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 "CRYSTALLI NE FORMS OF Et OzC- CHz- (R) Cgl - Aze- Pab- OH *166166* Fiel d of 6tfk8 2003
Invention 5 This invention relates to new solid state forns of a drug, to
pharmaceutical conpositions containing them and to processes for obtaining
‘them Backgvouwmdiiod the invention to In the fornulation of dPOTSE99/01514
conpositions) it is inportant for the drug substance to be in a formin

whi ch it caghe.GapeveF so.bandlseandppryrsessed. This is of memlmlmmm""m“l

not only fromthe point of view of obtaining a conrercially vi

manuf acturing process but also fromthe point of view of subsequent . ..

manuf acture of pharmaceutical fornulations 15 (e.g. oral dosage forns such

as tabl et s) Firddofithe Igvémeoact i ve conpound Further, in the manufacture of

oral drug conpositions, it is inmportant that a reliable, reproducible and
. constant plasma concentration profile of drug is provided foll ow ng

admnistration to a_patient. This is_of particular_ 20 inportance in the
manuf actiur e TBIS iayenfien 16laies o Jiepy SQlith §tasep dPEms FBoiME, 4 dFagmaceutical - -

. . Chemical stahility, solid state, stability,. and "shelf life" of the
active i ngr SUPRANUORY %gl‘iaxpggng,g}esm,i %pqgmcqsg%tfg; g_gtaﬁ.}ggdf:q}a. subst ance, and
z5 conpositions containing it, should be capable of being effectively
stored over appreciable periods of tinme, wi thout exhibiting a significant

change in tRgcR&iduiel gpmpmtﬁmohysi co-chem cal characteristics (e.g. its
chem cal conposttion, density) hygroscopicity and solubility). S

26FEB2003 wo 00/ 14110 PCT/ SE99/ 01514 2 Moreover, it is also inportant to be
able to provide drug in a formwhich is as chenically-pure as possible.
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, pot 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 (e.g. oral dosage forms such as tablets) comprising the active compound.

Further, in the manufacture of oral 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).

MMM
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Anmor phous materials may present significant problens in this regard. For ..
5 'exanpl e, such materials are typically difficult to handl e and tquE 03
formul ate, provide for unreliable solubility, and are often foun 0 Bo@
unstable and chemically inpure. The skilled person will appreciate that, if

a drug canviagod/eAadh | y obtained in to a stable crystalline foptr/skEbgoippve
probl ens may be solved. Thus) in the nanufacture of commercially viable,

and pharma ' I : Al R vy irSa r ,
aner bver podurifar Jt BEASTERofant '8 SO RT phofiNg aryk e BRI VERL,
stabl e, forighs thelicdlFy-peredss pstsle, however, that this goal is not always
achi evabl e. I ndeed, typically, it Is not possible to predict, from

nol ecul ar structure al one, what the crystallisation behaviour of a
compound, either as such or in the formof a salt, will be. This can only
be det er m rentogpipdusi materials mayRpresent/xignificant peatilemalinphiseregasgplForat i on WO
97123499 di scl oses a nunber of compounds, which have been found to be
useful &s premplgssush materials are sypisallyidiicult whhandlerandhto dormmiars.t ors are
of the general. fornul a: ,, RaRC- : (R Cql - Aze: Pab-H ., wherein R represents
H benzyl @Fowde. ravwil%ﬁolp ¥ s SR sarey et dQYRd 1P dnsiable @adr esent s
S-azeti di ne 2-0%@9)}% i% acid and PabH represents

4- am nomet - i HBB¥F2ene. The active thronbin y 126 ~EB 2003 W
00/ 14110 PCT/ SE99/ 01514 3 inhibitors are thensel ves disclosed in the
earlier international patent application WO 94/29336. WD 971 23499 al so

cont ai ns a THReHifled petsodl WAVASpRCidto thA0 ML Wd3 cin be readily obtained in

Et ®2C-CHI - (R) Cgl - Aze- Pab- OH wher ei n Pab-CH repfesents

4- am nqoet hysttalbleraysmamedﬁxhnﬁheAbpve?esbleﬁmrmhye)essmvw.si s of this
conpound i s described in Exanple 17 of WO 97123499, where it is purified by
preparative RPLC and isolated in an anorphous form to Wether it is

possi bl e to_provide EtOZC—CI—I,-(R%CgI-Aze-.Pab-C_]-I inacrystalline formis
not di scl osditsi inibeomanyipgmirerol cpErRecally, ¥1abie o ans: péarm@cqsnmllued in

relation to _how this,compound may be. obtained in such a form ..is
acceptaltnle drugrrpcomposm ns, 1t 1S umportant, 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 mot possible to predict, from molecular structure alone,
what the crystallisation behaviour of a compound, either as such or in the
form of a salt, will be. This can only be determined empirically.

20

Prior Art

International patent application WO 97/23499 discloses a number of
compounds, which have been found to be useful as prodrugs of thrombin
25  Inhibitors, which thrombin inhibitors are of the general formula:
R*0,C-CH,-(R)Cgl-Aze-Pab-H
wherein R® represents H, benzyl or C,4 alkyl, Cgl represents
cyclohexylglycine, Aze represents S-azetidine-2-carboxylic acid and Pab-

H represents 4-aminomethyl-amidinobenzene.  The active thrombin

4



Di scl osure of the Invention Surprisingly, we have found that

/Bt ORC CH2- (R) Cgl - Aze- Pab- OH nay be obtained in one or nore forns tZI‘ﬁaEEBaZUQB
substantially crystalline in nature. 20 Thus, according to a first aspect
of the invention there is provided Et ®2CCH2- (R Cgl - Aze- Pab-CH, or a
-pharmaceutical |l y-acceptable salt thereof, in a substantially crystalline
form (heré’Vﬂ&?’f‘éﬂoreferred to as "the conpounds of the inveRETERYY015PS
Al t hough we have found that it is possible to produce
Et 02C- CH2-inRbiipir \zarePaberab¢lvemdiisclosest tihethsofearlier fiorermabnalh patentgr eat er
than 80 crystalline, by "substantially crystalline” we include greater than
10 (e. g .2ppHeatien Wﬁ)a¥4/28333-), preferably greater then 30 %, and nore
preferably T~ 26 FEB2003"' W 00/14110 PCT/S E 99/01514 4 greater
than 40 %crystalline. The degree ( %) of crystalliniry may be determ ned

Cechn ques AR HEST hORe s LM Rlsplbsurd AEIMEBatbliEY, '

differential scanning cal gronetey, . _PUe alorinetry, may also s be
A O (RRCY A8 PR

used. Suitable pharmaceutically-acce| ts which may be nentioned
include i netigta ¢ PaBROHOT fpresentACH HingindRiktBRIShbénz2deamidikifRl. t S, guch as
hydr ogen halide salts (e.g. HBr salts), carboxylic acid salts, |lower to
al kanesul pirocedsefosaht syhthegis ofi thésacompobnaris kiescriied imIBocangsle! Phofiat e,

preferably Cl 3 al kanesul phonate, and especially ethane- and
met hanesul WebAZ{23499), véereitdis puriieduby anepazative RELE andisplaggebuamhonat e
salts may al so_be nentioned. For a full list of salts that nay be nentioned

see Ber ge 3B0TRhOUY fOIRar m Sci., 66, 1 (1977). Is However, we prefer that
t he conpounds of the invention are not in the formof a salt. The conpounds
of thd% nvention may be in the formof a solvate (by which we include a

Dydrate) SUnBlHi” it 8Cpo&ibiNeid BYeile B, ARG X e IBLOH Gn opTPOUNTS

of the inventron have*an inproved s npar

Et 02C W-«:(—?Mﬂ%ﬁﬁnﬁ’a@- Ebt R RAKEAd i SWEPSE7/2B899 | N MRtk %m0 25

According to a rther aspect of the invention, there is thus provided a
stabl e f oriffortnaloRZic-PeoRideR) iEgelafion-Baiowithisotorapaigl Meaebé icbedihyd
acceptabl e salt thereof. -,
in such a form.
15

Disclosure of the Invention

Surprisingly, we have found that EtO,C-CH,-(R)Cgl-Aze-Pab-OH may be

obtained in one or more forms that are substantially crystalline in nature.

20
Thus, according to a first aspect of the invention there is provided EtO,C-
CH,-(R)Cgl-Aze-Pab-OH, or a pharmaceutically-acceptable salt thereof, in -
a substantially crystalline form (hereinafter referred to as “the compounds
of the invention™).

25

Although we have found that it is possible to produce EtO,C-CH,-(R)Cgl-
Aze-Pab-OH, and salts thereof, in forms which are greater than 80%
crystalline, by “substantially crystalline” we include greater than 10%

(e.g. greater that 20%), preferably greater then 30%, and more preferably



WO 00414110 PCT/ SE99/A 514 5 The term"stability" as defined her %}Qﬁﬁ
i ncl udes chem cal stability and solid state stability. 2 6 F E B2 393
"chem cal stability" , we include that the conpound, or salt, can be s
stored in an isolated form or in the formof a fornmulation in which it is
provi ded in adm xt ure with pharmaceutically acceptable carriers, diluents
or adj uvant@914110 i ' an oral dosage form such as tablet, PERSERVUSH .
), under normal storage conditions ) wi*%h an insignificant degree of

chemi cal degpeawtattban 40 Zdecysipbinet i drhe degBe (Jol ol enyatadlisityalay the', we

i nclude that the compound, or salt, can be stored_ in an isolated solid
form or irf thm@firmbtheasl%ﬁql @efsgnrmﬂagﬁérrawwd% iffraqclepr(mlam in

adm xture har maceuti c ept a a di | uents or adjuvants
(e.g. in anCES-EI St 8f éégﬁ& Ea &:fllsﬁga Raman spectoscoRyer

Cr ansi ofhﬁiﬁﬁfﬁr%iﬁg.&sﬁ@@# b, B 508l BER R, B A e

transi ti;on,pdygiyati on, dehydration, solvatisation or desolvatisation) . 20
Exanpl es of “normal stor age condi ti ons" include tenperatures of between

m nus 80 and plus 50 C (preferably between 0 and 40 C and nore preferably
room -tenperatures, such as 15 to 30 C) , pressures of between 0.1 and 2
bars (pref Suitabje aphadmarentieallp-apeceaablee)salselvatbiciie hayi diet imsnidned bet ween
5 and 95 % (preferably 10 to 75 %), and/or exposure to 460 |uxof 2s

UV/ vi si bl e inclyde, ngaxpcolaadg@ugapm i aaldic] and. bagie aaddlitiohasaltsy saghads to si x
nmont hs). Under such conditions, ounds of the invention may be found to
be | ess thahi’ 16208 , hatidce Sﬂltéf@r&bl resalts)haganmwxdic Acid esglsei KIWSE | ess

t han , % che aI I ed/ deconpos ate ransfor med, as
appr oprPat &lkanes g§ a%rgvm’rqeaﬁp‘ffr &fagf:éeihéwt ane WWIMIO s

. 2 6 FEB 9/0 d f
t enper at ur i’q.gﬁerrggsg/ur e ae[%u@l}&\nﬁ‘éﬁe]frgp E%pwgpers%@eﬁtlly: ?%%@ésa'r of ';rsral o
storage co%&&hﬂé@n@@é ha&alf%?”ﬁh&‘ CofhoRhiRSaRd | BEERe OLORTES W |

not be experience ng normal storage a tenperature of 50C and a
pressure Odeluénémllﬁhonatér MISPmWQﬂWBe herititthddNVEBE hOMIINAM dFesadlttRathed
advant ageously by crystallising Et Q2C-CHI - (R) Cgl - Aze- Pab-CH, or a salt of
Et ®2C- CHZ may be mentioned see Berge er al, J. Pharm. Sci., 66, 1 (1977).

15 However, we prefer that the compounds of the invention are not in the

form of a salt.

The compounds of the invention may be in the form of a solvate (by which
we include a hydrate) or otherwise.

20
We have found, surprisingly, that the compounds of the invention have an
improved stability when compared with EtO,C-CH,-(R)Cgl-Aze-Pab-OH
prepared as described in WO 97/23499.

25 According to a further aspect of the invention, there is thus provided a
stable form of EtO,C-CH,-(R)Cgl-Aze-Pab-OH, or a pharmaceutically-

acceptable salt thereof.



(R Cgl - Aze-Pab-OH. io According to a further aspect of the inventi ong t here
is provided a process for the production of a compound of the i nZehEibH03
whi ch conprises crystallising Et Q2C- CH, - (R) Cgl - Aze-Pab-OH, or a
pharmaceutically acceptable salt thereof. is It is possible to crystallise
"Et 02C- CH2- (R) Cgl - Aze- Pab- OH and pharnaceuti cal | y-acceptabl e sal ts thereof
with or wW®BUI4lthe presence of a 20 solvent system (e.g. cPGESEIYG18Ht | on
may be froma nelt, under supercritical conditions, or achieved by

subl i mat i éFhe teriwestebility® apdefimed theatint ineludey shaticaattalmitity and sold an
appropriate solvent system W have found that it is possible

advant agestaseyltabdligr yst al | i se Et ®2C- CH2( R} Cgl - Aze- Pab- OH and

pharmaceutical |l y-acceptabl e salts thereof via crystallisation follow ng

di ssolution of the conmpound or salt in question, or, nore advantageously,

o e RESaEER 04RO AR, 0 BES
' queat: ool im AERAARE (o6, 35" 4t nRort o o tp 8 W RERIS 0151577
The sol vepjrogidet e Amiierd /iy Pﬂﬁ@ﬁﬁ&ui@ﬁlliﬂCa@@g;]@rﬁglﬁeuéaﬁ[ﬁsﬁaﬂuéﬂws

conprise one or nore organic solvents, such as acetates (e.g. linear
or brancheg &djivéntal{eyd. acehatras dosagh farmetsogh asceibddte,capswlepetopy! acetate
and butyl acetate), lower (e.g. linear or branched C _6) alkyl alcohols
(e.g. s etundapinoringb sipragemaonditioas; pHte re ifsiggificaat degresuchchemial | 2,

al i phatic) hydrocarbons (e.g..iso-octane and n-heptane) and aromatic

hydr ocar bél§8T3datign QIHIFOMPOSIYRT| ky| ket ones (e.g. acetone) met hyl

i so-butyl ketone), acetonitrile and dial kyl ethers (e.g. di-iso-propyl

et her)l,0 and/ or aqueous sol vents, such as water. M xtures of any of the

ther),) and/or ¢ ) ve ; i ne, f
have di 11 & olid MAHE MG Vg fetinE inal e Bofbosbl Sy B B e

have diffeéerent so

t enper at UlsgyreiNntdd FsolfE@8Gld ARAY CoMN th@TSHNSH ¥ QBLA HHMARIGITH oyed as
"antisolvents” (i. e. a solvent iIn
which it is provided in admixmre with pharmaceutically acceptable
carriers, diluents or adjuvants (e.g. in an oral dosage form, such as tablet,
15 capsule etc.), under normal storage conditions, with an insignificant
degree of solid state transformation (e.g. crystallisation, recrystallisation,
solid state phase tramsition, hydration, dehydration, solvatisation or

desolvatisation).

