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i nf | dmerfoirmonia Idi seases, for exanple of rheumatoid arthritis, or of allergic

di seases. The conpounds of the fornula (1) are inhibitors of the adhesion
and mgration of |eukoxytes agdfbr apt agoni sts of the adhesion receptor

VLA-4 belonging to teh. integyi gr gup. Hhey are generally suitable for
. teh treatment of disgases #uhi - undesired extend of
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or .in vvhi ell-gell ¢ ell - i X imer ions which are based on the
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i nvention /'t h|Er noy e Ates to processes for the preparation of the
conpounds of formula (1), their use and pharnmaceutical preparations which
contai n conpounds of formula

inwhich A, E, Z, R', R?, R?, R* and R® have the meanings indicated below. The

compounds of the formula | are valuable pharmaceutical active compounds which are

- suitable, for example, for the treatment of inflammatory diseases, for example of

rheumatoid arthritis, or of allergic diseases. Ancther embodiment may provide that
. compounds of the formula I may be inhibitors of the adhesion and migration of leukocytes
and/or antagonists of the adhesion receptor VLA-4 belonging to the integrins group. They
are generally suitable for thé treatment of diseases which are caused by an undesired
 extent of leukocyte adhesion and/or leukocyte migration or are associated therewith or in

which cell-cell or cell-matrix interactions which are based on the interactions of VLA-4
‘receptors with their ligands play a role. An embodiment may furthermore relate to
processes for the preparation of the compounds of the formwula 1, their use and
pharmaceutical preparafions which contain compounds of the formula 1.

The integrins are a group of adhesion receptors which play an i:ﬁpor‘tant role in cell-
| cell-binding and cell-extracellular matrix-binding processes. They have an of-
"heterodimeric structure and exhibit a wide cellular distribution and a high extent of
-evolutive conservatic_)n. The integrins include, for example, the fibrinogen receptor on
platelets, which interacts especially with the RGD. Sequence of fibrinogen, or the
vitronectin receptor on osteoclasts, which interacts especially with the RGD

sequence of vitronectin or of osteopontin. The integrins are divided intolthree major
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ost eopo if er 2005
3@ AR RE G oh Scalils. dhe Mimacion s (T rapbposut it
heparin H-binding fragment of human plasma fibronectin (FN). The binding of VLA-4
with the heparin II-binding fragment of the plasma fibronectin is based especially on
an interaction with an LDVP sequence. In contrast to the fibrinogen or vitronectin
receptor, VLA-4 is not a typical RGD-binding integrin (Kilger and Holzmann, J. Mol.
15 Meth. 1995, 73, 347).

The leukocytes circulating in the biood normally exhibit only a low affinity for the
vascular endothelial cells which fine the blood vessels. Cytokines which are released
- from inflamed tissue cause the activation of endothelial cells and thus the expression
20 of alarge number of cell surface antigens. These include, for example, the adhesion
molecules ELAM-1 {endothelial cell adhesion molecule-1; also designated as E-
selectin), which, inter alia, binds neutrophils, ICAM-1 (intercellular adhesion
molecule-1), which interacts with LFA-1 (leukocyte function-associated antigen 1) on
leukocytes, and VCAM-1 (vascular cell adhesion molecule-1), which binds various
- 25 leukocytes, inter alia lymphocytes (Osborn et ai., Cell 198'9, 59, 1203). VCAM-1 is,
like ICAM-1, a member of the immunoglobulin gene superfamily. VCAM-1 (first
k_nown as INCAM-110) was identified as an adhesion molecule which is induced on
endothelial cells by inflammatory cytokines such as TNF and IL-1 and
lipopolysaccharides (LPS). Elices et al. (Cell- 1990, 60, 577) showed that VLA-4 and
30 VCAM-1 form a receptor-ligand pair which mediates the attachment of lymphocytes
to activated endothelium. The binding of VCAM-1 to VLA-4 does not take place due
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VLA-4 (¢4p1), such as edsinophils, T and B lymphocytes, monocytes or neutrophi!s,‘

it and the VCAM-1/VLA-4 mechanism have the function of recruiting cells of this type

from the bloodstream into areas of infection and inflammatory foci (Elices et al., Cell

1990, 60, 577, Osbom, Cell 1990, 62, 3; Issekutz et al.,, J. Exp. Med. 1996, 183,

20 2175).

The VCAM-1/VLA-4 adhesion mechanism has been connected with a number of
physiological and pathological processes. Apart from by cytokine-induced
- endothelium, VCAM-1 is additionally expressed, inter alia, by the following cells:

25 myoblasts, Eymphoid dendritic cells and tissue macrophageé, rheumatoid synovium,
cytokine-stimulated neural cells, parietal epithelial cells of Bowman’s capsule, the
renal tubular epithelium, inflamed tissue during heart and kidney transplant rejection,
and by intestinal tissue in graft versus host disease. VCAM-1 s also found to be
expressed on those tissue areas of the arterial endothelium which correspond to

30 early atherbsclerotic plaques of a rabbit model. in additioh, VCAM-1 is expressed on
follicular dendritic cells of human lymph nodes and is found on stroma cells of the

bone marrow, for example in the mouse. The latter finding points to a function of
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. mechanism VLA-4 5 thus represents ah individual exanple of a f3l-iritegrin
receptor which, via the ligands VCAM 1 and fibronectin, plays an inportant
role both in cell-cell interactions and in cell-extracellular matrix
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cyt oki ne-i nduced endothelium VCAM1 is additionally expressed, inter
~alia, bndWbAfetipsedsing aedisl s: 25 nyobl asts, |ynphoid dendritic cells and
ti ssue macrophages, rheumatoi d synovium cytokine-stinulated neural cells,
parietal epithelial cells of Bowran's capsule, the

Further details concerning VLA-4, VCAM-1, integrins and adhesion proteins are

found, for example, in the articles by Kilger and Holzmann, J. Mol. Meth. 1995, 73,
15 347; Elices, Cell Adhesion in Human Disease, Wiley, Chichester 1995, p. 79;
- Kuijpers, Springer Semin. Immunopathol. 1995, 16, 379.

' On account of the role of the VCAM-1/VLA-4 mechanism in cell adhesion processes,
which are of importance, for example, in infectiohs, inflammation or atherosclerosis, it
20 has been attempted by means of interventions in these adhesion processes to
control disorders, in particular, for example, inflammations (Osborn et al., Cell 1989,
59, 1203). A method of doing this is the use of monoclonal antibodies which are
directed against VL. A-4. Monoclonal antibodies (mABs) of this type, which as VLA-4
antagonists block the in_teraction between VCAM-1 and VLA-4, are known. Thus, for
25 example, the anti-VLA-4 mABs HP2/1 and HP1/3 inhibit the attachment of VLA-4-
expressing Ramos cells (B—cell—iike celis) to human umbilical cord endotheial cells
and to VCAM-1-transfected COS cells. Likewise, the anti-VCAM-1 mAB 4B9 inhibits
the adhesion of Ramos cells, Jurkat cells (T-celi-like cells) and HLEO cells
(granulocyte-like cells) to COS cells transfected with genetic constructs which cause
30 VCAM-6D and VCAM-7D to be expressed. [n vitro data with antibodies which are
" directed against the o4 subunit of VLA-4 show that the adhesion of lymphocytes to




renal tubular epithelium inflamed tissue during heart and ki dney
transplant rejection, and by intestinal tissue in gragépteabsiEogost
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devel opnment. Apart fromon cells of hematopoetic origin, VLA-4 is also
found, for exanple, on nelanonma cell lines, and the VCAM | NLA-4 adhesi on
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f ur t hern Viyorexperirseaisinaye shovst thatiexrerimental ayioynaues eresrbalainyebtis/cam 6D, t he

VA S cen Rk BT RRS fHAE, ThE RS 2Bk kEORE OB 1 i eor i ne
and adhigsisqs iRAALEbREKE! By a hRrBSlonIQinti enst e dehain bf YLASL by Ki | ger
and Hol znann, J. Mol . Met'h. 1995, 73, 15 347; Elices, Cell Adhesion in

~ Hunan Oihedaiiuencinglaiihe \Gri-dtispeedent adbesion mpghanixpivpipgastibahies Raer Seni n.
Rl 87yl 31 RSO Bl L g YR BIA ¢

mechani oCesses, npor t ance,
exanpl ehe fatniimiet bf lRakocytedf ihiarimidnmahiung tissUeeVGA-88/63738). The 20 has been

attenpted by nmeans of jnterventjons.i.n the agdhesi on,.processes to control
di st d@fi&'ﬂlﬁﬁ@t&aﬁfiaem\)&w aref Oés@éﬂ%'@{,éditﬁ? fag‘?rﬁg?%ﬁ‘?éc?&%f ®et al., Cell
1989, ?ﬁ%a i | hértdnee OPYLASEaA t4rgetTer veal
St bo Iesyﬁ?%ﬁeaﬁ@gﬁﬁﬁl%l@ghé&' THe iripSridrse ! a !

treatment of asthma is discussed in detail in Metzger, Springer Semin.

Immunopathol. 1995, 16, 467.

15 The VLA-4-dependent cell adhesion mechanism was also investigated in a primate
model of inflammatory bowel disease (IBD). In this model, which corresponds to
ulcerative colitis in man, the administration of anti-a4 antibodies resulted in a

significant reduction of the acute inflammation.

20 Moreover, it was possible to show that the VLA-4-dependent cell adhesion plays a
rolé in the following clinical conditions including the following chronic inflammatory
processes: rheumatoid arthritis (Cronstein and Weismann, Arthritls Rheum. 1993, 36,
147; Elices et al., J. Clin. Invest. 1994, 93, 405), diabetes mellitus (Yang et al., Proc.

" 'Natl. Acad. Sci. USA 1993, 90, 10494), systemic lupus erythematosus (Takeuchi et
25 al., J. Clin. Invest. 1993, 92, 3008), allergies of the delayed type (type IV allergy)
(Elices et al., Clin. Exp. Rheumatol. 1993, 11, $77), multiple sclerosis (Yednock et
al., Nature 1992, 356, 63), malaria (Ockenhouse et al., J. Exp. Med. 1992, 176,
1183), atherosclerosis (O'Brien et al., J. Clin. Invest. 1993, 92, 945; Shih et al., Circ.
Res. 1998, 84, 345), transplantation (Isobe et al., Transplantation Proceedings 1994,
30 26, 867), various malignancies, for example melanoma (Renkonen et al., Am. J.
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was al so mvestqgate in a primate nod | ammat ory bowel di sease
(1 BiY) . aTROYse rgo BE@theW?P@FPS@‘Gﬂ_hB%§B¢IG§-T @epttgiﬁcwh@hlwélrex:&d againstn man, the
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of the acute ammat i on. ® hat the
VLA- 4- aepenidation of ilin idhastaandthay thedormatioa df athdnesdlerbii@pih@gasdhi ni cal

condi t Lansodenfealiffedd di @ clSibr RUERIutHES 1rih bl ATRRLY 1990 84,
345). Using the same CS-1 peptide, it was furthermore possible to show in a |
15 heterotopic heart transplantation model in the rabbit that the formation of a transplant
vasculopathy can be significantly decreased by the blockade of the interaction of
VLA-4 and fibronectin (Molossi et al., J. Clin. Invest, 1995, 95, 2601).

Blocking of VLA-4 by suitable antagenists thus offers effective therapeutic
20 possibilities of treating, for example, in particular various inflammatory conditions
including asthma and IBD. The particular relevance of VLA-4 antagoﬁists for the
treatment of rheumatoid arthritis results here, as already stated, from the fact that
leukocytes from the blood must first adhere to endothelial cells before they can
~ migrate into the synovium, and that the VLA-4 receptor plays a role in this adhesion.
25  The fact that VCAM-1 is induced on endothelial cells by inflammatory agents
(Osborn, Cell 1890, 62, 3; Stoolman, Cell 1989, 56, 907), and the recruitment of
| various leukocytes into areas of infection and inflammatory foci has already been
- discussed above. T cells adhere to activated endothelium here mainly via the LFA-
- 1/ICAM-1 and VLA-4/VCAM-1 adhesion mechanisms (Springer, Cell 1994, 76, 301).
30 On most synovial T cells, the binding capacity of VLA-4 for VCAM-1 is increased in
rheumatoid arthritis (Postigo et al., J. Clin. Invest. 1992, 89, 1445). In addition, an

- increased adhesion of synovial T cells to fibronectin has been observed (Laffon et al.,




processes: rheumatoid arthritis (Cronstein and Wi smann, Arthritis Rheum
1993, 36, 147; Elices et al., J. din. Invest. 1994, 9 8dstedB) 2008 abet es
mellitus (Yang et al., Proc. Natl. Acad. Sci. USA 1993, 90, 10494),

system c | upus erythematosus (Takeuchi et 25 al., J. din. Invest. 1993,

92, 3008)wo @dvsrpi es of the del ayed type (type |V all egpp¥popidgtites at al .,
Adin. Exp. Rheumatol. 1993, 11, S77), multiple sclerosis (Yednock at al.,

“Nature 1992, 356, 63), malaria (Cckenhouse et al., J. Exp. Med. 1992, 176,
1183), atherosclerosis (OBrien at al., J. din. Invest. 1993, 92, 945;
Shih et al., Crc. Res. 1999, 84, 345), transplantation (lsobe at al.,
Transpl antati on Proceedi ngs 1994, 30 26, 867|), various malignancies, for

exanpl el fFlndfves: (9WnRBAdG; boraigs-Dupef elpl., d. Isupinahb S22t Mt 2/ 072573
PCT/ EPQg/0 der al ., Blood
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| mport . Of i I ' s shown in 10
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agai nstSpringer Semidi Ingmendpatiol. 195 16,da7}. i(08-0peptidomimietits Whichk cohiein ecr ui t ment
of | eukocytes, and the accunul gtion_of fat in the aarta and, thus the
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peptide, it was furthernore possible to showin a 15 heterotopic heart

t r ans pinMQrE02H08e VA4 is Huiseagiiportamdberapeuticdangat merecsie. a tr anspl ant
vascul opathy can be significantly decreased by the bl ockade of the

interaction of VLA-4 and fibronectin (Mlossi et al., J. din. Invest.
1995, Yhe aBo6wmentiBhed KLAG arftibutids 4nb ¥hesusd eflEintbadiéagont.atds thus offers
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15 93/1 5764, WO-A-94/16094, WO-A-94/17828 and WO-A-05/19790. The patent
applications WQO-A-94/1 5_958, WO-A-95/15873, W0O-A-96/00581, WO-A-96/06108
and WO-A-96/20216 describe peptide compounds as VLA-4 antagonists. The use of
antibodies and peptide compounds as pharmaceuticals, however, is afflicted with
disadvantages, for example lack of oral availability, easy degradability or

20 immunogenic action on long-term administration, and there is thus a need for VLA-4
antagonists having afavourable property profile for use in the therapy and

- prophylaxis of various disease conditions.

- WO-A-95/14008, WO-A-93/18057, US-A-5 658 935, US-A-5 686 421, US-A-

25 5389614, US-A-5 397 796, US-A-5 424 293 and US-A-5 554 594 describe
substituted 5-membered ring heterocycles which have an amino, amidino or
guanidino function at the N-terminal end of the molecule and which show platelet
aggrégation-inhibiting actions. EP-A-796 855 describes further heterocycles which
are inhibitors of bone resorption. EP-A-842 943, EP-A-842 945 and EP-A-842 944

30 describe that compounds from these series and further compounds surprisingly also
inhibit leukocyte adhesion and are VLA-4 antagonists.




including asthma and I BD. The particul ar rel evance of VLA-4 antagonists for
the treatnment of rheunmatoid arthritis results here, @Septkmbadl00st at ed,
fromthe fact that |eukocytes fromthe- blood nmust first adhere to
~endothelial cells before they can mgrate into the synovium and that the
VLA- 4 weosgtos plays a role in this adhesion. 25 Thecfaskeidhat VCAM 1 is
i nduced on endothelial cells by inflammatory agents (Gsborn, Cell 1990,
62, 3; Stool man, Cel1989, 56, 907), and the recruitnent of various
| eukocytes into areas of infectiof and inflammatory foci has al ready been
di scussed above. T cells adhere to activated endotheliumhere mainly via
the LFA- 111 CAM 1 and VLA-4NCAM 1 adhesi on nechani sns (Springer, Cell 1994,
76, BOH-903658ERTsH0S §B\ERA-GN 8cHY, WOB@QB@GBM@AC@WQBW~ VLA-4 for
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' in which

A is cyclopropylmethyl- or isobutyl;

E is -CO-R%, -CO-H or -CH,-0-R’;

Z is oxygen or sulfur; |

R"is hydrogen or methyi; ,

R%is phenyl, pyridyl or (C4-C,)-alkyl, where the alkyl residue can be substituted by
one or more fluorine atomé and the phenyl residue can be substituted by one or more
identical or different substituents from the group consisting of (C1-C,)-alkyl, (C4-Ca)-
alkoxy, methylenedioxy, ethylenedioxy, halogen, triflioromethy! and trifluoromethoxy;
R® and R* are methyl or trifluoromethyl; |

R®is hydrogen or (C1-C4)~alky!, where the alkyl residue can be substituted by one or
more fluorine atoms;




- applications WO A-94115958, WO A-95115973, WO A-96100581, WO A-96/ 06108
and WO A-96/ 20216 descri be peptide conpounds as VLA- 4 Sajtagber Z105. The use
of antibodi es and peptide conpounds as pharnaceuticals, however, is
afflicted with disadvantages, for exanple |ack of oral availability, easy
degr adabwmia d&2p7@r3 20. i mrunogeni ¢ action on | ong-term adgwerizeisiati on, and
there is thus a need for VLA-4 antagonists having a favourable property
profile for use in the therapy and rophyl axi s of various disease

condi tions. WO A-95/14008, WO A-931¥8057, US-A-5 658 935, US-A-5 686 421,
US-A- 25 5 389 614, US-A-5 397 796,,US A-5 424 293 and US-A-5 554 594
descri be substituted 5-nenbered ring heterocycles which have an am no,

ani di- n&°ds hY@U&!ﬂJ (@r160)Falketyi prer-(Ches)Nlkay npheayloayd GafCa-he nol ecul e and

fulrtﬂela gY et a 6t B0 (0 ] 1ﬁS‘EPA84r2I

fur ¢ neP RLP BB PATLG RRr RS Bl b A6 PR RO BB B GRCEp. w52 -
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and gf@agﬂnﬁowcamoa R Lo cCorgsyt Bhey s e meéc%ek%omw g
EP- A9 , WD- A-99124398, WO
A- 99/ %%? d'%%@ é%%&gﬁmscr ?)%égg?r t%% %ﬁpﬁﬁﬁds whi ch i nhi bit

| eukoc @h;&h‘hm’l am(Canii)-alky; VLA- 4- ant agoni sts. The properties of these
conmpoun are, sti not sat sfaﬁt oré?ﬁn vari ous respects and

t here i”sglhthﬁgmﬁer?%@@%rr'ﬁ)f(?[fﬂﬁ3”?%39“%93 Ehetid %mproved property profile.

EP- A- %ﬁd(ﬂ@.—m@ﬂd@}@u tddrebleddaltg, | m dazolidine derivatives in which t he
imdazolidine ring is )()onded via its l-position to the carbon atomin the

2-position of a 2-(cycloal kyl al kyl)acetylanm no unit or a 2-
B NS ag AL Birbon laip pESiEhR) s Usrhasedr By e the
ar e di smbsﬂgwrm‘mdaqoyr ahsubstitusdtseoftodiyer sesidyeso faeexgmpledfifibercaligll i n parti cul ar
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methyl, ethyl, n-propyl, isopropyl (= 1-methylethyl = iC3Hy), n-butyl, isobuty!
(= 2-methylpropyl}, sec-buty! (= 1-methylpropyl), tert-butyl (= 1,1-dimethylethyl),
15 n-pentyl, isopentyl, tert-pentyl, neopentyl, n-hexyl, 3-methyipentyi, isohexyl, |
neohexyl, n-heptyl, 2,3,5-frimethylhexyl, n-octyl, n-nonyl, n-decyl. Preferred alkyl
residues are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl.
In alkyl residues, one or more, for example 1, 2, 3, 4 or 5, hydrogen atoms can be
substituted by fluorine atoms. Examples of such fluoroalkyl residues are
20 ftrifluoromethyl, 2,2,2-triflucroethyl, pentafluoroethyl, heptafluoroisopropyl. Substituted
alky! residues, for example phenylalkyl residues or fluoroalkyl residues, can be
substituted in any desired positions.

- Phenyl residues can be unsubstituted or mono- or polysubstituted, for example
25 mono-~, di-, tri-, tétra— or pentasubstituted, by identical or différent substituents. If a
- pheny! residue is substituted, it preferably carries one or two identical or different
substituents. This also applies to substituted phenyl residues in groups such as
phenyla}kyl, phenylcarbonyl, etc. Phenylaikyl residues are, for example, benzyl,
1-phenylethyl or 2-phenylethyl, in particular benzyl, all of which can also be
30 substituted.




1 in which Ais cyclopropylnethyl- or isobutyl;. Eis -COR6, -COHor
-CH2-OR7; Z is oxygen or sulfur; Rl is hydrogen or 9n®dgtgrhberZD06s phenyl ,
pyridyl or (G -C4)-al kyl, where the al kyl residue can be substituted by
one or nore fluorine atons and the phenyl residue can be substituted by one
or nore wigdepikzal or different substituents from thepgipriBropensi sting of
(C1l-4)-al kyl, (Ci1-C4)- al koxy, nethyl enedi oxy, ethyl enedi oxy, hal ogen,
trifluoronmethy! and trifluoronmethoxy;, R3 and R4 are nethyl or
trifluoronethyl; R5 is hydrogen or (1& C4)-al kyl, where the alkyl residue
can be substltut ed by one or nore fluorine atons; 9 Septenber 2005 WO

02/ 072573 PCTI EP02/01917 9 R6 is hydroxyl, (g - o) - al koxy
pheny! - (anowssubstitutecynheppigasitivas; the sbstiRent @arkigﬂ @&ta!:ﬂdntwtbe@ -posjtions) - al koxy,
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of al k%ubsﬁﬁledumnahlsgrwpﬂﬂ‘besmd'Maddmoﬂlt@@Nﬁlersmt&;ﬂﬂremsj' (= 1-nethylethyl =
i C3H7), n-butyl, isobutyl (= 2-nethyl propyl), sec-butyl (= 1-nmethyl propyl),
tert-butyl (= 1,1 -dinethylethyl),

10 Examples of substituted phenyl residues which can represent R? are 2-methylphenyl,

3-methylphenyl, 4-methylphenyl, 2,3-dimethylphenyl, 2,4-dimethyiphenyl,2,5-

dimethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 2,4,5-
“trimethylphenyl, 2.4,6-frimethylphenyl, 3,4,5-trimethylphenyl, 2-(n-butyl)phenyl, 3-

(n-butyl)phenyl, 4-(n-butyl)phenyl, 2-isobutylphenyl, 3-isobutylphenyl, 4-

15 'isobuty[phenyl, 3-tert-butylphenyi, 4-tert-butylphenyl, 2-methoxyphenyl, 3-
methoxyphenyl, 4-methdxyphenyl, 2,3-dimethoxyphenyl, 2,4—dimethoxyphenyl,'2,5-
dimethoxyphenyl, 2,6-dimethoxyphenyi, 3,4-dimethoxyphenyl, 3,5-dimethoxyphenyi,
2,4,5-trimethoxy-phenyl, 2 4,6-timethoxyphenyl, 3,4,5-trimethoxyphenyl, 2-
(n-butoxy)phenyl, 3-(n-butoxy)phenyl, 4-(n-butoxy)phenyl, 2-isobutoxyphenyl, 3-

20 isobutoxyphenyl, 4-isobutoxyphenyl, 2-tert-butoxyphenyl, 3-tert-butoxyphenyl, 4-tert-
butoxyphenyl, 2,3-methylenedioxyphenyl, 3,4—methylenedioxyphenyl, 2,3-
ethylenedioxyphenyl, 3,4-ethylenedioxyphenyl, 2-fluorophenyl, 3-fluorophenyl, 4-
ﬂuorophenyl, 2,3-difluorophenyt, 2,4-difluorophenyl, 2,5-diflucrophenyl, 2,6-
difluorophenyl, 3,4-diflucrophenyl, 3,5-diflucrophenyi, 2,4,5-trifluorophenyl, 2,4,6-

25 triflucrophenyl, 3,4,5-triflucrophenyl, 2,3,5,6—tetraﬂuorophehy!, 2,3,4,5,6-
pentafluorophenyl, 2-chloro-phenyi, 3-chlorophenyl, 4-ch!orophehy!, 2,3-
dichlorophenyl, 2,4-dichlorophenyl, 2,5-dichlorophenyl, 2,6-dichlorophenyl, 3,4~
dichforopheny!, 3,5-dichlorophenyl, 2-bromophenyl, S:bromophenyf, 4-bromophenyl,
3-jodophenyl, 4-iodop.henyl, 2-trifluoromethyiphenyl, 3-trifluoromethylphenyl, 4-

30 ftrifluoromethyiphenyl, 3,4~bis~(‘rr'rﬂuoromethyl)phenyi, 3,5-bis(trifluoromethyl)phenyl,
2-trifluoromethoxyphenyl, 3-trifluoromethoxyphenyl, 4-triflucromethoxyphenyl, etc. in

~ substituted phenyl residues, however, just so different substituents can be present in




15 n-pentyl, isopentyl, tert-pentyl, neopentyl, n-hexyl, 3-nethylpentyl,

i sohexyl, neohexyl, n-hepty], 2,3,5-trnethyl hexyl, B Saitybedpoognyl,
-n-decyl. Preferred alkyl residues are nethyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl. 1In alkyl residues, one or nore,

for exanpepzbys’s 3, 4 or 5, hydrogen atons can be suybgkibdisgd by fluorine

atons. Exanpl es of such fluoroal kyl residues are 20 trifl uoronethyl,

2,2,2-trifluoroethyl, pentafluoroethyl, heptafl uoroisopropyl. Substituted

al kyl residues, for exanple phenylallkyl residues orfluoroal kyl residues,

~can be substituted in any desired positions. Phenyl residues can be
unsubstituted or nono- or polysubstituted, for exanple 25 nono-, di-,

tri-, tehydesired cpmbhmﬁub,s&dchwusebr e)kwnpbiel,enﬁha:mmdues drhéthogpd- substi tuents.
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phenyl ﬁt@ﬁioﬂ}t{ﬂﬁenwagfu@kﬂm 55HEfyiRRediRPR¥MR! KithoroRigNy| carbonyl, etc.
Phenylalkyl residues are, for exanmple, benzyl, 1-phenylethyi or

~ 2- pheny#¥iRgedioxyphpayi: 2-stior-3weaizgnhenl, B-Cdiforw‘lrmﬁfh&@hew"s%d’ﬂi@fc@b

'SUbS%ItﬁQ&ﬁb eAviSe t erber 2005 WO 02/ 072573 PCT/ EPO2/ 01917 10 In

nonosub i} d phényl residues, the substituent can be situated in the
2-position, the 3 position or the 4-position. Disubstituted phenyl can be
substityted in - posjtion, 2,4-position,_2,5 tion, 2,6-position,
3 e posHebgen Bugtiad shlarReopromiie orfodiad SRe BRI R R DB dues. the |
substituents can be situated in the 2,3, 4- position, 5 2,3,5-position,
2,4,5-position, 2,4,6-position, 2,63, 6-position or 3,4,5-position. If a
pheny!  Pwisiis 8-pysdyli 3pysdyor ftnyadysinytidy! residugso the rivegersatbmgant

gf‘g?éj' %ﬁc‘fibé’&‘ hdizbq Shéis c%r}esﬁeﬂ%l’;fgﬁ E{%ﬂ&ﬁ&ﬁ@o@fﬁe foh ufa\'_lizca%%(p%ge&%g% ced in

y carries only one from thi's group
additi ompyrmfir@tmemdeu\lablchtmtﬂm:\ss)e indi0ddckiynilegesdnt fnveatiod.ut ed phenyl resi dues
whi ch can represent R2 are 2-nethyi phenyl ,  3-net hyi phenyl, 4-nethyl phenyl ,
2, 3-di net hyi phenyl, 2, 4-di met hyl phenyl , 2, 5- di net hyl phenyl , _

2, 6-di rmiylswd@k@wtoleréb:@ éé'!t%i’ih)é'c@ﬁ@ﬁﬁlﬁds &tﬁe fljrﬁﬁmyére h@ﬂé{rhcu@r Ao
trlrrethylphenl 2,4,6-trineth P ti met hyl
2-(n- bd&pyg pppl’@{macelglcafly utsllzable salts. Compounds of the formula | wh:ch con’caln

15  acidic groups, for example a carboxylic acid group representing the group E, can be
present, for example, as alkall metal saits or alkaline earth metal salts, for example
sodium salts, potassium salts, magnesium salts and calcium salts, or as ammonium
salts such as, for example, salts with physiologically tolerable quaternary ammonium
ions and acid addition salts with ammonia and physiologically toierable organic

20 amines, such as, for example, methylamine, ethylamine, triethylamine, 2-hydroxy-

 ethylamine, tris(2-hydroxyethyl)amine, a,a,a-tris(hydroxymethyl)methylamine
(tromethamine} or amino acids, in particular basic amino acids. Salis of an acidic
compound of the formula | with an organic amine can contain the two components in
the ratio. 1:1 or about 1:1 or in ancther ratio, for example in a ratio of from about 1:0.5

25 toabout 1:4 (1 molecule of the formula | per 0.5 to 4 molecules of the amine), in
particular in a ratio of from about 1:0.5 to about 1:2 (1 molecule of the formula | per

0.5 to 2 molecules of the amin).

Compounds of the formula | which contain basic groups, for example a pyridyl group,
30 can be present as acid addition salts, for example as salts with inorganic acids such
as, for example, hydrochloric acid, sulfuric acid or phosphoric acid, or as salts with

organic carboxylic acids or sulfonic acids such as, for example, acetic acid, citric




(n-butyl)phenyl, 4-(n-butyl)phenyl, 2-isobutyl phenyl, 3-isobutylphenyl, 4
15 isobutyl phenyl, 3-tent butyiphenyl, 4-tent-butyi phessdtemBerm@ohoxyphenyl,
3- met hoxyphenyl, 4-nethoxyphenyl, 2, 3-di nmethoxyphenyl,
- di met hoxyphenyl , - 2, 5- di met hoxyphenyl, 2, 6-di met hoxyphenyl,
- di methpeopiReny! . 3, 5-di met hoxyphenyl, 2,4, 5-tri nptRg¥asnphreny! .
, 6-trinmet hoxyphenyl, 3,4,5-trinethoxyphenyl, 2 (n-butoxy)phenyl,
3- (n-but oxy) phenyl , 4-(n-butoxy)phenyl, 2-isobutoxyphenyl, 3 20
i sobut oxyphenyl , 4-i sobut oxyphenyl ,12-tert - but oxyphenyl ,
ert-but oxyphenyl, 4-tert- butoxyphenyl, 2,3-nethyl enedi oxyphenyl,
- met hyl enedi oxyphenyl , 2, 3- et hyl enedi oxyphenyl ,
B S ET Lior monena - 5oer okt Lunr ophemyl . 2 e Tt

i f1 uorophenyl ,. -di fl uorgphenyl , -di.f L uor op Y -
uoit@gerasyifonig ?@%@W@%ﬁwﬂﬂg’l coraig batfy aqnic SEPHQﬁﬁ“,%%S'G groups
S- tLfluar i ' vRtRdH ; Which lap®r ophenyl
5,%?6g#$§%ﬁﬂ§§%%HE%???@Egg?ﬁég%%gq%entg@?bgpg%ﬁgﬁyl, 2- chl or o- phenyl ,
| otik@hise yricludéd byt presentyiiverdio®- di chi or ophenyl, 2, 4-di chi or ophenyl ,
Egichiorophenyl, 2, 6-di chl orophenyl, 3,4- dichiorophenyl,

I chi orophenyl, 2-bronophenyl, 3-bronophenyl, 4-bronophenyl,
i odogshn bd obegHeaTRINY the cdntigdutisiof (eddimuUlp hengistomary processes
i f1 uoronet hyl phen

|, 4 30 trifluoropethyl phenyl, . .
4 bi §RQWR 19 heesRR I InEBIRATL for SXamPE B ST RIBR ISRy 7 piReRpICr
2-trifi |y sohvdnk bf bi REYEIAMS by anion exchange
4-trif |‘ﬁ§%ﬁn@%ﬁ§®§%§h‘§|ﬁ, sog\;[etg'-i biIf !rj{%@ﬁgﬁr?med phgr}%l resi duesg, however,
j ust sordatidnesehéingaubsti tuents can be present in 9 Septenber 2005 WO
02/ 072573 PCT/ EP02/ 01917 11 any desired conbi nation, such as, for exanple,
in the residues 3-net hoxy-4- net hyl phenyl, 4-fl uoro-3-net hoxyphenyl,
3- T | uormps4oipbladydiRatmul [ Zadidd present #r storebisomenb émyds. With respect
3-fluoro-4, 5-net hyl enedi oxyphenyl , 3-fl uoro-4, 5- ertﬁ%}l?eae'gl o>1g_y§henyl ,
2- chl otweachesymyngriessiters3t gin eirenaings ohipederanis | indepengenly o agy
#l uoro : InSai ' ki LBSicRFatioR % Ne,
pr ef er ggfé?y)é% Ymu@tre:ﬁqr?eéég{re?’gﬁi?gp ?%'émg{/ﬂp??y?&éﬁé%hg@ﬂ %fwbgﬁ@?u dyl or
4- pyr i thglpredant pyRiSdyixtures tcheegresente Thilt the geymanesia esapon aonbiosyide oxi di zed

and, 1 hg, €U G3RRME AheGUMNLNE 1 R'cBRAJSIN & S cSRfguRficRPRRT S
- compound of the formula | can be present as an R/S mixture with respect to this
carbon atom. Likewise, the asymmetric carbon atom to which the group A and the
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2
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3
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imidazolidine ring are bonded can have the R configuration or S configuration or the
compound of the fdrmuia 1 can be present as an R/S mixture with respect to this

20 | carbon atom. All other asymmedric carbon atoms can likewise have the R
configuration or the S configuration or the compound of the formula { can be present
as an R/S mixture with respect to each of these carbon atoms. In R/S mixtures the

individual stereoisomers can be present in any ratio including a ratio of 1:1.

