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Cycl opepti de derivatives Cycl opepti de derivatives The invention rel ates
fo conpounds of the formula I - [err] [err] [err] 5 in which A is
Gy, Ala or NH,.NH e ] cids nmentioned can al so be

derivati zed, Zﬁerﬁgopa\gg%t Gite%%&i?acgllgca of the formula Il [err] C

[err] m p, r mignbeschréakiern#iafdmagnt|y of one another are 15

0 or 1, n, d ga271n €ach cage d Rdgpggently of one another are 1, 2, 3 or
4, Rand R2 in eac casegl ndepen:}gntly of one another are H or alkyl, [err]
Rlerr] and Rl err] together are also [err] [err] 20

Cyclopeptide derivatives



*2- Rerr] in each case independently of one another are H, alkyl,
Ar,err], Hal, [err] CN[err] X is H Hal, alkyl or Ar, 5 Ar

I.s phenyl which is unsubstituted or nono-, di- or trisubstituted by R3, R4
or R5 or is unsubstituted naphthyl, [err] in-each case independently of one
another are [err] [err] 10 COOR[err] or COR[err], R, R in

each case i ndependently of onecgggkgg 3R deAl jnnﬂpenyl or benzyl, and
nair-t

Hal is F, d, Br or I, a ere are radicals of optically active
amno 15 acids and am no acid derivatives, both the D and the L fornms are
included, and their salhy SiHUdAl PPN OF eaclksmgsehhgeso%re@es-
cl osed, for exanple, in DE 43 10 643 or EP 0 683 173. 2 he
invention is b&9&MgR tthe object of finding novel conpounds having val uabl e
properties, in particu- J.ar thgse whiyh can be used for the production of
medi caments. It has beerfl Y g he conpounds of the 25 formula | and
their salts have very val uablle p o- logical properties conbined with
‘ E#integrin i nhi bitork, in particu-
| ar inhibiting the interactiong of the[@ ] or [err]-integrin receptors
with [|igands, such as, beN..%O__Qéaﬁpl e, the binding of fibrinogen to

t he [err]-igtegrin >
in which
A is Gly, Ala or NH-NH-CO,
where the amino acids mentioned can also be
derivatized,
10 B is a radical of the formula II
R’
A
2
H. R
N N~
| H
(CHz)n
~
N
o ?
m, p, r in each case independently of one another are
15 0 or 1,
n, q in each case independently of one another are

1, 2, 3 or 4,
R' and R? in each case independently of one another are
H or alkyl,

RS

R' and R? together are also ¢
R7, RS’ R9' /c\Ra R1°

20



receptor. The conpounds show particular activity in the case of the
integrins [err] and [err] and [err]. This action can be denonstrated, for
example, 35 by the nmethod which is described by JJW Smith et al. in J.
Biol. Chem 265, 12267-12271 (1990). The-dependence of the origin of

angi ogenesi s on the I nteraction bet ween vascular I ntegrins and

extracel lul ar piomatri x r %?%% ooks,
R A dark an(Ij{ D. A. ChérBe(sétﬁ%}p%as C|Slenc(1: éé‘lp‘g%é 9 SQESOtBeg atd
possibility of the inMBibialkyl, 0Tt hPB®%i nHatact¥em ERORt nudVHGAR T he

initiation of apoptosisch, N@ngrcggﬁ,ar@@@hﬁ:eﬂ gmét,h) of angi ogeni c vascul ar
cells by a cyclic peptlde S %grlbed P.C. Brooks, A M
Mont gonery, Rosenf el ¢85 Hr Ra%%ﬂ 'ﬁr+m G Klier and D. A

Cheresh in el Ar79, 1157464 pHOAY). winigloudds ﬁﬁsﬁhetiﬂﬁﬂuﬂﬁ dr Wm%omh:—bl ock
the 10 I nteraction of inte grin.rece I, a suc ar .,
exanpl e, of fibrinogen oﬁithei¥|6fﬁﬁ8§3% %géﬁi ?9 ycgbr6¥éﬁﬁsl?ﬁlllla)
prevent, as GPlIb/Illa amnsubgdditsitsed mephdinydad of tunDur cell's by
metastasi s. Thigs, ig4 Copf 15”%%&?13/ éa[k"ec ﬁ&% &Pf;gré!ﬁt bﬂ@sanlﬁher are

The spread of tufhour’ cellg f yascul ar ﬁésggm
t akes pl ace through the Ror nﬁR ti Baloef Nﬁmré’é’g&r ‘agNECOR i GWt hINBEB:B /by

interactiomof the tumuicoemfl srwebhk®pl ood platelets The tunour cells are

screened b rotecti.on in the croa egat e are not _recognized
by the Cg|FS%FOfR%he P @ case(Jgr epenégntfy of one another é%

H, alkyl, phenyl or benzyl, and
Hal is ¥, Cl, Br or I,
and if there are radicals of optically active amino

15 acids and amino acid derivatives, both the D and the L
forms are included,
and their salts.

Similar compounds of cyclic peptides are dis-
closed, for example, in DE 43 10 643 or EP 0 683 173.

20 The invention is based on the object of finding
novel compounds having valuable properties, in particu-
lar those which can be used for the production of
medicaments. |

It has been found that the compounds of the

25 formula I and their salts have very valuable pharmaco-
logical properties combined with good tolerability.
They act especially as integrin inhibitors, in particu-
lar inhibiting the interactions of the oy-, P3- or
Ps—integrin receptors with ligands, such as, for

30 example, the binding of fibrinogen to the Bs3-integrin
receptor. The compounds show particular activity in the
case of the integrins oyBi, ovBs, owPs, drmpPs and a.fs and
oPBs .

This action can be demonstrated, for example,

35 by the method which is described by J.W. Smith et al.
in J. Biol. Chem. 265, 12267-12271 (1990).

The dependence of the origin of angiogenesis on
the interaction between vascular integrins and
extracellular matrix proteins is . described by



system . The ni croaggregates can fix to vascular walls, by means of which a
further penetration of tumour cells into the tissue is facilitated. 25
Since the formation of the mcrothronbi is nediated by fibrinogen binding
to the fibrinogen receptors on activated-t8ooed platelets, the GPlla/lllb
“ant agoni sts can be regarded as effective netastasis inhibitors. The

compounds of tpect opgHbasl, CAIabeceERkoye30p A3 CRUREURCOYL OBk ek Ve

conpounds in _human 'vetérinary nmedicine, I'n particular for
prophyl axi s andf8r 55ﬁeﬁépj1996ﬁ diseases of the ~circulation,

t hrombosi s, nyocar di ghe b'&fs%&%tl,lltyar tcﬁﬁ“' 0@% er%%lt%ha”ﬁ@t | @fSs
apopl exy, anglna pectoris, . oncoses di seases

0S
such as nt6§?€6f58Pos‘?%d ﬁ&Pﬁol%‘@;’Fcéﬁlhey lnéﬁg%{;@ﬁu ©f gpopiosis
such as, 5 fcopregaamined cellm:j ldeiarea)| @S, ang Didé e n@élgguz:af ceﬁilﬂ.se&@e_&
di abetic retingpat cul ar_degener.ati on Q u ar pl asnosi s,
rheumat oi d artfiri t?%/d%%t ed2ePtid art hr Heisq‘%/rl%er%be S (odohe-
ul cerative CAIMthpanohﬁry, M(MRnaﬁnield, EIMerRsn$éebdbs T.-Hu,

psori asi s, angéoggmgé SaﬁHdDrﬁst%ﬂ%%b%h?fhﬁ%éyﬁﬂﬂpl%ﬁéﬁg 41}3 é4yect|on

bacterial infection, fungal infection, in fa| ure and
in wound healing fofoEREPSESI ngLt hEhReaEPEFUAR0odes ¥hd ChThbloskpoihes of

the formilid | £ABebBceABhOVE id% oIS anCasHthevd %&niigaﬁagbl ahicAClisyi ty

'n opera- tIOI’ljS: Wherx%tmbIloem-:lt eJL. %llirllnrcr)pleanntgn t%t heé r:?ll?(g er?arrteclotor

pacemakers are*BEef*ampie, g g ep
(glycoprotein IIb/IIIa), prevent, as GPIIb/IIIa anta-
gonists, the spread of tumour cells by metastasis. This
is confirmed by the following observations:

15 The spread of tumour cells from a local tumour
into the wvascular system takes place through the forma-
tion of microaggregates (microthrombi) by interaction
of the tumour cells with blood platelets. The tumour
cells are screened by protection in the microaggregate

20 and are not recognized by the cells of the immune
system. -

The microaggregates can fix to vascular walls, by means
of which a further penetration of tumour cells into the
tissue is facilitated.

25 Since the formation of the microthrombi is mediated by
fibrinogen binding to the fibrinogen receptors on -
activated blood platelets, the GPIIa/IIIb antagonists
can be regarded as effective metastasis inhibitors.

The compounds of the formula I can be employed

30 as pharmaceutical active compounds in human and
veterinary medicine, in particular for the prophylakis
and/or therapy of <diseases of the «circulation,
thrombosis, myocardial infarct, arteriosclerosis,
inflammations, apoplexy, angina pectoris, oncoses,

35 osteolytic diseases such as osteoporosis,
pathologically angiogenic diseases such as, for
example, inflammations, ophthalmological diseases,
diabetic retinopathy, macular degeneration, myopia,
ocular histoplasmosis, rheumatoid arthritis, osteo-



They have an antiseptic action here. The efficacy of the antinicrobial
activity can be denonstrated by the procedure described by P.

Val entin-Wigund et al., in Infection and Inmmnity, 2851-2855 (1988). 15
Since the conmpounds of the fornula + 4are inhibitors of fibrinogen
bi ndi ng and thus |igands of the fibrinogen receptors on blood platelets,

they can be usg@npidin asrdhgRes! i c1igeohle daindinnad lanaldzation
of thrombi in the vascul'ar system pro- 20 vided they are substitute

for exanple, bFrRME® o- adiiSPaSSr Uv- detderascdaresifue. Th@SSHRsUfds of

the formula | @aqllbgeumsaSahahlbeéaéﬁo@isfI@ft@@g%d&dﬂa@;fﬁd vASal

ffect | f h tud he et aboli sm
el bt e X ipdEcE o bafrREtSl JatBEr TEnTT TR L, AMASEt Sornarin

mechani snms Bf Gleatiel brkbdgey r eadgtiure Thaddetict abbandni thedlingl ald? to

be i ncorporat e@up%o@tln%mt‘?%' %eaaﬂ?lcj r%kq:ié)é/ %;L allows, after binding to

t he recept or to be 30 investigated.
The abbrevi ations of afih¢o mreburm doés thiestfmrmble/ el apain bbkowmptlawed or

the radicals ofsf NQEOLARM DO NARIRG 38hEPmifbdbial actiRAR LR IdpdBiT]

-5- Arg arginine [err] [err]
tions where biomaterials, implants, catheters or heart

10 pacemakers are used.

