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COVPRI SI NG AN AM NI O SOQUI NOLI NE GROUP The invention relates to a thronbi@\’l/ )
i nhi bi t or woopee4$i3ng an am noi soqui nol i ne group, a phar maceut/Ep@lin78s7 .
conposition containing the same, as well as the use of said inhibitor for
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thronmbin-rel ated diseases. In literature a | arge nunber of peptide-Ilike
thrombin inhibitors is disclosed. Mdst of those thronbin inhibitors contain
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‘basicity of the conpounds may inpair the uptake of the compounds in the

i nt est i rivanufgrdire @f pimedicament far ire@ingraal prevgnting thromiingelaed gieasgs.cl ass of
thronbin inhibitors is disclosed having an am noi soqui noline noiety as
‘basi ¢ group, which show i nproved transepithelial transport properties.
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been identified having further inproved pharnmacol ogi cal properties. It has
now beerthfcgebinl inhitatorscanmpaiu hakic giouphat the sorcaed(Piypdaition, ke the basic amino acids
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a pharmaceuti ca acceptab salt thereof, are potent
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conpoundsniouhdica pe®Sidctibm O tbinpouralschas I bednokleiditifiedt havihgafaether Rveoved1g
t hr ombi nnedi at ed _and t hr onbi n- associ at ed di seases. This includes a nunber
of t hr oritrmacolggicabpropertiednbot i ¢ states iii which the coagul ati on cascade
is activated which include, but are not limted to, deep vein thronbosis,

pul i nonary enbolism thronbophlebitis, arterial occlusion gﬂm/wl”/r nbosi s
or enboll 58 ndW b&dn fBhind BACEISIURADs SEthe fietnfila @) t er angi opl a ])

t hronbol ysi s, restenosis folﬂlq%jwi ng arterial ?jnj ury or invasive, II//II//I//I//II/
cardi ol ogical p edures, postoperative venous thronbosis or efP82tsm
acute or chronic at heroscﬁ’p?psi s, stroke, nyocardialy infarction, cancer and
met astasi s, am N}@grm@@m&gﬁl_gg_m.pe 8 hezQapBdunds of the invention
may al so be used as anticoagul ants In ex ojf porgal blood circuits, as
necessary in dialysis and surgery. The cegpourds-®F the invention may al so
be used as in vitro anticoagulants. Preferred thronbin inhibitors according
to the invention are compounds wherein Ais a fNKenenbered ring.

Preferably, R2 is cyclohexyl. Oher preferred corrpoun(ﬂ:) are those, wherein
R3 is H re preferred are conpounds wherein Rl is cycl ohexyl. The npst
preferre 8P onbi n i nhi bitor accor di ng to the invention is the conpound
wher ei n g, is cfel ) 8ichexyRar 4 BragiddqBerMhlkyIR3 is Hand Ais a

five- rrenfger e%c‘?]?eﬁlgfprﬁhe tnglf?n br ancheg ?294C al kyl nmeans a branched al kyl

group haRd ingydolsrylorabendn at ons, e.

Ry is B o eyt and ’ ARRISEAUAT

A is an unsubstituted saturated 4, 5 or 6-membered ring; *159159+

or a pharmaceutically acceptable salt thereof,

are potent thrombin inhibitors having a significantly increased plasma half-life. Most of the
clinical situations in which anti-thrombotic drugs are needed require in general a prolonged half-
life (see Sixma, J.J. et al., Thromb. Res. 67; 305-311 (esp. 307), 1992). The compounds of this

invention thus are an important improvement in the art.



| sopropyl. The invention further includes a process for the preparation of
the thronmbin inhibitors, including coupling of suitably protected am no
aci ds andwanoznosgequi nol i ne derivatives, foll owed by rendwWaTgERO®7887
protective groups. The conpounds according to the fornula (1) nay be
prepared in a manner conventional for szich conpounds. They may be prepared
by a peptide coupling of conpounds of forrmula (I1) wth conpounds of
formula (111) using as a coupling reagent for exanple

N, Ndi cycl ohexyl car bodi i mide {DCCl) and 1-hydroxybenzotriazole (HOBT) or
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1- am no- oxy- 3net hyl i soqui nol i ne using the procedures described in WO

98/ 47876 for the transformation of lam no 6 nmet hoxyi soqui nol ine into
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conpounds of formula (1) can bé prepared from conpounds of formula (V), by
t r eat ment HoMaerermeferrdg aof cémoporuids wheeimi his aycdqi;myﬂp e treosk grafereed ilirembin
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group suc can e renoved after the reductive ani nation.
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The term branched (3-4C)alkyl means a branched alkyl group having 3 or 4 carbon atoms, e.g.

isopropyl.

The invention further includes a process for the preparation of the thrombin inhibitors, including
coupling of suitably protected amino acids and aminoisoquinoline derivatives, followed by

removing the protective groups.

The compounds according to the formula (I) may be prepared in a manner conventional for
such compounds. They may be prepared by a peptide coupling of compounds of formula (II)
with compounds of formula (III) using as a coupling reagent for example N,N-
, dicyclohexylcarbodiimide (DCCI) and 1-hydroxybenzotriazole (HOBT) or 2-(1H-benzotriazol-
1-y1)-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU), wherein R;, Rz, R; and A have the
previously defined meanings. The N-terminus of compounds of formula (II) may optionally

carry a protective group such as the t-butyloxycarbonyl group (Boc). The aryl amine group of
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of fornmula (V) can be prepared by a peptide coupling of a dipeptide

pr ot ect edwas odogu2b- t ermui us with a protecting group |ike tier/Beasgssoup and

conmpounds of formula (111) using the coupling reagents described before.

