2 6 MAR 2007 WO 2004/ 052878 PCT/ EP2003/013800 1 Crystalline Form The
present invention relates to crystalline derivatives of an 2€ﬁﬁgrﬂﬁlidine
conmpound and its use in nmedicine. Mre particularly, the in 3 i's
concerned with 5 a substantially crystalline form of
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pharmaceutical formulations thereof, processes for preparing it, and its
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useful in tuRdergeiagmagisugrNabibe lowes examities o dbe akdomipal area suffer from
25 thrombus formation in the venous vasculature which can result in reduced blood flow

to the affected extremity and a pre~disposition to pulmonary embolism. Disseminated

intravascular coagulopathy commonly occurs within both vascular systems during

septic shock, certain viral infections and cancer and is characterised by the rapid

consumption of coagulation factors and systemic coagulation which resulis in the

30 formation of life-threatening thrombi occurring throughout the vasculature leading to
widespread organ failure.

Beyond its direct role in the formation of fibrin rich blood clots, thrombin has

been reported to have profound bioregulatory effects on a number of cellular

35 components within the vasculature and blood, (Shuman, M.A., Ann. NY Acad. Sci.,
405: 349 (1986)).

A Factor Xa inhibitor may be useful in the treatment of acute vascular diseases such
as acute coronary syndromes (for example primary and secondary prevention of
40  myocardial infarction and unstable angina and treatment of prothrombotic sequalae
assoclated with myocardial infarction or heart failure), thromboembolism, acute
vessel closure associated with thrombolytic therapy and percutaneous transluminat
coronary angioplasty, transient ischemic attacks, pulmonary embolism, deep vein



as acute coronary syndrones (for exanple prinmary and secondary prevention of
40 nyocardi al infarction and unstabl e angi na and treat nent of %Hrﬁ otic
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and W002/100830, in a substantially amorphous form. (E)-2-(5-Chlorothien-2-y!)-N-
{(38)-1-[(1S)-1-methyl-2-morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3-
25  yllethenesulfonamide has the structure shown below:
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d CO 2 6 MAR 2007 3 Summary of the Invention W have now found that
(E)-2-(5-chlorothien-2-yl)-N-{(3S)-1-[(1S)-1-net hyl - 2- 0

nmor phol i n- 4-yl - 2- oxoet hyl ] - 2- oxopyrrolidi n-3-yl) et henesul f onam zj@ ”é%ﬁ nge
obtained in 5 a substantially crystalline form Thus there is provided in a
first aspect of the invention

(E)-2-(5-chlorothien-2-yl)-N-{(3S)-1-[(4S) - 1- net hyl - 2- nor phol i n-4-yl - 2-
oxoet hyl ] - 2- oxopyrrolidin-3-yl }et henesul fonam de in substantially

crystalline form 10 Further aspects of t E’i rrllveqltion are: A pharnaceuti cal
conposition conprising (E)-2-(5-§M894#'L1§4-M{(38)-1- [(1

S) - 1- et hyl - 2- nor phol i n- 4-yl - 2- oxoet hyl ] - 2- oxopyrrol i di n- 3-
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(E)-2-(5-chlorothien-2-yl)-N-{(3S)-1-[(1S)-1-nethyl-2-norpholin-4-yl-2-
oxoet hyl ] - 2- oxopyrrolidin-3-yl } et henesul fonam de in substantially
crystalline form 20 for the manufacture of a nmedi canent for the treatnent
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There is also provided in a further aspect of the invention, substantially
crystalline (E)-2-(5- chlorothien-2-yl)-N{(3S)-1-[(1
S) - 1- met hyl - 2- nor phol i n-4-yl - 2-oxoet hyl ] -2



15 oxopyrrolidin-3-yl}ethenesul fonamde in the formof a m xture of

needl e- shaped and |ath-shaped crystals. Preferably, the crystals are up to
250 microns in length. However, it will be appreciated that alttefmaggye
crystal habits under certain circunstances can be fornmed. It is therefore
to be unde™@3WHIBB: all such alternative crystal habiPCI/ERe@3@idei n t he
scope of the present invention. 20 As used herein, the term "needl e- shaped"”
nmeans a needle-like prism This shape js also known as "acicul ar”
Preferably, needl e-shaped crystals are up to 250 microns in length. 25 As

used herein, the term"l at h-gha ect‘.‘ nmeans, a bl.ade or spatul a shaped crystal,
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5 of vari oulerpstivsSrystal hitsis)ére aithin tHef scapé bithe passéstiimventirspaci ng val ues are
cal cul ghed. with observed 2 theta angles ‘and copper Kal wavel ength using the
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rel ative péagth.ntensities. ldentification of the exact 10 crystal formof a
conmpound shoul d be based primarily on observed 2 theta angles or d-spacings
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other words a flattened acicular shape. Preferably, lath-shaped crystals are up to 400
microns in length. More preferably, lath-shaped crystals are up to 250 microns in
length.

30 Substantially crystaltine (E)-2-(5-chlorothien-2-yN-N-{(3S)-1-[(1S)-1-methyl-2-
morpholin-4-yl-2-oxoethyi]-2-oxopyrrolidin-3-yljethenesulfonamide has a melting
point onset of 163-165°C. There is thus provided in a further aspect of the invention,
(E)-2-(5-chlorothien-2-y1)-N-{(3S)-1-[(18)-1-methyl-2-morpholin-4-yl-2-oxoethyl}-2-
oxopyrrolidin-3-yl}ethenesulfonamide in substantially crystalline form having a

35 melting point onset measured by DSC (£ 0.5°C) of: 160°C or greater, preferably in
the range 161-167°C, more preferably in the range 163-165°C.

A sample of substantially crystalline (E)-2-(5-chlorothien-2-yl1)-N-{(35)-1-](1S)-1-
methyl-2-morpholin-4-yl-2-oxoethyi]-2-oxopyrrolidin-3-yl}ethenesulfonamide,

40 prepared as described hereinafter, gave the X-ray powder diffraction patterns of
Figure 1 and Figure 2. The X-ray diffraction pattern is unique fo the crystalline form.
The substantially crystalline form exhibits a diffraction pattern with a unique set of



substantially crystalline (E)-2-(5-chlorothien-2-yl)-N{(35-1-[(1
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d- spaci ng. 5“frdr)lE‘(}:%Ig,?sz%gﬁeaspect of the invention, the chara gﬁ"%?"?@”ﬁ"“c heta
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( B) - 2- ( 5- clakewtoyiR-ewpgrrolidin-3-Midtheesulfonlatnide can also be identified by the
S) - 1- net hyl, e%eﬁ‘&r BIhl?tLFtl e%%hc%r@ﬁ&?ttné&é langre PRRY iHcRlding! tﬂ:o?’three or all
yl }et he”esg h 03? dpy e ?.gr'é EH BrPecRbhdly LRarBUERG  of Histhllifl the 2
theta angl nen
crysta orm These peaks occur at the following positions, expressed in 2 theta
30 angles (£0.1 degrees). 9.1-9.2, 16.0-16.1, 18.0-18.2, 18.3-18.4 degrees. In one
embodiment at least one of the foregoing 2 theta angles are employed to identify
substantially crystalline (E)-2-(5-chlorothien-2-y!)-N-{(3S)-1-[(1S)-1-methyi-2-
morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamide.

35 in one particular aspect of the invention, the peaks occur at the following positions,
expressed in 2 theta angles (x0.1 degrees). 9.21, 13.79, 16.11, 18.11, 18.39
degrees. At least one, preferably two, more preferably 3, even more preferably 4,
most preferably 5, of the foregoing 2 theta angles are employed to identify
substantially crystaliine (E)-2-(5-chlorothien-2-yl)-N-{{3S)-1-[(18)-1-methyl-2-

40  morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamide.

In ancther particular aspect of the invention, the peaks occur at the following
positions, expressed in 2 theta angies (0.1 degrees): 9.1, 16.0, 18.0, 18.3 degrees.



spacings reported above. The error in determ ning d-spacings decreases with
increasing diffraction scan angle or decreasing d- spaC|ng Thgﬁﬁﬁﬁ@ﬂﬁ of
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30 Although 2 theta angles or d-spacings are the primary method of identifying a
particular crystalline form, it may be desirable to also compare relative peak
intensities. As noted above, relative peak intensities may vary depending upon the
specific diffractometer employed and the analyst's sample preparation technique.
The peak intensities are reportad as intensities relative to the peak intensity of the

35 strongest peak. The intensity units on the X-ray diffraction plot are counts/sec. The
absolute counts = counts/time x count time = counts/sec x 10 sec.

