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i magi ng and destroying rapidly proliferating
undesirable cells in nulticellular organisns.
Background of the invention Abnormal cellular
prol|fgrat|o notabl h,f-rProllferatlo [ th

5t |ted St ates al one apprOX|nater 1.5
di agnosed with cancer and 0.5

million die fromit each year. The fight agai nst
cancer has seen sone success but al so nunerous
s Eleldoaf thesinvebtivrer e si deeffects of anti-cancer drugs and
the devel opment of resistant off-spring of cancerous
cells are major problens, as is the early and precise
| Sbanvention celates tomethedsSorimaging end dessioying rapidly proliferating
"Mﬁc?ési?ét% bdIRNiRkLIMiGelGRl byanistgh as many cancerous

I'l's, depend on an increased supply of nutrients,
gromﬁh factors, energy and vitam ns. Using the supply
reu&gr(m‘nd@fmbnmhmn which is essential for cellular
gromh and is often in short supply, one m ght
possi bly transport drugs to these unwanted cells.
Cabadranal celifiabprpliferatiens nktabiwhygesprolifecatiom isBhe seurde piregenus
a%ﬁ%@ Qné %@4 &b o@glﬂ'e@ lcénceh%’fh% ite@ Bk bidhe ap[oroxumately

quo- cob , 1S essentia
| |1f5ema'ﬁe| P?QR‘# %r@ﬁ@@ﬁﬁegtw'@ﬁamr@nﬁo deilion die\jropyit eagly year. The
Hlf@’ﬁ%balﬁﬁtgﬁﬁche‘ﬁ l’f§s seeeuls'eﬁlierwedelegram%lmemsg;@t badRe Severe side-

r fo t hesi s f CO nmn
et ool Biee pRSRa TR BT Sl ofRRER Geoarcerous el
aaaaema]bn wollemns,asiisithe @atb;aiimmracusslocahpmoh @htunfoors dridemetastasis.
proper function of the nervous systemand is necessary
for the Proper met abol i sm of car bohydrates, proteins
ahbiperarolifectipirelisi sHch 8s many F3nEarauA C@és@?ﬂeﬂgpn an increased supply of
I ﬂhﬁnéﬁ@'dré%ﬁﬁad?@& «me}gy@n@ AHAMIAY BsindIhdBipRlY!ro@e BA& @fBinfin, which

it functi as a cof actor
s;ﬁﬁsﬁ%{gé' fopgellgiar grg AP S'&%%PB% ‘H‘e(%QE‘ péﬁ?@y trpgsport
f dngt tathssenariwantaeltdayd. mal onyl - COA nutase in the
rearrangenent of methyl mal onyl - CoA to succinyl-CoA. A

cobal ami n deficiency can result in pernicious aneni a.
CElobalaminr{Cbk, aigodmown as VijaniiniBi 2tand present@sicvanaceahalami GiN-Cbl),

gﬁe&drbmﬁiaﬁm Héﬁéblz &r &%@HB&IMWHL@@BD q§§s§eﬁtla€l A BifeHN its

nos the cel t ake of
c GeRaeaation;insthe bgdy i 'éf’%’d 'm Highey) ﬁ'ig@P'a'h‘é HEPJE"“Q MyfarhBavedgget the
byitaieih frofandir fa6& The dRByrkesis of kebataraings linitedity B@se Plokaryotic

C%Pgaalniaslms,ns_u% 29 Iarrmlagerobic bacteria. Cobalamin is important for the proper 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
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.



proteins in plasma: the non-glycosylated protein
transcobalamn Il (TCIl) and the glycosyl ated proteins
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R- bi nder proteins or haptocorrins. TCl and TCIII are
i mmunol ogi cal |y cross-reactive and probabl y differ
only in their car bohydrat e corrp05| tion. is the
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i ncreased consunption of cobal am n

cnerEd eglls éralgp Preeane mmmm@mw&ﬂs&%éw &t iapd figsenkerg, LE.,
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the i ncreased netabolic demand of thym dine and
nEChifumctions ipthedietiteryoof, plasetalopbalamioro akeetabolivally aativébéNs by
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s oPRbre S Bapi Widbl AEBE T TR0 B most e Mareased
de@tabdl&fberrranﬁ foé thy nidircamelsnatinionifie predaaiba regthylatios reactions for DNA
t ranspor t he nucl ear
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Ado- Cbl . These two forns are operating as the active

CPROGIHRS TRl réfdépﬁmsrbrgéle%t in Bl Gskes GRfid #bedoRY %n@tno?écgrban -specific
is well established he observation that inherit

ad
i hEHrerepiqn icaliad megafin, I'%%?ﬁé’")t ?f‘pfﬁ.%%q' ibiydney proxigiahipules a”d several
deihret ﬁﬂjﬂfpﬂ{tle aser. Age.caidlocytaiandemsnsattmw deaﬁd‘dégf'ad&rdién the
t W conal am n. nos
L EEofites St B By R RindoPrlB o 18 FonBh ofd st Herustear
f memblenaswisgre it ds aonuertaddnto de-Gbitapd AdgCbs These two forms are operating
MBEHS ﬁ\%ec%eﬁi&ﬂ{e%% it By %S%ﬁ@e[méi%lé onrﬁT f'vhell established by

assumne e vascu ar endot umi s primary

s thgrabgeryationthat mhAﬂt'gg Fborrdaek g} T leaglgdg @pgqlqa@astlc anemia,

C détambathl Mt@irdielical @iSdrBers andasatn if het teatdd vith dxebsy-cbbhlhmin.
This is the netabolically

Almost all cells are able to generate TCIl. Many cells such as hepatocytes, fibroblasts,
nervous cells, enterocytes and macrophages synthesize elevated amounts of TCILI. It is
assumed that the vascular endothelium is the primary source of TCIl. Approximately 20-
30% of the circulating cobalamin is bound to TCll as holo-TCII. This is the metabolically
efficient form that ensures the internalisation of cobalamin in all tissues (see Rothenberg,



efficient formthat ensures the internalisation of
cobalamn in all tissues (see Rothenberg,E. etal., in:
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New York, NY, 1999, pp. 441-473). TC is present in
bl ood and plasma as well as inyiost exocrine
secretions and other fluids. It is nmainly generated in

| Beotafalh emin S0 ot Py ST B0 i Nw e, 1900

epw..44T@r3). unl i ke TCIl, does not seemto deliver its
cobalamn primarily for cel lul ar uptake, has a |ong
half-l1ife in the blood, and thus holds nore than 75%

of Cltik peageritin bigod anshiplagrilag welasdo mostexogiine:aepgretpRacand other fluids.
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dehewisty erdsBioehemyigiergh BdR.i susraapp- \ﬂéw}él‘)l s. It is

undi sputed that the physiologically inportant
nmechani sms for the uptake of copal am n by beni

e AP aihe vefiprees ke &f coaiamjn, E‘trB?’Emﬁ“énlceﬂl%aW b‘t%f'nd
| odrisideridcasfancitomative rolite talsugpplytdobslahinadztiyativePisehyperpraliferative

é/ Ig I?Elunhltspd‘(%é {hgt tqgtgﬁl)(%ozo%\ggaggﬁ@oﬁtgrﬁ eccﬂgl‘ﬂé ﬂ?pﬂ{ Sl{plt,]ake of

SO a ravers nenbrane 'w
i mnalavrem’ehberwn rmawmeeatiasy celis auirgs. thveaters TElliade A E&(ahd intrinsic

aﬂacﬁ‘;?' ﬁ*ﬂ tﬁé anéétuvé %&t} tl-bbwb@ert ARR0'Rd Tl Giffo 88 ShAMNBt f?éé'E%Balamm is

fromt dren congenitally and totall éﬁ
delee é'P'éFﬂ tr?"ﬁrst‘? p'a%a MRBRY %&Mﬁ?‘ér‘%ﬂ '”‘éf&*fﬁ“?ﬁ"é? 3,{aCHH protein.
oDirédt @@ideabraini ddditiesdl kbiftd td fakélup fréé Edbagniie Bdriéd ffum thie study of

P e Rl iR . U bk R SOREG S o oo
( ¢sbAaBN)in rdsnlited it aetriking déreissierm ofwétical gnd kiergitalfsigae of intracellular

| f
CERPLh o gl B8 PRS0 S (e
oshwawp e Af frepr cobalpmingp higkia eefisand fiPrieblagtst W iHelpeqe!ls, uptake of
f irb6 §dVarsisis bofw@n A9baEI, Bf 1BEEeBN R TCAboliRd Goblalé@rid) Qth

B B P eS8 S LI 4 oL ) B sou

haoramnf that noted with TCll-bound vitamin. The free vitamin uptake system in human
fibroblasts has been studied in some detail 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
and specifically inhibited by excess unlabelled CN-Cbl and OH-Cbl, and complete within
30 min. The second uptake component is slower, linear with time and not inhibited by
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CN-[ 57Co] - Cbl has been established as a biphasic
system The initial uptake conponent is rapid,
saturabl e and specifically inhibited by excess
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F’aFAS . ‘kroH’é/o?Im%@kTﬁé Fe%@?syod? G2 bimals and humans,

vec esstcobalanin u pr ac
bwben qmg nadhé@beéledjcq@@le@m @ejlvtatlyeas@owgg)wbalhﬁImOféBmOUf'ﬂSSUGS but . .

Caiks h%froﬁg%cc@mtﬂ%ﬁ’&%f‘fﬂléa%ﬁ\)&yq}f h&iltﬁ* fghiue&lslidh ACking and liver.

ents, including radioactive metal isoto
og'ﬂ?fﬁ‘fﬁse '"E?gA‘g andgagiofherapy,gye fanigm bringorima ﬁf§8§’°teﬁ'?éf°' major
I darihdes tobiraé Redthy Partyof tiad tsodg kit theripplicandrerdessribag so far.
radi o-1 abel | ed cobal ami n derivatives, showed | abelling
of tunour tissues, but , also a strong accunul ati on of
r Akére écani akivioys needfentanpoundss seresgsitons Andimethiodsiteyadaninister
I | ; '
Hl\éﬁgﬁ%sgg %ﬁcf tﬁgﬁfa \c cgﬁﬁérﬂﬂ éit%g\%tllflg{ﬂo &&ngmfe?e[ g%géf;és in hlgher
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P Agter ool e st PBOmBU PR BestiD apiia csoidps the

rd@medﬂp;nepfmﬂres‘“s&ar&belﬂ@ro&sb@g n hi gher concentrations
conpared to normal cells. It is the objective of the

present invention to
Summary of the invention

The present invention is based on the observation that, in contrast to cobalamin itself,
cobalamin derivatives with no or much reduced binding to the transport protein



provi de new nethods to identify, synthesise,
characterise and apply cobalam n derivatives wth
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proliferation, while avoiding the devel opnent of
resistant cellular off-spring. gSummary of the
i nventi on The present invention is based on the

serva ion,t ntr to cob n jtself
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By sélecting cobalam n derivatives acting as vitamn
B12 substitutes, the risk of the fornmation of
I The Bt @rtibn Ezflits@foidaaalhrﬂmmeﬂvdmsdi c tissue is nuch

Ny |on reI
o Po%04 pe QR 4Rk Al Grdhe B G PR e
b{n détaiging BEtivity aya vitanin 3m3smmmum n Il and (b)
retaining activity as a vitamn Bl2 substitute. In
particular the invention relates to cobal am n
d byRartioulay the inventiongelaieg to eebalamiadervgtiyespr ef er abl y | ess
t tae)naﬁﬂ@ le6d thh nd%nge@fafuweésm&ros%rarbﬁmﬁad ' ltb tl'dnswtfbéﬂamm I

ared to, the hindi ni t m)dl
Semmarectio o ey oo e SRaT s g test and
t tu)retﬁi%\gfnmhmaaet/d of ltltewcaﬂtyeasw vitaminB R1stibstitlietin 4 gtogth assay.
a growt h assay. Exanpl es of conpounds of the invention
with low or no binding affinity for TCll are specific
c BKRINRles ¢f cappyngsiolthe invartiop; with lew pheg bipding aldnikrfay tell are

db&é&ﬁi@%&b&arﬁﬂ%@ﬁvaﬂ%r@lﬁg 2 therShABE b/ & diRfrdbtic aEBﬁt such as a

co ounds of e inven are selecte

oFa ogetiveLagifl Lh %@”&05”4?&?51’5 'F‘@é‘f'°wfﬁﬁe'{§8‘ﬁgf’r‘§@ bf"élslﬁ‘he results
anafta BingngisstwitsaafledSCIhgnd agioadaasshy usingl EAdiohaeitis deltaseckii as

t anism The invention further relates to a
n@ﬁ%ﬁ%ng§?hgn03|s of a neopl astic disease or an

i nfection by mcroorganisns in a manmmal conprising (a)

eXRORPEioh hﬁthﬂﬁ@ﬁ?és t8 Y IMRNILH dREnbR 5% de%llaéﬁétc?é%ag’é/ ofan

neopl astic di sease or an infection to a period
vinfegtipmbygyisreorganismsdn %f"arrﬁ?ﬂﬁc?rﬁﬁr'sg@bsequent |y appl y| ng
3(3} eksdsmigitite dnemmaaéuﬁw@cté& oftd@mgnmrcmi tb)Oa’lnéb@lalfsyd: digeae or an
ostic agent. .The inventiqgn, Likewi se relates to a
e e BB AR, B SRba BB B Tor g T o s

(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
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.