25 The invention ihctudes all possible stereoisomers of the compounds of the formula 1,
| for example pure or largely pure enantiomers and pure or largely pure diastereomers
and mixtures of two or more stereoisomeric forms, for example mixtures of
enantiomers and/or diastereomers, in all ratios. The invention thus relates to
enantiomers in enantiomerically pure form, both as levorotatory and as dextrorotatory
30 antipodes, in the form of racemates and in the form of mixtures of the two
- enantiomers in all ratios. The invention likewise relates to diastereomers in

 diastereomerically pure form and in the form of mixtures in all ratios. Examples of




a pyridine N-oxide, which is |ikew se included by the present invention.
Physi ol ogically tol erable salts of the conmpounds of tdhsegtembed 206 are in
particular non- toxic or pharnmaceutically utilizable salts. Conpounds of
the formula | which contain 15 acidic groups, for exanple a carboxylic acid
group repieeanisyng the group E, can be present, for exaehheinas al kali
netal salts or alkaline earth netal salts, for exanple sodiumsalts,

" potassiumsalts, magnesiumsalts and calciumsalts, or as amonium salts
such - as, for exanple, salts with physiologically tolerable quaternary
“ammoni um ions and acid addition salts with anmmoni a and physi ol ogically

tol erabl e organic 20 am nes, such as, for exanple, nethylam ne, ethylam ne,
tri et hyindivitnal sterepigamergwhiel Bsel commised by ithe pventionaig Sresampownde of

a, a, a-tjy] y thylam ne (tronetham ne) or amno acids, in
partith%i*Eég#géaﬁﬁh%¥g@H§s. Salts of an acidic conpound of the formula |
wi th an organic am ne can contain the two conponents in the ratio 1:1 or
about 1:1 or in another ratio, for _exanple in a ratio of fromabout 1:0.5
25 to about 1:4 (1 nol ecul e of khec%or la | per 0.5 to 4 nolecules of the
amne), in particular in aratino gf frpmabout 1:0.5 to about 1:2 (1

nol ecul e of the formul as pe¢ﬁ_a§5HPw es~pof themanine). Conmpounds
Ruhi éh tain b giéggrou s, fjor exanple™a pyridyl group,

of the fornula |
30 can be pr

I'ts, Ofor RBxanpl e as salts wth

i norgani c aoc 40 aY; anpl e, ohydrochloric acid, sulfuric acid or

phosphori c aGis with organic carboxylic acids or sulfonic

acids such as, for exanple., acetic acid, citric 9 Septenber 2005 WO

02/ 0¥2573 PCT/ EP02/ 01917 12 acid, benzoic acid, maleic acid, fumaric acid,

tartaric acid, nethanesulfonic acig or t ol uenesul foni ¢ aci d. Conpounds

whi ch contain both acidic grougs® afjd bdgic groups can also be presént in

the formof inner salts, zw tte [ or bet%iﬁgy,\ which are |ikew se

included by the gt esgni®hnveRt cay” bebtaingd fromthe
conmpounds of th fOI’}Eﬂa by cu

N 0
H

N
H
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The preparation of individual sterecisomers, if desired, can be carried out by use of
stereochemically uniform starting substances in the synthesis, by stereoselective
synthesis or by separation of a mixture according to customary methods, for example

15 by chromatography or crystallization, in the case of enantiomers, for example, by




known to the person skilled in the art, for exanple by conbination with an
organic or inorganic acid or base in a solvent or didsgitmb&2dosom ot her
salts by ani on exchange or cation exchange. 10 The conpounds of the
formula | can be present in stereoisoneric forms. Wth respect to each

asymet rigg @afdsef s in the conmpounds of the fornula 1, pipempepdent!y of any
ot her asymetric center, it is possible for the S configuration or the R

configuration to be present or RIS nmixtures to be present. Thus the
asymmetric carbon atomto which 15 fhe residue R2 is bonded can have the R
configuration or S configuration or the conmpound of the fornmula I can be
present as an RIS m xture with respect to this carbon atom Likew se, the
- asynmret chrormatodoaphyadrochitab plddeshlf apgrogriaiaps dedvadization canmiedzaridd alitne ring are

bonded have the R configurati or S configuration or .the conmpound of
Uhe T or RAPEF 7 SCATAHRS G SrERtoRers, ThePesfelan ol s lar R SUkUE A 20
carbon gé efriedlobit MtHE st-RSIITRI EdnSpdtAtS BNtha iRl Ror ét'tK@Waﬁ@oh@VG the R
configuration or the S configuration or the conpound of the formula | can

be pres8atingstbstanee o an infermediaia in the spwee of biesysihess. t hese carbon at ons.
In RS m xtures the individual stereoisoners can be present in any ratio
~including a ratio of 1:1. 25 The invention includes all possible

st er eoi Slearesrapainds fué treofopnuiad scadrding ¢o therinvdmaiod can fcontagwaaolilee pure or

| argel y re enantioners and pure or. | argel ure.dipastereoners, and
m xt ur CBEEPIRBOBE, InBr ey Endis T i Bt eiperic ke aRistates. of

enant i OBE oA PrisEd AP iRERRER 0F thel ddnfound$bf 188 forflifa | THeprdsent t hus rel at es
to enantiomers in enantionerically pure form both as |evorotatory and as

dextr oriﬁtl@’tt'@ﬂﬁfsmfmfiSBﬁQ@@BteSiaﬁ_dtaﬁdlﬁﬂ@ﬁﬂﬁﬂ_@@um%ﬂdé@s@ﬁq}mmqﬂﬁg form of
mi xgﬁr a5 tgé E‘%’Q‘g[at‘%V%Q%bﬁeoé@gﬁtgg@h%teﬁ agi @?‘Fatg%ﬁor"é‘ﬁﬁﬁag AR |ikew se

rel ates t et eonmerstin ereoneric % ormand in the form
of m xtalesiwls or athihes.aiiedaverfivafptesmofe nfeiste tbevatRe b7 Mhfihas 2573
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tolerable derivatives, and active metabolites of compounds of the formula I. The
invention in particular also relates to prodrugs of the compounds of the formula 1

15 which in vitro are not necessarily pharmacologically active, but which in vivo, under
physiological conditions,'are converted into active compounds of the formuia .
Suitable prodrugs for the compounds of the formula |, i.e. chemically modified
derivatives of the compounds of the formula I having properties improved in a desired
manner, are known to the person skilled in the art. More detailed information

20 regarding prodrugs is found, for example, in Fleisher et al., Advanced Drug Delivery
Reviews 19 (1996) 115; Design of Prodrugs, H. Bundgaard, Ed., Elsevier, 1985; H.
Bundgaard, Drugs of the Future 16 (1991) 443. Suitable prodrugs for the compounds -
of the formula | are especially ester prodrugs, amide prodrugs, aldehyde prodrugs
and alcohol prpdrugs of carboxylic acid groups, for example of a carboxylic acid

25 group represenﬁng the group E. Thus, also the compounds of the formula | in which '
the group E is hydroxymethyl, alkoxymethyl or formyl and which exhibit VLA-4
antagonism in vivo are prodrugs of the compounds of the formuta | in which the
groub E is hydroxycarbonyl. Examples of ester prodrugs and amide prodrugs which
may be mentioned are (C4-C4)-alkyl esters such as methyl esters, ethyl esters,

30 isopropyl esters, isobutyl esters, substituted alky! esters such as hydroxyalkyl esters,

. acyloxyalkyl esters, aminoalkyl esters, acylaminoalkyl esters, d ialkyla'minoalkyi




- the formulae la, Ib, Ic and Id. 5 EIb Ic 10 The preparation of individual
stereoi soners, if desired, can be carried out by usegqgﬂﬁ@ﬁg@gmmbenlcally
unlforn1start|ng substances in the synt hesis, by stereoselective synthesis
or by separation of a mxture according to customary nethods, for exanple
15 by chywy®joegfaphy or crystallization, in the case p&nﬁﬁgmhﬁ@ners, for
exanpl e, by 9 Septenber 2005 WO 02/072573 PCT/ EP02/ 01917 14 chromat ogr aphy
on chiral phases. If appropriate, gerlvatization can be carried out
before a separation of stere0|soner§ The separation of a stereoi soner

m xture can be carried out at the stage of the conpounds of the fornula I
or at the stage of a startlgg substance or an interpediate in the course

of t he estens, uashibstitged Bmides s dhitasCofalirimides mithas MEEYEMITST T o t he

i nventi ﬂ}n %&g ontain nmobile hydrogen atons, i. e., they can be present in
vari ou§ <l;1 ric fornms. The present invention conprises all tautoners of
the conpounds of the formula |I. The present invention also conprises

sol vates and addi tion ds pr, adducts oun 10 of, the fornul a
| I . for BRSO éﬂﬂ\?@t‘%‘fwnq %&’F‘H% E qCCQrd’rl%/tﬂqé? %Wqﬁ th al cohols
th J R‘?‘e??:oﬁ%@afé‘m@%Ilo%gfdﬁnﬁﬂtﬁlhﬂgbﬁﬂféqmdléz@% é?lﬁ!rif wadntwre@/eqhe@ormounds of
e fornu }

for exanpl™e esters, am des prodrugs and ot her
physi obogﬁlgmaﬂiqn oﬂﬂile@ﬂetmn@tﬁéw\fhmﬁ?afﬂgs thergiowAi el havedhelSi t es of conpounds

of ‘the fo mula 1 he a r odr ugs of
R T L SR bl S e
pha(rj magal eaié thd R c@ﬁﬂgwaionb:lmhmmimm atomiwkich uamd&;themrw Bf tﬁiiji désal N
conditions, are converted 0.active ¢o nds, o oy Sui t abl e
pr odr ufethydy ThepresetioEREQn @fe"‘f'??er q!@;?ﬁfﬂ ﬁgfﬁwc’]@g'cﬁﬁ}’%e !?ﬁa%o?fl fied
| de{jfo"amé’&ﬁnﬂéuﬁd%f SRTBRMISS 12ind RSof SXMIIE retd @4ii6r RAIBRAhLdrgsnié pr oved in
a desi
ammonium cations of compounds of the formulae le and If which contain a carboxylic
acid group, or acid additions salts of compounds of the formulae le and If which

contain pyridyl residues, for example the hydrochlorides.
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Compounds of the formulaé le and If:

R'" R? R* A R? E
‘CHs CHs CHs isobutyl - pheny! COOH
CHs CHs CHs  isobutyl pheny COONa

CHs CHs CHs isobutyl phenyl COOC,Hs




manner, are known to the person skilled in the art. Mre detailed
information 20 regarding prodrugs is found, for exanmp sptémibdrogher et
al ., Advanced Drug Delivery Reviews 19 (1996) 115; Design of Prodrugs, H
Bundgaard, Ed., Elsevier, 1985; H  Bundgaard, Drugs of the Future 16

- (1991) 44 02wisizabl e prodrugs for the conpounds of thecfepgamiea; ! are
especially ester prodrugs, am de prodrugs, aldehyde prodrugs and al cohol
prodrugs of carboxylic acid groups, Et’or exanpl e of a carboxylic acid 25
group representing the group E. Thu%, al so the compounds of the fornula I
in which the group E is hydroxynethyl, al koxynethyl or fornyl and which
exhibit_VLA-4, antagonismin vivo are prodrugs of the conpounds of the
formul &1 i Rwhi chRt he gﬁroup Eis hydro%ycar bonyﬁ. Exanpl es of ester
prodru an m depnpr odr ich may b tion Cl-C4)-al kyl
estersg"gl-t‘f’chct:%@3 met ;F/]f’ es?%r%sthet hyl este§hs, 0 is?g)r%ggl—h(esters, i sobut yl
est er s,CldubdHlg ut e@Hsal kydobei ers such aghdnytir oxy&HsPH est er s,

acyl oxyal kyl esters, am noal kyl esters, acylam noal kyl esters,

di al kyl am noal kyl 9 Septenber 2005 WO 02/ 072573 PCT/ EP02/ 01917 15 esters,
unsubstirut esH.am depi; or  Nyfiedropihmetlyky | aphdiss suclarsimet hyl am des or

et hyl am des. anpl es of conpounds of the fornmula | according to the

i nvent i@t wiitsh nefHbe Sydlepropyrethvhr e phasivt ol | oWN@onpounds of the
f or mul | e ;and i fopqwhic _ conflqurati he carbon atom
~ which ?;*r%i g}-_lat he_(g:wﬁup_ gya%@pﬂg\%teh?l he @é@%ﬁfi g,uregtcls@n%on t he carbon atom
whi ch &GHyr i €Hst he QHoup BZclopropdmethyphemtengl pyr CO@DiCsHand have the R
config ti on t carbon ato ich cagrries th up R if R2is
net hyl E’%he%esen@ﬁi‘ nveﬁY&%WOPWW\é%y'e r%leé?ﬁ’gs to&’%@ﬂphysi ol ogically
tolerable salts of 10 the conpounds of the formulae le and If, for exanple
netal salts or salts with organi c ammonium cations of conpounds of the

f or mul &&1at o Ghad | fCRehi chisebHbhi n a car bddighve  act®@Wfoup, or acid
addi ti Qs S@Ft s of ,sorrpo%g wPf the for g#leﬂ 1 |l e aeﬁdﬁa whi ch contain
¢ arrpﬁé( o§| des. “Te

pyri dyl” Pesiddes, Yol ex the hydro
CHs CF3 CF3 iscbutyt phenyi COOC,Hs
CH; CF; CFs isobutyl phenyl COOIC3Hy
CH; CF; CF;  iscbutyl phenyl CH,0H
CHa CF3 CF3 cyclopropylmethyl- * phenyi COOH
CHs CF3 CF3 cyclopropylmethyl-  phenyl COONa
CHsz CF; CFs cyclopropylmethyl-  phenyl COOCHs
CH;. CF3 CF3 cyclopropylmethyl-  phenyl COOICsHy
CHs; CF3 CF3; cyclopropylmethyl-  phenyl CH.OH
CHs; CHs CHa isobutyl . 2-pyridyl COOH
" CHs; CHs  CHs  isobutyl . 2-pyridyl  COONa
CH; CHs CHs isobutyl 2-pyridyl  COOCzHs
CH;. CHs CHs isobutyl ' 2-pyridyt ~ COOQICsHy

CH; CHs CHa  cyclopropylmethyl-  2-pyridyl  COOH

CHs; CHa CHs cyclopropylmethyl-  2-pyridyl COONa

CH; CHa CHa cyclopropylmethyl-  2-pyridyl COOC,Hs
| CHs CHs CHg cyclopropylmethyl-  2-pyridyl COOIC;Hy




15 If Conmpounds of the fornulae le and If. Rl R3 R4 A CH3 CH3 CH3 isobutyl
CH3 CH3 CH3 isobutyl CH3 CH3 CH3 isobutyl R2 E phenyseftbiblr pgnyl COONa
phenyl COOC21-15 9 Septenber 2005 WD 021072573 PCT/ EP02/ 01917 16 R RBR2 E A
CH3CH3CH3i sobut yl phenyl COO C3H7 CH3CH3CH3i sobutyl phenyl CH20H
- CH3CH3CHgGyBJooFopy! met hyl - phenyl COON CH3CH3CH3cycl opgppyharihy! -

phenyl COONa  CH3CH3CH3cyci opr opyl met hyl - phenyl COOC2H>5
CH3CH3CH3cycl opr opyl net hyl - phenyl C3H7 CH3CH3CH3cycl opropyl met hyl -
. phenyl CH2OH CH3CF3CF3i sobutyl phenyl COOH CH3CF3CF3i sobutyl phenyl COONa
CH3CF3CF3i sobutyl phenyl COOC2H5 CH3CF3CF3i sobutyl phenyl COG C3H7

CH30FSCf3i sosl?ut yl Qhenyl CH2CH CH3CF3CF3C)£C| opropyl net hyi - ' phenyl COON
. R R R A R E
CH; CF; CF; isobutyl 2-pyridyl COOH
CHs CF; CFz isobutyl 2-pyridyl COONa
CHs CF; CF3 isobutyl 2-pyridyl  COOCHs
CH; CF; CF; isobutyl © 2.pyidyl  COOICsH;

| “CH3 CF3' CF3 cyclopropy[methyk 2-pyridy| ~ COOH
CHz CF; CF; cyclopropylmethyl-  2-pyridyl COONa
CHs; CF; CF3 cyclopropylmethyl-  2-pyridyl COOC,oHs
CH; CFs CF3 cyclopropylmethyl-  2-pyridyl COQICzHy

CHs CHs; CH3 isobutyl 3-pyridyl  COOH
CHs CHs CH3 isobutyl 3-pyridyl COONa
CH; CHs CHs isobutyl 3-pyridyl COOC,Hs
CHs CH; CH;  isobutyl 3-pyridyl  COOIC3Hy

CHy CH; CHs cyclopropylmethyl-  3-pyridy! COOH
CH; CHj CHgs cyclopropylmethyl-  3-pyridyl COONa
CHy CH, CHs cyclopropylmethyl-  3-pyridyl COOC;Hs
CH; CHs CHs  cyclopropylmethyl- 3-pyridyl  COOiCsHy

CHy CF; = CFs;  isobutyl 3-pyridyl COOH
CHs CF3 CFs isobutyl 3-pyridyi COONa
CH; CF3 CFy  isobutyl 3-pyridyl  COOC,Hs
CH;  CFj CF; isobutyt 3-pyridyl COO0IC3Hy;

CH; CFs CFy  cyclopropylmethyl- © 3-pyridyl ~ COOH
CH; CF, CFj cyclopropyimethyl-  3-pyridyl COONa
CHs CF; CF; cyclopropylmethyl-  3-pyridyl  COOC,Hs
CHa CF; CF3 cyclopropylmethyl-  3-pyridyl COQiC3H;




CH3CF3CF3cycl opropyl net hyi - phenyl COONa CH3CF3CF3cyci opr opyl met hyl -
phenyl COOC2H5 CH3. CF3CF3cycl opropyl met hyl - phenyl COO9C34htember 2005
CH3CF3CF3cycl opr opyl net hyl - phenyl CH2OH CH3CH3CH3i sobutyl 2-pyri dyl COOH
CH3CH3CH3i sobut yl 2-pyridyl COONa CH3CH3CH3i sobutyl 2-pyridyl COOC2H5

CHs CH3CH3v¢@amisyd 2- pyri dyl COO C3H7 CH3CH3CH3cycl opr opytaeifayvdir

2- pyridyl COOH CH3CH3CH3cycl opropyl net hyl - 2- pyri dyl COONa

CH3CH3CH3cycl opropyl met hyl - 2-pyri COOC2H5 CH3CH3CH3cycl opr opyl et hyl -
2-pyridyl COO C3H7 9 Sept enber 2005 02/ 072573 PCT/ EP02/ 01917 17 R3R4AR2
CH3CF3CF3i sobut yl 2- pyri dyl COOH CH3CF3CF3i sobut yl 2- pyri dyl COONa

CH3CF3CE3i sohut yl 2- nyI’I dyl COOC2H5 CH3CF3CF3i sobutéll 2- pyridyl COO C3H7
CI—ISCFSﬁ'lScy oprop met h}‘?‘i 2-pyridyl

CH3CF3CF3cycl opropyl net hyl - 2- pyri dyl COONa

CH3CF3CF3cycl opr opyl net hyl - 2- pyri dyl COOC2H5

CHSCF3<{]PB,cy@FQprop§2H§ret hydob@lybyr i dyI COO‘EQWWYCI-BGFQ@IH& sobut yl 3- pyri dyl COOH

is tyI3 yrid tyI dyl COOC2H5
e g&fh o d#%“&m Sooh §c| %?% met hyl - 3- pyri dyl COOH
CH; CHs CH3 isobutyl 4-pyridyt  COOC;zHs _

CH; CHs CHs isobuty! 4-pyridyl COOICsHy

" CH; CHs; CHs  cyclopropylmethyl-  4-pyridyi  COOH -
CH; CHs CHs  cyclopropylmethyl-  4-pyridyl  COONa
CH; CHs; CHs  cyclopropylmethyl-  4-pyridyt  COOG;Hs

"CHs; CHs; CHs  cyclopropylmethyl-  4-pyridyl  COOICsH;

CH; CF; CFs; isobutyl 4-pyridyl  COOH

CHs CF; CFs  isobutyl 4-pyridyl  COONa
CH; CF; CF; isobutyl 4-pyridyl  COOCsHs

CH; CF; CFz  isobutyl 4-pyridyl ~ COOICsHy

CH; CF3 CFs; cyclopropylmethyl-  4-pyridyi COOH
-CHz ~ CF3 CF3 cyclopropylmethyl-  4-pyridyt COONa
CH; CF; CFs cyclopropylmethyl-  4-pyridyl COOCzHs .
CHz CF3 CF3 cyclopropylmethyl-  4-pyridyt COQICsHy

CHs CHs CH3 isobutyl methyt COOH
- CH; CHa CHa isobutyl methyl COONa
 CHs CHs CHs; isobutyl methyl  COOC;Hs
CHy CHs CHs isobutyl methyl  COOICsHy
CHz; CHas CHs isobuty! methyl CH,OH

CH; CHs CHs cyclopropylmethyl-  methyl COCH
CHs; CHj; CHs cyclopropylmethyl-  methyl COONa
CHs CHs CHs cyclopropylmethyl-  methyl COOC:H;s




CH3CH3CH3cycl opropy] net hyl - 3-pyri dyl COONa
- CH3CH3CH3cycl opr opyl net hyl - 3- pyri dyl COOC2H5 9 September 2005
CH3CH3CH3cycl opr opyl net hyl - 3- pyri dyl COO C3H7 CH3CF3CF3i sobut yl 3- pyri dyl COOH
CH3CF3CF3i sobut yl 3- pyri dyl COONa CH3CF3CF3i sobut yl 3- pyri dyl COOC2H5
- CH3CF3CFgygs@lardsyd 3- pyri dyl CoolC3H7 CH3CF3CF3cycl opr opyéripehlidyt -
" 3-pyridy! COON CH3CF3CF3cycl opr opyl net hyl - 3- pyri dyl COONa
CH3CF3CF3cycl opr opyl net hyl - 3- pyri dyl COOC2H5
.CH3CF3CF3cycl opr opyl net hyl - 3- pyri dyPCOO C3H7 9 Sept enber 2005 WO 02/ 072573
PCT/ EP02/ 01917 18 R1IR3R4A CH3CH3CH3i sobut yl 4- pyri dyl COON _
CH3CH3CH3i sobutyl 4- pyri dyl COONa CH3CH3CH3i sobut yl 4- pyri dyl COOC2H5
CH3CH3RM3i s@but yI R*pyri dgl COOLC3H7 CH3CR3CH3cycl dpr opyl net hyl - 4- pyri dyl COOH

CH3CH3 cycl opropyl net hyl - 4- i dyl COONa .

cH3CH3EMacy H@pro aret h Clo@-‘ﬁ%)”[mf%"cooﬁﬁi@“ COOICsH;

CH3CH3BH3CY eHoPT opyth.met hytaldbrditrhéhili SO0  CH3ERRCRRI sobut yl 4- pyri dyl COOH
CH3CF3CF3i sobut yl 4- p3yri d%){ S CHS%FSCFSi ]hs_%but ylgﬁszpyri dyl COOC2H5

'CH3CF3CF3i sobut yl 4- pyri dyl COO C3H7 CH 3. CF3CF3cycl opropy]
met hyl Cﬁ_s pybkglyl C‘Eﬁ.‘j Gﬁgggu(%ﬁ%ycl opr opyAéW hyl - lbé)dﬁl dyl COONa

CHs; CF3 CF; isobutyl methyl COONa
___CH3 CFs CFz N isobuty} | methyl . COOCsz

CHz CF3 CF3 isobutyl methyl COOIC3H;

CHy CF; CFy isobutyl methyl  CH:OH

CHs; CF; CF; cyclopropylmethyl-  methyl COOH

CH; CF; CF; cyclopropylmethyl-  methyl COONa
CHz CF3 CF3 cyclopropyimethyl-  methyl COOC,H;5 .
CH; CF; CFs cyclopropyimethyl-  methyl COOEC3H7 ‘
CH; CFs CF; cyclopropyimethyl-  methyl CH,OH

H CHgs CHs isobutyl phenyl "COOH

H CHj3 CHs isobutyi phenyl COONa
H  CHy CH;  isobutyl phenyl! COOC;Hs
H CHs- CHs isobutyl phenyl COOQICsH;
H CH3 CHs isobutyl phenyl CH20H -
‘H CHj CHs cyclopropylmethyl-  phenyt COOH
H CH; CHs cyclopropylmethyl-  phenyl ~ COONa

H CHs CH3 cyclopropyimethyl-  phenyl COOC,H;
H CHz CHs cyclopropylmethyl-  phenyl COOICsH;
H  CHs CHj cyclopropyimethyl-  phenyl CH.OH

H CF3 CFs isobutyt ~ phenyl COOCH

H CFs CFs  isobutyl "~ phenyl COONa

H CFs CFz isobutyl ‘phenyl COOC;Hs




CH3CF3CF3cycl opr opyl net hyl - 4- pyri dyl COOC2H5

'CH3CF3CF3cycl opropyl met hyl - 4- pyri dyl COO C3H7 CH3CH3Cld3ssnbmby 2omishy | COOH
CH3. CH3CH3i sobut yl net hyl COONa CH3CH3CH3i sobut yl net hyl COOC2H5

CH3CH3CH3i sobut yl met hyl COG C3H7 CH3CH3CH3i sobut yl nmet hyl CH2OH
'CH3CH3CHywyehoeifopy] net hyl - met hyl COOH PCT/EP02/01917
CH3CH3CH3cycl opr opyl net hyl - met hyl COONa

- CH3CH3CH3cycl opr opyl net hyl - met hyl COOC2H5 9 Sept enber 2005 WO 02/ 072573

- PCT/ EPO2/ 01917 19 R1 CH3 CH3 CH320CH3 CH3 CH3 CH3 CH3 CH3 CH3 CH3
CH3H H H H

R R R A R E
H  CFs CFy  isobutyl pheny! CO0IC3Hy
H CF3 CFs isobutyt pheny! CH-OH
'H CF3 CF; cyclopropylmethyl-  phenyl COOH
H CF; CF; cyclopropylimethyl-  phenyl COONa
_H CFs  CFi3  cyclopropyimethyl phenyl ~ COOC;Hs
H CF; CF3 cyclopropylmethyl-  phenyl COOIC;3H;
H CF3 CFs cyclopropyimethyl-  phenyl CH2OH
‘H CHs CHs isabutyl methyl COOH
H- CH; CHas isobutyt methyl CCOONa
H CHy CHy isobutyl methyl  COOCHs
H CHj CH3; iscbutyl methyl COOICsH7
H CHj3 CH3 isobutyl methyl - CHL0H
H CHs CHs cyclopropylmethyl-  methyl COOH
H. CHa CHj cyclopropyimethyl-  methyt COONa
H CHs CHs  cyclopropylmethyl-  methyl COOC;Hs
H CHjs CHgs cyclopropylmethyl-  methyl COO0IC3H;
H  CHs CHs cyclopropylmethy- methyl  CH.OH
"H CF; COF; isobuty " methyl  COOH
H CF3 CFs; isobutyl methyl = COONa
H CF; CF; isobutyl ‘ methyl’ COOC;Hs
H CF; CFs isobutyl | methyl COO0IC;sHy
H  CFk; CFs isobutyl methyl CH2OH
H CF3 CF3 cyclopropylmethyl-  methyl COOH
H CF; CFa cyclopropylmethy  maethyl COONa

H CF; CF3  cyclopropylmethyl-  methyl COOC;Hs




H H RBR4AAR2E CH3CH3cycl opr opyl net hyl - met hyl COO C3H7

CH3CH3cycl opr opyl net hyl - met hyl CH2OH CF3CF3i sobut yl metdgkfickdder 2005

CF3CF3i sobut yl net hyl COONa CF3CF3i sobut yl net hyl COOC2H5

CF3CF3i sobut yl met hyl COO C3H7 CF3CF3i sobut yl met hyl CH2COH

CF3CF3cyaloapenys met hyl - met hyl COOH CF3CF3cycl opr opyl mpghR¥brmhhny! COONa
CF3CF3cycl opr opyl net hyl - met hyl COOC2H5

‘CF3CF3cycl opr opyl net hyl - met hyl COO C3H7' CF3CF3cycl opropyl met hyl - met hyl CH2CH
CH3CHBi sobut yl phenyl COOH CH3CH3i soRit yl phenyl COONa

CH3CH3i sobut yl phenyl COOC2H5 CH3CH3i sobut yl phenyl COO C3H7

CH3CHai sobut | phenyl CH2OH CH3CH3cycl opr opyl net hyl - phenyl COOH

CHSCHSR cl oﬁ?opyl R4t hyl -Ahenyl COONa CH3®3A3cycl opropyl net hyl - phenyl COOC2H5

' I I hyl H7 CH3CH3cycl o yl m
et hyI KZnS CHROH 3L Y §§>B¥HF9’%E vl c@lﬁﬂ“ﬁswﬁ@@@sﬁyl phenyl COONa
CF3CF3yysobugy] pher@%%ﬁ,pﬁjp?mtﬁﬂber A7 WO 2573 PCT/ EP02I 01917

The individual structural elements in the compounds of the formula | according to the
invention preferably have the fol!owmg meanings, which they can have mdependently

' of one another.

R? s preferably (C4-C4)-alkyl which can be substituted by one or more flucrine atoms,
or pyridyl, or unsubstituted phenyl, or phenyl which is substituted by a
methylenedioxy residue or an ethylenedioxy residue, or phenyl which is substituted
by one or two (C4-C,)-alkoxy groups. The alkyl group representing R?, which can

10 optionally be substituted by fluorine, is in particular one of the groups methyl, ethyl,
isopropyl, trifluoromethyl and 2,2,2-trifluoroethyl. The alkoxy substituents in a phenyl
group representing R? are in particular methoxy groups. Particularly preferably, R? is
methyl, pyridyl, unsubstitufed phenyl, phenyl which is_substimted by a
methylenedioxy residue or an ethylenedioxy residue or phenyl which is substituted by .

15 one or two methoxy groups. Very particularly preferably, R? is methyl, unsubstituted
phenyl or pyridyl.

R® and R* can be identical or different. Preferably, the two groups R® and R* are
identical. In one embodiment of the present invention, R? and R* are both methyl. In
20 another embodiment of the present invention, R® and R* are both trifluoromethyi.

An alkyl group representing R®, which can be substituted by 6ne or more fluorine

atoms, is preferably a methyl group, an ethyl group or a trifluoromethyl group.

Preferably, R%is (C4-Cy)-alkyl, which can be substituted by one or more fluorine
25 atoms. Particularly preferably, R® is methyl or triffuoromethyl, very particularly

preferably methyl.

R is preferably hydroxyl, (C1-Ce)-alkoxy, phenyl-(C4-C4)-alkoxy, phenyloxy or amino
“(NHa), particularly preferably hydroxyl, (C+-Ce)-aikoxy or amino, very particutarly




20 R R3 . RAAR2E HCF3CF3i sobut yl phenyl COO C3H7 HCF3CF3i sobut yl phenyl CH20H
- HCF3CF3cycl opr opyl net hyl - phenyl COOH HCF3CF3cycl opr opyd s&itmbeftumay | COONa
HCF3CF3cycl opr opyl net hyl - phenyl COOC2H5
HCF3CF3cycl opr opyl net hyl - phenyl COO1C3H7
HCF3CF3cwal @pyapy! met hyl - phenyl CH2ZOH CH3CH3i sobut yl mepfykddeld7
HCH3CH3i sobut yl net hyl COONa HCH3CH3i sobut yl net hyl COOC2H5
HCH3CH3i sobut yl met hyl COO C3H7 HCH3 i sobut yl met hyl CH2OH
HCH3CH3cycl opr opyl net hyl - net hyl CH3CH3cycl opr opyl met hyl - met hyl COONa
HCH3CH3cycl opr opyl net hyl - met hyl COOC2H5

HCH3CH3cyc| | et byl - et hyl COOi C3H7 | hyl - et hyl CH2OH
HCr GBI DD XA Gorkok Rt SPRsetAly Pro/Bieh)l kR of oLy > o
HOF3 CF3ik a2 i é"ﬁ?ﬂ%ﬂm% HCF3CF3i sobut yl et hyl COGi C3H7

met hy

CF3CF3i sobuty 20OH HCF3CF3cycl opropy] net hyl - met hyl COOH
HCF3CF3cycl opr opyl net hyl - met hyl COONa CF3CF3cycl opr opyl net hyl - met hyl COOC2H5

' 9 Sept ﬁmeﬁrel%ggnﬁy hygpogé{ (9|7 (%7?7(%)-5&}_{, Egr(?fg(l!gtw [}l%f&ébly hydrogen or methyl,

- 5 very particularly preferably hydrogen.

E is preferably -CO-R®, -CO-H, -CH,-OH or -CH,-OCHs, particularly preferably
2CO-R®, -CHz-OH or -CH»-QOCHj, very particularly preferably -CO-R® or -CHz-OH,
moreover preferably -COOH, -COQC;Hs, -COQICsHy or -CH2-OH, in particuialr .
100 -COOH.

In one embodiment of the present invention Z is sulfur, in another embodiment Z is

oxygen.

15 In one embodiment of the present invention A is the isobutyl residue (2-methylpropyl
residue; (CH;).CH-CHo-), in another embodiment Alsthe cyclopropyimethyl residue
(cyclopropyl-CHg-). Furthermore, in one embodiment of the present invention R' is

hydrogen and in another embodiment R' is methyl.

20 Preferred compounds of the formula | are those which have a uniform conﬁguration'
on one or more chiral centers, for example on the carbon atom which carries the
residue R, and/or on the carbon atom which carries the residue A and the
imidazolidine residue. 1. ., compounds are preferred which are present in a uniform
or eésenti_ally uniform configuration on one or more chiral centers, either in the R

25 configuration or in the S configuration, but not as an R/S mixiure. However, as

- explained, the individual chiral centers in these compounds of the formula | can
independently of one another have the R configuration or the S configuration and

- have identical or different configurations. Particularly preferred compounds of the
formula | are those in which the carbon atom which carries the residue A and the

30 imidazolidine residue is present in the S conﬁguration, i.e. in the configuration with

respect to this stereocenter which is shown in the formulae la and Ib. Particularly
preferred compounds of the formula [ are also those in wh_ich the carbon atom which




RLR3 HCF3 HCF3 R4 A R2 CF3 cyclopropyl nethyl- nmethyl CF3

cycl opropyl nethyl - nmethyl E COO C3H7 CH2OH The i ndiyBéptembst 2ogs ur al

el enents in the conpounds of the fornula | according to the invention
preferably have the foll owi ng neani ngs, which they can have independently
of one amahrsih R2 is preferably (Cl-C4)-al kyl whi chcgappzapisubstituted
by one or nore fluorine atons, or pyridyl, or unsubstituted phenyl, or
phenyl which is substituted by a t hyl enedi oxy resi due or an

et hyl enedi oxy residue, or phenyl ch is substituted by one or two
(C1l-A)-al koxy groups. The al kyl group representing R2, which can 10
optionally be substituted by fluorine, is in particular one of the groups
met hy| sardeshijie groi Bpisaprgsent in-the icgofigmatianshosmdn thefopmulapfa aiad etfhyl . The

al koxy,s ' t.s | i in particul ar
et ho g gL Ehds phdf aPPSRbd pHPAR, PARLERE HosBBaliRulf ;o part! o
unsygs;bréfeﬂeﬂctommmﬁs tr(r?mnbdn M@ngﬁhitmce&ﬁﬁsthefgraz@ F{Ehaathnfg hyl ened ij o>t§y .
resi due aor an ethylenedjoxy, residue, or, e I.ch -1.S stitute :

one or CAHEUREPRJ & @r‘B@Fblé‘z WW ‘%’iﬁ’yﬁdtﬁaért% ﬁo‘l’%\*‘@\"&b?ﬂ}"vqf?é is met hyl>/,

uns bsﬁébrfiéﬁi% prefterddl coffpobidld Shthe fdRRuRarBdhesaNn Wpichdra s abover different.
Preferably, the t\/\o@%oups R3 and R4 are identical. In one enbodi nent of

t he prmseinnedsieractentersRBe predemtdn Hreecandgiratienhshown in thefoanvledar enmbodi nent
of the present invention, R3 and R4 are both trifluoromethyl. An alkyl
~group representing R5,: which can be substituted by one or nore fluorine
‘at ons, Prieferfdedopfipdaings af tetfewrulgr srephosacastigouindg irowhick ona ot motd abr onet hyl

, ?nr)(r)gpfthg géseiqfagsahbal\%’pre Eérrle fée%%i_n(g:g)o_r ﬁgviéyalt ’spg\é?tllccrrr]regr?irrllg gglegtlég ?rtolmt t'f%teed by one or
10 meanings includéd, the present invention relating to all combinations of preferred
meanings and/or specific meanings of residues. Examples of preferred compounds
are, for example, compounds in which, simultaneously, R', R?, R* and R® are methyl
and A is isobutyl, or compounds in which, simuitaneously, R', R?, R* and R® are
‘nmwmmMmﬂwm%m%MmmmmﬁmWMﬁMMMWWR%
15 methyl, R? and R* are triflucromethyl, R® is methy! and A is isobutyl, or compounds in
which, simultaneously, R’ is methyl, R® and R* are trifluoromethyl, R® is methyl and A
is cyclopropylmethyl, or compounds in which, simultaneously, R is hydrogen, R3, R*
and R® are methyl and A is isobutyl, or compounds in which, simultaneously, R' is
| hydrogen, R®, R* and R® are methyl and A is cyclopropylmethyl, or compounds in
20 which, simultaneously, R' is hydrogen, R® and R* are trifluoromethyl, R® is methyl
and A is isobutyl, or compounds in which, simultaneously, R' is hydrogen, R® and R*
are trifluoromethyl, R® is methyl and A is cyclopropylmethyl, and the other groups
have the general meanings indicated above in the compounds of the formula | or
have preferred meanings or have specific meanings from their respective definitions.
25 -
Particularly preferred compounds are, for example, compounds of the formula |, in
which
A is cyclopropylmethyl- or isobutyl;
E is -CO-R® or -CHp-OH;
30 Zis oxygen;
' R'is hydrogen or methyl;




25 atons. Particularly preferably, R5 is nethyl or trifluoronethyl, very
particularly preferably methyl. R6 is preferably hydyssptembéeouss) - al koxy,
phenyl - (Cl- C4) - al koxy, phenyl oxy or amino (NH2), particularly preferably
hydroxyl, (Cl-C6)-al koxy or am no, very particularly 9 Septenber 2005 WO

02/ 07257wdshqisPP2/ 01917 22 preferably hydroxyl or (OpefBpemeidoXy,
especially preferably hydroxyl or (Cl-C4)- alkoxy, in particular hydroxyl.