As used herein, the term “substantially crystalline form” means that it is substantially
free of amorphous form (E)-2-(5-chlorothien-2-yl)-N-{{3S}-1{(1S)-1-methy}-2-
40  morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamide. By “substantially
free” is meant containing less than 50% of the amorphous form, preferably less than
20% of the amorphous form, more preferably iess than 10% of the amorphous form,



As used herein, the term"substantially anorphous form' means anor phous form
5
(E) - 2- (5- chl or ot hi en- 2-yl ) - N-{ (3S) - 1- [ (1S) - 1- et hyl - 2- mor phol i A MY oxoet
hyl]-2- o n- 3-yl } et henesul f onam de whi ch may by Ekob © 10%
crystal |.ﬁ‘§’®f%§‘ﬁ55% 2-(5-chl orot hi en-2-yl ) - N-{ (3S) - 1- 'fé(qﬁ

S) - 1- net hyl - 2- nor phol i n- 4-yl - 2- oxoet hyl ] - 2-

oxopyrrolidin-3-yl}ethenesul fonam de but preferably contains | ess than 5% of
the crystalline form nore preferably |ess than 3% of the crystalline form

even mor e Hor@ bREGERY iéés kS % Bﬂne%%ﬁihoamnﬁré«ﬁeh%érérp?eférasmesmaﬁn
pref or abl ¥ hesind ke i e ity e 1o o aprplons .

n-4-yl - 2- oxoet hyl ] - 2- oxopyrrolidin-3-yl }et henesul fonam de contains chiral
(asymet ri s sedthesein, teetermi "wbs@tlalwrmrahw)fommeamavpm;haus farer eoi soner s
(enant i aner(E)-2«8ictiloraticer 29i)-db{(E8)s)H( t8)d-methylk2-merphblin-hgbB-orsethwia-hi n t he
scope of t hRoRynRBERBE-yI emnésmrenarﬁaewoﬂbﬁ cérit@in Wpler Res b@%mﬁé Yories (S) at

the 3-positg @91.5 Qgs@ﬁmé)'f@qu ﬁ\éﬂﬂ%ﬁiﬁ?ﬂh‘aﬁr@h 2-okdl %h 12,0 The

ster eochem

present |n\Péﬂ'|? Bh‘?% LBW@B’?‘ tcﬁﬂta H\aﬂo oPf ﬁ'@)-z (5-
chl or ot hi ererytajiing- fm(@g)e» amfe(rqb!ssjesgt-ﬂm B ofzmﬁmrm@menfonnyeven oR@et hy f - 2-
oxopyr rid@l i chreferably|l¢ssttham 2%41of tbe zmstiine forsy bestpriefaabbly less yistnad % iof thef or m

whi ch net hqgystmpemsrhses crystal lisation of

(E)-2-(5-chlorothien-2-yl)-N{(3S)-1- [(18) 1- met hyl -

nor phol i n - t henesul e froman

or gani ¢ 25 EbEEERR ‘”ﬂafﬁf% if%ég?%- ﬁiﬁ ﬂyﬁ%&c}@?om%tvi%-oxpﬁﬁ@tﬁer al

(E) - 2- (5- c Hxepxsiofd |@.ﬁ- p@u {J lj]S chiral (asymmetric) centres, see *

S) - 1- nelBhy |fortrulen () el :ndlmdyal szemsemhryl (Fn@ltlom[g/ﬁnd)ldlaétaneqbomers) and

yl } et henesuhikiarssndfditeses att adthinvind sdopéiof Ay prasents ivestioh, Preferablyptiel € an

g;ggﬁﬂ(g gfy&é%aﬁx R id f5)0at the LRl oﬁtﬂ(‘éfﬁ-b y@ifind Fndl PréisRbRNEANe) . an

pr opan- 2: Ols)t%ar&oaﬁegn ﬁfs %é%%thealnpo%h%ﬁ’gﬁkhgngfgmﬁl %&@pabl y, a ketone (e.g.

acetone) or a cycloal kyl (e.g. cyclohexane), nore preferably cycl ohexane,

pref er & y He pleesnit iev:brttiemscam\@ee.@.m@bod?m, then greparstion rofl| (Ey-24Bt er i s

added as a dhiprdthien-28OHN-QBE)-14r B t-ahdthys-aimarpholin-4oa2-axedthgi+- by reducing the

tenper at ur &g rkﬁﬁn@@l}\éﬂieﬂ@sulf@h%ﬁé bk ibstRtilg! %Ihﬁé)%t ﬁﬂ’@ﬁrnﬂtﬁﬁde and 0C,
-yi)-

n})r gSIOr eferg pisdy rystdifsafioR” SF CfE)S4s ARBfthiert s {(hg)\qaﬂil 50N melfoCr ystal s

(E)-2-(5- cHT“HP'BQ"H‘A'eﬂ'Z?’S?PShyBJ-Z{C("S@j’mid‘T"@‘_ﬁ’g?thf“?ﬁé‘ffﬂgqm'ﬁe 8] 98I | - 2- oxoet
hyl ] - 2-280x geiutien | aptienallg Iy theairesance of Watat i denesale (F)sb(bahéagothign{2ryixN-at i on. The
met hods f or{{3)a-[(iISHdanethylemofphslirb4-yletrbxcatiyll-2eoxppyradiidine® mat eri al descri bed

herein congbinbhdstiféhdniad l'@aisaamtn & oﬁfaﬁlcpsro%aﬂtfoﬂ Bxepitié @R ardatic
(E)-2-(5- d]-l FohiBb Ydle JnFe cyclohexane), an ester (e.g. ethyl

S) - 1- met hyl ﬁg?ﬁir{ﬁ) %@?}'h
oiopyp?ol ?/cﬁ tag E '?fﬁ}%éépf (?H?H&gé"%{ nol jex Arapans2ol. ok i kgPne, (@%as such i s
usef ul 30 acktonek é@ﬂ‘&fé‘i’iv, eteny Wr%aWtMGT@FWRal%&%WPW%aB@ B | orati on
by adm ni stpraferabty ofciaheRarte, MpRi280y at elevated temperature e.g. 50-70°C, and

optionally water is added as a counter-solvent. Crystallisation is carried out by
reducing the temperature of the solution, preferably to between room temperature
and 0°C, more preferably 0-5°C. In a preferred aspect of the invention, the crystals of
35 (E)-2-(5-chlorothien-2-yl)-N-{{3S}-1-{(1S}-1-methyl-2-morpholin-4-yl-2-oxoethyl]-2-
oxopyrrolidin-3-yl}ethenesulfonamide are isolated by fiitration.

The methods for the preparation of substantially crystalline material described herein
constitute a further aspect of the present invention.

40
(E)-2-(5-Chlorothien-2-y1}-N-{{38)-1-[{ 18 )-1-methyl-2-morpholin-4-yl-2-oxoethyl}-2-
oxopyrrolidin-3-yf}ethenesulfonamide is a Factor Xa inhibitor and as such is useful in
the treatment of clinical conditions susceptible to amelioration by administration of a
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In another aspect, the invention provides a method for the treatment and/or
prophylaxis of a mammal, including a human, suffering from a condition susceptible

30 to amelioration by a Factor Xa inhibitor which method comprises administering to the
subject an effective amount of (E})-2-(5-chlorothien-2-yl}-N-{{3S)-1-[(1S)-1-methyl-2-
morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamide in  substantially
crystalline form.

35
Preferably, the condition susceptible to amelioration by a Factor Xa inhibitor is
selected from treatment of acute vascular diseases such as coronary thrombosis (for
example myocardial infarction and unstable angina)}, thromboembolism, acute vessel
closure associated with thrombolytic therapy and percutaneous transluminal
40 coronary angioplasty, transient ischemic attacks, putmonary embolism, deep vein
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30 ingredients of the formulation and not deletrious to the receipient thereof.

In another aspect, the invention provides a pharmaceutical compaosition comprising,
as active ingredient, (E)-2-(5-chlorothien-2-yl)-N-{(38)~1-[(138)-1-methyl-2-morpholin-
4-yl-2-oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamide in substantially crystalline
35 form in association with a pharmaceutically acceptable carrier and/or excipient for
use in therapy, and in particular in the treatment of human or animal subjects
suffering from a condition susceptible to amelioration by a Factor Xa inhibitor.

