I, CASE 100- 7382/ V DETECTABLE SOVATOSTATI N DERI VATI VES CONTAI NI NG A
CHELATI NG GROUP The present inventiaon relates to pol ypeptides, process for
their production, pharmaceutical preparations containing themand their use
as a pharmaceutical, e.g. for treatnment of somatostatin receptor p03|t|ve
tunors or as in vivo diagnostic imging agents. In the | ast %?N Eé ‘1(3
hi gh i nci dence of somatostatin receptors has been denonstrated in a vari

of human tunors, e.g. pituitary tunors, central nervous systemtunors,
breast tunors, gastro- enteropancreatlc'tunnrs and their netastases. Sone of
themare small or slow growi ng tunmors which are difficult to precisely

| ocal i ze by conventional diagnosis nethods. In vitro visualization of
somatostatin receptors has been per- formed through autoradiography of
tunorwal. ti ssues using radi o- iodinated somatostatin or somatostatin

anal ogues, e.g. [err] somatostatin-14 (Taylor, J.E. et al., Life Science
(1988) 43:. 421), or [err] SM5 201-995 also called [err] 204-090 (Reubi,

J.C. et al., Brain Res. (1987) 406: 891; Reubi, J.C et al.,-J. din.
Endocr. Metab. (1987) 65: 1127; Reubi, J.C. et al., Caf4SE 1IQ@373§2.W87) 47:
551; Reubi, J.C et al., Cancer Res. (1987) 47: 5758). -

100- 7382 New sonat ostatin peptides useful in therapeutic and mhlch can be

| abel l ed for in vivo diagnostic and therapeutic applications have

DETECTABLE SOMATOSTATIN DERIVATIVES CONTAINING A CHELATING GROUP

The present invention relates to polypeptides, process for their
production, pharmaceutical preparations containing them and their
use as a pharmaceutical, e.g. for: treatment of somatostatin

receptor pos1t1ve tumors or as in vivo d1agnost1c imaging agents.

In the last few years a high incidence of somatostatin receptors
has been demonstrated in a variety of human tumors, e.g.
pituitary tumors, central nervous system tumors, breast tumors,
gastro—enteropancreatic'tumors and their metastases. Some of them
are small or slow-growing tumors which are difficult to precisely
localize by conventional diagnosis methods.

In vitro visualization of somatostatin receptors has been per-
formed through autoradiography of tumoral tissues using radio-
iodinated somatostatin or somatostatin analogues, e.g.
[t25I-Tyrl!] somatostatin-14 (Taylor, J.E. et al., Life Science
(1988) 43: 421), or [125I-Tyr3] SMS 201-995 also called [125I}
204-090 (Reubi, J.C. et al., Brain Res. (1987) 406: 891; Reubi,
J.C. et al., J. Clin. Endocr. Metab. (1987) 65: 1127; Reubi, J.C.
et al., Cancer Res. (1987) 47: 551; Reubi, J.C. et al., Cancer
es. (1987) 47: 5758).



’ )
now been found. According to the invention, there is provided a
somatostatin peptide bearing at |east one. chelatlng .group foi .a detectable
el enment, ‘this chelating group being linked to an ani no group of said
peptide, this am no group having no significant binding affinity for
somatostatin receptors, the thus nodified somatostatin peptide having
binding affinity for somatostati-nzreceptors, andobligsgzhel ati ng group being
ot her than a sugar residue. These conpounds are referred to thereafter as
LI GANDS OF THE | NVENTI ON. They possess one chel ating group capabl e of
reacting with a detectable elenent, e.g. a radionuclide, a radi oopaque

el ementNeQ sndtdsRABAN L) GideONysele@l fl(?lr ﬁ&a%@ﬂpice)éaéi%lcuréﬁer are capabl e of
expressed or overexpressed by

blndln%e; ﬁi tostatin receptors, ? o

t unor s % Pasaés,__‘méheﬁ%q%ﬂwﬂj’dg '@ﬁ.FﬁPFEt’Iq ARRHL ppiene daseent bond &

t he aminoe pealfoahdt he peptide. The chelating group is preferably attached
to the termnal N-am no group of the somatostatin peptide. According to the -
i nvention, the chelating group nay be attached either directly or

i ndi r edtcleprdingy to bthenbaventdén A thpards groviped teo sbherodtatin group of the

SOMRl 05/cfi 8 WERL < <8 GHP cRl1dks FPORSL Sek3lagtigi gl L e chel ating

group is at- tached directly to t ﬁhtostatln
pept i déeleﬂﬁ’bﬁ’héFlﬁr"(?&ﬂ)ab‘f“gL*@ﬂENDEe‘l“g iHﬂ‘ledV\h‘Eraél pminteegeont @i ng group is

att acheditngépteaé] yehiy a’:huhblé@uﬂghéiﬁinél xﬁ:pasgmﬂem vifdidpe am no group of
the SO”%E?E{P} Ifcralr ped?na&ostatm receptors, the thus modified
somatostatin peptide having binding affinity for somatostatin : L;/
receptors, and the chelating group being other than a sugar

residue.

These compounds: are referred:to-thereafter as:LIGANDS  OF THE
INVENTION. They possess one chelating group capablé of réaCting
with a detectable element, e.g. a radionuclide, a radioopaque
element or a paramagnetic ion, to form a complex and further are
capable of binding to somatostatin receptors, e.g. expressed or

overexpressed by tumors or metastases.

_The chelating group is linked by a covalent bond to the amino -
group of the peptide.
The chelating group is preferably attached to the terminal

N-amino group of the somatostatin peptide.

According-to the invention, the chelating group may be attached
either directly or indirectly, e.g. by means of a spacer group,

to the amino group of the somatostatin peptide.

One group of LIGANDS is that wherein the chelating group is at-
tached directly to the amino group of the somatostatin peptide.

Another group of LIGANDS is that wherein the chelating group is
attached indirectly by a bridging or a spacer group to the amino

group of the somatostatin peptide.
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-3 - 100- 7382/ W Preferably the chel ating group iis attached
by an am de bond to the peptidé. The term somatost at:<n:-gept ifdes’:- I ncl udes
the naturally occurring somatostatin §tetradecapept hﬂ@_)ﬁggyl@'rt-s ranal ogues
or derivatives. By derivatives or anal ogues as used hereln Is nmeant any
straight- chain or cyclic polypeptide derived fromthat of the naturally
occurring tetradecapepti de somatostatin wherein one or nore amno acid
units have been onmitted andi@t replaced by one or .apre other amino acid
radi cal (s) and/or wherein one.or nore functional groups have been repl aced
by one or rfsreEekAIE the shelating grovppls antrcbed one anramideebardotps have been
repl aced bythengepgtideeveral other isosteric groups. The termcovers all.
nodi f@d derivatives of a biologically active peptide which exhibit a
qual iwdtively simlar effect to that of the unnodified somatostatin

peptide, eThe tdway sbnamstatinopestddeatinglidueePhd ns tarl 19654 &8 en 10O MONE
secretion. | i _ ' strai ght - chai n somat ost ati n anal ogues
are known csdgﬁn%{(:)dusﬁggm éﬁgﬁr%%%%ﬁggg)aﬁadt i?n%lpgb%ﬁ e?Fing?Flé{PélYﬂ%%cri bed
e.g. in European Pat.ent Specifications EP-A-1295; 29,579; 215,171; 203, 031;
214,872; 29§, dévarivestdP anRledus’ 88 sk PANDS: T!.;EKJ L gre those
vatives 0P arglEgidal £ s Igfllrijis .tNX alsd"gﬁ\l%e@‘to'f formul a

derived fromthe foll.Qwi ng somatostatin anal oques:
| [ERR] hin' or cyelic Péiypegfgde derived from that of the naturally

occurring tetradecapeptide somatostatin wherein one or more amino

acid units have been omitted and/or replaced by one or more other
U aq?no acid radical(s) and/br_wherein one or more functional
groups have been replaced by one or more other functional groups
and(o; one or more groups have been replaced by one or several
other isosteric grbups._Ihe‘term covers all modified derivatives
of a biolpgigally;active;peptide:ﬁhichfexhibit-a'qualitatively_~ Coe T
similar effect-to that’o£~the-unmodified'sdmatostatin peptide,
‘e.g. they bind to somatostatin receptors and decrease hormone ..
secretion. '

Cyclic;.bfidge cyclic and straight-chain somatostatin analogues
are known compounds..Such*compounds.and their preparation are
described e.g. in European Patent Specifications EP-A-1295;

' 29,579; 215,17_1; 203,031; 214,872; 298,732; 277,419,

Preferred LIGANDS OF THE INVENTION are those derived from the
following somatostatin analogues:

A, Ahalogues of fofmula_I,-

A’ CH-$-Y; . - Y,-S-CH,

| l
N-CH-C0-B-C-D-E-NH-CH- : '
e C-D-E-NH-CH-G R



- - 4 . 100- 7382 wherein A is [err]al kyl,

[err] phenyl al kyl or a group of fornmula RCO, whereby i) R is hydrogen
[err]al kyl, phenyl or [err] phenylakyl, or ii) RCO- is a) an L- or

‘ D-phenylalanlne residue optio- nally ring-substituted by F, d, Br, [err],

[ € P1 OH, [err]alkyl and/or [err]alkoxy;,b) the residugtg g natural or
synthetic [err]-am no acid other than defined under a) % J@ br of a
corresponding D-amino acid, or c) a dipeptide residue in which the indivi-
dual am no acid residues are the same or different and are sel ected from
those defined undeg,& éi gnd/or b) above, the [err]-am no group of amno acid
residues a) and b) and the N-term nal am no group of dipeptide residues c)

bei ng optional |y nbno- or dis[Grn}adky}l 8edo prenylikityilt o ed gbyup of o~
[err]al kanoyl, A ESrMQFg@an,wl{eq.%%al kyl or [err] phenyl al kyl @,
[err] and [err] represent together a direct bond or each of [err] and [err]

I's independently hydrogen or a radical of formulae (1) to (5)
i)' R is hydrogen, C;. 11alkyl, phenyl or Cy.,,.

phenylakyl, or
- i1) RCO- is

a) an L- or D-phenylalanine residue optio-
nally ring-substituted by F, Cl, Br, NO,, o/
NH,, OH, C;. 3alky1 ‘and/or Cy- 3alkoxy,

b) the residue of a natural or synthetic
"'upamino acid other than defined under a)
above or of a corresponding D-amino acid,
or '

‘c) a dipeptide_residne in wvhich the indivi-
dual ‘amino acid residues are the same or
different and are selected from those
defined under a) and/or'b)_above,

the «-amino group of amino acid residues a) and b) and the
N-terminal amino group of dipeptide residues ¢) being

optionally mono- or di-C,._ 12a1ky1ated or substituted by
Ci- .alkanoyl,

A’ is hydrogen, Ci-12alkyl or C;.;ophenylalkyl,

Y, and Y, represent together a direct bond or

each of Y; and Y, is independently hydrogen or a radical of
~ formulae (1) to (5)



3

55 100- 7382 [ERR] (4) ' . (9)

wherein [err] is nmethyl or ethyl Rb _ S hydrogen met hyl -
or ethyl m is a whole nunber from1 to 4 n - is a
vmmigmma fromlto 5 [err]. is [err]al kyl Rd
represents the substituent attached to the-[Serr]-carbon atfjg gkgs natural

is

or synthetic [err]-am no acid (including hydrogen) [err]
[err]alkyl [err] and [err] are independently hydrogen nmet hyl or ethyl,
[err] and [err] are |ndependently hydr ogen, hal ogen, [err]al kyl. or

[err]al koxy, p _-. is 0O or 1, ¢ CH, is O-or 1, and r
is 0, 1or 2, B is -Phe- optro ring- substrtuted by
hal ogeq, [err], OH, 'FBT?'](&HkM-Eand / or feo-chal 21xy (in- cl udehGmg,
pent akluor oal ani ne) [err] napht hyl - Al a \\\

(CHZ )n

(1) o (2) | (3)
e
. . R
-CO—NH-CH-COQR. qCO-(NH)p- Cc ~(CH;), ?
. é | | Ry
U . . Rq Rp'lq
(4) | (5)
vherein - _ ,
TR UiS néthyl of ethyl
Rp is hydrogen,'methyl or ethyl

is a whole number from 1 to 4
is a vhole number from 1 to 5

Re i (Cy. s Jalkyl.

Ra represents the substituent attached to the
apcarbog atom of a natural or synthetic «-amino
acid (including hydrogen)

R, is (C;-s)alkyl _

R.?’ and Ry’ are independently hydrogen, methyl or ethyl,

Ry and Ry are independently_hydrogen, halogen, (C;.;)alkyl
or (Ci.3)alkoxy,

P is O or 1,
is Oor 1, and
is Q, 1lor 2,
B - ' is -Phe- optionally ring-substituted by halogen,

NO;, NH;, OH, C;.;alkyl and /or Ci-3alkoxy (in-
cluding pentafluoroalanine), or f-naphthyl-Ala



*

- 6 - 100- 7382 C. - Is (L)-Trp- or (D)-Trp-
“optionally [err]-N-nethyl- ated and optionally benzene-ring-substituted by
hal ogen, [err], OH, [err]alkyl and/or [err] alkoxy, D is Lys,
'Lyi;fx whi ch the side chain contains O or Sin [err]-position, [err]F-Lys

or r]F-Lys, optionally [err]-N-nethylatgd, or a 4-an13§ﬁy%LohexylAla or
4-am nocycl ohexyl Ay residue E is Thr, Ser, . , Ile or an
am noi sobutyric or am nobutyric acid residue G is a group of
formula [ ERR] wherein R7 - is hydrogen or [err]alkyl, [err]
is hydrogen or the gesidue of g skol 0gi.c accept abl e, physiol ogically
hydr ol ysabl e ester, [err] spﬁ}i Jrgjl h?/ﬁrgdde)rﬁtp'[ @PH%H%@}Y cphraathyler
[err] phenyl - alkyl, [err] ated é"ﬁyﬁh‘ég@ﬂilY[hsnihabkgdngoguﬁtﬂg&ggga 8 =
formula [err], [err] haXogen| &0,] , Ni" @rr pre the' W
substituent attached to the [eéll car boﬁ at%m of an %n{rya ar&ﬁs/e ?‘n‘t'ﬁetlc
[err]-am no acid (including hy h) and

D . is Lys, Lys in vhich the side chain contains 0

or § in B-position, yP-Lys or 8?-Lys, optionally
qu-methylated, or a 4-aminocyclohexylala or
4-aminocyclohexy1Gly residue

E is Thr, ser, val, Phe, Ile or an aminoisobutyric - o/
or aminobutyric acid residue

G is a group of formula
Ris
R '
-COOR‘;, -CH:OR“), ~CON or -=CO- X1
N\R;,

vherein .
Ry is hydrogen or C;. 3aiky1,
Riq is hydrogen or the residue of a physiologically

acceptable, physiologically hydrolysable ester, e
Ri: | is hydrogen, C;._ 3glkyl, phenyl or C,_,,phenyl-
Ria is hydrogen, C1 3alky1 or a group of fotmula

