-WD 2004/ 087695 PCT/ EP2004/ 002405 PROCESS FOR THE PREPARATI ON OF

1- N- (PHENYL) - 2- N- ( PHENYL) PYRRCLI DI NE- 1, 2- DI CARBOXAM DE S AND
1-( PHENW@A%@AW%) PYRROLI DI NE- 2- CARBOXYLI C ACI D DERI %%E@é@i

-1 NTERMEDI ATES 5 The invention relates to a process for the preparation of
conpounds of the formulal RL 101 Il T ~ ~/ 1 in which Ris Hal or

C-CH 15 Rl is H. = by s O AR g G, NS, N2
NC2, gﬁggig§5§@gg§§59§§3§§%§tﬁggN§££$1§Hggﬁiﬁgﬁgigz;L YRR M1D1N6=i”dﬂﬂééxkihc_

0- benly, pex Ws aNGAerBdheedd, Hal or A, 20 R3 is 2-oxopiperidin-1
-yl, 2-oxopyrrolidin-1 -yl, 2-oxo-1 Hpyridin-1 - yl,

3- oxonor phol i n-4-yl, 4-oxo-1 Hpyridin-1-yl, 2-oxo-1 Hpyra- zin-1-yl,

2- oxoi m daZFhe itiventios Irelafes o & ppdgessifdr thelprgparatiamefreompunds ofdhe- 1- v |
3-imnonorpholin-4-yl, 2-imnoimdazolidin-1-yl, 25 2-imno-1 Hpyrazin-1
-yl, 2, 6-dif@&Bplleridin-1 -yl, 2-oxopiperazin- 1-yl,

2, 6- df oxopi perazi n-1-yl, 2,5-dioxopyrrolidin-1-yl, 2-oxo-1,3- oxazo lid

i n-3-yl, 3-o0xo-2H pyridazin-2-yl, 2-caprolactaml-yl (=

2- oxoazepan- 1-yl), 2-azabicycl e[ 2RR.2]octan-3-on-2-yl, 5,6- 30 di hydro-1
H pyri m di n- 2- oxo-1-yl, 2-oxo-1, 3joxazi nan-3-yl or 4H 35 1, 4-oxazin-4-yl,
where the radicals may al so be ' rstituted by Aor OA Ais

unbranched, branched gr cyglic R? bon atoms, in which,
in addition, 1-7 H atons be rHpl acld by ‘
PCT/ EP2004/ 002405 /& 0

20041/ 08'7695
N (9] 3
® H "

in which

R is Hal or C=CH,

R is H, =0, Hal, A, OH, OA, A-COO-, A-CONH-, A-CONA-, N,
NH., NO;, CN, COOH, COOA, CONHA, CONH,, CON(A),,
O-allyl, O-propargyl, O-benzyl, =N-OH or =N-OA,

R? is H, Hal or A,

15

20 R® is 2-oxopiperidin-1-yl, 2-oxopyrrolidin-1-yl, 2-oxo-1H-pyridin-1-
yl, 3-oxomorpholin-4-yl, 4-oxo-1H-pyridin-1-yl, 2-oxo-1H-pyra-
zin-1-yl, 2-oxoimidazolidin-1-yl, 2-iminopiperidin-1-yl, 2-imino-
pyrrolidin-1-yl, 3-iminomorpholin-4-yl, 2-iminoimidazolidin-1-yl,

. o5 2-imino-1H-pyrazin-1-yl, 2 6-dioxopiperidin-1-yl, 2-oxopiperazin-
1-yl, 2 6-dioxopiperazin-1-yl, 2,5-dioxopyrrolidin-1-yl, 2-oxo0-1,3-
oxazolidin-3-yl, 3-oxo-2H-pyridazin-2-yl, 2-caprolactam-1-yl
(= 2-oxoazepan-1-yl), 2-azabicycle[2.2.2]octan-3-on-2-yl, 5,6-

30 dihydro-1H-pyrimidin-2-oxo-1-yl, 2-ox0-1,3-oxazinan-3-yl or 4H-

1,4-oxazin4-yl,
where the radicals may also be mono- or disubstituted by A or
OA,

A is unbranched, branched or cyclic alkyl having 1-10 carbon

35 . L -
atoms, in which, in addition, 1-7 H atoms may be replaced by F,



.-2 510 15 20 in which 0 25 Hal
usabl e derivatives, solvates and stereo
m xt ur eVORMMA8TN N al | ratios, charact
sthe formula Il in which RL is as defing
conmpound of the formula Il Ris as def

conpound of the fornmula IV OH 30 in whi
111 1V 35 taboo4/ detedd. Bty EP2004/ 002

Compound or K e el EYR briaty

conmpound of en reac

is F, d,

Br or I, and pharmaceutically
isoners thereof, includin
erised in that ngmgz@ﬂpﬂ}d&d of
d above, OH 11 is reacted with a
i ned above, N=C=Oto give a

ch Rand R are as defined above,
405 -3 5in which R2 and R3 are

PR BBt 7

thereof, including mixtures thereof in all ratios, characterised in that

in which

R and R’ are as defined above,

35

v

a) acompound of the formula Il
5
R1
OH
N
10 o
in which
. R'is as defined above,
15 is reacted with a compound of the formula it
20 in which
R is as defined above,
to give a compound of the formula IV
o .
R1
R OH
O N
0
30 A



.formula VV C thisis, if desired, converted into pharmaceutically
usabl e deri- vatives and/or solvates thereof by converting a base or acid
of the MPAUMABTN nto one of its salts. The invention %H%PM‘”BQ}]“@M of
-findi ng novel inproved processes for tBe 20 preparation of factor Xa
i nhibitors. Conpared with known processes fromthe prior art, the process
according to the inventign is shorter and nore efficient. S actor Xa
i nhi bitors ®an %QO@RBPBQQ&th%for%ﬁ)ﬂ)hfl%@egrfﬁaﬁm‘m Frﬁﬁ’mqm&Eﬁbol ic
di seases, §§ﬁﬂ t hronbosi s, nmyocardial infarction, arteriosclerosis,
i nfl ammati on, B%Z%I exia, angina pectoris, restenosis after angi oplasty
and claudicatio intermttens. 30 Factor Xa is one of the proteases
i nvolved in the conplex process of blood coagulation. Factor Xa
catal yses the conversion of pygyjhromdin info thronbin. Thronbin cleaves
fibrinogen into fibrin nononers, A er crosslinking, make an
ele tary contribution to thronbu¥ mation. Agpi- vation of thronbin
may result in the occurrence of thrgnboenbolic di's 35 eases. However,
inhibition of thronbin may inhibitgshe fibrin formation involved in
t hrombus formati on. WO 2004/ 087695 PCT/ EP2004/ 002405 -4 The i nhibition of
thronmbin can be neasured, for exanple by the nmethod of G F. Cousins et
al. in Crculation 1996, 94, 1705-1712. Inhibition of factor Xa can thus
prevent t heinfwhightR ‘@nddR” anerasgetinedapgee,i nhi biti on of factor Xa and the
measu@nment of the anticoagul ant and antithronbotic activity can be
determ ned by conventional in-vitro or in- vivo nethods. A suitable
thod is dgsGibethmbOinsfH Brmlls P gnlaupt - mann et al . in Thr ombosi s
d Haenostasts 1990, 63, 220-223. 10 The inhibition of factor Xa can be
nmeasured, for exanple by the nethod of T. Hara et al. in Thronb.
Haenost as. c1:)994’ 71{

314-319, . . .
his |15 if d1é5|red, converted into pharmaceutically usable deri-
15 vatives and/or solvates thereof

by converting a base or acid of the formula | into one of its salts.

The invention had the object of finding novel improved processes for the
20 preparation of factor Xa inhibitors.
Compared with known processes from the prior art, the process according

to the invention is shorter and more efficient.

. 25 Factor Xa inhibitors can be employed for combating and preventing
thromboembolic diseases, such as thrombosis, myocardial infarction,
arteriosclerosis, inflammation, apoplexia, angina pectoris, restenosis after
angioplasty and claudicatio intermittens.

Factor Xa is one of the proteases involved in the complex process of blood

% coagulation. Factor Xa catalyses the conversion of prothrombin into
thrombin. Thrombin cleaves fibrinogen into fibrin monomers, which, after
crosslinking, make an elementary contribution to thrombus formation. Acti-

- vation of thrombin may resuit in the occurrence of thromboembolic dis-

eases. However, inhibition of thrombin may inhibit the fibrin formation

involved in thrombus formation.



.15 20 025 Coagul ation factor Vila initiates the extrinsic part of the

coagul ation cas- cade after binding to tissue factor [ s to
the act iWaePYMBYPSfac- tor X to give factor Xa. |nhi b??&gﬁgg*wp@g@%r Vil a

-thus prevents the formation of factor4Xa and thus subsequent thronbin
formation. The inhibition of factor Vila and the neasurenent of the

anti coagul ant and ..anti thronbotic,activity can b ]

convent ?ongth Inhyeitien o&ihrpm IR 88 bﬁéﬁﬁﬁﬂé’%"f"&ﬁ%@gﬁﬁ% g’&ghgﬁg?tﬁég For the
nmeasur ement~0 -0 By ti : l4& o cribed, for example,
by H F. Ro%hfhggg?llnglm.t%"thmﬂfcéﬁnét'({)@?lgsg’I%és’éngﬁqgg& "84 7381 "

Coagul ation factor I Xa is generated in the intrinsic coagul ati on cascade

and is |likew se involved in the activation of factor X tpﬁ%y?l ve factor Xa.
I nhi - bi t i dRhikitiomet ctanda san thurep@venbths ormation RE MY i on of fact or

Xa in.a 30pdiffer | nhihi 1 f c?:f%@
rreasu?erren?T %f‘ lqrﬁ!él‘EthO}f’i‘%cggﬂ?grﬂnW;h% rﬁ%%%lfrg h‘regﬁ%oﬁecmgté | u{izi}ﬁcagg be
det er ni ned SwithRIMISOHd atAlityidam\bé Hetepmiriagtt by coaveritidnain-vitroser inabl e
met hod is described, for exanple, by J. Chang et 35 al, in Journal of
Bi ol ogi cal Memathegs 18 8eitablpanethedgs desouked \igr examplies by gk Haupt-

PCT/ EP2004/ 00240 -, 10 A corr tion, bet ' ctor TF |
factor VI1a"2RA e?ﬁ:’é ' Pg’ﬁﬁgﬁtaﬁ%ggﬁsﬁﬂs ?@g@&%ﬁﬁé T has been
i ndicated by T, Taniguchi and NNR Lenbine in Bioned. Health Res. (2000),

41 (MPecul ar Pathogenesis of Pancreatic Cancer), 57-59. The
publ i cat i onFhe iistibitiohelfdactde Xarddrebameasntred, fopexarhpledry the methel- ofi | and

actor Xa inhibitors for various types of tugour; 41-1047; K M
‘onnel ly etTaHarg gt qihirbfzr'ﬁfomﬁe"rfﬁ@@.f’s@é,9949??45‘5@‘%395cher et al. in J.

Cin. Invest. 104: 1213-1221(1999);

Coagulation factor Vlila initiates the extrinsic part of the coagulation cas-

15 cade after binding to tissue factor and contributes to the activation of fac-
tor X to give factor Xa. Inhibition of factor Vlla thus prevents the formation
of factor Xa and thus subsequent thrombin formation.

20 The inhibition of factor Vila and the measurement of the anticoagulant and

antithrombotic activity can be determined by conventional in-vitro or in-
vivo methods. A conventional method for the measurement of the inhibition
of factor Vlla is described, for example, by H. F. Ronning et al. in Throm-
bosis Research 1996, 84, 73-81.

Coagulation factor IXa is generated in the intrinsic coagulation cascade
and is likewise involved in the activation of factor X to give factor Xa. Inhi-
bition of factor I1Xa can therefore prevent the formation of factor Xa in a
30 different way.
The inhibition of factor IXa and the measurement of the anticoagulant and
antithrombotic activity can be determined by conventional in-vitro or in-
vivo methods. A suitable method is described, for example, by J. Chang et
35 al. in Journal of Biological Chemistry 1998, 273, 12089-12094.