There is further provided by the present invention a process of preparing a

40  pharmaceutical composition, which process comprises mixing (E)-2-(5-chlorothien-2-
y)-N-{(38)-1-[(13)-1-methyl-2-morpholin-4-y}-2-oxoethyl}-2-oxopyrrolidin-3-
yilethenesulfonamide in substantially crystaline form, together with a
pharmaceutically acceptable carrier and/or excipient.
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appropri at gay 2ikeRhe foiadf] fonéxdnipie, Golitios] Byps br SispensicriyoriiBe\stiay 88! y
Lﬁ;?“n;g;ﬁ?prtegerﬁéa gscss)@w tddBét fof %bﬁs'iﬁﬁioﬁf\ngiﬁhﬁat@[;toil' %e?%ﬁé’bl@qel#ﬁlb@gygr opy|
nmet hyl cel | h‘%@*s‘ae‘.yse&gaﬁﬁ' %EE@?EEIQ% rr'1’| Q,([E Fj}r?%anéfhg_ ﬁ(}}eﬁ%%%\](?”gﬁgy t§ t ake the
form of taBfi@macgytically, acreaiable; Bﬁ?qﬁﬁeét%ﬁhi?ﬁ é%‘lﬂ*ﬁ%‘ﬁt'ﬁr‘%’i‘éﬁ &N fEPOl The
conpouds syrumr clinigse detivatives ok bydroganatad: edible falg); renuisiyingl agests fear '
par ent er al leciithronaciclagtrionragbgousivehicles ¢eg. 2mgnd bl olyoésiers] ethyaldobol cor _
cont i NUOUSrh@oH e N vegetanIEOolId) abh® N presBivativas € Qb gONnidlyl ber pb@&ﬁ ed in unit
dosage f O Mriflond MU 86 | The Blbbdrafifie ipsP R Bty bifer Mot added

ﬁ;e 0Si tJ ons take —such 1grns as )

preservati ye. € C0 Sit]| a suspensi ons,
sol uti ons V°HH?H'§P'8HE"Q ?chﬁ“leﬁteawgé’&ﬁﬂtﬁﬁ 2QP¥APE'®s, and may contain
formul 8 ory agents such as suspendi ng, stabilising and/or dispersing
agents. Al Pmapasitione For, orélhadrsioisirationi may édissitablynformolataedhtopgivel eontfaledn f or

consti t uti pdfease of the active compound using a pharmaceutically acceptable carrier andfor
excipients, e.g. hydroxypropy! methylcellulose.

30  For buccal administration the compositions may take the form of tablets or lozenges
formulated in a conventional manner.

The compounds according to the present invention may be formulated for parenteral

administration by injection, e.g. by bolus injection or continuous infusion.
35  Formulations for injection may be presented in unit dosage form, e.g. in ampoules or

in multi-dose containers, with an added preservative. The compositions may take

such forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and

may contain formulatory agents such as suspending, stabilising and/or dispersing

agents. Alternatively, the active ingredient may be in powder form for constitution
40  with a suitable vehicle, e.g. sterile pyrogen-free water, before use.



40 with a suitable vehicle, e.g. sterile pyrogen-free water, before use. 2 6
MAR 2007 WD 2004/ 052878 PCT/ EP2003/ 013800 11 The corrpounds according t

the present invention may be fornulated for topical adm ni st £ atMiABrl fo
insuffl ati qp Aogoskevgal ation. Exanpl es of types of pr epaf»@f/bﬁﬂ :{8380 t opi cal
adm ni stration include sprays and aerosols for use in an'i'n P80
insufflator. 5 Powders for external application nay be formed with the aid
of any suitable powder base, for example, |actose, talc or starch. Spray
conpositions may be fornulated as aqueous sol utions or suspensions or as

aerosol s dehd ¥shEslinks QELAiNg 20 the PresBACKSentiof Wy @@fdfﬁh@t&dfdﬂqwcdl nhal ers,
with the uétﬁ'mﬂlgtrého% ﬁ:beﬁatE?\ nfA l%tlor}%xzmﬁlegwd& r.'?r% %]—E g§eto the

present inye ns such as
supposi t or Bga[(ﬂd"?"@ 1k Eﬁ'u ﬁépﬁﬂs a@‘?ﬁemﬁ%ﬁ%l’?ﬁ HG" "@tﬂ%é‘ﬁﬂ%ﬁa@ *supposi tory
bases such as cocoa butter or other glycerides. In addition to the

f or mul & i oRewdigs fricktedha) epplicalios may b formedwith ks aidef asy suitable pdvidef or nul at ed
as a depot b4¥etRAERAMSIB, ladited) tdl® ostah] sasrai esrfipdsitioh® Ry BRYfolkulatadigs ni st er ed

it auscut “99”3 55'9“‘?‘%9*&25@@“’?@?%“‘%% dolERRNEN PRECHT dafks.
corrpounds ¥|85et héa ’Pe‘gﬂ'hﬁ' |uﬁ9éﬁ? P‘Bﬁgﬁé\}%@a?‘m mul ated wt h

sui tabl e polynerlc or hydrophoblc materials (for exanple as an emulsion in
an accHpt abhecanpiunds aceprdimtoethe ipeasget inesritins mary aled Bepleriwigley is edctabl e
derivati vegomgoshionx asiuhe, asasuppaditariedgbry rewatiord| eneh@dst . ed. peonpsisiagl dose of
(E) - 2- (5- colrRb@ionbfdipgositony délsééé’u%}\aﬂséoeéa%n%r BESthat ghydefiddgohol 1 n-

4-yl - 2- oxoet hyl ] - 2- oxopyrrol i di n- } et henesul fonam de | n substantial ly
crystalline 25 formaccording to the present |nvent|on for adm pistration
to a human!®(Adtiop P d!??ﬁﬂ'f’lé‘%m%)ﬁéﬁs%eﬁ? PHRYIYAY) NBsCATPPHACS B13Y AISGPRS er abl y to
1ng to1$oof¢gweiateﬂhes acteppt pragaretiore nBughe rlonghactinh Sermdstipnss ey be t he

wei ght of hAdmiaisteaek by Tingiantation dfre example ebadancously e transcutameogshampl e, | to 4

tinmes per Fﬁ%muéﬂﬂr%ﬂ??ﬁﬁbWrﬁthnﬁ%B@Qﬂrrﬂé%h&merhu%Oﬁ%x%pl@d'ﬁ\é“bélﬁ dnben. It will
be appreci gl %cf'ontr{ pﬂaﬁé/nt*?ﬁ‘v ?&["EE an“ sghgdl&%mg(g{eh@to%ons to the

dosage depen I N

sever i t%a/ oRYdrepiioRis R I""E‘Jﬁ g’{) V\E @8 eqﬂgog&g&ea%pp@b% U8 YePend on the
rout e aeehanaa resinsoer, asl'ﬁ@afb\ﬂb’cw'ébl%lébé\'ﬁﬁlh%ﬁ rfeiuexangie.aafriansPringly i on wi | |

ul ti mat el ysolide sdlt.t he di scretion of the attendant physician or veterinarian.

35

(B)-2- (5 XCJ& 5,9535 Nednforbanen R andRyiifbiRaf Y| - 2- oxoet
AR é°e“a¥é1«'§f’a 02% iy R ?Pea%,' eng ea"Q wiﬁﬁaﬁﬂge*a%&ﬁ ek this

i nvent #n tomlsa ingicte, then PEesent iRveation Jefe Administagamn i Ra@i SHMEBNN i si ng
(E)-2-(5- chﬂamombiebrnltmg)bbwy weight B 0.1mg(ta 3+ preferably to 1mg to 500mg of the
net hyl - 2- magtivh Mdrétiéht Yer dnitadde] Bxréssed ax ey weight o e Bayé ) Richeitaiueé f onam de
In may be administered, for example, 1 to 4 times per day. The dose will depend on the

route of administrafion. It will be appreciated that it may be necessary to make

30 routine variations 1o the dosage depending on the age and weight of the patient as

well as the severity of the condition to be treated. The dosage will aiso depend on the

route of adminisiration. The precise dose and route of administration will ultimately

be at the discretion of the attendant physician or veterinarian.