20 Examples of “normal storage conditions” include temperatures of between
minus 80 and plus 50°C (preferably between 0 and 40°C and more
preferably room-temperatures, such as 15 to 30°C), pressures of between
0.1 and 2 bars (preferably at atmospheric pressure), relative humidities of
between 5 and 95% (preferably 10 to 75%), and/or exposure to 460 lux of

25 UV/visible light, for prolonged periods (i.e. greater than or equal to six
months). Under such conditions, compounds of the invention may be
found to be less than 15%, more preferably less than 10%, and especially
less than 5%, chemically degraded/decomposed, or solid state

transformed, as appropriate. The skilled person will appreciate that the



[ S whjch conpounds of the invention are poorly soluble), and may thus aid.
the crystallisation process. Wien the crystallisation takes pl ace zé?fﬁ‘hqwg .
reaction solvent in which EtQZC CH - (R) Cgl - Aze-Pab-OH, or salt theteof, has
been fornmed, or 20 froma solvent follow ng an extraction, suitable
solvents thus include al kyl acetates (such as ethyl acetate e

nmet hyl is&'—oo(f?('ﬂfmketone, | oner al kyl gl cohol s (such as et hakgrésgé#@g”
Crystallisation of conpounds of the irivention froman appropriate sol vent
25’ syst emahaye-peensiomedyBPPery aBd t WWAInHMts 0% AeIPAFAtBTE,| BIYSSHER @t syst em
whi ch conprjses Et Q2C-CH2- (R) Cgl - Aze- Pab: OH, or salt thereof) (e.qgq. by
cool i ng, E?lagﬁﬁv@PHu@WaﬁﬁPéﬁs% exmamss of 510{“1@[ oY fA8F oo “’Q)H'?i -‘@gl vent (i.
e. a solvent, in which,the.co i i r I | uble (e
o “Tootcehal® CORUPEIGRBRURES BirehliS LN BB bE R BERRPL ateRY) ) ©or
by 2 6 0 F g solubility
of the su8§Flgﬁhc§%8%%égagglé@8ﬁﬁgées§?§g?¢ su%ﬁpgsgﬁﬁéf 0(')% tbla?)
triethylam neHCl). Crystallisation tenperatures and crystallisation tines
depend upon the s concentration of the conpound in solution, and upon the
sol vent s{[3eetomipoands sofuskel. inGeysom| iag abe oobrmedaladoahmgeouslyabgd and/ or
effected with or without seeding wth crystals of the appropriate

crystal | i neyatziﬁp'my](Et@fﬂt-GHzt(@)lg:glrémei-Bab-%d/Qﬂ abyaladp sEtéj@-QHz-pH.
Compounds of the invention nmay be prepared in the formof a solvate (by
whi ch we (RiFeldAzePabn@H.orm of a hydrate, such as a nonohydrate) or
otherwise (e.g. in the formof an anhydrite). (The term "anhydrite", is
when used in this context, also includes "ansol vates".) To ensure that

houl 8 pr AGPRURG R gl ABITEE ol ATRAHGE" oM 6 HXRhed TRIDARSCTTCH
process, i %Qe;?rddﬁclfigﬂuéff 4 R@nIFdId SPNERN tin R M awﬁféhcrc!oﬁﬁesl evel,

whi ch should preferab not be exceeded during the crystallis on. Sol vent
nmay be driceghtallisingg E{®,CHCKI-6R)CgaArzePabrOBEsor for phramateudaidecr easi ng
the water content of a m xture of the conmpound to be crystallised and an
appr opr i aneceptajzirisalttheneofit / aqueous sol vent

-

15 It is possible to crystallise EtO,C-CH,-(R)Cgl-Aze-Pab-OH and
pharmaceutically-acceptable salts thereof with or without the presence of a
solvent system (e.g. crystallisation may be from a melt, under
supercritical conditions, or achieved by sublimation). However, we prefer
that the crystallisation is from an appropriate solvent system.

20 .

We have found that it is possible advantageously to crystallise EtO,C-CH,-
(R)Cgl-Aze-Pab-OH and pharmaceutically-acceptable salts thereof via
crystallisation following dissolution of the compound or salt in question,
or, more advantageously, from solutions which have been extracted from

25  reaction solutions in which the compound or salt in question has been

formed, or, particularly advantageously, from reaction solutions within

which the compound or salt in question has been formed.



system (e.g. by increasing the anount of organic solvent that is present 2s

' ,and/or renoval of water by formation of an azeotrope, wth succesgiggp 2003

distillations). Nonethel ess, we have found that, for certain conpounds of
the invention that are anhydrat es) such solvent drying is not necessary to
“ensure for t WO 00/ 141 10 PCT/ SE99/ 01514 9 To ensur

nonohydr a é‘gglrooduced wat er must be present in the sol v}ﬁﬂ?ﬁi’gmmi ch

th t t he, wat tent_ shoul d bl ybe kept
above | e 19 FINGRE PRV TN T RSAASe B eI HTRORRECEy ardh R RSN, 7 s

rsﬁptza(r)gt 3r§p§p% éﬁé (rbg![rpérﬁev&l angqf uq{ﬁ%ﬁ{sogﬁ?lﬁgg ouné"ﬁ?g ?%é &%E'f al- lised,

i mpuriry gﬁ%fah%he@r@ tﬁfkﬁ%&@@s S0RheMm ﬂ"hde?at@”?}d??ﬁg)rylb&&d@y be

det er ni ned non-i nvent | to Thus, accordi'ng to a aspect of the

i nventi on.antihsitgl hcet@tedy lodmi @. ccqmwbi fanthed i0)ypalkyealodhotd(é.g. i n the

formof an anhydrate, and a corrpound of the invention which is in the form
of a menoleyithnml £.isopropamaly| lalipbatnhiedgat €, @y sieh pase@y gd djpharigst al | i sing
Et 02C-CH2 (R) Cgl - Aze- Pab-CH from one or mare organi c solvents (such as

et hyl acetbé(déoca@bogs (adetise-Octagg cansh &;heptargoand asempte duidspcarbens oct ane,

andl or hageie GG t&?@wyéjé?facie?@{eiﬁ%sﬂﬁvﬂegg-b@ﬁ&R%?mbeg ne vt ef
e produc 8 RPRES Aot iR GheR Lt Ba WaRbeahbO R ek BEF and At BT .eam

free ok WRLE -such as water.” “MiXtures of an '?Xhe HB% ARt dof té)f wat er
he 58

we incl ude that 'the water content int vent systemis ow t hat
whi ch i | Imdyepeluked.n the formation of, at m)st 10 % nonohydr at e for any
particul ar sol vent system and set of cryst al i sat I on conditions.

Different crystalline forms may have different solubilities in different
organic solvents at any given temperamre. In this respect, above-
mentioned solvents may be employed as “antisolvents” (i.e. a solvent in
15 which compounds of the invention are poorly soluble), and may thus aid

the crystallisation process.

When the crystallisation takes place from a reaction solvent in which
EtO,C-CH,-(R)Cgl-Aze-Pab-OH, or salt thereof, has been formed, or
20 from a solvent following an extraction, suitable solvents thus include alkyl
acetates (such as ethyl acetate), toluene, methyl iso-butyl ketone, lower

alkyl alcohols (such as ethanol) etc. * ... .. ..

Crystallisation of compounds of the invention from an appropriate solvent
25  system may be achieved by attaining supersaturation in a solvent system
which comprises EtO,C-CH,-(R)Cgl-Aze-Pab-OH, or salt thereof, (e.g. by
cooling, by solvent evaporation and/or via the addition of anti-solvent (i.e.
a solvent in which the compounds of the invention are poorly soluble (e.g.

iso-octane, n-heptane, di-iso-propyl ether, toluene, acetome))), or by



WO 00/14110 2 6 F E B 2003 PCT/ SE99/ 01514 10 Conversely, crystalline
nonohydrate nay be prepared by crystallising EtQ2C-CH - (R) Cgl -AzZeErF%&)ZﬂﬁfH
froma solvent system conprising water, or a conbination of water and one
or nore organic solvents, including organic solvents that are capabl e of

di ssol vi nguNad/Efid €- 9- ethyl acetate, . s ethanol, iso-propgialgessnisig
Crystalline m)nohydrate may al so be obg ai ned by dissol ving the substance in

an aqueousyabidihPhnk %oﬁrbi%i\@;‘,m@f{ tﬁ;%ésn{gsﬁdééeo%/ fle W@&i‘i’fona@ﬁa%h @hephe!l . such

as et hanol “or "I'so®propanol ow pH fol l owed by the addition of to a
weak base Ngj)lortihedBth@keeHd?).(and is preferably just above) a value of
about 5 to 6 (at roomtenperature). Crystalline nonohydrate may al so be
prepared via other crystalline fornms (such as an anhydrous form) . This is
achieved if the critical water content is referred to above is exceeded
during theCcystallishtion atemperamsies laad| grysaldisgtionl nimes depgrid i yponrdhe be
prepared fromcrystall] g}ef nonohydr at e Jowering the water content to

y
bel ow the GRRSFAITIEAN YnEif EPTPPURE 1RIQIRLIEBNABA URRRA ithg SORETEYSIEM | i sat i on
process. 20 et her .anhydrite or nonohydrate crystallises is related to the
ki netics éWHl &ﬂﬁegriunlconditions of the respective forns at the specific
conditions. Thus, as may be appreciated by the skilled person, the
crystalline formthat is obtained depends upon both the kinetics and the

t her rmdynamfsial@ﬂ‘s%ﬁ@& flayShRb! bealididhed’ An8s6r dfndedd CRithalod Wthout
t hernrodynamT conditions” (sol vent system tenperature, pressure and

concent r at de@dirgf wnnpemchlgfofthbei?;&npmre ,cryselliniey sécrhpowsd f off thermy be .
nmore stable than another (or indeed any other). However, crystalline forms
t hat hmve imventianj amd/pr byvadjksrmentpfigpii.c stability may be kinetically
favoured. Thus, in addition, kinetic factors, such as tine, 4 WO 00/ 14110

Compounds of the invention may be prepared in the form of a solvate (by

which we include in the form of a hydrate, such as a monohydrate) or

otherwise (e.g. in the form of an anhydrate). (The term “anhydrate”,

15 when used in this context, also includes “ansolvates™.)

To ensure that anhydrate is produced, the solvent from which the
crystallisation occurs should preferably be dried, either before or during
the crystallisation process, in order to reduce the water content below a
20 critical level, which should preferably not be exceeded during the
crystallisation. Solvent may be dried during the crystallisation process,
for example by decreasing the water content of a mixture of the cémpound
to be crystallised and an appropriate organic solvent/aqueous solvent
system (e.g. by increasing the amount of organic solvent that is present
25 and/or removal of water by formation of an azeotrope, with successive
distillations). Nonetheless, we have found that, for certain compounds of
the invention that are anhydrates, such solvent drying is not necessary to

ensure formation.



 PCT/ SE99/ 01514 11 inpurity profile, agitation, the presence or ?lngggcmaof
- seeds, etc. may also influence 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. 2 6 F E B 2003 5 Crystalline
“nonohydrate nmay al so be fornmed by elutriation of other crystalline forns
(e.g. an m%ﬁ‘ybl?s form in water or g nixture of water andPOHEEB 1y er al
organi ¢ saolvents (such as ethanol. or iﬁgécfro anol). The slurry ichis

formed shol® EOSRES EraipmEngRYdrateyds R y ST ST 195 PRESRE P sBS] | i ne
nonohydrate,in der ensur pri@te [ I t akes

pl ace. As s&é\fe&t ,Olphglfngd} geacas}‘{lﬁ%%tfmggﬁﬁcOﬁgn?{aﬁa\:ﬂ?éﬁm%%@ﬁgg on the
sol vent sy, i FeSyt ENg Y : N j have
Found t har s SERoTn g8 KPR B Srfical TelATRRNALUER, abok®, dftine ME T2

i nt er convesrigdiliéhlonecrystal l i sation to other crystalline forms. According
to a further aspect of the invention, there is provided a process for the
conver gi on of one crystalline formof a conmpound of the invention Zo , -~.
to anot her_whi ch conprises recrystallising a conpound of the invention _
x.. .?,, rhhe-“gritical level” -of jgater depends -upensfactors such as temperatuges: . ; a ~

T e T T o 3 o I e T
*ads . corRORCENEHIGHAR $QIHHOR of ,‘ﬁ‘? comgpound 10°be cryyalisgdadmpwity, | nore |
perferably 1.% an nor referably.0. 5 % W), 2s..wat er, et her .such’
water is -H{B&ﬁ)d a(n%r%tsg?v%)%tsggte ‘%1‘%?91‘%\/?0 o%ad’ﬁ)é?.m%&Faq’\egWﬁgai n no

| ess t han o: . wat er per nol of Et Q2C- CH-(R) Cgl - Aze- Pab- CH. 1126
FEB 2003' ‘8?8’6’%%%%15 PCT/ SE99/ 01514 12 Preferred compounds of the

i nventjyon are those that are in the formof an anhydrate. According to a
further aspect of the invention, there is provided a conpound of the

i nventi on TH&! acostdhgaono fumher hipue: Df(tewnvemied e tadreyisngrovided 4 han 2 %
(Ww, water, whether such water is s bound (crystal water or otherw se) or
not. Wen compatmdpofitt afvention whindt iom itke tformeoprodamtedirate, tamgd £or m of an
acidic or basic additiaon salt, an appropriate apount of the appropriate

aci d or b&OERAMRdRS BigdEveRtPR wglqbf {ssinaihei foFm; &frd MOBARYAIHES or e
crystallisation is 1 o effected. Alternatively ) after addition of the
salt, all of the solvents) nay be evaporated and the resultant crystalline

and/ or .a . o] i d&h I erdi s riate
sol venlt5 gﬁ;sltp)}é nalﬁlllﬁ%éucé]ﬂﬁé@ r%l{eh?? éfotr’%an?geﬁé?e%n?gl EM?%%IE{?&%E%E) .

n- hept an.‘)l(R%%ﬂA%IIDdebH fRbiOBRE &1y natet é}ggeﬁﬁ'c Qolvdifs @aLH f‘a%nEthP' ution
with a view to inducing crystallisation. 15 Preferred addition salts

i ncl ude aaicdiate,abubyl iagetaseyl heetoselc bthasohy dvepropandk iso-octane, di-iso-

propyl ether), water or mixtures thereof, which may have been dried,
and/or may be dried during the crystallisation process, such that the water
20  content is below the above-mentioned critical level. Thus, anhydrate may

e 2,0 DE Produced by crystallisation from a solvent system which is substantially

TN I

-
R T3S A S
Tk g

ot . ___h-:-c-w;t:r?e‘of }‘:gafer,_ . . Vom s -

By “substantially free of water”, we include that the water content in the
25  solvent system is below that which will result in the formation of, at most,
10% monohydrate, for any particular solvent system and set of

crystallisation conditions.



