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and treatnent of abnormal cellular proliferation Field of the Invention 5
The invention relates to methods for Imaging and destro
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the invention 10 Abnormal cellular proliferation, notably
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life and itsS concen I'on ody Is very |ow. Higher organisns
I ncl udi ng humans have to get the vitamin fromtheir food. The biosynthesis
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bacteri a. n s 1nportant for the proper functlon of the nervous
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are major problems, as Is the early and precise localization of tumours and metastasis.

Hyperproliferative cells, such as many cancerous cells, depend on an increased supply of
nutrients, growth factors, energy and vitamins. Using the supply route of a vitamin, which

20 is essential for cellular growth and is often in short supply, one might possibly transport
drugs to these unwanted cells.

Cobalamin (Cbl), also known as Vitamin B12 and present as cyano-cobalamin (CN-Cht),
hydroxy-cobalamin (HO-Cbl) or aquo-cobalamin (H.O-Cbl), is essential for life and its

25 concentration in the body is very low. Higher organisms including humans have to get the
vitamin from their food. The biosynthesis of cobalamin is limited to some prokaryotic
organisms, such as anaerobic bacteria. Cobalamin is iImportant for the prober function of
the nervous system and is necessary for the proper metabolism of carbohydrates,
proteins and fat. Cobalamin Is utilized in essential intracellular metabolic pathways. As

30 methyl-cobalamin (Me-Cbl), it functions as a cofactor for methionine synthase. As 5'-
deoxyadenosyl-cobalamin (Ado-Cbl), it functions with methylmalonyl-CoA mutase in the
rearrangement of methylmalonyl-CoA to succinyl-CoA. A cobalamin deficiency can result
in pernicious anemia. Cobalamin Is also involved in the reductive conversion of
ribonucleotides to deoxyribonucleotides to generate DNA.
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WD 2005/ 061527 PCTI EP2004/ 053628 -2 In mammal s, nost of the cellul ar uptake
of cobalamn Is regulated by serumtransport proteins and by cell menmbrane
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20 synthesis and cellular energetics via mitochondrial metabolism.

Tﬁe general TCIl receptor Is present in all tissues while a second and more organ-specific
TCII receptor, called megalin, Is heavily expressed in kidney proximal tubules and several
other absorptive epithelia. After endocytotic Internallsation, TCli is degraded in the

25 lysosomes and free cobalamin is transported to the cytoplasm and inside the nuclear
membrane, where It is converted into Me-Cbl and Ado-Cbl. These two forms are operating
as the active coenzymes of vitamin B12. The essential role of TCIl is well established by
the observation that inherited inborn lack of TCIl leads to megaloblastic anemia,
detrimental neurological disorders and death if not treated with excess cobalamin.

30
Almost all cells are able to generate TCIl. Many cells such as hepatocytes, fibroblasts,
nervous cells, enterocytes and macrophages synthesize elevatad amounts of TCII. It is
assumed that the vascular endothelium is the primary source of TCIl. Approximately 20-
30% of the circulating cobalamin is bound to TCII as holo-TCIl. This is the metabolically

35 efficient form that ensures the internalisation of cobalamin In all tissues (see Rothenberg,



assuned that the vascular endothellumis the primary source of TClI.
Approxi mately 20- 30% of the circulating cobalamn is bound to TCIl as
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i nternali'sation of cobalamin In all tissues (see Rothenberyg, /061527
PCT/ EP2004/ 053628 E. et alL, in: Chem stry and Biochem stry of Bl2, ed. R
Banerjee, New York, NY, 1999, pp. 441-4y3). TCl is present in blood and
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to take up Ghemistry ahchBienhemistoynef312r supra, hp. @thﬂd? of 25 Chl | dren congenitally
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i ntracel | ultatl n%ﬁ‘&lVﬁﬁ@hleé%mtékﬁﬁf@wa'%@'é@ panmalian qells bas agt begd ood, 53,
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factor in the digestive tract). However, in vivo and in vitro data show that free cobalamin is
also able to traverse the plasma membrane without the involvement of a vector protein.
Direct evidence for an additional ability to take up free cobalamin comes from the study of

25 children congenltally and totally deficient in TCII, in whom parenteral administration of free
cobalamin resulted in a striking remission of clinical and chemical signs of intracellular
cobalamin deficiencly (see Hall, C.E. et al., Blood, 53, 251-263 (1979)). In vitro studies
showed uptake of free cobalamin in Hel a cells and fibroblasts . In HelLa cells, uptake of
free cobalamin is between 1% and 2% of that seen for TClI-bound cobalamin. With

30 human fibroblasts, free cobalamin accumulation in a two-hour interval amounts to about
20% of that noted with TCll-bound vitamin. The free vitamin uptake system in human
fibroblasts has been studied in some detall by Berliner and Rosenberg (Berliner, N. and
Rosenberg, L.E., Metabolism, 30, 230-236 (1981)). Uptake of free CN-[*’Co]-Cbl has
been established as a biphasic system: The initial uptake component is rapid, saturable

35 and specifically inhibited by excess unlabelled CN-Cbl and OH-Cbl, and complete within
30 min. The second uptake component s slower, linear with time and not inhibited by



20% of that noted with TCI|-bound vitamn. The free vitam n uptake systemin
human fi brobl asts has been studied in sone detail by Berliner and Rosenberg
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potential for majo damageS to sofre healthy parts of the body |
appl i catloﬁect@lebes¢0behmsnup§!kessﬁtmne i's an obvious need for conpounds,
conpositions and nethods to adm nister 25 diagnostic and therapeutic

cobal am n debl\3hdsVkisve eeh Pl NedPhd Hdi&lted 1 GsE Ebbatarhid L SIEr for a broad

variety of biologically active agents, including radioactive metal isotopes (see Collins,
D.A.,, US Pat. Appl. No. 2003/0144198). The results obtained in animals and humans,

20 when using radio-labelled cobalamin derivatives, showed labelling of tumour tissues, but

also a strong accumulation of radioactivity in healthy tissues, such as kidney and liver.
Therefore, imaging and radiotherapy are far from being optimal. The potential for major

damages to some healthy parts of the body limits the applications described so far.

There is an obvious need for compounds, compositions and methods to administer
25 diagnostic and therapeutic cobalamin derivatives to rapidly proliferating cells in higher
concentrations compared to normal cells. It is the objective of the present invention to
provide new methods to identify, synthesise, characterise and apply cobalamin derivatives
with higher specificity for cells with abnormally high proliferation, while avoiding the

development of resistant cellular off-spring.



concentrations conpared to normal cells. It is the objective of the present
i'nvention to provide new nethods to identify, synthesise, characterise and
apply cobal am n derivatives wth higher specificity for cells with

abnormal Iy high proliferation, while avoiding the developnment of resistant
cellular off-spring. 4a Summary of thedanvention According to the first
aspect of the invention there is provided a cobalam n derivative of Formul a
(1) 0O NHRb CONHR 3 ' ~CONHR'H2NOC CHIT  H2WH3:" HI ACHE CONHR HN O N CH3
Nzz H3! \/ _14; a HHOCHh OO0 PO(l) OR' s wherein Rb, R, Rd and R

independenﬂl‘-‘?ﬂéﬂ’—%@&—’ﬂﬁﬂ@@, are a spacer-chel ator group, an antibiotic or
antiproliferati Rgéd?&hg%%bcﬁ@ﬂﬁﬂkct 8f MeCinveRMon tEEIR BrdVided §a0balasirPuP
y

with 4 to 20 carbon a rogen; RR is a spacer-chelator group or an
ant i bi ot i cderivatim¢ ofFermula(lit i ve t herapeutic 10 agent, each connected

t hrough a linker Z, or hydrogen; with the proviso that at |east three of the
residues Rb, R, Rd, R and RRogs eNnHRlydrogen and at | east one of the
residues Ro, RR Rd and R is di%ent from hydrogen; X is a nonodentate

| i gand; and CONHR®

H,NOC -

H,NOC

A )]

5 wherein

R®, RS, RY and R®, independently of each other, are a spacer-chelator group, an
antibiotic or antiproliferative therapeutic agent, a sterically demanding organic group with
4 to 20 carbon atoms, or hydrogen;

RR® is a spacer-chelator group or an antibiotic or antiproliferative therapeutic

10 agent, each connected through a linker Z, or hydrogen;

with the proviso that at least three of the residues R® R, RY R® and R® are

hydrogen and at least one of the residues R®, R®, R® and R® is different from hydrogen;

X is a monodentate ligand; and



4b the central cobalt (Co) atomis optionally in the formof a radioactive
i sotope, and further (a) having no binding affinity or less than 20%
binding affinity to transcobalam n H when conpared to the binding affinity
of non-nodified cobalamn in a s binding test, and (b) retaining nore than
2% of the activity as a vitamn Bl2 subgibitute in a growh assay. The
present invention is based on the observation that, in contrast to cobal amn
itself, cobalamn derivatives with no or_ rnuch reduced bjnding to the
transport prot ei thevgontralosaball (€oy atomris-eptinmally i ghestormsok 3 sadieaskixe i591apey |
(TC1), if. 0 RiPgElY applied, have a much reduced accunul ation rate in blood
and beni gn organs, such as kidney and |liver, conpared to the accunul ation
rate in neopl asd)c tibavims, noabindimge affinity raxpiads ytheh i 20% abindinfy affiriyotdd. By
sel ecting gcobalan n. derivatives .acting. gs vitamn.Bl2 s titutes, the risk
of the Tor FaReRARRn 0 Sfteh Fompred 18 the find e i, Bf S mpdeg ol n dnch
reduceds Bindidgit¥stdridon rel ates to cobal ami n derivatives (a) having no
binding affinity or low hinding affinity to transcobalamn Il and (D)
retaining activif® as rstainingmmereshan Ziafithe aetevity1ay 3 witgain B 2 puhstitugeein a

| nventi on éﬁk&ﬁgéﬁgo cobal am n derivatives (a) having |l ess than 20%

pr ef erabl y“l ess 'n 5% of binding affinity to transcobalamn Il when
conpared to the binding affinity of non-nodified cobalarnin in a binding
test, and (b) rThapreserg inventioh lisibasedoonfthé bbseavdtionithyt, &5cantrast @niobalBihin
substitute,in.a grow h assay. .15 Exanples of conpounds of the |nvention
with | ow oftssh CB‘?WWGQVP‘F%SW%}T%OI ¢h r&ﬁgcedibg@ms fouthe STBBERAR BIOWE | vat | ves
carrying a therapeutic and/ or diagnostic agent, such as a radioactive
nmetal. The conpounds of the invention are selected on the basis of the
results of a binding test with purified TGl and a growth assay using

Lact obaci | l us del brueckii as 20 the test organism The Invention further
relates to a nethod of diagnosis of a neoplastic disease or an



I nfection by mcroorganisnms in a manmal conprising (a) exposing the manmal
suspected of being Inflicted by a neoplastic disease or an 25 Infection to
a period ' in Bl12 - free diet, and (b) subseque |y a
cobal am n‘Q ezﬁ?sxdg%iﬁ\% of the Invention carrying a di agnosr}HTZEﬁgogleoﬁ{’&gThe
Invention likewi se relates to a nmethod of treatnment of a manmal suffering
froma 30 neoplastic disease or an infegtion by m croorgani sns conpri sing
(a) exposing the mamal in need of treatnent to a period of a vitamn

e o R O g ol

i nvention carryi % . . e Invention also relates to
the use of kipod@pdPemigmoigans. sHeh sakidney andiiver companed to heaseinationgatg invet hod of

di agnosi s GfgopladiRABSRS! Arfdl b HRASRPRLY elfinkisb Gk Kobd) By Sbie6HRcOBdAMIAE Or in a
WO 2005/ 061527 PCT/ EP2004/ 05362 eat ment .o

y 628 -6 nmethod of tr . a mamal
suf fering f9eRYAtNeRAYPY 88 Vitamin PR substityiesdine st of dhq foAMasipn ofifesiskwt ofni sis. The
I nventi @& foprihdiamebpiastic@issueds piugh realaeadt i cal conposi tions conpri sing
cobalamn 5 derivatives of the invention, In particular pharmceuti cal
conpositions suitable for diagnostic applications and pharnmaceuti cal
conposi t i orBhesnvientidnl relafesrto totmtzmpre derivetiveappl i cati ons, and to the use of such
phar maceut i |4 wl L ASRS yn a met hod of
t her apeuti (:(8 ragag%% ,dHrgespgkpf @g{ﬁﬁfdﬂ?%ff@[%toﬁta@em [ lg@irg{l‘gg& relates to
i nt er medi at(blretaining asdivipyrassaritaminoBl Zgubstiipounds useful in a diagnostic or
therapegic.treatnment according the invention, In particular to conpounds
substituted with chelators for binding radioactive netals, but having no

metal or a 'ReAticyadheia¥ention relalesfo belamindsTivai¥eshel at or. 15 Cobal ani n
f'ﬁr v g_t v eS(a)_%fvmgth.js'a%atr%do/%}@réftemw:ds@]ghaas%, of bifdiig affikityatd :trﬁnébbﬂélarﬁiﬁhl!le for

e diagnosis and/or e.trea of aggr.essive, rapi _pr.ogr essi ng
neopl sty MeBsa0BYSH L R todrg AT o ondrebie el Y a kB ' & et of
| ocal i nf eqpb) retanirdgymorettiargzes iotthe attivitpas gaitantimB12 2ibsBtutesih adpowthiapdayon of t he
figures, Et. 1 is a graph illustrating the Interaction of radioactive

| abel | ed” cyanocobal am n- b- propyl - PAMA- OEt of Exanple 11, a TClI-non binder,
wi t h t r anspxamples of edmpounds of th@ inverition with low or no binding affinity for TCll are

specific cobalamin derivatives carrying a therapeutic and/or diagnostic agent, such as a

radioactive metal. The compounds of the invention are selected on the basis of the results
of a binding test with purified TCIl and a growth assay using Lactobacillus delbrueckii as
20 the test organism.

The Invention further relates to a method of diagnosls of a neoplastic disease or an

infection by microorganisms in a mammal comprising

(a) exposing the mammal suspected of being inflicted by a neoplastic disease or an
25 Infection to a period of a vitamin B12 — free diet, and

(b) subsequently applying a cobalamin derivative of the invention carrying a diagnostic

agent.

The Invention likewise relates to a method of treatment of a mammal suffering from a

30 neoplastic disease or an infection by microorganisms comprising
(a) exposing the mammal in need of treatment to a period of a vitamin B12 — free diet, and
(b) subsequently applying a cobalamin derivative of the invention carrying a therapeutic
agent.

35 The invention also relates to the use of a cobalamin derivative according to the invention
in a method of diagnosis of a neoplastic disease or an infection by microorganisms or in a



assay. t =tinme, cpm= counts per mnute. 25 A) Celfiltratfon anal ysis of
the radi oactive | abelled derivative on a SuperdexT 75 colum (Peak eI ut es

at 1.5 kRg, iltration analysis of the derivative

(shift of z@sﬁ’e P om0 iba Ve 44 kDa) C Gelfil tré’?@ﬁ’%@é‘ﬂ}% s of the
derivative mxed with TCll (peak elutes at 1.5 kDa 30 Indicating that
cyanocobal am n- b- propyl - PAVA- CEt is essegtially a TCll-non binder) Fig. 2
s a graph Illustrati ng the Interaction of radioactive |abelled

cyanocobai am,n PAPAce transport
prot ei ns |ﬁ"eéh°é’gqf9 t%(?s’ﬂi)mln%l U#eEi(n ma?éog%sa-c J(j:‘(%%n rsaggé'rnf#'n'h?

Gel fi |l trat indcroangarhismes.s of the radi oacti ve | abel | ed derivative on a

Super dexTM 75 WO 2005/ 061527 PCT/ EP2004/ 053628 -7- colum (peak el utes at
1.5 kDa) B) Celfiltration analysis of the derivative mxed with TC (shift
of the peakheinygntion fgrthentslates tophrmeacedicalgomppsiionsicoBrisingirealamin t he

der i vat isve dgaliveRices Wik iffdntior Wbérﬁcnﬁr phélﬂ\aﬁéiﬂiﬁalfcbﬁ’lﬂbgftlohs%ui@% fop 60 kDa
i ndi cating that cyanocobal a TCl1) Fig. 3,

4.5 and 6: dﬁgmﬁwéap@ai'qns@g# Pa@rma!@eqt%@'sce@mﬁ%qnﬁ ﬁw@fe&ﬂf tﬂ;faa%iﬂ@ percent of
the | nject %@ licatibrepand te itheyuse e sWﬁﬁa&ut&ﬁL@nﬁﬁswemnSméﬂiMs 1) Blood, 2)

o) Bohe, 1%) Gieln i 5 PR DR bR, |7 L vt o) el e

radi oactive cyanocobal amin (5700-CN-Cbl) in mice fed with normal food. 15

Elygnoﬁob;: Zr?#ﬁnvgg@éodl%\élé%g 6 nie‘%e&lat\és o'r gle%? épha?%\oﬂ faﬁ%ﬁgé {é% I(':nl ent food.

