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Bl OTI N DI AM NODERI VATI VES AND THEI R CONJUGATES W TH

MACROCYCLI C CHELATI NG AGENTS FI ELD OF THE | NVENTI ON
wab@7iosp4gnt i on descri bed herein rel ates to nodPET/8R2006/066440

bi otins useful for the preparation of conjugates with

radi onucl i des for use in hugan and ani mal di agnostics

and therapy, particularly for the diagnosis and

treat ment of pathol ogical conditions such as tunours.

BACKGROUND OF THE | NVENTI ON Tunour therapy is nostly

i mpl SBEATIBIDIAMINGPERIVATICESTANDOEHBIR 6ON I G& TS WWITH

destroyi ng cancer cells. This can be achieved with

cyt ot oxi ¢ SUMA@RESYCMICCHERATING AGENTSIte into the
tunmour cells in order to exert their full effect, or

FIEYD ERAfRECINVE g RIcRgNt of the tumour cells with
T ari ient energy to kill the cells. In
bot h, cases .t he nmain problemis taq deliyer t.he
subit‘%d%‘ée'lt\‘?”ad%seﬁr'é’g Ntelibisides tg WRQX'FQrbd%?”ScEF?fQ,' for the
so as to avoid possible damage to the surroundi ng )
Prapsspiiany of cFqryugatgs with cra't@é)%#c“?%?jif@bWé@nﬂbmq{hlaﬂd animal
i.e. substances carrying radi oactive portions, the
diggnobliem arfd stbeeaqtyi, vpaicdilriyv éori rige t Hmgaosisv@npartteatment of
(that is, the radioactive portion) to the tunour

path@ldifi¢al caviaitidnss$ush dsaumdsirpossi bl e di ffusion of the
radi onuclide in the body or interaction with healthy

BAW$§%@DW¢H@IN\VENW@RU“ i s perceived as being

Tumour therapy is mostly implemented through the use of substances
targeted at destroying cancer cells. This can be achieved with cytotoxic
substances, which have to penetrate into the tumour cells in order to exert their
full effect, or by means of treatment of the tumour cells with radiation of
sufficient energy to Kkill the cells. In both cases the main problem is to deliver the
substance in a selective manner to the target cells, so as to avoid possible
damage to the surrounding healthy cells. In the case of radiopharmaceuticals,
i.e. substances carrying radioactive portions, the problem of selectively
delivering the active part (that is, the radioactive portion) to the tumour target,
avoiding as far as possible diffusion of the radionuclide in the body or
interaction with healthy cells surrounding the tumour, is perceived as being
particularly important.

For a discussion of all the issues involved and the solutions proposed to
date, the reader is referred to US Patents 5,283,342, 5,608,060 and 5,955,605,

assigned to NeoRx Corporation.
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For a discussion of all the issues involved and the

sol utions proposed to date, the reader is referred to
wOorPaswsr s 5, 283, 342, 5,608,060 and 5, 955, 605PCT/EP2006/066440

assigned to NeoRx Corporation.ln these docunents, the

probl em anongst others, of ,the resistance of t he

nol ecul e carrying the radloﬁucllde to the netabolic

attacks of the body is discussed. Specifically, the

case nost carefully studied is the nolecul e of biotin,

whi rhthieseodecushentsetifa psablemoiageendssrotieisi wéthegesint@nce of

radi onuclide to the tunour cells, thanks to its

themaldiedute wariymgetractddionwdlitb tavihei metalidiliotdttacks diabnahody is
to the radionuclide-chel ating portion e.g. a nolecule

dis@ﬁf&fm{( @pe%?fﬁ:%}{g Ltﬂ@%%@@ﬁ@ét%arr%@ﬂgfgt ihEPEBRLuleVdibiotin,

he main pro atedtothe use
of biotin conj. u S I,S,.the resi foce t h
ol 86 &5 08 GhotRES v PRI HeL T EARGERuGR ol fhegtumour
the radi onuclide via the linker, to bi gt i ni dases
Ce'bﬁwzti)ﬁ%@ fpde WelkRowRaniIpetiQne %@naV'SF@s@H@“W s Pﬁé”d to the
conpl ex. This peptide bond stens fromthe union of the
radibrl Aiderdneteagimgt paionbed. ian molearg dfttstraxazhcyedsdodetanetetra-
characteristics, this conplex nust be elimnated from

acétteadiapoER diaya ankere Oriechehiel piaianstoblésts Bflated to the use of
sufficiently small (MW < 1000) to all ow easy

bloﬁhﬁ?bﬂ'ﬁu%érﬂﬁ%ét%%f}ﬁs r@%‘ﬁsf&ﬁﬁ:@l J’Mé%f? Hle‘;( Wéﬁndg‘shhoewbiotin

I'n a
en _stabi | |vo Wi t h . pt ake Dy.
mditAEasuFouqdd hthel Srtonleldh idh By Bt Aﬂdbwﬁﬁadases
not be netabolised. Mreover, the chelating noiety
enpy1ges Ratduieak theapeptids kondprasenkissise gamplex. This peptide bond

stems from the union of the chelating agent and biotin.

Among its much desired characteristics, this complex must be eliminated
from the body rapidly and efficiently and must be sufficiently small (M.W. <
1000) to allow easy distribution into the extracellular fluid where it will bind the
tumour cells. In addition, it must show proven stability in vivo with only minimal
uptake by non-tumour cells and rapid (renal) clearance and must not be
metabolised.

Moreover, the chelating moiety must be such that it is not released in
vivo, thus delivering potentially toxic compounds within the body. Experts in the
field are clearly familiar with the problem of the release of radionuclide by the
chelating portion, including metal ions which are entirely foreign to the body,
which may be endowed with radioactivity of various types and even high-energy

radiation, which is therefore highly damaging.
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vivo, thus delivering potentially toxic conpounds
within the body. Experts in the field are clearly
wo 2007/03%87 Wi t h t he probl em of the rel ease of PCI/EP2006/066440
radi onucl i de by the chelating portion, including netal
ions which are entirely forsign to the body, which may
be endowed with radioactivity of various types and
even high-energy radiation, which is therefore highly
damagi ng. I n a previous patent application fromthe
sant® Appbreviens (NVadeoR/ ap@Eapnodionyr thep saper taplicart (WO
synthesis of a new biotin-DOTA conjugate togheter with
02/06807 BY ous gedup réporiadthal yntheyis sdfuglinesy bietih dOFA eonjugate
this new derivative. The novelty of the new conjugate

tog‘ﬁ%%}rt v bn\%iﬁqﬂhgﬁabﬂgﬁb@ﬁﬁ’!éfﬁniw QR BB SpERSHERA dr0 tiRis new

t hyl ene one us generating the N-am nohexyl

i ot I nam do derivatjve (r-BHD) in ' t he am. .
deffyalier aiscor b 68 bE ot Waa RV Thal e, ARUEE, gBoryic
the length of the biotin side-arminvolved in Av/ Sav
Iralin #asg Fedtsedpisr & IMefanigNe; ane Hhys ceppsgating thasN-aminohexyl
directly Iinked to the am no group of the reduced
biotinamide letxativd\(r-&rdd) damiwlkickethievaniide was duayisfamneedfinto a
the four N-acetic side arnms. Myreover, the synthetic

seddrridrPianihg withdut %_H@cﬁhd# G Idriytig R en@biotin YidelRhyirblved in
new biotin derivatives for exanple with two DOTA

Av{éﬁég) Bihalg). T H@aftAeﬁé’%ér%,tiH?hi?&‘?ﬁ&élﬁid“ vs Hiiréé%tiggnﬁ'béehhto the

purpose to Increase the efficacy of targ

o B e S B e AT B AR
172, by Axworthy Donald B. et al., discloses biotin

onglef ieataw dsacelicosige @8Msng two DOTA groups, through
SpeI(\:/Ilofrclacg:ver, the synthetic flexibility of r-BHD allows to generate a variety of
new biotin derivatives for example with two DOTA chelators conjugated to the
side-chain of biotin with the purpose to increase the efficacy of targeted
radionuclide therapy by delivering higher radiation dose to the tumor.