35  (E)-2~(5-Chlorothien-2-yl)-N-{(3S)-1-[(1S)-1-methyl-2-marpholin-4-yl-2-oxoethyl}-2-
oxopyrrolidin-3-yilethenesulfonamide in substantially crystalline form may also be
used in combination with other therapeutic agents. The invention thus provides, in a
further aspect, a combination comprising (E)-2-(5-chlorothien-2-y1)-N-{(38)-1-[{1S)~1-
methyl-2-morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3-yi}ethenesulfonamide in
40 substantially crystalline form together with a further therapeutic agent.

When (E)-2-(5-chlorothien-2-y1)-N-{(3S)-1-[(1S)-1-methyl-2-morpholin-4-yl-2-
oxoethyl]-2-oxopyrrolidin-3-yl}ethenesuifonamide in substantially crystalline form is



40 substantially crystalline formtogether with a further therapeutic agent.
When (E)-2-(5-chlorothien-2-yl)-N{(3S)-1-[(1S)-1-nethyl -2-m)rphpd MKR‘?(IUY' -2-
oxoet hyl ] - 2- oxopyrrolidin-3-yl } et henesul fonam de in substantially
crystalline formis 2 6 MAR 2007 12 used in conbination with a second

t herapeutic agent active against the sane disease state the dose of each
compound may differ fromthat when the1gonpound is wused al one. Appropriate
doses will be readily appreciated by those skilled in the art. It will be

S0 ot B2 i (o RABIRH Wite s SoSaitPRldnsbcplic cient HOAHE BBIGE Y Bihe 24 and
Phe age andepssiats F Ebahbtgbchienbabid el e of RELHAT e SoBoLAT R bo

di screti onudgd aleaefrrsperiaie dosas Wil bieagadily arpresiatad by dhose skilled inthe art.

(E) - 2- (5- Citlvall b hpprecidted that\Nhé GBS {lef  ddspdundel e indention required for use

Subt art | af Jcacent R ary wii L Raule ofthe conditdt *’%‘n‘gf‘*ﬁifé‘”ﬁ”‘ﬁt@‘ﬁ%ﬁﬂ

antithr onb(t)rf‘%/&o.rﬁﬁ% ng(tbﬁ&?tiari{ ﬁﬂﬁr%%lﬁwa?e%%lﬁ}eo |§cre£| 8¥1ﬁ4(§x%he@df"§tcept or
ant agoni st SIY§iFiaRt L5y cveterinariant i -2-(Soheuen-e 4881 i rpety-2-

f i br i nogen namplagiont-gisoxdethydjbatopyrolidin-Ggfetheoesufonamides uie pdubstantialtyen

:g:): \r/;'it or a% %a‘-ﬂtn'éﬁ?ﬁn?Ha@?‘éﬂ;s_eﬂ%c&?gh%diﬁhitrﬂﬂhbr iaﬁlftﬂar@ﬁ%%ﬁ@ﬂbﬁgf‘ééid&ﬁqsﬁ?Ch as
conver ngﬂgﬂ?gﬁe_iwﬁﬁl}dﬁ’t (%'Jg %gg'l{?ot%%pxﬁt Iaﬁq'%r%)ciesg‘oﬁrbas?ﬁ%gg@ﬁi rﬁnﬁ&%ﬁ\(} ! NEP
15 i nhi bi t §hesPhedississaser nhikitarse hRinegRh ABIAgBNIgEK dprembelyiic | {HIDH sksh s

al dost er ondéissusl pidserimigenanativaltirhend ssteptakinase/ nopsitérpideiaemtidnfagenatery( such as
HMG- CoA 1 edHsgsasiRh dsdbiplint @h& khelvek) 2anti-hyeFtBNSiEThernts @8lich- asTakyiGeRdh-nat i ons
referred tg TG, B8 Dkl J&t'é’nquo‘? r%ﬁr%ﬁe%cgﬁroﬁoé taganigts g 2QeROrm of a
phar maceut i’ ¢cal S mu ron and thu p%ar nmaceutt cal r}. mul'dt i ons ~ conpri si ng
a conbiPat iM¥PitgEs. dErhIerkgrsapeR/euio foBRRe! Riockers: JARE mithilers apldpstesrnEept abl e
carrier or beckénp) amnti-aterpsdleretia/ fiyslipldeemisagarts (fuchtes HMEeGOA deducTiae

i ndi vi dual im@@)%ﬂﬂ%nﬁfa@yﬁm@%mati ons may be adm nistered either
sequentially or sinmultaneously I n separate or conbi ned pharnaceuti cal

forrrulatioq_ b ny . 25 conveni ept route. Wen mnistration i s .sequenti al,
ei t her t he TREC0GIDIaLoN% FETBITea, 0 GPoYe By EogNeentiyche: BEseN BB HES i dbo
adm ni 8% er &int jofsta. phlaewacedtiéali Ermatatiom asd sthpsl pharowmgeutical hiermalatidnsat i on
may be admiconptisingda eddnitfiiation biedsTmeR atovai tdgetrnt withad NEreeMbEdAkally30
conpos: L1 Oocdfislle GG loldhidCciFRe! 1M AR b ¥hd InlBRuaRPIfifd At e
that the two, ~conmpounds nusi s%% ct:: anJ conp tl.g e p eac oii r and
the ot her TEiRHBAMECANT FesUeh,cRIPRATBRE Ma OF adgtinsierackeithes sequsntialy’ ¢ noy
may be proer dédmultaneggsiurip sapataiei @neomiined | pharaceuyosiviermelations by anych
manner 2|sS abky @& SUC conpounds 1 n the art.

ghRtout h ds i h

When administration is sequential, either the Factor Xa inhibitor or the second

therapeutic agent may be administered first. When administration is simultaneous,

the combination may be administered either in the same or different pharmaceutical
30  composition.

When combined in the same formulation it will be appreciated that the two
compounds must be stable and compatible with each other and the other
components of the formulation. When formulated separately they may be provided in

35 any convenient formulation, conveniently in such manner as are known for such
compounds in the art.



2 6 MAR 2007 13 Exanples 5 Abbreviations APl Active Phar maceuti cal
I ngredi ent DCM Di chl or onet hane DVF N, N- Di net hyl f or mam de ﬁ%{
- Hydr oxybenzotriazole GC Gas Chronat ography LOD Loss On Dry| @ A qgeak
Area Ratio 15 Internediate 1 tert-Butyl
N-f (benzyl oxy) car bonyl | - L- nmet hi onyl - L-al ani nate Z-Protected L-nethionine
(log) was dissolved in DMF (200nl) and13-[ 3-
(di met hyl am no) propyl ] - 3- et hyl car bodi i m de hydrochl oride (8.13g) was added
foll owed by HOST (5.72g) and triethylamne (19.7nml). The m xture was stirred
for 1h 20 then L-alanine tert-butyl ester (7.7g) was added and stirring
continued for 18h. The m xture was concentrated under reduced pressure and
partitioned between diethyl ether &amplesr . The separated organi ¢ phase
was washed with hydrochloric acid (1M, saturated sodi um bi carbonate
solutidn and brine, dried (over magnesi um sul phate) and concentrated under
reduced pr Abbtendatiansgi ve t he t|tIe corrpound 25 (11.99g) as an orange oil
which crysppllised op Radum Found: MH 411 Internediate
2 tert-But éméZS) 2- g&%@ro%eil%g?enzvl oxy) carbonyl | am no} - 2- oxopvrrolidin-I-
30 yI)prop te As nternmediate 1 (11.9g9) in acetone (75nml) was
treated w PMFet hyl NohDimethyliememidgd stirred at roomtenperature for 72h.
The redrti BERET xt ur e 1 Wwhsirddybenzotriazotent r at ed under reduced pressure to give
an orange &6l i d whi chasd¥ronstogtapbd in acetonitrile (200m ). Dowex (OH
form resihODP19. 429g) LossOadotgdgand the m xture 35 stirred for 18h at room
t enper at ur parThe m xpdaAVERSRAtid t ered and the resin washed wth ethyl
acetate. The filtrate was concentrated under reduced pressure to afford a
yel low oil which was purified by Bi otageTM chromat ography (eluting with
cycl oh&an&%{mﬁﬂl&&et ate 3: 2) to give the title conpound (2.929) as a
col our | essteptB : chonviFoemelthiokid-L-8@Bina® | nt er nedi ate 3

Z-Protected L methionine (10g)} was dlssolved in DMF (200ml) and 1-[3-

(dimethylamino)propyl]-3-ethylcarbodiimide  hydrochloride (8.13g) was added

followed by HOBT (5.72g) and triethylamine (19.7ml). The mixture was stirred for 1h

20 then L-alanine tert-butyl ester (7.7g) was added and stirring continued for 18h. The

mixture was concentrated under reduced pressure and partitioned between diethyl

ether and water. The separated organic phase was washed with hydrochloric acid

(1M), saturated sodium bicarbonate solution and brine, dried {over magnesium

sulphate) and concentrated under reduced pressure fo give the title compound

25  (11.9g) as an orange oil which crystallised on standing.