-CH(R,;3)-X,,
R13 _ is CH;OH, -(CH;);—OH, -(CE;);-OH, or —CH(CH;)OH

or represents the substituent attached to the
a-carbon atom of a natural or synthetic «-amino
acid (including hydrogen) and



H

7. 100-7382 [err] is a group of formula [err] or
[ERR] wherein [err] and [err] - have the meani ngs given above, [err]

i s hydrogen or [err]al kyl and [err] i s hydrogen, [err]alkyl,
phenxliyr [err] phenyl - al kyl’, ~and [err] i's hydrogen or hydroxy,

W th e proviso that when [err] is [err] thfn [err] is hydrogen or nethyl,

wherein the residues B, D and E have the L=configuration, 7882 residues
in the 2-and 7-position and any residues [err] 4) and Y2 4) each
“independently have the (L)- or (D)- configu- ration. The significances of A

and A" in fornula I e preferably selected so that the conpound contains a
termnal -NH group (e:sépabl e of Ag8TquRked fozmula:wE0CR+,neCHBPBAE .od N t he
"~ compounds of fornula I, the follomﬁngJﬁughificances are preferred either
i ndi vhkdual |y or in any conbi nati-90-8f sub-conbination: 1. Ais [err]
phenyl al kyl , especi ally phenethyl, o?ﬁhsgroup of fornmula RCO Preferably A
Is a group of formula RCO" 1.1. Preferably Ris [err] alkyl or [err]
phenyl al kyl , especi alvhgrésar r] phenyl al kyl, nore especially phenethyl, or
RCO has t he neani ngs za), bd) or (i-)

Ry’ "and Ry, ave the meanings given above,
Riq is hydrogen or C;.3alkyl and
Ris is hydrogen, C,.jalkyl, phenyl or C;_,,phenyl-
alkyl, and

Ri¢ is hydrogen or hydroxy,

vith the proviso that _
vhen R;; is -CH(R;3)-X; then Rii is hydrogen or methyl,

wherein the residues B, D and E have the L-configuration, and
the residues in the 2-and 7-position and any residues Y; 4)
and Y, 4) each independen;ly have the (L)- or (D)- configu-
ration.

The significén;eé of A and A’ in formula I are preferably
selected so that the compound contains a terminal -NH- group
capable of being linked to a chelating agent.

N\ : In the compounds of formula I, the following significances
are preferred either 1ndividually or in any combination or
sub-combination: '

1. A is Cq.yg phenylalkyl, especially phenethyl, or a group
of formula RCO. Preferably A is a group of formula RCO.

1.1. Preferably R is C,_;; alkyl or Cy_;, phenylalkyl,
especially C,.;o phenylalkyl, more especially phenethyl, or
RCO has the meanings a), b) or ¢).



-8 - 100- 7382/ W 1. 2. Wen RCO has he nmeahi nys aj.
the [err]-am no group of am no acid residues a): and b) and t he N-term nal

ami no group of dipeptide residuesgc) is preferalby_ ﬁh@

b) or c)

f'kyl' at ed or

nono-[err] al kylated, especially [err] al kylated, nore espe- cially
-nmet hyl ated. Most pref erably the Ntermnal is non-al- kylated. 1.
or D- phenyl al ani ne or

More preferably a')

RCO has the neaning a) this is preferably a' ) an L
-tyrosm.ez rwﬁérdlneoqms' ehe! 0 €
BN, U b2

is an L- henyl al a- ni ne

DA &FOUROFreani ng b) or
" ¢) the def Iaﬂ R&L cﬁ?élii%espf"éfaé\dab) wnﬂlﬁmpl{rtermna ehtns gdoupsi dues b) are

hus b') | efrdisapttte sssstuessidlassprauttlyndi diRPARAGLS! o chal

al kyl withy ef er at ons

C- at ons,

3. When

n, e.g.

or

" napht hyl - #yf/l 142 hgg%#})t&?wespécbﬁlz '(GZ—-aoﬁ‘lkl’lﬁéﬁﬂw mery leppet ani ne,
yo

pyri dyl -

t he i ndi vi am no acid residues are the sane or

sel ected fromthose defined under. a') and b') above.

rmethypa tadhakiestr peefburablys ahd N-2eksiRI ha\WoRdafhe L-
D-confi gurg}lé}gd and preferred residues c) are dipeptide residues in which

di fferent and
1. 5 Most pr

RCO has t he. manemgca)ha&smmlmabm bf ey B,
is Phe or Jym B GaiS “Whe ? erQrabfy 2')"eh 1
D-phenyla an1ne or -tyros ne res1due optionally mono-N-

Ci-12 alkylated. More preferably a') is an L~ or D-phenylala-

nine residue.

1.4. When RCO has the meaning b) or c¢) the defined residue is
preferably lipophilig. Prefgfred residues b) ére_thué bt)
o-amino acid residues having a hydrocarbon side chain; e.g.
alkyl with 3, preferably 4, or more C atoms, e.g. up to 7
C-atoms, naphthyl-methyl or heteroaryl e. g 3 -(2-"or - 1-naph-

- thyl)-alanine, pyr:dyl—methyl or tryptophane residue, said
residues hav1ng the L- or D-configuration, and preferred
residues c) are dipeptide residues in which the individual
amino acid residues are the same or different and are
selected from those def;ned under a’) and b') above.

1.5. Most preferablf RCO has the meaning a) especiélly the

meaning a’).
2, B is B';'where B’ is Phe 6r Tyr.

3. C is C’, where C’ is (D)Trp.

are
ef erably
where B

3
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-*9 - 100-7382/W4. Dis D, where D is Lys or MeLys,
especially Lys. 5. Eis E, where E is Val or Thr, especially Thr. 6.
Gis G, where G is a group of fornula [err] especially a group of fornula
[err] (in which case [err]=H or CH3). In the latter case the noiety [err]
preferably has the L-configuration. 6.14 [err] is prefﬁﬁpgh% drogen. 6. 2.
As the substituent attached to the [err?-carbon atom of a % ral am no
acid (i.e. of fornula [err]),.[err] is preferably [err], isobutyl or
butyl, or RI3 is [err] or [eri]. It is especially Terr] or [err]. R14 6.3.
[err] is preferably a group of fornula [err] or [err], especially of '
formula [err] ané:[e ESiR spiBers Bf oby F-vH K YgbYs oespeaialby wsani ng gi ven
under % bel ow. . Most preferably [err] is hydrogen. The foll ow ng individual
conpoblds are il lustrative of com, ppunds of fornula |: - 10 -

100- 7382 H- (D) Ph&>Cy -ﬁﬁef Df#F5S ysl-sr{‘](PidFs-TI?ﬁr sspeciaddy i Ffan as
octreotide (D)Phe-Cys-Thr-(D) Trp-Lys-Val -Cys-[err]

. //311
6. G is G’, where G’ is a group of formula -CO-N R
\\R12

R Rii
especially a group of formula -CO-N
T ' \bH(Rlé)-x1

W,
(in which case R1;=H'or CH3). In the latter case the moiety
-CH(Ry3)-X; preferably has the L-configuration.
6.1._R;1.is_pfeferably hydrogen. -
6.2. As the substituent attached to the a«-carbon atom of a
natural amino acid (i.e. of formula H,N-CH(R;3;)-COOH), R;; is
preferably -CH,0H, -CH(CH3)-OH, isobutyl or butyl, or R;; is
-(CH;),-0H or -(CH;);-0H. It is especially -CH,0H or
~CH(CH; )OH.

Y, ’/,344

6.3. X; is preferably a group of forﬁula -CO-N
' Ris

or ~CH;-OR;9, especially of formula -CH;-OR;, and Ry, is pre-
ferably hydrogen or has the meaning given under 7 below. Most
preferably R;o is hydrogen.

The following individual compounds are illustrative of com-
pounds of formula I:



- (D) Phe-Cys-Tyr-D) Trp- Lys-Val - Cys-[err]

(D) Tr p- Cys-Phe- (D) Trp- Lys-Thr-Cys-[err]

(D) Phe- Cys- Phe- (D) Trp- Lys- Thr-Cys-[err]

© 34 23Napht hyl ) - (D) Al a- Cys- Tyr - (D) Tr p- Lys- Val - Cys- Thr NH2 .

3- Napht hyl ) - (D) Al a- Cys-Tyr- (D) Trp-Lys-Val -Cys-[err]-Nal-[err]

3-(2- Napht hyl )- (D) Al a-Cys-[err]-Nal - (D) Ter ys- Val - Cys- [ 0947382

(D) Phe- Cys- Phe- (D) Trp-Lys-Thr-Cys-[err]-Nal-[err] B. Anal ogues of formula
Il H Cys-Phe-Phe-(D)-Trp-:Lys-Thr-Phe-Cys-ol Il [see Vale
et al., Metabolism 27, Supp. 1, 139, (1978)]

H Cys- H s- Hi s- Phe- "‘%"Fm—Ph'e-‘Fhr—Se 11 (see

_ EP- A- 200, 188) The %’2@? % ¢ 1Dy Frp-% rpﬁ!ﬁ-ﬂ'ba-tolons i ncl udi ng the ~
speci fic conpounds are specifically incorportated herein by reference. ™ -

11 - 100-F3@2kmeyn ag dctreprigier red LI GANDS are those derived from

- H (D) Phe-Cys-Phe- (D) Trp-Lys-Thr-CysThrol Suitable chelating groups are

physi ol ogi cal |y acceptable chel a- ting groups capabl e of conplexing a

det ect abl e el enment ) Lne Tiret-atigh group has substantially a

hydr ophi l'i ¢ char acﬁ%?ﬁ ﬁ%én@?%-é dFr R Hal ]gfg-r'fba& i nclude e.g. imnodi-

car boxylic groups, polyam nopol ycarboxylic groups, e.g. those derived from

non cyclic |igandyp§pRe- tﬁa et | c aci d (EDTA), diethylene

triam ne pentaacet] cpgecffég( Zﬁ)ﬂl@t E%]Q}r? s~tephe |

gl ycol -0, 0" - bi s(2- am noet, th\ NNN.N-tetraacetic acid.

(D)Trp-Cys-Phe-(D)Trp-Lys-Thr-Cys-ThrNHz

v

¥ -
(D)Phe-Cys-Phe—(D)Trp-Lys-Thr:E;s-ThtNHz'

3- (2—Naphthy1) (D)Ala-Cys-Tyr-(D)Trp-Lys-Val-Cys-ThtNH;

3-(2-Naphthyl) (D)Ala-Cys-‘I‘yr-(D)Trp-Lys-Val-Cys-B—Nal-NH;

3-(Z-Naphthyi)-(D)Ala-Cyé-ﬁ—Nal-(D)Trp-Lys~VaI:Eys-ThrNHz

R | o .
(D)Phe-Cys-Phe-(D)Trp-Lys-Thr-Cys-g-Nal-NE,

B. Analogues of formula II

- _
Hnys-Phe-Phe-(D)-Trp-Lys-Thr-Phe-E}s-ol II

[see Vale et al., Metabplism, 27, Supp. 1, 139, (1978)]

i . .
H-Cys-His-His-Phe-Phe-(D)TrpaLys-Thr-Phe-Thr-Ser:E}s-OH III

(see EP-A-200,188)

The contents of all the above publications ixicluding the specific
compounds are specifically incorportated herein by reference.



: ' - bi I am ne- I\i‘-diacetic acid (HBED).
EGTA), N, N -bis(hydroxybenzyl)ethyl enedi am ne- N, _
gnd tzrethylenetetranine hexaacetic acid (TTHA), those derived from N
subst [ futed EDTA or -DTPA, ei.g. p-isothiocyanato- :benzyl - EDTA or -DTP
t hosé rived frommacrocyclic |igands, €. g
1, 4, g tetra-azacycl ododecane-N, N , N', N'. jlltleLraacetlc amgoo( )Tg_rll_i)
1,4,8,11-tetraazacycl ot et radecane- N, N' N' N'' -tetra- acetiC ( ,
t hose derived from N-substituted or C—substl-_tuted nacrocycllc anineao
i ncluding al so cyclanes, e.g. as dis- closed in EP 304, 780 AI Egg] in .

476-A, groupPasficuds rédfértedl L -
?(9)60%382 Wne?el npegchmof m[—Herr] aegd é;?ﬂrJ]e' aredé%%ﬁ?dg?fivfgl Er‘{“\ce]r_lr] al kyl ,

0 T S tituted by

%E:H‘Zjiloxgr [err]ar;ﬂ[zb%e_ﬁyg_%gml Q?:ngfiylis‘ﬁ'bt?:ﬁuysrmlegén from2 to 6, and
TT are indeioendently [err] or [err] amno acids |linked to each other by 4
am de . bonds, groR%; derived from bi s-am not hi ol derivatives, e.g. conmpounds

of formula Vi tAbde ghelating groups are physiologically acceptable chela-

ting groups capable of complexing a detectable element.
Preferably the chelating group has substantially a hydrophilic

- character. Examples of chelating groups include e. g. iminodi-
carboxylic groups, polyaminopolycarboxylic groups, e.g. those
derived from non cyclic ligands e.g. ethylene diaminetetraacetic

Ke/ acid (EDTA), diethylene triamine pentaacetic acid (DTPA),

ethylene glycol-o 0’-bis(2-amincethyl)-N,N 'N7,N’~tetraacetic acid
(EGTA), N N'-bis(hydroxybenzyl)ethylenediamine-N N’-diacetic acid
(HBED) and triethylenetetramine hexaacetic acid (TTHA), those

' derived from substituted EDTA or -DTPA, e.g. p-isothioeyanato-
benzyl-EDTA or -DTPA those derived from macroeyclic ligands, e.g.
1,4,7 » 10-tetra-azacyclododecane-N sN7 N7 7 N"'-tetraacetic acid
(DOTA) and 1,4,8 11-tetraazacyclotetradecane-N N’,N’7,N’**_tetra-
acetic acid (TETA), those derived from N-substituted or C-substi-
tuted macrocyclic amines including also cyclames, e.g. as dis-
closed in EP 304,780 Al and in WO 89/01476-A, groups of formula
IVorvVv

. . ) . 0
k/ . 9 3 n

Ry ~C-8-(CH3)p +~C~(TT), -C~ Iv

0 0
" 1t

Ry-C~5~(CH; )n  ~C-NH~CH, 0

N
_—

R3-C-S-(CH; ), ~-C-NH
" “n

CH-C- : v

0 0



- each of [err] and R23 indepéndently I's hydrogen or [err]alkyl, X2 is a
group capable of reacting with the NNam no group of the peptide, and m is
3, groups derived fromdithiasem carbazone derivatives, e.g. conpounds

