- 1 - Alpha-emtting conplexes FIELD OF THE | NVENTI ON The present invention
relates to conpl exes of thoriumisotopes and particularly with conpl exes of
t hori um 220 witides@ert ai n oct adentate |igands. The invenPCoEPad13m052168 ates to
the treatnent of disease, particularly neoplastic diseases, involving the
adm ni stration of such conpl exes. BACKGROUND TO THE | NVENTI ON Specific cell
killing can be essential for the successful treatnent of a variety of

di seases in manmal i an subjects. Typical exanples of this are in the
treatment of malignant di seases Alpha-emitting complexgsd car ci nomas. However
the selective elimnation of certain cell types can also play a key role in
the treatnent of other diseases, especially hyperplastic and neopl astic

di seases. Th& lrEBORCbRONVENTKYNS of sel ective treatnent are currently
surgery, chenotherapy and external beamirradi ati on. Targeted radi onuclide
therapy is, however, a prom sing and devel oping area with the potential to
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100 mcroneters, the equivalent of only a few cell dianeters. This nakes

t hese sour CeSBN@J(%Ré‘t'JI\FE??OfT‘?-T%N%NfIQW ment of tunours, including
ft

m cr onet ast ases, because | ey are well targeted then little of the
radi ated energy will pass beyond the target cells. Thus, danmage to

surroundi ng ; c?@%sﬁ*@ﬁ&}%a%@é eQ?erﬁiiaWOMh%es%cé(%gﬁjtl IFr%J H%rﬁgggf%r%:%gfl ., Radiat

Res 148: 195-2 n contrast, a beta te has a rarige of 1 mm
or nore in welisgasésmenynimalian suledts obypidahraxarores oRAt g athmtieatngs 06
(1991)). - = - ' radiat i i - i

Conpar ] son wiTH PR ROEEOY <0 & ERGRAL L Fahafag Hafloles 1 Bedle o,

typi cal | y beidligniratign pbgertair cell typesican dlsmeplay haey odle in thettrgajmeentiotdtbeand 20 or

more Lines ¢ NRer Qo0lold 1ARIdRYng Folffasikig dgposiiion of a large

anount of energy over a v I stance gives a-radiation an
exceptionally high linear energy transfer (LET), high relative biol ogical

efficacy (RB I GEHED ' d to gamma and
beta radiati (Ifar]he?ggsé C%nﬁﬁyrﬁ%gg(?%ﬁ?%‘l ogy ?%értﬁﬁehgar%%%r@gﬁ%r?’ Fifth
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expl ai ns the L eyt LGk i kLl r.adi i des and
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and upon t he dytojedic idiationte emwanier eeliyesof Thel pert cemiman fagns efdi onucl i de

di stribution i i i ViRI 2 St
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more specific cell Killing.

The radiation range of typical alpha emitters in physiological surroundings is
generally less than 100 micrometers, the equivalent of only a few cell diameters.
This makes these sources well suited for the treatment of tumours, including
micrometastases, because if they are well targeted then little of the radiated energy
will pass beyond the target cells. Thus, damage to surrounding healthy tissue may
be minimised (see Feinendegen et al., Radiat Res 148:195-201 (1997)). In
contrast, a beta particle has a range of 1 mm or more in water (see Wilbur,
Antibody Immunocon Radiopharm 4: 85-96 (1991)).
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The energy of alpha-particle radiation is high in comparison with that carried by
beta particles, gamma rays and X-rays, typically being 5-8 MeV, or 5 to 10 times
that of a beta particle and 20 or more times the energy of a gamma ray. Thus, this
deposition of a large amount of energy over a very short distance gives a-radiation
an exceptionally high linear energy transfer (LET), high relative biological efficacy
(RBE) and low oxygen enhancement ratio (OER) compared to gamma and beta
radiation (see Hall, "Radiobiology for the radiologist”, Fifth edition, Lippincott
Williams & Wilkins, Philadelphia PA, USA, 2000). This explains the exceptional
cytotoxicity of alpha emitting radionuclides and also imposes stringent demands on
the biological targeting of such isotopes and upon the level of control and study of
alpha emitting radionuclide distribution which is necessary in order to avoid

unacceptable side effects.

Table 1 below shows the physical decay properties of the alpha emitters so far

broadly proposed in the literature as possibly having therapeutic efficacy.

Table 1

Candidate nuclide | Ti»* Clinically tested for
2 Ac 10.0 days leukaemia

AL 7.2 hours glioblastoma

2B, 46 minutes leukaemia

Ra 11.4 days skeletal metastases
Ra 3.66 days ankylosing spondylitis

* Half life

So far, with regards to the application in radioimmunotherapy the main attention has
been focused on ?''At, ?**Bi and *°Ac and these three nuclides have been explored

in clinical immunotherapy trials.

Several of the radionuclides which have been proposed are short-lived, i.e. have
half lives of less than 12 hours. Such short half-lives makes it difficult to produce
and distribute radiopharmaceuticals based upon these radionuclides in a
commercial manner. Administration of a short-lived nuclide also increases the
proportion of the radiation dose which will be emitted in the body before the target

site is reached.
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Mor e recent | yas cemprred ée tegpll iskpage heips fetrin ﬂ@d@fﬁertrwhﬁesw@mwgmaowmg ht er
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More recently, it was established that the toxicity of the %°Ra daughter nuclei
released upon decay of ’Th could be tolerated in the mammalian body to a much
greater extent than would be predicted from prior tests on comparable nuclei. In
the absence of the specific means of retaining the radium daughters of thorium-227
discussed above, the publicly available information regarding radium toxicity made
it clear that it was not possible to use thorium-227 as a therapeutic agent since the
dosages required to achieve a therapeutic effect from thorium-227 decay would
result in a highly toxic and possibly lethal dosage of radiation from the decay of the

radium daughters, i.e. there is no therapeutic window.



WO 04/ 091668 descri bes the unexpected finding that a therapeutic treatnent
w ndow does exist in which a therapeutically effective anmount of a targeted
t hori um 2280 20adivssiucl i de can be administered to a subj eeCT(EPY@i1Osd1EYy a
mammal ) w t hout generating an anmount of radium 223 sufficient to cause
unaccept abl e myelotoxicity. This can therefore be used for treatnent and
prophyl axis of all types of diseases at both bony and soft-tissue sites. In

vi ew of the above devel opnents, it is now possible to enpl oy al pha- emtting
t horium 227 YOI &091668 dasrries mmmaxa@cte%ém@wthm 8 Riap4usic lraptmaRél ot oxi city
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radi onucl i de ing, the time spent handling the material
bet ween ISO|Z¥@%§O§ ﬁ 5%ﬁﬁ%¥gt§§$¥on to the subject is of great inportance.
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oct adent ate H® ¥y pyri di nonecontaining |igand and the ion of an
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radi onucl i de tp pmgamm@‘e@ﬁg/ rngﬁngzwt@&s gbert inculationdedpdy andion he
manuf act ur e qfmBeMRALS RSB VrSbly bREcriHgS rtRb oP¥RALRLASS beipr neopl astic
di sease |ncludT§8 any such ﬁisegse %e§c$%ER§ heréﬂn @ g%%or}gspondlng
aspect, the invention provides a nethod of treatnent of a human or
non-human anil préMt friv%h't‘o?sf hHeHoH drﬂzx?@ﬁng% BEGERIkd ‘%r?eHFPrﬂé S\ g 4+
adm ni stration of east one tissue-targeting conplex co sing a tissue
targeting noifeeyum 337 ot cpmiexed dypdictadepiate dydioneyddnend GHTS:%O) -iygand and
the ion of ang ah@nﬁ(e%%gttéragt.ﬁd;mue rsaeéé)mlnm@ué'degﬂ B BOATYVSUAE
conpl ex described herein I's preferab or the treatnent of
hyper pl ast i ¢ toeriureggl st |F¢lrtaers§r@a§esu0h@pmiemgs ey b§d@|ﬁ tﬁlxs@lagléy ged/er i bed
her ei n. Vi eved:sfiy otharelitishdShe ARRRES del&itel WeRLA ON provi des a
phar maceuti cal conposition conprising a tissue-targeting conplex conprising
a tissue targeting noiety, an octadentate hydroxypyri di neone-contai ni ng
l'igand and thg AR o HY IRRENSTDNL I Ng thorium radi onuclide (including any
such conpl ex described herein) together with at | east one pharnaceuti cal
carrier or excipient. So as to distinguish fromthorium conplexes of the
most abundanty;Bgdd gl on it prleBERt iNVEntiSPIRRSorel prévidd W0 lid Bt 23Rt
(half-life 10i0 eérs arel}gi%%kgect%ovef)wInonrladloacgt)rle\/per?VI %t é% %% |ng
under st ood t H@MAlGKCAHBISINGrA %H@F%&@@gdﬁ@e‘b/h@“ @@ﬁ%ﬁ@tﬁlfﬁ(ﬁ@XV%'ﬂé‘@ﬂem ai nmed
herein incl u%n&nﬁn@ig{m a%mtﬁé foﬂg)fgh%rdharenﬁ.ﬁiﬂ%%&mﬁpﬂ%.oﬁudﬂe al least one
i sotope of thoriumw | ess t years, e.Jg.
t hori oum 227)paéHCU@f|é!@F@¢ralbl$a&$pﬁ9tt'§|ﬁlé@h 7 BSWeitorge i IpRIAPIR COBRYISNY A east 20%

greater. Thi d}%%ﬁndboﬁssaéfté‘rgétﬁghﬁouéf?yfdo%|tehﬁ§ﬂb&fndtt8%n %%faheﬁltaféf ligeRg 1nvention

where a therapeutlca y efféctive anount of radi oactive thorium such as
thorium?227 is explicitly required, but wll preferably be the case in al
aspects. Viewed froma yet still further aspect the invention al so provides

a kit for use in a nmethod according to the invention, said kit conprising a
tissue targeting noiety,



- 6 - conjugated or conjugatable to an octadentate

hydr oxypyri di neone-containing |igand. Al binding noieties and |igands

pr ef er ablwoleiwgsdéihose descri bed herein. Such a kit w | PCoPe@nabiigs and
preferably include an al pha-emtting thoriumradi onuclide, such as 227Th.
DETAI LED DESCRIPTICN OF THE INVENTICN In the context of the present

i nvention, "tissue targeting"” is used her5e| nto indicate that the substance
in question (particularly when in the formof a conj uchate to a thorium
conpl ex), sercpEwrisingladeasi ene 3. 2sidroxyayidlinanetrneiatyasdiy ligand eomléxed tany

conj ugat ed t hpg Ly, C h LRGSR L¥idnBcl Sk 2ong tissue site at
which its presblc‘encer6 ((gr’gald% apérﬁ grﬁg@a |6&a1g%?§\?e§l§e?§y) Fs desired. The
targeting noiety may, for exanple, bind to cell-surface narkers (e.gqg.
receptors, tnABSEPHbmRY kR Sipebhd il fiEUsE 3t ShiCducPbRRARG ON

di sease- af f ect ed cé?m or on geﬁ l's I mﬁ%‘@?gg%%ty o? d?geage g?? %t

cells. Such @@mplwmelnmn@éwetargetlrtgdemptyo@rep@tgdmate Wéwvwwldmpeessed on
di seased cel | suyif o L h tﬁ ki t ggheavily
expressed on Sol '“Z%t'%%a”?%?@aﬁtt"ng%e??% T 2 lon R TR
during dor marfnyshek eemples dpenidad efﬁirésrettte manttfmur@uqfuarmqtcamerttémgm cells
or tissues or id&h | [24=h Bscid t target for
therapy in aca%r%rﬁ%ﬁcoz gﬁ%hgﬁﬁwaieggg? C(?gé%e I:?Cnl\H/J(}elnE% ?%&Cﬁéjrlgéeéggnpl e,
conponent s prdgseiRedihereip. rel eased into the matrix around targeted cells or
ti ssues may be used for targeting if the presence, formor concentration
allows the region to be distinguished fromhealthy tissue. Exanples of this
are matrix arlbiagersseandnoarspeeiniiednyentionplides azaeibed at eeptmentofier ai n
tumours but s, exnLe338Hntdh ditRalBhkitiaMesNERMesd eteoPUSRoREHd | X anti gens
can be targete ra S|nn1e or %gﬁédsé?@ﬁtarbefln n%fgty %s é{scussed
herein. The tads@metrat@ngétat Iﬁgstrmeétsyuer@ygettng@omleefrqowrlﬁm adissutaegeting
conponents cgj té:YS!ZtX HayengatReoRiieRt-cBhtal M AIRhA Ik iR ibRF hkim conpl ex
to the deS|rgﬁltﬁssue SZ %ng 3nﬁ " POP e>?arr1§ﬂ%ta gre dne conponent is
admi ni st er ed dphasemising theniae r'etotrprwcm(tnqtt@nrwarty siich somplgrsigecrineddereink ype (a
ti ssue- bi ndi ng, AGRREHoF N reraiPRA IR Ane it hsErpEemPONRRInidelie Biskag agent )
is admni steregﬂ%?ﬂu toaneous 5&}? pre erg{ﬁg gsf)rgequently, WL? clh nds in
vivo to the UF@@@@QBmmﬁﬂﬁgﬂﬁﬁeﬂﬁeSQW@dmﬁKWFng agent woul d be conjugated
directly or indirectly to the conpl exed al pha-emtting thorium and thus
collectively the tissue-binding and |inking agents would form a

tissue- targetV'ﬁ‘gedTﬁD'@t%/fU"tB‘érQS§§¢téh%b‘egntfqndorbY' aghgraiacguting] eammmasitiosr

provi di ng theCOHp$I§M§ a tlssue-Tarﬁétl?tg pﬁ‘l@ﬁ%gla'tfégh %r@&ﬁt@tm%ﬂlharm’t ual
affinity are well own In . |0|nW|t avidin or

strept avi di n)octaphzet%hyctswpa@%ewe Qsmtalmteg ligansrandghe s des@inhseaMiidgei n
relate to tr GabATRA tadhin M RERFRRcirRPiry Sikh Bbbick dostMiRas IR bYeind ARAH NO. Of
di seased tissue, as as rel at|n to conpl exes, conjugates, nedi canents,
fornul ati on, |R@9tt9népbarm?§ﬁuﬂlca|| ﬁarétﬁrcfl’f Prepieptls. I n al aspects, the diseased
ti ssue may reS|de at a single site in the body (for exanple in the case of
a localised solid tunour) or nmay reside at a EI urality of sites (for

exanpl e wher S&as/terdistinguishfromatheriym cempleyes of tag mast abundept najuralle case of a
di stributed o il Bﬁtﬁh%%@od‘ear‘&%&ﬂ% 955 BRHEK é(?hyeé’rb%ﬁé%ﬁgct%@%ﬂ-to be

targeted may be at soft tissue site, at a ca tissue site or a

plurality of rgdlpe@vah|Itcsthowmbeatn|det§éoqdrthetih@ thariggeempdgxesianddlg ci fi ed ti ssue
or may incl U%nﬁiosh@@@fhe%% CI%Prftéd ﬁérﬁlﬁli'ﬁclédettﬁe%quiné%rmlﬁlhg|tl‘ﬁj?§lt’n AR/ 1 ed
tissue site. In one east one soft tisslUe_site Is targeted.
The sites of (tar%tqaish@nealﬁ@tomef thioties vith 2ohalylife obless Handi0s geare. e@y be t he
sanme, but al ttﬁéﬁtﬁﬁﬁ zft)xét g%staqhétt tétatawtatanv%%nﬁdaﬁ%eebg} Mbs@@@%sgrEaet S

i nvol ved this I ncl'ud he sit origin or lurality of
secondary Si t'@ES neﬁﬁje“tt@ﬁmt theydefinitioggf e mgth@@@ﬂth@em\einﬁort Wheied cat e ti ssues
whi ch do not fig4Bodcallpébonl Rba o 8¢adBAch tnd BrPaud &mBRumslts L1 ssues
as used herein may be "any tissues that are not skeletal tissues.

Cor r espondi ngPlicitysrenyirg §§h\e"@re§era§bf beghe gagriintgdragpects.ndi cat es a di sease
occurring in a "soft tissue" as used herein. The invention is particularly
suitable for the treatnment of cancers and "soft tissue disease" thus
enconpasses cdevehtama yed slilclypher asppel theryentianash eroVvidey i derasedmd mi xed
type cancers Q&hbj E\b&ﬂdlh@t@t'ﬂl‘, mv%ﬂfl&n shid I@tcoﬂ%sﬂg%qrs@bé t%%@tmb'nﬁé’t? as wel |
as ot her non-cancerous di seases of such tissue ncerous "soft tissue

di sease" includes solid tunours occurring in soft tissues as well as
nmetastatic and mcro-netastatic tunours. |Indeed, the soft tissue disease
may conprise a primary solid tunour of soft tissue and at | east one
rretastatlc tunour of soft tlssue |n the sane patlent AIternatlver, t he

Y e " o -, o o o



- 8 - nyelotoxic" is used to indicate that, nost inportantly, the anount of

radi um 223 generated by decay of the adm nistered thorium 227 radi oi sotope
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i n high dose regl mens ére el otoxicity of e generated radium (e.g.
223Re) woul d ogojugatedyhesipim mrbmléx)anef@rwélﬂv totad inagkone taspp site alowhigh &sonpar abI e
recovery net iihgl ut
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the art. A thoriumisoto ticular 1nterest resent in entlon
i s thorium 22f disgage aﬂfﬁgtedmlgzﬁupfs calhsurigce markesg Iriowpdp@temérmqe hep¥lyer ences
to thoriumh I I asy to
produce and geraxﬁ gwgrggggr%g In |S?g%%gqh?€§%h%ée*%%§ﬂswar% |Og{me\§g n)éoégRa whi ch
wi Il contain helaéllyn@ﬂorﬁeerseﬁaalcetuéurba‘ceaﬂwm periasls op growity oy repligatian mzanyear s).

Acti ni um 227 diﬂﬂg%n‘nﬁé‘nt%ﬁéé sY é%ﬁn&%ﬁ{saérééianft rnotﬂbwﬁut%@ﬁ?% t@p@esr and used
as a generator f 227Th process can scal dustrial scale if
necessary, aﬁﬁSW@S[S%at%ﬁ?ﬂr?W'ﬁr@BVéhipé?@éﬁ'“quﬁtfﬁﬁ)?fQQiﬁCPféherapbWa emtters
consi der ed_capdhdaheswiPbn /T REbAhe IBEARKCd BUALBCEHPOrRAR diEsdhY i ded:

- 9 - Thorium 227 decays via radium?2 his case the primry daughter
has a hal f -1 iaré&elegsepin th@g@trwar@wﬁoatamﬂt@ Qeélwntlg%@rs@azay le‘%ﬁdrf@’derate
amounts of 1 adiq gmgﬁﬁﬁqegaregé&@dfoﬁw e&éehﬁatidnraﬁlbwgw %g)b% tolgawever, the
potential toxiCit i s higher than that of 227Th since the em ssion
from 223Ra ofdlﬁﬁgalﬁb?%fr@alh@%hyeﬂﬁsgef Fixepias alithis pie Melyeetoans suph @8 furt her
al pha particl whi ch
sets out the t%@%s]cg{/ (S@Frcﬁgss %%Hat do\}r@ﬁtr)r@ggg&bﬁfé%ﬂﬁ %e%p;ll\-l%%&d; th%e%ﬁ:ag?& node Mean
particle enert@tmgqmgls Heueh miafrix gmpigams can be targeted by a single or composite

targeting moiety as discussed herein.

The tissue targeting moiety may also comprise two or more components collectively
having the effect of targeting the thorium complex to the desired tissue(s). This
may be, for example, where one component is administered first and binds to a
particular tissue, tumour or cell-type (a tissue-binding agent) and a second and/or
further component (linking agent) is administered simultaneously, or preferably
subsequently, which binds in vivo to the tissue-binding agent. The linking agent
would be conjugated directly or indirectly to the complexed alpha-emitting thorium
and thus collectively the tissue-binding and linking agents would form a tissue-

targeting moiety. Suitable specific binding pairs suitable for providing the tissue
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binding agent and linking agent with mutual affinity are well known in the art (e.g.

biotin with avidin or streptavidin).

The various aspects of the invention as described herein relate to treatment of
disease, particularly for the selective targeting of diseased tissue, as well as relating
to complexes, conjugates, medicaments, formulation, kits etc useful in such
methods. In all aspects, the diseased tissue may reside at a single site in the body
(for example in the case of a localised solid tumour) or may reside at a plurality of
sites (for example where several joints are affected in arthritis or in the case of a

distributed or metastasised cancerous disease).

The diseased tissue to be targeted may be at a soft tissue site, at a calcified tissue
site or a plurality of sites which may all be in soft tissue, all in calcified tissue or may
include at least one soft tissue site and/or at least one calcified tissue site. In one
embodiment, at least one soft tissue site is targeted. The sites of targeting and the
sites of origin of the disease may be the same, but alternatively may be different.
Where more than one site is involved this may include the site of origin or may be a

plurality of secondary sites.

The term "soft tissue" is used herein to indicate tissues which do not have a "hard"
mineralised matrix. In particular, soft tissues as used herein may be any tissues
that are not skeletal tissues. Correspondingly, "soft tissue disease" as used herein
indicates a disease occurring in a "soft tissue" as used herein. The invention is
particularly suitable for the treatment of cancers and "soft tissue disease" thus
encompasses carcinomas, sarcomas, myelomas, lukemias, lymphomas and mixed
type cancers occurring in any "soft" (i.e. non-mineralised) tissue, as well as other
non-cancerous diseases of such tissue. Cancerous "soft tissue disease" includes
solid tumours occurring in soft tissues as well as metastatic and micro-metastatic
tumours. Indeed, the soft tissue disease may comprise a primary solid tumour of
soft tissue and at least one metastatic tumour of soft tissue in the same patient.
Alternatively, the "soft tissue disease” may consist of only a solid tumour or only

metastases with the primary tumour being a skeletal disease.