US Patent application 2004/0241172, by Axworthy Donald B. et al.,
discloses biotin derivatives incorporating two DOTA groups, through specific
linkers, which are directly bonded, through a benzyl group, to the core of DOTA
molecules. This modification of the DOTA group could reduce the binding ability
of the chelating moiety.

In order to improve the radiation/dose ratio we have designed and

synthesized a new class of biotin derivatives.



i nkers, which are directly bonded, through a benzyl
group, to the core of DOTA nol ecules. This

wWoree703@at i on of the DOTA group coul d reduce tPEI/EP2006/066440
bi nding ability of the chelating noiety. In order to
I nprove the radi ati on/ dose rati o we have desi gned and
synt hesi zed a new class of Biotin
derivatives. DESCRI PTI ON OF THE | NVENTI ON The rmai n

object of the present invention is to provide new
LEﬁﬂQREEDQ@LQEéﬂﬂEéHMEﬁﬁﬂgnﬁ|fi|| the requirenment of an
hi gh ratio radiati on/dose. In particular the invention
r esTHesnain objaut'of tHeapieseht inlvehiion Baoi pravidearwe biotii Ng
two chelating groups per biotin nolecule. In this way
detPdV8s tha: fBAMBhEPe&ir rBfa?Th@h?éthré%ﬁéﬁd’rﬁH%%’ the
r adi oactV|ty reac |ng t e t unou s 1s doubled. One
of s. of nt| on e
el PEuE | fberwmfé i b aeE e P piah fvaives
wher e: AIS is H CHO or COCH, with the
> camyipgityg Cﬂ“ﬁﬁtmgvﬁ@Hp%pPéb@lﬁ melecyles -(CH 2)n- group,
in which nis an integer from4 to 12, in which case R
i s bbthéenway weing theissn@maolarn ameehteafthiotirf dervative, threoup
consisting of -(CH 2)a-CH(R-)-(CH 2)b- where a and b
radib&stvityneeRa ekl tvmour cells is doubled.

One of the objects of the invention described herein is therefore a

formula (I) compound as follows:

10
0O
)‘\NH
HN R o (CH
NHR'
AL, Qo N
N N W~ N\
S | (CHz)a_
B H NHR"
(1)
where:
15 Ais CH> or CO;

B is H, CHO or COOH; with the proviso that:

when A'is CHz, Q is a —(CH2)n— group, in which n is an integer from 4 to
12, in which case R is absent; when A is CO, Q is selected from the group
consisting of —(CH2).—CH(R-)-(CH2),—, where a and b are, independently,

20  integers from O to n-1 and R is defined as below;



integers fromQo n-1 and Ris defined as belowWis a
Cl-Cl12 al kylene or C2-Cl12 al kenyl ene |inear chain or a
wo evcvsasml i zed pol yet hyl ene gl ycol; or a C6- QPCTDEP2006/066440

aromati c residue; or a glycofuranose residue; or W

al one or together with the gltrogen at om supporting

the -(CH 2)CGNHR and -( )d-NHR' chains , is a

het er ocycl i c group vvith 5 or 6 nenbers containi ng one

or nore heteroatons selected fromQ N, S; when Wis

an W oisata cCr-6si dalsylena loet Endeyclaikenylangp limean shgjar or a

noi ety, the nitrogen atom supporting the -(CH 2) C NHR
funetidnal(zed Zalyéihiienehajlytl;s arptd oBgldy ahmeatic ardiduee or a

-(CH 2)CNHR and -(CH 2)d-NHR' chains are directly
g|y@8fﬂ,réﬁ}95%o,%r§q§;gl bonded to the carbon or nitrogen

atons of the aromatic and heterocyclic rings or to
f.th d ,
naRb A BT 1t feerewﬁqeéw‘ée?@ B8R 5B ag iy RFo)NHR
are, inde endent L, where - L is aforrrulaiall
S anguolcle R, g1 cisyaahEor P UG08 Wih{ Bran® HiRmbers

are selected fromthe group consi sting of hydrogen,
comtainizg ooe obinzreHwderObtams akleglted fro@HO2NSCOOH, where m
is an integer from1l to 3; X is hydrogen, or the -CH

2- UvgeAuwm.is \éh&ér@n{étllc&e§ﬂh@0bﬁd1eftér@ﬂym doup dtdgligar moiety,
p- am nophenyl, or X |s the -(CHJ) 0O- Z group, where o

thd ﬁﬁﬁ{be‘nnéﬁﬁﬁrs%ggm A I—éCg?(SSNplﬁjr —gCﬁe)tthHRQr chainsis

Z1s a ter up wt
opt,‘ié)r%tll?/l | réggiaﬂ tﬁe ?BLF)ChRﬁ-ﬁ{ oatdo n&:ﬁz a— cfh(aPns are directly
10  and independently bonded to the carbon or nitrogen atoms of the aromatic and
heterocyclic rings or to oxygen atoms of the glycofuranose residue;

¢ and d independently are integers from 3 to 10;

R’ and R” are, independently, —A, where —A is a formula (II) macrocycle:

—CO—(CH, )m (CH)

15
H2)p Y
(1)
20 where Y are the same or different and are selected from the group

consisting of hydrogen, linear or branched C4-C, alkyl, -(CH2)—COOH, where

m is an integer from 1 to 3;
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a hydrogen atomor a linear or branched CrC 4 al kyl
group, and S; or Zis selected from-NH 2,

WO DNM7/Q§%HBIH- ) - NH 2, or -S-R 2 where R2 is a | i NREK/EP2006/066440
branched d-C 4 al kyl group; p is the integer 2 or 3; R
is selected fromthe group gonsi sting of linear or
branched C -C 4 al kyl, cycloal kyl, heterocycle or -
(CH2)qg-T, where T is selected fromthe group
consisting of SSCH 3, -OH or -COOH, and q is O 1 or
2 . XUbriemirogen, eraiehe@HeiU grauml Wieregboigpsateetad from methyl,
nmet hyl , ethyl, propyl, isopropyl, n-butyl, sec-butyl,

ethiys -auiindphenyt, er-0lst the. —(Bet-Cyup, wWhiche b igranGnteger from 1
menbers is an aromati c or non-aromatic heterocycle

to 'BaVJ i h'yHrdd?e% rrh@ﬂh '&ﬂZI 2ided %?é}%@%lﬁebﬁﬂpe%twg%r 6

SUC r exarrp e,

mesntﬁ%ﬁﬁ%%wwé o he® bR %%?48%9&?%55@1 SR 31 being

preferred conpounds according to the inventiaon )
a f&‘)@rﬁ@@%@ QoM eha Insangrab@nched fpotmAkxr@PePAang Jpor Z is
Bis H Qis -(CH2)n- , where nis an integer from4
seleoted, frprmef-dNHh | yNBH;C=Nitd)-NHar or beB-HR3 wdreré, RR is amdingar or
are -L where Y is always -CH 2- COOH, X is hydrogen,

breditfied GSCLalkyPgioupt her obj ect of the invention
descri bed herein consists in fornmula (1) conpounds

Wi t e?étr .for diagnostic and/or therapeutic
use'lgI ﬁ%’ thése isotopes are: Fe-52, M-52m

Co 5 o 155 8 oS 0o M Sy .
cycloalkyﬁmhleterocycle or — (CHz)—T, where T is selected from the group
consisting of S—CH3, —OH, or —-COOH, and qis 0, 1 or 2.