Protection of the a-am no functions generally takes place by urethane

functions such as the acid-labile tert-butyl oxycarbonyl group (Boc),

benzyl oxycar bonyl (Cbz) group and substituted anal ogs, the base-labile

9-fl uorenyl met hyl oxycar bonyl {Fnbc) group or the phthal oyl (Phth) group.
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of the rotect%P E%rou s can take place in different ways, depending on the
%1 F@%‘Fﬁém6339ﬁ§¥ Usual | y deprotection takes place under

acidic conditions and in the presence of scavengers. The Cbz group can al so

be renoved by catal ytic hydrogenati on. An overview of am no protecting

groups and netlRds for their renoval is given in The Peptjdesr, Anal ysis,

Synt hesi s, Bi ol og¥, Vbl.g%gﬁ. Gross and J. P@Neﬂﬂ1‘ Xy~ (Academ ¢
Press, New Y rAvt ' of carboxyl gro ake pl ace by
ester fornat?%ﬁ“@T .&%aéngéﬁﬁkgﬂﬁyters | i ke nmethy e esters, acid

| abil e esters Like tert-butylesters, or hydrogenolyticalljy-labile esters

l'i ke benzyl esters. The conpounds gfrthe invention, which May bQIﬁ? the form
of a free base, may be isolated fromthe reaction mxture in the formof a
pharmaceutically acceptable salt. The pharmaceutically acceptable salts may
al so be obtained by treating the free base of the fornula {I) with an

or gani ¢ @mpanwdsafiformalai () sax be prepirgd fiogecomprunds d&formyid (DYs whoreimPgleis a

hydr ogen i.odi de, sulfuric acjd, osphoric acid, acetic acid, opi .0
acid, gmhﬂxv’gteamﬁct%mﬁﬂ%hﬁge A r@mw%ﬁ%eﬁ% ,
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obtained as a pure enantioner, as a pure diastereoner, as a m xture of
enant i orREPCURE STQ¥P-3 ni xt ure contai ni ng di ast ereoners. Met hods for
obtaining the pure enantionmers are well known in the art, e.qg.
crystallization of salts which are obtained fromoptically active acids and
the racem c m xture, or chr t ography using chiral colums. For
di astereoners strai ght phase %&Irev " d phase colums nmay be used. The
conmpounds of the inventio i St nt e |y or parenterally,
and for humans preferablyph ) H%%PT —agg§é§5§% . 00%-700 ngy per kg body
wei ght, preferably 0.01-10 ng per kg body weight. Mxed with
pharmaceutically suitable auxiliaries, e.g. as described in the standard
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can e dsaibeaty (Eopensk) mSHs e brcnteles ok dPooons can be o

ot et EpE O R T oMU B B8 oot PO LB MR V)T

o

and per dentmgd &f caagoundbidfi foymad (V) ewithrapapprdpriaté kebmmei likee nydlalexamne or
suitably be tested according.to the follow ng test in dogs. The .resjdence
time andcplope and agrdupiivnagent s sodiun iaceipxybefohyaridgpnder AciicspRdiiians: f l e
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of the mroteash asbondolyl which 0in bdwemovydafi¢rahe rddabtive dnminationf t hr ombi n
linearly relates with the concentration of the nmeasured protease inhibitor.
After intravenous or oral adm nistration of the serine protease inhibitor,
bl ood is collected fromthe jugular vein at different time-points during
the day. After centrifugation of the blood, plasma anti-Ila activities are
determ ned of the plasma. sanples in a mcrotiter plate SUBSTI TUTE SHEET
(RULE 26)
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WO 02100e23 PCT/ EP01/ 07887 6 chronpgeni c assay using a calibration curve of
the tested conpound itself. The obtained data are anal ysed fromthe plasm
vs time cwiovee4as by nmeans of a conputerised iterative prreErm@7sshased on
the Sinplex nmethod. Subsequently, the elimnation half |ives are cal cul ated
using the nodel of relative error independent of the concentration, and the
area under the curve (AUC) is determined with the trapeziumrule. Assum ng
| i near kinetics, the percentage bioavailability is cal culated by dividing
the AUC obtained after p.o. admi nistration by the nean expected nornalised
AUC after i.v. adm ni ation of that do se (X 100%. The invention is

further illustrated by the fo ng exanpl es. EXAI\/PLES he ' H NMR
maasuremants wer e HE;{I 400~S] ot omet er operati ng
at a 'H frequency of 40 I\/ass spec ra @ gre rlecorded with a

PE-sci ex API-165. Exanple 1. y
N-cycl ohexyl - 3-cyct ohexyl - D- al anyl - N-f (1. - am nt~ 6- i ¥0odui nol i nyl ) methyl | -L-p
rol i nam de hydrogenchl oride (N-cyclohexyl-D-Cha-ProygAid . (WCl) After
stirring 0.91 g of 2

3-cycl ohexyl - N-[ (1, 1- di met hyl et hoxy) car bonyl ] - D-al anyl - L-proline

phenyl i nethyl ester (Boc-D-Cha-Pro-0Bzl) in 2.5 nL of dichloronethane and

2.5 L ofompoddrds efieatndt (V) aail bt grepdred by heiptidatoupting Of atdifeptide botédied at
reaction m xture was concentrated 1n vacuo to yield 0.94 g of an oil. This

oi | was e ISderminnsi with @ preteefinghenquplilike tthe) Boe ravewn aed é@tﬁp@mdis o farnyalg (FIT)
acetic aci.d and 0.26 L of none and 0.64 g of sodium

triaceto ﬁ?%ngée%?tédg%cﬁljgﬁ‘%%ﬁ %r stirring at roomtenperature for 16
hours 5 nmL of water was added to the reaction mxture and extracted with

di chl oronet hane. The organic extract was dried over magnesi um sul fate and
concent rBrogabtibm ofjithe atarifio dumdtioan generallyTiakys platdé bp ugethanedfunétions et hs e |
met hanol /v) Rf n 50
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group. Other suitable amino protective groups include Nps, Bpoc, Msc, etc. Removal of the

protecting groups can take place in different ways, depending on the nature of those protecting
groups. Usually deprotection takes place under acidic conditions and in the presence of
scavengers. The Cbz group can also be removed by catalytic hydrogenation. An overview of
amino protecting groups and methods for their removal is given in The Peptides, Analysis,
Synthesis, Biology, Vol. 3 E. Gross and J. Meienhofer, Eds., (Academic Press, New York,
1981).

Protection of carboxyl groups can take place by ester formation e.g. base-labile esters like
methyl- or ethylesters, acid labile esters like tert-butylesters, or hydrogenolytically-labile esters
like benzylesters.

