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AM NO SOQUI NCOLI NE GROUP The invention relates to a thronbin inhibitor
conpri si mMyoan/oedznoi soqui nol i ne group, a pharnmaceuti cal eEoTEPS1/0iS8N
containing the same, as well as the use of said inhibitor for the
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diseases. In literature a | arge nunber of peptide-like thronbin inhibitors
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whi ch show i nproved transepithelial transport properties. Wthin this
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i dentified having further inproved pharnmacol ogical, properties. It has now
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a pharmaceutically acceptable salt thereof, are potent thronbin inhibitors
havi ng theshpfake iof dhe lcpmpaerdsaethepintesiineshahen delivsredymigt theforphgoute. In WO

98/47876 a class of thrombin inhibitors is disclosed having an aminoisoquinoline moiety as basic

group, which show improved transepithelial transport properties. Within this latter class of
compounds a new selection of compounds has now been identified having further improved

pharmacological properties.

It has now been found that compounds of the formula (I)
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wherein

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

R, is cyclohexyl or phenyl;

R; is H or methyl; and

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

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.



clinical situations in which anti thronbotic drugs are needed require in
general a prolonged half- life (see Sixma, J.J. et al., Thronb. Res. 67;
305-311 (wop2/08Q7), 1992). The compounds of this inventi ®CTIHPOFOBBE an

i nportant inprovenent in the art. WO 02/004423 PCT/ EPO1/ 07887 2 The
conmpounds of the present invention are dseful for treating and preventing

t hronbi n- nedi ated and thronbi n associ ated di seases. This includes a nunber
of thronmbotic and prothronbotic states in which the coagul ati on cascade is
activated which include, but are not limted to, deep vein thronbosis,

pul nonariie cepwiousdy of e RErspi| Bpention, argrysefil fpr dreating poh prevesing hrermbisi s
or enbol | rterhal r.eqgcclusion.during,or.after angiopla or. ..

t hr onbo Hf?l{%e,da a%lgs eon%lénll'(sgsﬁoﬁ eéivm!ahsaas Pt g |Safncﬁuﬁlje% ray m%lg%\f’?s ﬁg%mbouc and

car di ol efith@dmbptio Grmks! 18 Svhiglo SeiRRE@EHME cACATRUS activiit@IMRBih Snddee BROhieSHBt
acute or chronic atherosclerosis, stroke, nyocardial infarction, cancer

and net 4mitadite, degid vein thrsaghpeise prlnioparyd pmbelssas . thimebapblepition dderil achlusion

it out t FomirorBha dromitisty, BB L RRUEn tPs oF 48 ERTTIRRE bronRdsi
i nvent i egktdiBYis FIAWIRE att&Rsl iAary Or Mivhdiv SdilliofRRal bﬁﬁ%&urefr@fsﬁygéx_%ﬂvé RégyERI N

inhibitors according to the invention are conpounds wherein Ais a five-
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those, wherein R3 is H. re preferred e conpounds wherein Rl is

cyor ohe 9T MERIES Road BE P BN BB TP BPYGIS 23 b B o aso be

i nventi gied £ anllSoZARRAYURN Sxitftefiréhl Bbol Tireyifd, A9Ee¥sary3] diatysfnl ., R3
is Hand Ais a fefgee-nenberedﬁsr%;rng. 'IQhe telrm brancshed (Sa?y4SC) al kell%&r?eans a
br anc he d’ha kémboygrds wf tHeduvantjos nay alko banbahasan oy aicgagulargopr opyl . The

I nvention further includes a process for the preparation of the thronbin
inhibitors, including coupling of suitably protected am no acids and

am noi et A0] {HEm B! ihBdN GReoriBb! BWRE iR¥niGLHR Uckbdles BRARACAI NG HoUPS.
The conpounds according to the tormula (1) nay be prepared In a manner
convent nenberedaing. BreférablpRoisrgelohellyk Otheryprbferpd epmpeundsarathpe twiteein R;

coupling of conpounds of formula (LI). ] )
i1s H. More preferred are compounds wherein R; is cyclohexyl. The most preferred thrombin

inhibitor according to the invention is the compound wherein R, is cyclohexyl, R; is cyclohexyl,

Rsis H and A is a five-membered ring.

The term branched (3-4C)alkyl means a branched alkyl group having 3 or 4 carbon atoms, e.g.
isopropyl.