Fig. 5: Ti gliageosticor therﬂwuwre@tm@ﬁ aqcord;ng thajrventjopnin particdlar 9£empoinds

cyanocobal %ﬁbﬁitthed)\ﬁlﬁ’rpéﬂeht&gfd%MGln@?édn&déﬁ@Fﬁétﬁls16& haWind'hé Metabér adn nor nal
food. Fig. 6: Tissue distribution after i.v, injection of radioactive

cyanocobal ﬁﬁllqgcgvebmg@tpound tothe chelator

15  Cobalamin derivatives according to the invention are of particularly high value for the
diagnosis and/or the treatment of aggressive, rapidly progressing neoplastic diseases
such as cancers and/or diagnosis and/or treatment of local infections by pathogenic
microorganisms. |

20  Brief description of the figures

Fig. 1 is a graph illustrating the interaction of radioactive labelled cyanocobalamin-b-
propyl-PAMA-OEt of Example 11, a TCll-non binder, with transport proteins in a ge! shift
assay. t = time, cpm = counts per minute.
25 A) Gelfiltration analysis of the radioactive labelled derivative on a Superdex™ 75
column (Peak elutes at 1.5 kDa)
B) Gelfiltration analysis of the derivative mixed with TCI (shift of the peak from 1.5
kDa to 44 kDa)
C) Gelfiltration analysis of the derivative mixed with TCIl (peak elutes at 1.5 kDa
30 Indicating that cyanocobalamin-b-propyl-PAMA-OEt Is essentially a TCll-non
binder)

Fig. 2 is a graph illustrating the interaction of radioactive labelled cyanocobalamin-b-butyl-
PAPAcet of Example 5, a TCll-binder, with transport proteins in a gel shift assay.
35 t=time, cpm = counts per minute.
A) Gelfiltration analysis of the radioactive labelled derivative on a Superdex™ 75



PAMA- OEt (Exanple 11) in mce fed wth Vitamn Bl12 deficient food. 25
Detail ed description of the Invention Cobal am n derivatives with no or very

| ow bi ndiypg 16 { fgét,y to the cobalam n vector protein QET}ﬂﬁﬂﬁB&{és pr ot ei n)
I e t

TC I, when app to mammal s exposed to vitamn Bl2 die a nmuch
reduced accumul ation In blood and in crucial organs, such as kidney and
l'iver, 30 while maintaining high uptakerates in hyperproliferative cells
and, thus, enabling nore precise diagnosis and therapy of neoplastic

di seases and of m cr oor gani sns. Conpounds of the
I nvention that %Jé%ﬁtpehi?%ﬁfeéa??%k Inity to TCll and retain vitamn 1312 35

activity are B.gelfitretigroanalysisef &emﬂﬂ&a mlxydmié?b@hmmerabﬁprﬁpzoom 053628
-8- O NHRb CONHRs kHa N4« , CH3 XH3C " NXN... "CONHRdA H3ICH~C NN
HZNOC | I/ CH3 H3C HN O fd i CH3 OOPO
(1) ORR wher®i %‘Jﬁﬁgﬁoq@nﬁygls%eﬁeﬂﬁqﬁ%ﬁgﬁﬁgﬁg Wh@g"féafdﬁe BE#EM are a
spacer - ghel at or 1.gkDeRo 6@RDA Midichiirgithat cyanocobalamin-b-butyl-PAPAcet does bind to

TCh)

Fig. 3. 4.5 and 6: Bar graphs Illustrating tissue distributidn
y-axis: percent of the injected radloactivity per gram of tissue
10 x-axis: Organs 1) Blood, 2) Heart, 3) Spleen, 4) Kidney, 5) Stomach, 6) Intestine,
7) Liver, 8) Muscle, 9) Bone, 10) Tumor

Fig. 3: Tissue distribution after i.v. Injection of radioactive cyanocobalamin (*’Co-CN-Cb)
in mice fed with normal food.

15
Fig. 4: Tissue distribution after i.v. injection of radioactive cyanocobalamin (¥ Co-CN-Cbl)
in mice fed with Vitamin B12 deficient food.

Fig. 5: Tissue distribution after /.v. injection of radioactive cyanocobalamin-b-propy!-
20 PAMA-OEt (Example 11) in mice fed with normal food.

Fig. 6: Tissue distribution after /.v. injection of radioactive cyanocobalamin-b-propy!- .
PAMA-OEt (Example 11) in mice fed with Vitamin B12 deficient food.

25 Detailed description of the invention

Cobalamin derivatives with no or very low binding affinity to the cobalamin vector protein
(or transport protein) TCll, when applied to mammals exposed to vitamin B12 diet, exhibit
a much reduced accumulation in blood and in crucial organs, such as kidney and liver,

30 while maintaining high uptake rates in hyperproliferative cells and, thus, enabling more
precise diagnosis and therapy of neoplastic diseases and of local infections by
microorganisms.

Compounds of the invention that have low binding affinity to TCIl and retain vitamin B12
35 activity are e.g. compounds of formula (1)



5 or antiproliferative therapeutic agent, a sterically demandi ng organic
group with 4 to 20 carbon atons, or hydrogen; RR is a spacer-chel ator group
or an antibi ot | r antlproliferative therapeutic agentpeoEs ected
t hr ough ‘KOIZP%ESZ% or hydrogen; with the proviso that P'act Ieg?s"t/(g?d%?ee of the
residues Ro, R, Rd, R and RR are hydrogen and 10 at |east one of the
residues Rb, R, Rd and Ris different frgm hydrogen; X is a nonodentate
ligand; and the central cobalt (Co) atomis optionally in the formof a

radi oactive isotope. in @ particular enbodinent RI1s hydrogen. 15 WO

2005/ 061527 PCT/ EP® 3628 -9- A nonodentate ligand X is e.g. cyano;

hal ogen, such as flugqro, chloro, brono or iodo, cyanato, isocyanato,
t hi ocyanato, or isotk] ocyanato; al kgdNHR'i near or branched and conprising 1
to 25 carbon gingss, erabgy, | tg 4 carbon 5 atoms, such as nethyl,
V| cHOr al so n-hexyl or n-decyl, and

Jmet hoxy or am no, for exanple

hydr oxynet hyl ,  net Ay methyl , hydroxyethyl or methoxyethyl; a
nitrite R-CN, anHiCsony e &N acarbq_géé ¢R-COO- or a thiolate RS,

wherein Ris al kMIC,\‘ a( Pr/H aiched and"Conprising 1 to 15 carbon atons,
preferably | to 6 ¥arbon 1009t0m3, or aryl, for exanple phenyl or naphthyl,

such as acetonitri Hg
i socyani de, acetate,

n- hexyl t hl gl

substi tuen'ﬂ'éﬁé8
to 6 carbon atons or
napht hyl , such as Hsi

propi op\t ri I;/ benzonitrile, nethyl isocyanide, phenyl
ni’onlat be¢nzoate, nethylthiolate, ethylthiolate,
no) at

'e/rerf’t and represent alkyl conprising 1
exanpl eHppti onal | y substituted phenyl or 15
ﬁfphite, met hyl di phenyi phosphite, triphenyl

:ryl ]

et hyl pl

phosphite or tri- o-tdlyl phd i t&s_hydroxy or aquo; or a 5'-deoxyadenosyl
group or a related rucl eoside. 20 Prleferably, X is cyano, nethyl, hydroxy,
aquo or a 5'-deoxyadenosyl droup. HHpreferred i s cyano.
i
N O CH,
Hso/ «ﬁ
™ Ho ) CH,
AN (n
o” o0 q
OR
wherein

R®, R°, R and R®, independently of each other, are a spacer-chelator group, an antibiotic
5 or antiproliferative therapeutic agent, a sterically demanding organic group with 4 to 20

carbon atoms, or hydrogen;

RR is a spacer-chelator group or an antibiotic or antiproliferative therapeutic agent, each

connected through a linker Z, or hydrogen;

with the proviso that at least three of the residues R?, R°, R, R® and R® are hydrogen and
10  at least one of the residues R?, R, R? and R° Is different from hydrogen;

X is a monodentate ligand; and

the central cobalt (Co) atom s optionally in the form of a radioactive isotope.

In a particular embodiment R® is hydrogen.
15



A spacer-chel ator group as a substituent Rb, R, Rd, Ra or RAis a chelator
for metal atoms attached to the NH or O function of the cobalamn via a

spacer, and o ally carries a 25 nmetal atom In pargé ba/ds3Emdi oacti ve
nmet al atg"rﬂ @§ 8%nds of formula (I) in which the spacer r‘gﬁi’?at or group does

not carry a rretal atom are internediates to be used In the manufacture of
conpounds useful in a nmethod of diagnosgi.c and/or therapeutic treatnent
according to the invention. 30 An antibiotic or an antiproliferative

t herapeuti cy ﬁ%ﬁﬁenﬁeﬁq%%béﬁ é Rb, RR Rd, Ror RR Is a an antibiotic

agent selecte om ant nogil antibiotics, such as gentanycin,
tetracycli rmloggnzswbtaaﬁmrp.t@bro Srarmo erdodoeryanaioeiseeyanata, thisavanslo, eles. such as
er yt hr onycigothio&)aflafof | et hoprim or an anti pr0| | ferative agent selected from

antinetaboiites, such as 5 35 fluor our aC| I ent, such as
oxal i pl at i rkyhdiBeanes branched and sompHSinG: °@Fb0”@i9% egqrpﬁy 140 4 gaPory ¢l e

5005/ b%%magﬁc@r/sggé“ Vi s '928%%253 DD bf"“ o CaT Al or st rand
breaker), seRUANAlYs ?thPyGhyﬁroxm B i°ﬁa®P’°¢° ieaﬁ)’dr%{(yglg ound

interferi ngnmhb*ymdthyl smgmeahetiyi, alydrdmathyborrpmhm«ymylyl such as a caspase
act VLY TR IR Mo R e L AAAR LB cBBF br Sl FES PRhaRRR AN 2

nodi fi er nuc sSes KI nases I'ni b mesyl at e,
dexamet has oaly, hﬂe@'mbbtmpheﬁ;mdwapesmbmamarmyvcﬁtmqa@referably1dfm§|ccrbom n, or

tamoxi f g, Qbﬁn? % 2R tfafémﬁt | gh@fy be/naphfﬁwt Benhg a@étoQtrflé“dep'id?uﬁnl@f the

cobal am n or coval e Vi a spacer. A spacer Is an aliphatic chain
of 2 to 10 Q%‘F%W'eam%' 'S%Yé'ﬂ'ﬁ? &BPW QOQV@“@G&P% Pegpigngte, benzgatey to 5 car bon

at oms, wher @bthyleHidate; eth gﬁmw hmxﬁﬂw@mmuﬁomnmﬁa aced by nitrogen 10

o O O OS AeRIE k of e Hof ede ASR SaE 2 01

oxo or am ndf hquhl
am de f unctalMcomWr@C}tocsrcawbn@drﬁsorfamdbn examp@dﬁﬁbnallf’emlssmmtddq:heswacer s

ct nytonts BV StPEHRRBpRls. kEfu et Aathull eBofe FhE. ci n one

carbon is o-&qdylmmemlﬂey oxygen or nitrogen, or wherein one carbon atomls
repl aced byw .ofi trogen and the adjacent carbon atomis substituted
by oxo. 8 conmpound having two, three or nore donor atons

sel ect ed fr@hdﬁoxya@gewylgm@p@r@rgatedamlegwe ur In a distance such as to bind
to a metal atom Particular chelators are

20 Preferably, X is cyano, methyl, hydroxy, équo or a 5'-deoxyadenosyl group. Most
preferred is cyano.

A spacer-chelator group as a substituent R, R°, R?, R® or R" is a chelator for metal atoms
attached to the NH or O function of the cobalamin via a spacer, and optionally carries a
25 metal atom, in particular a radioactive metal atom.

Compounds of formula (1) in which the spacer-chelator group does not carry a metal atom
are intermediates to be used in the manufacture of compounds useful in a method of
diagnostic and/or therapeutic treatment according to the invention.
30
An antibiotic or an antiproliferative therapeutic agent as a substituent R®, R®, R%, R® or R*
is a an antiblotic agent selected from aminoglycoside antibiotics, such as gentamycin,
tetracyclins, antimetabolites, such as selenomethionin, macrolides, such as erythromycin,
and trimethoprim, or an antiproliferative agent selected from antimetabolites, such as 5-
35 fluorouracil, alkylating agent, such as oxaliplatin, dacarbazin, cyclophosphamide or
carboplatin, a cell-cycle inhibitor, such as vinblastine or docetaxel, a DNA breaker (topo-



tridentate chelators having three netal binding sites conprising N, 0 and/or
S donor atonms in a distance fromeach other allow ng binding of netal

at ons. Ni‘g,bgg(%r/]m?gﬁns as donor atons are e.g. part of %Tﬂ!ﬂzﬁpf&;a&am ne,
cle:

an aromati C amne or a nitrogen- containing aromati c heterocy ygen
atons as donor atons are e.g. alcohols, ethers, 25 esters or carboxy
functions. Sulfur atons as donor atons .ape e.g. thloethers or thiols: The
donors may be connected e.g. by aliphatic carbon chains or chains conprising

nors n . | hains or, chai ns comp
pol yet hor o ouRipep by Hterol Ay sBER A Rn 38 SO IRGRBEARINA L FCL i 2

(ii) to (I Xgrotacantrosempoyndinissieriagwiltthg sigpa! fraesauction pathwayssyghiasit cl eave

concom t antchinadh h&wﬁfﬁ%hmér, bgara b} AtagbhistorReNBdzah re%"eﬁ(mst, 8nd ¥ irdbiflerdbs
coordi nati ng car box%ﬁate .grou n such esterjfied chelators, the ester may

_ |

be an al kylclgasegsp %%S&PEW‘&?% §uch as.jmaypibinesyiaif 4eXametiasAPti ses 1 to 25
ca[ bon &t 0fﬁhorboﬂﬁiristﬂ@hdé!at@,@cl?@poﬁh Aeqmcrdm{braérmsfeiln@itng ag@aiealcufadct@y
ni trogen or,_0x n r _one .or arhon ato epl aced by sul fur or
phosphor us’to&qﬁpﬁ%ﬁm&&@ 958’8? %ﬁgﬁamﬁ‘% i?ﬁ%aﬂ% BPYRenyl , pyridyl,
hydr oxy, hal ogen, cyano, oxo or amino. The ester may also be an aryl or
het er oar yl i ? ons and
zero, one dlf ss;}tag\ér @@%@8&9‘8@%&?@ ZFBE:% %@%#’ng’zﬁ'grar%@@ﬁé@ﬁP“Bﬁﬁsone, two or
t hree nitr @k @b caoppawmsowhereiniohg or EMo®atbon 8 resy b9 repsedipyesitrogeny be

@ tob card Berei ®AtHon Stams b9 replacedioey
sui tablyy s | ' r i I L cul ar
eacti oy ool pYgat abihshd o AR ERah TS AR MK RAb
pr ot ect i ng iRy BsPariiqulas g agiggentcarkan alems Marbeyeplaged hy gp amigedungliers, P. G M,

Prot ecti ve _gNHOOS of &h &dt&FOhGios YOLd®si s, Wley 5 1999. Esterified chel ators,
e.g. esterified by nethyl, ethyl or cyanoethyl, are also conprised In the

definition of preferred chelators. HOOC i N N*~N-1-1~-NH2 (I1I1) FI (Il1l) N

|/ 1 OH HO®GEM¥ulAr spasefsiddnhectihg/dhe(N¥ or OFInEEbdN of tld dobXlaimidivlithra cHe@idrate N, | (V1)

(M) 15  ethylene, propylene, butylene or pentylene groups or such groups wherein one carbon is
replaced by oxygen or nitrogen, or wherein one carbon atom is replaced by oxygen or

nitrogen and the adjacent carbon atom is substituted by oxo.

A chelator is a compound having two, three or more donor atoms selected from nitrogen,
20 oxygen and sulfur in a distance such as to bind to a metal atom. Particular chelators are
tridentate chelators having three metal binding sites comprising N, O and/or S donor
atoms in a distance from each other allowing binding of metal atoms. Nitrogen atoms as
donor atoms are e.g. part of an aliphatic amine, an aromatic amine or a nitrogen-
containing aromatic heterocycie. Oxygen atoms as donor atoms are e.g. alcohols, ethers,
25 esters or carboxy functions. Sulfur atoms as donor atoms are e.qg. thioethers or thiols. The
donors may be connected e.g. by aliphatic carbon chains or chains comprising amide
bonds and/or ether functions, and may be amino acid derivatives, polyethers, and the like.

