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AN AM NO SOQUI NOLI NE THROMVBI N | NHI BI TOR W TH | MPROVED

- BIQAVAI LABI LI TY The invention relates to a thronbin

: |nh|b|tor conpri sing an am noi soqui holine g

2% ¥&8ut i cal conposition containing the SJWE%W%PW&QHI

well as to the use of said inhibitor 5 for the
manuf acture of a nedi canent for treating and

AN SMEREFOPHGCERTE FHICHE He AN Et REd Ol i 'S R SWEROVFR B IRy BYLIABYLITY
of peptide like thronmbin inhibitors that have been
reported in the literature contain a basic group in

Thé PeemRnGakies b g]thrB%lntlhl‘RB:t({r%on‘Pf'@Hg an amindbodtifoPefslp, a

design of 10 thronbin_ inhibitors”, Current inion in
ph&ﬁ"é@euﬁf’@ @8‘@?‘8‘?%?“0& %@Wﬂ”@ptﬁﬁ FEMCEES ‘ﬂ§'7334“5’dhe E?R)Qf) said inhibitor
for Bamhemciofe SUE ndaraimenofod WiRating) ehd! gevédtieg bashbiramedigted
i acids arginine and |ysine, and al so guani di nes and
S¥Eh¥ani di nes. The basic noi ety in these conpounds is

considered to be essential for antithronbotic

Th@ﬁ%}o}{glc%f peg@@%& i rorﬁb’ig{h i3 Prf?a%%fagﬁ RitBredInthe literature

otonat e YSI O é:gl ca
cor@ayhget@@@rgf@psluémﬁ soAgisd @O;sae@nr gUe: | yirasgedpesy design of

thrcﬁr?tf::?%ﬁwﬂ;t@% ‘E@tﬁFernP oot inn@}ugt @@&s\;e@f &Eﬁev@béllneﬁ’to%' B97-450,

and have | ow oral bioavaila Ther apeuti c agents

2003hatExAaplen ©f GHFE Ragls graups a@%udfa Wegl@%@r%wmo graErgine and

lysifd, @h8 8 GuanBinbax®l InBanRIR@s CTHEWIsRI nddietp 0 1BBdd &mpounds is

becayse, of their rent .ease. of,use. 20, 1n e . .
conpAS B PS Brvaniabir G RBROE AR HAe, &7 b iesig oroups
are I@abmallprMtohaad Gt @Bﬁsmégld:dh rpdahdmdwas altplseoeseissich compounds

- are %o&%) é’r?sg%eg A ogsg rﬁ;bgm ﬁ‘tgét?n%%'é& ghé%‘?afr&klﬁ{;/}éa@ﬁa\% fow oral

asi‘c group ounds ha

bicaveiabigpi t hel i al transport properties. In particul ar

this patent appllcatlon exenplifies the conpounds
N- (car boxynet hyl ) -

ThefapeH{e ageatihay "(@L %ﬁrﬂ*ﬁ@l @3l B iRy 197l IRYATeTEac 35idgTave

enhbiaid An(eBR Dbt ol Becaxa 6their iIkfiredéhse of use.
N- (car boxynet hyl ) - D- (4- met hoxyphenyl ) al anyl -[ (1-am no
- 6-i soqui nol i nyOnet hyl | L- prol i nam de (\W98/47876:
In the dnipinatidril &ajenh Fpplidatiora VP r 8K 1BJ6 adkar Nobeli Nat)i ¥ etass of
7 L ah
o Fnadt sk Be R shihoRoNhaRe TR BT bisic grour
anddhdseabmeotrgis heyaimpaeyetl fressanitbelio transeortmrepej‘n@ﬁcl osure

in déﬁl%ﬁ%F Hi¥is %)Q%npg;\(pﬁilcaﬂbﬂn&éﬁ?ﬂﬁes the compounds N (carboxymeth Iz -D-
2- 0X0-2- pr opoxyet h 1

henyID- henyl al an
ooy iR ST PR YA PobasTal | KRR, ol
77) bAd hL(s&rbwcyhiemygsmma&th@(ybuem)alamaq(marmusd-smot;mﬁonnymnahyn-

: -—prﬁ_r@g’u%&i@%éﬂ%ﬁ@r Sat S p VI as weﬁ a%o%grug ester derivatives

therpbfeny| - D-phenylalanyl N-[(l - an1|no-6-|soq u i

nol i nyl ) met hyl] - L- prolinam de or a pharnaceuticaliy
acceptable salt thereof. In a second aspect, there is
it isptasirakledo deygien macse biohly savaitaiig dypmbin rinfilgieps, ipsitisglath those

_ &méﬁwwpyaﬂ?&%m%ggwglrst aspect and pharmaceutically

acceptable auxiliaries therefor. In one enbodi nment,
the di scl osure concerns a pharnaceuti cal fornulatlon
conpri sing

N- ( 2- ox0- 2- propoxyet hyl ) - &henyl - D- phenyl al anyl - N-[ (1
-am i no-6- isoquinolinyl)nmethyl]-L-prolinamde, or a
pharmaceutically acceptable salt thereof, in
conbination with a carrier or diluent.



