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10 In the formulation of drug compositions, it is important for the drug
substance to be in a form in which 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 also 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). -



Is as chemcally pure as possible. Anorphous materials may present .
significant problens in this regard. For 5 exanple, such nateri al szai'@EE 2003,
typically difficult to handle and to fornulate, provide for unreliable

sol ubi | MOQ1/024% are often found to be unstable and cheni cEAFFFEMMPIPR. The
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10 a stable crystalline form the above problens may be solved. Thus, in
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The skilled person will appreciate that, if a drug can be readily 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 oumber 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-



cycl ohexyl - 2-oxoethyl] -) . A process for the synthesis of this corrpgg;hcﬁima
described in Exanple | of 5 WD 94/29336, where it is obtained as cr

‘mat er i alwolpgmpeasgpor ati on of reaction solvent followng a fil{ﬁ‘l %@Biﬁﬁect i on
step. The conpound is thus isolated in an anorphous form e’% er It is

possi ble to provide nelagatran in a crystalline formis not io disclosed

I n WO 94/29336. Furthernore, no informgtion is provided in relation to how
this conpogagg. may .be obtained in such d& formand, nore particularly, how
it may be novanemrehybpasryrdmeghyldaming lcathany sl szetidingt kit e form 15

Di scl osure_of, the lnvention We have found that nel agatran may be readily
obt ai ned i VIR e&l-%g{gemﬁrﬁr—% that are both substantially crystalline and
stable in nature. 20 Thus, according to a first aspect of the invention
there is provided nelagatran in a substantially crystalline form

(hereinaftar Sy k : pnvent&on" hough we
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greater than 20% preferabl ?/t é?gggazirq&ftﬁgnrﬁﬂgg&%g%ﬁwb?g é‘r&?g{%&%ﬂbﬂs greater
than 40% crepstiehlsohent Tokowagy ediddlideptotectioh atdp. NThe compodifl Rahgs m ned by
t he skilled &irsqn using X-ray powder diffractidon (XRPD). O her
t echni quesisolied imsn sotdrpheusfermVR, FT-I R, Raman 2 3 DEC 2003 WD 01/ 02426
PCT/ SE00/ 01398 4 spectroscopy, .differential scanning calorinetry (DSC) and
m crocalorinetry, may al so be used. The conpounds of the invention may be

in the forg,of. a solvate, .a .
Widthét its possible to provide melagatran in a crystalline form is not

10 disclosed in WO 94/29336. Furthermore, no information is provided in
relation to how this compound 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 bave 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 substantially 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, Ramah



5 hydrate or a m xed sol vate/ hydrate. Sol vates nay be of one or MOr €9 3 nEC 2003
organi ¢ solvents, such as |lower alkyl (e.g. C, alkyl) alcohols (e.qg.

nmet hanol , et hanol or iso-propanol) or mxtures thereof. W have found that
the conP¥OR482436 the invention have a surprisingly to inprBcEIEMYUIBE ¢y
when conpared with nel agatran prepared as described in WO 94/29336.
According to a further aspect of the invention, there is thus provided a
stable formof nelagatran. 15 The term4'stability" as defined herein

i ncl udes C%uqﬁlco?g?bi | diferevitghis Ol sfanisingt € shRPithéty. BypSchen aal

stability",” we inctude that the conpound Can be stored in an 20 isol ated
solid for miefocalbrifetuhQrmaphlsd Boukedformul ation in which it may be
provided in adm xture with pharnmaceutically acceptable carriers, diluents
or adjuvants, under nornmal storage conditions, with an insignificant
degree of chem cal degradation or deconposition. 25 By "solid state

st abi | i t y" Theecompbuuds t¢fathe Heventipoumayche e the doem off a as0lvale] & ed
solid for or inthe formof a solid forpulation in which it may be
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"normal storage conditions" include tenperatures of between
We have found that the compounds of the invention have a surprisingly
10  improved stability when compared with melagatran prepared as described
in WO 94/29336.

According to a further aspect of the invention, there is thus provided a
stable form of melagatran.

15
The term “stability” as defined herein includes chemical stability and solid

state stability.

'By “chemical stability”, we include that the compound can be stored in an
20  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 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,



5 minus 80 and plus 50C (preferably between O and 40C and nore prefej gl{ll% 2@[”3
anbi ent tenperature, such as between 15 and 30C), pressures of between 0.

and 2 bagg dipbglser abl y at nospheric pressure), and/or expo | ux
of U/ visible [ight, for prolonged periods (i.e. greater ?’#ﬁ"ﬁ“—t&@“@ggm to

si x nmonths). Under such conditions, conpounds to of the invention may be
found to be |less than 15% nore prefer%tzly | ess than 10% and especially

| ess than 5% chemically (glggraded/ decorfposed, or solid-state transforned,
as appr opr FEAT¥SIARHBURR; | $Rldd patase nPhMse transHiIs hydratnn, dghydration,

above-nentj gn er_gnd.,lower.limts for tenperature and pressure
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conbi nati ons of these extrenes will not be experienced during normnal
storage (e.g. a tenperature of 50C and a pressure of 0.1 bar). The term

"normal st ki 3 ] 2l | L digty 0 of
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crystal structure by hydration and/or dehydration may occur as a result of

prol onged preferably amtbieny tepiperaniregesh @ besvédd Y8 andU30 WY, ipressugés nor mal
t enper at ures/ pressures. For exanple, we have 2s found that crystalline

forms of nef dipaweam @Hatandr @ ibars Wpréferablpf amdspliedtepressurey, and/or
monohydrate) nmay be stored at_10%relative hum dity or above at _anbient
t enper at ur SFRASHSE piee 00 e selir@Vristblanlighisi pai pralangediqpariadsofi.¢.
dehydration. However, we have also found that crystal.l.ine -forns of
nel agat rangEq%‘ErVE\aE ‘?rne‘ﬂ"?f’g Potith E'Pnét}#an Pg?raﬁ%cbsﬁ%‘éélﬁoﬂ% %‘?IBP@EID(& | ess
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Tor 6 pg’ef eﬁ#e&%@?@pé%%@%@&é %5 b% lew b ?5/% more pré)fle}[ablysless
than 10%, and especially less than 5%, chemically degraded/decomposed,
or solid-state transfored, as appropriate. The skilled person will
appreciate that the above-mentioned upper and lower limits for
temperature and pressure represent extremes of normal storage conditions,
15 and 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
humidiries, 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



relative hum dity at anbient tenperature/atnospheric pressure, to 1fe§ DERIN] -
an insignificant degree of hydration. 5 Thus, although conpounds of the
i nvention possess a greater solid state st abi lity than for f nelagatran
descri beWOiMM4%€ prior art, sone conpounds of the inventi ﬁ@?@owﬂ;p solid ™~
state stable than others. In this respect, it will be appreciated by the
skill ed person that storage conditions nay be tailored to suit the
crystalline formthat is being stored. 60 The conpounds of the invention
may be obt ghave gV P@ﬁ@uslwséoyzhaxmcs%alxhbse NerefErhbpatiess thA¢ QAOBINg to a
further aspect of t I nvention, there is provided a process is for the
production rerana«ecqmﬂm@ Oht t hmmamentampemkmefammsphmes presgigtal kdsi ng
mel agatran. Although nelagatran may be crystallised with or w thout the
presence ofmaintzplandnsigaystanndegree of hydrati¢n.sati on nmay be froma nelt,
under 20 supercritical conditions, or achieved by sublimtion), we prefer
that the crystallisationis from an appropriate solvent system W have
ossible to obtai.n, cr, taII ne nel a '
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branched C,. pre eraib al cohol s et hano I'so- propanol ),
may be tailored to suit the crystalline form that is bemg stored.

10
The compounds of the invention may be obtained advantageously by

crystallising melagatran.

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 melagatwan 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,4 alkyl acetates, such as ethyl




al i phatic and aromati c hydrocarbons (e.g. iso-octane, n-heptane and
tol uene), dial kyl ketones (e.g. nethyl ethyl ketone and nethyl iso- &ﬁl}ff g0

ket one) , w@ @loksls ethers (e.g. di-iso-propyl ether) and aceé,%é%dglm??s

M xtures of any of the above-nentioned solvents may be use

solvents may al so be adm xed with water or aqueous solutions. D fferent
crystalline fornms may have different solubilities in different to organic
solvents at any given tenperature. In this respect, above nentioned

sol vent s meacetiee enpbPrepylasceans i anl Vienys " addtag), Aowdrvealg.i Minedhi 6

conpounds of the invention are poorly soluble), and may thus aid the

crystal | i sairanchesr Q¢ gspreferably Gl kwlkydl zlobhbls @ g. pthabel,rgd-propugshs. When
| ower al kyl al cohols are enployed as sol vent, other solvents 15 identified
above may ipdaptopsd awmaii¢ shydrevarbqnssdedd.alibg-catameonntheptane axutl et hyl
acetate). Wen the crystallisation takes place froma reaction solution in
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Crystallisation nay-also be cted decréasi ng e solubility of the
substance by the addition of a salt (such as Nad). 2 3 DEC 2003 WD
01/ 02426 PCT/ SE00101398 8 The skilled person will appreciate that the

concent r at iDiffdrents thibine oforine mepnipowendiffbednti solubithfesc iy sdidfdresed, and
the solvent systemthat is used,
10 organic solvents at any given temperature. In this respect, above-
mentioned solvents may be employed as “antisolvents” (i.e. a solvent in
which compounds of the invention are poorly soluble), and may thus aid
the crystallisation process. Lower alkyl alcohols are preferred solvents.
When lower alkyl alcobols are employed as solvent, other solvents
15 1dentified above may be employed as antisolvents (especially acetonitrile

and ethyl acetate).

