APOPTCOSI S | MAG NG AGENTS BASED ON LANTI Bl OTlI C PEPTIDES Field of the

I nvention. The present invention relates to radi opharnmaceutical inmaging in
vivo of amopbrui4sseand 5ot her forms of cell death. The i meemrran/ope7eyi des

i magi ng agents which target apoptoticicells via selective binding to the
am nophosphol i pi d phosphati dyl et hanol am ne (PE), which is exposed on the
surface of apoptotic cells. A so provided are pharnmaceutical conpositions,
kits and net hoAROBTOSIS IMAGEING AGRENIES BASBR AN LANTBIOTCREPTIBESNt | ON.

Apoptosi s or progranmed cell death (PCD) is the nost prevalent cell death
pat hway and proceeds via a highly regul ated, energy-conserved nechanism 1In
t he heal t hyrigd of e IBRINOSI S plays a pivotal role in controlling cell

grow h, reqgulating cell nunber, facilitating. norphogenesis, and renoving
har nf ul or ABRESFRINVERYINSelafsy & BEIGPRAMATUISH M IS PERC O BRWESISRAS been

i mpl i catsed gy for BP&N REthdITREAS Btk &Sdes Hrﬁ&éi%gdégégts%%%@&soc' ated with
the inhibition of apoptosis, such as cancer and autoi nmune di sorders, and

t hose assodperteld it Halglpdivabtriding tagemrosipbosphpléeitiddi ng neur odegener ati ve

di seases, ' [.Se [ ] : rejection.
The vi sual @gﬁ%ﬁyﬁﬁfgaﬁgﬁfﬁ?gﬁ wg@h??exfg%%?%?ﬁ%&f%%%ké gﬁ%‘teﬁ%ef ul in the
di agnosi s dflssprondédap phdrostasitica kampaobitpas. ap hybinathodpyof iTHee apeing c
treatments for these diseases aimto restore bal anced apoptosis, either by
stinmulating or inhibiting the PCD process as appropriate. Non-invasive

i magi ngioof Bapkgrtwsits thednesatibis and tissue in vivo is therefore of i mense
value for early assessnent 250f onse to therapeuytic.intervention, and
can provi de BT REPGRE TS aeAls PEIPRE e NbT B b releaaslgey oy
particul ar ahdpriess vies Rty YeglRidd! @kigiGofdertedeneehdnisacly tRf hea@Rcer t her apy
to ensure that malignant growh is controlled before the condition becones
termnal . 3HhEPVIHEP WS ALEGIRE AL i 8L IEs %eikgrpmhe%egglﬁtllilaqce &VBPEpi ng

i magi ng ag@ﬁ@iﬁaﬁi@m@@ﬁ%ﬁ@d@ alBRA G g hd&TIl &tabﬁdrmalbéalb.‘gﬁ‘d?éz'g%[atieﬂent

Med. Chem, 9(9), 986-9 (2009) ; zhao, ibid, %9), 1018-1023 (2009) and M
De Sai nits- Hph&etP(@) prapess hasthserisnplicgied mgnupger ey statey inclyding titse s

avail abl & folochiBalnChhlflaalk hopt Al Al Belded ABRRSIheifR dREeT ved 0
2012/ 041862PCT/ EP2011/ 066789 2 the nmDst attention. Annexin V binds only to
negat i vel y aptthogetssqsaserhhith hypedstivadpioptesis.andeding nquregeadiiertiveo di sti ngui sh
bet ween apopt 0si r0sl | j.oni;Ne- i.nj ntibiotic

pepti des (%Fsaenst%lg’?)]fl%ﬁgglgg')% d?%érsgwlfﬁﬁ, lggng&gi&aﬁﬁg&nﬁiﬁ}e}fﬁ&?%&cI osely rel ated
19- mer peptvidalszaipt imdauentirpiaet of hpdmaestsyic tHecefet nseftlun ehe[dtzacsis dsueto Aci ds,

DO 10..1007/s00726-009- 0386-9, Springer-Verlag (2009), and references cited
therei . TAKORFEIARa OPEPk;éO&"%Yipa four coval ent,

Therapeutic treatments for these diseases aim to restore balanced apoptosis, either by
stimulating or inhibiting the PCD process as appropriate. Non-invasive imaging of
apoptosis in cells and tissue in vivo is therefore of immense value for early assessment
25  of a response to therapeutic intervention, and can provide new insight into devastating
pathological processes. Of particular interest is early monitoring of the efficacy of
cancer therapy to ensure that malignant growth is controlled before the condition

becomes terminal.

30  There has consequently been great interest in developing imaging agents for apoptosis
[see eg. Zeng et al, Anti-cancer Agent Med.Chem ., 9(9), 986-995 (2009); Zhao, ibid,
9(9), 1018-1023 (2009) and M. De Saint-Hubert ef al, Methods, 48, 178-187 (2009)].

 —

Of'the probes available for imaging cell death, radiolabelled Annexin V has received



i ntranol ecul ar bridges, and differ by only a single am no acid residue at
position 2. The structures of duranycin and cinnanycin are shown

schemat i cabDI2g12haliss2;, where 10t he nunbering refers to t heCpEPRailone7ed t he

| i nked am no acid residues in the 19-ner sequence: Pro9 pheio dy8Thril
Phe7Phel 2 Ser6 /Sval | 3 Cys5Cysl1l4 Ser4----"SHO Aspl6é G n3d yl6 X2Asnl7

Cysl SThr18 Lys19 Duranycin X2 = Lys, C nnanycin X2 = Arg 15 Programred
cel | deat h tlr mapapémion.s AnsexanV ibirtds anlgltcb ué@tiyelpciemrg;d -ptiegpdoliiedy, whehf -
destruction of t ell.. The. tr| hosphol i pi ds across the

bi | ayer of f%@rsdg?qaglﬁlt%glﬁtén%hﬁf HF%OP ‘SaPr%B?‘{f)%*r‘ﬁ marker for apoptosis.
Thus, in viable cells, the am nophospholi pids phosphati dyl et hanol am ne (PE

or PtdE) and hosphatl l.serine. 20( PS) ar predo nantly copstituents of
the i nner 1dsHamgRongFe-¢ H&%ﬂn@r%lgr?apthdé% Ahgiotips staalﬁt/%a%fp cells, there is

a SynChr5°”'c§§1@m§é‘ih§fe%b'o?€ﬁély‘?é]at@cf19351613 tlﬁ’é wﬁpé SonthdE@Bl flicand ci nnanyci n
bind to the neutral am nophospholip mlar specificity and high

affinity, Biusteiedby. énhwr\@éhmlclodaewéqomraw P$&6s9 pBLged V2dete PE

head- gr oup.Jfo§ i RebBELeL ateattﬁet}ah] Shfly A droWiifkel DEALALVAMDEt ween the 13-
hydr oxyaspartl ¢ acid residue (HO % and the ethanol am ne group.

Modi fi cat i onfsantadecular bridgss,iagd difter éy hrﬂmwﬁlmgkc amaeadid/ esidudaimastics B [ Zhao et
al, J.Nucl 'TM%(;truéL(l;rEs &f3(ﬁ1§£mycin and cinnamycin are shown schematically below, where

10  the numbering refers to the position of the linked amino acid residues in the 19-mer
sequence:

Prof pheto
Gly® Thrtt

Phe? / Phe'2

- Sers /S Val'3

Cys® Cys'4
Ser4/S/ HO-Asp's
GIn? Gly'®
X2 Asn'?
Cys' S Thrtsé
Lys?®

Duramycin X* = Lys,
Cinnamycin X* = Arg.
15
Programmed cell death or apoptosis is an intracellular, energy-dependent self-
destruction of the cell. The redistribution of phospholipids across the bilayer of the
cell plasma membrane is an important marker for apoptosis. Thus, in viable cells, the
aminophospholipids phosphatidylethanolamine (PE or PtdE) and phosphatidylserine
20  (PS) are predominantly constituents of the inner leaflet of the cell plasma membrane.

In apoptopic cells, there is a synchronised externalization of PE and PS.

Both duramycin and cinnamycin bind to the neutral aminophospholipid PE with

similar specificity and high affinity, by forming a hydrophobic pocket that fits around
25  the PE head-group. The binding is stabilised by ionic interaction between the [3-

hydroxyaspartic acid residue (HO-Asp'®) and the ethanolamine group. Modifications

to this residue are known to inactivate duramycin [Zhao et a/, ] Nucl Med, 49, 1345-

pRLES ]



WO 2012/ 041862PCT/ EP2011/ 066789 3 1352 (2008)]. Zhao [Am no Acids, DOT

10. 1007/ s00726- 009- 0386-9, SpringerVerlag (2009)] cites earlier work by
Wakamat suiwetzoelo4f€2ochem stry, 29, 113-188 (1990)], whePeThHWRI136EiBES show
t hat none of the 1H NVWR resonances of #he 5 term nal am no acids of

ci nnanycin are shifted on binding to PE - suggesting that 5they are not
involved in interactions with PE. US 2004/ 0147440 Al (University of Texas
Syst en) dedss? OS3)].abkedd [AchiamA cidsiDEIPIHoIHOHeIG7p6- @028 8dhadipesgerwhi ch can be

used to detect -apopt opi ¢ _or, .apeptopic cells, —or.jn cancer.jmging. Al so
or ovi dod are e hoGREREE SMeEuPHpar R Fot R bt R bR oPel Rl "anti vi rai
drugs for qasmog whéreNapR stulies 2RNGhAESbf e S¢ NosR sesoihbads tiRfs | magi ng
PhoSphat | cyFEg RIS RS e R Lo B f PELSSHEP 088 14549

di scl osgs andyadd AR NACIRE GlinteatiofBdenh Py @ process conprising: (i) providing
a pol ypeptide having at |east 70% sequence simlarity with CKQ SC SF GPF

TFVCDGNTK, wherein the pol ypeptide conprises a thioether bond between am no
aci ds US 2004/0n ¢3440 uelS(UhivEBsjty 4f Téxas Spderby deberitapthbaliedaniide bond bet ween

am no acids 20residues 6-19,. and, wherein one or nore distal noieties of
structure GiepRgp Lﬁ&méalar Bisb i eﬁf?&ﬁag‘i%ctméapamoms %cid at position
1, positi onpdptoflE celROSiH taAs ihaging RAls8fprdvi@dRe doRRIhledlss duaddsh cwherein R1L and
R2 are each independently a straight or branched, saturated or unsaturated
C14 25al0kyWitheieting profeipsaiaatviiy drss forrcanest éhestYt he distal noieties with
99mrcx, (99mrc=0) 3+, (99nmIcN) 2+, (0=99111c=0)+ or [99111c(C0) 3]+, wherein X
is a redox or oxidation state selected fromthe group consisting of +7, +6,
+5, +4, +3,WOQZ2006/955835 disglosep meghods af ignpising apentosds wingra mdiglebeltedt her eof . WO
2012/ 04186 gl st.al i ' : /114549 is a
conpl exi ng%gg é}@%}%%% J}{[ %g%rzlg%l agrfh-sg%% 8%%’1%&%%B@bﬁ%dﬁal%gsﬁg&gﬁ

hydr azi noni coti nam de (commonly abbreviated "HYNIC'). HYNIC is well known
in the |t t e.q. Baperjee et al., Nucl.Md. Biol, 32 1- 20
(20091 aniOr20g 1 LEF oFs ers AT G hulle KD e Gb@mend™r ot ei ns wi th
99nilc 5[ R A)ber pmvidiippp@ypediidgiagng al Bast 00%osedudbde sRadaray sahopes and

Radi ophar maceut i ¢al& ok GPFTFVCDGNTK,

wherein the polypeptide comprises a thioether bond between amino acids

residues 1-18, 4-14, and 5-11, and an amide bond between amino acids

20 residues 6-19, and, wherein one or more distal moieties of structure
O
~ N/
N ‘ :
R? ~ ~
~ N N
H
R2

are covalently bound to the amino acid at position 1, position 2, or,
positions 1 and 2 of the polypeptide, and wherein R' and R* are each
independently a straight or branched, saturated or unsaturated C4
25 alkyl; and
(i)  chelating one or more of the distal moieties with ™ Tc*, ("""Tc¢=0)"",
("Te=N)>, (0="""Tc=0)" or [""Tc(CO);]", wherein x is a redox or
oxidation state selected from the group consisting of +7, +6, +5, +4, +3, +2,
+1, 0 and -1, or, a salt, solvate or hydrate thereof.

30



Series 1. "Technetium 99m Radi opharmaceuticals Status and Trends" (2009)].
WO 2009/ 114549 di scl oses specifically 99nmlc- HYNI G- duranycin, and suggests

t hat the wadnophsseraceuti cal s taught therein are useful PCOEPROTAYHETEY
apoptosi s and/ or 10necrosis, atherosclserotic plaque or acute nyocardi al
infarct. Zhao et al [J.Nucl.Med, 49, 1345-1352 (2008)] disclose the
preparation of 99niTc- HYN C-duranycin. Zhao et al note that duramycin has 2
am ne groupeadisthll mbikte’ HOWOCZNOPU Gaidoona tampiilihageat fot the rddidisntopenus ( Cysi
residue), and the epsilan-amne si.de. 15.chain of the Lys2, i due. They
burt 11 el t e Tevies Barssye e TGTranis eresits HEngder Ry

bihs- HYNI Cl- f}mskud i\c/ng m&gikaeﬂ?] dﬂﬂha[r‘]fgéf‘dtlﬁe [Je& F.@{)Bz?ﬂlérj gcaaia(o, I}ai@eMeﬂ.Bg)lw'_zt, - 99niTc.
Zhao et al acknow edge that the 99milc-1| abel | ed nono- HYNI C. dyy,anyci n

conj ugat es @t(a%%dar&rléaﬁfeg%%mﬁw Y FrbeRigR RERSIdes A PReEPe WEF i d6ners.

20Whi | sts HYRILAGL &R, OBapiéraD b g e 90046 i CINAN R¥BSisotbpes aBEIRbAiSshapfisbelianal
co-ligands to conplete the coordination sphere of the technetium netal

conpl ex. THerieNN ‘@ eafpptinmridm Ratiophannageinisale ptagtsantl Tgadd @P0Ak a bi dentat e
chel at or depending on the nature of the am no acid side chain functional
groups in the vicinity [King et al, Dalton Trans., 4998-5007 (2007);
Meszar os etWaI20p9/hbt5g0 discloscasperificabs, "TOHYNIOsBIrgmeI0pid subkests tha5s dependi ng
on the envigyonn - r : lexes havij - 2- metal donor
ator.  Nosdhs ageRternfbellcn BRR (TR e RO R bt o e v th
HYNI C clan hawesig agiegntlfiotaptaqef drectte oryotdrdiabiefaati our of the system and
state that none of the co-ligands is ideal. 30The Present Invention The
present invention provides radi opharnaceutical imaging agents, particularly
for imagi nghdd sea$ENS M&Es40f1345he35rr008)] dscldedhe prbargioabn8fT@l apopt osi s

is involved,. The.inmaging agents conprise radjionetal chelato onj ugat es of
a | anti bi oﬁf@ﬁﬁwrﬁlagcmvﬁ@mf ‘%P_A@_L‘é%tzfiﬂ@ﬁm‘@af L/A0BeTE a?ﬁkbfﬁfgtm i on
provides r agdhjasRioaho AYMICEXEHe WRbENndsQUR IrefduRH Wed BleXepsilondthig8side
radi ochem cal purity wi thout the need for co-l1gands. The present

O

i nvent oSs a8 ﬁ?@&yggr@%%ei JhedryrHied the HYBHmdntamyringRaiigdePHOIBEGl  conpl ex
at the N tefmNS HeHSAYNGEL S Psed NRah AR, HBLPL!Gdi PGP fayiaf Formula 1|

herein is strongly preferred, 5since attachment of the unconplexed chel ator
at even the dui Abaediadackapalsaes thatdhe hET Nabetedinmmre-HYRAL -Gfrafizrul a | 1) has a

del eter OUSco@géa‘%&tsuPdi‘edba:fé‘&@oﬂaﬁ)tl;Lﬁ tf?é%?r%g%%n%&gﬁy?ﬁsgﬁie?sm ne. This effect was

not recogniz previously in e prior nce the degree of inpact
on binding affinity is believed novel. 10Detail ed Description of the

I nvent i gn. . I,J.St as topmt NE esent invention praovides an imging
ngont v oV EBERNIE SRR el S PleSRn et PR B R 885055 (1)
15wher ei n: cbBPletesth@cdoadihiatidn@phcte rapé teditneiim hostalgb@plek.: The HYNIC may

Oysa-Yaa- G Set b O Sea RRLb S 7 L R BRI 5o s QL SRUER A om0

the amino acid side chain functional groups in the vicinity [King ef al, Dalton Trans.,

4998-5007 (2007); Meszaros et al [Inorg.Chim.Acta, 363, 1059-1069 (2010)]. Thus,

25  depending on the environment, HYNIC forms metal complexes having 1- or 2- metal
donor atoms. Meszaros ef al note that the nature of the co-ligands used with HYNIC
can have a significant effect on the behaviour of the system, and state that none of the

co-ligands is ideal.

30 The Present Invention.

The present invention provides radiopharmaceutical imaging agents, particularly for
imaging disease states of the mammalian body where abnormal apoptosis is involved.

The imaging agents comprise radiometal chelator conjugates of a lantibiotic peptide.



(I'l) 20Xaa is Arg or Lys; Cysa-Thra, Serb-Cysb and Cysc-The are coval ently
| i nked via thioether bonds; Serd-Lys" are covalently linked via a

| ysi noal amoree12mgms2 HO- Asp is 13- hydroxyaspartic acid; PBTIEPRW)/06678%
attached to Cysa and optionally also to Xaa of LBP, wherein ZI conprises a
radi onetal conplex of a chelating agent having at |east 4 netal donor
atons; Z2 is attached to the C-termnus of LBP and is CH OW or MG where
BC i s a bi dhenmpahtidl moméstsn@ahomemhboﬁ@ﬂdxé?s which foret rajrotiuciity, iimhighi t i ng group

ot shol © st SRR AR Pithous e o8 G rePiod | PhedbeSHBRRRST of mul m

- (A m  whermaidaleasmbhshes tHansleprrel@ RE thy radididetal,compRr@Rthe N-tefatinus - CR2CO2-

- CO2CR2- - NRCO- 2/ 04186 PCT/ EP, 01 /066789 6. CONR-
- NR( C=0) NR{Cys' m(desé)f\rﬁg %nt}ts@mwﬂ ofjRepya lherwc%m&y prefeFRdSCRe- |

- CR2ZNRCIZ2- gincRafdthB e s klﬁhﬁ&&ﬁﬂ@ie’ﬂ)&hﬁ%r SeQtPthe Amfrd-a3iddfek @R kdkib ene group,
a C5 12 aryl ene. group, C3_12 heteroaryl ene group, an amno acid, a

sugar or W%%ﬁ%@?@%ﬂﬁ%%r@é@@@b& effeomy bigding i1 ng 5bl ock: each Ris
i ndependemﬂth %Qﬂﬁ@é{‘hat{lf)ﬁﬂﬂé T@ils-e%feéd%a)élnot 4112%5?%@%51 (Pend ﬁl)lka)f{'yl Cl-4
al koxyal kyl rp C1-'4 hydroxyal kyl, mis an |n ege va ue f to 20; nis an
i nt eger of avdhensetheglegite oflipByt anthendieg affitityma delgycdgenst.” is neant a conpound
suitable for inmaging the manmal i an body. Preferably, the mammal is an
intact manmal i an body in vivo, and is nore preferably a human subject.