In a third aspect, there is provided the conpound of
the first aspect for use in therapy. In a fourth
aspect, there is provided the use of the conpound of
the first aspect for the manufacture of a nedi canent
for treating or -for preventing thronbin nediated

di seases. In a fifth aspect, there is provided the
compound 2

N—(carboxynethyl) R—phenyl Dphenyl al anyl - N-[ (1- am no-

Dk ERER (R B st PR PR oS raposypiy eyt
Brihedylaieny-No{(1idntnalbssduswlieypestogl nsrdihamidenenictd is highly

%?%W ﬂg%fghg%yfghgﬁVW’N-[(l am no- 6-1 soqui nol i nyOme

thyl]-L- prollnan1de which is the selective thronbin

h t h
b7 B8t Sbngits et iR SRB e Sodiphind MRlBZ %%’ngﬁihy' &
phiHInyBE)erseqylalanYId‘ll [(rInyé]m‘toh@l-[sloqUmolmyljfnletiarf]}Ldﬁrolmam[de or
tratl and which is of use as

arRee el ScePERledaR dhbos 2o The

n-propyl -prodrug derivative of the disclosure. 2a

5The ¢ t he i1 nvent
K7 Fosd st opdiest PRy R BB rorutial sompoeilpn fgmereing the
" dompound@f tha frstguspact] andyBarhigdukeglly alctealld @ukiBaries therefor.
represented by structural Fornula | A: H2N Fornula 1A
It is a discovery of the present invention that the
in- phe pygmbeditent, dérel \Lmdoserel/k:oihSemt; ghl ph&thaceutical formulation
bi oavai | abl ni st rati S to.
B Sy a EPPRY g P Rani R BT pREEIREACH 1-bfino-6-
iesddnolieigimethtl uqﬁolmbrrsder mtwpi@drhmcemmaw gcaeptablecshlt thereof,

am noi saqui npl i ne. t hr i nhibitors, such as
'ﬁPPEEwE@QQH@ﬁﬁihfFBPBﬁ% nFalanyl -M am no- 6-i soqui nol i
nyl ) met hyl FL- prol i nam de () and

N-(car t D- oxyphen al anyl-[ (1- .
né AR SHTT MG, B Pyet %Bmpg%frbo? PLER ! gapect for use i
splyosed . in WO 98/ 4876. -
2008/ 017650PCT/ EP2007/ 058111 3 Thus, or al
adm ni stration of the conpound of the invention 1A
- Inesfolitts aspedtetherekia ptavideidghe pbashtheconpenhd af iherisst@spect for
t hr.onbi n. i nhi bitor the fr ee aci d . derj vative
be SRR & e Bratry B i Bt B MGG Rl frgeted
disgazebat i on. The unexpectedly inproved oral activity
- of the novel diphenylal anine derivative 1A in 5
conmpari son with the correspondi ng phenyl al ani ne
ldex iﬁﬂiateispeththéreJ is motvided hiee mBinbory Nefositbakgnéthgl)-R-phenyl-D-

R R o o BT b o & @

predr@abibataicyi aDNeﬁteBIe.saItIMcN. EXPERI MENTAL

Another embodiment of the dlsclosure concerns the compound N-(carboxymethyl)-
3-phenyl-D-phenylalanyi-N- [(1 -amino-6- |squ|n0I1nyI)methyl] -L-prolinamide, which
is the selective thrombin inhibitor that is generated in situ from N-{(2-oxo-2-
propoxy‘ethyl)—&phenyI-D-phenyIaIany!—N—{( 1 —amin0-6—isoquinoIihyI)methy!}-L-

prolinamide following oral administration, and which is of use as an intermediate in

the synthesis of the n-propyl-prodrug derivative of the disclosure.
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General: 15 LC-MS data were acquired on an Applied

Bi osyst ens AP1150EX nmass spectroneter.. . 1H NVR spectra
were recorded on Bruker DPX 400 or DRX 400
spectroneters. Exanple 1 (Schene O:

N- ( 2- oxo- 2- pr opoxyet hyft - R- phenyl - D- phenvl al anyl - N4( 1
-amino-6-isoqui nolinyl)nmethylilL-prolinamde A:

N-j 2-(1, 1- D et hyl et hoxv) - 2- oxpet hyl | 4- phenyl - D- pheny
| al ani ne (a) To a stirted m xture of. ,
D- di phenyl al ani ne, H D Dpa-OH, (20.0 g, 82.9 mml)
and potassium carbonate (17.2 g, 125 mmol) in

~di oxane/water (1:1 (v/v), 100nl) was added tert-butyl:
brompacetate (12.2 m, 83.0 nmol ). After stirrin

Thaeonmmpoyi ofiag BYerinD hiyoxaelsProme Xl - ahﬁlﬁytlﬁﬁhfgrmia?anym 1(1-

arﬁaﬂbmédag.nbmyﬁrnéthwt]ﬂbr&.nwdéI:é repr@s@ﬁé@bmduauaonermmm

resultant precipitate was filter of f, washed with
wat er then diethyl ether and dri under vacuum'to
give 10.4 g of the title conpo N Schene |.

H D-Dpa- OHa B: :
(S)-2-E1l-ani no- §

ol ﬂl yI'l ami noi carbony11-1
-pyrrolidine carbox(ylte agi d 1, 1-di met hyl et hyl ester
,hydrochlorlde (b) 5To,a stirred solution of :
BoNY~ Copr ol i ne, Boc-Pro-OH, (613 g,
{_an yﬂnis N, N- di met hyl f or mami de (100