2 Q ,

ofr mul a VI | 13 100-782 X2 [ERR] wherein X2 is as

de ed above, groups derived fron1propy|§ne am ne oxi me derivatives, e.qg.
conpounds of formula VIII [ERR] wher ei - é&ch of [err] a00-fzs2]

i ndependently are hydrogen or [err]Jalkyl, and X2 and mi are as defi ned
above, groups derived from di am de dlnercaptldes e.g. conpounds of fornul a

I X -14- whe&ﬂg 7382

-9 y y -

n’ is 1 or 2,
i is an integer from 2 to 6, and

IT are independently « or -3 amino acids linked to each other by
amide. bonds, '

groups derived from b1s-aminothiol derivatives,.e.g. compounds of

formula VI Q_)
/Ecu ﬁ -
Rz1\c(= \‘/R o VI
s s ws \Rza
20 :
vherein :
each of Ry, R,;, Ry2 and R,; independently is hydrogen or
Ci-4alkyl, |
X; 1is a group capable of reacting with the N-amino group of the \W

pept1de, and
m’ is 2 or 3,

groups derived from dithiasemicarbazone derivatives, e.g.
compounds of formula VII



[ERR] wherein [err] is a divalent radical optionally substituted and
bearing a group capable of reacting with the N-am no group of the peptide,
e.g. [err]al kyl ene or phenyl ene bearing a group X2,. and Y5 is hydrogen or

[errSt;rherein [err] is [err]alkyl, or groups derived from porphyrins, e.g."
- N-ber -5, 10, 15, 20- tetrakis-(4-carboxypheny] ) porphine or TPP bearing a -
group X2 as defined above. Aryl is preferably phenyl. Aryl aldd+7382
~preferably benzyl. Exanples O X2 include radicals of fornula [err] wherein
- X4 is [err]al kylene; or [err]alkylene optionally attached to the carbon
atom by an oxygen atomor -NH, n" is 0 or 1 and [err] is -NCS, a carboxy
group or a functional derivative thereof, e.g. acid halide, anhydride or
hydrazide. It is understood that X2 is attached to one of the carbon atom
of [ex¥] or =CH- CH= in replacenent of an hydﬁogen atom The chel ating group
may be attached either directly or indirectlly to the N-am no group of the
somatostatin peptide. Wien it is attached rectly, it is preferably
| inked through a bridging or spacer groupy forNgxanple a group of fornwla
[err] 15 : 100- 7382 | ] [err] NHs [err]al kyl ene,
[err]al kenylene-or -CH(R )- wherein R [is '

' ~ HN SH HS NH

| vherein _
Y X; is as defined above,

groups derived f:om_prqpylene amine oxime derivatives, e.g.
compounds of formula VIII

X
/ccuzaﬁ 2
. HN L '
260 ;127 ' VIII
st 28 '
R24 'l' R29
OH OH

wherein

each of R, Rzss R3¢, Raq, R2s and Ry independently are
hydrogen or C,._ alkyl, and

X; and m’ are as defined above, -

groups derived from diamide dimercaptides, e.g. compounds of
formula IX



the residue attached in [err] to a natural or synthetic [err]-am . no acid,
e.g. hydrogen, [err]al kyl, benzyl, optionally substi- tuted benzyl,
napht hyl - net hyl , pyridyl-methyl, Z is a functional noiety capable of
' cntly reacting with the chelating agent. Z may be for exanple a group
" can forman ether, ester or anmide bonding with the chelating group. Z
is preferably amino. The chel ating groupsl4 when conpri si pgp-5agpoxy, [err]
and/ or am no groups may exist in free formor in salt form Preferred
chel ating groups are those derived from pol yam no-pol y- carboxylic groups,
e.g. those derived from EDTA, DTPA, DOTA, TETA or substituted EDTA or DTPA.
Chel ating groups derived from DTPA are nost preferred. In the LI GANDS OF
THE |1 NVENTI ON t he chel ati ng group, wh ¥ functional, may be |inked-
either to a single somatostatin peptigz—rml ecule or to nore than one ‘w#
somat ostatin peptide nolecul es @.g. To tw sdiht ggt atin peptide nol ecul es.
The LI GANDS OF THE | NVENTI-ON nmay st e.g. in ee or salt form Salts
include acid addition salts with e}g. organic;égr;s, poly- nmeric acids or
i norgani c acids, for exanple hydgochSori des grd acetates, and salt fixrns
obt ai nabl e with the carboxylic o su!- phoni% acid groups present in the
chel ating group, e.g. alkali neta ts suc sodi umor potassium or
substituted or un- substituted an“f"ri)érsﬁ um sal ts.oesﬁ"i - 16 - '
100- 7382

vherein »

83 is a divalent fadical optionally substituted and beéring a e
group capable of reacting with the N-amino group of the
peptide, e.g. C;-4alkylene or phenylene bearing a'group X,,
and S e

Ys is hydrogen ‘or CO;R;,, wherein ﬁj}ﬁiézti::éikyi;

or groups“derivgd_fr@m-porphytins. e.g. N-benzy1-5;10,15.20-
.tetrakis-(4-carboxypheny1)porphine or TPP'bearing a group-xz as
defined above. | | I

Aryl is preferably phenyl. Arylalkyl is preferably benzyl.

Examples of X, include radicals of formula'-(X4)n-.-xslwherein X \_}
is Cj.galkylene; or Ci-salkylene optionally attached to the ‘

carbon atom by an oxygen atom or -NH-, n’’ is O or 1 and X is

-NCS, a carboxy_group or a functional derivative thereof, e.g.

acid halide, anhydride or hydrazide. It is understood that X, is
attached to one of the carbon atom of -[Cﬁ:]..- or =CH-CH= in
replacement of an hydrogen atom. o

The chelating group may be attached either directly or indirectly
to the N-amino group of the somatostatin'béptide. Vhen it is

' attached indirectly, it is preferably linked through a bridging
or spacer group, for example a group of formula (al)



The present invention also includes a process for the production of the
LI GANDS OF THE | NVENTI ON. They may be produced by anal ogy to known net hods. -
The LI GANDS OF THE | NVENTI ON may- be produced for exanple as follows: a)

r emo at | east one protecting group which is present in a somatostatin
pept i\ bearing a chel ating group, or b) linking together by an am de bond
two peptide fragnments each of them contailli rg at | east orgp-apg;no acid or
am no al cohol in protected or unprotected formand one of them containing
t he chel ating group, wherein the amde bond is in such a way that the
desired am no aci d sequence is obtained, and stage a) of the process is
then optionally effected, or c) kigkijeg-together a chelating agent ¢ np t he
desired somato- statin peptlde in protected or unprotected formin such a
way that the chel ati ng group is fixed on the desired N-am no group of the

tid d | ted
Eﬁgc!t i gnaﬁngrgt&g gfi%)aﬁl . Irig eg{gé %‘?"3 kﬁﬁ”gig% §5 Od(’%{(%é nggg? rh% als
chel ating group or f(!lsnmitdm(fﬂttacheﬁ dnamdwoharngdtunal iognsynthetlp sanihat
anot her unprot ect eche@g, ¥ L ewd%@gp@'phk aligﬂl Wn?yfhﬁé?fdngg

S
obtained and in the |alter se stage a). of the process 1s e ectg&:t or e)
oxi di si ng a sonat ost&e rPﬁB‘éb i Berhil f‘ﬁ“%‘a‘yﬂay pyrddel-pethglgr oup i n which the

mercapto groupg of igys fulidittelal asietly tdpablecos Qbfﬁl%ﬁt!éf ieﬁc@:tr&d%@h an

anal ogue i n which tt‘ﬁ% &/eslat?ng glgggil:.s :are j oi ned by an S-brid

\_ Z may be for example a group which can form an ether, ester or
amide bonding with the chelating group. Z is preferably amino.

" The chelating_kroups, when'comprising carboxy, -Sd;H'and/or amino
groups may exist in free form or in salt form..

Preferred chelating groups are those derived from-pol&amino-poly-
cérboxylic groups, e,g; those derived from EDTA, DTPA, DOTA, TETA
or'substituted.EDTA or DTPA. Chelating groups derived from DTPA
are most preferred. |

In the LIGANDS OF THE INVENTION the chelating group, when poly-
, functional, may be linked either to a single somatostatin peptide
— molecule or to more than one somatostatin peptide molecules e.g.
to two somatostatin peptide molecules.

‘'The LIGANDS OF THE INVENTION may exist e.g. in free or salt form.
_Salts include acid addition salts with ‘e.g. organic acids, poly-
meric acids or inorganic acids, for example hydrochlorides and
acetates, and salt forms obtainable with the carboxylic or sul-
phonic acid groups present in the chelating group, e.g. alkali
metal salts such as sodium or potassium, or substituted or un-
substituted ammonium salts.



.17 -

pa
a

anm de formation

“used for functional groups which do not participate in the reaction. The

: 100- 7382 and recovering the LI GAND thus obtained in
free formor in salt form The above reactions may. be effected in anal-ogy

usly to the nethods used for

w th known ne- thods, e.g. as described in the follow ng exanples, in
' ul ar processes a) and c). Wien the chelating group is attached by an
bond, this may be carried out anal og

Where desired, in these rgdbtions, pr ot 880+%382gr oups whi ch
are suitable for use in peptides or for the desired chel ating groups nay be

“term prot-ecti NOrh@ préseaRY4 s de_a | ymer resin having functional -
priékel uﬁleﬁﬁ?;&d‘g(h:%o 5&51%

gr oups.

N- am no group of
and whi ch conprticskrowmnsetitodsor e si de chain am no groups,

am no groups are conveniently protected with a protecting group ,
Is desired to attach the chel ating group

When it

used in peptid&.
to a side chain®

group, the latter is preferably protected with a protecting group. The

chem stry. Wen it

| 4tR59Gegs fog the ppeducrish nal

terial,

es

s, d dt tt
£ 0o LEANES OF THE, ENVRNTEONG They mayose Brodhald bpcu gl | 3

e.g. as

R il b shods o T W £ S <

starting ma- tdéolkwus:and the peptide conprises a

peptide fragment bearing the chelating group and used in sta- ge b) may be

repared by realtinegoving pe[lldage dredpraial ising, east one amino
boi d or am PRV S RERT WHARE Ao Prpsamioia el ot

acid or amno al C%Bﬂ&t&ﬁgg{rgér%?gf,f_ie ﬁéﬁtﬁgrg;@#@sﬂm ghougt,age c).

The reacti on may

agent .

b) 1linking together_by an amide .bond two peptide fragments each

c)

d)

?f_them containing at least one amino acid or amino alcohol

in protected or unprotected form and one of them containing

the chelating group, whereih the amide bond is:in such a way
‘that the-desireq amino acid sequence isfbﬁtéihéd,'ahd étage

a) of the process is then optionélly efféc;éd; 6: |

linking together'a chelating agent and the desired somato-
statin~peptide-in:protected'of'unprotectéd form in such a way
that the chelating group is fixed on the desired N-amino

group of the peptide, and stage a) is then optionally
effected or, - -

removing a functional group of an unprotected or a protecfed
peptide bearing a chelating group or converting it into

-another functional group so that another unprotected or

protected.pept;de bearing a chelating group is obtained and
in the latter case stage a) of the process is effected, or

oxidising a Somatostatin peptide modified by a chelating

group in which the mercapto groups of Cys radicals exist in
free form so as to produce an analogue in which two Cys ia—
dicals are joined by an S-S-bridge

i ng



The chelatingfgroups of formula IV or V may be linked to a peptide by

reacting a chelating agent, of fornula IV or V - 18-
100-7382 [ERR] wherein X is-an activating group capable of form ng an am de
bond., h the N-anino group of the peptide. The reaction may be per- forned

as di osed in EP 247,866 Al. The chel ati ng agent used in process step c)
may be known or pre- pared I n anal ogy w-t1¥ known procedul@®-738pe conpound
used is such that it allows the introduction of the desired chel ating group
on the somatostatin peptide, e.g. a polyam nopol ycarboxylic acid as

di scl osed, a salt or anhydride thereof. In the above process, when in the

ami no-aci ds, PRREI FRoVEAGEE TS L(IGABﬂththeo%tH§€éh 38 Bldd/ EbiW dfaiﬁrgaqlts the
chel ati.ng grou I s attached through a bridging or spacer group to

pept i \de, - a°®dical of formula [err] as defined above, such
am no- acids peptlde fragnents or peptides may be prepared by reacting in

convent i onal MRglp Gt G580 O BRIIACH e B PERL) U550 A2 O

bri dgi ng or spacer group rrespon or spacé% “yi el di ng
conpound, for dkedHl € -&n agcescribed dat the fadiowiagr emﬂ-ee, danpartiicugar he

bri dgi ng or sp £6éesies ) aﬁdgc) aﬁhﬁ@ltﬂeqiheﬁarm& gréug %rlf&@i?th qry @n
react ive acid sSucC S. an active ester. | és of

tiye thereo
active ester gP‘Bifb)’s% Xté&‘%)&?'yahfl‘iﬂf ¢ty oyt ARdogeusly o Q‘enf‘??'l?ﬂﬁenyl
pent achl or ophengéd foenamideutompahtory. Vhete desiréd]ylin cthese reactions,

1- hydroxy- benzgtgteacthwlgroups vhich are suitable for use in peptides or for
K,/ the desired chelating groups may be used for functional groups
vhich do not participate in the reaction. The term protecting

grbﬁp may also.include a poiymer fesin having functional groups.

When it is desired to attach the chelating group to ‘the terminal
N-amino group of a peptide or peptide fragment used as starting
material, and which comprises one or more side chain amino
groups, these side chain amino_g:oups are conveniently protected .
with a protecting grdup:,'e.g..es used in peptide chemistry.

When it is desired to attach the chelating group to a side chain

amino group of a peptide or peptide fragment used as starting ma-

terial, and the peptide comprises a free terminal N-amino group,
\_/ the latter is preferably protected with a protecting group.

The peptide fragment_heating the chelating group and used in sta-
ge b) may be'prepared by reacting the peptide fragment comprising
‘at least onepamino:acid or emino_alcohol,in protected or unpro-
 tected form with'the cheiating agent. The reaction may be perfor-
med in analogy with stage c). '

The chelating groups of formula iV or V may be linked to a
peptide by reacting a chelating agent of formula IV’ or V’



- W

.- 19 - _ 100-7382 Alternatively the chelating agent may first be
reacted with a bridging or spacer group-yielding conpound, in order to bear

the i dging or spacer group and then be reacted in conventional manner
@egpegtide, pepti de fragnment or am no-acid. The LI GANDS OF THE

I | ON may be purified in conventional manner, e.g. by chromatography.