Pr ef er aiol y Detdiled Desagiprign afctheltnvela'mnbe adm ni stered to the mamal i an body in

an‘inimall;iir}v sive nner .e..vm'tho(lilta. ) ) )
n a 1rst aspect, the preésent 1nvent10n provides an imaging agent which comprises a

compound of Formula I:
Z'-(L),-[LBP]-Z
@
15 wherein:

LBP is a lantibiotic peptide of Formula II:
Cys®-Xaa-Gln-Ser-Cys®-Ser’-Phe-Gly-Pro-Phe-Thr-Phe-Val-Cys’-
(HO-Asp)-Gly-Asn-Thr*-Lys’

()
20 Xaa is Arg or Lys;
Cys™Thr®, Ser"-Cys® and Cys®-Thr® are covalently linked via thioether
bonds;
Ser’-Lys! are covalently linked via a lysinoalanine bond;
HO-Asp is B-hydroxyaspartic acid,
25 Z'-(L),- is attached to Cys® and optionally also to Xaa of LBP, wherein Z'
comprises a radiometal complex of a chelating agent having
at least 4 metal donor atoms;

Z? is attached to the C-terminus of LBP and is OH, OB°, or M'®,

where B¢ is a biocompatible cation; and
30 M€ is a metabolism inhibiting group which is a biocompatible group
which inhibits or suppresses iz vivo metabolism of the LBP peptide;

L is a synthetic linker group of formula -(A)m- wherein each A is

independently -CR,- , -CR=CR- , -C=C- , -CR,CO,- , -CO,CR;- , -NRCO-,



15substantial health risk to the manmal i an subj ect when carried out under
pr of essi onal nedi cal expertise. Such minimally invasive admnistration is
pr ef er ablwoi2ntveavssaous adm nistration into a peri pheral PegiEr2@fil/06618%
subject, without the need for |ocal ors general anaesthetic. The inmaging
agents of the first aspect are particularly suitable for inmaging apoptosis
and other forns of cell death, as is described in the sixth aspect

20( bel ow). The t@@NR"iJNR(’CVO)NRagNRgL‘ SaNRusﬁﬁzNIGr eNRSOef e€R,QOR4-hose

t echni ques t hat nv e i f all or part of an

i nternal aspect @?%g H@Pﬁhﬁéuﬁ étcyd%}g?%glﬁlf’ﬁ%’etgé?% §hino acid” is
meant an Ia or ?ycl@\%mﬁ@ed@; %@Eﬂgﬁ?/l@féig{ﬁ)@n&{iIgM@héte[@aryrbﬁé)gﬁohy:am ani ?ﬁ)tor
am no acid mnetic ich may be naturally occurring or purely synthetic
origin, and may2BEIOGS: & gy onA mencdisperse polysthdenselpl APEGHIHILSH” hence
chiral, sor a m xfgdke of enantioners. Conventional 3-letter or single letter
abbrevi ations for am no acids are used herein. Pr eferabl& the am no aci ds

of the 30presentadhfyisprdependgptly dotandeam . bur dkvigy-aatenylebrm alkepli de” is

nmeant a compoung, ¢coimy NG ¢ WGy aF am no acids, as defined above,
| i nked by a pepti gle boyr?gily IV}ng ox%f%ﬁ bond Iinking the am ne of one am no

acid to the car bogyh lmgeaﬂﬁ)tah@rl)to 20MD 2012/ 041862PCT/ EP2011/ 066789 7 The

term"lantib fers to a peptide containing at |east one
| ant hi oni ne %Qﬁg&gggﬁdﬁ%gr?loﬁg" has its conventional nmeaning, and refers to

t he sul1oi de anal ogue of cystine, having the chem cal structure shown: 00
HOS( OH NHZES,Zt Sl_ant hi oni ne B{ t he Eer m"co tl¥ i nke VI a thi oet her
bonds™ H‘f l”ﬂa{matgﬁg atgﬁl?ofs B %f%??éﬁ“néﬁ%‘ﬁg‘ (g“fnﬁ%m‘? Cevant Cys residue
is linked alsanamtlfah@ea;hepretmm@ the Iﬁdﬁﬁnﬁﬁalﬂhtaa_ﬂlﬁalﬁlﬁﬁlldﬂuﬁdﬁhﬂm ¥

dehydration of the hydrqxyl nct i roup of, the Ser or Thr 10resi due,
to give |ant BPGAHER e/aﬂjé'{vﬂmw ?r@?ﬁfwgv heriRagag 2298647 1% nkages are

descri bed hymWidié8y ththe &hmhﬁnshwlﬁfhﬁﬁﬁmaw invadve ménhér, 20 LvilA07) ] . By the

term "I1yS| noal ani ne bond" is neant that the epsilon am ne group of t he Lys
resi due'Si s sphsiesgl healthiskdpithirenypmeliansubipe vdep cirasd eniendsidgiessiodaldehydr at i on

of the 15 hlyegﬁ’cﬁ?(ééé elftfégcgdcﬁ%hmgiﬁ@%agfze Q&Fﬁn@{m(ﬂ'ly briefrfdly 1(1%0“"" (CH2) 4-

| i nkage j oi ning the two a/ pha-carbon atons of the am no "acid residues. By
t he term " redaimsiation inonpirwheral wimelizatd sabjegovdhavatheanediiet licaleonpl ex of t he

general anaesthetic. The imaging agents of the first aspect are particularly suitable for
imaging apoptosis and other forms of cell death, as is described in the sixth aspect

20  (below).

The term “in vivo imaging” as used herein refers to those techniques that non-

invasively produce images of all or part of an internal aspect of a mammalian subject.

25 By the term “amino acid” is meant an /- or D- amino acid, amino acid analogue (eg.
naphthylalanine) or amino acid mimetic which may be naturally occurring or of
purely synthetic origin, and may be optically pure, i.e. a single enantiomer and hence
chiral, or a mixture of enantiomers. Conventional 3-letter or single letter
abbreviations for amino acids are used herein. Preferably the amino acids of the

30 present invention are optically pure.

By the term “peptide” is meant a compound comprising two or more amino acids, as
defined above, linked by a peptide bond (i.e. an amide bond linking the amine of one

amino acid to the carboxyl of another).



radionetal with the chelator, wherein said chelator is covalently bonded to
the LBP 20 peptide via the linker group (L) of Fornmula I. The coordination
conpl ex dwexoraMisseNpri se hydrazi noni coti nam de ( HYNL1C) PCirgaeas/obcyand t o
the radi onmetal. Hence, the chelator is the principal species binding to the
radionetal - it is not sinply a coligand for HYNIC. 25The term "chel ati ng
agent" has its conventional neaning and refers to 2 or nore netal donor
atons arr arigledersmhémtibheit: pephigk’ateers forgeptiqer @heiiy at 1ést dne lasihieriteer ed chel ate
rings, resuylt n.met al,. coor di nat.i on, menber ed
chelate ri @B‘? BthH’élﬂ%?l PP S G B’re&mi%%\?E? éf‘rf‘frlsf‘:h%’/ ﬁ‘a@%F Wﬁ’ﬁ

non- coor di Aty shige hacikparehehicel stettreGBsbON at oms or non-coordi nati ng

het er oat ons. The chel ati ng age can be 30magrocyclic or open chain. The
chel ating agents of the presentyinvention cohprise at |east 4 netal donor
atons, suitably 4 to 8 netal dohor 0 ich at least 4 such WO
2012/ 041862PCT/ EP2011/ 06678808 neral &onorYat o are bound to the
radiometal in the radiometal conp{gx. Suitghle radionetals of the present
invention include: 99mIC, 94nTC, 186Re, 188R&, 64cn, 67cn, 67Ga, 68Ga,
105Rh, 201nRh, 111-n, 89Zr or A45Ti,an\aee Z1 is attached to Cysa, it is
attached to the Nterm nus of the LBP peptide. Wien Z1 is also attached to
Xaa, that neans that Xaa is Lys, and Z1 is attached to the epsilon am no
group of t e [ | group of
Phe [ast amint Sehqeafny SULIS tricpg ol Q8 kick R e - ABRARAN 9" ThEs
when Z2 i s g@hp ctfhh'a relambm@s tesing mdnsk@fastahmoﬁBﬁ ttoedmmaSesariThrt he free COZH
group of the t erm nal

Lo boxy or duit Rehednl 2 aaRteh BRER e S By Eonb P se i Bompat | bl e

cat i on"10( BG}sidus, toritlardhipoiat bi Methyllaht}adsrgleaiufkagmt Suthdinkagdsake f orns a sal t

with an ionjsed, i vel p positively charged
counterion §I§F% ﬁ@%@%%% ﬁﬁgﬁgﬁ%% iu@%g%?ég¥§ﬁbg@n1nistration to the
manmal i an body, especially the human body. Exanples of suitable

bi oconpatibl e cations include: the alkali nmetals sodiumor potassium the
al kal i ne edbtthe tpenalysingganing kandnisdprinh@eitbs snsten apige erpur ghivshyeim i on.

Preferred Qbs@&;@@ﬁ’ﬁl&e?|a§a§é}£1h99c§1d3t6%e%%@kééﬂh@%w&%@&& o BShe Pref erably
sodium By the term "netabolisminhi |t|n%H%rou iIs neant a

bi oconp'&t i Bydrogyldupetighil @rouiprehilsi Ses giginggund s@HiCHm)wlmkegmtnmdm sm of the
LBP pept d‘%wgblzpthb &%Q@Mo?%%%ﬁamo%?dr(e%@&es. Such groups are well known to
n e

t hose skill art and are suitab

By the term “radiometal complex” is meant a coordination metal complex of the
radiometal with the chelator, wherein said chelator is covalently bonded to the LBP
20  peptide via the linker group (L) of Formula I. The coordination complex does not
comprise hydrazinonicotinamide (HYNIC) ligands bound to the radiometal. Hence,
the chelator is the principal species binding to the radiometal — it is not simply a co-

ligand for HYNIC.

25  The term “chelating agent” has its conventional meaning and refers to 2 or more metal
donor atoms arranged such that chelate rings, preferably 5- to 7-membered chelate
rings, result upon metal coordination, more preferably 5- or 6- membered chelate
rings. The metal donor atoms are covalently linked by a non-coordinating backbone
of either carbon atoms or non-coordinating heteroatoms. The chelating agent can be

30  macrocyclic or open chain. The chelating agents of the present invention comprise at

least 4 metal donor atoms, suitably 4 to 8 metal donor atoms, in which at least 4 such



chosen from carboxam de, tert-butyl ester, benzyl ester, cyclohexyl ester,
am no al cohol or a polyethyl eneglycol (PEG building block. The LBP

pepti des Wb 20tp4is82ent i on are known to exhi bit high i n PCTEPaEAB C
stability (95% at 60 mn), hence Z2 ig preferably OH or OBc. WO

2012/ 041862PCT/ EP2011/ 066789 9 Preferred enbodi nents. The chel ati ng agent
is preferably designed such that the chelate rings formed on conpl exation
wi th the raditdrehalataome bamdas the eattdm@rien Hre radioBetaliempkked ring, nore
preferably 2 to 4 such rings, nost preferably 3 or 4 such rings. 5 The

chel ating agent is preferably chosen from an am nocarboxylate |igand

havi ng at | east 6 donor atons; or a tetradentate chelator having an N3 S,
N2S2 or N4 Shsatde rasl@tmetalihef thdyeeseni ingemige intclids: MBTe *BiTef ERablXReei t her an

am nocar boxyl ate, |d-gangl. haw¥i, ngo l,@ast, 6 denor atons, or a tetradentate
chel at or ha\ﬁ"ngfcéfn %ﬂ g%ahor e ﬂhogfoiojg‘r eferably a tetradentate

chel ator. having an N4 donor set. The term "am nocarboxylate |igand” has its
conventi‘onal neaning, and refers to a chelating agent of the EDTA, DTPA

type. The orat ons, of ch. chel atqrs are a m xture anmine (N donors
L car boxy TG Zadt gty tBoer & Satirdepur ariruimg hELEE el cha n (o 6.
EDTA, DTPA WkenHBED) 50 Sitach@iat 0GY,ahitendafOthatDGRAs Dys, BEITA) is aithéddliee such
chel ators include DOTA, HBED and NOTA, which are well known in the art and
are pref er 8dlopgminogipyneiths 5yS6ifieas 67Ga or "Ga, radioi sotopes of
copper, 89Zr and 45 Ti. 20The term "tetradentate chelator” has its
conventional neaning and refers to a chelating agent in which the

four metal donor atonms of the tetradentate

radi ometal is _coordinated by the ,

chel ati'fy Jg&dt sraEp syltsttiies @a%?né oot tadpst aménaehiesifwral hheBl our et al
donor at oms Qf theR§béwy kmtih@demMudtvher P2 lAOAr thabfbH/ABnHRIQ thd IIRE  ogen donor
atons and one sul fur ‘donor atom Exanples of suitable such N donor atom

types are: eiRiinees in gepese CLLHysroun afaliolas emiecsildayJueapidaieen. Z° 4nPBes or
oxi nes, or ] i : c uitabl e such S donor atom
types are: t?ﬁ%%&%ﬁ%ﬁ%ﬁ@ﬁggfong@éﬁgg@ %u% "N3S chel ators have a

thioltriam de donor set, and are preferably open chain chelators such 30as
MAG3 (miér c dpttbatenybibrorgpayibiervetion” BB )tihmednt p positiah2cldgged cogrdrioni s nmeant t hat
the four metal, donos sa%tv‘v’[ﬂ;an% ifdendetradant abe %hev'v@trgéq{f?rc?si Mgfle up of 2
ni trogen donor ‘at ons and surll?ur &OI’]OI’ a OgTB g)UIpt a ef e glan § donor at ons
are as deschaheticduateribiBisAlsoabovedic addrieher suaabls fot AdhidS2ratido the
2012/ 04186215{%%& 51%%%& /, %stGeZigl?y &1(@ human body. Examples of suitable biocompatible

cations include: the alkali metals sodium or potassium; the alkaline earth metals

20  calcium and magnesium; and the ammonium ion. Preferred biocompatible cations are

sodium and potassium, most preferably sodium.

By the term “metabolism inhibiting group” (M'®) is meant a biocompatible group
which inhibits or suppresses in vivo metabolism of the LBP peptide at the carboxy

25  terminus (Z%). Such groups are well known to those skilled in the art and are suitably
chosen from: carboxamide, zerz-butyl ester, benzyl ester, cyclohexyl ester, amino
alcohol or a polyethyleneglycol (PEG) building block. The LBP peptides of the
invention are known to exhibit high in vivo metabolic stability (95% at 60 min), hence
7* is preferably OH or OB®.

30



chel ators have a diam nedithiol or am deam nedithiol donor set, and are
preferably open chain chelators such as BAT or N, N-ethyl enedi -L-cystei ne

[ 1 norg Crwem2p1288($e: 404- 414 (1996)] 5 By the term " N4 deadrEP@i/66789 meant
that the four netal donor atons of the tetradentate chelator are all based
on nitrogen. Exanples of suitable such N donor atomtypes are: am nes
(especially primary or secondary am nes); am des or oxines, or conbinations
t her eof . 1(PHéferrédenthmxdonensset i s pref erabI y chosen fromdi am' nedi oxi nme;

tetra-amn am.detria di am a tor can be
open- chal n F SRHERBAET o PEgb LR e Brle <HiisRbeviar

di oxocycl ampmpRk&foarwigdhdhdioatctAdenpakat ki bat 5-ng 6ag1embsre@fmg hﬁbr@l’ esent

i nvention have di anm nedi oxi ne or a tetra am ne donor set, and are nore
pr ef er abl ypé‘if%rﬁ ¥HP f StRASRBPORIFRED P Cbhtfh T8t hai n tet ra- ami nes.
Preferred di am nedi oxi me chelators are of fornula: E3 H NE4 E5 NN OHCH 20
where El-E6 are each independently an R group; each R is independently H
or C1_10 allibgchelgmengenjiswrpigraply chosenfpny| ma@q@ghoxylefilg@n%lgﬂd%@a| kyl ,
C1_10 f1 uongal k¥dnor &8md CorGRERAUMAe b1t el b AT 008 dW4 ader o or mor e
R groups together wth the atons to hey ‘are attached forma

car bocycl i cTheIqle@mg@gcﬂtu&:mm@mmprabledlthﬁr auamatogatrh@@chaw ligrgd hpGaget Q is a
bridgi ng gr I ach J is

i ndependentlﬁ%% g(gnot Qtﬁﬁsj oaI‘atétiJaﬁ%WtE Cﬂ\é-la%{) afvmésd{l%M cﬁ‘m? s)faf’ilcpﬁllo&cont ain a

maxi mumoof poeferabily grietcadentinie chelatsr ha@mgcan N4I\<Rnen sePreferred Q groups are as
follows: 30 Q= -(CH2) (CHR )(CH2)- i.e. propyleneam ne oxinme or PnAO
derivatives; WD 2012/041862PCT/ EP2011/ 066789 11 Q = -(CH2) 2( CHR") ( CH2) 2-
i.e. pentylmeead naniaXdafxOlatePesindO hakeltd vaivememal Qeshind, G2 ke to0GH2) 2- El

to E6 are ef er abl n_fr ClL 3 kyl, C2 4 al k al kyl, C1_3
hydr oxyal k)F}): ela%lagﬁ%‘/tf‘l’fgg‘? EQITK‘V%TP@W’@‘* ciL%ﬁ%%Pms ‘grsu%)l(é/ |a&ﬁf AGA Kyl . Most

pr ef erably m&@@é"of@mﬁ@(lﬁﬁio@é@l&ﬂd c&b&HB e aci® (D doRS. eS@H'cHelat@@'t@y( KHR ) (CH2) -
2( CHRI CH2) nost prefera

, CH2
-( CHZ) ZR(SCHF?PF( dmr) éeg A@P'Eépgcﬂ’él @ryPI%EJé) arr%rwﬁ%ﬁ ﬁédp&lyﬁnﬁr Nodiel at or has

the For mul &yitable such chelators include DOTA, HBED and NOTA, which are well known in

the art and are preferred for radiometals such as %Ga or ®Ga, "'In, radioisotopes of

copper, *Zr and *Ti.

20 The term “tetradentate chelator” has its conventional meaning and refers to a
chelating agent in which the radiometal is coordinated by the four metal donor atoms

of the tetradentate chelating agent.

By the term “N3S donor set” is meant that the four metal donor atoms of the
25 tetradentate chelator are made up of 3 nitrogen donor atoms and one sulfur donor
atom. Examples of suitable such N donor atom types are: amines (especially primary
or secondary amines), amides or oximes, or combinations thereof. Examples of
suitable such S donor atom types are: thiol and thioether. Preferred such N3S
chelators have a thioltriamide donor set, and are preferably open chain chelators such

30 as MAG3 (mercaptoacetyltriglycine).

By the term “N2S2 donor set” is meant that the four metal donor atoms of the
tetradentate chelator are made up of 2 nitrogen donor atoms and 2 sulfur donor atoms.

Suitable N and S donor atoms are as described for N3S (above). Preferred such N2S2



HN OH NH N OH (Chelator 1) wherein the bridgehead primary amne group is
conjugated to (L)" (i.e. the linker group) and/or LBP peptide. 15Preferred
tetra-amwe 20fxl4azteor s are of formula: |inker]-CO2H NH HRCTNH201HAb678Chel at or
2) wherein the bridgehead carboxyl group is conjugated to the |inker group
and/ or LBP peptide. 20ln Chelator 2, the [linker] is preferably a group of
formula (A"),nl, where m is an integer of value O to 6, and each A" is

i ndependentch§latGr?hase apdiph@mayithésiegr mﬂi%mimadithMDdM%k@dﬁcBﬁ@HﬁﬁeEi@BOll/ 066789

A groups reetmpoRreport eudt 8RR o AR BRI f R kiR ofEFY: dioehel o1 oA

where the [Bs{nkesl14s1996FH2) -. SThe radi onetal of the imaging agent is
preferably 94nc or 9911lc, and is nore preferably 99nmlc. For these
techneti um radi oi sotopes, the chelator is preferably a tetradentate with an

N4 donors sedy ag fehi Ned i8RaVer &2 nletntPihef elcaluy fdthiodonMWatoms of the
tetradentate chelator are all based on nitrogen. Examples of suitable such N donor
atom types are: amines (especially primary or secondary amines); amides or oximes,

or combinations thereof.

10 The N4 donor set is preferably chosen from: diaminedioxime; tetra-amine;
amidetriamine, or diamidediamine. The N4 chelator can be open-chain or
macrocyclic (eg. cyclam, cyclen, monoxocyclam or dioxocyclam). Preferred N4
tetradentate chelating agents of the present invention have a diaminedioxime or a
tetra-amine donor set, and are more preferably open-chain diaminedioximes or open-

15  chain tetra-amines.

Preferred diaminedioxime chelators are of formula:

TN

E?3 N, 5N E4

E? =

ET O N N7 Tge
OH CI>H

20  where E'-E° are each independently an R’ group;
each R" is independently H or C;. alkyl, Cs.;o alkylaryl, C,.;o alkoxyalkyl, Cj.i0
hydroxyalkyl, C;.1o fluoroalkyl, C,.jp carboxyalkyl or Cy.;9 aminoalkyl, or two or more
R’ groups together with the atoms to which they are attached form a carbocyclic,
heterocyclic, saturated or unsaturated ring;

25 and Qs a bridging group of formula -(J)¢ ;
where fis 3, 4 or 5 and each J is independently —O-, -NR'- or —C(R"),- provided that

-(J)e- may contain a maximum of one J group which is —-O- or -NR'-.

Preferred Q groups are as follows:

30 Q=-(CHy)(CHR)(CH,)- i.e. propyleneamine oxime or PnAQO derivatives;



10 In the imaging agent of the first aspect, Z1 is preferably attached only
to Cysa of LBP. Wien Xaa is Arg, that neans that Z1 is attached to the LBP
Nt er mi nUWO 2at2/iis2f r ee am no group of the Cysa resi duePCWEPROIXAGETRE LYS,
that means that steps are taken to either: 15(i)selectively functionalise
the LBP peptide at the Cysa residue in preference to the epsilon am ne
group of the Xaa residue; or (ii)a conposition conprising LBP

functi onal iQed(GHM)ICHR &H ot o peytybeneand nXadmie or PerepArdedyativeen t he
Xaa-functica?glg g}@{)@ﬁ s is renmoved 20l n the imaging agent of the first
aspect, Xaa is'(%f2 Xf"Arg. The imaging agent of the first aspect
preferably conprises a Linker Goup (L), .i.

e.
preferably 1. Lspreferably conprises a PEG group of formula -( 2CH2) x-
where x is Eafe FnfEge e@?'YV%%@ oo Gig Ak drerlBA L Sl-allzv%_r%?l?yi _
25pr ef ersably, ; BodokH2 C, ShehbxhAIRKES @ AHRDaREE PROUANRABYUSach E hEEECI NG
| i ver background retention and 1 ncreasing urinary excretion of the inmaging
agent in vigigrpseHerably, L conprises a bionodifier group of Fornula IA or
I B: [ (I'A) 0 0 17-am no-5-o0xo0-6-aza-3, 9, 12,
15-t etraoxahept adecanoi ¢ acid of Formula A WO
2012/ 04186 2PGTyrEfReROIy1(OBoTEEIR W& Nrer ¢CH)p(GHR ¥ Hp )t egéCHf pBM(CHt)e. 10. 1 n
Formula | A [ erablvckr 3. t Y > | tructure
based on a%“%%ﬁ?%ﬁ%@aé?ﬁz%en vgg ?Ir\zf)é'of‘é}:ﬁlgﬁgﬁg%‘%%%%@gg%uq}%égﬁ% fing

10  chelator has the Formula:

nin Formula (1) is

NH,
OH OH

(Chelator 1)
wherein the bridgehead primary amine group is conjugated to (L), (i.e. the linker

group) and/or LBP peptide.