When the crystallisation takes place from a reaction solution in which
melagatran has been formed, suitable solvents include lower alkyl alcohols
20 (e.g. methanol, ethanol or iso-propanol) which may be in admixture with

water.

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). -



may influence crystallisation tenperatures and crystallisation tines739FLhen-
conpounds of the invention may be in the formof a solvate, a hydrate or a

m xed sql vate/ h\sldrate. Compounds of the invention nay also be in the form
of an anXPM4E4E® (The term "anhydrate”, when used in this EoHtEWOI3 5o

I ncl udes 10 conpounds that are "ansolvates".) To ensure that anhydrate is
produced, the solvent fromwhich the crystallisation occurs should be
dried, either before or during the cry8tallisation process, in order to

reduce the TRt gfille@ Peresh Wit apprecidte thedhd e¥mdenaaioghinsitutien pfaher ably
not be exceeded during the crystallisation. Solvent may be dried during

the cryst aldongriundntiiag iprteces crybuilissdarmide thy sdbeneagsem tiw jsatsed, cont ent
of a m xture of the conmpound to be crystallised and an appropriate organic
sol vent / aqueayu snfhsaicearty sy sation emperaures andacriysgllisatioartimes. of or gani c
solvent that is present and/or renoval of water by formation of an
azeotrope, wth successive distillations). The "critical level" of water

depends up(r)ﬂ1 20 factors sgc[tE1 as tenperature, concentration in solution of
the compounid& 60mROUBds PR hes By entivgumaYy ber o8 i 1g, ToIRY qtha sJveEnt2system

which is | oyed, but b eterm ned non-inventively. Thus, anhydrate
may be progllr}@é%f%t% %%?%ﬁ‘éﬁ?ﬂyﬁ?ﬂ%m a solvent 25 system including one
or nore organic solvents (such as |ower (e.g. C2-6) al kyl alcohols (e.g.
et hanol , iso-propanol), acetonitrile and/or ethyl acetate) and/or water,

whi ch sol ' ' ' | dri8/d
ich so V@gsmgaﬁﬁcg}og eCfny ﬁroﬁnﬂﬁaryeglysaurbenﬂx e foreh Yot &k mﬁ%*fd&m.

process, substanti ree of water. "substantially free water", we

2003 VD 01/ 05455 PCT! BEDG 01308 4 L hat wh chowt 11T sul t "in the for mat i on
of , at 1pstconBfinderthbty dreat‘ansdloates™.) To ensure that anhydrate is produced,
the solvent from which the crystallisation occurs should be dried, either
before or during the crystallisation process, in order to reduce the water
content below a critical level, which should preferably not be exceeded
during the crystallisation. Solvent may be dried during the crystallisation
15 process, for example by decreaéing the water content of a mixture of the
compound to be crystallised and an appropriate organic solvent/aqueous
solvent system (e.g. by increasing the amount of organic solvent that is
present and/or removal df 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 ome or more organic solvents (such as lower (e.g. C,)
alkyl alcohols (e.g. ethanol, iso-propanol), acetonitrite 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



any particular solvent systemand set of crystallisation condi ti ons. 23-(15EC
ensure that nonohydrate is produced, water nust be present in the 5 1003

sol vent 69 g)ﬂ Ech the crystallisation occurs. The water cg,?rg%to &ﬂ’%
preferably e above a critical level during the crystallisat ? h
"critical level" will depend upon the factors nentioned above in respect of

production of anhydrate). Thus, crystalg! i ne nmonohydrate may be prepared by
crystallising nelagatran froma sol vent” system conpri sing water, to and/or
one or nor Bagvgaichcwilbresvt & thenfommiation of hat mestt0 %, menhhpdrate,i foo-
propanol, nethyl .iso-butyl ketone, methy] eth¥ ket one, acetonitrile and

m xt ures t#eY BAFUCUIZr SOlVERESYHiam %P%éﬂv%tft erystallisasionceandiv@nsppr opri at e
organi c solvent, 15 capable of form ng a solvate, nmust be present as part
“of the sol vent system fromwhich the crystallisation occurs. Sol vates that
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and an antisolvent (e.g. acetonitrile) crlbe

her ei naf t efcridealdeseITgwild depérd tben th&ﬂﬁ@ﬁor@inénlﬂx%nbd‘\a%% @R redpeef Bf 1 S
provi ded a 25 conpound of the invention that is in the formof a solvate,

a conpoundpmiduction oivanitydoate} hafhuss drystalitng monobydmternryhye prdpared
conpound of the invention that is in the formof a mxed |ower (e.g. Cl.4)
al kyl  al cohotmsealhigimgameelagatsan affoms ca psadpentokystoiny aoeifnsingt whterand a
corrpound of  the invention that |s in the formof an anhydrate, 2 3 DEC
2003 ' 080 34/65 P PO SIEdIGoIvents, including ethyl acetate, ethanol, iso-

propanol, methyl iso-butyl ketone, methyl ethyl ketone, acetonitrile and

mixtures thereof,

To ensure that a solvate is 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 eompound

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



As may be appreciated by the skilled person, the crystalline formt@ag“m%:;-
obt ai ned depends upon both the kinetics and the thernodynam cs of the
crystall gProcess. Under certain thernodynan c condlt nt 5
system ‘ltvéarlr]%}enr?a ure, pressure and concentration of the corrpounss“"?ﬁlt’%e

i nvention), one crystalline formmy be nore stable than another (or

I ndeed any ot her). However, other crystglline fornms that nay have, in
conparison, a relatively | ow thernodyn c stability, may be kinetically-
favoured. Thus, in addition, kinetic factors, such as tinme, inpurity tO
profile, agitation, the presence of seeds, etc. may al sgQ. influence which
forms appeafs mapsbe approsigedduy dee dkglﬁdsB@éohem ﬁﬂﬁﬁ?llﬁf@ rapiBat By  the

skilled person as, appropri ate |n order, tq obt different crystalline
forms "ot "rephigitatdchasty koo pin Yeckigiis thet heriids Yﬁ@m%ﬁrﬁ?

322%! ped hERBALSERQR 2F &%%??sgpﬁsf?rﬁﬁiﬁ&?ﬁrﬁ B b, &%oriﬁgﬁtiregﬁ. g
é“oﬁrpl et & ab h@@ﬂﬁ%@‘)&fﬁﬁ?ﬁﬁwﬁ Fo SRSy ot YonP BRrAReh P RETeBBUREidR MR 10, e
no more thafl ‘30 ‘f’prgﬁgpﬁ’#’ﬂ% TOF AR RGeS e A ey "

whet her sucfhdepat 8y lothd9UNHoWEWES! dthatat B)stAlinet foefndi Rk Bhy W@éve Sﬂ' vates,
hydr at es and mer hydrat es/sol vat es contain no I ess than 0 5 nol

sol vent andé@mﬁaﬁon\/ahQ’éla(m:&lﬁmqhennb@ynmrc srabiling, mpbatkmancﬂt)eferred
conpounds of the invention are those that are in the formof a hydrate,
such as a nimaluyed.at eThusc cor diddgiom &idesict Hactoesspsseh ofs ttirae, |1m}mnlb/on
there is provided a_conpound of the invention that contains at 2 DEC 2003
WO 01/ 0P 26prdilesEgitatiosoghe presence of seeds, etc. may also influence whlch

forms appear. Thus, the procedures discussed herein may be adapted by

the skilled person as appropriate in order to obtain different crystalline

forms of melagatran.