The mvention 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 formmula (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;, R,, 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



Wi th conpounds of formula (lI11) using as a coupling reagent for exanple

N, N- di cycl ohexyl carbodii mde (DCCl) and 1-hydroxybenzotriazole (HOBT) or

2- (1H bernwotozioamed - 1-yl)-1,1, 3, 3-tetramet hyl uroni um t et r CIrEPOOOBE AL €
(TBTU), wherein R1, R2, R3 and A have the previously defined neanings. The
N-term nus of conpounds of formula (l11)3may optionally carry a protective
group such as the t-butyl oxycarbonyl group (Boc). The aryl am ne group of
WO 02/ 004423 PCT/ EP01/ 07887 3 conpounds of formula (111) may optionally
carry a protective group such as benzoyl which can be renoved after the
coupl i ngompeaerdsei formula 51191 Ry opionallst @@FHY @PriteCHNO@OHP Kuch as) behkyl (HHich can
Compounds _of f ar nul I 1),.can be prepared from conpounds of formula (1V),
wher ei n%56?m?%e%£%5§1p%8y§l%rgacgp& ecting group like the benzyl ester, by
treatment of conpounds of fornmula (1V) wth a appropriate ketone |ike

cycl ohexanone or acetone and a reductive agent |ike sodium

tri acet oxyborolijydri de under acidic conditions and t er Rgnoval of the

carboxylate protacting group. R H2N- CH CBILN"- C aﬁ‘-g The conpound
of formula (MEB A _%2,&-5_@? i no- 6-(ar$i norre gyj noline) is
described in Fb 4 ) Tﬁ r@ghnd of fornula [

el ei n R3=Me
(1-am no-6- (am nonethyl)-3-nethylisoquinoline) can be p

epared from

1- ami no- 6- met hoxy-3- net hyl i soqui ()i ne using the procediMes degey i bed in
WD 98/ 47876 for the transformation of 1- am no-6-mnmethoxyi soquinoline into
1- am no- 7- (am nonet hyl )i soqui nol i ne. 1- Anmo- 6- net hoxy- 3-net hyl i soqui nol i ne
can be prepared from 3-net hoxyphenyl acet one using the nethod _described by
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with a appropriate ketone like cyclohexanone or acetone and a reductive agent like sodium
triacetoxyborohydride under acidic conditions and thereafter removal of the carboxylate

protecting group.

R

n

H,N-CH-CO-N—CH-COOPg1  (IV)

The compound of formula (III) wherein Rs=H (1-amino-6-(aminomethyl)isoquinoline) is
described in WO 98/47876. The compound of formula (III) wherein R;=Me (1-amino-6-
(aminomethyl)-3-methylisoquinoline) can be prepared from 1-amino-6-methoxy-3-
methylisoquinoline using the procedures described in WO 98/47876 for the transformation of 1-
amino-6-methoxyisoquinoline into 1-amino-7-(aminomethyl)isoquinoline. 1-Amino-6-methoxy-
3-methylisoquinoline can be prepared from 3-methoxyphenylacetone using the method
described by W. Zielinski and M. Mazik in Heterocycles 38, 375 (1994).

Alternatively, compounds of formula () can be prepared from compounds of formula (V), by
treatment of compounds of formula (V) with a appropriate ketone like cyclohexanone or
acetone and a reductive agent like sodium triacetoxyborohydride under acidic conditions. In this
reaction the aryl amine group of compounds of formula (V) may optionally be protected by a

group such as benzoyl which can be removed after the reductive amination.



treatment of conpounds of fornmula (V) with a appropriate ketone |ike

cycl ohexanone or acetone and a reductive agent |ike sodium

tri acet oxwyboromsds i de under acidic conditions. In this reaTtEPONORE aryl

am ne group of conpounds of formula (V) nmay optionally be protected by a

group such as benzoyl which can be reno¥ed after the reductive am nation.
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Compounds of fornula (V) can be prepared by a peptide coupling of a

di peptide protected at the N-termnus with a protecting group |ike the Boc

group and conpounds oRz\I\gr mula (I111) using the coupling reagents descri bed
h

before. Protection of t a- g functions generally tgakes place by

ur et hane functions HBNCHASO-NE—@RLCOLRALER, 1.2 YRy Eycarbonyl group
(Boc), benzyl oxycarbonyl (Cbz) group and subk ed |anal ogs, the
base-1 abil e 9-fl uorenyl net hyl oxycar bonyl (Fnms LoupNor t he pht hal oyl

(Phth) group. Oher suitable am no protective groups include Nps, Bpoc,
Msc, etc. Renoval of the protecting groups can taINaHQI aceW)n 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 al so be renoved by catal ytic hydrogenati on.
An over Gampashds afrfommular(d)ean iba prepasedoby ampdptidet dvaghng of a tipeptider protectdd ats

given in,_The Peptides, Analysis, (nthesis, Biology, Vol. 3 E_ Gos nd
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car boxyl er formation e.g. base-labile esters
i ke n&sﬁl%?y@%}@gﬁ%geﬁg%tg?%ﬁ%%bﬁﬁbi | e esters like tert-butylesters, or

hydr ogenol ytically-labile esters |ike benzylesters. The conpounds of the

i nventiqn, which maybe in the formof _a free base, may be isolated from
rotection of the”a-amino functions generally takes place by urethane functions such as the

acid-labile tert-butyloxycarbonyl group (Boc), benzyloxycarbonyl (Cbz) group and substituted
analogs, the base-labile 9-fluorenylmethyloxycarbonyl (Fmoc) group or the phthaloyl (Phth)
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.