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
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and (b) subsequently applying a cobal am n derivative
of the invention carrying a thefapeutic agent. The
invention also relates to the use of a cobalamn

deri,vative according tq . the invention,ir .
et of LEaPes 8 sttt sk irb Y dxBickl Byt B Blpcton by
nimiorowgaresmsns or i n amet hod of treatnent of a manmal
suffering froma neopl astic disease or an infection by
m croorgani sms. The invention further relates to _
pAbe inkedian furtier eiagsde PharsirsedisAlFoMPPSitP NS SREIPHSIngCcobalamin
d@édivaiids\of theQhvehtich, ifPaptituiaP PharmBcdlliEdl icémbéditions suitable for
phar maceutical conpositions suitable for_ag gn stic .,
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respectively. The invention also relates to

| Fh& IBHIoA RS réiftes td RteRhERAESot B prpaFAiIBR 8HEWSHoUA&S kful in a

in a diagnostic or therapeutjc treatnent accordi n% t he

i Hipgnestiopr thpwpagicttﬁeetmegf a%r%fb% (Merdtion /B aTticY|aTdg Compends
C b&&satuwlrdauifhcuheb'tdwion gi_naiagi Pa_@lﬁﬁbﬂi\)é&nelﬁﬁlg,aﬂtﬁ ga\}mg nc{:autiang a non-
no_ et or non, r.adi oagtive neta ound to the

cﬁaéﬂ%(;@ .m?%@’&“ o %grﬁ?%%rt i ves according to the
invention are of particularly high value for the

dic3R9RInueARANEE adcBRiirg 6 te TR arB99pSHQINF highdRiuE!d the
f or

progressing neoplasticC di seases such as cancers and/
ddiagResis andigs dhedreatment ohrgaressived raeidly Progressino Geeplasfic diseases

Patidtofedan6ers bRd/SXdi&takIS BRd/obfda@therl @SI6E4| Rifé By pdfdgenic
flfrﬁures Q. 1 is a graph illustrating the interaction
0

FAYPYULYS-ve | abel | ed cyanocobal amin-/>
propyl - PAMA- OEt of Exanple 11, a TCll-non binder, wth

ARSIl A RRD 3 001 ST 1L assay ¢ St op
radi oactive |abelled derivative on a Superdex(tm75
SR, { BB o i s pr
¢ REOPHERRMF S PTERMA TR, § Th TaRbndes, WA BERROPEGtERS n @ gel shf
anedaysi stimé, chine- chashis\pt miraiteri xed with TCl 1 (peak
el Utﬁngﬁiltr%tic?n é(n%sis of the radioactive labelled derivative on a Superdex™ 75
column (Peak elutes at 1.5 kDa)
B) Gelfiltration analysis of the derivative mixed with TC! (shift of the peak from 1.5
kDa to 44 kDa)
C) Geffiltration analysis of the derivative mixed with TCl| (peak elutes at 1.5 kDa
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 TClI-binder, with transport proteins in a gel shift assay.
t = time, cpm = counts per minute.

A) Geffiltration analysis of the radioactive labelled derivative on a Superdex™ 75
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cyanocobal am n-/>butyl - PAPAcet of Exanple 5, a
TCl I -binder, with transport preteins in a gel shift
assay. t = tinme, cpm= counts per mnute. A)
Gelfiltration anal ysj t he radi oactive | abelled
deri vaf{y @ﬁa‘éagi@ 8*‘@33%?%) 75col um (peak el utes at
1. 5 By OBgffilBxtioBenkiysis pethe derivatied mixed wih TChehitef thegeak ttom
mxed EQ%FQ} @%}ift of the peak from1.5 kDa to 44
Tﬁ f % ion anal ysis of the_derivative m xed
w. t |C liltratioii analyeis of the derdvative mixad witls T héshifbofdine rask from
i ndi caf 5RBa EJ‘@G k@é’nﬁ&‘@éﬂ‘tﬂ@ %ﬁa%@dho@oﬂéﬁm{h -HIBOYAPRPASK 88es bind to
bind to TCI 1) Hg. . and 6: Bar graphs

i |1 ust TG ng ti ssue d| st r| bution y-axis: percent of
the injected radioactivity per gramof tissue x-axis:

0 2 . Ki d , 5
SR, Saady He ofepnt ilblapdteaBoBiBydh) £ A5V )

10) yFaxiso perfegy.of Bre ineated ieadivactivity pertdram oblfissee Lv.

i nj %@5%1@@)@%3“{3‘@&9@)'Hé%rtcé‘)%%ﬁgﬂll@dﬁe?_, ) B{ErRachNs) Fhtestine,

in mce | Ssue
di st ri but’} breraPkMyscley 9) BaieetiTfiobf radi oacti ve
cyanocobal amn (57Co-CN-Cbl) in mce fed with Vitamn

nt. food.. Fig..5:. Tissue
Cl §fisstie Ffeu star bAieRen oy adGeeths aprog By S Rton-con
PANmeéEdv@Emnpaléooﬁl) in mce fed with normal food.
Fig. 6: Tissue distribution after Lv. injecti on of
radi oacti ve cyanocobal am n-ii-propyl - PAVA- OE o
( Eigatidiissue distrioption after {\ injegtiemofyyadiaastive momlam'@hﬁo -CN-Cbl)
f pafice RReiitih \egmiles Y ddibibo®f. the i nvention Cobal anin
derivatives with no or very low binding affinity to
the cobalam n vector protein (or transport protein)
TEil 5: TWésea dapipliiechfteo. yrinectibrs ofeagioaative tyanucdbalamin-Bhipy!-
d ation in blood and
[ hﬂ(\:/er u(gégrz%*m&wmqgﬁ?%%ﬁﬁn%ﬁ&v@%d liver, while
mai nt ai ni ng h| gh uptake rates in hyperproli ferat ive

c ﬁiger T%%‘Je drshmﬁuo%b} V. HecliBY 6 r@dh%dtﬁ@cﬁn@éﬂb@%hﬁn BRebpy!-

asti ¢ di Seases cal infections
b{/DAMA-gEt (Examplg 11) in mice fed with Vltamm %12 dellc?ent food.

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,
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
activity are e.g. compounds of formula (1)



m cr oor gani sns. Conpounds of the invention that have
low binding affinity to TCll and retain vitamn Bl12

wWa@ewswstsg7 are e. g. conpounds of fornula (1) C NHRI/ERNOZ053628
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CONHR H2NOC CH, (I) wherein Rb, FT, Rd and Re,
i ndependent|y of each other, arg.a spacer-chel ator
group, an antibiotic or antiproliferative therapeutic
agent, a Bterl |y demandi ng organic group with 4 to
20 carbon or hydrogen; RR is a spacer-chel ator
group or an ant| biotic or anti prol iferative
t her apeutic ent, each cop@@¥Réd t hrough a |inker Z,
or hygvamgen; W th toe, prgfiso that at |east three of
t he resi gues Rb Rc} Rd, Recapd RR are hydrogen and at
Rb, Rc, Rd and Re is '
di fferent FRom hy ; a rmnodent ate |igand,

and the at LSoiei onal Iy in the
form of ,qcraloa(:tl In a particular

enbodi ment Rg % monodentate | i gand X is
e.g. cyand s fluoro, chloro, brono or

i odo, c t hi ocyanat o, or

| SQRBETCY N dLca branched and
conpr|3|ng Lo QN at.0Ns, preferably 1 to 4
carbon atope’- such-ss neIhyICHethyI n- propyl, n-butyl

or isobutyl, :or aIan hexyl or n- decyl and
optionally glbstituted by~qydroxy, net hoxy or am no,
for exanpl g hydroxynet hyl, [met hoxymet hyl , ami nomet hyl ,
hydr oxyet h or methoxyet h)dONHR nitrile R— CNlan
isonitr'}*H BC, acarboxyla&_g R-COO or a thiolate RS
, Where Ris al r branched and

glto 1<§yca atons, preferably 1 to 6

co I Si
car bon_dt ons, or exanple phenyl or napht hyl,
such acetor®trile, propldﬁﬁtrlle benzonitrile,
met hyl 4i socyani henyl i socyani de, acetate,
proplonatev >

2~ (1)

o) 0 R

OR

wherein

R®, R°, R® 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;

R 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
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.

In a particular embodiment R® is hydrogen.
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represent al kyl conprising 1 to 6 carbon atons or
aryl, for exanple optionally supstituted phenyl or
napht hyl, such as tri nethyl phosphite,

t tri phenyl phosphite or trio-
%ﬁ?ﬁoﬂg@%ﬁgémﬁﬁtﬁan& aquo; or a 5' -deoxyadenosyl
glhé e@erb ﬁucé1 aséluat%lhlwecbremg iOf] @domemaé? agacyanaso, | @0%%% or
'T%bm{dc ardy¢lr oxy, aquo or a 5'-deoxyadenosyl group.

Vol Pl raishe e TGS JHo BReHEoRagIS) RIEBRRDN 1 S carbon
matoats, sdchras nadtityh altted] nkprohyih ar-duity| or isébutyd,nae talso m-tadkyltdn @-decyl, and
C BB Aokl BPRIFLy, AARP) SIAL I SBRDEGS B RAR)

loactive
Cmqb‘mvmgthﬂfamloomﬁmﬂ lividyoxiyethylter oiethokyetiyhacer - chel at or

9 EWF?qul'\Q@ﬁ Qﬁ%orﬁtﬁferﬁ’ N& %éﬁbxy%@ﬁlc%@ 6r%ttﬁ|6f5?éjﬁi§‘ &hetdin R is

be used manuf act ure of conpounds useful in a

ekptineat °"ch"@'§ﬂi8‘§ BGLCORIDE T11AAP SHEOR Flome RraieFAbIL ! 10 6 carbon

aamrsdbm?:w for é_m.dlmmﬁmwdanaprﬂﬁyl a0th b é&étdhltﬁlg ;&Bplonltrlle

antipr erative t t subst i

ohRiie, ety s3ads) BRI ooy podtie rghlRete bRl

f mmﬂ:yahma@gblylgltb@dme, raimexythialate os thigphetolais; gent amyci n,

t et

. gldgﬁ%% KI J)P ﬁﬂg?e‘ﬁe&@?@dghﬁs&g F C?'L#S %eﬁﬁcal orhdrlf(f)erl}t}a/nt and represent

t @Ikwéiorf@mlngrﬂ tQf caihonaiemp PbRE 81‘%%9 a@@ﬁ@"yssybét&wte@ phenyl or
f hQH\tWﬂtéuﬁlﬁhﬁbiﬁ{e‘tﬁy%osﬁﬂé hm&Byi§iphdnlyRépHité) &iidhenyl phosphite or tri-
al k a agent, such as oxaliplatin, dacarbazin,

0395 éSB E'ﬁaam de or carboplatin, a cell-cycle

I hidrbiyt @raqus;och as vi nbl asti ne or docetaxel, a DNA

br, i.phi bl i ntercal ator, strand
brag’gégg éée%g*amggég?'%tg‘l%llpér%%og[gﬁéonyci n or topotecan,

a conmpound interfering with the signal transduction
P@LdtuYly, ¥ B afs n%tr@ﬂfﬁ?@@@ a§id o d 5/-dBB byl REARNMBSL

or antagoni st of c death receptors, and a nodifier
oPTSiRIEadES g 0- phosphat ases and ki nases, such as

i matini b nesyl ate, dexanethasone, phor boI nyri state

acet [ eht [

e?\ %%eq'a %%%hg%ﬂgajsgs@?sﬂg{lég{ ltgh‘é ,rH_’ %or?ﬂ%ﬁ&&%ﬁr f8f metal atoms
t latiachet 40 thaiNi @O funnﬁo@cof the\cabalaminyiaa spages pad eptionaly carries a
SPrﬂa@ﬁratdnﬁ irPParfduld? B34 diGachtPhBtaPdtod. t 0 10 carbon at ons,
preferably 2 to 6 carbon atons, e.g. 2 to 5 carbon

atons, wherein one or two car bon at ons may be replaced
bwompbumeuﬂ foamaia Qn mmy@eme apmcwamortdmpadidep et dagry a metal atom

¢ I?a?e mtermgdlges t% tés’utse in tﬁe maXufaé,{ture o)fXOmpounds useful in a method of

diagnostic and/or therapeutic treatment according to the invention.

