- 1 - Description Method for producing a radioactively nmarked peptide The
present invention relates to the technical field of radioactively |abel ed
carbon compounds. In particular, the present invention relates to a nethod
for producing a radioactively | abeled peptide and also to the use of a

radi oactively | abel ed i socyanocarboxyli.c acid for producing a radioactively
| abel ed peptide. The devel opnent of sol1d-phase and |i qui d-phase chem stry
now nakes possi bl e the production of sequence-defined peptides and proteins
havi ng nol ecul ar wei ghts of 3000 - 10 000 Da and coupling yields of greater
t han anég@rhﬁtgag sol i d- phase synthesis devised in 1963 by Merrifield, the
peptide that 1s to be synthesized is coupled via a linker i.e. a cleavable
anchor group, to an insoluble carrier resin made of crosslinked polyner.

The anmi MethodldSoar predaeessi wekydeouptedeld hAekdasLEpd;ggquence to an
activated C-terminus and in great excess to the amno function of the | ast

attached am no acid in each case. Renaining reactants and byproducts can be
f |l ushedTheonprheentactihwpnveéssel rednhnes t he inhernedbahecgu predugt b$

bound t l e I t ste | i nker .is_cleaved from
t he res?ﬁabgﬁbﬁgJESH e %%%é? g |£?%§€%en 0N I&% PEG{H L Rd- pﬁg§e and

| i qui d- Bﬁﬁ%@nbeptlm@né;yﬁphesﬁ%lim@ based en alec:@mzﬂ exfqxr ot prddngiggoup

cheni st gyaidhec al-ehg- ath@lQHOtESEtEQeQrQHB 051%89 api nppaci dg g”SEfbe
tenporarlayggrotec ed _for the coupling, since am no acid, S8t 8

activatf® Cthee Krﬁ@%ﬁ%qgeﬁﬁQFY%%Rﬁ%FQ@¥¥#¥Wsécﬁéaépnmptpdmgemg aAfter
t he couphdmgacthvs1prmhbéubagpgﬁeyaenust be elimnated rapidly and under -

2 - mld conditions, in order that further coupling can proceed.
The development of solid-phase and liquid-phase chemistry now
makes possible the production of sequence-defined peptides and
proteins having molecular weights of 3000 -~ 10 000 Da and
coupling yields of greater than 99.5%. In the solid-phase
synthesis devised in 1963 by Merrifield, the peptide that is to
be synthesized is coupled via a linker i.e. a cleavable anchor
group, to an inscluble carrier resin made of crosslinked
polymer. The amino acids are successively coupled in the
desired sequence to an activated C-terminus and in great excess
to the amino function of the last attached amino acid in each
case. Remaining reactants and byproducts can be flushed from
the reaction wvessel, since the intermediate or product is bound
to the insoluble resin. In the last step, the linker is cleaved

from the resin, and so the peptide is present in free form.

Both solid-phase and liquid-phase peptide synthesis are based
on a complex protecting group chemistry. The alpha-amino
protecting group of the amino acid must be temporarily
protected for the coupling, since the amino acid, after
activation of the carboxylic acid, would otherwise react with
itself. After the coupling, this protecting group must be
eliminated rapidly and under



Peptides and proteins that are physiologically active in the organi smand
in the chem cal structure of which one or nore radionuclides are

i ncor porated, provide the basis for producing radi opharnmaceuticals. The
organi smdoes not differentiate, at least in the case of chemcally

i dentical radi opharmaceuticals, between radi opharmaceuticals and the
correspondi ng nonradi oactively | abel ed“conpounds, and so

radi ophar maceuti cal s are netabolized physiologically. On the basis of the
decay of the radionuclide, the radi opharmaceutical can be traced and

di spl aysdldi sontif yioRadi bacbrielythabet edtpept téeslang vahupbbestaacers for
posi tron-em ssion tonography (PET), a nmethod in nuclear nedicine which
generates sectional inmages of living organisnms. In PET, fromthe

di stri bHEPBAARA Nt RretsPaeetbhtt erea epliydidldetaylbyenicsiveonal ushens
can be gpgenasmt %rfd"eiﬁp%hbalc}géﬂcgélbUEEQﬂchréh. ¢ agh oppargaceuti gal i n

t he bodg and processes such as absorption, distribution, netabolisnrand
excr et i BRLIAUBEITEF URF R al BACTPRE2EPP! | BHOVEFEYtBE badispharmacedtrtads is
| i mitedrhyiioprashaceubabblbif enef dhaiadh oaueli 9o Ofi #¥PESH 4y d esset han
2 hours, A gantigglarl§ shgrt haLfﬁ#hfe,is pssessed by the radionuclide
11C, havPRGConflyCBBpFoRE nRF eFYeBHCRL bt beenFhealnianiehaspreayBirals,

radi oacbevwegnal r eadylibphanmaceupticdlst i on «afd t he tiadi onuebi-despBnbibeg
cyclotr - I [ pr ction of the radi,opharmaceutical, its
deIivergg?ggghéggt#ogﬁfe?g%%gg?iﬁa AR Stoaﬁénﬁﬁi§?ﬁégpgﬁrF8cFHElﬁégFent
and nmeastf efelBPollAzedd hvsd. cdoltiiewd ltyhe OQrar gest bpedsi kife wed | detay radi us
i n whi chpth iSH i ss{,@n re1slsN ; ivered s . situated
around ?h% %ﬁgyaﬁ%§%5§320gﬁga:%a [ acu\ﬁé%ﬁékgﬁﬁgﬁgggd%%sﬁ ﬁ%?iﬁa?ﬂe
radi oph@r FRe@VEFcEESHastYbe present after production thereof. This can be
achi eved by a very short production tine of the radi opharmaceutical from

t he radko ucli e, incz %hﬁﬁloss in radioactivity for _a given radi onuclide
depends 3N P RHEIVEONevefPenESt RG-S thel #RE ndPHAECFor WeptekRs HPE

mul ti st pgeittonmeenbasiionngtotichfdaphht t(@Emt oNake aRdHyd Y succggdivkih | ow
radi oc ] [ i_gnal et hods .for_ producing. ,
radiop2§€§%§£ﬁ¥i§§ ghuggg%ggkﬁgtﬁﬁﬁfaﬂn(afﬁyﬁﬁggnﬁ t#bﬁlﬁ%eﬁfgﬁﬁtﬁ@F'in
order t&1| BBEl, fron ekanpiefrahiithésnoinchibexyhicspadsofndhantraccadeds
radi oacqeyely MrdhedAC L Damut - Radi v 983; nder st eene and
Sledgera, 1%96).,F5ﬂbvé§, In %{ﬁégpg%%f gﬁg R%%f!tﬁg% ?% pgggucgﬁa?ﬁaﬁhe
cycl ot r RS HEEPUBEOR ur PRer thEac ttédiopha rmasesttdg® lpr oigesstim t hoodAL HAndnd H

to for mpdd€Bies Nofustt ids a dd¥drdistrge @B tbheuradimoactisrebyihahel edg
met hyl atj on agent be traniierred to the pharmaceutical that is to be
| abel edS By WAT" of 22 HPS +ENGEHYAESMt hesi s of the radi ophar maceutical, a

hi gh proportion of the radioactivity originally provided by "CQ2, is |ost.

An inmp nt ; or..navel. PET contrast ent,s S introduced in the
field S?E%SIEPILPQ%EA :ﬂnlgq)@; V\%gt Q"?la"scghto Ir:trl r?eréﬂa'cceiulatc]kca&a:ﬁ%ml?t ryAMERE s Set hBg
per ni t ssh@et shal fediideofofly athoaradivencoht dast ofigentrsi dal ly siaxg eclsdep2

(Devar ajogts al . i ekl I 0 N4t Kk ssJense
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for synfHELPBIRYLABF- Gnd WOHNG | #BdVeepPproximately 20 minutes. The

unwanted decrease in radioactivity already begins on production

of the radionuclide in the cyclotron and continues during
production of the radiopharmaceutical, its delivery to the DPET

site, and finally up to administration to the patient and
measurement.

