propanol, ethyl acetate, acetonitrile or

met hyl iso-hutyl ketone). The slurry that i,s f.orped.ma ef erabh be
seeded wt h%’%ﬂ’%@“&&t%%‘? )}ng?rxq[hén%n%nﬁr%ef?#o&éé‘r S?@ags'ﬁr e that
an appropri sf ofr: i.on ace. is Further, drying tenperature
and drying 3‘5@55‘&39 %ﬁ"g%i 'sé?kgg’ie?éfc?@?s.t ate properties and/or the solid
state form of conpounds of the invention (e.g. solvates, hydrates or

m xtures thereof). For exanple, in the case of hydrates, dehydration nmay

occur at | owdiipoands o$ thedinvengbe\aigdilice beeimtiy dorrancf an dsiduired.
pressure. For exanple, follow ng the 20 formation of crystalline

nmonohydr at e (Thherterms “anbydrate’s| when dused | iavehishetaniexthi aksodripchudesray be
performed, which may result in crystal water being lost, and a solid state
t r ansf orlfimt iCOMPRAANGs thahgrer sansobeates ) n§oO ensurathas aphydratg ds Rreducedy be

converted (conpletely. or rtially) taq,nmonohydrates i ases. where they are
Sub] ect od { dhesoRias fpmer Bhigh fne, ths AlUSRRER Hohin sheu)drhedried) St c: anc v
hi gh. Thus,

provi ded a [lf’?eg@%gg% ﬁgrfﬂ(éh ei%&%@?@?agﬁ)%gﬁogﬁés’Eﬂ\/eg{-%\fﬁ%;te%%?#pg;&%l&gonpound

of the inveny t 0 [ [ h&i und of
the w0 0118203 BFeRIgilds ™R, FHRE AR reIGatly 1Bt B B RemBel lent
system and/dring the! &¥§/sEARtRIn. | BbB/cn® MyA/ bt Uricd darihy dhélcey@illisation
nonohydrate, subjecting the crystalline anhydrate or nonohydrate (as

appr opriat e)process foi erampts byvddcheasing fipe oyateratentert of iavmitwre of ithe | evel .
5 The preparation) and characterisation, of inter alia anhydrate,

nmonohydr at e ,compbund taatbe/ erystalliseds andraAno APPIOPSILE S BMICt SdVenilaquepus, are
described hereinafter. Different crystalline fornmg of the conpounds of the

i nvent i on ( SObVEDt Ry SteRm\(@rat BY AREFCANBENBEoRARAL 81 arggnigesqlyenyi gt 1s
present and/or removal of water by formation of an azeotrope, with

successive distillations). The “critical level” of water depends upon
20 factors such as temperature, concentration in solution of the compound to
be crystallised, impurity profile, and the solvent system which is

employed, but may be determined non-inventively.

Thus, anhydrate may be produced by crystallisation from a solvent
25  system, including one or more organic solvents (such as lower (e.g. C,,)
alkyl alcohols (e.g. ethanol, iso-propanol), acetonitrile and/or ethyl
acetate) and/or water, which solvent system is, or is rendered during the
crystallisation process, substantially free of water. By “substantially free

of water”, we include that the water content in the solvent system is below



i o characterised using X-ray powder diffraction (XRPD) nethods, for exanple

as descria% i nafter. Conpounds of the invention may beyj Ma si ng
t echni ques l:;bg 2%are wel | known to those skilled in the art,Pb?or elgg?rgl e

decanting, filtering or i5 centrifuging. W have found that, by enpl oying
the crystallisation process as describeg herein, it is possible to produce

conpounds of the_ invention wth a_chem Cal _purity i ch is above that of
the nel agat r#t Whichhwild respltn the forgpafionyof nag W@S?,%% NRBPRYHALE, HOF t her

purification_of canpounds of the inventi may .be effected using techniques
Bhi ch are. v RATORTIAE Goneb sy Sim Pkt S srdotaiisaci SRS [ ourt o1 ec
may be renpoved by way of recrystallisation froman 25 appropriate sol vent
system (e. g. |ower alkyl alcohol, such as ethanol or iso-propanol), which

ey | nl ude pighsole/ itk hEnohydidf 36 ABRucARCHARN fdsP beepfisnA R iRt

met hyl ethyl ketone), water, or Ination o vents . Suitable
t enper at yr esopvet trdmRswhith tHeecryaedllisitidd beairson Thepeater coiem1sHhidd 6

PCT/ SE00101398 13 upon the concentration in solution of the conpound to be
crystal | i seqyreferablypbe abevesd \ariticad yktvein dutiing the osestallivétzon qoviiclunds of
the invention are crystallised, or recryscallised, as s described herein,

t he resul t antcriisablayel’” mdllidepand sipenvibe dACtoss mensioned abexe 18 HesreshPf and

solid state stability_nentjoned herei nbefqore. Pha ceutic Pr epar ati ons
and Medi cal PIREugRPN éfﬁ T3 ce'jjhﬁ&awrvﬁtéﬁmng,r%@% Bﬁ‘@ée@f t he

neentson T 0 AL b 1 BHERP Gy SRTREURY,,
th t g OB im: th tical
o opar arifon adfr O bEmee drelnlcAVe!sDincdis eini Phbiite, Bubli] TROZ | O
accept abl e ¢Reafifll @y MisdBURY Hetoll, RiRheY ettlidtkdibite, CACBIONR0ANd he

invention is a formwhicCh is sditable for oral or parenteral, such as
subcut aneousnixagres nthetevéit i on. Dependi ng on the disorder, and the patient to
be treated, as well as the 20 route of admi nistration, the conmpounds may be
adm ni stered at varying doses. According to a further aspect of the

invention, there is provided a pharmageutical fornulation including a
conpound of khe&DSHIgRatop saivate 1s produced, an appropriate organic solvent,

15 capable of forming a solvate, must be present as part of the solvent system
from which the crystallisation occurs. Solvates that are in the form of
“mixed” solvate/hydrate may also be prepared. For example, we have
found that mixed lower alkyl (e.g. C,, alkyl) alcohol (e.g. methanol,
ethanol and/or iso-propanol) solvate/hydrates may be “prepared by

20 crystallising a compound of the invention from a mixture of lower alkyl
alcohols (e.g. methanol, ethanol and/or iso-propanol), water and an

antisolvent (e.g. acetonitrile), for example as described hereinafter.

According to a further aspect of the invention, there is provided a
25 compound of the invention that is in the form of a solvate, a compound of
the invention that is in the form of a monohydrate, a compound of the
invention that is in the form of a mixed lower (e.g. C,,) alkyl
alcoholate/hydrate (e.g. an iso-propanol solvate/hydrate), and a compound

of the invention that is in the form of an anhydrate.



2s adm xture with a pharmaceutically acceptabl e adjuvant, diluent or
carrier. Q0426 fornul ati ons include those disclosed in | RESSEI39|
patent applications WO 94| 29336, WD 96/14084, WD 961 16671, WD 97139770) WO
971 45138, WO 98/ 16252 and WO 00l 12043. WD 01/ 02426 PCT/ SE00/ 01398 14 The
conpounds of the invention may be furthdf processed before being adm xed
with a suitable carrier, diluent or adjuvant. For exanple) the crystalline
formmay be mlled or ground into smaller particles. s W prefer that

f or nul at i onsAsampy it apprecigied: iysthef skiled iperson,i the arystallina foomnthahig i s
suitable for garent eral (e.g. subcutaneous) delivery. In this respect,
conpounds of obtaingdndependsnupem hesh theikisetics and the dhguwodyBamicsnet eg ri er

system (see, for _exanple, international patent lication WO 00/12043) in
of der tf) prOWééalBsqa{% RERGESY | cﬂpé%f:?ﬁw tfﬁlsﬁmpﬁﬁgaw candisions {splyent 012 a
i quid and/ or sol ution.. The amunt o nd of e inventi.on ichis
o oyed T Srlerms bpRDiturs creaRtE il cHECBRAROr 6 thF coBiFotndSo e i)
to be t t I 3 d i i.S/ b
ot orm ned. | dveRfof bn@ScrRRIRATTIBNAC ey M thdr?) SBIE T Vaomat tol 21 B¢

because theyjRResesHs BifrRCALMEVER! oﬁ{étﬁiéﬂykbélliﬂé‘%nﬁlg &hah A1 Bhee,i fidi cat ed

as pharmaceuticals. "20 In” particul ar, e Conpounds of the invention are
pot ent i nhi btémpariedn ! direlatively fow theranedynansic deabilisy,r magche Ridefieallpst s
described in WO 94129336. The conpounds of the invention are expected to be
useful in thfavoueed.neMhusf inoadditiomskidetice faotdiishi suadn asf tifrie, oithpuritys
required or 2s desirable) including those described in, for exanple WO

94/ 29336 andprafley/az@aton, the presAncesef seedsn atpi EraYd adspninfileenceeWhiahe by

i ncor por at edmlﬁnref er enc,ﬁ % 0l /02426 PCT/ SEQQ/ 01398 15b Sui tabqh doses
of the conpo ORPRGAE- | hhust thenPracewss, discussed, iiezeln may,be, adapicd byt i ¢

treat nent of | i,an, especial n, tient.s bt he 0.4 to
40 g per da?@gﬁ@%rpﬁ?%d‘é ?Bpljﬁ%ﬁ%f{rgn(%ﬁ% épa%?tﬁﬂg%éggretng qgﬁaﬂ body
wei ght, at i.ni stration, and 2 to s 1000 er day, and/or
0. 081 to 108%@$§fﬁﬁ3€%§§a§b| y 0.01 to 25 ng/kg) body V\rrgi ght, a%/ or al

adm ni strati on.