.B.M Mieller et al. inJ. din. Invest. 101: 1372-1378(1998); ME
Br onber | in Thronb. Haenbst. 1999; 82: 88-92. i 0 W
B3uBmress. pepEffholodiies

03/ 0459

a route which is longer by 2 steps pro-

ceeds

-via an N-protected pyrrolidine derivatPve, for exanple BOC-Pro: OH CH
0 .401 O lIntroduction of the protecting group cl Renoval of

roact on of AgPTEH P agiebn SR80l TEr HRor Ve dic e dovbiOFRERLORT) 1"

:~O_ry ry

shown in rowrfg]ltypbd of EaRedr N isesteineicited By TUPanigs!

al so react
PCT/ EP2004/

10

15

20

. 25

30

35

therein to give bisaddition products. 35 WO 2004/ 087695
logpains in-BiomedoHealth Rap. (20803414 Molecular Pathogenesis of

Pancreatic Cancer), 57-59. The publications listed below describe an
antitumoural action of TF-VII and factor Xa inhibitors for various types of
tumour:

K.M. Donnelly et al. in Thromb. Haemost. 1998; 79: 1041-1047;

E.G. Fischer et al. in J. Clin. Invest. 104: 1213-1221 (1999),

B.M. Muelier et al. in J. Clin. Invest. 101: 1372-1378 (1998),

M.E. Bromberg et al. in Thromb. Haemost. 1999; 82: 88-92.

WO 03/045912 describes a route which is longer by 2 steps, which pro-

ceeds via an N-protected pyrrolidine derivative, for example BOC-Pro:

s N e W S
P O 4 S b e AT

introduction of the
protecting group l

H H
! ! -— [ s N
CI ey N "h‘{ —
0 N H 0
H Q Removal of the ©
protecting group

Helv. Chim. Acta 1998, 81, 1254-1263 describes the reaction of primary
amines with 4-chlorophenyl isocyanate {route A}).
As shown in route B), the reactive side-chain groups, such as OH, NH or

SH, also react therein to give bisaddition products.

chhamds NOR, NH or  SH,



.0 Al B] R=i Pr CH2000H CH2CH2000H The term pharnaceutical ly usabl e
vatiy i en to nean, for exam ple, the salts
o APRulfisds PEnEpaftaf

deri
and

rug conmpounds. Above and bel ow, A denotes al kyl,

-unbranched (linear) or branched, and-fas 1, 2, 3, 4, 5 6, 7, 8, 9
carbon atons. A preferably denotes nethyl, furt her nor e et hyl, propyl,

i sopropyl,
yl, 1-

pent

butyl, isobutyl, sec-butyl or tert-butyl, furthernnre a
2- or 3-nmethylbutyl, 1,1-, 1,2- or 2,2- dinethylpropyl,

unds
or

Iso

1 et hyl propyl, hexyl, 1-, 2-, 3- or 4-nethylpentyl, 1,1-, 1,2-, 1, 3-,
2, 3- 3{1' 3, 3-di rrethyl butyl, 1- or 2-ethylbutyl, 1-ethyl-I-methyl-
propyl

furtherm)re

- 2-nethyl propyl, 1,1,2- or |, 2, 2-trimethyl propyl,
pref@®rably, for exanple, tri methyl. Ais very

10

particularly ®e E)@bl y al ky—hawving 1., 203,74, 5 or R&=®or bon  at ons,
pr ef egabl y nethyl, “€thyl, propyl, i sopW butyI i soﬂ%ﬁc-butyl ,
tert-butyl, pent®4, hexyl or trifluoro is prddh F, Cd or

Br,

preferably relates to a process according

but also |. WD 2004/ 087695 PCT/ EP2004 405 7 The invention

ool@aiml for the preparation

of conpounds of the fornmula | in which Ris For . i 5 10 15 Preference

preparation
A- COO, ,, N3,

is furthernore given to a process according to Caim1l or@gﬂ t he
to a 6Pocess accordi iy tp O ai

Bﬁl conmpounds of the formula I in which Rl is O OH,
H2,

Oallyl or ,&r:opar gyl. Particular prege

of the fornul &0 or OR 9 4

15

20

25

30

35

S S50 S0

o OH

ci

The term pharmaceutically usable derivatives is taken to mean, for exam-
ple, the salts of the compounds and so-called prodrug compounds.

Above and below, A denotes alkyl, is unbranched (linear) or branched,
andhas 1, 2, 3,4, 5 6,7, 8 9 or 10 carbon atoms. A preferably denotes
methyl, furthermore ethyl, propyl, isopropyl, butyl, isobuty!, sec-butyl or
tert-butyl, furthermore also pentyl, 1-, 2- or 3-methylbutyl, 1,1-, 1,2- or 2,2-
dimethylpropyl, 1-ethylpropyl, hexyl, 1-, 2-, 3- or 4-methylpentyl, 1,1-, 1,2-,
1,3-, 2,2-, 2,3- or 3,3dimethylbutyl, 1- or 2-ethylbutyl, 1-ethyl-1-methyl-
propyl, 1-ethyl-2-methylpropyl, 1,1,2- or 1,2,2-trimethylpropy|, furthermore
preferably, for example, trifluoromethyl.

A is very particularly preferably alkyl having 1, 2, 3, 4, 5 or 6 carbon
atoms, preferably methy!, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl or trifluoromethy!.

Hal is preferably F, Cl or Br, but aiso I.

oA,

ce is given
1 or_2 fgr the prepar %g\cm of conpounds



-Preference is furthernore given to a process according to Clains 1-4 for
the pre conpounds of the fornula I in whichyp 002405

2- oxopi [F}gfﬁh(}“ﬁdgl&g 2-oxopyrrolidin-1-yl, 2-oxo-1H pyr&dmlpm"?

*3- oxonor phol i n-4-yl, 4-oxo-1 H pyridin/t- yI 2-0x0-1 Hpyrazin-1 -yl,

2- oxoi m dazol i di n- l-yI , 2-o0xopiperazin-1 -yI or 3-0x0-2H- pyridazin-2 yl.
20 0 25 30 35 Preference is furthernore given to a process according to

Clainms 1-5 for the preparation of compounds of the formula I in which A
i's unbr anChﬁde iveptiangretkrably yelatey tong ptodessaadvondiag aoCiaimm 1\ibr the, i n
addition, 1-3 H atons nmay be replaced by F. Preference |s furthernore

gi ven to a piepeeatioraelenapeigndsocidhe farmulgrldn yhictcRasfsonCh for t he
preparation of conpounds of the formula | in which Ris Hal or CG'-.":CH,

Rlis H OHor OA, R2is H Hal or AL R3 is 2-oxopiperidin-1-yl,

2- oxogyrr ol Pﬁbférel‘uce% furi’héﬂ‘rﬂsré q'_téiyfd é“pﬁoées%' accordify W@t o oy,
4-o0xo-1 Hpyridin-1-yl, 2-oxo-lH pyrazin-1-yl, 2-oxoimdazolidin-I -yI

2- oxopi per amerprepgiratmn - comparnds,ofi the fomula- Iym whigh 2004/ 087695

PCT/ EP2004/ 002405, -8 5 d ranched or cyclic
al kyl having 1-10'5¢% b‘g 62\2?% A%fqémﬁkma’ﬁéﬂg' r@ iPrORa Yy at oms nay
be repl acedphpicdiiartftbfdrénte isgiveRto @prbeess according to Claim 1 or 2 for

the preparation of compounds of the formula | in which R'is H or OH.

10
. Preference is furthermore given to a process according to Claims 1-4 for
the preparation of compounds of the formula 1 in which

15 R® is 2-oxopiperidin-1-yl, 2-oxopyrrolidin-1-yl, 2-oxo-1H-pyridin-1-yl,
3-oxomorpholin-4-yl, 4-oxo-1H-pyridin-1-yl, 2-oxo-1H-pyrazin-1-yl,
2-oxoimidazolidin-1-yl, 2-oxopiperazin-1-yl or 3-oxo-2H-pyridazin-2-
yl.

20

Preference is furthermore given to a process according to Claims 1-5 for
the preparation of compounds of the formula | in which

A is unbranched or branched alkyl having 1-6 carbon atoms, in which, in
addition, 1-3 H atoms may be replaced by F.

Preference is furthermore given to a process according to one or more of
Claims 1-6 for the preparation of compounds of the formula | in which
R is Hal or C=CH,

30 R’ is H, OH or OA,

R? is H, Hal or A,

R? is 2-oxopiperidin-1-yl, 2-oxopyrrolidin-1-yl, 2-oxo-1H-pyridin-1-yl,
3-oxomorpholin-4-yl, 4-oxo-1H-pyridin-1-yl, 2-oxo-1H-pyrazin-1-yl,
2-oxoimidazolidin-1-yl, 2-oxopiperazin-1-yl or 3-oxo-2H-pyridazin-
2-yl,

35



.and pharnaceutically usabl e derivatives, solvates and stereoi soners
thereof, including m xtures thereof in all ratios. Preference is

furt her THPEOYWMBHISt o a process according to one or mor BCHEPIBHAPIES 1 7

-for the preparation of conpounds of th8-formula | in which RisFord, R
Is H =0, OH QA A-COO, N3, NH2, O-ally! or Opropargyl, R2is H F or

2 R P P el br o BT i 1B 2ifor aoms

2- 0X0- 1H—pyra- Zi razin-1 -yl or
3-0x0- 2H pyri dazllﬂn Mh 'n%@@@nﬁ?gﬁéhﬁgg%ybqéaaﬁae%%gﬂe Vit having 1-6

carbon atonHal i n |s\Ef]|G1hBanladd|t|0n 1-3 H atons may be repl aced by F,
and pharmaceutically usabl e derjvatives, solvates and stereoi soners

thereof, in@Nd@hagnassutizaly usaBlecAgrivativas, 39"&@"P§§ndlﬁﬁf‘?%%ﬂrﬁ?rspr ef erence
'S giyen toth%{&éfoﬁ%ﬁdl g%%ﬂ{rﬁ%t e‘?e8ﬂ {ra’f’BEe of 25 Caims 1-8 for the

preparation obpoun ormJ ' which Ris For d, R is H
or H R2is H For A, 30 RBis 3- oxom)rphol in-4-yl, 35 A is unbranched
or branched al kyl having 1-6 carbon atons, in which, in addition, 1-3 H
atons nmy bBrefemngeas fyyher mqﬁ(ﬂ'%ﬁ@@é@@ﬁ%&ﬂwf QBaRe @Necri rats Yles,

sol vates ang, steregi.so reof, | n t in all
ratios. géﬂmﬁ é@r hlgdgﬁeg l?ﬁ'/?f(fﬁ:@@un %etﬁb){%'g’ﬁ"ﬁééuﬁgjﬁ%i ef erence
Is given toRa procegs aeeprding to one or nore of Cains 1-15 for the

prepaiBtion of conpounds of the formilalaR 5 la
is H, =0, OH, OA, A-COO-, N3, NH;, O-allyl or O-propargyl,

. R? is H, For A
R is 2-oxopiperidin-1-yl, 2-oxopyrrolidin-1-yl, 2-oxo-1H-pyridin-1-
yl, 3-oxomorpholin-4-yl, 4-oxo-1H-pyridin-1-yl, 2-oxo0-1H-pyra-
1o zin-1-yl, 2-oxoimidazolidin-1-yl, 2-oxopiperazin-1-yl or 3-oxo-
2H-pyridazin-2-yl,
A is unbranched or branched alkyl having 1-6 carbon atoms, in
which. in addition, 1-3 H atoms may be replaced by F,
20 and pharmaceutically usable derivatives, solvates and sterecisomers

thereof, including mixtures thereof in all ratios.

Particutar preference is given to a process according to one or more of

Claims 1-8 for the preparation of compounds of the formula | in which

R is F or Cl,
R is H or OH,
R? isH, For A,
30 R® is 3-oxomorpholin-4-yl,
A is unbranched or branched alkyl having 1-6 carbon atoms, in

which, in addition, 1-3 H atoms may be replaced by F,
and pharmaceutically usable derivatives, solvates and stereocisomers

35 thereof, including mixtures thereof in all ratios.



