wO 01/05810 - 1 - PCT/ EPOQ 06188 Cyclic peptide derivatives as inhibitors
of the integrin U 06 The invention relates to novel peptide derivatives of
5.the formula | cyclo (Arg-X -Asp-X2-X3-X4-X5-X6-R1) | in which 10 X1 .is
Sér, Ay or , ; eu, 'Ile, Ne, Vak or Phe, X 3,;@?/% ad-yYS Or
Phe, X4 is G-%;‘f %\:F(éo%‘rélger, X 5is Leu, lle, Ne, Val or Phe, o%éﬁ}?Géis
Arg, Har or Lys, Rl is absent or is one or nore o0)-am nocarboxylic acid
resi due(s), the ceyeligopepbidsl derivadives dsclinhibideragof ltdegt h of 500
to 2500 pm - 20 where the am no acids.. nentiongd can al so be derivatized,

the D and the L forms of the opticdM ™} WPinino acid residues are
i ncluded, and their physiologically acceptable salts and 25 solvates. The

i nventi on wa se . j-ect of findi n . cconpounds - in
val uabl e pr O?)Iél? i ég,"%&&%ﬁr ?’%)écluctaers ‘5%02‘%"% cﬁgégﬁd%e&%s?elgg 65}% heoqf
producti oh ofthgOfememiatan®Ents. It has been found that the conpounds

according to the invention and their salts have very val uabl e

phar macol ogi cal properties . together wt 00 5 tolerability. The
pepti des accordi ngFY®L® h%rgﬁla?{ﬁmigcgn\i%‘g?%nﬁﬁ?oﬁgd as effi cac%ous
inhibitors of the ctt36 integrin receptor _ 2 and thus for the treatnent
of various diseases .and pathological findings. G her inhibitors of the
integrin a,(?é‘é'}‘sl'él‘&éscribed in '

10 xt is Ser, Gly or Thr,

x? is Leu, Ile, Nle, Val or Phe,

x3 is Asp, Glu, Lys or Phe,

x* is Gly, Ala or Ser,

X3 is Leu, Ile, Nle, Val or Phe,

15 Xx°® is Arg, Har or Lys,'

R? is absent or is one or more ®-aminocarboxylic acid

residue(s), the m—aminbcarboxylic'acid residue(s)
" having a length of 500 to 2500 pm,

20 where the amino acids. mentioned can also be
derivatized, _
the D and the L forms of the optically active amino
acid residues are included,
and their physiologically acceptable salts and
25 solvates. :

The invention was based on the object of finding novel
compounds having valuable properties, in particular
those which can be used for the production of

30 medicaments.

It has been found that the compounds according to the

invention and their salts have very valuable

pharmacological properties . together  with good
35 - tolerability. _

The peptides according to the invention can be émployed

as efficacious inhibitors of the of¢ integrin receptor



5°DE 19858857 and by S. Kraft et al. in J. Biol. Chem 274, 1979-85
(1999). The conpounds according to the invention are to be considered as a
sglection invention wth respect to the application nentioned. 10
Iﬂtegrlns belong to the fam |y of hetero@i rers of Class | - transnenbrane
receptors which play. an inportant role in nunerous cell-matrix or
cell-cell adrmyi orthqsr ofessetsheTlMHaaﬁmerm &f | vage6usSydpseSses Expd Biol .

47). They c Pd?ﬁé g]ﬁqgr[' nto three classes: 15 the 01 integrins,
whi ch are receptor or the ext %E:el lular matrix, the 02 integrins, which
‘are activatable on Ieucocyt es and are "triggered" during inflanmtory
processes, artstﬁé}.e 2nhibi e8FENSDE WHENintBELURNGLRL hsréebbs&ameudurl ng

wound- heali n er pat.hol ggi cal processes (Marshall and Hart, 1996,
Seni n. Lﬁ g?ggaigg%f}ld e Pnt fﬁ's =Y §i ali’2b‘63 Bigi31 Chemi |
av03, 005, a\m,andgm f836 a1199b|)nd Tl@ethﬁamﬁrcgnﬁs/ A&aoﬁcaeab peet ittiee

f.i bronectin. or

sequence i t.ur al such f,or

Utronectin idfibRas ¢ ol Bn PR rate ey & B SH T ErEI

i nteraction ofit@actesdecthdse theltmlmaw.@m mémet tcomedspondi ng nat ur al
ligands. a"(36 is a relatively rare integrin (Busk et al., 1992 J. 30
Biol. Chem 267(9), 5790), which is formed to an increased extent in
repai r. pPocdddadninsehelang oto thestamihy pfehetaesofimerss afhCkrasr al

matrix - nol equl es Er&ﬁ@ﬂ@;ﬁ&ranancké@ww WHARG e%la& » art 9% enporABnY -
Respir. Cell | . Biol. 15(r5 664 The 35 phys cal and at hol ogi cal

functions of %136 & e™ Ush o e RE « ]fon
however, thqirddasemt(elgmkwmlhystaallmm%ant symbe sac plnr-,yq: Olmigxal

i ch 3. opi hal affeh ot e, kB 4Rfiall TocdLhede (UHRERD: 1
ker at i nok9t esi'—h% wBundéntegapasal niwbichl . arkp96regeptors for the
' extracellular matrix, the P, integrins, which are
activatable on leucocytes and are “triggered” during
inflammatory processes, and the o, integrins, which
influence the cell fesponse during wound-healing and
20 other pathological processes (Marshall and Hart, 1996,
Semin. Cancer Biol. 7, 191).

The integrins oOsP;, OB, Gefi, oWBi, owBs, onPs, %Bs and
oPs all bind to the Arg-Gly-Asp (RGD) peptide sequence
25 in natural ligands, such as, for example, fibronectin
or vitronectin. Soluble .RGD- containing peptldes are
able to inhibit the interaction of each of these
integrins with the corresponding natural ligands. ofs
is a relatively rare integrin (Busk et al., 1992 J.
30 Biol_. Chem. 267(9), 5790), which is formed to an
increased extent in repair processes in epithelial
tissue and preferably binds the natural matrix
molecules fibronectin and tenascin (Wang et al., 1996,
Am. J. Respir. Cell Mol. Biol. 15(5), 664). The
35 physiological and pathological functions of ofs are
still not precisely known; it is suspected, however,.
that this integrin plays an important role in
physiological processes and disorders (e.qg.
inflammation, wound healing, tumours) in which



| hvest. Dernatol . 106(1), 42), fromwhich it is to be assunmed that in
addition to wound- healing processes and 5 i nflammti on, other pathol ogi cal
skin events, such as, for exanple, psoriasis, can also be influenced by
agoni sts or antagonists of the said integrin. avi36 furthernore plays a
rolein the respiratory. tract epithelium (VWeinacker et al., 1995 Am J.
Respir. Cell eithelisl otelle(&ye Hav9lved. t ThusapBops appressed on

agoni st s/ ant 3goni cﬁo&;tégl §ql WB ag qﬂlél %a%%lnﬁucgﬁssilm I yflgggl oygd in

respiratory tract or ders, as bronchitI's,” asthma,  ‘pul ndnary

fibrosis and ITFeayt aP@F?aFPéet 11°t§r{rédr:s 4% nafrom wmhiich Kifowhst et 121%3 av06

al so plays a ggindd theel ﬂﬁesaaﬂeioﬁptbh%uh@-h%eh&i@atpﬁw&% Hrfa
i ntegrin used_in the treatnent of

gon,l st s/ ant agonl sts, coul d

| nf L anmat bon ARG Sk BﬁﬁspﬁF?‘PﬂggéF&hﬁﬁ%%t BYEPREr S 290 The

dependence offd:he éxarm:rale,on pForinggiagenesirs &lddie be ntﬁfﬁhjexfﬁecbetbyeen

vascul ar inte |ns d extra- cell.ul.ar | r ot eins .i escrl bed by P. C

Brooks, R A t@ ndD. Rnta%)tné'ssntsi nr%[ é%’cep dﬁ %?? Bs 25 The

obj ect was ttferréﬂtﬁmorel aldivs o t rallee prrevnﬂusl wed«mm/artmat urtadradru gh

mol ecul ar wei gty bodi ape ther J.ca and
déggﬂguft thadids bocli 2. WibeB ank b el Rl cald @

di agnos-_ti cal dle, to find pbtent, sSpeci

sel ecti vEO] O\MCHDI ec BE?L viei gh? (3) gandB47br avRe, héfter alfBpyemtiates,

whi ch can beag&ﬁdsftcg/atﬁtegdﬁheg@eutdf: argfss MenlQgdin bulcURP ade
di agnostic or_ reage 35 |t _has _been found that the gegml de conpounds
according t&YHE Y ofMBhEYefei ™ s§?§?1r3§°§m ubFeCHolBEAREErS exer t

- an effect onswedd s ashi drorathiitiishe saitthmesCcepiulinonadfy iffiBdwyisar eadpund to
surfaces, ar e_,e%bt gat%x%} tl_,ég@ndtmodrsavf glnadLllat edlt(__:elllS a]ggg%rlloq:ha%bove

all, the
fé d.fs also plays a role in the intestinal epithelium, so

that appropriate integrin agonists/antagonists could be
used in the treatment of inflammation, tumours and
wounds of the stomach/intestinal tract.

20 The dependence of the formation of angiogenesis on the
interaction between vascular integrins and extra-
cellular matrix proteins is described by P.C. Brooks,
R.A. Clark and D.A. Cheresh in Science 264, 569-71
(1994).

25
The object was therefore, in addition to the previously
known natural high molecular weight 1ligands and
antibodies, which are therapeutically and diagnos-
tically difficult to handle, to find potent, specific

30 and selective low molecular weight 1ligands for wPs .,
preferably peptides, which can be used for the
therapeutic areas mentioned, but also as diagnostic or

reagent.

35 It has been found that the peptide compounds according
to the invention and their Salts, as soluble molecules,
exert an effect on cells which carry the said receptor,
or, if they are bound to surfaces, are artificial
ligands for oyfs-mediated cell adhesion. Above all, they



act as 0z,6 integrin inhibitors, where they particularly inhibit the

i nteractions of the receptor wwth other |igands, such as, for exanple, the
bi ndi ng of fibro- nectin. This action can be detected, for exanple, by 5
the nethod which is described by J.W Sn#th et al. in J. Biol. Chem 265,
12267-12271 (1990). It has furthernore been found that the novel substances
have very valatabla-‘s rm,ﬁrs minbegginalinhibpeotises wheget hdvey Talstvil duil apolel

tolerability . 1b1 N hece "%BX:?Qc?faHEdl&f‘ounfs rggb§55§ C\?fé{lhe Chdpr &

precisely fur]t el ow. e co acco nventi on
can 15 furtﬁletrgmﬂas,besuslad as vfm; mmmlem ttbeadom@gmwifcsflbm t he

detection ang,d ool | Z%ign afgt:Rﬂ'I hEBHQ']&?' deEQE@bEi' ONgp nekﬁﬁ%)@%' t f@*' al
system if they are g ppropriate nmarkers (e he bi oti nyl
w

radi cal ) 5ccd?1%ﬁ rf@e@&‘x@h E)Fhorlsar‘ies‘%lh% Py &dntd- orFr&’r%IB BbmSrli-selsn

conbi nati ons g tBigt. |@asi. 268, OldEE7arc22VE. (pgmppund and/ or conj ugates
with other active conpounds, S such as cytotoxic active conpounds and

conjugates with radiol abels for X-ray therapy or PET diagnosis, but also
fusi on proteilts agd hfumthermd@be pheéri isuadcithas Ehe oovalt imﬂmﬁmcm

t herapeutic roteln S L- t hose
of the forrrulhg E %ggu%]‘octpé’bag@%é %quencéggggggﬁ%@%ﬁéﬁz
X3- X4- X51%6) w1u1'n wbped t Hokenhlpil 6t X1, ax@d x@anXx4 bexs emplxgeflaveas he

meani ngs i ndipfaf %%méx&sexp@ﬂﬁgd iy EéscHsedefﬁ&fé B%&Eseaxggfm' on is
shown in Fig 1by exanpl e cycl o(Arg-d y-Asp-Leu-D Al a- Leu- Ar Q)

[ END 271588] b%él&WArg Thr - Asp- Leu- Asp Ser-Leu-Arg-NH2 35 [END 271293]
serves as a conparlson conpound Sone

cycl o( Arg- GI Leglg—Asdg) % ﬁ} E t he d stance fromRl

(cal cul at ed) £l "@C("T EGbSEELE] / ?:5 ’Q‘ff? 3P &R -10g Q

are glven5|nﬁdnthéﬁﬂannlhptu&é@ 1n vivo and in vztro as diagnostics
for the detection and localization of pathological
conditions in the epithelial system, if they are
equipped with appropriate markers (e.g. the biotinyl
radical) according to the priér art.

20 The invention also comprises combinations with at least
one other active compound and/or conjugates with other
active compounds, such as c¢ytotoxic active compounds
and conjugates with radiolabels for X-ray therapy or
PET diagnosis, but also fusion proteins with marker

25 proteins such as GFP or antibodies, or therapeutic

proteins such as IL-2.

Particularly active compounds are those of the formula
I in which an octapeptide sequence cyclo(Arg-X'-Asp-X3-
30 x3-x*-x°-x%), in which the radicals X', X%, x3, x% Xx° and
X% have the meanings indicated, is expanded by R'. The
effect of the ring expansion is shown in Fig. 1 by the |
example of cyclo (Arg-Gly-Asp-Leu-D-Asp-Ala-Leu-Arg)

[EMD 271588]. Ac-Arg-Thr-Asp-Leu-Asp-Ser-Leu-Arg-NH,
35 [EMD 271293] serves as a comparison compound.
Some cyclo (Arg-Gly-Asp-Leu-D-Asp-Ala-Leu-Arg-R?)

peptides, the distance from R! (calculated) and the
value Q (ICsolsubstance]/ICso[EMD 271293]) and -log Q
are given in the following table.



