-~ 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 | abel ed peptide and also to the use of a

radi oactively | abel ed i socyanocarboxyliic acid for producing a radioactively
| abel ed peptide. The devel opnent of solid-phase and |i quid-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
than 99p&8criptibe sol i d- 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 insoluble carrier resin made of crosslinked polyner.
The am WetlacddSocarpresduceésgi wekypdéoupkedeilny tmhekddaspepdigequence 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
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tenporaril tec d.f the couplin sjnce.the am no_acid, after
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t he coupadmgacthwelprmabeﬁeﬂgpgpnuﬂenust be elimnated rapidly and under -
2 - mld conditions, in order that further coupling can proceed. Peptides
and proteins that are physiologically active in the organismand in the
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be synthe51zed is coupled via a linker i.e. a cleavable anchor

group, to an insoluble 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 vessel, 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 liguid-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 amine acid, after
activation of the carboxylic acid, would otherwise react with
itself. After the coupling, this protecting group must be
eliminated rapidly and under



Radi oactively | abel ed peptides are valuable tracers for positron-emn ssion
tomography (PET), a method in nuclear nmedicine which generates sectional

i mges of living organisns. In PET, fromthe distribution in time and space
of the recorded decay events, conclusions can be nade as to the spati al

di stribution of the radi opharmaceutical in the body and processes such as
absorption, distribution, netabolism-a@d-excretion can be illustrated. The
applicability of radi opharmaceuticals is limted by the short half |ife of
the radi onuclides of typically less than 2 hours. A particularly short half
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Sl edger s, 99g) However, in this case, the 11CO2 that is produced in the
cyclotron nust be further reacted in a two- stage process with Li ALH4 and HI
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field o P-1'abel’i ng by what i s termed "click chem stry". This -met hod
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18F- 6-f | uor o- DOPA or 18F-fl uoro-2-deoxy-D-gl ucose, differ, however, in the

organi sm fromthe anal ogous unl abel ed origi nal nolecul es thereof.
The applicability of radiopharmaceuticals is limited by the

short half life of the radionuclides of typically less than 2
hours. A particularly short half life is possessed by the
radionuclide *'C, having only approximately 20 minutes. The
unwanted decrease in radioactivity already begins on production
of the radionuclide 1in the cyclotron and continues during
production of the radiopharmaceutical, its delivery to the PET
site, and finally up to administration to the patient and

measurement.

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

situated, around the



- 4 - Exanpl e enbodi nents of the present invention may provide an efficient

and rapid synthesis nethod which, within a short production tine, delivers

a high yield of radioactively |abel ed hatural and artificial peptides. In

accordance with an aspect of the present invention, there is provided a

met hod for producing a radioactively | abel ed peptide, conprising the

fol | owt steps: (a) -y ding. a; precursor .ml ecul e which is sel ected from
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accordance with an aspect of the present invention, there is provided the

use ofHaweadipacthyst y I:ahel 801 dsocyaRocarhoxylic acid for praducing a

radi oactjvely_ | abel ed peptide. 1%] _ a8e A pepPides® "Ere
muitistage, tim&-consuming, difficult to automate and only

succeed with low radiochemical yields. Conventional methods for
producing radiopharmaceuticals wuse the pathway

wethylation agent CH.T in order to label,

via the
for example, amines
or carboxylic acids and amino acids radiocactively with
(Denutte et al;,

il
radioactive 1983; Vandersteene and Sledgers(,:
1996) . However, in this case, the *CQ, 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 method 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 wused as

precursors for synthesizing g and mTc-labeled

radiopharmaceuticals. Radiopharmaceuticals labeled

technetium or fluorine such as, e.q.

HF-6-~-fluoroc-DOPA or

18
F—fluoro—2—deoxy—Dwglucose, differ, however, in the organism

from the analogous unlabeled original molecules thereof.




The dependent patent clainms may contain advant ageous exanpl e enbodi nents of
the invention. Figure 1 shows a conventional solid-phase peptide synthesis
using am no acids, the amno function of which is bl ocked by the protecting
group 9-fluorenyl met hoxycarbonyl (Fnoc). _ 5 - Figure 2 shows a

sol i d- phase peptide synthesis accordihig-to the invention using a | abel ed

i socyanocar boxylic acid. The present invention relates to a nethod for
produci ng a radi oactively |abel ed peptide, conprising the foll ow ng steps:

(2) previging aiSEHaHs mkeeyle Wil chd sisebecigd from the, oraup,,
consisting of an am no acid, a peptide and a primary amne, in an organic
sol vengL Eilg) eaddi agda radicdbasynteky ibabetBtbd ompoghd twoitien precsinsot
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In accordance with an aspect of the present invention, there

is provided a method for producing a radioactively labeled

peptide, comprising the following steps:

{a) providing a precursor melecule which is selected from the
group consisting of an amino acid, a peptide and a primary
amine, in an organic solvent:

{b) adding a radicactively labeled compound to the precursor
molecule which comprises a carboxyl function;

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

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

wherein the radiocactively labeled compound is an

isocyanocarboxylic acid.

