Macrocyclic urea and sulfamide derivatives as inhibitors of TAFia The invention relates to novel
compou;%@ BE! 53#83G1a | which inhibit the enzyme 5TAFIa (activated thdriRAOSEEDEHe

fibrinolysis inhibitor), to process for their preparation and to the use thereof as medicaments. The
enzyme TAFla is produced for example through thrombin activation from the thrombin-activatable
fibrinolysis inhibitor zymogen (TAR). The enzyme TAFI is also 10 referred to as plasma

procarbgxyferlieRsarBaireaRexmeRtitasa il o5 REOpATRMRENtHEsE; R and is a proenzyme similar
to carboxypeptidase B (L. Bajzar, Arterioscler. Thromb. Vasc, Biol. 2000, pages 2511 -2518). During

formation of a clot, thrombin is generated as the final product of the coagulation 15cascade and

inducesTaanyRisiapOfsaitble PlasnadifsnagankoaninselR e iR matixnAldhs sane time,
thrombin activates the endogenous fibrinolysis inhibitor TAR. Activated TAFI (TAFIa) is thus produced
durthg thfohbER IR EHAURA 8 HRRPRE HYROGEN HAR Ak JAgH RS AR HI8K thrombin;
thrombamadithnon ancom phex se iHdresnbinnirereasestbis effect about 1250-fold. TAFla cleaves basic
amino acids at the 20carboxy end of fibrin. The loss of carboxy-terminal lysines as binding sites for
plasminogen then leads to inhibition of fibrinolysis. Efficient inhibitors of TAFla prevent the loss of
these higheafimity &/$ie! bilsdingsites! for plasnpilecgerughdhiothidnveayiy assisfrendiogenous fibrinolysis
by plasmn; -l nhihj . fibr [ . rder.t intain hemostasis in the
blood, n%e%f@%@r%%%%ﬁ%@gg}égl?ée% c’m{%’ﬂg@ @f?géﬁaﬁﬂ%i?hzﬂb%ega%}ﬁaeuﬁlpﬁb@éﬁ)gs%oave developed;

théSe arefRir@gumGaMASTA BISCrIIRRAlIBAsR T abGrecoarNentaasi®inds prsddeeryin larger
quantities, e 48atpgthalodicbprogrrses-abIEcabYs (Rmatiqaday lesd to-serays pathological

states in_ humans. 30Just like excessive coagulation may lead to serious pathological states caused by
thrombo<iEOER A fftRreHb ot eBBABR LM At Hisk of unwanted bleeding through disturbance of

the formation of a necessary hemostatic plug. Inhibition of TAFla increases endogenous fibrinolysis -

without influencing coagulation and platelet aggregation - j.e. the disturbed_equilibrium is shifted in
~ favor of&?‘ﬁ?fﬂ%ﬁ%&?‘iﬁff‘r{&%p@% ”i)iostﬁ%ge gﬂ%qearst#éetﬁﬂ%dﬁoéﬁ“&tc icalfP PtelEiRP thrombus,
aridbto inescase tma WIDc2809/1 48802 RE THE P20 9850 fblysisiofl dopre-existibg: dloti-On the other

6 XpeLG O el P RO B ot SeRo U0 RS HER 1 E0a) smmibiors

of TAFIAsaEesteviblLSTybéendesisibedisehd iteeriatondlssplication Wo2095/10578% The TAFla
inhibitors pfdhe-inventian,amm sHilakiefonananbragticand fsamerapedic|se nhumans suffering

from disorders associated with thromboses, embolisms, 10hypercoagulability or fibrotic changes. They
can be EHRTBAIISPEERD AR [HEhRMIBH Arid Ve SUBIREBaE fop At fmiRel Asidomg Hetm therapy.
The invegtiiihereterereatesdothediseebiiesenpaund-afdhe formuladiR§BHH

plasminogen then leads to inhibition of fibrinolysis. Efficient inhibitors of TAFla prevent
the loss of these high-affinity lysine binding sites for plasminogen and, in this way, assist

endogenous fibrinolysis by plasmin: TAFla inhibitors have profibrinolytic effects.

25  In order to maintain hemostasis in the biood, mechanisms which lead to the clotting of
| blood and to the breaking up of clots have developed; these are in equilibrium. if a
disturbed equilibrium favors coagulation, fibrin is preduced in larger quantities, so that
pathological processes of thrombus formation may lead to serious pathological states in
humans. _

30  Just like excessive coagulation may lead to serious pathological states caused by
thrombosis, an antithrombotic treatment entails the risk of unwanted bleeding through
disturbanr;@ of the formation of a necessary hemostatic plug. Inhibition of TAFla
increases endogenous fibrinolysis - without influencing coagulation and platelet
aggregaticn - i.e. the disturbed equilibrium is shifted in favor of fibrinalysis. 1t is thus

35  possible both fo counter the buiidup of a clinically relevant thrombus, and 1o increase the



R9 IR7 0 NNxN-R1 R8 I(l) VHR3 15and/or of a stereoisomeric form of the compound of the formula |
and/or MkRIEEOBFIEHERE forms in any ratio, and/or a physiologically tolétafEEBamaH HEEstnpound of
the formula I, where X is -C(0)- or -SO2-, U is oxygen atom, sulfur atom, NH, -C(0)-NH- or
-(C0-C4)-alkylene-, 20 A is oxygen atom, sulfur atom, NH, -0(0)-NH- -NH-C(0)-, -NR2- or -(C0-04)-
alkylendYSi# i/ B R RISRNED EGbaIAere by o psathesstsidrtisamdependently of

one anofReERBELsWIEE SHEHREHEMES AXiakls NHYBRIRM be expected (Bouma et al.,
25-(Ci-C2)- alkylene C3-C6)-cycloalkyl-(C1-C2)-alkylene-, where cg/cloalkyl IS substituted

independehtiPBIGTE ZRGthEroHEs 2 i &Dﬁﬁ‘e%aﬁ%%§ R1155%Ar 3)4C3-C9)-alkenylene-, D is
(C| C2)-alkylene-, WO 2009/146802PCT/EP2009/003650 3 Y isl)covalent bond, 2)

loalk ere c cIoaI | i ss bstituted independently of one another once, twice or three
t|m s bfrlgﬁ%%%?)g ?ggxé@ﬁ)%ﬁl’{ﬁ Wﬁ | Lh?%]#é@ﬁéﬁ‘@ﬁ@d’% @%ggﬁ’( W%?Pﬁﬂe?%ﬂﬂ@’ﬁw;\gf one

another wEeg)ice BT dhree times by R15 or 4) Het, where Het means a 4- to 15-membered
heterocyclic ring system having 4 to 15 ring atoms which are present in one, two or three ring systems
which are connected together, and which comprise, depending on the ring size, one, two, three or four

identicalipeditieranhhigieieatoms iraenihe spEesililoxyeen, Rirgees sHEub-anghinapBigh Het is
unsubstituted rsubstltu %d md}g@m ent@( of one another %r;ce twice or three times by a

-(c1-c3yEii! H”]%g%ﬁ“ P3O B F R D M B YA SRS 18RS E 6)-alkyl,

10 hypercoagulability or fibrotic changes. They can be employed for secondary prevention

and are suitable both for acute and for iong-term therapy.

The invention therefore relates to the use of the compound of the formuia |

‘\/\ /kk {RQ& 0

v\ /

A—Y

15 and/or of a stereoisomeric form of the compound of the formula | and/or mixtures of

these forms in any ratio, and/or a physiologically tolerated salt of the compound of

the formula |, where '

Xis -C(O) or -SOo-,

Uls  oxygen atom, sulfur atom, NH, ~C(O}-NH- or -(Co-C4)-alkylene-,

20 Ais  oxygen atom, suffur atom, NH, -C(O}-NH--NH-C(O)-, -NR2- or -{Cp-Ca)-

alkylene-,

Vis 1) -(Co-Cg)-alkylene-, where alkylene is unsubstituted or substituted
independently of one another once, twice or three times by —OH, NH;
or halogen,

25 2) -(C1-Co)-alkylene-(C3-Cg)-cycloalkyl-(C1-Co)-alkylene-, where
cycloalkyl is substituted independently of 'one another once, twice or
three times by R15, or

3j -(C3-Cg)-alkenylene-,
Dis  -{Cq-CoJ)-alkylene-,



3) -(C1-C6)-alkyl-0H, 4) -(Co-C4)-alkyl-(C3-C6)-cycloalkyl, 5) -(C1-C10)-alkyl-0-C(0)-0-R2, 6)
-(CH2)r(@ecoa%/aAdsiwhich aryl is unsubstituted or substituted 20insepeRee0ty ohgpeanother
once, twice or three times by R15, and r is the intgger zero, 1, 2 or 3, or 7) -(CH2)5-Het, where Het
means a 4- to 15-membered heterocyclic ring system having 4 to 15 ring atoms which are present in
one, two'dBthrée ringesyelenidmhith are connected together, and which comprise, 25depending on
the ring size, oRe, two, %[ g ' [ [ g/e roatoms frgm the series oxygen, nitrogen
or sulfur, and irﬁll }\a/vhich(g t%@ %ﬁé%@t%ﬁpeﬁb%&% i%ﬁ%%@ﬁ?e%@s ('aHttl?/go 5%3@ %%%W ?yo ce, twice or
three times by R15, astksaisothe irieger @t dr & es3imddpiI(Ed-C6)-alkyl, 302)-(CH2)r(C14)-C14)
6-Cin which aréws unsubs 'tutgd or s’uRstituted independently of one another once, twice or three

times by R15, Ahd r IS 4HE AN berln e 45 il HES BboLab BB eebogooRuBeEY 4 3)
-(Cg-C4)-aIkyI-(CS-Cg}-SMgI%Meﬁgdéell)f‘gggégp)ﬁgglw%%\ltg%{‘y#z%)rle alkylene is unsubstituted or
- - _a y

substituted once, twice, three or four times by halogen, 2 ene-0-(C1-C4)-alkylene-NH2,
53)-(C1-C4)-alfylenetSo2M(Cre0d3amprre NH20 45-(Conda)ealkyidamtietjovirayedatis as defined
above and is sybstituted, by=- I i by R15,.5 .
-(Co-C4)-alkylene-(C3-C8)-cycl aﬁ@&gwgﬁv é?g-(%%%@)?-g%ﬁé%hé@ygﬁg i:lslrr)er}w&l_’\nE\rfq(?ﬁé%giesr,nf')hydrogen
atom, 2) -(C1-&6)calije abrteciad egaisubsindtedion sabstitigeddagdepdimteathytos oimg another once,
twice or three UmesdneRER) three or four identical or different heteroatoms from the series

10 oxygen, nitrogen or sulfur, and

in which Het is unsubstituted or substituted independently of one another

once, twice orthree times by a -(C1-Cg)-alkyl, halogen, -NHo, -CF3 or
-0-CFg,
Rtis 1) hydrogen atom,

15 2) -(C4-Cglalkyl,
3) -(C1-Cglalkyl-OH,
4) -(Cp-Cy)-alkyl-(C3-Cg)-cycloalkyl,
5) -(C1-Cqg)alkyl-0-C(O)-0O-R2,
6) -(CHp}~(Cg-C14)-aryl, in which aryl is unsubstituted or substituted
20 - independently of one another once, twice or three times by R15, and
ris the integer zero, 1,2 or 3, 0r
7) -(CH2)g-Het, where Het means a 4- to 15-membered heterocyclic ring
system having 4 to 15 ring atoms which are present in one, two or |
three ring systems which are connected together, and which comprise,
25 depending on the ring size, one, two, three or four identical or different
heteroatoms from the series oxygen, nitrogen or sulfur, and in which
rletis unsubstituted or substituted independently of one another once,
twice or three times by R15, and s is the integer zero, 1, 2 or 3,
Rzis 1) -(C1-Cg)-alikyl,
30 2) ~-(CH2)~(Cg-Cq4)-aryl, in which aryl is unsubstituted or substituted

independently of one another once, twice or three times by R15, and

ris the integer zero, 1,2 or 3, or



3) -0-(C1-C6)-alkyl, where alkyl is unsubstituted or substituted independently of one another once,
twice or'\fhfe@ibesitgiR16, 154)-(C0-C4)-alkylene-Het, where Het is asipfirethabonsssthere
alkylene and Het are unsubstituted or substituted jndependently of one another once, twice or three
times by R16, 5) -(Co-C4)-alkylene-aryl, where alkylene and aryl are unsubstituted or substituted
independently 8 one-dagther)eicd; i€ of-thi@ealkybs by 20R16, or 6)

-(Co-C4)- Ikg/lene-(CS- 8)-0%%%Eag<gl, where alkylene and cycloalkyl are unsubstituted or substituted
independeritly &t one Argtér GHOUCRRHTE G2 B A IRNR 15 IRFURKHIed &1 a¥SItiHEEgen or -

-(C1-Ce6)-alkyl, 84s; L -C6)-alkyl, R9 is hydrogen atom, halogen or
t5 QY HRLEA RNy fRied yﬁ(af A
-(C1-C6)-alkyl, R15'ishydrogen atom, -(Cl-C4%J{]a yl, =0-CF3, -NH2, -OH, -CF3 or halogen, and R16

is-0-CF3, -NH2)-OH CFLar-riigtpns-80(D)THe: invdntine {hitther relates to a compound of the
formpula I, where WO 2009(146802PCT/EP200Q9/003650 5 X is -0(0)- or -SO2-, is oxygen atom, sulfur
atorﬁ], NH, -0(03INH- 6@(%@)@%@8@?&8@6 'ﬁ?’&ﬂ%?é}‘ﬂ@r atom, NH, -0(0)-NH- or
-(Cg-C4)-alkylene-, ish- Cakalkylenes of B2(P3:G9)alkenyle isz(C-i:GR)-alkylene-, Y
isl)covalent bor?d, 2)-SEC(;;,(:(;:&%R2)-cbf/}cloalkyI,’Wheree cycloalkyl E?s su%gt(:atgt%%eirggggegndently of one
another once, ulostirtdu g tintes byidRdhce, twice or three times by R15,

5) -(Cp-Cy)-alkylene-{Ca-Cg)-cycloalkyl-NHo or

6) ~{Cp-Cg)-alkylene-cyciic amine,

10 R6is 1) hydrogen atom,
2) -(C1-Cg)-alkyl, where alkyl is unsubstituted or substituted

independently of one another once, twice or three times by R16,
3} -0-(C1-Cg)-alkyt, where alkyl is unsubstituted or substituted
independently of one another once, twice or three times by R16,

.15 4) ~(Cp-C4)-alkylene-Het, where Het is as defined above, where alkylene
and Het are unsubstituted or substituted independentily of one another
once, twice or three times by R 18, '

b) -(Cp-Cy)-alkylene-aryl, where alkylene and ary! are unsubstituted or
substituted independently of one another once, twice or three times by

20 R16, or

6) -(Cp-Cy4)-alkylene-{C3-Cg)-cycloalkyl, where atkylene and cycloalky!
are unsubstituted or substituted independently of one another once,
twice or three times by R18,

R7 is hydrogen atom, halogen or -(C1-Cg)-alkyl,
25 R8s hydrogen atom, halogen or -(C4-Cg)-alkyl,
R9 is hydrogen atorn, halogen or -(C1-Cg)-alkyl,

R15 is hydrogen atom, -(C1-C4)-alkyl, ~O-CF3, -NHp, —OH, -CF3 or halogen,
and |
R16is -0-CF3, -NHg, —-OH, -CF3 or halogen. .

30

2) The invention further relates to a compound of the formula |, where



10-(06-C14)-ary|, where aryl is unsubstituted or substituted independently of one another once, twice

or three tipmesdnsR1550p4)Het, where Het means a 4- to 15-membere@@q@pﬁgggﬁﬁgﬁysmm
having 4 to 15 ring atoms, which are present in one, two or three ring systems which are connected

together, and which comprise, depending on the rthg 15size, one, two, three or four identical or
differentXiéserod@oDis o8 The series oxygen, nitrogen or sulfur, and in which Het is unsubstituted or
substituted independently of one another once, twice or three times by a -(C-1-03)-alkyl, halogen,

-NH2, -CE$ or QYEE32MTR1S Aoy dHatsHOBNIE-05) Bk L)algleas)-afkyl-OH, 4)
-(Cg-C4-alkyl-(C3-C6)-cycloalk ,Sghéc - 8‘)3#3)630 (0§-0- 2, 256)-(CH2)r-(C5-Cid)-aryl, in which
aryl is ur%%s‘fj%sti(tjtflye%f3 oras%é%ﬁ?tﬁ it Q?je?ﬁ en }'84%9 ﬁégﬁ\'&@ﬁ&'@, fc&r three times by R15,
and r is thesinteger zef(@%c%)%ﬁ,ygn@;@HZ)S-Het, where Het means a 4- to 15-membered
heterocyclic ring system having 4 to 15 ring atoms which are present in one, two or 30 three ring
systems whichZre cofifieetegl)ipifethéenand which comprise, depending on the ring size, one, two,
three or four identical or different heteroatoms from the series oxygen, nitrogen or sulfur, and in which
WO 2009/ 46802 pER/EBBYEH03650 6 Het is unsubstituted or substituted independently of one
another e, twice o j y R15, and s is the integer zero, 1, 2 or 3, R2 is 1)-(C1-C6)-alkyl,
2) -(CHX?—%CG%M)-&%% ?F%\]/%ﬁgﬁcgryl IS unsubstituted or substituted independently of one another
once, twice or #ree tirfies-By Ri%cdwalinis tresieteyelaztky) ik, 2:06BLeB)ndependently of
-(Cg-C4)-alkyl-(C3-C6)-cycloalkyl, R3 is 1)-(C2-C6)-alkylene-NH2 , where alkylene is unsubstituted or
substituted once, twic¥EHBEBFFRIEMUEER Hdlsgsntimes by R15,

102)-(Ci-C4)-alkylene(@{C3 G R aajkyleiesitd. is unsubstituted or substituted independently

of one another once, twice or three times by R15, or
Ly Het, where Het means a 4- to 15-membered heterocyclic ring system
having 4 to 15 ring atoms, which are present in one, two or three ring systems
which are connected together, and which comprise, depending on the ring
15 size, one, two, three or four identical or different heteroatoms from the series
oxygen, nitrogen or sulfur, and
in which Het is unsubstituted or substituted independently of one another
once, twice or three times by a -(C1-C3)-alkyl, halogen, -NHo, -CF3 or -O-
CFa,
20 R1lis 1 hydrogen atom,
-(C1-Ceg)-alkyl,
-(C1-Cg)-alkyl-OH,

)
)
)
) -(Cp-Cy)-alkyl-(C3-Cg)-cycloalkyl,
)
)

o B W N

-(C4-C1g)-alkyl-O-C(O)-O-R2,

25 G -(CH2)-(Cg-C14)-arvl, in which aryi is unsubstituted or substituted

independently of one another once, twice or three times by R15, and
ris the integer zero, 1, 2 or 3, or

7} -(CHp)s-Het, where Het means a 4- to 15-membered heterocyclic ring

system having 4 to 15 ring atoms which are present in one, two or
30 three ring systems which are connected together, and which comprise,

-depending on the ring size, one, two, three or four identical or differe'nt

heteroatoms from the series oxygen, nitrogen or sulfur, and in which



3)-(C1-C4)-alkylene-S02-(C1-C4)-alkylene-NH2, 4) -(Cg-C4)-alkylene-Het, where Het is as defined
above aNdi3uHSt#6Eed by -NH2 and once, twice or three times by RIBCHEP2009/003650
-(Ca-C4)-alkylene-(C3-C8)-cycloalkyl-NH2 or 156%—(C0-C6)-a|kylene-cyclic amine, R6 is 1)hydrogen
atom, 2) -(C1-C6)-alkyl, where alkyl is unsubstituted or substituted independently of one another once,
twice or three times WyeR k6t 83 u0s{batai6)adkyisihtad alkgisnaesuhstifuied anstisstitied,
20independently of o twi hree {i by R16, 4) -(Cg-LC4)-alkylene-Het, where
Het is as defined abo{\%@?g‘wﬁ&g% fjl%r?gv g?(ﬁfét gﬁed u%}sgjl?sét{i{ﬁg% eérZSG%Stft:u e%findependently of one
anotherrbhise, wice of@hréestiralsiby R16, 5) -(Cg-C4)-alkylene-aryl, where alkylene and aryl are
unsubstituted 2&253ubstituted independently of ane anather once, twice or three times by R16, or 6)

_(C0-C4)-alkyléhe-(C3CEeyCiB A, RREr& MY & 4hés YRisRRIIARS orsubsitiviasior substituted
- indegpendently of one r i i v.R16, 7 is hydro tom, halogen or
(CTeCoyalky, R is Mg oAl dHAE Sl e MU Pl e e PRI 812yt

2009/146802PCT/EP2tos/m0aB3zzRIlisthgddhgen atom, halogen or -(Ci-C6)-alkyl, R15 ishydrogen

, -(C1-C Ikyl, -8-C - - , and R16 is-0-CF3, -NH2, -OH, -CF3
som. CLCHyl 6 CE, i o0 CEA gL, nd o -

halogen. 3)The'invent mpound of the formula | where X is -C(0)- or -SO2-, U

is oxyg@rgagom, sulfu@iomg Nidkyie (@)L owiterd: GilyRikenen A S iBLoXYIRNa1N:Ofed
-(Cg-C4)-alkylene-,
: _ once, twice, three or four times by halogen,

10 2} -(C1-Cyg)-alkylene-0-(C1-Cq)-alkylene-NH»,
3) -(C1-Cy4)-alkylene-S0O2-(C1-Cyq)-alkylene-NHo,
4) ~(Cp-Cy)-alkylene-Het, where Het is as defined above and is
substituted by -NH9 and once, twice or three times by R15,
5) -(Cp-Cyq)-alkylene-(C3-Cg)-cycloalkyl-NHo or

15 6) -(Cp-Cg-alkylene-cyclic amine,

R6is 1) hydrogen atom,

2) “ -(C1-Cg)-aikyl, where alkyl is unsubstituted or substituted

independenily of cne another once, twice or three times by R16,
3) -0-(C4-Cgl-alkyl, where alkyl is unsubstituted or substituted
20 independently of one another once, twice or three times by R16,
4) -(Cp-Cy4)-alkylene-Het, where Het is as defined above, where alkylene

and Het are unsubstituted or substituted independently of one another
once, twice or three times by R186,

5) -(Co-Cy)-alkylene-aryl, where alkylene and aryl are unsubstituted or

25 substituted independently of one another once, twice or three times by
R16, or
6) -(Cp-Cy)-alkylene-(C3-Cg)-cycloalkyl, where alkylene and cycloalkyl
are unsubstituted or substituted independently of one another once,
twice or three times by R186,
30 R7is hydrogen atom, haiogen. or -(C4-Cg)-aikyl,

R8 is hydrogen atom, halogen or -(C4-Cg)-alkyl,



10V is -(C2-C8)-alkylene- or -(C3-C6)-alkenylene-, D is -(Ci -C2)-alkylene-, Y isl1)covalent bond,
2)-(C3-GB=cyolusiigdsamere cycloalkyl is substituted independently of exeranothepgncgssavice or
three times by R15, 153)-(C6-C14)-aryl, where ar)g is selected from the group of phenyl, naphthyl,
anthryl or fluorenyl, and in which aryl is unsubstituted or substituted independently of one another
once, twiteier thremgarestbynRi8loged)bret{ Wvher)Hdtis selected from the group of acridinyl,
azepinyl, azetidinyl, aziridinyl, benzimidazalinyl, benzimidazolyl, benzo[1,3]dioxolyl, 20benzofuranyl,
benzothidldrihyl, berPSIHGReAN etz oxatoRikBeminiazalyiNbinztkiol (i Betitateaaiyl,
benzisoxazolyl, benzigg iazolyl, carbazolyl, 4aH-carbazolyl, carbolinyl, quinazolinyl, quinolinyl,
4H-quinolizinyl, quinoxalinyl, quinuclidinyl, chromanyl, chromenyl, cinnolinyl, decahydroquinolinyl,
dibenzofuténgl, dibenzoHiidghel pdikgtitofGam 2, 3vbllb @stetrahydrofuranyl, dihydrofuranyl, dioxolyl,
dioxanyl, 2H, 6H-1,5,2-dithiazinyl, furanyl, furazanyl, imidazolidinyl, imidazolinyl, imidazolyl,
1H-El’ndazolyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl, isochromanyl, isoindazolyl,
isoindolipy!, isomndabylcisaeninetiny (brnaimidazelyhpisathiazelidinyinZrisqthisgalinyl, isothiazolyl,
isoxazolyl, isoxazalidinyl, 2- 30isoxazolinyl, morpholinyl, naphthyridinyl, octahydroisoquinolinyl,
oxadiazgl)'/?, 1,2%%3(’&&5%99&1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl,

oxazoly|,;oxazalidj [ | imjghinyl nanthridinyl, phenanthrolinyl, phenazinyl,
phenothpa%%nylg%%%%éﬁlﬁpngmﬁgﬁg@%l, 9@%%@(?9?&&?&@&% 7003650 8 phthalazinyl,

piperaziayk pigerdstipydnpiesiciny - (@ ry0y)-asasyb-pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazolyl,
pyridazinyl, pryidooxazolyl, pyridoimidazolyl, pyridothiazolyl, pyridothiophenyl, pyridinyl, pyridyl,
pytidiKy® pyrtElitiagi-pYeres o2 HpgrfetytapsaTofdntetrahydrofuranyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl .tetr ropyridinyl, 6H-1,2,5- thiadazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl,
1,2,5-trﬂ% ' mzdi/wjy"%z "%E%%Faéz)“olyl, thianthrenyl, thiazolyl, thienyl, thienoimidazolyl, thienooxazolyl,
thienopyrigine,ﬂ)hiencag{pa;@;*lbg}i,gmorpholinyl, thiophenyl, triazinyl, 1.2,3- triazolyl, 1,2,3-triazolyl,
1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl and 10xanthenyl, and in which Het is unsubstituted or

substituted ind@pendéﬁ%ﬁy’ pbREGPRItNEr BheEe fvide Ik hiesnrds e nisipeByam, Halogen, -NH2,
-CF3 or -0- CF, eR%nlié%chgrgggg% %:tegdrgr%rlesezzi'&%ls'gé)ﬁiallgyl’ R3 is 1)-(C2-C6)-alkylene-NH2, where

alkylene is unsubstituted or su
15 3) -{Cg-C14)-aryl, where aryl is selected from the group of phenyl,

naphthyl, anthryl or fluorenyl, and in which aryt is unsubstituted or substituted
independently of one another once, twice or three times by R15, or

4} Het, where Het is selected from the group of acridinyt, azepinyi,
azetidinyl, aziridinyl, benzimidazalinyl, benzimidazolyl, benzo[1,3]dioxolyl,

20 benzofuranyl, benzothiofuranyl, benzothiophenvl, benzoxazolyl, benzthiazolyl,
benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl, carbazolyl,
4aH~carbazblyI, carbolinyl, quinazolinyl, quinolinyl, 4H-guinolizinyl,
quinoxalinyi, quinuclidinyl, chromanyl, chromenyl, Cin.holinyi, deca-
hydroguinolinyl, dibenzofuranyl, dibenzothiophenyl, dihydrofuran]2,3-b]-

25 tetrahydrofuranyl, dihydrofuranyl, dioxolyl, dioxanyl, 2H, 6H-1,5,2-dithiaziny!,
furanyl, furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl,
indolinyl, indelizinyl, indolyl, 3H-indoly!, isobenzofuranyl, isochromanyl,
isoindazolyl, isoindolinyl, isoindolyl, isoquinotinyt (benzimidazolyi),
isothiazolidinyl, 2-isothiazolinyl, isothiazolyl, isoxazolyl, isoxazolidinyl, 2-

30 isoxazolinyl, morpholinyl, naphthyridinyl, octahydroisoquinoliny!, oxadiazolyi,
1,2,3-oxadiazolyl, 1,2 4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3 4-oxadiazolyl,
oxazoitdinyl, oxazolyl, oxazolidinyl, oxothiolanyl, pyrimidinyl, phenanthridinyi,

phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl,



once, twice, three or four times by halogen, 2) -(Ci-C4)-alkylene-S02-(C1-C4)-alkylene-NH2 or 3)
-(CO-CaydlkyietEiHetwhere Het is as defined above and is 20substit@ed By bR ErsEence, twice or
three times by R15, R6 is 1)hydrogen atom, 2)-(C§,-C6)-alkyl, where alkyl is unsubstituted or
substituted independently of one another once, twice or three times by R16, -0-(C1-C6)-alkyl, where

alkyl is unsubspfitetdegistibsiietedi?Binclepadtahtiytefidng apotiyeyiomyes twiceyoathree times by R16,
4) -(C0-C4)-alkylenesHet,.wh il I re alkylene_and Het are unsubstituted or
substituted ind%%%gr%gln%gf #gﬁ%%m’g‘rspdgn%fgb T&.Mﬁ%ﬁﬁgﬁ tiﬁwrglgygg)ﬁfg,y ) -(C0-C4)-alkylene-aryl,
where alkylenepgridicimitars iyhqutrstintiéeroly3 Geulsstituterhmmigpendemyy, pf/ddel another once, twice
or three times 0, - 4)- ne-(C3;C6)-cycloalkyl, where alkylene and cycloalkyl WO
2009/146802P%f&é@%g%é§ggg‘g’a%} iﬂﬁﬁs}] !‘s%ﬁtcgﬁ)ﬂbgr}@uIgé/tritlaMdhﬁ%tc'ipae%\é%ggﬁ?f8 "one another
once, twice or thited yineis hyuROE R st e ataimy - oe trCi«Ca)aikyhy!, GRBi2h§drogen atom, F
or -(Ci-C4)-alkyl., 1S hy, en. [ or,- m—%:(Ag-!alk 5.shydrogen atom,.-(C1-C4)-alkyl,
-0-CF3, NH2¥%%%%¢@£ ﬁ%g%%]eg@ %%n%ylngglgé ,Z—é@i%?%@&&%%ﬁ'&%n%emion further
relates to a cothpmlinzodf e dotmalay vihiere X ih G0, tisemyiged atolyl, hisroagemipm or
'(CO'C4)'aIkyl%%ﬁo';?y]r}aﬁggf%%h 'W!SES@@,"%H%%&JE%'O Pﬂeyfft pc?p bgrtllit/'ﬂt r?a%rn%bﬁg%t? d
triazoiyl, 1,2,3-triazolyi, 1,2,4-triazolyl, 1,2,5-triazolyl, 1,3 4-triazolyl and
10 xanthenyl, and
in which Het is unsubstituted or substituted independently of one another
once, twice or three times by a -(C1-C3)-alkyi, halogen, -NH>, -CF3 or —O-
CFg, '
R1is 1) hydrogen atom or
15 2) -(Cq1-Ca)-alkyl,
R3is 1) -(Co-Cg)-alkylene-NHo, where alkylene is unsubstituted or substituted

once, twice, three or four times by halogen,
2) -(C1-Cy4)-alkylene-50o-(C1-Cyq}-alkylene-NH> or
3) - -{Cp-Cy)-alkylene-Het, where Het is as defined above and is
20 substituted by -NHg and once, twice or three times by R15,
RGis 1) hydrogen atom,
2} -(C1-Cg)-alkyl, where alkyl is unsubstituted or substituted

independently of one another once, twice or three times by R186,
3) -0-(Cq-Cg)-alkyl, where alkyl is unsubstituted or substituted
25 independently of one another once, twice or three times by R16,

4) +(Co-C4)-alkylene-Het, where Het is as defined above, where alkylene
and Het are unsubstituted or substituted independently of one another
once, twice or three times by R16,

5) ~(Co-C4)-alkylene-aryl, where alkyiene and aryl are unsubstituted or

30 substituted independently of one another once, twice or three times by
R16, or
6) -(Cp-Cy)-alkylene~(C3-Cgj-cycloalkyl, where alkylene and cycloalky]



15independently of one another once or twice by -OH, F or Cl, 2)
-(C1-C7)ratkylene-asdopropyl-(C1-C2)-alkylene-, where cyclopropyl is pubstittied onee gyfwice by F,
or 3) -(C3-C6)-alkenylene-, is -(Ci-C2)-alkylene-, 20Y is 1)covalent bond or 2)phenyl, in which phenyl
is unsubstituted or substituted independently of one another once, twice or three times by R15, R1 is
-(Ci-C4)-alkylene-S02-(Ci-C4)-alkylene- r 3) -(Cg-C4)-alkylene-pyridyl, where pyridyl is
substituted by -NH2 a dCSn%eEWW%f"&eﬁu%e@ﬁﬁes by R15, R6 is 1)hydrogen atom,
302)-(CRC®-alkykod)€ BRM)-CH-Gd)ratkyleneyphenyl or WO 2009/146802PCT/EP2009/003650 10
5)-(CO-C4%—aIkyIene-(C3-C6)-cycIoaIkyI, R7, R8 and R9 are each hydrogen atom, and R15 ishydrogen
atom, -(CE-84)HiipeC EEor haleh el 58T helksvention further relates to a compound of the formula |

whege XF@ 'ig(%d rL(J} g';% é))g{g?nn tgrrn_, (61|§Co4>3¥gl?(9|?tom or -(C0-C4)-alkylene-,

R151s hydrogen atom, -(C 1-C4)-alkyl, -O-CF 3, -NHo, —OH, -CF3 or halogen,
and
R16is ~0-CFg, —OH, -CF3 or F.

10 4) The invention further relates to a compound of the formuia | where
Xis -C(O)-,
Uis oxygen atom,
Als  oxygen atom or -(Cp-Cy)-alkylene-,
Vis 1) -{C»-Cg)-alkylene-, where alkylene is unsubstituted or substituted

15 independently of one another once or twice by —OH, F or Ci,

S

-(C1-CoJ-alkylene-cyciopropyi-{C4-Co}-alkylene-, where cyciopropyl is
substituted once or twice by F, or
3) -(Ca-Cg)-alkenylene-,
Dis -(Cq-Colalkylene-,
20 Yis 1) covalent bond or
2) phenyl, in which phenyl is unsubstituted or substituted independently of
one another once, twice or three times by R15,
R1is 1) hydrogen atom Oi”.
2)  ~{Cq-Cy)-alkyl,
25 R3is 1) -(Co-Cg)-alkyiene-NHo,
2) <{(C1-C4)-alkylene-SOp-(C4-Cy4)-alkylene-NH» or
3) -(Cp-C4)-alkylene-pyridyl, where pyridyi is substituted by -NHp and
once, twice or three times by R15,
R6is 1) hydrogén atom,
30 2) -{C1-Cg)-aikyi,
3) -CF3,
4} -(Cp-Ca}-alkylene-phenyl or



V is -(C2-C8)-alkylene- or -(C3-C6)-alkenylene-, 10D is -(C1-C2)-alkylene-, Y isl)covalent bond or
2)phenyipin whighpiagoyl is unsubstituted or substituted independently pheRe-anedigr 9886, twice or
three times by R15, R1 is 1)hydrogen atom or 2)-§C1-C4)-alkyl, R3is 1)-(C2-C6)-alkylene-NH2, 2)
-(C1-C4)-alkylene-S02-(C1-C4)-alkylene-NH2 or 5)-(Ca-C4)-aIkylene-pyridyl, where pyridyl is
substituted by 4yH2 or(@gqe4)-a|ky|ew@q@gr(ﬁér)e@y@mgg<gy R15, 20R6 is 1)hydrogen atom, 2)
-(C1-C6)-alkyl, 3) -CF3, 4) -(Co-C4)-alkylene-phenyl or 5) -(Cg-C4)-alkylene-(C3-C6)-cycloalkyl, 25
R7, R8 &hd RS arelddkiausyaestidtydtogeaatoRl B izhydrogen atom, -(C1-C4)-alkyl, -CF3 or halogen.
The term (£ -CG)-aIi%" rogarban radi I§d)tl$o rbon chain is  straight-chain or
branch;%{ 1ann:cEIg compris g@%%%car bn@'gor%%?r %ﬁr{%@(amp egrieﬁ%é)ﬁo@bethyl, propyl, isopropyl, butyl,
isobutyl, tertiary butyl, pentyl, isopentyl, neopentyl, hexyl, 2,3-dimethylbutane or neohexyl. The term
"-(%-C%-alkyhgﬁg-," means hyg ocarl:fon radicals whose carbgon chain is WO

2009/146802P E”Mﬁ;@/@ 389 17/ QiR dRECHRINRTBIAMIARBE KA EEIPMEEEEL to 4 carbon atoms,
for example mettiylene, ethylene, propylene, isopropylene, isobutylene, butylene or tertiary butylene.
"-OO-AIkﬂlene" IS a covaj[ent bond. The term "-(C3-Cg)-alkylene-" means hydrocarbon radicals whose
carbon ¢héin i€EHRHHhECRAin or branched and comprises 3 to 9 carbon atoms, for example propylene,
isopropyleige, kutytpinesisabutdenemeniensdsopentylene, neopentylene, hexylene,
2,3-dimethylbutanyiene, neohexylene, heptylene, octanylene or nonanyiene. The term

"-(03-Cof-Bkenifienesmelkils Aydrscatipk eadideds yieiose carbon chain is
10 Dis ~(Cq-Col)-alkylene-,

Yis 1) covalent bond or
2) phenyl, in which phenyi is unsubstituted or substituted independently of
one another once, twice or three fimes by R15,
R1is 1) hydrogen atom or
15 2) -(C4-Cyql-alkyl,
R3is 1) -{Co-Cgi-alkylene-NH»o,
2)  -{C4-C4j-alkylene-SO9-(C1-Cy)-alkylene-NH» or
3) ~(C-Cyq)-alkylene-pyridyl, where pyridyl is substituted by -NH» or once,
twice or three times by R15,
20 R&is 1) hydrogen atom,
2y ~(Cq-Cg)alkyl,
3) -CF3,
4) -(Cp-Cy4}-alkylene-phenyl or
5) -(Cp-C4)-alkylene-(C3-Cg)-cycloalkyl,
25 R7, R8 and R9 are each hydrogen atom, and
R15is hydrogen atom, -(C4-Cy)-alkyt, -CF3 or halogen.