In order to achieve the largest possible delivery radiusg, in
which the positron emission tomograph to be delivered is
situated, around the



radi ophar maceuti cal s. Radi ophar maceuticals | abeled with technetium or
fluorine such as, e.g. 18F-6-fluoro-DOPA or 18F-fluoro-2-deoxy-D-glucose,
differ, however, in the organismfromthe anal ogous unl abel ed ori gi nal

nol ecul es thereof. - 4 - The object of the present invention is to provide
an efficient and rapid synthesis nmethod which, within a short production
tinme, delivers a high yield of radioéc?iﬁely | abel ed natural and artificial
peptides. This object is achieved by a nethod for producing a radioactively
| abel ed peptide, conprising the follow ng steps: (a) providing a precursor
nol ecul ey obdtivn s sel eeted chranvtie graup EoFBI ShisNg pRfsAmb1am HF acigk a

I d | ) ' ' ol.yent; (b) adding a
Fadi oacrrverar PABITRE 2L Ctma% 3% HerErettr SoF SholRs T e bR ses a
carboxyrhi%néﬁhome(@ghé@V¢datbﬂgathergambmqﬂ prodtdiononf cife of the
radi oactd yebynd Ahelad campound: and, I( ggd}téﬂ{%@gii%ge fﬁc'evakﬁd radi oactively

e} n
| abel ed conpound to the precursor nol ecul e the Tadroac |§§Iyl
IabeledF%@&ﬁ?%E%VltY for a given radionuclide depends on time.

However, most radio-labeling methods for peptides are
multistage, time-consuming, difficult to automate and only
succeed with low radiochemical yields. Conventional methods for
producing radiopharmaceuticals use the pathway via the
methylation agent ''CH,I in order to label, for example, amines
or carboxylic acids and amino acide radiocactively with ¢
(Denutte et al;, radiocactive 1983; Vandersteene and Sledgers,
1996) . However, in this case, the CO, that is produced in the
cyclotron must be further reacted in a two-stage process with
LiALH; and HI to form *'CH;I. Not until a third stage can the
radioactively labeled methylation agent be transferred to the
pharmaceutical that is to be labeled. By way of this lengthy
synthesis of the radiopharmaceutical, a high proportion of the
radioactivity originally provided by C0,, is lost.

An important technology for novel PET contrast agents was
introduced in the field of %F-labeling by what is termed
“click chemistry”. This wethod permits the synthesis of
radioactive contrast agents in a single step (Devaraj et al.,
2009; Li et al., 2007). In the work by Bruus-Jensen (2006),
HYNIC-functionalized peptides and proteins are used as
precursors for synthesizing 18 and *’mTc-labeled
radiopharmaceuticals. Radiopharmaceuticals labeled with
technetium or fluorine such as, e.g. ¥F-6-fluoro-DOPA or
18F—fluoro—z—deoxy—D—glucose, differ, however, in the organism

from the analogous unlabeled original molecules thereof.



wherein the radioactively | abel ed conpound is an isocyanocarboxylic acid.
In addition, the invention relates to the use of a radioactively |abeled

i socyanocarboxylic acid for producing a radioactively |abel ed peptide. The
dependent patent clains contain advantageous enbodinents of the invention.
Figure 1 shows a conventional solid-phase peptide synthesis using am no
acids, the anino function of which is bfocked by the protecting group

9-f 1 uor enyl met hoxycarbonyl (Fnoc). - 5 - Figure 2 shows a solid-phase
pepti de synthesis according to the invention using a | abel ed

| socyandriss bsixjddic A ’dheTerBreﬁ&eﬁhvieﬁgQ@)hi aR e _551%&?%]&%3 ?arﬁéflppc :f@rf[it

pr oduci radi.qactivel y I abe ept.i conpti,sin e follow ng steps:
(a) proegllnaagl Hﬁ%ﬂéhgéﬂ%lgfgﬂgaMWQﬁF's §%FéﬁpbdgfF&RHHKQERQEﬁﬁlon_
consi stitnignef dalawens acildigh pepflliddefandadipactirglaniiRgeliddl ams©Or8aNI C
sol vent  ng artificial peptides.

This object is achieved by a method for producing a

radioactively labeled peptide, comprising the following steps:

(a) providing a precursor molecule which is selected from the
group consisting of an amino acid, a peptide and a primary
amine, in an organic solvent;

(b) adding a radioactively labeled compound to the precursor
molecule which comprises a carboxyl function;

(c) activating the carboxyl function of the radicactively
labeled compound; and

(d) linking the activated radiocactively labeled compound to
the precursor molecule to give the radiocactively labeled
peptide,

wherein the radioactively labeled compound is an isocyano-
carboxylic acid.

In addition, the invention relates to the use of a
radiocactively labeled isocyanocarboxylic acid for producing a

radicactively labeled peptide.

The dependent patent claims contain advantageous embodiments of
the invention.

Figure 1 shows a conventional solid-phase peptide synthesis
using amino acids, the amino function of which is blocked by

the protecting group %-fluorenylmethoxycarbonyl (Fmoc).



(b) adding a radioactively | abel ed conmpound to the precursor nol ecul e which
conpri ses a carboxyl function; (c) activating the carboxyl function of the
radi oactively | abel ed conpound; and (d) linking the activated radi oactively
| abel ed conmpound to the precursor nolecule to give the radioactively

| abel ed peptide, wherein the radioactively |abeled conpound is an

i socyanocar boxylic acid. The expression "peptide", as used here, denotes an
organi ¢ conpound which is made up of at least two am no acids |inked to one
anot her via an am de or peptide bond. The expression "peptide" conprises

ol i gopefitdudes Dfshupwd oa 1€b T shase dsep Py pepht esi ©f a dBE£3iAgN:d Ocgen no
dependiitst O T me L bt o T TR e Tt or nary Structure.
Peptides conprise artificial and naturally occurring organi c conpounds.
They caf_}lebep&re%@&accediﬁbeﬁw@{q' Y2 &l SQ DY ,M8ANS, 0F Qi gsynthesi s, The
expression "precursor nol ecul e", as use ere, denotes nnngners, opld%ners
and pol5AfEIGEC SR Y npkfl et et sle t rompribsingaphe deoblowhesi stawps ch
conpri sg)amigioRcd sy HEptieessanihal cBLILEBLY 3N Nes f1 dhed oF ayl a RNH2.
group consisting of an amino acid, a peptide and a primary
amine, in an organic solvent;
(b) adding a radiocactively labeled compound to the precursor
molecule which comprises a carboxyl function;
(¢) activating the carboxyl function of the radiocactively
labeled compound; and
(d) linking the activated radicactively labeled compound to
the precursor molecule to give the radicactively labeled
peptide,
wherein the radicactively labeled compound is an isocyano-
carboxylic acid.

The expression ‘“peptide”, as used here, denotes an organic
compound which is made up of at least two amino acids linked to
one another via an amide or peptide bond. The expression
“peptide” comprises oligopeptides of up to 10 amino acids,
polypeptides of more than 10 amino acids and macropeptides of
more than 100 amino acids, and alsc proteins independently of
the primary, secondary, tertiary and quaternary structure.
Peptides comprise artificial and naturally occurring organic
compounds. They can be produced chemically and also by means of
biogynthesis.

The expression ‘“precursor molecule”, as used here, denotes

monomers, oligomers and polymeric starting molecules of the



The expression "carboxyl function", as used here, denotes a functional
group of the carboxylic acid having the fornula - COOH, or of the carbonate
having the forrmula -COO . The expression "activating the carboxyl

function”, as used here, denotes converting a carboxylic acid into a
reacti ve substance. The expression "isocyanocarboxylic acid", as used here,
denot es an organi c conpound which coﬁp?i§es a carboxyl group, -COOH, or a
carboxylate, -COO, and an isocyano group, -CN. The isocyanocarboxylic acid
possesses, e.g., the enpirical formla CNRIR2ZCCOOH or CNRLR2CCOOX. The

radi caleefRidR, sRytied€is wEiURedd@e.sadenins | denfk¢abapit ididd eftor
aromati c,. het eroaronat | ndjgléﬁﬂ%%i adi cal s and al so nitrogen
conpouﬁﬂ%?nﬁﬁﬁ(ﬁﬂﬁ?%ﬁaﬁggﬁﬁﬁé At F@S@n groups. The aliphatic radicals
conprise acyclic branched and unbranched, cyclic and alicyclic, saturated

and unsgidir alpdocat pan CUMANAS. (KnE0TBAN SeS ALk gl NS, SUgh 23 3l kal
metal and al kal i ne earth netal” 1ons, e.g. Fithi um - For producing a
r adi oadtungdiypnadbetreupepti ddie | parhexypifo@dcdcc draiving t bhehdormpdat i -on,

radi oagidote! Yoot abelatd iRRBRNAAIRXH Gl g usedzodhe i socyano group
of the isocyanocarboxylic acid nust not be bl ocked by a protecting group in
the peptide synthesis - in contrast to the am no group of an am no acid.