Linear or branched Ci-Cs alkyl group means methyl, ethyl, propyl,
isopropyl, n-butyl, sec-butyl, iso-butyl or ter-butyl.

Heterocycle with 5 or 6 members is an aromatic or non-aromatic
heterocycle having in the ring at least a heteroatom selected from O, N-R1, or
S, such as, for example, 2-, 3- or 4-pyridyl, or 2-, 4-, or 5-imidazolyl.

reduce the binding ability of the chelating moietyA first group of preferred
compounds according to the invention consists in the formula (I) compounds
where A is CHy, B is H, Q is —(CH2),-, where n is an integer from 4 to 8,
preferably 6, ¢ and d are both 3 or 6, R’ and R” are -A where Y is always —CHo—
COOH; X is hydrogen, and p is 2.

A further object of the invention described herein consists in formula (1)

compounds with radioisotopes for diagnostic and/or therapeutic use. Examples
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Re- 186, Re-188, At-21 1, Bi-212, Bi-213, Rh-105,
Sm 153, Lu-177, and Au-198. A first group of preferred
w@ploanes according to the invention are thosSECIHARI086/066440
in the formula (1) conpounds, Ais CH2, Bis H Qis
-(CH 2)n-,-, where n is an 'Znteger from4 to 8,
preferably 6, ¢ and d are together 3 or 6, R and R
are -L where Y is always -CH 2-COOH, X is hydrogen, p
is 2 and the radioi sotope is Y-90. Further objects of
of thesei isotapeisoared &sed2,bdo-Fdm e Co-30,eCpitde 3364, a-68 héc-99m,
preparation of fornmula (1) conpounds and their
In-¢ OTpl €23 9- 183, 134 dPeBh aB eva T e QUHEA NS-90FRPAL 109, Aapil €€t Bm-149,
of the invention described herein are pharnmaceuti cal

Re B He- qlggg)sngﬁ 08&?@%@1'30% et hi g% | LoTlAd(Ad-198.

conpounds and their conp exes as 1'ndi cated above.

ects | C d, herein.ar
theKJ"g% ptb 3 et U BRER ACEaS ferE i@k Ee those
i th radioi sotopes as nedi canents_or di agnostic tools,
WhSEﬁ tif du Eampla @) compPoyndpet &t ot Bris fbdR damEridamni where n
are useful in tunour therapy or diagnhosis. These and
is an indegertfjaotdstor &| prefangbly @, tohand dweeatdogatheiel or Bh&iand R” are
herein will be illustrated in detail in the part that

-A Iner@Wsishilwayd el OMy—BGOHD X igBaafodtn, DB 4@ MHeifadioisotope
exanpl es. The conpounds according to the invention

is Pepcri bed herein may be

Further objects of the invention described herein are processes for the
preparation of formula (I) compounds and their complexes with
radiopharmaceuticals.

Further objects of the invention described herein are pharmaceutical
and/or diagnostic compositions containing formula (1) compounds and their
complexes as indicated above.

Other objects of the invention described herein are the use of formula (I)
compounds and their complexes with radioisotopes as medicaments or
diagnostic tools, particularly for the preparation of medicaments which are
useful in tumour therapy or diagnosis.

These and other objects relating to the invention described herein will be
illustrated in detail in the part that follows here below, also by means of
experimental examples.

The compounds according to the invention described herein may be

prepared according to the following scheme, including the steps of:



prepared according to the follow ng schene, including

the steps of:a) formati on of an am de bond between the
W@ 2000039487 gr oup of biotin and a primary am ne BCDEP2006/066440

H2N-Q NH 2 di amine, the other prinmary am ne group

bei ng suitably protected, fgr exanple, with a Boc

group, if necessary; or, alternatively, the coupling

could be performed with the a- a-NH2 group of an

a,wdiamno acid (i.e. Lys), being the w am no group

sui @plioynaticast ecar@mige b@egrbﬂtween dihe earhaxy| graupeefybiotin and

am ne group; c) reduction of the am de group to an

am ne,a ipfimfary sarfifg  graupp of HLN-apNHp gliarhirdhethanother primary

with the N-protected N, N-bis-substituted glycine

am ne n%eog‘cxmﬂylb%lrfgehﬂaﬁw Fie€RR, RS é%(a‘?rﬁ’&\ \W/itmé Boc group,

nmet hods opera ors skilled

Fange 't REGRSRBEnTT JERERNEE 39‘%8”«‘5“@}"9%%9"&8% él?mm with

the desired fornmula (1]) chelating agent -L. Biotinis
5 a comi? ci=-NbioBiath, b N g HEMHP SR i(1e Lj¥Sh deing the o-
H2N- Q- NH2 di ami nes are avail able on the market and can
i N anynenergrole spitapwipeeteciedsever al st eps by using
known net hods. The protection of the primary am ne

gr obpsidpsoteation ¥f B praviad) asineggroupt abl e protective
groups, such as, for exanple, Boc or Fnoc, and which

N BNYeBYSRin GARen B RS 158 8Ee f h?f%“‘z by,

I ter ature (see tance: eene

vut 8) co rﬁg?%% hea {n()eu\f\ﬁh the RE ?ecctec?WN |s subStltuted glycine

10 amines of formula (I11) which can be

- H
H, C\ COO

NHV
LHN\tﬁgc/N\(ﬁj?

(1)
prepared by methods known to the operators skilled in the art;
15 where V and L are suitable protecting groups and ¢ and range
independently from 3 to 10;
e) conjugation with the desired formula (1) chelating agent -A.
Biotin is a commercial product, so as the aminoacid Lys is. HoN-Q-NH>
diamines are available on the market and can in any event be prepared in

20  several steps by using known methods.
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3rd BEd., J. Wley & Sons, Inc., New York, 1999;

Handbook of Reagents for Organic Synthesis, Oxidizing
wWarw7@edeti ng Agents”, Edited by S.D. Burke aneCTRER2006/066440

Danhei ser, J. Wley & Sons, Inc., New York, 1999).