15 In order to ensure that crystalline forms as described herein are prepared
in the absence of other crystalline forms described herein, crystallisations
are preferably carried out by seeding with nuclei and/or seed crystals of
the desired crystalline form in the complete absence of nuclei and/or seed
crystals of other crystalline forms described herein.

20
Compounds of the invention that are anhydrates contain no more than 3%,
preferably 1% and more preferably 0.5% (w/w) water, whether such
water is bound (crystal water or otherwise) or not. Solvates, hydrates and
mixed hydrates/solvates contain no less than 0.5 mol of solvent and/or

25  water (as appropriate) per mol of melagatran.

Preferred compounds of the invention are those that are in the form of a
hydrate, such as a monohydrate. According to a further aspect of the

invention, there is provided a compound of the invention that contains at



According to a further aspect of the invention there is provided a nethod
of treat ghPhaea condition where inhibition of thronbin i pcragspoesdsor io
desired, which nmethod includes adm nistering a therapeutically effective
amount of a compound of the invention to a patient in need of such
treatnent. For the avoi dance of doubt, py "treatnment” we include the

t herapeutic,is trgatnent,.a |1 ,as_th 0 | ax} of. condi t.j Qn.
Conpounds o#eqsﬁ@'f ﬂggq?ﬂa@,ly ﬁa af‘ﬂé“%%‘bﬁﬁﬁgbﬁ’w f@?b ﬁ%%&lwaﬁeé Reﬁdrgu §?m whi ch
provi des for.i \, Ing. t Qe hpvention
have the ao RGBT wEREr Sl ARtk 19 ooufd iyl BERER BF Sufior 80 oF

i nproved chggpical and solid state stability. Thus, conpounds may be stable
when stored over prol onged periods. Conpounds of the invention may al so
have the advantage that they may be prepared in good yields, in a higher
purity, in less time, nore is conveniently, and at a |ower cost, than forns
of nel agat r aWe fhaveaald fouadi thas lopmphndsnoithe anventian inomeacstaling in no
way |imted, by the follow ng exanples, with reference to_the encl osed
figures in ipmBhecan Yo omverieds IROT/0ter/YSisling forgs: e FOERGXMNRIA, X- r ay

Cbt ai ned by ChiyADneCamRongd5te YOS DS HioEedn Y. FUTRBRRGPT other ©

diff t for. th tall] I bt ai ned
by vy of " ERVRLnE Tty e 2 GuketeR Sq/8F B BRI MRS AT The
crystall i ne fghiPe0bs ! AURLIAR AABYEY Idre walAlaRad ofY YRVseQbrdPafink: 6. 10

Figure 4 shows an ray po ractogram for the crystalline form of

mel agat ngn issReRtORNE afse/etion! dseiprapaiesl, bathyRyacetatEx aBlohitle &ener al

Procedures is X-ray powder diffraction ‘analysis  (XRPD) was perfornmed on
sanpl es pr epaethyl dss-badil ngetdne)st Bhel sslarryethan dis) fdroede reayp peeferaidy biescri bed
in Gacovazzo, C et al (1995), Fundanentals of Crystallography, Oxford

Uni versity Peedss withrdrystals of thenerystalline meuohydratelinomyer tocnsiietthah to X

20 Ray Powder Diffractonetry) John Wley & Sons, New York; Bunn, C. W
an appropriate transformation takes place.

15 Further, drying temperature and drying time may affect the solid state
properties and/or the solid state form of compounds of the invention (e.g.
solvates, hydrates or mixtures thereof). For example, in the case of
hydrates, dehydration may occur at low humidities and/or elevated
temperatures and/or reduced pressure. For example, following the

20 formation of crystalline monohydrate, there is a critical humidity level
below which drying may be performed, which may result in crystal water
being lost, and a solid state transformation to an anhydrate occurring.
Conversely, anhydrates may be converted (completely or partially) to
monohydrates in cases where they are subjected to an atmosphere with a

25  relative humidity that is sufficiently high.

Thus, according to a further aspect of the invention, there is provided a
process for the conversion of one crystalline form of a compound of the

invention to another, which comprises recrystallising a compound of the



(1948), Chem cal Crystall ography) d arendon Press) London; or _Klu H P. &
Al exander,wq_‘.m@f“(l 974), X-ray Diffraction Procedures, John Wllwg/z!ﬂﬁ?ssons,
New York. X-ray anal yses were perforned using a Sieneas D5000
diffractoneter and/or a Philips X Pert D. 25 Differential scanning

aecor L?F;rty ' ??&%mﬁ’fffﬁorﬁi%%g”&%ﬁt%i@%xgt PYEw. GRLPF bR h‘é”e.q%ézf G w
H. 199 i ff. i i i .Spk i , i n. WO
01 / 02426 pe REeegB8e0k by AL ARV RO BY A PR TS er B o1 o
W Unt he Excaay 4LA% 200 My (a4 Fibppfiale), I B BERREhe, FRGCAAC

patterns andy ioﬁ%e%@&ﬁ‘v’@%ﬁﬂﬁi?le@&her Exanpl es di scl osed bel ow, when it
was clear fr the rel evant pattérns/thernograns (allow ng for experinental

error) thkat the same crystalline formhad been fornmed. Thus, limts of
experinental to error for DSC onset tenperatures may be in the range 5C
(e.g. t20), Hmd fpoepaxiitndi andnceharatieesanioy, befi nintére wéingeashydratehe | ast
deci mal place. Synthesis of Mel aQay an | ~Zonohydrate 15 Exanple 1 (a)

Boc- ( R) Cgl - (BeRrohydrate, zandlvmive@./by%r@.tg farras dccqmpaynds sf Abe inyeqtiom eq. )

18 U E';gfi? | 58 deerbed hekindan. SDTRER! Biialuel o 2@%%%&%&9‘1 ¥°@k§F§e3f

[ : [ ED C 4 ,

vas s 111 e ¢ Bttt g ot Sl ot EOubBREBRY pBIRAI, coce”
e det em TR, SR Ko pIRHE® it PLREDY imilods, BT ne"

filter cake gsampleabdsidd Béldiarpget ate: acetonitrile (80:20 v/v). Aqueous
sodi um chl oride solution (10 % w w) was added and the pH was adjusted to

4.0 wth hydrochloric acid solution (4 M. The solution was thoroughly
stirred for at least 15 mnutes. The water phase WO 01/02426

PCT/ SE00/ 01 39@mpeungss of dheiavendion maynbe tisalatedgusing toobriquesn sviigh razet ed

w th aqueous sr%gm chlgride_ solution (20 %wWw) . _ The so|lution was

t hor oughl y <¥¢l wipto Hhose skalled) n e, afte SOT TRAMRLE dECHHINZ I Phr at ed
of f and t he or g i ¢ phase extracted wi th aqueous sodi um chloride solution (
10 s w/\I\})S o Eﬁg@ adjusted to 8.0 with agueous potassi um carbonate
solution (25 %wW w) . The solution was thoroughly stirred for at |east 15
m nutes. The water phase was separated off. Ethyl acetate and acetonitrile

wer e evapor f h&HC,

until the vm%eﬂ?gﬁ?ﬁgﬁgg?%gﬁ%@%E?%fﬁrfa‘?’é{sysﬁgﬁ P?é%gsgfﬂidoéglgé?i ng

material . Mbegeigf hitl isapebsibR (d 3pldduge Oforapauhd bfMiieerindentiodpswith a
chemical purity which is above that of the melagatran which is to be

20 isolated in the first instance.