They have an antiseptic action here. The efficacy of
the antimicrobial activity can be demonstrated by the
procedure described by P. Valentin-Weigund et al., in
Infection and Immunity, 2851-2855 (1988).

15 Since the compounds of the formula I are
inhibitors of fibrinogen binding and thus ligands of
the fibrinogen receptors on blood platelets, they can
be used in vivo as diagnostics for the detection and
localization of thrombi in the vascular system, pro-

20 vided they are substituted, for example, by a radio-
active or UV-detectable residue.

The compounds of the formula I can be used as
inhibitors of fibrinogen binding and as effective
auxiliaries for the study of the metabolism of blood

25 platelets in different activation stages or of intra-
cellular signal mechanisms of the fibrinogen receptor.
The detectable unit of a ™“label” to be incorporated,
e.g. isotopic labelling by ’H, allows, after binding to
the receptor, the mechanisms mentioned to be

30 investigated.

The abbreviations of amino acid residues listed
above and below stand for the radicals of the following
amino acids:

Ala alanine

|
H,C —CH—COOH
35



['-'err] [err] 5 Qdy gl yci ne H2N- CH COOH Furt hernore, the foll ow ng

have the neani ngs 10 bel ow. Ac acetyl Boc tert-but oxycar bonyl
£BZ or Z benzyl oxycarbonyl DCC di cycl ohexyl carbodiim de 15 DVAP

4- di met hyl ami nopyri di ne DVF di et hyl % or mam de EDCI

N-et hyl - N, N - (di met hyl am nopr opyl ) carbo- diimde Et ethyl 20 FCA
fl uorescei ncarpeyyl i c aci¢4iMae 9-f 1 uor enyl met hoxycar bonyl HOBt

| - hydr oxybenzotriazol e HONSu N- hydr oxysucci ni m de MBHA

4- met hyl benzhydryl ami ne 25 M ' met hyl Mr _

4- met hoxy- 2, 3, 6- trlnethylphenylsulfonyl NNNNH h+nethy|nnrphollne CBtthI
benzyl ester Oct octan — ester met hy
este?/ Q Bu tert-bu WZCHZ Wen&@yyetyl Sal

salicyloyl 35 TFA I uoroacetic acid Trt trityl

(triphenyl net hyl).

5 Gly glycine
HoN-CH-COOH

Furthermore, the following have the meanings

10 Dbelow:
Ac acetyl
Boc tert-butoxycarbonyl
CBZ or Z benzyloxycarbonyl
DCCI dicyclohexylcarbodiimide
15 DMAP 4-dimethylaminopyridine
DMF dimethylformamide
EDCI N-ethyl-N,N’-(dimethylaminopropyl) carbo-
diimide
Et ethyl
20 FCA fluoresceincarboxylic acid
Fmoc 9-fluorenylmethoxycarbonyl
HOBt l-hydroxybenzotriazole
HONSu N-hydroxysuccinimide
MBHA 4-methylbenzhydrylamine
25 Me methyl
Mtr 4-methoxy-2, 3, 6-trimethylphenylsulfonyl
NMM N-methylmorpholine
OBzl benzyl ester
Oct octanoyl
30 OEt ethyl ester
OMe methyl ester
OtBu tert-butyl ester
POA phenoxyacetyl
Sal salicyloyl
35 TFA trifluorocacetic acid

Trt trityl (triphenylmethyl).



*6- |f the abovementioned anino acids can occur in several enantiomeric
forms, then above and below, e.g. as a constituent of the conpounds of the

formula I, all these forns and also their mxtures (e.g. the DL fornms) 5
dare included. Furthernore, the ami no aci€dsscan be pro- vided, e.g. as a
constituent of conpounds of the formula I, with corresponding protective
groups whi ch are known perise. sl P?Qé(gdsmgngeracvl%g V& €S

i ncluded 10 in the conpounds acco I nvention . €. cont pounds
of the fornulasﬁveﬁéélﬁﬂ&?ﬁmqmﬁrHQHfQﬁ@mpl§heﬁl@ﬁOWﬁ %ﬁ@lbgléﬂpse -ugar s
or oligopeptidgs, awdionl3ta3i@emAPidgt ytrié urldsé he£bed¥ Eerhiieaadti a1
conpounds according to the invention. 15 hese al so include blodegradable
pol yner derivaFP?ég 5PrpﬁeQHﬂnﬁﬁﬁﬂk$Qﬁﬁﬁnmﬂ¥EP¥%ﬁtﬁ% -9nvERE; Bk, toImsd

descri bed, 5 oraggarnplcdluded.| rEurﬂheﬂit&féU tRe, amin®/ clidhd)ca\nbao pad —ds
whose conflguratlo I's_not specifi- + ? I ndi_cat ed hav the % (L)
Fifushe

configuration. +ﬂ§ ¥ nv&ndicon FutheF°P8 o] Sfpr888?$uP
preparation offommpéands(ﬁithecbmnaﬂgmmdmmxopdohgctmvaegrndpan@haththeir

salts, charactgtizedsia t () a conpound of the fornula Il
H Z- OH sre © b@% s6? 1l in which [err] [err] &err]
[err] So-called prodrug derivatives are also included

10 in the compounds according to the invention, i.e. com-
pounds of the formula I, modified with, for example,
alkyl or acyl groups, sugars or oligopeptides, which
are rapidly cleaved in the body to the active compounds
according to the invention.

15 These also include biodegradable polymer derivatives of
the compounds according to the invention, as is
described, for example, in Int. J. Pharm. 115, 61-67
(1995).

Amino acids whose configuration is not specifi-

20 cally indicated have the (S) or (L) configuration.

The invention further relates to a process for
the preparation of compounds of the formula I according
to Claim 1 and of their salts, characterized in that

(a) a compound of the formula III
25 H-Z-0OH : III
in which
HO 0
z is NH—C—-B—A—
—NH ,
X
O~ _OH
—B-C-N
H

HN-A—



[-err] . -7- [err] [err] [err] [err] [err] and X, A, B, and C have the
nmeanings indicated in daiml, or a reactive derivative of a conpound of
the 5 formula Il is treated with a cyclizing agent, or b) a conpound
of the formula | is set free fromone of-i¥7s-functional derivatives by
treating with a solvolysing or hydrogenol ysing agent, 10 and/ or
in that a basic or acidic conpoung of the formula I is converted into one

of its salts by treating with an agi~d 0QQas®H Above and bel ow, the
radicals X, A B, C, Rerr], R[er

p, q and Z have the neanings
i ndicated in the 15 formul ae

11, if not exprgssly
stated otherwise. In the apoCGe-Mor M ae,

X is preferably H, Hal or alkyl,
in particular H O or CHerr].Hin the egornml ae, alkyl has 1-6 C

atons 20 and is preferably methyl, “ethyl, propyl, isopropyl, butyl,
| sobutyl, sec-butyl or tert-bub§l, and further also pentyl, 1-, 2- or
3-net hyl butyl, 1,1-, 1,2- or 2, ' Sﬂbpyl, 1- et hyl propyl, hexyl, 1-,.
2-, 3- or 4-nethyl pentyl, 1, 1, 3-, 2,2-, 2,3- or
—N
H HN-A—-B—C—

and X, A, B, and C have the meanings indicated in
Claim 1,
or a reactive derivative of a compound of the

5 formula III is treated with a cyclizing agent,

or
b) . a compound of the formula I is set free from
one of its functional derivatives by treating
with a solvolysing or hydrogenolysing agent,
10 and/or in that a basic or acidic compound of

the formula I is converted into one of its
salts by treating with an acid or base.
Above and below, the radicals X, A, B, C, R?,
R?’, m, n, P, g and Z have the meanings indicated in the
15 formulae I, II and 1III, if not expressly stated
otherwise.
In the above formulae, X is preférably H, Hal
or alkyl, in particular H, Cl or CHs.
In the above formulae, alkyl has 1-6 C atoms
20 and is preferably methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl or tert-butyl, and further
also pentyl, 1-, 2- or 3-methylbutyl, 1,1-, 1,2- or
2;2—dimethylpropyl, l-ethylpropyl, hexyl, 1-, 2-, 3- or
4-methylpentyl, i,1-, i,2-, 1,3, 2,2-, 2,3- or
25 3,3-dimethylbutyl, 1~ or 2-ethylbutyl, l-ethyl-
l-methylpropyl, l-ethyl-2-methylpropyl, 1,1,2- or
1,2,2-trimethylpropyl. Alkyl is particularly preferably
methyl.
R’, R®, R® and R are preferably H.



25 3, 3-di net hyl but yl 1-  or 2-ethylbutyl, 1-et hyl -

1- et hyl propyl, 1- et hyl - 2- et hyl propyl , 1,1, 2- or
1,2, 2- trlnethylpropyl Al kyl is particularly preferably nmethyl. [err]and
[err] are preferably H -8- The am no-aRi€ds and am no aci d residues nen-

tioned can al so be derivatized, the NNnethyl, N-ethyl, N-propyl, N benzyl
or Cferr]-nethyl derms@tIé{:ﬁﬁnob@ﬂ@sorsﬁa”a%%né ééﬁat'f%?%é o' Gl ed,

in particular, are the net%ﬁ; hyl, propyl utyl, tert neopentyl
or benzyl estefdoped: KA %hﬁ?ndéé H&%ﬂzﬁﬂunﬁheamdm¢ﬁtherNae&byl

derivatives of Napgtopyle, WHEdhAH@n bersulgi-methgd orgdFevatv&s= Nﬁbﬂ%?eﬁr]
group by an acetél gﬁoyl 10 net hoxycarbonyl or ethoxycarbonyl I cal
R and Rlerr]' RFELGFEF&rably, for exanple, H, methyl or ethyl, and further

benzyl or ﬁhenﬁﬂdlﬁﬂbaaﬂlﬁ:pnﬂﬁémreduyinfpare&@mnht,faﬁbOKMé e thghoxy.