15  Preferred tetra-amine chelators are of formula:

linker]-CO»H

NH HN

NH, H,N
(Chelator 2)
wherein the bridgehead carboxyl group is conjugated to the linker group and/or
LBP peptide.
20  In Chelator 2, the [linker] is preferably a group of formula (A’)m1, where ml is an

integer of value O to 6, and each A’ is independently CH; or p-phenylene, where no



-p 0 5(TB) where p is as defined for Formula A and q is an integer from3
to 15. In Formula TB, p is preferably 1 or 2, nore preferably 1, and q is
pr ef er ablwo20t200418%2 nore preferably 12. By the term "bi ecodiPRéi@ns678% neant
a group which has an effect on the biodistribution of the agent in vivo.
The i magi ng agents of the first aspect can be obtained as described in the
third aspect. In a second aspect, the present invention provides a chel ator
conj ugat e ahorEaianvh@of the A’ @3ufdi} ddp-phddlylene ZPrefekdbly), edbvdi @eed rEroupsid S a

chel ati ng ent having at |east 4 nmetal don atons; .and L. n, |BP and Z2
are as dof KrIGGH Ak fe 9 ﬁrétpr%%rﬁeéic%l?h 'fzi}egf%rl%ééﬂlﬁgrp%t@ebefthﬂhnh?ﬂ 8P and Zz2
and the che{@jng agent (Z3) in the second aspect are as defined in the
first aspect (above). 25 Certain LBP peptides are conmercially avail abl e.
Thus, cinnamycin and duramycin are available from Sigma-Al drich. Duranycin

I's prodycedy,[iBfesi itk i:ﬁ%%n@%ia%:hEE}%?éf&aIﬁl&@m 3 bEPIRYELLd & fotim

ci nnanoneus. Cinnafrycin can hemi'cal l'y” produced by several strains,
eg. from Storgiereblyceslcci Rerathesseigshnetium rradip80Spese preoshelatdr ok Iprdferably a

L i e Mg

can be obtained by solid phase peptide synthesis as described in P.

Ll oyd-WI | i_ans {: QI rici@ and E. Grald; Chem cal Approaches to the
Synt hesi s df 'PEBETEEA94 B ot ei ns, CRC Press, 1997. 5The chel at or
conj ugames of the second aspect can be obtained as follows. Wen the

chel ator 13,8 a0 o M Phpl S Belind REAIRLRPL GLe i e w e
When Xaa is Arg, that means that Z' is attached to the LBP N-terminus, at the free
amino group of the Cys” residue. When Xaa is Lys, that means that steps are taken to
either:
15 1) selectively functionalise the LBP peptide at the Cys® residue in
preference to the epsilon amine group of the Xaa residue; or

(i)  a composition comprising LBP functionalized with Z' at both Cys® and

Xaa is prepared, then the Xaa-functionalised species is removed.
20 Inthe imaging agent of the first aspect, Xaa is preferably Arg.

The imaging agent of the first aspect preferably comprises a Linker Group (L), .i.e. n
in Formula (I) is preferably 1. L preferably comprises a PEG group of formula
—(OCH,CH, )« where x is an integer of value 6 to 18, preferably 8 to 14, more

25  preferably 10 to 12. Such linker groups are advantageous in reducing liver
background retention and increasing urinary excretion of the imaging agent in vivo

Preferably, L comprises a biomodifier group of Formula IA or IB:

H
_FHN\/\O/\/O\/\O/\/NWAOW
0

0]
(IA)

17-amino-5-oxo0-6-aza-3, 9, 12, 15-tetraoxaheptadecanoic acid of Formula IA



(i) the appropriate chloronitroso derivative O-C(R1)2-CH NORL; (ii) an

al pha-chloro oxinme of formula d-C(R1)2-C(=NOH)R1; (iii) an

al pha- br owoket2omessdf forrmul a Br- C(R1) 2- C(=0) R1 f ol | owed Poy/EPO@io9EBSi on of

t he di am nedi ket one product to the di agi nedi oxime with hydroxyl am ne. Route
(i) is described by S. Jurisson et al [Inorg. Chem, 26, 3576-82 (1987)].
Chl oroni troso conpounds can be obtained by treatnent of the appropriate

al kene wi t twirrdir psiglancihlegeri flem (INGGC1). ds Hosmidadwn pi in piréferablyt 1, For Bher

synt hetic detail.s of oronitroso, conpounds are given , | i ngam
FSnth. | ContilaivBREERESNRRLE 05 gy a T ROpMT Rl s o Korai e (5
1047-48 (1296)d use@ app [J. O g Chem, 36(8) 1169-70 (1971)]; Saito [ Shizen
Kagaku, 47, 41-49 (1995)] and Schulz [Z. Chem, 21(11), 404-405 (1981)]
Route (iii) is described in broad terns by Nowotni k et al [Tetrahedron,

50(29), p.8617-8632 (1994)]r. Al pha-chl oroy oxi nesjcan be 20obt ai ned by
oxi mati on of the correspOTrii—r?@N I -C 0- or al dehyde, which are
comerci ally avail abl e. Al pha- br onroket one ;, are rcially avail able. Mre

preferred tetra-am ne chelators are of fornmula:O(L)n-[LBE]-Z2 N QL @ &
Q@ 25(Chel ator 3) where: L, LBP, n and Z2 are as defined in the first
aspect, WO 2012/041862PCT/ EP2011/066789 15 QL to Q6 are independently Q
groups, where Qis Hor an ami(H® protecting group. By the term"protecting

group” is nmeant a group which inhibits QhesW¥RPIRRARS foPFsRRESIA AR €
chem cal reactions, but which is designed to be sufficiently reactive that

it may be cleaved fromthe functional gf&uW intageiiestd onlSunder nild enough

condi 1 ons gl AP1Qs fRALLY, 1 6% TESE p@ferdufie) TR U Erer iyt 5 depr ot ect i on

t he desired product 'i's talnmed. Am ne protect’ing groups are well known to
t hose ski | Ingwte preferdbdy 82t and are suitably chosen from Boc (where Boc is
tert- bu1t0yl oxycar bonyl ), Fnoc (where Fnoc

By the term “biomodifier” is meant a group which has an effect on the biodistribution

of the agent in1 vivo.

The imaging agents of the first aspect can be obtained as described in the third aspect.

15

In a second aspect, the present invention provides a chelator conjugate of Formula III:
Z*-(L),-[LBP]-Z
(111)
20 wherein:
7’ is a chelating agent having at least 4 metal donor atoms; and
L, n, LBP and Z* are as defined in the first aspect.
Preferred aspects of L, n, LBP and Z* and the chelating agent (Z°) in the second
aspect are as defined in the first aspect (above).
25
Certain LBP peptides are commercially available. Thus, cinnamycin and duramycin
are available from Sigma-Aldrich. Duramycin is produced by the strain: D3/68
Duramycin from Streptoverticillium cinnamoneus. Cinnamycin can be biochemically
produced by several strains, eg. from Strptomyces cinnamoneus or from

30  Streptoverticillium griseoverticillatum. See the review by C. Chatterjee et a/ [Chem.



10i s fluorenyl net hoxycarbonyl), trifluoroacetyl, allyloxycarbonyl, Dde
[1.e. 1-(4,4- dinmethyl-2, 6-di oxocycl ohexylidene)ethyl] or Npys (i.e.

3-ni tro-2wpyoididmss2sul fenyl ). In sonme instances, the naPOrT&EP§I1106ETS9
protecting group may be such that bothsthe Q /@@ or B/ Q@ groups, i.e.
there is no NH bond on the associated am ne nitrogen atom The use of
further protecting groups are described in '"Protective Goups in Organic
15Synt hesi Rey., 405 cBaHoBS @VOS ThOdreopkptideswan Ge eetaidediydsdPdtpbase@eptdde Wit s,

o, ost HN B R REE Fbh eb e E o e S W B o o,
@B, A and Lprakkeseadh SvahtsisviPeyndea thdPitheins? ORCafress BY7aspect s of L, LBP,

n and Z2 in Chelator 3 are as defined in the first aspect (above).
Preferred Chelator 3 chelators have (L). = (A)",i, where A and ml and

preferred agpeRLISof BRANRAMcs 8f tBe fRoftERGEN: B S Bhaifdaak BlIRys2 WiRRMe) -
Tetra-am ne chel ators” can be obtained as described in Schene 1 (bel ow).

Furt her 25shelateetsiadianynestiorame.dn reastignihibe appiepriaigs Hanipe Withgihsronal i sed

tetra-amne Che'(ii‘t Or He iaﬁprB%I@aYé gﬁ&’ropﬁ/roSﬁ@d.el%i@jlti\%tClﬁé(R[)%tN@)ﬁlg J., 16,

2115-2124 (2010) The synthesis of the Boc-protect'ed tetra-am ne anal ogue

with a - (CH2)50HDbr i dy@plisachleraloxiste of demula@sCEerC(@NOEDRbed by Turpin et at
[ J. Lab. Conp. Radi.opha 4! - 393 la. Ganj ' f
tetra-am ne chel(lglfor éﬂag’h%i%{)‘?‘%"gﬁ%té’ﬁg Q[fafr%glg %ln%r %Q‘g?f‘g(é? lﬁlglgtf%fe%g/ gér?itﬂ/ed by
30Nock ®t at [ Eur.J. duekrsivecf the3inHhediAdhe2b@1ucO0B) JiamimpdioNbiervathet  at
[ Eur. J. Nucl . Med. 30f‘3(%)‘5 211-1219 (2003)]. A bifunctional HBED derivative
havi ng a pendant act 2! atnE’Pe'gr oup is taught by Eder et at
[ Eur . J. NucIRAVed:)MolieskitRgibg S, Tidbsonld ZBHABSECHROB) 3576-80Q1987)].
2012/ 041862PCT/ EP2011/ 066789 16 %cher(rie 1: %/nt hfeﬁi s of Boc-prot e%t ed
Chel at or 2 Ahloronigpeo eppypounds can be obtained by treatment of the appropriate alkene wit
nitrosyl chloride (NOCI) as is known in the art. Further synthetic details of
15  chloronitroso compounds are given by: Ramalingam [Synth. Commun., 25(5), 743-
752 (1995)]; Glaser [J. Org. Chem., 61(3), 1047-48 (1996)]; Clapp [J. Org Chem.,
36(8) 1169-70 (1971)]; Saito [Shizen Kagaku, 47, 41-49 (1995)] and Schulz [Z.
Chem,, 21(11), 404-405 (1981)] Route (iii) is described in broad terms by Nowotnik
et al [Tetrahedron, 50(29), p.8617-8632 (1994)]. Alpha-chloro-oximes can be
20  obtained by oximation of the corresponding alpha-chloro-ketone or aldehyde, which

are commercially available. Alpha-bromoketones are commercially available.

More preferred tetra-amine chelators are of formula:

(L)p-[LBP}-Z?
A
QE” 9

N N
ANA
Q' @ Q° Qf
25 (Chelator 3)

where:

L, LBP, n and Z* are as defined in the first aspect;



HN BOC NH BOC H2le '.NH2 H2 Pd/C Boc-protected Chelator 2A  N3S

bi functional chelators can be prepared by the nethod of Sudhaker et al

[ Bi oconj .wbChem4186¥ol . 9, 108-117(1998)]. N2S2Di am dedi Phir@P2aieopaands can
be prepared by the nethod of Kung et at [Tetr. Left., Vol 30, 4069-4072
(1989]. Monoam denonoam nebi st hi ol conmpounds can be prepared by the nethod
of Hansen et al [Inorg. Chem, Vol 38, 5351-5358 (1999)]. WO

2012/ 041862PCT/ EP2011/ 066389 CArd mdepehdiintigd Qagpast whérh € ipHesrentamimyvent i on
provi des a nethod of preparation of the inmaging agent of the first aspect,
whi ch conprises reaction BPCTHE MW at or conjugate of the second aspect
with a supply of the desired radionetal in a suitable solvent. S5Preferred

aspects of the chel ator conjugate and the ragipggtal in the third aspect
are as desdtiBe P nPIOHSIG $HP df Bredd AGHYPAYPELINEIDES O HBPIRISES ent i nvent i on

(above).s  undesirable chemical reactions, but which is designed to be sufficiently reactive that it
may be cleaved from the functional group in question under mild enough conditions
that do not modify the rest of the molecule. After deprotection the desired product is
obtained. Amine protecting groups are well known to those skilled in the art and are
suitably chosen from: Boc (where Boc is fert-butyloxycarbonyl), Fmoc (where Fmoc

10  is fluorenylmethoxycarbonyl), trifluoroacetyl, allyloxycarbonyl, Dde [i.e. 1-(4,4-
dimethyl-2,6-dioxocyclohexylidene)ethyl] or Npys (i.e. 3-nitro-2-pyridine sulfenyl).
In some instances, the nature of the protecting group may be such that both the Q'/Q*
or Q°/Q° groups, i.e. there is no NH bond on the associated amine nitrogen atom. The
use of further protecting groups are described in ‘Protective Groups in Organic

15  Synthesis’, 4" Edition, Theorodora W. Greene and Peter G. M. Wauts, [Wiley
Blackwell, (2006)]. Preferred amine protecting groups are Boc and Fmoc, most
preferably Boc. When Boc is used, Q' and Q° are both H, and Q*, Q°, Q* and Q° are

each rert-butoxycarbonyl.

20  Preferred aspects of L, LBP, n and Z? in Chelator 3 are as defined in the first aspect
(above). Preferred Chelator 3 chelators have (L)y = (A")m1, where A' and m1 and

preferred aspects thereof are as described for Chelator 2 (above).

Tetra-amine chelators can be obtained as described in Scheme 1 (below). Further
25  synthetic information on amino- and carboxy- functionalised tetra-amine chelators is
provided by Abiraj ef a/ [Chem.Eur.J., 16, 2115-2124 (2010)]. The synthesis of the
Boc-protected tetra-amine analogue with a —(CH,)sOH bridgehead substituent has
45, 379-393 (2002)]. The

=

been described by Turpin et al [J.Lab.Comp.Radiopharm.

conjugation of tetra-amine chelators to biological targeting peptides is described by
30  Nock ef al [Eur.J Nucl.Med., 30(2), 247-258 (2003)], and Maina et a/

[Eur.J Nucl.Med., 30(9), 1211-1219 (2003)]. A bifunctional HBED derivative having

a pendant active ester group is taught by Eder ef a/ [Eur.J. Nucl. Med Mol Imaging, 35,

1878-1886 (2008)].



The suitable solvent is typically aqueous in nature, and is preferably a

bi oconpati ble carrier solvent as defined in the fourth aspect (below). In a
fourth aswecbi2/miss2present i nvention provides a radi ophCrEPeMiliocETB9
conposition which conprises the imagi ng agent of the first aspect, together
Wi th a bioconpatible carrier, in a formsuitable for mammali an

adm nistration. Preferred aspects of the inmaging agent in the fourth aspect
are as des@chded! iSynthhgs 6 Bstpraeped Chabtot b present invention (above). The
"bi oconpatible carrier” is a fluid, especially a |iquid, iBByhich t he

i magi ng agent 20can be suspended or preferably dissolved, such that the
conposi ti on-fs physielegical |y tol epgbl e, i.e. can be admhistered to the
manmal i an u@ wi thout toxicity or Undue disconfort. Jhe |bi ogonpatible
carrier is suftably an.ipj&&tabl e carrigr liguid such S¥eéril e,
pyrogen-free wat er for—heetton; lan aquegﬂs—se+ﬂ%+on suwchnas sal i ne (which
may advant ageous be balancqgogp t athemfrﬁﬁJ product forjinjection is

i sotonic); aoSaquemas buffer solution conprising1 bi oconpat,i bl e
buffering agent (e.g. phosphate buffer); an aqueoug sol ut/i on o 2one or nore
tonicity-adjusting substances (eg. salts of plasma cations with

bi oconpati bl e counterions), sugars (e.g. glucose ores se), sugar

al cohols (eg. sorbitol or mannitol), glycols (eg. glyceral), or other
non-ioni c polyol material®z eg. polyethyl eneglycols, propyl ene glycols and
the like). Preferably 30the bioconpatible carrier is pyrog®a-free water for
i njection, isotonic saline or phosphate buffer. By the ph¥ase "in a form
suitable for mammal i a mnistration" is nmeant a conposjtion which is
sterile, pyrogen-83%e, | acksoconpounds WRPERCproduce t or WO

2012/ 041862PCT/ Epzojr}“oesdzgg 18 adverse effects, and i & fdrmulated at a

bi oconpati bl e pH (agproxi mately pH 4.0 toE®9.5). Such conpositions |ack
particul at es whi diN“coul d risigqcausing enboli in vivo] and ate fornul ated so
t hat precipitatiod does not occur on contact witH:Biol ogi cal™NH,ui ds (eg.

bl ood). Such conpd&%ions al BeCcontain only biologically conpatible
S5excipients, and are preferably isotonic. The inmagi ng agents and

bi oconpatible carrier are each supplied in suitable vials or vessels which
conprise a seal ed contiaj P& whi ch permts mai ntenance of sterile integrity
and/ or radioactive safety, plus optionally an inert headspace gas (eg.
nitrogen 10or argon), ilst permtting addition and w t hdrawal of
solutions by syringe or cannula. A preferred such cont fgﬁr is a

septum seal ed vial, wherdin the gas-tight closure is [@€rinped on with an
overseal (typically of @glumnium. The closure is suifable for single or
mul tiple puncturing w a hypoderm c needle (BoO a cii meed- on septum seal
cl osure) whilst mecqtainijngssdéerile intt&grity. Su colN{ ai ners have the
15addi ti onal advantag¥ tMat the closure cam wht hstand véﬁyun1if desired
(eg. to change thedﬁgadspa e gas or de¥¥¥s sol ugydns), an W thstand
pressure changesHauch as r tions in pressurelw thout pgrmtting ingress
of external atnospheric gasep, such as oxygen oBC&ater vamogr. 20Preferred
mul ti pl e dose conB&ners congwd se a single bulk vial (e ,g. of 10 to 30 cnB
vol une) which contains nmultiple patient doses,B%ﬁ@W?ﬁ§C§$%ﬁFé patient doses
can thus

N;3S bifunctional chelators can be prepared by the method of Sudhaker ez a/ [Biocon;.
5 Chem, Vol. 9, 108-117(1998)]. N,S, Diamidedithiol compounds can be prepared by
the method of Kung et al [Tetr. Lett., Vol 30, 4069-4072 (1989].

Monoamidemonoaminebisthiol compounds can be prepared by the method of Hansen

et al [ITnorg. Chem., Vol 38, 5351-5358 (1999)].



be withdrawn into clinical grade syringes at various tinme intervals during
the viable lifetine of the preparation to suit the clinical situation.
Pre-fill eslo9rymegess are designed to contain a single humram/Erosia/ 06689 " uni t
dose" and are therefore preferably a 25%di sposable or other syringe suitable
for clinical use. The pharmaceutical conpositions of the present invention
preferably have a dosage suitable for a single patient and are provided in
a suitableIsynMnng@uthqmmahﬁevmnmspdwsmxhbmmoabﬁmemnihmxﬁﬁ&rnaceutica

conposi tion nay co tional exci nts.such 30an

oot or obimre e 628 b 08 et ateCRHg S ayefion Bl FR e e RS ect ant

sol ubi | i serof @e se&iBlagdetdwitlagdfupplyl dTeheasirdd. raBymedaEintagtimabld @hie@pr ot ect ant " s
meant a compound whi ch inhibits degradation reactions, such as redox
processes, by trapping highly-reactive free radicals, such as

oxygen- go ntP@éfBﬂr&QasF&%%frtl@éjéh‘éﬁ{o? catjhhdfth OmtohRtal ﬁlﬂh@{h%a la§pcef arvat er. The
radi oprotectants of the present invention are suitably chosen from WO
2012/ 04186 2pdgseez(n tregdgszgd sacondapesinpicthepicsent Baeyloakihosdenzoi ¢ acid (i .

4- am nobenzoic acid), gentisic acid (i.e. 2,5-di hydroxybenzoic acid) and
salts thereof with a bioconpatible cation as described above. By the term
"sol ubi | i sdlitte siigbleessahtentantyaddily dqueopriesente, and is hsfaahpobiocenoprtilei ch
increases th € n in the solvent. A preferred
such 5sol ven m?%ﬁ%ﬁi&h&?nﬁ%aﬁﬂs&ﬁﬁﬁgﬁbﬁéﬁﬁgﬁt sol ubi li ser preferably

i nprovew solublllty in water. Suitable such solubilisers include: Cl4

al cohol s; gl ycerine; polyethylene glycol (PEG; propylene glycol;

pol yoxyet hyl ene sorbitan nonool eate; sorbitan nonool oeat e; pol ysorbates;

pol y(oxyet hyh @mﬁﬁlm@ﬂ)eyﬁ (ﬂ)éymés@ﬁl}dhﬁﬂﬁ@rpﬁoyﬁesxa/faﬂfwhzﬁﬂ@()eub&zﬂ) e&np@pmny nmers
(PluronicsTm.;, cy clodeﬁﬁrlns q §$§£a bet a o qgﬁg dextrln

hydr oxypr opy1SPesmpisessbriaging 28t RY %}6?9683/?039 ewlr Pﬁ}l blsnd
lecithin. Byrriehen b &irf suRdHid 18- alafitiafibn RIGSRIY@&0 ve" s neant an agent which
inhibits the growth of potentially harnful mcro-organisns such as
bacteri'® yeasts or noulds. The 15antim crobial preservative may al so

exhi bi t SOMReBRCt RbLA Hhe RORLILER thgﬁﬂl?tﬁ%&gt 2024 N8cHRE a0Me BRI Oyed. The
main role of the antimcrobial preservative(s) of the present invention is
to inhibit asprst ¢frtbeprasent ingenyion (Abvedi cr o- or gani smin the pharmaceutica
conposition. The antim crobial preservative may, however, also optionally
be used to inhibit the growh of potentially harnful m cro-organisns in one
or nore coﬂ@sﬁ@nmsmzﬁbECKﬁksiaa@dkt@mpﬁdpaﬂﬁmthdwhmhﬂESthogagmtor to

adm ni s ratlo ui ta bi rvative(.s). include: .the

par abert®. - icg0é R BT ORTIb TR RE sp BT SRR PR Gl " ner eot
benzyl aIcqaahmcmheaﬁﬂmuﬁnmaahndQQMEhmmdahamdehhﬂnﬁfﬁaknyEk@tméred

oo gl R et el L B BB R ThR SR st o

sterile, pyrogen-free water for injection; an aqueous solution such as saline (which

may advantageously be balanced so that the final product for injection is isotonic); an
25 aqueous buffer solution comprising a biocompatible buffering agent (e.g. phosphate

buffer); an aqueous solution of one or more tonicity-adjusting substances (eg. salts of

plasma cations with biocompatible counterions), sugars (e.g. glucose or sucrose),

sugar alcohols (eg. sorbitol or mannitol), glycols (eg. glycerol), or other non-ionic

polyol materials (eg. polyethyleneglycols, propylene glycols and the like). Preferably
30 the biocompatible carrier is pyrogen-free water for injection, isotonic saline or

phosphate buffer.