The term "(C4-Cg)-alkyl" means hydrocarbon radicals whose carbon chain is

straight-chain or branched and comprises 1 to 6 carbon atoms, for example methyl,
30 ethyl, propyi, isopropyl, butyl, isobutyl, tertiary butyl, pentyl, isopentyl, neopentyl,
hexyl, 2,3-dimethylbutane or neohexyl.

The term "-(Cg-Cy)-alkylene-" means hydrocarbon radicals whose carbon chain is



10straight-chain or branched and comprises 3to 9 carbon atoms and have, depending on the chain

length, L2053 doutgdzonds, for example ethenylene, propenylene, isgerpmdﬁgg%dggggtenylene
[ ple, be

or butenylene; the substituents on the double bond may, where possible in princi Isposed in E
or Z positions. The term "(03-C19)-cycloalkyl" medds radicals such as compounds derived from 3-

1510 12 GIRTAIHRA00: B e EHes ApHARen Enge suchan i maresyrigs gyclopropane,

cyclobutane, cyclopentane, cyclohexane, cycloheptane or cyclooctane, derived from the bicycles
bicyclo[ATEH]5tARe SHRENTIRARBKRE S SNV RAB hiRaRs ¥ cdec Avirione etrstiary

decahydsopgazacyctoheptonsor dodesahydropspialene, or from tricycles such as adamantane, or
derived from the 20bridged rings such as spiro[2.5]octane, spiro[3.4]octane, spiro[3.5]nonane,

bicyclo[3 b Treptatie; Higyehdf2l2nEfieptane; bicyclof2t 2] onttnmsonbotahydrodh Zhaetianindene.
The term "-(C6-C14)-aryl" means aromatic carbon radicals having 6 to 14 carbon atoms in the ring.

Exampled 86 G R RTRRSIREIS M PREACH ab FRHY S 3P I Skampi 60T - RSP, 2-naphthyl,
1,2,3,4-@;@@5@jmb@@me¢tmw@%,f luenamiNaphim iadicals,paArRecially phenyl radicals
ed ar

are preferr ¥I radicals. The term "4- to 15-membered heterocyclic ring System” or "Het" means ring
systemsRRRRE Y 5y iaismé wislthathy ipesemsh orie A dlaRfe d ARty @stems connected
togetheransliigl epmprseyidgpending on the ring size, one, two, three 30or four identical or
different heteratoms from the series oxygen, nitrogen or sulfur. Examples of these ring systems are the

radicals HRRRIT axEpityt) B EauEneaZRRmN IHEHSFAIRR A RFICHE VW IARRSBRACBERALS] clioxol,
benzof i i | Iyl benzthiazolyl. benztriazolyl
oA g D T o e AP B Mg Aol

42H-carbaztdjll®'lphafbdﬂa’ngthqﬂ{ir%lzolﬁwgblqmm@w?#mqemohl d'.b 'pi?w,tiqammaca; b ﬁnplr,fﬂminrgfirel'rdainyl,
chroman r cinngplinyl, roguinelinyl, dibenzaturanyl, dibenzothi n
dihydrofﬁ%ﬁé%@?ﬁﬂaﬁﬁﬁ%&ﬂ%ﬁ ﬁr@@%ﬂ%ﬁ %flig%@% i%ojuxeann%/sl ,Ofﬁ?ﬁ-@ffﬁg,%cﬁ%ﬁgzinyl,
furanyl, foeyzamyrienidszdlidiny b imidizo ey ipineed iyl ELBFiddazotidnndolinyl, indolizinyl, indolyl,
3H-indoly|, | uranyl, i l, ISQI olyl, isaindalinyl, isoindplyl, isoguinolinyl
(benzim’lm%ﬁﬁgﬁf?fé?& f/'clf %ﬁ@(ﬁ%ﬁ%ﬁ%\g ,aé%%#laézuoaﬁ ,%%gganggﬁ}mcs’%?ga%rcl) Fg[#@f) r5-|¥¢onazolinyl,

marpholipyl 2naphtmaidinyhapriahyderisesuinalinylo axgdiazelyd dudBnxatiazelitbdQle3,4-oxadiazolyl,
1,2,5-oxadi zolgl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazgg/l, oxazolidinyl, oxothiolanyl, pyrimidinyl,
phenantﬁfﬁfﬁﬁﬁ, BRBRaRYRFRHIA EhEXE ARG BREN GHR IR E Pher X aIS RN B KEnoxazinyl,

phthalazipylopineraziaysipieetiohnthataoeingd, Hpayl4m/mpylapyrazinyhpioageidinyl, pyrazolinyl,
pyrazolyl, pyridazinyl, pryidooxazolyl, pyridoimidazolyl, pyridothiazolyl, pyridothiophenyl, 15pyridinyl,

pyridyl, BGTRRNBRREIIRRE, AFFBMA CAZUS ABIA SR RERZRTFSaRRINE O

tetrahydsieiseguineliayle Hiahydauinglinyl, detad yskopy Hd a Sk 25 Hiadazintm the
1,2,3-thiadiazolyl, 1,2,4-thiadiazolyi, 1,2,5-thiadiazolyi, 1,3,4- thiadiazolyl, thianthrenyl, thiazolyl,
thidhyl, (iSRG R CthRshBXa RO RICHRE o sVt he HRTEABEi 828912 tRIBRRAPRolinyl, thiopheny,

triaziny|clegchofiarolylcBing Sisipaoiylol d iisrobicd drarmapivkohd dridaenlyisaad yenthenyl
Preferred Het rings are the radicals isoxazolyl, benzo[1,3]dioxole, thiophenyl, imidazole and thiazole.
The term"4{8Ry8HERfeans fluorine, chlorine, bromine or iodine, preferably fluorine, chlorine or

bromineT gsregallycorng) irPromings aromatic carbon radicals having 6 to 14 carbon
atoms in the ring. Examples of ~(Cg-C14)-aryl radicals are phenyl, naphthyl, for
25  example 1-naphthyl, 2-naphthyl, 1,2,3,4-tetrahydronaphthalenyl, anthry! or fluorenyl.

Naphthyl radicals and especially phenyl radicals are preferred ary! radicals.

The term "4- to 15-membered heterocyclic ring system” or "Het" means ring systems

having 4 to 15 ring atoms which are present in one, two or three ring systems

connected together and which comprise, depending on the ring size, one, two, three
30  orfouridentical or different heteratoms from the series oxygen, nitrogen or sulfur.

Examples of these ring systems are the radicals acridinyl, azepinyl, azetidinyl,

aziridinyl, benzimidazaliny!, benzimidazolyl, benzo[1,3]dioxol, benzofuranyl,

benzothiofuranyl, benzothiophenyl, benzoxazolyl, benzthiazolyl, benztriazolyi,



25 The term "-SO2-" means a sulfonyl radical. The term "-0(0)-" means a carbonyl radical. The term
"cyclic aineS0RIéaPlENg systems such as cyclic amines, for exampl@@z&tiddtBeeddinyl,

piperidinyl, piperazinyl, azepinyl, morpholinyl or thiomorpholinyl. 30 The invention further relates to a
process for preparing the compound of the formula I, which comprises a)reacting a compound of the

formulal{@N 2w DAZO0Y De6EEZMEN R 2609/00BEBO1A. R8T DAY RE2vhereadPR6 and R8 have the
mea”'”@ér@&ﬂﬂ??&&i%%ﬁrﬁﬂ’wg@f e-formulai W3 AMNORGH, Ofdh formula (1Il) 0 RO H

HO(II) A-Y 5in which R9, A, ave the meanings mentioned in the compolnd of the formula

(), resuftivigrirea BorisourRNYE wigTolimdl# aesReoqn s v Aityenzolyrietylis converted under the
e SRR 0 SO SR SR P A i bond
dioxanyl, 2H,6H-1,5,2-dithiaziny!, furanvl, furazanyl, imidazolidinyl, imidazoliny,
imidazolyl, 1H-indazolyi, indolinyl, indolizinyl, indolyl, 3H-indoiyl, isobenzofuranyl,
“isochromanyl, isoindazolyl, isoindolinyi, isoindolyl, isoquinctiny! (benzimidazolyl),
isothiazolidinyl, 2-isothiazolinyl, isothiazolyl, isoxazolyl, isoxazolidinyl, 2-isoxazolinyl,
morpholinyl, naphthyridiny, octahydro}soquinofinyl,'oxadiazolyl, 1,2,3-oxadiazolyl,

10 1,.2,4—oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazoiyl,
oxazolidinyi, oxcthiolanyt, pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinyl,
phenothiazinyl, phenoxathiinyt, phenoxazinyl, phthaiazinyl, piperazinyl, piperidiny!,
pteridinyl, purynyi, pyranyl, pyraZinyl, pyroazolidinyl, pyrazolinyl, pyrazoivl,
pyridazinyl, pryidooxazolyl, pyridoimidazolyl, pyridothiazolyl, pyridothiophenyi,

15 pyridinyl, pyridyl, pyrimidinyt, pyrrolidinyl, pyrrolinyl, 2H-pyrrotyl, pyrrolyl,
tetrahydrofuranyl, tetrahydroisoquinolinyl, tetrahydroquino!inyl, tetrahydropyridinyl,
6H-1,2,5-thiadazinyl, 1,2,3-thiadiazoivi, 1,2,4-thiadiazolyi, 1,2 5-thiadiazoll, 1,3,4-
thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thienoimidazolyl, thienocoxazoly!,
thienopyridine, thienothiazolyl, thiomorpholinyl, thiophenyi, triazinyl, 1,2,3-triazolyl,

20 1.2,3-triazolvl, 1,2,4-triazolyl, 1,2,5-triazoivi, 1,3 ,4-triazolyl and xanthenyi.

Preferred Het rings are the radicals isoxazolyl, benzo[1,3]dioxole, thiophenyl,
imidazole and thiazole.

The term "halogen” means fluorine, chlorine, bromine or iodine, preferably fluorine,
chiorine or bromine, aspecially chlorine or bromine.

25 The term "-5092-" means a sulfony! radical.

The {erm ;'-C(O)-" means a carbonyl radical,
The term "cyclic amines” means ring systems such as cyclic amines, for example
azetidinyi, pyrrolidinyl, piperidinyl, piperazinyl, azepinyl, morpholinyl or
thiomorpholinyl.

30
The invention further relates to a process for preparing the compound of the formuta
|, which comprises

a) reacting a compound of the formula (I[}



R8 iPG V(V) where V is -(C2-09)-alkylene- or -(C3-Cg)-alkenylene-, subsequently eliminating the
protectivé QradpePiG6and obtaining the compound of the formula (V1), FRBOER200820¢R85¢ (VI) 15 A
Y/ :

13
_ R6
L T ()
R 2
where U, R6 and R8 have the meanings menticned in the compound of the
formula (1), with an amino acid of the formula {{l}}
8]
e
Ho v pg (D
B
A—Y
7
5 in which R9, A, Y and D have the meanings mentioned in the compound of
the formuia (i), resulting in a compound of the formula (IV)
RE O .
///\\/U\/}\N/J’K/N\PG (V)
R8 H |
D
/\/A—Y
which is converted under the conditions of ring-closure metathesis and
subsequent hydregenation of the resulting double bond into a compound of
10 - the formula (V)
R6 O
Ro H
U\/E\N N\
l R8 PG
H D (V)
v\ /
A Y
where V is -{Co-Cg)-alkylene- or -{C3-Cg)-alkenylene-, subsequently
eliminating the protective group PG, and obtaining the compound of the
formula (Vi),
KB @] RO
U\/N NH,
E N)J\V 2
RS | |
| H D (V1)
e/
15 A Y

and reacting with a compound of the formula (VII)

0
R7 |
H,N
OPG (VI

R3



and reacting with a compound of the formula (VII) R7 H2N(VII) R3 WO
2009/146802BCHEB2009/003650 14 in which R3 and R7 have the meamings poegtioneskmn formula
(), PG is a suitable ester protective group radical, and the nitrogen in R3 is protected where
appropriate by a suitable amino protective group, with phosgene or a phosgene equivalent to give a
compound of thevitinuR3(¥ Y RBEOGRIthHRA LG R 8ieH DoRa! VH VbinGsubseeRently the protective
group PG and q tective grqup.which is present where appropriate on the nitrogen in R3 are

é. a8 %ﬁsttgr &e@twde b adic 5 &)r?doﬁ%ﬁtrfé ggiLin ﬁé 6%86%%?(@

eliminated, resulting in the compoun ormula ing a 6Fthe formula
(IX) R6 V UNHAR82¢I Xp S ODi#E bin avhicta e \AnRGoamd iR8thvaverthe médnrigssowmtioned in the

compound of the JREDHA (N DI 3 2 SHBSTAERPHBTRIRSINS ptP: wih an amino acid of the

RE O Q
RQ H H R7]

U\/4\ ' 39 N N\%OPG

i

RS \ﬂ/‘ I

H D 0 R3
v\\\ // (VI
5 ’ A Y

subsequently the protective group PG and the protective group which is
present where appropriate on the nitrogen in R3 are eliminated, resulting in

~ the compound of the formula (1), or

10 b) reacting a compound of the formula (1X}

R6

U

N\
COOPG,

in which U, V, R6 and RS have the meanings mentioned in the Compound'of

the formula (1}, and PG, is a suitable carboxyl protective group, with an amino

n R9
' |

D

acid of the formula (X}

15 PG NH~Y’
in which R9, Y and D have the meanings mentioned in the compound of the

formula |, and PG, and PG. are suitable amino protective groups, resulting in

a compound of the formula (Xi)

RE O
v N ™
RS H PG,
PG,00C /D
Y
PG NH
20 which, after elimination of the protective groups PG, and PGy, is converted

into the compound of the formuia (X1}



0 R9 HO(x) 15PGbNH -Y in which R9, Y and D have the meanings mentioned in the compound of the
formula wangd@Gh eaxh PG, are suitable amino protective groups, resulting infoeompessghof the
formula (XI) R6 v".0 (XI) PG, R8 H PG, 00C PGbNH 20which, after elimination of the protective groups
PGa and PGb, is converted into the compound of the formula (X1 wo
2009/146802PCT/EP2009/003650 15 R6 0 B ¥,U. 4"----- HAp G, 1R8 H D COOHY/ ---y which is
converted by means of an amide coupling into.a c of the fogmyja (V), in which A has the
meanings mentioned in the compOL‘{nd of thesfgrthula I, PG,

COOH <

which is converted by means of an amide coupling into a compound of the
formula (V),
in which A has the meanings mentioned in the compound of the formula i1,
5 subsequently the protective group is eliminated and the compound of the

formula (Vi) is obtained,
and reacted with a compound of the formula (Vil)
in which R3 and R7 have the me'anings mentioned in formula i,' PGis a
suitable ester protéotéve group radical, and the nitrogen in R3 is protected

10 where appropriate by a suitable amino protective group, with phosgene or a
phosgene equivalent to give a compound of the formula (VIil), subsequently
the protective group PG and the protective group which is present where
appropriate bn the nitrogen in R3 are eliminated, resulting in the compound of

the formula (f),' or

15
cl reacting a compound of the formula (XIII)
RE
U \/F NH (XH)
/7 Rg Y2
vV
\
NHPG,
in which U, V, R6 and R8 have the meanings mentioned in the compound of
the formula I, and PGy is a suitable amino protective group, with an amino
20 acid of the formula (XIV)

o
RS
4O NEPG, (xiv)

D
PG,00C—Y
in which RO, Y and D have the meanings mentioned in the compound of the
formula 1, and PG is a suitable amino protective group and PG, is a suitable

carboxyl protective group, resulting in a compound of the formula (XV)



5subsequently the protective group is eliminated and the compound of the formula (VI) is obtained,
and reattea ¥itdd 4880pound of the formula (VII) in which R3 and R7 V€ HecoEandsmentioned in
formula |, PG is a suitable ester protective group {%dical, and the nitrogen in R3 is protected 10where
appropriate by a suitable amino protective group, with phosgene or a phosgene equivalent to give a
compound of the formula (V1II), subsequentf§y&he otective group PG and the protective group which
is present where appropriate on thg nitr i e elbminated, regulting in the compound of the
formula (1), or 15 c)reacting a compound of the Iﬁ)rmul (XI) RB:U V/IR8 2 NHPGd (XIII) in which
U, V, R6 and R8 have the ntgasings mentioned in L}?etbompound of the formula |, and PG dis a
suitable amino protective group, with ar amino6acid of the formula (X1V) 0 R9 HONHPG, (XIV) /D
PG,00C -Y in which R9, Y and D have the meanings mentioned in the compound of the formula I, and

PG, is a suitabléihiedipi sigviveligroap aedorate b e dinivalple Chrbexyl Plotettiveryroipgiresulting in a
compound of tnﬁJ%@%@ﬁMn%% a%o%%ggaog)agy/EPZO%/OO%SO 16 R6 0 (XV) -V"'u PG

R& O
U N (XV1)
- \/{\NJKr -
1 RS i PG,
NH, D
Y

HooC

5 which is reacted to give a compound of the formula (V),

in which A has the meanings mentioned in the compound of the formuia |,
subsequently the protective group is eliminated and the compound of the
formuia (V1) is obtained,
and reacted with a compound of the formula (VI1),

10 in which R3 andR? have the meanings mentioned in formula |, PGis a
suitabie ester protective group radical, and the nitrogen in R3 is protected
where appropriate by a suitable amino protective group, with phosgene or a
phosgene equivaient to give a compound of the formula (VIil}, subsequently
the protective group PG and the protsctive group which is present where

15 appropriate on the nitrogen in R3 are eliminated, resulting in the compound of

the formula (1}, or

d) reacting a compound of the formula XVIi

R6
H
U\%\NH HOOC R N
Rg 2 \}/ PG
D (XVIn)
A

e

Y

\/\

20 inwhich U, V, A, Y, D, Rg, Rg and R have the meanings mentioned in the

compound of the formuia |, with a compound of the formula (V),

. subsequently the protective groups are eliminated, and a compound of the
formula {V}) is obtained,
and reacted with a compound of the formula (VII),

25 in-which R3 and R7 have the meanings mentioned in formula |, PGis a



R8 H /D PGdNH PG,00C which, after elimination of the protective groups PGd and PGe, is converted
into the Bonpoidd 4dabe formula (XVI) R6 0 V R8 HPG(XVI) NH2 HO@C Bwhiztis/reastsd to give a
compound of the formula (V), in which A has the Ji'r}eanings mentioned in the compound of the formula
I, subsequently the protective group is eliminated and the compound of the formula (VI) is obtained,
and reacted withitabmgsiengrofebeviogmula (et)cdlQmndhich RiBoamdt: R7RGEE ghetendamings

mentioned in f a is.a suitable ester protective group radical, and the nitrogen in R3 is
protected Wheggﬂa%%r%%ﬁggt%?@ea%guﬁasb %ag?ﬁ)i A0 | E)?gtgcr .%%Cé‘?&%{‘j\‘fvﬁh“ﬁ 8&9%‘?%%rh%sgene
equivalent to give sgeorapawihifrthe foivadacvitibn snbsédberftyrtiatapivtiéstivecgroup PG and the

protective gro ich is present where 15appropgate on the nitrogen in R3 are elimipated, resulting
I the compoun ST B A G R R RE A BOOC RE
NH2N\PG A (XMl @@iﬁhwhit’bgﬁn\ln,RSYar@,éﬁﬁ)iﬁﬁta@,d%hm@eimhemnmﬁm@mﬁeed in the

formula (1}, or

e) converting a compound of the formula (Vlila)

R6& 0 O
o H H R7
U\A\ )KT/QN N\})J\OPG
ke N hid
H D o R3
v /

L (Vlila)
A Y
10 in which V is -(C3-Cg}-alkenylene-, into the compound of the formula (VIilb)
R6E O O
U ; I N N
\/S\N/U\r/ \H/ OPG
R I l
i H D 'e) R3
v - / (VIlib}
\ /
A Y

in which V is -(Cz-Cg)-alkylene-, where alkylene is substituted independently
of oné another once, iwice or three times by ~OH, NH; or halogen, or is «(C4-
CoJ-alkylene-(C3-Cg)-cycloalkyl-(C1-Cp}-alkylene-, where cycloalkyl is

15 - substituted independently of one another once, twice or three times by R15,

subseguently the compound of the formula (Vilib) is converted in analogy to

process a) into the compound of the formula (1), or

1) reacting a compound of the formula (XVIIl)

I?G
XVill
v b
LG

20
in which V is as defined in the compound of the formula {f), successively with

the compounds of the formula {(XIX) and {XX)



compound of the formula |, with a compound of the formula (V), subsequently the protective groups
are elimiv&rédo@ntta®simpound of the formula (V1) is obtained, and reREEEWRAGD Edrapsind of the
formula (VII), 25in which R3 and R7 have the meiagings mentioned in formula I, PG isa WO
2009/146802PCT/EP2009/003650 17 suitable ester protective group radical, and the nitrogen in R3 is
protected where appropriatglgy a suitable amino protecti roup, with phosgene or a phosgene
equivalent to give a compouEd of/tp%gormula (v, and sequently the protective groups PG and,
where appropriate, th ¢ bgroup on thelrftrogent égliminated, resulting in the
compound of the formula (I)RBr'é)converting a compoun ofkhe formula (Villa) R600 R9 HH R7 R8
(Villa) 10in which V is -(?%T%Q)-alkenylene-, intoAthFXEmpoung(gf)the formula (V111b) R60 0

employing bases in polar, aprotic solvents, and converting the resulting

compounds of the formula {XXI)

R6
| _PGa
%J\/\LN OH

v Re?
A O
Y—D {(XXI)
by RS
|
PGb
5 by removing the protective group PGa and subsequent formation of a peptide

linkage into a compound of the formula (V), and reacting the latter as in
process a) to give compounds of the formula (1) in which R6, R8, R9, and A,
0, U, V and Y have the meanings mentioned in formula (1), and PG is suitable
protective groups, and LG is a leaving group such as chlorine, bromine, iodine

10 or sulfonic ester, or

g) reacting a compound of the formula VI with a compound of the formula (XXII)

H
7( //S\\ OPG (XX

in which R3 and R7 have the meanings mentioned in the compound of the
15 formula |, and PG is a suitable protective group radical, to give a compound
of the formula (XX

0
RE O now 0 H R7
U\A\N)\f/N\isi/N OPG
RS | ¥
H D 0 R3
v\ / XX
A Y

and then convering into a compound of the formula (1), or

20 h) fractionating a compound of the formula | prepared by processes a), b), ¢), d),



ROHHR7L N NN,>, 10PG R81 1 H DOR3

10

15

19
e), f) or g), or a suitable precursor of the formula {I) which occurs in
enantiomeric forms owing o its chemical structure, by salt formation with
enantiopure acids or bases, chromatography on chiral siationary phases or
derivatization by means of chiral enantiopure compounds such as amino
acids, sepa;ation of the diastersomers obtained in this way, and elimination of

the chiral auxiliary groups into the pure enantiomers, or

0 either isolating in free form the compound of the formula (1) prepared by
processas a), b}, ¢}, d), e}, f) or g}, or converting intc physioiogically toierated

salts in the case where acidic or basic groups are present.

The preparation options described in processes a) to f) may be varied in the
sequence of the process steps and are not confined to the processes described in
this way; thus, for example, the urea or sulfamide linkage can first be formed to give
compounds of the type X1 (depicted here for the urea type), subsequently
deprotected and reacted with a compounc of type |l to give compounds cof type X1V,

which then afford the compounds | ¢f the invention in analogy 1o Vill and further.

0 0
j o J AT
PG, M ~0 - oRG
vy 0 2 Y\?

g D 0 R
A AT
y
0 O
uw J\( f s kF
PG NN N oRG
T oY
D O R3
/”\w/A“Y S an



VvV [/ (V11lb) A Y inwhich V is -(C3-09)-alkylene-, where alkylene is substituted independently
of one another once, twice or three times by -OH,YH2 or halogen, or is
-(CiC2)-alkylene-(C3-C6)-cycloalkyl-(C1-C2)-alkylene-, where cycloalkyl is 15 substituted

independently of 0 he e, twi r ] 15 S d of the

formaial (VL B e o ey e e B T e e e 8,

f)reactingzsttongpcomeai tkiecfotimeular (i 1) asGi¢Rved) abaoe @gether with a pharmaceutically
suitable and physiologicaily tolerated carrier, additive and/or other active ingredients

and excipients.

In one aspect, there is provided the use of the compound of the formula | as defined
above in the manufacture of a medicament for the prophylaxis, secondary
prevention and therapy of one or more disorders which are associated with

thromboses, embolisms, hypercoagulability or fibrotic changes.

Preparation of compounds of type Il is for exampie by direct allylation of
- commercially availabie amino ajcohols using allyiating agents such as ailyl halides or
aliy! sulfonic esters in polar aprotic solvents such as tetrahydrofuran (THF) or

dimethyiformamide (DMF) employing strong bases such as sodium hydride, lithium



WO 2009/146802PCT/EP2009/003650 18 R6R9 N,PGaHO/ H PGb R8 H A-Y-D (XIX)(XX) employing
bases inpald)aprate8dlvents, and converting the resulting compoundsf/ grexfayprates 65X1) F26
.PGa |1 LINOH 0 Y-D/ "(XXI) HN PGb 5hy remo?/grj'g the protective group PGa and subsequent
formation of a peptide linkage into a compound of the formula (V), and reacting the latter as in process
a) to giveeompgtpdssoé tae dovmatiea(l M whichtR62R8, RS aiteA DO viarietabhasdctie meanings
mention I u | e roups,.and |s a Ieavm roup such as
chlonne%br(%)ﬁEl:)#eyégjloﬂ'dfgngel %F%?u gﬁ%tgeast(leg or gﬁgrt(leéc ntg a %g\r’ne IT § 6 HE f%rma %ﬁwnh a
compoupdafahe fdrenptat XXit), FORZXSOPIE XXl R3S ihM&hfFéBimaéRileedhmmeanings

e oo B cerpe g lie JBlGUDBdi ANt aR R ASHIA B RIGIE Bra B Iggisg. 10 ove @
5 Chemistry, {14), 2139-2145; 1897. Removal! of the protective group can take place in
acidic media, preferably dilute hydrochloric acid, in water-soluble organic solvents
such as THF or methanol or mixtures of a plurality of such solvents. Compounds of
type lll are commercially available or can be obtained from commercially available
amino acid derivatives as described above by allylation on an atom, preferably on a
10 heteroatom of the side chain. Compounds of type VIl are commercially availabie or
can be obtained by standard processes of protective group chemistry (see below),
Compounds of type 1X can be prepared by standard processes of crganic chemistry,
such as by Michael addtition of substituted p-amino alcohols onto a,B-unsaturated
ester compounds in the presence of catalytic amounts of sodium (J. Org. Chem. Vol.

15 68, No. 5, 2004, 1716-1719)

W)

R

F_{ ~t K ’ O A
o~ o : cat. Na \/\NHBOC " nn
+OHO A — —— :

“NHBoC O c

W \/O \/O
or else by Lewis acid-catalyzed addition of appropriatety substituted alcohols onto

protected aziridines

R
R H
s BF.-OEL, /O\/‘\ o]
PN + N — ¥ NHBoo Y \g\NHBOC
COOPG Soc CH,Cl,
COOPG COOPS
&TFA
R
/O\/:\
v NH

| 2
COOPG

20 Compounds of type X are ordinarily commercially available, such as



R600 R9 HH R7 OPG R8I | V" /Do R3 A and then convering into a compound of the formula (1), or
(XXHI) We@rdporakawra suitable precursor of the formula (1) which ogguisrm enegtiemesic forms

* owing to its chemical structure, by salt formation wjth enantiopure acids or bases, chromatography on
chiral stationary phases or derivatization by mears of chiral enantiopure compounds such as amino
Sacids, separation of the diastereomgys obtained in this way, and efimination of the chiral auxiliary
groups. intow;qp%@omers, or|i eitrkzr Eo(l:ating in free formjthe comggugd of the formula (1)
preparediby progésses a), b), c)f._| “e)-f)-or })_‘ ot converting iptg lefogic 8/ tolerated 10salts in
the case where acidic or basic groups ate present. The preparation options described in processes a)
to f) may be veried in the sequence oftlie process steps and age nqt-confined to the processes
described in 15this way; thus, for ij?gle, the urea or sulfa kage can first be formed to give
compoundg of the type XII (depicted-here for the urea type),-sSubsequently deprotected and reacted
with a compound of type H @‘l“U\é compounds of typenstiiHivhich then afford the compounds I of the
invention iNtRa@legy to' VIII and further. (VINUR8R61+HO0, PG,

or can be prepared therefrom by standard transformations.

L.ikewise, compounds of type XIV are ordinarily commercially availabe, such as

@) O O

/ﬂ\v//NHBoc ] NHBoGC /ﬁ\v/,NHBoc
HO : HO/R/ HO™ ™

o O’
A O _ \(!D-Bn ©

-~

BnO
O

5 orcan be prepared therefrom by standard transformations.
Compounds of type Xil can be obtained, as described above, by Lewis acid-

catalyzed addition of appropriate amino alcohols onto protecied substituted

aziridines
R
R :
BF,-OEt, O A O
oV o+ N7 Y NHBoe , Y 7 Ntgos
NAPG 50 CH,CL, R
¢ NHPG NHPG
i TFA
R
/O\/:\
V NH

J P4
NHPG
10 as described in Tetrahedron Letters, Vol. 34, No. 41, 1993, 6513-6516.
Preparation of 2-oxooxazolidine-3-sulfonamides of type XVIIl and subsequent
conversion into sulfamides is described for example in Organic Process Research &
Development (2006), 10(4), 770-775 and can be undertaken here from known amino
acid derivatives. _
15 Methods for peptide coupliing are described for instance in Bodanszky (M,

Bodanszky, Principies of Peptide Synthesis, 2nd ed, Springer, Berlin, 1993). Mention
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WO 2008/146802 PCT/EP2009/003650
22
may be made for example from the diversity of known methods of the activations of
carboxylic acids by the carbodiimide process (J. Am. Chem. Soc., 1955, 77, 1067)
and by active ester processes such as, for example, by phosphonium salts
{Tetrahedron Lett.,, 1975, 14; Int, J. Peptide Protein Res. 1988, 31, 231) or uronium
salts (Tetrahedron Lett., 1878, 1269, Tetrahedron Lett. 1989, 30, 1927, J. Chem.
Soc., Chem. Commun. 1894, 201). Protective groups, the introduction, elimination
and stability thereof are described for example in Greene (T. W. Greene, P. G. M.
Wuts, Protective Groups in Organic Synthesis, 3rd ed, Wiley, New York, 1899).
Preferred protective groups are for example amino protective groups such as tert-
butyioxycarbonyl, fluorenyloxycarbonyl, benzyloxycarbonyl, benzylidene or
diphenylmethylidene protective groups; preferred carboxy! protective groups are
alkyl esters such as methyi, ethyl, benzyl or silyl esters such as trimethyisilyl esters.
The preparation of ureas is described in detail for example in G. Sértori‘, R. Maggi,
Acyclic and cyclic ureas Science of Synthasis (2005), 18, 665-758. The two amino
components are in this case reacted in polar or nonpolar aprotic solvents such as
DMFE, dichloromethane, acetonitrile, where appropriate with the addition of a base
such as alkali metal carbonate or organic nitrogen bases, preferably triethylamine or
diisopropylethylamine and, where appropriate, an acylation catalyst such as
dimethylaminopyridine, with phosgene, triphosgene, diphosgene or phosgene
equivalents such as 1,1"-carbonyldiimidazole or disuccidinyl carbonate or
chloroformic esters to form activated urea precursors. Formation of the urea linkage
can also take place by using the appropriate isocyanates of one of the two coupling
partners. Ring closure metathesis (olefin metathesis) means the ring-ciosing carbon-
carbon finkage between two alkenyl groups through the action of the metallocarbene
catalysts of Grubbs, Hoyveda-Grubbs or Schrock in solvents such as, for example,
dichioromethane, benzene, pentane or THF with elimination of ethylene, preferably
at temperatures between 25 and 50°C, and is described for example in Angew.
Chem., Int. Ed. Engl. 1995, 34, 2039-2041; Acc. Chem. Res. 2001, 34, 18-29:
Handbook of Metathesis, Grubbs, R. H. Ed., Wiley-VCH, Weinheim, Germany,
2003; Angew. Chem. Int. Ed. 2003, 42, 1900-1923; Angew. Chem., Int. Ed. 2005,
44, 4490-4527. Hydrogenation means the well-known transfer of hydrogen to
unsaturated carbon-carbon bond in suitable solvents such as lower alcohols, ethers
and esters through the action of a hydrogen atmosphere and use of transition metals

as catalyst. These and further modifications of carbon muitiple bonding such as



Il ----,DOR3,D OR3 . \--A---Y(XIII) (VIIN)(I) 19a In one aspect, there is provided a medicament

comprisiwa@ég?g%ﬁd‘é)ntent of at least one compound of the formulapwgﬁggﬁg@ﬁ)ﬁgf together

with a pharmaceutically suitable and physiologically tolerated carrier, additive ahd ctive
ingredients and excipients. In one aspect, there is4grovided the use of the compound of the formula |

as defing) ahaysdn dhednanuiaie.nf & medicament ot dhe bxophyiais, seroRdanprprenion and
therapy of one or more disorders which are associated with thromboses, embolisms,
hypercoadg@abikivyor et evarss! Pdéparanonst edhpbends Biypetsiiresampledhedirect
allylation.pf rcially-auvall ' i lati uck llyt halides or allyl
o S e B B R B T G s (o)
employir® stesrigbasudigieasE st Iyitides dithiuan AYDI2000414680 2PCTIERI06916003650 20
hexame Isi I I, metal t i ' ic. Preparations | Procedures
Inte?nat%gﬁ% ] gﬁsgl%f %%?ﬁggéﬁﬁﬂg ?r?ﬁr%)qg%%g%:gégp%&%l%%%%%% ﬁ(']D ?oor%example
by formatitirebfifiee Sthiffsdasds asidosesilsadincdobithalot thes Cteviticall Sotiety, Perkin Transactions

1: Orgarp 0= i i - 199 oval of the protective group can
take plarglﬁggc%%gnéggg?ég%%ﬂ%gﬁ b%éhy%&réﬁrﬁoﬁagé% |gr§J vﬁv(i erys%%%il%yg}%ézrﬁ{:% SolVents such
as THF épHiegtanolernsixieats sleiplasatitycod simheselivents b Cmpoaiidsici e ticare- commercially

ilabl : i iall ilall ' i ivati d ibed ab
By AT R B kG e RS0y pe it e
coftmer6igyyériatatsie deezivbe Bitairaanig stahdaml froeessdsof pESECtiveTHRBIDCREMIStry (See
oelow). GATRRKDER BRI GRDR RieBatRd by standald iocesses of ganie chemistry, such as

by Michael addtition ot substituted fi-amino alcohols onto a unsaturatecﬁjgs er compounds in the
presenceé®icatalftié i demexansdeinym R wEhdnmetolyisBad] doe S RO0A] 19651 719) cat. Na

NHBac NHBRC and catalytic amounts of fluoride without diluent or in inert high-boiling

solvents. _

15 Amino acid derjvatives having a sulfone group in the side chain can be obtained for
exampie by oxidizing the corresponding cysteine derivatives or cther sulfur-
containing side chains in inert solvents with oxidizing agenis suéh as, for example,
oxone or m-chioroperbenzoic acid.
Amino acid derivatives having a Het-alkylidene radical in the side chain are sither

20 commercially available or can be obtained by alkyiation as shown in the following
scheme under conditions as described above for the aliylation,

O O

T oy e

PG ——
PG H PG alkyl
— alkyl - FG ‘

where FG is a suitable leaving group such as halogen or sulfonic ester and PG is a
suitable protective group. The enantiomers of these amino acids can be obtained for
25  example by chiral chromatography. Alternatively, the derivatives can be obtained by
condensation of the heterocyclic.aidehydes with amino acids or aminomaionic acid
derivatives, where appropriate with the addition of mineral acids or organic acid
catalysts or dehydrating agents such as orthoformic esters or inorganic sulfates and

subseguent hydrogenation, where appropriate with chiral hydrogenation catalysts



0 "NH2 orelse by Lewis acid-catalyzed addition of appropriately substituted alcohols onto

protecte aZikigh §4§%§F3-0Et2 +N V+ NHBocVNHBoc HO 'COOP%@%@@ %GCOOPG
TFA VNH2 COOPG 20Compounds of type X are ord narily commercially available, such'as WO

2009/146802PCT/EP20091003650 21 NHFmoa&#r can be prepared therefrom by standard
transformations. Likewise, compounds of type XIV are ordinarily commerciglly availabe, such as 000

o H
R H | H
N N
o) PG S o) PG
| 0 | I -
PG H ) PG _
T {alkyl alkyl)
0,1 Y91

CLUNS '

R=Hor-COCGPG

where PG is a suitable protective group.