R7 is preferably hydrogen or (C. - -al kyl, particularly preferably
hydrogen or nethyl, very particularly preferably hydrogen. E is preferably
-CO:-R6, -COH, -CH2-OH or -CH2-0OCH3, particularly preferably -CO R6,
-CH2-OH or -CH2-OCH3, very particularly preferably -CO.R or .CH2-CH,

nor eovBF isyeedr unsupstitated i eﬂmwh'c@%@ﬁ??#%-%ﬁfjwﬁfnefijﬁarti cul ar

10 - SR R i WRRAN shiRYigféd BPorke betweyLhur, in

anot he SQH‘BC@&?Q’%E I %g!s?qg%sédgr?’bﬁ%yfnﬁoné Se.nbog’{?érreg? of theL(p.resent

i nvent Ceralidoxyigioupseor (akiy)alkyhelichican if@ sulstitied by pye or mers tuesine

- (CH3) 2CHCH2-), in another enbodinent A is the cyclopropyl nethyl residue
(cycl oﬁﬁoﬂﬁyl -CH2-). Furthernore, in one enbodi nent of the present invention
R igS pPYeE RYSKR ABGy: N anot her enbodinment Rl is nethyl. 20 Preferred

' corr}ll‘:?oulﬁdéﬁtcgjfa tghe ?@yﬁm a | are those which have a uniform configuration on
one orRhisrreetbyfi ral centers, for exanpl e on the carbon atom which carries

the 10 BB (ERvadighl, MR R RO O, Mol oh are

pr eseni dlinhéir sterdoiyomerioforassanit miaturgs thardod imalcratié$,gur at i on on one or nore
chiral cepters, .ei t,he[ i@ tqrfﬁe) %25 configuration or in the S configuration,
but nognddelsphygiclogicalyiplerabie§@lifer | as expl ai ned, the individual chiral
cenpers in these conpounds of the formula | can independently of one

another have the R configuration or the S configurati ofn and
Very particularly preferred compounds are, for example, contpounds o the formula I,

in which
A is cyclopropylmethyl- or isobutyl;
E is -COOH, -COOC;Hs, -COQIC3Hy or ~CHz-OH;
15 Zis oxygen;
R'is methyl,
R%is byridyl, unsubstituted phenyl, phenyl which is substituted by a methylenedioxy
residue or an ethylenedioxy residue, phenyl which is substituted by oneoriwo
methoxy groups, or (C1-Ca)-alkyl which can be substituted by one or more fluorine
20 atoms; | '
- R®and R* are methyl;
R® is methyl;
in all their stereoisomeric forms and mixtures thereof in all ratios,
and their physiologically tolerable salis.
25
Especially preferred compounds are, for example, compounds of the formula |, ip
which
A is cyclopropylmethyl- or isobutyl;
E is -COOH, -COOC;Hs, -CO0IC3Hy or -CHz-OH;
30  Zis oxygen,;
R'is methyl;
R? is unsubstituted phenyl, pyridyl, methy! or 2,2,2-trifluoroethyl;




have identical or different configurations. Particularly preferred

- conpounds of the fornula | are those in which the cagBepeaiben?eds ch
carries the residue A and the 30 im dazolidine residue is present inthe S
configuration, i.e. in the configuration with respect to this sfereocenter
whi ch i svwd@wnsy the fornmulae a and | b. Particul arl yerpeRhenf €d conpounds
of the formula | are also those in which the carbon atom which 9 Septenber
12005 WO 02/ 072573 PCT/ EPQ2/ 01917 2§Kfarries the group R2 is present in the
~configuration shown in the fornula a and lc. If R2, for exanple, is
phenyl , substituted phenyl or pyridyl, in these particularly preferred
conpoungs th% carbon atom which carries the group R2 has the S

confi gbr and &, are mellyli s nethyl, ethyl or isobutyl, it has the R
configﬁs%&hgﬂerEry 5 particularly preferred conpounds of the fornula | are
those In I 'the two above- nentioned stereocenters are present in the

~conf i ginrait thein stedxsivamertt. fotneaidmirtles iferedtietibratied, conpounds of the fornul a
| are those conmpounds in which one or nore of the residues have preferred
meani n@%fﬁwlrrﬁvéloggw&e{éhf%bfﬁéa ‘ng selected fromthe 10 neani ngs i ncl uded,
thegpresent invention relating to all conbinations of preferred meanings
~and/or _specific nmeani ngs of residues. Exanples of preferred conpounds are,
f or exBatticelary eapeniaiy préferreth canpowidsulre.daeo@sipe, CRINPORAYs fithand R5 are

met hyl A is.,sobutyl, or conpounds in which, simltaneously, R, R3,
R4 __andfoﬁg[}%rlem ‘@E‘Eiyl and A is cyclopropyl nethyl, or conmpounds in which,

si mul t AneepstdpropyRekethyllor iseblty);,, R3 and R4 are trifluoronmethyl, R5 is nethyl
and A is isobutyl r co ou(%s in \/\Wh simultaneously, R is nmethyl, R3
and R4Eéﬁ'é3(9@l"ﬁr%pgﬁ%ﬂ’h Oilei7ios -l and A i's cycl opropyl methyl, or
coqgoumgscg@ ghhich, sinmultaneously, Rl is hydrogen, R3, R4 and RS are

met hyl an I's isobutyl, or conpounds in which, sinultaneously, R is
hydrogﬁ@hi,s m3hyiR4 and R5 are nmethyl and A is cyclopropyl nethyl, or conpounds

in 20 i Ch,. si.pul v, R ydrogen, R3 and R4 are trifluoronethyl,
R5 is %@mguggmeg%ﬂg'%’igﬁﬂwﬁrmeglpﬁ'corrpounds in which, simltaneously, R
1S hydkbgﬁ]R“B&maﬂxyB4 are trifluoronethyl, R5 is nethyl and Ais
cycl opr | met hyl, and t he ot her groups
y pRpig%ethyl; y g P
15 in all their stereoisomeric forms and mixtures thereof in all ratios,

and their physiologically tolerable salts.

All above definitions of subgroupé of the compounds of the formula | apply
analogously for compounds of the formula | in which R® and R* are both
20 'triﬂuoromethyl instead of methyl. Thus, for example, particularly especially preferred
compounds are also compounds of the formula I, in which
A is cyclopropylmethyl- or isobutyf; |
E is -COOH, ~COOC,Hs, -COOCICaHy or ~-CH2-OH;
Z is oxygen;
25 R'is methyl;
R? is unsubstituted phenyl, pyridy! or methyi;
R® and R* are trifluoromethyl;
R® is methyl;
in all their stereoisomeric forms and mixtures thereof in all ratios,

30 and their physiologically tolerable salts




have the general neanings indicated above in the conpounds of the formula I
or have preferred neanings or have specific neani ngs® Septambhe2(05 especti ve
definitions. 25 Particularly preferred conpounds are, for exanple,
conmpounds of the fornmula I, in which Ais cyclopropylnethyl- or isobutyl;

Eis -Gebeedss;- CH2-OH, 30 Z is oxygen; R is hydrogﬁgwﬁgzﬁgﬁpyl; 9

Sept enber 2005 WD 02/ 072573 24 PCT/ EP02/01917 R2 is pyrld& , unsubstituted
phenyl , - phenyl which is substituted by a nethyl enedi oxy residue or an

et hyl enedi oxy residue, phenyl whié® is substituted by one or two (Cl-

. C4)-al koxy groups, or (Cl-C4)-alkyl which can be substituted by one or nore

fl uor - at X ar e t.hyl .. is methyl; R6 is hydroxyl,
(c1- CeForgrR B seﬁ%@ﬁ?‘ﬁﬁ‘%?- WS??@@‘?@"B%%%@ p&v'déﬂianwpce%%ame t hei r
st er prEpeoationi af cooTpEBNANGS e fories | BBRTABED BBovd, Whicht doMfprisa8 feddiRg
physi ol ogi g(g#&% }ol e EI. salts. W(:‘:L‘? Ve%%/ﬂ particularly preferred Conpounds
ar e, °P'gPeWd %,O”E'H(Zf‘g iR compeyrd eidhedampulalll i n which A is
cycl opropyl methyl - or isobutyl; E is -COON, -COOC2H5, -COO C3H7 or -CH2-OH;
15 Z is oxygen; Rl is nethyl; S pyaidyl, unsubstituted phenyl, phenyl
which is substituted by a nethyle ediﬁﬁ

N G

4
Rl zRg R , o
H 1’3 © | R?

I i

where A, E, Z, R', R, R®, R* and R® are as defined above or functional groups are present
in protected form or in the form of precursors, and where G is hydroxycarbonyl, (C1-C6)-
“alkoxycarbonyl or activated carboxylic acid derivatives.

The compounds of the formula | can be prepared, for exampie, by condensation of a

compound of the formula Ii

2 HIE




resi due or an ethyl enedi oxy residue, phenyl which is substituted by one or
two nethoxy groups, or (Cl-C4)-alkyl which can be subSepteutbed2035 one or
more fluorine 20 atons; R3-and R4 are nethyl; R5 is nethyl; in all their
stereoisorneric fornms and m xtures thereof in all ratios, and their
physiologically tolerable salts. 25 Especially preferred conpounds are, for
exanpl e, conpounds of the fornmula I, in which A is cyclopropyl nethyl- or

i sobutyl; E is -COON, -COOC2H5, -COO G/ or -CH2-OH;, 30 Z is oxygen; Rl
is methyl; R2 is unsubstituted phenyl, pyridyl, nethyl or
2,2,2-trifluoroethyl; 9 Septenber 2005 WO 021072573 PCT/ EP02101917 25 R3

and R4 arﬁwmel | : R']-} is met h%/I cin all thei1r §teare9i somgri c forme and -
m xt ur es WNgEF Bghe formmiae I apd fkthe gsarpsihe? 12 fhy BT dt o eal R atetiefinetl e sal ts.
Parti cul gkl ' . ounds of
the. or eo MIRRBP b o eI b Sy CARE R o oo ErHTHIoRe ofUPR Co

- COOC2Hs I proEotesianm o in oot precurgosoaydywheres is bydreyugttonii2 (Cs

_ qnsub sti rdéf—&ﬁo%ﬁ%'nyl cﬂ'yzic'tigé/ijed %Erbrs%llr(]:ye!c:id drle?rﬁfaﬁ\r/]éjs sRuAE;haars?foriI%gcg%})I;e, acid

chlorides or active esters.

In the condensation of the compounds of the formulae Hand ill, as a rule it is
“necessary that a carboxylic acid group which is present but is not involved in the
condenéation reaction is protected by a reversible protective group and then is
present, for example, in the form of a suitable (C;-Cq)-alkyt ester such as the tert-
butyl ester or the benzyl ester. When compounds of the formula | are to be prepéred :
in which the group E, for example, is a hydroxycarbonyl group or a group which is to
be prepared from a hydroxycarbonyl group, in the compounds of the formula ill', for
example, the residue E can first be a hydroxycarbonyl group present in protected
form and then, after the condensation of the compouhds of the formulae Il and lil, the
'hydroxycérbonyl group can be liberated and/or the desired final group E can be

synthesized in one or more further steps.




R5 is methyl; 15 in all their stereoisoneric forns and m xtures thereof in
all ratios, and their physiologically tolerable salt$%Seplembebdiad
definitions of subgroups of the conpounds of the forrmula | apply

anal ogously for conmpounds of the fornmula I in which R3 and R4 are both 20
trifl uor sweizhyls7a nstead of nmethyl. Thus, for exanpl e, pp@fibizewdiar |y
.especially preferred conpounds are al so conpounds of the formula I, in
which A is cycl opropyl nethyl- or i sgbutyl; Eis -COOH, -COOC2H5, -COO C3H7
or -CH2-OH, Z is oxygen; 25 Rl is nmethyl; R2 is unsubstituted phenyl,
pyridyl or nmethyl; R3 and R4 are trifluoronethyl; RS is nethyl; in aI
their stereoisoneric forns and m xtures thereof in all ratios, 30 and
their physiologically tolerable salts 9 Septenber 2005 WO 021072573

PCT/ EPBEdclisdty of%@m%ﬁarg}bms h@ g’#o@g%hﬁﬁi@h 88PB6 toRfertddent RS @Bsirddnvent i on,

there is provid process for the preparation of conpounds of the
f or mul &net ia@upra@qordm\i@thwaiwarmﬁym@% precesses nevn dfipound of t he

f or mul S\%Ijﬁé %@ﬁ"@%gﬁef. negﬁngbé‘% c,fy%g}j Hacﬂ'ﬂaﬂ bé R RdAhto B Z. R’I ] R2,

R3, R4 ove-or tlona roups are present
pr o ectartiotyic mcidrgroup bykydrolysis abn rbeeieulgaahed asempremaoefo@th]s group.

O b S s S BEAE R SR 4 2L
by CongleRsAkda? forBhis BroupO FRANPRs @F pidiéutile hbiha wHich may be introduced
~ before carrying out a reaction or a reaction sequence and are later removed again
have already been mentioned.
10
For the condensation of the compounds of the formulae [t and 1, the coupling
methods of peptide chemistry which are well known per se to the person skifled in the
art are advantageously used (see, for example, Houben-Weyl, Methoden der
Organischen Chemie [Methods of Organic Chemistry], Volume 15/1 and 15/2, Georg
15 Thieme Verlag, Stutigart, 1974). Possible condensing agents or coupling reagents
are, for example, carbonyldiimidazole, carbodiimides such as
dicyclohexylcarbodiimide (DCC) or diisopropylcarbodiimide,
O-((cyano{ethoxycarbonyhmethylene)amino)}-N,N,N',N'-tetramethyluronium
tetrafluorcborate (TOTU) or propylphosphonic anhydride (PPA). The condensations
20 can be carried out under standard conditions which are well known to the person
 skilled in the art. In general, they are carried out in an inert solvent or diluent, for
‘example in an aprotic solvent such as N,N-dimethylformamide (DMF), dimethyl
sulfoxide (DMSO), N-methyl-2-pyrrolidone (NMP), tetrahydrofuran (THF) or _
-dimethoxyethane (DME). Depending on the condensation carried out in the individual
25 case, it may be advantageous fo add a base such as a tertiéry amine or auxiliary
- reagents, for example an N-hydroxy compound such as 1-hydroxybenzotriazoie
(HOBT). The work-up of the reaction mixture and a purification of the product can be
carried out according to customary standard processes. After the condensation, the
protective groups present are removed in a suitable manner. For example, benzyl
30 groups in benzyi esters can be removed by catalytic hydrdgenaﬁon, or protective
groups of the terf-butyl type can be removed by freatment with & suitable acid. The

- preparation of the compounds of the formula | can also be carried out, for example,




with a conpound of the fornula 111, 111 9 Septenber 2005 26a where in the
formulae 11 and Il the groups A, E, Z, R, R2, R, FRaSapigmnerape defi ned
as indicated above or alternatively functional groups can be present in
these groups in protected formor in the formof precursors, and where G

i s hydr oxysanbsnyl , (Cl C6}-al koxycarbonyl or activat egrgphegylic acid
derivatives such as, for exanple, acid <chlorides or active esters. In the
condensation of the conpounds of the fornulae Il and IIl, as a rule it is
necessary that a carboxylic acid grdup which is present but i's not involved
in the condensation reaction is protected by a reversible protective group
.and then is present, for exanple, in the formof a suitable (G -Cs)-alkyl
ester bgasjmtaesmhgtheaccbmpdnmﬂylst@wiworoa sblﬁwplimnzacbonﬁhtgetb.cu%mrponpounds of

the for l.,are to be prepar.ed ro E, f exanple, is a
nydr ox NG Pe Gectssble ' Titstiee teediviogaksybesdisinsite o heom a

hy dr ox yepsdaRITH difresibeguendede conmpounds  of the formula 111, for exanple,
the residue E can first be a hydroxycarbonyl group present in protected

formand then, after the condensation of the conpounds of the fornulae II

Tind ' Spe oo RHPANET MR B fe ARG LARE B B cpe 0" Sept enber
2005 V§yriid<redatdorig ERQ%QHJ@WSIQ% %Iﬁkwmoﬁﬁndérdfpwwssmmgr oups are
groups ired functional group according

jch can b erted intQ the
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art. F@écoeasﬁgrfa&a@auma t@!nt@kﬂ@uﬁggﬂrﬁééda?éh BB RANRE ! ;céully%tﬁe car boxylic

acid g roug hydrol ysis”can nated as a prec or this group.
An al c3fib st@ut@duﬁ Fhinepropismicasidsaf de cmui@ ih\nrﬁm@aﬁa igpetisuiaan be
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3-substituted acrylic acids, which in turn are obtainable from the corresponding

aldehydes. The 3-substituted acrylic acids are converted using oxalyl chloride into
the acid chlorides and these are converted using an alcohol into the esters, for
examples using tert-butanol into the tert-butyl esters. For the introduction of the

15 amino group, the esters are then reacted with the lithium salt of an optically active
amine, for example the lithium salt of (R)-(+)-N-benzyl-N-(1-phenylethyl)amine, and
then the benzyi group and the phenylethyl group in the 3-substituted tert-butyl 3-(N-
benzyl-N-(1-phenylethyl)Jamino)propionate obtained are removed by catalytic
hydrogenation. For the preparation of compounds of the formula 1l in which E is the

20  hydroxymethyl group CHoOH or an etherified hydroxymethyl group, it is possible to
employ in the condensation reaction 3-substituted 3-aminopropanols or their ethers
which are obtainable from the 3-substituted 3-aminopropionic acids or their esters by
reduction of the acid.group or the ester group, for examplé from the ethyl ester or .-
tert-butyl ester, using lithium aluminum hydride or lithium aluminum

25 h_ydride/aluminum trichloride.

Compounds of the formula |l can be prepared, for example, by first reacting
compounds of the formula IV

\/=0 v
4
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before carrying out a reaction or a reaction sequence and are | ater renoved
again have already been nmentioned. 10 For the condentaepisRber 290k
~conmpounds of the fornulae 11 and 111, the coupling nethods of peptide
chem stry which are well known per se to the person skilled in the art are
advant agempigdoyzsused (see, for exanpl e, Houben-Wyl, Mpthesemider

Organi schen Chem e [Methods of Organic Chem stry], Volume 15/1 and 1512,
Georg 15 Thieme Verlag, Stuttgart, 1974). Possi bl e condensing agents or
coupling reagents are, for exanpl e carbonyl diim dazol e, carbodlim des
such as dicycl ohexyl carbodiim de (DCC) or diisopropyl carbodiim de,

O ((cyano(et hoxycar bonyl ) net hyl ene)am no)-N, N, N ,N -tetranethyluroniu m
tetrafl uoroborate (TOTU) or propyl phosphoni ¢ anhydride (PPA). The

condensatipn 0 _can be ried..o nder ard conditions which are
wel | kﬁrgéﬁougﬁerpﬁ@aﬁiq@gq{e%mpﬂq ‘g’g] ﬁﬁnﬁq@%&?fgpgﬁﬁa&gﬂgpgs,smphey are carried
out i nceanide s give@owpolingds ofthé f@iula Yor exanple in an aprotic solvent such
as N, N-di et hyl f ormam de (DWVF), dinethyl sulfoxide (DVS0),

N- net hyl - 2- pyrrol i done (NWP), tetrahydrofuran (THF) or di net hoxyet hane
(DVE). Depending @n the condensation carried out in the individual 25.
case, it may R affvant ageous to add a base such as a tertiary am ne or
auxiliary reage , for exanple an N hydroxy conpound such as

1- hydr oxybeR i azBHe (HOBY). The work-up of the reaction mixture and a
~purification of y product can be carried out according to customary
standard procesges.NMAfter the condensation, the protective groups present
aredenoved in a suitable manner. For example, benzyl 30 groups in benzyl
esters can be renoved by catal ytic hydrogenation, or protective groups of
the tert-butyl type can be renoved by treatnent with a suitable acid. The

pr epalr ahichrare thehhreactedmith adiiglating eedgentol the formidanl GLGI9AIE whivhr i ed out, for
exanpl e

e, 9 Septenber 2005 02/ 573 PCT/ EP02/ 01917 28 by synt hesi zi ng
the cowyeeﬁ%i@té%&ﬁﬂt@@f@w%@sﬁ%%@n@éw%wﬁcwr QIR SIBRRIPS et hods, it
bei ng gogaidhfiid @, 1 ntroduce the individual structural elements of the

10
. Ra
R‘L\HLN/'\G Vi

where A, R, R* and G are defined as indicated above. The reaction of compounds of
the formula VI with a second alkylating reagent of the formula VI,

in which Z, R and R® are defined as indicated above, then leads fo the

15

corresponding compounds of the formuia {l. The group LG is a nucleophilically
20 substitutable leaving group, for example halogen, in particular chiorine or bromine, or
sulfonyloxy such as tosyloxy, methylsulfonyloxy or trifluoromethyisulfonyloxy.




nol ecul e in different sequences. 5 The am no conpounds of the formula I1]
are commercially avail abe or can be synthesized acco‘?ﬁ?ﬁ’\t@mp@' ‘

anal ogously to well-known standard processes from starting conpounds which
are comrercially available or in turn are obtainable according to or

anal ogousvyoXuzd7s t er at ure procedures. For exanple, opereabdyiageti ve
3-substituted 3-am nopropionic acids of the fornmula Ill or their esters, in
particular 10 3-phenyl-3-ami noprop ionic acid esters, can be prepared
fromthe corresponding 3-substitut acrylic acids, which in turn are
obtai nable fromthe corresponding al dehydes. The 3-substituted acrylic
acids are converted using oxalyl chloride into the acid chlorides and

t hese @oenpoandeot thd farsiuteg! ean alkc bh @repaned forrexasyple by redding aexanpl es usi ng

tert-butanol in he rt-hutyl esters. .[For.the i tion of the 15

o o Groagund fiefe teriwt Urkslintln € adpBte\ie oo £IHENI o'« Cor ' an

- opti calgky,@Fr-cel,-L @iMghich PG i§%aRletphiicalll stbdttmasialiéaviig %roup as

(R -(-i-)-NDbenzyl -N-(1-phenylethyl)am ne, and then the benzyl group and

the ph@wﬁr@ﬁﬂ@boxﬁ,é@@wﬁcpﬁ@ogu@g%@ﬁif@mi%vﬂbrt- butyl 3-(N

benzyl - N- (1- phenyl et hyl ) am no) pr opi onat e obtai ned are renoved by catal ytic

hydrogenation. For the preparation of conpounds of the forrmula Il in which

Eis the 2.0 hydroxynet h%J roups CH2OH or an etherified hydroxynet hyl

group, it is possible toRhenploy jn the condensation reaction 3-substituted

- 3-am nopropanols or theur f\l i ch are obtainable fromthe _

~3-substituted 3-&®nopfopi gnic/aci dS or their esters by reduction of the
acid group or the ester gr A for exanple fr\ﬂﬂnhe et hyl ester or
tert-butyl gét__,_e__rN @: | it hi uRnyal um num hydri'de or Iithium al um num 25.
hydri de/ al um nurpitr oride. npounds of the formula Il can be prepared,

for exanple, by first reacting conpounds of the formula IV IV 30 9
Sept ember 2005 WO 02/ 072573 29 PCT/ EP02/ 01917

where the meanings indicated above apply for A, G, R, R* and R® and PG is an
amino protective group, for example tert-butoxycarbonyl or benzyloxycarbony!. After

10 removal of the protective group PG, the compounds of the formula 11 are obtained by

" reaction of the resulting amino group HaN mit phenyl isocyanate, phenyl isothio-

cyanate, 2-methylphenyl isocyanate or 2-methylphenyl isothiocyanate. Just like
campounds of the formula Vill, compounds can be preparéd and employed in the
synthesis in which in the formula VIil the group PG-NH- is replaced by a group which

15 - is a precursor for an amino group and which is then converted into an amino group in
a further reaction step. For example, a compound of the formula VI can firstly be
reacted with a nitro compound of the formula 4-O,N-CgH3{(OR®)-CH-LG to give a
compound corresponding to the compound of the formula VIII, then the nitro group
can be converted into the amino group, for example by catalytic hydrogenation, and

20 then the amino group can be converted into the desired compound of the formuia Il
using phenyl isocyanate, phenyl isothiccyanate, 2-methylphenyl isocyanate or 2-
methylphenyl isothiocyanate.

In general, the individual steps in the preparation of the compounds of the formula |
25  can be carried out according to or analogously to known methods familiar to the

person skilled in the art. Depending on the individual case, it may be appropriate in

any steps in the synthesis of the compounds of the formula |, as already explained,

temporarily to block functional groups which could lead to side reactions or undesired




in a Bucherer reaction, for exanple wi th ammoni um car bonate and potassi um
cyanide, to give conpounds of the fornula V which are Pertampeagdddd with an
al kyl ati ng reagent of the formula LG CHA-G which introduces the residue
of the fornmula -CHA-G into the nolecule, to give conmpounds of the formula
VI, 10 Viwowrrs7A, R3, R4 and G are defined as indi cabefrphowe; The
reaction of conmpounds of the fornula VI wth a second al kyl ati ng reagent
of the formula VII, 15 LG VIl in which Z, R and R5 are defined as
~indicated above, then leads to the31correspondi ng conpounds of the formula
li. The group LG is a nucleophilically 20 substitutable |eaving group, for
exanpl e hal ogen, in particular chlorine or bromne, or sulfonyl oxy such as
t osyl oreactiorst hyinsamd ofy poksctioe gitoup itraiegy seitdd/loshé SpegificosypthefisSept emrber 2005

WO 02/ 07%?73 PCg‘&EPOZé 01917 30,[ ounds O‘Eﬁﬁ{h? formula it can al so be
pr epar B®) e HISELIISPRAUTE IS KNl iP P BETsRy 6 % 2the formula Vi firstly
with a reagent of the formula 4-(PG NH)- C6H3(OR5)-CH2-LG in which LGis a

- nucl eophilically substitutable |eaving group as explained above, to give a
~ conpoun@mppundsofis farmalavigen alw eohjgise@as fllows By mgsns eldeseticsdfabove appl y

for gA S , i -am for exanple
t or £ b Situtelandficlabig 80 frrabiy ofhoir SR04 Sl dindiRiy | 1
pr ot ecéstems, ghylugstdrs tettHmityd estecordenaf estees, whictut@npdurgis @areobt ai ned by
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formula X,
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in which Z, R", R?, R* and R® are defined as indicated above, with an isocyanate of
the formula X,

15 R

for which the above definitions of A, E and R? apply and which is obtainable
“according to standard processes from the corresponding corhpound which instead of
the isocyanate group contains an HzN group, urea derivatives are bbtained, for
20 example compounds of the formula X,




cyanat e, 2-nmethyl phenyl isocyanate or 2-nethyl phenyl i sothiocyanate. Just

| i ke conpounds of the formula Vill, conpounds can be® perigabet2d¥d enpl oyed
in the synthesis in which in the formula VIIl the group PG NH is replaced
by a group which 15. is a precursor for an am no group and which is then
convert egyd @og2sa) am no group in a further reaction $kepepfudzexanple, a
conpound of the fornmula VI can firstly be reacted wwth a nitro conpound of
the formula 4-02N- C6H3(OR)-CH2-LG to give a conpound corresponding to the
conpound of the formula VIII, then3®he nitro group can be converted into
the am no group, for exanple by catal ytic hydrogenation, and 20 then the
am no group can be converted into the desired conpound of the fornula |

usi ng phenyl isocyanate, phenyl gsmlhiocyanate, 2- met hyl phenyl isocyanate
or 2- nethyl phenyl isothi oeyanaRe. qggﬁneral, the individual steps in the
preparation of the co unds g? forndélsa | 25 can be carried out
according to or naﬁbggp ly té* knpwn net hgds framliar to t person skilled

in the art. on i ndiMiduaN e, M be appropriate in any
steps in th npoufids of e fgfmul& 1, as al ready

expl ai ned, ﬁy ock fungtional l'lgroupgs which could | ead to side
reactions or undesired 9 Septenber 05 Wo 82/ 078573 PCT/ EP02/ 01917 31

reactions by neans of a protective group strategy suited to the specific
synthesis problem which procedure is known to the person skilled in the

art.  Gerpeithdee éfirittmsiindigatb@ aboepappy. Jhelenpbladsietthasorfmild Xhean By means
of reaction of N-substituted am no aci ds or, pref e}; abl % lo_ble'i heir esters,
Y i

| 5
for exBapbe cyelized byheating with peifdo gveihe cerapds of e tormy ers or benzyl

esters i m%f i ! aeald Jarocesses,
forgex?r?)g%géﬁgf&corrpo n Qaé)?ﬁth%g&ﬁ?dg%% atﬁigg'(%ﬁga%{oé?gﬁéhi Chfaczi,déf&, R3, R4

and R5also be defried edt by treaidienhwitd babes/in inat sdlvents,iferoanze BY of the fornul a

X treatment with sodium hydride iﬁ an aprotic solvent such as dimethylformamide.
During the reactions, as explained above, functional groups can be present in
protected form.

10

' Compounds of the formula | can alsc be obtained by reacting a compound of the

formula IX with an isocyanate of the formula XI|

A

D:C:N/I\"rc’1 XII
0
15 ‘
in which A has the meanings indicated above and Q, for example, is an alkoxy group,
- for example a (C4-Ca)-alkoxy group such as methoxy, ethoxy or tert-butoxy, or a (Ce-
C14)—aryl-(C1-C4)¥alkoxy group, for example benzyloxy. In this reaction, a compound

 of the formula XIll is obtained,
20

, O
R Joch,
. .
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O=C=N x 15 H NyE R2 for which the above definitions of A E and R2 apply
and which is obtainable according to standard processeeptembes 2408
correspondi ng conpound which instead of the isocyanate group contains an
H2N group, urea derivatives are obtained, for 20 exanpl e conmpounds of the
formul a o o2fd78ept enber 2005 WO 021072573 H XI for whpghebd3Rief i ni tions

i ndi cat ed above apply. The conpounds of the formula XI can then be
cyclized by heating with acid to give the conmpounds of the formula I. The 5
cyclization of the conpounds of th@&3fornmula XI to the conpounds of the
formula | can also be carried out by treatnment with bases in inert

sol vents, for exanple by treatnent with sodium hydride in an aprotic

sol vent such as di net hyl f or mani de. Buring the reactions, as explained
above, functional §10 ps, can pe present in_ protected forn1 10 Conpounds of

- the fonmilich A Gad, &, BéarshRanwedelingd pe dedicated abeenbishds Bent he  fornul a
CIX wit cgiggb@gﬁyg%gggc&;f Al AT, ég'deé&&tkemo%wtﬁ@cfcn%foﬁ he nmeanings

i-ndi cat’e xanp I's an rou or exanple a

- (C1- C4ifthe k@mvowdmpftlselfdnmajaXtﬂbtwwmpmidmfyh@formahatxmut oxy, or a (Cb-
Cl4)-aryl-(C -C4)-al koxy group, for exanple benzyloxy. In this reaction, a
conpgound of the farnula Al is obtained,

RRA
LR R‘Q([LN)WTQ |

Jk N‘é 4 XV
N” N 0
H H

in which A, Q, Z, R', R®, R* and R’ are defined as indicated above. It is then possible
in.the compound of the formula XIV, for example by hydrolysis, to convert the group
| 10 CO-Q into the carboxylic acid group COQH. If the cyclization of the compound of the
| formula XIit to the compound of the formula XIV is carried out using an acid, the
' conversion of the group CO-Q into the group COOH can also be carried out
simultaneously with the cyclization. By subsequent coupling with a compound of the
formula Iil, as described above for the coupling of the compounds of the formulae !
15 - and Ill, a compound of the formula | is then obtained. In this synthesis process, too,

functional groups can be present in protected form or in the form of precursors.

A further method for the preparation of compounds of the formula [ is, for example,

the reaction of compounds of the formula XV,

20
- 5
3 A
: 4
1 5y R N
7 RQ N \r\E XV
H 0 R2.




20 PCT/ EP02101917 32 9 Septenber 2005 WD 02/ 072573 PCT/ EP02/ 01917 33 in
which AL Q Z, Rl, R3, R4 and R5 are defined as indi chberteahened0hi ch is
then cyclized in the presence of an acid or a base, as described above for
the cyclization of the conpounds of the fornmula XI, to a conpound of the
formul a Xovezotsvsin which A, Q Z, Rl, R3, R4 and RS aperfefmsied as

i ndi cated above. It is then possible in. the conpound of the fornmula XV,
for exanple by hydrolysis, to conven&{) the group 10 COQ into the carboxylic
acid group COON. If the cyclizatio f the conpound of the formula XIll to
t he conmpound of the fornmula XIV is carried out using an acid, the
conversion of the group CO-Qinto the group COOH can also be carried out

si mul t &pieniien ewefinitionmindigeted above applrywitupmsgeeaor eguipdlénty with a conpound

of the I [ o) for.t coupl-i conpounds
o 1 no @stoitaf o 5 GolefiRRE phETE ARG Bt e Bl led) 41 e

obt ai nedd 4. Trépp, CheynBeeG11928)ce43). t oo, functional groups can be present
in protected formor in the formof precursors. A further nmethod for the

preparation of conpounds of the formula | is, for exanple, the reaction of
compouRdsnRLndd th i 34 for
whi ch the Fg)e:‘_‘i n(i@ft I gﬁdﬁuﬁad?%égt%% g%gl\%gggegp Yy, &\r/\\ﬁ @gﬁ?%\gggﬁlgg‘g&éﬁw val ent s

(anal ofwuiormpuiagVe. CGol dschmidt and M Wck, Liebigs Ann. Chem 575 (1952),
217 and C. Tropp, Chem Ber. 61 (1928), 1431).