Mass spectrum: Found: MH* 411

Intermediate 2
tert-Butyl (28)-2-((38)-3-{[(benzyloxy)carbonyllamino}-2-oxopyrrolidin-1-
30  ylpropanoate
A solution of Intermediate 1 (11.9g) in acetone (75ml) was treated with methyl iodide
(18ml) and stirred at room temperature for 72h. The reaction mixture was then
concentrated under reduced pressure to give an orange solid which was dissolved in
acetonitrile (200ml). Dowex (OH™ form) resin (19.42g) was added and the mixture
35  stirred for 18h at room temperature. The mixture was filtered and the resin washed
with ethyl acetate. The filtrate was concentrated under reduced pressure to afford a
yellow oil which was purified by Biotage™ chromatography (eluting with
cyclohexane:ethyl acetate 3:2) to give the title compound (2.92g) as a colourless oil.
Mass spectrum: Found: MH* 363

40
Intermediate 3
(239)-2-((38)-3-{[{ Benzyloxy)carbonyllamino}-2-oxeopyrrolidin-1-yl} propanoic acid




(25)-2-((3S)-3-{[(Benzyl oxy) car bonyl ] am no} - 2- oxopvrrolidi n-1-yl) propanoic
acid 2 6 MAR 2007 WD 2004/ 052878 PCT/ EP2003/013800 14 Interme iﬁa{?ﬁ 207
(0.5g) was dissolved in DCM (7nl), and trifluoroacetic acid (4. v

added. The s stirred at roomtenperature for then
concentrate g&i %rygduced pressure to give the title iﬁ%ﬂﬁ’ﬁ%'ﬁ?‘ﬁzsg) as a
col ourl ess oi I whi ch after azeotroping with toluene, crystallised. 5 Mass
spectrum Found: MH 307 Internediate44 Benzyl (3S)-1 40

S) - 1- net hyl - 2- nor phol i n- 4-yl - 2- oxoet hyl | - 2- oxopyrrolidin-3- ylcar barrate 10

| nt er medi afpfordebidth: 5%5 adl iSO ateR mom%n (@A titedRcétReaILI4 rag ol - 1-y1 ) -

NN N, N-t ¥ha!T Rt @rtédugm bt s degdy, °"°Wed by
v ol iR gaw e T e ety e’

was added. cofptislesspiw p@aﬁﬁsazg@trqmr@dmmplugwcwstaﬂﬁﬁd partitioned between water
and ethyl Sast sdeetrumihEould: Mepa0at ed organi c phase was washed with |ithium
chloride (10% by weight), followed by saturated sodi um bi carbonate and
brine. The a,98kki 4 avyer was dried (over sodium sul phate) and concentrated
under redu'“Ed_P‘r'rssTur | il |tIe c ) as a.yellow solid.
Mass spect: 7 Zomte s it : : ZoXapyIEolic

$)-1- methym&tﬂhol i n-4- yI 2- oxoet hvl | pvrroI|d| n-2-one A m xture of
| nt er mb@i aingerdhedidteg)s, (8405¢% pab| dissavedoin AMBO2!)( 3nd @+berebliaz1-y)i. 31) was
stirred unfgNNaT-tafrsBsRyIeioRiuaT tofiiliopdoRaté Q16155 as BdGed, Faive@ by KL Ur e was

25 11l teregg B&B@M&‘i}&ﬁﬁdé 3M)2nd cidign J.héu fﬂ@éms&i;&%s&fr@@u der reduced

pressure to g a r{qu' 3 h 1H NMR
( DANEOH) : 'ard? 5 As 9. 75(1H,
qrﬁpgnlt oLl gg @ed between water and e’thyl acetate. The

n, 1. 30(3\14I l{!?“ﬁﬁr#iff%
(S) - 3- 4% nerpRAtE) crpanistphgse Washwashied with-lithiure chloddeo(18%esd weigiyt), fallowed n- 2- one
hydr ochl or bylgaifliated wodiyrmobichmbastaeatidabined The qgaﬂc(]éﬁarnms dieceoieval ent) in
et hanol - ( 7godin} ﬁﬂfﬁaté%ﬁﬁ’%ﬁééﬂtr@fédcuﬁdérdreﬁac@d Bressbire0%d df the2 tggui val ents)
was added &ﬂhl@%)%n Q&inhde on carbon 50% wat er we 0"nmg, 2 weight
% . The slﬁrg%—vva oom t enper ature under apprOX| mately 15- 20
psi for apPPes quwﬁsyé'

Intermediate 5

{38})-3-Amino-1-[(18)-1-methyl-2-morpholin-4-yi-2-oxoethyllpyrrolidin-2-one

A mixture of Intermediate 4 (20g), 10 % palladium on carbon (2g} and ethanol (1.31)

was stirred under an atmosphere of hydrogen for 16h. The reaction mixture was
25 filtered through Celite™ and the filtrate was concentrated under reduced pressure to

give the itle compound (12.3g) as a pale white oil.

'H NMR (D4MeOH): 85.05(1H, dd), 3.59(8H, m), 3.37(2H, m), 2.42(1H, m), 1.75(1H,

m), 1.30(3H, d) ppm.

30 Intermedlate 6:

hydrochloride

To slurry of Intermediate 4 (5 g, 0.013 mol, 1 equivalent) in ethano! (75 ml) and
35 hydrochloric acid (2.2 ml, 0.026 mol, 2 equivalents) was added 20% palladium

hydroxide on carbon 50% water wet (100 mg, 2 weight %). The slurry was stirred at

room temperature under approximately 15-20 psi for approximately 3 hours, The

mixture was filtered through celite. The cake was washed with acetonitrile (2 x 30

mi). The filtrate contained (S)-3-amino-1-{(S)-1-methyl-2-morpholin-4-yl-2-oxo-ethyl]-
40  pyrrolidin-2-one hydrochlotide (yield assumed 100%).



m xture was filtered through celite. The cake was washed with acetonitrile
(2 x 30 mM). The filtrate contained 765 MAR 2007
(S)-3-am no-1-[(S)-1-nethyl -2-norpholin-4-yl-2-oxo-ethyl]- 40
pyrrolidin-2-one hydrochloride (yield assunmed 100%. 2 6 MAR 2007 15

Ref erence Exanple 1 (E)-2-(5-Chlorothien-2-vl)-N{(35-1-((1

S) - 1- et hyl - 2- nor phol i n- 4-yl - 2- oxoet hyli§- 2-

oxopyrrolidin-3-yl}ethenesul fonam de (nethod 1) To a sol ution of

I nt er medi akgrRedckdExd %lém anhydrous acetonitrile (750n) were added 5

P
§5)56r2ﬂ-§5a(r:1g%)0£ . .F‘."’Si“?{?r?ﬁ))' ?r_ull_ l;} chl p |de 6. ) |0 ctnltrlle
t enper at ur exgpyrotigin-3-yiig ' ori de sol ution was added and the

resul tant mox smuﬁuoatdfnmtednanate@qrm %?kue gceronidlei(Teoniheers addede was
concentg at gl ?@%loﬁoﬁ%@?@)ﬁh@ﬁé&lﬂfﬁnﬁ Iorfd@eﬁ@e&@?j%‘eac hRHllé'(gQ@rﬁtt) bag,tdween

chl orof orm an I c_ac|

organi c | afé! ’%&1 ﬂ%ﬁ‘@ﬁ tﬁ? FH%Hrel‘xis ﬁﬁ" (ﬁ?temB'I“ tgﬁ]tpﬁFaatt BQ’ Z@H gar bonat e
and wat er , aBWMPrBM whlorige solitigarivas pagdeast angdne Sﬁuﬁﬂ@dmlwfﬁeﬁi'ffeé\ﬂirmomgnes| um
sul phat e) &mberatacefar 3l Thedmixture dvasecbnperisstad entler gidueed pesurk|and

compound (% Al Spatitel Henbdr kiSRS ER 8 1. rﬁ&ﬁfr@%@%&)co%ﬁimu abass

t 8(1H,
7 88 1 [EMpna B e ayanﬁp'eg?flweﬁ a%;hsg oy S R & St
3 96( 1H, NP9 'emmagber@éea d Wpter gargihring, T orggnwdemqwarﬁ'sol@teesqrm (ov§