' [ i ght of
Preferably the LI GANDS OF THE | NVENTI.Ogcontai n | ess than,5% by weig
pepti des free of chelating groups. The LI GANDS OF THElﬁﬁv ONin free

. . Lo
formor in the formof -phar- maceutically acceptable salts are val uab
conpounds. According to a further enbodi ment, the LI GANDS OF THE | NVENTI ON

: , ¢
can be conplexed with agdetectablg el enggt. Accordingly, the.presen .
i nvention al so provides*the LI GANWS OF E | NVENTI ON as defi ned above whjch

are conpl exed with aRdec-cs;(cngh,I,ec.ed-xqqy? -x(hereinafter referred to as
CHELATEE OF THE INVEN- TION), in free formor In salt form thelﬂv'
preparation and their use for in vivo diagnostic and therapeutic treatnent.

By detectable elenent is neant any el enment, preferably a nmetal ion which
- exhibits a property detgctabl e iq%therapeutlc or in vivo diagnostic
techniques, e.g. a netat ion which emts a de- tectable radiation or a

metal ion which is CRpadise(eH, )|, Nfd-NRDEH NI NI\/IB rel axation properties.
Sui t abl e det ect abl e netal.ioﬁs i ncl ud or exanpl e heavy el enents or rare

earth ions, e.g. as used in CAT scanni ng&gegngter axial v
R3-C-S-(CH, ), . -C-NH .
" " ;
0 0 | . - >
wherein X is an activating group capable of forming an amide bond
with the N-amino group of the peptide. The reaction may be per-
- formed as disclosed in EP 247,866 Al. I |

The chelating agent used in process étep?é)'ﬁayﬂbé'knbwn or pre-

pared in analogy with known procedures. The cdmpound used is such
that it allows the introduction of the desired chelating-groub on
the somatostatin peptide, e.g. a polyaminbpdlyéarbdxylic acid as

disclosed, a salt or anhydride thereof.

In the above process, when_in the_amiho-acids, peptide fragments
‘or peptides used as Starting materials, the chelating group is
attached through a bridging or spacer group to thg peptide; e.g.
a radical of formula (o) as defined above, such amino-acids,
peptide fragments or peptides may be preparéd By reactihg in |
conventional manner the corresponding amino-acids or peptides
free of bridging or spacer group with a cbrrésponding bridging-'
or spacer-yielding compound, for example an acid or reactive acid
derivative comprising the bridging or spacer group;:e.g. an aciﬁ
of formula Z-Rys-COOH or a reactive acid dérivative'thereof such
as an active ester. Examples of active ester groups or carbbxy
activating groups are €.g. 4-nitrophenyl, pentachlo:ophenyi,
pentafluorophenyl, succinimidyl or 1-hydroxy-benzotriazolyl.



t'omography), paramagnetic ions, e.g. [err] and [err], fluorescent netal
lons, e.g. [err], and radionuclides, e.g. [err]-emtting radionuclides,

[err]-emtting radionuclides, [err]-emtting radi onuclides, .
posi t @ emtting radionuclides e.g. [err]. 20 _ 100- 7382
Sui t aN [err]-em tting radi onuclides include those which are useful in

~diagnostic techniques. The [err]-em ttinggeradionuclides ggyva géﬁ geously
have a half-life of from1 hour to 40 days preferably from ours to 4

days, nore preferably from 12 hours to 3 days. Exanples are radionuclides

derived from Gallium Indium Tech- netium Ytterbium Rhenium and Thallium

e.g. [err], [err] and [err]. Preferably the [err]-radionuclide is

sel ected depen- ding on the netabolismof the LI GAND OF THE | NVENTI ON or

somatbe/ st ati nAptgrmadivelyeghe wbedaingf agenlsl ayt férst GANDRaQEed HE tlhI\HENTI ONis

chel at.ed Wi th aridfing-62dpases gt ¥1m 3 dufdRARd fiﬁ' f ot -
hal f-1ife of tg;?ﬁ%t ostlgtl n %eg@p-?z f llﬂ,Ergmr ér elr ?o |onuc |des

suitabl e for §108 4y SRBCSR BTPNR iBpd of ene?ﬁ {FepeEed &Hl‘iﬂﬁ'ﬂél‘ﬁ?@g e.g. as

ment i-oned aboveanrx whth ehgepeapltidey peptigler Srhigmene|drdggindlakigle t hose which
are useful in therapeutic applications, for exanple [err] , [err]. [err].
The [err]-radi onucli de advant ageously have a half-life of from2.3 hrs to
14.3 d, prefer Zbe \LIGANDS OF3THE) INVENTHON mnapr bé quabfiedt he doavedtiomalt i ng

radi onucl i de | gagidoCe 8l b &{rdﬂ&téggawepéeéé}aw i@ frdaib€ df2e t he
hal f-life of t?ﬁ%ﬁﬁ%gsﬁ(ﬁzhtain leg tghag é¥1by wveight of peptides free of

L chelating groups.

The LIGANDS OF THE INVENTION in free form or in the form of phar-
maceutically acceptable salts are valuable compounds.

According to a further embodiment, the LIGANDS OF THE INVENTION
can be complexed with a detectable element.

Accordingly, the present invention also provides the LIGANDS OF
THE INVENTION as defined above which are complexed with a. detec-
table element (hereinafter referred to as CHELATES OF THE INVEN-
TION), in free form or in salt form, their preparation and their
use for in vivo diagnostic and therapeutic treatment.

U By detectable element is meant any element, preferably a metal
ion which exhibits a property detectable in therapeutic or in
vivo diagnostic techniques, e.g. a metal ion which emits a de-
tectable radiation or a metal ion vhich is capable of influencing
NMR reiaxation properties. '

Suitable detectable metal ions include for example heavy elements
or rare earth ions, e.g. as used in CAT scanning (Computer axial
tbmography), paramagnetic ions, e,g. Gd3+, Fe3+, Mn?+ and Cr2+,
fluorescent metal ions, e.g. Eu®*, and radionuclides, e.g.
v-emitting radionuclidgs, B-emitting radionuclides, «-emitting
radionuciides, positron-emitting radionuclides e.g. %Ga.



. tunor. Suitable [err]-emtting radionuclides are those which are used in

t herapeutic trea’E rren]t s, e.g. [err]. The CHELATES OF THE | NVENTI ON may be

prepared by reacting the LIGAND with a correspondi ng det ectabl e el enent

- yi ing conmpound, e.g. a netal salt, preferably a water-soluble salt. The
r@i’ on may be carried out by anal ogy with known nethods, e.g. as disclo-

-21- 100-7382 sed in Perrin, Oganic Li gand Chem cal Data

Series 22. NY Perga- non Press (19827; 20 n Krejcarit aHP-Ta8%er, Bi ophys.

Bi ochem Res. Com 77: 581 (1977) and in \Wagner and Wl ch, J. Nucl. Med.

20: 428 (1979). Preferably the conplexing of the LIGAND is effected at a pH

at which the LI GAND OF THE | N\/EI\FI'_I ON i s physiologically stable. .

Alternatively the detectable el enent nay al so be provi ded to the sol ution

t chel ating agewt
as a conpl GSu!\tdﬂleaﬂ-érﬂft?Idﬁegb.@idﬁuﬁf'fdege!rhgﬂtuﬁgeﬁ{oerren ueolugegdf The .

h f late .c t ha
\Sﬂlygl ol ggrglrrﬁaﬁ %%%335 ei‘r? ?Mflﬁf%u% ?s*‘FE%EﬁPEeHﬁiGWFé‘rﬁdeala@vasta-bl e than
t he CHELATEge¢bslyphaveoh haldfalife |omtﬂ=dmed|m(e@e.|oaaa gﬂé&agﬁ% focess. the
4,5-di hydro SShOEY §HE LT n su )
det ect a)l:/)I e )gly%mrlresn? excﬁgnagqlay? ongireéeraltﬂg é—?ﬂi\}ﬂ'—_@ ARXANTI ON may
al so be proftrRundesyane ﬁkﬁ?gusbwﬁhéeriaeéI‘l&loatcaigiagermdtmml‘relﬂ&d with the

detectabl e géerm)! Yt ceR6idh,S RABINR! &ld PPERLRIE. g."e Ot el 95m¥“pr°t ect ed

form and 169Yb and 186Re. Preferably the y-radionuclide is selected depen-

ding on the metabolism of the LIGAND OF THE INVENTION or somato- _
statin peptide used. More preferably the LIGAND OF - THE INVENTION o’
is chelated with a y-radionuclide having a longer half-life than

the half-life of the somatostatin peptide on- the tumor.

Further radionuclides suitable for use in imaging are positron-
' emitting radionuclides, e.g. as mentioned above.

Suitable'ﬁ-emitting'radionuclides include those which are useful
in therapeutic applications, for example 9°f;"‘7—Cu,'1“Re;'
188Re, 169Er, 121gy, 1277, 143pr, 1984y, 109pq, 165py, 32p
142py, The f-radionuclide advantageousl& have a half-life of from
2.3 hrs to 14.3.d, preferably from 2.3 to 100 hrs. Preferebly the
B-emitting radionuclide is selected in order to have a longer
half-life than the half-life of the somatostatin peptide on the
tumor. '

Suitable a-emitting radionuclides are those which are used in
therapeutic treatments, e.g. 211pt, 2124, ' '

The CHELATES OF THE INVENTION may be prepared by reacting the

LIGAND with a corresponding detectable element yielding compound,
e.g. a metal salt, preferably a vater-soluble salt. The reaction
may be carried out by analogy with known methods, e. g. as disclo-



i'f desired renpving at |east .one protecting group which is present. The
same reaction may be perforned w th a chelating agent conplexed with a non
detectable metal ion and thep in the resulting conplexed peptide the netal
i on be replaced by the desired detectable el enent. The CHELATES OF THE
| NVE may al so be produced by linking together a chelating agent _
conpl exed with the detectabl e el enent, gqﬁ.g sonatostat|E @%@tkde f ragnent
conprising at |east one anmno acid in protected or unpro 0%t 8_forn1and_
then continuing the peptide synthesis step by step until the final peptide
sequence is obtained and if desired renoving at |east one protecting group

which is present. Jnste of the detectable el ement the chelating agent may
be compl eged wioEf J&f‘ %Sﬁr_ té’éﬁaé'gFeL’rﬁéPQt Chepiea) Dapp(Series 2220NY Perga-

100- 7882 nay t mem Rresse(1982d¢l 'ﬂmyxfagscadefr.] %uﬁmace;el,'esmhyg.n-_ﬂgbgrtlétng.gﬁg%j ng
conpl exed somagpQSt s, N h4e ere.the che group i

t h?gugh a bri dblgﬁgefozr ss%l:gg?’i@r 8%% ow?ﬂbersﬁ?filﬁ}ﬁlsl&g’t ?’n_ Nech-i Hed- 204,

t hrough a radi g&!" @879brmul a [err] as defined above, ei'ther the
somatostatin peptide or peptide fragnent or the chel ati ng agent may bear

said bridging gr acer group. ~The above mentioned reactions may be
effected in angfﬁg%agﬁ’- l&%&v\ﬁﬂﬁ’éfﬁ% of (iiec HEGAHD &9, efifecterbiast o mfl gtoup
present, the | whixh e <EIGAND OFC PHEENVRPTIONALS) pb?Q%MMPm_y Beanid.cation is
not requi- red. Radionuclides such as for exanple Technetium 99m may be

used _
Alternatively the detectable element may also be provided to the

W solution as a complex with an intermediate chélating agent, e.g.
a chelating agent which forms a chelate complex that renders the
element soluble at the physiological pH of the LIGAND but is less
thérmodynamically stable than the CHELATE. Example of such an
intermediate chelating agent is 4,5-dihydroxy-1,3-benzene-di-
Sulfonic_acid'(Tiron). In such a process, the detectable element
exchanges the ligand. .

The CHELATES OF THE INVENTION may also be produced by linking
together a chelating agent complexed with the detectable element,
and a somatostatin peptide in protected or unprotected form and
if desired removing at least one protecting group which is
present. The same reaction may be performed with a chelating

Y agent complexed with a non detectable metal ion and then in the
resulting complexed peptide the metal ion may be replaced by the

'desired detectable element.

The CHELATES OF THE INVENTION may also be produced by linking
together a chelating agent complexed with the detectable element,
and a somatostatin peptide fragment comprising at least one amino
acid in protected or unprotected form and then continuing the
péptide synthesis step by step until the final peptide sequence
is obtained and if desired removing at least one protecting group
vhich is present. Instead of the detectable element the chelating
agent may be complexed with a non detectable metal and this metal



I n oxidized form e.qg. Tc?99n1pertechnetate, whi ch may be com plexed under
reduci ng conditions. The above nentioned reactidbns. are conveniently

it i di tal contam nation. Preferably
ted under conditions avoiding trace ne
' Széff}il | ed de-ionized water, ultrapure reagents, chel ation-grade

rawe#acti vity etc..are used to reduce the effects of trace netal. The

free or salt form Salts
ATES OF THE INVENTICN may exist e. In .
F?Efude acid addition salts with e. g?ganlc aci ds, d&Oyﬂéaac aci ds or

' ' d acetates, and salt forns
i norgani ¢ acids, for exanple hydrochlorldes and 1K _ _
bgfa?nable with the carboxylic acid groups present in-the nolecule which do

I Ci tion, e.g. alkali. netal salts such as
not particip o the c e forma Ny
sodi um or po s&i u%beofe&?ﬁgé uthe "(ﬁteﬁwbselmnecﬂrammeﬂmsﬁlé

CHELATES OF cuaplezed-Nonidsaacin paptidehar naceuti cal a(r:]cept abl e ;S?rlatg;sng)(h“bl t
d are therefore useful either as an
pharmaceutical activity an ful either as an 1mging
e. suallsatlon of somatostatin recep p
ﬁg?g}st aseg hecHitrhekeating taroup plar attapbeti du:oagiae{ Ib}-i@ﬂ,{gt bpg netal ion

| ide, or as
or a posi tr@!’aeél'tdl‘bﬂﬂ to the Zdmatostatin peﬁt QO 73{3 dil.ag?#filclaecept or

a radi ophar r&c@g{d ggn{ﬁé Pﬁ%tig\ﬂﬁltﬁnggﬁtrpleékw ithe fﬁoa!a[.estdtinOpeptide
P vt 3ﬁ;ﬁ,z&&deaeagimmemmhsxmagr@gaesas bl AL Gl ng | 0°

CHELATES CFoIkﬁigdgy gN possess affinity for somatostatin rece
expressed or overexpres d by tunors and

The above mentioned reactions may be.-effected in analogy to known o/
methods. Depending on the chelating group present, the labeling
' efficiency may approach 100X so that. -purification is not requi-
' red. Radionuclides such as for example Technetium-99m may be used
in oxidized form, e.g. Te-99m pertechnetate, which may be com-
plexed under reducing conditions.

The above mentioned reactions are conveniently effected under
conditions avoiding trace metal contamination. Preferably dis-
tilled de-ionized water, ultrapure reagents, chelation-grade
radioactivity etc..are used to reduce the effects of trace metal.