The compounds of the invention, which may be in the form of a free base, may be isolated from
the reaction mixture in the form of a pharmaceutically acceptable salt. The pharmaceutically
acceptable salts may also be obtained by treating the free base of the formula (I) with an
organic or inorganic acid such as hydrogen chloride, hydrogen bromide, hydrogen iodide,
sulfuric acid, phosphoric acid, acetic acid, propionic acid, glycolic acid, maleic acid, malonic
acid, methanesulphonic acid, fumaric acid, succinic acid, tartaric acid, citric acid, benzoic acid,

and ascorbic acid.
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7 roomtenperature for one hour. The palladium catal yst was renoved by
filtration and the solvent was renoved by evaporation at reduced pressure.
The resi dwe ozmwe44d3 ssol ved in toluene and the tol uene was e@Epcroa®87 under
reduced pressure yielding 0.56 g of N-cyclohehyl-DCha-Pro-OH This acid
(0.35 g) was dissolved in 10 nL of N, N-gi net hyl f or mam de and 0.19 ng of

1- am no- 6- am nonet hyl i soqui noli ne (WD 9847876) and 0.4 g of

2- (1H benzotriazol -1yl )-1,1, 3, 3-tetramet hyl uroniumtetrafl uoroborate
(TBTU) were added. The pH of the reaction m xture was adjusted to 8 using
N, N- di i SdwercopwbundsydfahisiaveaihPBegsessAe er ngare chiralgeattmn @dmb,candsnat theredone

t enpera ur e an addi ti onal s added and the r(&action m xture was

0.1 TBTU
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mL of di chl oronet hane and washed tw ce wth aque

. hydr ogeri sircbanat.g., crotstabidativnesf saltg vaschuane sabitdindde framdoptimalte attivet avdds arfdethe

resi due was . di ssolved jn water and directly charged onto a preparative HPLC
Del t aPaKaqRMICCTEHS; A chrogpiagrany using chissl vé’itgwsnm ipgjegpmers Wiy %0 %
A/ 30 ¢ K@Eg_s‘if?q%m' aflowrate of 40 mM/mn (A 0.5M
phosphat(%e"%f)ggfl?)g?sgﬁﬁ 1, B e\a'l/gtg%r, C. acetonitril/water = 6/4 (v/v)).

Yield: 0.25 g of the title conmpound. 1H NVR 400MHz (CD30D) 8: 0.84 - 2.41
(27H, m, 2.91 - 3.01 (1H m, 3.57 - 3.65 (1H m,

3. 81- 3. ddeicpmppundsad the nventiepupay be adyinisteredzmterplly7orearenterglly. apdyfor umans (14
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N- cycl olbedy veihe: Wibed svith pHarrad e tidailhlsifabledixiliarids, 8. by dedribsdihithe glah@st) et
hyl)-L proliuanm de hydrogenchl oride (N-cYclohexyl-D-Cha-Pro-6(3Me)Aig.13Cl)
2a. 1- Anefarsne:, faennasey e3alpdRemington’s fharmeacenticah Seisheasi OiBthfed2 Macky Pablishing

3- et ho enyl tone and 1,2 of nhas rvl _chl ori I RA5 f
annyar o COPRERY IR0, 28 Bt Pl Sl PoRme PR tratidh B e NPl b s
cool ed tBmPoinddHaybe SdripresBd Hito GofRd d8sagh nbitath 8€pills, #Blefl oP be PRoVLSHEAUS
et her was added dropwi se. The reaction mxture was allowed to warmto room
t enper atinip eapswlessari suppdsitaries. By meampef pharmacdugicallynsuithbla rliquitlh éhe compeuridsr ed
m xt ure was c%ole .ta Q C and(gl.S r}L of titaniumitetrachloride was.added

dr opwi s&20 35 br anplied Jn the Soreqf & golution,, suspensioys POpSIOny ¢-8 FiF use &S AR fpieetion
cool ed, pRdafkioRf or as\WapPs! £8R3 usi A FHESH PS8/ 8 water added, the m xture

filtered and the sedi nent Was washed with éthyl acetate. The filtrate was
made bad$ior making gogdgeanitg s tabiets, the bsgdrforiational additivescuelt asifiliehs, @oloydnts,

acetate. The .orgapic extracts.were shed_with hrine, dried _over magnesi um
Sul tat o PANEPEESHUBIRES 380 che ke iy Cortemlatils I grRerlop pharmpseutically, eceR'alF aphy
(di chl Ogeﬁiﬁ%é‘%ﬂﬁh'doéﬁ&%&%ré with the %cﬁbn?bﬁh@gc@ve%n%o%ﬁ telusé
conpound. 1H NWR 400MHz (CDCI'3) 8: 2.45 (3H, s), 3.91 (3H, s), 5.0 (2H, br.
s), 6. 8Buitdhit cajrierswith whidh tie chmpoStiads cah B2 aditihistdrtd ihclnd8Hiactased sthrch,
9Hz), 7.65 (1H, d,.J = 9Hz). 2b. ,1- Am po-6: hydr.ox~- 3- net hyl -i soqui nol i ne
Bor on tPFlgﬂQfﬁileEVf(tﬂ’eﬁE‘}dgﬁhﬁ)h%e’rﬂf TRJKEuERs ‘?%‘?%Hégﬁﬁﬁ‘é‘m dropwi se to a
stirred solution of 1-am no-6-nethoxy-3-nmethylisoquinoline (2 g) in 10 nL
of dichloromethane at 0OC. After stirring for 16 hours at anbient

t enper atlhe elinivatior half-lifenand pereentagaddoapailabilitly ofi thecommpolnadsootha iventiyre may
renoved and. the pH of the aq |.ayer adjusted to pH 9 by addi ng

concent @ B’%ﬁ@ﬁ@lécmFoat%g%"ﬁP tSpne9eed material was col | ected by
filtrat ??’i@ r%(ﬁ}ﬂn% {Iuﬁn? Sﬂa('li‘ Bgr?re&#ﬁ%et lﬁo%{a}ﬂgor#tg%f Qirgét thideatid HhfiGA MR Bealle VB!
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1- am no-ddgsriai by ‘nicaswred be|determinhtion b theAntiilkd wetivitgfin pladmg afler intravenous or

