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CERTAI N1- ( D- CYCLOPROPYLGLYCI NYL) - 4- (Pl PERI DI N- 4- YL) Pl PERAZI NE COMPOUNDS AS
| NHI Bl TOESOHB49PE SERI NE PROTEASE FACTOR XA The pr esePEI/US03@TI4 on rel at es
to compounds useful as pharnaceuticals, to pharmaceutical conpositions
conprising the compounds, to a process for preparing the conpounds, to 5

i Nt e CERVAINt od DY ERQPROFACHUCINYTY epalPAPEROPING £ - i) RI RERARINE rdgpoUNBN dst 0 use of

t he cOHPSLTRES s TFh SFRRIE SROTRASE SFACT@a KR ovascul ar di sease continues to
present a major worldwi de health problem and is a common cause of serious
I I'l ness and death. 10 One line of investigation being pursued by

resear chers The tiresesdr thvéntiorewelnsasnbat comuncisr disefudcasar di sease

I s, base : t hesi .0hi Qi . 1he L.ngs . prot ease,
Factor HRHEARIQIR SRR, 6 S iledily AT, Bbhibestidnd® BERELEING) T RASC,

t hr onbot te déerepeyndsi Stonhdi preesss ForFareparity dhe koopoundsr txanple, WO
01/ 96323, &i r{,al QHFQ - ar.opmt i roup, a
glyc?ﬁe %€%€ Jgﬁ%ﬁ%% Egg?%fgﬂgyc |§r§P§%%tg%gQg?3?§hﬁ§. %Bﬁ%%’piperazinyl
group. Taed§eluse gfotibe negpdinds @gcpbarkgtewfidie@ds-such as cycl opentyl or
cyclohexyl, GdidvadcRist (At d BoREPRESS D e sEATPRURLSoE N Whi Ch the
cyclic group is a phenyl group. Surprisingly, it has now been found that by
wmmnwﬂmemmﬁﬁ@@mm@ﬁwwmmmmﬁwwﬁmwwﬁwor

3=f | uor oy h@ishaxuPheyth. group as the aromatic group, a 25 -

cycl opropyl gl yci ne group, as the glycine residue and a= ) -

‘ 15néphylpipePPGiﬁlﬂey?%ikﬂﬁ%ﬁiﬂﬁ?glgﬂokﬁﬂﬁﬂ;HH%?uédshMSF?ﬁ%ﬁﬁﬁheﬁﬁ per azi nyl
group, GQ{MeNdaapBl BSr RhAiLRedthbAts ¥ & cardiovascular disease

is based upon the hypothesis that an inhibitor of the serine

=

protease, Factor Xa, may be useful as an anticoagulant agent
in the treatment of thrombotic disease. . ’
15 Inhibitors of Factor Xa are known. For example,
WO 01/96323 disclose certain compounds containing an
aromatic group, a glycine residue that bears a cyclic group
and a 4-substituted piperazinyl group. The cyclic group may
be a cycloalkyl group, such as cyclopentyl or cyclohexyl,
20 but a preference is expressed for compounds in which the
' cyclic group is a phenyl group. '
Surprisingly, it has now been found that by selecting
from within the scope of WO 01/96323 a 4-methoxyphenyl or
, 3-fluoro-4-methoxyphenyl group as the aromatic group, 2
25 cyclopropylglycine group as the glycine residue and a
1—méthylpiperidin—4-ylpiperazinyl group as the 4-substituted
piperazinyl group, compounds may be obtained that are
selective Factor Xa inhibitors and have particularly
advantageous propertiés.

Accordingly, in the first aspect of present invention

theEe is provided a compound of formula (I)




sel ective Factor Xa inhibitors and have particul arly advesibiageooss
properties. Accordingly, in the first aspect of present invention there is
provi ded a compound of formula (1) 2 Cctober 2006 WD 03/084929

PCT/ USORi0WE/68429- 2- N N "ON O HN. O O R (1) in whirgborfogpr esents a
hydrogen atomor a fluorine atom or a pharmaceutically acceptable salt
thereof. 5 The conpounds of formula (1) have been found to be potent and
selective inhibitors of the serine pLot ease, Factor Xa, to have good
anticoagul ant activity in human plasSm, to have good pl asna exposure upon
oral admnistration to manmals, and to possess particularly 10 advant ageous
phar macol ogi cal and toxicoloaT al™~profiles of activity. The conpounds of

formula (1) may al so be referried tlo b t he chem cal nanes

1- (4- et hoxybenzoyl - D-cycl opropyf- N

gl ycinyl)-4-(1-net hyl pi peridin-4-yl \pi pgraz ne and 1-(3 15

f I uor o- 4- met hoxybenzoyl - D- cycl opr opyl =gl yE1 nyl ) - 4-

(1- net hyl pi peridi n-4-yl)pi perazine. It || be appreciated that the
conmpounds of formul a HN

R

(I)
in which R represents a hydrogen atom or a fluorine atom, or
a pharmaceutically acceptable salt thereof.

5 - The compounds of formula (I) have been found to be
potent and selective inhibitors of the serine protease,
Factor Xa, to have good anticoagulant activity in human
plasma, to have good plasma exposure upon oral
administration to mammals, and to possess particularly

10 advantageous pharmacological and toxicological profiles of
activity.

The compounds of formula (I) may also be referred to by
the chemical names 1-(4-methoxybenzoyl-D-cyclopropyl-
glycinyl)-4-(l-methylpiperidin-4-yl)piperazine and 1-(3-

15 fluoro-4-methoxybenzoyl-D-cyclopropyl-glycinyl)-4-
(1-methylpiperidin-4-yl)piperazine.

- It will be appreciated that the compounds of formula

(I} contain a center of asymmetry that has the (D)
configufation. The compounds may therefore exist and be

20 isolated in a mixture with the corresponding (L) isomer,
such as a racemic mixture, or separately. Preferably the
compounds are isdlated substantially free of the (L)
isomers.

It will also be appreciated that the compounds of-

25 formula (I) or their pharmaceutically acceptable salts may
be isolated in the form of solvates, and accordingly that




(I') -contain a center of asymetry that has the (D) configuotat pas. The
conpounds nmay therefore exist and be 20 isolated in a mxture wth the
corresponding (L) isomer, such as a racem c mxture, or separately.

Pr ef er aioy3iodwe2e conpounds are isol ated substanti al | yptrmsesmhzothe (L)
isomers. It will also be appreciated that the conmpounds of 25 forrmula (I)
or their pharnmaceutically acceptable salts nay be isolated in the form of
sol vates, and accordingly that 2 Cctober 2006 WO 03/084929 PCT/ US03/07794
-3- any such solvate is incl uded wi thi n the scope of the present

I nvention of phar I cal, I eptabl e salts include

hydr ochl BPVdﬁurB)Lﬁ?ar A& éﬁdl ‘é‘%&% 3PS A% §ie5prf?5%‘1| be

appr eci atiaglehbiadn.t he conpounds of fornula (I') contain two basic nitrogen
atonms and may,t her.ef or aci d additi n sal 01e group of

* conpounds of FHFRISE ()%) pﬁ@@?\%?uq?’ﬁ’a@ﬂﬂcﬁcc?ﬁ@ Bgeﬁ ;‘E%
Parti cul aydeorpumidie, i fumbtate I%ﬂ@pfa&&éﬂéSa@:Ldn}edicugejmn atbbsare:

1 (4 ﬁirhgf(%e nzo £ B;?I %(Cl 2 ‘%Jg%‘?fg ti’ﬁ:ﬁn%é ‘ﬁ?}%ﬁodiﬂ‘f]lsorprfdgom‘f]tﬁrar ate and

mal eate 42 dcradmm dIIWOSb.hESSCtIhﬂI‘I&ﬂje,n asprsi ad wakb theeedohydfaahl ori de,

di f umar | Jjyal_eat,e rd addi ti.on salts. Crystalline dihydrochloride,
difUnarg%e aﬁ%“gfﬁg sate® %Cl&”ﬁ&ﬁPF|0n salts have been prepared and

charact eri zedorgy group of compounds of formula (I) is that in which

R is a hydrogen atom. _

10 Particular compounds in which R represents a hydrogen
atom are:-
1-{4d-methoxybenzoyl-D-cyclopropylglycinyl) -4~
(l-methylpiperidin-4-yl)piperazine and the hydrochloride,
fumarate and maleate acid addition salts thereof, especially

-15 the dihydrochloride, difumarate and dimaleate acid addition
salts.

Crystalline dihydrochloride, difumarate and dimaleate
acid addition salts have been prepared and characterized by
differential scanning calorimetry (DSC):-

20 dihydrochloride: decomposes before melting;
difumarate: 222.8°C (onset), 225.4°C (peak):; and
dimaleate: 195.8°C ({onset), 202.0°C (peak).