Al ternatively, the fornmula r(;I) compound, if Ais CO

group, can be prepared according to the above reported

schene devoid of the step ¢ . Activation of the -COCH
grO‘lﬁE of biotin could be acconplished according to the
knowne nwokestionodf Peptorigeary yamingss igsoys ig_leapily \&ohigvaees using

F. Albericio, EE Gralt, "Chem cal Approaches to the
suibi pestestivas gideps| sech andoPerd@ples Boc@rERoessnd Waish in any

Rat on, New York, 1997); if the coupling is perforned

evihil BaRNbé toull b0 aRfdridy those ré%éﬁtedtiHetnggﬁgérgﬁﬂecé'ée for

e carried out by anchoring the am no aci

nsB4ckS T e, PO s PolEEb R BB gl Symtnesis
conj ugation of the conpound according to the invention
3rdyiEdh -hW'lQXd&ov?'@@%oks@-,tHewr?éeﬂ%eﬁ%éqé@?ﬁh%ke@f Reagents for

envi saged in the context of the invention described
OrgamieiSynthesiarOxitiziogtandsRaducing Agemisi, Editdd biydhdl. Burke and
methods in the field, as described, for exanple, in

R.LF?mnﬁiéér,JQWiI@g& 8bnél IncEWeap¥ark, Jogonal of Nucl ear
Medicine Vol. 26, No 4 ; April 1999; 348-357. One of

| ARBAESLERL OIS o cHIRQETH 21 B MpBe o bo
oGRS 3B i HeBb oot Sends vaRLe i 45 ™

(DOXéi\fahti%lnatoifnﬁweagfgé)dH group of biotin could be accomplished
according to the known methods of peptide synthesis (P. Lloyd-Williams, F.
Albericio, E. Giralt, “Chemical Approaches to the Synthesis of Peptides and
Proteins”, CRC Press, Boca Raton, New York, 1997);, if the coupling is
performed with an «o,m-diamino acid (i.e. Lys), the reaction can be carried out by
anchoring the amino acid on a suitable resin, following the methods known in
the solid phase peptide synthesis technique.

The conjugation of the compound according to the invention with the
radioisotope to produce the complexes envisaged in the context of the invention
described herein is carried out using the known traditional methods in the field,
as described, for example, in Paganelli, Chinol et al. European Journal of
Nuclear Medicine Vol. 26, No 4; April 1999; 348-357.

One of the preferred compounds of the invention is the one in which A is

CH; group, Q is —(CHy),-, where n is preferably 6, ¢ = d are 3 or 6, R’ =R"” are -
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The process for preparing this preferred conpound

conprises the following steps: a) formation of an
wa@piode3Bdnd bet ween the carboxyl group of bi ot PGI/EPZH06/066440

the primary am ne group of hexanet hyl enedi am ne,

sui tably protected, for exagfle with a Boc group, if

necessary; b) deprotection t he am ne group of

hexamet hyl enedi anmi ne; reducti on of the am de group

to an ami ne group; %é*ch$ugatyon with the formul a _
A where)magiln igladways-GHatCOGHO X ig hydragen, grie 2HE2TA chelating

protecting groups. e) deprotection of the obtained
agemi)ne;, f) conjugation with the chelator - L. Step a)

in the process according to the invention described

her t o] t a ' b i

pet o RRESE: B B P Ao e At RO 0 lprises the

amnk up of hexanet hyl enedi am ne-Boc. The biotin
ﬁmﬂﬁ@ﬂ%?gﬁged with HATU to forman extrenely active

ester in situ that reacts with the am ne group

hexahdemytiaieal ameAddabend Patwes the Cﬁ@?%hﬁfo%ﬁ)fd@m'” and

Thi s activation nmechanism which is used above all for

pept i diee syofinhayyi samimet hgrasgl | df phasamettytpriadiammehasiudably

medi um To prevent the base fromreacting with the

acti veresirid, fbresdmply wittiaBde raepsif eedssty;
di -i sopropyl et hyl am ne (DI PEA) or /- et hyl m)r pholin

é rNg/%@p So%rp‘?ot%ﬁ&w oP I &Rietofh o RexAetiifeddBaifid?e

¢) reduction of the amide group to an amine group;

d) conjugation with the formula (lll) amine where c=d =3 o0or6,V =1L

are Fmoc protecting groups.

e) deprotection of the obtained amine;

f) conjugation with the chelator —A.

Step a) in the process according to the invention described herein
consists in the formation of an amide bond between the biotin carboxyl group
and the primary amine group of hexamethylenediamine-Boc. The biotin was
treated with HATU to form an extremely active ester in situ that reacts with the
amine group of hexamethylenediamine-Boc to form the relevant amide. This
activation mechanism, which is used above all for peptide synthesis in the solid
phase, requires a basic medium. To prevent the base from reacting with the
active ester, tertiary organic bases such as di-isopropylethylamine (DIPEA) or
N-methylmorpholin (NMM) are used. Protection of one of the two amine groups

of hexamethylenediamine with Boc (ter-butyloxycarbonyl) is necessary to
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of hexamet hyl enedi am ne with Boc

(ter-butyl oxycarbonyl) is necessary toprevent the
whe@riose4bl ndi ng to both ends of the di am ne chBCTEPZDh€066440

end product is isolated fromthe reaction nedium after

evaporation of the sol vent DMF) and precipitation

Wi th water. The product, 1ryst allised with propanol,

was characterised by 1H NI\/R el enental anal ysis and

ESI-M5. The reaction yield is around 88% In step b),
pretiest theybiotiebdmaing yo bathuends akthBodiaming shaipi IThs end proguct is

m xture of AcOEt/HCI, approximately 3 M to detach the
isoBned dromni phe Abdction m@dﬂjmgaftdneembvamn of theuselvéhie(DMF) and

product was |yophilised to conpletely elimnate HCl .

pre-@’kﬁta'%léﬁ'pk/\ﬁth""a\ﬁatl%ﬁ”'fH@d%@duﬁﬁa'ﬂécrggtalhsed with proganol was

recrysta alisation wt an aqueous sol ution at asi C

onReRICal D! BN R TS 2 Eians” TFb Badpn viela i

THF. ~Since the reducing agent is extrenely reactive,
arqupd 8% cess nust be carried out in anhydrous

conditions. The starting product was held under vacuum

pri or step h)hbiatiegkthéxamethylenediargioket®dd isssalubitised in a mixture

anhydrous THF (distilled wi th sodi um and

of ReCEIPITNaPBloximaRly 82! tPBetEckttHe Boagroupl IAfee dembving the
nitrogen at m)sphere unti | conpl ete reduction of the

sol@?htdfhlﬁk?é’ ocﬁmﬂ'\ké’é ﬁg’;%pﬁbgusjeﬁf M'\’E%ﬁlgfeg&yaénrﬂlﬂgté QN The

vaporatln sol vent reduced

d
serfp Bt Pualied pyiRGnnes TodtBlefat i it B e §Bopion a
sol ution, the product, was purified by
ba$'§®"9§ﬂ@tpha@&i¢r&$dfmbrﬁwgcﬂ!’@oﬂscsoI ution at basic pH

and then by reverse-phase col um chronat ography.
In step c¢), the reduction of the amide group was done with BH3 THF.

Since the reducing agent is extremely reactive, the process must be carried out
in anhydrous conditions. The starting product was held under vacuum prior to
the reaction and then solubilised in anhydrous THF (distilled with sodium and
benzophenone). The reaction mixture was refluxed in a nitrogen atmosphere
until complete reduction of the amide group (as monitored by 'H-NMR spectra)
had taken place. After evaporating the solvent under reduced pressure, the
reaction mixture was treated with an aqueous solution of HCI. After lyophilising
the acid solution, the product was purified by recrystallisation from an aqueous
solution at basic pH and then by reverse-phase column chromatography.
Analysis of the product was done by analytical TLC which revealed its purity.