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 aphydrates 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 2
hydrate, such as a monohydrate. According to a further aspect of the

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



11 least 0.5, preferably 0.85 and nore preferably 0.90 nol water per_ nol
of mel agatran, whether such water is bound (crystal water or otherwi&BjC 883

not. 5 Wéglggemaél so found that conpounds of the invention %&ggﬁw 398
crystalline formcan be converted into other crystalline T0rns. p3?

exanple, crystalline nonohydrate nmay al so be fornmed by elutriation of
other <crystalline fornms (e. g. anhydr i es and/ or other solvates) in water

or a mxtyre of _a sufficieng_amunt o ter and one_ or several organic 10
sol vent s (lsiﬁ%sﬁ%aé’ er#aw‘ffq-éa.agﬁowaﬁ%pﬁ%wv (4O8: mob watee pehmaQli 0k or

met hyl iso-butyl ketone). The,slurry. that js forned may preferably be
seeded Wit Hn%if‘égtf%’swcg‘fiheﬁes%mgf‘%ﬁrl lj%@%i?@’&@iﬁ@aﬁeﬁ Qf?‘é]&?cr‘t"’é)s ffure that
an approprilfbt[e transformation takes place. 15 Further, drying tenperature
and drying tinme may affect the solid state 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 may

occur ak | onte wiVedhlsbefoud@diiag RNSYRIMRE of AP IhFLM iﬁr@rﬂé)rcf?ﬁgﬂ'ﬁm%d

pressure. For exanple, follow ng tthe 20 formation of crystal

monohydr at dormhhed® bs eomvertedcdhtohwihel torybagte foehRW WHogh efimphyg may be
performed, which may result in crystal water being |lost, and a solid state

t r ansf or macrysialiineamaenthydrae e nmayc walsd npe  fotmede bseleutraniondodt etheray be
converted (conpletely or partially) to nonohydrates in. cases where they
are subj ectceystaldingnfarmsoépgeranhydrates amBor aithet selvates)din ywathatori 8
sufficiently high. Thus, _according to _a further aspect of the invention,
there i s pPAWHEJIOE 2 pSHERA! {HROENe Of oMARTs28H 60CoRE FMEEAlalOrgamict or m of

d th [ ti t th [ ' ystallisi
go(r:rggﬁﬁ nofsgivlqgtsg (glIJC%\ée@rézé nno?, ??(gprglgzinovl\’,mectgyfoa eutg,e “acetonitrile or ° 9 8

methyl iso-butyl ketone). The slurry that is formed may preferably be
seeded with crystals of the crystalline monohydrate in order to ensure that

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.
soivates, 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
beiow which drying may be performed, which may result in crystal water
being lost, and a solid state transformation to an anhydrate occurring.
Conversely, aphydrates 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



WO 01/ 02426 PCT/ SEQCQ' 01398 12 invention from an appropriate sol venty 3 pee 00
system and/or, in the case of interconversion of anhydrate and

nonohydr j ecting the crystalline anhydrate or nonoh
appropri atcel}lm?%)%an at nosphere with an appropriate relati ve¥%%%§?’§§§f evel .
5 The preparation, and characterisation, of inter alia anhydrate,

nmonohydrate, and sol vate/ hydrate fornsief conpounds of the invention, are

described hereinafter. Diff t.crystalljne f i th ds.of th
i nvent i on_ £BVGROSE ol gr SRR CRIAIE N ERDIYSISRe SUGT bdn (BEAFY 05

characteri | X r | fof | RPD). - 0 .exanpl e
as descri bzlglgﬁéebﬁ:{g:g g%ﬁe@a%%g@f do %}dgg{aﬁ\s}%ént%ﬁé@n%@ gfae F%Faé{lgé usi ng
t echni ques | r lg:l‘cﬁ% L lied . n I anpl e
decanti ng, a@#?g}?n(gr (?rwﬁdi ceﬁ?r@guwr%%é\éeapoﬁﬁg& hae%e, %f}ﬁegr%l oyi ng
t he crystalakbﬁ%;rm@r@ram@&mrﬁﬁﬁ%eweq.bed herein, it is possible to produce
conpounds of " the invention with™a chemcal purity which is above that of
the nel ggatran which is to be 20 isolated in the first instance. Further
purification of conpounds of the invention nay be effected using

t echni ques Thiei cprepagatieth] lendwncharacterssationi, | | efl iinterheabat . arhydrateanpl e

I mpurities may be renoved by vvaﬁ of recrystallisation froman 25
appr opr i at enghydrates agdesplyateghydete rioamsyof goowsindsseic heaivenkarol or

I so- propanol ), which may,incl udg .antisolvent .(e.g. isQ@-octane,
acet oni t ri REE desgriRad ]&%r&%r}@,r' nﬁlffgrergtwﬁtailé%ﬁws ﬂgldé“r coppoundsabi nat i on
of these ol vents. Suitable t ratures .and tines, for the .
recrystal | ii%t‘ﬁ"ﬁ?ﬁl?é‘p@?r&f% f@%}p And° e moné?ydra?e) may be readily

10 characterised using X-ray powder diffraction (XRPD) methods, for

example as described hereinafter.

Compounds of the invention may be isolated using techniques which are
well known to those skilled in the art, for example decanting, filtering or

15 centrifuging.

We have found that, by employing the crystallisation process as described
herein, it is possible to produce compounds of the imvention with 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



conpound to be crystallised, and upon the solvent systemwhich is u
When cogﬁpﬁﬂ&gz‘pf the invention are crystallised, or recrystallised, as
described hérein, the resultant conpound is in a form whi chCHZEMWHA8

I nproved chem cal and solid state stability nentioned hereinbefore.

Phar maceuti cal Preparations and Medicgly, Use 10 I n accordance with the

i nvention, the coggounds of the inventiion may be administered orally,

y ! ‘
i nt r aveno1oR the, AHaHEY i, salytien of ythe campaund to br crystalisedaand | v,
tracheal | renchi-al Iy any. pther parenteral route, or via inhalation,
in the fo?{'mog‘fﬁg %ﬁ?%@%é@%cﬁﬂﬁﬂﬁ?& I on conprising the conpound of the
i nvention in a pharmaceutically acceptabl e dosage 15 form However, we
prefer that the conpound of the invention is a form which is suitable for
oral or paypehes u o g?s‘m} LBt ' |hg on the
di sorder, and t h@hggﬁﬁgﬂtﬁﬁébgﬁ#pggge%? g. we 1?&%86{"%@&2@%@2&;]‘
adni ni st r Pesoribed Neere TP N GesulBht DERPBURESICIE S ForHatwHidy hagogaf‘é-
According to a further aspect of the invention, there is provided a
phar maceutiimpabvéd chetnddal aindi s’ﬂﬂidﬂhmgsmbﬂﬁg' RoemibRed Hetéinbeyset i on in 25
adm xture with a pharmaceutically acceptabl e adjuvant, diluent or carrier.
Sui tabl e formul ati ons include those disclosed in international patent
appl i cations WO 94/29336, WO 96/ 14084, WO 96/ 16671, WO 97/39770, WO
97/ 45138, Riprosacenizal Frepacations aaMedigabUse C 2003 WO 01/ 02426
PCT/ SE00/ 01398 14

WO 01/ 02426 PCT/ SE00/ 01398 13 upon the concentration in solution of%g@ﬁ 2003
5

10 In accordance with the invention, the compounds of the invention may be
administered orally, intravenously, subcutaneously, buccally, rectally,
dermally, nasally, tracheally, bronchially, by any other parenteral route,
or via inhalation, in the form of a pharmaceutical preparation comprising
the compound of the invention in a pharmaceutically acceptable dosage

15 form. However, we prefer that the compound of the invention is a form
which is 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. -



The conpounds of the invention may be further processed before bei NG 3 DEC 2003
adm xed with a suitable carrier, diluent or adjuvant. For exanple, the

crystalline formmy be mlled or ground into snaller parti
prefer tHAOMHRAul ati ons conprising conpounds of the inventﬁ%ﬁ%"r"a’l% a

formthat is suitable for parenteral (e.g. subcutaneous) delivery. In this
respect, conpounds of the invention ca? be adm xed with an aqueous sol vent
carrier system (see, for exanple, inte ﬁat i onal patent application WD

00/ 12043) ~ iTheogampougdp rafy ihgelny EpHERNERY DS Jurthep HrOfRISFOrDSAEE BeIg n ¢ o

o S S 25, Bl et PO A
condil on, ARk oy S IRRNR krol ) Rt BRENPOURA(S) e

of the invention are useful because they possess pharnacol ogical activity.
They are therefore indicated as pharmaceuticals. 20 In particular, the

conpoungs | i ; idipdicBi fof thBriav@ibn hes exanpl e
as derm%st?gfﬁsfégqpﬁg??@%lghgggg?i erélédi? C%%“Z‘/d %)33{%.8 1The tCOnITpOUI!ldS of

the invent i;ofyrAf tha@ipeaitgdletfor paremetall (elg subretdideeatdelivery. cdmdilis ons
where inhibition of thronbin is required or 25 desirable, including those

descri bed irespecor cexspuunds VT ¢ AngsntiomccanWbe 97drabado witheandiaguEodur es i n
whi ch docunents are hereby incorporated by reference. 2 3 0 E.C 2003 WO
01/ 02426 PGONSEO®aOiBDSys®m $ae, algireeXrmpls, datarnatiorlpaigat aPPREAI9Hvent i on

in the therapeutic and/or ) . . ..
WO 00/12043) in order to provide a pharmaceutical formulation that 1s in

10  the form of a liquid and/or a solution.

The amount of compound of the invention which is employed in such a
formulation will depend on the condition, and patient, to be treated, as
well as the compound(s) which is/are employed, but can be determined

15 non-inventively.

