2 4 FEB 2006 WD 03/018551 PCT/ SE02/01557 | NEW MANDELI C ACI D

DERI VATI VES AND THEI R USE AS THROWBI N I NHI BI TORS Field of the
Invention 5 This invention relates to novel pharnmaceutically us HtEBE%B
conmpounds, in particular conmpounds that are, and/or conpounds that are
nmet abol i sed to conpounds which are, conpetitive inhibitors of

trypsi n-1 W&B948¥he proteases, especial ly thronbin, thehGT/AESR01587

medi canent s, pharnmaceutical 1o conposjtions cont ai ni ng them and
synthetic routes to their production.” Background Bl ood coagul ation is
the key process .involved in_hoth haenpstasis 15 prevention

i.e. the
of bl ood | OBIEWMM%@MD/P&UWAIHW%H&S%R(U.SE. ABhe formation
of a blood clot in a bl ood.vues ] adi ng to vessel
obstruction). Coagul ation iﬁ%&%'ﬁoﬁml ex series of
enzymatic reactions. One of 20 the ultinmate steps in this series of
reactions is the conversion of the proenzynme prothronbin to the active
enzymne t hr oFieldof fRerlamémntiod s known to play a central role in
coagul ation. It activates platelets, |eading to platel et aggregation,
converts’ fibrinogen into fibrin 25 nononers, which pol ynerise
spont aneoushy:. i . i bri I ! fac x| whi ch
in turn cr 3@%‘& lﬁ&tgnt[%el:%%ﬁ,ﬁgrﬁééfegsghg?rﬁ]gccluﬁig%lwuﬁsgﬁgigorrlﬁﬁcj_iunél%,r hwr nor e,
thrombi n acgatNafl@scdragdunids thatnatef 864/0F cdinpbundsehdt g hiztdboliBedid | ve
f eedback” generation of thronbin fromprothronbin. 2 4 F E B 2006 WO
113/ 018551 eanosade/ whgh7 are, competitive inhibitors of trypsin-like serine

proteases, especially thrombin, their use as medicaments, pharmaceutical

10 compositions containing them and synthetic routes to their production.
Background

Blood coagulation is the key process involved in both haemostasis (i.e. the
15  prevention of blood loss from a damaged vessel) and thrombosis (i.e. the
formation of a blood clot in a blood vessel, sometimes leading to vessel

obstruction).

Coagulation is the result of a complex series of enzymatic reactions. One of
20 the ultimate steps in this series of reactions is the conversion of the

proenzyme prothrombin to the active eﬁzyme thrombin.

Thrombin is known to play a central role in coagulation. It activates
platclcts, leading to platelet aggregation, converts fibrinogen into fibrin
25 " monomers, which polymerise spontaneously into fibrin. polymers, and
activates factor XIII, which in turmn crosslinks the polymers to form
insoluble fibrin. Furthermore, thrombin activates factor V and factor VIII

leading to a “positive feedback™ generation of thrombin from prothrombin.



2 By inhibiting the aggregation of platelets and the formati on and
crosslinking of fibrin, effective inhibitors of thronbin woul dZQEFEB 2006
expected to exhibit antithronmbotic activity. In addition,
antithronbotic activity would be expected to be enhanced by effective
i nhi biti oWOJSB/4SE! posi tive feedback s nechani sm Prior PATSEESTar | y
devel opnent of | ow nol ecul ar weight ipnhibitors of thronmbin has 110 been
descri bed by C aesson in Bl ood Coagulz. Fi brinol. (1994) 5, 411.

Bl onback et al (in J. din. Lab. Invest. 24, suppl. 107, 59, (1969))
reported tBy mhibiting te dggregasiob af phhtalets vhe thenformatimi mcsa@uﬂnﬁmgsi tuat ed
around the cl eavage site faor. the fjbrinogen Aa chain the_am no

aci d sequertfelbng, effectiygsiahibitone o€ ms“’@-ﬂéd&ﬁéﬁeq{% te raxpEpt i de

sequence Phe al 2- n err d f0_as

P3- P2- P1 se JE{HBE@ 3% q(':@%bg i %ﬁ cﬁ‘ f"’f‘i‘i‘t"mﬁ’é’f“f’nﬁ? bV"[yo "Jriqbenbl n

i nhi bi tors £Rasaed eh i afRhtsly by ctﬁfecm hﬂﬁ&u%td‘f e ﬁosﬁiv@f@aﬁﬁ?ékkw 20
guanidine in"the Pl-position are known from US Patent N 4, 346,078 and.
| nt er natsi omadchRaisavat Applicati on WO 93/11152. Similar, structurally

rel ated, dipeptidyl derivatives have al so been reported. For exanple

I nternational Patent Application WO 94/29336 di scl oses conpounds w th,
for exampl g g pormet hyl benzani dines, cyclic am noal kyl am di nes and
25 cyclic am noal kyl guani dines in the P1- position (International
Patent Application WO 97/ 23499 di scl oses prodrugs of certain of these

conpounds) ; European Pat ent tion 0,648 780, discloses conpounds
with, for ebhsmrly dey @PF@“&HfAﬁHﬁF@q gijé:YﬁlEhtriéglbi“ﬁrst plethpombisoRast i on.

24FEB20Q36 Q. 03LQL8Re by CHads5P ! Bthod Codgul. Fibrinol. (1994) 5, 411,

Blombick et af (in I. Clin. Lab. Invest. 24, suppl. 107, 59, (1969)) reported
thrombin inhibitors based on the amino acid sequence situated around the
cleavage site for the fibrinogen Ac chain. Of the amino acid sequences
15 discussed, these authors suggested the tripeptide sequence Phe-Val-Arg
(P9-P2-P1, hereinafter referred to as the P3-P2-P1 sequence) would be the

most effective inhibitor.

Thrombin inhibitors based on dipeptidyl derivatives with an a,w-aminoalkyl
20 guaniding in the Pl-position are known from US Patent N° 4,346,078 and.
International Patent Application WO 93/11152.  Similar, structurally
related, dipeptidyl derivatives have also been reported. For example
International Patent Application WO 94/29336 discloses compounds with,
for example, aminomethyl benzamidines, cyclic aminoalkyl amidines and
25 chclic aminoalkyl guanidines in the Pl-positior} (International Patent
Application WO 97/23499 discloses prodrugs of certain of these
compounds); European Patent Application 0 648 780, discloses compounds

with, for example, cyclic aminoalkyl guanidines in the P!-position.



Thronbi n inhibitors based on peptidyl derivatives, also having cyclic
am noal kyl guani dines (e.g. either 3- or 4- aninonethyl-l-anidiQQ¢E52%5
pi peridine) in the Pl-position are known from European Patent
Applications 0 468 231, 0 559 046 and 0 641 779. 5 Thronbin inhibitors
based on W@yl derivatives with arginine al dehyde PCT{SEQESST

Pl -position were first disclosed in ropean Patent Application 0 185
390. to More recently, arginine al dehyde-based peptidyl derivatives,
nodified in the P3-position, have been reported. For exanple,

| nt er nat i orfBlroRdirennhibitprs besetd on PRI MeoiGativiss cdles davingdegelye aci ds,
Eur opean Pat ent plication 0 526 877 des-am no,acids, and _ European
Pat ent Applameiaeplsil guagibnesydeg. ntithey | Ineidér i amiraraeshyinl emidino-

el oot r opi 1eeRipEiiadhe PLbeRboR s R BhEIAG0nsd PurmiheiRaRons Sonl e,
Eur opean Paj g4 23 AR Ic@ed 4 640979212 di scl oses peptidyl a-keto esters

and am des, European Patent Application 0 362 002 fl uoroal kyl am de
ket ones,5 European 20 Patent Application 0 364 344 '

a, (3,8-triketoc ounds, and European tent, |icati.on 0 530 167
a- al koxy kéf‘lfﬂ@%gg’r“h!‘i}ﬁf"ir%E%“SfonatF‘gFPﬂdﬁggf"ﬁvattWésA%gh Hexpe BW.ehﬂOeher ,
structurall; | T sl q]al] : LN bl I e 0, ses
based 25 i B4 FLPoRRb oAbl aRchsal i EiRBHY PUER AGBHORORPIEY

I sot hi our or§i9dm anal ogues t hereof are known from European Pat ent

Application 0 293 881. Mre recently, thronbin inhibitors based on
pepti dyl derivatives have been disclosed in European Patent

200l ol *gBoSREsBY, AUAHEISEASH O0gh BPh TR RLL SR

the P3-position, have been reported. For example, International Patent

Application WO 93/18060 discloses hydroxy acids, European Patent
Application 0 526 877 des-amino acids, and European Patent Application 0
542 525 O-methyl mandelic acids in the P3-position.
15
Inhibitors of serine proteases (e.g. thrombin) based on electrophilic ketones
in the Pl-position are also known. For example, European Patent
Application 0 195 212 discloses peptidyl a-keto esters and amides,
European Patent Application 0 362 002 fluoroalkylamide ketones, European
20 Patent Application 0 364 344 q,B,5-triketocompounds, and European Patent
Application 0 530 167 a-alkoxy ketone derivatives of arginine in the P1-

position.

Other, structurally different, inhibitors of trypsin-like serine proteases based
25 on C-terminal boronic acid derivatives of arginine and.isothiouronium

analogues thereof are known from European Patent Application 0 293 881.

More recently, thrombin inhibitors based on peptidy! derivatives have been
disclosed in European Patent Application 0 669 317 and International Patent
30  Applications WO 95/35309, WO 95/23609, WO 96/25426, WO 97/02284,



WO 03/ 1) 18551 PCT/ SE02/ 01557 4 WO 97/ 46577, WO 96/ 32110, WD 96/ 31504

WO 96/ 03374, WO 98/06740, WD 97/49404, WO 98/57932, WO 99/2966424/\&8 2006
00/ 35869 and WD 00/42059. 5 In particular, WO 97/02284 and WO 00/ 42059
di sclose thrombin inhibitors with substituted mandelic acids in the P3
posi ti on.wblosiese®1, there remains a need for effective i rPoTSEVIFISS7Of
trypsin-like serine proteases, such as thronbin. There is also a need
for conpeunds which to have a favourabl e pharmacokinetic profile and

are selective in inhibiting thronmbin over other serine proteases, in

particul ar wosey/sesm9] Vi 06/323800SWas | $6/3 BUMOWAS g T4eXWIdI t

conpetitive inhibi tory activity t'owar ds t hronbi n woul d be expected to
be especi al9Bj0aidef WO 83/49404 WQ&:{S&EIBZ; WGt 99R28684,0M© DE/I5REY and

t herapeuti ¢ %)req%fqe t of thronbosis and 15 related disorders.

Di scl osure P ¢ vention According to the invention there is

provi ded a conmpound of forrmula | 20 | Cl- v -OCHF2 (i.e
Ph(3-C ) (5-0CHF2)-CH(OH) C(O) - Aze-Pab(2,6-diF)), or a

phar macgut iig ?hhﬁéuﬁﬁcw 91102284 fain AV OVB0/4 265 %edib cloRbthdorhbRERhARHREs WO

'03/ 111 85 3 PCT/ SE02/ 01 557 5 The term' ‘pharmaceuti cal | y-accept abl e

deri vat i ve'withhsubstituged mhadﬂ@md&mdhﬁ P3 pesitiprabl e salts (e.g. acid
addition salts).

However, there remains a need for effective inhibitors of trypsin-like serine
proteases, such as thrombin. There is also a need for compounds which
10 have a favourable pharmacokinetic profile and are selective in inhibiting -
thrombin over other serine proteases, in particular those involved iﬁ
haemostasis. Compounds which exhibit competitive inhibitory activity
towards thrombin would be expected to be especially useful as
anticoagulants and therefore in the therapeutic treatment of thrombosis and

15 related disorders.
Disclosure of the Invention

According to the invention there is provided a compound of formula I
20

o E
2 \ NH

cl OCHF,
(i.e. Ph(3-CI)(5-OCHF)-CH(OH)C(O)-Aze-Pab(2,6-diF)),

or a pharmaceutically-acceptable derivative thereof.

23



Abbreviations are listed at the end of this specification. 5 The

conpound of fornula | may be made in Accordance with techniques waFkIFEB 2006
known to those skilled in the art, for exanple as descri bed

hereinafter. According to a further aspect of the invention there is

provi ded avprypoess for to the preparation of the corrpomdisuozicflsmrrul a

I, which conprises: (i) the coupling of a conpound of formula Il, OH It

Cr -OCHF2 15 with a conpound of formufa 111, 111 20 for exanple in the
presence of a coupling agent (e.g. oxalyl chI oride in DM, EDC DCC,

HBTU, HATU, TRyBOPteom TBF anﬁ&e@%[l?&btéﬁtzﬂal@asedéhv‘!mEEB 20/381uhel
03/018551 6 PCT/ SE02/ 01557 (e.g. pyridine, DVAP, TEA 2,4,6-collidine

or DI PEA) aphamaseiticalyacceptajiesaltsqolgyecid additign sa;ltsbhl or onet hane,
acetonitrile, EtOAc or DVWF); (ii) the coupling of a conpound of fornula
IV, 5 OHIVCASv -OCHF2 with the conmpound of forrmula V, V

Abbreviations are listed at the end of this specification.

The compound of formula I may be made in accordance with techniqies

well known to those skilled in the art, for example as described hereinafter.

According to a further aspect of the invention there is provided a process for

10 the preparation of the compound of formula I, which comprises:

(i) the coupling of a compound of formula II,

O

HO
OH
[l
Cl OCHF,
15
with a compound of formula i,
0 F
y NH
il
HN
|\ NH,

20 for example in the presence of a coupling agent (e.g. oxalyl chloride in
DME, EDC, DCC, HBTU, HATU, PyBOP or TBTU), an appropriate base



10 for exanple under conditions as described in process (i) above or
(iii) reaction of a correspondi ng conpound of formula XVI, s ddflifBetilt
15 hereinafter, with a suitable source of amonia (e.qg. ammnl um
acetate or anmonia gas) under conditions known to those skilled in the
art, suchwasesmysssreacti on of an ethylim doate internmed gicqshpgepd by
reactlon of a conpound of fornmula XVI with HO(g) in ethanol) with
ammonia ga s in ethanol, or under thibse conditions described in
Tetrahedron Lett. 40, 7067 (1999), the 20 disclosures in which
docunent ar én r gtpog . o 06y;

09 015051 N fine 1DMAP! Corrpog*dgs@(glg bfpece DIPRAY e Dsuitble - ng
known and/ osrgatiandbvedt (etge divhigromethaheracetoaitriles Et©Avpe DMP);,0of formul a ||
may be prepared by reaction of the $ aldehyde of forrmula VI, VI C' v
"OCHF2 with: 10 (a) a conpound of fornula VII, R'CN VIl is wherein R
represents CH3)3S . for exa m or el evated,
tenperature(He 5 %@'&&/Oféﬁﬁppoﬁn?ﬁg?%?eﬁge of a suitable organic
solvent s (e.g. chloroformor nethylene chloride) and, if necessary, in
the presence of a suitable base ée.g. TEA) and/or a suitable catalyst
system (e.g. benzyl ammoni um_chl o¥{ de or zinc iodide, or using a chiral

catal yst, for 20 exanpl e as ¢escri Hn Chem Rev., (1999) 99, 3649),
fol |l oned by ) HO »
N
v
Ci OCHF,

with the compound of formula V,

H,N NH

NH,

10

for example under conditions as described in process (i) above; or

(iii) reaction of a corresponding compound of formula XVI, as defined

15 hereinafter, with a suitable source of ammonia (¢.g. ammonium acetate or
ammonia gas) under conditions known to those skilled in the art, such as by

~ reaction of an ethylimidoate intermediate (formed by reaction of a compound

of fdrmuia XVI with HCY(g) in ethanol) with ammonia ga.s in ethanol, or
under those conditions described in Tetrahedron Lett. 40, 7067 (1999), the

20  disclosures in which document are hereby incorporated by reference.



hydrol ysis under conditions that are well known to those skilled in the
art (e.g. as described hereinafter); (b) NaCN or KCN, for exanffige)jn
the presence of NaHSO3 and water, 25 followed by hydrolysis; 2 4 FEB
2006 WO 03/018551 PCT/ SE02/ 01557 8 (c) chloroform for exanple at

el evat ed Wwomeiskkure . (e.g. above room tenperature but RelgkdRIC) 1N
the presence of a suitable organic solvent (e.g. chlorofornm) and, if

necessary, in the presence of a suitaple catalyst system(e.qg.
benzyl anmoni um chl oride), followed by hydrolysis; 5 (d) a conpound of

Formul a V! | Gomf Gy ob! Brhbise B SRl Siddle Qsidd el YRR gl ve

cl eavage (e g." 0zonolysis or osm um or i'um cat under
condi tions twm,ﬁdiueg,re wel | known to those skilled in the art; or (e)
tris(methylthio)methane under conditions which are well known to those
t5 skilled in the art, followed by hydrolysis in the presence of e.gqg.

HgO and HRBF4. Conpounds of, f | a Il may, alternatjvely be prepared by
oxi dat i on of°r£XaLy SBWBOWde%;%PglaII;Qm%bW@?%It Je Cw{lf’? tg‘? a
derivatigye J]Mg@@ﬁffﬂﬁhlé W’opti onally protected at the secondary

hydr oxyl" grou in the presence of a suitable oxidising agent (e.g. a
conbi nation of a 25 suitable free radical oxidant (such as TEMPO and

an appropri ate
pprop o H

\

Ci OCHF,

with:
10

(a) a compound of formula VI,
R"CN _ , VIl

15 wherein R" represents H or (CH;);S1, for example at room, or elevated,
temperature (e.g. below 100°C) in the presence of a suitable organic solvent

(e.g. chloroform or methylene chloride) and, if necessary, in the presence of

a suitable base (e.z. TEA) and/or a suitable catalyst system (e.g.
benzylammonium chloride or zinc iodide, or using a chiral catalyst, for

20 example as described in Chem. Rev., (1999) 99, 3649), followed by
- hydrolysis under conditions that are well known to those skilled in the art

| {e.g. as described hereinafter);

(b) NaCN or KCN, for example in the presence of NaHSO; and water,
25 followed by hydrolysis;



2 4 FEB 2D06 WD 113/018551 PCT/ SE02/ 01557 9 hypochlorite salt (such as
sodi um hypochlorite)) under conditions known to those skil lﬁg '@@Ee
art, for exanple at between -10C and room tenperature, int FE) nce
of a suitable solvent (e.g. water, acetone or a mxture thereof), an

appropria e.g. an alkali netal halide such as 5 I
Wo A dss Olﬁgll{@%%b 19

brom de) and a suitable base (e.g. an alkali netal carb

hydr ogen .car bonat e such as sodi um hydg ogen car bonate).
Enantionerically-pure fornms of conpounds of fornmula Il (i.e.. those
conpounds havi n? di fferﬁnt conf i guraiti Oélcé of substituents about the
C-atom to al) lembragplar gxample @b yclpvated temperatire (eag abrys: reBeci fi c

derivatisatjo ) i . i fQr. ex | e by. an,enzynmatic
e VAT 2 Ae AR T BSOS RS FtSthoel s SHARH Srabtic usl
transest erifeiC ahiRBror@) ahlleifnddebAFAUR the REJNBE R L MMM chfilysyX
tenperature (e.g. at between 45 and 65C) 'in the presence of a suitable

enzyme (e. gystenpise beSeylamnwhjunl Shlanda) folbpvaddhychpdriotysiie. g.  vi nyl
acetate) and a suitable solvent (e.g. nmethyl tert-butyl ether). The
derivatised i somer may then be separated fromthe unreacted isoner by

conventi onmﬁggﬁég(ﬁé}%@?gﬁoﬁpg?ﬁﬁs (e.g. chromatography). 20 G oups

added to c oun in such a derivatisation step may be
renoved either before any further reactions or at any later stage in
the synthesis of conpounds of formula I. The additional groups may be

renoved using conventi MChni ques (e.g. for esters of the a-COH
group, hydrolysis und /€on iMions known to t hos&/18ki | led in the art

(e.g. at 25 between room and reflux tenperature in the presence of a
suitabl e base (e.g. NaOH) and an appropriate solvent (e.g. MeOH, water
or m xtures thereof))). .

10 wherein M represents Mg or Li, followed by oxidative cleavage (e.g.

ozonolysis or osmium or ruthenium catalysed) under conditions which are

well known to those skilled in the art; or

(e) tris(methylthio)methane under conditions which are well known to those
15 skilled in the art, followed by hydrolysis in the presence of e.g. HgO and
HBF,.