R :
XVl

/NH

PG

10 in which R? and R* have the meanings indicated above and PG is an amino

protective group such as, for example, a benzyloxycarbonyl group, with a compound
of the formula XVII,

A
- HEN,HTQ Xvil -
0
15

in which A has the meanings indicated above and Q' is a protected carboxylic acid

hydroxyl group, for example an atkoxy group such as tertﬂbutoxy, to give a compound

~of the formula XVIII
| 0
R® A
R N/Hfal XVl
NH H
, o)




5 Conpounds of the fornmula | can also be prepared by firstly coupling a
conpound of the formula XVI, XVI 10 in which R3 and SEemewberd¥omreani ngs
i ndi cat ed above and PG is an amno protective group such as, for exanple,
a benzyl oxycarbonyl group, with a conpound of the fornmula Xvil, 15
PCTI EPO2Astl@b725%VI | i n which A has the neanings indi ca¢egpahhpye and Q is a
protected carboxylic acid hydroxyl group, for exanple an al koxy group such
" as tert-butoxy, to give a conmpound__of the formula XVIII XViIl 20 9
Sept enmber 2005 WD 02/ 072573 35 PCT/3P02/ 01917 i n whi ch A R3, R4, PG and Q
have t he neani ngs indicated above. In the conpound of the fornmula XVilII
the protective group PG can then be renoved selectivelé from the am no

f

gr oup, inf\M}ﬂid@%aFﬂgllﬁ*r ¢ anddR dywadhe meanings indiceteskabsve alnibe zgmpsyshr bonyi

group, fr L0 t] | | O | a conpound
of t heo@tﬂg 5%4f£k¥ﬁ§%%ér8%F@% ﬁo%ﬁ@%ﬁh%&?é Eﬁné\ﬁe&f %I%g@gtyg ']I?gr?rreani ngs

i n'dibcathedaI raiho \geoups fon ei@@nple&lylrﬁydrb@nhﬁorﬁ?ﬁhe dél‘etdil@ bmizzl@dytiaﬂbm! of t hﬁ

car bon roup, It is.possible to use, for exanple, phosgene or a phosgene
equi va%lré’HB’ %"L‘FE'PV Q&OWCEH%QE%%@ OTRHRIBTOLPHR glv\%aﬁewpaiogﬁ“et he conpounds
of shepbpupulg XV expl ai ned above). As an internediate, it is possible in

t he conversion’ of the conmpound of the fornmula XVIIl into the conpound of

t he
R
RLA(lLN/H(Q' XIX

N 0
H o

in which A, R®, R* and Q' have the meanings indicated above, can be carried out. For
10 the introduction of the carbonyl group, it is possible to use, for example, phosgene or
a phosgene equivalent such as diphosgene (analogously to the reaction of the
compounds of the formula XV explained above). As an intermediate, it is possible in
the conversion of the compound of the formula XVill into the compound of the
formu!a XiX, for example, for an isocyanate to occur or to be prepared specifically.
'151%wmm®mdﬁmmmmeWmemmemmmdmﬁMWbMXwn
' be carried out in one or more steps. For example, the carbony! group can be firstly
introduced and then in a separate step the cyclization can be carried out in the
presence of a base such as sodium hydﬁde as described for the cyclizations
mentioned above. Compounds of the formula XVIi in which PG is the
20 benzyloxycarbonyl Qroup can alsa be converted directly info compounds of the
formula XIX, without a synthetic building block such as phosgene being employed for -
'memmwwMOmemmewpﬁmmmm&amwmmMaMMWmmmPG
is benzyloxycarbonyl are treated with a base such as sodium hydride, the
- compounds of the formula XIX can be obtained directly.
25
The compounds of the formula XIX can then be alkylated, as explained above for the
compounds of the formula VI, on the NH group using a reagent of the formuia VIi,
. and after conversion of the protected c_arboxylic acid group CO-Q' into the carboxylic




fornula XI'X, for exanple, for an isocyanate to occur or to be prepared
specifically. 15 The conversion of the conpound of tHeSerembec0RYI 11 into
that of the formula XIX can be carried out in one or nore steps. For
exanpl e, the carbonyl group can be firstly introduced and then in a

separ at e wo eqn7ihe cyclization can be carried out in theypppRsance of a base
such as sodi um hydride as described for the cyclizations nentioned above.
Conmpounds of the formula XVII1I in v%g’ch PG is the 20 benzyl oxycar bonyi
group can al so be converted directly into conpounds of the fornula X X

W thout a synthetic building block such as phosgene being enployed for the
intrOductd on of the carbonyl group. If conmpounds of the formula XVIII in

whi ch F€ @rgusgé%%éb@é%%éﬁympaw@&qwm@anmatlwaa besyathesized a3 sodi um
hydrid I 25 Th
c)c/)mralou(r? sEﬂ‘H%th ?or w?%rﬂf@ﬁ'ngg%? Q/ﬁg?&)ﬁ ﬁq}t"ngQ@ﬂ ﬁ%r ﬁgél )altbove fore

t he ccnmma,dsoxfﬂnd:ﬂmafgmnmear}vﬂle.preaenthepfdtécge@fqnmtmumﬂnedoma@ent of the
: forrrul ap VI | and after conversion of the protected carboxylic acid group
RS 9Y% carboxylic 9 September 2005 WO 02/ 072573 PCT/ EP02/ 01917 36
aC| d59roup COOH the desired conpounds of the formula I can be synthesized
as described above for the conpounds of the formulae VI and Il. In this
synt hedio8npaypge eklge forgala f@ﬁibfﬂfq&‘fmm%jbﬁﬂr@mbbﬁsﬁy weeling &4n protected form
or in f‘fﬁﬁ:éj ors. 5 Compounds of the fornmula | can furthernore
_be _pr etggﬁl él&f)c{/%ﬂ‘?s %%Ctl ng a conpound of the formula XX XX 10 in
which R3, R4 and Q have t he nmeani ngs i ndi cated above, with an isocyanate
of the formula )% | to give a compound of the forrmula XX, XXl

R3
RMQ' XX

NH,
10
in which R®, R* and Q" have the meanings indicated above, with an isocyanate of the
formula Xil fo give a compound of the formula XXi,
@)
R W\ o i
N—<
H % 0
15

in which A, R%, R*, Q and Q' have the meanings indicated above. The compound of
the formula XXl is then cyclized by treating with a strong acid, for example
semiconcentrated hydrochloric acid, to give a compound of the formula XXH.

Ra A
C 4 OH ’

20 . o




15 in which A, R3, R4, Qand Q have the neanings |nd$$at edbab % The
conpound of the formula XXI is then cyclized by trea ffe Wlf"h st rong
acid, for exanple sem concentrated hydrochloric acid, to give a conpound
of the formula XXIE. 20 OH XXI| 9 Septenber 2005 WO 02/ 072573 37

PCT/ EPQ2 M1 @20725Conpounds of the formula XXI|I can al sopogEpiapared by
firstly preparing a conpound of the formula XVI Il in which A, R3, R4 and
Q have the neanings indicated andsf‘G i s an al koxycarbonyl group such as
(C1l-A4) - al koxycarbonyl, an (C6 Cl4)*aryl - (Cl-C4)-al koxycar bonyl group such
as phenyl - (Cl - C4) - al koxycarbonyl, or an 5 (C6-Cl4)-aryl oxycarbonyl group
such as phenyl o tycar bon¥ converting this conpound by |iberating the

pr ot ecCompountosiythe fora alXgH sap alsobe prepared by Stsiip rerring s the formula XVIII

I n whi £
(G “CaS O crtfe kGl RRURIARA 7. REASE PR SRR, *or (c5- cra)-
aryl oxjnclivabenand RBds dn alR3xpiatbdryl @aulesmdleamrm}@ﬂ(dxychrb@tyﬂ@n (epd cyclizing
this 1%(5 ogg %ha ase, such a dg" ’X%mgé sodi um carbonate to the
conpoukdEY-en 4)r%J Pyicar V|9r0'¢ﬁamf§hﬁ$ ey HChi #-aIREYEMONYROT@H 15 [1a in
V\:hl h . p(qﬁﬁfz, wgﬁ above, can then
0 %%@éﬁé@? actl ng t he g@%?&%@ﬂo%ﬁ{ﬁﬁg%gé% | in the presence
of ex ce@spoumistty, libecatingstberptadedted carboxpie seid geowrf Ce@rQEResconafound
n- butyI u it h ~al Kyl at.| 20 [ t_of, the roul a. VIl and then
et ai 191 g erkile SV Sy icies B BB o it COIGH, B! ¢
(C1-C4)-alkoxycarbonyi, (Cg-C14)-aryl-{C4-Cy)-atkoxycarbonyl or (Cg-Cig)-
aryloxycarbonyl and A, R2 and R* have the meanings indicated, and cyclizing this
10 compound with a base such as, for example, sodium carbonate to the compound of
the formula XXII.

Compounds of the formula lla,

< lia

15

in which A, Z, R", R®, R* and R® have the meanings indicated above, can then be
obtained by reacting the compounds of the formula XXil in the presence of excess
base, for example in the presence of an excess of nQbutyliithium, with an alkylating
20 reagent of the formula Vil and then acidifying. The 4-(3-arylureido)benzyl group or
4-(3-arylthioureido)benzyl group can also be introduced stepwise, .analogously to the
preparation of the compotnds of the formula Vil and the compounds of the formula !

obtained therefrom, into the compounds of the formuta XXII.

.25  Compounds of the formula | in which the residues R® and R* are trifluoromethyl can
advantageously be prepared by reacting an isonitrile of the formula XX|Ii with 2-tert-
butoxy-4,4-bis(trifluoromethyl)-1,3-oxazabuta-1,3-diene of the formula XXV to give a
compound of the formula XXV,




4-(3-arylthiourei do)benzyl group can also be introduced ste
anal ogously to the preparation of the conpounds of t%ge?ﬁ?ﬁﬁﬁébqﬁl | and

t he conpounds of the formula Il obtained therefrom into the conpounds of
.the fornmula XXIl1. 25 Conpounds of the formula I in which the residues R3
and R4 amw @rerdskaior omet hyl can  advant ageously be prepeatr@dodyoireacti ng an
isonitrile of the formula XXIll wth 2-tert-

but oxy-4, 4-bis(trifiuoromethyl)-1, 3 .o0xazabuta-1, 3-diene of the fornmula XXIV
- to give a conpound of the formula , 9 Septenber 2005 WD 02/ 072573 38
C=N.XXIIIl CF3 CFY 3 O XXIV CF PCTI EP02/01917 A N--"--rr--Q 0 XXV where
A and Q have the neanings indicated above. |I. e, the group C(=0-Q for 5
exanple, is an ester group and Q for exanple, is alkoxy such as (C

j - CA4) -al koxy including methoxy, ethoxy and tert-kutoxy or

(C6-Cl4)-aryl-(g-C4)-al y i ncl udi ng benzyl ox\.® Tlfe rdaction of the
conpounds of t f or mul ae |11 and XX V to gC¥ compounds of the
formul a XXV is fadvagt ageou rr in a hydroc 0 ether as a
zen %gktol '
te a

sol vent , ‘€8FNexanyie in b ene, withy ng, flor exanple to 10
terrperatures of fRom aboutFx0C bout 80C, for %Ie t @ about 60C.

where A and Q have the meanings indicated above. I. e, the group C(=0)-Q, for
5 example, is an ester group and @, for example, is alkoxy such as (C4-C4)-alkoxy
including methoxy, ethoxy and tert-butoxy or (Cs-C1a)-aryl-(C4-Cy)-alkoxy including
‘benzyloxy. The reaction of the compounds of the formulae XXIll and XXV to give the
compounds of the formula XXV is advantageously carried out in a hydrocarbon or
ether as a solvent, for example in benzene or toluene, with warming, for example to
10 temperatures of from about 40°C to about 80°C, for example to about 60°C.

The isonitriles (isocyanides) of the formula XXili can be obtained according to
standard methods known fo the person skilled in the art from the corresponding
amino carboxylic acid esters of the formula HaN-CHA-C(=0}-Q, in which A and Q
15 have the meanings indicated above, Advantageously, the amino carboxylic acid ester
of the formula HaN-CHA-C(=0)-Q is firstly converted by reaction with a reactive
formic acid ester, for example cyanomethy! formate, into the N-formylamino acid
-ester of the formula HC(=0)-NH-CHA-C(=0}-Q, which is then converted, for
| example, by reaction with phosgene or a phosgene equwalent such as diphosgene
20 ortriphosgene in the presence of a tertiary amine such as triethylamine into the
isocyanide of the formula XXIll. The 2-tert-butoxy-4,4-bis(triflucromethyl)-1,3-
oxazabuta-1,3-diene of the formula XXIV is obtainable, according io the process
described by Steglich et al., Chemische Berichte 107 (1974), 1488, from tert-butyl
carbamate ((CH3)sC-O-CO-NH,) and anhydrous hexaflucroacetone and subsequent
25 treatment of the 2-tert-butoxycarboriylamino-2-hydroxy—1 1,1.3,3,3-
-~ hexafluoropropane initially obtained with trifluoroacetic anhydride in the presence of a
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The isonitriles (isocyanides) of the forrmula XX |1 be obt aj ned
according to standard methods known to the person s%???%tﬁm ﬁr%{ﬂ)% art from
the corresponding am no carboxylic acid esters of the formula
H2N-CHA-C(=0) -Q in which A and Q 15 have the neani ngs indicated above.
Advant ag®su&foy3s73i he ami no carboxylic acid ester of tlperkprzmgia

H2N- CHA- C(=0)-Q is firstly converted by reaction with a reactive formc
acid ester, for exanple cyanonet hyl fornate into the N-fornylam no acid
ester of the fornula HC(:O)-NH-CHA%( =0)-Q which is then converted, for
exanpl e, by reaction with phosgene or a phosgene equival ent such as

di phosgene 20 or triphosgene in the presence of a tertiary am ne such as
tri et hpR@ plidheas qitinolinge i socyanide of the formula XXII1. The 2-tert

butoxy-4, 4-bis(trifluoromethyl)-1, 3- oxazabuta-1, 3-diene of the formula

XXV is obt ai nabl e, according to the process described by Steglich et al.,
Cheni sThe cBe omﬁfll@éfdrmalbéb}(xv &a&ﬁ&enfumwﬁéﬁ -fotexdmple athanat e
((CH3)3C- O CO NH%% agﬂ gexafl uor.oacet one and subse uent 25
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presence of Sept enber 2005 WO 021 base such as
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ester possitie fGHXd tdrRetthife estebgnoip CO-Qasicdrdiigionstéidartiproesgedastol on wi t h

conpounds of the formula |1l yield conpounds of the forrmula | as described
above. MeFaiEyicRgid arme - erhénq'tﬁwwartwompow qﬁ%forrﬁwgépﬁl e firstly to
conyer %@1 I into the

ca?woxgbt%ggg??‘d%?%g% an égé?ﬁ Emil@ f@rn@ﬂén’gﬁ ﬁ? he formula XXI|I

10 obt prieagteay edembasedntatanmnmnﬁoh’tinea‘bmulaﬂlanghzcbdwwetdﬁ athe formul a

Vii en f excess. b into a heforrrulalla
ahi ch EaPRal B8 g, B ieer Wi d e SRR Brededon wth a compound
of theArﬁamgnusfy tblthegeﬁamtzeg@ﬂﬁiemomouh@s of e dr@idlpVI deschissdcaaveunds of the
formul a VIh descri bed ab
and the compounds of the formula Il or lla obtained therefrom, the 4-(3- .
15 arylureido)benzyl group or 4-(3-arylthioureido)benzyl group can also be introduced
stepwise into the compounds of the formula XXV. In these reactions, too, functional

groups can be present in protected form or in the form of precursors.

The compounds of the formula | in which E, for example, is hydroxycarbonyl or
- 20 hydroxymethyl can be converted according to standard processes into compounds of

the formula | in which E has other meanings, or into other prodrugs or derivatives of
the compounds of the formula |. Thus, for the preparation of esters, the compounds
of the formula | in which E is hydroxycarbonyt can be esterified using the appropriate
alcohols, for example in the presence of a condensing reagent such as DCC, or the

25 compounds of the formula | in which E is hydroxycarbonyl can be alkylated with alkyl
halides such as alkyl chlorides or alkyl bromides, for examiple with acyloxyalky! -
halides, to give compounds of the formula | in which E is acyloxyalkoxy-CO-.
Compounds of the formula | in which E is hydroxycarbonyl can be converted into
amides using ammonia or organic amines in the presence of a condensing reagent.

30 Compounds of the formula I in which E is CO-NH; can advantageously also be
obtained on the solid phase by coupling the compound in which E is COOH in the:

~ presence of a condensing agent such as TOTU to Rink amide resin and then




and the conpounds of the formula 11 or Il a obtained t& refr he 4-(3 15
aryl ur ei do) benzyf group or 4-(3-arylthioureido)benzyl g?%‘ﬁﬁ‘ €54 %ﬁ so be
~introduced stepwi se into the conpounds of the forrmula XXV. In these
reactions, too, functional groups can be present in protected formor in
the form ofoprersmssors. The conpounds of the formula | pdpihbgE  for
exanpl e, is hydroxycarbonyl or 20 hydroxynethyl can be converted according

to. standard processes into conpoundg.of the formula I in which E has
ot her nmeani ngs, or into other prodr u%% or derivatives of the conpounds of
the fornula I. Thus, for the preparation of esters, the conpounds of the

formula | in which E I s hydroxycar bonyl can be esterlfled usi ng the
appr opr feving | feRpihe resip ﬁgé'%é‘ﬁfﬁ'lgér ‘ﬂlﬂp'"??reehﬁ BElleheEPOHNGS ebihadersIURy r eagent
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reagent. 30 Conpounds of the formula | in whi Is COONH2 can
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al cohol s to al dehydes, for exanple USIQ%h sodi um hypochiorite in

pr esend@rSKamPR & HAMNESY 9ropp 6o B@%”é’fmﬁrﬁa Garpbgpeanvertad into exdydroxyl
(4- acetgagblsig T@W@ntvﬁ Mﬁo‘?}?ﬂ&he formula | in which Eis CH2OH can be
e

- converted o corrpoun ofimula | in which E is the al dehyde group
-COH. Corrpounds of the formula | in which R5 is hydrogen can al so be
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* " which are suitable, for example, for the treatment of inflammatory diseases, allergic
diseases or asthma. The compounds of the formula | and their physiologically
tolerable saits and derivatives can be administered according fo the invention to
lanimais, preferably to mammals, and in particular to humans, as pharmaceuticals for
the treatment of disease conditions, treatment being generally understood as

- meaning both the therapy of acute or chronic disease symptoms as well as the

~ prophylaxis or prevention of disease symptoms, i.e., for example, the prevention of
the occurrence of acute allergic or asthimatic disease symptoms or the prevention of
myocardial infarct or of myocardial reinfarct in appropriate patients. The compounds
of the formula! and their salts and derivatives can be administered on their own, in
mixtures with one another or in the form of pharmaceutical preparations which allow

~ enteral or parenteral administration and which as active constitueﬁi contain an
efficacious dose of at least one compound of the formula | and/or its physiologically
tolerable salts andfor derivatives and a pharmaceutically tolerable carrier.

According to a third éspeét':'of the'-present invention, there is provided aphérméceutit:al |
~ preparation which comprises one or more compounds of the formula | as defined above
- and/or their physiologically tolerable salts and a pharmaceutical tolerable carrier.




|

For exanple, a nethoxy group representing R50 can be nverted_into a
hydr oxyl group by treatnent with boron tribrom de. fﬁgetﬁﬁ%Sﬁﬁgg of the

formula | are val uabl e pharmaceutical active conpounds which are suitable,
for exanple, for the treatnent of inflanmmatory di seases, allergic diseases
or asthma. The conpounds of the for#dPa | and their physiologically
tolerable salts and derivatives can be adm ni stered according to the

i nventj < ani nd..n particular to.humans,
s peartEmbBinil Bty Snoftfart Sfétietetk , PRI Rour8E e ik P S Srfos it

bei ng pysiekaidayly unkteatse oaits aand/or aetivativest for tuse adgphapyacdutiegist orods chroni c
di seasg to s well as the r.o | axi s or evention of disease

synpt 6%%‘?8'3%%8?'@#@‘? ”ﬁ%ghﬁ@"%’é 0@#‘%‘5&%’?‘#@4 qﬂd/or%@r occurrence of acute
allergic or asthmati c di sease synptons or the prevention of nyocardi al
infarct or of nyocardial reinfarct in appropriate patients. The conpounds
of the formula | and their salts and derivatives can be adm ni stered on

their own, in mxtures with one another or in the form of pharnaceuti cal
preparations which allow enteral or parenteral admnistration and which as

.active constituent contain an efficacious dose of at |east one conmpound of

the formula | and/or its physiologically tolerable salts and/or
derivatives and a pharmaceutically tolerable carrier. According to a third
aspect of the present invention, there is provided a pharnmaceuti cal

~ preparation which conprises one or nore conpounds of the formula I as

defined above and/or their physiologically tolerable salts and a
pharmaceutical tolerable carrier. 9 Septenber 2005 40a An enbodi nent nay
therefore also relate to the conpounds of the fornmula I and/or their
physiologically tolerable salts and/or derivatives for use as
pharmaceuticals (or as mnedicanents), the use of conpounds of the fornmula I
and/or their 9 Septenber 2005 WD 02/ 072573 PCT/ EP02/ 01917 41
physiologically tolerable salts and/or derivatives for the~ production of




pharmaceuticals for the treatnent of the diseases nentioned above or bel ow,
“for exanple for the treatment of inflammatory di seasesePiamget#P%se of the
conpounds of the fornmula | and/or their physiologically tolerable salts
and/ or derivatives in the 5 treatnent of these diseases. The present

I nvent i orwowr7ises nore relates to pharmaceutical prepataierengeifor

phar maceuti cal conpositions) which contain an efficacious dose of at | east
one conpound of the fornula I and/aﬁ its physiologically tolerable salts
and/ or derivatives and a pharnmaceutically tolerable carrier, that is one

or nore pharmaceutically innocuous vehicles and/or additives. 10 The
pharmaceuticals can be adm ni stered systemcally or |locally. They can be

b od . .
adni ni Bivsicdegicalty tolesedifpialis aBRIRF Agrivaveoionthst Prpdyetien of abl ets, film coated
tabl et éharﬁ*é?@@tica&%? 6 He2bh&hidr tr%rcﬂéﬁélsgémefﬁ%ﬁjeoaé%v%q{rtbeﬂﬂ ﬁﬁ" ne. capsul es,
powder §, sol Gt i ons, Syrups, enul'sions, suspensions of I n Other
phar maeample &r theotrasimeptiof inflahmatonodisedsespsmet thelSeohtheadospduadsar ri ed out

vagi nal r rectally, for ex le in t fQrm u sitorjes, or
parent erie RImbB LA drspelpen S EHel el oath Soiler REMEReS Pt  on

sol gt | pasimeht oftRéd&Sdisdhses! THd BBsSent MvehBsPREMbRRoBTelb@3e OF topically or
percutaneously, for exanple in the formof creans, ointnents, powders,

sol ut | Pirsmagetilics| RRBatGHORS (¢ PharmRCedical sompaRbiane) Whish Conigin @kanpl e in the
form ofmRsal dRE Y i :gﬁst%%%ﬁ{pom&&%ﬁomﬁ% féﬁo%ﬂts @r&gﬁ%@}d&hft ration of
- solutionS can occur, Tor exanple, 1ntravenously, 1 ntraruscdlarly,

subcut iateeahis byits armi/oredenivhiives laad laypharmacagigaliytoeldble oarrien tfaatdd tver  manner .

The pharnaceuti cal - .preparati ons accordi,n .the invention are produced in
2 marieRoTe A st b R e Bi/oreidyiBounds of the formul a I
angpor their 25 physiologically tolerable salts and/or derivatives being

m xed wi th pharmaceutically inert inorganic and/ or_organic vehicles and/or

addi t i Uesphan@apgewigglstcan beadminigierashiystendeallyqs Igcetyn ey caa®eni strati on.

form - I ' L LS, I - ets and hard
gel at iérfogﬁ@%%g% ,é@'?éﬂﬁéb’lp ?é; OB%Q ;m:' t?l”@ Otfgmg’s%{)'%;so?mggéar%ﬁg@"ﬁg’cﬁgé, cornstarch
or derdoatd tebists, henelss, hardland soft gelatine aspaliley; powderspsdistionpodyaidiyl ene

‘gl ycol s, |30 etc., for soft tgel tine c%{gs# es %%s.upgosi bor ies, for
exanpl FUIFIGRS sUSRENSIONSOL I AFF RIAMRAEFYTCRkIPENS SISt} J@¥RATene gl ycol s,
nay§r adan@lso e SRAEE ofi VagirRllF or ReialiRTbeexan@ilé f 188 forff of SpposiRAasat i on of
solutions, for exanple, 'injection solutions, or of .
or parenterally or as implants, for example in the form of injection solutions or
infusion solutions, microcapsules or rods, or topically or percutaneously, for example
in the form of creams, ointments, powders, solutions, emulsions or tinctures, or in
ancther way, for example in the form of nasal sprays or aerosol mixtures. Parenteral
20 administration of solutions can occur, for example, intravenously, intramuscularly,

subcutaneously, intra-articularly, intrasynovially or in another manner.

The pharmaceutical pfeparations according to the invention are produced in a
manner known per se, the compound or the compounds of the formula | and/or their

25 physiologically tolerable salts and/or derivatives being mixed with pharmaceutically
inert inorganic and/or organic vehicles and/or additives and brought into a suitable
dosage form and administration form. For the production of pills, tablets, sugar-
coated tablets and hard gelatine capsules, it is possible to use, for example, lactose,
comnstarch or derivatives thereof, talc, stearic acid or its salts, polyethylene glycols,

30 etc., for soft gelatine capsijles and suppositories, for example, fats, waxes, semisolid
and liquid polyols, polyethylene glycols, natural or hardened oils etc. Suitable

vehicles for the preparation of solutions, for example, injection solutions, or of




9 Septenber 2005 WO 02/072573 PCT/ EP02/ 01917 42 enul signs or syrups are,
for .exanpl e, water, alcohols, glycerol, diols, polyol$ ¢PERPELEXS i nyert
sugar, glucose, vegetable oils etc. Suitable vehicles for mcrocapsules,

i npl ants or rods are, for exanple, copolynmers of glycolic acid and lactic
acid. TheveteaTeteuti cal preparations nornally contai rciepmmeshout 0.5 to
about 5 90 % by wei ght of the conpounds of the fornula I and/or their
physi ol ogically tolerable salts anﬁ?z( or derivatives. The anount of active
~.compound of the formula I and/or itSs physiologically tolerable salts

and/ or derivatives in the pharmaceutical preparations is normally from
about 0.2 to about 100.0 , preferably fromabout 1 to albout 500 ng.
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t he f oprapasationafsdicomaliofromsabebie.Rdd elput dDOY mige peaferdably freh tisowids or

deri vatj h an _al so ntain Qr _nore . other armaceutical active
compounad BB, Feindng BpdPERALE lfe RiprRbeutcR PeRAREBr Yo act i on. 11 the
corpounseunt oftheadive Bompolind oWz esedleb balgréut@par at i ons conpri sing them
25 are adm ni stered as aerosols, for exanple as nasal aerosols or by

i nhal ation, this can be carried out, for exanple, using a spray, a

nebul | ffduditfon R 808 b Bbundiand MG IRDHARRALAIHS! pBpdfBtigled | nhal er or

a dry powder inhaler. r or ‘admni'stration of the
conpoueaisaled comainfexcipignis or additives,der esoipictilers) aisipegrats dindespr di ng to
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15 colorants, flavorings, aromatizers, thickening agents, diluents, buffer substances,
soivents, sofubilizers, agents for achieving a depot effect, salts for changing the
osmotic pressure, coating agents or antioxidants. They can also contain two or more
compounds of the formula | and/or their physiologically tolerable salts andfor
derivatives. Furthermore, in addition to at least one compound of the formula | and/or

20 its physiologically tolerable saits and/or derivatives they can also contain one or more
other pharmaceutical active compounds, for example substances having anti-

inflammatory action.

If the compounds of the formula | or pharmaceutical preparations comprising them
':25 are administered as aerosols, for example as nasal aerosols or by inhalation, this can |
- be carried out, for example, using a spray, a nebulizer, a pump nebulizer, an
inhalation apparatus, a metered inhaler or a dry powder inhaler. Pharmaceutical
forms for administration of the compounds of the formula | as an aerosol can be
prepared according o processes well known to the person skilled in the art. For their
30 preparation, for example, solutions or dispersions of the compounds of the formula |
in water, water/alcohol mixtures or suitable saline solutions can be employed using-

. customary additives, for example benzyl alcohol or other suitable preservatives,




30 preparation, for exanple, solutions or dispersions Qf the conpounds of
the formula | in water, water/al cohol mxtures or sﬁgﬁﬂ?@%g‘é?é%e

sol utions can be enpl oyed using custonmary additives, for exanple benzyl

al cohol or other suitable preservatives, 9 Septenber 2005 WD 021072573

PCT/ EPO2MaEL@DbT72548 absor ption enhancers for increasingptheriopiavail ability,
sol ubili zers, dispersants and others, and, if appropriate, customary
propel l ants, for exanple chloroflug{ocarbons and/ or fluorocarbons. 5 O her
“phar maceuti cal active conpounds mhigh can be contained in the

phar maceuti cal preparations according to the invention in addition to
conpounds of the fornula 1, but with which the conpounds of the fornula I
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nment i caretoahmvecanbortsel ow f or whose treatnent the conpounds of the fornula
|- are suitable. Exanples classes of active conpound of this type which may
be nentioned are steroids, nonsteroidal antiinflammatory substances,

- nonst en@ied pharntdtetiticd] haiERdopipoungs whikhaeh bed@htaiRid iMeige nonsteroidal
antiinflammtory propionic acid derivatives, nonsteroidal antiasthmatics,
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cyclosporins, (3-interferons, tunor therapeutics, cytostatics, netastasis

i nhi bifenua I are suileblen Ekamples casaes oforsiive egmpeunstofdhis dwna whieh nay,

o SUPREed 5 Hef08e HA I a4 65 RO, 2,
whi ch antimflaivenatenytzicetie dcid derivatiet sy, roabliecyidal @ndiofialnmiatore prdpatnds acid -

sul'f asd%lrieazlt.&v%%,’ ngnhs?é]r%}dgf] érﬁégﬁ%aﬁcs, salicylic acid derivatives, pyrazolones,

- 15 oxicams, leukotriene antagonists, inhibitors of leukotriene biosynthesis,
cyclooxygenase inhibitors, cyclooxygenase-2 inhibitors (COX-2 inhibitors),
antihistamines, H1-histamine antagonists, nonsedating antihistamines, gold
compounds, 82 agonists, anticholinergics, muscarine antagonists, lipid-lowering
agents, cholesterol-Howering agents, HMG-CoA reductase inhibitors, statins, nicotinic

20 acid derivatives, immunosuppressants, cyclosporins, p-interferons, tumor
therapeutics, cytostatics, metastasis inhibitors, antimetabolites, 5-aminosalicylic acid
derivatives, antidiabetics, insulins, sulfonylureas, biguanides, glitazones, a-
glucosidase inhibitors, and others. Examples of suitable active compounds which -

' may be mentioned are acetylsalicylic acid, benorilate, sulfasalazine, phenylbutazone,

25 oxyphenbutazone, metamizole, mofebutazone, feprazone, celecoxib, rofecoxib,
diclofenac, fentiazac, sulindac, zomepirac, tolmetin, indometacin, acemetacin,
ibuprofen, naproxen, carprofen, fenbdfen, indoprofen, ketoprofen, pirprofen, tiaprofen
acid, diflunisal, flufenamic acid, meclofenamic acid, mefenamic acid, niflumic acid,
tolfenamic acid, piroxicam, isoxicam, tenoxicam, nicotinic acid, prednisone,

30 dexamethasons, hydrocoriisone, methylprednisolone, betamethasone,

-beclomethasone, budesonide, montelukast, praniukast, zafirlukast, zileuton,

| ciclosporin, cyciosporin A, rapamycin, tacrolimus, methotrexate, 6-mercaptopurine,




25 oxyphenbut azone, netam zol e, nof ebut azone, feprazgg ceI ec ¢<p| b,
rof ecoxi b, diclofenac, fentiazac, sulindac, zonepir 5"
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acid, meMoiémnsmm c aci d, nefenam c acid, niflum c aci ¢crepmldianan c aci d,

pi roxi cam isoxicam terioxicam nicotinic acid, prednisone, 30

- dexanet hasone, hydrocortisone, nethyipredni sol one, bexanet hasone,

, becl onet hasone, . budesoni de, nontel'ukast, pranlukast, zafirl ukast, _

zileuton, ciclosporin, cycl ospori n A, rapanycin, tacrolinus, methotrexate,
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a single pharnmaceutical preparation, for exanple a tablet or capsule. The
present invention, expressly likew se relates to pharmaceuti cal
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16 other active compounds in a single pharmaceutical preparation, this can be carried

out as mentioned by administering all active compounds together in a single
pharmaceutical preparation, for example a tablet or capsule. The present invention
expressly likewise relates to pharmaceutical preparations of this type, for which all
explanéﬁons above correspondingly apply. The amount of the active compounds in
20 these pharmaceutical preparations is in general chosen such that an efficacious
amount of each active compound is present. A combination treatment, however, can
~ also be carried out by the active compounds being present in two or more separate
pharmaceutical preparations, which can be presentin a singie pack or in two or more
‘separate packs. The administration of the compounds of the formula | and/or their
25 . physiologically tolerable salts and/or derivatives and the other active compounds can
be camied out jointly or separately and simultaneously or successively, in any order.
The administration can also be carried out in different ways, for example one active
compound can be administered orally and the other by injection, inhalation or topical
application. All such treatments are comprised by the present invention.
30
The compounds of the formula |, for example, have the ability to inhibit cell-cell

interaction processes and cell-matrix Interaction processes in which interactions




anount of each active conpound is present. A conbinatign treatnpent,
however, can also be carried out by the active conpdl 8%‘96‘5%60% esent in
two or nore separate pharmaceutical preparations, which can be present in
a single pack or in two or nore separate packs. The adm nistration of the
conpound'Vwo eo72die formula | and/ or their 25 physi ol ogircaiEbyotaber abl e salts
and/ or derivatives and the other active conpounds can be carried out
jointly or separately and sinultanegusly or successively, in any order.
- The adm nistration can also be carried out in different ways, for exanple
one active conpound can be adm nistered orally and the other by injection,
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15 undesired extent of leukocyte adhesion and/or leukocyte migration or are connected
therewith, and for whose prevention, alleviation or cure the adhesion and/or migration

of leukocytes should be decreased.

The present invention therefare also relates fo the compounds of the formula | and/or
20 their physiologically tolerable salts and/or derivatives for the inhibition of the adhesion
- and/or migration of leukocytes or for the inhibition of the VLA-4 receptor, and to the
use of the compounds of the formula | and/or their physiologically tolerable salis
and/or derivatives for the preparation of pharmaceuticals therefor, i.e. of
pharmaceuticals for the treatment of diseases in which the leukocyte adhesion and/or
25 leukocyte migration shows an undesired extent, or for the tréatment of diseasesin
which VI.A-4-dependent adhesion processes play a role, and to the use of the
compounds of the formula | and/or their physiologically folerable salts and/or

derivatives in the freatment of diseases of this type.