By the phrase “in a form suitable for mammalian administration” is meant a

composition which is sterile, pyrogen-free, lacks compounds which produce toxic or



ensure that the pH of the conposition is within acceptable limts
(approximately pH 4.0 to 10.5) for human or manmal i an adm ni strati on.

Sui t abl e woch12pH18%d] ust i ng agents i ncl ude pharmaceut i calPCy/EReTiap6ETBY e
buffers, such as tricine, phosphate orgsTRIS [i.e.

tri s(hydroxynet hyl ) am nonet hane], and pharnaceutical |y acceptabl e bases
such 30as sodi um carbonate, sodi um bi carbonate or m xtures thereof. Wen
t he conposialvase dffecemud oyfednilatel bt a Hiocampatible ppHagapisbicygpHageond may

optionally provi ded i.n a.separate vial_.or cantainer, .that the user of
The kit carogar S PRaoy ol LR ERRR ARl ish S Ak PG s o

2ﬁ12/ 04186%1?&31’{&8%&;1&@@%3&%&%@&0& aes hﬁl’d\’j’ftmﬁ'rfohlcbﬁﬁc"t with b:imagit:al a I
pharmaceutically cept abl e bul ki ng agent which may facilitate materia
handl i ng dm%é%%@@ﬁﬁt%h CHRRPSIHPBHMFET FERR By Q@éﬂ%ﬂ%ﬁy éOIf‘Pqt‘i%[?r s i ncl ude

i nor ganisc satihRnSUah aASpreeAbMEMior i de, and water sol ubl e sugars or sugar
al cohol s such as sucrose, maltose, mannitol or trehal ose. 5 The

phar maceuti cal conpositions of the second aspect may be Erepared under
asepti c manlfaoegingagents @nd bibeempatiblsreprriebidictdhonpplicd igsuebleyeldusi r ed

sterile, ”%'s@%rw%%’ﬂoﬁltp%@gééﬁfed c!)ﬁtai%?tuvgr{it@x{]ﬁé’rﬂlﬁgmgﬁ?etnar%cgt%ﬁEt@ﬁleconponent S,

especi ally the associ ated reagents 0ose parts o e apparatus which
cone into cupgayendipt tadipdntive sraey nusagpeinnallyeg inetiCheaddpsde gas egsnigpgdne. The
conponent s and reagent n sterilised b 0 known in the art,

el udi . LoehF SA B RheAta fLFHd P e oRLIRAE N BRI 0 ¢

ganmma- i r r adk@tulond peetined lsechi dogtaindr i akegtimaealehent, catreinrteagayeight (e. g. Wi th
et hylene oxide). It i referred to sterjlise sone.c nent.s i n advance,
S0 T hat t neldgis b e o S GPET b el o FHEORER Bed out - s A
precaut i on,sufdWefoesingle br msltipregfu@étnfsl widh 4 by gvabiade néddld (€@si cramgddedni | e
filtration step %ﬁ t he fi@gl step.in the preparation of the pgarnaceutical
conposi t i orfSPIE sFClogurabBliest MEREHRGFA-E dtitd iyl SKBPYSNEFIRE 6F the present
inventi@n RuetissARIVANREEMA 6 cRsuIOLaMlitsB8l va®BmtiNadsirad (%%.%'chﬁl Eiltration
step may be used wi thout undue | oss 20of radioactivity a sorbe§ to the

filter matéhdbaadspagergas oF degansalyions)l pshsithsispt presaraenangasisediasns of t he

phar maceut lrsﬂcti&gmgl%mmhdup G A& loroI{ 4R o bR Sheri@baddSishih Pl ast i C

t ubi ng, where adsorption nmay c%use Ios§ of radioactivity thout the use of
a sol ubi | i epxy2es dheatcadipophar maceuti cal conpositions of the present

i nvention nmay be prepared by various nethods: aseptic manufacture

techni ques in which the radi ometal conplex formation is carried out in a

cl ean ravomPeefeiredomuteiplte;doge doptagrers coalprisd 2single belkivah(e.g. of Whiocd® dntie r adi onet al
conpl ex for

Chen ot er | MRaYS S rgras Fouplipiet o8y Hadiih el et foRe SR fEti avi ng. ary
heat or chewrivitldrainneabrBhital (g@adg synvdeh atatatiylsaiiee idneds) during the viable
lifetime of the preparation to suit the clinical situation. Pre-filled syringes are
designed to contain a single human dose, or “unit dose” and are therefore preferably a
25  disposable or other syringe suitable for clinical use. The pharmaceutical compositions

of the present invention preferably have a dosage suitable for a single patient and are

provided in a suitable syringe or container, as described above.

The pharmaceutical composition may contain additional optional excipients such as:
30 an antimicrobial preservative, pH-adjusting agent, filler, radioprotectant, solubiliser or
osmolality adjusting agent. By the term “radioprotectant” is meant a compound which
inhibits degradation reactions, such as redox processes, by trapping highly-reactive
free radicals, such as oxygen-containing free radicals arising from the radiolysis of

water. The radioprotectants of the present invention are suitably chosen from:



WO 2012/ 041862PCT/ EP2011/ 066789 21 (iii)kit nmethodol ogy in which a sterile,
non-radi oactive kit formulation conprising the chel ator conjugate of

Formul a WO 2aredb40852i onal excipients is reacted with a seppBp2afi/o6¢789 desi r ed
r adi onet al Method (iii) is preferped, and kits for use in this method
are described in the fifth 5 enbodi nent (below). In a fifth aspect, the
present invention provides a kit for the preparation of the

r adi ophar maseuitic eatl, zoonrposibbénanicatidi(he 4fan1jncsuenw'sq:)amd) gewlfii;ic hcid(jmpri ses the

e cbond: 1R e 476 BT S heliRR R Gh g R By iR i Syl Such

bi oconpat i Qb@vdi&i’yrthefermds(ﬂﬁﬁﬂlsét’1 19 MheRQGH ra&dlflﬂe Breseat i hige dapiositen
radi ophar maceut.i cal conpaosi H 003#@ Pr ef errgd aspects of the chel ator
Y

conj ugat e iHUEHECTE?sEE fhe AP ifagigg agqnt gihe sHverhet PEREIChs pect  of

the presentsolvByeNiduesus(RRRY 8ld hdB¥e §hB Solligilif8r pkdidrably fnpredditsoRP@iOh NOr e
non-radi oacti ve pharmaceuti cal grade contai ners, conprising the necessary

cheni cal s t6g5r Spisable R saheiliseednelads dphatwhesicenne eolpBylerd on, toget her
with opera glﬁgl (PR rﬂ%ﬁﬁﬂl&f@%lycghgolgbiye'ch%/le%ggﬁ'ﬁftﬂﬂﬁ'&llo%f%atgesd’rﬁféﬁnst ituted with

t he desired Tadi onetal ['ut'on suitable for human adm ni stration
with the minmineoleeasé; mbzmorp@tleauapbfpxyﬂ’thélem)mlvﬂowprgmlm)pbtw(mwetélybn@f erably a

| yophilise I £ hilised and is
desi gned tg)l %Cb dé%énggﬁglﬁrgg@w)ﬁ%%gerlqs (§§ B&P{)e%ah%&?ate (Tc04-) from
a 99mrcior ad:ydbmtmphycgemr@iyoﬁ dydodpxerén al@diwypropylawybhbémlﬂ)@nd human

adm ni strati OE vm thout further mani pul ation. Suitable kits conprise a

cont ai ner (1 M3 septum seal ed vial) containing the chelator conjugate in
either free base or acid salt form together with a bioconpatible reductant
such as 30sodiumdithionite, sodiumbisulfite, ascorbic acid, formam dine

sul finic adivdhe Srmnmsusciobhl preseryatye gp meatian asens whish oelbhitsabs HPwth educt ant

i's prefer at?)'f%ﬁo@ntﬁltll?rﬁ%ﬁﬁl Iﬁﬁk} o@h‘rﬁﬂn%cﬁ%@%%‘iﬁ ﬁgit%ﬂ HSIE eannous
tartrate. ernatively, kit é ptional contain a non-radioactive

met al c1érrp|ae§tmwmb¢4i prqawwvad@hytadsmx it sprae b@éqmeital praperigsdeéspgading on

non- 7 aai oacht e eBrSnY; R nEs R P ot SRR AR IR R B nal Ty

further conpensen addinhibanbd growthpdnen sieh sicile-aiganant unahﬁs;diaehajcwqal

;2dldg]}c):‘ gtesCtglglgodltlc%mfhe antlmlcro%llal Bregésr\?artl\(/%tnlla\{lehovxpewéraa SO olgt}o?lgllyabqeelpsted 9 rfiller -

inhibit the growth of potentially harmful micro-organisms in one or more components
20  of kits used to prepare said composition prior to administration. Suitable antimicrobial

preservative(s) include: the parabens, i.e. methyl, ethyl, propyl or butyl paraben or

mixtures thereof, benzyl alcohol; phenol; cresol; cetrimide and thiomersal. Preferred

antimicrobial preservative(s) are the parabens.

25  The term “pH-adjusting agent” means a compound or mixture of compounds useful to
ensure that the pH of the composition is within acceptable limits (approximately pH
4.0 to 10.5) for human or mammalian administration. Suitable such pH-adjusting
agents include pharmaceutically acceptable buffers, such as tricine, phosphate or TRIS
[i.e. rris(hydroxymethyl)aminomethane], and pharmaceutically acceptable bases such

30  assodium carbonate, sodium bicarbonate or mixtures thereof. When the composition
is employed in kit form, the pH adjusting agent may optionally be provided in a
separate vial or container, so that the user of the kit can adjust the pH as part of a

multi-step procedure.



5 1n a sixth aspect, the present invention provides a nethod of inmaging the
human or ani mal body which conprises generating an i mage of at |east a part
of said bwoyot2o4nds2ch t he i magi ng agent of the first aspeTEP2@N/ 064789
conposition of the fourth aspect has dpstributed using PET or SPECT,
wherein said i magi ng agent or conposition has been 10previ ously

adm nistered to said body. Preferred aspects of the inmaging agent or
conposi t i omByithe tehe “Silxt’ s aspet phaaneceatcatle aceeptabld butkirtgwgedftiwisth mmd f ourth

aspects respectively. the present. invention, (above). . The thod of the
STReh aspedbiiatesatiaf e B PR el e BN BT e i body (s 18

di sease st atctudshesrgarddnk Bich a8 paIPI® Shisridds ahdwakvethblByigider fughim " abnor nmal
apopt osi s" i s, nean dysregulﬂti on of the plgaigrarmed cell death (PCD)
process. SHRNYYS4BGAPUFIBMHLSS HASAIT HHITFREPEd i n a nunber of di sease
states, si ncluding those associated with the inhibition of apoptosis, such
as cancer and paihAtdameoftbSHAS bBthe 30dnd BPS& AR GrhRE LM Rsdpyper acti ve
apoptosi s, including: neurodegenerative 20 di seases; haematol ogi c di seases;
Al DS; i schaemmifactusd (Locpleshroone)cenditions tastyedha desistdotgyil mpoexioged i nfarcti on,
ather oScl erpshs: bkl ARy Chiorels! QWi Ind RESAR readtiE

vi sual i zation and quantitation of apoptosis is therefore usetul in the

di agnosi s ofusshesh paroittiesdppsratue Watch dome atth opiget siith ghd iogging 28R &egi magi ng

met hod of th i xt h.,aspect ti;onal | carr.ied o ( tedly to

noni tor1%t he l%f)?l {aecs{tencl)‘fg 'ﬁ}eecé)fn q&g%?n?%@dgeaﬁﬁr%ﬁa%gbre Sarrllirilchéil yb%%};l/()d?\n%ﬁ ﬁmgmdr ug, said
i magi ng beithgareffchclimed stoelk dilteat@ndeatihe rstetitiegivmesing e\t dansa-icradintigy, and
optionally aJso during treatnment with said .drug.. Ther tic treatnments for
Chese di soddtsetun g Aok of BeBvbrsinod T Sy dRuer R AR B F bl et ng or
i nhi bi ting t berilReoRE 068FcheRS irP@RamRl ioah& tikOGhhimah hiebéraf i nterest is early

nmonitoring of the effi éac% of -cgncer therapy to ensure that | i gnant
growth i s CRMRUALICRLNGSES G0 CRHET EindiStd RiFFaBT0 AR¥EYER (i Rigferred i _ _
2012/ 04186 2% 1deRPRA% b/ RERMBRatich stdp A REURNED AIREGLparkiRB dPERSENt | Nvention
provi des the use of the imging agent of the first aspect, the conposition
of the fourrhpmaspsicel cogpotiti@. kit of the fifth aspect in a method of

di agnosi s of the human or animal body. 5In an eighth aspect, the present

i nvention qQui j i: fori Lran, «0f ' wpody whi ch
conpri ses ?Lse\élrtfcgt %8%’ E)F%tplmrrgng&%luélgg% g?’ﬁgélg?ngtoﬁ{ E?ﬁ%ct. Igrt(rla r@{r}lﬁfg%lo spects of
t he i magi ngomgesta plubdoem esihni osterila fittheos sveman bandd eiibuthindsplest s are as
descrihgd in the fi.rst. and four aspect s..respectively of .the present

Tor nvertt ot FEBgSay O EidPa LR R FRRAR, ShERRS S Bt drr b B8, or bt h
aspect s i s nungfutatiabd of thd plardacsetkabesmkieonia rciniadl poadesl ripa Pk 0shg 1 S

i nvol ved. Such "abnorjml apoptosis" is,as described in the sixth aspect
(abovey - 15t nerEFonafeRRor et caist g asan: Mttty ERbo! o
detai | ed bebewilis&xanples 1 to 3 provide the synthesis of Chelator 1 (a

di am nedi oxi ne) of the invention, and Exanple 4 the synthesis of Chel ator
| A (a di am nedi oxi ne functionalised with glutaric acid) and synthesis of

t he corgsespoRAdAGhaGtdc¥BicidoBiposis safr e ptAedtidRnBSt Bhy bﬁm@ﬁm&ﬁoﬁ t he

synt hesi s of Chel'ator 1B (a di am nedi oxi me functionalised wt
20g! ut ar y| VaiPyson@EEs2 propi oni ¢ acid). Exanple 6 provides the synthesis of

a Boc. protechpc tSLiR lLAgANEURALAL: Alyifiliint PYRALAR.bERE! ator 24).
Exanpl e 7 provides the synthesis of a HYN Cduranycin conhjugate (prior art)
for conparative puppegiesis @xedpueing graovoaesnileemsyint hesi s of duranycin
functional i Se6’li)WI tthm%ﬁ ls%}‘if-i)gatilofﬁ‘ in which the radiometal complex formation is carried

30 out without using aseptic manufacture and then sterilised at the last step

[eg. by gamma irradiation, autoclaving dry heat or chemical treatment (e.g.

with ethylene oxide)];



(Conjugate 3A and Conjugate 3B). Exanple 9 provides the synthesis of
cinnanycin 25 with Chelator 1A (Conjugate 5). Exanple 10 provides the

synt hesi swof2otumassgci n wi t h Chel ator 1B (Conjugate 6). Examp@104d678¥ ovi des
t he synthesis of cinnanycin with Chelator 1B (Conjugate 6). Exanple 12
provi des the synthesis of duranycin functionalised with Chel ator 2A

(Conj ugate 2A and Conjugate 2B) and Exanple 13 of cinnanycin with Chel ator
2A (Conj ugat e(id) . l&qaetbcb@loggz ipwbich deeritigon- ﬁﬁioaaﬂde&itefhaudtmg of the

chel at or conjugates of. .t he invention t al .99nilc.. The 99111Tc
conpl exes form as Cgmé’flﬁﬁ% @%B@%ﬁoﬁg"n\]ﬂ% OEiF L‘Jffcgg n%ﬁ’g%loﬁl% CHPIEUY Ent age over
HYNI C, where nul tipdcgedSpecd @@plfy@;fme\/daﬁfbdlrw&unﬁétplhosphl ne/ t r| cine labelling
is used. The ocedure i s si with effi Iablln room
tenperaturé\/[eg‘l‘f’e ex»@yrfﬁﬁirfﬂw B%fﬁév?eep?‘mﬁlﬁ%@g?@gie%& fp e i¥&ry good, even
at hi gh sr adh@agihiewepeengent rati on (>90% RCP at > 500MB g/ nl). Exanple 15
provides determ nation of the site of conjugation of a chelator and

5Exanpl e 16 denonstrates that the site of conjugation of a chelator has a
significant effect on the binding affinity for phosphati dyl et hanol an ne,
with a factor of 18 difference (Kd 5 nMvs 90 nM. This provides evidence
t hat att acHmefifthespech terpagicmnmtcatiorcorapliena kit fot the peparation oflibe (Cysa of
Forrmula 11) i he EL4
[ymphoma. st ePalRsEcatcoRtih bARE, aBlec OB B abBE AR dhtine’ 125 2
nodel t1® mconjogdthef th@mq@bmt aspeat esmnaesolﬁcbfolrm\wdghmhwnmteluarsapmon with

Th t h d 4 fol d
R e R R S R T A
bi odi st ri buhd dRirédatibpiaricebi@nmpbepokifioshow a hi gher uptake of each agent in

chenot herapy-treated tunours, while correl ation analysis suggests a trend
of higher 15bi nder uptake in tunmours with higher |evels of apoptosis.

99nilc- [ Conjygatr&l a'ébeoksa&tﬁd dHelatt cbyIRM inANCKKINRHEM 8L dsId¥RFibRBR IR mance vs
99nilc- [ Conj ugat e 3A]. 99nmlc[ Conjugate 2A] shows simlar tunour but inferior

| ung petdf orshEe 8snest @@Fﬁﬂéf%ﬁﬂ?@&?‘é(aéwe) Repeat imaging studies with

99mlc- [ Conj ugate 5] showed a consistent increase in tunour: nuscle ratios
foll owi ng therapy. Exanple 18 shows that a PEG 20l inker group is

advant ageoly therter dki€i ingnepirteae ohaetegrooumdioashide Ph@crnwsﬁiq@ggradé nary excretion

in vivo. AQBESM&%H Mbtising the neg%ﬁ}}ygl&ﬁ;le&”@ﬂo IR e &hLEr or 3-letter amino

acid abbreviations a rcentade 1 njected dose Ac: Acetyl.
Acm Acet aniragdophetnmceuticAlGNmosationitdgeilee witBoperstergtindButtydnsx foakibony |

20  designed to be reconstituted with the desired radiometal to give a solution suitable for

human administration with the minimum of manipulation.
The sterile, solid form is preferably a lyophilised solid.

25  For "’™Tc, the kit is preferably lyophilised and is designed to be reconstituted with

99m 99m

sterile ~ Tc-pertechnetate (TcO4') from a ~ " Tc radioisotope generator to give a
solution suitable for human administration without further manipulation. Suitable kits
comprise a container (eg. a septum-sealed vial) containing the chelator conjugate in
either free base or acid salt form, together with a biocompatible reductant such as

30  sodium dithionite, sodium bisulfite, ascorbic acid, formamidine sulfinic acid, stannous
ion, Fe(Il) or Cu(I). The biocompatible reductant is preferably a stannous salt such as
stannous chloride or stannous tartrate. Alternatively, the kit may optionally contain a
non-radioactive metal complex which, upon addition of the technetium, undergoes

transmetallation (i.e. metal exchange) giving the desired product. The non-radioactive



30Bz: Benzyl . DCM Di chl oronet hane. DI PEA: N-Dii sopropyl ethyl am ne. DV :
N, N- Di net hyl f ounam de. DVSO D net hyl sul f oxi de. 35

Froc: 9- Fiworeryl4msst hoxycar bonyl . WO 2012/ 041862PCT/ EP2@CT/FPe@E186678%
Aut:Gutaric acid. 29

HATU: O- ( 7- Azabenzotri azol -1-y1)-N, N, N, N1-t et ranet hyl ur oni um

hexaf | uor ophosphate. HOAt: 7- Aza- 1- hydr oxybenzotri azol e. HPLC: Hi gh

per f or manc itk mguioptiaial p frethegroaplnige additional components such as a transchelator,

51 BX: 1- Hydr oxy- 1, 2- henzi odoxol e- 3( 1H) - ope-.1- oxi de.

VDb Nt hy | RO C T eyl R A5 oL T 8508 e

NHS: N- Hydr asywesucci ni m de. NMM N- Met hyl nor phol i ne. 10NMWP

: 1- Met hyl - 2- pyrrol i di none. PBS: Phosphat e- buffered sal i ne.

PEGL2: - (OCH2CE12) 12-. PyACP:

(7- Azabgnzotri azol e-1-yl - oxy-tris-pyrrolidino-phosphoni um

hexaf | uor ophosphat e 15PyBOP: Benzotri azol - 1-yl -oxytri pyrrolidi nophosphoni um
hexaf | uor oph8spHeasBect IRPIFREaT 8 EEioY eravisise & Arckgd iobHnagrephaunsictieni cal

purity. tBunief Bb&“&zﬁﬁlzh C(;lt_ﬁ:por‘i'sg éefnleﬂzlgﬁgﬁf;i%a.gg oPRi1&st a part of said body to

which the imaging agent of the first aspect, or the composition of the fourth aspect has
distributed using PET or SPECT, wherein said imaging agent or composition has been

10  previously administered to said body.