The compounds of the invention are useful because they possess
pharmacological  activity. They are therefore indicated as
pharmaceuticals.
20
In particular, the compounds of the invention are potent inhibitors of
thrombin, for example as demonstrated in the tests described in WO
94/29336. The compounds of the invention are expected to be useful in
the treatment of conditions where inhibition of thrombin is required or
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.




prophylactic treatnent of manmmali an, es.peci ally human, patients are %g Etlma
range 0.4 to 40 ng per day, and/or 0.0002 to 4 ng/ kg (preferably O. i]to
1 nog/ kg)wbady2aygi ght, at parenteral adm nistration, and 2 tl,%@gp:‘xgg per
day, and/or 0.001 to 100 ng/kg (preferably 0.01 to 25 ng/Kg y i ght,
at oral adm nistration. According to a further aspect of the invention
there is provided a nethod of treatmdt of a condition where inhibition of
t hrombi n i guit@slei dREs oF HBO Hes : iC : i Bcl I i stering a
t herapeutical l'y ecgfesct ?ve caﬁ?u%@o?y@ec%n@rﬁﬁgéigf ﬂlt%htelll%?%@%%[q %:@%’5 a

pati ent i nprggglafticstefmétess Hedthmaliah, k@ﬁeﬁ&ﬂydﬁiﬂﬁﬁnf’f a‘?ﬁ?‘lf&t ard
"treatnent” we include the therapeutic is treatnent, astve as the
prophyl axi the rdnge 8end Wilomg Permiayndsmdédr OHEOODEN irap/ rdfb@biglvant age
that they are in a form whi cﬁepr_ovi des for inproved egskeg’j‘\é? hanolljlq’fng.

Furt her, c0/403utaid aig/kpk bodyvweighin dhaparenterahddarnsgeatiomt and@y toray be
produced in fornms which 20 have inproved chem cal and solid state

st abi | i%t y. 168hdng cearpdandendéar 040 s tabl @0 vingfk s t(preferahlyr Oftloltori2fed

peri ods. Conpounds., of the invention pay al so have the advantage that they
may be pr’@%&é&”‘?qﬂy WEEhty AP adMHntREigRer purity, in less time, nore 25
conveniently, and at a | ower cost, than fornms of nelagatran prepared
previously. The invention is illustrated, but in no way limted, by the

fol |l ow ' fe ) : fi ' ich: 2 3
bec 2005 ARG seuptef SeBbToTEuE BRIBR SRS BIeEET A el Couder
di ffract ogsPmehfiedNSE 7 ¥Siditibh "ehéy MHbitidie bRARESABANEYdGREEq Oy ai ned by
way of Exanple 2.

10  desired, which method includes administering a therapeutically effective

amount of a compound of the invention to a patient in need of such

{reatment.

For the avoidance of doubt, by “treatment” we include the therapeutic

15  treatment, as well as the prophylaxis, of a condition.

Compounds 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:



5 Figure 2 shows an X-ray powder diffractogramfor the crystalline fpgrplegfm}.
nmel agat ran nonohydr ate obtai ned by way of Exanple 4. Figure 3 shows an

X-ray powder diffractogramfor the crystalline formof nel

anhydr at¥08M0282%ed by way of Exanple 6. 10 Figure 4 shows aﬁ@ﬁg#@&lﬁ'&v\der
diffractogramfor the crystalline formof nelagatran

| so- propanol at e/ hydrat e obt ai ned by vvagl&of Exanpl e 10. General Procedures

15 X-ray powder diffraction analysis (XRPD) was performed on sanpl es
prepared according to standard net hods, for exanple those described in

85?38????32@%%3; f@%ﬁ %ﬁ?@fay%%”%ﬁgﬁe%ﬁit@éraﬁ 3k B P k%?%s&‘é’é@?%ﬁ to X
20 Ray P | J York; B , C W
(1046) , oriasnae JELRE PR Sy aORRAIRIE ¥ T0n o Kiug, o P

& Al exander, L. E (1974), X-ray D ffraction Procedures, John Wley and
Sons, New York. X-ray anal yses were perfornmed using a Sienens D5000
diffragto n L} dPediffidiberab Bbf tiey engstalline formi ¢ty

cal ori %et ?5{%%% Q{m;ggs %g%oﬂf%p%oﬁgiﬁg a Mettler DSC820 instrument,

accor di ng hR|sladRaanentRydeds oblane@tanwhy of foeemplte$cri bed in Hahne, G W
H et al (1996), Differential Scanning Calorinmetry, Springer, Berlin. 2 3
0 f C 2003 WD 01/02426 PCT/ SEOQ 01398 17 Thernogravinetric analysis (TGA)

was performed using a Mettler Tol edo TGA850 instrunent. )
Figure 3 shows an X-ray powder diffractogram for the crystalline form of

melagatran anhydrate obtained by way of Example 6.

10
Figure 4 shows an X-ray powder diffractogram for the crystalline form of
melagatran iso-propanolate/hydrate obtained by way of Example 10.
General Procedures

15

X-ray powder diffraction analysis (XRPD) was performed on samples
preﬁared 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), Introduction 1o X-

20 Ray Powder Diffractometry, John Wiley & Sons, New York; Bumn, 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 2 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 m Hohne, G. W. H. et al (1996), Differential Scanning

Calorimerry, Springer, Berlin.



5 Forns prepared in accordance with the Exanpl es bel ow showed " esse&a@z@
the same XRPD diffraction patterns and/or DSC t her nograns as ot her 3
di scl ose | when it was clear from the relevant patt r mogr ans
(all ow ngfq‘)‘g{@g?peri mental error) that the sane crystalli ﬁ%@f@%% been
formed. Thus, limts of experinental to error for DSC onset tenperatures
may be in the range 5C (e.g. 2C), andjfor XRPD distance values nay be in
the range 2 on the last decinmal place. Synthesis of Ml agatran Monohydrate
15 Exanple 1 (a) Boc- R -(S)Aze-Pab-Z DVAP (3.0 eq.) and

Boc- (R) Cgl = : . i ' t.h

acet at &: acasufigrdwimeif gBalykis CLOAY 2P pEEFospb SHnd s Merey, Toledo

(R) Cgl - (S) AreA 3D atstmRfentPab-Z x HA (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 sanple was renoved for in- process
control. The reaction solution was worked up when at |east 95 % 25

conver s§ onFoeams dereparedednt edeavdancak ewithl ahe. Hkemplegr helovas shbeed
filtered, and the filter cake was washed with ethyl acetate:acetonitrile
(80: 20 v/ vjesspaidl’s dbai usamel oXKRRD sodififracrion10pawerms veasl/aiddSG@nd  t he
pH was adjysted to 4.0 with _hydrochlqric acid solution (4-,IM. The

sol ution \/\&@W&F%B@ﬁﬁw &7 dreanplss disclpaads eloyw nivhencls washeleamfmphase 2

3 DEC 2003 1/ 02426 PCT] SE00/ 01398 18 .was. separated qff and ,the
or gani ¢ ph%\é\%g%angxmag%@mﬂg%gﬁéow%%ﬁh%RFB‘P?@QSWB& HHt (20%
W) . The g HrhORryRarnB ForHPRhY ieh'foffhed. Thus, limits of experimental
10 error for DSC onset temperatures may be in the range +5°C (e.g.
+2°C), and for XRPD distance values may be in the range +2 on the last

decimal place.

Synthesis of Melagatran Monohydrate

15

Example 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-(5)Aze-OH at 20°C. Pab-Z x HCI (1.15 eq.) was charged. into
the resultant solution. EDAC x HCI (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
fittered, 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



for at least 15 mnutes. The water phase was separated off and the ﬁ{@ 'Uﬁa.
phase extracted wth aqueous sodiumchloride solution (10%5 ww). '? e ﬂﬂ!ﬁ
was adjusted to 8.0 with aqueous potassium carbonate solution (25% w w).
The sol YYP8H9343€ t horoughly stirred for at least 15 ni nut 8&T/SHIAOWBer
phase was separated off. Ethyl acetate and acetonitrile were evaporated
under vacuum (ca. 15 kPa) at a terrpera:l re of ca. 40C, until the volune in
the reactor was approximately 8 L/kg of®to starting material. Mre ethyl

acet at e (13vds/ kepariatest anffi rthe eprigan)C viphase atds deXiuactad Wi @ghperati on
process. A sanple was_renpved for_ water gj}gnt?nt anal ysi s. Ethyl. al cohol