“1 -am no- 6- hydr.oxy- 3- net hyl -i soqui noline and 4.3 g of
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19.5 L. ok .di . j i 1
N, o i SAn BERERR ek 0eld il SRl i plim M rotemse i,
for 24 afet intfCencdk be boraMatisbhistiadion of tieiskiie protfeasd BABIEH blobdviesolectelfiom
remai ni ng resjdue was dissolved in ethyl acetate, washed wth successive

por t i onéheofugnlyr aginestu difsemt dimepeintsduing thatday. Ader iventaidugation of) el Bleedi um
| f at il ' : £ f f d Lour.| il '
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purified by silica chromatography (toluene/ethanol = 95/5) yielding an
additional 0.6 g of the title conpound. Total yield 1.9 g. ESI-Ms: 307
{M+. 2d. 1-Am no-6-cyano-3-nethylisoq_uinoline Palladiumacetate (0.28 g}
was added to a heated m xt urfJBSTITUTE BHEES(RELR2AkLsul f oni ¢ aci d

lam no- 3- net hyl i soqui nol i n-6-yl ester (1.9 g), zinc cyanide (0.74 g) and
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2e. 1- Am no-6- (am nonet hxl ) - 3-net hyl i sodui noline To a stirred sol ution of
1- am no- 6-cyano- 3-net hyl i soquinoline (0.68 g) in 15 nL of tetral rydrofiuan
at room twgpvoas42se under a nitrogen atnosphere was added EHERDL/OTH87 2M
bor ane- net hyl sul fi de conplex in tetrahydrofuran and thereafter heated at 60
G for 50 mnutes. The reaction m xture &as cooled in an ice bath and 7.5 nL
of nethanol was added slowy. After 15 mnutes 18. 8 nL of 1 M hydrogen
chloride in ether was added. The reaction mxture was allowed to warmto
roomtenperature and stirred for an additional 16 hours. The solid was
i sol at ecthtamaegehioradsdy. Bingp odlibtatmmi quovecef] thaitestedbedrppuig-itselfhThe ebtginied dhtane
hydr ogenchl or.i d The filtrat e Wa.s purified psing col um chronat
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+hyl ] - Lurusing rlzsnndéel oy eklaifyerectolr mtde;iem{eht m:@thé obveeytrationChad fhearda(1Biler) thie quiNE| )

To a stir ture 0.17 g of . ) ) ..

1- ani no- (éh(%gmsné 4 vaththe frapegi Aif-i AsSuR/eg o‘g\sﬂrc instiesy ethe gpeseeniagss

N-cyclo gmﬂe i rﬁamng%

N, N-di i Isi) g&ﬁ(ré%aﬁhﬁ]% ({ggz%]a%i ll)}gdlgldm F o I rre?ﬁ}k/tc?g mam etrg!tm?ﬂ the mean

t enper atestpestetbtoragiied AUC afier houdminisekioh 0dthaddode. (X300%apf

bronotri pyrrol i donophosphoni um hexaf | uor ophosphate (PyBroP) in 1.3 nlL of

N, N-di met hyl f ormam de. After stirring fox 24 hours at roomtenperature the

reaction m xture was concentrated in vacuo. The residue was dissolved in

ethyl acetate and washed with aqueous sodi um hydrogencarbonate and bri ne,

dried oviti iea06S sl ilitatedty thoRtowigadxagipledne residue was purified by

silica chromatography (dichloronethane/ net hanol 9/ 1) and |yophilisation

fromt but anol / hydrochloric acid yielded 0.13 g of the title conpound.
H-NI\/R %&% CD} 8: 0.85 - 2.40 (27H, m, 2.50 (0.3H, s), 2.51 (2.7H,

s), (1H, m, 3.54 - 3.68 (1H, m, 3.81 - 3.88 (1H, n}, 4.30

(1H, t, WO 02100- ~~23 PCT/ EPOL/ 07887 io 7Hz), 4.46 - 4.74 (3H, m, 7.02
1 H, s), 764( 1H dd, J =2Hz and J = 9Hz), 7.80 ( I H, d, J = 2Hz),

8. 32 (1F[hed,H Nl\szg:m@sur@mthere:speﬁormed on a BRUKER DRX 400 spectrophotometer

N-cycl ohexyl - D- Chepnyl al an -a noI | - -prollnam
i de” hy drOBGEHBR PER| ‘t%e{l, c?tg%@x%%é SpRciE @léfgrgg‘iﬁ 15F%%0. 85
g of N-[Apr.ig5di et hyl et hoxy) car bonyl | - D- phenyl al anyl L-proline

phenyl i net hyl ester (Boc-D Phe-Pro-0Bzl) gave 0.82 g of

N cycl ohexyl - D- phenyl al anyl - Lprol i ne (N-cycl ohexyl - D- Phe- Pro- OH) using the
pr ocedur.es d%sgiri bed in exanple 1 for Ncycl ohexyl - D- Cha- Pr o- CH.

N-cycl or@WIPBPhe- Pro-OH (0.82 g) was dissolved in 10 niL of

N "ﬁigyéu&% 31 E10ABE1h- RN (1 amAfb A0isbg AR BATEL ANy | 100 kb el ide 2nd

[aZapenzotrrazor - -y J-N, N N, N—-1

hexafl udwdpd;gmphbmle((NA{ﬂgldhemFB-%Bcb-ﬁAg tHENPH was adj usted to 8 using
N, N- di | et hyl Dl P t f 6
terper atke PHERE oA B o P n e byigorica e D AR LRl as
di ssol Vgﬁ’m gm-staf Ab&H- éﬁé’ﬂ%b@i& %”9 SWaENEH diot dd‘rS WinhRe WaG €15 aRE of

ri ov r at

brine, eS| um su concentrate e resi due was
purifi eduﬂ\yorehdeiuc acﬂht covah Cgipepdtyre(foi v howesrdictreattioh mivtuhawas cdncemttaedinng
2% amoni a) = and |yophilisation fromtbutanol/h drochLorl c agjd

y| el ded \@cq@tcgmkd 9% g pf e ol o s pilgwas dissglyedain 13

(15 Tyt 196 347 Ghittoghl and Bs i OF é%““ﬁe’fmz?&e?’%ﬂ%r%“?’ 13 i il ),

J = 7HZ)tna<%t(7>é'b6rl)Hyd1€Hi: wdre=addkll. Afier &irfing B Yoond t&Bpdrathrdifordl6 Hours 3HaL, of8. 3

‘5 ( 1H d = 9Hz anpl e 4.