It is a key recent finding that certain alpha-radioactive thorium isotopes (e.g. %'Th)
may be administered in an amount that is both therapeutically effective and does

not generate intolerable myelotoxicity. As used herein, the term "acceptably non-
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myelotoxic" is used to indicate that, most importantly, the amount of radium-223
generated by decay of the administered thorium-227 radioisotope is generally not
sufficient to be directly lethal to the subject. It will be clear to the skilled worker,
however, that the amount of marrow damage (and the probability of a lethal
reaction) which will be an acceptable side-effect of such treatment will vary
significantly with the type of disease being treated, the goals of the treatment
regimen, and the prognosis for the subject. Although the preferred subjects for the
present invention are humans, other mammals, particularly dogs, will benefit from
the use of the invention and the level of acceptable marrow damage may also
reflect the species of the subject. The level of marrow damage acceptable will
generally be greater in the treatment of malignant disease than for non-malignant
disease. One well known measure of the level of myelotoxicity is the neutrophil cell
count and, in the present invention, an acceptably non-myelotoxic amount of **Ra
will typically be an amount controlled such that the neutrophil fraction at its lowest
point (nadir) is no less than 10% of the count prior to treatment. Preferably, the
acceptably non-myelotoxic amount of “Ra will be an amount such that the
neutrophil cell fraction is at least 20% at nadir and more preferably at least 30%. A

nadir neutrophil cell fraction of at least 40% is most preferred.

In addition, radioactive thorium (e.g. >’ Th) containing compounds may be used in
high dose regimens where the myelotoxicity of the generated radium (e.g. **Ra)
would normally be intolerable when stem cell support or a comparable recovery
method is included. In such cases, the neutrophil cell count may be reduced to
below 10% at nadir and exceptionally will be reduced to 5% or if necessary below
5%, providing suitable precautions are taken and subsequent stem cell support is

given. Such techniques are well known in the art.

A thorium isotope of particular interest in the present invention is thorium-227, and
thorium-227 is the preferred isotope for all references to thorium herein where
context allows. Thorium-227 is relatively easy to produce and can be prepared
indirectly from neutron irradiated %°Ra, which will contain the mother nuclide of
21T, i.e. ?"Ac (T12 = 22 years). Actinium-227 can quite easily be separated from
the *Ra target and used as a generator for ?’Th. This process can be scaled to
industrial scale if necessary, and hence the supply problem seen with most other
alpha-emitters considered candidates for molecular targeted radiotherapy can be

avoided.



St abl e

Partly because it generates potentially harnfu

decay products

thorium 227 (T112= 18.7 days) has not been w dely considered for al pha
particl e whepappseiThori um 227 may be admi ni stered i n ampOmiEP2&61/051168 ent to
provi de desirable therapeutic effects w thout generating so nuch radi um 223

as to cause intol erable bone marrow supression.

t he daughter

mai ntain contro

t herapeutic

the tunour c

It

is desirable to maintain

isotopes in the targeted regjon so that further therapeutic
effects may be derived fromtheir decay. wever, it is not necessary to

ef

el

7y

ng e

oRftn 24

s

LiQ%&ﬁ&rﬂﬁkz@,PmQHE%
ect w||

be mai nl

umi
not

i ts daught er dife ofiEl .4 el Franhemaprelit incsatierse ool masiesate agupls of savive are

est abl i shed

astatine-211, t %5 . .4l
Bparcthet efct iThgirtcertheramissi

G i RS

MBg per kg.
for thorium
woul d set a

erape

ower on

Yuki l?? Ehevﬂ_rét?_%\f? Edggé'o

tﬂFeel f

Ses

th

HRwRDEr, &1 Adt Ry

n_animal s nhave

at cou

to')%f&r%

A%

82 i€ high®
een typica

ly

Thi

u .tgrlgt(se%e

serull'y

admi ni st er ed Tableex pelowartieinseass out the deegyessries fasfthiaritim-22hi s cal cul ati on
assunes conparable retention of astatine and thorium Cearly however the

18.7 day half-life of the thoriumwl|
H??s i sotope before its decay. This cal cul ated dosage shoul d

elimnation

t heref ore nor

dose expressed

in terns of fi

nost

be considered to be the m ni rumeffecti ve anount.

lLlv retained 2

likely result

in greater

7Th (i . e

of the thorium decay products in order to have a usefu

VR Db e

ng
from

2-10

onffemniResfkangiphaeartde issofdrril ng dosage
rhel%o?ttliv

S

The
227Th

t herapeutic
whi ch i s not
kBq/ kg, pref
kBq/ kg, for

Nuygligenat ed fr

erably at | east
exanpl e 100 kB

HFECRYE MRAB)) Wi

36 kBqg/ kg and
1/ kg or nore. (

IMéayy preigle y b
b
 IRiGy BeLFT

anounts

L Hagif-lfeast 18 o
y at least 75
of thorium wou

expected to
i ntol erabl e
adm ni st er ed

*#Raa form havi

pQUt cannot
P27 . .

3?8%598“ ered

reater therapeutic effg
mg-f—f—eﬁ—s—mﬁ Eesult. Eet %

ng a short big

P2\ r H hao +
ar Ty, T T

\Dg8cal half-|

A 1 rey
TUT T UTITT S

flé.43 days the h

|ife before

QMQHnationfr

)g}the body sti

Ié8§arrying th

3Lk De

greater ano
ef fect becad

nt o ~f + I r ol
TS Ul e 1T ad

s€Reuch of the

B ek i1
O SOt oOPe W

vhoriumw |l b

pe—teqgurtret—T10

e.8Binminated b

atnetrapeutr+€

ofl offemist  decays|.

There will,

hmm@yer, be a

:grresponding q
7§

qfasase in the

aEOURin s . |

r 25

| d be
i f

al f
n

radi um 223
when the isqd

+ PN | Tl
ClICTT AU TU. I'TTIc ¢

OB is fully

ove—anotnts—¢
et ai ned nay eq

£ + 2397
I CTTOT T UTITr £Z7

$H.6¢ be relate

O pPeadntnirsSte

12t edinutesil ent

r ed

doses with s

heorry er  bi ol ogi

cal hal f-1ives.

ﬁth cal cul at

9% Rifuds! | K

nown

in the art

| \ A
U -yr velr T1T Vi

2). If a rad

Al Nno1aonQ  f
U4/ Uyg1o0o (T.

+1 + +
LLLELLLAL S >4 Y

i‘0lPkbel | ed co

pound r el eases

daught er nucli

gt T1T EXAlTPr ©5

1 and

i&tablet is inpo

rtant

to know t he
Wth 227Th,

eval uation b
very rapidly

fate,

"and

i f applicable,
t he mai n daught er product

of any radi oactive daughter
_ ct is 223Ra, which is under
Bedlsé it eRSBRsSRBAALY MR idetBprolfasts URbrddd 227 epyf,s bl ood

is either concentrated in the skeleton or excreted via

nucl i de(s

).

clinical

intestinal an®:f8as) hagoeihsep vadely sensideredsforgloha peicle38raPsuppl enent ) :  160P

(2002)).
heal t hy soft
Radi at. Bi ol

tissue to

reat extent.

ThegumeaTIaY ba gHTiISFIoR HAEPWRS SWHiEie

In the stud

o

Radi um 223 rel eased in vivo from227Th may therefore not affect
by Muller in Int.
o grovideassiraklet he

J.

di ssol ved ci tth@bpe®r dffecistwithdst deerdling RatmubAIBdiuserEy 2 edalis®maleratie i n

soft tissues
toxicity of

was readi

APRANEIAY ¢

redi stribute

an issue w t hafga@yd regiod 86 &8 Surther thetapeutic effects may be derived from their decay.

However, it is not necessary to maintain control of the thorium decay products in

order to have a useful therapeutic effect without inducing unacceptable

myelotoxicity.

Assuming the tumour cell killing effect will be mainly from thorium-227 and not from

its daughters, the likely therapeutic dose of this isotope can be established by

comparison with other alpha emitters. For example, for astatine-211, therapeutic

to bone or was excreted. The known

%‘i@s%‘%i ILidepistls tunainian g daHeN'BoIReoRES INdRP i s t hus



It was established for the first tinme in WO 04/091668 that, in fact, a dose
of at least 200 kBg/ kg of 223Ra can be adm nistered and tolerated in human
subj ect s.wOhes@9s@atla are presented in that publication. PCnaPedions158t can
now be seen that, quite unexpectedly, a therapeutic w ndow does exist in
which a therapeutically effective anount of 227Th (such as greater than 36
kBg/ kg) can be adm nistered to a mammal i subj ect without the expectation
that such a subject will suffer an unacceptable risk of serious or even

| et hal nyel otdggpeintgnimals mevh bpersypichlly 2-40 Maa I@E?fé‘IQyBV apoeatiaaforthatlifa he best
use of this theraRRIhE chi el JBBUE RPMoHARISTAd b bﬁleﬁ&t%%rﬁ ot hat

t he radloactlveth0|um ul ckfy an |C|en ycorrp exe heId th
very hi gh af fAefkgpf @@Wﬁhttﬁelsgm&d eetta |9W§Fs|ilfbllt en ﬁmwnt@ﬁ “5fh thae dose i s
del i vered 10 dift e3fffbehhfnistEfie @@9;;{4& atith 23R8 gbad thiom a 227Th
pharnaceut|c§% l{ L%gpgn OHSthelbIO ogi cal ﬁalf e o t he radlolabeled
conmpound. The:aiceéa&pngswms Qﬂﬁnm@nler%enttoe mgétaane@matf@rduw tdeatlyr api d t unor
upt ake, incl ygingel L8 1904 1AL & | b ke feQl) retention
and a short bi ol ogi c%l %ﬂdf | f@&?n %lorc;rrrlgﬁﬂgl# g@usesI H eQGmed,nggt\%\g th l'ess
than i deal blﬁtii_m!@tl_@alOfmﬁ isotope éef@mtﬂwdmeVeThleealg@eﬁeaIdoa@eq gheyldatserefwedose
of 223Ra is NRIALA) 61{?0%4&%@ td%%h&ﬂir%%m &récﬁ\Yeeém?J € TREEM pQftic gBdh um 223

in vivo 'w e afa 0

gener at ed ctor anpunt thorium adm ni stered

and the bi ol cyPassed wrtermes offully retaingd THE (t¢or | Unwiiehrs nex elinmingtegifiumtheof

radi um 223 d by one
o “or 0 nary - SREy WA B oBRGLS e GAPR, BRIRB) ARSI A,

det er mi ned bymeredrefatab atdgast 4o kBakgdaeexande 190 ¥Bykg anaoraiserepter| ess t han
the amount t f}—ﬁﬁoq’t‘fté bf tﬁérﬂﬁ’ﬁ‘%ulﬁrbe %&t@& @tphf/el Gusler {Ne a%'efmc ?ﬁé&ﬁ&iﬁcannot

particularly toxicity gener al

300kBg/ kg, pahetactmnlatqrqd llfé%@eflahlﬁrﬁlwelcwlkgewﬁd Emualé/ ﬁrthﬁ@patwnys | ess t han
170 kBg/ kg (g will be
determ ned by Ogrhlhelg%%of)? %Q’P'i"?ﬁ a\hﬁ‘?éléﬁéﬂ bB@fdﬁmﬁlmg(lgjiﬁﬁéwge E?thge of the
di seased ti ssﬁl@'ﬂ%‘ogé@éﬂﬁ?é’@dhﬁtﬂr@“‘yméﬂﬁ? Hrorigm).dhen gn&eted@gwoeetsmthmu ch the
thoriumis efrblibisebbyiFSURiRRed 1oheliferabblit ettt bipol e aRELAD
conpl ex (being the conbination of th |gan e targeting noiety in
this case). Wl baelimipekrgceisreitresays. oTher@ pdl, hﬁwvmm%@ﬁ@r@pon indesi rabl y

adm ni stered Qb aqk hptrh'elé%cz?cj%? ﬂ%élﬁgﬁZﬁ %elr%rétgd 4(PIQe 5&%@%&9@3%?\
preferably 36 to 200 , (such nore pre rably 75

to 170 kBag/ kdi27de pe@dmlwe@@ovfte@ t_hLQOBOKBS/"R@J”y caialnee ﬁ@maﬁ@ ke repted gl e
dosage unti | efa%wareﬂméée%%ﬁafs%ﬂgr %Mg%l HeltG96s." §ﬁ'<9wefalél}ﬂétfoh%r@\ﬁelpy a

sui t abl e bodywei ght, such % preferab - 100 Kg
(e.g. a rangénewnemek%hartotgm@o'o Vk@cj)%@ﬂ B9 &egdn e textmp infemptasdodithe, t he
conpl exi ng aggnt and the adm nistration route will noreover desirably be
such that the radi um 223 dosage generated in vivo is |less than 300 kBqg/kg,
nore preferably Iess than 200 kBg/ kg, still nore preferably less than 150

kBa/ kg, espegi QHdYolé%‘fléd %8@8% I%% %(Qaug‘ﬁ%'n'ﬂlcll&e@' |§|s"}fn|p rté“t%/k%ﬁﬁ:

exposure to 223 pl yi ng these rag& By
bodywei ght s ifaigi ¢apeligablehef wdwowwe dlaeg*éersm@h@e(p)r hythehéam ully

retai ned doseda%bhl%?ﬁr-gauaqf 28Ry Ao @%n |Hf§ aﬁ%tlgﬁﬁgcaggg'of‘@s bofieP account

that some 227Th w | [ be cleared fromth efore It cays. Wiere the

bi ol ogi cal haiepking peonsftieshBadipmidy dcaerss éb@oriyeweplﬁlyc%lﬁpee@wrp@nqqmé'amym cal
hal f-life (e. ngtheI SRt exbrdidY Gia wﬁésﬁﬁca'f AMd ﬁénél@@t?teg g%’éth%r%y§ cl Med

significantly |arger adm nistered doses nmay be need provi e t he

equi val ent r ¢35 rwplgsat): THRR(2008)). RadinptZ23 relepsad ip vivetfednhedl i®ge of 150
kBa/ kg is eql’lhé’r%i’o‘?é‘hotté?fe@t I‘Fé%{m#%ftﬂésy% té‘a%r@é%xfeﬁ{ fln{Hefs‘?ucﬁFW NiRk G pd at a

dose of 711 kB%@g ul val ent m ni st er ed ? or an P propriate
ret ai ned doses Rediat.Hiolc2): 333 34%6‘9f7ﬂb®ﬁthﬁe1'96“wt@gloéa Tft?%@ﬁégﬁéevﬁ@te of the
conpl ex usi ng;pRE Qé’lgs?tv\ifslfburlﬂ‘@i‘éf'zz"@a b&Rr&el fro§!amr‘ﬁ if B@rt H8%RY wak Aty 227 Th
nucl eus provides one atom the retention and therapeutic act|V|ty of
the 227Th wi IFBdlﬁ@buﬁeﬂé@bDWﬂ prevas @greted.t e knpyRioxeiyef alphp emiting yadiyre,
patient . The iy b 1eAduRa raens, & fils bh iR0K wiRthofil Bésczbuation can be
cal cul at ed usi ng vveP/ known nethods. In a preferred enbodinent, the present
invention therefore provides a nethod for the treatnent of disease in a
manmal i an subj ect (as described herein), said nethod conprising

adm nistering to said subject a therapeutically effective quantity of a
conjugate conprising a tissue targeting noiety, an octadentate |igand
(especially any of those described herein) and a radi oactive thorium

i sotope (e.g. thorium227). It is obviously desirable to mnimse the
exposure of a subj ect to the 223Ra daught er |sot ope, unI ess the propert| es

e 4 ' Y e | o o N NN



In one particularly preferred enbodi nent the subject is also subjected to
stemcell treatnent and/or other supportive therapy to reduce the effects
of radi unwB281/aeskueced myel otoxicity. According to this Pov@ErRél0nsSARYTh nmay
be conpl exed by targeting conpl exing agents. Typically the targeting
noieties will have a nol ecular weight from 100 g/mol to several mllion

g/ mol (particularly 100 g/nol to 1 mllion g/mol), and will preferably have

affinity for a disease-related receptor either directly, and/or wll
conprise a sui wvaheabliseedinriti Gselined irbVRUA/09 66 thai intfadi. adosavoefdit lspsbound

to a ml ecul Og)h@%;(]@ac?f 2bRE"R E%B%Hﬁrﬁstér‘%dtdﬁ% tHLRRAPA Hu 3@%‘8% ER. Fhese

admi ni stering Swtabetargetlng moi et es 1nc

- an
ol i go- peptl dé@ta piecrresanted ipriatangliqtpN £ Fheyatone. 4t caagtonnke g,ee@ttgat pyitef er abl y a
protein, n%%b%ﬂt&jl}fw%ttﬁ@t%%@ﬂ’d \ﬁihgow @o@é’%%&hﬁ%kh%rth% 8GR RLréRLe Pody

(|nclud|ng Ig ant 1 bodi es), or m xture of proteins or
fragments or ameount pUctT§1 (@lﬁcfmmr@ﬁw Mnta%@cm/l@é camhe pdainsteredde puct s,
fragnments of rﬁ%h%ﬁ | &b d& witholft %{@@fﬁ%eﬁ%ﬂﬁgumfu@@awéufr@ rising at
| east one anti gen g reglon ), constructs o ragnents (e.g. single
chai n anti bodinesyeriablerish thSI@ﬂ@U?c Pesvepfiethalenyrdetoxieity. diangthplesseit ised. Al so
sui table for GRYe tes of
conpl exed 227(i n{eR/ |Fn§8rt£e‘rgql @ﬁe !éér;k]‘fﬁugégﬂﬂf%&%g@!ﬂﬂﬁ&%&ﬁﬁon s'tég]rem dal
hor none, - ﬂherefomlta&@ssee@almﬁgéhe ragliggetiyest therime be higkly @nd fficisntier

speci fic-bindi | 000
ol . Gener AT SRS Mt B el e e R B e P
indirectly (ef¢he dosg indeliverasrtorins targst site t he targeting noiety. General
constructs of this type; i.e. of active (e.g. therapeutically or

di agnosti cal | ctive) petal - conplexipg nmoiety - optional |inker noiety -
targeting m‘é\ewmmowe Ra gensvated frome”f Thephpsmaseutiaalyet é@pend on the

radi ophar nac reaNO
work 1o ava | AbacazeR It ﬁ%@%‘g%iaﬁe{%%%@gﬁﬁ@??%ﬁ“ﬂ L AT
use with thord eamrlex withe ram@htltm@@pﬁ%@amaluri@gemt@rrm@bzaﬂap inde trmore&rstr@narrpl e
to "Handbook t%o%"t&%ﬁ% %'éh\éﬁrb}’ &{ucah F@i lifd%n NORIHI BissueSd C W(ﬁ@b With, CRC
Press, 1995. Previous nown ators tor thoriumincl ug

pol yam nopol yess thag rﬁi@aé@@lpglcavrhaﬁﬂlfacwqweabqe vsRfdliras leya s theglospiohnched

pol yazaal kan@%ﬁ%%%nﬁa.%(f Wutﬁﬁ'tﬁjé t%le('QoI iev%laﬁ'PQ)é%th%f)ra(%H"@? GEhbAfapd at
backbone nitrogens. Exanple such chel ators 1 nclude DOTA derivatives
such as p-isdef mvg(y\glhtp@g@p@fﬁlhelamomtpbmorlum administered and the biological

tet raazacycl qdeAgs e b thendfird e&maéfe*rhfa%m & PacRiEB3 R Ale ARG PTPA
derivatives such p-isot hi ocyanat obenzyl - di et enetri am nepent aacetic
acid ( pSCN rthlquDA;lse ¢aebg pasdly caléulwddycqr\ecof@r%mm/@klg Theymaximurer | i near
chel ators. Dea(dn“ﬁ%t’ré&ffé afunt of 227Th will_be determined by the amount of radium
1,4,7,10-tetraazac ododecane-1,4,7,10-tetraacetic acid have been

previ ousl y emﬁ‘ﬁﬁ"@q Ba/ivaand raeshedess then hednamh et wilzspdugcetss inioladahle

chel ate thori i ,@(3% sve with
t he net al prolék{gtljggé?% (ﬁseq%{:t@% IOte gg!tso{) (%Jgﬁ In e%g él%s There
i s a tendencyhgnd0Barkgapartioulpay *@B%WaOTQOQH@QJng?@ﬁanr@ prefer@blyrlgssﬁh?n denature
during the pr i h

suscepti bil i t@%?%ldly@r \?géés%ﬁmgghg{?ﬁgg%nﬂ anGrﬁ eﬁgégﬁ%rdgﬁg yvmlr‘]‘%egessary to
avoi d at t achmstermifedttiyehe avfgﬁmcu’igomeémqnuunﬁme SL&sICBptrmiéy pfbe disepsedar e

conpl eted. Th m.cal wor k- up and
separati on) mhﬁu%%ﬂgﬁen%%&d‘glgﬁa ﬁpagﬁgtﬁﬁ aaﬁﬁﬁd%é {6\% l:h [PH%(’[ﬁértﬁﬁﬁ}é of the

al pha- emi t t i reffididndlyicambinedt mj@an@ellvecm lyythte tarsehmgeécmm{ @emgtthe o handl e

al pha-em tti [y\mé espondi ng waste to a
greater exte% fﬁghgc@ssggmg urt 88%&@%3%%(%6”(1 preparing the
conjugate wastes a proportion of the thor| um which will decay during this

preparatory g ﬁ"tﬁeo ehodjo?mveﬁt %Vﬁlegg@tgﬁa&nngl\é&¥sh&%!é¥ratﬁig%fﬂn'}ﬁ’st 4%£2209) ,

preferably w thout heat1ng above st prerer fout “heat i ng
above 25C. | tthoriuraddr tosagsl dfyl 8o 40@ kBe/dg bhditwetighd, mrefﬂra;tgsaﬁ@tcnitoqmlkgar geting

d
o pha et 1 v SR RoSecnas fbrdBreBs SR 78% B0 REqhE EPEUEhPIO {ofc
i nvention ar &Bafkgs Goressporadingly.feosinglel d0$ageomihmayecbypm@‘pemh_am}0®f thése
al pha-em tti WQn%&ﬁ%bIHmédso?ftaoaﬁtaB% &dg@@uéﬁt, ?slrgclzr{;?éyW?o 136 18y, HPIL BRI BF an

oct adent at e tl ssue-targetl



The chel ators may be non-phosphonate nol ecul es and i n one enbodi nent of the
present invention the 227Th will not be attached to any phosphonate or

ot her borwotarigeséimg group nor adm nistered wi th such neCempradig/osZigpes of
targeting conpounds that may be linked to thorium (e.g. thorium227) via an
octadentate chelator (conprising a coupling noiety as described herein).
The targeting noiety may be selected from known targeting groups, which

i ncl ude nonocl onal or polyclonal antibodies, growh factors, peptides,

hor nones and WOrkm(®ed. @arrangr)ofct0 KBgl tarl@0B KBafsr dese eter i Vgt thodwm dpsaden,
avidin and stepbaviegih apalR i fi td R MNek iqak ?«3@5 L&s coul d
be RNA, DNA, o?%rg'geryleﬁtagé? ﬁé@rﬂeo l,al&@|n§slﬂgr{ﬁrgf?goﬂvges?rg®§g§ﬁ% ratéegl‘,%l i pids
or conpounds thatdee mdiuea8s dpsrpesapngraie®inpavorp lassdhandAhiisrkpmsarei ns et c.
The tissue t e SDIngh Yo RBq/kbstAEorE BRAGiBR 1bss X7k BEIRBORYE- seeker s,

| i posones angfr?%flgpgeconj ugat egqagt? @o_d?re?)%r agﬁ/t_ %?)Soﬁy fragn@rzlg’s.