- m) under an argon atnpsphere was added finely ground
1- am no- 6- am nonet hyh¥3equi nol i ne hydrochl oride (10.0
g, 40.63 mmol) and N, N-di i sopropyl et hyl am ne (16.17
g, 125.00 nmmol ). After gﬁrri ng the slurry for 15
m nutes at roomtenperature
2- (1H-benzotriazole-1-y1)-1c %Tg"%j#‘-‘et ramet hyl - 10
uroni.um hexaf | uor ophosphat e 46. 88 mmol )
It incddistoveryrdf itenpiesent ieatiorsthat thetnexopykesiat detiviive 1A is highly
bidgibe! flod fbréaorg%ﬁﬁ ralbrs SR %r‘nﬁé}e@ftotﬁ%  BISSPEBERY of the

am nonet I SO(Q ui nol 1 ne deOC orid :
cofespendinn nmqwtﬁsstemwétt\fﬁ? pegrugiraly elﬁﬁﬁthéf?d?é?da%faw@soqumohne

thramgaﬂr mﬁlﬂnt&'é,g @fcrat @W{&@fb@xyfrﬁﬁthy@—fﬁ-bﬁéﬂ?&lan?ﬂ(Mrﬁiﬁbﬁssoqumo-

Iln)?)gjeﬂy_]ILr;[r?IPagﬁc?e @y ?%%3\{\3’ } ec f{yﬂ-ﬁ ﬁ 8xygg?rggﬁl§n)]| (1=

amirlo~pisoguinolicynectbel Ibpvo}lharmdaw discbseld imsy/0\HeEBG.|
ester hydrochl oride (b) had formed. The preci p|tate
was collected by filtration, washed with
di chl or onet hane (300 m) until the filtrate was
colourless, and then dried under vacuumto give 7.8 ¢
(56 %9 of title conpound (94% pure by HPLC - Luna 5
C18(2) 46x30mm gradi ent, nobile phase
acetonitrile:water, 5-100 %4 mn, constant 0.1%
trifluoroacetic acid). Further product was isol ated
fromthe filtrate by evaporating. under vacuumto
renove di net hyl f ormam de and excess dii sopropyl et hyl
am ne and addi ng 500nil di chl oronmet hane. The.resulting
precipitate was renoved by filtration, washed with
di chl oronet hane (300 ml) and dried under vacuum to
give 4.6 g (33 % (91
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L &ﬁ?ﬂan%bag_?} 53(m 1H), 3. 68 (dd 2H, J = 17.1Hz), 3.80
4.52 (d, 1H J

10% pure by HPLC - Luna C18(2) 46x30mm gradi ent

~acetonitrile:water, 5-100% 4m n, constant 0.1%

trifluoroacetic ac:ld) C. N-12(1
WO 2BISILTRY 1 et hoxy) - 2- oxoet hyl | - R- ohenyl - D- nheRGFEP2EY/PS8111

-N-f (1-ami no-6-isoau nolyl)methyl k-prolinam de
hydrochl oride (c) 15To a su¥pension of

)5 b ) B0 A L)oo

plﬁnaeqonne;ma@@m Qﬁ,thajtér@mmmmdplt@' 1B tqumlq derwatlve of 1A which
is gﬂoﬁ{bh)@%éﬁé%té@ﬁ%\b%cﬂﬂth%ﬁcu?&qgﬁd trifluoroacetic

aci d ter stirrin e solution for 2 hours

)
T%H@eémwmlwmeeﬁes@ﬂw qﬁh%h@%étphen%aran%ée@atwe 1A in
cofrpamcad with wumneghﬁ\dr@smmuﬁytmﬁné hearivelives ddavegt iviith the

B ol BR TR o o ke ARl B b

for(dBa @d Dinpatido-dt a(r8laBaehglpwo8e.nmol ) ,
2- (1H benzotri azole-1-yl)-1,1, 3; 3-tetranet hyl uroni um
hexaf | uor ophosphate (5.31 g, 13.9 nrnol) and
N, N- di i sopropyl et hilami ne (9.75 m, 56 mmoH)N were
added. The m xture ywag stirred at room tegpetajure
for 1 hour the erYadded until a preaq { at¥p

forme he Hhet vpitate wa Ilﬁc 2
f||tr €n taken up in et?rgfaget te dri ed
: filtered and evapo to dryness to
ocr ude product ( @ri fication by
hr onat ogr aph aHNeI uting gradi ent
ashl onf Wi th m xt ure di chl orjonet hane and net hanol

(0-10%¥)»~gave 4.6 ¢ of the tithe~gonpound ¢ as a gum

D.
N- (car boxgﬂet hy1) - 13- phenyl - D- pher%Lal anyl -N-111-am n
0- 6-i soqui hol ynmet hyl | - L- pro- 30l i nam de
hydr ochllg%gi de (1_3) To g ,solution of
N42- (1, i met hyl et hoxy) - 2- oxoety| pg- phenyl - D- phenyl
al anyl N-[ (1- am no- 6-i soqui nol y1) net hyl | - L- proli nam de
drochloride ¢ (4.6 g, 7.1 mmol) in dichl oronmet hane
Ex?églh’fﬁﬂ“\‘oas added trifluoroacetic acid (4.6 mi).
Gemgrglar st andi ng overni ght the sol ution was evapor.at ed

LCAVB gHtY WeRSacqitetSéH é/rﬁﬂp;ihed Qio@!?ét@ﬁ@ﬂpﬁ howre rr%@@ls ﬁ&ﬁ@ter

W P AREF A e pr-of ke B s Eork B SPectapasF ous

di et hyl ether then col |l ected by flltratlon and dried

I to give 2.8g. A further 0.8g was
%ﬁ%&:&wm&rem pltatl on fromthe not her Ilquors

17.1Hz) (4.15 (m 1H), =
- imethvisthopg)}-2-810ethyil-GephenvEBishenviplame @) 1H. J =

16 T]a"éz%trrreé n:ﬁxi of]d_-hlpl%%]w ne lzlzD—BEQ-(dn éé(gg:? 827 9 Fh%ocii) 'and
potapsggv(%arbom;e (18.233(1@5 mrpp!) in duoxgap@)uatqvg (V)5 89PN wes-pdded
tert iy KrémPARRAX 11222 K 88 bhithon. Bathiemyihg Brdphigtydater (100ml) was

sy kAL BiAE i 0P i et e ol pegpror

-was(fildjed off, washed with water then diethyl ether and dried under vacuum to give

10.4 g of the title compound a.