In accordance with an aspect of the present invention, there
is provided the use of a radiocactively labeled
isccyanocarboxylic acid for producing a radiocactively labeled

_peptide.

The dependent patent claims may contain advantageous example

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 9-fluorenylmethoxycarbonyl (Fmoc).



‘wherein the radioactively |abel ed conpound is an isocyanocarboxylic acid.
The expression "peptide", as used here, denotes an organi c conpound which
is made up of at least two amno acids linked to one another via an am de
or peptide bond. The expression "peptide" conprises oligopeptides of up to
10 ami no acids, polypeptides of nore than 10 amino acids and nacropeptides
of nmore than 100 anmino acids, and also proteins independently of the
primary, secondary, tertiary and quaternary structure. Peptides conprise
artificial and naturally occurring organi c conpounds. They can be produced
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the precursor molecule to give the radiocactively labeled
peptide,

wherein the radicactively Ilabeled compound is an isocyano-
carboxylic acid.

The expression “peptide”, as used here, denotes an oxganic
compound which is made up of at least two amino acids linked to
one another wvia 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 also 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
~-biogynthesgis.

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

monomers, oligomers and polymeric starting molecules of the



accor di ngt ot he i socyanocar boxylic acid isocyanocarboxylic acid group of an
whi ch invention,radioactivelylabeled is used. - The i socyano group of the
nmust not be bl ocked by a protecting - 7 -

peptide synthesis which comprise amino acids, peptides and/or

primary amines of the formula RNH;.

The expression “carboxyl function”, as used here, denotes a
functional group of the carboxylic acid having the formula -

COOH, or of the carbonate having the formula -COOC™.

The expression “activatin the carboxyl function”, as used
P g Y

here, denotes converting a carboxylic acid into a reactive
substance.

The expression “igocyanocarboxylic acid”, as used here, denotes
an organic compound which comprises a carboxyl group, -COCH, or
a carboxylate, -C00", and an 1isocyano group, -CN. The

isocyanocarboxylic acid possesses, e.g., the empirical formula
CNR;R,CCOOH or CNR;R,CCOOX.

The radicals R, R;, R, etc., as used here, denote identical or
different aromatic, hetercaromatic and aliphatic radicals and
also nitrogen compounds, halogen compounds and hydrogen groups.
The aliphatic radicals comprise acyclic branched and
unbranched, cyclic and alicyclic, saturated and unsaturated
carbon compounds. X comprises metal ions, such as alkali metal
and alkaline earth metal ions, e.g. lithium.

For producing a radioactively labeled peptide, in the method
according Lo 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 1is saved
which is required during the conventional synthesis by way of

linking of aminoc acids in order to 1.) add the protecting group
in '



‘an additional reaction step to the amno group and 2.) to elinmnate the
protecting group again in a further reaction step after |inking the am no
acid to the peptide. Therefore, the tinme taken for peptide synthesis is
shortened by way of the nmethod according to the invention. By way of the
shortened peptide synthesis tinme of the nmethod according to the invention,
radi ochem cal yield | osses due to the natural decay of the radionuclide as
a function of tinme are decreased. The anmount of radioactive starting
substance used in the synthesis of the radi oactively | abel ed peptide can
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t he radi onuclide are decreased and the anount of radioactively | abeled
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carried out with relatively low expenditure. The

method according to the invention can therefore be employed
directly in the clinic or radioclogical 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 radiocactively labeled carbon,
—..preferably ''C.

The isocyanocarboxylic acid is produced by carboxylating
CNR1R:CH or CNR3R:CX using radioactively labeled carbon dioxide,
e.g. *'CO,. The incorporation of the radionuclide therefore

proceeds in the last step of synthesizing the radiocactively
labeled



(al') addi ngafurther am noacid or an unl abeled isocyanocarboxylic acid,
each of which conprises a carboxyl function, to the provided precursor

nol ecul e; (a2) activating the carboxyl function of the further am no acid
or the unl abel ed i socyanocarboxylic acid; (a3) |inking the provided
precursor nolecule to the further amno acid or the unl abel ed

i socyanocar boxylic acid via an amide bdd to forma peptide; and (a4)
repeating steps (al) to (a3) until a desired size of peptide is achieved.
In steps (al) to (a4) of the enbodi nent, subsequently to step (a) of the
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activating the car n co I Ses conver
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(al) adding a further amino acid or an unlabeled
isocyanocarboxylic acid, each of which comprises a
carboxyl function, to the provided precursor molecule;