and net hanesul phonate salts. The preparation, and characterisation, of ,
inter alia anhydrate, and 20 nonohydrate, fornms of conpounds of th?sﬁ‘: 003 -
invention are described hereinafter. Different crystalline forns o tfﬁg
conmpounds of the invention (e.g. anhydrate and nonohydrate) may be readily

characteri 890/9&54‘9 Xray powder diffraction (XRPD) methods, pb@fe63@Rp) € as
descri bed hereinarter. 25 In order to gnsure that crystalline fsorms as

described erein Pre r ?red in bh absence, of ot her Gr stallj,ne forns
descrbed LERERYS Yor §SHIHnE smodeLy drate pﬁgeyebsbwpéa?quéé GHralf g edi ng
) . ) . ) h

tom ot o SBIGRECH WRRSIEAYE A OR it 2SOV EELaSIN' lrhipfiSing e £ 1

PCTI SE9910 : t 8F SvAtkr QnAehn€ oFS i r gREC il ifer ei n.
Thi s appliglgjapg(rxéilggpu{dg?l yfto oL A bgior in?é%idf}{ggﬁ%r%val P nﬂel@'?grﬂr{ t he

prepar at i ofrganicVbRientss tithe sare i blee b€idigddl eingi Watdre(diﬁarasﬂiﬁSacesaté:,orrpounds
of the invention may be isolated using techniques which are well known to
t hose ski | ¢éthdnolh) isdvprepanolf.or exanpl e decanting, filtering or centrifuging.
Conmpounds may be dried using standard techniques. It will be 1 o

appreci ated by the skilled person that drying tenperature and drying tinme

FFZ For %"L@%@%’p&%pﬁé“ aﬁé%l%gz&%fa? °%w2§u%%3§ﬁs§&ﬁa§adﬁ%§sﬁg%?€ée "

. | owi h
For mat  on B 28 uels sARAIEH, o, 8o e Rrraptufds of o A G AR berow 1 <
uhi ch the gioy 10 aBau o 1okpBaReh WiilRhow BH MlIdeE b alifiiidipyr be. | os!
and a solid state transformation fray occur, 1. e. the Trystal water will be

lost ifo t hg wdaksbhaksurdiiahd P exatedd @GR! ieFrefarhblyefisoabve)Ve Wilueoyf
pressures for a |onger period. 20 W have. found that, by enploying the

crystal |l i sghiomrs wr 6¢asoons temperate). herein, it is possible to produce
conmpounds of the invention with a chemcal purity which is above that of
the Et 2C- CH2- (R) Cgl - Aze- PabOH, or salt, which is to be isolated in the

first instance. is Furthe urification of conpounds of the inyention may
be effect e‘grxmw@etr@eﬁﬁh ale avcaisare mpar%moawrt%géﬂm 9ERF in the

e oo R aUBHDAYEE B, P ETNB A Y Rl SRl o rom
tonper Bt ur Lo SR oDl e P e BB RR, TRy A 20 G,
the recr ySér?vbiajnﬁﬁé iagRydeee nﬂagﬁmptdqﬁ:e@ N6t EAfstAllinef mbAGhedRObyd, or
salt, in solution, and upon the solvent system™which is used. Wen
conmpounds lowering ithey evdtemoateat aoybelai itise dbove-memtigmedattitissld waser

content during the crystallisation process.

20  Whether anhydrate or monohydrate crystallises is related to the kinetics
and equilibrium conditions of the respective forms at the specific
conditions. Thus, as may be appreciated by the skilled person, the
crystalline form that is obtained depends upon both the kinetics and the
thermodynamics of the crystallisation process. Under certain

25  thermodynamic conditions (solvent system, temperature, pressure and
concentration of compound of the invention), one crystalline form may be
more stable than another (or indeed any other). However, crystalline
forms that have a relatively low thermodynamic stability may be

kinetically favoured. Thus, in addition, kinetic factors, such as time,



.described herein, the resultant conpound, or salt, is in a formwhich has
‘the i nproved chenical and solid state stabili ty ment i oned her ei np&FRERN
Phar maceuti cal Preparations and Medical Uses 1 o In accordance with the

i nvention, the conpounds of the invention may be adm nistered orally,

“int ravenousl subcut aneously, buccally, rectally) dermally, nasall
tracheal | ¥, %Féh‘@hl ally, by any other parenteral route, or RﬁTéSEiWﬁb;/ét i on)
in the formof a phar maceut i cal prepdtati on conprising the conpound of the
i nvent i on imnpuciry ipaofites egitatiai| thegquresgucatireatitenag)of issedyraw. idayealsy we
prefer that_the conpound of the invention is a formwhich is suitable for
oral adni m@w&el whlc Eﬁ@ﬁ%(ﬂpﬁgafon hue mewmedureardasqusée%aﬂ@nmabb be

t ted, t f ad trat h b
acim i st cPEAEPIssERy RS bl Gebiof eLrPRRRRe T AL oL AUTereRl

I nvention %i er processed before formulation into a suitable
phar maceuf ! A lﬁﬁor%gt i on. For exanple, the crystalline formmay be mlled

or groynd into smaller particles. 25 According to a further aspect of the
i nvention, there is provided a pharnmaceutical formulation including a

conpound ¢f ry§taHine AohdIBdrh @@hy >a11w %ewfbhn@dp\%r BReALTibE abf YotB&Cept abl e
adj uvant, d| | uent or carrier. 00/ 14110 PCT/ SE99/ 01514

| S The annqrmalhhecfommst(ag adn amhydlrweﬁbm)‘lm/\mm.‘r os aanpiropedf watguch a
formulation will depend on the condition, and patient, to be treated, as
wel | as t had eagpiusaysralv@niganici sﬁlmms émﬂhoaweq;hangk OF 480 pEOpaOby. filree d
non-inventively. s The conpo I nventi on are useful because they
are met abSiTSeWhighisfopmg Sf%@luf% ajﬂﬁit?ﬁ §F$‘§?di YAt sTYSals oMsounds

whi ch | h h f d d
phar mhEouttRiAIEHEL TRORMBAER, (B LMY odadeo il Ao STRIPHAR y- act i ve
to conpou pgﬁsfolrﬂla%'ht fakbd Place! h?\scﬂ%i’é’,n &?ergflstf'%rftﬂ\éﬁ WP coftefough

i nactive
which depends on the solvent system which is employed and the

temperature.

15 Thus, we have found that compounds of the invention in one crystalline

form may be interconverted via recrystallisation to other crystalline forms.

According to a further aspect of the invention, there is provided a process

for the conversién of one crystalline form of a compound of the invention

tgcanothcr whxch ,-_compnses recrystalhsmg a compound of the invention

preferably 2%, ore - preferabl'y 1% and more preferably 0.5% (w/w)

25  water, whether such wates 1s bound (crystal water or otherwise) or not.
Hydrates contain no less Lhan 0.5 mol of water per mol of EtO,C-CH,-
(R)Cgl-Aze-Pab-OH.



thrombin per se) are netabolised in the body to form potent inhi bitﬂ;é ?gf .
thronmbin, for exanple as denonstrated in the tests described in V\é B 1003
971 23499. The conpounds of the invention are expected to be useful in the
treatment of conditions where inhibition of thronbin is required or

desi rabl ewd gifs¢ N9 those described in WO 97/23499) the di $elREYSE1shd

whi ch docunent i1s hereby incorporat ed{ y reference. 20 Suitable doses of

L1 cat nont TGFIHSAAPTRRLOGS iﬁ%@b%ﬁﬁ%ﬁfeaﬁ%é €A% B 1 Bl 2 10
Lre  PecharTYig _
pa/rE%ES[&H@Q#{%&F?@&F@&%%Q?S%if@%éf"?sp% of 45, Wraltol s o 5
, . 68050 iy S
ol ko, pr Yoy el FRROR 2K B, R AndBRTUR bR g ne? (fap S 1©
adm ni str %W/@?hg‘(’@ﬁ%&ﬂl% hford thith (%1 (VASPEChaRr, Wikthéty QidH Wadgre is

provi ded a ne d of treatnent of a condition where inhibition of thronbin
i's requirepduad (crystdl water Br2QB&wWige00Y #6t.10 PCTI S E99/ 01514 16 desired,

whi ch net hod i ncludes adm nistering a therapeutically effective anount of a .

conpound of the invention to a patient in need of such treatnent. s For the
avoi dance of doubt, by "treatnent” we include the therapeutic treatnent, as

vel | as t H¥heRdheromposn CCBYENHPBAS t9HRe pERFHGHER Bre far| phddnt i on

o Rt FoNRA ik oSl s S5 o6 B B A B
State ot asthiase TofY, B 4R o sl bRl AR B SRR R arl Y 1S ey
be st gl ee‘ffé%fbdls.ts gnﬁgzvxﬁemg%pggépmﬁoaﬁf @ﬁ:'sshaltl all @%@E&ﬁénﬁh gdgg 4 in good

invention may a vantage that they nay be crysta

yi el ds, i npeaeipphgledPitid the rdsalth@SeryistdlHne BHd@oF AftPhens lfyrmastdat a | ower
cost, than forns of Et02C CH2-(R)Cgl’-Aze - Pab-OH prepared previously.

salt may be re-dissolved in an appropriate solvent system, such as ethyl

formate or an alkyl alcohol such as n-heptanol or n-octanol, followed by
agitation of the resultant solution with a view to inducing crystallisation.

15
Preferred addition salts include acidic addition salts, such as hydrobromide

and methanesulphonate salts.

The preparation, and characterisation, of inter alia anhydrate, and
20 monohydrate, forms of compounds of the invention are described
hereinafter. Different crystalline forms of the compounds of the invention
(e.g. anhydrate and monohydrate) may be readily characterised using X-
ray powder diffraction (XRPD) methods, for example as described
hereinafter.
25
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



20, The invention is illustrated, but in no way limted, by the follown
‘ “exanples, with reference to the enclosed figures in V\/m ch: Figure 26 Eﬁﬂ)&@a
X-ray powder diffractogramfor the crystalline form of

Et ®2C- CH2- (R) Cgl - Aze- Pab- OH obt ai ned by way of Exanple 1 . 2s Figure 2
shows a X-r@ygegyder diffractogramfor the crystalline form 9(:1‘/5599/01514

Et Q2C- CH2- R I-Aze Pab- CH nonohydr at g;obt ai ned by way of Exanple

26FEBZ003 0 1 | ay

di f fract ogr tjcﬁ @C% 5}9 ﬁ?ﬁé% %P’:r%?) d%g)&%(ﬁf?%\%) Cglxrélzs aBBEm

hydr obrom d b ec powder
di ffract ogrz)mﬂ?%"?h? gtoc%(@ésﬁ;alé qulfr:]e girﬂr% O%s@lég%%s( I!Z?lél:gi Bgraﬁlgél ]E]—|

met hanesul pReaiiah §s @8dcribeachd¥ingfeér i (HeKBRBMPlek2. Figure 5 shows a X-ray
powder diffractogramfor the crystalline formof 1lo

Et ®2C- CH2- (R) Cgl - Aze- Pab- OH obt ai ned by way of Exanple 14. GCeneral
Procedures X-ray powder diffraction analysis Cﬁ]XRPD) was performed on

sanmpl es Fs frappeuniisaef dredinvwgntionsmay der usohaéc asing t@hwmpwbxqmasee

descri bed |n§ acovazzo, C. et al (1995), Fundanent aI s of stal | ogr aphy,
Oxford Uni vavell kpowndssthoge skilled, inpthe a1y, fmyerample d asanmgg teringt oduct i on
to XRay Powder [giffractometry John Wley & Sons, New York; Bunn, C W
(1948)) ChefFREIUBIESt a | ogr aphy, O arendon Press, London: or Klug, H Zo
P. & Alexander, L. E. ( 1974), X-ray D ffraction Procedures, John Wley and
Sons, New York. X-ray anal yses were perforned using a Sienmens D5000

di {1 ract oneicgy mARUHa! caaPhoe | e Ssie PR kbl SRR be

calorinmetry (D was performed using a Mettler 2s %6820 i nstrument,
accordi ng t@gpte@ﬂd@d@ ynibehidided persoaxnpleyinpasmpaesard bad drjidobie G W

H et al (1996)) Differential Scanning Calorimetry, Springer, Berlin.
26F~B1003~ may affect the solid state properties of compounds (or salts) that are in the
form of solvates, such as hydrates (e.g. dehydration may occur at elevated

temperatures and/or reduced pressure). For example, following the

formation of crystalline monohydrate, there is a critical humidity below

15 which the drying should not be performed, as the crystal water may be

lost and a solid state transformation may occur, i.e. the crystal water will

be lost if the crystals are dried at high temperatures or at very low

pressures for a longer period.

20 We have.found that, by employing the crystallisation process as described
herein, it is possible to produce compounds of the invention with a
chemical purity which is above that of the EtO,C-CH,-(R)Cgl-Aze-Pab-

OH, or salt, which is to be isolated in the first instance.

25 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
appropriate solvent system (e.g. ethyl acetate, iso-propanol, iso-octane,

ethanol, water or a combination of these solvents). Suitable temperatures



WO 00/ 14110 PCT/ SE99/ 01514 18 Thernogravi netric analysis (TGA) was .
performed using a Mettler Toledo TGAB50 instrument. Forns prepar ed]? 5r¥EB 2003
accordance with the Exanpl es bel ow showed s "essentially" the same XRPD
diffraction patterns and/ or DSC and/or TGA thernograns as ot her Exanples

di scl osed ad mmivhen it was clear fromthe rel evant patter n®CaysEIvoH &M
(all owi ng for experinment aI error) that iahe same crystalline form had been

formed. Thug, d Bile 0050 hd SERSSANINARR I Bipetlf ngbﬁ Ehgeccsm gration( %eZQ

and XRPD to nce va ues y vary in nge on th ast deci mal

pl ace. Examf& éuﬁayéxtgdltlnﬁastdlmbxpfarﬁt&i?&x H&sd 1R £0sy sherp- WaRh( &e8. no of
Et 2C- CHZ-(R)CE - Aze- Pab- CH (am)rphous obt ai ned by is freeze drying

product obtained according to the method described in Exanple 17 of

I nternational Patent Application WD 97123499) was dissolved in a

di - i so- pr opWhenheomposndprafpdmcinvensionrare( crystatlisedy: or recrystallisedhganeous

solution was initially formed which was al | owed to, stand for 24 hours at

room ter?per@ﬁsﬁf@e Iilqrﬁmat[hérfeﬁﬂém@rcﬂwmﬂﬁreﬁﬁ t.zi§ WeApgeFm: whigh jase 160

ng of crystall.ine he .c tals r anal zed XRPD_.and t he
results ar e‘%Fa‘HEHTQEH) 8‘8 EE@&% (*Pglfloll%lsm'ierﬁ B{Eéﬁ{npef‘é"eat ive
intensity) and are shown in Figure 1. zs 2 6 F E B 2003 WO 00/14110 19
Table 1 PCT/ SE99/0l 514 d-val ue/ A Rl d-val ue/ ARl d-val ue/A Rl 12. 0vs4. 42m

oo 2 11t bagtasedical Proparations and Medical Uses o o oo o ny o001y

WA unitcell wasdeterm ned fronmsingle crystal X-ray data. It
wastriclinic,with P 1symmetry, Z =1,and the foll ow ng di nensions: a =s

5. 149(1)oA, Im adddrdstdel ik, the mientidw,( the dompoend@OoBMd invdidion FAY7WE 1), y =
75.57(1), and V = 627.2(2) A3 DSC showed an endotherm w th an extrapol at ed
onset terrpeadmunsterﬁd cerally500mayanously, Jsuprutaneausiyonbucealliscrectayi n mass
of ca. 0.6% (w to around 150C Exanpl e Preparation of Crystalline

Et CeC- CHe- (tra@allynzeaselly. &2 P@M,Eﬁr@@madbt,e‘ay SAVLOUEA PAFCRIEIAL e ot hy!

h 4 d |
Bt 02C Oro- (¥ g BRAAGRES. & B JplmopEd BBFIBRe el PRRAF LR COmpRIIAG 5 10
h d h
il th acet onde BB the"BhRBHEE (s pRIrhRLURNGY BReREIE osagd Ooc )
001 1411{y PGHREO94O%edér we prefer that the compound of the invention is a form

which is suitable for oral administration.