the reaction mxture in the formof a pharnmaceutically acceptable salt. The
pharmaceutically acceptable salts may al so be obtained by treating the
free basewofoziob@23 ornmula (1) with an organic or inorgani ®CadmpPdl/g188h as
hydr ogen chl ori de, hydrogen brom de, hydrogen iodide, sulfuric acid,
phosphoric acid, acetic acid, propioni & acid, glycolic acid, maleic acid,
mal oni ¢ aci d, nethanesul phonic acid, fumaric acid, succinic acid, tartaric
acid, citric acid, benzoic acid, and ascorbic acid. WO 02/004423
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M xed wth pharnaceuticall'y suitable auxiliaries, e.g. as described in the

standard reference, Gennaro et al., Rem ngton's Pharmaceutical Sciences,
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function of the active conpounds can be used. Suitable carriers with which
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can also be applied in the form of a solution, suspension, emulsion, e.g. for use as an injection
preparation, or as a spray, e.g. for use as a nasal spray.

For making dosage units, e.g. tablets, the use of conventional additives such as fillers, colorants,
polymeric binders and the like is contemplated. In general any pharmaceutically acceptable
additive which does not interfere with the function of the active compounds can be used.
Suitable carriers with which the compositions can be administered include lactose, starch,

cellulose derivatives and the like, or mixtures thereof, used in suitable amounts.

The elimination half-life and percentage bioavailability of the compounds of the invention may
suitably be tested according to the following test in dogs.

The residence time and percentage bioavailability of direct thrombin inhibitors in female Beagle
dogs may be measured by determination of the anti-Ila activity in plasma after intravenous or
oral administration. In view of the selectivity of the protease inhibitors of the invention,
inhibition of thrombin linearly relates with the concentration of the measured protease inhibitor.
After intravenous or oral administration of the serine protease inhibitor, blood is collected from
the jugular vein at different time-points during the day. After centrifugation of the blood,

plasma anti-Ila activities are determined of the plasma samples in a microtiter plate

SUBSTITUTE SHEET (RULE 26)



cel lul ose derivatives and the |like, or mxtures thereof, used in suitable
anmopunts. The elimnation half-l1ife and percentage bioavailability of the
conpoundswofo2iiEa23 nventi on may suitably be tested accor diPag/Fpro1/0713e7
followi ng test in dogs. The residence tinme and percentage bioavailability
of direct thronbin inhibitors in fermal & Beagl e dogs nmay be neasured by

determ nation of the anti-Illa activity in plasnma after intravenous or oral
adm nistration. In view of the selectivity of the protease inhibitors of
the invention, inhibition of thronmbin |inearly relates with the
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cal cul ated wusing the nodel of relative error iIndependent of

concent espected noamaliseh ATHE efiertivdadministraton ofthat(dsS(Xi60%et er mi ned with the
trapeziumrule. Assuming linear kinetics, the percentage bioavailability
Is calculated by dividing the AUC obtained after p.o. admnistration by the
nmean expected nornalised AUC after i.v. admnistration of that dose
(X100% . The invention is further illustrated by the foll ow ng exanpl es.
EXAMPL EThd hveritidnNb/Rirthea dlnseaed by theeb Bowiag eramples.on a BRUKER DRX 400
spectrophotoneter operating at a 1H frequency of 400 MHz. Mass spectra
(M5) were recorded with a PE-sciex API-165. Exanple 1.

N-cycl oﬁg%%lmﬁEgycl ohexyl - D-al anyl - N- f
(1-am no- 6-1soqui nol i nyl)nethyll-L-prolinam de
The "H NMR measurements were performed on a BRUKER DRX 400 spectrophotometer

operating at a "H frequency of 400 MHz. Mass spectra (MS) were recorded with a PE-sciex
API-165.

Example 1.
N-cyclohexyl-3-cyclohexyl-D-alanyl-N-[(1-amino-6-isoquinolinyl)methyl]-L-prolinamide
hydrogenchloride (N-cyclohexyl-D-Cha-Pro-6Aiq . HCI)

After stirring 0.91 g of 3-cyclohexyl-N-[(1,1-dimethylethoxy)carbonyl]-D-alanyl-L-proline
phenylmethyl ester (Boc-D-Cha-Pro-OBzl) in 2.5 mL of dichloromethane and 2.5 mL of
trifluoroacetic acid at room temperature for two hours the reaction mixture was concentrated in
vacuo to yield 0.94 g of an oil. This oil was dissolved in 10 mL of N,N-dimethylformamide
containing 1% (v/v) acetic acid and 0.26 mL of cyclohexanone and 0.64 g of sodium
triacetoxyborohydride were added. After stirring at room temperature for 16 hours 5 mL of
water was added to the reaction mixture and extracted with dichloromethane. The organic
extract was dried over magnesium sulfate and concentrated to give 0.90 g of an oil (TLC; silica
gel, dichloromethane / methanol = 95 / 5 (v/v) Rf = 0.8). This oil was dissolved in 50 mL of
ethyl acetate, the pH of the solution was adjusted to five using acetic acid, 0.10 g of palladium