COR[err] is al pr bl y, fce pr o I
butyryl, pentaégg %ﬂﬂ%ﬁa- Bbi&ﬁls.%%g%;$$t |ch5¥§pﬁﬁgﬂﬂst?$ %@ézyl
preferably- e§§er&rnﬁc§hed51de ChﬁmusMmeQbedgrouPpaandcéhkﬁher

preferably pheﬁigo @érﬂVaﬂﬁﬁdétékyér g®nint Qf ﬂﬁheg%wqﬂgegﬁbstlQutedn
or p-propyl phenyl 20 p |sopropy phen m
p-tert-butyl ph@ﬁylth%- ~IE- %K'EHHNM uGHHR hﬂth@ﬁ‘yl acgtylm benzoyl,

p- hydroxyphpnyhetnoxy&arabnginb&r@Qh@&yoaﬁbcnym dikaan nophenyl, o-, m

(r)r: or p- éNEtrrFf Tgxlyta? ﬁg%%’é preferably, for exapmpa}LCet ay donﬁ)e e”%’l or o

ethyl, and further benzyl or phenyl.

OR® is preferably, for example, hydroxyl or methoxy.

COR® is alkanoyl and is preferably formyl, acetyl,
15 propionyl, butyryl, pentanoyl or hexanoyl.

Ar is phenyl which is unsubstituted, preferably

- as indicated - monosubstituted, specifically

preferably phenyl, o-, m- or p-tolyl, o-, m- or p—

ethylphenyl, o-, m- or p-propylphenyl, o-, m- or
20 p-isopropylphenyl,. o-, m- or p-tert-butylphenyl, o-, m-

or p-trifluoromethylphenyl, o-, m- or p-hydroxyphenyl,

0-, m~ or p-nitrophenyl, o-, m- or p-aminophenyl, o-,
m-— or p- (N-methylamino)phenyl, o-, m- or
p-acetamidophenyl, 0=, m- or p-(trifluoromethoxy)-
25 phenyl, o-, m- or p-cyanophenyl, o—, m— or

p-methoxyphenyl, o-, m- or p-ethoxyphenyl, o-, m- or
p-carboxyphenyl, o-, m- or p-methoxycarbonylphenyl, o-,

m- or p-ethoxycarbonylphenyl, o-, - m-— or
p-benzyloxycarbonylphenyl, o-, m- or
30 p-(carboxymethyloxy)phenyl, o-—, m- or
p- (methoxycarbonylmethyloxy)phenyl, o-, m- or

p- (methoxycarbonyl-ethyloxy)phenyl, o-, m- or p-(N,N-
dimethylamino)phenyl, o-, m- or p-(N-ethylamino)-
phenyl, o-, m- or p-(N,N-diethylamino)phenyl, o-, m- or
35 p-fluorophenyl, o-, m- or p-bromophenyl, o-, m- or
p-chlorophenyl, o-, m- or p-difluoromethoxy)phenyl, o-,
m- or p- (fluoromethoxy)phenyl, o-, m— or
p-formylphenyl, o-, m- or p-acetylphenyl, o-, m- or
p-propionylphenyl, o-, m- or p-butyrylphenyl, o-, m- or



25 phenyl , o-, m or p- cyanophenyl , o-, m or

p- met hoxyphenyl, o-, m or p-ethoxyphenyl, o-, m or p-carboxyphenyl, o-,
m or p-nethoxycarbonyl phenyl, o-, m or p- et hoxycar bonyl phenyl ,

o-, m or p-benzyl oxycar bonyl phenyt, 9 - o-, m or
30 p-(car boxyrret hyl oxy)phenyl o- m or

p- (et hoxycarb @Qg nyl,o- - hyl®ulf ido) -
p- (et hoxycar b(?r]l-yl et hyl“oxy) phenyl , © o-,m or 5) elﬁ- ytsulfonamido)
di et hyl ani no) pk@RML, = 8=, Wy @&T pp(-mah@ﬂwqymeﬁmL phenyl , B=, BT or

p- (N, N-di et hyl cynn@r@)lwcprfen 1} eF,35m-p-d#u -a@wwls,ulﬁnylpnenﬂr
p- br onophenyl, o-, m or

p- di f | uor onet h&Xy) fhe®A P g%tﬁ}#lsuci%nylpkbe ¥} lRJ’F JP%?WEB(% phenyl , o-,

m or p-$ornyl phenyIAmlrﬂ} pm‘btebtﬁvécet gi:bhpnylpreﬂerablly Oldenotes

p- pr opi onyl phe -, . p-butyryl O-, I.or

p- pent anoyl phe%;qe:tﬁd- , %]ﬁgﬁlg?gfb (#E%Y% Uyl fo%%ﬁ?&%?gebﬁ%hyl ,benzt?_xl, m
or p-phenoxyptedyyl, o-,POAm aretthomydgtbdnybhenyl ethoxymanionyl,

p- met hyl sul fi nyl @h%ﬂﬂrld?ﬂox@eﬂfoxﬁzc{gﬂ%eii’ol fonygphenyl o ﬁ%@tqwclxy-

Ami no “protective gr,oup gre era 't es acetyl pr opl ony
butyryl, phen{& BBAZzoyl" C%@QRRHZOXY POA, 4-methe:

et hoxycar b;pcmyl ,ca%b'én%rlt I iFgddcqr Qﬁﬁﬁww Boc, 2 i odoet hoxy-
car bonyl , CBZ ("car obenzox éd *}h benz ony car bonyl ,
Froc, Mr or benzyl. THEScORP IBE of Ct% 8 ?la%ehé’tvq eakt te@st

chiral centrestaod cdairahecehbresoanda cmvahewfo&bercﬁmmrmhl erdirigds The
formul a | 'nCng%§é@fs&Hg¥¥Effgfm§ 1éhe formula'%xx%éﬂ é@g’all @%%se

i nvention rela
forms

15 Accordingly, the invention relates in
particular to those compounds of the formula I in which
at least one of the radicals mentioned has one of the
preferred meanings indicated above. Some preferred
groups of compounds can be expressed by the following

20 subformulae Ia, Ib and Ic, which correspond to the
formula I and in which .

in Ia X is H, alkyl or Hal,
R!, R? are H,
m is 0,
25 n is 3,
P, x are 1, and
q is 2 or 3, and
in Ib X is H, alkyl or Hal,
30 R!, R? are H,
m is 0,
n is 3,
P - is 1,
r is 0, and
35 q is 1, and

in Ic X is H, alkyl or Hal,



particular to those conpounds of the formula | in which at |east one of the
radi cal s mentioned has one of the preferred nmeanings indicated above. Sone
preferred groups of conmpounds can be expressed by the follow ng 20

subfornulae la, Ib and Ic, which cofregpend to the formula | and in
which in la X is H alkyl or Hal, Rerr], Rerr]

are H m is 0, 25 n ~_ 4 3, p, 71

are 1, and q Rl A %gor 3 apd in b X % isH

al kyl or Hal, 30 an rr] Re ??e o are Hgm

is 0, n is 3, p is 1, r < ""H is 0, and
35 q Is 1, and in Ic X is H

al kyl or Hal, - Rl and R2 t oget her are [err] [err] m
is 1n 5 2 5 p, r are 1, and ¢
Is 2. The conpoaehdS-0Of the fornmula | and al so the starting substances for

their preparation are otgermﬁse preparegsb¥ nmet hods known per se, such as
are descri bed

n is 2
5 P, T are 1, and
q is 2.

The compounds of the formula I and also the
starting substances for their preparation are otherwise
prepared by methods known per se, such as are described

10 in the literature (e.g. in the standard works such as
Houben-Weyl, Methoden der Organischen Chemie [Methods
of Organic Chemistryl], Georg-Thieme-Verlag, Stuttgart),
namely under reaction conditions which are known and
suitable for the reactions mentioned. In this case, use

15 can also be made of wvariants which are known per se but
not mentioned here in greater detail.

If desired, the starting substances can also be
formed in situ such that they are not isolated from the
reaction mixture, but are immediately reacted further

20 to give the compounds of the formula I.

The compounds of the formula I can be prepared,
for example, according to the following schemes 1 and
2:



10 in the literature (e.g. in the standard works such as Houben- Wyl ,

Met hoden der Organi schen Chem e [ Methods of Organic Chem stry],

(eor g- Thi eme- Verl ag, Stuttgart), nanely under reaction conditions which are
Known and suitable for the reactions nentganed. In this case, use 15 can

al so be made of variants which are known per se but not nentioned here in

greater detail gohbmdegi.red, the starting substances can also be fornmed in
situ such that not i sol ated fromthe reaction mxture, but are

i mredi ately reacted fyrther 20 th & ve ﬁge Cerpounds of the fornmula I. The

conpounds of the fo a I cawo E%are anpl 80CIlaMeadi ng to the
foll ow ng sche ene Cl / dI oxane

[ ERR] - 12 - Scherre 2. EERR] Rem)val of NQs - The i nport ant
3- am no- 3- (3- ni t rophavyl ) - propi hN& aci d un'f"t‘z from Schene 1 is pr epar ed

accordi ng v

1.Boc-Gly-OH  MeO~_.O

MeO-_ O 2. HCl/dioxane
\((O 3. Boc-Arg(Mtr)-OH NO,
NO, hl‘H

NH,
Gly—Arg(Mtr)—Boc
'}
vi
MeO (o} "
1. HCl/dioxane 1. RaNi -

- NO. 2. Cyclization

2. Il or NH 2 3. Hydrolysis

o0 o | HO o] 4. Mitr removal

Gly

H (c
oL X0 ’lm -t f Holq

o q=2 or 3

vl



to J.. Og. Chem 25, 1758 (1960) from 3 nitrobenzal dehyde,
mal oni ¢ acid and anmoni um acetate. 5 1In t he synt hesi s of anal ogous
conpounds t he correspondi ng nitrobenzal dehyde derivatives are used.
Compounds of the fornmula | can preferably 12 -obt ai ned by cyclization of
conmpounds of the fornmula Il under the conditions of a peptide synthesis.
In this 10 cagheme®: reaction is expediently carried out by

cust onmary nethGﬁS‘UT‘pEptlde synthe3|s such as are described, for exanple,
i n Houben-Veyl, et _J ‘ %éS/MtQ ' Gy BO6R4NIO74) . The
reaction preferably ace 15 pr e of —=—dehytrati ng agent,
e.g. of a carbodiim ds e DCCl or  EDCI NG, her, for exanple

di phenyl phosphoryl azi dé or 2- ethoxy N—ethoxy-

carbonyl -1, 2-di hydroqui goline, in an inert solxent, 20 e.g. a hal ogenated
hydr ocar bon such as di chl oronet hane, an ether such as tetrahydrofuran or

di oxane, an am de such as DVMF or dinmethyl acetamide, a nitrile such as
acetonitrile, inugbleidy! suldmXxi de t he Mpbesence _Qf CH, t hese

sol vent s, at k rég _ﬂgLﬂggn,ZS appff ox el'y' -10 and 40,
preferably bet ween 08 PNERR] . I n order to pro g7 | ecul ar
cyclization ahead of igternolecul ar peptide bondingl. it isjexpedient to

work in dilute solutions: pendi ng on the condi ti oNg 0% @ he reaction
time is 30 between a few m nutes and 14 days. Instead o conpounds of the
formula 111, it is als®possible to enpl oy derlvatlvgg of conpounds of the
formul a III, preferably a preactivated carboxylic acidy or a carboxylic
acid halide, a symretrical or m xed 35 anhydride or an active ester.