An antibiotic or an antiproliferative therapeutic agent as a substituent R®, R°, R%, R® or R®
is a an antibiotic 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-
fluorouracil, alkylating agent, such as oxaliplatin, dacarbazin, cyclophosphamide or
carboplatin, a cell-cycle inhibitor, such as vinblastine or docetaxel, a DNA breaker (topo-



amno. In particular two adjacent carbon atons may be
replaced by an am de function - NHCO or an ester
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NH or O function of the cobalamin with a chelator are
et hyl ene, propyl ene, butyl ene.qp-pentyl ene groups or

such groups wherein one carbon is replaced by oxygen

0 I
Esomeehd'sggﬁr'nbrtgﬁ onté“‘@ﬁétgr Qtrﬁd@orgﬂe@ Q{cﬁ ;&B%ozué@g nt{?&‘?r@cm%r

S mtqcamtaé@mum(@teﬁﬂlwtfdhe ﬁlgr@ trangdysiipsuARthwaaVSUSH as a

t \&Qspawa&m,omamérea&%@ar RhAYSRisES | cBF & &h Ferc@;srbrgl érrdmed.f.er of
%en and di st ance such as to

a
pasgp oqrpsrﬁeﬁse% ardarma?er SYet P%lnaqﬂe'bmsar'ém QrX@me asone,
c babrabromrsfaae/amté leyeiesport A| quardbtih g tedxifen, eithgrrattactied directly

o8 N g ne B ke I RS g EHBRE oo

as donor atonms are e.g. part of an aliphatic amne, an

Oég%érqs ?{"élfb&&r ch@in'd & &&9@8&9&{ bR '}ﬂef@faﬁﬁtb @ carbon atoms,

en atons as donor atons are
alecgoﬁéq carewhetpgrs \Wareip §nepr WAICBERRY afwrmrep'swwrmtrogen

ataAder @@gé’r%t@ihs ah@ e AApIeatie cBain kil @etshw.ﬁrtarbyt HydIx§,-oxo or

cRENS T TEY MO 2eBAa SRy A reoy b e R 7 ST functon

f uNetCOR or, araeaterienctire—@1@Gr0 aci d derivati ves,

pol yet hers, and the |ike. Preferred chelators are the

chel ators of forrrulatgm to (I X). Carboxyl groups nay
b&apiculgesnacers cernesting rQ @a@en@bﬁre@ﬁb@'ernmwth\ﬂ qhﬁlator are

C RIAYleRY, ﬁrsﬁyr@atel lSlﬂyléMetJi pemveh@broaf)@m duth yroebéiwﬁerem one carbon is
| ate group uch es

coor di car te

C e Bl oM SEaTEge MBS A PR Y SGTds TeagrLPhoxygen o
alnkipben Snd tha @adjacant cirvamatoeds autdtiv@abyiokes 1 to 25

carbon atons, optionally one to five carbon atons

bei ng repl aced by nitrogen or oxygen, or one or two

c v dhelatas isomeomenungd badndoostihireelar more genos plemsiselected from nitrogen,

V"‘%Wd@n%ﬁ& s&ﬂfr irPD@btadeesdieR b tdbifdoymBa ey, Paﬁ‘bﬂdlé?‘lﬁhelators are

¥ ro@ge hal ogen, cyano, O0XO0 or am no. The ester

rigen ‘3}‘?'3&?’ ¥ having ereér%%hbyrd'res@rfe% cqppRsisEg . Qr%ﬂd/% donor
hemmarwstdms frdmteacH Bthesdlioaihgalireling ch Rétal @loths. Nifrégét atoms as
\ﬁg ég?muﬁ, arZ N argt) %Fuaéhalr\é\@qtféranﬁrge; gg arnolrg ki og%r}‘g or aznﬁrogeﬁ) r

S ubstarnmgtaemnatln hetedmycle Oxygkreatome @s dbeaaidmssarg Rde alcohols ethers,
p%&lterscdrlcarrboﬁfﬁﬁ&tloﬂg Bilitbrh© S dorfor SomrRSrdlE P%lo@ﬁ“r@rsfo‘? khiols. The

esters commonly used as protecting groups
c Sepis {nay be gemyg’tedseeg; byaliphatic qarkgn chgmg ov\ﬁl@%ns qomgrigjng amide

PhohdCdridies? ethePtuRstions), erhagmltré NS b HérivaliVeb Solyb8REs, and the like.
Esterified chelators, e.g. esterified by nethyl, ethyl

or cyanoethyl, are also conprised in the definition of
p Pedferrecbchetatars ateche chelators of formula (11) to (IX). Carboxyl groups may be

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



HOOC HNNNNH H(H (I11) HOOC N NH (1V) (V) HOooc
N HHOOC NCOOH N (M) (MI1) NHN/ (MI1) (IX)

woaasoeiseT ve netal s consi dered are radi oi Sot opBST/EPIN4/053628

as 94nirc, 99niTc, 188Re, 186Re, 111In, 90Y, 64Cu, 67Cu
and 177Lu, in particular 99nTc,11188Re, 186Re and
1111 n. Radi oactive isotopes of Co considered are e.q.

53%%&3 nﬂzrcp%gé‘ twh %F inf! ditYogdR TRAGS BF?(&{ e &t %Eh Wtbfresidues

afmay bespijably sabstrtutggfr\eclrré%mé/ Malss thagx adayabls e |uaqiwprt'§v'eruﬁa°ﬂ°n

0@6%&%‘5 lejg. Sdgl@‘é&drbé& 5 eQ&rsh:)é&h%M/ usad léQiSbétecﬁﬁ@groéﬁB fBIOGarboxyhc
car car

g'a8| gpéeeﬂ,] Wf andﬁ}&yﬁy%% 3[0%%%/%[(0}1% IBH)&%WC syntﬁeé/ s, Wiley
hydeodxyphenyl or naphthyl. Exanples of heteroaryl

groups are pyridyl, pyrrolyl, imdazolyl or

benzi m dazolyl. In an al kyl chain, carbon atonms nmay be

r Epteditiastichielatars,terg getarifind yypajeh edwd)wscyamth)émplrs@comwsed in
aﬁh@&éﬁ%lltlor?&%r&errém&le%@on atom may be repl aced by a
nitrogen (or oxygen) atom and the nei ghbouring carbon

at om be substltut ed by oxo, thereby representing a
ca%aqg()&(,am ester function,yrespectively).

Pa ul e anp es of &LI/y\?I gnendi ng organic
group are isb tert\}gﬁ?i//le tertpéntyl, o-tolyl,
o-nethylbﬁnzyl or 2,6 dlnethylmenzyl

(NNOH HOOC” N NH,
NH |

N 2
/
(IV) (V)
HoooAN/Y\NH Hooc” N~ CooH
N=/ '
(V1) (Vi

| o T B HNMT/%\/NH

PN N .z \=N

(Vi) (1X)

Radioactive metals considered are radioisotopes such as *™T¢, *"Tc, '®Re, '*Re, ""'In,
9y ®4Cu, Cu and "’Lu, in particular *™Tc, '*®Re, **Re and ''In.

Radioactive isotopes of Co considered are e.g. *’Co and *Co.



A linker Z connecting RRwth a spacer-chel ator group
or an antibiotic or antiproliferative therapeutic
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phosphat es, phosphonates, carboxylic esters or
al kyl ene of 1 to 10 carbon atang.and conbi nati ons
t hereof. Such a Iinker connects the spacer-chel at or

970U a%g.%g et mto%taaﬁgﬂ'amsqg@y mlng &cloalkyl,

pacer ore tot

< ) 2ol r@@ﬁmﬂmbetpwawlﬂwégrew oRiBPAllDSUEEOYdrOxy, alkoxy,
Whb ednﬂnoQ@arbBQy cﬁgaﬁaﬂ oR@Ik@(y@arﬁbrﬁyl WQ%S@@ of ﬁ'&lﬁroups are phenyl,

;%q?%@heaﬂod'mﬁ@we'ﬁwb hlé‘i(&’ﬂ%éé’&’ Pr 'zﬂ?m%mz%m ' %S?{#y oferpary! groups

i weﬁ)tridylnpyr%hm irdigh s bOHSErﬂfmu@azOlymlmﬂkny:hdldn&arbon atoms may be

orre@%q,eg%n n rﬁg?ré&ruoe%genrb%the rﬁé)r Sﬁm‘ﬂg in a$ %I%@ cﬁ?m o% c'ﬁ\l%on atom
2084y herreplagedi by ritrodes$er axpgam) a0, anpd thfeeneabbgurlhessrborh atlom be
> %}‘P%& Wﬁfoe{h@%gy rép‘?%% ?}rg)aégcagb@@hﬁ&' (Blges?érffur{&l&ry resg@ctlvely

en co (non-

c digtica i@ ﬂxaﬂm’ﬁ? qf B)stesigally\demandisg argenls SFAUR appyiso- butv' tert- butv' tert-

S Wabdyi, b1, o-MethyBBAM, br LBimBtE|IBghzQ. Vi t ami n B12

dependent bacteri umor manmalian cell line, e. g. nore

than 2% activity, in particular nore than 10%

aX linket Z corpeeting RiWith anspacertdhalato? @fdup ot av antipiotib enantiproliferative

c ed)
qw?%e%ﬂ% Eg?eﬂ% lgea y&n&?ﬁ% "]%@1 5@@&&& P‘#rﬁ ¥he %/ro@&!}h@%afs's

( @bpjrhaeatps; @awboeélceeterscqr |alkyl§ne P tpi"0yc8rhop sfomesang sorigtions

Oqﬁergéft ?udﬂad' Iinké¥ dodinddd thé 'sﬁ&e?@ﬁélat@rt&r&id@dhé !h@fébéuhfé agent

bbjts. Reconbi pant

c SPHTE TP 2P A S ettt (g Srygen afor o cabalamin.
substrat e. Cobal am n derivatives of the invention have
t their.f ti gR

(bo %tﬁet %I??iéénrvla{g‘{e% 0311 %r te:ngtsw ée% @gb gqe\/el n%%se{re EIle%%Qen are
| ea@ngnged by belTICss adtare biilicpnpyroatichlbr astiver and meeeéorwemludpe from the
veébg J3ehL iheguesd. Wth all likelihood, nutant cells

% are no longer able to take up cobal anin

derlvatives with low or no binding activity to TCI
WiTHe sBiagtfonl o & icoinpeurdichi ietingeticH is bassdronthe iHeWiRG oriteria:

to achi eve  hi roliferati nrat Jth
pi g QP g Boskep Bl ao i B R B el s than
EsEPq i esarabl 55$ that SHomovd praterabhBess taem p3ibingingfaffinity, to TCIl when
] out by usin
C AR Nifl B1d RN 8 A ASIRN Lo BEL £ y using

an i nternational Iy

1 dBlAnElYRER tadin B2 syibstitytg in %wwétfeataasmanntem%& dependent
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Stﬂéﬁﬂeﬁlﬁi’g BF Ahmaliat céﬂ)rﬁél@gﬂhﬁirélfﬁaﬁ 2b/63a<ﬁi¥|ty, in particular more than 10%
cyanaQco ium resul n
BN B R ETE SR DSt Whem e aprispp (e etla oty of

St(nhen-modlified) bolsdamibe nmeasured by a quantltatlve solid
di ffusion plate assay. The test is used to determ ne

to
To test the binding affinity of cobalamin (Cbl) derivatives to TCII, an in vitro test is carried

out with partially purified TCIl obtained from the blood of rabbits. Recombinant TCli
produced with an E. coli expression system can also be used as a substrate.

Cobalamin derivatives of the invention have to maintain their function as vitamin B12
substitutes. As a result, the risk of resistance development leading to cells with high



what extent (in % the cobalam n derivative is able to

repl ace cyanocobalamn as a |life supporting catal yst.
wab@sioansenti on rel ates to a nmethod of di agnhosi BCEHRP2084/053628

nmet hod of treatnment of neopl astic di seases and of

| ocal infections by m croorganiigns in a mamal

corrprisi ng (a) exposing the mammal to a period of a

Loﬂ Jilom'%es wil I"o rg rﬁ%ch(rgaucﬁbl hﬁﬂ%ﬁmél‘hﬁo@%té(ﬁt%glls%hlch are no

am n eri Va I nventi on carr ng
ﬂcmgﬁro@ﬂq o tdfe wp qoh@a@zmedﬁﬂv@vagwm lowq g0 P@dlna @CU%'% toFCIl will

t hﬁvéleéi%@m\)ag{g?é Ibﬁ\;tgéug H@ée&%s&r'&@lld 1o wmwqun Sroftv@torfrates
G 9k gL SeieR A PR gt S hidka eghanism.