(a2) activating the carboxyl function of the further amino

~acid or the unlabeled iéocyanocarboxylic 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
amino acids to the precursor molecule, i.e. the amino acid, the
peptide or the primary amine. The radioactively 1labeled
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 further preferred enbodi nent, the isocyanocarboxylic acid is reacted
with a coupling reagent to give the active ester, wherein the coupling
reagent conprises guani di niumreagent, a uraniumreagent, preferably
2- (H benzotriazol -1-y1)-1,1, 3, 3- tetramet hyl uroni um hexaf| uor ophosphat e
(HBTU), O-(benzotriazol1l-y1)-N, N WN -tetranethyluroniumtetrafl uoroborate
(TBTU) or 2-(1H 7-azabenzotriazol -1-y1y-1,1, 3, 3-tetranet hyl uroni um
hexaf | uor ophosphat e (HATU), a benzotriazol e reagent, preferably
1- hydr oxybenzotri azol e reagent (HOBt), an inmmoniumreagent, a carbodiim de
reagentin paefparedisinre, Nembbhdimdohex yhec ardmoidrmae {BOO)i or adidsdpr opy|
car bodi e (A zol | reag an sphoy
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and/ or & icoidBrdreddDrbdhgreofacid) 10 - HOBt is advant ageous, because it
accelerates the formati on of the peptide bond, suppresses the racem zation
and has the effect that, e.g., the Asn and G n side groups do not

dehydr atre. aUsjmgfé)CE:edt eebaniineraci dachiyabéngonies t edriboxsilt ufuntpiastive
esters whi y abl h h e iso ate and
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acyl i sQuregs -Qgﬁ%rreagﬁﬁy&kiae fygﬁ%%fiﬁbééﬁﬂg |V|ty6§$tlgﬁtgéggérMhICh

preserves a very.l arge anpunt initial reac f-active
ester (idI{RFebpie1 i 2@} W%&%%k@%d/b?rt%@“%‘ﬁ?ﬂbafﬂm@Pthdéﬁet he peptide or
a further am no acid. Wth the ellmnatlon of water, a peptide bond is
fornmed._ A di H}reaotl Qn of the. ac |sour ais not very unadyi sabl e,

since tHe ‘?e FtyPE§ §5F1ei‘imeéq}?ﬂ B T IRSRRATFEROBELLF saCFHe
addi t i ars ofe®:PEA muﬁoat aotplaﬁga r(eaat@rytstta\hgﬁ;her ediucesct he=t esdency to
racem f S_f reguent |y used
t oget hé@évﬁo%hﬁ L{# h?éuarié%f ?angrl r%%gl r?ljtaﬁllcs%lrneac iR PS hor &

sol ubl e g wan b@ag@i&%; r epciefgralepar ak edHobenzparifcalal -plef-ér énde3is

gi ven Iﬁb&d&hémpmﬁoﬂfm%ﬁﬂ&é%ﬁhgépﬁ@y @ﬁﬁTHPBt '(be o'tmig&b@nt

that the counterlion of i's of very |l ow nucl eophi |C|ty such

e.qg., PFYLTHE B r%ag"e@ﬁr?‘%e%]%ﬁ]o‘iléonh‘éﬁﬁ %Fééééﬁr@%q% (BRU} eqdi | y
sol ubl ez i (LIf Dank absebyERt Sz0l M g-_emer al1,the- B@E’r&ﬂéﬁﬁpnuhcénmfne effici ent

t han ttﬁa cogglcr)latlo D%CC%HG(%&% ﬂ agvant e_of _.the BOP reagJ ﬁﬁe

i s t hat G T n T AR ERET T BYtind ﬁPEO %3ﬁ89‘ﬁyFSﬁ8§Bﬁor tffelrg' de is

fornedlfMKﬁrmebemeegmnmzéyBopgagent (HOBt), an immonium reagent, a
carbodiimide reagent, preferably N,N’-dicyclchexyl 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 hexafluorophosphate (PyBOP), a
morpholine reagent, preferably N-methylmorpholine (NMM), a

chloroformate reagent and/or a combination thereof.



in contrast, does not exhibit carcinogenicity. This reagent possesses ‘
pyrrolidine units instead of nethyl groups. The reagents HBTU and HATU have’
a particularly high reactivity. Acyl chlorides and acyl fluorides are
readi |y avail abl e and i nexpensive reagents. In a preferred enbodi nent, a
function of a side chain of the precursor nolecule, of the

i socyanocar boxylic acid and/or of thelfturther amno acid is bl ocked by a
protecting group. The function conprises a hydroxyl function, a carboxyl
function and an ami no function. In a preferred enbodinent a car boxyl
functi nd/or anlno functio mai.n chai

re | ecul e
and/orﬁgﬁ" am hoFURCE FBRCSF - a%ﬁﬁaﬁlsc,@ha]l% B the té?h‘é?1 an%’l.loﬁ’ﬁ?)naé:éi i%7 are
bl ockedhlay @eprtatiectbngdgromlpppﬂéveseaprtér%i mdépnmaetotqmgagldoupa$ asheised

here. SPELSCR Gapounds Mhigi, blagk ands suben sidthepeget b (el

cheni cal groups in‘a ta ing to t groups.
The expedysimate silinhab®C, bbeuswidnpepsidsompyi fos qawerididals RITUR2

etc., whieh hrangh @ééeié omlwﬁ a%n sSlrraed @b 1t he acureM: miasue, the
i socyanocar boxylic acid or ther am no acid. The expression "main