on carbon (10%) was added and the suspension was hydrogenated at atmospheric pressure at



hydr ogenchl ori de (N-cycl ohexyl-D- Cha-Pro-6Aiq . HCl) After stirring 0.91 g
of 3-cycl ohexyl -N-[ (1, 1-di net hyl et hoxy) car bonyl ] - D-al anyl - L-prol i ne

phenyl metwgplo2eetes (Boc-D-Cha-Pro-0Bzl) in 2.5 nL of di chipermeet/msse and
2.5 mL of trifluoroacetic acid at roomtenperature for two hours the
reaction m xture was concentrated in vacuo to yield 0.94 g of an oil. This
oil was dissolved in 10 nL of N, N-dinethylformam de containing 1% (v/v)
acetic acid and 0.26 nL of cycl ohexanone and 0.64 g of sodium

triacet oxyborohydride were added. After stirring at roomtenperature for 16
hours 5reemdempopatuse fomenadauy The palledivencatlysl Wak remevednby dkrationtand thet h
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ethyl acetate, the pH of the solution was adjusted to five using acetic
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resi due was dissolved'in toluene and the tol uene was evaporated under

r educed npxiess wae agjusiedi tog8 Qushg Y, Nodiiseprymylashydarygine TDIRIA). PABerCHirriigifer adi d
e e o b Ao O AU, SRy ot
2- (1H bepzed rag ?@&ﬁ'téﬁﬁpéf%ﬂﬂé fob» aﬁl AP TR Hofs. HhORhHEP e tEalibH hRRRE R

(TBTU) were added. The pH of the reaction mxture was adjusted to 8 using
NN- di sogpogeptretetlyih amture THoI fekidie wAS tdéssolsed i bOgnlf of divhlortwoethsneasnd washed

tenperature an_additional 0.1 TBTU was added. gnd the reaction m xture was
stirred tWicer FHH tMERYSr oI ogydaﬂgeala\é@%ﬁa|£¥§ REH STeSRSH i PRl 10

reactio 1 X1 | 1 : ' ' MeAci n
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resi due was dissolved in water and directly charged onto a _preparative HPLC

Del t aPak® RPoYer #0yming aflayy saie @hf0 aliyrin §A: QM ehosphato udiempld 25 By watet, Go o
A1 30 %BobitARvater = 6/4 (v/v)). Yield: 0.25 g of the title compound.

'H1-NMR 400MHz (CD;0D) 5: 0.84 - 2.41 (27H, m), 2.91 - 3.01 (1H, m), 3.57 - 3.65 (1H, m),
3.81 - 3.88 (1H, m), 4.30 (1H, t, J = 7Hz), 4.49 - 4.77 3H, m), 7.26 (1H, 4, J = 7Hz), 7.57
(1H, d, T = 7Hz), 7.73 (1H, dd, T = 2Hz and J = 9Hz), 7.92 (1H, d, J = 2Hz), 8.38 (11, d, T =
9HZ).

Example 2.
N-cyclohexyl-3-cyclohexyl-D-alanyl-N-[(1-amino-3-methyl-6-isoquinolinyDmethyl]-L-
prolinamide hydrogenchloride (N-cyclohexyl-D-Cha-Pro-6(3Me)Aiq.HCI)

2a. 1-Amino-6-methoxy-3-methyl-isoquinoline

A solution 0f 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



% C over 60 mn at a flowrate of 40 M/mn (A: 0.5M phosphate buffer pH
2.1, B water, C acetonitril/water = 6/4 (v/v)). Yield: 0.25 g of the
title conwown@o4423+ NVR 400MHz (CD30D) 5: 0.84 - 2.41 (27HpCmEPOR0BE7 - 3. 01
(114, m, 3.57 - 3.65 (1H, m,

3.81-3.88(1H m, 4.30(1H,t,J=7Hz), 4. 49-8 77(3H, M), 7. 26 (111, d, J=7Hz),7.57
(1H, d, J = 7Hz), 7.73 (1H, dd, J = 2Hz and J = 9Hz), 7.92 (1H, d, J =
2Hz), 8.38 (1H, d, J = 9Hz). Exanple 2.

N-cycl ohexyl - 3-cycl ohexyl - D-al anyl - N-f )

( 1- ani nvegr mdded, [thesmidang filisead and| thersedigabnt- was wased et efbyliagetetsg dhe Hiltsate de
(N-cycl ghexyl - D> Cha- Pr 05.6( 3Me) Al g. HCl a. . .