Radi cals of this type for MeO-_ O CH,
Removal of the
'‘Bu-0 O 7 NH Boc and the

v

NH H
N
o |
o
NH
A
H H

wocolisiindes
HO 0 NH 1. Cyclization NH

I NMz 2 Hydrolysis ®) N
QO  3.Mitr removal j, o

NH >

N N H

o i N

o o |

NH o
Mtr NH

N N

H N” “NH,
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N
H



t-he activation of the carboxyl group in typical acylation reactions are
described in the literature (e.g. in the standard works such as

Houben- Weyl , Met hoden der Organi schen Chem e [ Met hods of Organic - 14 -
Chemistry], Georg-Thieme-Verlag, Stuttgartl)3. -Activated esters are
expedlentlyforrredin situ, e.g. by addition of HOBt or

N- hydr oxysucci ni m de. Agea rul gn blg%arn%act | oR- b&lﬁ%L@ng-ﬂlﬂtr‘#I@hyﬁ)me”
sol vent, when u3|n a carboxrllc acid halide in the presence

aci d- bi ndi ng a&éf‘?ﬁ’ WGt afr g%%lil%m%a%el§u5’ﬁeQ§r?@ SAfATHINGE

di met hyl ani | i ngo pywi.di n®©xy. qum:};ém,ne The adgh]sgon Qfiogn)al k&Eromet & or

al kal i ne ear‘th ta 0X rbonate 0 arbonate or of another
salt of a weak™ Zfaﬁédgllylé’ﬁ 3?% or2 G aPP e VUL YR: ZoSt tate.

pr ef er abl y of |§nt assuhem spdithmsical ciafn oranaksgons nagoabsankie the

favourable. As, I Id t he 15 rmul a
[11 are novel. esﬁggxrt]il éh%rlg%{g?)eglzb%qdke%ﬁe %ﬁs"c? ‘%eépepf? d%seséht hesi s.
The conpounds of the f Gomployadssi ef Ithen fiormuler Ihecabt prefeibgblet tieng

them free frombhaiinetliBi icyaali AR ool Ob¥Sthe ifRaARNL yhar 20
hydr ogénolysis. Preferred start iygt%he, subst ances

hydr ol ysi s,
fgr yt he sol \‘7‘8%1?5 LhE ROBF3GARTSY P & PeRiLee WS iSist-eadiNofthdfe or
more free Jon neaa&d/on:h}éydrx@a;dtzgfroupﬁs wfpédﬂeﬁ@iﬁesaaﬂéhaa PoRieC iR

am no andlor hydLesnhr¢® ALeHBAs RIFT Pdilhd MReRDLED, TLRiRRLST AL
described, for example, in Houben-Weyl, 1.c. [sic],
Volume 15/II, pages 1 to 806 (1974).
The reaction preferably takes place in the
15 presence of a dehydrating agent, e.g. of a carbodiimide
such as DCCI or EDCI, and further, for example,
propanephosphonic anhydride (cf. Angew. Chem. 92, 129
(1980)), diphenylphosphoryl azide or 2-ethoxy-N-ethoxy-
carbonyl-1,2-dihydroquinoline, in an inert solvent,
20 e.g. a halogenated hydrocarbon such as dichloromethane,
an ether such as tetrahydrofuran or dioxane, an amide
such as DMF or dimethylacetamide, a nitrile such as
acetonitrile, in dimethyl sulfoxide or in the presence
of these solvents, - at temperatures between
25 'approximately -10 and 40, preferably between 0 and 30°.
In order to promote intramolecular cyclization ahead of
intermolecular peptide bonding, it is expedient to work
in dilute solutions.
Depending on the conditions used, the reaction time is
30 between a few minutes and 14 days.

Instead of compounds of the formula III, it is
also possible to employ derivatives of compounds of the
formula III, preferably a preactivated carboxylic acid,
or a carboxylic acid halide, a symmetrical or mixed

35 anhydride or an active ester. Radicals of this type for
the activation of the carboxyl group in typical
acylation reactions are described in the 1literature
(e.g. 1in the standard works such as Houben-Weyl,
Methoden der Organischen Chemie [Methods of Organic



whi ch i.s bonded to an N atom carry an am no protective group, e.g. those
whi.ch correspond to the fornmula I but instead of an NH2 group contain an
NHR group (in which R is an am no protective group, e.g. Boc or CBZ). 30
Starting substances are furthernore préflerred which, instead of the H
atom of a hydroxyl group, carry a hydroxyl protective group, e.g. those

whi ch corres- pRBRikeriNe foestgarhi OHb-v881880 At tyLFoXyPReRYL YeRUP
contain an R'O hengl %roup in which R" is a_§5 hydr oxyl 'protective
group). A plur SPEEYSoRTE lently fREMed ekt sitio-et@et BY P& 188d/ or

hydroxyl groupsfcHOB&l sz Nehptesyisuictiniemige.ecul e of tgefftartin?
substance. If the - 215 praotectivy roups, present are different, fromone
anot her, in many casesA%hé£ Eggebet%ﬁ%ef??GEEVHréﬁ%v%%?r#ﬂ@ é&%%e%%i&ﬁ

"ami no protiect ineryr eedvert ,gewizenl bgikgovan aadboryiies atcxiogrlmadeé\hLmr are
5 suitable fo r ' far q ' gr chemi ca
reacti-ons, butEQEig%ggkgagaggl%I?§%§§ggﬁghﬁﬁﬂ%?£%%@tHe§%$£%£%ﬁ%¥j%g}%F
reacti on has bREF2BAFriRASSuUtSURh ofifer tpdethivdaaing,t hdimetbylheilipgi cal

of such groupspgkedih8 BargugHbahineUnsubstituted or substituted 10 acyl,
Since the am no protective groups

are temoved af Thr PRESEIENT 8 pElA R GHETERCRT oL KRR CEREEPhBRRARL ur o

and size il9 ot hedwbzedept cariboneale dl?vbirlgarbbhﬁﬁé ?%videm ér,réag?%%n"sgétl

Do S 2 o o,y ST o0, S AL, mehft o AR e

present procesmetals, preferably of potassium, sodium, calcium or
caesium, may also be favourable.

As a rule, the starting substances of the

15 formula III are novel. They can be prepared by known
methods of peptide synthesis.

The compounds of the formulae ([sic] I can
further be obtained by setting them free from their
functional derivatives by ~solvolysis, in particular

20 hydrolysis, or by hydrogenolysis.

Preferred starting substances for the
solvolysis or hydrogenolysis are those which, instead
of one or more free amino and/or hydroxyl groups,
contain corresponding protected amino and/or hydroxyl

25 groups, preferably those which, instead of an H atom
which is bonded to an N atdm, carry an amino protective
group, e.g. those which correspond to the formula I but
instead of an NH, group contain an NHR’ group (in which
R’ is an amino protective group, e.g. Boc or CBZ).

30 Starting substances are furthermore preferred
which, instead of the H atom of a hydroxyl group, carry
a hydroxyl protective group, e.g. those which corres-
pond to the formula I but instead of a hydroxyphenyl
group contain an R”O-phenyl group (in which R” is a

35 hydroxyl protective group).

A plurality of - identical or different - pro-
tected amino and/or hydroxyl groups can also be present
in the molecule of the starting substance. If the



ﬁncludes acyl groups derived from aliphatic, araliphatic,
aromati c or heterocyclic carboxylic acids or sul fonic aci ds and

al so, in particul ar, 20  al koxycarbonyl, aryl oxycar bonyl and
especi al | y aral koxycarbonyl groups. Examﬁles of acyl groups of this
type are alkanoyl such as acetyl, propionyl, butyryl; aral kanoyl such
as phenyl acety ro@é@ihvéucax%p@en ésé’x’i tobpyl ; f]Sﬂe%\ff"é kappyl sggh as
PQOA; al koxy- 2 rbong such oxycarbon ethoxycarbonyl
2,2,2-trichl or%’e’t"ﬁﬁﬁtjca BoR$ny casenggey canp bieg iye Lya riesepred .
aralkyloxycarbonyl suthe a&xp68351oh Caﬁﬂﬁzubfpﬁ%ﬁkdtl$$ gifup"P l?erred
4- met hoxybenzy] 0x ony sul fonyl such as r re

ani no protectié%né B khogpe KT S ahf f FHWES cahickppare

benzyl an® aceuytabrheﬁaqnpmnmemtimgdﬁiaﬂ mﬂaﬁkmngﬁeagnmmfndfgkbhpmnse
eneral ly kno | e.sujtabl e r proteciing a

gydr oxy! ygr ou\SP From %ghﬂ:ﬁi £8a ?E?‘rggl%ét i 6151’2 "ﬁ{lbcuq Avﬁu%?‘usz" e:ggg#;é,
renovabl e afterftpe d&s r@ﬁséhéﬁn cdleniecrel | @“leana:someemas:aﬂoreleeﬂ ocatraedot her

positions in thet metesvher %Eb@h%@bn%f iU OIS & E’I‘%ﬁ'i 1 of suf:h
abovenent i oned unsubstitu or substituted ary or
groups, and fUgECUPS_axg,. 1Ph8Pﬁ$ﬂ€W&%ﬁ;zﬂﬂ§H Hriduped Tor ﬁﬁhﬁtétuh§d5|ze

of the hyaooxyacpxptesynyeagamubstymétngtl @ tair.i‘aalky15|d‘l“<%ﬁ§‘e>’53?ﬁ§er€ﬁBved
again after tQﬁnl Si L ?%t n1ca| reaction or reagﬁ* uence; _groups

se
havi ng 1-20, ifipartfcdia %Vf O %1 BhE TEPre eRFES! @%%lﬁﬁd
hydr oxyl pro- ¥ezttiengloupseactiomtsequence) pbebhglir mamm&@ohgnzoyize

is otherwise not critical; however, those having 1-20,

in particular 1-8, C atoms are preferred. The

15 expression “acyl group” is to be interpreted in the

widest sense in connection with the present process. It

includes acyl groups derived from aliphatic,

araliphatic, aromatic or heterocyclic carboxylic acids

or sulfonic acids and also, in particular,

20 alkoxycarbonyl, aryloxycarbonyl and especially

aralkoxycarbonyl groups. Ekamples of acyl groups of

this type are alkanoyl such as acetyl, propionyl,

butyryl; aralkanoyl such as phenylacetyl; aroyl such as

benzoyl or toluyl; aryloxyalkanoyl such as POA; alkoxy-

25 carbonyl such as methoxycarbonyl, ethoxycarbonyl,

2,2,2-trichloroethoxycarbonyl, Boc, 2-iodoethoxy-

carbonyl; aralkyloxycarbonyl such as CBZ (“carbo-

benzoxy”), 4-methoxybenzyloxycarbonyl, Fmoc; aryl-

sulfonyl such as Mtr. Preferred amino protective groups

30 are Boc and Mtr, and further CBZ, Fmoc, benzyl and
acetyl. '