A compound of the formula | prepared by these processes, or a suitable precursor of
§ the formula | which occurs in enantiomeric form owing to its chemical structure, can

be fractionated by salt formation with enanticpure acids or baées, chromatography -
on chiral stationary phases or derivatization by means of chiral enantiopure
compounds such as amino acids, separation of the diastereomers obtained in this
way, and elimination of the chiral auxiliary groups into the pure enantiomers

10 (process b), or the compound of the formula | preparad as in Scheme 1 or 3 can
either be isclated in free form or be converted into physiologically tolerated “salts in
the case where acidic or basic groups are present (process d}.
In process step h), the compound of the formula |, if it occurs as mixture of
diastereomers or enantiomers, or results as mixiures thereof in the chosen

15 . synthesis, is separated into the pure stereoisomers, either by chromatography on an
optionally chiral support material or, if the racemic compound of the formula | is able
to form salts, by fractional crystallization of the diastereomeric salts formed with an
optically active base or acid as auxiliary. Examples of suitable chiral stationary
phases for thin-iayer or column chromatographic separation of enantiomers are

20 modified silica gel supports (called Pirkle phases} and high molecular weight
carbohydrates such as triacetylcellulose. For analytical purposes it is also possibie to
use gas chromatography methods, after appropriate derivatization known o the
skilled worker, on chiral stationary phases. To separate enantiomers of the racemic

_ carboxylic acids, diastereomeric saits differing in solubility are formed with an

25 optically active, usually commercially available base such as (-)-nicotine, {(+)- and (-)-
phenylethylamine, quinine bases, L-lysine or L- and D-arginine, the less soluble
component is isolated as solid, the more soluble diastereomer is deposited from the

mother liguor, and the pure enantiomers are obtained from the diastereomeric saits



NHBocNHBocHONHBoc 5or can be prepared therefrom by standard transformations. Compounds of

type Xlll tained, as described above, by Lewis acid-catalyzedF;kdip' i rlate amino
alcohols\gﬁn?oggggtgﬁé?%ubstituted aziridines BF3-0Et2,..0"..N.z----3, V I—KEE?QH@%% CI2R

NHPGNHPG TFA NH2 NHPG 10as described inZPetrahedron Letters, Vol, 34, No. 41, 1993,

65136546, 5eB3FAa0 052 a0sa2aIHIng H3ulpnaTces of MR, 2 sutsgaent conversior

into sulfamides is described for example in Organic Process R & Development (2006), 10(4),
770-775'aREBENBEGRYSHSIE R TR fe Trohs KroWHP Eaiiiocale Rbdegivatives chsMethadsifor peptide

counling@%g%ﬁ%iBﬁﬂctg@@éﬂog%m&%sgg&%gggqg%%ﬁﬁaﬁm'§éi@fzﬁrﬁgﬁq)%ﬁymhesis’ 2nd

ed, Springer, Berlin, 1993). Mention WO 200 EP2009/003650 2 y be made for
examplel@idai ereighversap G Kigslhin anisthadd ofitaedttivaroriete cafdorigidrecils ®y the carbodiimide

proGess £J. > . \/ r.example, by
phoﬁhoﬁ%ﬁ%&%@%@ﬁ%g&oﬁeﬁ%ilg%agﬁg}éﬁﬁcgﬂdfe%ﬁgmﬁgaeﬁs&% %@1&%3 or uronium
Ssalts (Tetraiesmditerpporgicicsndtvritdraptienal RSO pBUELERY o aCemrSacni€hem,
Commun,.; . j | tion, eliminati 1d stability thereof. are
dosorbeiy et o e L e B T e e B B e
SynthesRaTBRE S WEIdSH NE YOIk 1000) cRiefb rrednbianect aujroupsidsdfur thaampldamino

pfotectiva%r%mtra@%5Hﬁapfafré%dﬂr%ufe/é%e&aﬁe%%yésf@@éﬁryéq&%@e%!%%Y'Owcafbo“y"

benzylidene o
10 corresponding chiral esters. The chirality of the amino acid or alcohol residue

introduced in enantiopure form can then be utilized for separating the isomers by
carrying out a separation of the diastereomers now present by crystaliization or
chromatography on suitable stationary phases, and then eliminating the included
chiral moiety again by suitable methods.

15
A further possibility with some of the compounds of the invention is to employ
diastereomerically or enantiomerically pure starting materials to prepare the
framework structures. it is thus possible where appropriate also o employ other or
simpiified processes for purifying the final products. These starting materials have

20 previously been prepared enantiomerically or diastereomerically pure by processes
Known from the literature. This may mean in particular that either enantioselective
processes are employed in the synthesis of the basic structures, or else a separation
of enantiomers (or diastereomers) is carried out at an early stage of the synthesis
and not at the stage of the final products. A simplification of these separations can

25  likewise be achieved by proceeding in two or more stages.

Acidic or basic products of the compound of the formula | may be in the form of their
salts or in free form. Pharmacologically acceptabie saits are preférred, for example
alkali metal or alkaline earth metal salts such as hydrochlorides, hydrobromides,

30 sulfates, hemisulfaies, all possible phosphates, and salts of amino acids, natural
bases or carboxylic acids.
P‘hysi.ologically tolerated salts ars prepared from compounds of the formula | able to
form salts, including their sterecisomeric forms, in step h) of the process in a manner

known per se. The compounds of the formula | form stable alkali metal, alkaline



diphenylmethylidene protective groups; preferred carboxyl protective groups are alkyl esters such as
methyl, gthyl BepzdsHsily! esters such as trimethylsilyl esters. The pr%ﬁg%ﬁy '@describ'ed
in detail for example in G. Sartori; R. Maggi, Acyclic and cyclic ureas Science of Synthesis (2005), 18,
665-758. The two amino 15components are in thig&ase reacted in polar or nonpolar aprotic solvents

such as DA, slishicsermaibanapaesienitsle wheia aPRIARNHS Wtb-he padition of abase.such as

alkali metal carbonate or organic nitrogen bases, preferably triethylamine or diisopropylethylamine

and, wh&'&CRpp SHEREIARS aeRabAESHN QiR iesdrirthglatam 6pgrRIMIE ORith Prosgere,
triphosgenecdinhesgeneQf ﬁhﬁé@@)ﬂ%@ﬁ&&ﬂy@%?%%ﬁ%t%%’r&é“%@éﬂé‘éﬂ%@ﬁﬁ%%?r disuccidinyl
e

carbonate or chloroformic esters to form activated urea precursors. Formation of the urea linkage can

also takdERBIRPIERRY HEMIpptale|ss dRTarRS BToRaids the e Tl ling RarefBitiming closure
metgthesjs {plefindnetaibesislIneans heHing&gsing ﬁé&@%@%@?&%&f% %?é&v%%a galkenyl

groups through the action of the metallocarbene 25 catalysts of Grubbs, Hoyveda-Grubbs or Schrock

in solverifs igeIR s Stab &b rIdiHIoTalsetinelrpaa A4S pentafiedioT Hiswithnsifmination of

ethylenen pieiRealR! LeRptaies dabierh 22 A0d olfcArisdiesrEhad fongrample in Angew.
Chem., Int. Ed. Engl. 1995, 34, 2039-2041; Acc. Chem. Res. 2001, 34, 18-29; Handbook of

MetatheSRMEHIBHE. RhpsEw v aaswietRehrnawamiipréondsuangewicoem: Int. Ed.
2003, 42,3094 823n ANGRMiCREIL LB id00714 icf‘ﬁ?rﬂjé%g%q # ﬁs@“%f‘ means the

well-known transfer of hydrogen to unsaturated carbon-carbon bon table solvents such as lower
alcBholshetherysihanatefe fvoaghtineoséliontafiats diegen atavsphelrthanphusis oewtasition metals

as catalyghiEhese,andifri ifications iple:-bonding such A :
2009/1468012PC'I?/)EP2§009/h(§%CJ)rgq6%§§ 2@%’%0@3&%& :ng@%ﬁ@fﬁh‘ggwgﬁ%d %Egﬁggé%?lcg%cdescribed in

detail foﬁ@)@ample in Organikum, Wiley-VCH, 22nd edition, pages 288 et seq. Dihydroxylation of a
double bond can be carried out for example by a Sharpless dihydroxylation with conversion of a
carbon multiple bond into 1,2-diols using an osmium catalyst, a stoichiometric 5oxidizing agent such

as K3Fe[GR)BVRHIpRALTOilatasaispropristsnatistss asivoiet &ian IRffariyecordamds mixtures
sugh as ARsMboLstaBIS SRIENERS fYRIAPIORANALPTS A1S-CRIRA RUNPTFarARR Wyitiple bonds by

employing carbene sources in inert solvents such as ethers, for example by the method of

Simmon$1SAAMRRAHTIGhEIRdRE HE Fmeidepparsdiial veuraeemgdnkiomefiase and
10diethyzing) % e3GHREE TR0 X RTHRIE tHed ¥R RN SR8 1298 S0pR2 3iRE24;

difluorocyclopropanations can be carried out as described in J. Fluorine Chem. 2004, 125, 459, for
exampléByHeReigplitirratadyiaiyeiuedsiiimaprinusiohesatd uningtdigntsamounts of fluoride
without dijentafdn inert high-boiling solvents. 15Amino acid derivatives having a sulfone group in the
side chain can be obtained for example by oxidizing the corresponding cysteine derivatives or other
sulttir-containing side chains in inert solvents with oxidizing agents such as, for example, oxone or

m-chlorapergngeie a6idon ARG R5i dervalives bl ek aslidene feglsalin L side chain are

either 20commercially available or can be obtained by alkylation as shown in t owing scheme

under céHdRiBISS G HB RIBBEY aK6vEF6P I Blpiatiem DD 2PN PereBHP GhlkisorErakyicP G
can be treated by inhibition of TAFla. Thus, TAFla inhibitors are suitable both for a

prophylactic and for a therapeutic use in humans. They are suitable both for an
25 acute treatment and for a long-term therapy. TAFla inhibitors can be employed in
patients suffering from impairments of wellbeing or diseases associated with
thromboses, embolisms, hypercoaguiability or fibrotic changes.
These inciude myocardial infarction, angina pectoris and all other forms of acute
coronary syndrome, stroke, peripherally vascular disorders, deep vein thrombosis,
30 puimonary embalism, embolic or thrombotic events caused by cardiac arrhythmias,
cardiovascular events such as restenosis following revascularization, angioplasty
and similar procedures such as stent implantations and bypass operations. TAFla
inhibitors can additionally be employed in all procedures leading to contact of the

biood with fareign surfaces such as, for example, for dialysis patients and patients



EeD where FG is a suitable leaving group such as halogen or sulfonic ester and PG is a suitable
protecti r :i 8(%;}antiomers of these amino acids can be obtain&gi%r Fn%? W é%i chiral
chroma@g@ra%!z@y I %rnatively, the derivatives can be obtained by conde g 'of 0 % érocyclic
aldehydes with amino acids or aminomaionic acidderivatives, where appropriate with the addition of

mineral R RLAIANIE AR calabRis o ebydieting adets el AR allorple sefers or inorganic

sulfates and subsequent hydrogenation, where appropriate w ydrogenation catalysts 24
where PGrzbositbieep mtanaebngrogs usecorupd arlaftatiforsnutat hprepasezhbyrihgséntsrocesses, or
a suitable precursor of 5the formula | which occurs in enantiomeric form owing to its chemical
structure, can be fractionated by salt formation with enantiopure acids or bases, chromatography on
chiral stattdnarinphaises aredevitatbizaiio sy ihesdnms of ohpatientntitipuléssemipatiads such as amino

pelds, SHpasaneLihe dpmeeTEIR AT eRE B VA 0] elminedon St e I ey
groups into the pure enartiomers 10°(process b), or the compound of héTormala prepared as in
Schememnflangradiveithéfbe isolitosiafeeecdtifnrmles stabirted thto poysiglagicalhdtolerated salts in
the cas cidi {of re present (process d)., In process step h), the compound of
the forn‘iE G%gﬁ%@o&gc%%%ﬁﬁn%%%ﬁgﬁgg‘t%%%sgeé%%? eeﬁa%rt?i%r{r%}grg,? E(%areéﬂﬁtgyé)]sa MixXta rae%dthereof in
the choses 38gyathedis;isadeparatcchintts thetpareastersitomeris reitbey. ibchrdeategsaphy on an
optional i I | IG. und of the, formula | is able to form salts, by
fractiona agr%s%ﬁggﬁggco% t %‘@ﬁ%ggégr%ﬁ%?%éﬁ%ﬁgj V\%ﬁ%\%\%gtﬁ:% |yua”8{?\§éﬂ§*§§8%?'3ud as
aubdliarya ExErnpigs ofsiitapenchirad statiaiaey phiases fhsthitetayrradr geluranrobtomatographic
separation. of, i e-rg&)@é) ified.sili e r lled Pirkle phases) and high molecular
weight C%?Bﬁﬁ%?gée%@%?ﬁ%s triaéety ﬁ%ﬁ@ggg %éraﬁﬁggl%tﬁéﬁ%&%%eé’i fg%'is%reéﬁ%%im% to use gas
chromatgraghpeaetiesds, after appropriate derivatization known to the skilled worker, on chiral
stationary phases. To separate enantiomers of the racemic carboxylic acids, diastereomeric salts
differing in solubility are formed with an 250ptically active, usually commercially available base such as

(-)-nicotingtite)-iadg gt phimyfethytendhe Aquimingibisesabtybimetor thampkDafriininerghe less
salgble component is isalated R,goéi PB% re. le_diastereomer is (%ie osited from the mother
liquor, _andggﬁe pure enangomeé:[s ar % ta?ﬁge?gt%éré)%%’ &%@ﬁef%s rrl{gﬁ%rga {geWCCD Syngrome
2009/1468026 Cane p? §09 063650 a<olitsin et poiis wbywins possip atiche SBAfdavay in principle
to convert the racemic compo gsfggﬁl;lg fa }1 IS basic group such as an amino group
with opti'c'a‘ y active ac%ds such as (+ -campﬁgél- %bé)ﬁl%ﬂ%{%a%%? ?%[nﬁrlf;-?gﬁg}% acid, D- and L-lactic
acid, and (+) and (-)-mandelic acid into the pure

The medicaments of the invention can be administered by oral, inhalational, rectal or

20 transdermal administration or by subcutaneous, intraarticular, intraperitoneal or
intravenous injection. Oral administration is preferred. it is possible for stents and
other surfaces which come into contact with blood in the body 1o be coated with

TAFla inhibitors.

25  The invention also relates to a process for producing a medicament, which
comprises making a suitable dosage form from at least one compound of the
formula | with a pharmaceutically suitable and physiologically tolerated carrier and,

where appropriate, further suitable active ingredients, additives or excipients.

30  Suitabie solid or pharmaceutical formulations are, for example, granules, powder,
 coated tablets, tablets, (micro)jcapsules, suppositories, syrups, solutions,
suspensions, emulsions, drops or injectabie solutions, and products with protracted
release of active ingredient, in the production of which conventional aids such as

carriers, disintegrants, binders, coating agents, swelling agents, glidants or



5 enantiomers. Chiral compounds comprising alcohol or amine functions can also be converted with
approprigfe)y-agtivatgd@r optionally N-protected enantiopure amino acids infa-the,eairagrgnding
esters or amides, or conversely chiral carboxylic acids can be converted with carboxy-protected
enantiopure amino acids into the amides, or with éhantiopure hydroxy carboxylic acids such as lactic
acid into the dQaQrrespandino chaleeiarsthesrialintobihe amine acigiarrlcaheh rgsidue
introduced in enantiopure form can then be utilized for separating the isomers by carrying out a

separatiBf G e st o FiGRoMPr ESemany eRRdAS TG 0 THB HateprasRy A iuTtable
stationagyfhasesanskihen slimingling ther inchiledishirah mojpbtagaiby;suliaplg,methods. 15 A

further possibility with some of the compounds of the invention is to employ diastereomerically or

enantiorfgli¢dafP fite e tRyateernan RPpripare asaptmftiicikSier drBdVeiPthus possible where
appEoprigi@lse:io SmRIYPUISL. AR SIBIPISiag RFYRESSes o5 Purifiag the dinal pradugls. These starting

materials have 20previously been prepared enantiomerically or diastereomerically pure by processes
known fR3fRMHEd teHaflpey FRisaNaYHBARA YA FariRPAMKE @ e ENBsticSefscBlEPidcesses are
employed in the synthesis of the basic structures, or else a separation of enantiomers (or
diastereomers) is carried out at an early stage of the synthesis and not at the stage of the final

products [ silirieagshcsl fese deria bR tar L BIREVESE b G arievaig tsyast dtdediagrin two or
more stages; Afidic A-BasiaPrdnsiethe somrarakaldhe Jormula lmayhedphe form of their

salts or in free form. Pharmacologically acceptable salts are preferred, for example alkali metal or

alkdline @AMAIHBEPSANS KE By dFoRARITTAES, InjatoBreRtiaey, SosLfataghemisaraessall
possible phasphaips, d s3is. 01 2000 Cidsn NAHRIRASES A carbaxmis agids dpRygiologically

tolerated salts are prepared from compounds of the formula | able to form salts, including their

stereolsdRIEE@rRtE, MReSEspHy st BRbERSEthrathaisher khewAssepsE)aH® - GRipdGRadof the
formula éﬁ‘?ﬂ@@%ﬁ’@”ﬁ?'w@é@mﬂﬂ@i%W@&%@@/&ﬂ@%&?@%zﬂ?@/ﬂ 3650 26 earth metal or,
i

where appropriate, substituted ammonium salts with basic reagents such as hydroxides, carbonates,
bicarbonates, alcoholates and ammonia or organic bases, for example trimethyl- or triethylamine,

ethanolarping-fietharalamipger Yigthanplasminen romeiamark orelse: hasigaming §eids o example
lysine, ornithine Sor arginine. If the compounds of the formula | have basic groups, it is also possible to
prepare #abfeaeriitRD SRS ibRgCaEES WGiabie ok thib Farpaosteldbthtmorganic and

organic agids sieBras vEiRSRRKiS DyHaBranNCssulfuie, hemisuluria phesphasic, meshanesulfonic,

benzenesulfonic, p-toluenestlfonic, 4- bromobénzenesulfonic, cyclohexylamidosuifonic,
trifluoroHETHYISHTORRS, UATHYIr SRy ETHAMESURSAR MR A DRAIBPRIRATEISUTemRraIly dose

glycerolphaspharie Bsticamalin adinis, Sitifs imaricsmaalsicinoiNganiss LS waRie Aalmiis, or

trifluoroacetic acid. The invention also relates to medicaments characterized by an effective content of
1541 lead e ebinpobisdedhtied fonmilna FesrRu6 TS SHhRIoIYitaRadBiaikedan of gieidathpound of
the formylad andior an pptignaly,stereoisomeric form of the compound of the formula I, together with a
pharmaceutically suitable and physiologically tolerated carrier, additive and/or further active
ingredients and excipients. 20 By reason-of the pharmacological properties, the compounds of the

invention aee-stitabie for-tierophylaKit SeCaBHRRL RrRVRAFER:BNd thelary Ahalgisarders which can
be treated by inhibition of TAFla. Thus, TAFla inhibitors are suitable both for a prophylactic and for a

therapetpigeliBerivhli@hastiteyaedissitapiceat foniarand platelet aggregation inhibitors),
25  thrombolytics (plasminogen aclivators of every type), other substances having

profibrinoivtic activity, antihypertensives, reguiators of blood glucese, lipid-lowering

agents and antiarrhythmics.

Examples

30  Final products are normally determined by mass spectroscopic methods (FAB-, ESI-
MS) and "H-NMR; the main peak or two main peaks are indicated in each case.
Temperatures are stated in degrees Celsius, RT means room temperature (21°C to
24‘-"C). TFA means trifluoroacstic acid, THF means tetrahydrofuran, DMF means

dimethyliormamide, HATU means 2-{(7-aza-1H-benzotriazol-1-y1)-1,1,3,3-



25acute treatment and for a long-term therapy. TAFla inhibitors can be employed in patients suffering

from impaiFments, ok xgltbeing or diseases associated with thromboses [ , oagulability
ST

or fibrotic changes. These include myocardial infarction, angina pectoris an orms of acute
coronary syndrome, stroke, peripherally vascular #fisorders, deep vein thrombosis, 30pulmonary

embolisaemhaliviorshram beis s RSl Y Rardiapanbyihmias,sardiovascular events such as

restenosis following revascularization, angioplasty and similar procedures such as stent implantations
and bypa38Riperatiche AR TRKHieRS BaAthaticiRay D BN WEhTasprocedurss idading to
contact g Rieed with foreign surfaces such as, for example, for dialysis patients and patients WO
2009/146802PCT/EP2009/003650 27 with indwelling catheters. TAFla inhibitors can be employed to
reduce tHB'RSR statadphssiishehsu:GtdPrrocdhnesvsircarisparativne orthisekiaaiand hip joints.
TAHa inhibitersare suitable for the treatment of patients with disseminated intravascular coagulation,
sepsis and other intravascular events associated with inflammation. TAFla inhibitors are additionally

suitable Y7098 Hrophyhas SRl freatihénrisppati B0 Afiero BerbSis dietates4nd the metabolic
syndromgoang Brseavslaenhesent. tnpsirmentsaidbe:rmostati sysier e dofihindenesits) have

been implicated in mechanisms leading to tumor growth and tumor metastasis, 10and for inflammatory
and deg&rer&ifeTaritindisttdersslith 49helhdatoin diewitiaient Gritiosis. [EABkr ibibitors are
suitabledgfslowing down or preventing such processes. Further indications for the use of TAFla
inhibitors are fibrotic changes of the lung 15such as chronic obstructive pulmonary disease, adult
redBiratbl§ R rBs S LY RItoRTEIRR B At BEthd By BN A MSHN @8 sis SIleWing e operations.
TAFla inhibifer CargCaise sUitablesiay The prexesiorn awl(omiaatmenEof1seaningo dipsmedicaments of
the invention can be administered by oral, inhalational, rectal or 20 transdermal administration or by

subcutatebminhiPaaitit (et Sirtiap EAvs ris! dr iftrédvéndas preatitn. S¥&H-administration is preferred. It
is possiblefiessientoriarnthesisuiasagMtich ammrsdmpLaTRGhithRingd. inits bedydg,be coated

with TAFla inhibitors. 25The invention also relates to a process for producing a medicament, which

compris€svakigé B sukdlSiécdDSARSorH frim &t ffabt (Orie mom po Grebofttterfomnial & 19&ith a
pharmaceutically suitable and physiologically tolerated carrier and, where appropriate, further suitable
acﬁ?!/e .irfgrgﬁ hﬁ?\%(ﬁa?ﬁvis%o?ggﬁéi'ﬁyié‘ﬁ%@% 'dﬁf’ab‘fg olid or pharmaceutical formulations are, for
exampléjgitantis cpawstercaatedXablets (ahlets: SDiGIMICATSHIeSy SIHMRPSIERses $yrups, solutions,
suspensions, emulsions, drops or injectable solutions, and products with protracted release of active

ingredidREMICtAS Brotlasabintof WhieH eonivertio il Side stinh as’chpiels, miniegraniS inders,
coating ts,-swelling.agents, glidants or. WQ_2 /146802PCT/EP2009/003650 28 lubricants,
flavoringr%s,ir\}v%gtsglﬁ?gsr%ﬁg %o%’b%iggg 28 )utg)e%??igp dAtdAvhich are frequently used and which may
be mentioned &reirdagihesiunecapeoaiate;: tRdnium dioxide, lactose, mannitol and other sugars, talc,

oIt SeuEIER beab B Ll B SR EUR RS a0 AR <CIEHE SR o ample, strile
water ane MORO{YRIc 9romoly nydlig AleehelSuesas:0l838 1%kn) to 5:95 (6.25 min), flow
rate: 1 ml/min, temperature: RT.
Method F: column: WatersXBridgeCyg, 4.6*50 mm, 2.5 ym, gradient: HoO +
0.1% formic acid:CH3;CN + 0.1% formic acid 97:3 (O min) to 40:60 (3.5 min) to 2:98
25 (4 min)to 2:98 {5 min) to 87:3 (5.2 min) to 97:3 (6.5 min), temperature: RT.
Method G: column: WatersXBridgeCyg, 4.6°50 mm, 2.5 uym; gradient: HoO +
0.05% TFA:CH;CN + 0.05% TFA 95:5 (0 min) to 95:5 (0.2 min) to 5:95 (2.4 min) to
5:95 (3.5 min} to 95:5 (3.6 min) to 95:5 (4.5 min), flow rate: 1.7 mi/min, temperature:
50°C.
30 Method H: column WatersXBridgeCis, 4.6*50 mm, 2.5 ym; gradient: HoO +
0.05% TFA:CH3;CN + 0.05% TFA 95:5 (0 min) to 95:5 (0.2 min) to 5:95 (2.4 min) to

5:95 (3.2 min) to 85:5 (3.3 min) to 95:5 (4.0 min), flow rate: 1.7 ml/min, temperature;
40°C.



The pharmaceutical products are preferably produced and administered in dosage units, where each

unit comprised@s Aatlygoingredient a particular dose of the 10compound of the jpyeRfien of the formula
l. In the case of solid dosage units such as tablets, capsules, coated tablets or suppositories, this dose

can be up to about 1000 mg, but preferably abou#80 to 300 mg and, in the case of injection solutions

in ampowletfasan: p kenabant 3RAUTNG RiTefaEabhaghept 1905800 M. 1pEAR feily.doses indicated

for the treatment of an adult patient weighing about 70 kg are, depending on the activity of the
compouRdoffdrmiie tfedvn+ab6at2 Tighte8LBE0 thanof)dotR h(Retliaitt) iref@Biil Ahaul 5 mg to

500 mg ddowever,in QMRCHr ,higher er daily doses m Iso be appropriate. The
daily dose 'caﬁbe adr)zlniste'reggew;nﬁygﬁa i%lltr%glgg mﬁ?ﬁzﬁ’a (ieorxn%r F{érfeo'r?r%nlrgf a single dosage 20unit
or else asitiradity: sfaduranieYddsade baits B BynmultipleradraidistiatioyCof-divided doses at particular

interval la.inhikitors can b ministered both as monotherapy and in combination or together

it il PO Tt N So At Al BV Sl S IR 554 DIl

(plasmirpgeraastivalions of evens iRk iier substances having profibrinolytic activity,

antihypertensives, regulatars of blood glucose, lipid-lowering agents and antiarrhythmics. Examples
[ R g

30Final ¥odae afoHisem Rd by MhEs pEu'dSchsieriet ol G-AB-0B%I- MS) and
LH-NMRERCIAInRaa 65 o Eeibaeaksale eaid I gEhoases FPMpRRles afe stated in

degrees Celsius; RT means room temperature (21C to 24C). means tritfluoroacetic acid, THF
means tetréhydirgfuran, DMF means dimethylformamide, HATU means

2-(7-aza-1H-benzotriazol-1-y1)-1,1,3,3- 2009/146802PCT/EP2009/003650 29

teﬁrgme ?%Pog%bﬁ%@%@lﬁ’ﬁ%ﬁ%&ﬁ%&%ﬁ%@%éﬁ@1%@8&%&9-%%5% &rixGridzdleP Abbreviations
used arélgitheb @XSIaifEd ar e®respantbtofISua conyentions. (.25 maess sialed etherwisaithe LC/MS
analyse vn\_/je%e{é:t%rrriegﬁut under the following 5conditions: Method A: = method column: YMC Jsphere
H80 20x2 n?m, pac?(ing material 4 gm, mobile phase: CH3CN:H20 + 0.05% trifluoroacetic acid (TFA),

gradient) 486 (Dudidaipth @HEN(2se nohng e 8 Ba(hid mind tetibi96 (2 Abcanineflew miesiicg ml/min.,

temper +30C, 10Method,B: column: Phenomenex.LunaCis 10 x 2.0 mm, packing material 3 pm,
mobile ?ﬁ@ﬁ‘c%gﬁpﬁﬁﬁ %WBCE%%‘%]JEKL L&%%F’e%f‘??@é ﬁﬁ?ﬁ) Or@g_aéaa\_/g R?f@ 5 @.4 min) to
7:93 (1.A5enirey fidwsatdéR R ) Isintanie] (eRperatvee: 38Ciddethhd QzsolinannaidatetsXRiicgeC18,
4.6*50 > radient; H2Q.+ 0.05% TFA:CH3CN + 0,05% TEA 95:5.(0 min) to 95:5 (0.3 min) to
505 (3 G D BT RN IACe o5 e bR GO MRLres 2

mobile phase.

Evaporation of solvents normally took place under reduced pressure in a rotary

evaporator at 35°C to 45°C.

20 Example 1-1 '
{S)-6-Amino-2-[3-((9S,12R)-9-isopropyl-11-ox0-2,7-dioxa-10-
azabicycio[12.2.2Joctadeca-1(17),14(18),15-trien-12-yl)ureido]hexanoic acid



Method D: column: Waters XBridge C18 4.6*50 mm; 2.5 pm gradient: H20 + 0.1% formic acid:CH3CN
+ 0.08%formisnacid &3 (0 min) to 40:60 (3.5 min) to 2: 98(4 min) to Zﬁ@ﬁﬁz’iﬁﬁ@ @/@(Y%ééz min) to
97:3 (6.5 min), flow rate: 1.4 ml/min, temperature: RT. 20 Method E: column: YM(QJ Jsphere 33*2 mm,
4 pm, H80, gradient; H20 + 0.05% TFA:CH3CN +1.05% TFA 98:2 (1 min) to 5:95 (5.0 min) to 5:95
(6.25 min), flow rate: 1 ml/min, temperature: RT. Method F: colymn: WatersXBridgeCis, 4.6*50 mm,
2.5 pm, grag(ge\rLtz\Hzo +#_Q$l‘)_/q{EQ\I’Ln\IQ/aCId:CH.3QN + %OJQ@IC acid 97:3 (0 min) to 40:60 (3.5 min)
to 2:98 25(4 min) t5:2:98 (5 min) t6' 9743 (5.2’min) to 97:3 (6.5 mili}, temperature: RT. Method G:
column: WatersXBridgeC18, 4.6*50 mm, 2:5 pm; gradient: H20 + 0.05% TFA:CH3CN + 0.05% TFA
95:5 (0 min) to 95:5 (0.2 min) to 5:9%1?2.4 min) to 5:95 (3.5 min) to 95:5 (3.6 min) to 95:5 (4.5 min),
flow rate: 1.7 ml/min, temperature: 50C. 30Method H: column VVatersXBridgeCia, 4.6*50 mm, 2.5 pm;
gradient: H20:+ 0.0%% TFA:CH3CN + 0.05% TEA 95:5(0 anin) to 95:5 (0.2 min) to 5:95 (2.4 min) to
5:95 (3.§gn\m/)\ttd) 95°5(3.3 min) to 95:5 (4.0 mn»\flmUaIgM in, temperature: 40C. WO
2009/146802PCHEP2009/003650 30 Method I: colum:ﬁr}ik romolith FastGrad RP-18e, 50x2

8:2 (

mm; gradiie@ ~H20 + 0.05% TFA:CH3CN + 0.05% TFA 0.2 min) to 2:98 (2.4 min) to 2:98 (3.2
min) to 98:2 (3.3 mi 8:2)(4 min), flow rate: 2:0i/mif, tepp %}- e: RT. Method J: column: YMC
Jsphere 33*2 mm, 4 adient: H20 + 5 0.05% TFA:CH3C ie@ TFA 98:2 (1 min) to 5:95 (5.0
min) to 5:95 (6.25 min), flow rate: Irril/min, temperature: RT. Method K: column YMC Jsphere 33*2
mm, 4 pm, H80, gradient: H20 + 0.05% TFA:CH3CN + 0:65% TFA 96:4 (0 min) to 5:95 (2.0 min) to
5:95 (2.4 min) tb 96:4 (2.45 min). 10 Method L: column YMC Jsphere 33*2 mm, 4 pm, gradient:
CH3OH + 0.05% TEA: H20 + O.OSO/%TEA 2:98 (1 min) to 95:5 (5 min) to 95:5 (6.25 min), flow rate: 1
ml/min, te@peraﬁir(;'NRT. Unless indic otherwjse, |chromatographic separations were carried out

r ated
on silica@e‘rm et} 'y?zagggatelcgbéﬁg/%ﬁ(#ufgs\ﬁfg #hobile phase. Preparatiye separations on

15reversed p (RP) silica ge] (HP::6) wete carried out;unless indjg;f@d)@f)grwks\eﬁn C18-RP
phases a ttieAary phase and A-acetonitrite mixtures as mobile ﬁha;se.\ﬁvapor%ﬁion of
solvents normally took place under reduced Lrein a rotary eva orw 35C to 45C.