Preferred chelators are the chelators of formula (Il) to (IX). Carboxyt groups may be

30 present as esters which cleave concomitantly with complex formation with a metal atom to
yield a coordinating carboxylate group. In such esterified chelators, the ester may be an
alky! ester wherein alkyl! is linear or branched and comprises 1 to 25 carbon atoms,
optionally one to five carbon atoms being replaced by nitrogen or oxygen, or one or two
carbon atoms replaced by sulfur or phosphorus, and which are optionally substituted by

35 phenyl, pyridyl, hydroxy, halogen, cyano, oxo or amino. The ester may also be an aryi or
heteroaryl ester wherein aryl or heteroaryl has 3 to 10 carbon atoms and zero, one or two



ant CN1 NJ (VIII) (I'X) 10 Radioactive nmetals considered are

radi oi sot opes such as 94nm c, 9c, 18BRe, 186Re, "'In, Y 64Cu, 67Cu and
1771-u, MOReASHOPESAT ar 99i nTc, 788Re, 1B6Re and "' In. 15PRAEHEPNENFIS | sot opes
of Co considered are e.g. "Co and BOCo. WD 2005/ 061527 PCT/ EP2004/ 053628
-12 A sterically demandi ng organic group with 4 to 20 carbon atons is e.g.
an al kyl, cycloal kyl, aryl, arylalkyl, ﬂéteroaryl or heteroaryl al kyl group
optionally substituted by h%/drox%, al koxy, oxo, am no, carboxy, carbanoyl
or al koxyc&r¥SERy3ero. oRa-io & thie nifrgaengr 2R &r enesYIHERIgMS. Sucheptgl (RiBHeA |

di met hyi pheidylbe shirabistivetitgey in srilerta RiakéiHem deearb @Adéripahietiar Rastivh groups 5
are pyridyl rrola/l Ldam @aépl | or benzi n‘id(gzol h’ I n anpsgfl ké/l chain,

car bon atoﬁgn%s'b% - P EFPY 08 %éstﬁ{qqogigpﬂydpe Q?B‘é CRRLPHEUPSAGY C3 e, in
an al kyl claaids,seo Gream TWONawt Wints, Rig/Mb Proteqtiveigredpsin osgamict syothesis,(Witeyoxygen)
atom agd t@gg nei ghbouring carbon atom be substituted by oxo, thereby
representing d carboxam de (or ester function, respectively). Particular
exanpl es of a stericaily demandi ng organic group are ]so-butyl, tert-butyl,
tert- 10 p : - I 2 yth%i I e i nker Z
connect i ng%@%qﬁe%%'fé%rﬁgﬁg at or g%{’oe&‘?)wgrr&gﬁoﬂhn)tl’i b?glts ?g%kr{ﬁsedﬁ\

anti prol i f dredgfipiion pirsefarsediehatatersent I's a bond or a linker selected fromthe
group of phosphates, phosphonates, carboxylic esters or alkylene of 1 to 10
carbon atons and conbi nations 15 thereof. Such a |linker connects the
spacer - chel gpat” ongl rx{ he t her apeuti cﬂagent optionally conprising a
spacer as defined lher irp fore to Wfe ygen &Hpm of cobal am n.  Conpounds
that are derivatized a R but wherein Rb, R, Rd and R are all hydrogen are
recogni zed by the (i s and are still enzwatically active, and therefore
excluded fromthe 20 scope of the invention. The selection of a conpound of
the invention is bas on the followng criteria: (a) No or very nuch
reduced bi ndi injty, e.g. less than 20% in particular less than 10%
preferably |e hay™ 5%H nor e pr ef goedT Y"N"E3RH han 2% bi nding affinity, to
TCll when 2 nmpani,d Wi th the binding df (non-nodi fied) cobalam n; and (b)
activity as ajvitamn Bl2 substitute In a growh test using a vitamn B12
dependent Dbacteri or manmal i an cel | I{/ne, e.g. nore than 2%activity, in
particular nore th 10% V)

HOOC/\T/Y\NH HOOCATACOOH
N=/

Vh) (Vi)

X N N N =
ARG C B

(Vi) (IX)
10

Radioactive metals considered are radioisotopes such as *™Tc, ®"Tc, '®Re, '®Re, "n,
®Y, #Cu, ¥Cu and ""'Lu, In particular *"Tc, **Re, '®Re and ""'In.

15  Radioactive isotopes of Co considered are e.g. Co and ®Co.



activity, preferably nore than 20% activity when conpared to the vitamn 812
activity of (non-nodified) cobalamn. 30 To test the binding affinity of
cobal am ivatives to TCIl, an In vitro test | | t wth
parti al | Dwgt?ra{)ﬁ)!?% 7TCI | obtained fromthe bl ood of rabb?ﬁ@%ﬁlﬁg@@%@gant TC |
produced with an E. coil expression systemcan also be used as a substrate.
35 Cobal am n derivatives of the Inventiofp.have to maintain their function as
vitamn Bl12 substitutes. As a result, the risk of resistance devel opnment

| eading to ' ' . 7 P, 4

orol 1 1o at oR ISR IR ot i Ceon O SRt B oy
cel I's whi crardrasylalisyl, hesergany eridtetereasylalisi aroup optionallyasuontitdied by Bydrows alwh | ow or
no bi ndi ng cﬁ(B:‘éﬁ{ihé,BbaFHBx%:?g\F/bea oyl or alk8¥Rarkbefm. Exaﬁ\p%d‘éﬁaﬁyﬁgﬁ%ﬁ( asrépgérg/l,hi ahl y

predecessor cells to ac high proliferation rates

of £ oi ont _TegtYIpaRdp et PenYiioxyphionyt 3t SRkt EXBRPIER o1 hetergaryiaseupp or

vi tam n $B12rapjriayl, byrrafl, imidaesInl ok brkirtigadols in srealkyl chainfoarbch aters ngglb@ut by
usi ng Lact oblaci [l U del brueckil, a Interé]at.i Egllk y.recomrended. test strain
For "2y anocdBRAGH Y MydeRn 8h PSS piopRer s AaDAIg I° 87 A bnbRC TR GeR Hor o
cyanocobal amaybe neplacetbisyea nitregerufor oxygen)latam, iand thegreighbburingsjadoos atand ba he

cyanocobal am a- ' | | ' d by a
Quant i tati WEoasbdBbRe HereuyichEterthg SLEBLARINY (L oS doR T BRENNEY, Y T
what ext entPariigylaypxamilesofifastenaaly drmandiag organic greup ase ise-bulyb ltertloutyl, tert-
cyanocofpl asg J tol t. The Invention relates to a
nmet hodojf)q:jl Q{ngj}]g??@ gr?g&rglb?eﬁ?ﬁgﬁgéq‘m?rg@g?énﬁ% of neoplastic 15 diseases and
of local Infections by microorganisns in a manmmal conprising (a) exposing
the mammal A mker Resdreetingf RBwith 4 8pdcer-chbltor gfdup@r eh ahtibidlk ob HiRpRSIFPAIVE Y

appl ying a gobal am n deriva
t her apeut i Ctﬁgr@g?@,c ag%?

4853 koSS V RN Bl ebfoe oy e
I nvelr;_t ion ipshospmhaeg,r@tmglicdesws dhekyfons iof 1 wﬁto_en‘afbora_catorpé ammin)dimmli;u | |
non-nin n C C al. n Il trve L r I Striputio n manmual s
e ponedtd o EHET SFPRE kL Sorf g IR sphet cfablifoln o isPapebtiidell |1 TR0,

di stri but i oopti@dalli carhprsingw spacaf ascdefined hefreintmflire tocthe weydeatatdre of abbalamint | ves i n

Compounds that are derivatized at R but wherein R®, R®, R® and R® are all hydrogen are
recognized by the TC’s and are still enzymatically active, and therefore excluded from the
20 scope of the invention.

The selection of a compound of the invention is based on the following criteria:
(a) No or very much reduced binding affinity, e.g. less than 20%, in patrticular less than
10%, preferably less than 5%, more preferably less than 2% binding affinity, to TCIl when
25 compared with the binding of (non-modified) cobalamin; and
(b) activity as a vitamin B12 substitute in a growth test using a vitamin B12 dependent
bacterium or mammalian cell line, e.g. more than 2% activity, in particular more than 10%
activity, preferably more than 20% actlivity when compared to the vitamin B12 activity of
(non-modlfied) cobalamin.
30
To test the binding affinity of cobalamin (Cbl) derivatives to TCII, an in vitro test is carried
out with partlally purified TCIl obtained from the blood of rabbits. Recombinant TCl!
produced with an E. coll expresslon system can also be used as a substrate.

35 Cobalamin derivatives of the Invention have to maintain thelr function as vitamin B12
substltutes. As a result, the risk of resistance development leading to cells with high

)



25 mce Exanple 5 6 8 10 11 12 14 18 20 22 25 TCI reactivity + + + - - - +

- +- + Blood 2.30 2.40 2.20 0.10 0.09 0.04 1.20 0.06 2.10 0.25 0.18

Ki dney 14WPR09%06d52716. 50 1.36 0.39 1.08 40.00 10.40 19. RCTERA0410586280 Li ver

9.40 7.40 8.10 1.45 0.44 0.94 8.00 3.90 21.06 3.90 20.70 Tunor 7.90 7.30

3.60 0.73 1.61 6.13 3.00 6.80 9.20 2. 90_1?3_16 Exanpl e 5:

Cyanocobal am n- b- but yl - PAPAcet Exanpl e 6:

Cyanocobal am n- b- but yl - am nocar box thyl - H s- 30 Exampl e, 8:;

Cyanocobal eﬂ'r?‘l‘ﬁrﬁﬂ%'d?%ﬁ- AsAeEt Miygh ')ég&?go\&%@g"%/oﬁij%@m ¢rabigh areme Exanpl e

cl,yO: Q/ag OFQ&_ﬁdeagﬁ)Iétdlaﬁéi b%lfuawﬁnOE GEivatl\Eslwtrblcﬂv drino:binding activity to TCII will
anocobal gmi n: b-.bropyl - - OFt anpl e s . N

Cyanocobal j}ﬂvﬂ pﬁ“ﬁﬁ?@%”ﬁﬂ@%%{r pr@%n&eceﬂsi% 369‘8%%@8'58105@{%9 B FFé?(syl - PAVA- CEt

5 Exanpl e ltBanks@ya higbly letiicient TICitindeppptierPitdinB 2 utakenmieehddiEm.

Q/anocoboal am n- b-propyl -H s-Ove Exanple 22: Cyanocobal am n-b-et hyl - Trl am ne

Exanpl e 25: Cyanocobal am n-5' - phosphocol am n-H s-Ove 10 The results of

bi odi st ri butd test fervitamisi Bl 2castivityof 8 gobatarminderévative anassay is cafrigd ouy using

non- bi nder s, aetdBadiiustdebridelP aH Hisin&onblyGeddmidHde PoshareRF EjdAhbanimcanp! es

10, 11, 12,18 and 22, have a conparatively hi gh accunul atton 1 n tunor, five

times or molCA-EhlaSupplerperiation ghgyanocobalagin tojagyangasRalamisfFae assanmediumt he

g B it g al SOr@m t"k? 91@?% @gﬁbdsb‘ﬁsﬁhe c?é?@p?bhmfa@&)tr@fahlé bgcte@fx §ttfﬁirh ﬁ?icﬁ_carﬁ, f, 14,
an 0 no under. e Lniti of capmpaounds o e i nventi on

si nce tﬁ’ey 'HaaSPE?%Pmquaawaﬁvgr%ﬁﬁgﬁwq'b‘gﬁe ﬁ%% I§Sté§“§°é’ftgaéﬁean%@rrpounds.

Cobal am n deiat estent\(inks)ethe ookehilamgin eriviative is able itd teplacecyanotobatantin asih del y hi gh

val ue for t ' s and/or the treatnment of aggressive, rapidly
progr essi nggﬁg%rg'@%@@t'di seases such as cancers. Conpounds of the invention

can be used for the treatnent of highly 20 proliferative cells of human

origin i ”VOJrHé%/eh{?or{%Iait&ﬁéQ%é?ﬁoosdf%gﬁ&isr%aarmgﬁod ofItilerﬁéﬂ%Fﬁ’éBBlasﬁb"a” al

carcinonm, pancreas carcinonm, osteoSarcoma and acute eukaema, to mention
just a tewd and of igsal Ifleetionp b micsoQsganisss i emammg gpapesing

(a) exposing the mammal to a period of a vitamin B12 - free diet

(b) subsequently applying a cobalamin derivative of the invention carrying a diagnostic or

a therapeutic agent,

and to the use of the cobalamin derivatives of the invention in such a method.

20
The positive effect of applying TCIl non-binding cyanocobalamin derivatives on their
biodistribution in mammals exposed to a vitamin-free diet is illustrated in Table 1.

Table 1: Tissue distribution 24 h after i.v. injection of radioactive labeled derivatives in
25 mice

Example 5 6 8 (1011 12 )] 14 | 18 | 20 | 22| 25
TC Il reactivity | + + + - - - * - + - +
Blood 2.30 |2.40( 2.20 {0.10{0.09/0.04}| 1.20 { 0.06 | 2.10 {0.25| 0.18
Kidney 14.10115.80)16.50|1.360.39|1.08 | 40.00| 10.40 | 19.90 | 3.54 | 116.00
Liver 9.40 | 740 8.10 {1.45(0.44(0.94| 8.00 | 3.90 {21.06|3.90| 20.70
Tumor 7.90 |7.30| 3.60 {0.73|1.61|6.13] 3.00 | 6.80 | 9.20 {2.90| 3.16

Example 5 : Cyanocobalamin-b-butyl-PAPAcet
Example 6 : Cyanocobalamin-b-butyl-aminocarboxymethyl-His-OMe
30 Example 8 : Cyanocobalamin-c-butyl-PAPAcet



endocytosis. The nethod of the Invention allows a specific protection of
benign organs from TCIl nedi ated detrinmental uptake of cobal am n

deri vat i vWO 20059615279 a radi oactive 25 | sotope or/and carRGI/ERR064/053628
non-radi oacti ve agent destroying cells. Conpounds of the Invention are not
only useful in cancer |Inmaging and cancer therapy, but also for the

visual i zation and the potential treatnent4of |ocal infections by

m croorgani snms  dependi ng on a high and direct uptake of cobal am ns. 30
Conpounds of EkamplavenCyanocebalanginbepttyhPAMAIQE0l i f er ati ve agent are usef ul

for transportF%aplé he.a oﬁﬁa@ﬂ-bﬁ@@%—bﬂ@ﬂdﬁtm in to the hyperproliferative
C I'0 te

cells where i n exert its act r I'ntracellular amdolysis. 35 In a
met hod of tr eBxareple 13f CyaneseipalaminibduthBAMA-QFIf ect i ous di sease, a conpound of

the I nventi opysans YinByancebbdiathhDHeRAPAMPLUOEE agent can be adni ni ster ed
al one or in WD 2005/ 061%27 PCT/ EP20047 053628 _-15 conbi nati on with one or

more ot Her t hEXApRIaB ¢ CyanaspralarpBrreVsPeMAt? R at i on therapy taking the form
of fixed COfTbE?étﬁﬂ)l@Q@;Cgénd‘cbﬁalaﬁiﬁibrﬁr@ﬁyrﬂisim of a conmpound of the invention

and one or nore ot hggg er agetftilc aeg@?i@ Qei ng staggered or given

| ndependent | y E§IMRR&2 : G¥@rq5abalarglp-bretiV- Tl eq admini stration of fixed

conmbi nat i ons Exanglee5 o Cyanmcebaldrhias5'-phaspieocalamin-His-Gldent s. A conpound of the

I nvention can, besides or in addition, be admnistered especially for tunor

therapy in conbination with chenotherapy, i mmunotherapy, surgical

i nt er vel i ofhe resulta of bintistibutionranalysis caliseled Iniaglet idndicata ghat pllingn-binderal | y
possi bl e as_} | J SO0 g t

strat egi es.e'Q’?éﬁ%ﬁ%@%%ﬁﬁ%@%ﬁ@ﬁg& B%ec %gﬁ‘%%’ﬁﬁ@&%ﬁ?ﬁm ?%’nposi tions
conpri si ng haypalcamparativaly high apeusyilagien infemerniinertimesor mare thapin Rleadand at

phar maceut i igadt h&PBAPduhPBENPHithedigal bRfans Kty Aa sy, PRPdnsRUA@ S tind
phar maceuti cal conpaositions suitable, for th%:a eutic, applications. 15
Preferred aP@MpiRgh@cButh eARNEangRRgt {allypdert dég'&“'@ﬂ?%‘?"&;m%ﬁﬁ%ﬂﬁ ration,
such as15 i Nhveensitcs theybiha MBISCH) lafd aRrdesdHbed hareeplyasadisiancs torfpdunts. The
conpositions conprise the active ingredient alone or together with a

pharmaceutical |y acceptable carrier. The dosage of the active ingredient
depends upoQolateninl deratieest azchrding teethe éndertiod argafipatticelarlypigie valse for the age,

wei ght . andy L ANl 1163 Aicld-PB aghfisild pldBbroBlIAS RRBRIIOGELSegat @ and
such as cancers. Compounds of the invention can be used for the treatment of highly
20 proliferative cells of human origin involved in malignancies such as melanoma,
fibrosarcoma, ovarial carcinoma, pancreas carcinoma, osteosarcoma and acute
leukaemia, to mention just a few examples, and are able to bypass TCll mediated
endocytosis. The method of the invention allows a specific protection of benign organs
from TCIl mediated detrimental uptake of cobalamin derivatives carrying a radioactive

25 isotope or/and carrying a non-radioactive agent destroying cells.