Ther ef e ‘eadp:t%@l E&oheaﬁébﬁﬂvht?mlgi siﬁ@ve:%mmisfu&%ﬁqid&@d gaéi ngséch)e i
conventi ona nt hesi s . 0 inking of _.amino acids in order to 1.) a
the pr é}e&%’i né%ﬁl%ﬁﬁ i%og?ggg%n%n aadSF‘Fg8ﬁXF‘lFea%‘f3r‘gn & fo IFRCENTR0
group antbsxagndm. elimnate the protecting group again in a further reaction
step after linking the amno acid to the peptide. Therefore, the tine taken

for peptide synthesis is shortened by way of the method according to the
i nvent B BPARSLIEN t He shmmatrapept i desidit hess susedehefe 1 hdemetdmd

accor difyf d:Qydidie: | SGIEURD wH A Qcligii £8d 5 Vi el g b OSF B Sy AYE, t O-Ahey Na ur al

decay of the radionuclide as_a function of time are detreaSed. The anbunt
of radi%actPvRC¥Ya*EFng 5GBSt ancelse®t n 1PRCEFAPheSEOUB: t EN. The

r adi oactdotgtahd @bl 13eptadied cppsEBeseEor e . Be , degi=casish r W X he SANES,
costs,(ﬂﬁgRLQSOBHrggncﬁﬁﬂég%05§9|ochenlst during the synthesis is reduced.

The radicals R, R;, R, etc., as used here, denote identical or
different aromatic, heterocaromatic and aliphatic radicals and
also nitrogen compounds, halogen compounds and hydrogen groups.
The aliphatic radicals comprige acyclic branched and
unbranched, cyclic and alicyelic, saturated and unsaturated
carbon compounds. X comprises metal ions, such as alkali metal

and alkaline earth metal ions, e.g. lithium.

For producing a radicactively labeled peptide, in the method
according to the invention, radiocactively labeled
isocyanocarboxylic acid is used. The isocyano group of the
isocyanocarboxylic acid must not be blocked by a protecting
group in the peptide synthesis - in contrast to the amino group
of an amino acid. Therefore, valuable reaction time is saved
which is required during the conventional synthesis by way of
linking of amino acids in order to 1.) add the protecting group

in



The production of radioactively | abel ed peptide by way of radioactively

| abel ed i socyanocarboxylic acid is very sinple and nay be carried out with
relatively | ow expenditure. The method according to the invention can
therefore be enployed directly in the clinic or radiological practice. In a
preferred enbodi nent, the organic solvent conprises nethyl ene chloride,

chl orof orm di chl or oet hane, dinethylro?nﬁnide, di net hyl acet am de,
tetrahydrofuran, ethyl acetate, acetonitrile and/or a conbination thereof.
In a further preferred enbodi nent, the radioactively |abel ed

i socyanatardddyliichadci fe£00Poh S e dadi 8actiy elayniabe %Qu?aratiﬂf', 2Py efgr ably
5-1C. T e.isoqyaqgfarbo lic, acid is produced gg g@; oxyl ati ng. CNRLR2CH or
CNRLR2CX USHRY™ ¢ dtft0odttd Vet S 1AbE S8 @Fb0h 1t oki erthel. reagplomptep

i ncor paxfatéonlohkihg nddi oamthbdeditkr eb oréieprpegeiidei n Thee-cfast , stigpe of

synt hesi.zi ng r adi i I I . - 8.-_Lsocyanaocarboxylic acid
whi ch igﬁﬂ%etégg 3?%22?%%¥?%¥tﬁﬁgﬁéggﬁ&e %%n?h%gﬁénggczpﬁiﬂ'Ytgffh%pé
i nvent i%tEhITheredording| teddye i Invert symt hesi s of i socyanocar boxylic acid,

reaction time i s saved, whereby radi ochem cal yield |osses due to decay of
t he radi onuclide are decreased_and the anmount of radi oactively |abeled

i socyanfotalPdx i Chsei thoseaned @sprédsedynmhatis, ttwvst ofartdies avettheder eby
and t headusiingncdheheadimvehitnicst, dtdigeRde: PEDPt ,da18yNHReskS d& to

decreaﬁﬁg. Iq%a re erre%§§Hdiine t, the method according to the invention
addi t i oniat I %’f’%]ri LY R st %sr.a%aﬁ”}u‘gﬁd]ocg‘?\ga%f%r PRYEREH RE deite Aran
unl abeld@breased. The amount of radiocactive starting substance used in
the synthesis of the radicactively labeled peptide can
therefore be decreased, which saves costs, and the burden of

the radiochemist during the synthesis is reduced.

The production of radicactively labeled peptide by way of
radicactively labeled isocyanocarboxylic acid is very simple
and may be carried out with relatively low expenditure. The
method.'according' to the invention can therefore be employed
directly in the clinic or radiological practice.

In a preferred embodiment, the organic solvent comprises
methylene chloride, chloroform, dichloroethane,
dimethylformamide, dimethylacetamide, tetrahydrofuran, ethyl

acetate, acetonitrile and/or a combination thereof.

In a further preferred embodiment, the radiocactively labeled
isocyanocarboxylic acid comprises radioactively labeled carbon,
preferably *C.

The isocyanocarboxylic acid is produced by carboxylating
CNR;R,CH or CNR;R,CX using radiocactively labeled carbon dioxide,
e.g. 'CO;. The incorporation of the radionuclide therefore
proceeds in the last step of synthesizing the radiocactively
labeled



| socyanocar boxylic acid, each of which conprises a carboxyl function, to
the provided precursor nolecule; (a2) activating the carboxyl function of
the further am no acid or the unl abel ed i socyanocarboxylic acid; (a3)

| i nking the provided precursor nolecule to the further am no acid or the
unl abel ed i socyanocar boxylic acid via an am de bond to forma peptide; and
(a4) repeating steps (al) to (a3) unfi P a desired size of peptide is
achieved. In steps (al) to (a4) of the enbodi nent, subsequently to step (a)
of the method according to the invention, oligoneric and polyneric
precursmommﬁmozaﬁeicfsymdﬁeﬁi zgHi cBuGdu@s bel i@@@ﬁptdld.%%r;@_@d in the

ol ypept i des y_addi ng, further noner.ic no aC| s to the_pr rsor
ﬁD|ZEU&EP 1qe t%%ng%$%bsac?&?ofﬁongepFlde%g%a ﬁ% e

radi oactinesigy | aheltde naunyamnbarbﬁxybpcyaubda@bnxyhebeﬁmﬁgiberaﬁd@ﬂomo
precursefmgvigcggsédof wﬁe%eﬂg% 289 o RaRh Rah N gaféﬁd”%t UL U P%alosd e
invention (cf. step { § erre neﬁ?

|socyaﬁﬁéar56ﬁyl|%ﬁ@&@%ﬂ¢%ﬂﬁﬁ alkpRa- d%@t@@ﬁ@@ar@@%&l|bh@0|@mdﬁm£ of

eXPr es Sk S cym&@xyli%@ﬂ&cu@&cwﬁ@ heges g dengleg any
organlc conpou % mhlch conprises a carboxyl %ﬁ or a carboxyl at e, and an
i socyarfif q%ﬁ? {RetdzRe SAFEh HONFLTERA ﬁéﬁﬁY ands dd\Pa IEEIBOXGR i C

aci d). the radiochemist during the peptide synthesis is decreased.

In a preferred embodiment, the method according to the

invention additionally comprises the steps:

(al) adding a further amino acid or an unlabeled
isocyanocarboxylic acid, each of which cbmprises a
carboxyl function, to the provided precurscr molecule;

(a2) activating the carboxyl function of the further amino
acid or the unlabeled isocyanocarboxylic acid;

(a3) linking the provided precursor molecule to the further
amino acid or the unlabeled isocyanocarboxylic acid via an
amide bond to form a peptide; and

(a4) repeating steps (al) to (a3) until a desired size of

peptide is achieved.

In steps (al) to (a4) of the embodiment, subsequently to step
(a) of the method according to the invention, oligomeric and
polymeric precursor molecules are synthesized, such as
oligopeptides and polypeptides, by adding further monomeric
aminc aclds to the precursor molecule, i.e. the amino acid, the
peptide or the primary amine. The radicactively labeled
isocyanocarboxylic acid can therefore be added to precursor
molecules of any desired length in the method according to the

invention (cf. step (b) above).