12 1-9F b o 15

NH,

A (S )-3-Methyl-2-{[1-phenylmethylidene]amino}butan-1-ot
2.64 mi (2.78 g, 26.16 mmol) of benia%dehyde were added {6 a stirred solution of
2.57 g (24.91 mmol) of L-valinol in 28 mi of toluene, and the mixture was heated
5 under reflux with a water trap for one hour. Cooling was followed by concentration

and recrystallization from heptane. The colorless solid was filtered off with suction
and dried under reduced pressure (3.74g).
"H-NMR (DMSO-d6, 400 MHz) §[ppm] = 8.23 (s, 1H), 7.77 (d, 2H), 7.45-7 .40 (m,
3H), 4.49 (1, 1H), 3.68-3.31 (m, 1H), 3.48-3.40 (m, 1H), 2.96 (ddd, 1H), 1.94-1.81 (m,

10 1H), 0.88 (s, 5H).
B. {S)-1-Allyloxymethyl-2-methylpropylamine
1.25 g (60%, 31.36 mmol) of sodium hydride were added to a solution of
3.00 g (15.68 mmot) of (§)-3-methyl-2-{[1-phenyimethylidene]amino}butan-1-ol in
28 ml of dry THF, and the mixture was stirred at RT for 45 min. Then 1.43 ml

15 (16.46 mmol) of allyl bromide were added, and the mixture was stirred further at RT
overnight. 20 mi of methanol were added to quench, and the mixture was acidified
(pH 1) with 1N hydrochoric acid and stirred further. After 3 h, the reaction mixture
was washed twice with dichloromethane, and the combined dichloromethane phases
were extracted with 1N hydrochloric acid. The combined aqueous phases were

20 basified with 1N sodium hydroxide solution (pH 14), saturated with scdium chloride



20 Example 1-1 (S)-6-Amino-2-[3-((9S,12R)-9-isopropyl-11-oxo-2,7-dioxa-10-

azabicyqlaplZod@igstageca-1(17),14(18),15-trien-12-yOureido Thexanpie peig-¥WQi003650
2009/146802PCT/EP2009/003650 31 'BA/N1B.7 HO "A.

(S)-3-Methyl-2-{[1-phenylmethylidene]amino}butz%?—l-ol 2.64 ml (2.78 g, 26.16 mind) of benzaidehyde
were adgledl ixeastisteechsolution oLaiB Em(R4tanmalhofustyalingbin 2 & ml o Jehepgasinshthe mixture

was heated upder reflux with a water trap for one hour. Cooling was followed by concentration and

recrystafiZRtiOA FroRTHEPEShR SANC dIMSESMCIIANES fYSreRPE et ol SAeCcRdd under reduced

pressuredBcit@ated, ditrNMB(DMS6, 408 IMbiz:iPBAY 282 snlddh bRt dbLH)sE.45-7.40 (m,
3H), 4.49 ﬁ,léLH ,3.68-131 (m, 1H), 3,48-3.40 (m, 1H), 2.96 (ddd, 1H), 1.94-1.81 (m, 101H): 0.88 (s,
5H). B. %; > A GATHRAHD H- Y5 PRABTARY ARS8 4OE0NE- 181,36 mmol) of sodium hydride were

added to@/meutineipb3.00 @(E@G&nﬁ,ml)m‘z@)fpaynmmwp{[l-phenylmethylidenejamino}butan-l-ol in
28 ml of dry TH%E and the mixture was stirred at RT for 45 min. Then 1.43 ml 15(16.46 mmol) of allyl
d

bromidé-were AddetfCART th¥ TRt d (ds! dbired RIMRYR RS RY Do R GIR7MHRIALI were

added to-genglh and 4he rabsiureanamagigified (pH 1) with 1N hydrochoric acid and stirred further.
After 3 h, the reaction mixture was washed twice with dichloromethane, and the combined

dichlorofRefAahenAS QAR B L aces A AMOINPRF RO ERISHE 148! 4 VORI SRIRBVE phases

were 2Qiragifigdrpitiodidl sodiwsrbysirxide solutiondptnl 4F, satuksiad avith sodiumsphloride WO
2009/146&3682PCT{(%]PZOO%/OO%SO 32 and extracted three times with ethyl acetate, readjusting the pH
afleh eafAERBAL

&G (ShU oMM Do KASREAEURiI@nSVcr 48 BiuRP Araid Hitered and
concenatedy afigyiakenupcansedingien] eianeetharerapgaorincogeratratadrd & gafthe title

compound were gptained as g pale yellow liquid, 5L C/MS (method A): Rj = 0.68 min, m/z: 144.2 [MH].
o NGRS B s P SRR et YA E Ay B SHEA B P 2ot
2-(4-allyndtyphenypeihyticashamaietd s 44 e (68 Ssummal)cefr-bonate solution and dilute
(R)-3-(4-allyloxyphenyl)-2-(9H-fluoren-9-ylmethoxycarponyl- amino)propionic acid were introduced into
400 mldhyglyﬁﬁ%%d‘f Fr&k gégﬂia%a%aﬁi&’ﬁ%fg@. Y8 ?fl‘j%f‘?\@ﬁgdroxybenzotriazole and
1198 go@@:edtratedl) and the residue was separated by chromatography on silica gel.
13.55 g of the desired compound were obtained.
LC/MS (method A): R; = 1.95 min, m/z: 569.3 [MH"].
D. 9H-Fiuoren-8-yimethyl ({93,12R)-9-isopropyi-11-oxo-2,7-dioxa-10-
azabicyclo[12.2 2loctadeca-1(17),4,14(18),15-tetraen-12-ylcarbamate
20 | A solution of 1.25 g (2.20 mmol) of 9H-fluoren-9-yimethyl [(R}-1-((S)-1-
allyloxymethyl-2-methyipropylcarbamoyl)-2-(4-allyloxyphenyhethyllcarbamate and
0.40 ¢ (0.659 mmol) of dichloro(o-
isopropoxyphenylmethylene)(tricyclohexyiphosphine)ruthenium (Hoyveda-Grubbs
catalyst) in 610 ml of dichloromethane was stirred at 40°C for 24 h. The reaction
25  mixture was then concentrated, and the residue was purified by chromatography on
silica gel. 1.03 g of the desired compound were obtained as a colorless solid.
LC/MS (method A): Ry = 1.75 min, m/z; 541.3 [MH"].
E. (85,12R)-12-Amino-9-isopropyl-2,7-dioxa-10-azabicyclo{12.2 2]octadeca-
1(17),14(18),15-trien-11-one
30 A mixture of 6.82 g (12.62 mmol) of 9H-fluoren-9-yimethyl ((9S,12R)-8-isopropyl-11-
oxo-2,7-dioxa-10-azabicyclo[12.2.2]octadeca-1(17),4,14(18),15-tetraen-12-yl)-
carbamate and 4.4 g of 10% Pd/C in 880 ml of methanol was stirred under a
hydrogen atmosphere at RT. After 6 h, it was filtered and freed of solvent. The

residue was separated by preparative HPLC. The required fractions were combined,



of N,N'-dicyclohexylcarbodiimide, stirred at RT. After leaving the mixture to stand overnight it was

filtered anehcanepniraigd. The residue was taken up in ethyl acetate anshwaspsgeusgsssively with

saturated sodium bicarbonate solution and-dilute hydrochloric acid. The organic phase was dried over
sodium sulfate and 15concentrated, and the resi was separated by chromatography on silica gel.

13.55 g gtdhenderirad cempaitatbwerne ehfainedrdLihhg EnathiadkAbiRion 83 Miggdiz: 569.3 [MK].
D. 9H-Fluoren-9-yImethyl ((95,12R)-9-isopropy1-11-ox0-2,7-dioxa-10-
azabicy@ll&qtﬁ}’f%%f?d\é@ 3PP PIRABCIS R HM ABIGHEEBEARR VS A XHARIER BEYEPY g (2.20

mmol) of Absfinprestd yimetind [ERE HESDohbined organic phases were dried over sodium
aIIonxymetg{%-Z-methylpropylcarbamoyl)-Z-(4-aII loxyphenypethyl]carbamate and 0.40 g (0.659

mmol) of' i@ ordiBaeSHI SORFSIEIR AT tHPRBHE R HBR G SR s heiu@idlum (Hoyveda-Grubbs

catglysthife 0/ mEaiaiehlorameibane wes sHE el atdRp dand4 5 obhg reaction 25mixture was then
concentrated, and the residue was gurified b chromat?%%aphy on silica gel. 1.03 g of the desired

compodn@fwiérérﬂﬁia%’a)ég{a:célg SR RE L& MS fethod A): Rt = 1.75 min, m/z: 541.3 [MH+]. E.

(95;_12Ri):12-%@&&@&95@7@%@&%&%@%%@?@%@9LE@ RiC bhadA8)ela:trien-11-one
30A mixture of 6.82 g (12.62 mmal) of 9H-fluoren-9-ylmethyl %98 12R)-9-isopropyl-11-
oxo-2,7-?d%“%T@%Qﬂ@%@éﬁ?ii?Z%)ngG&%@??I%?},hﬁﬁ@ﬁh &éi@%’ﬂ&?-yl)- carbamate and 4.4 g

- of 10% RaliceinsiBemhehmethanol was stirred under a hydrogen atmosphere at RT. After 6 h, it was
filtered and freed of solvent. The residue was separated by preparative HPLC. The required fractions

werk comBRHBHONRD! 2806/ 1hES0PBET EPISHHE B $856-88 e ffle was evaporated off, and the
resulting a@ugersmseltion was raade ©iahtyoieing With Sedivmocarpornaien g agueous phase

was extracted several times with ethyl acetate, and the combined organic phases were dried over

sodium SHHREATIRTR Y CoahEA RN e h A ARG A BRPERE G ed ith €thyl Sacetate/methanol

mixtgrealimmm@ﬁﬂ@@gm@ymﬁhézsﬁﬂ@a-mm&mﬂmmwﬁéégadﬁiaf m&g3al.2 [MH]. F.
tert-But . . .

(5)- -1 MG AIHES AE T8 158 AR GHFERs L RE 5 RS PR BTN L2.2. 2loctad
ece 1(17),3468)bhr tifeh<l 2olyburaigaTieanants WMigo ki teneld:2%e(4es apmaiof tert-butyl
(S)-2-amino-6-tert- pbutoxycarbopylaminohexanoate hydrochloride, 1.43 ml (1.04 g, 10.30 mmol) of
triethyla\ﬁﬁ'ﬁe‘er‘a?{béd. Cﬂ%ﬁ%’% ‘?ﬁ%%‘f’) W?éﬁ%ﬂﬂ&f?ﬁﬁ&’é@ﬁl’é WA enIeaRA@RYIformamide (DMF) was
stirred aidRTdotrdtbanthihesia solutiensehba@in Oomei-PIME Wes @dded thbednixtdee was stirred
at RT and left to stand overnight. 15 vag_ra;ion of the solvent was followed by partition between ethyl

acetate K AR CAR GINPEFGA AR D HESS WAS TR ILA S SBEIHM SRRl HRis dPaMPEBrtentrated.

The residgeanaigiseparaitdd\apie pasative HE Wasandrthexequiredt raciions werggombined and freed
of acetoni%i@ﬁ(gdium bicarbonate was (ijse to make, inghtIﬁ alkaline, and the mixture was extracted
with etH§? OF 9RO RBAMSTR AU FgRNRE PhAL ORI BBy B LEH FRSHRIARS IRk and

concentiated; B t8gtpktke tile compeidnshitasahtained.

LC/MS (method A): R, = 1.68 min, m/z: 649.4 [MH"].
G. (S)-6-Amino-2-{3-((8S,12R)-9-isopropyl-11-ox0-2,7-dioxa-10-
azabicyclo[12.2.2]octadeca-1(17),14{18),15-trien-12-ylureido]hexanoic acid

25  0.71 g {(1.10 mmol) of tert-butyl (S)—6-iert~bu’£0xycarbonylamEno—2-[3—((98,1ZR)«Q-
isopropyl-11-ox0-2,7-dioxa-10-azabicyclo[12.2.2]octadeca-1(17),14(18), 15-trien-12-
yhureidolhexanoate was dissolved in 11 ml of dichioromethane, and the same
volume of trifluoroacetic acid was added. Stirring at RT for 4 h was followed by
concentration and fractionation of the residue by preparative HPLC. The required

30 firactions were combined and, after evaporation of acetonitrile, mixed with diiute
hydrochloric acid, concentrated further and finally freeze dried. 0.42 g of the title
compound was obtained as hydrochloride.
"H-NMR (DMSO-d6, 400 MHz) & [ppm] = 7.79 (3H, s, br), 7.22 (1H, d), 6.99-6.90 (m,
3H), 6.87 (d, 1H), 6.29 (d, 1H), 5.79 (d, 1H), 4.32-4.17 (m, 3H), 4.10 (dd, 1H), 3.29-



LC/MS (method A): Rt = 1.68 min, m/z: 649.4 [MH1. G.
(S)-6-Anine-Zs63{96:42R)-9-isopropyl-11-oxo-2,7-dioxa-10-
azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-ypureido|hexanoicpgc?éEfg&%/%ﬂgfi% mmol) of
tert-butyl (S)-6-tert-butoxycarbonylamino-2-[3-((98%12R)-9- |
isopropyd:18-ax0-9hif; dioxa é@;a@pigw@lgﬂgms)gﬁaﬂ%%lﬂ?b YA(18) S tEEN R -1 1),
yOureidgThexanoate was dissolved in 11 ml of dichloromethane, and the same volume ‘of
trifluoroacétic atidad a&&agéﬂrrﬁﬁ)aﬂﬁ? fer 4'hlvas followed by concentration and fractionation of

the residugyisRrapaialve)HR (o Shevipguired 39:fragiiens were combined and, after evaporation of
acetonitrile, mixed with dilute hydrochloric acid, concentrated further and finally freeze dried. 0.42 g of

the title ¢EMPARY TELS GHRRISS S h HBiaEHIS 2N ACRIVFOUSNISO0ES bacon ez  dpa] = 7.79 (3H,
s, b5), 7 230¢bhsigle 6956 8R4I BT &vatNop.29 (d, 1H), 5.79 (d, 1H), 4.32-4.17 (m, 3H), 4.10

(dd, 1H)-3.29- W0 2009/146802PCT/EP2009/003650.34 3.18 (m, 3H), 3.12 (dd, 1H), 2.96-2.87 (m,
2H), 2.852@.’7@'(% DANS 65 (dd, 1H), 1.78-1.2 (m, 11H), 0.72 (dF8H), 0.8¥4d, 2H)Me&s (method
A): Rt £ 0.94 min,im/z: 493.4 [ME]. The following examples w Fﬁif;?)btaifﬂﬁ}q*i]" an analogous manner
by employing the Bappropriate amino alcohols instead of valinol: Example Name Rt (min) m/z [MH1

Methodl 2 (S)-6-AinoATRER)B1R014 Piokd -tz dbicydoli7 | 4514 | A

2.2.2]qctadecal(17) AL 3HLpririentdyhyreidoThexanoic acid 0.77 451.4 1-3
(S)-6-Amino-243- (R§-9,9-dimethyl- 1-oxo
[
ac

2,7-dioxa-10-azahicytorl 20 Piddtesa ey reidedy@6ama-12-yOurdidoThexanoic acid 0.93 479.2
A id
1-3 (8)-6-Amino-2-[3-((R)-2,9-dimethyl-11-oxo- | 0.83 | 479.2 A
2,7-dioxa-10-azabicyclo[12.2.2]octadeca-
1(17),14(18),15-trien-12-yhureido]hexanoic
acid

1-4 (S )-6-Amino-2-[3-{(9S,12R}-11-0x0-8- 0.96 | 5275 A
phenyl-2 7-dioxa-10-

azabicyclo{12.2.2]octadeca-
1(17),14(18),15-trien-12-yhureidolhexanoic
acid ‘

1-5 (S)-6-Amino-2-[3-{(93,12R)-9-benzyl-11- 1.03 | 5413 A

ox0-2,7-dioxa-10-

azabicycio[12.2.2]octadeca-
1(17),14(18),15-trien-12-yhureido]hexanoic
acid

1-6 (S)-6-Amino-2-[3-((98,12R)-9-cyclohexyl- 1.02 | 5333 A
11-0x0-2,7-dioxa-10-
azabicyclo[12.2.2]octadeca-
1(17).14(18),15-trien-12-yhureido]hexanoic
acid

1-7 (S)-6-Amino-2-[3-({95,12R)-9-ethyi-11-0x0- | 2.26 |479.26 | C
2,7-dioxa-10-azabicyclo{12.2.2]octadeca-
1{17),14(18), 15-trien-12-ylureido}hexanoic

acid




1-4 (S)-6-Amino-2-[3-((9S,12R)-11-0x0-9- phenyl-2,7-dioxa-10-

azabicyclpfl 2hglegtagecal(17),14(18),15-trien-12-yOureidolhexanoic @fi%% =
(S)-6-Amino-2[3-((9S,12R)-9-benzyl1-11- oxo-2,7-dioxa-10- azabicyclo]l &%B&b%é
2.2.2]octadecal(17),14(18),15-trien-12- yOureidoI%xanoic acid 1.03 _541.3 1-6
(S)-6-Aminp-2-{3 (195 WRITHEVSIPNROL FR0K0-2dliona:10- Rgapicyplph2 s 2logadeca 1
(17),14(18),15-tr|e yOureldoT exanoic acid 1.02 533.3 A 117

(S)-6-Amino-2-[3- (9’8%%@')@%}7@11 -0XO-
2,7-dioxa-10-azabjcyslehd @0?190 ¢ald14),14(18),15-trien-12-AureidoThexanojc acid 2.26:479.26

C WO0;2009/1468p2PCT/EP2009/003650 35 1-8 (S)-6-Amino-2-[3-((9S}12R)-9-methyl-11-
ox0-2,7-dioxa-10- 121217 ),14(18),15-trien-12-ylureido]hexanoic

acid
1-9 {S)-6-Amino-2-[3-((98,12R)-9-tert-butyl-11- | 2.39 1 507.33 ' E

oxo-2,7-dioxa-10-

azabicyclo[12.2.2]octadeca-
1(17),14{18),15-trien-12-ylureido}hexanoic
acid

1-10 (S)-6-Amino-2-{3-[(95,12R)-0-((S)-sec- 241 150724 |C
butyl}-11-oxo-2,7-dioxa-10-
azabicyclo[12.2.2]octadeca-
1(173,14(18),15-trien-12-yljureidothexanoic

acid

Example 2-1
(S)-6-Amino-2-[3-((138,16R)-13-isopropyl-15-ox0-2,11-dioxa-14-
azabicyclo[16.2.2]docosa-1(21),18(22),19-trien-16-yiureido]hexanoic acid
5 A (R)-1-(2-Hept-6-enyioxyethyl}-2-methylpropylamine
A solution of 3.00 g (15.68 mmol) of (8)-3-methyl-2-{[1-
phenylmethylidenglamino}butan-1-ol (1-1A) was prepared in 28 mi of dry THF under
argon, 1.50 g (60%, 37.51 mmol) of sodium hydride were added, and the mixture
was stirred for 45 min. Addition of 2.83 g {15.68 mmol) of 7-bromohept-1-ene was
10 foliowed by stirring further overnight, cautious guenching with 20 mi of methanol,
subsequent addition of 300 ml of 1N hydrochlioric acid (pH =1) and stirring at 40°C
for 2 h. The mixture was washed with dichloromethane, and the agueous phase was
adjusted to pH 14 with 1N sodium hydroxide solution and extracted three times with
ethyl acetate. The combined organic phases were dried over sodium suifate, filtered
15 and concentrated. 0.91 g of the crude product was obtained. The crude product was
reacted further without further purification.
LC/MS (method B): Ry= 0.72min, m/z: 200.2 [MH"].
B. 9H-Fuoren-g-yl-methy! [{R)-2-(4-allyloxyphenyi)-1-((S)-1-hept-6-

enyloxymethyl-2-methylpropylcarbamoyl)sthytlcarbamate



465.25 C azabicyclo[12.2.2]octadeca-  1(17),14(18),15-trien-12-yl)ure do]hexanoic acid 1-9

(S)-6-Aminot34(@5sad2R)-9-tert-butyl-11- oxo-2,7-dioxa-10- 2.39 507P%3F/EP2009/003650
azabicyclo[12.2.2]octadeca- 1(17),14(18), 154“8?6n -12-yl)ureido]hexanoic acid 1-10

A solution of 2.02 g (4.57 mmoi) of N—a-(Q-fluo'renylmethyioxycarbony%)~O~al§yi—D—
tyrosine in 46 ml of DMF was mixed with 0.77g (5.02 mmol) of 1-
hydroxybenzotriazole and 1.04 g (5.02 mmol) of N,N'-dicyclohexylcarbodiimide and
stirred at RT for 2 h. Then 0.91 g (4.57 mmol) of (R)-1-(2-hept-6-enyloxyethyi)-2-

5 methylpropylamine was added, and the mixture was stirred further at RT and left to
stand overnight. The precipitate was then filtered off, the filtrate was concentrated,
the residue was taken up in ethyl acetate and washed successively with saturated
sodium bicarbonate solution and dilute hydrochloric acid, and the organic phase was
dried over sodium sulfate, filtered and concentrated. The residue was separated by

10 preparative HPLC, and the reguired fractions were combined, freed of acetonitriie
and extracted with ethyl acetate. The organic phése was dried over sodium sulfate,
filtered and concentrated. 1.02 g of the title compound were obtained (method D): R,
= 5.48 min, m/z: 669 [M-H+HCOOH.

C. OH-Fuoren-8-yi-methyl ((135,16R)-13-isopropyl-15-ox0-2,11-dioxa-14-

15 azabicyclo[16.2.2]docosa-1(21),4,18(22),19-tetraen-16-yl\carbamate
A solution of 1.01 g (1.61 mmol} of 9H-fluoren-9-yi-methyi [(R)-2-(4-allyloxyphenyi)-
1-({S)-1-hept-6-enyloxymethyl-2-methylpropylcarbamoytiethyllcarbamate and 0.15
(0.24 mmol) of dichloro(o-isopropexyphenylimethylene)(tricyclohexylphosphine}-
ruthenium (Hoyveda-Grubbs catalyst) in 460 ml of dichloromethane was stirred at

20 40°C for 24 h. The reaction mixture was then concentrated, and the residue was
purified by chromatography on silica gel. 0.87g of the desired compound was
obtained as a coioriess solid.

LC/MS (method C): R: = 4.30 min, m/z: 597.39 [MH"].
D. (135,16R)-16-Amino-13-isopropyi-2,11-dioxa-14-azabicyclo[16.2.2]docosa-

25  1(21),18(22),19-trien-15-cne
A mixture of 0.87 {1.46 mmol) of 9H-fluoren-8-yl-methyl ((13S,16R)-13-isopropyl-15-
oxo-2,11-dioxa-14-azabicyclo[16.2.2]docosa-1(21),4,18(22),19-tetraen-16-yi)-
carbamate and 0.16 g of 10% Pd/C in 100 mi of methanol was stirred under a
hydrogen atmosphere at RT. After stirring overnight and addition of 0.5 ml of

30  piperidine, stirring was continued for 2 h, and the mixiure was filtered and freed of
solvent. The residue was separated by preparative HPLC. The required fractions
were combined and freeze dried. 0.18 g of the title compound was obtained as
trifluoroacetate.

LC/MS (method C): Ry = 3.07 min, m/z: 377.22 [MH™].



(S)-6-Amino-2-{3-[(9S,12R)-9-((S)-sec- buty1)-11-ox0-2,7-dioxa-10- 2.41 507.24

azabicyg{%ﬁﬁ]&%@gca— 1(17),14(18),15-trien-12-y|]ureido}hexag@ﬁ: /%ggoogm%e 2-1

(S)-6-Amino-2 6R)-13-isopropyl-15-0x0-2,11-dioxa-14-
azabicyclo[16.2.2]docosa-1(21),18(22),19-trien-1%~yl)ureido]hexanoic acid

5A-(R)-%(2-He(et{~%~%tﬂesy§-t -?(?3@9@B@pﬁ%9b§@a?mﬁfﬁ1%9!ﬁ&w@ 9438%9. (1068 mmol) of
(S)-3-methyl-24[ -[éphen Imethylidene]aminolbutan-1-ol (1-1A) was prepared in 28 ml of dry THE

under afgeR IS0 Q@)%QQ?@@&@&) Gt d8dit ntrgtrite Yiere dedrerantdaseithixture was stirred for
45 min-A@@iﬁ%@B@@%@%%é:@% sl lef) grbéqwrfléms%ﬁnﬁov_@.&%&%% P%a%%%% %ﬂthef

overnight, cautious %uenc ing with 20 ml of methanol, subsequent addition of 300 m

hydrochigAea¥RIQIA- 2 Bl dperstining lat UWie2iot 2 emhtonainture Wlswiashddwirairtittdmethane,
an%theta%@@&g(@W%W)%HSEQ%%HMM%QHégﬂw,%ﬁgﬂ%ﬂ%ﬁﬁ%% A extracted three

times with ethylacetate. The combined organic phases weredried over sodium sulfate, filtered 15 and

concentidttd 90. b1 g OMAB &fude hrdanitnsvasivathimnserrie eruddtprdduntivas2demged further without

further pricalinR |FA4S (meined. B BirmOoTRMIBLBA 2002 M ih R St lygren-0-yl-methy
[(R)-2-(4-allyloxyphenyl)-1-((S) hept-6- enyloxymethy1-2-methylpropylcarbamoyDethylicarbamate WO
2009/1m@hg¢(éf/g@mg/ggggggaggj the mixture was stirred for 3 h. It was concentrated

and pariitioned between water and ethyl acetate, and the organic phase was dried
10 over sodium sulfate, filtered and concentrated. The residue was purified by
preparative HPLC. The required fractions were combined and concentrated. The
residue was taken up in 20 ml of dichloromethane/TFA (1:1, v/v) and left to stand for
2 h. The mixture was concentrated, dissolved in 1N hydrochloric acid with a little
acetonitrile and freeze dried. An amorphous solid (0.12 g) was obtained as
15 hydrochloride. LC/MS (method C): R, = 2.88 min, m/z: 549.21 [MH"].

Example 3-1 (§)-6-Amino-2-[3-((E)-(9S,12R)-8-isopropyi-11-ox0-2,7-dioxa-10-
azabicyclo[12.2 2]octadeca-1(17),4,14(18),15-tetraen-12-yl)ureidolhexanoic acid
The title compound was obtained in analogy to Example 1-1 with omission of the
20 hydrogenation step and without final freeze drying with hydrochloric acid directly as
trifluoroacetate. LC/MS (method A): Ry = 0.89 min, m/z: 491.2 [MH"].

Example 4-1 (S)-6-Amino-2-[3-{(35,6R)-3-isopropyl-5-oxo-1-oxa-4-azacyclotetradec-
E-yhureidothexanoic acid

25  The titte compound was obtained in analogy to Example 2-1 using Fmoc-D-
allylglycine instead of Fmoc-D-O-allyttyrosine,
LC/MS (method C): Ry = 2.35 min, m/z: 443.34 [MH"].
The following were obtained in the same way using other amino alcohols and, where

appropriate, using or introducing an ester protective group:



A solution of 2,02 g (4.57 mmol) of N-a-(9-fluorenylmethyloxycarbony1)-0-allyl-Dtyrosine in 46 ml of
DMF W%@i%@@bWi%%é?g (5,02 mmol) of 1- hydroxybenzotriazole an 10/@96%[9?083’%‘?@ of
NN'-dicyclohexylcarbodiimide and stirred at Rl for 2 h. Then 0.91 g (4.
(R)-1-(2-hept-6-enyloxyethyl)-2- Smethylpropylan®ie was added, and the mixture was stirred further at
RT and left to stand overnight. The precipitate was then filtered off, the filtrate was concentrated, the
residue_was taken up in ethyl acetate and washed successively with saturated sodium bicarbonate
solutioh &¥rd dllut@%?‘@rochlorlc acid, and the organic phase was diled ovemsodium I¥sifate, filtered and
concent The residue was separated by 10preparative HALO ﬁrﬂ thw lered fractionsiwere

e o IC

combined, freed of acetonitrile and extracted with ethyl acetate. T ase was dried over

sodium $uifate, filfered Grtiioncenititety -0 3 @B thERiié-compotidd were/ 8Btdindd (method D): Rt =
5.49 min, m/z: 6 HC 1-C. 9H yl

((13S,16R)-13- |§ogp()ir;¥8yla:iﬂ %%Hz%%aﬁi%gﬁ&&%@%
15azabicyclo[16. 2‘)21}(&%@017(@1%)?48128422) 19-tetraen-16-yl)carbamate A solutionjof 1.01 g (1.61

mmol) fof §F=fr ~t=attyloxyptenyd)-
1-((S)-1-h%pt-6-e%6§;I oxym{ﬁautﬁﬂ yﬁ/ﬂ ylgﬂgﬁc@ﬁﬁ%hyl]caréaﬁme 338'8515%(0.24 mmol) of
dichIoro(o-isopro@@@b‘h@@ﬁwéﬂ@?ﬂ@ﬂe?{lﬁ@@letﬁr@ﬁﬂm@phine)- ruthenium (Hoyveda-Grubbs catalyst)

in 460|ml of dIC %@:gg«@tﬁc’sgg@d at 20 40C for 24 h. The|reactiomn mixture was then
concentrated, and t ere was purified by chromatography on silica gel. 0.879 of the desfred

compauhd was|dbifaih&d)ab @ colvrliepysdiid3 bOR ((tRBNBR ) RES 4.360Bi4, m/B: 597.39 [MH ]. D.
(13S,16R)-16-Ami 6.2.2]docasa- :
251(21),18(22), %%&Eﬁ@g gmﬁ%g oé%aé? &@g arcr%(r%ol of 9H-fluonen-9-yl-nLethyI
((13S,16R)-13- |sﬂw6®§@1m63psonate !

OXO'Z,J.‘: Ii()Xd. O\LL) 19=tet | J. " mate-at d 0.16 g
of 109 )alg /ICin 100{411 g?)&bgé |Hanol 'gg stléﬁ?e%\ﬁﬁgg?a hydroger atmos here aTFH‘?After stirring
overnight and addd661-6:5 il - “Bopipeficine;4tirring was conilnued far 2 h, and the mixture was
filtered and free r by preparative HPLC. The required fractions
were dombined(zja\a (% g‘?@%@%o V??j tit jcg c;ﬁ\c%(r%ngpound was obtained as trlﬁluoroaceta e. LC/MS
(method C): Rt = 3.07 min, m/z: 377. 22 [MK], WO 2009/146802PCT/EP2009/003650 37

E.(S)-6 qugsa((lss 16R)-13-isopropyl-15-0x0-2,11-dioxa-14-

azabic 1:»36%%692 2]docosa-1(21),18(22),19-trien-16-yOureidolhexanoic acid A solution of 0.18 g (0.37
mmol) cﬁR()i@ﬁ@iA@%’émﬁr@lﬁwﬂb@W(@Sﬂdi@)&@-ﬁbpropyl 11-ox0-2,7-dioxa-10-

azabicy, of DMFE was.addeg 5to 60 mg (0.37

mr;%bgl) o%%[é%gc %E;?an%é%l%%ﬁ@)éﬂer igzjlﬁ)%no r@ r}a ei%oé\/l R aoﬁcc(j)f triethylamine,

stirred under n. After 10 min, 124 .37 mmol) of tert-butyl

(S)-2-aming- 6 rt- butoxycarbonylammohexanoate hydrochloride were added, and the mixture was
stirred for 3 A[ It fas concentrated and‘ﬁﬁar{ironed between water and ethypacetate, and the organic

phase was drled”Ivaer sodium sulfaté! eda oncentrated. Thé gefwa&purlfled by
preparative HP1:Ce: The required fractions-.were compbined-and concentrateq Thelresidue was taken up

in 20 m |chlol<emethane/TFA viv) left to stand for 2 h/'llhe mnétqre Was concentrated,
dlssolve@\lﬂ) rochloric acid @\a/llgl\r etonitrile and freejWQAnNamorphous solid (0.12 g)

was obtained as j ~ g
0 oA

514 N !
| ¥

o =
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15hydrochloride.LC/MS (method C): Rt = 2.88 min, m/z: 549.21 [MH+1. Example 3-1

(S)-6-Amine-Z ¥ EEED, 12R)-9-isopropyl1-11-oxo-2,7-dioxa-10- PCT/EP2009/
azabicyclo[12.2.2]octadeca-1(i7),4,14(18),15-tetraen-12-AureidoThexanoic ac% Qﬂgﬁ?t?e compound

was obtained in analogy to Example 1-1 with omig8ion of the 20hydrogenation step and without final
freeze drying-with hydrochlorjc acid dlrectly as trlfluoroacetate/LCéMS (method A): Rt = 0.89 min, m/z:

491.2 [Mkw/ﬁxamgé A.1S)-6-Amino-2[3-((3S,6R)-3- o . i L
sopropy1-5- oxo H-oxa- zacsyelot tradec6-yOurei doThexan0|d+aC|d Zﬁ/The tlt?e/éafnhound was

obtained ih an@logy yt xa re02 1 using Fmoc-Dallylglye |md of Fmot-D- O\fyltyrosme
LC/MS (mélfh @ 5 m/z 443.34 [MFII]. The~ ng e obt\hed in the same way
using other amino alcoho S a?id where appropriate, using or introducirig an eﬁfer protective group:
WO 2009/146802PCT/EI520(599/003650 38 Ex- ample Name Rt (mln)ﬂjﬁ/z [MH+] Method 4-2
(S)-3-(6-Aminogyftidin- 3 yI) -2-[3-((3S,6R)-3- isopropyl-5-oxo0-1-oxa-4-azacyclotetradec-6-

yOureldo]pFmenLc ?M{l&ﬂ H 4-3 (S)-3-(6-Aminopyridin-3-yl)-2-[3-((3S,6R)-3-
methyl-5-axo-1- 95?@/4~az yclcgﬂradec -6- yOureido]propionic acid 1.66 450.26 G 4-4

]\ /L\) “j

51 NH,
A. Benzyl (R)-3-(2-benzyloxycarbonylaminoethylsulfanyl)-2-tert-
butoxycarbonylaminopropionate
A solution of 2.30 g (5.77 mmol) of (R)-3-{2-benzyloxycarbonylaminoethylsulfany)-2-
5 tert-butoxycarbonylaminopropionic acid, 0.60 ml (0.62 g, 5.77 mmol) of benzyl
alcohol, 0.07g (0.58 mmol) of 4-dimethylaminopyridine and 1.33 g (6.93 mmol) of N-
(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride in 30 ml of |
dichloromethane was stirred at RT overnight. The reaction mixture was washed
successively with TN hydrochloric acid, 1N sodium bicarbonate solution and with
10 water. After drying over sodium suifate, filtering and concentrating, the residue was
chromatographed on silica gel. 2.09 g of the title compound were obtained as a
colorless oil. LC/MS (method C): Ry = 3.63 min, m/z: 389.17 M-Boc+H"].
B. Benzyl (R}-2-amino-3-(2-benzyloxycarbonylaminoethylsulfanylipropionate
A solution of 0.50 g (1.023 mmol) of benzyl (R)-3-(2-benzyloxycarbonylaminoethyl-
15 sulfanyl)-2-tert-butoxycarbonylaminopropionate in 5 mi of dichloromethane was
mixed with the same volume of trifluoroacetic acid and left to stand at RT for 1 h. it
was then concentrated and directly reacted further.
LC/MS (method A): Ry = 1.06 min, m/z: 389.1 [MH™].
C. Benzyl (R)-3-(2-benzyloxycarbonylaminoethylsulfanyi)-2-[3-((9S,12R)}-9-
20  isopropyl-11-ox0-2,7-dioxa-10-azabicyclo[12.2 2]octadeca-1(17},14(18),15-trien-12-
yhureido]propionate
A solution of 166 rﬁg (1.02 mmol) of 1,1’-carbonyldiimidazole in 8 mi of DMF was
mixed with 515 mg (1.02 mmol) of the trifluoroacetate from step B and 0.57 ml (415
mg, 4.10 mmol) of triethylamine. A solution of 328 mg (1.02 mmol) of {9S,12R)-12-
25  amino-B-isopropyl-2,7-dioxa-10-azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-11-
one (1-1E) in 8 ml of DMF was added to this mixture under argon, and the mixture

was stirred at RT overnight. The reaction mixture was then concentrated and



Ethyl (S)-3-(6-aminopyridin-3-y1)-2-[3-((3S,6R)- 3-isopropyl-5-oxo-1-oxa-4-azacyclotetradec-6-

yl)ureidajpropigiate; §:66 506.4 4-5 Ethyl (S)-3-(6-amino-pyridin-3-y|)-%—@r
((3S,6R)-3-methyl-5-0x0-1-0xa-4- azacyclotetradec-6-yOureidolpropionate 'fgf %0%03(1/3%50 Example

5-1 (R)-3-(2-AminoethanesuIfonyl)-2{3-((98,12R)"ﬂ@-isopropyl-ll-oxo-z,7-dioxa-10-

Sazabicyelpbrad lockdaarat(b7Hb4( 8rASEenEa-AEaIRIRIRRIORInAGIthe BrWRsed of
2009/146802PCT/EP2009/003650 0 5-1ENH2 A. Benzyl

(R)-3-(2%99@%&%%ﬁ?%iﬁ%&%@%@h‘%ﬁgﬂ)ﬂi@f@W%&éf%é@ﬁdﬁ%ﬁﬁ%@%ﬁﬁiﬁa@w tiution of

2.30 g (orgammsh-pb(RiSdAepavianmarhaiyamineiadssifandlcsntrated. 222 maq of
5tert-bu%gxycarbonylaminopropionic acid, 0.60 ml (0.62 g, 5.77 mmol) of benzyl alcoho?, 0.07g (0.58

mmol) of V4 GetRyIRAShYREEMANE33 g (6.93 mmol) of

N(35dimgmyd@*(imr@@yﬂ‘)fN‘:eth;ﬁgqﬁqd,i{%dgjygrwmq(ide in 30 ml of dichloromethane was stirred
at Rl overnight, The reaction mixture was washed successively with IN hydrochloric acid, 1N sodium

bicarbortate soRRIOARHY W TRILEP KFRIPARNRY Ve EedaRvEarte2 flteliRg dRREShcentrating, the

residue wasepigmategrapiedioresiica gebid 0 g oiAhedilscempqund were phiajngd 35 a colorless
oil. LC/M%é_m,ethod C): Rt = 3.63 min, m/z: 389.17 [M-Boc+EIl]. B. Benzyl
(R)-2-aMit SYRINERIGEGcarbonylaminoethylsulfanyl)propionate

A mixture of 222 mg {0.30 mmol) of benzyl (R)-3-(2-benzyloxycarbonylaminoethyl-

10 sulfanyl}-2-[3-((88,12R)-9-isopropyl-11-ox0-2,7-dioxa-10-azabicyclo[12.2.2]
octadeca-1(17),14(18),15-trien-12-ylureido]propionate in 5 ml of methano! and 5 m|
of water was cooled to 0 C and 742 mg (1.21 mmol) of Oxone were added in
portions. After 2 h, the mixture is diluted with ethyt acetate, and the organic phase is
separated off and extracted twice more with ethyl acetate. The combined organic

15 phases were dried over sodium sulfate, filtered and concentrated. 198 mg were
obtained and were reacted further without further purification.
LC/MS (method A): Ry = 1.54 min, m/z: 767.3 [MH"].
E. (R)-3-(2-Aminoethanesuifonyl)-2-[3-((9S,12R)-8-isopropyi-11-ox0-2, 7-dioxa-
10-azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-yl)ureido]propionic acid

20 83 mg of 3% palladium/C were added to a solution of 198 mg (0.26 mmol) of benzyl
(R)-3~(2-benzyloxycarbonylaminoethanesulfonyl)-2-[3-((9S,12R }-9-isopropyl-11-oxo-
2,7-dioxa-10-azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-
yhureido]propionate in 10 mi of methanol, and the mixture was hydrogenated under
a hydrogen atmosphere (balloon pressure). After leaving to stand for 2 days, the

25  mixture was filtered, concentrated and purified by preparative HPLC. The required
fractions were combined and freeze dried after addition of 1N hydrochloric acid. 23
mg of the title compound were obtained as hydrochloride.,

LC/MS (method C): Ry = 2.35 min, m/z: 543.26 [MH"].