Particular mention is made of 1-(4-methoxybenzoyl-D-
cyclopropylglycinyl)-4-(1l-methylpiperidin-4-yl)piperazine

25 difumarate in crystalline form. B

Another group of compounds of formula (I) is that in
which R is a fluorine atom.

Particular compounds in which R represents a fluorine
-atom are:-

30 1-{3-fluoro-4-methoxybenzoyl-D-cyclopropylglycinyl)-4-
(1-methylp1pex1d1n~ ~yl)piperazine; and the hydrochlorlde
acid addltlon salis.




differential scanning calorinetry (DSC): 20 dihydrochl or$ deobdiesssposes
before neltln di fumarate: 222.8C (onset), 225.4C eag%; and di nal eate:
195. 8C W ?"929 202. OC (peak). Particular nention is HHEBI¥M4

1-(4- nethoxybenzoyl

cycl opropyl gl yci nyl) - 4 (1- nethylplperldln 4-yl ) pi perazine 25 difumarate in
crystalline form Another group of e@apounds of forrmula (1) is that in
which Ris a fluorine atom Particular conmpounds in which R represents a
fluorine atomare: 30

| - (3-fluoro- 4nneihmxybénaeyéci)c@ctm@rpp@dgﬁQﬂmnv¢hyadn, there is

- (1 neth | p. r r addi tion

_ xg,rew&éd 4 'br%CXLQ £ e ;%&;Q?m&mdd é % £¢ h&%ﬁé_n\g\% %%%%4929
PCT/1JS@®FGWT§H@rlﬁeSHn a second aspect of the present invention, there is
provi ded a process for preparing a conmpound as defined above, which .
conpri ses: (a) ne o] f_fko I \NV ry~ ("I'N.O HZN
(1) or a Salt hg%%b?gnang ggﬁégﬁggun% %#Q#é%%nﬁﬁI)(ISI) HOOO p (V) : :

(1) -

" or a salt. thereof, with a compound ofuformniaf{IﬁI)

| fprfa reacﬁiﬁefdéfivaﬁi;é thereofi;dt_
Ib)'rea¢ting a compound.of'formula-(IV) - ‘ - o : !;
=

(IVJ

or a salt thereéf, with‘a'cdmppund of formula éV}

H

ool o
) .l.- .‘_"' . R

o | _ (V)

R <2~ a reactlve derlvatlve therecf, o .

. followed 1f a; pharmaceutically acceptable salt is
‘:desired by formlng a pharmaceutically acceptable salt..




or:a reactive derivative thereof; or (b) 'reacting a compossstraeds f or nul a
(I'v) -N J-NNH'" (1V) or asalt thereof, with a conmpound of formula (jV)
HOOC o R - (V) or.a reactive derivata-ve thereof; followed, if a
pharmaceutical ly acceptable salt is desired, by form ng a pharnaceutically
accept abl e sdllie cdmpotnbiero OErmuita (Ebeaﬁanﬂmmd?r@fmhaéﬁuhaaug and their
phar nace tabl salts ared by .a _process which
conpri seé&?}% ty]é'a'a ﬁﬁg gffﬁ) ad:leydf gwr’rg %‘p"(qqs)s “%'Ngh NOHZN . 5 (1)

or a sal tompiismesaf (such as the trihydrochioride), with a conpound of

formula (111) III reaciiv erivative thereof; or (b)
reacting a cohagou;ngggo%#? M faf &Iq

0.

N._.O
. HN™
S .
‘ (II) -
or a salt.thereof (such as the. trihydrochloride), with a
compound of formula (III}
/7
HOOC— 0
R
10 (II1)

or a reactive derivative thereof; or
(b} reacting a compound of formula (IV)

(=

(IV) _
| 15 or a salt thereof (such as the dihydrobromide), with a
compound of formula (V)

: : W
». or a reactive derivative thereof, -
":20 : followed, 1f a pharmaceutically acceptable salt is
des:.red, by fomng a pharmaceut:.cally acceptable salt.




(I'V) 15 or a salt thereof (such as the di hydrobrom de),2 @ttbder aoosconpound
of formula (V) ~N- HOOC O 01 R (V) or a reactive. derivative thereof;
followed, if, a pharmaceutically acceptable salt is desired, by formng a
phar macW@®BEE?% acceptable salt. 2 October 2006 WORTIAGGSHO2H

PCT/ UB03/ 07794 -5- The reaction between the conpound of formula (I1) with

t he conpound of fornmula (111) may conveniently be perfornmed enploying
reagents and reaction conditions copyentionally wused for the formation of
an am de bond. The reaction is conveniently carried out in the presence of

b tri - . t - [
o benzot1| azohge hesei &eaaatoctieorsedalil 9 Dengals FEF) S

di cycl ohehg | erappoddi oif dEoomula (GELE)meklyy canveminrdpyl be3pegthyhedr bodi i m de,
“in an i .gani e sueh ' r L de . met hyl ene
thorihg§h$H§h%§25§F8§8L¥§g%%nvenﬁg%PI%bgg%g%%%géﬂgﬁ%gﬁﬁgﬁgg?gture gf from
0 to 50 Gegprigreithpl fommabign et are@pddat berd. | fThe gehretdpbnaisconpound of

fornul a é+ﬂ9eﬂi%n'ﬁ§.gdc EPEed qast 119D peege!ﬁ% i !ayb@ﬁatagﬁrﬁggoi@—t he
addi ti onal presenc o? a.%ase such as~triethylam ne. her suitable
r eagent sbagril g@iagent ssuch ek nohivdnexyhenaptridanlecpanpr-bydhoset 8 hal i de,

such as,azapenzotriazole and a dehydrating agent such as
dicyclohexylcarbodiimide or. 1-{3-dimethylaminopropyl)-3-
-ethylcarbodiimide, in an inert organic solvent such as
dimethylformamide and/or methylene chloride. The reactien
is conveniently conducted at a temperature of from 0 to
50 °C, preferably at ambient temperature. If a salt of a
compound of formula (II) is used, the reaction is
conveniently performed in the additional presence of a base
such as triethylamine. Other suitable reagents and solvents
are known in the art, for example an acid halide, such as,
p-anisoyl chloride in the presence of a base, such as
triethylamine.

The reaction between the compound of formula (IV) with
the compound of formula IV) may conveniently be performed
enploying reagents and reaction conditions conventionally
used for the formation of an amide bond, for example as
described above for the reaction of a compound of formula

(II) with a compound of formula (III).

In a third aspect of the present invention, there is

provided a compound of formula (II)

or a salt thereof.




p- ani soyl chloride in the presence of a base, such as taoa&sdeyb@s ne. The
reacti on between the conpound of fornmula (1V) with the conpound of fornula
(V) may conveniently be performed enploying reagents and reaction
conditions conventionally used for th&-formation of an am de bond, for
exanpl e as described above for the reaction of a conpound of formula (I1)
with a conpound of formul a %III,. In a third aspect of e present

i nvention, thER% GAEPQINES AEdFS otirid Eﬁyfg?nﬁ¥%P?§?% "-N. O (Il).

or a sal behbels9la ArgtuRbebr288fnutda(Itewserpausstp@ind @il a (11) my be
prepared by reacting a conmpound of formula (1V) with a conpound of

formul a EFPUNHRIVI)HOOC (VI)  in which RL represents an anino protecting
group, such as t-butoxycarbonyl (Boc) to affords. conpound of fornula
~(VIl) 2 Cctober 2006 WD 03/0849 CT/ US03/ 07794 -6- taN N RHN

NHR'
HOOC
(VI)
in which Rl represents an amino protecting group, such as
t-butoxycarbonyl {(Boc) to afford a compound of formula (VII)




(VI'1) followed by removing the protecting group. The CQﬂ@Q&@QQQﬁ fornula
(I'V) is known, and is also 5 referred to as

1-(1- nEthyIplperldln 4- yI)plpera2|ne In a fourth aspect of the pr esent

i nvent ivoA9348¥¥Pe is provided a conmpound of fornula ? § MHo0C O R (V)
The conpounds of fornula (V) may be prepared by reacting a conmpound of
formula (VIIl) NH2 RzOOC (VIIl) 10 in which R2 represents a carboxyl
protecting group, for exanple a (1¢6C)al kyl group, such as nethyl or
ethyl, with a conpound of formula (I11) to afford a conmpound of formula
(I'X) 2 Cctober 2006 -6a N._Wod 0 O 15 (IX) followed by renoving the

protecting group. The conp Tfii]ii formulae (VM) and (M11) are known or

G

N.__O
R'HN

(VII)
. followed by removing the protectlng group.
The compound of formula (IV) is known, and is also

5 referred to as 1-{l-methylpiperidin-4- yl)plpera21ne.

In a fourth aspect of the present invention, there is

provided a compound of formula (V)

)

The compounds of formula (V) may be prepared by

reacting a compound of formula (VIII)

NH,
R°00C
(VI1I)
10 . in which RZ2 represents a carboxyl protecting group, for
example a (1—6C)élkyl group, such as methyl or ethyl, with a
compound of formula (III) to afford a compound of formgla

(IX)




may - be prepared from (D)-cycl opropyl gl yci ne usi ng convenbdisheabooget hods for
the protection of the carboxy or 20 am no group in an am no acid.