Comp‘ounds of formula II may alternatively be prepared by oxidation of a
compound of formula IX,

20
OH
HO

c! OCHF,

or a derivative thereof that is optionally protected at the secondary hydroxyl
group, in the presence of a suitable oxidising agent (e.g. a combination of a

"5 suitable free radical oxidant (such as TEMPO) and an appropriate



2 4 FEB 2006 WD 03/018551 PCT/ SE02/ 01557 10 Conpounds of formula Ihﬁhn
may be prepared by coupling azetidine-2- carboxylic acid to a co k00
of formula V, as hereinbefore defined, for exanple under simlar
conditions to those described herein for preparation of conpounds of
formul a | . wéemsfrounds of formula IV may be prepared by mauHingsa
conpound of fornmula 11 as hereinbefore defined to
azetidine-2-carboxylic acid, for exaflple under sinmlar conditions to

t hose described herein for preparation of conpounds of fornula I. to

The conpoun [ ' i ard
t echni ques. ﬂxgér(:hie%%up{ﬂg,(s}qcp ar%é?/&%tkaﬂ Eﬂé’gg&glﬁagﬁh&?@nﬁg g??"g%gﬁg
(wher ei n t hehozet sdilledyinbahe fart, domarghmpleant abdtakeen TE0AC a8 soveh as Li

or, preferably, a divalent nmetal such as g) of a compound of fornula
X, Hal X Cl Smperaiayerin die presencerpfipsuitabler soleant {e.g. watasgaceteneom el ect ed

f 1Cl, B d 1, fol d__by. [ it .Ssui t abl f th
A A TR AU N
condi ti ogs g@ﬁ&w@qﬂoﬁﬁd | 3 4 Stiitatld g%sga(%@acaw ARalP mAalCOTPSHAR 0P

formula X, 25 2 FEB 2006 WO 03/01
hydrogen carbonate such as sodium hydrogen carbonate).

Enantiomerically-pure forms of compounds of formula II (i.e. those
compounds having differgnt configurations of substituents about the C-atom
10 «- to the CO,H group) may be separated by an enantiospecific
derivatisation step. This may be achieved, for example by an enzymatic
process. Such enzymatic processes include, for example, transesterification
of the a-OH group at between room and reflux temperature (e.g. at between
45 and 65°C) in the presence of a suitable enzyme (e.g. Lipase PS Amano),
15 an appropriate ester (e.g. vinyl acetate) aqd a suitable solvent (e.g. methyl
tert-butyl ethe;'). The derivatised isomer may then be separated from the
unreacted isomer by conventional ;separation techniques  (e.g.

chromatography).

20 Groups added to compounds of formula II in such a derivatisation step may
be removed either before any further reactions or at any later stage in the
-synthesis of compounds of formula I. The additional groups may Ee
removed using conventional techniques (e.g. for esters of the a-OH group,

. hydrolysis under conditions known to those: skilled in the art (e.g. at
25 between room and reflux temperature in the presence of a suitable base (e.g.

NaOH) and an appropriate solvent (e.g. MeOH, water or mixtures
thereof))).



Il XI S "OCHF2 in the presence of a suitable reducing agent (e.%.
DIBAL-H); or 5 (iii) oxidation of a conpound of forrmula X1, o ¢4 FEB 2008
-OCHF2 XI'l PCT/ SE02/ 01557 in the presence of a suitable oxidising agent
(e.g. M2, pyridinium to chlorochromate, a conbination of DVSO and

oxal yl chivergs@esssor SC3 pyridine conplex in DVBO) . Cong@uainisy/@lkss
formula | X nay be prepared by di hydroxylation of a corresponding
conmpound-of formula XIIl 15 CIS -CCHA®2 XII' in the presence of a
sui t abl e di hydroxyl ating agent (e.g. a reagent or reagent mxture that

provi des ) X I i Y } X-P) 4. 2G for
exanpl e ugﬁ“@%‘#ﬁ} t ?gng Eigm%ﬁt gla?’hgésiéﬁ %@#‘feg Fﬂ%@ g“rzF?idlg%gh as at
2 4 FEB 20QfHiRyIR/ R18%54 TSR 2 baRla W adkireRpeford Yefiaed fopom
tenperature in the presence of an appropriate solvent (e.g. water,

t ert - but ancixaopleaundesrtsimédar hendiboys tovthese desgned herein foai prepsrstiemich as
AD-m x-a or AD-m x- Q. e e[m: oyed, this nethod may be used to prepare
conpounds ¢ PEIPRHAES ¢ ave specific configurations of groups
(i.e. Roor §) about both of the C-atonms to which the

Compounds of formula IV may be prepared by coupling a compound of
formula II as hereinbefore defined to azetidine-2-carboxylic acid, for
example under similar conditions to those described herein for preparation

of compounds of formula I

10
The compound of formula VI is available using known and/or standard

techniques. For example, it may be prepared by:

(i) metallation (wherein the metal may be, for example, an alkali metal
15 such as Li or, preferably, a divalent metal such as Mg) of a compound of

formula X,

Hal

c” OCHF,

20  wherein Hal represents a halogen atom selected from Cl, Br and I, followed
by reaction with a suitable source of the formyl group (such as NN-

: dimethylformamide), for example under conditions described hereinafter;

(i) reduction of a compound of formula XI,

25



primary and secondary hydroxyl groups are attached. The conpound of A
formula XIlII may be prepared by reaction of a corresponding conp@dh%ﬁazwﬁ
of fornmula X, as hereinbefore defined, with a to suitable source of the
vinyl anion (e.g. tributyl(vinyl)tin) under conditions known to those
skilled i wdd3mmgi, for exanple at between room and ref lpgfsE02/01557
tenperature (e.g. 50C) in the presence of an appropriate solvent (e.g.
tol uene),- a suitable coupling agent (&.g. a palladiunm{O -co-ordination
conpl ex such as tetrakis(triphenyl phosphi ne)pal |l adi un(0)) and

optionally 15 in the presenge ofp@e appropriate catalyst (e.g.
2,6-di-tert-butyl-4- nethyl pfgnol ). Conpounds of fornulae V, VII, VIII,
X, XI, XIl and azetidi ne-2-carlboxylic acid are ghther comercially
avai l abl e, are known in the Rgrature, or may 20“be obtai ned either by
i bed herein, or by conventional
synthetic procedures, in_ac an .t h standard techniques, from
readily avail abl e starti {16 nateriéﬁgﬂtsing appropri ate reagents and
reaction conditions. Conpounds of formula XVI may be obtai ned by
processes described hereinafter. 25 Substituents on the phenyl ring in

conpounds of for le, voes X , X, X oand Xl
may be i nt_r%éf)%@%%%?r% atsgiztﬁ%!ag%délgin%eﬁgfyn%ﬁmm@ 'mbéle skilled in the
art by way of standard functional groups interconversions, in
accordance with standard techniques, fromreadily 2 4 FEB 2006 Wo
031018551 H@iiy sxdiation 5537 cogponndpf omulasgXlr ti ng material s using
appropriate reagents and reaction conditions.. For exanple, conpounds
of formulae I, 11, IV, VI, X, XI and XI| may be

OH

Xl

ol OCHF,

in the presence of a suitable oxidising agent (e.g. MnO,, pyridinium
10 chlorochromate, a combination of DMSO and oxaly! chloride, or SO,

pyridine complex in DMSQ).

Compounds of formula [X may be prepared by dihydroxylation of a
corresponding compound of formula XIIT

15

XHI

ci OCHF,

in the presence of a suitable dihydroxylating agent (e.g. a reagent or reagent
mixture that provides OsOy, such as AD-mix-a or, particularly, AD-mix-8),

20 for example under conditions known to those skilled in the art, such as at



s prepared from conpounds corresponding to those conpounds, in ifp
i n place of the -OCHF2 group, an -OH groups is present (hereinaft® EB 2008
referred to as "the rel evant phenol precursor conpounds”), for exanple
by reaction of such a rel evant phenol precursor conpound with an

appropri aiw e3fohssef i nat ed hal oal kane (such as Cl CHF2), e.fprsghadi@8M
tenperature or above 10 (e.g. at reflux) in the presence of a sultable

base (e.g. potassiumtert- butoxide, {KOH or NaCOH, for exanple in
aqueous solution) and an appropriate organic solvent (e.g. THF,

chl orof ormyor._ i - pr , r e. as d | bed. herei nafter. 15
The skill eo?epg‘é'?%rgﬁi%ﬂ %k%gs&@cfca. eEE[Eﬁ%t msﬁ-‘gh&%g%?!‘gqﬁﬁl zgalpf)cmgxa?e
transf or matdoPasmt TRY. Mab?, Rer-BahdICs PWlixfke Herest). (Whed L3GRmeRid he.
overall synthesis of conpounds of fornmulae 11, 1V, VI, X X and Xl

(i.e. on apqdans sadheapAEsmisor er AD-ire fr &t evgpldyqd) ehie| mpthed wisor
conpounds). The relevant phenol precursor conpounds are either
commer ci al 1bg disad| bl prepaee COWPRARN afn fompula i {6, shalr baver speaificoe

bt ai i t her by. .t h ot h d | bed L,n, b
convent ondenapeiaft & gRbedlisy 8ol SRR R D o oty 7
t echni quesg,rl;déa an@R6¢dndadViRdréd) 1§ rsiRlald Mthchadt eri al s using

appropri at ents and redction-conditions. For exanple, the
rel evant phenol precursor conpounds may be obtai ned by deprotection 25

e, Tor e remgedyet Tamiye ARy bt beptedubylseoahion ot fandard
condLt o1 sobBIRAUDNE gk ke O el spmAd s el Lo
PCT/ SEO@/ 0khfigbld 4ource of the vinyl anion (e.g. tributyl(vinyl)tin) under conditions
known to those skilled in the art, for example at between room and reflux
temperature (e.g. 50°C) in the presence of an appropriate solvent (e.g.
toluene), a suitable coupling agent {e.g. a palladium(0) co-ordination
complex such as t(;.trakis(triphenylphosphine)palladium(O)) and optionally
15 in the presence of an appropriate catalyst (e.g. 2,6-di-fert-butyl-4-
methylphenol).

Compounds of formulae V, VII, VIII, X, X1, XII and azetidine-2-carboxylic
acid are either commercially available, are known in the literature, or may
20 be obtained either by analogy with the processes described herein, or by
conventional synthetic procedures, in accordance with standard techniques,
from readily available starting materials using appropriate reagents and
reaction conditions. Compounds of formula XVI] may be obtained by
~ processes described hereinafter,
25
Substituents on the phenyl ring in compounds of formulae 1, If, III, IV, V,
VI, IX, X, XI, X1 and XIII may be introduced using techniques well known
to those skilled in the art by 'way of standard functional groups

interconversions, in accordance with standard techniques, from readily



In accordance with the present invention, pharmaceutically acceptable
derivatives of conmpounds of fornmula | also include "protected" 24FEB 2006
derivatives, and/or conpounds that act as prodrugs, of conpounds of
formula I. 5 Conpounds that may act as prodrugs of conmpounds of fornula
| that mawod@igsenti oned i ncl ude conpounds of fornul a | actsgifsSsV
-OCHF2 to wherein Rl represents OR2 or C(O OR3; R2 represents H, Cl1.10
al kyl, Ct.3 alkylaryl or C1.3 al kyloxy@aryl (the alkyl parts of which

| atter two groups are optionally interrupted by one or nore oxygen

atonms, and yl S | chsihat & g areqopt.i Iy
substi t ut ed£ ;?;Ia(ﬁ)‘%e s(t)a‘r?ﬁﬁ rgﬁfé% slti{kde%t srg*l)(fa@? eé&#fg@% ﬁgﬁo?éagﬁgﬁyl,
met hyl 1s ogondetidigxy, which latter three groups are also optionally
substituted by one or nore halo substituents); and R3 represents Cl.10

al kyl (which latter group is optionally interrupted by one or nore
oxygen ato , or Cl1.3 al kyl,arul. or .C1 al.kyl I al kyl parts
of which |a %re?x e'g‘i"&lﬁ%‘%&? 8¥5%W‘8?1%1F’m' 1\ﬁt%ﬁmgﬂnéﬁﬁﬁ%ayo¥e nore 20
oxygen afo ftM cBPbuldy dotredboMihg By HHRAEE EOmpYEndE W RBicH fn

opt i onaﬁ y%ﬂﬁggl t ut gg&'}gyuone or -frJr%re %ubst i tueﬁ%s sel'_ecsz11 from hal o,
phenyl, netplate oOthemOCdKy group| el —O&t groups iy presant ¢hereimafier sdfewed
optionally substituted by on nore hal o $ubf%t ituents), an

phar maceut i ©a8| Yo% "e‘ﬂf‘&%b"e“ é’i‘%\r}‘éi"ir\f’Bg?PH%ﬁisébf fQSarQP@ ‘F)EE?‘*‘Q&IB WO
dor  vat i vestt GPILdainat: phenglo el EEsty BRGTRLC S S VarBiiie™ ©
phar maceut i figddnateicieddliedteq(saed dsCICHE,), @) 4l racieli ttim@Brature or above -
| 10 (e.g. at reflux) in the presence of a suitable base (e.g. potassium fert-
butoxide, KOH or NaOH, for example in aqueous solution) and an
appropriate organic solvent (e.g. THF, chloroform or i-propanol), for

cxample as described hereinafter.

15 The skilled person will appreciate that such functional group
transformations may also be carried out at an earlier stage iﬁ the overall
synthesis of compounds of formulae II, IV, VI, X, XI and XII (i.c. on

- appropriate pfcbursors of the relevant phenol precursor cbmpounds). The
relevant phenol precursor compounds are either commercially available, are

20 known in the literature, or may be obtained either by analogy with the
processes described herein, or by conventional synthetic procedufes, in
accordance with standard techniques, from readily available starting
materials using appropriate reagents and reaction conditions. For example,

the relevant phenol precursor compounds may be obtained by deprotection

25 of the corresponding protected phenols (where the protecting group may be,

for example, methyl, allyl, benzyl or tert-butyl) under standard conditions.

Compounds of formula I may be isolated from their reaction mixtures using
conventional techniques.

30



salts). 5 Al kyloxyaryl groups that R2 and R3 nmay represent conprise an
al kyl and an aryl group linked by way of an oxygen atom Al kyl ap yIf£grgdf
al kyl oxyaryl groups are linked to the rest of the nolecule via the

al kyl part of those groups, which alkyl parts may (if there is a

suf fici eniyousniss (i .e. three) of carbon atons) be branghegnehakn. The
aryl parts of alkylaryl and to al kyl oxyaryl groups which R2 and R3 may
represent, or be substituted by, ingl4gude carbocyclic and heterocyclic
aromati c groups, such as phenyl, naphthyl, pyridinyl, oxazolyl,

| soxazol yl ,, thiadiazol yl,, jndolyl and nzofuranyl .and the like. 15

Al kyl gr ouplél %&io&ﬂanﬁg ?h‘& F?% ﬁﬁ%}%&?‘é"&gﬁ ! ﬁhﬁnﬁﬁ%gfl?agfygtﬁc’?%@ﬁ or,
when there desivatipasl §f onfiitundd 8P ESmbiila € alsd iR IRAMYHRoMctdd™ Eivallesar bon
atons, be branched-chain and/or cyclic. Further, when there is a

suf fi ci ent amdidreompounds that atit aé prodrogs, b6 oohpoadndsasfifonmeladns, such al kyl

groups nmay al so be part cyclic/acyclic. Such alkyl groups may al so be
saturated or, when there 20 is a sufficient nunber (i.e. a m ninmm of

two) of car t . [ Wi ' R?2 and R3
may be ssubsuftﬁﬁa%gigﬁ%agﬁﬁa egé}lsa% rc':)’,a rﬂfolz‘kr3 hﬁ’ O%PQ%FQ%#HH%m&%aWen R1
represent s He(rfddo3hed Michhdy dotbdunds bf farenulald, ude: (a) linear, branched
or cyclic C3.6 alkyl, for exanple C4.6 cycloal kyl; (b) Cl-2 al kylaryl

groups, such as benzyl, optionally substituted as i ndicated
her ei nbefore. 30 2 4 FEB 2(&96 WO 0\}_1 018551 PCT/ SE02/ 01557 16

0 H }\l'-'R‘I
HO . S
N la
NH,
F
Cl OCHF,

1o wherein R' represents OR? or C(O)OR?;
R? represents H, Cy.jo alkyl, C,.; alkylaryl or C;4 alkyloxyaryl (the alkyl
parts of which latter two groups are optionally interrupted by one or more
oxygen atoms, and the aryl parts of which latter two groups are optionally
substituted by one or more substituents selected from halo, phenyl, methyl

15 or methoxy, which latter three g_r'oups are also optionally substituted by one
or more halo substituents); and
R} represents C,.j9 alkyl (which latter group is optionally interrupted by one
or more oxygen atoms), or Cy; alkylaryl or C,; alkyloxyaryl (the alkyl
parts of which latter two groups are optionally interrupted by one or more

20 ox.ygen_atoms, and the aryl parts of which latter two groups are optionally
substituted by one or more substituents selected from halo,‘ phenyl, methyl
or methoxy, which latter three groups are also optionally substituted by one
or more halo substituents),

and pharmaceutically-acceptable derivatives thereof.

25



Preferred conpounds of fornula la include those in which R represents
OR2. When Rl represents OR2, preferred R2 groups include: 5 (a) L F@B)ZQGB

unsubstituted, linear, branched or cyclic C .8 (e.g. Cl-6) alkyl, such
as linear C .3 alkyl (e.g. ethyl or, particularly, nethyl), branched
C3.8 al kyo ¢fngss1i -propyl, i-butyl or 4-heptyl) or cyclg$ dhs@! Kyl
(i.e. C4.7 cycloalkyl, e.g. cyclobutyl or cyclohexyl); 10 (c) C, .3

al kyl oxyphenyl (e.g. C2 al kyl oxyphenyls), which phenyl group is
optionally substituted by one or nore substituents as indicated

her ei nbef or e . g. trifluor hyl ). 1. 2.al kylaryl (e.q.

nmet hyl ar yl )?hé\htgg"@i nP"E?{B‘ag?'@F"E“BY %ﬁ%)dﬂtébﬁi%)h‘gew Pt,wespypf d‘%/%ﬁg(fur‘giaﬁgl yl or

i soxazol I, foppled 14 hd16dest PfthadEAieaRy BERptable 9ltd gag.l h¥idSadeddd uted by
one or nore substituents as indicated hereinbefor e.g. nethoxy,

met hyl , brosatshnd/ or chloro). Preferred conpounds of fornula la include
those in which RI represents OR2 and R2 represents |linear, branched
(as appropriate), or cyclic (as 20 appropriate), C .6 (e.g. C .4)

Compoundt. of ARV gra e acR ATy riprbicRBomortle &Y BT | oui ng
met hods: 25ar$/ﬁgrdu93|@ﬁlieqﬂb)®fwa§f S04 eLRRACIGE, mmﬁ%l‘%nﬁfa] ) Il as

her ei nbef ore efined with a conpound of formula 2 FEB 2006 WO
03/ 1118551 @OTpSER2LoREE™ the7rasNof the wolecule via the alkyl part of those

groups, which alky! parts may (if there is a sufficient number (i.e. three) of
carbon atoms) be branched-chain. The aryl parts of alkylaryl and
10 alkyloxyaryl groups which R? and R’ may represent, or be substituted by,
include carbocyclic and heterocyclic aromatic groups, such as phenyl,
naph.thyl, pyridinyl, oxazolyl, isoxazolyl, thiadiazolyl, indolyl and

benzofuranyl and the like.

15 Alkyl groups which R? and R? may represent may be straight-chain or,
when there is a sufficient number (i.c. a minimum of three) of carbon atoms,
be branched-chain and/or cyclic. Further, when there is a sufficient number
(i.e. a minimum of four) of carbon atoms, such alkyl groups may also be
part cyclic/acyclic. Such alkyl groups may also be saturated or, when there

20 is a sufficient number (i.e. a minimum of two)} of carbon atoms, be

unsaturated.

Halo groups with which R? and R’ may be substituted include ﬂuorb,
chioro, bromo and iodo.
25
When R r'epresents C(O)OR?, preferred R? groups include:
(a) lincar, branched or cyclic Cy.q alkyl, for cxample Cy¢ cycloalkyl;
(b) C,; alkylaryl groups, such as benzyl, optionally substituted as

indicated hereinbefore.

30



NH2 wherein R
condi ti ons
of formula I;
as herei nbefore

I s as hereinbefore defined, for exanple under si

to those described herei nbefore for synthesis of co

5 (b) reaction of a correspondi ng conpound of for

R is as hereinbefore defined, for exanple under simlar condit
t hose desgoishedsdierei nbefore for synthesis of conpoundspfsEfidiha | ;
(c) for conpounds of formula la in which R represents OH, reaction of
a 15 correspondi ng conmpound of formga XvVl, CN XVl CI' S ' OCHF2
2006 WO 03/018551 PCT/ SE02/ 01557 18 with hydroxyl am ne, for exa

under condi
of formnul a

'P?'éng&l %ﬂﬁ%u ? s bPeSEuIK A %ﬂ‘édé thdsBSn %fu’cp(ﬂ) %3%508

represents reaction o

derivativeQr?® a correspondi ng conpound of formula | whichis, f
a conpound of forrmula XVII, XVI | to wherein R repres

exanpl e,

for exanpl e,
conpound OMe%rﬁulle%légms OR pg}"_r'r d)%glrloups include:

5

10

20

25

(a)
(b

(©)

(d)

- CH2CH2- Si (CH3) 3 or benzyl, or a tautoner thereof,

H;

unsubstituted, linear, branched or cyclic C, 5 (e.g. C.¢) alkyl, such as
linear C;.; alkyl (e.g. ethyl or, particularly, methyl), branched C;;
alkyl (e.g. i-propyl, i-butyl or 4-heptyl) or cyclic Cq.; alkyl (i.e. Cq
cycloalkyl, e.g. cyclobutyl or cyclohexyl);

C,.; alkyloxyphenyl (e.g. C; alkyloxyphenyl), which pheny! group is
optionally substifuted by one or more substituents as indicated
hereinbefore (e.g. tnfluoromethyl),

Ci2 alkylaryl (e.g. methylaryl), wherein the aryl group is phenyl,
pyridinyl, oxazolyl or isoxazolyl, which latter. three groups are
optionally substituted by one or more substituents és indicated

hereinbefore (e.g. methoxy, methyl, bromo and/or chloro).