30 The compounds of the formula | can be employed as antiinflammatories in the case
of inflammatory symptoms of very different cause in order {o prevent, to reduce or to
suppress the undesired or harmful sequelae of the inflammation. They are used, for




therewith, and for whose prevention, alleviation or cure the adhesion
and/or migration of |eukocytes shoul d be decreased. rheripmE8effi0S nventi on
therefore also relates to the conpounds of the fornula | and/or 20 their
physiologically tolerable salts and/or derivatives for the inhibition of

t he adhesy@noased or mgration of | eukocytes or for thectghilidid on of the
VLA-4 receptor, and to the wuse of the conpounds of the fornula |I and/or
their physiologically tolerable salts and/or derivatives for the
preparation of pharmaceuticals thef@for, i.e. of pharmaceuticals for the
treatnment of diseases in which the | eukocyte adhesi on and/ or 25 | eukocyte
m gration shows an undesired extent, or for the treatnent of diseases in
whi ch aampleldpethd dreatraeiticis. drergmougweplylplispf arthidlseof thaemalid he use of the

compoungs..of the forpula. | and/or thejr physiaologi y Lolerable salts
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use is the prevention of myocardial infarct or of myocardial reinfarct.
15 | S
The dose when using the compounds of the formuia [ 'cén vary within wide limits and,

as is customary and is known to the physician, is to be adjusted in each individual
| case to the individual conditions. It depends, for example, on the nature and severity
of the disease to be treated, on the condition of the patiént, on the compound
20 employed or on whether an acute or chronic disease condition is being treated or
prophylaxis is conducted, or on whether, in addition to the compounds of the formula
I', furthér active compounds are administered. In general, in the case of oral
administration a daily dose of from about 0.01 to about 100 mg/kg, preferably from
about 0.1 to about 10 mg/kg (in each case mg per kg of body weight) is adequate in
25 the case of administration to an adult weighing about 75 kg io achieve efficacious
results. In the case of intravenous administration, the daily dose is in general from‘
about 0.01 to about 50 mg/kg, preferably from about 0.01 to about 10 mg/kg (in each
case mg per kg of body weight), The daily dose can be divided, in particular in the
case of the administration of relatively large amounts, into a number, for example 2,
30 3, or4, of part administrations. If appropriate, depending on individual behaviour, it.

may be necessary to.depart upward or downward from the daily dose indicated.




further diseases in which a blocking of the integrin VLA-4 and/or_an
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alleviation or cure. A preferred use is the prevention of nyocardi al
infarct or of nyocardial reinfarct. 15 The dose when using the conpounds of
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i ndi vidual conditions. It depends, r exanple, on the nature and severity
~of the disease to be treated, on the& condition of the patient, on the
conpound 20 enpl oyed or on whether an acute or chronic disease condition is
being treated or prophylaxis is conducted, or on whether, in addition to
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the desired use can furthernore be enplo |agnost|c pur poses, for
exanpl esterfigation, reduction agidstion ooﬂt!“@étrans‘amﬂt@ﬁsoffum’s@wégwml es, and as an
auxiliary 5 or as a scientific tool in biochem cal investigations in which
a bl ocking of VLA-4 or an influencing of cell-cell or cell-matrix

i nt er aEkamplesi s desired. Furthernore, the conpounds of the fornula | and
their salts can be used as intermediates for the

15 Example.1 ’ :
(R)-3-((8)-2-(4,4-Dimethyl-3-(4-(3-(2-methyiphenylureido)-3-methoxybenzyl)-2,5-

dioxoimidazolidin-1-yi)-2-(cyclopropylmethyi)acetylamino)-3-methylpropionic acid

°-
. =
=T
O
c>é
T

20
1a) 4-(3-(2-Methylphenyljureido)-3-methoxybenzyl alcohol
15 g (81.8 mmol) of 3-methoxy-4-nitrobenzyt alcohol were hydrogenated over 1.3 ¢
of palladium/carbon (10 % strength; 50 % water)} in 500 mi of methyi tert-butyl ether
with ice cooling. After the absorption of hydrogen was compiete, the catalyst was

25 filtered off and 10.14 ml (81 .8 mmol) of 2-methylphenyl isocyanate were added to the
filtrate with stirring in the course of 30 minutes. The reaction mixture was aliowed to.




preparation of other conpounds, in particular of other phar maceut i cal
active conpounds, which are obtainabl e from conpoundSgPterher 280%w1 a 1,
for exanple, by 10 nodification or introduction of residues or functional
groups, for exanple by esterification, reduction, oxidation or other

t ransf or med 0mmnss7df functional groups. Exanples 15 Exalﬁ’phgpuz}mgn

(R) 3-((S)-2-(4, 4-Di nmet hyl - 3- (4- (3- (2- et hyl phenyl ) ur ei do) - 3- met hoxybenzyl )

d| ox0| m dazol i di n-1-yl)-2-(cycl opr 6“§y| met hyl ) acet yl am no) - 3- net hyl propi oni c
acid OH 20 | a) 4-(3-(2-Methyl phenyl)ureido)- 3-net hoxybenzyl al cohol 15 g
(81.8 mmol ) of 3-nethoxy-4-nitrobenzyl al cohol were hydrogenated over 1.3 g
of pal $tadd omémighhcamd(ﬂl@pﬁﬁﬁbﬁatedg;oﬁd wB8 fillerad o&njithi suctiooand weshatet hyl tert

but yl he i.ce.coo ft e absorption of hydrogen was

conpl e‘P’éh MB ty's%tﬁ%at'egg?ﬁqgﬂe 5]off and 10.14 m (81.8 mml) of

2- met hyl phenyl isocyanate were added to the filtrate with stirring in the
~course of 30 m nutes. The reaction mxture was allowed to 9 Septenber 2005
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The residue was then dissolved in dichloromethane and poured into 800 ml of ice-
cold diisopropyl ether. The mixture was stirred for 2 hours with ice cooling; and the
product was filtered off with suction, washed with diisopropyl ether and dried over
phosphorus pentoxide. Yield: 12 g (75 %).
15
1c¢) Benzyl (S)-2-amino-3-cyclopropylpropionate .
1N sodium hydroxide solution was added at0 °Cto a suspensmn of 10¢g (7? 5
mmol) of (S)-2-amino-3-cyclopropylpropionic acid in 160 mi of dioxane until pH 8-9
was achieved. 16.9 g (77.5 mmol) of di-ter’c~buty! dicarbonate were then added, the
20 ice bath was removed and the pH was kept at 8-8 by further addition of 1N ‘sodium
~ hydroxide solution. After allowing to stand overnight, the dioxane was removed in
- vacuo, ethyl acetate was added to the water phase and the phases were separated.
The water phase was adjusted to pH 4.5 using 1N hydrochloric acid and extracted
with ethyl acetate. The ethyl acetate phase obtained was dried over sodium sulfate,
25 the sodium sulfate was filtered off and the filtrate was concentrated in vaquo; The
residue was dissolved in 1000 ml of dichloromethane and treated with 53.4 mi of
. benzyl alcohol, 8.37 g of 4-dimethylaminopyridine and 18.8 g of DCC. After stirring
for 6 hours and allowing to stand avernight, the mixture was filtered, the filirate was
concentrated and the residue was treated with 300 mi of 90 % strength trifluoroacetic
30 acid. After stirring at room temperature for 10 minutes, the trifluoroacetic acid was
rempved in vacuo and the residue was chromatographed twice over silica gel
(dichloromethane/methanol, 95/5). Yield: 11.48 g (68 %).




cold dil sopropyl ether. The m xture was stirred for 2 hours . w ice
cooling; and the product was filtered off with suctl%ﬁept\%@ﬁé %th

di i sopropyl ether and dried over phosphorus pentoxide. Yield: 12 g (75 %.
15 1°¢c) Benzyl (S)-2-am no-3-cyclopropyl propionate 1 N sodi um hydr oxi de
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added, the 20 ice bath was .renoved d the pH was kept at 8-9 by further
addition of | N sodium hydroxide solution. After allow ng to stand
overni ght, the dioxane was renoved in vacuo, ethyl acetate was added to
~the wat er phase and the phases were separated. The water phase was

cet at a0 A DR PEs B NS SO 2R oS e Bieel) <l Fats, 25
~the sodi um sul ffate was filtered Sff and the fi ItratﬁI was concegt;ﬁée?rlegted
w th 5324 g ST L Gnd e BBnb eyl & Pl bertiadlerblor FAHCHGBY A2 ne and 18, 8
g ofs D@%7mrﬁcﬂ{zmeﬂﬁdxya&boﬁﬂémﬁmtmﬁfeﬂw@g}é lahub%mdr(?rédaréd@d?ﬁzover ni ght, the

m xture was filtered [trate was concentrated and the residue was
t r eat e@Miia-FrEtyIpropienicgwiderd metiyt shlereformeis) ead 6t3 ¢ (287 meidl). of Af t er

stirri ﬂ% \}% skl Eggrﬁhl%tﬂzr ifl. 128 i bPTEEAALGS nﬁﬂ&ret\&%g %tH%g%?goeogl ¢ acid was

renove cuo an ue was chroma ograph silica gel

(di ch} tﬁmpmathmfe/r mbb?ﬂalfter SWing to\éthbvetﬁJgHtaar@i flteation) the THPepsember 2005
WO 02/ 072573 .PCT/ EPQ2/ 01917 49
(S) 5. FIHER Re15s 15 1850 AR AR I ety fort-butyl ether and the

yl no2- é@lMﬁ&rﬂPés)\WéH@%ltthe)iﬁ%@bh eamvi@h %&g@ REHU@EO@'&&' 4nd5 9 (23.7 mol)

of DCC were added to a sol ution of

2- met hasyaous wm&wmw@nme @rga@ri: ohRge wes dneqb pegrRodtnt sufate
ant - SoTSHBYHBARR, B £ 2 MRy T 0L s ARG P, (25,
st i r r eelthwtacetaberand hydrogenated in the presence of palladium/carbon (10 % strength;
50 % water). The catalyst was filtered off and 500 ml of water and 10.1 g of sodium
15 carbonate were added to the organic phase. After extraction by shaking and phase
separation, the water phase was stirred at 100 °C for 24 hours. After allowing to
stand overnight, 500 mi of 6N hydrochloric acid were added and the water phase was
extracted three times with methyl tert-butyl ether. The combined organic phases were
~ dried over sodium sulfate and, after ﬁitration, conecentrated in vacuo. The residue was
20 crystallized using diisopropy! ether and the product was filtered off. Yield: 2.88 g |
(51 %).

1e) (S)-2-(4,4- DlmethyI-S (4-(3-(2-methylphenyl)ureido)-3- methoxybenzyl)-.? 5—
dioxoimidazolidin-1-yl)-2-(cyclopropyimethyl)acetic acid

RN1es




tenperature for 4 hours. After allowing to stand overnight and filtration,
the THE was renoved in vacua, the residue was taken fFCPieMREr RYS
tert-butyl ether and the 10 solution was washed twice in each case with
saturated NaHCO3 sol ution and aqueous KHSO4/ K2S04 sol ution. The organic

- phase wawdlezvetizover sodi um sul fate and, after filtrafpir@pizhdie sol vent was
renmoved i n vacuo. The residue was dissolved in ethyl acetate and
hydrogenated in the presence of palladium carbon (10 % strength; 50 %
wat er). The catalyst was filtered & and 500 m of water and 10.1 g of
sodi um 15 carbonate were added to the organic phase. After extraction by
shaki ng and phase separation, the water phase was stirred at 100 C for 24
hour s. 9.Aftnalrof ahlnelnityllifhiuon salttimd 2dM mteyane) woe addedfat 80 Wy dndatrhl ori ¢ aci d

Cor - oo 6 erighoarEe 85 o RadnPY ot ' GREcBko bEFEEmbie Bl Loai i
sul f at ghdiite THF Bftef dtifingpat-a0 *CEONBEMINUBISE the RadtihAidUBevasesi due was 20

crystallized using diisopropyl ether and the product was filtered off.
Yi el d: allpvegl tg wqr@%o éh°C gndgg sdlution of 3:6 g (11.8 mmol) of the compound of

(S r2- = 1Di |- = (B 2 ' 5 i -2,5-
i b5or oS B 28 i B fetnediod 2 p PO B Nk e ORI NS ) o
2005 \WlloD&AG3 2ETR 1PCTCERAZhe Stiifedsfor @ hedrsat 00TC. &8 mi-dFfutiN/hydrodhileria sol uti on

.under of 2.85 ¢

" (2.5Min,hexan wer e, added at -40 rgon,to a sol utio

(1178 PR RSeehO 0 R vt e MieSh. TS B8t s BiBPHR T arPer
Stirrigum @t of MEth tebuPetien fhehabewbRASIphflled afdUuRE or@mic ghdsewed to warm
to O C and a solution of 3:6 g (11.8 nmol) of the conpound of 5 Exanple 1 b

i n 20 wWas washedwithhyatep deigd oyer srevem wtidats gad cafter fibratieaceqneaniated iir e was

I ' : 5mM of IN
ﬁyi‘j@oc h cggi "\2@& ?g{dﬁe&\g r gﬁgﬁeﬁgfg%e?aﬁﬁswé@még e?@%@gﬁ%}ﬂ% (\g/%atgéa. Thce!' resi due
was pquodact dractions30d frdeze Hryimg, Hy33 g 2% of ik tide kempotlthé wehmses wer e

separ at %d aglnd the organi c phase was washed with water, dried over sodium
su'lfatoé’%fﬂ .- after filtration, concentrated in

1f) tert-Butyl (R)}-3-((S)-2-(4,4-dimethyi-3-(4-(3-(2-methylphenyl)ureido)-3-methoxy-
153 benzyl)-2,5-dioxoimidazolidin-1-yl)-2-(cyclopropyimethyljacetylamino)-3-

methylpropionate '

626 mg (1.91 mmol) oijOTU and 308 pul (1.81 mmof) of N,N-diisopropylethylamine

were added successively with ice cooling to a solution of 974 mg (1.91 mmol) of the

compound of Example 1e and 305 mg (1.91 mmol) of tert-butyl (R)-3-amino-

- 20 butanoate in 10 ml of absolute DMF. After stirring at room temperature for 2 hours,
the solvent was removed in vacuo, the residue was dissolved in ethyl acetate and the
ethyl acetate solution was washed successively twice in each case with an aqueous
KHSO4/K2S0, solution, a saturated NaHCQ; solution and water. After drying the -
organic phase over sodium sulfate and filtration, the solvent was removed in vacuo

25 and the residue was chromatographed over silica gel using ethyl acetate/heptane
(1/1). After concentration of the product fractions, 880 mg (71 %) of the title

caompound were obtained.

_ 19) (R)-3-((S)-2-(4,4-Dimethyl-3-(4-(3-(2-methylphenyl)ureido}-3-methoxybenzyl)-
30 2,5-dioxoimidazolidin-1-yl}-2-(cyclopropylmethylacetylamino)-3-methylprapionic acid
880 mg (1.35 mmol) of the compound of Example 1f were treated with 10 ml of 90 %

strength trifluoroacetic acid. After 15 minutes at room temperature, the reaction




10 vacua. The residue was purified by preparative HPLC. After concentration
of the product fractions and freeze drying, 1.33 g (2Sempmber 2005 title
conpound were obtained. 1f) tert-Butyl

(R)-3-((S)-2-(4, 4-di net hyl - 3- (4- (3-(2-net hyl phenyl ) urei do) - 3- met hoxy- 15
benzyl ) - Wdo2@ydx0i m dazol i di n-1-yl)-2-(cycl opropyl nmet pytrmesiot am no) - 3-
nmet hyi propionate 626 ng (1..91 mmol) of TOTU and 308 pl (1.81 mmol) of

- N, N-di i sopropyl et hyl am ne were adgﬁd successively with ice cooling to a
solution of 974 ng (1.91 nmol) of e conpound of Exanple |e and 305 ny
(1.92 mol ) of tert-butyl (R)-3-amno 20 butanoate in 10 m of absolute

 DMF. After stirring at roomtenperature for 2 hours, the solvent was

r enov edibitureweasueencenisated i vaggo e rgkidee wasdakan un inydichkyemethenand t he et hyl

-acet at (o] hed. successj i | Wt h an agueous
cron RAEBE IR 48R TGRS Rak okl G8rbtha At EBIE M e ar vi o
the osigained walkalsen taken upGsldidhlosudtiRdres, and tid dithiaionmtharidshaselwesnt was
removed in vEcuo_ 25 anpd t{%g residue was phrgﬂgg%ﬁgﬁ]ed_over silica gel

usi ng WeHpd theee ey Weipya am? driad ovessspgium GRS @fhe product
fragti i [ 1 | .1 9) :
(R ?’3-( S?nlgﬁg)gqgvggﬂoeﬁ%fgsgh??iva ?Eél%eglu ?@%ﬁ‘gﬁy agﬁr}el o%&é-gmet hoxybenzyl )
30 2, 5drigd. Yield: 730 mg (91 %). _

i OXOi "%g%?— %?Hg( l +2- (cycl opropyl net hyl ) acet yl am no) - 3- et hyl pr opi oni c
acid 8t (L. ) of the conpound of Exanple If were treated with 10
m of 90 % strength trifluoroacetic acid. After 15 mnutes at room
tenperature, the reaction 9 Septenber 2005 WO 021072573 PCT/ EP02/ 01917 51
mi xt ure@m@e oncentrated in vacua. The residue was taken up in

di ghl ) 16 Al i 9T 25 5 [ ted
R e i Y LU S e ity
and t hdioxgiroldezeliret tyhri(gyblapwpyaethyhasttglamito)semethwmopibnit avidt er and dri ed

-over sodiumsul fate. After filtration and 5 concentration in vacuo, the
resi df@gms‘%gken up in acetonitrile/water and freeze

0

| -/ Ja]\ H rONa
O Q N -
- j M : N,—\< 0 W |
N~ N 0 .
H H :
15 '

1.64 m! of 0.1N sodium hydroxide solution were added in portions with stirring to a
suspension of 100 mg (0.168 mmol) of the compound of Example 1 in 10 mi of water
‘and the mixture was stirred at room temperature for 1 hour. After filtering and freeze
drying the filtrate, 104 mg (100 %) of the title compound were obtained.

20 ES(+)MS: 594.3 ((R)-B-((S}-Z-(4,4—dimethyl-S-(4-(3—(2—methylphenyl)ureido)—3—

' methoxybenzyi)-2,5-dioxoimidazolidin-1-yl)-2-(cyclopropytmethyl)acetylamino)-3-
methylpropionic acid + H)*, 616.2 (M*). '

Example 3 _
25 (R)-3-((S)-2-(4,4-Dimethyl-3-(4-(3-(2-methylphenyl)ureido)-3-methoxybenzyl)-2,5-
dioxoimidazolidin-1-yl)-2-(cyclopropylmethyl)acetylamino)-3-methylpropanol




dried. Yield: 730 (91Ia) ES(+)-MS: 594.2 (M+H) + ExanP

(2R)5 3-((9)-2-(4, 4- D| net hyl - 3- (4( 3- (2- net hyl pheny|)ure%‘ﬁ@pemh%?ﬂ%ybenzyn
di oxoi m dazol i di n-| -yi)-2-(cycl opropyl net hyl ) acet yl am no) - 3- net hyl propi oni c
aci d sodmmmsgﬁﬁ ONa 15 1.64 ml of OA N sodi um hydr oxpicggppahéiti on were
added in portions with stirring to a suspension of 100 ng (0.168 mmvl ) of
the conpound of Exanple | in 10 ml of water and the m xture was stirred at
roomtenperature for 1 hour. After *filtering and freeze drying the
filtrate, 104 ng (100 %9 of the title conpound were obtai ned. 20 ES(+)-Ms:
594.3 ((R-3-((S)-2-(4, 4-di net hyl - 3- (4-(3-(2-net hyl phenyl ) urei do) - 3-

met hoxybenzyl ) - 2, 5- di oxoi mi dazol i din-1-y\)-2-(cycl opropyl net hyl ) acetyl am no
) - 3- mathylpropionic acid + H*, $16.2 ). Exanple 3 25

(R) 3 ((S)-2-(4, 4-Di net hyI 3-(4-({3-(2 rretﬁyl phenyl ) ur ei do) - 3- met hoxybenzyl)

yrlam no) - 3- met hyl pr opanol
0 O—I PCT/ EPO2/ 01917 535 ng (1.05
_ _ n 15 m of absolute DVF were treated
vmthlceco s ) I)of HOBT and 260 ng (1.26 nml) 5
of DCC. The X fred for 45 minutes with ice cooling, then 112
ng (1.26 mmol) of (R)-3-am no-3-nethyl propanol wer e added and the m xture

_ was Stirred at
535 mg (1.05 mmol) of the compound of Example 1e in 15 ml of absolute DMF were

~ treated with ice cooling with 140 mg (1.05 mmol) of HOBT and 260 mg (1.26 mmol)
5 of DCC. Thé mixture was stirred for 45 minutes with ice cooling, then 112 mg (1.26
mmol) of (R)-3-amino-3-methylpropanol were added and the mixture was stirred at
room temperature for 2 hours. After allowing to stand overnight, the mixture was .

filtered, the filtrate was concentrated, the residue was dissolved in ethyl acetate and

the'-ethyl acetate phase was washed twice with aqueous KHSO04/K>S0, solution.

10  After drying over sodium sulfate, filtering and concentrating, the residue was
chromatographed over silica gel using ethyl acetate. After-cohcentrating the product
fractions, 423 mg (70 %) of the title compound were obtained.

ES(+)-MS: 580.3 (M+H)"

15 Preparation of (R)-3-amino-3-methylpropanol

5.68 g (149 mmol) of lithium aluminum hydride were added in portions under argon to
a solution of 19.8 g {1 49 mmol) of aluminum trichloride in 250 ml of absolute diethyl
ether and the mixture was heated under reflux for 30 minutes. 6 g (37.7 mmol) of tert-
20 butyl (R)-3-aminobutanoate in 50 ml of absolute diethy! ethef were siowiy added
dropwise and the reaction mixture was heated under reflux for 2 hours, 10.8 ml of
water and 25.3 g of potassium hydroxide, dissolved in 43 ml of water, were then
added dropwise cautiously with ice cooling. The mixture was allowed to stand
overmnight at room temperature, the ether phase was decanted off and'the residue
25 was boiled three times with dichloromethane. The combined organic phases were
dried over sodium sulfate. After filtration and removal of the solvent in vacuo, 2.5 g

(75 %) of the title compound were obtained.




roomtenperature for 2 hours. After allowng to stand aqvernight, the
mxture was filtered, the filtrate was concentrated, 9 SRBIEPEST 4000 was

di ssolved in ethyl acetate and the ethyl acetate phase was washed tw ce
Wit h aqueous KHSO4/ K2SO4 sol ution. 10 After drying over sodiumsulfate,
filteringvaozbresoncentrati ng, the residue was chronat egiaph@iiover silica
gel using ethyl acetate. After concentrating the product fractions, 423 ng
(70 %9 of the title conpound were ghatained. ES(+)-MS: 580.3 (M+H)+ 15
Preparation of (R)-3-am no-3-nethylpropanol 5.68 g (149 mol) of lithium

al um num hydri de were added in portions under argon to a solution of 19.9
g (149 mol) of alum numtrichloride in 250 mM of absolute diethyl ether
and the m xture was heated under reflux for 30 mnutes. 6 g (37.7 muvl) of
tert 2Bxdpil4 (R) - 3-am nobutanoate in 50 m of absolute diethyl ether were
sl ow y add(eigkzdr opw se and the reaction m xture was heated under reflux for

2 hour &) rift doPimefay-Sr4-APril-methyiphesy)) WeidesSimuathendenzidd 5- di ssol ved in
43 m ] ; 1 >ALN 4 » i ling. Th
i xt ur SO G 2R BRRGE AR AL RS T brbiblerh 8, FO00 Na, T

phase was decanted of f and the residue 25 was boiled three tines with
di chl oronet hane. The conbi ned organi c phases were dried over sodium

sulfate. After filtration and renoval of/\the solvent in vacuo, 2.5 g (75
% of the title conmpound were obpai ned Sept enber 2005 WD 02/ 072573 53

PCT/ EPO2/ 01917 Exanple 4 .
(R -3-((S)-2- (4, 4- Di met hy - 3=(%~Sx
reiido)-3-methoxybefRzyl -2, 5. .\ di

H.I en Hy
xoi njfdazpl i df n-
| -yl)-2-(cy r opy et h cet i n0)@e3- nkt hyhpropionamde 5 2 N H
: -—g im—/ O
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H H

131 mg (0.636 mmdl) of DCC were added to a solution of 330 mg (0.555 mmol) of
the compound of Example 1 and 125 mg {0.926 mmol) of HOBT in 5 ml of absolute

10 DMF, the mixture was stirred at room temperature for 1 hour and then 47 yl (0.555
mmol) of a 25 % strength aqueous ammonia solution were added. The mixture was
allowed to stand overnight at room temperature, a further 16 pl of a 25 % strength
aqueous ammonia solution were added and the mixture was stirred for 4 hours. After
filtration, the filtrate was concentrated in vacuo, thé residue was dissoived in ethyl

15 acetate and the ethyl acetate phase was washed twice in each case with an aqueous
KHSO4/K2S0; solution, a saturated NaHCO;3 solution and water. After drying the
organic phase over sodium sulfate and filtering, the solvent was removed in vacuo
and the residue was chromatographed over silica gel using ethyl acetate. After
concentrating the product fractions and freeze drying, 272 mg (82 %) of the title

20 compound were obtained. '

 ES(+)-MS: 593.3

Example 5
(R)-3-((S)-2-(4,4-Dimethyl-3-(4-(3-(2-methylphenyl)ureido)-3-hydroxybenzyl)-2,5-
25  dioxoimidazolidin-1-yl)-2-(cyclopropylmethyl)acetylamino)-3-methylpropionic acid




131 ng (0.636 mMmvl) of DCC were added to a solution of 330 ng (0.555 mmol)
of the conmpound of Exanple | and 125 ng (0.926 nmol )2 8¢PIEMRY 24055 il  of
absolute 10 DWF, the m xture was stirred at roomtenperature for 1 hour and
then 47 pl (0.555 nmmol) of a 25 % strength aqueous ammoni a sol uti on were
added. Twoowortsws e was allowed to stand overni ght atpepRrRiopiaperature, a
further 16 pl of a 25 % strength aqueous ammoni a sol uti on were added and
the m xture was stirred for 4 hour After filtration, the filtrate was
concentrated in vacuo, the residue was dissolved in ethyl 15 acetate and
the ethyl acetate phase was washed twice in each case with an aqueous
KHSO4/ K2SO4 sol ution, a saturated NaHCO3 sol ution and water. After drying
the organic phase over sodiumsulfate d filtering, the solvent was
‘removed in vacuo and the residug was, omat ogr aphed over silica gel
using ethyl acetate. After copcgntrafing,the product fractions and freeze
drying, 272 ng (82 % of the o]

ou g obtained. ES(+)-Ms:

593. 3 Exanple 5 O HO

(R -3-((S)- , 4- geret hg- ( 4N(—3\<( 2- ngt hyl phepy! ) ur ei do) - 3- hydr oxybenzyl )
-2,5 25 ) _

- di oxoi m daz I nH -yﬁ[{) - ycl opr opyl nmet hyl ) acet yl am no) - 3- net hyl propi oni c

-acid 9 Septenmber 2005 WO 02/ 072573 PCT/ EP02/ 01917 54 OH 211 ul of boron
tribrom de were added under argon to a solution of 100 ng (0.169 mmol) of

‘the caonpound of Exanple |I in 20 m of absolute dichiaronefhane at -78 C5
and t_l?gﬁrl"gggl’?@ﬁ I rg&?&'ewﬁﬁédépﬂwgﬂqr%m@r%‘ﬁﬂ“%‘ %l&oﬂlp {Oc cooling. After
30  MibRSf e dnfpould b ExipleCiaH R0 Yf vbssldediichidienirne at Wa <€ separ at ed
and the organic phase was dried over sodiumsulfate. After filtration,

r enpv ndghe feastion mpdwie was alipaeddo warm snif' 6 gvithyae coglingi At&rE0i on by
Pt eparn‘?ibpt;ég ke %Q{’erwa‘é%ﬁﬁcg{

of the € compound "were o %%gaflﬁm%ﬁggg%%akﬁﬁﬁ%%% "9 (36 %0

organic phase was dried over sodium sulfate. After filtration, removal of the solvent in

vacuo, chromatographic purification by preparative HPL.C and freeze drying of the
product fractions, 35 mg (36 %) of the title compound were obtained.
10 ES(+)-MS: 580.2 (M+H)"

Example 6
(R)-3-((S)-2-(4,4-Dimethyl-3-(4-(3-(2-methylphenyl)ureido)-3-hydroxybenzyl)-2,5-

dioxoimidazolidin-1-yl)-2-(cyclopropylmethyhacetylamino)-3-methyipropanol
15 ’ |

5
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o
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488 pl of boron tribromide were added under argon to a solution of 220 mg (0.39

mmol) of the compound of Example 3 in 40 mi of absolute dichloromethane at -78 °C
20 and the reaction mixture was allowed to warm to 0 °C with ice cooling. After 30

minutes at 0 °C, water was cautiously added. The phases were separated, and the

‘organic phase was washed four times with water and dried over sodium suifate. After




Example 6 (R)-3-((S)-2-(4, 4-Di net hyl -3-(4-(3- (2 methg/l phenyl)

urei do) - 3-hyd roxybenzyl)-2, 5- September 2005

di oxoi m-dazol i din-1-yl)-2-(cycl opropyl net hyl ) acet yl am no) - 3- net hyl pr opanoi
15 OH 488 pi of boron tribrom de were added under argon to a sol ution of
220 ng (&ve@/072smol ) of the conpound of Exanple 3 in 4@cweEpmfoiabsol ute

di chi oronet hane at -78 C 20 and the reaction m xture was allowed to warmto
O Cwith ice cooling. After 30 m es at 0 C, water was cautiously added.
The phases were separated, and the ““organi c phase was washed four tines
with water and dri ed over sodiumsulfate. After 9 Septenber 2005 WO

02/ 072573, PCT/ EPO 917 55 filtration, reno al % t he sol vent  in vacua,
chronaf'B'@F‘%HP@O}Sé eo@ﬂ\ieﬁh'nﬁﬂaclé?e‘ﬂ‘&‘?@?‘iﬂg@ JARLETICReN Y ESRATAING ng of t he
pr oducyp t i ned.

D) kl/sf_ba%'fo‘ @éb?moﬁfmd‘& the pr ép(f@h(:?fra&f&ﬁs 81§ (SPID IS titeSofnRRha

(R) - 3- we&glﬁam&dzl D met hyl - 3- (4- ( 3- phenyl ur ei do) - 3- net hoxybenzyl )-2, 5

di oxoi 2- (cycl opr opyi net hyl ) acet yl am no) - 3- net hyl propi oni c
acid gé%]\%@ M¥H4 ( 3- Phenyl ur ei do) - 3- met hoxybenzyl chloride 7.55 m
(108.4 mmol) of thionyl chloride were added dropwi se to a suspension of

14. 07 (51 7 mmol ) of 4-(3-phenyl ureido)-3-nmet hoxybenzyl al cohol (prepared
as SEXRIBRII Thed- i n Exanpl e 1, phenyl isocyanate -being enployed instead of

3 ret hﬁ RIBSYb. (1 AUHRRA el B-oR8RY HeicRl- hbbRLRRBfige. The i xture was

~then_ s
dtoxmm[dazohdm 1-yl)-2-(cyclopropylmethyl)acetyfammo) -3-methylpropionic acid

10

7a} 4-(3-Phenylureido)-3-methoxybenzyl chloride
- 7.55 ml (103.4 mmol) of thionyl chloride were added dropwise to a suspension of |
14.07 g (51.7 mmol) of 4-(3-phenylureido)-3-methoxybenzyl alcohol (prepared as
15 described in Example 1, phenyl isocyanate being employed instead of 2-
methylphenyl isocyanate) in 200 ml of dichloromethane. The mixture was then stirred
at room temperature for 2 hours, allowed to.stand overnight and poured onfo 800 ml
of heptane, The heptane was decanted off from the separated oil, the residue was
suspended several times in heptane and in each case the heptane was decanted off.
20 The residue was dissolved in 100 ml of dichloromethane and added dropwise to 800
ml of diisopropyl ether. The mixture was stirred for 1 hour with ice coaling, and the
product was filtered off with suction, washed with diisopropy! ether and dried in

vacuao.

25 7b) (S)-2-(4,4-Dimethyl-3-(4-(3-phenylureido)-3-methoxybenzyl)-2,5-
~ dioxoimidazolidin-1-yl)-2-(cyclopropylmethyl)acetic acid | '




at roomtenperature for 2 hours, allowed to-stand overni ght and poured onto
800 mMl  of heptane. The heptane was decanted of f fron? Ereteadsared%®ed oil
the resi due was suspended several tines in heptane and in each case the
hept ane was decanted off. 20 The residue was dissolved in 100 m of

~di chi or ot h2amg7and added dropwi se to 800 m of diispefemslensyher. The

m xture was stirred for 1 hour with ice cooling, and the product was
filtered off with suction, washed \gﬁth di | sopropyl ether and dried in
vacuo. 25 7b) | 6

(S)-2-(4, 4-D met hyl - 3- (4- (3- phenyl ur ei do) - 3- met hoxybenzyl ) - 2, 5-

di oxoi m dazolidin-1-yl)-2-(cycl opropyl nethyl)acetic acid 9 Septenber 2005
WO 02/ 072573 PCT/ EP02/ 01917 56 9.32 mi an n-butyllithiumsolution (2.5M
in hexane) were added at -40 C ungder ntoa solution of 2.8 g (11.6
mol ) of the conpound of Exanp|e
stirring at -40 C for 30/m’ nut
to 0 C and a solutiegn ofp 5. 07
in 20 m of N-nethylf2-pyrrolid

thelreagyjon mxture was allowed to warm
W of the compound of Exanple 7a

dded. The reaction m xture was

al l owed to wh tol}l Cpg it s hen~stirred for 2 hours at 0 C 15 n

of I N hyd onkc E re added, the THF was renoved in vacuo and the

resi due was I0 poured onto 300 ml of nethyl tert-butyl ether. The phases

were separated, and the organic phase was washed with water, dried over

. sodiumsul fate and, after filtration, concentrated in vacuo. The residue

was pud.Beindaf by ngrusylithiati scdutidRl{Z.5MNnthexane)omereraddead ab#001C witder pr oduct

f S A sSKESS A8y (15 8FARo o Ha%oriselnd®r Efartbie o inenfdr! | @ compound
(R) 53- dsolute THE, ArE} stRfifty4t-30 (@ fdrBONRROWsU iRl rdadtiop-miup@wrbenzyl ) - 2, 5-

di oxoi m dazol i di n-1-yl )-2-(cycl opropyl met hyl )acectafyl am no) - 3- net hyl pr opi oni c
aci d TRllewes i vaHy vaQs(’x)ﬁﬂdaﬁ sraetionR{19ato 1 44 menakalitpe eompeghef 20" ng (0. 242

E”;;)l é_lg{rﬁmrfgg?a%‘?%% RENGhetRiRYFolidBnd Wds 38088, Trid 4&idhidur@ vakent - butyl
allowed to warm to 0 °C and it was then stirred for 2 hours at 0 °C. 15 mi of 1N
hydrochloric acid were added, the THF was removed in vacuo and the residue was

10 poured onto 300 ml of methyl tert-butyl ether. The phases were separated, and the
organic phase was washed with water, dried over sodium sulifate and, after filtration,
concentrated in vacuo. The residue was purified by preparative HPLC. After _
concentration of the product fractions and subsequent freeze drying, 484 mg (8 %) of
the title compound were obtained. |

15

- Tc) (R)-S-((S)-2—(4,4—Dimethyi~3-(4—(3-phenylureido)-S-methbxybenzyl)—Z,5—
dioxoimidazolidin-1-yl)-2-(cyclopropyimethyl)acetylamino)-3-methylpropionic acid
The compound was obtained analogously fo Example 1 from 120 mg (0.242 mmot) of
the compound of Example 7b and 38 mg (0.242 mmol) of tert-butyf (R)-3-amino-

20  butanoate by coupling, chromatographib purification, cleavage of the tert-butyl ester
and freeze drying. Yield: 113 mg (81 %).

ES(+)-MS: 580.2 (M+H)"

Example 8 , :
25 (R)—3—((S)—2—(4,4-Dimethyt¥3-(4-(3-phenylureido)—B—methoxybenzyl)—2,5—
- dioxoimidazalidin-1-yl)-2-(cyclopropylmethyl)acetylamino)-3-methyl propanol




20 but anoate by coupling, chromatographic purification, cleavage of the
tert-butyl ester and freeze drying. Yield: 113 ng (8ds8ptembSt 2005V5: 580. 2
(Md- H Exanple 8 25.