1. 34(3H, d)naquamurﬂOSlﬂbi}ese)ahhd sahceniratdd BErderpledudedyessbe b GBB. tﬁg)trtlﬂas

di ssol ved ichmpe@idme. #g%vaohnetsoﬁ&@ub&\ﬂahﬁaﬂ& attdrpRduddomnder  nitrogen. Vater

(780mM ) wa r portions over 3.5h, during which the
sol utlon b%%é ECt%WQEMPﬁgllgﬁdffwThe heat was rermved and the solution left

Rure over 2h. The mixture was left for a further 18h
at room 25" ItIeNMEr(GDmg()sST A8t ke dabsedldel, df, 6.9¢h, dTBcca( Ed.ud)t &R(BUdpelhsi on was

filtered, wamladl q)\sob(1HRIr), Batees. 48@POR)) 3.38010H, e 2,634 1 14.dm ) deg 1Magwium at
30C over 24h,, gf p}éﬁ‘ the title corrpound as a white substanti aI |y
e

crystalline’s substantially crystalline material obtained was used
as a seed to initiate 30 crystallisation in a repeat crystallisation

pr oces§0(a§: fdaiBE df BRONEL 41 N Which the seed was added after renoving the
heat t bst ant
Crystal | S nExaBpedl (Kol wey 5eaveq by tkiess (hortl abSeRs ainisbsiies Yaderc 35

The subst anitiogen.y Waterd780mi) M@Swﬂe@ deppiigesangiia gortionaeen3. ok, dusiogwbickhaped
and | at h- the solution began to appear cloudy. The heat was removed and the solution left to

reach room temperature over 2h. The mixture was left for a further 18h at room

25 temperature in the absence of light. The resultant suspension was filtered, washed
with cold water (200ml), and then dried under vacuum at 30°C over 24h, to give the
title compound as a white substantially crystalline solid.

The substantially crystalline material obtained was used as a seed to initiate

30 crystaliisation in a repeat crystallisation process (as described above) in which the
seed was added after removing the heat to give the title compound (29.2g} as a
white substantially crystalline solid.

Melting point (by DSC): melting onset 163 to 165 °C

35
The substantially crystalline solid exists predominately as needle-shaped and lath-
shaped particles, up to 250 microns in length, which form loose agglomerates.

The X-ray powder diffraction pattern of the crystalline compound as shown in Figure
40 1 was obtained using the settings shown in Table 1. Table 2 lists characteristic peak
data.



shaped particles, up to 250 mcrons in |ength, which forml oose
aggl onerates. The X-ray powder diffraction pattern of the cryst Eliﬁg
conmpound as shown in Figure 40 1 was obtai ned using the setti ng W in
Table 1. Tyl RogoshsRt S Characteristic peak data. 2 6 P éﬂ
2004/ 052878 PCT/ EP2003/ 013800 16 Table 1(a) XRPD instrunen Y2 and
measur enment conditions Manufacturer Philips Analytical X-Ray B.V. The
Net herl ands Diffractonmeter tVpe PWBO#® Serial DY667 Tube Anode Cu
LabdaAl pha 1 1.54056 LabdaAl ha 2 1.54439 Ratio Al pha2l 0.50000
Di ver gencersilé i (aPRMED inBrumertdbtails HRE@byduidingilt cbnditiohsa. Rec. Slit

use

Monochr omat or ner at or voltage 40 RV Tube current 50 mA Data

aogﬁltiGnLgﬂsisi %ﬁ ﬁ”rsefep time ;Jggusegglcsﬁﬂhag ‘ﬂ%jﬁ%%"éﬁ? ﬁéiﬂt'l It’lé )gnset
| nstrument_details and neasurenent codditeiNeerandy nst r unent Manuf ad¢t ur er/
Model : TA Diffsdctamertigpe DSC2920  Seri al| FW83049R2920- 234 Met hod Sarrpl e
pre-treat g None Purge gas identity l/pydgyrogen / 20 M mn" floyrate
Sanpl e parﬁ&n\éﬁ Prnnd_re arumnium Heg ¢ g Ta[FTU Cmn Temperayure range
Anbi ent t 5o~ R+t HRg—ofnset—for—sulgstantiaty—crystaH+nre—materqal 163
-165 C. Alphay 1.54056

Labda@pha 2 1.54439

Ratio Alpha21 0.50000

Divergence slit Prog. Div. Slit

Receiving slit Prog. Rec. Slit

Monochromator used YES

(Generator voltage 40 kv

Tube current 50 mA

Data angle range (° 26) 2.0000 - 45.0000

Scan step size (° 29) 0.020

Scan type Continuous

Scan step time 1.00 seconds

Table 1(b) DSC for melting onset Instrument details and measurement conditions

5
Instrument Manufacturer/ Model: | TA Instruments
DSC2920
Serial No. M2920-234
Method Sample pre-treatment | None

Purge gas identity /| Nitrogen /20 mi min

flow rate
Sample pan type Pinhole aluminium
Heating rate 10 °C min”’'

Temperature range Ambient to 300 °C

Melting onset for substantially crystalline material 163 —165 °C.

Microscopy

10 Particles described as acicular or lath shaped crystals up to 400 microns in length



10 Particles described as aclcular or lath shaped crystals up to 400 m crons
in length 2 6 MAR 2001 17 Table 2. XRPD peak data for 76 MAR 2007
(E)-2-(5-chlorothien-2-vl)-N((3S)-1-f(1S)-1-nethyl -

nmor phol i n- 4-yl - 2- oxoet hyl ] - 2- oxopyrrolidin-3-vl }ethenesul fonam de in
substantially crystalline form (Exanple 1); characterized by an X-ray
powder diffraction pattern. Angle 28 d1K-al phal (A) Relative Intensity 4.65
18.98 0.9 8.67 10.19 0.69 9.21 9.59 17.5 9.55 9.26 1.1 10.82 8.17 3.2
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0.7 16.11 ] 7 Eaé Bl _18: 11
,ﬁ s@ nfial 38 3.7
WReference

4.89 16.8 LrEL 5
20. 62 4. 309¥5¥ 5 — AN’ 55.
meﬂeZ(a 2(5oﬂmonnm12vn|vu3$--u1

S) - 1- net hyl - rEr phxﬂ jle {20y | - 21 ox @K ayHa1dA) Relative Intensity (%)
oxopyrrolidi n- et %gesul fopam de 1(8@6{ hod 2)] 10 Stoi (bl*g onetry of raw
mat eri al s and reagents, _and—votunes (vor; of —sut vcm sS—use were—cal cul at ed
based on the ar 6 -3-amino-1-TMx-1- methyl - ﬁnl in-4-
yl - 2- oxoet hyl ] {pyrrol 8@iin- 2- one hydro@ﬁBorl de Vvhl ch was1'é.5surred 10p% vyield
from 9.55 9.26 1.1

10.82 8.17 3.2

12.41 7.13 3.4

12.71 6.96 1.0

13.79 6.42 11.6

14.38 6.16 3.2

15.19 5.83 0.7

16.11 5.50 13.2

16.64 5.32 5.8

16.80 5.27 6.7

17.27 5.13 2.5

18.11 4.89 16.8

18.39 4.82 100.0

18.90 4.69 2.7

19.57 4.53 23

20.25 4.38 3.7

20.62 4.30 3.1

21.14 4.20 4.0

21.95 4.05 2.6

22.37 3.97 9.6

5

Reference Example 2
(E)-2-{5-Chlorothien-2-y)-N-{{35}-1-{{1S)-1-methyl-2-morpholin-4-yl-2-axcethyl]-2-
oxopyrrolidin-3-yllethenesulfonamide (method 2)

10

Stoichiometry of raw materials and reagents, and volumes (vol) of solvents used
were calculated based on the amount of (S)-3-amino-1-[(S)-1-methyl-2-morpholin-4-
yl-2-oxoethyl]-pyrrolidin-2-one hydrochloride which was assumed 100% vyield from
Intermediate 5.