10

To a suspensi on of
N- (car boxynet hyl ) - S- phenyl - D- phenyl al anyl - Nd( 1- am no-
6- isoqui nol yOnet hyli-L-prolinam de hydrochl ori de

WO20®/01360 ng. 0.5 mmol ) in n-propanol (5 m) PEEEFIGTIHIS1LL

B:

dropwi se thionyl chloride (0.4 ml). After stirring
for 3 days the solution wag diluted with

di chl or omet hane, washed with 5% aqueous sodi um

bi carbonate 15 sol ution and evaporated to dryness.
The crude pgsoeheat was purified by reverse phase HPLC

and t hen con%@o t he hydr@;iﬁ;ﬂe salt by

di ssol ving i anount o and
precipitati ng, howdl M_hydr i d in diethyl

et her. Fol | ow 2ng ddition o%mlﬁ“ﬁc?anhydr ous

diethyl ether the resulting precipitate was collected
by filtration ahelerqHed 'under Vacuum t o gi ve 185 ngy
of the titl eoconpound as a white pgywder. 20 1H NMWR
15(CD30D?_@’§§H (t, J=17.5 .33 (m 1H) 1.57
(sext, 2 = THY (m 3 u>= 1H), 3.51

(m 1H), 3673 (d, 1t 72 17 8Hz) 1H J =
17. 6Hz), 4-07 (m 2H) ¥:16 (dd, %H J HN5o 8. 0Hz) ,

4.53 (d, IﬂolEl{ProJ)l—F 16. 6Hz), 4.56 (d, ‘ J— 13. 6Hz) ,
4.70(d, 1H J = 16.6Hz), 20(d 1H = 11Hz),
7.23-7.44(m 7H), 7.50 (t, = 5Hz) 7H (d
1HJ=70Hz)765(ﬁ:gj§ =75Hz)

1H, J = 1.5 5 H '3 =
8.5Hz); M5 Mz 5% ( MtH) + US|ng 053|mlarto
t hose descr ifbed ove and depl c &Chene |

cor r espondi iy vatives were eved starting from
D- phenyl al ani ne @J\O,Q met hyl -D- tyr om)ﬂg i nstead of

D- di phenyl al aniEq Conpounds 2B and 3 wer e isol at ed

and used 30f or U‘Bsequeﬂq testing as trifluoroacetate
salts. 7 Exanple 2. 7N
N- (car boxy y D+p al anyl - Nd( 1- am no- 6-i soqui n

ol yhnet hyl | 4 Ytamide trifluoroacetate H2N 0O
OH 2B 51 CP)SOD) 1.41 (m 1H), 1.85 (m 2H),
1.99 (m 47 (m 1H), 3.35 (dd, 1H, J = 5.0,

13.1Hz), 3.40 (g\d, 1H J = 10.6, 13.1Hz), 3.45 (m

1H), 3.73 (d, ®HYJ @ 16.6Hz), 3.80 (d, 1H J =

16. 6Hz), 4.34 (dd, 1H J = 4.5, 8. 1Hz), 4.5 (dd, 1H,

J =5.0, 10.6Hz), 4.51 (d, 1H, J = 16. 1Hz) 4.72(d,

1H J = 16. 6HZ) 7.23(d, 1H J = 7. 1Hz), 27-7A3 (m
2- - m:nprﬁ |sqqg#noml)&1emvﬂmg]oIcibggyil(]dm ggm ragboxyig acid

1 ‘I-ﬁi Jeth e&@rr( rochihige $134(d, 1H, J = 108.6Hz); M
| . .
\- (8- PredpBsk poBlosk BEINHG I Puts ey e, BopProRi 1678 o

31.248 meglimainybisas hlyfu—hnﬂamwbﬂnfmm@lﬁ obyidly @eigt &t hiden affdsphere
waslg_l% edNP/R 2gsoun ﬂmo% &mi?o T‘&J/Iis?)il.?iggljr_}%)hydg'dcﬂ-ljéri(gén('lo.o g,

40.63 mmol) and N N—dusopropylethylamme (16.17 g, 125.00 mmol). After stirring the

sturry for 15 minutes at room temperature 2-(1H-benzoftriazole-1-yl)-1,1,3,3-tetramethyl-

uronium hexafluorophosphate (17.67 g, 46.88 mmol) was added, portionwise, over 5

minutes, eventually resulting in complete dissolution of the suspended 1-amino-6-amino-

methylisoquinoline hydrochloride. The reaction mixture was stirred at room temperature

under an argon atmosphere for a further 90 minutes after which time a yellow precipitate
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(in, 2H, 2.00 (m 1H), 2.44 (m 1H), 3.16 (dd, 1H, J
= 1.5, 10.6Hz), 3.37 (dd, 1H J = 5.5, 13.1Hz), 3.47
(m 1H), 3.93 (d, 1H J = 17.1Hz), 4.06 (d, 1H, J =
WODpostHzgsy 4. 14(m 2H), 4.36 (dd, 1H 5.0, 9. MaAEP2&07B&111
(m 2H), 4.71 (d, 1H J = 17.1Hz), 7.26 (d, 1H
1Hz), 8729744(m 5H, 756(d 1H, J = 7. 1Hz),