5" RL Di stance [pr] Q -log Q

0 047 -1.672 dy 370 2.1 -0.322 Abu

. 617

0.028 1.553 Gy-dy 740 0.05 1.301 Aha 870 0.036 1.444 Aee 1078 0.038
1 420 dy-Gy-Gdy 1110 0.03 1.523 Abu-Abu 1235 0.03 1.523
Gy-dy-Ay-dy 1480 0.033 1.481 Aha-Ahg 1740 0.036 1.444

Gy-Gy-dy-dy-dy 1850 0.046 1.337 dy-

The graphic representation can be seen in Fig. 1. Particularly active

conmpounds ar
appr oxi mat el
t hose |
t he w am nodg
very partic
pm w Ami nodg
W am nocar bg
the group cd

are

Ile, Leu,

(CH2CH20 m
are
that m+ n i

preferably r%lt%sltoneptlde

anot her

formul a |

10

15

20

(dy) 4-dy 2220 0.05 1-.301

I Rl has r

e ,obtal ned even IT theg __p spacer | engt
R'500 pm ba ti-cul ar L bPEEARCE DB Aol @

heends of tlh
n which RL is one or npre w am nocarboxylic acid
o0

2fhed

resi due

i |

s),

aiboxyl rc acrd resrdugs) 10 having a i[}gth of i

rl v pr ef-er-abl \ thosle” havi Rg—a—space nnnf h

&35

PO pm
2000

a[;]tgpxyl i c acid reS| dug(zjoi s/ ar e underslzoqd as |requdImy a

y

ééllc acl d, anong whi ch e 15 amno EEI Z b6|0 S cte
gAcn AQJ';' Arn f\]/c, % 8|| IS g%—f

H from
Hs e,

& y-MEty Pen, Phe Pro %ﬁer Thr, Trp, | DYI05 VaI :amhj—lZN—

_'(_CHZ) C’LQU—I where m N each case |Bd35%n‘cj‘emit”4{ on

h, =] L] ] A}

45 6 2 Q10 11
s&eveo are particularlmmeferred The 0i.038@8nt | L 141G

b 20
/i SO

derji fod ves accor di 1%53 d al rR.lszé)T t

Abu-Abu 1235 0.03 1.523

Gly-Gly-Gly-Gly 1480 10.033 |1.481

Aha-Aha 1740 0.036 1.444

Gly-Gly-Gly-Gly-Gly | 1850 0.046 1.337

Gly- (Gly)4-Gly 2220

0.05 1.301

The graphic representation can be seen in Fig. 1.

Particularly active compounds are obtained even if the .

spacer length R! has reached approximately 500 pm.

Particularly preferred compounds of the formula I are
those in which R! is one or more w-aminocarboxylic acid
residue(s), the (x)—aminécarboxylic
having a length of 600 to 2500 pm,
spacer length of 600 to

acid residue(s)
very particularly.
preferably those having a
2000 pm.

®-Aminocarboxylic aéid residue(s) is/are understood as
meaning any ®-aminocarboxylic acid, among which the
amino acids below selected from the group consisting of
Ala, Asp, Cys, Gln, Glu, Ile,
Leu, Met, Phe, Pro, Ser, Val
and H,N- (CH;CH20) - (CH3) ,—-COOH,

in

Asn, Arg, 'His, Hse,

Tyr,

Hey,

Lys, Pen, Thr, Trp,

where m, n each independently

2, 3, 4, 5,

case
another are 0, 1,
9, 10, 11 or 12,

with the proviso that m + n is > 0,

are particularly preferred.



S%Q/clo (Arg-X - Asp- X2- X3- X4-X5-X6-R') I in which X1 is Ser, Gy or Thr,
10 X2 is Leu, Ile, Ne, Val or Phe, X3 is Asp, Qu, Lys or Phe, X4 is Qy,
Ala or Ser, X5 is Leu, Ile, Nie, Val or Phe, X6 is Arg, Har or Lys, 15 Rl
i'§ absent or is 1-10 amino acids sel ecte@ fromthe group consisting of
Ala, Asn, Asp, Arg, Cs, @n, du, Hy, H's, Hse, Ile, Leu, Lys, Met, Pen,
Phe, Pro, Ser, Thr, Trp, Tyr, Val and H2ZN- (CH2CH20O m (CH2) n-COOH, 20

mn in each cpse | pHeerpdsAt | ¥rolk ORSSMASTy ar fefated: £o 3pebtiie 6 7,
8, 9, 10, 11 or 12, with thelpr,owso that, m+ n is > 0, where'the amno
aci ds rrentiorfi%t’c‘éﬁ'f:’a‘f%% FreoBAInG £Q £134m 1t et Fhadfereulatdrms of the

optically active amno acid residues are included, and their 4
physi ol ogical l'y accept abl e salts ,30 | sprefarre roups of conpounds can
be expr eséed by the%%‘fbjloo %}?J@Is@r %?Fge *axt%okl%qwhl ch cor r:éspond to
the formula |1 and in which the radicals not designated in greater detail

have the neani Ssiic] indicated in the formula |, but in which 35 in a)
X1l is Gyo'rrlfg%ﬂlsc':ﬁr:lb) Xlis @y or Thr, X2 is Leu; - 7 - inc) Xlis
Gy or Thr, x 2 is Leu, X3 is Asp or DAsp; 5ind) X1 is @y or Thr,

xt is Ser, Gly or Thr,
10 x* is Leu, Ile, Nle, Val or Phe,
x3 is Asp, Glu, Lys or Phe,
x4 is Gly, Ala or Ser,
X> is Leu, Ile, Nle, Val or Phe,
x8 is Arg, Har or Lys,
15 R! is absent or is 1-10 amino acids selected.from the
group consisting of Ala, Asn, Asp, Arg, Cys, Gln,
Glu, Hcy, His, Hse, Ile, Leu, Lys, Met, Pen, Phe,
Pro, Ser, Thr, Trp, Tyr, Val and
H>N- (CH2CH20) n— (CH2) ,—~COOH,
20 m,n in each case independently of one another are.O,
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12,
with the proviso that m + n is > 0,

where the amiho acids mentioned can also Dbe
25 derivatized,

the D and the I forms of the optically active amino

acid residues are included,

and their physiologically acceptable salts.

30 Some preferred groups of compounds can be expressed by
the following subformulae Ia to Ih, which correspond to
the formula I and in which the radicals not designated
in greater detail have the meaning [sic] indicated in
the formula I, but in which

35
in a) X'  is Gly or Thr;

in b) x* is Gly or Thr,
X2 is Leu;



X 2 is Leu, X3 is Asp or D-Asp, X4 is Ay or Ala; 10ine) XlLis @y or
Thr, X2 is Leu, X3 is Asp or DAsp, X4 is Ay or Ala, 15 X5 is Leu; in
f) XLis @y or Thr, X2 is Leu, 3 is Asp or D-Asp, 20 X4 is Ay, A a or
Ser, X5 is Leu, X6 is Arg; ing) Xlis @y or Thr, 25 X2 is Leu, X3 is
Asp or D-Asp, X4 is Qy, Alaor Ser, X5 is Leu, x 6is Arg; 30 R is 1-10
am no acids selected fromthe group consisting of Ala, Asn, Asp, Arg,

Cys, An, du,.. Hey,, H s, Hse (Jn? Lys, Met, Pen, Phe, Pro, Ser, Thr,
Trp, Tyr, VgnandC 2|\|—SX(CHZj(i|2 m % n-COON, 35 mn in each case

i ndependently of one a’hothelsaln@.lo 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11 or
12, with the proviso thgt mia A Pip-agp; 8 - inh) Xl is dy or Thr, X2
is Leu, X153|sAspor D- Asp, X4ISC$, ['a or Ser, 5 x 5 is Leu,
in d) xt is Gly or Thr,
- x2 is Leu,

x3 is Asp or D-Asp,
x4 is Gly or Ala;

10 .
in e) -xt is Gly or Thr,
x2 is Leu,
x3 is Asp or D-Asp,
x* is Gly or Ala,
15 x° is Leu;
in f) x? is Gly or Thr,
x? is Leu, '
x3 is Asp or D-Asp,
20 x4 is Gly, Ala or Ser,
x5 is Leu,
x® is Arg;
in g) x?t is Gly or Thr,
25 x2 is Leu,
x3 is Asp or D-Asp,
x4 is Gly, Ala or Ser, -
X>  is Leu,
X*  is Arg;
30 Rr? is 1-10 amino acids selected from the

group comnsisting of Ala, Asn, Asp, Arg,
Cys, Gln, Glu, Hcy, His, Hse, Ile, Leu,
Lys, Met, Pen, Phe, Pro, Ser, Thr, Trp,
Tyr, Val and HzN- (CH2CH20) - (CH, ) ,~COOH,

35 m,n in each case independently of one
another are 0, 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11 or 12,
with the proviso that m + n is > 0;



x'-:_6 Is Arg; RLis 1-6 amno acids selected fromthe group consisting. of
Ay, (3-Ala, Abu or Aha; 10 and their salts. The invention relates in
conmpounds sel ected fromthe group consisting of 15

cycl o( Arg- G y- Asp- Leu- Asp- Al a- Leu-Arg-d g d y-G y),

particular to peptide

cycl o(Arg-Qd y-Asp-Leu-Asp-dy-Leu-Arg-Gy-Ay-Ady
y_

cycl o( Ar g- G yimsip} Leu-
cycl o( Arg- Thr - Asp- Leu-
cycl o(Arg-d y- Asp- Leu-
cycl o(Arg-d y- Asp- Leu-
cycl o( Arg- 3 y- Asp- Leu-
cycl o(Arg-G y- Asp- Leu-
cycl o( Ar g-SThr - Asp- Leu-
cycl o(Arg- Thr - Asp- Leu-

cycl o( Arg- A y- Asp- Leu- DyiAsp- Al a-Leu- Arg- 13- Al a).  and_t hei.r physi.
acceptable salts. 30 TL%E abblrevilatlo ggo a%cﬂ'gsac 8Q?SE

o

XAl a- 2 aGlewennGha y-A y-A y),
2Asp- u-Arg-dy-dy-dy), 20
%ﬁsp-%?ﬁh- Ar g- Abu- Abu) ,
X'Asp- 1P aBFR UCRr 8?%&34 Aha) ,
XAsp- £t aglpy- A1 8- bhager,
Asp- A :I:'Leu- Ar g- Aee) ,
Asp- ¥ a“Feu- Ar g- Abu- Abu), 25
XAsp- % aatgp- Arg-f 3- Al @) ,

|e8ue r

nt

ol.o

2

ically
ed

above and bel ow stand for theroenli censistinge-656! IGAw, nB-ka noAkai dsr Abu

4-am nobutyric acid 35 Aee
acid, 6-am nocaproic acid Al
asparagi A8 9 - Asp aspartic acid Arg arginine Bgl

Cys cystei ne endathei4-sh g nobut yric acid

The invention relates in ©particular to peptide

_ compounds
15

selected from the group consisting of

cyclo(Arg-Gly-Asp-Leu-Asp-Ala-Leu-Arg-Gly-Gly-Gly),

cyclo (Arg-Gly-Asp-Leu-Asp-Gly-Leu-Arg-Gly-Gly-Gly),

cyclo(Arg—Gly—Asp—Leu4D-Ala¥A1a—Leu—Arg—Gly—Gly4Gly),
cyclo (Arg-Thr-Asp-Leu-D-Asp-Ala-Leu-Arg-Gly-Gly-Gly),

20 cyclo(Arg-Gly-Asp-Leu-D-Asp-Ala-Leu-Arg-Abu-Abu),
cyclo (Arg-Gly-Asp-Leu-D-Asp-Ala-Leu-Arg-Aha-Aha),

- cyclo(Arg-Gly-Asp-Leu-D-Asp-Ala-Leu-Arg-2aha),

cyclo(Arg-Gly-Asp-Leu-D-Asp-Ala-Leu-Arg-2Aee),

cyclo(Arg—Thr—Asp—Leu—D—Asp—Ala—Leu—Arg—Abu—Abu),
25 cyclo(Arg-Thr-Asp-Leu-D-Asp-Ala-Leu-Arg-B-Ala),

cyclo (Arg-Gly-Asp-Leu-D-Asp-Ala-Leu-Arg-B-Ala),

and their

30 The .abbreviations

physiologically acceptable salts.

of amino acid residues mentioned

(CH2CH20O) 2 - CH2OOH Aha 6- am nohexanoi c
a-am noi sobutyric acid Ala al anine - Asn
C-al pha-tert-butyl glycine

above and below stand for the radicals of the following

amino acids:

Abu
35 Aee
Aha
Aib
Ala
Asn

4-aminobutyric acid

HyN- (CH,CH,0) 2~CH,COOH

6-aminohexanoic acid, 6-aminocaproic acid
o~aminoisobutyric acid

alanine

asparagine



Dap 2, 3-di ami nopropionic acid dn glutamine Gp pyroglutamic acid Gu
glutamc acid 10 Ay glycine Har honoarginine Hcy honocysteine H's

hi stidi ne hono-Phe honophenyl al ani ne 15 Hse honoserine |Ile isoleucine
Léu leucine Lys lysine Met nethionine 20-." Nal naphth-2-ylalanine Ne
norleucine On ornithine Pen penicillam ne Phe phenyl al anine 25 Phg
phenyl gl yci néAsE- Hal - Praspahal @@k al anine Pro proline Ser serine Thr

threonine 30 Ahkp triisopropyisd! ane [sic] Trp tryptophan Tyr tyrosine Val
valine. 35 In addition, the follow ng have the nmeanings bel ow Ac acetyl

BOC tert - but B&kcar bony|C-BR YA He B AT WY BER®n 10 - CBZ or Z
benzyl oxycar imayl DCC @rstyeimdexyl car bodii m de DCM di chl or onet hane

5 Dab 2,4-diaminobutyric acid
Dap 2,3-diaminopropionic acid
Gln glutamine
Glp pyroglutamic acid
Glu glutamic acid
10 Gly glycine
Har homoarginine
Hcy homocysteine
His : histidine

homo-Phe homophenylalanine

15 Hse homoserine
Ile isoleucine
Leu leucine
Lys lysine
Met methionine
20_lNal naphth-2-ylalanine
Nle norleucine
Orn ornithine
Pen penicillamine
Phe phenylalanine
25 Phg phenylglycine
4-Hal-Phe 4-halophenylalanine
Pro proline
Ser - serine
‘Thr threonine
30 TIS triisopropylsilane [sic]
Trp tryptophan
Tyr tyrosine
Val valine.