chai n" beas spsled- gt ragd m@qw%e%d C-ternminal backbone which forns
the axis or stemof the precursor nolecule, the isocyanocarboxylic acid or

t he further aci d. referred enbodi otectin

conpri & Odgls‘ser arb'qeefep‘?ad:ia]ég'tﬁgmjg’%%e gt%y?%&y%@ébbﬁy‘l”%&b%@% ng
group (aBﬁQu)vaa:reeH orciae gddmiwmtahnﬂycmbhnyﬁommaﬁ:&m ngfgr auphi{ghde). -
12 - If_the N term nus |s ote,fﬁgg F c, J% Q@S%Ost ' an

aci d- | ftﬁa}ce,nfﬁ o &8¢ 5 groups are useq 1or e SI a| ns. es

t her eofHCm’t&miva\héshepr othécths phesarvao fauntﬁmbnla@gg amulnyasu ; the
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aspartic acl SEri ne! rityl h protects am des, g
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addi ti opddy sewnri $a%H henst 8P$mination of water, a peptide bond is
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 HOBt.

Alternatively to the DCC, DIPCDI is frequently used together
with HOBt, since the urea that forms in this reaction is more

soluble and can be more readily separated 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

HBTU is of very low nucleophilicity, such as, e.g., PF.
BOP reagent is stable, non-hygroscopic and is very readily
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 zreaction,
carcinogenic hexamethylphosphoric triamide is formed. The novel

reagent PyBop,



(al). elimnating the protecting group fromthe am no function of the main
chain of the provided precursor nolecule; (a2) adding the further am no
acid, the amno 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) |inkingthe precursor nolecule to the
further amno acid via an am de bond to the peptide; and (a5) repeating
steps (al) to (a4) until a desidred si ze gf t he {)lept![de ![s azzgl) e\(;fedt hIen

st eps aI to _(a5) of the enbodi nent, subsequently to step

met IElod 51(:338?& %asﬁ:o tHREF nP&Y | SRILBLF g GiAeiq Qe ol Spver 81 Br ecraasTt

Mol eculpess sersesesy nishess Zetins ueh @6 oldwgapepts descdnd palypepti des, by
addi ng further nononer am no acids to the precursor nolecule, i.e. the

amno acid, the peptide or the primary amne. The N-terminal amino function
of t he Threectsapmn i | HRIN eands HATIE Ketvdya teered dwl ael plh By1prad £6d 4P gr oup.

The ra ct - el a arboxylic¢c _acid t her ef ore_be added,
in the%magt ho gﬁglc%(l)!rj |Qngaq¥li ?ﬁgxl welh |o(%(1gst8r5r e]f:%ﬁ’"%g]ry nﬁl"é‘égﬁg’%e falhy
desi r edTISSRATE ivVfatreRge i pped with protect i ng groups (cf. step (b)
above). - 13 - am ne, preferably 4-am nonet hyl pi peri di ne, piperidine or
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”, as 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 Ri, R; etc., which branch off from the main strand
of the precursor molecule, the isocyanocarboxylic acid or the
further amino acid. The expression “main chain”, ag used here,
denotes the N- and C-terminal backbone which forms the axis or
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).



tri S(2-arainoethynamne. In a preferred enbodi nent, the t-butyl oxycarbonyl
protecting group is elimnated by protons. In a preferred enbodi nent, the
met hod according to the invention additionally conprises the step of
hydrol yzi ng the i socyanocarboxylic acid |inked to the precursor nol ecul e.
The isocyano group is thereby converted into a functional am no group. The
peptide synthesis can be term nated orizontinued at this am no group. The
radi onucl ide can therefore be situated within the peptide chain or at one
end of the peptide chain. In addition, the radioactively |abel ed peptide

synt hesi zed according to fhe inventi can conprise one or, nore

radionJéIFgE%?qIFFEP¥%H§rﬂﬁ Eﬁ%ﬁ%ﬁ?%ﬁn%ﬁbgﬂ?ﬁﬁn??e?heen%th%ﬁsﬁéés?a%ﬁg to

t he i ngrtld-Qmkadds t | peakkyrdéagprdsasd harst eped £b1 nithat isigid hehpinsect i ng

group from the radioactivel abel ed .peptide. After,conpletio 1

peptid§&§VWFﬁ§§i§ge§§8% 53%%i%?%haﬁﬁﬁ£%§i -Stapre BF%tg%+$%% g%%%%gggfe

el i m nat.ed biyn hydedgen halkitdbstylch wis diF prmoitecsi deliabédebpxpl egtrbngs

groups l;0d ed i fl oacgtiLoacldi A TEA: g 10,4 WEH8ld edng

enbodiﬁ%%f,ﬁpﬁgkgﬁébugg%?ﬁéblé%g?e ?g cdﬂ%%égltoaa spl%% phase. The

expr es$imirt Ylsol whil ghapeoteqiss yatdaer e - dendtedlata®iyderi c sol i d support

to which the peptide is bound during synthesis thereof. By way of this

i mobi | i zation, the substances used can be add%%x%n reat _.excess and. washed
h

out verkt r gbi dPyeIgREEEpy SMPRELIESEN i ndBA el RO ccbPdi At o
the i nvaRidiaNids A@akedby¥ally comprises 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