The reaction yield is approximately 55%.
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Anal ysis of the product was done by analytical TLC
which revealed its purity. The reaction yield is
wW@pprosi4aat el y 55% Step d) provi ded the conj uge€T/BP2006/066440
reacti on of the reduced biotinyl hexanet hyl enedi an ne
with the protected amne (I1)J) by activation with the
HATU NWM system in NMP as sdlvent. In step e) the Fnoc
groups were renoved by using the base piperidine. Step
) Er ovi ded the coupling of two DOTA g roug performed
taphel)s peaiided theagenjugation rdastipor ahit enrasfucedi déotinyl-
bonds in an aqueous nedium 1-(3-
hexhmethyldrasiaroipeopyth) the erdtetralr badiné nillte byalstvatibor wille the
(EDC), and sul pho- NHS. DOTA (4 nole equiv respect to

HATUEINRNG LSBT P e lolady & ssof ved [ n vater and

uste val ue suitable for activating nostly

%”e»ﬂa sa&“ﬁ e %gp & rBUBS%?e"réﬁém%vedé é,gn&e %Sq\lplpepdme

G nanneschi ,
2oo§tep4@ p@yrﬂ@dstf?ewunhﬂgt@ﬁ W ROT /rx/egre'ams r%ﬁ&@qw'th the

i kel i hood of obtaining side products. To the basic
speaaifiutéageniefar thel derthativinpdfearmids ordisl insin gauEDOs mediem: 1-(3-
the formation of the active ester in situ, the N, N

dinkétByRahdd ahg- &émyloﬁﬁocﬁﬁlﬁm&ét hy&roehldride V(EQO))edand sulpho-
bi oti nyl - hexanet hyl enedi am ne was added, checki ng that

I-g‘.eD@'T*AOE 4 W h&esoh 'r@ﬁpé@c”@ ﬂ%dpgglﬂum \73t|§8) was dlsgglged in

re-puriftication' o e crude p uct was done b

el AR T e S i BBel e of four
oy HaoEuscds, SAbaiino, M. Chinal, G Paganii,'S. Papi, M. Chell, G,
Leone, A. M. Papini, A. DeLuca and M. Ginanneschi, J. Med. Chem. 2003, 46,
3170-3173). In this way, we can reduce the likelihood of obtaining side
products. To the basic solution were added sulpho-NHS and lastly EDC. After
the formation of the active ester in situ, the N,N-bis-alkylamino glycine
derivative of the reduced biotinyl-hexamethylenediamine was added, checking
that the pH of the solution remained around 7.5. Pre-purification of the crude
product was done by SPE (Solid Phase Extraction) and the purification was
performed by means of semi-preparative RP-HPLC.
The objects of the invention described herein are pharmaceutical or
diagnostic compositions containing as their active ingredient at least one
formula (I) compound, also in the form of a complex with a radioisotope or, in

the case of said formula (I) compound, in association with other active

ingredients useful in the treatment of the diseases indicated in the invention
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di agnostic conpositions containing as their active
ingredient at least one fornmula (1) conmpound, also in
w0 b@703ma1 of a conplex with a radi oi sot ope or, PCTEP1986/066440
case of said fornula (1) conpound, in association with
ot her active ingredients usgful in the treatnent of
the di seases indicated in the inventiondescribed
herein, e.g. other products possessing anticancer
activity; also in separate dosage fornms or in forns
deswilbeglbhereimr egontthae grodiectagossthsing canticancay astivigrit also in
according to the invention will be in the formof a
separsteidesad@figrmg oh is dbinablseitsielbi for evnsbinéd therepy piTast Sctive
commonl y used in pharmaceutical technol ogy, such as,

mgf'ﬁcgeﬁ?(é‘é%rﬁm L{3ape |H€ér?tfdnb\ﬁ1ﬁl bé‘lﬁ' PRI 8Na Snixture along with

r maceut | c Sci ences Handbook", | atest edition.

=it CSEHRE BHEY el S ie °Lt”3ﬁ§ha'bl.@§ hidcduical

redient. The dosages wi |l be determ ned by
teC@J@ lagy. | suehe aSi elfer, BXNpiene BPFGHI Searrikrd pm na'??m'ngton S
care physician, according to the type of disease to be
Pharreatadicahd Screncpat i Handizoakondlatesin, editiorcontleari tcantdogitions
with the adm nistration of other active ingredients.

accoraing esthefinw@rionateiltdotddin GOtResHdUtRARY 8fféctiveosolifBdf the
al | ow parenteral or |oco-regional adm nistration.

actP\}éalthﬁé‘ﬁt' FRk SREBES Wil B@Sde?é'ﬂrﬁlﬂgb%y Ak x'B%rtHHrtﬁé’%EEi e.qg.

tlons sus enS|ons or yo phi'l 1 sed torns
econst For sui t ahl
the( ﬁ'@"'?'ﬂBﬁtﬁ’”fﬂ?WaB%f i e%'%ﬂn,o?cwgmw E’-!Reabf C?E?‘t’%e to be
for cancer radiother a? as, for exanple, described in
tregﬁgdo@@cérﬁh@@@gﬂﬂt'@cqg@ igrr40r concomitantly with the administration of

other active ingredients.

Examples of pharmaceutical compositions are those that allow parenteral
or loco-regional administration. Pharmaceutical compositions suitable for the
purpose are solutions, suspensions, or lyophilised forms to be reconstituted at
the time of use.

Forms suitable for the industrial application of the invention are kits for
cancer radiotherapy, as, for example, described in European Patent 0 496 074,
in the paper by Paganelli, Chinol et al. published in the European Journal of
Nuclear Medicine Vol. 26, No 4; April 1999; 348-357, in US Patent 5,968,405
and in the relevant literature.

A further object of the invention described herein is a kit for the therapy

or diagnosis of tumours by means of radioactivity. characterised in that at least
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in the paper by Paganelli, Chinol et al. published in
t he European Journal of Nuclear Medicine Vol. 26, No 4
WO 208p/0894370999; 348-357, in US Patent 5,968, 405PEKEP1006/066440
the relevant literature. A further object of the
i nvention described herein kﬁ a kit for the therapy or
di agnosi s of tunours by neans of radioactivity
characterised in that at | eastone of the conponents of
said kit contains a fornmula (1) conpound or one of its
one ofhe gempanentszofsisid &islooniaias eifeonulec(l) qrrepewmpounds of its
according to the invention are useful for the
copphixes atitroa saftatblberndipstose.and/ or di agnosti ¢ agents
for the treatnent and di agnosis of tunours. The

Co”?ﬁé”&@?n%@%ﬁdd&@rdlﬁ tté‘ﬁwé lH(/%ﬂhbﬁ’%re u@bh@‘ﬁbrnt%etﬁl‘éparatlon

bi nding wth radi ol sot pes f di agnostic and

of YAGRBREHE I aD i heSHE B0, B fr?%%%tuéﬁé s o

di fferent medical applications. For exanple, they can
tupRUri§sed in tunour treatnent methods with anticancer

radi ophar maceuti cals, such as, for exanple, those

destheé brunpourlsr epeadin@atae the dnvg8iod7 4ollawing Hibephipding with

by Paganelli, Chinol et al. published in the European

radl@idbtoples abr Nistdridatic e/ eri therMsdutic2se £xp Iaﬁlﬂid before), are
1999m348 357WE;€l in US Pat ent %@%68 405%@ In the )

us%flﬁ' eBanhdioldl bt %rat-lg’r% fd&'ﬁl\)gl_ﬁég SIREP! B f Yo t medlcal

ustrates the fvent | on repar ation o
ap&‘lcaElo:nls_ - COrTDound 4

For example, they can be used in tumour treatment methods with
anticancer radiopharmaceuticals, such as, for example, those described in
European Patent 0 496 074, in the paper by Paganelli, Chinol et al. published in
the European Journal of Nuclear Medicine Vol. 26, No 4; April 1999; 348-357, in
US Patent 5,968,405 and in the relevant literature.