35 1In addition, the following have the meanings below:

Ac acetyl
BOC tert-butoxycarbonyl
BSA bovine serum albumin



Dl EA di et hyl amine 5 DVF di et hyl f or mami de EDC1

N-et hyl - N, N - (di net hyl am nopropyl )- carbodiimde Et ethyl FCA

f:l uorescei ncarboxylic acid 10 FITC fluorescein isothiocyanate Fnoc 9-f
I*ior enyl net hoxycar bonyl  FTH f 1 uor escei ntti eur ea HOBt _

1- hydr oxybenzotri azole M nethyl 15 MBHA 4-net hyl benzhydryl am ne M

4- met hoxy- 2, $%Zt¢fr n#&t melq*mﬁtmml HONSu N- hydr oxysucci ni m de OBut

tert-butyl esh i hyl ggster OEt ethyl ester Pbf
2,2,4,6,7- pent arret hyl d%ﬁE ro en z@fjran (gg suﬁionyl Prtc -

2,2,5,7, 8- perit@het hyl ckﬁ%ﬁ@@%ﬁh%l 25 POA phenoxyacetyl Sal

sallcyloyl TBPrgatri s tdﬂé@ﬂ ane wth dival ent cat!ons TBSA TBS + BSA
TBTU 2- (1B b triazol 1,3 8 t et ramet hyl uroni um

tetrafl uofob e TFAdtlr“i‘%/tr &cid Trt trityl (triphenylmethyl).

| f the abovergEmtl oned amau:hy]&m,d\'a c&ﬂu:ﬂ@@h&l&zﬂiﬁ&pr%ylﬁ nor e

enantioneric fornmns, aII rt})eSﬁ fo.réns and their mxtures (for exanple the DL
fornms) are incl uded abdifa In addition, the am no acids can be

provi ded wi tBE appr opr iedtheyIpr ot ectlve groups which are known per se. - 11

FCA fluoresceincarboxylic acid
10 FITC fluorescein isothiocyanate
Fmoc 9-fluorenylmethoxycarbonyl
FTH fluoresceinthiourea
HOBt - 1-hydroxybenzotriazole
Me methyl
15 MBHA 4-methylbenzhydrylamine
Mtr 4-methoxy-2, 3, 6-trimethylphenylsulfonyl
HONSu N-hydroxysuccinimide
OBut =~ = tert-butyl ester
Oct octanoyl
20 OMe methyl ester
OEt ethyl ester
Pbf 2,2,4,6,7-pentamethyldihydrobenzofuran-5-
sulfonyl
Pmc 2,2,5,7,8-pentamethylchroman-6-sulfonyl
25 POA phenoxyacetyl
Sal salicyloyl |
TBS++ tris buffered saline with divalent cations
TBSA TBS + BSA |
TBTU 2-(1lH-benzotriazol-1-yl1)-1,1, 3-
30 tetramethyluronium tetrafluoroborate
TFA trifluorocacetic acid
Trt trityl (triphenylmethyl).

If the abovementioned amino acids can occur in two or
35 more enantiomeric forms, all these forms and their
mixtures (for example the DL forms) are included above
and below. In addition, the amino acids can be provided
with appropriate protective groups which are known per

se.



The invention also relates to the hydrates and solvates, e.g..al cohol ates,
of these conpounds. 5 So-called prodrug derivatives are included in the
conpounds according to the invention, that is conpounds nodified with, for
exanpl e, al kyl or acyl groups, sugars-allotigopeptides, which are cleaved
rapidly in the body to give the active conpounds according to the 10

I nvention. These al so include bi odegradabl e pol yner derivatives of the

conpounds accpidi Ngnt_nkhen | VALY | OPe188ekS dgsCriRed, H el i n
Int. J. Pharm 115,n 6?— 67n( 1995). 15eT eearri no acilz@s an%@%ﬁﬁaﬁ no acl A

resi dues nentFoHERteSuch-9Jasaleaholabant eoft Raerp £omePEBAS -or terni nal
am de functions, can also be derivatized, the NNnethyl, N ethyl,
bei ng prefer Derivatives

N propyl, _N-benzyl_ or . Ca-nethyl derivatives %ﬁ.
whi ch are>ad T%%%§%§ Zarﬁéﬁggrrgﬁréyé tKG8e BFeAs&Q£%T4§ ., ¥h pE%icul ar
the nethyl, ecinpydyndgs opytordimyl tot ehe- hntghtioagpatald ¥ cdgpaydhdesters
of the side qmﬁ% carb % gr opps, ' addj.tipon al so derivatives of
Arg, which can Jgfl%lﬁjbg'?l?/ ?Jte on t%‘ga- C(= Y:ﬁIHZmE;ro%cf)ye‘[)y FoIRE yl,
25 benzoyl, madars carbelyigaperitives .cavbboh| arsdi chéavéed trhapidlypaimds
according to gfie hHYENELOR VNitH: A& 1d NKEfp ﬁnagea@!?:gﬁ'hl?‘ i E‘tﬂg de
fashion yia the a-am no and.a-carboxy groups (head-tail I1nKage), ose 30
cyclic cORpodfiETHeR s PRI aidetP wHitkHude g biaflegradahle erelvten
functional sidkrichaiivesucloms, ther exapBlAdsan SkberQiAg areo! i nkgsd in
t he follomdn%_wﬁ¥ si de-si_de e..%ﬁas-s @%LSUIf'd%%k 35 hegd-side side-tail
Furt her more, “derTvatTes 28ddt¥ i SIRE5 8% ubRE | ‘T‘ImfecdﬂﬁbuﬁHE'a&ordi ng
to the i nventBlmrmar eLihoSEl v6il chl995) consi st of the actual peptides
according to the invention and known marker conpounds which nmake it
15 The amino acids and amino acid residues mentioned, such
as, for example, the NH functions or terminal amide
functions, can also be derivatized, the N-methyl, N-
ethyl, N-propyl, N-benzyl or Cg-methyl derivatives
being preferred. Derivatives which are additionally
20 preferred are those of Asp and Glu, in particular the
methyl, ethyl, propyl, butyl, tert-butyl, neopentyl or
benzyl esters of the side chain carboxyl groups, and in
addition also derivatives of Arg, which can be
substituted on the -NH-C(=NH)-NH, group by an acetyl,
25 benzoyl, methoxycarbonyl or ethoxycarbonyl radical.

In the compounds according to the invention, which are
linked to one another in peptide fashion wvia the
o-amino and . o-carboxy groups (head-tail iinkage), those
30 cyclid compounds are also contained which, e.g. in the
presence of a functional side chain, such as, for
example, an SH group, are linked in the following way

side-side e.g. S-S (disulfide),
35 head-side
side-tail.

Furthermore, derivatives additionally included in the
compounds according to the invention are those which



possi ble to detect the peptides easily. Exanples of such derivatives are
radi ol abel l ed, biotinylated or 5 fluorescence-|abelled peptides. A

fd uorescent dye radical is preferably 7-acetoxy- coumarin-3-yl,
fTuorescein-5-(and/or 6-)yl, 2',7 - diehL2refluorescein-5-(and 6-)yl,

di hydrotetramethyl 10 rosami n- 4. yl, tetramethylrhodam n-5-(and 6-)yl, 4, 4-
di fl uoro-5, 7-dbnsiay| - @fbombekianﬁmhhzapsptmdasenGC&ondﬂmg dro the

4, . 4- dlfluorolévénéwﬁe%d%&gsvaﬁ%?%&a qp%d\ﬁh@iac%gcﬁ efD¥k- %‘é

SUI tabl e functionalized fluorescent dye radica can serve
reagents for PRESHPeBarkR i 6/tECt: hbhec dpeRiHRS ofeasid vi-or BurapLesccof di ng

to the inventéesh ad@rﬂeé@w@gd afér ﬁé@ﬂ@i&bewedHaanlP&an%iaEéaOfSfcent
Probes an Refiarch Chem cg s i‘) Edltlg 1992-1994

Haughl and; BT SPCPPOBesaPrLEed PERELARSent i on conprises not only the
pepti des nentioned but also m xtures and preparations which, in addition

to these co u g to . th nvention, als 0 I n_ot her
phar macol og%l acf%%gégﬁn%oué Ieaé Teftivaht s %T'gﬁr%%fyl nf TRERERXY e
primary pharerigsrebhcityhet i oﬁlmrezmepeph (esd4oror dénpylp the’,7nvention

in a desired d'PéH‘Féro§PuJP§s€Qﬂ?95'ng§nécc%r A9 t%fﬁaﬂ&%&&%ﬂ al so.

the starting substances for their Earatl n ‘are erw seé red by
met hods WRi ¢ FRFFRNATY ber EEtEﬁﬂe yéghedaminehpllepdd, &uatl as 4ré-
descri bed 'ndlfHudrd-eﬁ,ai-Ldﬁnéﬂuﬁl 4 bbhe-3h20dapda¥aLrksiadgReps -Bauben 35

Wyl , Met hode Qr.ga Chem ganic Chem stry),
Geor g- Thi ene %elw%;g ’%t g‘t’ %’L&)luorr?a ‘{M’coﬂﬁm?%ezfc't%‘%ﬁ? Shdha1azahi ch
are known ands- IndaaﬂnerIfntHYk reactlons menti oned. Use can al so be nade

in this case.of variants which are known per se. 13 Preferably, the

peptldes accord| to the invention can be prepared by nmeans of
solid- ph §Wﬁ i fwgctionalized fluorescent dye radicals which

can serve as reagents for the preparation of the

compounds of the formula I according to the 1nventlon

are described, for example, in “Handbook of Fluorescent

Probes and Research Chemicals, 5™ Edition, 1992-1994,
20 by R.P. Haughland, Molecular Probes, Inc.”.

The invention comprises not only the peptides mentioned
but also mixtures and preparations which, in addition
'to these compounds according to the invention, also
25 contain other pharmacological active - compounds or
adjuvants which can influence the primary
pharmacological action of the peptides according to the

invention in a desired manner.

30 The éompounds according to the invention and also the
starting substances for their preparation are otherwise
prepared by methods which are. known per se and
frequently employed, such as are described in the
literature (e.g. in the standard works such as Houben-

35 Weyl, Methoden der organischen Chemie (Methods of
Organic Chemistry), Georg-Thieme Verlag, Stuttgart),
namely under reaction conditions which are known and
suitable for the reactiohs mentioned. Use can also be
made in this case .of variants which are known per se.



subsequent renoval and purification, as was described, 5 for exanple, by
Jonczyk and Mei enhofer (Peptides, Proc. 8th Am Pept. Synp., Eds. V. Hruby
and D.H. Rich, Pierce Conp. III, pp. 73-77, 1983, or Angew. Chem 104,
1992, 375) or according to Merrifield (3 Am Chem Soc. 94, 1972, 3102).
10 The pepti des according to the invention can be prepared on a solid
phase (manually or in an autonmated synthesizer) in an Fm)c strategy using
acid-labile s ct n % P The
peak honngene%%fecgélﬂiﬁ m?a{gurgégugaeg Qﬁ%%%héngdiy 15 su ésrtngclg# entity
by means of P?B- NEFeRRFRA W %, IB‘P@i)epf?fde%OJe -Pape epdyRbhesicustpdary

et ho;is of anslﬁNn;s énanéeﬁ@iioggg%lcn?/ @ﬁﬁfﬁc%ﬁypéﬁ a%s' Snraét(n@ééé‘cr{._gégb < of
example, fro ochem - epli de n S ndbook o
Cal bi OChe%tNg%/% %ﬂ’@ﬂi S anbY, VBRE5Y “@gid ‘P‘% ]?f%i?ﬁe’r‘g?é' sF&EfAdar d
works and puditi AhedeptenSya@pl | @aisi.ONS. I'ﬁﬁﬂiﬁ/Wla'ﬁi @Up) |mg§hﬁnplléfagnent
condensat i onsy gﬁg 4 t N-t m nal ,.,C-ter si de
25 protective groups can b ??eﬁ’whl are prEEFSWabiC);leg}al }%Q%e

ort hogonal | y ¥T®hvebl accordphiondcs tMgpsriimlde (Far Aned Ghem. u§crrg do4f er ent
condensi ng repgppt s31§pLh as carbodi i m des, carbodiim dazol e, those of the
uroni umtépe such' as TBTU, m xed anh};drl de net hods, and 30 acid halide or
active edPer The HopRtides| sarendisgets thee iayveadiion 19pT dersprepasedu, for

exanpl e by adshtign sf1ikdBtpleisd hYHEARKRITGC] b dfn The cyshidmited of a
| i near precursor nol ecul e havi ng__si de rot ective groups, can J | kew se be
carried out t(f%‘??ﬂgz%)chlﬁoﬁ’aeﬁgﬁﬁ §|tr pEESY HRdn aqiddakilieetndeor
exanpl e, in BiErctPdiflive3gooups dadbpurVéykd byCmean¥olofTRE-SHHIC. pRiges 1 to
Poe CaPTa) kel hOREERNGEY) N8aR" LANARALLUAC LM S Uhd 'é-?d "

t he sol i d- phdse peptl esi ns can
15  substance 1dent1ty by means of FAB-MS.

Otherwise, the peptides can be prepared by customary'
methods of amino acid and peptide synthesis, such as is
known, for example, from Novabiochem - 1999 Catalog &
20 Peptide Synthesis Handbook of Calbiochem-Novabiochem
GmbH, D-65796 Bad Soden, from numerous standard works
and published patent applications.
Stepwise couplings and fragment condensations can be
utilized. Different N-terminal, C-terminal and side
25 protective groups can be used, which are preferably
selected to be orthogonally cleavable. Coupling steps
can be carried out using different condensing reagents
such as carbodiimides, carbodiimidazole, those of the
uronium type such as TBTU, mixed anhydride méthods, and’
30 acid halide or active ester methods. Activated esters
are expediently formed in situ, for example by addition
of HOBt or N-hydroxysuccinimide.
The cyclization of a linear precursor molecule having
side protective groups can likewise be carried out
35 using such condensation reactions, as is described, for
example, in DE 43 10 643 or in Houben-Weyl, 1l.c.,
Volume 15/II, pages 1 to 806 (1974).



based, for exanple, on polystyrene or polyacrylamde, anchor functions
such as Wang, o-chlorotrityl are 5 utilizable for the preparation of
peptide acids, am noxanthenoxy anchors, for exanple for the preparation
of peptide am des. Biotinylated or fluoriescence-|abelled peptides/proteins
10 can |likew se be prepared by standard nethods (for exanple E. A Bayer
and M W/ chak fifeddithodesbhs Bingc hemcloat Armalc;ts'joms\/od:anZBeThE:iUsiezeﬂ the

Pl Uor escent . Fbbebtanio REaZRIEfe qrbntife ' Yincilq ey | ReBing ORERD
Haugl and, Mlkesgdr Ppobaxamples. ; opr neatiaene | 9r\/\m®wa1czm@m %#

course, the RERHJIES ﬂﬁ?&ﬁéﬂ@ té’uéﬁe hBVeWah@n C%lc}?io‘&%éﬁdylbera?é@d by
sol volysis, in particular_ 20 hé&rol yslI s, y hydrogenolysis of, their

functionabP derihldizakke PEeFer st%ﬁ%@%‘tﬂﬁtaﬁéesple@rtlﬂ?e aGH IR ysi s
or hydr09€n0|air&.r§oﬁrﬁ:l'iéﬁ&érvm'éﬁchbﬂﬁt ead fgf ongx&kplere ffoge angie®

and/ or hydr ox rou nt ain, corres ond| ng protected am no and/ or
hydr oxyl 25 gﬁ‘l‘?ﬁ}%sr tﬁ"'iprt %eaIer? i nstead of an H atom which is

connected to an N atom carry an am no prot ective group or which, instead
of the H ato X r I } . The
sane applies 16) tcla 1*(%@%&"(:3%(:'@%@3%'38%58%% uql%%%(ﬁeggﬁf gé%{;yrg%tgésﬁ?ut I on
of theirl0COw@ hyldkewisd uis | @raparefarty ofs%arpid)wéctme/@%i%up (famor

exanpl e as an.eshfe FNE. OBULSS 0Bnd a0 REALEHEH Va0l Wtndds gegeral ly
known and relates to grougArlé I ch are_suitable for 35 protecting éﬂ}ﬁ
bl ocki ng) an BiRGheirb AYEhEm ¥l - rQédc?hSnsUs%uto%FEﬁ B LT |y

reLmvabl e af teiotiie cﬁmﬂ@@l alhera Cﬁdodlea(ihl OHotna&utng@n BR6L66Y; OL&ndit

other positions_in.the h_ecue The ex ressio ro rote

group” is |i d?é"’d‘en%ﬁgp YORREGA M F~ cér ({]ﬁ are

sui t abl el$or §FoEditiiog,a 1996, by R.P. Haugland Molecular Probes,
Inc.; or alternatively WO 97/14716).