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

20 doses (see¢ below).

The compounds of the invention may be further processed before
formulation into a suitable pharmaceutical formulation. For example, the

crystalline form may be milled or ground into smaller particles.

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

admixture with a pharmaceutically acceptable adjuvant, diluent or carrier.



._ ~-,20 extracting with ethyl acetate). The solution thus prepared
conprised ethyl acetate, ethanol and water (8.7 %ww). The sol ut iZ(ﬁnF%@m
‘concentrated and dried by successive distillations, performed at 250 nbar
and a bath tenperature of 60C. 70 nL of ethyl acetate was charged into the
“initial s woldtigom, which was concentrated until 46 g of solrdt/sE¥nETRI Ned.
103 nmL of ethyl acetate was then charggd into the solution, which was again

trat ' . j ; : is I I
o the ot Aag 48kl R ontbd L e, infforly HEN 3 BT d iR RCEne 00Uty
suspensi onfyasuiaabh k8 deBbnd JiO e c8hditfon, and ﬁﬁﬁb&g tb%b%Qrea%cf,Oﬁs o5

hours, then to 5 Cfor 2.5 hours, and finally to - or 1 hour. The
sl urry waswelleas abe taipggbuatd($)he/hiicindd/atempgpiayed e bov eani tghdeeonhiddie
crystals were filtered off) washed with ethyl acetate and dried at 40C
under redunes-ipvemivwely. overnight. is The crystals were anal yzed by XRPD,
DSC and TGA, and showed essentially the sane diffraction pattern, onset
tenperature, and decrease in nmass, as those exhibited by the form obtained

accordi ng Exanpl e apqve. 20 Recrystalljsation of .

B oG, Cro- TRy Ghaunds.Bf B indEnpios eyl Blense ey ars ageolishn. o
(crude; obtaine C i t 4 descri i e above) was
di ssol ved %%@q?%&?%&;"?@g W%@g@%ﬁqgnﬁ)rﬂ{ §B§%Oﬁdg}?ﬁgb&gﬁ§%ﬂ at

60C. The SMJ% o] At ed apygh.dri by, sinve;diksiillations,
per f or med gt @%agnﬁ%ﬁh t enper’at _u?% ofthgiééqs%s. #ﬁé&gﬁ utélggn was
initially geneRidcueicer, adatinlpatlcdiaf ag PBdRRE. of3phdFnaebldgiealy-antarol was
then charged into the resultant, and the solution was concentrated until 20
g remainedcorhp8ugdnf 2 6 F EB 2003 WO 00/14110 PCT/ SE99/ 01514 21

i so- propanol and seeds of crystalline Et02C CH2-(R) Cgl - Aze- Pab- OH (obt ai ned

via a process that was anal ogous to the nethod described in Exanple 5
bel ow) were then charged into the solution. The susPensi on,was agitated for

3 hours at IMORETUGHIRT: hEYY COBIRSYDES 0DCDEoANEE I, s Altheugh 5inagllyRriy. 5
nour s R . she Wb IR L Vo 3o o, PO fELRles 67 10
thrombin, for example as demonstrated in the tests described in WO
15 97/23499. The compounds of the invention are expected to be useful in
the treatment of conditions where inhibition of thrombin is required or
desirable, inciuding those described in WO 97/23499, the disclosure in

which document is hereby incorporated by reference.

20 Suitable doses of the compound of the invention in the therapeutic and/or
prophylactic treatment of mammalian, especially human, patients are in
the range 2 to 200 mg per day at peroral administration, and 1 to 100 mg
per day at parenteral administration and/or 0.001 to 20 mg/kg, preferably
0.01 to 5§ mg/kg, body weight per day at peroral administration and

25 0.0005 to 10 mg/kg, preferably 0.005 to 2.5 mg/kg, body weight at

parenteral administration.

According to a further aspect of the invention there is provided a method

of treamment of a condition where inhibition of thrombin is required or



W th iso-propanol and dried at 40C under reduced pressure overnight. The
crystals were anal yzed by XRPD, DSC and TGA, and showed t o essentizaﬂ: 0% -

sanme diffraction pattern, onset tenperature, and decrease in mass, as ose - -

exhi bited by the form obtained according to Exanple 1 above. Exanple 4 1 s
4. 0 g E - - (R} Cgl - Aze- Pab- OH (crude; obtai ned accordi e met hod -
descri bed ﬁo@iﬁ%l e 2 above) was dissglved in 2 nL of puri{}lggé%\%éi{ﬁél"f 16

m. of ethanol and 45 nL of ethyl acet éﬁe_at .55C. The sol ution was

concent r at @efieadd Whickd mephed daelidey admisisteniag j2 tergpeyisatbd effectw® nbar
and a bath tenperature of 55 ., The solution was.initiall

concentr at %‘BPHBhtq I 33@rﬁp9%ic§e6@e dBVERUQLY Q¢ $yRaticaly oy 839\%§2f?ﬁ%?p char ged
into the resutlntlargt, and the solution was concentrated until 28 g renained.
An additi oFSF IR L of et hyl acetate was added and the sol ution
concentrated until 33 g renai ned. Seeds of crystalline

Et O2C- CH2- (R) Cgl Aze- Pab- OH (obt ai ned vi a Exanpl e 3 above) was added to the
sol utign. Rsr the Sibidane 60 dast aslt sfresnic” SwbomeRud tHO thérapedidl t hen
cooled to 20 C for 5 hours, to 5 "Cfor 2.5 hours, and to -5 "C for |
hour. The gkatmisnty\as welleas dgi prophgiaxis,tdfea Eonditiohenper at ure overni ght. The
crystals were filtered off, washed with ethyl acetate and dried at 40C
under reduced pressure overnight. |, 2 6 F EB 2003 WO 00/14110

PCT/ SE99/ 01514 22 The crystals were anal yzed by XRPD, DSC and TGA, and
showed essEhe camppunds of dhe weyentionchaverthp advaniage shaktheyargdna form  and

decrease in Ss, as those exhibited the fo bt ai,ned according to
il o 1 ABICDIoxdemiE IPBTOReq crre Dt esdiins Bt o tiecIaROgRdS OF,

obt ai ned or.di o..1.he et CLi [N anpl v.e)

di ssol edaﬁtﬁ% Hg'gﬂﬁeho]?&‘&o [%%r t@ggg%{hépe@ﬁg @Sggt&g%u?g@%r Bﬁfol at 55
to 60C. T l rlxﬁfﬁ‘ LAt hd SSUC I istd | 1 ations
per f or med hg%l ﬁfﬁoga{ﬁ%ar aﬁé%%gﬁé?eﬁﬁe?ggg ?Sreth%f s%%’éﬁyfrﬁgé@g#% ?%‘fl&:/\/as
initially g _@éﬁi@k?ﬂ UTtid, e @omgmmeehayTbe sighlet When\R6redldbiét ed at
40C) 18 nlL of iso-octane was then charged into the resultant, and seeds of
i s cryst al pioben €H6dL- (R) Cgl - Aze- Pab- OH (obt ai ned vi a Exanpl e 3 above)
were added to the solution. The suspension was agitated for 3 hours at 40C,
and then cooled to 15C for 6 hours. The slurry was then agitated at the
final terrpérature overnight. The crystals were filtered off, washed with a

m xt uré of CPEPOYPApAAdRe Invepslogamay also have fheaattyagragsithat they mayRS under

To and STOnE Lk dh ot it o Bk apigteE. BB paf: fest REeumore ™

t t J i Pi bt ai ned

e oL o o BAEE AR 4 [oURF s AR Y BIOTE CH AT oA 01 1 e
Pab-OH prepared previously.

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

examples, with reference to the enclosed figures in which:

Figure 1 shows a X-ray powder diffractogram for the crystalline form of
EtO,C-CH,-(R)Cgl-Aze-Pab-OH obtained by way of Example 1.

25
Figure 2 shows a X-ray powder diffractogram for the crystalline form of
EtO,C-CH,-(R)Cgl-Aze-Pab-OH monohydrate obtained by way of
Example 6.



Z 6 F EB 2003 WO 00/14110 PCT/ SE99/ 01514 23 Crystallisation of

" Et ®2C- CH2- ( R) Cel - Aze- Pab- OH nonohvdr at e Exanple 6 3.0 g of 7 6 FEB 2003
Et O2C- CH2- (R) Cgl - Aze- Pab- OH (crude; obtained according to s the nethod
described in Exanple 2 above) was dissolved in 1.5 nL of purified water,
-10.5 nL ofwetdgapQb and 36 nL of et hyI acetate at 55C. The s@l4isr9s)oas
concentrated by distillation at 250 ar and a bath terrperature of 55C

until 18 g s emal n char nto he

ol uti on, %Soman?%mcsﬂw?é{ Mqar%%gr HJ& rEREfE of

et hyl acet f

Et Q2C- CH2- ﬁ@?%%afglegy%f éﬁg?’ tal nhe @?@?E‘gﬁ% e ov%’nweré, %fded to
the sol uti %{amg,hfgsuspenm on was agitated for 3 hours at 40 C, and then
cooled to or 5 hours, to5 Cfor 2. 5 hours and to -5C for 1 hour.

. The slurry was then agltated at the final is tenperature for an additional

day. The crystals were filtered off, washed with ethyl acetate and dried at
40C under Feghireetl shows suXergyl powrdbadjffractagrennfghthe Fhsallinstfatm ofer e
anal yzed b'\é@XRPD and the results are tabul ated below 20 (Table 2, in which

R represe @oG@Hi{5E$Wﬁ§M%W@a@$WaFm obigjaed by wer ehowed an
endot herm 01 gxtrapol ated onset tenperature of ca. 94C (ca. 171 J/g).

The crysta nal ysed by Karl-Fischer titration is and by TGA. TGA
showed a decrease in mass of ca. 3 .5 % (ww around 85C, corresponding to
a nonohydr at e, and a deconposition starting around 210C. ~ 6 F E B 2003
5 to 15 vvo

2d- val ue/t ?B {%‘b%ralsﬁogg%glf?aﬁtoggngl Elovs%ef/rsygmél eﬂr{g C?L .11m6. 2
mi. 04, 5"‘@{@23@@&-@)@@0&8% GBN¥biaied BB Wy CSTSExample 14.

General Procedures

X-ray powder diffraction analysis (XRPD) was performed on samples
15  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), Introduction to X-
Ray Powder Diffractomerry, John Wiley & Sons, New York; Bunn, C. W.
(1948), Chemical Crystallography, Clarendon Press, London; or Klug, H.
20 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.

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

Calorimerry, Springer, Berlin.



PCTI SE99/ 01514 d-val uel A Rl 3. 47w3. 34n8 . 26W3. 02wW2. 61w2. 42w Exanpl e E @‘l\ﬁ'&g
of Et 2C- CH2- (R) Cgl - Aze- Pab- OH (crude; obtai ned according to the b %
described in Exanple 2 above) was dissolved in 45 nlL of isopropanol and 30
mL of purified water at 40C. The solution was filtered until clear and
concentr at aa doy14diosti | | ati on under reduced pressure at 40 CPANSE$D9/01514
remai ned. The sol ution was then cool edpy 10C/ hour from40 QL5 ~ to -10C.

The slurry i ! t d the
crystal's 11 HErhafR BREGR ERuV B (TePAD W Bortohincd Uolpe ERERRL HoleRTT
reduced pr e?g;(gdmgﬁgm’gﬁ.r) overnight. The crystals were anal yzed by
XR-PD, DSC and T@A, and showed essentially the same diffraction pattern,

onset tenperature, and decrease in nmass, as those exhibited by the form
obt ai ned according to Exanple 6 above. 2 6 F EB 2003 WO 00/14110 25
PCT/ SE99/ 01B6¥mEx argpared 2n 7 agcardaied? GHtH2 tHeR) Eyhmvies PadloGH flowetk;

obt ai ned according to the method described in Exanple 2 above) was
di ssol ved afespemmially 2 thensamag XR N riffragtipmspatiernsfagsiier DS andiasr TGAhe

| i i d d d ith | f )
EU 0. Ot eBROETAIES PAISTRET ESBRBIGRAISaI0srt Ay, YBen o WASIHIAT OBLr | bed
i Ex | b . Th t | WA t ed t d . Th
Cryota o e Tl i gt S A et s XaRin  BRCHEACHmEYE! & SBNR Ll o
The crystal &xtey\ésraﬁnc?m XEEEndY f ER%@S%eQHd fggirflgd?md PRReDH§ES skl |y the

sanme di ffraction patiern, onse erature, decreasé in mass, as those

exhi bi ted 430 d; I bt afpbe & \% | aration
of Crystal F?ér!#eﬂb%fag&?%gnéﬁ?l?ﬁgg - ﬁg-ﬁga%- %qi L’tl.ilsl?fe9 (@Egénﬁlzg’ ’ %DSB go
Et 2C- Gi2- (&sfagke AatudRahayvafe inide rapoeat-2ech diee st deginial glhee.met hod

described in Exanple 2 above) was dissolved in 200 nL of 20 iso-propanol
and 2.52 g of 47% HBr at 40C. The solution was evaporated to dryness at 40C
and reduced_pressure. An additional 120 nL of iso-propanol was charged into
the resul t agkampld Yue in order to rid it

Crystallisation of EtO,C-CH,-(R)Cgl-Aze-Pab-OH
200 mg of EtO,C-CH,-(R)Cgl-Aze-Pab-OH (amorphous; obtained by

15 freeze drying product obtained according to the method described in

Example 17 of International Patent Application WO 97/23499) was
dissolved in a di-iso-propylether:iso-propanol mixture (14 mL; 1:1). A
homogeneous solution was initially formed which was allowed to stand for
24 hours at room temperature. Filtration and drying (ambient

20 temperatyre) gave 160 mg of crystalline product.

The crystals were analyzed by XRPD and the results are tabulated below
(Table 1, in which RI represents relative intensity) and are shown in
Figure 1.