- (R -3--((S)-2-(4, 4-Di net hyl - 3- (4- (3- phenyl ur ei do) - 3- net hoxybenzyl ) - 2, 5-

di oxoi m awxedargizn- 1-yl ) - 2- (cycl opr opyl net hyl ) acet yl ampaoxe@omat hyl pr opanol

9 Septenber 2005 WO 02/ 072573 57 PCT/ EP02/ 01917 The conpound was prepared
anal ogously to Exanple 3 from 172 n? (0.348 nmol) of the conpound of
"Exanple 7b and 31 ng (0.417 nmmol) of (R)-3-am no-3 5 nethyl propanol (see
Exanpl e 3) by coupling, chromatographic purification (ethyl

acet at'e/ hept ane, 911), concentration of the product fractions and freeze
drying. Yield: 117 ng (59 %. ES(+)-Ms: /%66.3 (MH)~' 10 Exanple 9 Et hyl
3-((S)-2-(4, 4-di met hyl -3-(4-(3-(2pneth nyl ) ur ei do) - 3- met hoxybenzyl )-2,5
- di oxoi m dazol i di n-| _
-yi)-2-(cycl opropyf net hyl/5 ace 3- (\3- pydylowro pion ate 15 0 N N
'H H 129 ng (0.393 ol Qof TOTY a 64 1pl . 374 mol ) of

N, N- di i sopr opy thy{lﬁm ne—wer e ed wiigh ilce cooling to a solution of 200
mg (0.393 @. NEhR @.. of \yExanple | d and 76.4 nmg (0.393 mol) of
-ethyl 3-am n¥g (3HpyH dyW)-propi onate (for preparation see J. G Rico et

al., J. Og. Chem 58 (1993) 7948) in 5 mM of absolute 20 DIVI . After
"stirring at roomtenperature for 30 mnutes, the solvent was renoved in

B B R e TRy D EShIe e 32 d R 2t 212
NaHCCB op e WtoliiduAd 8 Example 7b and 31 mg (0.417 mmol) of (R)-3-amino-3-
5 methylpropanol (see Example 3) by coupling, chromatographic purification (ethy!
acetate/heptane, 9/1), concentration of the product fractions and freeze drying. Yield:
117 mg (59 %).
ES(+)-MS: 566.3 (M+H)"

10 Example 9
| Ethyl 3-((S)-2-(4,4-dimethyl-3-(4-(3-(2-methylphenylureido)-3-methoxybenzyf)-2,5-
dioxoimidazolidin-1-yl)-2-(cyclopropyimethyl)acetylamino)}-3-(3-pyridyl)propionate

@]

O\

=
2T
<o

15
| 129 mg (0.393 mmol) of TOTU and 64 pl (0.374 mmol) of N,N-diisopropylethylamine
were added with ice cooling to a solution of 200 mg {0.393 mmol) of the compound of
Example 1d and 76.4 mg (0.393 mmol) of ethyl 3-amino-3-(3-pyridyl)propionate (for
preparation see J. G. Rico et al,, J. Org. Chem. 58 (1993) 7948) in 5 mi of absolute
20 DMF. After stirring at room temperature for 30 minutes, the solvent was removed in
vacuo and the residue was taken up in ethyl acetate. The ethyl acetate solution was

washed successively twice in each case with a saturated NaHCO; solution and




9 Septenber 2005 WO 021072573 PCT/ EP02/ 01917 58 water. After drying the
organi ¢ phase over sodiumsulfate and filtering, the ®8éptember 2@S r enoved
in vacuo and the residue was chronat ographed over silica gel using ethyl
acetate. After concentrating the product fractions, 195 nmg (72 % of the
title covpouwrgrivere obtai ned. ES(+)-Ms: 685.4 (|V|+H)-'p(jﬁ}gﬁfmiﬁ7 10
-3-((9) - 2 (4, 4-"i met hyl - 3- (4- (3- (2- net hyl phenyl ) ur ei do) - 3- met hoxybenzyl ) - 2;
5-

di oxoi m dazol i din-1-yl)-2-(cycl opr opy[ met hyl ) acet yl am no) - 3- (3- pyri dyl ) prop
ionic acid 10 hydrochloride OHH O 0.82 m (0.82 nmmol) of a 1 M aqueous

i thi um hydrOX| de sol ution added to a t|on f 141 nmg (0. 206
mol ) SRRTHRTYEREBa e YParg R eeo‘@rlsﬂd*?”h%ﬂflfﬁ ‘"54‘ Ll %ﬁ WY the reacti on
m xtur g, Bvéog\‘\%cﬁ@aﬁﬂ t?‘:'é%QHl?é %Q%ro%atéé@ﬁhed @)E?%ﬂl@é QéIGUSIﬁEﬁe net hanol
was then renove

n vacuo, the residue was ad]usted H 2 using IN
hydr oc bthyt acetatei ﬁﬂamnc%ramhgthﬁwod@ﬁfﬁa@mnﬁbﬁﬂ@dmr% élﬂﬁ)t'ﬂel'he resi due
was. chronat o 583} silica gel using dichloronethane/ nethanol |l gl aci al .
20 acefP'UP 3‘@%""&& a'f‘ 1510.5/0.5). After concentrating the product
fragti gBgr)-MbeasRs(Mel)” was treated with 1.1 equivalents of IN hydrochloric
acid and freeze dried. Yield: 120 ng (89 %9. ES(+)-Ms: 657.4 (MrH) + 25
Exanpl e 11 9 Septenber 2005 WO 02/ 072573 PCT/ EP02101917 59

Exampie 10
3-((S)-2-(4 4-Dimethyl-3-(4-(3-(2-methylphenyl)ureido)-3-methoxybenzyl)-2,5-
dioxoimidazolidin-1-yl}-2-(cyclopropylmethyl)acetylamino)-3-(3-pyridyl)propionic acid
10 hydrochloride

H--Cl

0.82 ml (0.82 mmol) of a 1M aqueous lithium hydroxide solution was added to a
15 solution of 141 mg (0.206 mmol} of the compound of Example 9 in T.25|ml' of
 methanol and the reaction mixture was allowed to stand overnight at room

temperature. The methanol was then removed in vacuo, the residue was adjusted to
pH 2 using 1N hydrochloric acid and the mixture was concentrated in vacuo. The
residue was chromatographed over silica gel using dichloromethane/methanol/glacial

120 * acetic acid/water (85/6/0.5/0.5). After concentrating the product fractions, the residue
was treated with 1.1 equivalents of 1N hydrochloric acid and freeze dried. Yield: 120
mg (89 %). '
ES(+)-MS: 657.4 (M+H)"

25 Example 11




- conpound of Exanple 1d and 7
Q
. (2993) . 7948

| sopropyl 3-((S)-2-(4,4-dimethyl-3-(4-(3-(2-nethyl ph enyl )u

rei do) - 3- net hoxybenzyl )- 2, 5-di oxoi m dazol i di n-| 9 September 2005
-yl)-2-(cycl opropyl net hyl ) acet yl am no)-3-(3-pyridyl)propion ate 5 56 p
(0.731 nmmol) of isopropanol and 23.6 ng (0.193 mml) of 4-

di et hy| and omqys78 di ne were added to a suspensi on of 8@cuged2@19422 nmmol ) of
the conmpound of Exanple 11 in 3 m of dichloronethane. 38 ng (0.183 mmol)
of DCC, dissolved in | m of dlchkgronethane were added to the then clear
solution. After 10 stirring at room“tenperature for 2 hours, the m xture
was allowed to stand overnight at roomtenperature. After f||tration t he
filtrate was concentrated in vacuo and the residue was chronatographed

over sil$apEapyhe{ (S Ueft-AlaiatiaSt@(rjd-metiatritesyaeidp)-drinethevheonzyl)-

St oL 9 AR SRR By faghege, 10 o

Exanpl e 12 Et hyl

3-((S)-2-(4, 4-di net hyl - 3- (4- (3-(2-net hyf phenyl ) ur ei do) - 3- net hoxybenzyl )-2,5

t hyl ) acet yl am no) - 3- (4- pyri dyl

- di oxoi m dazolidin-1-yl)-2-(cycl opropyl
73 60 PCT/ EP02/01917 The conpound

) propi onate 20 9 Septenber 2005 W 02/

Det yl 3-am no-3-(4-
t al., J. Og. Chem 58
(IVH-|)+ Exampl e 13

was prepared anal ogously to I;XJ?AI; 9{fropp 200 my (0.393 mol) of the
93N

3- ((S) 2- (4

di oxoi rni dazoI| din-1-yl)- 2(cyc| opr opyl et hyI )acetyl am no) - 3- (4 pyridyl)pro
pion c acid hydrochloride

56 yl (0.731 mmol) of isopropanol and 23.6 mg {0.193 mmol) of 4-
dimethylaminopyridine were added to a suspension of 80 mg (0.122 mmol) of the
compound of Example 11 in 3 mi of dichloromethane. 38 mg (0.183 mmel) of DCC,
dissolved in 1 ml of dichloromethane, were added to the then clear solution. After

10  stirring at room temperature for 2 hours, the mixture was allowed to stand overnight
at room temperature. Aﬂelr filtration, the filirate was concentrated in vacuo and the
residue was chromatographed over silica gel using heptane/ethyl acetate (3/1) and
ethyl acetate/heptane (20/1). After concentrating the product fractions, 70 mg (82 %)
of the titte compound were obtained.” |

15 ES(+)-MS: 699.4 (M+H)"

Example 12

Ethyl 3—((8)»2—(4,4-dimethyI-S-(4-(3-(2-methy!phenyl)ureido)-3-methoxybenzyl)-2,5-
dioxoimidazolidin-1-yl)-2-{cyclopropylmethyl)acetylamino)-3-(4-pyridyl)propionate
20 '




N'N HH 15 The conpound was prepared anal ogously to Exanple 10 from 143 ng
(0.209 mmol) of the conpound of Exanple 12. Yield: XPSegtomb&72003) .
ES(+)-Ms: 657.2 (MrH) "' Exanple 14 20 |sopropyl 3-((S)-2-(4,4-d

i met hyl - 3- (4-(3-(2-nmet hyl phenyi )u reido)- 3-nmet hoxybenzyl) -

2, 5-di oxewgwbazses i di n- 1-yl ) -2- (cycl opropyl met hyl ) acet yt-aapa@io13- (4- pyri dyl)
~propionate 9 Septenber 2005 WO 02/ 072573 PCT/ EP02101917 61 The conpound was
~ prepared anal ogously to Exanple 11éd om 83 ng (0.126 mmol) of the conpound
of Exanple 13. Yield: 34.6 ng (39 ¢ 5 ES(+)-Ms: 699.4 (M-H) + Exanpl e 15
Et hyl

3-((S)-2-(4, 4-di met hyl - 3- (4- (3-(2-net hyl phenyl ) ur ei do) - 3- net hoxyhenzyl )-2,5

onat o 1BE ¥R mRERd e Kok ared SO SREE §5 R O TR KA eI 500 b
(0. 3930frlrerIc)3mmend b’éExammiedddmdf?ﬁEkmgﬂDéQ&ndndmdf athyl8-argin0B-@93 mmol ) of

et hyl 3 %[ngno Bﬁ é@_& r| d '35@4&@@%@@@0%2@ gﬂgﬁlr at I585815%§(ij-58' Riesgg it
(IVHH) +7§483nvieﬁj 180y 974 %), | | |

S 4, 4-Di net h 3-(4-(3-(2-net hyl phenyl ) urei do) - 3- net hoxyhenzyl )-2, 5
; 3-(( )ES(JS)MS 6854(M¥H) (4-(3-( yl phenyl) ) - y yl)-
di oxoi mi dazol i din-1-yl)-2-(cycl opropyl net hyl ) acet yl ani no) - 3- (2- pyri dyI ) prop
ionic acid 9 Septenber 2005 WO 02/072573 PCT/ EP02/ 01917
Example 13

3-((S)-2-(4,4-Dimethyl-3-(4-(3-(2-methylphenyl)ureido)-3-methoxybenzyl)-2,5-
10 dioxoimidazolidin-1-yl)-2- (cyclopropylmethyl)acetylammo) 3-(4-pyridyhpropionic acid
hydrochloride

15 The compound was prepared analogously to Example 10 from 143 mg (0.209 mmol)
of the compound of Example 12. Yield: 126 mg (87 %).
ES(+)-MS: 657.2 (M+H)"

Example 14
- 20 Isopropyt 3-((8)-2-(4,4-dimethyl-3-(4~(3-(2-methyiphenyi)ureido)-3-methoxybenzyl)-
2,5-dioxoimidazolidin-1-yl)}-2-(cyclopropylmethyl)acetylamino)-3-{4-pyridyl)propionate




62 OH The conpound was prepared anal ogously to Exanple 10 from 170 ng
(0.248 mmol) of the conpound of Exanple 15, but was qmeéptempe¥ezdosd i nto the
hydrochl ori de by addition of hydrochloric acid. Yield: 160 ng (98 %.
E.S(+)-Ms: 657.4 (M+H) + Exanple 17 10 | sopropyl

3- ((S) - 2wlclazdsgdiraret hyl - 3- (4- (3- (2- net hyl phenyl ) ur ei de¢tBedalepiihoxybenzyl ) -
2, 5-di oxoi m dazol i di n-1-yl)-2-(cycl opropyl net hyl ) acet yl am no) - 3- ( 2- pyri dyl)
propi onate 0,,,,,, 15 The conpound was prepared anal ogously to Exanple 11
from90 ng (0.137 mmol) of the coﬁ;ﬂound of Exanple 16. Yield: 39 ng (41
%.. ES(+)-Ms: 699.4 (M+H)* Exanple 18 9 Septenber 2005 WO 02/072573

PCT/ EPO2/ 01917 63

(R)-S-((S)-Z-(4, 4-Bi s(trifluoromethyl)-3a(4-(3-(2-nethyl pheny!)ureido)-3-

But oxy 4, 4-bis(trifluoro uta-1, 3Od' ene The conpound was
prepared anal oggousl yy t og [

n rated sul furic acid which
WaJ washed once nore with
concentrat ed Ifuric acid” . and t hen pass into the gas space of the
reaction flask. A reflux condenser filled with acetone/dry ice was fitted
to_the gas outlet of the flask. 15 As described above, a solution of 20 g

(170 rrm) gon?goutn rv;[/ésbéjr%%areg %E?l%&%s‘?y cﬂExamp!e 11 from 83 mg (0.126 mmol})
' of the compound of Example 13. Yield: 34.6 mg (39 %).
5 ES(+)-MS: 699.4 (M+H)"

Example 15

Ethyl 3-((S)-2-(4,4-dimethyi-3-{4-(3-(2-methylphenyilureido)-3-methoxybenzyl)-2,5-

dioxoimidazolidin-1-yl)-2-(cyclopropyimethyl)acetylamino)-3-(2-pyridyl)propionate
10

The compound was prepared analogously to Example 9 from 200 mg (0.393 mmol)

of the compound of Example 1d and 76.4 mg (0.393 mmol) of ethyi 3~a'mino-3-(2-
15 pyridyl)propionate (for preparation see J. G. Rico et al., J. Org. Chem. 58 (1993)

7948). Yield: 226 mg (84 %).

ES(+)-MS: 685.4 (M+H)"

Example 16 _
20 3+{(S)-2-(4,4-Dimethyl-3-(4-(3-(2-methylphenyl)ureido)-3-methoxybenzyl)-2,5-
dioxoimidazolidin-1-y1)-2-(cyclopropylmethyl)acetylaming)-3-(2-pyridyl Jpropionic acid




of dichl oromet hane was reacted wi th anhydrous gaseous HFA until the
reaction solution was saturated. The solvent was ren®ggstember20050 and the
resul ting crude 2-

t ert-but oxycar bonyl am no- 2- hydroxy-1, 1, 1, 3, 3, 3- hexaf | uor opr opane (yield:
48.3 g, wido¥s7vas used in the subsequent reaction speprpRickd- 6 g of
trifluoroacetic anhydride and subsequently 5 drops of quinoline were added
dropwise at 0 Cto a solution of 5 5 g (176 mol ) of

2-tert-but oxycarbonylam no- 2-hydroXy-1, 1,1, 3, 3, 3-hexafl uoropropane in 300
m of diethyl ether. After stirring at 0 C for 10 mnutes, a further 27.2
g of trifluoroacetic anhydride were added dropw se. 25 The reaction m xture
was stirred at 0 C (external tenperature) for 30 mnutes, the interna
‘tenperature of the mxture rising to 8-1Q C. After cooling to 0 C, 50.019
(388 mmol ) of quinoline were added, the i fluoroacetic acid salt of

gui noline 9 Septenber 2005 WO 02/M7257 / EP02/ 01917 64 beginning to
crystallize. After stirripg at\0 for the m xture was filtered.

" Residual salt was r Egp € di€HIlling it in vacuo into
~a receiver flas §g?

with a et ne/ d

distilled th a gr . 3602 703/() of the title conmpound
wer e obt ai ng soti n @ 126-Q30 C. |18by' (S) - p- Cycl opropyl al ani ne
tert-butyl e%ter 3s mol ) of (S)-x3-<ycl opropyl al ani ne were added

‘at_roomtenperature to a m xture of 50 m of dioxane and 5 m of
concentrated sulfuric acid (prepared by 10 cautious dropw se addi tion of
t he ach_g to dioxane at 5 C). The solution was transferred into _a sealing
tube i %C@WPWWW@WQC&@@MM@W earaple dRdears d 40 gig (07348 mmolihe seal ed

tub ker. Aft
ubg “@ﬁhb%@ﬁgéseaﬁﬁ%@‘??‘ lSLﬁ%‘%rr% E:’c?}rﬁre?t@& H% tﬁlé’h&{o%&{‘orﬁle er er

-.opening of th Wrth coo e reaction mxture was
caut i oadditjon ofriydmdhiosid acidt Siekd: slﬁDmga@Br%)(ture cooled to 0 C, of 30 m of

br oduct ST 0BT h other (2x50 m). ATter drying the ether phases.
over magnesium sul fate, filtering and ‘
_ Example 17
10 Isopropyl 3-((S)-2-(4,4-dimethyl-3-(4-(3-(2-methylphenylureido)-3-methoxybenzyl)-
2,5-dioxoimidazoiidin--1-yl)—2-(cyclopropylmethyl)acetylamino')-3-(2-pyridyl)propionate

*@j& °N/|N°OY

r=
Iz

15 The compound was prepared analogously to Example 11 from 90 mg (0.137 mmol)
of the compound of Exampie 186. Yield: 39 mg (41 %).
ES(+)-MS: 699.4 (M+H)*

Example 18




renovi ng the solvent in vacua, the crude product obtained (pale yellow oil)
was enployed in the subsequent reaction w thout furthgeptembef 2EEt i on.
Yield 4.2 g (84 % . 20 18c) (S)-N Fornyl-f3-cycl opropyl al anine tert-butyl
ester A mxture of 10 g (54 mml) of (S)-J3-cyclopropyl al anine tert-butyl
ester angydlozf7873 (55.2 mmol ) of cyanonet hyl fornmate i podRhhzgtorPf

di chl oronet hane was stirred overnight at roomtenperature. After renoving
t he sol vent in vacuo, the residue tained was distilled in vacuo. Yield: -
8.8 g (76 o). Boiling point 120 C Pa (0.3 25 torr). 18d) tert-Butyl
(S)-2- (4 4-bis(trifluoronethyl)-2,5-di oxoi m dazolidin-1-yl)-2-

S TRt b g A 1 500
(S)- NH%tHMyb@na@ bapsomibalaetn Lol bbb Ashiaandafine)8. (24. 7 mmo! )

of triethyllam m  of |ch oronet ha ereatlon sol ution
was al nmxbﬂpmologlcm enber 2005 V\D 02/ 072573 65 PCT/ EP02/ 01917 warmto -15
Cin the course of 1 hour and stirring was continued at this tenperature
until the reaction was conplete. The reaction solution was then washed
twice at roomtenperature with 7. % strength sodi um hydrogencar bonat e
solution and the organic phase was dri over magnesi um sul fate. After
filtration, the sol vent vvas SE; N vacuo and the residue was taken up -
3

in 70 m of benzene. 1) g

2-tert-butoxy-4,4-Dbi (t -8 M- 1,3-diene in 10 m of
benzene were added i sol uttior] at roomterrperature The
reaction sq on ghtoco 60 CCand benzene was then

renoved in v . hr omat ogr aphed over silica gel (eluent:
pet 6ol eum et ket ety 7103 = 811). Vield: 3.7 g (78 %. Melting
point: 76-77 C. [a]2 =28 (¢ =1, CHCI3). | 8e)
(S)-2-(4,4-Bis(triffuoronethyl)-2,5-di oxoi mdazoiidin-I-yl)-2-

(cycl otﬂa)mfienmd’ig)ky)ladéiis(tnﬂaonod:ethyl) 1,3-oxazabuta-1,3-diene

The compound was prepared analogously to W. Steglich et al., Chem. Ber. 107
_ (1974), 1488-1498. For the preparation of anhydrous hexafluoroacetone (HFA), HFA
10 trihydrate was added dropwise to concentrated sulfuric acid which had been warmed
to 80 °C. The resulting gas was washed once more with concentrated suffuric acid
and then passed into the gas space of the reaction flask. A reflux condenser filled
with acetone/dry ice was fitted to the gas outlet of the flask. '

15 " As described abave, a solution of 20 g (170 mmol) of tert-butyl carbamate in 150 mi
 of dichloromethane was reacted with anhydrous gaseous HFA until the reaction

solution was saturated. The solvent was removed in vacuo and the resulting crude 2-
tert-butoxycarbonylamino-2-hydroxy-1,1,1,3,3,3-hexaflucropropane (yield: 48.3 g,
100 %) was used in‘the subsequent reaction step.

20
13.6 g of triflucroacetic anhydride and subsequently 5 drops of quinoline were added
dropwise at 0 °C to a solution of 50.05 g (176 mmol) of 2-tert-butoxycarbonylamino-
2-hydroxy-1,1,1,3,3,3-hexafluoropropane in 300 ml of diethyl ether. After stirring at 0
°C for 10 minutes, a further 27.2 g of trifluoroacetic anhydride were added dropwise.

25 The reaction mixture was stirred at 0 °C (extefnaf temperature) for 30 minutes, the
internal temperature of the mixture rising to 8-10 °C. After cooling to 0 °C, 50.01 ¢
.(388 mmol) of quinoline were added, the trifluoroacetic acid salt of quinoline




15 A solution of 7 g (17.3 mml) of the conpound of Exanple 18d in 20 m of
di chl oronet hane was added at 10 C to a m xture of 30 9vGemtémbed 2dogor oacetic
acid and 50 m of dichloronethane and the m xture was stirred at room
tenperature for 16 hours. After renoval of trifluoroacetic acid and

di chl or oRpg pARss73 N vacuo, 5.9 g (98 % of the title q,gmpwbggly\ere
obtained. 20 Melting point: 123-125 C, [42 = -26 (¢ = 2, nethanol). 18f)

(S)-2-(4,4-Bis(trifluoromethyl)-3-(4-(3-(2-nethyl phenyl)ureido)-3-nethoxybe
nzyl )- 2, 5-di oxoi nidazoiidin-1 yl)-% (cycl opropyl nethyl )acetic acid 25 N N
H H 9 Septenmber 2005 WO 02/072573 66 PCT/ EP02/01917 3.2 m of an

n-butyllithiumsolution (2.5 Min hexane) were added at -40 *C under argon
to a sd:ieginintr@ tofcryﬂatﬁl@zegAﬁérs’mirig)atcﬁ)f"ﬁﬂme2d1mmﬁ)tth&jmixturémsrﬁltereﬂi8e in 40 m of

g? |S?|r :J:fge al §%{]\§?$ %ﬁgé)l ggf%fﬁa"fl[t@t%ﬁip% {Hf‘?‘ﬁ iy vacu\é\)@nto at r%ce?we% fYVisI(h
4- (13- ( %omtﬂwﬂhmmﬂe)dw Qdedq’he disiRid sy Brizdistiled iabigea @;gr@wZO m  of

absol ute THF was added and the reaction m xture was stirred at _room

t enper &OWM. 8612 B (Hotw Qf th@@ﬂ%:orawom Mf«?f?d}b@mdaﬁ@ma@pwtméz%?a@ded and THF
was prepoved in vacuo. The aqueous phase was extracted tw ce with methyl
tert butyl ether. The conbi ned organic phases were dried over sodium
sulfate and, after filtration, concentrated in vacuo. The residue was
purifi 10 concentration of the product

HPLC.
| fractigggfé% gygr aébﬁglﬁﬂﬁﬁ%r&éﬂiﬁ%@w % of the title conpound were
obt ai t - = -
othyl pReng 5731 miniB of 6)-Blayfrobbpfialniicliiare ddBEO APIORH) il duieto e’
n-1-yl )n:ﬁu(eoqfcﬂﬂopmmycbxmemyld)Sanleifxcbménln'a)ed%ulfmﬁc et ffyreparedibgni ¢ aci d The

Elhgda %guto%gnrop?vﬁge ggdrg 81!tne acﬁ?o gIOXE(l:t'I;é gteg é) Tﬁé%gfﬁllonsw%sf and 1 g from

transferred into a sealing tube into which 40 ml of isobutylene were condensed at -78
°C. The sealed tube was then shaken at room temperature for 24 hours on a shaker.
After opening of the sealed tube (with cooling), the reaction mixture was cautiously
infroduced into a stirred mixture, cooled to 0 °C, of 30 ml of triethylamine and 50 mil
15 of water. After removing excess isobutylene, the product was extracted with ether
(2x50 ml). After drying the ether phases over magnesium sulfate, filtering and
removing the solvent in vacuo, the crude product obtained (pale yellow oil) was
employed in the subsequent reaction without further purification. Yield 4.2 g (84 %).

20 18c) (8)-N-Formyi-p-cyclopropylalanine tert-butyl ester
A mixture of 10 g (54 mmol) of (8)-B-cyclopropylalanine tert-butyl ester and 4.7 g
(55.2 mmol) of cyanomethyl formate in 100 ml of dichloromethane was stired
overnight at room temperature. After removing the solvent in vacuo, the residue
_ ~ obtained was distilled in vacuo. Yield: 8.8 g (76 %). Boii‘ing point 120 °C/40 Pa (0.3
- 25 o). 7

18d) tert-Butyl (8)-2-(4,4-bis(trifluoromethyl)-2, 5-dioxoimidazolidin-1-yl)-2-
(cyclopropylmethyl)acetate
2.4 g (12.1 mmoi) of diphosgene were added at -30 °C to a solution of 2.5 g {11.7

| 30 mmol) of (8)-N-formyl-g-cyclopropylalanine tert-butyl ester and 2.5 g (24.7 mmol) of
triethylamine in 100 ml of dry dichloromethane. The reaction solution was afowed to




conpound of Exanple 18f and tent butyl (R)-3-am nobutanoate by coupling and
~ subsequent cleavage of the tert-butyl ester. 20 Exan® Sepk8mber 2005
(S)-3-((S)-2-(4,4-Bis(t(fluoromnethyl)-3-(4-(3-(2-nethyl phenyl)ureido)-3-
met hoxybenzyl ) - 2, 5- di oxoi mi dazol i di n-1-yl)-2-(cycl opropyl net hyl ) acetyl am no
) - 3- phemyo @ophonic acid 25 CHO NN H H 9 Septenbepceftholdy 02/ 072573
- PCT/ EP02/ 01917 67 19a) Et hyl
(S)-3-((S)-2-(4,4-bis(trifluoronet )-3-(4-(3-(2-m et hyl phenyi ) urei do) - 3-
met hoxybenzyl ) - 2, 5- di oxoi m dazol | divtt 1-yl ) -2-(cycl opropyl net hyl ) acet yl am no
)-3- ph enyl propionate 748 ng (2.28 mmol ) of TOTU
(O ((cyano( et hoxycar bonyl e) net hyl ene)am no)- 5 N, N,N , N -tetranethyl uroni um
t et r af Iwssmdbetat@)n tedosee, of 1dfounang anrftgsa)wa@gslnhm@d@tweﬁwemw@ added at 0

Cto a s tions. of 1.4 2 | e 18f and
442 ny Lt“ghg% "SREIPY Wep h‘@?tg @%8@% 8%' ﬂ}’a %?@%%‘]ge‘ﬂ{""‘:@%ﬁnpzo m - of
absol utrgorltempératre wiam %%tr@@@ﬂi)sod»ﬁﬁifwdr@genbarbmgat&tsdeﬁnmahélﬂrferature for |

hour, the DMF was renpved in vacyo, r was_ t ak up in ethyl
acet at OT9aNF phRSEWRS @t%nveaar@ga@%wgép ﬁoﬁéﬂ&@r%&@&% Bk vel y with an

aquepus, rﬁb‘m%%h%%é%‘aﬁﬁma feSidue Was #keh & Tb‘?fr'ﬂ'%%eﬁﬁdét BoB gAndonater. After

drying t organi c ase over sodiumsulfate and filtering, the solvent
was rermmelﬁioi Z}tarabutoxy-éﬁﬂebls(lfrélupm&imé) Wéslxambiﬁmﬁ‘gdiam@cﬂwwf silica gel

usi ng t@?’n%?vé%t]eh%dﬂgs [dfq;ﬁ@get@ﬁ%ﬁhyh% aF%B&etng%}étﬂr% ‘rh‘é? ré%rcffcgr’rmt fractions,

1.48. 9
solution was heated overnight to 60 °C and benzene was then removed in vacuo.

The residue was chromatographed over silica gel (eluent: petroleum ether/ethyl
10 acetate = 8/1). Yield: 3.7 g (78 %). Melting point: 76-77 °C. [a]®=-28"(c =1,
CHCl3).

18e) (8)-2-(4,4-Bis(triflucromethyl)-2,5-dioxoimidazolidin-1-yf)-2-
(cyclopropyimethyl)acetic acid

15 A solution of 7 g (17.3 mmol) of the compound of Example 18d in 20 mi of
dichloromethane was added at 10 °C to a mixture of 30 m! of triflucroacetic acid and
50 m! of dichloromethane and the mixture was stirred at room temperature for 16
hours. After removal of triflucroacetic acid and dichloromethane in vacuo, 5.9 g (98
%) of the title compound were obtained.

20 Melting point; 123-125 °C, [u]® = 26° {c = 2, methanol).

18f) (S)-2-(4,4-Bis(trifluoromethyl)-3-(4-(3-(2-methylphenyl)ureido)- S-methoxybenzyl)-
2,5- dioxoimidazolidin-1 -yl)-2-(cyclopropylmethyl)acetic acid

25




15 were obtai ned. 19b)

(S)-3-((S)-2-(4,4-Bis(trifluoronethyl)-3-(4-(3-(2- mretdgshbapyi J005ei do) - 3-
met hoxybenzyl) - 2,
5- di oxoi mdazolldl n-1-yl)-2-(cycl opropyl net hyl ) acet yl am no) - 3-

phenyl pr qrj @pbBraci d 20 A solution of 1.46 g (1.84 ITTTPb}fEﬂ)fzmiM conmpound of
Exanple 19a in 40 m of N nethyl-2-pyrrolidone and 20

hydrochl oric acid was heated to 60 C for 6 hours. After coollng to room
temperature, the reaction mxture W& poured onto 300 m of water, and
the. precipitate was filtered off with suction, washed with water and -
dried over phosphorus pentoxide. The crude product was chronmat ographed

tw ce 32 mMefansi-butglithjyen s¢latiere(®3 Mdn dnbkmeomrmadmm%aﬁiilmdﬂeti c

acid/ water = 95 /0.5/0.5),., Af concentr n t.he. duct fractions,
the redigdndo aseiuf U?‘é‘ll@% 8% Q)(ﬁ m‘HP@H %‘P&H@Pﬁ‘é (go l‘-;)éa 315?52%[?@?B¢1ase was
washedayd lheWFFeThé%cﬂbhﬁﬂxtQ:\é%as %Weu%%%%@ *CAlittestirfind, tar at i on, renoval

of t he solvent in vacuo and freeze 1.19 g (85 % of the title

mpouseluticref 2o g Shethol B %((%m%ylpé@w greqdm&memmr@yww Sept enber

| (2%??’3\/\%(%5“@0 Zé? %C@%IE@%%{ %ﬁgéme?ﬁqu r)e giopimzcg:r?ya S%lﬁe?a rgﬁml )-ur ei do) - 3-
rTEIt ;l?éwnﬁjw( ; tu)ﬁ-flar %zgdu?xgdé gﬂ't! da:tkrslr:Hrylrgrochl?ﬂlc acid wer? gdd%dn?réd THF was 208)

N For rigaveh autacie: Tée basrmibiotase vks Senra Mbe ety Rikudtyout

anal 098[‘H§+ th%oh%w@d%?% Eh%es WepY 'E!Flél?@lréi s@agf@@n sulfafe 8&d, aficpol ution of 4.04

g (40 ) of trieth e in 10 di chl or omet hane _ 10 vvas added at O
C to afiltalian pmveotra@dguvgcqcué" hﬁﬁeﬂtquedﬂa&pwréﬁduhy@rew@ﬂ\tﬁ}ﬂmC sy

o 4h P et ™ ik Sl TR Ao SR 4 BT IO, O

t enper @inusctind were obtained.

18g) (R)-3-((S)-2-(4,4-Bis(trifluoromethyl)-3-(4-(3-(2-methylphenyl)ureido)-3-
methoxybenzyl)-2,5-dioxoimidazolidin-1-yi}-2-(cyclopropylmethyl)acetylamino)-3-
15 methylpropionic acid

The title compound can be obtained as described in Examples 1f and 1g from the
compound of Example 18f and tert-butyl {(R)-3-aminobutanoate by coupling and
subsequent cleavage of the tert-butyl ester.

20

~ Example 19

(8)-3-((S)-2-(4,4-Bis(trifluoromethyl)-3-(4-(3-(2-methylphenyl)ureido)-3-
methoxybenzyl)-2,5-dioxoimidazolidin-1-yl)-2-(cyclopropylmethyl)acetylamino)-3-
phenylpropionic acid

25 |
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stirred overnight at roomtenperature and then washed twi ce with saturated
NaC ~solution. The phases were separated and the or gagkgteRipesgoos dri ed
over 15 magnesiumsulfate. After filtration and renoval of the solvent in
vacuo, the residue. obtained was distilled in vacuo. Yield: 7.5 g (87 %.

Boi |i ng | Rlorrsi1l8 Cl2.7 Pa (0.02 torr). 20b) tert-B
(9)-2- (4@%{0?5%(f| uor onet hyl ) - 2, 5- di oxoi i dazol i di n- ?a’kl))"mlg(”’
met hyl propyl )acetate 2.4 g (12.1 rrm)l) of di phosgene were added at -30 Cto
a solution of 2.5 g (11.6 mmol) ofo? N-fornyl-L-1eucine tert-butyl ester and
2.59g (24.7 mol) of triethylamine in 100 m of dry dichl oronmethane. The

reaction solution was allowed to warmto -10 C in the course of 1 hour and

stirri t@)ﬁbylc{ﬁ)ﬁﬁi((ﬁ)@e@&t -bisfirifuoremplyXSui<3{Amathypephureidd3 on was

w th e oapuire ey SRR R R S R BB Vore o °

separ abiech gplb,lfgﬂeorganl c phase was dried over nmagnesium sul fate. After
filtration, Sept enber 2005 WO 02/ 072573 PCT/ EP02/ 01917 69 the sol vent was
r emovedtg Wg\laé-’ﬁdn@ﬁﬁlofﬁ@TUéQ Geenphoyramonemetndeng)agindenzene. 3 g
(11 3

2-tért- t\l S[feHaTeglylu(?nr"fTIt%tgarﬂgr?{etq?r?t?) ?nd3368)!g§£glul;léj "%O%mlgiylene in 10 m of

- benzenethwan{mawehecbdmmpmge tha mtumnsnﬁﬂamg)(ﬁh?tmmg@{n;ﬁlmmmmnde The .
t | ea a was renove

o5 vadame ¢ Ererireas Gorapmyoet e hd SEe At Sreb N EPrR LR (e Lent

~ petrol p2igis) o?éﬁk%!dt@ﬁfﬁﬁ/éthﬁi@ﬂhéﬁlﬁie:{ flAfter?stIYrtr@ e(t%br%tembemhﬂ'e fort | e corrpound
wer e obt al ned ng = point: 105- C. = -24 CI 3 20c)

( S) 2-1 hour, ﬁlesl@MFlwaa;@ﬁ@m inyyacug, the dewstés W?%ih?%@ﬂ MgiR B&Lwaie
of el BET oGl b ek sk saBechsivevihitodh Zadpy) |0 I‘ﬁ o xtur e
of * 30 KHSO/IKLBOE bololion aekiratediNEHEET; s@ion andfwatec Hifer diindhthae and t he
r. eact | &Bar??cé%‘ééee over 803 IEIH Sulfate anJ ﬁ?enng GBS IaerL‘;c was removed in vacto

and the residue was chromatographed over silica gel using heptane/ethy! acetate

(3/2). By concentrating the product fractions, 1.48 g (82 %) of the title compound

15 waere obtained.