(D) - Cycl opropyl gl ycine may conveniently be prepared from

cycl opr opanecar boxal dehyde 2 Oct ober “2006 WO 03/ 084929 PCT/ 1JS03/ 07794 -7-
using (R -(+)-a-nethyl benzyl am ne by the nethod described in United States
pat ent nunber 6,090,982, or by using a procedure referenced therein. The
conmpounds of formula (111) wel | known. 5 The protection of am no and
carboxylic acid groups is de criﬁed in MQmie, Protecting Goups in
Organic Chem stry, Plenum Press-NNY, 8 and Greene and Wits, Protecting

\ Eé,- ey & Sons, NY, 1991.
pS\i ne

‘Groups in Organic Syntheﬁgﬁ? é d. ¥d.

Exanpl es of carboxy protect 9 . gréu u 10 C1-C6 al kyl groups such
“as nethyl, ethyl, t-butyl and t-@nyl; “ar§l (Cl-C4)al kyl groups such as
benzyl, 4-nitro- benzyl,  4-nmethoxybenzyl, R, 4-dinethoxybenzyl,
2, 4-di met hoxy- benzyl, 2,4,6-trinmethoxybenzyl, 2,4,6-trinethyl benzyl,
benZBydryl and trityl; silyl groups{I$dch as trinmethylsilyl 15 and

-t-butyl di et hyl skl yl.; I + SUC allyl and
1-(tri n&%%@?&e%ﬁ?ﬁ?ﬁ?@pﬂlﬁ é%[c}%gslé.lﬁ&&%ﬁ%l es of am ne protecting
groups i ncl udheacpiipgrodpsot simmudaegd¥ipsand (GiThll 2TR3EBOVA RFich R3
represe , nydy C1-~ 19 @3ihg 20 cycl oal koxy,
wher ei nq%%%ﬁ%r%grggé% %%ﬁb@)o%cgﬁgk@y%%b%ﬁ tut ed, %f or exanple by one or
two of -hadrogert,ioB2lOtethody | famdhel poatarkbny ofpitdrecRERORNI A protecting
grogﬁﬁ 'éﬁaﬂgh%roup in an amino acid. (D)-Cyclopropylglycine may

conveniently be'prepared'from cyclopropanecarboxaldehyde




benzyl oxycar bonyl (CBz) and t-butoxycarbonyl (Boc). 25 Ceotwhdi 2006 t he
I nt ermedi ates described herein, for exanple the conpounds of formulae (I1)
and (V), are believed to be novel and accordingly are provided as further

aspect swoebedshe i nvention. The conpounds of the invepty@Rorgsbe
adm ni stered by 30 any convenient route, e.g. into the gastrointestinal
tract (e.g. rectally or orally), the nose, |ungs, nuscul ature or

vascul ature or transdermally. The coppounds may be adm nistered in any
convenient admnistrative form e.g. ' tablets, powders, capsules,

sol utions,  dispersions, 2 Cctober 2006 8 suspensions, syrugs, sprays,
supposi t BF1e$, (Rjet &) -@rmieshyheenz plamimes byt Ehe SiRheb A5§SriP8Rsifay cont ai n

conponenys; + £@ '¥ed Ok eh P M%é@%wo%lszpr@p%@tds%g, a€.g. diluents,
carriers, pH nodifiers, sweeteners, bul king agent’s, and further active

agents. Progedwrs areflersaneti Bhe%riron is desired, the conpositions will be

sterile and ithd &RgHun@8 8F £SMANENYITAR)T Q8 wali L akidmf.or i nj ection or
i nfusi on. Such conpositions forma further aspect of the invention. Viewed

from2his aspiq RAFEECHIERt PH AN ifges CAEPBRYH ] GAPUBSbDsi ti on,

whi ch cogpsisased e ROROENAPAdtedtdmilcRolps £i GrfhdicneBeMisERy) Y
acceptable salt_thereof, _together with a pharnaceutlcalI%Pacceptable

di | uent BFeRWR BxESs. HY¥a £P1¥h app&eeenr eRe WHieveREAERGERPPoN, there is

gr ]gyi dgdGr?w@ﬂm@aﬁﬁéaByﬁﬁﬁw&Ht 2@@. wal phlnlﬂﬁ{rmﬂlsegs &g'smﬂp?und as
erine above, together wt a armaceuti ca Yy accepta e | l uent or
carrier. ¥¥n W% xt FxaTpeEF OF ?qg;ﬂﬁﬂéEéﬁgeFF%QQHQQﬂﬂpstHBP uge

10 C1-Cg alkyl groups such as methyl, ethyl, t-butyl and
t-amyl; aryl(Ci-Cg)alkyl groups such as benzyl, 4-nitro-
benzyl, 4—methoxybenzy1, 3,4~-dimethoxybenzyl, 2,4-dimethoxy-
‘benzyl, 2,4,6-trimethoxybenzyl, 2,4,6-trimethylbenzyl,
benzhydryl and trityl; silyl groups such as trimethylsilyl

15 and t-butyldimethylsilyl; and allyl groups such as allyl and
1-(trimethylsilylmethyl}prop-l-en-3-yl.

Examples of amine protecting groups include acyl
groups, such as groups of formula R3CO in which R3
represents Cj-¢ alkoxy, phenyl Cj_g alkoxy, or a C3-19

20 cycloalkoxy, wherein a phenyl group may be optionally
substituted, for example by one or two of halogen, C1-Cg
alkyl and C1-C4 alkoxy.

Preferred amino protecting groups include
benzyloxycarbonyl (CBz) and t-butoxycarbonyl (Boc).

25 . Certain of the intermediates described herein, for
example the compounds of formulae (II) and (V), are believed
to be novel and accordingly are provided as further aspects
of the invention. |

| The compounds of the invention may be administered by

30 any convenient route, e.g. into the gastrointestinal tract
(e.g. rectally or orally}, the nose, lﬁngs, musculature or
vasculature or transdermally. The compounds may be
édministered in any convenient administrative form, e.d.

tablets, powders, capsules, solutions, dispersions,




provi ded, use of a conpound as defined above for the mawdasetbsge of a

medi canent for the treatnent of a thronbotic disorder. In a seventh aspect
of the present invention, there is provided a conpound as defined above,
for use in therapy. An enbodinment may relate to the use of the conpound of
formula (1) or a pharmaceutically acceptable salt thereof, for the

manuf acture of a medi canent for the treatment of a thronbotic disorder.
‘Disclosed herein is a nethod of treating a thronbotic disorder in a

subj ect requiring treatnent, which Egrfpri ses admnistering an effective
anount of a conpound of formula (1) or a pharnaceutically acceptable salt
t her eof . THEBEHTEct SHHYS HEPERYFuNBPPEFI P TAsH- AEhan SBHISAEPS such as a

non- humanpgedhe| et d. or s.exaBRR s 8t iGak, maslpgon&mm@ampeﬂaht@r sheep. 2 Cctober
2006 -8a The throrirbotl di sorder for exarrpl«f venous thronbosis,
pul nmonary “ENEBH N Bt & ?%Ce‘f’?ﬁﬂ&ﬂm%%%ljgmtlﬁﬁmgra] ST Raeni a, myocar di al
infarcti onannem,r @lHI’Mdlft@cfi)nbﬁsat&nefﬁ}ebﬂn{mwmtﬂ’ayinal siurbBetised i n

accordanc of t he |nven ion in, the treat nent of acute 2
Qct ober 2 V\% %0%2@ &?f?f 6 E‘iﬁatjém Vessel closure associat ed
wi t h t hr ogbolrgti cthehergpyittivds widdt eaogesild end eéxanpicdubidreprt r ansl um nal
coronary s@é}%gﬁlﬁﬁ%ﬁn %51%935&595@4&9&1 Qf IheseqronaLy or pe“ pher al

arteries, I n the mai ntenanc vascul ar access patency 5 in long term
henodi a|y§@@9055}4q@ﬁt§prm a further aspect of the invention.

Viewed from this aspect the invention provides a
pharmaceutical composition, which comprises the compound of
formula (I) or a phamaceutically acceptable salt thereof,
together with a pharmaceutically acceptable diluent or carriler.

In a fifth aspect of the present invention, there is provided
a pharmaceutical composition, which comprises a compound as defined
above, together with a pharmaceutically acceptable diluent or
carrier.

In a sixth aspect of the present invention, there is
provided, use of a compound as defined above for the
ﬁanufacture of a medicament for the treatment of a thrombotic
disorder.

In a seventh aspect of the present invention, there is
provided a compound as defined above, for use in therapy.

An embodiment may relate to the use of the compound of

formula (I} or a pharmaceutically acceptable salt thereof, for

the manufacture of a medicament for the treatment of a

thrombotic disorder.