{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 1is blocked by the eliminatable
protecting group. The radiocactively 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 1is

eliminated by ammonia, a primary amine or a secondary



- 14 - increased. The solid phase chem stry additionally nmakes it possible
to automate the peptide synthesis. For instance, in the peptide synthesis,
on the solid phase, sequential repetition of the steps of adding the
precursor nol ecul es, nononers and reagents, activating the carboxyl
function, |inking of precursor nol ecul®3and nononer and elimnating the
tenporary protecting group is carried out. The solid phase conprises a

| i nker which is the binding el enent between the polyneric support and the
peptide. . Jdn ap i .y preferred di.ment,,  the solid phase is a

pol yst %rmér% r esi%rnxfé%tgf lﬁ)/ di TR g&&w&rdﬂﬁ?@uhyl PRERSREinesi nora

p- met hydmehZnamiiestimel yassine . a phenal acet anmi domet hyl resin and/or an
oxinme resin. Polystyrene resin swells readily, and so the reagents can
readily arrive at the synthesis site. In addition, it is inert towards the
reagent’®® FhPPRISEISA efabiodipeater abhy ddivted onyidartormldi proykbenagne
for cr@&sjd@kjig\galﬁmﬁﬁgg@tg\%r@_lég&gé on is achieved, e.g., via a

chl oronet hyl ati on. Between t'he chl oronmethyl group and the first am no acid,
advant ageously a linker is placed, e.g. a p-al koxybenzyl ester |inker,

whi ch per nid s phefetistinabiBBdohehie fidHeshed ngp] i %&5@@1*56 £g§si pyat the
end of . yq&pesiaﬂ Pol styrene resi ns havi ng al koxybenzyl™ ester [IInkers
are prezlL eraﬁily Lsad thﬁlPﬂé @%ntwp@fs%%et&ﬁoc‘i t Ple Bt Ness ing make
possi blisadyemsyeatiesisliof & idr timXledcardoxibi prachdsanthel &produegd by
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t he chlg&gﬁﬁiﬁ¥l I%nker sufficientl acid-labilekiﬁgt t he pﬁﬁﬁﬁééégéﬁn be

cl eaved’i n protect ed f gFHT £ r GRYERE 1P8si nCaR. g CUPHEi | ghe TRX These

f ragmemesiicamaliateshe used in a fraynent condensati on.

p- Met hyl benzhydryl am ne resins and phenal acet am donmet hyl resins are used in

the context of Boc-peptide synthesis. The elimnation of the finished

pept i dé& pr oeweikent Prabesnadusithgdismentsi et e thavkt dyddedziy deyl artne

resi ns irnRepidids, aghgdesishgl pbt a  Je phenal t am et hyl,resi

del i ver carboxylic_acids, b dM§¥1§ A5 87 LIRS e
protecting group from the radioactively 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
trifluorcacetic 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 vield in the method according to the invention is
markedly



By way of oxine resins, conpletely Boc-protected peptides can be produced
The el im nation takes place using NH3 or HZN-NH2. In a preferred

enbodi ment, the nethod according to the invention additionally conprises
the step of decoupling the radioactively | abel ed peptide fromthe solid
phase. In order to liberate the radioactively |abel ed peptide, after

conpl etion of the peptide synthesis, _if,is decoupled fromthe solid phase
or the linker of the solid phase. In the case of the N-term nal
Boc-protecting group, the elimnation is achieved using HF, and in the case

of the N-terminal Fnocprotecting group, using approximatel X 80% strength
TFA. | nizddéased. t dThdesw bl dphefsadi Fhemeatryt r@ﬁ@%hloéaé Ynitadlede 2131

resins gsje_i%gl y edy Wk AL %te %eichal sgfe%heelw t hefd( Qhserhbagonal |

y
In a pr erre di ment, the hy ysrs takes place_ sinultaneously, mnth
t he dectpl | REWiidee eweeheeéﬁ mol @t ul EREr ot soPRaSBhaseequengal |

further -pgpaterried egbodientichhe bydrlaisics takesppbagessimudianaousd y
with the decoupling of the radroactrvelg | abel peptrd% fronr he solid
phase aﬁ@npﬁerélrﬁﬂﬁﬂr?ﬁ?Qﬁn?%e prot &g Fhﬂggr adi BT Vet y
|abeledlmﬁkﬁhgeofﬂgteeﬁﬁébﬁneemecdeeodermpﬁmmbhydmdlw@xmlnatmmmduperng
hydr ol ysi s _and elrnrnatron decr eases therQ?ce s tinme and therefore

r educes “FEBPGERENFES %fQﬁQ?IQ£ﬂﬁﬁslgﬁﬁ%% ofe, the anount of radioactive

i socyanocar boxylic acid used |n the synt hesi s can be decreased. The

si mul t angaus AU S A i ngal, (e &aci paphi vl yal abel edupept | de

from thé Soli so t e elTmnation Boc protecting group
i s achi bessagsi rt@la |m11|&dn€HF-C tFYHRQRF R Hate eI acid in
trifluoroacetic acid or HBr in acetic acid. In the case of the Froc
protecting group, TFA (approximately 80% stren th) n CH2Cl2 i s used.
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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.