The expression “hydroxyl protective group” is

likewise generally known and relates to groups which

are suitable for protecting a hydroxyl group from

35 chemical reactions, but which are easily removable

after the desired chemical reaction has been carried

out at other positions in the molecule. Typical of such

groups are the abovementioned unsubstituted or

substituted aryl, aralkyl or acyl groups, and fur-



p-tol uenesul fonyl, tert-butyl and acetyl, benzyl and tert-butyl being
particularly preferred. The COOH group is preferably protected in the form
of its tert-butyl 10 ester. The conpounds of the formula | are set free
fromtheir functional derivatives - dependiéng on the protective group
used - e.g. wusing strong acids, expediently using TFA or perchloric

acid, but al sotharmétieNh1dd1e51 871 0§8ohper 9aRC AR IS Stk 35,8y AFOGHPr i C
acid or sulfuric acid, strong organic carboxylic acids such as
trichl or oacet i BYSECKYdr REAYIFH EVarcPaUBSCASadYerGehbica}l, since they

p-tol uenesul f orire acdmbvddcaphesentfte BReaddidirtRl chagi ta$0lnedidt sich
possi bl e, but not al .s 20 necessary. Suitable.i ne&t_ §O| vents ar.e .
preferably org&fi &8 S e CSea T RS BIYYI P c 158Pds 1B PR T SHI&T ¢
aci d, ethers suiefilas @ edtahydapéupaeferredox Bxamplesiest shogirazyDMpro-

hal ogenat ed hydr 0 dig o an nd further also al,cohols
such as 25 net %g%gq%e{%%@oarafel’so:bé]%%{angﬁigangegggg'w&t té’l;'%rﬂ%?pztogrlés of
t he abovenent i ®réelaenesmls cad f utelsrbotylsuandbl cetFl | danzxfler alndy

used in an exc ' t idi if t, r ri jdin
the formof a %%itt ‘Sﬂrby&?);;}. g%gtqiigf: %%ca%dé i#o’gmh%%‘?‘gﬁ%%?c gggagpgﬂi rsi:&toﬁ:l
ratio 9:1. ThelfedHgifrakhpePartieetetodn nehe| Eavageofar btax Feditedutyl

bet ween appd oxiemitel.y O and approxi mately 50[ ERR], preferably the cl eavage

is carried out between_ 15 and 30[err] o] tenpperature). The groups Boc,
CtBu and Mr can, for gilgnpflgr,npg N3peret a rp&? b&OF eg u’Ffig ifree
di chl or onet hanérom usheir afunotivad] yd8rivabiebliCl- i degieaddng adn the

) . ) :
o oot i o BAEERESLRP JERNRE, AP SRS VBibg GRS WA,
expediently using TFA or perchloric acid, but also
15 using other strong inorganic acids such as hydrochloric
acid or sulfuric acid, strong organic carboxylic acids
such as trichloroacetic acid or sulfonic acids such as
benzene- or p-toluenesulfonic acid. The presence of an
additional inert solvent is possible, but not always
20 necessary. Suitable inert solvents are preferably
organic solvents, for example carboxylic acids such as
acetic acid, ethers such as tetrahydrofuran or dioxane,
amides such as DMF, halogenated hydrocarbons such as
dichloromethane, and further also alcohols such as
25 methanol, ethanol or isopropanol, and also water. Mix-
tures of the abovementioned solvents are furthermore
suitable. TFA is preferably used in an excess without
addition of a further solvent, perchloric acid in the
form of a mixture of acetic acid and 70% perchloric
30 acid in the ratio 9:1. The reaction temperatures for
the cleavage are expediently between approximately 0
and approximately 50°, preferably the cleavage is
carried out between 15 and 30° (room temperature).
' The groups Boc, OtBu and Mtr can, for example,
35 preferably be removed using TFA in dichloromethane or
using approximately 3 to 5 N HCl in dioxane at 15-30°,
the Fmoc group using an approximately 5 to 50% solution
of dimethylamine, diethylamine or piperidine in DMF at
15-30°.



%17 - ‘The trityl group is enployed for the protection of the anm no aci ds
hi stidine, asparagine, glutamne and cysteine. Rempval is carried out,
depending on the desired final product, using TFA/ 10%thi ophenol, the 5
trityl group of all amino acids nentioned I¥ing renoved, when usi ng

TFA/ ani sol e or TFA/thioanisole only the trityl group of histidine,

asparagi ne and gl ut ani mgdeiFoyE 181 bRpLbyEBTEORS tHe iRt &ide
Si Se cﬁai n. dro 1Fno ?lg% || rIeDm)\E/,abI e prot ectﬂll\(;oe_ groups

10 ,

(e.g. CBZ or b&zyiBe AMNR $6h9% Rl SELALBRanBPR2TBP N eaGlNFaRiTe BAH 0gen
I n the presenceysftedmat aRgsdoviad g4isof cﬁ.rlﬁﬁ)bﬁe outal %@p?ﬁ%lgﬁgigm ft&let

Il adi um ex i | ; support such as ca ul t abl e sol,yents
ﬁgr eaalrg thosg%lénsg%:ea eggg (])'ve‘,pp??lu%g’rt Rt &‘ng&gia REOoPReRGho| st\iéeuch_
as net hanol Sor tatitarol groupr def sadil asnivie Ascidsul menthenkydr d?ﬁrr@;yy S
I's carried out dwrger | e rr n
Ipressures bet V\BL%EIH app_r'ox@r%q ?@Bﬁ&‘é‘ﬁ%ﬂé%?%ﬁ?é”@% g?é?é:%g%la&q%kﬁfo- ' yerr]
and 1-10 bar. M@ ddeiolly growp efhchipfidinap Rspreading ead icddtaumtineg or

exanpl e, on 5 ik Peh&éd, MRiharo! i O Al AMBRNitH feggeégnéi nsitgad
of hydrogen) n., Pd/C in nethanol/DVF at 20-30[err]. 25 A
base of the foFgﬁl&l‘l can be converted into the associated acid addition

salt usingl@n acid, foHyeagemlptieddly orenbvadlieVabeiteSODVE! Hrfugde
e e o, TS Gy 2B W] L BN BRSL Yo A LRSS

treating with hydrogen in the presence of a catalyst

(e.g. of a noble metal catalyst such as palladium,

expediently on a support such as carbon). Suitable

15 solvents here are those indicated above, in particular,

for example, alcohols such as methanol or ethanol or

amides such as DMF. As a rule, the hydrogenolysis is

carried out at temperatures between approximately 0 and

100° and pressures between approximately 1 and 200 bar,

20 preferably at 20-30° and 1-10 bar. Hydrogenolysis of

the CBZ group is readily carried out, for example, on 5

to 10% Pd/C in methanol or using ammonium formate

(instead of hydrogen) on Pd/C in methanol/DMF at
20-30°.

25 A base of the formula I can be converted into

" the associated acid addition salt using an acid, for

example by reaction of equivalent amounts of the base

and of the acid in an inert solvent such as ethanol and

subsequent evaporation. In particular, acids which

30 yield physiologically acceptable salts are suitable for

this reaction. Thus inorganic acids can be used, e.g.

sulfuric acid, nitric acid, hydrohalic acids such as

hydrochloric acid or hydrobromic acid, phosphoric acids

such as orthophosphoric acid, sulfamic acid, and

35 furthermore organic acids, in particular aliphatic,

alicyclic, araliphatic, aromatic or heterocyclic mono-

or polybasic carboxylic, sulfonic or sulfuric acids,

e.g. formic acid, acetic acid, propionic acid, pivalic

acid, diethylacetic acid, malonic acid, succinic acid,



30 yiel-d physiologically acceptable salts are suitable for this reaction.
Thus inorganic acids can be used, e.g. sulfuric acid, nitric acid,
hydrohal i ¢ aci ds such as hydrochloric acid or hydrobrom c acid, phosphoric
aci ds such as orthophosphoric acid, sulfad8c-acid, and 35 furthernore
organic acids, in particular aliphatic, alicyclic, araliphatic, aromatic or

heterocyclic NpHR=19k %ﬂ@asfﬁmﬁiﬁﬁ.ﬁoﬁdléf aalEoni Qadlrd Suiéélfié 3Aids,
e.g. formc acid, acetic acjd, qglonl aC|d Jpival ] i dleth¥agfet|c
aci d, mal onic EéF&a%Gc@i%dd B Ll acidy g cityic, 4¢ide GLUFQREFi &
mal ei ¢ aci d, | agtobebae d,adid,t arni:catndlcrraladl@m dls@mid:oﬁmﬁ;cdhagiumom c
aci d, ascorbic ni_.cot.i.ni ¢ C, |son|cot aci net hane-
o haneeu foni crsERates BrRifesiitShie AELA7 St BafeasthrolE L 300,
aci d, bedienéshwﬁmnxyethamﬁsqdﬂQMwmneaqhﬁom(benzenesu#ﬁ9¢m¢enemnmb and
O Sl Toni £, ac! Botoh ARSI A8y SRlAendl LRRINSL OLAR! Al fonic

S, €. use a or

unacceptabl e a icrates, can e isolation an
purification ORCHHE, (ﬂﬁﬂﬁﬁkﬁpkﬁuﬁh% égldfoﬁﬂﬁQ§IWlth Physdchegilsaddy an

acid of the fonmh@ebtgmeb%ccmyerée@ | pierapesof dans wy§s@a09b9aldwé
accept abl e net al ammmnqéﬂsalts reactlon W th a base. P055|ble salts

5
in this case alléo(?" PEIRTE (3R O , PPRETISALLRH B tRSt SRR dsaghed

calcium am@ dswmalamisalts, and furthernore substituted amoni um salts,

e.g. the dimethyl-, di Eh)(:lh ol dllgré{)l{gpyllin%??mu sg{Pt formu?.e”iaré%ln

di et hanol - or dllsopropylannnnlu
di cycl ohexyl antrenicomveaitest iditwerong -of 1ts phys1ologically acceptable

metal or ammonium salts by reaction with a base.
Possible salts in this case are, in particular, the

15 sodium, potassium, magnesium, calcium and ammonium
salts, and furthermore substituted ammonium salts, e.g.
the dimethyl-, diethyl- or diisopropylammonium salts,
monoethanol-, diethanol- or diisopropylammonium salts,
cyclohexyl- or dicyclohexylammonium salts, dibenzyl-

20 ethylenediammonium salts, and furthermore, for example,
salts with arginine or lysine.