Of course, the peptides according to the invention can
also Dbe liberated by solvolysis, in particular
20 hydrolysis, or by hydrogenolysis of their functional
derivatives. 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 connected to an N atom, carry an amino
protective group or which, instead of the H atom of a
hydroxyl group, carry a hydroxyl protective group. The
same applies to carboxylic acids which can be protected
30 by substitution of their -CO-0OH hydroxyl function by
means of a protective group, for example as an ester.

The expression “amino protective group” is generally
known and relates to groups which are suitable for
35 protecting (or blocking) an amino group from chemical
reactions, but which are easily removable after the |
desired chemical reaction has been carried out at other
positions in the molecule. The expression .“hydrolxyl
protective' group” 1is likewise generally known and



Hydr oxyl group from chenical reactions, but which are easily renovable
after the desired chenmical reaction has been carried out at other .
gositions in the 5 nolecule. The liberation of the conpounds fromtheir
functional derivatives takes place - depending on the protective group
utilized - for exanple using strong acids, expediently using TFA or
perchloric acrelates tal srougisngeleidier ager eng dabligafoe rictectisly ag 10

hyd hl ori ' ' | d,..strong ar carboxyl i ¢ acids such
na LT chi or oAbttty PG Frli nShiPRY FARERCRREY i B e S
p-t ol uenesul feasicly agiemovispdreogafibeyt it | Yesdmedabtbeni otk ctremcigianps
(for exanpl e ¢ OpeENZ¥L)r§aR b%urtem%%/ d, oEf(?%r 1 ogz.f.@ he 1y, trgal ment

wi th hydrogen in the presence of cata of a noble” net al
catal yst SucHeLRCYHE® | adbem mmw nthesmqurgia:hfagmcatrm
Typi cal protemnd/telcg{zﬂypaefﬁ%ahlflbeégﬁak@dpieéeslt-ﬁgd :9&(;1:51 SBSI eélghal .
groups are Z, B noc, those for. C rmnpi or

are O pri malﬁaﬂc"pec(tf%‘fe ef&RPPe ‘E‘I\?el’o?e‘%]i Lot é’ianﬁll{ayl UEEBE eXeiRfe

CBut) or OBermylds,Z, eB@leldesn@DmAIP@fhp{lec}?l@ﬁrﬁﬂ gcilis &sué abl e
for the guanidino function the 25 Ar coholjc functions c e

pr ot ect eg by ‘—abeérg)zylﬁlglrtl a?fle Ft% | YA or F?‘%Fyl S&F&Jpés The
groups BEE, @’BlﬁrQﬂh:lqmrc cacist efaer aful farrirenmacdd], ferrenman@myanitsi ng

TFA di chl Q554 or a Xi H n di_oxane
at 1:5n30| Ct hg FNDC}:JﬁgFCC a%dl;%%gguglagh g%rsgppt?%a&]lrm?%ég%é%%l 5%5171dsol Wion of

di met hyl ani n§ﬂdc-|°é’tlﬁ-'yl ﬁFriL & o‘Fu‘E)tP p&S dPRBZEng-DVIT aP Mn%ll'lﬁm:ltm tyI
group is enplaese, i@ﬂ:@@@%l@rtﬂd&ﬂﬂi‘e reficissild Oprrddis v R

hi sti di ne, ragine ut ne_an | ne. Renpval is carr| e out
dependi ng ons(&a ?ﬁw&% r@apr%‘au %% hg $8R/ 189 #EMSNRshol Eathe’

trityl gEwup exempd e et edréaonent | wi6h hydrogen in the presence of
a catalyst (for example of a noble metal catalyst such
as palladium, expediently on a support such as carbon).

Typical protective groups for N termini and for side-

20 position amino groups are Z, BOC, Fmoc, those for C-
termini or the Asp or Glu side chains are O-prim-alkyl
(for example OMe or OEt), O-tert-alkyl (for example
OBut) or OBenzyl. Z, BOC, NO,, Mtr, Pmc or Pbf, for
example, is suitable for the guanidino function of the

25 Arg. Alcoholic functions .can be protected by benzyl
radicals, tert-alkyl radicals or trityl groups.

The groups BOC, OBut and Mtr can preferably be removed,
for example, - using TFA in dichloromethane or using

30 approximately 3 to 5 N HCl in. dioxane at 15-30°, the
FMOC [sic] group using an approximately 5 to 50%
solution of dimethylamine, diethylamine or piperidine
in DMF at 15-30°.

35 The trityl group is employed, for example, for the
protection of the amino acids histidine, asparagine,
glutamine and cysteine. Removal is carried '~ out,
depending on the desired final product, using TFA/lO%
thiophenol, the trityl group being removed from all



dmi no acids nentioned, when using TFA/anisole or TFA/thioanisole only the
trityl group of His, Asn and G n is renoved, whereas that on the Cys side
¢hain remains. 5 Hydrogenolytically removable protective groups (for
exanpl e CBZ or benzyl) can be renoved,-fbé exanple, by treatnent with
hydrogen in the presence of a catalyst (for exanple of a noble netal

catal yst suchemsnd( pehilsdi wenisiquedl entwiyenn assogportFisisohisaslecardmon) .

Sui t abl e sol v ' [ S se.kpgdhc VB, ol N ticular,
For exami o, o Sornl ol pTas ey e rt B St WOE Bl " 2RB ' L
As a rule, t®HEhyid ofemeVesis vRereasi ddhadut oat ERep&viat upédelschrimeen
appr oxi mat el yyr&naids 10. 00 and. pressures between approximtely 1 and 200
bar, preferably at 20-30 and 1-10 bar. Hydrogenol ysis of the CBZ group
takes place readily, for exanple, on 5 to 10% Pd/ C i n net hanol or using
ammoni um f or rey@r dgessd Eatli 641 hy dr eembyrablePdpZdtecti®aretdasniadd DMEGE

20-30. As, already: nentioned, the .neptides according to the invention

i ncl ude t hei ré}ﬁ%“yé}%l {OJ%{ZCSFI PeREy tgcfﬁréebgaf:?gl,ovﬁﬁi'c OEar?’faf’%g'ﬁ'seb%e
prepared by steeatamen5sSwathhdgsirodars, ia lthee pfesernoapofiné acatalysig t o
the inventiopsgan be,ggpyeriged intq, e asgoel at ed achk Staddé&afhon g@lt
using an acid, for exaﬁ%?e by reactioh o equi val ent "anount s of t he base
and of tR8 adaliadim. | expedienidit eucl® asupPhuRolSusll sebserpeon) 30
evapor at i on. g gl WoWrehidi tiapl enfier Ehke §R6LI PRosd" Ciddy RAfdd cUl ar
t hose which yi.el d physiol ogi ¢cal | acceptabl e salts. _Thus, inorganic acids
can be used, al?%‘fe'ex&f'?plBagEFFHF'gE'acf‘EF;' RIS ci dloerP@dshafieh RF ds -
such as hydr asdtitmamial aﬁi:de@halﬁ'ysdr'aﬂcfjoﬂ’?fdéﬁi guchS S osior Ag. ?Ciﬂfﬂé,UCh as -
ort hophosphor,,c. a famc. acid, furthernore.organic acids, in _
parti (F:)ul ?Er_)p a%rfephg‘hg%f§§+? cy%%%, 3P al CRREEFE  SP&mt %c JreHRg T gires

between approximately 0 and 100° and. pressures between

approximately 1 and 200 bar, preferably at 20-30° and

1-10 bar. Hydrogenolysis of the CBZ group takes place

readily, for example, on 5 to 10% PdA/C in methanol or

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

As already mentioned, the. peptides according to the
invention include their physiologically acceptable
salts, which can likewise be prepared by standard
25 methods. Thus, a base of a compound according to the
| invention 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
30 evaporation. Acids which are suitable for this reaction
are 1in particular those which yield physiologically
acceptable salts. Thus, inorgénic acids can be used,
for example sulfuric acid, nitric acid, hydrohalic
acids such as hydrochloric acid or hydrobromic acid,
35 phosphoric acids such as orthophosphoric acid, sulfamic
acid, furthermore organic acids, in particular
‘aliphatic, alicyclic, araliphatic,. aromatic or hetéro—
cyclic mono- or polybasic carboxylic, sulfonic or .

sulfuric acids, e.g. formic acid, acetic acid,



é&clic nono- or pol ybasic carboxylic, sulfonic or sulfuric acids, e.g.
formc acid, acetic acid, 17 propionic acid, pivalic acid, diethylacetic
acid, malonic acid, succinic acid, pinelic acid, fumaric acid, maleic
acid, lactic acid, tartaric acid, mali€ 1acid, citric acid, gluconic acid,
ascorbic acid, 5 nicotinic acid, isonicotinic acid, nethane- or .

et hanesul f onipregioniet hacddi, suldiordld aci deid?2- hydechydibeetdsul facid, aci d
benzenesul f onj i d, - ol ' ni id, al no, .

"G sl foni o ALBELE, pELhT SRRESHLET S i p B O RER0 e |
unaccept abl e a@ids, malgiqiacides lashic bacided axrtatici soiidyi oralamd/ or.
purification gighe c¢eFREUNGRaLCOrgh iohfot NGk BY NG t hgapgher
hand, an acid of the, conpounds according to the invention can be converted
into one 8f iRXCABBHGs| AGHcal 1SREEEIBIE neretdor JMABRARAT sal 95 by
reaction wthethdeesul Pesst bl e saktiag,in tglewaa&@_ iaiﬂfldrﬂd)?rtlﬁé’éi‘d,the
sodi um pot assi,u nmagnesi u | ci um _and. anmpni um sa , furthermpre
substituted é%#ﬂ%%ﬂﬁ%gig??ﬁgngfb%&%npFﬁufhenggﬁﬁﬁﬁ9F§PE§PBPﬁyI-a 20 di i
sopropyl anmmpt ol sahésyl fiombet hanaeiddi et hammbhtlosl erenep+ opy| aam@ni um
salts, cycl ohexyl.: . di l.ahe a ' | LS, . .

di benzyl et hyl g%%%%%ﬁ?u%gg% tas%fl%%ﬁ%ﬁgutr §r 3ol E2168 (LW in

ar gi ni nel8r pPh¥sielogicahlky pupardertabpeuraisidecoedyng pieraites nvemi on
can be enpl gyedysad atdLadyeMeidrNeh naanab%&% 5 ft:ﬁ%ti@ﬁt e gpgpounds

in human and veterinary nedicine, in particular T prophyl axrs and/ or

therapy of 3FUMMIRAF s 4GFWHINT et hé&beal 1g¥PREigPe | Aol Y@, other

Particul arl y Hande -alﬂi)ha&d':li@d bf thhe C@Bh@%éhnﬁrse f@@i{d&@fgs Gfo ti_he

i nfl amrmati ons, _Qr und- heal i ng ,processes _of .t he, skin, e respiratory

tract Organs%ﬂﬁfﬁgafn ‘can 6% converted into one oP its
15 physiologically acceptable metal or ammonium salts by

reaction with a base. Possible salts in this case are
in particular the sodium, potassium, magnesium, calcium
and ammonium salts, furthermore substituted ammonium
salts, for example the dimethyl-, diethyl— or
20 diisopropylammonium salts, monoethanol-, diethanol- or
diisopropylammonium salts, cyclohexyl- or
dicyclohexylammonium_ salts, dibenzylethylenediammonium
salts, furthermore, ﬁor example, salts with arginine or
lysine.
25
The peptide compounds according to the invention can be
employed, as already mentioned, as pharmaceutical
active compounds in human and veterinary medicine, in
particular for the prophylaxis' and/or therapy of
30 disorders in which epithelial cells are involved.
Particularly to be emphasized in this context are
disorders or inflammations or wound-healing processes
of the -skin, the respiratory tract organs and the
stomach and intestinal region, thus, for example,
35 apoplexy, angina pectoris, oncoses, osteolytic diseases
such as osteoporosis, pathological angiogenic diseases
such as, for example, inflammation, fibrosis, in
particular pulmonary fibrosis, opthalmological
diseases, diabetic retinopathy, macular degeneration,



stomach and intestinal region, thus, for exanple, 35 apopl exy, angina
pectoris, oncoses, osteolytic diseases such as osteoporosis, pathol ogical
angi ogeni c di seases such as, for exanple, inflamation, fibrosis, in
particul ar pul monary flbr03|s opt hal el $8i eal di seases,. diabetic
retinopathy,. nmacul ar degeneratlon 18 nyopia, ocular hlstoplasnDS|s
rheumat oi d ar¥¥ePifs, 0@§1é§arbh$t@ptasmg§e§t|crbegm@cnad ubtthaitie,

colitis, CTOBQtéoQk§E§§€1satQ%Béﬁﬂfﬂoéléuceﬁﬁr'%ﬁﬁ%réf%ﬁém9§1§t1§fter
angloplasty, in acute kidney failure, nephritis, 5 mcrobial |nfections

and nultiple EEPB?0§|gls?ﬁéevnﬁ&hﬁ?ﬂ$9%ﬁﬁﬂ§%§mﬂQS?¥&%§%%ItBeEEBPPEéS
conpounds ofafberfam@ub@aa@&& n&dla@@ﬂ@eakddmﬁyNMéﬂEhtéltﬁéphﬁh&hﬂﬁ

i ncl udi ng .t hei t gh% ? ogi-ca ! accea;abh% i?t 10 as medi canents,

di agnosti Gs oPFed it F BEnPPONTPA PRI SO at es to appropriate
-nedi canments as inhibitors. for the control of .disorders which are

|l rect!y, proflb! SHLEAIBNC L AL AIHPRP 81 8Lod® LG AR, LOREGLLES
receptor, thus. ologlca angl e di 974 PRS
t hronboses,; caf dl‘t'éttsa ifﬁmraétae céebraed akave diesc dbeipwaran;il dscl ghesi s,

t unour s, OSte@PQilﬁ@incﬂ.ﬂfih.ﬁmth'egﬂ' Eﬁg;fs%l aﬁ.rﬂrfé)éc ﬁﬁﬁﬂéngaﬂgs

“wound- healln rocesses. | acuna] also rélatesto a opri
pharnaceaplca? %?@b%?%?PBﬁs hATRASESREaPE &EAYFBAS: one nedi canent of
the formula | and, if appropriate, vehicles and/or excipients. 25 The

i nvention fur%hernnre rel ates,to the use of the ge tide conpounds and/ or -

their physi ol B§f catTyeRERpt b PREFTSULEEor TFHATED the FRPRRPLHAtEhe
descri ption freedicanertsngas amwuhﬂuansffmrthheccnhmMOl(ﬁf(ﬁﬁ@mﬂ&éﬁswhlch

are based i ndjy | ¥rQ" i 8 opn..3 [ & " egrin
receptor, thus %\ﬁ %rtfeﬂ?ﬁ‘%%x gfho st b%%r?gi o%xgnl%%és%lr%‘i ‘g£
o 15 the - oPs integrin receptor, thus. in particular in

pathological angiogenic disorders, 'thromboses, cardiac

infarct, coronary heart disorders, arteriosclerosis,

tumours, osteoporosis, inflammation, .  infections and for
_ influencing wound-healing processes.. '

20
[lacuna] also relates to appropriate pharmaceutical
preparations, which contain at least one medicament of
the formula I and, if appropriate, vehicles and/or
excipients.