5 b| odi stri but| on in mammal s exposed to a vitamn-free
T?étﬁtﬁ or vEt%wn %AQ Fﬁ%ﬁ/{t{/ 8f e;r %o%lalean;h de ?Q VD ajn as;ézf’ 3 Bgm?d out by using
| disetobatilie defpaeckiican nternatlomllEmmn@nsecﬁtest str@inifar wanmbalamm
1%0@33@2%%365%&%05 gﬁ%ﬁahydoB?(lafhm*}o E cy%nogobaTamm Freo a§say medium

Bl
0 rgegllt@mﬁgrmrqg%pomw qfihe cyagecobglamin-guxgisoghi q;,tgpcg_engbstram which can

10 i@z gﬁba%gr}zégy &%u&ﬂltéiw5éolfb]cﬁfft@%n IplatefissAy. 4o Test & Bed & determine to

7 vt g (9% reiecbleginicbritaly hip Ry o g g asa o
Esappuirtingcataly§yanocobal am n- b- but yl - PAPAcet Exanple 6 :
Cyanocobal am n- b- but yl - am nocar boxynet hyl - H s- Ove

Exanpl e 8 : Cyanocobal am n-c-butyl - PAPAcet Exanple 10 :
Ofan sverignaeiates kn & meihod phNRgsts apd arpateodiof treatment of neoplastic

15 OHRBasRRAN AMoBal fhfédtioRy by mithdon tsn@fr@ma%rﬂa?compnsmg

A e B %&%Perv@ magmlgﬁiﬁ%ff@e%@

Q(la)rmbﬁdmbr&tm appkgimg a@pihlamiMeriGiive Bithapiventdd carrying a diagnostic or
b- propyl - H s- Ove Exanpl e 22 :
%égﬁ%gg%%lzg%rﬂ b- et hyl - Tri am ne Exanple 25 :
Opad tribb ssef the Sbajanis derivetiies of thetigvenigmen Furh & meitipd.s
oo Of biodistribution analysis collected in Table 1
indicate that TCIl non-bi nders
The positive effect of applying TCIl non- blndlng 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 10 | 11 |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 14.10[15.80|16.50|1.360.391.08 | 40.00|10.40|19.90(3.54|116.00
Liver 9.40 | 7.40| 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



e.g. the conmpounds of the invention as described in
Exanples 10, 11, 12, 18 and 22, have a conparatively

whe@hk/oeseuul ation in tunor, five tinmes or norBCT/APIV04/053628
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bl ood and at |east half the anmpbunt found in the

critical organs kidney and |ivegy.- The conpounds of the

Exanples 5, 6, 8, 14, 20 and 25 do not fall under the

def i gt f ) e tion since they
aHp%(f.’ C)gaﬂ%%gﬁﬁﬁweﬁgth_ Qfe MAGER

bind to nd are described here only as reference
conpe@ie 11cobanesabalaméy b-pepyRAMASESr ding to the
Id NV eblahiie ﬂ:a@ﬁﬁocfbﬁéh{rﬁﬂbéﬁtbwmglﬂ)wm ue for the i

i agnosi nd/ or e _treatnen gressive, rapidly
pr ogg’@g&’?% '%P%?@'%gbﬁggéém as cancers.
ConpExangte 18 : Ca@odcoberniin-dpropgirfPAMAEed for t he
tre .Ai_ah rol jpferativeszecells of human
ori S’%"Wﬁ%}{ V@&g?ér}%ﬁgpﬂg}ﬁéﬁ)gﬁe@gg)ﬁ% as nel anons,
f i brioeamieo2dh;, Cyanagdbalamimmb-ethyolrigmipgancr eas car ci nonm,
0St SRS IB: APobdlamil-5 P8BS HoBolath-HIBBMeLN | USt a
few exanpl es, ang are ébl Leﬂﬁt gﬂnt?ypgss TCI'l nedi at ed
endocytosis. The nmethod of the invention allows a
SReirddutts SN dRibuBon lalyeRIbofdttad if @able fritdizalédhbt TCIl non-binders,

di gted detr| t al ke of .cab in deri i
o Jlerriop i edighberCet oodentel AR s 0t 2. ¥68na 22
ndave adooparatively higheatcurdalgtianay tumepr dfivk ltises Gomprathalsindfood and at

U st RERS hﬂﬁurﬂ?cﬁlnﬂﬂi}thg'&hﬁ)’cap&%rﬁg kidrdy @Ad ek, THERIMBBUNdS of the
and cancer therapy, but also for the visualization and

t lxapelea it 6.8 1f»r?5anﬁ8ﬁtd°@pt faberger therdefinitienef cpgppounds of the
Miife AN te 378y BRI TAIINEhdCdte AedbriBd RétE oflly a8 fdterdRéeddofpounds.
of cobal am ns. Conpounds of the invention carrying an
antiproliferative agent are useful for transporting

t lGsbalgmitt ddrimatives acmeding/te thieoinvention &i@ df particularly high value for the

h P . | o : '
SR M GIR) SRt USSR, il iRt
t rsueh aseancers. Gompasipisicitheingertion can bg usadiferiBe tpajagrtcof highly

C Qrgnedt o @bild 1 BuBlY 8fin RUoIGE ih Yidlgnahcidy sticHds@nelanoma,
_ths apeutic a t can be adm ni stered al one or
[

. ent (

APsRCARR: Qﬁ(ﬁg%cﬁ'i‘?'”aﬁ‘é' RANCIFEF SAGNABA: qsfRasAGeMR pd acute
a?wfk_hémiapm?»ﬁérﬁbleju_smiei/vm&hlinpbs,tdmra_&pgblé Wbypgss T&| hediated

0 . C n : rati .

c Bt TR by 6e EmbASIGAT Hellit Bioeipbr aian organs

t Homaf@umediated datrigiebial wnjaketod gofealantin derivgltivasrearrying a radioactive

[ r@,m Phe-28eLd isned

adm ni ;bgfrag(? ibégnwgf f xggle%:%ﬁ%%ﬁtid%ﬂ@ygggp I!)She or nore

ot her therapeutic agents. A conpound of the invention

C @bmdé@ﬁc?éiﬂ?d)hvénﬂorﬂddi;bf 6rily udesul @rkEnbérshagiegland %ancer therapy, but
especi -~ faor tunor therapy.in co nati on,.wt , .
c rEdb s Vst ARG redPleaPH der L8 SR P picrogpanisms
a deperigiingadn aimgloénd diestuptdkerod cotmlamiohier apy i s equal |y

possi bl e as is adjuvant therapy in the context of

ot her treatnent strategies. _ _
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.

In a method of treatment of a neoplastic and/or infectious disease, a compound of the
invention carrying a suitable therapeutic agent can be administered alone or in



The invention further relates to pharmaceuti cal
conposi tions conprising cobalam n derivatives of the

WO pws6isen, in particul ar pharmaceutical conmMpoOBCT/EPIU84/053628
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sui tabl e for diagnostic applications and
phar maceuti cal conpositions suitbable for therapeutic
applications. Preferred are pharnmaceuti cal

C @BMBiRAtloh A ofne 'br %reeaﬁ&rtmra@m é@e‘iﬁs’ Bbdsilb comMiRbLBS therapy
I ntravenous, | ntramus cul ar

r
L ra116q foHE 680 PABbBEIABB e AT SbA peraPoye plige invention
| Bad 664 &horalofheetherapbatipedgants being Btaggerba bngicarindepahdently of one

acce t abl.e carr.

" BT Sife SRR a0 {1R1 3Pl sabBaib a1 ang argrarp gner

upenapehtc ageats. Aspmpowndag e imentigrt Ganabebides dr in agidéibn, be

c

¢ RQPIrIA8 odcBEahy 10} Ui erck HLAREREBTME R MY

CchnpenapiaRy; syrgisaliinoeftiopora embinaien efdhese- 'sqr@rterarr @erapy is

kg ﬁoi‘d‘lﬂ’é’\@s isadlfulant fﬂ{etrapy"_I’rﬁ flebateknbf oﬁ)éﬁ?ééinﬁbﬁ's&ﬁib@es
.e. the compound of formula (1) wherein Ro, Rc, Rd,

Re and RR are hydrogen and X is cyano, is hydrol yzed

uTtle inverttioh fthiee chlatesntd iphareseutiealgzomphsitiordicoupesing cobataimin

a . A - f |
%bﬁ{la% \%{&dof Mé%nge*ﬂ i rl%’ar{‘@u?&"r H@%q%éeﬁg{ﬂ%gﬁgbﬁfona@’@%% Br
Cdaenostie papligatians aml Qhqmaq@tlﬁwoméosmnanswte@lesfphﬂwrapww
Cypprsel am n-b, c, dor g-acid, i.e. the conmpound of
formula (1) wherein CONHRb, CONHRO, CONHRd or CONHRe
is replaced by COOH, respectively, and X is cyano, nay
t IPedferpel dre pharaticatichl cOMPOsiticns parma rangeral ridménidiiatiodiBuch as

bnﬁr&v%nogg, |r|1\€f u%g&a@er SI\ELZ [Il%n[egésp g&ttnn%tﬂt%h 'tr{édc%an%E {acﬁ%%og\pnse

c treractive ingrefliepegieriects dogefhenwith a pharmgceutiogllyi accepiahieicarder. The
RIaos 'o mﬁ% ﬁ@re& BRtldebeHdR UbEh %eWnéeE?emo% e lddBhl QBon the

are era pr ot ecte or are pr ot ect ed
b)$P%°c'9<§nl§%1‘f‘Q?’ H’E'Bhb é@d 'ﬂf’W@Pa'&ﬁi“H@”f therraividig! p'ﬁé@’a‘iqlf@et'c data, and
prRQBsR df@Bm@istragspounds wherei n the spacer conpri ses

an am de function, it is also possible to react

cyanocobal am n- b, ¢, dor e-acid with a di am ne

H2N( CH2) nNH2 under am de-form ng standard conditi ons,
a%tpogsgpﬁlgﬁﬁgct&gndense t he H2N(CH2) n-functi onal i zed

c tained with a correspondi ng

car boxyl ic acid again under am de-form ng standard

C @RHpbliiaf tHe iBRAGSPIE pdparcaiby stdnbtrametitiils KR6wn Mdhaae

Re, respectively. For the preparation of conpounds
wherein Rc is different from hydrogen, the preferred
mPrédferdbly scybososbalamin, 4. themmpouad dfdorenulzo(l) vheeein B, RS, R°, R° and

r %falé?é ﬁﬁodeﬂ%&g Ns E}aﬂg, ig n;&gl%drﬁagéoﬂ{?olled conditions, e.g. with dilute

mineral acid, and the obtained mixture of mono-acids, wherein one of the carbamoyl

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

Cyanocobalamin-b, ¢, d or e-acid, i.e. the compound of formula (I) wherein CONHR®,
CONHR®, CONHR* or CONHR® is replaced by COOH, respectively, and X is cyano, may
then be reacted with a corresponding amine R°>-NH,, R°-NH,, R®-NH, and R®-NH.,
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



according to Brown et al., Inorg. Chem 1995, 3038.
For the preparation of conpounds wherein RRis

waledosessat f rom hydr ogen, cyanocobal am n (or aPCT/EP2004/053628
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20

cyanocobal am n derivative wherein Ro, Rc, Rd or Re is
different fromhydrogen) is reggted wth RR-L wherein
L is a suitable activating | eaving group for form ng
I t
) S o) Rleditl, g Rlech by Btca

f mettam]p laBsnanide fom@@phlgqr@-lqure@q@tmm qgmgot@gg ylhereln the spacer
f %M‘Eﬁée@ '&n%HﬁJé’fUﬁétMn lifis B%Bbb%l@fb@ew ‘é{/éﬁoéo@a‘lénqn- b, ¢, dor e-acid

esi s. es serve to illu
© HBhiA TR DA DGR T AP EHS SARVBRA BTGNS pco frtner
S @0mn5e<ﬁa‘mzaeorﬁggagmmbn@zade/anbwusamiursomanaﬂ Withoarcorresponding

V\é?%o{(jyél 80'9\439%' H{ﬁmﬁh}mﬁg tﬁrmﬁ?st%rﬁ%{{i g%n%itnoﬁ%hgs_engr%@ thggt%stituent
1Rz Bf anciRb raspedtiyelyr i S(dl met hyl ami no) phosphoni um

hexaf | uor ophosphat e DCC = di cycl ohexyl car bodi i m de

DI PEA = dii sopropyl et hyl am ne

1-Fet e Ipreparatiogy pfrﬁévm?p%a% Wf&ﬁ?'ﬁﬁyls)d&%‘%&PerG@QW preferred

( %ﬁdd@fo@rﬁat%rﬁﬂf ﬂﬁtdﬂla&ﬁﬂ§ﬁﬂm&’dy aHEBuLtive lactone ring opening reaction

S s 1 o o e ioSen LEy 1985:3%88 ¢ RT = room

tenperature TBTU = benzotrl azol - 1-yl -

L/ F'of' ﬁw% p?%%eﬂ%h Wf s%ﬁe?érlh ﬁ@ﬁsomgrgﬁt?ro%%ﬁrogen cyanocobalamin

moni um
2 (@rra %ﬂmoyglamm deélvﬁwﬁy@afebbﬂy B FEAT B isdifferens fremdweiogen) is
a%é&éﬂa{ﬁ R MERH LWE baudid AtilRhg Mavidg Medupkorttbidedan ester