Figure 1 shows a conventional solid-phase synthesis for producing peptides.
The precursor nolecule is a primary am ne protected by Fnoc which is
coupled to a solid phase (double hatched circle) via an

am nonet hyl- 3, 5- di et hoxyphenoxyval eryl |inker (PAL). Fnoc is elimnated
fromthe am ne by a base, and an addedsam no acid is activated as HOBt
ester. Then, the am no acid, the am no group of which is |ikew se protected

by Fmoc, - 17 - is linked to the imobilized anine In a further step, the
Frnoc g p_i turn elimnated. fromthe a roup of the imuobilized
precur grgﬁe gcﬁeg‘maﬁ@kaeﬁ Lﬁcﬁ?e]rb]aedc?e&eé?ﬁl tleer hike Y PF 19 nked

to theNpteaunsmﬂ.nﬁ&aculprofbeséngte@ﬁxanﬁ repeat@&lum@ﬂstfmlﬂk¥m1ﬁ3h

| engt h ptjde.is i eved, aI t he protecting groups are
el i ni natgfgg)%gkﬁﬁalghedch%l drgﬁ:éls Ielg%ﬁp s t_T DrATHE £5F1 D Ejﬁasgusﬁl G -2
shows §(151I¢err§h1@éiplty‘1§3f§rynﬂh@$|es‘ acsofﬂnngentbltyheacmdeihab:bineoft}aat the
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i socyanocar boxylic acid. First, a precursor molecul € |s Synthes|ze
conventiFéRgl | $1H5m aTEAec ARPRE akTaOm@Rtan @@ ndhssupbed teed sbhi caphase

(cf. firguegeh: ohRGldMaEtad radi oactively | abel ed al pha-i socyanocarboxylic
acid is attached to the precursor nolecule, the CN group of which

al pha-i socyanocar boxyli c acid need not be protected, which saves reaction

ti meI t"ﬁhMe@Ny@rhmnh hysixtymmegrmaam dred Qbh{@lﬁjg@c@&ﬁn%tﬁ@t pwge@ﬂ@lsl .
si mu ou e.syn i zed radioactiv a e I.s decoupl e
from t%g%soﬁ‘ll%eé haslg ng]]Teere%crét ’%rus% Je%?\én gym:ﬂ"esﬁ%ﬂ TUT® FUR
RADIOCHEMWEDBER0?E@HNHSGHEKHQM$N@§§$§?Ei&HNChENde&gﬂéﬂjﬁﬁéKEhd using
RADI OCiHEM N 200 nt r od ctlon)
Denutte et Sglgl Q\J:t-NHt;eEI gEnggg%ﬁ%&y%?gh/g%f%S%& ract Qlf)gvar% T°al .
Bi oconpi§at ecbkemned - ( 2) Thgo7- pbenadaggtamidomethyl r681ns dellver
carboxylic acids.

By way of oxime resins, completely Boc-protected peptides can

be produced. The elimination takes place using NH, or H,N-NH,.

In a preferred embodiment, the method according to the
invention additionally comprises the step of decoupling the
radioactively labeled peptide from the solid phase.

In order to liberate the radicactively 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 1is
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 P4 (0)
orthogonally.

In a preferred embodiment, the Thydrolysis takes place
simultaneously with the decoupling of the precursor molecule
from the solid phase,



- 18 - First page of Merrifield, J Am Chem Soc, 85, 2149-2154, 1963 ,
Abstract of Vandersteene and Sl egers, Applied Radiation and |sotopes 47
(2), 201-205, 1996 - 19 - Patent clains 1. A nethod for producing a

radi oactively | abel ed peptide, conprising the follow ng steps: (a)
providing a precursor nolecule which is selected fromthe group consisting
of an am no acid, a peptide and a prtng8y-amne, in an organic solvent; (b)
addi ng a radi oactively | abel ed conmpound to the precursor nol ecul e which
conprises a carboxyl function;

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

The simultaneous decoupling and hydrolysis, or decoupling,
hydrolysis and elimination, decreases the process time and
therefore reduces radiochemical vyield 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 liguid HF,
trifluoromethanesulfonic acid in trifluoroacetic acid or HBr in
acetic acid. In the case of the Fmoc protecting group, TFA
(approximately 80% strength) im CHyCl, is used. Preferably,
trapping reagents such 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
radioactively 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 scolid phase (double
hatched circle) via an aminomethyl-3,5-dimethoxyphenoxyvaleryl
linker (PAL). Fmoc is 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,



(c) activating the carboxyl function of the radioactively |abeled conpound;
and (d) linking the activated radioactively |abeled compound to the .
precursor nolecule to give the radioactively |abeled peptide, characterized
in that the radioactively |abeled compound is an isocyanocarboxylic acid.