Disclosed herein is a method of treating a thrombotic
disorder in a subject requiring treatment, which comprises
administering an effective amount of a compound of formula (I) or

| a pharmaceutically acceptéble salt thereof.
The subject may be a human or a non-human animal, such as a

non-human mammal, feor example a cat, dog, horse, cow or sheep.




The dosage of the conpound of forrmula (1) wll depend upofiodehgoggat ure and
severity of the condition being treated, the admnistration route and the
size and species of the subject. In general, quantities in the range. of
fromO0.01 10 to 100 M kg bodyweight will be adm nistered. As used herein,
the term"treatnent” includes prophylactic use. The term"effective
anmount"” refers to the anount of the conpound of fornmula (1) that is
effective to reduce or inhibit the devel opnent of the synptons of the 15
t hronboti c di sorder being treat 642 The conpound according to the invention
may be adm nistered alone or in conbination with an anticoagul ant having

a different e of actian ar. with a thronbalytic ent.. 20 The follow ng
carpl o 111 1SS ot e RS T, BhePBHET Iy SEFoRETRs TATTOR | UPAG | UB
nonencaltheesbodim pludhbowrnemdodi en| adniters adr ehausdgbstiby oughout ©:  Boc
(tertiarty- 4 | ) I C .ef) - OMBQ(diy et hyl
sulfoxigﬁ?cggéyégpé%§%§§5¥f ?%ﬁaaﬁ%gfg'ég%ﬁkgégg oF thidh

(1- ( 3- dithEPRYPEFE .nophEpPIPAIdsh ey as berlilariuged By Rewderc8e), ES- MBS
(el ectr QAtBPERY r<¥MbAZEE | @k MBSent $OCCH Wk, tF ment of acute

(1- hydr oxy-benzotriazole), HPLC (high- performance |iquid chronmatography
wth tr as retention tine), MeOH (nmethanol), NMR (nucl ear nagnetic
-resonance), 30 TFA (trifluoroacetic acid). Exanple 1

1- (4- Met hoxybenzoyl - D- cycl opropyl gl yci nyl ) - 4- (1- et hyl -

pi peridi n-4-yl)piperazine. - -- ------- R 2 Cctober 2006




WD 03/084929 PCT/ US03/07794 -10- A D Cycl opropyl gl yci neodéarégosno acid is
obt ai ned from cycl opropane- car boxal dehyde, conveniently by using

(R -(+)-a-nmethyl 5 benzylam ne and the procedure of US Patent 6,090,982, or
by usiweg wofwmcedure referenced therein. B. Boc- D cyerepisappsgl yci ne A
solution of D-cyclopropylglycine (46.1 g, 0.4 nol) in 10 a m xture of

di oxane (600 nL), water (300 nL) and 1 N NaOH (480 nL, 0.48 nol) is
stirred cooled to 0-5 Cin an ice bath. D -tert-butyl dicarbonate (105 g,
0.48 nol) is added slowy, and stifﬁrng I's continued at roomtenperature
for 0.5 h. The solution is concentrated in vacuo to about 15 500 ni,

cool ed i vesselcelpanee dudciatedereth vikhrrmbalafde Bheraphyndacet ate (500
m) and aGisdichbedsW E8r ae:FH.rrlpliteeaQQé’foE'ﬁansgﬁnHH NcQforkdigO4 to pH 2-3. The
aqueous phase is extracted W th ethyl acetate (500 nlL) "and the extraction
r epeat ed 2RGACEPL2FEYpPHRIR2 S FEAREINT HoE é%frmcoaeéﬁafemé)aerr&@!@raﬂ-e 20

pool ed, vAsRedew, t BndelertHd maihtendidd oL Qra'%chlardétb@éjsé”tﬁ"cenwzsm
filtered and concentrated to give a white solid (78 g, 90.6 %9. [a]D20 =
-31 (=11 lopgoprmirengdialapis spagients(sp, 1H), 5.09 (sb, iH), 3.75 (m
1H), 1.42 (SII‘thﬁios éLQ::ﬁ %helﬁl))mptgulﬂd Qoff KdPmud b) (I)25ﬂﬂl depend

1- (Boc-D-cycl o nmet hyl pi per.i di n-4- pi perazi ne
‘Boc- D- cy APGPr 58 Eg?ﬂg;% fgvarlﬁy Oomt)e Segdition beln r% é
1-(1-net ftyllepaamhdsﬂréltwrb RioReeaghderHd WA A ahdOBpaPids e thd0 slurried in

anhydrous %H%E%Z (%n gé'eggqqe%uggtlglggrgﬁdgﬂe range of from 0.01

10 to 100 pM/kg bodyweight will be administered.

As used herein, the term “treatment” includes
prophylactic use. The term “effective amount” refers to the
amount of the compound of formula (I} that is effective to
reduce or inhibit the development of the symptoms of the

15 thrombotic disorder being treated.

The compound according to the invention may be
administered alone or in combination with an anticoagulant
having a different mode of action or with a thrombolytic
agent. |

20 The following Examples illustrate the invention.
'Abbreviations used follow IUPAC-IUB nomencalture. The
following abbreviations are used throughout: Boc (tertiary-
Vbutyloxycarbonyl), Calcd (calculated), DMSO (dimethyl
sulfoxide, perdeuterated if for NMR); EDCI
25 " {1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride), ES-MS (electron spray ioniazation mass
spectrum), HOBt (l-hydroxy-benzotriazole}, BPLC (high-
performance iiquid chromatography with ty as retention
‘time), MeOH (methanol), NMR (nuclear magnetic resonance),
30 TFA (trifluoroacetic acid). '

Example 1 _
1~ (4-Methoxybenzoyl-D~cyclopropylglycinyl) -4- (1-methyl—
piperidin-4-yl)piperazine.




is then cooled to 0-5 Cin an ice bath. To this m xture,s october 2006
1- hydr oxybenzotri azol e (HOBt) nonohydrate (149 g, 1.1 nol) and
di i sopropyl ethylam ne (136 g, 1.05 nol) are added, followed by sl ow

addi t i ofwoQbseete3- (di met hyl am no) propyl]-3 2 Cctober 209@se30&r9@3/ 084929

PCT/ US03/ 07794 -11- ethyl carbodiim de hydrochloride (EDCl) (211 g, 1.1 nol)
mai ntaining tenp at 0-5 Cfor 1 h. The reaction mxture is allowed to warm
to roomtenperature overnight. The reaction is then quenched with the
addition of saturated (satd) 5 aqueoﬁg NaHCO8 (3 L) and extracted with

met hyl ene chloride (2 L). The layers are separated. The organic layer is
washed again with satd NaHC® (3 L), brine (2 L), dried over MSX,

filtered @nd Qp@g@mgﬁfgé?hgyycghge t he crude product as a viscous oil (415
g, 109% which iS used eCctly. 10 1H NWR (DVMBO-d6) 8 6.91 (d, 1H), 3.97

(t, 1H), 3.41Tpgpaming)acid s ()Btaml&d from QSR oPEfyane 10 (m 1H), 2.09

(1 |S'|) gl-%écalasb&a&tieh%, doxﬁ%nﬁéntib')byhﬂh mR)erl)r)—é—n?&r(ﬁL—— 9H), 1.05 (m

H),
1- (Déyclh%‘r@ﬂﬂ“@P?c??@l‘)(h%P(fﬂ?cﬁ@Pﬁ?l‘ﬁéﬂlﬁ|%ﬁtﬁ¢nﬁ 9&9901p33p?eré’2-" e
trihydroglyigl deprdcéditte Qe%)é%leﬁ@é@%e%é&ﬁi nyl)-4-(1-methyl pi peridin-4
yl ) pi perazine (crude, 415 g, 1.0 mol) is dissolved in anhydrous nethanol

(1.5 L). To this solution is added HC1- 20 MeOH (380 g/1.5 L, 10.4 nol)

sol uti onmt Opge- ﬁb@yéw éﬁ_llllée S stlrred and slowy warned to room
tenperature for . Bwy acetate g IS then added with ztlrrlng
Stirring is chnfPhYEeR P- ﬁya%onm%Pxég ingr ddfct Ipred Piotadt &8 out as a

whi t gopowdearixehk-ehof sdifddaner @do@ndrn), water (300 mL) and 1 N NaOH
(480 mL, 0.48 ﬁol) is stirred cooled to 0-5 °C in an ice
bath. Di-tert-butyl dicarbonate (105 g, 0.48 mol) is added
-slowly, and stirring is continued at room temperature for
0.5 h. The solution is concentrated in vacuo to about
- 15 500 mL, cooled in an ice-water bath, covered with a layer of
ethyl acetate (500 mL) and acidified with a dilute agueous
- solution of KHS04 to pH 2-3. The agueous phase is extracted
with ethyl acetate (500 mL) and the extraction repeated
, until no product remains. The ethyl acetate extracts are
20 pooled, washed with water (0.5 L), brine (0.5 L), dried over
Nap804, filtered and concentrated to give a white solid
(78 g, 90.6 %). [alp20 = -31° (c=1.02, MeOH).
1y NMR {CDCLl3} & 5.9 (sb, 1H), 5.09 (sb, 1H), 3.75 (m, 1H),
1.42 (s, 9H), 1.10 (d, 1H), 0.4-0.7 {(m, 4H). .
25 |
C. 1-(Boc~-D-cyclopropylglycinyl) -4~ (1-methylpiperidin-4-
yl)piperazine
_ Boc-D—cyclopropylglycine (216 g, 1.0 mol} and
1-{l-methylpiperidin—4-yl)piperazine (192 g, 1.05 mol)} are
30 slurried in anhydrous CH3Clg (3.2 L) under Np. The mixture
- is then cooled to 0-5 °C in an ice bath. To this mixture,
. 1-hydroxybenzotriazole (HOBt) monohydrate (149 g, 1.1 mol)
-and diisopropylethylamine (136 g, 1.05 mol) are added,
followed by slow addition of 1-[3-{dimethylamino)propyl}-3-