The following example further illustrates the invention.
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The preparation of Conmpound 4 was carried out
follow ng the steps herewith reported. Synthesis of
wao b@70sdeced Bi oti nam dohexyl am ne (r-BHD) - CeepBP29d6/066440
1. The detailed synthetic procedure and
physi co-chem cal properti es]éof Compound 1 were
reported in the article by Sabatino, M Chinol, G
Paganelli, S. Papi, M Chelli, G Leone, A M Papini,
A. De Luca, and M G nanneschi, J. Med. Chem, 2003,
EXA4IPBE 70- 3173. The NMR spectra of the products
herewith reported were recorded in DMSO-d sol uti on on
Prefsaration 40the BREOVYANC,B/GhddpoEmad- am no) propyl ] gl yci ne
of the exanple was purchased from Fl uka (Swtzerl and)
as Pht geepantion pha@lampalid 4SwHsheairkedobut HellowiBgiDthe steps
conjugate with the N, N-bi sr(3-am no)propyllglvcine -
,gg,ﬂpp,lé@, 2qHATU (66.5 ng, 0.175 nmmol, 0.7 nole eq.) in
NMP- (0. grtm _) were added to a solution of

(33 05 m _, 0.3 nmol , 1.2 nol e eq.) in NI\/P( 1 rrL)

Thi $he ofletailen syathetico pvicasluaeldantl iphysiceicheanaical properties of

suspensi on of r-BHD (Conmpound 1) (100 ng, 0.25 mol)
Cohipd¥Md @5wskg repbitad NinngtHVMricle - 1By G, SabdEindM., Chinol,

nol e eq.). The reaction mxture was stirred at room

a0 o Mg RIS, A R PRbi 8 *%%“E%Jf%%@d M.
Ginhdnnesc I, fq\/léld.( Eﬂ'em.,”goog, Qg 5?’?6-’3193.3%%' NMR spectra of the

products herewith reported were recorded in DMSO-dg solution on Varian 400.
The N,N-bis[3-(Fmoc-amino)propyl]glycine of the example was purchased from
Fluka (Switzerland) as potassium sulphate salt.

Svnthesis of the r-BHD conjugate with the N.N-bis[(3-amino)propvllalycine -

Compound 2
HATU (66.5 mg, 0.175 mmol, 0.7 mole eq.) in NMP (0.5 mL) were added

to a solution of N,N-bis[3-(Fmoc-amino)propyl]glycine potassium sulphate
(115.5 mg, 0.15 mmol, 0.6 mole eq.) and NMM (33.05 pL, 0.3 mmol, 1.2 mole
eq.) in NMP (1 mL). This solution was dropwise added in 5 min to a suspension
of r-BHD (Compound 1) (100 mg, 0.25 mmol) in NMP (5 mL) containing NMM
(27.5 uL, 0.25 mmol, 1 mole eq.). The reaction mixture was stirred at room
temp. monitoring the reaction by RP-HPLC (eluent: from 30% to 100% of B in
20 mim; tr = 13.4 min). After 2.5 h, Compound 1 (57.7 mg, 0.08 mmol, 0.3 mole

eq.) was added again to the reaction mixture. After 2.5 h the reaction was
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eq.) was added again to the reaction mxture. After

2.5 h the reaction wasstopped and the sol vent
weaposesed under reduced pressure. The yel | oWRCEREB06/066440

oi | was suspended in water at O OC under stirring

obtaining a white precipit that was purified by

RP- CC (Li Chroprep RP-8, 40- mm  170x20 mm el uent:

CH3CNV H2O'HCI = 50:50:0.1 , 1 ni./mn) giving Conpound

2 (130 ng; 55%yield). The Fnoc-protected b/s-am no
stogeed vand vibe( colvpoueappraigpesndst taslusedpprassbye. TThe (yellow-

i nspection (CH3CN HRZOHCI = 50:50:0.1 ) . 1HNMR (200
oravide, oiDNE@ sudpéhd (brwater BH)O °8. bAddbstising3bbtaining a white

(d, 4H), 7.65 (d, 4H), 7.43-7.27 (m 8H), 6.41 (d,

pre%}l'aﬂﬁaté]‘ 2t|3’38{26}/a§ drmed%%mﬂrﬁ? (L%)hrg'ggep QP%% 4116 6(2%2“@-[11170)(20

m@%ﬁﬁ%@%@sﬁgﬁ : goelgegoeg Lm%&”ﬁ%w% Comip3tRe 2 (130

npound 2) &@ was di ssol ved in DV

mgcoﬁ?éﬁ ield)- 2898 of nmopgr,qt%qtﬁ@ (3’§ gminp - dervalivg (Gasprewd 2)
kept under stirring at roomtenp for 6 h nonitoring

appémredetwtheorpweabRPHRLC. (ihspaatid0 (GHIONKO/MHTI26 50r50 0.1).
tR=16.7 mn). The reaction m xture was then

"HRNEDQZGU RHAI MBS 0)e8 80831 (i £ SIHY 6.6 rtshel-gf P®7 @ UH), 7.65

di ssolved in the m ni num anpbunt of

t T bl d
@ BRI B Rt OBy 916“’“23”2%”% SRR LR 314

3 Rt Hh a3 et dioh 2 e db-Reb %%gﬂffoﬁnﬁs (i

170x20 mm el uent: H20 100% MeOH from 4 to 1009 . The

calgulatediM rtald] i s Sviored @ 2ct ed and | yophi | i sed gi ving

de-protected b/s-am ne
The Fmoc-protected bis-amine derivative (Compound 2) (88 mg, 0.09

mmol) was dissolved in DMF containing 25% of piperidine (5 mL). The solution
was kept under stirring at room temp. for 6 h monitoring the reaction via RP-
HPLC (from 30 to 100% B in 20 min; tr = 16.7 min). The reaction mixture was
then evaporated under reduced pressure and the crude oil dissolved in the
minimum amount of MeOH and precipitated with Et2O. The collected solid was
twice washed with ether, dissolved in water and lyophilised, affording a white
product which was purified by SPE (Solid Phase Extraction; LiChroprep RP-18,
25-40 um; 170x20 mm; eluent: H,O 100%-MeOH from 4 to 100%). The eluted
fractions were collected and lyophilised giving de-protected bis-amine

(Compound 3) (30 mg, 75% yield).
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(Conpound 3) (30 ng, 75%vyield).1HNVR (200 MHz, CDCl 3)
: d 8.12 (br s, 2H), 6.45 (s, 2H), 4.26 (m 1H), 4.12

W@ 290748937 3. 59-2.95 (m 7H), 2.95-2.70 (m 12HCT/RPB06/066440
(d, 2H), 1.80-1 .20 (m 20H) ESI-M5 (mle): calcul ated
[M+ H + 443. 6, found 443. 7 Conj ugati on of Conpound
3 wth the activated DOTA f obt ai ni ng B/ sDOTA-C