19b) (8)-3~({S)-2-(4,4-Bis(trifluaromethyl}-3-(4-(3-(2-methylphenyljureido)-3-
methoxybenzyl)-2,5-dioxoimidazolidin-1-yl)-2-(cyclopropylmethylacetylamino}-3-
phenylpropionic acid '

20 A solution of 1.46 g (1.84 mmol) of the compound of Example 19a in 40 ml of N-

| methyl-2-pyrrolidone and 20 mi of 6N hydrochloric acid was heated to 60 °C for
8 hours. After cooling to room temperature, the reaction mixture was poured onto 300
ml of water, and the precipitate was filtered off with suction, washed with water and
dried over phosphorus pentoxide. The crude product was chromatographed twice

25 over éi!ica gel (eluent: dichloromethane/methanol/acetic acid/water = 95/5/0.5/0.5).

| After concentration of the product fractions, the residue was taken up in |
dichloromethane and the organic phase was washed with water and dried over
sodiuin sulfate. After filtration, removal of the solvent in vacuo and freeze drying, 1.18
g (85 %) of the title compound were obtained. |

30 ES(+)}-MS: 764.2 (M+H)"

Example 20




| . heptanei ethyl acetate = 3/2) and cl eava

for 16 hours. After renoval of trifluoroacetic acid and dichioronethane in
vacuo, 6.0 g 15 (99 %9 of the title conpound were obtaisapemo¥ebtasng point:
154-156 C. [a]22 = -23 (c 2, nethanol). 20d)
(R-3-((S)-2-(4,4-Bis(trifluoronethyl)-3-(4-(3-(2-methyl phenyl)ureido)-3-ne
t hoxy- w0 02072573 ' PCT/EP02/01917

benzyl) -2, 5-di oxoi m dazol i di n-1-yl)-2-(2-nethyl propyl ) acetyl am no) - 3- net hyl
propionic 20 acid The title corrpo%gd was prepared as described in Exanpl es
If and 1g from 500 ng (0.809 mmol )~ of
(S)-2-(4,4-bis(trifluoromethyl)-3-(4-(3-(2-nethyl phenyl)ureido)- 3-

nmet hoxyhenzyl ) -2, 5-dj gxoi m ol idin-1-yi)-2-(2:nethylpropyl)acetic acid of
t he féﬂﬁhéé%éé4é4%%¢ﬂ ﬁﬁ%?ggébg#aﬁ£G%WG%£@§§$y@”@@?%épo2/01917 whi ch had
been p ] S SIS NGRLN sehyaxoi m dazol i di n-1-
) 2 SRR S P At )2 2 MRLBIERb Yo Shemif) 2 |
4- ( 3- (metgipnypigtieagid) ur ei do) - 3- met hoxybenzyl chloride as described in

" Exanple 18f, and 128 ng (0.809 nmol) of tert-butyl (R)-3- am nobutanoate.
After coupling, chromatographic purification over silica gel (eluent: 5

of the tert-butyl ester, 299 ngy
ed. ES(+)-Ms: 704.5 (MrH)} Exanple

(53 %9 of the title conpound were obtai
21 10 cr. 9

. (9)-3-((S)-2-(4,4-Bis(trifiuor hyl -3-i('|4-(3-(2-[_rlethylphenyl)ureido)-3-

et hoxybenzyl ) - 2, 5- di oxgf ni 6Bz NN OF | -
in-1-yl)-2-(2- thyﬁ)rop | ) acet Lz{n no)o3- henyl propionic acid CH 15 21 a)
Et hyl

(S)-3-((S) -3

met Boxybenz

=

oronmet K1) - 3- (4- (3- (2- et hyl phenyl ) ur ei do) - 3-
azolidin-1-y1)-2-(2-nethyl propyl)acetyl am no)-3

Td

20a} N-Formyl-L-leucine tert-butyl ester
The preparation was carried out analogously to W. Duczek et al., Synthesis 1996,
37-38. A solution of 4.04 g (40 mmol) of triethylamine in 10 ml of dichioromethane
10 was added at 0 °C to a solution of 8.94 g (40 mmol) of L-leucine tert-buty! ester
hydrochloride and 3.4 g (40 mmol) of cyanomethyl formate in 60 mi of
dichloromethane. The reaction solution was allowed to warm to room temperature,
stirred overnight at room temperature and then washed twice with saturated NaCt
solution. The phases were separated and the organic phase was dried over
15 magnesium sulfate. After filtration and removal of the solvent in vacuo, the residue.
obtained was distilled in vacuo. Yield: 7.5 g (87 %). Boiling point: 118 °C/2.7 Pa (0.02
torr). ‘

20b) tert-Butyl (S)—2¥(4,4-bis(trifluoromethyl)—2,5—dioxoimidazolidin-1-y!)-2-(2—
20 methylpropyl)acetate - '

2.4 g (12.1 mmol} of diphosgene were added at -30 °C to a solution of 2.5 g (11.6
mmol} of N-formyl-L-leucine tert-butyl ester and 2.5 g (24.7 mmol) of triethylamine in
100 mi of dry dichloromethane. The reaction solution was allowed to warm to -10 °C
in the course of 1 hour and stirring was continued at this terhperature untit the

25 reaction was complete. The reaction solution was then washed twice at room
temperature with 7 % strength sodium hydrogencarbonate solution. The phases were

separated and the organic phase was dried over magnesium sulfate. After filtration,




phenyi propionate 1.89 g (5.77 mmpi) of TOTU and 932 pl of

N, N-di i sopropyl et hyl am ne were added at 20 0 C to a gsgkptemdsr 26053. 57 ¢
(5.77 mml) of (S)-2-(4,4-bis(trifluoronmethyl)-3-(4-(3-(2-

met hyl phenyl ) ur ei do) - 3- met hoxybenzyl ) - 2, 5- di oxoi m dazolidin-1-yl)-2-(2

met hyl pr oyyé2)eazses i c aci d (prepared from PCT/EP02/01917
(S)-2-(4,4-bis(trifluoronethyl)-2,5-

di oxoi m dazol i di n-1-yi)-2-(2-nmethyl gropyl)acetic acid and 4-(3-(2-

met hyl phenyl ) ur ei do) - 3- met hoxybenz chl oride as described in Exanple 18f)
and 25 1.11 g (5.77 mol) of ethyl (S)-3-am no-3-phenyl propionate in 30 m
of absolute DMF. After stirring at roomtenperature for 1 hour, DVF was
r enovedha solvers wes remeved inyiague anmh e raridue Was takestup/in 79JBkaibeNzeng- t he et hyl

Cucoes g Bt? RN 2 R ME ARRSMR et | P R arecs.

sol utido mlmﬁ@em&rerweréfaﬁded drqpnmnga tbhiassolghm at mbasfempeea’surso‘ﬂhmm sul fate and

filt t h | d
chr omafSHABREMIGT KRS BrriFa 1P BEIC oyeridht Bhe e EOPa R AR IR 3) . After
coneeniEaid. W?te%hrbﬁﬂt &fzﬁfﬁbftﬁé REIduERYer Hickfydd (Suént: Jetf@odh the title

COI'TpOUﬂd wer e obt ai ne

(S) - 3- etiwylethvt az;eztatm—s‘((l/ﬁ, Blﬁé)f&&ﬁéﬂ pithe lile campeudwers oRiained Malting ei do) - 3-
t hoxyb L) 2,65
W§I)O)2( ?@Pﬁéﬁ%\&ﬂ%pi ?;(glggt 3? r‘%’é@ phenyl propionic acid 10 45 ml of 6N

hydr ochl ori c acid were added to a solution of 3.25 g (4.09 mmol) of t he

conmpound of Exanple 21 a in_ 90 of N- et qyl-2 pyrrolidone and the m xture
was h@ﬁ@)d&)‘?d4665'§ﬁmf&0mnﬁbm'&5 dipxeimidageliditrd-WiZ-r oom t enperature, the

m ur 600 mM of water. The precipitate was filtered off
vm;(]tr? st %‘P@ﬁwlpﬂ%}%@ &Eh wat er and dried over phosphorus pentoxide. After

t wof ol & solutionaf @gy(Ap.2i romdh optivel dongtind of BRarmple 20bul@0priofluct over silica
gel i chl or onet han hanol/ac Lc.aci d/water,. = 951510. 510. 5)
and cofiEBRtdmethle RS ArEed g Bt § Matirp ahad SR biudRiatkidad ilen up ih
di chl os@ MR bhaRBlorchi@haidan Biebagdn mixture was stirred at room temperature
for 16 hours. After removal of triflucroacetic acid and dichloromethane in vacue, 6.0 g
15 (99 %) of the title compound were obtained. Melting point: 154-156 °C. [o]2=-23°(c

= 2, methanol).

20d) (R)-3-((S)-2-(4,4-Bis(triffuoromethyt)-3-(4-(3-(2-methylphenyl)ureido)-3-methoxy-
benzyl)-2,5-dioxoimidazolidin-1-yi)-2-(2-methylpropyi)acetylamino)-3-methylpropicnic
20 acid
The title compound was prepared as described in Examples 1f and 1g from 500 mg
(0.809 mmol) of (S)-2-(4,4-bis(trifluoromethyl)-3-(4~(3-(2-methylphenylureido)-3-
m‘ethoxybenzyl)-2,5—dioxoimidazolidin-‘i -yI)-2-(2-methylpropyi)acetic acid of the
formula |
25




was washed twce with water and dri ed over magnesium sul fate. After
filtration, concentration and freeze drying, 2.7 g (BSefemBEr2dus title
conmpound were obtained. 20 ES(+)-Ms: 766.2 (MtH)' Exanple 22
(S)-3-((S)-2-(4,4-B is(trifiuoronethyl)-3-(4-(3-(2-methyl phenyl
) ur ei do) way e2edstwoxybenzyl ) - 2, 5- di oxoi m'dazoi i di n-1 PCT/EPO2/01917 -
-yl y-2-(2-nmet hyl propyl ) acetyl am no)-3- 25 phenyl propionic acid sodi umsalt
ONa. 9 Septenber 2005 WO 02/072573 72 PCT/EP0O21 01917 1.24 m of 1 N sodium
hydr oxi de sol ution (diluted with 20% of water) were added with stirring
to a suspension of 1 g (1.3 mmol) of the conpound of Exanple 21 in 100" mn
of acetonitrile and 200 m of water. After freeze drying the solution, 1.01
g (79 %hichdfad eentgrepared omdGha- (%tms(@ifbarmmihyh&%(drqstldaz@@!rm-

CHENTLRITE (s s wENs A T R
- phenﬁhl@i’@@h@ﬂb@cr%@t!%ﬁ&dm;il@1Ef<®ﬁ§|1282ﬁ?g 0809 mmol) of tert-bu l(R)—3-
(S)-3-((9)- (44B|s(tr|fluororrethl)-3 4- 2rrethy| ureldo) 3-

met hox §Biepypianoat QSA@%MPMQ}I&Bfﬂmﬁipglfﬂﬂéb'ylp}mﬁﬁa(“@f}@V@'p‘?‘* Y acet yl ani no
-3 aﬁdd | f th
éongogﬁgﬂgl‘jg}éxﬂ&‘ Q‘fgt&?_ /ﬁi)accorl%mag@tc’tcl;ﬂﬂ'ﬁ\%ﬂ]&c}hl ggtgr Eggcrﬂpggﬁd Pﬁ Exaﬁpl e 22,

720 ngtl'(e%le%om;founﬂme!re obteinednpound wer e obtai ned. ES(+)-Ms: 764.3
((S) ngﬁ)l\dé {,O4§1(ﬁ '§1§+tr|fl uoronet hyl )-3-(4-(3-(2

Example 21

10 (S)-3-{(S)-2-{4,4-Bis(trifluoromethyt)-3-(4~(3- (2—methylphenyi)ureldo)-S-
methoxybenzyl)-2,5-dioxoimidazolidin-1-y1)-2-(2-methylpropyl)acetylamino)-3-
phenylpropionic acid |

OH
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21a) Ethy! (8)-3-{(S)-2-(4,4-bis(trifluoromethyl)-3-(4-{3-(2-methyiphenyl)ureido)-3-
_ methoxybenzyl)-z5-dioxoimidazo!idin-1—yl)—2-(2-methylprdpyl)acetylamino)—’o‘-
phenylpropionate .
1.89 g (5.77 mmol) of TOTU and 932 pl of N N—dusopropylethylamlne were added at
20 0 °C to a solution of 3. 57 g (5.77 mmol) of (8)-2-(4 4-bis(trifluoromethyl)-3-(4-(3-(2- '
methylphenyl)ureido)-3-methoxybenzyl)-2,5-dioxoimidazolidin-1-y1)-2-(2-
methylpropyl)acetic acid (prepared from (S)-2-(4,4-bis(trifluoromethyl)-2,5-
dioxoimidazolidin~1-yl)-2-{2-methylpropyl)acetic acid and 4-(3-(2~
methylbhenyl)ureido)—3-methoxybenzyl. chloride as déscribed in Example 18f) and
25 1.11 g (5.77 mmol) of ethyl ($)-3-amino-3-phenylpropionate in 30 mi of absolute
DMF. After stirring at room temperature for 1 hour, DMF was removed in vacuo, the

- residue was taken up in ethyl acetate and the ethy! acetate solution was washed




20 net hyl phenyl )u rei do) - 3- net hoxybenzyl ) -2, 5-di oxo i m dazolidin-1-yl)-2-
(cycl opropyl met hyl ) acet yf am no) - 3- phenyl pr opi oni ¢ acigi$5%@n.,|bgyg§(;5j gation of
the biological activity 25 A) U937NCAM 1 cel |l adhesion test 9 Septenber
2005 WO 02/ 072573 73 PCT/ EP02/ 01917 The test nethod used for the activity
of the cevpeunstss of the formula | on the interactionpgpimeein;VCAM 1 and
VLA-4 is the assay described below, which is specific for this
interaction. The cellular binding cgnponents, i.e. the VLA-4 integrins, are
supplied in their natural form as ddrface nol ecul es on human U937 cells
(ATCC 5 CRL 1593), which belong to the | eukocytes group. As specific

"~ bindi ng conponents, reconbi nant sol uble fusion proteins prepared by

genet i sucegsivalygnithgn agreisKHRQBESOr helulion, eaeiuraied AHEORAMEIOR of hunan

VCAM 1 and t he,const.ant, reqian pf a i aql N bcl a | gGl,
are usdd wg%erﬁ@ger{ rYigg qun%ra#aggﬁ?seen%\%? g@‘{ﬂu?‘;\s@@%h gﬁfgﬁh'@t%gucel I :S(A'?'CC
CRL 158VeritvasimoVed inlviacudant ¢e residBe epsrohtdmatogaphedraver ¢lied/pay 13) - 1 gG and
human CD4-19G 15 A genetic_construct for the expression . of h&% -

ext r ace$ing B&M acsteieeptangadn Alearprcentratiniy?!ibe Practst ffarioReNdd @ sequence

of tzhe/ 4 ' %Bd'b ] nogl obulin igGlL (hinge, CH2 and CH3
regitsong@a%}%gﬁgﬁlécg&f)g%@g , t?\%ééﬂs:rgchusetts CGeneral Hospital, Boston,
USA; of. Damle and Aruffo, Proc. Natl. Acad. Sci. USA 1991, 88, 6403), was

L Eh R R RS U L
VCAM 1 i i  2-(Agvath i hH5)-.3-88' . 6403).
CD4-1 gr&@( Ze %ﬁ?ﬁggﬁggg’%@mmhz ((.:el I &lpglﬁ%yé)ib??ggo’ 9,3 347) servezj as a
- fusi onplparotosepionigacidegat i ve controls. The reconbi nant proteins were

eXRigES e PN Nt BriPaolHehs adidcr PR LIy PR A P t ransf ect i on
compound of Example 21a in 90 m! of N-methyl-2-pyrrolidone and the mixture was
heated to 60 °C for 6 hours. After cooling to room temperature, the mixture was
poured onto 600 m! of water. The precipitate was filtered off with suction, washed
with water and dried over phosphorus pentoxide. After twofold chromatographic
- 15 purification of the crude product over silica gel (eluent:
dichloromethane/methanol/acetic acid/water = 95/5/0.5/0.5) and concentration of the
product fractions, the residue was taken up in dichloromethane. The organic phase
was washed twice with water and dried over magnesium sulfate. After filtration,
concentration and freeze drying, 2.7 g (86 %) of the title compound were obtained.
20 ES(+)-MS: 766.2 (M+H)"

Example 22
(S)-S-((S)—Z-(4,4-Bis(tf'rﬂuoromethyl)-3-(4-(3—(2-methy[§henyl)ureido)-s—
- methoxybenzyl)-2,5-dioxoimidazolidin-1-yt)-2-(2-methylpropyl)acetylamino)-3-
. 25 phenylpropionic acid sodium salt |
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25 CRL1651) according to standard procedures (Ausubel et al.; Current
protocols in nolecular biology, John Wley & Sons, lgge teflr% @G 2. Assay
for the nmeasurenent of the adhesion of WI937 cells to hV (3 | gG 30
2.1 96 well mcrotiter test plates (Nunc Maxisorb) were |ncubat ed at room
t enper at WOR2PEE731 hour with 100 pl/well of a goat ant PCHERMMAINTYG anti body
solution 9 Septenber 2005 WD 02/072573 PCT/ EP02/ 01917 74 (10 pg/m in 50
nMMtris, pH 9.5). After renoval of sbhe antibody sol ution, washing was
carried out once with PBS. 2.2 150 pl/well of a bl ocking buffer (1 %BSA in
PBS) were incubated on the 5 plates at roomtenperature for 0.5 hour. After
renoval of the blocking buffer, washing was carried out once wwth PBS. 2.3
100 pl per well of a cell culture supernatant of transfected COS cells were

i ncubat ed niirf | Reobiugd m&jr@mdé @@imadre(m@t@awm@ofmroﬂwﬁeﬂ‘)wlréaddame COs cell's
were 10 transfected wi d which codes for the three N—term nal

.mmngw'éibﬁlmrﬂmq%usmﬁ@nﬁ@& 1\&mmoi) of i garerpund affrapdlendl ip 18P human 1gGL
(hVCA'\ﬁ}fl&f]ac%}onhg@aﬂd%@ miCSHWREL Aﬁérfha\é‘ié q%%fr@sdnﬁfén\ﬂw Reye,)0- 5-1 pg/ mi.

After renova e culture supernatant was ca r| ed out once
wi t b RB$he fite @rpdting dratobiainget.e | ncubat ed at room tenperature for 20

t butfer (1 mu/pl y-gl obul
T00. TR 56 2Der e TR B ormen-Sog Gureders IR 6da T 50
M HE _buf f hi
e i e eﬁw‘?@”’?f’ﬂ“&”ﬁ'ﬁ*&mﬁﬁ fer (100 MM

NaCl, Pheovigraniaisiaciddld pM MiC12i 100 pM Cacl2, 1 ng/m BSA in 50 nM
HEPES, pH 7.5) were introduced, the substances to be tested were added. in
10 p1 of binding buffer and i ncubation was carried out for 20 ninutes.
Ani0 bdeKagpl@ddi nst VCAM 1 (BBT, No. BBA6) and agai nst VLA-4 (I munotech,

No- 0781 4572/ fith-BR(AANSERIeRiyi)-3-(4-(3-(2-methylphenylureido)-3-
methoxybenzyl)-2,5-dioxoimidazolidin-1-yf)-2-(cyclopropylmethyl)acetylamino)-3-
ph’enylprppionic acid sodium salt
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15

From 720 mg of the compound of Example 19b, according to the process described
in Example 22, 720 mg (99 %) of the title compound were obtained.
_ ES(+)-MS: 764.3 ((8)-3-((8)-2-(4,4-bis(trifluoromethyl)-3-(4-(3-(2-
20  methylphenyljureido)-3-methoxybenzyl)-2,5-dioxoimidazolidin-1-yf)-2-
(cyclopropyimethyl)acetylamino)-3-phenylpropionic acid+H)"

tnvestigation of the biological activity
25
A) U937/VCAM-1 cell adhesion test




25 2.6 WI937 cells were incubated for 20 mnutes in Fc receptor block buffer
and then added by pipette in a concentration of | x d88d#apdgdsn an
anount of 100 pl per well (final volune 125 ul/well). 30 2.7 The pl ates
were slowy inmmersed at an angle of 45 in stop buffer (100 M NaC , 100 pM
MyCl2, 10 @Ormcl 2, 100 pM CaCl2 in 25 nMtris, pH 7PBY/EBII®1913haken of f.
The process was repeated. 9 Septenber 2005 WD 02/072573 PCT/ EP02/ 01917 75
2.8 50 ul/well of a dye solution (X 7 uglm of Hoechst dye 33258, 4 %
formal dehyde, 0.5 % Triton X-100 in PBS) were then incubated on the plates
for 15 mnutes. 5 2.9 The plates were shaken out and slowy i mersed at an

angl e. 45 .in st pp uffer (100 : 12, pM WMhd 2, 100
ot CaCL e fopt i P dt iy chingior B At ponrt o ML b e BNt Uhe
i gU; ldin&éfa@mbtrmétw@éa VERREEAhd VLre4 3 thé @ssaywisseribehiselowgwhioh &

cytofl uorimeter

M1 Itivity: 5, filter; [ ion 10
wavel efRgaific fQB@"fé]iﬁier@*lﬁgg;ﬁ%ﬁ]ééﬁ{r%:bﬁﬁ\é{grgommeﬁ%ﬁ !-g’rﬁh%%-é‘lf‘tﬁgg?@sof t he

l'i ght ) | I j EG@H dheamoarber of the
U937 cglqu %Jpg)ﬁ%(g%ethgfgééjﬂde]%@W&ega?%%eﬁld feﬁg?r???lg l(])!ﬁ(the pl ate and
t hu$ aCRaki®sy vafich belompiol the jeubboytbegmapedls speifichindingse@perent®hi bit this
15 adhesi on. From

he i.nhj biti f t hesi VAL OUS: i
of ¢ noraogtinach BakbRTuOR PRt BeRere o PG b R g il LR T O Tends
- to an ﬂﬁ@)@abﬁ%?la_@hiddt@nai@dﬁlﬂﬁﬁmvml\/ﬁ@ 2 1% coresaritregi@d offabuiah| owi ng

results were obtained in the U37NCAM 1 cell adhesion test (1C50 values in
nM ( naingranegiebylipgf sybclassigainaressed.

- 10  Assay for the measurement of the adhesion of U937 cells (ATCC CRL 1593) to
hVCAM-1(1-3)-1gG '

1. Preparation of human VCAM-1(1-3)-{gG and human CD4-IgG

15 A genetic construct for the expression of the extracellular domain of human VCAM-1,
combined with the genetic sequence of the heavy chain of the human
immunoglobulin 1gG1 (hinge, CH2 and CH3 regions) (from Dr. Brian Seed,
Massachusetts General Hospital, Boston, USA,; cf. Damle and Aruffo, Proc. Natl.
Acad. Sci. USA 1991, 88, 6403), was employed. The soluble fusion protein hVCAM-

20 1(1-3)-lgG contained the three amino-terminal extracellular immunoglobulin-like
domains of human YCAM-1 (Damle and Aruffo, Proc. Natl. Acad. Sci. USA 1991, 88,
6403). CD4-1gG (Zettimeissl et al., DNA and Cell Biology 1980, 9, 347) served as a
fusion protein for negative controls. The recombinant proteins were expressed as

~ soluble proteins after DEAE/dextran-mediated DNA transfection in COS cells (ATCC
25 CRL1651) according to standard procedures (Ausubel et al.; Current protocols in

molecular biology, John Wiley & Sons, Inc., 1994).

2. Assay for the measurement of the adhesion of U937 cells to hVCAM-1(1-3)-
lgG
30
- 2.1 96 well microtiter test plates (Nunc Maxisorb) were incubated at room
temperature for 1 hour with 100 plfwell of a goat anti-human 1gG antibody solution




1 C6Q (nM Exanple No. 10.3 20.5 525.9 72.1 100.6 9 Septenber 2005 WO

02/ 072573 76 Conpound of 1C50 (nM Exanple No. 131.8 9E8h8mbak20bs

PCT/ EP02/ 01917 The pharmacol ogi cal properties of the conpounds of the
formula | can also be investigated in the follow ng nodels. 5 B) Leukocyte
adhesi onWOR20fB7Y at I n the nodel of | eukocyte adhesi oRCI/EPRK®ITat, the

I nfl uenci ng of the adhesion of |eukocytes by the conpounds of the fornula
| is investigated in venules of thegrat. 10 The | eukocyte adhesion to the
endot hel ium of postcapillary venules is regarded as an inportant step in

I nflammatory reactions (J. M Harlan, Blood 1985, 65, 513). In the

e | - ceBRRmEna RS ol ek MmBYA1Es e okl s, 2eSifgfes,
chenot gatie€ ooy bedd wiesPBRd cel lul ar adhesi on nol ecul es play an active role.

It has been found that VCAM INLA-4 15 interactions play a crucial role in
t he adhesion and emigration of |eukocytes and the increased perneability

~of vessol s {5y IRH RTUISKHGBRSHHCH BSL irl PEYFRErMoRidPoFihe
5 plates at room temperature for 0.5 hour. After removal of the blocking buffer, washing '

was carried out once with PBS.

2.3 100 ptper well of a cell culture supernatant of transfected COS cells were
incubated on the plates at room temperature for 1.5 hours. The COS cells were
10 transfected with a plasmid which codes for the three N-terminal immunglobulin-like
domains of VCAM-1, coupled fo the Fc part of human 1gG4 (hWCAM-1(1-3)-1gG). The
content of hVCAM-1(1-3)-1gG was about 0.5-1 pg/mi. After removal of the culture
supernatant, washing was carried out once with PBS.

15 2.4  The plates were incubated at room temperature for 20 minutes with 100 plfwell
of Fc receptor block buffer (1 mg/mi y-globulin, 100 mM NaCl, 100 uM MgCl,, 100 uM
MnCl,, 100 uM CaCl,, 1 mg/ml BSA in 50 mM HEPES, pH 7.5). After removal of the

- Fe receptor block buffer, washing was carried out once with PBS.

20 2.5 20 i of binding buffer (100 mM NaCl, 100 M MgClz, 100 uM MnCl,, 100 uM
CaClp, 1 mg/mi BSA in 50 mM HEPES, pH 7.5) were introduced, the substances to
be tested were added in 10 yl of binding buffer and incdbaﬁbn was carried out for 20
minutes. Antibodies against VCAM-1 (BBT, No. BBAG) and against VL.A-4
(immunotech, No. 0764) served as controls.

25
2.6 U937 cells were incubated for 20 minutes in Fc receptor block buffer and then
added by pipette in a concentration of 1 x 10%mi and in an amount of 100 ul per well
(final volume 125 pliwell). |

30 2.7 The plates were slowly immersed at an angle of 45° in stop buffer (100 mM
NaCl, 100 pM MgClz, 100 uM MnCl,, 100 uM CaCls in 25 mM tris, pH 7.5) and
shaken off. The process was repeated. '




nmedi at or substances and cytokines (D. Seiffge, Int. J. Mcrocirc. 1995, 15,
301). In the present nodel, a generalized inflamuati®geplermbBesdms oid
arthritis which leads to an adhesion of the |eukocytes and their

em gration into diseased areas of the organ 20 is caused by |ocal or _

- system c WhiZ¥¢¥7dn of endotoxins, for exanpl e zynosanPCHERR8191A] t oxi ns

- such as |ipopol ysaccharides (LIPS) or Freund' s adjuvant. The i ncreased
adhesion to the endothelium of the menules produced by the endotoxin is
determ ned. 25 For the determ nation of the |eukocyte adhesion, a canera
inverted mcroscope (Zeiss) is used which is equipped with a video system
Zynosan or bacterial 9 Septenber 2005 WO 02/072573 , 77 PCT/ EP0O2/ 01917
endotoxin is injected into nal e Sprague-Dawl ey rats (body wei ght about 250

g) unders a5 um)aélldifaé@tdwnmonr(mqjgﬁﬁltafoﬂbecmeiyemlzﬁem #ni mal s receive an
i dentical volunme of % st rerﬂ_%t h saline solution. Wyrﬁ@teg substance is

t hen a&?ﬁﬂ@i@f‘éﬁ’%&f’{u-ﬁﬁt@ﬂ%@@igl S)r""%?éﬂqfv“?@qt%o tesfy an i ndi vi dual

dose oh5@Sh@elul tiple dose. 5 For carrying out the neasurenent, the rats
are anest he |zed by an intramuscul ar injection of 1.25 g/kg of urethane.
Theys are all owed to breat he spont aneously through a tracheal tube. The

body t k f t t. On
Cher matht t TiF pstPsyerashain A =bs o Ptedie et gie BLES HSRA o) Ty O °
car ef ubliffer¢*0PaRINBL), n!earw NIGCB, mpma\ahclzcmmwea@m iArg rﬁnv[ﬁsemH 10 with

liquid paraffln at 37 The i | eocecal are of the rresentery IS held. in

posi.ti 6®)- WhsiHBCesfFeas '[?P%t?d need wih hesligwdistombier)Bresetts t8e Pite®D- ni nut e
equi | i peal r'n%ﬁstﬁ‘@& P4 cytgﬁﬁgrfn@er llﬁﬁbregggbéclgvgwf’?'ﬁte?'elxe*f%?fémt o stabilize, the

| eukocyte adhesion 1s” determ ne ary venules of 20-30 pm
-di dfet wavalengthbIgh nrhpemisaioh wagelbngih: 48inl.ng in 2-3 segnents of the
venul es at intervals of 10 mnutes for 1 hour. A |leukocyte is 15 regarded
as being adherent to the endotheliumif it is stationary for nore than 30

secondshe ﬁ\téreitybhmqrgneémm@by tﬁé@amaw@meh@smwé@r@@ﬂme and the
fibri nogen content_of the od are determned. The inhibitjon of the

| eukochdrBbedH ée QﬂSBget{s@hered to the hVCAM -1(1-3)-lgG and remaining on the
plate and thus a measure of the ability of the added test substance to inhibit this

15 adhesion. From the inhibition of the adhesion at various concentrations of the test
substance, the concentration 1Csg was calculated which leads toan inhibition of the
adhesion by 50 %.

3. Results
20
The following results were obtained in the U937/VCAM-1 cell adhesion test (ICsp

values in nM (nanomolesfliter)).

- Compound of | 1Cs0 (NM)
Example No.
1 0.3
2 0.5
5 259
7 2.1




test substance is indicated by the decrease (in % in the nunber of
adherent | eukocytes in the treated animals in conpard §gneMbbhoddie nunber
in the control 20 animals. C) Del ayed-type hypersensitivity in the nouse In
t he nodel of del ayed-type hypersensitivity (DTH), the antiallergic or anti
25 i nf | aW@2873p7act i on of the conpounds of the fornul BCT/ERR/MN%MT est i gat ed.
DTH is an inflamatory reaction of the skin which is induced by
sensitization with antigenic substgnces. In order to determne the
correspondi ng inflammatory reaction and the | eukocyte recruitnment into the
inflanmed areas in vivo, the substances are tested in the follow ng DTH
nodel i.n the pouse (seelcal T. B. Issekutz, J. Inmmunol. 1991, 147, 30
4-178).09"“385'?%9%& 2005 5?/@("6)2/ 072573 PCT/ EP02/ 01917 78 Groups of fenale
BALB/cEgg,rﬁge(dey wei ght about 20 g) are sensitized epicutaneously on a
shaved part of the skin with 150 ul of a 3 %strength solution of
oxazal one, which induces a strong inflammtory DTH reaction. 6 days |ater,
t he rgﬁction i s- challeaged by administration of 20 ul of a | %strength
oxazal ohe solution 5 to the right ear of the aninmals. The test substances
are admgni stered subcut@8eously or orally in each case 44 hours before the
- chal | enge f the reaCtigB, 20 hours before the challenge and 4 hours after
‘the ché |l enge. Directly™Oefore the challenge of the reaction and 24 hours
after the challenge, the altered ear thickness.due to the inflamuatory
swelling of the ear is neasured on the right ear using a Mtutoyo 10
Engi neering mcroneter. The difference between these two neasurenents is
determ ' . the di fferences
of anmrﬁeﬁﬁhréﬂ{a&s@%a?@?g?éﬁ%ﬁ %?%Ee?@sst&su @ﬁﬂlg\é%lgﬁ%fsﬁgjeone hand and an
unt r eameektigateatin the fgpllovipgomdelse ot her hand are conpared. As a neasure of
the effect of the substance, the percentage inhibition of the ear swelling
i s Pndicated. 15 D) Antiasthmatic action on the guinea pig

B) Leukocyte adhesion in the rat

In the model of leukocyte adhesion in the rat, the influencing of the adhesion of
leukocytes by the compounds of the formula | is investigated in venules of the rat.
10 The leukocyte adhesion to the endothelium of postcapillary venules is regarded as an
| important step in inflammatory reactions (J. M. Harlan, Blood 1985, 65, 513). in the
recruitment of leukocytes from the biood into inflamed areas a well-coordinated
dynamic sequence of events takes ptace In which chemotactic cytokines and cellular
adhesion molecules play an active rofe. It has been found that VCAM-1/VLA-4
15 interactions play a crucial role in the adhesion and emigration of leukocytes and the
increased permeability of vessels for macromolecules which are induced by various
mediator substances and cytokines (D. Seiffge, Int. J. Microcire. 1995, 15, 301). In
~ the present model, a generalized inflammation or theumatoid arthritis which leads to
an adhesion of the leukocytes and their emigration into diseased areas of the organ
20 s caused by local or systemic injection of endotoxins, for example zymosan, |
‘bacterial toxins such as lipopolysaccharides (LPS) or Freund's adjuvant. The
increased adhesion to the endothelium of the venules produced by the endotoxin is

determined.

25 For the determination of the leukocyte adhesion, a camera inverted microscope

(Zeiss) is used which is equipped with a video system. Zymosan or bacterial




The effect on the lung function and the antiasthmatic action of the
conpounds of the fornmula | can be determned in a noglgbp@mbkPgogHi Nea pig
which follows the method 20 described by G Mdacevic, Arch. Toxicol. 1975,
34, 1. For this, the technical preparations for the investigation are
carried GMNnmmsurding to the details described by Meaceereenisval e al bi no
gui nea pigs having a body wei ght of 300-500 g are enployed. The ani mals
are placed in a plethysnograph (frgquNI) and three starting values of the
- paraneters respiratory rate and respiratory anplitude are recorded. In this
nodel , 25 asthmatic respiration is characterized by the decrease in the

respi rat ower f the,respir n account of
e br B RapieetE aio) hale A sauer ol talS (G Rrch bty R0 migs o 2
reflex a’h?ﬁt‘}félcﬂﬁ‘éne dreinfediéiih [ THAbohfolkdMimBls rBcdind SiMRlentia | QDiE oRS dyspnea.

30 The al'bino guinea pigs are sensitized 22 days before the start of the

study @%% Stl'eﬂﬁlth sgline eilten. Toe test oubsianostis tegtadmonigiasedi n sol ution on two

hal at i
of o 0SB Esly RO R i P8 San AR IR GHERSS s 1 G EREAGE. ' PN 2t o
PCT /5EPEBM11339&1'Q csmltrre masmr?meht mmtﬁre/@heameﬁzeddgomemyambmﬁarof I40 60
m nut e S |1 et test, su nc as an ous sol ution.
| medi E‘ﬂeé’?'?/“ Pfagggg pur%thgn% Y afgliowe g %%BGE?%“?]S%QW elgB Yis adninistered
for 1 fﬁréugﬂaeatrédhebhebboth@%meﬁeéeméys R Se3PPCIHY menafgs, the animals

breathe normal air. This process is repeated twice. If the 5 asthma attacks
are | i regulataddnading pgt. Q¢ dramiostatierh{ 3T °S) avindpw of tha eieessapesiagrhe

S0k BT el bS5l o BTk 3o SARAS: o=,
antfi0at tvith Imqubd paaffincate8nt i Thedsodeeal area of ihgah@sbnttafrymeelcﬂ inl pogitiong ani mal
Ctrai iR BreRBUR eec AT OB g RV b A iaRe FaulbetTeRices TR ver W ga
GrbH ( @itingfwiHich thERSu RAalfovad RO NBEHL Yee IKMkéByEE a@lesidifls determined
- in postcapillary venules of 20-30 pm diameter and about 100 pm length by counting
in 2-3 segments of the venules at intervals of 10 minutes for 1 hour. A leukocyte is
15 regarded as being adherent to the endothelium if it is stationary for more than 30
- seconds. After the experiment, the systemic leukocyte count and the fibrinogen
content of the blood are determined. The inhibition of the leukocyte adhesion by the
test substance is indicated by the decrease (in %) in the number of adherent -
leukocytes in the treated animals in comparison with the number in the control

20 animals.
C) Delayed-type hypersensitivity in the mouse

In tﬁe model of delayed-type hypersensitivity (OTH), the antiallergic or anti-

25 inflammatory action of the compounds of the formula | is investigated. DTH is an
inflammatory reaction of the skin which is mduced by sensitization with antigenic
substances. In order to determine the corresponding inflammatory reaction and the
leukocyte recruitment into the inflamed-areas in vivo, the substances are tested in the
following DTH model in the mouse (see also T. B. Issekuiz, J. Immunol. 1991, 147,

30 4178). B




strain C57BL/6J- ApoE tm 1| Unc (ApoE KO are supplied by The Jackson
Laboratory (Mine, USA). Al mce, are between 10 angisdgiepeksogy d at the
start of the experinment and are kept in fully air-conditioned roons at a
tenperature of 22C. The 20 day/ni ght phase of the controlled |ight program
i s adj usWeP2OBSB peri od of 12 hours. The nice are fi PEVERI2@HA%t heti zed
with 60 ng/ kg of body wei ght of pentobarbital sodiumi.p. Each animal then
additionally receives 0.01 ng/10 g @f body weight of xylazine i.m 25 The
mce are fixed in the supine position, and the inner surfaces of both hind
| egs are shaved and disinfected. The skin on the inside of the left thigh
is ther I ' roximtely 1 cmlong
and t he %Eg?mélﬁtéﬁ%}én%e @opgpgghr?%%ﬂtzﬁed}s%ﬁél?%ﬁ%%ﬁg ti ssue and from

t he fereplcaﬂanemstyamd shlaeectpambithelshnwethﬁ@ mloéaéi %Bfstepabiheohyibeoé t ubi ng

t t 30 | di.amet
B i ey ey
| engt h rapdoplsahafey e@lbéﬂadrﬁ'iﬁlsfrﬁtﬁﬂ?{ @'20%%%31 %%ﬁeﬁ@%%&aﬂlbﬁb ssigfgne  threads
(710, 0.5 netric ftr hi con, Norderstedt, FRG . The skin is subsequently

9 Sé:pt éqﬂb@ righoes oftheanionis The ST seRiZIGs 91T aemlmst@”%@uhg&amswlyneans of a
cont | ”HP@% Ifﬂte%.’:{?ﬁ -calfi94q n'rogFbeé?bHéC!h«% a%ngﬁgcggﬁ{@trg%ct%ﬂééé‘h s bRk 09ous

manner, out "a cu ei ng place m)ra Sar ery. The
ani mal theschslidrgeqreid hyusatentheachalehgeabiedlydaforefn®ohdliergopithat i on, the

| o 0gi W Lh Lhe ! bstance. 5 At the end of th
axpor fragton s IFhitsciher haliralenabe hecaleston DRGESSHPIO NS body  wei gh

of pentnﬂ&ﬂﬁ@tdr?%wémﬁg'émﬁe dur lsarﬁiga&ré’é-o I‘R;z!'ﬁ caf uSiRg v MRitey of xyl azine
i.m For the Tixation of the vessels in si each” nouse then receives an

i nj18ct Faginesring micraseetending dlffﬁr@meu hetwesn thess tWomeasiremebisdai nal aorta. The

right I e |left side,
t he poa%}lggé{n%# t htgc]fé‘réﬁﬁﬁaﬁ‘ f&‘gr@é "rhg nﬁ’aw%c H@é@@%ecég;%ﬁhon about 1 mm
pr oxi nahimabgrobe treafed Withbeﬂatisubsialm@tﬁmﬂneobnbwanU@ndta‘nfuntreated :
control group on the other hand are compared. As a measure of the effect of the
substance, the percentage inhibition of the ear swelling is indicated.
15

D} Antiasthmatic action on the guinea pig

The effect on the lung function and the antiasthmatic action of the compounds of the
formula | can be determined in a model on the guinea pig which follows the method
20 described by G. Moacevic, Arch. Toxicol. 1975, 34, 1. For this, the technical
preparations for the investigation are carried out according to the details described by
Moacevic. Male albino guinea pigs having a body weight of 300-500 g are employed.
The animals are placed in a plethysmograph (from FMI) and three starting values of
the parameters respiratory rate and respiratory amplitude are recorded. In this model,
25 asthmatic respiration is characterized by the decrease in the respiratory amplitude
(= lowering of the respiratory volume on account of the bronchoconstriction) and the
increase in the respiratory rate (= reflex reaction). This condition is known in asthma
patients as dyspnea.