.0 10 in which Ris For d, R isHor OH R2is H For AA RBis
3-oxonor pholin-4-yl, Ais unbranched or branched al kyl having 1-6 carbon
atoms, iWO20##W8M695i n addition, 1-3 H atoms may be repl %E@PE@”’I&?Z“%d
-pharmaceutically usabl e derivatives, s@l-vates and stereoi soners thereof,
including mxtures thereof in all ratios, characterised in that a) a
conpound of the formula Il 15 20 25 30 R in which RLis Hor OH OHIis
react ed wi t Ve® RAHEUIBRBreferance IB&ivaN 1o @ procgss@acopsiing¢a ong g dggore

PCT/ EP2004/ A2A0%s 1-191% 148 fledialibh oY Bheidtintkidhhe formuia ta

Rl
5 - H -
N
\Q\ /& 0 la
10
in which
. R is F or Cl,
R' is H or OH,
15 R isH, ForA,
R is 3-oxomorpholin-4-yl,
A is unbranched or branched alkyl having 1-6 carbon atoms, in
which, in addition, 1-3 H atoms may be replaced by F,
20 and pharmaceutically usable derivatives, solvates and stereoisomers

thereof, including mixtures thereof in all ratios, characterised in that

a) a compound of the formula Il

R1
®

OH 1

Iz
@)

in which
30 g is H or OH,

is reacted with a compound of the formula Il

35



.Ris For d, NNC=O1lIl in aqueous alkali netal or alkaline earth netal
carbonate or bicarbonate solution, at a tenperature between 60 and 110C
to gi ve WORSMBIPE of the formula IV RL in which R i sFEFEEP2004002405 )
.OH, b) a conpound of the formula IV isi@hen reacted with a conpound of
the 25 formula VV 30 35 in which RRis H For AL R3is

3-oxonor pholin-4-yl, Ais unbranched or branched al kyl having 1-6 carbon
atons, in which, in additio H atons may be replaced by F, WO
2004/ 087695 PCT/ EP2004/ O0RA @ ~N=Qe=®r esence ofjjan auxiliary
reagent with formation of a xedf anhy- dride, at a tenperature between
100 and 70C, to give a conpound of the fornula la, and 5 C this is, if
desi red, cojwekicad | nto pharnmaceutically usable derivatives and/or

sol vates thereof by converting a base or acid of the fornula la into one
of itg sal tB 18 Hon6i20

in aqueous alkali metal or alkaline earth metal carbonate or bicarbonate

solution, at a temperature between 60° and 110°C,

10 to give a compound of the formula IV
R1
15 R OH
N
\Q\ P v
N 0
H
in which
20 R is F or CI,
R is H or OH,

b) acompound of the formula IV is then reacted with a compound of the
. 25 formula V

H,N

2 R2
V
R3

30

in which

R® isH, ForA,

R is 3-oxomorpholin-4-yl,

A is unbranched or branched alkyl having 1-6 carbon atoms, in
35

which, in addition, 1-3 H atoms may be replaced by F,



.i 25 30 35 The conpounds of the fornmula | or la can preferably be

obt ai ned r - ing conpounds of the formula Il wt f the
f or mul aW$?5"?4ﬁ’%§&9?i rst step a). The reaction is genergff@%?}ra%(] out in
-an inert solvent, in the presence of - Hn aci d-bi ndi ng agent, preferably
an alkali netal or alkaline earth netal hydroxide, carbonate or

bi car bonat e anot her {0 i ) | kal i ne
earth netal 'Q?F’ﬁrpé?%?rhc&%ag’&l@?ﬂ%@#%‘é"g?ﬁéﬁﬁ%a nc&u%m&ed)ége i um such
as, for exagide at¥Shperadire BebRed9net andFor@ssi um car- bonate, caesium
car bonat e or NaHCOB. Igarticul ar preference is given to NaHCO3. It may

al so be favourable to add an organi c base, such as triethyl am ne,

di met hyl ani | i ne, pyridine, o inoline. The reaction tine is between a
few m nut e HKA SGPrRND 8{@%3P%9(7q3e?ﬂ£en one and ten hours, depending
on thg conditions used, and the reaction tenperature is between about 00
and 150, normally between 20 and 130, preferably between 60 and 110,
very partice) arly pihid st dldesired; osmverzdl intal pbaadeudicpliy sisablesui t abl e
inert solvents are water; h droiarbons, such as hex- ane, petrol eum

et her, benz@WéYat{Vgﬁﬁﬁzorﬁl peAReredh| ori nated hydro- carbons, such as
trichl oroet ; - i t IoPe dfgishadi®. chl oroform
or dichl OrO%Fﬁﬁ%@ﬁgﬁ%ﬁ‘éf&@éﬁ@@%for{eh‘ﬁﬂ%ﬁ%m@ et hanol , i sopropanol ,

n- propanol , n-butanol or tert-butanol; ethers, such as WO 2004/ 087695
PCT/ EP2004/ 002405 -12 0 I 5 10 15 20 2

The compounds of the formula | or la gan preferably be obtained by react-
. ing compounds of the formula Il with compounds of the formula Il in a first
step a).
The reaction is generally carried out in an inert solvent, in the presence of
1S an acid-binding agent, preferably an alkali metal or alkaline earth metal
hydroxide, carbonate or bicarbonate or another salt of a weak acid of the
alkali or alkaline earth metals, preferably of potassium, sodium, calcium or
caesium, such as, for example, NaOH, sodium carbonate, potassium car-
20 bonate, caesium carbonate or NaHCOa.
Particular preference is given toc NaHCOs.
It may also be favourable to add an organic base, such as triethylamine,
dimethylaniline, pyridine or quinoline. The reaction time is between a few
. 25 minutes and 14 days, preferably between one and ten hours, depending
on the conditions used, and the reaction temperature is between about 0°
and 150°, normally between 20° and 130°, preferably between 60° and

110°, very particularly preferably between 70° and 90°C.

30
Examples of suitable inert solvents are water; hydrocarbons, such as hex-
ane, petroleum ether, benzene, toluene or xylene; chlorinated hydro-
carbons, such as trichloroethylene, 1,2-dichlioroethane, tetrachioro-

a5 methane, chioroform or dichloromethane; alcohols, such as methanol,

ethanol, isopropanol, n-propanol, n-butanol or tert-butanol; ethers, such as



-30 35 diethyl ether, diisopropyl ether, tetrahydrofuran (THF) or di oxane;

gl ycol ﬁb%?ﬁom ch as ethylene glycol nmononethyl or ppeagbiidleeRbber or
et hyl - ene glycol dinmethyl ether (di gIﬁgE ket ones, suc as acetone,

i sobutyl nmethyl ketone (IBM) or but- am des, such as acetam de,
di et hyl - acetam de or di net hyl f or mam de (DIVF) nitrites, such as

acet on t (1| Geupiletndoxiigops e teibpiBHran Y I‘aiﬁgb?%uciﬁ?@oggcﬁﬁr bon

di sul fide; car xyllt suc formc a r acetic nitro
conpounds, sthehs auchids ethym@ymlanommetbiyéoz moepetst etrer wethylas et hyl

acetate, or m xt ures of the i.d solvents i cul ar preference is
given to waf®@® Q'YICF?| dingthylRthet &fdg'yﬂlﬁ)pB@HB%So?u %4 Pa'spbugﬁe react ed

wth com pou oﬁé‘@%%)@f'b%té/nor@‘%rﬁua mﬁté@ﬁfééaé’ét%ﬁﬁ&é‘b&u}he‘f@fl“ ed out

in the presenc iary reagent TS an I nterne

derivgtive métbnﬁdi@oﬁdug&thyﬂomﬁamm (DMF howtyiles; sach cis aetdnitrile; $udv
exanpl e, a m xed anhydride, an activated ester, an im dazoli de or is

converted i foxises SéF’R?ﬁsiﬂ"ﬁM rsubfgx'ge SOMSAY icagbon disulfisie; sarbaxlie

S yi sal fonyPORS: Tt o RO Bty Acelie s TR S bigrf B¢ btk
p-tol yl sul f greyhsheyor nittebefséne; Mstérsl Sutty BE ctivfl Retdtsadt Miktdiestafangar boxyl
group in typical acylation reactions are described in the |iterature

(for eyanpl eaidrsaivantst andard works, such as Houben-Weyl, Methoden der

or gani schen I c Chem stry], Georg Thi eme- Ver | ag,
Stuttgart). P'%H U@J’,_é{NFQ{SHE%f? %'é(eeg)g‘f 8% out using various condensation
*agents, such as carbodiim des, carbodiim dazole, those of the uronium
y

pe, such as TBTU, and acid haI i de or activated ester nethods.
Acti vat ed ebtaisecanad stepd campayada sif $he formeda Vi ass tegctéd wittheompd e by

R gl miohe el S oL Gn (O RS Toratron of @ o v
yd The reaction is preferably carried out in the presence of an auxiliary
reagent which forms an intermediate derivative with the OH group of the
carboxylic acid, such as, for example, a mixed anhydride, an activated
ester, an imidazolide or is converted into an alkylsulfonyloxy group having
20 1-6 carbon atoms (preferably methylsulfonyloxy or trifluoromethylsulfonyl-
oxy) or arylsulfonyloxy having 6-10 carbon atoms (preferably phenyl- or
p-tolylsulfonyloxy).
Radicals of this type for activation of the carboxyl group in typical acylation
. 25 reactions are described in the literature (for example in the standard
works, such as Houben-Weyl, Methoden der organischen Chemie [Meth-

ods of Organic Chemistry], Georg-Thieme-Verlag, Stuttgart).

30 The coupling can be carried out using various condensation reagents,
such as carbodiimides, carbodiimidazole, those of the uronium type, such
as TBTU, and acid halide or activated ester methods. Activated esters are
advantageously formed in situ, for example by addition of HOBt or

35 N-hydroxysuccinimide.



-Particular preference is given here to the use of ethyl 2-ethoxy-1, 2-

di hydroqui nol.ine-1-carboxylate (EEDQ . 5 10 0 15 The r ' |

gener al quoégor“m%ﬁasout in an inert solvent. The reactioﬁéﬂﬁh@ﬁidg&ggst ween a
-few nminutes and 14 days, preferably -Héween one and twenty hours,
depending on the conditions used, and the reaction tenperature is

10, and 70, HEroERGe A7 Bopnr R AR ER e Bt " B Sror el o

suitabl e inert solvents are hydrocarbons, such as hexane, petroleum
et her, benzene, toluene or xylene;, chlorinated h%drocarbons, such as
tri chl or oet Pgiticntar preferemeshiscgiven hareeto thetusecdi ehph2etew-1.2hl oro- form

or dichl orongt hane; al cohol such t hanol , ethanol, iso 20 propanol,
n- pr opanol ,&Eyama}m@r" F@?ﬁ%ﬁﬁ%@é? hers, such as diethyl ether,
di i sopropyl ether, tetrahydrofuran (THF) or di oxane; glycol ethers, such
as ethylene glycol nononethyl or nonoethyl ether or ethylene glycol

di met hyl et Tiee réattginyisgenekaltyocarsiedsout fin as ieksolvenbr but anone; ami des,

25 such as acetam de, dinethyl acetam de or dinethylformam de (DWF);
nitriles, such as acetonitrile; sulfoxides, such as dinethyl sulfoxide

(DVBO); carpap gL Sldd ifl&iis ﬁ@f\ﬁ%ﬁ’%\ if@w%hﬂ%s é’\@‘i‘él%%g%,%r@fé‘raﬁ@ d or acetic

acid; nitro conpounds, such as nifronethane or nitrdbenzene; "esters, such
30 as §t hy| betaeseni ene and twvahtyrresursf degendirg dndbé conditionp aisedcand the
prefe? bly tetrahydrofuran. 35 A base of the formula 1. la or of the
fornul a |V @actioe teoReEatueR)is brtweenaboyt 96 and1ag a'&‘?rﬂlaiﬁot?qt}vﬁﬁnglal t using

@5, | e Bepl R sk YRR A R
-14 15° and 30°C.