7000 st em equi pped w t eth
- BAT FAESTh e e ofd Tiedaurtiserany ef@?wua&ﬁ?&vaﬂw
( Se@mﬁdrlcaibexwlbz;mosdham drhosphionate @ster forrationaustomarylin peptide
m_/ A Uleuggégﬁt QEATS Wer e recorded at 250 and 360 nm
s§v (f pr Sdoni nantly aqueous buffers. Sodium
acetate buffer a was prepared by mxing 2.9 m acetic
aq'hg &R Rin rr§ E§§m s §&dé WY Eiedid MberfioMwitho? QerHé; tﬁgaﬁ\%ﬁtlon in its
and 100 anol. Tris buffer a was prepared
diS&€¥H vi ng tr| s(hydr oxynmet hyl ) - :



am nonet hane (605 ng) in water, adding HO 2 Mto
reach a pH of 8.2, adjusting the volune to in 1000 m,

war@saddeng acetonitrile (10 mM). Solvent b WaBCHEREW$053628
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met hanol . Preparati ve HPLC separations were perforned
on a Varian Prostar system equiipped with two Prostar
215 punps and a Prostar 320 WV/ Vis detector, using

V\@&g@é ekTerra Prep RP8, colums (5 On particle size, 3

X and 30 x 100 mm). Flow rates were 4 m/mn
for the 3 x 100 mMmcolum and 30 M /mn for the 30 X

132 a58ht gmde réﬂem.baf{é Yefe fﬁd@wmkme@mhqeﬂy ARRicH Br FIuRE BUEHS (CH)
Car 50 sp E 83 pectra were recorded on a
BlaB H&WL@? ""if- °£§€@?’%§@? POwith the sanples in

conpressed KBr pills. Electrospray ionisation nmass

M%S%Or & bgll’\:_% na@?&t‘?&ﬂﬁe@tﬁéﬂﬁﬂwﬁ ﬁ‘pou nrﬁ Iﬁe}%ﬂh%quahme

oﬂJQQwedmﬁﬂmxylwam@mre reported. NMRspectra were
rqqu,gle@“%r(?)fy@{ HylsRiingDRX 500 MHz spectrometer. The

chem cal s are reported relative to residual

s GiBkeT 1 -efwbg-Ghdimethy BminoprapuhrasPodiBifs| ani n deri vati ves
(rrg]oqu,qgmfmb,@a)g yRstBodRadidngd by appl yi ng an aqueous
SZ_H% 3 t he conpd%und to a Chromafi x RP18ce

c AT AEVIPHUEARE DSy ¢ hor oughly rinsing with water.
TIMES e 8d#-nedbhplimtjettanesatioridiasid el uated with net hanol ,
Hﬁar s;%lo}ﬁelg,lm)&%ppé/ed in vacuo, and the product dried at

| h vacuu uantities (above 50 ng) were

UhcePrBQUigRR Ol NeStATRUUsPIUG TRIElearpBRES] n Nt h.

Eﬂ‘BA'F’QlTneQ%Vahm&'&(rﬁFhoébhaté3 (L/-3- Ami nopr opyl -
Lﬁpé K’ﬁﬂf tpgﬁ )acetic acid ethyl ester

€8T --1HAS i agl?'éygared as described for the
pgmwtrlmm:mgtmgmcSchl bli et al. (Nucl. Med. Biol.
2003, 30, 465). The compound is prone to cyclize under
basi c conditions. Therefore, the Boc protected
i Rk Cranalyagsewera pederaed @nardergotitaghsl-7 &t easipped Wk a

t gdad BB,%H Ltmsdss @B@Heﬁf@tdbféetob)ﬁsﬁig W téra tg(T'eHa @hlpb%raﬁhns (5 m
rivatives wer

agqueous
o araisaire i 480 SO B 0am g of Ky ChPdREPopre rocorded a
L/25pwnd 860nnra- Sdivaat hlwlereamadun}amy iaquentis B)ffedO)Sodiumegcetate buffer a

( [vfa@%?%%r&ybarrﬁ Qlﬁé brég?l a%élcya&ijoeﬁgi% %&Fﬂodlum }mdro ide 2 in 900 ml
aovatervand A0Q mmp@pm('mq@uggr@_‘)yas prpgarﬁg: by dissolving trls hydroxymethyl)
1 a?rﬁﬁd%la)iﬁ/dﬁ% oo O?L'A whidP Cadaingmcﬁbmoereaahl d w 8(83@%‘1 u§f|r? the

prepare escrib Pak al ré
206lymeds im0 nﬁcﬁs‘f)addw écemw{ee(ﬂo M Splie Qd‘f?ér?{j’@ds fitgthanol.
chlorlde by stlrrlngthe conmpound in HCI 0.05 M

quepaVr\aﬁlve %L se ara c}nls%rtie per}/or % uc? or‘;Jl Ia Vraﬁéjnn'lbrogtnpgys?etmuéq%lpped with
two Prostar 215 pumps and a Prostar 320 UV/Vis detector, using Waters XTerra Prep
RP8, columns (5 Om particle size, 3 x 100 mm and 30 x 100 mm). Flow rates were

4 ml/min for the 3 x 100 mm column and 30 ml/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.
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



Met hyl 3-am nopropyl - L/- Teoc-histidinate was
prepared as descri bed by van Staveren et al. (Organic

w@2ddbsloesat ar Chem stry 2004, 2, 2593). PCT/EP2004/053628
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3- (L/-2- Cyanoet hoxycar bonyl net hyl ) -
L/ - pyridi n-2-yl met hyl - am no) pr.ggi-oni ¢ aci d
4-ni trophenyl ester was prepared as descri bed by Kunze

( 'g&gr é?%ie%grdey%\é%'r ok VR fsogtﬂméébef%&\qébr T@(Ml@a dhitts are

noco am n nonocar boxylic aci
\/"Q%ﬁﬁeﬁ reggtive tojregigyal selvery pratens)asi asrefegericel yzed | n HCI
0.1 M (190 m) as described by Pathare et al.

(Bi oconj ugat e, Chem 1996, 217), The puri f| cation i
APREBY Savaies o) ARITS) WAGH depRIBOISY,AeR Y28 R AfUeouS solution o
altme:wsnpoaﬁd fora esmbfii RP182y cahmyel fottlowegdetyitharagghly rinsing with water.

Siilpﬁgl %&Pog&fg v&agrtheeen efIJa"ilgc} \Hl%n%ethgnog tﬁg Q(gl\%n? l'e!?t%ved in vacuo, and

extind preduct Hyedmathighvaeun. @igg&cqtda,ntltseq hbove 5@rmw) were desalted by
: ﬁbhb? Xt gﬁorpa%sgnt%@qn ﬁl’efhc Efzymid! & o Xlteﬁl;ep Qf, bacid

d-acid I's separated preparative LC (col um:
Waters XTerra Prep RPS, 5 Dn, 30 x 100 nm gradi ent

%M%rﬁft}fomﬁym@@htz me@mcuﬁua&aaénageﬁ@tr@l &4 (propyPAMA-OEY)
e m X an
S e PSPl lro TR 1) el REPF T T2t Bt el Sl 2008

CyBandep idleaompelndds pone o dyslideander basicxonditidng. Terd8®@, Be Boc
i&%&e@ u4%e|}rn Q %9 g@:lréfﬂgr"a Bo%vKa@%rque'a A@St éh&ltg fu‘?ther

cyanocoba el d
offurg;t;o jZaign OB st_wgg ingilgtag pguepus HCI. The ethyl and hexyl erlvatlves were

Cpréparsalaa Bhaloddus wWayan noet hyl ) am de
rcvanocobal am n-fr-et hyl am nel

Cyanocobal am n-/t>-(2-am noet hyl ) am de was prepared as
dEFBat[IN dadlinbpropaiNapyridined-ylmkethy - &hiaclacgtic gaki COhewas pt&iibed by

%gﬁht\i full%gé}ﬁ]g’tﬁé ﬁlg-é—sarr‘[ngrfopgbgh@-%%ﬁqq@gswnﬂ%??\inv%aé:etic acid with
dl(élEblz[\F@(sz)n(ﬁo)EﬂVF/ H2O mixture (10 m; 1/1 v/v). The

pH was adjusted to 5 by addition of 1 MHCI . To the
sol ution were added_cyanocobal am n-b-acid (60.

4 M%h@-&ﬂbowtw-lfrg W@tsdlr@t%%pflyﬁmoﬁatq or Br\ﬁg%[eggs’ described by
adi'ak?et ae(@heat. ELNE. 2116319'.2 2655208%XTthe coliter iBd is2xoitHngld th:hloride

i et elComtbopill Py B Ny Ao lBEY e 4B g oo

pdempayagreof EDC and HOSu were added at 24 h intervals.
For the work-up, the m xture was evaporated to dryness
in vacuo, followed_by preparative HPLC purification

( A¥athyl Baminepreny|-NoFens: histidinais, wasmienared as daserited by vamBtaveren et

1 YORyahic@ Malbcular GHofristy 2864, 2698979  of
cyanocobal am n-b-(2- am noet hyl)am de. M5 (MeOH;

ESI-pos.): mz = 1398.8 [ M+t H +, 1420.1 [ M+ Na] +,
6 SO(MI2-Chéindeffdxycaitibhylhethyl)- N-pyridin-2-ylmethyl-amino)propionic acid 4-nitro-

phenyl ester was prepared as described by Kunze (Dissertation, University of Zdrich,
2004).

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

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



[ M H+ Na] 2+. Exanple 3 :
Cyanocobal am n- b- (4- am nobut yl ) am de

w evanesobal anm n- b- but yl am nei was prepared asPCT/EP2004/053628
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descri bed above for the synthesis of the ethyl anal og.

M5 (MeOH, ESI-pos.): mz = 142491 [M+ | ]+, 714.5

[ Mt3] 2+. Exanpl e 4 : Cvanocobal am n-fr-et hyl - PAPAcet

ieN-h-et hyl am i ' i

LB 0881 i 1 0 AP OB oy g

v /eyglusively b-peid and gacifdea thisd oagiepgiisively b-acid and e-acid. The mixture of b-

E;a[:ihlan_a aﬁé@g@@%&%%@?} SreparhtiRHBLC (column: Watgrs XTerra Prep RP8,

- pyri din-2-yl net - alm nol.- pr.opi oni ¢

5 010 et i e i S g 100 rogielsgbupa). The

, miur@od blacidAint @rackiis sepangedibn fRE shoe sijsterh but ieingthe Tig leuffer as
P t dr i 0 PUGLE | L 9RobY .

o C LBt HRES T S ol b Eyane

s tcalpalamig-d-acishin BOGIE IR Srma 7. Go6), endiewdno@baigmi7esgid in a yield of

c;ga%q,gblé(gl_m nb- ethyl - PAPAcet as a red solid. M5

(MeOH, -pos.): mz =1672.1 [MH +, 836.9 [ M H] 2+.
Exanpl e 5: Cvanocobal am n- b- but yl - PAPAcet
Crxamplelzaltadriodotiaidmih b (2@ ef el &k foydnocdbdlami: b-&h@amine]

%%z}%%ggﬂn%@[é}(zréplﬁ %ﬁ@%nﬂ%]x\%%%gﬁg a%gci Iggrlib_ed by Pathare et al.
4{BioconjygaterGhene 9086, 2(2). for thg syréhesisii the) dodecanedinglogl Btydene
iy . [ , .
orlsRicR 552 8: G 1k 2 2 iloh Nog dbuh 2@l 0 i (10 i 1
8 Véthd'he pHiwas adinsteadite £y @ddifian aftli M HEY Tarthe sipton were added

t %%}ﬁkl &Sdﬁrﬁﬁn-ﬁdzﬂm.@ nhy, _4&!3'-@65%5%?[\5(& @itf; breTREmol), Ifollowed by
e e eyt 8 W e e el B PBSU (6.6 g 0.04
pmatolpwérataddedh The andhdhire mas stitedadt IR foed days, anbhextra portions of EDC
s i i £ : i

¢ SRB OB Wt B0k itk b BRSO Bk e B8 v to
HRNOessiereu: fodlguecthiy prgpaiative iiPLCoousbsatipn (acetategysieny gradient:

f 109, m@%tmg fém 2004 %M@er%bﬁ, dMSFE34ME ?553/9 of ByahBcobafintin-b-(2-
of 2.7 ngrg]Al/(). ESI - V5: z = 850.1 [ M+2] 2+ W/ Vis:
niAMinagdYDemidem 1) = 279.1 (17300), 361.0 (31200),

505 Md@T-E3)-po& p 2v/D= (190 M+ HIX adpd. & [M+Na]*, 699.4 [M+H]*, 711.1

C\(ﬁ Jejee al am n- b- but yl - am nocar boxynet hyl - H s-Ove A
solution of cyanocobal am n-6-butylam ne (49.6 ng, 34.8
Dnol) in dry DMSO (2 m) was added to nethyl