The CHELATES OF THE INVENTION may exist e.g. in free or salt
form. Salts include acid addition salts with e. g. organic acids,
Ppolymeric acids or inorganic acids,. for example hydrochlorides
and acetates, and salt forms obtainable with the carboxylic acid
groups present in the molecule which do not participate to the
chelate formation, e. g. alkali metal salts such as sodium or
potassium, or substituted or unsubstituted ammonium salts. '

The CHELATES OF THE INVENTION and their pharmaceutical acceptable
salts exhibit pharmaceutical activity and are therefore useful
either as an imaging agent, e.g. visualisation of somatostatin
receptor positive tumors and metastases when complexed vith a
'paramagnetic, a ybemitting metal ion or a positron-emitting



net astases, as indicated in standard in vitro binding assays. A

somat ostatin receptor positive tunmor originating fromthe human gastro
intes al tract is renoved froma patient and imediately put on ice and
wi t hi maxi mal delay of 30.mn frozen at - 80 GCyfFor further

aut or ography this frozen material is cyut on a cryost ( z 1720) in

10 [err] sections, mounted on pre- cl ea'h@g Tn cr oscope ﬁ"&éﬁ%d stored at
- [err] for at Ieast_3 da_ys to i nprove adhesion of the tissue to the slide.
The sections are preincubated in Tris-HCO buffer (50 MM pH 7.4),

~containing [err] (2mVM and KA (5nM, for 10 min at anbient tenperature and
“then washed twradidnorliRle;i or ias 2 headd apharbatéutical tiosuthedapatnansl inal t s

added:~The Secli ang,eal dadk BEth diHCHARLES: "Mosi'tﬁrecfﬂﬁIEaﬂ:m&fdeENﬁiéﬂ\l for

2 houks at anbi ent npe- rature in Tris-HC  buffe

~cont ai ni ng bovF?!@]@éF@lrﬂiéPbﬁrﬁ'n% Rorrgdionuchifgs P%\&“ﬂ fﬁ@dggglitagﬁﬁr‘f err] (5
-V to inhibit tggglgenous proteases. Non-specific binding is determ- ned
by addi ng the correspondi.ng non-1| abel |l ed, non-nodified soma- tostatin
pepti de at a concentration of 1 [err]. Incubat ed sections are washed tw ce
for 5 min in cGhdpamdcileri, othe GHEIATES PR JHR| RYENTION gossemsraffdmisy £ompri ef

dip in distill I d
qui ckly and ap%g"g%tﬁg r&fé&b?ﬁ?&pf@@éﬁ ??eﬁﬁ?’%‘{lﬁggé\&xmggmﬁﬁf ag%l)ﬁt 1
week in X-ray Batastesespoas indicates,da,steddarddn phtrey ')Q%ES WS

LEXEPILS¢;Iet?ssﬁeraftﬁguflIggeCHELATE gi ve very good results in |abeling
added, at a conleFmaiPP tRF 18 To4FBLPF %é’F??i Surt{'gournﬁkfﬁqnggﬂé Poh! il

gastro intestinal tract is removed from a patient and immediately
put on ice and within a maximal delay of 30 min frozen at
- 80 ° C. For further'autoradiography this frozen material is cut
on a cryostat (Leitz 1720) in 10 Hm sections, mounted on pre-
cleaned microscope slides and stored at - 20 ° C for at least
3 days to improve adhesion of the tissue to the slide. The
sections are preincubated in Tris-HC1l buffer (50 mM, pH 7.4),
containing CaClz (2mM) and KC1 (5mM), for 10 min at ambient |
temperature and then ‘washed twice for 2 min in the same buffer
without additional salts added. The sections are then incubated
with a CHELATE OF THE INVENTION for 2 hours at ambient tempe-
rature in Tris-HCl buffer (170 mM, pH 7.4), containing bovine

\./ serum albumin'(lo g/1l), bacitracin (40 mg/l) and'MgCIz (5 mMJ
to inhibit endogenous proteases. Non-specific binding is determi—
ned by adding the corresponding non-labelled, hon-modified soma-
tostatin peptide at a concentration of 1 uM. Incubated sections
are vashed twice for 5 min in cold incubation buffer containing
0.25 g/1 BSA. After a brief dip in'distilled vater to remove ex-
cess salts, the sections:are dried quickly and apposed to [3H]-
LKB films. After a time exposure of about 1 week in X-ray casset-
tes, it is observed that the CHELATES OF THE INVENTION, e.g. a
radionuclide CHELATE, give very good results in labeling the
tumoral tissue without labeling the surrounding healthy tissue
wvhen added at a concentration of about 10-10 to 10-3 M.
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24 - 100- 7382/ W The affinity of the CHEtATES SFVIHFesting.
INVENTICN for somatostatin receptors can also be shown by in

' tic somatostatin receptor
" Ra ' nspl ant abl e exocrine pancrea Sof St TE OF
' ﬁofsistib\e/g“tﬂgmigaarg treated with an intravenous injec- tion of a CHELA

[ | [ ' fter
THE I NVENTION. Injection site is the penis vei n.tlh(ramg0 _ﬁargrg%/%? ter
I nistration, the aninals are positio- ned on . . R ous
. o and the distribution of radi oactivity is nonitore varl
gamm_—c?mra\r/:l s. Biodistribution of radioactivity may al so beddgt te(r:;nm_ €
tlh?gulgﬂ geri al -sacr-ifice of a nunmber of such treated rats an e

i ni i on-of ' ATE OF THE
i Q@ -adi Ct L Vi ., After adm nistration-of- - a CHELAT.
VST O, THe s220ity B8] AR°kintds i WRE TWENT IRt asonafe¥taligm tting —
| NVENTI ON, e.g. a radio- _ B'rwh'] OE'H ND | abel ed with 0.1 t w2
CHELATE, ateefPdessigenodlsor benshoi By (R vivoOteddi e

i unt ite bi det'ect abl e together .with the
| [ li- de the tunor site becones de e N
gfgaagdkﬁnug excretion essentially takes place. CHELATES OF THE | NVI
ety b

oo e b s ek g sl e v 11 <
1) ccgremgontue ok BE G 0TI T 0
AVENTT O Vr T8 SHELITe R Ao NYRRTON . Indedtdan (ddtensy the Boiiani ster o

l ar ent er alVeyn. pingkdistely afteraadniadotittion S e Ja?ﬁ%rge[ Fﬂ%ti?hje

EOI uti ons g '&Ust'ﬂ@né S B08ar §%ef - abl-y aI A Slflngq Y é. Jsriiﬁuﬁ@i(aufpl e, the
appropri at e dosa e._vﬁ'l Of c ur%@a{gﬁf Hff’zﬁadi” ';“5 :’E he radionucl | de. A
LI GAND an&?f’h‘éa%‘_gﬁéwoflsdmré@pm_e; arfens HuedinRrda1d e | U

Biodiétfibution'Of'raQioactiyity may alsb:be deterﬁined through
serial sacrifice of a number of such_;reated rats and determi-
nation of the organ radioactivity.

After édministration df'a CHELATE OF THE INVENTION, e.g. a radio-
nuclide CHELATE, for ek;mble a yaemitting.CHELATE, at-é_dosage of
from 1 to 5 ug/kg of LIGAND labeled with 0.1 to 2 mCi radionucli-
de the tumor site becomes detéctable together with the organs
vhere excretion essehtialiy takes place.

CHELATES OF THE INVENTION for use in in vivo detection are the
CHELATES which are complexed with a yaemit;ing radionuclide, a &
positron-emitting radionuclide or a paramagnetic metal ion, e.g. .

as indicated abbve. 1 _ o o

The CHELATES OF THE INVENTION for use as an imaging agent in

method (1) may be admihistered'paren;erally, preferably intra-

vehdusly, e.g. in the.form_of'injectable solutions.o:-suspen—.

sions, preferably in_a single injection. The appropriate.dosage

will bf course vary depending.upon,_for_example, the LIGAND and

the type of.detectabie_élement used, e.g. the radionuclide. A

suitable dose to be injected is in the range to enable:imaging'by
photoscénning pr§cedures known in the art. When a radiolabeled
CHELATE OF THE INVENTION is uséd, it may advantageously be



suitable dose to be injected is in the range to enabl e imagi ng by

phot oscanni ng procedures known in the art. Wen a radiol abel ed CHELATE OF

THE I NVENTION i s used, it may advantageously be - 25 -

100--7382/V admi ni stered in a _dose having a radioactivity of fromO0.1 to 50

nCi, preferably 0.1 to 30 nCi, nore prefgrably 0.1 to 3@oufagsAn 1 ndi cat ed

dosage range nmay be of from1l to 200 [err] LIGAND | abel ed mﬁth 0.1 to 50

nCi, preferably 0.1 to 30 nCi, e.g. 3 to 15 nCi, [err]-emtting

radi onucl i de, dependi ng on the.[err]-emtting radionuclide used. For

exanple with | I S eferred.to,use a r.adi oacti vi I n e | ower range,

Wne?gas with mlift?rse 5‘éfaefif’§%l haying @ 54’:?&%%1"&5%?{ \FEPR é’ﬁetﬂ r range.

The ept:i chmenhci N ptéﬁeﬁabhprd deto B0snCies motd brbflfra&ﬁ&iELﬂ\'l[ESormymbe fal | owed

by thewcor 1 espandi0gs |dRRELOGehee WAl biESe Fedk 1184 80 ML ERINTSdbEI P
rotating

i magi ng i nstrunent scanner err]-canera ,
[err]-canera, vidch. br@f éealﬂiy prafenakly Qskitot 30 mCRETe adnta 15Pwéi & r on

eni ssi on tonv?rémfmng w&alﬁﬁunwnaeﬁnd%{ o%Ci‘Hlé"y‘leﬁﬁlihE”FéEionJ@ﬁdg"ELATEs
OF THE | NVENT a mpjor part of the err%joem- ttirng CHELATES i s

subst anti al | y“%@crg?g(fx?ﬂ?]tfu{ijhﬂf H8+ k}HgdsyRrefrurethde vR% asFmOﬁF&amyy
accunul at e i nid hel 1oter. rédgel, AMllievetl wilth TAVENTiOpréferrddetd msenaVvi vo

treatnment are_t nplexed with a [err]- or [err]-radionuclide as
defined above® J&S§§5€§t§n})’? gtggd"ﬁpﬁ prAeEr sing the therapeutic nethod of the
present invention wi.ll of course vary depending e.g. on the

. The enrichment in the tumorigenic sites with the CHELATES may be

N followed by the corresponding.imagihg techniques, e.g. using
nuclear medicine imaging instrumentation, for'ekample a scanner,
y-camera , rotating yhcémera, each preferably computer assisted;
PET-scanner (Positron emission tomogréphy); MRI equipment or CAT
scanning equipment. .

The CHELATES OF THE INVENTION, e.g. a major part of the yhemi—'
tting CHELATES is substantially excreted through the kldneys and
does not significantly accumulate in the liver.

CHELATES OF THE INVENTION for use in im vivo treatment are the )
CHELATES complexed with a e~ or f-radionuclide as defined above.

Dosages employed in practising the therapeutic method of the
present invention will of course vary depending e.g. on the
particular condition to be treated, for exemple the volume of the
tumor, the particular CHELATE employed, for exemple the half-life
of the CHELATE in the tumor, and fhe therapy desired. In géneral,
the dose is calculated on the basis of radicactivity distribution
to each organ and on obsefved.;arget uptake. For example the
CHELATE may be administered at a daily dosage rahge having a
radioactivity of from 0.1 to 3mCi/kg body weight, e.g. 1 to

3 mCi, preferably 1 to 1.5 mCi/kg body weight. An indicated daily
dosage range is 6f from 1 to 200 ug'LIGAND labeled with 0.1 to



i cul ar condition to be treated, for exenple the volume of the tunor,
Pﬁ;tbgrt?cular CHELATE enpl oyed, for exenple the half-life of the CHFLATE
in the tunor, and the therapy desired. In general, the dose is calcu atg
oh the basis of radioactivity distribution to each organ and on obsFrve
target uptake. For. exanpl e the CHELATRgnmy be adn1n|§é§fﬁ%22tda 32: %t
dosage range having a radioactivity of from0.1 to 3 é' tgd i |
e.g. 1to 3 nC, preferably 1 to 1.5 nG/kg body weight. An indicate a Y
dosage range is of from1 to 200 [err] LI GAND | abeled with 0.1 to -

ht . 0.1 to 1.5 nCi/kg body weight [err]-
(%(r)o[ (73??]2/ \éVm3¥,€9|Z5kgoJ§, 8’% tll gﬁ g cgngetrﬂ &n? (BFi4keibodyt eeighti @ @irvi ded doses

up to 4 tifeenittdag. raﬂhent[aé.rld]a; convéreiienk 12 ndint h 1k BEEELAT Gy {Feq THE '{WEa'\E ON
may be adnigpiss tu‘Erféi el AT-Ti0Y entlonal route, in particular par enI er " Y,
e.g. inthe formo |njecta e solutlons or suspen5|ons They may al so be
admi ni st ered advant ageously by i nfusion, an infusion of 30 to 60 m n.

Dependi ng - on the & te Bf-eniﬂi%ﬁg“ﬁgmfﬂgedpfﬁ?g B catgg |ste ed H)gsl 8fse as

ble t tunor site means

gg?nSIm stra?ueoen ¥ 3t somyRRyi ﬁ'é%'eﬁa“% th’%ftés'd@rapamteaaﬂmf etgie CHELATE
used and t ke thecfetn of :t:@teezaﬂhes&iEhAIE%xOEuiJ shEC}PC/sgN}g%' y?%eo Such
admi ni st er r ceutl ca a
ke e L AN o ARG
activity a0 to 60 min. Depending on the site of the tumor, they may be
' administered as close as poss1b1e to the tumor site, e.g. by

means of a catheter. The ‘mode of admlnistration selected may

depend on the dissociation rate of the CHELATE used and the

excretion rate.

-

The CHELATES OF THE INVENTION may be administered in free form or
in pharmaceutically acceptable form. Such salts may be prepared

in conventional manner and exhibit the same order of activ1ty as
the free compounds.

The CHELATES OF THE INVENTION for use in in vivo imaging or

therapy may preferably be prepared shortly before the admi-

nistration to a subject, i.e. the radiolabeling with the desired

detectable metal ion, particularly the desired o-, 8- or y-ra- g_j
dionuclide, may be performed shortly before the administration.