25 dried under vacuumat 45 Cto give the title conpound gsoier20dsi te solid
(357 g, 91.7% . 1H NWR (DVSO d6+D20) S 8.4 (bs, 1H), 4.5 (bs, 2H), 3.0 (t,
4H), 2.78 (m 1H), 2.74 (s, 3H, 2.35 (m 2H), 2.20 (m 1H), 30 2.08 (m
2H), 1.Q% bhshe2elt), 0.60 (m 4H). E. PCT/US03/07794

1- (4- Met hoxybenzoyl - D- cycl opropyl gl yci nyl ) - 4- (1- et hyl -

pi peridin-4-yl)piperazine 2 Gctober 2006 WO 03/084929 PCT/ US03/07794 -12-
1- (D Cycl opropyl gl yci nyl ) -4- (I - nmet hyifl peridi n-4-yl)- piperazine
trlhydrochl oride (300 g, 0.77 nol) is"slurried in anhydrous CH2Cl2 (3 L)

Elj'p:jg'[ hyl a‘?ﬁ%@'%ﬁé@aﬁﬂd%’t he%c%ﬂgegge g%%%ﬁsﬁ yan ng f@t )nt ai ni ng the

t enper at i ntifihg Gemp adtt dwed Oyt QNVhaddiI’héOﬂes)étibrﬁlﬁimQ)dh:eChb oride (142
erature reaction

g, 0.83 I ain maintaining the te 0-5 Th
T xure (A igegnE Perhett 1 COMPE RN eI RgRt - oThe FRRELAGHoL T on I's
t hen quenichetien thehdeedddittt aheotidd Ot baxt d:)ﬁ\l&laiﬁfﬁa(:édusamd the layers are
separated, The y.er e ed | t L). The
or ganl%c Iaa%}l&%lsaﬁgﬂ%g?mf%g@ é\ﬁéiﬁég 1EGFFQ mﬁ%ﬁemﬁlr‘? er MySO4,
filtered Emdh)con'n‘:hetlayeds taregisepatiieed) t IThe o@ppALOdl{BAS i, 102°/<) 15 1H
NVR (DNB J = 0.0 7,88 , 4. 39
Gy Rghharafasg dfen aetdnhyths Gl [ piinblo’h) peedalde ST U
3H) 2 oaag(smu 1Et)ltdre7c9 a(mli congkhtrdt&? Had ,gi2t) thé. dBudenprdductl. 26 (m
19, 0. 4%3( oL v%EQous OdJ'.?fI.5 ((4T5 2g|;|) 10&{9) which is used directly.
10 1l NMR (DMSO-dg) & 6.91 (d, 1H), 3.97 (t, 1H), 3.41 (sb,

4H), 2.74 (d, 2H), 2.40 (sb, 4H), 2.10 {(m, 1H), 2.09 (s,

3H), 1.79 (t, 2H), 1.65 (d, 2H), 1.40 (m, 2H), 1.36 (s, 9H),

1.05 (m, 1H), 0.93 (d, 1H), 0.40 (m, 2H), 0.26 (m, 1H).

15 D. 1-(D-Cyclopropylglycinyl) -4~ (1-methylpiperidin-4-yl)-
piperazine trihydrochloride
1-(Boc-D-cyclopropylglycinyl)-4-{l-methylpiperidin-4-
yl)piperazine (crude, 415 g, 1.0 mol) is dissolved in
anhydrous methanol (1.5 L}. To this solution is added HCl-
20 MeOH (380 g/1.5 L, 10.4 mol) solution at 0 °C. The reaction
- mixture is stirred and slowly warmed to room temperature for
2 h. Ethyl acetate (2 L) is then added with stirring.
~Stirring is continued for 1 h at 0-5 °C, and product
precipitates out as a white powder which is filtered and
25 dried under vacuum at 45 °C to give the title compound as a
white solid (357 g, 91.7%).

- 1H NMR (DMSO-dg+Dy0) & 8.4 (bs, 1H), 4.5 (bs, 2H), 3.0 (t,
. 4H), 2.78 (m, 1H), 2.74 (s, 3H), 2.35 (m, 2H), 2.20 (m; 1H),
30 2.08 (m, 2H), 1.06 (bd, 1H), 0.60 (m, 4H).

E. 1—(4—Methoxybenzoyl—D—cyclopropylglycinyl}—4—(1-methyl~

. piperidin-4-yl)piperazine -




Exanple la 1-(4-Methoxybenzoyl - D cycl opropyl gl yci nyl) - 4 ¢doveebdos -

pi peridi n-4-yl) pi perazi ne difumarate 25 To a sol ution of

1- (4- met hoxybenzoyl - D- cycl opr opyl -

gl yci nwydostesasee et hyl pi peri di n-4-yl) pi perazi ne (315 per/0sod0779401) in 95%
ethanol (4.2 L) warnmed to 65 Cis added a solution of fumaric acid (177 g,
1.52 nol) in hot ethanol (at 65 C, 2.8 L). The final clear solution is
stirred at 30 65 C and slowy cool e_g& lown to roomtenperature (over two
hours) and then to 0-5 C. The white crystals are collected by filtration,

T L W
2006 WOpAp£084928 RCMWIBRRhASFAde (AW IH NVR7( ROVBD 16)s1rkied5ifs, 1H),
(s, oty BYgEendatits S Ctden o o imelpitdstie ShgenSBalpa 570,
6H), 1.8@o(8;75219) inl.ad2icd, bat))., Irigthylathihe MHBwmEm 3.532kh1) 0. 35 (M
11 43N ERCRIREA HP Y S PORy S 1hes tPResER Hye 86 05 °C.
pi peri di flediywggpilperainwmaddidioschhOrp-ddisoyl chloride (142 g, 0.83
pi per i di RS §1 T b B ang e emplni gt AE Y Gy otpe i
appr oxi matetyich dnidiGe (37abtdwedctd wephi kbzedoh otaipsaatibe2£88 0
_(quantitgtﬁye)Tﬁg_éggzéféﬂ gscggggnggénched with the addition of
10 satd NaHCO3 (1 L), and the layers are separated. The
aqueous layer is then extracted with CHyCls (2 L). The
organic layers are combined, washed with brine (1 L)}, dried
over MgSO4, filtered and concentrated to give the title
compound {326 g, 102%). ‘
15 1H NMR (DMSO-dg) & 8.55 (d, J = 7.7 Hz, 1H), 7.88 (d, 2H),
6.96 (d, 2H), 4.39 (t, 1H), 3.79 (s, 3H), 3.45 (s, 4H), 2.74
{(d, 2H), 2.40 (m, 4H), 2.09 (s, 3H), 2.08 {(m, 1H), 1.79 (dt,
2H}, 1.62 (d, 2H), 1.38 (m, 2H), 1.26 (m, 1H), 0.43 (m, 2H},
_ 0.35 (m, 2H). :
20
Exanple la
1-(4-Methoxybenzoyl-D-cyclopropylglycinyl) -4~ (1-methyl-
piperidin-4-yl)piperazine difumarate

25 .~ .To a solution of 1-{4-methoxybenzoyl-D-cyclopropyl-
glycinyl)-4- (1-methylpiperidin-4-yl)piperazine (315 g, 0.76
mol) in 95% ethanol (4.2 L) warmed to 65 °C is added a
- solution of fumaric acid (177 g, 1.52 mol) in hot ethanol’
{at 65 °C, 2.8 L). The final clear solution is stirred at
- 30 65 °C and slowly cooled down to room temperature (over‘two
hours) and then to 0-5 °C, The white crystals are collected
by filtration, washed with 95% ethanol (1 L), and dried
under vacuum at 45 °C to provide the title salt (448 g,
91.2%), mp=205-207 °C.