Further purification of compounds of the invention may be effected using
techniques which are well known to those skilled in the art. For example
impurities may be removed by way of recrystallisation from an
25  appropriate solvent system (e.g. lower alkyl alcohol, such as ethanol or
iso-propanol), which may include antisolvent (e.g. iso-octane, acetonitrile,
ethyl acetate, methyl ethyl ketone), water, or a combination of these

solvents. Suitable temperatures and times for the recrystallisation depend



added during the evaporation process. A sanple was renoved for water

content 3biis Et hyl al cohol (10 %v/v of the total vol Wrpspmemiideen
added. The soﬂ‘}t%i on was used directly in the next step. is (b)

H (R) Cgl - (S~Aze-Pab-Z (i) The solution fromstep (a) was cooled to 10C
Met hane sul phonic acid (7 eq. per eq. ¢8 Boc-(R)Cgl-(S~Aze-Z) was charged,

mai ntai nin e . I telr LAt to 22C
and the regucﬁ}g#es%‘{elﬁ%%{@{l B‘rﬁrsg)gl%%pﬁggg‘g)&ﬁﬁtglﬁp&at? tfeeg\@?tggké’;oﬁc@gversi on
had 20 occ HeSo } The reaction solution was cool ed

to 10C andu'5 (tﬁ?act edqgmﬁ[tesﬁm;hg%g%%}f%ga& 25 % (w w) aqueous potassium

carbonate solution (8 eq. K C03) for at |east 15 mnutes. The tenperature
was adjusted to 20C and the water phase was separated off. The organic
phase was wadtesd coinpoundsrioft theeinventignergscrystallisads oo reeryseadlised, As 2s (10%
w w) and potassium carbonate (1 eq. K~C03) for at |east liécrH: ut eaw The
wat er plfasedesssibedphereind the resultant sepmppBRd of Hha JoPR; M 3’@60 d was

used direct]y in the next step..{ii) The.sub-title conpound was prepared
usi ng essentMBIqVEd; @&#@%%@Eﬁ%‘a s@ﬁa&tya%%vmnseﬁﬂq?ﬁmiaﬁﬁ D) (i) above,
except that the tenperature WO 011 02426 PCT/ SE00/ 01398 19 was adjusted to
25 C, and the reaction was stirred for 5 hours, follow ng addition of

met hane sul j i —Qg(aq ; -(S~Aze-Pab-Z s (i) To the
reaction so?ﬁ??%l%c?‘ﬁg?ﬁﬂsﬁéﬁ%)ha a%&%dlgﬂﬁ%r et hyl acetate, water and
pot assi um car bonate (3.0 eq. per eq. of H (R Cgl-(S~-Aze-Pab Z) were
charged) and the reaction m xture was stirred until the potassium carbonate
di ssol vegl. Beazydrdbnesmdthethat mveitién ethe pempeundsobf tie R)vEgtiog, 18aybe- Pab- Z)
was added and the reactor tenperature was increased to io 40C. The

t enper at ur eadwministered abratly, f imtraysooesipo suhehtanepuslympbeccadly, r E8&AIBE f or

anal ysis by HPLC . Wen 95 % conversion. had occurred, the tenperature was
decreased t dermalannasally, teasbealdy, Ef%‘-‘@ﬂg%(/\»agy zi’InD’o‘Ngﬂr tR?rg%'F@eTOP&‘r, at

o 100 AqUBBYE SHIEHTbHPORdBT RS OE 8 DB A06 3l R PRERSCAe B e i -
adj usted to,4. i d o Cj i p system
was t hor ougm%yg?ﬁ%égnao& gié Frfe@glklggkﬁlmgnh%@ggghgﬁf%&ggeé%ggegg‘% ee for at
| east 2Qs M pLES- t fthe i9P&H &4 gohHe
Sorotiop (4 %Mﬁgﬁgﬁdﬁgﬁgﬁ%ﬁg&ﬁﬁ?%gg the HEAHUR B4 00

hydrochl ori ahich dis suitable for oral or parenteral, such as subcutaneous,

administration.

Depending on the disorder, and the patient to be treated, as well as the
20 route of administration, the compounds may be administered at varying

doses.

According to a further aspect of the invention, there is provided a
pharmaceutical formulation including a compound of the invention in

25 admixture with a pharmaceutically acceptable adjuvant, diluent or carrier.
Suitable formulations include those disclosed in international patent
applications WO 94/29336, WO 96/14084, WO 96/16671, WO 97/39770,
WO 97/45138, WO 98/16252 and WO 00/12043.



20 solution. The solution was thoroughly m xed for at |east_15 m nutes and

al | oned tWOMPIGte for at | east 20 nminutes. The water phasBCHEB0MUAR at ed

off. Water was added to the resultant solution, which was cooled to 10C.

The pH was adjusted to 2.5 with 4 M hy(cjiumhl oric acid solution. The

t wo- phase system was thoroughly stirre or at |east 15 2s m nutes and

al | oned to Jhsacempotnds af theaavergomimay e, fumtker\pranessgthbefarasbeivpar at ed

and charged slowy into a mxture of potassium garbona in ethyl acetate.
d diearo; 50y, GHTERkD R

The pH was admixed ity a7 seitahlercarsier, AHuGRt 9F ALt £100; C¥ATR 8t e
solution and th .regcti on m.xt ur S thlg{dou hli ) xed f.or at | east 15
mnutes at SHSEAREIory may e af 81¢ O smaler p $1 02426

PCT/ SE00/ 01398 20 20 mi nutes. The water phase was separated off. Ethyl
acet at e was evaporated under vacuum (ca. 10 kPa) at a nmaxi num tenperature

of 40C ugti I j bheR; : :

Boc- (R) Gyl (S adEelfy R orpon ashpENEEaRpots JERY [eibhSe My o1 s
(S~Aze- OH) anfdreiveReieiEthtad o pareditéral @d%c%db@ﬁ@ﬁ&@ﬁﬁ dediviety .t hin ddkunme in
the reaction vessel was about 8.5 L/kg . sanpl e was taken for water

cont ent analrgspest, témpbandstafi theonnesntiomnsah elss admaimed. withh 4nv/ aqueoust er was
added to give a total water content of 0.5-2.0% (wv). The tenperature was
adj ust ed tosalvegt catner systemofsesolfor iaxample, international (patent Applicanon of t he
sub-title conpound and the slurry was thoroughly stirred for 10 hours, then
cooled to 30@509@41294%@ 9@%%9@@3%@%%6%1 fosmulatiqrthat 18 oy s,
Tol uene (5 kg of the.sub-title compound) was charged. and the slurry was
stirred léorltéﬁ 9‘?@&9 a%&wamgaépﬁ&macet ate and tol uene were evaporat ed
under reduced pressure (ca. 10 kPa) until the ~s volune was the sanme as
before the toluene addition. Toluene (5 L/ kg of the sub-title conpound) was

added and t higeShmbit WeTothpdurl of the dhvédisit wiichi§WngSloydd dn Su! a acet at e

and tol uene were evaporated agai n under reduced pressure until the vol une
was the samfogfiulacibar will @Pbﬁdtmeh@dﬁinﬁitm’n, amd patiente bbarcAedleds -to a
total volunme of about 11 L/kg of 20 sub-title conpound. The slurry was
careful |y stwell ad thercompoummd(s) viichiris/aze emysloyethe bat yanabes detarmified t er ed
of f and washed with toluene and dried in vacuum ( < 150 nbar) at

appr oxi riat elnpnAgeentdvgly. The sub-title conpound was prepared using
essentially the same process as that described in step (c)(i) above, except
that: 25 ( 1 ) before reducing the tenperature to 20 C follow ng addition

of benzyl br acetate, ., 96 % conver Si cMnred; d ird
extraction ;?]%gﬁopwdéaﬂfi "OE‘EV_"%“%&J%% 8‘%95% %&cal"fngd‘é%%lgggg% (d)
Mel agat r an P%fid i) ol wagpehar [ ea 20C. Pd/ C
(10% w w of l}%g é)%%z_i& (?Q%S:Jg} -, S~A§g%ab-g%j, gﬁtegt%fralréat e ié\a[%t egg was
added. (The phafhcaiiRdly, of water was-6 %v/v of total solvent.)