The CHELATES OF THE INVENTION may be suitable for imaging or
treating tumors such as pituitary, gastroenteropancreatic,
central nervous system, breast, prostatic, ovarian or colonic
tumors, small cell lung cancer, paragangliomas, neuroblastomas,

pheochromocytomas, medullary thyroid carcinomas, myelomas, etc.
and metastases thereof.



the free conpounds. The CHELATES OF THE | NVENTION for use in in vivo

i maging or therapy may preferably be prepared shortly before the adm -
nistration to a subject, i.e. the radiolabeling with the desired detectable
metal ion, particularly the desired [err] or [err]«fa- dionuclide, may be
performed shortly before the admi nist ratj-on. The CHELAT. Eﬁ % %}% | NVENTI ON
may be suitable for inmaging or treating tunors such as p §
gastroenteropancreatic, central nervous system breast, prostatic, ovarian
or colonic tunors, small cell |ung cancer, paraganglionas neur obl ast onas,
pheochr onocyt medul | ar hyroi d .carci ngmas, nyel omas, etc. and

met ast ases tthté%xfdmg to azfn/rtth ¥ embodiment o @’G WW’)\CGSFdl ng to a

TKl(/ tE Rgr/ Oe\zlnbodlmfﬂlittdhgtmmmnﬁ'lm INVENI&ON][daye?létn'I bagstHtE&N g@E%THE
may e g or, eval uation o
ki dney functi og é% ogp‘:s}?eog ?ﬁ’atl g 5‘?%%@%? fpny Hbuse is injected

intra- venously through a tail vein with 0.1 n containing 1 nC of a

CHELATE OF THErOMEDE] fiVe diee 8626 dddfiydll<aced ﬁ.goxge ?ng ¢ cages for

the coll ection of excreted urine. CatIOI’l t he
urethras are VRRHSSY thireuehe faik V&%Es‘f’ﬁét? 1 mddcontehning érteﬁiopm al nagi ng

of the uropoi €HELATEY6F TEEI ENVENTIOMNA TR/ Imisi 4% fthén Eiﬂééd 1 HBgd ol fE NI que.
roves I maging

of ronal oxcr S0 $3E s bRt afctioreved abine A 19 5t 2) Bifo 50 D
post-injection, the urethras are ligated and the mice anestheti-

zed with chloroform. Imaging of the uropoietic system is carried

out using the usual imagihg technique. In this test, the y-emit-

ting CHELATES OF THE INVENTION improves imaging of renal excre-

tion when administered at a dosage of from 0.1 to 30 mCi.

.’\/.



28 100- 7382 According to a further aspect of the invention,
there is pro- vided: i. a pharmaceutical conposition conprising a LI GAND
OF THE INVENTION in free or.in pharnaceutically acceptable salt form
t "B her with one or nore pharmaceutically acceptable carriers or diluents
for; ii. a pharmaceutical conposition conprising a CHELATE according
to the i nvent ion in free or in pharnmacesiti cally accepygplmggalt form
together with one or nore pharnaceutically accep- table carriers or
di luents therefor. Such conpositions may be manufactured in conventi onal
manner. A conposition according to the invention may al so be presented in
separate package with instructions for mxing the LIGAND w t-h the netal ion
and for the adm |st at i (ﬂ‘ the resulting CHELATE. -It may al so be =
presented i ASEAH ?(afg}"r'ﬁ SEhagpecs of thg invegtiomadshenme isoptari ni ng  w
separate unmtdeﬂxsages of the LIGAND and the detectable netal ion with
I nstructions for mxing themand for adm nistration of the CHELATE. A

diluent or carrier may be pr sent in the unit dosage forns. In the
fol | owi ng e}arrplaei' a@alcetlé&pér eenpogs tiune comprisfing ra Lagu o rire val ues

uncorr ect ed. The:n‘imh-j-m ) r&viggt
tert.-butoxycar t}ﬁ TFA trﬁ%fglg ﬁlégcgﬁ}?a% &ggﬁaoxggepta?’ie salt
%

di et hyl enet ri am etﬁﬁﬁgl,’é"t ©ng or more pharmaceutically acceptable
: carriers or diluents therefor;

ii. a pharmaceutical composition comprising a CHELATE according \,ﬂ
" to the invention in free or in pharmaceutically acceptable
salt form, together wvith one or more pharmaceutically accep-
table carriers or diluents therefor.

Such oompoéitions'hay be manufactured in conventional manner.

A composition according to the invention may also be presented in

separate package with instructions for mixing the LIGAND with the

metal ion and for the administration of the resulting CHELATE. . It

may also be presented in twin-pack form, that is, as a single

package containing separate unit dosages of the LIGAND and the

detectable metal ion with instructions for mixing them and for
administratioh of the CHELATE. A diluent or carrier may be pre- \')
sent in the unit dosage forms.

In the follovwing examples, all temperatures are in ° C and [«]29-
values uncorrected. The folloving abbreviations are employed:

Boc tert.-butoxycarbonyl
TFA  trifluoroacetic acid
DTPA diethylenetriamine—pentaacetic acid



29 100-7382 EXAMPLE 1: DTPA- DPhe- Cys- Phe- DTr p- Lys- Thr - ol
1.1 g of DPhe-Cys-Phe-DTrp-Lys([err]-Boc)-Thr-Cys-Thr-ol in free base (1

mV) , dissolved in 5 1 of dioxan/[err] 1/1 (v/v) and reacted with 5 g
[err] e 520 ng of DTPA dianhydride is slowy added with stirring. The
react mxture is stirred for a further 30 mn and dry-frozen. The

residue is dissolved in 250 m water and 2%he pH is adjusigglyzgapH 2.5 with
concentrated HO . The pre- cipitated product is filtered out, washed and
dried over phosp- horus pentoxide. After chromatography on a silica-gel
colum, the follow ng products are isolated: 230 ng of DTPA- DPhe-

Cys- Phe-DTrp-Lys([err]-Boc)-Thr-Cy -Thr-ol and 500 ng of the correspondi ng

di ner -DTPA- ( DPEEANRIE phe DIPPA+DEhesCy s Mg )lerr]. 3 m of
TFA a¥fe nixed with 200 ng of DIPA-
Lys([err]-Boc)-Thr-Cys-Thr-ol. After 5 mn at roomtenperature, the mxture
IS precipitate diiso and dried. The residue

i s desalted ovg{ éjgf QEde a’(f gﬂrpghm(eeboq)l-ﬁhd-%mmoaf 14 et Eils% b
TR [T o et G e e T L
of di-tert. buty pyr%carg S%I%BT? déenhﬂdréﬂe DiFslonly atided y added
in drops at robhit 8hixningurthet veaxtion mixture is stirred for a further

30 min and dry-frozen. The residue is dissolved in 250 ml water

and the pH is adjusted to pH 2.5 with concentrated HCl. The pre-

k_/ ) cipitated product is filtered out, washed and dried over Pphosp-
horus pentoxide. After chromatography on a silica-gel column,
the following products are isolated: 230 mg of DTPA-DPhe-

Cys-Phe-DTrp-Lys(e—Boc)—Thr-Cys-Thr-ol and 500 mg of the

corresponding dimer DTPA-(DPhe-Cys-Phe-DTrp—Lys(s—Boc)-Thr-Cys-
Thr-ol),. '

3 ml of TFA are mixed with 200 mg of DfPA-DPhe-C}s-Phe-DTrp-

Lys(s—Boc);Thr;E;s-Thr-ol. After 5 min at room temperature, the
mixture is precipitated with diisopropylether, filtered out and
dried. The residue is desalted over Duolite and lyophilised to
yield 150 mg of the title compound:

[a]:° =~26,6 ° (c =195 X AcOH).-

The starting material may be produced as follows:

1 .
a) H—DPhe-Cys-Phe-DTrp-Lys(Boc)-Thr:E;s—Thr-ol

2,25 g of di-tert. butyl-pyrocarbonate, dissolved in 30 ml of
DMF, are slowly added in drops at room temperature to a

solution of 10 g of H-DPhe-Cys-Phe—DTrp—Lys-Thr-Cys—Thr-o1-
acetate in 100 ml of DMF. After two hours at room tempe-



.Sol ution of 10 g of H DPhe- Cys- Phe-DTr p-Lys-Thr-Cys-Thr-ol - acet at ﬁob%%gg
m of DMF. After two hours at roomtenpe- - 30- ' -
rature, the solvent is drawn off under vacuum and 200 m of _

di i ropyl ether are added to the residue. The deposit which is being |
fo@ is filtered off, washed with di i sopropyl et her and drled. Tgé (2:/rt|\1/eg_|
product is purified by chromat ogr aphy oygr_silica gel (l%lou X S:H29 g oL
9/1) and is then iso- lated as a white anorphous powder. H I rr]_
1.28 in DVF). EXAMPLE 2: DTPA- ( DPhe- Cys- Phe- DTr p- Lys- Thr-Q/s Thr-ol)[e
The fraction containing the internedi ate product DTPA- DPhe- .

Jh as obtained in exanple 1 is
tquZa'ltagg l;)‘sl'r Sels_zfl% d‘géb?\gl)ee sf’%—‘r'etiﬁsc‘%ﬁa;’%s URYRF MBeHRr Ard 20Pml tofe Boe.
protecting group9iiroprrgrylether drecadded! to tthe tédid@e C TRROBESbs il SHiden™ - B4, 5
(c = 0,55 9ﬁ %Aﬁgﬂein ; Ly;'.!c-s_l_%li]_.t&'ed_l%ff, Ylashed ovith di{ﬁopropylether
[FEE)LLeC%EP PﬁeQIDgf?{q % & Gke_cmpde prodynt -is purifiednyt ehoématography

Froc- [ err] - ani noewsxr eibiacgdl a(reduiﬂﬁ tm,clf /hwh“ @)‘Y) a@ﬁ”}é’t{heﬁzﬂ g are

tron | s added a
di ssol ved in 10 f DNF cool 0 C this solu
solution of 115 mtegfadl Cwﬂ?g% Bo‘iﬂ fFde |n 5 m of DMF (cooled to

-10 C). After a kg (Q,H’O'W ﬂl ?rdcof- 1248him|rm11?)dur| ng whi ch the mxture

EXAMPLE 2: DTPAF(ﬁPhe-G;eéPhe-DTrpblwﬁ—Thr;a;s-rhr—oila W,

The fraction containing the intermediate product DTPA-DPhe-

Cys-Phe-DTrp-Lys(e—Boc)-Thr-Cys-Thr—ol)z as obtained in example 1
+is treated as described above for the corresponding monomeric

form, the Boc protecting groups being removed to y1e1d the title
compound'

[a];° = - 24,5 ° (¢ = 0,55 95 % AcOH).

" EXAMPLE 3: ggN—(CH;);-COQDPhe—Q§s-Phe-DTrp—Lys;Thr-é;s—Thr—ol

a. 0.56.g of H-DPhe-Cys-Phe-DTrp-Lys(BOC)-Thr—Cys-Thr—ol, e
0.5 mmole of Fmoc-¢-aminocaproic acid and 115 mg of hydroxy-
benzotriazole are dissolved in 10 ml of DMF and cooled to
-30° C. To this solution is added a solution of 115 mg of

‘dicyclohexylcarbodiimide in 5 ml of DMF (cooled to -10° C).

After a reaction time of 24 hours, during which the mixture
wvarms to the room temperature, the resulting dicyclohexylurea
is filtered off and the filtrate is diluted with water to ten
times its volume. The precipitated reaction product is filte-
. red. off, washed and dried over phosphorus pentoxide. The
crude product is used without further purification for the



warns to the roomtenperature, the resulting dicyclohexylurea is filtered
off and the filtrate is diluted with water to ten tines its volune. The

precipjtated reaction product is filte- red off, washed and dried over
phOSF@JS pent oxi de. The crude product is used without further
purifwedtion for the - 31- 100- 7382 next step. b. .

Fnoc-cl eavage 0.5 g of crude product framsgoupling reactiﬂfkgg% are treated
for 10 mnutes at roomtenperature with 5 m of DWW/ piperi- di % 4/ 1 vlv
(clear solution) and subsequently m xed with 100 ml of diisopropylether.
The reaction product which.is thus precipitated is filtered off, washed and
dried. This crude peRfWiepls used wi thout further purification i'n the next
step. :c. BOC cl eavage 300 ng of crude product obtained in (1.b) are treated
for 5Ninutes at roomtenperature with 5 m of 100 % TFA {(conplete- |y
di ssol ved) and bubgaceidlebyagd xed with 50 ml of diisopro- pylether. After
addition of 2 m oB yCI/giet% Iq%g@rlgruaresulting deposit is filtered
of f, washed and drred § §aH éhp Ghnfromeoupldng reaption Sa) sref trented
chromat ogr aphy on £p¥ il0animeiteg] &t oo/ kinPedd tdrk)wi thi § 1S S %%ﬂ'
de-sal ting over Dugkid & ANANKENar Lfichod bl sudsotdicds B B3k 100

ml of diisopropylether. The reaction product which is thus

precipitated is filtered off, washed and dried. This crude

product is used without further purification in the next

U step. .

c. BOC cleavage _ :
300 mg of grudg product obt;inéd in (1.b) are'treated for 5
minutes gﬁ room temhe:aturé with 5 ml of 100 ¥ TFA (complete-
" ly dissélvéd) and subsequently mixed with 50 ml of diisopro-

pylether. After addition of 2 ml of HCI/diethylether, the
resulting deposit is filtered off, vashed and dried in a high
vacuum, '
The end product is purified by chromatography on silica gel
(CHCl, /MeOH/H;0/AcOR 7/3/0.5/0.5), with subsequent de-salting
over Duolite (gradient: H;0/AcO0H 95/5)---H,0/dioxane/AcOH
45/50/5).

\_/ The title-éompound is obtained as an acetate (whité lyophili-
sate). '

[a];° =~ 32° (c=0.5 952 AcOH). -

The resultiqg compound may be used for reaction with DTPA in
accordance vith the procedure of Examples 1 and 2.

EXAMPLE 4:

By following the procedure disclosed in Examples 1 and 3, the
following LIGAND can be prepared:



45/ 50/ 5). The title corrpound IS obtained as an acetate (white Iyoph| li-
sate). [err] =- 32 (c = 0.5 95 % AcOH). D The resulting conpound may be
used for reaction with DITPA in accordance with the procedure of Exanples 1
" &nd 2. EXAMPLE 4: By follow ng the procedure di scl osed in Exanples 1 and 3,
the follow ng LI GAND can be prepared: 32 100- 7382/ W
DTPA- [ err] Al a- DPhe- Cys- Phe- DTr p- Lys- ?ﬁr-Cys Thr-ol . H99r7§824H - [err] (c
0.5 95 % AcOH). EXAMPLE 5: [err]ln | abel ed

DTPA- DPhe- Cys- Phe- DTr p- Lys- Thr-Cys- Thr-ol 1 ng

DTPA- DPhe- Cys- Phe- DTr p- Lys- Thr-Cys-Thr-ol is dissolved in 5 m 0.01M acetic
acid. The r sultlng sol utromTs—passed—+hough a 0. 22[err] Mllex[err]-Gv
filter (Regﬂ Shehida- ??MYMH&DWLMFSBEHQ&'HM ol.l n portions and stored
at [err]. [err] (Amersham 1 nCi/100 [err]) is prediluted in an equal !
vol ume of .0.,5M sodi cet at nd, | gbeling is carried out by mxmgthe

| i gand wit cx]'bhe‘ ['elr1 2’0 Bt @ng (r:g;é ge‘h"(qﬂé honogeni sati on at room
tenperature. HEPES buffer, pH 7.4, is then added to nake a solution 10-6 M
EXAVMPLE 6: [err]. | abel ed DTPA- DPhe- Cys- Phe- DIr p-Lys-Thr-Cys- Thr-ol

EXAMPLE 5:  1111n labeled DTPA~DPhe—C§s-Phe-DTrp-Bys;Thr—C;s-

~ Thr-ol

1 mg DTPA-DPhe-C&s-Phe-DTrp-Lys-Thr-C}s-Thr-o1 is dissolved in o
5 ml 0.01M acetic acid. The" resulting solution is passed through

a 0.22y MillexX®-GV filter (Registered Trade Mark) and dispensed

in 0.1 ml portions and stored at -20°C. 11iipCl, (Amersham,

1 mCi/100 ul) is prediluted in an equal volume of 0.5M sodium

acetate and 1abe11ng is carried out by m1x1ng the llgand wvith the

InCl; solution and gentle homogenisation at room temperature.