Al t er nat i vel yespeeiglly lags ban 490 kBg/kbe Agaipl el pTavider atoexpgrtedo §- Ra

thorium 227) | loREHY BesPf i th ; tdPrTHehe

treat mont of anag; o7 SRR Ese lorbDFel B BoRMeifs MR LS THe

di sease-r el atah@ve desplevels arenyigiasably e fylicigtainadednseall “UBebgfmpErien | | be
by r adi of mmunpiIGERRK ARG MeoNGt (RA/SHd 1 il b BlcBfed A, Dody
an antibody fragment, or a cohstruct of antibody or antibody fragnments for
t he treat mentbefdredigcaysous or noncancerous di seases. The use of 227Th in
met hods and pharmaceuticals according to the present invention is
particularly suitable for the treatnment of any form of cancer including

car ci nomas, SAherertae biologinshiailife ahihe "8 IR spinateX issscsamnayediribe physical he

| ung, breast , L H&%M hagus,
brain, ovar y,haﬁt?l(epﬂjegéﬁ%srsg‘]é}ggﬁéyesr’!&co o'?/éﬁsgﬁﬁﬁgﬁégs?@r?gﬁgﬁt%ﬂgw- 16 -

mul ti pl e myelasiminigteteddnsepiotykienesdey tppromide theneauivaleniretained 2gs® Thiseased
coul d be di mgpi i f ' : iqlogi cal
Fetenti on hal T {rRss UNTCRREEKSE o 350 Kalflg KAty %ﬁ@é_%r?"tﬁg"@

el i m nat ed bedayrhalfdifeadininistenpbata deseotl /i1h&BakaTH haggualealrdininistepeBRa. The
anount of 227 , r i 1 remain

t her apeuti Caquee‘é\?};ﬁen t%p\eg%ﬁﬁg%({gtragﬁggjo%gs ?ﬁg bg%@@%@ m@gﬁgﬁﬁ?bﬁ?l t he

conpl exi ng agégarance rete @ dheeoarlexdsing megddgevelliknewr Ivthig atat o the interi or
of the targeted cells, this will further increase the specific cytotoxicity
and reduce the systemc toxic effect of the radigactive dauq%q%ers because
of at |east puned Ae deedldftdnen  oh ndelegh Pevides onepeBa atom.Hee faleniign addt e. Bot h
of these feat ' ; %? ; ' | 2 SdSe

preferred enﬁg%lr?rﬁr?eﬁcg&gw%é@ ni\?gn\&lpgﬁ.%ﬂlg%ﬂ?}ar%%‘aﬁgroﬁggpr% eﬂngaogl rrenL{f@(F)E%‘H l:%yhe

i nvention, pdhe ealientwlbeamornt of 0f Ra Ypeeyateddmany Retietlal siptierne by be

treated both by ih& dd{dRemRbRYmb8dg23Ra generated in vivo by the
it .

adm nistered thoritum 1n this particularly advantageous aspect, an extra
t her apeutic conponent to the treatnent is derived fromthe acceptably
nonnyel ot oxi g aRURle@brbRdRRnRYNE BR bR ORI erblRSroHEhES Rlettliassase. 10
this therapeu'?i Lmnetrﬁoté, _22|7Ttr1] s py[%lépellrlg%tn_lut }rﬁese%.e%ro treat ep_ri mary
and/ or net asttae ireatewent etrdisgasg i & marysalentiubiog! ealdeecibedderdimgsaifier et o and
the 223Ra genBERbELahbRRd SEnRRIHAGHS AN sUbioHd tbRBAuHGIY ERaLE Blak Ry
skel etal disease In the sane subjeCt. This skeletal disease nmay be
met ast ases t @f @fenbgalecaoniprisiag @ tissne targelimoangietly nen gctadantateiligante cancer, or
may be the prigRiydbaeesRodh8ERbEhSRIN ahi 355GoAREMIERRM kstohd (EQuNt er a
nmet astatic céniﬁér. ghcgsi o%gﬁ]ﬁy tnhe s%?tn)tai ssue ca)mdI skel Iet aII 8|bséa§es may
be unrel at ed terium-22he addi tional treatnent of a skeletal disease in a
patient with a rheumatol ogi cal soft-tissue disease). A key aspect of the
present invention in all respects is the use of an octadentgte |igand,
particul arly lkif odricHgE Aegitablenipdnipiyss thiedixposise ebasubiastie the ‘gaiedlaughien
ligands will itygheah| bbSrBedbf th&asd ugdtEIyCHRbIBIdddn PaAkBIaRThd he
f ol | owi ng sublstdlg%dte(?g?)yridi !r)le Structure. BE FL?% - rl-l{% o

amount of radium-223 generated in vivo will typically be greater than 40 kBqg/kg,

e.g. greater than 60 kBg/Kg. In some cases it will be necessary for the ?*Ra

generated in vivo to be more than 80 kBqg/kg, e.g. greater than 100 or 115 kBqg/kg.



R2NR6 pp -3-5 R4l Wherein RL is an optional N-substituent group and may

t hus be absent or may be selected from hydrocarbyl, OH O0-hydrocarbyl, SH
and S-hydwocaris@inoups, where any or each hydrocarbyl mroraPrgoili1®s2158

i ndependently sel ected fromshort hydrocarbyl groups, such as C to 08
hydrocarbyl, including A to 08 alkyl, alkenyl or alkynyl groups, or may be
an OH or O-hydrocarbyl. Rl may also corrpr%se a linker noiety, as indicated
bel ow and/or may conprise a coupling noie as also indicated below. 1In
Formula |, gridwpymRE7tlabeted saniugaien in arpeprsitresartiyn dptutioas evyde from H OH,
=0, short hy RLRY, Rfékb , | tah scri bed
herei n) and/ g{o?rﬁ (E:%uép If]ﬁ%\/eﬂg?g% 3 ?egé@ mtga éé'?%ﬁ’% W&Gg)tr?graa?@wat | east
one of groupraly ardomrealivi 9 a Bieglerappizatien gr ina freatlonetadtapglwetlm regmrbems R2 to
RO wi | | e =OorofdRalfy el dbmoixel §83ho MBS 105 158 tylotl O ablrlstteg as! i nker
noi ety (as desrcrl herer}p?%xe %raﬁl g 9 ﬁaroﬁbss R% to R6
will be =0. FaOéﬂI@nabwpemrweméamcu@m@gp@ rmtet@snaelaw infrayrnogply or by
Preferably e r r

descri bed hormy ny2cAifgyPou HREraDl, e SRpthibng i B bisERtinalich kiR

noi eti es i ndifermuated ér etpile sehutlorafoe ppfeef@alaaﬂlnymﬂratmnere a linker noiety or
any additional linker, tenplate or chelating groups attached to a |inker
moi ety do not_conprise a coupling noiety then one of groups Rl to R6 is
preferably a Hmpmr&?d inheempthods aned swdipte @f herrspspnt invantipnpgesthsr ysed

enbodi nent, b i9 S, Wi d BBt N9s RREIMA (Il be
=0 and the nd('f;rI Egﬂgug@v&ﬁ &gg 5%14 rr?gﬁgrﬁ’g%ﬁrlgsn eggo%xs%&f eel%@rni{gng

Thus, in a priekeriedigtienthemnyeptematherany ctienfagionecliges, 1 dsaiieternperatge 3, 2;
3,4; or 4,3 reaRGRLANR YTHISHTRE . B8hd BEdrRE dMidd theWWhithda Bein

expect ed). a%(g%ent ate Tdan ds haV| ngr gr'th east ongg&ﬂ fatel ng noi et? wherein
OH and =0 gr duyentien en(ﬂ)fce@étatloeﬁ/mp@lgameetﬁgnae/ W@sgonde'zqﬁe@qmmelewtéﬂaé hi ghly
preferred ThecoekRRAIALEpLIRENSTBKobRLECR as AndtheradiGEEER! dno
groups, where 2 eor su@% IOroups arle ?g pr?Se?grree}dra g hé%%Suél)table
chel ating mlcéﬁmﬁlaﬁwﬁubeag@ﬂrred by net hods known in the art i ncl udi ng the
nmet hods described in US 5,624,901 (e.g. exanples 1 and 2) and W2008/ 063721
(both |ncorporat ed herein by reference). As used herein, the term"l|inker
moi ety" (RL ilhohepaticalarly preuf@rqsds@ﬂqucuﬂemidhe awkiect icasorbekiectehia stomweli ch
serves 10 | OiifbahohiRfor biter g@@doﬁﬂﬁuengeabgkb%du& eereEL3RRIRH 8241 gands,

whi ch forma key conponent in various aspects of I nvention. Typically,
each chel at i rigdugedmye{aoxcityt hose of formul a | above and/or fornula II
below) will be bi-dentate and so four chelating groups, of which at |east
one is of formula I, wll gl cglly be present in the |igand. Such

chel ating gr dﬂﬁ@rdéﬂ%’fojtwﬁ mé/Gn eddimay he corpplexetbistasgeting epmplexinger

noi et es. ent% I I%/B#égry Rl ¥t|r{gem9|et|&r\9FHFPla%a nl?(ﬁe&}@rvm?@h %nﬁw ed

bet ween rmre an one chel ati or mu and/ or The |i nker

moi eti es may gainneth§ewel raélIorlmémpgwaitlcwlya‘tqoagimﬁbtﬁﬂ rn@toweémolr) tRadaehpl exi ng
Par L Of (LNe, FLRARNRLE dAigRe AGLANE ooRUBLERG: EREbectl hriiisliup case.

| east one i noi et oln to a coup nol et Sui t abl e
| i nker noi eU@@ﬁ“ﬁ@lalﬁﬂéa@ﬁ@FQ'adW'drStﬁf% bwerg(fecw ptlﬂ@ﬂ@wdla%boyndtt@ ap12

hydr ocar byl I I L 7qipncl udi ng
met hyl , et hylm&gér:dg%;t/%gh% E)ge%#fgdy%wa?\8?55&%?}9%%%0%%2%?'&&%eﬂp?ol ogi es.

Li nker noi et i ®4tapigyargietng mele@es nhige iPoly- amg olonrantides. raaieips ridvhendchen cal
l'i nkages inclpghRg ﬁ%ﬁ@@ptaﬁle tS, prétetdd ‘E/@Pt‘yté?ﬁ @@é@%l@%ﬂ@ﬁéﬂﬂhe total

nunber of atons OI ning two chel ating noieties countlng %ortest
path if nore ROgPNaher rpmqqucml tidpdyfingludieg Gaend/ghktype ﬁwtm'eswras to

constrain th a npl ex
Foroa o, HIEUA BUGR Sty TR LA AL

more than 15 C@Déﬁﬁ@%é@@é@ﬁt%@na@quj(ﬁm Aﬁé@g”}ﬁn@‘@r%m&ﬁgm@n 0o 12 atoms,
and nore pref@napikinght (Rsilche?Rigen BRLMEEEgiIERER)H AL dHGuAR B LG Rents (e.g.

single chain antibodies) or a mixture thereof are particularly preferred.

Also suitable for use in the present invention are therapeutic conjugates of

complexed " Th with a peptide, amino acid, steroidal or non-steroidal hormone,



Where a |inker noiety joins two chelating noieties directly, the Iinker
will typically be 1 to 12 atons in length, preferably 2 to 10 (such as

et hyl , prwpybit/aesdutyl etc). Wiere the |inker noiety joiPOS/HPROIA/06HSS r al
tenpl ate (see below) then each linker may be shorter with two separate

i nkers joining the chelating noieties. Alinker length of 1 to 8 atons,
preferably 1 to 6 atons may be preferred.in this case (nethyl, ethyl and
propyl being suitable, as are groups such as these having an ester, ether
or ami de |i nKelgte, astrqg@@ @ﬁwstﬂfombwyn or-othey spe¢ific-bigdingicomppondsith | nker
moi ety, whic ht$6di i yarious chel ating groups of the
octadent ate PF%&Q?’I % I%atqaié)% éﬁd(f)(}d%‘/ﬁo central tenplate, the
octadentate preferably further conprises a "coupling noiety" (Re). The
function of t@&e?&ti%piﬂe%tdyébﬁtté’h a%dtlé)cérui}i‘atédq Greiff BERBRALG (4 50ARY theer e
targeting noi et e achl eved er cova ent non- coval ent
attachment ( én@etybxp the éeggetirm reoiptyn drangral gpnsteigtstof dlys Bipst i Ehloé@@tdfﬁrﬂe g.
(streptavidin fi B Bl fs lexiRE 1S eptidnal ilkaked to
t he chel ating %rragélgscs m%e@%y&cj?rggg}ta)cgtlﬂl 8%‘05’%& gchér?réé t Po(moéné k% t he
chel ati ng gr copstyortargsling moisiyc ard welbnaxntin deniiaids efdargetednker noi ety or
tenpl ate. Shg t q 9Im3Bh§ bhEits PRIoWREL iBEEP
attached to aﬁgggﬁy@ﬁgé%@g{seagg %Ir%ge{ae?g@ §tab§ssonog%ygrfén%sang%[@ﬁker or
chel ating gr cﬁygllahlenaWéSIégrmﬁﬁw@hmty of M@rlwdpahdﬁgforr@m@uf@ usgyvithaberiunmd+
structure: Rios. nWISFEIaRd Rierbcdimdy b %a%r%ﬂp}@ o"bfifbdok oRTHRBRA'

sel ected from substituted or unsubstituted stituted

unsubst i t ut ecPelizeryraddnaging Agemst iEdut erghibin, Qﬁ@lﬁ’m@tsl fl98%d het er ocycl oal kyl ,
substituted or unsubstituted aryl and substituted or unsubstituted
heteroaryl; and X is a targeting noiety or a reactive functional group. The
preferred banngﬂ@slyTbn@m ehelatprsifordbodym inchisledhegypolvigsinopelyacid elelafersei n as
sui tabl e |1 NKgfioBidbises, irfBaeicaicas of Hcag bﬁlgaﬂ%\'llé%%% dkd%%%'t‘ﬁ Rldic of those
described herein and preferred reactive ups 1 nclu roup capabl e
of formng a (@@vawéﬂ)syallhyﬁlga@wsmtaah%atg@pkb@emr@eys Fxemplgp ﬁgsuqhor

exanpl e, COOH, (e y be H or
any of the shgret rs ggg@ﬁq?ou s&{jéeusagrsﬁsbd\ﬁs hﬁ)cg%t&)éﬁfz l\tﬁgﬁgferred
groups for atthamYﬁodﬂd?@aﬁ% 4 {7 avjletrpagptigaridt(p-SGit-BadO nNddAlRfyi nes of

| ysine 1 esi dugsals s0iPhs BiEHISe a%fwaf&%éﬁz‘?}l e%trg%%b%ﬁﬁnedsﬂ&aketm %a}./dlﬂgs Cers,

exanpl es of suitable reactive roups, 1'nclu droxysuccil m

i m doesters, e\ %DTB&; th@\lﬁrﬁfﬁb%ﬂwﬂé@ ch@aﬁ@rﬁaih@aﬁerd@@@wheém@rs

i sot hi ocyanates, where the latter three are suitable for reaction with a
thiol group. The coupling noiety is Ioref erably attached, so that the

resul ting coupireatistadent. é@éetfaagam oipfiecape- Tab ¥ dOtteirapsatic gejd havyeregsron of
stabl e metal graflo RAlRSHfed, BIPERURL iR Ehifotdslly bONSePloThBIADI ¥ 11 nk
to the linker, tenplate or chelating noie Sl oes not
significantl yth@rmr@mt@ﬂ@m QWIvah@%d%ﬁtle&af %@@Omdw\@tlve Wﬂlmthe getek wil |
preferably b I on

di stant f rome%rﬁgdés%[rﬁ?ghglgg r@hl\ymh fron Ig?%vg%”grdPr epg'lr%rlée/ gfﬁiﬁtgt groups
i ncl ude t hosdeast afrortian o the liggap rreverﬁlbﬂm@er@ﬁméwmH?@lnaoqqdurq he =0 noi ety
represents a F‘ifr‘tthgrr%r@UtE’ec%hE@Sﬁ%@ehﬂvéﬂ)ﬂgﬁ%?&&bneﬁut ttQ‘%‘rré?AéFéutﬁé B@nétbr%gon the
-OH represents a hydroxy noiety attac om of ?/ dine ring
and the -RI _ Ihép@@@@ﬂﬁ ReGgsHary ke avaith péachmghit @HhattQFQ@W@'ﬁb’ until all heating
hydroxypyri d'f'e?éiin éearéf%bﬁbbét JP ﬂﬁé‘&?dscé?i @!t%h@ﬂuéé%t%b (\ﬁﬁh §ﬂ3né’c°es551yfmfe{rﬂhbhe

overal | octadentate I nker noiety describ herern’is sultable
as Rl _ incl ucﬁnﬁgseﬁﬁ@ﬁlon)wfdefo@astﬂgﬂ cajrierLipdt dugng Meadecay Ilfﬁjm@@f Medreftaar byl |

i ncluding O én‘attﬂg tr?c%r#&}ﬂu @bge@%blogélyﬁlé‘b’r‘%“er%l?'ﬁ@t to'H&ﬁhl!édallﬁr% é?ﬁﬁt% et hyI
propyl, butyl or hex F oups opol ogi es. join
the ring of fmtﬁmlan this way aintp %ﬂ@"rﬂ%@orquOW'ﬂg wese te prggeatgr@qﬁerﬁ&a@ car bon
or nitrogen %%e%sa?shemﬁlhen%@uaﬁ;t.mexépém.!@rebanﬁg%e cBAGaiwRELly Lo anot her
chel ating noiety, to anoth 't nker group to a“central atom or
group, such a@¥orPrfiomef the tW'H@er@‘Wllléieéa!( d@'@é@@rﬁrmaﬂf?@/r@ﬁrﬁ}i The linkers,
chel ating groups and optional tenplate noieties are selected so as to form

an appropriate octadentate |igand.
It is preferred that the complexes of alpha-emitting thorium and an octadentate

ligand in all aspects of the present invention are formed or formable without heating



In one preferred enbodi nent the -OH and =0 noieties of fornmula Il reside on
nei ghbouring atons of the pyridine ring, such that 1,2-; 2,3-, 3,2-; 4, 3-;
and 3, 4- wWoanooppeani di none derivatives are all highly secrarbel/osfies e the
OH group or the linker noiety RI_ reside on the nitrogen of the pyridine
ring, group RN wll generally be absent. However, where present, RN may be
any suitable noiety including substltuteq or unsubstltuted hydr ocar byl
groups, particularly the short hydrocarby roups indicated herein. - 21 -
I'n one pref erab@Meéﬂ%béﬁ mwoumeatlqubowg 2refrabhoaiiayt hertinoradorwi ety i s

present in thgeo @%tngqi,?&q Efae??/rgtr)IPWO&t 590\,6% §. nay evidently be

substituted by any o ous su stl uent noleties indicated herein.
Since each of the noieties of fornmula Il has two potentially corrpl exi ng

oxygens, one eabagh; n%rp?seFrQ@tH%'f F%astjdggféed?tt é)t%r%'tl%' n'q}??ttyfaﬂ

oct adent at e Ilggg I ng at era east 3 and nost
pref erably 4 ackagieptatrligandyoediiegaind ﬁﬂ@retplad§|t'©'1" O’ffbﬁrﬁnf@ gmittipg dhoriwl et y of

formula Il AI Fr?ré/e get r’2"I'ﬁ"d nﬁ‘ﬁ@@r&fﬂléétdfttﬁg |h\9éht|8ﬁtat'ffhgr 8%1'&rab

preferred enbo at t one noiety I1s a 3, %P% |none
noi ety. The Iqr@armbleetgy ¢qnirmlwéloa of Ipla- emlttsn@thowrmmtm(ﬂgju home ianbeei es

(substituted r i m)lety of fornula I
or Il in the égﬁ{@g%n?%?g%faﬁgg%% %ebgeﬁgisﬁg%%{%gtmﬁe re |nder of the

l'igand by any appropriate |inker group as discussed herein and in any

appropriate t9RAURMYrs FRL m@s@%e H{O%BI%F%M |@5ﬁ@érﬂb$d|m¥t Qghé oi ned

by their Iinker groupst e so as totorma linear |igan
be bridged byresenkivegtiosupe “1 th mmet ke aia¢hgdrie any phesphenataer ather bots- ch nay

be linear or gy |ﬁ§?roﬁ‘btn%F%|h}é?ér¥d witRSuéH gagiaigoi eties of formil ae |

and/or Il may be jorn Ina "cross” or "star" topography to a central atom
or group, each by a linker (e.g. "IRL" noiety). Linker (IRL) noieties may

join solely t ghtapﬁt.hgeoﬁaag&;g{% RSy bé)lr &BYo foli Qeﬁgom%ﬂsm -SIGh, 10

ot her chel ati r oups bone, ate co noi et r other
| i nker by anya d@@tatgpmlgﬂor@@mlsmg@cqouglmm@yty e@dmbﬂgi hefeinhi The, ami de,

?ﬁé?gét ZB“?L*?%J@*'“’% i%l?e%f m%{/ Pg'séﬂék%t]'f%ﬁm R tardting bRIUbE whidd heflgenent 1's
monoclonal or poncIonaI antibodies, growth factors, peptides, hormones and
hormone analogues, folate and folate derivatives, botin, avidin and streptavidin or
analogues thereof. Other possible carriers could be RNA, DNA, or fragments
thereof, oligonucleotides, carbohydrates, lipids or compounds made by combining

such groups with or without proteins etc.