15 _

Examples of suitable inert solvents are hydrocarbons, such as hexane,
petroleum ether, benzene, toluene or xylene; chlorinated hydrocarbons,
such as trichloroethylene, 1,2-dichloroethane, tetrachloromethane, chioro-
form or dichloromethane; alcohols, such as methanol, ethanol, iso-

20 propanol, n-propanol, n-butanol or tert-butanol; ethers, such as diethyl
ether, diisopropyl ether, tetrahydrofuran (THF) or dioxane; glycol ethers,
such as ethylene glycol monomethyl or monoethyl ether or ethylene glycol
dimethyl ether (diglyme); ketones, such as acetone or butanone; amides,
such as acetamide, dimethylacetamide or dimethylformamide (DMF);
nitriles, such as acetonitrile; sulfoxides, such as dimethyl suifoxide
(DMSQ); carbon disulfide; carboxylic acids, such as formic acid or acetic
acid; nitro compounds, such as nitromethane or nitrobenzene; esters, such
30 as ethyl acetate, or mixtures of the said solvents, particularly preferably

tetrahydrofuran.

A base of the formula |, la or of the formula IV can be converted into the

35 associated acid-addition salt using an acid, for example by reaction of

equivalent amounts of the base and the acid in an inert solvent, such as



.0 0 510 15 20 25 30 35 ethanol, followed by evaporation. Suitable acids
for this reaction are, in partlcular t hose whi ch glveg siologically
accept ap¥@ 28485 Thus, it is possible to use inorganf /gﬁ;qygﬂmﬁ

-exanmpl e sulfuric acid, nitric acid, -hydrohalic acids, such as

hydrochl oric acid or hydrobromc aci d, phospho- ric aci ds, such as

ort hophosphoric acid sul fam ¢ acjd, further anic acids, in
particul ar @h?ﬁﬁlatfq’ll?wecd PE?Z{?PQfatIQPab piq’cﬁ%{%ﬁg@rga oNn A&, dh ocycl i ¢

basi f
xampl e f or M RCasr aPoge St B fh Y@é@‘%ﬁ!‘%a‘%@?pﬁ%' SIS, TS GPet ny)

acetic aci Obomblenowseondrga@mamds cfonekdmpie seifuric aciddnitdieiaeid| c aci d,
maleic acid, lactic acid, tartaric acid, nmalic acid, citric acid,
gl uconi c achsdiroaehfoaﬁlﬂ@, sugh as hydeoshiariccacid jon hydeahaptnig aside PheskIo-

met hape- Wg%g?ge?%ﬂ §gaC| gﬁhgs héil 3158 dbrséhlfac?ﬁ'i'c a:?r?'fgrth rmore

2- hydroxyet nzenesu fonlc -toluenéesul fonic

aci d, napht hyapReasias: ingaticelas dlipledtics afeydii, amphhﬁuramomdtfcwn c acid.
Salts with physiologically unacceptable acids, for exanple picrates, can

be used forhetﬁeooyssbcmormba&mromolpbasw|ceahowhc:o$ultqmc oe&t#ﬁmm &f the

formula I. t he er .hand of t.he f |V can be
convered TOREHRTRE BEVE B aERE Aeaap pdE 2o AR . fefivia s “hoc
or al %<al | Nnegedty é&ld”ﬁb&imééb&ﬁ suSEinicTlAd  Pimehie R FamaliB GcrdTmRaleisn sal ts
usi ng1®ases (for exanpl e sodi um hydroxi de, potassium hydroxide, sodium

car bonat e oamdplacasacwntaraMmaerﬂeynahbtaqck citricaguh gluddrec acid,sscorbic
hysi ol ogi cal l.y ac t abl e orgapi.c bases,. such f or .exanpl e,
Uhanol ani nBCISTRIEOT RFE® dROTEPUNE A DelbRREoer hapBRHRRIASES. « he

formul a 1V gthanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic

acid, p-toluenesulfonic acid, naphthalenemono- and -disulfonic acids, or

15
laurylsulfuric acid. Salts with physiologically unacceptable acids, for
example picrates, can be used for the isolation and/or purification of the
compounds of the formula |.

20

On the other hand, compounds of the formula |, la or IV can be converted
into the corresponding metal salts, in particular alkali metal or alkaline
earth metal salts, or into the corresponding ammonium salts using bases
(for example sodium hydroxide, potassium hydroxide, sodium carbonate or
. 25 potassium carbonate).

It is also possible to use physiologically acceptable organic bases, such

as, for example, ethanolamine.

30 The invention furthermore relates to compounds of the formuta IV

35



WD 20041087695 PCT/ EP2004/ 002405 -15 R OHIV 0 5 in which Ris Hal or
C---CH R is H =0, Hal, A OH QA A-COO, A-CONH, A-CONA-, N3, NH2,
10 NO2, WR20QE8P$95CO0A, CONH2, CONHA, CON(A) 2, 0-al |yl PCTHP04{02488,|
-O- benzyl, =N-CH or =N-QA, A is unbranctfed, branched or cyclic alkyl

havi ng 1-10 carbon atonms, in which, in addition, 1-7 H atons may be
replaced by F, 15 Hal is F, d, Br or 11 and pharnmaceutically usable
derivatives, solvates and stereoi somefs thereof, including m xtures
thereof in all ratios. 20 The inveng; also relates to the optically

n

active forns (stereoisoners), the anti omgnpg, the racemates, the
di astereoners and t he hydRat eg~and es of the conpounds according
to the invention. The term g6 es ;Wl%t heWconpounds i s taken to nmean

adducts of inert sol- vent nt o& he conpoulds whi ch form owi ng
to their mutual 25 attractive™orcdN™ SolQvates are, for exanple, nono- or
di hydPates or alco- holates. 30 35Hhe term pharmaceutically usable
derivatives, is taken to nmean, for exam ple, the salts of the conpounds
accordi ng t ® Wi nventi on and so-call ed prodrug conmpounds. The term
prodrug derhvativ-gq_'é'ﬁmt@;k@g to mean conpounds of the formula I which

b

have been nodifie y, for exanple, alkyl or acyl groups, sugars or

ol i gopepti dRS andiswhi=D, Hak A, QHJOA, N-€OBJ A-OONH-, d-GONATN:ONgl,ve t he
ef fective conpounds accordi ngl to the invention.
10 NO,, CN, COOH, COOA, CONH,, CONHA, CON(A);, O-allyl,
O-propargyl, O-benzyl, =N-OH or =N-OA,
. A is unbranched, branched or cyclic alkyl having 1-10 carbon atoms,
in which, in addition, 1-7 H atoms may be replaced by F,
15 Hal is F, Cl, Brorl,
and pharmaceutically usable derivatives, solvates and sterecisomers

thereof, including mixtures thereof in all ratios.

20 The invention also relates to the optically active forms (stereoisomers), the
enantiomers, the racemates, the diastereomers and the hydrates and sol-
vates of the compounds according to the invention.

The term solvates of the compounds is taken to mean adducts of inert sol-

. - vent molecules onto the compounds which form owing to their mutual

attractive force. Solvates are, for example, mono- or dihydrates or alco-

holates.

The term pharmaceutically usable derivatives is taken to mean, for exam-
30 ple, the salts of the compounds according to the invention and so-called

prodrug compounds.

The term prodrug derivatives is taken to mean compounds of the formula |

which have been modified by, for example, alkyl or acyl groups, sugars or
35 oligopeptides and which are rapidly cleaved in the organism to give the

effective compounds according to the invention.



WO 2004/ 087695 PCT/ EP2004/ 002405 -16 These al so incl ude bi odegradabl e
pol ymer derivatives of the conpounds according to the_invention, as
descri bed ZP‘B'?‘”‘%%npl e, inint. J. Pharm 115, 61-67 F%ég}'?““@%‘“io 15
‘20 25 The invention also relates to mM¥ures of the conmpounds of the
formula IV according to the invention, for exanple m xtures of two

di astereo s, for .example in the ratio 1: 1.2 1 1.4 1 1: 10,

- T00-or  1: iaees SerdSSBER SRk o npL Perdaifipsatine etingtinds

st er eoi SONB4d&oraPFRBUAE TnvaritioPahs idedtabed  BEeRATBRUMIMIOS Pgm{ or nul a 1V
can be used I n processes for the preparation of conpounds of the fornula
|. Other ethl®myB1-8é(199%) ves are described in WD 02/ 079145 as factor Xa
inhibitors. Gther aromatic am des are described in WD 99/00121 and in WD
00/ 39118. Aromatic am dine derivatives having an antithronbotic action
are discl os ; : | R ' fg%} | for

t he tirr’eat rreﬁﬁe(ﬁ&'[nﬁlr@g oe?ﬂg‘#ctgépgte@ggg@ﬁee%g%'ﬁ%%g or @)lfa%errg,l e, 1iIn
WO 97/ 08165acqrdimgt todhé etvaarione forexaonpe umgiurésiof twp diakstareomeXs -for
inhibitory activi t'é are di i_cl osed, for exanple, in WO 96/10022.

Subst i t ut ed®xaple iBAhe &R hdndihyl $phény S kiR LIGREr & R yi ani des as
factor Xa +Rhdbi ; g’etffﬁ | / jcal s

whi ch occurTﬂn%%h%%g%ﬂ%H%er, g%rrgsﬁe@r%iﬂr?g%%grs gé}?ng’c’[ﬂ: egiécncg:l@n?é@fasc()ne

anot h% 30 35 A denotes al kyl, is unbranched (linear) or branched and

has 1,2, 3, 4, 5, 6, 7, 8, 9 or 10 carbon atonms. A preferably denotes
met hyl , f ur irearisular, the compounds of the formula IV can be used in processes

. for the preparation of compounds of the formula |.

Other ethynyl derivatives are described in WO 02/079145 as factor Xa

15
inhibitors.
Other aromatic amides are described in WQ 99/00121 and in
WO 00/39118. Aromatic amidine derivatives having an antithrombotic
action are disclosed, for example, in EP 0 540 051 B1. Cyclic guanidines
20

for the treatment of thromboembolic diseases are described, for example,
in WO 87/08165. Aromatic heterocyclic compounds having a factor Xa-
inhibitory activity are disclosed, for example, in WO 96/10022. Substituted
N-[(aminoiminomethyl)phenylaikyl]lazaheterocyclylamides as factor Xa
. 25 inhibitors are described in WO 96/40679.

For all radicals which occur more than once, their meanings are inde-

pendent of one another.

30
A denotes alkyl, is unbranched (linear) or branched and has 1, 2, 3, 4, 5,
6, 7, 8, 9 or 10 carbon atoms. A preferably denotes methy!, furthermore
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl or tert-butyl, furthermore
35 also pentyl, 1-, 2- or 3-methylbutyl, 1,1-, 1,2- or 2,2-dimethylpropyl, 1-

ethylpropyl, hexyl, 1-, 2-, 3- or 4-methylpentyl, 1,1-, 1,2- 1,3- 2.2- 2 3-or



‘et hyl, propyl, isopropyl, butyl, isobutyl, sec-butyl or tert-butyl,

further gentyl, 1-, 2- or 3-nethyl butyl, 1 1 00400240
2, 2-di met hy prop% - et hyl propyl hexyl, 1-, 2-, 3- 1’(:Tglmjgﬁet ﬁﬁ)fpentyl
1,1-, 1,2-, 1, 3- 2,3- or VO 20047 687695 PCT/ EP2004/ 002405 -17 5

10 i 15 20 0 25 30 3 3 dinethylbutyl 1- or 2-ethylbutyl, 1 -ethyl-
- met hyl pr opyl 24 _ | l4. 2 Ayl
propyl, furtﬁgf?‘e-‘:rjr!rT'Dertg}(I[lE)b)réI ex‘l’e,; aﬂ?ﬁ%&%)ga%?,@ﬁ?@? |pl]j%§)gm13-€{1|;¥qejA very
parti cul ar| mqmyibmpqrblhm @enotled 2atindthyipropytl farth@mdre prefdrably, 6orcar bon
atons, preferabl E/ met hg/ et hyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, exapple;ffyorometix)i | hexyl or trifluoronethyl. Hal preferably

denotes F, Gl

preferably neq’{’ggw?ﬁé%y 683&48& d%%ﬂ@%m&i?% I'{ 5f)6r éjcartﬁjn

O- progar gy! atds tprefdrablyymethel, @ma;hl %rdﬂybrlsé'ﬁoBﬁr buwuh@obmyefsyceusmyl i s

gi ven to conpounds of the forml sel ected fromthe group consisting
of (2R 4R)- terf- bubﬂhlQﬁfﬁﬂhbﬁwlmﬁbﬁl#ﬁf?memymydroxypyrroI i di ne- 2- carboxylic
acid, (2R)-1-(4-chlorophenyl carbanoyl)pyrrolidi ne-2-carboxylic acid.
Corrpounds of the fornmula IV according to the invention may be chiral

owi ng to theja| prate aenbidsUc tor® BineuiBisoaccor di ngly occur in various
enanti oneric forns. ey may therefore be in racenmic or optically active
form 4§ nceR preferabhnderates Eaor €Efi cacy of the racemates or stereoisoners

of 1he  endgRtoddedsly (eatles N9-0" B '0K AXGETERL 3, BHHGds My be

di fferent,
. O-propargyl, particularly preferably H or OH.