In a preferred enbodi ment, activating the carboxyl function conprises

converting the isocyanocarboxylic acid and/or the further amno acid into a

reacti ve substance which conprises active ester, anhydride,

pent af | uor ophenyl ester, thioester, imdazolide, acyl halide and/or

di met hyl am nopyridine. In a further preferred enbodi nent, the

i socyanocarboxylic acid is reacted wth a coupling reagent to give the

active ester, wherein the coupling reagent conprises guanidiniumreagent, a

uroni um reagent, preferably 2-(H benzotriazol-1-y1)-1,1, 3, 3-

tetranéhhy&ummmﬁﬂﬂﬁm&a@ﬂm@ihmﬁmsphahe (HB¥dPanocarboxylic acid is an

0- (benzgt o) t et t hyl ium_tetrafl.uarobo (TBTU)

or 2- (ialc—ll-ﬂﬂﬁza%) ot r| azo #‘yﬂ yl) - 1%%% gfk?é;net ﬁ‘xPE%ﬁ’l am ‘(a{peh

hexaf | @@W}@D’GW acadlﬂenzésr i ‘aa@ﬂe h@aig,entienprtefser abl yorganlc

1- hy dr Qereszed Nindzeh ecdidgents (HB D oRM | ! (ag'g%a% gmde
e or

reagent, preferably N, N -dicycl ohexyl carbodii Il sobropyl

car bodidhi dePENBRDI )ITUP | Rt UrSFBRGeFRLDRM GHiyamophEERNGr oame |

r eagent? - idov@gah €a fisbogeinatddigi )y eagent, a phosphoni um reagent, preferably
benzotri azol - 1-yl oxy-tri s(di met hyl am no) phosphoni um hexaf | uor ophosphat e
(BOP); also known as Castros reagent)or benzotriazol-1-yl-

oxytri pyxrel iplraﬁphns@h@rribw@ihema:fl uacbphasphgt e:l'(dDyBﬁln?boxgrlan@ﬂw&i@e

reagent,, bl ho hl or of ar reage

and/ or “@Srﬁb%%t |c)c£)3n th r%%_g f . "eh8 1#3% |]§b%}aglan(f adé& 836855 nr?ec
accel erfaitl‘é@%meafﬂéﬂﬁataf@ﬁi ointtCheape{ﬂam\tﬁ)ndubst@lpcesm&hecmmpﬁmmt| on
and hagdie,ef keglet ha&mhﬁdﬂldet h%e‘%ﬁf&ﬁ%r@ﬁ% \)ﬂr gBS I'c?é ter,

dehydrat e. . Using he” am no aC|d be “con In'situ 1Tnto active
esters Wﬁ%’?%lrjed%ufaf‘?}@i dith s ek r@sm@%yl%@mqmms@m ed and

chromat ographed. Particularly preferably a mxture of HOBt and DCC is
used. ac es the_carbgx acid with formation of a highly reactive
acyl |sQCoErea% ﬁ%lg ré’&?ff?rﬂea %P;?Qdﬁ%tto%rﬁ%mcad@q st2F1%hi ch
preser Vigs mezetygd| arigd amcotpbingheebmiehitaltd egted Vihy. abewOBisast] ve
ester is e eo I t y am no function of the tide or
a furtﬁ@lr amrgoeieql%l %%wxﬁgt %% qintlbna(%ggrls S WaPEFT AR UPY iR i3

f or med WERH Fectreagrit on wfeidakaky | 3 sUirenict niotzokry-yhpevi 5abl 2

si nce tthﬁ:f&@éﬁ &lﬁﬂoﬂﬁﬁ%é}&ﬂﬁ%fé@%%&%@ ! (AP ttg&%&&#{a%z he

addi tign DI P HOBt acts as a cat uces t endency to

s
raceni z]a't31r i o 430N ﬁ?%quqlbl%%et%bePworétﬁr BRI yowsed
t oget hey- (il 7 H(Bibewi el 40 -Wr-ga t-hatl for s divdot hfBacdh B i s nore

sol ubl T adf Cl%lrcl;)pehorrsoprl'?atreeamps%)separl:%nezdot?rflfazole reagent, preferably

l-hydroxybenzotriazole reagent (HOBt), an immonium reagent, a
carbodiimide reagent, preferably N,N’-dicyclochexyl carbodiimide
(DCC} or diisopropyl carbodiimide (DIPCDI), an imidazolium

reagent, an organophosphorous reagent, an acidic halogenating
reagent, a phosphonium reagent, preferably benzotriazol-1-yl-
oxy-tris(dimethylamino)phosphonium hexafluorophosphate (BOP) ;
also  known as Castros reagent) or benzotriazol-1-yl-
oxytripyrrolidinophosphonium hexaflucorophosphate (PyBCOP), a
morpholine reagent, preferably N-methylmorpholine (NMM)}, a
chloroformate reagent and/or a combination thereof.



Particular preference is given in addition to BOP or a m xture of HBTU and
HOBt. It is inportant that the counterion of BOP or HBTU is of very | ow
nucl eophilicity, such as, e.g., PF-. The BOP reagent is stable,

non- hygroscopic and is very readily soluble in organic solvents. In
general, the BOP reagent is nore efficjent than the conbination DCC/ HOBt. A
di sadvant age of the BOP reagent, howe , is that during the reaction,

car ci nogeni ¢ hexanet hyl phosphoric triam de is fornmed. The novel reagent
PyBop, in contrast, does not exhibit carcinogenicity. This reagent
posses§ﬁ§ﬁpyisobﬁdbneagabus i netcearbeof i tretbybl graups. thee feagarnls: HETU and

HATU h | h t A hl d | fl d
e r ooty 5 Bloide Bobh, " BobERCLEL! [ Wne SRe S LIS 3PP diRoot SNt
a functﬁ%ﬁﬁ@ﬁ atl'séil%le chad n ofthehe Irsﬁl@cuaus@r Gohecslde ofroles do not

i socyangagrdosyd i cwﬂlg ARE/ oL ngf Shheof W H@@ H%?x%% aci . d 5 Oﬁlfeg by a

protectjnd group. The Tunctjon ,conmprises a My function,  a carboxyl
functi ot EhL%e ABEPERCYRARD PHCSa SHESTERERE lantsddidentthat cEhdioxsan

functi ase ainghd Dic&dn 0 faEdhDibpfaghdami n chain of the precursor nol ecul e
and/or an amno function of a main chain of the further amno acid is/are
bl ocked by a protecting group. The expression "protecting group", as used
her e, cmmigebarhnmmmaf}dsﬁ;ch dalrmi:ktmam:l SfM BTt Oaﬁf&dtlbecrja@&hédcﬂtmm
chem ¢ t bi.ndi n hese ¢ enlc ups.
The ex%%é%é%%%§ J%E %%g%) as use J%%rglthH%PFgg *PHe Pidi2al %&f

etc. \Mﬁ%ﬂﬁ%ﬁ%ﬂéﬁYéfﬂﬂﬁunﬁaheThasnnﬁaGﬂﬂjwﬁthhehprQMBBotonmammn&n the

|socyaqgﬁ§f Okliheg f o] r i n
chain",, as %gée(%iiﬁrggtggn&hesr,&t h%%g@f n%n Qt e‘%%)ﬁa]rg%g g‘ﬁgﬁ\i}h% tfr@é
the axiiirial ekEBFrtiNetyr edlies JIOBDT 22k e ?ﬁéersdéyaﬁ@@bﬁﬁbhyl1@abbyd or

the furdthesciesd n@yacuda laﬂllﬁoprﬁi&cﬁif?@he@de&H@n?elp[ttl%eprcgi‘e%f'f‘@r‘t&'ﬂ@%p
oxycar bonyl _protecting

conprlses a base- stgp rotectin I ou

group (BHFI° aRGror %galﬁhﬁeﬁ }ﬂg?%B%QEaF%omﬁtﬁﬁnt%cﬁﬁﬁéléﬁoﬁ@q Frbg) .
formed. A direct reaction of the acyl isourea is not very
unadvisable, since the reactivity is sufficiently high that
racemization occurs. The addition of DIPEA to HOBt acts as a

catalyst which reduces the tendency to racemization of HOBEt.

Alternatively to the DCC, DIPCDI is frequently used together
with HOBt, since the urea that forms in this reaction is more
goluble and can be more readily sgeparated off.