The tissue targeting moiety may, in one embodiment, exclude bone-seekers,
liposomes and folate conjugated antibodies or antibody fragments. Alternatively,

such moieties may be included.

The thorium (e.g. thorium-227) labelled molecules of the invention may be used for
the treatment of cancerous or non-cancerous diseases by targeting disease-related
receptors. Typically, such a medical use of ?’Th will be by radiocimmunotherapy
based on linking %’Th by a chelator to an antibody, an antibody fragment, or a
construct of antibody or antibody fragments for the treatment of cancerous or non-
cancerous diseases. The use of 'Th in methods and pharmaceuticals according
to the present invention is particularly suitable for the treatment of any form of
cancer including carcinomas, sarcomas, lymphomas and leukemias, especially
cancer of the lung, breast, prostate, bladder, kidney, stomach, pancreas,

oesophagus, brain, ovary, uterus, oral cancer, colorectal cancer, melanoma,



-RN Wherein all groups and positions are as indicated above and "T"
additionally a central atomor tenplate group, such as a carbon atom
hydr ocar bwochaiasqisuch as any of those described herei nrab@mre)ii/oatisphat i c
or aromatic ring (including heterocyclic rings) or fused ring system The

nost basic tenplate would be a single carbon

S

each of the chelating noieties by their hnklng groups. Longer chains,

as ethyl or propyl are equally viable Wit

whi ch would then attach to

such

two chel ating noieties attaching

to each end dnultiple myeigmagrd neryHadgkin'y lymphemaeui t abl y robust |inkage may be
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further increase the specific cytotoxicity and reduce the systemic toxic effect of the
radioactive daughters because of at least partial retention of daughter isotopes at
the tumour site. Both of these features widen the ?’Th therapeutic window and

thus form preferred embodiments of the invention.

In a further embodiment of the invention, patients with both soft tissue and skeletal
disease may be treated both by the ?’Th and by the ?’Ra generated in vivo by the
administered thorium. In this particularly advantageous aspect, an extra
therapeutic component to the treatment is derived from the acceptably non-
myelotoxic amount of ’Ra by the targeting of the skeletal disease. In this
therapeutic method, %’ Th is typically utilised to treat primary and/or metastatic
cancer of soft tissue by suitable targeting thereto and the *Ra generated from the
“2ITh decay is utilised to treat related skeletal disease in the same subject. This
skeletal disease may be metastases to the skeleton resulting from a primary soft-
tissue cancer, or may be the primary disease where the soft-tissue treatment is to
counter a metastatic cancer. Occasionally the soft tissue and skeletal diseases
may be unrelated (e.g. the additional treatment of a skeletal disease in a patient

with a rheumatological soft-tissue disease).

A key aspect of the present invention in all respects is the use of an octadentate
ligand, particularly an octadentate hydroxypyridinone-containing ligand. Such
ligands will typically comprise at least one chelating group of the following

substituted pyridine structure (1):



The octadentate ligand will generally additionally conprise at |east one
coupling noiety as descri bed above. This may be any suitable structure

i ncl udi ngwverry1igdséihose i ndi cated herein and wi |l term naCe/Bra1h/051168
targeting noiety, a specific binder or a functional group capabl e of
linking to such a targeting noiety or specific binder. The coupling noiety
may attach to any suitable point of the [inker, tenplate or chelating

noi ety, such as at points a), b) and/or c?’as indicated in fornmula I1l. The
attachment of the coupling nmoiety may belby any suitably robust |inkage
such as carbon-carbon bonds, ester, ethed, am ne, amde, thio-ether or

di sul phide bonds. Sinmilarly, groups Rf ormi ng any such |inkages to
the targeting noiety are suitable for nctional end of the coupling
noi ety and that noiety will term nate buch groups when attached to the
targeting part. WD 2011/098611PCT/ 158 - 24 - An alternative,
"backbone" type structure is indicated b§lowifsFormulalVvVa.." .." .
C'--- ------ -Rs------am - IV Wherein alll groups and positions are as

i ndi cated above and "RB" is additionallyRa backbone noiety, which will
typically be of simlar structure and function to any of the |inker

noi eti es indicated herein, and thus any definition of a linker noiety may
be taken to appérgintR, it e dpicrkd dReubstiiuentyyrofieasd mantrestbesddsemt orSuayt bl e

backbone noi etje i1l . forma scaffol d upan i ch e ,chelating nojeties
e ot o cheu KTl oy tbRABYOR Pt H SR B ofept e i Ere
backbone noi ednyes eackehydzoetdrb@dhoidly [H inaddendentyssaelddtdd foem tshork @ydrocarbyll i near

backb f if th k i lised. i I f
backbone noi LTS Pyt Trie” Shah Do BYa el el A ke Bl R iEscr f be
her ei n) opti aralipsy ohaay bg aa Ot¢ beOdgtdmradyl.f Rneoby alsalcomprisd ¥ liakter omsety,

as indicated below and/or may comprise a coupling moiety as also indicated below.

In Formula I, groups R, to Rg may each independently be selected from H, OH, =0,
short hydrocarbyl (as described herein), a linker moiety (as described herein)
and/or a coupling moiety (as described herein). Generally, at least one of groups
R, to Re will be OH. Generally, at least one of groups R; to Rg will be =O.
Generally, at least one of groups R4 to Rs will be a linker moiety (as described
herein). Preferably, exactly one of groups R; to Rg will be =O. Preferably exactly
one of groups R¢ to Rs will be OH. Preferably exactly one of groups Ry to Rs will be
a linker moiety (as described herein). The remaining groups R4 to Rs may be any of
those moieties indicated herein, but are preferably H. Where a linker moiety or any
additional linker, template or chelating groups attached to a linker moiety do not
comprise a coupling moiety then one of groups R; to Rg is preferably a coupling

moiety (as described herein).

In a preferred embodiment, one of groups R4 to Rg will be OH and one of R, to Rg
will be =0 and the OH and =0 groups will be on neighbouring atoms of the ring.
Thus, in a preferred embodiment, OH and =O may be on atoms 1,2; 2,3; 3,2; 3,4; or
4,3 respectively (numbering from the nitrogen as would be expected). Octadentate
ligands having at least one chelating moiety wherein OH and =O groups are
present at positions 3 and 2 respectively are highly preferred. The octadentate
ligands may have 2, 3 or 4 such chelating groups, where 2 or 4 such groups are

highly preferred.



or both ends. Am ne and ami de groups are particularly suitable in this
respect. The coupling noiety may attach to any suitable point of the

| i nker, bsiokbonmesan chel ati ng noi ety, such as at poi ntsPay/EPR)11AISOr C')
as indicated in formula IV. The attachnent of the coupling noiety may be by
any suitably robust |inkage such as carbon-carbon bonds, ester, ether,

am ne, am de, thio-ether or disulphide b st. Simlarly, groups capabl e of
form ng any such linkages to the targeting noiety are suitable for the
functional end of the coupling noiety and that nmoiety will termnate with

such groups t : ' . . .
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the pyridine rin IS provides structures of ty | Vb bel ow. An exanpl e
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each chelating group (e.g. those of formula | above and/or formula Il below) will be
bi-dentate and so four chelating groups, of which at least one is of formula I, will
typically be present in the ligand. Such chelating groups are joined to each other by
means of their linker moieties. Thus, a linker moiety (e.g. group R, below) may be
shared between more than one chelating group of formula | and/or II. The linker
moieties may also serve as the point of attachment between the complexing part of
the octadentate ligand and the targeting moiety. In such a case, at least one linker
moiety will join to a coupling moiety (R¢). Suitable linker moieties include short
hydrocarbyl groups, such as C1 to C12 hydrocarbyl, including C1 to C12 alkyl,
alkenyl or alkynyl group, including methyl, ethyl, propyl, butyl, pentyl and/or hexyl

groups of all topologies.

Linker moieties may also be or comprise any other suitably robust chemical
linkages including esters, ethers, amine and/or amide groups. The total number of
atoms joining two chelating moieties (counting by the shortest path if more than one
path exists) will generally be limited, so as to constrain the chelating moieties in a
suitable arrangement for complex formation. Thus, linker moieties will typically be
chosen to provide no more than 15 atoms between chelating moieties, preferably, 1
to 12 atoms, and more preferably 1 to 10 atoms between chelating moieties.

Where a linker moiety joins two chelating moieties directly, the linker will typically be
1 to 12 atoms in length, preferably 2 to 10 (such as ethyl, propyl, n-butyl etc).
Where the linker moiety joins to a central template (see below) then each linker
may be shorter with two separate linkers joining the chelating moieties. A linker
length of 1 to 8 atoms, preferably 1 to 6 atoms may be preferred in this case
(methyl, ethyl and propyl being suitable, as are groups such as these having an

ester, ether or amide linkage at one end or both).



VI VII It will be noted that in the above fornul ae, the free nitrogens of
the 3,2-HOPO noieties are substituted with nmethyl groups and snal |

hydr ocar bwbD 2gricepa1such as nmet hyl or ethyl are preferablPeTatP241hios21posi ti on
(RLin Formula | or RNin fornmula Il). An exenplary "tenpl ated"” octadentate
| i gands, having four 3,2-HOPO chelating noieties |linked by the nitrogen in
the HOPO ring to the am ne cyclane would pe fornulae VIII as follows: VIII
As indi cated above, the octadentate ligand will typically include a
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43 (2002) 737t§)nd7r$§3§alr such as biotin/avidin (streptavidin). Preferably coupling moieties will be

covalently linked to the chelating groups, either by direct covalent attachment to
one of the chelating groups or more typically by attachment to a linker moiety or
template. Should two or more coupling moieties be used, each can be attached to

any of the available sites such as on any template, linker or chelating group.

In one embodiment, the coupling moiety may have the structure:

g—&—x

wherein Ry is a bridging moiety, which is a member selected from substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl and substituted or
unsubstituted heteroaryl; and X is a targeting moiety or a reactive functional group.
The preferred bridging moieties include all those groups indicated herein as suitable
linker moieties. Preferred targeting moieties include all of those described herein
and preferred reactive X groups include any group capable of forming a covalent
linkage to a targeting moiety, including, for example, COOH, OH, SH, NHR and
COH groups, where the R of NHR may be H or any of the short hydrocarbyl groups
described herein. Highly preferred groups for attachment onto the targeting moiety
include epsilon-amines of lysine residues and thiol groups of cysteine residues.
Non-limiting examples of suitable reactive X groups, include N-
hydroxysuccimidylesters, imidoesters, acylhalides, N-maleimides, alpha-halo acetyl

and isothiocyanates, where the latter three are suitable for reaction with a thiol

group.

The coupling moiety is preferably attached, so that the resulting coupled
octadentate ligand will be able to undergo formation of stable metal ion complexes.
The coupling moiety will thus preferably link to the linker, template or chelating

moiety at a site which does not significantly interfere with the complexation. Such a



The invention is further illustrated by the attached Figures, in which:
Figure 1 - shows the chromatogram of the reaction m xture of 232Th4+( HNC3)
and 1 ng/WD20UGBMNCS in DMSO (theoretical ratio 2:3) atr@ar2id/oniingit es at
RT. There are significant amounts of the conplex 232Th-ALG DD-NCS (tR =
5.74 mn; mz 1328.5), and no traces of the free ALGDD-NCS ligand (tR =
5.36). Figure 2 - shows the nass spectrg%of the 232Th- ALG DD- NOS conpl ex
(mz 1328.3949). Figure 3 - shows the chrfonmat ogram of the reaction m xture
of Fe3+( HNOB)sitamdll prefagalbty bapaimpiniesos tembiiaso nieraenefetabtyzat arppsition Zisggntaf t er
15 m nutes at T r e SitgHfl t anounts of the conpl ex

Fe- ALGDDNOSfrﬁtI{’]e:%g%g?LB%&H? t%;Hze t?[’%%g 5), and no traces of the free

ALG- DD-NCS ligand (tR =5.36 mn). Figure 4 - shows the nmass spectrum of
the Fe-ALG - ) = jgure 5 - shows the

chr omat ogr a%%@ﬁg%ﬁgggﬁ éﬂrzlqjéns @%@?8%&%"&‘&%& b%{ﬁg' 1 ng/mL ALG-DD-NCS in
DVBO (theoretical ratio 2:3) after 15 mnutes at RT. There are significant
anounts of the conplex | n-ALG DD-NCS (tR = 5.95 mn; mz 1212.5), and no
traces of the free ALG DD NCS |i gand (tRJg 5.36 min). Figure 6:- shows the
mass spectrum of the | n-ALG DD-NCS conplax (mz 1212.2666). Figure 7 -
shows the chromat ogram of the reaction maixgure of 232Th4+(HNG3) and 1 ng/nlL
ALGL005-38 in acetate-buffer, pH 5.5, [jafter~10 mnutes at RT (theoretical
ratio 1:3). There are significantH& ts of—Hme conpl ex 232Th- ALGL005- 38
(tR=3.56; mz 1184.5) and residues ﬂf t /{ree ALGL005-38 ligand (tR =
3.20). Figure 8- shows the mass spect ptheef\ t he 232Th- ALGL005- 38 conpl ex
(mz 1184.4662). Figure 9 - shows tRe chro ogr of the reaction m xture
of Fe3+(HNG3) and 1 ng/nL ALGL005-38 in acetate-buffer, pH 5.5, after 10

m nutes at RT (theoretical ratio 1:3). There are significant anounts of the

conpl ex Fe- ALGL005-38 (tR = 3, 70~ ml.z 1009 5) and.residues of .the free
ALGLOO5- 38 Ih[ycl;ilhneda PRIAMISS)he ﬁPgﬂ?'Styfﬁpreéﬁ%t&éq&eH’egrﬁﬁeéﬁé%heegtt?SW of the

Fe- ALGLOO5- B&admmpdfehe Pyridinel@0@9 the7-DH repkasguisea Hybroxyshaely attlaehed’tocamat ogram
acet at e- bt t domurite ey 3 g I TRRede Mhe e ATV TRD 4l o).
There are si dydfaxgpyridireone umdisty ¢é othkecaopipkies moietids €206 5o B8m(thdowerdll 72; nl z
1068.5) and Oor(]:ka}éjetn{a‘fflecf?gsan(a].c P:[ng?’ln&érerﬁoiély%ggr%e%%elréirg%nsqjitgﬁleRa§ RgL'inzcer}ding

short hydrocarbyl groups, such as C1 to C8 hydrocarbyl, including C1 to C8 alkyl,

alkenyl or alkynl group, including methyl, ethyl, propyl, butyl, pentyl and/or hexyl

groups of all topologies. R, may join the ring of formula Il at any atom of the

pyridine ring, such as a carbon or nitrogen atom. The R, groups may then in turn

bond directly to another chelating moiety, to another linker group and/or to a central

atom or group, such as a ring or other template (as described herein). The linkers,

chelating groups and optional template moieties are selected so as to form an

appropriate octadentate ligand.

In one preferred embodiment the -OH and =O moieties of formula Il reside on
neighbouring atoms of the pyridine ring, such that 1,2-; 2,3-, 3,2-; 4,3-; and 3,4-

hydroxypyridinone derivatives are all highly suitable.

Where the OH group or the linker moiety R, reside on the nitrogen of the pyridine
ring, group Ry will generally be absent. However, where present, Ry may be any
suitable moiety including substituted or unsubstituted hydrocarbyl groups,

particularly the short hydrocarbyl groups indicated herein.



Figure 12- shows the mass spectrum of the In-ALGLO05-38 conplex (nmz

1068. 3485). Figure 13 - shows the chromatogram of the reaction m xture of
Ga3+( HCl )warndi1109sghinl. ALGLO05-38 in acetate-buffer, pH BCPH/EPad1O62159
mnutes at RT (theoretical ratio 1:3). Significant amounts of the conpl ex
Ga- ALGL005-38 (tR = 3.65; mz 1022.5) and residues of the free ALGLO05- 38
ligand (tR =3.21). - 29 - Figure 14- sla ws the mass spectrum of the

Ga- ALGL005-38 conplex (mz 1022.3571). Fi gure 15 - shows the chromatogram
of the react ilbeneipraferred erbodmeniy at Ieprtioneaindt hydreypiiridBione MHEFP IsIPTEEBN
(theoretical ifgfd &t t i fy it Ay &
anmounts of the ce'lo(gb%de:ma%l éﬁﬁ{d %élfml—%:’ %"%EBAN% ¥ WG&% %rlﬁjéd%g%ry (:}frg(%:e
Mass chromat ogriaws %ﬁbsﬁiUEnllmQ@tl@. indioaled hereive: UV at 330 nm  Fi gure 16-
shows the mass spectrum of the 232Th-Bb-1- HOPO- 1- DEBN conmplex (mz 1222.5).
Figure 17 - shows the cal cul ated anmount of 227Th- ALG DD- NCS-trastuzumab and
free 227Th bdume eashskifpyngicted of ipenulatl Sag iwelagteotiatly conplwinasrxyernsdecay
corrected 227 WhaM of Ei n hSdighHg nescence
val ues for wdgg]%sot fhé%grg vﬂ‘llﬁ 011‘58“ qu ar e 5 t:ggj?n ?Fe Irglatl‘:“‘r(li])nl ; (2) 20
pg/ . trastuzQSPn‘mﬁlSlne@) |62§t%Wfﬁ@bMTeﬁSAﬁ@Dﬂ)ﬂN@SpmefngMﬁumeoqm 6 Bag/ pg);
and (4) 20 k RS /s, 15 985& h9etnsiie I (Ta] Kot M(—%T 1000
SK- OV- 3 si ng:%%lo(g:éq I é%t ?%gft gﬂnmgt'h %1 %‘gﬁﬁ@ mn@%ﬁlﬁyq%oﬁtaré ; P %

trast uzumab; SUBStitptiasepateTihut inrmme (g elzrgcrmbml@enmcsastrm rnszlatya$)a@123166

Bg/ pg) . (Mear, AL rdiGyr § 203908 L 1 %j RQo

SK- OV- 3 si ngl d W};s}ld{nroelgt ed&y Hg? 3noe7d%ﬁﬁcmrgmd?§m con @??Ipﬁ n)% d

t rast uzumab; f’(‘@?’ﬂefsr(éébszlﬂll%asamo(m?)te@ criped- BRITS- t r ast uzumab (10166
Bg/pg). (Mean SD; n 3) Figure 21 - shows the organ distribution of
227Th- ALGDDNCS—trastuzurrab (2700 Bg/pg) in Balb/c nude mce with SK-OV-3
xenografts, dfacemeeiydr &rmuladtar drin fherockarentiie Sgandanay Bajpinedipéen  SD, n =
5) The inventig £t ¥k eRrdid inng
Skamples Al e ol s B oD PR
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aspect wher e cont ext
linker groups to form a ollgomer type structure, which may be linear or cyclic.

Alternatively, the ligand moieties of formulae | and/or Il may be joined in a "cross" or
"star" topography to a central atom or group, each by a linker (e.g. "R." moiety).
Linker (R.) moieties may join solely through carbon-carbon bonds, or may attach to
each other, to other chelating groups, to a backbone, template, coupling moiety or
other linker by any appropriately robust functionality including an amine, amide,

ester, ether, thio-ether or disulphide bond.

A "stellar" arrangement is indicated in formula Il below:



- 30 - exanple, each and all of conpounds 2 to 4 of Exanple 2, conpound 10
of Exanple 3 and conpound 7 of Exanple 4 form preferred enbodi nents of

t heir varwousitogpas. Exanple 1 -1sol ation of pure thori ecrZ2ZoiTier1s81m 227
is isolated froman actinium227 cow. Actinium 227 was produced through
thermal neutron irradiation of Radium 226 foll owed by the decay of

Radi um 227 (t112=42.2 m) to Actinium 227, 2Thori um 227 was sel ectively
retained froman Actinium 227 decay m xtdfe in 8 M HNO3 sol uti on by anion
exchange chromat ography. A columm of 2 tmm i nRernal diameter, Iength 30 nm
containing 70 ng of AG(r)1-X8 resin (2Q0-400|nesh, nitrate form was used.
After Actinium 227, Radium 223 and daughtersnyhad eluted fromthe col um,
Thorium 227 was extracted frgmthe col | M HCI. The eluate

contai ning Thorium 227 was E%apor ated t and t he residue

resuspended in 0.01 M HCl . anpl e HO=— of ALG DD- NCS ON \ BnO

Ry 1l

Wherein all groups and positions are as indicated above and "T" is additionally a
central atom or template group, such as a carbon atom, hydrocarby chain (such as
any of those described herein above), aliphatic or aromatic ring (including
heterocyclic rings) or fused ring system. The most basic template would be a single
carbon, which would then attach to each of the chelating moieties by their linking
groups. Longer chains, such as ethyl or propyl are equally viable with two chelating
moieties attaching to each end of the template. Evidently, any suitably robust
linkage may be used in joining the template and linker moieties including carbon-

carbon bonds, ester, ether, amine, amide, thio-ether or disulphide bonds.

In the structure of formula Il groups Ry and R, may be the same group such that
the chelating moieties attach to the template T through the nitrogen atom of the

pyridine ring. This provides structures of type Illb below:
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Evidently, in the structures of formula Il lll, lllb, IV and Vb, those positions of the

pyridine ring(s) which are not otherwise substituted (e.g by a linker or coupling
moiety) may carry substituents described for Ry to Rs in Formula I, as appropriate.
In particular, small alkyl substituents, such as methyl, ethyl or propyl groups may be

present at any position.