A no a8 ik e ey 79 2GR e e e rasied iy e poctate. The

3- met hoyyfhrRNkA68 e wallibdlwilb bithe, Atic® BOSPBAI NEkum ubhietdi ddndéntiated. The

anhydrous tol uene was heated under reflux. After 30 mnutes the mxture was
cool ed residne vasgnuiified b silica shronfategraphyy dishlozgmeihatelemethapd 705 df5) aididitg ous
et her s,,add dr.opwi se. Th cti m S d to.room
Fenper abaret Ahdhestint pemsanr 2 NHE R A €L '3l 1L S Lo rea
m Xt ure s, ceokRq (18, §, .81 T5He], A2 AR, W) § 2REBCHIATL 98-)9%5 @Hded
dr opwi sé. ’?ﬁegf eact(lﬁo’ngr’n' Xt lr.l(l’ e’ was eai’ef:l uﬂdér reflux for 2.5 )F]ours(,q ’

cool ed, d3A=9Hzpf WO 02/ 004423 PCT/ EP01/ 07887 8 water added, the m xture
filtered and the sedi nent was washed with ethyl acetate. The filtrate was
made basi c using 2N aqueous sodi um hydroxi de and extracted with ethyl

acet ateZb.T{‘,-%miﬂJi-%?tRzidfq X§ [ AfhEisUELfomashed with brine, dried over magnesium
sul f at e and~concentr ated. | was purified by silica

chr omat Bgr@phibrdrdide (U aI)rE6 h]éﬂ of dichietdiasibdne wamdded Jropwadectip ragstir@d 48lugionf
the title conpound. 1H NWVR 400MHz (CDC13) S: 2.45 (3H, s), 3.91 (3H, s),
5.0 (2Pf lisminep-meghaxy-3-mathdisoquinodipe (3 g2 in 0 miL of dighlpromethane af9°Cehfted” =

3Hz and ] = . : = . . .

1 Am no SRR ol ot b GpstorBre e beas g v oguret pne e rgenie o

di chl or iyeit hahevedagmdagdest dfapwiageedu® layestddiustsd sO0pH! Y 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-methanesulfonic 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



of 1-am no- 6- net hoxy-3-net hylisoquinoline (2 g) in 10 nL of dichl oronet hane
at 0C. After stirring for 16 hours at anbient tenperature the reaction

m xture e opousesl on ice, the organic |ayer renoved andPCREPPHIBB7 t he
aqueous | ayer adjusted to pH 9 by adding concentrated aqueous amoni a. The
precipitated material was collected by Filtration and dried in vacuo to
give 1.6 g of the title conpound. ESI-Ms: 175 (M#H). 2c.

Trifl uoro-nethanesul fonic acid 1-am no- 3-net hylisoquinolin-6-yl ester A

m xture of 1.4 of 1-am no-6-hydroxy-3-nethyl -i soquinoline and 4.3 g of

N- pheny190%; &rt?g ibf Afisr snelingaiocront temperaiyre; athybataie ves afidedhland dreoteane and
19.5 nL _of, di oxan S ooled in an.ice bath .and 2.8 . m. of .

NN | SBEL SRR,V A Adhetit n R Sactind FRE R raepeien mlitkat e
for 24 WrjghtiohD Gndafcbftentatioh AfRGANP! At bloSmisherod, I GHRH € ehak N pMARddo - byl Niflica
remai ni ng residue was dissolved in ethyl acetate, washed wth successive
por t i onshimagagraphy(dishloremethane /pethanel oS/ 2 give 8.08 gnfithetidhebmpduad. ESbdi um
sul f at eM .Figj tf\ﬁi)on and concentration afforded a colourless oil, which
was tri $a1téé 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 conpound. Total yield 1.9 g. ESI-Ms: 307 W.
2d. 1-AZe i 7 sthylisejuinodingal | adi um acetate (0.28 g) was

- ABiny-6H embromet i )-3 -swthylised uinodin
dded t heat | X1 teif - et | fani id, 1-
o 5 e ow B el-phitost Eing T Bl oo RES AL & o 5oL
L1 PREnUpOSRRALLE at fdbum Ferberhilrefndil o« HinrSLIPLRILARK bl aRPs Al 3G

(exothermc!). Stirring was continued at 004423 PCT/EP01/07887 9
190C f obo2mb-mefiiiaifideomimpiex ihdetrahydrdfieap endithereafiechdaydd atcd °al for HA sninddsd

and the _grganic m xture washed w th 2N._aqueous ni a, ter an rine

and dri e (RAGIRB SRS lYYaPaFtOQE.d g icg §fﬂfho§ﬂdaﬂ§ e, ﬁ}gﬂ?t%szfﬁa# dg&’bé

br owni s || ' Y Fhih & 3 C h | GiE hane

7" ot handr 18 iy 1835mE i S0aibka? bk i QhETRAORIRN I Ko Rt

2e. 1- AviasaliGwédtn wanetorpom dmpetatyre sdbsitraddbr aeadditional 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

(MED).