2. The nmethod as clainmed in claiml, €hayacterized in that the organic
solvent is selected fromthe group consisting of

nmet hyl enechl ori de, chl or of or m di chl or oet hane,

acetont (1 A0aHA 50 ORI HUETohT LHER cBTLhe: THE ferubEnes SFaPreBheniesalm 1

or 2, cvmawterd zéa i nutrhat el bheinatedactivel yriabelhaithd seayripoCcarboxytic

aci d conpfdises; sa4li Oﬁfééﬂfégrl aQSHSQuE%r, bor:llhdpr %I erﬁplle/heln_;c' 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 radioactively 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

radioactively 1labeled peptide 1is decoupled from the sgolid
phase.
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- 20 - 4.The nethod as clainmed in any one of the preceding clains,
additionally conprising the steps: (al) hydrolyzing the |socyanocarboxyl|c
acid linked to the previous precursor nolecule, an am no group being fornmed
fromthe isocyano 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 provided precursor nolecule; (a3) ®Bg&ttvating the 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 heralnoac] dor LPSHDLAPP| &fla) 9 ARNORBRP98Y, T 65205 1a¥1 2,20, afbgg bond to

forma

Abstract of Vandersteene and Slegers, Applied Radiation and
Isotopes 47 (2), 201-205, 1996



(a5) repeating steps (a2) to (a4) until a desired size of peptide is

achi eved, wherein, in the event that in step (a2) an unl abel ed

i socyanocar boxylic acid was added, step (al) is also repeated, and in the
event that in step (a2) a further amno acid is used, a protecting group is
elimnated fromthe am no function aqf ;ithe main chain of the provided
precursor nolecule. 5 The nethod as clained in any one of the preceding
claims, characterized in that the isocyanocarboxylic acid is an al pha-

i socyanocar boxylic acid. 6. The nethod as clained in any one of the
preceding clains, characterized in that activating the carboxyl function
conpri $8%e@nNvarkifad - 21 - the isocyanocarboxylic acid and/or the further
amno acid into a reactive substance which is selected fromthe group
consisting of active ester, anhydride, pentafl uorophenyl ester, thioester,

i m dazaql.i dea asythdal ifde apdodisehdybantaonyiddinely 71aFbecaetign @,
clainmed in claim.6,. characterized In that the isocyanocarboxylic acid is
reacted wit ﬁ%‘%‘&&&“ﬁ%gﬁ’ﬁe AL &E®PFr om the group consisting of a
guani di ni um {eagerovialiurre wraeagent mglrefietrabllyich is selected from

2- (Hbenzotriazol 4 1- -1.1 r hyl uronium_ . .
hexafluorophosphéﬁé}iﬁqﬁgOg%%gﬁégiéggg%l¥§-?%ab% acid, a peptide and

N, N, N , N -tetrangt pimesry i r &t @oy chgan e (SETYntor

2- (1H-7- azab(%jZOtaHCﬁ.% y]—):é.&iéagt J?\'réf&/r aﬁb@ﬂ.'@ﬂr oy olun to the

1z

hexaf | uor ophosphate (HATU), a benzotriazol e reagent, preferably

1- hydr oxybenzot r P¥ESIE §¥ageACLIEALBE) , WalFhno AR FiaRfent @ a €a¥odr] ni de
reagent, preferaldgynddiNgzdi cycl ohexyl carbodiim de(DCC)or diisopropyl

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

(d) linking the activated radicactively 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 claimed in claim 1, characterized in that
the organic solvent is selected from the group consisting
of methylene chloride, chloroform, dichloroethane,
dimethyvlformamide, dimethylacetamide, tetrahydrofuran,

ethyl acetate, acetonitrile and a combination thereof.

3. The method as claimed in claim 1 or 2, characterized in
that the radiocactively labeled isocyanocarboxylic acid

comprises radiocactively labeled carbon, preferably *C.



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 nethyl norpholine (NMM, a

chl orof ormat e reagent and a conbi natio#fPthereof, 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 nol ecul e, of
the isqcyancqal hpxyllg ét‘&' élag%ar ?ed(rté! tc@rt—rﬁéngf’e?é %; chLogked by
a protecting roup - unction 1s select he group
consi sting &F qﬂﬁﬂ%&%ﬂ FRMRE} HHLT atear®e*®E : f unction and an amino

function. 9.(ghhe WRihod, 2sn Iehéreﬂsw;{@zwc&flsogtlteea@teceﬂhﬁgdctal fRe
characterized in that a car in and/ or am no, function of a nmain

chain of the precR}?es‘ﬁto%l étﬁﬂcé“%frﬁ}'/ oFCaRHAen0 FANAT G 0P Urai Re&RTi n of
the further ami ncf@ﬁmdirsf@ﬁetlbéom@dyd&yoagm@pectl ng group. 10. The nethod

as clainmed |G%%Iar 8 or gar cterized i n that.the protectin gr ug is
sel ected froffi% ot 08n5| of &™B4Se- stabte SFotégtrnﬁngﬁ ﬁg? a
t- butyloxycarbonyis¢nx&mm¢aﬂgogybup and da 9ehthorenywhithoxysgybiond a

protecting group. Lk . éﬁa clai d iRclai gb%lgrdio Eggh er,
conprising the steps ) |n1n I'ng the pro Cect i ng group Pom the am no
function of the rmep¥eehbsn of t he provi ded precursor nDIecuIe