15 (8)-3-Amino-1-[{S)-1-methyl-2-morpholin-4-yl-2-oxo-ethyl}-pyrrolidin-2-one
hydrochloride (1.0 eq) (Intermediate 6) in ethanol and pyridine (3 volumes) was
charged to the reactor, and then concentrated under vacuum below 40°C to about 3



Internediate 5. 15

(S)-3-Am no-1-[(S)-1-nethyl -2-norpholin-4-yl-2-oxo-ethyl]-pyrrolidin-2-one
hydrochl oride (1.0 eq) (Internmediate 6) in ethanol and pyridi neZ§3AR@pimes)
was char g%}{&&,@gﬁ reactor, and then concentrated under vacuum bel ow 40C to
about 3 2 % WD 2004/ 052878 PCT/ EP2003/ 013800 TETERHPHHEM0 10

vol umes of acetonitrile was added, then the solution was concentrated under
vacuum bel ow 40C to about 3 volunes. J&e addition and concentration of
acetonitri I e were repeated (4 cycles) until acceptable |evel of et hanol was

bel ow 0. M@Al& (@%ﬁui’ﬂsyo‘?'a%et% ﬁr:l@%@%?&éd th&%h@@ol%%ﬂ’bvﬁs\é@ﬁc bet ween
4t h and 5t

cle ton| r|Ie qurres of
(S) - 3- ani ngder ¥ é Bﬂg\phﬁcg rﬁ?PE%%"?'Hmﬁs fheZa%ﬁ '8T'| in- 2-one
hydr ochl or ?Qﬁ”@ﬂﬁeu‘t’?rﬁﬁeﬂﬁtﬁd LIRS @d’ﬂ“b%&%@? el@"@'o?u é"%"{aﬁ" B onitrile
(roughly p9.t%divivgGCanalysis fatethaml) The 6C sedpleowis takenm bbliwenn 4thearpiditat ur e.

(E) - 2- (%- Chlcsertet &idaibhon 1@ vollacehitfmesul fonyl chloride (1.0-1.4 eq) was
charged as solid in one 10 portion into the reactor. The m xture was stirred

at ambi ent TReOREHSS Uf E3)-8AmInol CRSL1-AMBth M@ﬁmmmmmyﬂz OB Rty plrdlialy HPLC

(Not e: the2 %%& d@fer%d %rgh J'LPAT& %ﬁ'é&é{oﬁmﬁé‘o‘“’e‘j t hat
t?is; aELI (r)re % B;‘ l"‘?‘ ag ‘F{I‘-'tf{é 2% ?' % YIS dER-EGMPRr henesul fon

am de: Eﬂ“@thBZﬂH §“1ﬁ°6)dh§’ﬁ°@%/(1)0‘éﬂh€4ie‘§a$ fehafgedcas splidé Epe us aci d
from ( H) - 2pdriercintodhe rebsiar ihephistwewyd jtinet at ambiehf emperatirk antildejctioms gr eat er

Lhan 86: 14w&\BmpiBte Yﬂonﬁ@n&iﬁ? P-!IF(Ltﬁ(NU?é )t&@@éﬁoﬂ&d%stébnéﬂéfeﬂh RnplBtt ur e.
M

Sol vent s i | about
12-13 vol . i [ ¥ : g 70C for
30- 60M n t B @A xture was

settled f oﬁ)%tﬁ"'%thfﬁme%ﬁd’”ﬁi = v‘t@ayi chwéld% K@‘éﬁw?@d Hﬁ@s(s)%é-cma@ned 20 with
wat er 1% viniophen-2¢0-efGdesdioaylcehidridarwas gqueatan shaphdS 4 RiR)eBuiyt acetated wi t h
butyl acet giesof) as\wadd & rewﬁwroxﬁxnfcaé esolvenfiCwers temowbbystiafigamder phases

were f L'nfj@éc%dmaaeno‘wr@a%m iaBalt 15013 vcarw?{eh E&@éoeéhg‘ Sir@ARA gfgnrmt ?LZ
slurry waso®) %%ﬁ%teﬁ%ﬁﬁ% agHorif é&s‘ﬁhﬁ%ﬂ'@ el Wik 8 The | T o)

was added BRETE Mes seifipd {Prageut;i0 migian 138?3"3?9%4 e ofganic ghase Wasevashed er ed and
was hed2 tmticywateoiﬂéxalh@t 6@60%I Thef mmmmﬁdgqueoumehﬁﬁe@dme exiactett withi at 60- 70C
under vacubiyluavetdte ¢15180ls hbapprosimglely 60°CLThe cofbiviéd adrgditd Phdses vieréri n t o

af ford of f yudd &t 5P6d-2 (RvhicAml) éﬁ@%n%ﬁ@énv@édt o I R¥%mddiy bk Iniet i on of

Exanpl e 2 § ﬁ)DéB %oﬁﬁ%&%ﬁ%te% éﬁk %%lji}ﬁg he slurry was cooled to
oioév?reglhl ginRient E’P@'ﬁaﬂﬁﬁeg'm ?nﬁ’fﬁ?ﬁ lg ltored), yvag, 2dded, apd tMeHUih WaS pr opanol

(225 2%, melgfqrdi-wfteible scrl}dewgmﬂmdsar@n/vaeagd with cyeiohexarrs (10 vph diteredut | on was

t hen The product was dried at 60-70°C under vacuum until consistent weight or LOD
<0.5% at 125°C for 5 min to afford off-white solid. Yield range observed. 60-70%

Crystallisation of Example 2

(E)-2-(5-Chlorothien-2-ylI}-N-{(3S5)-1-(18)-1-methyl-2-morpholin-4-yl-2-oxoethyl]-2-

30  oxopyrrolidin-3-yllethenesulfonamide (29.25 g) was suspended in n-propanol (225
mL, 7.5 volumes). The suspension was heated to 75°C. The solution was then
filtered hot. Cyclohexane (225 mL, 7.5 volumes) was added and the mixture heated
to reflux (74°C). The solution was then cooled to around 65°C and seeds (0.2 % wiw
in cyclohexane) were added. The resultant slurry was held at 65°C for 30 minutes

35 after the onset of crystallization. The content was cooled to 0-5°C (cooling rate,
0.5°C/min). The suspension was stired at 0-5°C for 1 hour and filtered under
vacuum. The cake was then washed with cyclohexane (150 mL, 5.0 volumes) and
set in a vacuum oven (60°C/ 256 mmHg) fo dry to constant weight. Weight of (E}-2-
(5-chlorothien-2-y1}-N-{(3S5)-1-[(1S)-1-methyl-2-morpholin-4-vi-2-oxoethyll-2-

40 oxopyrrolidin-3-vijethenesulfonamide was 24.7 g (85%). Percent vyield range
observed: 85-90% of a light yellow solid.




filtered hot. Cycl ohexane (225 nL, 7.5 volunes) was added and the m xture
heated to reflux (74C). The solution was then cooled to around 65C and
seeds (0.2 %ww in cyclohexane) were added. The resul tant siuMAR 2804s hel d
‘at 65C for s 35 after the onset of crystalliz ntent was
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for 1 hour and filtered under vacuum The cake was then washed with

cycl ohexane (150 m., 5.0 volunes) andigset in a vacuum oven (60C 25 mmHg)
to dry to constant weight. Weight of LEA (5-chlorothien-2-vl)-N((3S)-1-f(1

S) - 1- met hy{ s SOKRPB!indhuftiehit detaiRdr@inashiremefiPeonditions
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Data angle range (°20) 2.0-40.0
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21 CLAIMS 1.