Preferred compounds of formula Ia include those in which R' represents

OR? and R? represents linear, branched (as appropriate), or cyclic (as

appropriate), C¢ (e.g. Ci.4) alkyl such as methyl, ethyl, n-propyl, i-propyl

or cyclobutyl.

Compounds of formula Ia may be prepared by one or more of the followmg

' .methods

(a) reaction of a corresponding compound of formula II as hereinbefore

defined with a compound of formula XIV,

m | ar

OFE 2008

defined with a conmpound of fornula XV, 10 XV wherein

ions to

2 4 FEB
npl e
npounds
ected

or

ents,

wth a -



15 wherein R2 is as hereinbefore defined, or an acid addition salt
thereof, for exanple at between roomand reflux tenperature in theéFER 2005
presence of an appropriate organic solvent (e.g. THE, CH3CN, DM or
DVMSO), followed by renoval of the -C(O OR group under conditions
known to wbasessiilled in the.art (e.g. by reacting w pdr/sS#nz@issTFA
(e.g. as described hereinafter)); 20 (e) for conmpounds of formula la in
which R)-represents OH reaction of § conpound of formula XVII, as
herei nbefore defined, in which R represents benzyl wth
hydr oxyl am ne, or an ggid addigion salt thereof, for exanple under
conditions that wll b : N ose skilled in the art; 25 Z 4
FEB 2006 WD 03/ (x85i 1 ] %O for conpounds of formula | a
in which Rt repres ; a correspogglyng conmpound of
formula | as hereinhef§re defi compound of tornmula XX 5

L' COOR XI X wherein represeAts a suita&ble |eaving group, such as
hal o or nitrophenyl (e.g. 4-nitrophenyl), and R3 is as hereinbefore
defined, for exanple at or around roomtenperature in the presence of
sui tabl e base (e.g. NaCOH, for to exanple in aqueous solution) and an
appropri at eviggrela'ds a9 hareftibefe defindte fdrexanplehddrisitailar @nditinsf or
compounds of formula la in which R represents OCH3 or OCH2CHS3,

reacti on oftoghasedesssibed Beasinbetarp dersantesis of pompoundsiof farmala IRt t 5
represents OH with dinethylsulfate or diethylsulfate, respectively, for
exanplesin the presence of a suitable base (e.g. an alkali netal

hydr oxi de () reaction of a corresponding compound of formula IV as hereinbefore

defined with a compound of formula XV,

F
H,N N—R!
s XV
NH,
F

10
wherein R' is as hereinbefore defined, for example under similar conditions

to those described hereinbefore for synthesis of compounds of formula I;

(c) for compounds of formula Ia in which R' represents OH, reaction of a

15  corresponding compound of formula XVI,

o Q F] F

cl OCHF,



such as KOH (for exanple in aqueous solution at e.g. 50 wt.%) agzd QE
appropriate catalyst (e.g. a quaternary ammoni um halide S such a 4 FEB 7006
benzyl tri nmet hyl anmoni um chl oride (for exanple in CH2Cl 2 or THE 20
solution at e.g. 10 wt.%). Conpounds of formula XVi rray be prepared by

reaction rrespondi ng conpound of formula II, ore
defi ned, ijﬂmuﬁgkonpound of formula XX, 25 CN 2 4 FEB fgﬁé&v@%§}018551
20 PCT/ SE02I 01557 f or exanpl e underl§|n1lar conditions to those

descri bed hereinbefore for synthesis of conpounds of fornula I.

Conpounds of ,faornul ag XVI y alt rna I vel repared by reaction of
a 5 correswﬁhd?)/ﬁgf”@(]ﬁfb’@ﬁn Tfixa r|°9n5§@nﬁ ewRperthete didlsdied,
with a nﬁggnd of formula XXI, CNXXI io for exanpl e under sinilar
condi tions ?ﬁ§5e descri bed herelnbefore for synthesis of conpounds
of formula |I. Conpounds of formula XVII may be prepared by reaction of
a corresponding conpound of fornula 11, as her ei nbefore defined, with

a is conpofd)donéorhpounds &f ¥otmiyla Xxiin vy B mpmcaﬁsd)aé teastinndfef or e
defined, for exa etr simlar, 20 COI’ldIJ toin II ﬁ ]e1 d scrl bed
her ei nbefror@mfeaw@ﬁwém B oERARding Sompound o Semufa f whic

example, a compound of formula XVII,

/é K \__@__(V-COOF«. N

OCHF,

10 wherein R" represents, for example, -CH,CH,-Si(CH,); or benzyl, or a

- tautomer thereof, with a compound of formula XVIII,
R’ONH, XVII

15 wherein R? is as hereinbefore defined, or an acid addition salt thereof, for
example at between room and reflux temperature in the presence of an
appropriate organic solvent (e.g. THF, CH;CN, DMF or DMSQ), followed
by removal of the -C(O)OR® group under conditions known to those skilled
in the.art (e.g. by reacting with QF or TFA (e.g. as described hereinafter));

20 _

(e) for compounds of formula Ia in which R' represents OH, reaction of a
compound of formula XVII, as hereinbefore defined, in which R? represents
benzyl with hydroxylamine, or an acid addition salt thereof, for example

under conditions that will be well known to those skilled in the art;

25



formula I. 2 4 FEB 2006 WO 03/01 8551 21 PCT/ SE02/ 01557 Alternati vel¥ N
conpounds of formula XVII may be prepared by reaction of a 241ED 1006
correspondi ng conpound of formula | with a conpound corresponding to a
conmpound of formula XIX in which, in place of R3, the group R is

present, wodshisel R is as hereinbefore defined, for ex peisEonder S
condi ti ons described above in respect of the preparation of conpounds

of formula la. Conpounds of formul agl9XlV and XXI| may be prepared by
reaction of azetidine-2-carboxylic acid with, respectively, a conpound

of formula gﬂ{tC%"%“gﬁg 6F P&?ﬁﬁlﬁ"ﬁ[ £ felhiBAR! rgéer]g?en?éjw rQJctiBﬁrowl a

XX, XX erein I's as herel nbetore I ned, for ’exanpl e under

simlar congichirefifondify tOmpbasd ofefoerhilact abaiepdintefb@ Qefitdd SAtht Hesi s of
conpounds of fornula I'. Conpounds of formula XV, XVIII, XX XX XX
and XXl || agempnunderf fomomtaetldi,al |y available, are known in the
literature, or nay be obtained either by analogy wth the processes
descri bed herein, or by conventional 20 synthetic procedures, in
accordance wth stangdaiskX echni ques, fromreadily am% abl e starting
materials using appropriate reagents and reaction conditions. For
exanpl e, conpounds of .formula XX may be prepared by reaction of a
correspondi ng conppund of fornutgo‘éXI_ Wi th azetidine-2- carboxylic
acid, for eX uFrBESSeRts @ Juifableolsaying greun, suehas balgaydritrpplhienydbs

her ei nbef Or(%.‘g. %—xﬁh%%ﬁer%{?)? R OY Q4 Berbefore defined, for example at or

around room temperature in the presence of suitable base {e.g. NaOH, for
10 example in aqueous solution) and an appropriate organic solvent {(e.g.

methylene chloride); or

(g) for compounds of formula Ia in which R' represents OCH; or
OCH,CHs, reaction of a corresponding compound of formula Ia in which R
15 .rcpresents OH with dimethylsulfate or diethylsulfate, respectively, for
example in the presence of a suitable base (e.g. an alkali metal hydroxide
such as KOH (for example in aqueous solution at e.g. 50 wt.%)) and an
appropriate catalyst (e.g. a quaternary ammonium halide - such as
benzyltrimethylammonium chloride (for example in CH,Cl; or THF

20 solution at e.g. 10 wt.%)).

Compounds of formula XVI may be prepared by reaction of a
corresponding compound of formula II, as hercinbefore defined, with a
N compdund of formula XX,
25
| Q F

N

XX



22 PCT/ sEQ2/ O 1557 Conpounds of fornmulae | and |la, as defined above,
and derivatives of either, are referred to hereinafter as "the %LFEB 195
conpounds of the invention". The conpounds of the invention may exhibit

tautomerism Al tautoneric 5 fornms and mi xtures thereof are included
within the scope of the invention. Particular tautonmeric fornms that may

be nmenti o@gdsingiude those connected wi th the position gfrddigedeubl e
bond in the am dine functionality in a conpound of fornmula la, and the

position-of the substituent R . to Cggpounds of the invention also
contain two or nore asymmetric carbon atonms and nmay therefore exhibit

optical andlfor diastereoisongerism.. D astereoisoners,my be separated
usi ng conve ic&qgllp?e[ 85& |‘HH’én§r Q! -6‘?‘0“%%?55 o%qﬁﬁrgﬁ@ h?F%“béP’i'eo

st er eoi sonefsiRY dIRolpRLALELSS RymiRaration of a racemc or ot her

m xture of t’he conpounds using conventional, e.g. 15 HPLC techni ques.

Alternatively the desired optical isonmers my be nmade by reaction of
the appropriate optically ac g materials under _conditions

whi ch will G%P@Méﬁﬁ@@ﬁﬁ%g%gﬂ%g{t%ﬁmm gﬁprqmye%by pgaction of a
derivati sat | . Y ' id fo}loned
Separ at o Caspiiing K8Rp It o oRgATE e Beroffelugk ot it 2

(e.qg. HPLC,CQ@,Qp&lIﬁam,@gﬂ@m, over silica). Al stereoisoners are
included within the scope of the invention. Conpounds of the invention

in which the 25 fragnent is in the S-configuration are preferred.
24FEB2006 W O 03/018551 PCT/ §E02/01557 23 Preferred conpounds of the
i nvention al so include those i\n which the

H,N ,
CN XXI

10 for example under similar conditions to those described hereinbefore for

synthesis of compounds of formula I.

Compounds of formula XVII may be prepared by reaction of a
corresponding compound of formula II, as hereinbefore defined, with a

15 compound of formula XXII,

_ \ ) —COOR?
HN XXl
NH,

wherein R’ are as hercinbefore defined, for example under similar

20 conditions to those described hereinbefore for synthesis of compounds of

formula L.



structural fragnent CIS "~ ~OCHF2 5 is in the Rconfiguration. The vxgavgl 0
| ines on the bonds in the above two fragnents signify the bond 24 FEB 1006
positions of the fragments. 10 Thus, preferred conpounds of the

i nvention include:

Ph(3-d) ( v@OBrest (R) CH(OH) C(O) - (S) Aze- Pab( 2, 6-di F); PCT/SE02/01557

Ph(3-C ) (5-0CHF2) - (R)CH(OH) C( O - (S) Aze- Pab( 2, 6-di F) (Owe); and

Ph(3-d ) (5-0CHF2) - (RICH(OH) C( O - (S) A2¢- Pab(2,6-diF) (OH). 15 It will be
appreciated by those skilled in the art that in the processes

descri bed aﬁzﬁxﬁae@a%ﬁ@mﬁm OF fhisuld m‘;.@,ﬁeng{eg&ea regég;ogmedi ate

conpounds nmay need protected by pro roups. uncti onal
groups t hata térréspofdiag cehipeuhd of fartmadd 1 imith| austenoutd @oyresporidivg tand
carboxylic acid. Suitable protecting groups for hydroxy include
optional |y 2 somppiedoédormaleoXKIXingavhich: & placryaf Broligsgroup R’ iset hyl

allyl, benzyl or .tert-butyl), trialkylsilyl or,di.arylal kylsil,yl groups
(e.g. t-but Fiﬁ%f‘hyﬁvéﬁcﬁy_ﬁ l)St ?%UWT‘ ?{‘f)tﬁécn_)#gflﬁfl : rgf?lpﬁ%t IWPQS/‘] lyl)

and t et r ahydiaRundMeberibedi {LaRE Gn 28spRE0S ke PREpAARDEE E%V\Bs@ddacw' Ic
acid include Cl.6 al kyl or benzyl ésters. FEB 2006 03/018551
PCT/ SE02/ 01feGruladd4. Suit abl e protecting groups for am no and am di no

i ncl ude t- butyl oxycarbonyl, benzyl oxycarbonyl or
2-trimethylsilyl ethoxycarbonyl (Teoc). Am dino nitrogens may al so be

8{ g gf;g?egdorﬂﬂafrﬁﬁyofofor@thxxw HnAURKII RIAY BRYRPafl! B redBHBR 00"

azetidine-2-carboxylic acid with, respectively, a compound of formula XV

10 as hereinbefore defined, or a compound of formula XXIII,

H,N —COOR?
4 XX

NH,

wherein R? is as hereinbefore defined, for example under similar conditions

15 to those described hereinbefore for synthesis of compounds of formula I.

Compounds of formula XV, XVIII, XIX, XX, XXI and XXIII are either
commercially available, are known in the literature, or may be obtained
either by analogy with the processes described herein, or by conventional

20  synthetic procedures, in accordance with standard techniques, from readily
available starting materials using appropriate reagents and reaction

" conditions. For example, compounds of formula XX may ‘be prepared by
reaction of a corresponding compound of formula XXI with azetidine-2-

carboxylic acid, for example under similar conditions to those described

25  hereinbefore.



5 The protection and deprotection of functional groups may take pﬁgﬁ
before or after coupling, or before or after any other reaction. ¢i B 2006
t he above- nentioned schenmes. io Protecting groups may be renoved in
accordance with techniques that are well known to those skilled in the
art and ago@shfssioed hereinafter. Persons skilled in thecakkoiid
appreciate that, in order to obtain conpounds of the invention in an
alternative, and, on some occasions, Jgore conveni ent, 15 manner, the

i ndi vi dual process steps nentioned hereinbefore may be perforned in a
different oxder, and/pr. the ind]Vvidu reactigns _my  be . perforped at a
different s Q@Bb\‘“h stﬂg f%%‘ﬁ%? IIi é%duf%a%i (.je e, u%s Ve 3éﬂt§°q?§§vﬁeoggdded

to and/or chigkCRb rdft R8s i ldFBinhRBSasPHd LiFRndPeNthedhidRIANt |

intermedi ates to those nentioned hereinbefore in conjunction with a 20
particular reaction). This may negate, or render necessary, the need

for protecting groups. .The,type of chem stry invplved will dictate the
need, and t%‘égorapowdatOeféF? H@X’“&P’Mﬁé’ gdubiklautomensie Adh ket Gor
acconpl ishi : i , nr ' el s fully
A0C0MD! LS Ak g SHAES gbrech e HELUB8 AT SR GRS, TV Y,
MeOni e, Pl eputiiilaesatdmdicdorms aitat mayPbomentioned iflad® hdse cohRksdiéd

Synthesis", Yd edition, TW Geene & P.GM Witz, WIley-Interscience
(1999). 10 with thepoziivs viDtins doublsshondCiy o amidine Fanctionatifptiec ed

Lo conpounde o PRBT Tt AR o e rabtlkr o " Y

10 Compounds of the invention also contain two or more asymmetric carbon

atoms and may therefore exhibit optical and/or diastereoisomerism.
Diastercoisomers may be separated using conventional techniques, e.g.
chromatography. The various stereoisomers may be isolated by separation
of a racemic or other mixture of the compounds using conventional, e.g.
15 HPLC techniques. Alternatively the desired optical isomers may be made
by reaction of the appropriate optically active starting materials under
conditions which will not cause racemisation or epimerisation, or by
derivatiéation, for example with a homochiral acid followed by separation
of the diastereomeric derivatives by conventional means (e.g. HPLC,
20 chromatography over silica). All stercoisomers are included within the

scope of the invention.

Compounds of the invention in which the

)N

25 ©

fragment is in the S-configuration are preferred.



techni ques (e.g. hydrogenation). The skilled person will also
appreciate that certain conpounds of formula la may al so be refet k&dB 2006
to as being "protected 5 derivatives" of conpounds of formula I.

Medi cal and pharmaceutical use . Conpounds of the invention may possess
phar macol @@ @ahssactivity as such. to Conpounds of the ippagEyd@ast hat
may possess such activity include, but are not |imted to, conpounds
of fornmula |I. However, other conpoun@8 of the invention (including
conpounds of formula la) may not possess such activity, but may be
adm ni stered 15 parenterally or orally, and may thereafter be

nmet abol i sed in the body to form conpounds that are pharmacol ogically
active (incPudérigl cbiwpomads of ithd tekntion alsy iesndndhes &o iU die of
formula I'). Such conpounds (which also includes conpounds that may
possess son#ityshiehfiegmetfi cal activity, but that activity is
appreciably lower than that of the "agtive" 20 conpounds to which they

are netabolised), may therefore be desicrij bed as ~"prodrugs" of the
t he invention are useful

active compounds. Thus, the comptidipnd 'S

because they possess pharmacol ogicft aftivity, and/or are netabolised
in the body follow ng oral 25 or palenteral admnistration to form
conmpounds whi ch possess pharnaco gal activity. The conmpounds of the
dnvention are therefore indicatef pharmaceuticals. According to a
further aspect of the inventigy-the &ddpis provided the 30
compounds of the invention for use as pharmekceuticals. 2 4 FEB 2006 WO
03/018551 PCT/ SE02/ 01557 26 In particular, conpounds of the invention
are potent inhibitors of thronbin either as such and/or (e.g. in the
case of prodings)R-canfeguratiarbol i sed

The wavy lines on the bon_ds in the above two fragments signify the bond
positions of the fragments.

10
Thus, preferred compounds of the invention include:
Ph(3-Cl)(5-OCHF,)-(R)CH(OH)C(0)-(S) Aze-Pab(2,6-diF);
Ph(3-Cl)(5-OCHF3)-(R)CH(OH)C(O)-(S) Aze-Pab(2,6-diF)(OMe); and
Ph(3-CI)}(5-OCHF,}-(R)CH(OH)C(O)-(S)Aze-Pab(2,6-diF)(OH).

15

. It will be appreciated by those skilled in the art that in the processes

described above and hereinafter the functional groups of intermediate

compounds may need to be protected by protecting groups.

20  Functional groups that it is desirable to protect include hydroxy, amino and
* carboxylic acid. Suitable protecting groups for hydroxy include optionally
substituted and/or unsaturated alkyl groups (e.g. methyl, allyl, benzyl or
tert-butyl), trialkylsilyl or diarylalkylsilyl groups (e.g. -butyldimethylsilyl,
t-butyldiphenylsilyl or trimethylsilyl) and tetrahydropyranyl. Suitable

25 protecting groups for carboxylic acid include Cy.; alkyl or benzyl esters.



following admnistration to formpotent inhibitors of thronbin, for
exanple 5 as may be denonstrated in the tests described bel ow. B@AFEBZ%E
"prodrug of a thrombin inhibitor”, we include conpounds that forma
thrombin inhibitor, in an experinmental |l y-detectable anmobunt, and within

a predet ] ime (e.g. about 1 hour), follow ng or nt er al
to adninigﬁggpﬁgﬁi(see, for exanple, Test E below or, gk?@?%@?&@ely,
followi ng incubation in the presencegof |iver mcrosones (see, for
exanple, Test G below). The compounds of the invention are thus

expected to seful in thgse 15, condi.tions where,.inhi.bition of

b
t hrombi n i sSM s r QEOLECHg o BTWBS i T o AN dind PR g dnelige t frer apy i s

i ndi cat ed, 1 i e 1 €nt I €3k axi s of
thrombosi 5 SR AYEaPebIE, Ry Py Sborb s ol (S RARE A RE AN BT

i ncl udi ng n@eoc).t Amidironitrdgend m2§ diypbe goageted byl hydrorRor! atlaskyt 0

t hr onbo- enbol i ¢ di seases. .Conditions _ associated with

hyper coagul &i0HPs, end a3y hergidehaoaaben diprotactethses which nay be mentioned
i ncl ude s| nherited or acquired activated protein C resistance, such as
the factor V-nutation (factor V Leiden), and inherited or acquired
defi ci enci epyd CFro@é&i'oh Rh@eprdtdctiba of FticibRal @rokSsOhgy Bake: pliPEdthie 25
cofactor 11. her conditions known to. be associated with

hyper coagul abaftért gouplingd darhbefoteo oe rfter i anydbthenseadtionl iméhe iabovd-at i ng
ant i phosphol i pid gntj bodi es (Lupus anticoagul ant), honocystei nem ,
hepari n i ndUEEPEHSERBBSyt openi a and defects in fibrinolysis, as well
as coagul ation syndromes (e.g. dissem nated intravascul ar coagul ati on
(PIC)) 30 and vascular injury in general (e.g. due to surgery). 2 4
FEB 200 WPfcHiigEodupsGhayShe 2¢60d%d/in &éoridaacd wetht teeliiquds thansket i ons

where there i s an undesi rakbi e excess of . )
well known to those skilled in the art and as described hereinafter.