25



,of its water content) and the resultant solution was evaporated t?ﬁ%nm@s.
The anor phous substance was then dissolved in heptanol at anbient
tenperature. After sone agitation, crystals fornmed. The slurry was agitated
overnight, the crystals filtered off) washed with heptanol and dried at 80C
under red sure overni ght. 2 6 FEB 2003 " WO 00l

PCT/ SEQ9/ %@ﬁﬁi@sme crystals were apal yzed by titration ﬂﬁé%gﬁ?ml

and titration with 0.1M AgN03. The co centration of substance according to
the titratiablewith NaOH was 96. 6 %(vv/w) The amount of Br according to the
AgNO3 titr tlon 13.9 % (W S|nd|c ;assuging a s nono HBr
salt, of ¥%11I“F entratlg’n g‘e}gg T‘ﬂ Y nde vvgs sol vent
resi due. I&e crystal S were %nzzé)yzed by XRPD and3t1@e resul tg are t abul at ed
bel ow (Tabll i n"%hich R resent s™r el ati ve” it ensi ty) 'and are shown in
to Figure TabIe d-val ug/4y Rl d- val ye/ ARl d- v e/ ARl 12.

vs4. 35n8. ZI?V\RO 1 s4. 17w3. 06\/\/92% ny. 07n‘}i‘2’. 92w6. 0 'ﬁ?gosmz 86wh. 7

s3.92nR2. 7. 6 nB. §2n2. 53ws 421 1B, 72W2. g3wWh. 1 s3. 69n4. 95 s3. 62w4. 74

w3. 51w4. 57 w3. 48mt. 41 nB. 38m DSC showed an endotherm wi th an extrapol at ed
onset temjyeRature of ca. is416®C (ca. ®9 J/g). 26FEB2003 WD 00/ 14110

PCT/ SE99/ 01514 27 Exanple 10 8 g of EtRC CH2- (R) Cgl - Aze- Pab- OH (crude;

obt ai ned &cQordi ngmt o the ndt%dd describbed i n Exanpl e 2 above) was

di ssolved in 120 nL of iso propanol and 2.9 g of 47% HBr at 40 to 50C. The
solution Wad s evaﬁbr at ed tg—(ﬁyness ¥i el di ng an anor phous subst ance,

whi ch vvasrsdbss'ol ved in 1- oc The soI ution was agitated at anbient

t enper at ure’and, after a whil a-g) cryst d™ i zation occurred. The sl urry was
agitated %gﬁnl ght t he cry%t@is fllte[hed of f, washed with 1-octanol and
dried at 80 under reduced préeéssure over the weekend io The crystals were
anal yzed kyg¥RPD apd DSC, and3ghowed ggsentially the sanme diffraction
pattern, and onset tenperature as those exhibited by the form obtai ned
accordi ng 4. 80 Exanpire 9 abové.il w

A unit cell was determined from single crystal X-ray data. It was
triclinic, with P1 symmetry, Z=1, and the following dimensions: a =

s 5.149(1) A, b = 10.466(1) A, ¢ = 12.317(1) A, o = 80.32(1)°, B =
79.78(1)°, v = 75.57(1)°, and V = 627.2(2) A%

DSC showed an endotherm with an extrapolated onset temperature of ca.
150°C (ca. 113 J/g). TGA showed a decrease in mass of ca. 0.6% (w/w)
10 around 150°C

Example 2
Preparation of Crysulline EtO,C-CH,~(R)Cgl-Aze-Pab-OH _from an

Extracted Solution

15 70 mL of ethyl acetate was charged into a 140.3 g extracted solution of
EtO,C-CH,-(R)Cgl-Aze-Pab-OH (prepared following an analogous
synthesis to the procedure described in WO 97/23499, using ethanol as

solvent, quenching with acetone, concentrating the resultant solution, and



s Exanple 11 1 g of Et2C CH2-(R) Cgl - Aze-Pab- OH (crude; obtained according
to the nethod described in Exanple 2 above) was dissolved in 22 ni ofFEG 263
propanol and 0.36 g of 47% HBr at 45C. The solution was filtered until

cl ear and concentrated by distillation at reduced pressure until 3.85 g 20
remai ned: ‘&Beo ﬁ?{lﬂti on was agitated at 40C and 6 nL of toluene was added
slowy. Th 18t %n was seeded with c@rﬁistal s of the HBr salffc-'(’%%gtgﬁ)llﬂéd
anal ogusly to the nmethod descri bed= anpl e 9 above). Wen the suspension
becane whi esfractingcdih etdndlacetant). o he solisiom thas pregared ddmpsised ethylas
agitated and the tenperature was decreased IT% 20 C . The 2s slurry was
agitat ed o@eptaicgrethanpleand ywatgr {8¢7 % B/ w0- oflfie $RIUHRR WAS KODEERIEMED and

e .
A R A T M,

of Crystal |Line~GEL e g = ek QR g of
Et ®2C CH2- %?5‘%85’ g@;@ﬁé@@%e; _ o%t?a?ér?gdc_’ accor%ﬁgmta% 'eigr%t od
described pf ditpIMmicetate aRQY aheNecha?t &S dhks dhé NsdiGolrL wHichS ak Oagdigpanol
and 2.03 g of nethanesul phonic acid (1 eq.) at 50C. The sol ution was

evapor at ed concainyned s uatil 5P Surgleremsideded prSeedsr ofr esydthisngtitainete
formation of an anorphous solid material. 1.5 g of this substance was
di ssol ved rnalpgonslyetcthyhe foethad ejesqribed Ha Esnuplod weese afdeg: ard dhe anbi ent

ight. The f d I fil d , hed
w U h et hyl TesOlaaT SUsRARR BaSaETatd o A0enrs sutbed. srelsLiu2BVei T gnt . The
t al | Ltratd ith.0.1 Na O, t wp-ph itration.
A Lonctht 1 Surouto St 3G s Bk ahdongal) 57 9he b iRonhe 1"
format i on gfy LG /TRRA TERUA & 2 i1 GefiipbPlehe oVERfeRY A ¢ cRYudfRPD and

the result tabula
were filtered off, washed with ethyl acetate and dried at 40°C under

reduced pressure overnight.

15 The crystals were analyzed by XRPD, DSC and TGA, and showed
essentially the same diffraction pattern, onset temperature, and decrease in
mass, as those exhibited by the form obtained according to Example 1

above.

20  Recrystallisation of Et0,C-CH,-(R)Cgl-Aze-Pab-OH

Example 3
3.0 g EtO,C-CH,-(R)Cgl-Aze-Pab-OH (crude; obtained according to the

method described in Example 2 above) was dissolved in 49.5 mL of iso-
2s  propanol and 4.5 mL of purified water at 60°C. The solution was
concentrated and dried by successive distillations, performed at 100 mbar
and a bath temperatmre of 60°C. The solution was initially concentrated,
until 17.5 g remained. 30 mL of iso-propanol was then charged into the

resultant, and the solution was concentrated until 20 g remained. 1.8 g of



(Tabl.e 4, in which Rl represents relative intensity) and are shown in
Figure 4. DSC showed an endothermwi th an extrapol ated onset tenper @tFied 2803
ca. 2s 134C (ca. 93 J/g). 2 6 FEB 2003 WO 00/14110 29 PCT/ SE99/ 01514
Tabl e 4 d-val ue/ A Rl d-val ue/ ARl d-val ue/ARI| 2. 0 s4.63nR.88nl 1.7

vs4. 54nR. TGV . 4652, 74mL0. 2 s4. 1552. 69w8. 3 W4, 0652. 65MTRAE/SEY9/01514
$3.92s52.54W6. 0 nB. 84s2.52WS . 6 s3 . AN .49w5. 5 s3. 6552. 27w5. 2

3.56s2. 21 4 . 42
72 oswexamprsPiStl ghng Y F. cifullall B, CCRERCR AT FRFOR o
Exanpl e 12 @hanas e adhRReby afat N Suio@isaipindNepkiub@uiRg goi tat edat

anbi enttenperature overhight. The fornmed ctystals were filtered off,

washedw t h Exanggie!5 detbwly mede ahed @Gatirde nto atle setudises SThe saysmicqant . The

crystals were anal yzed by XRPD and DSC, and showed essentially t o the sanme
di f fract i onwgsaagitated femd houwseat #8hpeand uhen casledtos2) € foh Stheirbytot he f orm
obt ai ned accar di to Exanple 12 above. 2 6 FEB 2003 WD 00/ 14110

PCT/ SE98/ 055 §4fCE02q Pr borisa@pgiogP "Fufarnbhour yskhe slusey masniben agitated

Et 2C- CH2- (R Cgl.- Aze- PabOH from Et OPC.CH2- (R) Cgl- Azez NH - C6H4- Exanpl e
14 s 0. 002%t éhqgfm{ééﬁe@gggngps%vgr L r’l‘ﬁﬁe@séﬁwe&af@&xgg@&rwa ine (50%
(ww)) and_110. b i j gl ass

react or V\hl“(J:I#P\lﬁgép %@Eﬁgg%n%aﬂ gfq)&g?gt gf@%?%gﬁgedlﬁ%ggﬁé cg?el§§}g§lg'l ution of

gl yci ne,

N-[ 1-cycl ohexyl -2-[2-[[[[4-[ cyano] phenyl ] met hyl ] am no] car bonyl ] - 1- azeti di ny
1] - 2- oxoet IHe] crysedllyiveest Sialy4ed- b XFEPD) DSC and TGA, and showed

(Et QZC- CH2- (R) Cgl - Aze- NH CHI - CoH4- in butyl acetate (approx.

concento at iessenfibll9othevsanp diffsacticar patcbrnnboséthempesartre,. andf degreds? imour s

agi tation, the solution/suspension was opaque. A sanple was w thdrawn to
check the @aassemsibasesxhipirgd by mnefqrga@bmnemoq{gngn@d%mlmnng 14. 4
nm. acetone, followed by addition of 307 nmL butyl acetate. is The jacket

t enper at ur 8A¥& set to 70C and the suspension was agitated for | hour at a
tenperature of 70C to dissolve the precipitate. The tenperature of the
thernostatic bath was then set to 40C and the solution was agitated for

addi ti onal guys. Particles were still present. The precipitate was
filtered off—the—filtrate was charged to a jacketed glass 20 reactor and

agi tat gd ay @GQCEONCERH,IRYCORARE FabaOHRSrudealdbesined\labcBiding to the
method described in Example 2 above) was dissolved in 2 mL of purified
water, 16 mL of ethanol and 45 mL of ethyl acetate at 55°C. The solution

was concentrated and dried by successive distillations performed at 250

mbar and a bath temperature of 55°C. The solution was initially
20 concentrated, until 30 g remained. 32 mL of ethyl acetate was then
charged into the resultant, and the solution was concentrated until 28 g
remained. An additional 16 mL of ethyl acetate was added and the solution
concentrated until 33 g remained. Seeds of crystalline EtO,C-CH,-(R)Cgl-
Aze-Pab-OH (obtained via Example 3 above) was added to the solution.
25 The suspension was agitated for 3 hours at 40°C, and then cooled to 20°C
for 5 hours, to 5°C for 2.5 hours, and to -5°C for 1 hour. The slurry was
then agitated at the final temperature overnight. The crystals were filtered
off, washed with ethyl acetate and dried at 40°C under reduced pressure

overnight.



.the extractions were carried out at 40C. 110 nL Na2CO3I NaC ( 10 %1 10 %.
(ww) was charged into the reactor, the solution was m xed for 1Q-@PEB 2003
m nutes. Agitation was then stopped, allow ng the phases to separate. The
wat er phase was renoved. 12.5 g ethanol and additional 2s 110 nL of aqueous
Na2C03/ Na@lp fo/feP1070 / 10 % (W w)) was added, the solution wapc-gaaiebehRdy for a
few m nutes and the phases were then | owed to separate. The water p11ase
was renoved, and 12.5 g ethanol and 1 m. of the aqueous Na2C03/NaCl ( I O
%/ 10 % (ww)) solution were added. The resultant solution was agitated

P Scod oA Rl AL E ") OoF, B BT AL bl

renoved. ; t t j C phase,
whi ch ms%a%?‘?iat’% é"%gffmﬁging%jﬁésfﬁ% ‘?%Se\ﬁﬁlépggﬂuﬁﬁeg’ fd Hf':argé/o&?% w). The
sol ution wagss)i aeethosehextibRe® s e \for ebladvwel abCorknRarat BExanpld e water s .
phase was renoved. 52.9 g of the extraction solution, which conprised
around 54 qabmiveEt O2C- CH2- ( R) Cgl - Aze- Pab- OH was charged into a roundbottom
flask. 4 nL of a 35:65 (v/v) mxture of butyl acetate and ethanol was
charged to the sane fl ask. Sol vent was evaporated using a rotary evaporator
at a pressure of 100-200 nbar, and a bath tenperature of 73Cio until 53.1
g sol uti orEXamplendd. An additional 4 nL of the above solvent mixture was

o SIS R O S s el L
S0l 01 BEuBTGRIL I h i ANARos A LUk aRfIRA0LE S B of L s

addi til‘analaplﬂ'iﬁ'éd WaserCHRd 4695 nAN bt HE-prEpARAION ¥850 BUMENITRE QANARRA N unti |

33.43 g remalned. 2.2 g of the solution was vvithzrawn for analysis of

sol vent coppohtétiirdiyd @adaddedeie sucsEstivet dRyillitiohs Fperedtenied iat ri@oi on. The
water content was 1.0 % (ww . 0.34 nL of water was charged into the fl ask,
whi ch was mbarcexhd ra ebathhetemysramire oft60%40. kePheasoldifion Was dnitisliyon was
agitated using a teflon inpeller for 3 hours and then cooled to 20C over 5
hours, to ®ocen@ated WitHolf § remained.. ckheselutionewas @dgitagdeas 400€; d8 was t hen

201 Ut on vk tp%%zcm Pkl o oo (hayard 1080 G, SERIAN g 4] 9ets That |
%3?"”3&?;%05%%9&6‘%' *%‘t?-@fm-%@%?fg%%ﬁé@??t’?g%”?ﬁa&gﬁdagi en dri ed
i 0 R 514 32
The. cryot APOVGE ORI o e sl i I hsBRIoH Vs deliaied R0l
titration.hotits aKBBPC, 3! then 2b6ldatpul St EFob @ BvarsTaThe sRirryvahiteh R

represents relative intensity) and are shown in Figure 5. s Table

5d- val ue/ .a4filated/al the/ fAft]demperaifdR0 terfight. 3The. &ysthls esd .fAsrdd 28H,W8. 8md. 25
mB. 10w7. 2md. 06wW3. 03w6. 8vwa. 00vw3. 00vwe. 6nB. 82w2. 91w6. 5vwW3. 73w2. 78w6. 4vw3. 71
n2. 73w6. Ovisagedowshvaverignee 646viso-prop@icdise-sgramesthisd) 3nd. dried andlbC2s3. 41 we,
38w4. 7S . nB. 37wW2. 34vw4. 52w3. 34w2. §9vw4. 39nB. 29vw2. 26vw DSC showed an

endot F8r mWAdeR raducsd; PresSiTs VT8t . tenperature of ca. 169C (ca. 142 3/q).
TGA showed a decrease in mass of ca. 0.7% (wWw around Z70C. to A unit cell
was determ ned fromsingle crystal X-ray data. It was orthorhonmbic, with

P2, 2121 syfetdystafsdvertNdndifsed ¥y HRPD, DSC and TGA, and showed
essentially the same diffraction pattern, onset temperature, and decrease in
mass, as those exhibited by the form obtained according to Example 1

25 above.