Compounds of the invention are not only useful in cancer imaging and cancer therapy, but
also for the visualization and the potential treatment of local infections by microorganisms
depending on a high and direct uptake of cobalamins.

30
Compounds of the invention carrying an antiproliferative agent are useful for transporting
the agent in an inactive form in to the hyperproliferative cells where it can exert its action
after intracellular amidolysis.

35 Inamethod of treatment of a neoplastic and/or infectlous disease, a compound of the
invention carrying a suitable therapeutic agent can be administered alone or in



Met hods of manufacture 25 Conmpounds of the invention are prepared by
standard net hods known in the art. Preferably, cyanocobalamn, i.e. the
conpound WO 3085041527 (1) wherein Rb, R, Rd, R and RR arerdwEPOge053608d X i s
cyano, is hydrolyzed under controlled conditions, e.g. with dilute mneral
acid, and the obtained m xture of nono-acids, \/\herel n one of the carbanoyl
30 groups CONH2 Is converted to COON, sebﬁa‘rat ed. Bis-acids may be obtained
simlarly. Cyanocobal am n-b, ¢, dor e-acid, i.e. the conpound of fornula
(1) wher ei ncdnibidRbn witmd-tﬁ,m@@mﬂiadtherap@ﬁn‘dhl@ehts possiblacehbimatiddQBktapy

tivel ' )
i he R NG P S, P 2B nfo BB oot AL RAGHGH "0
condi ti ons anstongror cere atherdherapeutic agentsibeingheieagerad czrlwendm@nermngw offonpept i des.
Functi onal %#EPEO @H%m‘?ﬁstraﬁmn 5@glx@d166n%|ﬂalﬂaﬁs A el o 'iﬁf')ré(‘bthgr WO

2005/ 061527 formation are preferably In
pr ot ect @ f@PE?PelHH@Qa'Pté- %%FRRUQQPE'BG Bve@loaﬁa&rbes'd?ﬁe?rﬂﬁagd@m B8 ani de

formati on. E@ﬁinr&tlé%dmssma@%rqmn&fth&aﬁm@&dsmattwwmnéﬂnethamyer cormrl ses an

am de functjon, it Is al le to react, cy

alhcrd i ¢ ianginerah Sty BB entiRe BB A IRes AORG T hRTaRGS

condi ti ons, equally passiblerdsheadjbvanothdeipg i théeoritidoI@tizgr trebiment steateyiesz ed

cyanocobal am n obtained with a corresponding carboxylic acid again under

am de-form ng standard conditions to generate the substituent Rb, R Rd and
R, resptet i Vied ipvenkiom further rplatepam pitarmacenticat oomppasitidss ednaprising dabalamii f f er ent

[ o hyCr 098atyaE oPHE IpRRA, hbaHRL B thaladelicAPidribsRibnd HiftaBi kit O

foll owed b ccording to Brown et
al ., Inorg. dl@f@ﬁ’ﬂc Wﬂotﬁ)w PhBUﬂaQGH%CB{)fF@MFS@O'FS(ﬁWd‘P‘e fas thssrpedlc wherein RR is
di fferent fé@\@%ﬁﬁg‘ogen cyanocobalamn (or a cyanocobal am n derivative
wher ei n Rb, or Ris different fromhydrogen) is 15 reacted with RR-L
wherein L is a suitable activating | eaving group for form ng an ester bond,

e. g. hahggeprefdriea aF@ﬁ‘la@H@céﬁflcaicémgféyﬂloﬁ@féygdréﬁi@rapédrﬁﬁi@irit%h Schtabe us ual
activating . residue honate este

C ate  or
f or mati on c'tﬂ'g?\(ﬁ'?ﬁ't’ir?qtrﬁmﬁéﬁi?r(?é @h?éi@ F’uy atign- 3-5 B‘?Sém"%ﬁorﬂﬂ’f@ef ol | owi ng
Exanpl es setheactve indrédidit ahe ot togethemeithid gharmadeoticsily hcdéptabluatrhm Thevention in

Its scope. dcyéggg gptﬁé gg}i%/g |2n7greF<)1ﬂ-1/t 55&9184{180%3{99 glsease to be treated and upon the

species, its age, weight, and individual condition, the individual pharmacokinetic data, and

20 the mode of administration.

Methods of manufacture
25 Compounds of the invention are prepared by standard methods known in the art.

Preferably, cyanocobalamin, i.e. the compound of formula (I) wherein R®, R¢, RY, R® and
R" are hydrogen and X is cyano, is hydrolyzed under controlled conditions, e.g. with dilute
mineral acid, and the obtained mixture of mono-acids, wherein one of the carbamoyl

30 groups CONH; is converted to COOH, separated. Bis-acids may be obtained similarly.

Cyanocobalamin-b, c, d or e-acid, l.e. the compound of formula (!) wherein CONHR®,
CONHR®, CONHR? or GONHR?® is replaced by GOOH, respectively, and X is cyano, may
then be reacted with a corresponding amine R®-NH,, R®-NH,, R%-NH, and R°-NH,

35 respectively, under standard conditions for amide formation, e.g. as known in the
chemistry of peptides. Functional groups in residues R?, R°, R® and R® that interfere with



-17- Exanpl es Reagent grade chem cals were from Merck, Dietikon (CH),
Al drich or Fluke, Buchs (CH and were used without further purification. 5
BOP =1- heM9a050e¥B3ly| oxy tri s(di net hyl am no) phosphoni umPEIERIMOEIPRHoSsphat e
DCC = di cycl ohexyl carbodi i m de DI PEA = dil sopropyl et hyl am ne EDC
=1- et hyl - 3- ( 3- di net hyl am nopr opyl ) car boqi imde 10 Fnoc =
(9H fl uor en- 9-yl net hoxy) car bonyl HOSu = 'Nhydr oxysucci ni ni de MES

2- (4-norpholinyl)ethanesul fonic acid RT = roomtenperature TBTU
benzot r i az@Mmide-fomation ate-iaketahly I piotactashferey, ped preslepatactaddy standadap =

Tri et hyl anpmdd8 aRBmMBiPmARPCFor tie proparaionl of sbhpdunas RAXwmMAROSERckr TFA =
trifluoroacetic¢c acid HPLC anal yses wer erfo n Ner ck-Hi tachi L-7000

. rmed o
syst em equicPpRUFeRianRMide fipctiopds Blsp PRI Togeanh 8Yangae P18 CoRee®ee | using
V\?t ir ?n ;<T efwita aliﬁf&niﬁ@Hgmmz)gﬁHpumdepmiagﬁémir@istagngarh Oégdlg&hgmﬁd tagﬂ}h@r flowrate
0 mn, ropat.ogr were recorded at nd, 360 nm Solvent a were
br edon fianGPoPesE He il BorBeEed hietaPmohfiie witvs Atespaiiicy by
m xi ng 2. 9 catboxdie acid agalin dndercimidesforminhg stanldandredngidions todgenarald tha sGidfitusht  wat er
and 100 mi an oIl er a was prepared by dissolving
tris(hydr o%f y?‘l)ld 55r%§1e§§%&t hane (605 ng) in water, adding HCl 2 Mto
reach a pH of 8.2, adjusting the volune to In 1000 m, and addi ng

acetoni trilgg, ﬁré gré?eahllgf?r@éééf@gugds‘\’ﬁfe_ré}r PR SRS ﬁ'&ﬂlhgcrirr]ogérﬁ :ﬂger p%&fe?f@d HPLC

separations we arian Prostar syst dwth two

Pr ost arl0215g¥ndds fonation gbthest laetonigliawediby ayeductvyelactons ringyopsaingreadi@®rra Prep

30 RP8, coldeaging fo BawR At &ll, torg. Ohém. 16H5x3d480 nm and 30 x 100 mm). Flow rates
were 4 m/mn for the 3 x 100 nmcolum and 30 m/mn for the 30 x 100 mm

colum. UWV/Vis spetra were recorded on a Varian Cary 50 spectroneter, IR
spectra weFer the prpaetion 6fcompdundsatbréil BE Siffarert fromvTitgeny dyindcbisalgninpl es in

Compr esSed (T2 QabicpbaRm I aha RN h2 R 1R AP TR Fert RS Hhdrob &y is ) T ©
15  reacted with RP-L wherein L is a suitable activating leaving group for forming an ester
bond, e.g. halogen, the residue of a mixed anhydride or another of the usual activating
residues for carboxylic, phosphate or phosphonate ester formation customary in peptide

and nucleic acid synthesis.

20 The following Examples serve to illustrate the invention without limiting the invention in its
scope.



spectronmeter. In rhenium conpounds, the values of the 187Re |sotope are
reported. NMR WO 2005/ 061527 PCT/ EP2004/ 053628 -18 spectra were recorded on
a Bruker DRX 500 MHz spectroneter. The chemi cal shifts '\el‘EP{()EH

rel ati veMO2P¥I8%/al sol vent protons as a reference. amn deri vatl ves
(my quantities) were desalted by applying an agueous sol ution of 5 the
conpound to a Chromafix RP18ce cartridge; followed by thoroughly rinsing
with water. The desalted product was then eluated with nmethanol, the

sol vent renpved in vacuo, and the product dried at high vacuum Bi gger
quanti ti es@é@@lﬁé 50 ny) vere desalted by phenol extraction as described in
Met h. Enzynol. 1971, 18(3), p. 43. 10

(N3 o nonsomuteabqbichictiett HEH K@ BEBRAAER). Audf o efldMucielcan

(propyl - prepared as e pe

Schibli et aildwe(re\u&adwiWButfurlﬂlaﬁlpurle:ew, 30, 465). The conpound is prone to
cyclize ginder basic conditions. Therefore, the Boc protected internediate
was stored and Boc was renoved élust prior to further functionalization by

stirring | rB@R rdthenzeidpzelyipyy pis(dmethdamingiphosphaniymhprafiueraphasahates were 15
prepared | pee _@wéldmy@ammimtde

Re([ N-3-a yﬁggéa' 'F?Rjo @alrﬂ'@%ryl nmet hyl - am no] acetl ¢ aci d) (CO 3 was

prepared b ot ect ed
( N- 3- am nopeDQ ¥ 1-ethpg+(8-dinmetdarhinedropyl)earbodioidecet i ¢ acid wi th

(NEt 4) 2] Re( 3ot Y ar boxynet hyl - N- Fnoc- hi sti di nate
trifl uo{d(?ac e(g\iﬁ’aq@%g‘gr"egpé%g%%&gx%géﬁl bed by Pak et al. (Chem Eur. J.
2003, 9, 2093S28ed4aNydroriguccinimider i on is exchanged to chloride by stirring
t he conpoung I evaporation in vacuo at room

t enper at ur e. gS %gr%&f"q@ gq%ﬂ{négb%o%ﬁﬁ ﬁgiTeoc-hi stidinate was prepared as
descri bed bBTvmﬂSleE@éraéﬂeet aI (Organl c & Mol ecul ar Chemistry 2004, 2,

2593) . TBT = benzotrj azoI- -yl-N-tetramethyluronium tetrafiu roborate
3-(N-2- %anoet oxy carb y th yr| Enn- ? - am no) propi onic acid
0

4-nitrolBo ﬁ(’é"n‘yf”@ﬁ!‘%mmﬂﬁ‘ﬁmd?héﬁm% as descrl bed by Kunze (Dissertation,

Uni versity -pgoc;lgmﬁﬁtm sm@fno xydasoppl € 1: Cvanocobal am n nonocar boxvlic aci ds
(b. d and e % fﬁ é% 88 g, 1.39 mol) is hydrolyzed In HC 0.1 M (190
m) as desc ‘LbeH H?Pacet'ca'

HPLC analyses were performed on a Merck-Hitachi L-7000 system equipped with a

20 EG&G Berthold LB 508 radiometric detector, using Waters XTerra RP8 columns (5 pm
particle size, 1 x 100 mm) and a flow rate of 1 mI/min. Chromatograms were recorded at
250 and 360 nm. Solvent a were predominantly aqueous buffers. Sodium acetate buffer a
was prepared by mixing 2.9 ml acetic acid and 4.55 ml sodium hydroxide 2 M in 900 ml
water and 100 ml methanol. Tris buffer a was prepared by dissolving tris(hydroxymethyl)-

25 aminomethane (605 mg) in water, adding HCI 2 M to reach a pH of 8.2, adjusting the
volume to in 1000 ml, and adding acetonitrile (10 ml). Solvent b was always methanal.

Preparative HPLC separations were performed on a Varian Prostar system equipped with
two Prostar 215 pumps and a Prostar 320 UV/Vis detector, using Waters XTerra Prep

30 RPB8, columns (5 um particle size, 3 x 100 mm and 30 x 100 mm). Flow rates were
4 mi/min for the 3 x 100 mm column and 30 mi/min for the 30 x 100 mm column.

UV/Vis spetra were recorded on a Varian Cary 50 spectrometer, IR spectra were recorded
on a Bio-Rad FTS-45 spectrometer with the samples in compressed KBr pills.

35 Electrospray ionisation mass spectra (ESI-MS) were recorded on a Merck Hitachi M-8000
spectrometer. In rhenium compounds, the values of the "*Re Isotope are reported. NMR



35 Pathare et al. (Bioconjugate Chem 1996, 217). The purification is
nodified in the follow ng way: The Dowex columm allows, after desalting by

phenol exiy@sdoka6827 t he WO 2005/ 061527 PCT/ EP2004/ 053628 i on of
t hree fractq’lons one contai ning exclusively d-acid, a sec T%g@hgggggﬁt ai ni ng

excl usi vely |-acid and d- acid, a third one exclu5|vely b-aci d. and a-aci d.
The m xture of b- acid and d-acid |'s sepggated by preparative HPLC (col um:
Waters XTerra Prep RP8, 5 Um 30 x 100 mm gradient alb 0.5% mn' starting

from 100% 268584 Gofiiblstedn « Bifach A Sho iz Shecofible ngmtel hlstrs opar at ed

on the sane™s em bu er as vent

Cyanocobal awpnﬂasiralaﬂv:etogesl@@lml\@m pratoss as arefergnce280. 6 ny (14 9%, cyano-

cobalam n-dacid in a yield of 131.5 ng (7.0%, and cyanocobal am n-e-acid in
0 .

?,\/ﬁlnglnggf aﬁgéﬁ’%g'(' ﬂe&\f(ﬁ%vﬁ%e(msﬂuamﬂ&@)rw‘%g 95&?&%@{ 3PANNGANAGSPUTFHdion of

C}/ano?gtml atmraoulat &@&m@%@w%wcmag@ If(ﬂlbﬂé@ﬁy ﬂu@rdihg?l? gnﬂaﬁgléwigywaai hare et

a i oco em e e 0 e dodecange

anal og. Et hw‘eegl?? E?ﬂ%fﬂ?‘f?éwesig'? ﬁé’ ateg “%Elf“ﬁlﬂ] %R‘? H{?{B’%)’e%\éeddﬂé”g‘% 0dW in a

DM/ H20 mi xmerpeodml()irnﬂ at High vaculim) Blgg’é’requplh’dltmmbaab b ingpwere desditeddgldi ti on of 1

MHCI. To t | : C | a4p) b cid (60.0 ng, 44.4

prol ) and K@%n?@éﬂ%t%ﬂ@%&&%%&@%é&%ﬁ@@g@q.g%[}ipgt n"gnt of the pHto 5.5.

Next, EDC (84.2 ng; 0.43 mml) and HOSu (50.6 ng; 0.44 nmmol) were added.

The m X4yir & WaARHIF I InBh a2 zfg?ﬁetﬁygm@]acartda&&&ﬁﬂ B [rEPAUARSS  and

HOSu were a ture was
evapor at ed Was prgp3rad as deseribedtionthepentylanalea by Sﬁh’@'b@ﬁraét(NV@ MFI’.@'%Lﬁqoﬁ,l cation
(acetate sysé,agy), mﬁ@&rﬁﬁaund%%ranéﬁﬁc%lﬁe undr Bagid MdtfbﬁénThQ@%r@l!ﬁé Béc al ‘to
afford 34 %155O }/ 2- am né)
251 pos. ) - PeteRE R Gaele e Sood 208 590 iR Ve BEel RS 741 T
[ MrH+Na] 2+. fuaandaammrebﬁstimgamdmm@msmmﬂheeémmbuhmayamrtvenves were

was prepared as descri bed above for the

fcvanoc al m nel
synt hemg %nb?\rggglt#&?n 8?%‘8“!\/5 (MeOH, ESI-pos.): mz = 1427.1 [ Mr1] +,
714.5 [ Mit3] 2+. Exarrpl e 4: Cvanocobal am n-b-et hyl - PAPAcet 30

DU/ DNBO m RS oA Ry i DT i glo) OO g Bgpabuy ol vec 11 @

3-[i1-2- cyamag'mgdulgy deprotected (N-3- amlnopropyl N-pyridin-2-ylmethyl-amino)acetic acid with
(NEt,)s[Re(OH;)s(CO)a].