Persons skilled in the art will appreciate that, in order to obtain compounds

of the invention in an alternative, and, on some occasions, more convenient,

15 manner, the individual process steps mentioned hereinbefore may be
. performed in a different order, and/or the individual reactions may be
performed at a different stage in the overall route (i.e. substituents may be
added to and/or chemical transformations performed upon, different
intermediates to those mentioned hereinbefore in conjunction with a

20  particular reaction). This may hegatc, or render necessary, the need for

protecting groups.

The type of chemistry involved will dictate the need, and type, of protecting
| groupsr as well as the sequence for accomplishing the synthesis.
25
" The use of protecting groups is fully described in “Protective Groups in
- Organic Chemistry”, edited by ] W F McOmie, Plenum Press (1973),.and
“Protective Groups in Organic Synthesis”, 3" edition, T.W. Greene &
P.G.M. Wutz, Wiley-Interscience (1999). '

30



thrombin without signs . of hypercoagulability, for exanple in

neur odegener ative di seases such as Al zheiner's di sease. 5 Parti culldrfEB 2006
di sease states which nay be nentioned include the therapeutic and/or
prophylactic treatnent of venous thronmbosis (e.g. DVT) and pul nonary
enbol i smweaws/ersszl t hronbosis (e.g. in nyocardial infareCrspaissnst abl e
angi na, thronbosis-based stroke and Beri pheral arterial to thronbosis),
and systemc embolismusually fromtB& atriumduring atrial

fibrillation (e.g. non-valvular atrial fibrillation) or fromthe |left

ventricle pablegedt dahiamivedlof oAl ofi ME AheéitA Ry BAUDAdeA
congestive heart failure; prophylaxis of re-occlusion (i.e.

t hr onbosi s)chemicatlyt vr sateppyrdss of therioventioaousing retarsiardi rdepadtectiogi opl ast y
(PTA) and coronary ,bypass 15 rations, the prevention of,

re-thr onbo§?°§‘macf“tegt(e' pl@f‘%%%ﬁ"@ﬁﬁ@ Zﬁﬁ’ s&@%ﬁﬂeﬁ& %ﬁlre”g\%‘? geprECigisthaty) |

Furt her i ndi i j i V. }

t reat ment o? ﬁﬁhicgs r?liuﬂg%g |n?11? ?a%ggwg‘?jbggeafgﬁ?daﬁagﬁg C s%%&tt%/éa

bacteri a, nlstivatples” of aampouriZl® of fibraxilg &t i on or any ot her mechani sm

anti coagul ant treatnent when blood is in contact with foreign surfaces
in the body such as vascul ar grafts, vascular stents, vascul ar

cat heters, hani.c i ol ogjcal prosthetic valves or any other
NTESEATHEF bnadlfiaty

medi cal dev agu reatment when blood is in contact
wi th nedi cal devices outside the body such as during cardi ovascul ar 25
surgery using a heart-lung machine or in haenodialysis; the

t her apeut i €omgpoands oftheghy¢riioni roay pessessepharmicalogioplaactivity s dueldul t

respiratory, distress,. syndrone,. pul nonary fibrosis. follow t r eat ment
with rafia '°8?‘P°BP§S eﬂgﬁdf‘ﬁ‘aﬁ‘é’ﬁ)fhgts‘@ﬁ PBS%%WE acpty b’lé’hH‘:Y;» ggh‘l’*"ﬁarrrnat ory
responses, nuhigited tdIChR}BundUSf BHAuAQL |imted to, edemn, acute or
chronic at ﬁeroscFerdsi s such 30 as coronary arterial disease and the
formation of atherosclerotic plaques, 2 4 FEB 2006

However, other compounds of the invention (including compounds of

formula la) may not possess such activity, but may be administered

ts  parenterally or orally, and may thereafter be metabolised in the body to

form compounds that are pharmacologically active (including, but not

limited to, corresponding compounds of formula I). Such compounds

(which also includes compounds that may possess some pharmacological

activity, but that activity is appreciably lower than that of the “active”

20 compounds to which they are metabolised), may therefore be described as

“prodrugs” of the active compounds.

Thus, the compounds of the invention are useful because they possess
pharmacological activity, and/or are metabolised in the body following oral
25 "or parenteral administration to form compounds which possess
pharmacoiogical activity. The compound:;: of the invention are therefore

indicated as pharmaceuticals.

According to a further aspect of the invention there is thus provided the

30 compounds of the invention for use as pharmaceuticals.



W03/ 018551 PCT/ SE02/ 01557 28 cerebral arterial disease, cerebral
infarction, cerebral thrombosis, cerebral enbolism peripheral 74FEB 2006
arterial disease, ischaem a, angina (including unstable _ angina),
reperfusi on damage, restenosis after percutaneous trans-I|um nal

angi opl aswo 3I¥%1 and coronary artery bypass surgery. Coppepsendssef the -
I nvention that inhibit trypsin and/or thronbin may also be useful in

the treatnment of pancreatitis. The cdfpounds of the invention are thus
i ndicated both in the therapeutic to and/or prophylactic treatnent of
these conditions. According to a further aspect of the present

I nvention, there is provided a nethod of treatnent of a condition

wher e i nhi bl particulfr, compobhds b8 threeiguéntiod drevpotent ireibioses csfthrdmtsis

adm nistration of a thera euEicaI_Iy effective 15 anopunt of a conpound
of the invetitheprast sueh ﬂ@ﬁ@én es®if flerthe 259 Gy Podrugsis esptmetabolissd such a

condi ti on. e _¢o un f t ' ' W rmall e adni,ni st ered
orarty O NG ERE R Stelion 1P SoleR YEYt Hhintlont pb PRt (BF e ) o
nasa! ly,s Z%stmwb@aéhwnswwmhahésys d@&ri@é&!ybe%\b.er par enter al rout € or
via inhalation,” in the form of pharnmaceutical preparations conprising

conpound of the invention in a pharmaceutically acceptabl e dosage
form Dependin on the,di sorder.and, patient to be treated_and the
route of %agm%ﬁ‘i‘%f’ é‘ttpﬁ‘?ﬁlglt"h‘é‘i‘hbd%oswet F%@Wﬂﬂ%“‘ﬁnﬁ&'ﬁﬁ farey ad at
varyi ng dos : mound QY=Y Ja 1% | ped
and/or co- a nr%l %ﬁgi{ng}g%ﬁwﬁt ﬁn g%%}&‘gﬁf l:lttg ﬁfgk eg'gta})?gxélg{rﬁﬁf()s%&%w&t&ﬂ& aQ

di fferent npedsteinsined oimeacfd.gnabeutch houpndoldswingr @rall of hgartstetabwi ng:
the antiplatel et agents 30 acetyl sal ipt%l ic acid, ticlopid_ne and

cl opi doft el administsabieork ks¢e, fos czpmpie, 2t betvav)\in, alismativgly, following

incubation in the presence of liver microsomes (see, for example, Test G

below).

The compounds of the invention are thus expected to be useful in those
15 conditions where inhibition of thrombin is required, and/or conditions

where anticoagulant therapy is indicated, including the following:

The treatment and/or prophylaxis of thrombosis and hypercoagulability in
blood and/or tissues of animals including man. It is known that
20 hypercoagulability may lead to thrombo-embolic diseases. Conditions
associated with hypercoagulability and thrombo-embolic diseases which‘
may be mentioned include inherited or acquired activated protein C
resistance, such as the factor V-mutation (factor V Leiden), and inherited or
_acquiréd deficiencies in antitﬁrombin IlI, protein C, protein S, heparin
25 cofactor II. Other conditions known to be associated with
hypercoagulability .and thrombo-embolic disecase include circulating
antiphospholipid antibodies (Lupus anticoagulant), homocysteinemi,
heparin induced thrombocytopenia and defects in fibrinolysis, as well as
coagulation syndromes (e.g. disseminated intravascular coagulation (DIC))

30  and vascular injury in general (e.g. due to surgery).



PCT/ SE02/ 01557 29 and/or synthetase inhibitors; fibrinogen receptor
antagoni sts; prostacyclin mnmetics; phosphodi esterase inhibitors;syFgB 7006
ADP-receptor (P2T) antagonists; and inhibitors of carboxypeptidase U
(CPU). s The compounds of the invention nmay further be conbi ned and/ or

co- adm niwas emmskswi t h t hronbol ytics such as one or nor e pefrsElHESS

pl asm nogen activator (natural, reconbinant or nodified),

st rept oki-nase, urokinase, -prourokinage, anisoyl ated

pl asm nogen- st rept oki nase activator conplex (APSAC), animal salivary

gl and pl asm nogen activators, and the like, in the to treatnment of
thronbotic diseases, in particular myocardial infarction. According to

a further agpeCireehN@fi EOHAMINGNWHERI Eeke 1pr£ylufﬁa@s;aabléﬂh%@csw i cal
formul ation including a conmpound of the invention, in admxture with a

phar maceut i thabinpinac sepioabl signdj ueanhypeitdagehbiliy, cdor i example Siri t abl e
daily doses of the conmpoynds o nvention.in therapeutic treatnent
of humans aRRIrafEsReBIYD ‘-si’\‘fﬁsm RMGES §I¥€3s8: per or al

adm ni styation and 0.001-50 ny/kg body wei ght at parenteral

adm ni stration, excluding the weight of any acid counter-ion. 20 For

the avoi danpmieiflladrdtdease statesi vetdcin@iayi be nichtioded fclddectienBBiapeititc| udes
t herapeutic and/or prophylactic treatnent. Conpounds of the i nvention

have the ad%@ra@éomw&actﬁhéryawtb@f y§neus Hgoatppigals.puHVEp dndss

t oxi c, | o r _acti av broad e.of acti

pot ent , oﬂ‘ﬂglé’ NpRnS W%g}ﬂg gﬁf@@t g“orB °%f% eé&ﬂ‘XPcéb‘i%‘ﬁ \égar‘:ﬁﬁ?rd/ or
have a bett@&stM@r HRERII Neirombsiofbabe (Sudke hhfhernp eﬁgﬁérabl QAYALl ability
and/ or | ower clearance t han, and/or have ot her

phar mac o ogﬁhwhboqnﬁy smd: aystemisr erbalisic asuallprfope rthe etriwn eluringamalunds

known Tn the, Pardh ('g. non-valvular atrial fibrillation) or from the leRt ventricle

after transmural myocardial infarction, or caused by congestive heart
failure; prophylaxis of re-occlusion (i.e. thrombosis) after thrombolysis,
percutaneous trans-luminal angioplasty (PTA) and coronary bypass
15 operations; the prevention of re-thrombosis after microsurgery and vascular

surgery in general.

Further indications include the therapeutic and/or prophylactic treatment of

disseminated intravascular coagulation caused by bacteria, multiple trauma,

20  intoxication or any other mechanism; anticoagulant treatment when blood is
in contact with foreign surfaces in the body such as vascular grafts, vascular

stents, vascular catheters, mechanical and biological prosthetic valves or

any other medical device; and anticoagulant treatment when blood is in

_ contact with medical devices outside the body such as during cardiovascular

25  surgery using a heart-lung machine or in haemodialysis; - the therapeutic

and/or prophylactic treatment of idiopathic and adult respiratory distress

‘syndrome, pulmonary fibrosis following treatment with radiation or

chemotherapy, septic shock, septicemia, inflammatory responses, which

include, but are not limited to, edema, acute or chronic atherosclerosis such

30 as coronary arterial disease and the formation of atherosclerotic plaques,



2 4 FEB 2006 WO 03/018551 PCT/ SE021111557 30 Conpounds of the

i nvention may have the further advantage that they may be adm ni 3t.¢FRQ}06
| ess frequently than conpounds known in the prior art. Biological Tests
5 The follow ng test procedures nay be enpl oyed. Test A Determ nation

of Thronbwoo@hmssili ng Tinme (TT) The inhibitor solution (B&r/AERv2i08557

I ncubated with plasma (25 L) for three to mnutes. Human thronbin (T
6769; Sigma Chem Co or Hematol ogi ¢ 28echnol ogi es) in buffer solution,

pH 7.4 (25 M., 4.0 NIH units/nmL), is then added and the clotting tine

measured i R | [ Bt ) in
clotting tlréﬁe%{alq'% | S‘I&g?é}‘ég&éﬁebﬁ%@gﬁa&troﬁ erE% tﬁ%e@@gg%ﬁdé#é&as wel |
as the rat iegnbllisth] pediplieoeitarterial Histase, {s3Hamia canpInanihdlublingidistable (TTi) .
The latter ratios {Jr ange 1-0) are plotted against the concentration of
i nhi bi tor apgwg).t rerALRYPRElIMagad restancsig afterspeyretanegusdtraes-hunipanse

curves accaqrdin o) e atian_ 20 =all. +(XIl1C50),] where: a =
maxi num rar?&gl,()pgl.sb/. (Pff&sang%éfé)rﬁgyg ery?fggp%ggtge ‘ponse curve; and | C50
= the cgncentration of inhibitor that doubles the clotting tine. The
cal cul ations are processed on a PC using the software program G aFit
Ver si on 3, Coetpdunds efdlzt inyentiopu tHat inhibiStmypsinadanddor thedbin mayl alsol
(Erithacus, 25 Spftware, Robin_.Leatherbarrow, |nperial College of
Sci ence, Lbﬁ&é#?'I\D\.Q@&WFé’ﬂef‘éof)BW?ﬂtwation of Thrombin Inhibition with
a Chronogenic, Robotic Assay The thronbin inhibitor potency is
nmeasured with a chronogeni c substrate

The compounds of the invention are thus indicated both in the therapeutic

10 and/or prophylactic treatment of these conditions.

According to a further aspect of the present invention, there is provided a
method of treatment of a condition where inhibition of thrombin is required
which method comprises administration of a thcrapéutically effective
15 amount of a compound of the invention to a person suffering from, or

susceptible to, such a condition.

The compounds of the invention will normally be administered orally,
intravenously, subcutaneously, buccally, rectally, dermally, nasally,
20 tracheaily, bronchially, by any other parenteral route or vig inhalation, in the
form of pharmaceutical preparations comprising compound of the invention

in 2 pharmaceutically acceptable dosage form.

Depending upon the disorder and patient to be treated and the route of

25 administration, the compositions may be administered at varying doses.

The compounds of the invention may also be combined and/or co-
administered with any antithrombotic agent(s) with a different mechanism
of action, such as one or more of the following: the antiplatelet agents

30 acetylsalicylic acid, ticlopidine and clopidogrel; thromboxane receptor



30 nethod, in a Plato 3300 robotic mcroplate processor (Rosys AG

CH 8634 2 4 FEB 2006 WD 113/1)18551 PCT/ SE02/ 01557 31 Hombrechti kpn,FEp 2006
Switzerland), using 96-well, half volune mcrotitre plates (Costar,
Canbri dge, MA, USA; Cat No 3690). Stock solutions of test substance in
DVBO (72 @lgmm@dssi1 - 1 mmol /L, are diluted serially 1:3 (#tfsEovéRs)

with DMSO to obtain ten different concentrations, which are s anal ysed

as sanples in the assay. 2 sL of test29sanple is diluted with 124 pL
assay buffer, 12 pL of chronpgenic substrate solution (5-2366,

Chr omogeni X gndvbyt Qﬂﬁhetas%%%ﬂoris;”ﬁﬁﬁﬁ _nbféfzé%ﬁr %ﬂf&gph@; |ﬁ£?§t§c$liﬁ’f a-

thronmbin solution” (Human a-thronbin, Sigma emc mat ol ogi ¢
Technol ogi emimeticsa gteyplindidséeraseaimhibitists,d ADPledepeors@mi) emtigonistsged. The
final assay concentratjons are: .test substance 0.00068 - 13.3 nol/L,
S 2366 0. 30anfhishibitorsefiqerlaiypapiedased) (¢BW)-nL.  The 1inear absorbance

I ncrenment during 40 m nutes incubation at 37Cis wused for calculation
of percentage inhibition for the test sanples, as conpared to bl anks

wi t hout & nhThi te@mpothds bESBe riabeitica &&?alguﬂa_rtﬂe? 5 cb bR aRd@of Qot he
i nhibitor concentration which causes 50% i nhibition of the thronbin
activity, isdmmiseredmed thrambelyticasuchras ont oatmiarn of 3iss@é plabminogeon

curve. Test C 20 term nation, of the | nhLbjtion nst ant for Human
Thrombi n  KACHYALO& (Rafieh &?goggg‘%o% Ei%qc{’:ﬁe » HFBIRSGRATEc WoHE At e

met hod, Smrfoafa[@%ég,f afieby At iAo ElLu el g0 akualat Yastplloche,

Basel , zer enzyne-activity after I ncubati‘on of
human  a- t hfARSAD), vhinfal \salivary glandesthinageroagivators,enid the hikoLindhé s

determned at 25 three different substrate-concentrations, and is

measur ed® astreat@eptipfibrmbetic diseases, n particular myocardial infarction.

According to a further aspect of the invention there is provided a
pharmaceutical formulation including a compound of the invention, in
admixture with a pharmaceutically acceptable adjuvant, diluent or carrier.

15
Suitable daily doses of the compounds of the invention in therapeutic
treatment of humans are about 0.001-100 mg/kg body weight at peroral
administration and 0.001-50 mgkg body weight at parenteral
administration, excluding the weight of any acid counter-ion.

20
For the avoidance of doubt, as used herein, the term “treatment” includes

therapeutic and/or prophylactic treatment.

_ Compbunds of the invention have the advantage that they may be more

25 efficacious, be less toxic, be longer acting, have a broader range of activity,
be more potent, produce fewer side effects, be more easily absorbed, and/or
have a better pharmacokinetic profile (e.g. higher oral bioavailability and/or
lower clearance), than, and/or have other useful pharmacological, physical,

or chemical, properties over, compounds known in the prior art.



optical absorbance at 405 nm Test conpound solutions (100 L; normally

in buffer or saline containing BSA 10 g/L) are mxed with 200 L (%fliFEB 2006
human a-thronmbin (Sigma 30 Chemical Co) in assay buffer (0.05 nol /"L
Tris-HCl pH 7.4, ionic strength 2 4 FEB 2006 WO 03/0 1 8 55 1

PCTI SE02101557 32 0.15 adjusted with NaCl) containing BSA (10 glL), and
anal ysed ag sa3mkes in the Cobas Bio. A 60 p.L sanple, pt-98 “Cﬂﬁgﬂw th

20 pL of water, Is added to 320 L of the substrate S-2238 ? ronogeni X
AB, Ml ndal, Sweden) in assay buffesp and the absorbance change

(AA/mn) is nonitored. The final 5 concentrations of S-2238 are 16, 24

and 50 nol /)L _and of thrombin.0.1 NI . _The ste tate reaction
rate i s used’{g° Sqf%%{nvglgé%rhné?&ag? lﬁ?"’%’%&f a@vragf@eatg%t a’ﬁhi%ﬁ or
concent rati&“?dfﬁi isidre AR TRYuentY thaE¥RESORHE ko RMRRhd | .
inhibitors, the ggta{ poi nt séiforgt he di fl?der ent sg'gﬂsqtrat Eﬁgroncentrati ons
typically formstraight lines which intercept at x = -K;. Test D
Determ nation of Agtivated Partial Thronboplastin Tinme (APTT) is APTT

i s determ nd@lagicdddst8d normal human citrated plasma with the reagent

PTT Aut qmat t fnhibitors are added to the -
pl asma %10 @%%R?@ﬁ%‘?@éf’%ﬁ“%@f%ﬂ%ﬁ%@m and i ncubated with the
APTT reagent for 3 minutes followed by the addition of 100 pL of

cal cium-chloride solution (0.025 M and APTT is determ ned by use of

the 20 coadldshfi on anal yser KCl O (Amel ung) according to the

instructio of the reagent pr LﬁcerT. Th lotting time i s expressed as
absolute v L L2 ! ratio of APTT wi t hout

i nhibi tor (ARTHAbitP seEfidn 03 L) NPiRiubRted IR pthsma (25 L) for three
| 10 minutes. Human thrombin (T 6769; Sigma Chem. Co or Hematologic

Technologies) in buffer solution, pH 7.4 (25 pL, 4.0 NIH units/mL), is then

added and the clotting time measured in an automatic device (KC 10;

Amelung).

15 The thrombin clotting time (TT) is expressed as absolute values (seconds)
as well as the ratio of TT without inhibitor (TTg) to TT with inhibitor (TT)).
The latter ratios (range 1-0) are plotted against the concentration of inhibitor
(log transformed) and fitted to sigmoidal dose-response curves according to
the equation . '
20 y = &/[1+(x/[Cs0)]
where: a = maximum range, i.e. 1; s = slope of the dose-response curve; and
ICsp = the concentration of inhibitor that doubles the clotting time. The
calculations are processed on a PC using the softiware program GraFit
, Versioh 3, setting equation equal to: Start at 0, define end = 1 (Enthacus

25  Software, Robin Leatherbarrow, Imperial College of Science, London, UK).

Test B

Determination of Thrombin Inhibition with a Chromogenic, Robotic Assay

The thrombin inhibitor potency is measured with a chromogenic substrate

30 method, in a Plato 3300 robotic microplate processor (Rosys AG, CH-8634



25 The latter ratios (range 1-0) are plotted against the concentration

of inhibitor (log transfornmed) and fitted to signoidal dose-respdnsgtl 7106
curves according to the equationy = a/[1+(x/1C50)"') where: a =

maxi numrange, i.e. 1; s = slope of the dose-response curve; and 30

| C50 = t hwoasmesst rati on of inhibitor that doubl es the ecoisksngssti ne.