Partial 1H NVR Spectrum (DVMSO-d6) S 10.63 (br, 1H), 8.5% odtéer 2ddd), 7.88
(d, 2H), 6.98 (d, 2H), 4.36 (br t, 1H), 3.82 (s, 3H), 2.70 (s, 3H), 1.29
(m 1H), 0.48 (m 2H), 0.36 20 (m 2H). ES-M5, mz 415.5 (M+l)+. Analysis
for C23WedbMeiswl. 25 HC1. 1.0 H20: Calcd: C 57.78; H Bc®oseshrdi. 72; 4 9. 30;
Found: C 57.79; H 7.93; N 11.74; O 9.64. 25 Analytical HPLC (Xterra RP18,
4.6x150 cm 10% acetonitrile/water (0.1% TFA) through 50%
acetonitrile/water (0.1 % TFA) over_ Q_nin), 1 m/mn: 99% tr = 10.66 mn
30 Exanple 2 1<[(3-Fluoro 4- met hoxybenzoyl ) - D-cycl opropyl gl ci nyl | -
4- (1- net P Reringdi-A- 4- p i ne ber, 2006 03/,084929
PCT/ US03/ %@ ! %-'SBTQG 83?11 gi‘r’né Su]sEBe'ngé flr 118 oy 18 8pyi gl ci nyl - 4-
-((j_l- mat hylépit)perﬁ“l.ai(fin{d 7 YRR piErS?ZI(Be 33y hyﬂfwhquaﬁﬁégi;ﬁg %(és §H$5l ;rm)l ) in
i.chloro et hy nmo
fol | owed 'fﬁgﬂgrugg gﬁ%fhgﬂ %gﬁ ég Qb 0. é2§5g( 3.3 - nﬁnﬁ? HOBt
(0.573 g, (ml M)m"rﬂaLﬁﬂamﬂ, E))CI 1¢ 62813, RHWM. 24 28Mmh) . 1KY L @y, a3t iRl 1 NQ
over ngghtoy ) ugﬁ{is partitioned between dichl oronet hane and
saturate&! ueous Jﬁ\bicarbonate. The organi c phase is then washed
agai n vmtﬂahéé UFatéa.Hhu6905836dngnﬂm carbonate, 10 followed by brine, then
dried with MgSH, filtered and concentrated in vacuo. The residue is then

di ssolved in dichloromethane and chromat ographed over silica gel, eluting
Example 1b

1-(4—Methoxybenzoyl—D—cyclopropylglcinyl)-4—(1—methy1-
10 piperidin-4-yl)piperazine Hydrochloride.

1- (4-Methoxybenzoyl-D-cyclopropylglcinyl) -4~ (1-methyl-
piperidin-4-yl)piperazine (3.04 g, 6.73 mmol} is dissolved
- in approximately 0.2 M HCl (37 mL) and lyophilized to give

15 2.98 g (quantitative) of the title compound.

Partial 1H NMR Spectrum (DMSO-dg) & 10.63 (br, 1H), 8.59
(br, 1H), 7.88 (d, 2H), 6.98 (d, 2H), 4.36 (br t, 1H), 3.82
(s, 3H), 2.70 (s, 3H), 1.29 (m, 1H), 0.48 (m, 2H), 0.36
20 (m, 2H).
ES-MS, m/z 415.5 (M+1)*.
Analysis for Cp3H34N403-1.25 HCl-1.0 Hy0:
Caled: C 57.78; H 7.85; N 11.72; Cl 9.30;
Found: C 57.79; H 7.93; N 11.74; Cl 9.64.
25 BAnalytical HPLC (Xterra RP18, 4.6x150 cm,
10% acetonitrile/water (0.1% TFA) through _
50% acetonitrile/water (0.1 % TFA) over 40 min), 1 mL/min:
99%, t, = 10.66 min

30 Example 2
1-[ (3-Fluoro-4-methoxybenzoyl) ~-D~cyclopropylglcinyl] -
4~ (l-methylpiperidin-4-yl)piperazine.




with a gradient of 0-12% 2 N ammoni a/ met hanol in dichl oz oplbdiao®ms The pure
product containing fractions are 15 conbi ned and concentrated in vacuo to
give 1.03 g (619 of the title conpound. ES-MS5, niz 433.5 (MH ) +.

Anal yt i walozpbfs (Vydac C18, 4.6x150 cm 20 10% acet egirfusesioefosat er (0. 1%
TFA) through 50% acetonitrile/water (0.1 % TFA) over 40 min), 1 nL/mn:

95% tr = 13.16 mn Exanple 2a 25

1-[ (3- Fl uor o- 4- met hoxybenzoyl ) - D-cych propyl gl ci nyl ] -

4- (I - met hyl pi peri di n- 4- yI)plpera2|ne g&drochloride

1-[ (3- Fl uoro- 4- nmet hoxybenzoyl ) - D-cycl opr opyl gl ci nyl ] -

(1- met hyl pi perTlodPnSEléF}‘b‘H p%‘?sé"ﬁ%éo(llog WQ%?@IeryéngUlid]i dsol ved in

apprOXI maf einetOyd pMobied a{d-21 -4, 117k paPgz 1 hy ophiHJ&eeEhh 8 rgiy e 1.0
3 pwﬁe title “‘Zng und 212 Qct oger 5006 WD (03/ 034929

L el
b Usoal 5. 1ot Fltoamey nspé%‘P i (BVBECEE) talegenipe, 1H),
gH)73 (d70(]:'1-|'3)6 g% 13- ?i B0l M £Atbwed. B :élflddil)o—zlgm%@h?kyb%ﬂl:%m&lzgo N(B S, .

m - z
433.3 (|v++af)139‘s & R gsi 8. 8ty HpRRot 56 Me1 428 BOL @it C 55, 26; H

7.18; N HEpcl;(0F82380, £l24mdd). FRopsk £i%idl; obefnZdht Nthe 38, F 3. 64;
Cl 11.36._, Analytical HPLC ( a RP x150. cm 10% acetonitril e/ water
(0. 1% TFAF A HFEUYR BerEbsiansd Gatieer e‘?&%ﬁzﬁéﬁm@ﬁtka@@ﬂ W6 n), 1
m./mn: agueous sodium bicarbonate. The organic phase is then

washed again with saturated agqueous sodium bicarbonate,v

10 followed by brine, then dried with MgSO4, filtered and
concentrated in vacuo. The residue is then dissolved in
dichloromethane and chromatographed over silica gel, eluting
with a gradient of 0-12% 2 N ammonia/methanol in
dichlorcmethane. The pure product containing fractions are

15 combined and concentrated in vacuo to give 1.03 g (61%) of
the title compound.

ES-MS, m/z 433.5 (M+1)*. _
Analytical HPLC (Vydac Cl8, 4.6x150 cm,
20 10% acetonitrile/water (0.1% TFA) through
50% acetonitrile/water (0.1 % TFA) over 40 min), 1 mL/min:
95%, ty = 13.16 min '

Example 2a
25'_1-[(3HFluoro-4-methox¥benzoyl)—D—cyclopropylglcinyl]—
4= (1l-methylpiperidin-4-yl)piperazine Hydrochloride.

1-[(3—Fluoro—4~méthoxybenzoyl)—D—cyclopropylglcinyl]-4—
(l-methylpiperidin-4-yl)piperazine (1 g, 2.31 mmol) is
- 30 dissolved in approximately 0.2 M HCl (12.7 mL) and '
| lyophlllzed to glve 1.03 g (quantltatlve) of the title
compound.




98% tr = 8.067 m n. Enzyne Inhibition assays: The abil i2gcoberaotest
conpound to inhibit factor Xa may 15 be evaluated in one or nore of the
fol'l owi ng Enzyne |Inhibition assays, or in other standard assays known to

t hose swioldsmgkorn the art. Enzyne Inhibition Assay 20 pdenmesdhiaat or Xa and
human t hronmbin are purchased from Enzyme Research Laboratories (South
Bend, Indiana, USA). Oher proteases are from other comrercial sources.
Chr onogeni ¢ para-nitroanilide peptiQEsprotease substrates are purchased
fromM dwest Biotech (Fishers, Indiana, USA). 25 The binding affinities for

human factor, .Xg ar.e r neasur S ,apparent__associ atj o nstants (Kass)
derived arrotn:’LlagLr o] egigg 5%%%51{% o@glﬁgﬁgﬁf)cg ]ég 3&:@’& b@%i) 4 3’*3& ds y.a,b,c,d
g_hle ?pparﬁﬂ]} !ﬂagsg}??%emﬁrzﬂ)qgtga'gﬂefdt,_um'm_g Aden®, edH( Pi p.l\%k;(%Q?O_) eat
ilution isnhi.bi tor e m pat jons are perfor intriplicate
at each g—#ﬂ ’od?r'- 0ei{Sht §ﬁ¥1hia‘§'i§t80r(mcoﬁ1§£ht$aﬁ oﬁ%’) %iﬂﬁt'o 9%8 1 Hates and
chr onogerE&-Msybst/zatd3hgdiiy)si.s rates deternined at 405 nm using a
. Ther mgna r en fro equl ey i San Francisco). For factor

Xa i nf bi%¥{|gﬁs‘iﬁsh§ggs§&§ﬁ%}@d‘f@<§o 'Ea%ﬁfg%eﬁ %6 WD 03/ 084929

PCTI US03/ 0779&Lalt@: ©s555D6glH BufiBerN (DL OBLME 13.80;0C3 M NGl , pH 7.4); 25
‘L inhibitor SOl UL (i H) h n factor (32 nMin 0.03
Mtris, 0.15 Lﬁgﬂg&,bl‘%%ﬁhﬁ*ﬂ%&??ﬁhﬁnﬁﬁ@' T30 607 E6P 1 La e yAr gpNA (0. 3
mM i n watraalyidded BPLQ| (Ki2rTanRB1l8p &i16ui5Chymi,ol ysis. Final [factor Xa] is
3.2~nhﬂ 10% acetonitrile/water (0.1% TFA) through .