20
Methyl 1-carboxymethyl-N-Fmoc-histidinate trifluoroacetate was prepared as described by
Pak et al. (Chem. Eur. J. 2003, 9, 2053-2061). The counter ion is exchanged to chloride
by stirring the compound in HCI 0.05 M, followed by evaporation in vacuo at room
temperature.

25

Methyl 3-aminopropyl- N-Teoc-histidinate was prepared as described by van Staveren et
al. (Organic & Molecular Chemistry 2004, 2, 2593).

3-(N-2-Cyanoethoxycarbonylmethyl)- N-pyridin-2-yimethyl-amino)propionic acid 4-nitro-
30 phenyl ester was prepared as described by Kunze (Dissertation, University of Zirich,
2004).

Example 1: Cyanocobalamin monocarboxylic acids (b, d and €)
Vitamin B12 (1.88 g, 1.39 mmol) is hydrolyzed in HCI 0.1 M (190 ml) as described by

35 Pathare et al. (Bloconjugate Chem. 1996, 217). The purification is modified in the
following way: The Dowex column allows, after desalting by phenol extractions, the



car bonyl net hyl - N- pyri di n- 2-yl net hyl - am no] - propi oni ¢ aci d 4-nitrophenyl
ester (14 ng, 34 1 pnol) and DI PEA (5 pl, 29 pnol). After stirring at RT

for 24 h,y Mre was evaporated to dryness In vac i on by
preparati v %acet ate system 35 gradient: 0.5%m n%sTtﬂg#E’éerlldé (?'?om 100%

buffer a) afforded 20 ng (70% cyanocobal am n- b-ethyl - PAPAcet as a red
solid. WD 2005/ 061527 PCT/ EP2004/ 053628. 1920 M5 (MeOH, ESI-pos.): nlz
=1672.1 [M-H *, 836.9 [I\/H-I]Z Exanpl e 5: Cvanocobal am n- b- but yl - PAPAcet

bal
?c?/ ?Rl?gocsaﬁ%&%iﬁogmp% car FJ@JF‘EJ rﬁn&xcﬁ:sl@ﬂ?@a&% ?S&EH%)OP g?n&]r% '89 opi oni ¢
acid 4-nit rQ%plhﬁi\f@N b@g@@,nd(dza ﬁ@"f ope qu:btﬂﬁﬁe}y W%aféﬁ %§@ﬂv¥h¢ miuee qkibxt ur e of
dry DVBO (O dﬂd)d-&"diujls@%arét@d%y B*rebaraWd:ﬁﬂ.d oI%hwn %té?@R*l‘%rrd‘Pr% gged to reach

a pH between 8 and mten})er at ure.

After 5 h, HIPG %EQ%WSQ"@SWN QQ@&"/‘C’B% F@F\Qg HPBHW@? ?Q?F%P‘l’ff?ﬁ The  sol vent
wgg |toar t5 zﬂ)mwfu@/?wm &t é-8ciy &Qééparht@d ah kiveaireesystemdiut ]gslhg)th@gtﬁe bgﬂféé ake ;Jpgn
addi ti on e €.SUS ri and decante
Three 11 mocsofantg: GYencpPamingaied BRI i8R R0 E d LA3bE 000, oy o

(acet at e sywbelaminga-acid ava yield 05%1n5 mg (30%), anch gyanbcahd&bﬂﬂ%doidfi:ﬁ ayiedfgave t he

pure produ ld of 2.7 ng (41 %9. ESI-M5: mz = 850.1 [ M+2] 2+
UWN s: A/ncn‘f"‘(éeé/}"n@fb?"*"’im) = 279.1 (17300), 361.0 (31200), 519.9 (8700),

552.0 (9700) 15 Exanpl e 6:
Cvanoco lafiply 2y ¥hoRBhER '@éiﬁ%hmlde%\@@cuﬁaﬁ%ﬁjiﬂeﬁ&aﬂﬁnd

cyanoco aI am n- b- 1) was

added to ne@WPCOPa'@HVrb6‘)@#@!’1991“¥'W%Wawfgﬁclf%ti%dWH'PQ%W RRvIe (@5, 5 prrol )

23? Fagn - log?rﬂ]@bateléﬁerﬁ 198! 217) @r KﬁtﬂlaHsllasPliJé th@od?:cﬁrﬁ@ér)al Eth?!@ﬁ@d and the
uti |

conver si on ‘i?mlf'ﬂé&%d?ﬂa% 1%9@'5%% oqu"’msé?"’%ﬂ in ngkéﬂéﬁ¢de§%t1éct ed

| né e{ Lmdl atwv). TheepH whe adigsteditoss byaaitdmb&oi PMIHCIETDH thy seldtivrngerd iaddiduy | fet her,

an e us e S i ne

ponder . e aneB e BE8 ea mi ol fudl i R ERe 07 Sk Pl By ne ' 225

pl) was addadjhstmérttefthetpHrto brig Nexlt EIRT ( SMmq,Mmmhanpt@ﬂudﬁom Pddci pitated

by addi ng dh%f‘}ﬂ)ereeéd?ﬁa T@%@bew%‘ﬁiﬂ@%ﬂ ﬁ’ﬁoﬁﬁﬁa;}/? ‘?u A dnofn%%%é‘“d

decanted three y preparative HPLC
(acetate sy@ndéﬂﬁJSlgwar@uaéﬁed at124 hmtewaﬁs Boritheyorkuonthe oudineWasevapsated toe

dryness in vacuo, followed by preparative HPLC purification (acetate system, gradient:
20 0.5% min" starting from 100% buffer a) to afford 34 mg (55%) of cyanocobalamin-b-(2-

aminoethyl)amide.

MS (MeOH; ESI-pos.): m/z = 1398.8 [M+H]*, 1420.1 [M+NaJ*, 699.4 [M+H]*, 711.1

[M+H+NaJ?*,

25 Example 3: Cyanocobalamin-b-(4-aminobutyl)amide [cyanocobalamin-b-butylamine] was

prepared as described above for the synthesis of the ethyl analog.
MS (MeOH, ESI-pos.): m/z = 1427.1 [M+1]*, 714.5 [M+3]**.

Example 4: Cyanocobalamin-b-ethyl-PAPAcet
30 Cyanocobalamin-b-ethylamine (Example 2; 24 mg; 17.2 umol) was dissolved in a

DMF/DMSO mixture (5 mi; 4/1 v/v). To this mixture was added 3-[N-2-cyanoethoxy-
carbonylmethyl-N-pyridin-2-yimethyl-amino}-propionic acid 4-nitrophenyl ester (14 mg,
34.1 ymol) and DIPEA (5 ul, 29 ymol). After stirring at RT for 24 h, the mixture was
evaporated to dryness in vacuo. Purification by preparative HPL.C (acetate system,

35 gradient: 0.5% min™ starting from 100% buffer a) afforded 20 mg (70%) cyanocobalamin-
b-ethyl-PAPAcet as a red solid.



the pure product in a yield of 17.1 ng (32.1%. UVNis:1/nm(E/ nmol Pcm') =
279.1 (19200), 361.0 (24700), 521.0 (9600), 551.1 (10700). 30 Exanple 7:
Cvanocobal am n- o- (4- am nobut vl ) - am de fyanocobal am n-o0 28
Wanocobﬁ%m%/oﬁléb d was prepared as described by Br Owgeg)tﬂl%fb‘dﬂfk

Chem 1995, 3038).1, 4-Di am nobutane (0.059 m; 0.59 nmol) was di ssol ved In
a DMF/ H20 m xture (10 m; 1/1 viv). TheopH vvas adjusted to 5.2 by addition
of 1 MHCI. To the solution were added cyanocobal am n-o-acid (16.0 ng, 11.8
prol ), KCN (15 —of. 236 mmol . + 47.2 pnol) and HOSu (5.4
ng; 47.2 p (NFeﬁ)EIgEﬁﬁ&q% @/%/\Ta?g)]g‘t M%Q%%F& F'gr 4 days, and extra
portions of EDC and HOSu were added. After another day, extra W 2005/061527

JI[D(C)Z;I'QFP(Z)?OQI g;ﬁﬁﬁgg Q obf ahm-ﬁ-bﬁtfvl ﬁ%&?d HOSu were added again. After a

S —conrrrned conpl ete conversion of the
cobal am n d@vanm@bamlnmutwmne\tﬁxamtw 5ﬁeﬂgn3>& Knel) ang3 [NR-gpnoathexy-t o

dryness n_ ¥apuiimdii YRy IR BRRaAhdRpiRb GoLiifdchehi eitef @R g8 _col urm,

HCl 1 mM as gra ient: from?2 nmet hanol % et anol I'n 30 5

mi nut es) t oSdiHmaligvage gissriveddmegmixre of dry RNRFA (G -apd (MK OB DIPERS (Ve OH;
ESI - pos.): (g @, ZlfAdl) wad 440l to reddda pHIbbtvklbR 8 anEepand the Ehixture was stirred at

e S ok BB ase ANes S B SR B Cometd HOMF et Fhe - °

N pyri di n- 2syivent why partiallyrevaporatpd drwacuatol allow thei prodmhtarp]écmmteamoﬁ&dﬁtmg, 9.2

Cyanbootar afl A o J1e sikbRheoT e ESerBREiR cefarlF R INEI B8 te 1 o an

yi el d of 3. gowder(Fi8Hiyatiorsy piaparativerHPLQ [E0etale dyslent, grads 05% firl|siartingVNl s: Nnm

(g,\j/lgggl:ol%all:;1%@{1;gginﬁzggﬁgggs?iu&@%ﬁ?%@?fam ng 841@7?3?231m néS( 32%: g g
ng Al

car boxynet hypmh: R nﬁmﬁ*c 157Etzwl1m@bﬂ>ob@m(§19go)05m %?7%@;\5%2. 706)7 2 prol)

were dissolved in 22.9 and , 17.2
pnol ) wdPe 20 added, and the n1xture was stlrred at roon1tenperature DI PEA

and BOP wer exafisled: Cetmotobaftiniin-Bhutyl-aabcarttitlsrepicliy®Me confirned formation
O P oo b righbaaRREh Rudhs Lt 95, S MOP o) ofisB e i s~ T
added to methyl 1-carboxymethyl-N-Fmoc-histinate hydrochloride (35.5 ymol) and BOP
(46.2 mg, 104.4 umol). DIPEA (12 ul, 70.0 ymol) was added, and the solution was stirred
20 at RT for 16 h. HPLC analysis confirmed full conversion of the cobalamin starting material
into the Fmoc protected intermediate. The intermediate was precipitated by adding diethy!

ether, and the suspension was centrifugated and decanted trice to give a fine powder. The

intermediate was dissolved in DMF (5 ml), and piperidine (225 pl) was added. After stirring

at RT for 1.5 h, the product was precipitated by adding diethyl ether, and the suspension
25  was centrifugated and decanted three times to give a fine powder. Purification by

preparative HPLC (acetate system, gradient: 1% min™ starting from 100% buffer a) gave

the pure product in a yield of 17.1 mg (32.1%).

UV/Vis: Nnm (e/mol I'em™) = 279.1 (19200), 361.0 (24700), 521.0 (9600), 551.1 (10700).

30 Example 7: Cyanocobalamin-c-(4-aminobutyl)-amide [cyanocobalamin-¢-butylamine
Cyanocobalamin-c-acid was prepared as described by Brown et al. (Inorg. Chem. 1995,
3038). 1,4-Diaminobutane (0.059 ml; 0.59 mmol) was dissolved in a DMF/H,O mixture
(10 ml; 11 v/v). The pH was adjusted to 5.2 by addition of 1 M HCI. To the solution were
added cyanocobalamin-c¢-acid (16.0 mg, 11.8 pmol), KCN (15.3 .mg; 0.236 mmol), EDC

35 (9.0 mg; 47.2 pmol) and HOSu (5.4 mg; 47.2 ymal). The mixture was stirred at RT for
4 days, and extra portions of EDC and HOSu were added. After another day, extra



three tines to give a fine powder. Purification by preparative HPLC (acetate
system gradient: 0.5% mn" starting from 100% buffer a) allowed the

i solatio in product 25 peak in a yield of 2. ESI - V5.
%8@({5@35& $CTHPed04/083628

mz = 19 959.9 [M+4] "+ Exanple 10:

Cyanocobal am n- b- et hyl - PAMA- OEt Cyanocobal am n-b-acid (20.0 ng, 14.8 pnol)
was dissolved in DMSO (0.8 m). 30 Subsequently were added DMF (2 nl) and
NEt3 (0.1 m). In a different flask ca. 5 equivalents of

N' 2- th t hyl -
bavi. Ot et e Hosy Yol @i, AR RS R & Sal AP ari ey (o™
derivative bynfirped completeicanversicrbes. thﬂomlaminzdemme Enrxlneu\werk(up. the letldtbl v/ V)

i ght | ved
'n a DVF/ NEL %*’%%W@ BT By Il Y bribartaie HeL /Eo e €48 50 0
fol | oned by cald@nt el mM aseppfier 8 gradiant; from, 20%meihanol ig 5034: methanpkin 8¢ at RT for

45 mn, &he Jhds a WQr%@%) bfcydRsceBalammeo-bifRadine. Was purified by WO
2005/ 061527 PCT/ EP2004/ 053 8reﬁ)ar ative HPLC (acetate system

gradi ent: 1 MAMeQH: ES-ppe-i: H&ZFM%?Z bdffeMil'o afford 12 mg (51% of

cyanocobal am n-| -ethyl - PAMA-CEt as a red solid. M5 (MeCOH, ESI-pos.): mz =1
575.8 [ M+H| . tH+Na] 2+. 5 Exanple 11:
Cvanocobal am~F on of freshly prepared

(N-3-am noprprnydcobalaxylml-aslbutylammbr(rEO mgl, 4.apmot) and 8t Ne- wan@bth@dybgrborgmwwl (361
I I t 48. 1
Bgl g EB‘é’a (\‘F@/r@ﬂ\ é“yl?ngy@ &ﬂﬂﬁﬁm@%nf&é@@%ﬁk@h@% BstQ % a@?grﬂolg%{e
NaOH 0.1 Mreac:tqdeand@urlfned asgeseriogd irfthe syrdhesis qHPLa@oenmlayrymﬂb@%BAammet at e_
buffer) shO\(\gx tf;'rglvé@r/ ere Bfo@ﬁ’é’lﬂarfﬁ’él&r@ﬁé 8hg ( (46.1 ng, 240 pnol) is

added agai n,__but pr rrin roomterrp rature does not lead to

further pro@@t‘fMSfBV?mﬂ?@ho[Mﬂ@ 83 Wﬂ I's removed in vacuo, and the residue

is purified Lhwvlétrmmgr bive P2 adsenytseal1i2fudedossom (7ecx ting from 100%
acetate guffer a 1. main fraction is collecte the solvent renoved in
vacuo, nd the product desalted to give cyanocobal am n- b- propyl - PAMA- CEt i n

a yield of Example®: gmﬂd:ﬁbétagnﬂbut\&&AB%Re(@@g-l\/B mz = 806.5 [ M1 +Na] 2+,

795.6 [ M2] %yanocoB‘alamln%gﬂ?ylgmmm'sxamplé: 5“ 2)4 6 m& %20 u g?a @Re(gg}'a(sl [I\; 26500) .

549. 1 (8000)~
carboxymethyl-N-pyridin-2-ylmethyl-amino]propionic acid) (9.1 mg, 17.2 pmol) were

dissolved in DMSO. BOP (22.9 mg, 51.7 pmol) and DIPEA (2.94 pl, 17.2 pmol) were
20 added, and the mixture was stirred at room temperature. DIPEA and BOP were added
daily during 4 days. HPLC analysis confirmed formation of two products. They were
precipitated upon addition of ethyl ether. The suspension was centrifugated and decanted
three times to give a fine powder. Purification by preparative HPLC (acetate system,
gradient: 0.5% min™ starting from 100% buffer a) allowed the isolation of the main product
25 peakin ayield of 2.3 mg (7.0%).
ESI-MS: m/z = 1917.5 [M+2]*, 959.9 [M+4]*

Example 10: Cyanocobalamin-b-ethyl-PAMA-OEt
Cyanocobalamin-b-acid (20.0 mg, 14.8 umol) was dissolved in DMSO (0.8 ml).

30 Subsequently were added DMF (2 ml) and NEt; (0.1 ml). In a different flask ca. 5
equivalents of (N-2-aminoethyl-N-pyridin-2-yimethyl-amino)acetic acid ethyl ester (ethyl-
PAMA-OEt) hydrochloride (prepared via cleavage of the Boc-protected derivative by
stirring in an abs. EtOH / 2 M HCI mixture (7.5 ml 4/1 v/v) overnight and subsequent
removal of the volatiles /n vacuo) was dissolved in a DMF/NEt; mixture (4.5 ml; 8/1 viv).