The 2 4 F E B 2006 WD 03/018551 33 PCT/ SE02/ 01557 cal cul ations are
processed on a PC using the software3program G aFit Version 3, setting
equation equal to: Start at 0, define end = 1 (Erithacus Software,

Robi n Leat hﬁ@fggfcrcﬁgkorl W'ﬁieﬁhn@?'uEi‘ﬁg@60&/c1§q{a?f‘9&un{e°ﬁqj|&9tiﬁgﬂaﬁcspl s

| C50APTT is Ined as the concéntration of i nhibitor

t hat  doubl @bstaneCaaibiidgs,eM ABaUShal CathiNo rdsgp).asStock Solmions asft tekt
Determ nation of Thronbin Tinme ex vivo The inhibition of thrombin after
oral or parwhstened inc@MSO 1% vkl dal ofl mmel/Li arecdilutesisariallyf 1824 +

I nvention, dissqly | hangl - Sol ut o). X: wat er (5:5:.90), ,is$ exam ned
in consci o_u‘gg r"‘it sw\ﬁtﬁi Pﬁdﬁgn% gir’tafn éj[h y cr‘éﬁﬁ 8Pn‘§°6‘trtaH8"g’e_3?Bb°_?'i fent, are
equi ppeds Wi dghlyded ad §RhREs inQhe Bisapd2 sangH tes‘tg_axfnﬁfaﬁﬂstdmﬁtem&ﬁtmi pertery.
On the experimental day bl ood sanples are withdrawn at fixed tines
after the asdynisuffeti b2 ol tofe doomogermci sulstpteassalationbéS-2366,

of " bl od GHBmoases M ShFfeda t5e3oBians Beshen2pod it ashm. | 50
The sanp! eShrENBcrel Pandar PRl Thifnits Serdbobhe e ;G Bt e 20
super nat antydigatdidgitt TechMdibidd) b DsaP batfet, 0drdl £&dde8) Ind 4fle lsaplagnes of
| 10  mixed. The final assay concentrations are: test substance
0.00068 - 13.3 umol/L, S-2366 0.30 mmol/L, a-thrombin 0.020 NIHU/mL.
The linear absorbance increment during 40 minutes incubation at 37°C is
used for calculation of percentage inhibition for the test samples, as
compared to blanks without inhibitor. The ICsqo-robotic value,
15 corresponding to the inhibitor concentration which causes 50% énhibition of

the thrombin activity, is calculated from a log concentration vs. % inhibition -

curve.

Test C

20 Determination of the Inhibition Constant K; for Human Thrombin

K;-determinations are made using a chromogenic substrate method,
performed at 37°C on a Cobas Bio ceatrifugal analyser (Roche, Basel,
Switzerland). Residual enzyme activity after incubation of human

_ a—throfnbin with various concentrations of test compound is determined at

25 three different substrate concentrations, and is measured as the change in

optical absorbance at 405 nm.

Test compound solutions (100 uL; normally in buffer or saline containing
BSA 10 g/L) are mixed with 200 pL of human c-thrombin (Sigma
30 Chemical Co) in assay buffer (0.05 mol/L Tris-HCl pH 7.4, ionic strength



the resulting solutions are analysed by LC-MS/ M5 and the concentratlonszq
of thronmbin inhibitor are determ ned using standard curves. Test L3863 1006
Determ nation of Plasma Cl earance in Rat Plasma cl earance is estimted

in mal e Sprague Dawl ey rats. The conpound is dissolved in water and

adm ni st g{,§¢s@3s8 subcutaneous bolus injection at a dogg.rg&“%lgqgl / kg.

Bl ood sanp es are collected at frequent intervals up to ours after
drug adninistration. Blood sanples agge centrifuged and plasma 30 is
separated fromthe blood cells and transferred to vials containing

Concent r at fom 0S54 P gFac 2nariap A 100, AddmapUstd e sammtes 100 |

2000 1 pm - FuBE EpbiscBiol K CORIR s ahoft et Wil SERL A vaBE Ty MR T
acid. 10 LtUGQOIfmSoKJﬂhetssttfasSLZBISQ(Ch@damb%I toAa ,Mahadal, Saeeden) inC- M5/ MS

5 and the concentrations of thronbin inhi r are determ ned using
st andar d @Eﬁﬁvéalffﬂmdaﬂ?ééb@ﬂ@éﬁcq ehange ééﬁ:émuﬂn&mmt@md;n'fhtt fisalpr of i | e

is estinmated us Llinear.tra 0|d rul.e and extr lated to
ot ini 18 pacenahdas ol 1284 48 1 PRES0 ket s plaoain 023

det er m ned\g§ GhgpPose/ AUC 1o The val ues are reported in nL/ m n/kg.
Test G Determnation of in vitro Stability Liver mcrosones are
prepared from Sprague-Dawl ey rats and human |iver 15 sanples according
to internal SOPs. The conpounds_are incubated_at 37C at a total

n cr osone Eﬁéﬁ@aﬁ)/é@ﬁﬁ:’éqafﬁ 108 Faie io¥scd tﬁgpna_quhDaxw PItsyhE/ @lagTﬂRISS buf f er

at pH 7.4, e LRGP SRe0MGRRL VC14RAAGNY! S For Qv ERinte, "EA compe live

10 inhibitors, the data points for the different substrate concentrations typically

form straight lines which intercept at x = -K.

Test D
Determination of Activated Partial Thromboplastin Time (APTT)

15 APTT is determined in pooled normal human citrated plasma with the
reagent PTT Automated 5 manufactured by Stago. The inhibitors are added
to the plasma (10 uL inhibitor solution 10 90 pL plasma) and incubated with
the APTT reagent for 3 minutes followed by the addition of 100 pL of
calcium chloride solution (0.025 M) and APTT is determined by use of the

20 coagulation analyser KC10 {Amelung) according to the instructions of the

reagent producer.

The clotting time is expressed as absolute values (seconds) as well as the
ratio of APTT without inhibitor (APTTy) to APTT with inhibitor (APTT)).
25 The latter ratios (range 1-0) are plotted against the concentration of inhibitor
(log transformed) and fitted to sigmoidal dose-response curves according to
the equation
y = /[1+(*/ICs0)’]
where: 2 = maximum range, i.e. 1; s = slope of the dose-response curve; and

30 ICsy = the concentration of inhibitor that doubles the clotting time, The



and NADPH (0.8 mml L). The initial concentration of conmpound is 5 or

10 isnol /L. Sanples are taken for analysis up to 60 mnutes after D?EB 2006
start 20 of the incubation. The enzymatic activity in the collected
sanple is immediately stopped by adding 20% nyristic acid at a vol une
corresponding to 3.3%of the total sanple volune. The concentration of
conpound medreiEisg (FINAL CONC) in the 60 nmin. sanpl e i ecisEererssyed by
means of LCMS using a sanple collected at zero tine as reference 25
(START CONC). The % of degraded throdBin inhibitor is calculated as:

100% [ START CONC] - [ FI NAL CONC] START CONC 24FEQ2006 WO 113/018551

PCT/ SE02/ Olt'éaigtrlééon-gefxteer Fklde%s@?itﬁi gl 2 % MoRRL eVg;??%meﬁPm? I S

i nduced by applyi ng c chlori eCI3) topicall e carotid
artery. RatVesioh 3nstsigedqiatiod squahtoaiStartar Opésfidcoashl i fEddiatan of s
sodi um pent obarbi tal (80 no/ kg, Apoteksbol aget; UneA, Sweden), followed
by conti nuobeftwareuBpbin Leatheghpriayy. inpenzlden]lese of Shienes; Jamdon, WK). Rat
body tenpergtu IS Lntai ned at 38C.t hroughout .t he experi nent, by
external he 5P‘%_€frﬁ1 e earsir}ﬁgﬁ?anflg‘%@ ﬁ?ﬂggoslﬁﬁwgf?@%tﬂﬁq

period. s Fiygbesnih ﬁ%tibét&&f’artﬁ!‘!]!’ﬁfbn%lzfsfihl?‘i:h@.Og?n (80 kBq; | Mp3;
Amersham l o I nternational, Buckinghanshire, UK) is given intravenously
and is used as a marker for the subsequent incorporation of

fibrin(oge into-the thronbus. The proximal end of the carotid artery
segnent is Hih€ed in a plastic tube (6 nmm Silastic(r); Dow Coning,

1 oo, ST T B, £20/ 3 Somke (2 L ssrow
Munktel |, i ksidsitioSwfdbrombihheftdredrhl ofpaitenteralr dthinistration of the
| 10 compounds of the invention, dissolved in ethanol:SolutolK:water (5:5:90),
is examined in conscious rats which, one or two days prior to the
experiment, are equipped with a catheter for blood sampling from the
carotid artery. On the experimental day blood samples are withdrawn at
fixed times after the administration of the compound into plastic tubes
15 containing ! part sodium citrate solution (0.13 mol per L) and 9 parts of

blood. The tubes are centrifuged to obtain platelet poor plasma.

50 pL of plasma samples are precipitated with 100 pL of cold acetonitrile.
The samples are centrifuged for 10 minutes at 4000 rpm. 75 pL of the
20  supernatant is diluted with 75 pL of 0.2% formic acid. 10 uL volumes of
the resulting solutions are analysed by LC-MS/MS and the concentrations

of thrombin inhibitor are determined using standard curves.

TestF

25  Determination of Plasma Clearance in Rat

Plasma clearance is estimated in male Sprague Dawley rats. The compound
is dissolved in water and administered as a subcutaneous bolus injection at a
dose of 4 umol/kg. Blood samples are collected at frequent intervals up to 5
hours after drug administration. Blood samples are centrifuged and plasma

30 is separated from the blood cells and transferred to vials containing citrate



I's exposed to FeCl3 for 10 mnutes and is then renoved fromthe pl alsf’t‘jpcgmﬁ
tube and soaked in saline. Fifty mnutes later, the carotid artery”“i

renoved and rinsed in saline. Reference bl ood sanples are al so taken

for determ nation.of blood 125l-activity, 10 mnutes after the

i nj ecti onwafosh2ssk: 20 fi brinogen, and at the end of the exwsti@rs. The
1251-activity in the reference bl ood sanples and the vessel segnent

are neasured in a ganma counter (12832 Conpuganma; LKB Wl lac Oy,

Turku, Finland) on the sane day as the experinment is performed. The

t hronbus si gge a haVit ;

I ncor por at e |¢1?Pﬁgéﬁcgggﬁ%n g?eq]?glogﬁéeéﬁzﬁ | orﬁgﬁsém %%ggéiégg‘f-thact ivity

in the bl oot0( gprafrgld aGeositdle. Expeampliesnted cnedfiged fdi () wainutesaf or med
on silica gel. Ch| ral HPLC anal ysi s was ﬁgrforrred 30 using a 46 mm X
250 mm Chi r 418etpooD76 otlufh tha supemiating i dikipd with) ’tﬁmL of G2%Eformie WO

03/1) 18551 36,P 10155 Th d
20 A tT ouftid; SO 6L HagmeR3 fmer%aﬂﬁns,g@a ik RbiSed 87 a2
228 nmvas ssefle ¢ geent&ﬂehé 8f Bit8S®iCRRMiRt kb @éte#m @Sin 3%4@9&1 and

trlfluroacetlc acid and the appropriate ratios are I st or each
conmpound. Tyypvesal The atehaingleo thecplasvas conatngstidn dche profilerisnéstiedatedirount of

et hanol and this s diluted with.,th b|Ie ase. LC-MS/ M5 was
per f or ned Uiy tbmﬁlﬁ’g/i’ﬂe"l‘f B 7Y nEU?‘e(fE} att‘ﬁi 40 f@ipimen; ect or

and a 5 gm mgg fRﬁf #@éﬂ 48 colum.  An
API - 3000 ( clﬁseﬁ;(%g%g%%—@or vvas&l’l}ggb(. %énf ow rate was 1.2 niL/mn
and the nobile phase (graQieitose/edifSi sted of 10-90% acetonitrile with

90-10% of 4 _mM aq. ammoni um_ acetate, both contai ning
10 The values are reported in mL/min/kg.

Test G

Determination of in vitro Stability

Liver microsomes are prepared from Sprague-Dawley rats and human liver
15 samples according to internal SOPs. The compounds are incubated at 37°C
at a total microsome protein concentration of 3 mg/mL in a 0.05 mol/L
TRIS buffer at pH 7.4, in the presence of the cofactors NADH (2.5 mmol/L)
and NADPH (0.8 mmol/L). The initial concentration of compound is 5 or
10 pmol/L. Samples are taken for analysis up to 60 minutes after the start
20 of the incubation. The enzymatic activity in the collected sample is
immediately stopped by adding 20% myristic acid at a2 volume
comresponding to 3.3% of the total sample volume. The concentration of
compound remaining (FINAL CONC) in the 60 min. sample is determined
by means of LCMS using a sample collected at zero time as reference
25 (START CONC). The % of degraded thrombin inhibitor is calculated as:

[START CONC] - [FINAL CONC]
[START CONC|

100% x



0.2% formc acid. is 1H NVR spectra were recorded using £R 2006
tetranethyl silane as the internal standard. 13C NWVR spectra wereZZ’FhB =Y
recorded using the listed deuterated solvents as the internal

standard. Exanple 1 20

Ph(3- Q) (foW@Giindir (R CH(OH) C(O) - (S) Aze- Pab( 2, 6-di F) NH2 ddrmpgani@HF2 25
24FEB2006 WD 03/018551 PCT/ SEQ2/ 01557 37 (i)

3- Chl or o-5- net hoxybenzal dehyde 3, 5- Digghl oroani sole (74.0 g, 419 muol)

in THE (200 nL) was added dropwi se to magnesium netal (14.2 g, 585

mol , pre-v\?srtl with 0.5 N HCI) in THE (100 mL) at 25C. After the
addition, 1 bronmoethane 5 (3.9 g, 20.8 mvol) was added dropw se.

The resultathlq M BPAEs Nrsddlre was heated at reflux for 3 h. The
m xture was «,Suiaeﬁutu oC—and N, N di net hyl formam de (60 nL) was added

in one portVessel direags st indecedhby apahting famiecthioride (Fellf)ylopiialigno (3 x
400 nmL) and 6N HCI (500 pl). The %&bi ned organi c extracts were washed
with brine thegerofid)rtegy.j Ratsiase angesthensed with ap ieterpsrtoneghugestionrbd i n

t [ . Ll ' I ] | el uti
a0 48,80 Wb, (A S A A T S8y, 1
a yel | ow oi followkld WYRedndidQoddiin fusior! (32 rﬁg/%a?@ t?@pfﬂ(bﬂt, thé - éxpefigentl H) .

C (i

7.38 (s, IH), 7.15°is (s, IH, 3.87 (s, _
3- Chl or o- 5-Fatchadyytbmpersture Hy deaiptagnstiati38RC ghroughout the experiment by

3-chloro- 5_er:rcl;"etrgaolxl>x/c=,ba':f‘irr]1§.a | feh %Qge B&itSsidhs Witk TP }n;inustc(ifsga consl period.

Five minutes Jater, human 125’I-ﬁbrinogen (80 kBq; IMS53; Amersham

10 International, Buckinghamshire, UK) is given intravenously and is used as a
marker for the subsequent incorporation of fibrin(ogen) into the thrombus.
The proximal end of the carotid artery segment is placed in a plastic tube (6
mm; Silastic®; Dow Corning, MI, USA) opened lengthways, containing
FeCly-soaked (2 pL; 55% w/w; Merck, Darmstadt, Germany) filter paper
15 (diameter 3 mm,; 1F; Munktell, Grycksbo, Sweden). The left carotid artery
is exposed to FeCl; for 10 minutes and is then removed from the plastic
tube and soaked in saline, Fifty minutes later, the carotid artery is removed
and rinsed in saline. Reference blood samples are also taken for
determination of blood '”I—activity, 10 minutes after the injection of 1B
20 fibrinogen, and at the end of the experiment. The lzi‘l-activity_ in the
reference blood samples and the vessel segment are measured in a gamma
counter (1282 Compugamma; LKB Wallac Oy, Turku, Finland) on the
same day as the experiment is performgd. The thrombus size is determined

_as the amount of '5_activity incorporated in the vessel segment in relation

25 to the 'Pl-activity in the blood (cpm/mg).

General Experimental Details

TLC was performed on silica gel. Chiral HPLC analysis was performed

30 using a 46 mm X 250 mm Chiralcel OD column with a 5 cm guard column.



(i) above) in CH2A 2 (250 nm.) was cooled to OC. Boron tribromde (15.8
20 mL, 167 mml) was added dropwi se over 15 min. After stirring, gW&ER 7806
reaction mxture for 2 h, HO (50 nL) was added slowly. The sol ution

was then extracted with Et20 (2 x 100 nL). The organic | ayers were

conbi ned, wshests{ Na2S0O4) , filtered and concentrated in ofskAsh
chromat ography on silica gel eluting with Hex: Et CAc (4: 1; ag of ded the
sub-title conpound 25 (5.2 g, 25%.36H NVR (300 MHz, CDCl 3) 6 9.85 (s,
IH)y, 7.35 (s,1H), 7.20 (s,IH), 7.10 (s,IH, 3.68 (s,IH 30 24FEB?C06 WD

031118551 PGTI 0 idde) rmingai 0

3 Chi oro-5- Th CPDRET PRSI, M LTRARInSd 8537 on Aylow rate of 10
3- chl or o- 5- Ry AL xWEE 15 dRNGHSod T1S WV Hetedtilat 228enriilWhs (idd) TRbOVE) in
2-propanol (250 nL) and 30% KOH (100 nlL) was heated to. reflux. Wile

stirring, Ghbi€phams doutibled fibexendshetharalcandotrifiireacetie daid ahd 2hdr. The

reaction m xture, was .cool ed, idified with IN HC. and extracted wth
Et OAC (2 x 2ROOPRTiafe rattﬁ%a@rfg%?ﬂa for eagh EomBl Twriralbh ithe produet wes |

dried 2S filtered. and e i C .
chlr oma§ ONS r a%ﬁ%l)weglnms?@ggﬁge&frﬁ%t %%ﬁ\%\ﬁi hdﬂe@tt%%&c&?%??)mé? ft %cr ded the
sub-title casp se(4.6 g, 46%. 10 'H NWR (300 MHz, CDC13) 5 9.95 (s,

IH, 7.12 (s,*1H), 7.52 (s, 1H), 7.40 (s, IH),6.60(t,JH F=71.1 Hz, 1H)
(iv) Ph(3-0)(5-OCHF2)- (R S)CH(OTMS)CN 15 A sol ution of

3-chl oro- S-ditlugronmet hoxybenzal deh . 22.3 mmol : . see step
(iii) abovéy SRAB Hes R‘fﬁ’dmﬁé)“s%ng%w(‘iﬁét“gﬂﬁ’(’f?e’%n‘iq?%%dsw&ﬁ % 6
CTC-PAL injector and a 5 pm, 4x100 mm ThermoQuest, Hypersil BDS-
10 Cl8 column. An API-3000 (Sciex) MS detector was used. The flow rate

was 1.2 mL/min and the mobile phase (gradient) consisted of 10-90%
acetonitrile with 90-10% of 4 mM aq. ammonium acetate, both containing

0.2% formic acid.

15 1H NMR spectra were recorded using tetramethylsilane as the internal

standard. 13C NMR spectra were recorded using the listed deuterated

solvents as the internal standard.

Example 1
20 ‘Ph(3-C])(5-OCHF;)—(R)CH(OH)C(O)i.S)Azc-Pab(Z,&diF)

Q F
o A4 "
g

HO
NH,

o OCHF,

25



mml) and trinethylsilyl cyanide (2.8 g, 27.9 mvol) were added and the
reaction mxture was allowed to warmto roomtenperature and sti r 2eéd £B 2006
for 15 h. The m xture was partially concentrated in vacuo yielding the
sub-title 20 conpound as a liquid, which was used directly in step (v)

bel ow wi t ther purification or characterization.

Ph(3-0 ) ( -o%ﬁ"ﬁ;z‘#!(a S) CH( OH) O( NH) CEt PCOSk0201557
Ph(3-A ) (5-OCHF2) - (R, S)CH(OTM5) CN (6.482 g, assume 22.3 mmol; see 25

step (iv) above) was added dropwi se to HCl/EtOH (500 nL). The reaction

m xture was S I rred 15 t hen R&:tidal |y concentrated in vacuo yiel ding
the sub-tikt &ﬁ%&ﬂb&@)& 320 CPERSFHC \whi ch was used in step (Vi)

wi t hout fur . | £ gat r a . ' I 2006 WO
03/ 01855 1 @5@%&@1‘%@% (28-@( 3 )ﬁ?’hwg )'f( %3299?%&33%@ 0) OEt
Ph(3- ) (5- Gkphdle (RmapneshipO GANHUCEE, 685 ingl, prswasted2RitB 051Dl ;  see

step (v) above; .was_dissolved in THE (250 mi), 0.5M H2S04 (400 nl) was
added and t HEL emditokl Wasnlsk pt 28§ - atApahe eiddaipnn 1, 2-didremoghaned t hen

xture vasCrhen2eRinmeh Sttt fomps Tl BEbE dagf bl pighason . O
filtered angat QRRENTE FEmek Fot YAEUTHE hlre he SRISYTY BIC| fod AgYmOUNd as

a solid, which was used in step (vii) wthout fur purification or
char act er i zdimeslmyifdrtha(mide §60Ph{(3-\@hy ¢dde@ChFRiE- ffdRti&x). CARhEHhRODE GirasA

CHERKTC - THOUC IR e s

combined organic extracts were washed with -brine (300 mlL), dried

10 (NaZSO¢), filtered and concentrated in vacuo to give an oil. Flash
chromatography (2x) on silica gel eluting with Hex:EtOAc (4:1) afforded
the sub-title compound (38.9 g, 54%) as a yellow oil.,

'H NMR (300 MHz, CDCls) 6 9.90 (s, 1H), 7.53 (s, 1H), 7.38 (s, 1H), 7.15
15 (s, 1H), 3.87 (s, 3H).