(10% v/ v ofodnn chlemde splwtion (R tWev)- cplutpR Was Boree iy st
directly in th t step. 15 (b), H(R) Cgl: (S)Aze-Pab-Z (i) .Th | uti
from st op (a8 Malbesodiedingiaoe, The: HARE BHShvSe selrratrd pEEdndpdie'cq " o
Boc- (R) Cgl - (S) Aze- har ged i nt ai_ni ng. th 20C.
The  onper AEAEE, Rbkse it SV Rt SOl CenIpRIBC B SRR e (a

h til,at least 95 9 i ; ' b
o e el | TRE ail pAS ROKEEE B'a R RRRILE SondhufiCtafitngel OV
(10Q) 25% G lorP BPRUS/ t a§Hk WBluttd aih%régélggi Qirré® f6f-ar H43P3)s for at

| east 15 mnu tenperature was adjuste 20C and the water phase

was separ aiggkinds’ - Tiife OWERR ?haﬂ@aﬁﬁs araededhffhi t hEthyl stetaee afndaqueous
sodi um chl oride solution 25 (10% w w) and potassium carbonate (I eq. K2C03)
for at |easatetbnitrite nugresevagoratedt endgyheamunagcaeparidRa)datod ftermphratsrd ut i on
of the sub- title conpound was used directly in the next step. &Jgi) The
sub-titl e ofrmmwifCGasnil Seaveltmesimtheeseasion was \apphexigeately ngd sef as t hat
described in step (b)(i) above, except that the tenperature 2,?1 D E C 200
WO 01/ 0042 6tarang Seatrod 39More ethyl acetate (13 L/kg of starting material) was |

added during the evaporation process. A sample was removed for water

content analysis. Ethyl aicobol (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

(i) 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 potassilim
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.
(if) The sub-title compound was prepared using essentially the same

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



19 was adjusted to 25C, and the reaction was stirred for 5 hours,
follow ng addition of nethane sul phonic acid. (c) Bzl-OC O -CH, - R)ZL‘3 0EC 2003
Aze- Pab- Wdboi(g2d26TO the reaction solution fromstep (b) (i) f urt her
ethyl acetate, water and potassium carbonate (3.0 eq, peraggi.l’?%qm%gs

H (R) Cgl - (S) Aze-Pab- Z) were charged, and the reaction m xture was stirred
until the potassium carbonate dissolvgd Benzyl brompacetate (1.2 eq. per

eq. of H( . - and the. .reactor te rat ure was
i ncr eased ?%)d%g%d%&?dpﬁcﬁr‘e@ﬁﬁéép;@ér%q&g nr%?%?%?ﬁ%égf %rggt‘b@y?&%”%r s. A
sanple  vasdiRMY ef ridhadd SuiphbRicycigLC. Vhen 95 % conver sion had
occurred, the tenperature wa ecreased to 20C and the reaction m xture

was allowed to settle for at |least 20 m nutes. The water phase was
separated off and the solution cooled to 10C. Aqueous sodium chloride 15

sol uti on (4&) BelWDQER)-E8tle®)&d-(ShazpPadyusted to 4.0 with 4 M

hydrochl oric acid solution. The twb-phase system was thoroughly m xed for

at |east 18)nTauhesreantionlsodwiehn tfoomegapatbo(i) abost, fealér 2thyliadetags. The
wat er phase was separated off. Sodium chloride solution (4% ww was added
and the pHW“A%L3ndPpatassum garbroateM hPdegcpeneqc ofdH(RI0gh)uzedeb-The
sol ution sz t horoughly m xed for at least 15 mnutes and allowed to

f

separ at e werq ehangedoapgd Hhe dsactipr mixteie Wassumedsuntielbarpatasdivonf . WAt er
ad vt ed « sasoRrd AN, Benth] Bomtacetiee Tha kacrer sheof b iRae System
Tor at | calp s hablua adied A" oot BAaBaREe o fos RSt 88 o) ot y
i e S ST e oD e B .

adjusted to 7.0 with 25 % potasSiumTca
the reactioasnregneved Wisr tARlIghby 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. Aqueous sodium chioride
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% wiw)
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
potassiumn carbonate solution and the reaction mixture was thoroughly

mixed for at least 15 minutes at 20°C and allowed to separate for at least



m xed for at |east 15 mnutes at 20C and all owed to separate for at 23&@% 2@}3.
3 DEC 2003 WO 01/ 02426 PCT/ SE0O0/ 01398 20 20 m nutes. The water phase was

separate hyl acetate was evaporated under vacuum ( 0 kPa) at a
maxi mum g"e‘h&’é?za‘& re of 40C until the volume in the reactionsggégpmﬁ B
about 8.5 L/kg of Boc-(R) Cgl- (S)Aze-OH). Mre ethyl acetate was added (5
L/'kg of Boc-(R)Cgl 5 (S)Aze-OH) and ev orat ed agal n under reduced pressure

until the v Iume |ntjlﬂ reacti on vesse ut 8%&)@ A sanmpl e was
t\?v}(en f or é?m“&'ﬁnt dgeawaieysp asq fwacshéeﬁﬁta &ﬁrte f g’FEaég YAan 0.5 %
l(TheV) i e“nﬁ}%&@apaataienéaq Yt ?6%%@ %Eléa%ﬁﬁ% ”%rri’mr%w?aéof@%d Wi th
02 % 1

stirr ed(W gmﬁdh%% ‘frﬂgt"hlthé? gsgg%osf/%l?o (rglr}/, %%nt |y
stirred 35)% 'cﬁg BT 1%9&@@ »ogsotdd&dog tDﬁcoSlBT tsdctm)«cgroound)

was charg and slurry s stirred r at ast 15 mnute

acetat es ang)Aob(SHP alE Q2 SOARYT AELiG WilEe redAfed peeRAS GHITE tHe folulfe kPa)
until the 15 vol une” was the sane as before the toluene addition. Toluene (5

L/ kg of ths thgheadtidrevessebausdbonas.addkd .and satmpleswasrtakeasos wateed f or
at least 30 mnutes. The ethyl acetate and tol uene were evaporated again
under redwoatenrasdysie. uHt the watervobnient weas ldse thane0.85%6 Wt/ e water t ol uene
addition. Toluene was then added to a total vol une ofpﬁout 11 L/ kg of 20
sub-title cvorpoadded Whegiveurr Jotahswataretanient sof r0.od2 Av/YeastTEE hour s

at 20C. The crystals werg fi r ff and vvashe wi th tol uene, and dried
in  vacuum!FBPESHURD HS 3ty u%ﬁ‘%ﬂ@ffﬁ%@ efBf ERAFHOT($9 nﬁ’ﬁe“’%%ﬁe?‘?qq &Ebnpound
\(Ngs ( P; B2 ?& u@yfggpets ﬁ}qgﬁtﬂb@ i ctopnepc;suarﬁean&) %CgﬁW%a%kﬁbr&Fﬁﬁp Bgted N step
for 10 hours, then cooled to 30°C over 3 hours and subsequently stirred
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 temperature to 20°C following addition of benzyl

bromoacetate, 96% conversion had occurred; and

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



25 (1) bef

ore reducing the tenperature to 20C foll owi ng addition of

br onbacet ate, 96% conversion had occurred; and (2) a third extracti

4 was cagpigggaLyt.- 2 3 0 E C 2003 WO 01/ 02426 PCT/ SEQQ 013 2?21 Sdg‘@a

Mel agat ran Mbnohydrate (i) Ethanol was charged into a reactor’SE0V9588 py/ c
f Bzl - OC(O)-CH2-(R)Cgl -(S) Aze-Pab-27), elutriated in water, was

(10% w w o
added. (Th
Bzl - OC( O) -

total solv

with 1o activated®carb

e total anount of water V\B?IG%V/V of total solvent.)
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t . the tenperature was raised to 25C. 3.5 bar
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were filt

ered off and the filter cake was washed w't h et hanol

L/ kg of

- nel agaty an(Z}indSpt p9-Pabthar{flomasep (E)ii)extepas: a8 %d vaty beduae bobvafipur e
vol une was 4 L/kg of nelagatran anhydrate. iso-Propanol (14 t5

until the

L/ kg of newagsaharpedaangddhatempemsurehans eaisaddot25° (G038 1 ban

yexsurgef n

evaporated at reduced pressure (at a tenperature between 28 and 30C) to a
vol ume of Hbd(@s applieddoghe reactinn maxuaphyduch wasmgTedvigaronslyefor i | t er ed

and washed, wi t,h.i so-propanol (7 L/ of . nmel agatran anhydrate).
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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
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
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
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



0.6 - 0.7 L/kg of nelagatran anhydrate. The solution was warnmed to 43QENEDN
acetonitrile (6.0 L/kg of nelagatran anhydrate) was added over 20 m nutes,
wher eupon crystallization was started by seeding with the title 25 compound
(obt ai nEWOMARBHously to the method desribed in Exanple 4 BefShov/edgsy w -
product). The m xture was stirred for about 15 h. Acetonitrile (6.5 L/kg
of nel agatran anhydrate) was charged into the vessel. The slurry was
stirred at 40C for 3 h, then cooled to™20C over 1 h and finpally stirred at
20C for atby ddgationandTwashad, with acetenisrileésospeepanol (BE(WH)33 3-0€ 02426

( S:TflS(E i) o iﬁgztﬁlmé%ﬁ&m: lr S ia%ﬁtc%f‘lgrﬁéﬁﬁffyg ta:ﬁ sﬁ%ﬁ?ﬁ?iﬁoﬁé@r{dﬁ s p?ﬁé"
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The coryst angalk ahy apeatn(? Aot s theot b tpapsiy” T eSS, FERECohng
d usinge kal h d | bed i