The octadentate ligand will generally additionally comprise at least one coupling
moiety as described above. This may be any suitable structure including any of
those indicated herein and will terminate with the targeting moiety, a specific binder

or a functional group capable of linking to such a targeting moiety or specific binder.

The coupling moiety may attach to any suitable point of the linker, template or
chelating moiety, such as at points a), b) and/or ¢) as indicated in formula lll. The
attachment of the coupling moiety may be by any suitably robust linkage such as
carbon-carbon bonds, ester, ether, amine, amide, thio-ether or disulphide bonds.
Similarly, groups capable of forming any such linkages to the targeting moiety are
suitable for the functional end of the coupling moiety and that moiety will terminate

with such groups when attached to the targeting part.
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An alternative, "backbone" type structure is indicated below in Formula IV

T Rp Rp Rp
¢ T RB ---------
v

Wherein all groups and positions are as indicated above and "Rg" is additionally a
backbone moiety, which will typically be of similar structure and function to any of
the linker moieties indicated herein, and thus any definition of a linker moiety may
be taken to apply to the backbone moiety where context allow. Suitable backbone
moieties will form a scaffold upon which the chelating moieties are attached by
means of their linker groups. Usually three or four backbone moieties are required.
Typically this will be three for a linear backbone or four if the backbone is cyclised.
Particularly preferred backbone moieties include short hydrocarbon chains (such as
those described herein) optionally having a heteroatom or functional moiety at one

or both ends. Amine and amide groups are particularly suitable in this respect.

The coupling moiety may attach to any suitable point of the linker, backbone or
chelating moiety, such as at points a), b) and/or ¢') as indicated in formula IV. The
attachment of the coupling moiety may be by any suitably robust linkage such as
carbon-carbon bonds, ester, ether, amine, amide, thio-ether or disulphide bonds.
Similarly, groups capable of forming any such linkages to the targeting moiety are
suitable for the functional end of the coupling moiety and that moiety will terminate

with such groups when attached to the targeting part.
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As with Formula 11, in the structure of formula 1V groups Ry and R, may be the
same group such that the chelating moieties attach to the Backbone Rg through the

nitrogen atom of the pyridine ring. This provides structures of type IVb below:

An example of a "backbone" type octadentate ligand having two 1,2 and two 3,2-
HOPO chelating moieties attached to a backbone by amide linker groups would be

formula V as follows:

Exemplary "templated” octadentate ligands, each having four 3,2-HOPO chelating
moieties linked by ethyl amide groups to ethyl and propyl diamine respectively

would be formulae VI and VII as follows:



HOO N 1 - 32 - 3-benzyl oxy-1-nethyl-4-(2-thioxothiazolid
in-1-yl)carbonyl-2(1H)-pyrid inone (synthesized according to Raynond, K ;
Xu, J.,.U0U802068248001) (2.22 mmol, 0.8 g), triethylam nePCO/EP201TI052188 22
mmol ) and DVAP (5 ng) was added to to a solution of

[ 5- Ami no- 6- ((2-am no-ethyl)-{2-[bis-(2-am no-ethyl)-am no]-ethyll-am noyhex
yl]- carbamc acid tert-butyl ester (BOCIZK/IS H(2 2) am ne) (synthesized
according to Raynond, K.; Corneillie WO 2008/ 063721 A2)
(0.204 g, 0.505 mml) in dichl ororrethane (80 rrL) ThIS m xture was stirred
at room tenperature ove\r ni ght and tJhen evaporrgt eql to dryness \The resi due
was dissolved in dlt”"cpﬁt"or onet hané | oaded [EW a flash sr gel col um
and eluted with a grstiant of 2~ met hanol LGhl or onet.h The
appropriate fractlo.s were col lectgd and evap, rated to drynes to give
ALG 001 (1) (-0.4 § é\? pal e beite tthick oi IS ™S (ES1, pos)™Mr 2% 1369 [ M+H],
nmz 1391 [ M+Na] ALG 00 ‘\3 (280 ng, 0.205 mmol ) "Was dis 6T"</ed in glacial
acetic acid (20 nl), ZQV nd charcoal cat aby“s*f% ) was added,
and the m xture wag, 3 r 40-4%, ‘-;'at roomteﬁp%raature
overnight. Filtratidn f | owed, by rotary evap ratlon gave, . ALGDEBN (2)
(-260 nmg, with trage& acetlc et ) as wi #Ck oi |l . MS
(ES1, pos):mz 1003 H] nz 1@29. :

dissolved in 2:1 I\/eit—Vch chI or onet hane (15 rrL)| at "anbi ent terrperature Then
0.5 g of cleaned Anberlyst 15 resin was added, and the m xture was gently
stirred overnight. The resi¥! was then separ at ed by fi Mlrati on and washed
with hexane (10 ni), tetrahydrofuran (10 ni), and nethanol (10 ni),
successively. This ami ne-bound resin was transferred to 4 M amoni a

met hanol i ¢ sdt williberotexthat in thmapbavadorguraa. yhesree nitsgggnsrof §re $riOPO
Tet r ahydr of Urrﬁ&e&és%)su%ﬁ\%ﬁut%‘%f#mé 9&%?)?%\48 sAall h%ro&g'r% Cb‘?@lﬁq%tﬁﬁh%%l

product. The resin was en rem)ve tration, e sol ution was
evapor at ed, ynethdiaigthyl @emrefRrabiesaithis Ppsitiar (Ragh FOW'@ ESIlRN poeymute 2)-909
[MtH], mz 931 [MtNa] - 33 - chloroform (2.5 ni). The reactants were
stlrred at roomtenperature for 30 mnutes, when a rrgle was w t hdrawn for

M5 anal ysis. Aveelesniayr @gwﬁtm"r@tad@nt%hmsecwmgﬁa@r Y chelptindobser ved.
About 95 nU Gfgidtidd IBREd B%ﬂ%lt?&#]énqn‘ﬂ‘?esHbﬁ@ d wad ét’ﬁrnercﬁgg?‘f@bvoglfd gehe

vol ati |l es under vacuum brown solid was suspend

acetoni tril e forandag Mel af fellqyvse heat ed under reflux for 15 min. The nixture
was cool ed down to roomtenperature, followed by isolation of 26 ng of
ALG DD-NCS (4) as brown soI|d by filtration.

") fj
Ay A~
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e

VI

As indicated above, the octadentate ligand will typically include a coupling moiety
which may join to the remainder of the ligand at any point. An examplary
compound with a functionalized moiety terminating the coupling moiety, according

to this embodiment, is structure IX below:
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All documents referred to herein are hereby incorporated by reference, including
Gordon AEYV et al, Rational design of sequestering agents for plutonium and other
actinides. Chem. Rev. 2003, 103, 4207-4282, PCT Patent Application WO

2008/063721 A2 and T.N. Lambert et al., Tetrahedron Letters 43 (2002) 7379-7383.

The invention is further illustrated by the attached Figures, in which:

Figure 1 - shows the chromatogram of the reaction mixture of ??Th**(HNO;) and 1
mg/mL ALG-DD-NCS in DMSO (theoretical ratio 2:3) after 15 minutes at RT. There
are significant amounts of the complex >*Th-ALG-DD-NCS (tg = 5.74 min; m/z
1328.5), and no traces of the free ALG-DD-NCS ligand (tr = 5.36).

Figure 2 - shows the mass spectrum of the 2*Th-ALG-DD-NCS complex (m/z
1328.3949),

Figure 3 - shows the chromatogram of the reaction mixture of Fe**(HNO;) and 1
mg/mL ALG-DD-NCS in DMSO (theoretical ratio 2:3) after 15 minutes at RT. There
are significant amounts of the complex Fe-ALG-DD-NCS (tg = 5.81 min; m/z
1153.5), and no traces of the free ALG-DD-NCS ligand (tr = 5.36 min).

Figure 4 - shows the mass spectrum of the Fe-ALG-DD-NCS complex (m/z
1153.3002).

HH



Nl N)OO-ir / O NHH,1\1 0 10 Sodi um hydride (60.1 g as 60% di spersion in
mneral oil, 1.5 nol, 5 eq.) was charged in a flask and tetrahydrofuran (1
L) was aoweasiidosathyl malonate (172 ni, 1.5 nol, 5 eq. pChEP2@doszdss
drop-wi se over 1.5 h; the tenperature of the reaction m xture was kept
below + 10 C. The reaction m xture was then diluted with tetrahydrofuran
(400 nL). A solution of 4-nitrobenzyl brqpide (65.0 g, 0.3 nol, 1 eq.) in
tetrahydrofuran (170 nL) was slowy added over 30 min tg the above-prepared
mi xture underFigurg&r-aheows fhekghigmaiapiasn oBbe eastion mixtureraf iy’ GiCIomd t he
reaction m Xt/ WA PRINES ih MSE (thiGelidal Fatah3) HeP s Matdies ol 11 I Rk and

| eft stirring Overnight at anbient tenperature, yielding a Ite

preci pi tate. argeignifiganiraganats affiesmcemnplex EUAM@tDD-h%tSn@FFﬁéﬁtmibumﬁ et her, and

the pr eci pi 3t oS ced Pl RRChLGE DRONKEghily oL soidvapgl . The

et hanolic m xture was rated, an e filtrate was concentrated to the
smal | volunme, fromwhich 24.8 g (31% of dinethyl (4-

ni t robenzyl) pf; edi Leciini 1 MRl i ne solid.
LG purity! OuREca R e B apeoRin B 60 SRL8, DN crhBkBhe T (24, 5
g, 92.7 mmol )121@£68fksol ved in tetrahydrofuran (230 nL) and added

borane-di met hyl sulfide conplex (28.5 nmi, 301 nmol, 3.3 eq.). The reaction

mxture was refluxed for 24 h, and then allowed to stand at anbient
t enper at ur e dv@¥rai’gthownshenetomalopsm At thevieactiad dexurgtof GETh pGINQd angiflo bri ne

(600 ni) and rﬁq/HLaﬁIE(?be‘Qi-ég\n%%Qﬁéke-@t?fﬁetr,zﬁh‘?&ﬁgﬁerol@rmin &d a@RgEtWeBre‘%élr acts
ve

were dried ovelr Na2504 and concentrated in vacuo. ngg resi due was
co- evapor at edatip 1 B)-fderaars|significagsamouriieolthe gemples dUER-AWES 0pEBBired by

flash chromatpgs aphyqsgby! 8s Bf thé 4 A B05-38 ligand (ts = 3.20

ni t robenzyl ) propane-1, 3- )é?@?re%g’f 2s a yrel | ow ol 15 ngarI]DuVi{ty:' 2'92%(254 nm
Figure 8 - shows the mass spectrum of the ?**Th-ALG1005-38 complex (m/z
1184.4662).

Figure 9 - shows the chromatogram of the reaction mixture of Fe**(HNO3) and 1
mg/mL ALG1005-38 in acetate-buffer, pH 5.5, after 10 minutes at RT (theoretical
ratio 1:3). There are significant amounts of the complex Fe-ALG1005-38 (tg = 3.70;
m/z 1009.5) and residues of the free ALG1005-38 ligand (tr = 3.22).

Figure 10 - shows the mass spectrum of the Fe-ALG1005-38 complex (m/z
1009.3727).

Figure 11 - shows the chromatogram of the reaction mixture of In**(HCI) and 1
mg/mL ALG1005-38 in acetate-buffer, pH 5.5, after 10 minutes at RT (theoretical
ratio 1:3). There are significant amounts of the complex In-ALG1005-38 (tr = 3.72;
m/z 1068.5) and only traces of the free ALG1005-38 ligand (tr = 3.21).

Figure 12 - shows the mass spectrum of the In-ALG1005-38 complex (m/z
1068.3485).

Figure 13 - shows the chromatogram of the reaction mixture of Ga®**(HCI) and 1
mg/mL ALG1005-38 in acetate-buffer, pH 5.5, after 10 minutes at RT (theoretical
ratio 1:3). Significant amounts of the complex Ga-ALG1005-38 (tg = 3.65; m/z
1022.5) and residues of the free ALG1005-38 ligand (tg = 3.21).



Compound 2 (10.0 g, 47.3 mol) was di ssolved in dichloronethane (100 ni)
and added triethylamne (14.5 nL, 104 mol, 2 eq.). The reaction m xture
was cool ewloi2n11z98dé1¢ce- bat h and net hanesul fonyl chl ori de @8TEP2411/03048 nmol , 2
eq.) was added in portions. The final mxture was allowed to reach anbi ent
tenperature overnight. Additional triethylamne (1.5 nL) and

nmet hanesul fonyl chloride (0.8 nL) were [Qgp added, and stirring was
continued for 30 min. The reaction mxture was then diluted with

di chl oronet hane, and the formed precipitate was filtered off. The

di chl oroneth il tr, gﬁgn it f sol ution,
0.5 M aq. HCfmgur{g 1%”31;1%\’%3 ri ﬁ%%?”%z@%ﬁ@%ﬁﬁgggg ?gﬁg&lﬁﬁ%};cuo,

gi ving 14.5 ¢l0283% 1R2- (4-ni trobenzyl) propane- 1, 3-di yl di met hanesul f onate (3)
as an orange oil, which was used in the next step w thout additional
purification. LC Purity: >87% (254 nm) M5 (APCI pos) mz 385.3 {MFNI - 14]
Conpound 3 ( TFgwed5 —3diows ihe Ehromatpatars obiheaaastion meixtige ofét AT (KED@ne 1( 100
m.), sodiumiqgn hﬁ_eaté-i-?-l(ﬁlb%ﬂ-érﬁlgNmt)ll’etigaIZaWZ:é) ¥ 1896RGes 20RTL ﬂ%}rﬂ xture

was heated at 95 C e resulting white precipitate was ered
of f and washeaie gignificanitamaunts ¢fyine permpige,” BENBOtTHROPP1-PEBR! (wrs3-Bdnbener at ed
in vacuo. Theg ugh feTallt F BtLd S, I|X t dmbutyl ether and
purified by f[a(aeéh g?ﬁ%ngt gfgc’ug\é%ﬁﬁ }'gzlttQI' ng‘nsaflod.c 6&5%[(]%3[% at 39 dn

1[ 3-i odo- 2- (i odonet hyl ) propyl ] - 4-ni trobenzene (4) as a yellow solid. LC
Puri ty: >90%¢i284 18 o Ms oAl 2L M HLLBb el NPEBREcd g ne
(10.8 ni, 100 '??Fﬁél ; asn”ﬁsr“.e%{;{% g?nécné’ (22 e}n_ it m#%’F@ 3 eqf‘f“*m”é‘*r%m

di ssol ved i n (méz #2442 of uran (500 nmL) and cooled in ice-bath. A solution of
Boc-ON (49.5 g, 200 nmol, 2 eq.) in tetrahydrofuran (190 nL) was then added
drop-wise over 2.5 h. The reaction mxture was stirred at 0C for an

addi tional 1 Fgurpdi orshows thesaleylatgdamaust efeadh-AldbPE Codinstzamab @ndver

ni ght. The regagt?ay tmjﬁ&EH@KWS%&EE%&S&%@?%}V%E%B\%‘Iélg%héodelg%g%ofr@@t.é&jue vas

di ssol ved in di chl oronet hane an M aq. organi c
phase was dri‘edh®gtyityNePBB4 and concentrated in vacuo. The crude nateria
was purified by flash chromatography, - 36 - giving 20.0 g (66%
di-tert-butyl (im nodiethane-2,1-diyl)biscarbamate (5) as a yell ow vi scous
oi | . M5 ( APCIFiggs)18mspoge aomndglingHuniesasencrivaugsier By V-8ae atediwidly. ) was
di ssol ved in : d B e 24rsn 4 L, 42
mmol, 2 eq.) '(qijc%ée @%ﬂrﬁ@ﬁu@gg%m) ??Q%?gﬂ)ﬁl' K/gjgg%ﬁibdl e!c)!ﬂi nd/@rgy fEé"c])I%\llj'(;@r_le (35
m.) and addedP-OGHhbtastezimmabor] OnPk Bame), anHé4 kB @Lgs T hbubated in a
pressure reactor at 105 C for 5 days. The reaction m xture was then cool ed

down to anbient tenperature, diluted with ethégjacetate and washed w th
sat ur at ed aqUediis 1Ra0o8s §slanopenic agsry of JRBY RELC Vidgunle cellstiregtadswitiele

washed wi th vr@ég%'iarmmﬁi(éb%_trog;r(%§Q?§gﬁm4%%%§9$eaw¢hc @neralgdclipyvacuo.

The crude product was purifie sh chromat ography, vyielding 11.4 g

(70% of conmp¥Yubrdrastuggmab (K166 \Bass))i Yeroadr®DLC=Blirity: >96% (210 nm

Figure 20 - shows a clonogenic assay of 3000 SK-OV-3 single cells treated with (1)
Regular medium (control); (2) trastuzumab; (3) free %’Th; and (4) %’ Th-ALG-DD-
NCS-trastuzumab (10166 Bg/ug). (Mean = SD; n = 3)

Figure 21 - shows the organ distribution of %’ Th-ALG-DD-NCS-trastuzumab (2700
Bqg/ug) in Balb/c nude mice with SK-OV-3 xenografts, after biodistribution for 24
hours and 4 days. (Mean = SD; n = 5)

The invention will now be illustrated by the following non-limiting Examples . All
compounds exemplified in the examples form preferred embodiments of the
invention (including preferred intermediates and precursors) and may be used

individually or in any combination in any aspect where context allows. Thus, for



M5 (APCI pos) mlz 782.8, [MrH]; 682.7 [ MtH-Boc]; 582.6 [ M+rH 2Boc]; 382.1

[ MtH- 4Boc] Conpound 6(2.0 g, 2.6 nmol) was dissolved in dioxane (16 nlL),
and a 9 Mveabutdsssiiof HCl in dioxane (22 nlL) was added. PCHEP2@EAO5116%

m xture was stirred at anbient tenperature overnight, and then concentrated
to dryness in vacuo, giving 1.9 g of the HC salt of conpound 7 as a beige
solid. M5 (APCI pos) mz 382.5 [ MtH] Co und 7 (1.9 g, 2.6 mmol ) was added
DVPU (1, 3-dinmethyl-3,4,5, 6-tetrahydro2 1 PEH m di none) (9.5 nlL) and

3- (benzyl oxy)exampis, ﬁgq;h amc(a_vll@fmomp@ugd 0 4 of Example 2, compound 10 of xample

t hi azol i di n- 7] e g.)- A
sol ution of %ﬁdg@ﬁ%dn@ﬁ%%4%r&ﬁ%%§e&% %nﬂmtsl& %I%@U? n added
slowy over 40 min. Stirring was conti nued over ni ght at anbi ent

t enper at ure. %é,gchéagﬂgp‘& H{"% t@ @ﬂy diluted wi th dichloronethane and
washed with on. The conbi ned organic
extracts were washed with water and sem -saturated brine, then dried over

o204 and. CONRAIESAY dopiPeYR an BRENGELSSS RROMGH MEBTRYY Sy ] ach

chr omat ograph%/ tarn ound 8 asﬁvﬁ) at was used in
t he next stept Wghdmrmabnﬁuﬁrpomdlqj@mwR@dlumﬂ% V(/exﬁay thgslepanplz 1347.7

[MeH - Reg)?jm %'??11 L3, ifiuRTDS. T¥BRuHLST Hakedidch Fe@Ci d
(200 i) and 2%% w/zomgl’r?%' 509 ovxetnwggg (2%00 a‘ég%fééc V%Pémi" o0
added. The re‘m pOACHRINMAZE degsy wtwﬁed&l\hHalQ@épwtlm b¥ gnioe exehenger at 30
bar hydrogen £R s Fnl ght. The reaction

m xture was t ?H?I%gr ed gﬂ? outo a padé%? (ﬁarﬁgtt%eé %@ and the filtrate was
concent r at ed Ierrgtkya@lrmn containng de mer S T -X¥Eespiui0 pgst. nidrgke form)

chromat ograp leYi %&ePR&PﬂHﬂ%&? @édudn%%%ﬁd%@ﬁ&ﬂ(tg%%o%&ut@%%ﬂ 9 (996
ng) was di sso ve in acetlc aci ol dition o

aqueous HCl (cRlunmyiThord- Zg%vm/e@tr@gtgdfffgm the Tolymm) wit Mr*é@'cﬂ'h‘@)ﬁlumexture was
stirred in ad)% %ﬁﬁhﬁe reactor at 8 bar hydrogen pressure overni ght, and
then filtered through a pad of Oellte(r) The filtrate was concentrated in
vacuo and co-wapor 7emawwa|90tmdj@r@yrm§ apgtheaiesidue Terusperdedue was

di ssol ved i n ggtRafp@lciand precipitated by addition of diethyl ether. The
formed beige precipitate was filtered off and dried in vacuo overni ght,
yielding 700 ng of the HCl salt of conpound 10, ALGL005-38. MS (APClI pos)

mz 956.7 | Mﬂa%\:%grfm %Eétﬁes%mﬂ%i_[ﬁ)_wfc;@n alternative symetric 3, 2- HOPO
containing c .
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3-benzyloxy-1-methyl-4-(2-thioxothiazolidin-1-yl)carbonyl-2(1H)-pyridinone
(synthesized according to Raymond, K.; Xu, J.,.US 5,624,901) (2.22 mmol, 0.8 g),
triethylamine (0.31 mL, 2.22 mmol) and DMAP (5 mg) was added to to a solution of
[5-Amino-6-((2-amino-ethyl)-{2-[bis-(2-amino-ethyl)-amino]-ethyl}-amino)-hexyl]-
carbamic acid tert-butyl ester (BocLys-H(2,2)amine) (synthesized according to
Raymond, K.; Corneillie, T. M.; Xu. J. WO 2008/063721 A2) (0.204 g, 0.505 mmol)
in dichloromethane (80 mL). This mixture was stirred at room temperature overnight
and then evaporated to dryness. The residue was dissolved in dichloromethane and
loaded onto a flash silica gel column and eluted with a gradient of 2-8% methanol in
dichloromethane. The appropriate fractions were collected and evaporated to
dryness to give ALG-001 (1) (~0.4 g) as pale beige thick oil.