.2 6 f E B 2003 WO 00/ 14110 PCT/ SE99/ 01514 .3 a dinensions: a = 7.753(1) A

b =14.331(1) A c = 22.276(1) A a = [err] =y =90 , and V = 228FEBa{()

A3 . Exanple 15 s To a solution of around 9 g of

Et 2C- CH2- (R) Cgl - Aze-NH- CHI - C6H4-CN in a m xture of ethyl acetate/purified

wat er (copefifspll on of solute around 23 % (W v total), wat ration
around 10 %(W/Wtot otal)), 50 nmL of etfhanol was charged. Th e&’trTé%%g}rag%]Bre of

the solution was adj ust to C a d ture of 0. 61 y EDTA and 3.62 ¢
hydr oxyl ag tion pf 2 2l i g HORH fetor. After 1 h 50
mn, seed crystals of EtCJZC—CI—W(R)CgI -Aze Pab OH anhydrate (prepared

anal ogously to the method described in Exanple 14 above) were added. The
suspensi o tated for 21 hours. 3.18 g of acetone was then charged
into the E lé%l and the suspension was agitated for an additional 30

m nutes. i35y \Tg;%fsawmmgwgm,@apas@ﬁd ééx@xd@o%&é{ﬁéd?’aé'wf&ﬁw ide

t enperat ure s kept-at 60C for 6 hours and then cool ed by decreasi ng the

j acket st enfpenadtiod degcribéd fin Bxample e abevpemasudissolesd dhos$ frd. of0C. The
crystals were then aged for an additional 2 hours. The crystals were

separ at ed plrifiedt weterptlAey mli gpficathanolfand: Batmbrof ethyhadetate at 36°GL, 2a
followed by a further 10 nL) of ethano] and then dried at 40C under reduced
pressur e. Thgeselujionawas wancearalodsby distidappn DS@5Qn§1bBGAaDdI' e batl yses

.SE"“nﬁSsesse”tmgg" 38is%oahio0! Connbl 1B TPBIRNSh ofthERL ook RO A R ENBIT & 14
Coluti on G Flig#RIRES s @%&%a%?%zﬁé R et AP g 1 e
Cotal 17 et PR BT aotrett o o BEERS ety Bl g gf, ) (Y

acetate a@ﬂyéﬂlli&e”‘Et@fzce@qumng@AQe% gmi- (Jbv@ined via Example 3

above) were added to the solution. The suspension was agitated for 3

hours at 40°C, and then cooled to 20°C for 5 hours, to 5°C for 2.5 hours

and to -5°C for 1 hour.  The slurry was then agitated at the final
15 temperature for an additional day. The crystals were filtered off, washed
with ethyl acetate and dried at 40°C under reduced pressure (150 mbar)

overnight.

The crystals were analyzed by XRPD and the results are tabulated below
20 (Table 2, in which RI represents relative intensity) and are shown in

Figure 2.

DSC showed an endotherm with an extrapolated onset temperature of ca.
94°C (ca. 171 J/g). The crystals were analysed by Karl-Fischer titration
25 and by TGA. TGA showed a decrease in mass of ca. 3.5% (w/w) around
85°C, corresponding to a monohydrate, and a decomposition starting

around 210°C.



tenperature of the solution was adjusted to 41 C and a m xture of 0.3 ng .
EDTA and 1.78 g of hydroxylam ne {aq; 50 % {ww)) was charged into tgFEB 2003 .
round bottom flask. After 1 h 40 min, seed crystals of EtQ2C CH2 .
(R) Cgl - Aze- Pab- OH anhydrite (prepared anal ogously to the nmethod io

descri bed wg obxsi7p! € 14 above) were added. The suspension j for
22 hours. 2.79 gqgf acetone was then gharged to the round ﬁ%ﬁ@%*@ggg and
t he suspensi.qn.was agitated for additional 19 hours. The crystals were
separatedf—?—tgﬁqg{he not her liquor by filtration, washed with 2 x 10 nL of

et hanol ang. nidired at 40 R re ed press ts Theycrystals were
anal ysed b@"%ﬁ“ &C and T .@%ZAanal%iges shoﬁ%/zgélgg/s%nti al'tTy the sane
XRPD pattergig DSC ghernograny sgnd decrggse in masgy as thosg exhibited by
the form obtai ned according to Exanpl e 14 above. ?0 Exanple 17 To a

sol ution of3 @Arounds30 kg of £UGPC- CH2- @iR) Cgl - Azg- M CH, -C6H4 CN in 130 L of
a mxture of ethyl acetate/water) 151 kg of ethanol was charged. The

t enper at ur®4of thevsol uti on 429 adjusted to 38C3a26 a ?s mwture of 2.1 g
EDTA and 12.0 kg hydroxylam ne (aq.; 51 % (ww)) was charged into the
reactor. A-2er arovhd 1.5 tot2lhours, W1 g of Se@d crystalw of

Et 2C- CH2-{ R) Cgl - Aze- Pab- OH I?ydrite (prepared _anal ogously to the nethod
descri bed 4-h Exanpfe 14 abov‘gi wer e added. The gugﬁensi on Wis, agitated for
ar ound 23£2urs. 19 kg of actg?ane was 26 F2E 2003 WO 00/ 14110

PCT/ SE99/ 0514 3s Then charg into th&reactor “affi t he susPensi on was

agi tated quS an ade tional ?é)ggl nut es. VJhe suspensi on was then heated to 73
Cuntil allT"of the crystals Were di ssol'ved. The sol ution was cool ed by
decreasing; the jackpet tenpersggre by 10/ h. Wen the tenperature was around
61 C, a s further 172 g of the same seed crystals were added, and the

cool i ng was9g8ontinywed until 388 tenperaiure was close to -10C. The crystals
were then aged for an additional |1 hours. The crystals were separated from
t he not herd.TSquor by centrifl@8tion, washed with 90 kg i so-propanol and
then dried at 40C under reduced pressure. 10 The crystals were anal ysed by
XRPD, DSC4f8 TGA. SThe anal y?s,ég showedWessentially the sanme XRPD pattern,
DSC t hernmogram and decrease in nmass, as those exhibited by the form

obt ai ned according to Exanple 14 above. is Exanple 18 To a sol ution of
around 5 f thC— CH2- (R) Cgl - Aze- NH CHZ- C6H4-CN in an et hyl acetate/ water
m xture ( tion of solute around 26 (W v total), water concentration

around 10 &4 (W ) IO Al pA0 . 2

t enper atursoéﬂo %?%u?ﬁé#&e\gé%cﬁeu%ﬁﬁg&%a%@g a mglgtg%l;de ftoo. 3 ng of
EDTA apd théPndthed deyerived inFxasmple® ativeyovwad WiskoMed SnmufIedf iisy-0 t he
round bottom flask. After 1 h 40 mn, seed crystals of

Et 02C- CH2 pr&paigdl- Aark3Cahl G punfified avaex pt 4PaCe d Theadobaros wast filtéried et hod
descri bed in Exanple 14 above) were added. 2s The suspension was agitated
for 22 hownéll clearang egncenmamsebysldstillagion under reduced pressure at 40°C

until 45 g remained. The solution was then cooled by 10°C/hour from 40
to -10°C. The slurry was then agitated for one ":day at the final -
10 temperature and the crystals filtered off, washed with iso-propanol and

dried at 40°C under reduced pressure (150 mbar) overnight.

The crystals were analyzed by XRPD, DSC and TGA, and showed
essentially the same diffraction pattern, onset temperature, and decrease in
15 mass, as those exhibited by the form obtained according to Example 6

above.



.charged into the round bottom flask and the suspension was agitated for an
additional 19 hours. The crystals were separated fromthe nother | i2cupEB 1893
filtration, washed with 2 x 10 nL of ethanol and then dried at 40C under
reduced pressure. Z6f EB1003 . WD 00/ 14110 PCT/ SE99/ 01514 36 The crystals
wer e anal RPD) DSC and TGA. The anal yses showed ess Lally_the
sane XI?PD)(’%(S?({%%‘Hi< DSC t hrr rogr am ang decrease in nass, assﬁ%g&g&{eiﬁi bited
by the form obtained according to, 5 5Exarrpl e 14 above. Exanple 19 To a
sol ution 9 g of EtRC-CH2-(R) Cgl - Aze-NH CHI -C6H4-CN in a m xture

X

of et hyl tate | B r, (CQ niration, of solute around i 0 23 %
Qv totard BeseEtOhh R MR AR GRfte? o i oSG o of

et hanol d . o, j pgstegnto 50C
and am xiae Gueegdesthbel SEPRARIALE 27MdT P, Wss B, 2P CTRE200°,
{ww)) waspehef gathrontaadt ¥6 hpusdphetie@aleds KThéf dobitidn Rvd\laitited 50 Ny of
seed crystals of Et 2C CH2- (R) Cgl- Aze- Pab- OH anhydrate 15 (prepared

anal ogeuslandt geédwl neithocrydeserofo&iO,0-CHRYEgllAzeate DHe(sbiaidded. The
suspension was agitated for 18 hours. 3.1 g of acetone was then charged to
t he round amalagousty askhamethbé desepbed iin rExsasplagb taboed).f T haddidnodbnal 30
m nutes. The suspension was then heated to 75C over 0.5 hours. 40 m nutes
| ater, theveepiosvlxtanaportted w¥ebava days. | dherestels wse fdteted off and cryst al
suspensi on, was coo| atural cool iagg. 21 hours |ater, the crystals
wer e separdé't‘eéﬁa‘f‘?(grﬁ?ggggéhaﬁgpvﬁ oVEERENdi | tration and then dried at 40C
under reduced pressure. The crystals were anal ysed by XRPD, DSC and TGA
The anal yses 25 showed essentially the sane XRpD pattern, DSC thernogram

and dggre [ i by b e r bt gi.pe rding to
Exarrpﬁg 14 a od\%%ES)ZW%EFE@%%%@ %{gg)/l?l%dg %’@)F/.gg&jil %?glgh%g&?

Recrvst al |dsséitiadly @fe datdP&ifheriéipeaerrizshsBoteniptrakirai Bed debadaggensl y to
nmet hods of Exanples 14 to 19 Exanple 20 s 2.0 g of crude

Et Q2C- CH2-thiR)sCas- Arse Pathiliited diyt gien éoima retitaiped saocordingetd dkaumasscf i bed i n
Exanples 14 to 19 above) was dissolved in a mxture of 13 nL of

i so- proparadoyves ni purified water and 0.65 g of ethanol at 70C. The
solution was agitated and cooled from70 to 55C over 1.5 h. 2 nL of acetone
was t hen added and the cooling was io continued from55C to 30C over 5 h,
and frg)m 0C 10.0C guer l.‘ B SUSBENSL Q ‘f:,_ ep.agi.tated for 340 mn -
at thd>fi ddEReeeR QL e B e Rl r e ARt 2 8hd washed with 4
mL of iso-propanol and thereafter dried at 40C under reduced pressure. is
The crystals were anal ysed by XRPD, DSC and TGA. The anal yses showed
essenti al I]yxz[_@g_qesgarre XRPD pattern, DSC thernogram and

a
.....

7.08 g of EtO,C-CH,-(R)Cgl-Aze-Pab-OH (crude; obtained according to
the method described in Example 2 above) was dissolved in 200 mL of
20 iso-propapol and 2.52 g of 47% HBr at 40°C. The solution was
evaporated to dryness at 40°C and reduced pressure. An additional 120
mL of iso-propanol was charged into the resultant residue in order to rid it
of its water content, and the resultant solution was evaporated to dryness.
The amorphous substance was then dissolved in heptanol at ambient
25  temperature. After some agitation, crystals formed. The slurry was
agitated overnight, the crystals filtered off, washed with heptanol and

dried at 80°C under reduced pressure overnight.



.decrease in mass) as those exhibited by the form obtained according to )
Exanpl e 14 above. 20 Exanple 21 2.0 g of crude Et 2C CH2- (R) Cgl - Azé-feBol8H
(obt ai ned anal ogously to net hods described in Exanples 14 to 19 above) was
dissolved in a mxture of 1.5 nL of iso-propanol, 4.8 nL of purified water
and 0.001 i um hydroxi de dissolved in 0.2 nL of purifi er at -
70C. The fgog(g‘ﬂﬁjon was agitated for zéL' Shat 70 C and tﬁgﬁgﬂm@éw%ool ed
to O Covgr 7 h. The suspension was agitate or. 5 in at the final
t enper at urﬁ.le TRES@LS, ¥exe s&ﬁ@f@df Pyt %?égo%f‘lmgné- I\Ms&é@ﬁn and S1tratiQHn
i so- propangl, and ,t.her ter dried at 40C under .reduced pressure. 2 6 FEB
2003 . \/\0%?1@%1\5 09/10H5 $ANCERIFATION. OF cfubsiange, écg‘?@%&e‘& He xreD,
DSC and T I S i al t P ter DSC
SOl 87 NGO, 40 W8 6 22 0 2. Ths AR BRI BT RSP B

t hernogram a Crease i n nmass, se " exh ai ned
accordi ng | @& rrhdhioab . ; d ;

102G G- R T e T  aa o licatd Assuming 2 o
Exanpl gs Imhoho HBr aany@f avasit donsedtyaiibr of D148 Wwewdf TOelRmidindér

i so-propanol, 3.75 nmL of purified water, and io 1.13 nL of ethyl acetate at
70C. The swhusolyaniwessidugol ed to 55C and thereafter to OC over 5.5 h. The
suspension was agitated for 695 mn. at the final tenperature. The crystals
were filtered off and washed with 3 nL of iso-propanol and thereafter dried

at 40C under reduced pressyre. ]s crystals were anal ysed by XRPD, DSC
and TGA. SRS égg@h%%@)ﬂzeé’séﬁr?&ﬁﬂ 9n§ e sraﬁlﬂtyper@t%éalereﬂrpel%c

ther mogr arpr, 3d 1ect SRen! Ar TRBRese HUISRGe RIS RRY oS Pt 2 ned

10 Figure 3.

Table 3

d-value/A RI d-value/A  RI d-value/A RI
12.0 Vs 4.35 m 3.25 w
10.1 s 4.17 w 3.06 w
9.5 m 4.07 m 2.92 w
6.0 m 4.03 m 2.86 w
5.7 S 3.92 m 2.71 w
5.6 m 3.82 m 2.53 w
5.2 m 3.72 w 2.33 w
5.1 $ 3.69 m

4.95 S 3.62 w

4.74 w 3.51 w

4.57 w 3.48 m

4.41 m 3.38 m

DSC showed an endotherm with an extrapolated onset temperature of ca.
15 166°C (ca. 691]/g).