N-cycl opéai@rywasaé ishéb@yreagm mixturenand extractedowish; diehleromsthans: The organic. |- p
rol i nam dx?ra%}y\% Qlepﬁ)'a%?esﬂlhk {eoagﬁ%}{éengh%ﬁqii Féi\% (%36 g of ak ol lT]':@j §fkal Ne

pr ocedures eSCI’I St artin

Boc- D- Chyad, Rﬁ@ﬂ&Bﬁktﬂdﬁé mmemaﬁbpap%t/amgm@ Rflstoe@dmis &ywhphgmﬁmlnﬁ et ¢ff ude
N-cycl opentyl D-Cha-Pro-6Ai g which was purified using colum chronat ogr aphy

(silica effal aceiptenthe pbhef thaselutionnan adigsted ta five us;ng p@nmc@md, pd0x of pajladium

Lyophlllsat t - bu drochl ori ¢ itle
corrpoun aﬁﬁ‘f{fl\goo 06,7 ‘f‘%@@ﬁ%@%ﬂsﬁe‘%n w?%ik?%‘? gﬁf a%?]sg]?qml% %QBF %t
n’),359 3.6S (1H, m, 3.80 - 3.86 (1H m, 4.20(IH , J = THz), 451-
4.73 (3H, m, 7.25 (IH d, J = WD 02/00e23 PCT/ EP01107887 11 7Hz), 7.S7
(1H, d, J = 7THz), 7.73 (1H, dd, J = 2Hz and J = 9Hz), 7.90 (1H, d, J =
2Hz), 8.38 ( 1 H d, J = 9Hz). Exanple 5.
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Anti-thronbin assay The anti-thronbin activity of conpounds of the present
i nvention was assessed by neasuring spectrophotonetrically the rate of
hydr ol ysi wood2/dolr23chr onogeni ¢ substrate s-2238 exterted byrdmErrbiss? Thi s
assay for anti-thronbin activity in a buffer systemwas used to assess the
| CSOval ue of a test conpound. Test nedi @m Tromet ham ne- NaCl - pol yet hyl ene
gl ycol 6000 (TNP) buffer Reference conpound: 12581 (Kabi) Vehicle: TNP
buffer. Solubilisation can be assisted w th di methyl sul phoxi de, net hanol,
et hanol, acetonitrile or tert.-butyl alcohol which are w thout adverse

ef f ect s Hopmctemaperaturgt foo rome Uur.oThe Polladinm reatalyish avas rremoved by rfilirationeand the

Lo g St TSI LS LY [P B0 g
Vater t ﬁalﬂ)t]iie tgf&@grel‘ilWagfev%ﬂb?a@@|\f|rlﬁér01%d}1&d- pragiubts ?i%ﬂ 0.56% 8t N3(?ycgh\ék)‘llbﬂd

(120 mohl ) ]; 2. P buf fer (Polyethylene glycol 6000 is dissol'ved in T
-buf f er tGChagProeOH. dhiscaent (B33 ghwa$ dBsavedlin' 10) mL3f MN2ditneghydfotmdmide ahDOel i al

S-223 8 (25 . Kahi D fi . Swe i i | di TN. b
to give 1(ag o6 m&-&'ﬁn@}ﬁgl%?t@k'ﬁ%ﬁ@mﬂ &58%95%M>fa?a8>q“$ gzt'?&rﬁﬁls tr%g -{*.ef)n

Human t ' aPSsR & ath gﬁ@ﬁ@? aal
[Lagor at o}? {-g’gity\?%(t)éru]ag?eg@gt rans ue;l*aél uofgr?sx\ﬁtaé) am ﬁrg@%{oﬁg} lééﬁé@?)?itliezrg |g§tso ved
in TNP hufkfwre was gljwsted ts Boading D, Ntdilsspropyl&Bflamitet (DIPEA). After diiaing! for [34f or e

use this solution is diluted with TNP buffer to give concentration of

3. 34 nKahoussrat pom temperatyre gp addiional Ojsg d Ble vas @réitbareagv%mmwas
agueous syt %8&%@&%&8 f@@&? Ea?cﬁim)ﬁall'l}l%o%’%lf}{e@aﬁgls S flotion” RANALLAN of
test_ and_ reference conpound_ solutions e test and reference conpounds
are di ssenv@firatdll M vacuo XN tedidut wagi dissobied Gk 500fL sftdichibronRtiahe 3Ad 'washdd - ' .
Each concentration is stepw se diluted with the vehicle to give

concent rai¢eonithf aqueoys s@liumndydogencaghonnte; driepheovgr | gragaesiim | pfatadi #g t he

stock sol ution used in the assay (final.,.concentrations in the ion
it ur o bt T Efle s dioifed Rty R g SR AR plefalf HPREY ¢
ol ~f', DEmPak RPLE|Ynsing Sasient dutidh S8 Jfe0s 81 80 % B.t6 29 %A ABGI%HBIZD i
test conmpound or reference conpound solutions or vehicle are alternately

pi pet t ed%i Gipyer ¢lemirest & flow raterafcdOony/misr (4310231 phosphateckrdles pHL2.1.oBs wates C:
diluted with.Q.,11 S 016 T ffer, respectively. An aliquot
of 0.03 Effewt’éy walgt Qrgé%ﬁ'Z‘g?’g%wfds 5&51&%%8@%%%7‘%“& and the plate is

pre- heat'egdhpe 49 1]911{'2'1 BDHS: 0isu SNATAY ) 2.61 - BIOGYRAL 8, SATEEERIMY, Ay 10
mn. at 37 C Fo? ow %ﬂgpr -1 ncubat | gﬁwﬁe)’hydrol ys:{s 0@8-2238 ig sfg]?t ed
by addi t3.8h- Gf880( 101 @n)yrkt. 300 Blyiv) h=<sKEH2A)t 4.9 - 1407 2EH) mpp17.26 (kL dplat éHzy 7.57