25 The invention furthermore relates to the use of. the
peptide compounds and/or their physiologically
acceptable salts according to the claims and the
description for producihg a medicament for the control
of disorders which are based indirectly or directly on

30 expression of the fs integrin receptor, thus in
particular in pathological - angiogenic ~disorders,
thromboses, cardiac infarct, coronary heart-disorders,
arteriosclerosis, tumours, osteoporosis, inflammation,
infections and for influencing wound-healing processes.

35 The medicaments according to the invention or
pharmaceutical preparations comprising them can be used
in human or veterinary medicine. Possible vehicles are’
organic or inorganic substances which are suitable for
enteral (e.g. oral) or parenteral administration, or



f'hronboses, cardiac infarct, coronary heart disorders, arteriosclerosis,
tunours, osteoporosis, inflamation, infections and for influencing

wound- heal i ng processes. 35 The nedi canments according. to the invention or
pharmaceutical preparations conprising t9em can be used in human or

veteri nary nedi ci ne. Possible vehicles are organic or inorganic substances
whi ch are suitioqi:ﬂcea]f oappkitat idn ( ery. for abjimdniparentienal iradihei dtorat i on,

or 3 - 19 top n o] d [ [ r an
"nhal at i on st and et tor T aBr e AR R e e R g Rl e
wat er, veget SSmPQinds, béﬁzwexmlemowt&aq kyvea@tgb}@m@ﬂ@m Renaylene

glycol's, 5 OlaneRidi1d 1 agekgheneoel giiBo16ar b%ﬁlﬂié’é SEh a8 dcﬁfé ose or
starch, nmgnesi um stearate, talc, petrol eum jel Iégxy artlcul . tablets,

pills, coate@asrals, trigsqnate: pORd@tsn.gr S LR, 4§ esa%r
drops are usewddye %ﬁl s8dFtA|, S aginie®iunt UPPEsTA o0& | egadke &umcblﬁ@r

rectal adm nistratio sol ut,io refera Qi.l.y equ ons,
furthernore & msi g]ﬁs g:rhﬂ“&a&n B?biﬁEFanPslll Hr ecﬂggag gﬁﬁ%%&t eral
adm ni strat i eapsuicsyi npowdess, crgxamubes powdengpsar e juised for tdxp:pfsal
application I o) I yq@@;

| yophi | i zat es[%bt g%\égd ggg’p %ng nl]r?léé%%% #éé%ro uct | on of
i nj ecti o0 -prssat af Ponsrectral paépanasi:m;t,lpndu c%\QJe‘élt%‘ath be prgf@nahl;aed

and/ or can CItgi N HXCiaRiRkS S%%'iu%%on'sUbr 'f%%‘%@z%rn&fx"esers\b%’ﬁéf&%ons,
stabilizers and/or, wetting 20 lers, salts for |nfluenC|ng

agen emul si f
the osnotic SPRESIHE pOES erl%ﬁ%@s‘?%ces arsl oPﬁﬁEis FPBy o MFLRFECTR/ or
[l acuna] rmr%d&nirzﬁfw::amtdn/,e AP WHYESMet Y, Piean® BRI oowdens Nard-or

adm ni stration hal.at Lon spr.a sprays, can 25 be used ich contain
The hetive cOmSBurDEi ERBICRY MRt o) RS, haYSlengeloPHnds, Sha oMt & 1
propel | ab omlso be 1yophi1ized and the lyophilizates obtained can :

be used, for example, for the production of injection

'preparati_ons. The preparations indicated <can Dbe
sterilized and/or can contain excipients -such as
lubricants, preservatives, stabilizers and/or wetting
20 agenté, emulsifiers, salts for influencing the osmotic
pressure, buffer substances, colorants, flavourings
and/or [lacunal] more further active compounds, e.g. one
or more vitamins.
For administration as an inhalation spray, sprays can
25 be used which contain the active compound either in
dissolved form or suspended in a propellant or
propellant mixture (for example CO; or fluoro-
chlorohydrocarbons). The active compound is expediently
used in thi's case in micronized form, where one or more
30 additional physiologically tolerable solvents can be
present, e.g. ethanol. Inhalation solutions can be
administered with the aid of customary inhalers.

As a rule, the substances according to the invention
35 can be administered in analogy to other known,
commercially available peptides (for example described
in US-aA-4 472 305), preferably in doses between
approximately 0.05 and 500 mg, in particular between
0.5 and 100 mg, per dose. unit. The daily dose is



propel l ant m xture (for exanple CO2 or fluoro- chlorohydrocarbons). The

active conpound is expediently wused in this case in mcronized form where

one or nore 30 additional physiologically tolerable solvents can be

f)‘r esent, e.g. ethanol. Inhalation soluti®hs-can be adninistered with the

aid of customary inhalers. As a rule, the substances according to the

i nvention 3P%eferrbhinPetyesne RRRY HAMRELY 000Phe@nthonf, MOdEene?Ei al | y

avai | abl e pepiodigs wEoghexamphe desgfédiqeﬁt | do&lS- Ardrd72a38D) .pdX £de¢ abl y

i n doses between proxi mately O. and 500 rrg fl n particul ar between 0.5

and 100 g, HFPERE: BAVEVERneOfaith) (RREFT sOB0 EaGEBFEr atioF L

appr oxi mat el yor). 6heardfAGay kgf othebedecsdiight compeusfeeniploy@dse é®r each
sorts of, factors npl e on_the

pati ent ep , weyer. on.all C for _ex (

ef fi cacy gf ﬁ%gess%g%f¥§d¥oW§6§%’&’er9pefrbVead]‘, %%a%etﬁg g‘&?ﬁ'tgloqf%l ot
gener al st at eehd bati honsehe dnimg rmﬁieoutenofhachﬂimmmm,e aid ;
adm ni strati . 8XC Lon hat %ﬂgﬁﬁfﬁuEbﬁﬂi ggg‘ghnagﬂgn an
severity of the ggrgtiééf}#aérﬁﬁo% g%téﬁ"ﬁ% he " therapy Pel_at €es.
Parenteral adiffR%itatioh ishelopprefientad. Adsorderor &0 t Whimyelthe
conpounds of tiwr-dwy nul @c1aGy. be pgedntBranal ytigainbielegyoand npd ecul ar
bi ol ogy. .15 The novel _conpounds of the formula I, where Xis a fluorescent
dye radi¢dl ® "% a -CONH-, -C00, -NHC(=S)-NH, -NHC(=0)-NH-,
-S@2NH or -NHCO- bond, can be used as diagnostic markers in the FACS

(Fl uorescence, Activated Ce Sorter). techni que and. 20 fluorescence

M croscopy. r@q—'&{seerq% Id‘?’ablé#?ecrlwggr}po TR Iﬁgr gg’ceeng%rmﬁf roscofy is
descri bed, fd&e axaphliny danalwticaldripkogly dhd . mbhgtetarnbiélagyescence

M croscopy of Living Cells 25 in Culture, parts A + B, Academ c Press,

Inc. 1989". The novel conpounds according to the invention can also
15 The novel compounds of the formula I, where X is a

fluorescent dye radical 1linked wvia a -CONH-, -COO-,
-NH-C(=S) -NH-, -NH-C(=0)-NH-, -SO,NH- or -NHCO- bond,
can be used as diagnostic ‘markers in the FACS
(Fluorescence Activated Cell Sorter) technique and.

20 fluorescence microscopy.

The use of labelled compounds in fluorescence

- microscopy is described, for example, by Y.-L. Wang and

- D.L. Taylor in “Fluorescence Microscopy of Living Cells
25 in Culture, parts A + B, Academic Press, Inc. 1989~.

The novel compounds according to the invention can also .
be used as integrin Iigands for the preparation of
columns for affinity chromatography for the preparation
30 of integrins in pure form. The complex of an avidin-
derivatized support material, e.g. Sepharose, and the
novel compounds is formed by methods known per se (for
example E.A. Bayer and M. Wilchek in Methods of
Biochemical Analysis Vol 26 The Use of the Avidin-
35 Biotin Complex as a Tool in Molecular Biology).
Suitable polymeric support materials here are the
polymeric solid phases having preferably  hydrophilic’
properties and known per se in peptide chemistry, for
‘example .crosslinked polysugars such as cellulose,



be used as integrin ligands for the preparation of colums for affinity
chromat ography for the preparation 30 of integrins in pure form The

conpl ex of an avidin- derivatized support material, e.g. Sepharose, and the
movel conpounds is fornmed by net hods knd&ih per se (for exanpl e E. A. Bayer
and M WIlchek in Methods of Biochemi cal Analysis Vol 26 The Use of the
Avi di n 35 Bi di¢phaxegt eRr aSephadek®.n msel;@ma%e& obedyrerssiasssl on .

pol ynmeric sURROlte By BEhd| S1NEEE S erdheak P! Y8Byhérs@l.i d phases having
preferably hydrophilic properties and known per se in peptide chem stry,
for exanple crosslinked polysugars such as cellulose, - 21 Sepharose or
Sephadex(r), me yliaiidifs.orpolfialiybaaedoonincpadyst hyé@dmogdlaﬁ@el DNA

Tent akel gol yner ért kﬁ i.nvent on fina I als i ncl ((ji% geconbl na DNA
5 sequences 5 PR TOrRINPERLOBE PO o SPits TP RS dfi oh
have the peptredeisis ucvhiah mhaves tﬂre:orplepglde tk:e;rumtam'allon mcDNAfsaf this
type can be t I particles, as is described in Ch.
Andree et al éﬁ%ﬂﬂﬂé%lﬁéaﬁﬁlﬁtﬁ 1, 12188-12192 (1994), or the
transfer to cells can be increased by other excipients, such as |iposones

(A 1. Aronsolyancd. %thl@gbc%el car? Wk TaA8ld b re 183- @1519959) 15

The transfer of a DNA of this type could accordingly be wutilized in

yeasts, by mPAEiFlecupdviipudesFiihed - a"\ﬂP ¢ setoPlt-hF¥RDduct i on
of the peptid@atisubsieages stithi 91i, nvemwm-lﬂbzf @mgamomal o2 heHen body

Is infected w_.th r econbi this type eptides accordlngto_
the inventi ofF A4 %qﬁl tt%e‘ﬁ%:gf%e%a ‘Fmb%ﬁ?ﬁéﬁ é%rp &P LEHHS

i medi atel y Isiuth t @st hel pos@nesit d@r iIn 2b5onsobpt (Hndf ar. Aeex aMpgbesf Junour
cells, and blpGly ifargeting, 5, 163-169 (1997)).

15 i .
The transfer of a DNA of this type could accordingly be
utilized in yeasts, by means of baculoviruses or in
mammalian cells for the production of the peptide
substances of this invention.

20

If an animal or human body is infected with a
recombinant DNA of this type, the peptides according to
the invention finally themselves formed by the infected
cells can immediately bind to the o.fs integrin

25 receptor, for example of tumour cells, and block it.
Corresponding recombinant DNA, which can be prepared by
known and customary techniques, can, for example,
however also be present in the form of wvirus DNA which
contains sections which c¢ode .for the wvirus coat

30 protein. By infection of a host organism with
recombinant, preferably non-pathogenic viruses of this
type, host cells which express the integrin of¢ can
preferably be attacked (targeting).

35 Suitable viruses are, for example, adenoviral types
which have been used a number of times already as
vectors for foreign genes in- mammalian cells. A humber
of properties make them good candidates for gene
therapy, as can be seen from S.J. Watkins et al. Gene



€or respondi ng reconbi nant DNA, which can be prepared by known and
customary techni ques, can, for exanple, however also be present in the
formof virus DNA which contains sections which code for the virus coat 30
protein. By infection of a host organismaith reconbinant, preferably

non- pat hogeni ¢ viruses of this type, host cells which express the integrin
aV1l36 can prEferaghtfy4ibelfDdadkad (((1lA9Fotitgpe 8bsSuit alfingelihaasis atre, for
exanpl e, adenaolw "'l YPSSe ,Mlé{;h Eav.fzS%)e.%lg ugﬁlgg) punber of tinmes already
as vectors for" foreign genés In-nh A nunber of properties
make t hem godds zanlildat Eeundrigehe Fepbeager &% @dn We £Hdm f IBWSSD.
vatkins et aljofenegs-233 ThooHy 4 8Roa0l2dHINS) 14Sgend shekap

Engel hardt et - al. Hum _Gene Ther._ 4, 759-769 (1993)). As can be found in
A Fasbenfler Rt mgang of vAral,ang nonysirak,veesorsgds) the Jodi®dr obl em
in gene ther ayBEididycyEalS tie VoéRe aR@nRFer\i rgdingctbes ddditiondn t ed

efficiency of. the gene transf n he additi ona and seq nce for
V06 | nteyri AT TREGRG Evh Bl LebaBmaPo e igractheby . an
| nprovenent igodtheprdtairsfetf, ther adenopliensek, cuat |m1ﬁnolwmrﬂ: tmrlsm@rrbr ane

10 conduct an eyl at o a o | m | ar
to that in tREVEHED: ot hete “of vaE R RiBiREL S LB B
(1998), ﬂ-ﬂste%mld)mtétmée DOY b temgl GETRY | ¢PNA ecanbe onchhevedquences of 15
this invention can also be utilized for cell transfections by nmeans of
retroviral or_adenoviral vectors.. The peptides according to the |nvent|on
can al so be B0 % MAHRA Skt ar . EOIFB‘BEOHE EBRpexkorh 9"p % DNA
for a t_ransf?ﬂI J OOaﬂf:eeemesfe;&fcuﬁ €58t 0gE3 B+ 3369 h (61_998)908Qﬂﬁtéadp|c_eﬁ<
consisting o wi t hout epti de se i ene therapy in nan.
The prepar atih p%ﬁA%xf)o%mO%Bﬂ%' xt?ﬂ%r#% £3% 'the“3equencel’ of'

' 15 this invention can also be utilized for cell

transfections by means of retroviral or adenoviral

vectors.