.5 Particular preference is given to compounds of the formula IV selected
from the group consisting of
(2R,4R)-1-(4-chlorophenylcarbamoyl)-4-hydroxypyrrolidine-2-carboxylic
acid,

(2R)-1-(4-chlorophenylcarbamoyl)pyrrolidine-2-carboxylic acid.

20

Compounds of the formula IV according to the invention may be chiral
owing to their molecular structure and may accordingly occur in various

enantiomeric forms. They may therefore be in racemic or optically active

. 25 form.

Since the pharmaceutical efficacy of the racemates or stereoisomers of the
end products resulting from the intermediate compounds may be different,
it may be desirable to use the enantiomers of the compounds according to
30 the invention. In these cases, the end product or even the intermediates
can be separated into enantiomeric compounds by chemical or physical
measures known to the person skilled in the art or already employed as

such in the synthesis.
35



it may be desirable to use the enantioners of the conmpounds according to

t he inveg;ééﬁﬁilg%e?st hese cases, the end product or even mﬂz%‘%gﬁgi at es

can be s nto enantioneric conmpounds by chenica ysical
‘measures known to the person skilled t#%8the art or already enployed as
such in the synthesis. 35 WD 2004/087695 PCT/ EP2004/ 002405 -18 5 10 0 15

from the ni J1 teoagiof BEErfl Al dadtidiitersi 8 T ETRRTHR RndHelon:
Sui t abl e regQlrehétibn WEB HrSoftical |y faetive xegtitg ayeint Clitablaeédolgingci ds, such

as the Rand S forns of tartaric acid, diacetyltartaric acid,
di benzoyl t apgeniscarec far example| ortically @ictiveracids, sauchiasitbe R and & formsui t abl y

N- pr ot ect ed I no. aci.gs_.(for exanpl e . , N-benzoyl proline or . .

- benzeneauPl AT 6 Aninc B HBRENG 26ich ARG Py Ealtey: ade, fipndeic acid,
canphgr sul f giie £44 dactidbeR, @an? NIBRMECHd SN B (f8PBkampleesol uti on
of the enantioners wth the ard of an optically active resolving agent
(f or exanpl &-Henzaypiodine oy iNvbenzéngsutionglproletia)drdbe varioas epicallyor ot her

derivatives of carbohydrates or. chirally derivatised nethacryl ate
ol ymar s § attie Regahbre donicatigs: A3 asliaBidsodi S EReTRIba ARRIC bur pose

are aqueouse iy fibk BHRld EnaiRiof I §8 of SHCbtR3ly HRlive YéBilifig.
trile, thg o) .1%.3.

hexane/i so- propanol/acet oni or exanple 1'n rat
Above1 nd belgent (fat éxareplecdiaittbenzeyiphenvigbaires] deflulbseltriatdtaetd of | owi ng
exanpl'es, "conventional work-up" nmeans that water is added if necessary,
the pHis a@fh‘ﬁtq,ﬁ!!‘fait'f’eﬁééﬁgr gfﬁﬂé'f)é’ﬁ&Nﬁ@'%ﬁ%‘fﬂi'%d?ﬂﬂa&fﬂ@ﬁ? of the
qﬁw Pr oduChy e Atmiobifédd 6 Siltagd). Klitabellibttsfof thi§ perpo@rhfRd W th
aqueous or alcoholic solvent mixtures, such as, for example, hexane/iso-

15 propanoi/acetonitrile, for example in the ratio 82:15:3.

Above and below, all temperatures are indicated in °C. In the following
examples, “conventional work-up” means that water is added if necessary,
20 the pH is adjusted, if necessary, depending on the constitution of the end
product, to values between 2 and 10, the mixture is extracted with ethyl
acetate or dichloromethane, the phases are separated, the organic phase
is dried over sodium sulfate and evaporated, and the product is purified by
. o chromatography on silica gel and/or by crystallisation. Rf values on silica
gel; eluent. ethyl acetate/methanol 9:1.
Mass spectrometry (MS): El (electron impact ionisation) M”; ESI (electro-
spray ionisation) (M+H)"; FAB (fast atom bombardment) (M+H)".

30
Example 1

1-[(4-chlorophenyl)]-2{[4-(3-oxomorpholin-4-yl)-phenyl]}-(2R,4R)-4-

hydroxypyrrolidine-1,2-dicarboxamide is prepared analogously to the fol-

35 lowing scheme:



-acetate or dichloronmethane, the phases are separated, the organic phase
Is drie V. |.um sul fate and evaporated, and the pr ' i fied
by chrg‘rylg)t%g?@gﬁdf on silica gel and/or by crystalli Satp?:&ﬁ&g%?@%ﬂées on
'silica gel; eluent: ethyl acetate/methnmol 9:1. Mass spectronetry (MS):
El (electron inpact ionisation) Mt; ESI (el ectro- spray ionisation)

(MtH) +; FAB (fast atom bonhgy dnent) (MrH) +. Exanple 1

1-[ (4-chl orophenyl)]-2-{[4-( xonor phol i n-4-yl ) -phenyl]}- (2R, 4R) - 4-

hydr oxypyrrol i di ne-1, 2-di car koxesi®t i3 prepared anal ogously to the fol-
| owi ng scheme: WD 2004/ 087695 NPCTY EP2004/ 002405 -19 5 OHC | 2 10 0
1520 0 25 30 cl 31.113.1 g.(0.1 nol) of cis-hydroxy-D-proline are

di ssolved in 800 mM of NaH sol uti (c =0.5nolll), 30.7 g (0.2 nol)
of 4-chi orophenyl iso- cyanatg are®s Mot | y 2added, and the mixture is
stirrgd at 80C for 5 hou Q. The reaction mxCure is cooled to RT, the
preci pitated symTetCrli cal rga oH3- bi s(4-chl orophenyl)urethane is
filtered off with su d"\fvvash;ad with water, and the agueous phase
is adjusted to pH =1 Rg& afout 40 M of conc. HCl. The precipitated
product is separated off, ht h&

+ HN N o a
l Z_Q_F_

10 Y
HO.
y H
‘ cl O("*@\
\@ /’L N Ny s
N"o -
H 0
15
1.1 13.1 g (0.1 mol) of cis-hydroxy-D-proline are dissolved in 800 ml of
NaHCO; solution (¢ = 0.5 mol/l}, 30.7 g (0.2 mol) of 4-chlorophenyl iso-
20 cyanate are subsequentiy added, and the mixture is stirred at 80°C for

5 hours. The reaction mixture is cooled to RT, the precipitated symmetrical

urea 1,3-bis(4-chlorophenyl)urethane is filtered off with suction and

washed with water, and the aqueous phase is adjusted to pH = 1 using
. 25 about 40 mi of conc. HCI. The precipitated product is separated off, the
aqueous phase is post-extracted with EA, and both organic parts are
dried. The residue is then recrystaliised from MTB ether, giving 23.3 ¢
(81.8%]) of (2R,4R)-1-(4-chlorophenylcarbamoyl)-4-hydroxypyrrolidine-2-
carboxylic acid 3. m.p. 132-134°; MS (FAB): m/e = 285 (M+H").

30
"H NMR (DMSO-ds) 5 12.00 (sbr, 1H), 8.39 (s, 1H), 7.54 (d, J = 8.9 Hz,
2H), 7.26 (d, J = 8.9 Hz, 2H), 4.41-4.24 (m, 2H), 3.66 (dd, J = 5.7 and 5.8
- Hz, 1H), 3.33 (dd, J = 4.0 and 4.1 Hz, 1H), 2.40-2.25 (m, 1H), 1.96-1.81

(m, 1H).



‘aqueous phase is post-extracted with EA and both organic parts are

dried. TR 408dbidksy i s then recrystallised from MIB eth 39
(81.8% of {2 R, 4R)-1- (4-chl orophenyl car banmoyl ) - 4- hydfi{)%rﬁflrﬁr“gﬁz{??ne- -

‘carboxylic acid 3 mp. 132- 134 Vs (A - rrle=285(M+H+) ' H NWR
(DVBO-d6) S 12.00 (sbr, 1 H), 8.39 (s, 1 H), 7.54 (d, J = 8.9 Hz, 35 2H),

o1 v, s Ot LR (pecly =288 g - 5,7, a0 o6

1 96 1. 81 Co,N: Fheor@lica10D 400! $98. 6oCN EB200zirtiDC 4001 H 2@ Ng.0cal
rotation: [a]200 = + 43.7; MeOH, ¢ = 0.0198 gi12 mM C, H N Theoretical C
50.63, H4.60, N9.84 Found C51.1 H4.6 N9.0 1.2 14.24 g (0.05 nol) of

Tl ) of Sthyic 5- ot REAR (CTSHATERY SR8 el BF EradiHonkndibrds P oq
in 408 m ofinbeé dadndit 2BUTR(0.05 nkN) ahéthyt 24atieskyt 92-diRPdfRidirsoliréurd ng

whi ch a suspension forns. The precipitate is filtered off wth suction,
rinsed thr e@ﬂh%kﬂt%ﬁmdﬁﬂ@v&ﬁ’dné@p@f af letrahydenfyrassat Rih@nd stmredefmnced

o phol | n- 42011l i pieR a Sysaersian B3t TPE Y hliate 5 tketed BBan de
5, mp. Zosvﬁtﬂa%uc%n(ﬁr‘?@d tHFéQtrme‘!ﬁﬁitlﬁ Itiftand Lvagbraté@td HWn'égs'u?ldQPt ai ned
anal ogously to Exanple 1. 2R) -

- (4- chpor opheshydecprasurg, )gp»ymg 65|9dg 1B9%) ot k{()ek-;zhiocomrqﬂ)]m—{c@fl—(:ﬁ-?ﬂo— 175,
20CI 25 30 NS ( FAB),: = 26 OH 1H NMVR O- 81237 br,
1 H), 837 Uk"fp& H}-Zl-y}fﬁgﬁe@ﬂﬁ @R(:"‘\%}% WFOXMFO"‘#'“%GDI\% boxgmidey, (ZH;

8(2) (dgl 2——"§p52¢g‘21é s (RABY- vétl 458 (M. 2. 27-2.07 (m 1 H),

15 The following is obtained analogously to Example 1.1:
(2R)-1-(4-chlorophenylcarbamoyl)pyrrolidine-2-carboxylic acid, m.p. 173-

175°,

O_m\gOH

® . MS (FAB): m/e = 269 (M+H");

'H NMR (DMSO-ds) 5 12.37 (sbr, 1H), 8.37 (s, 1H), 7.53 (d, J = 8.9 Hz,
2H), 7.26 (d, J = 8.9 Hz, 2H), 4.32 (dd, J = 3.5 Hz, 1H), 3.60-3.41 (m, 2H),
2.27-2.07 (m, 1H), 2.00-1.81 (m, 3H).