Bzl -OC(O)-CH2 s (R Cgl - (S~Aze-Pab-Z (firomstep (c)(i) above; 8 % w v of
total sabvent) was charged, and the tenperature was raised to 25C. 3.5 bar
pressure of HZ was applied to the reaction m xture, which was stirred

vi gorousl y florparticulanhahe t ¢tempeuvnds of hes irvientioneare potetst mhabiterd of HPLC) ,

the tenperature was set to 20C, and the reaction slurré waﬁ)ﬁtr_eat}%d wth i
o activat ed tREamya. (foroexample af dempnstiedaiio the tpsts| descrivedqin Wkt er (0.

5 L/ kg of stgrti erial) over Q.5 h. The catalyst a arbon were
Filtered of A9 e cambolnds ol duveiion ake eXpenied to 34 pRgub
mel agat r an i t . .eduyc SSUr e
nt 1t hevaPeniECangs, of qi3ieioE bt B AR B iSRG 3
25 desirable, including those described in, for example WO 94/29336 and
WO 97/23499, the disclosures in which documents are hereby

incorporated by reference.



is LI kg of nmelagatran anhydrite) was charged and the solution was again
evapor at esvoadiioeg@éuced pressure (at a tenperature between 20pgiiEdtlodsos 0 a
vol une of about 7 L/kg of nelagatran anhydrite. The solution was filtered
and washed with iso-propanol (7 L/ kg of nelagatran anhydrite).

Et hanol /i so- propanol were evaporat ed atlyeduced pressure (at a 20

t enper at ur e ShthRedostd cite mpduthddof thel ilvedftiondin thed thbrapdi@icodndret agat r an
anhydrite. The water content was anal yzed and adjusted to 0.6 - 0.7 L/kg of
mel agat r an pndplirladtec trEatment of imamywadianarespdciatl yAblmand patientsnate iihe (6.0
L/ kg of nel agatran anhydrite) was added over 20 m nutes, whereupon
crystal | i zathefanges Os4 e t4QH mig pesednhgand/on Q.0802tol 4 mB/kﬂ)@tﬁfg@bébbt ai ned
anal ogously le 4 bel ow, 2 % w w product).

t he et hod desri bed jn Exa
The mixtor 0uld 36 T rea ke Daoiveiaht 1At Rbkndeel AdTNsrasian. 2 to
mel agat r an drite s ch ed, hRt o, t vessel ., Th Lur Ry irred
2t 40C for IO schbr SBVeceitonRBh e 160" BRae kel P B0c for
at least 1 reai, . : 01/ 02426 PCT/ SE00/ 01398 22 by
filtration ?ﬁ%?ﬁéﬁﬁé’%ﬁ?@é’%m r‘?‘flggatll%ﬁé\?propanol (9:1 (v/v), 3.5 L/kg
of the title conpound), acetonitrile (2 L/kg of the title conpound) and
finally ethyl acetate (3 L/kg of the title conpound). The crystals were
dried at 40@cenedihpCo2durber aspect of thd ievértidretheoeio provided prplaodd usi ng
essentially the same as that described in process as step (d)(i) above,
except t hat of (ttgatmieat afoaiconditionawdieys tinhitiition| ofy thropibineld wesgpiredoem/ w of
starting mater. al ;Wﬁ) the total anount of water in the reactigon was 7 %
w v of totafesisedsenthich sethyd tinelugdes tadmingering | % ergpewiicallyc sHactive
evaporation was not. carri edgﬁgt; ghdf%.the i n- process. controlgjor wat er
content af t 8MOURL Qf, 2peemPPRRL Qfa Veaian do 3 Ratient 1o, need @f) 3 was
added, instgr%g ié adjustnents to 0.6 to 0.7 L/ kg being carried out); (5)
t he anmount HBER ng solvents were: is (I) acetonitrile:iso-propanol - 3
L/ kg of nelagatran anhydrite; (I1) acetonitrile - 3 L/kg of nelagatran
anhydrite; and (I111) ethyl acetate - 5 L/kg of nelagatran anhydrite; (6)
the drying Feendeaivdigan®s oft doubdnBy ( Ttredthedt®Woe incRide tHY thédiBpeutic
pressure-during drying was 100 nbar. 20 The crystals were anal yzed by XRPD,
TGA, GCl5 DStreatmientaiak wdlbahthe priophgtaxds).of thegndiioned essentially the sane
XRPD pattern, and DSC thernogram as those exhibited by the form obtained
according to Exanple 4 bel ow. 25 WO 011 02426 PCT/ SE00101398 23
Crystalli sa&j on of Mel aﬂlat ran A\nhydrat[eh Exanmpl e 2 )

ompounds of the invention have the advantage that they are in a form

which provides for improved ease of handling. Further, compounds of the
invention have the advantage that they may be produced in-forms which
20 have improved chemical and solid state stability. Thus, compounds may

be stable when stored over prolonged periods.

Compounds of the invention may also have the advantage that they may be
prepared in good yields, in a higher purity, in less time, more
25 conveniently, and at a lower cost, than forms of melagatran prepared

previously.

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

examples, with reference to the enclosed figures in which:



A reactiqn solution (ethanol: water) containing approxi mtely 64. 8 of 5
mel agat r SO OYI834, ed anal ogously to the method described i nPéfﬁﬁB‘?’%“gs above
(excluding the last crystallisation step), in a round-bottonmed flask, was
concentrated by evaporation at reduced,pressure until 149 g of solution
remai ned. 200 nL of absol ute et hanol wa{ then charged into the vessel, and
the solution was concentrated again until 89.5 g remained. Aio white

precipitatewas formed. Afurther 250,04k of absol ut h t hen

char ged i nt 5846 1,8RQE$ an 'cfaﬁ'h%p%‘% rq%\%@g%xptégféﬁe gﬁ'ysggﬁ{ngv\%%@ Eﬁti | all
of the solu [ : j ntrated again until 78.9
g of sol uti%ﬁ%@%ﬁn@%&%ﬂﬁ%ﬂgﬁe a%wﬁg%oﬁg%@g{%ﬁ%e et hanol was added, and
t he suspension was agitated at 38C until everything is dissolved. The water
content was 0.5 % (ww) as determi ned by Karl Fischer titration. The

sol uti ons waFjduirk t2eElesvs %ﬁOXIﬂa? powder diffraciogsdradforithé cepitaltinecforabep! ut e

et hanol . The sol ution was heated to 30C under a NZat nosphere, and

acet oni t ri | metegatranamgachydrace tbainesbyglwaynopxampbs4unti| the sol ution
becanme opaque (a total of 1380 nL of acetonitrile was 20 charged). The

sol ution was seeded using seed crystals of the title product. The

suspensi on was agjtated overni ght, .and. _cool ed to. anpi ent tenperaturge. The
crystal s WeFég“Xﬁg-’héléP‘Mﬁéér Ty RWMASH fra?@gmmrf%gge I‘F[Y%?ﬁ‘é’e oﬂnu?g of

et hanol and_acetoni tri.l 1 v/ W) and en wth acetonitrile (300 ).
The crystal g‘%ﬁ&"t“h@”&é@@%‘“&é@”(&% ’Hn.l%\ffsé]'After 4 hours drying,
t he pariiacl es were mlled. The drying was then continued under the sane
conditions as above for an additional 20 hours. The crystals were anal yzed

by XRPD, GCg _e@ﬁﬁoﬁk iﬁ"ﬁ?razi;Sd\@dérod‘i-fﬁ'ﬂbl%/g@ﬁ[%?%ﬁé"c}yétﬁlli_né%kﬁtGt_d bel ow
(Table 1) andis shown in Figlre 1. WO 01702426 24 Karl-Fischer titration

showed 1.1 frelagatdanvad ro;aiﬂélh&/ﬁy&ra%bﬁﬁwww of Eahmeld A)j ntensity ( %
)d value (A)intensity %)d value (Aintensity

General Procedures

15
X-ray powder diffraction analysis (XRPD) was performed on samples
prepared according to standard methods, for example those described in
Giacovazzo, C. et al (1995), Fundamentals of Crystallography, Oxford
University Press; Jenkins, R. and Snyder, R. L. (1996), Intreduction to X-

20  Ray Powder Diffractometry, John Wiley & Sons, New York; Bunn, C. W.
(1948), Chemical Crystallography, Clarendon Press, London; or Klug, H.
P. & Alexander, L. E. (1974), X-ray Diffraction Procedures, John Wiley
and Sons, New York. X-ray analyses were performed using a Siemens
D5000 diffractometer and/or a Philips X'Pert MPD.