Particular preference is given in addition to BOP or a mixture
of HBTU and HOBt. It is important that the counterion of BOP or
The
BOP reagent 1is stable, non-hygroscopic and is very readily

HBTU is of very low nucleophilicity, such as, e.g., PF .

soluble in organic solvents. In general, the BOP reagent is
more efficient than the combination DCC/HOBt. A disadvantage of
the BOP reagent, however, is that during the reaction,
carcinogenic hexamethylphosphoric triamide is formed. The novel

reagent PyBop,
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If the Ntermnus is protected by Fnoc, then, e.g. base-stable,
abile, protecting groups are used for the side chains. Exanples

t hereof are Boc, which protects the am no function, e.g. in |lysine;

tert-butyl, which protects the carboxyl groups and hydroxyl groups, e.g.

aspart

glutamine. In a preferred enbodi nent,

addi ti
fromt

mol eculiey ¢afyraddi ngddde htt hexhilhino cadtainddemianitio graup afeddentrain

chai n
car box
t he pr
peptid
peptid

Ic acid and serine; and trityl,lﬁﬂich protects amdes, e.g. in
he am no function of the main chain of the provided precursor
urther

unc e nmaln chaln O

in

e net hod according to the invention
onally conprises the steps: (al) elimnating the protecting group

%1‘0%1@80%%}%&%1?&%% di égeirpsrfteeé:artges?og mnqzlﬁayﬁglrﬁe%oépa@ activating the

0'Hiti d (a4) |inking
ecursor nolecule to the further amno acid via an anmi de bond to the

ein ANt AN d GREAS | 10h SEORS HAld 4 LAYy & dsiradsizg pf the

e 1's achieved. _ :
Acyl chlorides and acyl fluorides are readily available and

inexpensive reagents.

In a preferred embodiment, a function of a side chain of the
precursor molecule, of the isocyanocarboxylic acid and/or of
the further amino acid is blocked by a protecting group. The
function comprises a hydroxyl function, a carboxyl function and

an amino function.

In a preferred embodiment, a carboxyl function and/or amino
function of a main chain of the precursor molecule and/or an
amino function of a main chain of the further amino acid is/are

blocked by a protecting group.

The expression “protecting group”, asgs used here, comprises
compounds which block and switch off the reactivity of chemical
groups in a targeted manner by binding to these chemical
groups. The expression “side chain”, as used here, comprises
the radicals R,, R, etec., which branch off from the main strand
of the precursor molecule, the isocyanocarboxylic acid or the
further amino acid. The expression “main chain”, as used here,
denotes the N- and C-terminal backbone which forms the axis ox
stem of the precursor molecule, the isocyanocarboxylic acid or

the further amino acid.

In a preferred embodiment, the protecting group comprises a
base-stable protecting group, a t-butyloxycarbonyl protecting
group {(Boc) and/or a 9-fluorenylmethoxycarbonyl protecting
group (Fmoc). |



In steps (al) to (a5) of the enbodi nent, subsequently to step (a) of the
nmet hod according to the invention, oligoneric and pol yneric precursor

nol ecul es are synthesi zed, such as oligopeptides and pol ypepti des, by
addi ng further nononer amno acids to the precursor nolecule, i.e. the
amno acid, the peptide or the primary. amne. The N-term nal am no function
of the precursor nolecule is blocked by“the elimi natable protecting group.
The radi oactively |abel ed i socyanocarboxylic acid can therefore be added,
in the nethod according to the invention, to precursor nolecul es of any
desi red § exgt IV themiames efmi ppetevi¢d Ipy oFest | ngher pUPsy ( Chasst €Pakby
above) . .rg 13,151 A N - ahl -amn t hyl pi peri djine, pi.peridj ne or
tris( 2-aacrrli%olgéﬁlﬁfanﬁrlg?g%gaggpggeﬁ%e redgggnbgléeﬁenf?r t ]Flget Sdﬁfeyl ORFTRT bony!|
pr ot ectHFRPRYTUptherepiniats cBopy phécdbnprotrect preher med renbbdhaeien, t he
met hod @aceor gh No Eontheskpyventi agghiit-h0 j.se e f
hydrolyzﬁ§g t eg¥soc§éngggrbgg§??é g@fg%l?ﬁkgﬁxﬁb tﬁg§ﬁ$3§%$§%$ ﬁ%&%%%le.
The is nBYgFBEFb’li sSItPer by ScénvetLePFIHRYG-XC f 8RéHI Gl smimioegr oapd The
pept i decsiymtIhesitsi ERpRe: d&f 41 dhei sk Ore cONtiMueth @dmikid s amino group. The
radi onucl i de can therefore be situated wthin the peptide chain or at one
end of the peptide chain. In addition, the radioactively |abel ed peptide
synt heslirzeda aceoefiengefio ehboidhmenti ontthen arhdde DHEAIAPr &o the

radi on j . f r e i nent. the nethod according to
Rl e T Lo R e c

the invention additiona g i mnating the protecting
group ffadm tHelninitobng | vhey prabecsdngemicdim Aftwrr thenmmetionfahct hen

peptide synidesis wath Gendi tdonald Yoas disy ' ups are
elim naéﬁ%g g/%ydro en halides such g% HF, anﬁ%%%%%ﬁ%f%?o é;tti ng
groups Gt R BYEtheT (Wi ettt ackiee (FTRC oW préf Bhe edain
enbodi ment , dHeirprel wissh M qord e diSeLOURD Bthd e SRtd & RRGBE-u e ;
(a3) activating the carboxyl function of the main chain of the
further amino acid
(a4) linking the precursor molecule to the further amino acid
via an amide bond to the peptide; and
(a5) repeating steps (al) to (a4) until a desired size of the

peptide is achieved.

In steps (al) to (a5) of the embodiment, subsequently to step
(a) of the method according to the invention, oligomeric and
polymeric precursor molecules are synthesized, such as
oligopeptides and polypeptides, by adding further monomer amino
acids to the precursor molecule, i.e. the amino acid, the
peptide or the primary amine. The N-terminal amino function of
the precursor molecule is ©blocked by the eliminatable
protecting group. The radicactively labeled isocyanocarboxylic
acid can therefore be added, in the method according to the
invention, to precursor molecules of any desired length that

are equipped with protecting groups (cf. step (b) above).

In a preferred embodiment, the Fmoc protecting group is

eliminated by ammonia, a primary amine or a secondary



The expression "solid phase"”, as used here, denotes a polyneric solid
support to which the peptide is bound during synthesis thereof. By way of
this i nmmobilization, the substances used can be added in great excess and
washed out very rapidly, whereby the coupling yield in the nethod according
to the invention is markedly - 14 - ingreased. The solid phase chem stry
additionally nmakes it possible to autonate the peptide synthesis. For
instance, in the peptide synthesis, on the solid phase, sequenti al
repetition of the steps of adding the precursor nolecules, nononers and

r eagentatingt i vatisignaid vear Borypinbmetchiydmipeirmkiing , of pilpewnigaonenol ecul e

and nongmey jﬂg%fﬂééﬂﬂ?ﬂﬂé&ﬁ#&p tenporary protecting group is carried out.
The solid p%ase conprises a l1nker which is the binding el enent between the

pol ymeric support and the peptide. In a particularly preferred enbodi ment,
the solird phgse-férPedObbbYRRBAL! StHe & -butyloxycarbonyl protecting .
2',4'-d|neth§§¥e%§ﬂ%%$ dr nmet hyl phenoxy resin, a p-nethyl benz ydry?%n1ne
resin, HPHend 4 %ﬁﬁfg%lp? ¥ and/ or an oxime resin. Polystyrene
resin swells readily, and so the reagents can readily arrive at the
synthesi.s site Ltion, .t 1S inert towards the reagents. The
poIyst??ﬁnéiispﬁég?ggg%lygggﬁgigﬁnﬁftht olﬂﬂﬁﬁ%@%ﬂ GHpr to  the
crossl iWQT&}.l%eaﬂdhcﬁbonéﬂi{zaﬂdmﬁﬁachhevai;epe.gf, hjidrAyzing the
chl or oned ) Bld AL Bal e E g ighﬁ%@@@ythgr %Qgc od Lhe, d 'rs_(cSLJ{II1 am o, aci d,
advant ageously a linKer 1s aced, e.g. a p-al koxybenzyl ‘ester S nkers

whi ch petRAAIQ hETeHPM Yt F8RTEPYt eoRyersedd ipept | @le flunoritcmalr esninat t he

end of grhausyntiheshsept PakYsidtRES8: ECShRS A Vidigh @y henzy, n@fﬂ@édlégkers
are pr%ferabl .used I n the cont%ép of the Fnoc-peptide synthesis, nake
possi bl éutshea%ﬂﬂ?h@fio%lpof B¢ eFAPARPUC ALK FATE ‘ég?ﬁ@faﬁﬂ & pibereed by

][gaa_ct Lngttmm qiﬂe)yp)imilit}é oHEd WS Lot _?lti%ﬂ@t@n&-@ﬂdi@éylb@ﬁ@yaea&ﬁé’Ml .1 he
inis tide i eayed. usin . . ,
o B o By SRR T ThenoxbPishichs BFECiSED cPYREResszai de

or aci chaansidisg Theoanitdes r ednmedeliioner scht ercompali san deseandr s weed for
the FrogEihhesi s .