Step (o) (1 anaias B0 E AT B0 WP S8 of “catal yt dnitially

empl oyed v 43064 mshasd s FRAEHASin ssthitaNpl Al ARRUEL ik vat or

in the Te i 0N was v of to solventT 1o the filtration

fol | owi ng §h&rRRAGRhIRERCEAkIEPN(d)RY above Cakcémrdhatt ; (4) the in-process
control for water content after the evaporations was not carried out

(water (0. f])L/1k€)ani@mtadf edtalists irdedllpf eagjoadavass12% Gv/ev afostarting kg
being carried out); (5) the anobunt of washing solvents were: 15 20 (6) the
dryi ng tenper ahategalyas 45C;, and
(2) the total amount of water in the reaction was 7% w/v of total solvent;
10 (3) the filtration following the second evaporation was not carried out;
(4) the in-process control for water content after the evaporations was not
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 (4] acetonitrile:iso-propanol - 3 L/kg of melagatran anhydrate;
1y acetonitrile — 3 L/kg of melagatran anhydrate; and
(1II) 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



(7) the lower limt for the pressure during drying was 100 nbar. (|)23BEEZE!U3
acetonitrile:iso-propanol - 3 L/kg of nelagatran anhydrate; (I1)

acet oni tywi L/ kg of nelagatran anhydrate; and (111) et acetate - 5
L/ kg of m‘gﬁ’%‘%’?an anhydrate; The crystals were anal yzed b)ﬂ%ﬁﬁﬂ”’%, GC,
DSC and Karl -Fischer titration. They showed essentially the sane XRPD
pattern, and DSC thernogram as thosgiexhibited by the form obtained
accordi ngm%m%mc 2003 WD 01/02426 PCT/ SEO0/ 01398
23 Cryst ate Exanple 2 A reaction solution
(et hanol : wat er) containing approximtely 64.8 g of 5 nelagatran, prepared
anal ogously to the nethod described in Exanple 1 above (excluding the |ast

crystalliiahhgﬂegtep), in a round-bottoned flask, was concentrated by
evaporati on at reduced pressure until 149 g of solution remained. 200 nL

of absol utte readtivilsohaior lfethanbhngee)i boataitige ¥oseRlmariy d4hg sution was

concentrated again until 89.5 g renmained. A 10 wWhite precCipitat® was

f or meds Anfelagatean, J5@patecdanalogolistye tethamethodsdeschibed dhaEgsgpieto t he
vessel, and the slurry was agitated at 30 to 35C wuntil all of the solute
was di ssoRPR¢E (eprdudisguthieclasivary saliisation aatep), dgad moundrbottodfedoflaskyf
solution remained. A further 550 nL of absolute ethanol was added, and the
suspensi owa\ﬁ/ago%"gﬁnltré‘ltgﬁ By SPOmRoR  deguest pressuge sumtil d#9 pheofwat er

% (Wi i d | - ,Fi i i on. h
ol uton sonuip et 22000 P ABSpitie SHariol e iien ChasbShingithabeol ut o
ethanol . Jb&epoldd {h%nséﬁﬁﬁoﬁeﬁﬁsegoﬁgerﬁpzﬁeﬂrh%%rin bt 89,5 g remained. A

10 white precipitate was formed. A further 250 mL of absolute ethanol was

then charged into the vessel, and the slurry was agitated at 30 to 35°C
until all of the solute was dissolved. The solution was concentrated again
until 78.9 g of solution remained. A further 550 mL of absolute ethanol
was added, and the suspension was agitated at 38°C until everything
15 dissolved. The water content was 0.5% (w/w) as determined 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,-
ammosphere, 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 particies were milled. The dr_ying 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.



at nosphere, and acetonitrile was charged into the vessel in portions Ljnﬁéﬁj :
the solution becane opaque (a total of 1380 nlL of acetonitrile was 2 2003
charged). The solution was seeded using seed crystals of the title product. '
The suspéR81/BMH26as agitated overnight, and cool ed to ambi edICT/SEOH9II%t ur e.
The crystals were washed under reduced pressure with 350 nlL of a mxture
of ethanol and acetonitrile (1:5 (v/vﬁ), and then with acetonitrile (300
m.). The crystals were then dried at bc (0.1 nbar). 25 After 4 hours
drying, the particles were mlled. The drying was then continued under the
sanme conditions as above for an additional 20 hours. The crystals were

anal yzed KarkRimheatitsatipikshowed dchr (Wiw) walefn. The XRPD result is

tabul ated bel ow (Table 1) and is shown in Figure 1. 2 3 0 E C 2003 WO

01/ 02426 24 Karl-Fischer titration showed 1.1 % (Ww water. Table 1 5

PCT/ SEOO %1;38 d value intensity d value intensity d value intensity

(A (9 (A (% 15.91006.054. 0810 15.1305.853.9710 10. 9555. 553. 825
5
d value | intensity | d value | intensity | d value intensity

A) (%) (A) (%) (A) (%)
15.9 100 6.0 5 4.08 10
15.1 30 5.8 5 3.97 10
10.9 55 5.5 5 3.82 5
8.9 5 5.3 20 3.76 5
8.4 5 5.0 15 3.66 5
8.0 20 4.87 30 3.44 5
7.0 10 4,81 25 3.32 5
6.8 10 471 10 3.20 5
6.4 10 4.61 15

6.2 5 4.45 5

Example 3

85 mL of a reaction solution (ethanol) containing melagatran, prepared
10  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
15 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



8. 955. 3203. 765 8. 455. 0153. 665 8. 0204. 87303. 445 7. 0104. 81253. 325 23 DEC 2003
6.8104. 71103. 205 6.4104. 6115 6. 254. 455 Exanple 3 85 nmL of a reaction

sol uti onwesieary ) cont ai ni ng nel agatran, prepared 10 anal b t he
process described in Exanple 1 above (excluding the |l|ast crystallisation
step) was charged into a 500 nL round-bottoned flask. The sol ution was
concentrated by distillation (pressur25 50 nbar; bath tenperature: 700

unti | 15. Sitgratlons O1THd BuiBBROAR ARk platey gﬁ;gﬂg&g'bmskg@gﬁf’ and the

solution was concentrated again as above un renal A sampl e

was Wi t hdr40C aid thbesvation Rt aBitaeds usthd3W (pelleps dspepn ned by
Karl -Fi scher titration. An additional 1.16 ™nL of purified water was added

to the solacetomitrile waslehargedi sTpwdy éntohtre2aGratkCs8Redn. WB00dg02A skd

PCT/ SECQ/ 01398 25 filtration. The round-bottonmed flask was placed in an

oi | bath, dgpalsaof teoillardmipoandoverd addedaw dgi scdtedn ysihich amriedpel | er. 30
mL of acetonitrile was charged slowy into the agitated solution. 80 ng of
seed éry$rysallige.  hkhe isuspensnm ovasd agiated afprean tasditienaloll 4t haurs athi ch

hour s at ABE 200 e 23510k Of SREORGANE Vet Aidedaddbhe ABiBTeR WA on uas
uspensi of RSIEH FACE 30T SnbrEm: PerDbbAhieas dreth THBGVEd, #RE Beyat al s
suspension was agitated at ambient temperature for 2 hours. The crystals
were filtered off under vacuum, washed with a mixture of {so-propanol
10 and acetonitrile, then with pure acetonitrile, and then dried at 40°C under
reduced pressure. The yield (based on the amount left in the mother

liquor) was 84 %,
The crystals were analyzed by XRPD, GC and Karl-Fischer titration.
15 They showed essentially the same XRPD pattern as that exhibited by the

form obtained according to Example 2 above.

Conversion of Crystalline Melagatran Anhydrate to Crystalline Melagatran

Monohydrate

20
Example 4
2 g of melagatran anhydrate (obtained according to the method described
in Example 3 above) was charged, together with 1 mL of tap water, 6 mL
of iso-propanol and 13.2 mL of acetonitrile, into a 50 mL Erlenmeyer
25 flask. The flask was placed on a shaking table and kept at ambient
temperature. The crystals were filtered off after 9 days of
agitation/shaking wusing vacuum and thereafter dried at ambient

temperature in a fume hood. " -



were filtered off under vacuum washed with a m xture ' of iso-propag?br{lzii .
and acetonitrile, then with pure acetonitrile, and then dried at 40 r2003

reduced pressure. The yield (based on the amount left in the nother
li quor) WBMBES The crystals were anal yzed by XRPD, GC andPKEFEWH13her
titration. 15 They showed essentially the sane XRPD pattern as that

exhi bited by the form obtained accord
Crystal line Mel agatran Anhydrate to stal li ne Mel agatran l\/bfao ydrate 20
Exanpl e 4'Dhgcwsmiel¥ﬁqma@{ymyﬁrm @@%CméBGéGCG&d?HQ KerlHechstt hod
described .in Exanple 3 above) was charged, together with 1 nL of tap

wat er, 6 rHradn.j so- propanol and 13.2 nL of acetonitrile, into a 50 nL

Erl enmeyer 25 flask. The flask was placed on a shaking table and kept at
anbient tenperature. The crystals were filtered off after 9 days of

B & tune TBoRRED Rl BRUMR R GW D2 A R TR 2 e 2 S
wer e algal yzed by XRPD, DSC, TGA, GC and Karl-Fischer titration. The XRPD
result “is tabul ated bel ow (Table 2) and is shown in Figure 2. 5 DSC showed

one endot ' e ehAbiH e P oF it WIE offetCrRmperahute tdf cangasCowitht ed heat
of -125 Jpgs?d%ne&\?%@gghydration) alnd one at ca.&gloc

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

g to Exanple 2 above. Conversion of

(due to melting).