35 The two solutions were mixed, followed by addition of TBTU (32.1 mg, 0.1 mmol). After
stirring at RT for 45 min, the solvent was removed in vacuo. The residue was purified by



Exanpe 12: Cvanocobal am n- b- butyl - PAMA- OEt 20 cyanocobal ami n-(-acid (20.0
ng, 14.8 pnol) was dissolved In DVMSO (0.8 ml). Subsequently were added DVF

(2 M) and NEt9 0.1 mM). In adifferent flask ca. 5 ?Jo
(M4- ami ndBARYSOREBY i di n- 2- yI met hyl - ani no) aceti ¢ acid e?ﬁkﬁk@?@“ yl -

PANVA- CEt ) hydrochl oride (prepared via cleavage of the Boc-protected
derivative by stirring in an abs. EtOH 552 MHO mxture (7.5 m 4/1 v/v)
over ni ght and subsequent 25 renmpval of tfAe volatiles in vacuo) was dissol ved

in a DMF/ NEt9 m 8/1 v JThe. sol.ut i e_m xed,

ol Foved by PRRTENEIAFLS (Gpaield svsm oipgiohts .o sipy SRrdi@itam S5 Bifel ety e 1 or
45 mn, theafl@tien (8¢%) ofayanedbalamnaeetoyl-PAVA-OEsashimdwsalid.puri f i ed by
preparative a.g from 100%
buffer a) tg/lfk@{%ﬁ%%&@é ‘r?)gﬁ%l%?,%% ngia’nocgdh&ﬁ %g%uty AVA- OEt as a red
solid. 30 Exanple 13: Q/anocobal am n- b but yl - PAMA- OH Br onpacetic acid

O f 1 uor gn- BsathalBY MvaRsddbhla FR s G- m brom)acetyl brom de and

9H- f | uor eny é/ PAMA- OFm ([ (4-tert-butoxy-
car bonyl am Asolytien,ehfteshly prepareg- MW‘H%’OWHNW]‘ la—@éﬂm@thﬂ@nano)acetlc aCld

9H-f 1 uor en- Byl d¥rdr (861 ;ﬁﬁ&)ﬂﬁ WattP (1AH is%o@@difo‘iﬁaﬁdceﬁélﬁﬁ!ﬁ BNid @El
pyri di ne- 2-al de%e an br onbaceti c ‘f 9H VY‘-? 2%@8615 PCTI P2004/ 053628
-23 {1 uor en481ymedt Fye 45%1 @91%&90’5?91]'%6" eg: @nohe P vsteq, QP Wilh Ml p i et
g' : (NUtC| I bEdw. ﬂleﬂbturrlng%l@-ﬁ‘ foB {5 h,468)C dralysis sodiymadeese Zuftér) shows about
oc- pent yl -
i ssolvdl | FOGEERRUE IR E@C@%E&&Zﬁé wp&ﬁ;aragdé%@ BETOBN A TR et 3
(0.1 nl). | atmonitérhpasratate ddea st lead toSJurtheqprodadt éomnaticof. The solvent is removed in
4-am ho-b ] -am’ - o . .

[1£I uor en- 9- %ai(ﬂ,?) %’%é %s ug '%@ﬁé‘?é{‘kﬂ%ﬁa’%ﬁg %g%g'{dgg?jgs /?: ('ana1vs%néngof t he
Boc- pr ot ect éramd@ﬂ%»apzeiatesbtmfprglt The malp fractionds calleéteddhersalvent temoyediin/vatid Cl 2

t 4 I til [
Vacuo) ves GrReRXii ceRiel D pNERm R B A A YRR o 10
sol ut|0ﬁ§ wep & md (6@ HMab1A3eedd by addition of TBTU (32.1 ny, 0.1 mol).
After stirrigggmet m/2d8das [m%{a 7056 9 gfent was renoved in vacuo. The

ot ar t KRN RIS £27Rp (90 BFL1 oot §joco). ¢ e 1%

cyanocobal am n-1-butyl - PAMA-OFm as a red solid. 15

Cyanocobal arg n- ePéjtﬂaﬁo%%amm béuﬂﬁ%&@? dissolved in 3 m of a HNEt2 /

20 Cyanocobalamin-b-acid (20.0 mg, 14.8 pmol) was dissolved in DMSO (0.8 mi).
Subsequently were added DMF (2 ml) and NEt; (0.1 mi). In a different flask ca. 5
equivalents of (N-4-aminobutyl- N-pyridin-2-ylmethyl-amino)acetic acid ethy! ester (butyl-
PAMA-OEt) hydrochloride (prepared via cleavage of the Boc-protected derivative by
stirring in an abs. EtOH / 2 M HCI mixture (7.5 ml 4/1 v/v) overnight and subsequent

25 removal of the volatiles in vacuo) was dissolved in a DMF/NEt; mixture (4.5 ml; 8/1 viv).
The two solutions were mixed, followed by addition of TBTU (32.1 mg, 0.1 mmol). After
stirring at RT for 45 min, the solvent was removed in vacuo. The residue was purified by

preparative HPLC (acetate system, gradient: 1.0% min™ starting from 100% buffer a) to
afford 15 mg (63%) of cyanocobalamin-b-butyl-PAMA-OEt as a red solid.
30
Example 13: Cyanocobalamin-b-butyl-PAMA-OH
Bromoacetic acid 9H-fluoren-9-yimethyl ester was prepared from bromoacetyl bromide
and 9H-fluorenylmethanol in dry THF at 0°C. Boc-butyl-PAMA-OFm ([(4-tert-butoxy-
carbonylamino~butyl)-pyrldin-2-ylmethyl—amino]-acetlc acid 9H-fluoren-9-ylmethyl ester)
35 was prepared from Boc-NH-(CH,)4sNH,, pyridine-2-aldehyde and bromoacstic acld 9H-



m xture (2/1 v/iv) and stirred at RT for 2 h. The solvent was renoved in
vacuo, and the resi due was purified by preparative HPLC (acetate system

gradi ent : starting from 100% buffer a) to aff of
cyanocobal am n- /g%l%% -PAMA-OH as a red solid. 20 Exanpl g&g@_gzo%?/ossszs

Cyanocobal am n- bhexyl PAMA- OEt Cyanocobal am n-b-acid (20.0 ng, 14.8 pnol)
was dissolved in DMSO (0.8 m). Subsequsptly were added DMF (2 m) and NEt3
(0.1 mM). In a different flask ca. 5 equalents of

(N- 6- am nohgx acet th r..(hexyl
b Ot ) et et e e aatormBn Wiha PR G Ay ST abel gt B!
derivative 2003, 3% 465) for tha gynthesieof Bos-peltylBAMA-DME. HCI mi xture (7.5 m 4/1
v/v) overnight and subsequent renoval of the volatiles in vacuo) was
dissolved in a DVW/ NEt3 m xture (4.5 m; 8/1 v/v). The two solutions were

m xed, foI | Gyandcaiyalanitibacish(26.0 rﬂQBT@JB(lml wasglissolved imaMSO (M mdr  stirring at
RT for ﬂgeé%tliWeV@éﬂdemFr@rm)’&gil eﬂz (REHA | In Wfer & hiskeangs purified by

preparat|ve etate st em % m.n' startlngfromloo%
buffer a) teub@leasYld- aﬂmncnéuttlhmw"b% V'E‘?K%%‘B'B%]r%‘%a%gwpm Iregthyl as a
red solid. odvr (bdé %ME-‘@FT’:E) r’e%adrzmné clea &tHeMb%*pﬂrotecté@@é’rivﬁMb"ﬂ snrrﬁgarrpl e

12 e B 0 Sl O3 ) Mdbbt

(Exanpl e 10 aytfl ac?tuba

E/glqtflt i on. ﬁtdhs@blatTuﬁ@m wa‘cud)Masgﬂssblvédﬂﬁh@hlﬁf/ﬂﬁ@mﬁkt@@)(&b nhlign a/vmn% Ithn 1.5 hm o
was, a e m xt al.l owi t he

2005/ 00182 7 BAdereAg I b4 610453 of SR re ™Y foa Elnaio &l Al e by

pr epar at i veRHFRir@5(minghasaveny was ramayedi dh vaata. The BSkidup evas purifiesitby prepagatife om

buffer a). o

C\/anocob?atl ambﬁbgpcrez)até F)D%Rﬁ/%%@ m%ano&fﬁa é%ﬁbfﬁerc?}fa(ff%ﬂpmnﬁ 19.8

prol ), Re([ okcyargriohapminpybutiRAMA-OFm a5-aredwsolidy| - ani no] acetic acid) (CO 3

(29.2 ng, 60 pnol), EDC (11.5 ng, 60 pnol) and HOSu (6 9 mg, 60 pnol) are
di ssolved in a mxture of water (5 nml) and DVSO and the pHis

adj ust edSt oCyangcqlpalamipib-hytd-PAMA-QRA (Kame) waﬁrqlt‘«ﬁolv(sd i 3l %fta HANER §DMF RT, HPLC
anal ysis ( ah@ira{21 bNéétﬁfétlrréb@t/\ﬁT PO, TRBSGNRH PR TermoVE ATt aBlb, afideand HOSU

dded 10 T t d at t f 3 d
" tnadai | (e vepeoe Bupkspazve LG (eoRts Daled? S B T sfhslea |

vacuo, and frb® 100%butfer a)3o pifard O rid aficpahobybaiaitin-butyti PAMAYOH @ hesd solibe oi | y
suspension is centrifugated and decanted. WAshing w th diethyl
20 Example 14: Cyanocobalamin-b-hexyl-PAMA-OEt
Cyanocobalamin-b-acid (20.0 mg, 14.8 umol) was dissoived in DMSO (0.8 mi).
Subsequently were added DMF (2 ml) and NEt;3 (0.1 ml). In a different flask ca. 5
equivalents of (N-6-aminohexyl-N-pyridin-2-ylmethyl-amino)acetic acid ethy! ester (hexyl-
PAMA-OEt) hydrochloride (prepared via cleavage of the Boc-protected derivative by
25  stirring In an abs. EtOH / 2 M HCI mixture (7.5 ml 4/1 v/v) overnight and subsequent
removal of the volatiles in vacuo) was dissolved in a DMF/NEt; mixture (4.5 ml; 8/1 v/v).

The two solutions were mixed, followed by addition of TBTU (32.1 mg, 0.1 mmol). After

stirring at RT for 45 min, the solvent was removed in vacuo. The residue was purified by

preparative HPLC (acetate system, gradient: 1.0% min™ starting from 100% buffer a) to
30 afford 10 mg (41%) of cyanocobalamin-b-hexyl-PAMA-OEt as a red solid.

MS (MeOH, ESI-pos.): m/z = 816.9 [M+2H]*, 1632 [M+H]"*.

Example 15: Cyanocobalamin-b-ethyl-PAMA-Re(CO)s
Cyanocobalamin-b-ethyl-PAMA-OEt (Example 10, 11 mg; 7.0 umol) was dissolved in 4 m|

35 of a2 M NaHCO; solution. A solution of 11 mg of (NEts).[ReBra(CO),] (14.2 pmol) in
1.5 ml MeOH was added. The mixture was heated at 85°C for 1 h. After allowing the



ether Is repeated twice until a fine precipitate forns. The crude product is
dried at high vacuum purified by preparative HPLC (gradient a/b 1% m n"'
starti ng woanesl@s@étracet ate 15 buffer a), and desal ted t @CIVERI004/053628
cyanocobai am n- bpropyl - PAMA-Re(CO) 3 in a yield of 9.1 ng (23%. ESI-M5: nmz
= 1831.7 [M+1l]*, 916.1 [M+1]2+. UVNis: AAnm(E/ nol f'cnl) = 278.0, 361.1,
519.9, 551.1. 20 Exanple 17: Cyanocobal-24i-n- bhexyl - PAMA- Re( CO) 3

Cyanocobal am n-b-acid (20.0 ng, 14.8 pnol) was dissolved in DMSO (0.8 m).
Subsequent | ynixtaredo sshdr RTDIVvas Puriiel b prephlfatii KIPLA (acbiate $ystem, drddfeat: @0k f | ask

e o7 o i RS SRS o 2 e e el

CH2Cl 2 and 25 TFA(2/1 v/v) for 1 h at 0C, followed by renoval of the

vol atil es atEng,'] feNgY Moﬂ&?&rﬁn- XI@\HF{ DVF/ NEt 3 m xture (4.5 m; 8/1

vN). The mﬁ%ﬁ%ﬁ%aﬁdmon of TBTU (32.1 nwu,

0.1 mol )5 A3yesgpcobalpmin-brgcie {26TmpotS.giemel. fRe([NMieangipprrenr!-Npgidinr=yimedn- i n

vacuo. The ra%ﬂﬁdia&uwad)@@o)af@geﬂn@ye@mﬁa E@U (Y£.5 g, 60 (iAoH Al PICRIS 6O

gradi ent: 0% mn' star fro fer ffod 11 (?% of

cyano 30 co@l@?ﬁ)rﬁrﬁﬂ‘éi‘i}‘@dﬁgﬂﬂ‘ﬁ%’@ stef%s" M‘é@lMgéép rTFg'L

[Q/M*‘Z"'] 2b I 9%%jtﬁteﬂ%ﬁﬁm}|;;3\llwlﬁem Qn@NéMﬂl‘MerS hh_oteﬁﬂhg?aﬂm HPLC analysis )
anocobal a a prol ) was

reacted wit ﬁ“(ﬁ@ghvﬁ) )oﬂ\pgﬁfpcﬁ-tssy%lqrﬁcf%{)% 2"{}?‘?%3&?/9‘3&%%%@88?9@“ aci d

et hyl estOer Theé nuixtole)is stivcbdEDE ofrbtebpempturdfor f days) wittsaddiio ®0EDC&HE PFOSu at

PCTI EP2004/ 6 2 ' -

cyanocobai acr%raﬁ" rvaIs ﬁéj@%ﬁ#?ﬁﬁo‘; Ein %}? %ﬁg%eél(h&&s odie |ttated b¥ ald%'r(])? ated in

a yield of @lahwgthee womuswsmm&c&nrﬁugate[dmmeﬁipcantq Ydashing 1ith diegyb

gg"{lJlfN?]zggooe)ﬁ%? %sirg{n%ﬁf@%t%coe unWNlr% pr@éufh’éleﬁ&/rﬂ@*l’hé crué Product idred@t hig400) .

Cyanocobal arMapuym, rﬂuﬁf;'ﬁﬂ QYMWWPCU-Q (gradhipntrade B aniAnBATNG Femdl 00%rcetaly, 14. 8
pmol ) wefs dlmal aaeahdldésawa% glee éﬁobobalaﬁﬂbb?ﬁbﬂﬁmAMAW@OBWESﬁeM (2 m)

and NEt3 (0.1 Inadlfferen flask at equi val ent s of
Re([ N-3-am n%bf"@[s%q")pryrl di n-2-yl net hyl - am no] acetic acid) (CO 3 were
ESI-MS: m/z = 1831.7 [M+1]*, 916.1 [M+1]%.

UVNVis: MNnm (e/mol I'em™) = 278.0, 361.1, 519.9, 551.1.

20 Example 17: Cyanocobalamin-b-hexyl-PAMA-Re(CO),;
Cyanocobalamin-b-acid (20.0 mg, 14.8 umol) was dissolved in DMSO (0.8 mi).

Subsequently were added DMF (2 mi) and NEt; (0.1 ml). in a different flask ca. 5
equivalents of [Re([N-3-aminopropyl-N-pyridin-2-yimethyl-aminojacetic acid)
(CO)4)-CF;COOH (prepared via Boc cleavage of the protected complex in CH,Cl, and

25 TFA-(2/1 viv) for 1 h at 0°C, followed by removal of the volatiles at RT in vacuo) were
dissolved in a DMF/NEt; mixture (4.5 ml; 8/1 viv). The two solutions were mixed, followed
by addition of TBTU (32.1 mg, 0.1 mmol). After stirring at RT for 45 min, the solvent was
removed in vacuo. The residue was purified by preparative HPLC (acetate system,
gradient: 2.0% min™' starting from 100% buffer ) to afford 11 mg (40%) of cyano-

30 cobalamin-b-hexyl-PAMA-Re(CO)s.
MS (MeOH, ESI-pos.): m/z=936.5 [M+2H]**, 948.3 [M+H+NaJ**, 1873.8 [M+H]".

Example 18: Cyanocobalamin-g-propyl-PAMA-OEt
Cyanocobalamin-d-acid (9.3 mg, 6.9 pmol) was reacted with (N-3-aminopropyl- N-pyridin-

35 2-yimethyl-amino)acetic acid ethyl ester (7 umol) and EDC (6.6 mg, 34 pmol) as



10 dissolved in a DM/ NEt3 m xture (4.5 m; 8/1 v/v). The two solutions were
m xed, followed by addition of TBTU (32.1 ng, 0.1 nmol ). After stirring at
RT for 45 min, the solvent was removed in vacuo. The resi rified
by prepar¥PiNWNGH2E (acetate system gradient: 2.0% i W‘r’%ﬁ%& rom 100%
buffer ) to afford 20 ng (73% of cyano- cobal am n-d-propyl - PAVA-Re(CO) 3. 15
Exarrpl e 20: Cyanocobal am n- b-propyl - Hi s- Gk Cyanocobal am n-b-acid (20.0 ny,

8 pnol ) was dissolved in DVMSO (0.8 m'). Subsequent!ly Were added DWVF (2

rri and NEt 3 di ff r ent ask ,abo nt nmet hyl
3- ém' noprop??éq@%@t%%ﬁpﬂﬁiﬁ CKaWé’P alﬂﬁlgsbo?reué’P ?W'AFQE ( p'ﬁaqﬁtm?ure)s/ wer e
added t oget Iperductaves iSdBied (h3yidd oft3.6 gi33%pl ) was added. The mi xture was

Pur | 1 oat | oE SRV Ry 2361 MRG0 4. B 38R TA B0 ﬂsxg spin_vacuo.