30

Optical rotation:  [a]*°s = + 60.9°: MeOH, ¢ = 0.0189 /2 mi

C.H,N: Theoretical C 53.64, H4.88, N 10.43 Found C 536 H5.1 N 10.4
35



‘Optical rotation: [a]20D = + 60.9; MeOH, ¢ = 0.0189 g/2 M C, H N
Theoreti H 4.88, N 10.43 Found C 53.6 H 5. dh/08240¥0
SRl bhiudeten

2004/ 057 004/ 002405 -21 Exanple 2 The foll ow ng conpounds are
‘obt ai ned anal ogously to Exanple 1: i -51-

1-[ (4-chl orophenyl)]-2-{[ 4-(3-oxonorphol in-4-yl)phenyl]}-(2R)-

pyrrolidi neghkamblecr boxam de, 1-[(4-chlorophenyl )]-2-{

[ 3- met hyl 4% rpholin-4-yl) phenyl ]}-

(2R) - pyrrolidine- 1 2- di car boxam de 10

1-[(4-chl orophenyl )] -2-{[ 3-net hyl - 4- ( 3- oxonmor phol i n-4-yl ) phenyl ] } -

(2R 4R)-4-h 9652 INgAtanapeUNds, aregktaineghanalegously to Example 1:

1-[ (4-chl orophenyl )] -2-{[ 4-(3-oxonor phol i n-4-yl)phenyl ]}-(2S, 4R)-4

hydr oxypyrrolidi ne-1, 2-dicarboxam de, 15

1-[ (4schl or ophenyi4 }:h%rb[&\éﬁyl')}lelfﬁ— BIxnesBheeY-yIipHeryl )-pErRny | ] } -
(2R) - pyrrol idine-1,2-dicarboxamd

1-[ (4-chl orOMﬂ”@thn)?}‘l qumpzammmrphol i n-4-yl)phenyl]}-(2R, 4S)-4

hyd I id .

T4tk or ophersti hisrophS T B8t Ryt s omarehaline 4 Resi 1 - 20
(2R) - pyrrol '(Ehlléyrlfol?dﬁécﬁ.?%%%’m

1-[ (4-chl orophenyl )] -2-{[ 3- trlfluoronethyl 4- ( 3- oxonor phol i n-4-yl) -

phenylyp} - (2R) - pyr[(%hmrnmanﬂ}]fﬂﬁaﬂm&#da soxomorpholin-4-yl)phenyl]}-

é%ﬂ%%ﬁ AR dianypreoldng 2 dembarmate, Y pnenvily 28
QZ [ (4-chlor 0pheayt|(a.hh§ar{g;Lﬁ%rgﬁ);%ﬁmm}ﬁd}pﬁowﬁhmm&h}-@&ﬁh 4-

i dopyrrolidine-
1-[ (4-chi orhpdmxybyr]ramalﬁ{ﬂkzaﬂmarbmmm I n-4-yl)phenyl]}-(2R, 4S)-4- 30
am nopyrrolidin rboxam d

T (aghl or opher sl EhierOpASTOA A AIoRR- - @ TaeHg 4y Dphsendy - 4-
et ooy pbiflbPRoinedt S2MARRe,

1-[(4-chlorophenyl)]-2-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4S)-4-
hydroxypyrrolidine-1,2-dicarboxamide,
1-[(4-chlorophenyl)}-2-{[3-fluoro-4-{3-oxomorpholin-4-y|)phenyl]}-

20 (2R)-pyrrolidine-1 2-dicarboxamide,
1-[{4-chlorophenyl)]-2-{[3-triflucromethyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-2R)-pyrrolidine-1,2-dicarboxamide,
. 1-[(4-chlorophenyl)}-2<{[2-fluoro-4-(3-oxomorpholin-4-yl)phenyl]}-
25

(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-[(4-chlorophenyl)]-2-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4S)-4-
azidopyrrolidine-1,2-dicarboxamide,
1-[{4-chlorophenyl)]-2-{[4-(3-oxomorpholin-4-yl)phenyl]}-{2R,4S)-4-
30 aminopyrrolidine-1,2-dicarboxamide,
1-[(4-chlorophenyl)]-2-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R 4R )-4-
methoxypyrrolidine-1,2-dicarboxamide,
1-[(4-chlorophenyl)]-2-{[4-(3-oxomorpholin-4-yl)pheny!]}-{(2R,4R)-4-
35 acetoxypyrrolidine-1, 2-dicarboxamide,



1-[ (4-chl orophenyl )] -2-{[ 4- (3-oxonor pholin-4-yl)phenyl]}-(2R 4R)-4- 35
/

1)
acet oxypwd soibd7ess 1, 2- di car boxam de, WO 2004/ 087695 P 405
22 5 103“'{)d 15 ’g*o 0 25 30 1-[(4-chl orophenyl)] 2-{[ 4- (3%0%?%‘“?%

i n-4-yl)phenyl]}-(2R) -4- oxopyrrolidiné2t, 2-di car boxani de,
1-[ (4-chl orophenyl )]-2-{[3-nethyl-4-(3- oxormrphol i n-4-yl)phenyl]}-

2 AP or ophendi4eRiStoBRmIBILI498 oxomarpholin-4:yphenyil-2R)-4:
(2R, 4R) - 4- hyadopquﬂ]dmeh zﬁsmbdxémnﬂecar boxam de,

L (4 chl orophey ) TR A R e i

L (4-chl or paleRytdlqRstl dicgxamigho! 1 1-4-v1) phenyl ]}~ (2R 4R) - 4-
1-[ (4=schl or Opheﬂﬂl(-i-]chbr{)bﬁelﬁsﬂ)]@‘ﬂﬁtfrudﬂom -(B-dxothdproninld- ggﬁaﬁﬁ% 5 :

4- (prop-2-yn )pyrrolidine-1,2-dicarboxam de. 35 WO 2004/ 08
PCT/ EP2004/ éé%&d%)fﬁgr@mwp&dleeﬂha -dicaibexamiast, L- hydr oxyproline with

g; ZP L?éﬁf’?egﬂO'W‘?*éﬁo‘bié&gﬁﬂﬂu?gdlﬁg #xogrfor@ﬁ{;%r?.ﬁgﬁgtﬁﬁ, hg&%%@ gmle 1.1,

preferably lh?dtcﬁ@byﬁrﬁhd|ﬁ§1ﬁ21d|&$é?b@ﬁ§m|dé BMK). 9.4 g (71.685 mTDI) of
L- hydroxyproline are dissolved in 71.68 m of 10 NaCH solution (c =1

mol 11 yat  f r om Ag{(4-shiprpphenyd)lu-{{8+3caxomerpbelin4-yl)phenyl]}-(2R,4R)-4-
allyloxypyrrolidine-1,2-dicarboxamide,
. 1-[(4-chiorophenyl)]-2{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R,4R)-
4-(prop-2-ynyloxy)pyrrolidine-1,2-dicarboxamide.

15
20
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{71.685 mmol ) of 4-chl orophenyl isocyanate in 70 mM of IBWK is subse-

quently , the mxture is stirred at -1 C for i

Convent i gﬁ{g?&%%g{xp gives 18.52 g of (2S,4R)-1-(4-chl é‘?@‘%‘%’r‘!&'ﬁ"’”ﬁ@

car banoyl ) - 4- hydr oxypyrrol i di ne-2-carb@Rylic acid; Yield: 91 % 20 25 30
35 WD 2004/ 087695 PCT/ EP2004/ 002405 -24 Patent Clains 1. Process for the
preparation a unds of the formula | 51 10 0 15 20 25 30 35 in
which Ris CH Rl is H =0, Hal, A OH OA A COO, A-CONH,

A- CONA-, N3, NH2, NO2, CN, COOH, COOA, CONH2, CONHA, CON(A)2, Oallyl,
O propargyl, Obenzyl, =NOH or =N OA, RR is H Hal or AL R3is

2- oxopi per i dihe-reactibn oBLd)gcoingxymbilmﬁ mthAfbhloﬁammylﬁqcyahatechan Beyl,
3-oxom)rpholln4¥ oonI—I—ﬁ‘g ridin- 11}/ 2- 0X0- gyrazm | - I

2- oxoi ni daz GAIH @t?/nalogovﬂv yéxamn'%ﬂ Pref%blv@wwﬁ mner%qlmuan 1-yl,
3- 1 m nonor phgd d-fidrbphéndTsdQianate, preferably in isobutyl methyl ketone

(IBMK).

9.4 g (71.685 mmol) of L-hydroxyproline are dissolved in 71.68 ml of
10 NaOH solution (¢ = 1 mol/l) at from -2 to 0°C, a solution of 11.008 g
(71.685 mmol) of 4-chloropheny! isocyanate in 70 mt of IBMK is subse-
. quently added, and the mixture is stirred at -1°C for 1 hour.
Conventional work-up gives 18.52 g of (28,4R)-1-(4-chlorophenyl-
carbamoyl)-4-hydroxypyrrolidine-2-carboxylic acid;
Yield: 91%.

15

20

. 25

30

35



‘i mdazolidin-1-yl, 2-imno-1 H pyrazin-1-yl, 2,6-di oxopipe- ridin-1-yl,
2- 0Xopi hNaol-Xl , 2, 6-di oxopi perazin-1-yl, 2,5- dio Ldin:1-yl,
2- 0xo-1, Piég‘g%ﬁ;f’éi n-3-yl, 3-o0xo0-2H pégi dazi n-2-yl, Ziijg:gﬁﬂgﬁdé%otg%@; 1-yl
‘(= 2-oxoazepan-1-yl), 2-azabicyclo[22%2]octan-3-on-2-yl, 5,6-dihydro-1
H pyrim - din-2-oxo0-1-yl, 2-oxo-1, 3-oxazinan-3-yl or 4H 1, 4-oxazin- 4-yl,
where the radicals may al so be no 'e%(ﬁéiﬁ?sutm ed by AorQA WO
2004/ 087695 PCT/ EP2004/ 002405 -2 %t S A is unbranched, branched or
cyclic al kyl having 1-10 carbon atons, in which, in addition, 1-7 H
atons may be replaced by F, Hal is F, d, Br or I, and pharnaceutically
usabl e deri Vati Peecessdon epatatinneefanepdunds ofithefewnylailnc! udi ng
m xtures thereof in all ratios, characterised in that a) a conpound of
the formula Il in which R is as defined above, OHis reacted with a
conpognd of the formula 111 20 ingawhich 0 25 Ris as defined above, N=C=0O
to give a conmpound of th

10

R
the formulal|lV 30
H
R N R?
N
/& O |
N @] 3
H R
. in which

R is Hal or C=CH,
15 R’ is H, =0, Hal, A, OH, OA, A-COO-, A-CONH-, A-CONA-,
Ns, NHz, NO,, CN, COOH, COOA, CONH,, CONHA,
CON(A), O-allyl, O-propargyl, O-benzyl, =N-OH or =N-
OA,
R? is H, Hal or A
R Is 2-oxopiperidin-1-yl, 2-oxopyrrolidin-1-yl, 2-oxo-1H-pyri-

20

din-1-yl, 3-oxomorpholin-4-yl, 4-oxo-1H-pyridin-1-yl, 2-oxo-
1H-pyrazin-1-yl, 2-oxoimidazolidin-1-yl, 2-iminopiperidin-1-

. 05 yl, 2-iminopyrrolidin-1-yl, 3-iminomorpholin-4-y|, 2-imino-
imidazolidin-1-yl, 2-imino-1H-pyrazin-1-yl, 2 6-dioxopipe-
ridin-1-yl, 2-oxopiperazin-1-yl, 2,6-dioxopiperazin-1-yl, 2,5-
dioxopyrrolidin-1-yl, 2-ox0-1,3-oxazolidin-3-yl, 3-0x0-2H-
pyridazin-2-yl, 2-caprolactam-1-yl (= 2-oxcazepan-1-yl),

30 2-azabicyclo[2.2.2Joctan-3-on-2-yl, 5,6-dihydra-1H-pyrimi-

din-2-oxo-1-yl, 2-oxo0-1,3-oxazinan-3-yl or 4H-1,4-oxazin-

4-yl,

where the radicals may also be mono- or disubstituted by

35 Aor OA,



«OH 11 11l 1V 35 in which WO 2004/ 087695 PCT/ EP2004/ 002405 -26 R and R

are as j ve, b) a conpound of the formula IV i hen react ed
with a gg'fﬁ#p@ﬁﬂ%ﬂa’g the formula V5 V 10 0 in which R A’?FJP%"%'("&Z%

‘defi ned above, to give a conpound of tBe-fornmula I, and 15 ¢) this is, if
desired, converted into pharmaceutically usable deri- vatives and/or

|vates th b i id of the,f | int
of 1ts sal te, 28 0 25 95 WhrBkRL Baiedi il VG il ogasbr °"°
preparation of conpoundstophs, ifh AidHNialaition, 1-7hi KBnf3 ay beYepfdcedand

pharmaceutically usabl e derivatives, solvates and stereoi soners thereof,
i ncluding mixtures therbyF,in all ratios. 3. Process according to Caimil

or 2 for the pr ratian of..c opunds of the formula | in which RL is H,
=0, OH, QA A—C%%?, I\B,'Slﬁfﬁg* ggg{ﬁyl or O propargyl,