Preferred aspects of the imaging agent or composition in the sixth aspect are as
described in the first and fourth aspects respectively of the present invention (above).
The method of the sixth aspect is preferably carried out where the part of the body is
15  disease state where abnormal apoptosis is involved. By the term “abnormal
apoptosis” is meant dysregulation of the programmed cell death (PCD) process. Such
dysregulation has been implicated in a number of disease states, including those
associated with the inhibition of apoptosis, such as cancer and autoimmune disorders,
and those associated with hyperactive apoptosis, including: neurodegenerative
20  diseases; haematologic diseases; AIDS; ischaemia; allograft rejection and cardiology
(myocardial infarction, atherosclerosis and/or cardiotoxicity follow drug therapy).
The visualization and quantitation of apoptosis is therefore useful in the diagnosis of

such apoptosis-related pathophysiology.

25  The imaging method of the sixth aspect may optionally be carried out repeatedly to
monitor the effect of treatment of a human or animal body with a drug, said imaging
being effected before and after treatment with said drug, and optionally also during
treatment with said drug.  Therapeutic treatments for these diseases aim to restore
balanced apoptosis, either by stimulating or inhibiting the PCD process as appropriate.

30  Of particular interest is early monitoring of the efficacy of cancer therapy to ensure

that malignant growth is controlled before the condition becomes terminal.



20TFTP: Tet r af | uor ot hi ophenol . THF: Tetrahydrofuran. TIS: Trii sopropyl sil ane.
Trt:Trityl. 25Table 1: Conpounds of the Invention. Formula Il (wth

bri dges awozpedisiseed in the first aspect): PCT/EP2011/066789

Cysa- Xaa- @ n- Ser b- Cysc- Ser d- Phe- d y- Pp9- Phe- The- Phe-Val -Cy Sb(HO -A sp)- Gl
y - Asn- Thra-Ly Sd Nane Structure LBP 1 Duramycin Formula Il, where Xaa
= Lys. LBP2 Cinnanycin Forrmula Il, where Xaa = Arg Conjugate 1 (prior art)

[ HYNI C] - LBPRi a seviehih akpést, @egtrésaatiekntion piotvides thefise@f siee idaXag agenf Af the xt ur e of

nono- and ) tionali.sed e LBP1, with
YN C at ¢ acldsnet AN DRG. orae O Shr e Rt Mg Ypectha

2012/ 04186 2REHIEPAGLAHDET FOhustn Go apitgbbRlylB [ HYNI C] - LBP1, with HYNI C
attached at Xaa (nono-functionalised species).

5 In an eighth aspect, the present invention provides a method of diagnosis of the

human or animal body which comprises the method of imaging of the sixth aspect.

Preferred aspects of the imaging agent or composition in the seventh and cighth
aspects are as described in the first and fourth aspects respectively of the present

10  invention (above). The diagnosis of the human or animal body of both aspects is
preferably of a disease state where abnormal apoptosis is involved. Such “abnormal

apoptosis” is as described in the sixth aspect (above).

15  The invention is illustrated by the non-limiting Examples detailed below. Examples 1
to 3 provide the synthesis of Chelator 1 (a diaminedioxime) of the invention, and
Example 4 the synthesis of Chelator 1A (a diaminedioxime functionalised with
glutaric acid) and synthesis of the corresponding active ester Chelator 1A-TFTP ester.
Example 5 the synthesis of Chelator 1B (a diaminedioxime functionalised with

20  glutaryl-amino-PEGI12 propionic acid). Example 6 provides the synthesis of a Boc-
protected tetra-amine chelator of the invention (Chelator 2A).  Example 7 provides
the synthesis of a HYNIC-duramycin conjugate (prior art) for comparative purposes.
Example 8 provides the synthesis of duramycin functionalised with Chelator 1A
(Conjugate 3A and Conjugate 3B). Example 9 provides the synthesis of cinnamycin

25  with Chelator 1A (Conjugate 5). Example 10 provides the synthesis of duramycin
with Chelator 1B (Conjugate 6). Example 11 provides the synthesis of cinnamycin
with Chelator 1B (Conjugate 6). Example 12 provides the synthesis of duramycin
functionalised with Chelator 2A (Conjugate 2A and Conjugate 2B) and Example 13
of cinnamycin with Chelator 2A (Conjugate 4). Example 14 provides the

30  radiolabelling of the chelator conjugates of the invention with the radiometal **™Tec.
The *™Tc complexes form as a single species with high RCP. That is an advantage
over HYNIC, where multiple species form when HYNIC/phosphine/tricine labelling

isused. The procedure is simple, with efficient labeling at room temperature. The



Conj ugate 2A [Chel ator 2A]-LBPl, with Chel ator 2A attached at Cysa
(nono-functionalised species). Conjugate 2B [Chel ator 2A]-LBPl, with

Chel at or W@ 2at¥@edsed at Xaa (nono-functionalised speci ePLCT/ERoNjLOGEBE 3A

[ Chel ator 1A]-LBP1, with Chelator 1A attached at either Cysa and Xaa

(m xture of nono-functionalised species). Conjugate 3B [ Chel ator 1A]-LBP1,
with Chelator 1A attached at both Cysa and Xaa (lns-functionalised

speci es). QU] wgatyeodd,[eChedtdighrradlddctik BR2cemratibn CHEP@ROP a2A at t ached at
Cysa. (nnniog@@pgwgpalised species). Conjugate 5 [Chelator 1A]-LBP2, with
Chel at or d at Cysa. (nono-functionalised species). Conjugate 6

[ Chel ator 113]-LBPl, with Chelator 1B attached at either Cysa and Xaa

(m xture of_ mono-functionalised species). Conjugate 7 [Chelator 113]-LBP2,
Wi th Chel atfoAmRIs 14Prowidra detgimipgtion of fsisor Ghendsaden dagh @ﬁ@&ﬁ@s) Exanpl e 1:

Synt hesiss  Qfxadplb, 15-dembidirired a0 LY HBhfAeA N of BlcBRatdf @k a sABIa@N | met |
| enelutaric acid dineth | ester
effect on the binding affinity for phosphatidylethanolamine, with a factor of 18
difference (Kgq 5 nM vs 90 nM). This provides evidence that attachment of the
radiometal complex at the N-terminus (Cys® of Formula II) is preferred over
attachment at Xaa of Formula II. The EL4 lymphoma mouse xenograft tumour model
10  of Example 17 has been used as a model to mimic the apoptotic response following
chemotherapy. Therapy-treated mice (etoposide/cyclophosphamide) showed a 4 fold
increase in tumour apoptosis compared to vehicle control treated animals. The
biodistribution results of Example 17 show a higher uptake of each agent in
chemotherapy-treated tumours, while correlation analysis suggests a trend of higher
15  binder uptake in tumours with higher levels of apoptosis. **™Tc-[Conjugate 5] had
similar tumour and improved liver performance vs *”"Tc-[Conjugate 3A]. *"Tc
[Conjugate 2A] shows similar tumour but inferior lung performance vs > Tc-
[Conjugate 5]. Repeat imaging studies with ™ Tc-[Conjugate 5] showed a consistent
increase in tumour: muscle ratios following therapy. Example 18 shows that a PEG
20  linker group is advantageous in reducing liver background and increasing urinary

excretion in vivo.

Abbreviations.

Conventional single letter or 3-letter amino acid abbreviations are used.

25  %id: Percentage injected dose
Ac: Acetyl.
Acm: Acetamidomethyl.
ACN: Acetonitrile.
Boc: tert-Butyloxycarbonyl.
30 Bz Benzyl.

DCM: Dichloromethane.
DIPEA:  N-Diisopropylethylamine.
DMF: N,N-Dimethylformamide.
DMSO:  Dimethylsulfoxide.

35  Fmoc: 9-Fluorenylmethoxycarbonyl.



5Car borret hoxynet hyl enet ri phenyl phosphorane (167g, 0.5nol) in tol uene
(600nl) was treated with dinmethyl 3-oxoglutarate (87g, 0.5npl) and the
reacti on weared41862100C on an oil bath at 120C under anPaTmPIEhO6E@8Df
nitrogen for 36h. The reaction was then concentrated in vacuo and the oily
residue triturated with 40/ 60 petrol ether/diethylether 1:1, 600nil.

Tri phenyl phosphi ne oxi de precipitated out and the 10Osupernatant |iquid was
i stil1ed ey hi e s oyen Temper at e 180 200C &t 0. 2torr) to
istille ~hi vacuum Bp v | ure 180- :

gi ve 3-(net C ar‘g'c%'?F ZHS‘FF‘@L&}‘/&W’EWIéetﬁleﬁe@ylﬂfoﬁ’ﬁFH’;G/’fag@?rB?ho pg§?08g, 539%) .
NVR1LH( CDC13JOAG3. 31-Ag2Hthydrox@hdd)otridzol( 9H, s, 3x0CH3), 3.87 (2H, s, CH2),
5.79 (1H sprCH YRR BorkmhRE HXhAD 36. 56, CH3, 48.7, 2xCH3, 52.09
and 52.5 (2xGH2) ; Hishhy %‘??% 14%?116 CZoH grf@?%,_ 170.0 and 170.5 3xCOO ppm
VO 2012P041882PCT/ EPY81y d6eesgioderoly 3 L H)-gngsl 9xideenat i on of 3- met hox

car bon | metNiDPene) Blethly hé¢diptasptabnic acdi met hyl est er.

3- (net hoxy /| gret € i,c. acid di methyl ester (89g, 267mmol) in
met hanol ( .@Qﬁé@%ﬁ%ﬁ%dfge% pal | adi um on charcoal : 50% water) (9
g) 5under aWl%t nosBtBIExstsuemitfen gas (3.5 bar) for (30h). The sol ution
was filteredMwhr ougiMehgmetuliie. and concentrated in vacuo to give 3-
(et hoxycar, yl met L i id dinethylester as an oil, yield (84.9qg,
94 %.Xﬁéﬂ\/R 13é ,Me y%b %ﬁ%ﬁ“g‘% J=8Hz, 3xCH2), 2.78 (1H, hextet, J=8Hz
CH ) 3.7 S s, e-buffprgdRalze cDC13), .5 28.6, CH 37.50, 3xCH3; 51.86,
3xCH2; 172 .p&13xC0QOCs,eR,){-c) : Reduction and esterification of trinethyl
ester tot jacet at e, der .an at nospher.e. of nitrogen in a 3 necked 2L
round bottg)e A?IJfI ask au%?%zi"ﬁj?%zﬁi%'léﬁl'ﬁx 'Er}’)saﬁ{ri?@@lr“f" éloip%‘Bm, "588mMmo1) in THF
(400m) waderabgrapbosphyei ously with

15  PyBOP: Benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate.

RAC: Radioactive concentration.
RCP: Radiochemical purity.
tBu: fert-Butyl.
TFA: Trifluoroacetic acid.

20 TFTP: Tetrafluorothiophenol.
THF: Tetrahydrofuran.
TIS: Triisopropylsilane.
Trt: Trityl.

25 Table 1: Compounds of the Invention.

Formula IT (with bridges as specified in the first aspect):
Cys*-Xaa-Gln-Ser’-Cys®-Ser’-Phe-Gly-Pro-Phe-Thr’-Phe-Val-Cys’-
(HO-Asp)-Gly-Asn-Thr*-Lys®

Name Structure
LBP1 Duramycin Formula II, where Xaa = Lys.
LBP2 Cinnamycin Formula II, where Xaa = Arg.
Conjugate 1 [HYNIC]-LBP1, with HYNIC attached at either of Cys® & Xaa.
(prior art) (A mixture of mono- and bis- functionalised species).
Conjugate 1A | [HYNIC]-LBP1, with HYNIC attached at Cys®
(mono-functionalised species).




tris(met hyl oxycar bonyl net hyl ) met hane (40g,
A strongly exotherm c reaction occurred,
st rongl y.wohe1zvmeasski on was heated on an oil
The reaction was quenched by thegscauti ous dropw se addition of acetic
t he evol ution 200f hydrogen ceased. The stirred reaction

days.
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éfESiHP

flewmo °ges)3xCH2) , 2. 2(1H, quintet,

t bp 220

5.5(

3H, brs, 3x0H). NVRI3C(CDC13), .6 22.13,
Conversion of the triol to the

tri s( met hanaQaupphbNsiihesis of 1,1,1-77is(2-aminoethyl)methane,

Step 1(a): 3(methoxycarbonylmethylene)glutaric acid dimethylester.

Carbomethoxymethylenetriphenylphosphorane (167g, 0.5mol) in toluene (600ml) was

treated with dimethyl 3-oxoglutarate (87g, 0.5mol) and the reaction heated to 100°C

on an oil bath at 120°C under an atmosphere of nitrogen for 36h. The reaction was

then concentrated in vacuo and the oily residue triturated with 40/60 petrol

ether/diethylether 1:1, 600ml. Triphenylphosphine oxide precipitated out and the

10

supernatant liquid was decanted/filtered off. The residue on evaporation in vacuo was

Kugelrohr distilled under high vacuum Bpt (oven temperature 180-200°C at 0.2torr)

to give 3-(methoxycarbonylmethylene)glutaric acid dimethylester (89.08g, 53%).
NMR 'H(CDCL): 3.31 (2H, s, CH,), 3.7(9H, s, 3xOCHz), 3.87 (2H, s, CH), 5.79 (1H, s,
=CH, ) ppm.

15

NMR C(CDCL),  36.56,CHs, 48.7, 2xCHs, 52.09 and 52.5 (2xCH,); 122 3 and 146.16

C=CH; 1659, 170.0 and 170.5 3xCOO ppm.

CH, 33.95,



To an stirred ice-cooled solution of tris(2-hydroxyethyl)nethane (10g,

0. 0676nol) in dichloronethane (50nml) was slowly dripped a solution of

met hanesuwobaendo4edskor i de (40g, 0.349npl) in di chl or onet ir@MEPE&HAMG78UNdDeEr
nitrogen at such a rate that the 20tepperature did not rise above 15C
Pyridine (21.4g, 0.27npl, 4eq) dissolved in dichloronmethane (50nl) was then
added drop-wi se at such a rate that the tenperature did not rise above 15C,
exot her m ¢ Stepalkid): diydrogbretive af3-{roethavgsarbe@fyimétbylsie)glutatic aadm t enper at ure for
24h and theln tigat ed with 5N hydrochloric acid solution (80nmL) and the

| ayers sep RS e aqueous | ayer was extracted with further

di chl or onet3h(aﬂbﬁ102{}&a5tﬂjﬂiﬂzl)meatmhnte}ganmcg@m dimehly Tedtei @9@@1@!111&1@(),111 dri ed over

sodi um sul f at e, Igﬁltered \%ag conc rated in vacuo to
13

tris[2- (met™ag) GAGRY MExHrkehyte ‘Vh%lé BT e P PR S s

et hanesul fABY anGIh@hGEor I%T,Jaeogmg@sr(gtsnbgalfom@ﬁ)dm@menms iNVB4 i {1 (CDC13) ,
6 4.3 (6H, t, 2xCH CH3) (IH, hextet, CH), 1.85 (6H, q,
3xCH2) . 30 tkpagh IFIGSIE Uhﬂﬂéﬁaﬂ@mrﬁﬁﬂ #fvaquatopivesdt s( 2- azi doet hyl ) met hane. A
stirred sol HJe!hQ%chboB;Flhl%{ %E)%lﬁﬁh@)i&é ‘dlrﬁ&l‘f&%és@é%g &t Kyl ] iSQ@%%A{J/ oh.om St ep
1(e), contam nate W T ss net hyl sul'fonyl chl 0|y g, 67mmmol ,

t heor et i calNMR rH(éﬁ)@lsDMz 48 20 Ay 8ldm BeHan 2178 d@érhemasJ:@HeéHe)cB Hhs. sodi um
azi de (30.2gCHQ. 47np1) portion- 35 wise over 15 minutes. An exot herm was
obser veld antMR hE(GRGLA 2816 GHls 3 Hobed:o1 @ixGHoel BabACOQ.t er 30 mi nut es, the
reaction mxture was heated on an oil bath at 50C for WO

2012/ 041862PCT/ EP2011/ 066789 29 24h The reactl on becane brown in col our.
The reacti ¥ g). BEqusiigl e Heatiop of gingathyhiester tatheffigceldét assi um car bonat e
sol ution ( ébrglﬁrmn %mélspé%leroéélttfé’éelt lﬁrae”e‘le@ﬁ% rwmdb%@mé flagkt ] thim

et her/ djset r shed with
wat er ((j'leg%)ﬂr?%“%{hﬂ gdelgbg%gglgﬁfnﬁng% fﬁ?‘gﬁzbﬁ R e (200m)
was added Stigmethglopecaring dth ) metiane (@E,I@antmiﬂ: ®PPralioder lhn Asol ut i on

and the vol - . 200mL) was
added and rsgc cg)gotla?eg‘?wdea}cﬁgﬁg%ﬁhg gg‘%“e Stﬁe gotlﬁemt@ fgﬂlxtsrngﬁggn@# E)et rol)

| eavi ng no rbaegen whsaleadOntkn ofl bemha%(:iacraﬂuklﬁdsrmdays The reddiamehs sol uti on of
triazide was us rectly in Ste E ALL THE
SOLVENT  AS trpiEhsc et F&inYs ibriEie Rodti e dattiar TS St eepT | N

DI LUTE 0L ldThﬂﬂogk:ﬁ oBised TTNESirrell @sistidrn@ixnlle Mcz@ﬁoﬁsﬂ&r@@dﬁntlﬁteﬂ\ﬁs
evaporated i mto re ve the ethanol and ang{\H\/R uré n this small
sanpl e: NNF%HFW“? a9 (gD geupliaie as iggysppentip rgflieg fhe flaghwts cH ), 1.6
(6H g, 3xEhRippedlfer distillation and stirred and then heating at 90°C (oil bath temperature) to

distil out the THF. A further portion of acetic anhydride (300ml) was added, the

reaction returned to reflux configuration and stirred and heated in an oil bath at 140°C

25  for Sh. The reaction was allowed to cool and filtered. The aluminium oxide precipitate
was washed with ethyl acetate and the combined filtrates concentrated on a rotary
evaporator at a water bath temperature of 50°C in vacuo (5 mmHg) to afford an oil.
The oil was taken up in ethyl acetate (SO0ml) and washed with saturated aqueous
potassium carbonate solution. The ethyl acetate solution was separated, dried over

30 sodium sulfate, and concentrated in vacuo to afford an oil. The oil was Kugelrohr
distilled in high vacuum to give #ris(2-acetoxyethyl)methane (45.3g, 95.9%) as an oil.
Bp. 220 °C at 0.1 mmHg.

NMR 'H(CDCly), § 1.66(7H, m, 3xCH,, CH), 2.08(1H, s, 3xCHs); 4.1(6H, t, 3xCH,0).

NMR 2C(CDCL), § 20.9, CHs: 29.34, CH: 32.17, CH,; 62.15, CH,0: 171, CO.
35



Step 1(g): Preparation of 1,1, 1-tris(2-am noethyl)nethane.

Tri s(2-azi doet hyl ) net hane (15.06g, 0.0676 nol), (assum ng 100%vyield from
previ ous woaotzmame2i n et hanol (200ml) was treated w th PO¥EPadil1Aci78M on
charcoal (2g, 50% water) and hydrogenaged for 12h. The reaction vessel was
evacuated every 2 hours to 20 renove nitrogen evolved fromthe reaction and
refilled wth hydrogen. A sanple was taken for NWVMR analysis to confirm

conpl ete CopMEr(8) GlnRvall PN cbaled%bigR floth hBGidbEh@M ne. Caution: unreduced
azi de_coul G R0l ARGy QR Hhednt (81 L sul g1 BARIPRAUAR ohi bieaAlokfr ough. 2

celite pad to renove t’he catal yst” and concentr at In vacuo to give tris(2-
25an noet hy(190rg) anlkeated oann oil bath Bh8& C\fars2 flayst Rles repationfwae tredsyd Kitlyel r ohr

distillatiagn - t 0.4 ' ol aurl bl (8.1g9, 82. 7%
overal | yi alae paRSE AEPPhydhid o ety & o2 GRS GRS P o 170
(H septset ,fu@dy portiosd 8f §BHmMneoni BECHIR) wasNVIRIIZHE GLAGE ) ion beaddl 4 3O CWHAINH2) , 38. 2
(cH2.), 31.0(052. 30 Exanple 2: Preparation of )

3- chl or o- 3-4HBt hF roactionas disp spagsairated mAartalp feRovgrll solyBthin B 22- ene _
(147ni, 1. 44ohiaNd di&RAPWro BED drhhEnif H3ORE) and hd@EPRoV@ R 00! Bk t0 -30 Cin
a bath of cardice and nethanol and vigorously stirred with an 35overhead

ai r stirrerreation weethereebnderdpidse vanup to tworeedlt sdteats thgdeoathilori ¢ aci d
(140mt, .862P yAete 8 t - rate that
the terper A E e RRRE SRR 0 TR Bon B B 72 e e
IS a siigni faceamide avecd eshed cexnh apditte dimidintidyecansed. ios(Ppr event over heati ng.