i ncubated (with shaking for 30 s) at 37 C_Startin frer 1. m

i ncubat i(dﬁl,(a dihg 7 07-33&% 4, Je=aéﬁz §%E§ﬁr—‘e9%ﬁ§’ ﬁ@g (Fﬂa is}ﬁ@yghgeﬁg éiﬁerdyjf

m n. forgﬁzperiod of 90 mn, using a kinetic mcrotiter plate reader

(Twi nrea e?' plus, Flow Laboratories). Al data are collected in an | BM
personal conputer using LOTUS- MEASURE. For each conpound concentration
(expressed in nmoll' reaction mxture) and for the blank the absorbance is
plotted E’é‘*\‘%ﬂkzthe reaction tine in mn. Evaluation of responses: For each
final  cogeonhhatialeyelifheRPuih BHRyERE A1 RANGS-MaR ufdlccib@lifdib ViR E-12S Sy

pl ot . ThetCSOvatue 3 0 OTT, EXPressed pIToT~1 -, Tausi ng
50% i nhi priotingmidd hydregemchioride @be BDeChi-Peoisl(3VIk)AigddEChal cul at ed usi ng
the logit transformation anal ysis according to Hafner et al. (Arzneim
Forsch./Drug Res. 1977; 27{Jl): 1871-3).

2a. 1-Amino-6-methoxy-3-methyl-isoquinoline
A solution of 2.12 g of 3-methoxyphenylacetone and 1.26 ml. of phosphoryl chloride in 45 mL

of anhydrous toluene was heated under reflux. After 30 minutes the mixture was cooled to 0 °C
and a solution of 0.57 g of cyanamide in 23 mL of anhydrous ether was added dropwise. The
reaction mixture was allowed to warm to room temperature and stirred at this temperature for
one hour. Then the stirred mixture was cooled to 0 °C and 1.5 mL of titanium tetrachloride was
added dropwise. The reaction mixture was heated under reflux for 2.5 hours, cooled, 34 mL of



WO 02/ QU. 1~23 13 Antithronmbin activity: PCT/EPQO /07887 Exanpl el Cso

(ol ~T" ) 10. 0320. 1430. 1340.1250.29 WD 112/00.1.123 14 CLAIMS 1. A conpound
havi ng t hewadaread2a (1) R Rz-NH-CH CO- N-CH CO NH-CH2 / \ RaPQT/EPa1N78d72 (1)
wherein R, is cyclopentyl, cyclohexyl or a branched (3-4Calkyl; R2 is

cycl ohexyl or phenyl; R3 is Hor nethyl8 and A is an unsubstituted
saturated 4, S or 6-nenbered ring; or a pharmaceutically acceptable salt
thereof. 2. The conpound of claim1l, wherein Ais a five-nenbered ring. 3.
The conpound of claim1, wherein Rz is cyclohexyl 4. The conpound of claim

1, wher avaterrglded, the mixturehBltesedhprslithg sedimentavas washedewigh athl adetate yidieofilteatg! .
PCTIEPOM QB0 Busic s PR ol et S bitefed S Ghi1 M. 5 'S
organic extracts were washed with brine, dried over magnesium sulfate and concentrated. The
residue was purified by silica chromatography (dichloromethane / methanol = 95 / 5) yielding
0.42 g of the title compound. "H-NMR 400MHz (CDCL) &: 2.45 (3H, s), 3.91 (3H, s), 5.0
(2H, br. s), 6.81 (1H, s), 6.90 (1H, d, J=3Hz), 7.02 (1H, dd, J = 3Hz and J = 9Hz), 7.65 (1H,

d, J=9Hz).

2b. 1-Amino-6-hydroxy-3-methyl-isoquinoline

Boron tribromide (4 mL) in 6 mL of dichloromethane was added dropwise to a stirred solution

of 1-amino-6-methoxy-3-methylisoquinoline (2 g) in 10 mL of dichloromethane at 0°C. After
stirring for 16 hours at ambient temperature the reaction mixture was poured on ice, the organic
layer removed and the pH of the aqueous layer adjusted to pH 9 by adding concentrated
aqueous ammonia. The precipitated material was collected by filtration and dried in vacuo to

give 1.6 g of the title compound. ESI-MS: 175 (MH").

2¢. Trifluoro-methanesuifonic acid 1-amino-3-methylisoquinolin-6-yl ester

A mixture of 1.4 g of 1-amino-6-hydroxy-3-methyl-isoquinoline and 4.3 g of N-phenyl-
bis(trifluoromethanesulfonimid) in 19.5 mL of dichloromethane and 19.5 mL of dioxane was
cooled in an ice bath and 2.8 mL of N,N-diisopropylethylamine added dropwise. The resulting
mixture was heated for 24 h at 70°C, after which the volatiles were removed in vacuo. The
remaining residue was dissolved in ethyl acetate, washed with successive portions of 2N
aqueous sodium hydroxide, water and brine and dried (sodium sulfate). Filtration and
concentration afforded a colourless oil, which was triturated in toluene to give 1.3 g of a solid.
The toluene solution was purified by silica chromatography (toluene/ethanol = 95/5) yielding an
additional 0.6 g of the title compound. Total yield 1.9 g. ESI-MS: 307 (MH").

2d. 1-Amino-6-cyano-3-methylisoquinoline

Palladium acetate (0.28 g) was added to a heated mixture of trifluoro-methanesulfonic acid 1-
amino-3-methylisoquinolin-6-yl ester (1.9 g), zinc cyanide (0.74 g) and triphenylphosphine
(0.33 g) in 24 mL of N-methyl-pyrrolidone at 190°C (exothermic!). Stirring was continued at



menbered ring. 7. A pharmaceutical conposition conprising the conmpound of
any one of clains 1 to 6 and pharnmaceutically suitable auxiliaries. 8. The
conmpound WO eamp4de of clains 1 to 6 for use in therapy. POERA/N0BI23 15
PCT/ EPOL/ (17887 9. Use of the conpound of any one of clains 1 to 6 for the
manuf acture of a medi canent for treatin@ or preventing thronbin-rel ated
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& ()-! C&kfﬂ%\&@ﬁ 18 Whittérdom temperature and stirred for an additional 16 hours. The solid was
isolated to afford 0.34 g of 1-amino-6-(aminomethyl)-3-methylisoquinoline hydrogenchloride.
The filtrate was purified using column chromatography (silica gel; methanol / ammonia = 98/2)
to yield an additional 0.15 g of 1-amino-6-(aminomethyl)-3-methylisoquinoline. ESI-MS: 188

MH).