10 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
15
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




(due to nelting). 1o TGA showed- a decrease in nmass of ca. 4.3%arou
corresponding to a nonohydrate and a deconposition starting around
Karl - Fi woeo/2ieder ati on showed 4.3 % (W w) water. Table 2 15p@Erxpdoiases
intensity d value intensity d value intensity (A (% (A (% (A (%
21. 1655. 07553. 6315 10. 5754. 90253. 5220 7. 6904. 75603. 395 7. 01004. 68503. 2710
6. 7104. 35153. 235 6. 454.19203. 1220 6. 22Z54. 00103. 0910 5. 753. 9453. 065
5.4103. 85202. 755 5. 3303. 81152. 3810 5.22453. 73102. 3510 5.19253. 7010 2 3 DEC
2003 WD 01/ 02426 PCT/ SE00101398 27
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Example 5
139 kg of ethyl acetate was charged into a reactor together with 10.3 kg of

melagatran anhydrate (from Example 9 below), followed by 1.9 kg of
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
filration, 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

40°C for several days.

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

(wiw).

Conversion of one Crystalline Form of Melagatran Anhydrate to another

Crystalline Form of Melagatran Anhydrate

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
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.

T
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purified water
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Kar | - Fi scher
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ég(c):S &Vgngi?(g{?ﬁ{%g?@%d?g@ffggﬁ%?ﬁlgg'mﬁg_cryst al s were anal yzed by XRPD,
Table 3
10
d value | intensity | d value | intensity | 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

4.7 10 3.36 5

)
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titration. The XRPD result is tabulated below (Table 3) and is showp 3 peg 200
Figure 3. 5 DSC showed an endothermw th an extrapol ated onset tenperature

. . ) : : q
of 210CvaseRedsaé €d Wi th a heat of -120 J/g. Table 3 to d v ntensity
value intensity d value intensity (A (% (A (% (A (% 17.810%?’5%@“&12%31

8.9454. 38153. 241 8.1204. 33103. 171 7.5104. 1453. 091 6. 954.12103. 011
6. 354. 05102. 965 5. 9253. 91102. 831 5. 61%? 73102. 541 5.5103. 6152. 491
5

ﬁ . . 405 4.71103. 365
5. 4103. 585,41, 1357353. 5652. 385 5. 253. 2.351 5.0108

3.0 g of melagatran anhydrate (from Example 2 above) was charged,
together with 0.5 mL of tap water and 20 mL of ethyl acetate, into a 50
mL Erlenmeyer flask. The flask was placed on a shaking table, where it
5 was left for 9 days. The crystals were filtered under vacuum, 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 tration. 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 methy! iso-butyl ketone, and then dried at 40°C and at a

20  pressure of less than 20 mbar overnight.

The crystals were apalyzed 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.



2 3 DEC 2003 WO 01/02426 PCTI SEQQ 01398 29 Exanple 7 3.0 g of nel ag $ﬁg 003 -
anhydrate (from Exanple 2 above) was charged, together with 0.5 nL 5%

wat er and 20 nL of ethyl acetate, into a 50 nL Erlenneyer flask. The flask
was pl ack@ WBM@286shaking table, where it 5 was left for 9 daXfST/SEMMIZI stals
were filtered under vacuum washed wth ethyl acetate and then dried at
40C and at a pressure of less than 20 nbar overnight. The crystals were
anal yzed by XRPD, DSC, GC and Karl-Fisther 10 titration. They showed
essenti al | @ohbersierre okRRIhyRedllige N Mangabae t Momhgdaste a® t Oogstalide bi t ed
by the formobtained according to Exanple 6 above. Exanple 8 15 3.0 g of
mel agat r anMeshieadrat Anhfdeate Exanpl e 2 above) was charged, together with 0.5
m. of tap water and 20 nL of nethyl iso-butyl ketone, into a 50 nL

Erl enmeyer flask. The flask was placed on a shaking table, where it was

| eft for 9 days. The crystals were filtered under vacuum washed with

met hyl i soExample Retone, and then dried at 40C and at a 20 pressure of

and Kart - PSR of P gce TRk SHBRT do RO TEN TFFE RS Al FSE it  or
25" Exanpl PEIHAVGS 2 2bEbbaad A4 Spt shacw s bkl 1354857 Hal 79 1

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 aphydrate (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 ét 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 ovei’night.

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.



30 Conversion of Crystalline Melagatran Monohyrate to Crystalline 2.3 DEC 200
Mel agat ran Anhydrate Exanple 9 5 Crystals of nonohydrate (from Exanple E
above) Wpp@Hsbed at reduced pressure (< 15-20 nbar) and | he

wat er content was less than 1.0% (ww). The crystals mere@%é#@%%g%y
XRPD, DSC, GC and Karl-Fischer to titration. They showed essentially the
same XRPD pattern, and DSC t hernobgramj as those exhibited by the form

obt ai ned ' le. 6 V. dr .st.al | j.sat.i on, of | agatran
i so- Pr opaﬁ?gpgﬁg Ji@ VEXEQWJ%P%?R%”S’T O%Bﬂﬁgagb%ﬁ%}?ra H%Q%tsgotv]e%m

Exanpl e 3 % to . S . . I SQ- pr opanol ,
2.5 nL of 6?'[1%;%7%? Elig?irqof Pg%:ri Flééélg&nv\z%/[gdrm%[lﬁg ;%a%%ophég% ori“ﬁ%t'ri l e were
then char gefhanbladehardtk 30K betd O rimanNetic bar was placed in the flask,

whi ch was pl'aced on“a shaking table, kept at anbient tenperature. The
suspension was agitated for 7 days. The crystals were filtered under
vacuum and then dried at 40C, at a pressure of |ess than 20 nbar

over ni ght TG26 shitreed maydacatasevmr mass af yzed. ®% aRRDd 3, I6da decrane

Karl -Fischer titration. The XRPD result is tabul ated bel ow (Table 4) and
i s shown immass gfice. 3.6% @oped IAGFE.\WO 01/ 02426 PCT/ SE00/ 01398 31

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 5.2 25 3.61 5
i1.4 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
59 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

i0




GC showed 4. 0% (W w) iso-propanol and Karl-Fischer titration showed g g 3/0
(wWw) water. The results indicated that a m xed iso- propanol ate/ hyca' B C 2003 -
had been formed. 5 TGA showed a decrease in nass of ca. 4.6 % around 55 C,
and a davoea®d26i n mass of ca. 5.6% around 140C. Tabl e 4 d rRcE/sEOO/NSENSI LY

d value intensity d value intensity (A (% (A (9 (A (% 19.7255.4153.6710

13. 11005. 2253. 615 11. 4954. 9553. 4915 9. 9354. 7753. 315 9. 6104. 66453. 185

8. 6404. 62253. 055 6.9604. 55102. 995 6. 63R@4. 40252. 855 6.2154. 29352. 805

5. 9154. 20 A3h,e9atPerdx204. 11252. 621 5. 6154. 02202. 405 5. 5153. 88152.335 10 2 3
DEC 2003

(S)Aze =  (S)-azetidine-2-carboxylate
Boc = terz-butyloxycarbonyl
5 Bzl = benzyl

(R)Cgl =  (R)-cyclohexylglycine

DMAP =  4-dimethylaminopyridine

EDAC =  l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
Pab-H = 4-aminomethylamidinobenzene

10 Z= benzyloxycarbony!



WO 01/ 02426 PCTI SECQ O 398 32 Abbreviations (S)Aze =

- (S)-azetidi ne-2-carboxylate Boc = rert-butyl oxycarbonyl s Bzl = ber22§/m5E 2003
(R Cgl = (R -cycl ohexyl gl yci ne DVAP = 4-di et hyl am nopyri di ne EDAC =

1- et hyl - 3- (3-di nmet hyl am nopropyl )-caridodi i m de Pab-H =

4- am nonet hyl am di nobenzene 10 Z = benzyl oxycarbonyl 2 3 DEC 2003 33 d ai ns
1. A S“bStagidéﬁJsl y crystalline formof nelagatran which is in the fora of

a hydrate. . A substantially crystalline formof nelagatran which
contains at least 0.5 nol of water per nol of nelagatran. 3. A compound as
claimed in Cdaiml or Caim2, characterised by a t o differential

scanni ng cal,or i nRsabstantially: cripdtalfink Foinm Bﬂgﬁ%ﬁﬂ“&ﬂg{gﬁ (ﬂxﬁfcﬂn%f’.sed cup

wi th a pinhole under flowng nitrogen, e g an erm Wwth an
ext rapol at ewhydraet tenperature of about 83C and an associ ated heat of

about -125 J/gram an X-ray powder diffraction pattern characterised by
crystal l5ine peaks with d-values at 21.1, 10.5, 7.6, 7.0, 6.7, 6.4, 6.2,
5.7, 5.4, 15 5.3, 5. 22, 5.19, 5.07, 4.90, 4.75, 4.68, 4.35, 4.19, 4.00,
3. 94, 3.85,2.3. 83A substadially. crgstalling Sorms obthelagaBan whilycomaids at Bad?2, 3. 09,

3.06, 2.75, 5361 ?.nd 2.35 A; and/or a water content of 4.3% (wWw).
0.5 mol of water per mol of melagatran.