HEPES buffer, pH 7.4, is then added to make a solution 10-6 M,

EXAMPLE 6: 997 labeled DTPA-DPhe-Cys-Phe-DTrp-Lys-Thr-Cys-

Thr-ol . \n’

90Y is obtained from a 99Sr-99Y radionuclide generator. The cons-
truction of the generator, its elution and the conversion of the
[°°Y]EDTA to the acetate complex are performed in accordance with
the method disclosed by M.Chinol and D.J. Hnatowich in J. Nucl.

Med. 28, 1465-1470 (1987). 1 mg of DTPA-DPhe-C;s-Phe-DTrp-Lys- |

—
Thr-Cys-Thr-ol dissolved in 5ml 0.01M acetic acid is allowed to
warm to room: temperature and 1.0 mCi of °°Y in S0 pl sterile 6 5M
acetate is added. The mixture is then left undisturbed for 30 min
to 1 hr to maximize chelation.



doy is obtained froma [err] radionuclide generator. The cons- ‘truction of
the generator, its elution and the conversion of the [err]EDTA'td 't he
acetate conplex are performed in accordance with the nethod di scl osed by
M Chinol and D.J. Hnatowich in J. NuéB.-Med. 28, 1469042382 (1987). 1 ngy of
DTPA- DPhe- Cys- Phe- DTr p- Lys- Thr-Cys-Thr-ol dissolveéd in 5m 0.01M acetic
acidis allowed to warmto roomtenperature and 1.0 nC of 90Y in 50 [err]
sterile 0.5M acetate is added. The m xture is then left undisturbed for 30
mn to 1 hond growxiofi g@nathetaatinopeptides oF3the invention are e.£00- 7382 One
group of s 1N i des_of .the jnvention are e.g. sopatostatin

anal ogues,Q%Etgﬁz%ght%r?aﬁgg‘lf‘gﬁ’egg%&oﬁo%%aemo t%@sgrﬁ%ffngcq%t Rits a

chel ating ¥rtidgpacid vhitss aachedehbng gyoumivtiiamiisoagtahedbyo anidni de bond, the
chel ak¥ng KidPeRRIPNBy Anhehideh ' ' or in salt
form One ar ouggof pClg-?’ELATES O:%I'hH% ?KI%E%I‘FF%%%EW%Q%% tofct)fs?%lg]ti n peptides

just nenti IEPE TeiPrexds fFeenfarmoretn Aslé fr@pent, e.g. a netal ion,
in free formor in salt form - - 34 - 100- 7382/ W CLAI M5 1.

oo oL, RO R 8, B Sy 2 SRR B o0l © O

peptides just mentioned above complexed with a detectable

element, e.g. a metal ion, in free form or in salt form.



or in vivo diagnoétic t echni ques, the chel ating groep, belng”covalently
linked to an anino group of said peptide, this amno group havi ng: no
significant binding affinity for sqpatostatin recngd%% ghe ‘t hus "nodi fi ed
somatostatin peptide having binding affinity for Somat 3( tin receptors,

and the chel ating group being other than a sugar+esidue, in free formor

in salt form 2. A sonatostatin peptide bearin st one chel ating
group co d with an el ement det ect M| “H Iﬁn ic or in vivo
di agnost i hni ques, the chelatlng ntIy i nked to an

am no group of said peptide and this an1no group havi ng no significant

binding affinity for somatostatin receptors, the thus nodified somatostatin
peptide having binding affinity for somatostatin receptors, in free formor
in salt flbrmh sonagostatdnopardide heepingiet abmast dinegchelatling rgrbupr 2, wher'ed.n

the chel ati nGaﬂ{Hllépof %oﬂbiéﬂ&ﬂ&da& Qi et Bl P e ) heBl QR 481 the

somatostatin pepti A sonmt ostatin peptlde according to any one of
the precedin§ Pdl—“ax-w d\%ﬂ@%*ithct??é‘hﬁweatlﬂ@ ghedasing gapumdiedagdirectly or

indirectly tootdlenaly Il(inlgéd)lw &f affidl ghewy Io(ﬂesaﬁ pé’pﬁaaataﬁkatl n peptide

accordi ng to recedL E e chelatlng gr oup
i s attached By angg%pdea% 01%d ?OSI§57‘ 8 f‘i%‘ginﬁ a?fmlty for

somatostatin receptors, the thus modifled somatostatin

- peptide having b1nding affinity for somatostatin Teceptors,
and the chelating group being other than a sugar residue, _
in free form or in salt form. : g_)

2. A somatostatin peptide bearing at least one chelating group
complexed with an element detéctable by therapeutic or in
vivo diagnostic techniques, the chelating group-bging |
covalently linked to an amino group of said peptide'and this
amino group having no significant binding affinity for
somatostatin recéptors,
the thus modlfied -somatostatin peptide having binding
aff1n1ty for somatostatln receptors,

in free form or in salt form.

3. A somatostatin peptide according to claim 1 or 2, wherein _
the chelating group is attached to the terminal amino group &/
of the somatostatin peptide.

4. A somatostatin peptide according to ény one of the preceding
claims, vherein the chelating group is attached directly or
indirectly to the amino group of said peptlde.

5. A somatostatin peptide according to any one of the preceding
claims, wvherein the chelating group is attached by an amide
bond to said peptide.



-'35- 100- 7382/ W6. A somatostatin peptide according to any

one of t alm; wherein the chelating group is selected from
t he grou { ] n | m nodi car boxyli ¢ groups, polyani nopoly-- carboxylic
groups, Mﬁ m /macrocyclic am nes, gr oups of formula IV or V
[ ERR] V\,he R2 and R3 |rrdé|§eﬂdently "9 [ L00}-2382/N, [err]aryl

or [err]arylalkyl, each optlonally substituted by OH [err]al koxy, COOH or
[err], n" is 1 or 2, i is an integer from2 to 6, and TT are independently
[err] or [err] amno acids linked to each other by am de bonds, groups

derived fromly s- @rﬂdﬂxﬁwét@udeﬂép‘f%é \Reordin@gMdlidn} sne TETLRS éhaé@mg
derivatives, fromfropy ene am ne oxi.ne deriva- ti ves from I am de

di mercapti des or FaWSpofisRein dde chelating @spup gs splected frampthe 35 .

100-7882/W7. A §ﬂr®t eeﬁsﬁtsltmgpemt inlimodterbdiplid grovms,Mpblyariassely-t he

chel ating group ' 2arbo i/ecd gfrgt?pns],agggu S ngdiv%]:l Epormnﬂlagro\élyc JI.ECRR it\lltlas,vmerEI :

groups of formula IV or V

0 0 0
" " "
Ry ~C-8-(CHz )n » ~C-(TT) s -C- Iv
R 0 0
K'/ 1t "
R, -C—S—(CHz Yp » ~C-NH-CH; 0
" L . :
CH-C- ' v

R3-Cfs-(CH2)n.-C—NH_
1" "
o 0
vherein
each of R;, R, and R; independently is C1_5alky1, Cs_,aryl or
Cy-garylalkyl, each optionally substituted by OH,
Cl_4a1koxy, COOH or SO3H,
n’ is 1 or 2,
i is an integer from 2 to 6, and

\_ TT are independently « or 8 amino acids linked to each other
by amide bonds,

groups derived from bis-aminothiol derivatives, from dithia-
sémicarbazone derivatives, from propylene amine oxime deriva-
tives, from diamide dimercapfides'or from porphyrins, in free
form or in salt form.



each of [err] and [err] independently is hydrogen or [err]Jalkyl, X2 is a
group capable of reacting with the N-am no group of the peptide, and m is
+2 or 3, froma conpound of Tornula VII. [ERR] wherein X2 is as defined

200- 7ae2/ WINIWBTHEANOM] ™' & '} see (et 11 i naepengenighygare hydr ogen

or [err]al Kyl ,* ahd X2 aand ni* are as defined above,: or froma conpound of
formula | X [ERR] wherein [err] is a divalent radical optionally substituted
and bearing a group capable of reacting with the N-am no group of the
peptide, and.[ ex isbmatosda®in [pRbE1deMIEES Lfi kerplal kyl . 8. A
somatostatin peqri?t }lde. 'accordi[pnb toe.cl a‘?‘l%@%#egv%]é%%ﬁnnkf h‘é‘letfﬁéf\(aiheng group is
derived from ety a8 &IFEMP&E Asrd¥ed firen & icomp@DUAPE fiiretkylvane tri ani e

pent aacetic acid (DTPA), _ ~
%2
ffccuza’T"
"y
HN NH _
r/’ Vi
RNt ),;(Zzz
SH HS '
RZO 23
wherein :
each of Ryo, Ry;, R;; and Rz3 independently is-hydrogen or
C1-4alkyl, '
X, js a group capable of reacting with the N-amino group of the
peptide, and |
m’ is 2 or 3,
from a compound of formula VII
Tz
N N '
~
w oy
HN"l\‘SH HS~ NH o

whefein quiﬁ as defined above,

from a compound of fdrmtla VIII

SR
2
LS
N NH -
R8> Rt | Vit
Res Rag
R24 ’,’ Ra9
OH OH



ethyl ene glycol-0,0' -bis(2-aminoethyl)-N,N,N,N -tetraacetic acid (EGTA),
N, N - bi s( hyarexybenzyl) et hyl enedi am ne-N, N - di acetic acid (HBED),
triethyl.enet hexaacetic acid (TTHA), substituted EDTA or -DTPA
1,4,7, 10-tet m&w HE umcane N,N,N ,N'-tetraacetic acid (DOTA) and

1,4,8,11-tet cane-N, N ,_I\f;;, N' "-tetraacet gy TETA),in
free formor in salt form 100- 738j2(;b\/6)8bgl

somat ostatin peptide according to cI aim8, wherein the chelating group is
derived fromdiethylene triam ne penta- acetic acid (DTPA), in free formor
in salt form 10. A sommtostatin peptide according to any one of the
precedi ng cl ai ns, wherein the somatostatin peptide is derived froma
conmpound of form.ﬂherlenﬁ ERR] wherein A : is [err]al kyl,

[ err]phenyl al k of f orgrul I S hydr ogen,
[err]al kyl, phé!ra\y orR %r?‘? éﬁyll{;ﬁ aR“ Naad l{mRtfé)éf’ega%{yzlgtn
D- phenyl al ani ne rhysirdgen @pt‘ilmahbﬂ,yand ng-substituted by F, O, Br [err],

Lerr], O [er k] aldih ¥/ 8 degipdbbow,; D) the residue of a nat ur al
[err]-am no acid
or from a compound of formula IX

K‘3

“ o ;V\ ]/ Ix.'

q

wherein .

X3 is a divalent radical optionally substituted and bearing a
group capable of reacting with the NQémino group of the
peptide, and

Ys is H or CO,R3¢ wherein R3¢ is C;_,alkyl.

K~/ 8. A somatostatin peptide according to claim 6, wherein the
chelating group is derived from ethylene diaminetetraacetic
acid (EDTA), diethylene triamine pentaacetic acid (DTPA),
ethylene glycol-0, 0'-bis(2—aminoethy1)—N N,N’ ,N’-tetraacetic
acid (EGTA), N N'-bls(hydroxybenzyl)ethylenedlamine-N N’ -
diacetic acid (HBED), trlethylenetetramlne hexaacetic acid
(TTHA), substituted EDTA or -DTPA 1,4,7,10-tetra-azacyclodo-
decane-N,N’,N’’ ,N’’’-tetraacetic acid (DOTA) and
1,4,8,11-tetraazacyclotetradecane-N,N’ ,N’’ ,N’’’_tetraacetic
acid (TETA),in free form or in salt form.



ot her than defined under a) above,” naphthyl-methyl or pyridyl-nmethyl or a
resi due of a corresponding D-am no acid, or - 39 - :
100- 7382/ Wc)—a dipeptide residue in which the indivi- dual am no acid
residues are the sane or different and are selected fromthose defined

under a) anﬁu !l uu}mmw HWlle [err]-agyno group of apino acid residues a)
and b) and u |um ¢ ' J"H"ino groupg%r'dipeptide réQQﬂﬁﬁgfﬁ) bei ng
optionally nono- or ﬂ-—[errlalkylated or substituted by [err] al kanoyl, A

is hydrogen, [err]alkyl or [err]phenylalkyl, [err] and [err] represent
together a direct bond or _ each of [err] and [err] is-independently hydrogen

or a radi cal’ off fS9PAtAsatin pepside pepmmitng (1o claim 8, wherein the (2)
(3) [ERR] (4) chelating group is derived from dieth Y\%}Er ek nﬁﬂ s
methyl or ethyl, Rh. . . i oo is iydr ogen, et hyl or & D/ “is
2 whol e nunber ?rom 1°t8 QP ), in free Torm or in’salt form.
10. A somatostatin peptide according to any one of the preceding
claims, whgréin the somatostatin peptide is derived from a
compound of formula I
A’ - CH;-S-Y; Y,-S-CH, j
_ o/
R /N-CH—CO—B-C-D-E-NH-.CH—G _ | I
wvherein :
A is Cy.1,alkyl, Cs-1ophenylalkyl or a group-of

formula RCO-, whereby

i) R is hydrogen, C;_;jalkyl, phenyl or Cy_j,-
phenylakyl, or

ii) RCO- is

a) an L- or D-phenylalanine residue optio- , :
nally ring-substituted by F, Cl1, Br, NO,, s
NH;, OH, Ci-3alkyl and/or C;_jalkoxy;

b) the residue of a natural o-amino acid
other than defined under a) above,
naphthyl-methyl or pyridyl;methyi or a
res’idug of a corresp'onding D—-amino acid,
or