MS (ESI, pos): m/z 1369 [M+H]", m/z 1391 [M+Na]"

ALG-001 (1) (280 mg, 0.205 mmol) was dissolved in glacial acetic acid (20 mL),
20% Pd(OH),and charcoal catalyst (60 mg) was added, and the mixture was
hydrogenated under 40-45 psi at room temperature overnight. Filtration followed by
rotary evaporation gave ALG-DEBN (2) (~260 mg, with traces of acetic acid) as

wine red colored thick oil.

MS (ESI, pos): m/z 1007 [M+H]*, m/z 1029 [M+Na]*

ALG-DEBN (2) (70 mg) was dissolved in 2:1 MeOH/dichloromethane (15 mL) at
ambient temperature. Then 0.5 g of cleaned Amberlyst-15 resin was added, and the
mixture was gently stirred overnight. The resin was then separated by filtration and
washed with hexane (10 mL), tetrahydrofuran (10 mL), and methanol (10 mL),
successively. This amine-bound resin was transferred to 4 M ammonia methanolic
solution (20 mL) and was gently stirred for 50 min. Tetrahydrofuran (10mL) was
added, to dissolve all of the deprotected product. The resin was then removed by
filtration, and the solution was evaporated, yielding ALG-DEBN-DEBOC (3) (37

mgq).

MS (ESI, pos): m/z 909 [M+H]*, m/z 931 [M+Na]"

A suspension of 40 mg ALG-DEBN-DEBOC (3) in 6:1 isopropanol-water (v/v, 7 mL)

was reacted with a solution of 1,4-phenylendiisothiocyanate (4.1 equiv.)in
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chloroform (2.5 mL). The reactants were stirred at room temperature for 30
minutes, when a sample was withdrawn for MS analysis. Peaks corresponding to
the expected mass (1100) were observed. About 95 mg of a light brown solid was
isolated after removal of the volatiles under vacuum. The light brown solid was
suspended in acetonitrile, and the mixture heated under reflux for 15 min. The
mixture was cooled down to room temperature, followed by isolation of 26 mg of
ALG-DD-NCS (4) as brown solid by filtration.

Example 3 — Synthesis of a symmetric 3,2-HOPO containing chelator.

o) OH OMs |
EtO
tO HO MsO
o)
1 N02 2 N02 3 N02 4 NOZ
5 H H O NHBoc NH2
0 0
5

BocHN/\/N NHBoc H2N/\/N
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Sodium hydride (60.1 g as 60% dispersion in mineral oil, 1.5 mol, 5 eq.) was
charged in a flask and tetrahydrofuran (1 L) was added. Dimethyl malonate (172
mL, 1.5 mol, 5 eq.) was added drop-wise over 1.5 h; the temperature of the reaction
mixture was kept below + 10 °C. The reaction mixture was then diluted with
tetrahydrofuran (400 mL). A solution of 4-nitrobenzyl bromide (65.0 g, 0.3 mol, 1
eq.) in tetrahydrofuran (170 mL) was slowly added over 30 min to the above-
prepared mixture under vigorous shaking. After 30 min of stirring at 0°C, the
reaction mixture was poured into brine (1 L saturated NaCl solution) and left stirring
overnight at ambient temperature, yielding a white precipitate. The mixture was
then diluted with methyl fert-butyl ether, and the precipitate was filtered off and
dissolved in hot ethanol. The ethanolic mixture was filtrated, and the filtrate was
concentrated to the small volume, from which 24.8 g (31%) of dimethyl (4-
nitrobenzyl)propanedioate (1) precipitated as a white, crystalline solid.

LC Purity: >90% (254 nm)

MS (APCI pos) m/z 285.1 [M+NH,]"

Compound 1 (24.8 g, 92.7 mmol) was dissolved in tetrahydrofuran (230 mL) and
added borane-dimethyl sulfide complex (28.5 mL, 301 mmol, 3.3 eq.). The reaction
mixture was refluxed for 24 h, and then allowed to stand at ambient temperature
overnight. Methanol (250 mL) was added at 0°C, poured into brine (600 mL) and
extracted with ethyl acetate. The combined organic extracts were dried over

Na,SO, and concentrated in vacuo. The residue was co-evaporated with methanol.
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The crude product was purified by flash chromatography, giving 14.5 g (74%) 2-(4-
nitrobenzyl)propane-1,3-diol (2) as a yellow oil.
LC Purity: >92% (254 nm)

Compound 2 (10.0 g, 47.3 mmol) was dissolved in dichloromethane (100 mL) and
added triethylamine (14.5 mL, 104 mmol, 2 eq.). The reaction mixture was cooled in
an ice-bath and methanesulfonyl chloride (8.0 mL, 104 mmol, 2 eq.) was added in
portions. The final mixture was allowed to reach ambient temperature overnight.
Additional triethylamine (1.5 mL) and methanesulfonyl chloride (0.8 mL) were then
added, and stirring was continued for 30 min. The reaction mixture was then diluted
with dichloromethane, and the formed precipitate was filtered off. The
dichloromethane filtrate was washed with saturated aqueous NaHCOj; solution, 0.5
M aq. HCI and brine, dried over Na,SO,4 and concentrated in vacuo, giving 14.5 g
(83%) 2-(4-nitrobenzyl)propane-1,3-diyl dimethanesulfonate (3) as an orange oil,
which was used in the next step without additional purification.

LC Purity: >87% (254 nm)

MS (APCI pos) m/z 385.3 [M+NH,]

Compound 3 (14.5 g, 39.5 mmol) was dissolved in methyl ethyl ketone (100 mL),
sodium iodide (16.0 g, 107 mmol, 2.7 eq.) was added, and the mixture was heated
at 95 °C for 1 h. The resulting white precipitate was filtered off and washed with
methyl ethyl ketone, and the filtrate was concentrated in vacuo. The crude product
was triturated from methyl tert-butyl ether and purified by flash chromatography,
giving 10.6 g (63%) 1-[3-iodo-2-(iodomethyl)propyl]-4-nitrobenzene (4) as a yellow
solid.

LC Purity: >90% (254 nm)

MS (APCI pos) m/z 431.1 [M+H]"

Diethylene triamine (10.8 mL, 100 mmol) and triethylamine (42 mL, 300 mmol,

3 eq.) were dissolved in tetrahydrofuran (500 mL) and cooled in ice-bath. A solution
of Boc-ON (49.5 g, 200 mmol, 2 eq.) in tetrahydrofuran (190 mL) was then added
drop-wise over 2.5 h. The reaction mixture was stirred at 0°C for an additional 1 h,
before it was allowed to reach ambient temperature over night. The reaction mixture
was then concentrated in vacuo. The residue was dissolved in dichloromethane and
washed with 1 M aq. NaOH. The organic phase was dried over Na,SO, and

concentrated in vacuo. The crude material was purified by flash chromatography,
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giving 20.0 g (66%) di-tert-butyl (iminodiethane-2,1-diyl)biscarbamate (5) as a
yellow viscous oil.

MS (APCI pos) m/z 304.3 [M+H]"

Compound 5 (26.0 g, 86 mmol, 4 eq.) was dissolved in dry toluene (40 mL) and
added N-ethyl morpholine (5.4 mL, 42 mmol, 2 eq.). Compound 4 (9.2 g, 21 mmol)
was dissolved in dry toluene (35 mL) and added to the reaction mixture. The
mixture was incubated in a pressure reactor at 105 °C for 5 days. The reaction
mixture was then cooled down to ambient temperature, diluted with ethyl acetate
and washed with saturated aqueous NaHCOj3 solution. The combined organic
extracts were washed with water and brine, dried over Na,SO4 and concentrated in
vacuo. The crude product was purified by flash chromatography, yielding 11.4 g
(70%) of compound 6 as a yellow solid foam.

LC Purity: >96% (210 nm)

MS (APCI pos) m/z 782.8, [M+H]"; 682.7 [M+H-Boc]"; 582.6 [M+H-2Boc]";

382.1 [M+H-4Boc]"

Compound 6 (2.0 g, 2.6 mmol) was dissolved in dioxane (16 mL), and a 9 M
solution of HCl in dioxane (22 mL) was added. The reaction mixture was stirred at
ambient temperature overnight, and then concentrated to dryness in vacuo, giving
1.9 g of the HCI salt of compound 7 as a beige solid.

MS (APCI pos) m/z 382.5 [M+H]"

Compound 7 (1.9 g, 2.6 mmol) was added DMPU (1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone) (9.5 mL) and 3-(benzyloxy)-1-methyl-4[(2-thioxo-1,3-
thiazolidin-3-yl)carbonyl]pyridine-2-(1H)-one (3.7 g, 10.3 mmol, 4 eq.). A solution of
DBU (2.3 mL, 156.5 mmol, 6 eq.) in DMPU (4.7 mL) was then added slowly over 40
min. Stirring was continued overnight at ambient temperature. The reaction mixture
was then diluted with dichloromethane and washed with saturated aqueous
NaHCO; solution. The combined organic extracts were washed with water and
semi-saturated brine, then dried over Na,SO, and concentrated in vacuo. The
crude product was purified by flash chromatography to obtain 4.0 g of compound 8
as yellow oil that was used in the next step without additional purification.

MS (APCI pos) m/z 1347.7 [M+H]"
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Boc anhydride (24.4 g, 119 mmol) was added in portions to a solution of imidazole
(8.0 g, 117 mmol) in 50mL dichloromethane at room temperature. The reaction
mixture was stirred for one hour. The reaction mixture was washed twice with 50
mL water, dried over Na,SQO,, filtered and reduced in vacuo. The residue was
dissolved in 25mL toluene and tris(2-aminoethyl)amine (8.19 g, 56 mmol) was
added. The reaction mixture was stirred for 2 hours at 60 °C and reduced in vacuo.
The residue was dissolved in 125mL dichloromethane and washed with water (4
times with 50mL), dried over Na,SQ,, filtered and reduced in vacuo. Dry flash
chromatography (0 — 15% methanol in dichloromethane with 1% triethylamine)
yielded di-tert-butyl (((2-aminoethyl)azanediyl)bis(ethane-2,1-diyl))dicarbamate (1)
(13.51g, 39.0mmol, 70%) as a thick colorless oil.
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Spectroscopic data was in accordance with data reported by Frullano et al. (Chem.
Eur. J. 2004, 10, 5205-17).

N-Cbz-B-alanine ( 8.04 g, 36 mmol), 4-(dimethylamino)pyridine (4.40g, 36 mmol)
and EDC-HCI (6.90g, 36 mmol) was dissolved in 25mL tetrahydrofuran and stirred
for 10 minutes before Compound 1 (10.4 g, 30 mmol) dissolved in 75mL
tetrahydrofuran was added. The reaction mixture was stirred for 4 hours and
reduced in vacuo. Purification by dry flash chromatography (0 — 40%
tetrahydrofuran in dichloromethane) yielded di-tert-butyl (((2-(3-(Cbz-
amino)propanamido)ethyl)azanediyl)bis(ethane-2,1-diyl)dicarbamate (2) (15.11g,

27.4mmol, 91%) as a very viscous slightly yellow oil.

'H-NMR (300MHz, CDCl3):  1.43 (s, 18H), 2.42-2.56 (m, 8H), 3.04-3.17 (m, 4H),
3.19-3.32 (m, 2H), 3.41-3.57 (m, 2H), 5.08 (s, 2H),
5.22 (bs, 2H), 5.83 (bs, 1H), 7.23 (bs, 1H), 7.26-7.43
(m, 5H)

MS (ESI, pos): m/z 574.3[M+Na]"

di-tert-butyl (((2-(3-(Cbz-amino)propanamido)ethyl)azanediyl)bis(ethane-2,1-
diyh)dicarbamate (10.30 g, 18.7 mmol) was dissolved in 100mL methanol and acetyl
chloride ( 25mL, 0.35 mol) was added drop wise. The reaction mixture was stirred
for one hour at ambient temperature. The reaction mixture was reduced to
approximately /5 of the volume in vacuo before 100mL ether was added, leading to
precipitation of a colorless solid. The solids were filtrated, washed with ether and
dried in vacuo, giving benzyl (3-((2-(bis(2-aminoethyl)amino)ethyl)amino)-3-
oxpropyl)carbamate tri-hydrochloride (3) (8.70 g, 18.7 mmol, ~100%) as a colorless

solid.

'H-NMR (300MHz, MeOD): 3.19-3.28 (m, 2H), 3.38-3.62 (m, 14H), 5.10 (s, 2H),
7.26-7.39 (m, 5H)
MS (ESI, pos): m/z 352.2[M+H]"

Triethylamine ( 6.75mL, 48.4 mmol) was added to a suspension of Compound 3
(10.56 g, 11.4 mmol) in 320mL tetrahydrofuran and 320mL N,N-dimethylformamide

at room temperature. N-boc-2-aminoacetaldehyde (16.0g, 100.5 mmol) and sodium
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triacetoxyborohydride (32.00 g, 151 mmol) was added. The reaction mixture was
stirred for 20 hours. 200mL brine and 500mL chloroform was added, the phases
were separated, and the aqueous phase was extracted with 3 x 100mL chloroform.
The combined organic phases were washed with 100mL brine, dried over Na,SOy,,
filtered and reduced in vacuo. Flash chromatography (0 — 10% methanol in
dichloromethane) yielded tetra-fert-butyl (((((2-3-Cbz-
aminopropanamido)ethyl)azanediyl)bis(ethane-2,1-
diyl))bis(azanetriyl)tetrakis(ethane-2,1-diyl)tetracarbamate (4) ( 3.40 g, 3.7 mmol,

32 %) as a yellow solid.
MS (ESI, pos): m/z 946.7[M+Na]"

Compound 4 (3.40 g, 3.7 mmol) was dissolved in 60mL methanol and acetyl
chloride (12mL, 0.17 mol) was added drop wise. The reaction was stirred at
ambient temperature for one hour. The reaction mixture was reduced to
approximately 10mL in vacuo and 50mL acetonitrile was added, leading to
precipitation. The solid was filtered, washed with acetonitrile and dried in vacuo,
giving benzyl (3-((2-(bis(2-aminoethyl)amino)ethyl)amino)ethyl)amino)-3-
oxopropyl)carbamate hepta-hydrochloride (5) (2.88 g, 3.7 mmol, ~100%) as a

colorless solid.

"H-NMR (300MHz, MeOD): 2.44-2.61(m, 2H), 2.68-3.00(m, 4H), 3.08-3.40(m,
16H), 3.44-3.52(m, 4H), 3.54-3.77(m, 6H), 5.12(s, 2H),
7.30-7.47(m, 5H)

MS (ESI, pos): m/z 524 .5[M+H]"

Triethylamine (2.52mL, 18.1 mmol) and 4-(dimethylamino)pyridine (12 mg, cat.)
was added to a suspension of Compound 5 (0.81g, 1.04 mmol) and 3-(benzyloxy)-
1-methyl-4-(2-thioxothiazolidine-3-carbonyl)pyridine-2(1H)-one ( 1.50g, 4.16 mmol)
in 180mL Dichloromethane. The reaction mixture was stirred over night and
reduced in vacuo. Flash chromatography (0 — 10% methanol in dichloromethane)
yielded benzyl (1-(3-(benzyloxy)-1-methyl-2-oxo-1,2-dihydropyridin-4-yl)-5-(2-(3-
(benzyloxy)-1-methyl-2-oxo-1,2-dihydropyridine-4-carboxamido)ethyl)-8-(2-(bis(2-
(3-(benzyloxy)-1-methyl-2-oxo-1,2-dihydropyridine-4-
carboxamido)ethyl)amino)ethyl)-1,12-dioxo-2,5,8,11-tetraazatetradecan-14-

yhcarbamate (6) (673 mg, 0.45 mmol, 43 %) as a light brown solid.
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51.55, 52.15, 52.82, 53.28, 66.34, 74.64, 74.75,

77.43, 104.63, 127.90, 127.94, 128.40, 128.65,

128.75, 128.94, 130.81, 132.32, 136.27, 136.76,

146.19, 156.45, 159.51, 163.30, 171.31

MS (ESI, pos): m/z 766.9[M+2Na]**

Compound 6 was dissolved and debenzylated essentially as described in Example
2, to yield Bb-1-HOPO-1-DEBN (7).

Example 5 — Chelation experiments with ALG-DD-NCS

A reaction solution was prepared by dissolving solid ALG-DD-NCS (4 in Example 2)
in DMSO (Biotech grade solvent 99.8 %) to 1 mg/mL.

Chelation reactions with different metals were conducted by mixing the 1 mg/mL
reaction solution with selected metal solutions, using a ligand-to-metal ratio of 3:2.
Metal ions for testing came from the following: »?Th-solution 2 % HNOj3 (Perkin
Elmer Pure Plus), Fe*"-solution in 2 % HNO; (Perkin Elmer Pure Plus), and InCl,
(anhydrous powder 99.999+ %, Aldrich) was dissolved in 0.01 M HCI. The reagents
were allowed to react for 15 minutes at room temperature, before injecting 5 pL of

the reaction mixture on a LC-MS for analysis.

The results showed that metal-ALG-DD-NCS complexes were formed quantitatively
for the metals 2°Th**, Fe*" and In®". LC-MS chromatograms and spectra of the
#2Th-ALG-DD-NCS, Fe-ALG-DD-NCS and In-ALG-DD-NCS complexes are shown

in Figures 1-6.

The LC-MS conditions were as follows: separation was done on a 1.7 um, 2.1 x 50
mm Acquity UPLC BEH C18 column, at 50 °C, using 0.05 % formic acid in H,O as
mobile phase A and 0.05 % formic acid in acetonitrile as mobile phase B. The

gradient composition and flow are shown in Table 3.



- 44 - spectra of the 232Th- ALGL005- 38, Fe- ALGL005-38, |n-ALGL005-38 and
GaALGL005- 38 conpl exes are shown in Figures 7-14. Exanple 7- Chel ation
experi merwowntinoiia11- HOPO- 1- DEBN A stock sol uti on was pcegEeeed/ osss

di ssol vi ng Bb- 1- HOPO- 1- DEBN (made in Exanple 4) in DVSO (Biotech grade
solvent 99.8% to 1 ng/nL. A chel ation experinent was conducted by m xi ng
the 1 ng/nmL solution with 232Th 0.01 Mlj% (Perkin Elnmer) as specified in
Exanpl e 5. The LC-MS separation and anal ysis was perforned as described in
Exanpl e 6. The results showed that the expected 232ThBb- 1- HOPO- 1- DEBN
conpl ex was rapidsy formed, Figures 15 and 16. Exanple 8 -Conjugation of
ALG DD-NCS to trastuzunm | abel i ng of the conjugate with thorium 227, and
confirm ng rletimenddowar get> Bi nd Bg| Coni ugati on Pharnmaceutical grade of

t he nonocl ona(h]i ”t(hﬁlﬂﬂh’] trastuzumab (Herceptin(r), Roche) was used. The
anti body wag buf’fler exchanged|into|0.9 %% NaCl to a concentration of 6.3

mg/ mL. A st qck0.8ql utd.on of 9ALG BD- NCS was prepared in DMSO, containing 1
ng/ L (di sr gaéﬁi i délpw i ‘9'5“) 5 PMSO st ock sol ution was added to the

ant i body solluti'on corresponding to|a chelator to antibody nolar ratio of
6.5:1, or 1gss9.0A 0.0 M bédax 6@l uti on was added to the reaction solution
to give pH $Hptt owid“." i .“.C;I:"‘at Hgr—at 37 C over night. The resulting

conj ugat e was gﬂri fied and gmfg? bxchanged on an Amicon Utra-4 (30k MACO
centrifugal [finbogr wgt. |[AHdquods of 1 ng in 100 pL 0.9 % NaCl were frozen
and stored a+—38Cupti 'gme tabeling 100 pL 0.5 M NaOAc-buffer (pH 5.5)
was added td 6913 vi alSof |1 ﬁg A% DD- NCSt r ast uzunab conjugate to obtain a
pH sui tabl e [for.4llabelgng] 9hi $ ol ution was mxed with 4.2-16.4 MBq 227Th
in 0.01 M HG(—and-the pH wastchecked with pH paper. The Eppendorf tube cap
was wrapped [i A1alluni%®m foPP and the tube was placed in a thernoni xer at
roomtenperdiyp@ [Torgdgd mMostes v th gentle m xing. The tube was further

i ncubated atLroomtenperaturelfor 5 mnutes after adding 10 pL saturated
DTPA in MF-H20, intended to capture remaining free thorium227. - 45 - The
result was pufids $dcREsBpRARaRsiE WdPerdahdoBX V- ToFUltlLiRnt RBRLSH
ALG DDNCS-trastuzumab conjugate, leaving the majority of free radionuclides
(t hor i um 227 asAdisdan gase ranaefi~ddy 199 P opPreleily ESmAcHRKAcaPiYt he col um.

scanning over 1.000 sec with a cone voltage of 20 V.

Example 6 — Chelation experiments with ALG1005-38

A stock solution was prepared by dissolving ALG1005-38 (10 in Example 3) in
MeOH (LC-MS grade) to 10 mg/mL. The 10 mg/mL stock solution was diluted with
MeOH and 0.5 M NaOAc-buffer (pH 5.5) in the proportions 1:8:1, to obtain a 1
mg/mL ALG1005-38 reaction solution. Chelation reactions with different metals
were conducted by mixing the 1 mg/mL reaction solution with the selected metals,
as specified in Example 5 and in addition GaCl; (anhydrous beads 99.99 %,
Aldrich) dissolved in 0.01 M HCI, giving ligand-to-metal ratios from 3:1 to 1:2. The
reagents were allowed to react for 10 minutes at room temperature. Finally, the
reaction mixtures were diluted 10-fold with formic acid (0.1 %) before injecting 5 yL
on a LC-MS for analysis. The LC-MS separation and analysis was performed as

described in Example 5, except that the cone voltage was 35 V.