The invention further relates to the use of the
compounds of the formula I and/or their physiologically
acceptable salts for the production of pharmaceutical

25 preparations, in particular in a non-chemical way. In
this context, they can be brought into a suitable dose
form together with at least one solid, liquid and/or
semi-liquid excipient or auxiliary and, if appropriate,
in combination with one or more other active compounds.

30 The invention furthermore relates to pharmaceu-
tical preparations comprising at least one compound of
the formula I and/or one of its physiologically accept-
able salts.

These preparatiohs can be used as medicaments

35 in human or veterinary medicine. Suitable excipients
are organic or inorganic substances which are suitable
for enteral (e.g. oral) or parenteral administration,
topical application or administration in the form of an
inhalation spray and do not react with the novel



20 ethyl enedi ammonium salts, and furthernore, for exanple, salts with
arginine or lysine. The invention further relates to the use of the
compounds of the formula | and/or their physiologically acceptable salts
for the production of pharnaceutical 25 - gk%parations, Jin particular in a
non-chem cal way. In this context, they can be brought into a suitable dose

form toget her astEo@n btle It a W -1 gyl d ey i ent
ormtoget her \Mdr@-&‘{ndsa Fog eeﬁé&hpﬁe rrvﬁﬁéa]?i o?@\%%:tﬁgo?e J())r erre ot hsg

or auxiliary and, if appropriate, in c

active corrpgumfg.cogf?lsp' gl’ky&?ﬁ‘@ inggMFP B f urRHeYSRR ELeRe at ELYGPLS,
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furthernore su$o®isiadnsapplication. The novel compounds can also be
lyophilized and the 1lyophilizates obtained used, for
example, for the production of injection preparations.

15 The preparations indicated can be sterilized and/or can
contain auxiliaries such as lubricants, preservatives,
stabilizers and/or wetting agents, emulsifiers, salts
for affecting the osmotic pressure, buffer substances,
colorants, flavourings and/or two or more other active

20 compounds, e.g. one Or more vitamins.

For administration as an inhalation spray, sprays can
be wused which contain the active compound either
dissolved or suspended in a propellant or propellant
mixture (e.qg. COs or chlorofluorohydrocarbons) .

25 Expediently, the active compound is in this case used
in micronized form, it being possible for one or more
additional physiologically tolerable solvents, e.qg.
ethanol, to be present. Inhalation solutions can be
administered with the aid of customary inhalers.

30 The compounds of the formula I and their
physiologically acceptable salts can be wused as
integrin inhibitors in the control of illnesses, in
particular of diseases of the circulation, thromboses,
cardiac infarct, coronary heart diseases,

35 arteriosclerosis, apoplexy, angina pectoris, tumours,
osteoporosis, inflammations, infections and restenosis
after angioplasty.

The compounds of the formula I according to
Claim 1 and/or their physiologically acceptable salts



10 enulsions or inplants are used for parenteral adminis- tration, and

oi ntnments, creans or powders are used for topical application. The novel
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all sorts of factors, for example on the efficacy of

the specific compound employed, on the age, body

15 weight, general state of health, sex, on the diet, on
the time and route of administration, on the excretion
rate, pharmaceutical combination and severity of the
particular disorder to which the therapy applies.
Parenteral administration is preferred.

20 The compounds of the formula I can furthermore
be used as integrin ligands for the preparation of
columns for affinity chromatography for the preparation
of integrins in pure form.

The ligand, i.e. a compound of the formula I, is in

25 this case covalently coupled to a polymeric support via
an anchor function, e.g. the free carboxyl group.

Suitable polymeric supports are the polymeric
solid phases, preferably having hydrophilic properties,
known per se in peptide chemistry, for example

30 crosslinked polysugars such as cellulose, Sepharose or
Sephadex®, acrylamides, polymer based on polyethylene
glycol or Tentakel polymers®.

The materials for affinity chromatography for
integrin purification are prepared under conditions

35 such as are customary and known per se for the conden-
sation of amino acids.

The compounds of the formula I contain at least
two chiral centres and can therefore be present in
racemic or in optically active form. Racemates obtained
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~polyethyl ene gly Gl ¢ Wyt FHHeMPIJTHRESAEf [ a2 suitable eluent is, for
example, a mixture of hexane/isopropanocl/acetonitrile,

15 e.g. in the volume ratio 82:15:3.

Of course, it is also possible to obtain opti-
cally active compounds of the formula I by the methods
described above by using starting substances which are
already optically active.

20 All temperatures above and below are indicated
in °C. Room temperature is 22°C. In the following
examples, “customary working up” means: if necessary,
water is added, the mixture is adjusted, if necessary,
to a pH of between 2 and 10, depending on the

25 constitution of the final product, and extracted with
ether or dichloromethane, the organic phase is
separated off, dried over sodium sulfate, filtered and
evaporated, and the residue is purified by
chromatography on silica gel and/or by crystallization.

30 RT = retention time (minutes) on HPLC in the following
systems: '
Column: Lichrosorb® RP 18 (250 x 4; 5 um)

Eluent A: 0.1% TFA in water
Eluent B: 0.1% TFA in 90% acetonitrile, 10% water

35 Flow rate: 1 ml/min
Gradient: 20 - 95% B/50 min
Detection at 215 nm.

The separation of the diastereomers is prefer-
ably carried out under the conditions indicated.



- The materials for affinity chromatography for integrin purification are
prepared under conditions 35 such as are customary and known per se for
the conden- sation of am no acids. The conpounds of the fornula | contain
at least two chiral centres and can theref2® e be present in-racenc or in
optically active form Racenmates obtained - 21 - can be separated into
the enantioners nechanivgald Ysgdcthsha©dy | yuspy rABthedst WRW B@arde.
Preferably, diastereoners . ,are formed fromthe racemic m xture by reaction
with an opticafM&rtct™dresol ving agent. 5 Suitable resol ving agents are,
for exanple, omx=e@lley Jactive acids, such as the Dand L fornms of tartaric
acid, diacetylt arlﬁhacid,.gbgenzoyltartaric acid, mandelic acid, malic
[

acid, lactic aci optically active canphorsul foni c
aci ds such as 1( canphor sul foni c aci d. Al so advant ageous
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optically active ro
, a mxture of
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hexane/isopropanolzg:étonitr le, 15 e.g. in the volume ratio 82:15:3. O
course, it is al #Nposqi blejto obtain opti- cally active conpounds of the
formula | by the pgethgh scri bed above by using starting substances which
are al ready optiQal . 20 Al'l tenperatures above and bel ow
are indicated in [ rﬂéf Room tenperature is 22[err]C In the
foll ow ng exanpl esf " omary working up" neans: if necessary,

N'L§NH

agent (e.g. dinitrobenzoyl phenyl gl yci ne);

5
85, 14S-IB
Svnthesis of the compound to be cyvclized
10 Methyl (3R, S)-3-amino-3- (4-methyl-3-nitro-

rhenyl)propionate (3R,S-IX) is synthesized analogously
to Scheme 1. This ester is cleaved into the enantiomers
according to the known method and methyl (3S)-3-amino-
3-(4—methyl—3-nitrophenyl)propionate (3S-IX) is then
15 reacted analogously to Scheme 2 to give the Mtr-
protected compound methyl 3S-amino-3-(3-{3-[1~
(carboxymethylcarbamoyl)-4-guanidino-1S-butyl-
carbamoyl]propionylamino}-4-methylphenyl)propionate
(S,S-XI1IV) .
20
Cyclization

616 mg of the Mtr-protected compound methyl
3S-amino-3-(3~-{3-[1- (carboxymethylcarbamoyl)-4-guan-
25 idino-1S-butylcarbamoyllpropionylamino}-4-methyl-
phenyl) -propionate (S,S-XIV) are dissolved in 80 ml of
DMF and diluted with 800 ml of dichloromethane. The
mixture is then cooled to -20°C and 300 mg of EDCI,
98 mg of DMAP and 0.176 ml of NMM are added



ﬁater I.s added, the m xture is adjustéd,.ffnnecessary, to a pH of between 2
and 10, depending on the 25 constitution of the final product, and

extracted with ether or di chl or onet hane, the organic phase S
separated of f, dried over sodium sulfate, 28i Ht ered and evapor at ed, and

t he resi due S purified by chromat ography on silica gel and/or by
crystal lizati Ogucddssihely . cl 08li £B (dFmddl WA Codh %%h&; 3 fallsow ng
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t hyl (3S)-3- thyl | t 4 X
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conpound neFﬁ?Fa°X°3% Znﬂﬁol§-G§£F@aF§blcyclo[ 3.1]nonadeca-

10 1(18),15(19),16-trien-14-yl]lacetate, RT 26.1; FAB 716.

Hydrolysis and removal of the Mtr protective grou

The Mtr-protected cyclic compound (8S,14S)-~[8-

15 (3-(guanidinopropyl)-18-methyl-3,6,9,12-tetraoxo-
2,7,10,13-tetraazabicyclo[13.3.1l]lnonadeca-
1(18),15(19),16~-trien-14-yl] acetic acid is obtained by
hydrolysis in KOH/methanol. 25 mg of this compound are
then dissolved in 4.3 ml of 98% strength

20 trifluorocacetic acid and stirred overnight at room
temperature. The solution is concentrated in a rotary
evaporator and the residue is purified by preparative
HPLC. 9.5 mg of (8S,148)-[8-(3-guanidinopropyl)-18-
methyl-3,6,9,12-tetraoxo-2,7,10,13-tetraazabicyclo-

25 [13.3.1]nonadeca-1(18),15(19),16-trien-14-yl1] acetic
acid (8S,14S-IB) are obtained, RT 20.2; FAB 490.