7
1‘524& = 8.6Hz), 7.92(s, 8.38(d, 1H;, J
of gS m‘GW@OT%'ROCB‘I@W@“FWHEW‘”E}E%T%W@ gpyrroli ine carboxyhc acid
1, 1ﬂﬁgeth#létﬁﬂfé@téf(ﬁfm‘bmhdr?drﬂb}'fﬁéd?wl'm& t yieDpreBpitatdNwid LolRRicd by
O- | S 1 I ) | m qe
gt vE R A B a0 i G s was seloyises. ppg then

driell. @idef vacuﬁml)to geUB ¢ 1156 Lpf titk. GBnpoomd (M4 plBe(BJ& HRIC, - Luna

01%(? %%(ZSUmJTg élr@ @E‘fbpe %;1?5:7‘%751(: Bqlirl_?l\.ﬁlateri 5113 %% mir][ Oconstant
0.1%. tv@.uc(rqpce‘gq-ﬁcujj Eur:[@r GFduct @aqgol@@d R thefilizge @@1 @vaparating
und!er vaéuu@n tdgre@rkma dnﬂetﬂ@lfdrﬁ*gmldy'!md%xceé]s @mso§ oggbﬁﬁrl axﬂméjand

add(rg; S%ml glchlorgmgmr)'u '{}hez :[e mg Zprqscagtate g/ag I_qgljnoveﬂ le ﬁ(t@t!on
washeld with Hidajorometmahe (800 Mbtand dﬁec'i' urddr )/acuﬁm7tdu alve 4.6lLdli333% (91

% stﬁ% i)yé—(%_%gg%ﬁ%é& ’46x30?’mm gl‘ad:ew acetomtnle wH%e)r 5“@0%/4mm

con&BBi0. N (tdluproapeticyacih.ox oet hyI ) - 0-net hyl - D-t yr osi
nyl-N-f (l-amin o-6-isoclui nolyl)nethVll-
L-orol i nam de hydrochl ori de 00 34 1H NI\/R 6(CD30D)
351 byl D []-f Br-phenplalar Y-amipp-H-isoqui-

noummethx,|ﬁ-;z-o|aﬂamdem,deo@hsenae 2. 2. 04 (m 1H) 2.54 (m
H)T 10 (dd, = 10.6, 15.; P) 31 (m 1H)
J@ a %pg@@gq eﬁ(ﬁggd[[('] -amino-6- |soqumoly methyl]amlno]carbonyl’]—1-pyr—

rohdme carboxylic acid 1,1-dimethylethyl ester hydrochloride b (4.14 g, 9.34 mmol) in

dichloromethane (20 ml) was added frifluoroacetic acid (8 ml). After stirring the solution
for 2 hours the solvent and excess ftrifluoroacetic acid were removed in vacuo. The
residue was then dissolved in N N-dimethylformamide (41 ml} and 2-(ferf-butyoxy-
carbonyimethyl-amino)-3,3-diphenyi-propionic acid (Boc-D-Dpa-OH) (3.30 g, 9.3 mmol),
2-(1H-benzotriazole-1-yl}-1,1,3,3-tetramethyluronium hexafluorophosphate (5.31 g, 13.9
mmol} and N,N-diisopropylethylamine (9.75 ml, 56 mmol) were added. The mixture was
stirred at room temperature for 1 hour then water added until a precipitate formed. The
wet precipitate was collected by filtration then taken up in ethyl acetate, dried {MgSQ,),
filtered and gvaporated to dryness {o give the crude product (7.2 g). Purification by
column chromatography (silica, eluting gradient fashion with mixtures of dichloro-

methane and methanol (0-10%)) gave 4.6 g of the title compound ¢ as a gum.

D: N-(carboxymethyl)-B-phenvl-D-phenvlalanyl-N-[{1-amino-6-isogquinolylimethyl]-L-pro-
linamide hydrochioride (1B}
To a solution of N-[2-(1,1-dimethylethoxy)-2-oxoethyi]-3-phenyl-D-phenylalanyl-

N-[(1-amino-G-isoquinolylymethyl]-L-prolinamide hydrochloride ¢ (4.6 g, 7.1 mmol} in
dichloromethane (25 ml) was added trifluorcacetic acid (4.6 ml). After standing over-
night the solution was evaporated to dryness, dissolved in dichloromethane and excess
hydrochloric acid in diethyl ether added. The product was precipitated by addition of



10

15

20

25

(W]
Lh

ﬁ—"—%’a\‘_‘}%

PCT/ EP2007/ 058111 9 (m 1H), 3.79 (s, 1H), 3.91
(d, 1H J = 16.6Hz), 4.04 (d, 1H, J = 16.6Hz), 4.13
(m 2H), 4.38 (dd, 1H, 5.0, 9.1Hz), 4.48 (dd, 1H J =
WB2008/0116806Hz) , 4.54 (d, 1H J = 16.1Hz), 4. 7lpccezoditssii
J = 16.1Hz), 6.93 (d, 2H, J = 8.6Hz), 7.22(d, 2H, J =
86Hz) 726(d 1H, 7.1Hz) ¢ 7.55 (d, 1H, J = 7.1Hz),
7.73 (dd, J =20, 86Hz)792(s 1H), 8.38 (d,
anhygfous dietrgyl @P&f) thenepllerted by dltrgtignamdidried ampereraguunidasgiye 2.8g.