The peptides according to the invention can also be
20 employed within a liposome complex of lipid/peptide/DNA
for a transfection of cell cultures together with a
liposome complex consisting of 1lipid/DNA (without
peptide) for wuse in gene therapy in man. The'
~ preparation of a liposome complex from
25 lipid/DNA_/peptide is described, for example, in Hért
S.L. et .al. 1998: Lipid-Mediated Enhancement of
Transfection by a Non-Viral Integrin-Targeting Vector.
Human Gene Therapy 9, 575-585.
A liposome complex of 1lipid/peptide/DNA can be
30 prepared, for exa.mpl_e, from the following stock
solutions: 1 ug/ml of lipofectin (equimolar mixture of
DOTMA (= N-[{1-(2,3-dioleyloxy)propyl]-N,N,N-trimethyl-
ammonium chloride) and DOPE (dioleyl phosphatidyl-
ethanolamine)), 10 pg/ml of plasmid DNA and 100 pg/ml
35 of peptide. For this, both DNA and peptide are
dissolved in cell culture medium.
The 1liposome complex is prepared .by mixing the three
components in a specific weight ratio
(lipid:DNA:peptide, for example 0.75:1:4). Liposomal



-25 | i pi d/ DNA/ peptide is described, for exanple, in Hart S. L. et al. 1998:
Li pi d- Medi at ed Enhancenent of Transfection by a Non-Viral

I ntegrin-Targeting Vector. Human Gene Therapy 9, 575-585. A |iposone
‘conpl ex of i pid/ peptide/ DNA can be 30%&e'par ed, for exanple, fromthe
followi ng stock solutions: 1 g/l of |-ipofectin (equinolar m xture of

DOTMA (= N-[ DNP2 iRl %Sh 058 9o | FLREAPK LR| ReRhPevesftdifiod QRS i de)
igg D/OI;E g g' Qﬂféél:lrmt ; phg&pﬂ&iﬁ mmhanetaralne)iggsg gfllidoszfmdoizraﬁﬂaftda\lAd and
g of peptide. For i s e are solved in
cel | cul ture_CrFé[% RS hETPRP §5m§° 3‘5&? &?@p?gbgﬁﬁ 1By f?le|3"f'3:1ﬁ’|"é:st hr ee
conmponent s i wiklspaatfic fdmidiy Ndturd INgdieDONA: pep3 9€46) f or exanpl e
0.75:1:4). Liposomal 23 DNA conpl exes for gene therapy in man have al ready

been des%ri bed (Caplen N.J. et al. 1995: Liposone-nediated CFTR gene
transfer to (e natavempiohel thusof glad entelanesh dypstitheibuesis afature

Medi ci ne 1, %%(f%@d d%reco embBY£NLE 0B E%#&ﬂam @hﬁt 8% 'Rddl&-di3Hing

accordingly no |nant gene-releasin systens, I n
particul ar viSMEFEmSs, 1Br RAFEIHED| VHFUSHilWas e§0%h| a?@nbagédof

indirectly ordlcgeraeéaé YywiickO0 axBrepsseq OfindyPEctMyedss N dBERPEBF S.or hus in
partlculfé n pat Io i cal _angi qgeni ¢ disorders, thronboses, cardlac
i nfarct,cor @ﬁ%’”f dPSor d¥¥is  LREEFFIBc| FBSPREO fimpuridius  in

ost eopor 0si S partfilaieat i oin | @h&(tﬂdl@i@ﬁcmld f @enhgindiderdnrei ngiﬂmaiéﬂmal-i ng

PG anal yse s PEBRERaE, CRrdle | inepetin: NeFifY “opRlh difeidae,,
systens: 20 @mtmmc&qiaemqawaﬁphemoeasRP-mmOJBnéizso Amflwnmtataon
50-m nute gradisRnty ifgiMdhd ER0% QRN wdund-healing processes.
_ 15 )
Above and below, all temperatures are indicated in °C.

The HPLC analyses (retention time Rt) were carried out
.in the following systems: o
20 Column 5 pm LichroSpher 60 RP-Select B (250-4), with a
50-minute gradient from 0 to 80% 2-propanol in
water/0.3% trifluorocacetic acid, at 1 ml/min flow and
detection at 215 nm. '

25 Mass spectrometry (MS): EI (electron impact
ionization) M
FAB (fast atom bombardment)
(M+H) "

30 Example 1

Preparation and purification of peptides according to
the invention:
In principle, the preparation and purification were
35 carried out by means of Fmoc strategy with protection
.of acid-labile side chains on acid-labile resins using
a commercially obtainable “continuous flow” peptide
synthesizer according to Haubner et al. (J. Am. Chem.
Soc. 118, 1996, 17703).



water/0.3%trifluoroacetic acid, at 1 m/mn flow and detection at 215 nm
25 Mass spectronetry (MS): ElI (electron inpact ionization) Mt. FAB (fast
at om bonbardnment) (M+H)+ 30 Exanple 1 Preparation and purification of
pepti des according to the invention: -l 24principle, the preparation and
purification were 35 carried out by nmeans of Fnoc strategy with protection
.of -acid-labile side chains on acid-labile resins using a comrercially

obt al nabl e " | ' wllAe,§ 0 Haubner et
a0 A R T o S B A I N AR 2R A

Cycl o(Arg Thr[El@pzﬂ@L?-]ﬂ Asp- Al a- Leu- Ar g- Abu Abu) [EMD 272914] 5 2.7 g of
Frmoc- Abu- OH (Bachem B-1910) vvas [sic] suspended in 150 m of nethyl ene

chloride and dlssolve t|| | e usi 0 m gqof 5.6_n .

dii sopro %I eyl &mi n8 em‘?aﬁil~ acﬁ}ﬁ %%lf}ﬁe&h V\_gé'l%&r ed Rt oorff‘icd g of
o-chlorotri ty;lus@halrﬂedjaxﬂmffmlxylstqf emethelene (dhldrintel agpd Bhadsrhvedl 96512)
and the batch at e tur Af 5 i n was
i orng off Bhedds Saaken & WLRR | SIBOhT UiGe AIhEE D WHE Ale LA
17/ 2/ 1, DQ\AdlDHépmlatdlym-ineAf twere en@@dﬂidof the sesblation 1was. 55 g
of Froc-am n@&ge%re% arverelzona%nedofA Bl’-bﬂhb%‘c‘hES@C d%txﬂrdwaeélon

showed, on avera adln 9\3 Frmoc- Abu-0-o0Q0 Trt-resin. 0.7
g

g of FnD%OAbﬁPDé}Y(?GIYFteFlepoF?ﬁL?reﬁ% 1 & smpo Rpchemeddi 183l shbjadd ed to

a coupling step udat@rﬂwa@ %hag@iplaﬂwgsd&@mu@@:a’acdrwth 0.30 g each of
TBTU, 0.315 of e | di i sgpr opyl am ne antd Frmoc- aci 91 in 4.1 nm of
DVF in a co Tiesi géFéFug"aS iltere with suction

and washed with 300 ml each of DCM/MeOH/DIEA = 17/2/1,
DCM, DMF, DCM and MeOH. After removal of the solvents,
15 14.55 g of Fmoc-amino acid resin were obtained. A
triplicate Fmoc determination showed, on average, a
loading of 541 umol/g of Fmoc-Abu-0-oClTrt-resin.

0.7 g of Fmoc-Abu-0-oClTrt-polystyrene resin was
20 successively subjected to a coupling step in a double-
coupling technique 2 X with 0.30 g each of TBTU,
0.315 Iml of ethyldiisopropylamine and Fmoc-amino acid
in 4.1 ml of DMF in a commercial synthesis apparatus
and a typical procedure (Milligen 9050 Pep Synthesizer™
25 apparatus and handbook, 1987), for 30 minutes in each
case. Washing steps were carried out in DMF for 10
minutes, cleavage steps in piperidine/DMF (1:4 vol) for
5 minutes, and N-terminal acetylations (capping) were
carried out with acetic anhydride/pyridine/DMF (2:3:15
30 wvol) for 15 minutes.
The amino acids Fmoc-Arg(Pmc), then Fmoc-Leu, then
Fmoc-Ala, then Fmoc-D-Asp(OBut), then Fmoc-Leu, then
Fmoc-Asp (OBut), then Fmoc-Thr(But), then Fmoc-Arg(Pmc)
and finally Fmoc-Abu were used. After cleavage of the
35 Fmoc protective group from the Fmoc-Abu-Arg(Pmc)-
Thr (But) -Asp (OBut) -Leu-D-Asp (OBut ) ~Ala-Leu-Arg (Pmc) -
Abu-0-oClTrt-polystyrene resin, it was washed with DMF
and isopropanol and,  after drying in wvacuo at room .
temperature, 0.9 g of Abu-Arg(Pmc)-Thr (But)-Asp(OBut) -



‘and a typical procedure (MIIligen 9050 Pep Synthesizer. 25 apparatus and
handbook, 1987), for 30 mnutes in each case. WAshing steps were carried
out in DWVF for 10 - minutes, cleavage steps in piperidine/ DVF (1:4 vol) for
“5- minutes, and N-term nal acetylations @éapping) were carried out with
acetic anhydride/pyridine/DMF (2:3:15 30 vol) for 15 minutes. The am no
aci ds Fnoc- ALg(PDeRspt(D8atFrad a-deu-Rrer Prerodbd-@-adidirtFnoc- D- Asp( OBut ),

t hen Fnoc-Le ol%g reﬁ'@%‘eéi?l(gé t)obttaq_l%d:rmc Thr (But), then Fnoc-Arg(Pnt)
g g’gu wer e use %f

and finally ter cleavage of the 35 Fnog protectlve
group from t B¥ FRu€apmanir ?ﬁm:‘}hls peptidyl resin with 20 ml of _

Thr (But) - Asp{ OBt );ok-@ietRahien (/@B oot i /M dAw)c aC1d (2 6:2
Abu- O o Trt-pol ystyrene reS| n, it was washed with DMF a [r)lanol

and, afteér dVfiAg ﬁﬁrva@uo SHTBooRt t ERPBY af GFRSTBLYTE  of #1428
Abu- Ar g( Pnr) CEBE:(aBlt&‘)a-tﬁ%ﬁh( %ﬂt )Jvadéu@5 and trituration with diethyl

Leu- D- Asp(. Al OoCI Trt- S e esi n was
obt ai ned. By® ﬁ%ﬁt’ nhpg g‘? SEA%, CHAS P rotto ezleéi ?ﬁe‘iﬂ%u{
trifluoroet hAbuI—Aul'lgc(fth)ermrHBrme/)a@sp(@Bam)d-l(az—@—zksrs(ﬂmit)) fAka-2 hours at

room tenperaturea.f t Ntfiald;ed N vacuo and trituration wth.
di et hyl et hié'rg{:l 6‘rfj€5wca}f A’%h%eogl?c@]’e%%chal n- prot ‘ect ed peptide

Abu- Arg(ilF@m:) Thr (But) - Asp(OBut ) - Leu- D- Asp( OBut ) - Al a- Leu- Arg(Pnt) - Abu- CH

was obt ai nedgy, 1Qa vsiiréwa&@l@ﬂéﬁtben Plsa1selshi 0F Afhidi sroaedyctinin  DVF
(100 ng of pe&g t.0 a stirred sol utLon of TBTU/,HOBt/ DI PEA

(10: 10: 11 eqbM¥al éihpe)mgn °%Opr%p D 169 nGEofP¥ELt iR i EléTEEF se of
15 30 m nut esocandibur tdEr TRIU/EHOBY /DOPER houo: 10yt zstiioraleviss achineved.

b e e TR L) B, RIS 0 Lagh Syt
- Abu- Abu)5 wa80 minutes and. further stirring for 1 hour, cycl:Lzat:Lon
was achieved. After concentratlon and precipitation
with water, 0.15 g of crude cyclo(Arg(Pmc)-Thr (But)-
Asp (OBut) -Leu-D-Asp (OBut ) -~Ala-Leu-Arg (Pmc) -Abu-Abu) waé
obtained. After treatment with trifiuoroacetic
20 acid/water/TIS (94:3:3 vol) for 2 hours at room
temperature, concentration in vacuo and trituration
with diethyl ether, a precipitate of 85 mg of
cyclo (Arg-Thr-Asp-Leu~-D-Asp-Ala-Leu-Arg-Abu-Abu) - was
obtained.
25 '
Purification of the product was carried out by RP-HPLC
on Lichrosorb RP 18 (250 - 25, 7 pm, Merck KGaA) in
0.3% TFA using a gradien_t of 4% to 24% 2-propanol over
one hour at 10 ml/min and assessment of the eluate by
30 means of a UV flow-through photometer at 215 and
.254 nm. 51 mg of product were obtained, FAB 1067; Rt

isic] 19.0.