(ii) 3-Chloro-3-hydroxybenzaldehyde
A solution of 3-chloro-5-methoxybenzaldehyde (22.8 g, 134 mmol; see step
(i) above) in CH,Cl; (250 mL) was cooled to 0°C. Boron tribromide (15.8 .

20 ml, 167 mmol) was added dropwise over 15 min. After stirting, the
reaction mixture for 2 h, H,O (50 mL) was added slowly. The solution was
then extracted with Et,0 (2 x 100 mL). The organic layers were combined,
dried (Na,S0y), filtered and concentrated in vacuo. Flash chromatography

~ on silica gel eluting with Hex:EtOAc (4:1) afforded the sub-title compound
25 (5.2 g, 25%).

'H NMR (300 MHz, CDCl5) § 9.85 (s, 1H), 7.35 (s,1H), 7.20 (5,1H), 7.10
(s,1H), 3.68 (s,1H)

30



(350 nL) was stirred at roomtenperature 15 h. The reacti on was th%rteﬁﬁs”@ﬂﬁ
partially concentrated in vacuo to renove nost of the 2-propanol

remai ning mxture was acidified with | M H2SO4, extracted with Et20 (3 X
100 nm), dri ed (Na2SO4) and concentrated in vacuo to give a solid.

Flash chy ﬁig‘r aphy on silica gel eluting with CHC13: 02/0155
concentrate O—|(63 1) afforded the ammoniumsalt o es‘l]E)-titIe
conpound: The 20 ammoni um salt was then di ssolved in a mxture of EtQAc
(75 nL) and H2O (75 nL) and aci dified with 2N HCl. The organic | ayer

was separat ed _and shed wt dried (Na2SO4) and
concent r at & g b];QFQV\g lPﬁuOI"QM Q¥Y ﬁ‘&zai‘?f’gygttle conpound (3.2 g, 57%

725 (s 1 (*3“}“%8*’% Lehigly- sy rbiopii- Rl th e, AR sde 88 6 Ty

30 2 4 FEBa %%(g&h&B@fﬁD L) Pl 62K 0D 3100 wiLl) )vas heated to
Ph( 3- CI)(SOCHZ OH (a) and Ph(3-d)( F2) m
(S) CH( OAC) SfxOHWhdje snrnmgx GHCIBE vl (‘c@bbje)i(latodbmﬁz;ct(cm Bl rceOFHrc( O) OH

3.2 g, PS " A 2.0
; .nganyF %g’gﬁ%ﬁecva@gﬁ@%ﬁfﬁ' sholed s el ik I H e R | of ) o
f 48 h.

aﬁ{j the fi I ter ca e(?mgslgggi%tﬁ 6%@94 f}gﬁree ?#htgg‘?gl%\ﬁég oncregﬁi Ir:[eu(:a(e(rj)l n

vacuo and gtbd eNhﬁDA)oﬁmdraélandccbncnmmmgrzaphyumnFﬁshlorhaomeiogﬁphyl ng With
CHCl 3: MeOH: concentrat ed N4 ;(ff\ 3:1) |eI di ng_t he anmoni um sal ts of
the sub-ti onéilicarEshahiyas (e Hex; QAcH¥:1 @éﬁ?ﬁ%ﬁdrﬁaeéay-tlé@ mpgupdyas

di ssol ved 95<y cidified with 2N HC and extracted with Et OAc. The
or gani c | ag/er shed with brine,

10

'H NMR (300 MHz, CDCl3) § 9.95 (s, 1H), 7.72 (s, 1H), 7.52 (s, 1H), 7.40
(s, 1H), 6.60 (t, Jur = 71.1 Hz, 1H)

(iv) Ph(3-Cl)(5-OCHF,)-(R,S)CH(OTMS)CN

15 A solution of 3-chloro-5-difluoromethoxybenzaldehyde (4.6 g, 22.3 mmol;
see step (iil) above) in CH,Cl, (200 mL) was cooled to 0°C. Znl, (1.8 g, 5.6
mmol)} and trimethylsilyl cyanide (2.8 g, 27.9 mmol) were added and the

reaction mixture was allowed to warm to room temperature and stirred for
15 h. The mixture was partially concentrated in vacuo yielding the sub-title
20 compound as a liquid, which was used directly in step (v) below without

further purification or characterization.

(v) Ph(3-C1)(5-OCHFy)-(R,S)CH(CH)C(NH)OE
Ph(3-C1)}(5-OCHF)-(R,S)CH(OTMS)CN (6.82 g, assume 22.3 mmol; see
25 ‘step (iv) above) was added dropwise to HCVEtOH (500 mL). The reaction

mixture was stirred 15 h, then partiaily concentrated in vacuo yielding the
sub-title compound as a liquid, which was used in step (vi) without further

purification or characterization.
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dried (Na2SO4), filtered and concentrated in vacuo to afford the CER 2006
sub-title conmpound (a) (1.2 g, 37%. 15 For sub-title conpound (zzsf)'EEH2
NVMR (300 MHz, CD30D) S 7.38 (s, 1H), 7.22 (s, IH), 7.15 (s, 1H), 6.89
(t, JHF =71.1 Hz, IH), 517 (s, 1H (ix)

2, 6- Di f | upioasA(ssaet hyl sul finyl) (net hyl t hi o) et hyl ) benzoectsEda 20
(Methyl sul finyl)(nmethylthi o) nethane (7.26g, 0.0584 nol) was

di ssolved in 100 nlL of dry THE unded%argon and was cooled to -78C.
Butyllithiumin hexane (16 nL 1.6M 0.0256 nol) was added dropw se
Wth stirri L _ ' 15 mn. Meanwhile, a

sol ution of@P, fC] HSEHE) IES R E.to g, 0.025 nmmol) in 100 niL
of dry THE Pg3-CHE-6CHER)-(R.S)CROMCRNH)DEIq.24ng, adsinieo 208 mewdlyt i on
was added through a cannula to the latter _solution over a ﬁgsri od of 35

nmn After 88 aen, (Whabesd vay dssolvedwis TREo(Z8 ard. wAeMt HeSPeact i on

had hed t ' A d _int.o . Th
THE wao. ovadBp abet VAN ok it g A BB L 0t PR (v e
times wiih gidehby lhakidligrcondéttratdnid nRbo 2o fefiéiR #O90 M ROPREFL IfRO1

PCTI SE02/ 01557 41 ether phase was washed with water, dried éNa2804)

and evapor ateectionYingktire a0 then( sgwgcted HvisVEYBO(B MHzL00CBElL)3) drdedr. 4- 7. 25
2H), 5. .~ 1H, di ast 5 4.91 (s, 1H .diast , 2.88

(5 31"t sQles@erbherst S5 LoRGibiach i Uredfesq ationdg e sulrire

di ast eroner) fuﬁé‘ £$:a %B‘ﬁd,d'vﬁﬁ%her@%e%)sed in7gep (RAAUithd fidther

2,6-Di fluoro-4-tfornyl benzonitrile 10

2, 6- Di f | uorpurif{catieh by tlradteyatipg.met hyl t hi o) met hyl j benzonitrile (2.17 g,
8.32 mml ; see step (ix) above) was dissolved in 90 mL of THE and 3.5
L 10

(vii) Ph(3-CI)(5-OCHF;)-(R,S)CH(OH)C(0)OH
A solution of Ph(3-CI)(5-OCHF,)-(R,S)CH(OH)C(O)OEt (6.25 g, assume
22.3 mmol; see step (vi) above) in 2-propanol (175 mL) and 20% KOH

(350 mL) was stirred at room temperature 15 h. The reaction was then

15 partially concentrated in vacuo to remove most of the 2-propanol. The
remaining mixture was acidified with 1M H,;SO,, extracted with Et;O (3 x
100 mL), dried (Na;SO,) and concentrated in vacuo to give a solid. Flash
chromatography on silica gel eluting with CHCl;:MeOH:concentrated
NH,OH (6:3:1) afforded the ammonium salt of the sub-title compound. The

20 ammonium salt was then dissolved in a mixture of EtOAc (75 mL) and H;O
(75 mL) and acidified with 2N HCl. The organic layer was separated and
washed with brine (50 ml), dried (Na,SO,) and concentrated in vacuo to
afford the sub-title compound (3.2 g, 57% from steps (iv) to (vii)).

25 - '"H NMR (300 MHz, CD;0D) & 7.38 (s, 1H), 7.22 (s, 1H), 7.15 (s, 1H), 6.89
(t, Jus = 71.1 Hz, 1H), 5.16 (s, 1H)
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of concentrated sulfuric acid was added. The mi xture was |left at room
tenperature for 3 days and subsequently poured into 450 nlL of vvatég ER 2006
Extraction three times with Et QAc foll owed and the conbi ned et her ar Bl%
phase was washed twi ce with aqueous sodi um bi carbonate and with brine,
dried (Na2SO4) and evaporated. Yield: 1.36 g (98% . The posi‘tion of the

fornyl grewnsassestablished by 13C NVR  The signal fropcrseeoiss?
the.fluorinated carbons at 162.7 ppm exhi bited the expected coupling

pattern with two coupling constants4gn the order of 260 Hz and 6.3 Hz
respectively 20 correspondl ng to an ipso and a neta coupling fromthe

fluorine at .
(xi) 2,6- D&‘@P =y dr-oxyAretfy-enz

2,6-Difl uor@(qﬁggnmcg@@}pgltrl |l e (1 36 g, 8.13 mml; see. step (x)
above) was nm_L of met hanol and cool ed on an ice bath.
Sodi um  borAmyihirdef Pb(330H(HOGEY- (WH(@HQC@)@H&I (3.2 gydet? mmelwi t h
stirring and the reacti | e The ,sol vent

evapor at ed S§Ad&tepHy1l %é%" 86@% %&t cfngg&@e'é‘n‘”ﬁyleﬂwte &ﬁﬁer and

oo Sodntilae MIBH CORAE) %%e 8%%?34&4‘3&’82‘?%?‘55%39%%‘ B0 D onat ¢
q
and brine, riixngd wio2&Md, Aheredvhpupht@dite@hmdc thedfilter ogleec tvashed

crystallised soon and coul d be used WlthOUt further u%urlflcatlon
Yiel d: 1. 24vitiyEt@Agy The Hifyaiquiay eﬂmcwe aDeycyy apdrs Apcm topflgsh 4. 81

Ensat h§:|)e:su| iS %‘ﬁ%{{‘%‘r %%%g}l, 1‘5&5‘?%&0? éf\éfirllﬁo - ﬁl? &Hdl?ﬁfe?ﬁi coXcentrated
2, 6-di f | uonQrAoAYYrOKNYYIEI ﬂi@@ﬁﬁﬂé[{iﬁﬂn's@lts b424uB-title chngBRds (dee step

(X|) above) and nethanesul onyl chloride (0. o g, 8. in 60
nmL of net hyandr(b).cRloorpoded (akana dald wa:smmsnLﬂchnn & Q, acidified with 2N

HCI and extracted with EtOAc. The organic layer was washed with brine,

dried (Na,SQ,), filtered and concentrated in vacuo to afford the sub-title
compound (a) (1.2 g, 37%).

15 For sub-title compound (a)}
'H NMR (300 MHz, CD;0D) & 7.38 (s, 1H), 7.22 (s, 1H), 7.15 (s, 1H), 6.89

{t, Jur = 71.1 Hz, 1H), 5.17 (5, 1H)

(ix) 2,6-Difluoro-4[(methylsulfinyl)(methylthio)methyllbenzonitrile

20 (Methylsu]ﬁnyl)(methylthio)methane (7.26g, 0.0584 mol) was dissolved in
100 mL of dry THF under argon and was cooled to ~78°C. Butyllithium in
hexane (16 mL 1.6M, 0.0256 mol) was added dropwise with stirring. Tlie
mixture was stired for 15 min. Meanwhile, a solution of 3,4,5-

trifluorobenzonitrile (4.0 g, 0.025 mmol) in 100 mL of dry THF was cooled

25 to -78°C under argon and the former solution was added through a cannula
to the latter solution over a period of 35 min. After 30 min, the cooling bath
was removed and when the reaction had reached room temperature it was
poured into 400 mL of water. The THF was evaporated and the remaining

aqueous layer was extracted three times with diethyl ether. The combined



g, 81 mol) with stirring. After 3 hat 0C, the m xture was washeg 2096
twce wth IMHCI and once wwth water, dried (Na2SO4) and evapor tl*eFd:-.B 1
The product could be used without further purification. Yield: 1.61 g
(89% . is "H NWR (300 MHz, CDC13) 6 7.29 (m 2H), 5.33 (s, 2H), 3.07

(s, 3H) (wigdsp1gdsPAzi donet hyl -2, 6-di fl uorobenzonitrile Ap@r;gtgw,@gqf

4- cyano- 2, 6-di f |l uorobenzyl net hanesul fonate (1.61 g, 6.51 mol; see

step (xii) above) and sodi um azide (&]72 g, 0.0111 nol) in 10 m. 20 of
wat er and 20 nL of DVMF was stirred at roomtenperature overnight. The

i ee ¢ 1 et IR SR Tdsked BGat e tharfo st Bufborfl, Y Vrchea

five times npthyzpeger, dried (Na2SO4) and evaporated. A smal | sanpl e
was evaporated for NVR purposes and the product crystallised. The rest
was 25 evaporated cautiously but not until corrpl ete dryness. Yield
(theoreticyg wa S ua itative hased on
NVR and ana&ﬁ%ﬁl(%g%ﬁ}éz ég%ﬁﬁ/ér?gdtoﬁvaﬂ ﬁ@g%l ) ﬂ@assqwmzaa 4. 46
(s, 2H 30 EB, 200 185&1 E 4 i

4- Ami norrsgt hﬁ?ﬂ @ Bldﬁflcﬁgémbenzgn?t%?l I(E%sgt%é%@ﬁgrg \:/}\Q/aé%c r‘rl e’d out
accordi ng tdiaitét@nmpczadmr(e OB atiasoerdmier), .34 Chedd, Bﬁﬁterbﬁﬂng( 1982) 3128.
To a suspension of 520 ng of 10% Pd/ C (50% noi sture) in 20 nL of water
was added HbswidulHdn of sodi um 5 borohydride (0.834 g, 0.0221 nol) in
20 nL of water. Sone gas evolution resulted.

4- Azi dorret hyl - 2, 6-di f| uor obenzonitrile (1.26 g, 6.49 mmol ; see step
(xiii) abO\(g) Mﬂh&%ﬂ-‘f&ﬁﬁlﬂ%rﬁ@nﬂﬂeﬁ THE and added to the aqueous

m Xxture on anice bath over I mn. The mxture was stirred for 4 h,
10 2,6-Difluoro-4[(methylsulfinyl)(methylthio)methyllbenzonitrile  (2.17 g,

8.32 mmol; see step {ix) above) was dissolved in 90 mL of THF and 3.5 mL
of concentrated sulfuric acid was added. The mixture was left at room
temperature for 3 days and subsequently poured into 450 mL of water.
Extraction three times with EtOAc followed and the combined ethereal
15 phase was washed twice with aqueous sodium bicarbonate and with brine,
dried (Na,SO,) and evaporated. Yield: 1.36 g (98%). The position of the
formyl group was established by C NMR. The signal from the fluorinated
carbons at 162.7 ppm exhibited the expected coupling pattern with two
coupling constants in the order of 260 Hz and 6.3 Hz respectively

20  corresponding to an ipso ard a meta coupling from the fluorine atoms.

'H NMR (400 MHz, CDCly) 8 10.35 (s, 1H), 7.33 (m, 2H)

{xi) 2,l6-Diﬂuor0-4-hydroxymethyIbenzonitrﬂe
25 2,6-Difluoro-4-formylbenzonitrile (1.36 g, 8.13 mmol; see.step (x) above)
 was dissolved in 25 mL of methanol and cooled on an ice bath. Sodium
borohydride (0.307 g, 8.12 mmol) was added in portions with stiming and
the reaction was left for 65 min. The solvent was evaporated and the
residue was partitioned between diethyl ether and aqueous sodium

30 bicarbonate. The ethereal layer was washed with more aqueous sodium



whereafter 20 nL of 21A HCI was added and the m xture was filtered 10
through Celite. The Celite was rinsed with more water and the conbi highi2806
aqueous phase was washed with Et OAc and subsequently nmade al kal i ne

with 2M NaOH. Extraction three tines with nethylene chloride foll owed

and the c i organi c phase was washed with water, drj )
and evaporwzgtqg@.ﬁg?/?el d: 0.87 g (80%. 15 'H NMR (400 I\/I—|z‘l'%§%%&§3;1 20
(m 2H),-3.96 (s, 2H), 1.51 (broad, 2Zh) (xv)

2,6-Difluoro-4-tert-but oxycarbonyl am nonet hyl benzonitrile A solution of

4- am nonet hyl - 2, 6-di f |l yor obenzonj.trj .876 g, 5.21 mmu]; 20 see

step (xiv) dsgbenatgaedrngy Oé‘g?wﬁzdéjﬁégc?f’amf@nd% crudet Predes|

di car bonat e . i . ed._{1h i Xture

wee st 1 odpgplisegsqsh i SBIRL ¢ Liba Kol BiralepubiRaRB C i P REL

partiti oned%m%\)sen wat er and Et QAc. The organic |ayer was washed three
.5

times with M HCO and water, dried (Na2SO4) and evaporated. The 25
product could be used without further purification. Yield: 1.38 g

(99% . 1H N 21 2 4. broad, 4,43
(broad, 3 2H%mﬁg%w}éﬁ%@ﬂﬁﬁﬁéﬂ%%%6%%3%%%5@1&#@#1 E%éz/ 01557
44 (xvi) Boc-Pab(2,6-diF)(OH) A m xture of

2, 6-di fluoro-4-tert-butoxycarbonyl am nonet hyl benzonitrile (1.38 g,
5.16 nmol ; {(xdp4sCrinoi26-difalnovegnzyhmethanysudfonae hydrochl oride (1.08 g,
0. 0155 nol) _and trrethylamne (1.57 %‘O'D155 nol) in 20 mb of 5

et hanol wasT&tay degd capledospitinpel 24&rAdluose-43eydsoxymethyBienzonitrilas

evaporated qng § Bty SR RS BB dbol PR mBRLNERT 191 SioAR¢ (J1B3 V! ene

10 g, 8.1 mmol) in 60 mL of methylene chloride was added triethylamine (0.81

g, 8.1 mmol) with stirring. After 3 h at 0°C, the mixture was washed twice
. with 1M HCI and once with water, dried (Na,SO,) and evaporated. The
product could be used without further purification. Yield: 1.61 g (89%).

15 'H NMR (300 MHz, CDCl;) 8 7.29 (m, 2H), 5.33 (s, 2H), 3.07 (s, 3H)

(xiil) 4-Azidomethyl-2,6-difluorobenzonitrile

A mixture of 4-cyano-2,6-diflucrobenzyl methanesulfonate (1.61 g, 6.51
mmol; see step (xii) above) and sodium azide (0.72 g, 0.0111{ mol) in 10 mL
20 of water and 20 mL of DMF was stirred at room temperature ovemight.
The resultant was subsequently poured into 200 mL of water and extracted
three times with diethyl ether. The combined ethereal phase was washed
five times with water, dried (Na,50,) and evaporated. A small sample was
- evaporated for NMR purposes and the product crystallised. The rest was
25 evaporated cautiously but not until complete dryness. Yield (theoretically

1.26 g) was assumed to be aimost quantitative based on NMR and analytical

HPLC.