2f. N-cyclohexyl-3-cyclohexyl-D-alanyl-N-[(1-amino-3-methyl-6-isoquinolinymethyl}- -
prolinamide hydrogenchloride (N-cyclohexyl-D-Cha-Pro-6(3Me)Aiq. HCI)

To a stired mixture of 0.17 g of 1-amino-6-(aminomethyl)-3-methylisoquinoline
hydrogenchloride, 0.30 g of N-cyclohexyl-D-Cha-Pro-OH, 0.5 mL of acetonitrile and 0.37 mL
of N,N-diisopropylethylamine in 3 mL of N,N-dimethylformamide at room temperature was

added in one hour a solution of 0.35 g of bromotripyrrolidonophosphonium
hexafluorophosphate (PyBroP) in 1.3 mL of N,N-dimethylformamide. After stirring for 24
hours at room temperature the reaction mixture was concentrated in vacuo. The residue was
dissolved in ethyl acetate and washed with aqueous sodium hydrogencarbonate and brine, dried
over magnesium sulfate and concentrated. The residue was purified by silica chromatography
(dichloromethane/methanol = 9/1) and lyophilisation from t-butanol/hydrochloric acid yielded
0.13 g of the title compound. 'H-NMR 400MHz (CD50D) &: 0.85 - 2.40 (27H, m), 2.50 (0.3H,
s), 2.51 (2.7H, s), 2.92 - 3.00 (1H, m), 3.54 - 3.68 (1H, m), 3.81 - 3.88 (1H, m), 4.30 (1H, t,J
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Example 3.
N-cyclohexyl-D-
hydrogenchloride (N-cyclohexyl-D-Phe-Pro-6Aiq . HCI

Startmg with 085 g of N-[(1,1-dimethylethoxy)carbonyl]-D-phenylalanyl-L-proline
phenylmethyl ester (Boc-D-Phe-Pro-OBzl) gave 0.82 g of N-cyclohexyl-D-phenylalanyl-1.-

1-amino-6-isoquinolinyl)methyl

proline (N-cyclohexyl-D-Phe-Pro-OH) using the procedures described in example 1 for N-
cyclohexyl-D-Cha-Pro-OH. N-cyclohexyl-D-Phe-Pro-OH (0.82 g) was dissolved in 10 mL of
N,N-dimethylformamide and 0.33 mg of 1-amino-6-aminomethylisoquinoline and 1.1 g of O-(7-
azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU) were
added and the pH was adjusted to 8 using N,N-diisopropylethylamine (DIPEA). Afier stirring
for 16 hours at room temperature the reaction mixture was concentrated in vacuo. The residue
was dissolved in 50 mL of dichloromethane and washed twice with water and brine, dried over
magnesium sulfate and concentrated. The residue was purified by silica chromatography
(dichloromethane / methanol (containing 2% ammonia) = 9 / 1) and lyophilisation from t-
butanol/hydrochloric acid yielded 0.19 g of the title compound. '"H-NMR 400MHz (CD;0D) &:
0.87 - 2.13 (14H, m), 2.38 - 2.45 (1H, m), 2.94 -3.03 (1H, m), 3.06 - 3.13 (1H, m), 3.25 - 3.38
(2H, m), 4.33 - 4.73 (4H, m), 7.25 - 7.40 (6H, m), 7.58 (1H, d, J = THz), 7.71 (1H, dd, J =
2Hz and J = 9Hz), 7.92 (1H, d, J = 2Hz), 8.35 (1H, d, ] = 9Hz).

Example 4.
N-cyclopentyl-3-cyclohexyl-D-alanyl-N-[(1-amino-6-isoquinolinyl)methyl]-L-prolinamide

hydrogenchloride (N-cyclopentyl-D-Cha-Pro-6Aiq . HCI)
Using the procedures described in example 1 starting with 0.30 g of Boc-D-Cha-Pro-OBzl

using cyclopentanone instead of cyclohexanone gave crude N-cyclopentyl-D-Cha-Pro-6Aiq
which was purified using column chromatography (silica gel; dichloromethane / methanol = 10 /
1 gradient to 5 / 1). Lyophilisation from t-butanol/hydrochloric acid yielded 0.16 g of the title
compound. "H-NMR 400MHz (CD;O0D) &: 0.85 - 2.41 (25H, m), 3.43 - 3.52 (1H, m), 3.59 -
3.65 (1H, m), 3.80 - 3.86 (1H, m), 4.20 (1H, t, J=7Hz), 4.51 - 4.73 3H, m), 7.25 (1H, d, J =



10 10 10L 1#109%& ()- L#109& ()-#.& ()*r*aBbC&I$10%

THI09&' ()-!15Z(10900& ()--#10%&' ()--#109%&' ()- #1098 ()-#10%&' ()-r** &+ A+B+C+D
+_+a+b C&OWIH0@R%&R () - L& 109 ()- 10 10 PCT/EP01/07887

10f L?MLOY&' () -: #109%&' () - 99#10%& ()-a++, s, , *- - aBbC&I$10%

f #1098 ()-#109%&' ()-!Y(10%+& ()- #109%&' K3 -

#109&R' () -#109%& ()---..1...dEbC8&9$10% 3" 10%&' ()-S #10%&' ()- &H#10%& () -

s109& ()-10%&' ()-s10%& ()-.c/y111222aBbC&9%$10% & 9#10%&' () - &7#10%&' () -
l'Y6(10% } & () - &YA#109&' () - ¥$109&' () -, ¥B109%& () -, 21 3J3K3L3i 3k378b@&9$10% $9#
109&' () - 7981054 (1M; d, T 0%&),(3. 73 (VH.08.T ) 2HA4 endl D=10%z), 7.90 (1H, d, J = 2Hz), 8.38
#109%&' ()-&gglgf:_g <<<dE:/ 10 1091#10%&' ()-91#10%& ()-9-z109%& ()- 9,