A férthet bisg Wik Bbt@ﬁlfeu\bybbécapltatron from thB HYFRI: Rodordi bi tory
pre-incubating the test

' AR YRR A A TR s J oaim et oo 6 (8 iwng S, 1 Hh (e, 2H:
-aﬁ'gh{z@rmsm(damgg G. 1P7°<sz$f4 1@!(&1 NHY h%zq@mng%m 60Nk B9 (a,
e ni |
1o lP3) B B REL B B 4 | AR i B 1.2 7&45?16@“ 7.66 (¢,
2H ab%ﬁﬁljahaézmtmaﬁumd 165y 810H @ dob, | 104 )38 @, Mir = Bahh 1A

L8 +effective inhibitors of human a-thronbin
MS?ﬂ&g%%%\r@eﬁtratl on- dependent manner, with |1 C50 val ues

of 13.0 nMand 12.6 nMrespectively (both n=5; Figure
E: 1) NY¥Doh @5,(0% ﬁ,%c:@ntratl on

vari e prots sus [ 9]
I)methvl]—L-orolmamld_e dihydrochloride (1A)

To a suspension of N-(carboxymethyl)}-R-phenyl-D-phenylalanyh-N-[(1-amino-6-

isoquinoiylymethyil-L-prolinamide hydrochioride (18; 300 mg. 0.5 mmol) in n-propanol (5
ml) was added dropwise thionyl chloride (0.4 ml). After stirring for 3 days the solution
was diluted with dichloromethane, washed with 5% aqueous sodium bicarbonate
solution and evaporated to dryness. The crude product was purified by reverse phase
HPLC and then converted to the hydrochloride salt by dissolving in a small amount of
methanol and precipitating with 1M hydrochloric acid in diethyl ether. Following addition
of further anhydrous diethyl ether the resulting precipitate was collected by filtration and
dried under vacuum to give 185 mg of the title compound as a white powder.
"H NMR §(CDs0OD) 0.85 (t, 3H; J = 7.5Hz), 1.33 (m, 1H), 1.57 (sext, 2H; J = 7Hz), 1.83
(m, 3H), 2.88 (m, 1H), 3.51 (m, 1H), 3.73 (d, 1H; J = 17.6Hz), 3.84 (d, 1H; J = 17.6Hz),
4.07 (m, 2H), 4.16 (dd, 1H; J = 5.0, 8.0Hz), 4.53 (d, 1H; J = 16.6Hz), 4.56 (d, 1H,; J=
13.6Hz), 4.70 (d, 1H; J = 16.6Hz), 5.20 (d, 1H; J = 11Hz}, 7.23-7.44 (m, 7H}, 7.50 {t, 2H;
J = 7.5Hz), 7.56 (d, 1H; J = 7.0Hz), 7.65 (d, 2H; J = 7.5Hz), 7.72 (dd, 1H; J = 1.5,'
8.0Hz), 7.90 (s, 1H), 8.39 (d, 1H; J = 8.5Hz); MS m/z 594.4 (M+H)"

Using methods similar to those described above and depicted in Scheme |
corresponding derivatives were prepared starting from D-phenylalanine or O-methyl-D-
tyrosine instead of D-diphenylalanine. Compounds 2B and 3B were isolated and used

for subsequent testing as triflucroacetate salts.



15 parallel for each concentration of S 2238 used

i ndicating the conpetitive nature of the inhibition.

Hanes- Wbol f anal ysis of these data provided Ki
wazogersivat i ons of 0.9 nM (n=5) for 1B and 1.¥-1a2007/058111

(n=3) for 1A . A conparison with the activity

paraneters of compounds 2 gnd 3 are given in Table 1.

20Table 1. Thrombin inhibitory activity paraneters

Exgmplsind 150 (nM Ki (nM) 1A 13.0 1.0 1B 12.6
2B0. B-(2A05%feddi D-BRnylalanyl-N-[(1-amino-6-isoquinolylimethyl]-L -prolinarmide
trifluoroacetate

HN

<~ N

¥

——

O\WH

N
"t O
©/ N0 |
HN l CF,CO,H

G” OH - 2B

5 "HNMR §(CD50D) 1.41 (m, 1H), 1.85 (m, 2H), 1.99 (m, 1H), 2.47 (m, 1H), 3.35 (dd, 1H;
J=5.0, 13.1Hz), 3.40 (dd, 1H; J = 10.6, 13.1Hz), 3.45 (m, 1H), 3.73 (d, 1H; J = 16.6Hz),
3.80 (d, 1H; J = 16.6Hz), 4.34 (dd, 1H; J = 45, 8.1Hz), 4.5 (dd, 1H; J = 5.0, 10.6Hz),
4.51(d, 1H; J = 16.1Hz), 4.72 (d, 1H; J = 16.6Hz), 7.23 (d, 1H; J = 7.1Hz), 7.27-7.43 (m,
5H), 7.52 (d, 1H; J = 7.1Hz), 7.71 (dd, 1H: J = 1.5, 8.6Hz), 7.90 (s, 1H), 8.34 (d, 1H; J =
10 8.6Hz); MS m/z 476.0 (M+H)"

2A:  N-(2-propoxy-2-oxoethyl}-D-phenylalanyi-N-{{1-amino-6-isoguinolymethyi]-L -

prolinamide hydrochloride

H,N
N
d \

e

H
O\(N
N

iy O
, ©/ w0
HN;\ HCI
0

O

2A

15 "HNMR 3(CD:;OD) 0.89 (t, 3H; J = 7.6Hz), 1.41 (m, 1H), 1.62 (sext, 2H: J = 7.6Hz), 1.83
(m, 2H), 2.00 (m, 1H), 2.44 (m, 1H), 3.16 (dd, 1H; J = 1.5, 10.6Hz), 3.37 (dd, 1H; J = 5.5,
13.1Hz), 3.47 (m, 1H), 3.93 (d, 1H; J = 17.1Hz), 4.06 (d, 1H; J = 17.1Hz), 4.14 (m, 2H),
4.36 (dd, 1H; 5.0, 9.1Hz), 4.54 (m, 2H), 4.71 (d, 1H; J = 17.1Hz), 7.26 (d, 1H; 7.1Hz),
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864 45.5 3,4 197 1.8 3B 358 5.4 10 Exanpl e 5.