1-gamBRsY 5mbbalérﬁihng Grioblit Qfgi@e h&QBBAISMINIE LA RmiRe] was
DREIPRreRAs deaeribad agewe foHke swthasish teethd aalodd at RT

f onS (MedH, BSPos. paL ¥ 9437.¢ ME1]T, me4l5 {wkdP*conver si on of
the cobalam n starting nmateri al

Example 4: Cyanocobalamin-b-ethyl-PAPAcet

Cyanocobalamin-b-ethylamine (Example 2; 24 mg; 17.2 umol) was dissolved in a
DMF/DMSO mixture (5 ml; 4/1 v/v). To this mixture was added 3-[N-2-cyanoethoxy-
carbonylmethyl-N-pyridin-2-ylmethyl-amino]-propionic acid 4-nitrophenyl ester (14 mg,
34.1 Omol) and DIPEA (5 O, 29 Omol). After stirring at RT for 24 h, the mixture was
evaporated to dryness in vacuo. Purification by preparative HPLC (acetate system,
gradient: 0.5% min™ starting from 100% buffer a) afforded 20 mg (70%) cyanocobalamin-
b-ethyl-PAPAcet as a red solid.



into the Fnoc protected internediate. The internediate

was precipitated by addi ng diethyl ether, and the
waaepesseon was centrifugated and decant ed tri BET/EBR2004/053628

give a fine powder. The internedi ate was dissolved in

DMF (5 m), and piperidine (22%9.) was added. After

stirring at RT for 1.5 h, the product was precipitated

b ' ' ot nsSi on was
céﬁl&lmf%a é—gggxmde{:@% e[&ﬂﬁ]ﬂé}%ﬂl@ﬂg to give a fine
powder. Purification by preparative HPLC (acetate

S ¥sh@pk 59CasH8MalardiftbBulyl-PAPRSSL! | ng from 100% buf f er
ave In a y%

?@gﬁ%ba'w QUtY'gfﬁi(f)‘e ?é’fﬁﬂp'q w513 me, %9 @mj?lZ @%@ gg@f’-cyanoethoxy-
5 3@&rb@n;(!rﬁétﬁﬁw-pyrﬁﬁim@lde@@@@mnno}b&iblohldwﬂﬁi)ropl’@nﬂmiee (2/5 mg,

|
raaE Ba Bt Bl USR8 e DVE 05 0, RPEA
pr(@ plaP®dmaly wae sddedde deab;y apHdvetwesn &dnd g, Rndihg. midheerwas stirred at
vvas dleé'g%%ure Lasth B haPﬂ:’D@}_@Hél?ﬁfic&ﬂr@épcommetggégum}n)atlon The

ed in a ture
TIseIVeN Was Sarialv avererated i vacupyo 3lgw; th@ Bi9dAt tojPrReipiate um@ addition
10 t Reehpletidr OThe\WREFeneidA dds eyrRfagabdhaddtantea tirée {més 1 give a fine

onder: B oy Grenatate PELY (pipteta rsmygbicient g7 min staring
mifrotrut08%nadfes &) gave thegiurd3drofigat indarcidsld of 2N chged#t %R
p%r\.:_‘tI 'IV%“ /;_of gt?ﬁ ».HOSuU were added. After another

or ns of EDC and HOSu were added agai n
Af \éY's ajmr@t%mold%cne )ad79.1 (HF400), a’éﬁ&%%ﬂé)%éﬁ P (3v08). 5520 (9700).

15 conpl ete conversion of the cobal am n derivative. For

] , re vas evapor ai ed to. dryness in

v g gRieos bYNNe00a s pgarppyymelny-tis Qe i ) (RP
C]@83cmﬁ|bu mbyahﬁébbalammbmlém&te (49.6 rayl 848 t"mof) irodny ZOABO (2 ml) was

”%%P%g@lméﬂ?yl g%é%bo C%rﬂéﬁ&g N- #rﬂo%gfﬁﬂafb%y%ﬁgchlk)gd%{e%%ﬁno% hd BOP
EX6.20, 104. 411}2101): DIRBA (12 [IMOA @molywas gdqemar]d t]*@solutton was stirred

20 ERERI& 18:h. WE@%%QI?Q& éé'ﬂfuﬂﬂébbl‘dﬁ bfénvgfé%ﬁcoﬂhe cobalamin starting material
Cyanocaobal am n- obu am ne

|Ttg ;hefmgtggﬁg @pggﬁym?elpﬁwngdlate wgs pre(c):llp?tated gy adding diethyl . .,
L/etrwj,raind ithier ébsyérl“ﬁinhlyds-oamnﬂg}aﬁﬂ @pd dedatteaiaiicb to give a fine powder. The

gmr}ért ! ?lf)a?qe\g %gsodlgg (1: t Igé &EETHH ?rhdgolpgr |d{gﬁ éﬁfg lﬁ) \flaesagc}dgg After stirring
c\eh Rd dortich arthanpriodingt wpb prRAPitated by axmqﬂlethﬂ)eﬂteo agid e guspension
25 pl%a% c%ﬁtﬂﬁlﬁ%d 'aﬂcf a&a)’l{eﬁlﬂqef’flmgs & @ 4 f?r%@owdgrsb'uh@atléﬂ l?y
| p_[GF@fﬁtl!? ELQ-kg:eiat% ustr Oradiged: 196 mp5 @@ﬁwng fgg@1 op /o buffer a) gave
( m@&)r Emamh 8 *a:d dPranegp@aliegyl n- b- but yl - PAPA- Ref CO) #
a[§ g%’ﬂgﬁq‘ (1520024318 Sa700), 581.8 (Bdo), 541.9 (10700).

30 Example 7: Cyanocobalamin-c-(4-aminobutyl)-amide [cyanocobalamin-c-butylamine]

Cyanocobalamin-c-acid was prepared as described by Brown et al. (Inorg. Chem. 1995,

3038). 1,4-Diaminobutane (0.059 mi; 0.59 mmol) was dissolved in a DMF/H,O mixture

(10 ml; 1/1 viv). 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 Cmol), KCN (15.3 mg; 0.236 mmol), EDC
35 (9.0 mg; 47.2 Omol) and HOSu (5.4 mg; 47.2 [mol). The mixture was stirred at RT for

4 days, and extra portions of EDC and HOSu were added. After another day, extra



car boxymet hyl - L/-pyridin-2-yl net hyl -am no] propi oni c
acid) (9.1 ng, 17.2 Dnol) were dissolved in DMSO. BCP

WO 25861537 51.7 Dnol) and DI PEA (2.94 D, 17.2 BXDEP2004/053628
wer e added, and the m xture was stirred at room
tenperature. DI PEA and BOP wer-@iadded daily during 4
days. HPLC anal ysis confirned formati on of two

IpQHIUFé & Eo@w%%éﬁ wBFeSSddBl bl RrdPL rbta@fie Hby‘énHPfC analysis

e suspension Wwas centrifugated and
dé‘.@%{ﬁrmg@cqrml@@ cpp\@é%ort ¢f tha cabalzmin %va\ﬁd r the work-up, the mixture
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5 yinghdeg)fo ﬁ‘foBd arg g/ (58%) of dyShoduBalaminze-butdl&ine5 [ M+2] +,

W@n@ﬂ% ow%em%% EW]O'—_th&ano]cobal am n- b-aci d

(20.0 nyg, 14 8 Dnol ) was dissolved in DVSO (0.8 m).
S 8RB BN El dhosBb A el bRPALt ™ ) and NEt3 (0.1 ni).

In a drfreren ask ca, e%U|v%Ie ts of
( 1Gvanacohplapisy tiutyiamine K6 Mg f93mAl 0 RstN-25¥PRARtaRxygRrpRnyimethyl-
10 aqN-pyridintByimesilyedmitslbfoplonic BAk-Bidphehy dstecd 8ny,0e2 tmol) were

G o AR e R L AU B
4/(Bxanipi4 5)d0 give nrgemurmiadmn irsargyield of 3.8 M@B%bf t he
v isihid: ﬁ,? J_qlﬂy‘,a@tﬂpm o\l\@?O gd[m_s,(?d«ved i n a DVFZNEE 3
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miREYs: %MWEM Eﬂ) )a'ﬁ%ﬁet 6ﬁ5‘29) %ﬁé‘m?'é‘s@é’) PRY, 7?901
15 Mol ). After stirring at RT for 45 min, the solvent
revdlnv ] as purlfled
Fe iaA 2 3 yst&m gradient: 1.0% nin
1 Cslaamctobaigmfnrlmmtgtlam’tetQEiaane 31,)24tﬁ)mg,f1f7cﬂ Iﬂhdl)ZamURQ B0YY3-[N-

Wﬁw i |ﬂ %lﬁgm}fﬁ@ﬁtggf %;%éldg(é) @W%j\ﬁere
7gig;sglv?q\;m qms QR (228 nenfile’ Amol) and DIPEA (2. 94 17 2 Cmol) were
20 CaB&d AR@ ik Ry wasitbd BAYEM (rhpefatel. mPF_Waﬁ?f BOP @8 aded

udaﬁ%‘?@s oy LB R Forame forpatiop; of ey Rrogucts, Ty were

( Pocipiiated upon additin of athyll ether.sTheddiegknsion was centrifugated and decanted

CX%gj@Q%%e”a Pne}&g}aar( @’ﬁn a{ftgn by p%eaar lI-LPSLtCE(g%t&tégy%em
Wigragiqus@-5% min \tarfipg fsem éﬁ@% loufey %ﬁ"qm?dfﬂﬁﬁr isqlgtian, of gL raain product

25 aqﬁgyﬁlasy,élggpg glmgqggt/ te buffer) shows about 50% of
uct Mo, 240 Dnol) is added

ad%ﬁ' Hlﬁ 6?&5%‘?&! g?é? M’fﬂj at room tenperature does

not Iead to further product formation. The solvent is
r ved ji.n-vacug. . and the resi.c is purified by

. pr P1.0. am"q 'erh b5 ~5% mn 1 starting
f rGyandcobsiamiret-atia: (20T heyr14:8 Imdheandisseved it PMER (08 ml).

30 CHUbEL By WetE aSRMRNE (2 RITAMEFELN0.Y 1) th a different flask ca. 5

equivalents of (N-2-aminosethyl-N-pyridin-2-ylmethyl-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 in vacuo) was dissolved in a DMF/NEt; mixture (4.5 ml; 8/1 v/v).
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



and the product desalted to give
cyanocobal am n- b- propyl - PAMA-OEt in a yield of 25.8 ny

WO 2@s58632Dl , 33.3% . ESI-MS: mz = 806.5 [ M+ | PET/ER}0B4/053628
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795.6 [M+2] 2+, W/ Vis: nm( nmol | 1cm1l) = 278.0
(8500), 361.1 (26500), 549.1 (-8000). Exanpe 12:
Cvanocobal am n- b- butyl - PAMA- OEt  Cyanocobal am n- b- aci d

:(Sﬁjgespgral’ﬁ% HPtcRa &Ec,%ﬁé %jyg‘gﬂaﬁ BNF&e?&JHV@)Q hirf? %ﬁz&&n $00%, )ouffer a)to

3uent and
| @fferd .&m%éﬁﬁ) of eyagecabalamin-raitiviAINA Ot gs ar sold

( IMs dveTH; ESMpbY ) myk-L15761d [+ P 2788 TRV 200 M) 2L86)°C
acid et hyI ester (butyl- PAVA-CEt) hydrochl oride
(prepared via cleavage of the Boc-protected derivative

ngamglennngyanocmlauhs-b-@MAMBOEHCI m xture (7.5 m

1s§¥4t % onYeesE\f} ng%})t %ﬁl §§'{R§1§§%§ tN ﬁﬁﬁﬂvﬁggﬁg %ﬁmo )acetic acid

memym%er((amstrnvl msvaier\ﬂ 0).is mdﬂwagmqbaiamtrsbﬂeﬂ ¢65.0 mg,
m4’éqq3nJI)O Ebevigsl 1 g, 246t Dhbl&@ a%BedT%FF&Jtr@?p& .& aggste@to]%') 5 with NaOH

& Aft er stlrrlnq eso}fv
s MoAfRs S8Ting aL 3 195 5*Tfh'éplr<‘e§n%>(§§ murb &F?t‘f“ieé’ér ?R/WWS about
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or 0 .
5]48@%8’3 u ?ﬁj%estg\ %@{;\?/Ioef I%?&pagyca:l fgrmg??n a'hggplg%n?f @ removed in
D«ranqd end Be ré@iduede plyiied by preparativeyHPLIF\(@eadRit BlodhE9a oun'| garting
a‘?r‘o% g4 é(llé%{)@ Buf%réi "fﬁé mékn fﬁ%{.&{ |s\6@%c%elﬂ§rs€|qerft rré?ﬂ&ved in vacuo,

rormacet romd uor enyl et hanol in dry
Tiapd e ict %ﬁ@lt%tpﬂuv_epxmc@qﬁmm l}propyl PAMA-OEt in a yield of