100 (YAHBSITRIDY) “ox100& ()- <<<<> PAVAXY: /

10##10%&' () - | #1096&' () - | #10%&' () - #1096&' () -, 109%& ()-9'! 109%6& () -
10VAVDDEEEEEEDC 10, " 109%&' ()-9'!10%&' ()- 105 105 1056#109%& ()-6#10%

L& () - ##1D%aniple 5. ECGt G) @O

1-amino-

6-isoquinolinyl)methyl]-L-
prolinamide hydrogenchloride (N-(1-metylethyl)-D-Cha-Pro-6Aiq . HCI)

Using the procedures described in example 1 starting with 0.92 g of Boc-D-Cha-Pro-OBzl
using acetone instead of cyclohexanone gave 0.04 g of N-(1-metylethyl)-D-Cha-Pro-6Aiq .HCI.
'H-NMR 400MHz (CD;0D) 3: 0.85 - 2.41 (23H, m), 3.27 - 3.35 (1H, m), 3.59 - 3.65 (1H, m),
3.82 - 3.89 (1H, m), 4.27 (1H, t, J = 7THz), 4.51 - 4.74 (3H, m), 7.26 (1H, d, J = 7THz), 7.57
(1H, d, J=T7Hz), 7.72 (1H, dd, J = 2Hz and J = 9Hz), 7.91 (1H, 4, J = 2Hz), 8.38 (1H, d, J =
9Hz).

Anti-thrombin assay

The anti-thrombin activity of compounds of the present invention was assessed by measuring
spectrophotometrically the rate of hydrolysis of the chromogenic substrate s-2238 exterted by
thrombin. This assay for anti-thrombin activity in a buffer system was used to assess the ICso-

value of a test compound.

Test medium: Tromethamine-NaCl-polyethylene glycol 6000 (TNP) buffer

Reference compound: 12581 (Kabi)

Vehicle: TNP buffer. Solubilisation can be assisted with dimethylsulphoxide, methanol, ethanol,
acetonitrile or tert.-butyl alcohol which are without adverse effects in concentrations up to

2.5% 1n the final reaction mixture.
Technique

(Tris) 6.057 g (50 mmol), NaCl 5.844 g (100 mmol), Water to 1 1. The pH of the solution is
adjusted to 7.4 at 37 °C with HCI (10 mmol-1")]; 2. TNP buffer (Polyethylene glycol 6000 is
dissolved in TN buffer to give a concentration of 3 g-I"' ); 3. S-2238 solution [One vial S-2238
(25 mg; Kabi Diagnostica, Sweden) is dissolved in 20 ml TN buffer to give a concentration of
1.25 mg'mI" (2 mmolT")}; 4. Thrombin solution [Human thrombin (16 000 nKat-vial’;
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Centraal Laboratorium voor Bloedtransfusie, Amsterdam, The Netherlands) is dissolved in TNP
buffer to give a stock solution of 835 nKat-ml"'. Immediately before use this solution is diluted
with TNP buffer to give a concentration of 3.34 nKat-mlI.]

* - Allingredients used are of analytical grade

- For aqueous solutions ultrapure water (Milli-Q quality) is used.

The test and reference compounds are dissolved in Milli-Q water to give stock concentrations
of 10% mol1'. Each concentration is stepwise diluted with the vehicle to give concentrations of
107, 10™* and 10”° mol'I". The dilutions, including the stock solution, are used in the assay (final
concentrations in the reaction mixture: 3-107%; 107; 3-10%; 10*; 3-10%; 10%; 3-10° and 10
mol-T", respectively).

Procedure

At room temperature 0.075 ml and 0.025 ml test compound or reference compound solutions
or vehicle are alternately pipetted into the wells of a microtiter plate and these solutions are
diluted with 0.115 ml and 0.0165 ml TNP buffer, respectively. An aliquot of 0.030 ml S-2238
solution is added to each well and the plate is pre-heated and pre-incubated with shaking in an
incubator (Amersham) for 10 min. at 37 °C. Following pre-incubation the hydrolysis of S-2238
is started by addition of 0.030 ml thrombin solution to each well. The plate is incubated (with
shaking for 30 s) at 37 °C. Starting after 1 min of incubation, the absorbance of each sample at
405 nm is measured every 2 min. for a period of 90 min. using a kinetic microtiter plate reader
(Twinreader plus, Flow Laboratories).

All data are collected in an IBM personal computer using LOTUS-MEASURE. For each
compound concentration (expressed in mol'l’ reaction mixture) and for the blank the

absorbance is plotted versus the reaction time in min.

Evaluation of responses: For each final concentration the maximum absorbance was
calculated from the assay plot. The ICso-value (final concentration, expressed in pmoll”,
causing 50% inhibition of the maximum absorbance of the blank) was calculated using the logit
transformation analysis according to Hafner et al. (Arzneim.-Forsch./Drug Res. 1977; 27(1I):
1871-3).
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Antithrombin activity:

Example ICso (molI™)
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CLAIMS

1. A compound having the formula (I)

R
RN Ry
R1-NH-CH-CO-N———CH-CO-NH-CH2 AN
N
NH
2 M
wherein

R, is cyclopentyl, cyclohexyl or a branched (3-4C)alkyl;

R; is cyclohexyl or phenyl;

Rj3 is H or methyl; and

A is an unsubstituted saturated 4, 5 or 6-membered ring;

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein A is a five-membered ring.
3. The compound of claim 1, wherein R; is cyclohexyl

4. The compound of claim 1, wherein R is H.

5. The compound of claim 1, wherein R; is cyclohexyl.

6. The compound of claim 5, wherein R, is cyclohexyl, R; is cyclohexyl, R; is H and A is a five-

membered ring.

7.A pharmaceutical composition comprising the compound of any one of claims 1 to 6 and
pharmaceutically suitable auxiliaries.

8.The compound of any one of claims 1 to 6 for use in therapy.
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