The following products were prepared analogously:

35
Code Sequence MW  |FaB Rt
(EMD) (g/mol) [sic]
271312 |cyclo (RTDLDSLR) ~ los7.1 |os8 15.10
271578 |cyclo (RTDLASLR) - 957.1 957  |17.51



bbtal ned. After treatment with trifluoroacetic 20 acid/water/TIS (94: 3: 3
vol) for 2 hours at room tenperature, concentration in vacuo and
trituration wth diethyl ether, a precipitate of 85 ng of

tycl o( Arg- Thr - Asp Leu- DAsp Al a- Leu- Ar-g 2/63u=Abu) was obtained. 25
Puri fi cati on jof—tteqroduct—was—car+et—ott—by—RPHPEE—on—ghroserh RP 18
(250 - 25, 7 |pedeMer (RekBgAre n 0. 3% TFA usi f¥Wa gr a{iFBBt of |[B&%to 24%
2- propanol oMgEympgne [hour at 10 M/ mn and_as e ;Hgmfof t he eltuare by 30
nmeans -of . a [Ov—Tiowgtimou ghrotometer—at—2% mo—— 54— mm—H11g-o
product wer e |ALA78e CYFABEI AARLR) [sic] 19{941The 19¢kowi ngl ts
were preparedzanakegdqustyo (REPLERER)Sequence Y 5AB R [sic]
RN [ L 3 e T (Y )
cycl o( RTDLAALRY 1848. 3c9élo¥§@§ﬁdA%§}586 cycl o B&pLHSL
271587 cycl o 5<u_)|_db 9137091317 2% 4u:>08;r:§'r:|‘0'(—
19.60 271584 ?}538(RGEEA@LRGD®§§L§)883 16. 688821890
897.0 897 15-é?lsaﬁl‘Q}CEBQh@bB@ngAhBGth54 L8254016
i%?%S(ngﬁgéiiiiégigﬁéxé érﬁéﬁﬁéﬁhﬁGizqq 3 12%854 7130]
cycl o( RGDLAALRy Asy2 Ay c186RcALARGRGEY. 00 2729661 cyc
1113 17.14 1571593 |cyclo (REDLAALREEE) 1068.2

271594 |cyclo (RGDLAALRGGGGGG) 1239.3

[272914 |cyclo (RGDLAALR-Abu-aAbu) |1067.2

272966 |cyclo (RTDLAALRGGG) 1112.2

272967 |cyclo (RTDLAGLRGGG) 1098.2

272968 |cyclo (RTDLDALRGGG) 1112.2

272969 |cyclo (RTDLDGLRGGG) | ]1098.2

272970 |cyclo (RGDLDALRG) 954.1

272971 |cyclo (RaDLAALRGGG) 1082.2

272972 |cyclo (RGDLaALRGGGE) 1082.2

272958 {cyclo (RGDLAALR-Aha-Aha) [1123.3

272959 |cyclo (RGDLAALR-Aha) 1010.2

272960 |cyclo(RGDLAALR-Aee) 1042.2

272961 [cyclo (RGDLAALRGGGG) 1125.2

272962 |cyclo (RGDLAALRGGGGG) 1182.3

272963 |cyclo (RGDLAGLRGGG) 1054.1

272964 |cyclo (RGDLDALRGGG) 1068.2

272965 |cyclo (RGDLDGLRGGG) 1054.1

273028 |cyclo (RTDLAALR-Aha) 1072.2

273033 |cyclo(RTDLAALR-Abu)  |1044.2

273035 |[cyclo(RGDLAALR-Abu) 1000.1

273038 |cyclo (RTDLAALR-Aha-Aha) [1185.4

273040 |cyclo(RTDLJALR-Abu-Abu) [1111.3

X 2 TFA

304219 [cyclo (RTDLJALR-BAla) 1012.1 |1012 19.4

304218 |cyclo (RGDLJALR-BAla) 968.1 |968 18.7

(329400 |cyclo (RGDLAALR) 811.3 [812 21.15




2272967 cycl o( RTDLAGLRGGG) 1098.2 1099 19.00 272968 cycl o( RTDLDALRGEG)
1112.2 1113 17.39 272969 cycl o( RTDLDGLRGEG) 1098.2 1099 16.88 272970
cyclo( RGDLDALRG) 954.1 955 17.32 272971 cycl o(RaDLJALRGGG) 1082.2 1083
*18.26 272972 CyClO(RGDLdALRGGG) 1082-227083 18 23 272958

cyclo(RGDLdAL<,ee

1182 17.52.

cycl o( RGDLDALRG

16. 03 273028

11222 141429292 10..20 Latwia]

L DR (]

Al DAl

\

a} Lilo. Vv 11y 1J. 90 ol

P-959 cy*T

MW42. 2

02| ey oL R
L1 by

U MU

D 18.
SDLAALRG
—56—272
B3 RGS

LT\~ Al'ld]

(R 272
11

(30 1354

061
182. 3

1 1055°

3§b2(*

1S

ﬁégékﬁbﬁﬁaégéééé)gjg.d.

cycl o( RTDLdAIE
n.d. 16.96

4

cycl o RTDLAAIR- Abu- Abg]))Lgt;’Lﬂ,ﬁGng. d.

R—ADT)

328389¢Y

Ua4a. £ TI. U. 10. 72 £ 1OUO

yevelRfMMeAr®- Aha- Aha) 11
18.75 X

dgs 3P

P TFA 30

29033

“A&;gycrzgﬁﬁﬁtdﬁtﬁr
0138 n2 d|103P 46 -

1219

1@%33&0

20.48

0.1

cycl o( RTDLdAIL

968 18.7 32(2@838§c|

R (EMD) (g

RPA~

nmol ) [ si

1ULZ. 1 1ULZ 19. 4 3SUAZ10

sYRERUBANPCEYT. 9 812 21
DlLaaBRE4&Y cycl o( RTDLJAL

583872 (0

R- Abu- Ab

RGOLCOAL
Seq
) 1111.

F(CSAa)
fehcke v
3. 1112

968. 1
W FAB
P0. 31

329402 cyclo
- 19.66 GDLaAl
326397 cyclo

cycl o( RGDL- [ l%é&a

59 T3 b
RGD- NMel

gggﬁd 1l Yo4d Z20. 46 oZ
298680 BEPoNMeRRBGLY - 103pL
.aALRGG@8 2 1039 20.22 a

1038 gdo

AL RGGG)

QSEEAr

329396

ETwira

2 1039
0)

ALRGGG)

&yc DS TRGDL. TB-fHeRTa] 2 [1038 . 2

1039

20.55

329395

cyclo(RGDLa—NMeAla—
LRGGG) '

1038.2

1039

21.35

1329394

cyclo (RGDLaA-NMeLeu-
RGGG)

1038.2

1039

18.87

329393

cyclo (RGDLaAL-NMeArg-
GGG)

1038.2

1039

20.64

cyclo (RGDLAJAAR)

cyclo (RGDLJAARGGG)

Nomenclature for amino

acids

Biochem. 138, 9-37 (1984)

lower case letter

-—

D-amino acid

according to Bur.

J.

The Q

5 n.d. = not determined
Example 2:
o.fs / fibronectin receptor binding test:
The prepared peptides according to the invention were
10 bonded to the immobilized owfls receptor together with
competitively acting fibronectin'in solution and the Q
value was determined as a measure of the selectivity of
the binding of the peptide to be tested to ofs.
value is calculated here from the quotient of the ICs
15 values of test peptide and a standard.

used was the linear Ac-RTDLDSLR-NH,

(ref. /patent Pytela et al.

cf.

Science 231,

The standard
(Code EMD 271293)

1559,



829395 cycl o( RGDLa- NMeAl a- 1038.2 1039 21.35 LRGEG 329394

cycl o( RGCDLaA- NMeLeu- 1038.2 1039 18.-87 RGGG ) 329393

cycl o( RGDLaAL- NVeArg- 1038.2 1039 20.64 GGG cycl o( RGDLAALR)

tycl o( RGDLAAARGGEG) Nonencl ature for ani 2® acids according to Eur. J.
Biochem 138, 9-37 (1984) |ower case letter = D-amino acid 5 n.d. = not
determ ned Ex&hpBe) 2: &Be/ bindimgedtast revepcarrbeddony tiestdethl paspar ed
pepti des accogdi{@yLo the invention were 10 bonded to the inmmobilized

a" (36 receptor together with conpetitively acting fibronectin in solution
anc(j the Q vaFiRe wadmRRidkigatePs #Ieas0lubde t nevfisel exerePE9rof omhe

bi ndi ng of thel@ﬁ@tidﬁetﬁlﬁftetse&kﬁﬁl Rrpikd Jhe By vaiy@tiéncealfcutﬁéed

h f th t t the |1 C50 val ues .of - test peptide an
ot andar d. STheP SR ERHA, FORUPRadH haBS deanio. RIBPERLRON AR END

271293) (refowi@amagﬂhtc&t RyPice| 6l @ p]L/hSMfewlg:F mh_rsi_gﬁﬁh ’leE) ];l,;(rl@ﬁ(p‘gt ). ]'cl'he
bi ndi ng t est a d det ail ollo e iliza n o
sol ublg c06 r%\%%e% We&% b?f';g(ﬁ]% c?l”S r%ﬁ"ios t—vﬁasnc rlhéd :(’?)J(ngb) tﬁ"u # n of
the 5 protei hﬂé‘b) utBS@n in T’MHan&&@bwqdlmiﬂqmcubMessovasm ghas at 4C

| / hol | d I (o]ad y. 40 jon (2
b 0370 it h ot ReE i en i o8 EERRROII ) OTESR2Y RdlbtRRL
removed B9 vvd’éel’ﬁ?]gdtlﬂfdéédtl%%%l%}hﬁ 'I(BSA—Q-D PeptTRfds 4 0andr elntruba keld

serially (1:k)th nHSSHmmoB i 28qubate rlw t(Bot R@ b ﬂﬁféhl HEq 1h“ (50
| of peptlde + 50119‘6.1’? llgandh%ilorx}vcil h; 3'7°C) toge %tehrer v\é\iéh
biotinylated fibronectin (2 ug/ml) . Unbound fibronectin
and peptides were removed by washing three times with
15 TBSA++. The bound fibronectin was. detected by
incubation (1 h; 37°C) with an alkaline phosphatase-
coupled anti-biotin antibody (Biorad) (1:20,000 in
TBSA++; 100 pul/hollow). After washing three times with
TBSA++, colorimetric detection was carried out by
20 incubation (10-15 min; 25°C, ‘in the dark) with
substrate solution (5 mg of nitrophenyl phosphate, 1 ml
of ethanolamine, 4 ml of H;0; 100 pl/hollow). The enzyme
reaction was stopped by addition of 0.4 M NaOH (100
ul/hollow). The colour intensity was determined at 405
25 mnm in an ELISA measuring apparatus and made equal to
the zero value. Hollows which were not coated with
receptor served as a zero value. Ac-RTDLDSLR-NH, was
employed as a standard. The ICsy, values for the peptides
tested were read off from a graph and from this,
30 together with the ICs¢ wvalue of the standard peptide,
the Q value of the peptide according to the invention
was determined.

Q value = ICso test peptide / ICso standard
35 Q wvalues were calculated as means from repeat
experiments.

The results of the test described are summarlzed in the
Table 1 which follows:



bfotinylated fibronectin (2 g/m). Unbound fibronectin and peptides were

renoved by washing three tines with 15 TBSA++.

det ected by

anti-biotin antibody (Biorad) (1:20,0002o - TBSA++;
washing three tinmes with TBSA++,

The bound fi bronectin was.

i ncubation (1 h; 37C) with an al kal i ne phosphat ase- coupl ed

20 i ncubation (10-15 m n;

25C, in the dark) with

100 I/ hollow). After

colorinmetric detection was carried out by
substrate solution (5 ng

of nitrophenﬁjkgggﬁphate, 1 mM of ethanolamne, 4 M of H2O 100

| /hollow). T & nzyme reaction was stopped by addition of 0.4 M NaOH (100
| / hol | ow). TResedlteurofi fthenBy hafikeoreathrdracertsr2binding &@sEL| SA
measuri ng apparatus and nade equal to the zero value. Hollows which were

not coated wthr—receptor—sServed—as a zero vatue: - S
enpl oyed as pCodendEMP) [TReaneBgeval ues for the peptRdéalueest Edsamerle read
off froma gfaph and. frpmthis, 30 together with theetkE58epalige of |t he
standard peptide, the Qvalue of the peptide according to the invention
was determinpd __Quvalue £ ICR0 test peptide / |CE0 K ues
were cal cul afed as neans|fromrepeat experinments. [The results of the test
rooul to ot [2728930 1t | APGREDLPELRENEa or by ndi ol 1e00_(agsonkED]
Sequence Q vphbuessel C50 | kgsloprpbrdsiR) | C50 EMD 2[74893 271293
Ac- RTDLDSLR- NHZ_T. 00 (=/p _n 2715386 _CcyCl o RGDLDSC 26 271587
cycl o( RGDLAS|RY1387 971:2§Y¥§PKR§ RBXD) 47 8

271588 cyclo (RGDLAALR) 1 47

271589 cyclo (RGDLAGLR) 19

272970 cyclo (RGDLDALRG) 6.7

272964 cyclo (RGDLDALRGGG) 0.037

272965 cyclo (RGDLDGLRGGG) 0.16

272972 cyclo (RGDLaALRGGG) 0.05

271593 cyclo (RGDLJALRGGG) 0.03

272963 cyclo (RGDLAGLRGGG) 0.084

271590 cyclo (RGDLA-BAla-LR) 233

271591 cyclo (RGDLAALRG) 2.1

271592 cyclo (RGDLJALRGG) 0.05

271594 cyclo (RGDLAALRGGGGGG) 0.05

272914 cyclo (RGDLAALR-Abu-Abu) 0.03

272958 cyclo (RGDLAALR-Aha-Aha) | 0.036

272959 cyclo (RGDLAALR-Aha) 0.036

1272960 cyclo (RGDLJALR-Aee) 0.038

272961 cyclo (RGDLAALRGGGG) 0.033

272962 cyclo (RGDLAALRGGGGG) 0.046

273035 cyclo (RGDLJALR-Abu) 0.028

271312 cyclo (RTDLDSLR) 8

271578 cyclo (RTDLASLR) 104

271579 cyclo (RTDLJALR) 12

272966 cyclo (RTDLAALR-GGG) 0.05

272967 cyclo (RTDLAGLR-GGG) 0.15

272968 cyclo (RTDLDALR-GGG) 0.14

272969 ! cycelo (RTDLDGLR-GGG) 0.18




271589 cycl o( RGDLAGLR) 19 272970 cycl o( RGDLDALRG) 6.7 272964
cycl o( REDLDALRGGG) 0.037 272965 cycl o( REDLDGLRGGG) 0.16 272972
cycl o( RGBDLaALRGGG) 0.05 271593 cycl o( REDLJALRGGG) 0.03 272963
tycl o RGDLAGLRGGG) 0.084 271590 cycl of REDLd-3Al a-LR) 233 271501

1L 09

fal =~ 271504

CyCl O( RG:)LdAL_r\\J)

cycl o( RGDLdALL

cycl o( RGDLJAALR- Aha- Aha)
cycl o( RGDLJAALR- Aee) 0. 038
cycl o. (RGDLAALRGEEEE) 0

Ll.

P | LROCOL AL
L@ R A byb[ U\ NODEOTETNOO) T, O 1T TOIT

. {SequEze®4 cycl o( RGDLIALR- AbQ- manmxeo =03C5272058
). 036 272959 cycl of RGDLolAHf 2) ,0,.0

272961 cycl o RGDLAALRGGGS ég Egp 33592

D46 273035 cycl o( RGDLJALR- AbH3o EMIPR712HE31p

cycl o( RTDLDS

L R)7392871578

eyz‘éll g8ER) AHY  27157Pgcygbo( RTDLAALR)

272966 cyclo

KIDLOUAL R
73883 0 14

PGy

CW&QABTPW&\M(— )DSLR- GG

FREdERGES—0—15—272968

9.6438 - 30 Code (EMND)

cycl o( RTDLDALR
Sequence Q vabggp3gl C5

0

cyclo(RTDLdA_H-An
cyclo(RTDLdA_E_é
cyclo(RaDLdA_quﬁﬁm 8.2

T AT o R

cyedo (RFRELA AM#MdAL A%4Abu) 0.014

£9&h R RRDLAALR - AHESAHEND 27628§5 273028

D22095.0

. U‘I-O £ 1 OoUO00

ra9cﬁgkhgﬂbagL§xg@@)es rel afg $o0 pharnaceutijcal

preparations

The

following

preparations:

5 Example A: injection vials

examples

to pharmaceutical

A solution of 100-g of cyclo(Arg-Thr-Asp-Leu-D-Asp-Ala-

Leu-Arg-Abu-Abu)

and 5 g of disodium hydrogenphosphate

is adjusted to pH 6.5 in 3 1 of double-distilled water

10 using
dispensed
sterile

'N

into
conditions

hydrochloric
1nject10n

sterile-filtered,
lyophilized under

aseptically sealed. Each

injection vial contains 5 mg of active compound.