T s—a—whole nunber fromlto5 - 40 -
100 7382/ is [err]al kyl Rd - represents the

substi t uen '! Igﬂ!mf”’! " a-carbon atomof a natural [err]-am no acid
(i-ncl udi ng* ' is [err]alkyl [err] and [err] are
mdependently hydr ogen, rret hyl or ethyl 9[err] and: [er 73 o

i ndependent |y hydrogen, hal ogen, [err] al%<y or [err]al k €£

is 0or 1, ¢ is O or 1, and r ,1or 2, B
is optionally by hal ogen, NO2, NH2, OH, [err]alkyl and/ or [ err]al koxy

ri ng-substituted Phe (including pent af | uor ophenyl al ani ne), or
[err]-naphthyl-Ala C ¢) jasdipsptide-resi ‘QQD)mTVbiderb?ddelWr

[err]-N-nmethyl- ated and optional |dﬁabedh3ﬁ89a61'dn9esildh§§'ér‘ét %He%mba&pgen
[err]w. OH, [err]alkyl and/or [erlrd]iégl koxy ys, Lys in

whi ch the side chain contains 0 o W“[te?‘?‘ﬁ ape Jelephed [féPP]¥h°E9s or
[err]F-Lys, optionally [err]-N netdefinddedndey ad #hd¥oi gk ubbedexyl Al a or

4- am nocycl ohexyl Ay residue
" the «-amino group of amino acid residues a) and b) and the
N-terminal amino group of dipeptide residues c¢) being
optionally mono- or di-C;._j;.alkylated or substituted by
Ci- 3. alkanoyl ’
. S‘j . A is hydrogen, C;.j;;alkyl or Cq_;ophenylalkyl,
Y; and Y, represent together a direct bond or
each of Y; and Y, is independently hydrogen or a radical of
formulae (1)_to (5)

Ta - CHZ
-CO—T-(CH; In-B -C0-CH -CO-NHR.
Rp l ) (CH2 )n .
(1) - (2) (3
.\./' | Ra !
_ : | Re
-CO-NH-CH-COOR, -CO~( NH)p -{ C -(CH3 ) -
| : _ | Ry
Rd . ’ Rb 4 q ’
% (5)
wherein
R, is methyl or ethyl
Rp is hydrogen, methyl or ethyl
m ' is a whole number from 1 to 4

is a vhole number from 1 to 5



S Thr, Ser Val , Phe, Ile or an am noi sobutyric or
am nobutyric acid 100- 7382/ W G

1 -
' ll'“ WI“ “I [ERR] Where| n[err] i s- hydrogen or
[err i s hydrogen or the residue of a physiologically

acceptab , phy5|olog|cally hydr ol ysabhe ester, [err] S
hydrogen, [err]al kyl, phenyl or [err]ghenyl- aIkyI ﬁ@§-7382/w S

hydrogen, [err]Jalkyl or a group of forrmula [err] , R13 S [err]
[err] or represents the substituent attached to the a-carbon atomof a

or
natural [err]-gmno acid (in. cluding hydrogen), butyl or naphthyl -methyl,
and [err] i s a'YrGups Wk¥drmuia [err] or [err] wherein [err]
and [err] havRathe neanlrnjﬂ'egewﬁltﬁb@ﬁ%st{ﬁfehl ttla d to ﬁ hydrogen o
[err]al kyl and [err] both atoxdrfogen [errﬁ ? Shéns! ~
[err]phenyl - alkyl, and [&rT] et cemi Eﬂ ap}droxy,
| . (including hydrogen)
R, is (C1 5)a1kyl
R,/ and Ry’ are independently hydrogen, methyl or ethyl,
Rg and Ry are independently hydrogen, halogen, (Ci-3)alkyl
. or (C;_j3)alkoxy,
p is O or 1,
q is 0 or 1, and _ : -
is 0, 1 or 2, -
B is optionally by halogen, NO,, NH,, OH,
C1_3alky1jand/o; Ci-3alkoxy ring-substituted Phe
(including.pentafluorophenylalanine); or
B-naphthyl-Ala
Cc "is (L)-Trp- or (D);Trp-'optionally QPN-methyl-
ated and optionally benzene-ring-substituted by
halogen, NO,, NH,, OH, C,_ salkyl and/or C,. 3
alkoxy,
D is Lys, Lys in which the side chain contains 0 Q_)

or S in B-position, vF-Lys or &F-Lys, optionally
o-N-methylated, or a 4-aminocyclohexylAlé or
4-aminocyclohexy1G1y residue

B is Thr, Ser, Val, Phe, Ile or an aminoisobutyric
or aminobutyric acid residue



with the provigg/LﬁgL,mheﬂfR12 is [err] then [err] is hydrogen or nethyl,

- 42 - — 100- 7382/ Wwherein the residues B, D and E have the

L- confi gur atd ﬂgsidues in the 2-and 7-position and any residues
[err] 4) a%\“g\\m ependently have the (L)- or (D)- configu- ration
in free fo oc i h shlt form 11. A sor_na%ps_tati n peptidqog_gﬁgwg,ng to claim
10, wherein in for- mula | Ais RCO and i's hydrogen. 12. somatostatin
peptide according to claim0.or 11, wherein in formula | Gis [err]
wherein [err] is [err], isobutyl or butyl, and [err] is [err] or
[err] wherein (%err] and RL5 are as gegeoi neg in claim210. 13. A

somat ostati n peptlde accordiﬁbatgr%ﬂ&° net8P2 he precedi ng clainms, wherein
the somatostatin peptide is derived from . : '
H- ( D) BHe- Cys- Phe- (D) Tr p- Lys- Thr-Cys- Thr-ol al so known as ogtreotide. 14. A
~somatostatin peptide according to any one of clains 1 to 13*®wherein the

"chelating group is attached to said peptide through a spa group of
formula [err] [err] Ry | )
' -COORy, -CH,0R;o, -CON or -CO-N Xy
R,
wherein
Ry is hydrogen or C,._salkyl,
Rio - is hydrogen or the residue of a physiologiéally-
— ' acceptable, physiologically hydrolysable ester,
Ri: is hydrogen, C,-3alkyl, phenyl or C;_jophenyl-
alkyl, D _
Ry, . 1is hydrogen, C;.3alkyl or a group of formula
- -CH(Ry3)-X,, :
Ris is CH,0H, -(CH,;),-0OH, -(CH,);-0H, or -CH(CH;)OH

or represents the substituent attached to the
a-carbon atom of a natural o-amino acid (in-

cluding hydrogen), butyl or naphthyl-methyl, and
%

X3 is a group of formula -COOR,;, -CH,O0R;, or
Rig '
| ~co-N_
(N Ris
wvherein

R; and R;o have the meanings given above,

Rigq is hydrogen or C;.3alkyl and

R;s . . is hydrogen, Ci-;alkyl,_phenyl or Cy_;ophenyl-
alkyl, and

Ris is hydrogen or hydroxy,

with the proviso that
vhen R;; is -CH(R;3)-X; then R,;, is hydrogeh or methyl,



» wherein RB5——i5 [err]al kyl ene, [err]al kenyl ene or -CH(R )- wherein R is *
the resid Mrr] to a natural [err]-amno acid, and - 43-
1Q0-.7382/ Wﬁ\ “‘ m““:“ onal noiety capable of covalently reacting with
t he chel at' f41g cagent * A:somatostatin peptide beari ng a chel ating group,
V\/mch I s DTPA- (D) Phe- Q/s Phe- (D) Tr p- Lé Thr-Q/s Thr-% nfree formor in
salt form the chelating group DTPA berng coval ently 91713@31 o the termnal
am no group of said peptide, this am no group having no significant binding
affinity for somatostatin receptors, the thus nodified somatostatin peptide
having binding affinity for somatostatin receptors. 16. A somatostatin
pepti de accor g‘lhﬁfje’c'b thRyresidues By Rignd B hayelthe Wreorfigurationgt eud abl e

element is a [mriesarau&slmmach-aaalcwpdem% an aggﬁpésqahgée o E,’gptl[ grer].;

according to cIn ?] ]43 V\/r}grel n the detectable
18. A somat ot [ 4epiftidnp RRtlY BRvs éIth(j')g—r etp(DIn eanfidkexed form
which is [err]ratddrel | ed DTPA- ( D) Phe- Cys- Phe- (D) Tr p- Lys- Thr-Cys-Thr-ol, in

free formor ijp P | tabl e salt form t he chel ating group
DTPA bei ng coval Bo %ﬁ?;ﬁf iR = éaﬁtaf&%p

11. A somatostatin peptide according to claim 10, wherein in for-
mula I A is RCO and A’ is hydrogen. |

12. A somatostatin peptide -according to claim 10 or 11, wherein

in formula I . LT ~
G is -CO-NH-CH(R,;)-X;
wherein Ris is -CH;OH, —CH(CH3)—0H,_-(CH2)2—OH, -(CH;);-OB,
' 1sobuty1 or butyl, and _
)€ is -CO-NR14R15 or —CH20R1° wvherein R109 R14
and R;5 are as deflned.1n claim 10.
13. A somatostatin peptide according to any one of the preceding

claims, wherein the somatostatin peptide is derived from

L ' —
H-(D)Phe—Cys-Phe—(D)Trp-Lys—Thr-Cys-Thr-ol )

also known as octreotide.

14. A somatostatin peptide according to any one of claims 1 to
13, wherein the chelating group is attached to said peptide
through a spacer group of formula o

Z-R;35-CO- - (o)
vherein
Ris is C;_;jalkylene, C;.;;alkenylene or -CH(R’)- wherein
R’ is the residue attached in « to a natural «-amino
acid, and



t er ni nal am no oup~of sajd peptide and this ami no grqup hewvi ng no’

signific |nd|n “\\ for somatostatin. receptb'rS'the:thus m)dlfled
somat ost atl W\‘ bi nding _agginity for songgg 5;3%&19 t'e€ceptors.
44 100- HA Somat ost ati n peptide accordi ng to any one of clains

2 to 14, V\:hEI"EIh the detectable elenent is an [err]- or [err]-emtting
radlonucllde 20. A somatostatin peptide according to claim 19, wherein the
detectabl e el ement is 90Y. 2%. A somatostatin pepti.de bearing a chel ating
group, which is 90Y | abelled DTPA-(D)Phe-Cys- Phe- (D) Tr p- Lys- Thr - Cys-Thr-ol ,
in free forfnorism §hmmgel:tmodaty apaltlEpbhbdoyaleh t1yf Eéiatlhbemctlﬂfel ati Sg
roup DTPA bein Y. ked to the term nal am no group of sai
gept i de and thi ?i%ﬁﬁ%ﬂéﬁag t elll”?gw ng no significant binding affinity for
somat dstatin receptors, the thus nodified somatostatin peptide having ;
bi ndi ng af fimi ty §oﬁét6§tﬁ&i@$e%rtidb beELMHOR Schedating S OURA ORI A] 44 Pepti de
according to any one of clains 2 to 14 and 16 to fﬁ: &H? reéﬂ#ornlor
pharmaceutically acceptabl p-salt rormior uselas a pharnaceutlcal. 23. A

samat ost at i n pepfHAd €D HrheeCyE-Phet (D)anp-LyseThi-Oysafhl-016 to 18, in free form
or in pharmaceui G2kl YeodiCHPYAPLA SBbta,f 0T M

the chelating group DTPA being covalently linked to the
terminal amino group of said peptide, this amino group

\_/ having'no significant binding affinity for somatostatin
receptors, the thus modified somatostatin peptide having
binding affinity for somatostatin receptors.

16. A somatostatin peptide'aCCording to any one of claims 2 to
14, wherein the detectable element is a yhemitting
radionuclide. '

17. A somatostatin peptide according to claim 16, vherein the
detectable element is 1111n or 99aTc,

18. A somatostatin peptide bearing a chelating group in
complexed form, which is

: B ' | ]
11171n labelled DTPA-(D)Phe-Cys-Phe-(D)Trp-Lys~Thr-Cys-Thr-ol,

in free form or in pharmaceutically acceptable salt form,

the chelating group DTPA being covalently linked to the
terminal amino group of said peptide and this amino group
having no significant binding affinity for somatostatin
receptors,

the thus modified somatostatin peptide having binding
affinity for somatostatin receptors. '



<

an imagi ng agent of somatostatin receptar posjtiyve tunors or
Lg[agf:sgz 24 AgcagaLgsLatin-peptide accordi ng:td- any bne;of cﬁa|n5.19 to
2L, in free formor in ,rnaceugi%aLly accept abl e Sagtf%PFanOL use in
r adi ot herH“IIH)mIIF“ QEI n receptior positi ve t &3/ Vet astases. -
45 - e e < I'W25. A pharnaceutical conposition conprising a
somat ostatin peptide according to any one of clains 1 to 24, in free form
or in pharnmaceutically acceptable salt formin association with a _
pharmaceutically carrier or diluent. 26. A somatostatin peptide according
to claiml w sdmateh6d€InC Bep € daNNcRRQ1 Y tﬁwbﬁﬁxo]f Ef’aﬂ.‘g 200 A ngatA ostatin
pepti de accgzdk%% go claln1g mntf rgferenge to anmpl e ttgr.6. 'd' -
package contal ni D FAedeteshrble sleprod ¥ 2 wp et Bsemititingept i de o
accordi ng t saddppuchidesf clainms 1 to 15 and of a detect abl e el ement to
m xed together before use as inmagi ng agent. or therapeutic agent.

20. A somatostatin peptide according to claim 19, wherein the
detectable element is 9°Y,

21. A somatostatin peptide bearing a chelating group, which is

‘ — . . .
90Y labelled DTPAA(D)Phe—Cys-Phe-(D)Trp-Lyszhr-Cys-Thr-ol,
in free form or in phérmaceutically acceptable salt form, _\-)

the chelating group:ﬁTPA being covalently linked to the
terminal amino group of said peptide and this amino group
having no significant binding affinity for somatostatin
receptors, _ ' ‘

the thus modified somatostatin peptide having binding
affinity for somatostatin receptors.

22. A somatostatin peptide according to any one of claims 2 to
14 and 16 to 21, in free form or in pharmaceutically
acceptable salt form for use as a'phérmaceutical.

23. A somatostatin peptide according to any one of claims 16 to \'2
18, in free form or in pharmaceutically acceptable salt form

for use as an imaging agent of somatostatin receptor positive
tumors or metastases.

24. A somatostatin peptide according to any one of claims 19 to
21, in free form or in pharmaceutically acceptable'salt'form
for use in radiotherapy of somatostatin receptor positive
tumors or metastases.
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25.

26.

27.

28.

A pharmaceutical composition comprising a saﬁétostétin
peptide according to any one of claims 1 t6'24, in free form
or in pharmaceutically acceptable salt form in association
with a pharmaceutically carrier or diluent.

A somatostatin peptide -according to claim 1 with reference to
any one of Examples 1 to 4.

A somatostatin peptide according to claim 2 with reference to
Example 5 or 6. '

A package Containing separate unit dosages of a somatostatin
peptide according to any one of claims 1 to 15 and of a
detectable element to be mixed together before use as imaging
agent or therapeutic agent. ' '