25
Differential scanning calorimetry (DSC) was performed using a Mettler
DSC820 instrument, according to standard methods, for example those
described in Hohne, G. W. H. er al (1996), Differential Scanning

Calorimerry, Springer, Berlin.
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Exanple 3 85 nL of a reaction solution (ethanol) containing nelagatran,
prepared i o anal ogously to the process ldescribed in Exanple 1 above
(excluding the Last crystallisation step) was charged into a 500 nmL

round- bott oned Mask. The sol ution was concentrated by distillation
(pressure: iﬂeﬁhagfavlm&ié GARGERIMGA) WdS) perfidirhed GsBigga Mewmler (Faledo

remai ned. 63 nL of iso propanodl was added and the sol ution was concentrated
agai n as abqxA 850 instmendmt. 8 g remai ned. A sanple was withdrawn, and the
wat er content was 0.93 % (v/v) as determ ned by Karl-Fischer titration. An
additional 1.16 nL of purified water was added to the solution in order to
i nprove the WO 01/02426 PCTI SEOQ/ 01398, 25 filtration. [The round-Dbpttoned
flask was pFerme ipfeparedi |inpacRordange ithodhen x@ﬁgﬁ§5I9$P3h §§8” i tated

using an inpeller. 30 of acet opitydl | €. ar 0 jat o

agi t at ed sgP g8seaHallyo rr?&eof Saljeq alcgp%%tfcﬂje &ﬁ ﬁ F@Sc\g%%tdr%d lv?t/esrh'g added
to the sol utjon | SLAr I | Ty '

agi tated fob%?%%né@eﬁﬁﬁﬁ%s ?tlyﬁ%%dahéﬁkv Heﬂﬁggqfrﬁﬁhg?d lg&ge?gg} trile
was added. VhAL | braned (@Mlowiiz for eRprdibeatal téreon)i thabat h was
t hen renove éﬁgbéﬁ%bgﬂgﬁﬁg%ﬁ%\as aéji}atg% at an%i ent terrperlgture for 2
hours. The gheSimkscry@aRide forfr Bdd Weenuiotmedy aThusy) linktshefiexparimental xt ur e
of iso-propanol io ahd acetonitrile, then with pure acetonitr(i’l e, and then
dried atio40@rtordéor rRSCC edselr eeraperaturebemayebe Ihabedranget red (Mg 1eft in
the nother liquor) was 84 % . The crystals were, anal yzed by, XRPD,, GC and
Kar | - Fi schert2P€).aandbfor XRPE) distanes etlugs gyt bain qg@@a R I8t tern as
t hat exhi bited, by the form obtained according to Exanple 2 above.

Conver si on @FC@%ISRIQWJ ne Mel agatran Anhydrate to Crystalline Melagatran
Monohydrate 20 Exanple 4 2 g of nelagatran anhydrate (obtained according to
the nethod described in Exanple 3 above) was charged, together with 1 nL of
tap water) %J@&l‘lﬁ Mﬁ@ﬁ@ﬁgﬁf”‘@‘i&;fﬁ%ﬁg mL of acetonitrile) into a 50 nL
Er | enneyer - d on a shaking table and kept at
ambi ent {enperature. The crystals were filtered off after 9 days of

agi tation/ shaki ng using vacuum and thereafter dried at anbient tenperature
in a fume hdéxhmple 1

(a) Boc-(R)Cgl-(S)Aze-Pab-Z

DMAP (3.0 eq.) and Boc-(R)Cgl-(S)Aze-OH (1.0 eq.) were dissolved in
20 ethyl acetate:acetonitrile (80:20 v/v) at a volume of 18 L/kg of Boc-

(R)Cgl-(S)Aze-OH at 20°C. Pab-Z x HCI (1.15 eq.) was charged into

the resultant solution. EDAC x HCl (1.4 eq.) was added, and the slurry

was stirred at 25°C for about 3 hours. A sample was removed for in-
process control. The reaction solution was worked up when at least 95%
25 conversion was determined to have taken place. The slurry was then
filtered, and the filter cake was washed with ethyl acetate:acetonitrile
(80:20 v/v). Aqueous sodium chloride solution (10% w/w) was added and
the pH was adjusted to 4.0 with hydrochloric acid solution (4 M). The

solution was thoroughly stirred for at least 15 minutes. The water phase



WO 01/ 02426 P E00/ 01398 26 The crystals were anal yzed by XRPD, DSC) TGA)
GC and Ké’yp-olylgggﬁer titration. The XRPD result is tabul at edPOYSEWUHK) o 2)
and is shown in Figure 2. 5 DSC showed one endothermw th an onset
tenperature of ca. 83C with an associ atlesd heat of -125 J/g (due to

dehydration) and one at ca. 210C (due to nelting) . to TGA showed a
decr ease i nWass§cRaTated off and, the, pTgaBis phasy Kah sxdrasted ovih RASRYEr at e

(},“?wawﬁj “vat 89 ?%%ﬁ@??é@l@%ﬁkﬁ@%ﬁ%ﬁ&ﬁ ¢ Souioh; Vs {aarbBeh sieier 1y (
%) d val ue ()it gag) by [udhk2l B S5 N e R0R e oA 1

1 904. 75603.

5 %9491-422}ggsﬁg%gégg%%gg@g?w%ﬁ?”aq%%Q@-&%\% thictide solution (10%

303.81152. 3 . 2273 pFB WiZs 38jARPdl 9@ B 0704t aqi¥dul]l poBAsiny Christiiie 01398
27 Exanmple 5 139 kg of ethyl acetate was charged into a reactor together

wi th 10.3 kgohftiore(2igat waw).arFiyd salueioff wasntharoughdy Stibedofgr, atf lehstoi®d by
1.9 kg of s purified water (4.5 equival ents). The suspension was agitated
for 16-20 houingtest 40he Poatepvphasecovas regpamted Offi he Bthybeacsliate and
agitated for an additional 2 days. The slurry was then filtered using
pressure fi BEF@DIGHE warg avaporated upder yacuum ga. clax KPabab avissedagfe h 46 kg

of et hyl acetfate als,were dried at reduced

. . 50 50
Thar) and 1 OA%e 0L JEtF PuEe thberadion Ei A KR ES HkeabD, osc
TGA, GCgnd sEﬂ'Eih'g RhafbRl. More ethyl acetate (13 L/kg of starting material) was

added during the evaporation process. A sample was removed for water
content analysis. Ethyl alcohol (10% v/v of the total volume) was then

added. The solution was used directly in the next step.

15 (b) H-(R)Cgl-(S)Aze-Pab-Z

(1) The solution from step (a) was cooled to 10°C. Methane sulphonic

acid (7 eq. per eq. of Boc-(R)Cgl-(S)Aze-Z) was charged, maintaining the
temperature below 20°C. The temperature was adjusted to 22°C and the
reaction solution stirred (4 hours) until at least 95% conversion had
20 occurred (as determined by HPLC). The reaction solution was cooled to
10°C and extracted with a cooled (10°C) 25% (w/w) aqueous potassium
carbonate solution (8 eq. K,CO,) for at least 15 minutes. The temperature
was adjusted to 20°C and the water phase was separated off. The organic
phase was washed with a mixture of aqueous sodium chloride solution
25 (10% w/w) and potassium carbonate (1 eq. K,CO,) for at least 15
minutes. The water phase was separated off. The solution of the sub-
title compound was used directly in the next step.
(1) The sub-title compound was prepared using essentially the same

process as that described in step (b)(i) above, except that the temperature



titration. They showed essentially the sane XRPD pattern, and DSC

t her nogr ey gifp24dgose exhi bited by the form obtai ned accordi pgrisRoddrsbecanpl e
4 above. Karl-Fischer titration showed a water content of 4.0 (W w).
Conversion of one Crystalline Formof Ml asatran Anhvdrate to another 20
Crystal line Formof Mela~atran Anhydrat¥ Exanple 6 2.5 g of nel agatran
anhydrate (Wﬁlfﬁcgﬁﬁtt'&”&l)tﬁ %5@,03&3 ﬂ@?eé&ﬂi&hg@g% shifat 10215 Wolifs, ollbwihg

| so- propanol ap water and 13. of acetonitrile, into a 50 nL
Er | enmeyer fQHagton Jﬁﬁleiﬁa&&ksdmrﬁb&@m on a 2s shaking table, where it was
left for 9 days. The crystals were filtered under vacuum and then dried at
40C and at a pressure of |ess than 20 nbar overni ght. WO 01/ 02426

PCT/ SE00/ 01398 28 The crystals were anal yzed by XRPD, DSC, GC and

Kar | - Fi schen(c)tle«@LG(@).—Cﬁaf(R)@gb(s)égﬂ-Pabgtabul ated bel ow (Table 3) and is
shown in Figure 3, 5 DSC showed an endot hermw th an, extrapol ated onset

t enper at &r e%afoltbg T£36iden SORHION fIom SI‘RPaEbﬁ}) aqoz@,ﬁlgt.hcfrﬁh)él acelyfeq val ue