'H NMR (400 MHz, CDCl5) § 7.29 (m, 2H), 4.46 (s, 2H)
30



chloride. The organic |ayer was washed with water, dried (NaZSOfL)n['a]pEcbmﬂ15
evapor ated. The product could be used w thout further purlflcatl

Yield: 1.43 g (92%. 10 'H NWMR (500 MHz, CD30D) S 7.14 (in, 2H), 4.97
(broad, 1H), 4.84 (broad, 2H), 4.40 (broad, 2H), 1.43 (s, 9H (xvii)
Boc- Pab( 2wo-dhfgksix HOAC 15 This reaction was carried oupchSERbfisnNg to
the procedure described by Judkins et at, Synth. Comm (1998) 4351.
Boc-Pab(2,6-diF)(OH) (1.32 g, 4.37 m3ol; see step (xvi) above), acetic
anhydride (0.477 g, 4.68 mol) and 442 ng of 10% Pd/ C (50% noi st ure)

in 100 mL of .acetjc.aci ap . & at 5 atmpressure for 3.5 h.
The m xture{x\}@sﬁ'A‘ .n%?ﬁ h GJP L%% rinsed with ethanol and
evapor at ed. THi§&es@ondias \Wagidd @!ﬁftzﬂ:cdfdn@%jto tHeoptoredieNddstfib@ and. wat er
and a few drops of ethanol. The sub-tit pr oduct coul d be used

wi t hout fur€Chen. Bex. i(M)cEOPBh 3 1%8.0/ T a@uapeaaog qf B2 mg of MR PAED M—lz
CD30D) S 7 25 1.40
(Xvi i |)) Bocéaét()(@mﬁmﬁq)ﬂr( % iﬂsL 1%'_?;3?& e gadﬁf agslupgp of 69‘51}’15) x HOAC

EniL \?/gtg’r wés adde c?cz(%%?gsé?ﬁzr%g?ﬁb? %{E w&e}o%oﬁmg%enyﬁl carbonate
(1.67 g, 5. &%lmﬁolé«Aﬁd&ﬂ&EyBNHMtﬂ&ﬁBé&bﬂﬁﬁlk A3 gF640mhnkl; dée

sol ution of potassium carbonate érl 57 0.0114 m)l) in 20 nL of water
was added YeREWiLkEDWELas dissplye HbSQn‘T&t adred tythe\agueousht . The

THE vas evapolat & aRMde With 098! 95mifes Iﬂ@%mﬁur‘é’”\‘égs RALYRSH, Wehor and

whereafter 20 mL of 2M HCI was added and the mixture was filtered

10 through Celite. The Celite was rinsed with more water and the combined
aqueous phase was washed with EtOAc and subsequently made alkaline
with 2M NaOH. Extraction three times with methylene chloride followed
and the combined organic phase was washed with water, dried {(Na,SO,)
and evaporated. Yield: 0.87 g (80%).

15
'H NMR (400 MHz, CDCl3) & 7.20 (m, 2H), 3.96 (s, 2H), 1.51 (broad, 2H)

{xv) 2,6-Difluoro-4-tert-butoxycarbonylaminomethylbenzonitrile
A solution of 4-aminomethyl-2,6-difluorobenzonitrile (0.876 g, 5.21 mmol;
20 see step (xiv) above) was dissolved in 50 mL of THF and di-tert-butyl
dicarbonate (1.14 g, 5.22 mmol) in 10 mL of THF was added. The mixture
was stirred for 3.5 h. The THF was evaporated and the residue was
partitioned between water and EtOAc. The organic layer was washed three
times with 0.5 M HC! and water, dried (Na;SO,) and evaporated. The
25~ product could be used without further purification. Yield: 1.38 g (99%).

'H NMR (300 MHz, CDCl3) § 7.21 (m,2H), 4.95 (broad, 1H), 4.43 (broad,
2H), 1.52 (s, 9H)
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met hyl ene chl oride. The aqueous | ayer was extracted w th nethyl engdg
chl oride and the conbi ned organi c phase was washed twice with aqu %EB 10%%
sodi um bi carbonate, dried (Na2SO4) and evaporated. Flash chromatography
on silica gel with heptane/ EtOAc = 2/1 gave 1.71 g (73% of pure

d. VR (400 Mz, CDCI3) S 7.43 2 |
Z?Z‘iO?Bro‘gﬁq‘”"’N 450 (m 2H), 1. h (s 9H§m 1. lf)l (m9glésbﬁz§ﬁd% D

9H) (xi x) Boc-(S)Aze-Pab(2, 6-di F)(Tegg) Boc-Pab(2,6-diF)(Teoc) (1. 009
g, 2.35 mml; see step (xviii) above) was 15 dissolved in 50 nL of

Et OAc satur tﬁdﬂw Eh! @C& 9@[955516 m xture was left for 10 mn.,
evapor at ed nmL. of DMF, and then cooled on an ice
bat h. Boc- lg) Mpuie of 02 ﬁmﬂﬁor@%ﬁm&gearﬁ&gﬁfrg &n@?ﬂbe&ﬁﬁnlﬁm' )

and lastly diisopropyl ethyl am ne wer e added The
reaction nmi(x38rg $d$ sinaoly sek Sp (zvhabdvet)hénwdmgtaeﬁnbrﬁ)mr&’amomde of 20
wat er and extracted three tipes QAc. The conbi ned organi ¢ phase

was was hed (hi08re. -0 b mal) ard (Né]?)é@)neaﬂds?eﬂaﬁ&ﬂéﬁ agol) pn 29-mL of

Cooop oF" ERMBhab R, HERADR (T RERIIE RS by e ABiRag IR O
2H), 4.65- 4:v5pc(rmed3d1‘9d thé. r%&dﬁ@was%j?%tm&)ea%e(tﬁberlH)a:ter?’ar?d‘ln{efﬂ yierd) .

2.45-2.3 (m 1.40 (s, 9H), 1 m S H&
24FEB2006 \Aﬁi 11786 512aAGT IaSEO W2 1 edt@vdxmater dried (Na,SO4) and

oG- ( S) Ao SHERTBE: cHIH e F oL, BHER  ouh A PLLERR oBisd )
above) wag 44 oypd in 20 nL of EtOAc saturated with HC (g). The
ST

mxture was
10

'H NMR (500 MHz, CD;0D) § 7.14 (m, 2H), 4.97 (broad, 1H), 4.84
(broad, 2H), 4.40 (broad, 2H), 1.43 (s, 9H)

(xvii) Boc-Pab(2,6-diF) x HOA¢

1s This reaction was carried out according to the procedure described by
Judkins et al, Synth. Comm. (1998) 4351. Boc-Pab(2,6-diF}(OH) (1.32 g,
4,37 mmol; see step (xvi) above), acetic anhydride (0.477 g, 4.68 mmol)
and 442 mg of 10% Pd/C (50% moisture) in 100 mL of acetic acid was

hydrogenated at 5 atm pressure for 3.5 h. The mixture was filtered through
20 Celite, rinsed with ethanol and evaporated. The residue was freeze-dried
from acetonitrile and water and a few drops of ethanol. The sub-title

product could be used without further punfication. Yield: 0.1.49 g (99%).

H NMR (400 MHz, CD;0D) 6 7.45 (m, 2H), 4.34 (s, 2H), 1.90 (s, 3H),
25 1.40.(s,9H)

(xviii) Boc-Pab(2,6-diF)(Teoc)
To a solution of Boc-Pab(2,6-diF) x HOAc (1.56 g, 5.49 mmol; see step
{xvii) above) in 100 mL of THF and 1 mL of water was added 2-

30 (trimethylsilyl)ethyl p-nitropheny! carbonate (1.67 g, 5.89 mmol). A



left for 10 m n. and evaporated and dissolved in 5 nL of DMW. 2006
Ph(3-C)(5 5 OCHF2)- (R) CH(OH) C(O) OH (0. 120 g, 0.475 nmol; see steph FEB L
(viii) above), PyBCP (0.263 g, 0.498 nmol) and lastly diisopropyl et hyl
amne (0.245 g, 1.89 mmol were added. The reaction m xture was stirred
for 2 h a < poured into 350 mL of water and extracfgkdbhe tines
wth Et OAE:WJJ p}% I(:onbl ned organi c phase was washed wi th brine, §r|
(Na2SO4) -and 10 evaporated. Flash chiygnmat ography on silica gel vvlth

Et OAc gave 0.184 g (60% of the desired sub-title conmpound. 'H NWR

(400 MHz

[y g of r GG 5t Pt bR RT 32 870 18ig 2 G ot el it {1
6.90 (t, 1%&@!’&@&8&%@%1@ Bl tnixrdleh whd 8 ecrg?egg@s. The FHES.

1H, maj or rotaner H, m nor rotamner

rotaner), 4wi ev(apbraﬂdd amdj tre retidweryas pafiittondd betwedh) wader3@ndm | N,
major rotanmer), 4.24 (m 2H), 4.13 (m 11-1, najor rotaner 4.04 (m
I'H, ninor rwethyiang, chigrids (Re pAuequsniwer avasnertyacted owitlf methydendri nor

r ot amer) maLor_rota or rotaner),
2200 (3 1rgttnping pnd Ble.SRpTREE brds Bl RIck s Ganlo it | aiudold
Ph(3-d) (5- mﬁfrgbrda@ogﬂe%@ az(S@ Nagd %Ho?agddl?ﬁkh chromatography

Ph(3-d ) (5-CCHF2) - (R &) (S)Aze Pab( 2, 6-di F) (Teoc) ?%r , 25
0.127 mol ;orsedicet gpl Wi )hapf@v@fﬁtﬂés i olgeed 1.7l (gS(?B%)obfrmlrdnyl ene
chl ori de and cooled on an ice bath. TFA (3 nL) was added and the
reaction v%“?%‘?‘ﬁ for 75 mn. The TFA was evaporated and the residue
was freeze dried fromwater and acetonitrile. The crude product was
purified by 2 4 FEB 2006 WD 03/0 1 85 5 1 PCT/ SE02/ 01557 47 preparative
RPLC wi tch CH3ENIR (4@0 Mmcc@sses% €, mdeﬂﬂe(bS&d;rgH)( 85%) (bedadf he

title conmpound as rit
PO 4 3% (i ) Tt 30k, PYY o 25,096 (s, 9B

(xix) Boc-(S)Aze-Pab(2,6-diF)(Teoc)
Boc-Pab(2,6-diF)(Teoc) (1.009 g, 2.35 mmol; see step (xviii) above) was
15 dissolved in 50 mL of EtOAc saturated with HCl(g). The mixture was left

for 10 min., evaporated and dissolved in 18 mL of DMF, and then cooled on
an ice bath. Boc-(S)Aze-OH (0.450 g, 2.24 mmol), PyBOP (1.24 g, 2.35
mmol) and lastly diisopropylethyl amine (1.158 g, 8.96 mmol) were added.
The reaction mixture was stirred for 2 h and then poured into 350 mL of
20 water and extracted three times with EtOAc. The combined organic phase
was washed with brine, dned (Na,SO;) and evaporated.  Flash
chromatography on silica gel with heptane:EtOAc (1:3) gave 1.097 g (96%)

of the desired compound.

35 'H NMR (500 MHz, CDCl,) 3 7.46 (m, 2H), 4.65-4.5 (m, 3H), 4.23 (m,
 2H), 3.87 (m, 1H), 3.74 (m, 1H), 2.45-2.3 (m, 2H), 1.40 (s, 9H), 1.10 (m,
2H), 0.05 (s, 9H)
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"H NWMR (400 MHz, CD30D m xture of rotaners) 8 7.5-7.4 (m 2H), 7.32 s
(m 1H, major rotamer), 7.28 (m |H ninor rotaner), 7.2-7.1 (m? 8FB 1036
6.90 (t, 1H, major rotaner), 6.86 (t, mnor rotamer), 5.15 (s, 1H,

major rotamer), 5.14 (m 1H, mnor rotaner), 5.07 (s, IH mnor
rotamer),whoddisésn 1H  nmajor rotamer), 4.65-4:45 (M 26dpsehgisém 1H,
maj or rotaner), 4.16 (m 1H, nmgjor rotaner), 4.03 (m |H mnor
rotaner); 3.95 (m 1H, minor to rotasgr), 2.63 (m I|H mnor rotamer),
2.48 (m 1H, major rotaner), 2.21 (m IH mjor rotaner), 2.07 (m 1H,

m nor rota ¥ . _ D). arbonyl and/ or
am di ne caﬁg%i] P,h gi)CPﬁi-- QRUiF LS

SEattet-4Y -8 “g- e S8 162. 8,
160. 4 APCI B&L Nee-Phb(236-BG(1200) (0,256 & 9. 500amRIoE ste sth é%x)) aE?\ée)

Ph(3- ) (5- OCHE )_éagi 2})@& 0)-(S) Aze- Pab(2, 6-diF) v - OCHF2
e EPR B APy s g SLirp - ey arive e M
(64 15, 0. o8 P s 2B BYHREHES SR BRIl )5 B DGt npRG-Chid-

hyd | ani d ' 20 Q: K f itril
25 as Hoat gLy REHCEEROICH (0420, BA7STRInb, sbe B o B 111 ©
resi due 2 2yEgP 29063 YWO0AS8 GA:B6H knBAIHSENNPIdYIethR Mmameqoradstg oned

bet ween wat er and Et OAc.  The aqueous | ayer was extracted twice with

Et OAc and tln® ewed)iwesa agfegfhnt 6c Fregten mistuns s13s gtirrasd dor ddy and theni ed
(Na2SO™4) and evapor oduc be .used_.w t rther
puri ficati c?r?.u%\‘rji @fodgg@ginép?\gg{%a?ﬂ dxrGRuh dnRe thnes with' ét@&c. t[ll"u:
combined organic phase was washed with brine, dried (N2,S0,) and
10  evaporated. Flash chromatography on silica gel with EtOAc gave 0.184 g

(60%) of the desired sub-title compound.

'H NMR (400 MHz, CD;OD, mixture of rotamers) 8 7.55-7.45 (m, 2H),
7.32 (m, 1H, major rotamer), 7.27 (m, 1H, minor rotamer), 7.2-7.1 (m, 2H),
15 6.90 (t, IH, major rotamer), 6.86 (t, 1H, minor rotamer), 5.15 (s, 1H,major
rotamer), 5.12 (m, 1H, minor rotamer), 5.06 (s, 1H, minor rotamer), 4.72
(m, 1H, major rotamer), 4.6-4.45 (m, 2H), 4.30 (m, 1H, major rotamer),
4.24 (m, 2H), 4.13 (m, 1H, major rotamer), 4.04 (m, 1H, minor rotamerj,
3.95 (m, 1H, minor rotamer), 2.62 (m, 1H, minor rotamer), 2.48 (m, 1H,
20 major rotamer), 2.22 (m, 1H, major rotamer), 2.10 (m, 1H, minor rotamer),

1.07 (m, 2H), 0.07 (m, 9H)

(xxi) Ph(3-CH(5-OCHF,)-(R)ICH(OH)C(O)-(S)Aze-Pab(2,6-diF)
. Ph(3-C1)(5-OCHF,)-(R)ICH(OH)C(O)-(S)Aze-Pab(2,6-diF)(Teoc) (81 mg,
25 0.127 mmol; see step (xx) above) was dissolved in 0.5 mL of methylene

chloride and cooled on an ice bath. TFA (3 mL) was added and the reaction
was left for 75 min. The TFA was evaporated and the residue was freeze

dried from water and acetonitrile. The crude product was purified by



5 1H NWR (400 MHz, CDCI3) 5 7.90 (bt, IH), 7.46 (m IH) 7.25-6.95 (m
5H), 6.51, t, 1H), 4.88 (s, IH, 4.83 (m IH), 4.6-4.5 (m 2H), 4.4-3.?
(m  4H), 3.95 (s, 3H), 3.63 (m 1H), 2.67 (m 1H), 2.38 (m 1H) . afig20
(broad, IH, 0.98 (m 2H), 0.01, s, 9H) 10 (ii) Ph 3-C1

5- OCHF2) - (R)CH(OH) C(O) - ( S) Aze- Pab( 2, 6-di F) (Owe)

Ph(3- A ) (WoWisasn- (R) CH(OH) C(O) - (S) Aze- Pab( 2, 6- di F) (OvepdpOEmbnisa8 NU,
0.086 mml; see step (i) above) was dissolved in 3 nL of TFA, cool ed

on an ice bath and allowed to react #pr 2 h. The TFA was evaporated and
I's the residue dissolved in Et CAc. The organic | ayer was washed tw ce

with aque%%a?mcu%g@rgﬂnaég? eezeﬂ@tﬁf{ odL! 8. 6455\"’?3 c%nﬂ)m

evapor at ed resi aue was ri e rom wa acet Oﬁl trile

to give 42 (Bg%g%?.%e trle cdnﬁ;ﬁ)uhldtalsétsd“mouﬂd puHW I99Y%. 94% 20 " H NMR (300
Mz, CDA3) S 7.95 (bt 7.2-7.1 (m A4r), 6.99 (m 1H), 6.52 (t,
1H) 4.88 (s, 1H), 485475(m 3H) 4.6-4.45 (m 2H), 4.29 (broad,

11a), " 1. aor WP a0 s DR mikei? efioecisk 5 7 S LA 2d or
'z 30 24rRRB00s S 0T BIHY 51" B b Bior ol YRr T, b 896557555
Ph(3- Q') ( 5{IHE 2aj 6iR)otinieD) 64 €t () draetaRad), 3, - @ FH( @H)OI‘&Otamer)
5.14 (m, 1H, minor rotamer), 5.07 (s, 1H, minor rotamer), 4.72 (m, 1H,
major rotamer), 4.65-4.45 (m, 2H), 4.30 (m, 1H, major rotamer), 4.16 (m,
1H, major rotamer), 4.03 (m, 1H, minor rotamer), 3.95 (m, 1H, minor
10 rotamer), 2.63 (m, 1H, minor rotarr_lcr), 2.48 (m, 1H, major rotamer), 2.21
(m, 1H, major rotamer), 2.07 {m, 1H, minor rotamer), 1.89 (s, 3H)
“C-NMR (75 MHz; CD;0D}: (carbony! and/or amidine carbons, mixture of
rotamers) 6 171.9,171.2, 165.0, 162.8, 160.4
APCI-MS: (M + 1) = 503/505 m/z.
15

Example 2
Ph(3-C1)(5-OCHF;)-(R)YCH({OH)C(0)-(S)Aze-Pab(2,6-diF)}{OMe)

0 F
Q $—H N-OMe
HO R : /4
N .
U N,
F
cl OCHF,

20 |
(i) Ph(3-CI)(5-OCHF3)-(R)CH(OH)C(O)-(S)Aze-Pab(2,6-diF)(OMe,Teoc)
A mixture of Ph(3-CI)5-OCHF)-(R)ICH(OH)C(O)-(S)Aze-Pab(2,6-
diF)(Teoc) (64 mg, 0.099 mmol; sec Example 1(xx) above) and O-methyl

hydroxylamine hydrochloride (50 mg, 0.60 mmol) in 4 mL of acetonitrile

25 was heated at 70°C for 3 h. The solvent was evaporated and the residue



(1) Boc-(S)Aze- NHCH2-Ph(2,6-di F, 4-CN) Boc-(S)Aze-CH (1.14 g, 5.6 mmol)
was di ssolved in 45 nL of DWMF. 4- Am nonethyl -2, 6-difl uorobenzoni}ztsgittﬁzﬂ%
(1.00 g, 5.95 nol, see Exanple 1(xiv) above), PyBOP (3.10 g, 5. ‘
mmol ) and DI PEA (3.95 nmL, 22.7 10 mmol ) were added and the sol ution was
stirred at roomtenperature for 2 h. The solvent was evaporated and

t he resi dveosmssypartiti oned between H20 and Et OAc (75 etrse@h)ss? The
aqueous phase was extracted with 2 x 50 nL EtQAc and the conbi ned
organi ¢ phase was washed with brine 48d dried over Na2SO4. Fl ash
chromat ogr aphy: (Si @2, Et QAc/ heptane (3/1)) yielded 15 the sub-title
conpound ( 2 Qitihh | I-gh t al4d L,

refrigerat (Jﬁzé pﬁtﬂééé? 4%%WEA&1—IZ?JV%&¥\?D : EEO)%%'lQ tﬂﬁﬁz%gl‘i&&sﬂ%gf 4‘?38 (m

3H), 3.86 (ERiractbdwicd. with (BtOAl-hnd theAborAbided Mrgatid phise3%aé washdd 20
(i) H(S)Aze-NHCH2-Ph(2,6-di F, 4-CN) x HCl

Boc- ( S) AzeWithcratewh dried (NapSO4). eng) eyaporatedg, The prodwsbicouldebe ssedh (i)

Ui ng atoRhr B ePaRE B oY R SERA BT b Sol vent et

evapor aked. 25 The residue was dissolved in CH3CN H20 (1/1) and was
freeze-dried to 2 4 FE8 2006 W031018551 PCT/ SE02/ 01557 50 gi ve the
sub-title CER¥MR@qOMISz7 GDCE8% 798 (bt 161X W6 (m, B PR6$95 fonder .

R OB ) 8 18 e e B B AR 2 o
(M1 41y 3.95 (s, 3H), 3.63 (m, 1H), 2.67 (m, 1H), 2.38 (m, 1H), 1.87 (broad,
1H), 0.98 (m, 2H), 0.01, s, 9H) g
10 .
(i) Ph(3-C)(5-OCHF,)-(R}CH(OH)C(Q)-(8)Aze-Pab(2,6-diF)(OMe)
Ph(3-CI)(5-OCHFy)-(R)CH(OH)C(O)-(S)Aze-Pab(2,6-diF){OMe,Teoc) (58
mg, 0.086 mmol; see step (i) above) was dissol;ied in 3 mL of TFA, cooled

on an ice bath and allowed to react for 2 h. The TFA was evaporated and
15 the residue dissolved in EtOAc. The organic layer was washed twice with
aqueous sodium carbonate and water, dried (Na;SO,) and evaporated. The
residue was freeze-dried from water and acetonitrile to give 42 mg (92%) of

the title compound. Purity: 94%.