Purification by prepa tate ste 2.0% per mn,

starting frdMVsfNmm (eanéldlamsd = %Qﬁg13ﬂ00h36b&(%3300)d5 QBVTRPO) VB ( MeOH:

ESl-pos. }: mz= 1710.4 [MrH ', 855.0 [ Mr2H 2+, 866.7 [MrNa+H 2'. 25 A 19 ny
sanple of this Teoc- pr ot ect ed corrpound Vas di ssolved in a TFA/ CH2Cl 2 mi xture
(4/1 vlv) at xample A9 Qyanoeehalamin-dorepYhPA 1949 t enperature, anal ytical HPLC
showed ful | Cyamsélémmruaéid 1209 g 4i8 ﬁtﬁolmésadiss%lvedﬂwsg civsrhm) was renoved in

vacuo at AT. To the resi noval of the
sol vent in \%%&SIUGWM%ET%S%%Q@E%"‘S@P? g%é(g mg E'ea‘?{'?@gt ﬁaﬁ'yf’% | n oder
tor ermve arenult/alameSfm [ﬂEAmilﬂpfdpfyll-N@yridimzlylynetW a?mbhbemddﬂm)g \a@et ate

ot “the. P | SlBonssbl aP M RE R ad i B Vi S uibsS Rlpelpnod 1dlohSs ™
[ MENa] 78:byzad@twf2¢ﬂ]1m U (324 g, 0[1thlal}lﬂﬁﬁﬁstlrm‘@ ar\asz 10i81tha Bolvent was
glclﬁlgggggﬁg?néﬁ%ﬁa{%}/%@ ’2 BFBélgu ?Ef @F ;sgl was JBsso gé{%teg%e(c.O)OM)
Subsequent | gragiang 2:Q%d aun” t»tmlrc@frrpm)wg%@um@maﬁfond 24 mg (T%)@de&HPer ent flask

ca. S5  equi \Bhaahin-dibropyRPANRLRY|
3-am nopr opyl - N- Teodg'5 ﬁ#@t | di nat e) 8CO) 3] - CF3000H (prepared

Example 20: Cyanocobalamin-b-propyl-His-OMe
Cyanocobalamin-b-acid (20.0 mg, 14.8 ymol) was dissolved in DMSO (0.8 ml).
Subsequently were added DMF (2 ml) and NEt; (1 ml). In a different flask about 4
equivalents of methyl 3-aminopropyl-N-Teoc-histidinate were dissolved in DMF. The

20 mixtures were added together, and TBTU (32.1 mg; 0.1 mmol) was added. The mixture
was stirred for 45 min, and subsequently evaporated to dryness in vacuo. Purification by

preparative HPLC (acetate system; gradient: 2.0% per min, starting from buffer a)
afforded 16 mg of a red solid. (67%).
MS (MeOH; ESI-pos.): m/z= 1710.4 [M+H]*, 855.0 [M+2H]*, 866.7 [M+Na+H]*.
25 4
A 19 mg sample of this Teoc-protected compound was dissolved in a TFA/CH,Cl, mixture
(4/1 viv) at 0°C. After stirring for 4 h at this temperature, analytical HPLC showed full
conversion of the starting material. The solvent was removed in vacuo at RT. To the
residue was added dry Et,0, followed by removal of the solvent in vacuo. This step was
30 performed three times in total, in oder to remove any traces of TFA, Purification by
preparative HPLC (acetate system; gradient: 0.5% per min, starting from 100% buffer a)
yielded 11 mg of the title compound.
MS (MeOH; ESl-pos.): m/z= 1565.2 [M+H]*, 1587.2 [M+Na]*, 783.4 [M+2H]*, 794.1
[M+Na+H]?,
35



5 via Boc-cl eavage of the protected conmplex in CH2Cl 2 and TFA(2/1 v/v) for 1
h at 0OC, followed by renpval of the volatiles at RT In vacuo) were
di ssol ved NEt3 m xture (4.5 m; 8/1 v/iv). The utions were
ni xed, fol owea% addition of TBTU (32.1 my, 0.1 mml)i’g%\@g(*m}gﬁ“?sri ng at
RT for 45 mn, the solvent was renoved in vacuo. The residue was purified
by preparative HPLC (acetate system graggent: 2.0% mn' starting from 10
100% buffer a) to afford 7 mg (73% of cyanocobal am n- b- propyl - Hi s- Re( CO) 3
M5 (MeOH, E . : .|,| : dI\/HrH+Na]21 933.9 [ M+2Na] 2',
1822. 1 [ MHFES A Z Tyanocobal am n-b- et hyl - Tri ani ne
15 Tri et hyl symtoeobatammfb-a(rﬁﬁ(m Op'ng, 13891nmfhwa)s digssived BdINS@@0.8mla m xt ure of
DMF (2.5 m 6 ded, and the
égﬁégd%dt@hgte éd’dggl i 0%2 rﬁ%éﬁ’!ﬁh ﬁﬂ)ﬂ& 1A% ffdbns fl‘é@vfcé“g

pH was adj us anoco am n- -acl d
(100 g, 7eauiysiasty of [Rekmetn] 3 amop@gyldﬂaepcaﬁadim\%@m RO wer o
added. The ga %ce@awge%fﬂte csaaawspt (@ w[fo@maté"b h, 48 h

and 120 h. HPLC anal ysi sqgacet ate bu g éﬁﬁ l}’ﬁ ow product

formation, foiowad kyyeroyalqy theyolakies B‘rﬁ-'at”t"éFUO were dipfoRd {a D (N teRXMERIed with

pr ol Ongeg t5$]45fnl ;801 v/ métv@tsorurubmuér@rmxbezlfom{eutw aﬁgiﬂuneatrmaw(searmg/edTlF 2 01

vacuo an ro r ive usin S

o but t eb il Afler A2t b B, Bp SO rraafegr%r&?ghracu? Ty

starting frw&s&ﬁ}%eblb?bﬁepasatlve FREC (aoetitecdystems giaslizht Rdd min” starting from

cyanoco 25 (559 .

ES - W@W@t?hﬁ%’“@@&ﬁ‘%ﬁ o il Q‘Zbaa%oﬁbﬂ‘ Sy B'"SEH%Q)SO (13000) ,

316.0 (2310rvre(wem1 ESi-e600911.6 Bo+aHIT, 7928 @) [M+HENalf} P33.2 Bi+2Na]®, 1822.1

Q/anocobal a[)m b1§ﬂ§¥ 'Elﬁﬂ)am ne- Re( CO) 3 30 Cyanocobal am n-b-et hyl - Tri am ne
)

(5 ny, and 2[ReBr3(CO) 3] (2.2 ng, 2.9 pnol) were stirred in
phosphate buffer, pH7.4 (0.1 M 0.33 m) at 50C. After 1 h, HPLC analysis

shovved ful | gcahNe b8! GranBéodalRfikbattyl-THaniRf erial s into one product After 4
h, the reaCtion mxture was desalteq {0 %I ve a product which Is, according

to HPLC18nalljethyenetalraming (354 13600l was Sissvartp @ mixturaof DM 2.4 e r ati o of
2/'1. The SaWﬁtep(E5 &) KON (9.8%ng3 34 B RbIPRASAIBRE Sardabe HlAWaS adjisteated byng of

cyanocobal am th Tr, e wth 9 755, 9 [ MH1] +,
S5’ [ oy Suclichst ates Bk TapedbrBarAd Baama. A Himoll EDC B PRy
29 pmol) and HOSu (3.4 mg, 29 pmol) were added. The same amounts of EDC and
HOSu were added after 6 h, 24 h, 48 h and 120 h. HPLC analysis (acetate buffer)
20 exhibited slow product formation, reaching a 75% conversion after 48 h which was not

exceeded with prolonged stirring. After stirring for 144 h, the solvent was removed in

vacuo and the product was purified by preparative HPLC using aqueous TFA 0.1% as

buffer a and methanol as solvent b, with a gradient of 1% min™ starting from 80% buffer a.

The product was Isolated as cyanocobalamin-b-ethyl-Triamine x 3TFA in a yield of 7.5 mg
25 (55%).

ESI-MS: m/z = 743.1 [M+2]*,

UV/Vis: Nnm (g/mol I'em™) = 278.0 (13000), 316.0 (23100), 519.0 (6500), 549.0 (7200).

Example 23: Cyanocobalamin-b-ethyl-Triamine-Re(CO),
30 Cyanocobalamlr\-b-ethyl-Triamine (5 mg, 2.7 pmol) and (EtsN)2[ReBr3(CO)s] (2.2 mg,

2.9 pymol) were stirred in phosphate buffer, pH 7.4 (0.1 M, 0.33 ml) at 50°C. After 1 h,
HPLC analysis showed full conversion of the starting materials into one product. After 4 h,
the reaction mixture was desalted to give a product which is, according to HPLC analysis,
a mixture of two stereoisomers In an approximate ratio of 2/1. The same pattern of two

35 stereoisomers was found on labeling of cyanocobalamin-b-ethyl-Triamine with %™ Te.
ESI-MS: m/z = 1755.9 [M+1]*, 878.5 [M+2]%*.



Exanpl e 24: Cvanocobal am n-5' phosnhocol am n A sol ution of cyanocobal am n (30
ng, 22.14 nol), DCC (457 ny, 2.214 mmol) and N- Fnoc- phosphocolamn (78.9
ng, 217. 2woab)sidens2dry DMF (2 m) and dry pyridine (1 ml )PCTERSH/053628 r ed
under N2 atnosphere at roomtenperature for 24 h. After addition of 2 m of
wat er the precipitated dicycl ohexylurea was filtered off, and water and
pyridine were evaporated at 60C under r-&duced pressure. The residual
solution was diluted to a volume of 8 M with a solution of 5% pi peridine
in DMF and stirred at roomtenperature for 2.5 h. The product was
precipitategd w | hX I " % '& nﬁd and washed several 10 tines.

The crude p (gradient: 100%-a 20% a, 0% -+
80% MeCH i nA’i@luﬂDmpf ca{anocmbala%nﬂ(emﬂg, 22)% jaod}, ®@UG MBVmg,ﬁMhmmql) dnidow 10

m / I N VP 2 d: . 820 a d
Col 1 b1 RC phgRpro E%Eﬂﬁ9éé "@ggﬁsf ”@9; '”%@P@@F?%%ﬁ-"}g ‘ﬁ)bw("ﬁ B0 Mecry: i
= 1478 | E(I+1]Was stirbs l{riﬂbQNQNmbﬁpheréét rEmatqmmeraZﬁe for 24 h. After addition of 2 mi of

bal hocol
(b0 . 3. deies e BAPRREEREh By A el AR RN i g ocC! 2
hydr ochl orl @wagorgedigt 6050 umdemequcaép@sw@,gbammuamﬂﬂpn peediytadi9ld and t he
pH adj ust ed yhgm@ 078 I Evgh g‘éoiutl&f ofl3ef) Eﬁendﬁﬁp in bﬂzﬁ‘ dﬁ&stiﬂ&iaﬁﬂ”&h)te ﬁ@t‘é(?@rd to 20

the sol ution as tirre H of the reaction

m xture got 2t J ine pm&’IHﬁ V\ﬁé@%ﬁ!ﬁi@@é’ﬂthp@tm&ﬂf‘?’amrﬁrﬂﬁgw a"ﬂf"(aéf‘e‘tswe%er e was
no st ar t4ng tiffk erHec'&lrudaqir&ﬂcﬁbésepmMed Waieytﬂmi gHatth 16b4.25 2086£0pd L,at i on

with diethyl ether, the crude{J to derotectlonlna

1:1 m xt ur e 887 M@ ingP Binpad =i & ﬁé\c@@@%ycqﬁqﬂnjnlf "BWﬂter Apydp “F@EJ? efWMR:at i on

and purificaygme 'VP‘@Sb)m wuenaosmleﬁ @158) dﬂéla’rszb@@b é FHd solid.
cyanocobai a n 5' - E®Q58§OCO am , the product was obtained

in 46% i eI P-NYIB( &P tﬁé@? (881'2) Qé3(saéPB7 I\/IS (ESI+, MeOH): mz =1690
(Mr1)", 845. nﬁs(EﬂTZ)Meo@wﬂ)i €47BGM+1]*, 762 [M+2+2Na

C,\/anocob | am n-5' - phosphocol ani n- H's- Re('CO) p Tf]1e sanme procedure was used as
descri bdd for cyanocobal am n-5' - phosphocol am n-H s- 30 Owe (Exanpl e 25),
using the RaExékpie Mmmmﬁaﬂnﬁgﬂﬁmmmmﬂgmét i di nate i nstead of

e o oo 1 RaHoa o sbedaace i o S e o S o RS
: mz = [ MtFrioc-hishdinate hg8roChibid (85 ng, 50.7 pmo!) were dissolved in dry DMSO (4 mi)
and the pH adjusted to 6-7 with 24 pl of DIPEA. BOP (45 mg, 101.5umol) was added to
20 the solution as a solid and stirred at RT. After 1 h the pH of the reaction mixture got acidic
and was adjusted to neutral again. After 5 h there was no starting material detectable by
analytical HPLC. After precipitation with diethyl ether, the crude product was subjected to
deprotection in a 1:1 mixture of DMF and piperidine (10 ml) for 1.5 h. After reprecipitation
and purification with prep. HPLC as described for cyanocobalamin-5'-phosphocolamin
25 (Example 24), the product was obtained in 46% yield.
$'P.NMR (500, D,0) §-2.186, -0.37; MS (ESk, MeOH): m/z = 1690 (M+1)*, 845.6 (M+2)*

Example 26: Cyanocobalamin-5'-phosphocolamin-His-Re(CO),

The same procedure was used as described for cyanocobalamin-5'-phosphocolamin-His-
30 OMe (Example 25), using the Re(CO); complex of 1-(carboxymethyl) histidinate instead of
methyl 1-(carboxymethyl)-N-Fmoc-histidinate hydrochloride. The yield of the pure product
was 37%.
$P_NMR (500, D0, 333K) §0.97, 2.23
MS (ESI+, MeOH) : m/z = [M+1]* 1945, 929 (fragment)
35 IR (KBr, cm™): 3400, 2128, 2020, 1901, 1902, 1664, 1499, 1399, 1219, 1073.



351 R (KBr, cni): 3400, 2128, 2020, 1901, 1902, 1664, 1499, 1399, 1219,
1073. WD 2005/ 061527 PCT/ EP20041053628 -28 Table 2: Structure of cobalamn
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14 Rd - HRb: hexyl- PAMVA-OEt Rd R=H R = HRd: r 3,- PAMA-Cet 18 Rd R=H
20 RRdd = HRb: (n P3 Hs-OM NONO R=H 22 Rd = HRb: ethyl Triamne RR=
H(n=2) R = H RR phosphat e- et hyl - NHCOCH2 Hi s- iy O WO
200510615‘552?@’#5%%%004/053625 -29- Exanple 27: General %%Pﬁ?oﬁgs%%cedure
Solutions of the precursor [WO Tc(OH2)3(CO) 3]* were prepared out of [89n
TcH4] - using a boranocarbonate kit as dezgcri bed by Alberto at al. (J. Am
Chem Soc. 123, 3135-3136). 5 A 10 ml dl<dss vial with rubber stopper was

flashed with N2. 20 pi of a solution of cyano cobalam n derivative (0.01 M
in water), 20 pl of MES buffer (1.0 M and 200 pl of a [9emlc(OH2)3(CO) 3]*

sol uti on wergamgded: @srkralngodlif@plocsdurdn Xt ure was kept at 75C for 1 to 2
h HPLC t f t | |
conver si on Iualpl 3 brogurk S8 EGOMGHGURT oRELACRARA P BT s ot ect i ng

groups in t feranbedrodrateskitey descritizddly dibeetd et al. (di Ara. Chem.Sucht2dy B35:3186))p! exes.

For 11 vigro ko] faks308 wif Lol Sty RhHlshe i AL 20t BBAD XPGRAES: Ve
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gamma acti vi't nor na |netoa
concentrat i o"ntO@f oys. PP ap@lvseﬁrwlﬁhﬂrdeltf@ﬂm\@a&ﬂﬁrform?cbf@t\fﬁafm fullwopyarsion ofn
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m n), 30% net hanol m nmet hanol (25 mn)

d- deri vatd veeavetig é‘ﬁ’é ?@E"’%’iﬂé‘? EAmR e escri bed by

For in vivo studies and for binding studies to the transport vectors, very high specific
activity was demanded. Therefore, 100 pl of the labeled solution were injected to an
analytical HPLC system to separate the hot from the cold vitamin derivative. The eluate
fraction with the highest gamma activity (ca. 300 pl) was diluted with normal saline to a

15  concentration of 10 uCi per animal before i.v. injection. Separation condition were: acetate
buffer, XTerra RP8 column, gradient: 0% methano! (0 min), 30% methano! (15 min), 100%
methanol (25 min) for the b- and d-derivatives, and the TEAP system as described by
Schibli et al. (Bioconjugate Chem. 2000, 343-351) for the other compounds.