(E)-2-(5-Chlorothien-2-yl)-N-{(3S)-1-[ @DS) - 1- net hyl - 2- nor phol i n- 4-yl - 2- oxoet
hyl]- 2-oxopyrrolidin-3-yl}ethenesul fonam de in substantially crystalline
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19.5 4.6 19
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20.5 4.3 18

21.9 4.1 19
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10



15 16.1 (0.1), 18.0-18.2 (0.1), and 18.3-18.4 (0.1) degrees. 3. The
substantially crystalline formas clained in claim1 having 2 hﬁ&gﬂ@pgles
at three or nore positions selected fromthe group consistirqu) ©1-9.2
(0.1), 16.0- 16.1 (0.1), 18.0-18.2 (0.1), and 18.3-18.4 (0.1) degrees. 20 4.
The substantially crystalline formas clainmed in claim1 having 2 theta
angles at all four positions selected2firomthe group consisting of 9.1-9.2
(0.1), 16.0-16.1 (0.1), 18.0-18.2 (0.1), and 18.3-18.4 (0.1) degrees. 25 5.
The substantially crystalline formagi@igsned in any one of clains 1-4 in
the form of needl e-shaped crystals 6. The substantially crystalline form
as clainmed. in of .cla 1- e form_of h- shaped cr stals. 30
7% The subdt ARIRUPIGRrpesE Y38 S Fa s ke PRty g 2arosiaims 14 i
the form of Zoxdpyrralidin-gfyllethedkesulfonamidt iarsubstantialy eaystalline fpsn dlaging@n The
subst arg i al | yx¢dyy pbatiéd QEfraqiom patterh % sk BNMenA®eofod Bkl BR i;lés Tangher ein

the 35 nelt '&ga.l Qd |th' 5 &%ﬂ{et&h% %anogx ;Q& Wt&ﬂ%'c% aﬁ%%gt al l'ine

formas clai n haln -ra ern

t1o
expr essed i n CRAEED?Z ﬁl%m G511 8 A o, BrSHan e er
wher ei n sai d censigiing efvdet-9& (0 BetlBdn1Ppat(terh thiyBizsed. D, @hdt 18.3084ngl es at
one or nore pesitl ldeg&esealneammiemrm@hﬁal repydaiieed fledhs REnafirky I%&s thao,

13.79 %05, lfof bt hdamo g% g?-gns-tﬂn ?h@n%ylfﬁg{@% H(fs P M¥2007. 22

10. The subst ”t'%ﬁ:'l cr St . an X-ray
powder di ffr '% 9‘7‘08 %’%’By" ?S”J RBII98ngl es and

obtained with a di ffractorreter wherein said X-ray powder diffraction
pattern conrTI%ajb%tdriﬂallyacry@tatljhe%r&t a®orined Mogi@inp o $iating r2stherl &efledatl rom t he

group consi SttWB r% pjosﬁ}loﬂs s?léctéﬁ FdnPthk gr&ﬁp Qo%léltrnﬁad?@ 182X ? } ﬁ@f ees.
L s L R e T8 D T Sogrptag, o ohor, Mot oh e

X-ray Yiffra
crystalline formas claimed in claiml1 for which the X-ray diffraction data
are as shodn The Julistantidlly drgstallihe forabat alaimed Inyclainy $ thalihg riethbtar angles afl ai med

in claiml fofdirGhorkh® sﬁfoﬁéié’ele&éé frofGthd @debaéoh&% of F$- 9551&\0/“1 I{p.6d gure 1.

the X-ray” Zfﬁi?éibohé@réiﬂ 1%3%@8%@% GRELELE

4. The substantially crystalline form as claimed in claim 1 having 2 theta angles at
all four positions selected from the group consisting of 9.1-9.2 (10.1), 16.0-16.1
{(£0.1), 18.0-18.2 (£0.1), and 18.3-18.4 (+0.1) degrees.

25 5. The substantially crystalline form as claimed in any one of claims 1-4 in the form
of needle-shaped crystals.

6. The substantially crystalline form as claimed in any one of claims 1-4 in the form
of lath-shaped crystals.

30
7. The substantially crystalline form as claimed in any one of claims 1-4 in the form
of a mixture of needle-shaped and lath-shaped crystals.
8. The substantially crystalline form as claimed in any one of claims 1-7 wherein the
35 melting point is greater than 160°C.

9. The substantially crystalline form as claimed in claim 1 having an X-ray powder
diffraction pattern expressed in terms of 2 theta angles and obtained with a
diffractometer, wherein said X-ray powder diffraction pattern comprises 2 theta

40 angles at one or more positions selected from the group consisting of 9.21 +0.05,
13.79 +0.05, 16.11 £0.05, 18.11+£0.05, and 18.39 +0.05 degrees.



15. A method for the preparation of
(E)-2-(5-chlorothien-2-yl)-N-{(3S-1-[(1S)-1- 20

met hyl - 2- nor phol i n- 4-yl - 2- oxoet hyl | - 2- oxopyrrolidin-3-yl } et herfdstWk Bhnmi de
in substantially crystalline formas clained in any one of clains 1 to 14,
whi ch nethod conprises crystallisation of
(E)-2-(5-chlorothien-2-yl)-N{(3S)-1-[ €2S) - 1-

met hyl - 2- nor phol i n- 4-yl - 2- oxoet hyl ] - 2- oxopyrrol i di n-3-yl } et henesul f onam de
from an ofgarHeCsubRtdhtibMNerySalih® feth] ¥s tRIMAEINPISFENGAvVIAG aneXdy pabdekb. A

met hod as cl aulfﬂ:gglb nnpgﬂté}h né)ﬁjpgesl 8riﬁ'tgrlﬁ§1%f @r gt Qngl% L%]Hdoabt%ﬁba%ﬁgaf rom an

ﬁ: gm? |ect Eg(r:lr Ocrgctgfpeief wh\é/reln ga -ray powc?er de ﬁractlon pal%em comprises Eetkgtge or

(E) - 2- ( 5- Chl @angtesi arone- grl mong- gasiions sejectes) from tlea Brdupcomsisimmpf 8-14t0/1.- 2- oxoet
hyl]- 2% oxopyre@kd di 18.8-+p!1} ahtheBsskd. f asgedgle in substantially crystalline
formas claimed in any one of claims 1to 14 for use in therapy. 18. A

phar maceut i cal osifion co | .or i e (3S)-1-
B (1 5 1 e gl oreraline. Jiraat sty i S ol dpaihe 3orey

yl } et henesul fdiffranticiedata arsudssshawtn inlTiaplecz. y st al I | ne formas claimed in any one
of clains 1 to 14 together with a pharmaceutical carrier and/or excipient.

19. Us 0f1 The ubsta ttatl II ne form cl |med in claim 1 for WhICh the X-ray
E) - 2- A WP IR AyW-2- a0
ERASIA rlCE AR s O R

fonam de in substantially
crystalline form as clained |n any one of clains 1 to 14 for the
manuf act ur é3.0fhea solesiantaite rystalline fdre ts eddimedtinodlaien dafar ewlticis ufié ot-rayg from a

condi tion sus@Bkidd Satletn BRI drahAGH PRurdy. @ Factor Xa inhibitor.
15
14. The substantially crystalline form as claimed in claim 1 for which the X-ray
diffraction pattern is as shown in Figure 2.

15. A method for the preparation of (E)-2-(5-chlorothien-2-yl}-N-{(38)-1-[(15)-1-
20 methyl-2-morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamide in
substantially crystalline form as claimed in any one of claims 1 to 14, which
method comprises crystallisation of (E)-2-(5-chlorothien-2-yl)-N-{{3S)-1-[(1S)-1-
methyl-2-morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamide from
an organic solution, optionally in the presence of water.
25
16. A method as claimed in claim 15 wherein the organic solution selected from: an
aromatic hydrocarbon, a cycloalkane, an ester, an alcohol or a ketone, or a
mixture thereof.

30 17.(E)-2-(5-Chlorothien-2-yl}-N-{(3S)-1-[(1S)-1-methyl-2-morpholin-4-yl-2-oxoethyl]-
2-oxopyrrolidin-3-yl}ethenesulfonamide in substantially crystalline form as
claimed in any one of claims 1 to 14 for use in therapy.

18. A pharmaceutical composition comprising (E}-2-(5-chlorothien-2-yl}-N-{(3S})-1-
35 ((1S)-1-methyl-2-morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3-
yi}ethenesulfonamide in substantially crystalline form as claimed in any one of
claims 1 to 14 together with a pharmaceutical carrier and/or excipient.

19.Use of (E)-2-(5-chlorothien-2-yl)-N-{{35)-1-{(18)-1-methyl-2-morpholin-4-yl-2-
40 oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamide in substantially crystalline form
as claimed in any one of claims 1 to 14 for the manufacture of a medicament for
the treatment of a patient suffering from a condition susceptible to amelioration
by a Factor Xa inhibitor.