15 Example B: suppositories

A mixture of 20 g of cyclo(Arg-Thr-Asp-Leu-D-Asp-Ala-
Leu-Arg-Abu-Abu)
and 1400 g of cocoa butter,
20 allowed to cool.

active compound.

Example C: solution

25 A solution is prepafed from 1 g of cyclo(Arg-Thr-Asp-
Leu-D-Asp-Ala-Leu-Arg-Abu-Abu),
2 H0, 28.48 g of NayHPO,
benzalkonium chloride

water.

is fused with 100 g of soya lecithin
poured into moulds and
Each suppository contains 20 mg of

9.38 g of NaH,PO,
l2 H0 and 0.1 g of
in 940 ml of double-distilled

»The-mixturemis adjusted to pH 6.8, made up tc



.5 Exanple A injection vials A solution of 100 g of

cycl o( Arg- Thr - Asp- Leu- D- Asp- Al a- Leu- Arg- Abu- Abu) and 5 g of disodi um

hydr ogenphosphate is adjusted to pH 6.5 in 3 1 of double-distilled water
<10 using 2 N hydrochloric acid, sterile3flitered, dispensed into injection
vials, |lyophilized under sterile conditions and aseptically seal ed. Each

i nj ection vial lcanaisters Ired knctimeadionpoomd. ThEsEgahpkaon: can be

suppositorie i Xt O%SA_rg-Thr-Asp- Leu- D- Asp- Al a-
Leu- Ar g-Abu-igé)dml%1 #&%e?ovﬂ%?#l%’e;%‘ soya lecithin and 1400 g of cocoa

butter, poured into noulds and 20 allowed to cool. Each suppository
contains 20 pagpled®s \GintaEytiind. Exanple C solution 25 A solution is
prepared from1l g of cycl o(Arg-Thr-Asp- Leu-D Asp-Al a- Leu- Ar g- Abu- Abu) ,
9.38 g of> NaH2PO4 2 H20O, 28.48 g of Na2HPO4 12 H20 and 0.1 g of

benzal koni umsgll atigr d&fi ncPdlothrof THeuREe~HeatD-FRep-Alnaleau-Arbrabu-—

m xture-is agjusted to_pH 6 8, .pad tc 3 1 teriljze

i rradiation. %W‘ﬁ%s 35F uFﬁdﬁ?%Cangg %l?éjgsd Pn q]%epﬁéﬁ:%&% eyi:éid%%pgl.n%éxranpl e
D. oi nt mrent asep®lcrgomditicing(.Ar g- Thr - Asp- Leu- D- Asp- Al a- Leu- Ar g- Abu- Abu)
are mxed with 99..5 g of petroleumjelly under aseptic conditions. 10
Exanple E: tablets A mxture of 1 kg of cycl o(Arg-Thr-Asp-Leu-D Asp- Al a-
Leu- Ar g-¥bu- Erapple B FHahlehsose, 1.2 kg of potato starch, 0.2 kg of talc

and 0.1 kg of mmgnesium stearate 15 is conpressed in a customary manner to

ive tablets in , such a that each tablet contains 10 f agtive
gorrpound. ExAnfMRRure o gltggl & .CYC§° (Arg-T r’ASp’{'eurl%" Sp'%tla'

Leu-Arg-Abu-Abu), 4 kg of lactose, 1.2 kg of potato
starch, 0.2 kg of talc and 0.1 kg of magnesium stearate
15 is compressed in a customary manner to give tablets in
such a way that each tablet contains 10 mg of active

compound.

Example F: coated tablets

20

| Analogously to Example E, tablets are pressed and are
then coated in a customary manner with a coating of
sucrose, potato starch, talc, tragacanth and colorant.

25 Example G: capsules

2 kg of cyclo(Arg-Thr-Asp-Leu-D-Asp-Ala-Leu-Arg-Abu-

Abu) are dispensed into hard gelatin capsules in a

customary manner such that each capsule contains 20 mg
30 of the active éompound.

Example H: ampoules

A solution of 1 kg of cyclo(Arg-Thr-Asp-Leu-D-Asp-Ala-

35 Leu-Arg-Abu-Abu) in 60 1 6f double-distilled water is
sterile-filtered, dispensed into ampoules, 1lyophilized
under sterile conditions and aseptically sealed. Each
ampoule contains 10 mg of active compound.



20 Anal ogously to Exanple E, tablets are pressed and are then coated in a
customary manner with a coating of sucrose, potato starch, talc,
tragacanth and colorant. 25 Exanple G capsules 2 kg of

tycl o(Arg- Thr - Asp- Leu- D- Asp- Al a- Leu- Arg-#bu~ Abu) are dispensed into hard
gelatin capsules in a customary manner such that each capsul e contains 20
my 30 of theExamble Tonpohaliatiemnpbrai anpoules A solution of 1 kg of
cycl o(Arg- Thr- Asp- Leu- D- Asp- Al a- 35 Leu- Arg- Abu-Abu) in 60 1 of
double-distilled water. is sterile-filtered, dispensed into anpoul es, o
| yophi l'ized 1fhde® s®O&ri |G Enditg SFh ARP At PSP vA beal @a- ARachbuanpoul e
contains 10 mpbef agkl @i SeyPeeddin- 132 1 RRMPEStbnitNiRAl | g ePigy 14 9
of cycl o( rg Th As - Leu- DAs - Al a- Leu- Ar g- Abu- _Aby) are dissolved 1n 10 1.
of isotoni i SFPLBLIeR t A& so‘HﬁP%‘?’F?@ dit&ens efPpREcially

commerci al I y. amlla]ble spray eontainers having & @uﬁ@ ﬁﬁ‘d}ﬁhﬁéﬁ Thige
sol uti on can é)o

rayed i nto the nout of spray
(appr oxi mat ely .ﬁl%‘%‘( “&&y rlé‘gp(?ﬁ)d?}”té41 ln8832§b§ QBBF@Xl%t 8PFe0. 1%y, WO
01/ 05810 - B@ufPCﬁiﬁEmaﬁﬁllpraOKnmaGbayrrﬁ) J1 mX)f éortéspobhds Itd1a 11 C
LMSII"I d%)ﬁljg f formula | cyclo
(Arg- X - Asp- X2- X3R§<4 G*F@L%t%%? ?nlémhl:ﬁ Th X1 is Ser, Ay or Thr, x 2 is
Leu, Ile, Nle, Val or Phe, X3 is Asp, GQu, Lys or Phe, x 4is Ay, A a or
Ser, x 5is Leu, Ile, Nie, Val or Phe,- X6 is Arg, Har or Lys, -




Rl is absent or is one or nore 0)-am nocarboxylic acid residue(s), the

0) - am nocar boxylic acid residue(s) having a length of 500 to 2500 pm
where the am no aci ds menti oned can al so be derivatized, the D and the L
forns of the O@tl c ctive am no acid residues are |ncI ude &/%and their

physi ol ogi cal¥ Ble salts and sof¥ates. 2. Pept?%?é’%%‘? 81825

according to Clalml of the formula | cyclo

Lou 1o e, Val or Pne, X is Japemg e 2%, 50,0 mmm’ i
Ser, X5 is Leu, Ile, Ne, Val or Phe, X6 is Arg, Har or Lys, Yy

1111111111 111151pdddidd &eglgatf{,esl éfa{gﬁgngogﬁmng $-10 am no acids
selected fromthe group consisting of Ala, Asn, p, Arg, Cs, An, du,

Hcy, His, Hse, Ile, Leu, Lys, Mt, Pen, Phe Pro Ser, Thr, Trp, Tyr, Val
and H2N- (CH2CH2O) m (C&j&)1m;§@xl-mg‘p_ixﬁ_gac#.qésg5lnbbepemdentIy of one
another are 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12, wth the proviso
that m+ nis > 0, where the ami no acids nentioned can al so be
derivatized, the Dmmnwhid¢lke L forns of the optically active amno acid

;gisi/g?g:' are incl folledisaggr,t h@iff _gpyﬂ](_;[ ogi cally acceptable lsal ts and

X? is Leu, Ile, Nle, Val or Phe,

x® is Asp, Glu, Lys or Phe,

x4 is Gly, Ala or Ser, .

X is Leu, Ile, Nle, Val or Phe,-

X® is Arg, Har or Lys,

R! is absent or is one. or more w-aminocarboxylic
acid residue(s), the w-aminocarboxylic acid
residue(s) having a length of 500 to 2500 pm,

where the amino acids mentioned can also be
derivatized,

the D and the I forms of the optically active
amino acid residues are included,

and their physiologically acceptable salts and
solvates.

2. Peptide derivatives according to Claim 1, of the
formula I

cyclo(Arg-X'-Asp-x2-x3-x*-x5-x°-R') 1
in which

x! is Ser, Gly or Thr,

x* is Leu, Ile, Nle, Val or Phe,
x3 is Asp, Glu, Lys or Phe,

x4 is Gly, Ala or Ser,

x3 is Leu, Ile, Nle, Val or Phe,
x ~is Arg, Har or Lys, |



«3. Peptide conpounds according to Claim1l or sel ecte

consisting of cyclo(Arg-Qdy-Asp-Leu-Asp-Al a- Leu Arg d ﬂm'm""jn 'lﬂmll
cycl o(Arg-d y- Asp-Leu- Asp-d y-Leu-Arg-dy-G3 y-

‘cycl o( Arg- A y- Asp- Leu- D- Al a- Al a- Leu- Ar g343 - Gly Gly)

cycl o( Arg- Thr - Asp- keu- Ds Aspghlénd ebrAr 95G y= Gy ,
cycl o( Arg- G y- Asp- Leu- D- Asp- Al a- Leu- Args % anqﬁ/a acids selected
cycl o( Ar g- @ y- Asp- Leu- DEESE- Ahe L%EPWgCRF?&l%Pg of Ala, Asn, Asp,

cycl o( Arg- @ y- Asp- Leu- DaAgp- &va, Leunr 3ADA) Hey, His, Hse, Ile, Leu,

cycl o(Arg-Qd y- Asp- Leu- D- Asp- - Leu- Ar g-.Aee)
cycl o( Ar g- Thr - Asp- Leu- %’)&Ep- geg’ LeFAr g" u- BbQy, Sex, Thr, Trp, Tyr,

cycl o( Arg- Thr - Asp- Leu- DJai\tpaﬂdia Leu- Arg- o- AI a),

cycl o(Arg-d y- Asp- Leu- R and their physiologically
acceptabl e salts and so? {‘ﬁ%%HLSF A{CTQ‘TZI) ?ﬁil'u Lrere el 1 CLMS
111 35 4. Pepti dé:%on%@uﬁdghotasaelﬂdlemmembi@cmﬁjlmtanoﬂlernaré and 2

and the conpounds accorging tg, £l a4m§ gnd7t hglr phX§l oh9gigakby
acceptable salts and sof vat es’ as’ nedi canent s canent according to

Caim4 as an inhibitor"t¥} tRAPESVE$SI tbﬁtdmsd)raerl?: #whPeh are based on an
expressi on and pathologlcal function of oc,(36 integrin receptors. 6.
Medi canment accor di im5 for the of thronboses, cardiac

ont r ol
infarct, coronary %’F‘? P€or BB18° aPFé%Fose}eé‘rtdéﬁ@ dt Gasur 21%R¢t e
porosi s, fibroses,demivani@edon, infections, psoriasis . and for

i nfluencing “DundﬁnﬁglTﬁganHrQﬁ§§S?§'forms of the optically active
amino acid residues are included,
and their physiologically acceptable salts and

solvates.

3. Peptide compounds according .to Claim 1 or 2
selected from the group consisting of

cyclo(Arg Gly—Asp -Leu-Asp-Ala-Leu-Arg-Gly-Gly-
Gly),
cyclo(Arg-Gly-Asp-Leu-Asp-Gly-Leu-Arg-Gly-Gly-
Gly),
cyclo(Arg—Gly—Asp—Leu—D—Ala—Ala—Leu—Arg~Gly—Gly—
Gly),
cyclo(Arg—Thr—Asp—Leu—D—Asp—Ala—Leu—Arg—Gly—Gly—
Gly), .
cyclo(Arg—Gly—Asp—Leu-D—Asp—Ala—Leu—Arg—Abu—Abu),
-cyclo(Arg—Gly—Asp-Leu—D—Asp-Ala—Leu—Arg—Aha—Aha),
cyclo(Arg-Gly—Asp-Leu—D-Asp—Ala—Leu—Arg-Aha),
cyclo(Arg-Gly-Asp~Leu-D-Asp-Ala-Leu-Arg-Aee) , _
cyclo (Arg-Thr-Asp-Leu-D-Asp-Ala-Leu-Arg-Abu-Abu) ,
cyclo(Arg-Thr-Asp-Leu-D-Asp-Ala-Leu-Arg-B-Ala),
cyclo (Arg-Gly-Asp-Leu-D-Asp-Ala-Leu- -Arg-pf-ala),
and their physiologically acceptable salts and
solvates.



/. Pharmaceutical preparation, conprising at |east one
~according to one of CUains 5 and 6 and, if appropriate, rrg @m’uy uu'
excipients and, if appropriate, other active conpounds.

tonpounds accor di ng to Cains 1 to 3 gmd/or their physiol og| cally

acceptable sglts g od med] nt -for the ontrg di sorders
whi ch are bagled onl:t xtplr eessﬁgn anadspa?ﬁ S ca?r?ldﬁﬁctllgn 6F ?"gg %?egrl n
receptors. 9. Use Gedigesli g apndd ai mIBif(theprgamppngda chcdmgt tor the

control of thronbesgsy, cad di agndl ngﬁégg f]%bgfl%%[flyd' S LS SappLt eri o-

sclerosis, tunours, osteopor05| | br oses anmmat 1 on, i nfections,

psoriasis and for Salfs FEHEi FRYLRRRR- %ﬂ?%?ﬂ%é%ses

5. Medicament according to Claim 4 as an inhibitor
for the control of disorders which are based on an
expression and pathological function of 0P
integrin receptors.

6. Medicament according to Claim 5 for the control of
thromboses, cardiac infarct, coronary heart
disorders, arteriosclerosis, tumours, osteo-
porosis, fibroses, inflammation, infections,
psoriasis = and for influencing wound-healing

processes.

7. Pharmaceutical preparation, comprising at least
one medicament according to one of Claims 5 and 6
and, if appropriate, wvehicles and/or excipients
and, if appropriate, other actiﬁe compounds. -

8. Use of peptide compounds acéording to Claims 1 to
3 and/or their physiologically acceptable salts
for producing a medicament for the control of
disorders which are based on expression and
pathological function of o,fs integrin receptors.

9. Use according to Claim 8 for producing a
medicament for the control of thromboses, cardiac

infarct, coronary heart disorders, arterio-
sclerosis, tumours, osteoporosis, fibroses,
inflammation, infections, psoriasis and for

influencing wound-healing processes.