In a further preferred embodiment, the method according to the
invention additicnally comprises the step of eliminating the
protecting group from the radicactively labeled peptide. After
completion of the peptide synthesis, e.g. conditionally acid-
stable protecting groups are eliminated by hydrogen halides
such as HF, and acid-labile protecting groups are eliminated by
trifluorocacetic acid (TFA).

In a preferred embodiment, the precursor molecule is coupled to
a solid phase.

The expression “solid phase”, as used here, denotes a polymeric
solid support to which the peptide is bound during synthesis
thereof. By way of this immobilization, the substances used can
be added in great excess and washed out very rapidly, whereby
the coupling yield in the method according to the invention is
markedly



- 15 - The acid resin nmakes possible a peptide synthesis by way of the
N-term nal Boc protecting group. It delivers C-term nal carboxylic acids.
The linker of the acid resinis, just as is the chlorotrityl |inker,
sufficiently acid-labile that the peptides can be cleaved in protected form
fromthe resin, e.g. using dilute TFA. These fragnments can then be used in
a fragnent condensation. p-Methyl benzhydryl am ne resins and

phenal acet am donmet hyl resins are used in the context of Boc-peptide
synthesis. The elimination of the finished peptides proceeds at the end
using Hkp t he erﬁ{gggyl am des_ ar.

obt ai ned. C%Eggﬁena?gggga%%%net hyl rggﬁgﬁgggkﬁsvgadégﬁggégﬁyc I%t%f%%
of oxi nﬁoﬁééibl;@ COnPrEPBRyEBIE S riveeEt@d pepihgssscarFde pnedaved. The
el i m nathen tpkes: @t aceyushagiNiB asn H2MNNH2. o d1k @ ppaLeL! ed s%%

t he net hod ording_to _the inventi addi tionally conprisSes step of
decoupl Fﬁ&e?‘ﬁglrogdl ggct’?%l 7 LERSel %g e H6m Pﬁ@c’éEWH pifelsRculigs or der

to |i bemahenthe radicibac:rea@érytéabehedlﬁ&mhge tﬁ%tercaf.&iﬂid ti Oﬂhrﬁitlt&i@ .
peptide i ecou romthe solid phase qr the |.i nker. o
the sol i ?}mﬁ%‘i Osﬁ np]fL% ca BEFﬁg R %8+ r%%]é Eﬁﬂat é’gfﬂjr&a&ﬂ@@ thee
elim nattle@@qrgrafcmr@\t@d:tlmgn@rldﬁl,p ard dartiteel case. of the N-term nal
Frocprot ecting group, using approxinmately 80% strength TFA. In addition to
t hese aci ds of dlfferent strength, e.g. nitrobenzyl resins are elimnated
with |idghe &8 Rhascesiomnisas Ii‘?d(]@)n]tﬁfﬁ Wégiorial 1. chen mlpile‘iger@@nent
enbodi Mpatcweldie dnedicRysies flakepodacansi muld gngausiy. with the decoupling

of the precursor nol ecul e fromthe solid phase. 16 -

yvvay

In a particularly preferred embodiment, the solid phase is a
polystyrene resin, a 2,4’ -dimethoxyphenylhydroxymethylphenoxy

resin, a p-methylbenzhydrylamine resin, a phenalacetamidomethyl
resin and/or an oxime resin.

Polystyrene resin swells readily, and so the reagents can
readily arrive at the synthesis site. In addition, it is inert
towards the reagents. The polystyrene is preferably admixed
with 1% m-divinylbenzene ‘for crosslinking. The
functionalization is achieved, e.g., via a chloromethylation.
Between the chloromethyl group and the first amino acid,
advantageously a linker is placed, e.g. a p-alkoxybenzyl ester
linker, which permits the elimination of the finished peptide
from the resin at the end of the synthesis. Polystyrene resins
having alkoxybenzyl ester linkers are preferably used in the
context of the Fmoc-peptide synthesis, make possible the
synthesis of C-terminal carboxylic acids and are produced by
reacting the chloromethyl polystyrenes with 4-hydroxybenzyl
alcohol. The finished peptide is cleaved using TFA.

2',4’-Dimethoxyphenylhydroxymethylphenoxy resins are used
either as amide or acid resins. The amide resin delivers C-
terminal amides and is used for the Fmoc-synthesis.



In a further preferred enbodi nent, the hydrol ysis takes pl ace

simul taneously with the decoupling of the radioactively | abel ed peptide
fromthe solid phase and the elimnation of the protecting group fromthe
radi oactively | abel ed peptide. The simultaneous decoupling and hydrolysis,
or decoupling, hydrolysis and eliniqaa%oq, decreases the process tinme and
therefore reduces radi ochem cal yield 1 osses. Therefore, the anount of

radi oactive isocyanocarboxylic acid used in the synthesis can be decreased.
The sinul taneous hydrol ysis and decoupling of the radioactively |abel ed
pept i d8hfr emichecson dhajiess easd dles@ tdepteldemmatdlere iof hevaBoofrieect i ng
group s I d ing Ligqui 3 trj oro ha fonic . acid i.n

T T et taci & or PEPUPREag: | ookt It necRadeTsr (e Ak

pr ot ecCipgoFwads, aFEA apbhroxi vakeryoc80%kbhst ramigl hesin CHRCl2ups ased.s
Preferabley, chil apBLRYcheagdenhresUChsa8: 2R SRl ey eLhanedit M Ol Ot the
dlﬂEth%%%nylde are added, in_order to trap reactive Internedi ates I ch

€ ) : '
can da 1dee G&% iRfe. Cierved Ltk neFoRepee, form fapanthen nedidtee 1B the
use of uwaihadi datukeel yFhabetedse somyaneaar H0xdn C taeind Her pseducimg A
radi oactivel tlabgkpgﬁp ptide. Figure 1 shows a conventional solid-phase
synt he & pF@ o éﬁﬂéﬁ¥ides. The precursor nolecule is a primary am ne
protected by Fnoc which is coupled to a solid phase (doubl e hatched circle)

via an._.am el 0 oxyval | i nker .(PAL).. EnDC i.s
el i mi nkt g%%?l 52%%?%%@5‘%@3%%%@% %é? fﬁ{%ﬁfdleé arﬁmnlc(é% él}:%téi s TRVt ed
as HOBerest éisedrhehy t hBeamdmnteeitd, ehe BAtnpepkédp ofywirhelsiiss | iTReni se

prot ectad vk of tie ‘fiﬁiéﬂé&?ﬂef}@i&@gf broeRihkzed amend g%sa:i,[x{éért her

step, the Fnoc group is in turn eli'mnated fromthe am no group of
i mobi Ffzed"prREutssr RoPeElYPeRpbvaryipthee difddsandraptidat eanigdisho

aci d i adei nkeBthontHe preBEr SOphaPh Btk CanTHEBELEYEPS ML hSpeat Ll Jutt i |
t he desirg%éyﬁng}h af . the peptide is achieved. Finally, the protecting
[

gr oups © n&eédand the peptide i s decoupled fromthe solid phase.
Figure 2 shows schematically a synthesis according to the invention of a

radi oa 'wgly b p I ; by dioactively. | abel ed.
isocya%ycar ox{)/?i %ch@ied |1r§st’, %&%‘%(J'e%ﬁ%%rbgﬁgl é(%éfe'ggltfsags r?tp%e%ﬂiezseacan
conv entieo Pa1adp cfedo mTa Fiedcl mdmats- Qe itd kel e caTivslngp dfsedrt 8.8-8684 i d phase
(cf. figure 1). An activated radioactively |abel ed al pha-i socyanocarboxylic
acid is attached to the precursor nolecule, the CN group of which
al pha- i*Soc\PandEF AT ¢ SRPAdHBRRE not the prEtéeded 2ampreH ngavds r @ i on
tinme. TheetNighoupddstibralbydrainmerkd® ghwe ébé;l;NH& aaéa@uﬁwﬂg ad}ijel g

e ecoupl e
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In order to liberate the radioactively labeled peptide, after
completion of the peptide synthesis, it is decoupled from the
solid phase or the linker of the solid phase. In the case of .
the N-terminal Boc-protecting group, the elimination is
achieved using HF, and in the case of the N-terminal Fmoc-
protecting group, using approximately 80% strength TFA. In
addition to these acids of different strength, e.g. nitrobenzyl
resins are eliminated with light and allyl resins with PdJd{(0)
orthogonally.