The results showed that metal-ALG1005-38 complexes were formed in significant

amounts for metals like 2*Th*", Fe**, In® and Ga*". LC-MS chromatograms and



The columm and eluted fractions were neasured on a HPGe-detector GEM 15) to
determ ne reaction yields and specific activity of the product. The product
fracti on waxostt®sdéiie filtered and stored at 4 C over ni @htr/EP20138611881 NAP- 5
colum purification of the product fraction was perforned before use.
Determ ning the i munoreactive fraction SK-OV-3 cells (ATCC) were cul tured
under standard conditions. Fixed SK-OvV-3 ﬁel | s were prepared and exam ned
by flow cytonmetry before use to confi rm fhe presence of HER2 on the surface

(data not shcmayira siehar aF h-AbEi 008-38sT pAE A0 A3l nALAI 038 26A Geedi um
(G BCO) addedy @O%BE%% pﬁ‘%ﬁ%’?@sﬂ%m e PhL €R4( Bi oChrom . | ncubation of

cells were per ornme incubator at 37 C and 5 % CO2, using T25 (25
cnR) and T75 (75 cnR) cell flasks. Each experinment was performed in

duplicate. Figg 70\/ g transferred to

Eppendor f t ulbe )
(Hercepti n(r)a sthk Q&utﬁdnqn%st @gﬁéﬁee% d%%bmn'g%ﬁ 1 \%P@q%@smmw@mt Wo

ref erence tubes, feacti on was conducted at 37 C for 30

m nut es. Equeﬁxaalﬂmﬁ)tlg LHSQ 2BiecAI9EIOANES! 89-8%) i LML oA chdatiapn) wer e
added to eachy b?mﬁentfv%sl (ﬁ}f’ﬁgctgé{ by ﬂﬁHl\?\iMeoﬂmgim@goll? idrQbit 2oy fr HENE

sanples were diluted wt entritugation and transfer of

hal f of the sﬂapéﬁwrhlémxa&@a@@ﬂﬂ Fpbxaierie - 1hdbeS: M&separamfésanﬁear@lmﬁam& ed for
5 minutes on p%rfWr%@d Qs Géé?}P‘Be&ﬁh%% I@@dTﬁeh%s@i% tweBTthdt oS SR 2%2Th-

determ ned by ap a rotocol. The b in %was cal cuI at ed
as: 100* [(P@b?@g O{‘i@@@)lppmp wapgppigdlydamred, mr@ﬁmms are the
activities nmeasured in the cell pellet and the supernatant, respectively.
The calculation is perfornmed on the un-bl ocked sanples to obtain total

bi ndi ng (‘)/(ﬁx e BN dHj GGt RN SOARGBD N@Sot'att?éﬁuitﬂﬁﬁ’ﬁ%ﬁélm yiieng (9,

unspecific
bi nding (% . fugate withotbe ZE pabbinding. Resul ts for
the quality control perfor med on 227Th ALGDDNCStrastuzurrab bat ches A and
B, subsequently used in Exanples 9 and 10 respectively. Yield (9i

Recovery (%ii Specific
Conjugation

Pharmaceutical grade of the monoclonal antibody trastuzumab (Herceptin®,

Roche) was used. The antibody was buffer exchanged into 0.9 % NaCl to a
concentration of 6.3 mg/mL. A stock solution of ALG-DD-NCS was prepared in
DMSO, containing 1 mg/mL (disregarding impurities). DMSO stock solution was
added to the antibody solution corresponding to a chelator to antibody molar ratio of
6.5:1, or less. A 0.07 M borax solution was added to the reaction solution to give pH
9 following incubation at 37 °C over night. The resulting conjugate was purified and
buffer exchanged on an Amicon Ultra-4 (30k MWCO) centrifugal filter unit. Aliquots
of 1 mgin 100 yL 0.9 % NaCl were frozen and stored at -18 °C until use.

Labeling
100 pL 0.5 M NaOAc-buffer (pH 5.5) was added to one vial of 1 mg ALG-DD-NCS-

trastuzumab conjugate to obtain a pH suitable for labeling. This solution was mixed
with 4.2-16.4 MBq #*’Th in 0.01 M HCI, and the pH was checked with pH paper.
The Eppendorf tube cap was wrapped in aluminum foil and the tube was placed in

a thermomixer at room temperature for 15 minutes with gentle mixing.

The tube was further incubated at room temperature for 5 minutes after adding 10

ML saturated DTPA in MF-H,0, intended to capture remaining free thorium-227.



activity ... (Boig)ii Average. IRF (%' Average total binding (%, Average
unspecific. binding (%' Batch A 60 95 10 166 65 84 20
WO 2011/098611 PCT/EP2011/052158
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The result was purified on a NAP-5 column using PBS to elute the labeled ALG-DD-
NCS-trastuzumab conjugate, leaving the majority of free radionuclides (thorium-227

and daughter nuclides) and DTPA-thorium chelate on the column.

The column and eluted fractions were measured on a HPGe-detector GEM(15) to
determine reaction yields and specific activity of the product. The product fraction

was sterile filtered and stored at 4 °C over night.

A second NAP-5 column purification of the product fraction was performed before

use.

Determining the immunoreactive fraction

SK-OV-3 cells (ATCC) were cultured under standard conditions. Fixed SK-OV-3
cells were prepared and examined by flow cytometry before use to confirm the
presence of HER2 on the surface (data not shown). Regular medium was prepared
with McCoy’s 5A medium (GIBCO) added 10 % FBS (PAA) and 1 % Pen/Strep
(BioChrom). Incubation of cells were performed in a CO-incubator at 37 °C and 5
% CO,, using T25 (25 cm?) and T75 (75 cm?) cell flasks.

Each experiment was performed in duplicate. Fixed SK-OV-3 cells were suspended
in PBS and transferred to Eppendorf tubes (10 million cells/tube). Non-conjugated
trastuzumab (Herceptin®, 10 L from the stock solution) was added to the two
reference tubes, and the blocking reaction was conducted at 37 °C for 30 minutes.
Equal amounts of 2’ Th-ALG-DD-NCS-trastuzumab (ca 500 cpm) were added to
each tube, followed by incubation at 37 °C for 2.5 hours. The samples were diluted
with PBS, followed by centrifugation and transfer of half of the supernatant to new
Eppendorf tubes. All tubes were measured for 5 minutes on a Wizard gamma

counter and the amount of thorium-227 determined by applying a %’ Th-protocol.

The binding in % was calculated as: 100" [(P+'2S) — (\2S)J/[(P+12S) + (12S)], where
P and S are the activities measured in the cell pellet and the supernatant,
respectively. The calculation is performed on the un-blocked samples to obtain total
binding (%) and the blocked samples to obtain unspecific binding (%), and the IRF
is calculated as: IRF (%) = total binding (%) — unspecific binding (%).

The data from this quality control, summarized in Table 4, show that 22ITh-ALG-DD-

NCS-trastuzumab binds the target cells.



Batch B 64 92 2 700 60 74 15 i.Yield (% is calculated after NAP-5
purification of the reaction m xture. Recovery (% is calculated after a
new NAP- Swpuniffios@ati on of the product fraction. Specifi eCamremiig2168q/ 11 Q)
is calculated using the amount of 227Th (Bq) found in the product fraction
di vided on the anmbunt of ALG DD NCS-trastuzumab (jig) used in the reaction
m xture. iv.IRF is estimated accordi ng t_%_standard pr ocedur es.

Table 4: Results for the quality control performed on ?’Th-ALG-DD-NCS-
trastuzumab batches A and B, subsequently used in Examples 9 and 10

respectively.

Yield Recovery Specific Average | Average Average
(%)’ (%)" activity IRF (%)" | total binding | unspecific
(Ba/ng)™ ()" binding (%)™
Batch A 60 95 10 166 65 84 20
Batch B 64 92 2 700 60 74 15
1. Yield (%) is calculated after NAP-5 purification of the reaction mixture.
il Recovery (%) is calculated after a new NAP-5 purification of the product fraction.

1il. Specific activity (Bg/pg) is calculated using the amount of **’Th (Bq) found in the
product fraction divided on the amount of ALG-DD-NCS-trastuzumab (pg) used in the
reaction mixture.

iv. IRF is estimated according to standard procedures.

Example 9 — In vitro stability and efficacy studies of thorium-227 labeled
ALG-DD-NCS-trastuzumab

Assessment of binding over time

The stability of binding to SK-OV-3 cells was evaluated for the >’ Th-ALG-DD-NCS-
trastuzumab construct by measuring the amount of ' Th-activity associated with
SK-OV-3 cell pellets over 7 days. The results were compared to data obtained after

incubation with free 2’ Th.

SK-OV-3 cells were cultured as described in Example 8 were initially treated with
700 kBq Z'Th-ALG-DD-NCS-trastuzumab or 700 kBq free %’ Th, resulting in
respectively 77 kBq (11 %) and 7 kBq (1 %) %" Th-activity on the cell pellet after 1
hour incubation (HPGe-detector GEM(50)). The ?’Th-activity on SK-OV-3 cells was
measured daily using the Wizard gamma counter (*’Th-protocol). The measured
radioactivity was corrected for decay. The results presented in Figure 17 show that
only 20 % of the activity remaining with the pellet after 1 hour is lost over the next 7
days. In contrast, the cells treated with free *’Th only bound a small fraction of the
added activity, and lost most of it (ca 95 %) during the following 24 hours. Thus,
there is no specific binding of free %’Th to SK-OV-3 cells, whereas ?'Th-ALG-DD-

NCS-trastuzumab is efficiently retained.



Exanple 9 - In vitro stability and efficacy studies of thorium 227 | abel ed
ALG DD- NCS-trastuzumab Assessnent of binding over tine The stability of
bi ndi ng twOSKH@9sAi1cel | s was eval uated for the 227Th- ALEBCDBPRNISFASE uzunab
construct by neasuring the amount of 227Th-activity associated with SK-Ov-3
cell pellets over 7 days. The results were conpared to data obtained after
incubation with free 227Th. SK-Ov-3 cel I_g7were cultured as described in
Exanple 8 were initially treated with 700'kBg 227Th- ALG DD- NCS-t r ast uzunmab
or 700 kBg free 227Th, resulting in respectively 77 kBg (11 % and 7 kBq (1
% 227Th-activity on the cell pellet after 1 hour incubation (HPGe-detector
GEM 50)). TheAs3ggsthei®f pxiotoyicity SK- Ov-3 cel | s was neasured daily using the
W zard gamma counter (227Th-protocol). The neasured radi oactivity was
corrected forlhgeiigpt OW@QTé@'EgﬂO@’”pW@%éW@@waFW iritye cemRiPMeRtRRY 8FfaYS-dRly 20 %
of the acti vithyfifseBRIEBt, Whd MeldbBIiPSVRY indleli§ ad nfi24dlrdyisl@sf over the
next 7 days. In contrast, the cells treated wth free 227Th only bound a
snmal | fracti dwmipeseant reaggetbiading {0 ATL matrsulessT hyfp gtdegreaped (ugrnessenge duri ng
the 1ol I owi ngsigih Palas IS mthRIE oL OnREChdond chbaithéd, AL nlier g27Th Lo
SK-OV-3 cells,” whereas 227Th- ALG DDNCS-trastuzumab 1s efficiently retained.
- 47 - Assessoamiesdpresat waosoutad; The effect on tumor cell growth was
investigated in two conplenmentary assays. In the first experinent, the
metabolic activity in cells was nmeasured using a | um nescent reagent
bi nding to ATP nol ecul es. Thus, a decreased | um nescence signal indicates
| oss of net aldeNieesgepes, vagmepstren daiydenh das gaf ithreiesults Fam supassre tor
col onies for ﬂ@dhm%-gwn@sdraswumassﬂfée@e&ncg\@réd REMIUGBfheSincY of SK-Gvdays,
and the results fromexposure to 227Th-ALG DD-NCS-trast uzunab were conpared
to the | unm neSéeamRosss takashizunaheandires pdde ESPeCcivels BRYmIseAharomngen 227 Th,
respecti vel y.re@lfaCMediudeldrs udE@UE BSntidl r egul ar nedi um were used as control.
On day 0, 35 of 500 000 SK-OV-3 cells/nL in regular medium were
transferred to 4 T75 cell flasks. These cell flasks were used to prepare
the follow ng sanple solutions: (1) Regular medium (2) 20 pg/nL
trast uzumab, ¢@)a20 6Bl Bk5CRTINAK@PR- RIS IR KU R OLRBY Bt areds  (4)
20 kBg/ mL free 22/Th. The f| asks were incubated in a CO2-incubator for 1
hour. The sup@fndst! dans: dhefesceliasls welkd'seA & rEPpe the fdovhgsreniieed wit h
0. 25 % TrypsigafabiA ($oReyul& e Ha@n @yl 20iu finlr @881l A dre @) wo [@aghc &tr- f uged.
Cell pellets were suspended in fres regul ar medi um and, neasured on a
W zard gamma %&;PPéwcgiﬁﬁtﬁmﬁPéﬂ%@&%q/ Balh 20rEa0%: 6% sBI- UNe dAskfas
g sfj ri but1 ed ingzr@ tirﬂcuagt‘é/dméct@u.ltncdbfla&ﬁk&n wa?.lﬂrecslk J@af h%@brirt]@wfare(mcth a}rmbat orl.
ays an e supernatants from on as each o e four sample
sol ut ons werdddhe geliealiare TYhaniged Wb GIok I NRseE Br & salbenashRd ) o and
radi oacti vi t fegiasue@dmhdceWirdfcd. ganpalctowbletsuspaietinn pest agalay and on a
HPGe- det ect or  GEM 50),. Al | sanpl§ﬁ§¥§re di | ut ed 4&;%Id in regular medi um
and 5 x 100 pled¥MEREINLasHIedQs iedrd FamaraecaUpighst dir BEPI9GoEeac el |'s of a

Vi ew pl at e- 96ncubklién ¥RUGH WY @stApded intd® nelv TEDMHIdske dhd Mc(vhtbhaus cel |l s)
for neasurenents of background | um nescence. Finally, 100 pL of Cell

Titer-A o Reddenf’WRAY- added to each wel |, and the sol utions were nixed on
an orbital shaker to induce lysis. The | um nescence signal was allowed to
stabilize at roomtenperature for 10 mnutes, - 48 - then |um nescence was

reasured N og HTEP a0l AL 6l EhaRs o' doB B oPbAEn' A S5 e
solutions were discarded. The cell pellets were prepared as on day 0 and
radioactivity measured on a Wizard gamma counter (**’ Th-protocol) and on a
HPGe-detector GEM(50). All samples were diluted 4-fold in regular medium, and 5
X 100 L of each cell suspension were transferred into 5 wells of a View plate-96.
Five wells were added 100 pL regular medium (without cells) for measurements of
background luminescence. Finally, 100 pL of Cell Titer-Glo Reagent were added to
each well, and the solutions were mixed on an orbital shaker to induce lysis. The

luminescence signal was allowed to stabilize at room temperature for 10 minutes,



On day 3 cells were prepared and neasurenents on a Wzard ganma counter and
Envision nultiple plate reader, as described for day 1-2. Then, each cell
suspensi omowas/Bdiut ed due to dense cell grow h; 1/4 celPCTERPIp@NSiIeh was
transferred into a new T75 cell flask, added regul ar nmedi um and i ncubated
in a C2-incubator over night. On each of days 4-9 the four T75 cell flasks
were trypsinized with 0.25 % Trypsi nEDTA §o| ution, washed with regular

medi um and centrifuged. Cell pellets weré diluted 4-fold in regul ar medi um
and 100 pL pdhen kungnqsarz@mamﬁmaawrﬁeﬁsf@ﬁuneﬁpeap&nwemmuludeam@ad%en
1/4 of the c diluted in regular nedium transferred
into new T7SQJCSth[H§F Nﬁérﬁ@% H@Hbat ed in a CX2-incubator over night.

Figure 18 shows the | um nescence neasurenents on SK-OV-3 cells treated with
227Th- ALG DD- NCS-trastuzumab (10166 Bg/ pg), trastuzumab and free 227Th,
normal i zed taodh é%@]sﬂﬁér@_?ﬁ@d%lré’(ﬁah@ﬁﬂegmr@hﬁﬁg ohof Wikt NarfinfsRlduebai ng 1 n

regul ar nmedi um (contr ol um nescence sr(?na S

treated with Esin muigp emlatwqdﬁaas@@aﬁmdd@rc %’a%é’dbeFra@ﬁaﬂ‘ Fll fromday 1 to

day 9, while d8geqRiditlad GiRAIRM B o%h@é"@@h j’rbm?ﬁ% ENsspisidriminescence
signals and growth during this period. met abolic activity of SK-Ov-3

cel | s treat edranstered naig- W@Wﬁ'ﬁaﬁéjﬁ@ﬂﬁwrw%%d”@vb@tew% and at
day nine al msd, @blbf&! dver Wehe dead. This result indicates a significant
and sust ai ned cyt otoxi c efféct of 227Th- ALGDD- NCS-trastuzumab. A cl onogeni ¢
assay was perfornmed to evaluate cell colony growh after exposing single
cells to potentially cytotoxic conditions. SK-OV-3 cells were incubated in
di fferent cor@@eéé@éﬂo@%m tr%%zmﬁééﬂfﬂ@smrert%ngwerth oL IR THgpEIRD OF
free 227Th for i ncubation for 12 days to induce col ony
growth. - 4FR T*ﬁ@bfarrawaérr‘ﬁ%‘ﬁ””t619“@”7@?@%?\@9 sentdiyeee CeAng!ieta WesR h sanpl e

12000 cells 'ﬂu@drﬂ-fofoﬂglﬂégﬂﬂarrmgdrw éﬂ’ﬂﬂdd@_nﬁér%rﬁsel‘ékéﬁ%& a@qdﬁ@asﬁh&?ﬁéﬁts The
effect of 3 amounts of each rea%e i nvest.i gat ed,

227Th- ALG- DD-RRCSITehas abeksabheth 9f2ﬂ?¢ﬁe” §uspfOS'arde9r9 %Bmdrmre%aﬂ?d for
trastuzumab %e&@n%s?&r&%t@nem(ﬁﬂ“@éll fRORCEY aldAEPh d €ORRLbME} dver One
control flask was prepared. Al 10 T25 cell flasks were incubated in a
CC2- i ncubat ori9Mr 1 hour. The supernatants were discarded, and the cells
were washed with regular nmedium trypsinized with 0.25 A Trypsi n- EDTA
sol ution, washed with regular mediumand centrifuged. Cell pellets were
suspended in re ul.ar nmedium and each of the ten cell suspensions were

di vi ded on 6 M@HEFE5hews thelpmulescense (pegsurqragilis 0a SKIgY-Se&le feaird Wilhce |

flasks a 3000¥galAL%- D'DhﬁCSQ%'éidzumgbgfbe%EBql )| rédt@sisabiderdgetpat ed in a
CO2-i ncubator until colonies reached a visib e S] z@;% 0 cel | s/ col ony).
After i ncubatNogRakzsH 1q heduineseeficeyalyes Qrianedfansi €81y FoWI" washed

with PBS, fixgguishbdiginhasetal). $h@ldﬂﬂﬁb§&ehd§e anésfbrew@am &Iy erebed R,
washed with t2 wat ethaHNgSfr naII dried at 45 C over Col oni.es were

count ed manual I a@épjélj ah droErseHt gré‘SP%%f@é“ rwgéaftri?y st i on
sol ution was tpé @thbeﬁlearreaty shalvey alnd coestahttismpBosdmce @rgﬁbl@larna%rdv&hand 20

show that 1 hour incuba 27ThAL ast uz g ficiently
T ed ok v Belig bortae LBa Metaboli SR 6bSBA celgreaayan i bab e cel |
Killing effedynD-NTH-traftBAIRSY dddiedded dver fihe cahmtt@éymnb)érra@aey cuinekéered | arger
nunmber of cells are used. | ncubation with trastuzumab had qgﬁatr ve

effect on celdeagr B Fesulbingigates aagnr'?@r\r@o%srﬂﬁ*ﬁrde&p@ac.qﬁfgcbqf Bri-im 227
| abel ed ALG DipINCS-fragtiximwgmb 100 pL (15 kBg) of sterile filtered

227Th- ALG DD- NCS-trastuzumab (2700 Bg/pg) was injected into the |ateral
tail vein of ten Bal b/c nude m ce bearing SK-OV-3 xenografts. Five mce

were sacrifi gedondderic a%%a{]l%é%eﬁa@réd‘t@ e%rhere cfeweroarjgﬂrwtﬂaﬂayes@oaﬁg organs
of interest were exci sed and wej St angard sol uti ons

cont ai ni ng 1674'§ e8'l§ taRPENiRN Lo "’T?ﬂ”dﬁ'OH? %T{)Qg/s%ﬁe@ WA'S 1408 count er

(227Th- E)/r 8t ?Cdﬂfdrentmﬂcérﬂr%tﬂbﬁ§oﬁ/9§ﬂ'ﬂ -XPDESNES- tr%%tu%um@betﬁ‘dsﬁliuﬁfaﬁ%r pee gram
ti ssue

he results sho re 2 support that
227Th- ALG DD- N%f? LRGP S eiBpthatian fqF HJr?éfé q %Hu%cq uméj 8Wt1“he upt ake
val ues were noderate, but increased sonmewhat between 24 hours and 4 days
uptake (from8. 7% 1D g to 11.3% 1D/ g), while the concentration in bl ood
decreased to around 1% 1D/ g. The uptake in skull and femur al so increased
somewhat between 24 hours and 4 days, but these values were generally | ow
(2.8-3.2 % 24 h), indicating very little free 227Th circulating in the
system and thus suggesting a high degree of stability of the
227Th- ALG DD- NCS-trast uzumab conpl ex. Further support for this conclusion
is !ended by the high likelihood that a fraction of the activity nmeasured
in skull and fenur |s caused by uptake of t he daughter nucl i de 223Ra. Sone
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Exanple 11 - Preparation of a chelating noiety Preparation of

3-benzyl oxy- 1- net hyl - 4- ( 2-t hi oxot hi azol i di n-1-yl ) carbonyl-2(1H)- pyridi none
(StructurwoAp11/@s@p 1) - 1-Methyl - 3- hydroxy-2( 1H) - pyri diPO®DEP2011/052158

3- hydr oxy-2(1H) - pyri di none (34.44 g, 0.31 nol) and iodomethane (75 g, 0.53
nol) are placed in an 80 nL capped Tefl on container, and heated to 150 C
for about 48-60 hours in a Parr bonb. Th cool ed bonb i's opened and the
excess i odonet hane decanted. The resul tan(t) thick dark oil is mxed with
sodi um sul fi tRyep@atie) ofzelis was Hoamds dbevsobpn@th ¢ashJompieL12080@ells ® SBEm a pal e
brown sol uti qg?ulgﬂﬁeélgh%ésotpad?ﬁer%%%t{)aaj Tfse@asko[]m#ecgo@é"gmgbrlltg %L@éjcht 0

renmove insoluble inpurities is then extracte net hyl ene

chloride (4 Xeageniwps investigaterbiforsd Th-aLGBPNGHdrashignmabiaed  Bpd, |1@@ntio a
[Lash, o1 L1 o2 Sleghitdiob sty fn)s 0Bl I gl hamiRORy 10
g, 6% 6% as r@@cpqyﬂyglyg@q;@q@pbﬂl@k was pggpared. All 10 T25 cell flasks were mcrlrjrt))ated
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resulting m @%'ﬁévqrgwﬁﬁ@ﬁ with PBSefdi@érmtthiba@d)l%md wiipapab deypep Blyeeind a
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yel l ow, thick, 6Iotte-@(}jr§ hiSaifaken up in nmethanol (50 nl) and a 6M NaCH
solution (10 n%) ?Ie nmxture stirred at roomtenperature for 4 hours,
foll owed by evaporation to dryness. The residue is dissolved in water (100
m), and acidified wwth 6M HCl solution to pH 2 to give the title conpound

(9.3 g 88. 7%The@§s@ts"§ﬁb§vﬁ |§FD§§F6%| 19 4R} ﬁ%\%ﬁhat ‘SF]&R n‘ﬁ’cu‘batlon with %" Th-
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hours, the difgjalirh@aredt 4k eal ¢b6dd). solids are removed by filtration. The
yellow filtrate is then rotary evaporated to provide a yellow solid.
Crystallization fromisopropanol net hyl ene chloride gives the title conpound

(Structure A _1.16 q 80.49% as bright yell ow crgstalllne | at es
Example 10 — In VIVO tumor tarqetlnq of thorium-227 labeled ALG-DD-NCS-

trastuzumab

100 uL (15 kBq) of sterile filtered %’ Th-ALG-DD-NCS-trastuzumab (2700 Bg/ug)
was injected into the lateral tail vein of ten Balb/c nude mice bearing SK-OV-3
xenografts. Five mice were sacrificed after 24 hours and the other five after 4 days,
and organs of interest were excised and weighed. All samples and 3 standard
solutions containing 10 % ID/g were measured for 5 minutes on a Wizard gamma
counter (¥*'Th-protocol). The results were expressed as % injected dose per gram
tissue (% ID/g).