Det erm nation of bioavailability of conmpounds 1A 2A
and 3Ain rats. Aninmals 5Male Wstar Oa rats (-250
WOgp0s/AGed and water were avail abl e ad |i bit uPCT/EP2007/058111
t hroughout the studies. Surgical preparation For

i.ntravenous phar rmcoki netig st udi es cat heters

Port ex oLyt hene - nmmwth a g
Had (5 S SEONRAT A= CITHo G Bt g & B S8t &3

1Hwe 8.6HRS MIStred 5182 (MrHY t he right jugul ar vein under
i sof | urane anaest hesia. The tubing was exteriorised
at the back of the neck, filled with heparinised
Examplede (100 Wnp and stoppered Ani mal s were al | oned

38 H,N

~0 HN l CF,CO,H
o]

CH 3B
"H NMR §(CDsOD) 1.46 (m, 1H), 1.87 (m, 2H), 2.02 (m, 1H), 2.56 (m, 1H), 3.08 (dd, 1H:;
J=10.6, 12.6Hz), 3.27 (dd, 1H; J = 5.5, 13.6Hz), 3.47 (m, 1H), 3.71 (d, 1H; J = 16.1Hz),
3.79 (d, 1H; J = 15.6Hz), 3.79 (s, 3H), 4.36 (dd, 1H; J = 4.0, 8.6Hz), 4.46 (dd, 1H: J =
4.0, 8.66Hz), 4.51 (d, 1H; J = 16.6Hz), 4.72 (d, 1H; J = 16.6Hz), 6.92 (d, 2H; J = 8.6Hz),
7.21(d, 2H; J = 8.6Hz), 7.24 (d, 1H; 7.1Hz), , 7.52 (d, 1H; J = 7.1Hz), 7.71 (d, 1H; J =
8.1Hz), 7.90 (s, 1H), 8.35 (d, 1H; J = 8.1Hz); MS m/z 506.3 (M+H)"

3A:  N-(2-propoxy-2-oxoethyi}O-methyl-D-tvrosinyl-N-[(1-amino-6-isoguinolyhmethyi}-

L-prolinamide hvdrochioride

H.N

N
7 \

pu:
N
1y O
~o HN;L HCl
oo

3A
'HNMR §(CD20D) 0.88 (t, 3H; J = 7.1Hz), 1.47 (m, 1H), 1.61 (sext, 2H: J = 7.1Hz), 1.86
(m, 2H), 2.04 (m, 1H), 2.54 (m, 1H), 3.10 (dd, 1H; J = 10.6, 15.1Hz), 3.31 (m,, 1H), 3.49
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15 were adm nistered intravenously (IV). Serial blood
sanples (for plasna) were taken froma lateral vein
at points from3 mn to 24 hrs (term nal sanple by
wocadsdiiaesopunct ure) according to a matrix desiPgA/EP2007/058111
protocol (3 sanples per tinme point). Plasma sanpl es
were stored at -20C until anaIyS|s Plasna sanple
20Pl asma sanpl es were an
(m, ﬂé‘lr)tﬁlﬁ%ﬁﬁ THY @1l dHihr JRHR) ded f\siaﬂHvés ‘*QEHZ)ZB 1§r{H‘ 2H),
4. 3§BdeSHngoasm1mg Mebs n@d, herly =G o(ewy i 4084MdPE RSB 16.1HzZ), 4.71

o SROPER AL 8Bl 300 S P 0 L OB 2 0 P,

7 5EXghetH; meqflﬁ's'I Hz), 25Thaldf oH| 0w 710, 8.6ks), Blo2expEH), BEstE, 1H; J =

r I Conpound 1B in saline was
aﬁM@nﬁﬁ?@%é?é% |n%}avenously (I'V) to 5 rats at 5 ng/kg

base (5 mg/ M sol ution dosed at 1nml/kg). Conpound 1B

Exdrm(;pléﬁll\%v%@tﬁrm%tﬁﬁhﬁred orally (PO to 4 rats at
m sol ution dosed at 5

base / kg) .
30- Tf@iﬁ%@) mhi?do"ﬂc“ir(’%y BagARTASHRS @h?fewu%fg'alth%fésRﬁ&g‘Pound at
a véﬁdsfg & whedr@dtisnsalithyhuntinSo-fradibiatat 30 CTBAk dﬁﬂ@ Qhe( 8hromoge—

uti on dosed at
nic SRl e PPl p A Bure TPl h i) s Bogeetto th miture
andrgé kl@anbaﬁeadsﬁrkﬂgéd(@emwoﬁ the fﬁﬂohdﬂ’@)B min. Both 180maoiBgere
rats at

erfye Bl Sl R FonhBumlobtertelang i oo

values ©6 .0 univlark B 4.8 nBlak speetivahs(bathm=3i Bigaeneeld. in further experiments

P I

i G PUSPAT A0 o520 15 A 8 BRRS (B e, 51 were
pargligl foneagtmeongenttatios ok Fed? 38 rugkbdl yndicsting hatcomaetitive natyrk gf the
inhiRASE HaheBRN B a?‘%'ls/é?é' Qqhgéésﬁﬁaaﬁro@dé@ ki“@éternﬁna%@ﬁybﬁ 8:9 nM