Examples 2-3:

GO,

Oy -NH
DA

HN™ § (CHy),

e 0



¢tcar boxymet hyl car banoyl ) - 4- guani di no- 1S-but yl - car banoyl

pr opi onyl am no} - 4- met hyl phenyl ) propionate (S, S-XIV). 20 Cyclization 616 ng
of the Mr-protected conpound net hyl

3S- am no- 3- (3-{3-[ 1- (car boxynet hyl car banoy34 -4- guan- 25

i di no-1S- butyl car banoyl ] propi onyl am no) - 4- net hyl - phenyl ) - propi onat e
(S,S-XIV) are dissolved in 80 m of DV and diluted with 800 m of

di chl oronet hane. The m xture is then cooled to -20[err]C and 300 ny of
EDCl, 98 ny ofEX3 @ ZntE 476 M of NW are added - 23 -
successively. It is warnmed to room tenperature and stirred overnight.

The solution is concentrated and the resjidue is irred i 0o 200 m of
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1(18), 15(19), 1614 rdreirddy Yid aﬁﬁ&ﬁbfe_rﬂb%fré'acEéBn7gvg,th|'M%r.G} Yol ey

removal of the Mr_protective group, I - prot ect cgl/sczz I C conpoun

(8S, 14S) - [ 8- 1F*¥ifQuRaGRth Foprafpid) - 18thdthy| of 6, o 8143 hwoxB- (3~
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acetic acid; RT 17.2; FAB 476.

Example 3 (g = 3):
15
Starting from 300 mg of the Mtr-protected
compound (98,158) -2- (9~ (3-guanidinopropyl)-3,7,10,13~
tetraoxo-2,8,11,14-tetraazabicyclo[l4.3.1l]leicosan-
17,19,20-trien-15-y1) acetic acid, there are obtained
20 in analogy to Example 1, 74 mg of (9S8,158)-2-(9-(3-
guanidinopropyl)-3,7,10,13-tetraoxo-2,8,11,14-
tetraazabicyclo[14.3.1]eicosan-17,19,20-trien-15-y1)
acetic acid; RT 18.3; FAB 490.

25 Example 4:

Starting from the Mtr-protected compound
(68,128)-[6-(3~guanidinopropyl-4,7,10~-trioxo-2,5,8,11-
tetraazabicyclo[1l1l.3.1]heptadeca-1(17),13,15-trien-



20 trifluoroacetic acid and stirred overnight at roomtenperature.

The solution is concentrated in a rotary evaporator and the residue is
purified by preparative HPLC. 9.5 nmg of

('8S, 14S) - [ 8- ( 3- guani di nopr opyl ) - 18- - 25 -

met hyl -3, 6,9, 12-tetraoxo-2, 7, 10, 13-t et raazabi cycl o-

[ 13. 3. 1] nonade 8) ) tri I

(8S. 14S-1B) ar do-bad nae%é&% shigl F%%e%%o&r]ﬁxa(’b ained In[ Qﬁ}j’%gy a
Exanpl e 2 (q =EpmPdeadying fr0|‘r63835 - ér(3raéanwsiﬁ-nep6p@mleé g,10-

»?O»[rpound 27 1(:8‘@034652 , 5,89 lﬁ.at@t@l [afcﬂalﬁmmd-()j-ﬂ 8. %6] X tlaédet a- . 5
et r aoxo- c nonadeca- ,19-trien-14-y
acetic acid, ﬂé&g’aﬁé g%tiF' #5 T¥aral %QJQS&ﬂTpIe 1 by reaction with
14.7 m of 598%tr|fluoroacet|c aci d, 13 ny of (8S,14S)-2-(8-(3- 10
guani di nopr opy 2gt.etraoxo-2, 7, 10, 13-

t et raazabi cycl eca- 16, 18 19 trien-14-yl) acetic acid; RT 17.2;
FAB 476. Exanpl (2 .XStartlng from 300 ng of the hﬁr-protected
conpound (9S, 159) ; guani di nopr opyl)-3,7,10, 13-

tetraoxo-2, 8, 11, 14-t\Ql rL28Za Ebo[14 3. 1] eicosan- 17,19, 20-trien-15-yl)
acetic acid, there arg obtaine in analogy to Exanple 1, 74 ng of

(98,158)-2-(9-(3-0%nyHMnopr pyl)-3,7,10, 13-tetraoxo-2, 8, 11, 14-
4

tetraazabi cycl o[ 14. J. 1] ei coscn- 17,19, 20-trien-15-yl) acetic acid; RT 18.3;

FAB 490. HN ////

(o} H
(CHy)y,

((':0),,,

HINYNsR1
I'N\Rz

The following compounds are synthesized in
10 analogy to Example 1:

Ex. No. X C m n R and ¥
5 H -CO-CH=CH-CO- 0 3 H
6 Cl  -CO-CH,-CH,-CO- 0 3 H
7 CH, -CO-CH,-CH,-CO- 1 2 :@
8 H ~CO-CH,-CH,-CO- 12 N
il
Ly

The following examples relate to pharmaceutical
preparations:



25 Exanple 4: [err] Starting from the M- protected conpound

(6S, 12S) - [ 6- ( 3- guani di nopropyl -4, 7,10-tri oxo-2,5, 8, 11- .

tetraazabi cycl o[ 11. 3. 1] hept adeca-1(17), 13, 15-tri en- - 25 - 12-yl] acetic

acid, there are obtained in analogy to Ea&mple 1,

(6S, 12S) - [ 6- ( 3- guani di nopropyl -4, 7, 10- _

trioxo-2,5,8, 1%%11@@iﬂj‘%&iérf-ﬁfi#ept adeca- 1(17), 13, 15-trien-12-yl]
npl e err [err

acetic acid. 5 Exa s 5-8: he foll ow ng conpounds are
synthesized in 10 analogy to Exanple 1: Ex. No. X C
m n Rerr] and Rerrd Bolution Bf 10009 GFCEnCGctive coflpoudd b6

d -COCHernr]- err] - 0 (%7 . CH err err] . 1
2 8 i ot et et 55 of dlzsﬁﬂéu‘f‘owé#h&n@%& 8 disate
to pharnacebti edjysteghraoi ps6.5 usilfy - 2 ENahydrodhlioyiectaendvial S A
sol ution of 10%ﬂ3§§u ge§8£§¥flfggp%%@%fﬁ é@&ri?&ﬂyiftér389 %ﬁ%ﬁgnsed
di sodi um hydr ogenphosphat & T's
into injection vials, lyophilized under sterile condi-
tions and aseptically sealed. Each injection vial
contains 5 mg of active compound.
10

Example B: suppositories

A mixture of 20 g of an active compound of the

formula I is fused with 100 g of soya 1lecithin and

15 1400 g of cocoa butter, poured into moulds and allowed
to cool. Each suppository contains 20 mg of active

compound.

Example C: solution
20
A solution is prepared from 1 g of an active
compound of the formula I, 9.38 g of NaH;PQ4*2H,0,
28.48 g of NayHP0O,-12H,0 and 0.1 g of benzalkonium
chloride in 940 ml of double-distilled water. It is
25 adjusted to pH 6.8, made up to 1 1 and sterilized by
irradiation. This solution can be used in the form of
eye drops.

Example D: ointment
30
500 mg of an active compound of the formula I
are mixed with 99.5 g of petroleum jelly under aseptic
conditions.

35 Example E: tablets

A mixture of 1 kg of active compound of the
formula I, 4 kg of lactose, 1.2 kg of potato starch,
0.2 kg of talc and 0.1 kg of magnesium stearate is



5 adjusted to pH 6.5 using 2 N hydrochloric acid in 3 1 of double-distilled
wat-er, sterile-filtered, dispensed into injection vials, |yophilized under
sterile condi- tions and aseptically sealed. Each injection vial contains 5
ng of active compound. 10 Exanple B: suppdditories A mixture of 20 g of an
active conmpound of the formula | is fused wth 100 g of soya lecithin and
15 1400 g of compaessiciderin paurces tiontar ynondnise AndoaldiomedtabletsolsuchHEach

suppository c [ 2 of t.i ve ) anple C. solution 20 A
solution is prg%%r%e%%fcrho%a getofcoarlln%é‘&sl vlgpér%?p%o%naﬁ&o‘f@ Cf%népmf%#hul al,
9.38 g of [err] 28.48 g of[err] and 0.1 g of benzal konium chloride in 940
m of double-distilled water. It is 25 adjusted to pH 6.8, nmade up to 1 1
and sterilized_ by irradiation. This _solution can be used in the formof eye
drops. Exanpl eEMample: Fencodfeshdahdeads an active conpound of the fornula |
are mxed with 99.5 g of petroleumjelly under aseptic conditions. 35

Exanple E: tablets A mxtyre of .1 kg of active conpound of the formula I, 4
kg of lactose, 1.2 kg 6P3JGES1st a ﬁh,E’ﬁ“?%%anaP&eEﬁd I pFessed

magnesi um st eawhtiehi sare then coated in a customary manner with a
) coating of sucrose, potato starch, talc, tragacanth and
10 colorant.

Example G: capsules

2 kg of active compound of the formula I are
15 dispensed into hard gelatin capsules in a customary
manner such that each capsule contains 20 mg of the

active compound.

Example H: ampoules
20
A solution of 1 kg of active compound of the
formula I in 60 1 of double-distilled water is sterile-
filtered, dispensed into ampoules, lyophilized under
sterile conditions and aseptically sealed. Each ampoule
25 contains 10 mg of active compound.

Example I: inhalation spray

14 g of active compound of the formula I are
30 dissolved in 10 1 of isotonic NaCl solution and the
solution is dispensed into commercially available spfay
containers having a pump mechanism. The solution can be
sprayed into the mouth or nose. One burst of spray
(approximately 0.1 ml) corresponds to a dose of

35 approximately 0.14 mg.



* 27 - .conpressed in a customary manner to give tablets such that-each——
tabl et contains 10 ng of active conpound. 5 Exanple F. coa

Anal ogously to Exanple E, tablets are pressed which are thHiﬂ’&mi, L H
customary manner with a coating of sucrosé8 potato starch, A

and 10 colorant. Exanple G capsules 2 kg of active conpound of the

formula | are 15 dispensed into harphggetClaimgpsul es in a customary

manner such that each capsul e contains 20 ng of the active conpound.