Et hanol (100 added 10 1€ e,.t vVi.scasioly, of the slurry that had
formed at Slﬁgrﬂ%‘r'l%\% HRLC Lafen 8 %aq‘\%ﬂ]?%h?pe%a |E(9 "Ylirred at -20 to -10C
for a furtheir SRDCO), 6 0AplsEL € 3k¢He,). neaEt, yahet, THE 3 6Lt CHaOIE), »agHCol | ect ed
by filtratiban3dier vacuum and washed with 4x30nl of cold (-20C) ethanol
and 100mL ofMR Ce(@milg, dmatierGH.ands drCiad 57 .8 V@M.t 0 gi ve

3-chl or@- 3- net hyl - 2-ni trosobutane as a white solid. The ethanol filtrate
and washi ngepge)e Cuandsioedf dedidlid Wk eds(methihes@plesnae200mL) and cool ed and
al | owed t o Tetaandrit®icelcbolad soldidfe ovam-ay droxylehgnmeihag: @bg I-@1b@bIYims- met hy 1- 2-
10ni trosobutane crystallised out, The precipitate was coll ected by
filtration déﬁ%%?%%tﬁ% (W{ﬂﬂ“@ﬁéowwrﬂrwmﬁp piolyanet mephgnespifery! FHoUSeno to give
a total i qh@N@B@n&bhpdiaﬂé@m@ﬁaﬁe/éol%r)mnaé&m;l an@cK 4 leadih (BSMOL, 73%
>08% pure by NMR ~  NWVRIH(CDCl13), As a mixture of isoners (isonerl, 90%
1.5 d, 202Htermpsyturetidemot giise ghome 13 C1 SvarBy (2154888 2dmob Aek) Blissglved int oget her 1H.

Syninesi s of e PR et R R Iy T e g OB >

did not rise above 15°C, exothermic reaction. The reaction was left to stir at room

temperature for 24h and then treated with SN hydrochloric acid solution (80ml) and
the layers separated. The aqueous layer was extracted with further dichloromethane
25  (50ml) and the organic extracts combined, dried over sodium sulfate, filtered and
concentrated in vacuo to give tris[2-(methylsulphonyloxy)ethyl methane
contaminated with excess methanesulfonyl chloride. The theoretical yield was 25.8g.

NMR 'H(CDCL), 8 4.3 (6H, t, 2xCH,), 3.0 (9H, s, 3xCHs), 2 (1H, hextet, CH), 1.85 (6H, q,
3XCH2).

30
Step 1(f): Preparation of 1.1.1-#ris(2-azidoethyl)methane.

A stirred solution of #is[2-(methylsulfonyloxy)ethylJmethane [from Step 1(e),

contaminated with excess methylsulfonyl chloride] (25.8g, 67mmol, theoretical) in dry

DMEF (250ml) under nitrogen was treated with sodium azide (30.7g, 0.47mol) portion-
35  wise over 15 minutes. An exotherm was observed and the reaction was cooled on an

ice bath. After 30 minutes, the reaction mixture was heated on an oil bath at 50°C for



20am noet hyl ] - (2- am noet hyl ) met hane (Chel ator 1). To a solution of
tris(2-am noethyl)nmethane (4.047g, 27.9mmol) in dry ethanol (30nl) was
added potweznumicssebonat e anhydrous (7.7g, 55.8mmpl, 2e@CTAP2010066789
tenperature with vigorous stirring under a nitrogen atnosphere. A solution
of 3-chloro-3-nethyl- 2-nitrosobutane (7.56g, 55.8nml, 2eq) was dissol ved
in dry ethanol (100nml) and 75nml 25o0f this solution was dripped slowy into
t he reacti @dhniThd ter@ion Pheanrecmown orcolms. Tind deatiod whay alldviedan csdl) trepged[ pl at es
run in dichl.gr t hane, nethanol , co trated, (0.88sq). anmoni a; .100/ 30/ 5
tnd the. iy SV HabsrEgEonye s B bR s MBUDIcRgT - The
mono-, di - pafd dilter/dthyieiat eot1 praduat)s The bgasie exraststberRivashell Rtheasi ng i n
that order. Analytical HPLC was. run_usin PR rever hase colum in 30a
gradi ent of%aRr 2SO DGt e PREM Hifsi %ﬂ@a&% Ehssh 240 WAS3dEt i on was
concent rzat @gliHeDetA%RRr sQuticTe ¥eptthetrRbiaantdol Ao ah B sBRRdeehuCE mat er
(110m). The aqueous slurry was extracted with ether (100m) to renbve sone

of the tri arktamedess Sravathenl aBdanal pemb) was adaesh and trecoseaniatod figac#e nono and

desired di g} kyl R 1Rk QQ&QBffgé%roi R&vikehETest AARR00ANEF ARHERURLIBH UL T ON was
buffered with ammoni um acetate (2eq, W 2012/ 041862PCT/ EP2011/ 066789 31

4. 3g, 55. 8riiolcthana selnbior ef tyoadt wdsruwsedbdiogtaphStep Tlgg aqueous sol ution was
stored at eryH f [ VA arative HPLC.
Yield (2. 2{,% 4%@0?6%2@5’8;\}%&@ Zféécﬂp‘?%if %&gﬁfﬁbﬁ%ﬁé?cone vol t age.
Found: 1844 :POEANTUAM ¥EXMESISAAND SHRITH) GBI(BYT '8 DILUZE 6HLUEIORX CH3) |,

1. 3( 6H, s,@&:@)ﬂ 25-1.75(7H, m 3xCH2CH), (3H, s, 2xCH2), 2.58 (4H, m
CH2N), 2.8 -t N2), 5.0 (6H, s, NH2, 2xNH, 2x0H). NVRI T ((CD3)2S0)
81. 1 4xCH; Iks2Ban @R&HZE thesolutohhlasteyapdxatdddj vadNivR1t3 Cérh &30 e2ékhnol £0. O (4xCH3) ,
25.8 (2XCI-|3)i gl.O 2XCH2, ﬁ14.6 CH2, 56. 8 2xCH2N; 160.3, C=N. 10 HPLC

condi ti ons:®" i SiRlSHIRIET ng a 25mm PRP col unn [ A=3% ammoni a

sol ution ( NMRIHEDRILBEE 35 V&M, enxCIBFAGRI RN ¢1e)) 1 lisReyB @y 5 1575.0
152075./¢ 227.5 307.5 Load 3nl of aqueous solution per run, and collect in a
time wi ndowgf 132 Bephdidn Bt 01,120 sExaTRb@yhmBURE hesi s of

Tetraf | uor ot hi ophenyl ester of Chelator I-glutaric acid (Chelator |A TFTP
Ester). 1ris(2-azidoethyl)methane (15.06g, 0.0676 mol), (assuming 100% yield from previous

reaction) in ethanol (200ml) was treated with 10% palladium on charcoal (2g, 50%
water) and hydrogenated for 12h. The reaction vessel was evacuated every 2 hours to
20 remove nitrogen evolved from the reaction and refilled with hydrogen. A sample was
taken for NMR analysis to confirm complete conversion of the triazide to the
triamine.
Caution: unreduced azide could explode on distillation. The reaction was filtered
through a celite pad to remove the catalyst and concentrated in vacuo to give tris(2-
25 aminoethyl)methane as an oil. This was further purified by Kugelrohr distillation
bp.180-200°C at 0.4mm/Hg to give a colourless oil (8.1g, 82.7% overall yield from
the triol).

NMR 'H(CDCLs), & 2.72 (6H, t, 3xCH,N), 1.41 (H, septet, CH), 1.39 (6H, q, 3xCH,).
NMR "“C(CDCl;), § 39.8 (CH,NH,), 38.2 (CH,.), 31.0 (CH).

30

Example 2: Preparation of 3-chloro-3-methyl-2-nitrosobutane.

A mixture of 2-methylbut-2-ene (147ml, 1.4mol) and isoamyl nitrite (156ml, 1.16mol)
was cooled to =30 °C in a bath of cardice and methanol and vigorously stirred with an

35  overhead air stirrer and treated dropwise with concentrated hydrochloric acid (140ml,



a) Synthesis of [Chelator 1]-glutaric acid (Chelator 1A). Chel ator 1A
25Chel ator 1 (100 ng, 0.29 mmol) was dissolved in DNIF (10 m) and glutaric
anhydri dewQ28121n31860. 29 nmol ) added by portions with sti PCIrmEg201Thes78®act i on
was stirred for 23 hours to afford copplete conversion to the desired
product. The pure acid was obtained follow ng RP-1-EPLC in good yield. WO
2012/ 041862PCT/ EP2011/ 066789 32 b) Synthesis of Chelator 1A-TFTP Ester.

Chel at or 1A-6BRDP) &ster a fhe t@itehatmperdfird WasomiBhiapd beloB0Q0%y, This. 66 nmol ) i n

DVF m ded. HATU 5. (24 32 ).
e ot e R Ll P i i Pt don P PR Rrnstsn (o ol
nmol, 119 rwprhvamgaddatol (T@lﬁll}@hslr.:ztdlélgdlt/o\ﬁ@@cf 'therv{isf%dTlfy;Ufﬂftedﬂefgli%el)idt hgnt L he
reaCtlon thure Wwas t % ace ntril e/ wa I an e
br oduct | purip e By Srp bt S i TEXBOmGIGH & he Ged Vet piGbe,

fol | owi g fZ'Iﬁ@é&nﬂEt}é 'tlfégreac%ign Exgmb&pitite @Nﬂoﬂ@@écﬁb;ﬂfﬁltr% @ vacuum
1-glutaryl -am no-P g)ro pionic acid (Chel ator 1B). 5HO NH 00 NLN
and washed w1th 4x Oml of cold (-20°C) ethanol and 100ml of ice cold water, and
dried in vacuo to give 3-chloro-3-methyl-2-nitrosobutane as a white solid. The ethanol
filtrate and washings were combined and diluted with water (200ml) and cooled and
allowed to stand for 1h at —10°C when a further crop of 3-chloro-3-methyl-2-
10  nitrosobutane crystallised out. The precipitate was collected by filtration and washed

with the minimum of water and dried in vacuo to give a total yield of 3-chloro-3-

methyl-2-nitrosobutane (115g 0.85mol, 73%) >98% pure by NMR.

NMR 'H(CDCL), As a mixture of isomers (isomerl, 90%) 1.5 d, (2H, CH;), 1.65d, (4H, 2
15  xCHj3), 5.85,q, and 5.95,q, together 1H. (isomer2, 10%), 1.76 s, (6H, 2x CHs), 2.07(3H,
CH;).

Example 3: Synthesis of bis[N-(1,1-dimethvl-2-N-hvdroxvimine propvl)2-

20 aminoethvl]-(2-aminoethyl)methane (Chelator 1).

To a solution of #is(2-aminoethyl)methane (4.047g, 27.9mmol) in dry ethanol (30ml)
was added potassium carbonate anhydrous (7.7g, 55.8mmol, 2eq) at room temperature
with vigorous stirring under a nitrogen atmosphere. A solution of 3-chloro-3-methyl-
2-nitrosobutane (7.56g, 55.8mol, 2eq) was dissolved in dry ethanol (100ml) and 75ml
25  of'this solution was dripped slowly into the reaction mixture. The reaction was
followed by TLC on silica [plates run in dichloromethane, methanol, concentrated
(0.88sg) ammonia; 100/30/5 and the TLC plate developed by spraying with ninhydrin
and heating]. The mono-, di- and tri-alkylated products were seen with RF’s
increasing in that order. Analytical HPLC was run using RPR reverse phase column in
30 agradient of 7.5-75% acetonitrile in 3% aqueous ammonia. The reaction was
concentrated in vacuo to remove the ethanol and resuspended in water (110ml). The
aqueous slurry was extracted with ether (100ml) to remove some of the trialkylated
compound and lipophilic impurities leaving the mono and desired dialkylated product

in the water layer. The aqueous solution was buffered with ammonium acetate (2eq,



0 0")(OH 11 N. OH Boc-am no-PEGL2 propionic acid (Polypure; 45 ng, 0.060
nmmol) was treated with 20 TFA/water (19:1) (1 nmL) for 30 mn. The TFA was
t hen evapwoaved4iss2vacuo and the residue dried in vacuoPor@praéighse7ad f or di ng
52 nmg crude am no- PEGL2 propionic acid; Chelator 1A (46 ng, 0.10 mmol) and
PyAOP (31 ng, 0,060 mmol) were dissolved in NWP (1 niL). DI1PEA (42 pL, 0.24
nmol ) was added and the solution shaken for 5 mn and added to am no- PEGL2
propi oni ¢ acigd ST 8mM6!) meredspire gbhé clirematoemphyri Kielttaeddd salatsonskhalsemedater ni ght .

Addi ti onal el ato added to reaction m xture and
Mter 1h A SRRl S N U e b WL G (7 nL) and the
product puryifigesofy. Mlﬁ@aﬁm) ve RP-HPLC. Puri f| cation and characteri zation
30 Purification by RP-HPLC (gradi ent: 10-30% B over 40 nin, tR 34.5 min)
af f or ded 4N%8pe‘s¥%twéqnd}) oqonmé%t Epungg44cepleplated M5H B#5at i on. Chel ator 1B

was charsactmme(dpbg) 5\1\@4(%&152&&44]386%{%@ 4 5,5@@3;11/2@616738791 333:dcE, ), (gr adi ent :
10-40% B over + found m z

1058.0). 5¢ én%‘ﬁé‘z)eﬁ%fﬁﬁtfﬁé%}#@ 8f88@ﬁ‘e‘l‘%{1128?) 52%(6H St‘%{a 2¥9% nhy |
[ 2- (benzyl owyR &t igbl)/val) @DBH;&}H 1 2hexcarpowid ( WasHpr epar ed by a nodification
of the nethod of Ramalingam et al Tetrahedron, 51, 2875- 289 1995)]. Thus,
sodi um (1. 204% %(QDWSQ%(? XGHY. 258 PGt & hatbh- 3(‘?53%5? dh >ar gon.
Di et hyl maliemateN( 14. 00g) was added and the m xture 10 was refluxed for 30
m n. Benzyl et her nd.the m xture was stirred at
et i ux Bor HE RLt B de ST hAEE & A0 R oA Sy BBPEE on and t he
resi due wasopasi (shicpnredshaiieer=Lidaitri(c100nl) and water (50 nl). The
et her eal Ia er was washed with water (3x50 m) and dried over sodium
sul fat e. Mgt her “Was renoved by rotary evaporation and the residue was
distill ed i g1, vacnog The 15 fraction distilling at 40-55 C was di scarded
(unreacted d| et hyl ?ral onate). The product distilled at 140-150 C (1mm,
[lit. bp 138-140 JYAnm]. The yield was 12.60g of colourless oil. '11 NWR
(270 MHg, GPCl13, 2% TMS) 6 = 7.28 (m 5H CH5), 4.47 (s, 2H, CH2-Ph), 4.16
(m 4H, CO(ECZ‘HZ 8 (t, 1H, CH), 3.50 (t, 2H, O0-CH2-CH2), 2.21 (t, 2H,
0- CH2- CH2) .20 26? , 6H, COOCH2-CH3). 13C NMR (67.5 MHz, CDCl13, 25C, TM)
6 = 169. 20 3@CO) 188. 10, 128.60, 127.80 (aromatic), 73.00 (CH2Ph), 67.30
(0- CH2- CH2)Loath 3ImVOf {qCeSksihtiondBer hith, fcHolle@8n © OmEe Bvi ShdRvx GH2)5- 1314 mi0
(COOCH2CH3) Step (b): N N -Bis(2-am noethyl)-2-(2-b enzyl oxy- ethyl)mal o
nam de.

20

Example 4: Synthesis of Tetrafluorothiophenvyl ester of Chelator 1-glutaric acid
(Chelator 1A-TFTP Ester).
a) Synthesis of [Chelator 1]-glutaric acid (Chelator 1A).

) g LT

H,N H&N HOJ\/\/U\N N&N
H H
Chelator 1A

25  Chelator 1 (100 mg, 0.29 mmol) was dissolved in DMF (10 ml) and glutaric
anhydride (33 mg, 0.29 mmol) added by portions with stirring. The reaction was
stirred for 23 hours to afford complete conversion to the desired product. The pure

acid was obtained following RP-HPLC in good yield.



25D et hyl [2-(benzyl oxy)ethyl]mal onate (4.00g) was added to ethyl ene
diamne (30 m) and the solution was stirred at roomtenperature for two
days. Thewexopssissthyl ene di am ne was renoved by rot aryPevaperianseso and t he
resi due was dried under high vacuumfgr 2 days to give a yellow oil (4.28Q)
that crystallized on standing. The product still contained traces of

et hyl enedi am ne, as detected in the NMR spectra. 30 I1-1 NMR (270 MHz,
CDC13, 25 6, SHiMEsisof€hélaits IABFFTP, E2dd, CO- NH), 7.32 (m 5H, C6H5), 4.46 (s,
2H, CH2-Ph), 3.50 (t, 2H, OCH2-CH2- ), 3.33 (t 1H, CH, 3.23 (m 4H,

CO NHCH2), 2.74 (t, 4H, CH2-NH2) 2.18 (g, 2H, 0-CH2-CH2-) 1.55 (br s 4H,

NH2) . 13C NMWR (67.5 MGDCL3, 25 C TMS) 6 = 171.10 (CO),YyA38.20, 128. 30,
127.70 (aromatic), ( CH- Ph)JEEY™50 (0- CH2- OrR) 51 48-XCH), 42. 40
(CO- NH CH2) , 3541. 20 ! Cro- NR2) ,—31.90 (0 CH2ASH2-) .

2012/ 041862RCF/ EP 34 Step (c): N %@ 2-(2-b
enzyl oxyethyl)-1!3 -di &mi'nopropane. F

N, N - Bi s-(2-amnm noet hyl ) -2-(2-benzyl oxy- et hyl ) mal on@hdlater [8-TEUY lestaas
dissolved in THF (20 mM) and the flask was imersed in an ice bath. The
flask was flushed wth argon and THF borane conplex (80 m, 1IMin TH F) was
added t hr oumTCllat IA@®dm Sef- Hr@oo@aécoiwmnﬁmmwmw@&ﬂ)auscaww}H@Twarm up to
roomtenp. and then stirred at 40 C for 2 days and refl uxed for

Met hanol® ( %8fyeied meraBandNOBVI(S32 ind 32Hamaly| The Bixtwaeasstitred der 5at 40 C
overni ght. .f B&teﬂﬂleﬁ’i%ﬁ&ﬁudé@tﬁ%gﬁ&@(b%% Aol ‘Pf%%’) Wk Beédatﬂ{e s8iifod he residue

was di ssol ved i n net hanol Sodi um hydroxi de (10g in 15ml of water)

was added awﬁStllh@iﬁweﬂ%mnmﬂtesmtmehéwnmbyre%aschihwdr\’\l'léls?@ %i| separated that

10 was extra LN ) s dr} er Na2SO4.

Renoval of tﬁéﬁg%%’/&é% aveg%&lgéﬁ%n?l pungg(ﬁ? 1gis’lsllhj 51 ylx@%ﬁl{{@% O? 0 MHz,

CDC13, 25 @,esﬁ’éN@)rocﬁctzfolonﬁégfmzeﬁjrylng:GI—B), 4.49 (s, 2H, CH2- Ph), 3.55 (t,

2H, %CHZ , 2.76 (t, 4H, N-CH2), 2.63 (m 8H, NCH2), 1.84 (m 1H, CH)),

1.58 ( 2H, CH CH2-CH2-0), 1.41 (br s, 6H, NH). 13C NMR (67.5 MHz, 15

CDC13, 25 C, TM5) 6 = 138.60, 128.30, 127.60 (aromatic), 72.80 (CH2-Ph),

68. 70 ( 0- CH2- CH2) 52. 80(N-CI—|2 41. 60(N—CI—|2) 36.40 (CH),

31. 30 (CH dzample>: osis of Chelgtor dygluagyl-amino FEG12-nygpionic agid, yNN - Bj s

2-tert-but QKJhelﬁﬁbrrth Iam no- eth 1-2- 2! benz | ox et hyI) 1 3-

20di (tert-butoxycarbonyl am no) propane.

N, N' - Bi s(2- am noet hylo)™p= ( 2- benzyl oxy- et hyl ) - 1, 3- di am nopr opane (3.30g) was

di ssolved in CH2C12 (100mdl) and triethylam ne (5.40g) and tert-butyl

di car bonat e (10.30g%éz\e addeg. The reaction mxture was stirred at room
%'l

tenp. for 2 days. ™ Wit p~weter (100 ml), citric acid
solution (100 m, 1 n watet) 25 ahd with' water (2x100ml) The organic

| ayer was i ed.ov 2S e sol xent ved b fary
evapor att o< RS PROTEFREris AR (RASHECS 08 0P b F R HRSY nder
hi gh vaouuriiF ATwetec(lade (lpmbyiee 80 min. TDlg:)leas/apmem évapdrateﬂ imv@ib amdathgel col um

250 230-4 nes CH2C12, .CH2 0 1:1 | 10 of a
Croad ot TR oo e groar dinges dan drgls hgind ET 3 ofcafonid il ey & 15

(br d, 2H, CfltH)ator‘lA 16 (n%; 0. Zﬁmn{ai'?emﬁfP»A(ﬁ’ (49n{gt 0 Oé’d‘hm@}'ﬂ?er@h‘igsolved% 24 (br,
12H, N-CHZ) m 2H, CH CH2- CH2- 0) 1.45 (s, 18H,

t - Bu), N('E Té DlPEB‘u§42 Misézmmqlbva%a%andéwmzﬁh@enfwé) = 155. 90

( NH- 00) 138n4fd adjdgg to4ike-PECA 2 Bac%?on@)ac(@(b@mrh&l) Tl?@re%on £8P ( CME‘3)
72.80 (CH2-Ph), 68.00 (0-CH2-CH 0.00 (br N—CHZ) 90 (br, N-CH2),

3539. 2(®5( Nvaﬂzbake@avmgbtb%dd@qpal Ciglagy | wamddedz@ tBereaetioBy) . N5- El :
695 [ MFHL* ik £ -afteSPR t)mix iR wRRAAI86AREH FR2GFN 9641884 3r

product purified by preparative RP-HPLC.

Purification and characterization
30  Purification by RP-HPLC (gradient: 10-30% B over 40 min, tr: 34.5 min) afforded 44
mg (67% yield) of Chelator 1B after lyophilisation. Chelator 1B was characterized by



Step (e): N, N -Bis(2-tert-butoxycarb onyl am no-ethyl)-2-(2-hydroxy
ethyl)-1,3 -di(tertbutoxycarb onyl am no)propane.