5 and pharmaceutically usable derivatives, solvates and sterecisomers
thereof, including mixtures thereof in all ratios, characterised in that

a) acompound of the formula

10 R
OH I

Iz

in which

R'is as defined above,

15

is reacted with a compound of the formula Ill

20
R‘QN=C=O M
in which
. 25 R is as defined above,
to give a compound of the formula IV
1
30 R
R OH
N
A © W
ﬁ 0
35

in which



-and pharmaceutically usable derivatives, solvates and stereoi soners

t her eof m xtures thereof in all ratios. 35

PCT/ EPZOBJ?%GB% - 27 510 0 15 20 25 30 35 4. Pr o\ggg@gécgﬁﬁﬁng to
‘Claim1, 2 or 3 for the preparation of28om pounds of the formula | in
which RL is Hor OH and pharmaceutically usable derivatives, solvates
and stereoi SOMERS, &ﬂeé?é)‘ras dbﬂﬁé&gpgg?m xtures thereof in aII rati os. 5.
Process accordi ng 0 ohe or imse 1-4 for the preparation of
conmpounds of the fornmula | in which R3 is 2- oxopi peridin-1 -yl,
2-oxopyrrolidin-1 -yl, 2-oxo-1 Hpyri- din-1- 30xormrpholln4y|

4- oxo- 1H- pyri di B} 1- 9|conz1ct§mofjtheﬁ@rwld@|lw-l$ theﬂ reagtaskwithiaieeropedne- 1. yI |
2- oxopi perazin-1 eyfl &oxo 2H pyridazin-2-yl, and pharnaceutically
usabl e derivati 9fet§' o 5‘[ s and stereoi soners ther eof, including

m xtuges thereof in all ratios. 6. Process according to one or nore of

Clains 1-5 for the preparation of conpounds of the fornmula | in which A
i's unbranched or branched al kyl having carbon atons, in which, in
addition, 1-3 H atons nmay be repl aée BAd pharmaceutical ly usable
derivatives, solvates and stereoi soner reof, ingluding m xtures
thereof in all ratios. 7. Process accordihg to one or¥nore of Clains 1-6
for the preparation of R3

10
® in which R” and R*are as defined above,

to give a compound of the formula 1, and

15
c) thisis, if desired, converted into pharmaceutically usable deri-
vatives and/or solvates thereof
by converting a base or acid of the formula | into one of its salts.

20

2.  Process according to Claim 1 for the preparation of compounds of
the formula I in which
R is ForCl,
. 25 and pharmaceutically usable derivatives, solvates and sterecisomers

thereof, including mixtures thereof in all ratios.

3. Process according to Claim 1 or 2 for the preparation of compounds
of the formula 1 in which
R is H, =0, OH, OA, A-COO-, N3, NH;, O-allyl or
O-propargyl,
and pharmaceutically usable derivatives, solvates and sterecisomers

30

thereof, including mixtures thereof in all ratios.
35



conpounds of the formula | in which Ris Hal or CGCH, Rl is H OH or OA
R2 is H, R3 is 2-oxopiperidin-l-yl, 2-oxopyrrolidi

2- ox0- 1 %Pﬁﬁs‘@fsn 1-yl, 3-oxonorpholin-4-yl, 4-oxo- 1I-‘T-Cﬂ‘ﬁpzﬂ‘?"l4)°i‘}/";7l
'2-o0x0- 1 Hpyrazin-1-yl, 2-oxoi m dazot2di-n- 1-y|, 2- oxopi perazin-1 - yI or
3- ox0- 2H pyri dazi n- 2-yl V\D 2004/ 087695 PCT/ EP2004/ 002405 -28 5 10 9 15

2 B0 25 a0 Proa R haT TG T8 ik o BESAAZ 0

Hal is F, 4, bogﬁdg of gmoahargrﬁﬁ%,bﬁal |y usabl e derivatives, solvates
and st ereoi soner thereof, including m xtures thereof in all ratios. 8.

Process accordi Ry to onis Idrorlﬁjﬂe of Clains 1-7 for the preparation of
conmpounds of the fornmula | in which RisFord, RL is H =0, OH QA
A-?:%o N3, NHZa”‘E)pé‘PF'WC%‘H“Ca@yMS@ b?r%?rrl"’atﬁﬁsi sqlvates andsfereoisomers

12*3 8?8%?3%?: 2 4%‘/‘ o, f{ﬁoxo rgiyrrlgéafhné'r?own:algré??ég 11|_i-l—lf)%pl£/|ra2|d|nnllylyI
2- oxoi m dazolidin-1 -yl, 2-oxopiperazin-1 -
5. Process according to one or more of Claims 1-4 for the preparation of
compounds of the formula | in which
10 R is 2-oxopiperidin-1-yl, 2-oxopyrrolidin-1-yl, 2-oxo-1H-pyri-
din-1-yl, 3-oxomorpholin-4-y!, 4-oxo-1H-pyridin-1-yl, 2-0x0-
o 1H-pyrazin-1-yl, 2-oxoimidazolidin-1-yl, 2-oxopiperazin-1-
yl or 3-0x0-2H-pyridazin-2-y|,

and pharmaceutically usable derivatives, solvates and sterecisomers

15
thereof, including mixtures thereof in all ratios.
6. Process according to one or more of Claims 1-5 for the preparation of
compounds of the formula | in which
20

A is unbranched or branched alkyl having 1-6 carbon atoms,
in which, in addition, 1-3 H atoms may be replaced by F,

and pharmaceutically usable derivatives, solvates and sterecisomers

thereof, including mixtures thereof in all ratios.

. 25

7. Process according to one or more of Claims 1-6 for the preparation of

compounds of the formula | in which

R Is Hal or C=CH,
30 R is H, OH or OA,
R? is H, Hal or A,
R? is 2-oxopiperidin-1-yl, 2-oxopyrrolidin-1-y!, 2-oxo-1H-pyri-

din-1-yl, 3-oxomorpholin-4-yl, 4-oxo-1H-pyridin-1-yl, 2-oxo-
35 1H-pyrazin-1-yl, 2-oxoimidazolidin-1-yl, 2-oxopiperazin-1-
y| or 3-ox0-2H-pyridazin-2-yl,



yl or 3-oxo-2H pyridazin-2-yl, A is unbranched or branched al kyl having
1-6 carb in which, in addition, 1-3 H atons V. l.aced by
F, and 8{%?‘%%@%&?? cally usabl e derivatives, solvates uTlgfzgﬁg@lzgi%ners
thereof, including mxtures thereof in28l-l ratios. 9. Process according
to one or nore of Clains 1-8 for the preparation of conpounds of the

formula | in whijch Ris, ' LS .For A, R3is

3- oxonor phol i n-f‘-yl , A i'{“ﬁé{@ﬁgﬂ%ﬂ'eﬁé'ab?h%@?}?EH%I?%!P‘KVFA\HE ing 1-6 carbon
atons, in which, in addi10 esrbok RomsairoWhidheh B8ditien) £.7ed WmE.mP
2004/ 087695 PCT/ EP2004/ 002405 -29 and pharmaceutically usable
derivatives, solvates aR@replacedibydners thereof, including nixtures
thereof in all ratios. 5 q:I_.O iLFE{ZO I25 30 10. Process according to one or
more of Claims 19, in %h cﬁ’t fMrleaction in step a) is carried out in an
I nert ssol vent o i ' de |

al kal isze earth ﬁgﬁi{fﬂ#ﬁfeg?gi;ﬁlgf&(?g@bg%gt@%ﬁ%é}?g?@g;ﬁ%ﬁgﬁrg%!sbgﬁg%ess
accor di ng to onéherechongudingthixtures tha@of imalvhatads.t he reaction in step a)
is carried out in aqueous NaHCO3 solution. 12. Process according to one
or nore of Clainms 1-11, in which the reaction in step a) is carried out

at a tenper @t ur Profis'8&idréingdd bnkléimore of Claims 1-7 for the preparation of

10 compounds of the formula 1 in which
R is F or Cl,
o R’ is H, =0, OH, OA, A-COO-, N5, NH,, O-allyl or
O-propargyil,
.5 R’ is H, F or A,
R’ is 2-oxopiperidin-1-yl, 2-oxopyrrolidin-1-yl, 2-oxo-1H-pyri-

din-1-yl, 3-oxomorpholin-4-yl, 4-oxo-1H-pyridin-1-yl, 2-oxo-
1H-pyrazin-1-yl, 2-oxoimidazolidin-1-yl, 2-oxopiperazin-1-
yl or 3-oxo-2H-pyridazin-2-yl,
20 A is unbranched or branched alkyl having 1-6 carbon atoms,
in which, in addition, 1-3 H atoms may be replaced by F,
and pharmaceutically usable derivatives, solvates and sterecisomers
. thereof, including mixtures thereof in all ratios.
25
9.  Process according to one or more of Claims 1-8 for the preparation of

compounds of the formula | in which

R is F or Cl,
30 R is H or OH,
R? is H, F or A,
R® is 3-oxomorpholin-4-yl,
A is unbranched or branched alky! having 1-8 carbon atoms,

35 in which, in addition, 1-3 H atoms may be replaced by F,



-13. Process according to one or nore of Clains 1-12, in V\:h: ch theh 5
reaction_i Is carried out in the presence of eth 2- et hoxy
2-di hydryq(ﬂf@%)/ﬁ&ﬁgg 1-carboxyl ate (EEDQ . 14. Process amzﬂgj"‘fn&“ﬁne or
nore of Clains 1-13, in which the reaeBen in step b) is carried out at a
tenperature between 10 and 70C. 15. Process according to one or nore of

Clains 1-14, in st.e s, carrie ut in

t et rahydr of ur an. W?&%%?S@gaj@ %%865'5 ‘ﬁ‘?@ 3?"’ ary Z /r%z'jgg‘frﬁ5 for
the preparationthére mﬁ@gum@%m re8ehéiofiH all katiok> WO 2004
PCT/EP2004/002405 oéo 2 055 in which Ris F or O, 10 Rl isHoroH, R2

Is H For A R3 is 3-oxonorpholin-4-yl, Ais unbranched or branched al kyl
having 1-6 ign, 1-3 H atonms may be

b i t
repl aced byclgr ?')gﬂ ﬁf‘n%‘?%é’é‘gttp@ﬁel?f 'UQ ?Qegéﬁ“ﬁ\ﬂé?w ves, solvates and
char agtorised | (it the BECHEN @A) ERriqfoth IR sd R, 55 &
in which RL i s HolvenOnhixture, in the presence of an alkali or alkaline earth metal

hydroxide, carbonate or bicarbonate.

10 11.  Process according to one or more of Claims 1-10,
in which the reaction in step a) is carried out in aqueous
o NaHCO; solution.

15 12. Process according to one or more of Claims 1-11,
in which the reaction in step a) is carried out at a temperature

between 60° and 110°C.

13. Process according to one or more of Claims 1-12,
20 in which the reaction in step b} is carried out in the presence of ethyl

2-ethoxy-1,2-dihydroquinoline-1-carboxylate (EEDQ).

14. Process according to one or more of Claims 1-13,
. 25 in which the reaction in step b) is carried out at a temperature
between 10° and 70°C.

15. Process according to one or more of Claims 1-14,

30 in which the reaction in step b) is carried out in tetrahydrofuran.