In a preferred embodiment, the hydrolysis takes place
simultaneously with the decoupling of the precursor molecule
from the solid phase.
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In a further preferred embodiment, the hydrolysis takes place
simultaneously with the decoupling of the radiocactively labeled
peptide from the solid phase and the elimination of the

protecting group from the radicactively labeled peptide.

The simultaneous decoupling and hydrolysis, or decoupling,
hydrolysis and elimination, decreases the process time and
therefore reduces radiochemical vield losses. Therefore, the
amount of radicactive isocyanocarboxylic acid used in the

synthesis can be decreased.

The simultaneous hydrolysis and decoupling of the radicactively
labeled peptide from the solid phase and also the elimination
of the Boc protecting group is achieved wusing ligquid HF,
trifluoromethanesulfonic acid in trifluorcacetic acid or HBr in
acetic acid. In the case of the Fmoc protecting group, TFA
(approximately 80% strength) in CH,Cl, is used. Preferably,
trapping reagents guch as anisole, ethanedithiol or
dimethylsulfide are added, in order to trap —reactive

intermediates which can damage the peptide.

In a further aspect, the invention relates to the use of a
radioactively labeled isocyanocarboxylic acid for producing a
radiocactively labeled peptide.

Figure 1 shows a conventional solid-phase synthesis for
producing peptides. The precursor molecule is a primary amine
protected by Fmoc which is coupled to a solid phase (double
hatched circle) via an aminomethyl-3,5-dimethoxyphenoxyvaleryl
linker (PAL). Fmoc 1is eliminated from the amine by a base, and
an added amino acid is activated as HOBt ester. Then, the amino

acid, the amino group of which is likewise protected by Fmoc,



- 19 - Patent clainms 1. A nethod for producing a radioactively |abel ed
peptide, conprising the follow ng steps: (a) providing a precursor molecule
mhlch is selected fromthe group consisting of an amno acid, a peptide and
a primary amne, in an organic solvent; (b) adding a radloactlvely | abel ed

conpound to the precursor nol ecul e mhlqp conprises a carboxyl function; (c)
activating the carboxyl function of t He radi oactively | abel ed conpound; and
(d) linking the activated radioactively |abeled conpound to the precursor
nol ecul e to give the radioactively | abel ed peptide, characterized in that

t he radisacitnked ytd abied etnmanploiret | sniare | she yanboeribax yiep aActlde Fmnoc

group 1s in turn eliminated from the amino group of the
immobilized precursor molecule, and a further added and
activated amino acid is linked to the precursor molecule. These
steps are repeated until the desired length of the peptide is
achieved. Finally, the protecting groups are eliminated and the
peptide is decoupled from the solid phase.

Figure 2 shows schematically a synthesis according to the
invention of a radiocactively labeled peptide by way of
radiocactively labeled isocyanocarboxylic acid. First, a
precursor molecule is synthesized conventionally from a Fmoc
amino acid and an amine coupled to a solid phase (cf. figure
1) . An activated radiocactively labeled alpha-isocyanocarboxylic
acid is attached to the precursor molecule, the CN group of
which alpha-isocyanocarboxylic acid need not be protected,
which saves reaction time. The CN group is then hydrolyzed to
give the NH,; amino group and simultaneously the synthesized
radiocactively labeled peptide 1is decoupled from the solid
phase.
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4. The nethod as clainmed in any one of the preceding clains, additionally
conprising the steps: (al) hydrolyzing the isocyanocarboxylic acid |inked
to the previous precursor nolecule, an am no group being formed fromthe

i socyano group; (a2) adding a further am no acid or an unl abel ed

i socyanocar boxylic acid, each of which _conprises a carboxyl function, to

t he provi ded precursor nol ecul e; (a3) gcfivating t he carboxyl functionof
the further am no acid or the unl abel ed i socyanocarboxylic acid; (a4)

l'i nking the provided precursor nolecule to the

furt heram noaci dort heunl abel ed i socyanocar boxylic acid via an am de bond to
forma i.de; (ab) repeating steps (a2) to (a4) until a desired size
of pepfﬁﬁéHFé%ﬁéﬁﬁgbed, wherein, in the event that in step (a2) an

unl abel ed i socyanocar boxylic acid was added, step (al) is also repeated,

ot ecting o aup e el ror e PPk Pha St per ety obsr Tee BRR A %ai n of
t he provi deFPRedsiser ths dalilewing steps:

(a) providing a precursor molecule which is selected from
the group consisting of an amino acid, a peptide and
a primary amine, in an organic solvent;

(b} adding a radiocactively 1labeled compound to the
precursor molecule which comprises a carboxyl
function;

(c} activating the carboxyl function of the radicactively
labeled compound; and

(d} 1linking the activated radiocactively labeled compound
to the precursor molecule to give the radiocactively
labeled peptide,

characterized in that the radiocactively labeled compound

is an isocyanocarboxylic acid.

2. The method as c¢laimed in c¢laim 1, characterized in that
the organic solvent is selected from the group consisting
of methylene chloride, chloroform, dichloroethane,
dimethylformamide, dimethylacetamide, tetrahydrofuran,

ethyl acetate, acetonitrile and a combination thereof.

3. The method as claimed in ¢laim 1 or 2, characterized in
that the radicactively labeled isocyanocarboxylic acid

comprises radioactively labeled carbon, preferably *'C.



5. The nethod as clainmed in any one of the preceding clains, characterized
in that the isocyanocarboxylic acid is an al pha-isocyanocarboxylic acid.
6. The nmethod as clained in any one of the preceding clainms, characterized
in that activating the carboxyl function conprises converting - 21 - the
i socyanocar boxylic acid and/or the furfther amno acid into a reactive
substance which is selected fromthe group consisting of active ester,
anhydri de, pentafluorophenyl ester, thioester, imdazolide, acyl halide and
di met hyl am nopyridine. 7. The method as clainmed in claim®6, characterized
i n that¢.t he Trsooytriowardboxglatnedi ini snyeaveedinittle premepding olagent

sel ected fr ; Q%%? s | di ni um reagent, a uroni um

r eagent, prgg%ﬁiﬁ%%yé?%¥+; e féfFﬁggﬁﬁ?ﬁ-ylg-ll1,3,3-tetranethy|uroniun1
hexaf | uor ophGsiphdtE B MILITE (BenhAqaqvamsicaroRylic acid linked to the

N, N, NI, N - t et r amgirhs}inani phattall ugpobenate (IBTHNi®G group being
2-(1FL7-azabenzoé{|azo %%§¥1)-1,1,3,3-tetranethy|uronlum

hexaf | uor ophosph 9?%@4\ M e N ERIF FHxgent, preferably

1- hydr oxybenizat)r isaizhirgy r eagerfux(tiiehit ) , agbnbmMmeiidn reageah, antpiberid m de
reagent, preferably, NN Gy&LoaNexYL £8rbodiim de(RGH gr ditsonropyl,

carboxyl function, to the provided  precursor
molecule;
{(a3) activating the carboxyl function of the £further

amino acid or the unlabeled isocyanocarboxylic acid;

{a4) linking the provided precursor molecule to the
further amino acid or the unlabeled
isocyanocarboxylic acid via an amide bond to form a
peptide; and

{(ab) repeating steps (a2) to (a4) until a desired size of
peptide is achieved, wherein, in ;he event that in
step (a2) an unlabeled isocyanocarboxylic acid was
added, step (al) is also repeated, and in the event
that in step (a2) a further amino acid 1s used, a
protecting group is eliminated from the amino
function of the main chain of the provided precursor

molecule.

5. The method as claimed in any one of the preceding claims,
characterized in that the isocyanocarboxylic acid is an

alpha-isocyanocarboxylic acid.