Structure A Exanple 12 - Preparation of 3,2-HOPO precursor for fornmula VIII
Preparation of the cyclic salt (Structure 5) is done according to the

fol | owi ngwvechem®s61100L PhCli:13. ic-"CO 0 A _ )1, (fl (\ pcefdpaoal/os2188 ' OFEt
OH'-",.",..4,..)2, B1-1).TllIF, rt 290% (both st,:;pO The cesium
fluoride (10 nol % assisted M chael reaction of 2,3-di hydroxypyridine
(2,3-DHP) 1 with ethyl acrylate in refl u>§bng acetonltrl | e gave the
correspondi ngl_ ester 2 in good yields. Subse uent 0-benzyl ation of 2 using
standard condihsiresdtskhoms/imEigtisn? t sunpertitiedt|t IWN—@ PB psiugduel i on of the

ester miety sﬁo@!ffﬁc?ﬂlg‘%ﬁ{d%)t%%%ﬁwﬁ CT%QJ té’ke Iu%Q%eYéﬁJ g gé Hut MBFAERY 09r aphy.

Tr eat nent of met ha esul on| c an ein
di chl or onet haeeawhat betwger 2é heersedtd days wplakei fﬁ@m|8e6°/oth:/@t§t11y3 tolD/dle

formation of {e tﬁ&éér{c%ﬁt(&}’o%'|h%lo%a'dtecéa§ed 82ardd¥@ 1AlieRY Wi th sonme of the

I nternedi ate nesyl a as determ ned by "1H NWVR spectr al
anal ysis. Conplete conversion to the cyclic salt 5 could be achieved by

stirring the ﬁe‘lﬂﬁ‘a [iRAREE ol R SlsBrrRJF'%] 838#1%%@1?%6&\%(%&2&%%%8&”‘ at

roomterrperature After trituration wt hot et acetate e salt 5 wa
i sol at ed as alayallkut iieisevakigh Were aer@pallyylow (218132 ?zﬁ gh hbumdlwmg very little

free %'Th circulating in the system, and thus suggesting a high degree of stability
of the 2’ Th-ALG-DD-NCS-trastuzumab complex. Further support for this conclusion
is lended by the high likelihood that a fraction of the activity measured in skull and
femur is caused by uptake of the daughter nuclide ?Ra. Some of this >Ra may be
detected within the gated window specified for %’ Th-measurements on a Wizard
gamma counter, hence the calculated % ID/g-values for skull and femur may be
overestimates of the amount of %’ Th-ALG-DD-NCS-trastuzumab accumulated in

these tissues.

Example 11 — Preparation of a chelating moiety

Preparation of 3-benzyloxy-1-methyl-4-(2-thioxothiazolidin-1-yl)carbonyl-2(1H)-
pyridinone (Structure A).

Step 1) - 1-Methyl-3-hydroxy-2(1H)-pyridinone:

3-hydroxy-2(1H)-pyridinone (34.44 g, 0.31 mol) and iodomethane (75 g, 0.53 mol)
are placed in an 80 mL capped Teflon container, and heated to 150 °C for about
48-60 hours in a Parr bomb. The cooled bomb is opened and the excess
iodomethane decanted. The resultant thick dark oil is mixed with sodium sulfite (64
g, 0.5 mol) and dissolved in 300 mL water to form a pale brown solution. The
solution is neutralized to pH 7-8 and filtered to remove insoluble impurities. The
filtrate is then extracted with methylene chloride (4 x100 mL). The combined
extracts are then dried, applied to a flash silica gel plug (6 cm.x 8 cm) and eluted
with 4% methanol in methylene chloride. The solvent is removed to give the title

compound (24.3 g, 62.6%) as colourless crystals.

Step 2_- 4-Carboxy-1-methyl-3-hydroxy-2(1H)-pyridinone



- 53 - Salt 5(0.2 g) is added to 1.2 equivalents of cyclene (1,4,7,10-
t etraazacycl ododecane)in the presence of triethylamne in acetonitrile (3
m ) and hwated/m86160 C for 2 days under nitrogen. The r @aTiEPRIL1/0S216$€en
diluted with dichloronethane (50 m) and washed wi th saturated NaHCO3(50
m ). The aqueous |l ayer is extracted once nore with dichloronethane (25 m).
The conbi ned organic extracts is dried \MSE h sodi um sul phate, the solvent is
renoved in vacuo and the excess N nethyl benzylam ne is renmoved via vacuum
destillation to give VI1I. Exanple 14 - Preparation of conpound of formula
| X To a sol ut4
3-benzyl oxy- 11 ?}Ie% hﬁd%y 29 H&)Pgtn Ilnggebf é6 82 y(f Sntr:naorl I(S)rrwxe-d "('thrﬁnhygglor“?dl none
i n nmet hyl ene @Fﬁsnswunu@arbﬁreat@@@@éb%mphgnﬂ uﬁ@tun@d@@d z e MixNreyis then
tetrakis(2-a e I i t in

( rHe%Regi 3 3(1'725 ié‘y‘ eRFd d%P%ng\e? n%eBdry%aﬁﬂnQﬂoﬁd é%(@Sé g

group) wll After stirr our ours m Xt ur
filtered and RshkEne eepleft horak is openprd and Nnezeﬁulmnmalle Xeffow solid dissolved In

iceed water and acidified with 6N HCI to produce a beige crystalline product.
Step 3 - 3-Benzyloxy-4-carboxy-1-methyl-2(1H)-pyridinone

4-Carboxy-1-methyl-3-hydroxy-2(1H)-pyridinone (6.8 g, 0.04 mol) is mixed with
benzyl chloride (12.1 g, 0.088 mol) and anhydrous potassium carbonate (13.8 g,
0.1 mol) in anhydrous dimethyl-formamide (DMF) (120 mL). The mixture is heated
in darkness under nitrogen to 75 -80° C for 16 hours. The resulting mixture is then
filtered and the solvent evaporated to yield a dark oil. The oil is purified by
application to a silica gel plug (6 cm.x 8 cm) and elution with 4% methanol in
methylene chloride resulting in 3-benzyloxy-4-benzyloxycarbonyl-1-methyl-2(1H)-
pyridinone as a pale yellow, thick oil. This is taken up in methanol (50 mL) and a 6M
NaOH solution (10 mL), and the mixture stirred at room temperature for 4 hours,
followed by evaporation to dryness. The residue is dissolved in water (100 mL), and
acidified with 6M HCI solution to pH 2 to give the title compound (9.3 g 88.7%), as a

white crystalline product.
Step 4 - 3-benzyloxy-1-methyl-4-(2-thioxothiazolidin-1-yl)carbonyl-2(1H)-pyridinone

To a solution of 3-benzyloxy-4-carboxy-1-methyl-2(1H)-pyridinone (1.05 g, 4 mmol),
2-mercaptothiazoline (0.50 g, 4.2 mmol) and a catalytic amount of 4-
dimethylaminopyridine (DMAP) in dry dichloromethane (50 mL), is added N,N'-
dicyclohexylcarbodiimide (DCC) (0.86 g, 4.2 mmol). Alter stirring for 4 hours, the
dicyclohexylurea (DCU) solids are removed by filtration. The yellow filtrate is then
rotary evaporated to provide a yellow solid. Crystallization from isopropanol-
methylene chloride gives the title compound (Structure A, 1.16 g, 80.4%) as bright

yellow crystalline plates.



NH2 Structure B The appropriate benzyl-protected precursor product wll be
I solated fromthe reaction mxture on a flash silica colum w th propanol
i n met hylwoeotisslide. The final product w th structurePCXBRRO1I1/06HSS

avai l abl e after acidic deprotection of the hydroxyl groups. - 54 - Exanple
15 Structure VIII will be conjugated to a targeting nol ecul e using
standard nethods to those skilled in the_art. For exanple wll the

N- hydr oxysucci ni mi de (NHS) ester be prepafed and conjugated to proteins and
peptides using stapdard conditions and the resulting conjugated protein

wi |l be isolated usﬁ}ﬂ%};\ gel filtration. Exanple 16 Thorium 227 |abeling of

t he conjugated pgroteim A 10 ng/ nL solution of the conjugated protein

(hayi ng an oct ade]%gt at&onl i gand attached by neans of a coupling noiety) wll
be made in a suigt’abte buffer solution, eg. 0.5 M NaOAc-buffer (pH 5.5), and
| abel ed with pur5i|_ifi‘_;e\d thorium 227 at 25 C for 1h followed by a purification

step on a gel filtrat®on colum. WO 2011/098611

Structure A

Example 12 — Preparation of 3,2-HOPO precursor for formula VIl

Preparation of the cyclic salt (Structure 5) is done according to the following

scheme:

. PhOH,Br, K00, G
CHAON, refluy, B3 o
2 BHTHE, ot 2
90 (hoth steps} 3
' O™ e -
Y My Y Y . Bt A n WSOy

s

The cesium fluoride (10 mol%) assisted Michael reaction of 2,3-dihydroxypyridine
(2,3-DHP) 1 with ethyl acrylate in refluxing acetonitrile gave the corresponding
ester 2 in good vyields. Subsequent O-benzylation of 2 using standard conditions
K2CO3/acetonitrile/reflux) followed by reduction of the ester moiety (BH3-THF,rt)
gave alcohol 3 in 90% vyield after chromatography. Treatment of the alcohol 3 with
methanesulfonic anhydride in dichloromethane in the presence of triethylamine led
directly to the formation of the desired cyclic salt 5 (~ 85-90%) along with some of
the intermediate mesylate 4 ( ~ 10-15%), as determined by 'H NMR spectral
analysis. Complete conversion to the cyclic salt 5 could be achieved by stirring the
crude product mixture from the mesylation in chloroform at room temperature. After
trituration with hot ethyl acetate, the salt 5 was isolated as a pale white solid in 92%

yield in high purity.

Example 13 — Preparation of compound of formula VIiI




Clains - 55 - PCT/EP2011/ 052158 1. Atissue-targeting conplex conprising
a tissue targeting noiety, an octadentate hydroxypyridi none-contai ni ng

| i gand arwlot2ha/i98¢110f an al pha-em tting thorium radi onueCird®20118521Fhe
conmplex as clainmed in claim1 conprising a pol ypeptide tissue-targeting

noi ety. 3. The conplex as clainmed in claim1 or claim2 conprising an
octadentate ligand conprising at |east one. chelating noiety of formula | RL
| R2 NR6 R3R5 R4

Salt 5 (0.2 g) is added to 1.2 equivalents of cyclene (1,4,7,10-
tetraazacyclododecane)in the presence of triethylamine in acetonitrile (3 ml) and
heated at 60 °C for 2 days under nitrogen. The reaction is then diluted with
dichloromethane (50 ml) and washed with saturated NaHCO; (50 ml). The aqueous
layer is extracted once more with dichloromethane (25 ml). The combined organic
extracts is dried with sodium sulphate, the solvent is removed in vacuo and the

excess N-methylbenzylamine is removed via vacuum destillation to give VIII.

Example 14 - Preparation of compound of formula IX

To a solution of 3-benzyloxy-1-methyl-4-(2-thioxothiazolidin-1-yl)carbonyl-2(1H)-
pyridinone in methylene chloride the corresponding functionalized N,N,N’,N’-
tetrakis(2-aminoethyl)ethylenediamine (Structure B, Z being a protecting group) will

be added. After stirring for four hours, the mixture is filtered and taken to dryness. .

H,N

NH,
N/\/

N
HzN/\/ N-Z

NH; Structure B

The appropriate benzyl-protected precursor product will be isolated from the
reaction mixture on a flash silica column with propanol in methylene chloride. The
final product with structure IX will be available after acidic deprotection of the

hydroxyl groups.



| Wherein RL is an optional N-substituent group and may thus be absent or
may be sel ected from hydrocarbyl, OH O0-hydrocarbyl, SH and S-hydrocar byl
groups; cwoporilgmseia | i nker noiety; and/or conprises a C®UODIEP2@ 1063168 Y ;
groups R2 to R6 are each independently selected fromH, OH =0, short

hydr ocar byl groups, linker noieties and/or a coupling noieties. 4) The
conplex as claimed in claim3 wherein at Least one of groups R1 to R6 is OH
and at |east one of groups R2 to R6 is =0 5) The conplex as clained in

claim3 or clExampledBerein at |east one of groups RL to R6 is a linker
noiety. - 565truc?u-|:ﬁ‘?/llp\9nme%n ehidb aBsk gfhgat'ﬂ)ﬁ\eelge%gﬁ’\'g%n% F@m@thoﬁ?ﬁ{iﬁ' n

said ion of a-emt Rori um  ddi ohuc e ls ion

al pha-em tti rt@oecerﬁhﬂiedm hedirb hae exadeple wilHhe &l-airptysucaimiged NGIS) gster be

ti ssue-targetj, GRS

oct adent at e %&g&&’ﬁﬁé ?ﬁ] lfcflone {cogdnr? %I”%I é#d%%ﬂﬁdéﬁf%ét&ﬂded@gﬁﬁ o?on%rénd

al pha-em tti ﬁée a5 m@pmaaat@@hnmteldéwll Wﬁh@t%mnga@ﬁlukr@tl@? a medi canent for
the treatment of hyperplastic or neoplastic disease. 9. Use as clainmed in
claim8 wherein said tissue-targeting conplex is a conplex as clained in
any of clainmExempled6 10. Use as clained in claim8 or claim9 wherein
sai d di sease 'I*r%nﬂm“éﬁ?%lﬁlﬁlﬁ&of %r&gmategyp%tgma | eukem a, | ynphoma or m xed

t ype cancer.
A 10 mg/mL solution of the conjugated protein (having an octadentate ligand

attached by means of a coupling moiety) will be made in a suitable buffer solution,
eg. 0.5 M NaOAc-buffer (pH 5.5), and labeled with purified thorium-227 at 25 °C for

1h followed by a purification step on a gel filtration column.



11. Method of treatnment of a human or non-human ani mal body (particularly
one in need thereof) conprising admnistration of at |east one

ti ssue-tavgaevimysaeonpl ex conprising a tissue targeting ROITEPRI11A62158

oct adent at e hydr oxypyri di none-containing |ligand and the ion of an

al pha-emtting thoriumradionuclide. 12. The method of claim 11 wherein
said tissue-targeting conplex is a conpl X as claimed in any of clains 1 to
7. 13. The nethod as clainmed in claim1I”or claim12 for the treatnent of
hyper pl asti ¢ @rinmreopl asti c di sease, such as a carci nonma, sarconmm, nyel onm,

| eukem a, |ynphoma or m xed type cancer. 14. A pharmaceutical conposition
conprising a tissue-targeting conplex conprising a tissue targeting noiety,
an oct adent ate hydroxypyri di none-containing |ligand and the ion of an

al pha-emi tting tho kisyNeltarjeRRY EbrhHBx E&Qgﬁiﬁ%a wdu2 tﬁFgehﬁg?_ﬁioié%ﬂ%n o
pharmaceutical carrier or "excipient. 15. The pharnuaceutical’ conposition as
cl ai med in clogtageniate bygsexypyrdineneseansainiag deandpdcibapiresd ansalehacemiingx as
clainmed in aQMoﬂﬁnﬁJ [ Blide to 7. - 57 - 16. Akit for use in a nethod
according to any of clainms 11 to 13, said kit conprising a tissue targeting
noi ety, conjugated or conjugatable to an octadentate

hydr oxypyri dijnone- ol L I IY A e an
alpha-enittiég.th6$f{ﬁﬁﬁ@?lonﬂ%ﬁ?@g?dgﬁiﬂ%g@pb|9§E$O®?§§ﬁ%a$%§%32§%glgeting
conpl ex conprM@elyg a tissue targeting noiety, an octadentate

hydr oxypyri di none-containing |ligand and the ion of an al pha-emtting
thoriumradi onuclide for use in the treatnent of hyperplastic or neoplastic
di sease. 18.3.The Tthessonwlexag@aimed it olaim ér gking Rgompdsing aologiadentatenher ei n
said tissue-t WalaWyle | i : ; i inany of clains 1 to
7. 19. The J@égﬁgéﬁgpﬁe |A§§%8§%?g§9g§;@ gﬁﬁggé@%mfﬁain1l7 or claim 18
wherein said disease is a carcinoma, sarconma, nyeloma, |ukem a, |ynphoma or

m xed type cancer. R,
R, N Rs
R3 Rs
R4 |

Wherein R, is an optional N-substituent group and may thus be absent or may be
selected from hydrocarbyl, OH, O-hydrocarbyl, SH and S-hydrocarbyl groups;
comprises a linker moiety; and/or comprises a coupling moiety; groups R, to Re are
each independently selected from H, OH, =0, short hydrocarbyl groups, linker

moieties and/or a coupling moieties.

4) The complex as claimed in claim 3 wherein at least one of groups R t0 Rg is

OH and at least one of groups R, to Rg is =O

5) The complex as claimed in claim 3 or claim 4 wherein at least one of groups

R; to Rg is a linker moiety.

6. The complex as claimed in any of claims 3 to 5 comprising at least one 3,2-

hydroxypyridinone moiety.
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7 The complex as claimed in any of claims 1 to 6, wherein said ion of an
alpha-emitting thorium radionuclide is the 4+ ion of an alpha-emitting thorium

radionuclide such as ?’Th.

8. Use of a tissue-targeting complex comprising a tissue targeting moiety, an
octadentate hydroxypyridinone-containing ligand and the ion of an alpha-emitting
thorium radionuclide in the manufacture of a medicament for the treatment of

hyperplastic or neoplastic disease.

9. Use as claimed in claim 8 wherein said tissue-targeting complex is a

complex as claimed in any of claims 1 to 7.

10. Use as claimed in claim 8 or claim 9 wherein said disease is a carcinoma,

sarcoma, myeloma, leukemia, lymphoma or mixed type cancer.

11. Method of treatment of a human or non-human animal body (particularly one
in need thereof) comprising administration of at least one tissue-targeting complex
comprising a tissue targeting moiety, an octadentate hydroxypyridinone-containing

ligand and the ion of an alpha-emitting thorium radionuclide.

12. The method of claim 11 wherein said tissue-targeting complex is a complex

as claimed in any of claims 1to 7.

13. The method as claimed in claim 11 or claim 12 for the treatment of
hyperplastic or neoplastic disease, such as a carcinoma, sarcoma, myeloma,

leukemia, lymphoma or mixed type cancer.

14. A pharmaceutical composition comprising a tissue-targeting complex
comprising a tissue targeting moiety, an octadentate hydroxypyridinone-containing
ligand and the ion of an alpha-emitting thorium radionuclide together with at least

one pharmaceutical carrier or excipient.

15. The pharmaceutical composition as claimed in claim 14 comprising tissue-

targeting complex is a complex as claimed in any of claims 1to 7.
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16. A kit for use in a method according to any of claims 11 to 13, said kit
comprising a tissue targeting moiety, conjugated or conjugatable to an octadentate
hydroxypyridinone-containing ligand, optionally and preferably include an alpha-

emitting thorium radionuclide, such as #'Th.

17. A tissue-targeting complex comprising a tissue targeting moiety, an
octadentate hydroxypyridinone-containing ligand and the ion of an alpha-emitting

thorium radionuclide for use in the treatment of hyperplastic or neoplastic disease.

18. The tissue-targeting complex as claimed in claim 17 wherein said tissue-

targeting complex is a complex as claimed in any of claims 1to 7.

19. The tissue-targeting complex as claimed in claim 17 or claim 18 wherein
said disease is a carcinoma, sarcoma, myeloma, lukemia, lymphoma or mixed type

cancer.