10 50% acetonitrile/water (0.1 % TFA) over 40 min), 1 mL/min:
- 98%, ty = 8.067 min.

Enzyme Inhibition assays:
The ability of a test compound to inhibit factor Xa may
15 be evaluated in one or more of the following Enzyme
-Inhibition assays, or in other standard assays known to
those skilled in the art.

Enzyme Inhibition Assay

20 Human factor Xa and human thrombin are purchased from
Enzyme Research Laboratories (South Bend, Indiana, USA).
Other proteases are from other commercial sources.
'Chromogenic para-nitroanilide peptide protease substrates
are purchased from Midwest Biotech (Fishers, Indiana, USA).

25 ~ The binding affinities for human factor Xa are were
measured as apparent association constants (Kass) derived
from protease inhibition kinetics as described
.previously.arbrcrd' The apparent Kass values are obtained
using automated (BioMek-1000) dilutions of inhibitors (Kass

30 determinations are performed in triplicate at each of four-
eight inhibitor concentrations) into 96-well plates and
‘chromogenic sﬁbstrate hydrolysis rates determined at 405 nm
using a Thermomax plate reader from Molecular Devices (San .

g Francisco). For factor Xa inhibition, the assay protocol




(Free Xa] and [bound Xa] are determ ned fromlinear stangaedberougeres on the
sane plate by use of SoftmaxPro software for each inhibitor concentration
and apparent Kass cal culated for each inhibitor concentration which.

pr oducewdhpds4tsyysi s 10 i nhi bition between 20% and 80%cefustangraont rol (3. 2
nM factor Xa): apparent Kass = [EI]/[Ef][If] = [Eb]/[Ef][I-1b]. The
apparent Kass val ues so obtained are approximately the inverse of the K
for the respective inhibitors [1/appKgss = app Ki). The variability of
nmean apparent Kass val ues 15 determined at the single substrate

0. 051 a1 nef) PEaREECRE QI 1Y, Y I T TR Bales are
det er m nethhiittifyorhtesbi selardicst Hen Mqamlﬂ)l,ea&esmuhumgntﬁ@cmaprot ocol with
ith 0. 2 T BYERBVET 97 g ¢ Hedsr Aadln o ahl BREL: ity O ™
pyr oG uPrid gENBz IléGtu@kyAdagpiA 10. Bll\xhletrh @t@rm&mm&mpm pl asmi n,
i 1 obr oAShR: CEF B ReE YRS (R n R amiphr o8 Ik yRgplA aPC, 3 M
with 0. lﬂﬁTmHIEyﬂo&h@FThﬂhqﬂoNéJ prasdet datineldr €rom 1iPeaMaMahblard
30 Gt at 1oares ot e 1S BIRREERY Mure % YeFhgeera dedlire AP Oni roadze,
DK CIaws@WChNEnﬁmbmS@rlﬂbnaeetaﬁtiﬁh(iﬁd(ap@aieﬁttxﬁmﬁ éﬁﬂhﬁla%€d03/084929
PCT/QSOBGgéjgéch inhibitor concentration which produced hydrolysis .
10 iphibition between 20% 'and 80% of the control (3.2 nM factor
Xa): apparent RKass = [BE:I]/[Bgl[If] = [Ep]/[Ef] [IO0-Tp).
The apparent Kass values so obtained are approximately the
~inverse of the Ki for the respective inhibitors [1/appKass =
app Ki}. The variability of mean apparent Kass values
15 - determined at the single substrate concentration is +/- 15%.
The assay system Km was measured as 0.347 +/- 0.031 mM
[n=4}; and Vmax was 13.11 +/- 0.76 pM/min.
Kass values are determined with thrombin and other
proteases using the same protocol with the fbllowing enzyme
20 and substrate concentrations:
thrombin, 5.9 nM with 0.2 mM BzPheValArgpNA;
factor XTa, 1.2 nM with 0.4 mM pyroGluProArgpNA;
factor XIIa, 10 nM with 0.2 mM HDProPheArgpNA;
plasmin, 3.4 nM with 0.5 mM HDValleuLyspNA;
25 .. nt-PA, 1.2 nM with 0.8 mM HDIleProArgpNA;
‘urokinase, 0.4 nM with 0.4 mM pyroGluGlyArgpNA;
- aPC, 3 nM with 0.174 mM pyroGluProArgpNA;
‘Plasma kallikrein, 1.9 nM with D-ProPheArgpNA; and
_  bovine trypsin, 1.4 nM with 0.18 mM BzPheValArgpNA.
30 |
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The compounds of formula (I) exemplified herein have
been found to exhibit a Kass of about 14 x 100 to 35 x 109

“L/mole in the enzyme inhibition assay.




been found to exhibit a Kass of about 14 x 106 to 35 x 1DGctolsrmdee i n t he
enzyne inhibition assay. 2 Cctober 2006 WD 03/084929 PCT/US03/07794 - 18-
The ability of a test conpound to elongate Partial Thronboplastin Tine

( Pr ot hrwohbmssdione) may be evaluated in the foll ow ngctgsdsoproet ocols. 5
Partial Thronboplastin Tinme (Prothronbin) Test Protocol Venous blood is
collected into 3.2% (0.109 M trisodium citrate vacutai ner tubes at 1
vol ume of anticoagulant to nine vol ges of blood. The blood cells are
separated by centrifugation at 700 g°for ten mnutes to yield plasm, 10
which is frozen at, 70, Cuntil required. To performthe test, 100 L of

pl asma are pi paet 8LiHEY of @ tegtasempaind t‘i?o@lollgﬁt%fpi”gs‘talcorrpound in

DVMSO i s meopmstﬁhlmm (P oWREBIbPn MmOV @layt BB &valifsed 100 L of warm
(37 0) nc %sii &glssue t hronbopl asi n) reagent 15 (Hel ena Bi osci ences,
UK) is addéd PEIRY tedFOtP6PAFe for two minutes. 100 L of warm (37 0)
25mMM cal cium chloride solution is added to initiate clotting. The test

tube Ls three tines throu 90 .angl e very five conds to m X
“the réag ﬁF'laﬁd@%¥EPW? %F}HCF efg? r?@ﬁFd%EPtQEﬁﬁa froma series

of observati opgnens BESId l@&aqmeat@@rmrﬁm AkioNs. 8¢ MNalsRdibi a SAS

statlstlcal nal ysi s p&ggranland a CT2 (Concentration required to double
cl otti ng SEitmaYyef B R Lo fpesRdaF st d@ﬁ@?%ﬁéﬁfa?ﬁéc%ﬂﬁﬁﬁﬁﬂd§°of t he

i nvent i onihaveobeess feiind dod. 25h§|5E55d(gyylbyagbog@pﬁﬁhﬂdaabgart|aI
thronboDla%EEQf&gé%ao Pro%%hogb%gr {égﬁmlnutes to yield plasma,
10 which is frozen at 70 ©C until required.

To perform the test, 100 pL of plasma are pipetted into
in a glass test tube, 1 pL of test compound in DMSO is
added, and allowed to warm to 37 © over two minutes. 100 pL
of warm (37 ©) Manchester (tissue thromboplasin) reagent

15 (Helena Biosciences, UK) is added, allowed to équilibrate
for two minutes. 100 pl of warm (37 ©) 25mM calcium
chloride solution is added to initiate clotting. The test
tube is tilted three times through a 90° angle every five
seconds to mix the reagents and the time to clot formation

20 recorded. Data from a series of observations and test
compound concentrations are analysed by a SAS statistical

- analysis program and a CT2 (Concentration required to double
clotting time) for each compound is generated.

The compounds of the invention have been found to

25 _significantly elongate the partial thromboplastin time
{Prothrombin time).