(A)intensi t¥va(te1%a218 pvoet‘zlls%?urﬂpgairgct)x?aqgi(%% <eq% e?' evq"j.II of° H(-&)idktl-e(g'%%-Pab-

Z) were charged, and the reaction mixture was stirred until the potassium

carbonate dissolved. Benzyl bromoacetate (1.2 eq. per eq. of H-(R)Cgl-
(S)Aze-Pab-Z) was added and the reactor temperature was increased to
10 40°C. The temperature was maintained for about 20 hours. A sample
was removed for analysis by HPLC. When 95% conversion had
occurred, the temperature was decreased to 20°C and the reaction mixture
was allowed to settle for at least 20 minutes. The water phase was
separated off and the solution cooled to 10°C. Agueous sodium chloride
15 solution (4% w/w) was added and the pH adjusted to 4.0 with 4 M
hydrochloric acid solution. The two-phase system was thoroughly mixed
for at least 15 minutes and allowed to separate for at least 20 minutes.
The water phase was separated off. Sodium chloride solution (4% w/w)
was added and the pH adjusted to 4.0 with 4 M hydrochloric acid
20  solution. The solution was thoroughly mixed for at least 15 minutes and
allowed to separate for at least 20 minutes. The water phase was
separated off. Water was added to the resultant solution, which was
cooled to 10°C. The pH was adjusted to 2.5 with 4 M hydrochloric acid
solution. The two-phase system was thoroughly stirred for at least 15
25 minutes and allowed to separate for at least 20 minutes. The water phase
was separated and charged slowly into a mixture of potassium carbonate in
ethyl acetate. The pH was adjusted to 7.0 with 25% (w/w) aqueous
potassium carbonate solution and the reaction mixture was thoroughly

mixed for at least 15 minutes at 20°C and allowed to separate for at least
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pCT/ SEO0/ O 398 29 Example 7 3.0 q of nelagatran,anhydrite. (from Exanple 2
above) was cNafyBHest ogblithe¥atr tFﬁ“@?SWﬁE paf%ltﬁdvﬁ&er ghﬁ'lzﬁ:ﬁteof"aét hyl

tate, int | | \J ki
ol o, wner soppoiedhdes (R lod, 7 kpal 8P AR iR SRR pt A0 30T
. _ _ ) :
of 1ost tnanish e Rofilin M HAGAR oSl Ry AR 813 Bl R REFEe0) oo
and Kar| -Zingsj[)gie-m{}.i t MdreORthylhgoeafeownd agdedtisalll/kgt b BE&EERYEEID

pattern, C thernogram as those exhibited by the form obtal néed

accordi ng t ¢SyxzvPH) ﬁmbmra@daa(?ﬂiﬁ utides réduted mressurtagnil the vahimeri te
(from Exanpl e 2 above) was charged, together with 0.5 nL of tap water and

20 niL of netimyhe reastiont ydss&lewasnaboun8d &/k9 .mA Sarmplenwge takdnafor. watee f | ask
was placed on a shaking table) where it was left for ?}yggys. The crystals
were filter&anipnganalysiurkl thaswalervameeay| less shan, 0y %k EWHe, WalEE t hen

Siiyif' gf“s ﬁfvési%é‘éﬁ% v ErPO S TEE SORERANL B SChO% {CPAL ] OBES They
chi bi ted by PHECHSHS a7 AL R BNt YRR o bR Vs B g™
0111024260 PCHAPREIHIRe 1apGRTu 6 iphnaard 8! dhiry ol BlorappER s baghy dr at e

to Crystalline Melagatran dr at np yst drate
(fr. om Examfpt 20lhai9y HerE6SledtbeIDBT dvedW® ddupy a8 Wubséquenll§y- ttredpar) and

40C until the water content was less than 1.0 % (ww) .
for at least 3 hours. Toluene (5 L/kg of the sub-title compound) was
charged- and the slurry was stirred for at least 15 minutes. Ethyl acetate
and toluene were evaporated under reduced pressure (ca. 10 kPa) until the
15 volume was the same as before the toluene addition. Toluene (5 L/kg of
the sub-title compound) was added and the slurry was stirred for at least
30 minutes. The ethyl acetate and toluene were evaporated again under
reduced pressure until the volume was the same as before the toluene
addition. Toluene was then added to a total volume of about 11 L/kg of
20  sub-title compound. The slurry was carefully stirred for at least 3 hours at
20°C. The crystals were filtered off and washed with toluene and dried in
vacuum ( < 150 mbar) at approximately 40°C.
(ii) The sub-title compound was prepared using essentially the same
process as that described in step (c)(i) above, except that:
25 (1) before reducing the temperawre to 20°C following addition of benzyl
bromoacetate, 96% conversion had occurred; and

(2) a third extraction at pH 4 was carried out.



The crystals were analyzed by XRPD, DSC, GC and Karl-Fischer io titration.
They showab @gpgstial |y the same XRPD pattern) and DSC t her igegiqipbofng t hose
exhi bited by the form obtained according to Exanple 6 above.
Crystallisation of Melagatran iso-Propanol ate/ Hydrate ~5 Exanple 10 2.0 g
of nel agatran anhydrite (from Exanpl e hbove) was added to an Erl enneyer

flask. 5.5 nl) 8lelhgfrPi MsoHydrate® ML of ethanol, 1.4 nmL of purified water
) % L yarat

and 24 nL o en charged into the flask. 20 A magnetic

bar was pl aqpdEthanbhevds ettdtgediih@ha wesctpl ac20°0n PEHTaKI0ON wakl of Bikept at
anbi ent tenperature. The suspension was agitated for 7 days. The crystals

were filter COMIHy-RCgh@NAzeRab-24),i eltriated0in water; yassuided. dfheess
than 20 nbar overnight. 2s The crystals were anal yzed bé XRPD) DSC. TGA, GC
and Kar| - Fi $elabrameuntaf ovaterwasqédp viasof ttoral solbentar e BADGIP - Ebr e 4)

o1, SRS o RSN SRR ETSSID AR50, RS NER O
result IR Shchla! s The Bt R OUPPLALE I d59te S TEIIRE BT, o,
?/‘Z\)SIS n?gng?i ﬁ’( @?ﬁ%& %@B\}}g& &é%ﬂgrem%ﬁ(tgré’,%ﬁﬁh( Whi BHERA Vigokoudly forvs ue
h. When the reaction was finished (as determined by HPLC), the
temperature was set to 20°C, and the reaction slurry was treated with
10 activated carbon (10% w/w of starting material) elutriated in water (0.5
L/kg of starting material) over 0.5 h. The catalyst and carbon were
filtered off and the filter cake was washed with ethanol (5 L/kg of
melagatran anhydrate). Ethanol was then evaporated at reduced pressure
until the volume was 4 L/kg of melagatran anhydrate. iso-Propanol (14
15 L/kg of melagatran anhydrate) was charged and the solution was again
evaporated at reduced pressure (at a temperature between 20 and 30°C) to
a volume of about 7 L/kg of melagatran anhydrate. The solution was
filtered and washed with iso-propanol (7 L/kg of melagatran anhydrate).
Ethanol/iso-propanol were evaporated at reduced pressure (at a
20 temperature between 20 and 30°C) to a volume of about 4.4 L/kg of
melagatran anhydrate. The water content was analyzed and adjusted to
0.6 - 0.7 L/kg of melagatran anhydrate. The solution was warmed to
45°C and acetonitrile (6.0 L/kg of melagatran anhydrate) was added over
20 minutes, whereupon crystallization was started by seeding with the title
25 compound (obtained analogously to the method desribed in Example 4
below; 2% w/w product). The mixture was stirred for about 15 h.
Acetonitrile (6.5 L/kg of melagatran anhydrate) was charged into the
vessel. The slurry was stirred at 40°C for 3 h, then cooled to 20°C over

1 h and finally stirred at 20°C for at least 1 h. The crystals were isolated
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=(5~- azet i dityefiltratiohand wasbadavith emtommikr: peapanal/ (B (vAns k9| Likg gl