Compound 4 Sul pho-NHS (26 ng, 0.12 mmol) was added to

a solution of DOTA 0.31 H20 (49.2 ng, 0.12 mmol) in
"HNIRR (2007 86Hzd CPClsThe i s st AN, Budpuist &ti)t .26, Bnunil Hi 4.12

0.1 M NaOH and a solution of EDC (23 ng, 0.12 mmol) in
(mH2Q)( 8.59-2195) (MAF Hyd @edb-ar70pwh s @ 281, 0.50C(d, Thid),r €80t1.20 (m,

m xture was stirred at 0 OC for 30 min and then a

20ﬁ8|§l$‘1 IS (l?l{e)ce%glé@d gvl(#ﬁ 43 8. fHengya 1in H0

added dropvvl se during 5

reaction m xture vvas Iyoph| li zed and the crude
CopavBdf was pre-purified by SPE (Solid Phase
Extraction; LiChroprep RP-18, 25-40 mm 15x65 nm
el u8nlpho-NMNSHAGS hg 4% .NROHIMoe!)HAGS ¢ pddedydave aH.soliog  of
test of the extracted fractions denonstrated that the

DCTADBAMEOH (489 gl 0. 42 indimbheinf Haot (00T6@ mL)Ihe pH was then
nmet hanol i ¢ soI ution was evaporated and the product

ad;@%flééf @e%5q¥'”§§t gﬁtlﬁr?gﬂ'ti %gd%u%gluﬁgrﬁo?fE& #3%g,"022 hRol) in
H-O (0.5 mL) was added dropwise at 0 °C.

The reaction mixture was stirred at 0 °C for 30 min and then a solution of
Compound 3 (15 mg, 0.03 mmol) in H,O (0.750 mL), at pH 7.8, was added
dropwise during 5 min.

The reaction was checked via RP-HPLC (from 5 to 100% of B in 30 min;
tr = 16.4 min).

After 2 h the reaction mixture was lyophilized and the crude compound
was pre-purified by SPE (Solid Phase Extraction; LiChroprep RP-18, 25-40 um;
15x65 mm; eluents: a) H,O; b) 4% MeOH in H>O; ¢) 100% MeOH. HPLC test of
the extracted fractions demonstrated that the Compound 4 was mainly in the
fraction c. The methanolic solution was evaporated and the product purified by
RP-HPLC (from 5 to 30% of B in 30 min: {r = 16.4 min) obtaining the pure Bis-
DOTA (Compound 4) (15 mg, 24% vyield) as a white solid.

ESI-MS: m/e calculated [M + H]* 1272.7, found 1272.7; [M - H]* 1270.7, found

1270.9. Anal. (CssH101N15016S-6 TFA-5H,0) C, H, N.
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DOTA (Conmpound 4) (15 ng, 24%yield) as a white solid.
ESI-MS: nmle calculated [M+ H + 1272.7, found 1272.7;

WQ k07/089437 1270. 7, found 1270.9. Anal. (C56H O PEWBEEX006/066440
6SOTFA-SH 20 C, H, N. Labelling tests, radi ochemn cal
purity, and serumstability dests vere carried out
with the conpound il ustrat]ed in the foregoing
exanpl e. Labelling tests were carried out using 2
nmg/mL M11iQ water solutions of BZSDOTA-C 3. 1.0 nM
sodi-abelingttests, batiaohemealspolityweanchdgesdmt stedilgpAEAG ,were
that were subsequently added with the radi oi sotope

cagiedaiit Gthstbleldonao Ul Gstrated 1d tHenfor8@ding Bkakiple.at a
specific activity of InCi/7.2 ng . Finally these

sol uabellvsg teste ware wzatied oat uSing 2 aig/BANMIlliQl waiar delutions of
determ ne Radi ochem cal Purity (RCP), Silica Cel

B/éU@TRfEB Thi %mﬁmoﬂéé%ﬁf@/b&ﬁgﬂ-@ﬁ%g%és lé%l@@d té\rB/sDOTA-

al 1 quot™ of the radi ol abel ed m xture

Cs’”%s?heeiééﬁf‘?ﬁ%@'%%ﬁ& o i’ %"@ﬁ??ﬁé‘ut"mém'a’

sh $77anal S a Radi o-TLC appar at us; [
Eubaﬁﬁ@@offm%tanw oS B ALes FilyAbeas polutions

re_rral ns at the origin, while the unbound radionetal is
werd insubatad! #yOF0Par 3chimd grates with sol vent front. RCP
val ues tipically obtained were >96 % Stability assays

ver g pelet e d@térmirt&Raﬁiﬂ)cWéhh@ltPLﬁﬁﬁ@RCPq 8itice GeMnstast Thin
radi cal scavenger. Aliquots fromthe |abelled

Chg@% fo Iré:?a;h%\@“rig §§?%S§ﬁ3?§{ ﬁﬁ%ﬂ@fu PoTtﬁ fwﬁ | uIIlE,IET‘%mxture
waggﬂch%ggtog%uyoz?r %)ﬁcegﬁooq) wﬁ Hfé)i Qﬁ%" S dr'1 %Sdr\c’\)%rwas spotted on
ITLC strips and developed with saline. The strip was analysed by a Radio-TLC
apparatus; in this system, the complex formed by BisDOTA-Csz and Avidin
remains at the origin, while the unbound radiometal is complexed by DTPA and
migrates with solvent front. RCP values tipically obtained were >96 %.

Stability assays were performed with and without ascorbic acid (AA) as
radical scavenger. Aliquots from the labelled molecules were incubated at 37°C
with a 4-fold volume of saline or AA solution (4 mg/mL in 1.0 M sodium acetate
buffer, pH 5.0). Stability studies were carried out at 24 and 48 hours and RCPs
were calculated using ITLC-SG method as described before. Results showed
that, in the presence of AA, the radiolabelled M-BisDOTA-C3; were stable to

radiolysis up to 48 hours.
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were cal cul ated using | TLC- SG net hod as descri bed
before. Results showed that, in the presence of AA
W@ @703l abel ed M S/ sDOTA- C3 were stabl e t o PCT/EP2006/066440
radi olysis up to 48 hours CLAIMS 1. A conpound of
formula (1): (I) where: l59CH2 or CO Bis H CHO or
COOH, with the proviso that when Ais CH2, Qis a
-(CH 2)n- group, in which nis an integer from4 to
12, in which case Ris absent; when Ais CO Qis
sel ected fromthe group &AIMSing of -(CH
2)a-CH(R-)-(CH 2)b- where a and b are, independently,
1. i nt Agginspduranofifotraula-(1): and R i s defined as below, Wis
a CG-CG 2 alkylene or C2-C 2 al kenyl ene |inear chain
or a functionalized polyethylene glycol; or a C6-C O
aromati coresi due; or a glycofuranose residue; or W
al one or |itogether with the nitrogen atom supporti ng
the -( -NHR and -(CH 2)d-NHR' chains , is a

het erd group with 5 orR6 nerfgers cg@t_@ ni ng one
or nore er oat onms selectedl fro |_yp§-i S
an aro ki V% oup or a sugar
noi ety, nltrogen at om| uppgrtl théCH(z)EQ 2) G- NHR
and - (CH 2)d-NHR" chai nsi goptignally absent amMdHRHhe