.Alternative Prothrombin Time and APIT Protdcols
30 .Coagulation Determinations: Prothrombin Times and APTT

values are détermined in HUMAN PLASMA with a STA instrument
(Stago) . BLioPT is a special non-plasma clotting assay

‘triggered with human tissue factor (Innovin). Possible
“binding to albumen or to lipid are assessed by comparing the




Alternative Prothronbin Tinme and APTT Protocols 30 Coagui attbisn 2006

Determ nations: Prothronbin Tinmes and APTT values are determ ned in HUVAN
PLASMA wi th . a STA instrument (Stago). BioPT is a special non-plasm
“clottingoasenye triggered with human tissue factor (poRevisayes Possi ble
binding to al bunmen or to lipid are assessed by conparing the 2 Cctober 2006
WO 03/084929 PCT/ US03/ 07794 -19- Bi oPT effects in the presence/ absence of
30 ng/ mL human al bumen (HSA) and 1 pgy/ nmi phosphatidyl choline (PC).
Inhibitors are delivered in 50% aqueots net hanol vehicle. 5 APTT ASSAY 75

L plasma G trol Baxter-Dade Ctrated Normal Human Plasma 25 L test
sol ution Bf‘@%TAE‘f' SR AT NS L CARREGARRIENSEpRE| SPI BE( T HM&Tbate 2 10 nin

m n. @lablﬁumanl ém %I{cﬁ.loalg@m %Togﬁﬁ%\idﬁ EhBh as8B(E _35 L tefr{) sol uti on
75 L sali dncubate 1 m.n. 7, L I nnovin Baxter- e _Reconbi nant
Human Ti gngg‘ébﬁg‘e’f%rar%%’r@lerggvéﬁt% %cﬁﬁleﬁr‘lﬁp@??b%%"%fv%&ﬁﬂﬁunds of
formula (1) may be denmpnstrated by neasuring their pharmacodynam c 20 (PD)

and pparnmacokinetic (PK) properties in |laboratory aninmal species such as
rats and®¥5gs®F¥A¥ owi ng oral dosing in the fasted and in the fed state.

TTTt -~ 75 pbrplasma Cityol Baxter-Dade Citrated Normal
Human Plasma
25 pL test solution
75 pL Actin Baxter-Dade Activated Cephaloplastin incubate 2
10 min min. @ 37 °C
75 pl CaCly (0.02 M)

PT ASSAY
75 uL plasma
15 25 pL test solution
715 pL saline incubate 1 min. @ 37° C

75 uL Innovin Baxter-Dade Recombinant Human Tissue Factor
Further advantageous properties of compounds of formula
(I) may be demonstrated by measuring their pharmacodynamic
20 (PD) and pharmacokinetic (PK) properties in laboratory
~ animal species such as rats and dogs fbllowing oral dosing
in the fasted and in the fed state.




-2 Ogtober 2006 -20- CLAIMS 1. A compound of formula (1) 2@aébbeN2@eHN O -O R
5 (I') in which Rrepresents a hydrogen atomor a fluorine atom or a - ‘
pharmaceutically acceptable salt thereof. 2. A conmpound as clainmed in Claim.
1, in which Rrepresents 10 a hydrogen atom 3. A conpound as-clainmed in
Claim2, which is selected from g : B

1- (4- met hoxybenzoyl - D- cycl opropyl gl yci nyl )-4- 15

(1- et hyl pi peri di n-4-yl)pi perazi ne and the hydrochl oride, fumarate ‘and

mal eate acid addition salts thereof =28~ A conpound as clainmed in Caim 3,
which is selected fromthe di hydrochloride, difumarate and di mal eate acid
20 additiePr@® ts in crystalline form 5. A conpound as clainmed in Caim 4,
which is 1-(4- methoxybenzoyl - D cycl opropyl gl yci nyl)-4-(1-nethyl pi peridin-
4-yl)pi perazine difumarate in crystalline form 25 6. A conpound as cl ai ned
in Caimi, i# GPMPRURr efréowmtla (3)fluorine atom 2 October 2006

Q.

N 0]
HN
o
—O0
R .

5 (I)
in which R represents a hydrogen atom or a fluorine atom, or

a pharmaceutically acceptable salt thereof.

2. A compound as claimed in Claim 1, in which R represents
10 a hydrogen atom.

3. A compound as claimed in Claim 2, which is selected
from: -
1—(4—methoxybenzoyl—D—cyclopropylglycinyl)—4—

15 (l-methylpiperidin-4-yl)piperazine and the hydrochloride,
fumarate and maleate acid addition salts thereof.

4. A compound as claimed in Claim 3, which is selected
from the dihydrochloride, difumarate and dimaleate acid
20 addition salts in crystalline form.

5. A compound as claimed in Claim 4, which is 1-(4-
methoxybenzoyl—Dncyclopropylglycinyl)—4—(1—methylpiperidin—
4-yl)piperazine difumarate in crystalline form.

25
6. A compound as claimed in Claim 1, in which R represents

a fiuorine atom.




12157, *A. conpound as claimed-in. O aim6, which is selectedoctbtcannos

Lo1- (3 quoro 4-nmet hoxybenzoyl - D-cyclopropngIyC|InyI) 4- - .
(1- nethylplperldln A= yl)plpera2|ne and-the- hydrochlorlde aC|d 5. addltlon

i salt's"théreof..8. A pharnaceutlcal ‘conposi ti-on, which conprises-a conpound

- ras claimed in any .one. “of Cainms 1to 7, together ‘with a pharnmaceutically

'(ﬂacceptable diluent or carrier.- 10 9. A-pharmaceutical conposition as :

7 clairmed in daim8, which is adapted for_oral admnistration: 10. - A .

"~ -process for preparing a compound. as claln%a Tn any one 15 of Cains 1 to.
-7, which conprises: (a)-reacting a conpound of formula (I'l) NN O Hzv

. (||) 20 or7a sahtcspneef ashicia fgf (v) or ‘a:
J'reactlve de |vat|vceI!tprtvaereota orlﬁe{épmﬁowlglﬂ6O‘M%J:ﬁl ‘{% ?%Jf%%% 2006 -22_ ,
(b) reaetuﬁf%ﬂtonpound of formula (V)" -NNH -~ -

: l (3-flucro—4—methoxybenzoyl D—cyclopro?ylglycﬂnyl) -4~
| (1-methylp1perid1n-4—yl)plpera21ne. and the hydrochlorlde acid -
5 addltlon salts thereof.,- -

B._ A pharmaceutlcal com9051tlon, Wthh comprlses a’ compound :
as.- claimed in any one, of Clalms 1 to 7 together with a. N
N phg;gaceutlcally acceptable dlluent or carrler..

'9;' A pharmaceutlcal COMPOSlthH as clalmed 1n Clalm 8, ehich'f

is adapted for oral admlnlstratlon. .

_.‘ ,10. A process for preparing a compound as clalmed in any one
15 of Clalms 1 to 7, whlch comprlseS' '
(a) reactlng a compcund of formula (II}

| . R (lI) - , i
- 20 or a salt thereof, w1th a compound of formula (III)

~or a reactive derivative thereof; or




-(IV) or a salt thereof ‘with a conpound of formla Q\/) i\bctbberbﬁtﬁﬂ OOR
(V) ‘or a reactlve derlvatlve thereof; fol lowed, if a pharnmaceutically: . ~
fﬂacceptable sal t- - desi red, - by: forn1ng a pharnaceutlcally acceptabl e salt
10,11, Acorrpound of forrrula (11 Na ~NOHZN (l1I) or:.a salt thereof.
15 ' 12. A Compound of formuta (v) .~N - HOOC O' OR (V) 13, A conpound as
-cl-ained in- ‘any one. of Clalns to 7, for . 20 use in therapy 2 Cbtober 2006 -
L - 23 . :

| -22 -

'kb)ureagting a ccmpbundAof'formula-(IV)

OO

| . | _-(Iv}H_ A |
or a salt thereof, with afcdmpd@nd‘df formula dV).'

!

W

or a’ reactlve darlvatlve thereof,

followad, lf a pharmaceutlcally acceptable salt is

desired, by formlng a pharmaceutlcally acceptable salt
10 _ . o ,

11, rA c6mppund of:forﬁﬁié‘(IIJ'

N

R B B xIy
. or a salt thereof. Do

'12. 15‘dompouﬁd-qfffofmﬁla-(vj?

| S W L
13.. A compnund as clalmed in, any one of Clalms 1 ta 7,
ZD use in therapy ) '

foi




14 Use of a conpound as. clalned in any one o ClalnB 1 tDOFeber boos t he -

nanufacture of ‘i't: medicanment for the trel atnment of -a
3 5 15. Use as cl ai wed -i-n - ai m 14, “wherein the nedlcanent

ﬁ is for “the:ara
treatnehT of a thronbotlc dlsorder R

- 23 .

14. Use of a ccmpcund as claimed in any one oﬁ Clalms R to 7,
for the manufacture of a medlcament for the trehtment of a

thrombotic dlsorder.

5 15. Use as clalmed in Claim 14, wherein the medLCament is for'

the oral treatment of a. thromhotlc disorder. '

“thronboti ¢ di sorder. -