=(R) - cycl ohexyl gl yci neDVAP =4-di et hyl.am nqpyri di neEDAC

=1- et hyl - 3- (O;Y e _ilﬁy¢cgﬁp%$ﬁ)@pgﬂe}0@§ﬂlﬁo@] me@ﬁﬁhy thle compound) and

017 01426 33 HFUPREUD] HeCBSear{KalTy Ter OF SRR midF FOFRISTTEE. s 2
01/01426 33 . a Mty rm t . s 2.
A stable for atran in a formwhich has a high
stability. ﬁ@%@%@%@aﬁo'iﬂgﬁﬁnd as claimed in any one of C gi ms 1
to 3, whisch (i) T e gﬁ?@%ﬁa%a@ rggzga{repeusiﬁg AsENBL ML dgme! 24 Mg i n any

one of Cai 1to 3, h cont al east 0.5 nol “of water per nol of

nel agatran. de%cﬁbed\iﬁPmussds%&pﬁ(d&)'(ima@oba, excdpntator Cl aim 5,

characterised by a differential scanning calorinmetry curve, at a heating
rate of | OC/(ih) nthenamouho o ccatalyswinitialy pemphiyeduwder12Z % ow/wgofiistartiggn,

exhi biting an endothermw th an extrapol ated onset tenperature of about 83C
and an associ atBatérédlt of about -125 J/gram an- X-ray powder diffraetioa

pat Ler 20 JHer G2l Ll Sas B oF g i RS B ! D e oty )
68 4 35 )18 00 Bl T o bbb s It e o o
\%Iwi g'h?’;%;( }"’/n"(thl’z.ealéoirﬁm@f:g%@%{?@ d@t\g_ﬁéi TBiidn? aB2Y BV orHtiBhival dt 3
carried out (water (0.6 L/kg) was added, instead of adjustments to 0.6
to 0.7 L/kg being carried out);
(5) the amount of washing solvents were:-
15 @ acetonitrile:iso-propanol - 3 L/kg of melagatran anhydrate;
410 acetonitrile - 3 L/kg of melagatran anhydrate; and
(I1ID) ethyl acetate - 5 L/kg of melagatran anhydrate;
(6) the drying temperature was 45°C; and
(7) the lower limit for the pressure-during drying was 100 mbar.
20
The crystals were analyzed by XRPD, TGA, GC, DSC and Karl-Fischer
titration. They showed essentially the same XRPD pattern, and DSC
thermogram, as those exhibited by the form obtained according to

Example 4 below.

25



8. A compound as clainmed in CQaim7 characterised by an X-ray WO 01/02426
PCT/ SEOO/ QA2 Powder diffraction pattern characterised By %ﬁb#i ne
peaks with d-values at 15.9, |15.1, 10.9, 8.9, 8.4, 8.0, 7.0, 6. E%ﬂ 6.4) 6.2,
6.0, 5.8, 5.5, 5.3, 5.0, 4.87, 4.81) 4.71, 4.bl1l) 4.45, 4.08, 3.97, 3.82,
3.76, 3.66, 3.44) 3.32aad3.20A. 5 9. ARZTonpound as clainmed in daim?7

characteri %ﬁ;s@i..ié’atﬁﬂéﬁl\lﬁli%ﬁ}ansﬁﬁﬂﬂﬂfHecm orinetry curve, at a heating
rate of 10 ' ' rnhol e under flow ng nitrogen,

exhi biting an endothermw th an extrapol ated onset tenperature of about
210C and an associ ated heat of to about -120 J/g; and/or an X-ray powder

di ffracti orExmmpler2y characterised by crystalline peaks with d-values at 17.
8) 89, 81 7.5 6.9, 6.3, 5.9, 5.6, 5.5). 5.4, 5.3,,5.2) 5.0, 4.71, 4.43)

4.38, 4 33 Asrepstion. sphution dethagobwater) 7enntaindng appseximately, 64.82 of. 40,
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clai medsi n GE@jRd STHECHSEP ddiRteOWSRN0.9% 69/6FW80determined by Karl-

Fischer titration. The solution was filtered, and the filter was washed with

200 mL of absolute ethanol. The solution was heated to 30°C under a N,-

atmosphere, and acetonitrile was charged into the vessel in portions until
the solution became opaque (a total of 1380 mL of acetonitrile was
20 charged). The solution was seeded using seed crystals of the title product.
The suspension was agitated overnight, and cooled to ambient
temperature. The crystals were washed under reduced pressure with 350
mL of a mixture of ethanol and acetonitrile (1:5 (v/v)), and then with
acetonitrile (300 mL). The crystals were then dried at 40°C (0.1 mbar).
25  After 4 hours drying, the particles were milled. The drying was then

continued under the same conditions as above for an additional 20 hours.

The crystals were analyzed by XRPD, GC and Karl-Fischer titration. The
XRPD result is tabulated below (Table 1) and is shown in Figure 1.
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Example 3
85 mL of a reaction solution (ethanol) containing melagatran, prepared

analogously to the process described in Example 1 above (excluding the

last crystallisation step) was charged into a 500 mL round-bottomed flask.

The solution was concentrated by distillation (pressure: 50 mbar; bath

temperature: 70°C) until 15.3 g of solution remained. 63 mL of iso-

propanol was added and the solution was concentrated again as above until

14.8 g remained. A sample was withdrawn, and the water content was

0.93% (v/v) as determined by Karl-Fischer titration.

An additional 1.16

mL of purified water was added to the solution in order to improve the
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The XRPD result is tabulated below (Table 2) and is shown in Figure 2.

DSC showed one endotherm with an onset temperature of ca. 83°C with

an associated heat of ~125 J/g (due to dehydration) and one at ca. 210°C

(due to melting).

TGA showed a decrease in mass of ca. 4.3% around 95°C corresponding

to a monohydrate and a decomposition starting around 220°C. Karl-

Fisher titration showed 4.3% (w/w) water.

Table 2
d value | intensity | d value | intensity | d value intensity

(A) (%) (A) (%) (A) (%)
21.1 65 5.07 55 3.63 15
10.5 75 4.90 25 3.52 20
7.6 90 4.75 60 3.39 5
7.0 100 4.68 50 3.27 10
6.7 10 4.35 15 3.23 5
6.4 5 4.19 20 3.12 20
6.2 25 4.00 10 3.09 10
5.7 5 3.94 5 3.06 5
5.4 10 3.85 20 2.75 5
5.3 30 3.81 15 2.38 10
5.22 45 3.73 10 2.35 10
5.19 25 3.70 10

10\ 10\
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4"10% &' () - &8 \=l 109%& ()--.10: 10;
b& () melagatrgnr ganhydrate%érzl Exampl%: 9 below), followed by 1.9 kg of
5 purified water (4.5 equivalents). The suspension was agitated for 16-20
hours at 40°C. Following cooling to 25°C, the suspension was agitated
for an additional 2 days. The slurry was then filtered using pressure
filtration, and the reactor and filter cake were washed with 46 kg of ethyl
acetate. The crystals were dried at reduced pressure (150 + 50 mbar) and

10 40°C for several days.

The crystals were analyzed by XRPD, DSC, TGA, GC and Karl-Fischer
titration. They showed essentially the same XRPD pattern, and DSC
thermogram, as those exhibited by the form obtained according to
15 Example 4 above. Karl-Fischer titration showed a water content of 4.0%

(w/w).

Conversion of one Crystalline Form of Melagatran Anhydrate to another

Crystalline Form of Melagatran Anhydrate -

20

Example 6
2.5 g of melagatran anhydrate (from Example 2 above) was charged,

together with 6 mL of iso-propanol, 1.0 mL of tap water and 13.2 mL of
acetonitrile, into a 50 mL Erlenmeyer flask. The flask was placed on a
25 shaking table, where it was left for 9 days. The crystals were filtered
under vacuum and then dried at 40°C and at a pressure of less than 20

mbar overnight.



10: 34nl0% &
I ~11"" dEGYQN

()-S !
124884 () -, 10%44&' () -

L 10948 () -, 10%48 () - TH10%H& () - " - #GH##<${ $aBg\ =! , @' 10%&' () -3, | YL0%& () -

L #! 1096+ H#H& () -, &109%1& () -

{ $$$990B&IEQ\ =! , @ 10%4& () -
@ 10%& () - ha1omsiilg ) weye 10vatigeed -byB S
10%&' ()-f10%& ()- 10H 10H 10HSOY10%& ()- (] (((*)F**dE_ @,  f
@aROR.) - s° @ 109’ ()-s10%& ()- z109%& ()- 109%& () -
**9++++ aB @, 0Z10%& () -

ly109%& () -
1 109 () -y

K

, G 10%4& () -
@ 4F10%4&!