30  Example 5-2 (S)-3-(6-Aminopyridin-3-y1}-2-[3-({95,12R}-9-isopropyi-11-0x0-2,7-
dioxa-10-azabicyclo[12.2.2Joctadeca-1(17),14(18),15-trien-12-yl)ureido]propionic

acid



A solution of 0.50 g (1.023 mmol) of benzyl (R)-3-(2-benzyloxycarbonylaminoethyl-

15sulfanyiy 2-tew; butaxycarbonylaminopropionate in 5 ml of dlchloromg@ey@ﬂg%%&gé@lth the
same volume of trifluoroacetic acid and left to stand at RT for 1 h. It was then concentrated and
directly reacted further. LC/MS (method A): Rt = 06 min, m/z: 389.1 [ME]. C. Benzyl

(R)-3-(2-benzyloxycarbonylaminoethylsulfany1)-2[3-((9S,12R)-2~
20|sopropy1 lg 0X0-2, f<digxa-10-azabicyclo[12.2.2]o taoLeca-’ 17),14(18),15-trien-12-

yOureldo]ngp’rena e ASelution of 166 m Jl 02 mnfol) 6f 1,1"-carbonyldiimidazole in 8 ml of DMF was
mixed with 515 mg 02 mmol) of the trif ac atgrfronFstep B and 0.57 ml (415 mg, 4.10 mmol) of
triethylamine. A soI ution of 328 mg (1.02 12Ry12- 524

8 ml of DMF was added to this mixture under argon, and the mixtyre was stirred at RI overnight. The
reaction mixture was then concentrated and WO 20Q9 4Q/Q2P /EP2009/003650 40 separated by
preparative HRLC- The required fractions were comb d freed of acetonitrile. The resulting
aqueous solution wa$ extractgd with ethyl acetate, a organic phase was dried over sodium
sulfate, filfered’and concerTffate 272 g ciﬁ\the/igle coMbound weré WLTAS (method A):
Rt=1.72 7z 3 [MHF D Berizyh 070

(R)-3-(2- be X rbonylamlne&anesulfonyl) 243-((9S,12R)-9-

isopropyl-11-o0xo-2,7- dlo%%azablcyclo[12 .2.2]octadeca-1(17),14(18),1 trien-iz-
yOureido]prdpibnate A mixture of 22\(9 ® 304“”190 of benzyl

(R)-3-(2-benzyloxycarbonylamin 2 /U\/ N
rop 2{dlmmcyclo[l 2.2.2]

25amino-9- |sopropy ,7-dioxa-10- azablcyclo[ﬂ 2.2]octadeca- 1‘;7{) ,14(18),15-trien-11- one (1-1E) in

10sulfany1)-2434(9S,12R)-9-is |
octadeca-1(17),14(18),15-trien-12-yO ]proplonate in 5’ ml of Methanol and 5 ml of water was
cooled to 0 C and 742 mg (1.21 mmal) 6fOxone Were ‘added in portlons After 2 h, the mixture is

diluted with etquhaégli gp%@rég@gﬁm 35?@5&5% qa It?at ﬁz%eéﬁgregmoge with ethyl

acetate. The comblned orgam ases were d'over so concentrated.
198 mgYyhereriptiired and were reacted further W|thout further purlflcatlon LC/MS (method A): Rt =

1.54 m'@tﬂ@@ﬂi@@ém%oﬁ of a 1M solutiop of lithium blsg[rsmetry_frdygamme in THF

(R)-3-(2-Aminoethanesulfony1)-213-((9S,12R)-9-isopropyi-11-oxo-
10-azabksjelsdee zirema@ec@@(wwmaej 25-04ep (BA-Rdreidulprophénic acid 20 83 mg of 5%

palladiuny. wey d ji{el] .26 1) lyar o
(R)-3- (;@e%zylo%écdar@%é%a r!ge%aﬁé}g%fo%gle@ 2%13 12@%2%#1%8?0&']0% g}«g)ZC? dioxa-10-azabi
cyclo[lz‘\ﬁez]éﬁfﬂa@oﬁtﬁomemz;@s@tmesﬁwni5znmu.%4db1@r@%aé@mmfnm -mefidhel, and the
mixture re.( 0 er leaving,to stand for
2 days, %Seﬁlggrgé W@ﬁ&%@%%%ﬁ%%ﬁ#ﬁgggﬁg %L%fl%@lgygpﬁe{ggfﬂ g) v@ié Jeﬁﬁﬁee%equwed
fractionf¥Wére. dotrbipeeliandiisere wasdatibeveldiddnted Withydrtrrtiodceatidc2g miiof the title

copground verechtaingd asveoghiarde. L GIMS (nsthodiGh RiFA:33min Yz, 54326 [MKT

concentrated. 44.08 g of the crude product were obtained and were reacted further

without further purification.

LC/MS (method A): Ry = 1.68 min, m/z: 502.2 [MH"].

B. tert-Butyl (S)-2-amino-3-(6-tert-butoxycarbonylaminopyridin-3-ylpropionate
15 Adfter addition of 4.14 g of 10% palladium/carbon to a solution of 18.50 g

(38.87 mmol) of the crude product from step A in 1.8 | of methanotl it was

hydrogenated under autogenous pressure. After the reaction was complete, the

mixture was filtered and concentrated. The crude mixture was taken up in heptane

and mixed with 45 mi of 1N hydrachloric acid and 90 ml of water, and the aqueous
20  phase was added to 90 mi of 1N sodium hydroxide solution and extracted four times

with ethyl acetate. The combined organic phases were dried over sodium suifate,

filtered and concentrated. The racemate was separated by chiral chromatography.



30Example 5-2 .(S)-3-(6-Aminopyridin-3-y1)-2[3-((9S,12R)-9-isopropyl-11-0x0-2,7-

dioxa—lq;@é%gggg[é.g@%2]octadeca-1(17),14(18),15-trien-12-yOureid’$JB ) '9 ' %3%%9
2009/146802PCT/EP2009/00365041 OjH oLNOO 1. 1-1E OONN' 5% I\Elakﬁl)g% A. tert-Butyl

2-(benzhydrylideneamino)-3-(6-tert-butoxycarbonf#aminopyridin-3- yl)propionate 84.64 ml (84.64

mimo) of a 1M soleiien @ik bi(umelbyisiy Gamids T B wer-added diBuiagdg a solution
of 25.00 g (84.64 mmo lene)glycine tert-butyl ester in 185 ml of THF 'under argon

) of Nn&dl en Imeth%/ _ ]
at 0C. Aftehisamry AP thiéee é&%ftﬂﬂ%%rqg@ﬁm;@@FQ@Q?BZLEé&rﬂrﬁ%)%ﬂ@ﬂ%ﬂt?ﬂ(&
bromometiayipyridin-2-ylcamsamate were added as solid, and stirring was continued for 1 h. The.
reaction mixture was cautiousléﬁiluted with water and extracted with 10ethyl acetate. The organic

phase was drid86RHYEbdRIr-BrfatbiRrgengienylaminopyridin-3-y1)-2-[3-((9S,12R)-9-
5 isopropyl-11-ox0-2,7-dioxa-10-azabicyclo[12.2.2Joctadeca-1(17),14(18),15-trien-12-
ylureidoipropionate
112 mg (0.69 mmol} of 1,1’-carbonyldiimidazole were added to a mixture of 234 mg
(0.69 mmol) of tert-butyl (§)-2-amino-3-(6-tert-butoxycarbonylaminopyridin-3-yi)-
propionate and 106 pl (77 mg, 0.76 mmol) of triethylamine in 2.5 ml of DMF. The

10 solution was stirred at RT for 1 h, before a solution of 222 mg (0.69 mmol) of
(85,12R)-12-amino-S-isopropyl-2,7-dioxa-10-azabicycio[12.2 2]octadeca-
1(17),14(18),15-trien-11-one (1-1E) in 2.5 m| of DMF was added. The mixture was
left to stand overnight and then concentrated and partitioned between water and
ethyl acetate. The organic phase was separated off, dried over sodium sulfate,

15 filtered and concentrated. The residue was purified by preparative HPLC. The
required fractions were combined, freed of acetonitrile, made slightly alkaline with
sadium bicarbonate and extracted with ethyl acetate. The organic phase was dried
over sodium sulfate, filtered and concentrated. LC/MS (method A): Ry =
1.47 min, m/z: 684.3 [MH"].

20 D. (S)-3-(6-Aminopyridin-3-yl}-2-[3-((98,12R)-9-isopropyl-1 1-ox0-2, 7-dioxa-10-
azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-yl)ureido]propionic acid
160 mg (0.23 mmol) of tert-butyl (S)-3-(6-tert-butoxycarbonylaminopyridin-3-yl)-2-[3-
((8S,12R)-9-isopropyl-11-oxo-2,7-dioxa-10-azabicyclo[12.2.2]octadeca-
1(17),14(18},15-trien-12-yhureido]propionate were dissolved in 6 ml of

25  dichloromethane and, after addition of the same volume of TFA, stirred at RT. After
5 h, the mixture was concentrated and purified by preparative HPLC. The required
fractions were combined, freed of acetonitrile, mixed with 1N hydrochioric acid,
concentrated further and finally freeze dried. 108 mg of the title compound were
obtained as hydrochloride.

30 LC/MS (method A): Ry = 0.92 min, m/z: 528.3 [MH].

Example 5-3
(S)-3-(B-Aminopyridin-3-yl}-2-[3-((98,12R)-9-cyciopropyi-11-oxo-2,7-dioxa-10-
azabicyclo[12.2 2]octadeca-1(17),14(18),15-trien-12-yhureido]propionic acid



concentrated. 44.08 g of the crude product were obtained and were reacted further without further
purificatiqp. t?od A): Rt = 1.68 min, m/z: 502.2 [MH+]. B. teft- (%7
(S)-2-am%—|§%gdfeﬁr££é% oxycarbonylaminopyridin-3-yl)propionate 15Af%§'5§ o %99%45% of 10%
palladium/carbon to a solution of 19.509 (38.87 m#iol) of the crude product from step A in 1.8 | of

methanof s PAPAERAISTLUTABHL BHIRIRIOURRIPRS e AIRL KNS [Fagtion was camplete, the

mixture was filtered and concentr}gte he cru xture was taken up in heptane and ‘mixed with 45
ml of 1NGgtirechlslidhaialdhbod HlleMatmstand thelatiuecus (PR widsadaesd 3o 90 ml of 1N

sodium ide. selutian.and, ex jmes with ethyl LThe bined organic phases
were dri%gcr)%rs ssc})%%tr‘?tn %%%agtﬂ,éﬁére%%%é%g r%é%#a%%%%“e?@a%:tgﬁr%a{t{ﬁmg@e&éﬁgé%ﬁgy chiral
chromatograpHyc/ W (puEb0d46862 FCTIE PRO0SIC0TEEDUR[MEINS (method A): Rt = 0.89 min, m/z:
338;1 [MH+). Chiral chromatography (Chiralpak AD-H/44, 250x4.6mm, ethanol:methanol 1:1 + 0.1%
diethylamine, 40min): Rt = 17.48 min. C.tert-Butyl

(S)-3-(64e@rputexydarbonylaminopyridin-3-y1)-2434(9S,12R)-9-

Sisopropwy il =2, #-eHo 121e lﬂﬁ% 2.2]octadeca- )k4(18),15-trien-12-
Aureido?ﬁ%%mmg 151%!} rgg %)qgi Z:%%? 0 ,1?'-1i?&%d§;i%%%gz£o:were added to a mixture of 234
mg (0.697ARBYCET fet byt ezarhind) 3461 &xt! Brirdxycer bohylainihdpyramABa i psapionate and
106 pl (Z£img, 0.76 mmol) of triethylamine in 2.5 ml of DMF. The 10solution was stirred at RT for 1 h,
before a solution of 222 mg (0.69 mmol) of

(9801 2R 2 timipRTRRopdp b R Nelibectolagsticyole[12! 2. 518 duadedad @14 1) 8-54rien-11-one
(1-18) in 2l oL AMA YA el TR LK aR 6T Siandaverpiahl and inen,concenirated and

partitioned between water and ethyl acetate. The organic phase was separ diied over sodium
sulfate, 35Hit@rgdPane. concentrated. The residue was purified by preparative HPLC. The required

fractions were compingde frReA©f: Qget_%gwgmmarqu_s%tjyaamm i with sodium bicarbonate and

extracted with ethyl acetate. The organic phase was dried ov um sulfate, filtered and
concentrated.LC/MS (method A): Rt = 1.47 min, m/z: 684.3 [MH+1.
20{@(S)E’%@ﬁﬁ@iggpyridin-S-yl)-213((9S,12R)-9-isopropy1-11-oxo-2,7-dioxa—10-
azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-yOureido]propionic acid 160 mg (0.23 mmol) of
tert-butyF (9)- 83063 PrmbRpaiBenyhmbpyttin 12y Rdagpropyl-11-oxo-2,7-dioxa-10-

((95.128)%ippneteylo Bhaxadadadionsy ) Gnaabievaiolte S Jinctaesptil il 1#(18).15 rien-12-yOure

ido]propionate were dissolved in 6 ml of 25 dichloromethane and, a
TFA, stifrédl BiteRaomRer sinstabainedréaasleaderrsaatbind-gurifiediny preparative HPLC. The
required\fragieBsRER SARRINSSk fleeshol acatoniclen mixsd v A concentrated
fugger ?nﬁglgy%ﬁeﬁeze drieoP.EfL%SSi mg mhe titte compound v@%%m%%gg%;ﬁ%%ﬁf&ide.

ert-butyl ester.

LC/MS (method C): Ry = 2.53 min, m/z: 556.2 [IMH"],
The following compound was prepared in an analogous manner;

25  Example 5-6
(S)-2-{3-((8S,12R)-8-Isoproyl-11-ox0-2,7-dioxa-10-azabicylo[12.2 2]octadeca-
1(17),14(18),15-trien-12-yl)ureido}-3-piperidin-3-ylpropionic acid
LC/MS (method 1): R: = 1.20 min, m/z: 519.38 [MH"].

30 Example b-7
(S)-3-(6-Aminopyridin-3-y1}-2-[3-((95,12R)-9-methyl-11-0x0-2,7-dioxa-10-
azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-yl)ureido]propionic acid

LC/MS (method B): Ry = 0.54 min, m/z: 500.3 [MH"].



30LC/MS (method A): Rt = 0.92 min, m/z: 528.3 [MH]. Example 5-3

(S)-3-(6 i idi 1)-243((9S,12R)-9-cyclopropyl-11-ox0-2,7-di
azabicyﬁ%gggggﬁ%ggza-1(17),14(18),15-trien-12-yOureido]propionilicg:%?:—%%\%%gmoagaw

2009/146802PCT/EP2009/003650 43 The title cdtfipound was prepared in analogy to Example 5-2
from (S)eE2.amine2- cyclopropylethanol (US 6,191,306) instead of 1-1E using (9S,12R)-12-amino-9-

cyclopropy1-2 7-dioxa—lO-_a.zabicycIo[llz.2.2 octadeca-1(17),14(18),15-trien-11-one. LC/MS (method
J): Rt= %@r{ﬁﬁ{*my@%ﬁ%@mﬂ%r §-tRanlpie seaisopropy}-10-oxo-6-oxa-1.9,14-

(S)-6-Arpiae=Ai {88 L 2R kispsepyls s 0x-didrdiokgrkdeido]propionic acid o
azabicyclo[(112.2.2%octadeca-1(,17),14(18 ,15-trien-12-yOureido]-6-methylheptanoic acid 10The title

compoufid (8 sbitalrely in! BhATgsae) 2 xdmbiBesiy s UEHB e 80P BRiRAYRIA616-methylheptanoate

hydsochiprdenwita the qddition efighylaging asarilan-base: kMR IMsthediGis REF 2.34 min,
m/z: 521.26 [MH+]. 15 Example 5-5 Ethyl o ‘ o
(S)-3-(6 b Aidh By e)si o (i e liddprsiarii-Yis-amigeaignic acid (as

azab_iCV@IQ&%&b’e@JWW@Q@jleﬁéK)iéﬁ{éﬁ%léiéﬂ?gf%&W@%P@Rﬁ@f‘é}tﬁ Fhe figggmpound is
obtained in analoggg to Example 5-2 by usin N-(rLilphenyImetherne)gl cine ethyl ester instead of

N-(diphéry&h ﬁé’f&jlﬁarﬁé’%{@é%ﬂ}v@g@&w le//igineeth8dC Pt sliing Wias, miz: 556.2

[M1-11]cEherfodawing isqerpgenstiyasMIe BRSO 8NARAIAGEYS MARRERN 23 EXAMRIEeGe
(S)}-2434(95 ,12R)-9-Isoproy1-11-o_xo-2,7-d|oxa-10-azab|c(¥l$o[12.2.2 octadecal(17),14(18),15-trien-12-y
pu 3ido]ﬁi@%tﬁé‘r?(ﬂihzﬁylﬁ%ip%ﬁi@&ﬁ?ﬂ"q’_@ﬁﬁéh@ﬁétﬁ%@]? R 2 RiRe RS S 19B8 VRS 30 Example

5-7 (S)-8cifeAminaRYAidined-yl 2B UOS drdRIMRN A 40X s Tedigxa-102 with 6N
azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-yOureido]propionic acid LC/MS (method B): Rt =
0.54 miRY RS BBH%ANAH] T R 698D PAGSE NS TIERYE trihe aqueous phase

was washed again with ethyl acetate and then freeze dried. The residue was mixed
with THF and DMF until stirrable and was thoroughly stirred, and the suspension
15 was filtered. The resulting solution was concentrated and reacted without further
purification in the next step.
LC/MS (method B): R: = 0.52 min, m/z: 330.2 [MH"].
B. Benzyl [(R)-2-(1-alyl-1H-imidazol-4-yi}-1-{(S)-1-allyloxymethyi-2-
methylpropylcarbamoylethyllcarbamate
20 A solution of the materiai from step A in 180 ml of DMF was mixed with 4.18 g
(27.32 mmoi) of N-hydroxybenzotriazole and 5.64 g (27.32 mmol) of N,N'-
dicyciohexylcarbodiimide and stirred at RT for 2 h. Addition of 3.56 g (24.84 mmol)
of (§)-1-allyloxymethyl-2-methylpropylamine (1-18) was followed by stirring at RT for
a further 24 h and then concentration, and the residue was patrtitioned between ethyl
25  acetate and saturated NaHCO; solution. The organic phase was dried over Na,SO,,
filtered and concentrated. The residue was purified by preparative HPLC. After
washing with saturated NaHCOs; solution, 5.02 g of the title compound are obtained.
- LC/MS (method B): Ry = 0.75 min, m/z: 454.9 [MH"].
C. Benzyl ((85,11R)-8-isopropyl-10-oxo-6-oxa-1,9,14-triazabicyclo[11.2.1]hexadeca-
30  3,13(16),14-trien-11-yl)carbamate
A solution of 0.735 g (1.62 mmol) of benzyl [(R)-2-(1-allyl-1H-imidazol-4-yl)-1-((5)-1-
allyloxymethyl-2-methylpropylcarbamoyl)ethyi]carbamate in 370 ml of
dichloromethane was mixed with 0.210 g (0.24 mmol} of benzylidene[1,3-bis(2,4,6-

trimethylphenyt)-2-imidazolidinylideneldichloro(tricyclohexylphosphine)ruthenium



Example 6-1 (S)-3-(6-Aminopyridin-3-y1)-2-[3-((8S,11R)-8-isopropy1-10-0x0-6-0xa-1,9,14-
triazabicygloHdn g, 1iaxadeca-13(16),14-dien-11-yOureido]propionic acl
(R)-3-(1-Ally1-1H-imidazol-4-y0-2-benzyloxycarbonylaminopropionic ag:i!g: @?Sg %P@% 80 24.84
mmol) of benzyl chloroformate were added to a séfution of 4.85 g (24.84 mmol) of

(R)-&- (L adhiodltimidagal feyd)rasinaneapionic il (@sidesciibed fardher(Pkenaniiome in Bioorg.
Med. Chem. 2006, 14, 5981-5988) in 13 ml of 2N sodium hydroxide solution while stirring at 0C, and

stirring Wi dERGRIRY 26 FHie teph peiitiee! Wt aluehtioh ot artintheaterial we2N G dei@e hydroxide
10solutioneios (1 @ndshermixiiaas e Wasmesida Blq The eaglian mixture was covered with a

layer of ethyl acetate, and the pH was adjusted to 3 to 4 with 6N hydrochloric acid. The organic phase

was sepetEEPEIYARAHCARIMG P HES Rae IniBReE dpaihanel 88iYl acBtdleiRBSIHEATreeze dried.

Thesresigheetiyasamues Wi, 4 515RR/HSQMF until stirrable and was thoroughly stirred, and the
suspension 15was filtered. The resulting solution was concentrated and reacted without further

purificatledr M $HE6E0 4By RIS tniithdd/8) 4R1 = 0\ tin, miz: 330.2 [MH4]. B. Benzyl ,
[(R)-2-(Ipalig & 1 Hrmidezehhy Bid el adioxyine thyl?s methylncopylsarhamoyDethylicarbamate
g

20 A solution of the material from step A'in 180 ml'of DMF was mixed with 4.18 g (27.32 mmol) of
N-hydrokybER:bfidEis! aneins.64 g (27.32 mmoi) of N,N"- dicyclohexylcarbodiimide and stirred at Rl

for 2 h. Addilignaf 5619 5261-8144rnm@?qff@ﬁzﬁlu%ﬁmﬁ?gz%s%-m@m@@mm%ﬂ-1B) was

followed by stirring at RI for a further 24 h and then concentration, and the residue was partitioned

beteer gh%fé%@f&i@i%w satlinfgadesacd3SaiLtdrriene! drybni phastaneaistbdver

Na2S04y, @@emﬁoamﬁiem@ﬁ@ma@ﬁiyaﬂa%éﬁg@éeowﬁmwﬁfgégfb@/amé%@@ﬁ%\fﬁda%&-@ jggwashing with
saturated NaHCO3 solution, 5.02 g of the title compound are obtained. LC/MS (method B): Rt = 0.75
min, m/#54 8 ij{gp]g_en at@_oggﬁgﬁe under autogenous pressure at RT. After the starting

((8S, 11 RiBcinaprerydo kb terpraxatdd. e tHaeahicyeloliitaRsHhenadssa303:134L §)L-trien-11-yl)ca
rbamate A solution of 0.735 g (1.62 mmol) of benzyl{& R)-2-(1-allyl-1H-imidazol-4-y1)-1-((S)-1-
aIIonxyﬁ?éﬂﬁM%étﬁ%ﬁ?%%%&ﬁt%ﬂWb@ﬁw&éﬂfb% @ §h Brotie seaemBRsShYERane was mixed with
0.230 g48igdt\mmol) of benzylidene[1,3-bis(2,4,6-
trimethylpheny1)-2-imidazolidinylidene]dichloro(tricyclohexylphosphine)ruthenium WO

2009/146802P ETRERFHH9/003686 45 1tariBiss A%atiIfst) and stirred at RT. The mixture was stirred at
RT for sevesal@ays @}@EW&QQW&%M@W@%QMﬂﬁIWﬁ@ Hrgimaiesial was no longer

present (LC/MS). The mixture was concentrated and the residue was chromatographed on silica gel

(dichlor&ifBIRANE/ Hittahdr e 2. 340tz isEcPbt bhdlfite admtsolnid Waklob@indd: LC/MS
(method/ )i R 57 +64idnkrem/z: 427.3 [MH]. D.
(8S,11R)-11-Amino-8-isopropyl-6-oxa-1,9,14-triazabicyclo[11.2.1]hexadecal3(16),14-dien-10-one A
SRiion S OIARE (1 26 R, Pl S VR o Aoy A EO R rara. .14
1019, 14itresabjeysiofld. 2Adhaxadeqadd B(LoytA-niennkl idlcachamate kam stam@-
was cooled to 0°C and, while stirring, 32 mg (184 ymol) of 1,1"-carbonyldiimidazole
were added. The mixture was stirred for 30 min, and then 64 mg (190 umol) of tert-
butyl (S}-2-amino-3-(6-tert-butoxycarbonylaminopyridin-3-yl)propionate were added,
25  and the mixture was warmed to RT. After standing overnight, the same amount of
1,1'-carbonyidiimidazole was again added, and the mixture was stirred for a further
24 h. It was then concentrated and purified by preparative HPLC. 27 mg of the
desired compound were obtained.
LC/MS (method B): R; = 0.58 min, m/z: 658.9 [MH'].
30 F.(S)-3-(6-Aminopyridin-3-y})-2-[3-((83,11R)-8-isopropyl-10-oxo-6-oxa-1,9,14-
triazabicyclo[11.2.1]hexadeca-13(16),14-dien-11-ylureido]propionic acid
A solution of 27 mg (41 ymol) in 6 ml of TFA/dichloromethane (1:1, v/v) was stirred
at RT for 4 h. it was then concentrated and taken up in 1N hydrochloric acid and

subsequehtly freeze dried. 20 mg of the title compound were obtained as



in 80 ml of methanol was hydrogenated over 0.12 g of palladium on carbon (10%) under a hydrogen

atmosphgie Eﬁg@l’,@% nous pressure at RT. After the starting mater%lil?@:%(ﬁr@%@%g reacted, the
rative : 88 g of the

mixture was filtered and concentrated. The residue was purified by prepara
titte compound was 15o0btained. LC/MS (method B§: Rt = 0.22 min, m/z: 295 [MH1. E. tert-Butyl

(S)-3-(6ﬁ9§rggmg@rbonyiaminopyridin-3-y1)-2-[3-((88,11R)-8-
isopropyl-10-ox0-6-0xa-1,9,14-triazabicyclo[11.2.11hexadeca-13(16),14-dien-11- Aureido]propionate
20A solution of56Wh) (Tetpa8l): 61«8, BERNTL iR 8- S5 0¥rby1-6-oxa-1,9,14-
triazabicyclo[11.2.1]hexadeca-13(16),14-dien-10-one from step Din 5 ml of DME was cooled to 0C
and, while stirring, 32 mg (194 ,umol) of 1,1'-carbonyldiimidazole were added. The mixture was stirred
for 30 miRB/ET¥ 64 mg (190 ,umol) of tent-butyl

(S)3-aminosirionsrBumpiRasianiam poRws Sobioplonaie ers added. 25and the miure was

warmed to RT. After standing overnight, the same amount'of 1,1'-carbo iimidazole was again

added, aFaRHY Afkiure whisstrpsEfol 6 flrid B2 Hi-trigas thibwrestaderepitedcamddurified by
preparaiy G e desir ined: S (method B): Rt = 0.58 min,
m/z: 65&?[}?\2}% . B%ﬁgﬁ%%ggt?gzggﬁngg@%%geﬁ%gfjﬁ%‘?[gﬁ}?g@ ﬂ%-%%@propyl-10-oxo-6-oxa-1,9,14-
triazabidy@e{aton. pheLade¢8-18 meyd s disretindy/Bireidopidpheiyaideatsolution of 27 mg (41
pmo) skt FEGdishiAERIEiBne: b, b uas SHISUIALIIS064 i wiaerthe gonesptiated and

taken up in 1N hydrochloric acid and subsequently freezedried. 20 mg of the title compolind were

obtdinedh8f #ex2060yelEB0 PR CWiE PPG0DBDZEEE 46 hydroisblitie mtnds widethat B): Rt = 0.36

min, M/za@& A{MIrldr EXamRle8e neutrali i ic aci i
5(S)-3-(6-[Aminopyridinf:3-y1)-2434(3Rrjgg)-rg]-Iig%%%5911-§-g¥g589g>|<%r-“53-aC’d' The reaction
azabicyCIfH 2 whseprhidetad wib)ethyl 2R einiseanst jupsass)ioropretcaidited over

(R)-3-(4pdphenibraderutpmsaraenylany i acid ARRIHERD .36 mmol) of
methyl (R)%?)-%j}-all Irhenylg?g-tertbut?%gaﬁgggﬁbﬁ?ﬁ]@%g(ggate (pﬁgggfgé ég%gé%éﬁlett, 2005, 12,

1877-1880) in blg/ "BF dhestehiAvaite? B ThivHAID 8O @Mtﬁ“_]n mmol) of lithium hydroxide was
exiractod wiih clby! Sceiats. o (e oo Dhae W Aok ager NADE s HLIHAne: concentrated.
1.90 g o THRMRARVESRRSEURIRG S BHAREDIA IS/ N STERE thoer B are BXauiait ninzanaegyMH-+].
15The corERamiideas emiaysd dnstead ef §Rh3- (alvipuphem MR e group
was eliminated in a known manner with dichloromethane/TFA mixtures.
LC/MS (method 1): Ry = 1.29 min, m/z: 512.3 [MH'].
20
Example 6-3
(S)-3-(6-Aminopyridin-3-y1)-2-[3-((9S,12R)-16-fluoro-9-isopropyl-11-oxo-2,7-dioxa-
10-azabicyclo[12.2. 2]octadeca-1(17),14(18),15-trien-12-yl)ureido]propionic acid
A. (R)-3-(4-Allyloxy-3-fluorophenyl)-2-tert-butoxycarbonylaminopropionic acid
25 1.18 g (60%, 29.39 mmol) of sodium hydride were added to a solution of 4.0 g
(13.36 mmol) of (R)-2-tert-butoxycarbonylamino-3-(3-fluoro-4-
hydroxyphenyl)propionic acid in 23 ml of DMF while stirring at 0°C, and the mixture
was stirred at this temperature. After 15 min, 1.27ml (1.78 g, 14.7 mmol) of ally!
bromide were added, and stirring was continued for 1 h while the mixture reached
30 RT. It was quenched with methanol and, after cooling, excess methanol was
removed in a rotary evaporator. Dilution with diethyl ether was followed by
acidification with 1N hydrochloric acid, and the agueous phase was extracted twice
more with diethyl ether, and the combined organic phases were washed with

saturated sodium chicride solution, dried over NaSQ,, filtered and concentrated.



ylmethoxycarbonylamino)propionic acid in order to prepare Example 6-2 in analogy to Example 5-2.
The Bocngg igﬁgé%g]used instead of the Fmoc protective group was eliminated in a known
manner with dichloromethane/TFA mixtures. LC/MS (method I): Rt = 15@%%9%/§@§5§TMH+]. 20
Example 6-3 (S)-3-(6-Aminopyridin-3-y1)-2-[3-((9%/12R)-16-fluoro-9-isopropy1-11-oxo-2,7-dioxa-
10-azabjcyelo[14-2-2lociadecar L(LA, -trien-12-ypureidolpropionic acid A.
(R)-3-(4-AIIylcglxy-3-f$uorophenyl)-%ﬁ%r%—%é@iégarbonylaminopropionic acid 251.18 g (60%, 29.39
mmol) of sodiurthydricesiiere BddBd1d £4atitiomés: 209 4IB1B6]mmol) of
(R)-2-tershutoxyeaihoay @nm SR:HuQLs4- phenyl)propionic acid | ml of DMF while
stirring at OC, angat);}e m)élﬁure' asgg,etlzireﬁé?gté t M’%%g atl?]ir@.%&f@r fgyra%,"@bz?ﬁrﬁfrarf' g, 14.7
mmol) of atIsreraRie aaratided ardnitimisld inaw dentinpeebiars] Fxahile i drixtarakeached 30

RT 5t was guen Wit e%%nf? - aft i thangl was removed in a rotary
eva%ora%gr. Di!uﬁg%\/v\%hm%thy e [lgeggvgg\s?%‘ fg%v?gy%%dgé%?égé{t?{gn%ﬁtﬁTﬁW&%c 'I%%@%%H, and the
aqueoud'phaENirEE ek iraststawiceamrerwitth diethiyirethethand/fFfefconxbimes. organic phases were

washed with s i lgyide [on, dried r filtered and concentrated. WO

2009/146802P@CZT(?I'i'y/@E’FF%gOr?]((JéQ(%.E)bcr)é;’,6%2’0(%{7"“Aff\.s'sg(!jrﬁJ ﬁ@’a%’e%lo%\gﬁgiﬁv%ﬁ obtained. LC/MS (method B): Rt =

0.94 min, m/z: 239.9 [MH]. The compound was employed instead of

(R)-3-(4 y)-2-(9H-fluoren-9- : [amino)propionic acid in r to prepare

Examplﬁ%@%ﬁ%é& %mt(o8 'ége\l%r% pr)%[:-b %ﬁ%%%%ﬁ%?%@%ﬁa&%%ﬁﬁ%ao instead %{%?é%f:moc

| pré%cti@@)@%pﬁv@@ﬁ@lﬁﬂﬁﬁ@é&ﬁ%lRﬁ@mpm@rmnwnmq@mDmﬁwmneéEﬁMixturefs. LC/MS
(methodaﬁéid%‘oﬁaﬂ?mm@{zfz‘é‘?zéﬁ %\élé'eﬂ@{é‘ﬁ fﬁ’HB‘?‘lﬁ'D'?Hs‘%%Sé’?B#%ﬁg@@Prepared In the same

Xy-2-tert- ropio

manner as above using (R)-3- 10ally utoxycarbonylamino ic acid (prepared as

describéd Araregensh-th (kT8 0re0- 222 neY8o-p98 DRt Ninsieachis iR )aRi4-

allyloxyplieny I)F 79k fluoren=9=yimethoxycarbonytaminojpropippic-acie:-Ex- angR{ (min)
miz [MN] Methad 6-4 (S)-3-(6-Aminopyri_din-3-y1)-2434(38,6R)-Cgt vz 'etho

isopropiBlexo-1,8-dioxa-4-azacyclododec6-yOureidoipropionidragid | [MH']
6-4 (S)-3-{B-Aminopyridin-3-y1}-2-[3-((3S,6R)-3- 142 145229 1 G

isopropyi-5-oxo-1,8-dioxa-4-azacyclododec-

B-yljureidojpropionic acid

6-5 Methyt (S)-3-(6-aminopyridin-3-y)-2-[3- 240 146633 D
((35,6R)-3-isopropyi-5-ox0-1,8-dioxa-4-
azacyclododec-6-yhureido]propionate
6-6 (S)-6-Amino-2-{3-((38,6R)-3-isopropyl-5-oxo- | 1.94 [ 417.23 | C

1,8-dioxa-4-azacyclododec-6-yl)ureido]-

hexanoic acid

Example 6-7

15 (8)-6-Amino-2-[3-((95,125)-9-isopropyl-11-oxo-2,7-dioxa-10-azabicycio-
[12.2.2]octadec-12-yljureidolhexanoic acid
A. (8)-2-tert-Butoxycarbonylamino-3-(4-hydroxycyclohexylpropionic acid
0.74 g (7.17 mmol) of rhodium was added to a solution of 7.00 g (24.88 mmol) of
(S)-2-tert-butoxycarbonylamino-3-(4-hydroxyphenylpropionic acid in 50 ml of

20 methanol, and hydrogenation was carried out at 50 C/6 bar pressure of hydrogen.
After conversion was complete, the catalyst was filtered off and the filtrate was
concentrated. The product was pure enough for further reactions.