(a3) activating the carboxyl function of the further

aminc 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

(a5) repeating steps (a2) to (a4) until a desired size of
peptide is achieved, wherein, in the 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 is 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



(a2) adding the further amno acid, the am no group of the main chain of
which is protected, to the precursor nolecule; (a3) activating the carboxyl
function of the main chain of the further am no acid (a4) linking the
precursor nolecule to the further amno acid via an anmide bond to the
peptide; and (a5) repeating steps (al)sto-(a4) until a desired size of the
peptide is achieved. - 23 - 12. The nmethod as claimed in claim 10, .
characterized in that the 9-f|uoreny|nethoxycarbogyl protecting ?rouglls
elimnated by anponia, a primary amne or a secondary anm ne, preferably
4-aninonethy¥$ﬁpé??ﬂYﬁ%?C%¥%%¥YﬁFﬁeaéﬁdtﬁP@(@Iaﬁhﬁ) Wt hewi aming 3acifie
method as clahtedsiresdaive 10upshanast @hi gediknsthatcthertohlut ykoxysasbonyl
protecting group.is.elim_nated b Erotons. 4, The method as claifhed Tn any
one of the p?%%%b%lg“%l SFWSE}Cta’dﬂ%t Sh&Fry ae"t]j‘ﬁiﬂ’iﬂéir%g PRBTSEEPOTAREPBY Y 2i ng
t he i socyanozstdoxyl i chackedtlkeirnked imiddwopid@eur soecidl ecu£liddhe aghfo
group being §oropd, 110401 805¥aN0 group.

7. The method as claimed in claim 6, characterized in that
the isocyanocarboxylic acid is reacted with a coupling

reagent selected from the group consisting of a

guanidinium reagent, a uronium reagent, preferably
2- (H-benzotriazol-1-y1)-1,1,3,3-tetramethyluronium
hexafluorophosphate {HBTU) , O- (benzotriazol-1-yl) -

N,N,N’,N'-tetramethyluronium tetrafluorcborate (TBTU) or
2—(1H—7~azabenzotriazol—1—y1)~1,1,3,3—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 (PYBROP} , 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 |



15. The nmethod as clainmed in any one of the preceding clains, additionally
conprising the step: elimnating the protecting group fromthe :
radi oactively | abel ed peptide. 16. The nmethod as clained in any one of the
precedi ng clains, characterized in that the precursor nolecule is coupled
to a solid phase. 17. The nethod as clained in claim16, characterized in
that the solid phase is selected framdhe group consisting of a polystyrene
resin, a 2',4' -dinmethoxyphenyl hydroxynet hyl - phenoxy resin, a

p- met hyl benzhydrylamne - 24 - resin, a phenal acetam donethyl resin and an
oxi me resin.

and the function is selected from the group consisting of

a hydroxyl function, a carboxyl function and an amino
function.

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 a protecting group.

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

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

11. The method as claimed in claim 2 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

(a4) 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.



18. The method as clainmed in claim16 or 17, additionally conprising the
step: decoupling the radioactively | abel ed peptide fromthe solid phase.
19. The method as claimed in clains 14 and 18, characterized in that the
hydrol ysis takes place sinmultaneously with the decoupling of the precursor
nol ecule fromthe solid phase. 20. The thod as clainmed in clains 14, 15
and 18, characterized in that the hydrotysis takes place sinultaneously
with the decoupling of the radioactively |abeled peptide fromthe solid
phase and the elimnation of the protecting group fromthe radioactively
| abel ed opeptTide. m@dhodhasuse Gfna radi eagtinvely |aheleddsowmnocachaxylic
acid for prqgﬂginqagfiadioac ivgﬁg | abel ed feptide. . ,
- luorenylmeihoxycarnony protecting group 1s
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 linked 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 resgin, a 2',4'-dimethoxyphenylhydroxymethyl-
phenoxy resin, a p-methyibenzhydrylamine



18.

19.

20.

21.

resin, a phenalacetamidomethyl resin and an oxime resin.

The method as claimed in claim 16 or 17, additionally
comprising the step:

decoupling the radicactively labeled peptide from the
solid phase.

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.

The method as claimed in claims 14, 15 and 18,
characterized in that 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 use of a radiocactively labeled isocyanocarboxylic acid
for producing a radioactively labeled peptide.