30  The albino guinea pigs are sensitized 22 days before the start of the study with 1 m!
per animal of a 0.1 % strength ovalbumin solution on two successive days. The
experimental asthma attack is induced by inhalation of a 0.3 % strength ovalbumin




itself and the section of vessel 1 nmdistal. On the right side, this
portion corresponds to the section which is only isadgbgdner poes t he
operation, but not enclosed by a cuff. 15 The portions of.the left and the
right fenoral arteries fixed in 4 %strength formalin solution are
enbeddedWOD2§Z&f fin. From the section of the |eft arrergriafititosed by the
cuff and fromthe correspondi ng section of the right control artery a
nunber of tissue cross. sections gge prepared which are then stained with
hemat oxylin and eosin for 20 software-assisted (LeicaQANn from Leica

I magi ng Systems Canbri dge, GB) norphonetric analysis. Per nouse, three

"~ tissue cf ct lons, fromthe ar a of ncl osed by
the cuffl I"@B”tf"l é&?fea WB&@VQ &8 %f{dqﬁq hﬁ@%%%ﬁ%%&b Esr %éhe:r ea of 2.5

the right s%fﬁrfc@'asaefd&f%oaé olatél. iphediatel theredfter k0.8 96 efreriglie | ani na

el astica extema am na el astics mt&L§ a and the boundar\t/nE t ween the

1umen awdlb lé‘ﬁ'ﬂ(ﬁohélpﬂ ipdministered feroviningtealn lowigg recovery eass anal ysi s
- progr ammdt%% aﬁ]&%!es%r*e?ﬁgt ﬂpalrﬁ?rd*fﬁls C?Tﬁﬁes%'lsz?ep%%teﬁ% .ghRas is indicated

in the uni e a co S|n|cat by the reduction of
t he & aasthmfatbaeks orei lifethremtesing mwgerparacimmsmremtotthe an®@leont rol group.

Heart transplantation 9 Septenber 2005 WO 02/ 072573 PCT/ EP02/ 01917 81 In
the nodel of allogenic heart transplantation, transplantations between two

genet i ¢ag bixtidstinRamRadiclt 6n il sitlp @b Be deterMmitied Rt eRainplel-as desuribegur pose,
~Wstar-Furth rats are used as donor_animals and Lew s rats as reci pient

ani mal by Arigbaaetiahl 4. Glire Inyesbil89h&3, 7®m t he breeding service of Charles
River Wga GrbH (Sul zfeld, FRG. Mle Lewis rats of 270-330 g aged 2.5 to
3 nonths, and mal e Wstar-Furth rats of 200- 250 g aged from1.5 to 2
noniighs are kept under constant, controlled conditions (tenperature 19-22C,

relati E?Tﬁéj gr‘nt?aﬂ%&’rosc?er ? c a?:tlon candoeyinves gateH e f8ﬁowmg animal models.

Cuff model of neointima formation

15  The wild-type mice of the strain C57BL/6J are supplied by the breeding service of
~ Charles River Wiga GmbH (Sulzfeld, FRG) and the homozygous KO mice of the
strain C57BL/6J-ApoE tm1Unc (ApoE KO) are supplied by The Jackson Laboratory
- (Maine, USA). All mice are between 10 and 12 weeks old at the start of the
experiment and are kept in fully air-conditioned rooms at a temperature of 22°C. The
20  day/night phase of the controlied light program is adjusted to a period of 12 hours.
The mice are firstly anesthetized with 60 mg/kg of body weight of pentobarbital
sodium i.p. Each animal then additionally receives 0.01 mg/10 g of body weight of

xylazine i.m.

25 The mice are fixed in the supine position, and the inner surfaces of both hind legs are
shaved and disinfected. The skin on the inside of the left thigh is then opened by
means of a longitudinal incision approximately 1 cm long and the femoral artery is |
isolated from the surrounding tissue and from the femoral vein and the sciatic nerve.
A piece of polyethylene tubing approximately 2 mm long (internal diameter 0.58 mm,

30 external diameter 0.965 mm, Becton Dickinson, Sparks, MD, USA) is then cut
according to length and placed around the femoral artery and fixed with Prolene
threads (7/0, 0.5 metric from Ethicon, Norderstedt, FRG). The skin is subsequent!y _




controlled light programis adjusted to a period of 12 hours). 10 For the
operation, the rats receive a combination of 3.3 ny/kgseptehpdy20d ght of
xyl azi ne and 115 nyg/ kg of body wei ght of ketami ne. After the onset of the
anesthetic action, the abdomen of the recipient is opened by nedian

i nci si onWOTR&7H¥Bdom nal aorta and inferior vena cavePEFBPREPAT at ed from

- one anot her between the renal 15 artery and vein and the iliol unbal
vessels. The aorta is then closed ggnially using a vessel clip. Caudally,
a silk thread is placed around both vessels and tightened. A second silk
thread lies |loosely around the cranial end of the inferior vena cava. After

openi ng,; t i i . r i - il i ng t hrough
the | arised gBel Y ns iR S dafind )R RRE TR AR 3oy Attt of A 19| Pt
t he i sehaegbws menherdbatfwithoet 2@uifibeing pEcgd aroufiddhelfempdrakaytary.sThehen opened
and the heart is expgsed. The superiqr _and,inferi.or wvena cava are |igated
and cutant"Pﬁ’b‘iﬁWS%‘ﬂf-'eﬁﬁe‘é?gﬁeﬂéogﬁ C@&%Hgﬁ'&aﬁfaF&haPB?f t'o?’c}ﬁelaﬂ' aﬁsegrlet. A mass
|'i gat ugeaeb Cfa%wﬁm;{g)@y%b\égneg. is carried out using a silk thread. The
aorta ana pul nonary artery are then lifted with forceps and cut through.

The S5 transplant is then freed of blood residues in the vascular system The

h t i th i f i ; i f th
'ung a'ﬁif*ket%}%ﬁ%*ﬁﬁﬂ*%&ﬁ@%ﬁﬁ?%%’?%@?m%‘&%ﬂ%w%“ﬁ@? Tokftdy (o the
B g O o D B e P T2 cava
Y v Xgion G1ihe we SR s e g S A reoa s Un Tgetoh AT b O e ST

9 he S BRAR forat LATRSFhto B GbsHMPadd. THbdhpnd BlolieRandig the arteri al
30 circulation are successively released. Finally, the abdomi nal cavity is

cl dked adgdesare thamigmovpds Qo thecleftsides thewostianaf dheadery isrampvedibid  After

t r anepieie M. she PO angl i fProRBAR Bn ol Yt EORRHOOBABIME I 170575 62
- PCT/ EPQ2410ar1ifie séctivpaitvedstd 1tromidifatbOatisd rightside, i@y pbrisporin A (CSA) for

SRR 0 Bk S R BT ey WSS ot o) o ol

enclosed by a cuff.
15
The portions of the left and the right femoral arteries fixed in 4 % strength formalin
solution are embedded in paraffin. From the section of the left artery enclosed by the
cuff and from the corresponding section of the right control artery a number of tissue
cross sections are prepared which are then stained with hematoxylin and eosin for
20 software-assisted (LeicaQWin from Leica imaging Systems, Cambridge, GB)

morphometric analysis.

Per mouse; three tissue cross sections from the area of the left femoral artery
enclosed by the cuff and three tissue cross sections from the corresponding area of
25 the right control artery are evaluated. After marking of the lamina elastica externa,
 the lamina elastica interna and the boundary between the lumen and endothelium,
the following areas are calculated by the analysis program: lumen, neointima and
media. The size of these areas is indicated in the unit pm® The effect of a compound
is indicated by the reduction of the ratio of neointima/media in comparison with the

30 control group.

' Heart transplantation




over the acute rejection period, the dose can be reduced from 25 ngl kg of

body weight fromthe 15th day p.op. to 5 ny/kg of boglgeMei@BE 200Ene
injections are 5 performed once daily in the norning in the neck area of

the animals. The changeover froms.c. GSA adm nistration to oral CSA

adm ni st Y 928¥25fRkes place .......... . on day 22 p. 8gI/EPB/otMder to have
safely got over the acute rejection period. The substance to be

i nvestigated is adm nistered for 1Qf days fromthe operation. After 10
expiration of the observation tine interval (100 days), the animals are
anest hetized and the abdom nal cavity is opened. The heart is then renoved
wi t-h protection of the vessel stunps of the abdom nal vessels, cut into
slices and in stored in 4 %formalin solution. After the heart slices have

~ been f il mbdwe stalRgeniemeatdeasplantatisrg thsplamtdtiorss lpdtwedn fvar el astics

according to the stanﬁjardi zed van Gi,e$0n gi stgpl ogi cal t_echEi ue. 15 The

cl assi GPBEHGARNINGPMPEDIe Bl SHRINGRFe FREET PEr PN BIF RIIBOTSH VIBBREYR cti on of the
vascul I aki i ' e fTatatys To My-T olo ' dans et al.

C(Tr ansg%tgr?{ré;g]ﬁoan 1 g,gﬁ@gg’,[%%%E%%ihpagg?gﬁ%ﬁtmengt%hgﬁ?gﬁ%ﬁr%soae@astica '

i nt éima ohtainasfom thel hireeding servickad SheileiRivandigspesibdd (S8izigld, BFRGpbr di ng to van

G eson L eh sel.ect) enphas) lastics fihers facjli es the
assess M}grﬂ? ge"f'ﬁ éata P% %Z‘fbg? g?gg@?pgoﬁ)ﬁadmﬁgtﬂghﬁmg@%ﬁa_rﬁ%ﬁg&%ﬁd uction of

t he ne@(04250% aged Hohf €.6ab Panomhel atekept Umfer constan], aottralle ebnditidrar osi s in
conparison with the control group._Atherosclerogsis nodel in ApoE knockout

(KO nitgmpeminrd 9r2iez ipse WoidRYCE-%F % the davinight rbeseei 8- ApoE tml Unc

oE : ' : r Mai ne, USA). All mce
gf\g be%é@%%g@ﬁ@dﬁﬁqsmgé&%@gté%&{éﬁ?@g#@fgélﬂ%gf yt §1e experi ma)nt and are
kepttO on standard litter for |aboratory aninmals (Altromn, Lage, FRG in
full I rcondi tiongd roons.at a t erat.ure of 2 . The.day/ ni ght phase
ot he! B ORI G S e e BRI o T Foek et 86”30 hour 5. The
ani mal sviarife bh@ M S hoMaldl bbagwe@ﬁ ofkidsrhBCAfdrGhe GnEBYf tfe arbsBhRBEenber 2005
WO 02/ 072573 83 PCT/gEIgOZ/01 17 At the end of the experinent, the mce are

anest hatiofie thedbgdamen ohijladgeipient iscpened Bymedian incision. The abdominal
aorta and inferior vena cava are separated from one another between the renal |
15 artery and vein and the iliolumbal vessels. The aorta is then closed cranially using a
vessel clip. Caudally, a silk thread is placed around both vessels and tightened. A
second silk thread lies loosely around the cranial end of the inferior vena cava. After
opening the abdorinal cavity, the donor animal is killed by cutting through the large
abdominal vessels. This point in time signaled the start of the ischaemic period of the
20 donor organ. The diaphragm is then opened and the heart is exposed. The superior
and inferior vena cava are ligated and cut through on the side of the ligature distal to
the heart. A mass ligature of the pulmonary veins is carried out using a silk thread.
The aoria and pulmonary artery are then lifted with forceps and cut through. The
transplant is then fréed of blood residues in the vascular system. The heart is then
25 lifted, removed together with the mass ligature from the lung and stored in cold
- physiological NaCl solution for one to two minutes. An end-to-side anastomosis of
the aorta and of the pulmonary artery of the donor 6rgan with the abdominal artery
-and inferior vena cava respectively of the recipient animal is then carried out. After
completion of the vessel anastomoses, the venous circulation followed by the arterial
30 circuiation are successively released. Finally, the abdominal cavity is closed again
using a peritoneur/muscle suture and a skin suture. After release of the blood

circulation and a short recovery phase, the transplanted heart beats with a sinus rate




of pentobarbital sodiumLp. and 0.01 ngll0 g of body wei ght of xylazine .
m The heart and aortic arch and the descendi ng t hor ageptendict 20@g € t hen
renoved and fixed in 4 %strength formalin solution. The descending aorta
is treated with Gl Red O for 5 the staining of fat |esions. The

nor phometwo @/amas ysis of the fat lesions is carried oRCI/EMRIONG7 2 M Croscope
(Leitz DM RBE type from Leica, Bensheim, a canera attached thereto having
a-control unit (CF 15 MCC Type, Kapgpsa Mel ttechni k, d eichen) and a

conput er (Leica, Bensheim. The neasurenents are carried out with the aid

. of a conputer programfor i mage anal ysis (LeicaQN n from Leica | magi ng

Syst ens, eart. aortic arch are, cut

| ongi t ﬁ.aﬁatﬂ’fq@@ﬂaggf’a?‘%“ ﬁyaﬂ%‘??&f'3&%%%5"%‘&%9%?8%%honet ric
anal ys'a'iimh@tef’e%%]th%%@oc@ar%@u?ﬂ?@é b?@ﬁor@ﬂﬁwa@ﬁ@ﬂhﬁ@ﬁb wE!éHAﬂ@r gsieiagi ons are
i nvestigated i nmunohi stochem cally for macrophages and T Iyrrphocyt es. The

ef f ect aver hieastisogiestion pering, M@few@ﬂﬂ?ﬁée@l&@@(ﬁqnb% 619/‘691@' bagyaque” f or mat i on
th t Th di
e Ty B e BB B P e, o1

ani gl pepfdehed Gisdeddallg in theancmingiia the mecklmeeaaftthé@nmmie Wstar rats are

obtained fromthe breeding service of Charles River Wga GibH (Sul zf el d,
FRG). at an age of 2.5 to 3 nonths and having a body wei ght of 270-330 g.

The aniypl c‘ﬁaﬁgé‘ov%?ﬁbmWQISNQﬂkﬁin?dﬁ*atloﬁ@ﬁrém$,&@dﬁﬂﬂ§hétioﬁ"ﬂékdstpﬁﬁéer ature
19-22C; relative humdity 50-55% the day/ni phase of the control |l ed

light ZB dey@grme.iis ortey tshae sﬁl}agpfecrvleathecﬁcu reﬁﬁs?ﬂﬂﬁpeﬂ%r hehe operati on,
the ratsﬁxggtgﬁc?éotﬁafaiaee?csgﬁ?feg?é é@rﬂ&n%ftergd ?brf[’lge Qhrolhaf¥ oﬁ@r‘aﬁgﬁ MAerxy! azi ne and.

115 ng/ etam ne. rral s ar én 1 ntubated and
vento | aixpigationtdf tia0otideouayige timeThierval hOOalmyés)stmmmadIs atié aheteetized and opened

er mandReTe frdsiniae BVD pPoERL ATt eauprere R Sreiedri B or 4
Egm : Wg?é&l %ﬁﬁ)’%’of He atstbd&n’gﬁbsﬂ'\/eg?é%%%uf ffo s?i@e%ﬁ&lh@o@ﬂdn Bepedriamed for 47.5
' solution. After the heart slices have been fixed, these are embedded in paraffin and
stained for elastica according to the standardized van Gieson histological technique.
15  The classification of the neointimal proliferation and the constriction of the vascular
lumen associated therewith is performed according to Adams et al. (Transplantation
1993, 56,794). Adhesions between the lamina elastica intema and endothelium are
classified. The special stain according to van Gieson which selectively emphasizes
'~ elastica fibers facilitates the assessment. The effect of a compound is indcated by
20 the reduction of the necintimal proliferation and thus the transplant atherosclerosis in

comparison with the control group.
Atherosclerosis model in Apokz knockout (KO) mice

25 The homozygous KO mice of the strain C57BL/8J-ApoE tmtUnc (ApoE KO) are
supplied by The Jackson Laboratory (Maine, USA). All mice are between 10 and 12
weeks old at the start of the experiment and are kept on standard litter for laboratory
animals (Altromin, Lage, FRG) in fully air-conditioned rooms at a temperature of 22

°C. The day/night phase of the controlled light program is a'djusted to a period of 12

30 hours. The animals are treated with the test substance for 4 months.




WO 02/ 072573 PCT/ EP02/ 01917 84 After the operation, the thorax is closed
again and the aninmals are extubated after conmmenci ngs Sppehee 06
respiration. The test substance is adm nistered 30 mnutes after the
ligature or inmediately before the reperfusion. The aninmals are then
treated ¥R 92P73FI h the test substance. At the end of PEFERRHWIT nent, the
animals 5 are again anesthetized with a conbination of 3.3 ngl kg of body

- weight of xylazine and 115 ngl kg o3 body wei ght of ketam ne. For the wall

- nmotion analysis, the animals in which the hearts were reperfused are
investigated by means of "Nuclear Magnetic Resonance |maging ". In animnals

i th t ht
.\(I:Mar ot P&?Q%ID%'{/%ﬁ? ﬁ%@%gﬁ?eﬁ‘g&n%% %}'@sﬁfetl%egin ﬁpii (3@@?&3‘? ess Wé?g 16gand t he
~contr ?@f pérgbyam?altsbgtuhﬂ‘fpt ahe 01 mbbl@byof boﬁbmvd@ﬁof xylszmdgmnf }Fbemved in all
animal s and perfused in a retro manner ngendqrff _apparatus via
the . RBAR AGAORICASET AT tqeéﬁa%{ﬁnﬁarﬂ?@% AT BINGKEa 870 B, ¢ he
det er mnaby tQtﬂergi.fth fotn'ﬂlsnrﬁ&ﬂ»&tmﬁ TR dééééﬁdﬁfg%rl%ngtr%teﬁh‘rﬁth@iﬂRé@lﬂﬁmC area. The

hearts are 6 thin slicées and i ncubated in
2, 3 55- the ghising af fatiesions. ﬂihemrpham@trusanalwt@ﬁf therfatiesions igioaries<oor t he

det e t f th L1 d i i t i
onal voleRg e ieRseh ki v AT foe B (L aRRGidm), *Gitfiera MiScn SN 1T ©)
caner at{ergth travingensineoninig(0F MG ame«apmmmchum Glamhelm) andBysi s ,.
software (Leitz, Benshei , The ri skﬁ&r I S exgreslﬁh%[e g rcent based on

“the IeF@m%Wﬂ-rQﬂ?eBeB?h%m SiafR caTtied <t cent based on
the ri @ﬁt%?groﬁ'ﬁé?n?gr lﬁ‘zgéeQﬁalgs@@_éimmEelcﬁ‘]'ﬂnﬁ@ﬁw@@ybﬁérﬁéw reduction of

the infa gion based”on t risk area in conparison with the control
gr ddp. Cgrrfbeﬂge,rﬁﬁ) Tnedneawwneoa@mamhcarﬁ erdongitugmziiggnegtagned vithai s 1. A

lcormouﬂema{oxy in anao eosin %r %orbhome’mc analysis. In each case 15-20 sections are
analyzed. Further sections are investigated immunchistochemically for macrophages
and T lymphocytes. The effect of a compound is indicated by the reduction of the

plague formation in the aorta in comparison with the controf group.

15
F) The cardioprotective action can be investigated, for example, in the following
~ animal model.
Cardiac infarct size in the rat
20 |

Male Wistar rats are obtained from the breeding service of Charles River Wiga

GmbH (Sulzfeld, FRG) at an age of 2.5 to 3 months and having a body weight of

270-330 g. The animals are kept under constant, controlled conditions (temperature

19-22°C; relative humidity 50-55%; the day/night phase of the controlied light

25 program is adjusted to a period of 12 hours). For the operation, the rats receive a
combination of 3.3 mg/kg of body weight of xylazine and 115 mg/kg of body weight of
ketamine. The animals are then intubated and ventilated with 30 % oxygen. The

_thorax is shaved, disinfected and opened by means of a left lateral thoracotomy. The

left coronary artery is permanently ligated 2-3 mm below the left auricle of the heart

30 for 48 hours or 4 weeks, or it is ligated for 30‘minutes and' reperfused for 47.5 hours

or 4 weeks.



in which Ais cyclopropylnethyl- or isobutyl; Eis -COR6, -COH or
-CH2-0-R 7; 10 Z is oxygen or sulfur; Rl is hydrogem SepteribeyPQ0sR2 i s

- phenyl, pyridyl or (Cl-C4)-alkyl, where the al kyl residue can be.
substituted by one or nore fluorine atons and the phenyl residue can be
subst i t uME28¥258ne or nore identical or different suBSTEPUSINE from t he
group consisting of (Cl-C4)-al kyl, (Cl-C4) 15 al koxy, nethyl enedi oxy,

et hyl enedi oxy, hal ogen, trifluoroneigyl and trifluoronmethoxy; R3 and R4
are nmethyl or trifluoronethyl; R5 is hydrogen or (Cl-C4)-al kyl, where the
al kyl residue can be substituted by one or nore fluorine atons; R6 is

hyd I 1-Ca) 20
e oK oo e R ks R oslle SRR s L O
- phenyl egiinefiting spbitghemushrosyitadioy - Tfmwﬁﬁeubatdmaya administered 30

g%nﬁg 5%%? %%er[&{l%ﬁqﬁ?ﬁlercéx rdépeg%%@e}ére the reperfusion. The animals are

phenyl rr(eﬂtrefa@acr@élwmqaé &%Wut%éfndecht fa@)mdaif kX ¥xpeRifigh®, the animals
mono( (G - Clo) - al kyl')am no or di ((Cl-Clo)-al kyl)am no; R7 i s hydrogen or

( C15CARrezagaii an%h&ﬂﬁefémfh |at®n'§ll@at@0|0§6 g&gfoé agdy wﬁtmhhv&xyiﬁzw ther eof in

al | f empher. 2005 WO

021 077508 T il Sr g Yl Bk i, FQ! e SR TR dhan i B iRl =00 T

cl ai Inr} th, which thiai hdmrt@@ve@@;bpaffuee@amgirestlgmeuwy nogarsraf “Nuclbaltl}mlagnamor onet hyl ,

__|na its stereoiso rc, rng. an m xtures ther N a ratios, or Its
physi oREEARCE JMegNg 4B ANty pith f@n@peﬁu%ﬁ%@ agp C@H@*%fcﬁ mila | as

clai m:~'ﬂtrb£\‘utféd"’\hé'?ne' ridhe4refid drtelyToliib Hheabutemdht Yotz ven'tribu?dr'préstsﬁre

stereol soneric forns and m xtures thereof in all ratios, its
phy8i chidytheatontractiityl in thebleB hearttchamber. The heart is then removed in all

animals and perfused in a retrograde manner in a Langendorff apparatus via the
aorta with warm 1% strength Evans Blue solution at 37 °C for the determination of
the anatomical risk area and of the nonischemic area. The hearts are then cut into 5-
6 thin slices and incubated in 2,3,b-triphenyltetrazolium chloride solution for 15

- 156 minutes for the determination of the vital and of the dead heart tissue. The
planimetric analysis of the risk area.and of the infarct region is carried out using a
camera (Leica, Bensheim) and an attached computer unit with analysis software
(Leitz, Bensheim). The risk area Is expressed in percent based on the left ventricle
plus septum and the infarct region in percent based on the risk area. The effect of a

20 ~compound is indicated by the reduction of the infarct region based on the risk area in

Comparison with the control group.




4. A conpound of the fornula | as clained in one or nore of clains 1 to 3,
in which 10 Rl is nethyl and R5 is nethyl, in all itgsspenderscreric forns
and m xtures thereof in all ratios, or its physiologically tolerable
salts. 5. A conpound of the fornmula | as clainmed in one or nore of clains |
to 4, i nW28MSTR2 is pyridyl, unsubstituted phenyl, paespi2owhich is
substituted by a nethyl enedi oxy 15 residue or an ethyl enedi oxy residue,
phenyl which is substituted by one 8 two (Cl- C4)-al koxy groups, or-
"(Cl-A4)-al kyl which can be substituted by one or nore fluorine. atoms, in
all its stereolsoneric forns and m xtures thereof in all ratios, or its
physi obggin¢ablys tol erabl e salts. 20 6. A conmpound of the formula I as
claimed 1n one or nore of clains 1 to 5, in which E is -COR6 or -CH2-CH
~and R6 is hydroxyl, (Cl-C6)-al koxy or amno, in all its stereoisoneric
forms ang m xtur re n all ratios, or its physiologically tolerable
salts.?2§c9mp29@§ﬂg%ﬁﬁ5”®1 he formula | as clainmed in one or nore of
~claims 1 to 6 in which Ais cyclopropylnethyl- or isobutyl; E is -COOH,
- COOC2H5, -COG C3H7 or -CH2-OH, Z_.is oxygen; 30 R is nethyl; R2is
unsubsti tuted phenyl, pyridyl thylX R3 and R4 are nethyl; 9 Septenber
2005 87 R5 is nethyl; in all i s ereqgi songric forns and m xtures thereof

inall ratios, an itsn%ﬂ&j/sioh Peal Ty e~galts. 8. A conpound of
the formula’l ag*cl in one r_l_Kreo clainse 1 to é in which Ais

_cycl opropy! - j{is_ yl; BTR\-COW, -RO0C2HS, - COO0i C3H7 or - CH2- OH

A is cyclopropylmethyl- or isobutyl;
E is -CO-R®, -CO-H or -CHp-O-R’;
10 Zis oxygen or sulfur;

5

in which

R' is hydrogen or methyl;

R? is phenyl, pyridyl or (C4-C4)-alkyl, where the aikyl residue can be substituted by

one or mare fluorine atoms and the phenyl residue can be substituted by one or more

idenﬁcal or different substituents from the group consisting of (C4-C4)-alkyl, {C1-C4)-
15 alkoxy, methylenedioxy, ethylenedioxy, halagen, trifluoromethyl and trifluoromethoxy;

R® and R* are. methyl or trifluoromethyl;

R® is hydrogen or (C4-Cy)-alkyl, where the alkyl residue can be substituted by one or

more fluorine atoms;

% is hydroxyl, (C1~C1g)—alkoxy, phenyl-(C4-Cg)-alkaxy, phenyloxy, (C+-Cs)-

20 alkylcarbonyioxy—(C1-Ca) alkoxy, phenylcarbonyloxy-(C1-Cg)-alkoxy, phenyl-(C1-Ce)-
alkylcarbonyloxy-{C+-Cg}-alkoxy, (C4-Cs)-alkoxycarbonyloxy-(C1-Cg)-alkoxy,
phenyloxycarbonyloxy-(C1-Ce)-alkoxy, phenyl-(C-Ce)-alkoxycarbonyloxy-(C-Ce)-
alkoxy, amino, mono((C1-C1p)-alkylamino or di({C4-Cqq}-alkyl)amino; |
R is hydrogen or (C4-Cs)-alkyl;

-25  in all its stereocisomeric forms and mixtures thereof in all ratios,

or its physiologically tolerable salts.




Z is oxygen; 10 R1L is nmethyl; R2 is unsubstituted phenyl, pyridyl or
methyl; R3 and Ware trifluoronethyl; RS is nethyl; i®saplenitef2005
stereoi soneric forns and m xtures thereof in all ratios, or its
physiologically 15 tolerable salts. 9. A process for the preparation of
compounddV2WEB fornula | as claimed in one or norePETEREZAINE 1 to 8,
whi.ch conprises reacting a conpound of the formula Il with a conpound of
the formula 111 20 11 Il where A dg Z, Rl, R2, R3, R4 and R5 are as
defined in clainms 1 to 8 or functional groups are. present in protected
formor in the formof precursors, and where Gis 25 hydroxycarbonyi,

(C, -C6),- al koxycarh l._or activated . axyli.c .aci rdevat L yes. 9

Sept e e’rg cga&éu%oﬁ@%&q%Fﬁ?%ﬁg%ﬁk@ﬁ@@?hﬁaﬁ@%o&%é&ﬁf the formul a
| as chadti@dr b 6. tiluomathyaf in el als Bteréoib@mricfofn® bind nfixtupthérebbyi cal |y
tolerable salts for use as nedjcanent., 11. A pharnaceutical preparation.

whi ch Bbdpietieeor daehysiolpgealyderriipaditso the formula | as claimed in one
or nore of claims 1 to 8 and/or their physiologically tolerable salts and
a pharmaceutical tolerable carrier. 12. A conmpound of the fornmula | as

cl ai5med. Arcoowpeund oftbe dorotiiac| a8 creimiedtio cBirmnd/and/or £sin wHich glhiyexygeogi cal | y

t ol er abl

sal.ts for use as antiinfl tories. .13. A cC und_of the
for mul 1 41l Bt RelRig T e iires BPreor i flrafios.or 4 SR GPOFRl
physi oighthBlaldaltst ol erable salts for use in the treatnment of arthritis, of
rheumatoid arthritis, of polyarthritis, of inflammtory bowel disease, of
system c | upus '
4. A compound of the formula | as claimed in one or more of claims 1 to 3, in which

10 R'is methyl and R% is methyl, in all its stereoisomeric forms and mixtures thereof in

all ratios, or its physiclogically tolerable saits.

5.A compound of the formula | as claimed in one or more of claims 1 to 4, in which
_ R? is pyridyl, unsubstituted phenyi, phenyl which is substituted by a methylenedioxy
15 residue or an ethylenedioxy residue, phenyl which is substituted by one or two (Cy-
Cq)-alkoxy groups, or (C4-Cy)-alkyl which can be substituted by one or more fluorine
atoms, in all its steredisomeric forms and mixtures thereof in all ratios, or its

physioclogically tolerable salts.

20 6. A compound of the formula | as claimed in one or more of claims 1 to 5, in Which E
is -CO-R® or -CH,-OH and R® is hydroxyl, (C4-Cg)-alkoxy or amino, in all its
stereoisomeric forms and mixtures thereof in ali ratios, or its physiologically tolerable
salts.

25 7. A compound of the formula | as claimed in one or more of claims 1t0 6
“in which
A is cyclopropylmethyl- or isobutyt;
E is -COOH, -COOC,Hs, -COO0ICgHy or -CH,-OH;
Z is oxygen;
30 R'is methyl;
R? is unsubstituted phenyl, pyridy! or methyl;
R® and R* are methyi;




15 erythematosus, of multiple sclerosis or of inflammatory di seases of the
central nervous system .14. A conpound of.the fornm® &pteabeck@ed i n one
or nore of clains 1 to 8 and/or its physiologically tolerable salts for
use in the treatment of asthma or allergies. 20 15. A conpound of the
formula | as clained in one or nore of clains 1 bis 8 and/or its
physiologically tolerable salts for us@7 n the treatment of cardiovascular
di seases, of atherosclerosis, of nyocardial infarct, of the acute coronary
syndronme, of stroke, of restenoses, of diabetes, of damage to organ
transpl aqufs,m%{hajfmrune di seases, of 25 autoi nmune di seases, of tunor growth
or tunmor netastdsis, or malaria, or for cardioprotection or secondary
prophy! airizl it stetecdsemend formscand aibadra thebsoffio bivatiod, orits Physivkshicdllyone or
nore of clainms | to 8 and/or its physiologically tolerable salts for use
as i nhi beteseBlectalishe adhesi on and/ or ~ ni gration of 30 | eukocytes or for the
i nhibition of the VLA-4 receptor. '

- .5 8. A compound of the formuia | as claimed in one or more of claims 1 {o 6, :
inwhich |
Ais cycIOpropyImefhy!- or isobutyf;
.. Eis -COOH, -COOC4Hs, -COQIC3H7 or -CH-OH;
 Zis oxygen; | |

10 R'is methyt;

' R?is unsubstituted phenyl, pyridy! or methyl;
R® and R* are triflucromethyl;
R’is methyl;,
in all its stereoisomeric forms and mixtures thereof in all ratios, or its physiologically

15 tolerable salts.

9. A process for the preparation of compounds of the formula I-as claimed in one or
- more of claims 1 to 8, which comprises reacting a compound of the formula Il with a
~ compound of the formuta il |
- 20 |

where A, E, Z, R', R?, R®, R* and R°® are as defined in claims 1 to 8 or functional
_ ‘groups are present in protected form or in the form of precursors, and where G is |
25 hydroxycarbonyl, (C1-Cg)-alkoxycarbony! or activated carboxylic acid derivatives.
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10. A compound of the formula | as claimed in one or more of claims 1 to 8 and/or its

physiologically tolerable salts for use as medicament.

11. A pharmaceutical preparation which comprises one or more compounds of the
formula | as claimed in one or more of claims 1 to 8 and/or their physiologically

tolerable salts and a pharmaceutical tolerable carrier.

12. A compound of the formula | as claimed in one or more of claims 1 to 8 and/or its

physiologically tolerable salts for use as antiinflammatories.

13. A compound of the formula I as claimed in one or more of claims 1 to 8 and/or its
physiologicaily iolerable salts for use in the treatment of arthritié, of rheumatoid
arthritis, of polyarthritis, of inflammatory bowel disease, of systemic lupus
erythematosus, of multiple sclerosis or of inflammatory diseases of the central

nervous system.

14. A compound of.the formula | as claimed in one or more of claims 1 to 8 andfor its

physiologically tolerable salts for use in the treatment of asthma or allergies.

15. A compound of the formula I as claimed in one or more of claims 1 bis 8 and/or
its physiologically tolerable salts for use in the treatment of cardiovascular diseases,
of atherosclerosis, of myocardial infarct, of the acute coronary syndrome, of stroke, of
restenoses, of diabetes, of damage to organ transplants, of immune diseases, of

autoimmune diseases, of tumor growth or tumor metastasis, or malaria, or for

cardioprotection or secondary prophylaxis of stroke.

16. A compound of the formuia | as claimed in one or more of claims 1 to 8 and/or its
physiologically tolerable salts for use as inhibitors of the adhesion and/or migration of

leukocytes or for the inhibition of the VLA-4 réceptor.