20 Example 28: Preparation of transcobalamin [i (TC i) from rabbit whole blood.

TC llis purified by affinity chromatography on a cyanocobalamin-agarose matrix (Sigma).
The gel (5 ml) is first washed with 200 ml 50 mM Tris / 1 M NaCl, pH 8.0, afterwards with
200 ml 0.1 M glycine / 0.1 M glucose / 1 M NaC! pH 10, and again with 200 ml 50 mM Tris
/1 MNaCl. 200 mi of twice centrifuged whole blood (first time 5000 rpm 15 min, second
25  time 20’000 rpm 20 min at 4°C) is applied to the affinity column, and the column washed
sequentially as before. Bound TC Il is eluted with 20 ml 4.0 M guanidine HCI / 50 mM Tris
pH 8.0, and in a second step with 7.5 M guanidine HCI / 50 mM Tris pH 8.0. Most of the
bound TC Il elutes already with 4 M guanidine HCI. Probes are dialyzed extensively
against HzO for 2 days at 4°C. Typical yields are 5 — 30 nmol/l which translates into 7.5 —-
30 10 ugof TC Il (MW: 50 kDa) per rabbit.

Example 29: Preparation of transcobalamin Il from bacteria (recombinant TGI)
Transcobalamin Il cDNA is expressed in E.coli strain FA113, a K12 derivative with double
knock-out In trxB and gor genes, where the cytoplasm forms an oxidizing environment and
35 allows disulfide formation. The transcobalamin Il protein contains a PreScission protease
site followed by an N-terminal histidine tag. The protein Is isolated from soluble fractions
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transport proteins, shifts from a molecular weight of about 1.4 kDa to 40 — 70 kDa,

depending on the transport protein. Titration of the binding capacity of the transport '

20 proteins is done with ¥Co-cyanocobalamin (ICN Blomedicals GmbH, Germany;10 uCi /

50 ng).

Example 32: Labeling of cyanocobalamin derivatives with **Re-tricarbonyl
Preparation of '®Re-tricarbonyl and labeiing of cyanocobalamin derivatives is done in a

25  one pot reaction. 7.5 mg BH;NH; is mixed with 20 mg sodium ascorbate, 100 ul cyano-
cobalamin derivatives (10 M), 900 ul of a ['®ReO,] generator eluate (0.9% saline;
40 mCi to 270 mCi), 20 mg of HsPO, (85%) and gassed with carbon monoxide (CO) for
20 min. The mixture is heated for ¥2to 2 h at 60°C and for ¥2to 2 h at 90°C. The labeled
cyanocobalamin is separated from the non-labeled on a reversed phase HPLC column

30 (Waters Xterra RP8) in phosphate buffer with a linear methanol gradient. The active
fraction is diluted with normal saline before i.v. injection to a concentration of 10 pGCi per
animal for imaging purposes and up to 2 mGi for therapeutic treatments.

Example 33: Sensitivity of tumor cell spheroids to ionizing radiation
35 Inradiobiology, the similarity of radiation response between spheroids and tumor

xenograft bearing mice makes the spheroids to be a good aiternative model to in vivo
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depending on the transport protein. Titration of the binding capacity of the
transport 20rrpdiation shediess Mistioellur tumds ébwragsare godyal iaspinnériflaksBivitmedi cal s

dor i vat 1 ves Srtbssigon AP0 atR e Si el 4 hBEsBle ARG B

| abel i ng of wgsheddofreshanédiurcend thab incelsatédsforbh with gold or P2 Reslabelptbtyaneact i on.

Gerivati vas vaeaiighissh 20nShet SaRe30 SUR Sated thelthad KPR igbiReD T

40 mCi tos 27’(6 204G perZﬁeIln@ytofoxlth@ésQeSE@@byafhldregeencedlablhtyhnarmm,(hy nonoxi de

(CO for or 1/2 to
2 h at 90C ql%gulme{ggh‘?%é?tﬁé 8'3%8@ Bnﬁ%%ﬁﬂe %@{esr%é%?i@ééa &@ﬁ%‘éﬁﬁgg%gﬁ | abel ed on
a reversed pﬁmsedmp@dﬂslimaemwllqwrers Xterra RP8) in phosphate buffer wth
a linear nethanol gradient. The active fraction is diluted with normal
saline before Lv. Inj ectlon to a concentratlon of 10 pCI per anl rral for
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t uror xenogF%ffWOdlféf&}UF'%StHi“E%W% (ee-cyanecahsiastie GR1GId 11 of thegadiolabeled nat i ve
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stirring at @@W%&ﬁyflﬂ?é?'&g@uﬁ perpa B16- Mersmﬁéﬁ'fbﬁ’%“%@émﬁ& R4R) ed,
washed in frgaghaleed suahﬁ’déd mb%rgahawuig%edna @csunﬂedbnvu 48 belrfdr, RGO Re- | abel ed

cyano- cobal am n derivat| wel |l flat bottomtissue culture plates.

I
The dosel? an@@d'ﬁtﬁb‘{“°®s"“!§"eﬁd""§ m@? '388\3"%’!0‘30@{?("8? JPiKGi { §-Sing chtheessed by
f1 uor escenceraulo%bﬁédtayambaamm iObhixolRAK Hbrﬂmeganﬁe ahd USRS 48 b'aalfa?é €Ffor of the

sen sol 14 abamsipionnd ‘Slrasetngninaimbne o i I hevelelebebdnocobal ani n
derivatives tyanttabalafrn §.mideddwith nbbm&l.s@line and used as before. To study the effect of
Vitamin B12 deficient food, the biodistribution of labeled cyanocobalamin is compared in
20 mice fed with normal food with the biodistribution in mice fed with vitamin B12 deficient
food for a period of 2 weeks.

Example 35: Therapy studies with *®Re-labeled cyanocobalamin derivatives in tumor
bearing mice

25  For therapy studies, syngeneic melanoma tumor is grown in balb/c mice to a size of about
200 mg (measured by caliber). Increasing doses (0.1 to 2 mCi) of radiolabeled cyano-
cobalamin constructs and of cold constructs are injected l.v. Tumor volume is assessed by

measurement with a caliber. When the tumor reaches a size of 800 mg, animals are
sacrificed. In a series of experiments animals are treated with a fractionated regiment:

30 radiolabeled cyanocobalamin is given 3 times a week apart. Animals are observed for 60
days for re-growth of tumors.



For biodistribution studies with 57Co-cyanocobalamn, 0.2 C / 1 ng of the
radi ol abel ed cyanocobalamn is mxed with 180 | normal saline and injected
Lv. in tunor bearing balb/c mce (syngeneic nouse nel anona B16-Fl 0). After
a specified tine (5 mnto 24 h), aninmals are sacrificed, the organs

wei ghted and counted on a ganma count er .32For 15 biodistribution studies with
99mrc- | abel ed cyanocobalamn, 10 CI / 0.5 ng of the radiolabelied
cyanocobal amin is mxed with nornmal saline and used as before. For

bi odi stribution with 111 In-Iabel ed cyanocobalamn, 2 pG / 5 ng of the

r adi ol abel Tle clajms defibing:the invention arelasfollovisor mal sal i ne and used as before.
To study the effect of Vitamn Bl12 deficient food, the biodistribution of

| abel ed cyanocobal am n,i s k: ] ed with normal food with the
bi odi stribution ?’n m céﬁoggﬁi\[/}ﬁ‘?ﬁgr\g}‘f lg%ggfogfgﬁa@i cient food for a period of
2 weeks. Exanple 35: Therapy studi ﬁé W th 155Re-| abel ed cvanocobal am n
derivatives in tunor bearing % For t herapy studi es, syngeneic

mel anoma tunor Is grown in balb/d mce to a size of about 200 ng (neasured
by caliber). Increasing doses (0.Xto 2 nC) of°Wi ol abel ed cyano-

cobal amin constructs and of,Ne®l d canstrfidts gre Injected I.v. Tunmor vol unme
is assessed by nmeasurenent wilth a:caliler. Wefsthe tunor reaches a size of
800 ng, animals are sacrificedNdNn B SeRne
treated with a fractionated ngginent// 30 rpdi o'abel ed cyapocobal anin Is
given 3 tines a week apart. Ani nafsMrefobdaryged f o ®WHRdays for re-growth
of tumors. 32 The clains defifin on are as follows: 1. A

cobal am n derivative of formul & "CONHR H2WH @ , H
2NOC CH, H, CH, -\l CONHR HN O
H,NOC CH,
CH,
; vCHs I
:' CONHR®
a9 CH,
w ) (I X
H™] o CH,
o)
\P /O o
A IR ()}
o) o) R
OR
wherein
5 R®, R°, RY and R®, independently of each other, are a spacer-chelator group, an

antibiotic or antiproliferative therapeutic agent, a sterically demanding organic group with
4 to 20 carbon atoms, or hydrogen;

RR® is a spacer-chelator group or an antibiotic or antiproliferative therapeutic
agent, each connected through a linker Z, or hydrogen,;

10 with the proviso that at least three of the residues R® RS, RY, R® and R} are

hydrogen and at least one of the residues R®, R®, R? and R® is different from hydrogen;

X is a monodentate ligand; and

the central cobalt (Co) atom is optionally in the form of a radioactive isotope,
and further



HBC HHONCH3 O\ O (I, ORRwlerein 5 Rb, R, Rd and R, independently of
each other, are a spacer-chelator group, an antibiotic or antiproliferative
t herapeutic agent, a sterically demandi ng organic group with 4 to 20 carbon
atons, or hydrogen; Ra is a spacer-chel ajor group or an antibiotic or
antiproliferative therapeutic agent, each connected through a linker Z, or
hydrogen; to with the proviso that at |east three of the residues Rb, R,

Rd, R and RR ar ) hydhaviap acmciadingeaffinitpner désst thanr 28%d baslid affitiity Rl and
Ris different from hydrogen; X i naodent at e | i.gand; d, t he, central
cobal ¢ ( Cofratteohmlagin iy Besimsrss otae BRiAeAarty a6 Roaciadiied lghah it g
further 33bir{(ﬁﬁgt|é§tviuﬁg no binding affinity or I ess than 20% binding affinity
to transcobalamn [l when conpared to the binding affinity of non-nodified
cobalamin in a Mndi ntetaining morectham % off the artivithes @ vitemun Bi2 sebstifde seei vity
as a vi tsamggmgﬁr?aﬁ%&bstitute ina s growh assay. 2. The cobal amn
derivative®ac g toclaiml1l wherein R is hydrogen. 3. The cobal anm n
derivative according to claiml1 or 2 wherein the spacer-chelator group
conprises a spac@r, whiThb cobalaminalerivhtive aecotditigtoelaim I whdr@incRTibapdragans,
wherein one or two to carbon atons nmay be replaced by nitrogen and/or

oxygen atons and_the aljphati¢c chain nay be substituyted by dr.oxy, 0Oxo or
am no, and a chePat or, Ll'hgi gch)afagug @%BY%&CF\‘H' inggtq \ﬁg‘?m’t Hr@é%r‘vl}?ﬁ%’é tgﬁ)nor
atoms sel egphLdr o6t Bio gggﬂl rs&@xygen and sulfur in a distance such as to
bind to a netal atom “an ogti onally a nmetal atom
a spacer, which is an aliphatic chain of 2 to 10 carbon atoms, wherein one or two
10 carbon atoms may be replaced by nitrogen and/or oxygen atoms and the aliphatic chain
may be substituted by hydroxy, oxo or amino, and
a chelator, which is a compound having two, three or more donor atoms selected
from nitrogen, oxygen and sulfur in a distance such as to bind to a metal atom, and

optionally a metal atom.

15 4, The cobalamin derivative according to claim 3 wherein the chelator is
selected from the chelators of formula (IT) to (IX),

AN H
SN
HOOC T l \N/\/N\/\NH
N~ H 2
) (D)
N
¢ NOH HOOC” N NH,
N NH,
/
{v) 1\
HOOC NN, Hooc” N""“CooH
I N=/
) (vi
N N
| I HN VT
=N N~ \=N N=/

(Vi) (IX)



Is 4. The cobalam n derivative according to claim3 wherein the chelator is
selected fromthe chelators of formula (H) to (I1X), HOOC N H N NN _ NHZ
(i) (rerr)y /%1 OHHOOCNNH2 N NFIzZ 1 (1V) (V) HOOCN-~NH HOOC11~ N11~ COOH
NO (M) /zzL i NN HNLN N---/NH tZ, (Vill) (1X) 34 wherein carboxyl groups
may be present as esters. 5. The cobal aB4n derivative accordi ng to any one
of claims 1 to 4 wherein the radioactive netal is 94nmic, ""fc,' SSRe,
186Re," "In, 90Y 64Cu, 67Cu_orl1l77Lu. 6. The cobal am n derivative accor di ng
to any one of CIWWIHCW’leémbePFGS@‘@?&ﬁ‘G‘S net hyl , hydroxy, aquo or a
- deoxyadenosy!l group 7. The cobal am n derivative accordr ng to claim®6

Wnererans cyagno. lo¥GHH
claims 1 to 6 vvhgrer n %e centr d in‘r%q?%ﬁ?%hgbf‘glahﬁ’s p%‘pgmgr?eg{o or

| Ol
60Co. 9. Tie radibadtiveimetalas /] V‘@T@d?ﬂedﬁi@ HancTx;, s, \%&mﬁﬁmo Rbis a
spacer - chel at or group optronally carryr ng a netal atom the spacer IS an

| i phati hai r b d th hel at I
Sherein the grofip COOLhT SOGBRBAERFINe FepEinidp araPre Al slafd | S Wiggsh &y |
and RR arexhig¢ ﬂﬂﬁ'ﬁletlﬁyl%yd%)@ ﬁl{(ﬁ%rds? dedxyakefiosyP Baugni n derr vative

according to claim9 wherein Rb'is a spacer-chel ator group optionally
carrying a netal _atom the spacer_ is an aliphatic,chain of 4 carbon atons,
and the chelator7is of Th@p@hnlqnmrdepvaweqceorﬁmsﬁeCljrra&pwh@wxrSs,cyaaothe form
of the ethyl ester; R, Rd, R and RR are hydrogen; and

8. The cobalamin derivative according to any one of claims 1 to 6 wherein

the central cobalt atom is the radioisotope *’Co or %°Co.

9. The cobalamin derivative according to claim 4 wherein
10 R is a spacer-chelator group optionally carrying a metal atom, the spacer is an
aliphatic chain of 2 to 4 carbon atoms, and the chelator is of formula (II), wherein the
group COOH is optionally in the form of an ester;
R%, RY, R® and RR® are hydrogen; and

X is cyano.

15 10. The cobalamin derivative according to claim 9 wherein
Ris a spacer-chelator group optionally carrying a metal atom, the spacer is an
aliphatic chain of 4 carbon atoms, and the chelator is of formula (II), wherein the group
COOH is in the form of the ethyl ester;
R%, RY, R and R® are hydrogen; and

20 X is cyano.

11. The cobalamin derivative according to claim 4 wherein
Rlis a spacer-chelator group optionally carrying a metal atom, the spacer is an
aliphatic chain of 3 carbon atoms, and the chelator is of formula (II), wherein the group
COOH is optionally in the form of an ester;
25 R’ R%, R® and R are hydrogen; and

X is cyano.

12. The cobalamin derivative according to claim 4 wherein
R® is a spacer-chelator group optionally carrying a metal atom, the spacer is an

aliphatic chain of 2 carbon atoms, and the chelator is of formula (IIT);



20 Xi s cyano. 11. The cobal am n derivative according to claim4 wherein Rd
is a spacer-chelator group optionally carrying a netal atom the spacer is
an aliphatic chain of 3 carbon atonms, and the chelator is of fornula (11),
wherein the group COOH is optionally incsthe formof an ester; 25 Rb, R, R
and RR are hydrogen; and X is cyano. 1 The cobal am n deri vat| ve accor d| ng
to claim4 wherein Rb is a spacer-chel ator group optionally carrying a netal
atom the spacerRrf, g{dan"aﬁjkbbgth ydrogedi shdof 2 carbon atons, and the chel ator
is of formula (III) 35 R Rd, V\and RR are hydrogen; and X is cyano. 13. A"
phar maceuti cal cKr’fb@lﬁﬁnPr on conprising a cobalam n derivative according to
any one of clainms | toll together with a pharmaceutically acceptable carrier

s or excipient. j3 A pharmaceutical composition comprising a cobalamin derivative
according to any one of claims 1 to12 together with a pharmaceutically acceptable carrier

s orexcipient.