6. The method as claimed in any one of the preceding claims,
characterized in that activating the carboxyl function

comprises converting



carbodiimde (D PCDI), an im dazoliumreagent, an organophosphorous
reagent, an acidic hal ogenating reagent, a phosphoni um reagent, preferably
benzotri azol - 1-yl - oxytri s(di met hyl am no) phosphoni um hexaf | uor ophosphat e
(BOP) O benzotriazol -1-yl-oxytripyrrolidi nophosphoni um hexafl uorophosphat e
(PyBOP), a norpholine reagent, preferably N-nethylnorpholine (NW, a

chl orof ormat e reagent and a conbi nati on"thereof, to give the active ester.
8. The method as clained in any one of the preceding clainms, characterized
in that at | east one function of a side chain of the precursor nolecul e, of
t he i socyanoehebdggtisnacadbangloc eftithend/icrherheant wioslaet dansndl agked by
a protecting u angh rom rou

consi sting o%ﬂgah§ ¥%§8€ Y%nc I%ﬁ&né&?ﬁ%%Qﬂ #gféﬁgggéﬁg E Egﬁ1%6°u8
function. 9. C%%l%%%d OfFs &JivRederhetny %ﬁé’dﬁldme pﬁetetﬂingrophengl

characterlze@Ist@r;hat tm%érs%&yl f unieid S5 BNgd or a%?@ 104 of g gain
| ONn

chain of the_ precur nDIecuIe and/ or an am no func a nain chain of
the further SHRDE% ?%1?%?%Y% btBcked by a protecting group 10. The net hod
as claimed in claim8 or 9, characterized |n that the protecting group is

sel ect fr h oup consisting of a table protecti grou a
t- butyﬁgxycgﬂ%%nﬁFg%réteéi|%% 2 5Po0p And %ﬁf uoFERVIATE roniha
protecting grlep.isbryHmeamiiod lds chaided s nrebaicedd 91tﬂO@1beﬁbEing
conprising the,SLePs: selected from the group consisting of a

guanidinium reagent, a uronium reagent, preferably
2- (H~benzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU) , O- (benzotriazol-1-yl)}-

N,N,N",N’'-tetramethyluronium tetrafluoroborate (TBTU) or
2-(1H—7—azabenzotriazol—1-y1)—l,1,3,3—tetramethyluronium

hexafluorophosphate {HATU) , a benzotriazole reagent,
preferably 1-hydroxybenzotriazole reagent (HOBt}, an
immonium reagent, a carbodiimide reagent, preferably

N,N’ -dicyclohexyl carbodiimide (DCC) or diisopropyl
carbodiimide {DIPCDI), an imidazolium reagent, an
organophosphorous reagent, an acidic halogenating reagent,
a phosphonium reagent, preferably benzotriazol-1-yl-oxy-
tris(dimethylamino)phosphonium hexafluorophosphate (BOP)
or benzotriazol-l-yl-oxytripyrrolidinophosphonium
hexafluorophosphate (PYyBOP) , a morpholine reagent,
preferably N-methylmorpholine (NMM) , a chloroformate
reagent and a combination thereof, to give the active
ester.

8. The method as claimed in any one of the preceding claims,
characterized in that at least one function of a side
chain of the precursor molecule, of the isocyanocarboxylic
acid and/or of the further amino acid is blocked by a

protecting group



(al) elimnating the protecting group fromthe amno function of the main
chain of the provided precursor nolecule; (a2) adding the further am no
acid, the am no group of the main chain of which is protected, to the
precursor nol ecul e; (a3) activating the carboxyl function of the main chain
of the further amno acid (a4) Iinkin% the precursor nolecule to the
further amino acid via an am de bond #& the peptide; and (a5) repeating
steps (al) to (a4) until a desired size of the peptide is achieved. - 23 -
12. The method as claimed in claim 10, characterized in that the

9-f | uor eny! geh@xC F RO O 641 89 & OFPokS LBk @f%%#g%hc}ﬁéi%@ﬂ@j &y @

primary am ne or a secondary amne, preferably 4-am no pi peridi ne,

pi peri di ne &r BYFEPhmfBEtHAY anfnecanBoxThe fitHorms aslkai ad aminst ai m
10, charact €nnzedonn that the t-butyl oxycarbonyl protecting group is

el i m nated by protons.

9. The method as claimed in any one of the preceding claims,
characterized in that a carboxyl function and/or amino
function of a main chain of the precursor molecule and/or
an amino function of a main chain of the further amino
acid is/are blocked by & protecting group.

10. The method as claimed in claim 8 or 9, characterized in
that the protecting group 1is selected from the group
consisting of a base-stable protecting group, a t-butyl-

oxycarbonyl protecting group and a 9-fluorenylmethoxy-
carbonyl protecting group.

1i. The method as claimed in claim 9 or 10, further comprising
the steps:

(al) eliminating the protecting group from the amino
function of the main chain of the provided precursor
molecule;

(a2) adding the further amino acid, the amino group of the
main chain of which is protected, to the precursor
molecule;

(a3) activating the carboxyl function of the main chain of
the further amino acid

(a4d) linking the precursor molecule to the further amino
acid via an amide bond to the peptide; and

(ab) repeating steps (al) to (a4) until a desired size of
the peptide is achieved.



14. The method as clained in any one of additionally conprising the step:
hydrol yzi ng the i socyanocarboxylic precursor nolecule, the amno group

i socyano group. the preceding clainms, acid |linked to the being foimed from
the 15. The nmethod as clained in any one of the preceding clains,
additionally conprising the step: eI|n1nat|ng the protecting group fromthe
radi oactively | abel ed peptide. 16. The 2%ethod as clained in any one of the
preceding clains, characterized in that the precursor nolecule is coupled
to a solid phase. 17. The nethod as clainmed in claim16, characterized in

that the solfige piﬂé&ﬁotis asel ecdackd r om the:graup C&Eb?ﬁééﬂékgliéd aj Rokygtyrene

resin, a 2', Lfﬁ gPhen¥lhggroxyneéhylfhenoxy resin, _

p- nethylbenz %ryl worenylmethoxytarbohy protecting group is
eliminated by ammonia, a primary amine or a secondary
amine, preferably 4-aminomethylpiperidine, piperidine or

tris{2-aminoethyl)amine.

13. The method as claimed in claim 10, characterized in that
the t-butyloxycarbonyl protecting group is eliminated by
protons.

14. The method as claimed in any one of the preceding claims,
additionally comprising the step:
hydrolyzing the isocyanocarboxylic acid 1linked to the
precursor molecule, the amino group being formed from the
isocyano group.

15. The method as claimed in any one of the preceding claims,
additionally comprising the step:
eliminating the protecting group from the radiocactively
labeled peptide.

16. The method as claimed in any one of the preceding claims,
characterized in that the precursor molecule is coupled to
a solid phase.

17. The method as claimed in claim 16, characterized in that
the solid phase is selected from the group consisting of a
polystyrene resin, a 2",4'-dimethoxyphenylhydroxymethyl-
phenoxy resin, a p-methylbenzhydrylamine



- 24 - resin, a phenal acetam donethyl resin and an oxinme resin. 18. The
nmethod as clainmed in claim16 or 17, additionally conprising the step:
decoupling the radioactively | abel ed peptide fromthe solid phase. 19. The
method as clained in clainms 14 and 18, characterized in that the hydrolysis
t akes place sinultaneously with the d upling of the precursor nol ecul e
fromthe solid phase. 20. The nethod as clained in clains 14, 15 and 18,
characterized in that the hydrolysis takes place sinultaneously with the
decoupling of the radioactively |abel ed peptide fromthe solid phase and
the elim natieosinf aehenaotzotiagl deoeephyl oneshe aadi aactxived yréabel ed
peptide. 21. The use of a radioactively | abel ed isocyanocarboxylic acid for

produciqg a radioactively IabeLecheptide.
18. The method as claime in claim 16 or 17, additionally

comprising the step:
decoupling the radicactively labeled peptide from the
solid phase.

18. The method as claimed in claims 14 and 18, characterized
in that the hydrolysis takes place simultaneously with the

decoupling of the precursor molecule from the solid phase.

20. The method as claimed in c¢laims 14, 15 and 18,
characterized in that the hydrolysis takes place
simultaneously with the decoupling of the radicactively
labeled peptide from the solid phase and the elimination

of the protecting group from the radicactively labeled
peptide.

21. The use of a radicactively labeled isocyanocarboxylic acid
for producing a radioactively labeled peptide.