-(CH 2)CGNHR and -(CH 2)d-NHR" chains are directly

)

where:

A'is CHz or CO;

B is H, CHO or COOH; with the proviso that:

when A'is CHz, Q is a —(CH2)n— group, in which n is an integer from 4 to
12, in which case R is absent; when A is CO, Q is selected from the group
consisting of —(CH,),.—CH(R-)-(CHz),—, where a and b are, independently,
integers from 0 to n-1 and R is defined as below;

W is a C4+-Ci2 alkylene or C,-Cq2 alkenylene linear chain or a
functionalized polyethylene glycol; or a Cg-Cqo aromatic residue; or a
glycofuranose residue; or

W, alone or together with the nitrogen atom supporting the —(CH2).—NHR’
and —(CH»)¢—NHR” chains , is a heterocyclic group with 5 or 6 members
containing one or more heteroatoms selected from O, N, S;

when W is an aromatic residue, an heterocyclic group or a sugar moiety,

the nitrogen atom supporting the —(CH3).—NHR’ and —(CH3);—NHR” chainsis
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and i ndependently bonded to the carbon or nitrogen
atons of the aromatic and heterocyclic rings or to
w@20000894at ons of the gl ycof uranose residue; c BCHEP2006/066440
i ndependently are integers from3 to 10; R and R
are, independently, - L, e- Lisaformula (Il)
macr ocycle: (H) where Y ar he sanme or different and
are selected fromthe group consisting of hydr ogen,
straight or branched G -C 4 al S m COOH,
opliwrally ahsest andithe edgeH2jcbIMR anﬁy 3(CHe H\IH dmhgtms argr directly
the -CH 2-U group, where U is selected fromnethyl,
aneétiiddpendeatly bhoptied b the cavkbdnsoit hierogeftalipme-of Zhg aeorpatic and
where o is an integer from1 to 5, J is hydrogen,

het‘é% hc‘Pl'h glhyd ox?génqa%nﬁ@&?ﬁh‘é"%&édfﬁr%o%é@e%h@ Sor 6

ers c nt al ni ng- one or nore heteroatons sel ected

from or a linear or

br aﬁ@ﬁgfe?ea@?ﬁ& a8, ﬁﬁ?g%gsaﬁﬁ% ?%?5" [ s"sel oot ed
from-NH 2, - r%tja( where R2 is

| i nBafn$R’ Wﬁn‘@ﬁ@ﬂefdﬁe al(\kwhe&? U{}[JS aaorrgukar{él)mﬁ%@@fcle
2 or 3;Ris selected fromthe group consisting of

| i near or branched Cl1-C4 al kyl, cycloalkyl,

het erocycl e opy T, (®Re is selected from
t he group consm%?é& /C(,H )rpe , or -COCH, and q

is O 1or 2. 2. The co ound grmula (1)
according to claiml1, ere independently Ais CH2, B
is H, le-(CHZ)n- , eren| an integer from4 to

8, preferably 6,
CHZ)

(IT)

where Y are the same or different and are selected from the group
consisting of hydrogen, straight or branched C4-C4 alkyl, —(CH2),,—COOH, where
m is an integer from 1 to 3;

X is hydrogen, or the —CH2-U group, where U is selected from methyl,
ethyl, p-aminophenyl, or X is the —(CHJ),—Z group, where o is an integer from 1
to 5, J is hydrogen, methyl or ethyl, Z is a heterocyclic group with 5 or 6
members containing one or more heteroatoms selected from O, N-R4, R4 being
a hydrogen atom or a linear or branched C¢-C4 alkyl group, and S; or Z is
selected from —NH;, —NH-C(=NH-)-NH,, or —S—-R, where R, is a linear or
branched C4-C4 alkyl group;

p is the integer 2 or 3;
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c and d are both 3 or 6, R and R' are - L where Y is
al ways -CH 2-COCH;, X is hydrogen, and pis 2. 3. A

W@ o9plan3df a conpound of Formula (1) accordi nRCT/BP2006/066440
claims 1 or 2 with a radi oi sotope. 4 . The conpl ex
according to claim 3, vvherﬁ%t he radi oi sotope is
sel ected fromthe group co listi ng of Fe-52, Mh-52m
Co-55, Cu-64, Ga-67, G-68, Tc- 99m In-1 11, 1-123,
1-125, 1-131 , P-32, Sc-47, Cu-67, Y-90, Pd-109, Ag-1
11, Riis seferted Pom te grep1@Bsisiegiddinear op branched-Q2, alkyl,
Bi -213, Rh-105, Sm 153, Lu- 177, and Au-198. 5 . The

cydioaiRyiexhetemaydiengr t-oCHAHTE Where 4 is éeleete® from k&l group
2)n- , nis an integer from4 to 8, preferably 6, Yis

coﬁﬁs“lrﬁaﬁ@'b nd_dpe Fﬂég)blsloéﬁ’cﬂ’é i69, Y012 6 . A

ceut i cal and agnosti'c conposition

2. i O SolhrE TR M L o dp Sl -"%ﬁﬁgd%@eﬁdenﬂv
Use of_ the conpound according to claim1 or 2 for th
A 5 Cdea Baifi "c'»nQd’F ~C kg Wderein s AnciReaer FRMhé e gof preferably 6,

t unour s. . A pharmaceutical and/or diagnostic
Cc anong ass botim3 oo, &’ rindgRaacorpl veixeract s diwayst-eCldp€@DH; X is
claims 3, 4 or 5in a mxture with suitable vehicles

hy@@@éﬁram(gl.@lzents 9. Use of a conplex according to one
of clains 3, 4 or 5 as an anticancer

3. r adAaihgsler o dtdopdountiof Fdrinul® (1) bbeordat ©f dgindPy oP2 with a
di agnosi s of tunours, characterised in that at

radioisotope.

4. The complex according to claim 3, where the radioisotope is selected

from the group consisting of Fe-52, Mn-52m, Co-55, Cu-64, Ga-67, Ga-68, Tc-

99m, In-111, 1-123, 1-125, 1-131, P-32, Sc-47, Cu-67, Y-90, Pd-109, Ag-111, |-

131, Pm-149, Re-186, Re-188, At-211, Bi-212, Bi-213, Rh-105, Sm-153, Lu-

177, and Au-198.

5. The complex according to claims 3 or 4, where Q is —(CHz),—, n is an
integer from 4 to 8, preferably 6, Y is —-CH,—COOH and the radioisotope is Y-90.
6. A pharmaceutical and/or diagnostic composition containing a compound
according to claim 1 or 2, in a mixture with suitable vehicles and/or excipients.
7. Use of the compound according to claim 1 or 2 for the preparation of a
drug useful in the treatment of tumours.

8. A pharmaceutical and/or diagnostic composition containing a complex
according to one of claims 3, 4 or 5 in a mixture with suitable vehicles and/or

excipients.



| east one of the conponents of said kit contains a
conpound according to claim1l or a conpl ex according
WQ 200C/036487 3 . PCT/EP2006/066440
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9. Use of a complex according to one of claims 3, 4 or 5 as an anticancer
radiopharmaceutical.

10.  Kit for the radiotherapy or diagnosis of tumours, characterised in that at
least one of the components of said kit contains a compound according to claim

5 1 oracomplex according to claim 3.