. Z109%& () -

| +109& ()-L9% 109& ()-! @9 109& ()-y3"109%& () -

10 10, 8109
4GLOY&! () -

@10%& ()-!10%& ()- @0%B& () -

&1! 109%6& () DSBAGHEYRE hn -erdothd@Owith) an @
u33z4[ 4\ 4] 4i 4x44bCl, f10% & () - @fy10% & () -

10

210°C associated with a heat of -120 J/g.

1911

(DY

L 109 () -
- @' 10%4 () -
'PS@., GQoasd ( Karl-Fischer

fedl- ofidet
& ()- 10

'110% & ()-1 @' ! 10%z& ()-!1@"'!10%: & ()-

1 1094H& () - PCT/SE00/01398

----- (- xnbCl, 1096& ()- 10

! 0%&' {).- ) -
“The RIRED Ke8ult)s tabujated helow, (Table,3) and is shownjgeEispre 3. 10oger () -
L1098 (9 -, 10968 ()-S'109%& () -~ ./ N w0O1dEnbCl , @ 10%& () - S& 10968 () -
@0%& ()- 1)2l222. 3u3dEnbC! , S3ML0Y%B& () -
g[’%éﬂamre of

Table 3
d value | intensity | d value | intemsity | d value intensity

(A) (%) (A) (%) (A) (%)
17.8 100 4.43 5 3.28 1
8.9 45 4.38 15 3.24 1
8.1 20 4.33 10 3.17 1
7.5 10 4.14 5 3.09 1
6.9 5 4.12 10 3.01 1
6.3 5 4.05 10 2.96 5
5.9 25 3.91 10 2.83 1
5.6 10 3.73 10 2.54 1
5.5 10 3.61 5 2.49 1
5.4 10 3.58 5 2.41 1
5.3 5 3.56 5 2.38 5
5.2 5 3.47 5 2.35 1
5.0 10 3.40 5

4.71 10 3.36 5
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[T ‘5] u?as} {e?t or 9 da%ls. Tlgu)e crystals weré )ﬁltered under vz(icguum,'S washed

with ethyl acetate and then dried at 40°C and at a pressure of less than 20

mbar overnight.

The crystals were analyzed by XRPD, DSC, GC and Karl-Fischer
10 titration. They showed essentially the same XRPD pattern, and DSC
thermogram, as those exhibited by the form obtained according to

Example 6 above.

Example 8
15 3.0 g of melagatran anhydrate (from Example 2 above) was charged,

together with 0.5 mL of tap water and 20 mL of methyl iso-butyl ketone,
into a 50 mL Erlenmeyer flask. The flask was placed on a shaking table,
where it was left for 9 days. The crystals were filtered under vacuum,
washed with methyl iso-butyl ketoné, and then dried at 40°C and at a

20  pressure of less than 20 mbar overnight.

The crystals were analyzed by XRPD, DSC, GC and Karl-Fischer
titration. They showed essentially the same XRPD pattern, and DSC
thermogram, as those exhibited by the form obtained according to

25 Example 6 above.
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5 Crystals of monohydrate (from Example 1 above) were dried at reduced
pressure (< 15-20 mbar) and 40°C until the water content was less than
1.0% (w/w).

The crystals were analyzed by XRPD, DSC, GC and Karl-Fischer
10 titration. They showed essentially the same XRPD pattern, and DSC
thermogram, as those exhibited by the form obtained according to

Example 6 above.

Crystallisation of Melagatran iso-Propanolate/Hydrate

15
Example 10
2.0 g of melagatran anhydrate (from Example 3 above) was added to an
Erlenmeyer flask. 5.5 mL of iso-propanol, 2.5 mL of ethanol, 1.4 mL of
purified water and 24 mL of acetonitrile were then charged into the flask.
20 A magnetic bar was placed in the flask, which was placed on a shaking
table, kept at ambient temperature. The suspension was agitated for 7
days. The crystals were filtered under vacuum and then dried at 40°C, at

a pressure of less than 20 mbar overnight.

25 The crystals were analyzed by XRPD, DSC, TGA, GC and Karl-Fischer
titration. The XRPD result is tabulated below (Table 4) and is shown in

Figure 4.
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5  TGA showed a decrease in mass of ca. 4.6% around 55°C, and a decrease

in mass of ca. 5.6% around 140°C.

10

Table 4
d value | intensity | d value | intensity | d value intensity
(A) (%) (A) (%) (A) (%)
19.7 25 5.4 15 3.67 10
13.1 100 52 25 3.61 5
11.4 95 4.95 5 3.49 15
9.9 35 4.77 5 3.31 5
9.6 10 4.66 45 3.18 5
8.6 40 4.62 25 3.05 5
6.9 60 4.55 10 2.99 5
6.6 10 4.40 25 2.85 "5
6.2 15 4.29 35 2.80 5
5.9 15 4.20 15 2.69 5
5.7 20 4.11 25 2.62 1
5.6 15 4.02 20 2.40 5
5.5 15 3.88 15 2.33 5
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5 Bzl = benzyl
(RCgl =  (R)-cyclohexylglycine
DMAP =  4-dimethylaminopyridine
EDAC =  l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
Pab-H = 4-aminomethylamidinobenzene

10 Z= benzyloxycarbonyl
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3. Melagatran in a form which has a high stability.

4. A compound as claimed in any one of Claims 1 to 3, which is in

10 the form of a hydrate.

5. A compound as claimed in any one of Claims 1 to 3, which

contains at least 0.5 mol of water per mol of melagatran.

15 6. A compound as claimed in Claim 4 or Claim 5, characterised by a
differential scanning calorimetry curve, at a heating rate of 10°C/min in a
closed cup with a pinhole under flowing nitrogen, exhibiting an endotherm
with an extrapolated onset temperature of about 83°C and an associated
heat of about -125 J/gram; an- X-ray powder diffraction pattern

20 characterised by crystalline peaks with d-values at 21.1, 10.5, 7.6, 7.0,
6.7, 6.4, 6.2, 5.7, 5.4, 5.3, 5.22, 5.19, 5.07, 4.90, 4.75, 4.68, 4.35,
4.19, 4.00, 3.94, 3.85, 3.81, 3.73, 3.70, 3.63, 3.52, 3.39, 3.27, 3.23,
3.12, 3.09, 3.06, 2.75, 2.38 and 2.35 A; and/or a water content of 4.3%
(w/w).

25
7. A compound as claimed in any one of Claims 1 to 3, which is in

the form of an anhydrate.

8. A compound as claimed in Claim 7 characterised by an X-ray
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"10% & () - 51076585 ( B- 4&50%&?()5 0, 4.71, 4.43, 4.38, 4.33, 4.14, 4.12, 405

3.91, 3.73, 3.61, 3.58, 3.56, 3.47, 3.40, 3.36, 3.28, 3.24, 3.17, 3.09,

3.01, 2.96, 2.83, 2.54, 2.49, 2.41, 2.38 and 2.35 A.

15
10. A compound as claimed in any one of Claims 1 to 3, which is in

the form of a mixed iso-propanolate/hydrate.

11. A compound as claimed in Claim 10, characterised -by an X-ray
20 powder diffraction pattern characterised by crystalline peaks with d-values
at 19.7, 13.1, 11.4, 9.9, 9.6, 8.6, 6.9, 6.6, 6.2, 5.9, 5.7, 5.6, 5.5, 5.4,
5.2, 495, 4.77, 4.66, 4.62, 4.55, 4.40, 4.29, 4.20, 4.11, 4.02, 3.88,
3.67, 3.61, 3.49, 3.31, 3.18, 3.05, 2.99, 2.85, 2.80, 2.69, 2.62, 2.40 and
2.33 A.
25
12. A process for the production of a compound as claimed in any one

of Claims 1 to 11, which comprises crystallising melagatran.
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21. A process for the interconversion of an anhydrate compound as
claimed in Claim 7 or Claim 9, and a hydrate compound as claimed in any
one of Claims 4 to 6, which comprises subjecting the crystalline anhydrate
10 or hydrate (as appropriate) to an atmosphere with an appropriate relative

humidity level.

22. A compound obtainable by a process according to any one of
Claims 12 to 21.

15
23. A compound as claimed in any one of Claims 1 to 11 or 22 for use

as a pharmaceutical.

24. A pharmaceutical formulation including a compound as claimed in
20 any one of Claims 1 to 11 or 22 in admixture with a pharmaceutically

acceptable adjuvant, diluent or carrier.

25. A formulation as claimed in Claim 24, which comprises an aqueous
solution of the compound.

25
26.  The use of compound as claimed in any one of Claims 1 to 11 or 22
in the manufacture of a medicament for the treatment of a condition where

inhibition of thrombin is required or desired.
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