(%%mg(ﬁedomgmmbonzlyl am no- N g

i cetic aci
9%%%%@ 5%?@?&5‘%95@?\%}9\7@@ prepared from

B Wit [[i@HRIMNI cnpl) =i 2181068500 364 Hy(E850ah 4B qaemet i C

acid 9Hf |l uoren-9-yl met hyl ester according to the
procedur2e used by Sch| bl i et aI (Nucl. Med. Biol.

v H%%E?Ihm%@cuﬂ@ .0 @'h &) @8d SsHivaaiiiDKdo (@ ams).
Sfﬁﬁ’gé%ﬂh‘éﬂ‘iﬂ vyﬁfaég%eda@\ﬂ'\ége 0T iy Meigerept fasio .5

| reqaivaleiitt ef @h4- amirmbllnylelupyrﬁilrea-yimwiy(aamB\O)Eﬁ:etlc acid ethyl ester (butyl-

[ (W K}g.loxﬁl&u{é{](ééegbr%g Qe %@%g&%f m&éf ng%&g& 'rdgm%g\é
vistirioy éeareahs. BOH heMpkd npxtmeéz el 4dlev/Voyerinioht gid subsequent

Strér’h{)\}angf thé‘v@aﬁléd lf')lvh'&fo?ﬂ§§&b§bl\%@'n¢a PMAREL %lmré'{MS g8 viv).
for hr and su se&gent renoval

{ he
VJ hstfw é@utms V&&ﬁ?‘%@’%ﬁ% QB AP 9 TRT B Nagso 1mmol). After
msﬁtring et K% fdv 481niin 8%91507\/9#1) waslfemol/sdinsatud. The Rosites &vas purified by

m%?%aratlﬁ i—lt’ﬁwz?cfe?%{? gen% g%‘d %Er T(E/-IS- Hm r(ss%arﬂ‘ ﬂ%nHOm QOé"ﬁ buffer a) to

waéfordeifoug (637%) Of/a(aumobﬁlamlr‘r bbutliRAMAOEY as afrédsblidy
preparative

Example 13: Cyanocobalamin-b-butyl-PAMA-OH

Bromoacetic acid 9H-fluoren-9-ylmethyl ester was prepared from bromoacetyl bromide
and 9H-fluorenylmethanol in dry THF at 0°C. Boc-butyl-PAMA-OFm ([(4-tert-butoxy-
carbonylamino-butyl)-pyridin-2-ylmethyl-amino}-acetic acid 9H-fluoren-9-ylmethyl ester)

was prepared from Boc-NH-(CH,)sNH,, pyridine-2-aldehyde and bromoacetic acid 94



HPLC (acetate system gradient: 1.5%mn 1 starting
from 100% buffer a) to afford 15 ng of

W@ y@soesbal am n- b- but yl - PAMA- OFm as a red sol i BCT/EP2004/053628
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Cyanocobal am n- b- but yl - PAMA- OFm (15 ng) was di ssol ved
in 3 n of a HNEt2 / DVF m xture-(2/1 v/v) and stirred
at RT for 2 h. The sol vent was renoved in vacuo, and

t 'ﬂsoraﬁélyﬁwagméte%cbfoﬁr@% e &5&@%%5&&, SEH dt aF Bl Ked. Biol.

syste 4?6(53? % mn starting from 100% buffer
a)?O% 38# @rmerfgmbps'wfa%mﬁd BAMA-GMeut yI - PAMA- OH as
a red solid. Exanple 14:

G b Pt Lt e
Slﬂubmwemttylvgerwaddedaltﬂéd? BlyEnd ISIEt?d(Q 1 aniyd InNEdlifBeret.flasintg. 5

I F&\éﬂé&é & EtpémH) %ﬁ&/l& ‘f)?nd (ﬁ’ 2- ?gﬂrblt tt%&tof ac%fnc acid 9H- quoren 9-yimethyl

am n am no) acet
S i Gutyy PABI QT (esigec VRIS AR g ey Bocormiegierderivaive by stiing

é M £RAL&Hacdtie agh ¢@M%92em9<furé bﬁnlBQ@v/%QF £hi aﬂd Q@Hsbé{@nt Nefhoval of

e \plables PGS aissaves B QUEAIEY st Tt . The tw
Veblafidrisaeré mixéd obweddy additGrodi Vet Ui (82.a nigyBANRMNG!). After stirring at
I Bl Badavay “Baditisn o reckrRasle G A by proparaive
miiBILE. (agkitate systernsgradientat SR Mmif bstarisg from 1op%douggq a)amafford 15 mg
QP yfaRBREE il p at?u@AMK RSk 85k fldson@s puri fied by

preparative HPL acetate system gradient: 1.0% mn 1
startlng from 100% buffer a) to afford 10 ng (41% of

Y ARsRBALAM- HbRyFgA-OPA\KS &lgh was digsdied i5 8Imidf a MNEt, / DMF

mﬁﬁﬁeﬁw eo%%taesaiﬁgmr#% Qf@% ROTe bR TRAGVeR vAdLS, and the

Cyesitueotss| pariiiet ty-pregay dtive NPRCQRtet{tE % paterh agrddient 1110%pin™' starting

! éﬁgﬂ{%glg) bUffRp o)lqh t%ﬁégjﬁ‘égﬁg lifrbyéndyo?éi% 12 Lgﬂ'fl %@@ g 4red soli.

(14.2 mmol) in 1.5 mM MOH was added. The m xture was
heah@ |e&h:§$ar@&>6aﬁmiﬂ-b%exﬁfpm«/fA @E{ owi ng themi xture to

reac 0, 1T was r|f| ar at te
LSS epospmin Bad B e ) erissongait BHSGUPEEF
a)Subécgiently wete aeiddoamy (2 rEbyanqh NEet; 161 mI) In a different flask ca. 5
Q’g&%ﬁg@g}ﬁ:&é‘ é&%bﬁé)%P{llfgnP %ﬁ%f a e ic acid ethyl ester (hexyl-
Ré’(P{M_P/ O8t) éilwrn@lpwrmwreparegylﬁucmana@qﬂt Q@;nratﬁptﬁ@penvatlve by
a%ﬁﬁlh& maéH &hs( Q@H /32 I(/I&REI %11)3&9 ﬁg n@ﬂﬁ' W) o%gﬁ@éno@:u%bquent
and Dgo i ssolv ?
iraTEbLAISFe VeltiRe o aio) W s b BIFRNG Y s (s v
i ?‘héd}mﬁlmwnt welw rhixgd, fdlodéed by addiloh oA MBT RS2 ?mfgf 0. emn'iol)hAfter
of .stir RT HP n t e
s AT i o oL b AGBR, TPl gy
aghoeparaliga HRLC (acetate system, gradient: 1.0% min™ starting from 100% buffer a)to
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);
Cyanocobalamin-b-ethyl-PAMA-OEt (Example 10, 11 mg; 7.0 pmol) was dissolved in 4 ml

of a 2 M NaHCO; solution. A solution of 11 mg of (NEt,),[ReBr;(CO);] (14.2 pmol) in
1.5 ml MeOH was added. The mixture was heated at 85°C for 1 h. After allowing the



The m xture is stirred at roomtenperature for 3 days
with addition of EDC and HOSu at 24 h intervals. The

WORi08/061587 r enroved i n vacuo, and the product i SPCT/EP2004/053628
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preci pitated by adding diethyl ether. The oily
suspension is centrifugated ancd4decanted. Washing with
diethyl ether is repeated twice until a fine

Ph&gliiitd Aath ﬁ” Wgs dltfieS wsr%p%%mm @c%{eeé;s@l:n g.la%m: 2.0%

vacuum puri reparative C (gradi ent a/

niPAr mmss@aamgfmn Plﬂﬂﬁ&éﬁd@% é&é’tge(?@/"buffer a), and

desalted to give cyanocobal am n-b- propyl - PAVA-Re(CO) 3
d Nz lice mz = 1831.7

: - ; =P (Omol | 1em 1) =
ZIEaﬁbcoBﬁémmJb-a&ﬁdQGQ’ m@,ﬁ]? &LDmi{)( MN@ -drfinopropyl-N-pyridin-2-ylmethyl-

& anoiﬁgﬁ’% am)ﬁf@ gzg%ﬂn? 2@'\@1%%5?1%5 P9 Crmgl) and HOSu (6.9 mg,

di68 $h10) @k dissobeBm a orixgureof wa@@s@hwwo\x@ﬁénlhaawe pH s
%u&@d fd 5.5 VR VR Bict SndINAD.- Af!ensa o%ﬁrf.ﬁzj AMT, HraskangRsis

L/(a%ya,t%/ a:lffe??)tfigye;g% e %&émrqpe?&%r%? tign. %?Qﬁnd HOSu are added again.
( o6k aiuxtlﬁsmfﬂ@ldd (aproemaémdemuae fdos da\)semmwemoﬁ ot BBC and HOSu at

gt&g%elgtte%/%ﬁ \';'%v&a%%r js req vegl{nz\aapn TF{(/Ahgl %éul%l 1\4 %c pﬁ%ed %y gddmg
vaieamy) ethen @hejmlwusmlon s cenDifoangta®d diesartade Washibg mith diethyl
glev {s\¥dpea y&e&r\&@ uﬁﬁllaqtn'e%bccldﬁ@lrefhrmsxﬁ% crﬁ&g bredRe is¥fied at high

tiron of TBT 321n‘E L A;er stirrin 80
S vapT, Gpied biripreparative 55 Qé@fﬁd'Waéfb. Shovie gstarting fiemd 00% acetate

Tibafférfa&; | hd Qle¥dted n)cug.vé e odibaRirRBbRipl MEANTIRIRG(C @) &1 BField of
st eWéadl ent: 2.0% mn 1 starting from 100% buffer

rd 11 (40% of cyanocobal am n-
bES&LMS n%MBRe‘(@G)ﬂBQW\/B[MN&QO—I ESI - pos.): nlz=936.5

A B Dbl lf e 1+ B

Cyanocobal am n-d-acid (9.3 ng, 6.9 Dml) was reacted
WiEk Bmpole/17 3C PHNoBSHAPIY-b-He M PAMAIR co

EiS¥eqaoRig! G ihe 9SoeRir QyRBTRE AT o

c;&nbmbatlyamarel adidgair Y (2 iRk\Ad BEt; (§. Exd)npl ediffdrent flableca. 5
EaROhfom s BRC R 2opr S By R s e el cci),

+ ((&@ sPGECOSH (pre via-Bog pjpayage ofthe piotectesiomplax)n :;.H20|2 and

27[9-'A 2/ VR4 8P ) h eﬁ@}C ]folfoevaag?}emo'ﬁépoflhe{%?&f& at BXaiPAcBo) were

%@&%g%ﬁé{ﬁgaé@m C Qé r@j §£ vIiv). Ahg t\f} sQlytiong were mixed, followed

diby a6diti@tof MBTONEEN (g, 5. 1mhmhol). 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 a) to afford 11 mg (40%) of cyano-
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-d-propyl-PAMA-OFEt

Cyanocobalamin-d-acid (9.3 mg, 6.9 Omol) was reacted with (N-3-aminopropyl-N-pyridin-
2-ylmethyl-amino)acetic acid ethyl ester (7 Omol) and EDC (6.6 mg, 34 Cmol) as



Subsequently were added DVF (2 m) and NEt3 (0.1 m).
In a different flask ca. 5 equival ents of
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L/ - pyridin-2-yl nmet hyl -am no]acetic acid)(CO 3 were
dissolved in a DVF/ NEt 3 m xturgg.(4.5 m; 8/ 1 v/v).
The two solutions were m xed, followed by addition of
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4 Hisgblded uaradmseyblegqmamel (4.5eMPYOVA). e two SHltides Wefemixed, followed
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[E |rad%‘f* 22_3;%% térgﬂ&frémhbﬁb/o Bl rg?ﬁ:’saffarc{ 7332y of

san'p is Teoc-protecte
c&ﬁ%%m'a QPP AMMSY- WQQm a TFA/CH 2C12 mixture (4/1

v/iv) at QOC. After stirring for 4 h at this

t enper at ur g, e owed full conversion of
ST REHTEF SE S8 eht was renoved in

valyamcmbalﬁﬁitn BFaxcndl tee. OrregnellﬁeDnm)swasj@Imdﬂ\lddw BM30,(0.8 ml).
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Ref
Stfesie A A R8RS S P, 5 ot e

dll\ﬁ@ﬂ&% ESPOMVBO/2:01 3 Ol [M+HsUMm@rw] , 806 r7eMer el el
DI\/F (2 m) and NEt3 (0.1 m) In a different flask ca.
ui val ents of

(et h 3-am noprQ
Téb LAY §%mdpﬁgﬂ1@)1[(e@bpro§ct %, %\vge i@ FFA/CH,Cl, mixture

Bq4/1 elvieatnergeAftdr stilfing for athest tishetpsiatue, analyddPBPLC ghsved full

T%onve Slén of¥t4evgtanlng materlala+he soq\:ient 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
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; ESI-pos.): m/z= 1565.2 [M+H]*, 1587.2 [M+Na]*, 783.4 [M+2H*, 794.1
[M+Na+HJ*.



foll owed by renoval of the volatiles at RT in vacuo)
were dissolved in a DMF/NEt 3 m xture (4.5 m; 8/1
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addition of TBTU (32.1 ng, 0.1 mol ). After stirring

at RT for 45 mn, the solvent -wgs renoved in vacuo.