LC/MS (method K): R = 1.00 min, m/z: 188.2 [MH"].



1.42 452.29 G Methyl (S)-3-(6-aminopyridin-3-yl)-2-[3- ((3S,6R)-3-isopropyl-5-0x0-1,8-dioxa-4-

azacycl%%:l%o@)@é(?ﬁ?o]propionate 2.40 466.33 6-6 (S)-6-Amino-Z%ﬁE%ﬁgbgf&%%%%)yl-S-oxo-
0 p -

1,8-dioxa-4-azacyclododec-6-yOureidolhexanoic acid 1.94 417.23 Example
15(S)-6-Amino-2-[34(9S,12S)-9-isopropy1-11-oxd<2,7-dioxa-10-azabicyclo-

[12-2-2]@.@ﬁ?»%’-@#%%?%ﬁlﬁ%@?ﬁ@%@—t%tox carbonylamimopra&%n}'c ac{

(S)-2-tert-Butoxycarbonylamino-3-( mydroxycyclo%exyl)proplonlc acl 49 g;.17 mmol) of rhodium

was addeded-A@bRitiert &fo7(08.§§ 288 ramsl)-aftert-butoxycarbonylamino-3-(4-hydroxy-

(S)-2-tert Rt aEyCRr nina-3- ionie acid.in.a0 0 nal, and .
hydrogensgilgn was @ﬁéﬁﬁ%&%ﬁ égj?//g{ %E?ﬁs%%&ﬁo&gég%%e?%%ﬁ&e%é%%p\%v%ag complete, the
catalyst ¥hB et Bt RpasiRe fitrheSvia éotfcamtrateal TREFoducH Wigrslréneddughofor further

reagtion o Rt Fa k. ' [z; . . :
200%/14%%%2 /@é‘.‘;;%%g/%g% 81}8@%’%%@?& A3 BB WYQ added, and the mixture

(S)-3- (49 16RYERIOINERY DR BUESKIRA B AYainasrepldifiosridus sohetowitf 942t (18.86
mmol) )eeHEEARUL laming=3-(4- W ioni id ml of DMF was
e a3 056 sodium
“hydride #¥2@ @1 PSHUNEALSOPEEV2 D 8GUTIS S6onwict) it UBVdTériths estenatidbdthnd the

MIXIUre gthyi acetate. The organic phase was dried over Na,SO., filtlered and concentrated.
10 The title compound obtained in this way was reacted further without further
purification.
LC/MS (method K): R; = 1.46 min, m/z: 228.1 [MH"-Boc].
The further reactions to give Example 6-7 were carried out as described above by
employing B. instead of D-Boc-O-allyltyrosine.
15 LC/MS (method F): Ry = 2.8 min, m/z: 499.55 [MH™].

Example 7-1

(S})-6-Amino-2-[3-{(83,11R)-8-isopropyi-3,10-dioxo-6-oxa-2,5-

diazabicyclo{11.2.2]heptadeca-1(18),13(17},14-trien-11-yhureido]hexanoic acid
20
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was warmed to RT and then stirred for 3 h. It was cautiously quenched with water and concentrated.
The resi % d in water and washed with ethyl acetate. Th hase was adjusted
to pH 2 v%\?iﬁ gﬂ% %%;érlldd? extracted with ethyl acetate. The organic phaibe%waﬁsg éﬁéjg@@épﬁ%zsm,
filtered and concentrated. 10The title compound @#tained in this way was reacted further without

further pyrifigafion; Eé’ﬂ\./b?té’ﬁ%[]f?ﬂg?é%o:n%ggwE%B%Wéiéﬁ?ffcc{%z%b%%c%a@e further reactions to

give Example 6-7 were carried out escr ove by employi .'instead of

D-Boc-0%dMitt FéSires 18 1somisn(imethot BRoR0=2 28 uhien 02 29% 354ME B3 & Fel -
(S)-6-An)ing i 3: B yl- -diox0-6- O- .

diazabicyclo[ll?:flz(.%%]ﬁTe?bJ(t?}alg e%?—ﬁi)?{@ﬁ1U3I:Ecl%?,%€%(r§i?é2ﬁ§i/%hurter?gosﬂgléy(%?]é)Afg %gl.anafe]rrle)&i?bXB e
2009/148862ROTIEF20P00B6TRATIAS Ethigaving undissolved sodium behind. 2.25 mi

3-((8)-2 t r lamd I ropionate, About 200 mg of sodium were added to
a so§l utio( ntft?f%g(’)%)%/ﬁf%gﬁ r%%%%&%%%%ﬁ%%ﬁ%%@ﬁnﬁ gg%&?#ﬁ%%% g?tgﬁg gqlrﬂlg.(tﬁftvé,er 2 h, the
solution W& Serestert sacy irsegidmtd bn%g@mfﬁfﬂiediﬂbakeﬂeaﬂhﬁgwmdisshﬂeddcsgjddum behind.
2.25 ml 2 2.9 n%%t&r”emvm%%%ﬁé%%é%ﬁb"te"é!%ﬁﬁaaeqdr%%é%éﬂ%fﬁé‘é%%‘: And the mixture was stirred

at room temp. for 2 h. 6 drops of glacial acetic acid were adde e reaction mn%t'ure, which was
concentfdtEin@dderthésiwesd(fréssu ad. colierassidiie whmiraglivytisonale (h 4agnefcsiadess oil) was
employed crude in the next stage. 10B. Ethyl 3-((S)-2-amino-3-methylbutoxy)propionate The crude
product (- 4.45 g) obtained in 7-1 A was dissolved in a mixture of 10 ml of CH2CI2 and 10 ml of TFA
antPstiriéd aEfBpns témp2 farpnie-Aftes indeiaetioproristedimplete, the mixture was concentrated in

vacuo a istill i Lt .Thexc tained in thi y. was purified
o prom e et L AR TR E L YOS
3-((S)-2eminb-3nadihy BlitbkPN mrerpiviiraes werecobtgimm fotRidwaiiashefleadiretass in the form of

a colorl il vdeld s &9 R.=0. ' y . QC, Ethyl
e PO (R A B U A N5 S
carbonylaififio) PReFAIS OpRsivih At achie thyabuerxy R epicfiateby Seepangtde 17Rh/ol) of HOAL,

0.6aml ( #dlil i n meol) of HATM were successively
b (T 3 e S U Breno.
25yImetPidsyoaPsBRABAMRIFeRR b rssl dnith cwrarrRE 3T g qatate innot) foretioyla

colorless oil (yield ~ 8%).
LC/MS (method B): Ry = 0.52 min, miz: 204.3 [MH™].

20 C. Ethyl 3«{(S)-2-{(R)-2-tert-butoxycarbonylamino-3-[4-(9H-fluoren-3-yimethoxy-
carbonylamino)phenyllpropionylamino}-3-methylbutoxy)prepionate
158.7 mg (1.17 mmol) of HOAL, 0.6 ml (3.5 mmol) of N ,N-diisopropylethylamine and
443.3 mg (1.17 mmol) of HATU were successively added to a mixture of 586.0 mg
(1.17 mmol) of R)-2-tert-butoxycarbonylamino-3-[4-(9H-fluoren-9-

25 ylmethoxycarbonylamino)phenyl]propionic acid and 370.0 mg (1.17 mmol) of ethyl
3-((S)-2-amine-3-methylbutoxy)propionate in 10 ml of DMF, and the mixture was
stirred at room temp. for 2 h. The reaction mixture was concentrated in vacuo. The
remaining residue was taken up in dichloromethane, washed with sat. NaHCO,
solution, dried and freed of solvent under reduced pressure. The crude product

30 obtained in this way was purified by flash chromatography on silica gel
(heptane/ethyl acetate 1:1). 355.0 mg of pure ethyt 3-((S)-2-{(R)-2-tert-
butoxycarbonylamino-3-[4-(9H-fiuoren-9-yimethoxy-
carbonylamino)phenyl]propionylamino}-3-methylbutoxy)propionate aré obtained in
this way (yield ~ 44%).



3-((S)-2-amino-3-methylbutoxy)propionate in 10 ml of DMF, and the mixture was stirred at room temp.

for 2 h. W% rﬁ%‘él/qg Bgure was concentrated in vacuo. The remaining)gﬂggzo\ﬁﬁz%%%&up in
f ced

dichloromethane, washed with sat. NaHCO3 solution, dried and freed
pressure. The crude product 30obtained in this wa§ was purified by flash chromatography on silica gel

(heptane/ethylggg@éegd%gégg g.of pure ethyl,.,. ) +
34(8)-2-{(R)-2-tert-butgxycarbon 'Igarhiné%ﬁi}fé@ﬁﬁb?gng-'g-);%gt%%&?—éarbonylamino)phenyl]propionyl

amino}-3-methylbutoxy)propionate are obtained in this way (yield - 44%). WO

2009/146802RGHER 20094003 > Ameth Rt = 1. in, m/z: 588.3 [M-Bac+H].

D () (R A e ey B A R A ep
methylbTteX)reisIsHie 80®B858:0! mg (0.52 mmol) of ethyl

34(8)-2 = { INO734-OHr & 4 . .
fIuo?en-ggﬁ)ﬁﬁggggggﬁgrﬁ%w;?&%gﬁ Fralbl%rir?iﬁo %WS@BHY&% 'Bredgi—éﬁé?e’_bvere dissolved
in a mixtlierspEmilveiaryaads mlohimnedren g mp(erataminol) f an aqueous 1M LiOH solution
were a j ' XL S.stir: t rogm te for 1 h. After the reaction
was 1oﬁh@?gtﬁﬁﬁjﬁgﬁgﬁﬁggﬁ%ﬁ%ﬁégg ﬂ%é@q@@ﬁ? ;1_|I\II—D ﬁ'&i %ﬁ%ﬁ%tn, concentrated
under réda&dd greSsind hrd coaistillebanigntsasael M hé(rosuictiobtaines dddeis, way (225.0 mg) was

employea:reg FLUaAPXRaRIQnL G URRIBAT BRSO GP Wik THE R ML, 15F ten-Buty

((8S,11R)-8-isopropyl-3,10-dioxo-6-0xa-2,9-
did2abiGpioplate. e rpstatesea (k) 1biae, by adeing Bjilibadrmates THe HCI solution,

3-{(S)-244R):3:(A-ami i iqnylaminal-3- methylbutoxylpropioni
(B A N B s R0 O g 01

mmol) FH@RedoRh imM@s(AHAd) Be2erNdIRoyRshytethy laierand rE8Stibmg (0.51 mmol) of
HATU were suceasgivelvafided fodhis selutiap, %&:tggg@xw[g»gas stirred at room temp. for 1 h. The
aine

reaction mixture was concentrated in vacuo. The residue ob in this way was taken up in CH2CI2,
washed with sat. NaHCO3 solution, dried over MgSO4 and freed of solvent in vacuo. The ring-closed

compound obtinesn i Wizl odl 25¢ i the next stage. Yield: 215.0 mg. LC/MS
R P e i
(8S, 11RyAZERYRII8 4sbpibppiaissa-2 (d RidZ4bioytolie Didiradesuag(es), 13(17), 14-triene-3,10-di
one 30 Fhe gryds-praduct («235imsh ined in: 71, irred | Xt £5:ml of TFA, 0.13
ml of water an O.lBRr?l!ﬁ ofﬁ?ii?s%%i@%@?\@ %%%o%%?n%gggﬁgﬂt@r%@%@ﬁ%ﬁ@gﬁcomplete, the
mixture MRS EEHERRtTRTBRIfM B! and ebdisl ediwite donserraidevarsiurhiss 7 ThB evade product
obtained;y s VY W8 ieghby A thgeshl R itxile ¥ it] % TFA). 80
o L g OB 4D e D208 S0 a5 - -2t PESTARA) A
arfitno-&iSbpHSeteryieiy Buaincadid diBf14 Mo Repiatsaall of 6)A B WE IS SricreS;b@idione were
obtainegdndhis K 35 Uifluorassiateindisforn aliaseloriess.amarphaysmaterial

reaction mixture was concentrated in vacuo. The residue obtained in this way was

taken up in CHzCly, washed with sat. NaHCO; solution, dried over MgSQO, and freed

of solvent in vacuo. The ring-closed compound obtained in this way was employed

25  crude in the next stage. Yield: 215.0 mg.

LC/MS (method B): R, = 0.76 min, m/z: 364.3 [M-tBu+H".

F. (85,11R)-11-Amino-8-isopropyl-6-oxa-2,9-diazabicyclof11.2.2]heptadeca-
1(16),13(17),14-triene-3,10-dione

30  The crude product (~ 215 mg) obtained in 7-1 E was stirred in a mixture of 4.75 ml of
TFA, 0.13 mi of water and 0.13 ml of triisopropylsitane at room temp. for 2 h. After
the reaction was complete, the mixture was concentrated in vacuo and codistilled
with toluene several times. The crude product obtained in this way was purified by

preparative HPLC (acetonitrile/water+ addition of 0.1% TFA). 80 mg of (8S,11R)-11-



LC/MS (method B): Rt = 0.44 min, m/z: 321.3 [MH]. 5 G. tert-Butyl

(S)-6-ter§i}éx Wamino-z-[&(ws,11R)-8-isopropyl-3,10-diox06-o -2,9-d] %ic clo[11.2.2]he
ptadeca- gﬁi}% ,14-trien-11- yOureidolhexanoate 81.9 mg (0.41 nﬁﬁﬁ%ﬁ‘ﬁi@ I
chloroformate were dissolved in 3 ml of 10CH2CI21While cooling in an ice bath, a solution of 80 mg
(0.19 Mol B0 o propyl-6-0xa-2 9-diazaty . i
(88,11R)-ll-amino-%-ispoyprogy ?6-6xa-rza,zé% fg\z/gll?i Ty1c' o'ﬁl]f E%al%%cpata%g@fa@ﬂ?j(ﬁ}['}sl,%?friene-3,10-d
ione obtdinedrip e meranebégpaqothinmel) s KifldissmelatethylaforerinBaiadbGH42CI2 were

added. T xtsire wagsthan stirred at room temp. for 3 h. The reaction mixture was washed with sat.
NaHCO3 solution, 15 water and saturated NaCl solution, dried over MgSO4 and concentrated in
vacuo. The redidudSbtaiatwshBhiswaywésaissonzdii Briviof DMF and mixed with a solution of
68.8 mg (0.2 mmol) of H-Lys(Boc)-0tBu hydrochloride and 65.9 p1(0.39 mmol) of
N,N-diisopropylethylamine in 3 ml of DMF. The reaction mixture was stirred at room temp. overnight

and the®eoiedrittad dSn-§demiob Tivecratmprbaimit 20oldii8Ed in RiSiemp way pRiffled dyoflash
chroma )BY-0R; Sili j | tate 4:1), Xield: 20. tert-butyl
®granh 9%;%%:%@5?@9??(@48‘5%%&%%%2 cﬁp é&?ﬁg} ?158[ ARV

(S)-6-tertbutoxycarbonylamino-243 1 I0X0-6-0xa-2,9-
diazabioy#epido Ziepratieca-1(16),13(17),144rien-11-AureidoThexanoate. LC/MS (method B): Rt =

0.91 mi@4@@%@:@1{%0%#&-@@ 'f(?lz%rl%ﬁd?’é%@r?ﬁ&r!aRv?/'g%érS@BE%ﬁ’O’é@1%?5‘3'5%@'6‘0’(3'2'9'

diazabicyclo .2]heptadeca-1(16),1 ,14-trien-11-Aurel exanoic ac mg (0.03 mmol)
of’t@rt-bﬁv@t -Qtete ey anbonysantiadn2a 3BEALR)80 mg (0.19 mmol) of the

sopronyb3 Needore-fuana:2 Sdpeatiorciolts ¢ Aenindsea 10NN on

3011-yOureidoThexanoate were stirred in a mixture o water and 25 pl of
triisopropylSildié et rdbriitsiap fo-dianafkdtaireticioh vast6mplete dthenmigtuind Was concentrated
in vacug st ' 2 SEVe[al Al de " ined in this way was
purified b@é%%eparati\}/%@?—l\égtﬁg (E}apcge?g%ﬁilg/%g% dgrt?od% %T Oﬁé‘)%q 'Pl@ﬁf))é)ég %g%ﬁhg%{feegc%mpound
were ob@hede Wo P0G 4680 R CPRPPBOYR U8E50 B3 Rrithikwast dY atifiorsmstite,in the form of

2 $910r\oRR AP OaE MAEL ! MR TEan B Th st LI REEARRS N hclle ollowing

examples were prepared in an analogous manner: Exa

(S)-3-(6LARITSIHHRIPL BN s 8YVEYRY 8 Ais81B010-dioNEB I 2104 mixed with a

diazabicygl : ; £); ' 1 i ianj id LC/ thod B): Rt
diazat I%L’Qn{%/igﬁgg;ﬁ?gEﬁﬁﬁ&&%ﬁ;@%@@&p@g@HQ@&@RM&%@%@.'9 £IMg 4gethod B)

(S)-3-(BTRHHGPY NI SPRIRS eths| BR)S: isoprdpgF 8 biTiokes renciam mixture was stired
A SR LT R 0
di%Qabi@%ﬁi: | IpiRisprateras pLeifies by ) eshrdnonajoasbivprapicaigelkid LC/MS (method A):
AT () ettt o
azabicy46pry PHaderkBRe 417 1991 8§ R 54risapIoryGareitdPhexauvie-adid
diazabicyclo[11.2 2}heptadeca-1(16),13(17),14-trien-11-yhureidolhexanoate.
LC/MS (method B): Ry = 0.1 min, miz: 648.5 [MH"].
25
H.  (5)-6-Amino-2-{3-((8S,11R}-8-isopropyl-3,10-dioxo-6-oxa-2,9-
diazabicyclo[11.2.2]heptadeca-1(16),13(17),14-trien-11-yl)ureidolhexanoic acid
20.0 mg (0.03 mmol) of tert-butyl (8)-6-tert-butoxycarbonylamino-2-[3-((8S,11R)-8-
isopropyl-3,10-dioxo-6-oxa-2,9-diazabicyclo[11.2.2}heptadeca-1{16),13(17), 14-trien-
30  t1-yhureidolhexanoate wére stirred in a mixture of 0.95 ml of TFA, 25 ul of water
and 25 ul of triisopropylsilane at room temp. for 2 h. After the reaction was complete,
the mixture was concentrated in vacuo and codistilled with toluene several times.
The crude product obtained in this way was purified by preparative HPLC

(acetonitrile/water+ addition of 0.1% TFA). 5 mg of the title compound were obtained



0 H2 8-1A WO 2009/146802 53 0 IH ,N"----NO H HO----- M-OH../;...'-,HN 1 OHO 8-1D A.

(9S,12R )/ 2 -Amdnoa@-gapropyl-2,7- dloxa 10- azablcyclo[lz 2. 2]octad 4 -tetraen-11-
one A solution of 3.66 gé? 6.78 mmol) of 9H-fluoren-9-y1 methyl ((93,12 ﬁ&(ﬁ%@%l@ég
50x0-2,7-dioxa-10-azabicyclo[12.2.2]octadeca-1($%),4,14(18), 15-tetraen 12- yl)carbamate (1-1D) in
300 m! gh diglgrameshangonasabed ith 75, of Sisthviaml ROUEMatgrhior o h. The mixture

was concentrated and purified by preparative HPLC. Acetonitrile was removed from the combined
product fractioh& itV reteireddboftd Oshfuritbd™N&HED3 SWidiibn was added, and the mixture was
10extracted twice with ethyl acetate, saturated with sodium chloride and again extracted with. ethyl
acetate. The combined ethyl acetate phases were dried over Na2S04, filtered and concentrated. The
resulting SE0SAHE WSS HTRISSBAEh ATITAraTRiN @ACHDASIQTAVIBAMENod B): Rt = 0.58 min, m/z:
3192 NEIti. 15B. tert-Butyl (S)-6-tert-butoxycarbonylamino-2[3-((9S,12R)-9-isopropy1-11-0x0-2,7-
dioxa-10-azabicyclo[12.2.2]octadeca-1(17),4,14(18),15-tetraen-12- yOureidoThexanoate The reaction
took plagé%@%'@s—& ed in 1-1F. 1.13 g of he title compound were obtained.

(S)-3-(6-Aminopyridin-3-yl)}-2-[3-((8S,11R)-8-methyl-3,10-dioxo-6-0xa-2,9-
diazabicyclo[11.2.2]heptadeca-1(16),13(17),14-trien-11-ylureido]propionic acid
LC/MS (method B): R, = 0.28 min, m/z: 489.25 [MH"].

10
Example 7-3
(S)-3-(6-Aminopyridin-3-yl)-2-[3-{(3S,6R)-3-isopropyl-5,9-dioxo-1-oxa-4,10-
diazacyclotridec-6-yhureido]propionic acid
LC/MS (method B): Ry = 0.42 min, m/z: 479.33 [MH 1.
15
Example 7-4
{S)-3-(6-Aminopyridin-3-y1)-2-[3-({85,11R)-8-isopropyl-2, 10-dioxo-6-0xa-3,9-
diazabicyclo[11.2.2]heptadeca-1(16),13(17),14-trien-11-ylureido}propionic acid
LC/MS {method A): Ry = 0.82 min, m/z: 527.20 [MH].
20

Example 8-1
(S)-6-Amino-2-[3-((9S,12R)-4,5-dihydroxy-9-isopropyl-11-oxo0-2,7-dioxa-10-
azabicyclo[12.2.2]octadeca-1(17),14(18},15-trien-12-yl)ureido]hexanoic acid

\/

ﬁ/@a;. ﬁ@w

8-1A
25 _ !



20LC/MS (method B): Rt = 1.00 min, m/z: 647.3 [MH+1. C. tert-Butyl (S)-6-tert-butoxycarbonylam
no-2-[3- ~4,5:dihydroxy-9- WO 2009/146802PCT/EP2009/0036 54
isopropy‘ﬁ&[éﬁ(@gﬁgg?g&10-azabicyc|o[12.2.2]octadeca-1(17),14(18%5%%%%@??!%3650
yOureidoThexanoate 8 mg (9.7 pmol) of (DHQ)2PHAL (hydroquinine 1,4-phthalazinediyldiether) were
added to a mixture of 541 mg (387 mmol) of AD-Mix-alpha and 3 mg (7.7 ,umol) of 5potassium osmate
in tert-butanol/water (1:1, v/v). After a clear solution had formed, the reaction mixture wa led to
0C, 41 mg (425 ,umol) of methanesulfonami?igwere added, and the mixture was sti@%d/ this
temperature for 15 min. Then 250 mg ( mol) of tert-butyl ~___~

(S)-6-tert-butoxycarhprtylamino-243((9S,12R)-9- - 7oy HN
isopropyl1-11-0x0-2,7-dioXa-10tazahicyclo[2.2.2}octade -W@h&ﬁ%ﬁaen-jo
12-yOureido exarioate!(ste yB) Weére added, and the mixture was Warmed to\RT aid left to stand over
the Weeggh o A mokﬁl of spdium sulfite were then aand the myixture was stirred at
RT for 1 h. The react ixture wag extracted with ethyl acetagteard the o ic phase was dried

over Na2S04, filtered ard conc E@d in a rotary evaporator. The residge(t%ls Purified by
preparative HPLC. 1?}@4 mgﬁﬁhe title compound were obtained:& C/MS (method B): R = 0.84 min,
m/z: 681.3 [MH1. D. (S)-6-rAmino-2434(9S,12R)-4,5-dihydroxy-9-isopropyl-11-oxo-2,7-dioxa-10-
azabicycloll 2.2.2}octaden{?-1(l7),l4(18),15-trien-lZ-yOureidoThexanoic acid The protective groups
were eliminated as described above in a 20 TFA/dichloromethane mixture. A mixture of the
diastereomers was obtained. LOC/MS (method B): R1 = 0.42 min (double peak), m/z: 525.3 [MK].
Example 8-2 (S)-6-Aminc-2-[3#(9S 2R)-5-H oxy-9-isopropyl-11-oxo-2,7-dioxa-10- :
25azabicyclo[12.2: OGta/d?e&afé(\H , ),15-trien-12-yOureidoThexanoic acid and

(S)-6-amino-2-[3-((9S di2R)-4-hydroxy+9-isopropyl-11-oxo-2,7-dioxa-10-
azabicyclo[lf. .2]octadegia-1(17),14(18
(S)-6-tert-butoxycarboepylamifio-243:{( 2R)-5-hydroxy-9-isopropyl11-oxo0-2,7-dioxa-10-azabicyclo[1

-trien-12-yOureidolhexanoic acid A. tert-Butyl
2.2.2joctadeca-1(17),14(18),15-trien-12-yfureidop 30 hexanoate 1.55 ml (773 pmol) (0.5M in THF) of
9-borabicyclo[3.3.1]nonanewere added to a solution of 50 mg (77 pmol) of tert-butyl
(S)_G_teﬁ_ﬁgﬁ)ﬂyﬁ}ﬁl@qﬁmﬁ@—gs,@ropyl—2,7-dioxa~‘§ O-azabicyclo[12.2 2]octadeca-
((95,12Fg?ﬁ;—jﬁppggﬁgljy%gég-a?eg;gig%sﬁélo-azabicyclo[lz.2.2]octadeca1(17),4,14(18),15-tetraen-12-y0
ureidoThexanoate (8-1B) in 1.5 ml of THF, and the WO 2009/146802PCT/EP2009/003650 55 mixture
was stirfe8Ca¢ N eVerig . (Additiomet) 28@ p1ivagmenpl ) of b sGthiund Rydrisdgecsolision and 207
Pl 83yppnely ofibydrogen peiax | fi ith,,clic ane. The organic

i o RN e 2ol R o S MR

phase was washed with saturatéd sodium chloride so 4., Filtered and

concentfaféib Imaiesiti binaztpunfied HgirsparathanpRies . migad $/itméthod B): Rt = 0.86 min, m/z:
665.5 [Mi S):6-AMiRa-2I3-((9S, vdraey: 9. 11-0x0-2 7-dioxa-10-
s Wm0 o -

(S)-6-amiifparatiss (O8L0 R eeigitoky e i ipTepied FordlE cabkina® azauct fractions in

a rotary evaparator, saturated NaHCO; solution was added, and the mixture was

10 extracted twice with ethyl acetate, saturated with sodium chloride and again
extracted with ethyl acetate. The combined ethyl acetate phases were dried over
Na;SOs, filtered and concentrated. The resuiting substance was pure enough for
further reactions. |

- LC/MS (method B): R; = 0.58 min, m/z: 319.2 [MH"].

15 B. tert-Buty! (5)-6-tert-butoxycarbonylamino-2-[3-((9S,12R)-9-isopropyl-11-0x0-2,7-
dioxa-10-azabicyclo[12.2.2]Joctadeca-1(17),4,14(18),15-tetraen-12-
ylureidolhexanoate
The reaction took place as described in 1-1F. 1.13 g of the title compound were
obtained. |

20 LC/MS (method B): Ry = 1.00 min, m/z: 647.3 [MH"].

- C. tert-Butyl (8)-6-tert-butoxycarbonylamino-2-[3-((9S,12R)-4,5-dihydroxy-0-



10bicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-0)ureidothenanoic acid. The protective groups

were elimj ibed above in a TFA/dichloromethane mixturegagg irring in 1 N
HCI. LCW\}/I m%e?h%o . Rt = 0.48 min, m/z: 509.2 [MH1. 15 Example 8- /EH%%%%GS‘E’IH

3-(6-Aminopyridin-3-y1)-243-495,12R)-4,5-dihydroky-9-isopropyl-11-oxo-2,7-dioxa-

10aeabipyelol.3 2losiasscad AN dAaB R AZuouadoronon gt el sompound

was obtained in analogy to the preceding examples. LC/MS (m min, m/z: 560.26
[MH+]. 20/ Eeiapiea1q8e6-Arnino-2..[((9S,12R)-9-isopropyl-11-oxo-2, 7-dioxa-10- azabicyclo]l

2.2.210¢$311808-} (hfloh f&l@@Qgﬁgﬁéﬁg#@umgﬂﬁ%@%@%@ﬁé&w BRANSPTGRYY!

(S)-6-tert-butoxycarbonylamino , -9-isopropyl-11-ox0-2,
dioxa-1G9gasitya ey epickddeds 1867) man@ Bof ¥srdin-Ei asatfa oyt dmihoTrexafoate A

solyfion &féézimgé@rﬁé@e'TPW@H-BM%H@W%?‘?151@?:)?%%%@%%'%%@?@@ formed,

oxooxazolidine-3-sulfonylamino)hexanoate and 250 mg (0.780 mm

3012-arHifo SRR PN 7 Widk &0 bt Ve 9] 1 Zral 2feitadBea- Of Iy a6y 1B denidel -one
(compoypdel ickin Iadnif ArRion e an stiredal 8060 Aflen L day (8)ihe same aount of the

oxazolidine was again added, and the mixture was stirred . The reaction mixture was then

concentfaged dnd thel reditrit by poife@tpptepytPhaiRotuet Lhsint2factions were
combineshghspgratpaltie s AL AGR RS 3 HECONIGNS0TP) 26 eaRg Il pfl frade

slightly alkaline”with sat. NaHCO3 solution and extracted several times'with ethyl acefate. The

cofibindd ofigisic plnasas artfe (G BV e E 2B B, Fbsddeanidoncentsaredee g the title
compougidverie obtained kS (sthod BERh3 H%ﬁ%&ﬂ%f%%ﬁi%%ﬁ%%ég-men

(S)-6-Amino-2-[((9S,12R)-9-isopropyl-11-oxo-2,7-dioxa-10-
azabicy8} 89 2ot etedebdure vesaised stffchiop - RuffamesdeinmoTrexanse aeidasissdlution of

78 mg (Rl &ymabethierahuitvhe organic hase was dried over Na,SOy4, filtered and
(S)-6-tert-butoxycarbonylamino-2-R(9S,12 )r-9-|sopropy1-11-oxo-2,%-d|oxa-10-azarl)|cyclo[12.2.2]octad
m

eca-1(19§19kDE R 15l ien rRss BN ARPRIMITETIRSIGHS A8 $rPg ifipefoBIehRI@ivethBtelTFA (1:1,
viypwas efti;ipnckakR Tcingdupad g ganesatrated. The crude product was purified by prep.

HPLC. The required fractions were combined and freeze dried after addition of 1N hydrochloric acid.

34 mg of the tHE'&dmpBaHIPHd e Bhiandd &imyavacRdlidelNME/MS (method F): Rt = 2.97 min, m/z
529.23 M) slakampie 98s 12R)-4 5-dinydroxy-9-isopropyl-11-oxo-2, 7-dioxa-10-
(S)-6-Am|no-_2-[(l(9§hlr2}S -9-isopropy1-11-0x0-2,7- loxa-10-azabicyclo[12.2.2]octadeca-1(17),14(18),1
5-trien-f§%}?§}{f%\%oyaa¥)ﬁ~m@a€hé@an' RE@M6id adil 1 8)iRettiga-dempouind Kas eheinedith analogy to the
preceding exampiesCMoRABRINIFINA R 22 848 35899 R3IMH+]

20  TrA/dichloromethane mixture. A mixture of the diastereomers was obtained.
LC/MS {method B): Ry = 0.42 min {double peak), m/z: 525.3 [MH"],

Example 8-2
($)-6-Amino-2-{3-({95,12R)-5-hydroxy-8-isopropyl-11-oxo-2,7-dioxa-10-
25 azabicyclo{12.2 2]Joctadeca-1(17),14(18),15-trien-12-yhureido]hexanoic acid and
(S)-6-amino-2-[3-((8S, 12R)-4-hydroxy-9-isopropyl-11-oxo-2,7-dioxa~10-
‘azabicyclo[12.2 2]Joctadeca-1(17),14(18),15-trien-12-yl)ureido]hexanoic acid
A. tert-Butyl (S)-6-tert-butoxycarbonylamino-2-[3-((95,12R)-5-hydroxy-9-isopropyl-
11-0x0-2,7-dioxa-10-azabicyclo]12.2. 2]octadeca-1(17),14(18),15-trien-12-yhureido]-
30 hexanoate
1.55 ml (773 pmol) (0.5M in THF) of 9-borabicyclo{3.3.1)nonane were added to a
solution of 50 mg (77 ymol) of tert-butyi (S)-G—tert—btitoxycarbonyiamiﬂo-2~[3-
((95,12R)-9-isopropyl-11-oxo0-2,7-dioxa-10-azabicyclo]12.2.2]octadeca-
1(17).4,14(18),15-tetraen-12-yl)ureido]hexanoate (8-1B) in 1.5 ml of THF, and the



P'harmacological examples The prepared substances were tested for TAFla inhibition using the

Actichr g Activity Kit from American Diagnostica (Pr. Ngﬁ% T&%@B?ﬁ d 25 adding
28 pl of assay uf er @E mM Hepes, 150 mM NaCl, pH 7.4) and 10 pl o A a@ 0D|agnost|ca
Pr. No. 874TAFIA; 2.5 Jug/ml) to 2 p1 of 2.5 mMBMSO solution of the substance and incubating in a

96 half- wsutmgcw;s@egtm@@arf@oma RN 0 1 DUBULES: e aRaYTne ERpction was started Dy
L% h kfl)"uf

adding 10 pl of TAFla developer (prediluted 1:2 with assay er). The t| & courde of the reaction 30
was foll WP ael 2 2P hitioim anmidkotitdr pl&tereade o{Spetiraar plos $8a e ddlomter bavices) for 15

minutes, WO Z09IHERAR0CTIEREN0O036RD AL 48 Moleol Revesa), Taple Lapows he

results. 58 Table 1: Exam e No. IC50 [NI] E xample NI] Example
No. ICseqdim ah0oe solutlon dried over Na2804 filtered and concentrated. The residue

5 was purified by preparative HPLC.
LC/MS (method B): Ry = 0.86 min, m/z: 665.5 [MH'],
B. (S)-6-Amino-2-[3-((9S,12R)-5-hydroxy-9-isopropyl-11-ox0-2,7-dioxa-10-
azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-yl)ureidothexanoic acid and
(S)-6-amino-2-[3-((9S,12R)-4-hydroxy-S-isopropyl-11-oxo-2, 7-dioxa-10-aza-
10 bicyclo[12.2 2]octadeca-1(17),14(18),15-trien-12-yl)ureido]henanoic acid.
The protective groups were eliminated as described above in a
TFA/dichioromethane mixture and subsequent stirring in 1 N HCL
LC/MS (method BY: Ry = 0.48 min, m/z: 509.2 [MH"].