N, N - Bi s(wotero4igs2oxycar bonyl am no- et hyl ) - 2- ( 2- benzyl opgTaPhyl1pecrsB- di (t er
t but oxycar bonyl am no) propane (3.16g) was dissolved in absol ute ethanol
(100m) and 5 Pd on activated carbon (1.00g, dry, 10% was added. The

m xture was hydrogenated in a Parr hydrogenati on apparatus at 35 psi for
two days. THeMSaeddieat: 1089%d B ov@rsedinofif 2. 2wais hatbdwinizl 687 Hgve] ™ (fBxR0ml) . The
et hanol was rﬁé?g @d by rotary evaporation to give a colourless oil that was
dried to a6 t mass (2.67g, 97.1% under high vacuum 10NMt (270 M+,
CDC13, 25 C, TM5) 6 = 5.25 (br d, 2H, NH), 3.69 (t, 2H, OCH2- CH2-), 3.28
(br, 12H, N-CH2), 2.71 (br, OH), 2.23 (br, 1H, CH), 1.56 (shoul der, m 2H,
CH CH2-CH2-0) 1.48 (s, 18H, t-Bu), 1.44 (s, 18H, t-Bu). 13C NMt (67.5 Mz,

CDC13, 25 GixahlMR 6:6 tlpegﬁoa_@hglwggg 80 00, 79.20 (CMe3), 59.60
(o CH2- CH2) (br, N-CH2), 39.34 (N-CH2), 33.80

32. 3@mgéehvl{%@@zmmz&hmm MB-El : 605 [ M+H| +, (cal cd. :
605 4) St %@fcl)n@lta&kd%a%( I?r 3(521%& B}b W58 AP B !h@%é?lg)deéf{kamahn am ef al

1)-2-(2-carboxy tert - but oxycar bonyl am no) pr opane
( Boc- pr ot edfeedhadel, éf 02872-&394 (Wﬂ@ - mEhusospdofm (O wehdiksobted a aljspluge  Chem

I nt ) . .

NN B s 2- ehrp et Gapaet SR st dOHRED s DB S adod g oy miroye

di ((:I t er tﬁggm)gdmxbmﬁyl@mgg)ﬂr;n?pgx(n@néeﬁlyﬁ@@)ar ag) dhsaloked e tha n[DMB\fA);a g 1551d (Tezj
an - -

the m xt oy avsied iORAG AT ST SRERT v S B TR R RS e e
(2.509) wasnadne gesidlibevdsepeiitiondd retddh thwa S 1@Inkl) ned valterr GoMmbenphe for 2

days. Sodiu oxi de 25 sol ution added an the m xture was
stirred at q%&éﬁ{aeﬁpwasf%qsh% W%P’@ter%’ﬁ‘gbé@? 6‘3‘% @m%\/\% I OHHN SUES nThE j ce bath
and was aciegef w@siremowu BMobdEQeBlagbd sndaké fsidGe ML distilld6n AUEOUShd ayer was
extracted with ether (4x100ml) and the conbi ned ether extracts were washed

wi th weltber flagtimoasilingié 4 Herlearas| dy@rdedednupstet disthet meoBtd ahte t he

sol vent Wa%r&f%lﬁpéﬁ%leﬁyat 1abasky ~€\(#ReY afk ) IR Q!OV@ %%%DY@H ﬁéldsx%é d residue
that contained the product and 2-i odosobenzoic acid st o

i odosobenzdi2é#0gef epl¢ulesyoil. was renoved by crystallization from

hl or of or mu 8 r f xan
chl or of or mfjexa0es Mhz;%]gél 9%1}%@%2@%%@1 ti‘%&*‘)ff’bﬁ ”M},e anes

s sttt b s e,
"H, B R'( 7 19 6

ether. The |pgadyets \{@émelcw@g H:Ph) €718 (0-¢ 95%7? ¢oBeAt %P 011/066789

36 net hanol(cﬁ 2@0(0 d1gal |1@ tﬁ%nl ng “the pro uct wer e combi ned and

renmoval of the sol vent gave 1. pale yellow oil. This was

re- chr omat og‘mﬂ(ghed on silica coI urm (50g, Et20). The product was el uted
with ether-% ?&\TNPBM(ZF@EHMIWIWQ benaplokyrathybmpionamideg t he product were

conbi ne§ andiethid2¢benzelnky sl Imalonate & §fiz) Bvap added o eialgas divnoe B Myl ve an oi |

M, oocns el gry e |Ofooty R, dndDgut Bl G5 120

(br, 12H, Nidthf9 wa@ Idﬂox(ebrbyrmotatﬁﬁvz(ﬁlelya,tloﬂ aRé ti{ebresid@dHwaCldri €HRn CODEHh, 1 41 (s,

8H, 3 8 C 2 MB) 6 =
175, 90 (GO BIS6000 e Y b T 1 (Ceaze 48 SR T 4. 60

(N-CH2) , 3r&hcl MIChRthineBdackd of éﬂr&léﬂeﬂl&nﬁ@ﬂx@ dete&éedZﬁ)tl(e@HMmﬁec@m-l) , 28.30 ,

28. 20(t - Bu),, N&- EI 619 1- 12% X %Mal cd 619 Synt hesi s
of HYNI%E- DuFW&i Lgﬁ%ﬂ C 71%5‘ COpH %u(lﬁ
(Si gna- Al drCr6EIh) 456@ 2Bh), dpf (RH. W%@%Nﬁé%ﬁ@éi (Pﬁ{)ﬁrﬁ I(meéltler ( ABX

Advanced Bi&NERCEaL 2Ch kb BHNEE - NH2D2 i (4. 2H3OpGdpClien & SdiBisotid¥Hidin DVE (1
m) and DI PEANMR (574 MHz;L@Dﬂimlz °Q\,a1§l\/l§)1|§iedl7tld0t(ﬁ@) NBRL0r B8.3Ph&2 % Bact i on
progress wdsromani)t 3%.6¢ (Gkh-PlO, %8%@’@& GSH)AfH#@ (©OH), 32 4PQRO-FH-AHeq) after 3
hrs, i rB5or dér20t(@H20VH), i3V 01 @« bl dldg).sh reacti on, afforded -60% product
formati on overni ght. Additional N Boc-HYN C succinimdyl ester (1 eq) and
HOAt (2 eq) were needed to obtain -80% HYNI C-conjugate formation after one
subsequent day at roomtenperature and 3 days at 4 C. Two baseline

separ at ed peaks correspondi ng to nono-conjugates were observed by LC M5
analysis in addition to the bis-conjugate (-35%. 25 Purification and
characterisation. Water/0.1% TFA (4 m) was added to the reaction m xture
and the two nono-conjugated products were purified by preparative RP-HPLC
(gradient: 0% B over 15 mn; 0-45%B over 10 mn; 45-60%B over 40 min, tR
47.9 and 49.3 min) and then Boc-deprotected in TFA affording two

nono- conj ugat ed Duranycin isoners, in 1.7 30ng and 1.1 ny vyield,
respectively.




The two isonmers were characterised by LC-Ms (gradient: 20-40% B over 5 mn,
tit: 2.8 mn (Conjugate 1A), found nfz: 1074.8, expected MH22+: 1074.4, tR
2.9 mn (Wonpregaiss21B), found nfz: 1074.8, expected M2PET/EPON4/066789 WO
2012/ 041862PCT/ EP2011/ 066789 37 Exanpke 8: Synthesis of | Chel ator

1Al- Dur amyci n Mono-conj ugate (Conjugate 3A) and 1Chel ator 1Al-Duranyein

bi s- Conj ugate (Conjugate 3B). Chelator 1A (Exanple 4; 3.0 ng, 6.6 [nop,
PyBOP (2. 6 Stap, (cBl\ONhﬂim(Zaandn@hﬂHEAZé(I béndvldxyetByl7-1[3pdipminepepatiessol ved i n NVP

0.7 nml). f | ut f
bur amyol (8 G APBTIET VS g TR et DRI FMEL 0% o5 vedrit T eact i on
m Xt ur e wasTEzh@keanl) had thé(ﬂa@ll Was mnderkdiein adiidebiagtl Yhe flaskaiae fubhed %oithFA (6 )

and the product purlf ed usi n preparative HPLC. Purification by
prepar at i vé'§PLE (TdT‘Fai%]?ré‘i‘ﬂ Coreplee ORIy o I BHY Hanpied throush & SYBTEQ. 106 HOOOH

and B =sACNHR rdei i ¥)re 3faf QUARY tgwﬁrtﬁ'ﬁ Wfo%m@@l'ﬂb Ugatieendfrrbdy hiedob41%  and
1.7 ng pure Conjugate 3B ( tyleldz purified Conjugate 3A was

anal ysed byohédyyendigfluxed fRelly dﬂa@ﬁ@hﬁ%ﬁbwm#si SPBYisE al@ﬁ the selgiom 93 i n,
found ni z: wek 2tirrll at%p%c&}%ﬁu%lﬂ Fte sdtéaids @ére removed-BE)Efoﬂa évfab&gto% ugate 3B

was anal ysed by anal yti cal (gradient: 25-35% B 150over 5 mn, tR 2.35
m n, found thy residodxu@s dissadygdeotregthapP@0: m44edBin hs@ecp@deaﬁpgmn afmk bie t wo
nono- conj u

anal yti cal %tt&);?vé%cgdryg [ ve%ﬁ%%a%&%%a%ﬂg%g‘ge’a t'% Cgl\[éﬁgesg%h%g?ag%%&ls el uted as
one si ngl e vpsaktrac2{l iBbod PG, Gx5W@yint hiessdutoh WwaCklekdbaar kaﬁnwvyhl n

Conj ugat e at e cin.(Sigma-Adrich; 2.0 ng, 1.0 nop,

Chel at or 1&% tgaﬁ%ﬁ)()ggo%% UHeS ol 1pl') and DI PEA (0.5 pi, 2.9 p.nol)
were di ssollﬂaqiMR 290 MHAIODTN;, 0f *OIMPMEPs 2 m% m, 3P, I@M%g(@@(ﬁbh apd. DVSO (0. 6
nl). The r%msm (ML OCE,\@E-)Shak en 4av &L Oight 63 ThesAl Xtems, Wes (hhen
diluted w tipy, M/az}erd}ﬁlc ACHAO( 1 4T (br @r@ﬂ PYORNR (puritized usi ng
pr epar af V%ﬂ‘@ s ‘%”T'l\fl CES"‘“I@@ 66“928%%“1?%@&&% c9 %J'ﬁﬂ)cést’loon by
&ﬁ}oﬁggt Iev CFg(Q) ?%o 1% 251 N)&ﬁr)eég S Cﬁa?na yse%lﬂl?j%l;?\)alo;{ |ecal
LC-NB(gralen(Fﬁ 51 ovgr ﬁ(c %Sa%) mn, found mz: 1241.0,
expected MH22+: 1240.6). WO 2012/ 041862PCT/ EP2011/ 066789 38 Exanpl e 10:
Synt hesi s cﬂ‘ted Chg): at Y N'1432-tBubanywiarbod amingadtey | X CERbengabeyefliyl)-1.€hel at or 1B
( Exanpl . CP(O4ng,08prmI)andDIPEA(1pL 6
[ mop e o" & PHEYPEPRYY . The mixture was shaken for 5 nmin and
added to al\wﬂ Bls(ZOzﬁnlﬁf)etIﬂ}Ll)’ m@emyl(oay@th@gd ﬂdﬁmﬁﬂﬂp}o))anen N¥BOgP. Swad) . The

Sreacti on nmj, xtur a or .3Q addi t [ i ts of
activated CHEpe fnm%%l @Q 3( 8%111% aﬁﬁ)m%@lém@a%dm&} a'wt% @lsqu%ﬂage The
m xture wagiobodytre Wded W @hdtiBn fkilfeAvdsQrifbd ataca&intém) RsrQciags. pay i fi ed

usi ng preparative RP-HPLC,
mixture was washed with water (100 ml), citric acid solution (100 ml, 10% in water)

25  and with water (2x100ml). The organic layer was dried over Na,SO4, and the solvent
was removed by rotary evaporation giving a yellow oil which was dried to a constant
mass under high vacuum. The crude product (7.70g) was purified on a silica gel
column (250g, 230-400 mesh, CH,Cl,, CH,CL-Et,O 1:1) to give 6.10g (78.3%) of a

clear oil.

30 "M NMR (270 MHz, CDCl;, 25 °C, TMS) & = 7.32 (m, SH, C¢Hs), 5.12 (br d, 2H, NH), 4.47
(s, 2H, CH,-Ph), 349 (t, 2H, OCH-CH,-), 3.24 (br, 12H, N-CH,), 2.14 (br, 1H, CH), 1.59
(m, 2H, CH-CH,-CH,-0) 1.45 (s, 18H, t-Bu), 1.42 (s, 18H, t-Bu). “C NMR (67.5 MHz,
CDClL;, 25 °C, TMS) 8 = 155.90 (NH-CO), 138.20, 128.30 127.60, 127.50 (aromatic), 79.90,
78.90 (CMes), 72.80 (CH,-Ph), 68.00 (O-CH,-CH,), 50.00 (br, N-CH,), 46.90 (br, N-CH,),

35  39.20 (N-CH,), 34.40 (br, CH), 29.80 (CH-CH,-CH,-0), 28.30 (t-Bu). MS-EI: 695 [M+H]",
(caled.: 695.5)



Purification and characterisation 10 Purification by preparative HPLC
(gradient: 20-50% B over 40 min where A = water/0.1% amoni um acetate and B
= ACN) afwonded48362 ng pure Conjugate 6 (yield 87% . Thecpmprediled7ant eri al
was anal ysed by LC-MS (gradient: 20-40% B over 5 min, tR 2.89 mn, found
mz: 1526.5, expected MH22+: 1526.2). 15 Exanple 11: Synthesis of [Chel ator
1131- G nnanycin Conjugate (Conjugate 7). Chelator 1B (Exanple 5; 4.8 ng,
4.4 prol), SkB@EP N2X'1Bis0;terttb@ogycatbohylamic o BB -(2hRir¢xvethyl)-3, 32difrep- wer e

di ssol ved in DI\/F 0 mL). The m xture was shaken for 5 mn and added to a
solid cinn OPBCH ol ). Additional pre-activated 20 Chel ator
1B was faddedNaBi:seLte& Hﬂ;}o&p&ﬁﬂi‘n&ﬁml& &hyl)- Qméﬁfﬂ@l’oxyiétlﬁ}ﬂll\fﬁdi(ﬂafé\ll/’ eact i ;)n cl ose
tocorrpetlonvmtln4 The m xture was dil ut W t % ACN wat er/ 0. 1%
TFA (8 ni) PHIEYERONBIBHRARTOpRIEi(f il 6 %.%Olﬁ?%ﬁaagéﬁlvteéthﬂw%ﬁtoé )Brification
and charsactprdnzatil L& c?a?oo%L(ﬁ IOf)gQﬁ«Wl@ f)l%és Bﬂ&laarﬁklnﬁﬂuﬁpwédﬁiy@r heAd ent:
25-35% B over 40 m n; . ford .9 ng purified njugate 7
(yield 58%1na?hféhbfﬁpg¢1%@1 m@réwsaﬁmfoaﬁw 93§/édTb§/Cq_@)[Wa§ flerad efdt :  20- 40%
B over 5 myghnddRyith Stndhdl- 3>IZ@HH'}j ﬁezeth%?%ragTerﬁa‘\@@%&%gtaw_%ﬁoraﬁ&ggo 5 (purity
-93.5A), -3%unreacted startlng mat eri al )

2012/ 04186 2PCT4 EFRwichs 086789 IdridanH eonﬁ@nt @yfﬁt @6;65859731%[ Chslr i gy

2A1- Dur anygj, Qh(r‘fpnj ugate (Conjugate 2A and Conjugate 2B). Duranycin

(Si gnma- Al dric 7.5 nmg, 3.8 nop, Boc-protected Chel ator 2A (Exanple 6; 5.0
ng, 6. Yopno}) o M Acouy,, & & Mhvipls)-= 9@51(@(1'3@\1(114)%691@ 2R00BH?Ar N0 wer e

oo e 2 ol € P59 Ayl D bk G20 B o V%%”LE“LJE&
purified uSHGHESP&HAIONRIHRLTH, TBWUL4 (scEtH.oBwnd CCNKIRAGT SrVBiat i on.

P fi t o 0% B
5u:n| nl Cgol ;@8%/((% zjg\r/g[r)@}j{%t) Elﬁlddﬁlthffﬂi‘(ZF%@@@ 79@%(@1\&}{)‘3"59 %@(@‘d‘% G 3 over

ol

B0t dopr of UG RCHPAIG0 Bt ne? SDRS-LbhIGHEH) et Srdrh b soners, i
2.0 ng @nd @L4098 90 &HBly). MSSPEGDS YIH]”, (Blcdhe0i Mo i somers were
characterized by LC M (gradl ent: 20-60% B over 5 mn, tR 1.7 mn
(Conj ugat e ) :
( Conj ugat e 2% o i ety ;
Synt hesi s Qﬁ(t&r@mmaﬁoafalnlmf@ayeemc@mmmm>ugate 4). G nnanycin
(Sigma-Aldrich; 2. %%P Boc- prot ect ed Chel at or 2A (Exarrpl e 6;
1.1 mg, 1. hﬁﬁbeﬂéﬁ'?do Ellﬁdéf@‘ 6506 ﬂng Llgny Iipp Y - ids £0°8r406b 1K) WaDVE (1. 0
ml). Thg r io xt hen
i1 Ut ectout 1200 AN v o B DR o a2 b L0 Ui ng
25 pr epar atdi(fast- lP*va@ozcarbmyilafrillea)norqpnnfa@cﬁoghma@ﬁsgmeéan PYRO @3rmi pedii on by
preparativ B e pure
Boc- pr ot ecﬁlgglp%:grlljzg%egl?iog OiQI’ﬁQHgglr{% EO %\g B?§r3|r@aolg W%fd eg g‘élf%rngztdg%t ed in

was stirred at room temp. for 1 hour then N- hydroxysuccmlmlde (2 SOg) was added.

The reaction mixture was stirred at room temp. for 2 days. Sodium hydroxide
25  solution (2M, 40ml) was added and the mixture was stirred at room temp. for 4 hours.
The solution was immersed in an ice bath and was acidified with 2M hydrochloric
acid to pH 2. The aqueous layer was extracted with ether (4x100ml) and the
combined ether extracts were washed with water (3x50ml). The ethereal layer was
dried over Na,SO4 and the solvent was removed by rotary evaporation to give a
30  yellow solid residue that contained the product and 2-iodosobenzoic acid. Most of the
iodosobenzoic acid (2.1g) was removed by crystallization from chloroform-hexanes
(1:3) (80ml). Evaporation of the chloroform-hexanes mother liquor gave a yellow oil
(3g) that was loaded on a silica column (300g, CH,Cl,-Et,0, 1:1). The remaining

iodosobenzoic acid was eluted with ether. The product was eluted with ether-



30 TFA/ 4% water (2 m) for 45 mn and |yophilized from 50% ACN wat er
affording 1.6 ng Conjugate 4 (yield 73% . The material was anal ysed by
anal yt i cavoLk@2B8186@r adi ent: 10-40% B over 5 min, tR 3. PCRRR2011.066789 M z:
1120. 9, expected MH22+: 1121.0). WD 2012/041862PCT/ EP2011/ 066789 40
Exanpl e 14: Preparation of 99nilc-| abell ed Chel ator-coniugates. The

radi ol abel | ed preparations were used either (i) without purification (high
RCP at hi ghnelmﬁ))t (9aln). (Tihe Yravidnk c@maihifn'gcthxt pmmudmvereemmwmhabehdxedoﬂ_BP

peptide 5 was di s m xt.ur e of

Behanor (108 MRyt aits Lot 8F PR gbpT o A Brstsedroiisebdisl gt or - 20

m n toI a| d cﬁmhigb(é?%t %ﬁ(z)ghﬂ"hsqiruducﬁﬂvam;ﬁﬂdzﬁﬂ e&l&r-@cét&ﬁ%ﬂ Eg()ss%gSklild o 14
ormul atign:  Sn : p :

p..mol), NAFREEES(Priginigg th§3pr8<jﬁ¢ft e )comma%t:e@fl %’YF&t vgs éamf)veémtm and

NaPABA 60 ZotaB; cvhpdifidd @0didd an &P t}{aQWQQéﬂlu&ieHﬁfgﬁ vlacuuh, mﬂle f RNy &

99Mb/ 99mIc generator was then added and the m xture was left to stand for -

10 min at rloGm(tkdpeérature. A portion of crude product (- 400 [1.L) was

i nj ected onfan\iR@74REC E9ELAR- d %@f’s E'EL'/%l%}@dl'}f b@@?{) 1361|9?M’)d 2ﬂ_fiﬁiﬁ adi oactive

peak with a retention time of 1 mn was “cut”"into Vi a

cont ai ni ng 3PBSr( &k Ndd®): \36?(1%1?@ éi‘é’pfe‘ﬁd% Hbo AH IS CHeHORNE)! - 4é|ﬁfd15ifhén dried in
vacuo to VW\II%7‘%‘§<@§§%BH})de§Q Hgdtst@ E%GB TMg)’Sa @%doracooﬁ)?)