2f. N-cyclohexyl-3-cyclohe
prolinamide hydrogenchloride (N-cyclohexyl-D-Cha-Pro-6(3Me)Aiq. HCI)

To a stirred 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 (CD;0D) &: 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



To a stirred solution of 1-am no-6-cyano-3-nethylisoquinoline (0.68 g) in
15 nL of tetrahydrofuran at room tenperature under a nitrogen atnosphere
was addeow®.od/0ed420f 2M bor ane- net hyl sul fi de conpl ex in tecrargdossur an and
thereafter heated at 60 C for 50 minutes. The reaction mxture was cool ed
in an ice bath and 7.5 nL of nethanol vids added slowy. After 15 m nutes
18.8 nL of 1M hydrogen chloride in ether was added. The reaction m xture
was allowed to warmto roomtenperature and stirred for an additional 16
hours. The solid was isolated to afford 0.34 g of

1- ani no-B7Hghitrret T/ (3. 30gtRyI Hs o)g di6Ad1 Hndd, Hyd?ngmi:h?@Hth& 80 (A d, T=

filtrat | u g colum chromat ography (silica gel; nethanol /
anmoni an:H%8§ 5?(11{{0(?% e rban additional 0.15 g of

1- am no- 6- (am nonet hyl ) - 3-met hyl i soqui nol i ne. ESI-Ms: 188 W. 2f.

N-cycl ohexyl - 3- cycl ohexyl - D-ai an yl - N-[ (1- ami no- 3- net hyl - 6-i soqui nol i nyl

met hyl | —Exa“mlél?’r nami de hydrogenchl oride (N-c cly
; Q)

. yclohexvi 2 N ning DQLINO l_' -0'17' 1111(1)_3090f
N-cycl ormbg&cmnﬁr@%m@%ﬂ ljipm,f_pﬁp@;&n_iﬂm)l e and 0.37 nL of

NN- di i sopropyl et amne 1n et nyr f or mam de at room

t enper atYjagngaswithddedsi ngonef h@i}[(lal émahyilabhoMCaﬂacﬁJSI]g)-phenylalanyl—L-prohne
bronot ri rroI h | uoro S t 3 ml. of
N i raERpIPEIE ARBE BAFEEPRERDRRY #5F SH hr St ohoshPoeBBRARe ¢ he

reacti Ofbrﬁl!iﬁét ByMSiRxGONARR BB G) WSinY ﬁb‘%roé'éﬁﬁrg%e&%&%d"iﬁ exaﬁthS?'fgfﬁh-' n

et hyl acetate and washed wi th aqueous sodi um hydrogencar bonate”and bri ne,
dried wdphwg%@hmﬁrwﬁ)ﬁ é’ﬂ-eydoitbxybﬁdﬁml?rat(eﬂ (0B2eg)rwad disslwdsinldrinfi & by

it M4 G o i
(? h ﬁRs) 592 tgl%gg% %’ @-’%F%%?%M@? lhe§%ﬂ%8?ﬁ£‘&1 %afezl. ?gﬁﬁ)? ,1‘33%

02/ 0044 28dRCTHERD PEDFG8 idju?d@d 0 BHIs)ng ) Mansopﬂop?ykmﬁdmmaxmﬁﬁ@z AfterstiGing

7.64(1I}Lfiéi\]—2l—|zand\]—9 7.80.(1H, d, J = 2Hz), 8.32 (1H,. d, J
= 9Hg). for hours at room temperature the reaction e 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 (CDs0D) é6:
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;0D) 8: 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, T =



Exanpl e 3. N-cycl ohexyl - D- phenyl al anyl - N-f

(1-am no-6-isoqui nolinyl)nmethyll-L-prolinam de hydrogenchloride

(N-cycl ohwwyk/oPhe- Pro-6Aiq . HCl) Starting with 0.85 g ®CT/EP01/07887

N-[ (1, 1-di met hyl et hoxy) car bonyl ] - D- phenyl al anyl - L-proline phenyl net hyl
ester (Boc-D- Phe-Pro-0Bzl) gave 0.82 gldf N-cycl ohexyl - D-phenyl al anyl -
proline (N-cycl ohexyl -D Phe-Pro-OH) using the procedures described in
exanple 1 for N cycl ohexyl-D-Cha-Pro-OH N-cycl ohexyl - D- Phe-Pro-OH (0. 82
g) was d| ssolved in 10 nL of N, N-di nethyl fornmam de and 0.33 ng of

1- ami no-BlznT-Ab kLIS S dHa), el3 (&L ddaT £. fJ ©9HZ), 7.90 (1H, d, J = 2Hz), 8.38
azabenz f_II gzjol éﬁyl )-N, N, N, N -tetranet hyl uroni um hexaf | uor ophosphat e
(HATU) 8 and the pH was adjusted to 8 using

N, N—dilsopropyl ethyl am ne (DI PEA). After stirring for 16 hours at room
tenperature the reaction m xture was concentrated in vacuo. The residue
was di ssFeﬁWHdeﬁn 50 n1_ of di chl or onet hane and washed twice with water and

bri ne, Ldue was
purifi ea—by ' < * Fe—t cont ai ni ng
2% anmo 'lﬁiimfmﬁie/h N-¢ ' 3 I /ﬁ@ rochloric acid
yi el ded 8:

0. 87-2. mgatmenprozemwdesa(imd m)@@n@ﬂb— 3. D8t with 6.996 8f :Bi:(cEIIHGi'h-PrB -

The), 7.“;‘11‘g(aﬁ11°n%l’cﬁ‘5teﬁd e E3iqpeaingb kgt B4 2 of N5pl-reletighy B g (%sda@f( H
d, J = SHznwviExeomie %@?Zéfg@?eﬁw'(z CH 'ﬁﬁxé’h gfrﬁ'lﬁj; qd\% 65 (1H, m,

[ (1- amn06|squ|noI rolin mde oge orl
(N-cycl @p&nt SJSQQIHhm)P#Q?QPHgt J =H(ZH)Z) l455mg4t7r46(3191r mﬁanﬁeﬁHdd,SEH’Hw 7157
exanple 1 startl?i](g; (J:] Boc- D- Cha- Pr o- OB :FH% cycl o ent anone
i nst ead (&H: dykTd %Jn%@%é\?]e C‘r%al?d-%yé’%e?ﬁf?&(ui}@a‘ wli L was
purifi e(bﬁgl ng col um chromat ography (silica gel; dichloronet hane /

met hanol 10/ 1 gradient to 5/ 1). Lyophilisation from
t- but anol / hydrochloric acid yielded 0.16 g of the title conpound. 1H NWR
400MHz (CD3OD) b: 0.85 - 2.41 (25H, m, 3.43 - 3.52 (1H, m, 3.59 - 3.65
(1H r’r)Alli-ﬂltomblnsassalV‘ll4 m, 4.20 (1H, t, J = 7Hz), 4.51 - 4.73 (3H m,

.25 ( 1|:J."he anti= thrombm 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 1Cso-

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% in 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 HC1 (10 mmol-1")]; 2. TNP buffer (Polyethylene glycol 6000 is
dissolved in TN buffer to give a concentration of 3 g-1"); 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-ml”" (2 mmol-1")]; 4. Thrombin solution [Human thrombin (16 000 nKat-vial’;



WD 02/ 004423 PCT/ EPO1/ 07887 11 7Hz), 7.57 (1 H, d, J = 7Hz), 7.73 (1H, dd,
J =2Hz and J = 9Hz), 7.90 (1 H, d, J = 2Hz), 8.38 (1H, d, J = 9Hz).
Exanpl e SwoNzpd#e®t yl et hyl ) - 3-cycl ohexyl - D-al anyl -N- f ( 1PamiEPot/6788B0Qg
uinolinyl)methyll -L- prolinam de hydrogenchl oride

(N-(1-nmetylethyl)-D Cha-Pro-6Aig . HCl)12Usi ng the procedures described in
exanple 1 starting with 0.92 g of Boc-D Cha-Pro-0Bzl using acetone instead
of cycl ohexanone gave 0.04 g of N (1-netylethyl)-D Cha-Pro-6Aiq HCl .

1H NMR 400MHz (CD30D) S: 0.85 - 2.41 (23H m, 3.27 - 3.35 (1H m, 3.59 -
3. 65 (1Hpenkypal Labogporiung veor Blopdtrapsfusig, Amsterdam, {The Netherlapds) isidigsolved 4n THP( 3H,

ani 5 = Yo v spld Silionlof¥ss gt dytpepnfE beyreaie s ot s e

assay TheitleTNP-Hulfeoistiive @Géﬂc\éh&atioﬁifofgm@rﬁ'l.?f the present invention was
assessed by neasuring spectrophotonetrically the rate of hydrolysis of the

chronogeni e substrate st 2238Alkngrdients uppd aretnfentljtical Thide assay for
anti-thronmbin activity in a buffer systemwas used o s the .I C50Q-
val ue of a test conpound. 'ngqaﬂ%?ﬂuﬁ@u%ﬁﬁﬁwmwg{%@ﬁgiﬂ@fﬁﬁBWg'

gl ycol GQEShrioNRIf 18 bh@ FeferBidcRio8otnd SoRGMRd: 125 81 (Kabi) Vehicle: TNP
buffer. Solubilisation can be assisted with dinethyl sul phoxi de, nethanol,

et hanol ,Thedestapdirefeienee ocpmpeunds atrudissohet do AMilli-Qhwathr tr givevstock whnemitretices
effects in,goncen ions up.to .5% in the .final reaction m xture.
Techni qul 10RaEntieeh sORerttRidt sfenarsusbtet it B el feamBspanition vhe
buf fer: 1plonet fam KT 1189 difbti i) Ao : C}p@2
Water to 11. The poljerg? thlé 5%1?131? iﬁsgr]llg:ils aﬂgfgiso%légg?gé@.agég%&ééh%oﬁgh %]
(10 nmoldohydnfrationsTiNFthb urkdation (Rixturet Bt D&ENED I3y bi); 1©003-105; 10°; 3-10° and 10

mol-I", 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 m! 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 moll’ 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 pmol1”,
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(11):
1871-3).