The residue was purified by preparative HPLC (acetate
|8 balafni ®j.ng from 100% buf fer

&;fw,-%.&sﬂn@)(md'%ﬁofvsd (MNEMBO (0.8 ml).
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stiM#H]* nP4b.61{M1M4]".h, t he sol vent was renoved i n vacuo
and the product was purified by preparative HPLC using
aqueous TFA 0. 1% as buffer a and net hanol as sol vent
plg 22 Gyandceha: H¥AMiIN&+t arting from 80%

bufnfeﬂhyleﬁetetTMn@(szdmt3esa§nd|)5ﬁ&saﬁ@dlva@m a mixture of DMF (2.5 ml) and
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osphat e_pu

Afee< degd pyit oega%nga éﬂé’ﬁé‘&wa f?’dl“ﬁ @ﬁx?&'?’%”‘d‘ﬁs &meved in
stvatiio arg thepedia has portfied by prepacative HPLAUsieg adudous THA 0.1% as
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stT@e@mdygtrmsssqlate@ns a@pﬂw}@ai@ﬁurebeﬂwmlammez# ITFATRE yigghe! 7.5 mg
pabgegyn of two stereoisoners was found on |abeling of

cyanocobal am n-b-ethyl -Triamne with " nifc. ESI-Ms:
m% M5 =g 43 M2I 878.5 [ Mr2] 2+. Exanpl e 24:
Cuavrgie otyerh anB- Ty phcagamqwmmsne.o (23100), 519.0 (6500), 549.0 (7200).

Example 23: Cyanocobalamin-b-ethyl-Triamine-Re(CO),
Cyanocobalamin-b-ethyl-Triamine (5 mg, 2.7 Omol) and (Et.N),[ReBry(CO);] (2.2 mg,

2.9 Omol) 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
stereoisomers was found on labeling of cyanocobalamin-b-ethyl-Triamine with *™Tc.
ESI-MS: m/z = 1755.9 [M+1]", 878.5 [M+2]**.



A sol ution of cyanocobalamn (30 ng, 22.14 mol ), DCC
(457 nmg, 2.214 mmol) and NFnoc- phosphocolamn (78.9
worgeosAdis22 nmol) in dry DMF (2 ml) and dry pyrPdi/RR2004/053628

m) was stirred under N2 at nosphere at room
tenperature for 24 h. After adaiztion of 2 m of water
the precipitated dicycl ohexylurea was filtered off,
and water and pyridine were evaporated at 60 under
reduced pressure The residual solution was diluted to
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Example 26: Cyanccobalamin-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-(carboxymaethyl)- N-Fmoc-histidinate hydrochloride. The yield of the pure product
was 37%.
¥P-NMR (500, D,0, 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.



MS (ESI+ , MeOH) : miz = [M+ | ]+ 1945, 929 (fragnent)

IR (KBr, cm1): 3400, 2128, 2020, 1901, 1902, 1664,
wad@9/0616309, 1219, 1073. Table 2: Structure of PObaPZNI/053628
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25 Rd = H RF Hi s-Ove RR= H NHCOCH2 OExanpl e 27:
General |abeling procedure Sol-gpi.ons of the precursor
[" mlc(OH2) 3(CO) 3] + were prepared out of 9nilcO 4]

usi ng a boranocarbonate kit as described by Al berto et
al . (J. Am Chem Soc. 123 3135-3136). A 10 ml gl ass
viEx 2 e 9IBegeauEds f| ashed with N2. 20 of a

S @E)!gpér%rbf ﬂfe rfr?!@l)ﬂélﬁ b'arb ?s(mra]r* Viald [:)f@pa(r&i Ok oMf*ffmnrcod using a
( Borenkierinaienttty et beg by ABBRO i U Aot For 1122 $135-3136).

I Aot rmiqyassividl witterubber stapper was flEdshéd Wit N1 20 al é’ arsolutisn of cyano-

HEbBR LRI FIERGE) T SRERBLAR B g 80 Hf o

conver si on Specl es
c G COHSGOBE selutiqmrware edd!eq?gangrthmq@gctlon nikiereoiasl kepbatg’s °C for

B & %@@vmé 8n daws\és with @d@@mwasaaeﬁomb SX@3 fullcBhverdion of

vivq,studi es an bi nding studies to the transport

v&e ore SPEEes, L\ﬁ‘F’?}Hh%ﬁﬁ’é‘é’P?‘"f'Qi“Sa%stt‘Pr\H’Qt?C‘\Wﬁ@’QH‘BﬁHHB% ghelators were
Tb@g@é‘d&b@welt@c&ibd&&laiolmnip@@é ed solution were injected

ta an anal yti cal  HPL tem eparate the hot.from..

¢ ReP BT Hpbles PR i e & P VERGieR Brb ey hiohisBRic

t laetivity yhe demgradental fecefore] 100 [1 obthe BdBled solntian wirke unjeated to an
WaFlJa]th:glr lqﬁl_C §)?§|lén'?{?o sIeBar%te the hot from the cold vitamin derivative. The eluate

fraction with the highest gamma activity (ca. 300 0) was diluted with normal saline to a

concentration of 10 uCi per animal before i.v. injection. Separation condition were: acetate
buffer, XTerra RP8 column, gradient: 0% methanol (0 min), 30% methanol (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.

Example 28: Preparation of transcobalamin Il {TC II) from rabbit whole blood.

TC‘;,&!‘I, is purified by affinity chromatography on a cyanocobalamin-aga\rgse 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 NaCl pH 10, and again with 200 ml 50 mM Tris
/1 M NaCl. 200 ml of twice centrifuged whole blood (first time 5000 rpm 15 min, second
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 HCl / 50 mM Tris pH 8.0. Most of the
bound TC 1l elutes already with 4 M guanidine HCI. Probes are dialyzed extensively
against H;O for 2 days at 4°C. Typical yields are 5 — 30 nmol/l which translates into 7.5 —-
10 Og of TC Il (MW: 50 kDa) per rabbit.

Example 29: Preparation of transcobalamin |l from bacteria (recombinant TCII)

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
allows disulfide formation. The transcobalamin |l protein contains a PreScission protease
site followed by an N-terminal histidine tag. The protein is isolated from soluble fractions
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met hanol (15 min), 100% net hanol (25 min) for the b-
and (”~-derivatives, and the TEAB-system as descri bed
by Schibli et al. (Bioconjugate Chem 2000, 343-351)
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exeuoewedn EXbeEs m*ansﬁdr’_{ pﬂbtﬁlnEMiw,mlﬂaf%amdahpéfaﬁurev ﬂ?hls mlxture is

h.
o PP R 0P P U el PR P Eer ] e Enming
dlbstﬂérfRB&arfdﬁ ‘rﬂatTM(ean 20 Heiologically ectivalcpariogothdlamin owhicnbinds to

C‘?rréh?doﬁﬁ)a(ﬁelﬁl SHfs %rnoanmele&srﬁw%h% b S0l b RBESH Ry #'kDa,

i ne tern i1s 1Isolated
s §epgndingrandee T'MFQ@'F PE"G"& ditratigr Pfrtﬁ% pigding F%CI’W efiiag transport

C edtéihd RUoRE RIRFOE Ryarfatabds AR AONBiIOMbdcAILERBRIAGEMNY; 10 pCi/
the transcobal ani n Y bound to the chel ati ng col um

wiPM98 M urea, and the transcobalamn Il is afterwards
rel eased by imdazole. In some of the preparations,
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Interaction of cvahocobal am n derlvatives wt

t PAMEpohe Mixeteds Reatqdior Yaipd hat 6P and fgr ‘2 taAd atP%°Gz The labeled

cyanocobalamin is separated from the non-labeled on a reversed phase HPLC column

(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 uCi per

animal for imaging purposes and up to 2 mCi for therapeutic treatments.

Example 33: Sensitivity of tumor cell spheroids to ionizing radiation

In radiobiology, the similarity of radiation response between spheroids and tumor
xenograft bearing mice makes the spheroids to be a good alternative model to in vivo



The interaction of radiol abel ed (57Co, 99nTc, 188Re,
1111 n) cyanocobal am n derivatives is neasured by
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1 6. The cobalamin derivative according to anyone of claims 1 to 5 carrying a radioactive
metal.

7. The cobalamin derivative according to anyone of claims 1 to 6 of formula (1)
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deri vat va: p anjone _of clainms 1 to 5
carryi nl_d3 3 Bengebal am n

one of claims 1 to 6 of
formula (1)O[, NHR GEXHR 0 M2NOC CONHR H2NOC CH, (1)
wher ei n Rc, Rd’ dhg RQ/ i ndependently of each

ot her, e g spacer:chetator group, an antibiotic or
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wherein

R®, R°, R? 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;

R® 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°, 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.

8. The cobalamin derivative according to claim 7 wherein R® is hydrogen.
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wherein carboxyl groups may be present as esters.

15
11. The cobalamin derivative according to anyone of claims 6 to 10 wherein the
radioactive metal is *™Tc¢, ®*"Tc, '®Re, **Re, ""'In, *Y, *Cu, ¥Cu or "Lu.



13. The cobalam n derivative according to claim12
wherein X is cyano. 14. The cobal am n derivative
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central cobalt atomis the radioi sotope 57Co or 60Co.

15. The cobal ami n derivative ageerding to claim10
wherein Ro is a spacer-chelator group optionally

carrying a netal atom the spacer is an aliphatic

chain of 2 to 4 carbon atons, and the chelator is

f dRrihe£opalamin derwativp AoqoRding;foARYORaThaairas 6&%\%@% i,cyano,
t hextiyR hideky, aBuesiL5deBaadéibsyligeoignd RR are hydrogen;
and X is cyano. 16. The cobal am n derivative according

to cI aim 15 wherein Rb is a spacer-chel ator group

0p8i Theadobylamar deyivatiye according toadainm12twhereipd issayans an
aliphatic chain of 4 carbon atons, and the chelator is

of formula (I1), wherein the group COOH is in the form
ofl4t e Q@bﬁlgqnmec{qu@twe Recorgig toRmyenaiof RRIBY étm%y@gﬂ the central

aRgpat dt&n gwﬁ@%d,dsz,topfghq;oc&bqjoam n derivative according
to claim 10 wherein Rd is a spacer-chel ator group

optionally carrying a netal atom the spacer is an
al1'snhﬁtdoaa|eimani deriodtive aceurdiagtoadiais 0 whietkin he chel ator is

"ﬁﬁ%résqag? réhg}a}dé ﬁ%g[@ lona&%ce,araﬁn%ua&n&%lomhg Qéécgpglanyahphattc
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e

granF E carr a netal atom the spacer is
» phatd B é’ﬁzﬂyﬁmﬁ?” 2ndarbon atons, and the chel ator
| Xigtydrormula (111); Rc, Rd, Rb and RR are hydrogen;
and X is cyano.19. A pharnaceutical conposition
conprising a cobal am n derivative according to anyone
oft6cThed cubalamirodetiBative @ccotdingtotaimdb vdeeggmosi s of a

NePRl éésacsr-&lem&@?ougrogﬂwuyn&&amg%@éu Hbi! A8'SERA R aliphatic
chaln of 4 carbon atoms, and the chelator is of formula (Il), wherein the group COOH is in
the form of the ethyl ester;

R°, R? R® and R" are hydrogen; and
X is cyano.

17. The cobalamin derivative according to claim 10 wherein

R®is 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 (l1), wherein the group COOH is
optionally in the form of an ester,

R®, R° R® and R" are hydrogen; and

X is cyano.

18. The cobalamin derivative according to claim 10 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 (l11);

R°, R, R® and R® are hydrogen; and

X is cyano.
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22. Use of a cobalamin derivative according to anyone of claims 1 to 18 in a method of
diagnosis of a neoplastic disease or an infection by microorganisms or in a method of
treatment of a mammal suffering from a neoplastic disease or an infection by
microorganisms.

23. The use according to claim 22 in cancer imaging.

24. Use of a cobalamin derivative according to anyone of claims 1 to 18 for the
manufacture of a pharmaceutical composition for use in a method of diagnosis of a
neoplastic disease or an infection by microorganisms or in a method of treatment of a
mammal suffering from a neoplastic disease or an infection by microorganisms.

25. The use according to claim 24 of a cobalamin derivative for the manufacture of a
pharmaceutical composition for cancer imaging.