20 'HNMR (300 MHz, CDCl3) § 7.95 (bt, 1H), 7.2-7.1 (m, 4H), 6.99 (m, 1H),
6.52 (t, 1H), 4.88 (s, 1H), 4.85-4.75 (m, 3H), 4.6-4.45 (m, 2H), 4.29 (broad,
1H), 4.09 (m, 1H), 3.89 (s, 3H), 3.69 (m, 1H), 2.64 (m, 1H), 2.38 (m, 1H),
1.85 (broad, 1H)

BCNMR (100 MHz; CDCls): (carbonyl and/or amidine carbons) § 172.1,

25  169.8,151.9 '

APCI-MS: (M + 1) = 533/535 m/z
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(iii) Ph(3-A)(5-0CCHF2)- (R CH(OH) C(O - (S) Aze- NHCH2- Ph( 2, 6-di F, 4- CN% 0
to Ph(3-0)(5-OCHF2)- (R) CH OH) C(O) OH (0.40 g, 1.42 mwl, see Exanbf&tB 1Ll
1(viii) above) was dissolved in 10 nL of DWMF and H-(S)Aze NHCH2 -
Ph(2,6-diF, 4-CN) x HO (0.43 g, 1.50 mmol, see step (ii) above) and
PyBOP (0. w6%381858; 50 nmol ) were added, fol I owed by Dl PEfcfdgddnidsy S- 7
nmmol ). After stirring at roomtenperature for 2 h, the solvent was is
evaporated. The residue was partitioged between H20 (200 nmL) and Et OAc
(75 m). The aqueous phase was extracted with 2 x 75 nL EtOCAc and the
conbi ned or eRBhase was washed with brine and dried over Na2SO4.

Fl ash chrorf%@géa—phy (S 2, Et QAc/ hept ane (4/1)) y| el ded the sub-title

conmpound (@g@.mz)&s&)@{}‘g :: b MPOHED30D) rot aners:
S 7.43 (m ; E A IH, m nor
rotamer), 7.2-7.1 (m 2H), 6 90 (t, IH, rmy or rotarrer) 6.86 (t, 1H,
m nor rotaner), 5.14 (s, IH, najg rota ry, 5.112 (m 1H, m nor

rotamer), 5.04 (s, 1H m nog rot A7l (m 1H maj or 25 rotaner),
4.6-4.45 (m 2H), 4.30 (m

= Je=t (m 1H, and 1H,
m nor rotanmer), 2.62 :N =Yas 18 (m I'H rmajor
t rrer), ‘ m nor rotaner)

rotanmer), 2.21 (m IH, mao,r
13C-NMVR (100 MHz; CDB0D);A(car boAyl car bohs) '@, 171.8 MB (m z)
484.0, °485.9 (lvl - 1) @» 487.9 (M 1f 2 4 FEB NUN WO 03/ 018551

PCTI SE02/ 01557 51 (i v)
Ph(3- Q) (5- OCHF2) - ( R CLOIGHIS) Aze- Pab( 2, 6- di F) (OH)

Ph(3- Q) (5- OCHF2) - ( R) CH( OH) C( 0) - ( S) Aze- NHCH2- Ph(2, 6-di F, 4-CN) (0. 555
g, 1.14smol, fromstep (iii) above) was dissolved in 10 nL of Et CH.

(i) Boc-(S)Aze-NHCH,-Ph(2,6-diF, 4-CN)
Boc-(S)Aze-OH (1.14 g, 5.6 mmol) was dissolved in 45 mL of DMF. 4-

Aminomethyl-2,6-difluorobenzonitrile (1.00 g, 5.95 mol, see Example
1(xiv) above), PyBOP (3.10 g, 5.95 mmol) and DIPEA (3.95 mL, 22.7
10 mmol} were added and the solution was stirred at room temperature for 2 h.
The solvent was evaporated and the residue was partitioned between H,Q
and EtOAc (75 mL each). The aqueous phase was extracted with 2 x 50 mL
EtOAc and the combined organic phase was washed with brine and dried
over Na,SO,. Flash chromatography (SiO;, EtOAc/heptane (3/1)) yielded
15 the sub-title compound (1.52 g, 77%) as an oil which crystallized in the

refrigerator.

'H-NMR (400 MHz; CD;0D): § 7.19 (m, 2H), 4.65-4.5 (m, 3H), 3.86 (m,
1H), 3.73 (m, 1H), 2.45-2.3 (m, 2H), 1.39 (s, 9H)

20 |
(it) H-(S)Aze-NHCH,-Ph(2,6-diF, 4-CN) x HCI
Boc-(S)Aze-NHCH,-Ph(2,6-diF, 4-CN) (0.707 g, 2.01 mmol, see step (i)
above) was dissolved in 60 mL of EtOAc saturated with HCI(g). After

stirring at room temperature for 15 minutes, the solvent was evaporated.

25 The residue was dissolved in CH3;CN/H,0 (1/1) and was freeze-dried to



5 (95% . To this solution was added hydroxyl am ne hydrochl ori de %Q. 238
g, 3.42 mmol) and Et3N (0.48 nL, 3.44 mmol). After stirring at RddhB 1008
tenperature for 14 h, the solvent was renoved and the residue was

di ssolved in Et OAC The organi ¢ phase was washed with brine and H20
and was v Na2SO4. The crude product was purifie

pr epar at %Q%ﬁi’g& LCwith CH3CN: 0.1 M NH4QAc as el uent, Fy?éfzf%‘“f’he
title conpound as an anor phous povvdg (0:429 g, 72% after
freeze-drying. 'H NVR (400 MHz; CD30 g) rotamers: 5 7.35-7.1 (m 5H),
6.90 (t, 1H, major rotaner), 6 85 (t, 1H mnor rotaner), 5,615 (s, 1H,
maj or rot argiYy thel sulktitl c(ompqmd .50 2r §8%)eas) an ®ffwhite, amesphoisnor
rotamer), 4. 72d$m 1H, major rotaner), 4.6-4.4 (m 2H), 4.30 (m IH,
maj or rotaf®¥d€4 12 (m IN, mjor rotamer), 4.04 (m 1H, minor
rotanmer), 3.94 (m IH mnor rotaner), 2.62 (m I|H mnor rotamer),
2.48 (m 1EHLmaJ or rotanmer), 2.22 (m IH rmjor rotamer) 2.10 (m IH,
m nor r ot anprNMIP (AGCOVMAR CI 7.4C020PH), 4.99.(m0MH), 458 (AMDH)ne.

car bons, rot arrersg(ﬂs 172. %%Mgz 197:?% %2 3, 15 g é zftDS 17. 1,
519. 0 (M -41)2 (m5.16H) 39410 1@‘1\7&1)3@ (ExAHD| 242 (@51 Hpe t|tIe compound of
Exanple 1 A above and was found to exhibit an
reaorT val BB IBER B 02 St C2 4 FEB 2006 VIO 0%/ 018551

PCT/ SEQ2/ 01557 52 Exanple 5 The title conpound of Exanple 1 was tested
in Test D above and was found to exhibit.an |I1C50 APTT val ue of |ess
than 1 ji M(iiD H':&hé?ﬁﬁ]l)éS@GHEz)t(@CH(@bﬁ)ﬁ@h(ﬁ)AﬁcM@ﬂzé’h@ GakFt ebted in
Test E abm&and was found

to  Ph(3-CH(5-OCHF,)-(R)CH(OH)C(O)OH (0.40 g, 1.42 mmol, see Example
1(viii) above) was- dissolved in 10 mL of DMF and H-(S)Aze-NHCH,-
Ph(2,6-diF, 4-CN) x HC! (0.43 g, 1.50 mmol, see step (ii) above) and
PyBOP (0.779 g, 1.50 mmol) were added, followed by DIPEA (1.0 mL, 5.7
mmol). After stiring at room temperature for 2 h, the solvent was

15  evaporated. The residue was partitioned between H,0 (200 mL} and EtOAc
(75 mL). The aqueous phase was extracted with 2 x 75 mL EtOAc and the
combined organic phase was washed with brine and dnied over Na;SQ,.
Flash chromatography (SiO,, EtOAc/heptane (4/1)) yielded the sub-title
compound {0.56 g, 81%) as an oil.

20
'H-NMR (400 MHz; CD;0D) rotamers: & 7.43 (m, 2H), 7.31 (m, 1H, major
rotamer), 7.26 (m, 1H, minor rotamer), 7.2-7.1 (m, 2H), 6.90 (t, 1H, major
rotamer), 6.86 (t, 1H, minor rotamer), 5.14 (s, 1H, major rotamer), 5.11 (m,

- 1H, minor rotamer), 5.04 (s, 1H, minor rotamer), 4.71 (m, 1H, major

25 | rotamef), 4.6-4.45 (m, 2H), 4.30 (m, 1H, major rotamer), 4.2-3.9 (m, 1H;
and 1H, minor rotamer), 2.62 (m, 1H, minor rotamer), 2.48 (m, 1H, major
rotamer), 2.21 (m, 1H, major rotamer), 2.09 (m, 1H, minor rotamer)
BC.NMR (100 MHz; CD;0D): (carbonyl carbons) § 171.9, 171.8
MS (m/z) 484.0, 485.9 (M - 1), 486.0,487.9 M + 1)’



to exhibit oral and/or parenteral bioavailability in the rat as th
correspondi ng active inhibitor (free anidine). to Exanple 7 Theiﬂ&ﬁ&ﬁlmﬁ
conpound of Exanple 2 was tested in Test G above and was found to be
converted to the corresponding active inhibitor (free amdine) in liver
m cr osonggg himmspumans and fromrats. is Abbreviations pergefmgdsy! APC

= atnospheric pressure chemcal ionisation (in relation to NB) 20 API

= atnospheric pressure ionisation (igjrelation to M5) aq. = aqueous

AUC = area under the curve Aze = azetidi ne-2-carboxyl ate AzeCH =
azeti di ne-2-carboxylic acid 25 Boc = tert-butyl oxycarbonyl BSA =

bovine serumalbumn G = chenical ionisation (|n relation to M5) d =
day(s) DCC(wPCP YIBSTHIGRIR (SPA 5-diF)(OH
di -i sobutyla e 5% 02/ 01557 53
DI PEA = di Phoaecmpwc&mm)a(uﬁ)ﬁa(oamfoﬁ(m(zmmaﬂmmme-am no3-Gr i di ne
DVF = dlne%g | f or mam de = dIP?%BO|SU|fOXIde

55 g, 1.14 mmol, rom step ( ve) was dissolved in 10 mL of EtOH.
5 (95%). To this solution was added hydroxylamine hydrochloride (0.238 g,

3.42 mmol) and Et3N (0.48 mL, 3.44 mmol). After stirring at room

temperature for 14 h, the solvent was removed and the residue was
dissolved in EtOAc. The organic phase was washed with brine and H,0
and was dried over Na,S0O,. The crude product was purified by preparative

10 RPLC with CH;CN:0.1 M NH,OAc as eluent, yielding the title compound
as an amorphous powder (0.429 g, 72%) after freeze-drying.

'H-NMR (400 MHz; CD;0D) rotamers: & 7.35-7.1 (m, SH), 6.90 (t, lH,‘
major rotamer), 6.85 {t, 1H, minor rotamer), 5.15 (s, 1H, major rotamer),
15 512 (m, 1H, minor rotamer), 5.08 (s, 1H, minor rotamer), 4.72 (m, 1H,
major rotamer), 4.6-4.4 (m, 2H), 4.30 (m, 1H, major rotamer), 4.12 (m, 1H,
major rotamer), 4.04 (m, 1H, minor rotamer), 3.94 (m, 1H, minor rotamer),
2.62 (m, 1H, minor rotamer), 2.48 (m, 1H, major rotamer), 2.22 (m, 1H,
major rotamer), 2.10 (m, 1H, minor rotamer)
20 “C-NMR (100 MHz; CD;0D): (carbonyl and amidine carbons, rotarers) 8
172.4,171.9, 171.0, 152.3, 151.5 |
MS (m/z) 517.1, 519.0 (M - 1), 519.1, 521.0 (M + 1)

- Example 4

25 The title compound of Example 1 was tested in Test A above and was found

to exhibit an IC5oTT value of less than 0.02 uM.



5 DVT = deep vein thronbosis EDC =

1- ( 3-di net hyl am nopropyl ) -3-ethyl carbodiim de hydrochloride Et = g%ﬁﬁ
ether = diethyl ether 1o EtOQAc = ethyl acetate Et OH = et hanol Et £1006
di ethyl ether h = hour(s) HATU =

0- (azabe t | -1-yl)-N,N, N, N -tetranet hyl uroni um
hexaf | uo%@ﬁé@%ﬁt e HBTU =

[N, NN N -tetranet hyl - O (benzotriazol.51-yl)uroni um
hexaf | uor ophosphate] HC = hydrochl 8%| c acid, hydrogen chloride gas or
hydrochl ori de salt (depending on context) 20 Hex = hexanes HOAc =
acetic aci tic acid sal t HPLC = high performance liquid

et hanol . 1P ey d S ML VR LA o fis] Diffee ang Sas o

tert-butyl t%teﬁﬁx'blt'\iﬁ Apr[qq; wlgg tggeni di nucl eoti de, reduced form ,
2 4 FEB 2006 WO £51 PCT/ SE02/ 01557 54

t %CTIS E02/01557

s Example 6

The title compound of Example 2 was tested in Test E above and was found
to exhibit oral and/or parenteral bioavailability in the rat as the

corresponding active inhibitor (free amidine).

10 Example 7
The title compound of Example 2 was tested in Test G above and was found

to be converted to the corresponding active inhibitor (free amidine) in liver

microsomes from humans and from rats.

15 Abbreviations

Ac = acetyl
APCI = atmospheric pressure chemical ionisation (in relation to
MS)
20 API = atmospheric pressure ionisation {(in relation to MS)
aq. = aqueous
AUC = area under the curve
Aze = azetidine-2-carboxylate
AzeOH = azetidine-2-carboxylic acid
25 * Boc = tert-butyloxycarbonyl
BSA = bovine serum albumin
Cl = chemical ionisation (in relation to MS)
d = day(s)
DCC = dicyclohexyl carbodiimide

30 DIBAL-H= di-isobutylaluminium hydride



NADPH = ni coti nam de adeni ne di nucl eoti de phosphate, reduced formNH
= National Institute of Health (US) NHU = National Institute of

Health units 5 NMR = nucl ear magnetic resonance OAc = acetate PabhEEB 1008
par a- am di nobenzyl am no H Pab = para-am di nobenzyl am ne Ph = phenyl

to PyBOP = (benzotriazol-I-yloxy)tripyrrolidi nophosphoni um

hexaf | uovophspagdsate QF = tetrabutyl ammoni um fl uori de ROGEw/G68VEr se
phase hi gh performance |iquid chromatography rt/RT = roomtenperature
15 SOPS = standard operating procedus¥xs TBTU =

[NN,N,N-tetranethyl-O (benzotriazol-1-yl)uronium tetrafl.uoroborate]
TEA = trie M ne TeoCy: z ez rl@‘fz{n‘ﬁ silyl)ethoxycarbonyl 20 TEMPO =
2,2,6, 6-te?ﬂrigir:?§t hyl -1 - pi(agl)lé?%gﬁllﬁ Xy }ﬂrzee radical TFA =
trifluoroagyia® ackd THRE-GV Nedimzktydasfing)adyridideC = thin | ayer

chronmat ogr aph W = ultraviolet 25 Prefixes n, s, i and t have their
usual meaniméé: nof mal , dewedfarpamidso and tertiary. The prefix c

means cycl %M§O4 FEB 20 ?mcthylsulfoxidc
5 DVT = deep vein thrombosis
EDC = 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride
Et = ethyl
ether = diethyl ether
10 EtDAc = ethyl acetate
EtOH = ethanol
Et,O = - diethy] ether
h = hour(s)
HATU = O-(azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
LS hexafluorophosphate
HBTU = [NNN N -tetramethyl-O-(benzotriazol-1-yljuronium
hexafluorophosphate)
HCI = hydrochloric  acid, hydrogen chloride gas or
| hydrochloride salt (depending on context)
20 Hex = hexanes
HOAc = acetic acid or acetic acid salt
HPLC = high performance liquid chromatography
LC = liquid chromatography
Me = methyl
25 MeOH = methanol
 min = minute(s)
MS = mass spectroscopy
MTBE = methyl tert-butyl ether

NADH = nicotinamide adenine dinucleotide, reduced form



55 CLAIMS 1, -The conpound

Ph(3-d)(5-0CCHF2) - (R CH(OH) C(O - (S) Aze-Pab(2,6-di F) (OH) or a 74 FEB 2006
pharmaceutical | y-acceptabl e salt thereof. 2. A pharnaceuti cal

formul ation including the conpound as defined in claiml, or a

phar rrace%bg%llsyslaccept abl e salt thereof, in adm xture W4Rpfuniss7

phar maceutically acceptable adjuvant, diluent or carrier. 3. ‘h’ie
conmpound-as defined in claim1, or asgharmaceutically acceptable salt
thereof, . for use as a pharmaceutical. 4. The conpound as defined in
claim1l, or rmaceuti.cally .acceptable. salt .thereof, for . use in the
t r eat ment ﬁ@gggnai ti onmﬁﬁtérf%mlﬁﬁh‘f(%f“t"ieoﬁmﬁae?wﬁ%rPES'Pﬁp}faée’r EfuFsdty. 5.
The conpound as defined jyaycl aim 1, or a pharmaceutically acceptable
salt thereof, for wuse in the treatment of a condition where

anti coagul a¥fH t her apy i sNathshat kistitute 6f HEhleh (dB)pound as defined in claim

1, or a pharnaceutically acceptable sglt t hereof, for wuse in the
treat ment &HUir onBosi s. Ngtionah instigHe 8l HealsuRist i ned in claim 1, or a

phar maceut i |y accept : or . use as an anticoagul ant.
8. The gseb@?‘bt he Eonpoﬁﬂjtg?eaagﬁ{c?gﬂgﬂcg%g?{nang%ai m 1, or a pharmaceutically
acceptablepgdt thereofacease an active ingredient for the manufacture
of a nedi canent for the treatnment of a condition where inhibition of

t hronbi n i Pabequi red. 9.parhemidmobénzyteeniconpound as defined in claim1,
or,a phar tically acceptahl,e salt, t.hereof, as an active ingredient
for the na%?gl&tur‘_é of & mﬂw&ﬁfﬂzﬁ’éﬁm%e treatment of a condition
where anti epagul ant thergpyyis indicated. 10. .The use as clainmed in
claim8 or claim9, wherein the condition is thronbosis. 11. The use as
cl ai medoi NPgB@AN 8=o0r cl(atmmoBriazshd rydoxy)tdpymobiditidphosphosium

hypercoagul ability in blood and/or tissues. 12. The use of the
conpound as defined in dieariaropesphiatshar naceutical |y acceptabl e sal t

t her eof , agﬁan active iqg&aeoqlirﬁg&n{&rim{,‘%oggguf acture of an
t.

ant i coagul

RPLC = reverse phase high performance liquid chromatography
/RT = room temperature
15 SOPs = standard operating procedures
TBTU = [N NN N -tetramethyl-O-(benzotriazol- 1-yl)uronium
tetrafluorcborate]
TEA = tnethylamine
Teoc = 2-(trimethylsilyl)ethoxycarbonyl
20 TEMPO = 2,2,6,6-tetramethyl-1-piperidinyloxy free radical
TEA = trifluoroacetic acid
THF = tetrahydrofuran
TLC = thin layer chromatography
Uy = ultraviolet

25
Prefixes n, s, [ and ¢ have their usual meanings: normal, secondary, iso and

tertiary. The prefix ¢ means cyclo.
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CLAIMS

1. _ The compound Ph{3-Cl}{5-OCHF2)-(R}CH(OH)C(0)-(S)Aze-Pab(2,6-diF)(OH) or a
pharmaceuticaliy-acceptable salt thereof.

2. A pharmaceutical formulation including the compound as defined in claim 1, or a
pharmaceutically acceptable salt thereof, in admixture with a pharmaceutically acceptable
adjuvant, diluent or carrier.

3. The compound as defined in ¢laim 1, or a phamiaceutically acceptable salt thereof,
for use as a pharmaceutical.

4, The compound as defined in claim 1, or a pharmaceutically acceptabie salt thereof, for
use in the treatment of a candition where inhibition of thrombin is required.

5. The compound as defined in clalm 1, or a pharmaceutically acceptable salt thereof, for
use in the treatment of a condition where anticoagulant therapy is indicated.

6. The compound as defined in ¢laim 1, or a pharmaceutically acceptable salt thereof, for
use in the treatment of thrombosis.

7. The compound as defined in claim 1, or a pharmaceutically acceptable salt thereof, for
use as an anticoagulant.

8. The use of the compound as defined in claim 1, or a pharmaceutically acceptable salt
thereof, as an active ingredient for the manufacture of a medicament for the treatment of a
condition where inhibition of thrombin is required,

9.  The use of the compound as defined in claim 1, or a pharmaceutically acceptable salt
thereof, as an active Ingredient for the manufacture of a.medicament for the treatment of a
condition where anticoagulant therapy is indicated.

10. The use as claimed in claim 8 or claim 9, wherein the condition is thrombosis.

11, The use as claimed in claim 8 or ¢laim 9, wherein the condition is hypercoagulability in
blood and/cr tissues.

12. The use of the compound as defined in claim 1, or a pharmaceutically acceptable salt
thereof, as an active ingredient for the manufacture of an anticoagulant.