15 Example 8-3
3-{6-Aminopyridin-3-y1)-2-[3-((9S,12R)-4,5-dihydroxy-8-isopropyl-11-ox0-2,7-dioxa-
10-azabicyciol12.2 2joctadeca-1(17},14(18),15-trien-12-yijureidojpropionic acid
The title compound was obtained in analogy o the preceding examples.

LC/MS (method L) Re = 2.15 min, m/z: 560.26 [MHL.

20
Example 9-1
{S)-6-Amino-2-[((88,12R)-8-isopropyl-11-oxc-2,7-dioxa-10-
azabicyclo[12.2 2joctadeca-1(17),14(18),15-trien-12-ylsulfamoy!)aminolhexanoic
acid

25 A tert-Butyl (5)-6-tert-butoxycarbonylamino-2-[((9S,12R)-9-isopropyl-11-ox0-2,7-
dioxa-10-azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-
ylsuifamoyl)aminolhexanoate
A solution of 387 mg (0.858 mmol) of tert-butyl (S)-6-tert-butoxycarbonylamino-2-(2-
oxooxazolidine-3-sulfonylamino)hexanoate and 250 mg (0.780 mmol) of (9S,12R)-

36 1Z2-amino-8-isopropyl-2,7-dioxa-10-azabicyclof12.2 2Joctadeca-1(17),14(18),15-trien-
11-one {compound 1-1E) in 15 ml of acetonitrile was stirred at 80°C. After 1 day (d),
the same amount of the oxazotidine was again added, and the mixture was stirred
for 1.d. The reaction mixture was then concentrated and the residue was purified by

prep. HPLC. Product-containing fractions were combined, the acetonitrile was



1-8 0.029 5-3 0.032 7-4 0.040 1-2 9.044 -9 0.019 6-1 0.052 8 0.023 1-3 0.269 2-1 0.0088 6-2 0.021
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evaporated off, made slightly alkaline with sat. NaHCO3 solution and extracted
several times with ethyl acetate. The combined organic phases were dried over
Na50;, fiitered and concentrated. 78 mg of the title compound were obtained.

LC/MS (method B): R = 1.16 min, m/z: 585.9 [MH-Boc™].
B. (S)-6-Amino-2-[{(98,12R}-9-isopropyi-11-oxo-2,7-dioxa-10-
azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-ylsulfamoylaminoihexanoic
acid. A solution of 78 mg (0.1 14 mmol) of tert-butyl (S)-6-tert-butoxycarbonylamino-
2-[({95,12R)-8-isopropyl-11-ox0-2,7-dioxa-10-azabicyclol12.2.2]octadeca-
1(17),14(18),15-trien-12-ylsulfamoyllamino]hexanocate in 3 ml of
dichloromethane/TFA (1:1, viv) was left to stand at RT for 2 h and then
concentrated. The crude product was purified by prep. HPLC. The required fractions
were combined and freeze dried after addition of 1N hydrochloric acid. 34 mg of the
titte compound were obtained as hydrochioride. LC/MS (method F): Ry = 2.97 min,
m/z: 529.23 [MH".

Example 9-2
{S)-6-Amino-2-[({88,125)-9-isopropyl-11-ox0-2,7-dioxa-10-azabicyclo[12.2.2]octa-
deca-1(17),14(18),15-trien-12-yisulfamoyiamincihexanoic acid

The title compound was obtained in analogy io the preceding examples. LC/MS
(method F): Ry = 2.81 min, m/z: 529.23 [MH"]

Pharmacological examples

The prepared substances were tested for TAFla inhibition using the Actichrome
plasma TAFI Activity Kit from American Diagnostica (Pr. No. 874). This entailed
adding 28 ul of assay buffer (20 mM Hepes, 150 mM NaCl, pH 7.4) and 10 ul of
TAFla (American Diagnostica Pr. No. 874TAFIA; 2.5 pg/ml) to 2 ul of 2.5 mM DMSO
solution of the substance and incubating in a 96 half-weli microtiter plate at room
temperature for 15 minutes. The enzyme reaction was started by adding 10 ul of
TAFla developer {prediluted 1:2 with assay buffer). The time course of the reaction
was followed at 420 nm in a microtiter plate reader (SpectraMax plus 384; Molecuiar

Devices) for 15 minutes.

The ICsg values were calculated from the averaged values (duplicate determination)

of serial difutions of the substance with the aid of the Softmax Pro software (version



8:30.059 1-5 0.105 4-1 0.017 6-4 0,055 1-6 0.811 5-1 0.649 6-6 0.053 7 0.049 5-2 0.009 7-1 0.022
WO 2009/14 2009/003650
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4.8; Molecular Devices).

Table 1 shows the resuits.



59 Claims A compound of the formula | R6 OH RO NN R8 H 0-R1(l) 5 and/or of a stereoisomeric
form oft he formula | and/or mixtures of these forms i In-any é{(%t%oﬁr)é]é%?g
phyS|oIog|caI y to erat salt of the compound of the formula I, where X'is™-C{0)- 0 gOU is
oxygen atom, sulfur atom, NH, -C(0)-NH- or -(C0-&#)-alkylene-, A is oxygen atom, sulfur atom, NH,
-C(0)-NH-gNKE-C(0)-, -NR2- or -(CO- C4)-alkylene-, V is1)-(C9-Cg)-alkylene-, where alkylene is
unsubstituted or substituted independently of one another once, twice or three 15times

by -OH[ EkErQIBAI0060,2) -(ChArapialkyIe ;| CIrCRERYaIa Ky ICGT-CE-alirne-, Witgre cycloalkyl
is substituted indepengdently ofrane anotheronge, twige or three tgm\g]s bynRILS, or 3) [ M]
-(C3- C‘Bﬁﬂkenylerle}omi) IS -¢C4-C2)-alkylepe-, |§_’@covalent0b@3wg )AG3-CI2)-gyglasikyl, where
cycloall uted-independently.of one another once, twice ar three fimes by R15
L(C6-Cldyzaryl, whetd A is Lnstibstituted-8r Substifited 0.052 | &-1 0.023

1-3 0.269 2-1 0.0088 !86-2 0.021 82 0.033

1-4 0.071 3-1 0.0077 |6-3 0.012 {8-3 0.05%

1-5 0.105 4-1 0.017 6-4 0.055

1-6 0.811 5-1 0.649 6-6 0.053

1-7 .1 0.049 5-2 0.008 7-1 0.022




25independently of one another once, twice or three times by R15, or 4)Het, where Het means a 4- to
15-mempered heteregyolic ring system having 4 to 15 ring atoms which@tegiweseolin sag, two or WO
2009/146802PCT/EP2009/003650 60 three ring s¥stems which are connected together, and which
comprise, depending on the ring size, one, two, three or four identical or different heteroatoms from
the series oxygen, nitrogen or sulfur, and in which Het is unsubstituted or substituted independently of
one 5angther once, twice or three times by a -(C1-C3)-alkyl, halogen, -NH2, - CF3 or R1 is 1)hydrogen
atom, 2§ f515ce)-alkyl, 3) -(C1-C6)-alkyl-OH, 104)-(Co-C4)-alkyl-(C3-C6)-cycloalkyl, 5)
-(C1-C10)-alkyl-O-C(0)-0-R2, 6) -(CH2)r-(C6-Cid)-aryl, in which aryl is unsubstituted or substituted
independently of one another onc?, twice or three times by R15, and r is the integer zero, 1, 2 or 3, or
15-(CH2)5-Hef, RABRIBERELHS ‘2445 15-membered heterocyclic ring system having 4 to 15 ring
atoms which are present in ogg, twoQr thregiring systems which are connected together, and which
comprise, depending,on the ring size; o %threp okfody identical or different heteroatoms from
the 20series oxygen, n*mge/r}\or[\s}mﬁ}r\é,nd mwhichiHet | substituted or substituted independently
of one another once, twice oRBree times by R1§, and gis the ﬁt‘e‘@%ﬁ zero, 1, 2'or 3, R2 is
1)-(C1-C6)-alkyl, 2) -MI—Q::CG-C’M)-ar , in which arylds unsubstituted or 25substituted independently

of one another once, #vice or three timgs by R15, and r is the integer zero, 1, 2 or 3, or 3)
-(Cg-C4)-aIkyI-(C3-C6)-cyc ,QM s 1)-(C2-C6)-alkylene-NH2 , where alkylene is unsubstituted or
and/or of a stereoisomeric form of the compound of the formula | and/or
mixtures of these forms in any ratio, and/or a physiologically tolerated salt of
the compound of the formula |, where |
Xis -C(O} or-S02-,
10 Uis oxygen atom, sulfur atom, NH, -C(O}-NH- or (Cg-Cy)-alkylene-,
Ads  oxygen atom, sulfur atom, NH, -C(O)-NH- -NH-C(O})-, -NR2- or -(Cp-
Cg)-alkylene-,
Vis 1) -{C»-Cg)-alkylene-, where alkylene is unsubstituted or
substituted independently of one another once, twice or three
15 times by ~OH, NH. or halogen,
2) -{Cq-Co)-alkylene-{C3-Cg)-cycioalkyl-(C1-Co)-alkylene-,
where cycloalky! is substituted independently of one another
once, twice or three times by R15, or
3) -(C3-Cg)-alkenylene-,
20 Dis -(Cq-Cp)-alkylene-,
Yis 1) covalent bond,

2) -(C3-Cqo)-cycloalkyl, where cycioalkyl is substituted

independently of one another once, twice or three times by R15,

3)  -{Cg-Cqg4)-aryl, where aryl is unsubstituted or substituted

25 independently of one another once, twice or three times by R15,
or
4) Het, where Het means a 4- to 15-membered heterocyclic ring

system having 4 o 15 ring atoms which are present in one, two or



substituted once, twice, three or four times by halogen,

302)-(Cipe4 palikylersr2(C1-C4)-alkylene-NH2, 3)-(C1-C4)-alkylene-Sp2-{C=C4) satikytene-NH2,
4)-(C0-C4)-alkylene-Het, where Het is as defined above and is PCT/EP2009/003650 61 substituted
by -NH2 and once, twice or three times by R15, -(€0-04)-alkylene-(C3-08)-cycloalkyl-NH2 or
-(CB-CG)-alkylene-cyc}hiteam'r@s%mgmbmre(@nﬁ@yaﬁybgﬂﬂ@e @Irkyl\imwhsubﬁttww or
substituted independ .one a ther once, twice or three time R16 C1-C6)-alkyl, where
2y i unsubstiuted HFETBL TR At TIGRB AT 6t OHE ALRieR JRLG, NHRAPBl Sl el by R16,
-(C0-C4)-alkylene-Heicwheseohat isasttefnatbakoyganharedlkylene@ng Heicgre unsubstituted or
substituted independently of ane, another on ice or thre 6,,-(CQ-04)-alkylene-aryl,
hore alkylene and PR RES SR I St RS BEn BRRG o GHe A SHHEr once, wwice or
three times by R16, ain¢@@-Cahcalkiydere (08re8)ieyeloalky, yhee-glkytene andsyicloatky| are

unsubstituted or substituted independently of one another once, twice or three times by R16, R7 is

hydrogen atom, haloéécrﬁdﬁ-(@-@%aqalkyl R8 is hydrogen atom, halogen or -(C1-C6yalkyl,
20R9 is hydr ggfw atq halﬁg%n or-(0-C)-alkyl, R15 ishydrogen atom, -(01-C4)-alkyl, -0-CF3, -NH2,
-OH, -CF3 or §en and 989" , “NH2, -OH, -CF3 or halogen. 252.A compound of the

formula | as claimed i) clam‘(at,qvﬁr@Felels -0(0)- or -SO2-, U is oxygen atom, sulfur atom, NH,
-0(0)-NH- or -(Co-C4)-alkylene-, A is ox;&géan atom, sulfuratom NH, -0(0)-NH- or -(C3-04)-alkylene-, V
is1)-(C2-09)-alkylen lor 30i @i‘@jﬁ VIene- D is -(01-02)-alkylene-,

10 4} -(Cp-C4)-alkyl-(C3-Cg)-cycloalkyl,

5) -(C4-C10)-alkyl-O-C(O})-0-R2,

B) ~(CH2}~(Cg-Cq14)-anyl, in which aryl is unsubstituted or
substituted independently of one another once, twice or three
times by R15, and ris the integer zero, 1, 2 or 3, or

15 7) -(CHp)g-Het, where Het means a 4- to 15-membered
neterocyclic ring system naving 4 to 15 ring atoms which are
present in one, two or three ring systems which are connected
together, and which comprise, depending on the ring size, one,
two, three or four identical or different heteroatoms from the

20 series oxygen, nitrogen or suifur, and in which Het is
unsubstituted or substituted independently of one another once,
twice or three times by R15, and s is the integer zero, 1, 2 or 3,

R2is 1) -{C4-Cgl-alkvt,

2) ~(CH2)-(Cg-Cq4)-aryl, in which aryi is unsubstituted or

25 substituted independently of one another once, twice or three
times by R15, and ris the integer zero, 1,2 or 3, or

3) -(Cp-Cy)-alkyl-(Ca-Cg)-cycloalkyl,

R3is 1) -(Co-Cg)-aikylene-NHo , where alkylene is unsubstituted or
substituied once, twice, three or four times by halogen,

30 2) ~-(C1-C4)-alkylene-0-(C1-Cy)-alkylene-NHo,

3) -(C1-Cyq)-alkylene-S0p-(C4-Cyq)-alkylene-NHo,

4) -(Cp-Cyj-alkylene-Het, where Het is as defined above and is



WO 2009/146802PCT/EP2009/003650 62 Y isl)covalent bond, 2) -(C3-C2)-cycloalkyl, where

cycloalky}ds suhstitgeghindependently of one another once, twice or threertimes,fy/fifss3)
-(C6-C14)-aryl, where aryl is unsubstituted or substituted 5independently of one another once, twice or
three times by R15, Or 4) Het, where Het mean$3 4- to 15-membered heterocyclic ring system
having 4 to 15 ring atoms, whisétiaie-present-n ane, dwe-onthceeingreysieras whirh @re connected
together, and which comprise, 10depending on the ring size, one, two, three or four identical or

different heteroatom$jrom tife Gériesakygan; itgogeh@ickiafiiy!-d¥din Which Het is unsubstituted or
substituted independ {1tly of %Be ot?lz}(ég once, tvy,ice or three times by a -(C1-C3)-alkyl, halogen,
_NH2, -CF3 or -0-CF3) 15R1 5015t/ aP0gaR SSHE 5 (3 15e 6)-alkyl, 3) -(C1-C6)-alkyl-OH, 4)
-(CO-C4)-aIkyI;Q@%C@-cycl%gbg,), A+ C10)-alkyl-O-C(0)-0-R2, 206)-(CH2)r-(C6-Ci 4)-aryl, in
which aryl is unsubstituted or substituted independently of one another once, twice or three times by

R18, and r is the integer zeré> 1-2arBxr WRECH2IS Het Vbl fde theadishs #uted 5-membered

het licri tem having 4 to 15 ri t ich 25 t t t [
Cystems which are conneciilt CASHEH Ul ARICH SN ta-Ac kel DR kg G Bne, two,

three or four identicaBpr diffedefC helgheaitomsfiera teyseriesaxygenisdtragametitasdar, and in which
Het is unsubstituted or substituted independently of one another once, 30twice or three times by R15,

and s is the integer zero, 1,P45iPENR2 MM R{C1ecB)ANE OPCEC oRecs- e - Ungsibwhieh aryl is
unsubsttutedor 4y (Cp-Cy)-alkylene-Het, where Het is as defined above, where
10 alkylene and Het are-unsubstituted or substituted independently
of one another once, twice or three times by R16,

5) -(Co-Cy)-alkylene-aryl, where alkylene and aryl are

unsubstituted or substituted independently of one another once,

twice or three times by R16, or

15 6) ~(Cp-Cyq)-alkyiene-(Ca-Cg)-cycioalkyl, where alkylene and
cycltoalkyl are unsubstituted or substituted independently of ons
another once, twice or three times by R16,

R7 is hydrogen atom, hatogen or -(C1-Cgl-alkyl,
R& is hydrogen atom, hatogen or -(C1-Cgl-alky,
20 RO is hydrogen atom, halogen or -{C1-Cgl-alkyi,
R15 s hydrogen atom, -(C4-Ca}-alkyl, -O-CF3, -NHp, ~OH, -CF3 or
héiogen, and

R16 is —0-Ck13, -NH9p, —OH, -CF3 or halogen.

25 2. " Acompound of the formula | as claimed in claim 1, where
Xis -C(O)-or-S0O»-,
Uis oxygen atom, sulfur atom, NH, -C(O)-NH- or -(Cg-Cy)-alkylene-,
Ais  oxygen atom, sulfur atom, NH, -C(O)-NH- or -(Cp-C4)-alkylene-,
Vis 1) ~(Co-Cgl-alkylene- or

30 2) ~(Cg-Cg)-aikenylene-,

Dis -(C4-Co)-alkylene-,



WO 2009/146802PCT/EP2009/003650 63 substituted independently of one another once, twice or

three times byd@kaeand r is the integer zero, 1, 2 or 3, or 3)-(Co-C4)-atky(E:3:66):6yeleslkyl, R3 is
1)-(C2-06)-alkylene-NH2 , where alkylene is unsubstituted or 5substituted once, twice, three or four

times by halogen, 2) -(Cl-C4)-aIkerne-O-(@?i-C4)-aIkerne-NH2, 3)
-(C1-C4,)-alkylere-SOR-(Cl:64-atkyiena;NH2, 4) -(C0-C4)-alkylene-Het, where Het is as

defined above and is ubstitgéed y -NH2 ar}g ?nce, twice or three times by R15,
105)-(C0-C4)-alkylerfa-(C3-€83-Cybaaikgl NS of BR@ oYEBRNK o reks/ it Sine, R6 is 1)hydrogen

atom, 2)-(C1-C6)-alkyl, whey %L}gfld% isubsfituted on sURStifUted: hree fi [ % ently of one
another once, twice or three teljmes by Illi{.l% 153)-0O- CTCV-a{?k)%J,’ w lger}eoerllkyrﬁg LIIWSEU%S |tutgsj” or
substituted independently of eseCanpthey owbe awitd tr thieebsiiiteyoRsebaliitaiC4)-alkylene-Het,

where Het is as defined above, where alkylene and Het are unsupstituted or substituted
indgpendently of one anoth'@ﬁéﬁ?@%@% %% P8 IR B B 6968 RICAR) RS IBHEAR1, where

e}lkylene and aryl are unsulstituted or substituted independently of one another once, twice or three
are nsbsttied or Substit e IRBCHACRIFOR & SEanOer S theB BRI es by R16, RY
is hydrogen atom, halpgemata(l; @Gy-alByinRetisrhydidgen aterrdidagendiic(GloGh)-alkyl, R9 is
hydrogen atom, halogen or (CL GO alll, RIS Ishydroden Iom, {GL- Gl 0,63, NH2, -OH
10 depending on the ring size, one, two, three or four identical or different
heteroatoms from the series oxygen, nitrogen or sulfur, and
in which Het is unsubstituted or substituted independently of one

another once, twice or three times by a -(C4-Ca)-alkyl, halogen, -NH»,
-CF3 or —0O-CF3,

15 Riis 1 hydrogen atom,

)
) -(Cq1-Cg)-alkyl,

) -(Cq-Cg)-alkyl-OH,

) ~(Co-Cy)-alkyl-(C3-Cg)-cycloalkyl,
)

)

g WM

-(C1-C1g)-alkyl-0-C(O)-O-R2,
20 | 4] ~{CH)~(Cg-Cq2}-aryl, in which aryt is unsubstituted or
substituted independently of one another once, twice or three
times by R15, and r is the integer zero, 1, 2 or 3, or

7} -(CHo)g-Het, where Het means a 4- to 15-membered

heterocyclic ring system having 4 o 15 ring atoms which are
25 present in one, two or three ring systems which are connected
together, and which comprise, depending on the ring size, one,
two, three or four identical or different heteroatoms from the
series oxygen, nitrogen or sulfur, and in which Het is
unsubstituted or substituted independently of one another once,
30 twice or three times by R15, and s is the integer zero, 1, 2 or 3,
R2is 1)  -(C4-Cg)alkyl,
2) ~(CHp)(Cg-Cq4)-aryl, in which aryi is unsubstituted or



30halogen, and R16 is-0-CF3, -NH2, -OH, -CF3 or halogen. 64 3.A compound of the formula | as

claimedymcslaimglas2owhere X is -0(0)- or -SO2-, is oxygen atom, sutbur-atam Nin @ NH- or
-(00-C4)-alkylene-, 5A is is oxygen atom or -(Cg-C4)-alkylene-, is -(C2-C8)-alkylene- or
-(C3-06)-alkenylene-, is -(Ci-02)-alkylene-, Y islft%valent bond, 2) -(C3-06)-cycloalkyl, where

cycloalkyl is substituted 10indeaendently @ saeianatner onees iwiserasiheeadimesayR15, 3)
-(06-014)-arYI, where aryl is selected from the group of phenyl, naphthyl, anthryl or fluorenyl, and in

which aryl is unsubstituted dF8EBRH R iRGEDe Rt 686 EEiothef Gfick, Rlice or three times by
R15, or 154)Het, whegg Hetigseteciedidypn @@y@g@iggwthinyl, azepinyl, azetidinyl, aziridinyl,
benzimidazalinyl, benzimidazolyl, benzo[1,3]dioxolyl, benzofuranyl, benzothiofuranyl, benzothiophenyl,
benzoxazolyl, bBéhigthibizolyl -enEidazdivl svenisrazehd; b afizismazolyh hestissttiazolyl, carbazolyl,

4aH-carbazolyl, carbolinyl,.20quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl,
ch%manyl, chromenﬁ?g%@é(ﬁpn@lgH‘é%aﬁ%o%ﬁ?oﬁﬁiﬂ%%@ﬁ%ﬂ%%ﬂ%ﬁﬁenzothiophenyl,

dihydrofuran[2,3-b]-tetrahydrauranyl.digyshefiraay . dioxekdishexam, 2H, 6H-1,5,2-dithiazinyl,
furanyl, furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl, 25indolinyl, indolizinyl, indolyl,

3H-indolyl, isobenzofddanyl -(Sockrohiikyle soibdaz 6h - (solralstieyieidditidolyl, isoquinolinyl
(benzimidazolyl), isothiazolidinyl, 2-isothiazolinyl, isothiazolyl, isoxazolyl, isoxazolidinyl, 2-isoxazolinyl,
morpholinyl, naphthyﬁéinyl,"é;@l%fk@f& & ﬁ%ﬁ%,%x%ﬁ %WF ?LSZ%%( iﬁ%iﬁ,"i{%ﬁoxadiazolyl,
1,2,5-oxadiazolyl, 30%dh4texadiazplylpxazaliciind, ax@eodylpazplidiayl, oxgthiolanyl, pyrimidinyl,

phenanthridinyl, phenanthrolinyl, phenaZzinyl, phenothiazinyl, phenoxathiiryl, phenoxazinyl,

phthalazinyl, piperazidyl, pip&igity)-pieridingt urimkcpvianylyipyitazinyl, pyroazolidinyl, WO
2009/146802PCT/EP2009/003650 Gg&yrazolinyl Ppyrazolyl, pyridazinyl, pryidooxazolyl,
pyridoimidazolyl, pyriidthiaz6t; o Hl%Bﬁéﬁiﬁﬂ’['%ﬂi‘afﬂ@d, pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl, -

2H-pyrrolyl, pyggehy, rahyg %rgg]ylg ahydroisoquinolinyl, tetrahydroquinolinyl, tetrahydropyridinyl,
6H- 51,2,5-thia%az}§n;ﬁt1,2,3-@' |azo&ry(ﬁ \2,4-thiadiazolyl, 1,2,5- thiadiazolyl, 1,3,4-thiadiazolyl,

thianthrenyl, thiazolyRthienylGiiEmotaiidazelytrehshpogazuiylh shietepyridinesthisgedthiazolyl,
thiomorpholinyl, thiophenyl, triazinyl, 1,2 3-triazolyl, 1,2,3-triazolyl, 1,2 4-triazolyl, 1,2,5-triazolyl,
1,3 4-triazolyi and xantheny\?iﬁ@e”denﬂy of one another once, ¥WICEE or three fimes by R16,
15 3) -0-{C1-Cg)-alkyl, where alkyl is unsubstituted or substituted
independently of one another once, twice or three times by R15,
43 ~(Cp-Cyq)-alkylene-Het, where Het is as defined above, where
alkylzne and Het are unsubstituted or substituted independently
of one another once, twice or three times by R16,
20 | 5)  -(Cg-Cgl-alkylene-aryl, where alkylene and aryl are
unsubstituted or substituted independently of one another once,
twice or three times by R16, or
B6) -{Cp-Cy)-alkylene~(C3-Cg}-cycloalkyl, where alkyiene and
cycloalkyl are unsubstituted or substituted independently of one
25 another once, twice or three times by R16,
R7 is hydrogen atom, halogen or -(C4-Cg)-alkyl,
R8 is hydrogen atom, halogen or ~(C1-Cg)-alkyl,
RS is hydrogen atom, halogen or -(C4-CgJ-alkyl,
R15is hydrogen atom, -(C1-Cg)-alkyi, -O-CF3, -NHo, ~OH, -CF3 or
30 halogen, and
R16 is —0-CF3, -NHp, —-OH, -CF3 or halogen.



iOinwhich Het is unsubstituted

or substituted independently of one another once, twice or three times

by a -(GA-€destkyludwdogen, -NH2, - CF3 or -0-CF3, R1 is 1)hydrogern-aigm ms@)cd64)-alkyl, 15R3
is 1)-(C2-C6)-alkylene-NH2, where alkylene is unsubstituted or substituted once, twice, three or

four-times by halogen, 2) -(Cl-C4)-aIkylene-SOZQ‘(JCLC4)-aIkerne-NH2 or 3) -(C0-C4)-alkylene-Het,

where Het is as defined above

20R6 is_1)hyd tom, 2) -
of onel%otzelrf%%%%ﬁ&}ﬂ%g E# {

and is substituted by -NH2 and once, twice or three times by R15,

C1-C6)-alkyl, where alkyl is unsubstituted or substituted independently
FelPHHIEE h RTEIBPONERES)- kg, B alkyl is unsubstituted or

substituted  Xis -C(O)- i@dsgerQently of one another once, twice or three times by R16,
254)-(C0-C4)-alkylene-Het, where Het is as defined above, where alkylene and Het are unsubstituted
or substituted indepeP sy BPohHifetripohdewicE ornteertiias Gy RalByBne-,

-(C0O-C4)-alkylene-aryl, where alkylene and aryl ar unsubstituted or substituted

ind pendently%f%ne %%W&Po@@/@ §6t’3#&§éﬁeﬁ§§/ s by R16, or 6)
-(CO-C4)-a|kqu,n@-(c_:?(@gt%_gg?lgﬁlewgrej%utygg)@g,@é@%galkyl are unsubstituted or substituted
independently of one 09/146802PCT/EP2009/003650 66 another once, twice or three times by
R16, R7 is hydvdgen - {)aiki&h«s4)-alkyl, R8 is hydrogen atom, F or -(C1-C4)-alkyl, R9 is
hydrogen atom il; or-1(01-C4)-aIkyI,

¢

covalent bond,

2) w(Cg~CB)-cycioaiky§, where cycloalkyl is substituted

10 independently of one another once, twice or three times by R15,

3) -(Cg-C14)-aryl, where ary! is selected from the group of phenyl,

naphthyi, anthryl or fluorenyl, and in which aryl is unsubstituted or

substituted independently of one another once, twice or three times by

R15, or

15 4) Het, where Het is selected from the group of acridinyl, ézepinyl,

azetidinyl,

aziridinyl, benzimidazalinyl, benzimidazolvi,
Y

benzolt,3]dioxolyl, benzofuranyl, benzothiofuranyl, benzothiophenv,

benzoxazotlyl, benzthiazolyl, benziriazotyt, benztetrazolyl,

benzisoxazolyl, benzisothiazolyl, carbazolyl, 4aiH-carbazolyl, carbolinyl,

20 guinazelinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuciidinyl,

chromanyl, chromenyl, cinnolinyl, deca-hydroquinoiiny!, dibenzofuranyl,

dibenzothiophenyl, dihydrofuran(2,3-bj-tetrahydrofuranyl,

dihydrofuranyl, dioxolyl, dioxanyl, 2H, 6H-1,5 2-dithiazinyl, furanyi,

furazanyl,

imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl,

25 indolinyl, indolizinyl, indotyl, 3H-indolyl, isobenzofuranyt, isochromanyl,

isoindazolyl, isoindoliny!, isoindotyl, isoguinolinyi (benzimidazolyi),

isothiazolidinyl, 2-isothiazolinyl, isothiazolvl, isoxazolyl, isoxazolidinyl,

2-isoxazolinyl, morpholinyl, naphthyridinyl, octahydroisoquinolinyl,

oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2, 5-oxadiazoiyi,

30 1,3 ,4-oxadiazotyl, oxazolidinyl, oxazolyl, oxazoiidinyl, oxothicianyl,

pyrimidinyl, phenanthridinyl, phenanthrotinyl, phenazinyl;

phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyi, piperazinyt,

piperidinyl, pteridinyt, purynyl, pyranyl, pyrazinyl, pyroazolidinyl,



5R15 ishydrogen atom, -(C1-C4)-alkyl, -0-CF3, -NH2, -OH, -CF3 or halogen, and R16 is-0-CF3, -OH,
-CF3 or'F UAHASSERd of the formula | as claimed in claims 1 to 3, WherETBRGSGDIB5Gs oxygen
atom, A is oxygen atom or -(CO-C4)-alkylene-, igk)-(C2-C8)-alkylene-, where alkylene is unsubstituted

or substituted independently of one another once or twice by -OH, 15F or Cl, 2)
-(C1-C2)-a(kylene-cyRY6RESINK Y e dIkpIEiZ e RO RGN i KUBSHTIEET 8lbe or twice by F,
or 3) -(C3-C6)-alkenylopgntri i CRriatdrRNSe AAY 15 raraisRihond argrfignyl, in which phenyl

is unsubstituted or substituted independently of one another once, twice or three times by R15, R1 is

1)hydrogen atom or ZM{CACEW. AKYIOEBRIE-PY(EHCBY ANy elfartydr o rany?,
-(Ci-C4)-a|ky|eneso?éﬁ%%}%f’&?@é@dﬁﬂﬁiﬂﬂ%WM%%%T@%W'%%@@%W@%W, RyHdyl is
r

substituted by -NH2 and once, twice or three times by R15, R6 is 1)hydrogen atom,

309)-(C1-C6)-alkyl, 3)-&bghindazirdaf-andrerdiaranyh drdvirdnssbazehdsd 2P T/EP2009/003650
thiadiazolyl, 1,3.4-thiadiazolyl, thianthrenyl, thiazolyl, thienyl,

thienoimidazoly!, thienooxazolvl, thienopyridine, thiencthiazolyl,
thiomorpholinyi, thiophenyl, triazinyl, 1,2,3-triazolyl, 1,2,3-triazoiy,
1,2 4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl and xanthenyl, and
10 in which Het is unsubstituted or substituted independently of one
another once, twice or threé times by a -(C4-Ca)-alkyl, haiogen, -NH», -
CFg3 or -0-Ckg,
R1is 1) ‘hydrogen atom or
2)  ~(Cq-Cyg)-alkyl,
15 R3is 1) -(Co-Cg)-alkytene-NHo, where alkylene is unsubstituted or
substituted once, twice, three or fourstimes by halogen,
2) -(Cq—C4)—aékylene~802—(01-04)—aikylene~NH2 or
3) -(Cpo-Cy4)-alkylene-Het, where Het is as defined above and is
substituted by -NH» and once, twice or three fimes by R15,
20 R6is 1) hydrogen atom,
| 2) -(C4-Cg)-alkyl, where alkyl is unsubstituted or substituted

independently of one ancther once, twice or three times by R16,
3) -0-(C4-Cg)-alkyl, where alkyl is unsubstituted or substituted
independenily of one ancther once, twice or three times by R16,
25 ' 4) -(Cp-C4)-alkylene-Het, where Het is as defined above, where
altkylene and Het are unsubstituted or substituted independently
of one another once, twice or three times by R16,
5) -(Cp-Cy)-alkylene-aryl, where alkylene and aryl are
unsubstituted or substituted independently of one another once,
30 twice or three times by R16, or
6) -(Cp-C4)-alkylene-(C3-Cg)-cycloalkyl, where alkylene and

cycloalkyl are unsubstituted or substifuted independently of one



67 5)-(C0-C4)-alkylene-(C3-C6)-cycloalkyl, 55. R7, R8 and R9 are each hydrogen atom, and R15

ishydrogen atem;£6da&4)-alkyl, -CF3 or halogen. A compound of thegerftisohas,eledmed in claims 1
to 4, where Xis-C(0)-, U isoxygen atom, A isoxygen atom or -(C0-C4)-alkylene-, V is-(C2-C8)-alkylene-
or -(C3-C6)-alkenylene-, 10 D is -(C1-C2)-alkyle @-, Y is 1) 2) covalent bond or phenyl, in which
phenyl is unsubstituted or sghstitgteshdR ] tigidependentty, ef eneampther once, twice or three times
R15, 1)h t 15R3is2)1) 2
by R15, 1) yd&??sn ﬁy%nogren atomISF 2}:’ )01) -Cyq)-alkyl,
R& is hydrogen atom, F or -(C1-Cg)-alkyi,

RS is hydrogen atom, F or -(C1-Cy)-alkyl,

5 R15 s hydrogen atom, -(C4-C4)-alkyl, -O-CF3, -NHs, —OH, -CF3 or
halogen, and
R16 is ~0-CFq, —-OH, -CF3 or F.
4. A compound of the formula | as claimed in claims 1 to 3, where
10 Xis -C(O)-,

Uis oxygen atom,

Ais  oxygen atom or -{Cp-Cy)-alkylene-,
Vis 1} -{Co-Cg)-alkylene-, where alkyiene is unsubstituted or
substituted E-ndeﬂwéhﬂy.of one another once or twice by ~OH,
15 Fordl, '
2) -(C1-Co)-alkytens-cyctopropyl-(C1-Co)-alkylena-, where
cyclopropyl is substituted once or twice by F, or
3) -(C3-Cgl-atkenylene-,
Dis ~{Cq-Cyp}alkylene-~,
20 | Yis 1) covalent bond or
2} phenyl, in which phenyl is unsubstituted or substituted
independently of one another once, twice or three times by R15,
R1is 1} hydrogen atom or
2} ~(Cqy-Cyl-alkyl,
25 R3is 1) -(Co-Cgl-alkylene-NHy,
2) -(C1-Cy)-alkylene-SOo-(C1-Cyq)-alkylene-NH> or
3) -(Cp-C4)-alkyiene-pyridyl, where pyridyl is substituted by -NH»o
and once, twice or three times by R15,
Rbis 1) hydrogen atom,
30 2) -(C4-Cg)-alkyl,
3)  -CFa,
4) -(Cp-Cyq)-alkylene-phenyl or



-(C1-C4)-alkyl, -(C2-C6)-alkylene-NH2, -(C1-C4)-alkylene-S02-(C1-C4)-alkylene-NH2 or 3)
-(CO-Caypadkymmeippadyl, where pyridyl is substituted by -NH2 or PCT/EFongey buieesor three
times by R15, 20R6 is 1)hydrogen atom, 2) -(C1-C6)-alkyl, 3) -CF3, 4) -(C0-C4)-alkylene-phenyl or 5)
-(C0-C4)-alkylene-(C3-C6)-cycloalkyl, 25R7, R8 84d R9 are each hydrogen atom, and R15 ishydrogen
atom, -(C1-C4)-alkyl,5CF3 orhaglogersi b/ eototihefthedwmula | as claimed in one or more of

~ claims 1 to 5, which is the compound of the formula |
30(S)-6-aminoRL[FEIW A 719) F5sepeopydr easib AT HieRE-10-aza- bicyclo[1 2.2.2]

octadeca-1(17R14(18). 15-trignplenhureidolnexanojc aeld .cr, or ha
(S)-6-amino-2-[3-((R)-11-oxo®r2H,p7€%ioxa-lO-’aZa)éﬁicyéE)[légiZ?OC%a%{ecg-o%%
2009/146802PCT/EP2009/003650 68 1(17),14(18),15-trien12-AureidoThexanoic acid,
(S)-6-amino-243-((R)-9,9-dimethy1-11-0x0-2,7-dioxa-10-azabicyclo[12.2.2]octadeca-1(17),14(18),15-tr
ien- 2-;%)urei ﬁ]%@g%i%ga%ﬁ%ﬁormﬁaq akc axmedlm Gaime % Lg W%Lre
(S)-6-amino-2-f3i(9S22aR)-11-0x0-9-phenyl-2,7-dioxa-10-azabicyclo[12.2.2]octadeca-1(17),14(18),15

-trien-12-yl)ur(jtigi%](hexanoic a%id

(S)-6-amino-223 ROSIIIRS D H8RYy1-11-0x0-2, 7-dioxa-10-azabicycio[12.2.2]octadeca-1(17),14(18),15
-trien-12-yOurgidslhexange atith or ~(Cn-Cs)-alkylene-,
(S)-6-amino-2-[3-((9S,12R)-9-cyclohexy1-11-o0x0-2,7-dioxa-10-azabicyclo[12.2.2]octadeca-1(17),14(18
),15-trien-12-A¥réidoThexaioié kyigne- or -(C3-Cg)-alkenylene-,
10(S)-6-amino:243((95,12R)-9-ethy1-11-0x0-2,7-dioxa-10-azabicyclo[12.2.2]
ocf§deca-1(l?§1'i(1§%%ﬁ%@é&ﬁ?eidﬂhexanoic acid,

(S)-6-amino-2-3{(9S, 1 2R)-&-methmrlbddqdaxo-2, 7-dioxa-10-azabicyclo[12.2.2]Joctadeca-1(17),14(18),15
-trien-12-yOureidojhexanoic acid, (S)-6-amino-2434(9S,12R)-9-tert-buty1-11-oxo-2,7-dioxa-10-aza-
15bicyclo[12.2.2]octadleca- R 1412 8y 8T ResI Soineldthaiesheicasrfituted

independently of one another once, twice or three times by R15,
Rtis 1) hydrogen atom or
15 2) -(C4-Cyq)-alkyi,
R3is 1) -(Co-Cg)-alkylene-NHop,
2) -(C1-Cy)-alkylene-502-{C4-Cy4)-alkyiene-NHs or
3) ~(Cp-Cq)-alkylene-pyridyl, where pyridyl is substituted by -NH» or

once, twice or three times by R15,

20 REis 1) hvdrogen atom,
2)  +{C4-Cglalkyl,
3) -CF3,

4) -(Cp-Cyq)-alkylene-phenyl or
5) ~(Cp-Cyq)-alkylene-(C3-Cg)-cycioaikyl,
25 R7, R8 and R9 are each hydrogen atom, and
R15 s hydrogen atom, -{C+-C4)-alkyl, -CF3 or halogen.