16. Process according to one or more of Claims 1-15 for the preparation
of compounds of the formula ia

35



‘OHis reacted with a conpound of the formula Il in which RisFord,
N=C=0 11 4/ 087695 PCT/ EP2004/ 002405 -31 in i

nmet al orwé*ioaomé%e)arth nmetal carbonate or bicar- bonatlig(qls}%llgﬂ ﬁl@%&at a
tenperature between 600 and 110C, 5 to38i-ve a conpound of the formula IV
OH 10 IV 15 20 in which Ris For d, RlLi sHor OH b) a compound of
the formula IV is then reacted w a conpound of the fornmula V V 10 25
30 in which R is H For A R3 is3-oxonmorpholin-4-yl, Ais unbranched or
branched al kyl having 1-6 carbon ns, Hn which, in addition, 1-3 H

atons may be replaced by F, in the esehb xiliary reagent with
formation of a m xed hde, “gf npe & between 100 and 70C,
TS .
5 H O R3
in which
R is F or Cl,
10 R’ is H or OH,
R? isH, ForA,
® R’ is 3-oxomorpholin-4-yi,
A is unbranched or branched alky! having 1-6 carbon atoms,
15 in which, in addition, 1-3 H atoms may be replaced by F,

and pharmaceutically usable derivatives, solvates and stereoisomers
thereof, including mixtures thereof in all ratios, characterised in that

a) a compound of the formula li

20
R?

OoH 1l

Iz
o

. 25

in which
R’ is Hor OH,

is reacted with a compound of the formula il

R—@N=C:O I
in which

R is F or Cl,

30

35



35 to give a conmpound of the forrmula Ia, and WD 2004/ 087695

PCT/ EP20 -32 ¢c) this is, if desired, convert i

phar macegf{é g@%ﬁﬁg’%ﬂ%am e derivatives and/or sol vates tﬁg“r*ég#z%i/""’z“’s
converting a base or acid of the fornuBd-la into one of its salts. 0 5 10
15 20 25 30 35 17. Process according to one or nore of Clains 1-16 for
the preparation of conpounds selected fromthe group consisting of

1-[ (4-chl or-phenyl)]-2-{[ 4- (3-oxo-norphol i n-4-yl)-phenyl]}-

(2R, 4R) - 4- hydr oxy pyueols dikatinhetat of alkaliox @atthenetal carbonate or bicar-

1-[ (4-chl or ophenyl) Lﬁ 2-{ 54- (3- oxonor phol i n-4-yl) phenyl1]1} - &ZR) -

pyrrol i di ne- 1, 2bgnate sRJWHAN. G’ 2 temperature between 60° and 110°C,

1-[ (4-chl orophenyl)]-2- ([ 3- et hyl - 4- ( 3- oxonor phol in-4-yl )-
phenyl]}-(2R)-pyrrolidine-I ,2-dicarboxam de,

1- [ (4schl or ophetty Give- @ chinpoling by theHfdrAmmx awror phol i n-4-y1)

phenyl]}- (2R, 4R) - 4- hydr oxypyrrol idine-1, 2-di carboxam de,

1-[ (4-chl orophenyl )] -2-{[ 4- (3- oxonor phol i n-4-yl ) phenyl ] }-

(2S, 4R) - 4- hydr oxypyrrolidi ne-1, 2-di carjoxam de, 1 -[(4-chl orophenyl
)]-2-{[2-f | uo ro-4-(3-oxonorpho | i
phenyl]}-(2R) -pyrrolidine-I,2-dicarb

(2R, 48 4- hydr oxypyrrol i di

1-[ (4-chl orophenyl)]-2-{[3 f 4- ( rpholln-4-{//I)-
phenyl]}-(2R)-pyrrolidine-1, s bg 1 |
N o
H
in which
15 R is F or Cl,
R' is H or OH,

b) acompound of the formula IV is then reacted with a compound
of the formula V

20
HN R2
Vv
R3
. 25 in which
R? is H, F or A,
R® is 3-oxomorpholin-4-yl,
A is unbranched or branched alky! having 1-6 carbon atoms,
30 in which, in addition, 1-3 H atoms may be replaced by F,
in the presence of an auxiliary reagent with formation of a mixed
anhydride, at a temperature between 10° and 70°C,
35

to give a compound of the formula la, and



1-[ (4-ch| orophenyl )1-2-{[3-trifluoromethyl-4-(3-oxonorpholin-4-
| ) phen rrolidine-1, 2-di car boxam de,
31/ %?4 CK| orophe 76?%/] 2- ([ 2-fl uoro-4-(3-oxonorphol in-4- WT'?PZ"M’WM’S
phenyl 1}- (2R, 4R) - 4- hydr oxypyrrol i di ne=822- di car boxani de,
1-[ (4-chl orophenyl)]-2-{[4-(3-oxonorphol in-4-yl)phenyl]}-
(2R, 4S) - 4- azi dopyrrolidine-1, 2-di car boxam de,
1- [ (4-chi orophenyl )] -2-{[4-(3-oxonorpholin-4-yl)phenyl]}-
(2R 4S) - 4-am nopyr r thisds, rifedésuf.’edild@@wéﬁé@m@%héma%egﬂé&%@%e
PCT/ EP2004/ 002405 -33 5 10 15 20 10
1-[ (4-chl orophelﬁiﬁ')’}itl‘ees[Fﬂd/(JBSQWatﬁﬂﬁb‘imfbfn 4-yl ) phenyl]}-
2R, 4R) - 4- net ho
2L (4 bhi of ophe ty o VBN 14,8 Bade o BRERORETBINGin tariaig g of s saits.
(2R, 4R - 4- acet oxypyrrol i di ne-1, 2-di car boxani de, 1-[(4-chlorophenyl)]-2-
[ 4- (3- oxonor phol i n- 4-yl )phenyl]} (2R) - 4- oxopyrrol id
i re-1, 2-di cdrbo¥acers according to one or more of Claims 1-16 for the preparation
1-[ (4- chl or ophen 3- - oxonor phol i.n-4-yl) -
pm[agyu} (25')o pﬁ Péhpavﬁb%"%ca%‘iﬁpsb §rQLp consisting of
1-[ (4-chl orophenyl )] f 1 }
ph[eglyl]} (2R 4R) - 4. Tk ﬁ%@?’gﬁ'ﬂyﬂa “{gﬂ%ﬁ%%ﬁ-’oygﬁg%ﬁenyll}
1 [(4-§ ¢! OL 08he@RHR)%{I&ch(@pwrogmnphgmdlcatrg;akampj@ny| 1}-
2S, 4 4 I ox I car boxam
L2 a- et or opheny! ) -G r@ehmﬂurzﬁﬁdﬁrqxompmmw}qhenw1}~<2R)
R, 4R)-4- al |yl VrB Birn%"i id) ri:oﬁaﬁll'l rboxam de, 1-[(4-chlorophenyl
-2-{[4-(3-0x0 rpﬁo ['i'n-"4- %’ eny
, 4R) - 4- (pr op- 2- yrly{l(-ﬂ)ach)qugxpmmyl):]alﬁsékn&fﬁl-ﬂf{Bhﬁmﬁﬁrﬁﬁoln@-ﬂdyl)-

(2
pharmaceuti cal | % usabl e derivatives, solvates and stereoisoners thereof,
i ncl udigng i xt u beny s2EDrPyreplisdine-f A-disarboxamide,

1-[(4-chlorophenyl)]-2-{[3-methyl-4-(3-oxomorpholin-4-y|)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,

1-{{4-chlorophenyl)]-2-{[4-(3-oxomorpholin-4-yl)pheny!]}-
(25,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,

20 1-{(4-chlorophenyl)]-2-{[2-fluoro-4-(3-oxomorpholin-d-yl)-
phenyl]}-(2R)-pyrrolidine-1,2-dicarboxamide,
1-[(4-chloraphenyl)]-2-{[4-(3-oxomorpholin-4-yl)pheny!]}-
. (2R,4S)-4-hydroxypyrrolidine-1,2-dicarboxamide,
25

1-[(4-chioropheny!)]-2{[3-fluoro-4-(3-oxomorpholin-4-yi)-
phenyl]}-(2R)-pyrrolidine-1,2-dicarboxamide,
1-[(4-chlorophenyl)]-2-4{[3-trifluoromethyl-4-(3-oxomorpholin-4-
yl)phenyl]}-(2R)-pyrrolidine-1,2-dicarboxamide,
30 1-[(4-chlorophenyl)}-2{[2-fluoro-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-{(4-chlorophenyl)]-2-{[4-( 3-oxomorpholin-4-yl)phenyl]}-
(2R,4S)-4-azidopyrrolidine-1,2-dicarboxamide,
35 1-[(4-chlorophenyl)]-2-{[4-(3-oxomorpholin-4-yl)phenyl]}-
(2R,4S5)-4-aminopyrrolidine-1,2-dicarboxamide,



18. Conmpounds of the fornmula IV OH 30 LI- U O 1IVin which Ris Hal or

C—CH 35 =0, Hal, A OH OA A COO, A-CONH | i CNHR,
%ﬂﬁm " CONHA, CONH2, WD 2004/ 087695 PCT/ ?’}ﬁ%‘?ﬁ - 34

5 10 o 15 20 0 25 30 CON(A)2, O-allyl:38-propargyl, O benzyl, =N-OH or
=N-OA, A is unbranched, branched or cycl ic al kyI havi ng 1-10 carbon

atons, in which, in F, Hal is
F, d, Br or I, and1 ar"‘&%dc?gﬁ 87? y_ﬁﬁga Iﬁﬁeg‘?ﬂv@g&%nﬂ\%at es and
stereoi soners {(PR4RIE4- mmnbxybymmmnq.mrzea;cbmxaﬁﬂden all ratios. 19.

Conmpounds accordi ng to n which Ris F or , RLis H =0, OH,
0A, A-COO-, N3, NH2, -I@-&hlqupbenylﬁr%{lépﬁr@gﬂmorah@llwlmhﬁwd]}cal|y usabl e

derivatives,  SoLuR a0 AeRbERIRYRIREL 2 AR g o U 09 X res
whi ch 5 1-[(4-chlorophenyl)]-2-{[4-(3-oxomorpholin-4-yl)phenyl]}-(2R)-4-
oxopyrrolidine-1,2-dicarboxamide,
1-[(4-chlorophenyl)]-2{[3-methyl-4-(3-oxomorpholin-4-yl)-
phenyl]}-(2S)-pyrrolidine-1,2-dicarboxamide,

10 1-[(4-chlorophenyl)]-2{[3-flucro-4-(3-oxomorpholin-4-y!)-
phenyl]}-2R,4R)-4-hydroxypyrrolidine-1,2-dicarboxamide,
. 1-[(4-chlorophenytl)]-2-{[4-(3-oxomorpholin-4-yl)pheny!]}-
(2S,4S8)-4-hydroxypyrrolidine-1,2-dicarboxamide,
1-[(4-chlorophenyl)]-2-{[4-(3-oxomorpholin-4-yl)phenyl]}-

15
(2R,4R)-4-allyloxypyrrolidine-1,2-dicarboxamide,
1-[(4-chlorophenyl)]-2-{[4-(3-oxomorpholin-4-yl}phenyl]}-
(2R,4R)-4-(prop-2-ynyloxy)pyrrolidine-1,2-dicarboxamide.
20

and pharmaceutically usable derivatives, solvates and sterecisomers

thereof, including mixtures thereof in all ratios.

18. Compounds of the formula IV

. 25

R1
R OH
g
30 O v
o
H
in which
R is Hal or C=CH,
35 R’ is H, =0, Hal, A, OH, OA, A-COO-, A-CONH-, A-CONA-,

N3, NH;, NOz, CN, COOH, COOA, CONHA, CONH,,



Ris For d, R is Hor OH and pharmaceutically usable derivatives,

' I ncl uding m xtures thereof in all
;ol vat esg@@gﬁoﬁhﬂﬁ%" soners thereof, g peen ol L0
ratios. 2

CON(A),, O-allyl, O-propargyl, O-benzyl, =N-OH or
=N-OA,

A is unbranched, branched or cyclic alkyl having 1-10 carbon
atoms, in which, in addition, 1-7 H atoms may be replaced

5 by F,

Hal isF, Cl,Brorl,

and pharmaceutically usable derivatives, solvates and sterecisomers

thereof, including mixtures thereof in all ratios.

10
19. Compounds according to Claim 18,

. in which

R is F or Cl,

.5 R' is H, =0, OH, OA, A-COO-, N3, NH,, O-allyl or

O-propargy!,

and pharmaceutically usable derivatives, solvates and sterecisomers
thereof, including mixtures thereof in all ratios.

20 20. Compounds according to Claim 18 or 19,
in which
R is F or Cl,
R’ is H or OH,

. 25 and pharmaceutically usable derivatives, solvates and sterecisomers

thereof, including mixtures thereof in all ratios.

30

35