For mul at ed &ﬂ c3> Yo (N = % ornul ate 0O mn) = 97
3% (n =013)156-EH@d#GD 0A8{79\}91(§M%) 4920 (Nt gz)&&PMH)(W@‘)%‘;Hz) ééﬂth

(99niTc- Conj(ggatrs-CHNH) 3408 (UHTH, 29U - B30j, egakenH MeEImiepated fol | owi ng the
same proce uaEs% gf J)or Conj ugate 3A: Crude RCP => 85% (n = 12). Fornul ated
RCP (t % (n = 12). Formulated RCP (t = 120 min) =91 7% (n =
6) . 258pe0|f| c Activity = 3.5 0.5 &GBg/nnol (n = 13). RT (99nc- Conj ugat e
5) = 18 mn. HPLC Conditions Mbile Phase A 50 nM Ammoni um Acet ate Mobil e
Phase B Methanol Flow Rate 1 m/mn

15  Example 7: Svynthesis of HYNIC-Duramvcin (Conjugate 1A and Conjugate 1B).

Duramycin (Sigma-Aldrich; 5.0 mg, 2.5 umol) and N-Boc-HYNIC succinimidyl ester
(ABX Advanced Biochemical Compounds; 1.0 mg, 2.8 umol) were dissolved in DMF
(1 ml) and DIPEA (2.0 uL, 13 pmol) was added to the mixture. The reaction progress
was monitored by LC-MS analysis. Addition of HOAt (1.1 eq) after 3 hrs, in order to
20  drive the sluggish reaction, afforded ~60% product formation overnight. Additional
N-Boc-HYNIC succinimidyl ester (1 eq) and HOAt (2 eq) were needed to obtain
~80% HYNIC-conjugate formation after one subsequent day at room temperature and
3 days at 4 °C. Two baseline separated peaks corresponding to mono-conjugates were

observed by LC-MS analysis in addition to the bis-conjugate (~35%).

25  Purification and characterisation.
Water/0.1% TFA (4 ml) was added to the reaction mixture and the two mono-
conjugated products were purified by preparative RP-HPLC (gradient: 0% B over 15
min; 0-45% B over 10 min; 45-60% B over 40 min, tg: 47.9 and 49.3 min) and then
Boc-deprotected in TFA affording two mono-conjugated Duramycin isomers, in 1.7

30 mgand 1.1 mgyield, respectively.

The two isomers were characterised by LC-MS (gradient: 20-40% B over 5 min, fg:
2.8 min (Conjugate 1A), found m/z: 1074.8, expected MH,*": 1074.4, tz: 2.9 min
(Conjugate 1B), found m/z: 1074.8, expected MH,>"; 1074.4.



Loop Size 500 [11 , Detection (W) 254 nm Col umm Phenonenex Luna C5 100R,
5u, 150 x 4.6 mm WD 2012/ 041862PCT/ EP2011/ 066789 41 The RCP of the prior
art HYN Gvoacoregigsart 99mlc-[ Conj ugate 1] was 78-89% ( cPau&P2013/0464789
conjugates of the tetra-am ne chel atog7(Conjugates 2A and 4) were prepared
simlarly, except that 0.1% TFA was used as nobil e phase A in place of 50
mV amoni um acetate. The retention tinme of 99nlc-[ Conj ugate 2A] was 12.2

mn, and ofExa m&:— E@ esiso(tf Ehdhtond A |-Dhurdmyrin Mddd-donjumate Chjughtiman
Degradatlo f A ad.2 . The _ of -apal ysis techni ques
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W th LC—I\/BanaIymsweH plie dlfledllterature mffth vvas used
[Xu et al; (PNAg; fo@moweieg@m Vfé SME266561)- chiesRiy e W4 sh 3 Soc. Mass

Spectrom , nig,and. da&m 4 Q412tiér2 8P Pl QA1 @fchab o Pmtjl ics, 43,
1421- 1430 199&1(51%]a 0 The dgta obt gala{r}gglk?é@ngnstrat ed t %t Col%jﬁ%ate 2A

cor r espond (¥ Reml)\/The figagidore mijtug atas ghakes day 40 Wﬁéﬁé‘éﬁle@:@m@éa’f@ 2B
corr espondﬁvatf&/otlhﬁﬂ:xs(@Nﬁyﬁﬁ'tﬂ@prs&wt AusihB$ eg]aiaﬁlvé*ﬁﬁ'L@Ot fit with

degradati on products expected for a econdary am no conjugate (Lysd of
Formula I1), proving that this site is not reactive under the conditions

used for chelalgig Ck&%&ﬂ&ﬂaﬁ% #g‘%q""?gs%{]gtteg 35'9IO A 44 r;% Jilge Secondary 25
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The purified Conjugate 3B was analysed by analytical LC-MS (gradient: 25-35% B
15 over 5 min, fz: 2.35 min, found m/z: 1446.7, expected MH,"": 1446.3).

Separation of the two mono-conjugates (Conjugate 3A) could not be achieved using
either analytical or preparative HPLC. In each case the two regioisomers eluted as
one single peak.

20

Example 9: Synthesis of [Chelator 1A]-Cinnamycin Conjugate (Conjugate 5).

Cinnamycin (Sigma-Aldrich; 2.0 mg, 1.0 umol), Chelator 1A (Example 4; 0.9 mg, 1.5
umol) and DIPEA (0.5 uL, 2.9 umol) were dissolved in a solution of NMP (0.2 ml),

25  DMF (0.2 ml) and DMSO (0.6 ml). The reaction mixture was shaken overnight. The
mixture was then diluted with 10% ACN/water/0.1% TFA (7 ml) and the product
purified using preparative HPLC.

Purification and characterisation

30  Purification by preparative HPLC (gradient: 20-40% B over 40 min) afforded 1.9 mg
pure Conjugate S (vield 78%). The purified material was analysed by analytical LC-
MS (gradient: 20-40% B over 5 min, #z: 2.86 min, found m/z: 1241.0, expected
MH,*": 1240.6).
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Chelator 1B (2 x 1.6 mg) were added at 30 min intervals. The mixture was diluted

with water/0.1% TFA (6 mL) and the product purified using preparative RP-HPLC.

Purification and characterisation

10  Purification by preparative HPLC (gradient: 20-50% B over 40 min where A =
water/0.1% ammonium acetate and B = ACN) afforded 3.9 mg pure Conjugate 6
(yield 87%). The purified material was analysed by LC-MS (gradient: 20-40% B over
S min, fr: 2.89 min, found m/z: 1526.5, expected MH,*": 1526.2).

15
Example 11: Synthesis of [Chelator 1B]-Cinnamycin Conjugate (Conjugate 7).
Chelator 1B (Example 5; 4.8 mg, 4.4 umol), PyBOP (2.1 mg, 4.0 umol) and DIPEA
(2.3 uL, 13.2 umol) were dissolved in DMF (0.5 mL). The mixture was shaken for 5

min and added to a solid cinnamycin (4.5 mg, 2.2 pmol). Additional pre-activated

20  Chelator 1B was added after 2 h and after 3.5 h in order to drive the reaction close to
completion within 4h. The mixture was diluted with 20% ACN/water/0.1% TFA (8
mL) and the product purified using preparative RP-HPLC.

Purification and characterization

25  Purification by preparative RP-HPLC (gradient: 25-35% B over 40 min; g 38.6 min)
afforded 3.9 mg purified Conjugate 7 (yield 58%).
The purified material was analysed by LC-MS (gradient: 20-40% B over 5 min: #r 2.9
min, found m/z: 1028.0, expected MH,"": 1027.5 (purity ~93.5%, ~3% unreacted
starting material).

30
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using

preparative HPLC.

10 Purification and characterisation.
Purification by preparative HPLC (gradient: 0% B over 10 min; 0-30% B over S min;
30-70% B over 40 min, tg: 42.4 and 45.0 min), followed by Boc-deprotection in TFA
affordedg two mono-conjugated Duramycin isomers, in 2.0 mg and 0.4 mg yield,

respectively.

15  The two isomers were characterized by LC-MS (gradient: 20-60% B over 5 min, #g:
1.7 min (Conjugate 2A), found m/z: 1107.5, expected MH,**: 1107.0, tz: 1.6 min
(Conjugate 2B), found m/z: 1107.5, expected MIL,>"; 1107.0).

20 Example 13: Synthesis of [Chelator 2A]-Cinnamycin Conjugate (Conjugate 4).

Cinnamycin (Sigma-Aldrich; 2.0 mg, 1.0 pmol), Boc-protected Chelator 2A
(Example 6; 1.1 mg, 1.5 pmol) and DIPEA (0.5 pL, 2.9 umol) were dissolved in
DMF (1.0 ml). The reaction mixture was shaken overnight. The mixture was then
diluted with 20% ACN/water/0.1% TFA (6 ml) and the product purified using

25  preparative HPLC.

Purification and characterization.
Purification by preparative HPLC (gradient: 30-70% B over 40 min) afforded 1.8 mg
pure Boc-protected Conjugate 4. The purified material was Boc-deprotected in

30 TFA/4% water (2 ml) for 45 min and lyophilized from 50% ACN/water affording 1.6
mg Conjugate 4 (yield 73%). The material was analysed by analytical LC-MS
(gradient: 10-40% B over 5 min, fx: 3.7 min, found n/z: 1120.9, expected MH,”";
1121.0).
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Example 14: Preparation of Mo abelled Chelator-conjugates.

The radiolabelled preparations were used either (i) without purification (high RCP at
high RAC ); or (ii) with purification to remove unlabelled LBP peptide.

Conjugate 3A (0.1 mg, 40 nmol) was dissolved in a mixture of ethanol (100 uL) and
water (100 pL) and placed in a sonic bath for ~ 20 min to aid solubility. The solution
was added to a lyophilised kit [formulation: SnCl,.2H,0O (0.016 mg, 0.07 umol),
MDP(H4) (0.025 mg, 0.14 pmol), NaHCOs3 (4.5 mg, 53.6 umol ), Na;COs; (0.6 mg,
5.66 umol) and NaPABA (0.2 mg, 1.26 umol)].

[*™TcO,] eluate (~ 1 ml) from a “’Mo/*”™T¢ generator was then added and the
mixture was left to stand for ~ 10 min at room temperature. A portion of crude
product (~ 400 puL) was injected onto the HPLC column (see HPLC conditions
below). The radioactive peak with a retention time of ca. 18 min was “cut” into a vial
containing PBS (various volume depending on desired RAC) and then dried in vacuo
to remove excess mobile phase.

Crude RCP =93 £ 6% (n = 13). Formulated RCP (t=0) =99 + 1% (n = 13).
Formulated RCP (t = 120 min) = 97 £3% (n = 13).

Specific Activity =4.2 + 0.5 GBg/nmol (n = 13).

Ry (*”"Tc-Conjugate 3A) = 18 min.

?Tc-Conjugate 5 was prepared following the same procedure as for Conjugate 3A:
Crude RCP => 85% (n = 12). Formulated RCP (t=0) =93 + 7% (n = 12).
Formulated RCP (t = 120 min) =91 = 7% (n = 06).

Specific Activity = 3.5 £ 0.5 GBg/nmol (n = 13).

Rt (*™Tc-Conjugate 5) = 18 min.

HPLC Conditions

Mobile Phase A 50 mM Ammonium Acetate
Mobile Phase B Methanol
Flow Rate 1 ml/min
Loop Size 500 pL
Detection (UV) 254 nm
Column Phenomenex Luna C5 100R, 5u, 150 x 4.6 mm
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0 min 50% (B)
5 min 50% (B)
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The RCP of the prior art HYNIC counterpart **"Tc-[Conjugate 1] was 78-89%

(crude).

5  The conjugates of the tetra-amine chelator (Conjugates 2A and 4) were prepared

similarly, except that 0.1% TFA was used as mobile phase A in place of 50 mM

ammonium acetate. The retention time of *”"Tc-[Conjugate 2A] was 12.2 min, and of

P c-[Conjugate 4] was 12.4 min.

10

Example 15: Edman Degradation of Conjugates 2A and 2B.

The use of MS-analysis techniques alone were found not to be feasible for

determination of the site of conjugation of the chelator, manual Edman degradation

chemistry combined with LC-MS analysis was applied.

15

A modified literature method was used [Xu er a/, PNAS, 106, p. 19310-19315 (2009),
Onisko ef al, J. Am. Soc. Mass Spectrom., 18, p. 1070-1079 (2007) and Hayashi ef al,

J Antibiotics, 43, 1421-1430 (1990)].

20  The data obtained demonstrated that Conjugate 2A corresponds to the N amino

conjugated isomer, whereas Conjugate 2B corresponds to the Lys® N°-amino

conjugate. The data did not fit with degradation products expected for a secondary

amino conjugate (Lys® of Formula IT), proving that this site is not reactive under the

conditions used for chelate conjugation. It was noted, however, that the secondary

25 amino group does react with phenylisothiocyanate under the more forcing coupling

conditions used during the Edman degradation cycles.



99n1Tc conplex of Conjugate 3A 5 6 7 Liver 94D/ g 1.01 0.25 1.11 0.05
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3.62 TabWe 2412/04¥4622012/ 041862PCT/ EP2011/ 066789 44 CLAI WEBI/EP201A06678%gi ng
agent which conprises a conpound of Fopnula I: Z1-(L)11-[LBITZ2 5(I)

Example 16: Affinity for Phosphatidyl Ethanolamine.
A Biacore 3000 (GE Healthcare, Uppsala) was equipped with an L1 chip. Liposomes

made of POPE/POPC (20% PE) were applied for the affinity study using the capture

technique recommended by the manufacturer. Each run consisted of activation of the

5  chip surface, immobilization of liposomes, binding of peptide and wash off of both
liposomes and peptide (regeneration). Similar applications can be found in Frostell-
Karlsson et al [Pharm. Sciences, V.94 (1), (2005)]. Thorough washing of needle,
tubing and liquid handling system with running buffer was performed after each
cycle.

10  BIACORE software: The BIACORE control software including all method
instructions was applied. A method with commands was also written in the
BIACORE Method Definition Language (MDL) to have full control over pre-
programmed instructions. BIACORE evaluation software was applied for analysing
the sensorgrams. All substances were found to be good binders to phosphatidyl

15  ethanolamine. The Ky for all substances was less than 100 nM. The results are given

in Table 2:
Table 2:
Duramycin Conjugate Conjugate Conjugate
2A 2B 4
kq (1/s) ~8-10” ~710” ~8-10™ ~1.5-10"
ka (1/Ms) ~2-10" ~1-10" ~4:10° ~8-10°
Kp (nM) ~5 ~6 ~73 ~16
20
Example 17: Tumour Uptake Studies.
P c-[Conjugate 2A], "™ Tc-[Conjugate 3A] and *’™Tc-[Conjugate 5] were assessed
by biodistribution in the EL4 mouse lymphoma xenograft model. Briefly, following
establishment of tumour growth in C57/Bl6 mice, the animals were treated with
25  either:

(1) a saline/DMSQO solution; or
(1)  with chemotherapy (67 mg/kg etoposide and 100 mg/kg
cyclophosphamide in 50% saline 50% DMSO).
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10 Example 18: of ™ Tc-labelled Chelator-conjugates.
PMTe-Conjugates were assessed by biodistribution in naive rats to determine the

pharmacokinetic profiles of the different compounds. The correlation of binder
retention in different organs/tissues was then plotted for various time points. Data
generated demonstrated that the inclusion of PEG in LBP1 and LBP2 conjugates

15  improved pharmacokinetics by reducing the liver retention (see Table 4 below):

#m1e complex of Conjugate

3A 5 6 7

Liver %ID/g| 1.01+£0.25|1.11+0.05(0.23+0.03 | 0.26+0.03

Urine %ID/g|40.28 +2.87|42.07 + 2.28|60.83 + 2.14| 58.57 £3.62
Table 4:




5 3. The imaging agent of claim?2, where the N4 donor set is a

di am nedi oxi ne chelator or a tetra-am ne chel ator. 4. The i magi ng
agent of woypommeisst clainms 1 to 3, where Z1 is attachedPomipp2eio/oddysCysa of
LBP 5. The inmaging agent of any one of clains 1 to 4, where Xaa is Arg.
6. The inmagi ng agent of any one of clains 1 to 5 where Z2 is OH or ON 15
7. The imaging agent of any one of clains 1 to 6, where nis 1 and L
conprises a PEG group of formula - (QCMACH2) x- where x is an integer of
value 6 to 18. 8. The imgi ng agent of any one of clainms 1 to 7,
where the radionetal is 99111Tc. 20 9. A chelator conjugate of Formula
L1 Z3- (k) 11- AnliBi@he £Zen( Which cohigri el Bcoddusd af Ehelualil: ng agent havi ng at
| east 4 metal donor atons; and L, n, LBP and,Z2 are as defined in any one
of claims 1 to 7. 10. A nethod26ﬂLbﬂé53P§tion of the imgi ng agent of
any onesof clains 1 to 8, which conpriggs reaction of the chelator
conjugate of claim9 with a supply of the 30desired radionetal in a

sui tabl e sol vent®hereim A radi ophar naceuti cal conposition which conprises

the i magi ng agenispal , ARbiBACRliaCLAdmuL E0 8, together with a _
bi oconpatible carrier, 1n a ? rn1SU|tapIe for mammal i an adm ni stration. WO

2012/ 041862PCT/ EP201¢§ $66REYnAer -Qyat-Sex’Rhe-GlhoProt Pe- Thr'ePaer Yali @rs™-of t he

r adi ophar maceuti cal G | Ki.on.of. ehajem 11, which conprises the chel ator
conjugate of claim9'in gﬁiéble?ligiigéforn1such t hat upon reconstitution
with a®terile supply of the radi onetalllin a bi oconpatible carrier,

Xaa is Argor Lys;
Cys*-Thr®, Ser"-Cys” and Cys-Thr® are covalently linked via thioether
bonds;
Ser’-Lys! are covalently linked via a lysinoalanine bond;
15 HO-Asp is B-hydroxyaspartic acid,
Z'-(L),- is attached to Cys® and optionally also Xaa of LBP, wherein Z'
comprises a radiometal complex of a chelating agent having
at least 4 metal donor atoms;
Z? is attached to the C-terminus of LBP and is OH, OB, or M'®,
20 where B€ is a biocompatible cation; and
M€ is a metabolism inhibiting group which is a biocompatible group
which inhibits or suppresses in vivo metabolism of the LBP peptide;
L is a synthetic linker group of formula -(A)m- wherein each A is
independently -CR;- , -CR=CR- , -C=C- , -CR,CO;- , -CO,CR;- , -NRCO-,
25 -CONR-, -NR(C=0O)NR-, -NR(C=S)NR-, -SO,NR- , -NRSO;- , -CR,OCR;-,
-CR,SCR»-, -CR;NRCR3-, a Cy43 cycloheteroalkylene group, a Csg
cycloalkylene group, a Cs.;; arylene group, or a Cs.1» heteroarylene group, an
amino acid, a sugar or a monodisperse polyethyleneglycol (PEG) building
block;
30 each R is independently chosen from H, C,4 alkyl, C,4 alkenyl, C,.4 alkynyl,
Ci. alkoxyalkyl or C,4 hydroxyalkyl;
m is an integer of value 1 to 20;

n is an integer of value O or 1.



5di ssol ution occurs to give the desired radi opharmaceutical conposition.

13. The kit of claim 12, where the sterile, solid formis a |yophilised
solid. I™O2u2mai860d of i naging the human or ani mal bodPCHiEPeHI1OGTEY | SES
generating an 10 inmage of at least a part of said body to which the inmaging
agent of any one of clains 1 to 8, or the conposition of claim11l has

di stributed using PET or SPECT, wherein said i magi ng agent or conposition
has been previously adm nistered to said body. 15. The met hod of
claim 14, ere_the part of the.body is.,a disease state where 15abnor nal
Spoptosi s 1o | ndbr ue gt oFEy Vs BF RN B s SO Tei 15, wii ch 1 s
carried outanigpedbedhty libahdAaning af leddd 6 defidratimsal atdtedér@athaditoda human or
animal body with a drug, said imagi ng being effected before and after

treat ment WRY'RS &4NG daRRIGet and optional Iy al so during 20treat ment with said
drug. %7. The use of the inmaging agent of any one of clains 1 to 8, the
conposition of claim1l, or the kit of claim12 in a nethod of diagnosis of
the human & anilhelimgses agepteBclaim dewhese ther Ngidapeiost & ofiapHediogim or

ani mal  body.,yWhi-£ b £RMPLLERShiING: Met hod of inmaging of claim14 or claiml15.

4. The imaging agent of any one of claims 1 to 3, where Z' is attached only to

10  Cys' of LBP.

5. The imaging agent of any one of claims 1 to 4, where Xaa is Arg.

6. The imaging agent of any one of claims 1 to 5, where Z* is OH or OB°.
15

7. The imaging agent of any one of claims 1 to 6, where nis 1 and L comprises a

PEG group of formula (OCH,CH;)s- where x is an integer of value 6 to 18.

8. The imaging agent of any one of claims 1 to 7, where the radiometal is *""Tc.
20

9. A chelator conjugate of Formula III:

Z’-(L),-[LBP]-Z
(I1)
wherein:

25 Z%is a chelating agent having at least 4 metal donor atoms; and

L, n, LBP and Z* are as defined in any one of claims 1 to 7.

10. A method of preparation of the imaging agent of any one of claims 1 to 8,
which comprises reaction of the chelator conjugate of claim 9 with a supply of the

30 desired radiometal in a suitable solvent.

11. A radiopharmaceutical composition which comprises the imaging agent of any
one of claims 1 to 8, together with a biocompatible carrier, in a form suitable for

mammalian administration.
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12. A kit for the preparation of the radiopharmaceutical composition of claim 11,
which comprises the chelator conjugate of claim 9 in sterile, solid form such that upon
reconstitution with a sterile supply of the radiometal in a biocompatible carrier,

dissolution occurs to give the desired radiopharmaceutical composition.

13. The kit of claim 12, where the sterile, solid form is a lyophilised solid.

14. A method of imaging the human or animal body which comprises generating an
image of at least a part of said body to which the imaging agent of any one of claims 1
to 8, or the composition of claim 11 has distributed using PET or SPECT, wherein

said imaging agent or composition has been previously administered to said body.

15. The method of claim 14, where the part of the body is a disease state where

abnormal apoptosis is involved.

16. The method of claim 14 or claim 15, which is carried out repeatedly to monitor
the effect of treatment of a human or animal body with a drug, said imaging being
effected before and after treatment with said drug, and optionally also during

treatment with said drug.

17. The use of the imaging agent of any one of claims 1 to 8, the composition of

claim 11, or the kit of claim 12 in a method of diagnosis of the human or animal body.

18. A method of diagnosis of the human or animal body which comprises the method

of imaging of claim 14 or claim 15.
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