0. A compound of the formula | as claimed in one or more of claims 1 to 5, wﬁ?ch
is the compound of the formula |
30 (S)-6-amino-2-[3-({9S,12R}-9-isopropyl-11-0x0-2,7-dioxa-10-aza-
bicycio[12.2.2] octadeca-1(17),14(18),15-trien-12-yl)ureido]hexanoic acid,
(5}-6-amino-2-{3-({R)-11-0x0-2,7-dioxa-10-azabicyclo[12.2.2]octadeca-



(S)-G-amino-Z-[B-((lSS,16R)-13-isopropy1-15-oxo-2,11-dioxa—14-azabicyclo[16.2.2]docosa—1(21),18(2

2),19-trigrelgndgreidednexanoic acid, PCT/EP2009/003650
(S)-6-amino-243-((E)-(9S,12R)-9-isopropyl-11- ogg -2,7-dioxa-10-azabicyclo[12.2.2]octadeca-1(17),4,1

4(18),15-tetraen-12-yOureidolhexanoic acid,
20(S)-6- amln0’+2143)((351@%)?84&@@@){/3}15@@{0}&3&&@&@83@@3(0Iotetradec -6- yOureidoThexanoic acid,

(R)-3-(2-amino nesulfo Y. (95,12 pro 11-oxo-2,7-dioxal0-azabicyclo[12.2.2]octa
deca-1(17),14 1%@%%5153;@%% %ﬁu CP% S AT |

25(? 3- (|6 [igwm@wntpig -2 y]k)e?a@élﬁas afiﬂg);ra(r@pt@gyielaq@cp+mfemom§@aoic acid,

azabicyclo ctade rien- P op|0n| acid,

(S)-6-amino- 2@5{% 5@&%%«@)}% é%ﬁtyi)oﬁ? X0~ g E%Ofl J?i‘azé itgelo[12.2.2joctadeca-1(17),1
4(1:8),15-trien rlzy@swalﬂ@fmamemdm(ﬁ))m (18),15-trien-12- yE)uretdo Jhexanoic acid,

3-(6- amlnopy;% %&1) %3@ %Ra) %sg%rolﬁ)zlj] ? 0X0-1: o az%ca/clo

30tetradec-6-\Ouiks i 3Rid 2 1-0X0- 2 Hioa At %2a-

(S)-3- (S arr;}lnIQﬁw@lm‘stelﬁ}]&%wéSﬁRm)mema; AHaKerloxaiiazaeysiatetadenryOureido]propio
nic acid, ethy

(S)-3-(6- amlndﬁ‘\)r%ﬂ@rﬂ?l?iﬁ’aﬂa§§ BRI 3-RGRBE 8 bRET XR8P d6Rstradec-6-Aureido]propi
onate, WO 20045802P 3 JeRRACQ0BRIA( @8 eibyﬂﬂen 12-yl)ureidolhexanoic acid,

d

(3)&33/2?0?2:23%% ?@%}&éjﬁé%%ﬁ%@)% et% 8)2(8 %P)c(iaoxa 10G-azabicyclo[12.2.2]
(S)-3-(6- amIncwradm:@-ym)ﬂ[%(%,lzﬂbraﬂ@lwwwbhm&Erd;@xa 10-
5(8) 6.amino- S T3 S-Spr SO L BRE Y7 ORG-S dvar 1022
azabicycio[12. B@ma&ez&b@tz)ﬂéé@&oﬂzs umema}afy@w@dghﬁ)mﬂmmmama@d, ethyl
(S)-3-(6-am|no d|n [3-((9S, ropyl-11-o 7-dio
o arabioyclol oy 5 SRR UGS 7RIS T Do iR e
é@@)'12('1[%(55x&?%@;ﬂ@@]@pgddbb@»@@?@%@}ge -arabicgcjoil2iZJesiancic acid,

eca- : rien iperidin- ionic.ac g
(S)-3[6-amino;g%§§’ i @395.)5 Z}% @g%@lﬁ%%{)ﬁ Of}é’%&p%x? &ﬁ&d dﬁxa ~14-aza-
azabicyclo[12. &@m&@@@}déﬂ;&élh(@)‘ ]ﬂ%@ﬁ.@ﬁﬁmhy@uﬁ@dp}pr@maﬁr@m;c acid,
(S)-243-((9S, 1/%R) 9 |so r goi%z;%zg 5 a-10- azakp clo é 5 2locta-
15deca-1(17),Ea(Pa A SRR oo rara-  0-aza-
(S)-3- k()6 arr|1lnqﬁwtdwr}@%l)}]%d&ﬂé&lﬂ(ﬁ%?&Ismnwmla(%w@&m@mg% thexanoic acid,
(6 amind B ol SR e SGAEm By A Oo SR ez 2 lotetradiec-6-
gé?gc%/c(lg[ll @)a}ré]gda}agggao]@gﬁng(ﬂ) ,14- trlﬁn -3- Agureldo]pro?(ﬂlc acid,

am ridin- -9-jsopropy oX

o 10 e s 258 GURABES A7) KA 5] B R RSLGi oo Shke-
(S)-3-(6-aminopyadiniEyd3 3 1(3]%»@8&!&@@@1@9}4%%&@-&&@#@&4& ureido]propionic

azacyclododec-6-Aureido]propionic acid, 25methyl
(S)-3-(6-amindfyfidin-3-y1)-243-((3S,6R)-3-isopropyl-5-oxo-1,8-dioxa-

4-zgacyciododen-6-y)ureifelpyaRiangia)-2-3-((9S, 12R)-8-isopropyl-1 1-oxo-2,7-dioxa-10-
(S)-6-amino-243( 38 6R 3 |so ropyl-5- oxo 1.8-dioxa-4- azacyclgdodec -6- Oureldolhexan0|c acid,

(S)-6-amino-2833 Cfl%%lﬂ‘ii(%xhslﬂ%é éS/Eff)@;do propiontc acid
30[12. 22]octa@sy-s-%m%r@qgﬂ[@angma@pts }-sec-butyl)-11-oxo-2,7-dioxa-10-aza-

bicyclo[12.2.2joctadeca-1{17),14(18),15-trien-12-yllureido}thexanoic acid, (S)-
3-(6-aminopyridin-3-y-2-[3-((3S,6R)-3-isopropyl-5-oxo-1-oxa-4-azacyclo-

30 tetradec-6-yl)ureidojpropionic acid,
(8)-3~(6-aminopyridin-3-y1)-2-[3-((35,6R)-3- methy! -5-0x0-1-0xa-4-azacyclo-
tetradec-6-yl)ureidojpropionic acid,
ethyl (S)-3-(6-aminopyridin-3-yl)-2-[3-((3S,6R}-3-isopropyl-5-0xo- 1 -oxa-4-aza-

cyclotetradec-6-ylureido]propionate, .



(S)-6-amino-2-((88,11R)-8-isopropyl-3,10-dioxo-6-oxa—2,9-diazabicyc|o[11

2.2Theptagdeerd )s43(17),14-trien-11-ylamino)hexanoic acid, PCT/EP2009/003850
(S)-3-(6-aminopyridin-3-y1)-2-[3-((8S,11R)-8-methyl-3,10-dioxo-6-0xa-2,9-

diazabicyclo[11.2.2Theptadeca-1(16),13(17),14- fiten-11- -yOureido]propionic 70 acid,

(S)-3-(6-amineuyidinsZy k) 2ARHSRIER) BysoReny k8, Srjoxonkexast 3. 1-oxa-4-
diazacyclotridec-6- yOureld(()gfgrcglonlc acid,

(S)-3-(6-aminGFATIHOeE 8 YrBIEC8RRIPGIYE -2, 10-dioxo-6-0xa-3,9-

5diazabicyclo[}: @891@@@@@13 (16) @_79 sl byQuisisalropia i
(S)-6-amino- Z[EB -((9S,12R)-4,5- dlh{drgi}; 9- |1t;(g ‘{f(yl ]1) )é’f%o g‘!ﬁ |o>l<a 13%32: ioxa-10-

azabicyclo[12 Z8jievaiRiia-2 Alpciad o5 14 i%)dér@’%ﬁ%%hﬁﬁ!%@r%%faﬁﬁﬁo 243-((9S

,12R)-5-hydroxy %@%FQPY%L Or2R 91 Afsyi-11-0x0-2,7-dioxa-10-
10azabicyclo[12. 2 2]octadeca-1(17),14( 15 trien-12- %/Oureldolhexanmc acid,

3-(6- amlnopyrﬁﬁﬁWQL[‘@(%Q@O@tﬁﬂﬁgas ﬂ@d?&f(@/&) soBiepyl-A-yigKEigcl6-

dioxa-10- azabfl‘g;gpflI [A22-Alostadaca-1(17), 14(18),15-trien-12- yOureido]propionic
acid,(S)-6-amino-2 9S,12R)-4- hydrox 9-iso 1-11- oxo-2,7-dioxa-10-azabicyclo[1
2.2 3octadeclnL 535 (G DR SRR BORI BT 1-000-2. 761002

(S)-6-amino- 21&%%&@&):;%1@9@%&&&»9@5% Troiexerd 0-azapieyeloll2 2230505 eRAL 7). 14(18). 1

5-trien-12-ylsulfamoyl)aminolhexanoic acid. 207.A process for{)repanng the compound of the formula

ad@laimed in 6%)5?;{%1{6?56128&1%5‘39983@“1% CH%R’]EF@@§%‘ gzt & eehipotriPstane formula (If)

R6 R 8N H2(Heca-1(17), 1441878 44136 -and REBRMS-the; g@@dlwg gngrddeighe compound of
25the formula (I %C?/vlth an amino audrof the formrulﬁz? §f %;BQ??TB%% /AY in which R9, A, Y and
orRraa(1), Fesu

D have the mé ﬁﬂﬁéé‘ﬁiﬁﬁ‘[ﬁﬂ%@@iﬂ“ ¥l ESnhpio (A ﬁﬁﬁéacé%pound of the
formula (IV) We4BRY8/dA68H2RETIEEZA91G036595/ 1 Re-RAMD-yureido]propionic acid,

(S)-2-[3-({85,12R)}-9-isopropyl-11-ox0-2,7-dioxa-10-azabicyclo[12.2.2]octa-

15 deca-1(17},14(18),15-trien-12-yhureido]-3-piperidin-3-yipropionic acid,
(S)-3-(6-aminopyridin-3-yl)-2-[3-((8S5,11R}-8-isopropyl-10-oxo-6-oxa-1,9,14-
triazabicyclof11.2. *]hexadecaJBmG) 14-dien-11-ylureidc]prepionic acid,
{S)-3-(6-aminopyridin-3-y1)-2-[3-{(3R 63 }-8-isopropyl-4-ox0-8-oxa-5-
azabicyclo[11.2.2]hepladeca-1{15),13(17),14-trien-3-yl)ureido]propionic acid,

20 (S)-3-{6-aminopyridin-3-y1}-2-{3-{(95,12R)-16-flucro-8-isopropyi-11-0x0-2,7-
dioxa-10-azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-
yhureido]propicnic acid,

{S)-3-(6-aminopyridin-3-y)-2-[3-{(3S,6R }-3-isopropyi-5-oxo-1,8-dioxa-4 -
azacyclododec-6-yhureido]propionic acid,

25 methy! (5)-3-(6-aminopyridin-3-yh)-2-[3-({35,6R}-3-isopropyl-5-oxo-1,8-dioxa-
4-zzacyclododec-6-yl)ureido]propicnate,
(S)-B-amino-2-{3-{(35,6R)-3-isopropyl-5-ox0-1,8-dioxa-4-azacyclododec-6-
yhureidolhexanoic acid,
(S)-6-amino-2-{3-((95,1285)-8-isopropyl-11-oxo-2,7-dioxa-10-azabicyclo-

30 [1 2.2,2].oc’£ad.ec—’{'2-yl)u reido]lhexanoic acid,
(8)-6-amino-2-({85,11R}-8-isopropyl-3,10-dioxo-6-oxa-2,9-diaza-
bicycio[11.2.2)heptadeca-1{16),13(17),14-trien-11-ylamino)hexanoic acid,
(S)-3-{6-aminopyridin-3-v1}-2-[3-((85,11R)-8-methyl-3,10-dioxo-6-oxa-2,9-
diazabicyclo[11.2.2]heptadeca-1(16),13(17},14-trien-11-yhureido]propionic



NPG R8 H A-Y which is converted under the conditions of ring-closure metathesis and subsequent

hydrogenafionRfihgdesulting double bond into a compound of the forﬁelﬁé}gé&@dﬁg)% where V is
-(C2-C9)-alkylene- or -(%3-09)-alkenylene-, subsequently eliminating the protective group PG, and

obtaining the compound of the formula (V1), R6019 NH2 R8 r (V1) A 10and reacting with a compound
of the formula 4¥lt) 0 R7 (VII) R3 in which R3 and R7 have the meanings mentioned in formula (1), PG
is a suitable ester protective group radical, and the nitrogen in R3 is protected where appropriate by a

suitable amind protdEtvBiRRIE ANt Yoptrddgehe. BRa privep ey egdivirit-fo@ideta ldompound of the
formula (V1) @32 33{RILBGR3eidolpropionic acid,
(S)-3-{6~aminopyridin-3-yH-2-[3-((88,11R)-8-isopropyl-2,10-dioxo-6-0xa-3,9-

5 diazabicyclo]11.2.2]heptadeca-1{16),13(17),14-trien-11-ylureido}propionic
acid,
(8)-6-amino-2-[3-((95,12R)-4,5-dihydroxy-O-isopropyl-11-ox0-2,7-dioxa-10-
azabicyciof{12.2.2Joctadeca-1(17},14(18),15-trien-12-yl)ureidolhexanoic acid,
{S}-6-amino-2-[3-((9S,12R}-5-hydroxy-9-isopropyi-11-ox0-2, 7-dioxa-10-

10 azabicyclo{12.2 2]octadeca-1(17),14(18),15-trien-12-yhureido]hexancic acid,
3-(6-aminopyridin-3-yH)-2-[3-((98, 12R)-4,5-dihydroxy-9-isopropyl-11-0x0-2,7-
dioxa-10-azabicyclo[12.2.2}octadeca-1(17), 14(18),15-trien-12-
yhureido]propionic acid,(S)-6-amino-2-[3-({9S,12R)-4-hydroxy-9-isopropyl-11-
oxo-2,7-dioxa-10-azabicyclo[12.2.2]octadeca-1(17),14(18),15-trien-12-

15 yhureidolhexanoic acid or
{(S)-6-amino-2-[((9S,12R -8-isopropyi-11-ox0-2,7-dioxa-10-aza-
bicyc!o{12.2.2}octade¢a~1 (173,14(18),15-trien-12-ylsulfamoyljamincihexanocic |

acid.

20 7. A process for preparing the compound of the formula | as claimed in one or
more of claims 1 to 6, which comprises
a) reacting a compound of the formula {I1)
RS
T

{(t
RNz

where U, R6 and R8 have the meanings mentioned in'the compound of

25 the formula (1), with an amino acid of the formula (1)
O
R&H
HOM/N\PG (I11)
D
A=Y

in which RS, A, Y and D have the meanings mentioned in the
compound of the formula (1}, resulting in a compound of the formula
(V)



WO 2009/146802PCT/EP2009/003650 72 present where appropriate on the nitrogen in R3 are

eliminat%;tiga gl%e compound of the formula (1), or b)reacting aompa % rmula (IX)
R6 7UN g??@ﬁ%%? Ga 5 in which U, V, R6 and R8 have the meanings menh %)r{%e

compound of the formula (1), and PGa is a suitabfe carboxyl protective group, with an amino acid of the
formula (X) 0 R9 NHPG, (X) PGbNH -Y 10in which R9;Y and D have the meanings mentioned in the

compound of the formula I, and PG and BG aré swta le an)ﬂjho protect groups, resulting in a
compound of the formula (XI) R GaooC PG,NH which, after

elimination of the protective groups PGa and P 8 is 15¢ nverted into the compound of the formula
(XIl) R6 0 R8 (XII) VNPG H /\/A v’

which is converted under the conditions of ring-closure metathesis and
subsequent hydrogenation of the resulting doubie bond into a

compound of the formula (V)

g R9 H
\/RN S
l RE I PG
H /D V)
\/\
5 A Y

where V is -(Cp-Cg)-alkylene- or -{C3-Cg)-alkenylene-, subsequently

eliminating the protective group PG, and obtaining the compound of the

formula (VI),
U
[ /k'/
l
| (V1)
\/\
A Y
10 and reacting with a compound of the formula (V1)
@)
R7 |
H,N
OPG (V)
R3

in which R3 and R7 have the meanings mentioned in formula (1), PG is
a suitable ester protective group radical, and the nitrogen in R3 is
protected where appropriate by a suitable amino protective group, with

15 phosgene or a phosgene equivalent to give a compound of the formuia

(V1)
R6E O 0
! H R7
U\A\ WN N\})J\
N OPG
RS | hig
l H D 0 R3

'~

A

i

Y

subsequently the protective group PG and the protective group which is



COON H2N which is converted by means of an amide coupling into a compound of the formula (V),

in Whic%%g)%ggggings mentioned in the compound of the 20for@%@%§g&§@%ggp the

protective group is eliminated and the compound of the formula (V1) is 0 reacted with a
compound of the formula (VI1) in which R3 and R'Zhave the meanings mentioned in formula |, PG is a

WO 2009/146802P /&%%@gﬁ{g%?gggrgﬁ %a@ﬁetﬁétﬁ'rtﬂgé%cﬁiwvﬁﬁ@Hépeﬁ%qﬁ%eﬁpd the nitrogen. in

R3 is protected where appropriate by a suitable amino protéctive group, wit sgene or a phosgene
equivalent to give a ¢embidtmindhehecrorpautad il thestwsedigetilyothe protective group PG and the
protective group 5which is present where appropriate on the nitrogen in R3 are eliminated, resulting in
the compound of the formula (1), or c)reacting a compound of the formula (XIII) R6 (XIII) V/R8 2
NHPGd 101 which Ue&GiRE arebR®¢isve tihéhadarnimgs théntioned in the compound of the formula I,
and PGd is a suitable amino protective group, with an amino acid of the formula (X1V) 0 R9 'ONHPG,
(XIV) PG,000 -Y in which R9, Y and D havﬁ\tge}meanings_ment{g@gd in the compound 15 of the
formula I, and PGe is a suitable aminc\;{rotectimﬁﬁﬁ&p and PGe is a suitable carboxyl protective
group, resulting in a compound of the formula (XV) R6 0 VPG(XV)

5 COOPG,

in which U, V, R6 and R8 have the meanings mentioned in the
compound of the formula (1), and PG, is a suitable carboxyl protective

group, with an amino acid of the formula (X)

0 R9

D
PG, NH—Y

10 in which R9, Y and D have the meanings mentioned in the compound
of the formula [, and PGy, and PG, are suitabie aminc protective '
groups, resulting in a compound of the formula (X!}
R O

s H
u N

oY
PG, NH

which, after slimination of the protective groups PG, and PGy, is

15 converied into the compound of the formula (Xil)

which is converted by means of an amide coupling into a compound of
the formula (V),
in which A has the meanings mentioned in the compound of the

20 formula 1, subsequently the protective group is eliminated and the
compound of the formula (V1) is obtained,
and reacted with a compound of the formula (VIi)

in which R3 and R7 have the meanings mentioned in formula |, PG is a



R8 H PGdNH/6) PG,00C which, after elimination of the protective groups PGd and PGe, is

20conveitedhiite thesggmpound of the formula (XVI) R6 0 V* AIR8 HP Sﬁ%@%@%@gﬁ% C - which is

reacted to give a compound of the formula (V), WO 2009/146802PCT in which A
has the meanings mentioned in the compound of’the formula I, subsequently the protective group is

eliminated and the capoyRC.ofdpe BB (s PhiRIEc ANSLEARIBAINIA &gqmpound of the

formula (VI1), in which R3 and R7 have the meanings mentioned in formula I, PG is a suitable ester
protective group radi@@,t%@h\@hﬁﬁ%@@ﬁﬁﬁm@t% W(ﬁé@ﬁé@l%@@@@@f@ﬁi@ﬂéﬂ)g@@mn‘dﬁm amino
protective group, wilhRhasGR0% 04 4 RHSIIRDE SAYMBIANLIO LY e asompand of hedpmmula (VI

subsequently the protective group PG and the protective group 10which Is present where appropriate

on the nitrogen in R34l efiHtisaae ML ARG RigRt Coaipaam@ R fermttegsiveraioteacting a
compound O_f the for%HE%%M'b%@&@@ﬁé@éﬁW&@e%nQﬁglaitregen in R3 are

eliminated, resulting in the compound of the formula (1), or

c) reacting a compound of the formula (X1}

N
U X1
YD, (X111
V
\
NHPG,
10 in which U, V, R6 and R8 have the meanings mentioned in the

compound of the formula 1, and PGy is a suitable amino protective

group, with an amino acid of the formuia (XIV)

0
RS NHPG
O s (XIV)

|
D

PG,00C —Y’

in which RS, Y and D have the meanings mentioned in‘ the compound
15 of the formuia |, and PG is a suitable amino protective group and PG,
is a suitable carboxy! protective group, resulting in a compound of the
formuia (XV)

Y
PG 00CT
which, after elimination of the protective groups PG, and PG,, is

20 converted into the compound of the formuia (XVI)

Tk
u\/{\ N
w N)H/ ~pg VD

¥
Hooc

which is reacted to give a compound of the formula (V),



15in which U, V, A, Y, D, R6, R8 and R9 have the meanings mentioned in the compound of the

formula i nd of the formula (V), subsequently the protect iminated, and
WU SIBREY %%%’958@9%%
of t of the formula

a compoun e formula (VI) is obtained, and reacted with a compound of ), 20in
which R3 and R7 have the meanings mentioned 7§ formula |, PG is a suitable ester protective group

radical, and the ”itm%%mcﬁ?}xi%gé%%%é{\‘ﬁﬁgé m@&gi@{pipx%%ﬁ?&ﬂ@m%otective group,

with phosgene or a phosgene equivalent to give a compound of the formula (VIII), and subsequently
the protective groupsPGdAd; AHeseBAPhrEiatelertVerQisstives griuatethendtibgen in R3 are

eliminated, resulting %msmwgg @cgmglg)ft@llg dh:9r-e)converting a compound of the formula
(Villa) 75 R600 R9 HH R7 N_"-.,".,,,fr.NN "'----I-OPG R8'1 HDOR3 /Y in which V is

-(C3-C9)-alkenyleneandtceietedmpbLmacsh BesfereitiacIarmppRE0R UR9 HH R7 i NN,,--.., NOPG

R84 /HE6R3 in which R3 and R7 have the meanings mentioned in formula |, PGis a

suitable ester protective group radical, and the nitrogen in R3 is

protected where appropriate by a suitable amino protective group, with

phosgene or a phosgene equivalent to give a compound of the formula -

(VII}), subsequently the protective group PG and the protective group
10 ' which is present where appropriate on the nitrogen in R3 are

eliminated, resulting in the compound of the formula (1), or

d) reacting a compound of the formuia XVil

15 inwhich U, V, A, Y, D, Rg, Rg and Rg have the meanings mentioned in
the compound of the formula {, with a compound of the formula (),
subsequently the protective groups are eliminated, and a compound of
the formula (VI is obtained,
and reacted with a compound of the formula (VI1),

20 in which R3 and R7 have the meanings mentioned in formula |, PG is 1
suitabie ester protective group radical, and the nitrogen in R3 is
protected where appropriate by a suitable amino protective group, with
phosgene or a phosgene equivaient to give a compound of the formula
(VilT), and subsequently the protective groups PG and, where

25 appropriate, the protective group on the nitrogen in R3 are eliminated,

resulting in the compound of the formuia (1), or

e) converting a compound of the formuia (Vllia)



A-Y 5in which V is -(03-C9)-alkylene-, where alkylene is substituted independently of one another
once, twigg aptyee ggaes by -OH, NH2 or halogen, or is -(Ci-C2)-alkyleier(E3/60-6¥eloaikyl-(C1-C2)-
alkylene-, where cycloalkyl is substituted independently of one another once, twice or three times by
R15, subsequently the compound of the 1Oformu7é5(Mb) is converted in analogy to process a) into the
compound of the formula (1), or f)reggting a.compound of the formula (XVIII) LO V(XVIII) LG 15in

which V is as defined in the gompound of the f ﬁur'[}a (1), @c?@s ively with the compounds of the
formula (XIX) and (XX) R6 %) - €mpleying S 9 HoNe& H PGb A-Y-D (XX)
: _
compounds of the formula (>+XI) 7 6HPGa b S R3 i)
a

I~

A

Y

in which V is -(C3-Cg)-alkenylene-, into the compound of the formula

(Viib)

R& O
| RO H M OR7

U N N
R& | i !

l H D 0 R3

v\ / (VIilb)
Ay

5 in which Vis -(C3-CgJ)-alkyiene-, where alkylene is substituted

independently of one another once, twice or three times by ~OH, NH,
or halogen, or is -(C4-Co}-alkylene-(C3-Cgql-cycloalkyl-{C 1-Cp)-

alkylene-, where cycloalkyl is substituted independently of one another

10 formuia (Vilib) is converted in analogy to process a) inio the compound

of the formula (I}, or

f) reacting a compound of the formula (XVIII)
LG
|
v (XVi
~
LG

15 in which V is as defined in the compound of the formula (1),

successively with the compounds of the formula (XIX} and (XX)

RS Qe
PGa
R8 H 5 1
A—Y~
(XIX) (XX)

employing bases in polar, aprotic solvents, and converting the resulting

compounds of the formula (XX}



vR8 A., Y-D HN PGb by removing the protective group PGa and subsequent formation of a peptide
linkage toacopipeswabof the formula (V), and reacting the latter as irpprogess@d@giwgcompounds
of the formula (I) in which R6, 5R8, R9, and A, D,_ U, V and Y have the meanings mentioned in formula
(), and PG is suitable protective groups, and LG A leaving group such as chlorine, bromine, iodine

or sulfonic ester, or g)reacting a compound ofthe formula VI with a compound of the formula 10(XXIlI)
HR7j 170\ (XXIl) aa 0 R3 inwhich R3 and R7 hsxe the meanings mentioned in the compound of

the formula I, and PG is a suitable protecti p radigal, to give a compound of the formula (X, XIII)
R60 R9 HH R70 R8 DOR3 A and then chveﬂﬁanto %)mpound of the formula (1), or
A
~Y—D (XX1)
MN RO :
i
PGh

by removing the protective group PGa and subsequent formation of a
peptide linkage into a compound of the formula (V), and reacting the
iatter as in process a) to give compounds of the formula (1) in which RS,

5 R8,RY, and A, D, U, V and Y have the meanings mentioned in formula
(1), and PG is suitable protective groups, and LG is a leaving group

such as chlorine, bromine, iodine or sulfonic ester, or

g) reacting a compound of the formula VI with a compound of the formula
10 (XX

« _N_ __N _ ,
s OPG (XX}
O O 0O R3 '
in which R3 and R7 have the meanings mentioned in the compound of
the formula |, and PG is a suitable protective group radical, to give a

compound of the formula (XKD

O

& O roy 0 H R7

U\/!\N)E\VN\E/N OPG
# i
R& 1| 1
H D O R3
\/\ / (XX
15 A Y

and then convering into a compound of the formula (1), or

h) fractionating a compound of the formula | prepared by processes a), b),
20 ), d), é), f) or g), or a suitable precursor of the formula (i) which occurs
in enantiomeric forms owing to its chemical structure, by salt formation
with enantiopure acids or bases, chromatography on chiral stationary

phases or derivatization by means of chiral enantiopure compounds



h)fractionating a compound of the formula | prepared by processes a), b), 20c), d), e), f) or g), or a
suitable precursor of the formula (I) which occurs in enantiomeric forms owing to its chemical structure,
by salt formation with enantiopure acids or bases; chromatography on chiral stationary phases or

derivatization by means of chiral enantjopure com our}?S 77.sych as amino acids, separation of the
St B

diastereomers obtaifea i 25T eTmARION of t SRR P Jgrengt Dure

enantiomers, or Si)ejfaer iselaingiinfiee dothetbei carapaiiachof theformuoléd)jurepared by processes
a), b), c¢), d), e), f) or g), or converting into physiologically tolerated salts in the case where acidic or
basic groups are pre%@ﬁté?%eﬁ%e&}lrcament comprising an effective content of at least one compound
of 10the formula | as claimed in one or more of claims 1 to 6 together with a pharmaceutically suitable

and physiologically tolerated carrier, additive and/or other active, ingredients and excipients. 9. Use of
théscompoundof theetBiai ke LS 2 IRimed fﬂ@h@@r‘?ﬁfﬁ?@%%ﬂ%&? 8@@5@3&@% fifacture of a

medicament for the prophylaxissesondaly grevention andihesapyahgneronmaseidigriders which are

associated with thromboses, embolisms, hypercoagulability or fibrotic changes. 10. The use as
claimed in claim 9, WRIBFAISE SREEHE VRASHY P 1R G Uis B RAS 12 GiTDm B S &YigsShYocardial
infarction, angina pectoris and other forms of acute coronary syndrome, stroke, peripherally vascular
disorders, deep vein thrombosis, pulmonary embolism, embolic or thrombotic events caused by

cardiacBarrhythningslicamroy SoCupIsER Al LRRNS redRBSRI RIBR R RSV SeEIHAHABh and
angioplasty ang| similar proggduses sueh Ssesterh3RimplapiaiOn s damass wRETALions, or reducing

the risk of thrombosis following surgical procedures such as operations on the knee and hip joints, or

in the context BharskesaiitalyirtbRRlsant BBXYRRMBrR LAl GretnfAfiiG BPE%Ents

associated'wit&ﬂg@gmtgg%r@dt@ggsg}g@gg@{}gtes and the metabolic syndrome and the sequelae
thereof, tumor growth and 30tumor metastasis, inflammatory and degenerative articular disorders such

as rheumatoid arthritis and arthrosis, impairments of the hemostatic system such as fibrin deposits,

fibrotic ghangeg f HauNhAMEH A% ITRESARSHEAN4E BIImRRARY diReaPmadigaRinstqnpdistress
syndrome or fibrin deposits in'the eye following eye operations or prevention or treatment of scarring.
15 6 in the manufacture of a medicament for the prophylaxis, secondary
prevention and therapy of one or more disorders which are associated with

thromboses, embolisms, hypercoagulability or fibrotic changes.

10.  The use as claimed in claim 8, which is concerned with one or more disorders

20 - from the series myocardial infarction, angina pectoris and other forms of
acute coronary syndrome, stroke, peripherally vascular disorders, deep vein
thrombosis, puimonary embolism, embolic or thrombotic events caused by
cardiac arrhythmias, cardiovascular events such as_résienosis following
revascularization and angiopiasty and simifar procedures such as stent '

25 imp!an*tétiOns and bypass operations, or reducing the risk of thrombosis
fo[iéwing surgical procedures such as operations on the knee and hip joints,
or in the context of disseminated intravascular coagulation, sepsis and other
intravascular events associated with inflammation, atheroscleresis, diabetes
and the metabolic syndrome and the sequelae thereof, tumor growth and

30 tumor metastasis, inflammatory and degenerative articular disorders such as
rheumatoid arthritis. and arthrosis, impairments of the hemostatic system such
as fibrin depaosits, fibrotic changes of the lung such as chronic obstructive
pulmonary disease, adult respiratory distress syndrome or fibrin deposits in

the eye following eye operations or prevention or treatment of scarring.