Nonconp art nent al gharnaco I netic¢c anal ySIS was

(n=ePt dBrARd LA G(AhRSHA nARCEIPASEINGHAT Thg aptdicpasgreters of

compaendseBaid 3 &g ghRAlMBspAKineti c paraneters are
presented in Table 2. 10

Table 1. Thrombin inhibitory activity parameters

Compound IG5 (nM}) Ki (nM)
1A 13.0 10
1B 126 09
2A 573 34.5
2B 864 455
3A 197 : 18
3B 358 54
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The bioavailability, expressed as AUC(IV) / AUC(PO) x
100 % was found to be very high (58% for the
n- propyl ester derivative (1A) of the di phenyl al ani ne
WORepd/013¢50 ve PCT/EP2007/058111
N- (car boxynet hyl ) - ( 3- phenyl - D- phenyl al anyl -N-[ (1-am n
0- 6-i sogui nol yfl met hyl ] - L-qvr ol i nam de hydrochl ori de
(1B) _in conparison with the bioavailabilities of the
Exargpig 5 espondi ng phenyl al ani ne (2A) and
Detpriiedition Xy bibevaithisilita tif bemfadfYs tAr DABHhd3A mhiaki tors. WO
2008/ 017650PCT/ EP2007/ 058111 12 a .ae, ,r) .cc O
Cot- a) o-==as 030") x48 8nE=C ¢ 0O co
Animals

Male Wistar Ola rats (~250 g). Food and water were available ad libitum throughout the

studies.

Surgical preparation

For intravenous pharmacokinetic studies, catheters (Portex polythene - ID 0.58 mm, OD
0.96 mm with a tip made from SF Medical silicone tubing, SFM1- 1350) were inserted
into the right jugular vein under isoflurane anaesthesia. The tubing was exteriorised at
the back of thé neck, filied with heparinised saline {100 1U/ml) and stoppered. Animals
were allowed a min'imum of 48 h recovery before dosing.

Administration of compounds .

Compounds 1A, 2A and 3A were administered orally (PO) . Combounds 1B, 2B and 3B
were administered infravenously (IV). Serial blood samples (for plasma) were taken from

a lateral vein at points from 3 min to 24 hrs (terminal sample by cardiac puncture)
according to a matrix design protocol (3 samples per time point). Flasma samples were
stored at -20°C until analysis.

Plasma sample analysis

Plasma samples were analyzed for the pertinent free acid-thrombin derivatives 1B, 2B
and 3B using an LC-MS method. Cmax {maximum plasma concentrations) and AUC

values were determined from the mean plasma concentration — time profiles.

Experiments.
The following sets of experiments were carried out:

- Compound 1B in saline was administered infravenously (IV) to 5 rats at 5 mg/kg base

{5 mg/ml solution dosed at 1mi/kg).

- Compound 1B in saline was administered orally (PO) to 4 rats at 10 mg/kg base (2
mg/ml solution dosed at 5 mifkg).

- Compouind 1A in 5 % muigofen/ 95 % saline was administered orally to 5 rats at 10
ma/kg base (2 mg/ml solution dosed at 5 ml/kg). '

- Compound 2B in saline was administered intravenously o 4 rats at 2 mg/kg base (2
mg/kg dosed at 1 ml/kg).

- Compound 2A in saline was administered orally fo 4 rats at 10 mg/kg base (2 mg/ml

solution dosed at 5 mi/kg).
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WO 2008/017630 PCT/EP2047/058111

11
- Compound 3B in saline was administered intravenously to 4 rats at 2 mg/kg base (2
mg/m!} solution dosed at 1mi/kg).
- Compound _Q_A_ in saline was administered orally to 4 rats at 10 mg/kg base (2 mg/ml
solution dosed at 5 mi/kg).

Results.
Noncompartmental pharmacokinetic analysis was performed using WinNonlin
Professional 3.1 and 4.1. The resulting pharmacokinetic parameters are presented in
Table 2.

The bioavaitability, expressed as AUC(IV) / AUC(PQ) x 100 %, was found fo be very
high (58%) for the n-propylester derivative (1A) of the diphenylalanine derivative N-
(carboxymethyl)}-B-phenyl-D-phenylalanyl-N-[(1-amino-6-isoquinolyl)methyl}-L-
prolinamide hydrochloride (1B) in comparison with the bioavailabiliies of the
corresponding phenyialanine (2A) and p-methoxyphenylatanine (3A) thrombin inhibitors.
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CO no co.6 "5 -rn an zoil nii WO
20081017650PCT/ EP20071058111 13 d ains. 1. The

ngéﬂ%ﬁ%? (2- 0XO0- 2- propoxyet hyl)-11- phenyl - DI;(P’Ih/BelIDZ\éI}'T%SSIII

am no- 6-1 soqui nol i nyQOret hy]rsl -L-proli nam de or a
phargagedit i cal |y acceptable salt thereof. 2. The
compound of claim1 as the dihydrochloride salt. 3. A
phar maceuti cal conposition conprising the conpound of

chaiThel anchppbad be&%f@o@@l%t@bﬁ@yaméphémmm@&N -f(1-
'therefor64 Th Q%ﬁ se.in tabl

t herApyo-0g50yLe %\f)"l o‘f’r%P%?rﬁ%aieLf’S? Ypgfgeptable

manufatidharesl. of a medi canent for treating or for

preventing thronbin nedi ated di seases. 6. The
conpound

N2( cﬁleh@nmmanmw glaig- paeethy dihipbidoydeadadiny | - N- [ (1- ani no
-6- isoquinolinyQOrethyll-L-prolinamde or a

pharmaceutically acceptable salt thereof.
3. A pharmaceutical composition comprising the compound of claim 1 and

phamaceutically acceptable auxiliaries therefor.
4. The compound of claim 1 for use in therapy.

5. Use of the compound of claim 1 for the manufacture of a medicament for

treating or for preventing thrombin mediated diseases.

6. The compound N-{carboxymethyl)-R-phenyl-D-phenylalanyl-N-[{1-amino-6-
isoquinoiinyl)meihyl]—L_—proIinafnide or a pharmaceutically acceptable salt
thereof.