.20 Exanple 23 31.0 kg of crude Et Q2C- CH2- (R) Cgl - Aze- Pab- OH (obt ai ned

anal ogously to nethods described in Exanples 14 to 19 above) vvasZ(ﬂiFisBdmed
in a mxture of 158 kg of iso-propanol and 78 kg of purified water at 71 C
A further 24 kg of iso-propanol was added follow ng clear filtration. The
2s sol uti owgmmgifaer eafter cooled to 57 C and crystallisatigr/s@sossart ed
by adding 78 g of seed crystals (obtaixmed anal ogously to the nethod

descri bed i .Eﬁﬁgg_bg 14 above). The suspension was agitated whil st being
cool ed by C. The suspension was then agitated for 11 h at the
final tenmpgratdfr BrOA-CH.-GBUgl A 29REb-OHOfcride;, Sbulinied atdsrdengy/ &6 #he were
washed 2 6 FEB 2003 WO 00/ £4110 PCT/ SE99/ 01514 39 with 84 kg of

i so- pr opanetethod deberibad ieEximpld 20bd0s) wadatissadded an Rk sslured. isdhe
crystals were anal ysed by XRPD, DSC and TGA. The anal yses s showed

essent i al | propenod aansl 2=P0g pek ¢d %) HBsCat HéY 1ogPQdm ahbe dedudemevah nass,
as those exhibited by the form,ohtained accordi ng to Exanpl e 14 above.
Exanpl e5 24€VapQatedy tof dBMsde MRHmEcAp ARIQPROKS eSHRHRG. ( BHHEh rikes

anal ogousl y.to, net hods described i.n.Exanples. 14 .to 19.above) was di ssol ved
o iSRS TR IO E SEAEA R FRERR R g 37 1

f hyd | QI id1(329 : C i 3 h
70 and t nafenArs Sokfile’ Sfultizilily el IHs ST B Ton
started w bb@fﬂi%g@e&&l«:h STHIE [RKSREST OWa4REd IWRA coRhatbit SndErpeht 5- 5 h.

The suspeasi on S agitated for 740 mn at the final tenperature. The

crystal s wgpeChindee reduedd presshreasiee dhawiedekénd. nL of i so-propanol and
thereafter dried at 40C under reduced pressure. 20 The crystals were

anal yseag by XRPD, DSC and TGA. The anal yses showed essentially the sane

XRPD pattern) DSC t hernogran) and decrease in _nmass, as those exhibited by
t he form offhai eryatade avareianglyzed BvarpRBD12ndHESE ., ard shawgHeessentlly g of

Et ®2C- CH2- (R) Cg1- - Pap- OH (obt ai ned anal ogously to pet hods. described in
Exanpl es 141& §A9 %ﬁfébm\/\%%éeéps%@%eﬁ W[%F?'EFF?Q-’(%F @S Jfiose exhibyte gﬁ’-pr opanol
and 7.5 mL_pugifi wat er 20C, ldtion was agitated for 3 h at 70C
and t herea eefo%gs@ane[cgac:@@%ggp gﬂ’?%@%ﬁéb‘%ve ]

15 Example 11
1 g of EtO,C-CH,-(R)Cgl-Aze-Pab-OH (crude; obtained according to the

method described in Example 2 above) was dissolved in 22 mL of iso-
propanol and 0.36 g of 47% HBr at 45°C. The solution was filtered until
clear and concentrated by distillation at reduced pressure until 3.85 g
20 remained, The solution was agitated at 40°C and 6 mL of toluene was
added slowly. The solution was seeded with crystals of the HBr salt
(obtained analogusly to the method described in Example 9 above). When
the suspension became white, an additional 9 mL of toluene was added.
The slurry was agitated and the temperature was decreased to 20°C. The
25 slurry was agitated overnight, the crystals filtered off, washed with

toluene and dried at 40°C under reduced pressure.



MO 00l 14110 PCT/ SE99/ 01514 40 0.5 h) whereupon crystallisation started

wi t hout seeding. The suspension was then cooled to 0C over 5.5 hj gTHEs 2003
suspensi on was agitated for 760 mn at the final tenperature. The crystals
were filtered off and washed with 7.5 nL of iso-propanol and thereafter
dried at 06: #(nder reduced s pressure. The crystals were anal ysed b¥ XRPD)
DSC and TR ¥ 1% nal yses showed esser}%i ally the same XRPD pEtTRFH/01P4c

t her nogram_and decrease in_nass, as_tliose exhibited by the form obtai ned
accor di ngm{Be tBY stRbsnipieae pnapedeby ASRPEY jagdi BSS vand spampdsesssRbaldy = strong
t s m= nmediumw =.weak vw = ver ak 2 6 FEB 2003 41 aj 1. A
Subst ant | aFysacs SitACHRE BT RO ROk aSe: EIBEYTARES) AAAoM: GBS by

phar maceut j - al t, t . . Et 02C- CH2- (R) Cgl- Aze- Pab- CH,
or a phar n%lgglﬁ%c%ﬁﬁ@%gﬁgg{%% etosﬁaﬁrﬁﬁ%egr 28 Ye'i n a substantially
crystalline form 3. A stable formof Et02C CH2-(R)Cgl - Aze-Pab-OH, or a 1 o
phar maceuti cal | y-acceptabl e salt thereof. 4. EtQ2C- CH2-(R) Cgl - Aze- Pab- OH,

or a phar nPgedtitic by CreSaNimPEORICH]- tAzéPad-OB1 MOMiSLHas a hi gh
stability.”1s 5. A conpound as cl ai ned I n any one of alns™I T0 4 which is
in the formof an anhydrate. 6. A conpound as clainmed in Claim5 which is
not in the formof a salt. 20 7. A conpound as clained in any one of C ains
1 to 6 thakxampleal?ds no nore than 2 % (W w water 8. A conpound as clai med

: - . H : s b di t Lal :

cal or ) et 110 8k BT A nehi oA raTB oD Eb S, pRtained SSCardin ks & -

i nhol der. fl owi if i piti : t it .

Gt apol atBASHs BFocr el FOABIRLY BB 19aE LISoahiisk 1f et Gei8r about

151C, d At h J/ QL f b th

't her egTEREIRD SR EO0EPs Mok hupidl AT I).) WPS0Re. Aupg ot herm
solution was evaporated to dryness at 50°C under reduced pressure

resulting in the formation of an amorphous solid material. 1.5 g of this
substance was dissolved in 15 mlL ethyl formate, and the solution was
agitated at ambient temperature overnight. The formed crystals were
15 filtered off, washed with ethyl formate and dried at 40°C under reduced
pressure overnight. The crystals were analyzed by titration with 0.1 M
NaOH, a two-phase titration. A concentration (99.9%) was calculated

based on the assumption of formation of the mono-mesylate.

20 The crystals were analyzed by XRPD and the results are tabulated below
(Table 4, in which RI represents relative intensity) and are shown in

Figure 4.

DSC showed an endotherm with an extrapolated onset temperature of ca.
25 134°C (ca. 93 1/g).



.2 6 F E B 2003 42 diffraction pattern characterized by peaks Withzg'\fﬁ‘lﬁﬂis
at 12.0, 10.0, 8.2, 7.2, 6.0, 5.5, 5.0, 4.92T 4.85, 4,80, 4.42, 4t 5 Z 1,
4.06, 3.99, 3.78, 3 .72, 3.62, 3.34, 3 .11, 3.10 and 3.03 A and/or as
illustrated in Figure 1, 5 9. A conpound as clainmed in any one of Clains 5
to 7 char I by a differential scanning calorinmetry c

heati ng rgﬁé 8%‘1%3 mn in a closed cuE with a pinhole underw#gsv?%gw%
nitrogen, exhibiting an endotherm wit % an extrapol at ed onset tenperature of
about 169CIablepkak tenperature of about 170C, and an associated heat of
about x42 J/ gram; foll owed b R exgthermin the.regi on 0- 280C; and/ or
a X-ray podﬂ’grlufémf ;Iﬁacti on p‘i‘tvlaﬁ‘l'ezAcha cteri zeddb‘f/alB%gks h d-val ues at
12.0, 11.1 8, 7.2, 6.8) 6 6.5, 6.4, 6.0) 5 5.6, 5.3, 5.2, 4.75,
4.52, 4. 39,12' . 31, Z. 29, 4? 254%2 06, 4. Hb 3. 8)2, 388)83 3. 71,'-33. 69, 3. 66,
3.59, 3.55;13% 41, 37, 3.34 .29, 3.2b, 3.22, 3.40, 3.03,,,3.00, 2.91,
2.78, 2.73,11':2‘)7. 62) |?VsS 2.51, 2‘.’" % 2.40,%%.38, 2.32"%2). 29, 2.136 , A, and/or as
illustratedpign Figyre 5. 10.4Asconpoung as clainedsjgn any gge of Clains 1
to 4 which is in the formof a nonohydrate. 20 11. A conpound as clainmed in
Claim10 whd is mot in thedflormof assalt. 12. 28T onpoundvas clainmed in
Claim10 or Caim1ll, characterised by 2s a differential scanning
calorimetr§.Turve, vt a heat48§ rate o$ 5CInmin i B-@ closedmup with a

pi nhol e unger flow ng nitrog exhibiting an endofhermw th an

ext r apol atgcs onset St enper at ufgzof about 94C, a pgagfpterrperaYYure of about
109C, and S associ_at ed heat %B about 171 J/gra .{‘gl | oned by an exot herm
in the reg 170- 2Boc; and/%’ a X—rayspovvder di ff*action V2 6 FEB 2003
QL3 patter har acteri zed by aks with d-val ues 16 . 4,13, 7, 9 .4,
8. 2, 7.?’,6:6.2, %.5, 51, 3;1988 4. 754,?.l 4.68, 4. %?49 4. 48, XZ?, 4.21, 4.11,
4.04, 3.935 53.89, 3.83, 3.68368.52, 3.47, 3.34, 3.6, 3.02,2.61 and 2.42
[err] and/or as illustrated in Figure 2. s 13. A conpound as clainmed in any
one of Clapms 1 tos5 or 10 whis6h is insthe form @f2la hydrolyom de salt. 14.
A conpound as clainmed in Caim13, characterised by a differential i o
scanni ng callori metmy curve, &a#7a heatimg rate of 294 C/nin w1 a cl osed cup
wi th a pinhaole under flow n itrogen, exhibitin n endothermw th an
ext r apol at 8 onset St enper at &?-g%f aboul® 166C, a §é§2< t enpeMat ure of about
167C, and Q%ssoci at ed heat 3; about 69 J/gram followed by an exothermin
the region -220¢&;, and/ or % -ray poWder diffraction pattern

char acteriigg) by peaks with 3112al ues 12.0, x0.1, 9.5, 6.0, 5.7, 5.6,

5.2, 5.1, 4795, 4.74, 4,57, 4741, 4.35, 4. x7, 4.07, 4.03, 3.92, 3.82,

3.72, 3.694 7 62, 351, 3.48% 0§.38, 3.g5, 3.06, 2.92, 2.86, 2.71, 2.53 and
2.33 A and/or as illustrated in Figure 3. Zo 15. A conpound as clained in
any one of Claims 1 to 5 or 10 which is in the form of a methanesul phonate
salt. 16. A conpound as clainmed in Claim15, characterised by a

di fferenti Ekamp¥hhdng cal orinetry curve, at a heating rate of 5 mn in a
closed cup_2s with a pinhole under fjlow ng_nitroge exhi bi ting an
endot herm@\n‘zqgoiﬁh%mcgea@la& BHPSHARSE @m&!@rﬁxw@noep Esapla 43¢ %é{epeak

e S S, o BT P A0S e PR o B
S °cL! SRARkARED SIRSASEST TSRS PELERER, etk RIS O, Yadieg! L7,

4.98, 4. 90yt dRandl- &3 drich 24404 d8ded rdducedt- ssxﬁe%@erﬁgﬁf’w 3.74, 3.65,
3.56, 3.47, 3.39, 3.22, 3.12, 2.9S, 2.88, 2.76, 2.74, 2.69, 2.65, 2.54,

2.52, 2.49, 2.27, 2.21, 2.04 and 2.02 A and/or as illustrated in Figure 4.
5 17. A process for the production of a compound as clained in any one of
Cdai ns 1 t dhearyvalsciveconpaiyzed byr xRBIDI and M3SEt Gad- shawddressgntialy  Pab- OH,
or a pharmaceutically acceptable salt thereof. .

10 the same difffaction pattern, and onset temperature, as those exhibited by

the form obtained according to Example 12 above.



.to 18. A process as clainmed in Caim17, which conprises crystallising
Et 02CH2- (R) Cgl - Aze- Pab-OH, or the salt, froma solvent. 19. A progegs 188
claimed in Caim118, wherein the solvent is selected fromthe group:
acetates, |ower alkyl alcohols, aliphatic and aromatic i s hydrocarbons,

di al kyl ether Lal kyl ketones, acetonitrile, aqueous solv
m Xt ures t‘RQr"g’&‘ﬁ‘Hbzo. A process as clghned in daim19 Mergﬁ]ﬁ§%§yoésoll4vent

is sel ect fromthe oup: 6 al k acet at lnea branched C~. ~
iyl ol cobioparanonof ¥t Crrsafline! Fofont ERC-EHE R AR A bons,
di-Cl.6 al h s ~OpC, S o nitrile, water, or

m Xt ures tmiﬁégm&ﬁ%£ﬁﬁﬁm 20 wherein the sol vent
is selected fromthe group ; ethyl acetate, butyl acetate, ethanol,

| so- propanol, iso 2s octazae, n-heptane, toluene, di-iso-propyl ether,
acetone, nekdnibld so~butyl ketone, acetonitrile, water, or m xtures thereof.
r 2 6 F E B 200335 22. A process for the production of a conpound as

clai med i n0.80290gefoEDTAi was Hissnlded uhi bh4cgnpf iagasows hydeesdamimor di ng to
any one of Clainms 18 to 21, in wiich the solvent is substantially free of
wat er, s 2AS0%A (w/voeesdf b0 mie gfhannicandnwas ther ehprgatdinie aljadketetl i n any

one of Clains 5 to 7 aor, 9, which conprises a process according tq any one

of O ai ms &lsg &e3CLor (WhiGh| WAS KEBt 2513 dePEEATHE] 4 Iiler . 128.5 & pf dtess for
uhi oh conplERas a o, TERBE ncbT b NGloBG sy B Er et bemyfngtatl: n°wn o
crystal || MR ERIALPRE Seadiay 2 BAARR-) Dl SRBLETEFERSY S0 4 1o
S S e A oy S
obt ai nabl e:di¢entrtion €365% aoo0))divag dhargety iome def rédcaons Afiet ol hourd

agitation, the solution/suspension was opaque. A sample was withdrawn

to check the conversion using HPLC. The reaction was quenched by
adding 14.4 mL acetone, followed by addition of 307 mL butyl acetate.
15 The jacket temperature was set to 70°C and the suspension was agitated
for 1 hour at a temperature of 70°C to dissolve the precipitate. The
temperature of the thermostatic bath was then set to 40°C and the solution
was agitated for additional 78 hours.. Particles were still present. The
precipitate was filtered off. The filtrate was charged to a jacketed glass
20 reactor and agitated at 40°C. An extraction program was started. All of
the extractions were carried out at 40°C. 110 mL Na,CO,/NaCl
(10%/10% (w/w)) was charged into the reactor, the solution was mixed
for 10-20 minutes. Agitation was then stopped, allowing the phases to
separate. The water phase was removed. 12.5 g ethanol and additional
25 110 mL of aqueous Na,CO,/NaCl (10%/10% (w/w)) was added, the
solution was agitated for a few minutes and the phases were then allowed
to separate. The water phase was removed, and 12.5 g ethanol and 110
mL of the aqueous Na,CO,/NaCl (10%/10% (w/w)) solution were added.