3. A compound as claimed in Claim 1 or Claim 2, characterised by a

10 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 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,

15 53, 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).

4, A substantially crystalline form of melagatran which is in the form of
20  an anhydrate.

5. A compound as claimed in Claim 4 characterised by an X-ray powder

diffraction pattern characterised by crystalline peaks with d-values at 15.9,

15.1, 10.9, 8.9, 8.4, 8.0, 7.0, 6.8, 6.4, 6.2, 6.0, 5.8, 5.5, 5.3, 5.0, 4.87, 4.81,
25 4.71,4.61,4.45,4.08,3.97,3.82,3.76, 3.66, 3.44, 3.32 and 3.20 A.

6. A compound as claimed in Claim 4 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



4. A substantially crystalline formof nelagatran which is in the faqr EE
20 an anhydrate. 5. A conmpound as clainmed in Caim4 characterised m 2003
X-ray powder diffraction pattern characterised by crystalline peaks with
d-val ues at 15.9, 15.1, 10.9, 8.9, &#4, 8.0, 7.0, 6.8, 6.4, 6.2, 6.0, 5.8,
5.5, 5.3, 5.0, 4.87, 4.81, 25 4.71, 4.61, 445 408 3.97, 3.82, 3.76,

ghg?ac'? efﬁse@rﬁélﬁ&gl ?\ F%t(r)tgﬁ?e pqw @ggﬁqlﬁ%@é neragf‘»@rﬂf?t%%eal of heati ng
Cxchi bi ti ng 120 Mgt SBAEF af Heray' bk SBRRICH OEH ehartlbBted by onec:
t enper at ur ecxgémﬂﬁfetﬁea%%haal%ﬁ@s e R A A B I

an X-ray powder diffraction pattern characteris e peaks

th d- Iuieaarsl_s?z 47Ag5 5q 2.49 2.41,
VZV.SS c- val g, 85, 5 ?5%,8491 843, 4738 4.8, 916432, %85, Pof 39353 61

4.71, 4. 53, 3.58, 315333447144@ 3236}33583324 317339963, 013259’6 23E§62
34033632832431730930129628325 . stantially

crystalli nel A% 2 bi2. Br&hmbaﬁﬁa& which is in the form of a m xed
| so- propanol ate/ hydrate. 8. A conpound as clainmed in Claim7, characterised
by an X-ray powder diffraction pattern characterised by crystal | i ne peaks

wi th d-val ugs 9.7,.13.1, 4. 9.9, 9.6, 8.6, 6.9, 6, 6.2, 5.9, 5.7,
56 55 54 3}.\5‘,%'33&?‘%{113* Cﬂﬁéﬁnﬁfw ofymelagatraswhich monﬂmf_tmﬂqf 20, 4.11,
4.02, 388, ) 15 3.31, 3.18, 3.05, 2.99, 2.85, 2.80, 269
2.62, 2. 40 ﬁ?%%pi&pa&gla%md&%ss for the production of a conpound as

cl ai medml n any one of Clains 1 to 8 which conprises crystallising

mel agat r an.

8. A compound as claimed in Claim 7, characterised by an X-ray

powder diffraction pattern characterised by crystalline peaks with d-values

at 19.7,13.1,11.4,99,9.6,8.6, 6.9, 6.6,6.2,59,5.7, 5.6, 5.5, 5.4, 5.2, 4.95,

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,
15 3.31,3.18,3.05, 2.99, 2.85, 2.80, 2.69, 2.62, 2.40 and 2.33 A.

9. A process for the production of a compound as claimed in any one of

Claims 1 to 8, which comprises crystallising melagatran.

20 10. A process as claimed in Claim 9, which comprises crystallising

melagatran from a solvent.

11. A process as claimed in Claim 10, wherein the solvent is selected
from the group: lower alkyl acetates, lower alkyl alcohols, aliphatic and
25 aromatic hydrocarbons, dialkyl ethers, dialkyl ketones, acetonitrile, aqueous

solutions, or mixtures thereof,

12. A process as claimed in Claim 11 wherein the solvent is selected

from the group: C,¢ alkyl acctates, C,¢ alkyl alcohols, Cs, aliphatic



20 10. A process as claimed in daim?9, which conprises crystallising
mel agatran froma solvent. 11. A process as clained in Caim 10, V\héfr:’eUEIE 2003

the solvent is selected fromthe group: |ower alkyl acetates, |ower alkyl
al cohol's, aliphatic and 25 aromatic F3&lrocarbons, dialkyl et her s, dial kyl
ket ones, acetonitrile, aqueous solutions, or mxtures thereof. 12. A

process as )drtmad)om Ck f aronhtigdhy &ﬁ:’cﬂrbbﬁ?cﬁ | romthe
group: Cl-6 al kyl acetates, Cl-6 ZI kyl al coh@‘“@%ﬁﬁﬁ% |n(§§|2 30EC

2003 35 hydrkséaiesceetondisile,Ovater onmiixiupasctthoreaf bons, di - C1-6 al kyl et hers,
di -C1-6 al kyl ketones, acetonitrile, water, or mxtures thereof. 13. A
process as clained in Claim12 wherein the soI vent is selected 5 fromthe

group: et hyI acetat e, et han I SO- ropanol | so- oct ane, n-hept ane,
toI uene, 1so- &8&?}'133%13{5. amwétln &H@ol%mhﬂ'emdhomelvmtes geletted e, water,

m xt re eof process as clainmed in any one of Clainms 9 to 13,
| n whi chklat ﬁoﬁlgﬁe gﬁ%lpoﬁ@ﬂl WtﬁaIemﬁpﬂhI‘%H&Paaﬂdﬂmom@m-heptaﬁ@d as
sol vent and /0 h | acetate is/are used as anti sol vent.
15. A pr oces‘gﬁ?‘%e?rql dé‘?’é’éﬁ&&\%m g Ls@ ong; agetenitale, iwatenyorone of
Caims 4 topfixtofdli hBrepp™Pri ses a process according to any one Cainms 10 to
15 14, in which the so ‘vent is substantially free of water. 16. A process

for the production of a conpound as clainmed in any one of Cains | to 3,
whi ch conprises a process according to any one Clains 10 to 14, in which

the sol vent 1¢ont Aiprecesatasrclaif@d i anf o QFLIHimsO9 td S iy ion of an
anhydrat e corrpi(;md a cI ained in aim4 or daimé®, nanﬁfc‘ﬁoe{}"'lgﬁsg
conmpountf asoRg @lgphol and/or water is used as solvent and acetonitrile

and/or ethyl acetate 1s/are used as antisolvent.

15. A process for the production of a compound as claimed in any one of
Claims 4 to 6, which comprises a process according to any one Claims 10 to

15 14, in which the solvent is substantially free of water.

16. A process for the production of a compound as claimed in any one of
Claims 1 to 3, which comprises a process according to any one Claims 10 to
14, in which the solvent contains water.

20
17. A process for the interconversion of an anhydrate compound as
claimed in Claim 4 or Claim 6, and a hydrate compound as claimed in any
one of Claims 1 to 3, which comprises subjecting the crystalline anhydrate

or hydrate (as appropriate) to an atmosphere with an appropriate relative
25 humidity level.

18. A compound obtainable by a process according to any one of Claims
9to17.



one of Claims 1 to 3, which conprises subjecting the crystalline anhydrate
or hydrate (as appropriate) to an atnosphere with an appropriate rehgdtipei)
25 humidity level. 18. A conpound obtai nable by a process according to any
one of Clains 9 to 17, 2 3 DEC 2003 3 19. A conpound as clained in any
one of C ains 1 to 8 or 18 for use as a pharmaceutical. 20 A

phar maceut i ¢al rrrul at i in a co und ai any one of
Olai o 1 toﬁ@ R s £Bipet i Ao o £of 1§ Tonbiannt o

adj uvant, %%Ec arder. 21. The use of conpound as clainmed in any one
of Cainms I*TO in the manufacture of a nedicanent for the
‘treatnent of a condition where 10 inhibition of thronbin is required or

desi red.

20. A pharmaceutical formulation including a compound as claimed in
5 any one of Claims 1 to 8 or 18 in admixture with a pharmaceutically

acceptable adjuvant, diluent or carrier.

21.  The use of compound as claimed in any one of Claims 1 to 8 or 18 in
the manufacture of a medicament for the treatment of a condition where

10 inhibition of thrombin is required or desired.