di ssolved in TN buffer to give a concentration of 3 gl1l); 3. S 2238
solution [One vial $2238 (25 ng; Kabi D agnostica, Sweden) is dissolved
in 20 m WNobwof4e3 to give a concentration of 1.25 ng-nm PCCEPITIWISE) ] ; 4.
Thrombin solution [Human thronbin (16 000 nKat-vial 1; WO 02/004423

PCT/ EPO1/ 07887 12 Centraal Laboratoriam voor Bl oedtransfusie, Ansterdam
The Netherlands) is dissolved in TNP buffer to give a stock solution of
835 nKat-ml'. Immedi ately before use this solution is diluted wth TNP
buffer to que a concentration of 3.34 nKat-m'.] * - Al ingredients used

are of @mbmwwgwade For aqueous sol uti ons uItrapure water (MI11i-Q
qual i t yy—ts—used—Preparatiori—of—test—and—+refere .Ub € Ijwnu selut+ons—The
t est a1d ref erence Egﬁﬁds are dissolyed in M iﬁ% ter to glve st ock

concenfrations  of I0"g nol-1I". Each co centratlondg%‘SIepmnse dituted—w th
the vehicle to give concentrations of 10-3, 104 and "10-5 nol1'. The

di lutions, including the stock solution| are used ign4 he assay (final
concent+ations in the reaction mxture. 13 10"3: 10-3;: 3 10-4: 104; 3 10-
10-5; 3.10-6 and 10-6 3 npl. 11, respectiyely). ProcéUMﬁe At room

t enper gture—0-675 1e—0-025—+—test—ponpound—or er-eRce—conpound
solutigns or vehicle%gre alternately pilpetted |nt6)¢%e well's of a
mcrotjter plate and tdiese solutions ar dituted W'ég] 0. I15 m and 0. 01p5
m TNPLbuffer, respectively. An aliquot|of 0.030 m 2238 solution is
added to each well and the plate is pre-heated and pre-incubated with
shaking in an incubator (Amersham for 10 mn. at 37 C. Follow ng
pre-incubation the hydrolysis of S-2238 is started by addition of 0.030 ni
thrombin solution to each well. The plate is incubated (wth shaking for
30 s) at 37 C. Starting after 1 mn of incubation, the absorbance of each
sanple at 405 nmis neasured every 2 min. for a period of 90 min. using a
kinetic mcroliter plate reader (Tw nreader plus, Flow Laboratories). Al
data are collected in an | BM personal conputer using LOTUS- MEASURE. For
each




conpound concentration (expressed in noll reaction mxture) and for the
bl ank the absorbance is plotted versus the reaction tine in mn.

Eval uat i owoak/oo@gponses: For each final concentration thePCRAIPOUONISS7
absorbance was calculated fromthe assa%( pl ot. The | C50-val ue (final
concentration, expressed in nol1l', caus ng 50% i nhibition of the maxi mum
absorbance of the blank) was calculated using the logit transformation
anal ysis according to Hafner et al. (Arzneim-Forsch./Drug Res. 1977;
27(11): 3). WD 02/004423 PCT/EP01/07887 13 Antithronmbin activity:
Exanpl e 1) 1 0.03 2 0.14 3 0.13 4 0.12 5 0.29 WO 02/004423
PCT/ EPO1/ 07887 14 CLAIMS 1. A conpound having the formula (I) R2) R3
RI-NHCHCONCHCONHCH / I \ N NH2 (1) wherein RL is cyclopentyl,
cycl ohexi Aspmpowndhaingdthe Srmoja(lky!| ;

R
(AN R,
R-NH-CH-CO-N-—CH-CO-NH-CH, X
_N
NH,

@

wherein

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

R; is cyclohexyl or phenyl;

R3 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, Rs 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.



R2 is cycl ohexyl or phenyl; R3 is Hor nethyl; and Ais an unsubstituted
saturated 4, 5 or 6-nenbered ring; or a pharmaceutically acceptable salt

t her eof . RO 0Zhetednmpound of claim1l, wherein Ais a five- PEFEPOEAS8T Ng. 3.
The conpound of claim11, wherein R2 is cycl ohexyl 4. The conpound of claim
1, wherein R3is H 5. The conmpound of 1& aim 1, wherein R is cycl ohexyl.

6. The conmpound of claim5, wherein R, is cyclohexyl, R2 is cyclohexyl, R3
is Hand Ais a five- nmenbered ring. 7.A pharnmaceutical conposition
conprising the conpound of any one of clainms 1 to 6 and pharmaceutically
suitable auxiliaries. 8. The conpound of any one of clainms 1 to 6 for use in

th ) 02/,004423 PCT/.EP01/ 07887. 59 f th d of
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