The resultant solution was agitated for a few minutes and the two phases
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DSC showed an endotherm with an extrapolated onset temperature of ca.
169°C (ca. 142 J/g). TGA showed a decrease in mass of ca. 0.7% (w/w)
around 170°C.

10
A unit cell was determined from single crystal X-ray data. It was

orthorhombic, with P2,2/2, symmetry, Z=4, and the following
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To a solution of around 9 g of EtO,C-CH,-(R)Cgl-Aze-NH-CH,-C¢H,-CN
in a mixture of ethyl acetate/purified water (concentration of solute around
23% (w/v total), water concentration around 10% (w/w total)), 50 mL of
ethanol wasﬂ charged. The temperature of the solution was adjusted to
39°C and a mixture of 0.61 mg EDTA and 3.62 g hydroxylamine (aq;
50% (w/w)) was charged into the reactor. After 1 h 50 min, seed crystals
of EtO,C-CH,-(R)Cgl-Aze-Pab-OH anhydrate (prepared analogously to the
method described in Example 14 above) were added. The suspension was
agitated for 21 hours. 3.18 g of acetone was then charged into the
reactor, and the suspension was agitated for an additional 30 minutes.

The suspension was then heated to 60°C over 3 hours. The temperature
was kept at 60°C for 6 hours and then cooled by decreasing the jacket
temperature by 10°C/h until the temperature was close to -10°C. The
crystals were then aged for an additional 2 hours. The crystals were
separated from the mother liquor by filtration, washed with 20 mlL,
followed by a further 10 mL, of ethanol and then dried at 40°C under

reduced pressure.

The crystals were analysed by XRPD, DSC and TGA. The analyses
showed essentially the same XRPD pattern, DSC thermogram, and
decrease in mass, as those exhibited by the form obrtained according to

Example 14 above.
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EDTA and 1.78 g of hydroxylamine (aq; 50% (w/w)) was charged into
the round bottom flask. After 1 h 40 min, seed crystals of EtO,C-CH,-
(R)Cgl-Aze-Pab-OH anhydrate (prepared apalogously to the method
10  described in Example 14 above) were added. The suspension was agitated
for 22 hours. 2.79 g of acetone was then charged to the round bottom
flask and the suspension was agitated for additional 19 hours. The
crystals were separated from the mother liquor by filtration, washed with
2 X 10 mL of ethanol and then dried at 40°C under reduced pressure.
£s
The crystals were apalysed by XRPD, DSC and TGA. The analyses
showed essentially the same XRPD pattern, DSC thermogram, and
decrease in mass, as those exhibited by the form obtained according to

Example 14 above.

Example 17
To a solution of around 30 kg of EtO,C-CH,-(R)Cgl-Aze-NH-CH,-C,H,-

CN in 130 L of a mixture of ethyl acetate/water, 151 kg of ethanol was
charged. The temperature of the solution was adjusted to 38°C and a

mixture of 2.1 g EDTA and 12.0 kg hydroxylamine (aq.; 51% (w/w)) was

t~
wn

charged into the reactor. After around 1.5 to 2 hours, 171 g of seed
crystals of EtO0,C-CH,-(R)Cgl-Aze-Pab-OH  anhydrate  (prepared
analogously to the method described in Example 14 above) were added.

The suspension was agitated for around 23 hours. 19 kg of acetone was
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ot crysgls were dissolved. The solution was cooled by decreasing the

jacket temperature by 10°C/h. When the temperature was around 61°C, a

5 further 172 g of the same seed crystals were added, and the cooling was
continued until the temperature was close to -10°C. The crystals were
then aged for an additional 11 hours. The crystals were separated from
the mother liquor by centrifugation, washed with 90 kg iso-propanol and
then dried at 40°C under reduced pressure.

10
The crystals were analysed by XRPD, DSC and TGA. The analyses
showed essentially the same XRPD patern, DSC thermogram, and
decrease in mass, as those exhibited by the form obtained according to
Example 14 above.

1S
Example 18
To a solution of around 5 g of EtO0,C-CH,-(R)Cgl-Aze-NH-CH,-C,H,-CN
in an ethyl acetate/water mixture (concentration of solute around 26%
(w/v total), water concentration around 10% (w/w total)), 12.5 mL of

20  ethanol was charged. The temperature of the solution was adjusted to
41°C and a mixtre of 0.3 mg of EDTA and 7.49 g of hydroxylamine (aq;
50% (w/w)) were charged into the round bottom flask. After 1 h 40 min,
seed crystals of EtO,C-CH,-(R)Cgl-Aze-Pab-OH anhydrate (prepared
analogously to the method described in Example 14 above) were added.

25 The suspension was agitated for 22 hours. 2.79 g of acetone was then

charged into the round bottom flask and the suspension was agitated for an

additional 19 hours. The crystals were separated from the mother liquor

by filtration, washed with 2 x 10 mL of ethanol and then dried at 40°C

under reduced pressure.
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Example 19
To a solution of around 9 g of Et0,C-CH,-(R)Cgl-Aze-NH-CH,-C,H,-CN

in a mixture of ethyl acetate/purified water (concentration of solute around
10  23% (w/v total), water concentration around 10% (w/w total)), 56 mL of
ethanol was charged. The temperature of the solution was adjusted to
50°C and a mixture of 0.6 mg of EDTA and 3.49 g of hydroxylamine (aq;
50% (w/w)) was charged into the round bottom flask. After 1 h 40 min,
50 mg of seed crystals of EtO,C-CH,-(R)Cgl-Aze-Pab-OH anhydrate
15  (prepared analogously to the method described in Example 14 above) were
added. The suspension was agitated for 18 hours. 3.1 g of acetone was
then charged to the round bottom flask and the suspension was agitated for
additional 30 minutes. The suspension was then heated to 75°C over 0.5
hours. 40 minutes later, the temperature of the bath was lowered to 25°C
20 (i.e. the crystal suspension was cooled by natural cooling). 21 hours
later, the crystals were separated from the mother liquor by filtration and

then dried at 40°C under reduced pressure.

The crystals were amalysed by XRPD, DSC and TGA. The analyses
25 showed essentially the same XRPD pattern, DSC thermogram, and
decrease in mass, as those exhibited by the form obtained according to

Example 14 above.
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Example 20
s 2.0 g of crude EtO,C-CH,-(R)Cgl-Aze-Pab-OH (obtained analogously to

methods described in Examples 14 to 19 above) was dissolved in a
mixture of 13 mlL of iso-propanol, 5 mL purified water and 0.65 g of
ethanol at 70°C. The solution was agitated and cooled from 70 to 55°C
over 1.5 h. 2 mL of acetone was then added and the cooling was
10 continued from 55°C to 30°C over 5 h, and from 30°C to 0°C over 3 h.
The suspension was then agitated for 340 min at the final temperature.
The crystals were filtered off and washed with 4 mL of iso-propanol and

thereafter dried at 40°C under reduced pressure.

15 The crystals were analysed by XRPD, DSC and TGA. The analyses
showed essentially the same XRPD pattern, DSC thermogram, and
decrease in mass, as those exhibited by the form obtained according to

Example 14 above.

20 Example 21
2.0 g of crude EtO0,C-CH,-(R)Cgl-Aze-Pab-OH (obtained analogously to

methods described in Examples 14 to 19 above) was dissolved in a
mixture of 1.5 mL of iso-propanol, 4.8 mL of purified water and 0.001 g
of sodium hydroxide dissolved in 0.2 mlL of purified water at 70°C. The
25 solution was agitated for 1.5 h at 70°C and thereafter cooled to 0°C over
7 h. The suspension was agitated for 55 min at the final temperature.
The crystals were filtered off and washed with 5 mL of iso-propanol and

thereafter dried at 40°C under reduced pressure.
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mL of iso-propanol and thereafter dried at 40°C under reduced pressure.

15 The crystals were analysed by XRPD, DSC and TGA. The analyses
showed essentially the same XRPD pattern, DSC thermogram, and
decrease in mass, as those exhibited by the form obtained according to

Example 14 above.

20 Example 23
31.0 kg of crude EtO,C-CH,-(R)Cgl-Aze-Pab-OH (obtained analogously

to methods described in Examples 14 to 19 above) was dissolved in a
mixture of 158 kg of iso-propanol and 78 kg of purified water at 71°C. A
further 24 kg of iso-propanol was added following clear filtration. The
25 solution was thereafter cooled to 57°C and crystallisation was started by
adding 78 g of seed crystals (obtained analogously to the method described
in Example 14 above). The suspension was agitated whilst being cooled
by 10°C/h to 0°C. The suspension was then agitated for 11 h at the final

temperature. After centrifugation of the slurry, the crystals were washed
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The crystals were analysed by XRPD, DSC and TGA. The analyses

5 showed essentially the same XRPD pattern, DSC thermogram, and
decrease in mass, as those exhibited by the form obtained according to

Example 14 above.

Example 24
10 3.0 g of crude EtO,C-CH,-(R)Cgl-Aze-Pab-OH (obtained analogously to

methods described in Examples 14 to 19 above) was dissolved in a
mixture of 22.5 mL of iso-propanol, 7.5 mL of purified water and 37.1
mg of hydrochloric acid (32%) at 70°C. The solution was agitated for 3 h
at 70°C and thereafier cooled to 55°C over 0.5 h, whereupon
15 crystallisation started without seeding. The suspension was then cooled to
0°C over 5.5 h. The suspension was agitated for 740 min at the final
temperature. The crystals were filtered off and washed with 7.5 mL of

iso-propanol and thereafter dried at 40°C under reduced pressure.

20 The crystals were analysed by XRPD, DSC and TGA. The analyses
showed essentially the same XRPD pattern, DSC thermogram, and
decrease in mass, as those exhibited by the form obtained according to

Example 14 above.

25 Example 25
3.0 g of EtO,C-CH,-(R)Cgl-Aze-Pab-OH (obtained analogously to

methods described in Examples 14 to 19 above) was dissolved in a
mixture of 22.5 mL iso-propanol and 7.5 mL purified water at 70°C. The

solution was agitated for 3 h at 70°C and thereafter cooled to 55°C over
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10 followed by an exotherm in the region 180-280°C; and/or a X-ray powder
diffraction pattern characterized by peaks with d-values at 12.0, 11.1, 8.8,
7.2, 6.8, 6.6, 6.5, 6.4, 6.0, 5.8, 5.6, 5.3, 5.2, 4.75, 4.52, 4.39, 431,
4.29, 4.25, 4.06, 4.00, 3.82, 3.73, 3.71, 3.69, 3.66, 3.59, 3.55, 3.41,
3.37, 3.34, 3.29, 3.25, 3.22, 3.10, 3.03, 3.00, 2.91, 2.78, 2.73, 2.62,
15 2.51, 2.46, 2.40, 2.38, 2.34, 2.29, 2.26 A and/or as illustrated in Figure
5.

10. A compound as claimed in any one of Claims 1 to 4 which is in the
form of 2 monohydrate.

20
11. A compound as claimed in Claim 10 which is not in the form of a

salt.

12. A compouud as claimed in Claim 10 or Claim 11, characterised by
25 a differential scanning calorimetry curve, at a heating rate of 5°C/min in a
closed cup with a pinhole under flowing nitrogen, exhibiting an endotherm
with an extrapolated onset temperature of about 94°C, a peak temperature
of about 109°C, and an associated heat of about 171 J/gram, followed by

an exotherm in the region 170-290°C; and/or a X-ray powder diffraction
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13. A compound as claimed in any one of Claims 1 to 5 or 10 which is

in the form of a hydrobromide salt.

14. A compound as claimed in Claim 13, characterised by a differential

10 scanning calorimetry curve, at a heating rate of 5°C/min iu a closed cup
with a pinhole under flowing nitrogen, exhibiting an endotherm with an
extrapolated onset temperature of about 166°C, a peak temperature of
about 167°C, and an associated heat of about 69 J/gram, followed by an
exotherm in the region 170-220°C; and/or a X-ray powder diffraction

15 pattern characterized by peaks with d-values at 12.0, 10.1, 9.5, 6.0, 5.7,
5.6,5.2,5.1, 4.95, 4.74, 4.57, 4.41, 4.35, 4.17, 4.07, 4.03, 3.92, 3.82,
3.72, 3.69, 3.62, 3.51, 3.48, 3.38, 3.25, 3.06, 2.92, 2.86, 2.71, 2.53 and
2.33 A and/or as illustrated in Figure 3.

20 15. A compound as claimed in any one of Claims 1 to 5 or 10 which is

in the form of a methanesulphonate salt.

16. A compound as claimed in Claim 15, characterised by a differential
scanning calorimetry curve, at a heating rate of 5°C/min in a closed cup
25  with a pinhole under flowing nitrogen, exhibiting an endotherm with an
extrapolated onset temperature of about 134°C, a peak temperamure of
about 137°C, and an associated heat of about 93 J/gram, followed by an
exotherm in the region 140-220°C; and/or a X-ray powder diffraction
pattern characterized by peaks with d-values at 12.0, 11.7, 10.4, 10.2,
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17. A process for the production of a compound as claimed in any one
of Claims 1 to 16, which comprises crystallising EtO,C-CH,-(R)Cgl-Aze-
Pab-OH, or a pharmaceutically acceptable salt thereof.

10 18. A process as claimed in Claim 17, which comprises crystallising

EtO,C-CH,-(R)Cgl-Aze-Pab-OH, or the salt, from a solvent.

19. A process as claimed in Claim 18, wherein the solvent is selected
from the group: acetates, lower alkyl alcohols, alipbatic and aromatic
15 hydrocarbons, dialkyl ethers, dialkyl ketones, acetonitrile, aqueous

solvents, or mixtures thereof.

20. A process as claimed in Claim 19 wherein the solvent is selected
from the group: C,, alkyl acetates, linear or branched C, ¢ alkyl alcohols,
20 Cg,, aliphatic hydrocarbons, Cq.,, aromatic hydrocarbons, di-C¢ alkyl

ethers, di-C, ¢ alkyl ketones, acetonitrile, water, or mixtures thereof.

21. A process as claimed in Claim 20 wherein the solvent is selected
from the group: ethyl acetate, butyl acetate, ethanol, iso-propanol, iso-
25 octape, n-heptane, toluene, di-iso-propyl ether, acetone, methyl iso-butyl

ketone, acetonitrile, water, or mixtures thereof.
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24. A process for the production of a compound as claimed in any one
10 of Claims 10 to 12, which comprises a process according to amy one of

Claims 18 to 21 in which the solvent contains water.

25. A process for the conversion of one crystalline form of a compound
as claimed in any onme of Claims 1 to 4 to another which comprises
15 recrystallising a compound as claimed in any one of Claims 1 to 4 from an

appropriate solvent system.

26. A compound obtainable by a process according to any one of
Claims 17 10 25.

20
27. A compound as claimed in any one of Claims 1 to 16 or 26 for nse

as a pharmaceutical.

28. A compound as claimed in any one of Claims 1 to 16 or 26 for use

25 asa prodrug.

29. A pharmaceutical formulation incloding a compound as defined in
any one of Claims 1 to 16 or 26 in admixture with a pharmaceutically

acceptable adjuvant, diluent or carrier.
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30. The use of compound as defined in any one of Claims 1 to 16 or 26
for the manufacture of a medicament for the treatment of a condition

where inhibition of thrombin is required or desired.