Exanpl e H. anpoul es 20 A solution of 1 kg of active conpound of the formula

| in 60 1 of ddubl e-di Spmplbatdsatdr the Sfoemuler Ifiltered, dispensed into
anpoul es, |yophilized under sterile ndi tions and aseptically seal ed. Each
anpoul e 25 contains 10 MO ti conpound. Exanple I|: inhalation spray
14 g of active conpound of tHe fo | are 30 dissolved in 10 1 of
isotonic NaC solution and t Lﬁedi spensed into cémercially

avai | abl e spray cont ai ners havi a punﬂ chani sm The sol ution can be
sprayed into the mouth or nosdNQOne byc& of spray (approximately 0.1 ml)
corresponds to a dose of 35 fAppr8xinmately 0.14 ny. Patent Clains 1.
Conmpounds osf the formula | :

in which
A is Gly, Ala or NH-NH-CO,
where the amino acids mentioned can also be
derivatized,
10 B is a radical of the formula II
1
R
X
2
H\ R
N~ °N°
| H
((l:o)m ||
(CH,),,
~
N
o ]
C is - (CO)p-(CHz) = (CO) ;= or - (CO)p-CH=CH- (CO) -,
m, p, Tr in each case independently of one another are
15 0 or 1,
n, gq in each case independently of one another are

1, 2, 3 or 4,
R! and R? in each case independently of one another are
H or alkyl,

RQ

R! and R? together are also ﬁ
or
R7I RB’ R9, /c\R8 R10



ﬁerr] 5in which A is Ay, Ala or NH NH CO W‘F?Tﬁeﬁm—ﬁe -acids

menti oned can al so be derivatized, 10 B he
formula Il [err] C is -(CO[err]- [err])[ermmm' %"Hm
(COferr]-CH=CH(CO[err]-, m p, r I m h case i ndepen

anot her are 15 Oor 1, n, q I n each case |ndepen enfly of
one another ar®'¥, 2, 3 dm 4ady etade ahdEpendénthyea€hoaasanottependant |y

of one anot her _Har ealliyqr 4<y| R‘{ er}%l R[Ffé%] MGR[ e’ﬁﬁég% eélgerNﬁgg 1?4 SO

[err]

|ndependently 600(Bﬁeoan601%%,r are [err] H, aI kyl, Ar, lCR[elr(r} : Hzl : [grrL :
CN, [err], err] or 1 | H Ha al kyl or Ar, r

i s phenyl which is unsubstltuteg alﬁy % Af‘ror trisubstituted by[err] or
Rlerr] or i% ufdubstitutd® nﬁbﬁﬂk@«l Wl’[-"eqﬂ?] |lr$ euefubatéetirhgdpertemonp-of one

another are [err], Hal, [@r]ofNerhigublstitli®ed by R?, RICERIRYrHrofis

CRlerr], unsubstituted naphthyl,

R’, R*, R® in each case independently of one another are
R®, OR®, Hal, NO,, NR°R®, NHCOR®, CN, NHSO.RS,

10 COOR® or CORS,

R, R¥ in each case independently of one another are
H, alkyl, phenyl or benzyl, and

Hal is F, Cl1, Br or I,

and if there are radicals of optically active amino

15 acids and amino acid derivatives, both the D and the L
forms are included,
and their salts.

2, An enantiomer or a diastereomer of a compound
of the formula according to Claim 1.

20 3. Compounds of the formula I according to
Claim 1:

a) (85,14S)-2- (8- (3-guanidinopropyl)-3,6,9,12~
tetraoxo-2,7,10,13-tetraazabicyclo[13.3.1]1nonadeca~-
16,18,19-trien-14-yl)acetic acid;

25 b) (9S,158) -2~ (9- (3-guanidinopropyl)-3,7,10, 13-
tetraoxo-2,8,11,1l4-tetraazabicyclofl4.3.1]eicosan~-
17,19,20-trien-15~yl)acetic acid;

c) (85,148) - (8- (3-guanidinopropyl)-18-methyl-
3,6,9,12-tetraoxo-2,7,10,13-tetraazabicyclo[13.3.1]-

30 nonadeca-1(18),15(19),16-trien-1l4-yl)acetic acid;

d) (6S,12S)~(6-(3-guanidinopropyl)-4,7,10-trioxo-
2,5,8,11-tetraazabicyclo[11.3.1]lheptadeca-1(17),13,15-
trien-12-yl)acetic acid;

and their salts.

35 4. Process for the preparation of compounds of the
formula I according to Claim 1 and of their salts,

characterized in that



Ferr] . in each case independently of one another areH—alkyl,—phenyl or

benzyl, and Hal isF, d, Br or I, and if there ar adi cal s of
opt i caI ly active am no 15 aci ds and am no acid derivati Jmmu It"lutﬂﬂ"[ﬂlrnd
the L forms are included, and their sal ts302- An e

di astereoner of a conpound of the fornula according to Caim1- 20
Compounds  of (a)tha com@oiildaolf tkeC@Fohmiga 11X Caiml: a)

(8S, 14S) - 2- (8- (3-guani di nopropyl )-3,6,9, 12-

tetraoxo-2, 7,10, 13-t etraazabi cycl o[ 13. 3. 1]nonadeca-
16,18,19-trien-14-y|)acetic ati-a-0B5 b) I1I

(9S, 15S5) - 2- (9- (3-guani di nopropyl )-3, 7,10, 13-

tetraoxo-2, 8, 11, 14-tetraazabi cycl o[ 14. 3. 1] ei cosan-

17, 19, 20- tﬁienlm5W9ﬂicet|c acid; c)

(8S 14S) - ( 8- ( 3- guani di nopr opyl ) - 18-nethy|-
3,6,9,12-tetraoxo-2,7, 10, 13-tetraazabi ¢ycl o[ 13. 3. 1] - 30

nonadeca- 1(18), 15(19), 16- tHO fetic acid; d)
(68,128)-(6-(3-guanidinopropyl ri oxo-
2,5,8,ll-tetragzablcyclo[ll oca-1(17),13,15- trien-12-yl)acetic
acid; and theif salts*®35 4. S oc NE—FCr-B-8—pr eparati on of
conmpounds of the fornula | accaLggg to aiml and of their salts,

characterized in that - 30 - (a) a conpound of tHe formula Il H Z-OH
11
O._OH
—B-C-N
H HN-A—
X
0. OH
_C"N or
HN-A—-B—
X
O~ _OH
—H
HN-A—-B—-C—

and X, A, B and C have the meanings indicated in
Claim 1,

10 or a reactive derivative of a compound of the
formula III is treated with a cyclizing agent,

or
b) a compound of the formula I is set free from one
of its functional derivatives by treating with a

15 solvolysing or hydrogenolysing agent,

and/or in that a basic or acidic compound of the
formula I is converted into one of its salts by treat-
ing with an acid or base.



/

5 in which [err] -B-CNH HN-A- x and X, A, B and C have—the Treani | ngs

indicated in Caim1l, 10 or a reactive derivative of a co “WE“&
formula Ill is treated with a cyclizing agent, or b) nﬁm

formula | is set free fromone of its fundti enal derlvatl y trehtl%g
with a 15 sol vol ysi ng or hydrogenol ysing agent, and/or in that a

basi c gr acidis. COWDOU!Pﬁo@Estshefé_@”Eﬁ@- Ipﬂoiim&{t%(f Iﬁharﬁaeeaizlbbi or
Its treat- Wi, L, | ess
fﬁe proéuctlon gﬁﬁ&&ﬁ&ééméhﬁﬁaiﬁ%ﬁkﬁ%ﬁl6HStQﬁEH%C98PPﬂ&9qrP h&@ea

conpound of thfotmnmula Ia@@@&ﬁdm@g tto Ccliaind anddmd/ene oheit6f its

hysi ol i cal | : I i [ ht ipto a.5 suitab dos form
prystoloo, oo 4n95Seebake:a) 3ok spbEstal! 48 %3 SHubtbhe 338 o
auxiliary. 9. suitabhermkUﬁUtfoam togakhent i wath ctar deteki zetk snludatlt
contains at |e§§§uQHeOEO§EﬁEQQ1ﬁhlhh@xE 5% bra%%QHQH%&é%O Caim1 and/or

one of its physiologically 10 acce tab ounds of the.
formul a | accoPdi ng t oPRRAMAFEULAGE heHﬁ%ﬂﬂEﬁRﬂQ&nca¢h®r®%%%§%é9@e éalts

as -integrin inphhtt gkscoh®ainthet astOlondfcofbhsessess She EBEmula I
according to Claim 1 and/or one of its physiologically
10 acceptable salts.
7. Compounds of the formula I according to Claim 1
and their physiologically acceptable salts as integrin
inhibitors for the —control of diseases of the
circulation, thromboses, cardiac infarct, coronary
15 heart diseases, arteriosclerosis, apoplexy, angina
pectoris, tumours, osteoporosis, inflammations,
infections and restenosis after angioplasty.
8. Use of compounds of the formula I according to
Claim 1 and/or their physiologically acceptable salts
20 in pathological processes which are supported or
propagated by angiogenesis.
9. Use of compounds of the formula I according to
Claim 1 and/or their physiologically acceptable salts
for the production of a medicament.
25 10. Use of compounds of the formula I according to
Claim 1 and/or their physiologically acceptable salts
in the control of illnesses.



€ircul ation, t hr onboses, cardiac infarct, coronary 15 heart

di seases, arteriosclerosis, apoplexy, angi na pectoris, t unours,
0st eopor osi s, i nfl anmations, infections and restenosis after
angi opl asty. 8. Use of conpounds ef 3ghe fornmula | according to Claim1l

and/or their physiologically acceptable salts 20 in pathol ogical
processes which are supported or ﬂb%ﬂ&%%&?d by angi ogenesis. 9.

Use of conpounds of the formula | according to Claim1l and/or their
physi ol ogically acceptable salts for the production of a nedicanment. 25

10. Use of conpopgptindd'@f el rmageording to Aaim 1 and/or
their physiologically acCeptable salts in the control of illnesses.
HO (o,
- !
HN(
A-—-B’c

in which X, A, B and C have the meanings indicated in
Claim 1,

and their salts,

can be used as integrin inhibitors, in particular for
the prophylaxis and treatment of diseases of the circu-
lation, in thrombosis, cardiac infarct, coronary heart
diseases, arteriosclerosis, in pathological processes
which are supported or propagated by ahgiogenesis and
in tumour therapy.



